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Abstrad- Reaction of 3-ptolylsulpbonyloxy-4.5-epoxy-cholestanes with collidine gives l-methyl- and 
4-methyl-19-norcholesta-1,3,5(10)-trienes, 4a-oxa-cholesta-3,Miene and A2-4,5-epoxycholestenes. Re- 
action of the epoxy-tosylates with Li,CO,-N,N-dimethylformamide gives 4a-oxacholestad,S-diene and 
AZ+-epoxy-cholestenes and C-3 substitution products. 

DURING studies directed towards the synthesis of 4,5_epoxycholest-Zenes we 
investigated the elimination reactions of each of the 3-p-tolylsulphonyloxy-4,5- 
epoxycholestanes. The four isomeric 4,5-epoxy-3-tosylate were prepared from the 
corresponding epoxy-alcohols by reaction with toluene-psulphonyl chloride in 
pyridine solution. 

Reaction of the 4p,SP-epoxy-3btosylate (1) with Li,CO,-dimethylformamide 
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(DMF) gave a mixture separable into 3 major fractions. The least polar product was 
identified as the diene-ether’ (2) on the basis of the following evidence. The NMR 
spectrum of the diene-ether (2) revealed signals due to vinylic protons at 4.48 ppm 
(C?-HJ coupled with the 4-,2a- and 2& protons, 6.18 ppm (c-LI) coupled with the 
3- and 2a-protons, and 517 ppm (CX-m coupled with the 7a- and 7S-protons; 
these assignments were confumed’ by double irradiation experiments, Hydrolysis 
of the diene-ether (2) gave the keto-aldehyde @I), identical with an authentic sample 
(cf. ref. 2) obtained by periodate cleavage of 4p,5dihydroxy-5fI-cholestane. Similarly 
CrO,-acetic acid reaction of the diene-ether (2) gave the keto-acid (Sb), also obtained 
by oxidation of 4~,5-d~y~oxy-5~~holes~e. 

The second product was the A2-4&5&epoxide (4) identified as follows. The NMR 
spectrum revealed signals at 5.83 ppm (W&, 6 c/s; C2-_li. C”--H) and at 2.98 ppm 
(C4-@. The coupling of the C4-& with the C2-_lr and C3-& (.Q”j 3.5 c/s, 
JTP: 25 c/s) was confirmed by double irradiation ( - 173 c/s). 

The third fraction was a mixture (ca. 2:l) of 38 and 3a-hydroxy+,-5epoxy-5#& 
cholestanes. 

Reaction of the epoxy-tosylate (1) in collidine gave, in addition to the A2-4p,5& 
epoxide (4) and the diene-ether (2), a mixture (ca 9:l) of 4-methyl-(!!) and l-methyl- 
(4) 19-norcholesta-1,3,5(10)-trienes and unidentified polar material. The trienes 
(5 and 6) were identified by their physical constants and NMR spectra3 

Comparison of the relative yields of the products from the Li,CO,-DMF and 
collidine reactions (Table 1) might seem at first sight to suggest that under the latter 
conditions the diene-ether (2) was being converted into the triene mixture (5 and 6). 
However, while the diene-ether (2) was recovered from treatment with collidine or 
collidine containing toluene-p-sulphonic acid (TsOH), the A’-4&5@epoxide (4) 
was largely converted into the triene mixture (5:6) under the latter conditions. 

Reaction of 4S,5@epoxy-3a-tosylate (‘7) in collidine gave mainly unidentified polar 
material with only minor conversion into diene-ether (2), A2-4f$5~-epoxide (4) 
and the triene mixture (5 :6, ca. 9 :l). On treatment with Li,CO,-DMF the epoxy- 
tosylate (7) was converted (TLC evidence only) into a mixture of the diene-ether (2), 
A2-4fi,5$-epoxide (4) and two polar compounds, probably the epimeric 3-hydroxy- 
4$,5$-epoxides 

TABLE 1. ~ODU~ANA~YSISFOR~,~.~XY-~-TOSYLA~R~~O~ 

Epoxytosylate Reaction conditions Trienes (5.6) Diene-ether (2) A2-epoxide Others 

1 colliding, 45 min 35 9 
1 Li,CO,-DMF - 57 
7 colliding 30 min 10 6 
7 Li,C03-DMF - 2 
8 colliding. 15 min 2 2 
8 Li,COJ-DMF - 31 

