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Abstract-A novel dimer of trans-anethole has been obtained photochemically. The dimerization proceeds 
with strict stereospecificity and the structure of the dimer has been ascertained as I,cis-2di-panisyl- 
trans-3,trans4dimethylcyclobutane. The dimer was transformed into the corresponding diphenol. 
diacetate and I,cis-2dimethyl-trans-3,tran.s4diphenylcyclobutane. The hydrocarbon was independently 
obtained from p-truxinic acid by reduction. Some dimethyldiphenylcyclobutane isomers have been 
prepared analogously from cinnamic acid dimers and the NMR spectra have been compared. 

Anethole reacts photochemically with benzaldehyde and benzophenone to afford the corresponding 
oxetanes, some of which decompose spontaneously into stilbenes and acetaldehyde. We anethole dimer 
was not obtained in the presence of such carbonyl compounds, while isomerization to cis-anethole proceeds 
smoothly. Salicylaldehyde gives another type of I : I-adduct. which has been shown to be 4-p-anisyl-2- 
hydroxy-3-methylchroman. An analogous hemiacetal was obtained by the reaction of salicylaldchyde and 
I,l-diphenylethylene. 

Mechanistic implications of anethole photochemistry have been discussed. 

PHOTOCHEMICAL transformation of rrmrs-anethole (I) into the cis isomer (II) has been 
reported.’ Previously, it was mentioned that exposure of I to sunlight for a long period 
caused the precipitation of photoa&&, the structure of which was established as 
4,4’dimethoxy-transstilbene (III).’ The mechanistic interpretation for the formation 
of III has not been reported and the photoreaction of I, which constitutes the subject 
of the present paper, has only been briefly discussed. 

Direct iwadiation of I cuusing dimrization. Irradiation in cyclohexane solution 
for 5 hr,* transformed I into II in the ratio of 85 : 15t, together with formation of 
a dimer (IV) in 39 % yie1d.S Despite all efforts, no trace of III was found among the 
products. 

The homogeneity of IV was ascertained by TLC and by GLC.5 No appreciable 
change was recognized when IV was heated at 200”, but pyrolysis at 500” afforded 
I in a 75 ?< yield. Mass spectrometry showed the parent peak at m/e 296 and a peak at 
240 (dimethoxystilbene).(( Demethylation of IV with pyridinium chloride’ gave a 
diphenol (V) in 87 % yield, which was then converted into the diacetate VI. Homo- 
geneity of these crystalline products (V and VI) was checked by TLC. Remethylation 

* All irradiation experiments were carried out with a 200 W high pressure Hg arc as an external light- 
source through a Pyrex-filter, unless otherwise stated. 

t Prolonged irradiation (> 12 hr) gave a I : 1 mixture.’ 
$ The dimer IV was originally obtained as an oil. After completion of this work, a sample of IV was 

found to have crystallized after standing for I8 months in refrigerator. The IR spectrum (Ccl,) of the solid 
was identical with one of the oily sample. 

0 TLC was performed on silicagel G with benzeneCCl, (5 : 8) as an eluanf while GLC on high-vacuum 
silicone grease (5 ‘A), 1 m, at 250” with He carrier. 

(1 Mass spectra were operated on HITACHI RMU-6 at an ionizing voltage of 80 eV and a probe temp 
of 230”. 
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of V gave a product identical in all respects with IV. The structural and stereochemical 
uniformity of IV was thus established. Reduction of IV with sodium in liquid ammonia 
afforded meso-l,4-di-p-anisyl-~3-dthylbutane (VII) in 82 % yield. Successive 
treatment of V with diethyl phosphite and then with sodium in liquid ammonia* 
gave meso-2,3dimethyl-l&diphenylbutane (VIII)s in 60 % yield. 

