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Abstmct - A new general synthesis of y-subshtuted y-lactones and Gsubstltuted &lactones including dlhydro-5 

octyl-2(3H)-furanone, a natural pheromone, 1s described The synthesis involves the regloselectlve j3-sclsslon of 

alkoxyl ra&cals generated from transannular hemlacetals as the key step 

Substituted “I- and 6-lactones have recently attracted conslderable attention, mamly because molecules of 

this class include many natural products that reveal slgmficant blologlcal actlvlty 2 A variety of methods for 

syntheslzrng this class of molecules have recently been developed 3*4 

In our previous papers,5 we reported on a new short-step general synthesis of uobenzofuran-1(3H)-ones 

(phthahdes) and its 3-subsmuted denvattves based on a double p-scissIon of alkoxyl radrcals generated from l- 

ethyl-l, 2-dlhydrobenzocyclobuten-1-01s and 1.2-catacondensed 1,2-dlhydrocyclobuten-l-ols, respecnvely 

The mechamstlc conslderatlons regarding the route from 1,Zcatacondensed 1,2-dlhydrocyclobuten-1-01s 

to the phthahdes led us to develop a second new method for the general synthesis of 3-substnuted phthahdes, 

which IS outlmed m Scheme 1 Thus, the phtolysls of the hypomdnes of 1,3-dlhydro-1,3-alkanolsobenzofuran-l- 

01s (2), obtainable from acychc and cychc 1,4-drones (1) and alkylmagneslum halides, m benzene contammg 

mercury(I1) oxide and &me gives 3-(3-mdopropyl)phthahdes (3) 

7245 



1246 K KOBAYASHI et al 

0 OH 

1 n=lor2 2 n=l or2, R=Horalkyl 3 

Reagents and condltlons 1, Zn, AcOH, 11, RMgX, EbO, -78 “C, 111, HgO-12, benzene, iv, hv 

Scheme 1 

This paper describes a new general synthesis of y-substituted y-lactones and &substituted &lactones 

based on the regmselecnve p-scission of alkoxyl &cals generated from 8- or 9_oxablcycloalkan-1-01s of type A 

(n=l or 2, R=H or CaHs or alkyl) 

(A) 

An apphcation of the method to synthesize a racemlc form of a pheromone 1s also described 

Results and Discussions 

Preparanons of y(corodoa&l)-yiactones 

5-Alkyl or aryl-subsntuted %oxablcyclo[3 2 lloctan-1-01s and 6-alkyl or aryl-substituted 9-oxablcyclo 

[4 2 llnonan-1-ols can be prepared by the reacuon of 1,4-cycloheptantione or 1,4-cyclooctanedlone with alkyl 

or phenylhthmm 

Thus, the reacnon of 1,4-cycloheptane&one (4),6 prepared by oxldauon of 1,4-cycloheptane&ol’ with 

PCC, with phenylllthmm under standard con&aons gave 5-phenyl-8-oxablcyclo[3 2 lloctan-l-01 (6)’ m 74% 
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yield Slmtlarly, the reaction of l&cyclooctane&one (5)9 ~th phenylhthmm gave 6-phenyl-9-oxablcyclo[4 2 11 

nonan-l-o1 (7) m 71% yield Irnuhatlon of the hypoltite of transannular hemlacetal(6) m benzene contnmng 

mercury(H) oxide and mdme (each 3 equivalents) m a mtrogen atmosphere for 4 h gave dthydro-5-(3- 

mdopropyl)-5-phenyl-2(3H)-furanone (13) m 76% yield A slmdar photolysls of the hypolodlte of transannular 

hemlacetal(7) m benzene gave &hydm-5-(4-lcdobutyl)-5-phenyl-2(3H)-furanone (15)” m 99% yield 

The rcduchon of 1 ,Ccyclooctane&one (5) unth s&urn borohydnde m ethanol accordmg to the reported 

procedure” gave a tautomenc mixture of 8-oxablcyclo[4 2 l]octan-l-01 (10) and 4-hydroxycyclooctanone (11) 
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Scheme 2 
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as an ok Imdanon of the tautomenc mucture m benzene contammg mercury(II) ox& and mdme (as mennoned 

above) gave &hydro-5-(4-mdobutyl)-2(3H)-furanone (14) m 71% yield This furanone was ldenncal to the 

product12 obtamed by the photolysls of cyclooctanol under the same condmons as m the present expenment No 

