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INTRODUCTION

The photochemistry of troponoid compounds has been
revieved by Pasto (1) and Koch (2). A variety of interesting
photochemical reactions including valence tautomerizations,
dimerizations, gross structural rearrangements has been
observed with different tropolone compounds. The compiexicity
of the photoinduced reactions of troponoids wvaries greatly
depending on the structure of the starting material and the
photoreactivity of the initial photoproducts formed.

The work described here is a study of photochemical
dimerizations and mass spectrometry of a series of benz-
tropolone ethers. Several isotopically labelled derivatives
of 2-phenoxy-4,5-benztropone and related compounds have been
synthesized to study the dimerization process and the struc-
tural rearrangements. Mass spectroscopic examination of the
labelled derivatives revealed a novel rearrangement induced by
electron impact. The importance of alkyl group migrations

using labelled derivatives of 2-methoxy-h,5-benztropone has

been evaluated.



HISTORICAL
The Photochemistry of Troponoid Compounds

The photochemistry of troponoid compounds dates back
to 1865 when Hubler (3) observed that solutions of colchicine
turned brown when irradiated with suniight. -In the following
years Struve (&), Jacobih(5) and Scoville (6) reported similax
observations with colchicine. It was not until 1945, however,
that the basic structure of troponoid compounds was estabe-
lished following Dewar's suggestion that troponoid compounds
contained the cycloheptatrienolone system. It was only after
this that an assault on the structure of the photoproducts

could be made.

Simple troponoid comnounds

7-Tropolone methyl ether (I) was the first of the
simple troponoid compounds reported by Chapman and Pasto (7)
to undergo photochemical reaction. Irradiation of an agueous
solution of I 4in a Pyrex vessel produced a single monomeric
photoproduct (II) in up to 60% yield, based on recovered I ,

with varying amounts of a red polymeric material.

O

hV I l f\y Polymeric

lﬂ Material
MeO 2¥  MeOy




The photoinduced reactions involving (-tropolone and
substituted O~-tropolone methyl ethers present a much mozre
complex picture than )~tropolone methyl ether. Dauben et al.
(8) investigated the irradiation of K~-tropolone methyl ether
(ITIa) in methanol gives a similar bicyclic product (IVa)
initially (see Figure 1, page 4 ). Continued irradiation of
IVa gives the rearrangeﬁ product Va. Further irradiation
after the addition of water to the solution gives the methyl
ester VIa. This sequence of photochemical reactions was
clarified by studying the products from the irradiation of
substituted d-tropolone methyl ether (IIIb,c,d). Dauben et
al. have proposed the general mechanistic scheme for the
procéss.

Forbes and Ripley (9) irradiated &-tropolone methyl
ether (IIIa) in aqueous solution and observéd the formation
of the methyl ester of 4-oxo-2-cyclopentene-l-acetic acid
(VIa). In addition to the formation of VIa they also
isolated three solid products with melting points of 112 to
114°, 145 to 146°,and 185° (decomposition). The authors
indicated that these products may be dimeric products.

Recently, Mukai et al. (10) showed that irradiation of
2<ncthoxy-6-phenyliropone (IIIc) gave,in addition to
l-methoxy-h-phenyl-ég’6-bicyclo[3,2,O]heptadien-2-one (zve),
3-methoxy—7-phény1-é?’6-bicyclo{3,2,O]heptadien-2-one (IVe')

and methyl 4-oxo-2-phenylcyclopentenylacetate (VIe), a new



L

methyl ethers

Q QO
MeQ M eO MeO(n)
QR"““" R"-—’ nE
R R R R R R R
1] IV
a: R=R=R=H j
b: R=R=H R=CH VeO
c: R=R=H R=CHs ey O
d: R=R=H R =iPr R@_
R’ lR”
0 MeO,, 0
MeO ' 4
l ’\ € I
R'leh R R R’
4,0
H |
o ¢ 9
MeO ‘ R
R, R \R:/ M eO ZC-C l_l R Ru
| VI
. Figure 1.

The photochemistry and mechanism of o(—tzjopolone




type of dimerization product (VII) in 4% yield.

oMe  MeOR Ph

A _hy ] “P . I
h ’
e lVe Ve
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CH2
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‘ OMe

OMe Pn

The photochemistry of [3-tropolone methyl ether (vizz)
and tropone (IX) evidently follows quite different path and
no bicyclic products have been isolated (11). The irradiation
ofl?-tropolone methyl ether in benzene (12) gives two white
solid products in 10% yield. Both products were found to
have dimeric molecular weights. The dimer 1 has a carbonyl
peak in the infrared spectrum at 5.7u with melting point af
T 193-195°. The dimer 2 with melting point at 158-160° has a
single carbonyl peak at 5.86 1. The structure determination
of these dimers is being continued in this group.

Irradiation of tropone (13) in 2 N sulfuric acid with
a mercury lamp in a Pyrex vessel afforded 7.5% dimeric product

X, which has a structure of tricyclo[6,4,1,12’7]tetradeca-3,5-



9,11-tetracne-13,1k~dione. This is the first cxample of
(6 + 6) T-type cycloaddition according to Woodward and
Hoffmann's selection rule (14). ZKende (15) isolated three
dimeric products XI, XII and XIII in 50% yield from the

irradiation of tropone in acetonitrile solution.

A
2NhH ,S0,, b |

Q o

. ‘ :
1 . IO
hy O q

IX

CII CN

—
; X|

XHI

The distinct difference in photochemical properties
of Q-tropolone methyl ether and the Y-tropolone methyl ethers
on one hand and B—tropolone and tropone on the other hand must
be a result of the presence and position of the methoxy group.
The dipolar intermediate (XIV) for the [3 isomer can omnly
return to the starting material. Whereas with tropone there
is no methoxy group to give any directing influence, thus
increasing the probability of a less favored reaction

occurring.
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hy
OMe ¢ - OMe

VI XIV

Colchicine and related compounds

Aqueous solutions of colchicine (XV) when exposed to
sunlight give varying quantities of three photoproducts, Q-,
[3-,and Y-lumicolchicine (15-21).  Structure XVI and XVII has
been assigned to[3 and Y-lumicolchicine, respectively (17,18,
22). The structure of Q-lumicolchicine (XVIII) is a dimer of
[3-1umicolchicine (19) (Figure 2, page 8).

The photoisomerization of isocolchicine (XIX) has been
investigated by Chapman et al. (23) and by Dauben et ai. (24).
The photoisomerization of XIX could conceivably produce
either, or both, the valence tautomers (XX) and (XXI). Both
photoisomers should possess about equal strain energy;
however, the formation of XX will preserve a trimethoxystyryl
chromophore, whereas in XXI interaction between the cyclo-
butene double bond and the benzene ring is not possible. The
competition between the formationof XX and XXI should there-
fore give an indication of the importance of electronic
factors in the formation of the photoisomers. Both groups of
investigators observed the formation of only wvalence tautomer

XX. The photochemistry of colchicine is governed almost



XIX XXa

Figure 2. Photochemical transformations of colchicine and
' isocolchicine
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exclusively by electronic factbrs in which the preservation of
a trimethoxylstyryl chromophore is the most important factor.
The effect of the methoxy group on the troponoid ring in
stabilizing the electron distribution in the " excited” state
is overweighted by the apparent desire to preserve the tri-
methoxystyryl chromophore. Several derivatives of colchicine
have been subjected to ultraviolet irradiation. The mode of
reaction in the colchicine series seems to be little affected

by substituents.

Benztronones

Forbes and Ripley (25) have reported that purpuro-
gallin tetramethyl ether (XXII) on irradiation in ethanolic
solution gives a photoisomer XXIII. The photoisomerization of
XXII to X3IITT represents a new mode 6f troponoid photo-
isomerization. Insight as to the mechanism of this rear-
rangement has been gained by Chapman and Murphy (26) emploving
labelled XXII. Irradiation of XXII-laC2 results in the
formation of X2IIT carbonyl-lAC and the photoisomerization of

xXax carbonyl-lso gives XXIIX carbonyl-lsc. These results are

consistent with but do not require Forbes suggestion of an

% 0] Me
CMe 3 CMe OMe \\f‘éo

*
oN
© 9 oMe
Me0 Ny | Meo NGE MeO
— N\ —_—
MeO MeO Meo
 XXIT

XXav XXITITI
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oxabicyclobutane intcimediate XXIV.

Of the troponoid compounds, tiic nhotochemistry of
o-rhenoxy-4,5-benztropone (XXV) is by far the most complex and
interesting one. Simple photochemical valence tautomerization
to give XXVI or XXVII, as observed in the previously discussed
trovonoid compounds, is virtually forbidden for XXV owing to
both clectronic and steric factors. Doth valence tautomers
represent a coniplete loss of the resonance energy of the
benzenoid and troponoid systems, and the bond angle strain
and steric crowding inherent in the systems would appear to be
rather largse. This system seemed toc be an ideal one forxr
investigating the less favored photochemical transformations
of a troponoid system which might otherwise be obscured by the

more facile valence tautomerization reactions. Irradiation of

OPh

OPh AN 0
‘ 0 —— r—0Phor =

0 X
KXV XXV XXV

2~-phenoxy-4,5-benztropone gives three dimers A, B and C. The

structires of the dimers have been determined (27). A
mechanism for the formation of the dimers has been proposed.
(27). The work described in this thesis was undertalken with
two goals in mind. TFirst, we sought to provide evideance of
the phenyl group migration in the formation of the dimers.

Second, we wished to label the atoms in the tropolone ring to
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be ceritain that other skeletal rearrangements were not

occurring. In the course of this work the mass spectra of the

labelled compounds proved to be of such interest that they

were investigated in detail.

The Mass Spectrometry of Troponoid Compounds

The mass spectrometry of troponoid compounds has been
reviewed by Budzikiewicz, Djerassi and Williams (28,29). The
most characteristic feature in the spectrum of tropone is the
pronounced loss of carbon nonoxide (M = 28) (30,31). An
analogous observation has been made with benztropone (XXVIII)
(32), the primary step being expulsion of ca;bon monoxide with
generation of the naphthalene ion. A detailed study of
various tropone derivatives has shown that the elimination of

carbon monoxide with formation of an M - 28 species, which

0

!

-CO

| X

-CO

0 =

XXVHI
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beh;ves like the analogous benzene derivative, is the main
ﬁrocess in this class.

The mass spectrum of tropolone exhiﬁits a nuch more
intense molecular ion peak than was found in the tropone
spectrum.

Severallinteresting features may be noted in the
spectrum of tropolone methyl ether. The elimination of carbon
monoxide from the molecular ion, so characteristic of tropone
and tropolone, occurs only to a minor extent. IExpulsion of a
Cii0 rather than CO predominates. A possible explanation may
be the occurrence of a hydrogen transfer in the molecular ion

to give species a, which could yield the stable carbonium ion

b on loss of CHO (28).

O] LH g
gt 5 CHo A lOCH2
‘O{iHZ N

a b

Introduction of a phenyl group may alter the mass
spectrum in a marked fashion depending upon the site of
substitution. As expected, the base.peaks in the spectra of
4~ and 5-phenyltropolone occur at m/e 170 due to the loss of
carbon monoxide. However, in 2~-phenyltropone (XXIX) the most
abundant ion is formed by loss of one hydrogen atom. This

unique feature can be employed as a convenient criterion for



13

setting the point of attaclment of an aromatic substituent in
a tropone. The most plausible explanation for the occurrence

of such ion is the abstraction of an ortho hydrogen atom to

provide the cyclic species c. Elimination of carbon monoxide
from the molecular ion or from the M - 1 fragment ¢ accounts

for the remaining intense peaks in the upper mass range of the

mass spectrum of 2-phenyltropone (31).

X XIX

+

;

Cs

-H-

?::::tr
O +O
Ot
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RESULTS AND DISCUSSION
Synthesis of 2-T’henoxy-UI, 5-benztropone and Related Compounds

Synthesis of 2-phenoxy-4,S-bénztropone (XXV) was
readily achieved by the method of Tarbell et al. (33). This
method also proved readily adaptable to the synthesis of
isotopically labelled derivatives of 2-phenoxy~4,5-benztropone,
. Condensation of o-phthalaldelhyde with phenoxyacetone in basic

solution gave crude XXV.
CH20Ph OPh
CHO \
+ =0 —_—_— =0
CHO CH
3
XXV

Treatment of phthaloyl chloride with dimethylamine
gave the bis-amide. Reduction of the bis-amide with lithium
aluminum deuteride gave o-phthalaldehyde with deuterium in
each aldehyde group. Condensation with phenoxyacetone gave

2-phenoxy—h,5-benztropone-3,6-d2 (xxx).

D
0 ° OPh
i Il CD
cCc1 N( CHB) 5 o

N( CI-IB) - LiAlD — -

cCl ——=35 gD
i CN(CH
o _ (,), ( 3)2 o) D

XXX

Equilibration of phenoxyacetone with deuterium oxide
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in the presence of base gave phenoxyacetone-ds. Condensation
witi gfpntnalaldéhyde gave 2-phenoxy-i4,5-benztropone-7-d

(xxxx).

oPh
CHO
9 D_0/base 0 s o
PLOCH,CCH, » PhOCD ,CCD,y o,
xxxx 2

Equilibration of phenol with deuterium oxide in basic

solution gave phenol-?,h,6,0—dh. Reaction of sodium phenoxide-
2,&,6-d3with iodoacetone gave 2,4,6-trideuteriophenoxyacetone,
whick on condensation with o-phthalaldehyde gave 2-(2,4,6-

trideuteriophenoxy)-4,5-benztropone (XXXII). The infrared and

nuclear magnetic resonance spectra of these deuterium labelled

derivatives are similiar to 2-phenoxy-4,5-benztropone itself.

OH 0D 5
D D
. DO oD- ~ CH5COCH,C1 CH,C0CH 0 D
2002, ?
D D D
o} D
=0 D
X0OTT

The oxygen of aldehydes and ketones can be exchanged
by water. The exchange is catalysed by hydrogen and hydroxide
ions (34). In most cases the organic compound is dissolved in

water. When the compounds are not very soluble in water,



16

mixed solvents are used. Carbonyl-lso -labelled Z-phenoxy=-

L4 ,5-benziropone (XXXIII) was prepared by acid catalyzed
exchange with 180-1abe11ed water in tetrahydrofuran. It was
shown that XXXIII contained 29% excess 180 by mass spectrometry
The infrared spectrum (Figure 13, prages6 ) shows two carbonyl

absorption peaks at 1600 cm™t (C=0)} and 1570cm"1 (c=180).

OPh 18 OPn
2,770 18
=0 > =0
-
X111

Labelling the ether oxygen proved more difficult.

Phenol containing oxygen-l18 was prepared by fusion of sodium

benzenesulfonate with 18O-labe11ed sodium hydroxide. The 18O-

labelled phenol was converted to phenoxyacetone anc then to
2-(180—phenoxy)-4,5-benztropone (XxxxVv) (16% excess 180pr
mass spectrometry). The infrared spectrum of XXXIV (Figure 13,
page 56)is essentially identical with 2-phenoxy-4,5-benz-

tropone. 18
OPh

S0_"Na

+
3 8orh

180H . 1
CH
18 /2
Na_ OH, 3 O=q\ s =0
CH
3
, XXXIV

Synthesis of 2—phenoxy-4,S-benztropone-l-lSC (xxxv)

utilized potassium cyanide-lBC. Phenol was converted to

phenyl chloromethyl ether via the phenoxymethane sulfonate by
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treatnent with phosnhorous pentachloride (35). Displacement

of the chlorine by cyanide-lBC followed by Grignard reaction
with methyl magnesium iodide gave phenoxyacetone—2- 3C which
then condensed with o-phthalaldehyde to give XXXV.

PCl 13 T- Y 13 #
PhOCH_SO, Na ———23 PHOCHC1 —CX_, PhOCH, ~CN

2°"3 l
*
oPh CH,MgT

: L3cocH
é————e  PhOCIi, ~COCH,

xxv
2-Thiophenoxy-4, 5~-benztropone (XXXVI) was prepared by

condensation of o-phthalaldehyde with thionhenoxyacetone
prepared in modest yield by treatment of chlorcacetone with

thiophenol in aqueous sodium hydroxide solution. The infrared

SPh
C1CH,COCH, + PhSH HaCH , PhSCH,COCH, __, ‘ -0

spectrum (Figure 14, page 58) and nuclear magnetic resonance
spectrum (Figure 28, page 86) of XXXVI were similiar to those
of XXV. |
Condensation of N-methylanilinoacetone with o-phthal-
aldehyle gave 2-(N-methylanilino)-l4,5-benztropone (XXXVII).
The nuclear magnetié resonance spectrum of XXXVII showed the

aromatic protons at 2.87 and the methyl protons at 6. 73/

Ph Niz:,{
CH,COCH,} \Tcn @
CHO
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(Figure 27,page 8&).