10 collidine, 15 mill 2 7 
10 Li,CO,-DMF - 32 

27 
24 

7 
1 

74 
44 
- 
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‘ Unidentified compounds containing a steroid nucleus, a collidine and a toiu~~~su~phona~ unit. 
Ir 3-by~oxy4,~~xycho~~t~~. 
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The major product from reaction of the 4a,5a-epoxy-3a-tosylate (8) with collidine 
was the A2-4a,5a-epoxide (9) with only minor amounts of diene-ether (2), triene 
mixture (5 :6, ca. 9 :l) and polar material. The A2-40$a-epoxide (9) was identified 
from a consideration of its NMR spectrum, which exhibited signals at 5.86 ppm 
(W,,, 5.5 c/s; C2-H_ C3-HJ and at 341 ppm (C’-m; double irradiation (- 171.5 c/s) 
confirmed the coupling of the C’--fJ with C3-s and C2-fJ (.I?$2 c/s, Jty? 1.5 c/s). 
The lower conversion of the A24a,5a-epoxide (9) into trienes (5 and 6) is due to the 
lower reactivity of the epoxide (9) in collidine-TsOH solution; in control experiments 
the A2-4R,5gepoxide (4) was completely converted into trienes (5 and 6) under 
conditions which resulted in poor and incomplete conversion of the A2-4a,5a- 
epoxide (9) into triene (5 and 6). 

With Li2C03-DMF the 4a,5a-epoxy-3a-tosylate (8) gave the diene-ether (2) 
the A2-4a,5a-epoxide (9) and 4a,5-epoxy-5a-cholestan-3g-o1. 

Reaction of the 4a,5a-epoxy-3f.I-tosylate (lo), both with collidine and Li2C03- 
DMF, gave low recoveries of identifiable products. Product yields are given in Table 1. 

DISCUSSION 

In the reactions of the 4,5-epoxy-3-tosylates with Li,CO,-DMF and with collidine 
two elimination processes, to form diene-ether (2) and A2-4,5-epoxides, are in com- 
petition. The relative yields of these products are shown in Table 2; allowance is 
made in the recorded yield of A2-4,5-epoxides for the trienes (5 and 6) which have 
been shown to arise from these compounds. For the reactions of the 4,5-epoxy-3- 
tosylates there is a markedly greater tendency towards P---H loss in the elimination 
reactions in the Li2C03-DMF system compared with the collidine solution reactions. 

Recent studies4 of the reaction of 2-deuterated+-dimethyl-3-tosylates in collidine 
have revealed that elimination to form the corresponding A2-olefm from the equatorial 
3g-tosylate was 75% syn and from the axial 3a-tosylate 46% syn. This syn-elimination 
has been envisaged as involving abstraction of the C2-proton by the departing tosylate 
anion. It thus appears likely that a considerable proportion of the A2-4,5-epoxide 
produced in the reaction of the 4,5-epoxy-3-tosylates in collidine are formed by such 
a syn-elimination with the tosylate anion as the internal base. In contrast the elimi- 

TABLE 2. RELATIM YIELDS OF DIENE-ETHER (2) AND A’~-~.~-E~~xIDEs 

Epoxy-tosylate Reaction conditions Dienc-ether (2) A’+-Epoxides” 

1 c&dine 13 
1 Li$O,-DMF 70 
1 collidine 26 
7 Li,COs-DMF ca. 67’ 
8 coilidine 3 
8 LilCOa-DMF 41 

10 collidine 78’ 
10 Li&O,-DMF 94’ 

21 
30 
74 
33b 
97 
59 
2 
T 

‘ This column in&da the trienes (5 and 6) which arise from the A*-4,Sqoxides. 
’ Estimated by TLC and NMR. 
’ These ratios are derived from low percentas yields of tbe two products in poor 

ncovery experiments. 
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from (a). The pentane solubk material (176 mg) on chromatography gave trienes (5 :6,9:1; 40 m& 4a-oxa- 
choksta3$dient (24 mg), and 4&5cpoxy-SgCholest-2-ene (29 mg). 

(c) ~S~-E~x~~-tosy~e 0. Reaction of 8 (18) as above but with reaction time IS min gave pentane 
inaolubk ma:erial(153 mg). The ale-~lubk material (800 mg) on crystallimtion from acetone gave 
4a,5-epoxy-5a-ci2-ene (9; 297 mg) as plates, m.p. 87-883 [ah +81” (c la), NMR 65%6 ppm 
(Wp, 5.5 c/s; c?--fI. c3---m; 301 ppm (J . 3 2 c/a, J,,, 1.5 c/s; C‘---H); 093 ppm (C”H,); 070 ppm . 
(C OH,); 092,682 ppm (side-&in CH,) (Found: C, 84.5; H, 11.85. C27H*40 requires C, 84.3; H, 11.5%). 

