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Abstract-The /3-keto-cstcr which is obtained by Dicckmann cyclizatton of the dim-ethyl ester (I) of 
the dicarboxylic acid obtained by oxidative opening of ring A in 5acholcstan-3-one and related 
compounds has been shown to have the structure IIa. by its degradation. via the unsaturated acid 
(Va). to A-nor-Sjkholcstan-3-one (VI) and to rk dimcthyl cstcr (VIIb). The stcrcochemistry of 
compound Ha and of related A-substituted A-nor-Sxcholcstam is discussed. A-nor-Sz-Cholrutan- 
l-one (XVIIb) has been synthcsixd, starting from S-xchokst-lcn-3-one (XIV). 

T~IIS work was designed to investigate the possibilities of contracting six-membered 
rings in steroids and D-homostcroids to five-membered rings bearing a suitably 
disposed functional group. It was prompted by the observation by one of us, while 
working with Prof. G. Stork at Columbia University. that the dimethyl ester (I) gave a 
single fi-keto-cstcr upon Dieckmann cyclization with potassium t-butoxide or with 
sodium hydride in benzene. Reduction of this keto-cstcr (Ha) with sodium boro- 
hydride or with lithium aluminium tri-t-butoxy hydride gave in good yield a single 
hydroxy-ester (IIIa). On treatment with phosphorus oxychloride in pyridinc this 
failed to dehydrate, giving instead a chloro-estcr (IV), which in turn afforded the 
unsaturated acid (Va) upon alkaline hydrolysis. 

Alternatively the toluene p-sulphonyl derivative 111~ likcwisc gave the unsaturated 
cstcr (Vb) on treatment with potassium t-butoxide in t-butanol; it was unaffected by 
boiling collidinc. 

The position of the carboxyl group Va was established by Schmidt degradation. 
This gave a five-membered ring ketone, mp. 79-80”; (~]i, t- 131”. Both these values 
are higher than those reported for A-nor-5/5cholcstan-3-one.14 Consequently we 
prcparcd the latter (VI) from Dicls’ acid as dcscribcd by Windaus.’ Careful purifi- 
cation of the product gave the desired pure ketone, identical with the product of 
degradation of compound Va. 

Further confirmation of the position of the ester group in the keto-cster (IIa) and 
of the double bond in acid Va was given by ozonolysis of the latter compound. This 
gave a dicarboxylic acid (VIIa); Fischer-Spcycr esterification of this gave only neutral 
material in the form of the dimethyl cstcr (VIIb), showing that neither of the carboxyl 
groups in the ozonolysis product is attached at the tertiary Cn, position. 

Attempted catalytic hydrogenation of the unsaturated ester (Vb) at atmospheric 
pressure in either ether-methanol or in ethyl acetate in the presence of palladium- 
carbon led to rearrangement to a different a-~-unsaturated ester, whose formulation 
as shown in IX is supported by the expected bathochromic shift in its ultra-violet 

I A. Windaus. &r. Dtrch. Chrm. Grs. S2, 170 (1919). 
a D. E. Evans, A. C. de Paulet. C. W. Shoppoe and F. Wintemiu. 1. Chrm. SM. 14Sl (19S7). 
’ B. B. Smith and H. R. Nate, /. Amtr. Chtm. Sot. 76.6119 (1954). 
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spccrrum. The saturated ester (VIIIb) was eventually obtained by desulphurization 
of the thioketal-ester (Ilb). 

The stereochemistry of these products is of interest, particularly in view of the 
appearance of a paper by Shoppee and Sly which deals, infer alia, with the 
configuration of the two A-nor-Sz-cholcstan-2-01s which arc obtained by reduction 
of A-nor-5x-cholcstan-2-one, either catalytically or with sodium in ethanol or by the 
Meerwein-Ponndorf method.‘+* One of these epimcrs, of m.p. 130c,b (z],, e.38”’ 
(acetate: m.p. 80”: [z],, - 10aL) gave a digitonidc unlike the epimer of m.p, lSS”,s 

[Xl,> -28”5 (acetate: m.p. 93”: (I]*, .. 2!?‘% and hence these were originally 
designated as the ti- and r-epimcr respectively. Shoppcc and Sly contend that Klyne’s 
principle of cnantiomcric types’bR cannot be used to corrclatc the configuration of 
these two cpimers with thou: of 16/j- and 161-ols, since the latter give similar [Ml,, 
increments of the same sign. Altcrnativcly they suggest that in view of the similar 
molecular rotation shown by A-nor-Sz-cholestane ( i-90”) and Sz-cholcstanc (+91”) 
a direct correlation can be made between the above two A-nor-5z_choiestan-2-01s and 
between the epimeric 5r_cholcstan-2-01s and their rcspcctive acetates. They come to 
the conclusion that the previously acccptcd configurations of the former pair should 
be reversed. 

Against this, firstly, we have prepared A-nor-Sr-cholcstane by Wotff-Kischner 
reduction of A-nor-Sr-cholcstan-2-one, and have found the pure product to be 
higher in melting point and lower in specific rotation ([Ml,, z.74’) than previously 
reported.* Secondly, it is not clear to us why, if corelation of A-nor-Sx-cholestanc 
dcrivativcs with those of 5x-cholestanc is at all valid, A-nor-5x-cholestan-2-01s should 
then bc compared with Sr-cholestan-2-01s (and not with 5x-cholcstan-3-01s. in which 
case incidentally Shoppee and Sly’s conclusions would have to be reversed). 

