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A&ract- Solvolys~s of IZ~rosyl dertvarlvo of A,B-cir-stcrolds was shown IO glvc C-nor-Dhomo- 

rurrangcd products. The prcvmus report on the Bamford-Stevens rcactlon of dcsoxychohc actd denva- 

tcva has been revlscd 

PREVIOUSLY, Mitsuhashi and Harada rcponed that the BamfordStcvens reaction 
ofmethyl 3a-benzoyloxy-5&cholanato 12-tosylhydrazone(l)affords A’ ‘-3a-hydroxy- 
cholanic acid @a) and a noncrystalline substance. to which a C-nor-D-homo- 
structure (3) was given.’ 

In a further study of the C-nor-D-homo-rearran gcment of A/B-&-steroids, we 
ra~hed a somewhat different result, and we wish to revise the previous work and 
report some new data in the A/E&-series. 

Methyl 3a-benzoyloxycholanatc12~11e (4)’ was reduad with sodium borohydride. 
After hydrolysis and methylation, the product was separated on an alumina column 
into methyl desoxycholate (a) and methyl 3&12@-dihydroxycholanate (5). Benzoyla- 
tion of 5 under a regulated condition gave the 3-monobemte 0, which was 
tosylated lo unstabk methyl 3a-benzoyloxy-12&tosyloxycholanate (8). in a good 
yield. Solvolysis of 8 in pyridinc gave an oily product, which resisted to crystallization. 
Alkaline hydrolysis of the product gave a crystalline acid, 9. CI,HUO,, m.p. 168-171” 
in 400% yieki. The compound 9 shows a signal for the vinylic Il-methyl group at 
I 8.38 besides other signals at t 9.14 (singlet, 19-Me) and 8.98 (doublet, / = 6 c/s, 
21Me). 

The methylation of tbe mother liquor and separation on a silver nitrate-impreg- 
nated TLC afforded another compound 11 besides the methyl ester of9 (10). Although 
the compound 11 was obtained only as an oily substance, it gave a ckar NMR 
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spectrum, which lacks the 18-methyl, but possesses typical terminal mcthykne 
signals (7 4.72. 4.86). This result is entirely analogous to all the similar reactions in 
the A/B-nans series.* Thus, 9 should be designated as 3, and the compound 11 
should be the double bond isomer of an cxomcthylene type. 

9.R = H 
IO. R - We 

II: R - Me 

As the compound 3, which should correspond to 9, was not crystalline in the 
previous report, BamfordStcvens reaction of 1 was repeated. A careful study of the 
NMR spectrum of the resulting mixture shows that it consists of various products, 
among which 9 is a rather minor component; a relatively small peak can be seen at 
1 9.14. After methylation. the mixture was separated by preparative TLC using 
silver nitrate-impregnated silica gel into four fractions : 10 + 12 13, 14 and P (in the 
order of mobility). The compound 2b was easily crystallized and identified as methyl 
A”-3a-hydroxychoknatt. The fraction lO+ 12 is not separable by TLC, but the 
NMR measurement proved it is the composite of two compounds, 10 and 12. 
Compounds 13 and 14 were also not crystalline, but seems to be pure by NMR. 
The methyl signals listed in the Table, suggest compounds 12, 13 and 14 could be 
corresponding to one of the doubk bond isomers of the methyl migrated products 
(A) and C-not-D-homocompound (B).* 

This speculation was supported by the finding that those products were also 

’ These structures were speculated only on the ground of rhc reactton mcchantsm. and at present. we 
do not hare cnoueh pala IO rwgn the compounds IO the corrcspondlnp structurcx The A’““-isomer of 

etthcr A or R cannot be cxcludaI. but under a hstc condition. such a doubk mtgratton ts ltttk known. 
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form4 by the solvolysis of the 12a-tosylatc, 15. The NMR spectrum of the crude 
product formed by solvolysis of IS has essentially the same pattern as that from 1. 
though the ratio of the components varies a little. Furthermore, the mixture was 
separated in the same manner to lO+ 1% 13,14and 2b, which were spectrographically 
identified with the corresponding products from 1. 