7-membered lactone (12) was formed m this p-SCISS~OII It IS noteworthy that no products ansmg from the 

cleavage of the 5-membered nng of oxabtcycloalkanols (6) and (7) were formed m the above-mentioned p- 

scission 

Preparanons of &(cmodoalkyl)-Slactones 

The reducuon of cyclooctane-1,5-dlone (19)13 with sodmm borohydnde m ethanol (as described for the 

preparanon of 8-oxablcyclo[4 2 lloctan-l-01 (10)) gave 9-oxablcyclo[3 3 llnonan-l-01 (20) m 92 % yield In 

contrast to transannular hemtacetal (lo), the ‘HNMR spectrum of hemtacetal (20) mduzated that it existed 

completely m the transannular hemlacetal form (20) m solution, as has already been reported l3 

The reaction of cyclooctane-1,5-dlone (19) with phenylhthmm m dlethyl ether gave 5-phenyl-9- 

oxablcyclo[3 3 llnonan-l-01 (21)14 m 73% yield Slmllarly, the reaction of cyclooctane-1,5-&one (19) with 

butylhthmm m Qethyl ether gave 5-butyl-9-oxablcyclo[3 3 llnonan-l-01 (22) m 43% yield Moreover, the 

reaction of cyclooctane-1,5-&one (19) with t-butyl acetate and 1lthmmdusopropylamIde m tetrahydrofuran gave 

l,l-dlmethylethyl-5-hydroxy-9-oxablcyclo[3 3 llnonane l-acetate (23) m 52% yield 

Irra&atlon of the hypomdlte of 9-oxablcyclo[3 3 llnonan-l-01 (20), prepared zn situ m benzene with 

mercury(II) oxide and &me, gave tetrahydro-6-(3-mdopropyl)-2Wpyran-2-one (24) m 84% yield Irradlatlon of 

the hypolodltes of 5-substituted 9-oxablcyclo[3 3 l]nonan-1-01s (21), (22), and (23) prepared slmdarly gave 

tetrahydro-6-(3-mdopropyl)-6-phenyl-2H-pyran-2-one (25) (74%), 6-butyltetrahydro-6-(3-lodopropyl)-ZH- 

pyran-Zone (26) (73%), and l,l-dtmethylethyl tetrahydro-2-(3-lodopropyl)-6-oxo-6H-pyr (27) 

(81%), respectively 

Transfonnatrons of y(ulodoalkyl)-ylactones mto yalkyl-ylactones and of &(wodoalbl)-Glactone into 6 

alkyl-6lactone 

The mdo subshtuent of the o-mdoalkyl group of the p or &lactones obtained above can be either removed 

by an appropnate reducing reagent to the correspondmg alkyl or displaced by appropnate alkyl metals to the 

longer alkyl chain 
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&) v, “1 c ,“$=I vu c @,hW 

OH 0 0 
21 R=C,H, 24 R=H 28 

22 R=Bu 25 R=C6H5 

23 R=CH2C02Bu’ 26 R=Bu 

27 R=CH2C02Bu’ 

Reagents and con&tlons 1, NaBH4, EtOH, r t , II, C~HSLI, Et20, -78 ‘C for 21, 

111, BuL1, Et,O, -78 “C for 22, 1v, CH3C02But, L~N(PI’)~, Et20, 0 ‘C for 23, 

v, HgO-I,, benzene, v1, hv, 25 “C, ~11, Me.$u(CN)L1,,THF, -78 ‘C 

Scheme 3 

Thus, the reduction of furanone (14) 1n hexamethyl phosphonc tnamlde with sodmm cyanohydnde? at room 

temperature gave 5butyldlhydro-2(3H)-furanone (18) 1n excellent yield The reacnon of furanone (14) with 

dlhthmm cyantimethykuprate 1n THF gave &hydr@Qentyl-2(3H)-furanone (16) m 61% yield 

Dlhydro-5octyl-2(3k!)-furanone (17), a racem1c form of sex pheromone from the rove beetle, was then 

prepared by treatment of furanone (14) with dl11th1umd1butylcyanocuprate16 prepared from the reaction of 

cuprous cyamde and butylhthlum The spectral data were 1denncal to those of optically acnve pheromone17 or 1ts 

synthetic racemate l8 

Finally, the reaction of &(o-1odopropyl)pyranone (24) 1n tetrahydrofuran with d111th1um 

cyanodlmethylcuprate, as described for the preparation of y-lactone (la), gave tetrahydro-4-butyl-2Wpyran-2- 

one (28)19 1n 35% yield 
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The j?-scwlon of alkoxyl radical generated from 4-hydroq-4-phenylcyclohexanone 

The reaction of cyclohexane 1,4-&one ~th phenyhthmm gave 4-hydroxy-4-phenylcyclohexanone (30) 

m 34 8 yield 

29 30 31 

Reagents and conditions 1, C6H5Ll, EbO, -78 “C, 11, HgG-I,, benzene, in, hv, 25 “C 

Scheme 4. 

