IOWA STATE UNIVERSITY

Digital Repository

) . . Towa State University Capstones, Theses and
Retrospective Theses and Dissertations y-ap ' .
Dissertations

1981

Radical chain reactions: novel examples of
S|subscript RN]1 processes and the mechanism of
substitution reactions for vinyl mercurials

James William Hershberger

Towa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
b Part of the Organic Chemistry Commons

Recommended Citation

Hershberger, James William, "Radical chain reactions: novel examples of S[subscript RN]1 processes and the mechanism of
substitution reactions for vinyl mercurials " (1981). Retrospective Theses and Dissertations. 6916.

https://lib.dr.iastate.edu/rtd /6916

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F6916&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F6916&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F6916&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F6916&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F6916&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F6916&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F6916&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/6916?utm_source=lib.dr.iastate.edu%2Frtd%2F6916&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

INFORMATION TO USERS

This was produced from a copy of a document sent to us for microfilming. While the

most advanced technological means to photograph and reproduce this document

have been used, the quality is heavily dependent upon the quality of the material
submitted. '

The

following explanation of techniques is provided to help you understand

markings or notations which may appear on this reproduction.

1.

5.

The sign or ‘“target” for pages apparently lacking from the document
photographed is ‘‘Missing Page(s)”. If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages.
This may have necessitated cutting through an image and duplicating
adjacent pages to assure you of complete continuity.

. When an image on the film is obliterated with a round black mark it is an

indication that the film inspector noticed either blurred copy because of
movement during exposure, or duplicate copy. Unless we meant to delete
copyrighted materials that should not have been filmed, you will find a good
image of the page in the adjacent frame. If copyrighted materials were
deleted you will find a target note listing the pages in the adjacent frame.

. When a map, drawing or chart, etc., is part of the material being photo-

graphed the photographer has followed a definite method in ‘‘sectioning”
the material. It is customary to begin filming at the upper left hand corner of
a large sheet and to continue from left to right in equal sections with small
overlaps. If necessary, sectioning is continued again—beginning below the
first row and continuing on until complete.

. For any illustrations that cannot be reproduced satisfactorily by xerography,

photographic prints can be purchased at additional cost and tipped into your
xerographic copy. Requests can be made to our Dissertations Customer
Services Department.

Some pages in any document may have indistinct print. In all cases we have
filmed the best available copy. '

Univers
n;Vvﬁ'csrgilms
International

300 N. ZEEB RD., ANN ARBOR, M 48106



8128827

RADICAL CHAIN REACTIONS: NOVEL EXAMPLES OF S(RN)1
PROCESSES AND THE MECHANISM OF SUBSTITUTION REACTIONS FOR
VINYL MERCURIALS

Iowa State University PH.D. 1981

University
. Microfilms
International 0. zeeb Road, Ann Arbor, M1 48106



Radical chain reactions: Novel examples of SRN] processes and the

mechanism of substitution reactions for vinyl mercurials

by

James William Hershberger

A Dissertation Submitted to the
Graduate Faculty in Partial Fulfiliment of the
Requirements for the Degree of

DOCTOR OF PHILOSOPHY

Department: Chemistry
Major: Organic Chemistry

~ Approved:

Signature was redacted for privacy.

In fharge of Major Work

Signature was redacted for privacy.

For the Majpr Department

Signature was redacted for privacy.

For the Graduatda College

Iowa State University
Ames, Iowa

1981



ii-

TABLE OF CONTENTS

INTRODUCTION

II.

III.

Iv.

I,

O o w >

PART I. SRN‘ COUPLING REACTIONS
INTRODUCTION TO SRN] CHEMISTRY

REACTIONS OF DIALKYL PHOSPHITE ANION WITH o-NITROALKYL
CHLORIDES AND a~NITROALKYL SULFONES

A. Introduction

B. Results and Discussion
C. Conclusion

D. Experimental Section

REACTION OF NITRONATE IONS WITH ALKYLMERCURY HALIDES:
SYNTHESIS OF TERTIARY NITRO COMPOUNDS

Introduction '

Results and Discussion

Conclusion

Experimental Section

CONCLUSION TO PART I
PART II. SUBSTITUTION REACTIONS OF VINYL MERCURIALS

INTRODUCTION TO SUBSTITUTION REACTIONS OF VINYL MERCURIALS

REACTION OF MERCAPTIDE ION WITH VINYLMERCURY SALTS TO
FORM VINYL SULFIDES: PHOTOCHEMICAL ELIMINATION OF
MERCURY METAL FROM VINYLMERCURY MERCAPTIDES

A. Introduction

B. Results and Discussion

C. Conclusion

D.

Experimental Section

.Page

12
13

27
27
29
52
53
82
83
84

86

86

87
108
110



III. PHOTOCHEMICAL REACTIONS OF DISULFIDES, PHENYL DISELENIDE,
AND PHENYL DITELLURIDE WITH VINYLMERCURY HALIDES TO

FORM VINYL SULFIDES, SELENIDES AND TELLURIDES 141
A. Introduction . - | | B 1Y
B. Results and Discussion 141
C. Conclusion . 153
D. Experimental Section | 154
IV. PHOTOCHEMICAL REACTION OF PHENYL DISULFIDE WITH
BIS[VINYLJMERCURY COMPQUNDS TO FORM VINYL SULFIDES 170
A. Introduction S 170
B. Results and Discussion : 170
C. Conclusion 179
D. Experimental Sectioh .. ' 179
V. PHOTOCHEMICAL COUPLING OF HALO COMPOUNDS WITH .
VINYL MERCURIALS . 189
A. Introduction 189
B. Results and Discussion 189 .
C. Conclusion ' . 197
D. Experimental Section . . 198

VI, PHOTOCHEMICAL REACTIONS OF DIALKYL PHOSPHITE AND
: SULFINATE ANIONS WITH VINYLMERCURY HALIDES TO FORM

VINYLPHOSPHONATE ESTERS AND VINYL SULFONES 210

A. Introduction ‘ 210

B. Results and Discuséion , | 210

C. Conclusion | - 226

D. Experimental Section : 228

VII. CONCLUSION TO PART II 257

BIBLIOGRAPHY o ' 260



INTRODUCTION

As an organizational convenience,'this thesis has—been formated .
1n'two parts. Two examples of SRN] processes, the coupling of dialkyl
phosphite jons with éysubstitutéd nitroalkanes and the coupling of
ﬁitronate salts with alkylmercury ha]ides,.are presented in Part I.
Substitution reacfions of vinylmercury compounds are presentedviﬁl
Part II. |

Although a separate experimental section follows each presentation
of results and discussioh.'descriptions of techniques and sources of
“starting materials are mentioned only once to avoid repetitions. Most
items utilized in subsequent sections are to-be located at the
beginning of the experiménta] section under the heading of "General

considerations."



PART I. SRN] COUPLING REACTIONS



1 CHEMISTRY

I. INTRODUCTION TO SRN

The mechanistic description of a generalized SRN‘ reaction is

provided by Scheme 1. Although the net reaction resulting from such a

Scheme 1
Step 1: Initiation
R + A £ Rx® + A
Step 2: Propagation , R

alkyl, aryl
anion
leaving group

RX® —> R* + X~ A

><
"

Step 3: Propagation
R + A" —> RA"
Step 4: Propagation

RA™ + RX —ET

> RA + RX

process (Eq. 1) has the appearance of a familiar SNZ, SNl, or SNAr
RK+A~ —> PRA+ X ‘ ' (1)

process, the SRN] reaction is a chain proéess involving free radical
intefmediates. The chain initiating step 1 is an electron transfer (ET)
reduction of RX to form an unstable radical anion which decomposes to
lose the leaving group as X~ in propagation steb 2. The radical (R*)
thus formed adds to anion (A™) to form a new radica]tanion (propagation
step 3). RA: is a powerful reducing agent and thus transfers an
electron. to RX in propagation step 4. Since step 4 regenerates the
reactive intermediate RX: as well as product RA, a chain process

continuing with step 2 may proceed, Step 1 need occur only at a rate

required to offset chain terminating processes.



Often, initiation step 1 is too endothermic:to occur'therma]iy at
reaction temperatures and light is required. Presumably, either A” or a
charge transfer complex between A~ and RX is the Tight absorbing ‘species.

Other initiation processes have been employed such as reduction of
RX at an electrode and reduction of RX by so]vafed electron, Still
other initiation processes can be imagined such as the introduction of
small amounts of a fadica] (R*) capable of adding to A” to form the
strong reducing agent R'A:.

Early work centered 6n the aliphatic SRN] reaction of substrates
su;h as 2-chloro-2-nitropropane and p-nitrobenzylchloride [1,2,3]. With
these substrates, electron transfer reduction occurs at a saturated
carbon atom. The anions employed for these reactions were "soft
nucleophiles" such as the anions of secondary nitroalkanes and enolates
of certain 1,3-dicarbonyl compounds. Subsequently, numerous 1eavfng
groups, such as (CH3)2S, NOZ', ArSOZ', Br~, 17, and RgN, were employed
[4] as well as a variety of nucleophiles such as azide, sulfinates, and
enolates [4,5].

Some generalizations can be made regarding the feasibility of an
SRN] process involving electron transfer to a saturated carbon. First,
light is usually required to initiate thé chain process, although
examples of thermal initiation are known [4,6]. Second, the substrate
RX usually bears a nitro group such that the radical ion RX: is made
energetically accessible by the low-lying antibonding pi-orbital of the
nitro moiety. Third, even though NOZ' might be the leaving group, the

radical anion RA” still bears a nitro group for stabilization. Examples



in which neither RX: nor RA” possess a nitfo substituent have been
reported recently [6]. '

Several diagnostic tests are frequeﬁtly applied to the SRN]
reaction. Inhibition by traces of radical scavengers such as molecular
oxygen or.di-t-butyl nitroxide is characteristic of radical chain
reactions. Inhibition by powerful one-electron acceptors such as
m-dinitrobenzene is characterized by a reaction proceeding through
radical anions [4].

Since 1970, numerous exémples of aromatic SRN‘ reactions (i.e.,

RX = ArX) have been reported. In fact, the designation "SRNl" was first
used to describe the reaction of aryl halides with amide in liquid
ammonia [7,8]. Aromatic SRN] reactions have been reported for a wide
variety of nucleophiles and leaving groups [9].. These reactions have
been injtiated thermally, by light. by solvated electron, and by
e1e§trochemica1 reduction [9]. The antibonding pi-orbitals of the
aromatic ring are sufficiently low lying to allow the intermediacy of
RA:. Thus, unlike the aliphatic counterpart, stabilization by
substituents such as nitro are not required in aromatic SRN]' In fact,

no aromatic SRN‘ reaction in which one of the reactants bears a nitro

substituent is known [9].



II. REACTIONS OF DIALKYL PHOSPHITE ANION WITH
a=NITROALKYL CHLORIDES AND a~NITROALKYL SULFONES

A. Introduction

The anion of diethyl phosphite (1) is.known to undeﬁgo facile photo-
stimulated SRNl reactions with aryl halides to produce arylphosphonate

esters [9]. 'However, phosphite ion has not been reported to participate

. (Et0)2P0
1

in a]iphatic.SRN1 processes. Consequently, we selected three types of
a-subﬁtituted nitro compounds for study as SRN] participants with
diafky] phosphite ion.
éompound 2, an a-nitroalkyl chloride, loses chloride ion [1] in
(o,NC(RY) (R)cT O,NC(R!) (R2)0,SCgHgMe:P
2 | 3 |
(0,N),CR'R?
g

-~

SRN1 processes, while 3 and 4 lose sulfinate [10,11] and nitrite [12]
ions, respectively. With dialkyl phosphite anion as the SRN1
nucleophile, the anticipated product is an a-nitroalkylphosphonate

~dialkyl ester such as 5 in all three cases. Compound 5 represents a

(0,N)C(R') (R?)P(0) (OR®),,
| 5

-~



nearly unknown class of compounds. One example, a-nitroisopropyl-
phosphonate diethyl ester, has been reported by the permanganate

oxidation of the corresponding amine [13].

B. Results and Discussion

1. Reaction of phosphite jon with a-nitroalkyl chlorides

The potassium salts of dialkyl phosphftes (generated by the action
of potassium t-butoxide on the dialkyl phosphite) were found to react
rapidly with'a-nitroalkyl chlorides such as 2-chloro-2-nitropropane to
produce a-nitroalkylphosphonates [14]. The reaction was so rapid, in
fact, that careful cooling was required to prevent thermal runaway and
drastic yield reduction, Yields of about 70% could be achieved when the
reactions were run &t -45°C with tetrahydrofuran (THF) as solvent

(Eq. 2). Examples and yields are listed in Table I.
THF

(0 MIC(R1),C1 + (RZ0),P0T ——> (0,N)C(R'),P(0)(0RD), + €17 (2)

_ -45°C
Unlike many aliphatic SRN] reactions, light was not required.

Reactions run in aluminum foil-wrapped flasks to exclude 1ight produced
thelsame yield as those run in sunlamp-irradiated flasks. Furthermore,
chain character was not demonstrated for this reaction as a trace
(3 mole %) of di-t-butyl nitroxide had no effeét on either yield or
,induétidn time. (These reactions initiated instantaneously as judged
by the precipitation of pdtassium chloride.)

"The a-nitroalky1phosphohates were shown to arise from radical

intermediates. No product was observed when the reaction was run either



Table I. Synthesis of a-nitroalkylphosphonates from a-nitroalkyl
chlorides and sulfones

(O,N)C(RT) % + (R20),PO™ —> (0,N)C(RT),P(0) (0R?),

R! G X % Yield % Yield
- (N.M.R.) (distilled)
Me Me cl1 : — 60
Me Et c1 75 63
(CHy)g Et cl | 80 —
Me Et MeCH,S0,-P 92 --
(CHy), Et MeCgH,S0,-P 75 62

in the presence of an equivalent of di-t-Buty] nitroxide or oxygen-
saturated THF. It should be noted that phosphite ion was shown to be

reasonably stable to oxygen (see Experimental Section).

2. Reaction of dialkyl phosphite ion with a—ni;ro'sulfones

Sulfinate anion is displaced from c-nitro sulfones by dialkyl
phosphite ion to produce a-nitroalkyl phosphonates (Eq. 3) [14]. When
3 1o THF
KOP(OR )2 + (OZN)C(R )(R )OZSCGH4Me-p P >

(0,N)C(R') (RE)P(0) (0R%),, + KO,SCH,Me-p (3)




THF was used as solvent at 0-5°C, the reaction is éomp]ete is approxi-
mateiy one hour in good yield (see Table I). Unlike the reaction of -

| dialkyl phosphite ions with a-nitroalkyl ch]orides,.the reaction did not
initiate instant]y. Induction times up to about five minutes were
observed (as judged by the precipifation of THFfinsoluble potassium
p-toluenesulfinate). Reproducible induction times were 6n1y observed
when pure a-nitro sulfones were employed, If the sulfone was not
carefully recrystallized long, quite variable induction periods oﬁcurred
making diagnostic radical inhibition tests uninterpretable.

As in the case of the o-nitroalkyl chlorides, reéction of phosphite
jon with a-nitro sulfones was not affected by the presence or absence of
light (see Experimental Section): However, chain inhibition was
observed when radical scavengers were present, Thué, the addition of
3 mole % di-t-butyl nitroxidé to the reaction of diethyl phosphite ion
with 6 (R]=R2=Me) delayed the appearance of potassium p-toluenesulfinate
for 45 minutes at 0-5°C. Likewise, when the reaction solution was
saturated with oxygen, no product fbrmation occurred and nearly all of

the starting a-nitro sulfone was recovered,

3. Reaction of phosphite ion with 2,2-dinitropropane

Expecting the formation of diethyl a-nitroisopropylphosphonate,

| diethyl phosphite ion and 2,2-dinitropropane were allowed to react in
THF at reduced temperature, None of the expected compound was observed.
Instead, a good yield (based on N.M.R. integration for the methy1 group)

of an unidentified compound was isolated, No structure entirely
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consistént with available data (see Experimental Section) could be

proposed at the time this thesis was prepared.

4. Reaction of dialkyl phosphite ion with o-nitro sulfones bearing

acidic hydrogens

Hydrogens bonded to the carbon bearing the nitro and sulfonyl

. moieties, such as in (OZN)CH2502C6H4Me-p, are quite acidic. They are
removed, for instance, by aqueous carbonate. Since phosphite ion is a
strong base, it seemed 1ikely that any attempt to prepare an a-nitro-
alkylphosphonate bearing acidic hydrogens would fail due to the
undesirable proton exchange reaction between phosphite ion and_the
starting sulfone. Such an exchange (Eq. 4) was observed (see

K+'0P(0Et)2

(0N} (p-MeCH S0, )CH,, > (02N)(p-Mec6H4soz)CH'Kf (4)

Experiméntal Section). Even with dimethyl sulfoxide as the solvent, a
solvent in which all of the salts were soluble, 1ittie or no desired

product was formed.

5. Attempts to react nitronate and dialkyl phosbhite‘ions with

a~nitroalkylphosphonates

Considering the number of o-nitroalkyl compounds which undergo SRN]
substitution, it ceemed 1ikely that o-nitroalkylphosphonates themselves
might react with good SRN] nucleophiles. Consequently, reactions of
diethyl a-nitroisopropy1phosbhonate with the anions of 2-nitropropane
and diethyl phoéphite were attempted in dimethyl sulfoxide and THF,

respectively. (nitronate salts are insoluble in THF). Even with
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extensive sunlamp irradiation in both cases, the only identifiable-

isolate was the starting phosphonate ester,

6. Mechanistic considerations for the formation of a-nitroalkyl-

phosphonates

The reaction between phosphite ion and a-nitro sulfones is clearly
explained well by the SRN1 mechanism, With the radical chain character
of the reaction established, only mechanisms involving unreasonable

processes such as Equation 5 remain as an alternative, The absence of

(0,N)C(Me) ,0,SCcH,Me-p + OP(0Et), —> (5)
| (0,N)C(Me) ,P(0) (OEL), + *0,SCgHMe-p
+0,5CgH,Me-p + “OP(0EL), -5%-> "0,SCeH,Me-p + *OP(OEt), )

a light effect and the observation of é 45 minute induction périod with
3 mole percent di-t-butyl nitroxide preseni imply a reasonably rapid
thermal initiation.

Unfortunately, chain charactef was not demonstrated for the reaction
of phosphite ion with a-nitroalkyl chiorides. Although the intermediacy
of radicals was established by experiments with oxygen saturation and
stoichiometric amounts of di-t-butyl nitroxide, a nonchain mechanism

may be proposed as an alternative to SRN]' Scheme 2 describes the

Scheme 2

(Et0),P0” + (0,N)C(Me),C1 —EE> (E20),PO- + [(0,N)C(Me),C1]°
[(0,N)C(Me),C11° —> (O,N)C(Me), + €17

(O,N)C(Me), + (Et0),P+ —> (0,N)C(Me),P(0)(0L),
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reaction as occurring via rapid electron transfer from -the dialkyl
phosphite ion to the organic ch16ride. The radicals thus formed
selectively cross-couple to give the a-nitroalkylphosphonate.

| It seems unlikely that the mechanism of Scheme 2 is operative to a
large extent. The highly selective cross-coupling of a-nitroalkyl and
phosphite radicals is difficult to exp151n. Notably, the yields of
a-nitroalkylphosphonates were significgntiy improved by running the
reaction at lower temperature. The SRNI mechanism suggests that lower
temperatures should give improved product yields. Only low concen-
trations of reactive_species'(j,g,, radicals) are required to produce
product by the chain mechanism, Higher,temperaturés lead to high therma]
initiation rates which, in turn, lead to high Chain termination rates.
Consequently, an SRN] process driven by an extremely facile thermél

initiation seems the best explanation of the observed phenomena.
C. Conclusion

A general synthesis of a-nitroalkylphosphonate esters, a previously
unexplored class of compounds, has been described. These compounds are
produced in good yield by the reaction of phosphite ion with a-nitroalkyl
chlorides or sulfones. Evidence has been presented that'the reactions

proceed via the SRNI pathway.
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D. Experimental Section

1. General considerations

ATl me]ting'points were determined on a Thomas-Hoover capillary
~melting point apparatus and are uncorréqted. Elemental ana]yées were
performed by Galbraith Laboratories, Inc., Knoxville, Tennessee.
Analytical gas chromatogréphy (G.L.C.) was performed on a Beckman GC 72-5
instryment. Preparafive G,L.C. was performed on an Aerograph model
A-QO-P gas chromatograph, High resolution mass spectra (M.S.) were
recorded on an AEI MS 902 mass spectrometer, G.C, mass spectra
(G.C.M.S,) were recorded on a Finnegan 4000 instrument, Ty N.M.R.
(60 MHz) were recorded on a Varian A-60, a Varian EM360, or a Hitachi-
Pefkin Elmer R-20B instrument. Infrared spectra (I.R.) were recorded on
a Beckman 4250 spectrophotometer, 130 N.M.R, (22.6 MHz) were recorded
on a JEOL FX-90Q spéctrometér. 31p N.M.R. (36.4 MHz) were recorded on a
Bruker HX-90.

2-Nitropropane, diethyl phosphite, dimethyl phosphite, and potassium
"t-butoxide were purchased from Aldrich, Sodium p-toluenesulfinate
dihydrate was purchased from Aldrich or Eastman Organic. Solvents were
purchased from Fisher, Baker, or Malinkrodt.

Dimethyl sulfoxide (DMSO).was distilled from.-calcium hydride before
use and stored over 4A molecular sieves under nitrogen. Tetrahydrofuran
(THF) was disti]]ed from I{tﬁium aluminum hydride before use and stored
over 4A molecular sieves under nitrogen. Other solvents were purchased

reagent grade, if available, and used without purification.
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]H N.M.R. yields were determined by integration‘comparisbn with a
known amount of an appropriate reference (usually CH2C12, CHC13, or
DMSO). o

‘2-Chloro-2-nitropropane wés prgpared by thg addition of chlorine to
an ice-cold aqueous solution of 2-nitropropane and sodium hydroxide.

The 1iquid product was collected from the bdttom of the f]ask, washed
with aqueous thiosulfate, dried, and distilled (b.p. 133-134°C/760 torr).

2,2-Dinitropropane [15], 2-(p-tolylsulfonyl)-2-nitropropane [10,16],
p-tolylsulfonyl nitromethane [10], the 1ithium sait of 2-nitropropane
[11], and di-t-butyl nitroxide [17] were prepared by literature
procedhres. ‘ v

I-Ch1oro-1-nitrocyc]opénténe was prepared by the addition of aqueous
hypochlorite to ah jce-cold aqueous solution of nitrocyclopentane [18]
and sodium hydroxide. The product was extracted with ether, and the
extract washed with aqueous thiosulfate, dried, and concentrated.
Distillation (b.p. 70-73°C/16 torr) provided pure IFch1oro-1-nitrocyc10-'
pentane in 37% yield. This compound has been prepared by a different
method and characterized [19].

1-(p~Tolylsulfonyl)-1-nitrocyclopentane was prepared by the general
procedure of Zielstra and Engberts [10] from the potassium salt of
nitrocyclopentane, sodium p-toluenesulfinate, and iodine in N,N-dimethy1
formamide and recrystallized from ethanol/water in 64% overall yield
(m.p. 111;5-112.5°c). T4 N.MLR. (s, CDCI3) 4H (m) 7.56, 4H (m) 2.5-2.9,
3H (s) 2.48, 4H (m) 1.55-2.0. I.R. (KBr pellet, cm™') 1600 (s),

1550 (vs), 1455 (), 1330 (vs), 1150 (vs). Elemental analysis.
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Calculated for C12H16N04 S: C, 53.52; H, 5.61; N, 5.20; 0, 23.76;
S, 11.90. Found: C, 53. 68; H, 5.76. '

2. Preparation of (OZN)C(Me)zP(O)(OEt)2 by'the reaction of diethy]l

phosphite ion with 2-chloro-2-nifropropane

2-Chloro-2-nitropropane (1.1 g, 9 mmo1) was added to a solution of
potassium t-butoxide (1.0 g, 9 mmoi) and diethyl phosphite (1.4 g,

10 mmol1) in 30 ml dry THF at -45°C under nitrogen. After the addition,
potassium chloride started to precipitate, After'stirring 30 minutes,
the reaction mixture was warmed to -20°C for 30 minutes and finally to
0°C for 30 minutes, The THF was removed under vacuum and the residue
extracted from brine with éther. The extract was dried (MgSO4) and
concentrated to yield 1.7 g crude product shown to contain 75% yield
diéthyT a-nitroisopropylphosphonate and 6% recovered 2-chloro-2- .
n1tropropane by ]H N.M.R.

In a sca]ed-up reaction (135 mmol) using the same procedure, the
crude product was distilled (94-95°C/0.2 torr) through a short distilla-
tion head to obtain 19.1 g (63%) pure product, This compound has been
prepared by another method [13].

4 N.M.R. (8, CDC13) 4H (m) 4.0-4.48, 6H (d) 1,75 (JP_H = 16 Hz),
6H (t) 1.38 (J, = 6 Hz). |

I.R. (neat, NaCl plates, cm™') 2950 (m), 1550 (vs), 1470 (w),

1400 (m), 1370 (m), 1340 (w), 1260 (s), 1160 (w), 1045 (vs, broad),
1015 (vs, broad), 970 (s, broad), 855 (s), 770 (w).
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"~ In the M.S. of the a-nitroaTky]phosphonates, the parent ion Was
not observed. This is typical of aliphatic nitrs compounds., The P-46
ion (loss of Noz) was measufed. Calculated for C,H,g05P: 179.0837.
Measured: 179.08295, Error = -4.2 ppm.

Elemental analysis. Calculated for C7H15N05P: C, 37.34; H, 7.16;
N, 6.22; P, 13.75; 0, 35,52, Found: C, 37.62; H, 7.27.

13¢ N.MLR. (proton decoupled, CDC1,, reported in ppm from T™S)
(02N)Q1Me)2P- (d) 85.6 ppm (JC_P = 150 Hz), (02N)C(QH3)2P- (d) 15.67
(JC-P = 4,9 Hz), -P(O)(Og_l-IZCH3)2 (d) 63.45 (JC_P = 7.3 Hz),
-P(0) (OCH,CH,) (s) 22.12.

. 31p N.M.R. (proton decoupled, CDC15, reported in ppm from H3P04)

one ‘singlet 17.20. |

3. Preparation of (OZN)C(Me)zP(O)(OEt)2 by the reaction of diethyl

phosphite ion with 2-(p-tolylsulfonyl)-2-nitropropane

Solid 2-(p-tolylsu1fony1)-2-nitropropane (2.2 g, 9 mmo1) was added
to an ice-cold solution of potassium t-butoxide (2.0 g, 18 mmol) and
diethyl phosphite (2.8 g,'20 mmol1) in 30 ml dry THF under nitrogen.
After stirring a few minutes, the precipitation of potassium
p-toluenesulfinate was observed, (Induction times were minimized by use
of pure nitro sulfone and by purging the THF with nitrogen before
addition of the nitro sulfone.) The reaction was stirred at 0-5°C for
1 hour and at room temperature for 30 minutes. The THF was removed
under vacuum and the residue extracted from brine with either., The

extract was dried (MgSO4) and concentrated, yielding 1.9 g crude product.
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]H-N.M.R. sﬁowed the isolate to be nearly pure and contain 92% of the
expected phosphonate. The crude isolate contained no starting nitro
sulfone. The N.M.R. spectrum was idénticé] to that of the product

prepared from 2-chloro-2-nitropropane.

&4, Preparation of (0,N)C{Me),P(0)(0OMe), by the reaction of dimethyl
2 2 2

phosphite ion with 2-chloro-2-nitropropane

2-Chloro-2-nitropropane (8.7 g, 72 mmol) was added to a solution of
potassium t-butoxide (7.9 g, 70 mmol) and dimethyl phbsphite (7.7 g,
70 mmol) in 156 ml dry THF at -45°C undef nitrogen. The reaction was
stirred 20 minutes at -45°C, 30 minutes at -20°C, and then aliowed to
warm to room temperature. The THF was removed undef vacuum; Since the
product was found to be somewhat water soluble, extraction procedures
weré.avoided and the product distilled directly from the residue using
a shoft distillation head (80-90°C/0.1 torr) to obtain 8.3 g co]dr]ess
product (60% yield, purity “95%). A portion of the product was
redistilled for analysis (80-81°C/0,1 forr).

"H N.M.R. (8, CDC15) 6H (d) 3.86 (Jp_, = 10 Hz), 6H (d) 1.72
(Ip_y = 14 Hz). -

I.R. (neat, NaCl plates, cm'1) 2690 (m), 1550 (s), 1460 (m),
1400 (m), 1340 (m), 1270 (s), 1190 (m), 1040 (vs), 850 (m), 830 (m),
780‘(m). .
M.S.V(P-46 peak measuréd). Calculated for C5H1203P: 151.0524.
Meésured: 151.0520. Error = -2,7 ppm.
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Elemental analysis. Calculated for CgHy NOP: C, 30.46; H, 6.14;
N, 7.10; 0, 40.58; P, 15.71. Found: C, 30.61; H, 6.30; N, 7.05.

5. Preparation of (02N)C(CH2)4P(0)(OEt)2 by the reaction of diethyl

phosphite ion with 1-(p-toly]su1fony1)-1—nitrocyc1gpentane

Solid 1-(p-t01ylsu1fony1)-I-nitrocyc10pentane (2.4 g, 9 mmol) was
reacted with diethyl phosphite ion (18 mmo1) accofding to the procedure
given for the reaction of diethyl phosphite ion with 2-(p-tolylsulfonyl)-
.anitropropane. After workup, the crude isolaﬁé (1.95 g; “95% pure,

75% N.M.R. yield) was purified for analysis by Kugelrohr distillation
(95°C/0.4 torr) to yield 1.35 g pure colorless product. This nitro
phosphonate discolored after a few days stored in a vial.at room
temperature. | |

T4 N.M.R. (8, CDCI3) 4H (m) 3.9-4.4, 8H (broad m) 1.5-3.0, 6H (t)
1.35 (3, = 7 Hz), | |

- I.R. (neat, NaCl plates, cm™1) 2980 (s), 1545 (vs), 1445 (m),
1395 (w), 1345 (w), 1260 (s), 1160 (m), 1050 (broad, s), 1020 (broad, s),
970 (broad, s), 850 (w), 790 (w).

M.S. (P-46 peak measured). Calculated for CgH]803P: 205,09936.
Measured: 205.09943. Error = 0.34 ppm. '

Elemental analysis. Ca]cujated for Cgﬁ]sNOSP: C, 43.03; H, 7.22;
N, 5.58; 0, 31.84; P, 12.33, Found: C, 43.03; H, 7.37,



19

6. Preparation of (OZN)C(CH2)4P(0)(0Et)2 by the reaction of diethyl

phosphite ion with 1-chloro-1-nitrocyclopentane

1-Chloro-1-nitrocyclopentane (1.3 g, 9 mmol) was reacted with the
anion of diethyl phosphite (9 mmol) according to the procedure for the
reaction of diethyl phosphite ion with 2-chloro-2-nitropropane. After
workup, the crude isolate (1.9 g) was ana]yzed to contain an’80%vyie1d
of the desired product of approximately 95% purity. The TH N.MLR.
spectrum was identical io that of the product prepared by the reaction

of 1-(p-tolylsulfonyl)-1-nitrocyclopentane with diethyl phosphite ion.

7. Effect of light on the reaction of diethy]jphosphite jon with '

2-chloro-2-nitropropane

2-Chloro-2-nftropropane (1.14g, 9 mmo]) was added via syringe
through a foil-covered septum to a solution containing potassium
t-butoxide (1.6 g, 9 mmol) and diethyl phosphite (1.29 g, 9.3 mmol) in
30 m1 dry THF under nitrogen at 0-5°C in a flask wrapped tightly with
several ]ayers of aluminum foil to exclude light. After stirring 30
minutes, the reaction was quenched by injection of 50 mmol acetic acid
in 5 m1 water. After removal of the THF under vacuum, the residue was
extracted from brine with ether, The extra;t wés washed with-aqueous
bicarbonate and dried (MgSO4). Concentration.of the extract yielded
1.0 g Tiquid shown by N.M.R. fo contain 50% yield of a-nitroisoproby]-
phosphonate diethyl ester, ‘
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The reaction was performed again under the same conditions, except
that the Pyrex reaction flask was irradiated with a 275 watt sunlamp.

A 44% yield of product was obtained.

8. Effect of di-t-butyl nitroxide on_the reaction of diethyl phosphite

ion_with 2-chloro-2-nitropropane

Potassium t-butoxide (2,0 g, 18 mmol1), diethyl phosphite (2.8 g,
20 mmo]); and di-t-butyl nitroxide (1.3 g, 9 mmol1) were dissolved in
20‘m1 dry THF at 0-5°C under nitrogen.‘ 2-Chloro-2-nitropropane (1.1 g,
9 mmol) in 10 ml dry THF was added over a period of 10 minutes. The
reaction was warmed to room temperature and the THF removed under vacuum,
The residue was extracted from brine with ether and the extract was
dried (MgSO4) and concentrated. The crude isolate (2.65 g) had
sufficient paramagnetic material to broaden the 1H N.M.R. spectruh.
seveEer. Most of this paramagnetic material Was removed- by warming the
isolate to 45°C at 0.4 torr. 'H-N.M.R. indicated little or no
a-nitroisopropylphosphonate. The residue was distilled (Kugelrohr) to
obtain 0.95 g material which was found to contain no a-hitroisopropy]-
phosphonate by N.M.R,

When the same reaction was performed utilizing only 3 mole %
(0.27 mmole) di-t-butyl nitroxide, quenching with aqueous acetic acid

and workup afforded a 49% yield of diethyl a-nitroisopropyjphosphonate.

9. Stability of diethyl phosphite ion to molecular oxygen
By means of a glass frit, oxygen was vigorously foamed through a .

solution containing potassium t-butoxide (2.0 g, 18 mmo1) and diethyl
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phosphite (2.8 g, 20 mmol) in 20 ml dry THF at 0-5°C for 30 minutes.
The solution was then purged with nitrogen and 2—ch1oro-2-nitropropane
(1.1.g, 9 mmol1) added. The solution was warmed to room temperature, the
THF removed under vacuum, and the residue extracted from brine with
ether. Concentration of the dried extract afforded 1.7 g of liquid
material which was found to contain a 45% yield (N.M.R.) of die@pyI
a-nitroisopropylphosphonate. The 2-chioro;2-nitrobropane had been
completely consuhed.

The same reaction performed Qithout treating the phosphite anion

solution with oxygen afforded a 44% yield of thg nitro phosphonate.

10. Effect of oxygen on the reaction of diethyl phosphite ion w{th

2-chloro-2-nitroprane

Potassium t-butoxide (2.0 g, 18 mmo1) and diethyl phosphite (2.8 g,
ZO‘ﬁmOT) were dissolved in 20 m1 dry THF at o-5°c under nitrogen. The .
nitrogen sweep was removed and the solution was satufated with oxygen
by vigorous foaming through a glass frit placed near the bottom of the
reaction flask. 2-Chloro-2-nftropropane (i.] g, 9 mmol) in 30 ml dry
THF, also saturated with oxygén by means of a glass frit, was added over
a 30 minute period. The reaction was then warmed to room temperature
and worked up as previous]j;described to yield 1;7 g of a liquid.

N.M.R. analysis showed that no nitrqphosphonate had been formed and all

of the 2-chloro-2-nitropropane had been gbnsumed.'
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11, Effect of 1ight on the react1on of d1eth117phosph1te ion with

2-(p-p01ylsu1fony1) 2-nitropropane

Solid 2-(p-tolylsulfonyl)-2- -nitropropane (2.2 g, 9 mmo]) was added
to a solution of potassium ;:butoxlde (2.0 g, 18 mmol) and diethyl
phosphite (2.8 g, 20 mmol) in 20 m1 dry THF at 0-5°C in a flask tightly
wrapped with sevgra] layers of aluminum foil to eXc]ude light. The
reaction was stirred 45 minutes before quenching with 50 mmol acetic
acid in 5 ml water. The usual workup afforded 1.36 g of 1iquid found to
contain diethyl a-nitroisopropylphosphonate (52%) and starting sulfone
- (2.3% recovered). The low yield of nitro phosphonate was probably due to
stqring the acid-quenched reaction mixture about'lo hours before workup
and allowing some hydrolysis of product to 6¢cur.

| The reaction was repeated, except the flask (Pyrex) was irradiated
with a 275 watt sunlamp. Immediate workup afforded a 66% yield of nitro

phosphonate and a 10% recovery of starting nitro sulfone.

12. Effect of oxygen on the reaction of diethyl phosphite ion with

2-(p-tolvisulfonyl)-2-nitropropane

Solid 2-(p-tolylsulfonyl)-2-nitropropane (2.2 g, 9 mmol) was added
to an oxygen-saturated solution of potassium t-butoxide (2.0 g, 18 mmol)
and diethyl phosphite (2.8 g, 20 mmol) in 30 ml dry THF at 0-5°C.

After stirring 45 m1nutes, the reaction was quenched with 50 mmol acetic
acid in 5 ml water. Workup afforded 1,95 g of so]1d material. 1H N.M.R.
analysis showed this materia1 to be practical]yipure starting a-nitro

sulfone (87% recovery).
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The same reaction performed under a nitrogen atmosphere and
quenched after 45 minutes yielded 66% nitro phosphonate and 10% récOvered,

nitro sulfone.

13. Effgct of di-t-butyl nitroxide on the reaction of diethyl phosphite

ion with-2-(p-to1ylsu1fony1)-2-nitropropane

Small amounts of di-t-butyl nitroxide were found to~de1ay'the
initiation of reaction as indicated by the précipitation of potassium
p-toluenesulfinate. Thus, when solid 2-(b-t01ylsu1fony1)-2-nitropropane
(2.2 g, 9 mmol1) was added to a solution of potassium t-butoxide (2.0 g,
18 mmo1), diethyl phosphite (2.8 g, 20 mmo1), and di-t-butyInitroxide
}(40 ul, 0.039 g, 0.27 mmol) in 30 m1 dry THF under nitrogen at 0-55c, the
appearance of precipitate occurred after an induction period of 45
minutes without added nitroxide, appearance times were from 2 to 5'

minutes.

14; Reaction of 2,2-dinitropropane with diethyl phosphite ion

2,2-Dinitropropane (2.4 g, 18 mmol) in 10 m1 dry THF was added over
a 10 minute period to a solution of potassium t-butoxide (4.0 g, 36 mmol)
anq diethyl phosphite (5.6 g, 40 mmol) in 30 ml dry THF at -78°C under
nitrogen. The solution became cloudy, presumably due to the precipita-
tion of potassium nitrite.. After stirring 1 hour, the reaction was
warmed to room temperature7and the THF removed under vacuum. The
residue wés extracted from brine with ether.: The extract was washed with
brine, dried (MgSO4), and concentrated to yield 4;0 g of a colorless

liquid. Assuming the singlet at § 2,0 was due to gem dimethyl groups,
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the 'H N.M.R. yield was deterinined to be 78%. A careful distillation
through a5 inch vacuum jacketed Vigreaux column (97°C/0.3 tofr) resulted
in considerable decomposition, but afforded 1.4 g co]orless’1iquid which
appeared to be a pure compouﬁd.

| ]H N.M.R. (8, CDC13) 4H (m) 3.95-4.45, 6H (s) 2,0, 6H (t) 1.37

(JH =7 Hz); The assigned integrations must only be taken as‘rélative,
as the identity of the compound is not known.

I.R. . (neat, NaCl plates, cm™') 2990 (s), 1650 (w), 1570 (w), 1550
(m},'1450 (m), 1395 (m), 1370 (s), 1270 (broad, vs), 1170 (s), 1030
(broad, vs), 975 (broad, vs), 920 (broad, vs), 855 (s), 820 (s),

750 (w). |

M.S. The molecular ion was not observed. The highest mass
fragment was measured. Calculated for C,H,-04P: 179.0837. Measured:
179.08446, Error = +4,7 ppm,

Elemental analysis. Found: C, 39.24; H, 7.90; C1, 0.00;

N, 6.73; P, 14.33.

15. Attempted preparation of O,NCH,P(0)(0Et), by reaction of diethyl
2 2 2

phosphite ion with (p-toly]su]fony])nitrome;hane

‘When (p-tolylsulfonyl)nitromethane was added to an ice-cold THF
solution containing diethyl.phosphite anion, a white solid precipitated
| from solution which, upon workup, proved to be the potassium salt of the
nitro squone. It was hopéd the desired reaction might occur if the
solvent was chdsen to allow homogeneous conditions., Consequently,

(p-tolylsulfonyl)nitromethane (1.9 g, 9 mmol) was added to a solution



25

containing potassium t-butoxide (2 0 g, 18 mmo1) and diethyl phosphite
(2.8 g, 20 mmol) in 20 m1 dry dimethyl sulfoxide at room temperature
under nitrdgen. After stirring 4 hours, the reaction solution was brine
acidified with acetiﬁ acid and extracted with ether, The extract was
.washed with aqueous bicarbonate, dried (MgSO4), and concentrated to yield

1.2 g of residue which 1

H N.M.R. showed to contain starting sulfone aqd
other unidentified compounds. G.C.M.S. analysis of the three volatile
components revealed that only a trace of the desired product might have
been produced (P-46 = 151 observed). The major components were not

identified.

16.  Reaction of (0,N)C(Me),P(0) (OEt), with the Tithium and potassium

salts of 2-nitropropane ' ,

.fhe nitro phosphonate (2,0 g, 9 mmol) was added to a solution of
Tithium salt of 2-nitropropane (1.4 g, 15 mmol) in 50 m1 dry DMSO under
nitrogen. The Pyrex reaction flask was irradiated for 13 hddrs'at |
ambient tempefafures from an -8 inch distance with a 275 watt sunlamp
during which time the solution turned light yellow. The reaction
miiture'was extracted from brine with ether, The~eX;ract was washed
with brine, dried, and concentrated fo yield 1.42 g colorless liquid.
]H N.M.R. revealed the isolate to be nearly pure starting nitro n
rphosphOnate.

A similar reaction employing the sparingly-soluble pofassium salt

of 2-nitropropane (generated from equimolar amounts of 2-nitropropane
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and potassium t-butoxide) was performed. Again, starting nitro phos-

phonate was isolated,

17. Reaction of (oZN)c(Me)'?_'P(O)(mzt)2 with diethyl phosphite ion

The nitro phosphonate (2.0 g, 9 mmoi) was added to a solution of
potassium t-butoxide (1.1 g, 10 mmo1l) and diethyl phosphite (1.4 g,
10 mmo1) in 20 ml dry THF under nitrogen, After 18‘hours of sun]gmp
irradiation, the THF was removed under vacuumkand.the residue worked
up by ether extraction from brine, ]H N.M.R. analysis of the 1.4 g
light yellow liquid isolate revealed 47% of the starting nitro
phosphonate had been recovered. There was no evidence of products such

as (EtO)?_P(O)C(Me)zP(O)(OEt)2 or (EtO)ZP(O)C(Me)ZC(Me)ZP(0)(OEt)é.
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III. REACTION OF NITRONATE IONS WITH ALKYLMERCURY
HALIDES: SYNTHESIS OF TERTIARY NITRO COMPOUNDS

A. Introduction

In nequy all known examples of a1iphatic SRN] reactions, the
molecule undergoing reduction bears one or more nitro groups (in the only
reported exception a cyano-substituted benzyl group sufficed [6]). This
is reasonable in 1ight of the low-lying pi-antibonding orbital of the |
nitro moiety available to stabilize the radical anion (Rx: in- Scheme 1).
A metal bonded to the carbon undergoing reduction might also serve to
facilitate electron transfer,

Mercury was selected for study, Organomercurials were readily
available [20,21] and appeared capable of the processes required for the
SRN] reaction. Organomercury halides have been electrochemically reduced
in 1iquid ammonia at low temperatures to produce organomercury radicals
(or brganomercury radical dimers) which, upon warming, decompose‘to
diorganomercury(I1) compounds and mercury metal [22;23] (Eq. 7). Room

RHGC1 + & —> RHg® + €17 2> 1 RoHg + 3 Hg (7)

(3 RHgHgR)

tempefature polarographic reduction of orgaﬁomercuric salts has also been
found to'produce organomercury radicals [24,25]. The E172 for the
polarographic wave corresponding to (irreversible) one-electron reduction
of pheﬁylmercury qh]oride has been measured as -0.1 to -0.2 volts

depending on the nature of the so1vent'and electrolyte [24].
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Organomercury salts undergo reduction with sodium borohydride via
a free ra&ica] chain process [26-29]. Scheme 3 details the generally
accepted mechanism for this reaction; A key feature is the dissociation
of an orgaﬁomercury radical into elemental mercury and an organic radical
(step 3), a process estimated to have anlactivation energy as low as

" 6 keal mol~! [30].

Scheme 3
| Step 1 RHgX + NaBH4 —— RHgR + NaX + BH3
--Step 2 RHgH —— RHg* + H*
Step 3 RHg* —> R* + Héo

Step 4 R + RHgH —> RH + RHg*
then step 3, 4, 3, etc.

‘We supposed that an organic radical, mercury meial, and halide ion
would reéult from homogeneous reduction of an organomercury halide. In
the presence of a suitable anion, such as a nitrbnate jon, a stable
radical anion might form (i.e., the radical anion of a nitro compound)
and prﬁpagate a reaction chain by transferring an electron to an organo-
mercury halide molecule, Such a process seemed reasonable since ‘the
(reversible) oxidation potential of t-nitroalkane radical anions is
approximately +1.6 - 1.8 voltsAin glyme [31].

The proposed reaction, a modified SRN] process, is summarized in
‘Scheme 4, Displacement of ha]ide jon and mercury metal ("reductive

substitution") from carbon by an anion (Eq. 8) other than "hydride" is
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Scheme 4
initiation
RUHgX + RERC=NO,” ——> R+ + Hg® + x™ + R%RC - w0,
R!+ + R%Rc=N0,” —— [R1R%R%cNO,]’
[R'R%R%N0,1” + RHgK ——> RIRZR%eND, + R1« + Hgl + X~
without Titerature precedent. A vaguely related reaction, the élimi-

nation of mercury metal and chloride ion from the salts 6f

RHgX + A~ > RA + Hg0 + X~ (8)

B-chloromercury nitro compounds, has receht]y been reported [32]

(Eq. 9).

HgC1 ; N02 0
(:::]::NOZ —ase [:::I, + Hg" + €17 (9)

- The scope and mechanism of the reaction of nitronate salts with
alkylmercury halides is discussed in parts 1-7 of the following section.
Part 8 treats an entirely different reaction between nitronate salts and
vinyl- or arylmercury halides. Parts 9-11 deal.with'the reactions of

alkylmercury halides with several anions other than nitronates.
B. Results and Discussion -

1. B-Nitro ketones from 2-ha1omercurycyclohexanones'

Initial experiments were conducted by Karen Owens [33] on the

2-halomercurycyclohexanones. It was hoped that initial reduction of
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the mercurial and formation of radical anion adduct (Scheme 4) would bé :
fac111tated by the carbonyl group.

Results, some of which have been published in pre11m1nary form [34],
are tabulated in Table II. A]thoughv2—1odomercurycyc]ohexanone failed .
to yield*the expected coupled prdduét (a thermally unstable iodine-
cdntaining_residue was obtained), the bromo- and chloro- analogues
afforded B-nitro ketones with the lithium salts of 2-nitropropane or
nitrocyclohexane in 56-68% isolated yield. The isolated ketones were
nearly pure., The product with 2-nitropropane anion was particularly
sensitive to loss of the elements of nitrous acid under the influence of
heat or base. The resulting a-isopropylidene cyclohexanone was
conveniently characterized as the 2,4-DNP derivative. g-Nitro ketones
and o-alkylidene ketones have been prepared by the more general SRN]
reaction of Tithium enolates with a-halo nitro compounds [5].

In a normal reaction, mercury metal was obsefved to precipitate
from DMF or DMSO solutions after one or two minutes of sunlamp
irradiation when nitrogenipurged solutions were employed, When the
solvent was not deoxygenated prior to dissolution of reagents and
sunlamp irradiation, longer induction periods were observed. Complete
reaction at ambient températufes (25-40°c).req@ired one to two hours.

When sunlamp irradiatidn was not employed and all light omitted
from the reaction flask with an aluminum foil wrapping, essentially no
mercury metal or nitro ketone was observed after écid quenching and
-~ workup. Furthermore, the reaction of 2-ch1oromercurycyc1ohexanone with

the Tithium salt of 2-nitropr6pane was completely inhibited for 30
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Table II. Reaction of organomercury halides with n1tronate salts to
: form nitro compounds

R'HgX + RZR3C= =N0, M _light | R1R2R3CN02.+ Hg® + MX

% Yield

2 Nitro Compound

R2R3C=N02'M+ Solvent  Time

RHgX
£ HgCl -t '
Me,C=N0,Li* DMSO 1.h 56
foj

HgC1 A
' Cemo,ut DMSO 2h 60
0 HgBr . - - ' -
é’ Me,C=NO,"Li DMF 1h 68
0 | '
. HgI -+
Me,C=NO,Li DMF 1h 0
PhCH,HgC1 Me,C=N0, Li" DMSO 2 h 100
PhCH,HgC1 (O=no, Lt DMSO 2 h 87
PhCH,HgC1 MeCH=NO, Li* NSO 2 h ca. 5°

3A11 reactions were performed in nitrogen-purged solvents at
ambient temperatures (25-45°C) with irradiation from a 275 watt sunlamp
positioned 4-8 inches from the Pyrex reaction vessel.

brpe major product (ca. 40%) was 2-methyl-2- nitro 1,3-
diphenyipropane.
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Table II, (Continued)

1 . 23 4 Q.. Yield
R HgX R"R C=N02 M - Solvent Time® . Nitro Compound
n=Cghy JHgC1 Me2c=Nosz1+ ~ DMSO. 37 h 90
n~CgH, 5HgBr .Me2C=N02'Li+ DMSO 70 h 50
n-Cghy ool Me2c=N02‘Li+ DMSO 70 h 80
cyc16-Cghy HgCT Me2c=N02'Li+ . DMSO - 34 h 76
cyclo-Ca gt { =No, Li* DMSO 60 h 84
Me,,CHHGC1 Me2c=N02'u+ DMSO 17 h 63
CH,=CHCH,HgC1 Me2c=N02'Li+ DMSO 24 h 50

HgC1 -+ c

[::]' Me,C=N0, Li DMSO 47 h 14.5

OCH,
cyclo-CHoCH HICT Me C=NO,"Li* DMSO 41 h .35
cyc10-CeHgCHoHgCT Me2c=N02'K+ : DMSO 40 h 47

cTrans and cis isomers are formed, Trans:cis = 8:1.
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Table II. (Continued)

% Yield -

RVHgX | | R2R3c=Noé'ﬁ+ . Solvent Time?  Nitro Compound
éﬂz=cn(cnz)4ugc1 Me,C=NO, K" DMSO 21 h - 48¢
CH,=CH(CH, ) HgC! 'Me2C=N02'Li+ MO 48h - 359
MeHgC1 Me,C=NO,Li* DMSO 40 h ca. 28

- MeCHgC1 Me2c=N62*Li+ HSO 4 h 0
Meécbuzugc1 Me,C=N0,,"Li" DMSO 21h  ca, 2-5
PhHgC1 Me2c=Noz'L{+ MO 15k 0®
Qg)-MestcH-cHch1  Meygeno, L Mo 16h 09

HgC1 |

) v
~S Me,C=NO, Li* DMSO. 23 h o

dThe cyclized products, 1-cyclopentyl-2-methyl-2-nitropropane and
2-cyclohexyl-2-nitropropane, are formed in a 25:1 ratio. The indicated
yield is the sum of these products. '

€A trace of 2,3-dimethyl-2,3-dinitrobutane was isolated.

fIrrad1at1on was provided by a Rayonet RPR-100 reactor equipped with
16 "350 nm”dbulbs. Evidence for the formation of bis[neopentyl]mercury
was obtaine

gB1s[(E) 3,3-dimethy1-1-butenylJmercury (82%) and 2,3-dimethy1-2,3-
dinitrobutane (52%) were isolated.

B1s[o-a11yloxyphenyl]mercury (17%) and 2 3-d1methy1 -2,3-dinitro-
butane (39%) were isolated.
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minutes by the addition of 3 mole % (relative to organomercurial)

" di-t-butyl nitroxide, an efficient radical scavenger. A 30 mihute
reaction period produced a 41% yield of nitro ketone in a control experi-
ment. Thése observations are consistent with the Spy1 mechanism of

Scheme 4.

2. Reactions of benzylmercury chloride with nitronate salts

The carbonyl moiety proved to be unnecessary for the coupling of
organomercurials with nitronate anions. Benzylmercury chloride reacted
with the Tithium salts of 2-nitropropane and nitrocyclohexane to afford
the corresponding.tertiary nitro compounds in high yield (Table II).

As noted in the case of 2-halomercurycyclohexanones, 1ight was required
to initiate the reaction and the reaction was completely inhibited by
the addition of 5 mole % di-t-butyl nitroxide. No reaction occurred
when the solvent (DMSO) was kept saturated with oxygen. Oxygen
inhibition, asvwe11 as light initiation and nitroxide inhibition, is
consistent with the SRN1 mechanism,

A reaction was performed between benzylmercury chloride and the
lithium salt of nitroethane (Table II). The first-formed product,
2-nitro-1-phenylpropane, proved to be sufficiently acidic to lose a
proton t6 the anion of 2-nitropropane and suffer a second benzylation

(Scheme 5). Although not investigated, the use of a radical-inert base

Scheme 5
PhCHZCH(NOZ)Me + MeCH=N025 —_— PhCHZC(Me)=N02' + MeCHZNO2

0

PhCHZC(Me)=N02- + PhCH,HgC1 — (PhCHZ)ZC(NOZ)Me + Hg + C1~



35

such as "Proton Sponge" might have afforded enhanced yields of

disubstitution products.

3. Reactions of simple a1ky1mercury halides with nitronate salts

A number of simple a]ky1mercury halides were found to couple with
nitronate salts to give nitroaliphatic products (Table II), although the
reactions required considerably longer irradiation times and often
afforded lower yields than reactions of o-keto or benzylmercury halides.

To demonstrate radical chain character for reactions of simple-
alkylmercury halides, the reaction between 2-chloromercurypropane and.
thé Tithium salt of 2-nitropropane was performed in the presence of
5 mole % di-t-butyl nitroxide. A 17 hour irradiation period and
subsequent workup afforded only 8% 2,3-dimethyl-2-nitrobutane. A
control reaction with no added inhibitor yié]ded 63% coupled product.

" The successful coupling of n-heiylmercury jodide with nitronate
(fab1e I1) demonstrated that the failure of 2-iodomercurycyclohexanone
to couple is not general for iodo mercurials. } .

