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Structure of the side chain of the C,, dicarboxylic
bile acid occurring in infants with coprostanic

acidemia

G. Janssen,! S. Toppet, and G. Parmentier

Rega Institute and Department of Chemistry, University of Leuven, Belgium

Abstract The structure of the side chain of the 3a,7,12a-
trihydroxy-58-Cy9 dicarboxylic bile acid occurring in body
fluids of infants with coprostanic acidemia was investigated by
means of mass spectrometry and nuclear magnetic resonance
spectroscopy. The findings identified this bile acid as 3&,7,12c-
trihydroxy-27a,27b-dihomo-58-cholestane-26,27b-dioic  acid
(3a,7a,120-trihydroxy-27- carboxymethyl-58-cholestan-26-oic
acid).—Janssen, G., S. Toppet, and G. Parmentier. Structure
of the side chain of the Cjyy dicarboxylic bile acid occurring
in infants with coprostanic acidemia. /. Lipid Res. 1982. 23:
456-465.

Supplementary key words mass spectrometry » 'H nuclear magnetic
resonance ¢ >C nuclear magnetic resonance

Recently we reported the occurrence of a new bile acid
in body fluids of three infants with neurological, dys-
morphic, and cholestatic symptoms (1). This bile acid
predominated in serum (28-41%) and was present in
only a small amount in bile (~0.5%) and urine (~5%).
Mass spectrometric analysis of the acetate and TMS
ether of both the methyl and ethyl ester identified the
bile acid as a Cyy dicarboxylic acid consisting of a sat-
urated 58-bile acid nucleus with a-oriented hydroxyl
groups at C-3, C-7, and C-12, and a saturated ten-carbon
side chain including the two carboxyl groups, which are
located beyond C-21.

As was pointed out, 3-sitosterol could possibly be a
precursor of the Cy9 bile acid. Hydroxylation and sub-
sequent oxidation of two terminal methyl groups of the
side chain of B-sitosterol should, together with the elab-
oration and hydroxylation of the bile acid nucleus, lead
to either 3a,7a,12a-trihydroxy-58-stigmastane-26,27-
or 26,29-dioic acid. However, gas—liquid chromato-
graphic comparison, as dimethyl ester acetate, of the Cyg
bile acid with the synthetic sample of either stigmasta-
nedioic acid pointed to nonidentity (2).

In this report we describe the elucidation of the struc-
ture of the side chain of the Cy9 bile acid.
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MATERIALS AND METHODS
Isolation of the Cyg bile acid

The bile salts were extracted from urine by stirring
about 500 ml with 100 g of Amberlite XAD-2, 300-
1000 pum (Serva, Heidelberg, West Germany) for 2 hr.
After filtering and washing the resin with 350 ml of
water, the bile salts were eluted with 1,250 ml of meth-
anol-25% ammonium hydroxide 99:1 (v/v). The eluate
was evaporated to dryness and the residue was dissolved
in 375 ml of 72% ethanol (v/v). This solution was passed
through a column of 50 g of Amberlyst A-15 in the H*
form (Serva) and the column was rinsed with 500 ml
of 72% ethanol (v/v). Effluent and washing were per-
colated through a column (12.5 cm X 3 cm) of 175 g
of DEAP-Sephadex LH-20 (prepared as described by
Almé et al. (3); the dry gel had a titrated diethylamine
content of 1.6 meq/g). Neutral compounds and uncon-
jugated monocarboxylic bile acids were successively
eluted from the DEAP-Sephadex LH-20 column with
800 ml of 72% ethanol (v/v) and 325 ml of a solution
of 0.1 M acetic acid in 72% ethanol (v/v). The fraction
of glycine conjugates, containing the unconjugated Cyg
bile acid, was subsequently eluted with 600 ml of 0.3
M ammonium acetate, pH 5.0. After concentration and
acidification to pH 1.0 with 6 N HCI, the Cyg bile acid
was extracted with diethyl ether and the ether solution
was evaporated. From 2,185 ml of urine, 81 mg of crude
yellow material was obtained. This residue was esterified
with diazomethane and purified by chromatography on
a column (3 cm X 45 cm) of 70 g of Sephadex LH-20

Abbreviations and trivial names: cholic acid, 3a,7a,12a-trihydroxy-
58-cholan-24-oic acid; Cyy bile acid, 3a,7a,12a-trihydroxy-27a,27b-
dihomo-58-cholestane-26,27b-dioic acid; TMS, trimethylsilyl; DEAP,
diethylaminohydroxypropyl; GLC, gas-liquid chromatography; MS,
mass spectrometry; NMR, nuclear magnetic resonance.

