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Abstract-Synthew3 of 17ztth~nyl-~‘-andros~c~-3;~,17;~-diol (Ila). 19-nor-17zclhlnyl-~‘-andro- 
stcnc-3.17;~~d1ol (Ilb). ~‘-prrgncn-3;~-01-20-onc (Via) and ~‘-pregncnc-3,~,21~iol-20one diacctatc 
(XIX) wc dcs.cr&cd. Thcsc 3;Lhydroxy analogucs of stcrordal hornlows were found IO bc bwlog~cally 
acuve u hen assayed in animals. 

RUII~NASDT and Hcusneri reported in 1938 that A4-androstcnc-3@,17$diol, an ana- 
logue of testosterone in which the 3-ketone has been reduced to the 3/Ghydroxy- 
grouping, was a potent androgenic hormone.* In this paper syntheses of the 3p- 
hydroxy analogucs of 17zcthinyltcstostcronc, 19-nor-l7z-cthinyltestostcronc. proge- 
sterone and desoxycorticosterone (as the 3,21-diacctatc) arc dcscribcd, substances 
which were found to have high biological activity. Since starting this investigation, 
the progesterone analoguc has also been prepared by Gut’ who reports it to bc a 
powerful progcstational hormone. 

17z-Ethinyl-A’-androstcnc-3@,17/3-diol (IIa) can bc prepared simply in 70 “; 
yield by reduction of 17z-cthinyltestostcronc (la) with sodium borohydride in 
methanol. The spectral properties arc in accord with the assigned structure and the 
retention of the double and triple bonds is confirmed through rc-oxidation of (Ila) 
to the starting material (la). The +zonfiguration of the 3-!iydroxy group is to bc 
cxpcctcd since the reduction of stcroidal A’-3-ketones with sodium borohydridc is 

l QUIIC rcccntly R. I. Dorfman found the corraponding ~.I~-~I~ccI~Ic also IO have high androgcnlc 
ac~wcy. l’hts result was reported by S. Hcrnslem rf 01.’ who considered II surprismg smcc A. Burenandt 
m 1935 had stated’ that the dlol exhlblrcd only IIIIIC actw~~y. However. In 1938 Bwenandt’ reported the 
raul1 of the prcwous blologtcal wsl IO have baen in error. Further. S. Bcmstcm rr al.’ found 
that the androgemc actw~fy ol 17z-mc~hyC~~-andros~cnc-3~.l7~~d~ol, the corrapondmg analoguc of 
17.zmcrhyltcstorrcronc. was of the same order as the parent hotmone. 

’ A. Butcnandt and A Hcusncr. &r. II. I98 (1938). 
s S. Fkmslcin. S. M. Stolar and M. Hcllcr. J. OIR. Chrm. 22. 472 (1957). 
’ A. Burcnandt. K. Tschernmg and G. Hanixh. &r. 68. 2097 (1935). 
’ M. GUI. /. 018. Chrm. 21, 1327 (1956). 
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known to yield predominantly this isomer,” and this assignment is confirmed by 
molecular rotation considerations (see below). The diol (Ila) was charactcrised 
through formation of the 3-monoacetate (Illa) and the 3,17diacctatc (IIIb). 

The analogous reduction of I9-nor-l7a-ethinyltcstostcrone (Ib)6 with sodium 
borohydridc yielded a non-homogeneous product which only after rcpeatcd 
crystallisation gave an apparently pure substance. The spectral data and elemental 
analysis show this to be the hydrate of a 19-nor-17z-cthiny1-~‘-androstcnc-3.l7$-dio1 
(Ilb), but it cannot be said at present whether it is the 3,% or the 3r-isomer or a mixture 
of the two. The stereochemical course of the metal hydride reduction of 19-nor-14- 
3-ketones is unknown and the molecular rotation data do not allow a dcfinitc con- 
clusion to be made. The diol (IIb). like the corresponding 19-methyl compound (Ila), 
does not give an insoluble precipitate with digitonin. 

The next objcctivc was the synthesis of 1’-prcgncn-3,3-oI-20-onc (Via). Although 
pregnant-3,2@dionc and clllopregnane-3,20-dione can be reduced at C-3 by means of 
sodium borohydridc,: the corresponding preferential reduction of progcstcronc is 
known to proceed at C-20” and cannot, thcrcforc, bc used for the preparation of 

(Via). The successful method procccdcd from progcstcrone 20-q&ethylene 
ketal (IV). readily prepared from Y-pregnen-3fl-ol-2O-one acetate through 
successike ketalisation at C-20. saponification at C-3 and Oppcnaucr oxidation. 
The details arc almost identical to those subsequently described by Gut’ 
and arc thcrcforc not given in the Exprimental Section. The conversion of (IV) to 
(Via) depends on finding such acid conditions as will clcavc the kctal grouping at C-20 
in (V), without causing concomitant dehydration at C-3. After considerable experi- 
mentation, it was found that reduction of (IV) with lithium aluminium hydride and 

) Cfi W. G. Daubcn. R. A. Mcllchch and J. F. Eastham. /. Amrr. Chrm. Sot. 74, 3852 (1952): W. W. 
Zorbach. J. Amer. Chrm. Sot. 75. 6344 (1953). 