Steric effects clearly play an important role in the reactivity of.
alkylmercurials toward nitronate ion. n-Hexylmercury chloride coupled
with the 1ithium salt of 2-nitropropane in 90% yield. Neopentylmercury
chloride, also a primary alkylmercury chloride, was unreactive towards
the nitronate under simple sunlamp irradiation. Extended irradiation
in an RPR-100 Rayonet photochemical reactor (sixteen "350 nm" bu]bﬁ)
yielded only a trace of the expected product as detected by G.C.M.S.

The somewhat hindered trans-]-chloromercuhyjz-mgthoxycyclohexane
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afforded only a 14.5% yield of trans and cis coupied products ‘in a

rat1o of 8 1.

Allylmercury chloride might be expected to demonstrate the same
. enhanced reactivity as benzylmercury chloride. The yield of coup]ed
product with the 1ithium salt of 2-nitrqpropane was only 50%, but f
reéinoUs material discarded during workup suggested that polymerization
was a competing process,

It has already been observed that electronic effects (i.e., benzyl-
mercury chloride versus n-hexyimercury chloride) influence the
reactivity of alkyl mercurials towards'codpling. Electronic stabiliza-
tion of the intermediate alkyl radicai appears to favor reaction rate
and yield, Methylmercury chloride might be expected to react more
sTuggishly with Tithium 2-nitropropane-ate than n-hexylmercury chloride.
In fact, after 40 hours of sunlamp irradiation, only about 2% of the
expected t-nitrobutane was detected by G.L.C.

t-Butylmercury chloride, one of the few characterized tertiary
alkylmercury halides, failed to couple with the anion of 2-nitropropane.
Although significant amounts of metallic mercury were observed to
precipitate from the reaction solution, only unreacted mercurial was

isolated.

4. Mechanistic possibilities: alternatives to Scheme 4

Thus far, the application of an Spy1 mechanism (Scheme 4) has been .
presumed correct in discussions of the reductive coupling of nitrdnata

salts with alkylmercury halides. The repeated demonstration of radical
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chain behavior in these reactions is consistent 'with this View, but as
we shall see at least three other distinct radical chain mechanisms
predicting the observed coupled products may. be proposed. In each case,

the bulk stoichiometry of Equation 10 is expected.
R'Hge1 + RZR3c=No,” 119t plpZRdcno, + Hg® + 017 (10)

In Scheme 6, 1igand exchange on mercury of nitronate for halide is

assumed to precede an SRN] process.

Scheme. 6

exchange R HgX + RER%C=NO,,”

> RHg(RER%C=NO,) + X~

initiation R‘Hg(k2R3c=Noz) + R%R3c=no,” Light [R]Hg(R2R3C=NOé)]:
+ RERY% - N0,

0 |

riR‘Hg(R2R3c=N02)]‘ > Rl + HgO + R2R3C=N02'

1

R'+ + R%R3c=NO

2
[R]R2R3CN02]: + R‘Hg(R2R3c=Noz)

" — [R1R2R3CN02]‘
chain : .

> R'R™R CNOZ-

L | -+ [RTHg(RZR%c=N0,)T"

. Scheme 7 and Scheme 8 are radical chain reactions involving

homolytic substitution instead of radical anions.
Scheme 7

initiation RZR3C=NO,” L0X], p%R3c-no,
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Scheme 7 (Continued)

R2R3C-N02 + RHgX —— R‘R2R3cNo2 + HoX
chain
HgX + RER3C=NO,”

> Hge + X~ + RERC-NO,

Scheme 8
exchange  R'HgX + R2R36=N02' — R‘Hg(R2R3c=N02) + X"

initiation ? —-y gl
RV + R‘Hg(R2R3c=N02) —— RlHg* + R‘R2R3cno2
1 1 :

chain
R

Hg* > R'* + Hg*

Schemes 4, 6, 7, and 8 differ in the nature of the reactive
intermediates and/or the nature of the reacting mercury(Il) species.
The observations of light initiation and inhibition by radical
sCavengers alone do not allow a firm distinction, however, of the
operative mechanism. The resolution of this conundrum is discussed

in parts 5 and 6 of this section,

5. Nature of the reacting mercury(II) species in the coupling reactions

of alkyIlmercury halides with nitronate salts

Schemes 6 and 8 require 1igand exchange at mercury (nitronate for
halide). Accordingly, the reaction between benzyImercury chloride and
the Tithium salt of 2-nitropropane in d6~DMSO was monitored by 1H N.M.R.
The spectrum recorded prior to sunlamp irradiation showed only the

starting mercurial and nitronate salt. The.sample was exposed to short
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periods of sunlamp irradiation (resuiting in the precipitation of mercury
metal). N.M.R, spectra showed only the starting materials and the
cpup]ed'prpduct (2-methy1-Z-nitfo—l—phehyipropane).

It is conceivable that benzy]mercﬁny 2-nitropropane~-ate might have
the same spectrum as a mixture of bénzy]mercury chloride and the Tithium
salt of 2-nitropropane. Consequently,ireaction solutions were prepared
and worked up at different states of reaction completion. When the
solution was worked up with no sunlamp irradiation, only benzylmercury
chloride was recovered, nearly quantitatively. When.the reaction
solution was irradiated for short periods of time and worked up, mixtures
of benzylmercury chloride gnd 2-methyl-2-nitro-1-phenylpropane were
isolated with good material balance in benzyl groups.

Mechanistic Schemes 6 and 8 are thus disfavored due to evidence
that the proposed bulk reagent, a]ky]meréury nitrqnate, is not preseht
(at least) in the model reaction between benzylmercury chloride and

Tithium 2-nitropropanate.

6. Nature of the intermediate radical: the 5-hexen-1-yl rearrangement
A major distinction between mechanistic Schemés 4 and 7 is the
nature of the intermediate radical. Scheme 4 (SRNl mechanism) invokes
the intermediacy of the alkyl radical derived from cleavage of the
carboh-mercury bond of the.alkylmercury halide, whereas the carbon
radical in Scheme 7 is derived from one-electron oxidation of the
nitronate ion. The use of an organomercury substrate leadihg to a
radical known to rapidly réarrange or stereochemically equi]ibrate was

dictated,
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The previously mentioned reaction between trans-1-chloromercury-2-

methoxycyclohexane and the anion of 2-nitrop§opane afforded the expected

coupled product as an 8:1 trans:cis mixture (Eq. 11). This apparent
HgC1 - DMSO C(NO,)Me (NO )Me
X7+ teyeetio, it —— O’ 272 CCC 2778
"0Me - : light " OMe OMe
12.7%

manifestation of the 2-methoxycyc10hexy]'radica1 (consistent with Scheme
4) is sOmeﬁhat obscured by the 14.5% overall reaction yié]d, possibly
due to unfavorable steric effects. Thus, the yield of cis product is
only about 2% from a reaction that afforded a very comp1ex product
mixture (roughly a dozen volatile components were observed by G.L.C.).
The ng_product could have (arguably) arisen from secondary processes.
whi]e the trans was produced by the main pathway, Scheme 7.

" Firm evidence that coupled product is the offspring of the organo-
mercury-derived radical was provided by the 5-hexen-1-y1!réarrangement,'
a probe which has found extensive application in mechanistic studies |
[35]. The radical rearrangement from 5-hexen-1-y1 to cyc]bpenty]methy]

| (Eq, 12) is diagnostic for the free radical, as the anion does not

> (O | | (12)

cyclize [36] and the cation closes exclusively to the six-membered ring

4;\/’\¢’ N

[37] The un1molecu1ar rate constant for cyc11zat1on of the radical

has been measured to be 105 sec -1 [38, 39]



40

Scheme 9 illustrates data extrécted,from Table II. 6-Chloromercury-

1-hexene reacted photochemically with the 1lithium and potassium salts, of

~ Scheme 9 o -
. | . NO
v : - light 2
ONNAN H _ -
gC1 + Me,C=NO > {7 Tno, + [::IL<
272 354y 2
, 25 : T
O/\H : _ Tlight
gCl + Me,C=NO >
s 2T 35y O ¥,
HgC1

_ light NO,
76%

2-nifropropane to produce a 25:1 ratio of cyclopentylmethyl and
éyc]ohexy] products. No uncyclized (olefinic) products were detected by
1H N;M.R. or G.C.M.S. The structure of the oBServed products were
verified by compariéon of spectral andAchrométogréphic data with
authentic samples prepared by coupling 2-nitropropane-ate salts with
cyciopenty]methyl-'and cyclohexylmercury chlorides.

: Mechanistic Scheme 7 is apparently not operative in these coupling
reactions since neither stereochemical equi]ibratfon nor rearréngement
is allowed for in the organometé]-derived alkyl moiety. The SRNl

mechanism of Scheme 4 most reasonably explains the available data.

7. The nature of photochemical initiation

In all the reactions of nitronate salts with alkylmercury halides,

no precipitation of mercury metal was observed in the absence of light.
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Slow reaction was induced by roomlight in the cases of the most active
mercurials (benzy] and a-keto mercury. halides) while significant rates
for simple a1ky1mercury‘halide»required the usé of a sunlamp,
Unfortunately, 1ittle can be concihded regarding the mode of photo-
chemical initiation,

Light more energetic than 320 nm may be disregarded since all
reactions were performed in Pyrex vessels, The 1lithium salt of
Z;nitroﬁropane exhibits an absorption maximum at 352 nm in DMSO
corresponding to the n-+a% tfansition. This absorption tails into the
visible spectrum giving these solutions a faint yellow tint. The
absorption spectrum of a solution containing the Tithium salt of
2-nitropropane and benzylmercury chloride appears to be the sum of ‘the
spectra of the pure compounds, benzylmercury chloride exhiBiting the
tail of_the strong m7* absorption from approximately 340 nm to the
 DMSO cutoff at 300 nm, Since a chargeftransfer complex present in Tow
equilibrium concentration cannot be ruled 6ut distinction between two
likely mode§ of initiation, photon absorption by a nitrbnate-mercuria]
charge-transfer complex versus electron transfer from a photochemically
excited nitronate ion, cannot be made.

Direct photolysis of the alkylmercury halide is not generally
responsible for free radici] initiation., Mercurials bearing saturated

alkyl substituents absorb no radiation above 310 nm,

8. Reactions of nitronate ion with aryl- and vinylmercury halides

Phenylimercury chloride proved unreactive towards the anion of

2-n1tr6propane. Extensive sunlamp irradiation resulted in only a trace
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. of mercury metal. Workup revealed a frace of 2,3-dimethyl-2,3-
dinitrobutane and starting mercurial. In‘a similar experiment, a dilute
DMSO solution of éodium borohydride was slowly added to the reaction to
generate phenyl radicals. Again, a trace of.2,3-dimethy1-2,3-
dinitrobutane was isolated. None of the desired cross-coupled product,
2-nitro-2-phenylpropane, was -detected. Nitronate salts are not known
to participate in aryl SRN] reections [9], although adducts of phenyl
radicals with nitronate ions have been observed by E;S.R. [40].

On the assumption that aryllradicals were failing to add efficiently
to the nitronate ion, an attempt was made to utilize the rearrangement of

6 to 7. Somewhat analogous to the 5-hexen-1-y1 case, this rearrangement

0/% > & (13)

6 7

~ ~

has been employed to detect aryl radical intermediates in the Tithium

aluminum hydride reduction of aryl halides [41]. When mercurial § was

Onx
ng_-pst Light +
+ Me,C=NO, Li* nmso \© Hg?
17%
8 + Me,C—Cte, (14)
No2 No2

39%

reacted with the Tithium sa]t_of 2-nitropropane for 23 hours, mercury

metal was observed to precipitate, None of the expected coupled product
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g was produced, ]H N.M.R| clearly révea]éd the symmetrized mercurial in
N02

O

9.

17% yield and 2,3-dimethy]-2,3;dinitrobutané in 39% yield. Lack 6f
rearrangement suggests (but does not provg) that the symmetrization did
not proceed via the phenyl radical,

Similar "reductive symmetrizations" of a]kyi mercurials have been
thought to proceed through free radicals [42,43]. The symmetrization
equilibrium in Scheme 10 for aryl mercurials is known to be ekceptiona]]y

sensitive to 1igands which serve to complex mercuric chloride [44,45].

Schéme 10
| +Ln
2ArHgC1 === Ar2Hg + HgC]2 === Ln
-Ln
1 [red]
Hgo

Notably, mercuric chloride fs reduced by Tithium 2-nitropropane-ate in
DMSQ to yieid mercury metal and a moderate (35%) quantity of
2,3-dimethy1-2,3-dinitropropane} Thus, photochemical reductivg
symmetrization of § may We11 proceed via trapping of the ionic

equilibrium (Scheme 10) by mercuric chloride reduction. Light may be
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réquired because of.the less févorqble reduction. potential of ligafed
mercury chloride. (Nitronate ion only slowly reduces mercuric chloride
in the presence of diethyl phosphite ion, a strong complexing agent for -
merdury ch]oride as'discussed.1ater.)

The Tithium salt of 2-nitropropane efficiently symmetrized (E)-3,3-
dimethyl-1-butenylmercury chloride in DMSO under sunlamp irradiation
(Table II and Eq. 15). When lfght is omitted from the reaction flask by

X=\ + )= N0y },‘MS*}} X——g( + —— + H"  (15)
HgCl . }Hg NO2 N02
82% -52%
means of an aluminum foil wrapping, no reaction occurs. Symmetrization
does occur without polymerizing styrene’(Eq; 16) and occurs even in the

presence of 150 mole % di-ggbutyI nitroxide (Eq. 17). 2,3-Dimethy1-2,3-

N + \=o,” itk Ph/\+>%< + ——f  (16)
HgC1 2

g MOz MO
934 43
=10, = KN >0 ilgbi‘»xﬁ (17)
2 =0 ~5wso
HgC1
39%

dinitrobﬁtane did not appear in the presence of nitroxide. This is not
surprising since the 2- n1tropropy1 radical must be an intermediate in
d1mer formation. . _

The mechanism of Scheme 10 is probably operative both in the

nitronate-induced symmetrization of arylmercury halides and the
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(E)-3,3-dimethyl-1- butenylmercury chloride, 1H N.M.R. experiments in

d,-DMSO showed that prior to 1rrad1at10n the v1ny1mercury chloride exists
(predominently) in the unsymmetrized form. Likewise, (g)-3,3-d1methy1-1-
butenylmercury chloride could be nearly quantitatively recovéred from non-
irradiated DMSO solutions containing ihe nitrqnate salt. The equilibrium

reaction of Scheme 10 must 1ie > 95% in favor of the unsymmetrized form.

9. Reactipn of diethyl phosphite ion with alkylmercury halides

Potassium diethyl phosphite in DMSO under sunlamp illumination

éfficient]y converted benzylmercury chloride into bibenzyl (Eq. 18). The

PhCH,HGCT + K'7OP(OEX) 1?g§2 o0, PHCH,CH,Ph + Hgo * 7 (18)
84%
precipitation of mercury metal was slow, an irradiation period of 39.5 h
being'employed. The fate of phosphorous compounds was not determined.
A11 phosphorous compounds were lost during the extractive workup from
brine (see Experiménta] Section). |
““Reductive dimerization" of alkylmercury halides by phosphite ion
is not general, Cyclohexylmercury ch10fide and n-hexylmercury chioride
failed to produce G.L.C.-detectable amounts of dicyclohexyl or |
n-dodecane, respectively, 2- Ch1oromercurycyclohexandne'reacted with
rap1d precipitation of mercury metal to afford, after workup, cyclo-

hexanone (Eq. 19). The f1rst-formed product was probably cyclohexanone

_ : 0
0 ' + |
HgC1  DMsO -1 =n (ft]
Ef:r/ + -OP(OEt), —p==— [{E] > (19)

. 8.5h
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potassium enoIate‘produced by two one-e]ecfron reductions of the
starting mercurial followed by protonation during workup.

The formation of bibenzyl appears to be a radical nonchain processﬁ
1) No bibenzyl formation or.mercury precipitation occurred in the
absence of light. 2) Mercury precipitation occurred normally when
oxygen-saturated DMSO was employed, but only a trace (1.8%) bibenzyl was -
formed. Instead benzyl alcohol, benzaldehyde and benzoic acid were

obtained (Eq. 20). 3) Addition of varying quantities of di-t-buty!

- DMSO
, PhCHzHgC1 + OP(OEt)2 ~Tight > PhCHZOH + PhCHO

05 + PhCOOH + Hg® (20)

nitroxide only reduced the yield of bibenzyl sto1ch1ometr1ca11y (see

-Tab]e III)

Table III, Effect of added di-t-butyl nitroxide on the yield of

bibenzy1
Time? Mole % di-t-butyl nitroxide % Yield bibenzy1b
4 h 0 10
4 h 10 0
8h -0 21
8 h ‘ 10 12.5

%puration of 275 watt sunlamp irradiation with bulb placed 7 inches
from the reaction flask.

bY1e1d determined by quantitative W N.M.R. of woiked-up reaction
products,
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Although there is no evidence for a chain reaction, the scavenging
experiments prove benzyl radicél is an intermediate in bibenzyl forma-
tion. Bibenzyl may simply arise from the éoubling of benzyl radicals
(Eq.- 21), although homo]ytic.attack of benzyl radical on benzyl-

mercury(II) species may also be envisioned,
PhCHy® + PhCHy* —> PhCH,CH,Ph (21)

The mode of benzyl radical generation is not entirely 61ear.
]H N.M.R. experiments in d6-DMSO revealed that benzylmercury chloride
is immediately symmetrized to bis[benzy]]mercury by diethyl phosphite
ion > 95%, Bis[benzyl]mercury can be isolated in quantitative yié]d by
workUp pf nonirradiated so]utidns'of benzy]mercury»ch]éride and
diethyl phosphite ion in DMSO. |

This symmetrization is not a redox process (Eq. 22), because

2HgC] —_— (PhCHz)zHg + HgC]Z (22)

L S,

2PhCH

mercury metal is pnly formed upon irradiation of the reaction mfxture
(with cbncomitant formation of bibenzyl)., Bibenzy] dees not result

| from irradiation of DMSO solutions. of bis[benzy]mercury]'a1one or with
diethyl phosphite ion added. Not sdrpriging1y. bibenzyl does result
from irradiation of a solution containing bis[benzyl]mercury, diethyl

phosphite anion, and an equivalent of mercuric chloride (Scheme 11).

Scheme 11

[PhCHz]ZHg .;LEHHLQ' no reaction



48

Scheme 11 (Cpntinued) '
light

[PhCH,],Hg — > no reaction
: 22F 0P(0Et), |
[PhCH, 1H T1ght PhCH.,CH,Ph + Hg?
. g — > + Hg
2787 K*op(0Et), 272 :
92%
HC1, :

In view of the lack of data concerning phosphorous-containing
products, the origin of benzyl radicals, and the ‘exact nature of bibenzyl
formation, it is presently impossible to formulate a detailed mechanism
for this reaction., A significant conclusion, however, is that benzy1

radical was not trapped by diethyl phosphite'ion.

10, Reactions of benzylmercury chloride with other anions

- Diethyl phosphite ion pgrticipates readily in aryl SRN] reactions
[9] and aliphatic SRNI reactions in which the intermediate radical ion
is stabilized by a nitro group [14]. Failure to react similarly with
alkyl mercury halides might be due to lack of an available low-lying
pi-antibonding orbital to stabilize the radical ion. Butyl phenyl-
phbsphinite jon, known to pafticipate in ary]vSRN1.reactiohs‘[46], also
failed to couple with benzyl radical (Table IV) ihducing only the
formation of bibenzyl instead. This was surprising since 19, the
anticipated radical ion, might have enjoyed stability similar to 11,
the radical ion resulting from addition of an aryl radical to diethyl

phosphite ion.



49

Table IV. Reactions of benzylmercury chloride.with several anions

PhCH2H§CT + M- ght S orodycts

A" M* Time? ‘Solvent .  Products (% yield)
PhP (0Bu)0™> K" 28.5h DMSO bibenzyl (88%)
P-MePhS0,," Nat  17.5 h DMSO bibenzyl (18%)
Ny~ Nt 21 h DMSO/H,0 bibenzyl (42%)

PC(Me) 0™ K" 18.5h DMSO ---d

Me,Si® Kt ---f HMPA  bibenzyl (0%),

. benzyl trimethyl-

. silane (0%)

N0, Na 19 h DMSO bibenzyl (36%)

A1pradiation period (275 watt sunlamp).

bGenerated from equivalent amounts of n-butyl phenylphosphinite
- and potassium t-butoxide in DMSO, ,

Cenerated from equivalent amounts of isobutyrophenone and
potassium t-butoxide in DMSO.

dNo metallic mercury was observed,

" €Generated from equivalent amounts of potassium t-butoxide and
hexamethyl disilane in HMPA,

fNo irradiation was required. Instantaneous exothermic reaction
with precipitation of metallic mercury occurred.
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ro 1 T o 7
r : : F T,;OEt
PhPCH,Ph | el
I - 0Et |-
| . OBu J L ]
10 N

Sulfinate [10,11] and azide [4] ions. are known to participate in
some aliphatic SRN] reactions. Their failure with benzylmercury
chloride (Table IV) can be rationalized in terms of the energetic
accessibility of the intermediate radical ion. Primary enolates react
with aryl halides [9] and o-nitro halides [5] in SRNI fashion.
Isobutyrophenone enolate failed tb reduce benzylmercury chloride,
however (Table IV).: The faiiure of trimethylsilyl anion to produce
coup]ed products with benzylmercury halide is not surprising., Silyl
anions couple with aryl halides in.what has been presumed, perhaps
incorrectly [47], to be an Spn] process .[48].

Nitrite ion reacts with alkyl Sp\1 substrates {49] and is capable
of trapping phenyl radical [40]. However, nitrite apparently failed to
trap benzyl radical (Table IV) and only bibenzyl was produced. This is
particu]ar]& difficult to reconcile since the proposed radical ion

intermediate, 12, is quite similar to that produced when benzyl radical

[@, CH2N02:| *

12
is trapped by nitronate ion. Unfortunately, the available data

afford little insight. Either 12 is not forméd-at avsfgnificant rate,
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or else 12 is formed reversibly under circumstances in which oxidation
(i,g,, electron transfer from lg to benzylmercury chloride) is slow.
Benzylmercury chloride is not simply a special case, Nitrite failed to
produce either 1-nitrohexane or n-dodecane with n-hexylmercury

chloride.

11. Reaction of the anion of 2-nitroprqpane with benzylmercury

chloride in the presence of other anions

As further evidence that known SRN] nucleophiles fail to propagate
a chain reaction in the presence of benzyl radicals, the norﬁa1
coupiing reaction between the anion of 2-nitropropane and benzylmercury
chloride was observed in the presence of added diethyl phosphite,

nitrite, or sulfinate salt (Table V), 2-Methyl-2~-nitro-1-phenylpropane

Table V, Coupling the anion of 2-n1tropropane in the presence of a
" second anion

light

Me,C=NO,~ + PhCH,HgC1 + A” 7ﬁﬁ»

A" Time? Product (% yield)
'0P(0Et)2b 14.5 h . ~ PRCH,C(Me) N0, (612)
NO,” 20 h PRCH,C(Me),NO, (91%)
"0,SPhie-p 17h PRCH,C(1e) N0, (90%)

qrradiation time (275 watt sunlamp).

bGenerated from equivalent amounts of 1ithium t-butoxide and
diethyl phosphite in DMSO.
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was formed in each case. No bibenzyl was dgtectedﬁnor any 2,3-dimethyl-
Z,é-dinitrobutane. The successful coupling.in the presence of diethyl
phoéphite jon is noteworthy, since it has been éhoWn'that the mercurial
is symmetrized in this medium (part 9, this section). When the.éoupling
of nitronate ion with n-hexylmercury chloride was performed with
diethyl phosphite ion preseﬁt, mercury precipitation ended after
15 hours sunlamp irradiation with the production 6f only 32% yield nitro
-compoqnd. G.C.M.S. revealed at least as high a yield of bis[n-hexy]]-}

mercury (Scheme 12).
Scheme 12 .

- | -O0P(0Et)
2ANANANHGE By Ny HgC1==-Ln

M92C=N02 .
1ight

C.. Conclusion

Salts of secondary aliphatic nitro cqmpouhds couple with alkyl-
mercury halides to yield tertiary nitro compounds, mercury metal, and
halide salt, The observations that 1) the reactions are light-
initiated radical chain processes, 2) the reacting mercury(II) species

is alkylmercury halide since nitronate ion does not exchange with
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halide on mercury or induce symmetrization, and 3) the intermediate free
radical is derived from the alkyl mercurial are strong evidence for the
~ Spy1 mechanism of Scheme 4 and disfavor several alternative mechanistic
formulations (Schemes 6, 7, and 8).
Steric and electronic factors strongly affect the reactivity of

alkylmercury halides. The highly hindered nedpenty]mercury chloride
| is essentially unreactive towards the anfon of 2-nitropropane while
unhindered primary end secondary alkyl mercurials afford moderate
yields of nitro compounds. Benzyl and a-keto mercurials were
especially reactive towards nitronate coupling.

Aryl and vinyl mercurials do not couple with nitronate ion, and
are unreactive or afford symmetrization products. This light-induced
reductive symmetrization appears not to involve aryl or vinyl radieaTs.

A_number of anions other than nitronate were found not to couple
‘with alkyl mercurials despite their known SRN] activity with certain
sebstrates. Some of these anions photochemically reduce benzylmercury
chloride to bibenzyl. In the case of diethyl phosphite ion, bibenzyl

production was shown to involve benzyl radicals in a nonchain process.
D. Experimental Section

1. General considerations

Nitroethane and nitrocyclohexane were purchased from Aldrich. The
lithium salt of nitrocyclohexane was prepared by the literature method
[11]. The 1lithium salt of nitroethane was prepared by the method
described for the 2-nitropropane salt [11].
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2,3-Dimethy1-2,3—dinitrobut$ne was purchased from Aldrich as was
phenylmercury chloride. }

Preparative reactions of nitronate salts with alkylmercqry halides
were usually performed in DMso'or'DMf used as received. Yields and
product distributions were insensitive to watef content of the solvent.
When dry solvents were required, DMSO, DMF, and HMPA were distilled
from calcium hydride and stbred in septum-sealed bottles over 4A
molecular sieves.

The reactions of nitronate salts with 2-halomercurycyclohexanones
were investigated by Karen Owens [33].

Aqueous sodium thiosulfate was often e@p]oyed in the workup
procedure as a convenient method for removing organomercury salts from
the organic medium. In trial extractions, the following mercurials were
found to be e?fectively removed from ether solution:n-hexyl mercury
chloride, neopentylmercury chloride, benzylmercury chloride, phenyl-
mercury chloride. However, (g)—3.3-dimethy1-1-butenylmercury chloride
or bromide was partially symmetrized (ca. 50% bis[vinyl] mercurial
isolated) and so the thiosulfate wash seems to be inappropriate fof work-

up of reactions involving vinyl mercurials,

2. Preparation of organomercurials

The following general procedure was found convenient for the
synthesis of several alkylmercury halides: to the Grignard reagent in
THF was added one equivalent of mercuric halide dissolved in the minimum
amount of THF. The reaction mixture was warmed to reflux for 1 hour,

then cooled to room temperature and poured into cold 2% acetic acid
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containing several equivalents of sodium halide., The solid product was -
collected and dried. Inorganic salts were then removed by disso]?ing
the produét in'excess chloroform, ff]tering, and concentrating the
solution under vacuum. Generally, a pufe substance resulted., If
desirable, the product was reérysta]]ized once from hot ethanol. Thus
prepared were n-hexylmercury chloride (82%, m.p. 120-121°C, 1it. [50]
125°C), 2-chloromercury propane (74%, m.p. 93.5-94,5°C, lit; [51]
94.5-95,5°C), cyclopentylmethylmercury chloride (84%, m.p. 53-54°C,

1it. [52] 57-58°C), and G-Ch]oromercury-l-hexene (86%, m.p. 100.5-
101:5°C, 1it. [52] 100-101°C).

Samples of cyc]ohexylmeréury chloride [53], n-hexylmercury bromide
[50], and n-hexylmercury iodide [50] were kindly supplied by the.group |
of Professor-R. C. Larock,

Literature procedures were employed for the preparations of
benzylmercury chloride [54], 2-chloromercury-1-methoxycyclohexane [55],
methylmercury chloride [56], allylmercury chloride [57], neopentyl-
“mercury chloride [58], (E)-3,3-dimethyl-1-butenylmercury chloride [59],
2-iodomercurycyclohexanone [60], and t-butylmercury chloride [61]. The
elemental analysis for t-butylmercury chloride was obtained as it has
not been rgported in the literature. Calculated for C4H9C1Hg:‘ C, 16.39;
H, 3.09; CI1, 12,09; Hg, 68.42, Found: C, 16.41; H, 3.01: C1, 11.97;
Hg, 68.73. ' , ‘ .

. (E)-3,3-dimethy1-1-butenylmercury bromide was prepared in a manner
analogous to the preparation of (E)-3,3-dimethyl-1-butenylmercury

chloride [59]. Recrysta]lization from hot ethanol afforded pure
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mercurial (m,p, 81-82°C). EIeméntaI analysis, Calculated for
_t6H11Bng: C, 19.82; H, 3.05; Br, 21.97; Hg, 55.16.} Found: C, 19.93;
H, 3.05. | o |
| 2-Chloromercurycyclohexanone (m.p. 140-140,5°C, 1it. [62] 134-135°C)

and 2-bromomercurycyclohexanone [63] (m.p. 130-131°C) were prepared by
thé method described for 2-iodomercurycyclohexanone [60], except that
mercuric chloride and mercuric bromide were used instead of mercuric
iodide. The elemental analysis of 2-bromomercurycyclohexanone was
obtained since it has not been.reported. Calculated for CGHgBngO:
C, 19.08; H, 2.41; Br. 21.26; Hg, 53.12. Found: C, 19.36; H, 2.54;
Br, 20.87; Hg, 53.54.

Bis[benzylJmercury was prepared by the action of 0.5 equivalents
of mercuric chloride on the Grignard reagent in ethyl ether (m.p. |
110-111°C, ‘1it. [64] 111°C).

Bis[(E)-3,3-dimethy1-1-butenyl]mercury was prepared by the addition
of solid (E)-3,3-dimethyl-1-butenylmercury chloride (1,0 g, 3.1 mmol) to
a solution containing potassium t-butoxide (0.6 g, 5.4 mmol) and diethyl
- phosphite (1.1 g, 7.8 mmol) in 25 m1 dry DMSO under nitrogen., After
stirring 5 minutes, the solution was poured into brine and the product
extrécted with ether, The ether extract was washed with water, dried
(MQSO4) and concenfrated under vacuum to afford 0.6 g (100% yield) of
the bis[viny1] mercurial (>95% pure by N.M.R.). KugeTrohr distillation
(75°C/0.1 torr) afforded analytically pure product. Ty N.M.R. (CDC13,
§) 1H (d, Jy = 16 ﬁz) 6.09,'1H (d, Jy = 16 Hz) 5.70, 9H (s) 1.08..

I.R. (neat, NaCl plates, cm'1) 2940 (s), 1590 (s), 1460 (s), 1360 (s),
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1256 (s), 990 (s). Elemental analysis. Calculated for C;,HpoHg:

'C, 39.28; H, 6.04; Hg, 54,67, Found: C, 39.40; H, 6.12,

| Bis[g;allyloxypheny1]merc0ry was prepared by slow addition of a THF
| solution (40 m1) of mercuric. chloride (12 g, 0.044 mol) to o-allyloxy-
phenylmagnesium bromide (0.094 mol) in 60 m1 THF under nitrogen. Thé
solution was refluxed 12 hours, cooled, and poured into 1500 m1 5% NH4C1.
The solid product was collected and recrystallized from ethanol/water.
The yield of pure bis[o-allyloxyphenyl]mercury was 16 g (73% yield based
on Grignard, m.p. 69.5-70.5°C). T4 N.MLR. (CDCI3; 8) 84 (m) 6.8-7.5,

24 (m) 5.75-6.4, 4H (m) 5.05-5.6, 4H (m) 4 4-4.6. Elemental analysis.
Calculated for C,ghgHg0: C, 46.30; H, 3.89; Hg, 42,96; 0, 6.85.

Found: C, 46.32; H, 3.96.

' 0-A11yloxyphenyimercury chloride was prepared by the slow addition
of aATHF (ld ml1) solution of mercuric chloride (1.2 g, 4.4 mmol) to
bis[0-allyloxyphenylJmercury (2.0 g, 4.3 mmol) in 25 mi THF. The
solution was warmed to reflux for 30 minutes, cooled, and poured into
250 m1 2% sodium chloride. The white solid was collected, air-dried,
and dissolved in 125 ml chloroform. Gravity filtration (to remove
inorganic mercuny.sa1t§).f0110wed by chloroform. removal under vacuum
afforded 2.5 g (79% yield) of pure white o-allyloxymercury chloride
(m.p. 93.5-95°C). TH N.MLR. (CDC]a, 8) 4H (m) 6.7-7.4, 1H (m) 5.7-6.3,
ZH (m) 5.1-5.5, 2H (m) 4.4-4.6. Elemental analysis. Calculated for .
CqHgC1Hg0: C, 29.28; H, 2.46; C1, 9.60; Hg. 54.33; 0, 4,33. Found:

C, 29.30; H, 2.44. |
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3. Reactions of 2-halomercurycyclohexanones with the lithium salt of

2-nitropropane

2-Chloromercurycyclohexanone (0.51 g, 1.5 mno1) was dissolved in a
~ nitrogen-purged solution of the Tithium nitrbnate (0.18 g, 1.9 mmol) in
30 m1 DMSO. The reaction solution was‘irradiated for 1 hour with a

275 watt sunlamp placed approximately 8 inches from'the Pyrex flask
during Whicn time metallic mercury was observed to precipitate., The
reaction was quenched with dilute hydrochloric acid and the solution’
diluted with water (filtration through a cake of "Celite" was sometimes
required to remove the mercury metal). Product was extracted with
ether., The extract was washed with aqueous bicarbonate and dried
(MgSO4). Concentration under vacuum afforded 170 mg (56% yield) of
2-(a-nitroisqpropy1)cyc]ohexanone as a crystalline solid (m.p. 44-50°C)
~ which appeared N.M.R, pure. Such high purity suggests that the rather
poor isolated yield was due to the solubility of the product in water.

TH N.M.R. (CDCI3, 8) TH (m) 3.5, 9H (broad) 1.8-3.7, 3H (s) 1.7,
3H (s) 1.6. Note the methyl groups, which are diastereotopic, exhibit
individual 'H N.M.R. signals.

.I.R. (melt, NaCl plates, em™1) 1705 (s), 1585 (vs), 1340 (s).

This B-nitro ketone, somewhat unstable towards loss of HN02, was
conveniently characteriied.as the 2,4-dinitrophenylhydrazone derivative
of B-isopropylidene cyc]ohexanone (m.p. 172-174°C, 1it. [65] 181.5-
182.5°C). Elemental analysis. Calculated for C15H18N404: C, 56.60;
H, 5.70; N, 17.60, Found: C, 56.75; H, 5.83; N, 17.78. M.S.
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Calculated for CqgHioN,0,: 318.13281. Measured: 318.13279.
Error = 0.06 ppm. | '
The reaction of the lithium salt of 2-nitropropane with 2-bromo-
mercdnyqycloheXanone was performedvsimi1ar1y on a 5.7 mmol scale in
30 m1 DMF. The B-nitro ketone was 1so]ated in 68% yield,
2-Iodomercurycyclohexanone reacted with the 11th1um salt of
. 2-nitropropane with the precipitation of mercury metal. The usual work-
up afforded a brown liquid which began to decompose upon conceﬁtration‘
of the ethereal extract, A qualitative test (sodium fusion/silver
4 N.M.R. and I.R. showed

nitrite) indicated the presence of iodine.

the isolate to contain no nitro group. -

4. Reaction of 2-chloromercurycyclohexane wifh the lithium salt of

nitrocyclohexane

2-Chloromercurycyclohexanone (2.25 mmol) and the 1ithium salt of
nitrocyclohexane (3 mmol) in 30 ml nitrogen-purged DMSO were irradiated
for 2 hours with a shn]amp. The usual workup afforded 2-(a-nitroqyc16-
hexy1)cyclohexanone (0.3 g, 60% yield) as a solid, An analytical sample
was obtained by recrystallization from pentane (m,p. 66-68°C).

]H N;M.R. (CDC13, 6) 1H (broad) 4.4, 18H (broad) 1.0-3.3,

"L.R. (melt, NaCl plates, cm™') 2940 (s), 1715 (s), 1540 (s),

1450 (m), 1350 (m), 850 (m).

M.S. Calculated for C;,H,q0 (loss of NO,): 179.14359. Measured:
179.14305. Error = -3.0 ppm.. | |



60

5. Effect of light on the reaction of 2-chloromercurycyclohexanone with

<'the Tithium salt of 2-nitropropane

2-Chloromercurycyclohexanone (2.1 g, 6:mmol1) was dissolvgd in a
- solution of the nitronate salt (0.78 g, 7 mmb]) in 30 ml nitrogen-purged
DMF in a flask tightly wrapped with aluminum foil to omit light. After
stirring for 30 minutes, the reaction was quenched with dilute .
hydrochloric acid and the foil removed, A trace of mercury metal -was
observed. The usual workup afforded a small amount (<5% yield) of
2-(a-nitroisopropyl)cyclohexanone.

A control reaction performed without the foil wrapping for a

30 minute sunlamp-irradiation period afforded a 41% yield of product.

6. Effect of di-t-buty] nitroxide on the reaction of 2-chloromercury-

cyclohexanone with the 1ithium salt of 2-nitropropane

A solution of 2-chloromercurycyclohexanone (2.1 g, 6 mmol) and the
nitronate salt (0.7 g, 7 mmol) in 30 ml nitrogen-purged DMF with 27 mg
(0.18 mmo1, 3 mole %) di-t-butyl nitroxide added released only a trace
of mercury metal after 30 minutes of sunlamp irradiation. The usual
wofkup éfforded no detectable 2-(o-nitroisopropyl)cyclohexanone.

For comparison, the uninhibited reaction y§e1ded 41% B-nitro ketone

after 30 minutes sunlamp jrradiation and the usual workup,

7. Reaction of benzylmercury chloride with the lithium salt of

2-nitropropane

The following procedure serves as a model for most of the ensuing

compling reactions of nitronate salts with alkylmercury halides.
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Benzylmercury chloride (1.0 g, 3 hmd]) was added to a nitrogen-
purged solution of the lithium salt -of 2-nitropropane (0.35 g, 3.7 mmol)
in 50 ml DMSb. The gently stirred so]utioh‘was maintained undér
nitrogen atmosphere. The Pyrex reaction flask was irradiated with a
275 watt suh]amp, placed about 8 inchés_distant, without external
cod]ing. Ambient reaction temperature was 28-30°C, although in coupling -
reactions of other organomercurials requiring longer irradiation times

temperatures as high at 40°C were noted. After 2 to 3 minutes, mercury

" metal began to precipitate. The reaction was irradiated a total of

2 hours, although precipitation of mercury appeared complete after

60 minutes. .Beads of mercury formed at the bottom of the flask, so the
DMSO solution was merely decanted into brine (fiitration of the DMSO |
solution through a Celite cake was at other times necessary). The brine
was extracted repeatedly with ether, 'The combined ether extract was
washed with brine and dried (MgSO4). Concentration under vacuum

]H N.M.R. revealed to

afforded 0.44 g (100%) of pale green iiﬁuid which
be pure 2-methyl-2-nitro-1-phenylpropane, An analytical sample was
obtained by crystallization from ethaﬁo1/water (m.p. 25°C).

T N.M.R. (cuc13; 5) 5H (m) 6.9-7.3, 2H (s) 3.1, 6H (s) 1.5.

I.R. (neat, NaCl plates, cm™)) 3040 (w), 1540 (vs), 1495 (m),
1450 (w), 1350 (m), 740 (s), 720 (s), 695 (s).

M.S. 'Ca]cuIated for C;oHi3N0, (observable at 20 eV): 179.09463.
Measured: 179.09415. Error = -3.7 ppm. |

E]ementéI analysis, Calculated for C]0H13N02: C, 67.02; H, 7.31;

N, 7.82; 0, 17.85. Found: C, 67.21; H, 7.43; N, 7.61.
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8. Reaction of benzylmercury chloride with the 1ithium salt of

nitrocyclohexane

Benzylmercury chloride (4;0 g, 12 mmo1) and the lithium salt of
nitrocyclohexane (1.8 g; 13 mmol) were reacted fn 160 m1 DMSO in the
usual manner employing a 2 hour irradiation period. Workup afforded
2.4 g (87%) colorless 0i1 which so1idified on standing. W N.M.R.
showed the isolate to be essentially pdre.. Recrysta]]fzation from
~ pentane afforded white needles (m.p. 68.5-69°C).

TH N.M.R. (CDC14, §) BH (m) 6.9-7.3, 2H (s) 3.07, 2H (m, broad)
2.25-2.6, 8H (m, broad) 1.2-1.8. |

I.R. (melt, NaCl plates, cm'1) 3030 (w), 2940 (s), 2860 (m),
1585 (vs), 1500 (m), 1450 (s), 1350 (m), 715 (s), 695 (s).

M.S. Calculated for C;3Hc (loss of HN02): 172.12520,
Measured: 172.12503. Error: -1.0 ppm.

Elemental analysis. Ca]cu]ated‘for C]3H17N02: C, 71.21; H, 7.81;
N, 6.39; 0, 14.59. Found: C, 71.02; H, 7,90; N, 6.31,

9. Reaction of benzylmercury chloride with the 1ithium salt of

nitroethane |
Bénzy]mercury chloride (1.0g, 3 mmol) and the Tithium salt

of nitroethane (0.5 g, 6 mmol) were reacted in the usual manner

in 75 m1 DMSO emp]oying a 2 hour irradiation period. Workup afforded

0.45 g liquid found to be a mixture of 4 volatile components by

G.L.C. (1/8" x 5', 5% SE-30, 90°C). G.C.M.S. analysis revealed a

minor component (ca. 5% overall yield) to be the desired
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2-nitro-1-phenylpropane. The major component (ca. 40% overall yield)

was the doub]y-benzy]éted product, 2—methy1-2-nitro-1,3-dipheny1propane.

10. Effect of 1ight on the reaction of benzylmercury chloride with the

1ithium salt of 2-nitropropane

The mercurial (2.0 g, 6:mmol) in 25 ml nitrogen~-purged DMSO_Was
introduced through a septum inlet into an aluminum foil-wrapped flask
confaining the nitronate salt (0.95 g. 10 mmo1) in 75 ml nitrogen-
purged DMSO. After stirring for 1 hour under a nitrogen atmosphere, the
solution was acidified by injection of dilute aqueous hydrochioric acid.
No metallic mercury was observed upon removal of the foil wrapping. The
usual workup afforded benzylmercury chloride (95%) and some '
2-nitropropane. No 2-methy1-2-nitro-1-phenylprdpane could be détected.
in the isolate by ]H N.M.R.

A control reaction (performed with sunlamp i]]umination on the
uncovered reaction flask) afforded a 60% yield of coupled product after

1 hour.

11, Effect of di-t-butyl nitroxide on the reaction of benzylmercury

. chloride with the 1ithium salt of 2-nitropropane

The mercurial (2,0 g, 6 mmo1), nitronate salt (0,95 g, 10 mmol)
and di-t-butyl nitroxide (0,043 g, 0,3 mmol, 5 mo}e %) were dissolved in
- 100 m1 nitrogen purged DMSO and the solution irradiated for 1 hour wifh'
a sunlamp. Only a trace of mercury metal was observed to precipitate.
Thé usual wdrkup afforded only startihg mercurial, No coupled product

was observed by ]H N,M.R, of the isolate.
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A control reaction (no added nitroxide) afforded a 60% yield of

coupled product after 1 hour.

12. Effect of oxygen on the reaction of benzylmercury chloride with the

1ithium salt of 2-nitropropane’

Benzylmercury éh]oride (1.09 g, 3 mmol) and the Tithijum salt of
2-nitropropane (0.7 g, 7 mmol) were dissolved in 50 m1 DMSO. The
solution was kept saturated with oxygen by foaming the gas through a
glass frit placed at the bottom of the reaction flask, After 2 hours of
sunlamp irradiation, no metaf]ic mercury was observed. The solution was
acidified with dilute aqueous hydrochloric acid and worked up in the
usual manner, ‘Benzylmercury chloride (90%) was recovered. No coupled

product was detected by T4 N.M.R. of the isp1ate.

13. Nature of the reacting mercury(II) species in the reaction of

benzylmercury chloride with the lithium salt of anitropropane

Benzylmercury chloride (50 mg, 0.1 mmol) and the lithium salt of
2-nitropropane (12 mg, 0,1 mmol) were dissolved in 0.5 mi d6-DMSO in an
N.M.R. tube in subdued roomlight. The 1H N.M.R, spectrum exhibited
only pure benzylmercury chloride (7.0-7.2 ppm, 5H; 2.97 ppm, 2H) and
pure lithium nitronate (1.85 ppm). A ‘

Thé N.M.R. tube was irradiated for five-minute periods and the
N.M.R. spectrum recorded after each period. Decreasing intensity of
starting material signals and the formation of 2-methyl-2-nitro-1-

phenylpropane were observed, No intermediate species were detected.
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In a complementary experiment, benzy]mefcury chloride (1.0 g,
3 mmd]) and the 1ithium salt of 2-nitropropane (0.5 g, 5 mmol) were
dissolved in 40 ml DMSO in subdued roomlight, After stirring 10 minutes,
the solution Was poured into brine and wofked up in the usué] manner to

afford 0.95 g N.M.R, pure benzylmercury chloride.

14. Reaction of n-hexylmercury halides with the 1ithium salt of

2-nitropropane

n-Hexylmercury chloride (0.2 g, 0.6 mmol) and the lithium salt of
2-nitropropane'(0.3 g, 3.1 mmb]) in 20 m1 DMSO were reacted in the usual
manner employing a 37 hour irradiation period. Workup afforded 0.1g
1iqUid found to contain a 90% yield of 2-methyl-2-nitrooctane by’
quaﬁtitative ]H N.M.R. An ana]ytical‘sample was obtained by preparative
G.L.C. (1/4" x 5'; 20% DEGS; 140°C).

TH NMLR, (CDC14, 6) 6K (s) 1.57, 13 (m, broad) 0.85-2.1.

I.R. (neaf, NaCl plates, cm'1) 2920 (s), 1540 (s), 1470 (m),
1395 (m), 1370 (w); 1385 (w), 850 (m). o

. M.S. Calculated for (IQH]9 (loss of N02): 127.14067.

Measured: 127.14035. Error: 2.2 ppm. |

-ETemental analysis. Calculated for CnggNOZ: C, 62.39; H, 11.05;
N, 8.08. Found: C, 62.42; H, 10,91; N, 8.18, |

n-Hexylmercury bromide (1.1 g, 3 mmol) and the lithium salt of
2-nitropropane (0.6 g, 6 mmol) in 25 m1 DMSO were reacted in the usual
manner émploying a 70 hour irradiation period. The usual workup,

inciuding a washing of the ethereal extract with aqueous thiosulfate to
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;remove remaining mercurials, afforded 0.32 g crude product determined by
quantitative 1H N.M.R. to contain a .50% yield of coupled prodhct. ‘A
reaction With n=hexylmercury iodide,pn the same scale afforded 0.39 g
crude isolate found to contain an 80% yield of product. The crude

isolate was essentially pure 2-methyl-2-nitrooctane.

15. Reaction of cyclohexylmercury ch]oride with the 1ithium salt of

2-nitropropane

Cyclohexylmercury chloride (1.0 g, 3 mmol) and the lithium salt of
2-nitropropane (0,75 g, 8 mmol) dissolved in 30 m1 DMSO Qere reacted in
the usual manner-employing aj34 hour irradiation period.' The usual work-
up included a thiosulfate wa§h to the ethereal extract to remove
unreacted mercurial. Concentration of the extract afforded 0.45 g oil

TH N.M.R. to contain a 76% yield of

detérmined by quantitative
2-§yclohexy1-2-nitroprbpane. An analytical sample was obtained either
by preparative G.L.C. (1/4" x 6'; 20% DEGS; 180°C) or by Kugelrbhr
distillation (55°C/0.1 torr) followed by recrygtallization from pentane
(large white needles, m.p. 46-47°C). ‘

]H N.M.R, (CDC13, §) 6H (s) 1.55, 11H (m, broad) 0.6-2.4.

I.R. (KBr pellet, cm'I) 2920 (s), 2840 (h), 1535 (s), 1450 (m),
1400 (m), 1375 (m), 1350 (m), 1340 (m), 840 (m). - .

M.S. Calculated for CgH17 (loss of N02): 125.13303.
Measured: 125,13251. Error: 4.2 ppm,

Elemental analysis. Calculated for C9H17NOé: C, 63.13; H, 10.01;

N, 8.18; 0, 18.69. Found: .C, 62.85; H, 9.71; N, 8.08.
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16. Reaction of cyclohexylmercury chloride with the 1ithium and .

potassium salts of nitrocyclohexane

" Cyclohexylmercury chloride (0.25 g, 0.8 mmol) and the Tithium salt
of nitrocyclohexane (0.5 g, 4 mmol) in 60 ml DMSO were reacted in the
usual mﬁnner employing a 60 hour irradiation period,  The usual workup,
iné]uding a thiosulfate wash of the ether extract, afforded 0.2 g o0il.
Quantitative G.L.C. analysis (1/8" x 5'; 5% SE-30; 170°C) using
dipheny]methane as an internal standard (molar response of product/
standard = 0,89) showed the isolate to contain an 84% yield of
1- cyc]ohexy] 1-nitrocyclohexane. |

Preparative scale reactions performed w1th the Tithium nitronate
suffered drastic reductions in yield. Improved results were obtained
using the potassium salt. Thus, cyclohexylmercury chloride (6 mmol) and
the potaSsiqm salt of nitrocyclohexane (prepared by dissolution of
10 mmol pofassium t-butoxide and 10 mmol nitrocyclohexane in DMSO) were
reacted in the usual manner in 60 m1 DMSO employing a 100 hour
’ irradiation period. The usual workup, including an aqueous thio-
sulfate wash of the ether extract, afforded 1.2 g crude produCt.
Careful Kugelrohr distillation (90°C/0.4 torr) yielded 0.5 g of
essentially pure white solid (38% yield). For ana]ysis,'a sample was
recrystallized from pentane (m.p. 56-57°C). _

1H N.M.R. (CDC13, §) 3H (broad) 2.2-2.6, 18H (broad) 0.85-2.0.

I.R. (nujol mull. NaCl plates, cm™') 1538 (vs), 1345 (m).

M.S. Calculated for Cy,H,, (loss of HNO,): 164,15591.

Measured: 164.15568. Error: 4.3 ppm.
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 Elemental analysis. Caiculated for Cj,HyN0,: C, 68.21; N, 10.02;
"N, 6.63; 0, 15.14. Found: C, 67.97; H, 10,17.

17. Reaction of trans-1-chloromercury-2-methoxycyclohexane with the

1ithium salt of 2-nitropropane

trans-1-Chloromercury-2-methoxycyclohexane (1.0 g, 3 mmol) and the
Tithium salt of 2-nitropropane (0.5 g, 5 mmol) were reacted in the usual
manner in 50 ml DMSO employing a 47 hour irradiation period. The usual
workup, including an aqueous thiosulfate wash of the ethereal extract,
afforded 0.13 g crude material ground to contain a 14.5% yield of cis-
and trans-2-methoxy-1-(o-nitroisopropyl)cyclohexane by quantitative ]H
N.M.R. The G.L.C. trace (1/8" x 5'; Carbowax 6000; 150°C) exhibited,
amonQ numerous impurities, two peaks in a ratio of 8:1 exhibiting
highest mass fragments at m/e = 155 (loss of N02) and nearly identical
fragmentation patterns. These were taken to be the cis and trans
product isomers. The major (and first eluting) isomer was isolated by
preparative G.L.C. (1/4" x 6'; 20% DEGS; 180°C).

]H N.M.R. (CDC]B, §) 3H (s) 3.3, TH (m) 2.8-3.15, 1H (m) 2.4-2.7,
| 4H (broad, m) 1.5-2.3, 4H (broad) 1.1-1.4, 3H (s) 1.6, 3H (s) 1.5,
Note that the diastereotopic methyl groups exhibif distinct signals.
The 'H N.M.R. spectrum reco}ded at 100 MHz (on aAVarian HA-100

instrument) allowed the assignment of trans stereochemistry to be made.
t ' H1
H' NO2
OMe
H' T
H2 H H2
trans : cis
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Although the protons 1abe1§d H! exhibit'an undefined signal ranging
from 1.5-2.3 ppm, the H2.mu1tip1et was foftuitous]y reduced to a 1:2:1
triplet (J, v 6.5 Hz) by RF irrédiatioh.at 2.15 ppm, The triplet implies
coupling to two §r§g§_protons. Such a condition only exists in the trans
product.
LR (CHCI, solution, NaCl cells. cn™') 2940 (s), 2820 (s),
1540 (s), 1455 (m), 1380 (m), 1350 (m), 1115 (s), 1095 (s), 980 (m),
870 (m), 860 (m). | |

M.S. Calculated for C,,H, 40 (Toss of N02): 155.14359.
Measured: 155.14371. Error: 0.8 ppm.

18. 'Reaction between 2~chloromercurypropane and the 1ithium salt of

2-nitropropane

'2-Ch10romercurypropane (2.0 g, 7 nmo1) and the lithium salt of
2-nitropropane (1.0 g, 10 mmol) were reacted in the usual manner in
40 ' m1 DMSO emp]oying a 17 hour irradiation period, The usual workup,
inchding an aqueous thiosulfate wash of the ethereal extract, afforded.

0.59 g colorless liquid (63% yield) found by 1

H N.M.R. to be essentially
pure 2,3-dimethyl-2-nitrobutane. ' '
1H N.M.R. (CDC13, §) TH (heptet, JH = 7 Hz) 2.36, 6H (s) 1.51,

6H (d, JH-= 7 Hz) 0.93.
" I.R. (neat, NaCl plates, cm™!) 2980 (m), 1540 (s), 1460 (m),
1400 (m), 1390 (m), 1375 (m), 1350 (m), 1150 (w), 1080 (w),'855 (m).
M.S. - Calculated for Céle (loss of HNOZ): 84.093895.

Measured: 84.09375. Error: 1L7 ppm.
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2,3-Dimethyl1-2~nitrobutane has been prev1ous]y prepared and

character1zed by permanganate ox1dat1on of the tert1ary amine [66].

19. Effect of di-t-butyl nitroxide on the reaction of 2-chloromercury-

propane and the 1lithium salt of 2-n1tropropane

2-Chloromercurypropane (2.0 g, 7 mmol), the Tithium sa]t of
2-nitropropane (1.0 g, 10 mmo1), and 0.052 g (0.36 mmol, 5 mole %)
di-ggbutyf nitroxide in 40’m1 DMSO were reacted as above for 17 hours.
Workup afforded 0.14 g oil which proved td contain an 8% yield of
2,3-dimethyl-2-nitrobutane by quantitative 'H N.M.R.

