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M&us-Tripkt KMitiZ&D of lhc 7-hy&oxy-S.6qmxy-l3dkne IO auus ckanp of I& C(j),0 a&de bond 
folkwed by I& fomxfioo of tbc lsrst iwars 11-U 01 indwex sciui~~ c4 tbc C(6). C(7) hood followed by the 
fofmhoa of tbc xbdcbydc 14 awi th ~3.2.Ojhc9t IS and 16. Hmeva, ir&istiw of fhc w 
rtfatc 19 a&~ ody C(5J.O cpoxi& bead scissioo (I8 -4 f&wed by the cycliutioo ms f -, 19. tbc 1 &Me 
shifl~ f 428.21 and the 1-H abstraction Id9 kading IO the cyclopropanc formation 1422. 

In previous reports, the photockmistry of u$-un- 
saturated y,bcpoxy enoncs was showo co be determikd 
by C(y), C(b) and/or CO bond ckavagc of the oxiranc. 
On further invut&atioo” we observed that introduction 
of an r-OH substitutot has a substantial in&r~~ on tk 
reactjon path Thus in tk case of the t-hydroxy-y, 
&epoxy enone 1 tk fission of tk C(y).0 bond (1 +a) is 
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followed by the ckavpoc of tk C(S), C(c) bond (via 
a + b).” This sequence of reactions is evidenced by the 
novel type of products U’ (Scheme 1). The hydroxy 
diketok 7’ cao arise directly from tk diradical a by a 
12-shift of C(r), whereas Ihe formation of compounds U 
cao be explained via tk 1,4diradical b which is derived 
from a. In contrast to ‘0. r*txcitah (A > 347 nm) of 1, 
selective ‘u.r*cxcilatioo (A = Wnm) also induces 
competitive C(y), c(8) borbd ckrnge to a ktonium ylidt 
intermediate which photochemicAJy forms tk carkno&J c 
affordingtkalknc~andtkcydopropck~.onthc 
assumption that compounds 2-7 arise from a ‘T-excited 
slate, we sought further evidence for lk mukpkity of tk 
proposed novel processes. Therefore in tk present study 
tk photochemical khaviour of tk ‘I-hydroxyJ,bepoxy- 
I J-dim 1Y has been emimd (Scbmc 21, since its disk 
chromophore akws ckan ‘T-sensitizatioo unlike tk 
enone 1. 
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Imuiiatim of the 7-hydmxy-S,dtpoxy-dkne 10.’ 
Tripkt unitization of 10 (acetone. A > 2ftOnm; 7096 
mnvmion) gave tk pbotoisomerr 11 (17%), 12 (8%). 13 
(S%), 14 (996). 15 (16%) and 16 ( 1696)‘4.’ (Scheme 2). 

The cycbptntanols 11-13 are formed via the diradical 
d in an anabgous menncr to the rearrangement r-+7, 
whereas the formation of the aldchyde 14 comsponds to 

“lbc product dihbaion was determined by ‘H NMR-a~alysh 
and the weight of lbe fractions obtained from &ma clromalo- 
gmpby (%uh” chromatognphy’). 

‘Ykhb 8re calculale4i on rk basis of converted starting 
mlteriel. 

‘The akkbyde 27 (!ichep~ 4) ( - 2%) was ah detected; it was 
shown It& 27 is 8 product of a thermal rearra*menl of 15. 

‘The fact Ihat Ibe novel pholoproducl15 thermally rearra~s to 
27 (Scbemc 4) sqgestJ that the mechanism for the formui00 of 
the aIdeby& 5 frOlll 1 (scbcme I) m8y be arbIb#m lo IkK 
seqwncc 1.+15~27. 

the transformation l-+4. and can result from tbc 1,C 
diradical c via the undetected aliphatic aIdehyde 17 (see 
discussion in Ref. 36). 

The detection of IS and 16 8s the main photoproducts 
supports the hypothesis for the intermediacy of 17 
because they could be cyclization products of 17 arising 
from bond formation between C(3) and C(7). and be- 
tween C(4) and C(8)’ (Scheme 2). 

