
EQUILIBRIUM RELATIQNSHIP OF D-HOMO 
KETOLIC SYSTEMS 

N, L. WENDLER. I). TAM and R. W. WALKER 
Merck & Co., Inc., Rahway, New Jersey 

Abtmct -The ability of the various D-homo kctolic isomers arising from 17-hydroxy-2@keto 

steroids to equilibrate w-ith each other under alkaline as well as Lewis acid conditions has been 

demonstrated and discussed. 

THE ~-homoannuiat~oR rearrangement of 17-hydroxy-2~k~to steroids had, until 
very recently, been considered to pursue a relatively well-defined reaction course as 

predctcrmincd in large measure by reagent control. In the latter regard cithcr alkali, 
heat or Lewis acids had been generally employed to evoke this change. These 
transformations and their mechanistic significance, in fact, have been discussed at 
some length just recently .le In 1958 Elphjmoff-Feikin and Skrobek published a 

papers in which they reported the important observation that the isomer& ketolic 
systems A and B, derived from Reich&n’s substance L (C), could be interconverted 
by aluminum t-butoxidc or boron trifluoridc. The conclusion was made, moreover, 
that this interconversi~)n arose by retrogression to the normal steroid C. 

These findings were the first indication of the complexity and lack of unidirectional 
character of this ring expansion reaction. 

Independent of Elphimoff-Fe&in and Skrobek, WC had made the same 

* Fnr preftminary accounts of this work see l I>. Taub and N. L. WendIer, f‘hwt. & fmd. 902 (19S9); * N. 
L. Wcndlcr. D. Taub and R. W. Walker. Ibid. 903 (1959); 
fiprrimria xv, 237 (1959). 

* N. t. Wcndler, D. Taub and R. F&stone. 

’ 1. Elphtmoff-IUkin and A. Skrobck. C.R. &ad. Sri., PurL 246,2497 (1958). For details. I&m. Bull. SOC, 
Chim. 742 (1959). Through inadvcrtencc on our part wc had overlooked in our earher communications, 
the contributions of Madame I. Elphimoff-Feikin to the general knowledge of the D-homo rearrangement. 
See also ref. 4; and W. Klync and <:, W. Shoppu, C&m. & Ind. 470 (19J2). 
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observation.l” We found that 3r-acctoxy-17z-hydroxy-I7,3-methyl-D-homo-5+ 
androstanc-ll,l7a-dionc (IlIT and 3r-acctoxy-I7ar-hydroxy-I7a;Lmethyl-D-homo- 
5&androstano- 1 I, I7-dionc ( l)3 could be intcrconvcrtcd by rcf7uxing either pure 
isomer with aluminum t-butoxide in tolurne for 20 hours: there was produced, 
thereby. an equilibrium mixture consisting of approximately 65 per cent 111 and 35 pL’r 
cent 1. WC further examined the remaining II-homo isomers and found that the 
17ap-hydroxy ketol (11)3 remains unchanged under the equilibrating conditions with 
aluminum t-butoxide whereas the I7;j-hydroxy ketol ( IV)3 is coni crtrd completely to 
II; thcrc was no evidence of an equilibrium rclationrhip bct\rccn II and IV. 
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In the light of the fact that tracer studies have precluded the possibility of methyl 
migration in the formation of these D-homo systems, 4 the fact of their intcrconvcrti- 
bility cmphasizcs their capacity to exist in a rcvcrsiblc relationship with a I7-hydroxy- 
20-keto steroid precursor. 

Several years ago Madame HphimofT-Fclkin 5 had considered the role of 
conformational control of bond migration in the D-homo rcarrangcment with 
Lewis-acids. More recently we discussed this same concept and cxtcndcd it to the 
alkaline catalyzed ring expansion rcaction.lc Several considerations have been 
introduced into this general area however. which make the conformational argument 
less definitive than originally anticipated. Recent findings. for cxamplc. suggest the 
possibility at least that the I’lz-kctol (111) may have its D-ring in the boat confor- 
mation. Further, the conformational argument is unable to accommodate identical 
bond movement in the nitrous acid-amine raarrangcmcnt of Cl 7-cpimcric I7-hydroxy 
20-amino prcgnane denvativcs.’ 