2-Methoxy-U, 5-benztropone (XXXVIII) was prepared by
the condensation of o-~-phthalaldehyde with methoxyacetone (36).
The carbonyl—lso-labelled derivative (XXXIX) was prenared by

acid catzalyzed exchange using 18O-enriched water in tetra-

hydrofuran.
OCH, .
9 ClI0 18, & ~(0CH,
H,OCH,CCH,  + - =0 2 18,
CHO H X -
XXXVIII XXXTX

The synthesis of 2-(methoxy-130)-h,5-benztropone (xv)
utilized methanol—lBC as the source éf the label. Treatment
of propylene oxide with methanol-lBC and sodium at 100°
produced 1-(methoxy—lzc)—Q-propanol which was oxidized to the
ketone and condensed in the usual manmner. The nuclear
magnetic resonance spectrum (Figure 27,page 84) shows the

aromatic protons at 2,70 and the methyl protons at 6.087which

was splitted to doublet by 13¢ (J13 = 146 c.p.s.).
cH

CH,-CH-CH_, + Na + <Y3CH,OH — T3CH,OCH, CHCH,
5”72 3 30CHPHOT

ot3cx l OH

3
=0 ¢ 13

CH,0CHE_CCH

3 2] 3
XL

Synthesis of 2-Phenoxynaphthalene-2—130 (XLI) started

" with potassium cyanide—lBC. Treatment of benzyl bromide with
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13C L]

poTassium cyanide- 3C gave phenylacetonitriie-i-
Ilydrolysis gave carboxyl labelled phenylacetic acid which was
converted to the acid chloride. Condensation of the acid
chloride with ethylene gave 2—tetralone-2—130. Bromine
oxidation of 2—tetralone-2—130 gave 2—naphthol-2-130. Treat-

ment of 2-naphthoxide with refluxing bromobenzene gave 2=

phenoxynaphthalene-Z—lBC (xvx1).

13 13 i3
HoBr N Co_H coci
m;
I =
1-2 CH,
AlCl3
13 _OH 13,

] I 13 _OPh
XLI

l-Deuterio-2-phenoxynaphthalene (XLII) was prepared.
Txchange of 2-naphthol with deuterium oxide gave l-deuterio-2-
naphthol whose sodium salt was condensed with bromobenzene to

give XLII.
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Irradiation of 2-Phenoxy-4,5-benztropone

and Related Compounds

The irradiation of 2—phenoxy—h,5—benztr§pone (xxv)
gives a number of products. The irradiations were carried out
in isopropancl or tetrahydrofuran, using a mercury arc lamp
with a Pyrex filter. If the irradiation was stopped before
all of the starting material was destroyed, two dimeric photo-
products XLIII and XLIV (Figure 3, page 21) were isolated
which were separated by column chromatography. Compound
XLIII and XLIV were designated Dimer A and Dimer B, resnec-
tively. Treatment of either dimer with acid results in the
formation of 4, 5-benztropolone and phenol. This precludes
gross rearrangement of the carbon skeleton of the troponoid
ring. Dimer B can be converted to Dimer A by heating it
slightly above its melting point (220-2300). If either dimer
is heated to a slightly higher temperature (230-240°) it is
converted to the starting material (XXV).

The spectra of the dimexrs are very useful in the
determination of their structures (27). The infrared spectrum
of Dimer B (Figure 19, page 68) displays a single carbonyl
peak at 1737 cm-l. The low wavelength carbonyl band would
indicate the presence of a saturated carbonyl chromophore.

The nuclear magnetic resonance spectrum of Dimer B (Figure 28,

page 85) shows aromatic protons at 2.87 7, a single AB system
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Photochemical transformation of 2-phenoxy-4, 5=

benztropone

Figure 3.
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with doublets at 3.41 T and 4.12 7T, JAB= 12.3 c.pe.s.
characteristic of an isolated styryl system, and a single
isolated aliphatic proton at 5.97 7(Table 1l,page 27 ). The
simplicity of the nuclear magnetic resonance spectrum
immediately suggests a symmetric dimer composed of two units

of XILVI. A unique choice among the four possible dimers based

on XLVI is provided by the observation that irradiation of
XLIV in low yield of a new dimer (XLV) which was designated
Dimer C. Dimer C can be formed from XXV in addition to Dimer
B if the irradiation is allowed to proceed until no starting
material remains. Dimer C shows a single carbonyl absorption
in the infrared spectrum (Figure 23, page 76) at 1707 em™~t,
The nuclear magnetic resonance spectrum (Figure 39,page 108)
shows no olefinic protons. An A2B2 pattern appears at 5.55
and 6.35 T which is ascribed to a cyclobutane ring formed by
the cycloaddition of the styryl double bonds of Dimer B. The
isolated bridgehead proton appears as a singlet at 5.46 7.

The aromatic region of the spectrum shows a remarkable change
from that of Dimer B. The aromatic protons of the benzo-group
appear as a sharp singlet at 2.66 T. The phenoxy. protons 3:2
appear at 3.01 and 3.70 T( Table 2, page 28). The o,p-tri=-

deuteriophenoxy derivative of Dimer C (XLVIII), which was
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prepared by irradiation of 2-(2,4,6-trideuteriophenoxy)-k, 5~
benztropone, shows two singlet signals for the aromatic
protons (Figure 40, page 110). The one at 2.66 T is due to the
protons of the benzo-group. The signal at 3.01 7 is the m,p-
protons of phenoxy group. The chemical shift at 3.70 7
corresponding to the g-phenoxy protons is absent. The
chemical shift of the phenoxy protons of Dimer C is higher
than Dimer B. This can be accounted for by diamagnetic
shielding from the carbonyl groups. An examination of models
shows that the phenyl protons,especially those ortho to the
ethereal oxygens, can spend an appreciable amount of time in
the shielding cone (37) of the carbonyl groups. The formation

of Dimer C from Dimer B can occur reasonably only if Dimer B

ON O

has structure XLIV.

XXX

XLVIII

Dimexr A can be obtained from the irradiation of XXV,

but since it is usually not produced in good yield, the easiest
method of preparation is the thermal isomerization of Dimexr B

at 220-2300. Dimer A shows two carbonyl absorptions in the

1

infrared spectrum (Figure 16, page 62) at 1718 cm ~and 1683ch:1
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suggesting the prescnce of conjugated and nonconjugated
carbonyl groupse.

The nuclear magnetic resonance spectrum of Dimer A
(Figure 32, page 94) shows azromatic protons at 2.95 T(eighteen
aromatic protons plus one low field olefinic proton Ysa styryl
AB pattern at 3.95 and 4.50 7T, JAB= 13 c.p.s.; a higher field
AB pattern at 5.33 and 5.75 7, JAB= 5 ceDes. due to the
adjacent, non-equivalent bridgehead protons and the high field
half of an AX system at 5.647, J,=9+7 c.p.s. (Table 3,
vage 29). A double resonance experiment identified the low
field olefinic proton as the other half of the AX system.
Reduction of Dimer A gives a diol (XLIX) which on reaction with
acid forms the internal ether (L). The formation of L from
Dimer A diol requires that the carbonyl bridges of Dimer A be
on the same\side of the molecule. Structure XLITII fits all of
the spectral and chemical data for Dimer A and can be formed
reasonable from Dimexr B by heating.

In agreement with the gross structural assignments,
the photochemistry of two deuterium labelled derivatives of
2-phenoxy-4, 5-benztropone has been studied. Irradiation of
2—phenoxyh4,5-benztropone-3,6-d2(XXX) until no starting
material left gave tetradeuterodimers, Dimer B-l,?,s,lo-dh
(LI) and Dimer C-1,2,5,10-d, (LII) as shown by their infrared
spectra. Dimexr A—1,2,5,8-dh (LIII) was formed by thermal

transformation of Dimer B-l,?,E,lO-dh (Figure L, page 25).



Figure 4. Photochemical transformation of 2-phenoxy-4, 5-
: benztropone=-3,6~d > and 2-phenoxy-4,5-benztropone-
7-d ’
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The position of deuteriw: incorporation was determined by
nuclear magnetic resonance spectroscony and was consistent
wit@ the earlier spectral interpretations.

The nuclear magnetic resonance spectrum of Dimef B~
1,2,5,10-4d, (Figure 31, page 92) shows absence of bridgehead
protons at 5.97 T and the lower field absoxrntion from the
d-proton of the styryl double bond at 3.41 7, the higher field
absorpiion from the/@-proton of the styryl double bond as a
singlet at 4.12 7.

The nuclear magnetic resonance spectrum of Dimer C-
1,2,5,10-qd, (Figure 39,page 104) shows aromatic protons at
2.66,3.03 and 3.70 T. The AB, pattern at 5.55 and 6.35 T
shows one singlet at 6.35 7T,and the protons at 5.55 7 are
absent. The isolated bridgehead protons at 5.46 T are absent.

The nuclear magnetic resonance spectrum of Pimer A-
1,2,5,8-q), (Figure 32, page 94) shows nineteen aromatic
protons at 2.95 7 and a one proton singlet at 4.5 T. The
bridgehead protons at 5.33 and 5.75 1 and the »roton at 5.64 T
are absent. Tred-proton of the styryl double bond at 3.95 %
is also absent.

Irradiation of 2-phenoxy-4,5-benztropone-7-d (XXXI)
gave dideuterodimers, Dimer B-6,9-d2(LIV) and Dimer C-6,9-d2
(LV). Dimer A-6,9-d2(LVI) was prepared by thermal rearrange-

ment of Dimer B-6,9-d The infrared spectra of dideutero-

20
dimers are similiar to the unlabelled coumpouds.
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Table 1. The nuclear magnetic resonance spectra of Dimer T

and its labelled derivativesa

DProton
Aromatic 2.87(m) 2.87(m) 2.87(m) 2.87(m)

84 . = . - . . s "":-‘2
HgsHy 3.41(d)J=12.3 3.41(s) 3 Ll»l(m)JIBCCCHJ.
H6’H9 ho.12(d)Jd=12.3 L.12(s) - 4.12(::1)313%1{:4
H, 1, 5.97(s) - 5.97(s) 5.97(d)313(:cc;4.5

%Chemical shifts in tau with respect to tetramethyl-

silane; J values in c.p.s.

The nuclear magnetic resonance spectrum of Dimer B-
6,9-d2(Figure 29, page 88) indicates.clearly the position of
the deuterium. The bridgehead proton is apparent at 5.97 7.
The higher field absorption from the g proton of the styryl
double bond at 4.12 7T is absent while the lower field
absorption of the d=-proton at 3.41 T appears as a singiet.

The nuclear magnetic resonance spectrum of Dimer C-
6,9-d2 (Figure 40, »agellO) shows aromatic protons of the

benzo-group at 2.66 T, the phenoxy protons at 3.0l and 3.71°7T.

The A B, pattern at 5.55 and 6.35 T of the cyclobutane ring
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The nuclear magnetic resonance spectra of Dimer C

and its labelled.derivativesa

0
2
p’ o\
38l
Proton XLVIII
Benzo 2.66(s) 2.66(s) 2.66(s) 2.66(s)
m,p-OPh  3.03(m) 3.03(m) 3.03(m) 3.03(s)
0-0Ph 3.70(m) 3.70(m) 3.70(m) -
H,,H, 5.46(s) - 5.46(s) 5.46(s)
He,Hy, 5.55(m) - 5.55(s) 5.55(m)
Hg,Hy 6.35(m) 6.35(s) - 6.35(m)
2%Chemical shifts in tau with respect to tetramethyl-
silane

shows only one singlet at 5.55 7, which is due to the protons
& to the benzene ring. The bridgehead protons appear at
5.46 T.

The nuclear magnetic resonance spectrum of Dimer A~
6,9-d2 (Figure 33, page 96) shows eighteen aromatic protons at
2.95 7. The styryl AB pattern only shows one singlet at 3.957
The higher field AB pattern appears at 5.33 and 5.75 7. Thev

high field half of the AX system shows a singlet at 5.64 7.



Table 3. The nuclear magnetic resonance snectra of Dinmer A

and its labeiled derivatives®

Proton
Aromatic 2.95(m) 2.95(m) 2.95(m)
H 3.95(d)J=13 - 3.95(s)
Hg L.,50(d)J=13 k.50(s) -

Hy 5.75(a)J=5 - 5.75(d)
L, 5.33(d)J=5 - 5.33(c)
Hg 5.64(d)J=9.7 - 5.64(s)

%Chemical shifts in tau with respect to tetramethyl-

silane; J value in cC.P.Se.

The latter result is equivalent to the earlier double
resonance experiment and confirms that result.

All the dimers can be reduced to the corresponding
diols. Sodium borohjdride.reduction of Dimer A gives Dimer A
diol (XLIX). The nuclear magnetic resonance spectrum of XLIX
(Figure 33, page 96) shows aromatic protons at 2.91 7. AB

styryl protons appear at 4.16 and 4.52 7, J,g=13 c.p.s.
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liydroxyl protons appear at 5.64 and 6.34 T and are lost on
treatment with deuterium oxide. The.multiplets at 5.70, 4.90
and 5.33 T correspond to one proton. The multiplet at 6.36 7
corresponds to two protons. The assignment of these protons
was achieved by study of the nuclear magnretic resonance spectra
of Dimer A diol-ll,lh,o—dh (LVIIa) (Figure 35, page 100} and
Dimer A diol-6,9,0-d, (LVIIIa) (Figure 36, pagel02). Reduction
of Dimer A with sodium borodeuteride gave Dimer A diol-11,14~
dZ(LVII) which was exchanged with deﬁterium axide to LVIIa.
Reduction of Dimer A-6,9—d2with sodium borohydride gave Dimer
A diol-6,9-d2(LVIII) (Figure 5, page 31) which was exchanged
with deuterium oxide to LVIIIa. The nuclear magnetic
resonance spectrum of Dimer A diol-ll,l&,o—da shows the peaks
at 4.90 and 5.33 T due to the Cll’clé protons are missing.

The peak at 5.70 7T is a doublet J=5 c.pe.s. which is part of
the AR pattern. The other part is at 6.36 T superimposed upon
the upper half of the AX system,J=10 c.p.s. The AX system is

the CS’C protons. The C9 proton is in the aromatic region.

9
The C8 proton appears as a singlet in the nuclear magnetic
resonance spectrum of Dimer A diol-6,9,0-dh (see Table 4,page
32).

Treatment of Dimer A diol with acid forms the internal
ether (L) (Figure 5, page 31). The nuclear magnetic resonance

spectrum of Dimer A alcohol ether (Figure 37, page 10%) shows

aromatic protons at 2.85 7. The AB styryl protons at L.07 and



XLVIIL ReH
NaBH,, LVI R=D \Na B0,

LV R=DlH30+ H0°

Figure 5. Reduction of Dimer A and formation of Dimer A
alcohol ether
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Table 4. The nuclear magnetic resonance spectra of Dimer A

diol and its labelled derivativesa

Proton
Aromatic 2.91(m) 2.91(m) 2.91(m)
H, 4.16(a)Jd=13 4.16(¢) 4,16(s)
g 4.52(d)J=13 4.52(qa) -

) jo) b
H) 4.90(s) - : 4,90(s)

J =11
Hy, 5.33(m)J§.:§f;6.5 - 5.33(d)J=6.5
C,,,0H 5.64(s) - -
H, 5.7o(m)§1~:,mf5 5.70(d}J=5 5.70(m)
H:H,f
[ c - -

¢, CH 6.34(m)
Hy 6.34(m)® 6.34(d)J=9.5 6.31(s)<
H) 6.36(m)°® 6.36(d)J=5 6.36(m)C

%Chemical shifts in tau with respect to tetramethyl-

silane; J value in c.pn.s.
bBroad singlet
®Part of the coniplex multiplet

dSinglet on the top of the multiplet
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Y2 T, JAB=13 c.p.s., the hydroxyl proton at 6.57 T which

isappears on treatment with deuterium oxide. The peaks at
4.90(d), 5.61(t), 6.06(d), 6.60(d), 6.63(m), 6.77(q) and
8.19(d) 77 correspond to one proton. The assigmuent of these
protons was achieved by study of the nuclear magnetic .resonance
spectra of Dimer A alcohol ether—ll,lll-,o--d3 (LIxa) and Dimex
A alcohol ether—6,9a,0-d3 (LXa) which were prepared from the
corresponding Dimer A diol. The peaks at 4.90,6.G6 and 6.57 T
are missing in the nuclear magnetic resonance spectrum of

Dimer A alcohol ether-11,14,0-d The peaks at 4.42, 6.57 and

3.
6.77 7 are missing in the nuclear magnetic resonance spectrunm
of Dimer A alcohol ether—6,9a,0-d3. The 4.90 7-peak is the
proton at Clh’ JH2H14=5 ce.p.s. The peak at 5.061 7" is the
proton at C,, JH - =JH g =5 c-p.s. The peak at 6.60 7-is the
172 72714
proton at C,, J. =7 ¢c.p.s. The peak at 6.63 ~ is the
8 H8H9b' /
proton at Cl’ J H =5 Cepss. and JH u =2 c.pP.s. The doublet

By H, 1711
at 8.19 7 which changesto a singlet in the nuclear magnetic

resonance spectrum of Dimer A alcohol ether-5,9a,0-d3 is the

Cc proton J w =12 CePesSeyJ =0 because the dihedral
9b H9a“9b _ H8H9b

angle =90°. The quartet at 6.777is the C9a proton {see Table
5, page 34). .

