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ABSTRACT 

3f3-Rydroxyestr-4-en-17-one (Va) and 3S-hydroxyandrost-Len-17- 
one (Vb) were synthesized in good yield by a series of reactions from 
estr&-ene-3,17-dione (Ia) and androst-4-ene-3,17-dione (Ib), respec- 
tively. The estrene derivative Va was required as a key intermediate 
in the preparation of the potent progestin, 17CZ-ethynylestr-4-ene-3f3, 
17f3-diol diacetate (XIV). 

The importance of l'&Y-ethynylestr-4-ene-jS,l7&diol diacetate 

(XIV) (1) necessitated the investigation of methods which might be 

applicable for the synthesis of this substance. The previously 

described method (2) involved reduction of 17a-ethynyl-l'+hydroxy- 

estr-4-en+one (XV) with lithium-tri-&-butoxyaluminum hydride fol- 

lowed by acetylation of the diol XIII. As an alternate approach, we 

have found that the diol XIII can be prepared smoothly and in good 

yield by ethynylating the intermediate, 3&hydroxyestr-Len-17-one 

(Va) (3). IFhe importance of Va as a key intermediate to XIV and 

possibly to other 17-substituted steroids necessitated the develop- 

ment of a practical synthesis for this compound. 

In 1965 Ward and co-workers (4) reported a simplified method 

for the preparation of 3S-hydroxyandrost-4-en-17-one (Vb). In addi- 

tion L6ken and Gut (5) described a procedure for preparing a mixture 

of Vb and its 3a-hydroxy isomer. These two approaches, however, are 
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not suitable for the symthesfs of tie l&nor analog Va because of the 

difficulty of obtainmng the corresponding l+nur start&ng materials, 

While the literature &scribes several additional methods which are 

useful for the preparatrion of steroids1 substances having a 4-dehy- 

dro-5g-hydroxy-17-keto sys%em, most 8re not conveniently applicable 

to the X&nor series (3,6-9). We wish to report here a process which 

is appliance for the synthesis of b&h 3~-hy~o~st~~4-en-l7~one 

(Va) and 3f3-hydroxyandrost-4-en-17-one (Vb) in good yield. 

The selective reduction of the 3-carbonyl with sodiumborohy- 

dride in 2%propem &s reporkd by Mateos (10) was ccm@letely 

unsuc!cessful in our hands for transform2ng the ketxxae 3b to alcu2m~ 

Va indicating random carbonyl redu&ion. In addition, the use of 

sodium borohydride in pyridine as suggested by Kupfer (11) produced 

a significant amount of reduction of the 4,5-double bond when 

applied to compound 18 (l&13). 

The selective reduct%on of I to V w&8 also %nvcstigated using 

an elaatrolytic polarographic technique. In 1939, Eisenbrand and 

Pioher (IS), and in 19&J Wolfe and co-workers (16) reported the 

selectfve pularographio reductfon of the fs-dehydro-3-keto system 

over the 17-ketone in certain steroids. More recently it was estab- 

lished that the produets of such reductions are not the desired 3- 

alcohols but pinacols (17,18). when the d&ones I were treated under 

standard pularographic reduction conditions (19)1 an analogous reac- 

tion apparently occurred as evidenced from the reduction potential 

of one electron taken up per steroid molecule. 

Since the transformation of I u V was unsuccessful by direct 

selectXve reduction, a series uf reactfons was investigated involving 
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the use of selective carbonyl protective groups. In 1953, Ercoli 

and de Ruggieri (20,21) reported the reaction of the dione Ib with 

acetone cyanohydrin to form the cyanohydrin IIb. In our hands, the 

best conditions for this transformation involved warming either corn-- 

pounds Ia or Ib in methanol hth acetone cyanohydrin and a trace of 

triethylamine. The highly insoluble cyanohydrins IIe and IIb which 

were readily isolated in high yield precipitatedas a mixture of C-17 

epimere. Attempts to reduce the cyenohydrins with lithium aluminum 

hydride or lithium-tri-s-butoxyaluminum hydride met with failure. 

