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Abstrad: The#molysis of 4~~m gives 6a ami 6blx=H) in a ratio of 1:4 whem 4 (X=S02Pl3) 

givez more of the tram-ring junction pmduct 6a(X=SO2Ph) suitable for the synthesis of pisiferol 

[ratio 6a : 4blX-S02Phf = 1.s: 11. 

Kametani, Honda and their collaborators1 have described the synthesis of pisiferol 1 starting with 

alkylation of the benzocyclohutene 2 with the iodide 3. Thermolysis of the product 4(X=H) is believed to 

proceed v&a the Zo-quinodimethane 5(X=H) which undergoes intramolecular Dicls-Alder addition (BiDA) to 

give the prtiucts 6p and @ib(X=H) with the pisiferlc acid slreleton in 80% yield. Unfo~a~ly 6a(X=H) with 

the required rrans-BC ring junctia~ is the minor product (1 hart) and 6bm=H) the major product (4 parts). The 

stereochemical problem was corrected but at the expense of an additional sequence of seven reactions 

proceeding in 21% overall yield. The IMDA reactions of most oquincdimethanes with a four carbon linking 

chain between diene and ulkene give rrans-adducts via exe-addition of the connecting chain. Since these a- 

q~~dirne~~es la& a Z-cyan0 group the observed endo-chain preference for !I{X=H) can tentatively be 

ascribed to repulsion between an exo-orlentated chain and the Zcyano group. Craig and his collaborrn.m$ have 
used the bulky phenylsulfonyl group placed rr~ to the connecting chain as in ‘?(X=SO2Ph) to obtain mostly 

the prodnct of en&chain (exe-S02Ph) addition. In contrast, related systems with X=H give comparable 

quantities of cis- and rrans- products. Craig suggests the PhSO2 group prefers the less sterically demanding 

~position. With this bachground we argued that in ~=S~P~) steric repulsion between the Zcyano group 

and au exu-directed SO2Ph group might force tbe SO$h endo and the connecting chain tzw so that the de&red 

&xrrs-BC product 6a(X=SCl2Ph) would be favoumd. To test this notion 4(X=H) wss cleaved to the aklehyde 8 

which gave 4(X=SO2Ph) by reaction with PhS02CH2Li and elimination of the resulting alcohol (Scheme). 

Thermolysis of 4(X=S02Ph) at 180°C (3h) gave 6a(X=SO2Ph) and 6b(X=SO2Ph} in a much improved 

rranrrcis ratio of 15 1 and in 67% yield. In addition to desired addmts t&e ~e~oIy~is provided the E,E-diene 

9{Y=CN, X=S%Ph) (ca 23%). Although not reported by the earlier workrs~, a similar quantity of 9(Y=E- 

CN, X=H) is formed in the thermolysis of 4(X=H). These products arise vM 1,5-sigmatropic hydrogen shift in 

an E-o-quinodimetbane intermediate as shown by the arrows in 10. The size and x-electron accepting ability of 

the cyano group favour its inward conrotations in competition with an alkyl chain. However the 
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6a 

Scheme 

6b 

NaH/DMF. 65°C. 0.5h; ii) 0s0.+ITHF/H20/Na10+ 20% 7h; iii) 
uLiiHF, -78% lh; iv} MeSC+$VEtJVTHF, -PC, 14h; v) o-DC& 
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benzocyclobutene ring-opening will be reversible unless the l,%hift and IMDA reaction are fast. In the event 

of such reversibility the ratio of products will depend less on the torquoselectitity of ring-openin@ as on the 

relative rates of l,%shift and IMDA reaction. The situation is therefore finely balanced and represents a 
potentially serious flaw in the use of benzocyclobuknes as sources of oquinodimethanes for IMDA reactiod. 

Allocation of stereochemistry to 6a and 6b(X=SOzPh) was made on the basis of a very shielded methyl 

resonance (6 -0.26) in the n.m.r. spectrum of 4b absent for 6ak The spectra of both isomers disclose vicinal 

couplings for the rmg-B protons suggesting both compounds prefer to exist with ring-B in a half-boat 

conformation; the boat structure for 6a is confirmed by an X-ray structure determination7 {Fig.). Existence of 

6a iu the boat-like conformation shown below is understandable as in the alternative half-chair conformation the 

PhS02 and nearby a-Me are much closer. For the half-chair conformation corresponding to 6b the PhSO2 and 

CN groups are 1,3-diaxial. 

To complete the synthesis of pisiferol the &phone Ca(X=S&_Ph) was heated in diazabicycloundecene 

at 130°C (3h) to give the alkene 11 (92% yield). Hydrogenation of 11 over Pd/C gave 6a(X=H) (ca 98% yield} 

convertible into pisiferol by reduction, first by di-isobutylaluminium hydride and then with sodium borohydride 

followed by sodium ethanethiolate-mediated demethylation of the aryl ether’. 