20. Reaction of allylmercury ch]oride‘with the Tithium salt of

2-nitropropane

Allylmercury chloride (2,0 g, 7 mmol) and the Tithium salt of
2-nitropropane (2'0,9’ 21 mmol) in 60 m1 DMSO were reacted in the usual
fashion employing a 24 hour irradiation period. The usual workdp,
inc]uaing an aqueous thiosulfate wash.of the ethéreal extract, afforded
0.46 g (50% yield) of 4-methy1-4-n1tro—1-pentene which proved to be
ca. 95% pure by ]H N.M.R. An analytical sample was obtained by
preparative G.L.C. (1/4" x 6%; 20% DEGS; 120°C).

]H N.M.R. (CDC]B, 8) 3H (complex) 4.6-6.2, 2H (d, JH = 6 Hz)

2.68, 6H (s) 1.62. | ' |

I.R. (neat, NaCl plates, cm”') 3100 (w), 3000 (m), 2960 (),

1650 (w), 1550 (vs), 1475 (m), 1400 (m), 1380 (m), 1350 (s), 1000 (m),
930 (m), 860 (m).
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M.S. Calculated for CgHyq (Toss of NO,): 83.08608.
Measured: 83.08592. Error: -1.9 ppm.

Elemental analysis. Calculated for CcH, NO,: C, 55.80; H, 8.58;
N, 10.84; b, 24.77. Found: C, 55,563 H, 8.71; N, 10.65,

21. Reaction of 6-chloromercury-1-hexene with the 1lithium .and

potassium salts of 2-nitropropane

6-Chloromercury-1-hexene (1.0 g, 3 mmol) and the 1ithium salt of
2-nitropropane (0.5 g, 5 mmol) in 30 ml DMSO were reacted in the usual
manner employing a 48 hour irradiation period The usua] workup,
including an aqueous thiosulfate wash of the ethereal extract, afforded
0.2‘g liquid. The crude isolate proved to contain a 35% yield of

1H N.M.R. and was

1-cy¢10penty1-2-methy1-2-nitropropane'by quantitative
90% pure (by weight). No olefinic protons were observed in the
spectrum. G.L.C. retention time matching (1/4" x 6*; 20 DEGS; 140°C)
with an authentic sample as well as the G.C.M.S. fragmentétion pattern
identified a late-eluting peak to be 2-cyc]ohéxy1-2-nitropropane |
(1.4% yield). An ana]yticaf sample of 1-cyc1openty1-2-methy1-2-
nitropropane was obtained by preparative G.L.C. (1/4" x 6'; 20% DEGS;
140°C). .

" N.M.R.'(CDCl3, 8) GH (s) 1.59, 114 (broad, m) 0,68-2,18.

I.R. (neat, NaCl plates, cm']) 2960 (s), 2880 (m), 1540 (vs),
1475 (w), 1410 (w), 1400 (m), 1378 (m), 1352 (m), 860 (w).

The mass spectrum did not exhibit the pareﬁt'ion. Measufement of

the P-46 or P-47 ions was rendered impossible by incompletely resolved

double peaks (i.e., CgHyg and CgHy N at 124, Cgy, and CghyN at 125).
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Elemental analysis. Calculated for CgH,,NO,: C, 63.13, H, 10.01;
N, 8.18; 0, 18.69. Found: C, 63.39: H, 10.16; N, 8.16.

A systematic effort was made to improve the yield of this reaction
(Table VI). The reaction with lithium nitronate was not improVed by
variation of solvents. The sparingly-soluble potassium salt of
2-nitropropane in DMSO did afford an.improved yield of 48% coupled
product.

Table VI. Effect of solvent and counterion on the reaction of
6-chloromercury-1-hexene with the anion of 2-nitropropane

CH,=CH(CH,) HGCT + Mo NCMe, 2LYEIL cye1o-CoHoCH,C(NOH)Me,

a.

Solvent M* Time % Yield (N.M.R.)
DMSO Lit . 48h 35

DMSO (dry) Lit 45 h 35

THF (dry)P Lit 175h 0.0

DMF (dry) Lit 19,5 h 9.

HMPA (dry) Lit 19.5 h 16

DMSO (dry) K*e

21 h 48

3Irradiation period with 275 watt sunlamp placed ca, 8 inches
from the Pyrex reaction flask.

bThe Tithium nitronate appeared insoluble.

CGenerated from equivalent amounts of potassium-t-butoxide and
2-nitropropane,
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22. Reaction of cyclopentylmethylmercury chloride with the 1ithium and

potassium salts of 2-nitropropane

Cyclopentylimethylmercury chloride (1.0 é, 3 mmol) and the Tithium
salt of 2-nifropropane (0.5 g, 5 mmo]) in 30 m1 DMSO were reacfed in
the usual manner employing al41 hour irradiation period. The usual work-
up, including an aqueous thiosulfate wash of the ether extract, afforded
0.2 g of crude isolate found to contain a 35% yield of 1-cyclopenty1-2-
methyl-2-nitropropane. This compound exhibited the séme ]H,N.M.R., I.R.,
and G.C.M.S. spectral features as the cyclopentyl product derived from
6-chloromercury-1-hexene. G.L.C. retention times were also found to be
identical on 5% O0V-3 and 5% Carbowax 20M co]umng.

The yield of ]-cyc]opentyl-z-methyl-2-nitropropane was improved to
47% by the use of potassium as the qdunterionv(potassium nitronate was
prepared in situ by dissolving equivalent amounts of potassium-t-

butoxide and 2Fnitropropane in dry DMSO).

23. Reaction of methylmercury chloride with the 1ithium salt of

2-nitropropane

Methy]mercury chloride (1.0.9, 4 wmmol) and the lithium salt of

| 2-nitropropane (0.5 g, 5 mmol) in 15 m1 DMSO were reacted in the usual
manner for a 40 hour irradiation period, Duriﬁg tﬁe reaction, formation
of t-nitrobutane was monitored by G.L.C. (1/4" x 12*; 15% OV-3; 86°C).
After 40 hours, only a 2.1% yield of t-nitrobutane was detected. Only

a small amount of mercury metal precipitated during the reaction. The

usual workup, including an aqueous thiosulfate wash of the ethereal
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extract, afforded 70 mg (17% yield based on methylmercury chloride) of
2,3-dimethy1-2,3-dinitrobutane,

24. Reaction of t-butylmercury chloride with the 1ithium sa]t of

2-nitropropane

t-Butylmercury chloride (1.0 g, 3.4 mmo]) and the lithium salt of
2;nitropropahe (0.5 g, 5 mmo1) in 30 m1 DMSO were reacted in the usual
manner employing a 4 hour irkadiation period. Mercury metal began to
précipitate soon after sunlamp irradiation was app]igd. The usual work-
up afforded only Q.75 g (75%.recovery) of pure t-butylmercury chloride.
Thus, any products of the reaction were either volatile or water‘§o1ub1e.

2,3,3-Trimethyl-2-nitrobutane was evidently not formed.

25. Reaction of negpenty]merc&gy chloride with the lithium salt of

2-nitropropane

No reaction occurred between the sterica]]y,hindered mercurial and
the anion of 2-nitropropane‘with sunlamp initiation. Thus, neopentyl-
mercury chloride (2.0 g, 6.4 mmo1) and the lithium salt of 2-nitropropane_
(T.O g, 10.6 mmol) in 100 ml nitrogen-purged DMSO were irradiated in a
Rayonet RPR-100 photochemical reactor equipped with 16 "350 nm" bulbs at
ambient reactor temperature for 21 hours. A small amount of mercury |
metal precipitated. The usual workup, inc]uding an aqueous thiosulfate
wash of the ethereal extract; afforded 0,29 g orange 0il. G.C.M.S.
analysis. of the crude isolate revealed the major component to be

bis[neopentylmercury] (parent ion observed at m/e = 342). A trace
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(2:5% overall yield) of the expected product, 2,4,4-trimethyl-2-

nitropentane (m/e = 113, loss of NOZ) was also obServed.

26. Reaction of phenylmercury chloride with the Tithium salt of

2-nitropropane

Phenylmercury chloride (2.0 g, 6 mmol) and the‘nitronate salt
(0.95 g, 10 mmo1) in 20 ml DMSO were irradiated in the usual manner for
15. hours during which time a trace of mercury metal was observed to |
précjpitate. The usual workup, including an aqueous thibsu]fate wash
of the ethereal extract, afforded 100 mg of 2,3-dimethyl-2,3-
dinitrobutane. No 2-nitro-2-propane was observed,

In an attempt to stimulate coupling with phenyl radicals generated
by addition of sodium borohydride, sodium borohydride (0.018 g,

0.5 mmo]).dissolved.in 25 mmol nitrogen-purged dry DMSO was added’drop-
wise to a stirred solution of phenyimercury chloride (3.0 g, 9.6 mmol)
and the 1ithium salt of 2-nitropropane (1.8 g, 19 mmol) in 125 ml
nitrogen-purged DMSO. The t{me for sodium borohydride addifion was

30 minutes. . During the addition, the reaction flask was-irradiated
with a 275 watt sunlamp, The usual workup, including an aqueous |

- thiosulfate wash of the ethereal extract, afforded 200 mg solid which
brovéd by quantitative 1H N.M.R, to contain 180 mg 2.3-dimethy1-2,3-

dinitrobutane. No 2-nitro-2-phenylpropane was observed. -
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27. Reaction of o-allyloxyphenylmercury chloride with the 1ithium salt

of‘2-nitropropane

g:Ailyloxypheny]mercqry.chldfide (1.0 g, 2.7 mmo1) and the lithium
salt of 2-nitropropane (0;5 g, 5 mmol) in 30 m1 DMSO were reacted in the
usual manner employing a 23.5 hour irradiation period. Mercury metal
was observed to preéipitate after'abddt 10 minutes of sunlamp
~irradiation. The usual workup, inc1uding an aqueous thiosulfate wash
of the ethereal extract, afforded 0.38 g solid. Quantitative 'H N.M.R.
- determined the crude isolate to consist largely of bis[o-allyloxy-
phenyl]Imercury (17% yield) and 2,3-dimethyl-2,3-dinitrobutane (39%
yield based on mercurial). The identification bf the bis[organo]mercury‘

was certain as the authentic compound had been synthesized. Some

polymeric material was noted during thisvworkup and discarded.

28, Reaction of (g)-3.3-dimethy1-l-bufenylmercury chloride with the

1ithium salt of 2—nitrqprgpane

The mercurial (1.0 g, 3 1 mmol) and the lithium salt of
2-nitropropane (1.0 g, 10 mmol) in 40 m1 DMSO were reacted in the usual
manner employing a 16 hour irradiation period during which time mercury
metal precipitated. The usual workup (thiosulfate was not employed as
it symmetrizes vinyl mercurial halides) afforded'b.ﬁz g crude isolate
determined by ]H N.M.R. to contain 2,3-dimethyl-2,3-dinitrobutane (52%)
and bis[(E)-3,3-dimethyl-1-butenyl]mercury (82%). The G.C.M.S. of the
mercurial exhibited the parent ion at m/e ='366g Identity of the
mercurial was further verified by spectral compérison with the authentic

compound prepared independently.,
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Symmetrization was found not to'bccuf immediately upon mfxing._
When the mercury halide (33 mg, 0.1 mmol) andfnifronate salt (14 mg,
0.15 mmo1l) were dissp]ved in 0.5 ml dG-DMSO; theilH MN.M.R. spectrum
showed the starting (E)-3,3-dimethyl-1-butenylmercury halide to be
present, not the symmetrized mércuria]. |

This symmetrization process was found to require lith. When the
3.1 mmo]-scé]e reaction was performed without sunlamp i]]uminatidn iﬁ
an aluminum foil-wrapped flask, workup after 18 houfs_afforded only

0.95 g (95% recovery) of pure (E)-3,3-dimethyl-1-butenyl mercury.

29, Effect of styrene on the reductive symmetrization of

(E)-3,3-dimethy1-1-butenylmercury chloride by nitronate ion

The mercurial (1.0 g, 3 mmol), the 1ithium salt of 2-nitropropane
(0.6 g,'6 mmol1), and freshly distilled ;tyrene (0.42 g, 4 mmol) were
dissolved in 40 ml1 dry, nitrogen-purged DMSO and the solution irradiated
with a 275 watt sunlamp for 17 hours. After the first few minutes,
mefcury metal was observed., The usual workup afforded 1.4 g liquid
determined by 1H N.M.R. fo contéin styrene‘(BO% recovery), 2,3-dimethyl,
2,3-dinitrobutane (43% yield based on mercurial) and bis[(§)-3,3-’

dimethyl-1-butenyl]Imercury (93%).

30. Effect of di-t-butylnitroxide on the nitronate-induced reductive

symmetrization of (E)-3,3-dimethyl-1-butenylmercury bromide

The mercurial (1.1 g, 3 mmol) and Jithfum salt of Z-ﬁitropropane
(0.5 g, 5 mmo1) were dissolved in 25 ml dry, nitrogen-purged DMSO

- containing di-t-butylnitroxide (0.72 g, 5 mmo1) and the solution



78

ifradiated 46 hours, during Which~time mercury metal was observed to
precipitate. The usdal workup afforded an 0il containing a large
amount of the nitroxide, rendering N.M;R. analysis impossible due te
peramagnetic line broadening, Quantitative G.L.C. determined the yield
of bis[(E)-3,3-dimethyl-1-butenylmercury to be 59% (dibenzyl ether was
embloyed as internal standard, molar response'of productfether = 1.15).
Pure (E)-3,3-dimethyl-1-butenylmercury bromide in acetone was not
symmetrized on the column employed (1/8" x 5'; 5% OV-3), but the
possibility exists that symmetrization did occur in the medium of the

crude isolate upon G.L.C., injection.

31. Reaction of mercuric chloride with the Tithium salt of

2-nitropropane

Mercuric chloride (1.4 g, 5.3 mmol) was added to 40 m1 nitrogen-
purged DMSO containing the Tithium sa1t of anitropropane (1.5 g,
16 mmol). A rapid exothermic reaction occurred with the precipitation
of metallic mercury. Extraction of product from bfine afforded 0.3 g

(32% yield) of essentially bure 2, 3-dimethyl-2,3-dinitrobutane.

32, Reaction of benzylmercury chloride with diethyl phosphite ion

The mercurial (1.0 g, 3 mmol) was'added to a solution containing
potassium t-butoxide (0.4 g, 3,6 mmol) and diethyl phosphite (0.55 g,
4 mmo]) in 30 ml dry, nitrogen-purged'DMSO. The reaction mixture was
irradiated 39.5 hours with a 275 watt sunlamp during which time mercury
meta1.s]ow1y precipitated. The usual workup, including an aqueous

thiosulfate was of the ethereal extract afforded 0.23 g (84% yield) of
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essentially pure bibenzyl identified by comparison with an authentic

TH N.M.R. and I.R. épectra.as well as G,L C. retention times.

sample of

The same reaction performed in the absence of light after 39.5
hours resulted in the isolation of a 51% yield of bis[benzyl]mercury
identified by spectral comparison with the authentic compound. No
bibenzyl was isolated. It was subsequently found that a quantitative
yield of bis[benzyl]mercury could be obtained by working up the reaction
mixture after a few ﬁinutes of stirring,

The same reaction performed in DMSO that was kept saturated with
oxygen still precipitated mercury metal. The ysua] workup afforded a
liquid found by ]H N.M.R. to be a mixture of bénzoic acid, benzaldehyde,_
and benzy1 a1éoho1 (acidic, aldehydic and alcoholic protons were
observed). A trace (1.7% overall yield) of bibenzyl also was observed.

Traces of di-t-butyl nitroxide were found to reduce bibenzyl yields

stoichiometrica]ly. The results are tabulated in Table III.

Bis[benzyl]mercury is not decompbsed to bibenzyl by diethyl
phosphite ion. When bis[benzyl]mercury (0.5 g, 1.3 mmol) and diethyl
phosphite potaséium salt (2.7 mmol, from the action of potassium -
t-butoxide on diethyl phosphite) in 25 ml dry,‘nitfpgenrpurged bMSO
were irradiated 19 hours, ektensive precipitation'of mercury metal
occurred, The usual workup afforded a 4i% recovery of bis[benzyl]-
mercury. No bibenzyl was isolated. .

Irradiation for 46 hours of a solution containing diethyl phosphite

potassium salt (5.3 mmol), mercuric chloride (2.6 mmol) and
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bis[benzylJmercury (1.3 mmol) added in listed sequence to 40 ml dry,
nitrogen-purged DMSO resulted in the iso]ation of a 92% yield of
bibenzyl. |

33.  Reaction of g:hexy]mercury chToride with diethyl phosphite ion
Hexylmercury chloride (1.0 g, 3.1 mmol) and potassium diethyl

" phosphite (from 4.0 mmol diethyl phosphite and 3.6 mmol potassium

t-butoxide) in 30 ml dry, nitrogen-purged.bMSO wés subjected to

39.5 hours of sunlamp irradiation during which time mercury metal slowly

précipitated from solution. The usual workup, including an aqueous

thiosulfate wash of the ethereal extract, afforded 0.12 g oil.

Comparfson with an authentic sample by G.L.C. retention times revealed

the isolate to be a complex mixture containing no (<1%) n-dodecane.

34, Reaction of cyclohexylmercury chloride with diethyl phosphite ion

Cyclohexylmercury chloride (1,0 g, 3.1 mmol) and potassium diethyl
phosphite (from potassium gfbutoxide (3.6 mmol) and diethyl phoSphite
(4.0 mmol1) in 30 ml dry; nitrogen-purged DMSO was subjected to 70 hours
of sunlamp irradiation during which time a trace of mercury precipitated.
The usual workup, inc]uding an aqueous thiosulfate wash of the ethereal
extract, afforded 0.1 g crude oil, G.C.M.S. revealed no dicyclohexyl in

the complex mixture.

35. Reaction of 2-chloromercurycyclohexanone with diethyl phosphite ion

2-Chloromercurycyclohexanone (1.0 g, 3 mmol1) and potassium diethyl

phosphite (from potassium t-butoxide (3.6 mmol)) and diethyl phosphite
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(4.0 mmol1) in 20 ml dry, nitrogén-burged DMSO was subjected to 8.5 hours
of sunlamp irradiatibn during‘Which time mercury metal precipitéted
rapidly. . The usual workup, incTUding,an aqueous fhiosu]fate wash of
fhe ethereal extract, afforded 0,13 g 1ight yellow liquid which ﬁroved
to be nearly pure cyclohexanone (44% yield). Identification was made
 based on N.M.R., I.R., G,L.C., and G.C.M.S. comparisons Qith authentic
cyc]ohexanone;v The yield of cyclohexanone was undoubtedly lowered by

loss during removal of the ethyl ether at 20 torr during workup.
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IV. CONCLUSION TO PART 1

Two quite different examplesﬁof the.SRN1 pfocess have been |
déséribed. The cbupiing of dialkyl phosphite ions with a-nitro halides
~and sulfones broduces a-nitroalkylphosphenate esters., The reaction,
which initiates via a remarkably facile thermal process, is the first
gehera] route to this virtually unexplored‘class of gompounds. Anions
of seéondary aliphatic nitro compounds couple wjth alkylmercury halides
to form tertiary nitroparafins. Thi§ photochemically initiated process
is the first recognized organometallic SRN] reaction. Several SﬁNl-
type nucleophiles fail to couple with alkyl mercurials, although some
anions reduce benzylmercury chloride to bibenzyl. Aryl- and vinylmercury
halides undergo photo-symmétrizafion with nitronate ion instead of

substitution.



83

PART II: SUBSTITUTION REACTIONS OF VINYL MERCURIALS
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I. INTRODUCTION TO SUBSTITUTION REACTIONS OF VINYL MERCURIALS

The carbon-mercury bond of.a1ky], aryl, and vinyl mercurials is
subject to cleavage by strong electrophilic reagents. Acidolysis,
halogenolysis, and related reactions common to organomercurials have been
_extensively studied and reviewed [20,21,67]. Recently, transformations
of aryl and alkyl mercurials have'been échieved by thé mediation of
“transition metal complexes [68]. .

Two electrophilic cleavage reactions have been reported in which
the carbon-carbon double bond exhibits special participation.
Brominolysis of vinylmercury bromides in carbon disulfide solvent results
in vinyl bromides of reversed stereochemistry [693. The investigators
proposed an initial anti addition of bromine across the double bond
followed by anti elimination of mercuric bromide, The Lewis acid
~catalyzed acylation of vinyl mercurials was found to proceed via addition
of an "acyl cation" to the ao-carbon of the double bond and subsequent
elimination of mercury salt from the intermediate B-mercury cation [70].

~ Foster and Tobler found that a number of weak Brdnsted acids react
thermally with bis[ethenyl]Imercury tokproduce ethylene, mercury metal,

and a substituted ethylene (Eq, 23) [71,72,73] where X = SR, SC(=0)CH,

(CH,=CH) Hg + HX > CH,=CH, + CH,=CHX + Hg° (23)

OPh, 02CR, and OZSPhMe-p, The pyrolyses were generally performed without
solvent at 100-200°C. In certain cases, the reaction could be stopped

at partial completion and good yields of an intermediate species,



85

CH2=CHH9X, isolated, The vinylmercury salts CH2=CHHgSR, CHZCHHgOéCR,
R'Cﬂ=CR‘HgOZCR, and CH2=CHHgSCN were decomposed with loss of mercury
metal at 100-200°C to CH,=CHSR, CH2=CH02CR, R'CH=CR‘02CR,'and CH,CHSCN
‘and CH,C=CHNCS. Studies with-substituted vinylmercury acetates revealed
“the reductive elimination of mercury metal to proceed with loss of
stéreochemistry; Russian workers have extended the reaction of

Equation 23 to include X™=(Et0),P(=0)0", MeP(=0)(OR)0™, (RO),P(=S)s",
CnF2n+]COé', and (CF3)2c=N0' [74,75]. The reactions of bis[ethenyl]-
mercury with fluorocarbon carboxylic acids were performed at 180°C with
added hydroquinone.

The following chapters describe a set of substitution reactions
peculiar to vinyl mercurials. These transformations have the appearance
of common carbon-metal bond cleavage reactions (reductive elimination,
e1ecfrophilic cleavage, reductive coupling), but the vinyl moiety is
essential in each case, A general mechanism describing thevspecial

activation of vinylmetallics is proposed.
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II, REACTION OF MERCAPTIDE ION WITH VINYLMERCURY SALTS TO FORM |
VINYL SULFIDES: PHOTOCHEMICAL ELIMINATION OF
- MERCURY METAL FROM VINYLMERCURY MERCAPTIDES

A, Introduction

Mercaptide ions or mercaptans react readily with organomercury

halides to give organomercury mercaptides (Eq, 24) [76,77]. Similarly,

R'HgX + RS~ (RZSH) > R'HgSRZ + X~ (HX) (24)

~diorgano mercurials react with mercaptans upon heating to afford organo-

mercury mercaptides and the reduced organic fragment (Eq. 25) [71,72,78].

RyHg + RZSH > RVHgSR?

+RIH (25)

Mercaptan derivatives of aryl and alkyl mercurié]s are stable, well-
charécterized compounds, Although Foster and Tobler [71,72] found that
.HviéyImercury mercaptides could be pyrolyzed to vinyl sulfides and mercury

metal, we were startled to discover the transformation to occur at room
temperature in dilute solution under irradiation from an ordinary sunlamp

(Eq. 26). The reaction was rapid (severd] hours) and generally
R'HgsR? Hight, plep2 4 pgo | (26)

quantitative. The scope and mechanistic detéi] pf this photochemical

reductive elimination are presented in the following section,
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B. Results and Discussion

1. Preparation of v1ny1mercury mercapt1des

The sodium salt of thiophenol and (E) 3,3~ d1methy1 -1- buteny]
mercury chloride in DMSO reacted upon mixing, The usual workup
(extraction of organic products from brine/DMSO with ethyl ether) was
accombanied by noticeable precipitation of mercury metal, The crude
gray oil obtained by concentration of the ethereal extract was determined
by Wy N.M.R. to contain two organic compounds, (E)-3,3-dimethyl-1-
buteny]mercury thiophenoxide (13) and (E)-3,3-dimethyl-1-buteny]l pheny1
su1f1de (14) The ratio of lﬂ to 13 increased during storage in

’i;;:;(H ' H

H HgSPh lﬁ SPh

13 14

roomlight, Conversion of 1§ to lﬁ-was accelerated by sun]ampAirradiation
and did not occur in the dark.

Pure vinylmercury mercaptides (Table VII) were prepared by addition
of a small amount (ca. 0.5 mole % based on mercury) of di-t-butyl
nitroxide to the DMSO solvent brior to the introduction of vinylmercury
halide and mercaptide ion. Workups were performed in subdued roomlight.
Those vinylmercury mercaptides which were solids were recrystallized
from hexane or hexane/benzene in the dark., 0ils were evacuated for one
or two hours at 0,1 torr to remove traces of the volatile nitroxide and

were carefully protected from light,
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Table VII. Preparation of vinylmercury mercaptides

- ,
RlHgx + R~ DMSOL  plygsp? 4 x-

RVHgX RZsP % YieldS m.p./°C
(E)-Me CCH=CHHgC1 PhS™ 97 (83) 55-55.5
(E)-Me,CCH=CHHgCT n=CqHgS™ 100 44,5-46
(E)-n~C:3HgCH=CHHGC1 PhS™ 94 01
(E)=PhCH=CHHgC1 PhS™ 100 (86)  103-105 (dec.)
Ph,,C=CHHgBr PhS™ 96 01
Ph.,C=C (Me)HgBr PhS™~ . 91 (81) 129-130
'CH2=C(HgBr)CHz(cxc1p-CGH]]) PhS™ | 98 oil

3so1vent contains ca. 0,5 mole % (based on mercurial) of
di-t-butyl nitroxide.

bPrepared in situ from equimolar quantities of potassium
t-butoxide and the mercaptan.

CCrude yield. Recrysta]]ized'yield in parentheses,
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Solid vinylmercury mercaptides are generally 1ight-stab1e. Compound
13 was stored in an ordinary vial exposed to air and roomlight.for six
- months without graying. The ;o]idA(g)-Z-phenyl-1-etheny1mefcury
thiophehoxide, on the other hand, grayed percépfib1y after a few days.
0ils and solutions of vinylmercury mercaptides began to precipitate
mercury metal after a few minutesAof»exposure to room]jght unless a
"stabilizer" such as di-t-butyl nitroxide was added,

Attempts to prepare vinylmercury selenides failed. Alkenylmercury
halides were symmetrized by phenyl selenide ion; the diorgano mercurial

and mercury(II) phenyl selenide were isolated (Eq, 27). Likewise,

JHg + PhSeHgSePh (27)

2R'MgX + 2phse” -DMSO, Ry

efforts to prepare a]kyhy]mercury mercaptides were unsuccessful.
Addition of thfqphenoxide jon to a DMSO solution containing bis[phenyl-
ethynyl]mercury and mercuric chloride afforded bis[phenyTethyny]]mercury
and mercury(II) thiophenoxide, Heating bis[phenylefhyny]]méréuny and

thiophenol also produced mercury(II) thiophenoxide.

2.4 Photochemical decomposition of (g)-3,3-dimethy1-1-butenyimercuny

thiophenoxide (13)

Pure 1§ in.deoxygenated DMSO was completely decomposed to 14 and
“mercury metal by four hours of sunlamp irradiatioﬁ (Table VIII). The
alkenyl su]fide was isolated as a light-yellow 0il in 98% yield. The
crude isoﬁate was pure by N.M.R, and G.L.C. Quantitative short-path

distillation effectively removed the yellow tinge to afford the colorless
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alkenyl sulfide. Only the E isomer was observed in the 1H}N.M.R.
spectrum. } A

Wheh'volatile solvents were-employed; the isolation of'vinyl
sulfides was greatly faci}itated. (g)-3,3-dimethy1-1-butenylmercury
thiophenoxide (1§) was thus converfed essentially quantitatively to 1&
ih ethyl ether and benzene under sunlamp iiradiation. The workup
consisted of decanting the reaction solution from the beads of mercury,
rinsing. the mercury with portions of solvent, and concentrating the
combined solution under vacuum. Benzene Qas selected as the solvent of
choice. Ether afforded a crude isolate containing approximately two

percent impurity by 'H N.M.R. and G.L.C.

3. Photochemical decomposition of other vinylmércury mercaptides

Results of the photochemical decompositioh of a variety of vinyl-
mercury mercaptides are summarized in Table VIII; In general, the
conversion to the organosulfide was quantitative. The three exceptions
bear discussion. ‘ | i

1-(Cyc10hexy1methy1)-1-etheny1mercuhy.thiophenoxide (1?) failed to

/’>\Tf' |
HgSPh
1
decompose 'significantly un&er ordinary sunlamp irradiétion. Exposure
for 5.5'ﬁours to fourteen "350 nm* bulbs in a Rayonet RPR-100 photo-
reactor induced complete precipitation of mercﬁry metal. The crude

isolate was found to contain approximately 80% of the expected alkenyl
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Table VIII. Photochemical decomposition of vinylmercury mercaptides to
vinyl sulfides and mercury metal

R'Hgsr? Hight, plgp? 4 yge

% Yield

R]HgSR2 Solvent Time? (stereochemistry)b
(E)-Me4CH=CHHgSPh DMS0 4 h 98 (>98% E)
(E)-Me 5CH=CHHgSPh Et,0 15.5h 98 (>98% E)
(E)-Me4CH=CHHgSPh - PhH 3h 100 (>98% E)
(E)-PhCH=CHHgSPh PhH 6 h 100 (E:Z = 91:9)
(E)-n-C4HeCH=CHHgSPh PH ~  4h | 100¢
Ph20=CHHgSPh PhH 15.5 h 100
Ph,,C=C(Me)HgSPh PhH 10 h 100
(E)-Me ;CCH=CHHgS-n-C,Hg PhH 6 h 100 (>98% E)
CH,=C (HgSPh)CH, (cyclo-CgHy 1) PhH - - ad
PhHgSPh PhH w® 2®
PhCH,HgSPh PhH 15.5 h of

aIrkadiation period wfth 275 watt sunlamp placed 6-10 inches from
the Pyrex reaction vessel. Al1l reactions were performed under nitrogen
at ambient temperature (25-40°C), . .

bIso]ated yield of pure material, Stereochemistry by ]H N.M.R.

cUnidentifiéd stereoisomers produced in a ratio of 46:54 (glass
capillary G.L.C.).

. dIrradiated with sunlamp for 2 hours and Raybnet RPR-100 (equipped
with fourteen (350 nm" bulbs) for 5.5 hours, Approximate yield of
impure product based on G.C.M.S. . '

®Irradiated with sunlamp 15 hours and Rayonet RPR-100 (equipped
with fourteen "350 nm" bulbs) for 9 hours. Yield determined by
quantitative G.L.C. of crude isolate.

ine]d by quantitative 1H N.M.R. of the crude isolate,
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sulfide and 20%vof an unidentified impurity by G.C.M.S. Cohpound'1§ is
distinguished by the bulky alkyl subsfituent o to mercury. The photo-
deéomposition reaction appears insensitive to substitution in the 8
position. ‘- ' ' |
Included in Table VIII for comparison are the photodecompqsitions

of phenyl- and benzylmercuky thiophenoxide, The Rayonet reactor was |
required.to decompose the aryl mercufia]. Quantitative G.L.C. of the
crude isolate indicated that dipheny] sulfide was generated in 2% yield
(at most). The benzyl mercurial decomposed appreciably under sunlamp
illumination, but also afforded at mbst 2% of the expected benzyl phenyl
sulfide. The photochemical reduétive elimination of mercury from organo-
mercury mercdptides appears limited to alkenyl mercurials.

| The mercaptide derivatives of (E)-3,3-dimethyl-1-butenyimercury
decomposed stereoselectively to the (E)-alkenyl sulfides (Table VIII).
In contrast, (E)-2-phenyl-1-ethenylmercury thiophenoxide afforded
(g)é and (Z)-alkenyl sulfides, identifiable by ]H N.M.R. vinyl. proton
absorptions and separable by giass capillary G.L.C., in a ratio of 91:9.
(E)-1-pentenylmercury thiophenoxide afforded two isomers similarly
separable by G.L.C. in a 54:46 ratio, but isomer assignments were
precluded by the compiexity of the ]H’N;M.R; spectrum. These examples
serve to illustrate ‘that the reéction'is only completely stereoselective
for (E)-1-alkenylmercury mercaptides when a sufficiently bulky
B-substituent favors the f@rmation of the (E)-1-alkenyl sulfide. Any
mechénism proposed for this reaction must account for stereochemical

interconversion of the double bond,
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4. In situ generation and photochemical decomposition of vinylmercury

mercaptides
(E)-3,3-dimethyl-1-butenylmercury acetate was observed to react

spontaneously with thiopheno] to produce 1§ and acetic acid in d6-benzene
monitored by ]H N.M.R. (Eq. 28). Sunlamp irradiation induced
(§)-Me3CCH=CHHgOAc + PhSH-SQ:EEEEgEE> (E)—Me3CCH=CHHgSPh + HOAc (28)
precipitation of mercury metal and the vinylmercury mercaptide was
quantitatively converted to the vinyl suifide 1&. The reaction proceeded
equally well on the millimole scale (Table IX).

The analogous reaction of mercaptan with vinylmercury halides
releases hydrogen halide. The mineral acid was found to be scavenged
conveniently by solid sodium bicarbonate suspended in the benzene
~ solvent., Thus, the addition of a mercaptan to a suspension (magnetic
stirring) of sodium bicarbonate in a benzene solution containing the
vinylmercury halide resulted in the gentle evolution of carbon dioxide
over a period of about 5 minutes. Mercury metal precipitated under
suniamp illumination. The benzene solution was decanted from the
residue of mercury metal .and inorganic salts. The residue was washed
with benzene and the combined solution concentrated under vacuum.
~ (Excess mercaptan was general]y removed by vacuum, When insufficiently
volatile, mercaptans were cohvenient1y removed from benzene solution by
aqueous carbonate extraction,) In some cases, the workup afforded a
trace of solid mercuric mercaptide salt along with the vinyl ;u1fide.

This was apparently due to the use of mercaptans contaminated with the



94

Table IX. Preparation of vinyl sulfides by photochemical decomposition
of vinylmercury mercaptide generated in situ .

NaHCO,
| R]HgX’ ‘RZSH Time? . (steregcxiglgtry)
(E)-Me,CCH=CHHgOACE PSH . 3h 100 (>98% E)
(E)-Me 4CCH=CHHgC1 PhSH 17 h 99 (>98% E)
 (E)-MeCCH=CHHgOACS PhCH,SH 18 h 97 (>98% )
(E)-Me ,CCH=CHHgCT PhCH,SH 5h 64 (>98% E)
(E)-Me 5CCH=CHHC1 MeCSH 15 100 (>98% E)
(g)-PhCH=CHch1 n-C4HgSH 3 100 (>95% E)
CHy=CHHgCl PhSH 3h 100
(E)-E£C(OAC)=CHHgCT PhSH 1 h 928
(E)-HOCH,C(C1)=CHHgCT PhSH 5.25 h 61
(E)-Me 4CCH=CHHgCT CHiC(=0)SH 17h - 43®
(E)-Me 4CCH=CHHCT HSCH,COOH 7h of

3 pradiation period with a 275 watt sunlamp placed 6-10 inches from
the Pyrex reaction vessel. Reactions were performed in benzene under
nitrogen at ambient temperature (25-40°C) with a 2-3-fold molar excess of
solid sodium bicarbonate present '

ine1d of pure su]fidé. Stereochemistry by,)H N.M.R.
‘cNo sodium bicarbonate was employed. |
dStereochemistry not determined.
- ®Black precipitate (Hgé)fobserved instead of mercury metal.

fNo mercury metal obserVed.‘ White precipitate formed upon mixing.
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disulfide. Compound 13 in the presence of diphenyl disulfide afforded 14
in good yield, but most of the mercury was recovered as mercury(II)

thiophenoxide (Eq. 29). The'reactibns of disulfides with vinylimercury

)(:\Hgsph + PhSSPh —1—"-95"—>)Q\5Ph + PhSHgSPh + Hg° (29)

DMSO
1§ : 14 (trace)

salts is discussed in detail in Chapter III, Part II of this thesis.
Mercuric mercaptide salts were readily separated from vinyl sulfides by
simply taking the organic sulfide into hexane. The mercury‘salt was
then removed by filtration. »

.Some interesting vinyl sulfides were prepared by the in situ
method (Table IX). Ethenylmercury chloride vinylated thiophenol
quantitatively, although the product is sensitive to radical and:

. cationic polymerization. (The isolated ethenyl phenyl sulfide did in
fact poiymerize after storage for several days at room temperature.)

(E)-2- (acetyloxy)-1-ethyl-1-butenylmercury chloride (1§) reacted with

" HgCl Cl H
Acd/F—“\V” <(__“\HgC1
16 : ' OH :
- 17

~

thiophenol to afford a high yield (92%) of the vinyl sulfide purified
by Kugelrohr disti11ation.- The highly functionalized (E)-2-chloro-3-
hydroxy~-1-propenylmercury chloride (lz) reacted with thiophenol to

afford, after distillation, the pure vinyl $u1fide.as a colorless oil

in 61% yield. The modest yield was due to thermal decomposition during
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distfllation. This yinyl sulfide decomposed at room temperature within
a few days to a red-brown tar.

Attempts to prepare vfn&] ethers by reactions‘similar to those
employed for vinyl sulfides were unsuccessful. Phenol did not react
photochemicé]]y with (E)-3.3-dimethy]-1-buteny1mercuny.acetate in
benzene. Neither did sodium phenoxide react with (E)-3,3-dimethyl-1-

' buteny]mercury chloride in DMSO under the influence of "350 nm" Rayonet

radiation to precipitate metallic mercury.

5. Attempted photochemical decomposition of other vinylmercury compounds

The sensitivity of vinylimercury mercaptidesvto‘1ight is not
characteristic of vinylmercury compounds in general, Bis[2,2-dimethyl-
ethényl]meicury (lg) in benzene, 2,2-diphenylethenylmercury bromide (19)
in benzene, (E)-3,3-dimethyl-1-butenyl mercury acetate (gg) in benzene,
ahd (E)-3,3-dimethyl-1-butenylmercury chloride (gl) in DﬁSO were stable

towards prolonged irradiation in a Rayonet reactor at 350 nm,

Ph HH Ph : Ph H

N/ \/ \__/
/N /N /" \

Ph Hg Ph ' Ph~ HgBr

18 | 1

x N - H
/= | =

H HgOAc H HgC1

20 21

~
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Although this survey is far from exhaustive, the stability of gg
suggests only a limited correlation between the photochemical and thermal

[71-75] reductive elimination reactions. of vinyl mercurials,

6. Inhibition of the photodecomposition of (E)~-3,3-dimethyl-1-

butenylmercury thiophenoxide (1§)

Table X summarizes a series of experiments performed to determine
the effect of a‘series of additives on the photodecomposition of 13 in'
DMSO. The standard reaction conditions included the use of a water
cooled Pyrex reaction vessel thérmostated at 25°C and a 30 minute
irradiation period in a Rayonet RPR-100 photoreactor equipped with
fourteen "350 nm" bulbs. It was found that after irradiation, the
solutions could be stabi1i2éd tdwards further reaction by the addition
of a small amount of di-t-butyl nitroxide, -

Of particular interest is the powerful inhibitory effect of 5 mole
percent di-t-butyl nitroxide and 25 mole pércent sodium thiophenoxide.
Regardliess of their mode of operation, these inhibitors apparently do
not function in a stoichiometric fashion, That is, the photochemical
reductive elimination reaction is a chain process, Oxygen, an
effective scavenger for many free radicals, essentially prevented
photodeéomposition. A series of salts, potassium diethyl phosphite,
SOdium p-toluenesulfinate, and lithium 2-nitropropanate, were found to
slow the reaction. The most effective of these was the nitronate salt

which essentially stopped the photodecomposition completely.
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Table X. Effect of additives on the photochemical decomposition of
- (E)-3,3-dimethyl-1-butenylmercury - thiophenoxide in DMSO?

(E)-Me ;CCH=CHHgSPh + additive —2MS0

light
% Yield , % Recovered
- Additive (mmo1) Sulfide - starting material

None 750 P
Phs™Na® (0.76) | 1 80
PhS™Na® (3.03) 6 80
(Et0),POK" (4.5)C 10 73
p-MePhs0, Na* (3.1) 12 85
Me2c=N02'Li+ (3.0) 2 98
di-t-butyl nitroxide (0.15) 0 92

oxygen'(saturated solution) 5 92

3A11 reactions were performed with 3,06 mmol mercurial in 50 ml
dry, nitrogen purged DMSO in a water-cooled Pyrex reaction vessel.
The 1ight source was a Rayonet RPR-100 reactor (equipped with fourteen
"350 nm" bulbs). Each solution was irradiated 30 minutes at 25°C and
then quenched with di-t-butyl nitroxide.

bAverage of four trials, Standard deviation of product yield is
*11%; standard deviation of mercurial recovery is #13%. '

cPrepared in situ from equimolar amounts of potassium t-butoxide
~and diethy] phosphite.
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7. Failure of thiophenol to affgct the photodecomposition of vinyl-

mercury mercaptides

Some radical scavengers such as di-t-butyl nitroxide, galvinoxyl,
and oxygen generally inhibit radical chain process by coupling with
reactive radical intermediates to produce relatively inert species

. (Eq. 30). Hydrogen transfer agents, however, intercept radicals by

Re + Scavenger > R-Scavenger | (30)

donating a hydrogen atom generating a diamagnetic species and a
re]ative]y inert paramagnetic residue. Mercaptans are efficient

hydrogen transfer agents (Eq. 31). Thiophenol traps phenyl radical in

1

R* + R"SH

> RH + Rlse (31)

carbon tetrachloride at a rate of 1.9 x_109 w5 [79]. This rate

is within a factor of 10 of the diffusion controlled limit, If vinyl-
type radicals are involved in the photodecomposition of vinylmercury
mercaptides, similarly effective radical scavenging by thiophenol would
be expected.

Interestingly, the presence of excess mercaptan from the in situ
generation of vinylmercury mercaptides did not prevent subsequent facile
photodecomposition (Table iX). In fact, thiophenol present in over
100 mole percent (based on mercurial) had no effect on the decomposition
of 1§ in benzene or DMSO at room temperature (see Experimental Section).
Quantitative yields of lf were obtained, initiation appeared normail

(1T or2 minute induction period), and the thiophenol survived the
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complete reaction intact (as followed by ]H N.M.R.). whgn-a solution of
1§ and thiophenol in ds-benzene containing di-t-butyl nitroxide was
heated in the dark at 60°C, the thiophenol reacted with the mercurial
(protonolysis) to afford 3,3-dimethyl-1-butene (Eq. 32).

H " | |
H_ + PhSH —bﬁsﬂg%‘i» )/C_—(‘ + PhSHgSPh (32).
H gSPh H o H
13 '

8. Mechanistic possibilities: chain propagatiﬁgﬁpfocesses

‘Nonchain mechanisms are discounted out of hand. The inhibition
results of Tab]e X, particularly the effect of added di-t-butyl
nitroxide, unambiguously establish the photodecomposition as a chain
proéeﬁs.

Scheme 13 is a modified‘SRNl mechanism predicted to be catalytic in
mercgptide ion. Schemes 14 and 15 are radical chain mechanisms not

involving radical ions.

Scheme 13
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Scheme 16, the cationic analogue of Scheme 15, might also bear
consideration.

Scheme 16

R' L R! H
\_/ +. RSt — )F.__<%_5R.
H”  Hgsr? - H HgSR?

1 4 j
R H | |
SR? \_~  + *hgsr® |

2 7 >/ N2 4 '
H gSR® H SR® . | |

R%sHg* - > R%sY & Hge

Scheme 13 may be discounted by the observation of inhibition by
mercaptide ion (Table X) and the lack of inhibition by thiophenol. f
The lack of thiophenol inhibition, likewise, eliminates the mechanism
of Scheme 14, Even if chain propagation via vinyl-type radicals
occurred af a rate approaching the diffusion Iimit: hydrogen atom
transfef from thiophenol would be expected to observably slow the chain
reaction based on the reactivity of phenyl radical [79]. Scheme‘16;a150
appears unreasonabje. Oxygen wou1d not be expected to inhibit the '
process. Solvents such as DMSO and benzene should serve as scavengers
fdr such cationic species,.as should the product alkenyl sulfides. The
carbo-cation analogue of Scheme 16 is similarly-discounted.

Schemé 15 provides a mechanistic description COnsistent‘with all
available experimental observations. First, the limitation of the |

photochemical reductive elimination to alkenylmercury mercaptides
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(Table VIiI) is clearly explained. Intermediate gg is not possible

for alkylmercury mercaptides and reduires loss of aromaticity for aryl-
mercuky mercaptides. The intermediacy of a thiyl radical (as opposed to
vinyl) also appears more consistent with the tolerance of the photo-
decomposition for fﬁnctional-groups such as hydroxy, acetyloxy, and
chloro (Table IX).

The observation that decomposition of lg is unaffected by the
presence of thiophenol is explainable in terms of Scheme 15, Obviously,
only degenerate hydrogen exchange can occur between thiophenol and the
phenylthiyl radical. The thiophenoxymercury(I) ra@ica] intermediate
might.bé expected.to be unreactive hydrogen atom donors since mercury
hydrides are notoriously unstable [26—291. The product of sUch a
transfer is a chain-propagating thiyl radical anyway, and the
thiopheﬁoxymercury hydride would be expected to rapidly decompose to
mercury metal and thiophenol by aha]ogy with alkylmercury hydrides
[26-29]. Intermediate gg is presumably too short-lived to be trapped
by mercaptan. Although gg may exist long enough for rotation about the
new carbon-carbon single bond, hydrogen transfer from mercaptans to
alkyl radicals is much slower than the rate of diffusion. The
biho]ecu]ar rate constant for such a transfer is on the order of

100

M'] 5'1 [80,81]. Intermediate 22 may enjoy special stabilization
resulting in even lower reactivity towards mercaptan.
Inhibition by oxygen and di-;:buty]lnitroxide is characteristic of

radical chain reactions. It is not clear which species of radical is
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scavenged, however. Thiyl, mercaptomercury(I), and intermediate 22 are
candidates for trapping by péramagnetic agénfs. A

The observed inhibitory activity of certain salts (Table X) may be
rationalized in terms of Scheme 15. Thiophenoxide ion must trap a
paramagnetic species to form a reTativer inert radical fon. Two likely

candidates are thiyl (Eq. 33) and thiophenoxymercury(I) (Eq. 34). Other

PhS™ + PhS* —> [PhssPh]’ | (33)
PhSHg* + PhS™ —> [PhSHgsPh]® | (34)

salts may inhibit reaction either by coupling with a radica] to produce
- a stable radical anion or by reducing a paramagnetic species to produce

a new anion and an unreactive radical (Eq. 35).. In Equation 35, A is

AT + R —> A* + R ‘ | ~ (35)

the added anion and R* represehts a normal chain-propagating paramagnetic
species.

Finally, the observation‘was made that the decomposition of 13 in
the presence of diphenyl disulfide with DMSO solvent produces mostly
mercuric thiophenoxide instead of metallic mercuby. The reaction was
‘found not to occur in the dark and is therefore not a thermal

electrophilic cleavage reaction (Eq. 36). The observed mercury salt |

)
(E)-Me CCH=CHHgSPh + PhSSPh —¢—> (E)-Me CCH=CHSPh
| + (PhS),Hg (36)



105

formation may be explained elther by reaction of the disulfide with
thiophenoxymercury(1) (Eq. 37) or with_thé (presumably) highly reactive
mercury atom (or polyatomic mercury cluster) (Eq. 38). Neither process
PhSHg* + PhSSPh —> PhSHgSPh + PhS* (37)
Hg® + PhSSPh ——> PhSHgSPh : (38)
involves the net removal of chain-propagating thiyl radicals and thus

the formation of alkenyl sulfide product is not inhibited.

9. Nature of the reactive intermediates in Scheme 15

The rapid loss of mercury metal from the mercaptomercury(I) radical
appears an entirely reasonable process in 1ight of the behavior of
alky1mercury(1) radicals [26-29,34]. The resulting thiyl radical is a
frequently observed chain-carrying species in free-radical su]fuf
chemistry, The addition of thiyl to olefins has been studied extensively
[82]. Intermediate gg, however, has no direct literature precedent.
gySubstitutgd carbon radicals represent an intriguing class of reactive
intermediates. |

The high regiospecifity demonstrated by the attack of thiyl
radical on the vinylmercury mercaptide may be partly due to precomplex-

ation of thiyl with mercury (Eq. 39). Mercury(III) intermediates have

, R\ H R, o
Rse + = S = R — 2 (39)
Ho HgSR®  H  Hg

SRZ
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been invoked to explain the free radical-induced racemization of
a]kylmercury salts and dialkyl mercurials contéining a chiral carbon
bonded to.mercury [42,83].

‘Mercury is known to stabilize B-carbon cations (i.e., the removal
: of B-hydride [84] from dialkyl mércuria]s or the addition of
mercury(II) to olefins [85]). It has been proposed that similar
stabilization may be provided B-mercurio carbonAradicals. Nugent and
Kochi found hydrogens on carbons with a B-mercury substituent to be as
much as 600 fimes more reactive tbwafds abstraction by trichloromethyl
radical than hydrogens of simple hydfocarbons [86]. The same
ihveétigators found dialkyl mercurials to.react by a radical chain
mephanism with carbon tetrachloride to afford an olefin, alkyl halide,

chloroform, and mercury metal (Scheme 17) [86]. The elimination of an
Scheme 17

 RCH,CH HCH,CH,R + *CC15 ——> RCHCH,HGCH,CH R + CHCT,
RQHCHzHgCH2CH2R-————> RCH=CH, + 'HgCHZCHzRf

*HgCH

2CH?_R > Hg® + 'CHZCHZR

'QHZCHZR + CC]4 —_— CTCHZCHZR + 'CC13

organomercury(I) radical from the g-mercurio radical is analogous to
the proposed decomposition pathway for intermediate gZ. Thus, the
formation bf 22 may well be influenced by specia]kstabilization of the

g-mercurio radical and the proposed decomposition of gg to an alkenyl
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sulfide and a mgrcaptomercury(l) radical is supported by Titerature

precedent.
The possibility of stereochemical interconversion via rotation about
the single bond between the o and §_carbdns in 22 has been nofed.
Unfortunately, due to the relative inaccessibi]ity of the appropriate
(Z)-1-alkenylmercury salts, the extént of stereochemical randomization
via gg has not been investigated. It is not necessarily true that such
radical intermediates achieve rotational equilibrium, The B-sulfur
radicals gg, gg, and g§ were generated by the abstraction of bromine

by tri-n-butylstannyl radical from the erythro or threo B-sulfur

i 0 0 Ph
1 1 \ 1 4
R SPh - R S-Ph Ri. S
- < L 4 \\\ L ] 4 \\‘ 4
C—C:---R C—C2---R c—C3. R
€ W3 24 3 2d \Rs
23 24 25

bromides [87-89]. Radicals g§ and g§ eliminated thiyl and sulfonyl
radicals at a sufficiently slow rate to allow complete loss of stereo-
chemistry. Radical 24, howeyer, afforded olefins stereospecifically.
Th{yl radicals are known to add feversib]y to carbon-carbon double
bonds [82]. In cases where B-attack is not sterically disfavored, the
reversible fofmation of g§ appears plausible. Likewise, reversible
- additions to the product vinyl sulfides may occur. These reversible
R}
RZS-C—C-HgSR2

2
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additions may be responsible_for all or part of the observed stereo-
chemical equi]ibratibn in the decompositioh of vinylmércury mercaptides

with small B-substituents.

10. Re]atiqnship between the~photochemica]'and thermal decomposition

of vinylmercury salts

Some of the vinylmercury salts found to reducfiver eliminate
mercury metal thermally [71-75] may well decompose by a process similar
to Scheme 15. The vinylmercury carboxylates, however, probably do not
decompose via carboxyl radicals, Acetyloxy radical decomposes to methyl
radical and carbon dioxide with a unimolecular rate constant of

1 at 60°C [90], a rate approaching the diffusion limit fbr

1.6 x 107 sec”
“bimolecular chain-carrying proéesses. Since reactions of vinylmercury
carboxylates were generally performed without solvent and yields were

often only moderate, it is difficult to categorically exclude the
mechanism of Scheme 15, although it is noteworthy that some decompo-
sitions were performed in the presence of hydroquinone, a frée radical

" scavenger [75].
C. Conclusion

The photoChemicaI reductive elimination of mercury metal from
viny]meréury mercaptides is a mechanistically fascinating reaction.
Stfong evidehce has been presented for a radical chain mechanism
involving neutral species (Scheme 15). A novel Sy2 process, the

transfer of a vinyl group from mercaptomercury(I) to thiyl, has been
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pfoposed to proceed via quasi-stable intermediate 22, a carbon radical
stabilized by a B-mercurio substituent.

Synthetically, the described reaction complements existing methods.
The Hbrner-Wittig reaction of thioalkoxymethylphosphonate esters with
aldehydes is generaf for 2-substituted-1-ethenyl alkyl sulfides [91],
although yields are modest. The addition of mercaptans to acetylenes
has been applied to few examples [92]. Thelelimination of hydrogen
chloride from 8-chloroalkyl phenyl sulfides [93] is limited by the
availability of the starting material. Recently, the coupling of
mercaptide jon with vinyl bromides mediated by cata1ytic palladium(0)
catalyst has been described [94]. None of the reported methods has
demonstrated functional group tolerance., The present method affords
good to quantitative yields of vinyl phenyl and vinyl alkyl sulfides
under neutral conditions at room temperature with demonstrated tolerance
for vinyl halide, hydroxyl, and carbonyl functionality. The primary
limitation of the method i§ the availability of vinylmercury salts [20].

Vinyl sulfides are useful synthetic intermediates. Mercury salt-
assisted hydrolysis affords the corresponding carbonyl compound [95,
96]. The versatile viny1-su1fones are available via pgroxide oxidation
[97]. Vinyl sulfides are also terminal acetylene equivalents [98].
Vinyl phenyl sulfides are readily metalated at the vinylic a-position
and elaborated with suitabie electrophiles (i.e., aldehydes, ketones,

and primary alkyl halides) [99,100,101],
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D. Experimental Section

‘1. General considerations

Glass capillary gas chromatography was performed on-a Variaﬁ 3700
instrument. UV-VIS absorption spectra were recorded on a Perkin-Elmer
320 spectrophotometer. Ethenylmercury ch]oride was purchased from
Orgmet, Inc. Thiophenol, g;butane.thiOT, and t-butyl mercaptan were
purchased from Eastman Organic. Benzyl mercaptan, thio]acefic acid,
mercaptoacetic acid; and authentic samples of benzyl pheﬁy1 sulfide,
diphenyl sulfide, and 3,3-dimethyl-1-butene were purchased from
Aldrich. Phenyl selenol was purchased from Orgmet, Inc.

