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ABSTRACT

The absolute configuration of the C,-5 pentahydroxy bile
alcohol present in bile and feces of two patients with cere-
brotendinous xanthomatosis (CTX) was determined by circular
dichroism (CD) spectroscopy. Under anhydrous conditions CD
spectra of 5B-cholestane-30,7a,12a,23,25-pentol in the pre-
sence of Eu(fod) ‘%ris(l,l,l,2,2 ,3-hepta fluoro-7,7-dimethyl-
octane-4,6-dionago europium (IIL exhibited a large induced
split Cotton effect at ca. 310 nm. From the induced circular
dichroism of 58-cholestane-3a,7¢,120,23,25-pentol with Eu(fod)3
it was concluded that the CTX bile alcohol has the 1,3 glycol
structure with carbon 23 having the R configuration. This
information will be useful in elucidating a structural mech-
anism for the conversion of 58-cholestanepentols into bile
acids in man and rat.

INTRODUCTION

In patients with the rare sterol storage disease cerebro-
tendinous xanthomatosis (CTX) the primary biochemical defect
is abnormal bile acid synthesis (1,2) and as a consequence
large amounts of hitherto unrecognized compounds have been
found in the bile and feces (2). These unknown compounds have
been conclusively identified by chemical synthesis and their
structures determined by various spectroscopic methods as 58-
cholestane-30,7a,12a,25-tetrol, 58-cholestane-3a,7a,12a,24¢,
25-pentol and 58-cholestane-3a,7e,122,23¢,25-pentol (3,4,5).
The currently accepted pathway of cholic acid biosynthesis
from cholesterol does not include 25~hydroxylated intermed-

iates, and side chain cleavage is thought to proceed via
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26-hydroxylation of 5g-cholestane-3a,7a,120-triol (6). Re-
cently an alternate pathway of cholic acid biosynthesis in-
volving bile alcohols hydroxylated at carbon 25 was discov-
ered in our laboratory (7). The enzymes involved were found
to be stereospecific with respect to both hydroxylation at
carbon 24 and cleavage of the side chain.

The insertion of hydroxyl groups into the 23 or 24 pos-
ition of 58-cholestane-3a,7a,120,25-tetrol was found to be
stereospecifiic. For example, in the case of the two 58-chol-
estane-3a,72,12a,24,25-pentols, epimeric at carbon 24, only
24 "a" compound was formed in bile and feces. The 24 "g"
pentol was not detected in bile or feces since it was rapid-
ly converted to cholic acid in vivo and in vitro (7). Only
a single epimer of 58-cholestane-3a,7a,12a,23,25-pentol was
detected. While this pentol was the most abundant bile al-
cohol in one of the CTX patients it seems unlikely that 23~
hydroxylated compounds can serve as precursors of the nor-
mally occuring bile acids.

In a previous publication configurational assignment at
carbon 24 for 5B-cholestane-3a,7a,120, 24(ac and B), 25-pentols
has been made by us from molecular rotation measurements (4).
And the absolute stereochemistry of these compounds at carbon
24 (240=24R, 24B=24S) was determined by circular dichroism
studies (8).

The present study describes the absolute ¢onfiguration
at carbon 23 of 58-cholestane-3a,7a2,12a,23,25-pentol via

CD spectroscopy.
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MATERIALS AND METHODS

Physical measurements: Melting points were determined
on a Thermolyne apparatus, model MP-12600, and are uncor-
rected.

Optical rotations were determined at 250C in methanol
on a Carey model 60 spectropolarimeter.

GLC: The bile alcohols, as the TMSi-derivatives, were

analyzed on a 180 cm x 4 mm column packed with either 3% QF-1
or 1% HI-EFF 8BP on 80/100 mesh Gas Chrom Q; column temp.
230°C (Hewlett-Packare model 7610 gas chromatograph).

Mass spectra of the bile alcohols were obtained with a
Varian MAT-111 gas chromatograph-mass spectrometer (Varian
Associates, Palo Alto, Ca.). High resolution mass spectra
were recorded on a model CEC-110 (Consolidated Electrody-
namics Corp., Monrovia, Ca.).

TLC: The bile alcohols were separated on silica gel G
plates (Brinkman, 0.25 mm thickness). The spots were detected
with phosphomolybdic acid (3.5% in isopropanol), sulphuric
acid (10%) and heating for one minute at 110°C. Bands on pre-
parative TLC were made visible with iodine.

Eu(fod).,: Tris-(1,1,1,2,2,3,3~-heptafluoro-7,7-dimethyl-
octane-4, 6-dionato) europium (III) (Thompson~-Packard, Fort
Lee, N.J.) was used as a complexing agent without further
purification.

Circular Dichroism: The circular dichroism measurements

were carried out on a Jasco J-20 instrument. A l:1 mixture
of the bile alcohol and complex Eu(fod)., was made in dry
chloroform (ethanol4free) so that the cdncentration of the
solutes was 2 x 10 M. The circular dichroism was measured
after 30-60 minutes at 24°C, under a stream of high purity
dry N, with a cell thickness of 0.1 cm. The coefficient of
dichrdic absorbtion, A% was calculated from the molar ellip-
ticity (e) by the following equation: Molar ellipticity

6 = 3300 A€(8,9). Both the polar el;ipticity 6 and the A€
are expressed in degree x cm“ x dmol ~. The Cotton effect was
measured at its maxium value, around 310 nm, and was found
to correlate with the chirality of the two hydroxy groups (10).