While the 3B-hydroxyl moiety formed in both casest the basic nature 

of the reaction media caused concomitant reversion of the cyanohy- 

drin group to the ketone followed by immediate reduction to the diol 

VI (22). 

It was subsequently found that conversion of the cyanohydrins 

to the pyranyl ethers (III) prevented this reversal end permitted 

normal reduction of the 3-cerbonyl group. Unfortunately, all attempts 

to selectively hydrolyze the tetrahydropyranyl group under a variety 

of acid conditions afforded a considerable amount of the 3,fi-dienes 

(XIIa,b) in addition to the desired products. 

Obviously, e protective grouping was necessary et C-17 which 

would be resistant to mild basic reduction, but be cleaved with 

stronger base conditions. In 1938, Stressberger (23) described the 

preparation of the acetate ester of a 17-cyanohydrin upon treatment 

with acetic .enhydride et elevated temperatures. Later, in 1946 

Ruzicka et al. (24) reported the facile conversion of a cyanohydrin 

to its acetate by mild treatment with acetic enhydride in pyridine. 

In this regard, it was found that one could esterify the hydroxyl 
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group Of’ the cygnohydrins mwe easily than expected. For example, 

treatment with acetbc anhydride and pyridine at room teqperatare for 

about 40 hours gave good yields of the tertiary adet&ea III(c,~). 

Subsequent reduction of these esters with lithium-tri-4-buto~l~- 

inunt hydride gave good yields of %he alcohols lV(c,d) which were 

readily hydrolyzed in aqueous potassitrm hydroxide to the desired 

ketones, 3S-hydroxyestr-4-en-l'i'-one (Va) and 3@-hydr~drost-4- 

en-17-one (Vb), respectively (25). 

Alternatively, a similar series of reactions to those described 

above was utilized successfully to prepare the intesmeitfste 3-keto- 

l?-cyanohydrin acetate II&. The methyl ether of 3-hydroxyestra- 

2,5(10)-dien-1'70one (VII) was treated with acetone cyanohydrin as 

described above to afford the highly insoluble cyanohydrin VIIlla. 

Acetylation of VfIfa followed by mild acid hydrolysis of the enol 

ether with aqueous acetic acid gave the 5flO)-dehydro+keto analog 

IX. Subsequent reduction with lithium-tri-$-butoxyaluminum hydride, 

followed by a brief treatment with aqueous potassium hydroxide af- 

forded ~-hydmxyestr-5(10)-~n-1?-one (X) (26). That reduction of 

the 5(10)-dehydro-j-keto system occurs from the top side has been 

established by Levine (27). The intermediate 5 (lo)-dehydro analogs 

VIIIb and IX could be converted into the 4-dehydro derivative IfIc 

by treatment with aqueous acetic acid and hydrochloric acid. .tl!his 

intermediate (IIIc) was identical to that prepared by the sequence 

of reactions described before and was suitable for conversion to the 

desired final product Va as described above. 

me success of the selective reaction of acetone cyanohydrin 

with various ketones apparently depends largely upon the rate of 
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formation and the solubility of the product, In the case of the 

reaction of the dione I and the 1,4-dwdro derivative VI& the 

products separated almost immediately and thus prevented a& signif- 

icant further reaction with the excess acetone cyanohydrin. When 

the dimethyl ketal XI was us&d, however, the ensuing C-17 cyanohy- 

drin was apparenM,y too soluble and was not readily isolable. 

The overall yields of Ve and Vb from Ia and Ib were 57 and 

52 per cent, respectively. On the other hand, the use of the second 

sequence of reactions afforded Va in a 43 per cent field (28). These 

yields represent a considerable improvement over those previously 

reported in the literature. For example, the method reported by 

Ward et al, (4) afforded Vb in only an 11 per cent yield (29). 