* C. D~eracs~. L. Muamonlcs. G. Roscnkranz and F. Sondhelmcr. J. Amrr. Chrm. SM. 76. 409.7 (19544). 
’ 0. Mancera. II. J. Ringold. C. Djcmsst. G. Rosenkranz and F. Sondhcmcr. J. Amrr. Chrm. Sot. 75. 

1286 (1953). A. H. Soloway. A. S. Dcutsch and T. F. Grllaghcr. fhtd. 75, 2356 (1953). 
‘J. K. NovmbcrsLI and G. F. Woods. J. Chrm. Ser. 3426 (1955). 
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subsequent chromatography gives 64:: of(V), which on treatment with p-tolucnesul- 
phonic acid in ethanol solution at room temperature yields over 909;: of (Via). The 
structure of the latter was confirmed by acctylation to the acetate (Vlb), dehydration to 
the known S3*5-pregnadien-20-onc (1X)e and oxidation to progesterone. The hydroxy- 
ketone (Via) agrees reasonably well in physical properties with the substance reported 
by Gut4 by sodium horohydridc reduction of the ketal (IV) and treatment 
of (V) with oxalic acid in ethanol. A comparative experiment showed our 
acid cleavage conditions to bc prcferablc and to result in a purer product without 

chromatography. 
Prior to the successful synthesis of the hydroxy-ketone (Via), progesterone 

20-c~cloethglcnc kctal (IV) was rcduccd with sodium borohydride in aqueous ethanol 
and the product treated with p-tolucncsulphonic acid in acetone. This interchange 
method has been found in other casts to result in the smooth conversion of +o- 
cthylenc kctals to the parent kctones.10J7 Three kctonic substances resulted, 
the first of which was A3*5-prcgnadien-20-one (IX).O The other two substances 
(only one of which gave a prccipitatc with digitonin) apparently both possess the 
empirical formula CzIHJ&. It was at first thought that they were the expected 3,% and 
3z-isomers of 14-prcgncn-3-ol-20-one, but this proved incorrect. The compound 
precipitated with digitonin is unaffected by manganese dioxide at room tcmpcmturc,” 
(3/j-hydroxy group not allylic) and was shown to bc olloprcgnan-3/%ol-M-one (VIIa) 
by direct comparison of its acetate with an authentic sample of alkoprcgnan-3&ol-20- 
one acctatc (VIIb). Sodium borohydride reduction of the A’-3-kctonc (IV) results, 
therefore, partly in the saturation of the double bond, a phcnomcnon which has been 
observed previously in another series. l2 Lithium aluminium hydride reduction of 
A3-3-ketones is reported’* not to cause any apprcciablc attack on the double bond and 
in fact treatment of (IV) with this rcagcnt and subsequent treatment of the total 
product with p-toluencsulphonic acid in acetone gives a mixture of (IX) and the 
substance giving no precipitate with digitonin. 

The last-mentioned substance appears to be a transformation product of (Via), 
since it is also obtained by treatment of (Via) with p-toluencsulphonic acid in acetone. 
It possesses a 20-keto group (infra-red). a double bond (yellow colour with tctranitro- 
mcthanc). and it dots not contain a free 3-hydroxyl function. It is convertrd to (IX) by 
hydrochloric acid in boiling methanol. After further cxperimcntation it was found that 

the substance contains a methoxyl group (Zeiscl determination) and that it is obtained 
in increased yield when the hydroxy-ketal (V) or the hydroxy-ketone (Via) arc 
treated with p-tolucnesulphonic acid in methanol. It appears to be 3-methoxy-14- 
prcgnen-20-one (VIII), its formation presumably being due to the prcscncc of a small 
amount of methanol in the acetone employed. It is of interest that the reaction of the 
hydroxy-ketal (V) with p-toluencsulphonic acid in ethanol gives no apprcciablc 
amount of the corresponding ethyl ether. The ,% and what may bc the z-isomer of 
the 3-mcthoxy-14-ethylcnc in the cholcstcrol series have been described recently.13 The 

* J. Romo. !b4. Romcro. C. Djerawi and G. Rounkranr. 1. Amer. Chum. Sir. 73. 1528 (1951). 
lo C-f. G. Roumkranz. J. Pataki and C. DjcrJsrl. /. 018. Chrm. 17. 290 (1952): G. Roscnkrwtz. %4. Vclasco 

and I:. Sondhcimer. 1. Amer. Chrm. Sot. 76. 5024 (1954). 
II J. Arrenhurrow. A. I’. H. Cameron. 1. H. Chapman. R. M. Evans. 8. A. ffcms. A. R. A. Jsnun and 

T. Walkrr. 1. C’hmt. SW. 1094 (1952); I:. Sondhclmcr. C. Amcndolla and G. Rounkranl. J. Amrr. 

Chrm. SW. 75. 5930 (1953). 
I* F. Sondhctmcr. M. Vcla~o. E. Ratres and G. Rornkranx. Chrm. & Ind. 1482 (1954). 
IS (‘. H’. Shoppee. B. D. Agashe and G. If. R. Summers. J. (‘hem. Ser. 3107 (1957). 
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unusually high specific rotation of (VIII) makes it unlikely that it is the pure 3,5’- 
isomer; it is probably the 3z-lsomcr or a molecular compound of the two, but this 
point has not been investigated. 7’hc easy etherification of a A4-3-01 under acid 
conditions is comparable to the ready ethcrification of other steroidal allylic alcohols, 
e.g. of a A”-7-01 (with alcoholic acetic acid)” or of a Ascl*l-ol (with alcoholic 
hydrogen chloride).‘” 