I 

yHk Me,~~~6H~oR_p 
‘An-v 

- H-FCH&,H.X-I 

H- -CH&,H,X-p 
I,OR-p B!f e 

IV: R=Me, V: R=H, VII: X=OMe 

VI: R=Ac VIII: X = H 

Three isomers of dimethyldiphenylcyclobutane have been prepared from cinnamic 
acid dimers, viz., a-truxillic, Btruxinic and b-truxinic acids.* The reactions involved 
are LAH reduction, tosylation and LAH reduction. A comparison of the NMR 
spectrum (Fig. 2)t of the hydrocarbon derived from &truxinic acid with those of 
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FIG. 1 NMR of anethole photodimer (IV) and the corresponding diphenol (V). 

l The geometry of these dimas has been established.6 
t The NMR spectra were taken on JEOLCO C-60-H and Varian A60 in CDCl, soln. The chemical 

shifts (6) are given in ppm from TMS internal standard. 
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IV and V (Fig. l), shows a striking similarity. Final evidence for the trans-syn-aans 
geometry of IV and V was secured by conversion of V into the tosylate which on 
desulphurization with Raney nickel,’ yielded a hydrocarbon identical with l,cis2- 
dimethyl-truns-3,trans_4_diphenylcyclobutane.* Prolonged irradiation of I gave less 
homogeneous IV, which showed some additional NMR peaks possibly arising from 
dimer(s) produced by the participation of II. 

Reaction of trans-anethole with benzaldehydes. An equimolar mixture of I and 
p-anisaldehyde was dissolved in benzene and the solution irradiated for a week in 
a slow stream of nitrogen, from which acetaldehyde was detected as its 2,4_dinitro- 
phenylhydrazone. An isomeric mixture of I and II (47 : 53) was obtained (80% re- 
covery) and the distillation of the residue gave 4,4’-dimethoxy-transstilbene (III) 
in 13 y0 yield after a single recrystallization. A similar reaction : 

I + H-C-Ar hv pAn-CH-CH-Ar pAnLHeH-Ar III 
II + I I + 

0 M&H-O + MeCHO 

IX 

with 4-chlorobenzaldehyde afforded 4-chloro-4’-methoxy-truns-stilbene in 44 % 
yield together with a mixture of I and II (41: 59, 37 %). In contrast, the reaction of 
I with benzaldehyde gave an isomeric mixture of I and II (37 : 63,52 %) and an oily 
substance (23 % yield), which was proved to be an oxetane IX (Ar = Ph). Elemental 
analyses and IR absorption8 at 980 cm-l supported the oxetane struCture, which 
was further verified by UV and NMR spectra. Attempted chromatography of IX 
(Ar = Ph) on an alumina column gave rise to a crystalline product identical with 
4-methoxy-trans-stilbene. 

These findings indicate that photoanethde III arises from the photochemical 
reaction of I with panisaldehyde which has been produced by oxidation of L2 The 
intermediacy of an oxetane IX (Ar = p-An) seems highly probable. 

Instead of oxetane or stilbene, salicylaldehyde gave another type of 1: 1-adduct 
with I in 19 % yield. The adduct showed an OH band at 3450 cm- ’ (Nujol) and the 

I hv XI: Ar=pAtt XII: Ar=pAn 
R=X=H,Y=Me X=H,Y=Me 

/ HOH 

a 

XIII: Ar = p-An, XV: Ar=X=Ph 
R=Y=Me,X=H Y=H 

\ XIV: Ar=X=Ph, 
R=Y=H 

X 

* The stereospecific formation of IV will be discussed in the last section of this paper. 
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UV spectrum indicated the absence of the stilbene chromophore. Elemental analyses 
and the NMR spectrum were consistent with the assigned structure XI. Oxidation 
of XI with chromic acid in pyridine gave a lactone XII which showed an IR absorption 
at 1765 cm- ’ (Nujol) and the NMR spectrum supported the structure given. Methyla- 
tion of XI with dimethyl sulphate yielded a methyl ether XIII. The hemiacetal 
structure of XI was thus verified, but the stereochemistry has not been determined. 
The mechanism leading to XI would probably involve cycloaddition of I to photo- 
enolixed salicylaldehyde (X)’ and subsequent rearrangement. 

In order to assess the potential value of X in photochemical addition, the reaction 
was examined with a variety of olefins. l,l-Diphenylethylene gave an adduct (XIV 
in 21% yield) which on oxidation gave the known lactone XV” in 82% yield. Olefms 
such as cyclohexene, 1,2dichloroethylene and propenylbenxene proved to be 
inactive. 

The dimerixation of I was not observed in any of these reactions in the presence 
of the benxaldehydes. 

