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Abesct-The cpimeric ethynyl alcohols II and III react with numxic acetate to yield the same 
acetoxy dime VI, also obtained by hydration of the /J-cthynyl-a-acetoxy ketone X. Inversion of coa- 
figuration oozurs, therefore, during the convcrsioo of the aethynyl alcohol II to the acetoxy dione VI. 
If the above reaction is done in the prcsam of pyidinc. the ethynyl akohol II fumishcs the epoxy inter- 
mbdhtCXI.IWhidliSOmaizes readily to either the aatoxy dione VI or its cpimcr XI, obtaimd inapead- 
ently. Tltc obsuvcd invcnion of configuration has been interpreted to involve the epoxy intmnediate 
XII. 

EARLIEJI work’ has shown that the product of condensation of lithium acetylide with 
l$dioxo-8a-methyl-l 2 3 4 6 7 8 8a-octahydronaphthalene (I) is the B_hydroxy-r- .,.,.,, 
ethynyl alcohol II which can be epimerized to the a-hydroxy-gcthynyl alcohol III by 
treatment with BF,-etheratc. The configuration of the ethynyl alcohol II is the 
reverse of the one assigned by other workers* and was preferred by us on the basis of 
NMR evidence. The conversions of the r-cthynyl alcohol II to the bridged ketol IV 
whose structure has since been confirmed’ by X-ray studies provides further support 
for our assignment. 

Studies of hydration of the ethynyl alcohols II and III and their derivatives are 
now reported. These were undertaken primarily to ascertain if homoannulation of the 
type encountered& during attempted hydration of 17cthynyl steroids and/or bridging 
reactions of the type involved in the formation of compound IV can be realized. As 
will be seen from the sequel, no evidence was obtained for the occurrence of such 
unusual reactions under a variety of conditions of hydration using mercury catalyst; 
however, some unexpected transformations and products were encountered and these 
are indicated in Chart I. 

As already reported3 the treatment of the epimeric ethynyl alcohols II and III with 
Nieuwland’s catalyst leads respectively to the compounds IV and V. With the milder 
mercurated resin catalyst founti to be effective for similar hydrations, no hydration 
could be effected with both the ethynyl alcohols II and III; only the starting materials 
were recovered. With mercuric acetate in ethanol both the epimers furnished sur- 
prisingly the same acetoxy dione VI, having the expected UV, IR and NMR ab- 
sorptions. This dione could also be obtained by hydrating similarly the crude mixture 
of the ethynyl alcohols II and III, usually obtained’ in large amounts during the 

’ M. S. Newman. S. Ramachandran. S. K. Sankarappx and S. Swaminathan. J. Org. Chem. 26,727 
(1961). 

’ L N. Nazarov and I. A. Gumi&, Zlu. O&h. kThfm. U, 9S6 (19S5). 
’ s. swaminathan. s. Rmmchmdran mxl S. K. Sankamppa, Tetmhr&on 20, 1119 (1964). 
’ K. Va&atuan and E Subrammian, Z. K&t. 123,206 (1966). 
’ L F. Ficser sod M. Firm. Steroids pp. 577-578. Reinhold, New York, N.Y. (1959). 
’ M. S. Newman. J. Am. Chem. Sot. IS.4740 (1953). 
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preparation of the B_epimer III. It was obvious that inversion of configuration had 
occurred and with a view to fix the configuration of the acetoxy dione VI, 
both the epimeric ethynyl diacetates VII and VIII previously1 described were 
hydrolysed with dilute acid to furnish the epimeric tthynyl monoacetoxy ketones 
IX and X respectively and then hydrated. Unlike the parent ethynyl alcohols 
II and III, these acetoxy derivatives IX and X were found to undergo ready 
hydration in the presence of the resin catalyst to furnish the B_acetoxy dione XI and 
the cpimcr VI respectively, showing conclusively that the above inversion of con- 
figuration occurs during the transformation of the rcthynyl alcohol II to the 
compound VI. An attempted hydration of the /?-acetoxy-zethynyl ketone IX with 
Nieuwland’s catalyst expected to furnish the acetate of the bridged ketol IV, also fur- 
nished the p-acetoxy dione XI instead but in poorer yield. It was also found that hy- 
dration of the B_ethynyl diacetate VIII and acetylation of either compound V or VI 
gave the same diacetoxy ketone XIII in excellent yields. This establishes that no in- 
version is involved in the hydration of the /Set.hynyl alcohol III with Nieuwland’s 
catalyst to the ketol V, previously reported.$ 