In studies on the alkaline catalyzed II-homo rearrangement we found that kinetic 
as well as equilibrium products arc to bc expected. lb Earlier studies had demonstrated, 
for example, that D-homoannulation of I7,%hydroxy-20-kcto- I ‘I-isopregnanc 

‘N. 1.. Wcndlcr and D. Taub. Chrm & I&. 505 (IY5S): N. 1.. Wcndlcr. D. Taub. S. Dobr~ner and 
11. Fukurhima. 1. Amrr. Chcm. Sot. 78. 5027 (IYS6). 

4 R. E. Turner. hl. Pcrclman and K. ‘1’. Park, Jr., 1. Amer. (‘hem. Sew. 79. 1108 (IY57). 
’ I. ElphimofT-Fclkin. Bull. Ser. Chtm. 184s (1956). 
“ N. L. Wcndlcr. C’hrm. & Id 1652 (IVS8); 1. Amer. Chrm. Sot. In press; ’ H. Roscnfcld. Ibrd. 77.6585 

(1957). 
)a N. L. Wendlcr. I). Tub and II. 1.. Slaves. 1. Amer. Chrm. Ser. 77. 35S9 (IV(S): b I:. Ramirw and 

S. Slahcj. Ibid. 77. 134 (IYSS); 78, 644 (1956). 
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derivatives is catalyzed by Lewis acids to give 17a/%ketols (type II) and by alkali 
to yield 17al-ketols (type 1) as the major, if not exclusive, product.8 We had 
prepared 3z-acctoxy- 17&hydroxy- I ‘I-isoprcgnanc- I I ,20-dionc (XI) by Stavelye 

hydration of the ethinyl carbinol (Xb). lo The 174soprcgnanolone was found to be 
quite unstable, melting at I20 -I 30” with phase change and total rearrangement, to the 
17agketol(II), m.p. 223 226”. Similarly,compound XI wasconvcrtcd tothe 17a$-kctol 
(II) essentially quantitatively an alumina. On the other hand, treatment of the l7-iso- 
prcgnanolone (XI) with boiling 2 per cent mcthanolic potassium hydroxide for 5 
minutes produced the known l7az-ketol (I) in essentially quantitative yield. The 
latter represents the kinetic product of rcarrangemcnt since both the l7-isoprcgnano- 
lone (XI) as well as the l7ar-kctol (I), when boiled for 20 hours with methanolic 
potassium hydroxide, yield the same 50 : 50 .: IO per cent equilibrium mixture of 
l7ar-ketol (I) and I’la/f-kctol (II). Likewise, treatment of the l7afi-ketol (II) also 
produced the same equilibrium product I t-; II. 

Xtb 

‘* C W Shoppcc and D. A. Yrlns. If&. Cihrm. Acfo t6. 185. 201. 1004 (1943); ’ R. B. Turner, 1. A~,. 
Ch&. SO,. 75. 3484 (1953). R. H. Turner. R. Anltkcr. R. Hclblmg, J. Mew and II. HCUS~~, /i&. Chtm. 

ArkI 35. 41 I (1955). 
* 11. E. S~avcly. /. Amrr. Chrm. SOC. 62.489 (1940); see also rd. 86. 

lo* L. Ii. !Sarcu,/. Btol. Chrm. 162.601 (1946); ’ N. L. Wendkr, R. P. G&w and G. G. iiurn, Te#r&&on 
3. 144 (1958). 
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Again the formation of an equilibrium product requires that the pertinent D-homo 
isomers bc capable of existing in a reversible relationship with a l7-hydroxy-2t%keto 
prcgnane; only through mediation of the latter can a configurational inversion 
reasonably occur at Cl7a. Further, assuming that these D-homo systems possess 
chair conformations and rearrange f’rom same. it follows that the equilibration of the 
17ar-ketol (I) and 17adketol (II) would take place by way of starting 174sopreg 
nanolone (Xl) and not its C-17x-OH isomer (XII). The formation of the I’lax-ketol 
(I) as the kinctic product is in accord with the postulates cxprcsscd by Turnetib 
wherein the probable rrans OH t‘s C 0 alignment in the transitional species 
(compare Xla) predicts the formation of 1. 