TAILF I 

GXlpOUOdS SignAIr (T in CLXI,) 
_-- ._- .- -__- 
12 909(19-Me~9+l4(21-Mc.d.I = Sc/s).8~74(18-li4e.d.I - 6c/s) 

I3 903 (l!bMe). 901 (21~Me+ d, I - 6 c/s). 891 (I&He, d. I - 6 c/s) 

I4 90s (IQMe). 894 (21-Me, d. I - 6 c/s). 868 (18-Me. d. J - 6 C/I) 

In prcgnane and spirostane series, the Bamford-Stevens reaction products of 
12-tosylhydrazones arc mainly C-nor-~homosteroid~ which can be also obtained 
by the solvolysis of 12@tosylatcs or mesylatcs, and the solvolysis of 12a-tosylatcs 
are known to alford A”-compounds and the 18-W migrated productsS This is 
quite different from the results we obtained in the cholanic acid derivatives. 

Huffmann et 41. studied the reduction of various 12-keto-steroids and concluded, 
only in cholanic acid series, ba~usc of the steric hindrance by the side-chain, the 
1 Zc+zxial) ~n~guration is more the~~ynami~lly stable forrn4 Thus the reduction 
of 12-kcto and 12-oxime gave 12a-orientated product predominantly. This spccula- 
tion can also explain our results very reasonably. 

If we could assume the rearrangement go through the d&o-intermediates.* 
either type C or D, the more stable form in prcgnane or spirostane compounds is 
8-orientated and has the same fate as the 12@-tosylatc. In cholanic acid, however, 
the stabk form is the r-isomer, which is expected to behave like the 12rr-tosylate. 
This is quite compatible with the facts. 

In an attempt to obtain C-nor-D-homopregnane having A/B-c&juncture, the 
following experiment was done. The known bis-ketal(16)’ was oxidized with Jones 
reagent to 17, which was reduced with sodium borohydride to 16 and its 12bisomer 
18. Compound 18 was tosylatcd and tosylate 19 was solvolyzed in pyridine. 

The product was an oily substance, which, after dcketalization in acetic acid, were 
separated into two substances, 20 and 21. The compound 28 is a conjugated ketone 

l Other mahonrsmr such as sio carbcnc mtcrmcdlatcs, annot be excluded. 
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(&_, 250 mp) and has a vinylic Me signal at T 801 besides 19-Me and 21-Me signals 
at T 8.95 and t 7.75. respectively. The compound 21 has vinylic protons at T 4.78 and 
500. suggesting the structure of the exomcthylene isomer of 20. This rearrangement 
pattern also well-coincides with those of other 12b-tosylates. 

0 

H 0 1 
0 a+ TICl 

c 
0 

J2.5+:# 
20 21 

EXPERIMENTAL 

All m.p were meu4ual on a Kofkr block. For bomogcnity tests sod identification. TLC using siha gel 
HF*,. and alumina G were uacd. The NMR spectra were t&en on either Nihoo Denshi JNMCdO or 
Hitachi H-60 instrument workin at 6OMC. The IR spectra were t&n in a Shimwizu IR Spctrometor- 
Type IR. Tbc UV spectra were measured in EtOH on a Sbimadzu RS-27. 
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S~~boroliydridrrrhwlbno/mrthyl3a-brruoyloxy-l2_oxc~ho~r(~Tor solnd4(5~in McOH 

(#)ml~wurddadr~olndN~BH,(J~~KOH(10~~2250ml80~McOH.Tbcmixturrwu~cdd 

rtrdlurfor4.5br.Altrrdditiond~ter.McOHwurrmowd~,wcu,ladtbcmixnvrrusxl~ 

wtth CHjCl,. The organtc Ly~r wu wubd with wxter and dried (Na,SO,L Afta removal of the solvent. 

the r&duc WL( crystallized from aatonc (4.5 g) After methylrllon with I 0/e HCI m McOH (Xl m)l the 

raulting atcr mixture (4.34 g) was chromrtogrrphcd on alumina (I 20 8) Elution wtth benacac ether (8 : 21 

gave 15 (1.78 g) which wu directly trated with bcnzoyl cbloridc and py%tinc in rha bcllacac at 20‘ for 

2 hr lo a&d I.56 g of ooncrystallinc 7. r 924 (singkt, 18-W). 895 (doubkt. I - 6 c/4 21-Me). 9+JO 

(singkt. 19McA 648 (doubkt. I - IO c/s, 12n-HJ, 632 (sin& cstcr Mel (Found: C 75.13; H. 911. 