In attempts to gain a better understanding of the reactions leading to the inverted 
product VI from II, both the ethynyl alcohols II and III were treated with mercuric 
acetate in ethanol containing an excess of pyridine to neutralize the acetic acid 
formed. Whereas the &etbynyl alcohol III gave the a-acetoxy dione VI, the zcthynyl 
epimer II furnished a colourless crystalline material m.p. 97+98*6”, isomeric with the 
compounds VI and XI in 54-l y0 yield. This product which also resulted by treatment 
of the fi-acetoxy-rcthynyl ketone IX under similar conditions, was soon found to 
undergo easy transformation to either compound XI or VI depending on experimental 
conditions. Thus, chromatography over basic alumina converted it to the /?-acttoxy 
diont XI whereas treatment with dilute hydrochloric acid transformed it to the 
epimtric a-acetoxy dione VI. In fact, it was soon found that the conditions of prep 
aration of the above solid itself were critical since often either epimer VI or XI 
resulted due to some unaccountable variations in the work-up. The product, unlike the 
epimers VI and XI which showed three carbonyl absorptions in the i&a-red, showed 
only two such absorptions-one, an unconjugated c----O at 5.78 p and another, a 
conjugated C=O at 5.98 p. The former was undoubtedly an acetate carbonyl in view 
of the strong absorption at 8 p, while the UV absorption at 243 rnp (c, 4G8) con- 
firmed the presence of the conjugated carbonyl. A comparison of the NMR spectrum 
of the material with those of compounds VI and XI revealed significant differences 
only in the region of absorptions of Ac and OAc. Whereas these showed up as separate 
singlets for compound VI at T 7.82 and T 7.92 and for the epimer XI at T 7.85 and T 7.9 
respectively, in the case of the above solid these peaks merged to give a single ab- 
sorption (ca. 8 protons) centered at T 7.8. The above data seem best accounted for by 
the epoxide structure XII in terms of which the inversion of configuration and the 
unusual acetylation of a tertiary -OH involved in the conversion of the ethynyl 
alcohol II to the compound VI are best explained. 

A priori, it seems likely that this conversion occurs via the sequence 

II + III --c x + VI (a) 

since the epimerization’ of the a-etbynyl alcohol II to the &etbynyl alcohol III and the 
hydration of the a-acetoxy ethynyl ketone X have both been experimentally realized. 
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Compound VI may also be pictured to arise by acetylation of the ketol V formed 
either by epimerixation of the acthynyl alcohol II to the /?ethynyl alcohol III followed 
by hydration or by a reverse sequence. Either variation of this route is unsatisfactory 
since (i) compound II has resisted all our attempts at hydration to the corresponding 
ketol and (ii) the hydration of the fi-ethynyl alcohol III to the ketol V proceeds only in 
poor yields. The epimerization of the ethynyl alcohol II involved in the above pre- 
ferred sequence (a) may be pictured to arise by an initial cleavage of the C&C& 
bond and then reformation since there is evidence available that such a cleavage does 
take place in certain rearrangements ‘JJ of the compound II and related bhydroxy-?,B_ 
enones. There is however a serious drawback to the postulated sequence (a). Previous 
studies’ have shown that the epimerization of the ethynyl alcohol II is only partial 
under the best of conditions-the equilibrium mixture containing roughly only 30% 
of the epimer III and 70% of unchanged alcohol II. Significant amounts of the J?- 
acetoxy dione XI should also have been formed along with its epimer VI which was how- 
ever thesoleproductobtained. Analtemativeexplanationfreefrom thisdrawbackwhich 
provides an understanding at the same time of the unusual acetylation of a tertiary 
hydroxyl group with mercuric acetate is to invoke the epoxy intermediate XII which 