Imufiation of lht ‘I-accloxy-5,6qoxy-ditne 18.’ 
Triplet sensitization of 18 (acetone, A > 28onm; 74% 
conversion) gave the photoproducts 19 (15%). 2) (16%). 
21(32%). 22 (6%). 23 (7%) (Scheme 3) and 6% of an 
isomer (C,,H,,O,) of undetermined structure. In a man- 
ner similar to the hydroxy compound 10. ‘T-sensitization 
of the acetate 18 shaws C(5),0 bond ckav e to the 

Y intermediate diradical 1. By a known process, I undcr- 
goes addition of the alkoxy radical to C(3) of the dknc to 
give the dihydrofurane 19. or a l&Me shift to yield the 
cyclohcxanones 28 and 21. 

However, in contrast to the photolysis of IO. irradia- 
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(IR’. 2R*. 3S’) - 3 - [(E) - 3’ - Mtfhyi - I’f’ - bwudiay/] - 2.3. 1.85 (m. wy) - 4, H&X(33); 15-21 (m. 2HctS). HC(3). Ha); 
epoxy - 2.4,4 - friwfhd - cy&haaoI (10). M.P. SM3.5’. W: 2.4-2.7 (m, HC(I)); 4.84 (ma. a,, - 4.2HQ4’)); 5.85 (AB-syam. 
232(26300).IR:3St0a.1(BSk.w.)OBSw.3(L10w.2410r.16l0m. J = 16. I* - S.66. rpL into d. J -9, HC(1’). v, - 6.04. Hw); 
892 I. ‘H NMR 0.92. 1.03 (2 s. 2 HCC(4); I.21 (I, H,CC(2)); 9.72 (d. J - 2. HCO). MS: 222 (< 1. N’), 161 (66). 43 (100). 
1.61.8 (m. 2HC(S). zHC(6)); 1.81 (s. H,CC(T)); 2.01 (d. J = II. 
H-O); 3.63 (m. HC(1)); 4.93 (br.s. wIR - 4, WC(43); 5.96 (AB- 

(6 - Hydmxy - 3.3 - d.imuhj - 7 - 12’ - propclyt] -.bky- 

ryea. J - 16. v* = 5.68, v, - 6.24. HC(l’), HC(n). “C NWR: 
cb[3.2.OJ2 - kpryf)mtfhyf Lrrac. isonur I (lsJ (co&mwed 
with -IS% of 27). IR: 36UIWOOb.w. Ims, 164Sm. ‘H NMR 

17.7. 18.6.2511.26.1 (Ipr. 2 H,CX(4), H,CC(2), H,CC(33); 27.1. (300 MHr CDCl,): 0.n. 1.31 (2s. 2 H,CC(3)); 1.66 (dxd, I, - 13, 
32.6 (2& C(S). C(6)); 116.9 (I. C(4’)); 69.4 (d, C(l)); 124.I.136.0 (2d. I, - 1.5. H<(O); 1.75 (m. win - 3. 3H-W)); I.68 (dxd. I, - 13. 
C(l’). C(a); 33.5 (s.C(4)); 67.8.73.4 @.C(2).C(3)); IJo. (s.C(33). h - 85. HC(4)); I.% (d. J - 8.5. H-O); 2.14 (s. H&CO): 2.41- 
MS: 222 (28. M’). 287 (72). 123 (39). 43 (100). (pound: C 75.65 H 21% (m. HC(s)); 2.62 (d. J - 7. H-C(2)): 2.8&29i (m, Ha); 
9.93. &k. for C,,H&,: C 75.63. H 9.97%). 3.21-3.31 (m. H-C(l)): 4.OU.14 (m. H-C(6)): 4.92. 5.12 (Sm. 