The alkaline D-homoannulation of 17x-hydroxy-20-kctoprcgnancs (XII) has by 
past expericnceA*3 resulted in the predominant formation of the 17a&kctol (II), 
with the 17az-ketol (I) beins formed as a minor product. The product expected by 
conformational considerations. on the other hand, is the I7$-ketol (IV). The fact 
that until very recently ii this isomer had never beccn identified from a I)-homo 
rearrangement reaction was in itself mysterious. The present authors construed 
this to indicate the possible instability of this isomer, IV, under the alkaline rearrangc- 
mcnt conditions in analogy with the behavior of Ii’. In fact it was later dcmonstratcd 
that this isomer, IV, is indeed unstable to the 20 hour equilibration conditions with 
alkali and does give I and II in the same essential ratio as that previously observed to 
be produced from the latter isomers themsclvcs. The suggestion was therefore made 
that IV, like I, is the kinetic product of rearrangement. This conclusion is now known 

I1 Dr. Fukurhlma of the Sloan Kettering Institute lor Cancer Research has informed us recently that he has 
rynrha~zd 3~.17~drhydroxy-l7x-methyl-Dhomoon~~ane-l7o-one (see method. ref. 3) and found this 
compound IO be idcnttcal wth an unknown product isolatd tn about 7 7’. yield from the reaction of base 
wth Rcrchslein’s Substance L. [Sic also /. Amer. Chrm. SOC-. t7. 6935 (1955).] 
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not to bc true. Under condltlons less than those necessary to produce cqulhbnum. 

the isomer. IV. 1s recovered largely unchanged whereas the parent stcrold (XII) IS 

converted to II (major) and I (minor). Only under the more prolonged conditions of 

alkaline treatment IS IV, In turn. converted to the cqullibnum product. Conxqucntly. 

stncc IV IS finally ruled out as the kinetic product of rearrangement of XII. the 

conformational argument In whose support it was ongnally employed 1s corre- 

spondmgly invahdated. The kinctlc product of rcarrangemcnt of XII appears to be 

the 17a/?-kctol (II). This IS suggcstcd by the ohservatlon that when XII IS refluxed for 

4 hours with 5 per cent mcthanolic potassium hydroxldc the product by lnfrarcd 

analysts conststcd of 68 per cent 17&kctol (II) and 32 per cent l7a$-kctol (I). On 

the other hand, under the M hour conditions of alkalmc cquihbration. a product 

ratio of 50 : 50 : 10 per cent was rcalizcd. 

In contrast to the other D-homo Isomers. the l7a-hydroxy ketol (Ill) IS in large 

measure unaffected by the conditions of base cqulhbration although traces of the 

kctols I and II are noncthclcss Indicated by paper partition chromatography and 

infrared spectroscopy. Prolonged trcatmcnt (45 days) with alkali, howcvcr. fallcd to 

increase the amount of I and II. but resulted. on the other hand. m consldcrablc 

dccomposltlon of an undetermmed character. 

The methods cmploycd for analyzing the products obtained from the qulhbration 

cxpcrimcnts dcenbcd wcrc threefold. Paper partition chromatography on Whatman 

No. I or 4 paper utlll/.ing bcnrenc<yclohcxanc I : 3 as the moblIe phase and 

formamide as the stationary phase. cffcctcd good rcsolutlon of the 17az and l7a,% 

ketols. both of which give positlvc Zimmermann color reactions.” The l7a and 

I7,9-hydroxy kctols. whtch wcrc also easily scparatcd, do not give a posltivc 

Zlmmcrmann reaction but can be dctcctcd by the lodmc vapor techniquc.‘J 

Analysts of the lsomcrlc mlxturcs was carried out by means of infrared spcctro- 

photometry. The workmg curve msthod was used. rn which a scncs of known 

mlxturc\ of the various isomers ua\ made up, the lnfrarcd cuncs of which were 

compared directly with the unknown>. This procedure. bccldcscstahhshing the percent 

lsomcr ratlo ulthtn the dc\lrcd hmlts ( .f 5 per cent). al\o afforded a direct comparison 

of the entlrc spectrum In the 2-l 5 micron rcclon and thus served as a control In c 
cstahll\htng the abssncc of Impurltlz\ or other I\omcrs which might invalldatc the 

result\. 

The cxpcnmental uork was carried out on ;L Baird douhlc beam lnfrarcd 

spcctrophotomctcr Bslth NaCI opt~cc (Model B), ustng a cell of 0.10 mm path Icngth 

and at a flxcd conccntratlon of IO mg solutc!78 mg chloroform. Llstcd below arc the 

mo\t charactcn\tIc absorption hand\ of the four Isomers. In most Instancc$;. only 

IUO Isomers hscrc prcscnt In any pivcn unknown. With the few- casts whcrc more than 

tuo Isomer\ ucre prcscnt. It uas somctimcc necessary IO utlhzc both charactcnstlc 

hand\ Il\tcd. 