While compounds Va and Vb are of interest mainly as interme- 

diates to biologically more significant substances, they were eval- 

uated in several endocrine systems. Unfortunately, neither these 

substances nor intermediates thereto possessed any significant 

response when evaluated for anabolic, androgenic, estrogenic, or 

anti-estrogenic activities in the appropriate assays. The 17s 

ethynyl analogs XIII-XV have been studied and their progestational 

activitfes ccdspared. Using the Clauberg-type test and comparing the 

results to that produced by progesterone when administered subcuta- 

neously, these substances hed the following activity: the diol XIII - 

20$, the diacetate XIV - lOO-250$, and the 3-ketone XV - 50s. A 

more detailed and comparative endocrinological profile of these sub- 

stances till be forthccnning (30). 



416 STEROIDS lo:4 

OH 0 
CH 

HO 

XII 
as R&I; R~=T&P 
b, r&C&j &dCHP 

0 OR OAc 



Oct. 1967 STEROIDS 417 

ExPRRIMR?WU (31) 

l~-C~no-l7~-hy~o~estr-4-en-3-one (IIa).--To a solution of Ia 
(10.0 g) and triethylamine (2 drops) in methanol (32) (30 mlf was added 
with efficient stirring acetone cyanohydrin (10 ml). A precipitate 
began forming in a few minutes. The reaction was allowed to stand for 
2 hr at ambient temperature. The product was collected by filtration, 
washed with a small quantity of cold methanol, and air dried. 
tallization from ethyl acetate afforded compound IIa (9.0 g, &?i- 
185-ljjg” dec, t&l -5O, X 239 n&b (a 18,038) C1it (20) mp 160.161° 
dec, t$, -21° (d~oxane),max h 240 mu, (e 15,9001. 

Anal.' 
H, 8.3K- 

Calcd for CieH,e$Oe: C, 76.22; H, 8.42. Found: C, 76.581 

17[:-Cyano-17<-hydroxyandrost-4-en-3-one (IIb).--To acetone cyano- 
hydrin (15 ml) was added with warming Ib (10 g). A few drops of tri- 
ethylamine was added and the reaction allowed to stand at room tempera- 
ture for 18 hr. The homogeneous reaction mixture was cooled in the 
refrigerator and the product separated. The precipitate was collected, 
washed with n-hexane, and air dried to give IIb (9.0 g, 82$), mp 1870 
188' dec, [lit (20) mp ~76-178~ decl. Recrystallization from ethyl 
acetate gave an analytical sample, hmax 240 w (t: 16,270). 

Anal. 
H, 8&K- 

Calcd for CsoH&VOs: C, 76.64; H, 8.68. Found: C, 76.64; 

17!$-Cyanoestr-4-ene-38,171-diol ~7-T~t~~~opy~~yl Ether (ma). 
--A mixture of IIa ~(14.0 g) in benzene (80 ml) containing freshly dis- 
tilled dihydropyran (3.4 ml) and g-toluenesulfonic acid monohydrate 
(5 mg) was allowed to stir at room temperature for 24 hr. After 0.5 hr. 
of the reaction, the mixture became homogeneous. The reaction mixture 
was washed with water several times and dried over anhydrous sodium sul- 
fate containing decolorizing carbon (Darco,). The solvent was removed & 
vacua to leave the product 111s (2.1 g) as a non-crystallizable oil, 
r239.5 w (c 14,200), X 5.97, 6.17, 9.3, 9.62 tb. From the 
s@&ral properties, the pr~ct without further purification was 
suitable for the following reaction. 

To a solution of IIIa (9.0 g) cooled in an ice-bath in tetrahy- 
drofuran (100 ml) was added with stirring, a mixture of commercial 
lithium-tri-z-butoxyaluminum hydride (16 g) in tetrahydrofuran (100 ml). 
The reaction was stirred for 2 hr with the temperature gradually 
becoming ambient. The solution was poured into an acetic acid-ice and 
water mixture (5$+ 3.200 ml.). A sticky solid formed and was extracted 
with ether. The extract was washed with 53 sodium bicarbonate solution 
followed by water and dried over anhydrous potassium carbonate con- 
taining Darco. The solvent was removed in vacua to leave a non- 
crystalline product (33) Iva (8.7 g, a(;fl q-18O. 

