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Abetract-Direct photolysis of 6-8-membered I-phenylcycloalkencs (lslc) dissolved in acetic or prop- 

ionic acid gives mainly thecorresponding esters (2). which are also obtained in the acetophenone-sensitized 

reactions. Minor products in the direct photolysis of la and lb are hydrogenation (3) and alkylation 
products (4). while I-membered lc yields I-phenylbicyclo[S. I.O]octanc (5) on UV irradiation. Compounds 

3 and 4 are explained as the secondary photoproducts from 2. Possible species affording 2 are discussed. 

BTX-SENSITIZED reaction of I-alkylcycloalkenes in protic solvents results in protona- 
tion of the double bonds followed by isomerization and/or the formation of ionic 
adducts.’ The present paper deals with photochemical behaviour of cycloalkenes 
having a conjugated benzene chromophore.+ t 

In Table 1 and Scheme I are summarized the results of the irradiation of l-phenyl- 
cycloalkenes (1) dissolved in carboxylic acids. 1-Phenylcyclohexene (la) in acetic acid 
gave an acetate (Za), phenylcyclohexane (34) and I-methyl-1-phenylcyclohexane 
(4a).4 The hydrocarbons3a and 4a were identical with the authentic samples described 
in the literature. The ester 2a exhibited IR bands at 1735 and 1250 cm- ’ and an NMR 
signal at 6 1.93. Since the NMR spectrum shows no signal of a methine proton 
substituted by acetoxyl group, 2a should be I-acetoxy-1-phenylcyclohexane. The 
acetate (2a) easily decomposed to la on GC and column chromatography. Direct 
irradiation of la in propionic acid gave l-propionyloxy-l-phenylcyclohexane (2A), 
3a and 1-ethyl-l-phenylcyclohexane (4A). Similarly, the main products of the photo- 
reaction of I-phenylcycloheptene (lb) in acetic and propionic acid were l-acetoxy- 
(2b)and l-propionyloxy-l-phenylcycloheptane(2B),respectively.Phenylcycloheptane 
(3b) and alkylation products (4b’ and 4B) were also detected. 1-Phenylcyclooctene$ 
(Ic) gave a slightly dimerent pattern of product composition. Although the main 
product was again the corresponding acetate (2~. 34%). the conversion was less 
efficient and the hydrogeneration (3c) and alkylation products (4~) were absent. The 
hydrocarbon fraction was composed of I-phenylbicyclo [5.1.0] octane (5, 5 %) and 
two unidentified isomers of lc in minor amounts. Photoirradiation of l-phenylcyclo- 
pentene in acetic acid did not give the corresponding acetate. 

l The preliminary account of the present report has kn described in Ref. 2. 

t While the present paper was in preparation, Kropp reported similar photoaddition of methanol to the 

title olefms in the presence of sulphuric acid. See Ref. 3. 

f For photochemlcal polar addition of cyclooctenc. sa Ref. 6. 

1607 



164% S. FUJITA, Y. HAYASHI, T. N&I and H. NOZAKI 

Ph 

hr _ ‘5”” + 6 + 

R -COOH 

Ph R 

i) X 

4 

a: X = -CH*- 

b: X = -(CH,),- 

c: X = -(CH,),- 

a: X = -CHI--. R = Me 
A: X = -CHI-. R = Et 

b: X = -(CH2)2-, R = Me 

B: X = -(CH,),-, R = Et 

c: X = -(CH,),-.R = Me 

hv 
R--OH 

6 7 
a: R = AC 22:< (32%)’ 

b:R = Mt8%(14%)* 

TmLE 1. UNSENSlTlZED Am ACETOPHENONE-SENSt?%?D REACfION OF h AM) lb iN CAmXYLfC ACIDS 

@COO@ 

Olefin 
Time Conv. , Product0 \ 
mm 0 0 X R 2. “0 3. “/, 4 O’ 9 /(I 

r’ 

Job 12 -CHz- Me 31 2 3 

la 
?@ 68 -(‘Hz- Mc ($2, (dl Id) 

45* 92 
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-CH,- Et 44 4 7 

68 -CH,- EC (441 (d) (dt 
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lb 
3oc 70 -(CH,)2- Me (56) (d) td) 

I 

45* 84 -_(CH,)z- Et 40 3 5 

3lY 66 --(CH,),-- Et (42) (d) (d) 

ID Values in parentheses refer to the yields in the acetophenone-sensttized irradiation. 