The sodium salt of thiophenol was prepared from sodium methoxide
(0.1 mo1) and thiophenol (0.11 mol) in 500 m1 methanol under nitrogen.
The methanol was removed under vacuum and the white powder store# under
nitrogen until used, | »

~ (E)-1-Pentenylmercury chloride [59], (g)—z-bhenyl-l-etheny]mercury
chloride [59], and bis[phenylethynyl]mercury [102] were prepared by '
literature methods. Samples of (g)?z-(acety1oxy)’1-ethy]-]abﬁtenyl-
mercury chloride [103] and (E)-2-chloro-3-hydroxy-1-propenylmercury
chloride [104] were donated by the group of R. C, Larock. '

2. Preparation of 2,2-diphenylethenylmercury bromidé

The mefhod emp]byed was a variation of that‘feported by Schlenk -
[105]. ' To the Grignard reagent prepared from 1,l-diphenyl-1- -
bromoethene (27 g, 103 mmol) and magnesium turnings (2.5 g, 103 mmo1l)

in 100 ml'dry THF under nitrogen was slowly added a solution of
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mercuric chloride (13.6 g, 50 mmol) in 40 m1 THF, The resulting mixture
was refluxed overnight, allowed to cool to room temperature, and poured
. into 1500 ml1 ice-cold 5% .aqueous ammonium chloride. The solid product
was collected and air dried. Recrystallization from hot ethanol/
chloroform afforded 22.3 g (78% yield) of 1light yellow needles of the
previoﬁs]y reported bis[2,2-diphenyietheny1]mercury (m.p. 139-139.5°C,
1it. [105] 140.5°C). 1y N.M.R.r(CDCI3, §) 10H (m) 7.2-7.3, 1H (s) 6.63.
Mercuric bromide (7.5 g, 21 mmol) in 25 ml THF was slowly added to
bis[2,2-diphenylethenylImercury (11.2 g, 20 mmol) in 50 m1 THF, The
solution was stirred overnight at room temperature and poured into
1200 m1 2% aqueous sodium bromide. The solid product was collected and
air dried. Inorgan{c salts were removed by dissolving the product in
600 ml ch]oroform andAfiltering insoluble materials. Removal of the
solvent under vacuum afforded 16.1 g (86% jie]d) of 2,2-diphenylethenyl-
mercury bromide (m.p. 155-156°C, 1it. [105] 158-159°C). 4 N.M.R.
(CDC13, §) 10H (m) 7.2-7.4, 1H (s) 6.43,

3. Preparation of 2,2-dipheny1-1-methy1etheny1mercury bromide

To the Grignard reagent prepared from 1,1-diphenyl-2-bromopropene
(13.6 g, 50 mmol) and magnesium turnings (1.2 g, 50 mmo1) in 50 ml dry
THF under nitrogen was slowly added a solution of mercuric bromide
(18.5 g, 51 mmol) in 40 ml dry THF, The resulting mixture was refluxed
overnight, cooled to room temperature, and poured into 1500 ml ice-cold
1% aqueous sodium bromide. The solid product was collected and air

dried. 'The product was dissolved in 250 ml1 chloroform and filtered to
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" remove inorganic salts. Removal of the chloroform under vacuum and
recrystal]ization‘from hot ethanol afforded 14.0 g (59% yield) of the
pure mercurial as yellow needles (m.p. 163.5-164.5).

TH N.M.R. (CDCT4, 6) TOH (m) 7.3, 3H (s) 2.15.

Elemental analysis, Calculated for C]SHiBBng: C, 38.03; H, 2.77;
Br, 16.87; Hg, 42.34. Found: C, 38.12; H, 2.92. |

4. Preparation of 1-(cyclohexylmethyl)-1-ethenylmercury bromide

To the Grignard reagent prepared from 3-cyclohexyl-2-bromopropene
[106] (10.1 g, 50 mmol) and magne;ium turnings (1.21 g, 50 mmol) in
40 m1 dry THF under nitrogen was slowly added a solution of mercuric
bromide (18.4 g, 51 mmol) in 40 ml dry THF. The resulting mixture was
refluxed for 30 minutes, cooled to room temperature, and poured into
1500 ml ice-cold 5% aqueous sodium bromide. The solid product was
co]iected, air-dried, and dissolved in 200 ml chloroforh; The chloroform
solution was filtered to remove inorganic salts and concentrated under
vacuum. Recrystal]iéation from hot ethanol afforded 12.5 g (62% yield)
of the pﬁre mercurial (m.p. 95-96°C).

TH N.M.R. (CDC13, §) TH (t) 5.57 (JH = 1 Hz), 1H (s) 5.0, 2H (d,
broad) 2.3 (JH = 6 Hz), 11H (m, broad) 0.8;2.0.

Elemental analysis. Calculated for CngsBng: C, 27.78; H; 3.74;
Br, 19.79; Hg, 49.69. Found: C, 26.71; H, 3.70,

5. Preparation of (§)-3,3-dimethy1-1-butenylmercury acetate

(E)-3,3-Dimethy1-1-butenylmercury chloride (2.0 g, 6.3 mmol) and

silver acetate (1.08 g, 6.5 mmol) were stirred in 100 m1 methanol at
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room temperature for 20 hours in an aluminum foil-covered flask. The
silver chloride was removed by filtration ("Celite" filter aid was ‘
emp]oyed) and the clear filtrate concentrated under vacuum. Recrystal-
lization of the resu1t1ng solid from warm methanol/water afforded 1.5 g
(70% yield) of the pure mercurial as large white plates (m.p. 95.5-
96°C). ' |
MNMR.mmh,wlnw)GM(%-17mL1Hw)5a
- (9y =17 Hz), 3H (s) 2,05, 9H (s) 1.07.
I.R. (KBr pellet, cm ]) 2950 (w), 1570 (vs, broad), 1400 (s),
1250 (s), 1140 (w), 1010 (w), 975 (s), 910 (m), 760 (w), 745 (w).
Elemental analysis. Calculated for CgHyqHg0y:  C, 28.03; H, 4.12;
Hg, 58.52; 0, 9.33. Found: C, 27.98; H, 4.20,

6. Preﬁaration of phenylmercury thiophenoxide

Phenylmercury chloride (6}3 g, 20 mmol) was added to a solution of
sodium thiophenoxide (3.0 g, 22 mmol) in 180 ml nitrogen-purged DMSO
with gentle stirring. After 10 minutes, the solution wés poured into
500 m1 aqueous 10% potassium carbonate and the product extracted with
ethyl ether. The éiherea]'extract was washed with aqueous carbonéte,
dried (MgSO4), and concentrated under vacuum to afford 6.8 g (88%
yig]d) of Tight yellow powdery solid (m.p. 98-99°C, 1it. [76] 105-106°C).
Three recrystallizations (once from acetone/hexane, twice from ethanol/
benzene) failed to raise the melting boint. Elemental analysis.
Calculated for o H: oSt C, 37.26; H, 2.60; Hg, 51.85; S, 8.29.
Found: C, 37.10; H, 2.76,
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7. Preparation of benzy]mercury th1ophenox1de :

Benzylmercury chloride (3, 0 g,.9.2 mmol) was added to a gently
stirred solution containing potassium t-butoxide (1 3 g, 11.6 tmol) and
‘thiophenol (1.29'g, 11.7 mwol) in 30 ml nitrogen-purged DHSO. After
5 mlnutes, the solution was poured into 250 m1 aqueous 10% potass1um
carbonate and -the product extracted with benzene, The extract was
washed with aqueous carbonate, dried (MgSO4), and,concentrated under>
vacuum to afford 3.6 g crude product. Reérysta]]ization from ethanol/
benzene yielded 3.1 g (84%) pure'benzylmercury thiophenoxide (m,p. 83.0-

83 5°C, 11t [76] 87°C). ,
| 1H N.M.R. (CDC13, 8) 10H (m) 7.0- 7. 45 2H (s) 2.92.

8. Preparation of (E)-3,3-dimethyl-1-butenylmercury thiophenoxide

Ih subdued roomlight, (g)-3,3-dfmethy171-butenylmercury chloride
(7.5 g, 23.5 mmol) was added to a so]utioﬁicontaining potassium
t-butoxide (3;4 g, 30.3 mmol), thiophenol (3.34 g, 30.3 mmol) and
di-t-butyl nitroxide (7 mc1, 6.8 mg, 0.047 mmol) in 180 ml nitrogen-
purged DMSO with gentle stirring. After 5 minutes, the solution was
poufed into 500 m1 water containing 80 g potassium carbonate and 20 g
sodium chloride. The product was extracted with three 100 ml portions
of ethyl ether. The combiﬂed ethereal extracp was washed with aqueous
carbonate, dried (MgSO4) and. concentrated under vacuum to afford 9.0 g
solid product. Recnysta]]fzation from hexane yielded 7.6 g (83%) pure
wh{te (E)-3,3-dimethyl-1~butenylmercury thiophenokidé. _The white needles
were treated with a 0.1 torr vacuﬁm_for 1 hour to remoye»traces of the

nitroxide (m.p. 55.0-55.5°C).
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1H N.M.R, (CDC13, 8) 54 (m, broad) 7.08-7.53, 2H (s) 5.90, 9H (s)
1.0. Note the magnetic equivalence of the vinyl protons. o
" L.R. (KBr pellet, cm™') 2960 (m), 1580 (s), 1480 (s), 1440 (m),
1360 (m), 1255 (m), 1023 (s), 980 (s), 735 (VS’,.GQO (vs). |
Elemental analysis. Calculated for CIZHIGHQS: C, 36.68; H, 4.10;
Hg, 51.05; S, 8.16. Found: C, 36.71; H, 4.16; S, 8.12,
UV-VIS (hexane) A

max
The product vinylmercury mercaptide was found to be indefinitely

= 248,232 nm, Tail apparent to 380 nm.

stable to room light in the solid state. In solution or in the melt,
however, rapid mercury metal precipitation accompanied exposure to sun
or.room light. Thus, when ii was necessary to handle these compounds in
solution (i.e., during isolation, purification) the room was near1y
dafkened and a trace of di-t-butyl nitroxide added as a stabilizer.
Vinylmercury mercaptides cannot be analyzed by G.L.C. When (E)-
3,3-dimethy1-l-buteny]mercuny thiophenoxide in acetone was injected
(injector temp. 250°C) on 5% 0V-3/Chromosorb W at 120°c,,on1y (E)-3,3-
dimethyl-1-butenyl phenyl sulfide (ca. 30%) was eluted (identified by

" retention time).

9. - Preparation of (E)-1-pentenylmercury thiophenoxide

~ In subdued 1ight (E)-1-pentenylimercury chlo;ide (0.5 g, 1.64 mmo1)
was added to a stirred solution containing potassium t-butoxide (0.2 g,
'1.78 mmol1), thiophenol (0.2 g, 1.85 mmo1), and di-t-butyl nitroxide
(2 me1, 1.9 mg, 0.093 mm01) in 10 ml nitfogen-purged DMSO. After
5 minutes, the solution was poured into 100 m1 water containing ]0 g

potassium carbonate and 5 g sodium chloride. The product was extracted
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with ether, thé extract washed with aqueous:cdrbonate, dried (MgSO4)
aﬁd cdhcgntrated.under asﬁirator vacuum, and the resulting di] maintained
.for llhour under an oi1-pump~vacuum‘to_remove traces of di-t-butyl
nitroxide. This oil (0.58 g, 94% crude yield) wés found to precipitate
mercury metal with brief exposure to light. An écceptable eiementa] |
analysis was obtained by.shippihg the oil in an aluminum foii-wrapped
ampoule. |

1H N.M.R. (CDC13, 8) 5H (m) 7.5-7. 9, 2H (m) '5.8-5, 9 2H (m) 1.9-
2. 3, 24 (m) 1. 1-1.7, 3H (t) 0.9 (J = 6 5 Hz),

I.R. (neat, NaCl plates, cm,l) 3070 (w), 2960 (vs), 2930 (vs),
2880 (s), 1600 (w), 1580 (vs), 1480 (vs), 1465 (m), 1440 (s), 1380 (w),
_ 1340 (w), 1300 (w), 1275 (w), 1190 (m), 1080 (s), 1065 (w), 1025 (s),
980 (s), 890 (w), 735 (vs), 690 (vs).
" Elemental analysis. Calculated for CyqHygHeS: C, 34.87; H, 3.72;
Hg, 52.94; S, 8.46. Found: C, 34.70; H, 3.91,

10, Preparation of (E)-2-phenyl-1-ethenylmercury thiophenoxide

In subdued light (E)-2¥pheny1-1-etheﬁ&]mercury chloride (0. 5.9’

- 1.47 mmo1) was added to a stirred solution conta1n1ng potassium ‘_
t-butox1de (0.2 g, 1.78 mmo]), thiophenol (0.2 g, 1.8 mmol), and di-t-
buty1l n1trox1de (2 m¢l, 1.9 mg, 0.013 mmol)v1n 10 ml n1trogen—purged
DMSO. After 5 minutes, the solution was poured into 100 ml water con-
téining 10 g potassium carbonate and 5 g sodium chloride, and the prod-
uct extracted with ethyl ether. The ethereal extract was washed with

aqueous carbonate, dried (Mgso4), and evaporated under vacuum to afford
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0.61 g (100% yield) of the crude product. The crude solid was recrystai-
lized from warm hexane/benzene cohtéﬁning 3 mol diﬁ!ﬁbuty] nitroxide as
stabilizer'and the resulting needles placed under vacuum at 0.05 torr
for one hour to remove traces of the nitroxide. ‘fhe pure white crystals
(0.52 g, 86% yield) did not demonstrate a melting point (dec. 103-105°C)
and were somewhat sensitive to room'1ight (fhe crystals turned gray over
a:period of 3-5 days). |

TH NLMLR. (CDC15, §) T0H (m) 7.0-7.6, 2H (s) 6.77. Note the
magnetic equivalence of the vinyl protons.

I.R. (KBr pellet, cm™') 3070 (w), 3020 (w), 1600 (w), 1580 (m),
1570 (m), 1500 (m), 1480 (s), 1450 (w), 1445 (s), 1300 (w), 1290 (w),
1215 (w), 1190 (w), 1180 (m), 1090 (m), 1075 (m), 1030 (s), 990 (s),
980 (m), 905 (w), 740 (vs), 730 (vs), 690 (vs), 480 (m).

Elemental analysis. Ca]éu]ated for C]4H12HgS: C, 40.72; H, 2.93;
Hg, 48.58; S, 7.77. Found: C, 40.56; H, 2.84,

11. ‘Prebaratibn of 1-(cyclohexylmethyl)-1-ethenylmercury thiophenoxide

In subdued 1ight, 1-(cyclohexylmethyl)-1-ethenylmercury bromide
(2.0 g, 5.0 mmol) was added with stirring to a solution of potassium-t-
butoxide (0.6 g, 5.3 mmol), thiophenol (0.6 g, 5.5 mmol), and di-t-butyl
nitroxide (5 mcl, 4.8 mg, 0.034 mmol) in 25 ml nitrogen-purged DMSO.
After 5 minutes, the solution was poured in 200 ml of water containing
20 g potassium carbonate and 10 g sodium chloride and then the product
was extracted with ethyl ether. The ethereal extract was washed with
aqueous carbonate, dried (MgS0,;) and concentrated to afford an oil

(2.05 g, 98% yield). Evacuation at 0.05 torr for 1 hour removed traces



" 118

‘of the nitroxide. The resulting oil was not partiCu]aE]y light
sensitive, presumably due to the steric hindrance deactivatihg the
reactI ve sites of mo] ecul es,

TR (coc1g, 6) SH (m) 7.1-7.7, TH (m) 5.63, 1H (m) 5.02,
. 2H (m, broad) 2.32, 11H (m) 0.6-2.0. ,

I.R. (neat, NaCl plates, cm™1) 3070 (w), 2915 (vs), 2855 (s),
1585 (s), 1480 (s), 1452 (m), 1440 (m), 1210 (w), 1085 (m), 1025 (m),
905 (m), 735 (s), 690 (s).

Elemental analysis. Calculated for C,cHyoHgS: C, 41.61; H, 4.66;
S, 7.40; Hg, 46.33. Found:- C, 41.68; H, 4.67; S, 7.65.

12. .Preparation of 2,2-dipheny1etheny1mercuny thiophenoxide

In subdued Tight, 2;Z-dipheny]etﬁeny]mercury bromide (0.5 g,
1.1 mmo1) was dissolved in a stirred solution containing potassium
 t-butoxide (0.2 g, 1.78 mmol), thiophenol (0.2 g, 1.85 mmol), and
di-t-butyl nitroxide (2 mcl, 1.9 mg, 0.013 mmol) in 10 m1 nitrogen-
punged DMSO. After 5 minutes, the solution was poured into 100 ml water
contaiﬁing 10 g potassium carbonate and 5‘g sodium chloride, and then .
| the product was extracted with benzene.  The gxtract was;washed with
aqueous carbonate, dried (MgSO4) and,concentrateﬁ to afford 0,52 ¢
(96% yield) of 2 2-dipheny1eiheny1mercury thiophenoxide as a Tight
ye]]boniI Evacuation for 1 hour at 0.05 torr removed traces of
nitroxide. The oil ‘was light sens1t1ve and was stored in aluminum
foil-covered ampoules.

MNMR.WMH,M]w(M707351Hb)6%
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I.R. (neat, NaCl plates, cm ]) 3060 (m), 3200 (m), 1585 (s),
1500 (s), 1480 (s), 1445 (s), 1220 (w), 1200 (w), 1090 (m), 1030 (m),
925 (w), 900 (w), 825 (w),v760 (vs, 3 peaks), 700 (vs, 2 peaks).
E]émenta] analysis. Calculated for C20H16HgS: C, 49.12; H, 3.30;
Hg, 41.02; S, 6.56. Found: C, 49.09; H, 3.46; S. 6.36.

13. Preparation of 2,2-diphenyl-1-methylethenylmercury thiophenoxide

In subdued Tight, 2,2-diphenyl-1-methylethenylmercury bromide
(0.5 g, 1.05 mmol) was added to a stirred 501ution containing potassium
t-butoxide (0.2 g, 1.78-mm01), thiophenol (0.2 g, 1.8 mmol), and
diQL:butyl nitroxide'(z mcl, 1.9 mg, 0.013 mmol) in 10 ml of nitrogen-
pufged DMSO. After 5 minutes, the solution was'poured into 100 ml water
containing 10 g potassium carbonate and 5 g sodium chloride, and then
the product was extracted with benzene. The extract was washed with
aqueous carbonate, dried (MgSO4), and concentréte& to afford 0.51 g
(91% yield) of a white solid. Recrystallization from warm hexane/
benzene afforded 0.43 g (81% yield) of tﬁe pure 2,2-diphenyl-1-
methylethenylmercury thiophenoxide‘as white needles (m.p. 129-130°C).

"H N.M.R. (CDC1,, 8) 18H (m) 7.0-7.4, 3H (s) 2.12,

I.R. (KBr pellet, cm™') 3080 (w), 3060 (w), 3020 (w), 2940 (w),
2900 (w), 1600 (w), 1580 (m), 1490 (m), 1475 (m), 1440 (s), 1385 (w),
1110 (m), 1085 (m), 1025 (m), 1000 (w), 918'(m),.780 (s), 750 (m),
740 (vs), 700 (vs), 690 (s), 590 (m), 500‘(m), 480 (m).

Elemental analysis. Calculated for C21H]8HgSf C, 50.14; H, 3.61;
Hg, 39.88; S, 6.37, Found: C, 50,03; H, 3.58. |
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14. Preparation of (g)-3,3-dimethy1Ql-butenylmefcury n-thiobutoxide
| In subdued Tight, (g)-3,3-dimethy1-l-butehyImercury chloride (O.SVQ,
1.57 mmo1)-Was added to a stirred so1utiontof pofassihm-ggbutoxide
(0.2 g, 1.78 mmol1), n-butyl mgrcaptan'(0.175 g, 1.9 mmol), and di-t-butyl
nitrokiﬁe‘(z mcl, 1.9 mg, 0.013 mmol) in 10 ml of nifrogen-purged DMSO.
After 5 minutes, the solution was poured into 100 m1 of water containing
10 g‘potassium carbdnate and 5,g sbdium chloride, and then the organic
’product was extracted with ethy1 ether. The ethereal extract was washed
with aqueous‘carbonate, dried (MgSO4), and concentrated under vacuum to
afford 0.59 § (100% yield) of the product as a colorless solid (m.p.
44.5-46°C). | | -
TH N.M.R. (CDCT5, 6) 2H (s) 5.94, 2H (t) 3.03 (J, = 5.5 Hz), 7H (m)
0.7-1.8, 9H (s) 1.07.’ Note the magnetic equivalence of the vinyl
protons. | | .
I.R. (melt, NaCl plates, cm™') 3000 (w), 2970 (vs), 2870 (m),
1600 (w), 1515 (m), 1355 (m), 1260 (w), 1225 (w),v990 (m), 910'(w).

- Elemental analysis. Calculated for C1OH20HQS’ C, 32.21; H, 5.41;
Hg, 53.79; S, 8.60. Found: C, 32.33; H, 5.51,

15. Attempted pféparation of (E)-3,3-dimethyl-1-butenyimercury phenyl

selenide | | |
-(g)-3;3-dimethy1-1-butenylmercury chloride (2.0 g, 6.27 mmol) was

~ added with stirring to a solution containing potaésium t-butoxide

(0.8 g, 7.1 mmo1), phenyl selenol (1.2 g, 7.6 mmol), and di-t-buty]

nitroxide (5 mcl) in 25 m1 DMSO (nitrogen-purged). After 10 minutes,_ 
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’ ;the solution was poured into 250 ml aQueous 10% potassium carbonate and
the organic products extracted with behzené. The extract was washed with
aqueous carbonate, dried'(MgSO4), and concentrated to afford a mixture of
ah oil and a yellow so]id. The o011 and solid were separated by stirring
the crude isolate with 75 ml of‘warm hexane and filtering.the insoluble
yellow solid. The hexane was evaporatgd to afford 1.3 g liquid
determined by Wy N.M.R. to be bis[(g)-3,3-dimethy1-l—butenyl]mercury.
The solid (1.2 g yellow plates) demonstrated only aromatic hydrogeﬁs in
the 'H N.M.R. (7.0-7.6 ppm in CDC13).V A sample was recrysta11ized from -
warm benzene (m.p. 148.5-149°C, 1it. [107] 152-153°C). The elemental
analysis was consistent with mercuric pheny1se1enfde (PhSeHgSePh).

I.R. (KBr pellet, cm']) 3060 (w), 1570 (w), 1470 (w), 1435 (m),
1300 (w), 1060 (w), 1015 (w), 995 (w), 900 (w), 730 (s), 685 (s),
465 (m).

Elemental analysis. Calculated for CIZHIOHQSEZ: C, 28,113 H, 1.97;
Hg, 39.12; Se, 30.80. Found: C, 27.92; H, 2.00; Se, 30.59.

16. Attempted;preparation of pheny]ethyny]mércury thiophenoxide

Potassium t-butoxide (0.6 g, 5.35 mmol) and thiophenol (0.66 g,
5.97 mmol) in 15 ml of njtrogen-purged DMSO was added to a stirred
solution of bis[phenylethynyl]mercury (1.0 g, 2.48 mmol) and mercuric
chloride (0.7 g, 2.58 mmol) in 50 ml nitrogen-purged DMSO. After
'5 minutes, the solution was poured into 250 ml of 10% aqueous potassium
carbonate and the suspension shaken with ethyl ether. A portion of

suspended material was not ether soluble and was-rgmoved by filtration.
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The solid (1.0 g) proved to be mercuric thiophenoxide, PhSHQSPh (m.p.'
150f153fc, 1it, [71] 150-151°C). The ethefea] extract contained the. |
bis[a]kynyl]mercuhy~compound and some PhSHgSPh, | o

An attempt was made to generéte the a]kyny]mercury mercaptide by the
e]ectrqphi1ic attack of thiophenol on the bis[alkynyl] mercurial, |
Bis[phenylethyny]]mercury (2.0 g, 4.97 ﬁmb])'and thiophenol (0.55 gs
- 5.0 mmol1) were dissolved in 25'm1 of benzene and the so]dtion was
| refluxed for one hour under nitrogenp The solution was cooled and ethyl

ether-a&ded; inducing the precipitation of PhSHgSPh (ca. 1 g).

17. Photochemical decomposition'of (g)-3;3-diméthy]~1-buteny1mercury

thiophenoxide: a model procedure

(g)?3,3-Diméthy1-1-buteny1mechry thiophenoxide (1.0 g, 2.55 nmo1l)
was dissolved in 10 m1 nitrogen-purged DMSO, . The solution was stable in
» sdbdued-light, but rapidlyAprecipftated-meta]]ic mercury under the
inflhencevof 275 watt sunlamp fllumination after an induction period of
1or2 minutes. The sun]amp'was generally placed 6-10 inches from the
Pyrex reaéfion flask. External coolihg was not employed. Ambient
reaction temperatures were within:the range‘of 26-45°C., Precipitation
of mercury appeared complete in the present reaction after 2 hours,‘but
irradiation was continued for a total of 4 hours. The solution was
'decanfed from the mercuryvbeads into 50 ml brine and the product
extracted with ethyl‘ethef. The ethereal extract was washed with brine
dried (MgSO4), and concentrated under vacuum to afford 0.4829 (98% yield)
'ofv(g)-3;3-dimethy1-1-buteny] pheny1 sulfide as a straw-colored liquid,
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purity >98% by ]H N.M.R. and G.L.C. (1/8" x 5'; 5%'0V-3/Chrohosorb W;
]45.°C)' Thé spectral properties,agreed with the 1iterature'report
[108].

TH N.MLR. (CDC] 6) 5H (m) 7.0-7.4, 2H (s) 6.02, 9H (s) 1.08. Note
the magnet1c equ1va1ence of the vinyl protons,

I.R. (neat, NaCl plates, cm’]) 2960 (s), 1590 (m), 1480 (m),

1440 (m), 1360 (m), 1265 (w), 1090 (w), 1030 (m), 955 (m, broad),
834 (w), 737 (s), 990 (m).

M.S. The present ion, m/e = 192, was observed.

The conversion of alkenylmercury mercapt1des to alkenyl sulfides
a]so proceeded well in volatile solvents more amenable to simple workup
procedures, Thus, (E)-3,3-dimethyl-1-butenylmercury thiophenoxide
(1.2 g, 3.06 mmo1) in 50 m1 ethyl ether under nitrogen decomposed with
15.5 hours of sunlamp irradiation. The ether soiution was decanted from
~ the mercury bead and the mercury rinsed with a little ether. Concen-
tration'of the combined ether porﬁions afforded 0.58 g (98% yield) of
the desired vinyl phenyl sulfide as a yellow o0il., G.L.C. and ]H N.M.R.
revealed a small impurity (ca. 2%):

| Benzéne proved to be superior to ether as a reaction solvent.
(g)-3,3-dimethyl-l-butenylmerCury thiophenoxide (1.0 g, 2.55vmmol) in
20 ml benzene under.nitrogen was decompbsed by 3 hours of sunlamp
irradiation. Workup afforded 0,49 g (100% yield) of the desired sulfide
as a light yellow oil (purity >98%). The yellow tinge was removed by
eSsentia]]y'quantitative Kugelrohr shortpath disti11ation (47-50°C/

0.02 torr/0.48 g pure colorless product recovered),
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-18. Photodecomposition of 2.2-diphenylethenylmercury thiophenoxide.

2,2-DiphenylethenyImgrcury thiophenoxide (2.0 g, 4.2 mmdl) was
dissolved in 35 ml of nitrogen?purgéd'behzene and was gently stirred
while being irradiated by a 275 watt sunlamp for 15.5 hours. WOrkup
| afforded 1.2 g (100% yield) of 2,2-diphenylethenyl phenyl sulfide (purity
| >98%) as a straw-colored liquid. This compound has been reported
previously [109]. '

TH N.M.R. (CDC14, 8) 15H (m) 7.15-7.5, 1H (s) 6.88.

I.R. (neat,'NaCI plates, cm']) 3060 (m), 3020 (w), 1580 (m),
1490 (m), 1480 (m), 1440 (s), 1080 (w), 1070 (w), 1020 (m), 930 (w),
900 (w), 810 (w), 760 (s), 750 (s), 735 (s), 715 (m), 690 (vs).

M.S. Calculated for CZOHTGS’ 288.09728. Meésured: 288.09633.
Error: 3.3 ppm.

19. Phstodecomposition of 2,2-diphenyl-1-methylethenyl thiophenoxide

~ 2,2-Dipheny1-1-methylethenyl thiophenoxide (0.92 g, 1.83 mmol) in
20 m) nitrogen-purged benzene was decomposed by 10 hours of sunlamp
irradiation. Workup afforded 0.56 g (100% yield) of the expected
2,2-dipheny1-1-methylethenylphenyl su]fide'(purity >98%) as an oil.
This compound -has been previously reported [1091. A

T N.M.R. (CDCT5, 8) 15H (m) 7.1-7.5, 3H (s) 1.98.

" IL.R. (neat, NaCl plates, cm™') 3080 (w), 3060 (m), 3020 (w),
1600l(w), 1575 (m),,1490 (m), 1475 (s), 1440 (s),'1120 (w), 1075 (w),
1020 (m), 1005 (m), 905 (m), 740 (vs), 700 (vs). ..
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M.S, Calculated for C21H18$: 302,11293. Measuréd: 302.11423.
Error: 4.3 ppm.

20. Photodecomposition of'(§)-3,3;dimethy1-1—Buteny1mercury

n-thiobutoxide

(E)-3,3-Dimethy1-1-butenylmercury n-thiobutoxide (1.1 g, 2.95 mmol)
in 25'm1 of nitrogen-purged benzene was decomposed by 6 hours of sunlamp
irradiation. Workup afforded 0.51 g (100% yield) of the desired
(E)-3,3-dimethyl-1-butenyl phény] sulfide (purity >98%) as an oil. This
compound has been reported in the literature [110].

TH N.M.R, (CDC13, §) 1H (d) 5.84 (JH = 15.5 Hz), 1H (d) 5.63
(JH = 15.5 Hz), 2H (t, broad) 2.64 (JH'= 6.5 Hz), 7H (m, broad) 0.7-1.75,
9H (s) 1.02.

| I.R. (neat, NaCl plates, cm']) 2970 (vs), 2880 (m), 1610 (w),
1520 (m), 1370 (m), 1270 (m), 950 (m), 920 (w), 840 (w), 740 (w).

~ M.S. Calculated for C]OHZOS: 172.12858., Measured: - 172,12790.
Errof: -3.9 ppm.

21. Photodecomposition of (E)-2-phenyl-1-ethenylmercury thiophenoxide

(E)-Z-Phenyl-1-etheny1mercury thiophénoxide:(].] g, 2.67 mmol) in
20 ml ﬁitrogen-purged benzene was decomposed by 6 hours of sunlamp
irrédiation. Workup provided the desired 2-phenyl-1-ethenyl phenyl
sulfide (0.57 g oil, 100% yield) as a mixture of E and Z_isomefs (purity
>98%). Both isomers were apparent in the 100 M Hz 1H N.M.R. by their
distinctive vinyl hydrogen;. Integration of the vinyl region indicated

a ratio of 91 E:9 Z. Separation of the isomers was achieved on a 30



126

metér'g]ass capillary G.L.C; column loaded with SE-30 at 214°C.‘ Thg'g
isomer eluted fifst., By peak.integration the isomer ratio was 91'§;9 Z.
1 N;M.R. (100 M Hz,:CDC13,'6) §_+‘g_isbmer5510H (m) 7.1-7.55.
E isomer: 1H (d) 6.83 (JH'= 15 Hz), 1H (d) 6.70 (JH = 15 Hz).
Z isomer: 1H (d) 6.55 (J,, = 10 Hz), TH (d) 6.46 (J, = 10 Hz).

" I.R. (E + Z isomers, neat, NaCl plates, cen™1) 3070 (w), 3035 (w),

1600 (m), 1590 (m), 1575 (w), 1500 (w), 1480 (s), 1450 (m), 1442 (m),

1090 (w), 1070 (w), 1025 (w), 945 (s), 740 (VS), 690 (vs).

.S, CalcuTated for Cygih,S: 212.06597. Measured: 212.06535.

Erro§: -2.9 ppm. | ;
The isomeric mixture was distilled (Kugelrohr, 97°C/0.02 torr) to

afford 0.563 g‘color1ess liquid (99%vyie1d). 2-Pheny1-1-theny1pheny1

sulfide has been reborted in the 1iterature‘[92].

- 22. Phdtodecomposition of-(E)-]Qpentenyﬂmercury thiophenoxide

(E)~-1-Pentenylmercury thidphenoxide'(B.Z g, 8.45 mmol) in 50 ml
nitrogen-purged benzene was decomposed with 4 hours of sunlamp

irradiation. Workup afforded 1.5 g (100% yield) of the 1-pentenyl phenyl

sulfide as a 1ight,yellow oil (purity >98%). G.L.C. on a 30 meter glass

capfl?any column Toaded with SE-30 at 145°C revealed two isomers in a - 5
46:54 ratio (the lower abundance isomer é]uted first). Unfoftunately, |
the 'H N.M.R. was complex and the isomers were not assigned.

T4 N.M.R. (mixture of E and Z isomers, coé13, §) 5H (m) 7.0-7.4,
2H (m) 5.5-6.25, 2H (m) 1;9-2.4, 2H (m) 1.1-1.7.:3H_(m) 0.7-1.05.
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I.R. (mixture ofig_and Z isomers, neat, NaCl plates, cm']) 3070 (w,
2 peaks); 3050 (w), 2960 (s), 2880 (m), 1590 (m), 1480 (s), 1440 (s),
1090 (m), 1026 (m), 950 (m), 735 (s), 688 (s).
| M.S. Caicuiated for c]1H14S: 178.08163. Measured: 178.08130.
Error' -1.5 ppm. |
1- Penteny] pheny1 su1f1de has been reported in the 11terature [111].

23. .Photodecomposition of 1-(cyc1ohexy1methj])—1—etheny1mercury

thiophenoxide

1-(Cyclohexyimethyl)-1-ethenylmercury thiophenoxide (1.5 g,
3.47 mmo1) in 20 ml nitrogen-purged benzene was irradiated for 2 hours
by a 275 watt sunlamp placed 4 inches from tho Pyrex reaction vessel.
A hegligib]e amount of mercury‘precipitated; The reaction was
subsequentIy irradiated for 5.5 hours in a Rayonet RPR-100 photoreactor
equipped with fourteen "350 nm" bulbs, Under these conditions, mercury
precipitated rapidly. Workup afforded 0.8 g of yellow oil determined by
G.C.M.S. to contain ca. 80% of the desired 1—(cyclohexy1methyl)-1-etheny1
phenyl sulfide and ca. 20% of ah onidentified component, m/e = 248 =
parent ion. The - desired product was not purified since the mixture was
not easily resolved by G.L.C. or T.L.C.

Ty N.M.R. (mixture of compounds, CDc13, §) 5H (m) 7.33, 1H (s)
5.06, 1H (s, broad) 4.83, 13H (m) 0.5-2.3. '

I R. (mixture of compounds, neat, NaCl p]ates, cm 1) 3080 (w),
2940 (ys),.2860 (s), 1615 (w), 1590 (w), 1480 (m), 1440 (m), 1450 (m),
1025 (w), 745 (m), 690 (s).
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24. .Photodecomposition of phehylmercury thiophenoxide

Pheny]mercuny thlophenox1de (1.0 g, 2.59 mmol) was dissolved in
: 20 ml n1trogen-purged benzene and 1rrad1ated for 15 hours with a sun]amp
placed 10 1n¢hes from the Pyrex reaction vessel. iny a trace of mercury
prééipjtated. Irradiation in a Rayonet RPR-100 reactor (equipped with
fourteen "350 nm" bulbs) for 9 hours induced what appeared to be complete
mercury precipitation. The solution was decanted'from the mercury and
concentrated to afford 0.66 g of orange oil, Quantitative G.L.C.
(1/8" x 5'; 5% 0V-3 on Chromosorb W; 160°C) revealed 2% yield (max1mum
Timit) of diphenyl su1f1de (biphenyl was: employed as an 1ntegrat1on
standard; molar resbonse rétio.= 1.0). The identification of the
presumed diphenyl sulfide was based on retention matching on 5% OV-3 and
5% FFAP columns at several tempefatures. }

A similar experiment employing 25 m1 DMSO (nitrogen-purged) as
solvent and a 25 hour Rayonet irradiation period.afforded 0.68 g crude

orange 0il found to contain no diphenyl sulfide by G.L.C.

25. Photodecomposition of benzylmercunyAthiophenoxide

‘Benzylmercury thiophenoxide (1.0 g, 2.5 mmol) in 20 m]‘nitrdgen-
purged_benzene was irradiated for 15.5 hours with a sunlamp placed
10 inches'from the reaction vessel. Some precipitétion of mercury metal
wasiobserved. Workup afforded 0.88 g of White solid. ~Quantifative W
N.M.R. revealed a complex mixture including the starting thiophenpiide'
(66%)_and benzyl phenyl su]fidé (2% maximum). The benzyl phenyl sulfide
was identifiedvby the methy1ene'absorption (4.12 ppm in CDCI3) which

corresponds to that of the authentic compound.
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26. Effect of di-t-butylnitroxide on the photodecomposition of

(g)-3,3-dimethy1-1-butenylmercury thiophenoxide

~ (E)-3,3-Dimethyl-1-butenylmercury thiophenoxide (1.2 g, 3.06 mmol)
was'dissdlved in 50 ‘m1 dry nitrogen-purged DMSO éontaining di-t-butyl-
' hitroxide (22 mg, 0.15 mmo1) in a Pyrex flask equipped with water_coo]ing“
from an internal cold finger'and a magnetic stir bar. The ?eaction
vessel was placed at the center of a Rayonet RPR-100 photoreactor
equipped with fourteeh “350 nm" bulbs. The reactionAfIask was cooled
with 25°C circulating water, a]thohgh,therma] lag allowed reaction
solutions to warm to about 27-28°C, A 30 minutg,irradiatioh period
induced no precipitation of mercury metal. The solution was poured into
brine and l.l.g (92%) of the unreacted alkenylmercury mercaptide
fecovered by ether extraction. No (E)-3,3-dimethyl-1-butenyl phenyl
sulfide was isolated. |

Four control reactions were performed (no inhibitor was added). 1In

each case after the 30 minute irradiation period, 3 mcl of di-t-butyl-
nitroxide was added to quench any reaction and allow the organic
residues. to be extracted from brine with ethyl ether, 'The yield distri-

butions were (product:starting mercurial) 87:13, 80:10, 63:26, 70:25.

27. Effect of oxygen on the phofodecomposition of (E)-3,3-dimethyl-1-

butenylmercury thiophenoxide

(E)-3,3-Dimethy1-1-butenylmercury thiophenoxide (1.2 g, 3.06 mmo1)
in 50 m1 oxygen-saturated DMSO (oxygen saturation was maintained'by the

'rapid discharge of an oxygen stream from a glass frit placed at the
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bottom oflthe reaction vessel) was irradiated for 30 m%nutes in the
appéfatus'described above'(pért 26, this section). The usual workup
-afforded a mixture of the start1ng mercur1a1 (92%) and (E) 3,3-dimethyl-
.1 butenyl phenyl sulfide (5%) as determ1ned by quant1tat1ve N.M.R.

cOntr01 ‘reactions described previously (part 26 this section) resu1ted

in an average 75% yield product and 19% yield start1ng mercurial.

28. Effects of added salts on the photodecomposition of (E)-3,3-

dimethy]-]-buteny]mercurx!thiqphenoxide

The (E)r3,3—dimethy1-1-bﬁteny1mercury'thiophendxide (1.2 g,
3.06 mmo1) and the sdlt'(consult’Table X) were djssdlved in 50 m1 dry
nitrogen-purgediDMSO and the solution irradjafed for 30 minutes in the
apbaratus described above (parf 26, this section). When the irrédiatibn
period was over, the reaction was quenched with 3 mol di-t-butyl-.
' nitroxidé and the solution poured into brine. The products-wefe
eXtracted with ether and -the extract washed with-hrine, dried (MgSO4)
. and éoncentrated to afford a mixturg containing only the starting
mercuria] and (E)-3,3-dimethyl-1-butenyl phenyl sulfide in yields
determined by quantitative ]H N.M.R. (see Table X). Cbmparison with
control experiments (part 26 this section ahd Tablé X) revealed that
the photodecomposition is strongly inhibited by mercaptide ion and
Tithium 2-nitropropanate. The potassium salt of diethyl phosphite and
. the sodium salt of p-toluenesulfinic acid also inhibit the reaction

significant]y.
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.29, Effect of added thiophenol on the'photodecomposition of

(E)-3,3-dimethyl-1-butenyimercury thiophenoxide

~ (E)-3,3-Dimethy1-1-butenylmercury thiophenoxide (1.2 g, 3.06 mmol)
and thiophenol (0.38 g, 3.4 mmol) were dissolved in 15 ml nitrogen-purged
benzene and the solution irradiated for 1.5 hours with a 275 watt sunlamp
piaced 8 inches from the Pyrex reaction vessel. Rapid precipitatibn of
metallic mercury commenced after 1 minﬁte. When irradiation was
complete, the solution was decanted from the mercury beads and concen-
trated (0.05 torr, 30 minutes) to afford 0.59 g (100% yie1d) of the pure
(E)~3,3-dimethyl-1-butenyl phenyl sulfide.

| Similarly, the alkenylmercury thiophenoxide (80 mg, 0,02 mmol) and
thiophenol (43 mg, 0.039 mmol) in 0.5 ml d6-DMSO reacted under the
inf]dence'of Tight in a Pyrex N.M.R. tube to cleanly afford the vinyl
phenyl sulfide and unchanged thiophenol (the acidic proton is observed
before and after irradiation). No 3,3-dimethyl-1-butene was formed. If
1 mol di-gybUtyl nitroxide was added to the unreacted reagents in the
N.M.R. tube and the.tube heated to 60°C in an oil bath in subdued Tight,
an appfeciab]e amount (32% yield after 30 minutes) of 3,3-dimethyl-1-

butene could be observed.

30. Effect of added phenyl disulfide on the photodetomposition of
(E)-3,3-dimethy1-1-butenylmercury thiophenoxide-

Phenyl disulfide (0.8 g, 3.7 mmol), (E)-3,3-dimethyl-1-butenyl-
mercury chioridé (1.1 g, 3.4 mmol), and sodium thiophenoxide (0.4 g,

3.0 mmo1) were dissolved in 20 ml nitrogen-purged DMSO. This solution
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of phenj] disulfidé and jg_gi;gfgenerated‘alkenylmércury,thiophenoxide.:
. was irradiéted}for 2 hours in4a Raybhet reactor (fourteen "350 nm"
Hbu]bs). Only a trace of mercuﬁy metalvpreéipitated. The solution was
'pbured into brine and'organic products éxtraéted with ethyl ether. A
qyantity (ca. 1g) of ether-insoluble precipitate’was collected hy
| filtration and proved to be PhSHgSPh. fhe ethereso1ubje material}was
determined by quantitative ]H N.M.R. to contain an 88% yield of |
(g)-3,3-dimethy1-l-butenyl phenyl sulfide, No alkenylmercuny

thiobhenoxide was detected.

31. Photostability of some vinyl mercurials

The.following vinyl mercurials (1.0 g) were found to be photostab]e
~in a'Rayonet reactor (350 nm Iight) diéso]ved in 20 ml nitrogen-purged
so]Vent:(g)-3,3-dimethy1-1—byteny1mercury acetate (in benzene) for

6 hours, (g)-3,3-dimethy1-1-buteny1mercury.ch]oride (in DMSO) for

.,3 hours, bis[2,2-diphenylethenyl]mercury (in benzene) for 20 hodrs; and

2,2-diphenylethenylmercury bromide (1h benzehe) for 12 hours. -

32.. Photoreaction of (E)-3,3-dimethyl-1-butenylmercury acetate with

thiopheno1 o , |
(E)-3,3-Dimethy1-1-butenylmercury acetate (0.5 g, 1.46 mmol) and
thioﬁhenoi (0.183'5, 1.66 mmol) were dissolved in 20 ml of nitrogen-
purged benzene and irradiated with a 275 wattvsunlamp p]aced:approxi-
J mately 8. inches from the Pyrex reaction vessel for 3 hours. After the
first minute of irradiation, mercury metal began to precipitate. The 

vsolution was decanted from the mercury beads and concentrated.
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Evacuation at 0.1 torr (25°C) for 1 hour to remove traces of acetic acid
and thiophenol afforded 0.28 g (100% yield) of 4 N.M.R.épure (E)-3,3-
~ dimethyl-1-butenyl phenyl sulfide. |

In an N.M.R. tube (g)-3,3-dimethy1-1-bufenylmercury acetate
(0.13 g, 0.38 mmol), fhiopheno] (0,041 m1, 0,4 mmo1), and di-ggbqty1
nitroxide (0.1 mc1 added as a stabilizer) were dissolved in 0.5 ml dg-

]H N.M.R. spectrum revealed a quantitative conversion to

benzene. The
(g)-3,3-dimethy1-1—buteny]mercury thiophenoxide and acetic acid (IH,

11.93 ppm; 3H, 1.62 ppm).

33, Photoreaction of (E)-3,3-dimethyl1-1-butenylmercury chloride with

thjopheno]

(E)-3,3-Dimethy1-1-butenylmercury chloride (1.0 g, 3.1 mmo1) and
thiophenol (0.44 g, 4 mmol) were dissolved in 25 ml1 of nitrogen-purged
benzene containing 0.8 g of sodium bicarbonate suspended by the action
of gently stirring. Bubbles of carbon dioxide were observed for several
minutes. The slurry was irradiated for 17 hours with a 275 watt sunlamp
placed 8 inches from the Pyrex reaction flask. After the first few
minutes of irradiation, mercury metal was observed to precipitate. The
solution was decanted from the sa1t/mercury metal residue. The residue
was rinsed once with benzene. The combined behzené solution was concen- -
tfateq under vacuum (0.1 torr/25°c for 1 hour to remove excess
thiophenol) to afford 0.59 g (99% yield) of (E)-3,3-dimethyl-1-butenyl
phenyl sulfide (1H N.M.R.-puré) as a light yellow oil.
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34. Photoreaction of benzyl mercaptan with (E)-3,3-dimethyl-1-

butenylmercury acetate or chloride

(E) 3 3-Dimethy1 -1- buteny]mercury acetate (0 5 g, 1,46 mmo1) and
benzy1 mercaptan (0 19 g, 1.54 mmo1) were dissolved in 20 m1 nitrogen-
purged benzene and the solution irradiated for 18 hours with a sunlamp.
Norkup afforded a mfxture of an oil-and a solid (PhSHgSPh). The §olid
was removed by taking the mixture up in warm hexane and‘fi1tering. The
hexane solution was concentrated under vacuum to'afford 0.29 g (97%
yield) of N.M.R.-pure (E)-3,3-dimethy1-1-butenyl benzyl sulfide as a
light yellow oil. The yellow color was removed by Kugelrohr distillation
(58460°C/0.015 torr) to obtain 0.28 g (93% yield) colof]ess Tiquid.

]H N.M.R. (CDCTa, §) 5H (m) 7,33, 1H (d) 5.88 (JH = 16 Hz), 1H (d)
5.75 (J = 16 Hz), 2H (s) 3.73, 9H (s) 0.96.

" LR. (neat, NaCl plates, cm™') 3040 (m), 2960 (vs), 2900 (m),
2870‘(m),.1600 (w), 1500 (m), 1450 (m), 1360 (m), 1250 (m), 1070 (w),
1025 (w), 945 (m), 820 (), 760 (w), 650 (s). o
A M.S. Ca]cu]ated for C13H18$: 206.11293, Measured: 206.11321.
Error: 1.4 ppﬁ.
Elemental analysis. Calculated for‘C]3H185: c, 75.67; H, 8.79;
s, 15.54, Found: C, 75.51; H, 8.61. o

The alkenyl benzyl sulfide was also prepared by the photoreaction of o

(E)-3,3-dimethyl-1-butenylmercury chloride (1.0 g, 3.1 mmol) with benzy1
mércaptan (0.5 g, 4 mmo1) in 25 ml nitrogen-purged benzene in which-].s g
of sodium bicarbonate was suspended by gentle stirring. After §,hours of

§unlamp irradiation, the solution was decanted into 100 ml of 10% aqueous
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potassium carbonate (to remove excess mercaptan) and the product
extracted with ether. The ether extract afforded, after‘Kugelrohr
distillation (60-62°C/0.02 torr), 0.41 g (64% yield) of the pure
(E)-3,3-dimethyl-1-butenyl benzyl sulfide.

35. Photoreaction of n-butyl mercaptan and (E)-2-phenyl-1-ethenyl-

mercury chloride

(E)-2-Pheny1~1-ethenylmercury chloride (1,0 g, 2.95 nmol) was
dissolved in 25 ml of nitrogen-purged benzene containing n-butane thiol
(0.28 g, 3.1 mﬁol) and 1.0 g of sodium bicarbonate suspended by gentle
stirring. The mixture"was irradiated with a sunlamp for 3 hours. The
solution was then decanted from the residue and the residue rinsed with
a little benzene. Concentration of the combined benzene solution under -
vacuum afforded 0.57 g (100% yield) of N.M.R.-pure (g)-z-pheny1-1-
ethenyl gfbutyl sulfide as a light yellow 1fquid. This sulfide has
been reported in the literature [112].

TH NM.R. (CDC1,, 8) 5H (m) 7.15-7.6, TH (d) 6.68 (J,, = 15 Hz),
TH (d) 6.42'(JH = 15 Hz), 2H (m) 2.65-3,2, 7H (m) 0.7-2.0,

I.R. (neat, NaCl plates,-cm']) 3020 (w), 2960 (s), 2930 (s),
2870 (m), 1590 (w), 935 (s), 910 (w), 730 (vs), 690 (s).

M.S. Ca]culated for C]2H165: 192.09728, ‘Méasured: 192,09799.
Error: 3.7 pﬁm. '
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36. Photoreaction of t-butyl ‘mercaptan and (E)-3,3-dimethyl-1-

butenylmercury chloride

(E)-3,3-Dimethy1~1-butenyimercury chloride (1.0 g, 3.1 mmol) was
‘dissolved in 25 ml of nitrogen-purged benzene containing t-butyl
_mercéptan (0.32 g, 3.5 mmo1) and 1.0 g'of sodium“bicarbonate suspended
with genfle stirring. The mixture was_irradiatéd'ﬁith a sunlamp for
15 hours. Workup afforded a mixture of an oil and'a solid
. ((L;Bu)zﬂg) which was resolved by taking up the 0il1 in warm hexane and
filtering off the solid mercury sait. Concentrafion of the hexane
solution afforded 0.53 g (100% yig]d)_of N.M.R.-pure (g)-3,3-dimethy1-.
1-butenyl t-butyl sulfide as a Iight yellow liquid. This sulfide has
been repbrted in the literature [113]. |

TH NM.R. (CDCT4, 8) 2H () 5.96, 9H (s) 1.30, 9H (s) 1.03. Note
the magnetic equivalence of the vinyl protons.
 LR. (neat, NaCl plates, ¢m™1) 3020 (w), 2960 (vs), 2900 (s),

2860 (s), 1465 (m), 1450 (s), 1360 (s), 1155 (s), 950 (m).
M.S; Calculated for C10H205: 172.12858. Measured: 172,12857. |

Error: -0.1 ppm,

37. Photoreaction of thiophenol and (E)-2-(acetyloxy)-1-ethyl-1-

butenylimercury chloride

(E)-2-(Acetyloxy)-1-ethyl-1-butenylmercury chloride (1.0 g,
2.65 mmoi) was dissolved in 25 ml of nitrogen-purged benzene containing
thiophenol (0.32 g, 2.9 mmol1) and 1.0 g of sodium bicarbonate suspended

with gentlevstirring. The mixture was ifradiated with a.suhlamp'for
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11 hours. Workup afforded 0.72 g of a crude yellow o0il determined to
confain a 98% yield of the anticipated alkenyl 'sulfide by quantitéti?e
TH N.MLR. Kugélrohr distil]atiqn_(78-80°C/0ﬂ015'torr) yielded 0.61 g
,(92% yig]d) of the pure 2-(acef¥1oxy)-1-ethy1-1-buteny1 phenyl sulfide
as a co]of]ess 0il. The sterepchemistry of the product was. not
determined. | “

TH N.M.R. (CDC1,4, 6) BH (m) 7.0-7.5, 2H (quartet) 2,66 (3, = 7 Hz),
2H (quartet) 2.14 (J, = 7 Hz), 3H (s) 2,18, 3H (t) 1.02 (3, = 7 Hz),
3H (t) 0.99 (JH = 7 Hz).

I.R. (neat, NaCl plates, cm']) 3060 (w), 2980 (m), 2940 (w),
2880 (w), 1750 (vs), 1640 (w), 1580 (w), 1470 (m), 1450 (w), 1430 (m),’
1365 (m), 1220 (vs), 1170 (vs), 1105 (s), f030 (m), 1005 (w), 900 (w),
730 (s), 680 (m). ,

M.S. Calculated for C]4H1802$; 250.10276. Measured: 250.10309.
Error: 1.3 ppm.

Elemental analysis. Calculated for C]4H]8025: C, 67.165 H, 7.25;
0, 12.78; S, 12.81. Found: - C, 67,40; H, 7.41. |

38. Photoreaction of (E)-2-chloro-3-hydroxy-1-propenylmercury chloride

with thiophenol

(E)-2-Chloro-3-hydroxy-1-propenylmercury ch]okide (1.0 g, 3.05 mmol)
was dissolved in 25 ml of nitrpgen-purged benzene containing thiophenol
(O.33 g, 3 mmol1) and 1.0 g of solid sodium bicarbonate suspended with
gentle stirring. The mixture was irradiatéd for 5.25 hours with a

sunlamp. Workup afforded 0.77 g crude yellow oil. - Kugelrohr
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_distillation (100-103°C/0.01 torr) yielded 0,375 g (61%) pure 2-chloro-
3-hydroxy-1-propeny1 phenyl sulfide as a colorless 011. The stereo- |
~ chemistry of the prdduct was not‘deteﬁmined. Sigﬁificént yield reduction
was due to thermai decompoSition during distillation. The combound was
rather thermally unstable even at room témperature (after a few days; the
| 0il had decdmposéd to a red;bfown tar), so a satisfactory elemental
analysis could not be obtained.
TH N.M.R. (CDCT4, 8) BH (s) 7.27, TH (s) 6.40, 2H (s) 4.42,
H (s, broad) 3.05 (variable). .