The ‘HNMR spectrum of 4-hydroxycyclohexanone mdtcated that there was no hemlacetal form m the 

solunon -anon of the hypouxhte of hydroxycyclohexanone (30), as mentioned above, gave 1-phenyl-5- 

hexene-1,4-&one (31) m 13% yield The vmyl tietone (31) has previously been prepaned m 20 8 yield by the 

ad&non of an aldehyde with a vmykhketone catalysed by thlazolmm salt by Stetter and landscheldt Vmyl 

tietones, such as (31), were used by them to synthesize a number of unsymmemcal 1,4,7-mketones by a 

thiazohum salt-catalysed condensaaon with aldehydes m 

EXPERIMENTAL 

General Method 

Regardmg the instruments used and a descnpaon of the general photolysls procedure, see the previous pape? of 

this senes 

1,4-Cycloheptanedlone (4).-This dlone was prepared by the treatment of 1,4-cycloheptanedro17 with 

pyndmium chlorochromate (PCC) and Cehte 545 m dlchloromethane at room temperature (82%) The spectral 

data were idenacal to those reported m the literature 6 

1,4-Cyclooctanedlone (5).9 -Thus &one was prepared from commercially available czs- 1,4-cyclocctanedlol 

by the same procedure used for the preparation of 1,5-cyclooctane&one, described above Mp 45-46’C (ht 9 

46 8’C) 
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1,5-Cyclooctanedlone (18).'3*'4 - Commercially available cls-l$cyclooctane&one (1 44 g, 10 mmol), 

PCC (12 9 g, 60 mmol), Cehte 545 (log) m dchloromethane (500 ml) was stmed at room temperature for 24h m 

a nitrogen atmosphere. The mixture was fitered and the filtrate washed wnh 5% hydrochlonc acid and then dned 

over anhydrous magnesium sulphate Removmg the solvent gave a product which was punfied by PLC on slhca 

gel (1 3 ethyl acetate - hexane) to give 1,5-cyclooctantione (980 mg, 70%) Mp 69-71’C (&ethyl ether - 

hexane) (lit l3 Mp 71-72’(J) 

5-Phenyl-8-oxablcyclo[3 2 lloctan-l-01 (6).’ -To a snrrd solution of 1,4_cycloheptan&one (4) (1 lmg, 

0 086 mmol) in &ethyl ether (5 ml) at -7VC m an argon atmosphere was added dropwlse phenylhthmm (0 86 

mmol, 1 8 M solution m cyclohexane) The solution was stltTed for 1 h The reaction was quenched by adding 

aq ammonium chlonde The two layers were separated and the aqueous layer extracted ~th &ethyl ether The 

combined organic layers were washed with brme and dned over anhydrous magnesmm sulphate After removmg 

the solvent under reduced presume, the product was punfied by PLC (drca gel - 1 3 ethyl acetate hexane) to gve 

hemlacetal (6) (13 mg, 74%) IR (neat) 3350 cm-‘(OH), ‘HNMR (90 MHz) 6 1 4-2 25 (lOH, m, methylenes), 

2 89 (lH, S, OH), 7 2-7 45 (5H, m, aromahc H), MS (rel, mtensty) m/z 204 (M+, 42), 105(100) 

6-Phenyl-9-oxabrcyclo[4 2 Ilnonan-l-01 (7). -Thus hemlacetal (7) was prepared by the same procedure 

used for the synthesis of hemlacetal(6) The reaction of 1 4-&one (5) (50 mg, 0 36 mmol) with phenylhthmm 

(0 36 mmol) at -78°C for 30 mm gave hemmcetal(6) (56 mg, 71%) Mp 80-81’C (dlethyl ether-hexane) IR 

(NuJo~) 3290 cm-’ (OH), ‘HNMR (9OMHz) 6 12-2 9 (12H, m, methylenes), 2 59 (lH, s, OH), 7 O-7 7 (5H, 

m, aromatic H), MS (rel, intensity) m/z 218 (M+, 13), 105 (lOO), (Found M+, 218 1320 Ct4Hls02 requires M, 