White it is true that l.[M],, values for 16$- and 16z-hydroxyl groups are not very 
much different, we wish to point out that those of 16@- and 16x-acetoxy groups differ 
considerably and consistently. From the wealth of examples now available from the 
literature it is clear that A[M],, (16,‘LOAc) is either positive” or slightly negative,‘OJ1 
while AjM],, (16x-OAc) is always strongly negative,*JO -I* so that [Mfn (16/GOAc) .- 
[Ml,, (16~OAc) is always positive, ranging from i-67 ‘**I3 to +410”.” If Klyne’s 
theory is applicable then in nor-ring A, this being cnantiomcric to ring D, [Ml,, 
(2,%OAc) -- (Ml,, (Zr-OAc) should be negative. Using Shoppee and Sly’s data this 
is the cast only if their conclusions arc reversed and the heretofore accepted con- 
figurations for the two A-nor-Sz-cholestan-2-01s rctaincd (see Table 1.) 

These arguments are pertinent presently when applied to the aceroxy-estcr (IIIb). 
[Mln comparisons of methyl 3~,16z-diacctoxy-1~ and methyl 3~,16~-dia~toxy-5~- 
etianatcs13 with methyl 3/?-acetoxy-5/Getianatc81 show that here too (Ml,, (16&OAc) - 

‘C. W. Shoppcc and 1. C. P. Sly. J. Chrm. Sot. 34s (1959). 
* R. E. Marker. 0. Krmm. D. M. Jonc, and L. W. Mixon. J. Amrr. Chrm. Sot. 59. 1363 (1937). 
* K. Kawuaki, Chrm. Absrr. 31. 3060 (1937). 
’ W. Klyne, f. C-hem. Sot. 2916 (1952). 
* W. Klync in Bra&c and Sachod, Derrrminarion of Organic Sfrucrur~s b,v Ph~vsical &Who& p. 73. Academic 

Press, New York (19%). 
l Lcttre. %. phydol. Ch. 221, 73 (1933). 

I0 J. Fajkor and F. Sorm. Coil. C.-r&. Chum. Comm. 21. 1013 (1956). 
M J. A. Moore. if&. Chrm. Acre 37. 659 (1954); and refs. quowd there. 
I* V. khwan. V. (trny and F. Sorm. Co/l. Czech. Chrm. Comm. 23. 840 (1958). 
I* J. Fa)kos and F. Sorm. Co//. Czech. Chrm. Comm. 20, 1464 (1955). 
” 11. K. Fukushima and T. F. Gal1aghcr.I. Amer. Chcm. Sot. 73, I91 (1951); B. Ells. F. Hartley. V. Pcrrow 

and D. Wcdlakc, 1. Chrm. Sot. 4383 (195s). 
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[Ml, (I6a-OAC) is positive ( ~206’) so that vicinal interfcrencc of the mctboxy- 
carbonyl group appears to be of no moment. Comparison (see Table I) of the 
acetoxy-ester (IIIb) with the saturated ester (VIIIb) gives A[,M], (OAc): .i.29” from 
which it can bc deducted by comparison with the two 2-acetoxy-A-nor-Sr-cholestanes 
that in IIIb the acetoxy group has the z-configuration. Since the properties of the 
hydroxy-ester IIIa (difficulty of ionic elimination, ease of acetylation,ls no evidence of 
hydrogen bonding in its infra-red spectrum) indicate a rruns-relationship between the 
two functional groups, the stereochemistry of compound IIIa must be assumed as 
shown, and hence that of compounds II, IV and VIII, since the reactions connecting 
these arc such as to preclude epimcrization of the mcthoxycarbonyl group. 

Compound 
. ..--- _.-- --... 

A-nor-Sxcholcstanc (present value) 

IWO MIMI, 
-.__ _-. _ ___ -.- __ 

. . 74‘ ! 

l!/Lacztoxy-A-nor-Szchokstanc, m.p. 80”’ .4 -70 

2x-arrtoxy-A-nor-Szchokstane. m.p. 93”’ ‘. 104 ‘I 30 I 

S;? - 12 - 100” 

-- _.- --. _ _ -. .-.- _- - .- . ..-.. -.__ .- 
3~LmcthoxycarbonyLA-nor-Sacholesunc 

(VIlIb) 0 

?z-awtoxy-3@ncthoxycar~nyI-A-nor-5n- 
cholcstanc (IIIb) .I 29 A(2zaAc): -29” 

We now turned our attention to the possibility of contracting ring A in 
5z-cholestan3-one to give I-substituted A-nor-Sr-cholestane derivatives. It was 
hoped to achieve this by internal aldol cyclization of suitable dicarbonyl compounds 
derived from 2//3-seco-5zcholcstane, by analogy with the cyclization of 16,17- 
dicarbonyl-l6//17-scco-D-homostcroids. 16,17 For example 2-formyl-5~-cholcst-2-ene 
(Xa), obtained by metal hydride reduction of 2-isopropoxymcthylene-5z-cholestan- 
3-one,‘* was convcrtcd into 2-acctoxymcthyl-5z-cholest-2-ene (Xc), in which the 
double bond was cleaved, cithcr by ozonolysis or by the action of lead tctra-acetate 
on the epimcric glycols XIa and XIb, to give a non-crystalline product which from its 
infra-red spectrum appcarcd to be the expected acctoxy-keto-aldehyde (XIIa).rO 
Furthermore, 2-methyl-5z-cholest-bene (Xd) on ozonolysis gave what appeared to 
be the keto-aldchydc (XIlb). Attempted cyclization ofeither compounds XIIa or XIIb 
by a variety of methods failed to give any tangible product. Solely by passing a 
solution of compound XIIb through active acidic alumina a compound was isolated 
in low yield which may possibly be the unsaturated ketone XIII, but the amount 
obtained was insufficient for further characterization. 

