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I. INTRODUCTION

The Syl (reaction 1) and Sy2 (reaction 2) are faniliar
and well documentated mechenisms in which a coupled product is
formed in the reaction of a carbanion and organic halogen

compound:

R'x —Slows g'F 4 x- (1)
+ p~ fasty plz

g'F

R™ + R'X —>[R-*R'-X] —>B-R + X (2)

This study is concerned with investigating a2 new mechanism for
such coupling reactions, namely, a free radical chain process
in which a key propagation step is the reaction of a radical
with a carbanion., This work reports the first authenticated
examples of such a reaction.

The initial experiments in this study were conducted in
an attempt to observe a somewhat different and simpler
process. It was postulated that a coupling reaction could
involve an initial electron transfer from the carbanioan to the

organic halogen compound (reaction 3). This would result in

R” + R'X ——>R. + R'XS (3)
R'Xs ——>Rr's + X~ (%)
R* + R'+ ——> R-R' (5)

the formation of a neutral free radical and the radical anion
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of the organic halogen compound. One would exvect the latter
to be intrinsically unstable with respect to elimination of
halide ion and conseguent formation of a new, neutral free
radical (reaction 4). The coupled product would then result
from the dimerization of the two neutral radicals (reaction 35).

Dy choosing carbanions that are stable to molecular
oxygen it should be possible to distinguish the electron
trénsfer process from a simple Sy2 or Syl mechanism since
molecular oxygen, being a diradical itself, would intercept
and scavenge the free radicals produced in the first two steps
of the electron transfer mechanism, One would predict, tThen,
that changing from an inert atmosphere to an oxygen atmosphere
would alter the course of the electron transfer reaction
drastically, for the radicals formed should be trapped to
yield oxidation products rather than coupled products.

Zy this technigue, it was shown that the coupling of
acetylacetone, ethyl acetoacefate, and diethyl malonate by
base and lodine or bromine does not involve free radicals and
presumably occurs by a simple S;2 displacement. Likewise,
the reaction of bromomalononitrile with base to yield penta-
cyanopropenide ion (1) is not influenced by changing the inert
nitrogen atmosphere to one of pure oxygen.

Free radical intermediates were detected in the reaction
of the 2-nitro-2-propyl anion with 2-halo-2-nitropropanes
(reaction 6). Greater than 90%Z of the product, 2,3-dimethyl-

2,3-dinitrobutane, was formed when the reaction was performed



under nitrogen. In the presence of oxygen, coupled product

NO, 0ol 1O,

(CE4) pC=N0," + (CH3)Zéx -—-e>(CH3)2-&-é-(033)2 + X (6)
was not formed and the 2-nitro-2-propyl anion was converted to
acetone and nitrite ion by a free-radical chain oxidation (2).

However, the simple electron transfer mechanism postu-
lated (reactions 3-5) cannot be operative in this reaction
since it was observed that the coupling can te both catalyzed
and inhibited. ZLight caused the reaction to proceed at a
much faster rate while small amounts of free radical inhibi-
tors quenched the reaction for extended periods of tTinme,
These results clearly demand a free radical chain process,

It was found that the reaction of 2-niftro-2-propyl anion

with p-nitrobenzyl chloride (reaction 7) is similar to the

02Nﬁ<::>bCHZC(CH3)2N02 + C1”

reaction with the 2-halo-Z2-nitropropanes in that this reaction
can also be catalyzed and inhibited, These results and the
fact that m-nitrobenzyl chloride does not give a carbon-
alkylated product suggest the following mechanism for the free

radical chain process:

Initiation

R~ + RB'X —PY SR o+ R'XS (8)



Provacation
B'Y? ——> R + X (9)
' 4+ B~ —> &7 (10)
RLpT + B'X =—= %R + B'X" (11)
RT = 2-nitro-2-provyl
R' = 2-nitro-2-propyl or p-nitrobenzyl

The initiation step in this process involves the lignt-
catalyzed formation of the radical anion of the halogen
compound (reaction 8) which eliminates halide ion to form a
neutral radical (reaction 9). This radical then attacks the
2-nitro-2-propyl anion to give the radical anion of the
coupled product (reaction 10) which then transfers an electron
to enother molecule of halogen compound to produce the coupled
product and regenerate the chain-carrying species RF X~
(reaction 11).

The novel propagation step in the above mechanisaz

ree

1y

involves the hitherto unobserved couvling of a neutral
radical with a carbanion (reaction 10). It will be showm in
this thesis that this is the only possible mechanism which

explains all details of the reactions considered, Additional
experiments were conducted with varying success in an attempt

to determine the scope of the newly discovered chain process,



II. LITERATURE AND RESULIYS

A, Reaction of 2-Nitro-2-vpropyl Anion with

2-Halo-2~nitropropanes

1. Literature review

The preparation of 2,3-dimethyl-2,3-dinitrovutane Ifron
the reaction of the sodium salt of 2-nitrovropane with
2-halo-2-nitropropanes was first reported in 1940 by Seigle

and Hass (3), (reaction 12). They found that the percentage

. NO, O %0, i
(cH,) 0=0, e + (CHB)ZéX —>(CH,) ,=C-C-(CH,), + X7 (12)

conversion to the dinitro compound was devendent upon the
halogen compound used. With the chloride the conversion was
approximately 9%, with the bromide 29%, and with the crude
iodide 43%. HNo other products were isolated from the reaction
mixture. '

A 19% yield of 1-nitro-l-(2-nitroisopropyl)-cyclohexane
was obtained when the sodium s2lt of nitrocyclonexane was
allowed to react with 2-bromo-2-nitropropane., No product wes
obtained when the sodium salt of nitroethane was allowed to
react with l-bromo-l-nitroethane or 2-vromo-2-nitropropane, or
when the sodium salt of l-nitropropane was allowed to react
with l-bromo-l-nitropropane, or when the sodium salt of
2-nitropropane and l-bromo-l-nitroethane was used, These

results seem to indicate that carbon-carbon linkages are not



produced when orimary nitro compounds are involved. Tne

3

authors conclude that the reaction tending to form the dinitro
compounds is competing with other reactions and the yield of
the dinitro compounds depends upon the reaction rates. #iso,
the formation of the dinitro compounds is determined by tThe
nature of the group or groups attached to the carcon atom

holding the nitro groupn. Although not explicitly stated,

on of the

o

these authors imply that the mechanism for format
tertiary dinitro compounds by condensation of & halogen
derivative of a secondary nitro compound with the sodium salt
of a secondary nitro compound (e.g., reaction 12) is simply
an Sy2-type displacement process (3, L), Zowever, if this
indeed is their conclusion, it is suprising that the primary
nitro compounds fail to react while the sterically more
hindered conpounds do give the expected products.

Later work by Hass and Hudgin resulted in a great
increase in yield for the reabtion of the sodium salt of
2-nitropropane and 2-bromo-2-nitropropane (5); the increase

from 29% to 86% was attributed to purer reagents.

2. Rfesults and discussion

The reaction of the 2-nitro-2-vropyl anion with 2-chloro-
or 2-bromo-2-nitropropane appeared a likely system to observe
an electron transfer-type coupling (reactions 13-15):

NO O N
- 2 . 2
(CH3)2C=N02 + (CHB)Zéx -——9(01{3)20-1\702 + (CHB)ZJDX (13)



NO, 0,

(CHB)zéxf SR (033)23:' + X" (14)
z(ca‘B)Zé- SENEEEN (CHB)Z—&:-MCHB)Z (15)

A simple Sy2 displacement of halide by the 2-nitro-2-propyl
anion would seem unlikely since this would involve the
displacement of a halogen which is attached to a tertiary
carton by a tertiary anion. Such a mechanism would result in
a very sterically unfavorable transition state. In addition
to steric considerations, the electron transfer process is
especially appealing as an explanation for this system because
of several other features. TFirst of all, the halogen compound
must be sufficiently electronegative to accept an electron in
the transfer process. The 2-halo-2-nitropropanes have two
groups of high electron affinity, the halogen atom and the
nitro group. It has been shown that siﬁple nitroalkanes such
as 2-nitropropane can be elecfrolytically reduced to the
radical anion wnich can be detected by electron spin resonance
spectroscopy (6). The addition of a second electron with-
drawing group should make an electron transfer process even
more feasitle. Secondly, the 2-nitro-2-propyl radical formed
from the anion by lose of an electron (reaction 13) and from
the radical anion of the 2-halo-2-nitropropane (reaction 14)
snould be guite stable, In addition to being a tertiary
radical the unpalred electron can be delocalized over the

nitro group. The 2-nitro-2-propyl radical has been postulated
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as an intermediate in the oxidation of The 2-nitro-2-pronyl
anion (2).

In the absence of molecular oxyzen, yields of greater
than 90% of 2,3-dimethyl-2, 3-dinitrobutane can be otiained
from the reaction of the 2-nitro-2-propyl anion with 2-tromo-
2-nitropropane in absolute ethanol, In the presence of
oxygen, no detectable amount of dimer is formed, Figure 1
demonstrates that 2-nitropropane does not react readlly with
oxyzen 1in the presence of a stoichiometric amount or an excess
of potassium ethoxide in ethanol solution. ZIZowever, when
2-bromo-2-nitropropane is added, oxygen 1s absorbed to the
extent ofvapproximately 0.5 mole per mole of 2-nitropropane
(Fizure 1). ZEssentially none of the 2-bromo-2-nitropropane is
consuned in the oxidation process; the Z2-nitro-2-propyl anion
is converted to acetone and nitrite ion in yields of 79% and
927 respectively. The oxidation of 2-nitropropane in bvasic
solution has been studied in detail by Russell who snowed taat
the oxidation proceeds via an autocatalytic chain mechanisn

(2, 7):

: io zgoz 103
(CHB)ZC-UO (cl-TB)2 H —_->(c;i3)2 + (c:~:3)20:-: (18)
N0, KOs
(CHy)pC+ + 0, ——>(CHy) ,E-00- (17)
1O, o KO
. 1 . . - | 2 - é 2 -
(Cn3)2C-OO° + (ChB)ZC—-NOz —>(0H3)Zc-oq. + (CH3)2 «  (18)
NO, KO

- ' - 2.
(CE3),c=N0, + (053)2&'-00: —-92(0153)2&-0 (19)



Figure 1, Reaction of 0,256 II (2,56 mmoles) potassium salt of 2-nftro-
vropane and 0,256 H (2,56 rmoles) 2-brono-2-nitropropane
with oxygen in ethanol at ca, 30°C

A, Dark

B, In room light but no 2-bromo-2-nitropronane presant



1.

0.0

@)

1

Q

60

60

Pime (min, )

100

120

140



11

ROZ
(cH )2c -0~ -___4>(c:3)zc-o + X0, (20)
Overall reaction

The aubocatalysis is explained in terns of a hydroperoxide
mechanism (equation 22):
:\'O2
E C=NO0,"
3)20 ~00E + (053)2 N0, ——> 0,

(C“B) &-0- + (W_B)2

(cH ) (22)
.02

s + OF

3

(@

The amount of oxygen consumed and the yields of acetone and
nitrite ion produced ih the reaction of the 2-aitro-2-propyl
anion with 2-bromo-2-nitropropane in the presence of oxygen
are in accord with the observation that only the anion reacts
with oxygen. The 2-bromo-2-nitropropane behaves as a catalyst
for the oxidation of the anion., This is illustrated in
Figures 2-4 where it can be seen that the rate of oxygen
absorption depends critically upon the concentration of
2-bromo-2-nitropropane and to & much lesser exteant upon the
concentration of 2-nitro-2-provyl anion., Figures 3 and &

show that the total amount of oxygen reacted is independent of
the anouant of 2-bromo-2-nitropropane present. Zowever, the
rate of oxygen uptake depends on the conceatration of bromo
compound. The catalytic behavior of the 2-bromo-2-nitro-

propane probably results from its ability to accept an electron



Figure 2,

Reaction of Triton B salt of 2-nitropropane and
2-bromo-2-nitropropane with oxygen in ethanol and
room light at ca. 30°C

A,

0.507 M
0,507 M

0,254 M
0,507 M

0.507 M
0,254 M

0,254 M
0,254 M

(10,14 mmoles) salt of 2-nitropropane
(10,14 mmoles) 2-bromo-2-nitropropane

(5.07 mmoles) salt of 2-nitroprovene
(10,14 mmoles) 2-bromo-2-nitropropane

(10.14 muoles) salt of 2-nitroprovane
(5,07 mmoles) 2-bromo-2-nitrovropane

(5.07 mmoles) salt of 2-nitrovrovanc
(5,07 mmoles) 2-bromo-2-nitroorovane
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Figure 3. Reaction of 0,513 I (10,26 mmoles) potassium salt of
2-nitropropane and various amounts of 2-bromo-2-nitro-
propane with oxygen in ethanol and room light at ca, 30° C
A, 0,513 M (10,26 mmoles) 2-bromo-2-nitropronane
B, 0,256 M (5.13 mmoles) 2-bromo-2-nitropropane

C, 0,128 I (2,56 mmoles) 2-bromo-2-nitropropane
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Figure &,

Reaction of 0,256 M (5,12 mmoles) 2-bromo-2-nitro-

propane and various amounts of potassium salt of
2-nltropropene with oxygen in ethanol and room light

at ca, 30°C

A, 0.256 M (5,12 mmoles) potassiwn salt of 2-nitropropsne

B, 0,128 M (2,56 mmoles) potassium salt of 2-nitropropane

C. 0,064 M (1.28 mmoles) potassium salt of 2-nitropropane
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= A
from the anion in an electron transfer process (reaction 23):

NO, - 1@02 NO,
(cH + (CHE J:" CH,) é: (CE,) CEr (23)
p“ ) C— 2 : (Cn3)2 bf;————%}( H3), fg)Cor

This is analogous to the initiation Step proposed for the
oxidation of the 2-nitro-2-provyl anion in a deficiéncy of
base (reaction 16). Another possible explanation'for the
catalysis is the initial decomposition of the 2-promo-2-nitro-
propane in the presence of light which has a marked catalytic
effect on both the coupling reaction and the oxidation (vide
infra).

A plausible explanation for the light catalysis is as
follows: '
Br Er 9'

C-X Tr?;} (CHj) =570 (24)

Br O
(ChB)ZE-g-O- + BH ——> (Ciy), t--01 + m- (25)

=9 =l
(CHB)Zc-zg-OH + B8 — (c“3)2 + EBH (26)

Er -
[(01-13)2&1\:02} —_— (CHB)Zé KO, + Br (27)

Upon irradiation the 2-bromo-2-nitrovpropane undergoes an
n—>rf* excitation (reéction 24)., The excited molecule then
abstracts a hydrogen atom from a suitable donor, probably a
solvent molecule (reaction 25). This hydrogen is then removed

as a proton by a molecule of base to yield the radical anion
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of the 2-bromo-2-nitroprovane (reaction 26) which eliminates
bromide ion forming the 2-nitro-2-propyl radical (reaction
27). There is substantizal evidence for a process such as tnis
occurring in cases where the aitro group is attacned To an
aromatic ring (8-10)., However, similar examples have not been
reported for an aliphatic nitro compound. Instead, photo-~

decomposition occurs in a more straight forward manner (11):

Br
Hy) p¢-10, —2 (CHg) ,6-N0, + Br- (28)
0,
. hy NN .
(CHj) pC-Br —22—> (CHy)pC-Er + KOy (29)

However, it is noteworthy to mention that the irradistion
exveriments described in this work were performed in Pyrex
glassware which effectively avsorbs light of wavelengths less
than 2900 K while reactions 28 and 29 have been reported as
occurring at 2537 2, Znother possibility is that the Z-bromo-

2-nitropropane undergoes a base-catalyzed elimination of

hydrogen bromide to give a2 nitroolefin:

7

(CHB)ZéBr + B ————> CHE 053 + RE '+ Br (30)

The nitroolefin would be expected to participate in an electron
transfer or other process more readily than the bromo compound
(reaction 23). -

The initial studies on the rate of oxygen uptake in

the reaction of the 2~-halo-2-nitropropanes with the
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ct
»

2-nitro-2-propyl anion were conducted in room lignt and cul

O
d—

h

ct

reproducible rates were observed. However, it was found
irradiation of the reaction solution with a sunlamp resulited

in an accelerated rate of oxygen absorption for both 2-bromo-

()

2-nitropropvane (Figure 5) and 2-chloro-2-nitropropane (Figur
6). Conducting the reaction in a darkened flask retarded the
rate of oxygen uptake but did not completely stop it. o
conclusions of a gquantitative nature can be inferrec froxz
these studies of oxygen uptake because of the autocatlytic
nature of the oxidation of the 2-nitro-2-vropyl anion
(reactions 16-22), However, it can be deduced that iree
radicals are indeed procduced as intermediates which are
trapoed by oxygen and that light has a catalytic effect on the
rate of the oxidation process.

