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ABSTRACT 

The effective synthesis of 4,4,14cC-trimethyl-19(10 -D Sp) 

abeo-steroids (IV), (V), and (VI) with two- and five-oarbon 

side chains from lanosterol is described. Their struotures 

were proved on the basis of spectral data. The title compounds 

are the first synthetic synthons for the preparation of 

4,4,14Q-trimethyl-steroids with an unnatural configuration. 

Cuourbitaoins are highly oxygenated tetracyclio triter- 

penes [2]. Compounds belonging to this group have characte- 

ristio functionalization of the alicyolic skeleton and var- 

iously substituted eight-carbon side ohains, as exemplified 

in ouourbitacin D (I), and bryogenine (II). We have reoently 

described an effective method of oonstruofing the ouourbitano 

skeleton by a 1,2-shift of the lg-methyl group in lanostane 

derivatives by the opening of a 9,110epoxy ring [3]. 

August, 1861 



142 S TBEOIDI 

R 

@ 

H * 

AGO :H 0 
(III) 

a. R = 

b.R='t' 

Since the side chain in natural cucurbitacins is heavily 

functionalized, the above approach is extended to compounds 

with a degraded side chain. We report here the synthesis of 

synthons (IVa) and (IVb], which, as we expect, might be 

suitable for further synthetic work, especially for the re- 

storation of properly functionalized side chains. 

The substrate compounds, 3p-acetoxy-9,11/J-oxido-7-oxo- 

4,4,14~-trimethyl-~0-cholan-24-oic acid methyl ester (IIIa) 

(alp. 219-22lOC) and 3p -acetoxy-9,11/A-oxido-4,4,l&Ltrime- 

thyl-JjoL-pregnane-7,20-dione (IIIb) (mp.288-290'C) were ob- 

tained from commercial "isocholesterol" by a multistep 

reaction sequence [l]. 

Reaction of the epoxide (IIIa] carried out in acetic 

anhydride at room temperature gave a crude produot repre- 

senting a complex mixture which was separated by preparative 

layer chromatography. Four compounds were isolated in the 



pure form. Their structures were inferred from speotral 

properties (see EXP EXUMENTAL). The major produot, isolated 

in 47% yield, was assigned structure (IVa), 3/3,ll~-diaceto- 

xy-7.oxo-4,4,14#-trimethyl-lg(l0 4 9/3)abeo-lOU-chol-5-en- 

24.oic aoid methyl ester. It showed BV and IB absorption8 

characteristic of a six-membered ~/&xasaturated ketone. 

Its PMB spectrum revealed signals attributable to protons 

in positions 346, and 11% The multiplicity of the 3%.pro- 

ton signal confirmed the inversion of configuration at carbon 

10, snd the fact that proton 9 appears as a singlet, indi- 

cates the absence of a hydrogen atom bonded to C-g. The 

enones (IVa) and (IVb) gave a characterisfio mass spectrum. 

Electron impact fragmentation was clearly directed by the 

B-ring "enone" moiety and supported the structure of the car- 

bon skeleton bearing a methyl substituent at position 9. 
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A second product was isolated in 17% yield, and also proved 

to have a rearranged carbon skeleton. To thia product the 

structure of 3/3,llp-diacetoxy-7-oxo-4,4,1&X-trimethyl- 

(10 - gp)abeo-5c(-chol-l(lO)-en-24-oic acid methyl ester(Va) 



was assigned. In the infrared and ultraviolet a saturated 

carbonyl function was apparent and in the PMR spectrum cha- 

racteristic signals for the got- and ll&protons, end for the 

ethylenic proton in position C-l were observed. The speotrum 

also showed the 8P-proton as a sin&et, whioh confirms the 

absence of a proton in position 9 - a consequenoe of the 

lg-methyl migration. In the ~8 ~otrum fra@nents m/1: 209 

and 121 also supported the 19 (10 - @abeo structure. 