1’ H. Hirschmann and F. B. Hirschmann. /. Amrr. Chrm. Sot. 78.3755 (1956). 
1.J. W. Cornforth, in Cook. Progress in Orpznic Chcmisrry Vol. 3. p. 1. Buttcrwortha. London (1955). 
1’ W. F. Johns, /. Amer. Chcm. SOC. 80, 6456 (1958); G. Stork, H. N. Khastgir and A. J. Solo. Ibld. 80, 

6458 (1958). 
1’ P. Scifcrt and It. Schinz. Ii&. Chcm. Acfa 34. 728 (1951); J. Fajkos and F. Sonn. Chrm. Lirfy 47. 418 

(1953). 
‘@The corresponding 16//17-scco-compound. A. Lardon. 0. Schindler and T. Rcich~tein. He/o. CMm. Acta 

40,666 (1957). 
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The failure of these reactions may be ascribed to the difficulty of carbanion forma- 
tion at C1 in these 2//3-scco compounds, presumably because of steric interference by 

the C,, angular methyl group and by ring C, and this of course would also explain the 
unidirectional cyclization of the diester I. po In the case of the 16//17-seco-D-homo- 
16,17-dialdehydc whose internal cyclization forms part of the total steroid synthesis 
by the Woodward group,21 interfercncc by the ring B methylcne groups led, on the 

other hand, to prcfcrential cyclization towards the formation of the I7-substituted 
steroid.= 

TABLE 2 

Compound IMIU s[MlD 
_-- _ _._ --... .._ ._ _ ___ 

A-nor-5zcholatane (present value) -74” 1 
3j?-methoxycarbonyl-A-nor-5z- 

/ 

chokstanc (VIIIb) 0 (3P_CO,Mc) -. 74 ’ 
_.~. _ ---_- -... -- -_. 
A-nor-Szcholcstan-2-one’ 
3/?-mcthoxycarbonyl A-nor-51- 

cholcstan-2-one (Ha) 
-__-_ _. -. .-- _‘_ 
3/?-acttoxy-5x-androstane” I 
3/j-aoctoxy-16~kncthoxycarbonyl- 

5x-androstanc’* 
3/&aatoxy- 16zmcthoxycarbonyl- 

Sz-androstanc” 
I 

- - 
A-nor-Sxxholcstan-l-one (XVIIb) 
2z-mcthoxycarbonyl-A-nor- 

Srcholcstan-l-one (XVIIa) 

i 525 

.46u (3~KO,~C) - 57’ 
___’ - --. - 

27 

- I43 (l6/?-CO,Mc) II6 

./ 17 (I6z_CO,Mc) : 44 
--.. -_-.-- . _ 

: 59: 

I7 (ZzCO,Mc) -76 

The unknown A-nor-%cholcstan-l-one (XVllb) was cvcntually synthcsizcd by a 
method involving a C, carbanion. Sz-Cholest-I-en-3-one (XIV) on ozonolysis gave 
the dicarboxylic acid (XVa) whose monomethyl ester (XVc) was extended to the 
dimethyl ester (XVI). Dicckmann cyclization of the latter gave the fi-kcto-estcr XVlIa 
(possible configuration of the cstcr group based on [Ml,, comparison with 3/Lacctoxy- 
16~ and 3j3-acctoxy-l6,~-mcthoxycarbony1-5x-androstanes,9 see Table 2), whose 
hydrolysis with acid gave the desired A-nor-l-ketone. 

In principle it follows from the above work that a given Irons-9-methyl-3dcclonc 
might possibly be contractable towards either the l- or the 3-hydrindanonc, both 
involving the preferred 2 + 3 enoliration of the former: starting either by formation 
of the 2-bromo-3-ketone or by oxidation of the &-en01 or its equivalent. 

EXPERIMENTAL 

Infra-red spccva and rotations were dctcrmincd in chloroform. 
3/~-Mcrhox~carbon~l-A-nor-5r-cholcsran-2-onc (Ha). Dimethyl 2//3-scco-Szcholcstane-2.3- 

dioatc” (6.0 g. m.p. 63-64’) in dry bcnzrne (400 ml) was rcfluxcd with dry potassium t-butoxidc (from 

no The sclcctive acyloin condensauon of I IO 3~-hydroxy-Srcholutm-3-one, as reported by J. C. Sheehan and 
W. F. Erman. J. Amer. Chcm. Sot. 79.6050 (1957). is probably due IO a drtrercnt factor. 

n R. B. Woodward, F. Sondheimcr, D. Taub. K. Hcusler and W. M. McLamorc. /. Amer. Chrm. Sot. 74, 
4223 (19S2). 

p A similar, though unsucc-essfuul. approach to the contraction of ring A in l lloprcgnarw wa$ tried by 
H. Agatugian. Ph.D. Thesis. Brown Univ. (1957); DIwrrarlon Atvfr. 18. 35% (1958). 

o A. Windaus and C. Uibrig. &r. Duch. Chrm. 6~. 47, 2384 (1914). 
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I g potassium) for I4 hr. during which tlmc small portions of solvent wcrc dtstilled off. The reaction 

mixture was cookd and dil hydrochloric acid was added. The orgamc layer was washed with water, 

dil KHCO, solution and agam with water and dried (MgSO,). The solvent was rcmovcd and the 

rcslduc ctystallirrd from methanol to g~vc nccdlcs (4.50 g) of the &krro-+vrer. double m.p. I IO-I 1 I”. 

l2l-,122’. [xl0 .. 109’ (c. 0.69) (Found: C. 78.0; H. 10.5; 0. 11.4. C,.lI,,O, rcquircs: <‘. 78.1; 

11. 10.75; 0, I I.1 5”:). bands at 5.70 /I and 5.79 11. It gave a weak coloration with ferric chloride in 

mcthanol.li 

Chromatography of the mother hquors gave another I.0 g of the kcto cstcr. 

Hydrolysis by rcfluxing with a 3 : I mixture of acetic and cone hydrochloric acids gave A-nor- 

Szcholcstan-2-one. m.p. I05 (from methanol). [x]~ - 143’ (c. I) (rcportcd: m.p. lO&lC05”.*~ 

Ix]*, . 142’).’ 