Information more pertinent to the coupling process can be
ottained by studying the reaction of the 2-nitro-2-propyl
anion with 2~chloro- and Z-bfomo-z-nitroprOpane vwnder an inert
atmosphere of nitrogen. Figure 7 reveals that no coupling
reaction occurs in the dark for 2-chloro-2-nitropropane for
extended periods of time, but a gquite rapid decrease in the
concentration of the chloro compound occurs when the reaction
solution is irradiated. This decrease in concentration of
caloro compound is accompanied by a corresponding increase in
the amount of coupled product formed (Figure 8). A similar
increase in the rate of disappearance of 2-bromo-2-nitro-

provane l1ls ovserved when the reaction is conducted in light



Figure 5. BEffect of light on the reaction of 0,256 M (2,56 mmoles)
. potassium salt of 2-nitropropane and 0,256 i (2,56 nmoles)
2-bromo-2-nitropropvane with .oxygen in ethanol at ca. 30°C

Ao Dark )

B. Illuminated
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Pigure 6,

Effect of light on the reaction of 0,256 M (2,56 mmoles)
potassium salt of 2-nitrooropane and 0,256 i (2,56 mmoles)
2-chloro-2-nitroprovane with oxygen in ethanol at ca. 30°C

A, Dark

B, Illuminated

- _— .
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Figure 7, Effect of light on the reaction of 0,256 M potassium salt
of 2-nitropropane with 2-chloro-~2-nitroprovane under
nitrogen in ethanol at 30°C

A, Dark

B, Illuminated
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Figure &€, Formatlion of 2,3-dimethyl-2,3-dinitrobutane in the reaction
of 0.513 il potassium salt of 2-nitroprovane with 0,513 i
2-bromo-2-nitropropane under nitrogen in ethanol and room
light at ca 30°C
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(Figure 9). Unlike the 2-chloro-2-nitropropane, there is a
significant darx reaction for the tromo compound. Although
this observation might at first bve interpreted as resulting
from a2 nonrz.. . s.2@ss such as an SNZ displacement of
bromide by the anion, this possibility is ruled out by the
fact that no detectable coupled product is formed in the
presence of oxygen and no bromo compound is consumed (Figure
9) even though the rates of the oxidation and coupling reac-~
tions are of the same order of magnitude., Perhaps the Ttromo
compound is more easily reduced than the chloro compound in
an electron trensfer process (reaction 23) due to its greater
polarizability which offsets the electronegativity differ-
ences. #Another possibility is that the bromo compound
undergoes a dark reaction more readily than the chloro com-

pound (e.g., reaction 30) which initiates the free radical

process leading to formation of the dimer,

>4
Pizure 10 illustrates the effect of oxygen on the rate of
consumption of 2-bromo-2-nitropropane. Note that in the
avbsence of oxygen, the bromo compound rapidly reacts with the
2-nitro-2-propyl anion to give the coupled product, tut when
oxyszen is bubbled through the reaction solution no bromo
conpound is consumed, In this particular plot the oxyzen was
removed and the reaction put under an atmosphere of nitrogen
after approximately nine minutes. Shortly after ceasing the
oxygen treatment it is observed that a rapid decrease in the

concentration of bromo compound occurs. Not as much



Figure 9, Reaction of 0,256 M potassium salt of 2-nitr0prgpane with
0.256 M1 2-bromo-2-nitropropane in ethanol at 30°C
A, Illuminated in presence of oxygen
B, 1In dark and under nitrogen

C. Illuminated and undex nitrogen
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Filgure 10,

Reaction of 0,256 M potassium salt of 2-nitroprovane with
0.256 M 2-bromo-2-nitropropane in ethanol with illuuination

at 30°C
A, Under nitrogen for entire reaction

B, In presence of oxygen for initial state of reaction;
placed under nitrogen after ca, 9 minutes
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2-tromo-2-nitropropane is consumed in the latter instance;

this fact is undoubtedly attributed to a decrease in the con-

centration of anion as a result of its autocatalytic chain
oxidation (reactions 16-22}.

The catalytic effect of light and the innibitory
influence of oxygen suggested that the simple electron trans-
fer coupling mechanism initially postulacted (reactions 13-15)
might not be the process actually occurring in the reaction
of the 2-nitro-2-propyl anion with the 2-halo-2-nitropropanes,
The observed results tended to suggest a free radical crain
mechanism. A study of the effect of several free radical
inhibitors on the course of the reaction was thus prompted.

Figure 11 shows the effect of 2.17% of p-dinitrobenzene on
the rate of consumption of 2-bromo-2-nitropropane. Note that
this small azmount of inhibitor retards the rate of reaction
somewhat, The addition of 0.8% of hexaphenylethane to the
reactlion of the anion with 2-tromo-2-nitropropane resulis in
2 dramztic inhibitory effect (Figure 11). No change in the
concentration of the bromo compounds occurs untll after 2z tine
lapée of approximately 50 minutes after which a rapid rezction
occurs, In the absence of inhibitor the reaction is more than
80% complete after 50 minutes. Similar results are obtained
when v-dinitrobenzene and triphenylmethyl radical are used as
inhititors in the reaction of 2-chloro-2-nitroprovane with the

2-nitro-2-propyl anion.



Figure 11, Reaction of 0,256 M potassium salt of 2-nitropropane with
0.256 M 2-bromo-2-nitropropane under nitrogen in ethanol
30°C
A, Illuminsted

B, Illuminated and in presence of 0,002 M hexaohenylethane

C, illumgnatcd and in presence of 0,0053 i p~dinitrobenzene
at 13°C
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The results clearly demand a chain mechanisa. The

mechanism originally suggested for the reaction under comnsidéer-

ation (reactions 13-15), althouch free radical in nature, is

&

not a chain mechanism and cannot account for the innkibitory
effect of such small concentrations of free radical innibvitors,
Although many chain mechanisms could possibly be written

esults, Two sucn mnecnanismng

H

t0 account For the experimental

Scheme A: Zszdicz2l disvlacement on carton

Initiation
o w x 1"
H,),C=NO,~ H, ) ,CNO, —= H.) ,CN H,) CKO 1
(0.3)2\, NO,T + (c 3)201\02——9(013)2c\02 + [{C 3)2 5 (31)
Pronagation .
N . X“ 021'7 T]\-OZ B )
(c;3)20n02 + (CH )zc“o —> (CE ) -C- C-(Cn3)2 + X+ (33)

(CH) ,C=NO,” + X» —> (c33)2é1~e02 + X (34)

Schene Z: Radical counlina with anion

Initiation-~same as in Scheme A

Pronasation

Q. NO
A 2} 192
(CH5) ,CHO, + (CHg) ,C=R0," ——> (Cn3)2-c C-(Cﬁ3)2 (35)

Q



W
(&)

O X : e
=1 - e
(C-- )2"‘&;- -(C-- )2 '+ (033)201102 # (36)

)\Zi :"‘02 -~ ) (h“.:r ) g-o—l .'
-.f\ 2 J-C-(C'-;B 2 + Lv;;B ) - Z_J

roox . §
L(CHB)ZCNOZ ——> (CH3),Ci0, + X (37)
X = CL or Br

Irn both schemes there is an initiation ste» which results in
the Tormation of the 2-nitro-2-vpropyl radical.
is the chain-carrying svecies in both schemes, ~&lthougn the
initial formation of this radical is depicted in the schenme
as occurring throuzh an electron transfer process (resactions
31 and 32), there is no reason why other processes such as
those discussed earlier (e.s., reactions 24-29) could not Te
the source of the initiating free radicals,

The key provagation step in Scheme A is reaction 33--
a radical displacement on 2 saturated carbon atom, Zere the
2-nitro-2-propyl radical attacks a molecule of 2-hzlo-2-nitro-~
propane to forz a newtcarbon-carbon tond with the accompaning
elinination of a nalogen atom., This reactlon is analogous To
an £;2 mechanism except a neutral free radical is the attack-
ing species instead of a nucleophile and a2 halogen atom is the
displaced species rather than a halide ion., The halogen atom

Tormed quickly reacts with a molecule of anion in an electron

transfer process generating halide ion and the Z-nitro-2-propyl



rzdical (reaction 34) which can undergo reaction 33 and thus

continue the chain.

3

There is little precedence in the literature for & Iree
radical displacement on carbon., OCnly two systems are krnown
where such a process occurs and toth of these involve cuite
strained compounds. The addition of chlorine (12, 13),
bromine (12), or iodine (15) to cyclopropane to yield 1, 3-di-
haloprovane has been well documented as occurring with a

kY

radical displacement on carbon:

h ~
o NS (32)
CEz—CE, + X+ ——>X-CHp-CE,-CHp- (32)

R-CH,=CE,=CHy+ + X, ——> X-CH,-CE,-CE,-X + X+ (40)

X

i
Q
v}

or, or I

Cyclobutane gives no ring opening with chlorine atoms (12),
a fact which is interpreted by Walling and Fredricks as
reflecting the lack of Munsaturated¥ character in cyclobutane
since the ring strains are comparabdble in cyCIOprOpéne and
cyclohutane,

The only other case where a free radical displiacenent on
carton has been suggested 1s in the brominolysis of a "Dewar®

anthracene (18):

(41)
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break the 9,10-transanznular bond. Thnis process 1is analogous tTo
the cleavage of cyclopropane by halogen atoms (reactions 33-
40).

Scheme B (p. 37) invokes the coupling of a free radical
with a molecule of 2-nitro-2-propyl anion as the key vrone-
gaztion step (reaction 35). The product of this reaction is
the radical anion of the coupled dimer, This radical anion
undergoes electron transier with a molecule of 2-halo-2-nitro-
propane to produce the dimer and the radical anion of the

nalo compound (reaction 36) which eliminates halide ion to

2

enerate 2 new 2-nitro-2-propyl radical which can continue
the chain process (reaction 37).

There is even less literature precedence for the radical
coupling with an anion than there is for the radicel dis-
placement mechanism. The formation of bipnenyl by irradiation
of vhenyllithium in ethyl ether has been studied by van Tamelen
(17). Although not extensively investigzated, it was suggested
that a2 possible pathway leading to btivhenyl may be the reac-

tion of z phenyl radical with phenyllithium (reactions 42-44):

@—Li—t:‘i}©' + Li (42)
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in ether (18, 19), and prcduction of the phenyl radical ty
homolysis of the carbon-lithium bond would probably occur in
the immediate vicinity of another molecule of phenyllithium,
Direct formation of biprnenyl, or syachronous generation and
coupling of two phenyl radicals, from the dimer were nov
excluded as possible explanations for the observed results.
Xoranblum has suggested that the 2-nitro-2-propyl radical

will attack the nitrite ion to yield a radiczl anion (20):
T Yy On e 37 - : L
(CE4) ,fH0, + NO,™ —3 [:(CnB)Zc(moz)z] (45)

However, such a radical anion would be expvected to be unstable
with respect to elimination of nitrite ion just as the radical
anions of 2-bromo- and 2-chloro-2-nitropropéne eliminate
nalide ion (e.g., reaction 37). This conclusion is supported
by the work of Adams, et al. (6) in which the radical anions
of & series of nitro alipvhatlic compounds were investigated bty
electron spin resonance spectroscopy. Although the radical

anion of 2-nitropropane is stable enough to be observed, no
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radicals were detected when 2-chloro-2-nitropropane Or

2,2-dinitrovropane were electrolytically reduced. A priori,

ct
ct
*

one would have predicted that the radical anion of this latter
compdund would be more stable than that derived from 2-nitro-
provane since more delocalization of the unpaired spin could
occur,

It can be seen that neither Scheme 4 nor = has rmuch
precedence in the literature. From the title of this thesis
it should be obtvious that the mechanisn in which the radical
couples with a carbanion (Scheme 3) proved to be the mechanism
overative in the reaction of the 2-anitro-2-propyl anion w%ith
2-halo-2-nitropropanes. Eowever, with only the experimental
results thus far presented it is inpossible to choose between

Scheme A and B,

B. Reaction of 2-Nitro-2-vpropyl Anion with

p-Nitrobenzyl Chloride

1., Litersture review

The reaction of salts of aliphatic nitro compounds with
various substituted benzyl compounds has long veen recognized
as possessing several unigue features. This unigueness
derives from characteristics peculiar to both the anion and
the benzyl compound.

The anion derived from an aliphatic nitro compound 1is

capable of covalency formation at either carbon or oxygen,



i.e., it is an anmbvident anion:

>

o~
+/
RpC-NOp €—3 BpC=K]_ (46)
o~
O,
-l é - - b’ )
RzC-l 02 P 12;{ %RZ "CIZ'.Z .’1 + X ( L7

O' i
{
RyC=N0," + R'CHX —> Ezzc H-0-CHp 2"} + X (43)
While the carbon alkylation product is stable (reaction 47),
the nitronic ester formed (reaction 48) is never isolated.
The corresponding carbonyl compound and oxime are obtained
instead, and it is generzlly assumed that they arise Irom tue

nitronic ester (21, 22):

T 1
[RZC-—-;:C-_-O-CHZR] ——> RyC=NCH + R'-CH (49)

However, nitronic esters have been synthesized and isolated
from the reaction of nitroparaffin salts with trialkyloxoniunm
fluoroborates (23). .

RBeactions of the salts of nitro compounds with aliphatiic,
2llylic, and most benzylic halides usually produce carbonyl
compounds and, in fact, serve as a useful means of preparing
aldenhydes and ketones (24). But in some instances the reaction
results in carbon alkylations.

In 1945 Weisler and Helmkamp (21) investigated the action
of some benzyl halides on salts of phenylnitromethane, No

evidence for carbon-alkylation could be found when eguimolaxr
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rmounts of benzyl chloride and the sodium s2lt of D

-1

methane were refluxed in absolute alcohol soluticn. That the
reaction leads mainly, if not solely, ©To nitronic ester

formation was shovn by the isolation of a 75

n
©

Q_::
}.h
W
l.J
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O

tenzaldehyde and an 80% yield of the stereoisomeric btenzald-
oximes. On the other hand, when d-nitrobenzyl chloride was
2llowed to react under similar conditions, it was possibtle to

-

separate not cnly p-nitrobenzaldenyde and a nmixture of the
tenzaldoximes but also a 37% yield of a product which by
ana2lysis and chemical behavior was shown To te 1l-nitro-2-

(p-nitrophenyl)-l-phenylethane (reaction 50):

ozsr-O-c:—zzcl + @ca:zqoz‘ —_— (50}
LY+ o
021\7@0--2 B + C1

No reaction took place when the mercury derivative of phenyl-
nitromethane was treated with alcohol, ether, and benzene
solutions of p-nitrobenzyl chloride

2,4-Dinitrotenzyl chloride was reacted in anticipation
of producing a better yield of carvon substituted product. It
was found that when this halide was z2llowed to react in
boiling ethanol solution with the sodium sz2lt of phenylnitro-
methane, carbon alkylation and oxygen alkylation occurred at
nearly the same rate. t was not possible, however, to
isolate the venzylated derivatives initially produced,

Lpparently 2-(2,4-dinitrophenyl)-l-nitro-l-phenylethane



ks

readily loses nitrous acid under the conditions of the
exveriment forming 2,4~dinitrostilbene while the nitronic ester
undergoes the usual disprovortiocnation., The yield of The
Stilbene was U46.8% and that of the benzaldoximes 45,57,

In contrast to the action of p-nitrobenzyl chloride and
2,4-dinitrobenzyl chloride, the reaction of vn-cyanobenzyl
chloride resulted observedly only in oxygen azlkylation, TIFrom
the reaction mixture, p-cyanotenzaldehyde and the benzalcoxime
were separated in approximately €07 yields.

The first report of the unigueness of p-nitro- and 2,4-
dinitrobenzyl chlorides in reaction with the salts of phenyl-
nitromethane initiated considerable investigation of tThe
reaction., Hass and Bender (22) investigated the reaction of
the sodiun szit of 2-nitropropvane with a series of benzyl
halides utilizing a uniform procedure. 7The results cf the

elkylation reaction of nine substituted benzyl halides which

{
had as para substituents CHB’ Zr, CHBOC, CHBC, CN, CFa, and

3)3’

alkylation only in the isolated case of p-nitrobenzyl chloride,

+
N(Cc= and NO, indicated that the reaction produced carbon
In 211 the other cases the corresponding benzaldehydes were
vroduced in 68-77% yields and no carbon alkylate was detected.
These results led the authors to seek some explanation for
the anomalous behavior of p-nitrotenzyl chloride in the

reaction (25).



The second-order rates of the four slkylation reactions
(both carvon and oxygen alkylation considered) involving the
lithiv~ enlt of 2-nitropropene and O0-~, -, and v-nltrovenzyl
benzyl chloride were determined and compared with

the relative rates of the four halides in another second-orcer
reaction, the reaction with potassium ilodide in acetone, The
good correlation, coupled with the evidence that the rate
determining step in oxygen alkylation is the Tormation o The
nitronic ester, led these authors to the coanclusion that the
rate determining step in both oxygen and carbon alkylation is
the formation of a nitronic ester intermediate, Another
varallelisz was noted bvetween those benzyl halides which
showed carboan alkylation with 2-nitro-2-proopyli axnion and those
exnibiting stilvene formation in the Williamson reaction.
Since tThe mechanisn proposed for stilbene formation involves
the ready removal of a trenzylic nydrogen facilitated by the
presence of an o- or p-nitro group, it was concluded that the
case of removal of a benzylic hydrogen is an important factor
in the production of carbon alkylation. The following

mechanism was proposed:

0
H,oCL I—CI-
() + (cay),0w0," ———>© “’P 2 (51)
NOZ : NOZ

I



- == Z
I =25 + = >©2 (52)
cx
I——>Q + (CHy)C=HOE (53)
Yo,

The Tirst step in both oxygen and carbon alkylation is the

)

ormation of the nitronic ester, I (reaction 51). ¥When oxygen
alzylation occurs, p-nitrobenzaldenyde and acetoxime are
produced by cleavage of the nitronic ester along with & nydro-
gen shift (reaction 53). When carbon alkylation occurs, the
resonance stabilized carbanion, II, is formed zs an inter-
mediate by the ionization of a tenzylic hydrogen of the
nitronic ester, Following the ionizaztion, an internal
nucleophilic displacement reaction occurs producing the carbon
alkylated product (reaction 52). Thus, there are two com-
peting reactions of 2 nitronic ester such as I, The relative
ts of the final products are determined by the relative
rates of the competing cleavage and ionizatlion reactions.

Since the rate of the ionization reaction is a function of the

'g

osition of the ionization equilibrium, those factors in the
structure of the reactants which shift the ecuilibrium of the

ionization reaction will shift the direction of the alkylation,



A time lapse occurred between the publication of this
mechanisn and any further work on tThe recactioa rnecranism, in
1941, however, Kornblum and co-workers (26) found that the
uniqueness of the p-nitrobenzyl system depends not only on the
p-nitro group but also on the leaving sroun. 1able 1 sun-~

marizes their results. It is seen that whereas p-nitrotenzyl

Tatle 1. HNature of reaction of p-0 AC/“LCn Ko
lithium salt of 2-n1t*onropane in DR
a function of X

X % Carbon Alkylation % Oxygen Alkylation
+ililey 93 0
£4C12C00 93 0
cl 95 1
OTos ‘ Lo 32
B 17 65
I 7 81

gives 95% carbon alkylation, p-nitrovbenzyl iodide

ide
gives 81i oxygzen alkylation., The results from Table 1

7]

cemoﬁst rate that carboan alkylation predominates in the p-nitro-
benzyl system only when the leaving group is one which is
difficultly displaced. In coantrast, the unsubstituted tenzyl
systen shows no leaving group effect. The reactions of benzyl
cnloride, bromide, iodide, or tosylate with the lithium salt

of 2-nitropropane in DHF all give 82-84% yield of tenzaldehyde



I+ wes also noted that whean carbon alizylation in the
n-nitrobenzyl system occurs to the essentiecl exclusion oI
oxygen alkylation (i.e., when the leaving group is HKeB, VENTa~-
chlorobenzoate, or chloride), the reaction rate is much fas

han for the corresponding unsubstituted venzyl compound

ck

—~~

). I

AV}

is seen from the table that when the p-nitro-

ck

Tebvle

Table 2, Relative reaction rates as a function of leaving
group, A

grouo is unadble to effect carbon alkylation of the 2-nitro-

2-propyl anion, it simultaneously fails to vroduce a larze in-

crease in rate relative to the corresponding benzyl compound.
On the basis of these findings it was proposed thrat

oxygen alkylation, the usual mode of rezction of a
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nitroperaffin anion, derives simply Irom nucleopnilic cis-

r,

placement by The oxysen of the anion on the benzylic cercozn.

