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INTRODUCTION

In the past ten years there has been a growing interest
in light-induced transformations of organic molecules in
general and conjugated ketones in particular. o<,[3—Unsatu—
rated ketones are known to‘undergo a variety of photoreactions
including valence tautomerization, dimerization, cleavage,
structural rearrangement and photocycloaddition. Thése photo-
cycloadditions have proved to be a versatile synthetic tool
and have been utilized in the synthesis of cubane, caryophyl-
lene, tropolones, oxetanes and cyclobutanes.

The photocyclization processes have quite.recently been
extended to include o, -unsaturated acids, esters, nitriles
and nitro compounds, thus increasing the synthetic potential
of these reactions.

This thesis deséribes a study of the photochemistry of
several ac,[?-unsaturated acids and amides in an effort to ex-

tend the synthetic versatility of photochemistry.



HISTORICAL

Photocycloaddition Reactions

Paterno-Bilchi Reaction

Formation of oxetanes by photocycloaddition of aldenydes
and ketones to olefins provide an attractive entry into small
ring heterocyclic systems. Irradiation of benzophenone in the
presence of excess isobutylene gives only two oxetanes (I and

II) in high yield (1,2,3,4).

0 hy o1 0
5 *)k C H. + C,H
HyCg ~“\CgHs 615 Y Cetls —
‘ Cgl CgHs
I II
10% 90%

The reactions involve the n,Pi¥* triplet state of the car-
bonyl system and the predominant isomer is correctly predicted
from consideration of the more stable biradical (ground state)
intermediate. A large number of such reactions are known and
have been recently reviewed (5,6,7).

Photoinduced cycloaddition of aldehydes and ketones to
ketenimines to give imino-oxetanes is an extension of .the
Paterno-Blilchi reaction. Irradiation of benzophenone in the
presence of dimethyl-N-(phenyl)ketenimine (III) gives «-IV and
£~V adducts (8). The reaction appears to be very versatile

and it was found that the photocyclization of fluorenone to



seven ketenimines of alkyl and aryl substitution results in ex-

T\ (/ Il ‘5;‘{,—
\ (

\ 3\ C:I o] 6H5

//C:u C //c-c-m—c HS“"‘“">Cn >K;;;? ]

7 6°'5
G o3 cg 7 g

%
The oK ~adducts can be isomerized on -Florisil to B—lactams,
thus providing a convenient synthetic route to various substi-

tuted [ -lactams.

Intermolecular Pnotocycloaddition

The first instance of photocyclization of an olefin to an
K, [B-unsaturated carbonyl system was reported in 1962 (10).
Irradiation of 2-cyclopentenone in a ten-fold excess of cyclo-

pentene gives cis-anti-cis-tricyclo[5.3.0]decan~-2~one (VI).

The reactions of o« ,[] -unsaturated ketones appear to be

VI

limited in that only 2-cyclopentenones, 3-cyclohexenones enol-
izable 1,3-diketones (11) and a variety of quinones (12) under-
g0 intermolecular photocyclizatipns with olefins (13). A
series of rules concerning photochemical additions between <<,

B—-unsaturated carbonyl compounds and olefins has been formu-

lated (14).



The choice of the addend molecules appears to be vast
since photocyclizations have been accomplished with cyclic,
acyclic, negative and positive substituted olefins (15),
acetylenes (13,16), and allenes (13).

Recenfly the scope of the photocycloaddition reactions
have been extended to other a(,[?-unsaturated carbonyl sys-—
tems. Crotonaldehyde and cinnamaldehyde have been shown to
undergo photocyclizations with olefins (17). This is exem—
plified by the reaction of cinnamaldehyde with 2-methyl-2-bu~

tene to form an oxetane VII and a cyclobutane VIII.

HO
S S
C CH
6 vIITo
Dimethylmaleic anhydride will add to various olefins in

the presence of benzophenone as sensitizer to give a series of
photoadducts (18). Tor example, irradiation of dimethylmaleic
anhydride in the presence of cis-1,2-dichloroethylene proceeds

with retension of olefin configuration to give photoproduct IX.

Sl ou
1 I(D
Cl

IX

Photocycloaddition of maleic anhydride and its derivatives

to acetylenes provides a facile synthetic route to substituted

cyclobutenes (19,20).



Coumarin (X), which is kmown %to undergo photodimerization
(21,22,23), has recently been reported (24) to undergo sensi-
tized photocycloaddition reactions with tetramethylethylene,

cyclopentene and ketene diethylacetal (XI).

0Bt
05t | ozt
’ h vV o
l + ::3< sens >
0it °
0
X XI

Irradiation of a solution of trans-methylcinnamate (XII,

R=CH3) or trans-cinnamic acid (XII, R=H) in. the presence of
tetramethylethylene results in an exclusive yield (25) of the

trans~photoadduct XITII.

i
O-R h '
o D
Cells -
XII .
XIII

Recent investigations have shown that °<,[?~unsatufated

CO,R

" ¢ H
675

nitro and cyano-compounds also will add to olefins to form
cyclobutanes in a manner analogous to unsaturated carbonyl moi-
eties. Irradiation of trans-[-nitrostyrene (XIV) in the pres-
ence of excess 1,1-diphenylethylene affords a single photoad-
duct XV in which the nitro and phenyl groups are oriented trans

to each other (26).



(O

NO2
hy E
/Jr/ ’ C.H
C6H5 C6H5 6H5 675 1. v
- 675

LIV XV

Similar irradiations of XIV in cyclopentene, cyclohegpne,
styrene, and tetramethylethylene gives analogous cyclobutane
derivatives in each case (26).

trans-Cinnamonitrile (XVI) undergoes photocycloaddition in
the presence of tetramethylethylene to give a mixture of cis

and trans-cyanocyclobutanes (XVII and XVIII) respectively.1

CN
: ’ CN
C=N KQ
+ hy . )
/J ‘/
c H G
65 675 C6H

trans/cis=5.00

XVI XVIT XVIII

5

Photochemical Decarboxylations

The photochemical decarboxylation of pyruvic acid has been
observed in the gas phase and in solution (27,28). In solution
the reaction path is highly dependent'on the medium. In aque-
ous solution pyruvic acid (XIX) is photodecarboxylated to give

acetoin (XX), whereas in hydrogen donating organic solvents

1W. R. Adams, Department of Chemistry, Iowa State Univer-
sity of Science and Technology, Ames, Iowa. Data from research
notebook. 1967.



photoreduction occurs to yield dimethyltartaric acid (XXI).

OH OH 0d OH
& ! h v H hy oo
HONC~C—C-COH &——— CHyC-CO,H —=———> CHyC—C-CHy
éH (l) . IMeOH H,0 Lo
3 3
XXI XIX XX

Pyruvic acid in the gas phase undergoes decarboxylation
to yield acetaldehyde. It was concluded (28) that the primary
rhotochemical process (vapor phase) is a concerted decarboxy-

lation from a cyclic transition state XXII.

0
C 0
7N\ hv 1
— 0 —
R I . Ny
0 H -0, /e H
0
XXIT ’ “H

Photolysis of benzoylformic acid (XXIII) in agqueous solu-
tion exhibits a different photochemical process, the main pro-

duct being benzaldehyde (27).

XXITI

The photo-Fries rearrangement (29) of aryl esters is
accompanied in several cases by decarboxylation products (30,
. 31). Irradiation of 3,5-di-§fbﬁtylphenylbenzoate (XXIVa) gives
3,5-di-t-butylphenol (XXVI), a hydroxyketone XXVa, a product



which has lost the elements of carbon dioxide XXVIIa, benzoic

acid and a trace of biphenyl (32).

0
0-C-R oH o o‘\
hy + R
—>
XXIV a. R=C6H5 XXVI XV a. R=C6H5
b. R:EfCH3OC6H4 b. R=_E;-CH3OC6H4
W W
XXVII a. R=H
b. R:CH3O

Finnegan and Knudson (32) suggested that this photoexpul-
~ sion of carbon dioxide proceeds in a concerted fashion via a

transition state XXVIII which requires that the configuration

EE—

XVIIT
of the o ~carbon in the R group be retained during the trans-

formation. In support of this mechanism, photodecarboxylation
with predominant retention of configuration has been recently
reported (33). Irradiation of S-(+)-XXIX yielded S-(+)-2-(3,5-
diﬁz—butylphenyl)butane (XXX), racemic 3,5~di~-t-butylphenyl-
sec-butylether (XXXI) and 3,5-di-t-butylphenol (XXXII).



2 73
H ! CH3 CH20H3 CH CHCH CH
=0 H CH
1 hy
XXIX XXX XXXTI XXXII

Acetylsalicylic acid (XXXIII) is.photodecomposed to ben-—-
zoic acid in acetic acid solution (34). The presence of the
o-carboxy substituent appears to be necessary for de-acetoxy-
lation as m and p-acetoxybenzoic acids under the same condi-

tions yield m and p-hydroxybenzoic acids, respectively.

0,H CO.H
2 on 2 C—g . °
, AN
DtOH HOAc

XXXITI

Irradiation of azobenzene-2-carboxylic acid (XXXIV, R=H)
and its 4'-methyl, 4'-chloro and 4'-dimethylamino (XXXIV, R=
CHB’ Cl and N(CH3)2) in benzene solution yields the correspond-
ing decarboxylated azo compounds (35). The position of the
carboxylic acid moiety appears crucial since neither azoben-

. zene-3-carboxylic acid nor azobenzene-4-carboxylic acid under-

goes photochemical decarboxylation under identical conditions.
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R
— NQN/©/
hy \l

The zwitterionic form XXXV is proposed as playing an

XXXIV

essential role in the decarboxylation.

XXV

Photolytic decarboxylation is observed when 2,3, or 4-
nitrophenylactic acids are irradiated in basic solution (36).
The following reaction shown for the 4-nitrophenylacetate ion

(XXXVI) occurs to give 4-nitrotoluene (XXXVII).

2

o v 5®
et 25 45 e

XXXVI ] XXXVII
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Under similar conditions the unsubstituted phenylacetate anion
and undissociated nitrophenylacetic acids did not undergo ap-
preciable photodecarboxylation.

The light-induced rearrangement of 3,4-diphenyl-4,5-epoxy-
2-cyclopentenone (XXXVIII) represents a complex photochemical
transformation (37). Photolysis of XXXVIII in anhydrous ether
for 18 hours afforded a mixture of products. The two major
components were g—terphenyl (XLI) and diphenylacetylene (XLII).
Irradiation of XXXVIII for shorter periods of time gave in ad-
dition to XLI and XLII, 4,5-diphenyl-3-pyrone (XXXIX)and 1,2,4,
7-tetraphenylcyclooctatetraene (XL).

Ph
XLI
+
0 | _ PhC=CPh

XXXVIII XXIX XL XLII

Corey (38) found that the low temperature ultraviolet
irradiation of 2-pyrone (XLIIIa) in ether afforded in almost
quantitative yield a photoisomer to which a bicyclic [?—1ac—

tone structure XLIVa was assigned. Isolation of this

() ey | 1

R<

XLIIIa. R=0 XLIVa. R=0
b. R=NCH, b. R=NCH3
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intermediate suggests the reaction scheme shown below.

Dh
Ph Ph .. Pi Ph
Ph AN n\\ Q PL l 0
hy , hy ! J, hy J
_ > —_ -
0 Ph Ph
Ph

Ph
—2co Ph AN
—> I — |l + PhC=CPh
_
Ph |
Ph

The final step in the sequence involves a known (39) photo-

chemical decomposition of 1,2,4,7-tetraphenylcyclooctatetraene

(XL).

A closely related transformation of 5,6-epoxy-4,5~diphen—
yl-2-pyrone (XLV) has been disclosed (40). Irradiation of XLV
in ‘methanol gave 3,4-diphenylfuran (XLVII) and methyl decyl-

acetate (XLVIII).

— —

Ph
Ph Ph
- G O —002
& m——% T | = Y

Ph
Path A L .
hV XLVI XLVII
Path B 0
Ph\\/) =C= -
H=C=0 Co : DIt CH3

| h O
OCHO | XLVIII
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The products were explained by two different photocnemical
paths. Path A involves a highly reactive lactone intermediate
XLVI which subsequently undergoes decarboxylation,while Path B
involves a ring fission giving a ketene intermediate which re-
acts wita solvent to give XLVIII.

Irradiation of N-phenylsydnone (XLIX) in benzene or diox-
ane solutions gives CO, (98%) and a mixture of ten photopro-
ducts from which 4—phenyl—.02~1,3,4—oxadiazolin—5—one (L) was
isolated (41). XLIX irradiated in dioxane with introduction
of '*¢-labeled C0, produced active L containing 80% of tue
activity of the photoproducts. It was postulated that irradi-
ation caused decarboxylation of LI to form 1H-diazirine (LII)

and subsequent addition of 002 to LIT or LIII gives L.

o e
Ph ... 2> 0 N
* \,-}- \) h vy :
*=*0 —_';
XLIX L
.. . Co
hv 2
i 002 .
Ph~
1};7\?0 --002 /n e ®
—_— > Ph =N —_— Ph—~N—N=CH
N 0__ NN
LI LII LIIT

Ultraviolet irradiation of o« -azidoacids causes efficient
decarboxylation and formation of the lower aldimine or ketimine

(42). Photolysis of azidodiphenylacetic acid (LIV) in methanol
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or in benzene solution yielded benzaldehyde phenylimine (ILVI)
and benzophenoneimine (LV). The photodecarboxylation probably
involves both direct loss of carbon dioxide and also phenyl

group migration followed by decarboxylation (42).

N N ¥
Pn_ |3 Ph_ | Ph\\
::C——-CO2H T BN j>C—-COZH —> SC=NH + CO,
Ph | Ph Ph :
l .
LIV Th
I
C—C—OQ0H ——> Ph—N=CHPh
Ph LVI
+ 002

Photochemical Transformations
of Acids and Related Compounds
Irradiation of ethyl-N-o-biphenylylcarbamate (LVII) in
methanol yields phenanthridone (LVIII) in 85% yield. Under
similar conditions, ethyl-o-biphenylylcarbonate (LIX) under-
goes photoacylation to afford dibenz-o«~pyrone (LX) in 85%
yield (43).

NH——COzEt

LVII
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:—g OBt ﬁ

LIX

Irradiation of caffeic acid (LXI) in methanol or acetic
acid in presence of oxygen gives esculetin (ILXII) in 10% yield.
The photochemical induced oxidative cyclization does not occur

in the absence of oxygen (44).

LXI LXII

The photolysis of several o-substituted Schiff bases
has recently been reported (45). Irradiation of LXIII a-c
in hexane gives LXIV a-c. The versatility of the photochem-
ical oxidation is demonstrated by the irradiation of thiobenQ

zanalide (LXV) in hexane to give LXIV c.

IO —= -0

LXIII a. X=0H ) LXIV a. X=0
b. X=NH2 b. X=NH
¢c. X=SH c. X=S
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H . N
T O 2o Q00
S S
LXV LXIV ¢

Sorbic acid (LXVI a) and the homologous acid LXVI b in
dilute ethereal solution are isomerized by light to the corre-

sponding allenes LXVII a and IXVII b (46)§

hy —
R“~¢5’9\\~::;>\\C02H —_ 3-—-0__.0.__0-——CH2002H

LXVI a. R=CH3 ILXVII a. R=CH
b. R=H b. R=H

3

The photoisomerization is postulated as proceeding through
LXVIII after preliminary conversion to the 2,3-cis-isomer (46).
No allene-type product was detected from the irradiation of a
5% aqueous potassium sorbate solution whereas irradiation of a
10% solution of methyl sorbate in ether containing 10% formic

acid resulted in a 8% yield of the methyl ester of LXVII a.

IXVIII

Dehydro-[?-cyclocitrylideneacetic acid (ILXIX) when irra-
diated in hexane yields a & -lactone IXX and a mixture of acids

IXXI and LXXII (47,48).
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CO,H
2__h_"9 + CH,COH

LXX LXXT

LXIX
-+
COo,H

LXXII 2

The lactonization is viewed as proceeding through ILXXIII.

LXXIII

It is interesting that [ -ionone (LXXIV) undergoes photo-

cyclization in a similar manner to form the pyran LXXV (49).

O .
, (0]

LXXIV LXXV
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RESULTS

Recent investigations (25), prompted by successful photo-
cycloadditions of olefins to o , [ -unsaturated ketones, con-
firmed that o(,lz—unsaturated acids are capable of undergoing
similar photocyclizations with olefins. Ultraviolet irradia-
~ tion of trans~cinnamic acid and &L -methylcinnamic acid in neat
tetramethylethylene (conditions chosen to facilitate photocy-—
cloaddition) afforded cyclobutane carboxylic acid adducts in
good yield. The photo-induced cycloaddition of oK —-methylcin-

namic acid (ILXXVI) to tetramethylethylene is shown below.

‘ 0 CH

CH 3
rn
OH + hl/ g VOZH
CcH quartz
CgH
LXXVI 44 ,2%

In an attempt to extend the scope of this reaction, irrad-
iation of cis-« -phenylcinnamic acid (LXXVII) in the presence
of tetramethylethylene afforded 1,2-diphenyl-3,3,4,4-tetrameth~
ylcyclobutane (LXXVIII, 66.5%) as the only product. Elemental
analysis gave 020H24 showing the product had lost the elements
of carbon dioxide. The infrared spectrum in potassium bromide
(Figure 1, page 23) confirmed the loss of the carboxylic acid
moiety giving absorption bands typical of a hydrocarbon. The
nmr spectrum (Figure 2, page 25) is in excellent agreement with

the structure of the photoproduct LXXVIII. There is a ten
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proton singlet at & 7.07, a two proton singlet at § 3.55 and
two six proton singlets at 31.12 and § 0.77. The mass spec-—

trum exhibited a very weak parent ion at m/e 264 and fragment

ions at m/e 181 (14.5%), 180 (100%).