Anal. 
H, p.lr 

C&&d for C2&35NO3: C, 74.47; H, 9.34. Found: C, 74.67; 
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17t:-Cyanoandrost-4-'eneo3B,_111Scdio~ 17-Tetrahydropyx&nyl Ether 
(IVb).--A solution of IIb (2.0 g) in benzene (40 ml) ana dihydropyran 
'ml) containing a few crystals of p-toluenesulfonic acid monohy- 
drate w&s reacted as described abdve. SoPrent; remov&l left a yellow, 
non-crystallizable oil (IIIb) which w&s suitable for reduction as 
determkned from the specstrsl data. 

To the above resfdusl oil (IIIb) in tetrahydrofuran (25mml) was 
added a mixture of lithium-tri-t-'liuto~~~inum hydride (4.0 g) in 
tetr&hydrofur&n (i25 ml), The reaction was conducted as descr$bed above 
to give the product XVb as an oil (33), h_ 2,75, 5.98, 9.3, 9.65 or. 

17t:-Cy9qo,171:-h~d~oxyestro4~~~-3-or]le Aaetate (II%?).--Al-T0 a 
stirred solution of IIa (5.0 a) in adetic anhydride (25 ml) was added 
pyridine (50 ml). The rgaction w&s allowed to stand-at room tempera- 
ture for 40 hr. The reaction mixture w&s poured into cold water and 
the product extr&cted with ether. The extract w&s w&shed with water, 
aqueous hydrochloric asid solution (2$), and, then water. After drying 
over anhydrous sca+m sulfate cont&i$Mg Marco, the ,selvent w&s removed 
in v&tn~o to leave &n oil which solidified, B~~,rys~~~~~tio~ from 
Getke-wster g&ve the product IIIe (4.7 g, 82$), mp 159-16L", CCrl, 
-60, x _ 238.5 ml~ (c 17,400). 

Anal. 
H, 7.&y 

Calcd for Ce+vNOe: C, 73.871 H, 7.97. 

B.-A solution of VIIIb (0.3 g) in acetic acid (8 
hydrocsoric acid (0.3 ml* 364) &nd w&ter (0.3 ml) w&s _. ___ __/_ 

Found: c, 73.w; 

ml) containing 
allowed to stand 

at ~CXXU temperature for 24 hr. Water was Rdded ana the solution cooled. 
White platelets were collected end recrystallized from aqueous meth&nol 
to give IIIc (0.24 g, 83$), mp 157-160°, identical with that prep&red 
above as shown by infrered and ultraviolet spectra, and mixed mp. 

C.-A solution of Ix in acetic acid was treated as described above 
to affi%t% after purification TIIc identical with t&t obtained before 
as established by the usual criteria. 

lR-~~17r:-~~o~~ost-4-en-3tone acet&te (IIId).--To a 
stirred solution of IIb (3.8 g) in acetic anhydride (19 ml) was added 
pyridine (38 ml). Reaction as described above and isolation by pouring 
the solution into cold w&ter afforded & solid product which w&s col- 
lected, washed with w&ter, and air dried. R 
'i'tr;or IIId (3.65 g, 85%); mp 157-3.59 I Y~$jj~$;~n_r~Pnu 

6, l 

An&l. C&lcd for Cs@2aWUe: C, '74.331 H, 8.22, Found: C, 74.30~ 
H, 8.c 

3&-~&qxyRstr~4r~~17-one,,(Va),--To a solution of IIIc (4.7 g) 
in tetrahydrofuran (80 ml) cooled and stirred in an ice-bath and under 
nitrogen w&s added a cooled solution of lithiUm_tri-~~bulo~l~n~ 
hydride (20 g) in tetrahydrof'uran (90 ml) all-at-once. The reaction 
w&s stirred for 2.75 hr with the temperclture gradually becoming ambient. 
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The solution was poured into ice and water (1.5 1) containing acetic 
acid (150 ml). The product was extracted with ether, washed with 
water several times, and dried over anhydrous sodium sulfate. Solvent 
removal in vacua left a glass (4.5 g, 96s). An infrared and ultra- 
violet sFc?%&-indicated the presence of the desired intermediate 
alcohol IVc, suitable for the following reaction. 