The above [I-kcto cstcr (3.0 g) was dissolved in tctrahydrofuran (I2 ml) and methanol (I2 ml) and 

so&urn borohydritk (0.4 g) was added at 0’. The solution was allowed to reach room tcmp during 

4 hr and was then worked up in the usual manner. The crude product was chromatographcd in hcxanc 

on neutral alumina (SOg). Elution with mcthylcnc chloride and then with chloroform gave the 

It@o.u~-esrcr which crystallircd from 90”, methanol as fcltcd nccdks. (2,Og), m.p. 1255-126’. 

Izl,r ; I4 (c. I) (Found: C, 77.9; 11. 11.2; 0, 10.85. C,,H,.O, rcquircs: C, 77.7: Il. 11.2; 0, 

I I.1 “,) sharp bands at 2.76 14 and 5.79 p.‘: 

Similar results wcrc obtained on rcdtrtlon with lithium aluminium tri-t-butoxy hydride in dry 

tctrahydrofuran. 

Acctylation of this hydroxy cstcr (IO0 mg) in pyridinc (0.8 ml) with acetic anhydridc (0.2 ml) at 

room tcmp for IS hr gave the ur~~orr(lIlh). m.p. 89 Uo (from methanol). [zlr, e.29 (c. 1.30) (Found: 

C. 76.0: H. IO-J; 0. 13.45. C*~OII&, rcquirr%: C. 75.9; H. 10.6; 0. l3.5”,;). 

The above hydroxy cstcr C I ‘15 g) was dissolved in dry pyridinc (IO ml) and phosphorus oxychloridc 

(4 ml) was added at 0 After standing overnight at room tcmp the reaction mixture was dccomposcd 

with ice and worked up In the usual manner. The crude product wu chromatographcd in hexanc on 

alumma and crystalltzcd from methanol to give the rhluro-ester (0.9 g). nccdlcs. m.p. 125-126”. 

]z]t, -23” (c. 1) (Found: C. 74.1: H. IO 35; Cl, 7.85; C,,H,,O,CI rcquircs: C. 74.55: II. 10.5; 

Cl. 7.9 “,‘,). 

A-nr~r-5-cholcsr-2-enr-3-corho.u)lic ocid (Va) 

(a) The ahovc chhXcK%tcr (IO g) was hcatcd under rcflux for 6 hr with ZOO/, mcthanolic potassium 

hydroxide (250 ml). Most of the methanol was removed. water wasaddcd and the resulting suspension 

acldifwd. The crude dry product (7.X g) on crystalliration from chloroform gave the unsorururrducid, 

m.p. 257-259’. ]& 

I I.05 S,). ?z;;’ 

a.78 (c. 0.3) (Found: C, 80.65: Il. 10% C,,H,,O, rcquircs: C. 80.95; H. 

226 m!r. c 8ooO; hands at 5.98 jr and 6.25 !l. 

Cautious cstcrifkation with diaromcthanc m cthcr methanol gabc the mcrh_yl csler (Vb). needles 

from methanol. m.p. I I2 .I I3 ‘, [z]~, m-31.5 (c. I.OS)(Found: <I. X1.1; H. 114. C,.H,,O, requires: 

C 81.1. H II.2”,‘) ia’OH 228 mrr F 12000, * . . *I bands at 5.86 jr and 6.25 14. 

Alkalmc hydrAyy&%:urncd t’k acid Va. idcntificd by m.p. and mixed m.p. 

(b) The hydroxycstcr (Illa. 230 mg). diMolvcd in pyrldinc (2 ml) was treated overmght at room 

tcmp u lth tolucnc p-sulphonyl chlorldc ( I70 mg). To the crude dry tolucnc p-sulphonatc. ohtamcd 

by working up in the usual manner, a solution of pota%lum (X7 mg) in dry t-hutanol(5 ml) was added 

and the solution was rcfluxcd for 2 hr. The ncutrzl product, obtained after addlng saturated sodium 

chloride solution and cxtractlon wrth cthcr. uas purif’wd by chromatography and crystallization from 

methanol to g~vc the above methyl cstcr (21 I mg). m.p. I08 I IO . undcprcsscd by admrxturc. 

Schmidr dqro&ion o/(va). The unsaturated acid (I .5 g) was dulsolvcd in chloroform (40 ml) and 

cone sulphuric sod (IO ml) was added. With stirring sodium tiidc (2.0 g) was added in small portions, 

keeping the tcmp Mow 40 ; stirring U-,IS then continued for another 30 min at room temp. Water 

” A. Wlndaus sod 0. Dalmcr. Ber. Drsch. Chrm Gcs. 52. 162 (1919). 
*’ CT. wtth methyl 3;~-ac~toxy-S~~-androst-16-ene I7-carhoxylalc: i.,.. 225 ml,. log c 4.1; K. Meyer. He/v. 

Chtm km 29, 1580 (I’)#,). 
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(100 ml) was then added and the mixture heated under rcflux for 4 hr. After cooling the chloroform 
layer was washed with water, 5% ptassium hydroxldc solution. again with water and dried (MgSO,) 
and the solvent rcmovcd. The r&due was chromatographcd in pcntanc on alumina (Fisher. 25 g). 
Hcxanc clutcd A-nor-S$chokstan-3+w (VI). needles from methanol. m.p. 79-80 (corr). [alo i 131” 
(c, l’l), band at 5.77 14. The 2,4_clinirrophm~~/~~~~uhydrozonc had m.p. l62-164’fromcthylacetatc~thanol; 
rcportcd’ m.p. 166 167’ (Found: N. 10.1, CnH,,O,N, rcquircs: N. 9.75g;). 

This ketone. prepared from Dicls acid as dcscribcd by Windaus’. had m.p. 72 74’. [zJo -; 105‘ as 
reported. On chromatography in pcntanc on active alumina this solvent clutcd a small amount of 
non-polar material: hcxanc clutcd the pure kctonc. m.p. 77-79‘. undcprcsscd by admixture with the 
above product. The infra-red spectra wcrc identical. 