0
C.H
65 OH oy
+ ___i___€>
CéHS quartz

LXXVII LXXVIII

C6H5

C6H5
The stereochemistry of the photo-adduct could not be as-
certained directly from the spectroscopic data. The trans-
isomer possesses a two-fold axis of symmetry and the cis-isomer
has a plane of symmetry which are indistinguishable in the nmr
spectrum.
Inspection of the photoproduct LXXVI&I leads to the real-

ization that irradiation of trans or cis-stilbene in the pres-

ence of tetramethylethylene should produce analogous adducts,
and if the photoreaction is stereoselective, the product struc-
as well as the stereochemistry would be realized.

The ultraviolet irradiation of either cis or trans-stil-
bene in the presence of tetramethylethylene yielded 1,2-diphen-
y1-3,3,4,4-tetramethylcyclobutane (LXXVIII) which was identi-
cal to the photo-adduct obtained ffom the photocyclization of
Cis—-o{~phenylcinnamic acid to tetramethylethylene. Under iden-
tical conditions the photocyclization of cis-stilbene to tetra-

methylethylene was observed to be slower (44 hr) than for the
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trans-isomer (19 hr).

’J],—C6H5 //’C6H5 ,/C6H5
or hV
C6Hs LL\ ‘quartz 7

u
cH

5
LXXVIII
An alternate attempt to circumvent the stereochemistry of

the photo-adduct is outlined below. Synthesis of the

C.H
685 C.H C.H C.H
- 65 685 615
BI‘ E > oxr
| C H s u
CgHs 655 CeHs 655

_ LXXIX
cyclobutene (IXXIX) from the photoproduct followed by a stereo-

specific reduction would hopefully afford either cis or trans-
1,2-diphenyl-3,3,4,4-tetramethylcyclobutane.

Conversion of LXXVIII by excess bromine gave a novel crys-
talline compound which was shown to be 1,2—(di—gfbromophenyl)-

3,3,4,4-tetramethylcyclobutene (LXXX) in 32% yield. The

Colls /A<::>>*Br

6t5 N/

LXXVIII : 0 LXXX
infrared spectrum in potassium bromide showed a strong absorp-

tion band at 12.25u which is typical for 1,4-disubstituted
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benzenes (50). The nmr spectrum (carbon tetfachloride) showed
an eight proton aromatic A,B, pattern '}’A=87.14, '}’B=87.39,
(J=8.5 cps) and a twelve proton singlet at & 1.26. The mag-
netic equivalence of the methyl groups is in accord with the
proposed structure ILXXX. The presence of the stilbene chro-
mophor is shown in the ultraviolet spectrum (95% ethanol) giv-
ing Amax 289 mu (e 10,100) and 240 mu (€ 15,600). The mass
spectrum exhibited an intense parent ion at m/e 418 and a
P + 2 ion (m/e 420, 206% of parent ion). Elemental analysis
gave 020H203r2 in support of the proposed structure.
Utilization of this novel reaction under milder oxidation
conditions would conceivably produce the desired cyclobutene
LXXIX. This was indeed the case. Oxidation of 1,2-diphenyl-
3,3,4,4~tetramethylecyclobutane (LXXVIII) with N-bromosuccini-
mide gave 1,2-diphenyl-3,3,4,4-tetramethylcyclobutene (ILXXIX)
in 80% yield. The infrared spectrum in potassium bromide
(Pigure 1, page 23) showed strong absorption bands at 1345
and 14.39u attributed to C-H out-of-plane bending of

H
CgHs ) Aetls
+ NBS ———EL——€> I
| oe1, |
Cells ' CeHs
LXXVIII LXXIX

monosubstituted benzenes (50). The intense ultraviolet absorp-
tion at Amax (95% ethanol) 278 mu (¢ 6,300) and 225 mu

(¢ 10,000) confirms the presence of the cis-stilbene chromophor



Figure 1. Infrared spectra

Top - trans-1,2-diphenyl-3,3,4,4~tetramethylcyclobutane (LXXVIII)
in potassium bromide

Bottom ~ 1,2-diphenyl-3,3,4,4-tetramethylcyclobutene (LXXIX) in
potassium bromide
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Figure 2.
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Nuclear magnetic resonance spectra

Top ~ trans-1,2-diphenyl-3,3,4,4-tetramethyl-
cyclobutane (LXXVIIIs in carbon tetra-
cnloride

Bottom - 1,2-diphenyl-3,3,4,4-tetramethylcyclo-

butene (LXXIX) in carpon tetrachloride
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(51). The nmr spectrum is shown in TFigure 2, page 25. There

is a2 multiplet centered at & 7.25 and a singlet at §1.32.

The peak areas are in the ratio of 5:6 respectively. The struc-

ture was also confirmed by the mass spectrum which gave an in-

tense molecular ion at m/e 262 and by the elemental analysis.
This unprecedented oxidation merits further comment con-

cerning the mechanism. Recent studies (52) indicate that ben-

zylic brominations with N-bromosuccinimide, the bromine radi-

cal is the hydrogen-abstracting reagent. Thus a hydrogen atom

 abstraction followed'by hydrogen atom transfer from the cyclo-

butane radical to bromine could proceed in the following manner.

H.C
576 cH

5
N 2 1y Cels
Y N
H Br—3Br CsHs

An alternate mechanism involving bromine substitution
followed by elimination of hydrogen bromide is less likely due
to steric requirements imposed by the bulky cyclobutane mole- |
cule. |

An auvthentic sample of 1,2-diphenyl-3,3,4,4-tetramethyl-
cyclobutene (LXXIX) was prepared by photocyclpaddition of di-
phenylacetylene to'tetramethylethylene in 30% yield. The in~
frared spectrum in a potassium bromide pellet was identical in

every detail to that of the oxidized compound LXXIX.
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CgH~C==C~CHs +I v L
LXXIX 63

Attempted reduction of the cyclobutene LXXIX by catalyt-
ic hydrogenation over platinum oxide or palladium on charcoal
at various hydrogen pressures failed, presumably due to the
.steric hindrance of the gem-dimetnyl groups. Diimide reduc-
tion (53,54) using hydrazine and hydrogen peroxide or g—tol—
~uenesulfonyl hydrazine also failed.

Olefinic bonds which are conjugated with aromatic nuclei
are readily hydrogenated by alkxali metals in liquid ammonia.
The reduction of the stilbenoid bond results in the formation
of two asymmetric cenfers and the more stable of two possible
stereochemical arrangements is usually produced (55,56).

Reduction of 1,2-diphenyl-3,3,4,4-tetramethylcyclobutene
(LXXIX) using potassium in liquid ammonia gave the original
cyclobutane LXXVIII obtained from fhe photoaddition of the cis-

acid to tetramethylethylene, which is thus assigned trans

stereochemistry.

¢ H
65 _CeHs
(1) XK,NH, .
> rd
(2) EtOH ',
655 | "o H
. : 98/"40 6 5

LXXIX LXXVIII
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The trans stereochemical assignment is supported by the
recent synthesis of cis and trans-1,2-diphenylcyclobutane (57).
‘The configurations of tThe cis and trans isomers were assigned
from the nmr spectra. The absorption band of the & -protons
of trans-1,2-diphenylcyclobutane (LXXXI) was centered at § 3.55,
while that of cis-1,2-diphenylcyclobutane (LXXXII) was centered

at & 3.94. The cis isomer was readily isomerized to the trans

C6H5 C6H5
“,
06H5 C6H5
$3.55 S 3.94
LXXXI LXXXII

isomer by treatment with potassium t-butoxide in dimethyl
sulfoxide which indicates that the more stable isomer is iso-
lated from basic conditions. The chemical shift of the ben-
zylic protons of the trans-cyclobutane LXXXI is in excellent
agreement with that of trans-1,2-diphenyl-3,3,4,4-cyclobutane
(LXXVIII) which also absorbs at & 3.55.

The aromatic proton resonance in the nmr spectrum of
trans-1,2-diphenyl-3,3,4,4-cyclobutane (LXXVIII) appeared as a
sharp singlet which lends additional support to the stereochem-~
ical assignment., Curtin (58) has shown that the aromatic pro-
ton resonance of trans-1,2-diphenylcyclopentane appeared as a
sharp singlet while a multiplet was observed for cis-1,2-diphen-

ylcyclopentane.

In an effort to gain insight to the mechanism of the
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photodecarboxylation, a benzene solution of cis-a&l~-phenylcin-
namic acid (LXXVII) was irradiated using a Pyrex filter. The
reaction was monitored in the infrared spectrum (PFigure 3, page

32). The carboxylic acid band (5.95;.1, ) gradually diminished

- Cefls i %65 o
) - OH n Y
| C.H 21 hor ;\:f
675 ()6H5 )
197

LXXVII LXXXIII
during the coﬁrse of the réaction énd was replaced by an in-
tense band at 5.45K . At the end of the irfradiation the acid
band was completely removed. The nmr of the crude residue
showed two AB proton patterns at 7A=85.12, 73=85.68 (J=
7.0 cps); VA’=84.59, 7B‘=8 5.37 (J= 4.5 cps), which were
assigned to cis and trans- o, [ -diphenyl-[3 -propiolactone re-
spectively. The assignment of configuration was made on the
basis of the nmr spectra. The benzylic protons of the trans-
ﬂ-—lactone experience significant shielding by the adjacent ar-
omatic ring (57,58). The cis and trans-« ,[ -diphenyl-[3 -pro-
piolactone ratio was about 3:1 respectively and longer irradi-
ation time failed to change this ratio. Crystallization of the
residue gave only cis- oC,ﬂ—diphenyl-—,@—prOpiola'ctone (LXXXIII)
in 79% yield. The structural assignment was confirmed by the
strong absorption band at 5.45u ifx the infrared spectrum
(Figure 3, page 32) which is typical for [3-lactones (59). The

nmr (Figure 5, page 47 ) showed a ten proton multiplet centered
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at § 7.10 and an AB proton pattern ')’A=85.3O, 7B=85.84 (J=
7.0 cps). Elemental analysis and the mass spectrum also sup-
port the [ -lactone structure LXXXIII. The mass spectrunm
shows a base peak at m/e 118 waich is assigned to the phenyl
ketene radical cation. The stilbene ion molecule (m/e 180,
16.4% of base} results from the alternate cleavage of the par-

ent ion (m/e 224).

5 Cells +.

+.

—CH=C =0 C,H—CH=CH-C_H

5m/e118 Jé— '*%(69 >
0 _ m/e 180

C-H
(o}

m/e 224

The [3-lactone structure LXXXIII is also supported by
pyrolysis giving cis-stilbene (76%) and carbon dioxide (92%).
The isolation 6f cis-stilbene suggests that decarboxylation of
the [ -lactone undergoes a stereospecific cis expulsion of car-
bon dioxide. This interpretation is in accord only with a cis-
diphenyl configuration of the [-lactone.

Noyce and Banitt (60) have recently shown that decarboxy-
lation of [J-lactones in agueous solution occur by a stereospe-
cific cis elimination. Decarboxylation of _c_i__s_—o<-methyl—B—(£—
chlorophenyl)- [3-propiolactone (LXXXIV) in a buffer solution
(pH 6.2) at 25 or 100° affords pure cis-propene LXXXV. Simi-
larly, the _t_rg_ng_—ﬁ-lactone IXXXVI under identical conditions

gave pure trans-propene LXXXVII.



Figure 3. Infrared spectra

Top - cis—X—phénylcinnarnic acid (LXXVII)
in potassium bromide

Middle -  photochemical isomerization of cis-«-
phenylcinnamic acid (LXXVII) to cis—e,
[-diphenyl~ 3-propiolactone (LXXXIII)
in chloroform

Bottom - cig~- «, B—diphenyl-—B—propiolac‘cone
(IXXXIII) in ‘potassium bromide
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3-01-C6H4“ LT LXXXVIT

Pnotolysis of trans~o(-phenylcinnamic acid (LXXXVIII)
using conditions identical to that of cis—-«(-phenylcinnamic
acid required a longer irradiation period (46 hr) for conver—

sion to the cis- fJ-lactone LXXXIII. The low yield of the

o .
CeH C5H5Q\
od h v f
0
C6H5 CGHS/
LXXXVIII LXXXIII

[-lactone (12.5%) presumably resulted from the prolonged ir-
radiation period.
Independent synthesis of trans-/f -lactone was attempted

following the scheme below.

GO, H

2 C.H
CoH 00,H HBr . 6 QQ\
——————j? ] CgHls Na,CO r—-f7p
CgH - 675 H > 0
5 LXXXIX C6H5¢° (o)

Br
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jgggg—Addition of hydrogen bromide gave erythro-3-bromo-
2,3-diphenylpropanoic acid ILXXXIX which upon treatment of so-
dium carbonate zave a mixture of trans-stilbene and a small
quantity of trans-/J-lactone XC. The infrared spectrum of the
mixture in potassium bromide gave an intense [3—lacfone vand at
5.464 . The nmr spectrum confirmed the presencevdf—%he[3—lac—
tone which gave a AB proton pattern 7k= $4.62, 7B==85.39 (JAB=
4.5 cps). The smaller coupling constant for the trans benzylic
protons of the [J-lactone is consonant with the structural as-
" signment (see Table 2).

The photochemistry of cis-&K-phenylcinnamic acid has been

- previously investigated by other workers. Stoemer and Voht

(61) obtained the less stable trans-o(-phenylcinnamic acid by
irradiating an aqueous solution of sodium cis-o(-phenylcin-
namate for 3-4 days using a quartz filter. Somewhat higher

- yields of the trans-acid (about 50%) were obtained when the free
acid was irradiated in water, benzene, ethanol or acetone solu-
tions. No other products were reported by these workers.

In conjunction with their investigations on the photocy—
clization of cis-stilbene, Mallory and Wood (62) irradiated
with an unfiltered mercury arc lamp, a 0.1 molar solution of
cis-K-phenylcinnamic acid containing 0.0005 molar solution of
iodine in one liter of cyclohexane or benzene open to the air.

The only product isolated was 9-anthranoic acid (XCI, mp 255-

256°) in 72% yield.
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XCI

It is significant that in our investigations we found no
evidence for the presence of the phenanthrene derivative. We
have verified this oxidation and observed only a small amount
of [3—lactone in the infrared spectrum during the irradiation.
Since our irradiations were run under non-oxidative conditions
(e.g., solution was degassed with nitrogen and sealed) an al-
ternate photochemical path is apparently favored. Ilost recent
results (63) indicate that the phenanthrene formation does not
occur in solution if oxygen is rigorously exéluded. Addition
of iodine tovthe reaction appears to enhance the rate of cycli-
zation and its function has been suggested (63) to be that of a
hydrogen acceptor.

Bvidence that cis-«, ,B-diphenyl—B -propiolactone (LXXXIII)
was the intermediate responsible for the formation of trans-1,2-
diphenyl-3,3,4,4-tetramethylcyclobutane was confirmed by the
finding that the photolysis of LXXXIII in the presence of tet-
ramethylethylene afforded the identical trans-cyclobutane
LXXVIIT in 85% yield.

C6H5 0 C6H5

n v
___J/ ¥ :II: quartz 3
74 * OgH;

LXXXIIT LXXVIIT

C6H
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Irradiation of the [§-lactone LXXXIII in the absence of
tetramethylethylene gave a complex mixture from which paenan-—
threne (XCII) was isolated in 37% yield. Phenanthrene has been

shown to be produced from the photocyclization of cis-stilbene

(64).

C.H
675
QA

C6H50)

Linnell and Noyes (65) have shown that the photodegreda-—

+ other products

tion of liquid LZ-propiolactone at 2537 & gave an equally com-
plex mixture. In addition to a large amount of polymer, ethyl-
ene, acetaldehyde, and acrylic acid were isolated.

A summary of the interreléted photochemical reactions is
shown in Figure 4.

Irradiation of several o<12—phenyl and (3 -p-phenyl substi-
tuted acids XCIII a-1 were attempted to observe the effects of
electron donating or withdrawing substituents on the [Z—lactone
formation. The results are compiled in Tables 1 and 2.

[-Lactones XCIV a-d were isolated in the pure form and
all possessed the cis-diphenyl configuration (see Experimental).
The trans-J-lactones although present (vide infra) were never
isolated. The isolation of the pure [ ~lactones were hampered

by the presence of both cis and trans isomers in the crude pro-

ducts and in several cases olefins resulting from the



Figure 4.

Reaction scheme
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Table 1. Substituent effect on [ -lactone
formation from cis- X -phenylcinnanic acids®,

1
¥ $
rLLOH noy x
> .
Ry O XCIII R2/©/XCIV

Acid %.max,m#Ab Irradiation trans/cis
time, hr ratio®
2. Ry=H,R,=H © 286(16,000) 21 0.4
b. R =CHy,R,=H 284(18,000) 23.5 0.9
c. Ry=H,R,=CH, 297(20,000) 28.5 0.3
d. R,=Cl,R,=H 290(17,000) 72° 0.6
e. R,=H,R,=Cl 296(20,000) 26 0.8
f. R,=F,Ry=H 288(17,000) 41 1.0
g. R,=CN,Ry=H 293(16,000) 72¢ 0.0
h. R=H,R,=CN 289(20,000) 5. . 0.7
1. R,=NO,,R,=H 293(16,000)% 72 no lactone
j. Ry=H,R,=NO, 310(12,000)% 36° 1.0
k. R;=0CH;,R,=H 323(sh) (15,000) 10.5 1.0
1. Ry=H,I 2.-OCH3 313(22,000) 96 no lactone

“The acids (2.0 g) in benzene were irradiated in a Pyrex
vessel with a Hanovia Type A 550-watt lamp. The solutions
were degassed with nitrogen throughout the irradiation.

bThe ultraviolet spectra were taken in spectral grade cy-
clohexane (Fischer Scientific Company).