Fmally. in many of the casts. dlrcct lsolatlon of the components of the lsomcrlc 

product was carrlcd out clthcr by alumina chromatography. which was Ic\, 

saltsfactory. or by chromatography on Whatman No. 3 paper. In the instances where 
the I7d-hydroxy kctol and I ‘lap-ketol prcpondcratcd dlrcct crystalll7atron sufficed to 
separate these compounds. 
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In conclusion it may be said that the D-homoannulation rearrangement has 
revealed itself to be much more diverse in character than previously apprcciatcd. It 
is a transformational type subject to all manner of directional control giving as it does 
kinetic products, products of reagent control and equilibrium products. The lack of 
parallelism in the behavior to alkali of the 17 ketones I+~-o-tY.r the 17a kctoncs is 
mystifying as is the unique stability, for example. of the isomer III. Consequently, 
at the present time, no single concept seems adequate to embrace logically and 
consistently all facets of this transformation. 

EXPERIMENTAL 

3z-Accrox,pl 7~~-h~&o.~~-l7-iwprqnunc- I I ,204iotw (XI). Aatylatlon of 4.9 g of the 3z-hydroxy- 
cthmyl carbinol (Xa)l” gave the corrapondmg 3x-acetate (Xb), 4.88 g. m.p. l&l-186’. A minturc of 
4.78 g Xb. 9.0 g mercuric chloride and 1.5 cc freshly distlllcd aniline in 200 cu bcnrcnc and 50 cs water 
was stirred ar 60’ for 20 hr. The mixture was cooled. filtcrcd. washed with water. dil hydrochloric 
acid, dil potassium bicarbonalc solution. saturated sodium chlorrdc solution and dried over magnesium 
sulfate. The yellow rcslduc which showed no tendency to crystallix was partitioned as follows:” 
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*’ Procedure of R. I:. Hlrschmann of thee laboratories. 
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It was dissolved in 150 cc formamide and extracted successively with hexane. cyclohexane. cycle- 
hcxane-bcnzcnc I : 4. cyclohcxancbcn;rcne I : I, bcnrcne and bcnzcne~hloroform 1 : 2. Each 
cx~ract was washed with water. dried over sodium sulfate and concentrated to dryness. The bentine- 
qclohcxanc I : I and bcnrrnc extracts crystallirrd from SOS/. ether-pet ether to give 241 g of the 
17~isopregnanc (XI) which m&cd nearly compktcly at 120-135’. rcsolidihed and finally melted at 
223, 226.. This behavior indicated thermal IZhomoannulation IO the 17a/1-hydroxy kctol (II) (see 
below). XI had [x1’,“‘. - 46..i’ ,I:‘:;: 2.74. 2.85-,290, 5.78, 5.86. a.0 1~ (Found: C. 7094; H, 864. 
Calc. for C,H,O,: C, 70.74: Ii. 8.71 “/;). 

--_ -- __ ._- 
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Componcm isolated 

--. -. 

III -AI,O,<hromatography 
II .- Chromatography & 

crystallization 

II-direct crptalliraGon 
I Paper chromatography 

III- AI& -chromatography 
III -Al,O,<hromatography 

II Crystallization 
I and II-Paper 

Chromatography 

The hexanc and cyclohcxanc fractions consisted primarily of a U.V. absorbtng. non-crystalline 
yellow material which gave an instantaneous strong Zim mcrmann tcs~ and which was very mobile on 
paper. By analogy with Turner’s” this material could be a 17a-methyl. 17a-aniline-l7-kcto-D-homo- 
Sfi-androstane. 

That ring 1) in XI is S-membered was demonstrated by suaxssivc treatment of XI with lithium 

I’ The AMD XII-XI is -- 148’. This compares with values of + 135’. - 91“ and ‘.. 191’ (in various solvents) 
for three pain of normal and iso-17.hydroxy-20-kctoprcgnancs. Data from Pouvoir Rota~oirc Nature.1 1. 
J. P. Mathicu and A. Pctn. Sfhoidr~. Masson CI Cit.. Paris (1956). 
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aluminum hydride in refluxmg tctrahydrofuran and sodium pcriodate in aqueous mc1hanol to give in 
excellent yield 32.1 I~~i~~~roxy-5~-ondrosrune-I 7-onr. m.p. 23l-2.M , identical with an authentic 
specimen.” 