Oxmolpis o/(Va). L’xcczs ornnircd oxygen was passed through a solution of the unsaturated acid 
(I.0 g) in ethyl acctatc-amtic acid (I : I) cooled to - 15.; 30” L hydrogen peroxide (I 5 ml) was then 
added and the solution left at room tcmp overnight. It was then conczntratcd IR ~WCUO at room tcmp 
and the rcsiduc was taken up in cthcr. The cthcr layer was washed with water. dried (MgSO,) and the 
cthcr rcmovcd. The rcssrduc was trituratcd with pcntanc to give 2’!3-srro-Sz-cho/csru~-2,edioic ocid 

(Vlla). which after crystallil;ltion from chloroform had m.p. 221-223’ (Found: C. 74.05; H, 10.65; 
0. 15.45. c’,,Il,,O, requirr3: C. 74.25: H. 10.55; 0. 15,2”‘,). 

Lstcrifiwtion of this dlcarboxyhc acid by the Fischer Spcycr method gave only neutral material 
which could not bc Induced to cryrtallirc. A sample of this dimerhyl csfcr (VIIb) was evaporativcly 
distrllcd in rucuu (145 -150 :I0 ‘mm); II had [z] D ~9’ (c, I) (Found: C, 74.9; Il. 10.7; 0, 14.2. 
C,,II,.O, rcquircs: C. 74.95; H, l@8; 0. 14.2:.). band at 5.79 p. 

3~~-.Ucrlrox~rorhnnyl-2.2-rrhylenedirhio-A-nor-5x-cholesronr (IIb) 

The;I-kctoatcr (Ha, 0.30 g) was dissolved in cthancdithiol (I.5 ml) in the prrrcncz of zinc cNoridc 
(0.30 g, fused in coc~o) and anhydrous sodium sulphatc (0.20 g). After standing overnight ether and 
IO?; sodium hydroxide solution were added: the ether layer was washed rcpcatcdly with water, dried 
(MgSO,) and the solvent rcmovcd. The rcsiduc was purified by chromatography in hcxanc on neutral 
alumina and crystallrz~tion from methanol to give the fhio-krrul. small nccdlcs,m p. 121-122” (Found. 
C. 71.0; H. 9.8; S. 12.75. C,,H,,O,S, rcqulrcs: C. 71.1; H. 9.95; S. 12.65”:), band at 5.801r: 

A-nor-5z-~‘holesru~~e-S;~-car~~.~~lic ucid (VIIIa) 

The above thio-kctal (0.22 g) was dissolved in dioxan (5 ml) and a suspension of Kancy nickel 
(ca. 2 g, WS) m methanol (5 ml) was added. The suspension was rcfluxcd for 4 hr. after which it was 
filtered and the filtrate conczntratcd in twcuo. The residue was purified by chromatography in pcntane 
on neutral alumina and crystallization from methanol to give the methyl ester (VIIIb) leaflets, m.p. 
78 S-79’. [xl,, 0’ (c. 1.76) (Found: C, 80.55; Ii. 11.4. CJI,,O, rcqutrcs: C, 80.7; H, I l.6:$), band 
at 5.X0 fl. 

Alkaline hydrolysis gave the acid, m.p. 170 from pcntanc. (Found: C, 80.5; Ii. 11.45. C,,H,,O, 
rcquircs: C, 80.55; II, I l.SpJ, hand at 5.88 ,r. 

Estcrification with diaLomcthanc rcturncd the above methyl cstcr. identified by m.p. and mixed 

m.p 

3-.~te~ho.~~cur~~n~l-A-nor-choles~-3-enr (XI) 

The methyl cstcr (Vb, I50 mg) was shaken under hydrogen in either methanol+thcr or in ethyl 
acetate in the prrrcncc of palladium+arbon (100,;. 100 mg) at room tcmp and aim press for 5 hr. 
So hydrogen uptake was observed. The r&due obtarncd after filtration and removal of the solvents 
was chromatographcd in pcntanc on neutral active alumina (4 g). licxanc cluted the unsururared 

ester (XI). long nczdlcs from methanol. m.p. 84-84.5’. [z] D .. 66’ (c. 1.79) (Found: C. 8145; H. 
11.2. C,,H,.O, rcquircs: C. 81.1; II, ll.Z“<), I’,‘::” 237 mlr. e 12ooO; bands at 590 id and 6.09 cc. 

2-lsc~propox~vmcrh~len~-S~~~lesrun-3-one 

2-IIydroxymcthylcnc-5rcholcstan-3-one, m.p. I80 182’. [& i 5-O’ (c, I; reported:- m,p. 176 
178’ ; 63 g) was dissolved in dry 2-butanonc (I20 ml); isopropyl iodide (25 ml) and anhydrous 
potassium carbonate (12.0 g) were added and the suspension wds rcfluxcd with stirring for 18 hr. 

” M. W. Goldberg and II. Klrchcnstclncr. If&. C’him. Acra 26, 288 (1943). 
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The reaction mixture was diluted with ether and water was added. The organic layer was washed 
3 times with iacold IO?: potassium hydroxide solution, then with water and dried (M&GO,). The 
residue obtained on removal of solvents in cwcuo (6.1 g) was used directly for the next step; a sample 
of the ketone was rccrysIallizcd from cyclohexanc-isopropanol. m.p. 162-164” (Found: C. 81.4; 
ll. 11.35. C,,H,,O, rcquircs: C. 81.5: If, I l.S”;). bands at 59Y 14. 6.16 and 6.32 1’. 