Zut in the o-nitrobenzyl series, wnen the leaving groun is one

which is difficultly displaced, & second mode of attac
) - +

nitrosaraffin anion has a chance To compete, and 1t is ©tals

second process which is productive of carbon alkylatioan., Lo

ct

2ttempt was made to describe this alfernate mode of attact ©O

oroduce the carvon alkylated product (28). However, these

N

results clearly exclude the earlier provosed mechanism Ly zass
and Bender (reactions 51-53) since the relative amounts of
oxyzen andl carbon alkylated products should ke independent of
the nature of the leaving grouy 1f indeed the nitronic estex

is the vprecursor to both sets of procducts.

1
)
H

In 1965 Xornbtlum, et a2l. (27) proposed a new mechani

)

or the reaction of o- and p-nitrovenzyl chloride with the

ithium salt of 2-nitropropane utilizing earlier data and

!

newly accuired results. The o-nitrotenzyl system, 1i
p-nitrobenzyl system, shows a pronounced leaving group effect.
Furthermore, since 31% carbon alkylated and 527 oxygen
alkylated products are obtained, 1t is clear that the o-nitro
group is considerably less efTective at fostering carbon
alxylation than the p-nitro group. In the o0-, or the n-, or
the p-nitrotenzyl series, on passing from The chloride to the
tromide to the lodide as leaving groups, it was found that the

rate of oxygen alkylation increases by a factor of 1000. In

contrast to this, the rate of carbvon alkylation only increases
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ty a2 factor of seven. This shows that the rate of oxysen
2lkylation is strongly devendent on the leaving zroun;

proposed S:2 mechanlism for oxygen sllkylation (28). The cslower
rate of carton a2lkyl n in the ortho case and the immessure-

-

repid reaction of p-nitrobenzyl chloride indicates that
electron accepteance by the nitro group is an important aspect
of the carbon alkylation vrocess. 7The following radical anion

mechanism was postulated:

% e
C-;ch \J-.ZC]_ .
+ (CEH5),0=K0, > o+ (0113)253—2':02 (L)
NOZ ROZ
O | — @ + 1" (55)
NO, %0,
‘J:iz’ "I (C--B)ZL\OZ
#0, WO,

The first step involves an electron transfer from the 2-nitro-
2-propyl anion to v-nitrobenzyl chloride to form the radical

anion of this latter compound along with the 2-nitro-2-propyl



21 (reaction 54)., The radical anion then eliminates

Tne final product is produced Tty simpl
two neutral free radicals (reaction 56
from the radical anion (reaction 55) to give the p-nitrotenzyl
radical can te better avoreciated by considering the various

resonance structures in more detail:

o ~ hd - /\
c:<2-v1 CE,-C1 g den
L < “—> —_ (57)
4 N e
-0+~ =+ No" —o+

9,

the chlorilide ion is sinmply an

on |
N

T is seen that the ejection ©
elimination reaction producing an olefin. The slower rate of
carvon alkylation in o-nitrobenzyl chloride reflects the steric
inhibition of resonance to wnhich the nitro group is sutject
thus making the ortho isomer less likely to accent an electron
in a transfer process., This conclusion is substantiated by

the observation that o-nitrotoluene is significantly more
difficult to reduce than p-nitrotoluene (28). The low reac-
tivity of m-nitrotenzyl chloride 1s explained as a result of

the inability of the mp-~nitrobenzyl chloride radical anion to
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lose chloride ion by an internal elirmination analogous to that
available to the p-nitrobenzyl chloride:
qczzcl ‘I XCE,CL N ZF N CHye (s5)
‘ i —F> | + C17 52
“\n) \r/.‘ \,ﬂ' 2
o 2 X0
-~t - 2

L)

The reason for this difference in pehavior of the n- and the
p-nitrobenzyl chloride radical anions prorably derives from
two factors. First, the p-nitrobenzyl radical is undouvtedly
the more stable radical of the two since the nitro substituent
is located in a2 position to varticipate in delocalization of
the wnpaired electron.A Secondly, electron spin resonance
results of nitrobenzene radical anion and derivatives iavari-
2tly show appreclable electron densities in the positions
ortno and para to the nitro group and only small values in che

metz vositions, in agreement with resonance structures sucn as

devicted in reactions 57 and 38 (28). The significance of such

resonance structures has received support from molecular

O

rbital calculations (29). Such structures do not place the
valr of electrons in a favoravle arrangement for the internal

elimination of chloride ion in the m-nitrobenzyl case

Supposed support for this mechanism (reactions 54-3556) was
derived from electron spin resonance studies in which radicals

were detected when the reaction was conducted in the cavity of
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the spectrometer. However, the authors themselves adzit tThat

D
[0}
i)
ck
y
[

such 2 finding does not constitute a demonstratio

radical anion mechanism., The xesults ¢o show that electron

transfer from the lithium sa2lt of 2-nitropropane to nitro-
aromatic compounds does occur uader the reaction conditiocuns
end thus lends suvport to the first step (reaction 54) of the
radical anion mechanism. These results are in agreement witn
those of Russell and coworkers who found that the nitrobenzene
radicel anion is produced on treating nitrobvenzene with
nitroparaffin salts (30).

More conclusive proof for the radical anion mechanism was
obtained from a study of the effect of nitroaromatic cozpounds
on the reaction.of the anion with p-nitrotenzyl chloride.

Table 3 shows that the addition of nitrobenzene, or m- oOr

Table 3. The influence of nitrocaromatics on the reaction of
p-nitrobenzyl chloride (10 mmoles) with the lithiun
salt of 2-nitroprovane (21 mmoles)

Added Nitroaromatic % Yield
(mmoles) Carvon Alkylate Oxygen Alkylate
Hone 92 6
CgEgiO (Lo) g4 ?
m-(aoz§ (10) ~ 61 29
ﬂ-(“09>20/~4 (20) Lo L8
5-(X05)5Cgy, (2) 6 g

o~ (K 02)206ﬂ4 (10) 2 72
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1

n-dinitrotenzene causes a decrease in the azmcunt of carvon

of oxyzen alkylated onroduct. It is noted that the eflfective-
ness of the nitroaromatics in suppressing carbon alkylation
decreases in the order gf(N02)2C6§4>>Qr\KOZ) Cér':>06“:5“
and that thils order coincides with their case of rsduction

(31). The inhibition of carbon alikylation by the nitro-

53

aromatics listed in Table 3 was explained as resulting from an

electron transfer from the radical anion of p-nitrobenzyl

chloride to the nitroaromatic before loss of chloride occurred:

From Table 3 it is apparent that each p-dinitrotenzene is
capavle of repeatedly interrupting the carbon alkylation
process since only 2.0 mmoles are reguired to decrease the
vield of carvon alkylate by 8.2 mmoles. The authors ration-
alize this finding by assuming that the p-dinitrobenzene
radical anion gives an electron to the 2-nitro-2-propyl radical

generated in the first step of the reaction (reaction 34):

-
[ 4

X005

NO0s
O + (CH )Zc-\oz——9© (CH5),C=N0,™  (60)

L NOy NOp



Protably the weakest point in the mechanisw is the
explanation accounting for the absence of symmetriczal couvpling
profuct, 2,3-dimethyl-2,3-dinitrobutane (from the 2-nitro-
2-propyil radical) and p,pn'-dinitrodibenzyl (from the p-nitro-
benzyl radical). Zere Xorabluz argues that the two radicals
must e formed in the immediate vicinity of each other and
couple cleanly as in reaction 356. A t{-complex is invoked in
wnich the p-nitrobvenzyl chloride radical anlon acts as &
donor towerd the 2-nitro-2-provyl radicel. VWhen the radical
anion ejects chloride ion the p-nitrobenzyl radical formed

couples immediately with the 2-nitro-2-propyl radical,

[
¥

1,

sinpnle solvent cage effect is ruled out by the fact tiaa

1most identiczl yields of carbon alkyliate are foxrmed 1n two

[]

gy

éifferent solvents, dimethylformamide and ethanol, The
authors also admit that it is illogical to argue that neitner
the p-nitrobenzyl chrloride radical anion nor the 2-nitro-

2

[

radical can leak out of a solvent cage while p-di-

‘g

ToDy

Py

nitrobenzene can enter it to intercept The radical anion.

2. 2esults and &iscussion

2

It will te noted that the mechanisz proposed by Xornblum,
et 21. (27) (reactions 54-56) is identical to that originally
postulated for the reaction of the 2-nitro-2-prooryl anion with
2-halo-2-nitropropane (reactions 13-15). In the latter case,

however, 211 the neutral free radicals formed are identical

and only a symmetrical coupled product could possibly result,



anéd there is no need to postulate a sr-complex of the
proposed by Xornblum. 3ut it was shown that the sinmple
electron trensfer process could not be operative Tor the

the 2-nitro-2-propyl anion with 2-halo-2-nitro-

H
®
{0
Q
ct
fto
Q
»
(o]
LY

+

propanes, The similarity tetween this reactlon and the
reaction of the anion with p-nitrobenzyl chloride prompred
the investigation of this latter reaction.

Since p-nitrotenzyl chloride can e considered & phenylog
o7 chloronitromethane, it would not be suprisiang if the
mechanisnas of reaction of the 2-nitro-2-propyl anion wWith
v-nitrobenzyl chloride and 2-chloro-2-nitropropane were gulite
similarx

: 30, 0% 10,
(

(Cz4) pC=i0,” + (C‘.B)ZC -CL ——> (CH5) p-b-8-(cz3), (61)

H0,
(c._3)2c;=z\302‘ + 02N-©c:{201—->02N-<©>-cz~:2c(0n3)2 (62)

~

In this section it will ve showm that, indeed, the same
mechianisn is occurring in both reactions. Moreover, &as a
result of the study of the p-nitrobenzyl system, it is
possible to choose between Scheme A and B (p. 37).

The reaction of the 2-nitro-2-propyl anion with p-nitro-
behzyl chloride in ethanol was investigated utlizing the
original technigue of performing the reaction both in the

presence and absence of molecular oxygen. In the a2bsence of

oxygen, yields of greater than 90% of carbon alkylated product



amount of coupled product is formed. Figure 12 shows trav

oxysen is absorbed to the extent of approximately 0.5 mole per

that oxyzen has the same effect on this reaction as it did on
the reaction of the anion with the 2-halo-2-nitropropanes.
The 2-nitro-2-propyl anion is oxidized via an autocatalytic

rechanism to acetone and nitrite ioan. The d-nitrotenzyl

Q
o
}.J'
[
I8

-

chloride behaves as a catalyst for the oxidation process and
is not coasumed in the reaction,

Figure 12 alsoc demonstrates the effect of liznt on The
rate of oxygen absorption. Note that in the dark there is a
negligible oxygen uptake even after extended pneriods of tinxe,
When the reaction vessel is irradiated, however, approximately
0.5 mole eqguivalent of oxygen is reacted guite rapidly. The
observation that no oxygen 1is absorbed in the dark in this
case apparently indicates that one or more dark reactions
producing radicals are occurring in the 2-chloro- and
2-bromo-2-nitropropane systens for there is oxygen uptake even
in the dark (Figures 5 and 6).

A plot of p-nitrobenzyl chloride concentration versus
time is gilven in Figure 13. t is seen that no chloro compouand
is consumed wnen the rzaction is conducted in the presence of

oxygen. Likewise, no chloro compound reacts in the dark even



Figure 12, Reaction of 0,170 M (2,56 mmoles) lithivm salt of 2-nitro-
vropane and 0,170 i1 (2.56 mmoles) p-nitrobenzyl chloride
with oxygen in ethanol at ca. 30°C

A, Dark

B, Illuminated
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M gure 13. Reaction of 0,075 M lithium sslt of 2-nitroprooane with
A : 0.075 M p-nitrobenzyl chloride in ethanol at 0°C

A, In darkx and undexr nitrogen

B, Illuminated in presence of oxygen

C. Illuminated and under nitrogen
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if the rezction is performed under an inert nitrogen atnos-
vphere, The halogen compound does react quite rapidly wnen

the nitrogen reaction is irradiated.
case 0of the reaction of tne 2-nitro-2-proyyl anion with 2-hzlo-
2-nitrovropane, light has a2 profound catalytic effect oa Toth

= - ? [ = v

the oxidation reaction and tThe reaction vroducing

.

roduct.

'd

Xoxrnblum has reported that the formation of carton

-

alkyiated product in the reaction of the lithium salt o

»
|.J
',_lb

(03]
I
ctk
|

2-nitroprovare in dimethylformamide (DiHF) is not
induced process (27). Tigure 14 shows that in ethanol there
is & profound increase. in the rate of formation of ccupled

product when the reaction is phrotolyzed. iIndeed there is very

[ e
'.J-

ttle, if any, reaction occurring in the dark. Figure 15

dexonstrates that the reaction is also catalyzed by 1

-

T A 2 -
gac 1N

aren:t

ci

- - o - - o . - -
DiF at 0 C, Xornblum's conditions (27). It is ap

‘g

though, tThat here there is a fast rate of reaction even in ths
dark., The quite drastic effect of solvent on the rate of
reaction 1s not unexpected since in ethanol the 2-nitro-

-propyl anion is nighly solvated wnhereas in aprotic DiHF the

Qo

anicn is nore "free® and cépable of interaction with its
chenical partner. In spite of the rapid dark reaction, the
carbon alkylated coupled vroduct is formed even faster when the
reaction solution is irradiated. In view of the pid

reactions which occur in DiF it is puzzling why Xornblum z2llows

his solutions to react for 48 nours before working then vp (27).



Figure 14,

Formation of coupled product in the reaction of 0,075 i 1i
salt of 2-nitropropene wlth 0,075 g n-nitrobenzyl chloxide
under nitrogen and in ethanol at 0°C

A, Dark

B, Illuninatead

C. Illumirated in presence of 0,0032 il p~dinitrobearenc
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Figure 15, Formation of couvpled product in the reaction of 0,200 i
lithiva selt of 2~-nitrovropane wit‘noO..lOO 1 p-nitrobenzyl
chloride under nitrogen in LifF at O C

A, Daxk

B, Illuninated
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vield of carton alkylated coupled oroduct formed in Lir in
the daris and in the light respectively. A 20/ amcunt of

n-dinitrotenzenes (baszed on concentration of n-nitrobenzyl

will coupletely inhitit the formation of couried

hexapnenylethane will do likewise, It will Tte recalled that
(Fizure 15). In light, 5.0% of hexaphenylethane wi
the formation of coupled procduct for approximately 2 nours

radicals vpreseant, a greater than 905 yield of carvon alkylated
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-nitrobenzaldehyde. The effect of p-dinitrobenzene and

nexapnenylethane on the reaction of n-nitrobenzyl chloride

with the lithiur salt of 2-nitroorovane in ethanol weas similar

These results clearly demand 2 chain mechanism.

)

Xornblum'ts explanation (27) for the effect of inhibitors

)
()

(recctions 59 and 60) cannot account for the shape of Tl

plotted line in Figure 156 for inhibition by hexaphenylethane



Figure 16.

Formation of coupled product in the reaction of 0,200 i
1ithiun sa2lt of 2-nitrovrovane with 0,100 I p-nitrobenzyl
chloride under nitrogen in DI and dark at 0°C

- I

A. In presence of 0,020 ¥ n-dinitrobenzene

-

B, In presence of 0,005 ii hexaeohenylethane
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is precisely that expected Tor an inhivited free radicel cnrain
mechanism, The inhibitor need only to intercept a few radical
molecules to interrupt the chain process and such an inter-
ruption results in the non-formation of many molecules oFf

roduct. Once the inhibitor is destroyed, reaction occurs

ranidly as is demonstrated in Figures 11 and 18.

Tne action of m-nitrobenzyl chloride with The lithiux
salt of 2-nitroprovane was also investigated to determine if

carvon alkylation could be induced to occur when the reaction

solution was irradiated. Under no conditions was any
carton-coupled product ever detected. In some cases, =mall

amounts of 2,3-dimethyl-2,3-dinitrobutane were formed

oy
S
ot
)
O

‘_.l
O
€Q
]
53

reactlion. This could conceivably arise via a positive ha
process (39, 40).

The inability of m-rnitrobenzyl chloride to produce carton
alkylated product by means of a free radical chain mechanisn
allcws one to select between Scheme A and B (v, 37). A1l

<

evidence (vide infra) supports Scheme E, the process involving

a coupling of a radical with an anion. This mechanism for the
2-nitro-2-propyl anion--p-nitrovenzyl chloride system is

1llustrated in reactions 63-68:
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Initiation

o-
1"-;) 1o -~ 7
OZNA<::>y03201-H*j;gg>-0—§:<iz>»0n2ul (é3)

0 07

T [ N .
.o-igI@-cz{Zm + RH ——>Ho-1§©03201 + Re (&%)
0

. m
| - A (L=
HO‘X@vfzcl + CthO ———> ZY@C“Z 1 + 02:150:; (O_j)
) _1

v

Provacation
: A -
E) 21\?-@-01—12@] —>0 23€©0H2° +C1”  (45)
" NO, g
l_ lOZ

HG2

ozze-'\Q)- 1,C-(CHy) , + EJZN-\_Q;-C:::Zc::l

Here the initiation steps are postulated as occurring Ty means

of a light-induced process eventually resulting in formation
of the p-nitrobenzyl chloride radical anion. This process 1is
the same as that discussed earlier for the case of the 2-halio-
2-nitropropancs (reactions 24-27) and probably is an important
source of p-nitrobenzyl radicals although other processes
might also initiate the reaction.

p-Dinitrobenzene apparently exerts its gquenching effect on

tne chein reaction by successfully competing with p-nitrobenzyl
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chloride in the electron transier step of tThe dpropasziion

seqguence (reaction 68). The n-dinitrobenzene radical anion

—

thus formed transfers its electron to 2-nitro-2-propyl radical

nhibitor and forming a molecule of anicn,

‘.J-

regenerating the
The triphenylmethyl free radicals presumably intercept and
couple with p-nitrobenzyl radicals and interrupt the chain
process in this manner.