Rrurra~cmmr of 3z_ar~roxy- 17/Chydroxy-I l-isoprrRnanr-I I .20_dionr (Xl) 

(a) Trcu~ment tvirh 29 ulkuli. A solution of 100 mg XI in 5 cc methanol was brought to boiling 
and treated with I cc of a solution containing I g potassium hydroxide in IO cc water. The rcactton 
mixture was allowed to rcflux for 5 min. then chilled and acidified with dil aqueous hydrochloric acid. 
The qucnchcd reaction mixture was evaporated in wlcuo and the rcsiduc extracted with ethyl aatatc. 
The ethyl acetate extract was washed neutral with bicarbonate, the solvent evaporated. and the 
r&due aatylatcd in 0.5 cc pyridim with 0.5 cc acetic anhydride. The product from the aatylation 
crystallirrd spontaneously from ether to give 3r-u,rrruxy- I ‘laz-hydroxy- I7afl-memy/ D-home-5/l- 
androsrune-I 1.17~&one (I). m.p. l79-IRI ‘; mixed m.p. with authentic I not depressed. The infrared 
spectra of the IWO samples were idential. A sampk of the total product before crystallization 
analyscd in the infrared for 95 :/, l7ax-hydroxy kctol (I). 

(b) Prolonged rreutmcnt with IOS; ulkoli. A solution of I00 mg XI tn IO cc methanol was trcatcd 
with I g potassium hydroxide in I cc water and the reaction mixture rcfluxcd for 20 hr tn a nitrogen 
atmosphere. The product was aatylated and analyrcd in the infrared for 55 % 17a&hydroxy kctol 
(II) and 45 r/. l7ax-hydroxy kctol (I). Chromatography followed by crystallization atforded crystalline 
II. m.p. 22&225’ ; mixed m p. with authentic II not dcprcascd. The Infrared spectra of the IWO 
samples were identical. 

(c) Alumina. A 100 mg sampk of XI dtssolved in IO cc txxucnc was slunied for 24 hr wi1h 2.5 g 
neutral alumina. The lotal product analytcd in the infrared for at least 95 :/. 17a&hydroxy ketol (II). 
The total product rccrystalliccd from acetone ether melted at 223-227 . 

(d) Rearru~cmcnr b,v hcur. A umplc of XI was warmed in a capillary tube. II partly melted 
t-zcar 120’. resolidified and complelely melted at 223’. Paper chromatography of the melt in the 
bcnr,cnc cyclohcxanc I : 3 formamide system showed the presence only of the 17a/&hydroxy kctol 
(II). On remelting. the sample had m.p. 223-226 : mixed m.p. with authentic II, 222-,225”. 

Equilihrarion rxpcrimcnrs with the isvnuric D-homo kttols. General procedures 

(a) Aluminum r-huroxi& curulyred equilibrations wcrc conducted by rcfluxing a solulion of e.g. 
500 mg of the pcrtincnt kctol tn IO cc tolucnc with 500 mg aluminum t-butoxidc in a ni1rogcn atmos- 
phcrc for 20 24 hr. AI the conclusion of this period of rcflux. the reaction mixture was cookd. 
acidified and the toluene evaporated in wcuo. The residue was dissolved tn ether and the ether extract 
washed with bkarbonatc, dried and evaporated 10 dtyncss. The rrstduc was tn each instance analyzd 
for pcrcznt composition by infrared sp&troscopy, submitted IO papcr partition chromatography-and 
the components isolated in spccif% instances. 

(b) Alkuli ofu/yxd cquilibrutions were conducted by rcfluxing a solution of e.g. 500 mg of the 
pertinent kctol in IO cc methanol containing 1 g potassium hydroxide and I cc water for 20 24 hr tn a 
nitrogen atmosphcrc. AI the conclusion of this period. the methanol was rcmovcd in MCUO and the 
product cxtractcd with ethyl acrtatc. The ethyl acetate cxtrtct was evaporated and the residue 
acetylatcd with aatic anhydridc in pyridmc The total product was subscqucntly submitted to paper 
partition chromatography and analyrcd by infrared spectroscopy for component composition. In 
spccifx instance the tsomcrs were ~latcd. 

I* N. L. Wcndlcr. D. Taub and R. P. (irahcr. firrahrdron 7. 173 (IYSY) 