®Reaction did=not go to completion.

dThe extinction coefficient is a minimum value due to the
insolubility of the acids in cyclohexane.

®Calculated from the nmr spectra of the crude product.
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Table 2. Nuclear magnetic resonance of p-substituted
« , 3-diphenyl-[J -propiolactoned;b.
R1
9

0]

o XCIV

cis trans
Lactone A B J,cps A B Jd,cps

b. Ry=CHy,Ry=H  5.03 5.60 7.0  4.50 5.30 4.5

C. R1=H,R2=CH3 5.05" 5.62 7.0 4.53 5.34 4.5

d. R1=Cl,32=H 5.09 5.67 7.0 4.55 5.32 4.5
e. R1=H,R2=Cl 5.16 5.69 7.0 4.59 5.33 4.5
f. R1=F,R2=H 5.15 5072 7.0 4‘060 5-35 4'05
g. R =CN,R,=H 5.37 - 5.89 7.0 nil
h. R,=H,R,=CN 5.37  5.87 7.0  4.66  5.50 4.5
i. R,=NO,,R,=H nil nil
j. Ry=H,R,=NO,  5.35 5.88 7.0  4.69  5.52 4.5
k. Ry=OCHj,Ry=H 5.05  5.62 7.0  4.51 5.28 4.5
1. R,=H,R,=0CH, nil nil

@r11 spectra were run in deuteriochloroform containing
tetramethylsilane as internal standard. Resonance positions
are given as Q@ -values relative to internal tetramethylsilane.

bResonance positions were taken from spectra of crude pro-
ducts in which both isomers were present. Spectra of the pure
cis isomers isolated are described in the experimental section.
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decarboxylation of the [-lactones were isolated.

Several dramatic effects are observed in Table 1. Assum-
ing thie parent acid XCIITI a as the standard, the [?—E—cyano
acid XCIII h reacts four times as fast whereas the [}jg—methoxy
substituted acid XCIII 1 does not react at all. It appears
that electron withdrawing substituents on the L?—phenyl ring
enhance the isomerization while electron donating substituents
impair it. Substitution of the o« -phenyl ring appears to re-
verse the substituent effect on the [3-lactone formation but
not as effectively. The generality does not seem to apply to
the nitro substituted acids. Aromatic nitro compounds are
known to absorb at wavelengths longer- than 290 my thus making
the excitation of the conjugated acid moiety less efficient.

In addition both nitro acids had only a limited solubility in
benzene and only after 12-13 hours of irradiation was the solu-
tion homogeneous. In any case, the A?—g—nitro substituted acid
XCIII J appears to isomerize to the lactone faster than the

oK -p-nitro XCIIT i compound.

Careful examination of the crude [-lactones prior to re-
crystallization revealed mixtures of cis and trans-[ -lactones
were present in every case except lactone XCIV g. The nuclear
magnetic resonance absorption of the [J-lactones are shown in
Table 2. The structural assignments were based on the coupling
constants of the benzylic protons as well as their resonance
. positions although reservations must be made when dealing with

mixtures.
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The ranges of vicinal cis (4.6-11.38 cps) and trans (2.24-
10.72 cps) coupling constants are considerable. The cis coup-
ling consvants are usually larger than the trans coupling con-
stants, but the assignment of cis and trans stereochemistry to
adjacent groups in cyclobutane rings, on the basis of coupling
constaents alone, cannot be made with any assurance (66). As-
signments in the present case were based on the coupling con-

stants of cis and trans—o(,B—diphenyl-—ﬂ—propiolactone.

The formation of [ -lactones from photolysis of &, 3 ~un~
saturated acids appears to have some generality. A variety of
X-substituted cimmnamic and crotonic acids (XCV a-f) gave
[-lactones. The isomerization was always slower than observed
for o« -phenylcinnamic acid (IXVIII) and no lactones were iso-
lated from this éeries. The [ -lactones were always obtained
as mixtures with the unsaturated acid and separation was not
achieved. The formation of the [3-lactones was confirmed by nu-

clear magnetic resonance and infrared spectroscopy.

84 o i3
a. C6H5 C6H5 H
R # :
I Nog n, N b. CHy CgH; &
R ;] R i
Ry~ \Ry .32 T C. C6H5 CHB H
; .
o d. ¢6H5 C6H5 C6H5
. CgHy H H

f. CHy CH, H (67)



t is significant that crotonic acid (XCV, R2=CH3, R7=33=H
trans-cinnamic acid (XCV, 32=06H5, R1=?3=H),[?,[?-diphenylacryl—
ic acid (XcCv, R2=RB=C6H5,R1=H), and biphenyleneacrylic acid
failed to give detectable yields of L?—lactones. Only cis
trans-isomerization was observed with crotonic and trans-cin-
namic acids wnereas the latter two acids failed to undergo any
photochemical transformation.

The ability of the unsaturated acid to undergo photochem-—
ical isomerization to the [ ~lactone depends on substitution
- of the acrylic acid. Substitution of the «L-position appears
to be a prereguisite to the success of the photochemical isom-
erization. If both K and [ positions are 'substituted,the [ -
lactone formation appéars to be facile while substitution only
at the [-position failed to give [ -lactones.

Amides XCVI and CIII undergo a similar photochemical
isomerization to [?—lactams. Photolysis of cis-o(~phenylcin-
namanilide (XCVI) in benzene for 23 hours with ultraviolet
light above 290 mu afforded a mixture of products. Separation
by Silica Gel chromatography and fractional recrystallization

gave cis and trans-1,3,4-triphenyl-2-azetidinone (XCVII, XCVIII)

respectively, together with other products.

C.H . C.H Ph.
6 rCONHPh "y 675N —Z h
—— + -
C Hx |1
657 Byrex © g, 7 Nea, N rn N
65 '
37 2.3% 56

XCVI XCVII XCVIII XCIX
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The infrared speétrum-of M—T,3,4-triphenyl—2—azetidi-—
none (XCVIII) in potassium bromide is shown in Figure 6, page
43. There is a strong carbonyl band at 5.73 g which is con-
sistent with a [-lactam structure (59). The nmr spectrum
(Pigure 5, page 47) shows a fifteen proton multiplet centered
at §7.30 and an AB proton pattern 7,=§4.25, Vy=§4.94
(JAB=3'O cps). The structure assignment is also confirmed by
tne mass spectrum and elemental analysis.

The isomerized product was assigned the [Z—Iactam struc-
ture rather than the K -iminooxetane structure C on the basis of.
the mass spectral cleavage patterns. The &-iminooxetane struc-
ture would be ekpected to show olefin (m/e 180) and ketenimine
(m/e 193) fragments while fragmentation of the [-lactam would
give olefin (m/e 180) and benzaldehyde anil (m/e 181) radical
cations (9). The mass spectrum shows a base peak at m/e 180
and a benzaldehyd anil radical cation a% m/e 181 (33.7% of base)

which is consonant only with the [f-lactam structure.

0 180
C6H5 /Ph C6H5
Nd N
193 L/v 118 L\ o~ '
/J o 1106 /) N 181
C6H5 C6H5 \Ph
119 119
C

The infrared analysis fails to distinguish between o -
iminooxetane and [ -lactam structures since the imino group of
the former and the carbonyl group of the latter have almost

identical stretching frequencies (9).
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An authenic sample of trans-1,3,4-triphenyl-2-azetidi-
none (XCVIII) was prepared from the condensation of benzal
eniline (CI) and phenylketene (CII). The infrared spectrum in
potassium bromide of trans-1,3,4-tripnenyl-2-azetidinone

(XCVIII) was identical in all respecits to that of the trans- [ ~

lactam isolated from the photolysis of cis-«-phenylcinnamani-

lide (XCVI).

C6Ha§\
PhCH=NHPh + PhCH=C=0 —_—

Lo
C6H5\\‘ \C H
CI ClI XCvVIII © 2

The stereochemical assignment of the trans- [} -lactam was
based on the smaller coupling constant of the benzylic protons
compared to that of the cis-[-lactam (vide infra). Also, in
the preparation of the authentic [ -lactam it is clear that the
cis fbrm in which the 3 and 4 phenyl groups are eclipsed, would
be of much higher energy than the trans isomer and it is high-
ly probable that the latter is formed exclusivelylin reactions
such as the cycloaddition of phenylketene and benzaldehyde an-—
ils.

cis-1,3,4-Triphenyl-2-azetidinone (XCVII) also gave a
strong carbonyl band at 5.754 in the infrared spectrum (Figure
6, page 49). The nmr spectrum (Figure 5, page 47) is in excel-
lent agreément with the structure. A fifteen proton multiplet

was centered at § 7.20 and an AB proton pattern 7A= 54.96,



Migure

5.

Nuclear magnetic resonance spectra

Top -

Middle -

Bottom -

cis— X, B -diphenyl- [3-propiolactone
(LXXXIII) in deuteriochloroform

trans-1,3,4-triphenyl-2-azetidinone
ZXCVIIIS in deuteriochloroform

cis-1,3,4-triphenyl-2-azetidinone
(XCVII) in deuteriochloroform
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Figure 6.

Infrared spectra

Top - trans-1,3,4- trlphenyl 2—-azetidinone (XCVIII)
in pOtd sium bromide
Bottom - ci

,3 4~triphenyl-2~azetidinone (XCVII)
1n otassium bromide
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7&f=85.44 (JAB=7‘O cps). The structure is also supported by
elemental analysis and the mass spectrum.exhibited a strong
parent ion at m/e 299 (30%) and fragment ions at m/e 181 (100%)
and 180 (86%).

Attenpted pyrolysis of cis and trans-ﬁ?—lactams on an

Aerograph ilodel 512 vapor phase caromatograph packed with
20% SE-30 on Chromosorb P at temperatures ranging from 200-
3500 were not successful.

A third compound wnose sitiructure was tentatively as-
| signed as c¢is-3,4-diphenylhydrocarbostyril (XCIX) gave a
strong carbonyl band at.5.98}L in the infrared spectrum (XBr).
.~ The nmr spectrum gave a N-~H proton singlet at §9.35, an aro-
matic multiplet centered at §7.10 and an AB proton pattern
Y= 8417, Vg=84.43 (J,5=6.0 cps). The mass spectrum ex-
hibited an intense molecular ion at m/e 299. The stereochem-
istry is assigned cis in view of the small coupling constant
of the benzylic protons (68). Cyclization of cis-1,3,4-tri-
phenyl-2-azetidinone to c¢is-3,4-diphenylhydrocarbostyril is
analogous to other non-oxidative photocyclizations of acryl-
anilides (67).

Ultraviolet irradiation of cis- o(-phenylcinnamamide (CIII)
in benzene for 70 hours gave a complex mixture which upon sep-
aration by chromatography and fractional recrystallization

gave trans-stilbene, and cis and trans-3,4-diphenyl-2-azetidi-

none (CIV, CV) respectively. A fourth photoproduct was iso-

lated and tentatively identified as 3-phenylhydrocarbostyril

P 3



(CVI). Unreacted amide CIII was also recovered.

7
F h\r_f n\_. f
Ph I/lq\ I +
NH h 2——— \? __I\a
2 —'—9“ d P o H \‘\\\ /N H
:] benzene £h 13% P 3.0%
Ph CIV Cv
h n
CIII /] [/ N @\( 6. 27
Ph 2.5% H/&D CVI

H
The infrared spectrum (Figure 7, page 53) in potassiunm

bromide of cis-3,4-diphenyl-2-azetidinone (CIV) shows an in-
tense carbonyl band at 5.72 and 5.78 K which collapses to a
single band (5,67fL) in'chloroform. The nmr spectrum (Figure
8, page 55) shows a ten proton multiplet centered at § 7.00,
one protonvmultiplet centered at O 6.80 and an AB proton pat-
tern ')’A=84.87, 'VB=85.12 (J,5=6-0 cps). The A proton
appears as a doublet of doublets (J=1.8 cps). Spin-spin de-
coupling by irradiation at 410 cps downfield from tetramethyl-
Esilane causes the A proton to collapse to a doublet. The
structure was also confirmed by elemental analysis and the
mass spectrum exhibited an intense parent ion at m/e 223 (38%)
and fragment ions at m/e 180 (25%) and 118 (100%).

The structural assignment of E£§£§—3,4—diphenyl—2—azetidi—
none (CV) was confirmed by the infrared spectrum (Figure 7,
page 53) in potéssium bromide., There are two carbonyl bands
at 5.72 and 5.86 4 which collapsed to a single band at 5.67u
wnen the spectrum is run in chloroform. The nmr spectrun

(Figure 8, page 55) shows a ten proton multiplet centered at



Figure 7. Infrared spectra

Top - trans-3,4-diphenyl-2-azetidinone (CV)
in potassium bromide

Bottom - cis~3,4~diphenyl-2-azetidinone (CIV)
in potassium bromide
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Pigure 8. Nuclear magnetic resonance spectra

Top - trans-3,4-diphenyl-2-azetidinone (CV)
in deuteriochloroform

Bottom - cis-3,4-diphenyl~2-azetidinone (CIV)
' in deuteriochloroform
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S 7.34 and one proton centered at § 6.90 and an AB proion pat-
tern 'YA=84.15, V5=384.62 (J,5=3.0 cps). The mass spectrum
gave an intense molecular ion at m/e 223 (11%) and fragment ions
at /e 180 (100%), 165 (20%), and 118 (69%).

The [2—lactam structural assignment is confirmed by the
mass spectral cleavage patterns. Both cis and trans-3,4-diphen-

yl-2-azetidinone gave intense fragment ions at m/e 118 which

is assigned to the phenylketene radical ion.

180

CgHyg— ~g > 106

43

The stereochemical arrangement of the cis and trano—[2—
lactam CIV and CV were assigned by comparing the coupling con-
stants with those of cis and trans-1,3,4-triphenyl-2-azetidi-
none (XCVII, XCVIII) respectively.

3-Phenylhydrocarbostyril (CVI) showed an intense carbonyl
band at 5.964 in the infrared spectrum. The nmr spectrum gave
a one proton multiplet centered at § 9.15, an aromatic proton
multiplet centered at § 7.20 and an A,B proton pattern 7A=83.18,
7 53.80 (J =8.2 cps). The structure was supported by the
elemental analysis and the mass spectrum which showed an intense
parent ion at m/e 223 (100%).

Sargent and Timmons have feported (69) the photocyclization

of cis-o~phenylcinnamamide (CIII) to 9-carbamoylphenanthrene
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, 41%) by irradiation in ethanol in the presence

wtnors also isolated & residue from tae irradi-

o)
b
o
I._I .
K
L]
3
oy
®
0

ation but further separation was rnot aittained.

SR )
: |
X ﬁj\l\’HZ ’ S,
—rs K
.

CIII CVII

In contrast to the conditions employed by Sargent and
Timmons our irradiations were degassed witn prepurified anitro-
gen for 30 minutes and sealed. We have no evidence that tﬁe
phenanthrene derivative (CVII) was a product in our irradia-
tion. Our results emphasize the need for oxygen in the oxida-
tive cyclizations.

The photochemical isomerigzation to produce Z?-lactones
and.[?—lactams has distinet advantages over other methods of
preparation (70,71) due to the simplicity of the reaction and
the production of the cis-isomer as the major product. The
ability to form both diastereomeric [ -lactams simultaneously
is unprecedented in [-lactam synthesis. Until now, both cis
and trans-isomers had never been observed in the preparation

of monocyclic [-lactanms.



Spectral Considerations

By analogy with &, [J-unsaturated ketones and aldehydes

ferent transitions

Hy

(72), one should expect to observe itwo di
in the ulsraviolet spectrum, namely n,Pi¥ and Pi,Pi¥ as indi-
cated in Iigure 8, page 60. Comparced with the corresvonding
ketones and aldehydes, all electronic levels will be modified
by the pfesence of the hydroxyl oxygen directly attached to

the carbonyl group. In unsaturated acids this effect resulis
in a nypsochromic shift of the n,Pi* transition of about

30 nu relative to corresponding transition of methyl vinyl
ketone (73). It has been amply verified that the effect of

the hydroxyl group oa the Pi,Pi* band of «, [ -unsaturated
acids is relatively minor (73). Recently VWeiss and Ziffer (74)
have shown that the vapor phase spectrum of Z?,L?—dimethyl—
acrylic acid exhibits a distinct meximum at 245 mp which they
have tentatively ascribed to the n,Pi* transition on the basis
of its low intensity. However, careful investigation of the
solution spectra of several o(,[?—unsaturated acids in water,
hexane and cyclonexane failed to indicate the presence of any
band above 220 mu which could be attributed to the n,Pi* tran-
sition. We have also failed to observe n,Pi¥* bands of the
acids investigated in ethanol and cyclohexane solutions.