’ S. Swami~(han, J. P. John and S. Ramacbndrpn, 7hth?&ofl Lcrrmr 729 (1962). 
o S. Swaminathan. R. K. Natamjan, S. Ramachandran and S. K. Sankarappa. 1. Org. Chem. 31, 

656 (1%6). 
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as already mentioned has been isolated, though only from the a-ethynyl alcohol II. 
Its formation from the acthynyl alcohol II or its monoaatoxy derivative IX and 
conversion exclusively either to the a-acetoxy dionc VI or the epimeric /?-aatoxy dione 
XI may be rationalized as opposite. 

The above explanation seems plausible in view of reports* that some steroidal enol 
acetate (AM and A13 epoxides with structures similar to XII undergo similar a&y1 
group migrations with or without inversion. It seems likely that epoxide compounds 
of type XII are intermediates in mercuric aatatc catalyzed hydrations of other 
aethynyl alcohols. 

EXPERIMENTAL 

la-Aocroxy-lS_oce~yf~x~~-ethyl-1 2 3 4 6 7 8 8a-ocrahydrona@hakne (VI) ,*.**** 

(a) Ey ~reurmcn~ of Il with mercuric OCCIUIC.~* A mixture of II (2G4 g), mcnxvic mte (6.05 g) 
andabsEtOHwasrclIuxed for 4hr. The Hg formed wru filtered off. the filtrate saturated with H,S and 
the ppt of HgS removed. The filtrate was concentrated, extracted with ether and the cxtrrct washed 
with NaHC0.q Removal of solvent furnished a solid (1.5 g) which after rcqstallization from 
ether had m.p. 127-129’. Repeated crys~alizations from ether fiorded the analytical sampk 
m.p. 131-132”. (Found: C, 68.1, 68.1; H, 7.6, 7.6. CI,HIO, requires: C. 68-2; li, 7.67’) IR 

spacvum (Chf): 5.78. 5.86. 6G2. 6.2 and 8.08 JJ; UV (EtOHl: 237 m/r, (q 4.25). NMR (CDCI,): 

y fl P 
t 4.17 (lH, d, a=-), T 7.82 (3H. s -H,). T 7.92 (3H. s -AH,) and T 8.72 

I 
(b) By frcolmem o/III wfrh mercuric oecrclfe. Tratmeot of III (1 g) with mcrcurk eta1c (3.5 g) 

in EitOH (30 ml) similarly furnkhal VI (@6 g) m.p. and tied mp. 131-132” and having idea&al 
IR absorptiom. 

(c) By hy&urion o/X. A mixture of X (1.3 g), mercuratal ambcrilitc IR 120 resin (l-3 g), McOH 
(~ml)andwrta(01Sml)wasstirrsdfor3hrat60-70°. TheruinwasliItcrcdoffandwashal 
with alc&ol. The filtrate was evaporated and the residue taken up in c&r, dried and conctntratccl 
to furnish VI m.p. and mixed m.p. with the sample obtained from (a): 130-131” (1.13 g, 81’/@. 
With a reaction period of 1 hr. the hydration of X was incomplete. 

The diacetatc VIII (2.9 g) was treated with 4N HCI (5 mI) in EtOH (SO ml) and kft overnight 
at room temp. The solvat w(u ranovcd in wcuo and the residue taken up in ether, wa&d with 
water and brine and dried over MgSO,. Conantration of the ether solution gave X, m.p. 115-l 17” 
(l-95 g, 78.72’4. Rcpcatcd crystallizations from pet. ether (6WW) afforded the anaIyticaI sample 
m.p. 119+-12@5”. Wound : C. 72.8; H, 7.5; C,,H,,O, requires: C. 73.2; li, 7.3%) IR spectrum 
(Chf): 30, S-725,63 and 6.15 p; UV (EIOH): 238 rnp (a, 4.24). NMR (CDCI,): ~4.13 (1H. d. 

