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ABSTRACT 

-Cholestane-3a,7a,25-triol and 5P-cholestane-3a,7a, 
25-24Tq4C)-trio1 were synthesized from 3a,7a-dihydroxy-5B- 
cholanoic acid (chenodeoxycholic acid). Chenodeo cholic 
acid was converted to the diformoxy derivative (II using "5 
formic acid. Reaction of II with thionyl chloride yielded 
the acid chloride which was treated with diazomethane 
(CH2N2 or 14CH2N2) to produce 3a,7a-diformoxy-24-oxo-25- 
diazo-25-homocholane (III, A or 5). 25-Homochenodeoxycholic 
acid (IV, A or B) was formed from III by means of the Wolff 
rearrangement of the Arndt-Eistert synthesis. The methyl 
ester of V (A or B) was treated with methyl magnesium 
iodide in ether to provide the desired triol, VI (A and B). 
The trio1 was identified by mass spectrometry and elemental 
analysis and was characterized by thin-layer and gas-liquid 
chromatography. The 3a,7a,25-trio1 is of possible signifi- 
cance as an intermediate in the pathway of bile acid forma- 
tion from cholesterol. 

INTRODUCTION 

C27 bile alcohols have been postulated as intermediates 

in the formation of the primary bile acids, cholic acid and 

chenodeoxycholic acid (5-11). The pathway for the degrada- 

tion of the sterol side chain was thought to involve 26- 

hydroxylation as an initial step. Recent studies have 

VoZwne 25, Number 3 s TZIROXDm March, 1975 



366 S TDEOXD,I 

indicated that 25-hydroxylation of the side chain may play 

an important role in bile acid synthesis (11). 

Further investigation of the importance of 25-hydroxy- 

lation as a pathway in bile acid synthesis required the 

synthesis of SP-cholestane-3a,7a,25-triol and 5P-cholestane- 

3a 7a 25-24(14C)-trio1 , , . The description of the synthesis 

and characterization of these compounds (Charts 1 and 2) 

form the basis of this report, 

EXPERIMENTAL 

All solvents were reagent grade or spectrophotometric 
grade and were used without further purification. Infrared 
spectra were taken on a Perkin-Elmer 421 grating spectrom- 
eter. Melting points were obtained on a Thermolyne melting 
point apparatus and are uncorrected. Thin-layer chroma- 
tography was carried out on 250 b plates precoated with 
silica gel G (Analtech Inc.). Column chromatography was 
carried out on silica gel, 40-140 mesh (J.T. Baker, Inc.). 
The solvent systems used for thin-layer chromatograp were: 
System A - isooctane-ethyl acetate-acetic acid, 
(V/V/V); System B 

30/6 1 ?y 
- ethyl acetate-chloroform-acetic acid 

45/45/10 (V/V/V); System C - acetone-benzene, 40/60 (V/V). 
All R 
acid f 

values are reported relative to chenodeoxycholic 
RRf=l) in each solvent system. Gas-liquid chroma- 

tography was carried out as previously described (11,12). 
Gas-liquid chromatography-mass spectrometry was performed 
on a Varian MAT 111 (Varian Associates, Inc.) using condi- 
tions previously described (11). Chenodeoxycholic acid was 
a gift from I.P.D. Corp. (New Rochelle, N.Y.). N-Methyl-N- 
nitroso-p-toluenesulfonamide (Diazald) was obtained from 
Aldrich Chemical Company. 
fonamide(methyl- 14C) 

N-Methyl-N-nitroso-p-toluenesul- 
was purchased from New England Nuclear, 

Inc., and had a specific activity of 2-10 mCi/mmole. 

ja,7a-Diformoxy-5@-cholan-24-oic acid (II) 

Formylation of chenodeoxycholic acid (I) was carried 
out by dissolving 10 g of I in 20 ml of formic acid and 
heating the solution at 55O for 4 hrs. The solution was 
allowed to stand overnight and was then evaporated to 
dryness. The product was dissolved in benzene and the 
solution was evaporated to remove any residual formic acid. 
Crystallization from ethanol-H20 gave 9.8 g (84%) of white 
crystalline needles with the following properties: m.p. 
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123-1250. single spot on tic, relative Rf 3.4 (Solvent 
system A I; vmax 2950, 2949, 2860, 1705, 1690 (shoulder), 
1177, 1140, and 695 cm-l. 