The reaction of I in the presence of benzophenone 
Mechanistic interpretation of the photochemistry of I. A cyclohexane solution of I 

was irradiated through cupric sulphate solution as a filter in the presence of added 
benxophenone. Concentrations of I and the sensitizer were both 1M. The light 
( > 350 mp) was absorbed almost exclusively by the benxophenone. The isomerixa- 
tion of I to II occurred rapidly and after 3 hr when the maximum I : II ratio of 42 : 58 
was attained. Oxetane formation proceeded slowly and after 115 hr irradiation 
the product XVI was isolated as an oil in 21% yield. The structure of XVI was sup- 
ported by elemental analyses and spectrometric data. Attempted chromatography 
of XVI on a silicagel column afforded 2-panisyl-l,l-diphenylethylene (XVII).* The 
dimer IV was not detected among the products. The reactions are formulated as 
follows, where B denotes benzophenone and excited species are indicated by S, or T,. 

pAn--CHXH-Me p-AI<-H 
II - II 

Ph,C4 PhZ-Ph 

XVI XVII 

B + hv -B(K) - B(T,) (1) 

B(T,) + I(or II) -B + I(or II) (T,) (2) 

I(or II) Cri) - II(or I) (3) 

B(T,) + I-x- XVI (4) 

I(or II) (T,) + B- XVI (5) 

W-1) + 1 ~X-IV (6) 

Irradiation of II isolated under similar conditions as I gave a mixture of I and II 
in the same 42:58 ratio as the isomerixation of I. The sensitized isomerixation of 
I to II (or II to I) occurs through the T, state of I (or of II) or a phantom triplet” 

* A similar decomposition has been recorded.” 
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and proceeds much faster than the direct irradiation. High energy sensitizers such 
as 44’~dichlorobenzophenone (FGr 68 kcal/mole), acetophenone (74 kcal/mole), and 
propiophenone (75 kcal/mole) were found as effective as benzophenone (69 kcal/mole), 
whereas a low energy sensitizer such as fluorenone (53 kcal/mole) was inactive.“** 
The fast tl-ipletexchange (Eq 2) accounts for the absence of benropinac~l among 
the products. 

In this particular case, oxetane formation should be fo~ula~ by the Eq 5 
(Saltiel mechanism)” rather than Eq 4 (Arnold mechanism.* This assumption was 
based on the observation that the yield of XVI depended on the concentration of 
benzophenone, which should be present in the ground state. Practically no XVI was 
obtained in the presence of less than 10 mole% of benzophenone (based on I), the 
cis-Puns isomerization being the sole reaction observed. The T, state of I can not 
attack I to afford the dimer IV (Eq 6). as IV has never been obtained in the presence 
of carbonyl compounds. 

A cyclohexane solution of I was irradiated with Pyrex-filtered light in the presence 
of added benzophenone. Concentrations of I and the sensitizer were both 1M. 
After 115 hr reaction the adduct XVI was obtained in 16 % yield together with an 
isomeric mixture of I and II fn a ratio of 42 : 58 and no dimer IV was detected. 

The UV spectrum of I shows that it can absorb a considerable &action of the 
Pyrex-filtered light. The fluorescence spectrum of I measured in 005M ethanol 
solution indicated a broad band between 310-380 mu with a max at 335 mu. Addition 
of benzophenone (60 mole%) to this solution completely quenched the fluoroes- 
cence$ 

Accordingly, the Pyrex-filtered light in addition to reactions of Eqs 1,2, 3 and 5 
induces the following 

I + hv -I(%) -?--- 10-i) (7) 

I($) + B -I + B(S,) (8) 

With respect to the formation of the dimer IV it may be safe to assume the reaction 
ofEq9. 

I(%) + I -(I-I)* -IV (9) 

The dimer IV is produced only in the absence of carbonyl compounds as benzalde- 
hydes and benrophenone which effectively quench the S, state of I. The remarkable 
stereospeoiflcity in the dimerization of I can therefore be ascribed to the formation 
of intermediary excimer (I-I)* derived concertedIy16 from the first excited state (S,) 
and the ground state molecule (Eq 9)’ ’ 

The exact nature of the excited state causing direct cis-trans isomerization is not 
clear at present. It should be noted, however, that this transformation accompanying 
the dimerixation was observed also in the presence of azulene (10 mole %) as an 
efficient triplet quencher. This may imply that the path for direct photoisomerization 
of I bypasses the triplet state (Eq 10) as suggested by Saltiel.‘s 

I(&) (or phantom singlet) - II (10) 