Dimer B can be reduced to Dimer B diol (LXI) by
sodium borohydride (38) (Figure 6, page 35). The infrared
spectrum (Figure 21, page 72) shows no carbonyl absorption

peak. The nuclear magnetic resonance spectrum (Figure 30,
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The nuclear magnetic resonance spectra of Dimier A
alcohol ether and its labelled derivatives®

Table 5.

Proton L
Aromatic 2.85(m) 2.85(m) 2.85(m)
H5 4,07{d)}J=13 4.07(a) L.o7(s)
H 4.452(a)J=13 4.h2(d) -
Hyy, Lk.90(d)J=5 - L.90{a)
H, 5.61(t)J=5 5.61(d)J=5 5.61(t)
H;4 6.06(d)J=2 - 6.06(d)
CH 6.57(s) - -
Hg 6.60(a)J=7 6.60(a) 6.60(qd)
H 6.63(m)§§‘§222 6.63(d)J=5 6.63(m)
B 6.77(a) a7, 6.77(q) -

9a JHMH%712
Hgb 8.19(d)J=12 - 8.19(d) 8.19(s)

2Chemical shifts in tau with respect to tetramethyl-

silane; J value in c.p.s.



LXIV

Figure 6. Reduction of Dimer B and acetylation of the
resulting Dimer B diol
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page 90) shows a pair of doublets at 3.53 and 3.90 7]
corresponding to the styryl protons (5=13 c,p.s.). The
chemical shifts between these doublets is greavly reduced upon
reduction of Dimer B to the alcohol indicating a closer
similarity of the protons. The aromatic protons appear as an
unusually intense singlet at 2.80 7-. The signal at 6.10 7 is
the bridgehead protons. The signal at 7.0 7 is the alcohol
proton which can be exchanged by deuterium oxide. The protons
on the carbon bearing alcoliel group appear at 5.0 7. In oxrder
to establish the assignments, Dimer B diol-13,1k-d, (LXII)
was prepared. Dimer B was reduced by sodium borodeuteride to
give LXIY. The nuclear riagnetic resonance snectrum of LXIT
(Figure 35, page 100) is similiar to LXT except that the signal
at 5.0 7T is absent. (Table 6,page 37). Dimer B diol has been
oxidized back to Dimer B (39).

Dimer B diol can be acetylated to diacetate (LXIII) by
acetyl chloride. The infrared spectrum (Figure 22, page 74)
shows carbonyl absorption at 1718 cm-l. The nuclear magnetic
resonance spectrum (Figure 31, page 92) shows AB styryl
protons at 3.51 and 3.53 7. The chemical shifts of the AD
system are very close indicating an éven greater similarity of
the d,(Sstyryl protons. The protons of the methyl group of
the acetoxy group are at 8.70 7. The signal for these protons
appears at an abnormally high field position, displaying a

diamagnetic shift of 0.8 p.p.m. from the normal position. The



Table 6. “The nuclear magnetic resonance spectra of Dimer B

diol and Dimer B diol diacetate™

Proton  LXI LXIT LXIIZ LXIV
Benzo  2.80(m) 2.80(m) 2.80(s) 2.80(s)
orh 2.80(m) 2.80(m) 2.88{s) 2.88(s)
Hs,Hlo 3.55(d)J=12 3.55(d) 3.51(a)J=12 3.51(a)
H, 1l 3.90(a)J=12 3.90(d) 3.53(d)J=12 3.53(a)
H13’Hih 5.00(&)J=2 - 3.90(d)J=2 -

Hy,H, 6.12(d)J=2 6.12(s) 6.30(a)J=2 6.30(s)
OH 7.00(s) 7.00(s)_ - -

CH,CO - - 8.70(s) 8.70(s)

ZChemical shifts in tau with respect to tetramethyl-

silane; J value in c.pe.s.

location of the methyl group is at excepntionally high field

[} .
for CCH,. The abnormal nuclear magnetic resonance spectrum

3

must be a consequence of the stereochemistry or strain in the

molecule.

and 2.88 T.

The aromatic protons appear as two peaks at 2.80

The bridgehead protons and the protons at the
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carbon bearing OAc group appear as AX signal at 6.30 and 3.907
(JAX=2 CeDeS.)es The assignment of these protons was achieved
by looking at the nuclear magnetic resonance spectrum of Dimer
B diol d_iaceta_te-lS,llL-dz (LXIV}. Since the signal at 3.90 F
is absent in LXIV, the signal at 6.3077 is the bridgehead
protons (Table 6, page 37).

Reduction of Dimer C with sodium borohydride gave
Dimer C diol (LXV). The nuclear magnetic resonance spectrum
(Figure 41, page 112) shows the aromatic protons as mulitiplet
centered at 3.0 7. The bridgehead protons are no longer a
singlet. Complex multiplets are observed at 6.00 and 6.55 7.
A hydroxy proton appears at 8.42‘?’wﬁich disappnears on treat-
ment with deuterium oxide. The infrared spectrum (Figure 24,
page 78 ) shows hydroxyl peai at 3570 o™t

In the study of a photochemical reaction it is of
interest to learn something about the excited state which is
involved in the formation of products. In most cases the
first excited state formed in the irradiation of a compound is
an excited singlet state; the absorption of light promotes omne
electron to a vacant orbital, but the two electrons remain
spin-paired. Since the singlet-singlet transition is speciro-~
scopically allowed, the lifetime of the excited singlet state
is relatively short. In some cased the excited singlet inter-

mediate can undergo intersystem crossing to the trinlet state,

in which one electron inverts its spin and is no longer
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paired. The triplet state intermecdiate has a relatively

ring,

longer lifetime than the excited singlet state. lerefore,
the triplet state has been considered the most likely species
to be involved in an intermolecular reaction (40). Triplet
state intermcdiates often can be quenched by oxygen and
certain other molecules which can deactivate the intermediate
by energy transfer. The triplet state may be attained also by
a photosensitization process rather than as a result of direct
irradiation. In this process energy absorbed by the sensitizer
is transferred to the molecule involved in the photochemical
reaction. Sensitizers which undergo.intersystem crossing
efficiently to the triplet state will produce the triplet
state in the acceptor molecule when energy is transferred.
Energy transfer is most efficient when the triplet energy of
the sensitizer is above the triplet energy of the accentor
molecule (41).

It was found that the formation of dimexrs from 2—(2-
halophenoxy)-h,5—benztropones is unaffected by the presence of
oxygen or sensitizer (42). The involvement of a short-lived
excited singlet state in an intermolecular reaction would be
more credible if evidence could be found for the existence of
a ground state complex between two or more molecules of the
phenoxybenztropones. No evidence was found for complex
formation in the ground state of the phenoxybenztropone (42).

If the dimerization proceeds through.the triplet state,
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phénoxybenztr0pone itself could be 2 photosensitizer in nhoto-
chemical cis—trans isomerization {(43). The effect of 2-
phenoxy-4, 5-benztronone on the sensitization of photochemical
cis-trans isomerization was studied. PYipervlene was irradi-
ated under the same conditions with and without 2-phenoxy-

4, 5-benztropone. The cis to trans ratio of piperylene was not

appreciable changed. Irradiation of trans-stilbene in the

t
presence of 2-phenoxy-4,5-benztropone at 366 mu gave 84¢ cis
stilbene. trans-Stilbene has no absorption at 366 mu. The
triplet energy of piperylene and trans-stilbene is 53 and 47
Kcal/mole, respectively. Since 2—phenoxy—&,S-benztropone has
no effect on the cis-trans isomerization of pinerylene and has
effect on the cis-trans isomerization of stilbene, the triplet
energy of 2-phenoxy-4,5-benztropone is in the vicinity of 50
Kcal/mole. Without more evidence it would be premature +to
draw further conclusions concerning the excited snecies
involved in the dimerization process.

The dimers appear to be derived formally from LXVI
rather than XXV. All attempts to trap LXVI with dienophiles
“have failed (39). Dimer formation continues in the presence
of dicarbomethoxyacetylene, maleic aniiydride and tetracyano-

ethylene suggesting that dlmerization does not involve LXVI

as a discrete intermediate. }3

OPh
LXV
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One of the interesting aspects of the dimerization
process is an apparent oxygen to oxygen vhenyl shift in going
from the startiqg material to the dimers. Ixamples of phenyl
shifts from carbon to oxygen are known in the photoreactions of
tetrabenzoylethylene (LXVII) (L44) and the cis-1, 2-dibenzoyil-
ethylenes (LXVIII) {45) (Figure 7, page 42). 4 diradical
inéermediate (LXIX) was proposed for tihe latter. Examples of
nhenyl shifts from oxygen to oxygen are known in cases where
the O-phenoxybenzoyloxy radical (LXX) is produced (46).

The effect of replacement of the phenoxy oxvgen atom
of 2-phenoxy-4,5-benztropone with different heteroatoms(s and
N ) was studied. If dimerization of 2-thiophenoxy-4,5-
benztropone or 2-(N-methylanilino)-h,5—bcnztropone was to

occur with the accompanying nhenyl shift, the heteroatom

should be located in the carbonyl position as in LXXI or LXXITI,

Ph

0 0

3
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Irradiation of 2-thiophenoxy-4,35-benztropone(30VI){42)
and 2-(N-metlhylanilino)}-4,5-benztropone (XMXVII) under the
sanie condition as 2-phenoxy-4,5-benztropone gave only starting
matcfial and tars. No dimer could be found. Althougiy the
results were not as lioped, they do indiéate that the atom
attached to the nhenyl group plays an important role in the
dimerization. Substitution of the oxygen by sulfur or
nitrogen prevents dimer formation.

The best way to study the phenyl migration from oxygen
to oxygen is to study the 18O-labelled compounds. If the
carbonyl oxygen atom of 2-phenoxy-4,5-benztropone is labelled
with 180, the labelled oxygen should become tlhie phenoxy oxysgen
atom in the dimers by phenyl shift. If the ether oxygen of
the starting material is labelled, the labelled oxygen should
be located in the carbonyl position in the dimers. The
location of the labelled oxygen can be detected by the infra-
red spectrum (47).

The stretching frequency V of a diatomic molecule of

atoms with masses m_ and m can be expressed by equation (1):

1 / f{m_ + m_)
U = - x v
271¢c J mxmy

where ¢ is the velocity of light, and f is the force constant

(1)

(bond strength or bond order corresponding to Hooke's constant
.of springs). The stretching frequencies of x-y bonds and

multiple bonds can also be approximated by the same expression,
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and it can be scecen that the ncavier the atoms concerned the
lower the frequency. If it is assumed that force constants
of x~-y and x-y', where y' is the isotope of y, are identical,
thelwave number ratio of sitreitching frequencies deduced from

equation (1) becomes:

. mm o+ mwm
X=v X v y_ VvV .(2)
Vo .y [ mm + mm ,
X-y XYy yy
» m_, are the mass of atom x, y, ¥y', respectively.

where mx, my
Thus, the ratio of bonds C=O:C=180 is 1.C2k.

If labelled oxygen locates in the carboiiyl position,it
will show two carbonyl absorption peaks in the infrared
spectrum. The labelled carbonyl absorption peak is the lower
frequency one. Irradiation of carbonyl lsO-labelled 2=
phenoxy-4,5-benztropone (XXXIII), which shows two carbonyl
absorption at 1600 — and 1570 cm-l, in the same manner
gave LXXIII (Figure 8, page 45). The infrared spectrum of
LXXIII (Figure 20, page 70 ) shows one carbonyl absorpiion and
is essentially identical with Dimer B. The labelled oxygen is
located at the ether position (phenyl migration). Irradiation
of 2—(180—phenoxy)—h,S-benztropone in the usual manner gave
carbonyl 180—labelled Dimer B (LXXIV). The infrared spectzrum
of LXXIV (Figure 20, page 70 ) shows two carbonyl absorption
peaks at 1690 cm t(c=*80) and 1737 em™*(c=0). It proves that
the labelled oxygen is located at carbonyl position. To check

the observation, photochemistry of 2-phenoxy-4,5-benztropone-
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Figure 8., Photochemical transformation of 180—1abelled and

lBC-labelled 2-phenoxy-4, 5~-benztropones
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1-130 vas studied. Irradiation of 2-phenoxy-4,35-benztropone-
l—lBC in tetrahydrofuran gave Dimer B with 130 at bridgehecad

carbon (LXXV) by phenyl shift. The infrared spectrum of LXXV
(Figure 20, page 70) shows only one carbonyl absorption peak
at 1737 cm-l. Tie nuclear magnetic resonangé spectrumn (Figure
30, page 90 ) shows aromatic protons at 2.87 7. - The AB system
doublets at 3.41 and 4.12 7T are split by 130 to two doublets

=4 c.p.s., respectively. The

J
13cccn 13ccH 1
aliphatic protons at 5.97 4 are split by ~~C to a doublet with

3

with =12 ceDes. and J

=4 .5 c.p.s. It was reported (48) that J for sp

J
3cen 130cn

hybridized 13C'has values of about 4.0 c.p.s. and J is

13¢ccen

largexr than J13 . lecently Roberits xrecported that J13
ccll CC=CII

is 4 c.p.s. larger than Jchcq in the cyclobutene case (49).
From these observations,the paenyl group does migrate during
dimerization of 2-phenoxy-4,5-benztropone.

As mentioned previously, Pimer B can be converted to
Dimer A by heating it slightly above its melting point (220-
2300). The rearrangement can be visualized as starting by
homolytic cleavage of the bond between the two phenoxy-bearing
carbons to give diradical (LXXVI) (Figure 9, page 47).
Rebonding of the two unpaired electron of LXXVI can give
either Dimexr B or Dimer A. The rearrangement of Dimer E to
Dimer A would be expected to be favored thermodynamically

because of the decrease in angle strain and electronic and

steric repulsions. Evidence was found indicating that an
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cguilibrium actually exists beitween the dimers at the
teniperature of the rearrangement. Aftef Dimer A was heated at
220—230o for a short period, Dimer DB was detected in the
mixture by the observation of a mair of neaks in the infrared
spectrum at 975 and $67 cm-l, a characteristic pattern for
Dimer L. Not enough Dimer B was present to attemnt to isolate
it, as the equilibrium does favor Vimer A.

The thermal cleavage of the dimers to monomer moses
more difficult mechanistic problems. The phenyl shift must
occur again to give XXV. The possibility of LXVI being an
intermediate in the thermal cleavage was tested by cleaving
both p-chloro derivatives of Dimer A and Dimer B in the
presence of maleic anhydride (42). Xo adduct of p-chloro
derivative of LXVI could be detected in either case. The
pyrolysis could involve a bridged intermediate such as LXXVII
which is not trapped by inaleic anihydride.

Any mechanism for dimerization of the 2-phenoxy-4,5-
benztropone must meet certain requirement. Dimer B is not
derived photochemically from Dimer A. It is known that Dimer
B is converted to Dimer C on irradiation and to Dimer A on
thermal rearrangement. It would seem reasonable that the
primary mechanistic problem is to account for the formation of
Vimer B. Any mechanism must account for an exchange in
relative position of the phenoxy group and carbonyl group in

going from 2-phenoxy-4,5-benztropone to the dimers. In study
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of the isomerization and rearrangement of otiher tropolone
syvstens suggests that a mechanism involving polar internediates
should be considered in the case of the 2-phenoxy-U,5-benz-
tropone (Mcchanism 1) (Figure 10, page 50 ). Polarization of
the carbonyl and a rearrangeumient of the‘double bonds gives the
intermcdiate LXXVIII. Return of the electron mnair on the
carbonyl oxygen and rearrangement gives a benzobicyclo[3, 2,0])-
heptadienone (LXXIX). Opening of the bicyclic system to a
seven-nenbered ring gives the previously discussced intexrmediate
(LXVI) which can dimerize to give Dimer B. The fact that all
attempts to trap the intermediate LXVI have failed casts some
doubt on the validity of the Mechanism 1. Mechanism 1
exchange the relative position of C3 and C7. In the study the
photochemistry of 2—phenoxy-4,5-benztropone-3,6-d2 and
2-phenoxy—4,5-benztfopone-7-d, the carbon skeleton does not
rearrange; therefore, Mechanism 1 is eliminated.

An alternate Mechanism 2 has been proposed (27)
(Figure 11, page 51). Collision of a photochemically excited
riolecule with a grouﬁd state molecule gives LXXX in which the
two molecules are joined by a bond between the two carbonyl
carbons. LXXX also can be formed by excitation of the complex
formed between two molecules of 2-phenoxy-4,S-benztropone with
dinoles opposed. An oxygen-oxygen phenyl shift gives LXXXI
Xig the bridged intermediate LXXXII. Rotation about the newly

formed carbon-carbon bond in LXXXI gives LXXXITII and collapse
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.of the diradical nroduces Dimier 2,

Mechanism 2 accounts for the phenyl migration without
any rearrangement of the carbon atoms in the tropolone ring.
It does not involve the rearrangement monomer unit LXVI. The
plhiotochemistry of 2—phenoxy-h,5—benztroPone—3,6~d2 and
2-phenoxy-4, 5-benztropone-7-d agrees with the mechanisn.

Evidence forxr this type of mechanistic path is provided
by the nonphotoreactivity of 2-methoxy-%,5-benztronone
(XXXVIII). The methyl migration as illustrated for the phenyl
migration would not be expected to occur. Irradiation of
2-methoxy-4, 5-benztropone in several different solvents gave

only starting material and polymers.