" I.R. (neat, NaCl plates, cm-]) 3350 (s, broad), 3050 (w), 2920 (w),
2860 (w), 1575 (m), 1470 (s); 1430 (s), 1055 (s), 1020 (s), 810 (m),
730 (s), 680 (s). S

M.S. Ca1cﬁ1ated for CgHQCIOS- 200,00727. Méasured: 200.0058.
‘Error: -2.2 ppm. ' '

39. Photoreaction of ethenylmercury chloride and thiophenol

Ethenylmercury chloride (1,0 g, 3.8 mmol) was dissolved in 25 ml of
ni}rogen-purged benzene containing'thiophéno1 (0.44 g, 4.0 mmol) and
‘1.0 g of solid sodium biéarbonate suspended with gentle stirring. The

mixture was irradiated for 3 hours. Workup afforded 0.52 g (100% yield)

- of N.M.R.-pure ethenyl phenyl sulfide és a light yellow oi]..‘This
~ sulfide has been reported in the literature [114].

TH N.M.R. (CDC15, &) 5H (m) 7.1-7.5, TH (doublet of doublets) 6.52
(JH;trans = 17 Hz, JH,cfé = 7 Hz), 1H (d) 5.30 (JH = 7 Hz), 1H_(d)‘5.30
(9y = 17 Hz). |



139

I.R. (neat, NaCl plates; cm™') 3050 (w), 1575 (w), 1020 (w),
950 (w), 900 (w), 730 (s), 675 (w). .
M.S. Calculated for 68H85: 136.03467, Measured: »136.03450.

Error: =-1.2 ppm.

40. Photoreaction of CH36(=0)SH and (g)-3,3-dimethy1-1—buteny]mercury

acetate
‘(g)-3,3-Dimethy1—1-buteny1mercury acetate (0.5 g, ].46>mmol) and
thiolacetic acid (0.16 g, 2.1 mmol1) were dissolved in 20 m1 nitrogen-
purged benzene and irradiated with a sunlamp for 17 hours. Black precip-
itate (presumably HgS) appeared, but no metallic mercury was observed.
The resu]fing black suspension was filtered to afford a colorless solu-
tion which, ubon concentration, afforded 0.22 g of slush containing white
solid and colorless liquid. Kugeirohr distillation (115°C/30 torr)
afforded 0.1 g (43% yield) of a co1or1esé liquid determined to be
(ca. 95% purity) (g)-3,3-dimethy1-1-buteny] acetyl sulfide,
TH N.MLR, (CDCI3, §) 1H (d) 6.42 (JH = 16 Hz), 1H (d) 5.92
(JH = 16 Hz), 3H (s) 2.33, 9H (s).1.07.
I.R. (neat, NaCl plates, cm’]) 3050 (w); 2960 (vs), 2900 (m),
2860 (m), 1700 (vs), 1460 (m), 1360 (s), 1260 (w), 1110 (vs), 950 (vs),
915 (m), 830 (m). | | |
M.S. Calculated for CgH,,0S: 158.07654, Meésured: 158.07658.
Error: 0,3 ppm. |
When a three-fold excess of thidacetic acid was.employed, none of

the expected alkenyl thioacetate was formed, a1thdugh the appearance of
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the react1on was the same as descr1bed above. Evaporat1on of the benzene

solvent afforded only a ch10roform-1nsolub1e wh1te solid.

41. Photoreaction of HSCHZCOOH'and‘(§)¢3,3¥dimethy1-l-butenylmercury

acetate

(§)-3,3-Dimethy1-1-buteny1mencury acetate (0.5 g, 1.46 mmol) and
mercaptoacetic acid (0.15 g, 1.6 mmol) were disselved in-20 ml of
nitrogen-purged benzene. Immediately, a white precipitate formed. After
7 hours of sun1amp irradiation, no mercury metal had precipitated and the

white precipitate remained intact.

- 42, Attempted preparation of 1-alkenyl phenyl ethers from

l-alkenyImercuny sa]ts '

| (E)-3,3- D1methy1 1-butenyimercury acetate (0.5 g, 1.46 mmol) and
phenol (0.2 g, 2.1 mmol) were dissolved in 20 ml of nitrogen-purged
Benzene and the solution irradiated with a sunlamp for 1 hour, Since no |
mercury‘metal was observed to precipitate, the reaction vessel was
placed in a Rayonet RPR-100 reactor (fourteen “350 nm* bu]bs) and the
solution was irradiated for 21 hours., The solution yellowed slightly,
but only a trace of mercuny precip1tated

In another experiment, (E)-3,3-dimethyl-1- buteny]mercury ch]or1de
(l.O_g, 3.0 mmol) was added to a so]ut1on containing potassium
tybutoxide (0.34 g, 3.0 mmol) and phenol (0,3 g, 3.2 mmol) in 50 ml1 of
dny,}nitrogen-purged DMSO. The solution was irradiated for 5 hours 1in
Rayonet reactor (fourteen'"350 nm* bulbs), The.;o]ution graduelly

b]ackened, but only a trace of metallic mercury was observed,
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ITI. PHOTOCHEMICAL REACTIONS OF DISULFIDES, PHENYL DISELENIDE,
AND PHENYL DITELLURIDE WITH VINYLMERCURY HALIDES TO
| FORM VINYL SULFIDES, SELENIDES AND TELLURIDES

A. Introduction

OrQanomercury salts are generally unreactive towards electrophilic
cleavage by reagents such as disulfides [67]. This low reactivity is
readi]y understood in terms of.the weak electron donating ability of
organomercury salts coupled with the weak electrophilicity of the
disulfide [115]. We have found that vinylmercury halides are activated
towards photo-induced "electrophilic" substitution reactions with

disulfides, phenyl diselenide, and phenyl ditelluride.
B. Results and Discussion

1. Reaqtion of disulfides with vinylmercury halides

No reaction occurred between phenyl disulfide and (E)-3,3-dimethyl-
1-butenylmercury chloride upon prolonged heating (50°C) in benzene

solution in the dark. Reaction (Eq 40) occurred quantitatively within

RHgx + RAvvRZ Light, glyg? 4 RZYHgX (40)
R! = vinyl X = halogen (Br, C1)
Y=5, Se, Te

a few hours to afford chloromercury thiophenoxide as a white salt,
nearly benzene-insoluble, and (E)-3,3~dimethyl-1-butenyl phenyl sulfide

(100% yield, see Table XI) under the influence of radiation from an
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Table xf Photoreaction of vinylmercury halides with d1su1f1des, phenyl
. ~diselenide, and phenyl ditelluride

R’ng + RZYYRZ Light plye? + R2yigx

e ' b plyp2

RIHgX ‘RZYYRZ“ 1 Time? (s%elzglgem?szﬁy)
(E)-Me,CCH=CHHGCT PhSSPh ~ 6h 100 (>98% E)
(E)-Me,CCH=CHHGCT | n-BusSBu-n 17 h 100 (>98% E)
(E)-PhCH=CHHgC1 PhSSPh 2h 91 (E:Z=89:11)
(Ph),,C=CHHgBr MeSSMe g8h 00
(Ph),C=CHHgBr i-PrSSPr-i. 24 h 98
CH2=C(H§Br')(9y_c_l_o_-CGHn) MeSSMe 67h . ---C
(E)-Me,COH=CHHGCT CHC(=0)SSC(=0)Me 14 h  ca. 59 (>98% E)
(E)-Me 5CCH=CHHGCT PhSeSePh 2h 95 (>98% E)
CHy=CH,HgC1 PhSeSePh 25h 91
(E)-PhCH=CHHgC1 ~ ~ PhSeSePh, 2h 90 (>98% E)
(E)-MeCCH=CHHGCT PhTeTePH. 18 h 89 (>98% E)®

A pradiation provided by a 275 watt sunlamp positioned 4-8 inches
from the Pyrex reaction vessel, Reactions were performed at ambient
temperatures (25-40°C).

\ ineld of N.M.R.-pure product. Stereochemistry determined by ]H
GMOR' ' : .

“Complex product mixture was obtained. |

dSome (g)-Me3CCH=CHHgC1 and acetyl disulfide were recovered,

€The product decomposed rapidly when exposed to room light and air.
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okdinary 275 watt sunlamp posifioned 4-8 inches from the Pyrex reaction
vessel. After the sunlamp was turned on. thevprecipitation of the
halomercury mercaptide began with1n 5 minutes. Workup consisted of
filtering off the precipitate and remov1ng the benzene to afford a
mixture of the alkenyl sulfide (generally an 0il) and a trace of the
halomercury mercaptide. The mercury salt was easily separated from the
sulfide owihg to the total insolubility of the salt in hexane, The
crude sulfide was 1ight yellow in color, although N.M.R,-pure, G.L.C,
reveajed the presence of ca. 3% phenyl disulfide. Further purification
was achieved by a simple Kugelrohr distillation.

The effects of possible inhibitors were sufveyed. The addition of
- 5-7 mole % di-t-butyl nitroxide to the reaction of (E)-3,3-dimethyl- 1-
buteny]mercury chloride and phenyl disulfide s1gn1f1cant1y delayed
initiation (see Experimental Section). Galvinoxyl (5 mole %), a stable
paramagnetic species and known free radical scavenger, completely
inhibited the reaction for at least 5 hours. Z;G-Di-gybutyl phenol, a
hydrogen ffansfer agent, had a slight retarding effect on the reaction
rate, but did not prevent the clean conversion of starting materials to
products even when aresent in 100 moTe % Oxygen failed to completely
inhibit the reaction, a]though the rate was somewhat retarded. The
: complete description of these experiments is given in the Experimental
Section. | |

ATkyl disulfides were found to react cleanly with vinylmercury
halides. Thus, (5)-3,3-dimethy1-1Fbuteny]mercuny chloride and n-butyl
disulfide afforded a quantitative yieid of (g)?3,3-dimethy1-1-buteny1
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g:buty1 sulfide (Tab1e XI). Methyl disulfide and isopropyl disulfide,
| 1ikewise, reacted with 2.Z-dipheny1etheny1mencury bromide in high yields.
Acetyl disulfide failed to react cleanly, howevek;'and pro]onged‘sun1amp
iffadiation resu]ted in a very low yie]d'(éa. 5%) of (E)-3,3-dimethyl-1-
" butenyl acety] sulfide along with recovered acetyl disulfide and start1ng
mercurial. _ |

(g)-Z-Pheny1-l-ethenylmercury chloride reacted with phenyl disuifide
to give a mixture of E and Z_pfoducts in an 89:11.ratio (Table XI). This
is'essehtiain the same product'distributfon obtained by the photo-
chemi¢a1 decomposition of (g)-z-phényl-1-etheny1mercury thiophenoxide -
described in the previous .chapter (see Table VIII).

The reéction bgtween phenyl disulfide and 1¥(cyc10hexy1methy1)-1-.
etheny]mercuryvbromfde demonstrated the_drématic effect of steric
hindrance at the a-vinyllic positfon (TabTe XI). An irradiation time of
67 hours was required for complete precipitation of the bromomércury
- thiophenoxide salt, Workup afforded a complex mixture containing five
major components by G.L.C. and the crude isolate was not further

analyzed.

2. Reactions of vihylmercury halides with phenyl diselenide and-

pheny] ditelluride

Phenyl diselenide did not react with (E) 3. 3-d1methy1 -1-
buteny]mercury chloride in benzene solution at 50°C in the dark, but
under sunlamp irradiation (E)-B,B-dimethyl-i-butenyl pheny1 selenide
was formed in high yield (Table XI). The réaction was s1owed-by the
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presence'of one equivalent of 2,6-di-§:buty1;phenolg but the vinyl
selenide and starting vinyl mercurial were.recovered after partial
reaction complétion in quantitiés corresponding to complete mass balance
(j;g;, no 3,3-dimethyl-1-butene was.formed) with respect to the starting
viny1mercuny halide, Other vinylmercury halides, ethenylmercury
chloride and (E)-2-phenyl-1-ethenylmercury chloride, also reacted
' photochemicale’to afford the corresponding selenides in high yield
(Table XI). |

The reaction method was extended iﬁ one example to the preparation
of an alkenyl telluride, representative of a virtually unexplored class
of cohpounds. Thus, (E)-3,3-dimethyl-1-butenylmercury chloride reacted
with phenyl ditelluride invbenéene with sunlamp irradiation to afford
(after a shortpath distillation) an 89% yield of pure (E)-3.3-dimethyl-
]-buteny] phenyl telluride (Table XI). Quite unlike thé analogous
sulfides and selenides, this product decomposéd within a few days of
storage exposed to air and room 1light with the precipitation of an
insoluble white solid. A survey of recent literature reveals that
organotellurides of the general form RTePh are known to be sensitive to
photo-oxidation and.that such compounds are be§t,hand1ed_in a photo-

graphic darkroom illuminated by a red 1light [116].

3. Reactions of nonvinylic organomercury halides with phenyl disulfide
Allylmercury chloride reacted in benzene with phenyl disulfide
“over an 18 hour irradiation period with a sunlamp, afforded a 32% yield

of allyl phenyl sulfide (determined by ]H N.M.R. analysis of the crude
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reacfion isoTate); BenzylmerCUry ch]qride and phenyl disu]fidé in
benzene'with ]8.25 hours - of irradigtion iﬁ,a Réyonet RPR-100 reaétor
("350 nn'l'.l light) afforded a crude isolate containing oniy a 3% yield of
benzy] phenyl sulfide (determined by 1H N.M.R.). A benzene solution of
cyclopropy]mercury bromide and phenyl disulfide failed to prec1p1tate
~any bromomercury th1ophenox1de even after 19 hours of Rayonet

. irradiation. Phenylmercury chloride and phenyl disu1f1de in DMSO (the
mercurial is only s1lightly soluble in benzene) afforded no ‘diphenyl
sulfide (determined by G.L.C,) after 22 hours of sunlamp and 3 hours of
Rayonet irradiation. These examp]es serve to illustrate that vinyl-
mercury halides enjoy a special activation towards substitution

reactions by disulfides.

4. Mechanistic considerations

The data allow a selection of the basic operative mechanism.
Scheme 17 outlines a radical chain mechanism employing the basic
features of Scheme 15, the mechanism'for photodecomposition of vinyl-'
. mercury mercaptides. The mercury(I) paramagnetic species, instead of
decomposing to a mercury atom and a radical as iancheme 15, attacks

2y,

R2YYRZ (SHZ displacement) to generate the chain-carrying radical, R°Y*,
and the observed mercury(II) salt. '

' Scheme 19 depicts a mechan1sm in which a v1ny1 radical replaces
halomercury(I) as a chain-carrying spec1es and thiyl attacks mercury(II)

in SH2 fashion.
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“Scheme 18
X = halogen ~Y=S, Se, Te

initiation { ROYYR? <119lt—> 2R2Y -

. Jow Rl YR
RY* + = —— H—H
H HgX HgX
27
propagation% Rl H
. R
27 >, b
H YR
_*HgX + RZYYR® ——> RZY: + XHgYR®
Scheme i9
initiation { RAYYRZ b, pp2y.
o1 1
R\ H R H
| + R%y- > e’/ + ReYHgX
H HgX H

propagation J

1 1 1
R/\__/.”< \ R/\:\. RAvYRZ R\/:\/" . R%y-
_H WooH o yRé
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| Both mechanisms inVo1ve radical chainé, supported‘by‘inhibition‘by
4 free radical scavengers and observed photo-initiation, The proposed
;'initiation process, the photo-fragmentation'of-RZYYkz. is reasonable
since disulfides are we1f»known,the homo]yficaly photo-dissociaté
- [82]. Productiqnlof free radicals by thé fragmentation of the vinyl-
mercury halide cannot be ruled out.

Distinction between tﬁe mechanisms of Schemes 18 and 19 rests upon
“the differences between the proposed vinyl and halomercury(Il) radicals.
Since Vinylic radicals would be expectéd to readily abstract a hydrogen
atom from 2,6-di-§ybuty1 phenol, the.]ack of a powerful inhibitory
effeét on reactions by this hydrogen tréhsfgf‘agenf favors the infer-
mediates'of‘Scheme 18. Thiyl radicals would not be expected to readily
abstract hydrogen from the phenolic oxygen (the bond fobmed is weaker
than the bohd'broken).' Likewiée, the halomercury‘rédica1 is a poor
hydrogen gtOm acceptor [26-29]._ Scheme 17 is aiso favored by the ob-
servatibn that vinyIlmercury halides cleanly react with alkyl disulfides.
It is known that when phenyl radicals are formed by the decompo-
sition of phenyl azotriphenylmethane at 60°C in a solvent compdsed of
'equimolar amounts of carbon tgtrach]oride and isopropyl disulfide, the
_prOduct.distrfbution includes chlorobenzene (41%) and benzene (24%) for
a phenyl radical balance of'65% [117]. Thus, the_maximum possible yield
of isopropy1 phenyl $u1fide-produced is 35% (Scheme 20) and the maximum
ratio of phenyl attack on sulfur to phenyl attack on hydrogen is 1.45} i

However, the reaction between 2,2-dipheny1etheny]mercury bromide and
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Scheme 20

PhCT
(41%)

> Phe

PhNNC(Ph)3

PhH + PhSCH(Me),
(24%)  (<35%)

iSopropy] disuifide (Table XI) afforded a 98% yield of 2,2-diphenyl-
ethenyl isoﬁropyl sulfide. No 2,2fdipheny1ethene was observed. It
‘seems.unreasonable that the Z;Z;diphenerthenyl radical should demon-
strate a completely different reactivity towards isopropyl disulfide
than bhenyI radical. Again, the intermediacy of the halomercury(I)
radiEaI (Scheme 18) is favored,

| The decomposition of intermediate 27 to a mércury(l) radical and
a vinyl sulfide molecule is analogous to the decomposition of 22
discussed in the previous chapter. The halomercury(I) species thus
produced would not be expected to readily dissociate to form a mercury
atom and a halogen étom in contrast to the documented instability of
alkylmercury(I) radicals [26-29]. The dissociation energy for Cl-Hg*
has been measured at 242 kcal mo'l"1 and that of Br-Hg*® at 17%2 kcal
mo]'] [118-120]. These vaides are considerably higher than 7 kcal ho]']
for Me-Hg* [30].

- The proposed reaction of halomercury(I) radicals with disulfides is
analogous to the well~studied reaction of disulfides with the tributyl

6 -1

tin radical (Eq. 41). For R=phenyl, ks=4.5 x 108 M7 sec , while
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| 2k, - ’
(n-Bu),Sn* + RSSR ———> (n-Bu);SnSR # RS - (41)
| fbr R =butyl, ks=5-'5X1°5, M'] sec'] [121]. Thus, the proposed
reéctivity of the-ha1omercuhy(1) species appears reasonable.
: interestfngly, alkyl pheny1 selenides and tellurides are reported
" to be the products of the (thermal) reaction between dialkyl mercurials

| and phenyl diselenide or phenyl ditelluride (Eq. 42) [107], The

| dioxane o
R2Hg + PhYYPh —'FE?T6§—° 2RYPh + Hg (42)

reaction. proceeds at room temperature with excess PhYYPh to yield two
equivalents of alkyl phenyl selenide (telluride) and one equivalent of

meréury(II) selenide (telluride) salt (Eq. 43). The authors

RHg + 2Phyyph -S10XaM€ . oovph +  PhYHgYPh (43)

2 125°C

demonstrated the thermal instability of the merdufy selenide and

telluride salts (Eq. 44), thus clarifying somewhat the transformation

. ' dioxane. o
PhYHgYPh ~vefTux> PhYYPh + Hg (44)

of Equation 42 [107]. The mercury(II) salt, PhYHgYPh, is formed either

by dispropdktionation of alkylmercury selenide (telluride) (Eq. 45) or
2PhYHgR —— R2H9 Af PhYHgYPh . '. | (45)

‘RHgYPh + PhYYPh —> RYPh + PhYHgYPh - N (1))
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by the electrophilic cleavage of the alkylmercury selenide (telluride)
by PhYYPh (Eq. 46), The authors d{d not address the question of |
whether or not reaétion might be occurring via a radical chain
mechanism [107]Aana1ogous,to that operating in the free radical

halogenolysis of alkylmetals [67] (Scheme 21).

Scheme 21
R = alkyl Y = Se, Te
RZHg + PhY* > R + RHgYPh
R* + PhYYPh

> RYPh + PhY*

~ No thermal (dark) reaction was detected between phény] diselenide
and (E)-3,3-dimethyl-1-butenylmercury chloride. Since the light-
initiated reaction was not completely inhibited nor product formation
diverted by the presence of 100 mole %’2.6-di-§fbuty1 phenol (the rate
is marked]y_atteﬁuated, however), the reaction probably does not'
proceed via the vinyl radical nor by the concerted SE2 procesé. Thus,
substitution does not occur by the pathway operative in Equation 42,

The weak inhibition by oxygen of the reaction between vinylmercury

halide and disulfide was unexpected ih Tight of the strong inhibitory
effect exhibited in the photodecomposition of vinylmercury mercaptides.
Thiyl radicals are probably not readily trapped by.oxygen as illustrated
by the oxygen-initiated exchange reaction between thiols and '

disulfides, known to proceed via thiyl radicals (Eq. 47) [122].

PhSH + PhS*-SPh ——> PhS*H + PhSSPh (47)
-—
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Apparently, the other paramagnetic intermediates of Scheme 18, the
mercury(I) radical and 27, are either unréactive towards oxygen or are
vtéo,short-]ives to be efficiently trapped. | |

| Allylcdba]oximes'(bis(dimethy1s]yoximato)a1iy]pyridine-
cobalt(III)) reaét with phenyl disq]fide or phenyl dise]énide by a

radical chain mechanism [123] (Scheme 22). As indicated in the Scheme,

Scheme 22
\\\‘459\\v/,Co(L)n + PhSe —> PhS-\T2¢§> + 'Co(L)n

' 'Co(L)n + PhSSPh ——> PhS* + PhSCo(L)n

complete a11y1ic transposition occurs. The S,,2 displacement on allyl
. “H T

may be concerted or may involve a B-cobalt radical (gg). A similar

| Y'\/CO(L)n
SPh .
28

mechanism can be written for the reaction betwegn allylmercury chloride
and phenyl disulfide. Unfortunately, only a 32% yield of allyl phenyl
sulfide was produced. Similarly, a radical chain substitution by thiyl
of cyclopropylmercury bromidé involving attack on'thé ring and ring
opening (Scheme 23) may be imagined, but the mercurial was unreactive

towards phenyl disulfide.
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Scheme 23

HgBr :
Y —> DS 4 Brige
SPh
PhS* + [>~HgBr

. ' SPh
> ;}-HgBr — 4??\" '+ BrHg®

SPh

As predicted by the mechénism of Scheme 18, benzylmercury chloride
and phenylmercury ch]oriqe do not react with phenyl disulfide to give
benzyl phenyl sulfide and diphenyl sulfide, respectively. The non-'
reactivity of aryl and alkyl mercurials is not easily accommodated by

the alternative mechanism of Scheme 19,
C. Conclusion

A]fhough alkyl- and arylmercury halides are not cleaved by
disulfides even with photo-initiation, viny]mercufy halides rapidly
react under the influence of ordinary sunlamp ifradiation_to provide
halomercury mercaptide salts and vinyl sulfides in high yield. The
exceptional reactivity of vinyl mercdria1s towards cleavage is
attributed to the special activation afforded,these compounds via the
mechanism of Scheme 18. Thus; the photochemical reductive elimination
of vinylmercury mercaptides (Chapter II, Part II of this thesis) and
the cleavage of vinylmercury halides by disulfides are shown to be

linked mechanistically by the intermediacy of B-mefcury radicals (gg
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‘and gZ) which decompose to forﬁ the observed vinyl sulfide produét and .
a chain-carrying mercury(I)‘speciés.

The photo-initiated cleavage of vinylmercury halides was extended
tovinélude pheny1 diselenide and phény] ditelluride. Vinyl selenides
are generally prepared by the e]imination of HX from B-halo selenidesv
[124]. One selenide, (g)-z-pheﬁyl-l-ethenyl phenyl selenide, has been
reportedly prepared by the reaction of phenylselenyl chloride with
(E)-2-phenyl-1-ethenylmercury chloride [124]. (We have been unable to

.obtain the desired product in greater than 25% yield using the
literature procedure, however,) Vinyl tellurides appear to be an
unexplored class of compounds, The instability of many diorgano-
te]]hrium(ll) compounds may.be responsible for the lack of literature in
this area, Owing to the simple workup procedure, ﬁhe present method

. appears to be a satisfactory approach to many of~thése compounds.
D. Experimental Section

1. General considerations

Phenyl ‘disulfide was purchased ffom Co]umbia.and'recrysta]liiéd
before use from ethanol. Methyl disulfide. n-butyl disulfide,
isopropyl disulfide, and phenyl diselenide were purchased from
Aldrich. 2,6-Di-t~butyl phenol was purchased from K and L
Léboratories and galvinoxyl was purchased from Aldrich. Phenyl di-
telluride was obtained from the group of R. J. Aﬁge]ici and is avail-
able from the air oxidation of phenyl telluryl anion [107]. An

authentic sample of allyl phenyl sulfide was prepared by the literature
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method [125]. Cyclopropylmercury bromide was prepared'by James Tanko by
the addition of mercuric bromide to cyclopropylmagnesium bromide in THF
(m.b. 192-193, 1it. [126] 196,5-197.5). Acetyl disulfide was prepared

by a literature procedure [127]. s

2. Photochemical reaction of (E)-3,3-dimethyl-1-butenylmercury chloride

w1th phenyl disulfide

(E)-3,3-Dimethy1-1- butenylmercury chloride (1.0 g, 3.1 mmol) and
phenyl disulfide (0.7 g, 3.2 mmol) were dissolved in 30 ml of nitrogen-
purgedhbenzene in a Pyrex flask equipped with a magnetic stir bar.
Refluxing for 45 minutes induced no apparent change in the solution, but
white precipitate rapid]yiformed when the flask was irradiated with a
sunlamp placed 6 inches from the reaction vessel. After 3 hours of
irradiation, the solution was cooled and filtered. The precipitate was
washed with a 1ittle benzene and the combined benzene solution concen-
trated under vacuum to afford a light yeT]ow 0il containing a little of
. the white solid chloromercury thiophenoxide salt. The oil was (E)-3,3-
dimethyl-1-butenyl phenyl sulfide (100% yield by quantitative ]H
N.M.R.). The solid contaminant was removed by taking the oil up in warm
hexane and fi]terihg. Removal of the hexane followed by a Kugelrohr
disti11ation.(47°C/0.02 torr) afforded the vinyl sulfide as a colorless
oil in 96% yield, |

The use of reflux conditions was found to be unnecessary. The
1ight-induced reaction (6 hours) aﬁ ambient temperature afforded a

nearly quantitative yield of the vinyl sulfide,
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3, Effect of dark on the reaction between (E)-3,3-dimethyl-1-

' butenylmercury chloride and phenyl disulfide

(g)-3,3-Dimethyl-I-butenylmercury chloride (0.5 g, 1.57 mmol) and

) phenyl disulfide (0.9 g; 4.1 mmol) were disso]ved'in 20 m1 of nitrogen-

purged DMSO in a flask tightly wrapped in aluminum foil to omit light.

The flask was immersed in a 25°C water baﬁhvand stirred for 15 hours.

~Galvinoxyl (2 mg) was then added to prevent 1ight-promoted reactions

and the solution was poured into 100 ml brine. Ether extraction
afforded a mixture of phenyl'dfsulfide and (E)-3,3-dimethy1-1-butenyl-
mercuny chloride (94% recovery by quantitative 4 N.M.R.). No
(E)-3,3-dimethy1-1-butenyl bheny] sulfide was detected.

~ In a control experiment, 1.5 hours of sunlamp irradiationiwfth_the
reaction solution maintained ét 25°C by a water bath afforded an 88:12
rat16 of the product vinyl sulfide by the starting mercurial,

The reaction in benzene was found not to 6ccur even with prolonged
heating. (E)-3,3-Dimethyl-1-butenylmercury ch1oride{(0.5 g, 1.57 mmol)
and phenyl disulfide (0.35 g, 1.6 mmol) in 10 m1 benzene did not react
detectéb]y aftér stirring for 18 hours in an aluminum foi]-wfapped flask

immersed in a 50°C oil bath.

4, Effect of oxygen on the photoreaction of (E)-3,3-dimethyl-1-

butenylmercury chloride with phenyl disulfide |
(g)-3,3-Dimethy1-T-butenyimercury chloride (0.5 g, 1,57 mmol) and
pheny] disulfide (0.9 g, 4.1'mmol) were dissolved in 20 ml of DMSO

saturéted with oxygen rapidly foamed through the solution via a glass
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| frit placed near the bottom of fhe reaction flask. The reaction
temperature was maintained at 25°C by a water bath as the soluﬁion was
irradiated for 1.5 hours with a sunlamp placed 4 inches from the Pyrex
reaction vessel. The solution was then stabilized by the addition of
galvinoxyl (2 mg) and poured into 100 ml brine. Ether extraction
affofded a mixture of (§)-3,3-dimethyl-]—buteny] phenyl sulfide and
starting mercurial in a 30:70 ratio. A control experiment pgrformed

under nitrogen afforded a product:starting material ratio of 88:12.

5. Effect of galvinoxyl on the photoreaction of (E)-3,3-dimethy1-1-

butenylmercury chloride with phenyl disulfide

(E)-3,3-Dimethy1-1-butenylmercury chloride (0.5 g, 1.57 mmol),
phenyl disulfide (0.4 g, 1.8 mmol), and galvinoxyl (33 mg, 0.078 mmol)
were dissolved in 10 ml of nitrogén-purged benzene and the solution was
irradiated for 5 hours with a sunlamp placed 8 inches from the reaction
vessel, The reaction temperature was maintained at 25°C with water
cooling. Only a trace of precipitate was observed. The solvent was |
removed under vacuum and the residue analyzed by quantitative ]H N.M.R.
The spectrum kevea]éd a neér]y quantitative recovery of (E)-3,3-
dimethyl-1-butenylimercury chloride. Quantitative G.L.C, (1/8" x 5';

5% OV-3; internal standard = biphenyl; correction factor = 1.0)
revealed a smal]ypeak of the correct reaction time for (E)-3,3-

'dimethy1-1-buteny1 phenyl sulfide corresponding to a 3% yield.
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6, Effect of d1-t -butyl nitroxide on the photoreact1on of (_) 3,3-

d1methy] -1-butenylmercury chloride with pheny] disulfide

In 0.5 m of d6-benzene in an N.M.R. tube was dissolved (E)-3,3-

dimethyl1-1-butenylmercury chloride (0.1 mmol), phenyl disulfide

(0.12 mmo1) and di-t-butyl nitroxide (0,007 mmol).

wésrsimilar1y prepared, but without the nitroxide.

A control experiment

Both tubes were .

exposed to irradiation from a sunlamp placed 6 inches distant, After

each irradiation period, the contents of both tubes were analyzed by

N.M.R." The results are summarized in Table XII.

1

Table XII. Effect of nitroxide on the photoreact1on of phenyl d1su1f1de
with (E)-3,3-dimethyl-1-butenylmercury chloride

(E)-Me,CCH=CHHgC1 + Phssph 19ME>  (E).Me CCH=CHSPh

Irradiation Time

~ mmol Vinyl Mercurial?

mmol Vinyl Sulfide®

0 minutes
5
10
25
40
60

0.100 (0.10)

0.100 (0.096)
0.100 (0.087)
0.100 (0.068)
0.100-(0.053)

0.094 (0.038)

0.000 (0.000)
0.000 (0.004)
0.000 (0.013)
0.000 (0.032)
0.000 (0.047)
0.006 (0.062)

-3 Amount given for the reaction inhibited with 7 mole %

. di-t-butyl n1trox1de

react1 on,

Amounts in parentheses are for the control

~ Similar results were obtained with a larger reaction scale. (E)-

3,3-Dimethy1-l-butehylmercury chloride (0.5 g, 1.57 mmd]), phenyl.
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disulfide (0.5 g, 2.3 mmol), and diwg;buty1 nitroxide (12 mc1, 11 mg,
0.078 mmo1) were dissolved in 15 ml of nitrogen-purged benzene in a

| Pyrex flask equipped with a magnetic stir bar, The reaction flask was
immersed in a 25°C water bath and irradiated with a 275 watt sunlamp
positioned 4 inches from the reaction vessel. After about 40 minutes,
the first trace of chloromercury thiophenoxide:was obSefved to
precipitate. After 1 hour of irradiation, 2 mg‘of galvinoxyl was

ad&ed and the solvent removed under vacuum, Quantitative 1H N.M.R,
ana1y§is of the residue revealed (E)-3,3-dimethyl-1-butenyl phenyl
su]fide (11.4% yield) and the starting vinyl mercurial (86% recovery).
In a‘contro1 experiment, the yield of product vinyl sulfide was 86% and

- 11% of the startfng mercurial was recovered.

7. Effect of 2,6-di-t-butyl phenol on the photoreaction of (E)-3,3-

dimethy1-1-butenylmercury chloride with phenyl disulfide

(E)-3,3-Dimethyl-1-butenylmercury chloride (0.5 g, 1.57 mmo])'and
phenyl disulfide (0.8 g, 3.7 mmd]) were dissolved in 10 m1 of nitrogen-
purged benzene containing 2,6-di-§gbuty1 phenol (0.3 g, 1.53 mmol)., The
Pyrex reaction flask was immersed in a 25°C water bath and stirred
gently as the solution was irradiated for 2 hours with a sun1amp} The
solvent was removed under vacuum in subdued light to afford (E)-3,3-
dimethy1-1-buteny1 phenyl sulfide (84%) and starting vinyl mercurial

1

(16%) by quantitative 'H N.M.,R. A control experiment afforded complete

conversion to the product vinyl sulfide (100% yield).
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8. Photoreaction of (E)-3,3-dimethyl-1-butenylmercury chloride with
‘n-butyl disulfide ' ‘

(g)e3,3-Dimethy1-1-butenylmercury chloride (1.0 g, 3.1 mmol) and
n-butyl disulfide (0.563 g, 3.16 mmoT) were dissojved-in 20 ml of
nitrogén-purged bénzene and‘the so]ution‘was irradiated for 17 hours
with a sunlamp. The benzene was removed under vacuum to afford a
mixture of thé vinyl sulfide (an‘oiI) and the halomercury mercaptide
salt (a solid). The oil was:taken’up in warm hexane and the solid
removed by filtration. Removal of the hexane afforded N;M.R;-pufe
(E)-3,3-dimethy1-1-butenyl n-butyl sulfide as a light yellow IiQUid
(0.55 g, ‘100% yie]d) containing a trace of n-butyl disulfide by G.L.C.
The spectral properties of the product matched those of the compound

prepared from n-butyl mercaptan and‘the alkenylmercury halide,

'9. Photoreaction of (E)-2-phenyl-1-ethenylmercury chloride with phenyi
disulfide | | | |
| (E)-2-Pheny1-1-ethenylmercury chloride (0.5 g, 1.47 mmo1) and "
phenyl disu]fide (0.33 g, 1.5 mmol) were dissolved in 15 ml of nitrogen-
purged bonzene and irradiated for 2 hours with a sunlamp. The resulting
precipitate was removed by filtration, }Remova] of the benzene under
vacuum afforded 0.29 g of yellow liquid found to contain 2-pheny1-i-
ethenyl phenyl sulfide (91% yield by Ty N.M.R.) ond'a trace'of'phenyl
'}disu1f1de. The 'H N.M.R. spectrum at 100 MHz revealed an 89:11 ratio of

E and Z isomers by integration'of the vinyl proton absorptions,
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10. Photoreaction of 2,2-diphenylethenylmercury bromide with methyl
disulfide

2,2-Diphenylethenyimercury bromide (1.0 g, 2.18 mmol) and methyl
disulfide (0.42 g, 4.5 mmol) were dissolved in 25 ml of nitrogen-purged
benzene and the so]dtion was irradiated with a sunlamp for 8 hours with
gent]e stirring. The accumulated bromomercury methyl mercaptide salt
was removed by filtration and the benzene solution removed under vacuum
to afford 0.5 g (100% yield) of 4 N.M.R.-pure 2,2-diphenylethenyl
methyl sulfide, a previously reported compound'[128].

TH N.M.R. (CDC13, §) 10H .(m) 7.22-7.33, 1H (s) 6.53, 3H (s) 2.33. °

I.R, (melt, NaCl plates, cm'1) 3060 (w), 3020 (w), 2820 (w),
1590 (w), 1500 (s), 1446 (s), 1320 (w), 1080 (m),v1034 (w), 812 (s),
775 (s), 760 (vs), 700 (vs).

M.S. Calculated for C15H14S: 226,08163. Measured: 226,08183.
Error: 0.9 ppm.

Recrystallization from pentane afforded long white needles

(m.p. 72-73°C, 1it. [128] 74-74.5°C),

11. Photoreaction of 2,2-diphenylethenylmercury bromide with isopropyl

disulfide

2,2-Diphenylethenylmercury bromide (1.0 g, 2.18 mmol) and isopropyl
disulfide (3.3 g, 22 mmol) were dissolved in 15 ml of nitrogen-purged
benzene and the solution was irradiated with a sunlamp for 24 hours.
The precipitate of bromomercury isopropyl mercaptide was removed by

filtration and the benzene solution concentrated under vacuum,
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Kdgelrohr distillation (110°C/0.01'torr) afforded 0,54 g (98% yield) of
the pure 2,2-dipheny1etheny1 isopropyl sulfide as a co]orless.oil.
| TH N.M.R. (CDC14, 8) BH (s) 7.28, 5H (s) 7.18, TH (s) 6.63,

TH (septet) 3.16 (Jy = 7 Hz), 6H (d) 1.33 (3, = 7 Hz).

" L.R. (neat, NaCl plates. cm™') 3060 (w), 3030 (w), 2970 (m),
2930.(w), 2870 (w), 1600 (w), 1585 (w), 1495 (m), 1445 (m), 1385 (w),
1365 (w), 1245 (m),.1155 (m), 1170 (w), 1130 (w), 940 (w), 815 (m),
770 (s), 750 (s), 695 (vs). |

M.S. Calculated for c17H]85: 254,11293, Measured: 254.11309.
Error: 0.45 ppm. }

Elemental analysis, Calculated for C]7H]851 C, 80.26; H, 7.13;
S, 12.60. Found: C, 80.17; H, 7.12. |

12. Photoreaction of 1-(cyclohexylmethyl)-1-ethenylmercury bromide

with methyl disulfide

1-(Cyclohexyimethy1)-1-ethenylmercury brohide (1.0 g, 2.48 mmol)
and methyl disulfide (0.42 g, 4.45 mmol) were dissolved in 20 ml of
nitrogen-pufged benzene and the solution was irradiated with a sunlamp
for 22 hours. Workup afforded a 30% recovery of the starting mercurial.
The reaction was subsequently repeated with 5,3 g (56 mmol1) of methyl
disulfide and a 67 hour irradiation period. Filtration and removal of
the solvent under vacuum afforded 0.52 g of a yellow oil. The crude
isolate contained 5 major volatile components by G.L.C. (5' x 1/8";

5% OV-3) and was not analyzed further.
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13. Photoreaction of (E)-3 3-dimethyl-1-butenylmercury chloride with

acetyl disulfide

(g)-3,3?Dimethy1-l-butenylmercuny chloride (1.0 g, 3.1 mmol) abd
acetyl disulfide (0.5 g,'3.3 mmo1) were dissolved in 25 ml of nitrogen-
purged benzene and the solution was irradiated for 14 hours with a
sunlamp. The resulting dark brown slurry was filtered and concentrated
under vacuum to afford a colorless oil which so]idified upon standing.
]H N.M.R. revealed mostly acetyl disuifide and the starting vinylmercury
chloride along with.a Tow yield (ca. 5%) of (E)-3,3-dimethyl-1-butenyl
acetyl sulfide, previously prepared by the photoreaction of (E)-3,3-
dimethy1-1-butenylmercury acetate and thiolacetic acid (Chapter II,

Part II of this thesis).

14, Photoreaction of allylmercury chloride with phenyl disulfide

A]]y]merCuny chloride (0.5 g, 1.8 mmol) and phenyl disulfide
(0.4 g, 1.83 mmol) were dissolved in 15 m1 of nitrogen-purged benzene
and the solution was irradiated for 17 hours with a sunlamp, Yellow
precipitate was noted after 30 minutes. Filtration and concentration
of the solution under vacuum afforded a mixture of an oil and a solid
found to contain a 32% yield of allyl phenyl sulfide by quantitative
]H'N;M.R. The presence of-ngyl_pheny] ;ulfidé was verified by G.L.C.
(5" x 1/8"; 5% OV-3, 120°C) retention matching with the authentic

compound.
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15. .Photoreaction of cycloprobylmerchry bromide with phenyl disulfide

Cyc]opropylmer@ury.bromide (0.5,9’ 1,56 mmo1) and phenyl disulfide
'(O 4 g, 1.8 mmol) were dissolved in 25 m1 of nitroéen purged benzene
and the so]ut1on was 1rrad1ated for 2.5 hours with a sunlamp. Nb
: prec1p1tate of bromomercury thiophenoxide was observed, A 19 hour
irradiation period-in aéRayonet'RPR-TOO photoreactor ("350 nm" 1ight)
"also failed to induce format1on of the prec1p1tate The reaction was --

not - 1nvest1gated further.

16,  Photoreaction of benzylmercury:éhloride with phenyl disulfide

| Benzylmercury chloride (1.0 g, 3.1 mmol) and phenyl disulfide

(0.7 g, 3.2 mmol1) were dissolved in 15 ml of nitrogen-purged benzene fn'
a Pyrex flask and the solution irradiated for 18,25 hours in a Raybnet
RPR-100 reactor (fifteen "350 nm" bulbs were employed). FiTtratidn of
the ye]]ow prec1p1tate and concentrat1on of the resu1t1ng clear solution
afforded 0.53 g of a yellow oil determ1ned to contain a 3.0% yield of
benzyl phenyl sulfide by quantitative 1H N.M.R, A compound exhibiting a
meth&]ene singlet COrfesponding to benzylmercury thiophenoxide (31%

, yie]d) was also detected, The presenée of benzyl phenyl sulfide was
verified by G.L.C. retention hatching with an authentic sample )

(5' x 1/4"; 5% 0V-3; 170°C).

v,17}‘ Photoreaction oprhenylmercury chloride w1th phenyl disulfide
| Pheny1mercury chloride (1.0 g, 3.2 mmol) and pheny] disulfide
(0.8 g, 3.7 mmol) were d1ssoIved in 20 ml of n1trogen-purged DMSO

(since phenylmercury chloride is essentially insoluble in benzene) and -
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ithe solution was irradiated with a sunlamp for 22 hours, Since no
'aﬁparent reqction had occurred, the solution was further irradiated for
3 hours in é'Rayonet RPR-100 readtor.eQUipped with "350 nm" liéht; The
clear solution was then poured into lbolml'of 50%-saturated brine |
cohtaining ca. 10 g of sodium thiosu]fate (toiremove unreactedAphenyl-
méfcury ch]oride) and organic products extracted with ethyl ether. The
ether extract was dried over MgSO4 and concentrated under vacuum fo
afford an oil found by G L.C. (5' x 1/4"; 5% OV-3; 170°C) to contain
only phenyl disulfide. No diphenyl sulfide was detected.

18. - Photoreaction of (E)-3,3-dimethy1-1-butenylmercury chioride with

phenyl diseTenide

(E)-3,3-Dimethy1-1-butenylmercury chloride-(1.0 g, 3.1 mmo1) and
phenyl diseienide (1.0 g, 3.2 mmol) were dissolved in 25 ml of nitrogen-
'burged benzene and the orange solution was irradiated.fof 2_houi§ with
a'sunlamp. Rapid formation of a preéipitate (¢h1oromefcury pheny1 .
selenide) was observed. Removal of the precipitate by fi]tratioﬁ and
v concéntratidn of the clear solution'undér vacuum afforded 0.71 g of a
yellow o0i1 determined to be (g)-3,3-dimethy1-l-bdtenyl phenyl selenide
- (95% yield), The N.M.R;-pure material was found to be contaminated
with gg,f3% phenyl diselenide by G.L.C. (5' x 1/4"; 5% 0V-3; 220°C).

" The .impurity was removed by careful Kugé]rdhr distillation (60°C/
0.03 torr) to afford the pure product as a faintly yellow 011.‘ This

compound has been reported in the literature [124],
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T N.MLR. (60C13, 6) 5 (m) 7.15-7.5, T (d) 6.37 (J, = 15 Hz),
H (d) 6.18 (3 = 15 Hz), 9H (s) 1.05.
LR (neat, NaCl plates o) 3070 (w), 2960 (vs), 2900 (w),
2860 (w), 1580 (m), 1480 (s), 1440 (m), 1360 (m), 1260 (m), 1070 (w),
1020 (w), 950 (w), 728 (s), 680 (m).

M.S. Calculated for C 240.0417. Measured: 240.0409.

12the5e
Error: -3.5 ppm,

19. Effect of dark on the reaction of«(g)-3,3-dimethy]-1—buteny1mercury |

chloride with phenyl diselenide

(E)—3,3-Dimethy1-1-bufeny1mercury chloride (0.5 g, 1.57 mmol) and
A_pﬁeny1 diselenide (0.6 g, 1.9 mmol) were dissolved in 15 m1 of nitrogeh-
pdrged benzene 1in a'fiask that was tightly wrapped with d1uminum fof]

to exclude light. The reaction flask was imme#sed in a 50°C oil bath
and gently stirred for two hours. The solution was then removed.underv
vacuum to afford ohly the starting viny]mefcury.ha1ide and pheny1

diselenide by 'H N.M.R.

20, Effect of 2,6-di-t-butyl phenol on the photoreaction of (E)-3,3-

dimethy]a]-buteny]mereury chloride with phenyl diselenide

(E)-3,3-Dimethy1-1-butenylmercury chloride (0.5 g, 1.57 mmol) and
pheny1 dise1enide (0.6 g, 1.9 mmol) were dissolved in 15 ml1 of nitrogen-
purged benzene containing‘2,6~di-§;buty1 phenol (0.4 g, 1.9 mmol1) and
the sd1ution was irradiafed for 6.5 hours with a'sunlamp. Ch1oromercuny
pheny] selenide was observed to prec1p1tate. The benzene was removed.

under vacuum and the res1due found to conta1n the start1ng mercurial
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"(44A recovery) and (E)-3 3-dimethy1 1-buteny1 phenyl selenide (56%)
. by quant1tat1ve ]H N M.R. - No 3,3-dimethyl-1-butene was formgd.

21. Photoreaction of etheny]meréury'ch]oride with phenyl diselenide |

| Etheny1mercury'ch1ofide (1,0 g, 3.8 mmo]).and'phenyf diselenide
(1.2 g, 3. 85 mmo]) were dissolved in 30 m1 of n1trogen-purged benzene
| and the so]ut1on was 1rradiated for 2. 5 hours with a sun]amp The
result1ng prec1p1tate was removed hy f11trat1on and the squt1on
concentrated under vacuum, Kugé]rohr di§ti]1ation.(95°C/20~torr) of
the'resulting.oillaffordéd 0.63 g (91% yield) of ethenyl phenyl selenide
 as a colorless oil. . This compound has been reported in the literature
[129]

TR R.'(CDCI3, §) 5H (m) 7.1-7.6, (douB]et of. doublets) 6.81
(JH trans = V7 Hz, JH —cig = 8 Hz), 1H (d) 5.71 (JH = 8 Hz),. 1H (d) 5.46
( = 17 Hz),

I.R, (neat, NaC1 p]ates, cm ]) 3080 (w), 3060 (w), 1580 (vs),
1480 (vs), 1440 (vs), 1375 (m), 1250 (s), 1070 (m), 1020 (s), 995 (m),

«950 (s), 880 (m), 730 (vs), 685 (vs). o
M.S.,,CalcuTated‘for CSHSSe:ﬂ 183.9791., Measured: 183,9783,
.Errof: ?4.0 ppm; - . |

22. Photoreactlon of (E)- 2-pheny1 1-etheny1mercury ch]or1de with

: pheny] diselenide , , ,
,} (g)-Z-Pheny1-1-ethenylmercury chloride (1.0 g, 2,95 mmol) and -
zphenyT diselenide (0.93 g, 2.98 mmo1) were dissolved in 35 ml of

nitrogenfpuhged benzene and the solution was irradiated with-a sunlamp
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for 2 hours. The precipitate was removed by filtration aﬁd the solution
cOnéentrated’under vacuum to afford the crude produc;. Kuge]rohr
 'distillafion‘(1]0°C/0.05‘tdrr) yielded the,]H-N.M.R.?pure‘(g)-z-phenyl;
l-ethenyl'phenyl sulfide (0.68 g, 90% yield) as a 1light &e]]owf]iquid.
None of the Z isomer was observed by N.M.R. _Thé_compound has been
prev1ous]y reported [124]. |

]H N M.R.. (CDC13, §) 10H (m) 7.1- 7. 6, TH (d) 7.13 (JH = 17 Hz),
IH (d) 6.75 (Jy = 17 Hz). i

'I.R. (neat, NaCl plates,”cm'1) 3060 (w),_3025 (w), 1600 On),
1580_(m), 1500 (m), 1480'(5),.1440_(55,.]070 (m), 1020 (m), 1060 (w),
950 (s), 730 (s), 685 (s). | |

| ‘M.S. Calculated for C]4H]28e: -260.0104, Measuréd: 260.0097.

Error: -2.7 ppm,

23. Photoreaction of (g)-3,3-dimethyl-1-buteny]mercdry chloride with
pheny] ditelluride

(E)-3, 3- Dimethy1-1-butenylmercury chloride (1.0 g, 3.1 mmol) and
phenyl ditelluride (1.31 g, 3.2 mmol) were dissolved in 20 ml of
nitrogen-purged benzene and the solution was irradiated for 18 hours
: with a sunlamp. A yellow precipitate formed. Filﬁration followed by
concentration of the solution under vacuum afforded a_brown.oil
containing a little of the'starting'mercurial and an 89% yield of
(E)-3,3-dimethy1- 1 butenyl pheny] telluride. Kugelrohr distillation
(60- 63°C/0 015 torr) yielded the pure vinyl telluride as a light yel]ow

Tiquid.  Upon storage (exposed to air and 11ght). an 1nso]ub1e white
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solid preéipitated over a period of~se§era1 days. Due to the
iﬁstability of the product, a‘satisfactory elemental analysis wa§ not
obtained. . | | ‘_ _ | “
~ TH N.M.R. (CDC15, 8) BH (m) 7.1-7.7, TH (d) 6.66 (3, = 16 Hz), TH
(d) 6.40 (Jy = 16 Hz), 9H (s) 1.04, | | -

" LR (neat, NaCl plates, cn™') 3060 (m), 2955 (vs), 2900 (m),
2860 (m), 1570 (m), 1470 (s), 1450 (m), 1430 (s), 1355 (s), 1250 (s),
11010 (m), 995 (w), 960 (m), 720 (s), 680 (s). |
| M, Caléulated for C12H16Te: 288.02990. Measured: 288.02845;
Error: -5.0 ppm. '
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IV. PHOTOCHEMICAL REACTION OF PHENYL DISULFIDE WITH
BIS[VINYLIMERCURY COMPOUNDS TO FORM VINYL SULFIDES

A. Ihtroduction

In the cqufse of our investigation of the reactivity of vinyl
mercurials in cleavage reactions with disulfides, we found bis[vinyl]-
mercury compounds to react with phenyl disulfide according to Equation

48. The transformation may be formally represented as sequential

R Hg + Phssph —L1E . 2pspn + Hge (48)
R = vinyl ' '
electrophilic substitution (to form a molecule of vinyl sulfide and
vinylmercury th%ophenoxide) and reduttive elimination. The delineation

. of the mechanism for this reaction is the sybject of thé following

section.
B. Results and Discussion

1. The reaction of -phenyl disulfide with bis[vinyl]mercury compounds -

- Bis[2,2-diphenylethenylJmercury and phenyl disulfide in benzene

- reacted under the influence of.sunlamp irradiation to precipitate .
mercury metal and yield 2,2-diphenylethenyl phenyl sulfide (ssxl_accord—
ing to the stoichiometry of Equation 48 (See_Tab]é XIfIl. Ana1090us"
reactions with bis[(g)—3,3idimethy1elebuteny1]mebcuny and bis[(gjfze
pheny]—l-etheny]]mercurylaffbrded the corresponding yiny1 phenyl
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Table XIII. Reaction of phenyl d1su1f1de with b1s[organo]mercury
- compounds A

 Rohlg + Phssph it 2RPh + Ho®

PhH
R Ly S %Yield RSPh
R,Hg . : Time® - A (stereochemistry)
L(Ph) ,C=CHI,Hg 3 99
* [(E)-Me,CCH=CH],Hg - S 2h . 100 (>98% E)
[ (E)-PhCH=CH],Hg . 2n 99 (E:Z = 89:11)
[PhlHg -~ B 6
[PhCH,],Hg .. 19h | M4

3rradiation period with a 275 watt sunlamp positioned 4-8 inches
from the Pyrex reaction vesse1

bY1e1d of su1f1de d?term1ned by quant1tat1ve T N.M.R. Stereo-
chem1stry determined by 'H N.M.R. N ,

CIrradiated for 18 hours w1th a sunlamp and for 4 hours in a

Rayonet RPR-100 reactor ("350 nm" 1light). Yield determined by
quantitative G.L.C. (5' x 1/4"; 5% 0V-3, internal reference = b1pheny1)

Sulfides_in iOO% and 99% yields, respectiveTy.‘VOnly (g)r3;3adimethy1¥
1-butny1 phenyl sulfide was produced, while the (E)-2-phenyl-1-etheny1
mercurial afforded an 89:11 ratio of E and Z isomers, essentially the
vséme product distribution observed from the photo;decomposition of the
: vinylmertuky thiqpheho*ide‘(ﬁhapter II, Part Ii,ithis thesis) and from
the phptqchemica] reactfon of pheny? disulfide with the vinylmercury
“halide (Chapter III, Part II, this thesis). o
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Phenyl disulfide did not react cleanly with diphenyl- 6r dibenzyl-
mercu}y. Low yie1d§ of the expected sﬁlfides were detected in complex
product mixtures (Table XIII). These resu]tsjpara]iel'those obtained
for the photo-decomposition of organpﬁercury mercaptides and the
phdtochemiéaT:reactions of organomercury halides with disulfides (see
Chapters II and III, Part II, this thesis). |

Interestingly, nonaryl disulfides (i,g,, @ethyl, n-butyl, and.
benzyl) failed to react with‘bis[2,2-dipheny1efheny1]mercury even Qith

extended irradiation periods (see Experimental'Section).