218 1307) 

8-Oxabrcyclo[4 2 Iloctan-l-01 (lo).-1,4-Cyclooctanedlone (5) (397 mg, 2 80 mmol) and sodium 

borohydnde (25 mg, 0 70 mmol) in ethanol (10 ml) was snrred for 4 h m a nitrogen atmosphere After removing 

the solvent, water was added to the residue The mixture was then extracted with &ethyl ether The organic layer 

was washed with bnne and dned over anhydrous magnesium sulphate Evaporanon of the solvent gave a product 

which was punfied by PLC (silica gel - 2 1 ethyl acetate and hexane) to @ve a tautomenc mixture of hemlacetal 

(10) and 4-hydroxycyclooctanone (11) as an 011 Bp 98-103°C (bath temp )/O 3mm Hg (lit ” 
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100-102°C/0 4mm Hg) IR (neat) 3375 and 1702 cm-‘, ‘HNMR (270 MHz) S 1 3-2 7 [ 12 33 H, m, -CI-$- of 

(10) and (11) and OH of (ll)], 3 66 [0 67 H. s. OH of (ll)], 3 8-3 9 [0 33H, m CH-O- of (ll)] and 

4 45-4 55 [0.67H, CH-0 of (lo)] m. 

9-Oxablcyclo[3 3 I]nonan-l-ol(ZO).- This hemlacetal(20) was prepared by the same procedure as described 

for hemlacetal (10) The treatment of 1,5-&one (19) (210 mg, 1 5 mol) with sodium borohydnde (14 mg, 0 38 

nmol, m ethanol (7 ml) for 3h gave a crude product Punficauon by PLC gave hemlacetal(20) (196 mg, 92%) 

Mp 101-102°C (&ethyl ether-hexane) (lit l3 mp lOO-102“C) 

5-Phenyl-9-oxabrcyclo[3 3 I]nonan-I-ol(21). -To a stured soluuon of dlone (19) (100 mg 0 70 mmol) m 

&ethyl ether (20 ml) m an argon atmosphere at -78°C was added dropwlse phenylhthmm (0 70 mmol, 1M 

solution m cyclohexane) The solution was steed for 1 h The reaction was then quenced by addmg ammonmm 

chlonde The aq layer was extracted with dlethyl ether The combmed orgaruc layers were washed wth bnne and 

dned over anhydrous magnesium sulphate Removing the solvent gave a product which was punfied by PLC 

(s&a gel -1 3 ethyl acetate and hexane) to gve hemlacetal(l5) (111 mg, 73%) Mp 135-137’C (&ethyl ether- 

hexane) (lit l4 tan crystals with no descnpnon of m p ) 

S-Butyl-9-oxabtcyclo[3 3 Ilnonan-I -01(22). -To a stirred solution of 1 5-cyclooctanedlone (19) 

(100 mg, 0 70 mmol) m &ethyl ether (20 ml) m a nitrogen atmosphere at -78’C was added dropwlse 

butylhthmm (0 70 mmol, 1 6 M m hexane) and the mixture was stirred for 2h at that temperature The solution 

was worked up as described above The crude product was punfied by PLC (silica gel - 1 2 ethyl acetate - 

hexane) to give hemlacetal(22) (60 mg, 43%) Mp 86-88°C (dlethyl ether-hexane) IR (NuJo~) 3336 cm-’ (OH), 

‘HNMR (9OMHz) S 0 90 (3H, distorted t Me), 1 2-2 2 (18H, m, methylenes), 2 40 (lH, s, OH), MS (rel 

intensity) m/z 198 (M+, 14), 141 [(M-Bu)+, 221, 128 (100) (Found M+, 198 1593 C,,H,,O, requires M, 

198 1620) 

I,1 -Dlmethylethyl-5-hydroxy-9-oxabqvlo[3 3 llnonane-1 -acetate (23). -To a stirred solution of lithium 

dnsopropylamlde (lmmol) m tetrahydrofuran (10 ml) at -78’C prepared by the usual method was added t-butyl 

acetate (116 mg, 1 mmol) The mixture was stmed for 30 mm To thrs solunon was added a soluhon of 1 5-&one 
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(19) (132 mg, 0.94 mmol) m tetrahydrofuran (10 ml), the resultmg soluhon was stured for lh The reacaon was 

then quenched by addmg aq ammomum chlonde The nuxture was worked up m a slmdar manner as menhoned 

above The crude product was punfied by PLC (s&a gel-l 1 ethyl acetate and hexane) to grve hemlacetal(23) 