&H,,O, rcquiru: C. 75.26; H. 908%). 

Elutioa with bcnznmcber (8: 3) ad ctbcr gave a xunpk identical with 6. 

Reaw~ of he torylore (B). To a solution d 7 (I g) m pyridinc (20 ml), was addcd tosyl chloride 

(1 g)uodcricc-ax, ling. Tbc mixture was allowed (0 stand at room tanp for 24 hr. 

Introduction of ia water dcpoaited crystals d B. mp. 127’ (dcc). p_* 1600. I I70 cm- ‘, which wcrc 

very unstable and usa! for the solvolysis without purification. 

A soln d 8 (1 g) in pyridinc (20 ml), VU rdluxcd for 6 hr. After cooling the mixture was poured tnto 

ia water. Extraction with ctbcr followal by the usurJ tratmcn( aflorded an oily rubstana (600 au). 

which shows an rlrnost singk spot on TLC and was hydrolyzed with mcthanobc KOH for 4 hr. Alta 

cidifiaticm, tbc acidic rubstancz VU extracted with ether. Tbc cthcr extract was proarsed by tbc usual 

method (0 fiord a raid= which was crystrllized from McOH-water. Rcuystdlintion from aatone. 

gave 9. mp. 168 171”; +A’ 3520. 1710 cm-’ t 914 (sir&t. 19-Me). W2 (doubkt J - 6 c;r 21-Me), 

8.38 (si+t. Ill-Me), 632 (multiplet. 3a-H). (Found: C. 76.82; H. 1015. CI,H,,O, rcquira: C, 7696; 

H. 1023%). 

The motbcr liquor was cstcrirKd under the above conditions and the prodti was isol~tcd with pt~ 

pantive TLC (silia gel G. containing 5 % AgNO,) to gin an oily subruDcz 10. (87 mg), T PI4 (singkt. 

18-Me). 6.33 (Me cstcr), and 11 (56 ma). T 9Q7 (singkt. I9-Me). 905 (doubkt, I = 6 c/s. 21-Me). 630 

(singlet. ester Me). 5.uI. 5.32 (vinylic protones). 

Ban@&Srcnnc reocrion ofrhr rosylhydrolone (1). Tosylhydrazonc 1 (2.3 g) was suspcodcd in a soln 

d Na (1.5 g) IO cthyknc glycol (67 ml) and hated gradually under a NI atmosphcrc. l’bc cvolurlon of 

N, started at a. 135”. Tbc soh was kept at 170” for I hr. Addition d water (0 the cookd mixture followed 

by aciddiation vlth dil HCI md extraction w,th ether gave a mixture of rcidr which was cs~eriticd with 

McOH with I O0 H<l IO the methyl cstcr mixture t I 45 gl Bcforc and afrcr the cstcrtticatlon. the mlxturc 

was tatal by NMR (L’& supra). The rmxturc vu rpantcd by TLC usmg ACJ gel G with ST4 AgNO, 

(solvmt : CH,Cl,) to 13 (78 a@. 14 (285 mg). lO+ 12 (563 me). 2b (95 mgA mp. 102-105’. r 9.23 (singlet. 