2. Reaction between thiophenol and bis[z,z-aiphenylethenyl]mercury
Thiophenol reacted with bis[2,2-dipheny1eﬁhény1]mercury in benzene

‘ undér the influence of sunlamp irradiation to afford 2,2-dipheny1efheny1

phenyl sulfide (65% yield) and 2,2-diphenylethene (92% yield) along

with meércury metal (Eq. 49). When the reaction was performed at 25°C in

PhSH + [(Ph),C=CH],Hg fgﬁt> (Ph),C=CH, + (Ph),C=CHSPh + Hg® (49)
92% 65%

a flask tightly wrapped with aluminum foil to exclude 1ight, no
2,2-diphenylethenyl phenyl sulfide was formed. Ihstead, 2,2-diphenyl-
ethene (93% yield) and 2,2-diphenylethenylmercury thiophenoxide (62%
yield) were observed (Eq..SQ). |

PhSH + [ (Ph),C=CH],Hg: ‘iﬂﬂ<> (Ph),C=CH, + (Ph),C=CHHgSPh (50)

-25°C 1 93% 62%

R
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3. Effect of darkness and chem1ca1 1nh1b1tors on the reaction between. -

-pheny] disulfide and bis[2,2- d1pheny1etheny1]mercury
| The reaction phenyl ‘disulfide and bis[2 2-d1pheny1etheny1]mercury
was performed in benzene at 50°C in a flask tightly wrapped w1th
: a]um1num foil to exclude 11ght (Tab]e XIV). After 21 hours, no reaction
‘had taken place and.the starting mercurial was recovered'nearly
K quantitatively. : )
| The requirement of sun]amp 1rrad1at1on for any react1on to occur
suggested that radical cha1n processes, not concerted S 2-type processes.
i were respons1b1e‘for the transformation, Consequently, a series of
Vpotential chemical inhibitors were introduced to the reaction medium and '
the1r effects tabulated (Tab1e XIV). Mo]ecu]ar oxygen (1 atm),_
ga1v1noxy1 (5 mole %) and di-t-butyl nitroxide (5 mole %) all strongly
inhibited format1on of 2,2-d1pheny1etheny1 phenyl sulfide although the
' reaction times employed were sufficient for comp]ete conversion in the -
absence of inhibitor. Thiophenol (100 mo]e %) did not significantly
slow the reaction aod-2,2-d1pheny1etheny1 pheny] sulfide was formed

quantitatively when the reaction was performed at 0°c.

4. - Mechanism of the reaction of bis[vinyl]mercury oompounds with pheny1
disulfide |
The concerted S 2 -type reaction between phenyl d1su1fide and the

bis[viny1Imercury compound " (Eq. 5]) was clearly shown not to occur in

N : . . A
2Hg + PhSSPh. SEZ
R = vinyl

R > RSPh + RHgSPh RN 1))
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Table XIV, Effect of darkness and chemical inhibitors on the reéctioh'

of bis[2,2-diphenylethenyl]mercury with phenyl disulfide

. . R a : ‘
[(Ph),C=CHI,Hg + Phssph + X LIIME s productsP
(0.895 mmo1) (excess)

X (mmo1) Time [(Ph)2C=CH]2Hg (Ph)ZC=CHHgSPh (Ph)ZC=CHSPh Tem

(mmo1) (mmo1) (mmo1) :
Nome 1h 0.00 0,00 L 2
None 21 h°  0.87 0.00 0.00 .  50°
Galvinoxyl 3h 0.58 0.00 0.12 25°
(0.045
di-t-butyl
nitroxide 1h 0.80 0.00 0.00 25°
(0.045) - | |
0, (Tatm? 1 0.68 0.10 0.00 250

PhSH (0.90)%  3.5h  0.00 0.00 1.80 0°

rradiation period with a 275 watt sunlamp directed at the Pyrex
reaction vessel immersed in a constant-temperature water bath.

Byjelds determined by quantitative T4 N.M.R.

®No 1ight employed. The aluminum foil-wrapped reaction vessel was
immersed in a 50°C oil bath. : '

dThe solvent was 2:1 DMSO:benzene.

eT_he solvent was 5:1 benzene:hexane.
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}the temperathre range of this study by the absence of a dark reaction
and the effects of free radical chain inhibitors.. Thiopheno1 was found
to react thermal]y.with bis[2g2ediphény1etheny]]mekcuny in benzene at
room'temperature,'but‘at 0°C this proceés was sufficiently slow thatv
._the:course.of fhe reaction between the mercurial and_phenyl disulfide
was ﬁna1tered. Thus, the reaction betweén thé mercurial and phenyl
disulfide does not invoTve vfny1 radicals since these intermediates are
 expeqted'to belihtercepted by thiophenol (hydkogen atom transfer) at
nearly the diffusion controlled rate [79] (See the mechanistic dis-
- cussion of Chapter II, Part 11 of thisvthesis)f Furthermore, the
. proposed mechanism should accommodaté the obse}vations that alkyl
disulfides do not participate in the reaction and fhat diphenyl— and
dibénzy]mercury only reacted to produce lbw'yfe1ds of the expected
sulfides. | | |
| “ Scheme 24 outlines a free radical chain prbceSs incorpofating the
features of Schemes 15 and 18. Propagation sequence 2 is identical'to

Scheme 15 (30 is equivalent to 22 for R?

= SPh)., Propagation sequence 1
most importantly differs from Scheme 18 in the naturé of the mercury(I)

'radica1. Most organoméfquny(l) species rapidly dissociate to form the
organic radical and mercury meta1’[26-29] (see Chapter III,'Partﬂl of‘
_this-thesis) Here‘a viny]mérdury(i) radicai is proposed to prbpagate

B the chain reaction by attack1ng pheny1 disulfide. ,

The proposed 1ntermed1acy of the v1ny1mercury(l) species is not

unreasonable, The d1ssoc1at1onAenergy,for the carbon-mercury bond of

ethenylmercury radical is estimated to be 1946 kcal moIe'1 [30,1]8].
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initiation { Phssph -L190E  pps.

propagation
sequence 1

propagation
sequence 2

R
(PhS* + \_/ —_— H—‘—i—
" Frg P‘
R\__r’H
<29 =
SPh_ H  Hge
R H R H
_/ N - N,
= PhSSPh > =
\H Hg* H  HgSPh
R H . R H
N/ 4 PhS* > H-L—4-HgSPh
H  HgSPh _SPh.
g 30
R H
230 \__/  + PhSHg*
B “sph
Phshg > Hg® + PhS*
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Thus, the fragmentat1on of the viny1mercuhy(l) spec1es to give the v1ny1
’rad1ca1 and mercury metal does not compete with the rate of attack on

- pheny1 d1su1f1dev(Scheme 25, R]v= Ph). There is apparent 11terature.

Schemé 25

precedent for the intermediacy of a related species, the phenylmercury

radical (Scheme 26). Diphénylmercury reacts with carbon tetrachloride

Scheme 26
| C1,C
Arghg + CloC+ — Ang
e

Ang—b —> ArHg* + ArCCl 3

, Ang' + CCl, —> ArHgCl + °CC]
. 4 3

~(under the influence of peroxide initiation) to afford triéh]oromethylf
bénzene and pheny1mercury chloride [130].’ Dialky]merqury compounds a1so
react with carbon tetrachloride via a chain process, but the trichloro-

methyl radical abstracts the B-mercury hydrdgen of the dia1ky1mércury



178

resulting in the formatien of an olefin and chloroform instead of4the
-trich]oromethy]ated alkyl combound [86, 130}. In light of the present
work, the ab111ty of trichlorimethyl to attack the aryl carbon in an
‘SHZ fashion (but not alkyl carbons) is nicely exp1a1ned by the addition-
elimination mechanism of Scheme 26, . . .

A Phenyl disulfide failed to react with bis[ary1]- or'bis[elky1]-
'mefcuryﬂcompounds. In terms of Scheme 24, S2 at saturated carbon
c]early cannot occur by the addition-elimination pathway and presumably
does not readily occur. The addition of thiyi to the aromatic ring with
: concomitaht lToss of aromaticity must be too energetically unfavorable to
: pekmit the facile reaction of phenyl disulfide with diphenylmercury. In
contrast, trichloromethyl radical will add to the aromatjc ring (Scheﬁe
26) and diphenylmercury thus is subject to attack from this more
reactive species [130]. | |

j Scheme'25 pffers an explanation for the observed unreactivity of
alkyl disu]fidesltowards bis[2,2-dipheny1etheny1]mercury. The rate

V< atky,

constant k. is dependent on the nature of the disulfide. For R
2kS is sufficiently small compaked with'kdiss so that decomposition of
the viny]merCufy(I) species competes with chain propagation. Hydrogen‘
abstraetion (chain transfer) is expected to be.ah importaﬁt process.in -
the reaction of vinylic radicals with e1ky1 disulfides (see Chapter I;I,_'
Part II of>this thesis). In agreement with the proposed react1v1ty
trend, the rat1o of k2 (R =Ph) to k (Rl-n—Bu) for the analogous

react1on of disulfides with tr1buty1t1n rad1cals is approx1mate1y 8

Dl
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“C, 'C0nciusidn

‘Phenyl disulfide reacts with bis[vihy]]mercuny compounds_via a
‘photo-initiated chain process to afford vinyl‘phenyl.sulfides and
mercury metal. Thé reaction was shown to proceed via thiyl,
4v§ny1mercuny(1), and thiophenoxymercury(I) paramagnetic intermediates
(Scheme 24) by inhibition Studies'ﬁith oxygen,- galvinoxyl, and di-;:
butyf‘nitrOxide. The intermediacy of vinylic radicals wés ruled out by
the Tack of’éffect of thiophenol on the course of the reaction at 0°C.
_ Thiophenol was found to reacf therma11y with the bistviny]]mercury
compound'to'afford the olefin and a'vinylmercuny thiophenoxidg. Alkyl
| disﬁ]fides ﬁere unreactive towards the bis[Viny]]mercury compopnds,
possibly because the disulfides were insufficiently reactive towards
SHZ attack by the intermediate vinylmercury radical which is subject‘
to decomposition. In accordance with the proposed mechanism, bis[aryl];
and‘bis[alkyl]mercury compounds'failed to react with phenyl disulfide to

give substantial amounts of the éorresponding sulfides,
D. Experimental Section

~1." ‘General considerations

'-Benzyl disulfide was purchased from Aldrich and reﬁrystallized
from ethanol before use. Dipheny1mercury was a -product of Eastman
Organic. S » o B
| Bist(g)-z-phenyl-l-etheny]jmercury [131] was prepared in the
following manner: (g)-z-pheny]-l-ethenylmercuny’chloride (10 g,
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29;5_mm01) was added to a solution containing potassium i;butoxide‘ .
(6;8 g, 60.6 mmol) and diethyl phosphite (9.65 g, 69.9 mmol) in 150 h]‘
df dry DMSO under nitrqgen, After 5 minytes'of stirring, the solution
.was'poured into 500 ml'of 50%-saturated brine and the product extracted
with benzene. The Senzene extract was washed with water, then brine,
" and then dried over MgSO4. Concentration under vacuum afforded 5 g
(83% yie]d) of the crude bis[(E)-2-phenyl-1-ethenyl]mercury as a yellow
solid. Recfysta11ization from ethanol/chloroform gave the pu§e
v pkoduét (4.5 g, 75% yield overall) as small 1ight—ye]1ow‘crystéls‘
(m.p. 140.5-141.5°C). 'H N.M.R. (cDCl 4, 6) 10H (broad) 7.3, TH (d)
7.1 (9, = 17 Hz), H (d) 6.7 (3, = 17 Hz).

2. Photoreaction of bis[2,2-diphenylethenyl Jmercury with phenyl

disulfide

| Bis[Z,Z-diphenyletheny]]mercury (0,5 g, 0.895 mmo1) and phenyl
diéu]fide (0.2 g, 0.92 mmol) were dissolved in 10 m1 of nitrogen-purged
beniene and the solution was irradiated for 3 hours with a 275 watt
sunlamp positibnedi4 inchesAfrom the Pyrex reaction vessel. ’After'the
first 5 minutes of irradiation, mercury heta] was observed. - When the_
reaction was complete, the solution was decanted from the mercury beads
and concentréted under vacuum. The crude iso1afe, 0.52 g of light-yellow
0i1, was found by quantitative 4 N.M.R. to contain 1,77 mmol (99% yield)
~of 2;2-dipheny1etheny1 pheﬁy] sh]fide. A trace of unreacted phenyl
disulfide, the reagent in excess, also remained, The identity of the

vinyl sulfide was verified by comparison of thé 1H N.M,R. and I.R._
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dspectra with those of the authentic pure.compound prepared by the
photo-decomposition of 2,2- diphenylethenylmercury thiophenoxide (Chapter
II, Part II of this thesis).

3. Photoreaction of bis[(g)-z-phenyl-l-ethenyi]mercury with phenyl

disulfide

Bis[(E)-2-phenyl- 1-etheny1]mercury (0.5 g, 1.23 mmol) and pheny]
disu]fide (0.3 g, 1,38 mmol) were dissolved in 15 m1 of - nitrogen- purged
benzene and the solution was irradiated for 2 hours with a sunlamp
| positioned 5 inches from the Pyrex reaction vessel during which time
,mercury metal was observed to precipitate. - The solution was decanted
from the beads of mercury and concentrated under vacuum to afford a 99%
yield‘of 2-phenyl-1-ethenyl phenyl sulfide as well as left-over phenyl
disulfide. Integration of the vinylic proton‘signai ip the 100 MHz

N.M.R. spectrum determined the E:Z isomer ratio to be 89:11.

4. Photoreaction of bis[(E)-3,3-dimethyl-1-butenyl]Jmercury with phenyl
disulfide

Bis[(E)-3,3-dimethy1-1-butenyl]mercury (0.5 g, 1.36 mmol) and phenyl
disulfide (0.3 g, 1,38 mmol) were dissolved‘in 10 ml1 of nitrogenépprged
benzene and the solution was irradiated for 2 ﬁours during which time
mercury metal was Observed.tq precipitate. The solution was decanted -
~ from the mercury beads and concentrated under vacuum to afford 0.53 g of
light-yeilaw liquid determined to cpntain.a 100% yield of (E)-3,3-"

dimethyifl-butenyl pheny]nsulfide by quantitative ]H N.M.R.
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5. Photoreaction qf phenyl disulfide with dibenzilmercury

 Dibenzylmercury (0.5 g, 1.31 mmo1) and phenyl disulfide (0.3 g,
1.38 mmo1) were dissolved in 10 ml of nitrogen-purged beﬁiene and the
solution Was,irradiated for 19 houfs'with a 235 watf sunlamp positioned :
8'inéhés from the Pyrex reactioh vessel during whfch time'mercﬁry metal-
was observed to preéipitate. The so]utihn was decanted from the mercury
beéds and concentrated undef vacuuin to afford a ye11ow 0il determined to
contain an 11.4% yie]d'(0.296 mmol) of beﬁzy] pheny] sulfide_by |
qUantitative ]H N.M.R. The presence of the sulfide was confirmed by
retention matching in the G.L.C. (5' x 1/"; 5% OV-3; 200°C) with the
| authéntic compound as well as G.C.M.S. (m/e = 200 observed for parent

jon),

6.r'Photoréaction of diphenylmercury with phenyl disulfide

Diphenylmercury (1.0 g, 2.82 mmol) and phenyl disulfide (0.7 g, -
3.2 ﬁmol) were dissolved‘in 25 m1 of nitrogen-purged benzéne and the
solUtion;Was irradiated for 18 hours with a sunlamp positioned 8 inches._
from the Pyrex reaction vessel. Since oh]y a trace of metallic meréury
Was obsérved, the solution was subsequently irﬁédiated for 4 hours in a
Rayonet RPR-100 reactor equibped with thirteen "350 nm" bulbs.  The
solution wa§ then décanted frdm thé smaf] mercury bead and concentrated
under vacuum. Quantitative G.L.C. (5' x 1/4"; 5% OV-3; internal |
stahdard % bipheny1; moiak résponse factdr bipheﬁy1/pheny1 disulfide =
0.95) révealed the isolate to cdntain a 6.Q% yield Qf djbheny1 sulfide.
'_Thé,identity of the dfpheny] sulfide was verified by G.C.M.S,

(m/e = 186 observed for the parent ion).
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7. Photoreaction of_pis[Z,ZQdfghen11ethénxl|mercurx with methyl
disulfide | o
'Bis[2,2-diphenyletheny1]mercuny (1.0 g, 1.79 mmo1) and methy1
. disulfide (0.21 g, 2.3’mm01) were dissolved iﬁ 25 ﬁl of nitrogen-purged
* benzene and the soldtioh was irradiated for 1;25 hours with a sun1amp;
Since‘no mercury metal was observed,lirfadiafion was confinued for
12 hours in a Rayonet kPR-]OO reactor equipped with thirteen "350 nm"

bulbs. Still, no mercury was obsérved.

8."Photoreaction of bis[Z;Z-diphenerthenyl]méfcury with gfbutyll
disulfide o ‘
Bis[2,2-diphenylethenyl Imercury (1.0 g, 1,79 mmol1) and n-butyl
disulfide (0.28 g, 1.9 mmol) were disso]ved‘in;25vm1 of nitrogen-purged
penzene and the solution was irradiated for 13‘hours with a sun1dmp -
positioned 8 inches from the Pyrex reaction veése1. No mercury metal

| precipitated.

9. Pﬁotoreaction of bis[z,é-dibhenylethenyl]mefcury with benzyl
disulfide . i |
 Bis[2,2-diphenylethenyl]mercury (1.0 g, 1.79 mmol1) and benzy1
© disulfide (0.45 g,»1.8 mmo1) were dissolved in 25 ml1 of nitrogen-purged
benzene and the solution ﬁas irradiated for 3 hours with a sunlamp
'bositioned 4 inches from the Pyrex,réactioh vessé]. Since no mercury
was observed, irradiation was continued for 3 hours in a Rayonet RPR-100
reactor equipped with thirteen “350 nm" bulbs.. Still no mercury

precipitated.
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10. Photoreaction of bis[2,2-diphenylethenyllmercury with thiophenol |

Bis[2,2-diphenylethenyl]mercury (0.5 g, 0.895}mm01) and thiophehbl'
(0.108.9; 0.98 mmo1) were dissolved in 10 m1~ef nitrogen-purged benzene
and the solution was irradiated for 2.5 hours with a sunlamp during
which time mercury metal prec1p1tated (amb1ent reaction temperature
increased from 25°C to 35°C during the 1rrad1at1on per1od) The
solution was decanted from the mercury beads and concentrated under
vacuum to afford 2,2-diphenylethene (92% yie]d; 0.82 mmo1) and 2,2- )
diphenylethenyl phenyl sulfide (65% yie]d,~0;5§ mmol) as determined by
' qﬁantitative ]H N.M.R. The components were identified both by the
chemical shifts of their protons compared with those of authentic
samp]es and by retention matching in the G.L.C. (5" x 1/4" |
5% 0V-3).

11.‘ Effect of darkness on the reaction of thibpheno1 with bis[2,2-
diphenylethenyl Jmercury

Bis[2,2-diphenylethenyl]mercury (0.5 g, 0.895 mmo1) and thiophenol
(0.108 g, 0.98 mmo]).were dissolved jn 10 m1 of nitrogen-purged benzene |
in a f]ask wrapped tightly with aluminum foil to exclude 1ight. The .
so]ution was stirred for 14 hours at 25°C and the foil removed in subdued
room]1ght, No mercury metal was observed. Concentration of the so1dtion
under vacuum and ana]ys1s by quant1tat1ve 1H N.M.R. determined the ‘
presence of 2,2-diphenylethene (934 yield, 0,832 mmo1) and 2,2—d1phehy1-
ethenylmercury thiophenoxide‘(62% yield, 0.55 mmo1),- No starting
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- mercurial or 2,2-diphenylethenyl phenyl sulfide was detected. Product'
identification was based on the vinyllprotoh-chemiéal shifts compared

with those of the authentic compounds,

12. ‘Effect of darkness on the reaction of pheﬁy1 disulfide with.

bis[2,2-diphenylethenyl Jmercury

Bis[2,2-diphenylethenylImercury (0.5 g, 0.895'mm01) and phenyl
dfsu]fide (0.2 g, 0.92 mmol) were dissoived in 10 m1 of nitrogen-purged
'benzene in a flask completely covered with aluminum foil to exc]dde
- light. The flask was immersed in a 50°C oil bath and gently stirred
for 21 hours. After the solution was cooied, the foil was removed and
the solvent removed under vacuum in subdued roomlight. No metallic
mercury was observed. Quantitative 1H N.M.R. determined the isolate to
contain a 97% récoveny of thé starting mercurial. No 2,2-diphenyl-
ethenylmercury thiophénoxide or 2,2-dipheny1etheny1 pheny1 sulfide was
detected. | ‘

13. Effect of galvinoxyl on the photoreaction of phenyl disulfide with

bis[z;z—diphenylethegyl]mercury

Bis[Z,Z—diphenylethenyl]mercury (0.5 g, 0.895 mmol), phenyl
disu]ffde'(o.z g, 0,92 mmo1), and galvinoxyl (19 mg, 0.045 hmo1) weré'
dissolved in 10 ml of nitrogeh—purged benzene iﬁ a Pyrex flask immersed
in a 25°C water bath and irradiated for 3 hours with a sunlamp positioned
"8 inches from the reaction vessel. No mercury rietal was observed. The'
solution was concentréted under vacuum, The isolate was found to EOntain |

the starting mercurial (65%-recovery)va10ng with 2,2-diphenylethenyl
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| phény] sulfide (7% yield, 0.12 mmol) by quantitatiye Ty N.M.R. No
2,2;dipheny]etheny]mercury thiophenoxide was detected. 'The identity of
‘the alkenyl su]fide wasvverified‘by G.L.C. retention matching with the
éuthentic compound (5' x 1/4"; 5% 0V-3). '
A control experiment (performed identidally,»but without
‘ gaIVinoxyl) afforded a 92% yield of 2,Zfdipheny1etheny1 phenyl sulfide.

The starting mercurial was completely consumed.

14. Effect of di-t-butyl nitroxide on -the photoreaction of phenyl

disulfide with bis[2,2-diphenylethenylImercury

Bis[2,2-diphenylethenyl]mercury (0.5 g, 0.895 mmol), phenyl
disulfide (0.4 g, 1.8 mmol), and diaﬁ}buty] nitroxide (6.4 mg, 0.045
mmol) were dissolved in 15 ml of nitrogeh-purged benzene in a Pyrex flask
immersed in a 25°C water bath and the solution was irradiated for 1 hdur
with a sunlamp placed 4 inches from the reaction vessel. No mercury
mefa] was'precipitated. The solution was stabi]ized'by the addition of
2 mg of gé]vinoxyl and concentrated under vacuunm, 'Quantitafive 1H
N.M.R. revealed a 90% recovery of starting mercurial, No 2,2-diphenyl-
ethenyl phenyl Su]fide or 2,2-diphenylethenylmercury thjophenoxide was
detected. - | _

- Ina control experiment (performed identically, but without
di-;:bqty] nitroxide), thevstarting mercurial was completely consumed -

and a 98% yield of 2,2-diphenylethenyl phenyl sulfide obtained.
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15. Effect of oxygen on the photoreaction of b1s[2,2 d1pheny1etheny]]-

T mercury w1th pheny] disulfide

Bis[2,2—dipheny1etheny1]mercury (0.5 g, 0.895 mmol) and phenyl
disulfide (0.4°g, 1.83 mnol) were dissolved in a mixture of DMSO (20 m1)
and benzene (10 m1). The benzene was required to solublize the
mercurial. The solution was saturated wfth oxygen by means of.foaming.
the‘gaslfrom a glass frit placed near the bottom of the Pyrek f]ask.'
DMSO was the solvent of choice in this experiment since local evaporation
at the glass frit (with concomitant'clogéing) is not a problem with a
high-boiling solvent, The reaction vessel was immersed in a 25°C water
‘bath and.irradiated for 1 hour with a sunlamp placed 4 inches from the
flask. No metallic mercury was observed. The solution was stabilized
by the addition of 2 mg of galvinoxyl and then concentrated under
vacuum. Quantiiative 1y N.M.R. revealed the residue to contain a 76%
recovery of the starting mercurial and an 11% yfe]d of 2,2-diphenyl-
',ethenylmercury th1ophenox1de No 2,2-diphenylethenyl phenyl sulfide was
observed. ' |

In a control experiment (performed identically, but under nitrogen),

the expected alkenyl phenyl sulfide was obtained in a 98% yield.

16, Effect of thiophenol on the photoreact1on of b1s[2 2- d1pheny1-

etheny]]mercury w1th4pheny] d1su1f1de

Bis[2,2-diphenylethenyl]mercury (0.5 g, 0,895 mmo1), phenyl
disulfide (0,2 g, 0.92 mmol), and thiophenol (0.099 g, 0.90 mmol) were

dissolved in a mixture of benzene (10 m1) and hexane (2 m1) under
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nitrogen in a flask immersed in a 0°C water bath., (The function of the
.hexane'was to.prevent freezing 6f the solvent.) The 561utiqn was
irfadiated for 3.5 hoqu with a sunlamp positioned 8 inches from the
Pyrex reactibn vessel during which time mercury metal was observed to

’ precipitate. The solution was decanted from the mercury beads and

| concentrated under vacuum, Quéntitati?e Ty N.M.R, revealed the residue
to contain a 101% yield of 2,2-dipheny]etheny1 phenyl sulfide (1.8 mmol).
No g,ZFdiphenylethene, 2,2edipheny]etheny]mercufy thiophenoxide, or

.-starting mercurial was observed.
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V. PHOTOCHEMICAL . COUPLING OF HALO COMPOUNDS
WITH VINYL MERCURIALS

A. Introduction

Organomercury compounds are not known to be reactive towards
4subeitution'reactions,with organic halides [67]. Nevertheless, vinyl-
mercury halides undergo photostimulated coupling reactions with certain

hale compounds, particu]arly organosulfonyl halides (Eq. 52) to form the

R'Hgx! + R3x2 Lght gl g2 yox'x® (52)
R! = vinyl | | |
‘X = halogen | -

mercuric halide salt and the coupled organic épeciés. The mechanism
and scope of this transformation, formally an electrophilic substitufion

reaction, is the topic of the following section.
B. Results and Discussion

1. Reaction of organosulfonyl chlorides with organomercury halides

Benzenesulfony]l ch]oridé reaCted'with_(g)-3.3-dimethy1-1-
butenylmercury éh]oride in benzene éo]ution under 350 nm radiation to
form (g)-3,3—dimethy1-1-buteny1 pheny1 suifone in high yield (see
Tab]e Xv). 'The mercurial §lso reacted with g:to]denesulfohy] chloride.
to'afford the corresponding vinyl sulfone in 75% yield. The anélogods.
reaction with methanesulfony] chloride on1y afforded (E)-3,3-dimethyl-

l-butenyl methyl sulfone in 32% yield aftef an extended reaction period. -
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Table XV. Reactions of hale compounds with organomercury halides

R'Hgx! + R%x2 dight . plp2 , poxy2

| Phi viatd aln2’
—_ 22 . % Vield R'R® |
R HgX" . RX Time (stereochemistry)
(E)-Me,CCH=CHHGC1 ~ PhSO,CT 3h 99% (>98% E)
PhCH,HGC1 PhSOCT ~ 3h 0%
PhHgC1 PhS0,C1 22 h 0%
(E)-Me,CCH=CHHGCT ~  p-MePhSO,C1 2.5 h 75% (>98% E)
(E)-Me,CCH=CHHGCT ~ MeSO,CT 22 h 32% (>98% E)
(E)-Me,CCHECHHGCT ~ C1,6S0,C1 . 19h 0%°
(E)-MegCCH=CHHGCl ~ PhCH,S0,C1 40 h 0%
(g)-Me3CCH=CHH§C1 N-bromosuccinimide 1;5 h <10%
(g)-Me3ccu=qHch1 (E£0),P(=0)C1 17 h <5%
(E)-Me,CCH=CHHgCT  PhCOCT 17 h 0%
(E)-Me,CCH=CHHGCT  (Me),C(NO,)Br 55 h o

. %period of irradiation in a Rayonet RPR-100 reactor equipped with
"350 nm" bulbs. Pyrex reaction vessels were employed.

ine]ds and stereochemistry by quantitative 1H N.M.R. of the
crude reaction isolate.

€6.Cc.M.S. evidence suggests the formation of Me3CCH=CHCCI3 in
Tow yield. ‘
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Table XV. (Continued)

4 Yield RIRE-

Rlngx! | R2x2  Timed (stereochemistry)
(g)-PhCH=CH2HgCT Phsec1d 10 min® 24% (E)
(g)-MeBCH=CHHgC1' 2,4-(0,N),PhSCT 4.5 h' 0%
‘(Ph)2c=cHHgBr (Me) ,CHI | 2 h 5099
(Ph) ,C=CHHgBr Mel "~ 30h 363"
(Ph)zc=CHHgBr | PhCH,Br 28 h 0%

o dThe solvent was mefhylene chloride.

- ®No irradiation was employed.

fA 275 watt sunlamp was emp]oyed as the irradiation source.

92-Bromo-1 »1-diphenylethene (ca. 8%) and 2- jodo-1 1-d1pheny1ethene

(ca. 5%) detected

“hz Bromo-1,1-diphenylethene (ca. 36%) and 2 iodo-1,1~diphenyl-

o ethene (ca. 18%) detected.

Trichloromethylsulfonyl chloride and a-toluenesulfonyl chloride failed

to couple with the vinyl mercurial,

Photost1mu1at1on is requ1red for these coupling react1ons No

_react1on occurred between (E) 3,3-dimethy1-1-butenylmercury ch1or1de

and benzenesu1fony1 ch1or1de in benzene solution in the dark even after

st1rr1ng for 12 hours at 50°C. In a control exper1ment emp1oy1ng a

“water-cooled flask, a 1.5 hour 1rrad1at1on period at 25°C in a Rayonet
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reactor4(350 nm light) induced nearly quantitative formation of the
Lvinyl.sulfone (see Experimental Sebtion). _ |

The photostimulated reaction betweeq‘benzenesu]fohyl chloride and
(g)-3,3-dimethyl-1-butenylmechry chloride in benzene at 25°C was
completely inhibite& for 1.5 hours by the addition of 10 mole % di-t-
butyl nitroxide, a free radical scavenger. Molecular oxygen (1
atmosphere) also completely inhibited the reaction (see Experimental
Section).

The vinyl moiety appears necessary for tﬁe coupling of organo-
meréury ha]idés with orgqnosu1fony1 halides. ;Phenyimercury'chloride and
beﬁzmiercury chloride both failed to react with benzenesulfonyl
chloride to give detectable amounts of the expected diphenyl and phenyl

benzyl sulfones.

2. Mechanism of the reaction between organosulfonyl chlorides and

(5)43,3?dimethy1-1-buteny1mercury chloride

The data are accommodated by the mechanism of Scheme 27 which is

nearly identical to Scheme 18, The halomercury(I) radical propagates

Scheme 27
1 , 1 en o2
R H A R' SO.R
\_/ + RS0, —> -2y
VAR 2 " HoCl
H HgCl . . 31,9

R

3] > + ClHg*
- H '502R2

> ClHgCl + RZSOZ-'

ClHgs + stozm
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‘the chain feaétion by abstracting a halogen atom from the orgaﬁosu]fény]'. '
halide. The mgchanism‘isAconsistent with the observed reacfion
}inhibitions by a'trace of di-iybutyI nitroxide and.mo1ecylar‘oxygen;3,
The -addition of a sulfonyl radical to the o]efinic bond nice]yvexplains
the nonreagtivity (towards sulfqne formatidn) df aryl- and a]ky]mercufy
halides. Perhaps léss obvious is the paor feactiqn between methane-
sulfonyl chloride and (E)-3,3-dimethyl-1-butenylmercury chloride. One
‘explanation is that dissociation of the_alkylsu]fonyl radical (Eq. 53)

RSO, * '—Egi§§->; R* + S0, (53)
competes with attack of the sulfonyl radical on the vinyl mercurig1.
However, a1ky1su1fony1 radicals are possible intermediates in the
related reaction between vinyImefcury halides aﬁd a]ky]su]finate_ions»
(Chépter VI, Part II of this thesis). An alternative explanation is
that halomercury radicals do not readily dehalogenate alkylsulfonyl
ha]ideé.'.

Precedent for the reactivity of mercury(I) radicals towards
halogen abstraction is provided by the reaction between diphenylmercury
and carbon tetrachloride (see Scheme 26) [130]. Sulfonyl radicals have
been found toydisplace cobalt(II) species from é]lylcoba]oximes [132]

(Scheme 28). The paramagnetic cobalt(II) propagates a radical chain
Scheme 28

I .o
| ~ ’ SO,R

+ cotl()
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Scheme 28 (Continued)

S § | o T .
Co (L)n + RSOZC1 —> C1Co -(L)n + RSO2
 R= alkyl, aryl

process by abstracting a chlorine from the organosulfonyl chloride. For
the special case4whefe R = C13C (Scheme 28), the jntermediate trichloro-
methylsulfonyl radical rapidly decomposes with loss of sulfur dioxide

(Eq.. 53) and the product of trichloromethyl radical attack on the

Co(L ‘peroxi | 1)
\4\/()n+%£%ngmmﬁ>\/§+mmmww%wn

| CC]3
allylcobaloxime was isolated (Eq. 54) [132].

Notably, trichloromethylsulfonyl ch]dride failed to yield the
vinyl sulfone upon reaction with (g)-3,3-dimethy1-l-bUtenylmercuny
‘chloride (Table XV),:a1though the yield of trichloromethylation product
~ was apparently low. The failure of o-toluenesulfonyl chloride to react
~at all with (g)-3,3-dimethy1?lébutenylmercury_ch]oride may also be
attributed to the instability of the intermediate sulfonyl radical.
This instability (Eq. 53) is supported by the observations that
a-toluenesulfonyl iodide rapid]j decomposes (presumably via a chain
process) to benzyl jodide and sulfur dioxide (Eq.'SS) [133] and that
the sodium sa]i of a-toluenesulfinic acid rapidTy’evq]ves sulfur dioxide

upon exposure to air (Eq. 56) [133]. In the reaction between the

paso,r -HEME s ppeyr o+ s, | (55)
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0 '
. __2_ ' .
PhCH2502 > [PhCH2502 ]

> S0, + other products - (56)

' vinj]mercury halide and gytoluénesu1fonyl ch1oridé; the intermediate

- benzyl radical apparently failed to bropagate}a radical cﬁain by

addfhg to the vinyl mercurial. Consequently, most of the starting

‘viny1mercury chloride was recovered gfter a 40 hour irradiatf;ﬁ period

(see the Experimental Section). |

| An interesting prediétion from mechanistic Scheme 27 is fhat

bis[viny1]mercury compounds should feact with two equivalents of an

organosulfony]l chloride to form two equivalents of the vinyl sulfone

and mercuric chloride (by analogy with Scheme 24). BiS[(g)-3,3-

dimethy]-]-buteny]]mefcury did in fact reactlwith excess_benzénesu]fony]

chloride under the influence of 350 nm Tight to afford, after 3.5 hours,

a mixture of products (Eq. 57). The starting mercurial was comp]etely
RZHg * PHSQZC] '3.;ih23rs ,

(0.8 mmo1)  (excess) (0.67 mmol) (0.51 mmo1)

> RHgC1 + RSO,Ph | (57)

R = (E)-3,3-dimethy1-1-buteny1

consumed. - The poor mass balance (0.42 mmo1 of R-groups were lost) and
the apparent reluctance of the reaction to proceed to completion
suggest that the alkenylmercury(I) intermediate is unstable towards
cOmpetitive.dissociétion (Scheme'29). Some mercury metal was actually

dbserved in the reaction flask (see Experimental Section).
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Scheme 29
kg}2[PhS0,C1]

| ___,/// > RHgCl + PhSO,"
RHg* , |
K.
\ diss > R* + Hgo

R = (E)-3,3-dimethyl-1-buteny1

3. Reaction of other halo compounds with vinyl mercurials

- Attempts to photo-induce coub]ing reactions between (E)-3,3-
dimethy1-1-buteny1mercury chloride and N-bromosuccinimide, behzoy]
chloride, diethyl chlorophosphonate, 2-bromo-2-nitropropane, and 2,4-
dinitrobenzenesulfenyl chloride all failed (see Table XV). An
attempted thermal coupling between (g)-z-pheny1-1-etheny1mercury chloride
and phenylselenyl chloride in methylene chloride (reported to proceed in
80% yield [124]) afforded a complex product mixture containing only a
24% yield of the expected alkenyl selenide, presumably due to side '
reactions involving the addition of the selenyl halidg across o1efihic
bonds.

Isoprbpy1 iodide, reacted with 2,2-dipheny1etheny1mercury bromide
in benzene solution to afford a 50% yield of the expected 3-methy1-1,1-
diphenyl-1-butene along with approximately 8% of the.2-bromo-1,1-
diphenylethene and 5% of the 2-iodo-1,1-dibheny1etﬁene (Table XV).
‘MethyI jodide reacted only sluggishly to giye a 36% yield of 1,1-
diphenylpkopene along with approximately.36%'of thg 2-bromo-1,1-
~ diphenylethene and 18% of 2-iodo-1,1-diphenylethene. Benzyl bromide
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, fai]edfto react with 2,2-dipheny1ethehy1mercury bromide even after
28 hours of irradiation at 350 nm, |
The mechanism of alkyi iodide coupling with viny]mercury halides may -
well be similar to that of the coupling reactions between the mercurials
and organosulfonyl chlorides (Scheme'27). The picture'is clouded,
'.‘ hdwever, by low coupling yields and rather comb]ex product mixtures.
The iso}ation of vinylic halide prbducts‘indicétes that part of thé
| 'reactionvpro;eeds via vinylic radicals or free halogen. There are
literature examples of ally]metals'reacting with alkyl halides by a free
radical chain mechaniSm analogous to that of Scheme 28. Allyltin
'compbunds react with carbon tetrachloride in the presence of a free

radical initiator [134] (Eq. 58) as d0'a11y]coba1oxime$ [135] (Eq. 59).

, peroxide '
| : | : ccl |
A~ O 4 oo, Beroxide, NS gioq) (59)

- €. Conclusion

Certain organié halo compbunds; particularly afy]su]fony] chlorides,
photofeaét with vinyl mercurials in benzene solution via the free.radical'
chain mechanism of Scheme.27.. Support fof the propbsed mechanism
includes inhibitioh by radicéT scavengers, the lack of a thermal (dark)
reaction, and the unique reactivity of the viny]-mﬁiéty. 'Alkyl-iodidés

only afforded coupled products in poor yield, -A number of other halo
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compounds in which the halogen was bonded to carbon, nitrogen, or sulfur

failed tovyie1d coupled products.

D. Experimental Section |

1.~ General considerations

| N-bromosuccinimide was purchased from Fisher Scientific Co. and
‘recrystallized from water before use, DiéthyT chiorophosphonate was
purchased from Aldrich and distilled before use. Benzoyl chloride was a
producf of Ma]inkfodt and was distilled prior to use Benzy] bromide,
2,4-dinitrobenzenesu]feny] chloride, gytoluenesulfonyl chloride, and
methanesulfonyl chloride were purchased from Aldrich., The methanesulfonyl
‘chloride was distilled before use. Isopropyl iodide, trichloromethane-
sulfonyl chloride, benzenesu]fony] chloride, and p-toluenesulfonyl
chloride were obtained from Eastman., Phenylselenyl chlofide was purchaséd
from Orgmet, methyl iodide from Fisher Scientific, and diphenyl sulfone
from K and K Laboratories. Benzyl phenyl sulfone [136] and 2-bromo-2-

nitfopropane [137] were prepared according to literature procedures.

2. Photoreaction of (E)-3,3-dimethyl-1-butenylmercury chloride with

benzenésu]fonyl chloride

R (g)-3,3-Dimethy1-1-buteny1mercdry chloride (1.0 g, 3.1 mmol) and
benzenesulfonyl chloride (1.1 g, 6.3 mmol) were dissolved in 25 ml of
: nitfogeh-pdrged benzene in a.Pyrex flask. The solution was irradiated
fdr 3 hours in a Rayonet RPR-]OO reactor (equipped with fifteen "350 nm" .

bulbs) at ambient temperature (40-45°C), Mercuric ch1oride precipitate
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was observed. The prec1p1tate was. removed by filtration and the so]ut1on,
concentrated under vacuum to afford a liquid found to contain (E) 3,3-
d1methy1 1 butenyl phenyl su]fone (99% y1e1d by quant1tat1ve ]H N.M.R.)
| and left over benzenesulfonyl chlor1de '
The crude.1solate was d1ssp]ved in 50 ml of chloroform and the

- solution stirred for 4 hours with 100 ml 6f'aqueous bicarbonate to remove
the benzenesu1fony1 chjoride. The ch1eroforﬁ selution was collected,
dried over MgSO4, and concentrated to afford 0. 61 g of co]orless liquid
found to contain an 88% yield of the nearly pure vinyl su]fone by 1H
N.M.R. The product was not further purified as this sulfone is read11y
prepared by the reaction of the vinylmercury ha]1de‘and the sodium salt
of benzenesulfinic acid (Chapter VI, Part II of;this thesis) and has been
_ fully characterized via that procedure (see the Experimental Section of
_Chaptef VI, Part II). In addition to 4 N.M.R., the identity of the
‘crude sulfone was verified by G.C.M.S. (m/e = 224'for the parent jon) and
found to be identical to the product 6f the.coupling between the vinyli-

mercury halide and the sulfinate salt.

3. Effect of darkness on the reaction of benzenesulfonyl chloride with

(E)-3,3-dimethyl-1-butenylmercury chloride

- (E)-3,3-Dimethy1-1-butenylmercury chloride (0.5 g, 1.55 mmol) and
benieneSﬂifony] chloride (0.55 g, 3.1 mmol) were dissolved in 10 m1 of
hitrogen—purged benzene in a flask tightly wrapeed with aluminum foil fo
omit Tight. The flask was immersed in a 50°C 011 beth'and the solution
gently stirred for 12 hours. .Upon cooling of. the solution and removal of

i
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the fo11, ‘no mercur1c ch]or1de was observed The solvent was removed
under vacuum to afford an oil conta1n1ng a 97% recovery of the starting
mercurial (by quant1tat1ve Ty N.M.R.). No (§)-3,3-d1methyl-l-butenyl o

phenyl sulfone was detected.

4, Effect of di-t-butyl nitroxide on the photoreaction of benzenesdlfony1

chloride with (E)-3,3-dimethy1r]-buteny]mercury chloride

(E)-3,3-Dimethy1-1-butenylmercury chloride (1.0 g. 3.1 mmol), .
- benieneéulfony] chloride (1.1 g, 6.2 mmol) and di-t-butyl nitroxide
(45,@9, 0.31 mmol) were.dissolved in 25 ml of nitrogen-purged benzene in
an extefna]]y water-jacketed .quartz. reaction flask. The solution was
_irradiated for 1.5 hours at 25°C in a Rayonet RPR-100 reactor equipped
with fifteen "350 nm" bulbs. No precipitate of mercuric chloride was_'
'observed.“ Removal of the solvent under vacuum yielded an 85% removery of
. the starting mercurial (as determined byiquantitative 1H N.M.R.). No
(E)-3,3-dimethy1-1-butenyl phenyl sulfone was detected.

In a control experiment (performed without di-;:buty1_nitrox{de),

the same irradiation period afforded a 100% yield of the vinyl sulfone.

5. Efféct of oxygen on the photoreaction of benzenesulfonyl chloride

with (E)-3,3- d1methy1 1- butenylmercury chloride

(E) 3,3-Dimethy1-1-butenylmercury chloride (1.0 g, 3. 1 mmo]) and
_behzenesu]fony] chloride (1.1 g, 6.2 mmol) were ‘dissolved in 25 ml of
benzeﬁe in an externally watef—jacketed quartz reaction flask. The

sblution was maintained‘saturated with oxygen by means of a stream of

oxygen gés'from a syringe needle, The solution was irradiated for 1.5
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hours at 25°C in a Rayonet RPR-100 reactor equipped with fifteen "350 nm"
: bulbs during which time no mercuric chloride precipitate was observed.
The solvent was removed under vacuum_andAthe isolate determined to
contain 95% of the original mercurial by quantﬁtativé 1H N.M.R. No vinyl

sulfone was detected, The control experiment (performedvunder nitrogen)

afforded the vinyl sulfone in 100% yield.

6. Photoreaction between benzenesulfonyl chloride and benzylmercury

chloride

"Benzylmercury chloride (1.0 g, 3.06 mmol) and benzenesulfonyl
vch1oride (0.94 g, 5.3 hmo1) were dissolved in 25 ml of nitrogen-purged
benzene in a Pyrex reaction flask. The solution was irradiated for
3 hours in a Rayonet reactor (equipped with *350 nm" bulbs) during which
time a white precipitate was observed. The solution was concentrated
under vacuum and ana1yzed by IH N.M.R. An authentic sample of benzyl
phenyl sulfone exhibits the methylene absorption at 4.3 ppm. This

absorption was not observed in the crude reaction isolate.

7. Photoreaction of benzenesulfonyl chloride with phenylmercury

chloride

Phenylmercury chloride (0.5 g, 1.6 mmol) and benzenesulfonyl
chioride (0.4 g, 2.3 mmol) were dissolved in 30 ml of nitrogen-purged
‘benzene (the mercurial only partially dissolved) in a Pyrex reaction
vessel, The solution was irradiated for 22 hours in a Raydnet reactor
equipped with thirteen "350 nm" bulbs during which time the mercurial

comp1ete1y dissolved and a new white precipitate formed. The solvent
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was removed under vacuum and the residue ana]yzed by G.L.C. (5' x 1/4“;
5% 0V-3; 220°C) for the pfesence of diphenyl sulfone by retention

matching with the authentic compouhd. No diphenyl sulfone was detected.

8. Photoreaction of p-toluenesulfonyl chloride with (E)-3,3-dimethyl-1-

butenylimercury chloride

(E)-3,3-Dimethyl-1-butenylmercury chioride (1.0 g, 3.1 mmol) and -
gyto]uenesulfonyl chloride (0.8 g, 4.2 mmol) were dissolved in 25 ml of
nitrogen-purged benzene in a Pyrex flask. Thé sdlution Was irradiated
for-2.5 hours in a Rayonet RPR-]dO reactor (350 nm Tight) during which
time'mércury chloride was observed to precipitate. The solution was
poured direct}y onto 50 ml of aqueous bicarbonate and stirred for 4 hours.
The orgénic layer was extracted with éther. The extract was dried
(MgSO4) and concentrated under vacuum to afford 0.61 g of colorless oil
found to contain a 75% yield of (g)-3,3-dimethy1-I-buteny] p-tolyl
sulfone by quantitative T4 N.M.R.  Identification of the sulfbne was
based on spectral comparison with the authentic compound conveniently
prepared in pure form via the réaction of the sulfinate salt with
(E)-3,3-dimethy1-1-butenylmercury chloride (see Chapter VI, Part II of
this thesis). '

9. Photoreaction of methanesulfonyl chloride with (E)~3,3-dimethyl-1-

butenylmercury chloride

Methanesulfonyl chloride (0,74 g, 6.5 mmo1) pnd (g)-3,3-dimethy1?‘
1-butenylmercury chloride (1.0 g, 3.1 mmo1) were dissolved in 25 ml of

nitrogen-purged benzene in a Pyrex f1ask. The solytion was irradiated
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‘for 22 hours in a Rayonet reéctor (350 nm" bu]bé) Precipitation of.
‘mercuric ch10r1de was observed, The solution was poured onto 100 ml of
aqueous b1carbonate and the m1xture stirred for 4 hours. The organic
layer was collected, dried (MgSO4) and concentrated under vacuum to
afford,an 611 containing the starting mercurial (12% recovery) and
(presumably) the (E)-3,3-dimethyl-1-butenyl methyl sulfone (36% yield
by quantitative 'H N.M.R.). The |
follows: (CDCI §) 1H (d) 6. 94 (JH = 15,5 cps), 1H(d) 6.29
(3 = 15.5 cps), 34 (s) 2.94, OH (s) 1.12.

H N.M.R. of the impure sulfone

The reactions of vinyl mercurials with simple alkyl sulfonyl

- chlorides were not investigated further} The alkenyl alkyl sulfones are
“readily available by the coupling of a]ky1sd1finate salts with vinyl-
mercury ha]ides;(see Chapfer VI, Part II 6f this thesis)f

10. 'Photbreaction of trichloromethanesulfonyl chloride with

(E) 3 ,3-dimethy1-1-butenylmercury chloride

(E) 3,3- D1methy1 1-butenylmercury chloride (1.0 g, 3,1 mmo]) and
trich1oromethanesu1fony1 chlorlde (1.0 g, 4.6 mmo1) were dissolved in
20 m] of nitrogen-purged benzene in a Pyrex flask, A 19 hour
irradiation period in a Rayonet RPR-100 reactor (9350 nm" bdlbs)
re§u1ted in the fofmation of a brown, sticky precipitate. Filtration
and concentration of the solution under vacuum afforded a brown 0il.
T N.M.R. analysis proved unhelpful as the vinylic region of the
Spectrum was poorly resolved, G.C.M.S.Ademonétrated the presence of a

volatile compound with the formula C7H11C13 (m/e observed for the
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perent ion along with isotope peaks characteristic of three chlorines).
This compound is probebly 1,1,1-trich]oro-4,4-djmethy1-2-pentene. None
of the eight Vblatile'components of the crude isO]ete was 3,3-diﬁethy1—

" 1-butenyl trichloromethyl sulfone.

11. Photoreaction of a-toluenesulfonyl chloride with (E)-3,3-dimethyl-

1-buteny1hercuny chloride

(E)-3,3-Dimethy1-1-butenyImercury chloride (1.0 g, 3.1 mmol) and
o-toluenesulfonyl chloride (0.6 g, 3.2 mmol) were dissolved in 25 ml of
nitrogen-purged benzene in a Pyrex flask. The solutfon was irradiated
for 40 hours during which time only a trace of brown precipitate was |
fobserved. Removal of the solvent afforded a 90% recovery of the
starting mercuria1'of ]H N.M.R. and no evidence of (g)-3.3-dimethy1-1-

'buteny1-benzy1 sulfone or 1-phenyl-4 4-dimethyl-2-pentene,

12, Photoreaction of benzenesulfonyl chloride with bis[(E)-3,3-
dimethyl-1-butenylImercury

Bis[(g)-3,3-dimethy1-l-butenyIJmercery (0.3 g, 0.8 mmo1) and
benzeneSulfdny1 chloride (0.29 g, 1.6 mmol) were dissolved in 10 ml of
nitroéeh-purged benzene in a Pyrex flask. The solution was irradiated
for 3.5 hours in a Rayonet reactor (fourteen “350 nm" bulbs) during
which time a Tittle mercury metel precipitated The solution was
decanted from the mercury bead and concentrated under vacuum
Quant1tat1ve ]H N.M.R. ana]ys1s of the res1due revealed 0,51 mmol of

(E)-3,3- d1methy1 -1-butenyl phenyl sulfone and 0.67 mmo] of
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(g)-3,3-dimethy1-1-buteny1mechryvchloride. None of the starting

bis[alkenyl]mercury compound was recovered,

13. Photoreaction of ﬂ:brombsuccinimide with (E)-3.3-dimethyl-1-

butenylmercury chloride

(g)-3,3-Dimethy1-1-buteny1mércury chloride (1.0 g, 3.1 mmo1) and NBS
- (0.57 Q; 3.2 mmol) were dissolved in 25 ml of CH2C12 in a Pyrex f]ask.
The solution was irradiated in a Rayonet reactor (equipped with fifteen
"350 nm" bulbs) for 1.5 hours during'Which time a white solid
precipitated. The solution was filtered and concentrated under vacuum to
afford a complex mixture containing at Teast 9 volatile components by
G.L.C, (5' x.1/4"; 5% 0V-3; 150°C) The ]H N.M.R. demonstrated a complex>

vinylic region. The reaction was not 1nvestigated further,

14. Photoreaction of d1ethy1 ch]orophosphonate with (E)-3,3-dimethyl-

1- butenylmercury ch]or1de

(g)-3,3-Dimethy1-1-buteny]mercury chloride (1.0 g, 3.1 mmol) and
’diethyl chlorophosphonate (0.84 g, 4,8 mmol) were dissolved in 25 ml of
nitrogen-purged benzene in a Pyrex flask, The solution was irradiated
for 17 hours in a Rayonet RPR-100 reactor (fifteen "350 nm" bulbs)

during which time a white precipitate formed, Filtration and concen-

, tﬁatidn of the solution under vacuum afforded a 70% recovery of the B
starting mercurial by quantitative ]H N.M,R. The crude isolate contained
| Tittle or none (<5% yield) of the expected diethyl (E)-3,3-dimethyl-1-

butenylphosphonate, a compound which is easi]y'prepared by the coupling
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of diethyl phosphite ion with the vinyl mercurial (Chapter VI, Part 11
of this thesis).

15. Photoreaction of benzoyl chloride with (E)-3,3-dimethyl-1-

| butenylmercury chloride

(E)-3,3-Dimethy1-1-butenylmercury chloride (1.0 g, 3.1 mmol) and
benzoyl chloride (0.73 g, 5.2 mmol) were dissolved in 25 ml of
" nitrogen-purged benzene and the solution was irradiated for 17 hours in
a Rayonet reactor (fifteen v350 nm" bulbs). A small quantity of brown
'precipitate was observed, Filtration and ¢oncentration under vacuum of
the sojution afforded a greenish liquid residue. The ]H.N.M.R. spéctrum
was uninformative due to the Tow resolution of the vinyl region. No

3,3-dimethyl1-1-buteny1 phenyl ketone was detected by G.C.M.S.

16. Photoreaction of 2-bromo-2-nitropropane with (E)-3,3-dimethyl-1-

butenylmercury chloride

(E)-3,3-Dimethy1-1-butenylmercury chloride (1.0 g, 3. 1 mmol) and
2-bromo-2-nitropropane (0.9 g, 5.4 mmol) were d1sso1ved in 25 ml of
nitrogen-purged benzene in a Pyrex flask. The solution was irradiated
for 55 hours in a Rayonet RPR-100 reactor (thirteen “350 nm" lamps). A
small amount of white precipitate formed. Filtration and concentration
under vacuum of the solution afforded a crude oil. No components were
eluted.by G.L.C. (5' x 1/4“; 5% FFAP; 100-200°C) énd the Ty N.M.R. was

complex.
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17. Reaction of phenylselenyl chloride with (g)-Z-phenyl-l-ethenyl-

" mercury chloride

The fo]]owing proceddre was taken_from'Raucher and coworkers [1241;
(g)-Z-Phenyl-1¥etheny1mercury chloride (1.06 g, 3.1 mmol) was
suspended in 15 ml of methylene chloride at 0°C. A cold (0°C) solution

of phenylselenyl chloride (0.6 g, 3.1 mmol) in 15 ml of methylene
chloride was added to the suspension of the mercurial. Affer stirring
for 10 minutes, the mixture was poured onto 100 mi of brine layered with
ethyl ether. The ethereal extract was dried over MgSO4 and concentrated
under vacuum to afford 0.78 g of o0il. The crude isolate was a complex:
mikture.found to contain a 24% yield of the expected (E)-2-phenyl-1-
etheny] phenyl selenide by quantitative 1H N.MtR. (the authentic
compound described in Chapter III, Part II of this thesis was employed
fof spectral compari;oh).

The.yield of vinyl selenide from this prdcedure is reported to be

80% [124].