The preparation of A’-prcgncnc-313.21 -dioL20_onc diacetate (XIX). the 3&acetoxy 
analogue of dcsoxycorticostcronc acetate, was first attcmptcd by application of 
the method successfully used in the progesterone scrics. Dcsoxycorticostcronc 
(Xa) was converted to the di-qclocthylcnc kctal (XIa) and then acctylatcd, as 
described previously. l6 Treatment of the resulting ester (XIb) withp-tolucnesulphonic 
acid in acetone at room temperature affcctcd only thz 3-position. as in the cortisone 

I’ Cf. kf. B. Hcnbcsf and I<. R. H. Jones. :Ynrurr. I.ond. 158. 950 (1946); 1. Chrm. Sm. 179X (194X). 

Is C/. R. H. Turner. V. R. MI~IOX. 1.. 1.. Engcl. 8. I:. YcKctu~c and E. <‘. Kendall. 1. 61101. Own. 162. 
571 (1946). 

I* S. Bcrnswn rnd R. II. I.cnhsrd. 1. Amrr. C'hmr. Ser. 77, 2233 (195s). 
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serics,li and yielded the 20-monoketal (XII). Lithium aluminium hydride reduction of 

the latter gave 80:: of the 3$,2l-dihydroxy-20-ketal (XIII) which could be rcgcncrated 
from the insoluble digitonide. Treatment of (XIII) with p-toluencsulphonic acid in 

ethanol at room tcmpcraturc rcsultcd in the removal of the protecting group at a 
much slower rate than in the 2ldcsoxy scrics and after 6 days only SO”;: of the 
product was kctonic,judgcd from the infra-red spectrum. Chromatographic purification 
of the resulting material, free or after acctylation, yielded no crystalline material 
and this method was discontinued when other acid cleavage conditions gave no mot-c 
promising results. 

The successful route to (XIX) involves the reduction of dcsoxycorticostcronc 
acetate (Xb) with cxccss sodium borohydridc in aqueous tctrahydrofuran at room 
tcmpcraturc, conditions which do not affect ester groupings.iA The product, which 
no longer showed apprcciablc ultra-violet absorption, still posscsscd the 21-acctoxy 
function (acctyl analysis) and presumably consisted mainly of Ad-prcgncne-3P,20,?,21- 
trio1 21-monoacetate (XIV) as judged from the known predominant fomration of 
fi-alcohols by metal hydride reduction of A”-3-kctonc9 and 21-hydroxy-20-ketones.A 
Partial acctylation of this material with a limited amount of acetic anhydride in 
pyridine yicldcd a mixture of products from which a triacetatc and two diacetates 
could be obtained by chromatography. The triacctatc proved to be A’-prcgnene- 
3;3.20$,21-trio1 triacctatc (XV) with properties in cxccllcnt agreement with the known 
compound.” One of the diacctatcs contained the free 3-hydroxy-A’-system since it 
was oxidiscd to an unsaturated ketone with mangancsc dioxide at room tempiature 
and a preparative oxidation with chromium trioxide in pyridinelQ yielded the knownA 
AS-prcgncne-20/7,2ldiol-3-one diacetatc (XVII). The trio1 diacetate is thcreforc 
Ad-prcgncnc-3$.20;?.21-trio1 20,21diacetate (XVI) or the corresponding 3x-isomer. 

The second trio1 diacctatc is A’-pregncnc-3/?,20$,21-trio1 3.2Idiacetate (XVIII) 
since acctylation yields the triacetate (XV) and since it is unaII&ted by manganese 
dioxide. Oxidation of this diacctatc with chromium trioxide in pyridinerO yields the 
rcquircd jr-pregnenc-3$,2ldiol-2O-onc diacctatc (XIX). The presence of the 21- 
acetoxy-20-keto grouping in the latter is shown by the infra-red spectrum (Y,,, 1748 
and 1730 cm l)*O as well as by the strong red colour given with triphenyltctrazolium 
chloridc,?l and the AO-3-acetoxy grouping by acid dehydration to the A3*5-diene 
(XX)O with its high-intensity ultra-violet maximum at 228 m/l. The P-configuration 
of the 3-acctoxy group follows from consideration of molecular rotation (see below) 
and from the fact that (XIX) has been intcrrclated with the known triacctatc (XV). 

A variation of the above described route to (XIX) involves the reduction of (Xb) 
with an excess of lithium aluminium hydride to a mixture of triols, which is acctylated 
directly with I.5 moles of acetic anhydride. Chromatography yields a diacctatc 
fraction which on oxidation with chromium trioxidc in pyridine and subsequent 
separation yields (XIX). This partial acctylation yields the 21-monoacctatc (XIV) 

and the corresponding free trio1 (XXI). The structures of these compounds are 
based on the fact that both can bc acctylated to the triacetate (XV), while oxidation 
of (XIV) with chromium trioxidc in pyridine rcgcncrates (Xb). 