The improvement in the OUIW:~~~ adduct ratio and the pisiferol synthesis observed here raise interesting 

possibilities of simiIar control of the Diels-Alder reactions of other dienes with Zsubstituents, including 1,4 

bridged dienes e.g. cyclopentadiene, cyclohexadiene, a-pyrone and furan. We have already shown the effect is 

important for the 2-benzopyran-3-one 12. The use of more bulky arybulfonyl groups may be of value in 

extending these studies. 
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6. Sclected~ . 
6a(x=so$h); s(3ao z. 

f 

CDCl3) 1.15 (3H. d k6.9, CHk2). 1.23 (3H. s, Me). 1.25 (3H, d. k4.4, CHb&2), 1.36 
(3H, s, Me), 1.50 (lH, ), 1.70-2.00 (3H, m), 2.15 (IH, m), 2.22 (lH, d, J=S.O. C~CHSO2ph). 2.71 (IH, m). 2.97 
(lH, d P16.5, bcozyll -HI. 3,27 (lH, se& J=6.9. CklMez), 3.51 (lH, dd, J=16.5 and 6.0, bcnzylic-H), 3.77 (lH, t, 
J=5.5. CHSO2Pkh 3.8 (3H. s, OMe), 6.63 (IH. s. Ar-HL 6.71 (1W. s. k-H), 7.48 (2H, m, SO2Ph), 7.42(3H. m, 
SO2Ph). 
6b(X=SO2Ph); s(400 

Y 

Hz, C@6} -0.26 (3H, s, Me}, 1.05 (lH, m), 1.10 (2H, m), 1.12 (3H, s, Me), 1.13 (3H, d, J=7.0, 
CH&$, 1.17 (3H. d. -7.0, Cl-Q@), 1.36 (IH, m). 1.77 (lH, td, J=l4.Oand 4.0). 2.52 (1H. bd, J=lS.O}, 2.71 (ZH, dd, 
J=l%Oaud 12.0. benzy ic-H), 3.11 (lH, cl, J=3.0, C@L!lISO2Ph), 3.23 (3H, s, OMe). 3.37 (2H, m, CHMe2 and 
CESO2Pb), 3.72 (lH, c , 3=15.0and 7.0. benzylic-H), 6.54(lH, 6, Ar-H), 4.67 (lH, s. AI-H), 7.00 (3H. m, SO$%), 
7.97 GIL m, SO2Ph). 
9(X=SO2W, Y=CN): (3OOMHz, CDCl3) 1.15 (6H. s, 2xMe). 1.20 (6H. d, J=7.0. CH&&). 1.63 (2l-l. m). 2.31 13H, s, 
Ar-Me), 2.43 (ZH, m), t .28 (1H. sept, J=6.9. CHMei), 3.81(3H. s, OMe), 6.28 (1H. cl. J=l5.4, okfink-H), 6.35 (lH, t 
J=7.7, CHCHz), 6.63 (lH, s, h-H), 698 (lH, d, J=15.2, olefmic-H), 7.01 (1H. s, Ar-H), 7.56 (3H, m, S$G%), 7.89 
(ZH. tn. SO2Pb). 

7. 

11; 6(4OOMHz, CDC13 1.03 (3H, s, Me), 1.19 (3H, d, J=7.0, Cl-l&l@. 1.21 (3H, d, J=7.0, C-2), 1.28 (3H, 5, Me), 
1.58 (lH, m), 1.63 (1H. m), 

i 

1.75 (lH, dt, J=13.5 and 3.5). 1.86 (IH, dq, Jr14.0 and 3.5), 2.01 (LH. tt, J=f4.Oand 3.5), 
2.09 (IH, I J=3.0. e metthe), 2.73 (lH+ m), 3.28 (IS, sept, J=7.0. Cm@, 3.85 (3H, s, OMe), 6.00 (lH, dd, 
J=lO.Oattd 2.5, olefinic H), 6.66 {lH, dd. kl0.0 aud 3.0, olefhic-H), 6,BO (ill, s, h-H), 7.01 (lH, 8. Ar-H). 
6m(X=H); &@0ClMHz, DCl3) 1.01 (3H, s, Me), 1.16 OH, s, Me), 1.18 (3K d, J-7.0, Cl@.&), I,19 (3H, d, J=7+0, 
CH&$. 1.26 (ZH, id, 314.0 and 3.5), 1.37 (II+, dd, J=12.0 and 2.0. #&-m&tine). 1.52 (lH, td, til3.5 and 3.5). 1.59 
(lH, m). 1.83 (2H, m, 4 fi2Cli masked by ring C Cs2), 2.04 (2H, m, CH2CH masked by ring C CH2). 2.80 (2H, m. 
benzylic-H masked by g C CH2), 2.94 (U-I, ddd, b16.5,6.0 and 15. benzylic-H), 3.24 (19 s+, I= 7.0. CLlhfB;?). 
3.81 (3H, s, OMe), 6.8 % (lH, 8. Ar-H). 6.92 (lH, s, Ar-H). 

x-my ctyslal sbucmre of Q(X=SO;w); &in, D = 11.4371(4), b= 11.9137(4), c = 17.7373(6)A, p= 
RI = 0.0487, wR2 = 0.1298. Details of the skuchre have been deposited at the 
Lensftid Road, Cambridge. England 
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