The low reactivity of m-nitrobenzyl chloride in tTnre

H

coupling rezaction arises from the inability of the m-nitro-
venzyl chloride radical anion to lose chloride ion tTo produce

the m-nitrobenzyl free radical in a nanner analogous to that
of the p-nitrobenzyl chloride radical anion (reaction 65).
Tne apparent explanation for this inability to undergo an
internal loss of chloride ion is that given earlier (reactions
57 and 58). This conclusion receives support from electron
spin resonance studies, Vhen the photochemical coupling
reaction of the 2-nitro-2-propyl anion with p-nitrotenzyl
cnloride is conducted in the spectrometer cavity, only the
radical anion of the coupled procduct is observed (Figure 17),.

The spectrum is consisteat with the following hyperfine

splitting assignments:

CHZC(CHB)zl\TOZ a¥ = 12,73 gauss
Hg 2y 2g," = ag = 3.30 gauss
- - T hol
H n2 aHBH = aH5“ = 1.12 gauss
NO H

2 ach, = 1.845 gauss
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(A) | i!

T —

1

10 GAUSS

Figure 17. Zlectron spin resonance spectrum of the radical
anion of the coupled product formed in the reaction
of lithium salt of 2-nitropropane with p-nitro-
benzyl chloride in ethanol with illumination

A, Experimentally obtained spectrum

B, Computer simulated; see text for assignments
and values of hyperfine splitting constants
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zvl radical,

are not detected presumably vecause of

The observed radical is also formed by tne

-

counled vrocduct and the lithium

lithium ide; no signal

ethanol solution. Thus, tThe

oy
20

does not constitute uneguivocal evidence for reaction

does, however,

electron transfer and lends supdo

reactions 63-5

5).
tion 67

initistion steps (

The initial product of reac

:«<::>»0hzc(c 15) -5

e observed radical salion

k)

- R P 7
racvner than Tan

electron is delocalized throughout the 1T system.

anion 1i

1y (33) to the observed radical anion or ent

lar er into

ction 53 prior to isomerization, Alternatively,

uld

of the radical anion of the coupled product..

wnere in the unpaire

react

denonstrate the catalytic effect of light on

=i

nitially formed could ravidly isomerize intramolecu-

.

10

The radical

orovide a2 mechanisz for intermolecular isomerization



lectron spin resonance spectrometer, the spectrum showm in

®

Figure 1§ is observed. This same spectrum is observed when
m-nitrobernzyl chloride and 2ithiwn ethoxide are irradiated in
ethanol; this demonstrates thgt the signel does not arise from
the radical anion of the counled product. <Lt was also shown
that the signal is not due to the radical anion of m-nitro-

Y

benzaldenhyde., Thne spectrun apparently is that of tThe radical

anion of m-nitrobenzyl chloride; & possible assignment of

splitting constants is as follows:

By, a™ = 12,93 zauss
.. . H 3
7 eC - = gLt = : 28
Hg CHy-Cl anz ahé 3.42 gauss
H HZ aHu“ = 3.58 gauss
oy = 3
NO, 8 = ans = a1l = 0.57 gauss

H
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These results constitute direct proo
tne radical anion derived from p-~nitrobenzyl chloride as
contrasted to that derived from m-nitrobenzyl chloride, The
radical anion of the former has teen orserved by workers
enmvloying a flow technique (34). This work demonstrates that
the m-nitrobenzyl chloride radical anion has consideratle
stability at room temperature and exnivits little teandency to
eliminate chloride ion.

‘Suoh a finding clearly supports the chain mechanism in

which Cthe p-nitrobenzyl radical couples with the
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Zlectron spin resonance spectrum of the radical
anion derived from irradiation of m-nitrobenzyl
chloride in the presence of lithium ethoxide in
ethanol

A, ZExperimentally obtained spectrum
3, Computer sinulated spectrum; see text fo:

r
assignments and values of hyverfine splitting
constants
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2-nitro-2-propyl anion for a xey step in The propagation oI
the chain denmands tn the radical anion of the chnlcro com-

und te unstarnle with respect to elimination of chloride ion

‘d
O

.

ne m-nitrotenzyl chlorid

ct

()

(reaction 86). The stability of
radical anion prevents this elimination and cdoes not perazit
the radical chain mechanism to comnete with the simultaneous
SHZ reaction »roducing oxyzgen alkylatiozn,

A

A radical displacement on carbon process (Scheme A4,
p. 37) is also eliminated as a mechanistic vossibility by an
experiment in which excess lithium salt of 2-nitroprovane is
allowed to react with an equimolar mixture of m- and p-nitro-
benzyl chloride., The para isomer reacts rapidly to zive
carvon couvled product while the meta compound is not consumed.
It aopears highly unlikely that if the 2-nltro-2-dropyl radical
is displacing a chlorine atom from a uer vlic carbon, That the

positioning of the nitro substituent meta or para to the Tenzyl

group should alter the course of the reaction so drastically.

A communication describing the above resulis was

-

vpublished at this pvoint (35). Submission of the paper for
vpublication was withheld until Xormblumr, et al. completed work
necessary for a simultaneous publication (36, 37). In these
works Xornblum also concludes that the reaction of p-nitro-
benzyl chloride with the lithium salt of 2-nitropropane is a
free radical chain process involving the coupli of the

v-nitrobenzyl radical with the anion; This work refutes his

earlier provposed mechanism (27). His conclusion is based



results of the reaction of p-nitrocunyl chloride with various
jons (scdium thiophenoxide, lithium salt of 2-nitroprovane,

malonyl ester anions, and sodiunm salt of l—ﬁetnyl—z-naphthOL)

and exvplained the facile substitution of the tertiary chloro

compound as a result of the radiczal chain mechanlism (z38).

The compound

e
L

M)

O
N
=
Q— (I) -
Q=—QQ~—
-y C‘ X
[~
O
N

r
\VY)

is isolated in 1-55 yields, but such an observation does not
necessarily prove that this compound is formed oy simpie
dimerization of p-nitrocumyl radicals. & more likely explana-
tion is that The p-nitrocumyl chloride undergoes a positive
halogen reaction (39, L0) with an anion to produce the p-nitro-
cunyl anion which can tnhen couvle with the p-nitrocumyl

radical to produce the radical anion oif the dimer,
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1. Literoture review

Zeny orsenic and inorzanic anions react with dinhenyi-

H.) I 4 B —m,m Cgiigh + Cgli I (69)

S - = - = e, ] S S = -, - S e -
e Tirset evidence that iree radicals are Tormed &8 inter-

medistes in the phenylation of carbtanions was obtained in the

o
®
~
_‘i
&
ct
H
+

reaction oFf dimedone (35, 5-dimethyleyclonexanc-l,3-CGi
diphenyliodoniun chloride (%2). In t-butyl alcorol at reflux
temperature dimedoune is converted bty sodium t-butoxide znd
dinhenylicdonium chloride or tosylate into 2-phenyldimecone

and 2,2-Ciphenyldimedone:

0635 3506 0635
0 O C 0 o 0
. +. - $-Eulieg
+ (CE5)oT "X om0z * (70)

In water 2,2-diphenyldimedone was oviained but nd nonovnenylia-
ted vroduct could e isolated. It was showa that 2-phenyldi~

nedone could be converted under the first conditions ©TO
2,2-diphenyldimedone. When di—@g-nitrop"enyl)iodoniun pronide

£y

replaced cdiphenyliodonium chrloride in the reaction, similar



The replacemeat of -butyl alconol by nethanol or ctranol

O C-.--v 3— CHZ I
. RTOY +gaT =3 23
+ (2—02_\\/6;-4)2; DL C:" \).-. i l (‘ __)
(OF

With diphenyl

[

odonium chloride in ethanol a compielr mixture

was formed Ffrom which 2-phenyl-~ and 2,2-divhenyldimedone and

N

gensted to the corresponding aldehyde which then condensed
with the dimedone (43). Such a dehydrogenation suggests the
intermedizacy of free radicals in the reaction.

A study of the mechanism of the phenylation reazction was
conducted by Zeringer, et al. in 1962 (44). A solution
containing the sodium salt of 2~-phenyl-l,3-indandione a2nd an
equivalent of diphenyiiodonium chloride in refluxing t-vutyl
alconol gave as the major product (863 yield) 2,2-diphenyl-

1, 3-indandione:



ther oroducts were iodobenzene, Tiphenyl, and a snrell amnount
of a ccmpound believed to be that forxrmed by counling C

2.pnenyl-l, 3-indandion-2-yl free radicals slthouzh the
structure has not been definitely assigned. VWhen diprnenyl-
iodonium acetate was used in place of diphenyliodoniun
chloride in the phenylation, the reaction time was reducs
from six hours to one hour and the yield of 2,2-dipheanyl-
1,3-indandione was increased from 86% to 93%.

3

nac Tree radicals are inte diates in the pheanylation

3

of 2-pheanyl-l,3-indandione was sugzested by the otservation
that isopropyl alcohol is dehydrogenated to acetone with
conconitant formation of Tenzene when tThis alconol is present
in the reaction; this result parallels the benavior of
methanol znd ethanol in the attempted phenylation of dimedone
(42), The yield of 2,2-divhenyl-l,3-indandione fell to 493

v

when isoprovyl alcohol was present. These observations were

H

ionalized by assuming the iantermediacy of pheayl free
radicalis and led to the addition of redical scavengers to the
pheaylation reaction, When styrene was added to a solution
of the anion of 2-phenyl-l,3-indandione and diphenyliodoniun
crloride in t-butyl alcohol, a decreased yield (703) of

vhenylated product was obtained aloang with low polymers of



ed by assuning trat the anion mwac oxidized TO

oxvsen does not oxidize the anion of 2-prenyl-l, 3-indandione
at 80°C, oxysen muttled throuzgn a refluxing solution of
carbanion and divhenyliodonium chloride in t-tutyl alcolol
reduced the yield of pheanylated product to 3537.

The above observations prompted the following general
mechanism for phenylation reactions involving a carcanion (R~
and an iodonium salt (ArIAr) (44):

ote

ArIdy + BT =——— arIArm” (73)
————\

P

ArTArRT —=—— ArIirR. (74)
jon pair radical pair
ArTArRe ———> ArR + ArI (75)

';\}
radical pair

LrIArRe ————> LreRe + ArI (78}
radical pair radical pair

AreRe ———> ATR (77)

radical pair

AreRe — 3 Ave + R. (78)

radical pair free radicals

Are + Re ———> A7=R + Ar-ir + Z-R (79
Tree radicals

Overall reaction

+
ArIiAr + BT ———> LR + A4rI 4+ ArAr + RR (80)




It was proposed that in L-butyl alcohol the carbanion an
jcdonium ion exist largely as ion vpairs (reaction 73) and that

electron itransfer within this ion vair gives & radical palr

nenyl radicals (reactions 76 and 77) Scme free radicals zre
Tormed by diffusi vart of the radical pairs (resaction 75)

Svidence for the electron transfer from carbanion ToO
iodoniwn s2lt to give a radical vpair (reaction 74) receives

-

upport from electroreduction studies by Beringer, et &l.

0]

(43, L6) who showed that diphenyl iodoniun salts underso a
facile one electron reduction to divhenyliodine, Diphenyl-
iodine has zlso Teen postulated as a reaction intermediate
(47).

Since the yield of phenylated product (ArR) can be as
high as 937, it seems that if the above mechanism is correct,
most of the yield of ArR is accounted for by reaction witain
the radical pair, azd only a small zmount arises Irom
recombination of free radicals, Since tThe presence of iso-

vyl alconol, styrene, or oxygen depresses the yield of Ar2

'3
H

to 707 or vbelow, Beringer, et al. (44) conclude that these
reagents must be somewhat reactive to radical pairs as well zs

to free radicals.
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The reaction of the 2-nhenyl-1, 3-indandione onion wWith

nenvliodonium tosylate was ianvestigated to determine 1f

Propasation

0

-

C6;'15

- + .
C6§5 + (Cén5)21 —_— (EL&)

The reaction was coanducted in ethyl alcohol at 30°C, the

seme conditions as previous work discussed in this thesis,

[

The change in concentration of 2~phenyl-l, 3-indandione znion

™

.

was monitvored during the course of the reaction by notinz the



absorption spectrum of the anion which has a maximum at 4520 E.
In the dark, 42% of the anion is consumed after a reaction
time of 7.7 hours; 63% of the anion had reacted after 23
nours. When the reaction is conducted under irradiation from
a sunlamp a somewhat different behavior is observed. After a
reaction time of only 43 minutes 24% of the anion 1is con-
sumed, However, continued irradiation produces only a small
change in the concentration of anion; after reaction for 23
hours only 28% of the anion is consumed. Appvarently light
decomposes the iodonium compound (48) which then reacts with
the solvent guite rapidly resulting in only a small amount of
the anion being consumed. In the dark, reaction is much
slower and more selective, possibly proceeding via an ion pair
between the anion and lodonium compound which would result in
the consumption of more anion. The use of ethancl for this
reaction reflects the difficulties encountered with this
solvent in the attempted phenylation of dimedone with diprenyl-
iodonium chloride (42).

When DMF was employed as solvent completely different
results were obtained. Figure 19 demonstrates that virtually
all of the 2-phenyl-l, 3-indandione anion is consumed after a
react;on time of approximately 2 hours when the reaction is
lrradiated; no reaction occurs in the dark in this solvent.
The catalytic effect of light on the rate of the reaction

parallels its influence on the rate of reaction of the lithium



Figure 19, Reaction of 0,050 M 2-phenyl-1,3-indandione and 0.075 H
potassium t-butoxide with 0,055 M diphenyliodonium
tosylate under nitrogen in DHF at 30°C

A, Dark

B. Illuminated



(*utm) omiy

091 ohT 0¢t 00T 08 09 0t 02

08T

00°0

Anion of 2-phenyl-l, 3-indandione
o o o

(moles/liter
o

)

o
P
!

—120°
—1€0°

_ﬁOO

50°0

88




89

salt of 2-nitroprovane with 2-halo-2-nitropropane and p-nitro-
benzyl chloride as discussed earlier.

Following the usual technicue of determining the effect
of oxygen on the course of the reaction it was shown tThat
oxygen does not react with the potassium salt of 2-phenyl-

1, 3-indandione in DMF. Even after shaking in the presence of
oxygen for 18 hours no decrease in the concentration of anion
is observed and no oxygen absorption is detected. In an
attempt to inhibit the reaction of the anion with diphenyl-
iodonium tosylate with oxygen it is noted that, although a
small amount of oxygen is taken up during the reaction, the
rate of disappearance of the 2-phenyl-l, 3-indandione anion is
virtually the same as when the reaction is conducted in an
inert atmosphere of nitrogen (Figure 20). Approximately 0,27
mmoles of oxygen 1s absorbed during the couise of the reazction
which involves 1.00 mmole of anion and 1.10 mmoles of diphenyl-
iodonium tosylate. Eowever, the error in measuring the amount
f oxygen consumed in this reaction is probably quite large
due to variations in the temperature of the reaction flask and
surrounding atmosphere including the burets holding the oxygen
due to the proximity of the sunlamp. Virtually all the anion
is consumed in the reaction (Figure 20) and little if any
inhibitory effect on the rate of disappearence of anion is
observed, These results seem to indicate that oxygen has
little effect on the reaction. It will be recalled that

Beringer detected a decrease in yield of phenylated product



Figure 20. Reaction of 0,050 M 2-phenyl-l, 3-indandione with 0.075 il
potassium t-butoxide with 0,055 M diphenyliodonium
tosylate in DiF at 30°C

A, Illuminated in presence of oxygen

B, Illuminated under nitrogen end in presence of 0,002 i
p-dinitrobenzene
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from 8673 to 33% when oxygen was bubbled through the refluxing
reaction solution (44), but in this reaction t-butyl alcohol
was employed as solvent,

Attenpting to inhibit the reaction with 4.8% of p-di-
nitrobenzene likewise failed to produce any significant
decrease in the rate of reaction of the anion. However, 2
small effect is noted when 5.0% of hexaphenylethane is intro-
duced into the reaction (Figure 21). But the inhibition is
not nearly as pronounced as noted in earlier ﬁork. Thus, the
free radical inhibitors which are so effective in guenching
the reaction of the lithium salt of 2-nitropropane with 2-halo-
2-nitropropane and p-nitrobenzyl chloride have little effect
on the reaction of the anion derived from 2-phenyl-l, 3-indan-
dione with diphenyliodonium tosylate.

The inability of oxygen and p-diritrobenzene to inhibit
the reaction, if indeed a free radical chain mechanism 1is
overative, may be due to the differences in reduction
potentials of these two compounds versus that of the dipnenyl-
iodoniun salt. The very low reduction potential of diphenyl-
jodonium salts (-0.19 v. referred to the saturated calomel
electrode for diphenyliodonium chloride--45, 46) may cause
the electron transfer from the 2,2-diphenyl-1, 3-indandione
radical anion to the iodonium salt (reaction 84) to occur so
rapidly and facilely that oxygen and p-dinitrobenzene are
unable to compete for the electron and inhibit the chain

process as discussed earlier for the p-nitrobenzyl chloride



Figure 21, Reactlion of 0,050 M 2- nheny] -1, 3-indandione and 0,075 ii
potassium t-butoxide with O 055 I dinhenyliodonium
tosylate under nitrOgen in DIF at 30 C

A, JTlluminated

B, Illuninated in presence of 0.0025 M hexaphenylethane
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system., Z2ut, unless the reaction of phenyl radicals with
2-phenyl-1l, 3-indandione anicns is extremely rapid, inhibition
Ty triphenylmethyi radicals should occur since this radical
should interceopt the phenyl radicals and interrupt The chain
process, Since the addition of hezxaphenylethane to the
reaction solution does have a small effect on the rate of
anion cornsumption, it can perhavs be optimistically concluded
that the phenylation reaction proceeds at least in part via
2 chain mechanism such as that postulated in reactions 81-84,
Beringer, et al. (L44) have reported that substituting
diphenyliodonium acetate for diphenyliodonium chloride in the
reaction with the anion of 2-phenyl-l, 3-indandione results in
a slightly greater yleld of phenylated product in much shorter
reaction times., This experiment was repeated with the fol-
lowing observations, Although 2-phenyl-1, 3-indandione (no%
the aznion) and divhenyliodonium acetate by themselves are both
colorless and soluble in t-butyl alcohol, a deep red precipi-
tate develops immediately upon mixing the two solutions at
30°C. In an attempt to bring this precipitate back into
solution the reaction temperature was raised to 50°C. Although
thnis does not dissolve the vprecipitate, it is noted that after
‘approximately one hour no precipitate or color remains and
analysis of the reaction solution, after the addition of base,
indicates no 2-phenyl-l, 3-indandione anion is present.
Apparently the acetate anion removes the proton from 2-phenyl-

1,3-indandione (pKy = 4.4 in 50% ethanol-water--44) and the
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ion v»air thus formed precipitates from solution and slowly

reacts. This phenomenon possibly lends support to zZeringer's

<r

mechanism for the phenylation reaction wherein botn ioa palrs
and radical pairs are postulated (44). No precipitates are
mentioned, however, in the reactions of 1,3-indandione and
subtstituted l,3—indandiones with diphenyliodonium salts,
althouzh it is known that transient yellow colors or uastable
yellow to orange precipitates are formed when an lodonium
halide is added to a strong nucleophile such as an organo-
metallic compound or the sulfide ion (49, 50). Greidanus,

et al. have reported the preparation of stable yellow con-

pounds from iocdonium salts and the anion of 2-napnthalenethiol

and the anions of several diketones (51):
s
(CgHg)oI" + —_— (C6H5)2I—S©© (86)

When this compound is heated in cyclohexane or exposed in
carbon tetrachloride to sunlight or ultraviolet light for 48
hours, decomposition occurs to iodo compounds and free radi-
cals which react with each other and with the solvent.