I’ F. Sondhcimcr. 0. M~nccra. G. Rounkranz and C. Djcraw. /. Amrr. Chrm. So,-. 75, 1282 (1933). 
la Ii. J. Rmgold. 8. LOkcn. <i. Roxnkranz and F. Sondhcimcr. J. Amer. Chrm. Ser. 78. 816 (1956). 
a’ G. I. Poos. G. Ii. Arth. R. E. Brylcr and L. 11. Sarclr. /. Amer. Chcm. Ser. 75. 422 (1953). 
‘O R. N. Jones. P. Ifumphres, 1:. Hcrlmg and K. Dobrincr. /. Amer. Chrm. Sot. 74. 2820 (1~52). 
*I Cf. A. ZafTaronl, Rcrmc Progrr~s in llormonr Resrorch 8. 51 (19S3). 
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In Table 1 the shift in molecular rotation in passing from the A4-3-ketone to the 
.A’-3&01 (A,) as well as the shift in passing from the A’-3-ketone to the A’-3/J-01 
acetate (AZ) are roeorded for the various hormone analogucs dcscribcd in this paper 
and compared with the known values in the AGzholcstcn-3-one and 17~mcthyl- 
testosterone series. It can be seen that in all but one case the .$ value is ahout -200 
and the & value about 300. This is in marked contrast to the corrcspnding 
difference in molecular rotation between the .I*-3-ketone and the S43r-01 or 
A”-3x-01 acetate, which is highly positive (Table 1, last line). The one exception is 
in the 19-nor-17rcthinyltestostcronc series where the .I, value lies about half-way 
between that expected for the 3@- and for the 3x-01. It is not known whether this 

.I’-Cholr7;tcn-3-onc .340” * 178” - 39” 162 301 
I7r-~~cthylt~~tostcrone 24X” ’ 4.w 5’) 205 307 
17x-EthinyltL~tosterone . 12p.r 69 1130 IYI 282 
Progcsterunr .640’ * 439 - 340 201 300 
Dcs0xycorticmtcrcme 3CTtafc * iiw ; *Jo8 - 284 
I9-Nor-l?z~thinyltcrtusterttnc 75’ 124* 49 

l All rotations wcrc dctcrmincd in chloroform solution unless spccificd otherwise. 
b A. Burcnandt and A. WoJiT. I&-r. 68, 2091 (193)). 
c A. Sandoval, G. ti. Thomas. C. Djcrasst, G. Roscnkranz and I’. Sondhcimcr, J. Amtr. C%em. SM. 77, 

148 (1935). 
a Iktcrmincd in methanol. 
” I)ctcrrnmcd in chloroform containing lOoi of pyridinc. 
r F. Sondhcimer, S. Kaufmann, J. Romo. H. Martmu and G. Roscnkranx, f. Amer. Ciwm. See. ?S,4?t2 

(lVS3). 
L Dncrmincd in ethanol. 

anomaly is due to the diol (IIb) actually being an equimolar complex of the two 
possible isomers as has been observed in the cholesterol scric@ or whether removal 
of the 1%methyl group changes the A1 value. 

Bioff.s.sq.r.* In the Clauberg assay for oral progestational activity in the rabbit, 
(Ita) was found to have the same order of activity as 17~~thinyltcstosterone. In 
the same assay, (Ilb) showed the same activity as the potent oral progcstational 
hormone 19-nor-17r-ethinyltcstosterone. 

On being tcstcd for sodium retention in ad~nalectomised malt rats, (XIX) 
showed about the same activity at the 100 and 25 rig level as dcsoxycorticostcrone 
acetate did at the 25 and 6 frg level, respectively. The analogue (XIX) therefore 
exhibits ca. 25% of the activity of desoxycorticosterone acetate. 

l The biological tests were c;trricd out by the Endoxrtnc Xsboratoric% Madison I, Wisconsin, U.S.A. 
n R. Schocnhcimer and E. A. Evans.3. Bid. Chcm. 114. 367 (1936). 
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II still rcmams to bc cstablishcd vvhcthcr the A’-3-hydroxy hormone analogues 

arc biologtcally acttvc per se or bccauu: of their convctston to the corresponding 

.I’-3-kctoncs in the organism 

FXPERIMISTAI l 

17a-L’rhin,.l-~.‘-unJro.rfme-Zd. I7&diol (lla) 

Sodium borohydridc (2.5 g) *as added tn cmall porttonc during 4 hr to a >tirrcd 

su~pcnswn of 17zcthinyltestostcrone (lit) (5 g) m methanol (200 cc) containmg 

uatcr (0.2 cc). The mtxturc was alloucd to stand ovcmtght at room tcmpcraturc 

and wa\ then dtlutcd wth vvatcr and cxtractcd utth chloroform. The organic layer 

ua) wa\hcd with water, dried and cvaporatcd. Crystalhwtton from acetone-hcxanc 

furni\hcd 3.5g (io”,,) of the dtol (ll;~) utth m.p. 207 21 I ‘. The analytiwl wmplc 

shoucd m p. 21 I 214’. [xl,, - 22 (McOtl). Y ,,,1~ ??OO cm ‘* (acctylcnrc hydrogen) 
and free hydrox>l band. no carhonyl bind\. no high tntcnvrty ah\orptton in the 

ultra-v~olcl. 
(Found. C. X0.29; H. 9.72; C;llc. for C,H,,O1: C. X0.21: H. 962”.,.) 
The dwl gave it yellow colour with tctranttromcth;tnc. No prcctpttatc uas fotmcd 

uith Jlgltonin In ;~qucou\ ethanol. On ontdatton wth manganw dlosrdc in dtoxane 

(22’ . 24 hr) 17%~cthmvltc\to<teronc m.p. 264-266’ ~a\ rcgcncratcd. 