18-MC), 9Qr3 (smgkt. 19-MC), 899 (doublet. / - 6 c/s 12-H). 607 (doubkt. I = 10 c/s. I = 2 c/s) (Found: 

C. 77.12; H, 1023. C,,H,,O, rcquiru C. 77.27; H. 1038%). 

The so/uoly~~ 01 rhc I2a-rosyhe (Is). To a soln of methyl 3z-bcruoyloxy-I Za-hydroxycholanate (630 

mg) in pyridinc (15 ml), tosyl chloride (1 g) was addcd under icczooling Tbc mixture was allowal lo 

stand for 4 days at 60’ and tbcn rctluxcd for 3 hr. After diluuon with water. the mixture was extracted 

with cthcr. The cthcral layer was washal with dil HCI. water. and drial. Evrporatioo of cthcr gave an 

oily substana. which was hydrolyzd with 5% methrnohc KOH and rcatcriftcd with I’/ HCI in McOH 

The methyl cstcr (360 m8t was Kparatcd hy Tl.C fAgNO, Impregnated SIIUX gel G. CH,CI,I to 13 I33 mgt. 

14 (56 ms). IO+ 12 (39 mg) and 2b (70 mg). The NMR rpcctrum and IR spectrum for each compound 

wcrc tdcntial with those from 1. 

3~Biurhylnudioxy5Bpegnmt-I2wnr (II). To a hctcrogcnous mixture of CrO, (2 g) in pyndinc 

(20 ml), was addal a soln of 16 (I g)’ in 8 ml pyridme undc~ icc coolin& Tbc mixture was l lbwcd to stand 

at room tanp for 16 hr. After additioo of water. the soln was extractal with ether. Tbc organic layer was 

washed with water. Evaporation of cthcr followed by removal of pyridinc by codistillrtion wth EtOH 

under a raluad press gave a crystaUinc raiduc. which was rccryrlrllizcd from McOH (0 give 17 (08 g). 
mp. 143-146“. Pd’ 1705 an-‘. (Found: C. 71.81; H. 920. C,,H,,O, rcquiru: C, 71.74; H.9.15%). 

3~8~hy&ndloxy-l2~hydroxy_JB_peqMnc (181 Compound 17 (5 g) was dissolved in diou~ (75 ml) 

and a soln of NaBH, (2 g) in 50.4 Qoxan (20 ml) cootlining a traa d NaOH l ddai Aha standing for 

24 hr the exccu reagent was dcstroysd with aatonc and the mixture was pouraJ into &water to afford 

crystals (49 g), which were cryrullized fractionally from c&r-.beuae to tbc 12bl 18. (700 ml) and 

16 (3 g)_ Tbc rest rcmaincd u a mixture d both compounds Compound la mp. I l&l 12”. PAa 3400. 

1030. 1060 cm-‘. (Found: C, 71.19; H. 9.78. C,,H,,O, rzquirrr: C. 71.39: H. 959O3 
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Reamqpwu uj 10 vi0 19. To a soln of 18 (I a) In pyridinc (20 ml), was addal tosyl cbolondc (I 68 g) 
under &cooling After standing a~ 38’ for 7 days or refluxin8 for I hr. the mixture was poured into ice- 

water and urractcd with ether. The ethereal ex~racl VU washed with water and evaporated IO dryness 

under a reduced prru The residue (632 me) was otly. and dekctalyzed dirazly by hating at loo” m 90:. 

A&H for 1 hr. Ddutlon with water and extraction with ether pvc an oily raldue. TLC (silica pl HF*,,. 

benzene :erhyl acetate - 9: I) showed two spots which were scparatal prepararlvely usin ti same 

system as for 20 (55 mg). m.p. 107 II0 (from MeOH). &, 250 mp (c - 11.000~ ?d’ 1715. 1680. 1630 

cm’ ‘; z (CDCI,) 905 (rInglet. I9-Me). 809 (sin&t l8-Me), 7.75 (singkl. 21-Me). (Found: C, 78.20; H. 

9.25. C,,H,,O,*iH,O rquim: C. 77.97; H. 966%) and 21. noncrystallmc vzIClr 1700 cm .‘, T (in 

CDCI,) 900 (singkt. l9-Me), 7-77 (doublet I = 2 C:L 2l-Me). 4.78. SO (vmylic protons). 
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