+ The ET of 1 would probably be less than 62 kcal/mole, which is the value given for styrene.‘* 
? For singlet quenching by benmphenone, see J. S. Bradshaw and G. S. Hammond, J. Am. Cfiem Sot. 
85,3953 (1963). 
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EXPERIMENTAL 

All mps and b.ps are_uncorrected. 
Photudtization sf trans-an&de (I). A soln of I (3.70 g, 25 mmoles) in cyclohexane (25 ml) was 

irradiated under N, atmosphere at room temp for 5 hr. Concentration followed by distillation in uacw 
gave a mixture of I and II (85: 15 GLC) and l,cis-2-di-p-anisyl-trans-3,tram&dimethyZcyclobutane (IV) 
as an oil (1.45 g, 39%). b.p. 145-147”/007 mm, which crystallized slowly. The solid IV, melted at 53” 

and no solvent suitable for recrystallization was found. IR absorption bands (neat) were observed at 
1245, 1035,850,823,798 and 779 cm-‘, while UV (EtOIi) at 279 rnB (log E 3-63). Mass spectrum showed 
eminent peaks at m/e 2% (M+), 240 and 148 (B+), (Found: C, 808; H, 8.3. CzoH,,02 requires: C, 81a; 
H, 8.2 %.) 

A mixture of IV (5a g, 17 mmoles) and pyridinium chloride (57 g, 500 mmoles) was heated at 180 
with stirring for 2 hr. Work up gave l,cis-2-bis(4-hydroxypheny~t~s-3,t~s~-d~thy&yc~~ (V) 
as colourles-s crystals (3.97 g, 87%), mp. 14!&150” (from benzene-hexane). IR max (Nujol) appcarad at 
3270 cm-’ (phenolic OH), while UV (EiOH) at 282 and 299 mp (log e, 3.49 and 3.71). (Found: C. 809; 
H, 7.3. C,,H,,O, requires : C, 806; H, 75 %.) 

To a soln of V (054 g, 29 mmoles) in 1.6 ml of 2.5N NaOH Me,SO, (I.10 g, 8.7 mmoles) was added 
gradually at room temp and stirring was continued for an additional 2 hr. Work up gave a dimethyl ether 
(051 g, 860/,), b.p. 146-151”/01 mm, which was identical with IV in all respects (IR, UV, NMR and MS). 

A soln of V (080 g 3 mmoles) and Ac,O (102 g, 10 mmoles) in pyridine (10 ml) was heated on a water 
bath for 1.5 hr. The diucetote (VI) of V formed colourless crystals (104 g, 98 %), mp. 87-88” (from EtOH). 
IR maxima (Nujol) appeared at 1765, 1200 and 860 cm-‘. (Found : C, 74.8; H, 7Q C,,H,,O, requires : 
C, 750 ; H. 6-9 “/,) 

meso-l,eDi-p~yl-~3-dimethylbutane (VII)fiom IV. A soln of IV (240 g, 8.1 mmoles) in ether (10 ml) 
was added to liq. NH, (100 ml) containing metallic Na (2a g, 0087 g-atom) and the mixture was stirred 
for 05 hr. Work up afforded VII as colourless platea (197 g, 82 %), m.p. 99-100” (from EtOH). IR maxima 
(Nujol) appeared at 1250,1031,832,810 cm- ‘. NMR spectrum consisted of signals at 6 081 (6H. d, Me), 

1.75 (2H, m, CH), 250 (4H, AB part of an ABX system, CH,), 3.75 (6H, s, OMe), 6.85 (8H. qu, aromatic). 
(Found: C, 804; H, 8.8. Cz0H1s02 requires: C, 805; H, &8x.) 

meso-2.3~Dimethyl-l&diphenylbutane (VIII)fiom V. To a soln of V (3% g, 14.5 mmoles) and dicthyl 
phosphite (4.14 g, 30 mmolts) in CC& (15 ml), EtSN (4.3 ml) was added gradually with stirring at 0”. The 
temp was maintained for an additional 5 hr. After addition of water the mixture was extracted with ether 
and this soln was washed (dil HCI). dried (MgSOJ and concentrated to afford the diphosphate of V as an 
oil (7.27 g, 93 “/,) which was subjected to the following reduction without isolation. The oil (655 g, 12 mmoles) 
was dissolved in liq NH, (30 ml) and metallic Na (54) & O-22 g-atom) was added in portions. After stirring 
for 1 hr the reaction mixture was treated with MeOH (30 ml) and left overnight. Extraction with benzene 
and decolourization by passing through an alumina column afforded an oil, distillation of which gave 
pure VIII (I.70 g, MI”/,), b.p. 107-109”/@3 mm (lit.’ b.p. 108-l 12”!0,5 mm). NMR consisted of signals 
at 6 080 (69 d. Me), 1.75 (2H, m, CH), 2.50 (4H, AB part of an ABX system, CH,), 7-O (10H. m, aromatic). 
(Found: C, w9; H, 9.4. CaIc for C,,H,,: C, 907; I-I, 9.3x.) 