'$,7cr-Diformoxy-24-oxo-25-diazo-25-homocholane (III, A and B) 

To 5 g of II (dried at 600 in vacua for 24 hrs) was 
added 12.5 ml of thionyl chloride. The reaction was allowed 
to proceed at room temperature for 2 hrs. The thionyl 
chloride Was removed at room temperature in vacua and the 
acid chloride was used without further purification. Diazo- 
methane in ether was freshly pre 
or methyl-(14C) Diazald (500 @i P 

ared using either Diazald 
. The acid chloride was 

dissolved in dry benzene (50 ml) and added dropwise to the 
diazomethane solution at O". The mixture was allowed to 
come to room temperature and was kept at room temperature 
for 18 hrs. Evaporation of the solvent gave a pale yellow 
oil. The material was crystallized from ethanol-water and 
gave 3.75 g (72%) of light yellow needles with the following 
properties: m.p. 78-800; single spot on tic, relative Rf 
1.3 (System B); vmax 2921, 2082 (diazo), 1705, and 1170 cm-l. 

25-Homoctienodeoxycholic acid (IV, A and B) 

A flask equipped with a condenser and a thermometer was 
preheated to 2000 in an oil bath. A solution containing 
1.0 g of IIIA (or IIIB), 2 ml of benzyl alcohol and 2 ml of 
freshly-distilled collidine was added to the heated flask 
and the temperature was maintained at 18O-2000 for 15 min. 
Evolution of gas (nitrogen) was observed during the first 
5 min of the reaction. The reaction mixture was cooled to 
room temperature, 25 ml of water was added and the solution 
was extracted with four 50 ml portions of ethyl ether. The 
ethereal extracts were combined and washed successively with 
water (50 ml), 0.1 N HCl (50 ml), water (50 ml), 5s sodium 
bicarbonate (50 ml), then with water until the pH was 
between 6-7. The ether solution was dried over sodium sul- 
fate and then evaporated to dryness. The resulting gum was 
dissolved in lC$ methanolic XOH and refluxed for 1.5 hrs. 
The hydrolysate was cooled to 00; 10 ml of water followed 
by 20 ml of 2.5% potassium carbonate were added. The solu- 
tion was acidified with HCl (pH l-2) and extracted with 
ether. Evaporation of the solvents gave 0.9 g of crude 
homochenodeoxycholic acid. Recrystallization from acetone- 
water gave 0.80 g (63%) of white crystalline flakes with the 
following properties: m.p. 210-2120; single spot on tic, 
relative Rf 1.0 (System A and System B); vmax 2935, 2865, 
1692, 1365, 1265, 1068, and 965 cm-l. The mass spectrum of 
the free acid obtained by direct inlet insertion showed 

i! 
eaks at m/e 406, W; 
2x18+15); 

388, M-(18); 370, 1&(2x18); 355, XI- 
301, I&(18+87); 255, %[115(side chain)+2xl8]; 

and also peaks at 228, 201, 187, 173, 159, 147, 133, 121, 
107, and 95 (Fig. 1). 
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Anal. Calcd. for C25H4204*+H20: C, 72.28"/:, H, 10.36~4 

Found: C, 72.50$ H, 10.5675 

Fig. 1. Nass spectrum of homochenodeoxygholic acid 
c&t$ned by direct inlet at 240 , ion source, 

. 