The 3-monoow~a~~ (Ills) was prcparcd by mcank of accttc anhydrtde and pyrtdmc 

31 room tcmpcraturc. After cryst;\llt\atwn from acctonc-hcxanc rt \howcd m.p. 

156-15X”. [xll, - 45”. I’,,~~ 3300 and I720 cm l and free hydroxyl band. 

(I ound. C. 77.1 I: H. X.95: Calc. for C,,H,,O; C. 77.49: H. 9,053,,.) 

The c/iuce/trrc (Illb) uac prcparcd by botlmg the dtol (Ila) (315 mg) tn pyrtdmc 
(X cc) with accttc anhydridc (4 cc) for 20 hr. Chromatography of the product 

follou-cd by cryvt;tllt\.rtlon from hcxanc gave 29Omg of (Illb) wth m.p. 1X1-182’. 

Id,, MO’. vnlrx 3200 and 1720 cm-‘. no free hydroxyl band. 

(I ound: C. 75.17: H. X.X4: Calc. for C,,H,,O,: C‘. 75.34; H, X60~.,.) 

19-Nor-17z-cthinyltcstostcronc (I g)* ua\ rcduccd wth witurn borohydrtdc 

(0.5 g) 3s dewtbcd In the preccdtng cxpcrimcnt. Chromatography of the product 
on alumina gave O.Xl g of material wth m.p. I IO- 145’ uhich after rcpcatcd cry,tallt\a- 

twn from cthcr yicldcd the dwl (Ilb) 35 3 hydrate ulth m.p. 147-149’. [xl,, 39’ 

(EtOH). Y:,!‘J 33OOcm ’ and free hydroxyl band. no carbonyl bands. no high- 

intensity absorptwn In the ultra-wlct. The wbqtancc gave no prcctpttatc with 
digttnnin In aqueous ethanol. 

(Found: C, 75.26; H, 961: C3lc. for C1,HJ),.H,O: C. 75.43: H, O.SOU,‘,.) 

~‘-Pie~nrn-2~~-oI-20-one (Via) 

p_Tolucncsulphonic acid hydrate (36 mg) ~3s added to a wlutton of 400 mg of 
the pure 3fi-hydroxy-kctal (V) (m.p. 16X-170’. prcparcd by hthtum alumintum hydride 

l Mclt~n~ plntr are uncorrcclcd All chromato#ramr were canted OUI -6th Mcr~t “ald.wr$hcd” 
alumlna cxccpr for thou mrrtcd “Alcoa” which YCIC carrwd OUI wlh “Alcoa” rccw~ted rlumana. grade 
I,.?0 (Aluminum Co of Amcrlcr. PlttsburRh. PJ 1 Rotatlonc wcrt dctcrmlncd at room tcmpcrrturc tn 
chlorofom, SO~UIIO”. unlcsq %~1f10d OI~CWIU Ulwrwolci tpwtm ~crc muwrd 1” 03’. ethanol 
w-41111on on a I nlcam model S.P. (00 rpx~rophotomclcr and mfrwrod spara 81) chloroform solwon 
(unlc%- othcnr-lu %latcd) on a RalrJ double ham rccordq spcctrophotomctcr with rallum chloride 
op1~~3 Anal)rc\ were crrrd oul IIT our mlcroanalyllcal I&orrtofy under the Jlrcalon of Hr I rich Mew 
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reduction of progesterone 20-cycloethylene ketal (IV) as described below) in 20 cc 
of absolute ethanol. The solution was allowed to stand at 23” for 90 min. Sodium 
bicarbonate solution was then added and the product extracted by means of chloro- 
form. Direct crystallisation from acetone-hexene yielded 320 mg (91%) of pure 
(Via), m.p. 159-161”, [I&, +139”, vrnax 1704 cm-l and free hydroxyl band, no 
high-intensity absorption in the ultra-violet, yellow colour with tetranitromethane, 
heavy precipitate with digitonin in aqueous ethanol; reported4 m.p. 155-161” 
[aIn + 135”. 

(Found: C, 79.80; H, 10.02; Calc. for C,H,,02: C, 79.70; H, 10*19%.) 
Oxidation of (Via) with manganese dioxide in chloroform (48 hr at 23”) produced 

progesterone in over 80% yield. Dehydration of (Via) with boiling methanol 
containing a few drops of hydrochloric acid yielded the A3T5-diene (IX). 

The acetate (VIb) (acetic anhydride-pyridine, 16 hr at 22”) crystallised from 
acetone-hexane, m.p. 125-126”, [tc]n +95”, vmax 1732 and 1704 cm-l, no hydroxyl 
band. 

(Found: C, 77.22; H, 9.47; Calc. for C,,H,,O,: C, 77.05; H, 9*56x.) 