Chromatography of, the mother liquor residue from the above crystallization gave trienes (516, 9:l; 
17 ma) 2 (15 mg), and further 9 (212 mg). 

(d) 4a&-Epoxy-3@+osylate (10). Reaction of 10 (!XJO mg) as above but with reaction time 15 min, isolation 
by means df ether and chromatography on deactivated alumina gave trienes (5 :6,9 :l ; 10 mg), 2 (35 mg), 
starting material 10 (180 mg) and polar products (30 mg). 

iPeactkurs of 4,S-epoxy-3-rosylores with L&CO,-N,Ndimetbyiformamide 
(a) 4b15@-Epoxy-3@-rosyte (I). A soln of l(5 g) in N,N-dimcthyiformamidc (80 ml) containing LisCOs 

(anhydrous; 5 g) was heated at 153” for 2 br under N, The steroidaI material (3.68 g), isolated by means of 
ether, was adsorbed onto deactivated alumina (#x1 g). Eiution with light petroleum gave 2 (197 g) followed 
by 4 (838 mg) Elution with light petroleum to light petroleum-benzene (1 :l) gave mixtures (240 mg). 
Finally elution with ether gave a mixture (ca. 1:2) ?of 3a- and 3&hydroxy-4&5-epoxy-5@-cholestanes 
(474 rngh identified by TLC. 

(b) 4f3,5~Epoxy-3u-tosylute (7). Reaction of 7 (20 mg) as above gave a crude product which consisted 
(TLC) of 2 and 4 (ca 2 :l) and two polar compounds. 

(c) 4a,5a-Epoxy-3a-tosylate (8) Reaction of 8 (200 men) as above gave 2 (43 mg), 9 (61 mg) and 4a$epoxy- 
5a-&okatan-3&01(!5 mg) 

(d) 4a,5a-Epoxy-3&tosy&te (10) Reaction of 10 (600 mg) aa above gave 2 (132 mg), 9 (6 mg), unidentitied 
mixtures (130 mg) and a mixture of 3a-hydroxy- and 3~hy~xy~S~xy-Sa~hol~t8n~ (% mg). 

Reactions sf 4&S& und 4a,Sa-epoxycholest-2-enes wirh toluene-gsulpiwnie acid in coliidine 
(a) 4B,5-~FoxY-5f)-ckoIest-2-ene (4& A soln of 4 (1tN mg) and toluenc-p-sulpbonic acid (75 mg) in colliding 

(2.5 ml) was treated under reflux for 15 min The steroidal material, isolated by means of ether, was identihed 
as a mixture of trienes (5.$9 :l ; 60 mg). 

(b) 4s5-~~%y-Sa-thoiest-2-~ (9). The epoxide 9 (60 mg) reacted as above gave recovered 9 (21 mg) 
and a mixture of trienes (5 :6,9 :l ; 8 mg). 

Reactions oj’4a-oxa-cholesta-3,S_ielle (2) 
(a) Hydrolysis. To a soln of 2 (2aO mg) in dioxan (12 ml) was added HClO,aq (066 ml; 3M) and the 

resulting soln kept at 20” for 10 hr. Tbc steroidal material, isolated by means of ether, was adsorbed on 
silica gel (10 g). Elution with light petroleum gave 2 (16 mg) Elution with light petroleum-benzene (3:2) 
gave 3a (86 mg) as an oil, [a& +46” (c 095b Y, 2710, 1730, 1703 cm-‘, NMR 6992 ppm (J, J’ 1-S c/s; 
-C&IO); 107 ppm (C’*Hs); 0.73 ppm (C’sH,); 092, @82 ppm (side&am CH,). 

Elution with light petroleum-benzene (1:l) gave the kyd~oxy~~eky~ (11; 51 mg), m.p l14-i16°, 
[a&, +36” (c l-35), v, 3590, 3518, 1703 cm-‘, NMR 6 9% (J 2 c/s, decoupled +398 c/s; --CEO); 
3.10 ppm (R&s 20 c/s; --C&-CHO); @92 ppm (C”Hs); Q67 ppm (C’*Hs); @92, @82 ppm (side-chain 
CH,) (Found: C, w9; H, 11.9. C2,Hls02 requires: C, 8@S; H, 115 %) 

(b) Oxidutiw I?ydrOtysis. To a soln of 2 (18 mg) in AcOH (2.5 ml) and water 05 mJ) was added Jones 
reagent, and the sofn heated to 60“ for 1 hr. The product, isolated by means of ether, was tbc keto-acid 
(3b; 10 mg), identical (TLC, NMR, IR) with an authentic sample. 
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