* Direct irradiation was effected on oo4-0.05 M solutions placed in quartz tubes (l-S* x 18 cm) with an 

external 200 W high pressure Hg arc under N, atmosphere at room temp. 

r Irradiation was effected by means of an external 200 W high pressure Hg arc and a 1.5 cm thick 9”: 

CuSO, solution as a filter on O-05 M solutions in Pyrex tubes containing co equimolar amount olaceto- 

phenone. Acetophcnone was recovered from the reaction mixture in more than 78%. 

’ Not detected. 
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Direct irradiation of l,l-benzo- 1,3-cycloheptadiene (6) in acetic acid gave the COT- 

responding acetate (7a). Methanol addition to 6 proceeded in the presence of 05 ‘4 
sulphuric acid under unsensitized condition to produce 7h (Scheme II). All the new 
compounds gave correct analyses and their spectral data reported in the experimental 
section and in Table 2 were consistent with the structure assigned. The esters (2) are 
not accessible by acylation of the corresponding tertiary alcohols because of the facile 
dehydration. 

Acetophenone-sensitized reactions of la and lb in carboxylic acids afforded the 
corresponding esters (2) (Table 2). Unexpectedly, the photoinduced addition of acetic 
acid to 8-membered lc was not photosensitized by acetophenone. Since lc must be 
very little different from 6- and 7-membered olefins with respect to the triplet energy, 
the energy accepted may be consumed by nonradiative or emission processes. These 
results of the sensitized reactions indicate the fact that the formation ofester (2) can be 
effected via n,lc* triplet states of la and lb.* Since the photochemical behaviours of 
6- and 7-membered olefins (la andlb) are different from those of 5- and 8-membered 
ones, highly strained rrans cycloalkenes would be the most plausible intermediates of 
the ionic addition reacti0ns.t However, our data are insufficient to ascertain the 
possibi1ity.S It should be added that the protonation of the ground state of la gave 
3-acetoxy-2-phenylcyclohexene. 0 

Whether the reactive intermediate is the n.n* triplet state of an olefin or a rrans- 
cycloalkene. three limiting cases may be considered: (1) a concerted fourcentre 
addition to the excited triplet or rranscycloalkene,(2) a rransaddition oia a protonated 
olefin and (3) a stepwise addition proceeding through a cationic species (Scheme IV).” 
Direct and acetophenone-sensitized irradiation of la in a mixture of acetic acid and 
methanol (1 :37OO)gave 1 -methoxy-1 -phenylcyclohexane (8a) as well as 2a, whereas no 
ether (&I) was obtained in the absence of acetic acid (Scheme III). Similarly, the ether 
(8b) was obtained in the photoreaction of lb. If path 1 was the main course of the 
photoaddition, no ether (8) would be obtained. These competitive reactions suggest, 
therefore, that cationic intermediates are involved in the ionic addition reactions of 
polar solvents and that a concerted four-centre mechanism (path 1) is excluded. 
Moreover. the yields of 2a and 2b were more than two-third those of 8a and 8b. 
respectively, in spite of the small ratios of acetic acid to methanol (1 :3700). This 
means that the intermediate is sufficiently long-lived to attract the more favourable 
partner or carboxylic acid and form a benzyl cation and carboxylate anion pair, which 
recombine to give the ester 2 (path 3). 

The hydrogenation (3) and the alkylation products (4) appear to be the secondary 
photoproducts arising from the esters (2), since photolysis of 2n in acetic acid afforded 

a considerable amount of la, 3a and 4s. Their formation may be explained on the basis 

l Quenching studies with piperylene gave no reliable results. It is not clear. therefore, whether the forma- 

tion of 2 in direcr irradiation occurs through singlet or triplet excited states. 

t Photomduced addttrons of protic solvents IO 6-8 membered cyclenones have been reported.” The 

highly strained rrmrs isomers formed by photochemical cis-rrans isomerization have been considered as the 

intermediates of the ionic addition reactions. 

1 All attempts to detect highly strained ground state(s) by low temperature NMR proved futile. 

8 Similar reacttons of carbonium ions have been reported. See Ref. 10. 
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l Values in parentheses refer to the yields in the acetophenonc-sensitized irradiations. 
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of a radical mechanism rather than ionic ones. The homolytic fission of C-O bond of 
2 may give radical pairs (9). The following decarboxylation and recombination may 
afiord the alkylation products (4).* Formation of 3 can be also explained in terms of 
the radical pairs 9 and/or 10. However, the possibility of concerted decarboxylative 
alkylation is not excluded. 