! Address reprint requests to: G. Janssen, Ph.D, Rega Institute—K.
U. Leuven, Minderbroedersstraat 10, B-3000 Leuven, Belgium.
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(Pharmacia, Uppsala, Sweden) with chloroform. The
fractions containing the Cyo bile acid, determined by
GLC after acetylation of an aliquot of each fraction (1),
were combined and evaporated to dryness. The faintly
colored oil so obtained contained 925 ug of Cy¢ dimethyl
ester as determined by GLC (1). Final purification was
accomplished by high-performance liquid chromatogra-
phy of the methyl ester acetate on a stainless steel column
(30 cm X 4 mm) packed with uBondapak Cig (Waters
Associates, Milford, MA) and elution with acetonitrile-
water, 60:40 (v/v). A Waters liquid chromatograph
equipped with a model M 6000 pump and a U6K loop
injector was used. The sample was dissolved in 0.25 ml
of the mobile phase and for each run 10 ul was injected.
Elution was performed at 2 ml/min and fractions of 5
ml were collected. GLC indicated that the Cy9 dimethyl
ester acetate was eluted in fraction 6 (from 25-30 ml of
eluate). The fractions were combined and evaporated.
The residue was dissolved in acetone, filtered, and the
solvent was evaporated. Retention times and mass spec-
trum of the isolated substance were identical with those
obtained for the Cj¢ dimethyl ester acetate in a total
urine sample.

Mass spectra

Mass spectra were recorded at 270°C in the GLC-
MS mode as described (1). Mass spectra of the Cpo di-
methyl ester TMS ether and acetate are shown in Fig.
1. Mass measurements were performed on the Cpg di-
methyl ester acetate by either peak matching or computer

253

processing at a resolving power (10% valley) of 9000
using perfluorokerosene as the mass standard with a AEI
MS-9028 mass spectrometer equipped with a VG 2020
data system; the sample was inserted directly into the ion
source at 170°C. The mass spectrum of the C,9 dimethyl
ester acetate obtained by direct insertion at 170°C dis-
plays, besides a small molecular ion and M-HOAc ion,
the same fragments as the spectrum acquired using
GLC-MS at 270°C. Compared to the latter, the relative
abundance of the peaks in the mass spectrum recorded
at 170°C is, apart from a strong increase of the intensity
of the M-2HOAc and M-3HOAc fragments, only
slightly enhanced in the high mass region and similarly
decreased at the lower mass end.

'H NMR and !*C NMR spectra

'H NMR spectra were recorded on a Varian XL-100
(continuous wave mode), a Varian XL-200 (Fourier
transform mode), and a Bruker WM-500 (Fourier trans-
form mode) apparatus. 1>C NMR spectra were recorded
on a Bruker WP-80 instrument operating at 20.1 MHz.
The 3C NMR spectrum of the Cyg dimethyl ester acetate
was recorded on a Bruker WM-250 apparatus operating
at 62.8 MHz (determined on less than 1 mg of substance;
219,000 accumulations). The substances were dissolved
in CDCl; in 5-mm sample tubes. For the 'H NMR
spectra, tetramethylsilane was used as internal standard
and for the 3C NMR spectra, the central peak of the
solvent was taken as reference and placed at 6 77.3 ppm
versus tetramethylsilane.
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Fig. 1. Mass spectra of 3a,7a,12a-trihydroxy-27a,27b-dihomo-58-cholestane-26,27b-dioic acid (A) as dimethyl ester TMS ether and (B) as

dimethyl ester acetate, recorded at 270°C using GLC-MS.
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TABLE 1. Mass of the possible monomethyl ester McLafferty
rearrangement ions arising from structure 1 (Scheme 1)
related to the value of p and q and the substitution of
the carbon atom « to the methyl ester group

Carbon a to —COOCH;

P q —CH,— >CH— —C—
[
1 74
2 74 88
3 74 88 102
102
4 74 88 102
102 116
116
5 74 88 102
102 116
116 130
130

The Varian XL-200 NMR spectrum was run at the
Laboratory of Organic Chemistry, University of Lou-
vain-La-Neuve and the Bruker WM-500 and WM-250
NMR spectra were run in the Application Laboratory
of Bruker GmbH, Karlsruhe, West Germany.