The most likely cause of this anomalous behavior is the

ability of the free acids to dimerize. In polar solvents such



Inergy level scheme for the <><,,8-unsa"curated
acid system (adapted from Closson, Brady, and
Orenski (69)).
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s water and metnanol the acld provably exists predominantly

@

the dissoclated species wnile in non-polar sclvents the di-

S

jW]

mer is probably the favored form (75). Tuis dimerization phe-
nomenon indicates that benzene or cyclohexane is as polar a
medium for the acids as 1is water and it is easily demonstrated
(76) tnat & polar solvent results in a snift of the n,Pi¥* band
to shorter wave lengtn (blue shift) and the Pi,Pi¥ band to
longer wavelengths (red shift). This effect could result in
complete masking of the n,Pi* transition by the Pi,Pi* tran-
sition. An alternative explenation concerning the anomalous

ultraviolet absorption behavior of acids has been recently re-

ported (77).
ilechanisn

Two structurally different paths could explain the form-

ation of the [-lactone LXXXIII from cis or trans—- «(-phenyl-

cinnamic acid. Path A involves a photochemical cyclization to

RRVES h OH Path A
‘] Fs
g, I ﬁ —
2
cv:uI CIX
l/ y R,]\ OH
R, % /__o] ~—> Path B
By
CX CXI

an oxabicyclobutane CVIII followed by subsecquent isomerization
to the [-lactone CIX. The isomerization to the oxabicyclobu-

tane is analogous to the isomerization of transoid-1,3-butadiene
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(78); Path 3 involves a valence ilsomurization to & hydroxy
oxetene CX waich could ketonize to a [J-lactone CXI. Irradia-
tion of cis-ol-(po-tolyl)-cinnamic acid (CXII) affords only
«~0-tolyl- /3 -phenyl- [f-propiolactone (CXIII) which was iden-
tified by the fragmentation of the parent ion (m/e 238) to p-

tolylketene radical cation (m/e 132, 100% of base). No

CXIV CXV
fragment attributable to phenylketene (m/e 118) was observed.

Irrediation of the other isomer, cis- «-phenyl-p-methylcin-
namic acid (CXIV) gave only o<-phenyl—[2—ggtolylﬁﬁ—pfopiolac—
tone (CXV). The lactone gave a weak parent ion at m/e 238 and
a phenylketene radical cation at m/e 118 (40.6% of base).
These results are consistent only with Path B.

Pormation of the hydroxy oxetene could occur by the follow-
ing mechanisms. IMechanism A involves the acid hydroxyl attack-
ing the olefinic bond while Mechanism B involves an attack by
the acid carbonyl moiety.

e Ph © .
~ % 0@ N L o®@ — 0

OH Ph— I Ph

Mechanism A
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Ilecnanism 3
Independent investigations by Kropp (79) and ilarshall and
Carroll (80) have revealed the ability of olefinic bonds to
undergo photochemical addition with alcohols and acids. Irra-
diation of 1-methene (CXVI) in methanol-benzene afforded the
ethers CXVIII and CXIX in addition to the exocyclic isomer
CXVII. 1-Methylcyclohexens (CXX) affords 1-methylcyclohexyl

033%% OCH3 Cng% d3

_*} + +

\

CXVI CXVII CXVIII CXIX
acetate (CXXI) upon irradiation in acetic acid (80). These

additions are typical of ilonic processes and one could envision

g

0C-CH
hy 3
Xylene

+ CH 002d

3

CXX CXXI
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the LZ—lactone formation as an intramoclecular addition of the
acid moiety to the stilbene double tond (e.g., mechanism A).
tHowever, KXropp believes tnese solvent addition processes in-
volve a hignly strained trans-olefin whicnh seeks relief by
protonation and subsequent elemination or ether formation.
This view is supported by the fact that acyclic olefins do not
add methanol. Since the cis ftrans isomerization of o< -phenyl-
cinnamic acid is not sterically impeded, the mechanism is prob-
ably not operative in the cyclization to the [ -lactone.

There 1is as yet, no established case of a compound witn
an unsaturated four-membered cyclic ether (oxetene) reported
in the literature (70). Several recent attempts to prepare
oxetenes have been unsuccessful. Billchi and coworkers (81)
have described a reaction between 5-decyne (CXXII) and alde-
nhydes and ketones on irradiation, but unfortunately tne oxe-
tenes that would be expected could not be isolated. Instead
an o<,[?—unsaturated ketone CXXIV, which could conceivably

arise from an unstable intermediate oxetene CXXIII, was ob-

tained in low yield.

C,H
C6H5 479
JH=—(C = Hy—C=C— =
Cglls—C=0 + CyHg—C=C—C,H, Wy N ¢, Hy
R . R 0
CXXII .
o pep \LCXKIII
b. R:CH3 (l)'
C6H5——?==QH-C~—C4H9
R

CXXIV
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Ar. oxetene intermediate has also been postulated (82,83)
in the paotocyclization of benzoguinone (CAXV) with diphenyl-

S

acetylene wnich is reminiscent of the reaction descrived by

Ueni.
rh Ph
0 Ph . P
l Ph g “
| ; Ly
Pl —— ‘ _—
Lo
0 0
CXXV

In the hope of gaining insight concerning the mechaniscr
of pnotocyclization,molecular orbitals for o« ~phenylcinnamic
and related acids were obtained from simple Hiickel molecular
orbital calculations using a computor program (84) carried out
with the help of Dr. G. Underwood. The parameter values for
heteroatoms were taken from Streitwieser (85). The oxygen
atoms. of the carboxylic acid were assumed to be equivalent and
were assigned values of 1.5 and 0.9 for the coulomb and bond
integrals respectively.

The a<,[3—unsaturafed acid system is basically a modified
butadiene structure and the symmetry of the highest occupied
molecular orbital (HONO) in the excited state of X -phenylcin-
namic acid is shown below. Bond formation can only be
achicved by a disrotatory process in agreement with the mecha-
nistic rationale suggested by Hoffman and Woodward (86). The
“valence isomerization would then be presumably followed by ki-

netically controlled protonation from the less sterically
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ide of tne cyclobutane structure to produce the
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The charge densities for the ground, n,Pi¥* and Pi,Pi* of
ol and [?-p—substituted K ~pnenylcinnamic acids were calculat-
ed using 3§ =1-qr wnere

4 =charge density
9= jnjcejr where A is the sum of the electron
densities contributed by each electron
in each molecular orbital
The results are shown in Teble 3.

The pronounced characteristics of the n,Pi* and Pi,Pi%
excited states are the variation of the charge density at the
[?-carbon atom. This variation appears to parallel the irradi-
ation times of the substituted acids in a rough way and sug-
gests that an electron deficient [Z-carbon will facilitate the
vhotoisomerization (see Table 4). This effect can be seen most
clearly by comparing the [3—£—cyano acid XCIII which bears a
formal charge for the Pi,Pi¥* excitation of +.0520 fo that of
the [3 -p-methoxy acid XCIII 1 with a formal charge of -.0579.
Thus, a positive charge density at the LZ-carbon appears to

enhance the reaction while an increasing negative charge
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Table 3. Crorge densities of Ground, n,Pi* and Pi,Pi¥* states.

Ground n,Pix Pi,Pi%

-.0099
) +.2239
-.0455 ~.8099
o(-phenylcinnanic acid
-. 71972 +.1574 -.C110
+.3634 +.1626 +.2172
~-0659 O 7972 =+1321 2.84206 *+-0430 2.8116
+. 1777 ~.1413 -.0597
o« ~pnenyl-v-methoxycinnamic acid
+.3736 +.2386 +.2678
-.03597 ~ -.1176 . +.0422
. —07918 ‘—08298 _ _.80»]9
+.1690 -.0467 +.0520
« -phenyl-p-cyanocinnamic acid
-.8200 +.1422 -.8306
+.3844 +.2099 +.2454
-.0520 ~. 1004 &= +.0401
+.2117 ~-.1078 -.0164
« -(p~cyanophenyl)-cinnamic acid
-.8201 +.1324 -.8421
+.38217 +.1582 +.1948
—00488 -1104'6 o0 +0024‘4‘
| | ~.8201 j 2.8676 8421
+.1874 ~.1208 -.0145

o(~(p-methoxyphenyl)-cinnamic acid
B JP




the oC-p-cyano ACIII g acids. The charge densities predict
the irradiation time of XCIII g should be approximaitely equal
Yo the unsubstituted acid.

Table 4. Correlation.of the charge densities oi Tue n,Pi¥

and Pi,Pi* excited states of the [§ -carbon with
irradiation times.

M

XCIII
2y
Acid Charge density at [3-carbon Irradiation
n,pPi* . Pi,pPi* time, hr
h. R1=H,R2=CN _ -.0467 +.0520 5
e R1=CN,RZ=H -.1078 . - -.0164 72
l. :\?1=H,RZ=OCH3 —-14‘13 —00597 N.R.

The calculated total O—C4 bond orders of the acids were
found to be antibonding in every case and the values did not
correlate with the irradiation times of the acids. Tne O-C4
bond order for the n,Pi* exerted state varied from -.0557 to

—.0888 while the Pi,Pi¥* state was less antibonding with values
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ng from -.0029 to -.0363.

Calculated O-C,bord orders of the acid considering only
“+

&)

the nignest occupiled molecular orbital showed an overall bond-
ing tendency. The O-—C4 bend order for the Pi,Pi* excited
states varied from +.1431 to +.1769 wnile tae btond orders for
tne n,P1i* excited states were somewhat less bonding with values
renging from +.0906 to +.1210. The bond orders are in agree-
ment with the supposition that the P1i,Pi¥ excited state is
involved in the photocyclization.

Similar simple Hilckel molecular orbital calculations
were carried out on the o{-phenylcinnamamide and « -phenyl-—
cinnamenilide systems. The resulis are shown in Table 5.

The charge densities suggest as in tne case of the acids
that an electron deficient [ -carbon facilitates the amide
isomerization since «~phenylcinnamanilide undergoes a more
facile isomerization to the [ -lactam than that observed for
K -phenylcinnamamide. The irradiation times were 23 and 70
hours respectively.

The total bond calculated for the various electronic
states show a decrease in antibonding on excitation with an
enhanced 04—oxygen bond order in the Pi,Pi¥* excited state of
ci—phenylcinnamamide. The same general trend is observed with
oK -phenylcinnamanilide except the nitrogen—c4 bond order is
bonding in the Pi,Pi* excited state. The enhanced nitrogen-—C4
bond order is nicely in accord with the experimental observa-

tions since [3-lactams rather than o(-iminooxetanes are isolated.



Table 5 Cherge densities and bond ordecrs of Ground,
n,?Pi* and Pi,Pi* excited svates.
Ground n,Pix* n,Pi¥
C)-.6263 +.2932 —.0338
+.3112 +.1736 .1677
- N _ 1

O-CA bond order

N—C4bond order

-.1352 -.0466
K—-phenylcinnamamide
+.3019 +.,1622
-.0439 ‘N . .1313, 8106
+.1414 Ph‘ =T8T3_ 14566 L 10
O--C4 bond order O—C4 bond order
- 2444 -.0904
N—C4 bond order N—C4 bond order
-.0524

-.1342

K -phenylcinnamanilide

0—04 bond order
~.0834

N—C4bond ofder

0—04'bond ordexr
+.0043
N—CZL bond order

-.0100
-.6522
+. 1734
+.0395 N
~.0142 - 7889
Pn

O—C4 bond order
-.0043

N—C4 bond order
+.0012




mecnanisvic routes could explain thne prnovoisonm-

tracvive pathway would involve an excited cyclic

©
ct
(—.l

N

(CXXVI) waich could isomerize to the hydroxylaze~
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An alternate mecnanistic path would involve excitation of
the amide followed by a subsecuent attack of the ,L?-carbon oYy
the nitrogen atom,; to give a resonance stabilized zwitterionic
intermediate (CXXVIII). A proton transfer would then give the
[-lactam.

The intermediacy of the [J-lactone LXXXIII suggests the
seqﬁence shown below as a reasonable series of events in the

formation of the trans-cyclobutane adduct LXXVIII.

Pn {/JLQ Ph '
E oy ﬁ n (/I-‘.h Ph
= =L
: 0
Fa A PhJ l

Ph

Ry nx1IT -

hy hy \jf
Y
' Ph
¥*

[Ph—CH - CH—Ph] + )( By

Ph

LXXVIII
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The ITinal step involves tae formation of a vhotoequili-
oriuwa mixture of cisg and trens-stilbene, either of wzich could
react with tetramethylethylene to form a diradical intermediate
CXXIX. BSubsequent electron pairing could then afford the more
stable trans-1,2-diphenyl-3,3,4,4-tetrametnylcyclobutane
(LXXVIII).

C6H5

C6H5 {+Y o

CAXIX

An alternative concerted cycloaddition mechanism in waich
only trans-~stilbene reacts with the unsaturated addend cannot
be unecquivocally eliminated. This mechanism is supported by
the evidence that trans-stilbene undergoes pnotocycloaddition
to tetrametaylethylene faster and cis-irans isomerization of
the stilbenes competes effectively with addition.

The mechanism of formation of [ -lactams is assumed to
be similar to that of the [ -lactone isomerization and a more
complete and accurate analysis will hopefully provide the an-

swers concerning mechanism of this unprecedented reaction.



DAPERILENTAL
Instruments

£11 melting points are uncorrected and were measured on

IS}

N

a Kofler microscope hot stage eguipped with a golarizer.

The ultraviolet spectra were recorded on a Beckmen lodel
UK-2A or a Cary Model 14 spectrophotometer.

All infrared spectra were recorded on a Perkin-Slmer lodel
21 spectrometer.

The nuclear magnetic resonance spectra were measured on
a Varian Associates lodel XR-60 or A-60 spectrometer operated
at 60 Mc. The spectra were calibrated by the side band tech-
nigue using tetramethylsilane &as an internal standard. Chem-
ical shifts are reporied as & -values.

The mass spectra weré recorded on an Atlas CH4 single-
focusing mass spectrometer using a solid inlet system at energy
of 70 ev.

Elemental analyses were performed by Spang Microanalytical

Laboratory, Ann Arbor, Iichigan.
Procedure

cis—- & -Phenylcinnamic acid (IXXVII):

The procedure is similar to that of Fieser (84). Phenyl-
acetic acid (10.0 g, 0.074 mole), benzaldehyde (12.5 g, 0.118

mole), triethylamine (8 ml), and acetic anhydride (8 ml) were

placed in a 250 ml flask and refluxed for 4 hr. The mixture



A

was cooled, acidificed with concentrated hydrocnloric acid
(16 ml) and extracted with chloroforia. The orgenic solution

shad twice with water and extracted sceveral times with

£

was W
a 5% sodium hydroxide solution. The alkzline exiracts were
compined and acidified to pH & with acetic acid. The precip-
itate was filtered and recrystallized from 3:2 ethanol-water
yieldirg LXXVII (12.0 g, 73%, mp 172-173°, reported (88) mp
172-173%); Amax (cyclonexane) 285 mu (€ 15,400), 226 (17,000).

trans—-ol-Paenylcinnanic acid (IXAXXVIII)?

The filtrate from the cis-acid described above was acid-
ified to pH 1 with concentrated hydrochloric acid, filtered
and recrystallized from 3:2 ethanol-water giving LXXXVIII (1.3
g, 8%, mp 136-137°, 1it.(89) mp 136-137°); X mex (cyclohexane)
289 mu (€ 18,300), 222 (11,600).

cis-o ~(p-Nitrophenyl)-cinnanic acid (XCIII i):

cis- o~ (p-Nitrophenyl)-cinnamic acid was obtained from p-
nitrophnenylacetic acid and penzaldehyde following the procedure
~employed for cis- «~-phenylcinnamic acid (LXXVII) in 70/ yield.
Recrystallization from ethanol gave yellow needles, mp 216-
217°, reported (88) mp213-214°; Amax (cyclohexane) 293 myL
(e 16,000), 268 (18,000), 225 (sh)(14,000), 216 (sh)(15,000).

cis-oK ~Phenyl-v-nitrocinnamic acid (XCIII j)?

cis~ < ~Phenyl-p-nitrocinnamic acid was obtained from the
condensation of phenylacetic acid and p-nitrobenzaldehyde in

75% yield. Recrystallization from ethanol afforded yellow
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28°, 1it (88) mp 224-225°; X max (cyclohex—

U)
m

prisms, mp 227.

ane) 310 mu (e 12,000}, 254 (8000), 213 (sn)(13,000).

ciz~ol~{ p-lietroxyohenyl)-cimanic acid (ACIII k)3

cis-o~(p-liethoxyphenyl)-cinnanic acid was obtained from

p-mevhoxypnenylacetic acid and benzaldehyde in 50% yield. Re-
" crystallization from benzene gave colorless crystals, mp 156-
1579, 1it. (90), mp 157-158%; A max (cyclohexane) 323 mp (sh)

| (e 15,000), 275 (30,000), 227 (37,000).

cis-ol-Phenyl-p-nethoxycinnanic acid (XCIII 1):

cis- X-Pnenyl-p-methoxycinnamic acid was obtained in 70%
yield from the condensation of phenylacetic acid and p-anisal-
dehyde. Recrystallization from ethanol-water gave colorless
needles, mp 188-189°, reported (91), mp 188-189°, A mex (cyclo-
hexane) 313 mu (e 22,000), 230 (15,000).

cis- &~(p-Chlorophenyl)-cinnamic acid (XCIII d)¢

gi§~p(—(E—Chlorophenyl)—cinnamic acid was prepared from
p-chloropnenylacetic acid and benzaldehyde in 50% yield. Re-
crystallization from ethanol yielded colorless needles, mp 180-
181.5%, 1it. (92) mp 180-181%; X max (cyclohexane) 290 mpL
(e17,000), 227 (23,000).

cis-eo -Phenyl-p-chlorocinnamic acid (XCIII e):

cis- & ~-Phenyl~p-chlorocinnamic acid was obtained from p-
chlorobenzaldehyde and phenylacetic acid in 30% yield. Recrys-
tallization from ethanol afforded colorless needles, mp 205-

206°, 1it. (93) mp 202-203°; X max (cyclohexane) 296 mpu



(e 20,000), 228 (18,000), 222.5 (19,000).

cis-o~(0-Tolyl)-cinnamic acid (XCIII b):¢

A mixture of p-tolylacetic acid (14;0 z, 0.093 mole),
benzaldenyde (14.0 g, 0.132 mole), triethylamine (10 ml) and
acetic anhydride (10 ml) was refluxed for 4 ar. The mixture
va3 cooled, acidified with concentrated hydrochloric acid
(18 ml) and extracted with chloroform. The orgenic solution
was wasneG twice with water and extracted several times witn
2 5% sodium hydroxide solution. The alkaline extracts were
combined and acidified to pH 6 with acetic scid. The precip-
itate was filtered and recrystallized from ethanol ylelding
colorless crystals ( 13.8 g, 625, mp 152-153%): infrared (XBr)
2.75-4.50,5.98, 6.20, 6.90, 7.05,8.93, 12.18, 12.90, 13.64,
14,42 w; nmr (03013), 511.15 (1d,m), & 7.90 (1H,s), 8 7.30-
6.95 (9H,m), & 2.35 (3H,s); Amax (cyclohexans) 284 my
(e 18,000), 226 (24,000), 222 (23,000).