0 

A--1. T 7.33 (ly 
7 

s, ~H),~797(3H,s,--o-C~H,) andz857(3li,s,&HJ. 

l~-E~h~y~-lB_4ccrox~~-mr~hyf-l,,53,4,6,7,8,8a-(~r~~o~~~ (IX) 

The al~vc procedure WBS followed with VII (22.4 g), 4N. HCI (40 mI) and EtOH (200 ml) when 
DC. m.p. 102-104” (155 g, 81Q2.h was obtained. A sample recrystallized from pet. ether. m.p. 

* N. S. Leeds, D. K. Fukushima and T. F. Gallagher, 1. Am. Chem. Sot. 76.2941.2943 (19544). 
1’ This experiment was first carrkd out by Dr. S. K. Sankamppa to whom our thanks are due. 
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106107”. (Found: C, 72.8; H, 75. C,,H,,O, requires: C, 73.2; Ii, 7.3%) IR spectrum (Chf): 
3-02, 5.75, 6.02 and 6.175~; UV (EtOH): 234 v (a. 4.14). NMR (CDClJ: 7412 (lH, d, 

8 Y I 
e), T 7*27(lH, s, -if), z 7.92 (3H, s, -OAI-CHJ and T 8.6 (3H, s. --c-cIi,) 

A 
I 

l~-A~ryl-lB_cucroxyboxo-Ba-mcrhyl-l,2,3,4,6,7,8,8asct~~ro~t~e~ (XI) 

(a) By hycimtion ofIX with mercuruted resin. Compound IX (19 g) was treated with macuratcd 
ambcrlite IR 120 resin (1.0 g) as in the hydration of X. The reaction mixture was stirred for 1 hr. 
The product XI obtained was cry~tallizcd from et&r, m.p. 106106” (@85 g. 79.2’/@. The analytical 
sample obtained after several rccrystallizations from ether had m.p. llO-111’. (Found: C, 68 1; 
H, 7.6. Ci,H,,O, requires: C, 68.2; H, 7.6x.) IR spectrum (Chf): 5.76, 5.85, 6.01 and 6.18 p; 

0 

UV (EtOH): 241 rnp (e, 409). NMR (CDCI,): ~4.26 (1H. d. 4 --c--c), T 7.85 (3H. s. 
I I 

0 0 ii 

1 
AH,), T 790 (3H, s. -O&H,) and T 8.62 (3H. s, “-CHJ. 

(b) By hyakutbn ofIX with Nieuwlandf catalyst. A soln of IX’(Z+O g) in McOH (30 ml) was stirred 
at 70” for 4 hr with Nicuwland’s catalyst (prepared from red HgO, 05 g, BFs-cthcratc, l-0 ml and 
McOH, 2 ml) and left overnight. The mixture was cooled, treated with anhyd K,COs (19 g) and 
decanted from the sludge of Hg and undissolved matter. The McOH was ranovcd and the residue 
extractal with ether. The ether extract was washed with water and brine, dried (MgSO,) and con- 
centrated. Trituration with ether furnished XI (0.35 g), m.p. and mixed m.p. with authentic sample 
XI, lltxlll”. 

The organic cxtnxt r cmaining after separation of XI furnished a liquid product of uncertain 
structure. 