Mass Spectrometry of 2—Phenoxy—4,S—benztropone

and Related Compounds

-2

iass snectrometrv of 2-phenoxv-4,35-henztronore

The 70 ev mass spectra of 2—phenoxy;k,5-benztr0pone
(XXV) and its derivatives are shown in Table 7. ‘The principle
features, surmarized in Table 7,page 113, are (l)a sequence of
fragmentations 248 (M')—220 (M - 28) — 192 — 191 — 165 cach
correlated by a metastable ion signal, (2) 249 (M+)——9231
(¥ - 17) peak, (3) significant peaks at m/e 144, 127 and 77
and (4) an intense peak at m/e 115.

The curious M - 17 ion is due to the loss of an -0H



Fipure 12. Infrarcd spectra
Top - 2~-Phenoxy-4, 5-benztronone (XXV)
Middle - 2-Phenoxy—h,5—benztropon¢—3,G-dz(XXX)

Bottom - 2-Phenoxy-4,5-benztropone-7-d (XXXI)
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Figure 13. Infrared spectra
Ton ~ Carbonyl—lso-labelled 2-phenoxy-4, 5=
benziropone (XXXIII)

Middle - 2-(180-Phenoxy)-14-,S-benztropone (xxxzv)

Bittom - 2—Phenoxy—4,5-benztropone-l-130 (xxxv)
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Figure 14. Infrared spectra

Top - 2-(2,4,6-Trideuteriovhenoxy)-4, 5~
benztropone {(XXXII)

Middle - 2-Thiorhenoxy-4,5-benztropone (XXXVI)

Dottom - 2-(N-Methylanilino)-4,5-benztropone
(XXXVII)
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Figure 15. Infrared spectra
Top - 2-Methoxy-%4, 5-benztropone (XXXVIII)

Middlie - Carbonyl-lSO-labelled 2-methoxy-4, 5~
benztropone {XXXIX)

Bottom - 2-(Methoxy—13c)—h,S-benztropone (xv)
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Figure 16. Infrared spectra
Top - Dimer A (XLIII)
Middle - Dimer A-1,2,5,8-q, (rIzx)

Bottom - Dimer A—6,9—d2 (LvI)
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Figure 17. Infrarcd spectra
Top - Dimer A diol {(XLIX)
Middle - Dimer A diol-ll,lh,o-da (LvITa)

Bottom - Dimer A diol-s,g,o-d4 (LVIIZa)
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Figure 18. Infrared snectra
Top - Dimer A alcohol ether (L)

Middle - Dimer A alcohol ether-il,lh,o-d3<
(L1xa)

Bottom - Dimer A alcohol ether-6,9a,0-d3
(LXa)
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Figure 19. Infrared spectra
Top - Dimer B (XLIV)
Middle - Dimer B-1,2,5,10-d; (LI)

Bottom - Dimer B-6,9-d2 (rIv)
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Figure 20. Infrared spectra

Top = Carbony1-180—labelled Dimer B (LXXIV)
Middle - Bther- O-labelled Dimer B (LXXTII)

Bottom - Dimer B-7,8--2C (LXXV)
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Figure 21. Infrared spectra

Top = 2,4,6-Trideuteriophenoxy Dimer B (XLVII)
Middle - Dimer B diol (LXI)

Bottom - Dimer B diol-13,1h-d2 (Lxxzx)
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™

sgure 22. Infrared spectra

b=
=]
5]

Top - Dimer B diol diacetate (LXIII)
Middle - Dimer B diol diacetate-lg,lh—dz (Lxzv)

ottom - Dimer B diol diacetate-d; (xcT)
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Figure 23. Infrared spectra
Top - Dimer C (XLV)
¥iddle - Dimer C-1,2,5,10-d, (LII)

Bottom - Dimer C-6,9-d, (Lv)
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Figure 24. Infrared specira

Top - 2,4,6-Trideuteriophenoxy Dimer C
(xAvIII)

Middle - Dimer C diol (LXV)

Bottom - 2,4,6-Trideuteriophenoxy Dimer B diol
diacetate (XCII)
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Figure 25.

Nuclear magnetic resonance spectra
Top - 2-Phenoxy-4, 5-benztropone (XXV)
Middle - 2-Phenoxy-4,5-benzitropone ~1-13¢ (xxxv)

Bottom -~ 2-{(2,4,6-Trideuteriophenoxy)-k, 5-
benztropone {(XXXII)
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Figure 26. Nuclear magnetic resonance spectra

Top - 2-Phenoxy-U4, 5-benztropone-3,6-d, (XXX)

2
Bottom - 2-Phenoxy-4,5-benztropone~7-d {(XXXI)
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Figure 27. Nuclear magnetic resonance spectra

Top - 2-(N-Methylanilino)-4, 5-Lenztropone
(xxXxVIT)

Bottom - 2—(Methoxy-130)-4,5-benztropone (xx)
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Figure 28. Nuclear magnetic resonance spectra
Top - 2-Thiophenoxy-4, 5-benztropone {XXXVI)
Middle - 2-Methoxy-k,5-benztropone (XXXVIII)

Bottom - Dimer B (XLIV)
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Figure 29. Nuclear magnetic resonance spectra

Lae)

Top - Dimer B-6,9-d2 (rxv)

Bottom - 2,4,6-Trideuteriophenoxy Dimer B
(xLvII)
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Figure 30. Nuclear magnetic resonance spectra
Top -  Dimer B-7,8-13¢ (1xxv)

Bottom - Dimer B diol (LXI)
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Figure 31.

Nuclear magnetic resonance snectra
Top - Dimer B-1,2,5,10-d, (LT)

Bottom - Dimer B diol diacetate (LXTIIT)
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Figure 32. Nuclear magnetic resonance spectra
Top - Dimer A (XLIII)

Bottom - Dimer A-1,2,5,8-d, (LIII)
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Firuge 33. DNuclear magnetic resonance spectra
Top - Dimer A-6,9-d2 (LvI)

Bottom - Dimer A diol (XLIX)
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Figure 34. Nuclear magnetic resonance spectra
Top - Dimer B diol-0-d {LXIa)

Bottom - Dimer A diol-0-d (XLIXa)
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Figure 35. Nuclear magnetic resonance spectra
Top =~ Dimer B diol-lB,llx--dz (LxzI)
Middle - Dimer A diol-n,lh,o-dh (Lviza}

Bottom - Dimer B diol diacetate-lB,lh-dz (LXIV
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Figure 36. Nuclear magnetic resonance spectra
Top - Dimer A cliol—6,9-c12 (Lvrzr)

Bottom - Dimer A diol~6,9,0-du (LVIIIa)
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Figure 37. Nuclear magnetic resonance spectra
Top - Dimer & alcohol ether (L)

Bottom ~ Dimer A alcohol ether~G-d (La)



104

CDCls
CPn
S O
PRC S
!
i
[
! | | | | | N ! ]
285 407 452 490 561 606 650663677 819 ™S
TAU
CDC13
oO?h
H 00
PnO 73\
Al -
285 407 442 690 Hoosss 606 660 665 677

TAU



Figure 38. Nuclear magnetic resonance spectra

Top =~ Dimer A alcohol ethcr-—ll,.‘llt,()--d:3
(LIxa)

Bottom -~ Dimer A alcohol ether—6,9a,0—d3
(LXa) -
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izure 39.

Nuclear magnetic resonance spectra
Top - Dimer C (XLV)

Bottom - Dimer C-1,2,5,10-d; (rxI1)
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PFigure %0. Nuclear magnetic resonance spectra
Top - Dimex Cu6,9—d? (Lv)

Bottom -~ 2,h,6-Trideuteriophenoxy Dimer C
(XLvrir)
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Figure 41l. DNuclear magnetic resonance spectrum of
Dimex C diol (LXV)
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Table 7. Mass spectra of the principle ions of 2—phenoxy~h,S-benztropone and
: derivatives at 70 ev

OPh D opn op OPhd OPh 8orn OPh
T Q) ‘#-o T ‘O ‘d—o
D D

m/e XXv XXX XXXT XXXIT XXXTII XXXIV

251 ' : 100

250 : 100 3k Lo 22,8

2o 100 : 100
248 100 ' 100 100 91.8
233 27 27 6.0 2.4

232 - 28 21L.h
231 25 32.8 oh . 6 16.3
223 6l

222 60 20 21.5 3.4 5.9
221 61 60
220 58 ‘ 7543 68.5 52,3
219 8.1
195 20

194 18

193 20 19 1h Wb
192 18 23 31.7 19.6 25.6

Intenolty expressoed as per cent of base
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hoh
2.2
7.1 1.2

533

.6
19

18

23

I,y
1.8

18
2.6

5.0

16

23

XXXLLE XXXt1v XHxy
ho.& 2542 8
7.0
7.0
2.3
12,0 7.0

h

=t

3h L

10.8

19.3

h,o

5:9
15.1

2.0
3.1

7.0
20.9
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Table 7. {(continued)

m/e

XXV XXX *XXXT XXXII XXXITTL XXXIV XXXV

103 4.8
101 7 b, 5.6 8.6 7.1 5,9
90 7.0 .

89 8.0 3.1 6.6 10,7 6.5

80 16.0

77 25 12 13 9.4 33.h 22.6 20
53 9.4

51 Z0 14 15 9.0 28 12,1 3.5
Metastable ions in the spectrum of xxv@
Process mc* mf* Progess mc* mf*
2h8 231 215.5 215.1 192 ~ 191 190.1 190.1
248 220 19%5.0 195.5 127 -~ 176 1°5.1 125.1
220 -~ 192 167.5 167.6 127 103 80.4 80.h
191 - 165 1h2.5 1h2.7 115 89 68.8 68.5%

8Bach of the isotopically labelled derivatives

metastable ions appropriately shifted.

of XXV exhibited all thesc

¢IT



group from the molecular or(metastabie ion at 215.0) in which
the hydrogen atom is derived from an ortio-hydrogen of the
phenoxy group. This is clearly denonstrated by the loss of
-0D from the 2-{2,4,6-trideuteriophencxy)-4,5-benztropone
(XXXII). Confirmation of the ortho~hydrogen atom involvement
(as opposed to the Egzg) comes from the observed equal
intensity loss of ~CH from 2-(h-chlorophenoxy)-h,5-benztropone.
The source of the oxygen atom of the hydroxyl radical was,
surprisingly, not unique. Comparison of the mass spectrum of
either carbonyl—lso-labelled 2-phenoxy-4, 5-benztropone (XXXIII)
or 2-(180-phenoxy)-h,5~benztropone (xo0av) with that of
unlabelled compound (XXV) shows that the oxygen atom is
derived about equally from ether and carbonyl oxygen atoms of
XXV,

The quantitative agreement between the experiments in
which the ether oxygen and the carbonyl oxygen, respectively,
were labelled is quite good. The mass spectra of 2-phenoxy-
L, 5-benztropone and its labelled derivatives at low ev (12 ev)
are showvm in Table 8, page 117. At the lowest ionizing voltage
the disotope incorporation can be accurately measured. The
calculation is shown below by using the data in Table 8.

The 180 incorporation for XXXIITI is:

Ly —2,2 s
160 + bl = 2.3 = 29-k%

Loss of -0H from XXXIII gives 19.7 - 1.1 _ e« 18
100 + 19.7 - 1.1 = 15-58% "0
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Table 8. Mass spcctra of 2-phenoxy-4, 5-benztropone and its

derivatives at 12 eva

OPh OPn 180Ph OPn
I8

4038 ¢@ eC:
m/e XXV XXXIIT XXXTV XXxv
250 17.5 {2.2) 16.5 (4%) 16.0 (21i) 12.0
249  146.5 (18.9) 7.5 (19.7) 15.0 (19.7) 69.0
2rg  775.0 (100) 38.0 (100) 76.0({100) 56.5
233 1.0 (1.1) 6.0 (19.7) 2.9 (9.5)
232 16.0 (17.8) 5.5 (18) 5.5 (18)
231 90.0 {100) 30.5 (100) 30.5 {(100)
222 0.5 (0.9) 9.0 (33) 1.3 (3.9)
221 9.5 (17.9) 4,8 (18) 5.7 (17.3) 28.5
220 53.0 {100) 27.0 (100) 3 .1 (100) 31.0

aIntensity is the relative inftensity

incorporation. That means —=2po— = 52.9% 80 retained; i.e.
20. &

47.1% carbonyl oxygen is lost.
The 18O incorporation of XXXIV is:

= o
100 + 2L = 2.3 = 15-85%
- 905 - 101 - 0‘1 18
Loss of =0H from XXXIV gives 100 + 9.5 = 1.1 = 7.67% =70
incorporation. That means E%*g%—— = 48.5% 180 retained; i.e.

51,5% ether oxygen is lost.



1i8

This fragmentation continues to occuxr at lowered
ionizing voltages, and below 20 ev this M - 17 ion (m/e 231)
becones the most intense fragment ion. TIFragmentation is
considered to arise from the Zowest energy ionization of
2-phenoxy-4, 5~-benztropone since it is the favored frasment at
low ionization voltages. It sceens rcasonable that this lowes<t
enexrgy ionization involves the removal of ar electron from the
high energy non-bonding orbital on the carbonyl oxygen atonm.
The loss of both oxygens with approximately equal facility
suggests a rapid equilibration of the isomeric ions 1 and 2.
This equi;ibration does not appear to occur thermally as
mentioned previously. A mechanism consisteﬁt with these
observations is outlined in Figure 42, page 119. The photo-
chemical phenyl shift of 2-phenoxy-4,5-benztropone provides a
good model for the phenyl shift in the radical ion. The half-
vacant non-bonding orbital is suitably positioned for attack
on the phenyl group. The intermediate formed can revert to 1

or go on to 2. Either 1 or 2 can abstract an ortho-hydrogen

0 Q.
O© | //OQ
0 =Q
D" = * = “O
<) +
e

=
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Figure 42. Mechanism of loss OH from 2-phenoxy-4, 5-benz-
) tropone upon electron impact
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from the phenoxy group giving jyorlﬁ. Cyclization by addition
of the aryl radical to the protonated carbonyl group gives 5
and 6 respectively. Loss of hydroxyl radical from 5 and 6
then gives the isomeric ions 7 and 8 which do not appear to
undergo further fragmentation.

Recently, increasing attention has been given to the
electron impact induced rearrangement of substifuents other
than hydrogen in mass spectrometric fragmentation reactions.
This is due to the intrinsic mechanistic interest that such
rearrangements possess and the possible linmitation that their
occurrence may impose on the use of the'element mapping"
technique (50,51). Examples of aryl (52) and alkyl (53) group
rearrangements are shown in Figure 43, page 121.

Recently Djerassi et al.(54) reported an example of
interaction of a remote functional group with an ionized
carbonyl group as shown below. 2-Phenoxy-4,5-benztropone is

t O

OCHz

LXXXVII ()Fi

+
m ;3 1
the first example of an aryl migration from one oxygen atom

to another upon electron impact.
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HOCH=CHy
HO/\N—J HO\/{XNj +
Ph g Phtggag AN
k i PhNANg
L XXXV H
:H: © :ﬁ:\o : ;@
L XXXV a)
| @@ — =0
et tg} £
A / \
O /
ogiTovitotey
-CO 4
g
L XXXV l |
| " end )
. 4CH
0
@j — >=CH1/O>\
™ CHp |

Figure 43. Examples of aryl and alkyl migration upon electron
impact
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t was thougint probable that further evidence for this
phenyl migration would be found in the ions derived from loss
of carbon monoxide, and this was indeed found to be the case.
In the fragmentation sequence 248 » 220 - 192 - 191 > 165, the
first and second processes involve loss of carbon monoxide.
Loss of carbon monoxide from the parent ion involves both
oxygen atoms. Loss of the ether oxygen is favored over loss
of the carbonyl oxygen in 2-pheroxy-4,5-benztropone. The
ratio is zbout 4:1 at 12 ev shown by folilowing calculation

from the data in Table 8.

~ — . ) ?3 - O‘C)
‘TIY 5 = Y o
Loss of CO from XXXIIX gives 100 + 33 = 0.9 24, 2%
.n?
18O incorporation. That nieans -izL*—- =82.45% 180 retained; i.e.

29.4 _
17.6% carbonyl oxygen is lost. Loss of CO from XXXIV gives

3.9 ~ 0.9

+ 18
- [ 3 - > m ot "
00 + 3.9 — 0.9 - 2.91% 70 incorporation. That means

—E§4%§—~= 18.4% 18O retained; i.e. 81.6% ether oxvgen is lost.