The fact that such trisubstituted iodine compounds have
been isolated lends support to Beringer'!s publisned mechanism
for the reaction of anions with iodonium salts (reactions 73~
80) (44); the ion pair initially formed could instead con-
celvably be a trisubstituted iodine compound. Such a change

in covalency would not alter the validity of subsequent
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reactions. Thus, inspite of the catalytic effect of light and
the slight inhibitory effect of hexapnenylethane on the
reaction of the anion of 2-phenyl-1l,3-indandione with diphenyl-
iodonium tosylate, it appears that the process is not a free

radical chain nechanisn.

D. Reaction of p-Nitrobenzylsulfonium Salts with

Hydroxide and 2-Nitro-2-propyl Anions

1. Literature review

The product resulting from the reaction of various
o-nitrotenzyl compounds with agueous alkaliné solutions
depends very critically upon the leaving group. Iskander and
Riad have shown that the alkaline hydrolysis of p-nitrobenzyl-
thiocacetic acid and other p-nitrobenzylthio acids results in

the formation of p-azoxybenzaldehyde (52, 53):

0
O: i
202N-©-C'12—SR LSS hc;g=:z-©-g:~: (87)

The p-nitrobenzylthio acids were recovered completely un-
changed from the alkaline solutions after refluxing 15 minutes;
the o- and p-nitro compounds were rapidly and completely
hydrolyzed even in the cold. The following mechanism was

postulated for the formation of p-azoxybenzaldehyde:
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ozz;a@caz-sa + Q7 —m—> (88)

- -1 -
O, CESRE——> 0-31_ CHS®
Fe!

o-\@ @ ———>o~\<®-%-oz{ + 20E7 (89)

SR

H .
O=I\T-@-(:3-OH + 0H™ ——91{0-1@{:}\';: + RSO™ (90)
S OH
50-1‘@% — HO-HH-@-CI’ (91)
Il | 7 1

More recently Hanne has investigated the reaction of p-nitro-
benzylpyridinium chloride and bromide in aqueous alkaline
solution and has shown that the product is also p-azoxy-

benzaldehyde (54).

A completely different product is obtained when p-nitro-
benzyl chloride is reactant. When this compound is hydrolyzed
ty alkali in water, it gives the expect p-nitrotenzyl alcohol
(55); reaction in agueous alcohol, acetone, or dioxane gives
D,pt-dinitrostilbene (56). This abnormal behavior was in-

vestigated by Bergmann and Hervey (57) who proposed a

mechanism involving p-nitrophenylcarbene:

OZN-Q-CHZ-CI + NaOH————>02N-©>-<:H: + NaCl + H,0  (93)
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20,% @ CH: —> OZN@-\ CH=CH—QN02 (94)

They based thelr proposal on the fact that in the presence of
carbonyl compounds the reaction would be diverted to thae

s

formation of epoxides:
Q

OZI\I@-CH: + Ar-CHO —m> OZN—@C/H-\CH-AI' (95)

Yanmn (58) and Kleucker (59), on the other hand, considered

that the reaction involved nucleophilic displacement by a

carbanion:

0 N-@- Hy=Cl + OH% —=—= OZI\-QEH—Cl + E,0 (96)
@ H-C1 + 02N-©-CH201 _— (97)
-@— n-C:I2-©-N02 + C17

cl .
ozzs@éH-CHz-@Noz + OH  —m> ' (98)
021€-©-c5=cz{©>r¢oz + NaCl + H,0

In this case the intercepting process would be:

- ]
02N<©>-0H-01 + Ar-CEO ———> OZI\T-Q?H—CH-AI' (99)

Cl

ZN
2.\-©-<:H &H-Ar ——-;.» ozzu@czz-cn-zxr + C1” (100)
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A Xkinetic investigation of this reaction was reported in
1961 (60, 81) which showed that the reaction 1s second order:

afer]

= Jtp[2-0,NCgH,,CH,CL] [OH |
dt

The considerable reactivity of p-nitrobenzyl chloride relative
to other substituted benzyl chlorides suggests that the first
stage in its reaction with alkali is removal of a protoan which
these workers demonstrated to be reversible since p-nitro-
tenzyl chloride recovered after partial reaction in dioxane-~
DZO contained deuterium., These results indicate-kﬁat neither
~ reaction 956 nor 97 of Halm's mechanism is rate determining.

The following modification of earlier mechanisms, designated

x-Zlcb, was proposed:

0,2 -@-CHZC]_ + OE™ —\_.——.=__-—\02N~©-5H-Cl + Hy0 (101)
OZN-@EH -S—lo—"ieozi\?@c:—:: + C17  (102)

1
20 2\:-@- —_— 021\-©- CH-@»NO
(03)

v-Nitrovenzaldehyde diverts the reaction to form an epoxide
with an increase in the rate of liberation of chloride ion
while the rate does not change in presence of the less reactive
pv-nethoxybenzaldehyde and the product 1s the dinitrostilbene.
and not an epoxide, It was suggested that the reaction with

aldehyde occurs with the intermediate anion (reactions $9 and
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100) and that reaction 99 occurs rfaster than reaction 102 but
slower than reaction 101,

The reaction of »-nitrobvenzyldinmethylsulfonium tosylate
with sodium hydroxide likewise results in an almost guantita-
tive yield of p,pt-dinitroscilbene (62). The sulfur isotope
effec “3,/c34 is 1,0066 * 0.0008 and this value is discussed
in terms of a reaction mechanism (62, 63). Swain and Thornton
(62) argué“that the value is too low for a process involving
the rapid dimerization of two carbene molecules (e.z.,
reaction 103) for a large isotope effect is expected winen an
unstable intermediate like a carbene is formed because the
transition state is then close to the intermedizte with a2
‘weakx C-S bond. The first-order solvolysis of f-butyldimethyl-
sulfonium iodide in water nas a sulfur isotopre effect of
1.0177 + 0.0014 (64), a value considerably greater than that
ottained for this reaction but in agreement with the formation
of a carbonium ion intermediate. For formation of either
carbene or carbonium ion, the same change in carbon hybridi
zaztion occurs, fron sp3 to a vacaant p-orbital, Iowever, the
otserved isotope effect is consistent with the following

mechanism and rationalizations:

. Ly fasta
02L4-©—CH2-Q(C:.3)2 + OH~ .\__._La; Ozu-@- .»1.3(c:..3)2 (104)
. -+ low . -
021\©-CH—S(CRB)2—§—O—T—902N-©>-CJ:I: + (CnB)zs (105)
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@. -©-0n-s(c*-3 Last (106)
(c%5)
OzN-OCP i @ -0,
(GH3),

ozm-@% H-@-NOZ-—*-&S—t} (107)
021\7-<<)-cz~:=caz\*o2 + (c:~:3)zs

The second-order reaction of sodiua hydroxide with ﬁLphenyl-
ethyldédimethylsulfonium bromide in water has a suliur lsotope
effect of only 1.0015 * 0,0009 (63). One expects a small
isotope effect for decomposition of an unstatle carbanion to
give stable products (reaction 107) because the transition
state will then be still close to the reactant, with a still
strong C-S bond., If reaction 106 is reversible so that the
sulfur isotope effect is determined in reactions 105 and 107,
one expects it to be approximately the mean of the isotope
effects for these models for reactions 105 and 107 (1.0177 and
1,0015) in agreement with the experimental value of 1.0068.
If reaction 106 is irreversible or if reactions 106 and 107
are concerted, one expects the isotope effect to approximate
the mean of the isotope effects for reaction 105 and 106
(1.0177 and 1.0000), since reaction 106 should have an even
smaller isotope effect than reaction 107.

Rothberg and Thornton (65) undertook a further study of

the reaction products of various p-nitrobenzyl tonium salts



reacting with aqueous alkali to determine what factors affect
the p,p!'-dinitrostilbene-forming reaction in order to see if
the proposed carbene is a reasonable intermediate. In con-
trast to the reaction of v-nitrotenzyldimethylsulfonium
tosylate with aqueous sodium hydroxide to give a guantitative
yield of p,p!-dinitrostilbene, m-nifrovenzyldimethylsulfonium
bromide reacts to give a 41% yield of m,m'-dinitrostilbene
oxide and a 5% yield of m-nitrobenzyl alcohol; essentially the
same result is obtained when the reaction is conducted in the
presence of air or under a nitrogen atmosphere. vp-Nitro-
benzyltrimethylammonium bromide is nearly inert to refluxing
agueous sodium hydroxide, for after reacting for 72 hours 97%
of the starting material cen be isolated., p-Nitrobenzyltri-
vhenylohosphoniun bromide reacts to give largely triphenyl-
pnosphine oxide and p-nitrotoluene.

It is concluded by Rothberg and Thornton (65) that the
conbination of the resonance effect of the p-nitro group and
d-orbital stabilization of the transition state for proton
removal 1is necessary, but not sufficient, for o~elimination
to form a carbene in agqueous sodium hydroxide. A delicate
balance of electrical, and possitly other, effects is neces-
sary and it may be simply of having a reactant which can form
2 ylid reasonably easily and which can then losg its leaving
grouy reasonably easily to form the carbene. The experimental

results are consistent with a carbene intermediate at least in
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the case of the p-nitrobenzyldimethylsulfonium ion, tut the
authors conclude that the quantitative yield of stilbene
formed with this ion is probably an exceptional case for 1iT is
very suprising that the carbene does not undergo reactlions
with other nucleophiles, especially hydroxide lon wnich is

- present in rather higah concentration:

OZN—<::>FCH:'+ OH"™ ———¢%€>02N—<:j>yéﬂ-03 (108)
02D35H-OH + H,0 ——>02N-©-cz{20:~: + 0H~ (109)

But no p-nitrobenzyl alcohol is detected in the reaction
although it is stable under the reaction conditions.

In 2 following vaper Rothberg and Thornton (65) synthe-
sized and studied the following four sulfonium salts of
p_-OZ’;\ICéZ“’L,(CI-Izg(CHB)Ri: B, X~ = Cglg, Cl0y4™; p-ClCgHg, ClOy ;
R’CHBC6HQ’ ClOu'; and (CHS)ZCH’ Br . Under nitrogen, thre
percent yields of p-nitrobenzyl alcohol and p,p!'-dinitro-
stilbene were respectively: 19, 19; 10, 16; 12, 21; <0.5, 48.
The first two salts both gave less alcohol and substantial
amounts of p,pt-dinitrostilbene oxide wnen the reaction was
carried out in the air. The forxmation of qxide is explained
as resulting from attack of oxygen on p-nitrophenylcarvene to
form p-nitrobenzaldehyde which then reacts with a molecule of

ylid to produce p,p!-dinitrostilbene oxide.
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t is noted that variation in the yield of »n,n'-dinitro-
stilbene is relatively small wnea the substituents in the
vhenyl ring of the leaving group are varied which indicates
that the electrical effect of the substituents is quite szall,
The quantitative yield when dimethylsulfide is The leaving
group and the 48% yield of stilbene with methyl isopropyl
sulfide (compared with yields of approximately 205 with methyl
phenyl sulfides as leaving groups; see above) suggest that 2
steric factor is responsible for the differences among thne
various leaving groups. Thus, when dimethyl sulfide is the
leaving group, the attack of p-nitrophenylcarbene on the
reversibly-formed ylid anion requires the least energy and is
the predominate reaction (reaction 106). Alternatively, the
carbene could insert into a C~H bond of the sulfonium ion

instead of reaction 106:

(gEs)z

ozzc@caz-ér«.@-mz + op~ —fasty (111)
OzNa@-CH=CH-©NOZ + CH4SR + Hp0

dowever, when the ylid (or the sulfonium ion) is sufficiently
Asterically nindered, the carbene could attack other species

present, e.g., insertion reactions oxr attacks on the double
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boads of the leaving group, reactlon with oxygen to form
p-nitrobenzaldehyde, and reaction with hydroxide ioan or water
to form p-nitrobenzyl alcohol. The fact that littvle or no
alcohol is formed in these reactions is explained By sugsest-
ing that possibly p-nitrophenylcarbene is a very selective
carvene and is simply more reactive toward ylid or other
species present in solution than toward water or hydroxide,
The relatively low yields of stilbene formed when grouprs OThEYr
than dimethyl sulfide are involved in the reaction is at-
tributed to competing Sommelet (67) and Stevens (68) rear-
rangements which results in large amouants of brown tar being
Tormed,

Rothberg and Thornton (68) conclude that the proposed
mechanism, in which cearbene attack on an y1lid or sulfonium
salt is the main reactlion, fits the experimental facts but is
by no means proven. NO experimental evidence for a carbtene
insertion reaction was obtained and all attempts to trap the

hypothetical carbene intermediate have falled,

2. Results and discussion

The reaction of p~-nitrobenzyldimethylsulfonium bromide
with agueous base was studled in hopes that this reaction
night be Tound to proceed by way of a free radical chain

mecnanism involving a coupling of a radical with an anion:

Initiation

Same as for p-nitrobenzyl chloride (reactions 63-65)
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Provaxetion

+ b w ~
i
- - —..., + -
02;\1-@0:.2. + 021\1-©-Cn-8(0n3)2 _— (1133
‘r_.

(GHE4)
Ny

: +
RY E ~-CH 7 I = = Iy
02.\-©-Cn2 Cx HO,| 0211@0--25(0-.3)2———9 (114)
(CE3) =
11732 .
02;\*-«@032- h@-;\;oz + ozxz@c:;zs(c.—;B ) o

0N CI—I=CH-©—Z\‘£02 + BH + (CHg),S

Here fhe v-nitrobenzyl radical couples with 2 molecule of ylid
(reaction 113) instead of 2 true carbanion as ia earlier
xamples, The base in reaction 115 could te either hydroxide
ion or 2 molecule of ylid; the former is more likely oa steric
grounds as well as concentration considerations.,
The insolubility of p,pf-dinitrostilbene makes the study
- of this reaction somewhat difficult since there 1s no method
of quantitatively determining the amount of vroduct formed when
it precipitates from soluﬁion during the course of reaction.

Swain and Thornton (62) followed the reaction by determining



the decrease in concentration of hydroxide but tThis is an
indirect method and one is not certain that the rate observed
for disapvearance of hydroxide ion necessarily equals the rate
of consumption ofvreactant or formation of product. However,
"in their case, the guantitative yield of stilbene formed

vrecludes any significant amount of hydroxide ilon being

consuned in side reactiouns.

®

in attenpt was made to find a solvent in wnich Th
tilbene did not precipitate from the solution at least in the

early stages of the reaction. Wishing to keep conditions
similar to earlier work, various ethanol-water solutions were
tried as reaction media. It was found that excellent yields
of n,p'-dinitrostilbene were formed when the reaction was
periformed in refluxing water as reported (62). FHowever,
employing absolute ethanol as solvent resulted in the formation
of only a small amount of very dark tar. 4&n equal zmixture of
ethanol and water was found to give satisfactory yields of
apparently quite pure stilbene., In all cases when »,p*-di-~
nitrostilbene is formed, a mixture of ¢is and trans isomers is
formed and the product melts over a large raange. Refluxing
this mixture in nitrobenzene with an added crystal of iodine.
transforms the mixture into pure Trans-p,p'-dinitrostilbene,
nelting point 300-302°C (literature, corrected, 304-306°C--62)

An attempt to monitor the rate of the reaction by ovserv-

ing the increase in concentration of n,p!'-dinitrostilbene or

the decrease in p-nitrobenzyldimethylsulfonium salt. by
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ultraviolet spectroscopy met with coansiderable difficulty and
no conclusive results were obtained. 7The trans-stiltene heas

t
L); the sulfonium salt nas

Amay = 3540 £ (€ = 3.0-3.L x 10

Amax = 2610 i (e = 2.3-2.6 x 104). Conducting an experinent
in 50:50 ethanol:water at 30°C in the dark with a 0.02 I
concentration of the sulfonium salt and 0.03 i sodium hydrox-
ide and removing aliguots which are simultaneously quenched
and diluted produces an ultraviolet spectrur wnichn indicates
aporoximately 30% of the theoretical amount of stilbene is
formed after 7 hours. The optical density of the sulfoniun
salt has decreased about 38% in this same time and the maximun
nas shifted slightly to 2640 A. Allowing the reaction to
continue an additional 15 hours produces 40% of the stilbene
and a shorter wavelength maximum now at 2750 K. Conducting
a similar experiment except thlis time with irradiation at
13.5°C results in a decreased maximum shifted to 2730 K after
3 hours reaction time but with apvarently only a small amount
of stilbene formed (10%). However, a yellow precipitate
appears in the reaction solution after approximately 8 minutes
reaction time. This precipitate 1is stilbene as shown by
‘infrared spectroscopy.