The third product, isolated in 6% yield, gave upon mild 

basic hydrolysis a compound identical with the abeo ketone 

(Va). Its spectral properties were in accordanoe with struc- 

ture (Via). The enol acetate moiety and the position of the 

enolic double bond were evident from the PMR spectrum wh.i.oh 

showed three signals of acetyl groups, a signal attributable 

to the nbisallylion sd-proton, and a singlet signa& as- 

signed to the 8f3-proton. 

The last product obtained in 1946 yield was the known $$-ace- 

toxy-7,11,dioxo-~,~,I~~-trimethyl-5CGcholan-2~-oic acid me- 

thyl ester (VIIa), whose physical properties were in acaord- 

ante with the published data [4). 

In the 17fi-acetyl series, rearrangement of the P-epoxide 

(IIIb) gave comparable results. Compounds (IVb), (Vb), (VIb), 

and (VIIb) were assigned their structures on the basis of 

spectral data (see Expl%UMIWTAL), similarly to the assign- 

ments in the SC&cholanic ester series. 

The desoribed rearrangements of /5-epoxides (III) proved 

useful as an effective method for the migration of the 

lg-methyl group to position 9 in the fiC&cholanic ester aud 



pregnane series. The total yield of 19(10 - gP)abeo-com- 

pounds was 70% in the ester , and 64% in the 17p-acetyl 

series. Compounds (IVa) and (IVb) might possibly be used as 

synthons for the preparation of naturally occuring and mo- 

dified cucurbitacins. These aspects of the problem are 

under investigation. 

EXPERIMENPAL (51 

Rearrangement of 3R -acetoxy- g,11~-oxido-7-oxo-4,4,14%tri- 

methyl-5#-oholan-240oic acid methyl ester (XIIa) 

To a solution of epoxide (IIIa) (0.265 g) in acetic an- 

hydride (12 ml), boron trifluoride ether ootnplex (0.265 ml) 

was added dropwise at room temperature. After 5 min. pyri- 

dine (12 ml) was added with cooling, followed by addition 

of water (25 ml). The reaction product was extracted with 

a It1 mixture of benzene-ethyl ether, the or&uric layer was 

washed with hydrochlorio aoid (54k), sodium hydrogen carbo- 

nate (f&I, water, end dried over sodiwn sulphate. Evapora- 

tion of the solvent 6ave a crude product, which was separa- 

ted on preparative t.1.c. plates with silioa gel developed 

three times with a IO:1 mixture of benzene-ethyl acetate. 

The following compounds, in order of increasinjg polarity, 

were isolated: 

3/&7,11/J-triacetoxy--4,4,14cL&A.methyl-19(10 -+ 9/J)abeo-5& 

ohola-1(10),6=dien-2Loic acid methyl ester (VICa) (0.021 g): 

oil; PMR 8 5.52-6.00 (m, l-,6-, and 110(-H), 4.82 (dd, J 

9Hx, J 8Hz, 3&H), 3.63 (s, 24-C02CH3), 2.88 (m, 5oC-H), 2.50 

(8, 8/B-H), 2.07 and 2.02 (two 8, 3/3-, 70, and ll/WAc), 1.02, 

0.94, 0.90, 0.85, and 0.72 (methyl groups); mass speotrum 

is/l: (#) 544(M+-42) (3), 484(10), 424(47), 409(53), 377(27), 

209(23), 189(78), 173(20), 121(3C), 95(69), and 43(100) 

(Found: C, 69.43; H, 8.87. C34H5008 requires C, 69.60; 

H, 8.59) 
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3p-acetoxy-7,11-dioxo-4,4,l4~-tri~methyl-5~-cholan-24-oic 

acid methyl ester (VIIa) (0.050 g): mp. 210-213Oc (14d.m); 