Reduction of progesterone 20-cycloethylene ketal (IV) with sodium borohydride 
followed by treatment with p-toluenesulphonic acid in acetone 

Sodium borohydride (2.0 g) was added to a solution of progesterone 20-cycloethy- 
lene ketal (m.p. 190-191”) (2.0 g) in aqueous ethanol (80 cc, 90%). After standing at 
23” for 16 hr, the solution was diluted with just sufficient acetic acid to decompose 
the excess reagent. Water was then added and the product isolated with chloroform. 
The resultin gmaterial (2.0 g), m.p. 120-150”, has no high-intensity absorption in 
the ultra-violet, no carbonyl bands in the infra-red. This material was dissolved in 
dry redistilled acetone (100 cc, commercial grade), p-toluenesulphonic acid hydrate 
(150 mg) added and the solution allowed to stand at 24’ for 14 hr. Sodium bicarbonate 
solution was then added and the product, extracted by means of ether, chromato- 
graphed on 100 g alumina (Alcoa). Elution with benzene-ethyl acetate (99 : 1) and 
subsequent crystallisation from methanol gave 210 mg (13 %) of A3p5-pregnadien-20- 
one (IX), m.p. 138-140”, Amax 228 and 235 m,u, E = 19,100 and 20,400, respectively; 
reported ? m.p. 139-142”, &, 228 and 234 m,u, E = 18,600 and 20,000, respectively. 
Further elution with benzene-ethyl acetate (99 : 1) and crystallisation ftom hexane 
gave 390 mg (21%) of (VIII) with m.p. 147-149”, [o(]n +222”, vmax 1702 cm-l, no 
appreciable hydroxyl band, no high-intensity absorption in the ultra-violet yellow 
colour with tetranitromethane, no precipitate with digitionin in aqueous ethanol. 
(Found: C, 79.80; H, 10.18; OMe, 9.63; act. H, 0.0. Calc. for CZ2H,,0,: C, 79.95; 
H, 10.37; OMe, 9.39x.) 

The substance was recovered unchanged on attempted acetylation with acetic 
anhydride and pyridine at room temperature. Boiling the ether (VIII, 14 mg) with 
methanol (1 cc) and cont. hydrochloric acid (2 drops) for 4 hr yielded the diene 
(IX, 8 mg), m.p. 136-138”, identified by mixed m.p. and the ultra-violet spectrum. 

Finally elution with benzene-ethyl acetate (3 :l) and crystallisation from acetone- 
hexane yielded allopregnan-3p-ol-20-one (VIIa, 320 mg, 18 %), m.p. 190-192”, 
[a]= + 91” (EtOH), no colour produced with tetranitromethane, immediate pre- 
cipitate with digitonin, in aqueous ethanol; reported:23 m.p. 194*5”, [r~]n +91” 
25 A. Butenandt and L. Mamoli, Be-r. 68, 1847 (1935). 
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(EtOH). The acetate (VIIb) showed m.p. 143-144”, [ct]n +74” and proved to be 
identical (mixed m.p., infra-red comparison) with an authentic sample (m.p. 142-144”, 

MD +76”). 

Reduction of (IV) with lithium aluminium hydride followed by treatment with p-toluene- 
@phonic acid in acetone 

A solution of progesterone 20-cycloethylene ketal (m.p. 190-191”) (25 g) in 
tetrahydrofuran (30 cc) and ether (30 cc) was added during 15 min to a stirred ice- 
cooled suspension of lithium aluminium hydride (0.8 g) in ether (80 cc) under nitrogen. 
The mixture was refluxed for 1 hr, the excess reagent decomposed by means of ethyl 
acetate, and a saturated sodium sulphate solution added until the precipitate began to 
adhere to the sides of the flask. Solid sodium sulphate was added, the salts removed 
by filtration and washed well with ether. Evaporation of solvents yielded the crude 
ketal (V, 2.5 g) showing no high-intensity absorption in the ultra-violet. A 500 mg 
sample on chromatography on alumina (25 g), followed by elution with benzene- 
ethyl acetate (9: 1) and crystallisation from acetone-hexane, yielded 320 mg (64 %) 
pure 3/3-hydroxy-ketal (V), m.p. 168-170”; reported:4 m.p. 170-173”. 

The crude ketal V (2.0 g) in acetone (100 cc) was treated for 1 hr with 150 mg of 
p-toluenesulphonic acid, exactly as described in the preceding experiment. Chromato- 
graphic purification of the product yielded first 240 mg (14 %) of (IX), m.p. 137-140” 
and then 580 mg (31%) of (VIII), m.p. 146-148”. No aIlopiegnan-3/3-ol-20-one (VIIa) 
could be isolated. 

Treatment of the pure 3B-hydroxy-ketal (V) (m.p. 168-170”) under the same 
conditions gave 18 % of the diene (IX) and 32 % of (VIII). 

3-Methoxy-A4-pregnen-20-one (VIII) @am (Via) 

(a) With p-toluenesulphonic acid in acetone. A solution containing 150 mg of 
the keto-alcohol (Via) and p-toluenesulphonic acid hydrate (13 mg) in dry redistilled 
acetone (8 cc, commercial grade) was allowed to stand at 22” for 90 min. The total 
product, isolated with ether, no longer gave any precipitate with digitonin in aqueous 
ethanol. Chromatographic purification on alumina (Alcoa) gave 22 mg of the 
A3T5-diene (IX) and then 41 mg of the 3-methoxy-compound (VIII). Both 
compounds were identified by comparison with the previously described samples. 