The appearance of a new shorter wavelength absorption at
ayproximately 2750 K indicates that another product besides
D,2'-dinltrostilbene is being formed in the reaction. Tae

following conceivable products all have absorption maximum in

this general region: cis-p,pt-dinitrostilbene oxide (2710 ﬁ),
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frans-p,p'-dinitrostilbene oxide (2830 K), p-aitrotoluene
(2725 £), p,ot-dinitrobibenzyl (2755 %), and p-nitrobenzyl
alcohol (2720 i). Thin layer chromatography indicated that
D,p'-dinitrostilbene was the predominate product in the above
two reactions but that other products were formed althougn
probatly in low yield. Although not definitely proven, these
minor products appeared by thin layer chromatography to Dbe
.the stilbene oxides and possibly a small amount of p-nitro-
benzyl alcohol. However, these conclusions are hignly tenta-
tive since the bibenzyl and the stilbene oxides nave nearly
identical Rf values and p-nitrobenzyl alcohol has a very small
Rf value,

It is not certain if the formation of these minor pro-
ducts is a result of changing the solveat from water to 50:50
ethanol:water. An experiment was conducted in which a pre-
viously degassed aqueous solution of p-nitrovenzyldimethyl-
sulfonium bromide was reacted with degassed agueous sodiunm
hydroxide solution at room temperature for 2% hours. The
reaction was guenched with acetic acid and the small amount of
yellow solid was collected by filtration, washed, and dried.
An ethanol solution of thils solid exhitvited an absorption at
3540 E due to p,p'-dinitrostilbene, but even stronger absorp-
tion appeared at 2??0 X. This result may indicate thaf the
reaction of the sulfonium salt with aqueous base, at least at
lower teumperatures, does not result in a guantitative yield of

D,p'-dinitrostilbene (62, 65). In any case, these results
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eliminate the possibility of following the course of the
reaction by monitoring the absortance of the sulfonium salt

o
A

at 2610 &,

In addition to the limited solubility of p,nt-dinitro-
stilbene, another factor was discovered which preclucded moni-
toring its formation by ultraviolet spectroscopy at 3540 2.
When an ethanol solution of trans-n,n'-dinitrostilbene 1s
allowed to stand in the presence of light, the alsortance at
3540 X diminishes and new lower wavelength band apvears. If a
basic ethanolic solution of the trans~-stiloene is irradiated
with a sunlamp the 3540 X peak almost disappears and a new
maximum at 2670 3 appears along with several other minor
peaks in the ultraviolet spectrum, It is not likely that
this new maximum is due to cis-p,p!-dinitrostilbene (69) but
perhaps results from some reduction product of the diaitro
compound (8).

Hexaphenylethane and the sodium salt of 2,4-dinitro-
benzenesulfonic acid were added to the reaction of p-nitro-
benzylsulfonium bromide and sodium hydroxide in an attempt to
inhibit the formation of »n,p!'-dinitrostiltene., Due to the
difficulties considered above, however, inconclusive results
were obtained. T was decided to study the reaction by
following the rate of disappearance of sodium hydroxide by
votentiometic titration.

Figure 22 shows the effect of irradiation versus dark for

the reaction of 0.020 M sulfonium compound and 0,030 M sodiunm



Reaction of 0,020 M n~nitrdbenzyldimethylsulfonium bromide
with 0,030 i sodium hydroxide under nitrogen in 50:50

ethanoliwater at 12,5°C

Figure 22.

A, Dark
B, Illuminated
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hydroxide in 50:50 ethanol:iwater at 12.5°C. It is assuned

6}

that one molecule of p,pt-dinitrostilbene is formed for every
two molecules of hydroxide ion comsunmed, ifote that there is
only & wvery slow reaction in tThe dark, 38% yield of stil
formed after 22 hours. With irradiation the reactlion 1is
virtually complete after 8 hours. Figure 23 shows the effect
of light on the rate of thé reaction when the solvent is 90:10
ethanol:water and the temperature is 30°C. There is a rapid
reaction even in the dark in this case, but it is seen thav

the rate of the reaction is still greater for the phrotolyzed
than for the daxk reaction., In pure water the reaction is
much slower at 13°C than either case but is still catalyzed by
light; after 20 hours reaction time only 12.5% of stilbene is
formed in the dark while 31.4% is formed in 22 hours when the
reaction solution is irradiated. This proanounced increase

in rate of reaction as the percentage of ethanol in the solvent
is increased is provably an effect of the enhanced basicity

of the ethanolic solutions over that of pure water. The more
tasic the solution, the nigher the concentration of ylicd
(reaction 104), This conclusion is substantiated by a

dranatic visual observation: the initial reaction solution
wnen pure water 1s the solvent is practically colorless while
that of 90:10 ethanol:water is blood red due to a high con-
centration of ylid (62).

tmploying the usual technigue of determining the effect

of oxygen on the reaction resulted in oxygen absorption and



Figure 23, Reaction of 0,020 M p-nitrobenzyldimethylsulfonium bromide
with 0,030 M sodium hydroxide under nitrogen in 90:10
ethanol:water at 30°C

A, Dark

B, Illuminated



(*utium) auyy

09T o4t 02T 00T 08 09 of (074

08T

0e

Percent reaction

£ o
o o -

—~ og

-~ 00T

91T




117

inhibition of p,p'-dinitrostilbene formation (Figure 24). It
is seen that approximately 0.25 mole of oxygen is atsorbed

for every mole of sulfonium salt in the reaction. A 6874 yield
of p,p'-dinitrostilbene oxide (melting point, 202.5-204,5°C;
literature, 200-201°C--60) was isolated along with 237 crude
p-nitrovenzoic acid., The formation of The stilbene oxide was
not unexpected (66) and does not distinguish between the
carbene mechanism (reactions 104-107) and the postulated free
radical chain mechanism (reactions 112-115). It is not
possible to ascertain if molecular oxygen attacked the p-nitro-
benzyl radical, or the p-nitrophenyl carbene, or the ylid
itself., Presumably it attacks one of the latter (66, 70) for
if a chain mechanism were operative to produce the radical
onl& enough oxygen should react to inhibit the chain process
and the rate of oxygen uptake would be guite slow.

Figure 25 illustrates the effect of an added 10% of
cupric chloride to the reaction solution; it is seen that
there is only & small effect. However, when the sodium
hydroxide solution was added at the start of the reaction, a
suspension appeared which conceivably was cupric hydroxide.

In view of this, the experiment may be meaningless for the
inhibitor might not have been present in the reaction solution.

Hexaphenylethane exerts some influence on the reaction
as 1s obvious from Figure 26 where the rate of reaction at
13 C°in 90:10 ethanol:water is plotted. It appears that the

reaction may be inhibited somewhat at the onset but after -



Figure 24, Reaction of 0,10 M (5,00 mmoles) p-nitrobenzyldimethyl-
sulfonium bromide and 0,20 M (10,0 mmoles) sodium
hydroxide with oxygen in 50:50 ethanol:water and room
light at ca. 30°C
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Figure 25. Reaction of 0,020 M g-nitrobénzyldimethylsulfonium bromide
with 0,030 M sodium hydroxide under nitrogen in 50:50
ethanol:water at 12.5°C

A, Illuminated

B. Illuminated in presence of 0,002 If cupric chloride
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Figure 26, Reaction of 0,020 M p-nitrobenzyldimethylsulfonium bfomide
with 0,030 M sodiumohydroxide under nitrogen in 90:10
ethanol:iwater at 13 C

A, Illuminated
B, Illuminated in presence of 0,0016 M hexaphenylethane
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approximately 40 minutes proceeds unrestrained. Tne initial
rate of reaction is about one-half that exhibited vy the
reaction without the triphenylmethyl inhibitor. The fact that
the reaction 1is hot inhibited completely at the start may be
indicative of side reactions occurring under these conditiouns.
A large scale reaction of p-nitrobenzyldimethylsulfonium
bromide with sodium hydroxide in 90:10 ethanol:water was
conducted to determine the effect of this amount of alcohol on
the course of the reaction. At 14°C in room light 2 60.5%
vield of p,pt-dinitrostilbene was isolated by simply filtering
the reaction solution after it had reacted for 9 nours. Upon
standing, the filtrate produced a small amount of gluey,
yellow substance, Removal of the ethanol from the filtrate
produced a dark oil at the bottom of the water layer. o
attempt was made to identify these substances wnich obviously
were mixtures. Thils experiment demonstrates that the reaction
in 90:10 ethanol:water does not give a quantitative yield of
stilbtene but that this compound is still the predominant
product.

The effect of free radical inhibitors on the reaction of
the g-nitrobenzylsulfonium salt with base is not decisive in
that a free radical chain process is neither demanded by the
results nor is it absolutely excluded. Just as with the
divhenyliodonium system discussed in the previous section, the

catalytic effect of light is explicable in terms of at least
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two possible mechanisms and does not necessarily indicate

free radical chain process is operative. In the case

&
ct
0

na

at nand, the carbene mechanism postulated by Swain and
Thornton (62) is compatible with the light catalysis for it
has been shomn by Trost (71) that dimethylsulfoniumphenacylid

is decomposed by light to form the carbene:

O ol

2 -+
@b-cm +©B-CH-S(CH ) 5 > (127)
@-H-c ca—8-©+ (CZ5) ,8

The reaction of the carbene with the ylid to produce the
stilbene is perfectly analogous to the reaction of p-nitro-
phenyl carbvene with p-nitrobenzldimethylsulfonium ylid to

produce p,p'-dinitrostilbene (reactioans 106 and 107). However,

tnhe photolytic decomposition of the phenacyl ylid clearly
involves benzoylcarbene as an intermediaté for if the reaction
is conducted in the presence of cyclohexene benzoylnorcarane
is produced. If the above ylid is irradiated in ethanol oxr
isopropanol large amounts of acetophnenone are isolated as well
as other products; the same products in very similar ratios
are produced in the decomposition of diazoacetophenone (72)

Wwaich indicates that benzoylcarbene is definitely an inter-

mediate in the decomposition of ylid. Interestingly, this
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observation explains the increasing amounts of side products
in the reaction of p-nitrobenzyldimethylsulfonium bromide with
base as the ratio of ethanol to water is increased, Trost has
also shown that the benzoylcarbene reacts approximately E£000
times faster with the ylid (reaction 117) than it does with
cyclohexene, This may explain why Rothberg and Thornton (86)
were unsuccessful in their attempts to trap tune proposed
carvene intermediate in their postulated mechanism,

An experiment was conducted in which a large excess of
nitrobenzene was present in the reaction solution. It wes
hoped that the nitrobenzene radical anion formed when the
solution was irradiated (10) might transfer an electron to the
~p-nitrobenzylsulfonium salt to produce the corresponding
radical anion which would eliminate dimethylsulfide and form
the p-nitrobenzyl radical. The overall result of such a
process would be to catalyze the formation of b,p!'-dinitro-
stilbene., Figure 27 illustrates that the added nitrobenzene
has a negligible effect on the rate of reaction. A possible
explanation for the absence of any catalysis is that the
nitrobenzene radical anion does not wndergo an electron trans-

fer with p-nitrobenzyldimethylsulfonium bromide:

. _
™ } I =
<::>»«02 + 02N4<::>yCHZS(Cd3)ZBr _ (118)



Figure 27. Reaction of 0,020 ii p-nitrobenzyldimetnylsulfoniua bromide
with 0,030 M sodium hydroxide under nitrogen in 50:50
ethanol:water at 12.5°C

A, Illuminated

B, Illuminated in presence of 1,0 M nitrobenzene
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Alternatively, verhaps the reverse reaction 118 is a facile
process and the added nitrobenzene might actually inhinitv the
overall reaction just as p-dinitrobenzene was shown to De an
effective inhibitor for systems discussed earlier. 4 fortui-
tous combination of catalysis and inhibition could result in
the same rate as that exhibited for the reaction without added
nitrovenzene.

In spite of the compatability of the cartene umechanisn
with the light catalysis, the effect of light might still Tte
explained as initiating a free radical chain mechanism as was
proven for earlier systems studied in this work. A quantun
yield experiment was conducted to determine if the light might
not indeed be initiating a chain process. If this is the case
a quaatum yield of greater than unity should be obtained. A4
reaction employing the usual concentrations of reactants
(0.02 i gfnitrobenzyldimethylsulfonium bromide and 0,03 N
sodium hydroxide) in 25:75 ethanol:water as solvent was
conducted in a Rayonet (Srinivasan-Griffin) Photochemical
Reactor using 4 low pressure mercury lamps (2537 K) and a
guartz Hanovia photochemical immersion vessel to contain the
reactants. The inner chamber of the quartz reaction vessel
is approximately 4 cm. in diameter and 25 cm. in length,
p-Nitrobenzyldimethylsulfonium bromide exhivits an absorption

L

Q
maximum at 2610 A with an extinction coefficient of 2.5 x 10 °;

trans-p,pt-dinitrostilbene has a ninimum of ébsorption in this
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region. With a 0.02 ¥ concentration of n-nitrobenzyldimethyl-
sulfonium salt, the incident light need travel only 0.004 cm.,
before it is 99% absorbed by the sulfonium szlt thus assuring
that virtually the total emitted light 1s absorbed ©ty the
reactant under the reaction conditions. The temperature was
14° £ 0.5°C and the reaction was photolyzed for 96.3 minutes
during which time the reaction proceeded to 9.3% completion,
16 ol

The Rayonet Reactor emits 1.65 x 10 notons/cm.B-sec. using

16 lamps; for 200 ml. of reaction solution after 95.3 minutes
021

irradiation this corresponds to approximately 5 x 1 pnotons

for 4 lamps and gives a very approximate quantum yield of
0,02:

l.1 x 1029 molecules 0,p!~-dinitrostilbene formed
g =

5T = 0,02
5.0 x 10 photons emitted
Such a low quantum yield obviously does not lend support to
the postulation of a chain mechanism; however, the low value

- can be rationalized., First of all, irradiation at 2537 i
causes a —>r* excitation of the p~nitrobenzylsulfonium salt
and it is known that the n—€>ﬂ* excited state is involved in
hydrogen abstraction (8, 9). If, indeed, the chain mechanism
is initiated by a light induced hydrogen abstraction by the
excited nitro group (reactions 63-65), perhaps there is an
inefficient crossover from the rM—>1TF to the n—>M* excited
states. Such an occurrence would result in light absorption

but no chain initiation and consequently a low gquantum yield
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would result. Secondly, it has been shown (8) that hydrogen
avstraction by thezb—>fﬁ$excited nitrobenzene 1is not a very
efficient process due to a combination of inefficient inter-
system crossing (from the initially formed n—enf* singlet v©o
the chemically active triplet) and a large deactivation rate
constant for the triplet. The gquantum yield of disappearance
of nitrobenzene in 1s§propyl 2lcohol is only about 0.01 which
indicates that for every 100 photons of light absorred only
one act of hydrogen abstraction takes place., If it can e
assumed that such a value also applies to p-nitrobenzyldi-
methylsulfoniun bromide, this fact alone could account for the
low quantum yield experimentally obltained for the reaction of
this compound. Finally, because of its low solubility,
v,ot-dinitrostilbene precivitates for the reaction solution
alnost from the start of the reaction. This suspension of
stilbene undoubtedly reflects some (much?) of the incident
light which then is not available to activate any of the
reacting nitrosulfoniun salt; such an effect would contribute
to 2 lowering of the quantum yield.

In spite of the above argument, however, most of the
experimental evidence suggests that a free radical chain
mecnanism is not overative in this system. The postulated
carbene mechanism (62, 65, 66) is not excluded by any of the
results and mey, indeed, be the process by which p,p?-dinitro-

stiltene is formed. However, another mechanistic possibility



must te considered, but a discussion of this will be deferred
until later.

It was of interest to iavestigate the reaction of the
lithium salt of 2-nitropropane with p-nitrobenzyldimethyl-
sulfonium bromide. As discussed earlier in this thesis, the
reaction of this anion with n-nitrobenzyl chloride was shomm
to be a free radical chain process involving the reaction of
the p-nitrobenzyl free radical with the anion as an importanct

propagation step. Changing the leaving group from chloride

r]

ion to dimetnyl sulfide would be the only alteration in the
reacting svecies and it was anticinitated that such a change
should not affect the course of the reaction too drastically.
It was shdwn that the carbhon alkylated product is pro-
ducéd in quite good yield in the reaction of the 1lithium salt
of 2-nitroproveane with the p-nitrobenzyl sulfoanium salt in
ethanol solutions. Moredver, just as with p-nitrobvenzyl
cnhloride, the reaction can be both catalyzed and inhitited.
Fizure 28 shows that light enhances the rate of reaction
significantly although there is a quite rapid reaction even in
the dark. Figure 29 illustrates that a 10% concentration of
p-dinitrovenzene has only a slight effect on both the light
anéd cdark reactions, This result is to be contrasted with the
effect of small amounts of p-dinitrobenzene on the rate of
reaction of this anion with 2-~halo-2-nitropropane and with
p-nitrobenzyl chloride in both ethanol and LINF as discussed

earlier., Hexaphenylethane, however, is an effective inhibitor



Figure 28, Formation of coupled product in the reaction of 0,150 M
lithium salt of 2-nitrooropane with 0,075 i p-nitrokenzyl-
dimethylsuvlfonium bromide under nitrogen in ethanol at 30°C

A, Dark

B, Illuminated
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Figure 29,

Formation of coupled product in the reaction of 0,150 I
lithium salt of 2-nitroprovane with 0,075 i o-nwtrobcq7yl-
dinmethylsulfonium bromide in the presence of 0, OO?) ri
p-dinitrobenzene under nitrogen in ethanol at 30°C

A, Dark

B, Illuminated
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for the reaction; Figure 30 illustrates the effect of various
anounts of added hexaphenylethane, IU is séen thgt this
inhibitor comvletely ouenches the reaction for a period of
time which debends on its concentration. Also noteworthy is
the fact that the yield of coupled nroduct is also dependent
upon the amount of inhibitor present in the resction. The
longer the reaction is suppressed, the lower is The final
yield of carbon alkylated product. Such a result illustrates
that another process is occurring which consumes reactants and
is not effebted by the free radical inhirvitor., Although not
proven, it is probable that this side reaction results in
formaetion of p,p?-dinitrostilbene, possibly via a carbene
mechanisn.

Wnen the reaction of the lithium salt of 2-nitropropane
with the p-nitrobenzylsulfonium salt 1s conducted in tThe
presence of oxygen a somewhat suprising result is observed.