25-Homochenodeoxycholic acid methyl ester (V, A and 3) 

200 Mg of IV was dissolved in benzene-methanol (86:14, 
V/V) and the solution was evaporated to dryness. 
acid was esterified by adding 30 ml of methanolic-Et? 7%) 
and allowing the reaction mixture to remain at room temper- 
ature for 18 hrs. The material was evaporated to dryness 
and residual traces of HCl wer.2 removed by adding 30 ml of 
benzene-methanol and reevaporating. Crystallization from 
methanol-water gave 180 mg (87%) of a white crystalline 
material with the following properties: m.p. 94-95O; singlcj 
spot on tic with relative Hf 3.5 (System C); retention time 
on gas-liquid chromatography (relative to methyl chenode- 
oxycholate) - 1) 35 SE-30, 1.31; 2) 3$ &F-l, 1.26; vmax 
3400, 2920, 2860, 1732, 1160, 1070, and 972. The mass 
spectrum of the trimethylsilyl ether of methyl homocheno- 
deoxycholate exhibited peaks at m/e 564, I@; 549, M-(15); 

90); 459, M-(90+15); 384, M-(2x90); 369, N-(2x90+15); 
90+129 side chain); 255, M-(2x90+129); with other 

peaks at 243, 229, 213, 147, and 129 (Fig. 2). 
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Fig. 2. Mass spectrum of trimethylsilylether derivative of 
methyl homochenodeoxycholate by glc-ms coupling, 
3% QF-1, 260'. 

5P-Cholestane-3a,7cl,25-triol (VI-A) and 5P-cholestane-3a, 
7a,25-24(14C)-trio1 (VI-B) 

The procedure used was similar to that of Lettre/ with 
modifications (13). A solution of 600 mg of V was dissolved 
in 12 ml of dry benzene and added dropwise to a flask con- 
taining 7 ml of 2 El methyl magnesium iodide (Alfa Inorgan- 
its, Inc.) dissolved in 5 ml of dry ethyl ether. The reac- 
tion mixture was kept at 0 o for 15 min and then allowed to 
warm up to room temperature. After 1 hr, the ether was 
evaporated under N2 and the reaction was refluxed at 55O for 
one hr. The solution was kept at 25O for 18 hrs. After 
cooling to O" in ice, 10 ml of a saturated solution of 
ammonium chloride, 10 g of ice and 9 ml of 20% H2SO4 were 
added to decompose the Grignard product. The solution was 
quickly extracted with four 50 ml portions of ether. The 
ethereal extract was washed successively with 20 ml of 2N 
HCl followed by distilled water until the washings were neu- 
tral. The ether layer was dried over sodium sulfate and 
then evaporated to dryness. The residue was dissolved in 25 
ml of methanol. After the addition of 10 ml of 10% KOH, the 
product was hydrolyzed for 1.5 hrs to decompose any unre- 
acted methyl ester that was present. 
cooled to Co, 

The hydrolysate was 
diluted with 20 ml of water and extracted with 

four 50 ml portions of ether. 
(tiaker, Inc.) was 

Chromatography on silica gel 
used to purify the final product. Fifty 

gra,ms of silica gel were used for every 50 mg of product. 
The pure trio1 was eluted using ethyl acetate:benzene, 
9C/lO (V/V) and emerged in fractions 40-80 (5 ml per tube). 
Crystallization from ethyl acetate:hexane gave 382 mg (64%) 
of white needles with the following properties: m. . 181- 
1a3o; single spot on tic, relative Rf 2.2 (System C P ; gas- 
liquid chromatographic analysis - retention time relative 
to 5a-cholestane - as the trimethylsilyl ethers: 1) 3s 
S,E-3C, 4.33; 2) 3;': QF-1, 3.13; umax 3486, 2925, 2860, 1465, 
1378, 1160, 1150, 1070, and 980 cm-l. The mass spectrum of 
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the trimethylsilyl ether of t;hc trio1 (Fig;. 3) exhibited 
important frq;ments at m/e 621, 1,1-15; 546, L-90; 531, !.I-- 
(90+15); 456, ;:.-(2x30); 441, I,;-(2x90+15); 3a.5, %(3x90); 
351, I,,--(3x90+15 j; 255, I:T-(2:rcjO+side chain); 253, I&(2x90+ 
side chain+2t!); 
03 group). 