18. Photoreaction of 2,4-dinitrobenzénesu]fehy] chloride with

(E)-3,3~-dimethy1-1-butenylimercury chloride

(E)-3,3-Dimethy1-1-butenylmercury chloride (1.0 g, 3.1 mmol) and |
2;4¥dinitrobenzenesu1feny] ch]ofide (0.8 g, 3.4 mmol) were disso]ved~in
30 ml of hitrogenqurged benzene in a Pyrex flask, The éo]ution was
irradiated for 4.5 hours with a 275 watt sunlamp positioned .6 inches
from the reaction vessel, A brown precipitate formed, Filtration and

concentration of the solutioh-under vacuum afforded 1.8 g of a.dafk“ :
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brown solid. ]H N.M.R. revealed the isolate to contain starting
materials (85% of the starting mercurial was recovered) and unidentifiedv

~ impurities exhibiting broad absorptions.

19, Photoreaction of isopropyl iodide with 2,2-diphenylethenylmercury
| 2,2-Diphenylethenylmercury bromide (1.0 g, 2,18 mmol) and isopropyl
jodide (3.4 g, 20 mmol) were dissolved in 30 ml of nitrogen-purged '
benzene in a Pyrex flask., The solution was ifradiated for 2 hours in a
Rayqnet‘RPR-]OO reactor (fifieen *350 nm" bulbs). After the first hour;
a yellow precipitate was noted,falthough after the’Second hour, the
pkecipitate was bright red. Thé colorless solution was decanted from
the precipitate and concentrated undef vacuum to afford 0.55 g of a
mixture of a white solid and a colorless oil. Quantitative T N.MLR.
revealed thg isdlate to contain-a 50% yield of the expected 3-methyl-
1,1-dipheny1-1-butene and a 5% fécpveny of the starting merpuriai
a]ong‘with,bther unidentified compounds, The 1H»N.M.R. spectrum of the
impure (known) 3-methyl-1,1-diphenyl-1-butene follows: (CDCI3, $)

10H (m) 7.2-7.5, 1H (d) 5,87 (JH = 12 Hz), 1H (m) 2.5, 6H (d) 1.0

»(JH = 7 Hz). The G.C.M.S. analysis demonstrated the presence of the
product olefin (m/e = 222 was observed for the parent ion) as well asv
2-bromo-1,1-diphenylethene (ca. 8% yield) and 2-i0do—1,1-dipheny1-
ethene (ca. 5% yield). ’
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. 20, Photoreaction of methyl iodide with 2,2-diphenylethenylmercury

| 2.2;Dipheny]ethenylmercury bromide (0.5 Q, 1.1 mmol) and methyl
iodide (5 g, 35 mmol1) were: dissolved in 10 m1 of nitrogen-purged benzene
in a Pyrex reaction flask. The §6lution was irradiated fok'30 hours in
a Rayonet RPR-100 reactor (équipped witﬁ thirteen *350 nm" bu]bsf; 0h1&
after approximately 20 hours was (}ed) precipitate observed, The
sbiutiéﬁ was decanted ahd concentrated under vacuum. Quantitative 1H
N.M.R. revealed a 36% yield of the ekpected'I,I-dipheny1—1-propene. The
stdrtfng mercury compound had been entire]y_consumed. G.C.M.S. analysis
revea}ed, in addition to the propene derivative, 2-bromo-1,1-diphenyl-
ethene (ca. 36% yield), Zfiodo—l,1-dipheny1efhene (ca. 18% yield), and
what may be 2-metﬁy1—1,1-dipheny1—13propene (995’10% yield, m/e = 208

* observed for the parent ion).

21. Photoreaction between benzyl bromide and 2,2-diphenylethenylmercury

bromide

2,2—Dipheny]etheny]mercury bromide (1.0 g, 2.18 mmol) and benzyl
bromide (0.72 g, 4.2 mmo1) were dissolved in 25.m1 of nitrogen=-purged
benzene in a Pyrex flask. The So1ution was irradiated for 28 hours in
a Rayonet RPR-100 reactor (fifteén 8350 nm* bulbs) during which time
only a trace of white precipitate was observed. Removal of the solvent
under vacuum afforded a mixture containing benzyl bromide, an 85%
vrecbVery of the starting,mercurié], and small quéntities of unidentified

compounds (determined by_1H N.M:R.),
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VI. PHOTOCHEMICAL REACTIONS OF DIALKYL PHOSPHITE AND SULFINATE
- ANIONS WITH VINYLMERCURY HALIDES TOIFORM~‘
© VINYLPHOSPHONATE ESTERS AND VINYL SULFONES

A. introduction

The anions of alkyl and ‘aryl sulfinic acids and diethyl phosphite
couple with vinylmercury halides by a light-induced process (Eq. 60).

R'Hgx + A~ —Light o ‘pla 4 pge 4 x° (60)
Rl=vinyl X=Br, C1 A" = stoz', (E£0),PO”

Superficially similar to the coupling of nitronate ions with alkyl-
mercury halides (see Chapter III, Part I of this thesis); reaction 60
appears not to proceed by the SRN1 mechanism, The scope of the reaction

and probable mechanism are two topics of the following section.

B. Results and Discussion

1. Photochemical coupling of vinylmercury halides with diethyl

phosphite ion

Photoreaction of bénzy]mercuny chloride with diethyl phosphite ion
affords bibenzyl and mercury metal, appareht]y'by a nonchain free
radical rdute (Chapter III, Part II of this thesis). Substituted vinyl- -
mércury halides, hbwevef, afford diethyl alkenylphosphonate esters in
moderate yields (Tab]e XVI). (g)—3,3-Dimethy1—1-bﬁteny1mgrcury halides
~ gave thé best.yieIds of phosphonate esters due either to the steric

barrier to o]éfin polymerization or to the lack ofva11ylic hydrogens.
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The attempted coupling of etheny]mercury_chloride was a notable failure.
Resinous, presumably polymeric material, was qiscarded during the work-
. up. Phenylmefcury chloride did couple with dieihy] phosphite jon in |
»low.yieid. Symmetrization of the mercurial was a competing process
(Table XVI). Vinyl mercurials bearing the bulky trans-t-butyl
substituent gave only the (E)-alkenylphosphonate. The Tess bulky
n-propyl and n-octyl substituted mercurials afforded mixturesvof E and
Z isomers in the ratio of approximately 10:1. | |

The coupling reaction between (E)-3,3-dimethyl-1-butenylmercury
bromide and diethyl phosphite ion in DMSO at 25°C under sunlamp
irradiation was completely inhibited for 2.25 hours by the addition of
io mole % of di-t-butyl nitroxide. A control reaction afforded a 47%
yield of (g)-3,3-dimethy1-i-buteny]phosphonate ester in the‘same period
of irradiation. The coupling reaction failed to proceed at all at 25°C
in darkness even after 20 hour; (see the Experimental Section).

Viny]mercury halides appear to be symmetrized by diethyl phosphite

ion in DMSO (Scheme 30). This reaction is presumably due to mercury(II)

Scheme 30

(E)-Me,CCH=CHHgCT + n(Et0),P0" 250> [ (E)-Me CCH=CH] Hg
' +

light

2 (E)-MegCCH=CHP(=0) (OEt), + 2Hg® + 2C1°
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'Table XVI. Photoreaction between v1ny1mercury halides and diethyl
phosphite ion

RMHgK + (Et0),P02 liant RIP(=0)(0EL), + Hg® + X~

DISO
R'HgX | Tine® © Yield of R'P(=0)(0Et),

o ' (stereochemistry)®
(E)-Me,CCH=CHHgCT 20,5 h 69% (>95% E)
(E)-Me 5CCH=CHHgBr 29 h 76% (>95% E)
(E)-n-PrCH=CHHgC1 27 h 56% (10:1 E:Z)
n=CgHy 7CH=CHHgCT 16,5 h 3% (9:1 E:2)
CH,=CHHGC1 - 00 0%
PhHgC1 o 25 2299

Generated from equimolar amounts of potassium t-butoxide and
diethyl phosphite in dry. DMSO.

‘ bIrradiation period with a 275 watt sunlamp positioned 4-8 inches
from the Pyrex reaction vessel, 'All reactions were performed under
nitrogen.

CYield of purified (>95%) v1ny1phosphonate ester, Stereochemistry
determined by N.M.R., I.R., and G.L.C,

» dIrrad1at1on provided by a Rayonet RPR-100 reactor at 350 nm.
A 26% yield of diphenylmercury was isolated along with diethyl
pheny]phosphonate _



213

vha]ide complexation with the dialkyl phosphite ions [20;21,67].‘ Thus,
| (g)-s,s-dimethyl-1-buteny1mechry'ch]oride disso1véd in d6-DMSO
containing excess diethyl phosphite ibn-exhibitgd the ]H N.M.R. spectrum
of bis[(g)-3,3jdimethy1-1-butenyl]mercury. Nonirradiated DMSO so1utioﬂs
containing vinylmercury halides and diethyl bhosphite jon yielded the
,symmetri;ed>mercuria1s nearly quantitative]y upon aqueous dilution and
ether extracfion. Thesé results parallel the observed nonreductive |
syﬁmetrization of benzylmercury chloride by diethyl phosphite ion
'(Chapter III, Part II of this thesis). |

2."Photochemica1 coupling of vinylmercury halides with organosulfinate
jsﬂui .
The sodium salt of pyto1uenesﬁ1finic.acid reacted sluggishly with
beniylmercury chloride under sunlamp irradiation to afford bibenzyl
(Chapter III, Part I of this thesis) and was unreactive towards phenyl-
mercury'chldride (Table XVII). With prb]onged irradiation at 350 nm in
a Rayonet RPR-100 reactdr, phenylmercury iodide and sodium p-toluene-
sulfinate reacted in DMSO to produce a low yield of phenyl p-tolyl
sulfone (Table XVII) contahinated'with di-p;t01y1'su1fone. In
contrast, vinylmercury ha]ides reacfed with alkyl and aryl sulfinate

salts with irradiation from a 275 watt sunlamp to give the corresponding

vinyl sulfones in good yields (Table XVII) [138] according to Equation 61.

“RHgx + R%oNa 9Nt RlsoR? 4 Hge + Nax - (61)

R! = viny] X = Br, CI RZ = alkyl, aryl



‘Table XVII. Photoreaction of}organosuifinate ions with vinylmercury halides

RMHgX + R%0,Na —119hEs Rlso.R? + Hg® + Nax -

:R]HgX R? Solvent Time? - % Sulfone .
(stereochemistry)

(g)-Me3CCH=CHHgCI iPh _§7C4H90H/H20 23.75 h - . - 85 (88) (>95% E) |
 (E)=MeCCH=CHHgC1 p-MePh £-C4HgOH/H,0 21h - 68 (81) (>95% E)

(g)-g,Prcuechgci p-MePh £-C 4HgOH/H,0/DMSO 22h - - 63 (71) (E:Z=8.6:1.4)

g:CBH]7CH=CHHgCI p-MePh -C,HgOH/H,0/DMSO 15 h 85 (74) (E:2=8.9:1.1)
 MeCH=C(HgBr)Me p-MePh £=C 4HgOH/H,0/DMSO 24 h 67° | |

Ph2C=CHHgBr p-MePh DMSO/E:C4H90H 42 h 61 (80)

(E)-PhCH=CHHgC1 p-MePh | DMS0/£~C4HgOH 19h 81 (>95% E)

Ph,,C=C(HgBr)Me p-MePh DMSO/£-C 4HgOH/H,0 6o nd 31 (66)

aIrrad1at1on period with a 275 watt sunlamp positioned 4-8 1nches from the Pyrex react1on
vesse] Reactions were performed under nitrogen at ambient temperatures (35 45°C). '

byjeld of pure sulfone (]H N.M.R, crude yield in parentheses)

by TH N.M.R., I.R., and G.L.C.

cStereochemstry not determined;

Stereochemistry was determined

dlrrédiation pfoVided by a Rayonet RPR-100 reactor (350 nm light).

712



" Table XVII. (Continued)

1

R'HgX R Solvent Time? % Sulfone b
4 , : (stereochemistry)
CHy=C(HgBr) (CHCeHyy-c)  p-MePh DMSO/t-C,HgOH/H,0 51 hd (<10)
CH2=CHH9C1 p-MePh DMSO/}:C4H90H 27 h 0
PhHgC1 p-MePh DMSO 21 h 0 (no reaction)

- PhHgI p-MePh DMSO 46 hd (40)
(§)-Me3CCH=CHHgC]ﬂ C-CGHli | DMSO/§7C4H90H/H20 18 h 66 (71) (>95% E)
(E)-PhCH=CHHgC1 C-CGH]] ' DMSO/}:C4H90H/H20 25 h 65 (68) (>95% E)
(E)-PhCH=CHHgC1 t-C4H9 DMSO/§7C4H90H 24 h - 55 (56) (>95% E)
(5)-Me3CCH=CHHgC1 n-C3H7 §764H90H/DM50/H20 30 h 69 (75) (>95% E)
(E)-Me,CCH=CHHgC C1,C DMSO 43 n 0 (no reaction)
(E)-Me,CCH=CHHgC1 PhCH,, - £-C4HgO0H/H0 19 h 0 (no reaction)

Gle .
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‘ ‘The coupling reactions were performed generally in mixed so]vént
systems selectgd primari1y tb accommodate the so1ubi1it%es of the
réagénts. Pure DMSO was avoided'since partial symmetrization of
.(g)-3,3-dimethy1-l—butenjlmercury chloride by‘sodihm tholuenesu]finéte
was observed in this solvent (see the Experimental Section). The uﬁe'of ‘
- t-butyl élcohol énd/or water as éosolvents often resulted in a simple
workup_prodedure since the metal]ic»mercuny.tended to form beads instead
of dispersions, Simple Kugelrohr distillation or,recrysta]1ization of
‘the crude product generally afforded sulfones of high purity. |

Exc1usive1y~(§)-a]keny1'sU]fones:resulted from‘coupjingvreactiqns
~ with vinylmercury halides bearing deky trans-substituents. Mercurials
such as (g)-]-pentenylmercury chloride afforded mixtures of E and Z_
isomers, |

Mercurials substituted at the g-vinylic carbon reacted sluggishly
with sulfinate ions compared with less highly substituted analogues.
Thus, 1-methy1-2,2-diphenylethenyimercury bromide coupled wifh sodium
pyfoluenesu1finate very slowly under the inngence of sun]amp irradiation
and a Rayonet reactor equipped with "350 nm" bulbs was employed to induce
formation of a reasonable yield of the expected sulfone. By comparison,
2,2-diphenylethenyimercury bromide coupled with sodium p-toluenesulfinate
under ordinary sunlamp irradiation to afford a highér yield of sulfone
inlless time (Table'XVII). The highly hindgred 1—(methy1cyc1ohéiy1)-1-
ethehy1mercury bromide only gave a trace of alkenyl sulfone with'sodium

p-toluenesulfinate detectable by G.C.M,S. bf the comp1éx crude reaction
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'i$olate. Etheny1mercury.chloride failed to couple with sodium
( g:to1uenesu1f1nate, but appeared to po]ymer1ze.
No coup11ng occurred between vinylmercury halides and su1f1nate
~salts in the dark. Thus (g)-z-phenyl-l-ethenylmercury chloride and
sbdium\pytoluenesulfinate did not react after 16 hours at 23°C. The same
coupling reaction was completely inhibited by the presence of 10 mole %
of di-t-butyl nitroxide fbr 4.5 hours of sun]émp irradiation at 25°C. In
_the control experiment, 4.5 hours of sunlamp irradiation at 25°C afforded
~a 38% yield of (E)-2-phenyl-1-ethenyl p;iojyl sulfone (see the
ExperimentaI'Section). _ |
Although vinylmercury halides are symmetrized by the action of

diethyl phosphite ion (Scheme 30), organosu1finate jons do not have a
similar effect (i.e., the equilibrium in Scheme 31 is balanced >95% in
favor of the unsymmetrized mercurial), Thus, the Ty N.M.R. spectrum of
(E)-3,3-dimethy1-1-butenylmercury chloride in dg-DMSO was not affected by
the'addition of sodiumlbenzenesu1finate and sunlamp irradiation resulted
in essentially quantitative formation of the vinyl sulfone with no
evidence for the presence of an intermediate viny]mercury compound,
Furthermore, (E)-3,3-dimethyl-1-butenylmercury chloride was recovered
intact in 95% yield from a t-butyl é]cohol/water solution containing
sodium benzenesu]finate (see the Experimental Sectibn).

. Sodium trich]dromethanesu]finate and gfto1uenesu1finaté failed to
coupTe with (g)-3,3-dimethy1-1-butenyImekcury chloride even with pro-'
longed irradiation (Table XVII), A mixture of the trich1oromethane-

sulfinate and benzenesulfihate salts reacted with the vinyl mercurial
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to give only the alkenyl phenyl sulfone (Eq. 62). The crude su]fone‘_

_ PhSO,Na |
(E)-Me,CCH=CHHGC1 + + It (E)-Me,CC=CHSOPh  (62)
C1,C50,Na | (85%)

was pure except for a trace of the unreacted vinylmercury halide.

3. Mechanism of the coupling reaction between vinylmercury halides and

organosulfinate ions

" The mechanism detailed in Scheme 31 is cohsistent with the available

data. The first fwd proposed propagation steps, the addition of a

Scheme 31.
propagatfon: : ‘
. ' 1 R" H
step (1) R H
| N~ + R%0,+ —> H—L—}s0R?
0 “Hgx 2 b2
g9 HgX
2
' RV W
step (2) 32 — "\, + XHg-*
o s,

step (3) XHg* + RZS0,” —> Hg® + X" + RSO,

sulfonyl radical to the o-carbon of the double bond and sdbsequent
elimination of a halomercury(I) radical, are borrowed directly from the

proposed mechanism for the coup1ihg of vinylmercury halides with
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arylsu1fdny1 halides (Chapter V, Part II of this thesis), Similar
processes.have becn pfoposed for the rcactions of thiyl radicals with
‘Vinylmercury mercaptides and bis[vinyl]mercury compounds as well as the
reactions of thiyl, selenyl, and telluryl radicals with vinylmercury
halides (Chapters II-1V, Part II of .this thesis), Propagation step (3),
the reduction of the halomercury(l) species by a sulfinaté ion, is
apparently unprecedented. No distinction betweéﬁ direct (ouier sphere)
electron transfer and sequential displacement of halide followed byl

dissociation of the mercury(I) sulfinate species (Eq, 63) is intended.
2¢q - 2 - 2 o L -
XHgs + R SO2 ~—> R SOZHg- + X — R 502- + Hg°® + X~ (63)

Scheme 31 accommodates the apparent photo-induced radical chain
character of the reactions,.the observed product stereochemistries, and
the unreactivity of alkyl and aryl mercurials, An alteﬁaate mechanism,
the SRN] process, is difficult to exclude (see Chaptefs I and III,

Part I of this thesis for discussion concerning'the sRN‘ mechanism).

The Tack of reaction between phenylmercury chloride and sodium
p-toluenesulfinate appears inconsistent with an SRN] mcchanism. Vinyl
halide SRN]'reactions, if authentic, are far léss facile than analogous
reactions of aryl halides [139]. Notably, attempts to stimulate coupling
bétween phenyl iodide and p-toluenesulfinate ionfwith ultravio1et‘
radiation or solvated ammonia failed (see the Experimental Section) and
there are no examples in th¢_1iterature»of aryl SRNI reactibns with
sulfinate ions, Finally, the SRNT mechanism does'nct explain the be-

havior of sodium a-toluenesulfinate and sodium trichloromethanesulfinate:
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towards vinylimercury halides. Radical anion 3§ is potentially unstable

towards loss of chloride ion and may not propagate an SRNI chain

[ (E)-MegCCH=CHS0,CCT 31° | ~ [(E)-MezCCH=CHSO,CH,Ph]"
.3 | 34

reaction, but the presence of trichloromethanesulfinate ion would still
be expected to interfere with the normal coupling betweeh a viny]mercuhy
hi]ide and benzenesulfinate ion (Eq. 62) which it does not. Radical
~anion 25 would be expected to be a viable intermediate if the SRN]

- mechanism were operative, yet the gytoluenesulfinate ion did not react
with (E)-3,3-dimethy1-1-butenylmercury chloride.

- Clearly, a key distihction between Scheme 31 and the SRN] process
lies in the identity 6f the chain-carrying radicals. The original
motivation for the attempted coupling of a vinylmercury halide and
sodium trichloromethanesulfinate was the.hobe that an intermediate‘
trich]ordmethanesulfonyl radical would decompose rapidly'with loss of
sulfur dioxide (Eq. 53) [132] giving rise to trich]oromefhy]ated‘products
not containing the sulfonyl moiety. The unrgactivity of the trichloro-
methanesulfinate ion is accommodated by Scheme 31 on account of the
undoubtedly lower oxidation potential of the ion compared with alkyl and
aryl éu]finates (i,g,, step (3) fails). The unreéctivity of the
.gftoluenésu1finate ion is ekp]ained by assuming a rapid loss of sulfur
dioxide from the intermediate sulfonyl radical (Eq. 53) [133] to give a

benzyl radicallwhich fails to propagate a chain process.
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4. Mechanism of the coup11gg reaction_between vinylmercury halides and

d1ethy1 ph;_phite ion

Any.mechan1st1c approach to the photo-induced coupling of diethy1
phosphite ion énd vinylmercury halides is complicated by initial non- .
reductive symmetrization of the mercurial (Scheme 30). One may reason-
ably argue that the low equilibrium conéentrafion of the'viny1mercury
‘halide renders an SRN] mechanism improbable. A key SRN] chain
“propagating process, the oxidation of an alkenylphosphonate radical anion
by a molecule of vinylmercury halide, seems less 1likely than the non-
propagating oxidation of the radical anion by mercuric halide, the

oxidizing agent present in high concentration (Scheme-32). (Chapters I

Scheme 32
T _ s
R" = vinyl
. 1
TRP(=0) (0Et),1° RHK Rlp(=0)(0Et) + [R'Hgx1*
HgX2 l
ﬁ ' Spy]1

1 i RN
R'P(=0)(0Et) + X~ + XHge

h 4

~no SRN] process

and III‘in Part I of this thesis contain detailed discussions of the
SRN1 process). | |
A plausible, albeit highly speculative, mechanism is outlined in

Scheme 33. The apparent radica1 chain character of the reaction and
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the inability of organomercurials in which the metal atom. is bonded to a |
séturated (sp3 hybridized) carbon (for example, benzylmercury chloride
and n-hexylmercury chloride) to couple with diethyl phosphite ion are

| clearly accommodated. Each of the proposed steps in Scheme 33 is

Scheme 33
1 H -OP(OEt)2 Rl H

R
2 = =+ Ha((E0)PO0),
H HgX - H Hg
i .
. 1 1 R' H
propagation R HH R
\_/ . =
step ) NV an )*=‘< + (Et0),P0+ —> H-t——- P(=0)(0EL),
H Hg H Hg H
=
1
B "R
| | 1 1 |
R H | Ry M
step (2) 35 > >===f’ +

H 3’P(=0)(ost)2 H Hge

1 H R}

R H
step (3) o/ + HaX,((E£0),PO7)  —> >>==< + *HgX((0Et),PO7)_
Ho Hge Ho HgX 36

step (4) 36 —> X + Hg° + (Et0),P0+ + ((Et0),P07)

closely related to processes invoked to explain other substitution
reactions of vinyl mercurials: the addition of a diethyl phosphite
radical to the bis[vinylJImercury compound to form 35 is analogous to the

additidh of sulfonyl, thiyl, selenyl, and telluryl radicals to vinyl
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mercurials (Chapters II-V, Part II of this thesis). A‘vinylmercuhy
radical, formed by the decomposition of §§, is proposed to abstract a
ha]ogen‘atdm from comp]exéd mercuric halide in step (3). Phény1thiy1
abstraction from phenyl disulfide by vihylmercufy radicals (Chapter IV,
Part II of this thesis) and chlorine abstraction from organosulfonyl
chlorides by ha]omercury radicals (Chapter V, Part II of this thesis)
have been established. In step (4), the resulting (complexed)
halomercury(I) radical is’subsgquently (or possibly concomitantly):
reduced by a diethyl phosphite ion. - A similar process was invoked to
Sexplain the reaction between vinylmercury halides and organosulfinate
ions (Scheme 31).‘ The vinylmercury halide generated in step (3)
presumably re-eﬁters the reaction chain after symmetrization by diethyl

phosphite ion.

5.A_Reactions of other nucleophiles with'(g)-3,3-dimethy1-1-

butenylmercury chloride

Some of the attempted coupling reactions between (E)-3,3-dimethyl-1-
butenylmercury chloride and nucleophiles other than organosulfinate and
diethyl phosphite ions are summarized in Table XVIII. The photo-
symmetrizétion'of (E)-3,3-dimethy1-1-butenylmercury chloride by thé anion
of 2-nitropropane was discussed previously in Chapter III, Part II of
,this thesis. Of the nucleophiles tested, only nitrite ion and gfb&tyi
phény]phosphonite ion gave coupling broduct. Neffher reaction was

studied in detail, although both required sunlamp irradiation. Both
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reactions are presumed to proceed by mechanisms such as described in

Scheme 31 or Scheme'33.

Table XVIII. Photoreaction of nucleophiles with (E)-3,3-dimethyl-1-
: butenylmercury chloride

(E)-Me3CCH-CHHgC1 + MR -11993> (E)-Me,CCH=CHA + Hg® + M'C1”

M A' T1me Solvent % Yield

‘Coupled Product

NaNo, 68 h DMSO 56 (>95% E)°
Nal; . 38h HMPA 0

© PhC(07)=CMe, K" 18 h DMSO 0
(Et0,C) MeCK® 18 h DMSO 0
PhP(0™) (0Bu)K"™® 3.5 h DMSO 84 (>95% E)
Ph,PLi 13.5 h THF 0
Ph4PCHCOCH 19h  THF 0
PhgP 100 h THF 0
Me,SiK® 0.5 h®  HMPA 0

A prradiation per1od with a 275 watt sunlamp pos1t1oned 4-8 inches
from the Pyrex reaction vessel.

bTentatwe]y identified by G.C.M.S. (P-46 ion observed) and by Ty
N.M.R. .A 36% yield of bis[(E)-3,3-dimethyl-1 buteny]]mercury was also
formed.

CFormed from equimolar amounts of the Conjugate acid and potassium
t-butoxide in dry DMSO or HMPA, .

dFormed from equ1mo1ar quant1t1es of d1pheny]phosphine and
n-butyl 1lithium in dry THF,

eSpontaneous exotherm1c reaction including the prec1p1tat1on of
mercuny metal occurred without irradiation, 4
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6. Competitive coupling between a vinylmercury halide and two anions

Several preliminary experiments (summarized in Table XIX) were
carried out in an attempt to estab]ish,re]ative anion reactivities
towards coupling with vihylmercury'ha1ides. The anion of 2-nitro§ropane
was utilized in two experiments in an attempt to induce coupling to form
homoallylic nftro compounds as opposed to the reductive symmetrization
~observed when the anion of 2-nitropropane alone is reacted with a vinyl-
mercury halide (this symmetrization is dfscussed‘in Chapter III, Part II

of this thesis).

Table XIX. Competitive coupling of a vinylmercury halide with tﬁo anions

. a ' :
RlHgx + A,™ + A,” 11I0E gla 4 R2n, (+hgo + X7)

R'HgX A Ay Solvent % Y;éld % Y:é]d

~ | RIA, R'A,

(E)-MeCCH=CHHGC1  (Et0),PO”  Me,C=N0,” DMsO  oPC ~ obC
(E)-Me,CCH=CHHCT  (Et0),P0”  NO,” ~DMSO o° o
(E)-MeCCH=CHHC1  (Et0),P0”  p-MePhS0,™  DMSO 15D b

(E)-Me,CCH=CHHC1  p-MePhSO,” NO,” DMSO/ £~

| CHoOH 76 0

(E)-PhCH-CHHC1 ~ .p-MePhS0,” Me,C=NO,”  DMSO 140:¢ gbsC

1rradiation for 10-20 hours with a 275 wait-sun]amp-positidned
6 inches from the Pyrex reaction vessel. All reactions were performed
under nitrogen., : :

bExtensiye formation of (R1)2Hg.

Crormation of 2,3-dimethyl-2,3-dinitrobutane,
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Unfortunately, in reactions employing diethyl phosphite ion and/or
the anion of 2-nitropropane, the ‘major process was symmetrization of the
vfny]meréury halide to give the bis[viny]]mércury Cbmpound, halide ion,
and.mercury metal. Reductive symmétrization is thé normal photo-induced
reaction between a nitronate ion and a vinyimercury halide, In réactions~
involving diethyl phosphite ion, the mercurial is nonreductively
symmetrized to yield the mercuric halide and bis[viny1]mercury compound
in»a rapid. thermal process and the second anion.(sﬁlfinate, nitrite, or
nitronate) acts to reduce the mercuric halide. |

. The qualitative conclusions drawn from Table XIX are that towards
coupling with vinylmercury halides, arylsu1finate ion is more reactive
than nitrite ion and diethyl phosphite ion is more reactive than aryl-
sulfinate. Thé coup]jng of a nitronate ion with a viny1men6ury haIide
was not accomplished by introducing a second anionic speciés into the

reaction.
C. Conclusion

Organosulfinate ions and vinylmercury halides undergo light-
induced coupling to give viny]isulfones, mercury metal, andvhalide ion
by a'radical chain process, In the proposed mechanism, halomercury(I)
radich] is displaced from the vinylmercury ha1ide‘by an orQanosUlfpny]
radical, Electron transfer from an organosu]finate ion to the halo-
mercury(I) species regenebates the chain carrying organosulfonyl radical

~ along with mercury metal ahd halide ion.
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Diethyl phosphite ion and vinylmercury halides similarly are coupled
By a light-initiated'radical chain reaction.to produce a diethyl vinyl-
| phbSphonate, mercury metal, and halide ion.: Vinylmercury halides are
‘induced by diethyl phosphite ion tb dispropoftionate to the bis[viny1]-
‘mercury compound and the mercuric halide,. The proposed mechanism
involves d1sp1acement of a v1ny1mercury radical from the bis[vinyl]-
mercury compound by a diethyl phosphite radical yielding a molecule of
~ the observed viny]phosphonéte ester, The vinylmercury radical
Subsequgnt]y abstracts a halogen atom from the mercuric halide salt
regenerating the starting mercurial., Diethyl phosphite ion is oxidized
by the ha]omercury radical to regenerate the chain carrying diethyl
phosphite radical, mercury metal, and halide 1on.

Vinyl sulfones are versat11e synthetic 1ntermed1ates [140] serving
as electrophiles for Michael additions of organometallic reagents [141,
142,143] and potent dienophiles for Diels-Alder reactions [140 144]
Vinyl sulfones bearing an a-vinylic proton can be Tithiated and
subsequently e]aborated with electrophiles such as carbonyl compounds .
and alkyl halides [145]. Reduction of the sulfone to a vinyl sulfide can
be accomplished with diisobutylaluminum hydride [146], while sodium
amalgam reduces the sulfone to the unsaturated hydrocarbon (reductive
deéulfony1ation) [147]. Vinyl sulfones are synthetiﬁ olefin equivalents
when the Diels-Alder reaction is combined with reductive desulfonylation
,[1471, and are synthetic ketene equivalents when the DieISFAlder reacfion
is followed by oxidative dgsu]fony1ation (g:carbénion formation with

lithium diisopropyl amide followed by oXidation with MoOS-Py-HMPA) [148].
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Vinyl sulfones are trad1t1ona11y prepared by the HUrner-W1tt1g reaction |
[142, 149 150,151], the ox1dat1on of vinyl sulfides [97], or the
dehydrohalogenation of gyha]ovsquones preparedvby_oxidat1on of B-halo
.sulfides [93] or addition 6f<organosu1fony1 halides to e]efins [152-155].
Traditiona] synthetic approaehes to the less studied vinylphosphonic
acids and esters include the pyrolysis ofngghalo alkylphosphonic acids
[156] and the addition of phosphorous pentachloride to an olefin
followed by hydrolysis [157]. The Arbuzov-type reaction of vinyl
’hajides with trialkyl phosphites to form viny1phosphonate esters is
'catalyzed by nickel(II) chloride [158] and by palladium(0) [159]. The
paI]ad1um catalyzed react1on appears present]y the most general o
. synthetic route and is stereospecific with retention of the conf1gurat1on

of the starting vinyl halide [159].
D. Experimental Section

1. General considerations

Sodium benzenesulfinate was purchased from Aldrich, Sodium

~ p-toluenesulfinate (a producf of Eastman) was employed as the dihydrate
-uhless otherwise specified. Iodobenzene was purchased from Baker.
Phehyl p-tolyl sulfone [160], 1-decenylmercury ehldride (a mixture of
~cis and trans isomers) [104], d1ethy1 pheny]phosphonate [161,162] and

-butyl phenylphosphonite (PhP(OH)(OBu)) [163] were prepared according
to the literature. Phenylmercury iodide was prepared by the addition of
a THF solution of mercuric iodide to a refluxing THF solution containing |

, dipheny]mercury, The product (a THF-insoluble precipitate) was cql]eCted"
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" and repeatedly washed with THF'(m.p. 270-271°C, 1it, [164] 269°C).
Sodium trich]oromethanesu]finate and gftoiueneSUIfinate were preparéd
aécording-to the literature [133,165].' The sodium salts of tfbutylj
[1661, cyclohexyl [167], and n-propyl sulfinic'[]68] acids werelprepared
- by tﬁe method of Houlton énd Tartar. 1-Methyl-1-propenylmercury [69]t

bromide (a mixture of cis and trans isomers) was prepared by addition of

mercuric bromide to the a1kehy]magnesium bromide in, THF,

'2.~ Photoreaction of (E) 3,3-dimethyl-1- buteny]mercury chloride with

d1ethy1 phosphite ion

So]id (g)-3;3-dimethy1-1-bqteny1mercury ch10fide (1.0 g, 3.1 mmol)
was added to a solution containing diethyl phosphite (0.55 g, 4.0 mmol)
and potassium t-butoxide (0.4 g, 3.6 mmol) in 30 ml of dry, nitrogen- |
purged DMSO. The solution was irradiated for 20.5 hours with a 275 watt
sunlamp placed 8 1nches from the Pyrex flask. The ambient reaction
temperature rose to approximately 40°C. Mercury metal was observed to
A precipitate after the first 20 minutes of irradiation. After the |

reaction wa§ complete, the DMSO solution was decanted frdm»the mercury 4
beads into brine layered with ethyl ether, The ether extract was |
washed with water and brine, then dried over anhydrous MgS0, and
concentfatedvunder vaguum_to afford-b.47 g of a colorless Tiquid. The
crude isolate was determined.to be diethyl (g)-3;3vdimethy1-]-buteny]-
.phosphonate (>98% pure). | 4

| Ty N.M. R. (CDC13, §) 1H (doublet of doub]ets) 6.78 (J »]7;5 Hz,
Jp = 23,Hz), TH (doublet of doublets) 5.43_(JH = 17.5 Hz, Jp = 20 Hz),
4H (m) 4}08, 6H (t) 1.32 (3, = 7 Hz), 9H (s) 1.05.
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I.R. (neat, NaCl plates, cm'])'2960‘(s), 1625 (m), 1475 (m),
- 1460 (m), 1440 (w), 1390 (m), 1365 (m), 1250 (s), 1160 (m); 1050 (s),
1025 (s), 985 (m), 950 (s), 845 (m), 815 (m), 780 (m), 760 (m), 725 (w).
M.S. Calculated for C]0H2]03P: 220,12284, Measured: 220.1229.
Error: 0.29 ppm. | l

| A small amount of material was purified by preparative G.L.C. for -
elemental analysis (6' x 1/4"; 20% Carbowax 20M; 170°C). | :

~ Elemental analysis. Calculated for C;gHy104P: - C, 54,53; H, 9.61;
0, 21.79; P, 14.06. Found: C, 54.21; H, 9.74; P, 13.91. |

3. Photoreaction of (E)-3,3-dimethyl-1-butenylmercury bromide with

diethyl phosphite ion

| Solid (E)-3,3-dimethyl-1-butenylmercury bromide (1.1 g, 3.0 mmol)
was added to a solution containing diethyl phosphite (0.55 g, 4.0 mmol)
and potassium grbutoxidé (0.4 g, 3.6 mmo1) in 30 ml of dry, nitrogen-
purged DMSb. The solution was irradiated for 29 hours with a sunlamp
during which time metallic mercury precipitated. The product was |
extracted from brine with ethyl ether to afford 0.50 g of a colorless
~ 1iquid determined to be diethyl (E)-3,3-dimethyl-1-butenylphosphonate
(>95% phre). The spectral characteristics of the prodpct.were‘identica1
to those of the compound prepared from diethyl phosphite ion and

(E)-3,3-dimethy1-1-butenylmercury chloride,
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4. Photoreaction of (E)f]-pentenglmercury chloride with diethyl

phosgnjte ion
| Sol1d (E)-1-pentenylmercury chloride (0. 8 g, 2.6 mmol) was added to

a solution conta1n1ng diethyl phosph1te (0.55:g, 4.0 mmo]) and potass1um
t-butox1de (0.4 g, 3.6 mmol) in 30 m1 of dry, nitrogen-purged DMSO. The
so]ut1on was irradiated for 27 hours during which time mercury metal '
precipitated. The product was extracted from brine with ethyl ether to
afford 0.37 g of diethyl 1-pentenylphosphonate (92-95% pure). The G.L.C.
trace exhibited two peaks in a ratio of -10:1 (5' X 1/8%; 5% FFAP; 150°C)
both demonstrating parent ions at m/e = 206 in the G.C.M.S. The majof
(and later eluting) component was isolated by pkeparative G.L.C. and
detefmined to be the (E)-alkenyl phosphonate. The smaller component was
, bresumed the Z isomer. |

TH N.M.R. for the E isomer (CDC1,, 8) TH () 6.4-7.5, TH (m) 5.35-
6.15, 4H (m) 4.13, 2H (m) 2.24, 2H (m) 1.63, 6H (t) 1.34 (JH 8 Hz),
3H (t) 0.94 gy = 6. 5 Hz).

I.R. for the E isomer (neat, NaCl plates, cm ]) 2980 (s), 2960 (s),
2920 (s), 2900 (s), 2880 (m), 1635 (s), 1455 (m), 1440 (m), 1390 (s),
1245 (vs, broad), 1160 (s), 1100 (s), 1050 (vs, broad), 950 (vs, broad),
825 (s), 790 (s), 745 (m). . ,

M.S. for the E isomer. Calculated for c9H1803P (P-1 ion was
'measured) 205.09931. - Measured: 205. 09910. Error: 1,0 ppm.

A satisfactory elemental analys1s was not obtained, presumably ddé

to contam1nat1on by a trace of a mercury containing spec1es.
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‘5. Photoreaction of 1-decenylmercury chloride wfth diethy1_phosphite ion
" Solid 1-decenylmercury chloride (1.0 g, 2.7 mmol) was added.to'a
_so]ufion qontaining diethyi phqsphite (0.55 g, 4.0 mmol) and potassium
t-butoxide (0.4 g, 3. G:mmo1) in 30 ml of dry, ﬁitrogeh -purged DMSO ‘The
so]ut1on was 1rrad1ated with a sunlamp for 16 5 hours during which t1me
mercury metal precipitated. The mercury meta] was removed by f11trat1on
of the DMSO solution through ”Ce11te" filter aid. The product was
extracted from brine with ethyl ether to afford 0.49 g of colorless
liquid determined by W N.M.R. to contain a 53% yield of diethyl-
l-deéenylphosphonate. The G.C.M.S. showed two components (9:1 ratio) to
have the same molecular idn {m/e = 276) and nearly identical fragmen- ‘
tation patterns. The major component (later eluting) was isolated by
preparative'G.L.C. and identified as the (E)-alkenyl phosphonate
(6' x 1/4"; 20% FFAP; 210°C). The minor component was assumed to be fhe
Z!isomer. | | ' |
TH N.M.R. for the E isomer (COC15, §) 2H (complex) 5.2-7.2, 4 (m)
4.1, 23 H (complex) 0.6-2.6.
I.R, for the E isomer (neat, NaCl plate, cm']) 2980 (s), 2960 (vs),
2930 (vs), 2860 (vs), 1635 (m), 1470 (m), 1390 (m), 1250 (vs, broad),
1160 (m), 1095 (m), 1055 (vs, broad), 955 (vs, broad), 830 (m), 790 (m).
M.S. for the E isomer, Calculated for C,H,q0P: 276.18544,
Measured: 276.18557. Error: 0.5 ppm. |
Elemental analysis for the E isomer, Calculated for c14H2903P
c, 60,85; H, 10.58; 0, 17.37; P, 11.21. Found: - C, 60.64, H, 10.45.
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6. Photoreaction of phenylmercury chloride with diethy] phosphite ion

Solid phenylmercury chloride (2.0 g, 6.4 mmol) was added to a
solution containing diéthy1 phosphite (0.98 g, 7.1 mmol) and'potassium ,
t-butoxide (0.75 g, 6.7 mmd]) in 60 ml of dry, nitrogen-purged DMSO in a
Pyrex flask. The solution was irradiated for 25 hours in a Rayonet
RPR-100 reactortequipped ﬁith sixteen "350 nm" bulbs during which time’
mercury metal pfecipitated. The solution was decanted into brine and the
organic products extracted with ethyl ether. .The extract was washed with
sodium thiosulfate solution to remove unreaéted phenylmercury chloride,
dried over anhydrous’Na2504, and concentrated under vacuum to afford
0.6 g of yellow 0il. The yield of diethyl phenylphosphonate by‘]H N.M.R.
(and verified by G;L.C.) was 22%, The only other volatile material
detected by G.L.C. (5' x 1/4"; 5% 0V-3; 200°C) was diphenylmercury (26%
yield, 0.85 mmol). The identity of both products was verified by G.L.C.

retention matching with the authentic substances and by G.C.M.S.

7. Photokeaction of ethenylmercury chloride with diethyl phosphite ion
Solid ethenylmercury chioride (1.0 g, 3,8 mmol) was added to a

solution containing diethyl phdsphite (0.7 g, 5.1 mmol) and potassium
t-butoxide (0.5 g, 4.5 mmol) in 30 ml1 of dry, nitrogen-purged DMSO. The
so]utibn was irradiated for 30 hours with a sunlamp during whiéh time
mercury metal precipitated. The solution was poured into brine and the
suspension was extracted with ethyl ether., Insoluble resinous matter
"was discarded. Concentration of the ether extract afforded 0,05 g of

yel]dw'oil found to contain no diethyl etheny1phosphonaté by IH.N.M.R.»
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8. 4Effect of darkness on the reaction of (E)-3,3-dimethyl-1-"

butenylmercury bromide withidiethy?l phosphite ion

| Solid (E)-3,3~dimethyl~1-butenyimercury bromide (1.1 g, 3.0 mmoi)
'uwas'added to a nitrogen-puréed solution containihg diethyl phosphite
(0.55 g, 4.0 mmo1) and potassium t-butoxide (0.4 g, 3.6 mmol) in 30 ml
. of dry DMSO in a flask wrapped a flask wrapped with aluminum foil to
exclude light. The solution was stirred for 20 Houfs at room
temperature and then acidified with aqueous acetic'acid. No mercury
‘metal was observed when the foil was remoVed. The usual workup afforded

no diethy].(g)-3,3-dimethy1-l-butenylphosbhonaté by T NMR.

9. ' Effect of di-t-butyl nitroxide on the photoreaction of (E)-3,3-

dimethyl-]?butenylmercury bromide with diethyl phosphite ion

Solid (§3-3,3-dimethy1-1-buteny]mercury bbomidé (1.1 g, 3.0 mmol)
was added to a nitrogen-purged solution containing diethy]vphosphite
(0.55 g, 4.0 mmol), pbtassium'gpbutoxide (0.4 g, 3.6 mmol), and di-t-
butyl nitroXide (45 mc1, 0,3 mmol) in 30 ml of dry DMSO in a Pyrex flask.
The reaction vessel was immersed in a 25°C watér bath and irradiated for
2.25 hours with a sunlamp positionéd 8 inches distant. No mercury metal
was}observed. The usual ﬁorkup afforded 0.11 g of ofange 0il containing
<2% of the expected diethyl (E)-3,3-dimethyl-1-butenyl phosphonate. In
a control experiment (performed without the added nitroxide), the same
irradiation period induced the formation of a 45% yield of the viny1-
phosphonate. | ‘
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10. Action of diethyl phosphite on on (E)-3,3-dimethyl-1-butenylmercury
chloride | | | |

Solid (E)-3,3-dimethyl-T-butenylmercury chloride (0.033g, 0.1 mmo1)
was added to a solution contéining diethyl phosphite (0,055 g) and
potassium t-butoxide (0.039'g) in 1 mi of dg-DMSO in an N.M.R. tube. The
1H‘N.M_.R. spectrum of the vinyl region matched that of bis[(§)-3,3-
dimethyl-I-buteny]]mercury (described in Chapter III, Part I of this
thesis). Interestingly, apparently quantifative conversion of dieihyl
(g)-3,3-dimethy1-1-bdteny1phosphonate occurred with sunlamp irradiation.

Bis[(g)-3,3-dimethy1-l-butenyljmércury waS'isolatéd in 98% yield
from a solution containing (§)-3,3-dimethy1-l-butenylmercuny chloride
(1.0 g, 3.1 mmol) and diethyl phosphite ion (from diethyl phosphite
(1.07 g, 7.8 mmol1) and potassium t-butoxide (0.6 g, 5.4 mmol1)) in 25 mi
of dry DMSO by pouring the solution into brine and.extracting the
bis[viny]]mercury compound with ethyl ether, | )

Bis[viny1]mercury compounds do not couple with diethyl phosphite
ion to yield vinylphosphonates. Thus, bis[(g)-3,3-dimethy1-1-buteny1]-
mercury (0.6 g, 1.6 mmol) was added to_a,nftrogen-purged solution
containing diethyl phosphite (0,858 g, 6.2 mmol) and potassium t-butoxide
(0.6 g, 5.3 nmo1) in 50 m1 of dry DMSO. The solution Was-ifradiated for
23 hoﬁrs;with a.sunlamp during'which time a 1itt1e mercury metal
precipitated; The solution was decanted into briné and worked-up in the
uéual manner to afford 0.4 g of a foul-odored yé1low 011; 1H NfM.R.
showed the isolate to contain'no diethyl (g)—3,3idimethy1-l-buteny]-
phosphonate, ' '
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11. Photoreaction of (E)-3,3-dimethy1-1-butenylmercury chloride with

; sodium benzenesulfinate - a general procedure fbr coupling sulfinate ions

with vinylmercury halides

Many details of the following reaction and particularly the workup
procedqre are generaT'for coupling reactions betWeen sd]finatepions and
vihy]mercury ha]ides;

Sodium benzenesulfinate (1.0 g, 6 mmo1) and (E)-3,3-dimethyl-1-
butenylimercury chloride (1.0 g,‘3.1 mmo1) were dissolved in a nitrogen-
purged mixture of t-butyl alcohol (40 m1) and water (10 ml1) in a Pyrex
- vessel, The solution was irradiated by a 275 waft sunlamp positioned
6 inches distant and ambient temberaturé (25-45°C) for 23.75 hours during
which time mercury metal precipitated.” The solution was decanted away
from the mercury'beads (in some reaction systems the mercury metal
remained finely suspended in the solvent and'filtratioh through "Celite"
filter aid was required) and most of the solvent removed under vacuum. -
The residue was pouréd into brine and the proddct extfaéted with three
portions of ethyl ether. The ethereai extract was washed with portions of
water, aqueous sodium thiosulfate, aﬁd brine, Dehydration over M§504 and
‘concenfration under vacuum afforded 0.61 g (88% yield) of the crude
(§)53,3fd1methy1-1-butenyl phenyl sulfone as a colorless liquid. A 4
Kugelrohr disti]]ation (97-99?C/0,03 torr) provided the ana}ytically,pure
sulfone in 85% overail yield. When the reaction was'performéd on a
10 mmoj (or'starting mercurié]) scale, the yield of the distilled product

was 76%.
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]H N M R.-(CDC13, §) 5H (m) 7.4-7.9, 1H (d) 6.87 (JH s 16 Hz),
~ 1H (d) 6.11 (JH 16 Hz), 9H (s) 1. 09,

IR, (neat, NaCl plates, cn -1y 3060 (m), 2960 (s), 1670 (w), 1620 (s), .

1480 (s), 1465 (m), 1450 (s), 1370 (m), 1320 (vs), 1300 (vs), 1290 (vs),
1143 (vs), 1085 (Vs), 975 (m), 830 (s), 805  (m), 760 (s), 750 (s), 710 (s),
685 (s), 590 (s), 550 (s). o

M.S. Calculated for CioHyg00S: 224.08711. Measured: 224.08722.

Error: 0.5 ppm. '
| Elemental analysis. Calculated for C12H]6025:' C, 64.,25; H, 7,19;
0, 14.26; S, 14.29. Found: C, 64,01; H, 7.16,

.An4interesting characteristic of many of the vinyl sulfones described
in this chaptér is the strong dependence updn substrate concentration and
the solvent of the vinylic proton N.M.R. cheﬁica] shifts. The high field
proton (B to the su]fony] moiety) is part1cu1ar1y affected. For example,
10 mg of (E) 3 3-d1methy] 1-butenyl phenyl sulfone in 0, 5 m1 -HMPA exh1b1ts
magnetica]ly equivalent vinylic protons at 6,85 ppm! * The proton chem1ca1

shifts are compiled for various solvents in Table XX.

12. Photoreact1on of (E)-3,3-dimethyl-1- buteny]mercury chloride with

sod1um ggt01uenesu1f1nate

‘Sodium p-toluenesulfinate dihydrate (2,0 g, 9.3 mmol) and (E)-3,3-
dimetﬁy]-1-buteny1mercury chloride (i.o g, 3.1 mmo1) were dissolved in a
nitrogeﬁ-purged mixture of'gybutyl alcohol (40 m1) and water (5 m1). The
‘solution was irradiated forizi'hours with a 275 watt sunlamp positioned

6 inches from the Pyrex reaction vessel during which time mercury heta1‘
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Table XX. Vinylic proton'chemiCal shifts for (E)-3,3-dimethy1-1-~
butenyl phenyl sulfqne in various solvents

X 4"

/~\
H1 SOzPh
Solvent? | H, (ppm)b . o Hy (ppm)b
Carbon tetrachloride -6.83 ' 6.07
Ethyl acetate - 6.88 ' - 6.32
Ethyl alcohol 6.93 6.35
Acetonitrile - 6,94 6.36
‘DMSO - | 6.88 6.65
HMPA 6.84 6.84
Nitromethane | 696 6.33
Ethylene chloride 6.90 ' .6.19
n-Butyl alcohol 6.88 6.26
Methyl alcohol 691 | 6.40
~ Isopropy1 alcohol 6.90 6.26
t-Butyl alcohol 6.81 o 6.24
.80:20 Ethanol/water 6.93 , - 6.36
80:20 Acetone/water » 6.86 o 6.47
Acetone ‘ 6.78 6.44
Ethyl ether » 6.87 o 6.23

4An R20-B Hitachi/Perkin-Elmer 60 MHz spectrometer was employed
for these measurements. The concentration in each case was 10 mg of
sulfone in 0,5 ml solvent with 0.5 m1 of TMS vapor added via a
~ septum cap on the N.M.R. tube.

,bThe‘vinyI proton coupling constant was a1Ways 15,5 + 0.5 Hz.
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precipitated. The uéual workup afforded 0.5 g (81% yield) of
(essentially pure) (g)-3,3-dimethy1-1-butenyj g}to]yl sulfoné as a
~colorless 1liquid.- A Kugelrohr distillation (105°C/0.15 torr) afforded
the ana]ytiéa]ly pure sulfone in 68% overg]] yfeld as a viscous 1iquid
which solidified upon prolonged storage. |
T NMGR. (CDCT,4, 6) @H (m) 7.20-7.80, TH (d) 6.8 (4, = 15 Hz),

14 (d) 6.16 (J, = 15 Hz), 3H (s) 2.42, 9H (s) 1.09. |

I.R. (neat, NaCl plates, cm']) 3065 (w), 2975 (s), 1630 (m),
1610 (m), 1330 (s), 1305 (s), 1150 (vs), 1095 (s), 980 (m), 845 (s),.
810 (s), 763 (s), 665 (s). o “ |

M.S.- Calculated for C13H180253 238,10276. Measured: 238.10282.
Errori 0.3 ppm.

E]ementa]'analysis. Calculated for C13H18025: C, 65,51; H, 7.61,
0, 13.42; S, 13.45. Found: C, 65.75; H, 7.63. |

When the coupling reaction between sodium p-toluenesulfinate and
(E)-3,3-dimethy1-1-butenylmercury chloride was performed in pure DMSO,
a mixture of the expected vinyl sulfone (44% yield) and bis[3,3-dimethyl-
yl-butenyl]mércury (16% yield) was isolated, |

13. Photoreaction of (E)-1-pentenylmercury chloride with sodium

p-toluenesulfinate

Sodium p-toluenesulfinate dihydrate (1.5 g, 7.0 mmol) and (E)-1-
pentgnylmercuny chloride (1.0 g, 3.28 mmol) were dissolved in a
nitrogen-purged mixture of t-butyl alcohol (40‘m1),,DMSO (25 m1) and

water (10 m1) in a Pyrex f]aﬁk. The solution was irradiated with a
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sunlamp for Zé_hours during which time mercury metal precipitated. The
ueual wprkup afforded 0.52 g (71% yield) of the 1-pentenyl p-tolyl |
‘sﬁ]fone (>95% pure) as a colorless oil. .A'Kuge1rohr distillation (1204
122°C/0.1 torr) afforded thevpure sulfone in 63% overall yield as a
co]opless 0il. The E and Z_preduct isomers were separable by G.L.C.
(6" x 1/4%; 15% OV-3; 195°C) and defermined to'occur in a ratio of
- 8.6:1.4. Both components exhibited the parent ion at m/e 224 and
showed similar fragmentation patterns in the G.C.M.S. The major (and
later eluting) isomer was assigned the'g_configuration baSed primarily
on the I.R. spectrum of the mixture. o
THN.M.R. for the mixture of E and Z isomers. (CDC14, &) 4H (m)

7 2- 7 8, 2H (complex) 6.1-7.2, 2H (m) 1.95-2.4, 3H (s) 2.4, 2H (m)
1.15-1.8, 3H (t) 0.88 (JH = 6.5 Hz).

: I.R. for the E,Z mixture. (Neat, NaCl plates cm ]) 2960 (m),
2930 (m), 2875 (w),.1633 (w), 1600 (m), 1455 (w), 1315 (s),'1300,(s),
1285 (s), 1145 (vs), 1085 (s), 965 (w), 810 (s), 785 (m), 653 (s).

M.S. for the E,Z mixture. Calculated for 012H]6025: 224.087106.
Measured: 224,08724. Error: 0.6 ppm. |

Elemental analysis for the E,Z mixture., Calculated for C12H16025:
C, 64.25; H, 64.25; H, 7.19; 0, 14.26; S, 14,29, Found: C, 64.00;
H, 7.22. | o |

14. Photoreaction of 1-decenylmercury chloride with sodium

p;to]uenesu]fihate

Sodium p-toluenesulfinate dihydrate (1.0 g, 4.7 mmo1) and.