Ac&arioa oj 10. A lob of 2.018 (9.04 q wl) 04 10 ill IO ml w,~ - s.2Hw)). WNMR: 23.3.‘ta.3. 31.~‘&8.2& II 2j.3. i .._ 
dry pyridpr aaS Sd Ac,O was stintd rt rt for 16b. After CH,); 46.3 (I. C(4)); 112.0 (1. C(l3; 403.4S.I. SZi 69:7.73.2 (Sd. 
*ice-uwr,lkmisatrcwutthcdfwIhr,erlrK.tcdwitb S CH); 48.6 (I, C(3)); 143.2 (s. CM); 109.0 (8, H,CX!O). MS: 222 
EloAcradlkorpnicPkscwuwofkdu&C~0 
trompctrokrrmc&pvc201~(s89b)d1$. - 

(18. M’), 151 (loo). 43 ee,. 
(6 - &froxy - 3.3 - dim&i - 7 - (2’ - pmfl- b&y- 

(IR’. 2R’. 3s.) - 23 - Epoxy - 3 - [(O - 3’ - methyl - I’$’ - cIo[3.2.0)2 - hqry&whyi her- ismtr II (16). B.p. 
bufadimfl - 2.4.4 - thtthyi - I - cycbkxJ - acrlolc (18). M.P. 
51-S?. tiir: 232 (278SO).eIR: tiw, 2%Om. 17351, 123Ss. 

IOWO.OS mm. IR: M2Om. 3SSbWb.w. 1708s. 16)Sm. ‘H 
NMR (300 MHz.. CLMI,): 0.78, 1.10 (2x, 2 H,CQ)); I.58 (dxd. 

890 m. ‘H NMR: 0.80-I.70 (Q. ZHC(S). 2H-C(6)): 0.94. 1.04. 1.06 
(3s. H&C(2). 2 H,CC(I));. Ii1 (m;& - 3, H,CCO’)); 2.03 (s. 

I, - 125. J1- 8. HZ(J)); 1.71 (m. w,n-3. 3HC(r)); 1.79 (d. 

H&O); 4.WS.ti (m. 2HC(l’). H&i)); S.%(AB-system. J = 
J - 55. H-O); 2.01 (dxd. I, - 125. I, - 105. HCO)); 2.1s (8. 
H&XX); 2AS-254 (m. H@)): 267~(d. J - 4.S. H-i(Z)); 2.6 

17. v. - S.69. v. - 624. HC(l7. HC(2’)). MS: 264 (3. M’). 289 
(16). -123 ei). -0 (Iti). (l&d: C.7274. H 9.0s. -C&: for 

2.78 (m. HC(I)): 2.82-Z% (m. H<(S)): 4.OU.14 (m. H-06)): 
4.72, i.a (2m* wyl- 5. 2HCkj). ‘t‘iiti: 20.7,23‘.6;28.8, Ki 

C,&&: C 72.69. H 9.lS%). (Ipr. 4 CH& 42.3 (I, C(4)); 108.6 (I. C(I’)); 37.4.41.6. S9.9.67.4. 
71.1 (W. S CH); 47.8 (s. C(3)); I4S.4 (I. 0); 209.7 (&CccO). 
MS: 222 (II. M’). 111 (100). 43 (-72). (Found: C 753s. H 9.89. 
Qk. for C&O,: C 7S.63. H 9.97%). 

hyhxy - 22 - dbitthylc&patyf) nufhyi kttoae (13). B.p. 23.6 - mnkuhy&cyc&[4.3.Op : nomt (19j. ti: lii0 I, 1650 m. 
9wO.OS mm. uv: m (S8ax 290 197). IR: 3480 II. 3aal w. 296s 1. 
l6i7 S, 1635 m, 910s. iH NiiR: ii, 1.16 (2s. 2 i&CC(i)); 1.78 

1370s. ‘H NMR: 1.12. 1.20 (2s. 2 H.CCC12)): 1.25-2.10 (m. 
ZHC(3). 2HC(4)); I.$ (a, H&Z(6)); ‘1.6S’(m. Wm - 3. jh: 