2-F~rmyl-S~-cholcsf-2-mr (Xa) 

The above crude kctonc (I +I g) was dissolved in a I : I mixture of cthcr and methanol (20 ml) and 
sodium borohydride (2% mg) was added in small portions with stirring at room temp. After 3 hr 
most of the solvents wcrc removed in wcuo at room temp. water (5 ml) was added and (he mixture 
aciditicd at On with 10”. sulphuric acid. The product was extracted with ether. Ihc extract was washed 
with uatcr. dried (MgSO,) and the solvent removed in I’UCUO. The residue was chromatographcd in 
hcxanc on neutral active alumina (30 g). Mcthylcnc chloride-hcxanc (I : Y) elutcd the unsaturated 
aldchydc (0.35 g) which after repeated crystalhzation from mclhanol formed long nccdlcs, m.p. l30- 
132”, [& ! 57”.(c, I ; rcportcd”: m.p. I30-132”. [& - 75 ), bands at 5.Y5 11, 6.06 11. 

More erratic results were obtained on reduction with lithium aluminium hydride in Ictrahydro- 
furan. 

2-Hy~lo.~ymcrhyl-Sz-chholesr-24n~ (Xb) 

The above unsaturated aldchydc (650 mg) was dissolved in ether-methanol (20 ml) and sodium 
borohydridc (300 mg) was added in small portions. After stirring for 4 hr Ihc solvents were rcmovcd 
in cwcuo at room Icmp and Ihc product isolated as dcscribcd for obtaining the aldchyde Xa. The 
crude unsururured alcohol was crystallized from pcntanc IO give nccdlcs, m.p. 14&142”, [& +63” 
(c, 0.5) (Found: C, 83.95; H, 11.X5. C,,H,,O requires: C, 83.Y5; H. 12.1 >L). band at 2.76 11. 

Acetylation of this aatic anhydride-pyridinc at room Iemp overnight gave the arerare (Xc), 
needles from methanol. m.p. 82 83’ (Found: C. 81.45; H. 11.2; 0, 7.3. C,,H,,O, rcquircs: C, 
81.4; H. 11.4; 0. 7.25:;). band at 5.79 }r. 

2-Methyl-5x-choles/-2-cne (Xd) 

2z-Methyl-5zchoksIan3-one was prcparcd both by methylation of 2-hydroxymcthylcm-Sa- 
cholcstan-3-one with methyl iodide m aatonc in the pmncc of anhydrous potassium carbonate, 
and by mcthylation of Szcholatan-3-one uith methyl iodide via the enamine; II had m.p. 120-122~5” 
(rcporIcd**: m.p. I l9- 120’) undcprcssed on admixture with an authentic spccimcn.*’ 

Kcduction of this ketone uith lithium aluminium hydride in crher gave 2x-methyl-Szcholcstan- 
3f-ol. m.p. 136-137” (rcportcd”: m.p. 139 140”). 

The latter alcohol (2.2 g) was treated in pyridinc (10 ml) with Ioluencp-sulphonyl chloride (I.7 g) 
at room temp. The. customary working-up gave the crude Ioluene psulphonate (m.p. 152-153”). 
This (3.0 g) was dissolved in dry 2,4,6IrimcIhylpyridinc (I5 ml) and the solution was rclluxcd under 
nifrogcn for 2 hr. The usual working-up gave a crystalline residue which on rcciystalliration from 
ether--mcthanolgavclongnecdlcsof Ihcolclin (Xd, I.55 &m.p. lO&lOl”.[x]n -i 68’ (c, I) (reported’@ 
m.p. %“, [x]n +77) (Found: C, X7.3; !I. 12.55. Calc. for C,,lI,,: C. 87.45; ll. 12.557;). 

Ring opening of Xc 

(a) The unsaturated aatoxy compound (I+01 g) was dissolved in ethyl aatatc and the solution 
was rrcatcd at -40” with 91 ml of a solution of ozone in the same solvent. found IO contain I IY mg 
O,/loO ml. The solution was allowed to reach room Icmp and was then stirred with 100,; ferrous 
sulphatc solution. II was then washed with water, dried (MgSO,). and the solvent removed at room 
Icmp in uucuu, leaving a residue (I.1 5 g), probably XIIa which showed a band at 3.69 p (aldchyde) 
and a broad carbonyl band. 

(b) The unsaturated acttoxy compound (250 mg) in pure dioxan (25 ml) was added IO osmium 
tetroxidc (250 mg) in dioxan (5 ml). The resulting dark suspension of Ihc osmatc was left at room 
temp overnight. Hydrogen sulphidc (previously passed through barium hydroxide solution) was 

*’ PI. A. Phumcr and L. M. Jampolrky. flrh. CAim. Arm 2.4. 1459 (1941). 
” Y. Mazur and I-‘. Sondhcimcr. /. Amer. Chrm. Sot. SO.5220 (IYSB). 
” E. Wettstcin. Ph.D. Thcsis. ETH. Zurich (1959). 
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passed through the suspension for 1:2 hr. which was then filtered through a column of alite. The 
filtrate was concentrated at room tcmp in rucuo and Abe residue crystallized from methanol. to give 
one epimer of 2-uccroxy-2~,3~dihydroxy-5~-cholesfane (XIa, 60 mg), of m.p. 130-133” (Found: C, 
75.35; H, 10.95; 0. 13.5. C,,H,,O, requires: C, 75.6; H, 119; 0, 13*4’%). From the mother 
liquors an epimrr (XIb) was isolated (40 mg). which after 4 rocrptallizations from m&an01 had 
m.p. 166” (Found: C. 75.55: H. 11.0; 0. 13.5%). 

The mixture of crude XIa and Xlb (245 mg) was dissolved in dry chloroform (5 ml) and anhydrous 
potassium urbonate (500 mg) and rccrystallirrd lead tctra-aatatc (250 mg) were added. After 
shaking for 1 hr a few drops of cthyknc glycol were added and the suspension was filtered. The 
filtrate was washed with water. dried (MgSO,) and the solvent removed in wcw. leaving a scmi- 
crystalline residue (XIIa. 218 mg) which showed a band at 3 69 14 and a broad band at 5.70-5.82 1‘ 
(inlkctions at 5.70. 5.75 and 5.81 14). 