131, (base peak characteristic of a C-25 

Anal. Cnlcd. for C 
27"4&: c, 77.cjg;6 5, 11.50;6 

Pound: C, 76.7743 I:, 11.65;; 

Fig. 3. Xass spectrum of the trimethylsilylether deriva- 
tive of 5@-cholestane-?a,7a,25-trial, glc-ms 
couplin,o;, 3$ &F-l, 240". 

rtlZSULT:; xia 3IsCus:sIoK -----_ 

Degradation of the cholesterol side chain to form bile 

rzcids may involve 25-hydroxylated internedistes in light of 

the discovery of 'ji:-c~lolestnne-3cc,7cr,120.,25-tetrol in the 

feces and bile of patients v;ith cerebrotendinous xanthoma- 

tosis (CTX) (11). IAL VJCS on z;;ested that 25-hydroxylation 

of the cholesterol side mi;;llt be an alternate pathway in 

the formation of cholic acid (11). 

In order to study the possibility that 25-hydroxyla-ted 

intermediates prticipatc in the biosynthesis of chcnodeoxy- 

cholic acid, 5~-cholestane-~a,7u,25--triol was synthesized 

from chenodeoxycholic acid 2:; illur:trated in Charts 1 and 2. 

Protection of the free hydroxyl ;;roups of chenodcosycholic 

3c i d was iiccom;?lisl~cd by prep::rntion of tile formate e3tcr:;. 
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The procedure was similar to that reported for the forma- 

tion of the diformoxy ester derivatives of hyodeoxycholic 

acid (13). Infrared absorption at 1705 and 1177 cm-’ was 

characteristic of the formate ester (14). The diformoxy 

derivative of chenodeoxycholic acid was easily converted to 

the corresponding acid chloride using the method of Hoshita 

(15). This compound was not isolated but was freed of any 

residual thionyl chloride by repeated evaporation witll ben- 

zene. The acid chloride was added to an alcohol-free ether- 

eal solution of diazomethsne to form the desired diazoketone 

(III). The diazoketone had strong infrared absorption at 

2082 cm-' which is characteristic of the Cil2N=N functional 

group (16). N-IJethyl-N-nitroso-p-toluenesulfonamide 

(Diazald) was used to generate the diazomethane because of 

the ease of handling, and because introduction of the (14C) 

radioisotope could be easily accomplished using Diszald 

[methyl-(%)]. The mass spectrum of the diazoketone 

obtained by direct insertion showed a major fragment at m/e 

84 (Chart 3). This is attributed to a Mclafferty-ty:Je 

rearrangement forming the radical cation (b). The diozo- 

ketone formed from the labeled Diazald (Chart 2, 1113) had 

a specific activity ( S.A.) of 32500 dpm/mg. 



374 S TEEOIZD- 

MS FRAGMENTATION OF DIAZOKETONE 

Y N Cl--N2 

0 
H-8-0 

0 
O-!-H 

Ioc (a) 
\ 

iH2 
Ho;c~ CH-N2+ Otherti 

(b) M/E 84 

CHART 3 

Homochenodeoxycholic acid (IV, A and 13) was formed 

from the diazoketone (III, h and 13) by the 'Wolff rearrange- 

ment of the Arndt-Eistert synthesis. This method provided 

a convenient way to increase the carbon chain of a carbox- 

ylic acid by one carbon atom. In the case of the (14C) 

diazoketone (IIIB), it 1Jrovided a method to introduce z 

(14C1 label into the C-24 position of the sterol_ aide chain. 

We used a modification of the original Arndt-Zistcrt 

reaction using benzyl alcohol and collidine with subsequent8 

heating of the reaction mi>Aure to 1&Z.J-20C" (17). This 

method gave better yields than other procedures (lb,lgj. 