(124 mg, 52%) Mp 1%12YC (&ethyl ether-hexane) IR (Nu~ol) 3356 cm-’ (OH), ‘HNMR (QOMHz) 6 

1 l-2 2 and 144 (llH, m and s, methylenes and t-Bu), 2 42 (2H, s, CH,CO,), 2 50 (lH, s. OH), MS (rel 

Intensity) m/z 2OO[(M-CH,CMe2)+, 221, 182 [(M - CI$CMe2 - $0 - CO]+, 78],57 (CMe,+, lOO), [Found 

(M-CH2CMe2)+, 200.1029 CJ11604 reqmres (M - CI-L$MeJ, 200 10491 

Preparation of y- Lactones by b-Scission of Alkoxyl Radicals generated from Cyclic 

Hemiacetals. 

(a) Preparatron of Drhydro-5-(3-rodopropyl)-S-phenyl-2(3H)-furanone (13) (General procedure) -A 

smd solution of 5-phenyl-8-oxabicyclo[3 2 l]octan-l-01(6) (12 mg, 0 059 mmol) m benzene (5 ml) contiumng 

mercury(II) oxide (39 mg, 0 18 mmol) and mdme (46 mg, 0 18 mmol) was tiated through a Pyrex filter with 

a 100-W high pressure Hg arc m an atmosphere of nitrogen for 4h at room temperature The resultmg mixture 

was filtered through a Cehte pad and the filtrate was washed with 5% aq sodmm duosulphate and then bnne The 

solution was then dried over anhydrous magnesium sulphate Evaporanon of the solvent gave a residue which 

was subjected to PLC (slllca gel - 1 1 ethyl acetate and hexane) to afford g-lactone (13) (15 mg, 76%) Rf 0 32 

IR (neat) 1776 cm-’ (C=O), ‘HNMR (270 MHz) 6 145-l 65(1H, m), 175-2 2 (3H, m), 2 4-2 65 (4H, m), 

3 09 (2H, t, J=6 59 Hz, CHJ), 7 25-7 4 (5H, m, aromanc H), MS (rel intensity) m/z 330 (M+, 0 2), 203 [(M - 

I)+, 271, 161 [(M - C3H,I)+, 1001 (Found M+, 330 0101 C,,H,,IO, requires M, 330 0117) 

(b) Dlhydro-5-(4-lodobutyl)-2(3H)-jiiranone (14).‘* - The photolysis of hemlacetal(l0) (32 mg, 0 23 

mmol) m benzene (15 ml) contauung mercury(I1) oxide (151 mg, 0 70 mmol) and mdme (177 mg. 0 70 mmol) 

for 2h, camed out as mentioned above, gave furanone (14) (43 mg, 71%) identical to the sample described in the 

previous paper ‘* 

(c) Dlhydro-S-(4-rodobutyl)-5-phenyl-2(3H)-furanone (15).“- The photolysls of 6-phenyl-9- 

oxabicyclo[4 2 llnonan-l-01 (7) (47 mg, 0 22 mmol) m benzene (15 ml) contnmng mercury(I1) oxide (142 mg, 





A new route to y-subshtuted y-lactones 7255 

(g) I,1 -Dimethylethyl Tetrahydro-2-(3-rodopropyl)-6-oxo-6H-pyran-2-acetate (27). -The photo- 

reacnon of hemlacetal(23) (114 mg, 0 45 mol) m benzene (23 ml) contammg mercury(U) oxide (292 mg, 135 

mmol) for 4h, as described above, gave pyranone (27) (139 mg. 81 96) Rf 0 42 (1 1 ethyl acetate-hexane) IR 

(neat) 1730 cm-’ (GO), ‘HNMR (270 MHz) 6 146 (9H, s, t-B@, 175-2 15 (8H, m), 2 45-2 55 (2H, m 

CH,CO), 2 62 (2H, m, CH.$O). 2 62 (2H, s, W.+J02Bu’), 3 15-3 25 (2H, m, U-L&), MS (rel mtenslty) m/z 

326 [(M - CI-$COOBu’)+, 7 01, 309 [(M - OBu’)+, 8 41,267 [(M - CH2CMe2 - C,H,I)+, 58],57 (t - Bu+, 

1001, [Found (M-CH2CMe2)+, 326 0016 C,,H,,IO,(M - CI-I+JMe,) reqmres M, 326 00153 

Preparations of Dihydro-SalkyL2(3H)-furanones and Tetrahydro-6-alkyl-2H-Pyran-2-ones. 