(m. w,,, -4, H,CC(33). I.98 (a. H,CCO); 1.0-2.2 (m. 2HC(3), CW)): 1.94 (s. H,CCO& 4.68 (in. wIR -S. HaSI): 4.87 (m. 
2HC(4)); 4.3U.48 (m. HC(S)); 4.66 (m. wm - 4, H-O); 4.82. w,,, - S. Hw. H-C(8)); S.30 (d. J - 2, HX(9)). MS: 264 (2. 
4.96 (2.m. w,,, - 4. u(C(4’)); 5.69 (AB-system. J - 13. V~ - S52. M’). m (loo). 189 t-n). 43 (89). 
P, = 5.866. HC(1’). H-C(T)). “C NMR. (conamiwcd by -IS% (ZR’, 6s’) - 6 - Acaoxy - 2 - [(Z’) - 3’ - mafh# - I’J’ - 
of m: 23.3, 26.4. 27.6, 303 (Spr, 4 CH,); 31.6. 38.9 (2, c(3). bvradiafl - 2.33 - himhylc~ (21). Mp. 6wT 
C(4)); 116.9 (1. C(43); 62.3 (d. C(S)); 1303.133.3 (26. C(V). C(n); (from ~catmc). Uv: ~dh0f0tbn to w)rrm: m (35). Ilk 
4S.l (s. C(2)); 67.7 (1, C(I)); WI.0 (1. C(3’)); 214.6 (s. H&CO). i7SOr.‘l72Ss.~l62Ow. 1230s. ‘H NMR: 0.93. 0.97 (2x. 2 H,C- 
MS: 222 (7. N’), 207 (41). 147 (62). 43 (100). (Found: C 75.79. H C(3)); 1.30-2.20 (m. WC(4) ad 2HC(S)); I.46 (1. HQX)); 
10.00. Cak. fw C,&& C 75.63. H 9.97%). I.75 (m. win = 3. HXC(37): 2.(Y Is. HGCO,). 4.66. 4.78 (2m. 

(IR*. SS.) - (I - [@) - 3’ - Mdhj - 1’3’ - bvladirnj] - 5 - wtn - 4. 2H-C(43); k&S.40 (m. lii(6i); S.67-~AB-s&m. J = 
hydmxy - 23 - dhd~yfcyclopaftl) nuth$ &one (11). B.p. 13. v*-S.39. b-S.93 (with hae rtnrtun). HWh H#‘b 
9wO.OS mm. uv: 236 (19700). 382 @An. IR: 3s7Om. 309Ow. “C NMR: 17.7. 20.7. 23.9, 24.8 (Sqa, 2qa rt 23.9, 5 CH,); 28.0. 
2970 a. I688 s.16LX w. 893 s. ‘H NMR: 0.90. LOS (2s, 2 H&C(2)); 33.7 (2t. C(4). C(S)); 114.2 (1, C(4’)); 729 (d. C(6)); 128.4. 134.2 
I.US (m. w,~ - 3. H,CC(33); 2.02 (I, H&CO); 1.2-2.3 (m. W- (2d. C(13, Cc)); II.5 (1. C(3)); S8.4 (I, C(2)); 142.8 (I, C(33); 
C(3). zHC(4)); 248 (d. J - IO. H-O); 4XU.Q (m. HC(SI): 4.96 169.8 (s. HKCO,): 206.8 0. C(l)). MS: 264 (9. M’). 222 (16). 43 
(m. win = 5.2HC(43); 6.1S (AB-syskm. J - 16. v, - 5.84. V, - (100). @o&J: C-i.76. H.9.B: &k. for C&,&i C 72.69, H 
6.45. HC(l’). HC(2’)). “C NMR. ( - 90% pm): 18.6.211.7.26.4. 9.15%). 
32.0 (4aa. 4 CH,): 31.8. 37.4 a C(3). C(4)); 116.7 (1. C(43); 79.3 
(d. C(sj); 128S:l34.2 @Id. C(1’). CM); U.8 (a. C(2)); 69.0 (1. 