Isolation of 58-cholestane-3a,7a,120,23a,25-pentol and
58-cholestane-3a, 7a,12a,24a,25-pentol (Fig. 1, ITII and I):
58-cholestane~30,/a,12a,23a,25-pentol (m.p. 210-211°9C) and
5g-cholestane~-3a,7a,12a,24c,25-pentol were isolated from the
bile and feces of two patients with CTX (2,4). The compounds
were purified by thin-layer chromatography (Table 1), and
crystallized from ethyl acetate:methanol as previously
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described (3,4).

Preparation of 5g8-cholestane-3a,7a,12a,24a,25~pentol and
58~cholestane-3a,7a,12a,248,25~pentol {(fig. 1, I and II).
58~cholestane-3a,7a,12a,240,25-pentol (m.p. 212-214%C) and
58-cholestane~3a, 7a,12c,248,25-pentol (m.p. 213-205°9C) were
synthesized from cholic acid and purified as described by
Dayal, et.al. (Table 1) (3). Cholic acid was converted in-
to its higher homologue, homocholic acid, by the Arndt-Eis-
tert method which on further treatment with diazomethane gave
methyl homocholate. A Grignard reaction of methyl magnesium
jiodide with methyl homocholate yielded 58-cholestane-3a,7qa,
12a,25-tetrol (m.p. 189-191°C), which was dehydrated to form
a mixture of 5R~cholest-24~ene-3a,7a,l2a~triol and the
corresponding 425 compound. Oxidation of the A%% compound
with 0s04 yielded 5g-cholestane-3o,7¢,12a,24,25~pentol.

This mixture of two pentols epimeric at carbon 24 was separated
by thin layer chromatography {(3}.

RESULTS AND DISCUSSION

In the bile and feces of the two CTX patients studied,
the pentahydroxy bile alcohol fraction consisted of two
major components. The predominant bile alcohol of the pentol
fraction was 58-cholestane-3o,7a,12a,23¢,25-pentol, amounting
to approximately 80% by weight, while 58-chclestane-3a¢,7q,
12a,240,25-pentol accounted for approximately 20% of this
fraction. The less abundant pentol was shown to be identi-
cal with 58-cholestane-3a,74,12a,240,25-pentol, which had
been prepared form 58-cholestane-3a,7a,12a,25-tetrol {(3).
In Table 1 are listed the physical properties of 5g-choles-
tane-3a,7a,12a, 244, 25-pentol, S58-cholestane-3a,7a,12a,248,
25-pentol and biosynthetic 5g~cholestane-3a,7a,120,238,25-
pentol. The purity of each compound was established by m.p.,
TLC, GLC, and MS (3,4).

The tentative configurational assignment at carbon 24

£for 5B8-cholestane-3o,7a,12a,24{c and B8), 25-pentols had al-
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ready been made by us from molecular rotation mea~

surements (4) (Table 1) and the chirality at carbon 24
established by circular dichroism (CD) studies employing
Nakanishi®s method for vicinal glycols (1,2 and 1,3 systems)

(Table 2), (8,9).

Fig.1

For the 58-cholestanepentols epimeric at carbon 24, it
was observed that the 24a-pentol showed a negative induced

2 x dmol_l); while

Cotton effect (A§0§ -13.5% 1 degree x cm
the 24p-pentol showed a positive induced Cotton effect
(Agoz +9.5% 1 degree x cm2 X dmol-l) (Table 2) (8). These

observations, according to Nakanishi's empirical rule for
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predicting chirality, define the chirality at carbon 24 as
R for the 24¢,25-pentol (1,2 glycol system) with a negative
Cotton effect and S for the 248,25-pentol with a positive
Cotton effect.

When our biosynthetic 58-cholestane-3a,7a,120,23,25-
pentol (Fig. 2) was examined by CD spectroscopy in the presence
of Eu(fod)3, large induced split Cotton effects were obtained
around 310 nm, due to the formation of a bidentate adduct
between the glycol (23,25~pentol equivalent to a 1,3 glycol
system) and europium complex. The results of CD measurements
for 58-cholestane-3a,7a,12a,23a,25-pentol showed a Ae3zovalue
of -2.7 degree x cm? x dmol~l (Fig. 2).

The chirality of the 23,25-pentol was then defined as
being negative (Fig. 2) or positive, respectively when the
Newman projection represents a counterclockwise (left handed~
ness) or clockwise {(right handedness) rotation from one hydroxyl
group to the other. Mixtures of the 23,25-pentol and complex
Eu(fod)3 resulted in CD curves having two Cotton effects of
opposite signs at ca. 310 and 290 nm. The amplitudes of these
Cotton effects have been found to be dependent on several fac-
tors but the sign of the longer wavelength called the first
Cotton effect coincided with the chirality of the respective
glycols (either 1,2 or 1,3).