In a test tube (12 x 118 mm) IV was heated at 500” for 30 min. The product was confmcd to be I (ca. 
75 %) by IR and GLC. 

l.cis-2-Dimethyl-trans-3,1rans-ediphenylcyc/obut~ne from V. To a soln of V (5.36 g, 20 mmoles) in 
pyridine (20 ml) maintained at 100” p-toluenesulphonyl chloride (84 g, 42 mmoles) was added in portions 
in the course of 3 hr. After addition of water, the reaction mixture was extracted with bcnxene. The benzene 
soln was washed (dil HCl), dried (MgSO,) and conamtrated to afford the tosylate of V as an oil (102 g, 
89%) which was subjected to the subsequmt reaction without isolation. A mixture of this oil (646 g, 
11 mmolcs) and Raney Ni (30 g) in EtOH (100 ml) was heated at reflux for 5 hr. Work up gave the title 
hydrocarbon, which was purified by alumina column chromatography in hexanc soln and then by pre- 
parative GLC. The product (022 g, ca. 19 % based on the consumed tosylate) was proved to be identical 
in all respects with the hydrocarbon derived from &truxinic acid (IR, UV, NMR), aide i@a. From the 
column 57 % of the tosylate was recoveral unchanged. 

DimethyldiphenylcyclobutMe isows derived from the cinnamic acid diws. As the three dimers were 
subjected to a proccdun virtually common to all of them, the experimental details will be given only for 
a-truxillic acid. To a soln of LAH (190 g. 50 mmoles) in THF (30 ml) a-truxillic acidI (730 g 25 mmoles) 
dissolved in THF (100 ml) was added with stirring and the mixture was heated at reflux for 5 hr. Work 
up gave l,trans-3-bi.s(hydroxymethy&cis-2,1rans_4 as colourless crystals (670 g, 
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ca. lOO%), m.p. 10~104” from benxene. (Found: C, 802; H, 7.4. CisHrcOr requires: C, 806; II, 75%) 
The product was converted to a tosylate (not isolated) and the crude tosylate (459 g) dissolved in THF 
(70 ml) was treated with a soln of LAH (@91 g) in THF (50 ml) at reflux. Distillation gave l.trans-3-dfmethyl- 
cis2,trans4diphenylcyclobut~ (162 g, 86%), b.p. 114”/01 mm. IR absorptions (neat) appeared at 
3050, 2950, 1610, 1500, 1460, 1380, 735, 695 cm-‘. (Found: C, 91.7; H, 85. C,sHxc requires: C, 915; 
H, 85 %.) 

BTruxinic acidI gave l,cis-2-bis(hydroxy~y~t~s-3,1rane_4 (93 “/d, mp. 
1~110” (from benzene). IR absorption (Nujol)appearedat 33OOcm-‘. (Found: C, m3; H, 7.8. C,sH,,O, 
requires: C, 80.6; H, 7.5x.) This was converted to l,cis-2-dimethyl-trans-3,transediphenylc 
(80%). b.p. llO-113”/013 mm. IR spectrum (neat) had a broad absorption at 780-740 cm-‘. (Found: 
C, 92.2; II, 8.4. C,,H,, requires: C, 915; H, 8.5x.) 

bTruxinic acidzO gave l,trans-2-bi~hydroxymeihyf)-cis-3,trans4diphenylcyclobutane (94y’& mp. 
139-140” from benzene. (Found: C, 803; H, 7.5. C1sHr002 requires: C, 806; II, 7.5%.)This wasconverted 
to l,trans-2-dimethyl-cis-3,trans4diphenylcyclobumne (75%). b.p. 10~104”/(HH mm. (Found: C 909; 
H, 8.5. C,,H,, requires: C, 91.5; H, 8.5x.) 