As anticipated, no carbon alkylated coupled product is formed
but the 2-nitro-2-vropyl anion apparently is not oxidized
either. Instezd, a 64% yield of p,p'-dinitrostilbene oxide is
isolated. Figure 31 shows that the amqugt of oxygen reacted
corresponds to oxidation of the p-nitrobenzylsulfonium com-
pound only and that the 2-nitro-2-propyl anion is not oxidized
(compare with Pigures 1, &4, 12, and 24). The anion must be
sufficlently basic to react with the sulfonium compound and

form the ylid which then either reacts directly with oxygen or

undergoes an xX-elimination to produce the carbene which is



Figure 30,

Formation of coupled product in the reaction of 0. ]50'N
lithium salt of 2-nitropropane with 0,075 i nnwitvoben/yl-
dimethylsvlfonium bromide under nitrogen in ethanol at 30°¢

. Illuminated

A

B, Illuminated in oresence of 0,0037 il hexaphenylethanc
C. Illuminated in presence of 0;0075 i hexevhenylethane
D

. In dark in vresence of 0,0075 i1 hexaphenylethane
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Figure 31, Reaction of 0,150 M (5.00 mmoles) lithium salt of 2-nitro-
propane and 0,075 M (2,50 mmoles) p-nitrobenzyldimethyl-
sulfonium bromide with oxygen in ethanol and room 1light
at ca. 30°C (0,655 mmoles oxygen absorbed after 1312 minutes).,
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robenzaldenyde, ZReaction of tTnis
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aldehyde with ylid then produces p,p'-diniftrostiltene oxide,

he lithiwn salt of

ck

An exveriment was conducted in which
2-nitronrovane was added to a reaétion of the sulfoniua salt
with sodium hydroxide in 90:10 ethanol:iwater. nder tThese
conditicns a relatively high concentration of ylid is »present
in solution and there is a guite rapid reaction (Figure 23).
Pizure 32 illustrates that a yleld of carbton alkylated coupl
product of 417 is obtained under these conditions., The
addition of a small amount of p-dinitrovenzene TO Tne reaction
results in a lower yield of coupled product., These results
are understandavle in terms of a free radical chaln mechenisn

resulting in the formation of the coupled product while the

St

<l

ilbene is produced via some alternate process. The in-

,.3'
'_Jo

bitory effect of p-dinitrobenzene in this case may re a
result of changing the solvent., ALlternatively, the proposed
carbene intermediate may react with the 2-nitro-2-vpropane
anion to vproduce the coupléd product in competition with for-
mation of the stilbvene by a similar process in which the
carvene attacks the ylid anion.

A related tonium salt was also briefly investigated.
Shechter and Kaplan (73) have revorted that the sodiur salt of
2-nitroprovane reacts with p-nitrovenzylirimetiaylammonium

odide in refluxing ethanol to yield 63% of the coupled

’_.h

product, 2-methyl-2-nitro-p-nitrophenylopropane, after 30 hours.

It was found, however, that no carbon-alkylated product is



Figure 32,

Formation of coupled vroduct in the reaction of 0,100 K
lithiwa salt of 2-nitropropene with 0,050 il p-nitrobenzyl-
dimethylsulfonium bromide and 0,075 i sodium hydroxide
under nitrogen in 90:10 ethanol:water at 30°C

A, Dark

B, In dark and in presence of 0,005 i p~dinitrohenzene
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nearly complebe conversion for p-nitrotenzyl chloride and

sulfoniun compounds, Some product is detected by vapor pazse

'
|-
n

chrozatosradny if an aliguot of the reaction solutiox

injected directly into the instrument without first cuenching

ares reouired before the reaction proceeds, Apparently, at
30°C, the radical anion of p-nifrobenzyltrimethylammoniun
bronide is stable and has no tendency T0 eliminate Trimethyl-
amine and thus partake in a free radical chain process ©oO

vroduce coupled product. ZIZlectron spin resonance experiments

+h

support this conclusion; irradiation of an ethanol solution o
the ammonium salt with lithium-2-zitro-2-propyl anion results
in a2 strong signal which is attributed to the radical anion

of the ammonium salt (Figure 33). The apvarent diminished

tad + bt Qo™ N
QZN(CﬁB)BDr aNOZq = 11.42 zauss
Sg fig a§m = 2,22 gauss

.‘i - a7 — - = -

5 rz dZW anéU 3.25 gauss
NOo a. " =a., "= 1,01 gauss

h3 dg
aCHZh = 1,40 gauss

intensity of the high-~field nitrozen hyperfine splitting
conponent results from line broadening and not radical deczay.
Adnittedly, most of the experimental evidence assembled

for the reaction of base with p-nitrobenzylsulfonium salts
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sl

Electron spin resonance spectrum of the radical
anion derived from irradiation of p-nitrovenzyl-
trimethylammonium bromide and the lithium salit
of 2-nitropropane in ethanol

A, IEyperimentally obtained spectrum
B, Computer simulated spectrum; see text for

assignments and values of ayperfine splitting
constants



does not supvort a free radical cnaln mechan
addition to the postulated cartene mechanisa (42,
other reaction vathway must be considered., Russell, gv al.
(7L-76) have vostulated the following mechanism for the

Tormetion of p,nt'-dinitrotibenzyl Irom p-nitrotoluene in the

presence of strong vase:

(120)

(122)

{(123)

2,p'~-Dinitrovibenzyl is formed even in the presence of oxygen,

tut as the oxygen pressure increased a larger fraction of the



p-nitrotoluene is converted To n-nitrobenzoic acid. This
sussests that p~nitrovenzyl radicals might be involved in tThe
formation of the bitenzyl. IDZowever, atteapts to iantercept

such radicals by conducting the reaction in the presence of
other nitro-substituted carbanions, such as the 2-nitro-
2-propyl anion or bis(2,4-dinitrophenyl)methide iozn, failed
(74). It will be recalled that in the reaction of n-nitro-
benzyl chloride with the 2-nitro-2-provyl anion, evidence Was

ottained for the rapid coupling of the p-nitrobenzyl radical

with the enion., Such a result eliminates the intermediacy of

-nitrovenzyl radicals in the reaction of p-aivtrotoluene with

j[e]

stroung base.
An analogous mechanisn can be written for the formation
of n,nt-dinitrostilbene from the p-nitrovenzylsulfonium salt

in the presence of base:

+ - & '
GH,-S(CH5), QHE-S(CE,4),
+ B fast § (120)
NOZ N02
ZE-5(cE,) CH,-5(CH,)
~ .LJ.3 2 _2 4,4.3 2
+ 5)

)2




(CZ—I3
(127)
+ (CHB)ZD
(\/.& 28-’(‘1': C
K::B -————€>02N~<::>»CH—CL4<::>yA02 + (CKB)ZS (128)
moz AOZ

Eowever, such a process cdoes not appear feasible at least with
vure water as solvent because of the low concentration of ylid
end the Tact that in water the reaction is first order in both
hydrozide ion and sulfonium salt (62). Perhaps in a less
highly solvating medium such as ethanol the reaction is of a
different oxrder, t is possible thrat two ylid molecules might

react to produce intermediate I directly. 4n alternative mode
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of decomposition of I would be to undergo an intramolecular

electron transfer to produce II., This diradical anion could

A
O

eliminate two molecules of dimethyl sulfide to form p,n?'-di-

nicrostilbene,

E, Reaction of Various Anions with 2-Chloro-2-nitropropane
The reaction of the anion derived from ethyl malonic
ester with 2-chloro-2-nitropropvane has all of the characteris-
tics of a free radical chain mechanism. Figure 34 shows that,
CoHsC(CO,CHg), + (CH3) 2CNO0p ———> 05 CoEs 129)

cl (033)25:-5(002021-:5)2 + Cc1”
although there is no reaction in the dark for long periods of
time, 2 fairly rapid consumption of chloro compound occurs
wnen the reaction is irradiated. A small amount of p-dinitro-
benzene has a pronounced inhibitory effect on the lignht
reaction, These results demonstrate that this anion behaves
similarly to the anion derived from 2-nitropropane in reaction
with 2-chloro-2-nitro »ropane in ethanol, It{ is safe to

assune that the same mechanism is operative in both reactions,

namely, a free radical chain process involving the coupling of



Figure 3%, BReaction of 0,60 M lithium salt of diethyl ethyl malonate
with 0,30 H 2gchloro-2—nitropr0pane uader nitrogen in
ethanol at 30 C
A, Dark
B, Illuminated

C, Illuminated in presence of 0,004 M vp-dinitrovenzene



152

i o

"D

A

o

-~

N

-2

o0}

Q

-

e

T

o

s

Q

o

3O

—
¢

o

-

~

o

—; 0

o

=

z ! l ! ! )

o ) o n o N o
A N Q — — o o
> * . L] L] - L J
o o o o o o o

(25317 /seTowm) auedozdoI3TU~Z—=0IOTUD-Z

Time - (min. )



spectrunm was in accord with tne expected

The reaction of unsutstituted mzalonic ester anion with

2-chloro-2-nitropronane lilkewise is catalyzed by light exnd
inhibited by p-dinitrobenzene. Viritually no reaction takes
place in the dexrx, wever, the simple carbon aliylated

the elexnents oF

(o))
(o]
[
O
Cf
®
[o)]
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nitrous acid from the initially FTormed courled vproduct (77,

(C .-:UZC,ZC.‘ ~ (\J-- )ZC:\TOZ > (130)

<

(c235ozc) wc(c*.,,)2 o+ B —m=> S (131)

(0235020)20=c(c53)2 + ZH + KO,

dentified by its KR

I.Jn

2iie isopropylidene malonic ester was

and mass spectra (parent ion at 200).
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The reaction of lithium thiophenoxide with 2-chloro-2-
nitroﬁrOpane also exhibits photolytic catalysis, Zut all
attempts to isolate the expected product, 2-nitropropyl-
2-thiopnenyl ether, failed., The anions derived from o= (methyl-
sulfinyl)-acetophenone and «,w-diphenylacetophenone appeared
to react with 2-chloro-2-nitropropane but only small amounts
of unidentified oil were isolated from the reactions., lowever,
the latter compound is known to photochemically decompose to
1,1, 2,2-tetraphenylethane, benzaldehyde, and other products
(78); such behavior accounts for the formation of an obvious
mixture of products when the reaction of the anion with
2-chloro-2-nitropropane is irradiated. Phenyllithium reacted
quite vigorously with the chloro compound to produce a small
amount of biphenyl (17) and much polymeric material, No
2-nitro-2-phenylovropane was detected by vapor phase chroma-
togravhy, Apparently, the phenyllithium reacted with the
2-chloro-2-nitropropane to produce 2-nitropropene which
polymerized under the basic conditions (79). In any event,
the‘expected coupled product probably éould not be formed by a
free radical chain process involving the coupling of 2-nitro-
2-propyl radical with the phenyl anion since it has been
demonstrated ?hat the 2-nitro-2-phenylpropane radical anion is
an unstable species (80).

The following compounds do not react with 2-chloro-
2-nitropropane in ethanol at 30°C in either the light or dark:
lithium salt of 2,6-dimethylphenol, lithium bromide, lithium
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nitrite, ammonium thiocyanate. No decrease in the concentra-
tion of chloro compound is observed for any of the anions even
after reaction for many hours.

Eawthorne (8l) has studied the mechanism of the ter Neer
reaction (reaction 132) (82) and nas postulated that the
reaction proceeds through an isomerization of the reacting

NO, 70,
R=¢~Cl + NO,~ =3 R0-N0, + C1” (132)
4 !

H
chloronitroalkane to its aci form followed by a nucleopnilic
displacement of chloride by nitrite ion. The reaction of
l-chloro-l-nitropropvane with sodium nitrite in 50:50 ethanol:
water was investigated and 1t was found that conducting the
reaction in the presence of oxygen had no effect; no oxygen
was aborbed and 1l,l-dinitropropane was formed Just as if the
reaction had been performed under nitrogen. It can ve con-
cluded that free radicals are not intermediates in the

texr Meer reaction.

F. Coupling of ﬁLDicarbonyl Compouﬁds
with Bromine or Iodine
The reaction of the anion derived from a,@-dicarbonyl
compound with either iodine or bromine is a common and useful
method of preparing the dimer of the carbonyl compound (83,
8L4):
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(Rg)ZCH- + Xy —m> (R?:)ch-x + X (133)

(R@)ZCH' + (RE)ZCH-X ————9(3@)ZCH-CH(<H:R)2 + X7 (134)

At the outset of this work it was thought that perhaps
reaction 134 occured by way of an electron transfer process
'(reactiohs 3-5) rather than a simple displacement mechanism
and the reaction of wvarious ﬁ-dicarbonyl compounds with
bromine and lodine was investigated.

It was shown that the reaction of the anion derived from
acetylacetone with lodine in ethanol, ether, or tetrahydro-
furan was not greatly affected by the presence or absence ol
molecular oxygen; The.color due to iodine disappeared almost
immediately upon mixing and only a very small amount of oxygen
was consumed when the reaction was conducted on the oxidation
apparatus,

Similar results were obtalned for the couplings of di-
ethyl malonate and ethyl acetoacetate with bromine in ethanol.
It can be concluded that these coupling reactions do not
involve free radical intermediates and probably occur via an
Sy2 displacement process., The fact that substituted malonic
esters do not readily couple under these conditions (39, 85)
supports this conclusion since a substituted ester would be
expected to react by an electron transfer process more readily

than the unsubstituted compound.,
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The reaction of bromomalononitrilé with potassium
nydroxide in methanol at -78°C to produce the pentacyanopro-
venide ion (1) likewise was not influenced by the presence
or absence of molecular oxygen. The rate of formation of
product was monitored by observing the intensity of the ab-
sorption maxima at 3950 K and 4130 j‘ and was virtually
identical in both cases.
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III. EXPERIMENTAL

A, lMethods

The method of measuring the rate of oxygen uptake is a
variation of the volumetric constant-pressure Technique
previously described by Janzen (86), Geels (87), and Bemis
(88). Tne reactions are performed in a 125 ml creased flask
ecuipped with a 10 ml addition flask which can be rotated, and
a bubbler. The apparatus is pictured in Figure 35. In a
typical reaction, the anion is dissolved in ethanol or formed
in situ in the creased reaction flask by adding a known amount
of standardized ethoxide solution to the acidic compound to te
studied. The halogen compound is weighed out directly in
the 10 ml additlion flask and dissolved in a known amount of
solvent, Sometimes, especially wnhnen the lithium salt of
2-nitroprovane is employed as anion, the halogen compound is
placed in the creased flask and the anion is dissolved in
ethanol in the addition flask. The bubbler is then inserted
into the reaction flask and the whole apparatus attached to a
mechanical shaker (Figure 36). All joints are lightly sreased
with a high vacuum silicon lubricant. One end of a Tygon tube
is attached to the bubb;er, and the other end connected to a
glass tube which, in turn, is connected to a mercury mano-
meter, oxygen inlet, and burets equipved with a mercury
leveling device. With this epparatus the pressure can be

maintained at a constant value by ralsing or lowering the
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Figure 36, Mechanical shaker used to azitate solutions for oxidation
reactions
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mercury leveling bulb on the buret and the change in volume
measured., Pressure can ve kept.to within 1,00 mm of the
desired constant value (usually 740 mm) and volumes read to
the ﬁearest 0.1 nml., Prior to beginning & reaction, oxygsen 1s
adnitted to the system, the burets are purged bty raising and
lowering the mercury leveling bulb several tTimes, and the
solution saturated with oxysen by means of the bubbler. It
was found that this was unnecessary; replacement of the bub-
bler with a sinmple ground glass joint and flushing of the
reaction flask with oxygen was satisfactory. After purging
with oxyzen the burets are filled with oxygen and flow is
stopped while simultaneously the three-way stopcoclk on the
bubbler apparatus is turned to a position where the oxidation
system is isolated from the air but oxygen can readily flow
into the reaction flask from either the center tube or via the
outside tube and stopcock. At time zero, the addition flask
is inverted mixing the two reactants, the timer is started,
and the mechanical wrist-shaker started.

The rate of oxidation is followed by raising the mercury
leveling bulb to a point where the pressure eguals the initial
pressure, and then recording the time, volume, and temperature.
A temﬁerature correction is made by adding ©to the observed
vaelue a factor dependeant upon the temperature change between
the initial reading and subsequent readings. The temperature

is recorded from a thermometer hung within several ihches of

the reaction flask, It was found that due to increased vapor
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pressure pure ethanol causes a 2.5 ml expansion per 1.0°C rise
in the temperature. The temperature always increases during
a reaction due to heat produced by irradiation and the mechan-
ical shaker motor; thus, 0.25 ml was added to the otserved
value of oxygen absorbed for every 0.1 degree rise in thne
temperature. Although this correction factor is undoubtedly
guite crude it is better than applying no correction at all,
In most cases, the correction is usually only a small amount
of the total value although in some instances of minimal
oxygen absorption the correction is sizable.

For dark reactions the creased flask, the addition flask,
and joint and part of the Tygon tubing are wrapped with black
plastic electrical type to exclude all room light from the
reaction, In irradiated experiments, a 275 watt General
Electric sunlamp is positioned 18 inches from the reaction
vessel., In order to minimize heating effects both the sunlamp
and shaker are Turned on priqr to actually running the
reaction so that a temperature equilibrium is reached.

HMost of the irradiation experiments conducted under
nitrogen were run in a Jacketed Pyrex reaction vessel equip-
ved with a 10 ml dropping funnel with sidearm and a 14/20
standard taver joint (Figure 37). The reaction chamber has a
volume of approxiﬁately 20 nl and allows the use of a 3 inch
magnetic stirring bar. For reactions performed at 0°C,
ethanol is circulated through a copper colil immersed in a

water-lce-salt bath and then through the Jacket surrounding



Figure 37. dJacketed Pyrex reaction vessel with addition
funnel .
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the reacition chamber by means of a Haake Series F Constant
Tenperature Circulator (Poly Science Corporation). The tem-
perature is determined by means of a thermometer fitfed in a
T-joint located in the Tygon tubing carrying the coolant at a
distance of approximately 6 inches from the reaction vessel,
The temperature can be controlled to 0° * 1.0°C., For experi-
ments performed at 12.5-13.0°C cold tap water is ruan through
the outer jacket and for temperatures of 30°C or above the
Ezake Circulator with built-in heater is employed. The tem-
perature can be contrélled to = 0.05°C with the latter. The
sunlanmp is positioned 10 inches from the reaction wvessel,

A typical reaction is performed as follows. & known
amount of halogen compound and solvent are placed in the
reaction chamber, Likewlse, 2 known amount of anion is dis-
solved in a knowvm amount of solvent in the addition funnel,
or the anion is generated in situ using the appropriate base,
solvent, and hydrocarbon. Both solutions are degassed for 30
minutes by bubbling prepurified nitrogen through hypodermic
needles inserted through the rubber septums located atop the
addition funnel and on the reaction chamber sidearm. After
degassing, the circulator is started and the apparatus is
allowed to equilibrate for approximately 15 minutes at the
desired temperature. For reactions performed at 0°C the
entire apparatus is immersed in an ice bath so the solution in

the additlion funnel is cooled also,



of product is to be monitored, tThe sunlamp is turned on »prior
to teginning the reaction. To stert the reaction the stopcock
on the addition funnel is opened and the timer 1s started,

Alicuots (e.z., 0.%0 ml) are removed by means of 2 1,00 =l
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syrinze through the ruvbber ssptum on tne

intervals and injected into a xnowm snell amcunt of concentra-

employed and conditions used depending updon the compound To be
nonitored., In the reaction of the lithium s2lt of 2-nitro-~
propane with p-~nitrorenzyl chloride, n-nitrobeazyldiimetihyl-

sulfonivn oromide, Or T-nitrobenzylirimethnylemmonium

-——

the carvon alkylated couvled product, Z2-methyl-2-nitro-l-

Ja

(p=nitrophnenyl)propane., WwWas detected on eilnrer a Perkin-Zinmer
¥odel 154 Vapor Fractormeter with a2 2 foot colunmn 5? 205
GEXZ-50 silicone gum nitrile on Cnromosorb W at'ZOOeC or an
serograoh A-350-2 Duzl Column Temperature Programmer Ges

Chrom grapn utilizing a 2 neter column of 3% SE-30 silicone
gua rutkter on Chromosord P at 170°C. The amount of coupled
product Tormed is determined oy comparing the area of a peak

with the area obtazined from a standard solution of the coupled

vroduct in the same solvent. The areas of the peaks were
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determined by tracing with an Ott planimeter. Accuracy is
probably only = 5% but entirely satisfactory considering the
- results desired.