A solution of IVc (0.2 g) in methanol (4 ml) was warmed to reflux 
with sodium carbonate (50 mg) in water (6 ml) for 5 min. The reaction 
mixture was cooled in the refrigerator and diluted with water. A 
needle-like precipitate formed and was collected. Recrystallization 
from methanol-water gave the product (34) Va (0.14 g, $7$), mp 12Y-132°, 
cd, +120°, nmr 326 (C-4 proton), 240-259 (3&H), 54 cps (c-lb methyl). 

Anal. 
H, 9.7r 

Calcd for Ci&e02: C, 78.79; HI 9.55. Found: C, 78.&j 

175-Cyanoandrost-4-ene-3f3,175-diol Ill-Acetate (IVd).--To a solu- 
tion of IIId (2.0 g) in tetrahydrofuran (35 ml) under nitrogen and with 
stirring and cooli 

"5 
in an ice-bath was added lithium-tri-t-butoxyalu- 

minum hydride (10 g in tetrahydrofuran (40 ml). Isolatio; as described 
above gave IVd as a glass (1.8 g, 90%) which could not be crystallized 
as such, A_ 2.75, 3-39, 5.69, 6.02, 7.99, 9.43, 9.71~. 

Anal. Calcd for C22H31NOe: c, n.911 H, 8.74. Found: C, 739751 
H, 8.85. 

3B-Hydroxyandrost-4-en-,17-one&b).--To a solution of IVd (1.5 g) 
in methanol (25 ml) was added with stirring potassium hydroxide (0.5 g) 
in water (5 ml). The reaction mixture was allowed to stand at room 
temperature for 5 min. Water was added to turbidity and a solid formed. 
The precipitate was collected, washed with water, and air dried (1.3 g). 
Recrystallization from aqueous methanol afforded Vb (1.02 g, 84s) mp 

-l~~~olkJ~ +143' flit nrp 133.5-134') COJ, +34' (4)j mp 135-137.5', 
(5); mp 128.5-130' (6)L Xmsx 2.75, 3.4, 5.75, 6.02, 

9.8 cr, nmr 320 (C-4 proton) 240-258 (3&H), 64.5 (C-19 methyl), 
and 53.5 cps (c-18 methyl), [lit (4) nmr 319, 246.5, 93, 64.5, 53 cpd. 

Anal. Calcd for c1sHs+802: C, 79.121 H, 9.79. Found: C, 78.991 
H, 9.65. 

The Acid Hydrolysis of 17<-Cyanoestr-4-ene-3@,1~-diol 17-Tetra- 
hydropyranyl Ether (IVa).--&-A solution of IVa (0.2 g) in ethyl alcohol 
(4 ml) was treated with p-toluenesulfonic acid (0.125 g) at reflux for 
1.5 hr. Water was added, the solution cooled, and the precipitate which 
formed was collected and air dried. An ultraviolet spectrum indicated 
the presence of a 3,5-diene system, X 243 (6 &200), 235.5 
(6 19,400), and 228 RU (e 18,400). &ymaterial isolated was 172- 
cysnoestra-3,5-dien-l7~-ol XlIa as indicated by the spectral data. 

H, 8.P * 
Calcd for (&&s.NO: C, 80.52~ H, 8.89. Found: C, 79.971 
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L-The aboveeonditions were repeated at room tesgkqature. Row- 
ever, ~rtia1l.y unchanged .tetrah@ropyran des%vative re&aWz?d w&th a 
signifkant-ati&%& of 3,5=diene beingformed as evide&%eed by the 
infrared and ultraviolet spectm. Changing the solvent in the above 
procedure to, isopropyl alcohol gave no improveraent in the results. 