[+y +54O (c, 0.7, CHCl ); PMR 6 4.52 (dd, J 9Hz, J 7H2, 

30(-H), 3.67 (s, 24-C02CH3 , 2.96, 2.79, 2.56, 2.43, and 3 

2.28 (OC-protons to carbonyis), 1.30, 1.22, 0.90, 0.84, and 

0.70 (methyl groups); dmax 1730, 1765, and 1255 cm"; mass 

spectrum m/z 502(M*) (lit. [41 mp. 203-205°C,[oc)D +59O) 

(Found: C, 71.82; H, 9.40. C30H4606 requires C, 71.68; 

H, 9.22); 

3fi,llp-diaoetoxy-7-oxo-4,4,14&trimethyl-19(10 -) 9/3)abeo- 

5CX-chol-l(lO)-en-24-oic acid methyl ester (Va) (0.048 g): 

mp. 152-154OC (aq. MeOH); m 8 5.93 (m, w1j2 9H2, l-H), 

5.75 (br t, J 3Hz, 110&H), 4.83 (dd, J IOHz, J 7Hz, X-H), 

3.65 (s, 2&-C02CH3), 2.61 (s, 8P-H), 2.06 and 2.04 (two S, 

3/3- and ll,GOAc), 1.03, 0.97, 0.89, and 0.82 (methyl groups); 

4 max 1730, 
-1 1700, and 1255 cm ; AE = -2.53(304 nm); mass 

spectrum m/z ($) 502(M+-42)(6), 484(5), 424(34), 409(42), 

377(24), 249(8), 209(18), 189(74), 185(23), 173(l8), 161 

(ll), 121(27), 95(65), and 43(100) (Found: C, 70.72; H, 9.05. 

C32H4807 requires C, 70.86; H, 8.88); 

and 3,$,llp-diacetoxy-7-oxo-4,4,14CLtrimethyl-19(10 -9fi) 

abeo-lOo(-chol-5-en-24-oic acid methyl ester (IVa) (0.137 8): 

mp= 170-173OC (aq. MeOH); PMR 8 6.06(br d, J 2Hz, 6-H), 5.26 

(m, w112 7Hz, 11-H), 4.83(br s, w 

24-C02CH3), 2.63(s, 

,,2 4Hz, 3~H1, 3.62(s, 

8/SH), 2.04 and 1.99(two s, 3/3- and 

lip-OAc), 1.19, 1.00, 0.96, and 0.90(methyl groups); drnax 

1725, 1650, 
-1 1620, and 1250 cm ; Amax 246 am (E I2 000); 

AE= +17.1(240 nm), -0.82(339 nm); mass spectrum m/z ($) 

544(~+)(31), 502(18), 484(4'+), '+24(8), 276(80), 24l(31), 

208(29), 189(63), l48(69), 132(49), 121(59), 95(40), and 

44(100) (Found: C, 70.34; H, 8.90. C32H4807 requires C, 

70.56; H, 8.88). 



Flearrangekment of M -aoetoxy-9,11~-oxido-4,4,14~tr~etby1- 

~-pre~e-7,2O-dJ,oncr (IIIbj 

The reaotioxa of (XZXb) (0.310 g) was oarx%eb out 6s 

above. The orud% product w&a 8epar&ted on pr6tparatiVe k.J..e* 

plates with silioa gel developed six t&mea with a 5:l mixture 

of benzene-ethyl acetate, The followzing oonrpounds were fsola- 

ted Itn order of tioreasing polarity: 

3~,7,11,$-triacxHxmy-4,4,140(-trimethy3~79(10 --C9fi)abeo-jd(- 

pregna-?(l0),6-dien-2O-o~e (VIb) (0.014 8): oil; PMRli 5.88 

(m, l- and llo!-Eif, 5.67(br d, J ZHz, 6-1~1, 4A6fdd, J IOHz, 

J 8Ef5, 3%&f, 2.$&n, SC+E), 2.4718, 8/3-H), 2.14, 2.10, 2*07, 

and 2.05(four s, v-P 70, I?,$-OAo, and I?-AC), 1.10, 1.00, 

0.87, and 0.79(methyl groups); \),_ 1730, 1705, and 12fQ om-'$ 

mass splectrum m/= (ra;) 514fM+jl41, 472b9), 412(25), 337(16), 
203(21), 189(27), 187(54), 173(22), 163(18), ?46(29), 137(33), 