Angl. Calcd. for CT6H1402: c, 80.67; H, 5.88. Found:
¢, 80.67; H, 5.78.

cis- K ~Phenyl-p-methylcinnamic acid (XCIII c):

A mixture of phenylacetic acid (7.5 g, 0.055 mole), p-
methylbenzaldehyde (8.0 g, 0.067 mole), triethylamine (& ml),
end acetic anhydride (6 ml) was refluxed for 4 hr. The mixture
was cooled, acidified with concentrated hydrochloric acid (12
ml) and éxtracted with chloroform. The organic solution was

washed twice with water and extracted several times with a 5%
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socium hydroxide solution. DPae alkaline extruacts were con-
bined and acidified to pH & with acetic acid. The precipitate
wes Tiltered and recrystallized from benzene affording large,
colorless needles (7.9 g, 60%, mp 170-171%); infrared (XBr)
2.75-4.50 (broad), 5.97, 6.21, 7.05, 7.78, 7.92, 12.24, 14.04,
.25 ; nmr (CDCL 3) 511.09 (1H,n), ¢ 7.92 (1d,s), & 7.30
(58,m), $6.95 (4H,s), &2.25 (3H,s); A max (cyclorexane)
297 mpu (& 20,000), 229 (18,000), 224 (18,000).

inal. Caled. for C,,H14O C, 80.67; H, 5.88. Tound:

¢, 80.65; H, 5.86.

cis- & ~(p-Fluorophenyl)-cinnamic acid (XCIII f);

A mixture of p-fluorophenylacetic acid (12.0 g, 0.078
mole), benzaldehyde (14.0 g, 0.713 mole), trietaylamine (10 ml),
and acetic anhydride (10 ml) was refluxed for 6 hr. The nix-
ture was cooled, acidified with concentrated nhydrochloric acid
(20 ml) and extracted with chloroform. The organic solution
was washed twice with water and extracted several times with a2
5% sodium hydroiide solution. The alkaline extracts were conm-
bired and acidified to pH 6 with acetic acid. The precipitate
was filtered and recrystallized from benzene yielding colorless
crystals (10.2 g, 54%, mp 170-171°); infrared (KBr) 2.75-4.00
(broad), 6.00, 6.20, 6.25, 6.62, 6.90, 7.03, 7.88, &.16, 10.03,
12.00, 12.87, 13.30, 13.52, 14.511 ; nmr (CDClB), 5 12.39 (14,
s), §7.95 (1H,s), §7.40-6.90 (9H,n); Amex (cyclohexane)

288 mpu (e 17,000), 225 (18,000), 221 (18,000).

Anal. Calcd. for C15H“FO2 C, 74.38; H, 4.55; ?, 7.85.
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fourc: C, T4.49; 7, 4.02;

cig-o=(n-Cranophenyl)-cinnanic acid (XACIII &)<

L mixture of p-cyanophenylacetic acid (2.25 g, 0.057 mole),
penzaldehyde (9.0 g, 0.085 mole), trietaylamine (6.3 ml), and
acetic anhydride (£.3 =l1) was reluxed for 4 nr. Trhe mixture
was cooled, acidified with concentrated nydrochloric acid (14
ml) and extracted with chloroform. The organic solution wes
washed twice with water and extracted several times with a 5%
sodium nydroxide solution. Tae alkaline extracis were combined
and acidified to pd 6 with acetic acid. Thé vrecipitate was
Tiltered and recrystallized from ethanol giving light yellow,
crystals (7.30 g, 51%, mp 177-179°); infrared (XBr), 2.75-4.00
(oroed), 4.50, 5.97, 6.24, 6.92, 7.02, 7.77, 7.87, 11.86,

13.26, 13.39, 14.47 W ; nmr (CDClB), §11.29 (1H,m), & 8.04 (1H,
s), A,B, pattern 7’A=8 7.35, 7B=87.67 <JAB=8'O cps), & 7.30-
6.95 (5H, m); A max (cyclohexane) 293 mp (& 16,000), 247 (sh)
(15,000), 228 (13,000).

| Anal. Calcd. for CigH1NOo: C, TT.11; EH, 4.42; N, 5.62.
Pound: C, 76.82; H, 4.47; N, 5.62.

cis- o -Phenyl-p-cyanocinnamic acid (XCIII h):

A mixture of p-cyanobenzaldehyde (10.0 g, 0.076 mole),
phenylacetic acid (6.5 g, 0.049 mole), triethylamine (5.2 ml),
and acetic anhydride (5.2 ml) was refluxed for 4 hr. The mix-
Tture was cooled, acidified with concentrated hydrochloric acid

(14 ml) and extracted with chleroform. The organic sclution



was wasiaed vwice with water and extracted several times witha a

rystallized from ethancl giving light, yel-
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low crystals (3.2 g, 26%, mp 178-180°); infrared (XBr), 2.75-
4.00 (broad), 4.50, 4.96, 6.17, 7.07, 7.95, 11.90, 12.00,
14.254 ; nmr (CDCLl,), &11.19 (i%,m),87.89 (14,s), & 7.50-7.00
(9H,m); A max (cyclohexane) 289 mu (e 20,000), 226 (19,000),
220 (21,000).

Anal. Caled. for C, H,,NO,: C, 77.11; H, 4.42; N, 5.62.
Yound: C, 77.07; H, 4.46; N, 5.50.

1 o 7 1 s
p-Chlorophenylacetic acid 2

A solution of p-chlorobenzylcyanide (10.0 g, 0.066 mole),
concentrated sulfuric acid (10 ml), water (10 ml) and glacial
acetic acid (10 ml) was refluxed for 1 hr. Tne solution was
cooled and poured into water (100 ml). The crude acid was
filtered and recrystallized from ethanol-water yielding p-
chlorophenylacetic acid (6.3 g, 56%, mp 105-1060, reported (94)
mp 105-106°).

p-Cyanophenylacetic acid ?

Prepared by the method of Jaejer and Robinson (95). Sodi-
um nitrite (14.0 g) in water (40 ml) was added to an ice-cold
solution of p-aminophenylacetic acid (30.0 g, 0.20 mole) and
sodium carbonate (21.2 g) in water (150 ml). Tae mixture was

' gradually added, with stirring to concentrated hydrochloric
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84 :al) and water (84 ml) keeping the temperature below
10° The diazotized solution was slowly added to cogger cul-
fate (48 g£) end potasciwa cyanide (860 g) dissolved in wuter
(250 ml) with vigorous stirring during the cédition and 1 hr
sfbter. The nixture was hoeuated at 500 for 1 hr, filtered and
acidificd with concentrated hydrochloric acid. The precipi-
tate was filtered, dissolved in water end decolorized with

charcocl. The filtrate was cooled giving large, light,yellow

(95) mp 152°).

'

- ~ [l aYer fon r‘o o -
needles (16.0 g, 50%, mp 151-152"°, repor
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X-Prenylcrotononitrile ¢

A solution of benzylcyanide (160 g, 1.36 mole), acetalde-
hyde (88 g, 2.0 mole) and aobsolute ethanol (250 ml) was cooled
in a Dry Ice batu and 15 ml of 20% sodium ethoxide (6.8 g in
100 ml of absolute ethanol) was added, keeping the temperature
velow 0°. The solution was placed in & refrigerator for 1 day,
~acetaldenyde (10 g) was added and the solution was replaced in
the refrigerator for an additional 16 hr. The solution was
was washed twice with water (300 ml). An oil was separaﬁed and
distilled giving & -phenylcrotononitrile (70 g, 36%, bp 75.5-
76° at 0.1 mm, reported (96) bp 100-103° at 1 mm). The infra-
red spectrum (cap film) gave bands at 3.30, 4.50, 6.77, 6.94,
11.75, 13.20, 14.50 .

& ~Phenylcrotonic acid ¢

Using the method of Barltrop (97), hydrogen chloride was

bubbled through a solution of 0<~phenylcrotononifrile
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(10 g, 0.07 wmole) in methenol (200 ml) for 2 hr. The solution
was cocacernvrated under reduced pressure giving a solid whica

Was ed

c 0 - “n s . , . ; . .
eac at 1007 for 12 ar witih ccncentrated nydrocnloric

ct

g
ot

acid (150 ml). The solution was extracted twice with ether.

Tne esherzal soluiticons were conmbined and washed several times

with water and dried over nagnesium sulfate. Concentration

tader reduced pressure gave a solid. Recrystallization from

3 - < : -] oo e . ~ (0]

hexane gave o« —punenylcrotonic acid (6.8 g, 60%) mp 136-137,
- - 0 - X .

1it. (98) mp 136-137"; Amax (95% ethanol) 240 mu (sh)

(€ 4,700).

[ -Phenylcinnamic acid ¢

1,1-Diphenylethylene (25.0 g, 0.14 mole, Aldrich Chemical
Co.) and oxalyl chloride (75.0 g, 0.6 mole, Aldrich Chenical
Co.) were refluxed until the evolution of hydrogen chloride
ceased (12 hr). Excess oxalyl chloride was removed under re-
duced pressure and the syrupy residue was stirred into an ice-
cold sodium carbonate solution. Water (500 ml) was added, and
the solution was boiled for 1 hr. The solution was decolorized
with charcoal, filtered and acidified with concentrated hydro-
chloric acid. The solid was filtered and recrystallized from
acetic acid yielding [ -phenylcinnamic acid (28.6 g, 91%) mp
167-168°, reported (99) mp 167°; A max (95% ethanol) 272 mp
(e 12,700), 222 (sh)(16,400).

1,1,2-Triphenylethylene ¢

A solution of 1,1,2-triphenylethancl (15.0 g, 0.055 mole),
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95% yield by the method of Hell and Wiegundt (100),
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and acetic acid (250 ml) was refluxed for 2 ar. The solution

N

13 with

was extracied witn ether, washed with water, neuitralize
? b

[oN]

sodiun bicarvonate and washed twice more witnh water. The ether

layer was dried over nagnesium sulfate and cvaporated under re-

-

et k%)

duced pressure giving a solid (14 g). Recrystzllization from
~ 7 . , e ot (6] .,

95% ethanol gave the olefin (13.0 g, 93%), mp 68-69°, 1lit.
- me7 . fr.O

(100) mp 67-68".

Trisnenylvinyl bromide 2

Broaine (20.0 g) was added to a solution of triphenyl-
ethylene (31.8 g, 0.124 mole) in giacial acetic acid (200 m1),
1 : D : 1 . O < :
keeping trne temperature of the solution below 40°. Then the
- solution was refluxed until hydrogen bromide evolution ceased
3 ) . J 3 : % . =0

end cooled giving the bromide (40.4 g, 98%) mp 114-115", re-
. o

ported (101), mp 114-115.5".

oly [ -Diphenylcinnamic acid g

Triphenylvinyl bromide (20.0 g, 0.06 mole) and magnesium
(1.6 g) were covered with dry ethrer (200 ml) and dibromoethyl-
ene (2 drops) was added. The mixture was refluxed for 3 hr
undaer a nitrogen atmosphere. The grignard solution was poured
into Dry Ice (100 g) and stirred until the Dry Ice disappeared.
The solution was acidified with dilute hydrochlofic acid and
extracted with ether. The ethereal solution was washed with

water and extracted several times with a 10% sodium hydroxide

solution. The basic extracts were combined, acidified with



concenitrated nydrochloric acld and filvered. Recrysvallization

v

of the residue from ccetic acid gave the acid (10.73 Z, 565)
~ o - . . ¢ et -
my 2195-2207, 1it. (101) mp 217-2187; X max (95% ethanol) 292 L

(-Pnenylacrylic acid (XCV e):

R

K-Prnenylacrylic acid was synthesized following a known
procedure (102). ~idecrystallization from methanol-water gave

- 0 . 4 0
colorless crystals, mp 106-1077, lit. (102) mp 106~107"; A max

(854 ethanol) 245 mp (& 5,570), 204 (14,300).

trons-Cinnamic acid ¢

trans-Cinnemic acid was purchased from Aldrich Chemical
Co. Recrystallization from benzene-penvane gave colorless crys-—
tels, mo 133-134°, 1it. (103) mp 133-134°%; X max (95% ethanol)
272 my_(e 25,000), 220 (sh)(22,000), 215 (19,200).

«-~liethyleinmamic acid (XCV b) J

KA-liethylcinnamic acid was purchased from Aldrich Chemical
Co. Recrystallization from benzene-pentane yielded colorless
needles, mp 91-92°, lit. (104) mp 91-92°; Amax (95% ethanol)
265 nu (€ 6,650), 204 (5,850).

Crotonic acid ¢

Crotonic acid was obtained from Aldricn Chemical Co. Re-~
crystallization from hexane gave colorless needles, mp 72—730,
1it. (105) mp 72-73°; Amax (95% ethanol) 205 mp (e 12,600).

Biphenyleneacrylic acid:

Bipnenylencacrylic acid was obtained from Aldricn Chemical
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Co. end recrystzllized from acetic acid, mp 222-2237, 1lit. (106)

np 222-223%; N max (95% ethenol) 238 mu (& 25,300), 232

cis~ o« -Phenyleinnomenide (CIIX

Tre cis-ol-phenylcinnamamide was prepared by adding cis-—

L-paenylcinnamoyl chloride to an ice-coid solution of ammoniun
aydroxide. Crystallization from acetone~water gave colorless
needles, mp 127-128°, reported (107) mn 127°%; X\ max (95% etﬂanol)
280 mp (& 14,100), 220 (15,500), 205 (20,800).

cis- & -Pnenylecinnamanilide (XCVI):

D

The cis— -phenylcinnamanilide was prepared by adding cis-—
K —-phenylcinnamoyl chloride to a solution of aniline in benzene.
Recrystallization from chloroform-benzene gave colorless prisms,
mp 141-142%, 1it. (108) mp 140°%; A max (95% ethanol) 292 my.
(e 21,800), 221 (19,100).

Irradiation of cis- «(~phenylcinnamic (LXZVII) acid

in the presence of tetramethyleiaylene

A solution of ILXXVII (4.0 g, 0.018 mole), tetramethyleth-
vlene (10 g, 0.12 mole) and ether (250 ml) was degassed with
nitrogen for 0.5 hr. The solution was irradiated in a cuartz
immersion irradiation apparatus using a Hanovia Type A 550-watt
mercury arc lamp. Thé progress of the reaction was followed
by periodically removing aliquots and measuring their ultravi-
olet absorntion. After 20.5 hr the ultraviolet spectrum showed

complete absence of the 282 my absorption initially present.



Alternatively, the process was followed by infrured avsorption
by cbserving the loss of the zcid carbonyl band at 5.964 . The

&

solvent was removed uander reduced presgsure gZiving a yellow sol-

trans-1,2-diphenyl~3,3,4,4-tetranetaylcyclobutane (LXXVIII,

3.13 g, 66.5%) nmp 105-106". The infrared and nmr specira are
shown in rfigure 1, page 23, and Figure 2, page 25, respective-
ly. The mass spectrum exhibited very wesak parent ion m/e 264
and fragment ions at m/e 132 (0.8%), 165 (0.8%), 178 (0.9%),
179 (14.5%), 180 (100%), and 181 (14.5%)

Anal. Calcd. for CZOH24: C, 90.85; H, 9.15. TFound:
C, 90.83; H, 9.22.

Irradiation of trans—-siilbene in the

presence of tetramethylethylene

A. trans-Stilbene (2.0 g, 0.011 mole, Scintillation

grade, latheson, Coleman and Bell) and tetramethylethylene
(5.0 g, 0.06 mole) were dissolved in anhydrous ether (300 ml).
Tne solution was degassed with nitrogen for 0.5 hr and irradi-

ated in a quartz immersion irradiation apparatus using a 550-

watt Hanovia Type A lamp for 6 hr. The reacvion was followed
N

by uliraviolet absorption until the maximum at 308 mu was 6%



13.4 13.59, 14.28u . Thc solid was Gissolved in Skelly 3
3.43, 13.59, ;
and poured onto a 2.5" X 20" column prepared wita 70 g of Llu~

nina (Yoelm, reutral activity I). The column was eluted with
400 ml of Skelly B which upon evaporation gave tranc-1,2-di-
pasnyl-3,3,4,4-tetranethyleyclobutane (LXXVIII, 1.98 g, 068,
mo 106~107o). The infrared spectrum (XKBr) wes superimposable
on that of the adduct obtained from the pnotolysis of cig-ol-
phenylcinramic acid in the presence of tetramethylethylene.

A mixed melting point determination showed no depression.

B. A solution of trans-stilbene (500 mg, 0.0028 mole) in
tetramethylethylene (40 ml) was placed in a quertz irradiation
vessel and purged with nitrogen for 15 min. The solution was
irradiated externally with a low pressure mercury lamp (Hanovie,
model 6884A45) for 19 hr. The reaction was monitored by period-
ically taking aliguots and measuring their ultraviolet absorp-—
tion. The bands at 308 and 295 my, were totally removed. The
solvent was evaporated giving a yellow solid (0.74 g). Recrys-—,
tallization from hexane gave LXXVIII (0.70 z, 95%, mp 105-108°).
The infrared spectrum (XBr) was identical to that of the photo-
duct described above.