Ring opcninR 01 (Xd). The olcfin (1.5 g) was dissolved in mcthylcnc chloride (60 ml) and the 
solution cooled to - 15”. Omnizcd oxygen (5-10::) was passed in until a blue colour persisted. 
Aatic acid (30 ml) was added, and then zinc powder (I.5 g) in small portions with stirring during 
0.5 hr. After this (ncgativc starch-iodide reaction) the suspension was filtered, ether was added and 
the organic layer was washed well with water. 5 T< pot.assium carbonate solution and again with water. 
Drying (MgSO,) and removal of solvent in wcuo left an oily residue (I.60 g. probably XIIb), which 
showed an aldchydc band at 3.69 IL and a hroad carbonyl band at 5.82-5.88 p. This yielded the bis- 

2.4-dinirrophenylhydru:one of 2-merh,vl-2.3-dtoxo-2. 3-sect-Sr-cholesrane. mp. 203 -204’ (dccomp) 
from ethyl aatatc ethanol. (Found: C, 62.0; H, 7.35: N. 142. C,,H,O.N, requires: C. 61.85; 
H. 7.25; N. 14.4:<). 

Aucmpted inrcrnal c_)G:arion of XIIa ataf XlIb 

(a) The following conditions were tried. 
On XIIa: (i) rcfluxing with trimcthylaminc bcnroate in xylcnc for 24 hr.” (ii) rcfluxing with 

tolucm p-sulphonic acid in xylcnc containmg a small amount of aatic anhydride. 
On Xllh: (iii) as for (I), (IV) rcfluxing with pipcridine acctatc in xylcnc for 24 hr. (v) rcfluxing with 

potassium t-butoxidc in t-hutanol, (vi) rcfluxmg with aqueous potassium hydroxide at 80’ under 
reduced prcssurc.aO 

Only in the cast of (iii) and (iv) the crude product showed a weak band at 6Q3 14, indicating the 
presence of traucs of z.,%unsaturatcd carbonyl. but no crystalline product could bc isolated. 

(b) The crude kcto-aldehydc (XIIb, 600 mg) was transferred in hcxanc to a column of active acidic 
alumina (Woclm. activity I. 30 g). After 48 hr a yellow band was clutcd with bcnzcnc mcthylenc 
chloride giving 250 mg of an oily impure product, which after a number of crystallirations from 
methanol gave a small amount of l-ocer)/-A-nor-5z-chn/~.~r-l-mr (?) (XIII). mp. 127-130 (Found: 
C, 83.7; 11, 11.85, C,,lI,.O requires: C. 83.95; H. 12.1 7;). bands at 6.05 !I. 6.21 18. This gave a red 
2.4-cfinirrophpn~~~~dru~~Jne. m.p. 198-200, (dccomp) (from ethyl acctatc ethanol) (Found: N. 965. 
C,H,,O,N, rcquircs: N, 9.65 :A). 

I ii2-S4co-S~-cholesfarrP-l,3dioic acid (XVa) 

Sr-Cholcst-lcn-3-one, (XIV),. prcparcd by dchydrobromination of 2-bromo-Szchokstan-3-one 
with lithium chloride and lithium carbonate in dimcthyl formamidc.ai had m.p. 99-IOO”, [x]n . . 57’ 
@ported”: m.p. 98 ICKY. [& i 57.5”). 

This (X.0 g) was dissolved in a 1 : I : I mixture of mcthylcnc chloridc<thyl acctatc and acetic acid. 
Ozonirrd oxygen (S-107;) was passed at room tcmp through the solution until the latter bcTame 
yellow (ca. 1 hr). More acetic acid and 30:; hydrogen peroxide (30 ml) were then added and the 
mixture left overnight. The r&due ohtamcd after concentration in MCW was taken up in ether; the 
ether layer was washed with dil acidic ferrous sulphatc solution, then with water and finally with 20”,/, 
potassium hydroxide solution. The acidic product was taken up in ether, the ether solution washed 
with water, dried (MgSO,) and the cthcr removed. The crude r&due (8.0 @ was dissolved in an- 
hydrous methanol (200 ml) and the solution saturated with dry hydrogen chloride at 0”. After leaving 
the solution overnight at room temp the hydrogen chloride and methanol wcrc removed in wcw at 

“G. I. Poos. W. F. Johns and L. H. Sarett. J. Amer. Chrm. Sot. 77. 1026 (19SS). 
l I R. Joly. J. Wamant. G. Nonimt and D. &rtin Bull. Sot. Chfm. 366 (1958). 
” C. Djcraasi and C. R. Schola, /. Amer. Chcm. SC. 69,2404 (1947). 
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room temp. the residue war taken up in echcr and the cthcr solution extracted with several portions of 
20% potassium hydroxide solution. Acidification of these extracts gave the crude monomcthyl cstcr 
(XVd. 4.0 g) which was isolated with cchcr. A sample of this was hydrolysed by rcfluxing with 20:; 
aqueous cthanolic potassium hydroxide to give the cficurbuxylic mid. m.p. 227-2W from ccher- 
hcxan~)~~(Found: C, 73.6; H, 10.65; 0, IS 4. C1,iL,O, rcquirru: C, 74.25; ti. 10.55; 0, 15,2”,,). 

The above crude monocster (XVd, 4.0 g) was created in echcr with dtazomcthanc. The crude 
neutral product obtained after the usual working-up was chromatographed in hcxanc on alumma 
(Alcoa. -150 g). Prolonged clucion with hexanc gave a yellow by-product (300 mg); elution with 
mcthylcnc chloride.hcxanc (I : 4) gave the dimethyl CSIP~ (XVb. 2.10 g) which, crystalLed from 
methanol, had mp. 57-SH’. [z]n - 29’ (c. 10.7) (Found: C. 75.1; H. 10.65; 0, 14.5. C,,H,,O, 
rquim C, 74.9s; H. 10.8; 0, 14.25 :<). band with inlkxions at 5.77 14. 580 p. 