121 (35), Md 95(100) (FOuld: H+, 514.2995. C3OH42o7 requires 
n, 514.2928 1; 
31Q~acetoxy-4,4,14~~tr~~thy~~~~pr~~~~7,11,2O-trione (VIIb) 

(0.042 8): mp. 245-247OC (HeOH)g FMR 6 4.$O(dd, J PHsi, J 7Hs, 

3&-H), 2.27-2.93( ot, pratonsti to carbonyls), 2.08(8, 21~CE13f, 

2.03(s, 3,&OAo1, 1,28, 0.90, 0.83, and o.6!haethy& wp& 
L’ 1725, 1705, and 1255 all-~; Ia spaofnsP III/~ 43ofM+l 
I=: C, 72.44; 8, 8.78. c26H38orj requ%res C, 72.53; H, 

8i90 1, 
3p,11p-diac&oxy~4,4,14U-trSmethy1~19(10 -+ 9,$)ebeo-Ilo+ 

pregn-I (lOf=ene-7,20-dione (Vb) (0.072 &I: np, 213.215OC 

(MeOH), PMR 8 5.98(br CI, w,/~ PfEe, I-H), SW(br t, J 3Wr 
??Wif, 4.88(dd, J 10&s, 3 7Eis, 3&d), 2.6318, 8p-tI1, 2.tO 
au-id 2*07(two 8, 3/b, 11,hOAc and 17fi&), 1.06, 0.97, 0.94, 

and 0.86(methyl #l-OUpSh (_ 1730, 1705, axad 1250 ORi=lj 
AE zx +1.!$2(281 nm), -1.69(316 ma); QIW~ ape&run a/e ($) 
412(M+-60)(4), 352(13), 337(31), 249(M), 189(60), 95(U), 

sad 43(100) [Four&: C, 70.82; H, 8.41. c2@4006 require8 

C, 71.16, fl, 8.53); 
axad 3~,11~4ir~8t0~-4,4,14~tr~et~y~~19(10 -a glatmo-ION- 

prs~-5-~nm-7,2O-dA~ne (XV-b) (0.132 s): mpe 230.232% (Ne~)~ 
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PMR 8 6.lO(br d, J 2H2, ~-II), 5.35(m, 
wl/2 

8Hz, 1 IN-H), 

4.84(br s, wlj2 5Hz, 30(-H), 2.62(s, 8/3-H), 2.11(s, 21-CH3), 

2.04 end 2.0l(two s, 3,3- and llb-OAc), 1.21, 1.19, 0.96, and 

0.92(methyl groups ); timax 1725, 1710, 1655, and 1250 cm"; 

A 246 nm (&II 100); A& = 
z-0.83( 339 nm) 

+17.2(240 run), +3.5(285 nm), 

; mass spectrum m/z (5) 472(M+)(8), 430(25), 

412(27), 352(12), 337(11), 249(11), 208(35), 204(32), 189(41), 

161(19), 148(59), 133(45), 121 (28), 107(19), and 43(100) 

(Found: C, 70.92; H, 8.38. C28H4006 requires C, 71.16; II, 

8.53 1. 

Hydrolysis of compounds [VII 

Compound (VI) (20 mg) was dissolved in methanol (I ml) 

and a saturated solution of potassium carbonate in methanol 

(0.05 ml) was added. After 2 h reaction at room temperature 

the product was isolated in the usual manner. Compounds (VIaI 

and (VIb) gave materials identical (mp., PMR, mass spectrum) 

with compounds (Va) and (Vb 1, respectively. 
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