Irradiation of cis-stilbene in the presence of
fe

tetrametnylethylene

A solution of cis-stilbene (0.5 g, 0.0023 mole, Aldrich
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Chemicel Co.) in tetramethyletaylene (40 ::1l) was placed in a

S e it 3 - QNN AR i PRI = 4
cury arc lamd (sanoviae, model 688445). The progress of thae
reaction was Tollowed by periccically removing alicuots and

measuring their ultraviolet absorption. Tae initial absorpiilion
&t 276 mp shifted %o longer wavelength (290 nu ) and to a

i o nolar extinction valve duriag the early course of tae

L
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irraciavion. After 44 ar the initial benis were completely re-
moved. The solvent was evaporated under reduced pressure giv-
|

ing a yellow sulid (C.70 g). Recrystallization from hexane

)

gave trens-1,2-dipghenyl-3,3,4,4-tetramethyleyclooutane (LANVIII,
0.8 g, 93%, mp 106-107°). The infrared soecirun (KBr) was
identical to that of The phoito-adduct obtained from the photol-
ysis of trans-stilbene in tetramethylethylene.

Irradiation of cis- «-phenylcinnamic acid (ILIAVIZ

4 solution of IXXVIT (4.0 g, 0.018 mole) in benzene (350
ml) was placed in a Pyrex immersion irradiation vessel. The
solution was degassed with nitrogen Tfor 0.5 hr and irradiated
with a Hanovia Type A 550-watt lamp for 21 hr. The progress
of the reaction was followed by periodically removing aliouots
and measuring their infrared absorption. The carbonyl band of
the acid (5.95;L) continuelly deminished throughout the course
of the reaction and was replaced by a band at 5.42u . At thae
end of the irradiation itne acid carbonyl band was completely

removed. The solvent was removed under reduced pressure giving



vellow solid. Dre nmr {CDUL,) of in2 crude photoprod-
b

shown in Migure 3, page 32, and Figure 5, page 47, pectively
Tne nass spectrum exhibited a very weak parent ion m/e 224 and
the fragment ions are shown in Table 6.

= ™ -~ e
Table ©. llass spectrum of cis~-«, L?-

)
diphenyl—[}—proplo Zctone

/e % of vase
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181 2.1 152 4.3
180 16.4 151 2.5
179 12.0 119 8.9
178 7.7 118 100
177 1.4 90 25.4
176 0.8 88 21.2
1.9 78 5.0

-
()Y
(02}

15.7 76 7.8
0.9 44 16.5

—_
o
0

-
m
(6%}

Anal. Calcd. For Cy5Hpp0p%  C 80.34; H, 5.39. Found: C,
80.48; H, 5.39.
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~Tttempted phoito-isomerizavion of

iixture of cis and trans—[}—lactone obtained from tnae
irradiation of cis-oX-phenylcinnamic acid (LXXVII) in the

-

ratio of 31:12 respectively was dissolved 1n benzene, placed

N

in & Pyrex vessel and irradiated using & Hanovia Type A 550-

watt lamp for 24 ar. Tre solvent was remcved under reduced

[

pressure giving a solid. The .mr spectrum (CDCl3) showed the

416

- .

the /[{-lactone mixiure was uncnar .
he lactone mixit was uncnanged

3
o
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I~
O
O
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Irradiation of trans— &«-phenylcinneanmic acid (ILXXXVIII)

A4 solution of LXXXVIII (2.0 g, 0.009 mole) in benzene
(300 ml) was placed in a Pyrex immersion irradiation vessel
and degassed with nitrogen for 0.5 hr. The solution was irrad-
iated for 46 hr using a Hanovia Type A 550-watt lamp. The
progress of the reaction was followed by removing aliquots and
observing the loss of the carbonyl absorption of the acid
(5.90 ) and the appearance of the lactone carbonyl (5.42y )
in the infrared. At the end of the irradiation the acid car-
bonyl vand was completely removed. Removal cf the solvent
under reduced pressure gave a red o0il whicn was dissolved in
boiling hexane, filtered and cooled, giving light yellow crys-—
tals (0.25 g, 12.5%, 120-121%). ©No attempt was made to maxi-
mize the yileld of cis~lactone from the trans- «-phenylcinnamic
acid. The infrared (XBr) was identical to that of glg—CK,[?—
diphenyl—;?-propiolactone (IXXXIII) obtained from the irradia-

tion of the cis-acid.
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A. Tne [-laectone LIIXIII (53.4 mg) wes heated &t 163
for 5 hr under a positive nitrogen atmospnere, and the evolved
carbon dioxide was bubbled tarough a solution of 0.1 I barium
aydroxide. The solution was filtered yielding barium carbon-
ate (51.2 mg, 92%).

B. A benzene solution of ILXXXIII was pyrolyzed on an
Aerograpn Model 512 vapor phas: chromatograph using a 7 £t,
1/4" column packed with 20/% S3I-30 on Churomosorb P, 60-£0 mesh.
The column temperature was set at 2050, and the helium flow
was maintained at 67 cc/min. The L?—lactone gave two peaks
with retention time of 4.5 and 6.0 min, with areas of 96+1 and
4+1 respectively. The largest peait corresponded to cis-stil-
bene and the smaller peak to trans-stilbene (determined by
injection of the authentic compounds).

C. The reaction was carried out in vertical glass colurn
packed with glass helices and heated by an electrical furnace.
The [-lactone (0.1 g) in benzene (2.0 ml) was dropped onto the
column from a 5 ml syringe attached to the top and collected in
a Dry Ice cooled trap. The tenmperature of the furnace 280°
(measured with a thermocouple). The system was flushed with
nitrogen for 1 hr and the material was allowed to drop on the
colurmn over a 30 min period, the pressure difference being
maintainéd by a flow of nitrogen.

When the reaction was complete, the column was cooled and



Tae licuid wac analyzed by voc (20% 33-30 or Chromosorb P,
columr. temperature 205, nelium flow rate 87 ce/nin). The cis

s

mer ratio was shown to be SS8:1.,
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Irradiavion of cis—c(g[2—diphenVl—;Z—or piolactone (LNXXIIT)

A solution of the [-lactone LXYXIZI (0.9%1 g, 0.0C4 mole)

in anhydrous ether (250 ml) was degasseld witn nitrogen for 0.5

(o

N

or. w&s lrradisted in a quartz immersion ilrradi-

&
e

-~ Thi

ddi @ -

solut

[

ation vessel using a Hanovia Type & 550-watt lamp for 7 ar.
The progress of the reaction was moanitored by following the loss

n the

.

of the carbonyl abscrption band of the lactone (5.45p )
infrared. The solvent was removed under reduced pressure giv-
ing a yellow oil. The infrared (0014) showed bands at 3.40
(oroad), 6.25, 6.90, 7.30, 9.00 (broad) g. Analysis by tlc
indicated at least 5 compounds were present. The o0il was dis-
solved in a small volume of benzene and caromatographed on a

Silica Gel column (25 g), 50 ml fractions being collected.

Lluent Fraction number roduct composition
Skelly B 1 nil
" o-4 solid (mp 77-92°)
" 5-8 oil
u 9-13 oil
1 14-16 oil
5% benzene in Skelly B 17-20 oil
" 21-26 oil
" 27-31 oil

-

50% benzene in Skelly B 32~40 nil



siunng Frocuion number Producyv comoosition
venzene Lr=4y nil
etacy £6-5C oil

The appropiate Tractions were combined (analyzed by tlc)
and vhe solvent removed under reduced pressure.' Prections

2-% were recrystallized from 95% etaanol giving a waite ciys-
talline solid (0.27 g, 37.6%) mp 38.5~100", 1it (109) mp 9c-
96°; infrared (X3r) 6.87, 7.00, 7.70, §.05, 9.78, 10.54, 11.46,
12.22, 13.065, 14.03}L. The infrared spectruna wes identical to
that of phenanthrene. A mixture of the crystals with an au-
thentic sample of phenanthrene failed to depress the melting
roint.

.

Fractions 14-31 and 46-50 showed bvands in the infrared

(cHCl,) at 3.50, 5,85, 6.25, 6.70, 7.30, 9.25u. TFractions

3
5-13 were void of carbonyl absorption but gave bands at 6.25,

6.75, 6.92, 9.25u . These fractions were not cnaracterized.

Irradiation of cis- «, -diphenyl-[3-proviolactone
(LLATII) in the presence of tetramethyletnylene

A solution of [ -lactone LXXXIITI (1.0 g, 0.0045 mole),
tetramethylethylene (20 g) in ether (20 ml) wes placed in a
guartz irradiation vessel and degassed with nitrogen for 0.5
hr. The solution wes irradiated externally using a low pres-—
sure mercury lamp (Hanovia, IHodel 688A45) for 8 days. At the
end of the irradiation the lactone carbonyl band in the infra-
red was completely removed. The solvent was evaporated under

reduced pressure affording a yellow solid. The infrared



spectrun (¥Tr) showed dands at 3.40, 6.23, 6.65, 6.30, 7.30,

2.6C, 13.40, 13.60, 14.27p. The solid was dissolved

0
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adlily

on & Silica Gel coiumn (25 g), 10C al fractions being collecte
Zluent rosetior aunber 2rocuct composition
Skelly B -2 nil
L 3 solid (mp 105-106°
n 4 solid (mp 105-106°
i 5-71 nil
10% venzene in Skelly 3 8-11 nil
30% benzerne in Skelly B 12-16 0il
benzene 17-21 oil
tenzene 22-26 nil

Fractions 3 and 4 were combined and recrystallized Trom

nexane giving trans-1,2-diphrenyl-3,3,4,4-tetramethylcyclobu~—

“~

03

tane (LXXVIII, 1.00 g, 85% mp 106-107°). The infrared spec-

trun (a3r) was superimposable on that of the photo-adduct

obtained from the pnotolysis of trans-stilbene in the presence

of tetrametaylethylene.
The remaining fractions (total weight 0.17 g) were not
characterized.

Heaction of trens-1,2-diphenyl-3,3,4,4-
tetramnetaylceyclobutane (LXXViII) with bromine

A solution of IXXVIII (1.0 g, 0.0038 mole) and bromine
(2.3 g, 0.0145 mole) in carbon tetrachloride (25 ml) was ir-

radiated with a sun lamp for 4 hr. The solution was washed

successively with a 20% agueous solution of sodium thiosulfate

and water. The organic layer was separated and concentrated

ninimum volume of 1:1 Skelly 3-lenzere and canronmaitographed



c¢tryl acevate

cyclobutene (LXIX, 0.5 g, "2, mp 103-104

(CCi,) eight-proton 4,3, putiern, >’A=87.14, Y.=8§7.39, (JMS:

>
33
©
~

&.5 cps), twelve-proton singlet & 1.26 (methyl protoas)
($5% ethanol) 289 m ¢ 10,000 240 (15,600) The mass spec-—
vop etnano.Ln m}.(. 9 ) 12,0 . Lae ass spec

trum exhibited an intense parent ion (m/e 418, 20/ of base),

2 radical cation (m/e 420, 206% of parent ioa).

H C’ 57-4—1; H, 4'-79; Br, 37-80.

Reaction of trans-1,2-divhenyl-3,3,4,4~

Tetramethylcyclobutane \LXXVIII) with N-bromosuccininide

The trans-1,2-~diphenyl-3,3,4,4~tetramethylcyclobutane
(1.4 g, 0.005 mole), N-bromosuccinimide (1.5 g, 0.008 mole) and
benzoyl peroxide (0.1 g) were mixed in carbon tetrachloride
(100 m1). The heterogeneous solution was irradiafed with a
sun lamp for 4 hr. The succinimide was filtered, and the
filtrate was washed successively with sodium bicarbonate and
sodium thiosulfate., The organic layer was dried over anhy-
drous magnesium sulfate, anc the residue obtained upon evapor-
ation of the solvent was crystallized from methanol giving 1,
2-diphenyl-3,3,4,4-tetramethylcyclobutene (IXXXIX, 1.1 g, 80%,
mp 92-930). The infrarec aand nmr spectra are shown Figure 1,
vage 23 and Figure 2, page 25, respectively. The mass spec-

trua showed an intense parent ion at m/e 262, (100% of base).



The ultraviclet spectrwa gove A mex (955 ethanol), 47013p .

~

(e 6,300), 225 (10,000).

4 solution of dipnenylactylene (2.0 g, 0.011 mole), tetra-
methyletaylene (5.0 g, 0.059 mole) in esher (100 ml) wes de-
assed with nitrogen for 0.5 hr. The sol
in a cuartz vessel using a Rayonet (ilodel ZPR-100) reactox
eguinnad wisa 3000 2 lamps. The progress oI the reactipn was
followed by tTlc until no change was observed upon furtier ir-
radicgtion., After 13 hr the solution waé concentrated under
rcauced pressure to give a light yellow oily residue. The nmr
showed an aromatic multiplet at § 7.50-7.00 and 5 singlets at
3 3.55, 1.50, 1.30, 1.10, and 0.80. The residue was dissolved
in Skelly 3, Alumina (Woelm, activity I, 4.0 g) was added and
the solvent was removed uader reduced pressure. The absorbed
residue was placed on a 2.5" X 20" column, prepared with Alumi-
na (Woelm, activity I, 150 g) and chromatographed, 100 ml frac-
tions being collected.

sluent T'raction number Product composition
Skelly B 1 nil

1 2-6 solid (mp 93-95°)

" _ 7-9 solid (mp 61-73°)

" 10-17 solid (mp 62-64°)

" 18 0il

104 venzene in Skelly B 19 oil



Fractlons 2-6 were combined and recrysiallized Trom meth-
znol giving colorless crystals (0.7 g, mp 92—930). fracitions
7-9 were .. mixture ol the pnoto-aicuct and diphenylacetylene.
Proctionas recrystalliization from metnenol yielded crystals
(0.1 &, mo 52-937). These solid fractions were comdined o

L—tetranetaylceyclobutene (L¥XIX, 0.8
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3055) The infrared spectrum (I3Br) was superimposable on
that of the autaentic clefin. A nixed nmelting point determin-~
ation gave no depression.

Practions 10-17 were fecrystallized from methanol-water
to give diphenylacesylene (1.0 g). TFractions 18 and 19 were
a mixture of taree compounds (total weight 0.2 g) and were not
cacracterized.

Reduction of 1,2-diphenyl-3,3,4,4-tetranetaylcyclobutens (LYXIX)

This used procedure is similar to that of W. S. Johnson
(110). 1,2-Diphenyl-3,3,4,4-tetramethylcyclobutene (460 ng,
0.0017 mole) was dissolved in ether (20 ml) and ligquid ammonisz
was added until the total volume was 100 nml. While the homo-
geneous solution was stirred, potassium (800 mg, 0.015 mole)
wes added over a 5 min period. The mixture was stirred for 20
min, then absolufe ethanol (10 ml) in ether (7 ml) was added
dropwise over anothner 20 min period. As soon as the blue color
disappeared, the ammonia was evaporated, benzene and ice water
were added, and the agueous layer was extracted with benzene.

The organic layers were combined and dried over anhydrous
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nosmesiwa sulrase. ALVEDOTETION 0L Tag colvenuv gave & solid

aadem HaaD

(LXXVIII) obtain-d From the photoaddition of cis- K-pasnylein-

rarmic acid to tetramethy;et;VLene. A mixed nmelting point

Brytaro -3=-brono~2,3-diphenylyropaenoic acid was prepared
Tollowing the procedure of Hagman (111). A solution of cig=—X—
phenylcinnemic acid (LXXVII, 10.0 g, 0.045 mole) in acetic acid
was saturated with gaseous hydrogen bromide and ullowba TO

tand for 7 days at room temperature. The heterogeneous solu-

O)

ct

ion was poured into cold water and extracted with chlorofoxrm.
The organic layer was washed several times with water, dried
over magnesium sulfate and concentrated under reduced pressure
giving a solid (13.1 g). The solid was decolorized with char-
coal and crystallized from acetone-water yielding ILXXXIX (10.4
z, T3%, mp 201-202°); infrared (XBr) 2.80-3.90 (broad), 5.90,
6.25. €.66, 6.88, 7.05, 7.85, 8.53, 9.34, 13.10, 13.75, 14.50 .

Angl. Calecd. for C 13BrO ¢, 59.00; H, 4.27; Br,
26.21. TFound: C, 58.89; H, 4.28; Br, 26.26.

v

Srars- o, [f-Diphenyl- f-vropiolactone (XC)

4 solution of erythro-3-bromo-2,3-diphenylynropanoic acid



(LOCIL, 1.0 g, ©.0033 mole), sodium carbonate (0.3

mole) in water (20 ml) and chlorofora (20 wl, was stirred for
T - o AD m L e . 2 am ot 22 AR e TN

2 hr av 07, The solution wes maintailed av pii -9 fthroughous

tiie course of the reactilio. oy &lding additional sodiun carbon—

&te. Tae orgenic layer was sevarsted, wasned succs.osively

PR

witz sodiwm bicarbonaie solution and water, dried cve. nog

ing & coloriess solid (0.54 g). The nmr end infrared ssecira
showed The product to be a mixture of trans-stilbene and a
small cguantity of a [-lactone. Two successive recrystallize-

tions from benzenc-pentane gave trans-stilbene (0.32 g). Tae

7]

trate was concentrated under reduced pressure giving a
£ f o

H)
H F’

id (0.22 g). Thce infrared zave absorption bands at 5.46,
6.27, 6.70, .50, 9.36, 10.41, 13.10, 14.5C0u . The nmr
(CDClB) exhibited an aromatic multiplet at867.55-7.10, vinyl
- proton singlet (trans-stilbene) §7.05, an AB proton pattern
7£=g4.62, Vy=65.39, (J,p=4.5 cps). The [-lactone, trans-
stilbene ratio was 3:7 respectively.

a4

Irradiation of cis- &-(p-tolyl)-cinnamic acid (XCIII b)

A solution of XCIITI b (2.0 g, 0.0084 mole) in benzene (250
ul) was placed in a Pyrex immersion irradiation vessel and de-
gassed with nitrogen for 0.5 hr. The solution was irradiated

for 23.5 hr using a Hanovia Type A 550-watt lamp. The progress

8]

I the reacticn was monitored by observing the loss of the

carvonyl function of tne acid (5.95u4 ) and the appearance of

the [-lactone carbonyl band (5.45p,) in the infrared spectrum.