This ratio agrees well with the observations on 2-phenoxy-4, 5-

benztropone-l-lBC (XXXV) which contains 52% 13c. 1oss of CO

ey o 28.5 = 31x 0.379
from XXV glves =37 . 28.5 - 31 x 0.179

= k2,79 13¢

incorporation. That means —%g*z— = 82.1% 13¢ retained; i.e.
17.9% 1300 is lost in the first loss of carbon monoxide. The
loss of both oxygen atoms as carbon monoxide clearly shows
that the oxygen to oxygen phenyl shift is also important in

this process. The loss of carbon monoxide from the parent ion

is a relatively low energy process and is an important



fraguientation mode at low ionizing voltage. The loss of 0H

is the only process whichh is more favorable at low ionizing
voltage. It thus seems likely fhat carbon monoxide loss also
occurs from the n+ ions ( 1 and 2 }. If one assumes that the
loss of carbon monoxide involves pricr isomerization to the
norcaradienone type struciures (2 and ;g), it is possible to
rationalize why loss of carbon monoxide from 2 is favored over
1. The isomerization of 2 to 10 is élearly 2 lower enexrgyv
process than 1 to 9. The former process produces a benzene
ring while the latter desiroys one (Figure 4k, page 124). In
principle, loss of CO from XXV might involve the ether portion
of the molecule rather than the carbonyl group. This is most
unlikely because of the observed efficiency of the loss of CO
at low ionizing voltages. The loss of CO from dinhenyl ether
has an appearance potential at 12.56 ev (55), in sharp contrast
to the efficient loss of CO from XXV at 11 ev. The equili-
brium between 1 and 2 is rapid under all conditions in which
fragmentation can e observed. The ratio (l:l) of the loss of
ether oxygen to the loss of carbonyl oxygen is constant in the
loss of OH between 70 and 12 ev. The ratio in the loss of
carbon monoxide at 12 ev is 4:1,but the ratio at 70ev changes
to 3:1. The calculation at 70 ev is shown below by using the
data in TPable 7. Loss of OH from XXXIIT gives —Ezrg-:g— =155%

18, incorporation; that means-—%%iﬁ— =53.2% 180 retained.

Loss of OH from XXXIV gives 2.4 = 9% ~ 0
- 24.6 + 2.4
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Pigure 44, Mechanism of loss CC from 2-phenoxy-4,5-benz-
tropone upon electron impact



3 - . o t = ——er e i s 3
incorporation; that means g5 = 56.7% O retained. Loss
15.85 5
~p Vgw plorel - - ~ l
of CO from XXXIIT grves 21.5 = 22% o
75.3 + 21.5
. . ; 18 .
incorporation; that means 22 = 77.8% O retained. Loss
29.L4
~ ’ ~ \pINY. . 4 18 . o
of CU Ffrom XXUIV gives 3.4 = L,7% 0 incorporation:
68.5 + 3.4
- o 18 s
that means _L&.7 = 29% 0 retained.

15.85

Since so many labelled compounds were synthesized in
this study, it is possible to suggest resonable mechanism for
subsequent fragmentations and pronosed structures of the
fragment ions (Figure 45, page 126). There can be no doubt
that 2-naphthyl phenyl ether cation radical is pnroduced in the
decomposition of 1. The subseguent fragmentations (220 = 192
191 - 165, 220 -» 1hL, 220 - 127 and 220 = 77) are all observed
in the mass spectrum of 2-naphthyl phenyl ether (LXXXVIII)
(Table 9, page 127). Furthermore, loss of carbon monoxide
from the 220 ion in each case involves only the 2-carbon of
the napithalene ring as shown by the spectrum of 2-phenoxy-
naphthalene-E-lBC (XLI),which contains 55% 13¢. From the cata
in Table 9, the percentage of loss lBCO can be calculated.

Loss of CO from XLI gives __ 4 - 22,5x1.7/11.2 = 2.6%
22.5 + 4 - 22.5x1i.7/11.2

130 incorporation. That means 2.6 = 5% 130 retained; i.e.

55
95% of 130 is lost. The fragmentation sequence 220 = 192 =

191 5 165 can be delineated in a structural sense by noting
the loss or retention of the wvarious labels in each fragment

ion. Loss of carbon monoxide from 220 requires bonding



Figure 45. Ddechanism for subsequent fragmentations of
2-phenoxy~4, 5~benztropone after loss of CO




Table 9. Mass spectrz of 2-phenoxynaphthalene and its

. . : a
derivatives at 70 ev

0Pk Lt _ 05k
= N [ S

m/e LXXXVIIT XLT XLIT
221 17.0 100 89.8
220 100 82.5 100
193 1.7 ‘ 4.0
192 11.2 22.5 i9.2
191 15.1 22.5 17.0
166 ’ 2.5 3.1
165 3.6 5.8 4.3
145 2.5 2.8
1kl 2.8 2.0 3.9
128 16.2 7.3
127 9.2 12.0 11.6
126 3.9 3.0 4.3
i15 8.3 17.5 8.6
102 2.0 |
101 3.0 3.3 3.1

77 6.4 12.0 9.5

a .
Intensity expressed as per cent of base peak

between the naphthalene nucleus and the phenyl ring at some
stage prior to expulsion of carbon monoxide. This mechanism

is consistent with the highly specific loss of the 2-carbon of
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the 2-napihthyl phenyl ether and suggests that the 192 ion thus
formed should easily lose a h&drogen atom to give the 191 ion.
This conversion of the 192 ion to the 191 ion is an interesting
process. One would expect the cycloheptatriene derivative
(;i) to exhibit a low specificity of loss of hydrogen ¥s
deuterium in tﬁe 192 - 191 transformation due to equilibration
of hvdrogen and deutexrium (by‘é sequence of 1,5 hydrogen
transfers) prior to tropylium ion formation. This is the
case. Some deuterium is lost from the 2—phenoxy—h,5—benz-
tropone—3,6-d2 (xxx) and 2-(2,4,6-trideuteriophenoxy)l, 5-
benztropone (XXXII). Deuterium is not lost from 2-phenoxy-
L4, 5-benztropone~7-d (XXXI). “The source of the hydrogen atoms
in the acetylene lost from 11 is somewhat difficult to follow
because of the scrambling in the cycloheptatriene derivative.
In the 3,6-dideuterio and trideuteriophenyl derivatives loss
of acetylene is frimarily C2HD. In the 7~deuterio derivative
ioss of acetylene is primarily {(90%) CH,. These results
clearly show that loss of acetylene in the 191 - 165 process
involves primarily the seven-menmbered ring of ll. The 165 ion
then may be assigned the structure 12.

The m/e 220 ion also gives rise to fragments ions of
m/e 144,127,77 and 51. The 144 ion retains both deuterium
atoms in the 3,6-dideuterio derivative and the single
deuterium atom ir the 7-deuterio derivative. It clearly

retains one deuterium atom in the trideuteriophenyl derivative.
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The *S0-1abel (from cither carbonyl (XXXIIXI) or cther (XXXIV)
labelled 2-nhenoxy-4,5-benziropone) and lBC—label(XXXV) are
partialiy retained (Table 7, page 1ik ). These observations

are éensibly accounted for by fragmentation of the 2-naphthyl

phenyl ether cation radical to 2-napihthol cation radical and

benzyne.
: H@-wf %ot |
O |

m/e 1hk

L m/e 220 .

In the fragmentation of the 2-nanhthyl phenyl ether
cation radical to the m/e 127 ion all deuterium atoms in the
3,6~dideuterio derivative (XXX) and the 7~deuterio derivative
(XXXI) are retained. All deuterium atoms in the trideuterio-
phenyl derivative (XXXII) are lost. The lBC-label is retained,
but alllSO-label from either precursor is lost. The m/e 127
ion thus is the 2+naphthyl cation and the other frazgment is
the phenoxy radical (56). The alternate fission leads to

phenyl cation (m/e 77) and 2-naphthoxy radical. The m/e 77

H IIIIIIlII.+ + -0
’////"

m/e 127

L /e a0 -\0'+

L]
i |

m/e 77
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jon shifts to m/e 80 in the trideuteriophenyl derivative as
expected. No other label affects the mass of this fragment.
The fragment at m/e 51 is produced in a previously recognized
fragmentation of phenyl cation (57).

The proposed fragmentations from the m/e 220 ion
produced from XXV are in very good agreement wifh the
fragmentations observed for 2-phenoxynaphthalene itself. The
spectrum of 2-phenoxynapnthalene-2-130 (XLT) is in total
agreement with the previously outlined fragmentation mechanisms
énd the spectrum of XLI excludes the possibility of carbon
monoxide loss occurring from the phenyl ring. The mass
spectrum of l-deuterio-2-phenoxynaphthalene (XLII) was studied
in an attempt to pinpoint the source of the hydrogen atom loss
in the m/e 192 » 191 fragmentation in XXV. From the data in
Table 9, XLII has 89.8 - 100x17% =39% deuterium

100 + 89.8 -~ 100x17%
incorporation. The hydrogen atom loss in the m/e 192 - 191

fragmentation in XLII shows 19,2 - 17x11.2/15.1 =27.8%
17 + 19.2 - 17x11l.2/15.1
deuterium incorporation. That means 27.8 = 71.1% deuterium
39

retained; i.e. 28.9% deuterium is lost, a value consistent

with that found for the corresponding process in 3,6-di-
deuterio derivative.

The mode of formation of the fragment at m/e 115 is
uncertain because it is not related to any ion of higher mass
by a metastable ion. The m/e 115 ion clearly retains all

deuterium atoms from the 3,6-dideuterio and 7-deuterio -
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derivatives and all other labels are all lost in its formation.
The m/c 89 ion is formed from the m/e 115 cation Dy loss of
CZH2 (metastable ion at m/e 68.5). This information clearly
maxrlks the m/e'115 ion as the indenyl cation. In accord with
this assigmuent C2HD is lost from the m/e 117 and m/e 1i6 ions
formed from the 3,6-dideuterio and 7-deuterio derivatives

respectively. This ion may be formed in nart directly from an

D
-C,HD L
H 2, D

117 [ 90
.D "CZHD“; o
116 H 89

excited state of the molecule ion, althoush another likely
precursor ion is m/e 14/t since the indenyl ion is intense in
the snectrum of 2-phenoxynaphthalene itself. The m/e 191 and
165 ions are unsuitable precursors on the basis of the total
deuterium retention from XXX and XXXI in this ion. In
agreement with a sequence fragmentation origin, the intensity
of this ion drops rapidly relative to that of other ions,
including m/e 1il, with decreased eleciron energies.

The only remaining ions of sufficient intensity to be
of interest are m/e 124 and 101. The ion at m/e 124 is the
doubly charged parent ion. This identifibation is sccure

because it shifts to a non-integral mass (124.5) in the mono-
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deuterio derivative. The ion at m/c¢ 101 does not retain any
deuterium label and is related to the m/e 127 ion bv a neta-
stable ion. ts composition is CsHh’ and its structure is

- 14 = +
prob«bly Csl»hc C .

Mass specirometrv of 2-thionhenoxy-4.3-benztronone and 2—{N-

methylanilino -4, 5-benztronone

The possibility of phenyl shifis from a sulfur to an
oxygen atom and from nitrogen to an oxygen atom upon electron
impact in the analogous compounds was of inﬁerest, and
consequently the mass spectra of 2-thiophenoxy-4,5-benztropone
and 2- N—methylanilino)-h,5-benztropone were studied.

The mass spectrum of 2-thionhenoxy-4,5~-benztropone
(xxxvz) (Table 10, page 133) exhibits, in addition to the
losses of 17 mass units (-CH) and 28 mass units (-C0), a loss
of 33 mass units (—SH), with metastable ions present at m/e
231.2, 211 and 202 respectively. These three fragments are
produced by the lowest energy decompositions of the riolecule
ion and at 16 ev and lower are the only fragﬁent ions observed.
At tlhiese lowered iounizing potrentials, the M - SH ion becowmes
relatively more intense than the M - 01 iou, and in 1act seems
to increase sligihtly relative to M - CO. Recently, the mass
spectra of several azromatic sulfides have been reported to
exihibit the loss of -SH (58, 59). The spectrum of diphenyl-'

sulfide, as remneasured in Dr. Kinstle's group in our
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Table 10. Mass spectrum of 2~thiophenoxy-4,5-benzitronone

(oovr)®
n/e Rel. Int. m/e Rel. Int.
264 100 191 1.5
27 7.0 189 1.8
237 8.0 165 1.5
236 b2.2 158 2.2
231 4.8 155 5.1
221 2.9 132 (M%) 8.k
204 2.4 ' 127 17.6
203 5.3 115 3.9
202 7.0 101 5.5
192 ‘ 0.4 77 7.3

a . ~
Intensity expressed as per cent of base peak

Department, exhibits M - 32 and M -~ 34 ions (unlike the
behavior of XXXVI) in addition to the M - 33 ion. Hore
importantly, the M - 33 becomes insignificant at 16 ev
ionizing potential,very unlike the behavior in XXXVI.‘ For
these reasons we propose an equilibration between -SPh and
-CPh ions which is initiated by a phenyl migration from sulfur
to oxygen. A mechanism analogous to that in Figure 42 would
explain the losses of -0OH and -SH.

The loss of C=S from the molecule ion does not occur.
The loss of C=S does occur to some extent from the M - 17 ion

and to a lesser extent from the M - 28 ion, but neither
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process occurs at clectron energies below 18 ev. Tt has becn
shown nreviously that loss of C=S is nmore difficult than the
analogous loss of carbon monoxide (60).

The mass spectrum of 2-{N-methylanilino)-%4,35-benz-
tropone (XXXVII) (Table 11, page 135) exhibits ions at M - 17
and M - 28, with metastable signals at 228 and 206 respec-
tively, but does not exhibit M - 30 or M - 41 ions. There-~
fore we can conclude that if phenyl migration occurs in this
system, no fragment ions result from the rearranged ion. Very

probably, no rearrangement occurs.

Mass spectrometry of 2-methoxv-4,5-benztronone

The mass spectrum of 2—methoxy-4,5-benztropone was
studied to see if 1,4 shifts of alkyl groups analogous to the
phenyl shifts occurred. Inspection of the mass spectra of
z-methoxy-%4, 5-benztropone (XXXVIII) {(Table 12, page 136) and
its carbonyl-lso-labelled {XXXTX) and 13c-methoxy labelled
(XL) derivatives leads to the conclusion that methyl migration
analogous to the phenyl migration described above is not
important. This conclusion is in.agreement with results
obtained in purpurogallin tetramethyl ether (26).

The mass spectrum of 2-methoxy-4,S-benztropone
exhibits several fragments at M - 18, M - 28, M - 29, M - 30
and M- 31 which are analogous to those found in the spectrumof

tropolone methyl ether (IITa) as mentioned in the Historical
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Table 1l. Mass spectrum of 2-(N-methylanilino)-k,5~benz-
tropone (xxxvrx)?

m/e Rel.Int. m/e Rel.XInt.
262 19.8 158 10.7
261 : 100 156 - 1h.h
24h . L.8 155 21.k4
233 6.4 1h1 5.9
232 12.8 131 (MFF) 10.0
217 7.5 128 15.0
192 3.2 127 12.8
184 5.3 115 15.5
169 4,3 106 15.0
168 6.4 77 10.7

aIntensity expressed as per cent of base pealk

Section (28).

M - 18 peak is the M - HZO ion which is a relatively
weak fragmentation. Loss H2180 in the carbonyl-lso-labelled
2-nethoxy~4, 5-benztropone (XXXIX) was observed. The loss of
carbon monoxide from the parent ion is relatively unimportant
compared to the processes which produce M - CIC and M - OCHé

ions. In the interpretation of the 1SO—labelled derivative,

it was found about 46% 016

0 is lost which means about 46% of
niethyl migration before loss of carbon monoxide. In the
processes of the loss of CHO and OCI-I3 from the parent ion, the

methyl group migration appears to be unimportant.



Table 12. Iass spectr% of 2-methoxy-l,5-benztronone and its
derivatives®

ocH coH d2cx
3 3 3
9 (LR
. =0 = =0
/e XXXVIIT XXXTIX X
189 13.6
188 100 13.7
187. 13.6 16.6 100
186 100 65,2 ' 86.7
169 . . 5.8
168 5.6 8.3 L.9
160 11.9
158 21.4 38.0 29,2
157 50.0 75.0 . 85.7
156 16.5 11.0 29.2
155 36.5 27.4 66.0
143 3.0
140 12.1
129 . R 28.7 27.7
128 - 38.2 72.8 6L,s
127 19.5 43.5 40.0
115 59.3 98.0 89.0
89 8.5 21.7 18.4

a .
Intensity expressed as per cent of base peak

Metastable i1ons in the spectrum of X3XVIII

Process m_ ¥ m_* Process m % m %
c £ c £

186 - 168 151.9 152.6 186 » 158 i34.1 134.5

186 = 157 132.6 132.8 155 ~» 128 105.6 105.5

143 = 115 92.5 92.5 115 - 89 68.8 69.0
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. . .18 .
From the data in Table 12, carbonvi~ O-labelled

2-nethoxy-4, 5-bBenztropone (XXXIX) has 10308 g5 = 60% ~°0

incorporation. Loss of CHO from XXIX gives:

.19
50.8 — = 574 1% incornoration. That
50.8 + 75 - 36.5

8

means %%— = 95% 1 0 retained. 2—(Methoxy—130)—k,S-benztropone

- 100 = 86.7x0.137
(ML) comtains gz—m 165 = 88.9x0-157

tion. Loss of CHO from XL gives:

= 50.4% 13¢ incorpora-

29.2 - 85.7 x 21.14/50
85.7 + 29.2 - 85.7 x 21.4/50

= 0 130 incorporation.