(b) With p-toluenesulphonic acid in methanol. The experiment was carried out 
as above, except that methanol was used instead of acetone and the reaction was 
allowed to proceed for 8 hr (after 90 min the reaction was incomplete). Chromato- 
graphic purification of the product on alumina (Alcoa, 7.5 g) gave (VIII) (91 mg, 58 %), 
m.p. 146-148”, undepressed on admixture with the previously described material. 

20-Ethylenedioxy-A4-pregnen-2l-ol-3-one acetate (desoxycorticosterone acetate 20- 
cycloethylene ketal) (XII) 

A solution containing 120 mg of (XIb) (m.p. 159-161”)16 and p-toluenesulphonic 
acid hydrate (12 mg) in dry acetone (3 cc) was allowed to stand at 22” for 14 hr. 
Sodium bicarbonate solution and ether were added, the organic layer was washed 
with water, dried and evaporated. Crystallisation of the residue from hexane produced 
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81 mg (75%) of the 20-monoketal (XII), m.p. 140-141”, vmax 1730 and 1660 cm-l, 
il 241 rnp, E = 16,600. 
myFound: C, 72.30; H, 8.80; Calc. for CS5H,,0, C, 72.08; H, 8.71x.) 

20-Erhylenedioxy-A4-pregnene-3B,2l-dioZ (XIII) 

A solution of 450 mg of the ketal (XII) in tetrahydrofuran (12 cc) and ether (12 cc) 
was added slowly under nitrogen to an ice-cooled stirred solution of lithium aluminium 
hydride (200 mg) in dry ether (30 cc). The mixture was stirred at room temperature 
for 2 hr, the excess of reagent destroyed by the careful addition of ethyl acetate and 
saturated sodium sulphate solution added until the precipitate began to adhere to the 
sides of the flask. Solid sodium sulphate was added, the salts removed by filtration 
and washed well with ether. The filtrate was evaporated and the residue crystallised 
from acetone-hexane. This procedure yielded 350 mg (86 %) of the 3P,21-diol (XIII), 
m.p. 199-201”, [c&, +94” (EtOH), strong hydroxyl but no carbonyl bands in the 
infra-red, no high-intensity absorption in the ultra-violet. 

(Found: C, 73.30; H, 9.93; Calc. for C,H,,O,: C, 73.36; H, 9.64x.) 
The diol gave a heavy precipitate with digitonin in aqueous ethanol. On regenera- 

tion from the digitonide, the diol showed unchanged physical properties. 

Reduction qf (Xb) with sodium borohydride followed by partial acetylation 

A solution of sodium borohydride (0.5 g) in water (4 cc) was added to desoxycorti- 
costerone acetate (2.5 g) dissolved in tetrahydrofuran (100 cc). After being allowed 
to stand at room temperature for 70 hr, the solution was treated with a little acetic 
acid, evaporated to small volume and diluted with water. Isolation with chloroform 
gave 2.5 g of the crude trio1 21-monoacetate (XIV) as a viscous oil, Ymm 1732 cm-l 
(acetate) and strong hydroxyl band, no band at ca. 1660 cm-l, no high-intensity 
absorption in the ultra-violet. 

(Found: acetyl, 11.24. Calc. for C,,HS60,: acetyl, 1 I.44 %.) 
The total crude 21-monoacetate (XIV) in dry pyridine (25 cc) was acetylated with 

acetic anhydride (l-36 g) for 24 hr at room temperature. The product was isolated 
with ether and chromatographed on alumina (125 g). The first crystalline fractions, 
eluted with benzene, on crystallisation from acetone-hexane yielded 0.65 g of the 
triacetate (XV) as needles, m.p. 129-131”, [ol]n +41”, YmaX 1732 cm-l, no hydroxvl 
band; reported :s m.p. 128-131”, [o~]n f40”. 

(Found: C, 70.56; H, 8.93; acetyl, 29.19; Calc. for C,,H,,O,: C, 70.40; H, 8.75; 
acetyl, 28.04 %.) 

Elution of the column with benzene-chloroform (2: 1) gave 1: 1 g of a mixture of the 
diacetates (XVI) and (XVIII). These were separated by a combination of chromato- 
graphy and fractional crystallisation from acetone-hexane. The required 3,21-diacetate 
(XVIII) showed m.p. 142-144”, [& +20”, Y,,, 1732 cm-l and free hydroxyl band. 

(Found: C, 71.52; H, 9.20; acetyl, 21.21; Calc. for C,,H,,O,: C, 71.74; H, 9.15; 
acetyl, 20.57 %.) 

The substance in chloroform was unaffected by treatment with manganese dioxide 
at room temperature for 24 hr. Acetylation with acetic anhydride and pyridine at 
room temperature quantitatively yielded (XV). 

The 20,21-diacetate (XVI) showed m.p. 145-146”, yrnax 1734cm-land free hydroxyl 
band, large m.p. depression on mixing with (XVIII). 
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(Found: C, 71.44; H, 9.36; acetyl, 20.75; Calc. for Cs,H,sOs: C, 71.74; H, 9.15; 
acetyl, 20.57 %.) 