St oTae ernd cf tne drrediaticn vk acid carbonyi band was con-
pietely renoved. Dhe solvent was reroveld under reduced pres-—
sure giving a yellow solid (2.0 o). Tha nar (C"»\Cl}) of txe
crude material shows '\/‘.;S 5.03, Vy=¢85.60, (J,4=T7.0 cos);

A 5 B
spectively. The solid was d4ilssolved in benzene, <ocolorized
witn norivte and concentrated under reduccd pregsura.  Accrys-—
tallization from benzene-pentane gave cis-ok-p-tolyl—[~phenyl-

- I, ’ =0 .
[-propiolactone (XCIV b, 0.4 g, 20%, mp 111-112.57). The

10.43, 10.58, 11.20, 12.05, 13.25, 13.85, 14035 )b 5 nmr (CDCl3)
five vroton singlet §7.13, four proton singlet & 6.87, AB
proton pattera 7,=§5.25, 73=85.83, (9,4=T7.0 cps), three

Fe¥ o W]
proton singlet 8§ 2.15. The mass spectrum exhibited a very

wealk parent ion at m/e 238 and the fragment ions are shown in

Teble 7.

Table 7. lass spectrum of cis—-o(-{p-tolyl)-
B -phenyl- [-propiolactone (XCIV D)

r/e % of base n/e % of base

L3 2.0 178 1.9
103 1.9 179 24.6
132 100 194 38.4
133 0.9 '

tnal. Calcd. for C ,1{,4 o G 80.67; H, 5.88. [ound:

¢, 80.65; H, 5.99.



ey A S A . o 2 R /. - s v e a0 T
Irradigticn of cin- K=-pnenyl-n-metrhylcinnenic acid (XCIIT b)
~Y vy S - L [Ainn e B ~ aTary M = .~ T r

4 solution of XUIITI ¢ (2.0 g, 0.0024 mole) in penzene
S T e TV ) . LI A s - - s 4 - PR L - ~
25 1, wis lrradisved in a nanner enalogous to the proce-
SEUNN S ShmA A el AP © 5 Jan ey 3 4
dure cescrived ebove. After 20.5 Lr the aclid absorption in
L ., A e o A Ay o) A - P P N MM ~
thne infrearad gpnecitrum was apout D% of its origlnar velue. Tae
cAY ot e pavn reaAn 3 Fimir oAt s nA A ETYrS o A o~ l ' o O
Soldvernv was remsmovell undlry educed nressure Ziving a soLld Ze

Zy. The nmr of the crude product showed two AL sroton patterns

(J;3=4.5 cps) in the rutio of 3:1 respectively. Recrystaliliz-
ation from berzene-pentane gave cis-o{-phenyl-[~(p-tolyl)-[~-

-

sropiolactone (XCIV c, 0.41 g, 21%, mp 98-99°). The infrared
spectrun (KBr) gave absorption bands at 5.50, 6.66, 6.59, 7.94,
8.82, 8.92, 10.46, 11.66, 12.25, 12.45, 12.60, 13.50, 14-37;L;
nmr (ODClB) nine proton multiplet centered at ¢ 7.15, AB proton
patiern '\/A=85.29, 7B=85“84 (JAB=7'O cps), three proton
singlet § 2.19. The mass spectrun shows a very weak parent ion

at m/e 23& (0.7%) and the fragment ions are shown in Table 8.

-

Table 8. Mass spectrum of cis-& —phenyl-[ -
(p-tolyl)-/f ~propiolactone (XCIV c)

n/e % of base n/e % of base

LE 30.3 179 57.6
88 13.0 193 18.0
95 1.1 194 100
118 40.6 195 15.5
178 39.6
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104%). Thne infrared spectrum (XKBr) gave sbsorption vands at
5.50, 6.70, 8.07, 8.67, 8.90, 9.20, 10.53, 11.17, 12.07, 12.26,
13.20, 14.02, i4.344 ; nmr (CDClB) nine proton multiplet cen-—
tered at §7.05, AB proton pattern ')’A=8 5.32, '}’B=8 5.86 (JAB:

veak varent ion (m/e

)

7.0 cps). The mass spectrum exhibited &
2

58, 0.09% of base) and the fragment ions are shown in Table 9.

Table 9. lass spectrum of cis-K-phenyl- /[~
(E—chlorophenyl)-[;—propiolactone (XCI114)

n/e % of base n/e % of base

(@)
(&

44 18.7 118
76 10.9 119
68 16.9 178
90 17.1 179

N Do -
° .
N W




Gel., 7The column was eluted with benszene (250 ml) waich ugon
cvasoravion gave tran chlorostiloene (0.3 gz, 18%, mn 129-

C
Irrediation of cisg- «-(p-cileroghenyl)~cinnanic acid (XCII e)

A solution of XCIII ¢ (2.0 g, 0.0078 mole) in benzene wes

L

icradiated as described above for 76 hr. The solvent was re-

ved under reduced pressure giving an oil (2.0 g). Tae infra-

0

red specsrun (CHCL,) showed bands at 2.80-3.75 (broad) 5.46,

(WS)

5.80, 5.90, 6.25, 6.70, 8.50-3.50 (broad) 9. 80, 10. 40;1 The

nmr exhibited two AB proton patterns 7 ,=8 5.03, V5= §5.67

(d,+=7.0 cps); V,'=84.55, 7.'=8§5.35 (J,,=4.5 cps) in the
A3 i B Ij

ratio of 9:5 respectively. Attempied crystallization from pen-

tane, nexene, and benzene and mixtures thereof was futile.

Irradiation of cis-o(-(p-fluorophenyl)-cinnamic acid (XCIII f)

A solution of XCIII £ (2.0 g, 0.0083 mole) in benzene (250

nl) was irradiated for 41 hr using the method described above.

semi-s0lid (1.97 g). The infrared spectrum (CHCL
5

a2t 2.75-3.75 (brozd) 5.45, 5.86,
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~ [N =Sy - = ! T . oV 2 T A 1 =
Y.=55.15, Y.=85.72 wqyﬁ.chﬂ, =8 4.50, V.,'=85.35
- 4 - Pl -

/ = ~\ S n o 04 g4 ey oy A \ R
=45 cusy in she ratio of G:t.  Attempted crysitallization
rrom pentine—-venzZene or danzene was nov successiul.

Tor 72 nr. The solvent was removed uncer reduced v:
e . e e PN
iving & ligat, yellow oil. Tae infrared spectrwa (cap filnm)

showed bends at 2.80-3.70 (broad), 4.47, 5.45, 5.85 (vroazd),

5.21, 6.62, 6.87, 7.05, 8.00-9.00 (broad), 10.47, 12.00, 13.25,

14.30 4 . The nmr spectrum (CDClB) exhivited & single AB proton

pastern V,=§5.37, V;=85.89 (J

Ih

tallize the oily mixture failed.

=7.0 cps). Atvempts to crys-—

T

LB

H

Irradiation of cig-X-phenyl~p-cyanocinnamnic acid (XCIII n)

L soluticn of XCIII h (2.0 g, 0.0080 mole) in benzene {250

i}
FeS

ml) was irradiated for 5 hr. The solvent was removed under re-
duced pressure yielding a light, yellow oil (2.0 g). The in-
frared specirum (cap film) showed bands &t 4.50, 5.45, 9.05,
10.50, 11.15, 12.06, 13.25, 14.324 . The nmr spectrun (CDClB)
exnidited two AD proton patterns 7,=85.37, V;=85.87 (4, =
7.0 cps); 7gf=:84.66, 7é'=§35.50 (Jp5=4+5 cps) in the ratio
of 3:2 respectively. All attempts to crystallize the oil fail-

ed.
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Irrzdivtion of cis-« —~(o-nitrophenyl)-cinnamic acid (XCIII i)

—e.

4 soluzion of XCIIT i (2.0 g, 0.C074 molc) in benzene
(250 ml) was irradiated for 94 hr using the procedure describ-

zoove. Oaly & very small [ -lactone avsorption was oogerved

L : AN ~~ e onn s PR R P 2 [P, IR N . i - Y - :
im thae Infrared spectrwn during the irradiation. Tae soivent

~ ~ ] = - = - - . . - s
was eveporated under reducad pressure giving a brown soiid (2.0

14.03, 14.45y . ZRHecrystallization from ethanol gave cis-X -
(z-nitrophenyl)-cinnanic acid (XCIII i), 1.4 g, mp 216-217 .

cis-c/-phenyl-p-nitrocinnamic acid (XCIII j)

Hh

Irradaiasion o

A solution of XCIII j (2.0 g, 0.0074 mole) in benzene
(250 ml) was irradiated for 36 ar using the procedure described
above. At the end of this period the [3 -lactone and acid car-
bonyl absorptions were agproximately equal in -the infrared
spectrun. The solvent was rcmoved under reduced pressure giv-
ing a dark brown-red oil {(1.85 g). The infrared spectrum (cap
- film) chowed bands at 2.75-3.75 (broad) 5.45, 5.93, 6.26, 6.60,
7.45, 9.05, 10.52, 11.13, 11.75, 13.30, 14.354 . The nmr spec-
Trun (CDClB) exhibited two AB proton patterns V,=§5.35,
75=85.88 (3,5=7.0 cps); 7,'=84.69, Yy'=8§5.52 (I, 5=4.5 cps)
in tae ratio of 1:1. Crystellization from benzene-hexane gave
a mixture of cis and irans-o{-phenyl-p-nitrocinnamic acid

(XCIII j, 200 nmg, mp 209-211°). The infrared snectrum (KBr)
snowed bends at 2.75-4.25 (broad) 5.96, 6.18, 6.27, 6.57, 7.07,
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Trradiavion of cis— A —pheny_-p-nmevhoxycinnanic acid (XCIII k)
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4 goiution of XCIII k (2.0 &, 0.0073 mole) in benzend
/5508 e ) s s AL At ed Pear G4 T . o Tand
{250 ml) was irradiated for 46 hr. No lactone tand vwas 0o-~
~ ke A JEv P D pe ~ . ~ [y PR N N . -
served 1n the infreared specurum tarougncut tae course of the
lrradiaticon. Tae solvent was renoved under reduced pressure
o

12.03, 14.50 . The nnr (CDClB) showed the photoproduct To

o X .__j-

— - I Oy - b fl .
Srens: § T.50-6.80 (105,n), © 2.70 (35,s). The ultravioles
spectrun (95% ethanol) showed absorpiion bands at 312 and

-

Recrystallization from ethanol-water gave a mixiure of

cis and trans—o-phenyl-p-methoxycinnamic acid (1.9 g, mp 133-

Irradiation of cis-ol~(p-methoxyphenyl)-cinnanic acid (XCIII 1)

A solution of XCIII 1 (2.0 g, 0.0074 mole) in benzene
(250 ml) was irradiated for 10.5 ar using the procedure de-

scribed above. ne solvent was removed under reduced pressure

e

giving a yellow semi-solid (1.96 g). The infrared spectrum
ad

(CUClB) shiowed bands at 5.46, 6.20, 9.00, 10.50u . The numr

(CDClB) showed two AB proton patterns 7§=85-O5, '}’B=85.62
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veshoxystilbene (0.2 g, 12,50, mp 134~1357, 1it. (113}, no
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136-1377,); infrared (XBr) 6.2H, 6.63, .05, .51, 9.74, 10.37,
12.10, 12.35, 13.37, 14.57 . The nuss specirum ex ted a

A solution of trans-cimmanmic acid (1.0 g, 0.0088 mole) in

benzene (250 nml) was placed in a Pyrex immersion irradiation

vesscl and degassed with nitrogen for 0.5 hr. The solution was
irraediated witn a Hanovia Type A 550-watt lamp for 56 hr. The

progress of the reaction was monitored in the infrared spectrum
and no band ascribable to a [§-lactone was observed. The s0l-
vent was removed under reduced pressure giving a yellow soliid

(1.0 g). Recrystallization from benzene-pentane gave & mixture

s cneanes

- . . . . ~ o) .
of c¢is and trans-ciznnamic acid (0.96 g, mp 110-130"). The nnar
( exhibited two AB proton patterns; trans: 7V ,=86.37,

)
2
7B= 87.73 (JAB=16.O CpS), _Q_i;_s_: 7A=85-907 73::86.93 (JABz

A solution of XCV ¢ (2.0 g, 0.0123 mole) in ether (250 ml)
was placed in a quartz immersion irradiation vessel and degas-~

sed with nitrogen for 0.5 ar. The solution was irradiated with
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All avtenmpts to crystallize the oil were futile.

rradiation of K-methylcinnamic acid (XCV b)

H

A solution of XCV b (3.0 g, 0.0185 mole) in benzene (250
ml) was placed in a Pyrex immersion irradiation apparaius and
degassed with nitrogen for 0.5 ar. The solution was irradiated
using a Henovia Type A 550-watt lamp for 15 days. The progress
of tne reaction was followed in tahe infrared spectrum uatil no

Turther chaenge in the intensity of the carbonyl bands of the
o

aclid and the [}—lactone took place. At the end of the irradi-

<t
PJ.
[@)

n the intensity of the lactonre carbonyl band was approxi-

mately one-nalf that of the carbonyl band of the acid. The
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The infrered spectrun (cap £ilm) showed
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5.75, 6.50, 7.07, 7.50, 8.30, 3.&7, 10.85, 13.10, 13.55, 14.35,
7’.73@ . The o0il was discolved in ether and extracised several

cwasnped wita waver, dried over magnesium sulfate and corncent

o~

ed under reduced pressure giving a light, yellow oil (0.44 z).
The infrared spectrun (cap film) gave a sirong absorption tand
2% 5.45 W end less intence bands at 5.52 and 5.80 . The nur
(CDCl ) showed an aromatic multiplet at § 7.50-7.00, metaine
roton douvlet § 5.55 (J=6.5 cps), methine proton multipiet

ni
S 4.18-3.30, methyl proton doublet $0.85 (J=8.0 cps). All at-

R Y

tempts to crystallize the oil failed.

Irradietion of &« -phenylacrylic acid (XCV e)

A solution of XCV e (1.0 g, 0.0067 mole) in ether (250 ml)

-~

was placed in a cquartz irradiation vessel, degassed with nitro-

or 0.5 hr and irradiated using a Hanovia Type A 550-watt

Cq
®
=
L)

lenp for 12 hr. During the course of the irradiation 2 weak
absorption band (5‘47FL) attributable to a L}-lactone WS 0D=-
served in the infrared spectrum. The solvent was removed under
reduced pressure giving a yellow oil (1.0 g). 'The nmr (CDClS)
showed the mixture to be mainly a polymer with broad multiplets
at § 7.50-6.80, § 4£.00-3.00, end § 1.50-0.70. The oil was dis-
solved in efher and extracted seven times with ice-cold solu-

tion of sodium bicarbonate. The ethereal solution was washed
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wita water, dried over magncsium sulfate end concentrated under

). The infrared sgectrun

Cq

reduced pressure giving an oil (0.3 n
(cap film) gave absorption bands at 2.90-3.50 (broad), 5.45,
5.61, 5.60, 6.25, 6.68, 6.30, 7.30, 9.10 (obroad), 12.20,
14.28 4. The nmar was not very descriptive due to tane prescnce
of the polymer, Attempted crystallization from several aprotic
solvents was futile.

Irradiation of crotonic acid

A solution of crotonic acid (2.0 g, 0.0125 mole) in ether
(250 ml) was placed in a quartz immersion irradiation vessel
and degassed witn nitrogen for 0.5 ar. The solution was irrad-
iated with a Hanovia Type A 550-watt lamp for 48 ar. The infra-
red spectrum failed to reveal an absorption band attributable
to a [J-lactone. The solvent was removed under reduced pressure
vielding a light, yellow oil (2.2 g). The infrared spectrum
(cap film) gave absorption bands at 2.75-4.00 (broad), 5.65
(broad), 6.10, 7.10, 7.75, 8.15, 9.10, 10.75k . The nar spec-

trum (CDCl3) revealed a mixture of cis and trans-crotonic acid

‘and 3-butenoic acid (67); trans-crotonic acid: § 7.30-6.90
(15,m), §6.10-5.60 (1H,m), &2.00-1.80 (3H,q); cis-crotonic
acid: § 7.30-6.90 (1H,m), & 6.10-5.60 (1H,n), & 2.20-2.00 (3H,
q); 3-butenoic acid: § 5.90-5.60 (1H,m), & 5.40-4.90 (2H,m),
8$3.25-3.00 (2H,m).