18 > > - X4 - ”
The 0 is totally retained in the M — CHO fragment of XXXIX

and the 130 is totally absent in the M - CHO fragment of XL
from the above calculation; therefore, loss of CHO is not
from the Cl carbon and the carbonyl oxygen as proposed in the
case of d-tropolone methyl ether.

The tentative suggestion in the literature of o~
tropolone methyl ether for the origin of the M - 31 ion (M -
OCHB) and M - 30 ion (M - ocnz) is certainly consistent with
the results obtained for the labelled 2-methoxy-4,5-benz-
tropone. It is suggested that the OCH3 and OCH2 grouns are
lost directly from the molecule ion. Subsegquent loss of CO
from M - 31 ion (m/e 155) gives m/e 128 peak with metastable
ion at 105.5. The m/e 115 peak is the indenyl cation which

gives m/e 89 ion by loss of C2Hé with metastable ion at 69.0.

2The relative intersity at m/e 157 is partly
contributed by loss of OCH, from labelled molecule ion.

3
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The m/e 115 ion is possibly formed from n/e 143 by loss of CO
with metastable ion at 92.5. The mechanism for the formation

of these ions is showm below.

+

O®+ C_l;i3@©0 ‘*‘><j>+

n/e %58 m/e 143 m/e 115 n/e 89
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Mass spectrometry of Dimer B and Dimer B diol diacetate

Mass spectrum of Dimer B is shown in Table 13. The
parent ion of Dimer B which is very weak is decomposed to the
monomer upon electron impact. The spectrum is analogous to

the monomer.

Table 13. Mass spectrum of Dimer B

m/e Rel. Int. m/e Rel. Int.
496 9.7 165 - 7.4
248 58 144 6.8
231 35.5 127 31.3
220 100 115 33.4
192 ' 30 89 58
191 32.3 77 30

The mass spectrum of Dimer B diol diacetate (LXIII)
was very interesting. In the study of the mass spectra of
this diacetate and its derivatives both TO-diacetate (Lxxxxx)
and laO-phenoxy diacetate (XC) were prepared by reduction and
acetylation of the corresponding 18O-labelled Dimer B. The
9,p~trideuteriophenoxy derivative of Dimer B diol diacetate
(XCI) was prepared from o,p-trideuteriophenoxy derivative of
Dimer B. Hexadeuteriodiacetate (XCII) was also prepared by
acetylation of Dimer B diol with trideuterioacetyl chloride.

The mass spectra of Dimer B diol diacetate and its derivatives
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is shown in Table 1k, page 141. The significant frasments are
at m/e 291, 249 and 233. The m/e 291 is Fformed Trom the loss

(3

of hydrogen of the monomer. The monomer m/e 292 is nct a very
important peak coupared to m/c 291. The m/e 249 peai which
retains one deuierium atom from (XCII) is formea from m/e 291

- e

by loss of CH=C=0C with a metastadle peak at Zi3.3.
2 -

The formation of m/e 233 peak is uncexrtain because it
is 1ot related to any ion of higher mass bv a metastable ion.
The m/e 233 peak retains deuterium from the 13,1%~didecuterio-

derivative (LXIV) and contains l80 from lsO-phenoxy derivative



Table 14, Mass spectra of Dimer B diol diacetate and its derivatives®

m/e XCI

590 10.5 10.8

588 1.3 3.1

586 10,6
584 10.5 8.5 10.6

295 9.3 10.0

294 39.5 37.h

299 5.7 10.h

292 10.0 8.0 75 7.1
201 40,0 33.0 32.5 29.0
251 L,6 9.7

250 32,8 13.5
249 33.6 27.2 28.7 5.5
236 100

235 16.5 28,7

234 100
233 100 100 100 100

a .
Intensity expressed as per cent of base peak

HT
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(XC). This inforaation clearly shows the m/e 233 ion to be

phenoxybenztropylium cation which wmight comes from the parent

The mechanism of formation of these ions

Y e

- AcO H w/S 233 - 0
| Hoac / T+ N\ l
/ OCCHz

H
— O OPh
]

ion or the monomer.

is shown below.

o

OPh ' m/{e 292

m/e 584 J,

Z H
0P (Y oer

m/e 249 n/e 291

/
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DXPERIMIENTAL
Instrunents and Methods

£11 melting points are uncorrected and were neasured
on a Fischer-Johns melting voint apnaratus

The infrared spectra of all solids were obtained in
potassium bromide pellets unless othgrwise indicated; the
spectra of liquids were obtained with capillary film cells.
The spectra were recorded on a Perkin-Ilmer Model 21 speciro-
photometer.

The ultraviolet specira were obtained in 95% ethanol
solution unless otherwise noted. The spectra and absorbance
rneasurcments were recorded on a Beckman Model DK-2A spectro-
nhotometer.

The nuclear magnetic resonance spectra were run in
deuteriochiloroform unless otherwise noted. Spectra were
measured on a Varian Associates Model HR-60 or A-60 spectro-
photometer operating at 60 Mc. Spectra determined on the
H-60 instruient were calibrated by the sideband technique
using tetramethylsilane (TMS) as internal standard. Chemical
shifts are reported as parts per million (p.p.m.) on the tau
scale.

All mass spectra were obtained using an Atlas CH-4

spectrometer operated with a molecular beam inlet system
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(70-4 ion source) at temperatures less than 90°. The electron
encergy was varied between 11 and 70 ev and electroir currents
cof 1-10 pA were employed.

Analyses were performed by Spang Microanalvtiic

Laboratory, Ann Arbor, Michigan.
Isotopic Chemical Sources

Deuterium oxide was obtained from Columbia Crganic
Chemicals Co.,Inc. Columbia, South Carolina. Lithium aluminum
deuteride and sodium borodeuteride were obtained firom letal
I . . s 18
Hydérides, Incorporated, Beverly, Massachusetts. O0-labelled
water (80$% enriched) was from Yeda Research and Developments
Cc LTD Rel +i I i Pot ium ani 3¢ ¢ <

o. LTD., Rehovotih , Isreal. ~IPotassium cyanide-""-C \50“55ﬂ)
was obtained from Bio-Lkad Laboratories, llichmond, California.
A et 13 —— R . s
Methanol-""C and tridcuteriocacetyl chloride were obtained

from Merck Sharp and Dohme of Canada Limited, Montreal, Canada.

Experimental for the Synthesis of 2-Phenoxy-4, 5-

benztropone. and Related Compounds

Preparation of 2-nhenoxv-4,5-banztroncne (XXV)

The method of Tarbell et al.{(33) was used to prepare
XXV. o-Phthalaldehyde (5 g.) and phenoxyacetone (5.6 g.) were

dissolved in methanol (300 ml.) and water (500 ml.). A
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solution of sodium hydroxide (i g.) in 50% methanol (10 ml.)
was added with stirring. The mixture was allowed fTo stand at
room teuperature for five days. The mixture was filtered to
- - - - - ! -
give brown solid. Recrystallization from 93% ethanol gave
XV (2.8 50. 45 hit al tal 134-135°
e 2.8 £., 30.4%) as white needle crystals, m.p.l3k-135.
Lit.(3 36 °
it.(33) m.p. 136-137".

NN

Prenaravion of Q—Dhenoxv—h,S-benztronone—?.é—dz NI

N,N,N!,N'-Tetramethylphthalamide (1lg. 0.05 moles) was
dissolved in tetrahvdrofuran (140 ml. distilled from lithium
aluminum hydride) and cooled to 6°. Lithium aluminum
deuteride (2 g., 0.05 mole) was added to the solution. The
reaction mixture was stirred for 24 hours at 18-20° and then
poured onto ice. Sulfuric acid (10%, 5 ml.) was added and th
solution was extracted with ether. The ether was removed and
the residue was dissolved in hot Skelly B. Upon cooling
phthalaldehyde-d, {2.55 g.,37.5%) (61) was deposited,m.p.32-51
The absence of a peak at 0.05 7 in the nuclear magnetic
resonance specirum previously assigned to the aldelydic
protons was taken as evidence of the extent and position of
deuterium. Phthalaldehyde-d, (3.3 g., 0.024 moles) and
phenoxyacetone (3.7 8. 0.025moles} were dissolved in 350 ml.
of methanol and the solution was diluted with 5C0 ml. of water.
Sodium hydroxide (0.7 g.) in 15 ml. of 50% methanol was then

added slowly with stirring. The solution changed from yellow
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to cloudy cream and then to brown in color. 7The rcaction
nixture was allowed to stand at room temperature for five days.
The yellow solid on crystallilization Irom S5¢, ethanol Fave
2—phenoxy-4,5-ben2tr0pone—3,6—d2 (1.7 8.,28.3%}, m.p. 135-136%
The ultraviolet spectrum is similar to 2-phenoxy-4,5-benz-
tronone. The infrared and nuclear magnetic resonance spectra
are shown in Figure 12, page 54 and Figure 26, page 80,

respectively. Tue mass spectrum of XXX shows 100% deuterium

incorporation.

Preonaration of 2-nhenoxy-4.35-benztronone-7-& (XXXT)

Phenoxyacetone (7 g.) was placed in a 50 ml. flask
scaled with a rubber septum. Deuterium oxidé (10 ml.) and
sodiwa carbonate (10 mg.) were added to the flaslk, and the
contents were stirred with a magnetic stirrer. After 12 hours
the deuterium oxide was renmoved and fresh deuterium oxide and
sodium carbonate were added. The process was repeated until
a total of 180 ml. of deuterium oxide was used. An nuclear
nagnetic resonance analysis of the phenoxyacetone showed 90%
deuterium exchange in the methyl group essentially complete
exchange in the methylene group.

Pb.enoxyacetone-d5 (5 go» 0.032 moles) and phthal-
aldehyde (4.5 g., 0.C33 moles) were dissolved in 160 ml. of
nethanol-0-d and diluted with 150 ml. of deuterium oxide.

Sodium methoxide (1 g. in 10 ml. of deuterium oxide) was added
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slowly with stirring and the mixture was allowed to stand for
five days. The solid was collected and chromatogranhed over
alumina using benzene as eluent to give 2-phenoxy-i,5-benz-
troponc-7-d (2.2 g., 29%), m.p.133-136° after recrystalli-
zation from ethanol. The nuclear magnetic resonance snectrum
(Figure 26, page 80) shows only a multiplet in the aromatic

region. The infrared spectrum is shown in Figure 12, page 54.

The mass spectrum of XXXI shows 100¢% deuterium incorporation.

Dranaration of 2-(2,4,6—trideuterionhenosy )~ L,>—benzbronone

Gosams

A mixture of phenol (lO g., 0.106 moles), sodium
hydroxide (2 g., 0.05 moles) and deuterium oxide (40 mi.) was
heated in a scecaled tube at 90o for 40 hours. After the tube
was cooled and opened, the contents were made acidic with
10% hydrochloric acid énd extracted into ether. The ether was
removed, and the recovered phenol was retreated in the same
manner to give 2,4,6-trideuteriophenol (62) afier distillation.

2,4,6-Trideuteriophenoxyacetone was prepared dy the
method of Hurd and Perletz (63). A solution of chloroacetone
(16 g., 0.09 moles), potassium iodide (6.3 g.) and acetone
(15 ml.) was allowed to stand overnight. In a three necked
flask 2,4,6-trideuteriophenol (7 g., 0.07 noles),potassium

carbonate (2.5 g.) and acetone (50 ml.) were stirred and

heated at reflux for 15 minutes, then the dropwise addition of
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the chioroacetone mixture was begun. After one~fourth of the

~

nixture was added, another 2.5 g. of potassium carbonate was

Ja
e 3

aich

A

added. This process was repeated three times. AT
the mixture was stirred for an additional 138 hours, the soliad
material was removed by filtration and washed with aceione.
The acetone was removed under reduced pressure, and the
residue was distilled under vacuum to vield 2,4,6-trideuteric-
phenoxyacetone (8 g.,78%), b.p. 63—650(0.3 mn). Condensation
of this material with o-phthalaldehyde in the usual manner
resulted in formation of 2-(2,k4,6-trideuteriophenoxy)-4,5-
benztropone, m.p. 135-1360. The infrared and nuclear nagne<ic
resonance speciira are shown in Figure 14, page 58 and Figure
25, rage 80 respectively. The mass spectrum of XXXII shows

76.6% three deuterium atoms incorporation,21.4% itwo deuterium

atoms incorporation and 2.2% one deuterium atom incorporation.

. 18 .
Prenaration of 2-nhenoxv-4, 5-benztronone~carbonvi-—-0 (¥XXITT)

A solutiorn of 2-phenoxy-i,5-benztropone ( 200 mg.) in

18, (80% enrichned, 0.15 ml.)

dry tetrahydrofuran (1 ml.), H,
and 0.1 ¥ hydrochloric acid (0.001 ml.) was sealed in a glass
tube and heated in a hot water bath for 40 hours. Ixtensive
vacuum evaporation yiélded 2-phenoxy-4, 5-benztronone~carbonyl-
l80_(X.-‘£XIII) which contained (by mass spectrometry) 29.4%
excess 18O. The infrared spectrum (Figure 13, page 56) shows

two carbonyl absorption peaks at 1600 (CO) and 1570 cm'l(ClSO).
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Prenaration of 2-nhenoxv-ii,S~henzitrononc—either-""0 {XX¥TV)

- 13 . - . . . a
Fhencl-""0C was synthesized by alkali fusion of sodiun

T

benzenesulfonate (64). In 2

: ' s ., 18 . , :
placed sodium hydroxide~~"C (1 g. prevared by the reaction of

ig

20 wml. nickel crucible were

04

0.46 g. of sodium with 0.4 g. of water-60%
hydroxide (2 g.) and heat applied until the alkali melted.

o - s
and wihile stirring

The teomperature was allowed to fall to 230
with a copper encased thermometexr. Sodium benzenesulfonate
(0.6 g.) was added to the crucible. During the next five
min. an additional 2 g. of sodium benzenesulfonate was added
o

. . . SN o)
and the temperature was raised to 2707, then to 330 for an

additional 2 min. The cooled reaction mixture was dissolved
in sulfuric acid solution (4 ml. of concentrated sulfuric acid
in 25 ml. of water) and extracted with three 25 ml. portions
of ether. The ether extracts were washed with 5% sodiuvm
bicarbonate solution ahd extracted with dilute sodium
hydroxide (10%). Neutralization of these extracts with
hydrochloric acid, extraction into ether and evaporation of
solvent yielded a crude product which was éistilled to give

EN

phenol-lso (0.35 g.). Condensation with chloroacetone o
produce 18O-labelled phenoxyacetone and further condensation
with o-phthalaldenyde using the procedures previoulsy
described resulted in the formation of 2-phenoxy-4,5-benz-
tropone labelled in the ether oxygen with l80, 16% excess

l80 by mass spectrometry, m.p. 135-136°.



1
2roparation of 2-n honoxv=L4, S-honzsrononae— 3C lffiif"f\)

A mixture of crystalline sodiwm sulfite (101 Ze, G.8
noles), dichloromethane (69 g., 0.8 moles), water (3506 ml.),
cthanol (30 ml.) and cupric chloride {(0.001 g.
hours at 160° in an autoclave with stir ring. The mixiure
was evanorated on a steam bath and dried at 106° %o give
nowdered solid, which was extracted in a soxhlet anparatus
witih ethanol for one week. The extracts were cooled and
sodium chloromethane sulphonate (100 g.) was collecied (65).

Sodiuwm chloromethane sulphonate {26 g.) and phenol
(18 g.) were put in a round bottomed flask. Sodium hydroxide
(7.5 g. in 7.5 ml. of water) was added to the flask and heated
on an oil bath to 200° anda maintained at that temperature
until no more water distilled off. Heating was continued for
a further 4 hours at a2 batik temperature of 200-240°. The
solid mass which resulted was broken up by warming on the
steam bath with water and washed out from the flask. Afterxr
cooling the solid was filtered and washed with ice water,
alcohol and ether. The s&lid was dissolved in water and
treated with charcoal giving light browvm solid sodium nhenoxy-
methanesulfonate (8 g.).

Sodium phenoxymethane sulphonate (8 g., djbs moles)
ané phosphorous pentachloride (20 g., 0.1 moles) were ground
together in a mortar, after a short delay interaction set in

and the mass liquified. About 15 min. after the'first
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vigorous rcaction had subsided the yellow oily mass was
diluted with ether and poured into ice and water. The
mixture was stirred to decompose phospheryl ciiloride and
thionyl chioride. Then the ether layer was separated,
washed twice with ice cold 1 N sodium hwydroxide solution and
twice with iced water and dried over anhydrous magnesium
sulfate. The ether was distilled off and the residue was
distilleé under vacuum to give phenoxymethyl chloride (3.1 ge)s
b.p. 53-56°(2.8 mm.), Lit. (35) b.p. 88-90° (15mm. )
To é stirred solution of potassium cyanide-lBC (0.585
g.’ 0.009 moles) in 2 ml. of water and 3 ml. of acetone was
added phenoxymethyl chloride (1.3 g., 0.009 moles} in 4 mi. of
acetone during one hour. The ﬁixture was heated to 65° and
then heid a% 80° for an additional hour. The dark solution
was poured into 10 ml. of ice water containing 2 ml, of 2 N
sodium hydroxide and extracted with ether. The residue after
drying and evaporation of the solvent was distilled to afford
phenoxyacetonitrile-l-lBC (0.8 £.,66%), b.p. 105-110° (2.7 mm).
Mass spectrum shows parent peak at 134.