1-decenylmercury chloride (1.0 g, 2.67 mmol) were dissolved in a
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nitrogen-purged mixture of t-butyl a1coh01;(40 m1), DMSO (20 m1), and
. water (10 m1). The solution was irradiated for 15 hours with a sunlamp
dufing which time mercury métdl'precipitated. "The usual workup

provided 0.6 g of yellow oil containing a 74% crude yield (by 1H N.M.R.)

" of the expected 1-decenyl p-tolyl sulfone. A Kuge1rohr distillation

(150-155°C/0.15 torr) afforded 0.43 g (55% overall yield) of the bure
sulfone. The E and Z isomers were bafely separable by G.L.C.
(5' x 1/8"; 5% 0v-3; 200°C). The supposed Z isomer eluted first. The
'.ratio (by G.L.C. 1ntegrat1on) of E:Z was 8,9:1,1. Both isomers
exhibited parent ions at m/e = 294 and nearly_identica] fragmentation
patterns in the G.C.M. s. . |

]H N.M.R, for the E,Z mixture (CDCI3. 6) 4H (m), 7.2- 7 8, 2H
.(comp]ex) 6.1-7.1, 2H (m) 2.0-2.4, 3H (s) 2.4, 15H (m) 0.7-1.7.

I.R. for the E,Z mixture (neat, NaCl plates, cn”! ) 2940 (vs),
2860 (s), 1600 (w), 1340 (s), 1150 (vs), 1090 (s), 970 (w), 810 (m),
660 (s). |

M.S. for the E,Z mixture, Célcu]ated for C]7H26025 294.16536.
Measured: 4294.16560; Error: 0.8 ppm,

Elemental ana1ysis. Calculated for C17H2602$ C, 69.34; H; 8.90;
0,‘10.87; S, 10.89, Found: C, 69.00; H, 9.07,

15. Photoreaction. of 1-methyl-1-propenylimercury bromide with sodium

p-toluenesulfinate

. Sodium p-toluenesulfinate dihydrate_(].B g, 6.1 mmol) and 1-methyl-

1-propenylmercury bromide*(l.o g, 3.0 mmol) wehe dissolved in a
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ni;rogen-purged mixture of t-butyl alcohol (40 m1), DMSO (10 m1), and
watér (5 m]). The solution was irradiated for 24 hours with a sun]amp-
. durfng which time mercury metal precipitated,  Thé usual workup 5
~afforded 0.45 g of colorless 0il found to contéin a 72% yiefd’of
1-methy1-1-propenyl p-tolyl sulfone by ]H N.M.R. Kugelrohr distillation
(115°C/0 15 torr) afforded the pure sulfone (stereochemistry not
determ1ned) in 67% overall yield., This sulfone has been reported in the
11terature [169]. .

‘ ]H N.M.R. (CDC13, §) 4H (m) 7.2-7.75, 9H (m) 6 7-7.1, 3H (s) 2.4,
6 (m) 1.7-2.1, |
I.R. (neat, NaCl plates, cm™') 2920 (w), 1650 (m), 1600 (m),
* 1130 (vs), 1085 (s), 815 (s), 710 (vs), 700 (s), 650 (s).

M.S. Calculated for C]]H140253 210,07146. Measured: 210.07126.

Error:A -0.9 ppm. | o

16. Photoreaction of 2.2-diphenylethenylmercury bromide with sodium

p:to]uenesu1f1nate

Sodium g:to]uenesu1f1nate dihydrate (1.3 g, 6 mmol) and 2, 2-

dipheny]ethenylmercury bromide (1.4 g, 3.05 mmol) were djssolved in a

nitrogen-purged mixture of DMSO (30 ml) and t-butyl alcohol (25 ml).
| Tﬁe solution was irradiated for 42 hours with a sunlamp positioned
6 inches from the Pyrex reactfon vessel during which time mercury metal
precipitated. The.usual workup afforded 0.8 g.offa light yellow solid
dEtermined to be nearly pure 2,2-diphény1etheny1 p-tolyl sulfone by
]ﬁ N.M.R. The pure sulfone was obtained in 61%_overa]]'y1e1d (0.61 g
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of'IOng white.needles) by recrystallization from ether/hexané‘
(m.p. 101,5-103°C). | |
TH N.M.R. (CDCT5, §) T4H (m) 7.0-7.6, TH (s) 6,97, 3H (s) 2.38.
I.R. (KBr pellet, cn™') 3020 (w), 1610 (w), 1600 (w), 1580 (w),
1495 (m), 1445 (m), 1300 (s), 1140 (s), 1090 (s), 910 (m), 850 (m),
840 (m),:BfO (m), 800 (m), 790 (w), 770 (m), 760 (s), 730 (s), 700 (s);
| 655 (m), 580 (m), 540 (s). | |
M.S. 'Calculated for CopHg0,5: 334.10275. Measured: 334,10407.
Error: 3.9 ppm, |
~ Elemental ana1y5is. Calculated for C2]H1802$: C, 75.42; H, 5;42;
0, 9.57; S, 9.59. Found: C, 75.47; H, 5,48, -

17. Photoreaction of (g)-z-pheny1-1-ethénylmebcury chloride with

' sodium p:to]uenesU]finate

Sod1um gftoluenesu1f1nate dihydrate (1 0 g, 4.7 mmol) and (E) 2-
_pheny] 1-etheny1mercury chloride (1.0 g, 2.95 mmo1) were dissolved in a
nitrogen-purged mixture conta1njng DMSO (30 ml1) and t-butyl alcohol
(25 m1). The solution was irradiated for 19 hours with a sunlamp dufing '
which time mercury metal precipitated, The usual workup afforded
0.59 g of a Tight yellow solid determined to be ﬁearIy pure (E)-2-
phenyl-1- etheny] p-tolyl sulfone (81% yield) by Iy N.M.R. This compound
| has been reported in the 11terature [97].

T4 N.M.R. (CDC13. §) 9H (m) 7.2-7.8, 1H (d, partially obscuréd)
7.63 (JH = 15 Hz), 1H (d) 6.82 (Jy = 15 Hz), 3H (s) 2.39, |

M.S. Calculated for C]5H14OZS: 258.07145, Measured: 248.07139f
Error: -0.24 ppm.
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18. Photoreaction of 1-methyl-2,2-diphenylethenylimercury brbmide with.

sodium pfto1uenesu1f1nate

. Sodium g:to]uenesulfinate d1hydrate (2. 0g, N mmo1) and 1-methy1- |
2 2 d1pheny1etheny1mercury brom1de (1.5 g, 3.17 mmo1) were d1ssolved
in a n1trogen purged mixture of DMSO (30 m1), t-butyl alcohol (20 m]),

- and water (2 m1) in a Pyrex reaction vessel, Only a trace of mercury

metal precipitated. when the solution was irradiated 12 hours with a
sunlamp. The reaction occurred faster when the solution was irradiated
in a Rayonet RPR-]OO reactor equipped wifh sixteen "350 nm" bulbs.
After 69 hours in the Rayonet:reactor, the solution was‘worked-up in
the usual.manner to afford‘0;83 g of a light ye1low solid found to
| contafn>1-methy]-2,2-diphenyletheny1 p-tolyl sulfone (66% yield) and
l,l-diphenylpropene (14% yield) by duantitative ]H N.M.R. The 1,1-
diphehy]prqpene was removed by evaporative distillation (120°C)
0.1 torr). Recrystallization of the residue from ether/hexanefgavg the
pure.suifone in 31% overall yield (m.p. 158.5-160°C). )
TH H.M.R. (cbC1,, ) 14H (m) 6.9-7.6, 3H (s) 2.33, 3H (s) 2.13.
I.R. (KBr pellet, cm™') 3055 (w), 1627 (m), 1600 (s), 1490 (s),
1445 (s), 1312 (vs), 1305 (vs), 1290 (s), 1187 (m), 1155 (vs),
1120 (s), 1077 (vs), 1004 (s), 930 (m), 917 (m).'842 (w), 813 (vs),
800 (s), 789 (vs), 750 (vs), 700 (vs), 695 (vs), 688 (s), 678 (vs),
645 (s), 578 (vs), 545 (vs), 512 (s), 480 (m), 466 (m).
N M.S. Calculated for CZZHZZOZS: 348.11841. ,Measured: 348,11877.
’Error: '1.0 ppm. | |
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Elemental analysis.. Calculated for CZZHZZOZS: C, 75.83; H, 5.78; .
0, 9.18; S, 9.20. Found: C, 75.66; H, 5,90, ‘

19, Phoforeaction of 1;(cyc16hexy1methy1)-IQéthenylmercugy bromide

| -Sodium E:to]uenésu]finate dihydrate (1.5 g, 8.4 mmol) and
1-(cyclohexy1methy1)rl-ethenylmercury bromide (1.5 g, 3.7 mmbl) were
dissolved in a hitrogen—purged mixture of DMSO (30 m1), ggbdtyl alcohol
(25 m]), and water (5 m]) in a Pyrex reaction vessel., Sunlamp
irradiation induced no observable reaction, but irradiation in a _
Rayonet RPR-100 reactor equipped with sixteen *350 nm* bulbs resulted
in the slow precipitatibn of mercury metal, The irradiation was
stdpped after 51 hours and the solution worked-up in the usual manner
to affdrd 0.27 g of orange 0il. .The maximum possible yield of the’
expected 1-(cyclohexylmethyl)-1-ethenyl p-tolyl sulfone by quantitative
]H-N.M.R. was 10% based on the integration of the methyl signal at
2.4 ppm.

20, Photoreaction of ethenylmercury chloride with sodium

p-toluenesulfinate

Sodium p-toluenesulfinate dihydrate (1.5 g, 7 mmol) and ethenyl-
mercury chloride (1.0 g, 3.8 mmol) were disso]ved’ih a nitrogen-purged
mixture of DMSO (30 m1) and t-butyl alcohol (25 ml) in a Pyrex reaction
vegsel. The solution was irradiated for 27 hours with a sunlamp during
which time a little mercury. metal precipitated'and the solution turned
brown, During the usual workup, a quantity of ether-insoluble brown

resinous material was discarded, A yellow gum (0.43 g) was isolated '
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but determined by ]H N.M.R, to contaih no ethenyl p-tolyl sulfone (no

vinylic protons were observed).

21; Photoreaetions of phenylmercury chloride and phenylmercury iodide ,

with sodium tholuenesu1finate

Sodium p;to]uenesu]f1nate d1hydrate (1.5 g, 7.0 mmo1) and pheny1-
mercury ch]or1de (1.0 g, 3. 2 mmo1) were dissolved in 50 m1 of. nitrogen-
purged DMSO and the solution was irradiated for 21 hours with a sunlamp
positioned 3 inches from the Pyrex flesk. No mercury metal precipitated.

When the same reaction was performed with pheﬁy]mercury jodide
(1.5 g, 3.7 mmol), a 46 hour irradiation period followed by the usual
workup afforded 0.45 g of yellow solid. ]H N.M.R. and G.L.C. analysis
(aided by comparison with the authentic compounds and the G.C.M.S.)
determined the crude isolate to be a binary mixture eonteining the
~ expected phenyl p-tolyl sulfone (40% yield) and di-p-tolyl sulfone

(0.45 mmo1, 12% yield based on the starting mercurial),

22. Photoreaction of (E)-3,3-dimethyl-1-butenyimercury chloride with

sodium cyé]ohexy] sulfinate

Sodium cyclohexyl sulfinate (1.1 g, 6.5 mmol1) and (E)-3,3-
dimethy1-1-butenylmercury chloride (1.0 g, 3.1 mmol) were dissolved in a
‘nitrogenépurged mixture containing t-butyl alcohol (40 m1) and water
(10 m1) in a Pyrex flask. The solution was irradiated for 18 hours with
a 275 watt sunlamp positioned 4 inches from the reaction vessel during
which time mercury metal precipitated The usua] workup afforded 0.49 g

of a ye]]ow 0il determined to conta1n a 7% yield of nearly pure
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(E)-3,3-dimethy1-1-butenyl cyclohexyl sulfone by 1H.N.M.R. The pure
sulfone was .obtained in 66% ovgral] yie]d;by a Kugelrohr distillation
'(105°C/0.15~torr). The colorless oil.solidified upon prolonged stbrage.
TH NM.R. (CDCT4, 6) TH (d) 6.83 (3, = 15.5 Hz), TH (d) 6.07
= 15.5 Hz), 11H (complex) 0.9-3.0, 9H (s) 1.14,
I.R, (neat, NaC1l pIates, cm ]) 2950 (vs) 2940 (vs), 2860 (s),
1640 (m), 1455 (s), 1370 (m), 1310 (vs), 1300 (vs), 1270 (vs), 1130 (vs),
1110 (s), 925 (m), 830 (s), 605 (s).
M.S.. Ca]cu]ated for Q]ZHZZOZS: 230,13406, Méasured: 230.13406.

9, -

Error: 0.1 ppm.
E1ementa1 ana]ysis. Calculated for °12”22°25 C, 62,563 H, 9.63;
0, 13.89; S, 13.92, Found: C, 62,78; H, 9.45, '

23. Photoreaction of (E)-2-phenyl-1-ethenylmercury chloride with sodium

cyc]oheXyl sulfinate

Sod1um cyc]ohexy] sulfinate (0.7 g, 4.1 mmol) and (E) 2-pheny1 1-

~ ethenylmercury ch]or1de (1.0 g, 2.95 mmo1) were dissolved in a n1trogen-
purged mixture of_DMSQ (30 m1), gfbutyl alcohol (25 ml1), and water

(1 mT). The so]Ution.was irradiated for 25 hours with a sunlamp during
which time the precipitation of mercury metal was obseryed. The usual
workup affordedl0.49_g of a yellow oil containing a 68% yield of the
expected (g)-é—phenyl-l-etheny1 cyclohexyl sulfone (determinédfby
quéntitative 1y N.M.R.). The pure sulfone was'obtained by Kugelrohr
d1st1]1at1on (150-155°C/0.15 torr) in 65% yield overaTI as a light

yellow 0il which so]1d1f1ed after prolonged storage,
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Ty N.M.R. (CDC]S; 8) 5H (m) 7.2-7.6, H (d,. partially obséured) ,
7.60 (Jy, = 15.5 Hz), TH (d) 6.80 (J, = 15,5 Hz), 11H (complex) 1.0-3.2.
I.R. (neat, NaCi plates, cn™') 3060 (w), 2940 (s), 2860 (m),

1620 (m), 1450 (m), 1300 (s), 1130 (s). | |

M.S. “Calculated for C]4H]8025: 250.102757; Measured: 250.102738Q
| Error: -0.1 ppm. - -

" Elemental analysis, CaIculatedqur C]4H13025: C, 67.16; H, 7.25;
0, 12.78; S, 12,81, Found{ C, 67.28; H, 7.22,

24, Photoreaction of (E)-2-pheny1-1-ethenyTmercury chloride with

sodium t-butyl sulfinate
. -Sodium irbutyl sulfinate (1.0 g, 6.9 mmol) and (E)-2-phenyl-1-

- ethenylmercury ch1oride (1.0 g, 2.95 mmo1) were dissolved in a_ nitrogen-
purged mixture of DMSO (30 m1) and t-butyl alcohol (25 m1). The
solution was irradiated for 24 hours with a sunlamp during which time :
mekcury metal precipitated. The usual workup afforded 0.4 g of ye]]owv
0i1 determined to contain a 66% yield of the expected (g)-z-pﬁehyl41-'
gtheny] t-butyl sulfone by quantitative 1H N.M.R. A Kugelrohr distil-
lation (120°C/0.1 torr) gave the pure sulfone as a colorless 0il which
so]idifiéd after prolonged storage,

TH N.M.R. (CDC15, 6) 5H (m) 7.1-7.6, TH (d, partially obscured)
7.6'(JH'=716 Hz), H (d) 6.8 (3, = 16 Hz), 9H (s) 1.40.

I.ﬁ. (neat, NaCl plates, cm']) 1610 (m), 1290 (s), 1280 (s),
1110 (vs), 980 (s), 850 (m), 825 (m), 725 (s), 685 (m), 650 (m),
525 (m), 475 (m).
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M.S. Calculated for Cy,H,£0,5: 224.08711. Measured: . 224.08715.
Error: 0.2 ppm. o ,
| Elemental analysis. CaIéUIated for c12H16023; C, 64.25; H, 7.19; -
0, 14.26; S, 14.29. Found: C, 64.56; H, 7.55.

25. Photoreaction of (E)-3,3-dimethyl-1-butenyimercury ch1oride with

sodium n-propyl sulfinate

Sodium n-propyl sulfinate (0.8 g, 6.2 mmol) aﬁd (E)-3,3-dimethy1-
l-bdtenylmercury chloride (1;0 g, 3.1 mmol) were dissolved in a |
| hitrogen-pufged mixture of ;:butyl'alcohb1 (40 m1), water (10 m1), and
DMSO (10 m1). The solution was irradiated for 30 hours during which
time mekCury metal precipitated. Thus,‘usual workup afforded 0.53 g 6f
COlorless'oil determined to contain a 75% yield of theiexpected (g)-3;3~
dimethyl-1-butenyl n-propyl sulfone by quantitative THNM.R. A |
Kugelrohr distillation (80-85°C/0.08 torr) gave the pure sulfone in 69%
'pvera11 yield. This sulfone has previouSIy been reported in the
fﬁterature [110].

. ]H N.M.R. (CDCI3, 8) 1H (d) 6.88.(JH = 15,5 Hz), 1H (d) 6.23
(9, = 15.5 Hz), 2H (m) 2.85-3.12, 2H (m) 1,55-1.95, 12H (broad,
coincident t-butyl and terminal methyl signals).

I.R. (neat, NaCl plates, cm™') 3060 (m), 2960 (s), 2878 (m),

1637 (m), 1470 (m), 1375 (m), 1280 (3 peaks, vs), 1250 (s), 1130 (vs),
1100 (w), 1062 (m), 990 (m), 872 (m), 830 (m), 810 (m), 780 (m).
- M,S. Calculated for CgH]BOZS: 190.10276. 'Measured: 190.10252.}

~Error: -1.2 ppm.
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, 26. Photoreact1on of (E) 3,3- d1methy1 -1= buteny]mercury ch]or1de with

sod1um tr1ch1oromethanesu1f1nate

Sodium.tricthromethanesu]finafe (1.0°g, 4.9 mmo1) and (E)-3,3-
: diMethy]—14buteny1mercury chloride (1.0 g, 3.1 mmol) were dissolved in
20 ml of dry, nitrogen-purged DMSO in a Pyrex reaétion vessel. A

20 hour irradiation period with a'sunlamp caused no change in the
appearance of the so]ut1on and no mercury metal precipitated, The
solution was subsequently 1rrad1ated for 23 hours in.a Rayonet RPR-100

reactqr (thirteen "350 nm" bulbs), but still no mercury precipitated.

27. Comggtitive photoreaction of (E)-3;3-dimethy1-1-bdtggylmekcury

chloride with a mixture of sodium benzenesulfinate and sodium

trichloromethanesulfinate

" Sodium tricthromethanesu]fin;te (0.8 g, 3.9 mmo1), sodium N
benienesuifinate (0.7 g, 4.3 mmol), and (E)-3,3-dimethyl-1-butenylmercury
chloride (I.O g, 3.1 mmol) were disso]Veq in a nitrogen-purged mixture
of t-butyl alcohol (40 m1) and water (10 m1) in a Pyrex flask. The
solution was irradigted for 23 hours with a sunlamp.during which time
mercuhy metal precipitated. The usual workup afforded an 85% yield of
'(g)-3,3—dimethy1-1-buteny] phenyl sulfone, a trace of the starting'
mercurfél; and absolutely no 3.3-dimethy1-1-buteny1 trichloromethyl
su1foné or 1,1,1-trichloro-4,4-dimethyl-2-pentene (determined by
quantitative ]H N.M.R.).
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.~ 28. Photoreaction of (g)-3,3-dimethyi-l-butenylmercury'ch1oride with -

sodium a~-toluenesulfinate

Freshly prepared sodium g;fo]uenesulfinate (1,78 g, 10 mmol)‘and'
(g)-3,3-dimethy1-1-butenylmercuny chloride (1,0 g, 3.1 mmol) were
disso]ved in a nitrogen-purged mixture containing t-butyl alcohol (40 ml)
and water (10 m1) in a Pyrex reaction vesse] The solution was
1rrad1ated for 19 hours with a sunlamp, No mercury metal was observed.
The solution was poured into brine, Extracfion with ethy1 ether |
recovered 0.78 g of the start1ng mercurial (>98% pure) and no coupled

product

29.  Effect of darkness on the reaction of (E)-2-phenyl- 1-etheny1mercury

chlor1de with sodium p-toluenesulfinate

Sodium p-toluenesulfinate dihydrate (1.0 g, 4.7 mmol) and (E)-2--
phenyl-1-ethenylmercury chloride (1.0 g, 2.95 mmol) were dissolved in a
hitrbgen-purged mixture of DMSO (30 m1) and t-butyl alcohol (25 ml1) in a
f]aek'wrapped with aluminum foil to exclude Tight., The solution was
irradiated for 16 hours at 23°C. No mercury metal was observed upon
removal of the foil and the usual workup afforded none of the (E)-2-

phenyl-1-ethenyl p-tolyl sulfone.

30. Effect of di-t-butyl nitroxide on the photoreaction between (E)-2-

phenyl-l-etﬁeny]mercury chloride and'sodihm p:to]ueneSulfinate

Sodium p;to]Uenesulfinate dihydrate (1.0 g, 4.7 mmo1), (E)-2-
phenyl-1-ethenylimercury chloride (1.0 g, 2.95 mmol), and di-;:butyl'

nitroxide (21 mg, 0.15 mmo1) were dissolved in a nitrogen-purged mixture
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of DMSO (30 ml) and t-butyl alcohol (25'ml) in a Pyrex flask iﬁmersed in
‘a 25°C water bath. .The solutioh was irradiated for 4 5 hours with a

275 watt sun]amp positioned 10 inches from. the reaction vessel. No
mercury metal was observed. The usual workup afforded absolutely no -
-'(E) -2-pheny1- l-ethenyl g:toly] sulfone.

A control reaction (performed identically except wzthout ‘added

. di-t-~buty1 n1trox1de) afforded a 38% yield of the sulfone after the same

irradiation period,

31. Nature of the reacting mercury species; the photoreactfon of

(g)-3,3-dimethy1-l-butehylmercury chloride with sodium benzenesulfinate

" Sodium benzenesulfinate (20 mg, 0.12 mmno1) and (E)-3,3-dimethyl-1-
butehylmercury chloride (33 mg, 0.1 mmol) in 0.5 ml of dg-DMSO gave the
1H N.M.R. spectrum cdrresponding to the sum of the spectra of the
indiVidual(compounds. That is, the vinylmercury halide was not
vdetectably symmefrized. No spectral change‘occubred when the so]ution
was‘warmee in an oil bath to 100°C for 30 minytee. Two minutes of
sunlamp ifradiation, however, inducéd the ereeipitation of metallic
mercury and the 1H N.M.R. speetrum reveajed a mixture of'starting
~materials and (E)-3,3-dimethy1-1-butenyt pheny1 su]fene. Continued
: sunlamp-irradiation resulted in .the apparently quantitative conversion |
of the starting mercurial into v1ny1 sulfone. | |

Sodium benzenesulfinate (1.0 g, 6 1 mmol). and (E)-3,3- d1methy1 1-’
butenylmercury chloride (1.0 g, 3.1 muole) were dissolved in a mixture

of t-butyl alcohol (40 m1) and water (10 ml); After 10 minutes of
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stirring, the $o1utioh was concentrated to a slurry under vacuum and
the residue taken up in brine layered with ethyl ether. The ethereal
extract was concentrated to afford 0.95 g (95% recovery) of the starting

-(5)43,3-diméthy1¥1-butenyjmercury chloride,

32.. Attempted coupling of phenyl iodide with sodium p-toluenesulfinate

Phenyl iddide (2.2 g, 11 mmol) and sodium p-toluenesulfinate
diﬁydrate (3.0 g, 14 mmol) were dissolved in 50 m1 of nitrogen-purged
DMSO-in a Pyrex flask. The solution was irradiated at ambient tempera-
ture'for 12.5 hours in a Rayonét RPRéloo'reactor equipped with sixteen
"3504ﬁm bulbs". The solution was then poured into 300 ml briné and the
oféanic broducts were extracted with ethyl ether. The ethereal extract
afforded only recovered phenyl iodide. No pheny1'p;t01y1 sulfone was
detected by 1H N.M.R. When the reaction was repeated and a 22 hour
irradiation period employed, a trace of the expected sulfone (< 4%
yiéTd) was detected by quantitative ]H N.M.R. and G.L.C. The idenfity
"of the sulfone was established by comparison with the authentic compound.
Anhydrous sodium p-toluenesulfinate (7,1 g, 40 mmol, prgpared by |
| warming the dihydrate salt to 140°C for 4 hours at 0.005 torr) was
disso]vea in 150 m1 of liquid qmmonia. Phenyl iodide (4.1 g, 20 mmol)
was added and the ammonia allowed to reflux, Pdtassium metal (1.0 g,
25 mmo1) was.added to the solution in small pieces over a period of
45 minutes. Ammonium chloride (2.0 g) was then.added and the solvent
allowed to evaporate, The residue was taken up in brine layered with
ethyl e;her. The ethereal exfract gave 1,0 g of a brown liquid

'containing no phenyl p:toiy] sulfone,
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33. Photoreaction of (E)-3,3-dimethyl-1-butenylmercury chloride with

n-buty1 phenylphosphonite ion

Solid (E) 3 3-d1methy1 -1- butenylmercury chloride (1.0 g, 3.1 mmol)
was added to a solution containing n-butyl pheny]phosph0n1te (1.18 g,
5:9 mmo1) and potassium t-butoxide (Q.G g. 5.3 mmo1) in 30 ml of dry,
nitrogen-purged DMSO. The solution'waslirradiated for 3.5 hours‘with a
eunIamp}positiened 3 inches from the Pyrex reaction vesse].during.which
time mercury metal prec1p1tated The solution was decanted from the
mercury beads into brine and the product extracted from diethyl ether.
The extract was washed repeatedly with water, dried over anhydrous
_MgSO4 and concentrated under vacuum to give 0.75 g of colorless 0il
found to contain an 84% yield of n-butyl (E)-3,3-dimethyl-1-butenyl
phenylphoSphfnate by quantitative-]H N.M.R. The major,impurity was a
little n-butyl phehy]phosphonite identified by G.L.C. (5' x 1/8";
5% OV-3; 200°C). . | |
TH N.MLR. (CDC] §) 5H (m) 7,45-8.03; 1H (doublet of doublets)
6 86 (JH 17 Hz, JP = 21 Hz); 1H (doublet of doublets) 5.83
(JH =17 Hz, Jp = 22.5 Hz), 2H (m) 3.78-4.23,f7H (m) 0.75-1.84, 9H (s)
1;05. 4
| I.R. (neat, NaCl plates, cm'1) 3060 (w), 2960 (vs), 2870 (m),
1620 (m), 1470 (m), 1440 (m), 1370 (m), 1225 (vs), 1125 (s), 1060 (m),
1025 (s), 990 (s), 970 (s), 890 (w), 840 (m), 750 (m), 695 (m).
M.S. CaIcu]ated for Cighys0,P: 280,15922. Measured: 280.15990.
Error: 2.4 ppm.
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34. Photoreaction of nitrite ion with (g)-3,3-dimethp1—1-buteny]mercury
chioride | | ’
Sodium nitrite (0 5 g, 7.2 mmo]) and (E) 3,3-dimethyl-1- buteny]- ,

: mercury chloride (1.0 g, 3.1.mmo]) were diseo1ved in 25 m1 of dry,
nitrogen-purged DMSO. The solution was irradiated with aA275 watt"sune.'
1amp positioned 4_inches~from the Pyrex reaction vessel for 68 hours
' during which time mercury metal slow]y precipitated. The solution was’»'
v.then poured into brine and the organic products extracted with ethyl |
ether. The ethereal extract afforded 0.48 g of yellow oil. Quantitativel
1H N.M.R._determined the 1so]ate to be a binary.mixture of (presumed) i
(E)-3,3-dimethyl-1-nitro-1-butene (56% yield) and bis[ (E)-3,3-dimethyl-1-
butenyl]mercury (36% yield). The G.C.M.S, confirmed the bis[vinyl]-
mercury compound (m/e = 366 observed for parent ion) and was consistent

with the nitro olefin (m/e = 83 was observed for the highest mass frag-
..meht which corresponde to the loss of'NO2 from the mo1ecuiar ion);

" TH N.M.R. of the nitro olefin contaminated with bis[(E)-3,3-
dimethyl-]-buteny]]mereury (CDCTS, 8) TH (d) 6.92 (JH = 15 Hz), TH (d)
6.28 (3, = 15 Hz), 9H (s) 1,13,

Notably, the G.C.M.S. is not consistent with.therpresence‘of,an
organic nitrite ester (as opposed to an organic nitro compound) as these
compounds readily lose NO from the parent ion and thus exhibit a .
pronounced P-30 peak [170] |

No reaction occurred when the reaction was performed in DMSO/water.
Also, no reaction occurred when sunlamp irradiation was not employed

(i.e., the reaction solution was stirred in darknees et_50°C). TH N.M.R.
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experiments showed that the viny1mercuny hafide was not symmetrized by
nitrite don prior to irradiation. Similarly, (E)-3,3-dimethyl-1-
butenylmercury chloride was recovered from a DMSO solution containing
sodium in 90% recovered yield by pouring the solution into brine and

extraction with éthy] ether,
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VII. CONCLUSION TO PART IT

Viny]mercury.mercéptides are sensitive to 1ight-promoted e]imination
of mercury metal to form vinyl su]ffdes in high yie1d. These are‘fadicelv
chain reactions established to proceed via displacement of a mercury(I)
‘mercaptide radical from the viny1mercuny mercaptide by a thiyl radical.
The mercury(I) mercaptide radical undergoes facile fherma] dissociation
to give mercury‘metal énd a chain-carrying thiyl radical,.

. Vinylmercury halides undergo photo-initiéted reactions with
disulfides, phenyl diselenide, phenyl dite]]ufide; arylsulfonyl
chlorides, and organosu]finaie ions to form vinyl sulfides, selenides,
,telluridee, and sulfones aiong with mefcury(Ii) salts or mereury metal.
These are radical chain reactions, the unifying mechanistic feature
being the displacement of a halomercury(I) radieal from the vinylmercury
halide.by a thiyl, selenyl, telluryl, or sulfonyl radical. The
halomercury(I) radical reacts by abstracting a thiyl, selenyl, or
telluryl moiety (from disulfides phenyl diselenide, or phenyl
~ ditelluride), by abstrection of a chlorine atom (from ary1su1fony1
' ch]orides); or by oxidizing an organosulfinate ion. In each case, the
chain-carrying thiyl, selenyl, telluryl, or sulfonyl radical is‘.
regeneratedf ‘

,'Vinylmercury halides énd diethyl phosphite ion undergo a photo-
induced radical chafn coupling reaction to yield vinyl phosphonate
esters, halide ion,‘ahd mefcury metal. The reaction mechanism is

presumed to be similar to that detailed for the coupling reaction of
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: vinylmercury ha]ideé'and organosulfinate ions, but is complicated by tﬁe
obsefvation that diethyl phosphite ioﬁ prombtes the disproportionatioh
of vinyImercury hé]ides td form bis[vinyl]mercury.compounds and the
mercuric halide salt. | | |

Bisfviny]]mercury compounds react with phenj]‘disu]ffde by a Tight-
promoted radical chain process to give two equivalents of the viny]
'pﬁeny] sulfide and mercury metal. The mechanism has been shown to
consist of two reaction chains, In the first chain, pheny1 thiy]
radical displaces a vinylmercury(I) radical from the bis[viny]]mercuny
compound. The viny]mercury(l) radical then abstracts pheny1 thiyl from
pheny1 diéu]fide to give a vinylmercury mercaptide and a phenylthiyl
radical. The second chain consists of the'iight-promoted decomposition
of'the vinylmercury mercaptide to the vinyl sulfide and mercury metal.

A11 of the above reactions require the vinyl moiety and are not ;
stereospecific. Consistent with these observations is the view that
mercury(I) radiéa]s are displaced from vinyl mercurials by the
| sequential addition of an incoming radical to the‘g;vinylic carbon to
form a B-mercury radical (possibly a mercury bridged species) foI]owed
by expulsion of a mercury(I) radical. |

As a step towards pred1ct1ng which rédica]s will react with vinyl
mercur1als by the addition-elimination mechanism, at 1east two
characteristics concerning the radicals found to react thus far may be
noted. First, all of the radicals are knownAor expected to be capable
of reversible ﬁdditions to carbon-carbon,doub]e bonds.' Therefore,

attack at the g-vinylic carbon of a viny1 mercuria1, which cannot lead
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' to-product formation, is reversible, Second, the radida]s are all
electrophilic (i.e., capable of accepting negative charge). Attack at
the a-vinylic carbon of a vinyl mercurial might proceed via a species

having electronic character similar to a g-mercury carbenium ion

(Eq. 64). v

o R 6@

' R H 2 1 2 .
\__/ . +R% > H R (64)
/N 6@ """ ~HgX



W 00 N o

10.

11.
12,

13.

14.
15,
16.

17.

18.

- 19,

260

BIBLIOGRAPHY

. Russell, G. A,; Danen, W. C. J. Am. Chem Soc. 1966, 88, 5663.
.- Russell. G. A.; Danen, W. C J. Am. Chem. Soc. 1968, 90, 347. k
Kornblum, N.; Michael, R. E.; Kerber, R, C. J. Am, Chem, Soc. 1966,

88, 5662.

Kornb]um, N. Angew Chem 1975 87, 797; Angew. Chem., Int. Ed.
Engl. 1975, 14, 734; “and references c1ted therein,

Russell, G. A.; Jawdosiuk, M ; Ros, F. J. Am. Chem, Soc. 1979, 101,
3378. . .

Kernb1um, N.; Fifolt, M. J. J. Org. Chem, 1980,‘45, 360.

Kim, J.-K.; Bunnett, J. F. J. Am. Chem, Soc. 1970, 92, 7463.
.~ Kim, J. K.; Bunnett, J. F. J. Am. Chem "Soc. 1970, 92, 7465.

Bunnett, J. F. Accts. Chem. Res. 1978, 11, 413,

Zeilstra, J. J.; Engberts, J. B. F. N. Recl. Trav. Chim. Pays-Bas

1973, 92, 954.
Kornblum, N.; Boyd, S. D.; Ono, N, J. Am, Chem. Soc. 1974, 96, 2580.

Russell, G. A.; Norris, R. K.; Panek, E. J., J. Am, Chem, Soc. 1971,
93, 5839.

Petrov, K. A.; Chavzov, V. A.; Pastukhova, L. V.; Bogdanov, 4. N.
Zhur. Obshchei Khim, 1976, 46, 1246.

Russell, G. A.; Hershberger, J. J.C.S. Chem, Commun. 1980, 216.

Kaplan, R. B.; Shechter, H. J. Am. Chem, Soc. 1961, 83, 3535.

Kornblum, N.; Kestner, M. M.; Boyd, S. D.; Cattran, L. C.
J. Am. Chem. Soc. 1973, 95, 3356. , '

Hoffmann, A. K.; Fe1dman, A. M.; Gelblum, E. G.; Henderson, A.
Organic Synthesis 1968, 46, 62.

Kornblum, N.; Larson, H. 0.:; Blackwood, R. K.; Mooberry, D. D.;
Oliveto, E. P.; Graham, G, E. J. Am, Chem. Soc 1956, 78, 1497

Barnesand, M. W.; Patterson, J. M. Q,'Qrg, Chem, 1976, 41, 733.



20.

21.

22.
23,
24,

- 25.

- 26.
27.

28.

29.
30.
31.

32.

33,

. 34,

35.

36.
37,

38,

Kraus, J. J. Am. Chem. Soc. 1913, 35, 1732,

261

Miller, E. In "Houben-Weyl, Methoden Der 0r§an1schen Chemie"
Vol. 13/2b "Meta]]organ1sche Verb1ndungen, Hg", Georg Th1eme
Verlag: Stuttgart, 1974.

Makarova, L. G.; Nesmeyanov, A. N. "Methods of‘EIemento-Organic~
Chemistry", Vol. 4; North Holland Publishing Co.: Amsterdam, 1?67.

i
]

Gowenlock, B. G.; Trotman, J, J. Chem, Soc. 1957, 21]4;
Benesch, R.;. Benesch, R. E. J. Am. Chem, Soc. 1951, 73, 3391.
Benesch, R.; Benesch, R. E. J. Phys. Chem. 1952, 56, 648.
Pasto, D. J.; Gontarz, J. J..Am, Chem. Soc. 1969, 91. 719.
Grey, G. A.; Jackson, W, R, J. Am, Chem. Soc. 1969, 91, 6205.

Whitesides, G. M.; San Filippo, J., Jr, J. Am, Chem. Soc. 1970
92, 6611. ~

Hi11, C. L.; Whitesides G. M. J. Am. Chem. Soc. 1974, 96, 870.

‘Skinner, H. A. Adv. Organomet. Chem. 1964, 2, 49.

-Hoffmann, A, K.; Hodgson, W. C.; Maricle D. L.; Jura, W, H.
- J.. Am. Chem. Soc. 1964, 86, 631.

Corey, E. J.; Estreicher. H. J. Am, Chem, Soc. 1978, 100, 6294.

Karen Owens, Chem1stry Department, ISU, Ames, Iowa, National Science
~ Foundation Undergraduate Research Part1c1pant, Summer 1978.

Russell, G. A.; Hershberger, J.; Owens, K. J. Am, Chem. Soc. 1979,
101, 1312. -

For a reV1ew, see Ingold, K. V, In "0rgan1c Free Rad1ca1s“ ACS
Symposium Series, Vol, 69, Pryor, W, S., Ed.; Amer1can Chemical
Society: Nashington, D.C., 1978,

Garot, . F.; Ayers, P. Wu; Lanb, R. C. J. An, Chen. Soc. 1966, 88,
4260. _ < - |

Bartlett, P. D.: C1osson, W. D.; Cogde11, T, J. J. Am. Chem. Soc.
1965, 87, 1308.

Carisson, D. J.; Ingold, K. V. J. Am, Chem. Soc. 1968, 90, 7047.



39,

40.

41.

a2.
43.
44,
45.

46,

47.

48.
49,

50.
51.
- 52,

53.
54.

' 56..

57.
58.

59,

262

Lai, D.; Griller, D.; Husband, S.; Ingold, K. V. J. Am, Chem. Soc.

Russell, G. A.; Metcalf, A, R. J. Am, Chem. Soc. 1979, 101, 2359.

Chung, S.; Chung, F. Tetrahedron Lett;, 1979, 2473,

Sayre, L. M.; Jensen, F. R.'d. Org, Chem. 1979, 44, 228.

R. J. Ovellette and van Leuven, B. G. J. Org. Chem. 1965, 30, 3967.
Halpern, Y.; Garti, N. J. Organomet Chem. 1965, 92 291,

Makarova, L. G.; Nesmeyanov. A. N. "Methods of E1emento—0rganic
Chemistry", Vol, 4; North Holland Publishing Co.: Amsterdam, 1967,
p. 20. .

Swartz, J. E.; Bunnett, J. F. J. Org, Chem, 1979, 44, 4673.

WUrsthorn, K. R.; Ku1V11a, H. G.; Smith, G, F. J., Am, Chem, Soc.
1978, 100, 2779.

Shippey, M. A.; Dervan, P. B, g, Org. Chem, 1977, 42, 2654,

Kornblum, N.; Daview, T. M.; Earl, G. W.; Holy, N, C.;
Kerber, R. C.; Musser, M. T.; Snow, D. H, J. Am, Chem. Soc. 1967,

- 89, 725.

Slotta, K. H.; Jacobi, K. R. J. Prakt. Chem, 1929, 120, 272.

‘Robson, J. H.; Wright. G, F. Can, J. Chem. 1960, 38, 21.

Costa, L. C.; Young, G. B.; Whitesides, G. M. J. Organometal. Chem.
1977, 134, 155. .

Larock, R. C. J. Organometal. Chem, 1974, 72, 35,

Hilpirt, S.; Grlttner, S. Chem. Ber. 1915, 48, 906.
Brown, H. C.; Rei, M. H. J. Am, Chem. Soc. 1969, 91, 5646.
Manu]kin, Z, M. Zh, Obsch. Khim. 1946, 16, :235.

Gagdémar, M. Bull. Soc. Ch1m. Fr. 1962, 974,

Whitmore, F. C., Nh1tt1e, E. L.; Harr1man, B. R, J. Am, Chem, Soc
1939, 61, 1585.

Larock, R. C.; Brown, H. C. d, Organomegai, Chem, 1972, 36, 1.




60.
61.
62.
63,

64.

65

~ 66.

67.

68.

69..

70.

72.
73.
74,
75.

76,

77.

78.

- 263

House, H. 0.; Gall, M.; Olmstead, H. g; Org. Chem, 1971, 36, 2361.

Kharash, M. S.; Swartz, S. J. Org. Chem. 1938, 3, 405.

Allan, R. J. P.; Megee, J.3 Ritchie, P, D, R.-J. Chem. Soc. 1957,
4700. | S |

Nesmeyanov, A. N.; To]staya, T. P.3 Isaeva L. S. Doklady Akad
Nauk S.S.S.R. 1957, 117, 996.

Maynard, J. L. J. Am. Chem. Soc. 1932, 54, 2118.
Conley, R.; Nowak, B. J. Org. Chem. 1962, 27, 3196.

~Kornblum, N.; Clutter, R. J.; Jones, W. J. d. Am. Chem, Suc. 1956,

78, 4003.

Jensen, F. R.; Rickborn, B. "Electrophilic Substitution React1ons '
of Organomercurials”, McGraw-Hi11: New York 1968. '

Larock, R. C. Angew. Chem, 1978, 90, 28; Angew. Chem, Int Ed.
Engl. 1978 17, 27.

Casey, C P.; Whitesides G. M.; Kurth, J. J. Org. Chem, 1973, 38,
3406.

Larock, R, C.; Bernhardt, J. J. Org, Chem., 1978, 43, 710,

Foster, D. J.; Tobler, E. J. Am. Chem, Soc. 1961, 83, 851.
Foster, D. J.; Tobler, E. J. Org. Chem, 1962, 27, 834,

Tobler, E.; Foster, D. J. Z, Naturforsch., 1962, 176, 135,

Golobov, Y. G,; Domitrieva, T, F.; SuboroVskii, L. S.
Probl. Organ. Sintoza, Akad. Nauk, SSSR, Otd. Obshch, i Tekhn.
Khim. 1965, 314, Chem. Abstr, 1966 64, 6683h,

Sterlin, R. N.; Euplov, B. N.; Knunyantz, I. L. Zh. Vses. Khim,
Obshchest. 1967, 12, 591; Chem Abstr, 1968, 68, “49706c,

Sachs, G.; Schles1nger, L.; Antoine, H, Justus Liebigs Ann Chem
1923, 433, 154. :

Takagi, S.; Tsukatani, H.; Tanaka, H. Bull. Inst. Chem. Research,
Kyoto Univ. 1951, 27, 71; Chem. Abstr. 1953, 47, 111b. '

Leandr, G.; Sp1ne111, D. Ann, Chim, (Rome) 1959 49, 1885; "
Chem Abstr. 1960, 54 164131,



79.
80.
81.

. 82.

83.

84.
85.
86.
87.

88.

89.

90.

91.
92,
93,
94.

- 95,

96.
97.
98.

264

Kryger, R. G.; Lorand, J, P.; Stevens N. R Herron, N. R.
J. Am, Chem. Soc. 1977 99, 7589, _

Onyszchuk, M.; sivertz. C. J. Can, Chem. 1955, 33, 1034,
Sivertz, C. J. Phys. Chem, 1959, 63, 34..

Kice, J, L. In "Free Radicals", Vol. II; Kochi, J. K., Ed; -

Wiley-Interscience: New York, 1973; pages 718-724.

Jensen, F. R.; Rickborn, B. "Electrophilic Substitution Reactions

- of Organomercurials", McGraw-Hi11: New York, 1968, pages 43 and 81.

Jerkunia, J. M.; Traylor, T. G. J. Am. Chem. Soc. 1971, 93, 6278.
Olah, G. A.; Clifford, P. R, J. Am, Chem Soc, 1973, 95, 6067.
Nugent, W. A ; Kochi, J. K. J. Am, Chem. Soc. 1976, 98, 5405.

Boothe, T. E.; Greene, J. L., Jr.; Shev11n, P. B. J. Am, Chem Soc.
1976, 98, 951.

Boothe, T. E.; Greene, J. L., Jr.; Willcott M. R., III;
Inners, R. R.; Cornelius, A. d. Am, Chem, Soc 1978 100, 3874.

Boothe, T E.; Greene, J. L., Jr,; Shevlin, P, B. J. Org, Chem.
1980, 45, 794.

Braun, W.; Rajbenbach, L.; Eirich, F, R. d. Phys. Chem, 1962, 66,
1591. : : ' :

Shashak, I.; Almog, J. Synthesis 1969, 170.
Truce, W. E.; Simms, J. A. J. Am Chem. Soc. 1956, 78, 2756.
Hopkins, P. B.; Fuchs, P, L. J. Org, Chem 1978, 43, 1208

Murahashi, S.; Yamamura, M.; Yanagisawa. K. Mita, N H Kondo, K.

J. Org. Chem. 1979, 44, 2408.

Corey, E. J.; Shuiman, J. J. J. Org. Chem. 1970, 35, 777,

.GrﬁbeI, B, T.; Seébach, D. Synthesis, 1977, 357,

Kohler, E. P.; Potter, H, J. Am. Chem. Soc. 1935, 57, 1316,
Brown, C. A. J. Org. Chem. 1978, 43, 3083,



265
| 99, Oshima, K.; Shimoji, K.; Takahashi; H.; Yamamota, H.; Nozaki, H.
Jd. Am, Chem. Soc. 1973, 95, 2694. :

100. Vlattas, I.; Veechia. L. D.; Lee, A. 0. J. Am. Chem, Soc. 1976,
98, 2008, . :

101. -Everhardds, R. H.; Euworst, H. G.; Brandsma, L. J. Chem, Soc.,
Chem. Commun, 1977, 801.

102. Johnson, J. R.; McEwen, W. L. J. Am, Chem, Soc 1926, 48, 469.
103. Larock, R. C. J. Org. Chem, 1976, 41, 2?41.

104. Larock, R. C. J. Org. Chem. 1975, 40, 3?37.

105, Sclenk, W.; Bergmann, E. Justus Liebigs;Ann. Chem. 1928, 463, 98.

106. Lespieav, R.; Bourguel, M. Org. Syn. Coll. Vol. I 186.
107. 'Okamota, Y.; Yano, T. J. Organometal. Chem, 1971, 29, 99.

108. Hartmann, J.; Muthukrishnan, R.; Sc]ossér, M. Helv. Chim, Acta
1974, 57, 2261.

- 109. Grobel, B. T.; Seebach, D. Chem. Ber. 1977, 110, 867.

110. Gracheva, E. P,; Laba,-V. I.; Kul'bovskaya. N. K.
Shostakovskii, M. F. Zh, Obshch Khim. 1963, 33, 2493
Chem,. Abstr. 1064, 60, , 399d.

11, Lawe;zon, S..0.; Berglund, L.; Grbnwe]] S. Aéfa Chim, Scand. 1961,
' 15 9 ‘

112. Parham, W, E,; Blake, F. D., Theissen, D. R, J Org. Chem, 1962,
27, 2415,

113. Laba, V, I., Sviridova, A, V.; Kron, A. A.; Prilezhaeva, E. N.
Izv. Akad. Nauk SSSR Ser. Khim, 1977, 7, 1566 Chem, Abstr 1977,
87, 133437r.

114. von Braum, J.; Kirschbaum, G. Chem. Ber. 1920, 53, 1399,

115. Fukuzumi, S.; Kochi, J. J. Am. Chem. Soc. 1980, 102, 2141.

116. Clive, D. L. J.; Chittattu, G. J.; Farina, V.; Kiel, W. A.;
- Menchen, S. M.; Russell, C, G.; S1ngh A.; Wong, C. K.:
Curtis, N. J. J. Am,.Chem Soc. 1980, 102, 4438,

117.. Russell, G. A.; Hunt, J. D. Unpublished results.



118.

9.
120.

2.
122,

123,

124.

125,

126.

127.
128.
129.
130.
131.

132.

133.
134,

135,
136.
RE2

266

Kochi, J. K. "Organometallic Mechanisms and Catalysis", Academic

Press: New York, 1978; pages 237~ 245

Wieland, K. Helv. Ch1m Acta 194], 24, 1285

W1e1and Kes Herzog, A. Helv, Chim, Acta 1949, 32, 889.

Spanswxck, J.s Ingo]d, K. V.}Int. J, Chem. Kinet. 1970, 2, 157.

-6696.

Fava, A.; Reichenbach, G.; Peron, V. J. Am. Chem. Soc. 1967, 89,

Veber, M.; Duong, K; N. V.; Gaudemer, F.; Gaudemer, A.
J. Organometal. Chem. 1979, 177, 231.

Rgggher, S.; Hansen, M, R.; Colter, M, A, J. Org. Chem, 1978, 43,
4 [} ‘

“Hurd, C. D.; Greengard, H. J. Am. Chem. Soc. 1930, 52, 3356.

Seyferth, D.; Cohen, H. M. Inorg. Chem, 1963, 2,.652,

'Kekule‘, A.; Linneman, E. Justus Liebigs Ann. Chem. 1862, 123, 18.

Wittig, G.; Schlosser, M. Chem. Ber. 1961, 94, 1373,
Okamoto, Y.; Homsany, R.; Yano, T. Tetrahedron Lett. 1972, 2529.

‘Jensen, F. R.; Guard, H. E. J. Am, Chem; Soc, 1968, 90, 3250.

Newmeyanov, A. N.; Borisov, A, E.; Savel'eva, I. S, Izv, Akad.
Nauk SSSR, Otd. Khim. Nauk 1961, 2241; Chem, Abstr. 1963, 58,
3935d, A

Crease, A. E.; Gupta, B, D.; Johnson,-M. D.; Bialkowska, E;;
Duong, K. N. N., Gaudemer, A J. Chem, Soc. Perkin I 1979, 2611.

Truce, W. E.; Heuring, D. L. d. Org. Chem, 1974, 39, 245,

Kosugi, M.; Kurino, K.; Takayama, K.; Migita. T. J. Organometal.

Gupta, B. D.; Funabiki, T,; Johnson, M. D, J. Am, Chem., Soc. 1976,
98, 6697, h ' '

Knoevenagel, E. Chem. Ber. 1888, 21, 1349,

:M$yer 'R Tschern1ak J. Justus Liebigs Ann, Chem. 1876, 180,
118 ,




138.
139.

140.

141.
142,
143.
144,
145.
146.

147.

148,

149.
-, . 34, 130,

150.
151,

152,

153,

154.
155.
156.
157,

158.

- 267

Hershberger, J.; Russe]], G. A, Synthesis, 1980, 475,

Bunnett, J. F.; Creary, X.3 Sundberg, J. C. J. Org, Chem, 1976,
41, 1707.

For a recent review of sulfone chem1stry. see P, D, Magnus,

Tetrahedron 1977, 33, 2019,

Eisch, J. J.; Galle, J. E. J. Org. Chem, 1979, 44, 3277.
Posner, G. H.; Brunelle, D. J. J. Org. Chem. 1973, 38, 2747.
Conrad, P. C.; Fuchs, P. L. d. Am, Chem, Soc, 1978, 100, 346.

carr, R. V. C.; Paquette, L. A. J. Am Chem, Soc 1980, 102, 853;
and references cited therein. ’

Eisch, J. J.; Galle, J. E. J. Org. Chem. 1979, 44, 3279,

Gardner, J. N.; Ka1ser, S.3 Krub1ner A.; Lucas, H, Can. J. Chem.
1973, 51, 1419.

Trost, B. M.; Arndt, H. C.; Strege P. E.; Verhoeven, T. R.
Tetrahedron Lett. 1976, 3857, '

Little, R. D.; Myong, S. O, Tetrahedron Lett. 1980, 3339.

Popoff, I. C.; Denver, J. L.; Leader, R, G. J. Org. Chem. 1969,

Shashak, I.; Almog, J. anthesis 1970, 145.

M1k01aaczyk M.; Grzejszczak, S.; Midura, W.; Zatorski, A;
Synthesis 1975, 278.

Asscher, M.; Vofsi, D. J. Chem. Soc. 1964, 4962.
Asscher, M.; Vofsi, D. J. Chem. Soc. Perkin Trans, I 1972, 1543.

Bo11, W. Justus Liebigs Ann. Chem. 1979, 1665.
Liu, L. K.3 Chi, Y.; Jen, K, J. Org, Chem, 1980, 45, 406.
Kenyon, G. L.; Westheimer. F. H, J. Am; Chem. Soc. 1966, 88, 3557.

Kosolapoff, G. M.; McCullough, J. F. J. Am, Chem. Soc. 1951, 73,
856.

Taus, P.; Weitkamp, H. Tetrahedrbn 1970, 26, 5529,



159.

160.
161.
162.
163.
164,
165.

166.

167.
168.
169,
170.

268

Kikao, T.; Masunaga, T.; Ohshiro, Y.; Agawa, T. Tetrahedron Lett.
1980, 3595. . , '

Berkhurts, H.; Otto, R. Chem. Ber. 1878, 11, 2066,
Bunnett, J. F.; Creary, X, J. Org. Chem. 1974, 39, 3613,

Bunnett, J. F.; Scamehorn, R. G.; Traber R, P. J. Org. Chem.
1976, 41, 3677.

Kosolapoff, G. M. J. Am. Chem. Soc. 1950, 72, 4292.
Nesmeyanov, A. N. Chem. Ber. 1929, 62B, 996.

Truce, W. E.; Heuring, D. L.; Wolf, G. C. J. Org. Chem, 1974, 39,
238. , ‘

Rheinboldt, H.; Mott, F.; Motzkus, E. J. Prakt., Chem. 1932, 134,

257.

Forrest, T. P.; Ryan, D. E. Can. J. Chem. 1958, 36, 1674,

Houlton, H. G.; Tartar, H. V. J. Am. Chem. Soc. 1938, 60, 544.
Bordwell, F. G.; Landis, P, S. J. Am, Chem.r§gg, 1957, 79, 1596.
Budzikiewicz, H.; Djerassi, C.; Williams, D, H. "Mass Spectrometry

of Organic Compounds", Holden-Day. Inc.: San Francisco, 1967;
p. 522.



	1981
	Radical chain reactions: novel examples of S[subscript RN]1 processes and the mechanism of substitution reactions for vinyl mercurials
	James William Hershberger
	Recommended Citation


	tmp.1414521287.pdf.XmYdr