For irradiation experiments in which the decrease in
concentration of the halogen compound is followed, a sligntly
different procedure is used. Instead of having the lignht
directed onto the reaction vessel at the time of mixing the
reaction solutions, the reaction apparatus is wrapped with
aluninum foil to exclude all light. The stopcock is opened
and the two solutions are thoroughly mixed after which time
an aliguot is withdrawn for analysis by g.l.p.c. The aluﬁi-
num foil is then removed and the lrradiation by the sunlamp is
begun. The whole procedure usuelly takes less than one minute
to perform; the timer is started the moment irradiation of
the reaction solution is begun. Since most of the reactions
investigated are light catalyzed and proceed very slowly
or not at all in the dark this first aliquot is considered
the amount of halogen compound present at zero time., 2-Chloro-
2-nitropropane is analyzed on the Perkin-Elmer ianstrument
using a 2 meter diisodecyl phthalate column at 100°C; 2-bromo-
2-nitropropane concentration is followed with the same column
except at 125°C. The rate of reaction of p-nitrorenzyl
chloride is determined by observing the decreasing areas on a
2 foot column of 20% GEXE-60 silicone gum nitrile on Chromo-
sorb W held at 136°C. The amounts of halogen compound present

in the various aliquots were-determined by comparing
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subsequent peak areas to the area of the initial aliguot taken
at zero time, An inert internal standard such as anisole or
- benzylohenyl ether was usually employed.

An alternative method of nmixing the two reacting solutions
is to remove the dropping funnel and to seal off the reaction
flask with a rubber septum. The halogen compound is degassed
‘in the reaction chamber as before but now the degassed anilon
solution is introduced with a syriange through the rutover
septunm. This technigue is usually used when the reacting
anion is the lithium salt of 2-nitropropane. A solution of
the anion is made up by weighing the anion into a2 10 ml
Erlenmeyer flask, stoppering this with a rubber septum, flush-
ing with nitrogen, and then adding previously degassed solvent,
The resulting solution is then degassed an additional 5-10
minutes and a portion of this is drawn into a syringe Tfor
addition to the solution of halogen compound.

The dark reactions are perriormed in a manner identical to
the above except that the reaction apparatus is thoroughly
wrapped with several layers of aluminum foil for the duration
of the experiment. For those reactions conducted at 0°¢C a
small Erlenmeyer flask was usually used by sealing with a
rubber septum and wrapping with either black plastic tape or
aluminum foil and immersing in an ice bvath. The reactants are
introduced in a manner similar to that described above for the
reaction assembly without the dropping funnel., Aliquots are

taken as described earlier.
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Ultraviolet and visible spectra were obtained on a
Beclinan Di-2A Ratio Recording Spectrometer, The following
reactions were monitored by ultraviolet or visible spectros-
copy: the reaction of the anion derived from 2-phenyl-l,3-in-
dandione with diphenyliodonium salts by following the decrease
with time of the concentration of the anion which has a
characteristic absorption at 4520 Z; the reaction of p-nitro-
benzyldimethylsulfonium bromide with agueous base to produce
. p,pf-dinitrostilbene which absorbs at 3540 X (aifficulties
encountered are discussed in the Resulfs and Discussion
section for this reaction); the ter Meer reaction in which
absorbance at 3800 E is observed due to the anion of 1,1-di-
nitropropane formed in the reaction of nitrite ion with
l-chloro-l-nitroprovane. The photolyzed and dark reactions
are conducted in the already described apparatus. Aligquots
are removed with a syringe and simultaneously quenéhed and
diluted to concentrations suitable for spectroscopic work.
The change in concentration of reactant or product is deter-
mined by the relative change in optical density of the
appropriate absorption maximun,

The reaction of p-nitrobenzyldimethylsulfonium bromide
with sodium hydroxide was also followed by potentlometric
titration. In a typlcal reaction 2.00 mmoles of the sulfonlium
salt is dissolvei in 97.0 ml of solvent (ethanol-water mix-
tures in various ratios, see Results and Discussion section

for this reaction) in & Pyrex immersion irradiation vessel
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and degassed with prepurified nitrogen for at leastlBO minutes.
Exactly 3.00 ml of 1,007 M sodium hydroxide is added and the
timer is started at zero time. The sunlamp is directed vo-
wark the reaction vessel at a distance of 10 inches for
photolyzed reactions and the vessel is wrapped in alumiaum
foil for dark reactions., Water is circulated through the
outer jacket to maintain the desired coastant temperature. 3y
means of a2 syringe, 10.0 ml aliquots are removed at intervals
and injected into 60.0 ml of 0.0065 ¥ hydrochloric acid, The
reaction is considered quenched and the time is noted when
one half of the aliquot has been added to the acid solution.
The resulting solution is then potentiometrically titrated
with 0.0266 M sodium hydroiide solution using an automatic
buret with 0.0l ml gradvations. The pH of the solution is
monitored during the titration with a Coleman lMetrion pH Heter
utilizing a glass electrode and a saturated calomel electrode,
The point of maximum slope in a plot of pH versus added
sodium hydroxide solution is taken as the end-point of the
titration. It is found that this method gives very reproduc-
ible results.

The quantitative determination of acetone and nitrite ion
resulting from the oxidation of the anion of 2-nitropropane
in the presence of 2-bromo-2-nitropropane was performed as
follows., 2-Nitroprovane (0.92 g, 10.26 mmoles), potassium
ethoxide solution (10.0 ml, 10.26 mmoles) and 2-bromo-2-nitro-

propane (1.72 g, 10.26 mmoles) and 10,0 ml ethanol were
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reacted in the oxidation avparatus as described earlier. The
reaction absorbed 99.5 ml of oxygen at STP (L.4L mmoles)., The
reaction mixture was evaporated to dryness under vacuun at
room temperature and the distillate containing the acetone and
ethanol condensed in a dry ice trap. The distillate was then
analyzed for acetone by a volumetric procedure based on
reaction with hydroxylamine hydrochloride in an alcohol-
pyridine solution (89). By this technique 8.15 mmoles of
acetone was detected which corresponds to a yield of 79% based
on 2-nitropropane and 92% based on oxygen consumed. This is
in agreement with the observation that one mole of 2-nitro-
2-propyl anion consumes one-nalf mole of oxygen and further
illustrates that no 2-bromo-2-nitropropane is ozxidized in tne
reaction,

The procedure followed for the determination of nitrite
and nitrate ions is that of Bussell (2). After performing
the oxidation reaction as described above with The same
amounts of reactants, the oxidized reaction mixture was
evaporated to dryness at room temperature. The dry salts
were quantitatively transfered to a2 10,0 ml volumetric flask
and dissolved in water, One nl of the solution was treated
with 3.0 ml of saturated potassiun permanganéte solution and
1.0 ml of glacial acetic acid and warmed to 60°C for 5 minutes,
The éxcess potassium permanganate was destroyed by the drop-
wise addition of 30% hydrogen peroxide, the solution boiled for

several minutes, cooled to 60°C, and 10 ml of anitron nitrate
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solution added (10 z nitron in 100 ml 5% zacetic acid). The
nitron nitrate was allowed to crystallize overnight in the
dark: filtration yielded 0.3580 g (9.5% mmoles) of nitron
nitrate., To 0.6 g of hydrazine sulfate in 15 nl of water at
50°C, 3 ml of the stack solution was slowly added with stira-
. rins., The solution wes gently boiled for 2 minutes, cooled
to 60°C, and 1 ml of glacial acetic acid and 10 m1 of nitron
reagent added; obtained 0.0656 s (0.35 mmole) of nitron
nitrate. Thus the reaction of 10.26 mmoles of 2-nitrovropane
with 4,44 mmoles of oxygen produced 0.35 mmole of nitrate ion
(3.4%) and 9.21 mmoles of nitrite ion (893 based on 2-nitro-
propane).

The electron spin resonance spectra shomm in Figures 17
and 18 were obtained using a Varian V-4500 Spectrometer
operating at ca, 9500 lMcps with a 9 inch magnet with Fieldial
control and 100-kcps modulation; the spectrum shown in TFigure
33 was obtained on a Verian E-3 Spectrometer. The samples
were prepared using the inverted U-~type mixing cell previously
described (90) and a flat-fused silica "agqueous" sample cell
and were thoroughly deoxygenated by bubbling prepurified
nitrogen through them prior to mixing. Irradiation within
the cavity was accomplished by directing the light from a 2735
watt General Electric sunlamp through the irradiation slots in
the cavity. The simulated spectra were computed on a JEOLCO

Model JNHM-RA-1 Spectrum Accumulator.
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B. Solvents and Zases

Cormerical absolute ethanol was refluxed with celcium
hydride for 2 hours and then distilled, the first fraction and
pot residue being discarded. The distillate was stored over
molecular sieves in a Pyrex flask with closure by a ground
glass stopper.

Dimethylformamide (Matheson, Coleman, and Bell) was dried
over calcium hydride for 24 hours and thea distilled twice
under prepurified nitrogen at 12 mm pressure through a 30 .cm
Vigreaux column and stored over molecular sieves.

t-Butyl alcohol (Matheson, Coleman, and Bell) was puri-
fied by dissolviﬁg sodium metal in it and allowing it to
reflux for 24 hours after which time it was fractionally
distilled, the first fraction and a sizable pot residue being
discarded, After repeating this procedure, the purified
alcohol was stored over molecular sieves,

Lithium and potassium ethoxide solutions were prepared by
adding a weighed amount of the cleaned metal to purified
ethanol, The resulting solutions were titrated with stand-
ardized acid, and ncrmalities obtained were consistent with
that calculated on the basis of metal added., Potassium
ethoxide solutions prepared in this way were stable for
nonths, turning only slightly yellow; the lithium ethoxide
solutions usually turned browm within a couple of weeks

although the titer changed only gradually.



175

C. Chemicals

2-Nitropropane was practical grade from Eastman and was
ourified by distillation through a 90 cm Todd column packed
with glass helices, the fraction boiling at 119.5-120°C at
740 mm was collected., G.l.p.c. and p.m.r. showed the distil-
late to contain only a very small amount of impurity of
nitroethane., The distillation was repeated and pure 2-nitro-
propane was obtained,

The lithium salt of 2-nitropropane was prepared in solid
form in the following manner., A lithium ethoxide solution
was prepared by adding lithiuwm metal (Lithium Co. of America,
0.70 g, 0.101 mole) to 100 ml of absolute alcohol. 2-Kitro-
propane (10.0 g, 0.112 mole) was added to the lithium ethoxide
solution in a 1 1. round-bottom flask and the solution strip-
ped down at roonm temperature on a rotatory evaporatof. .When
the solution became viscous, but before precipitation of the
salt began, 700-800 ml of anhydrous ether (Mallinckrodt) was
- added to cause precivitation. The resulting slurry was
filtered and the precipitate washed with ether and subject to
vacuumn for 4 hours, It was then crushed and kept under oil-
pump vacuum for an additional 24 hours.

2-Chloro-2-nitroprovane was prepared as described in the
literature (3) by bubbling chlorine gas into an alkaline
solution of 2-nitropropane and distilling the oil which
separated; b.p. 58-59°C at 60 mm, literature (3) 57°C at 50 mm.



176

G.l.p.c. and p.n.r. showed the 2-chloro-zZ-nitroprovane to be
free of any impurities..

2-3romo-2-nitropropane was prepared in an analogous
manner; b.p. 74-75°C at 56 mm, literature (3) 73-75°C at 50 mm.
2oth the chloro and bromo compounds are lackrynators end care
should be exercised in thelr usec.

Hexaphenylethane was prevared by & modification of litera-
ture procedures (92, 93). Trivhenylchloromethane (Matheson,
Coleman, and Bell, 30 g, 0.108 mole) was dissolved in 300 ml
of acetone in a 500 ml round-bottom flask and thoroughly de-
gassed., MNercury (80 g, 0.40 mole) was added and the flask was
sealedlwith a glass stopper held securely in place with
plastic tape and mounted on the mechanical shaker (Figure 36).
The reaction flask was wrappred in a2luminum foil to exclude 21l
»oon light and allowed to shake for 8 hours. &fter reacting,
the flask was opened and the contents filtered on 2 sintered
glass disk in a nigrogen glove bag. The filtrate was then
cooled to -78°C in a dry ice-acetone bath and the crystals of
hexapnenylethane were collected by filtration in a nitrogen
atmosphere., The product obtained by the above procedure is
white but brief exposure to the atmosphere or light causes
the hexaphenylethane to become yellow colored. The purity of.
the hexavhenylethane was determined by the amount of oxygen
consumed by a weighed amount in toluene, When first prepared
the product is 92% pure. The hexaphenylethane is best stored

by dividing and sealing under nitrogen several lots in small

L .
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vials with either wax or plastic tave. The vials are then
wrapped with aluminum foil and stored in The freezer compart-
ment of a refrigerator. 3By using this technique the hexa-
phenylethane can be stored for extended periods of time. The
actual purity wmas determined immediately prior To its use as
- an innibitor in the various reactions., Care was taken to
assure that the hexaphenylethane was dissolved oaly in pre-
viously degassed solutions prior to reaction.

Diphenylicdonium chloride was prepared by adding a cooled
acetic anhydride-sulfuric acid solution to a suspension of
potassium iodate in a solution of acetic anhydride and tenzene
and working up as descrited in the literature (L8).

Divhenyliodoniun acetate was prepared by reacting di-
pnenyliodonium chloride with silver acetate and recrystal-
lizing the product ovtained in this way from t-butyl alconol
and hexane containing a small amount of acetic acid (L4).

Divhenyliodonium tosylate was obtained by reacting di-
phenyliodonium chloride with silver oxide and p-tolueanesul-
fonic acid mononydrate in nethsnol in a manner similar to that
described in the literature (94). This sa2lt was used almost
exclusively throughout this work because of its ready solubil-
ity in the various solvents.

2-Phenyl-1l, 3-indandione was formed by reacting phthalide
" and benzaldehyde in a solution of sodium ethoxide according

to the method of Beringer (44).
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p-Nitrobenzyldimethylsulfoniun bromide was prepared by
reacting n-nitrobenzyl bromide with an excess of dimethyl

sulfide in acetonitrile in 2 manner analogous to that de-

O

scrived in the literature for the preparation of p-nitrobenzyl-

recipitating

o)

methylisopropylsulfonium bromide (66). After
the compound several times from methanol with ether, the

p-nitrobenzyldimethylsulfoniun bromide melted at 107-108°C.

~y

P.m.r. detected a small amount of methanol in the white pro-
duct even after drying under vacuum for 2& hours. Iliost of the
absorbed methanol was removed by stirring the salt with an-
hydrous ether for several hours, filvering, and drying.

p-Nitrobenzyltrinethylammoniun bromide was prepared by
the reaction of »n-nitrobenzyl bromide with excess trimethyl-
amine as reported in the literature (853)..

Cis-~ and trans-p,p!-dinitrostilbene oxides were vrepared
for infrared and thin layer chromatography comparison pur-
poses by the rethod described by Bergmann and Hervey (57).

Diethyl ethylmalonate was prevared from diethyl malonate
and ethyl bromide in sodium ethoxide solution by a procedure
similar to that described for diethyl n-butylmalonate (95).
G.l.v.c. and p.n.r. showed The product to be pure.

w,w-Diphenylacetophenone was prepared by reacting desyl
chloride, benzene and aluminum chloride bty the procedure of

Koelsch (96).
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The remaining chemicals used in this work were commer-
cially available and were purified by standard procedures when
this was deemed necessary. The author wishes to thank lir.

E. T. Sabourin and Hr. L. A, Ochrymowicz for samples of

o~ (methylsulfinyl)acetophenone.
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IV. SUMMARY

It was shown in this work that the reaction of the lith-
jum salt of 2-nitropropane with 2-halo-2-nitropropane or
p-nitrobenzyl chloride is a free radical chain process in-
volving the coupling of a radical with the 2-nitro-2-propyl

anion as a key propagation step:

Initiation
R™ + R'X ——> R + R'X"
Provagation
R'X? ———>=Rr's + X
R~ + R'e ———>R-R'"
R-R'% + R'X ———>R-R"' + R'X"
;o 2-nitro-2-propyl

R'X : 2-chloro- or 2-bromo-2-nitropropane

o-nitrobenzyl chloride
The reaction was shown to be catalyzed by light and inhibited
ty free radical inhibitors such as oxygen, p-dinitrobenzene,
and triphenylmethyl radicals,

In an attempt to determine the scope of the newly dis-
covered mechanism it was shown that the anions derived from
diethyl malonate and diethyl ethylmalonate can be substituted
for the 2-nitro-2-propyl anion in feaction with 2-chloro-

2-nitropropane. A variety of other anions were shown to be
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unreactive with 2-chloro-2-nitropropane under the reaction
conditions usually emrloyed.

The reaction of 2-phenyl-l, 3-indandione with diphenyl-
iodonium salts and the reaction of p-nitrotenzyldimethyl-
sulfonium bromide with aqueous sodium hydroxide To produce

,0'-dinitrostilbene were also investigated in detall <To

{e]

ermine if these reactions proceed by a chain mechanisnm

ct

de
anzlozous to that described above, No conclusive proof was
ohtained for a chain process and it was concluded that these
reactions provably do not proceed in this manner., However,
the reaction of the lithium salt of 2-nitropropane with
v-nitrobenzyldimethylsulfonium bromide is a free radical chailn
process in which the p-nitrobenzyl radical couples with the
2-nitro-2-proopyl anion.

It appears that the generality of the free radicai chain
mechenism described is limited mainly by the halogen~contain-
ing compound. This reactant must be sufficiently electro-
negative to accept an electron in a transfer process, but the
resulting radical anion must be intrinsically unstable with
respect to elimination of halide ion. In spite of this
restriction, the interaction of a free radical with a carb-
anion is appareatly an important reaction for the formation of

carbon-carbon bonds.
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