Irradiation of &, [-diphenylcinremic acid (XCV 4)

A solution of XCV 4 (1.0 g, 0.0033 mole) in benzene



hiahe o4t §

(250 nl) was degassed with nitrogen for 0.5 ar. The solution
was irradliated in a Pyrex immersion irradiation vessel using

& lanovia Type A 550-watt lamp. After 12 or the infrarsd spec-
trum showed an invense [ -lactone band (5.454 ) and a weak

acid carvonyl band (S.QO;L). The solvent was removed wnder re-
duced pressure giving a semi-solid (0.95 g). The nnr (CDCIB)
showed an aromatic multiplet at § 7.50-6.30, and a methine
proton singlet at §5.43. The residue was dissolved in benzene-
pentane and cooled giving «, §-diphenylcinnamic acid (0.28 g).
The filtrate was concentrated under reduced pressure yielding
a yellow oil. The infrared and nmr spectra confirmed the pres-
ence of the [-lactone and also an increased amount of tripghen-
ylethylene. Crystallization of the 0il from hexane gave tri-
phenylethylene (0.16 g, mp 67-68°). The infrared spectrum (XBr)
was superimposable in that of the authentic olefin. Further

attempts to crystallize the residue failed.

Irradiation of [ -phenylcinnamic acid

A solution of [ -phenylcinnamic acid (2.0 g, 0.008S mole)
in benzere (250 ml) was placed in a Pyrex immersion irradiation
vessel and pﬁrged with nitrogen for 0.5 hr. The solution was
irradiated with a Hanovia Type A 550-watt lamp for 33 hr. The
irradiation was monitored in the infrared spectrum and no
change was observed. The solvent was removed under reduced
pressure glving a yellow solid. Recrystallization from acetic

acid gave [ -phenylcinnamic acid (1.7 g, 85%).



Irradiation of biphenyleneacrylic acid

A solution of biphenylenezcrylic acid (2.0 g, 0.00. mole)
in tenzene (250 ml) was placed in a Pyrex immersion irradiation
vessel and purged with nitrogen for 0.5 hr. The solution was
irradiation with a Hanovia Type A 550-watt lamp for 40 hr. The
infrared spectrum gave no evidence for the formation of & [ -
lactone. The solvent was removed under reduced pressure giving
a yellow solid. Recrystallization from acetic acid gave bi-

- phenyleneacryiic acid (1.8 g, 90%).

Irradiation of cis-ol-phenylcinnamsmide (CIII)

A solution of CIII (4.0 g, 0.018 mole) in benzene (450 ml)
was placed in a Pyrex immersion irradiation vessel and irradi-
ated with a Hanovia Type A 550-watt lamp while being continu-
ously degassed with purified nitrogen. The reaction was moni-
tored by observing the change in the infrared spectrum during
the irradiation. After 60 hr, bands at 5.68 g and 5.96pu failed
to change on further irradiation. Total irradiation time was
70 ar. The solvent was removed under reduced pressure giving
a yellow oil. Analysis by nmr and tlc of the crude photolysate
snowed at least 3 photoproducts were present. The oil was
dissolved in a small volume of benzene and chromatographed on a

Silica Gel column (300 g), 300 ml fractions being collected.
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siuent Praction number rroduct comnosition

Benzene 1 nil
7 23 solid (mp 116-1239)

" 4-8 nil

5% chloroform in benzene 9-11- nil

105 i L 12-15 nil

207 L u 16-18 nil

304 z n 19~21 nil

4.0% z u 22-24 nil

5055 " . 25 nil
5035 " " 26 solid (mp 124~125°)
50% Z " 27 solid (mp 112-122°)
505 " " 28 solid (mp 1671-165°)
50% T n 29 solid (mp 155-170°)
6o% " 30 solid (mp 144-150°)
60% “ " 31 solid (mp 118-127°)
60% " " 32 solid (mp 117-127°)
60% n " 33 solid (mp 120-126°)
60% L J 34 solid (mp 124-127°)
- 60% " u 35 solid (mp 124-127°)
60% " L 36 solid (mp 124-127°)

The nmr and tlc analysis showed all fractions to be a
mixture of two or more compounds. Recrystallization of frac-—
~ tions 2 and 3 from hexane gave trans-stilbene (80 mg, 2.5%,
mp 124—1250). The compound was identified by comparison with
the'infrared spectrum of an authentic sample of trans-stilbene.
Fraction 26 was recrystallized from benzene-pentané four
timeé giving trans-3,4-diphenyl-2-azetidinone (CV, 110 mg, 3%
mp 124—1250). The infrared and nuar spectra are shown in Figure
7, page 53, and Pigure 8, page 55, respectivelyL The mass spec-—

trum is shown in Table 10.



Table 10 Mass specltrwn ol trans-3,4—
Giphenyl-2-azetidincene(CV)

n/ ¢ % of base n/e 7 of dase
&3 34,4 178 20.7

g0 40.0 179 39.0
106 16.1 180 100
118 69.0 181 18.0
165 19.8 223 10.7

Anal. Calcd. for C15H13NO: c, 80.72; H, 5.83; K, 6.28.
Found: €, 80.82, H, 5.84; X, 6.27.
Reneated recrystallization of fraction 30 from benzene-

entane afforded an analytical sample of cis-3,4-diohenyl-2-
b Y 3 ¢

azetidinone (CIV, 500 mg, 13%, mp 154~155°). All the yields

are bases on unrecovered starting materiazl. The infrared and

(g

nmr syectra are shown in Figure 7, nage 53, and Figure 8, page
I [ y U0 b o s Mo

55, respectively. The mass spectrum is shown in Table 11.

Table 11. llass spectrum of dis—},4—diphenyl—
2-azetidinone (CIV)

/e % of base /e % of base
43 43.0 119 8.0

58 151 165 6.8

88 18.1 178 7.9

90 30.4 179 1343
106 18.2 180 24.8
118 100 223 38.2

Anal. Caled. for C,gH,,NO: C, 80.72; H, 5.83; N, 6.28.



The product was very difficult to obtain in the pure s
sublimation at 140° gave an analytical samnple. The infrarcd
spectrum (K3r) 2.90 (broad), 5.96, 6.72, 6.26, 6.70, 7.23, 7.90,
13.20, 14.35 p5 nnmr (CDClB) one oroton multiplet centered at §
9.15, an aromatic proton multiplet centered at § 7.20 and an

A.B proton patiern 7@;:83.18, V5= 83.80 (J=8.2 cps). The

2
‘mass spectrum is shown in Table 12. The structure of the

Table 12. lass spectrum of 3-phenylaydrocarvostyril(CVI)
n/e % of base m/e % of base
S0 32.2 178 18.6
106 - 32.2 194 29.3
118 30.0 223 100
131 15.2

compound is tentatively assigned as 3¥phenylhydrocarbostyril
(cvi).

Anal. Calcd. for C15H1 NO: ¢, 80.72; H, 5.83; N, 6.28.

Tound: €, 80.55; H, 5.89; N, 6.27.

Practions 37-35 were combined and recrystallized from
acetone-water giving cis- K-phenylcinnamamide (CIII, 1.10 g,
mp 127-128°). |

Irradiation of cis-o({-phenylcinnamanilide (XCVI)

A solution of XCVI (3.0 g, 0.01 mole) in benzene (300 ml)

was placed in a Pyrex immersion ilrradiation vessel and degassed
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with nitrogen for 1 hr. The solution was irradiated using
Hanovia Type A 550-watt lamp for 23 nr. Tae progress of the

e

-

reaction was monitored by infrared analyosis until nce further

bsorption band (5.98( ) grad-

Sy

change was observed. Tne amilde

o~

ually diminished and was replaced by an intense band at 5.73u4 .

The solvent was evaporated under reduced pressure giving a

(3.0 g). The nmr exhibited two overlapping AB proton
patterns; 7=84.25, 7,=8§4.94 (J,5=3.0 cps), and 7, '=8 4.96,
V5'=85.44 (5,4=7-0 cps). Tee solid was dissolved in a small

volume of benzene and chromatograpghed on a Silica Gel colum

(150 g), 250 ml fractions being collected.

Lluent Frection numboer Product composition
Benzene 1-3 nil

" 4 solid (mp 110-143°)

0 5 solid (mp 116-1586°)

" 6 s0lid (mp 118-163°)

" 7 solid (mp 119-174°)

" 8 solid (mp 162-180°)
L 9-13 nil
10% chloroform in benzene . 14-18 nil
205 m L 19-23 ‘ nil
30% i " 24-27 nil

40% " n 27-29 solid (mp 219-220°)
5 0% " L 29-31 nil

Analysis of Fractions 4-8 by nmr and tlc revealed a mix-
ture of two products. These fractions were combined and frac-
tionally recrystallized from benzene-pentane giving cis-1,3,4-

triphenyl-2-azetidinone (XCVII, 1.1 g, 37%, mp 182-183°). The
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infrared and nmr spectra are shown in Pigure o, page 49, and

Plgure 5, page 47, respectively. Tane mass specirum is shown

in Table 73.

Table 13. Ilass spectrun of cis-1,3,4-triphenyl-

5
2-azetidinone (ACVII)

n/e % of base n/e % of base
165 3.4 181 160
173 14.0 182 18.6
179 24 .4 299 30.0
180 8§6.0

inal. Calcd. for C21H17NO: C, 64.29; H, 5.69; N, 4.68.
Tound: C, 84.35; H, 5.71; N, 4.74.

The filtrate was concentrated under reduced pressure giv-
ing a solid (0.5 g). The fourth recrystallization from iso-
nropyi alcohol gave trans-1,3,4~-tripnenyl-2-azetidinone (XCVIII,
700 =g, 2.3%, mp 127—1280). The infrared ana nor specira are
saovm in Figure 6, page 49, and PFigure 5, page 47, respectively.
The mass spectrum is shown in Table 14.

Table 14. Mass spectrum of trans-1,3,4-triphenyl-
2~azetidinone (XCVIII)

m/e % of base m/e % of base
165 7.8 180 100
178 131 181 33.8

179 22.8 299 9.8
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Anel. Calca. for ngd17ku. C, 84.29; H, 5.69; I, 4£.068.
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Found: C, 84.42; i, 5.70; I, 4.60.

rystallization of Fractions 27-29 from ovenzene-pentane
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.15 g, 5.0%, mp 219-2207); infrared

4.28 45 nar (CDClB) one proton singlet at § 9.35,
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an aromatic multiolet centered at §7.10 and an A3 proton pat-
tern V,=064.17, 75::84.43, (J,5=6.0 cps). The mass spectrum
exhibited an intense molecular ion at /e 239 (100%) and frag—
ment ions m/e 78 (40.0%), m/e 180 (67.0%4). Tre structure was

<

tentatively assigned as cis-3,4-diphenylaydrocarbostyril (XCIX)

ingl. Caled. for G, H,,NO: C, 84.29; H, 5.69; N, 4.68.
Pound: C, 84.25; H, 5.79; N, 4.75.

trens-1,3,4-Triphenyl-2-azetidinone (XCVIII)

To a solution of benzélaniline (1.81 g, 0.01 nmole) and
triethylamine (1.0 g, 0.01 mole) in anhydrous ether (35 nl)
wes added dropwise to a solution of ol-phenylacetyl chloride
(1.55 g, 0.01 mole) in ether (15 ml). A precipitate formed
immediately, and the mixture was stirred for 0.5 hr. The re-
action mixture was filtered and the filtrate was evaporated
giving an oily residue. The oil was dissolved in a small vol-
ure of dichloromethane and poured onto 1.0" X 20" column
precared with 50 g of Silica Gel. Thé column was eluted with
benzene (250 ml) which upon evaporation afforded an oil.

Crystallization from iso-propyl alcohol gave
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XCVIII, 180 ng, 6Gp, mp

- . 4,0y % ; . .
127-128°, 1it. (114,115), mp 133-134°).  The infrared spec-

trans—-1,3,4-triphenyl-2-azetidinone

trum (KBr) was superimposable on tae trans—[?—lactam ACVIII

@

isolated from the photolysis of cis-o -pnenylcinnamanilid

(XCVI). A mixed melting point determination showed no depres-

The analysis of the trens-lactam XCVIII reported by
Kirmse and Horner (114) leave much to be desired. They report
the theoretical percent carbon in C,,H 7NO to be 86.37% and
found 86.17% whereas the correct cafbon'percentage should be
84.29%. The values reported by Prfleger and Jiger (115) were
acceptable. .



Irradiation of cis-o«L—phenyleinnanic zcid (LXXVII) in the

presence ol tetremetnylethylene gave only trans-1,2-dipnenyl-—

(&

3,3,4,4=tetrancthyleyclovutune (LiAVIII). The struciturc of the

+

orocuct was establiszed by oxidation with N-bromosuccinimide to

L

1,2-dipkenyl-3,3,4,4-tetranethylcyclooutene (LXXIX) which was
identical to an authentic samople prepered by pnotocycloaddition
of diphenylacetylene to tetramethylethylene. Reduction of 1,2-
diphenyl-3,3,4,4~tetranethylcyclobutene (LXXIX) with potassiunm
in liguid ammonia gave trans-1,2-dipnenyl-3,3,4,4~-tetrancthyl-
cyclobutane (IXYVIII). The rediation of cis or Irans-«K-
phenylcinnanic acid (LXXVII, LXXXVIII) in benzene gave cis-,
[-diparenyl- B-propiclactone (LXXXIII). Irradiation of cis-&,
[-diphenyl- B-propiolactone (LXXXIII) in the presence of tetra—
methylethylene afforded trans-—1,2-dipaenyl-3,3,4,4-tetramethyl-
cyclobutane (LXXVIII), while irradiation in the absence of
tetramethylethylene gave phenantarene (XCII). Photocycloaddi-

tion of cis or trans-stilbene to tetramect thylethylene gave only

trans-1,2-diphenyl-3,3,4,4~tetranethylcyclobutane (LXXVIII).
The scope and substituent effects of the [ -lactone formation
were investigated.

Irradiation of cis- X-phenylcinnemamide (CIII), and cis-
o(-phenylcinnamanilide (XCVI) gave cis and trans-[-lactams to-
getner with other products.

The bond orders and formal charge densities were calculated
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APPENDIX



Tre acid and amide systems
were numbered as shown below.




P bR B |

of-Phanvlcin

AL

Pba.\

PSI¢

PSIH

PSI(

PSI{

PSIH

PSIH

Lo

2)

3)

&)

5)

5)

1)

-8)

9)

ic acid
= (a4375 ( 1) = CL.4783 { 2) + .4373
4 0.3935( &) D.27TT{ Sy DLILTEL &)
= 0J08B20 T+ CLCTLLL 2+ 0.0E320 G
+ OoLlE7SIL0F 0e2208{1% 0% D.1565{(12;
+ 0eD832{13)+ Ga340T7{ 1Y+ $.D532(15)
+ LL0497(18)+ 0.0421(0175+
==J.2973 { 1} 4=0.2275 { 2) +=5.2972
= 0e0938{ LI+ $.1822( 5)+ 5.125690 &)
+ 0J1058¢ T+ Co 0331 &)+ 0.31L28530 97
+ D,1289{13)% CuZ2438( 10+ Geb42486{12)
- ﬂ,“%“'\Ta;* D.27T7TT(140+ 0.2200113)
= De277T7(LE)+ 0u28XC117 54
==0(3.1882 { 1) +=-0.1139 { 2) +~0.13&2
+ 0.1015{ &)+ C.32815( B)+ 0.32434( &)
+ 0.31660 7Y+ 03087 31+ 5.310561 97
+ 0e3404{1015~C,0394{111+=0.2224(12)
F~0,1993(13i+=3.1854{14)+=03,1993{15)
+~0e1854( 163 4+=3,18C8(17)+
==0.21453 | 1) +=0.0010 { 27 +=0.214%8
+ L3851 4+ 0.19471 53i+~0.0481( &)
+=0,2841( Ti+=0.35111 8)y+=5.28410 S)
=0 ,0401{10)+ D0.3856{11)+ 0.1930(12)
T=0uC462{ 13 ) 4=0.2644 (14} +=0.0462{15)
+—o 2644{(16)4+=0.3576( L7 )+

=0.707Y { 1) +=0.0C00 { 27 + 0.70271
+ 0L.0000( &)+ 0.00C0C¢ 5)*~0.0COO &)

+=0.00C80( 7)+=0,.0008¢ 8)+-0.3C0
+=0.,0000(10)+ uaODO”(ll)- G.OnCO{lZ)
+=0.0300{13)+=-D.0000{14)+=0.0200
+=0e OFOJ(LO)“_UouUUH\17}?

= 5.0797 { 1) +=0.0300 ( 2) + £.0797
T=0e1784{ 4)+-0.3710{ B5)+=0.1262{ &)
+ 0.2245{ 7))+ 0.32869( 8§)4+ 0.2245{ 9)
+=0.1262(10)+ c.-9u0(11>+ CetC36{12)
F 01373{13¥+~0e2443{24)+ D.1373{15)

+“u.2442(16)v-»¢.2b8(l7)f
==3.0000 ( 1) + 040000 ( 2) + 0.0000

+=0.0000( 4)¥+=-0.00C003( 35)+ (.3000( 6.
+ 0.5000( 7))+ 0.08000( 8)+-0.50C0{ 9)
+=0.5000{10)+ Q0.0CCO(I1l)+ 0.0C000(12}
+ 0.0030{13)+ 0.0035(14)+=D.0030{13)

FT=0.0030{16)+~0.D032(173)+
= 00,0000 { 1) +=0.C000 { 2} + C.0CC
*-C-CU‘O{ 43+ 0.0000(0 5)+ D.CC30{ &)

+ 0.0030( 7)4=0.2C00%( 8)+=0.0030( 9)
*-O 0030(10)+=0,C000{11)+ 0.0G00(12)
F+~0.5000{(13)+=0.35020{ 14+ 0.50300(15)
+ 0.5000(16)+ 0.0000{17)+

= 0.1733 { 1) +=8.1760 ( 2) + 0.1723
F=0.4151( 4)+ 0.268691{ 5)+ 0.2884( &)
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w
~

(QV]
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3)

3)
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w
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