Treatment of II with mercuric acetate &I the presence o/pyridine 

Toahotsolnofmcrcurk acetate (3.2 g) in a mixture of l bs EtOH (15 ml) and pyridinc (20 ml). 
II (2.1 g) was added and hcatcd at gentle reflux for 4 hr. The reaction mixture was tlkcd from the 
pptd Hg and filtrate saturated with H.S. The pptd HgS was removed and tbc filtrate conccntratcd. 
The residue was taken up in ether, washed succusively with water, 5% HCl, water, dil NaHCQaq, 
water and brine and dried over MgSO,. On concentration a residue (2.1 g) was obtained which on 
trituration with ether and cooling gave a solid (XII; 1.43 g) mp. 92-95’. For puritication it was 
chromatographcd over neutral alumina and elutcd with ether. The analytical sample was obtained 
after 3 uystallizations from ether; mp. 97.4-98.6”. (Found: C. 68.3. 68.3; H, 7.7, 7.4; CJ&O, 
rcquirca: C, 68.2; Ii, 7.6x.) IR spcctmm (KBr): 5.78, 5.98 and 6.14 p, UV (EtOH): 243 rnp 

0 

(c, 498). NMR (CDCIJ: 74.16 (lH, s, -L-C- ), 77.8 (s for CL 8 protons attributed to 
I I 

ii ’ 
I 

44O_CH, epoxidc CH, plus 2 other protons) and 7 8.55 (3H, I, -HJ. 
I 

Tbc monoacztatc IX on similar treatment with mercuric x&ate and pyridinc gave XII m.p. 
95-96” having no depression in m.p. with the sample obtained from II. 

Treatment of III with menmlc acetate &I the presence of pyriabe 

A mixture of III (1.5 g). mercuric acetate (3.0 g), pytidinc (20 ml) and abs EtOH (15 ml) was 
rcfIuxcdfor4hramlthcpptdHgwast3ltcrcdoff. ‘IhcdiasolvcdHgsaltwasranovcduHgSby 
passing Hss. The clear 6ltratc was concentrated and extracted with ether; the ether extract, after 
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washiig with dil HCl and water. on concentration gave VI (630 m@; mixed mp. with an authentic 
sample, 13%131”. The mother liquor on passing through alumina gave an additional amount 
(25Omg) of VI (Net yield: 4573. The same product was obtained by omitting the acid wash in 
the above work up. 

Isomrrizalion of XII 

Compound XII on passing through a column of basic alumina and elution with ether gave 
quanlitativtty XI, m.p. and mixed m.p. 110-111” and with superimposable IR absorptions. XII 
could also be converted to VI by treatmutt with alcoholic HCi at room temp. In fact, in some 
attempted preparations of XII, cpirner VI resulted as the sole product due apparently to some vari- 
ations in the work up which have not been understood yet. 

(a) By ucery&riun of VI. Compound VI (750 mg) was treated with a mixture of Ac,O (6 ml) 
and ptolucncsulphonic acid (210 mg) and the mixture kft ovanight. The reaaion mixture was 
poured into kx water when solid separated. It was filtered off, dissolved in ether dried and solvent 
removed. The residue (550 mk) was raxystaflizcd from ether to furnish XIII, m.p. 108-l 10”. The 
analytical sample obtained after 4 rccrystalizalions from pet. ether (6&W) had ap. 113-115”. 
(Found: C, 66.9; H. 7.5; C,,H,O, requires: C, 66.7; H, 7*20/) IR spuxrum (C&f): 5.78, 5.825. 
5.9, 6.035 and 6.13 p; UV (EtOH): 232 rnp (e, 4.15). NMR (CDCl,): ~4.23 (d, C,proton), ~4.53 

I! 0 

fm, C, proton), ~7.8 (s. --C CM,), T 7.88 and t 7+4(ss, two -O-!-C&)attd T 8.91 Q&H& 
I 

(b) By ucetyhion of V. Compound V (UXI me> was similarly uxtylatat with Ac,O (8 ml) and 
ptolucnuulphonk acid (-10 mg) and the product obtained (125 mg) was twia reayscallized from 
pet. ether (6WW), m.p. and mixed m.p. 113-l 15” with material obtaina! in the previous cx@mcnt. 

(c) 9 h~&~rion of VIII. The diacctate VIII (1.0 g) was stirred with mcrcuratcd IR 120 resin 
(1.0 g) in McOH for 3 hr at 60-70”. The product obtained (550 m@ after usual work up was crystal- 
lized from pet. ether (6&800) and found to be XIII by IR and m&cd m.p. determination. 
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