Thus in the biosynthetic 58-cholestane-3a,7q,12a,23a,25~
pentol (equivalent to a 1,3 glycol system) the negative induced
Cotton effect obtained at ca. 310 nm defined the chirality at

carbon 23 as R.
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Figure 2. Circular dichroism of 2 X 1074 m 5B8~cholestane-
30,70,120,230,25-pentol and 2 x 10°% M Eu(fod) s in dry CHCl3
at ambient temperature within 35 minutes after mixing.
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The significance of these data relates to the possible
use of these bile alcohols as precursors of bile acids in
man and other animals. In the rare inherited sterol storage
disease, cerebrotendinous xanthomatosis (CTX), bile acid
production is subnormal (1) but considerable quantities of
Coy bile alcohols are excreted in bile and feces namely,
5g-cholestane~3a, 70,120, 25~tetrol and both 58-cholestane-3a,
7a,120,24c,25-pentol and 5B8-cholestane-3a,7¢,120,230,25-pen-
tol (2,4). Although all three compounds are potential pre-

cursors of bile acids, we have demonstrated by in vitro and

in vivo experiments that only 58-cholestane-3a,70,12a,25-

tetrol was converted to cholic acid (1l1l). The reaction seg-
uence involves the stereospecific formation of a 248-hydroxy-
pentol, 58-cholestane-3a,7a,12e,248,25-pentol, which is in
turn transformed to cholic acid (7). Thus, only the 5g-chol-
estane-3a,7a,120,248,25-pentol (24S) is capable of being
acted upon by the hepatic enzymes that catalyse side-chain
cleavage. The 58-cholestane-3a,72,120,24a,25-pentol (24R)
and the 5B-cholestane-3a,7ua,120,23%,25~pentol (23R} apparent-
ly do not have the structure to interact with the appropiate
dehydrogenase or hydroxylase in this pathway.

Recently, Hoshita, et. al., reported the synthesis of the
epimeric 58-cholestane-3a,7a,120,23,25~-pentols (23R and 23S)
{(12). One of the epimers was obtained in crystalline form
and this compound was identical with the material isolated
from bile and feces of CTX patients with respect to MS, m.p.

Cu]D and migration on TLC. Hoshita, et. al.,, assigned to
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this compound the 23S configuration by comparing its molec-
ular rotation with those of the epimeric 23-hydroxy-lanos-
terols (23R and 23S) (12). However, the assignment of the
23S configuration to the biosynthetic pentol must be consid-
ered inconclusive since the molecular rotation of only one
of the epimers was determined and since CD spectra were not
previously reported. The circular dichroism studies pre-
sented in this paper lead us to conclude that the configur-
ation of the biosynthetic 58~cholestane-3a,7¢,12a,23a,25-

pentol is 23R.

ACKNOWLEDGMENTS

We are indebted to Mr. Jeffrey Speck for his skillful
technical assistance. This work was supported in part by
U.S. Public Health Service Grants AM-18707, HL-17818 and
AM-19696.

REFERENCES

1. salen, G. and Grundy, S.M., J. Clin. Invest., 52, 2822
(1973).

2. Setoguchi, T., Salen, G., Tint, G.S., and Mosbach, E.H.,
J. Clin. Invest., 53, 1393 (1974).

3. Dayal, B., Shefer, S., Tint, G.S., Salen, G., and Mos-
bach, E.H., J. Lipid Res., 17, 74 (1976).

4. Shefer, S., Dayal, B., Tint, G.S., Salen, G., and Mos-
bach, E.H., J. Lipid Res., 16, 280 (1975).

5. Tin¢, G.S., Dayal, B., Batta, A.K., Shefer, S., Cheng, F.,
Salen, G., and Mosbach, E.H., J. Lipid Res., 19, 956 (1978).

6. Cronholm, T. and Johansson G., Eur. J. Biochem., 16,
373 (1970).

7. Shefer, S., Cheng, F.W., Dayal, B., Hauser, S., Tint, G.S.,

Salen, G., and Mosbach, E.H., J. Clin. Invest., 57,



338

897
8.

10.

11.

12.

s'rnnoxn-

(1976) .

Dayal, B., Salen, G., Tint, G.S., Toome, V., Shefer, S.,
and Mosbach, E.H., J. Lipid Res., 19, 187 (1978), and
references cited therein.

Nakanishi, K., Schooley, D.A., Koreeda, M., and Dillon,
J., Chem. Comm., 1235 (1971).

Nakanishi, K., Gotto, T., Ito, S., Natori, S., and
Nazoe, S., Natural Products Chemistry: Vol. I, (1974),
Academic Press, Inc., New York, N.Y. p. 28.

Salen, G., Shefer, S., Setoguchi, T., and Mosbach, E.H.,
J. Clin. Invest., 56, 226 (1975).

Hoshita, T., Yasuhara, M., Kihira, K., and Kuramoto, T.,
Steroids, 27, 657 (1976).

Dayal, B., Salen, G., Shefer, S., and Mosbach, E.H.,
Presented in part at the 26th IUPAC Congress held in
Tokyo, Japan, September 1977.