Reaction ofI with benzaldehyde. A soln of I (5.18 g, 35 mmoles) and benzaldehyde (3.71 g, 35 mmoles) 
in benxene (35 ml) was irradiated under N, atm at room temp. Alter 168 hr irradiation, distillation in 
uacuo gave 3-panisyl-2methyl4phenyloxetane (IX, Ar = Ph) as an oil (292 g, 23 %), b.p. 128-13rpl mm. 
IR absorptions (neat) were observed at 1100,980,835,750 and 700 cm- *, while UV (EtOH) at 279 and 
286 mp (log e, 348 and 350). NMR spectrum consisted of signals at d 150 (3H, d, Me), 3.5 (HI, m, A&I-I), 
3,71(3H, s, OMe), 49 (lH, m, MeCH), 558 (lH, d, PhCH) and 66-74 (9H, m, aromatic). (Found: C, 798; 
H, 7.2. Q,H,sOx requires: C, 8@3; IL 7.1%) 

Treatment of IX (Ar = Ph; 1.55 g, 62 mmoles) over a silica-gel column as described before afforded 
4-methoxy-rransstilbene (1% g, 81x), m.p. and mixed m.p. 135” (Iitzl mp. 135”). (Found: C, 85.4; H, 
6.7. Calc. for CrsHi.0: C, 85.7; H, 6.7x.) 

Reaction of1 with p-anisaldehyde. A soln of I (1@37 g, 70 mmoles) and panisaIdehyde (9.53 g, 70 mmoles) 
in benzene (70 ml) was irradiated under N, atm with Pyrex-filtered light at room temp for 168 hr. Work 
up gave III (2.26 g, 13 %), m.p. 209” from benzene (Iit.z2 np. 214”). 

A similar reaction with 4-chlorobenzaldehyde gave 4-chloro-4’-methoxy-transstilbene (7.59 g, 44%). 
mp. and mixed m.p. 174-175” (lit.” mp. 177”). 

Reaction of I with salicylaldehyde. A soln of I (1037 g. 70 mmoles) and salicyaldehyde (8.55 g 70 mmoles) 
in benzene (70 ml) was irradiated under N, atm at room temp for 168 hr. Work up gave 4-panisyl-2- 
hydroxy-3-methylchrom (XI; 3.52 g, 19%) as colourless crystals, mp. 1585-159” from benxene. IR 
absorptions (Nujol) occurred at 3450 cm- * and UV (EtOH) at 274 mp (log e 363). NMR spectrum con- 
sisted of signals at 6 @93 (3H, d, Me), 2.1 (lH, m, MeCH), 3.05 (lH, d, OH), 3.80 (3H, s, OMe), 390 (IH. 
d, AnCH), 5.50 (lH, qu. HOC3 6.7-7.2 (8H, m, aromatic). (Found: C, 75.3; II, 7Q. C,,HisOr requires: 
C. 75.5 ; H. 6.7 %.) 

A soln of XI (030 g, 1.1 mmoles) in pyridine (5 ml) was added to a suspension of 00, (la g) in pyridine 
(10 ml). Stirring was continued for 15 hr at room temp. Work up afforded 4-panisyl-3-methyl-3,4-dihydro- 
coumcrin (XII), as colourless crystals (025 g, 86 %), m.p. 116-l 17” from EtOH. IR absorption (Nujol) 
occurred at 1765 cm-‘. NMR spectrum consisted of signals at 6 1.21(3H, d, Me), 2.96 (lH, d of q’s, MeCH), 
3.83 (3H, s, OMe), 4.00 (lH, d AnCH) and 6.8-7.3 (8H, m, aromatic). (Found: C, 75.9; II, 6.1. C,7H,603 
requires : C, 76.1; H, 6G %.) 

To a soln of XI (175 mg, 065 mmole) and NaOH (@04 g) in 50% EtOH (1 ml), Me,SO, (@l ml) was 
added at room temp with stirring for 4 hr. Work up gave methyl ether of XL 4-panisyl-2-methoxy-3- 
methyfchroman (XIII; 182 mg. 97%). m.p. 58” from EtOH. b.p. 154-156”p3 mm. Mass spectrum showed 
the parent peak at m/e 284. (Found: C. 75.8; H. 7.4. ClsHt003 requires: C, 76.1; H, 7.1%.) 