0’. 6s’) - 6 - Acdoxy - 2 - I(E) - 3’ - muhyf - I’J’ - 
butadimyl] : 2.33 - hfnuthji - cw (a)). ti.p. 7S-76’ 

C(1)): 1413 (1. C(37): 212.3 (I. H.CCO). MS: 222 (2. M’). 147 ,.. 
(-72,. I23 (3ii a iiio). (F&:-c 7sjl. H IO.&CL. (of 

Ifrom acow). UV: 229 (2S@O): 288 (Sl). IR: 17SO1. l72S1. 
i6OS m: 1230 r: ‘fi NMR: lh6, 0.b (2s.. 2 .H,CC(3)); ~2G2.30 

C,,H&: C 7S.63. H 9.9296). (m, WC(,). 2H-W); I.35 (s. H+XCZ)); 1.87 (m. WIT - 3. 
(IR’, SR’) - (I - [(E) - 3’ - hltfhj - I’J’ - buraditnyf] - 5 - hydroxy HCC(33); 2.04 (s. HGCO,): 4.84 (m. win = 4, WC(4W 5.26 

-2.2 . dimcdykyclopcntyl) nwlhyl ketone (13). B.p. 955‘0.05 mm. S.&I (4, HC(6)); 5.9-b. HC(l’), H-C(T)): In C& ABqstcm 
UV: 236 (22830), 290 (168). IR: 3S%m. 308Om. 3030~. 2%0 s. at 6.16ppm (I = 17. v,-6.M. v,-628. HC(l’), H<(Z)). “C 
16901, 89Om. ‘H NMR: 092. 1.17 aI, 2 H&XX)); 1.86 (m, 
wy) - 3, H&U3’)k 210 (a. H,CCO); O.&D- (m. 2HC(3), ZH- 

NLIR: 17.4. 18.7.20.7,24s3,24.4 (Sqa. 5 CH,); 28.1.34.4 (2t. C(4). 
CO)); 115.8 (1, C(43); 73.2 (d. C(6)); 129.6. 133.1 (26, C(V). CM); 

C(4). Ha): 4W.M (m. HUS)): 4.90 (0. w,n - 4. WC(43): 
5.70 (A&&m. J - lk, .vI 

. 
- S.S4. v, - 3.U. ii-<(I’). HCM). 

41.4 (1. C(3)): S6d (1. CO); 1422 (s. Co); 170.0 (I. H,CCO,). 
207.3 (1. Gil,,. MS: 26( (33. Y’). 222 (II), 122 (Ior)),- 0. 

us: zz2 cz Y’), 147 oa). I23 (SI). 43 (loo). Ipooad: C 7L4S. H 9.28. Cak.. Ia CL&& C 72.69. H 9.lS%). 
3-[~-~-M~~-l’g-brrtoUafl-2-h~xy-2.4.4- (IR*. 2R’. 3s;. 6R’) - 3 - Actfoxy :2j-- itnuthyi - I - I(B) - 3 

rrkulhyi - I - cyciopnfantcarbouLithy& (14) ( - 80% pure). - m.trlyi - r.3 - buldiayl] - blcyb(l.l.Oj2 - kptord (231. Y.p. 
IR: 3620 m. 3SSO b.m, 306s w. 2%0 s,2730 m. 171S s. 1608 m. 
890s. ‘H NMR. 0.99. 1.04 (2x. 2 ti,CCW); I.2S (s. H&C(2)); 

83.w.Y (from pealane). UV: 2X m!. IR: 36Wm. 3X& 
3300b.w. 17Y)r. 16y)w. 16OSa. IUS,. ‘H NMR: 0.W (AB- 
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H,C-CW; 1.49 is, H-O); 1.77 (d. J = 9, W-C(SB; 1.85 (a. w,,, - 3, 
H,C93’M; 1.93 (d,J - 9.5 HCO)); Z.%(&d.J~ = Jr - 9, H<(l)); 
3.62 (s, H,C-O): 4.85 (m, win-3, 2%C(43); S.SS (ARsystm, 
J - I; vA - S.62, spU lo d. I - 93, H-C(V), w, - 6.m, HCM). 
lrmdihon It S.62 cotlrpscd d I; I .93 to s. “C NMR: 18.8.23.S.26.3, 
28.9 (4qa. 4 CH& 515 (ql, H&G); 42.7 (1, C(9); 1lM (1, co); 
56.0, 64.0 (2d, C(l), C(3)); 125.7, In.1 (26, C(1). CM); 41.7 (s, 
CO(4)); 82.8 (s, C(2)); 142.1 (s. C(3’)): 174.8 (e H,CO-CO). MS: 252 
#, M’), 234 (65). 171 (65). Ill (100). 
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