17%-C anoestra-2 Yr5o-diene-SBta 
A slurry oS~VII (&O.Opg) fn acetonecyanohydr$n (20 ml) Wgs ,h&ed on 
the steam bath to 80'. Three drops of triethylamine was added and the 
reaction tixture was allowed to c-e to row ten@er&uq, After 2 hr 
the total contents of the flask had solidShed. The pqduot qs col- 
lected with the aid of n-herane to Wash the solid onto the filter, 
APter washing with hexa% and drying in the'air, the crude product (mp 
152-1580 dec) was recrysta&lfzed from ethyl acetate to give VIIIa 
(7.2 g> 66$3$ mp 171-l?4° dec. An a$dit~on&rec~stall+Mon from the 
same solvent afforded an analytical sample of VIIIa, mp 174.177o'dec, 

~7~,-~y~oest~~2,5-(l~)-di~~~3,k75cdi51 344etlJyL. J$t&@#.~+#?*te 
(VIIIb>.--A slurry of VIII& (3.5 g) in acetic anhydride (11) I&) and 
nyridine (35 ml) was stirred at FM~~JL temoerature for 48 hr. The reac- 
tion mixt&e was poured into cold water (300 nil) containing acetic acid 
(3.5 ml). A precipitate formed and was collected, washed with water, and 
air dried (3.4 g, 66s). Recrystallization from ethyl acetate gave VIISb 
(2.25 g), tap 160-162.5°, k.%l, +44.Oo. 

AD&l. 
H, 7*927- 

Calcd for C2&&#Oo: C, 74.332 H, 8.22. Found: C, 74,311 

l_ --A m$ptwe 
of VIIIb (1.5 :g) 'in acetic acid (21 ml) and water (2.3 E&l) was al&w&d 
to stand for 1.5 hr at room temperature. The reaction gradually became 
homogeneous during this period. Water was added until turbid%ty and 
the solution cooled in the refrigerator. A precipitate -formed, was 
collected, w&shed with water, and air dried. Recrystallization from 
methanol-water gave M (1.14 g, 9251, mp 129-W?', for], +105o, h_ 
no selectiveabsorpt3on. 

Anal. 
H, 8.oK-"- 

Calcd for CpH&XOs: C, 73.87; H, 7.37. Found: C, 73.48~ 

~~IJjrd~oxy;es~r~~C1~)4en-l?-~~ ,(X) .--To a stirred solution of IX 
(0.~8 g‘) Jin'tetrahydrontran C30 ml) cooled in an ice-ba#h was added 
lit~a~-tri+~-buto~h~~ hydride. (37) (3P5 g) all-at-once. The 
reaction'was.allowed to St&r for 1.5 hr while c&ng to a%nbtent tesqer- 
ature. The mix&re was poured into ice and 5% acetic acid and the 
product collected.by filtration. The crude product was tahen up in, 
methanol (10 ml) and warmed for 5 min with potassium hydroxide (0.5 g) 
in water (2 ti). The reaction m%xture was giluted with water and the 
product was collected. Ret stallization frc& 8c tone-v&ter afforded 
X (0.5 g, 7281, mp 190-193°?!llt (26) asp 192-1940?. Tne spectral data 
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compared well with that reported earlier by Johns (26) for cmound X. 

17~~~h~lestr-~-ene3Bt1?B_diol (XIII).(3,35,3cj)--A.~To a 
stirred mixture of within-tri-t-buto~l~n~ hydride (33 (75 g) in 
tetrahydrofuran (250 ml> under zitrogen and cooled in an ice-bath was 
added a21-at-once a solution of XV (36) (30 g) in tetrahydrofuran 
(400 ml). The reaction was stirred for 2 hr with the t&perature grad- 
ual.ly becoming ambient. The reaction mixture was poured into a 10s 
acetic acid-ice and water solution. The crude product (X1x1) (39) was 
collected, washed tith w&tar followed by 5s sodium bicarbonate solution, 
and air dried* (25 g, mp l%W34*). RecrystaLlizatSorr frcxa acetone- 
water (25) afforded XIII (17.5 gI 58s) melting at 142-14&O. An analy- 
tical sample of XIII was prepared by an additional recrystallization 
from acetone-n-hexane, ntp 144-145') cd -309 X no selective absorp- 
tion {lit (357 mp 147-149°r [CYI -39' D(EtOH)],msx nmr 325 (C-4 H), 
241-259 (W-H), 154 (C-21 proto&, 52.5 cps (c-18 methyl). 