EXPERIMENTAL 

NMR data were obtained on JEOL C-60-H spectrometer in Ccl, at 60 MHz. Preparative TLC were 

performed on silica gel G (20 x 20 x 0.3 cm) using benzene as a solvent and the same solvent as an eluant. 

Preparative GC were performed on High Vacuum Silicone Grease 20:/, on Celite 545 (2 m. 160”. He as 

carrier gas). The contents of the hydrocarbons were determined by GC (Polyethylene glycol 307; on Celite 

545 containing 3 % AgNO,. 2 m, 100”. H 2 as carrter gas). 

Direcr irradiarion of I-phenylcyclohexene (la) and -cycloheprene (lb) in carboxylic acids 

General procedure. After 30-45 min irradiation ofa 004-@05 M soln (15 ml) of 1 in the respective carboxy- 

lit acid with a high pressure Hg arc under N,, the photolysate was neutralized with NaHCO,aq. extracted 

with ether and dried (Na,SO,). Concentration in DOCUO and subsequent preparative TLC gave a mixture of 

hydrocarbons (1.3and 4) and the corresponding ester (2). The two fractions separated were weighed and the 

hydrocarbon fraction was subjected directly to GC analysis. The results are summarized in Table 1. 

Preparative GC of the hydrocarbon fraction gave the starting olefin (1). 3 and 4. The ester (2) was distilled 

and subjected to spectrometric analyses. The physical properties of 2 and 4 are given in Table 2. Preparattve 

GC of 2 resulted in elimination of carboxylic acid to give the corresponding olefin (1). 

Direcr irradiation o/ I-phenylcycloocfene (1~) in acetic acid 

A 0436 M soln (IS ml) of lc in AcOH was irradiated under N2 for 30 min and worked up as described 

(converston 51 y&‘,). The hydrocarbon fractton consisted of!!’ and two umdentdied tsomers of lc. The acetate 

2e decomposed on distillation and gave no correct analysis. The compound (2e) was characterized by IR 

(1730. 124Oand 1120cm“)andNMRspectra(6 2.00,singlet). 

The photolysis of I-aceroxy-1-phenylcyclohexane (2a) in acetic acid 

A GO3 M soln (15 ml) of 2a in AcOH was placed in a quartz tube and irradiated under Nz with a 200 W 

high pressure Hg arc for 30 min. Work-up followed by GC indicated the presence of 3a (rel retention ttme 

043). 4a (056) and la (1.00). 

Acerophenone-sensitized photoreaction of 1 in carboxylic acids 
Genera/ procedure. A @OS M soln (I 5 ml) of 1 and equimolar amount of acetophenone in carboxylic acid 

was placed in a Pyrex tube and irradiated through a 9% CuSO,aq (1.5 cm thick) under N, with a 200 W 

high pressure Hg arc for 30 min. Usual work-up afforded the corresponding esters (2). The hydrocarbons 

(3 and 4) were not detected by GC. The results are summarized in Table 1. Acetophenone-sensitized 

irradiation of lc resulted in the recovery of the starting olefin. 

Direct irradiation ofla and lb in AcOH-MeOH 

A (IO85 M soln (15 ml) of la in MeOH containing 05 wt % of AcOH was placed in a quartz tube and 

irradiated for 60 min under Nx. Usual work-up afforded the corresponding acetate(t) and & b.p. 70-72”/ 

0% mm. NMR (CCL): 6 7.24 (5H. s). 290 (3H, s) and 2.2-1.3 (IOH, m). IR (neat): 3040. 2925.2850. 1600. 

1490. 1450. 1340. 1265, 1245, 1200, 1135. 1065, 1010,925,910,890.835,815.750 and 695 cm-‘. (Found: 

C. 82.4; H, 9.6. C, ,H,sO requires: C. 82.1 ; H, 9.5 %). 

Similar irradiation of a 0077 M soln (15 ml) of lb gave 2b and 8b. b.p. 82’/007 mm ; NMR (Ccl.): 6 7.24 

(5H. broad s). 2.92 (3H, s) and 2.1-1.4 (12H. m): IR (neat): 3060.3030,2925.2850. 1600, 1490, 1445. 1180. 

l Similar decarboxylative alkylation was reported in the literature. See Ref. Il. The authors are grateful 

to Professor T. Mukai for valuable suggestions. 
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TABLE 2. PSSYSICAL PROPEWES OF 2 AND 4 