(a) Dlhydro-5-pentyL2(3H)-jiwanone (16). -To a stmed soluuon of cuprous cyamde (90 mg, 1 mmol) 

m tetrahydrofuran (10 ml) at -78°C m an atmosphere of argon was added methyhthmm (2 mmol, 1M m &ethyl 

ether) dropw~se After stmmg for 30 mm a solution of furanone (14) (208 mg, 0 78 mmol) m tetrahydrofuran 

(5ml) was added and the resultmg mixture steed for an addmonal2h at that temperature The reacnon was then 

quenched by adding aq ammonium chlonde and extracted with diethyl ether The organic layer was washed wth 

water and dned over anhydrous magnesmm sulphate Evaporation of the solvent gave a residue which was 

SubJected to PLC on slhca gel (Rf 0 32 1 3 ethyl acetate-hexane) to gve Spentylfuranone (16) (74 mg, 61%) 

Thus product was ldentlcal to an anthennc sample commercially avrulable (Aldrich) 

(b) Dlhydro-5-octyL2(3H)-furanone (17). - The treatment of furanone (14) (160 mg, 0 60 mmol) m 

tefrahydrofuran (15 ml) with ddlthmmdrbutylcyanocuprate (0 97 mmol), prepared from the reacnon of cuprous 

cyanide (87 mg, 0 97 mmol) with butyhthmm (1 94 mol, 1 6 M in hexane), m a same manner as described for 5- 

pentylfuranone (16), gave octyl furanone (17) (72 mg, 61%) Rf 0 32 (1 3 ethyl acetate-hexane) The spectral 

data were Identical to those of the opncally acnve natural product17 and the synthenc racemate ls 

(c) S-Butyldlhydro-2(3H)-furanone (18). - Furanone (14) (46 mg, 0 17 mmol) and sodium 

cyanoborohydnde (43 mg, 0 68 mmol) in hexamethylphosphonc mamlde (2 ml) was stirred overnight at room 

temperature The mixture was then poured mto bnne and the solunon extracted with dlethyl ether The usual 
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work-up gave a product which was subJected to PLC on slhca gel (Rf 0.26, 1 4 ethyl acetate-hexane) to @ve 

butylfuranone (18) ldenucal to a commercmlly avrillable sample (Altich) 

(d ) 4-Butyltetrahydro-2H-pyran-2-one (28). - The treatment of tetrahydro-6-(3-mdopropyl)-2H-pyran- 

2-one (23) (138 mg, 0 5 1 mmol) m tetrahydrofuran (15 ml) wnh &hthmm cyantimethylcuprate (1 02 mmol) in 

a same manner as described for the preparauon of lactone (10) gave S-lactone (23) (28 mg, 35%) The spectral 

data of thus lactone was idenhcal to those of the reported lactone l9 

4-Hydroxy-4-phenylcyclohexanone (30). - The treatment of 1,4-cyclohexane dlone (29) commercially 

obtamable (112 mg, 1 mmol) ~nth phenylhthmm (1 mmol 1M soluuon m cyclohexane) m &ethyl ether (30 ml) at 

-78°C for 2h 111 a slmllar manner as for the preparanon of hemlacetal(21) gave the ntle cyclohexanone (30)8 (66 

mg, 34%) Mp 124-127“C (dlethyl ether-hexane)(ht ’ 127-128“C) IR (NuJo~) 3446 (OH), 1699 cm-’ (C=O), 

‘HNMR (90 MHz) 6 2 O-2 5 (6H, m), 2 6-3 2 (2H, m), 7 1-7 6 (5H, m aromatlc H), MS (rel intensity) m/z 

190 (M+, 38). 133 (100) 

I-Phenyl-S-hexene-I,4-dtone (31) by a Radrcal Cleavage of 4-Hydroxy-4-Phenylcyclohexane (30). 

- The urtianon of a soluuon of cyclohexanol(30) (38 mg, 0 20 mmol) m benzene (15 ml) contaunng 

mercury(I1) oxide (194 mg, 0 90 mmol) and mdme (228 mg, 0 9 mmol) for 3 5h m a same manner as for the 

cleavage of the above hemlacetals gave l,ddlone (31) (5mg, 13%) Rf 0 32 (1 2 ethyl acetate-hexane) The 

spectral data of this &one was m accord with those of the 1 ,C&one in the literature ” 
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