A solution of phenoxyacetonitrile-l-lBC (6.7 g.) in
5 ml. of ether was added to excess Grignard reagent (from 6 g.
of methyliodide and 1 g. of magnesium in 25 ml. of ether)
dropwise with stirring. After 18 hours the reaction mixture

was hydrelyzed with 2 N hydrochloric acid and extracted with

ether. The ether extracts were washed witihh sodium carbonate



ed and evaporated to yiecld phenoxyacetone-

13

solution (5%), dr
13 o= [ 2 2 - 4 ’ !
2-77C (0.55 g.,70.5%), whose infrared speciruwm shows two
carbonyl streitching peaks at 5.84 and 5.978R,
: - i3 R
Crude phenoxyacetone-2-"-C (6.3 g.) and o-phthal-
aldeiiyée (0.3 g.) were dissolved in methanol (30 mi.) and

- . . L] 4 (=4 - - o~ -
diluted with water (35 ml.). 4 solution of sodium hvdroxide

(.2 g.) in 2 ml. of water was added, and tize mixiture was

allowed to stand at room temperature for three days. The
precinitate and the 0il on the Dottom of the flask were
colliected and purified by alumina chromatography (tenzene-
o - - . L = i3

ether eluent; to afford 2-phenoxy-4,5-benztropoine-l-""-C (80

o . . i

mg.), m.p. 135-136" after recrystallization from 99% ethanol.
: . gt . L3
Mass spectrum shows XXXV contains 52% of C.

Prenaration of 2-thionhenoxv-4.5-benztropone [XVXVI)

Thiophenoxyacetone (66) was prepared by treatment of
chloroacetone with thiophenol in an aqueous sodium hydroxide
in modest yield. Condensation c¢f thionhenoxyacetone (3.1 g.)
and o~-phthalaldehyde (2.5 g.) was effected by allowing a
methanol-water solution containing these reactants and sodium
hycdroxide (0.5 g.) to remain at room temperature for *two days.
The reaction mixture was then filtered to give dirty yellow
solid and tarry material which was purified by chromatography.
Flution of the material from an alumina column with benzene

afforded 2-thiophenoxy-U4, 5-benztropone (1.2 g.). Recrystal-
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lization from 2-nropanol gave yellow crystals, m.p. 108-109
Lit.{%2) m.p.108.5-109.5°
5 T

Prenaration of 2-{N-methvla ilinol-l, S-benzironone (XYX

-—-— e

Fhenylmethylaminoacetone was prenared according to a

published nrocedure (67). Condensation of this material with
c-nhthalaldehyde was effected under the samie general condition

-

ve days.

as previously discussed using a reaction time of I

}

a

The crude nroduct was very tarry and was purifi by elution
of the material through alumina with benzecne. Recrvsial-
lizaticn several times from Skelly 3 gave yellow crystals
(240), m.p. 116-117° for analysis. The infrared spectrum is
siiown in Figure 14, page 58. The nuclear uagnet;c resonance
spectrum shows singlet at 6.73 T and multiplet at 2.87

(see Figure 27, page 84).

18--5N'03 C,82.75; H, 5.75;

N, 5.36. Found: C,82.52; I, 5.90; N, 5.22.

Anal. Calcd. for C

Preparation of 2-methoxv-l,5~benztronone (XXXVIIT)

2-Methoxy-4, 5-benztropone was prepared (36) by the
condensation of methoxyacetone with g-phthalaldehyde in basic
methanol-water solution. The yield of product which had m.n.
85-87°, Lit. m.p. 85-90°, after recrystallization from dibutyl

ether was 25%.
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Prenaration of 2-methoxv=4.S5-benzironvone-carbonvi-""¢ {XXN7X)

- A
10, \ ~ - N . - e 2, ) . x
Cj, C.1 ¥ hydroxide acid (2 ml.) and dry tetraiyérofuran
(100 m1.) were sealed in a glass tube for Ffour days.
Ivaporation to dryhiess in high vacuwn deposited a2 non-crysial-
linc material which was used directly for mass speciral
) " D) - e - C‘ lv
analysis. Mass spectrum shows it contains 60% C.

~ry

- , 13 .y -
renaration of 2-{methoxv— “Cl-4,3-henztronone (7

A glass tube containing propylene oxide (0.9 ml.),
- . 1 3 ~ . \ ]
methanol-"-C (0.3 ml.) and sodium (0.03 5.} was sealed and
. o . .
heated at 100 for 12 hours. The resulting »roduct was
s s s e es . 13 /
distilled giving colorless 1-(methoxy- C)~-2-nropanol {68),

b.p. 80-100°.

o2

To a solution of sodium dicromate (1.67 g.) in watex
) was adde

(6.9 ml.) and l-(methoxy—lSC)-Z-propanol (0.9 g.
dropwise over a period of 2 hours a solution of sulfuric acid
(2 g.j in 0.5 ml. of water. The rcaction mixture was stirred
during the addition and the temperature was kept between
20-250. After standing at room temperature for 12 hours the
green nixture was extracted four times with 2 ml. portions of
ether. Removal of the ether gave crude l-(meﬁhoxy-lSC)-z—
propanone (0.31 g., 34%). Condensation of this labelled
ketone with o-phthalaldehyde was accomplished in 11 % yield

using the procedure described above for the unlabelled
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. X . o)
materizl, The m.p. of the final nroduct was 87-88" after
clution through alumiina column with 1 to 1 benzene and chloro-
form mixture and recrystallization from dibutyl ether. The

\ . « 13 -
:ass sneciruni shows XL contains 50.45 ~“C. %he nuclear
I / !

i1

gnetic resonance spectirum (Figure 27, page 84) shows the

2l
D
9

utethyl protons at 6.08 7 which was split to z doublet by C,
J - 1‘1‘1"6 C.poS.
w

Prenarsticn of Z2-nhenoxvnanhthalene -2~-"-C (XLI)

Potassium cyanide-ljc (6.56 g., 0.0086 rioles) was
treated {69) with benzyl chloride (1.1 g., 0.009 moles) to
give phenyl acetonitrile-i-1C (0.75 ., 75%), whose infrared
spectrun showed twinned nitrile absorption bands at %.435 and
.56 n.

Phenylacetonitrile-l-lsc (0.7 £.) was hydrolyzed (70)
by refluxing with 6N sulfuric acid (1.5 ml.) and acetic acid

(0.7 ml.) mixture. After 45 min. the reaction mixture was

then poured into water (10 ml.). The nhenylacetic acia-1-13¢
was extracted with ether, washed with water and dried. Distile-
iation under reduced pressure gave phenylacetic acid-l—lBC
(¢.6 g.; 70%) which showed two acid absorption peaks at 5.94
and 6.03 a1 in the infrared spectrum,b.p. 130-132%(2 mm.).

| A mixture of phenylacetic acida-1-13¢ (0.6 g.) and

thionyl chloride (0.5 g.) was refluxed until gas evolution

stopped. Distillation of the solution gave a small amount of



unclianged thionyl chlioride and phenylacetyl chiloride-1 as
——~A 1 6 - are ’)o - .,\ g 2 a 3
reddish oil (O. ey /Cw), bepe 70=72 (2.3 mi). The infrared
spectmur showed two acid chloride absorption peaikks at 5.53 and
5.66 A1

Ny .- ., 3 3'3 - LL 1 3

Yhenylacetyl cihloride-1-""C (0.356 g., 0.COL moles) was
dissolved in dry carbon disulfide (211.2 ml.) and added to a
stirred suspension of anhydrous aluminum chiloride (0.95 ey
0.004 moles) in 15 ml. of dry carbon disulfide. The mixture
was cooled in an ice bath and dry ethylene {71) was passed in
for 5 nours. The daric red mixture was poured onto ice and
cointcentrated hydrochloride acid, The organic material was
extracted with ether, washed with dilute sodium hydroxide and
water, dried and evaporated to yield a darii residue which was

. nean . -~ s 13478 a= - - o
distilied to give ZS—~tetralone-2-"-C{0.35 g.), b.p. 165-110
(2 mm.). The infrared spectrum showed two carbonyl absorption
neakxs at 5.85 and 5.98 .
. i3 Vs ,

2-Tetralone-2-"-C (0.25 g., 0.018 moles) in ether (2
ml.) was treated with bromine (0.29 g.)} (72). TVhen the
addition of bromine was coumpleted, the decolorized solution
was poured into ice water, the ether layer was extracted with
water and sodium carbonate solution (5%), dried and cvaporated
to a dark brown residue whiclk was sublimed and cryvstallized
from benzene-petroleum ether to give a colorless halogen free

1 o

2-naphthol-2-13¢ (120 mg.), m.p. 115-117°.

2-Naphthol-2--3¢ (50 mg.) was mixed (73) with potas-



. . .0 - .
siuwn hydroxide (17 mg.) and heated to 20 to remove all the
water which formed. Bromobenzene (0.0 g.) and conper powder

. . s o .
{(0.001 £.) were added and the mixiture was heated to 2L0° for
2.5 hours. The mixture was then sublimed to yield 2-dhecnoxy-

. 13 , PR o~ - .
naphthalene-2-""C (20 mg.), m.p. 42-43°. Tiic mass spectrum is

-~

showvnn in Table 9.

Preonaration of l-—deuterio—-2-nhenoxvnanhthzlone {(XI.IT}

2-Naphtnol-1-d was prepared by the method of Xollexr
and Zollinger (74). 2-Naphthol (0.25 g.} and deuterium oxide
(20 ml.) were sealed in a glass tube and heated at 60-70° Tor
four days. After cooling, the solid was collected »dy filtra-
tion and purified by sublimation to give 2-naphthol-l-d.
l1-Deuterio-2-phenoxynaphthalene was prenared by the reaction
of 2-napnthol-l-d and bromobenzene as described above, m.p.

o . . .
42-437, The mass spectrum is shown in Table 9.

Irradiation of 2-Phenoxy-i,5-benztropone

and Related Compounds

Irradiation of 2Z-phenoxy-4,35-benzironone (XXV)

A. 2-Phenoxy-4,5-benztropone (3 g.) in freshly
distilled tetrahydrofuran (250 ml.) in a Pyrex vessel was
flushed with nitrogen for 40 min. and irradiated with a Type

A Eanovia immersion arc lamp (550 w.) in a Pyrex well. After



158

12 hours, tihe ultraviolet spectrum showed that the absorbance
at 27k i was L5% of its original value. The sclvent was
removed to give a brown resin which was dissolved in smail
amount of benzene and poured into a column nacked with 120 g.
alumina (80-200 mesh). Elution of the column with 2:3 Skelly
B-benzene gave Dimer & (300 mg.), afier recrystallization from
alcohol-chloxrofoxri, mi.p. l9h—l95°. Zlemental analysis was
reporied by Pasto (38). Zlution with benzene gave Dimer B
(500 mgZ.) as white crystals after recrystallization from

o R .
. Elemental analysis was reporited in

benzene, ii.p. ~i7-21
Pasto's thesis (38).
2. 2-Phenoxy-4,5-benztropone ( 3 g.), tetrahydrofuran
(250 ml.) in a Pyrex vessel was irradiated for 17 hours. The
ultraviolet spectrum showed that the absorbance at 27k mu was
205 of its original value. The tetrahydrofuran was removed.
The residue was dissolved in benzene (5 ml.) and poured into a
column packed with chromatography grade alumina (120 g.).
Elution ¢f the column with 2:3 Skelly D-benzene gave Dimer B
(450 mg.),m.p. 214-215.5°. Elution with benzene gave Dimer C

(50 mg.), MePe ?43—2450. Elemental analysis was zreported by

Smith (39).

ITrradiation of Limer B

Dimer B (0.5 g.) in isopromyl alcohol (1900 ml.) was

7’

purged with nitrogen for 20 min. and irradiated with a



Tyvne A Manovia immersion arc iamm {353 C-watt) in a Yyrex well

for 15 hours. The solution turncd -Hale veilow. i solvent

was cvanorated leaving a brown resin whici: was dissolved in

w3

warn metihianol. After cooling, crystals foirmed. The ervystals

o

were recrvsiallized from ciilloroform-Skelly I to give Dinexr C

(30 mg.), m.p.2b5-247°

Trradiction of 2-Uhenoxv—h.5-benztronone—3.6-d2 {30003

A solution of XXX (2.3 g.) in tetrahydrofuran (200 mi.)
(freshliy distilled over lithium aluminum hydride) was nlaced
in a Pyrex immersion ¢rrad1atlon amnaratus, flushed with
nitrogen for 40 min., and irradiated with a Type A Hanovia
immersion arc lamp in a Pyrex well. The solution was stirred
with a mnagnetic stirrer and cooled with tap water running
through the well. After 14 hours, the ultraviolet srectrunm
slowéd that the absorbance of the pealk at 274 mu was 20% of
its oxiginal value. The solvent was removed under reduced
nressure on a rotary evaporator ﬁo give a bfown resin which
was dissolved in benzene (5 ml.) and noured into a column
prepared with chromatograpnhy grade aluiina (Chicago Apparatus
Co., 8G-200 mesh} (100 g.). Rlution with 3:2 benzene-Skelly B
gave Dimer B-l,?,s,lo-dh. Recrystallization from benzene gave
350 mg. of colquess crystals, m.pe. 217-2180. The yield was
17%. ZIlution with benzene yielded Dimer C-1, 2,5,10-d, (50 mg.)

as colorless crystals after recrystallization from ethanol-
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- o
chilorofoxnt, m.n. ~45-2467,

Thexrinal rearrangement of Limesr N-1,2,5,10=-d, to Dimer A-

1.2,5,8-4,
“r

N
ot
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%]
e
o]
(¢]
Q
[
s}
ol
4
i
[
1o

Dimexr 3—1,2,5,10-d4 (160 mg.

-y

Irlemmeycer f£ilaslk. The flask was immersed in a o0il bath whic

(o]

o~

had »reviously been heated to 710-2207. A slow stream of
nitrogen was blown into the flaslk. After about 2 min. the
Dimer 3-1,2,5,1o-d4 had melted, the heating was continued for
an additional 2 min. The flask was allowed to cool, and the
material was dissolved in 1:3 benzene-Skelly 2 and eluted
through a column »repared with alumina (10 g+). Dlution with
benzene gave colorless Dimer A-1,2,5,8-d) (95 ng., 353%), after

recrystallization from ethanol-chloroform, m.n. 193-194.50.

Irradiation of S~nhenoxv-l, 5-benzitronone-7-d (XXXT)

A solution of 2-phenoxy-l4,5-benztropone-7-d4 (2 g.)
in freshly distilled tetrahydrofuran (200 ml.) was irradiated
with a Hanovia Type A arc lamp (550-watt) in a Pyrex immersion
well. After 14 hours, the absorbance of the solution at 274
mu was 21% of its origimnal value. The solvent was evaporated
and the residue was chromatographed on a column prepared with
alumina (100 g.). FElution with ether-benzene gave Dimer B-

6,9-d. (300 mg.) mep. 215-718°. The infrared and nuclear

2
magnetic resonance spectra are shewn in Figure 19, page 68 and
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figure 29, papge S8. Elution with cther-chloroforu mave Dimer

3

. - . _O " s )
C-8,9-d, (5 mg.) m.p. 743-245" after.recrystalliization from

ethanol-chloroform. The infrarced and nuclear maginctic
»

resonance snectra are shown in Figure 23, page 76 and Fipgure

L, page 110 resnectively.

[N

. E 7~ - . 4 ~
Thornial rearraligenient of Dimer B—o.@—dQ to Dimer A-C,G0-4

?

Dimer B-6,9-d2 (300 mg.) was converted to Limer A-§,9-
. - 2 n=O ]
¢, (30 mg.), m.p. 194-195", by the same method used to convert

Dimer B-1,2,5,10-d, to Dimer A-1l,2,5,8=d,. The infrared of
’ 4

£

Diner A-6,9-d_ is shown in Figure 16, page 62. The nuclear
2 2 o X o

magnetic resonance spectrum is shown in Figure 33, page 94.

Irradiation of 2-(2,i4,b6-trideuterionhenoxy)-lt, 5-benztronone

2-(2,4,6-Trideuteriophenoxy)~4, 5~benztropone (2.5 g.)}
in dry tetrakydrofuran (250 ml.) was irradiated for 14 hours.
The solvent was removed giving abrown resin which was dissolved
in benzene and passed through an alumina column by elution
with benzene giving o,p-trideuteriophenoxy-Dimer B (XLVII)

(306 mg.), m.p. 216-217°. The nuclear magnetic resonance
spectrum {Figure 29,page 88) is similiar to Dimer B. Elution
witnh 9:1 ether-chloroform gave o,p~trideuteriophenoxy-Dimer C

(50 mg.), m.p. 243.5-245°. The nuclear magnetic resonance

spectrum (Figure 40, page 110) shows two singlet peaks in the



162

azomatic region. The infrared spectrus is showmn in Figure 24,

nage 78.