Anal. 
HY 9.7~ 

Calcd for Cs&seO~: C, 79.951 H, 9.39. Found: C, 79.&j 

&-To a stfrred mixture of lithium acetyl~de-ethyl~ed~~ne 
complex (40) (5.0 g) and tetrahydrofuran (40 ml) under nitrogen was 
added dropwise over 0.5 hr a solution of Va (2.0 g) in tetrahydrofuran 
(35 ml). The reaction was stirred for 4 hr at room temperature. Meth- 
anol (10 ml) was added cautiously followed by a saturated ammonium 
chloride solution (50 ml). The subsequent mixture was diluted with 
water and extracted with ether. The extract was washed with water and 
sodium bicarbonate solution (5%) and dried over anhydrous sod%um sulfate 
containing D8rco. The solvent w&s removed in vacua to leave an oil. 
Crystallization from acetone-water afforde XIIL (1.6 g, 73s)~ 
mp 138.140°j Cd -23*. The mnr and spectral data indicated that this 
substance was id%!ntical to that prepared in m&hod A. 

C.-To a rapidly stirred solution of diethylene glycol dimethyl 
ether n3 ml) and diethylene glycol monomethyl ether (5 ml) heated to 
135O under nitrogen was added potassium hydroxide flakes (13 g) over 
45 min. The reaction mixture was stirred while heating for an additional 
30 min and then cooled very slowly to room temperature. Over this 
stirred mixture cooled by means of a dry-ice and isopropyl alcohol bath, 
was passed sulfuric acid washed acetylene gas for 1.5 hr. A solution 
of Va (3.5 g) in diethylene glycol dimethyl ether (60 ml) was added 
over 30 min. Cooling, stirring, and acetylene addition were continued 
for 1 hr longer. The reaction tsas allowed to slowly reach ambient 
temperature and water (50 ml) followed by 10s hydrochloric acid solution 
was added until the mixture was slightly acidic. A solid formed, was 
collected, washed with 59 sodium bicarbonate solution, and air dried. 
The crude product was taken up in ethyl acetate and washed with addi- 
tional 5% sodium bicarbonate and dried over anhydrous sodium sulfate. 
Solvent removal in vacua left a glass (2.5 g) which was crystallized 
from acetone-watz toford pure XIII (1.8 g, 47$), mp 14~!-145~, [a$, 
-290. The spectral data of this substance were identical with that 
obtained‘from the above described samples of XIII. 
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17a-~h~~~estr-4-e~ea3~, 17&diol Diacetate (XIV).--A stirred 
solution of XIII (2.0 g) in acetic anhydride (10 ml) and pyridine 
(20 ml) under nitrogen was refluxed for 4.25 hr. The cooled mixture 
was poured into ice and water (e50 ml). A precipitate formed, was 
collected, washed with water, and dissolved in ether. After washing 
with 10s hydrochloric acid followed by 5s sodium bicarbonate solution, 
the ethe'r portion was dried over anhydrous potassium carbonate con- 
taining Darco. The solvent was removed in vacua to leave an oil which 
was crystallized from methanol-water t0 give (2.1 g), mp l27-l29o, 
i al 072~. 
mp 431-133°. 

Recrystallization from ether afforded an analytical sample, 

Anal. 
H, 8.7c 

Calcd for C&3&204: C, 74.96; H, 8.39. Found: C, ‘-&.gbj 
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