The above dimethyl cstcr (I.75 g) was heated under rcflux with one cquivaknt of N sodium 
hydroxide (4 ml) in methanol (25 ml) for 3 hr. The solution was then concentrated in DQCUO. water 
was added and the mixcurc cxtractcd with hexane. The aqueous layer was acidified and the product 
extracted with cthcr. The cxcracc was dried (MgSO,) and the ether removed, giving the crude mono- 
methyl accr. I-mcrho.~ycorhonyl-l-l/~2-Kro-S3-cho/c~run-3~ic acid (XVc. I.7 g), which could not bc 
indud IO crystalliz even after chromatography on sihca gel, it showed neutralization cquivalcnt: 
402 (Calc. for C,,H,,O,. one CO,H: 434). The S-henzyl fhiouronium sulr had m.p. 140.141” (from 
nitromcthanc) (Found: C. 70.1: 11. 9 5; S. 5.05. C,,H,,O,S,S rcquircs: C. 69.95; H. 9.4; S, 
5.35”<). 

Dimethyl I~~2-sccoo-5~-cholessrcurc-l,2diwre (XVI) 

The above monomethyl cstcr (XVc. I.7 g) in dry bcnzcnc (5 ml) was trcatcd with thionyl chloride 
(2 ml) and a few drops of pyridinc wcrc added. The reaction mixture was left at room tcmp for Q5 hr 
and at 40’ for IO min. The solvents were then removed in LWIW, benzene being added rcpcatcdly to 
remove the last traces of thionyl chloride, leaving the crude cater-acid chloride which showed bands 
at 5.58 )r and at 5.81 p. This was redissolved in dry benzene (I5 ml) and the filtered solution was 
added dropwix with stirring co an excess of diazomechanc in dry echcr. After 20 min at room tcmp 
the solution was concmcraxi in MCUO; the yellow residue crystallilrd overnight. it showed bands ac 
4.75 1‘,5.81 I( and 6.12 18. This crude diaroketonc was dissolved in anhydrous methanol (60 ml) and a 
solution (4 ml) of silver benuwte in dry trkthylaminc (0.5 g in 5 ml) was added dropwise with stirring 
during I hr; during this time ca. 60% of the theoretical amount of nitrogen was cvolvcd. The 
reaction mixturc was rcfluxed for I hr. cookd. filtered (charcoal), and the filtrate concentrated irt 

LWCUO. The residue was chromacographcd in hcxanc on alumina (Alcoa, 70 g). Mechyknc chloride 
hexanc (I : 4) clutcd the dimerhyl ester (420 mg) which had m.p. 60’ (from methanol). [z]n 0” (c. 0.4) 
(Found: C. 75.45; H, 10.8; 0, 14.0. C,,H,.O, requires: C, 75.3; II, 109; 0, l385:/,). 

~-Mrrho~ycarbon~l-A-nor-Sa-c~lesrun-1-0~ (XVIIa) 

The above dimcthyl ester (400 mg) in dry bcntcne (IS ml) was rcfluxcd with dry potassium 
t-butoxidc (from ux) mg potassium) for I2 hr. during which small portions of solvent wcredistilkd off. 
The reaction mixture was treated as dr%ribcd for the preparation of the kcto cstcr (Ha). The crude 
product (200 mg) on crystallization from methanol gave the kc@-ester. m.p. 121~5-122~5”. [z]n -4” 
(c. 0.4) (Found: C, 77.9: H. 10.95. C,,H,,O, requires: C. 78.1: H. IO.75 “2). bands at 5.72 or and 
S+tO 14, II gave a dark gmzn colour with ferric chloride. 

A-nor-Sz-ChohWan-l-one (XVIIb) 

The above keco ester (96 mg) was heated under rcflux in acetic acid (5 ml) and corr hydrochloric 
acid (2 ml) during I hr, after which the mixturc was conantrated to half its volume. The neutral 
product obtained after ether extraction was chromatographcd in hcxanc on alumina (Alcoa, 3 g). 
The crystalline fractions cluced by hcxane wcrc combined and recrystallized from methanol to give 
nccdlcs of the kctonc (52 mg), m.p. 84-85”. [z]n t 16’ (c. 0.81) (Found: C, 83.95; H, 11.8. C&&,0 
rcquircs: C. 83.X; H. 1 I.9”,/.), band at 5.80~. (5.78 1‘ in CSs). The orange 2.4-dinirropheny/hydro- 

zone had m.p. I30 I3 I’ (from ethanol) (Found: C. 69.9; H, 8.95. C,,H,,O,N, rquircs: C, 69.55; 
If. 8.75 %). 

P Cb. Tam and It. Albrccht. ifrh. C&m. Ado 43. 768 (lp60) report m.p. 221-222” for this compund. 
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A-nor-Sz-Chokstan-2-one (250 mg) was refluxed for I hr in cthykne glycol (6 ml) with 85% 
hydracinc hydrate (0.6 ml). To the cooled solution potassium hydroxide (0.5 g) was added and the 

mixture was distilkd until the vapour tcmp reached 190;; after this rcflux was continued for 3 hr. To 
tic -Ied mlxturc water was added and the product extracted with pcnranc. The washed and dried 
cxmct was conccntratcd and applied to basic active alumina. Pcntanc elu~cd the hycirucurbon which 
was rrtrystalhrrd from ether .methanol; it had m.p. 85.5-860’. [zJD 1.20.6” (c. 2.62) (Found: C. 
8745; H, 12.75. Calc. for CJl,,: C, 87.05; H, 12.95%). 

AcknokL~runr- .We arc indebted IO Prof. G. Stork (Columbia University, New York) for per- 
mission IO publish a part of this work. 