We found the modified Amdt-Ester-t reaction more convenient 

to carry out and obtained average yields of honochenodeoxy- 



cholic acid of 63s. We also obtained smooth conversion of 

the (14C) diazoketone to the corresponding 24,(14C) homo- 

chenodeoxycholic acid (IVB). 

The mass spectrum of the free acid (IV, Fig. 1) showed 

a molecular ion at m/e 406 and fragments corresponding to 

the loss of one hydroxyl group (m/e 388), two hydroxyl 

groups (q/e 370) and a parent peak at m/e 255 which was 

characteristic of a dihydroxy bile acid (20). The infrared 

spectrum was similar to that of chenodeoxycholic acid with 

peaks at 2935, 2865, 1692 and 1068 cm-l. 

The methyl ester of homochenodeoxycholic acid (V, A 

and B) was formed by dissolving the free acid in a solution 

of methanol/5$ HCl under anhydrous conditions as described 

for methylation of the fecal bile acids (12). The mass 

spectrum of the trimethylsilylether derivative of methyl 

homochenodeoxycholate (Fig. 2) was identical to that of 

trimethylsilylether derivative of methyl chenodeoxycholate 

with respect to peak intensities and fragmentation patterns. 

The only difference was that the peaks in the spectrum of 

the homochenodeoxycholate were shifted 14 mass units upfield 

because of the additional CH2 moiety present in the sterol 

side chain. Major fragments at m/e 474 and 384 (base peak) 

corresponded to the loss of one and two trimethylsilyl 

groups from the steroid nucleus. Peaks were also observed 

for the molecular ion (m/e 564), loss of one trimethylsilyl 

group + the sterol side chain (m/e 345) and loss of both 

trimethylsilyl groups + the side chain (m/e 255). The 
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retention time of methyl homochenodeoxycholate on both 

SE-30 and QF-1 was longer than that of methyl chenodeoxy- 

cholate. The infrared spectrum showed peaks at 1732 and 

1160 cm-1 which were characteristic of a methyl ester (14). 

On the whole, the spectral properties of both methyl homo- 

chenodeoxycholate and the free acid were similar to those 

of chenodeoxycholic acid and its methyl ester. 

Treatment of methyl homochenodeoxycholate with an 

excess of methyl magnesium iodide in ether followed by 

hydrolysis of the Grignard reagent which gave the 3a,7cr,25- 

trio1 (VI, A and i3) in good yield. r'urther purification of 

the trio1 was carried out using silica gel column chroma- 

tography. Spectral analysis permitted positive identifica- 

tion of the trial, The infrared spectrum showed character- 

istic methyl absorption at 13'78 and 1465 cm-l and absorption 

due to secondary and tertiary alcohol croups at 3480, 1169, 

1150 and 1070 cm-' (21). I:o absorption Feak characteristic 

of the carbonyl grou;) v/as preoent. Assignment of the struc- 

ture as that of a trihydroxy compound with a C-25 hydroxyl 

group was esta'olished by gas-liquid chromatography-mass 

sgectrometry. The trinethylsilylether derivative of the 

trio1 showed the fo1lowi.n~ fragmentation pattern (Pig. 3): 

a peni: ’ at m/e 621 due to K-15, a series of fragments at 

546, 456, and 366 represents the loss of one, tvfo, and three 

trimethylsilylether groups, and the bane peak nt m/e 131 

which was characteristic of a C-25 hydroxyl ~.oup in the 

stcrol side chain of a C-27 stcrol (11). The 24-( .I 14C)rethyl 
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homochenodeoxycholate was converted to trio1 as efficiently 

as the nonlabeled analog and gave a trio1 (VIB) with a 

specific activity of 37000 dpm/mg. The fate of the (14C) 

trio1 in vivo and in vitro as a possible intermediate in 

bile acid synthesis will be reported. 
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