-

. . - . - 18 S
Ircadiation of 2-phenoxv-l.S5-henztronone~carbonvi-""0 (MXXXTIT)

= - ; 18

2-Phenoxy=-%, 3=-benztropone-carbonyl- 0 (90 mz.) was
dissolved in éry tetrahydrofuran (5 ml.) and placed in a small
Pyrex irradiation tube, flushed with nitrcgen for 20 min. and
irradiated with an external Hanovia Type A arc lamp for 16
hours. The tetrahydrofuran was removed with a rotaryv evano-
rator. Denzene (3 ml.) was added and then evaporated. The
residue was dissolved in hot benzene, after standing at room

, s y . 18 .
tenperature for an hour Dimer B-ether-" 0 crystallized.
Filtration and recrystallization from benzene gave white

o 18 o

crystals of Dimer B-ether-~ 0 (20 mg.), m.p. 217-218".

. . - . , i8 .
Irradiation of 2-nhenoxv-4.535-benztropone-ether-"_0 {(XXTV)

2—Phenoxy—4,S-benztropone—ether-lso (200 mg.) in dry
tetréhydrofuran (10 ml.) was irradizted in the same manmer as
above to give Dimer B-carbonyl-lso (40 mg.), m.p. 217-218°.
Tke infrared spectrum of Dimer B-carbonyl-lso (LxxTV) (Figure
20, page 70) shows two carbonyl absorption at 1690 ;nd 1737

=

emt (Cl§0).

Irradiation of 2-phenoxy—h.S—benztropbne-l-IBC (xxxwv)

2—Phenoxy-4,5-benztropone-l-l3c (75 mg.) in dry
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etrabydrofuran (7 ml.) irradiated in the usual manner gave

ot

s - 1 \ \ ) .
Dimer B5-7,8- 3¢ (8 mg.), mep. 217-218". The infrared a:

s
o,

4

:

nuclear niagnetic resonance snectra are shown in IPigure 20,

nage 70 and Figure 30, page 90 respectively.

Attemnted irradiation of 2-{N-methvianilino)-=4,5-

2-(N=Methylanilino)}-4,3~benztropone (0.51 g.) was
dissolved in freshly distilled tetrahydrofuran (2350 ml.) and
flushed withh nitrogen for 30 min. The solution was irradiated
with a Ilanovia Type A immersion lamm in a Pyrex well. After
1C hours the ultravio;et spectrun showed that the absorbance
of the pneak at 272 mm was L0% of its original value. Cnly
starting material and tars were obtained by eluting the

mixture through an alumina column.

3 2-methoxy-4.5-benztronone {3CCVIIT)

Attempted irradiation

-
ES
——

Z-Methoxy-h,S-benztropone (2 g.) inldry tetrahydro-
furan (200 ml.) was flushed with nitrogen for 40 min. and
irradiated for 18 hours. A brown precipitate, m.p. > 280° was
fomaed. The precipitate might be a polymer. Only starting
material and tars were obtained from the solution by -
chromatography through aluwmina column.

Similar results were obtained by irradiation for 1k

hours in 1l:1 methanol and water.
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Photoscnsitization by 2-nhenoxv-%, 5-honztronone

iperylene (68 ng. trans/cis = 1.83) and 2-phenoxy-
4,5-benztronone (125 mg.) in benzenc {5 ml.) was fiushed with
nitrogen for 30 minutes and irradiated with an external
ilanovia lamp foxr 5 hours. The mixtures were analyzed Dy vapor
nhase chromatocraphy { a 6 £t. column nacked with 25
saturated silver nitrate in ethylene giyvcol on fire brick (30-
60 mesh} connecting with 6 ft. column packed witih 23% ﬁiﬁ‘-
oxydipropionitrile on fire brick were used) (45). The ratio
of trans/cis was 1.83 and no appreciate change was observed.

cis-Piperylene (41 mg.) which was isoclated from the
tecimical piperylene by the method of Frank (75), and 2-
phenoxy-it, 5-benztropore (75 mg.) in benzene (3 ml.) were
nlaced in a Pyrex tube and degassed. The mixture was

rradiaved by an exterinal lamp for 10 hours; and was analvzed

)

by vapor phese chromatosraphy (using the same column as above).
~The ratio of cis/trans was changed to 10.

trans-Stilbene (27 mg.), 2-phenoxy-4,35-benztronone
(36.9 nmg.) and benzene (3 m1.) were placed in a small Pyrex
tube. The mixture was degassed and irradiated through a
filter solution, prepared by CuSC,-3 H0 (10 g.) and conec.
ammonia (18 ml.) éd¢iluting to 750 ml. with water, in which
10% of light at 366 mu are transmitied. The irradiation was

carried out for 3 hours. The mixture was analyzed by vapor

phase chromatography (3.5 ft. by % inch column packed with
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. . o . s femd AT © .
20% apiezon M in 30-60 mesh fire brick at 200 ). Th: ratio of

cis/trans was 5. Irradiation of trans-siilbene without
2-phenoxy-4, 5-benztronone under the sanc conditions for same

time save only trans-stilbene.

[x3
1,

. . " o) " .
Attennted nreparation of Dimer I-carbonvli-" ¢ bv exchniywa with

s 18 . .
Dimer B (100 ng.), H_ ~°C {8C% cnriched 0.2 ml.), éxy

-~

=

tetrahydrofuran {1 ml.)and 0.Cl N hydrochiloric acid (G.01 ml.)
were sealed in z glass tube and hweated on a steam bath for
five davs. The solvent was removed tc give Dimer B which

. 18 ,
contained no C (shown by mass spectrum).

L . . . 18, . .
Attoimted nrevaration of Dimer A-carbonvi-"""0 bv exchanece with

. : . i8,. . . .
Dimer A wus exchanged with H2 0 in tetrahydrofuran in

the nresence of acid. Mass spectrum showed the isolated Dimer

-

. 8. . .
A had no C incorporation.

Prenaration of Dimer A diol (XLTX)

Dimer A (500 mg.) was dissolved in tetrahydrofuran
{15 m1l.) and a solution of sodium borohydride (3500 mg.) in 5-
ml. of water was added. The solution was stirred at room
temnerature for 20 hours. VWater {10 ml.) was added, and the

solution was stirred for another hour. The tetrahydrofuran
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was romoved, and Dimer A diol was collected and recerystallized
, o - - - .

from aqueous methanol, m.p. 160-1G63° . The clemental analysis

was ronorted by Swuith (39). The infrared and nuclear magnetic

SO Al R aYoYe hvire Lato ¥ 8 $ ey AtS myee 1 o SO 61l nd WS -
CSOolaince snecrra are suaowi L roure ...7, nage r L rFLngure

H

33, page 96 respectively.

o~ . o~ ; ae = -1, ’ —
Drenaration of Dimer & aloL—ll,AL-dZ fIVTT

Dimer & (120 mg.) was dissolved in tetrahydrofuran
(8 ml1.). Sodium borodeuteride (120 mg.) and water (1 ml.)
were added, and the solution was stirred. After 20 hours

water (

Y

8 ml.) was added to the mixture, and the solution
stirred for another hour. The tetrahydrofuran was rcemoved
civing Yimer A diol—ll,lh-d2(90 NS, ), Mo 161-163°. The
nuclear magnetic resonance specirum (Figure 35, nage 100)

shows ithe neaks at 4.90 and 5.33 T are absent. The infrared

spectrum is shown in figure 17, page 64.

Prenaration of Dimer A diol-6.9—d2 (LVIZT)

Dimer A—6,9—d2 was reduced by scdiws borohyvdride as
. . . s . . (o}
the usual manner to give Dimer A ¢iol-6,9-d_, m.n. 159-162".
o 2 &
The infrared and nuclear magnetic resonance spectira are shown
&~

in Figure 17, page 64 and Figure 36, page 102.

Dreparation of Pimer A alcohol ether (L)

Dimer A diol (100 mg.) was dissolved in hot 95%
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) was

ethanol. ot concentrated hydrochloric acid (0.4 mi.

~

added slowly. After cooling the solid was collected and

R e et

crystallized Trom alcochol giving Dimer A alcohol ethex

Y }‘f"'o ra > . K
(80 mg.), mMep. 215-220 . Elemental analysis was repcrted by
Smith (39). The infrared and nuclear magnetic resonance

-

spectra are shown in TFigure 18, page 66 arnd Figure 37, pase

lol} .

ey
Y

Prenaration of Dimer A alcohol ether—ll,lh—d2_iL*";

Treztinent of the Dimer A diol—ll,lh—dQ with hydro-
chloric acid by the above procedure gave Dimer A alcohkel ether-

. o . .
11,14-d,_, m.p. 216-220 . The nuclear magnetic resonance

2’
snectrum (Figure 38, page 106) shows two peaks at 4.90 and
6.06 T are absent. The infrared spectrum is shown in Figure

18, »age 66,

Prenaration of Dimer A alcohol ether—6.9a-d2 ()

Dimer A diol-6,9-d_ was treated with nydrochloric acid

2

to give the corresponding Dimer A alcohol ether-6,9a-d9, MeDe
~ o . ]

215219 « The nuclear magnetic resonance spectrum shows

the doublet peaks at 4.07 and 8.19 7T are changed to singlet

(Figure 38, page 106). The infrared specirum of Dimer A

alcohol ether 6,9a,0-d, is shown in Figure 18, page 66.

3
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Provaration of Dimer B diol (LXT)

Dimer B (80 mg.) and sodium horohydride (80 mz.) were
refluxed in purce tetrahydrofuran {10 mi. ) with stirring for
2L hours. VWater {1 ml.) was added to rcmove the turbidity.
After stirring 3 hours, water (10 ml.} r2s then added an
stirred for another hour. After cooling the solvent was
removed and extracted with four 8 ml., portions bernzene. The
organic laver was dried over anhydrous magnesiivuu sulfate and
evaporated to give colorless solid. XRecrystallization from
benzene—Skelly B gave Dimer 3 diol (35 mg.), m.D. 257-?580.
The infrared spectrum (Figure 21, »nagec 72) shows no carbonyl
absorption. Tie nuclear magnetic resonance spectrum is shown
in Figure 3C, page 90. Zlemental analysis was rcported by

Pasto (38).

Drenaration of Dimer B diol—13,14~d2 {(1xxTx)

Dimer B (100 mg.) and sodium borodeuteride (100 mg. )

were refluxed in tetrahydrofuran (10 ml.) with stirring for 20
hours. Water (1 ml.) was added. After stirring for 3 hours,
10 ml. of water was added, and the solution was stirred for
another hour. The tetrahydrofuran was removed and the residue
was extracted with benzene. The extract was dried and
evaporated to give Dimer B diol—lB,llL-d2 (35 mg.), m.n. 257-
258° after recrystallization from benzene-Skelly B. The

nuclear magnetic resonance spectrum (Figure 35, page 100)



Lo AT

tinlets for the aromatic protons at 72.50 T, stvryl

7T, singlet bridgelhicad proton at

3>
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6.12 4+ and singlet alcolwol protons at 7.C0 7.

4 e 3 - - B R -_\
Yrenaration of Dimer T diol dizcetate (IXITT)

Dixn 3 diol (535 wmg.) in 1:1 benzene-acetyl chloxride

Ho
- - T s - /=
{8 nil.) was refiuxed for 2 hours, cooled, poured into icei3 &.)

£

and extracted witiix four 5 mi. nortions benzone. Tie organic

layer was wasied with gg sodium carbonate and vater, dried

with anhydrous magnesium sulfate, and evaporated. Tiie resicdue

wvas crystallized from Skelly B-cyclohexane to give Dimer T

- . - o . .
diol diacetate {30 mg.), m.p. 235-236 . The infrared specirum
(Figure 22, nage 74) shows a strong ester absorption at 5.75 a.

The nuclear magnetic resonance spectrum is shown in Pigure 31,

nage 92. Elemental analysis was reporied by i‘asto (33).

Prevaration of Dimer 3 diol diacetatd—l?.lh-72 {127V

Dimer B diol-lB,lh-d2 {50 mg.) when acetylated by
acetyl chloride gave Dimer B diol diacetate-13,14-d_ (30 mg.),
LieDo 235-2360, after recrystallization from cyclohexane. The
infrared and nuclear magnetic resonance spectra are shown in

Figure 22, page 74 and Figure 35, page 100.

N . . . 1
Yreparation of Dimer B diol- SO-diacetate (LLKXIJ)

. 18
Dimer B carbonyl-""C (15 mg.) was reduced by sodium




. . . . v aa i8 e omx~O
borohvdride tTo give Limer 3 diol-"0 (lO mg.}, Ti.T. 255-257
180

whicii was acetvlated by acetyl chloride tc Dimer 3 dioi-

. o ~ - .
diacetate (3 mg.), m.p. 234-235" aifter recrystaliization frowm

n Table 14,

b

cyvclonexane-Skelly . The mass spectrum is sliown

Prenaration of Dimer B diol dizcetate ether-" "0 (XC)

Dimexr B ether ¢ {15 mg.) was recduced to Dimer 2B diol
18 - . N s
ether-""0 and acetylated as usual manner to give Dimexr I diol
: I £ N U .
diacetate ether-— 0 (2 mg.), recrystallization from Skelly 3,

_ .0 . . .
M.De 234-235.5 . ‘‘he mass spectrum is shown in Table 14.

Yreparation of Dimer B diol diacetate-d. {xcT)
Dimer D diol (20 mg.) was acetvlated by trideuterio-

ace<yl chloride by the method described for unlabhelled

compound to give Dimer B diol diacetate-dg (16 mg.), m.p. 235-
o . . . R

236°. The infrared spectrum is shown in Figure 22, vage 74.

The mass spectrum is shown in Table 14, page 141.

DPreparation of o,rv~trideuteriophenoxy Dimer I diol diacetate

(xcxx)

o,n~-trideuteriophenoxy bDimer B was reduced to the diol
which was then acetylated to o,n~trideuteriophenoxy Dimer B

. . . O s A . .
diocl diacetate, m.p. 234-23; . The infrared spectrum is shown

in Figure 24, page 78.
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Preparation of Dimer C dioi (i v}

Yiner C (25 mg,) was dissolved in ftetrahydrofuran

(2 ml.}. To the solution was added sodium borohyvdride {50 mg.)

-

dissolved in water (1 ml.). The mixture was stirred at room

N - - - N - < s -
temperature for 12 hours. VYater (5 ml.)} was added and siirred
for anothex 2 hours. The tetrahyvdrofuran was removed o011 a

roctary evaporator. The aqueous mixture was c¢xtracted wiih

Q

chloroforun. The extract was evaporated to give a resinous
solid. Illecrystallization from benzene-Skelly I gave white
crystals of Dimer C diol (13 mg.b m.p.224-225o for analysis.
The infrared snectrum shows hydroxyl absorntion at 2.8 u
(Figure 24, page 78). The nuclear nagnetic resonance snectrum
is shown in Figure 41, page 1l1l2.

snal. Caled. for CgH,.0): C; 81.5; H, 5.6.

Tound: ¢, 81.68; H, 5.64.
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STMMARY
Irradiation of 2-phenoxy-4,5-benziropone in tetra-
hydrdfuran solution gives dimeric products, Dimeig A, D and C.

Two deuterium labelied comnounds, 2-nhenoxy-%4,35-henztropone-

'3
9]
H
(0]
o}
9]
ol
"l

and 2-phenoxy-4,5-benztropone-?-d, were nre

6=c
3 b4 2
irradiated. The nuclear magnetic resonance snectra of the
resulting dimers show that carbon skeleton rearrangement does
not occur. The dimers appear to be derived formally from a
rearranged intermediate in which the phenoxy and caronyl
groums are exchanged in position. Since attemnts to tran the
’ s s . R U X
intermediate with dienophiles were unsuccessful, both Q=
; ; s 4 13 e

labelled (carbonyl or ether) and 1-"“C-labelled 2-vhenoxy-
4, 5-benztropones were prepared and irradiated to provide
evidence of the phenyl migration in the dimerization nrocess.
It was found the phenyl group does migrate during the photo-
chemical dimerization. A mechanism for the photodimerization
was pronosed.

The mass spectra of 2-phenoxy-i4,5-benztronone and its
labelled derivatives were studied. Two particularly novel

nd {2) loss

3}

frac:ientations have been observed (1) loss of (U
of CC which involve in both cases the carbonyl oxygen and the
ether oxyszen. These processes are correlated by demonstration
of a 1l,4-phenyl migration from one oxygen to the other. A

corresponding phenyl migration has been shown to occur from
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a sultur to an oxygen atom, but not from nitroéen to oxygen,
in the analogous compounds. Similar 1,4 shift of a methyl
group either does not occur or is a very minor process. Loss
of carbon monoxide from 2-phenoxy-4,5-benztropone gives the
2-phenoxynaphthalene radical cation. Further fragmentation of
this radical cation to the 2-naphthol radical cation and
benzyne, to phenyl cation, and to hydrocarbon cation and
carbon monoxide is documented by the labelled materials. The
mass spectrum of Dimer B is similar to that of the monomer
except it shows a parent peak at m/e 496. The mass spectra
of Dimer B diol diacetate and its labelled derivatives were

also studied.
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