Reaction of l,l-diphenyfethyfene with saficylafdehyde. A soln of I,ldiphenylethylene (11.5 g, 64 mmoles) 
and salicylaldehyde (7.82 g, 64 mmoles) in benxene (70 ml) was irradiated under N, atm at room temp 
for 240 hr. Work up gave 2-hydroxy4,4diphenylchroman (XIV) as colourless crystals (414 g 21%). m.p. 
217-218” from benzene. IR absorptions (Nujol) occurred at 3250,1580,1055,1030,745,6!Xl cm- ‘. (Found: 
C, 83.2; I-I, 6.2. C2,H1s01 requires: C, 83.4; H. 6.0x.) 

An ice-cold soln of XIV (@20 g, 066 mmole) in acetone (30 ml) was treated with excess Jones reagent’s 
(1.0 ml) at 0”. Work up gave XV, mp. 146-147” (lit.‘O m.p. 150”). IR absorption (Nujol) oocurred at 1785 
cm-‘. NMR spectrum consisted of signals at d 3.55 (2H, s, CH,), 6.70-750 (14H. m, aromatic) (Found: 
C. 84.3 ; H. 5.4. Calc for C2,H,602 : C, 849; H, 5.4 %.) 
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Reaction ojI with benrophenoue. A soln of I (295 g, 20 mmoles) and benxophenonc (364 g, 20 mmoles) 
in cyclohcxanc (20 ml) was irradiated under N, atm through a 10% soln (1.5 cm thick) of CuSO, as a 
filter at room temp for 115 hr. The isomeric mixture of I and II was recovered by distillation. GLC showed 
that the ratio I : II was 42 : 58. The residue was further purified by distillation in uacuo to afford 3-p-anisyf4 
methyl-2,2_diphenyloxetaue (XVI; 1.41 g, 21 ‘A) as a cmlourlcss oil, b.p. 153-155°/@l mm. IR absorption 
(neat) occuned at 980 cn- ‘, while UV (EtOH) at 270 and 285 mp (log s, 358 and 356). NMR spectrum 
consisted of signals at d l-49 (3H, d, &CH), 370 (3H, s, OMe), 4.32 (IH, d, AnCH), S+l (lH, d of qu’s, 
MeCH), 67-7.5 (14H. m, aromatic). (Found : C, 84.3; H, 6.4. Cl,HllOl requires: C, 83.6; H, 67x.) 
Irradiation with Pyrex-filtered light gave XVI (la g, 16%) besides a mixture of I and 11(42:58). Passing 
through a silica-gel column with benxene-CCl, (2: 1) as an cluant caused cleavage of XVI (4.01 g) into 
2-ponisyl-l,l-diphenylethylene (XVII; 3al g, 86%). m.p. 77-78” (lit.24 m.p. 81-82”). (Found: C, 87.9; 
H, 6.1. Calc. for C,,H,sO: C, 88.1; H, 6.3x.) 

Reaction of1 in the presence ofazulene. A soln of I (740 mg 5Q mmoles) and axulene (6.4 mg, 05 mmole) 
in cyclohexane (10 ml) wasirradiated in a Pyrex tube (10 x 40 mm) under N, atm at room temp for 30 hr. 
A mixture of I and II was isolated in a 69 % recovery and the ratio I : 11 was found to be 8 1: 19. The higher 
boiling fraction contained IV (26 % yield), which was identified by IR spectrum. 

Irradiation of&nuethole(I1). A soln of II (148 g, 10 mmoles) in cyclohexane (10 ml) was irradiated under 
N2 atm at room temp for 5 hr. Concentration followed by distillation in wcw gave a mixture of I and II 
(5:95, analysis by GLC) and an oil (@37 g, 25 %), b.p. 150-153”/@1 mm. The oily dimer of II showed IR 
absorptions (neat) at 1245, 1033,850,825, 800, 790 cm-‘, while UV (EtOH) at 280 mu (log E 3.67). The 
structure of this dimer was not determined. 

Reaction of11 with benzophenone. A soln of II (148 mg, 1 mmole) and benxophenone (182 mg, 1 mmole) 
in cyclohexane (1 ml) was placed in a Pyrex tube (10 x 40 mm) under N, atm. Irradiation through a 10% 
soln of CuSO* as a filter was continued for 5 hr at room temp. GLC of the recovered mixture of I and 
II showed that the ratio was 42 : 58. The oxetane fraction was not investigated. 
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