The substance contained an allylic alcohol grouping, since treatment with manga- 
nese dioxide in chloroform at room temperature for 24 hr resulted in the formation 
of an a/I-unsaturated ketone (Ama 240 rnp, E = 14,000). 

A4-Pregnene-20p,21-diol-3-one diacetate (XVII) 

The 20,21-diacetate (XVI, 80 mg) in pyridine (1 cc) was oxidised with chromium 
trioxide (100 mg) in pryidine (2 cc) at room temperature for 24 hr. Water was added 
and the product isolated with ether. Crystallisation from acetone-hexane gave 62 mg 
of A4-pregnene-20p,21-diol-3-one diacetate (XVII), m.p. 154-155”, [a],, i-125”, vmax 
1736 and 1666 cm-l, no hydroxyl band, 3rmax 241 m,u, E = 16,000; reported? m.p. 
155-156”, [a]n +123”. 

A4-Pregnene-3&21-dial-20-one diacetate (XIX) 

A solution of 160 mg of the 3,21-diacetate (XVIII) in dry pyridine (2 cc) was added 
to a mixture of chromium trioxide (200 mg) and pyridine (4 cc). The mixture was 
allowed to stand at room temperature for 24 hr, diluted with water and extracted with 
ether. The product was chromatographed on alumina (8 g). Elution with benzene and 
crystallisation from pentane gave 62 mg of (XIX), m.p. 126-128”, [alu +98”, Ymm 
1748 and 1730 cm-l, no hydroxyl band, no high-intensity absorption in the ultra- 
violet, strong red colour with triphenyltetrazolium chloride.21 

(Found: C, 72.16; H, 8.80; Calc. for C,,H,,O,: C, 72.08; H, 8.71x.) 
The presence of the A4-bond was confirmed by the yellow colour produced with 

tetranitromethane and by the fact that (XIX) (3 mg) on treatment with p-toluene- 
sulphonic acid (2 mg) in acetone (1 cc) for 1 hr at 60” was dehydrated to the A3>5-diene 

(XX) (amax 228 rnp, E = 17,000). 

Reduction of (Xb) with lithium aluminium hydride followed by partial acetyIation 

A solution of 4 g of (Xb) in tetrahydrofuran (100 cc) and ether (100 cc) was added 
dropwise in nitrogen to a stirred solution of lithium aluminium hydride (1.6 g) in 
ether (300 cc) with ice-cooling. The mixture was stirred for 90 min at room tempera- 
ture and then for 20 min under reflux. The excess reagent was decomposed by the 
careful addition of ethyl acetate, and concentrated aqueous sodium sulphate added 
until the precipitate began to adhere to the sides of the flask. Solid sodium sulphate 
was added, the salts removed by filtration and washed well with tetrahydrofuran. 
Evaporation of solvent under reduced pressure yielded the crude trio1 (XXI, 3.6 g) 
showing a hydroxyl band but no carbonyl bands in the infra-red, no high-intensity 
absorption in the ultra-violet. 

The above trio1 in dry pyridine (68 cc) was acetylated with acetic anhydride 
(I.65 g, 1.5 equivalents) at -10” for 18 hr. The product was isolated with ether in the 
usual way and chromatographed on alumina (200 g). Elution with benzene-chloro- 
form (2:l) gave a mixture of diacetates which on direct oxidation with the chromium 
trioxide-pyridine complex as above, followed by two chromatographic purifications 
and crystallisation from pentane, yielded 120 mg of (XIX), m.p. 125-127”. The m.p. 
was not depressed on mixing with the above-described material, and the i&a-red 
spectra were identical. 
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Further elution of the column with benzene-chloroform (5:3) gave a monoacctatc 
fraction which on crystallisation from acctonc-hcxane yicldcd 1.06 g of the 21- 
monoacetatc (XIV), m.p. 97 99”, [xlI) -46’. 81~~ 173Ocm l and free hydroxyl band. 

(Found: C. 73.01; H, 9.84; acctyl, 11.38; Calc. for C,,H,,O,: C. 73.36; H, 9.64; 
acctyl. I l-44 Y/‘,.) 

Acctylation with excess acetic anhydride in pyridine at room temperature 
quantitatively produced the triacctatc (XV), m.p. 129-131”. Oxidation of (XIV) with 
chromium trioxidc-pyridinc, as above. and c?stallisation of the product from acctonc- 
hcxanc gave dcsoxycorticostcronc acctatc (68Yd), m.p. 156-158’. i.,,, 240 m/r, F 

15.800, )‘“lax 1748. 1736 and 1664 cm l. The m.p. was not dcprcssed on mixing with 
an authentic specimen (m.p. 156-158 ) and the infra-red spectra were identical. 

Finally elution of the column kvith chloroform-methanol (19:l) produced the thiol 
(XXI. 0.84 g). needles from acctonc, m.p. 162-163”, strong hydroxyl but no carbonyl 
bands in the infra-red (KBr). 

(Found: C, 75.07; H, 10.57: Calc. for C?,H,O,: C, 75.40; H, IO.25 “,.) 
The trio1 gave an immediate precipitate with digitonin in aqueous ethanol. On 

rtcetylation, the triacctatc (XV) with m.p. and mixed m.p. 129-131” was produced in 
quantitative yield. 
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