Compound 
b.p. (m.p.) IR’ NMR” 

cm-’ 6 ppm 

28’ (5s-s9°) 1735.1250. 7.20 (SH, s). 2.7-1.0 
1210.1125 (13H, m + s (6 1.931) 

2A” tOO-lo2°/a06 1735.1260, 7.23 (SH, s). 2.7-0.9 
1175,1130 (15H. mf’ 

2bJ loo-102”/0&6 1735, 1235, 7.25 (5H, s), 24-49 

1186,113s (lSH, m + s (6 1.97) ) 

2B’ 1 I 2-I 1 Y/O.09 1735.1260, 7.20 (5H, s). 2.$09 

1200, 1175 (f7H m? 

IA’ 105-IO8”/5 Idoo, 1498, 7.20 (SH, s), 25-I.2 
1375 (12H. ml, 058 (3H. t) 

4BJ 85QlO.2 1600,1495, 7.03 (SH, s), 2& 1 ,O 
1370 (14H. m), @53 (3H. t) 

a Taken with neat liquid. 
& Measured in Ccl,, at 60 MHz and 24*. 
c Found: C, 77.3; H, 84. C,,H,,O, requires: C, 774; H, 8.3. 
’ Found: C, 776; H, 8.6. C,,HaoO, requtres: C. 77.6; H, 8.7. 
’ The signals of the ethyl group appeared at 6 1.10 (t) and at S 2.27 (ql. 
’ Found: C, 77.8: H, 8.7. C,5H2002 requires: C. 77.6; H, 8.7. 
r Found: C. 78.2; H, 9.2. CL6H1r01 requires: C, 78.1; H, 9.0. 
h The signals of the ethyl group appeared at 6 1.11 (t) and at d 2.2 (m). 
’ Found: C, 89.4; H. 106. CIAH2a requires: C, 89.3; H. 107. 

J Found: C, 88.9; H, 109. C&H,, rquires: C. 890: H. 110. 

1134 1075. 1060,880,745 and 690 cm- r. (Found: C, 82.5: H, 9%. C,Ji2&I requires: C, 82.3; H, 9.9”,,b 
The results are summarized in Scheme 111. 

Aceropheno~-~nsitited itradiarion of la and lb in A&H-MeOH 
A soln (15 ml) of la (083 M) and equimolar amount of acetophenonc in QS wt ‘4 mcthanohc AcOH was 

irradiated for 30min through Pyrex and aqCuS0, filters with a 200 W high pressure Hgarc. Usual work-up 
afforded 2a and &. Similarly, acetophenone-sensitized irradiation of lb yielded Zb and 8% The results are 
collected in Scheme HI. 

Protonurion of In in A&H-H,SO, in the dark 
A 005 M soln (20 ml) of la in AcOH containing @5 wt % of H sS0, was allowed to stand at room temp 

in dark under N, for 4 hr. Usual work-up gave 3-acetox~2-phenylcyclohexcne which was identical with 
an authentic sample.” 

Irradiation of6 in acetic acid 
A 005 M aoln (15 ml) of 6 in AcOH was irradiated as described. Usual work-up gave 7% m.p. 366-37.3”. 

NMR @XI,): 6 7.04 (5H. s), 5045 (1 H. m) and 34-f.5 (I lH, m + s (d 1.94.3H)). IR (Nujol): 1740, 1498, 
1232. 1210, 1020,980.936,908,839.750 and 725 cm“, (Found: C, 76.3: H, 7.9. CrSH,,O, requires: C’. 
764 ; H, 7.9?;). 

Acetophenonc-sensitized reaction of 6 in AcOH was performed as described in the general procedure. 
The results are collected in Scheme II. 
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Irradiarion 0~6 in merhonol 

Direct irradiatton of a @OS M soln (15 ml) of 6 in MeOH containing @,S% H,SO, gave 7b, b.p. 80”/ 

02 mm; NMR (CCI,): 6 699 (4H. s). 3.27 (3H. s), 3.2-2.6 (SH. m) and 2.2-1.4 (4H, m): IR (neat): 3060. 

3030,2925.2850,2820,1496.1453,1365,1250. I185,1105.1090.1050.975,910.860,830.745 and 720cm-‘. 

(Found: C, 82.0; H. 9.1. C,2H,I0 requires: C, 81.8; H. 9.2%). 

Acetophenonc-sensitized reaction was conducted as described. The results are found in Scheme II. 
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