The carbons of the steroid nucleus were identified and
assigned by comparison with the shift values reported
by Leibfritz and Roberts for cholic acid (4). The tentative
assignment of some side chain carbons of the Cy; and
Cy9 bile acids is based on the shift prediction calculated
by Kelecom for saturated sterol side chains (5) and mod-
ified according to the value proposed by Levy and Nelson
(6) for replacement of a methyl group by a COOR func-
tion.

RESULTS AND DISCUSSION

The structure of side chains in steroids and tetracyclic
triterpenoids can be established by stepwise degradation
or by conversion to known substances. Besides, mass
spectrometry (7, 8) and NMR spectroscopy provide use-
ful structural information from functionalized side chains.
Recently mass-analyzed ion kinetic energy spectrometry
was shown to be applicable to the determination of the
side chain structure (9).

As already pointed out, the side chain of the Cy bile
acid does reasonably consist of a saturated ten-carbon
chain including the 20-methyl group (C-21) and two
carboxyl groups that are located beyond C-21 (1). The
elemental composition of the side chain, C19H1704, has
been verified by exact mass measurements of the very
intense ions M-2HOAc, C33H500¢, at m/z 542 and M-
3HOACc, C31Hy46O4, at m/z 482 on the one hand and M-
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2HOACc-side chain, C31H390,, at m/z 313 and M-
3HOACc-side chain, Cj9H,s, at m/z 253 on the other
hand, all formed on fragmentation of the dimethyl ester
acetate (see Table 6 below). Hence, the C-22-C-29 part
of the side chain consists of a dicarboxylic acid radical
whose structure can be represented by I (as dimethyl
ester, Scheme 1)

COOCH;

|
CpHa,p

_CnHZn —C— CmI4IZm+1
I
CqHag

COOCH;

1
SCHEME 1

withm, n,p,andq=0-5andm+n+p +q =5, in
which the C,H,, groups are methylene or polymethylene
groups possibly substituted by straight or branched alkyl
groups, and in which the alkyl group CyHam.11s straight
or branched.

Mass spectra of methyl cholan-24-oates and cholestan-
26-oates exhibit weak McLafferty rearrangement ions
of the ester group at m/z 74 and m/z 88, respectively
(10-12). Similarly, McLafferty rearrangement ions con-
taining one or two methyl ester groups can originate from
1if a y-hydrogen is available. Ions with one ester group
arise by B-cleavage in a branch bearing the ester group
and their mass depends on the value of p and q and on
the substitution of the carbon atom carrying the ester
group (Table 1). Ions containing both ester groups occur
at m/z 202, 188, 174, 160, 146, or 132 if p = 0 and n
= 0, 1, 2, 3, 4, or 5, respectively. Furthermore, a
McLafferty rearrangement can lead to elimination of an
unsaturated ester and/or an olefin. Loss of 86, 100, 114,
or 128 mass units corresponds to elimination of an un-
saturated ester and occurs if p = 0 and q = 2, 3, 4, or
5, respectively. 8-Fission expels as olefin (a) the CnHzm1
group if p = 0 or () an alkyl branch on the carbon atom
bearing the ester group.

The search for McLafferty rearrangement ions was
achieved with the mass spectira of the Cyo bile acid de-
rivatives recorded by GLC-MS of serum bile acid mix-
tures (1). Mass spectra of the TMS ether and acetate
of the Cyy dimethyl ester did not show the loss of an
unsaturated ester or olefin from either the molecular ion
or the ions derived from it by successive losses of
TMSOH and HOAC, respectively. Nor did these spectra
display any distinct peaks of ester group-containing ions.
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Likewise, the mass spectrum of the trioxo-Cj9 dimethyl
ester did not show any of the molecule losses but, sur-
prisingly, exhibited a base peak at m/z 160.

The low mass range in the spectra of bile acid methyl
esters and their derivatives consists of ring system frag-
ments spiked with a few, generally weak, characteristic
ions. Hence, comparison of the relative abundance of the
peaks at m/z values of the McLafferty rearrangement
ions in the mass spectra of the derivatives of the Cyg
dimethyl ester with those of the same derivatives of
methyl cholate and methyl 3a,7«,12a-trihydroxy-58-

cholestan-26-oate, both having the same nucleus as the
C,9 bile acid, may reveal small, but significant differ-
ences. These differences may also be observed by com-
paring the Cy¢ methyl ethyl and diethyl ester with the
dimethyl ester. The results of this scrutiny are sum-
marized in Table 2 and Fig. 2. Clearly, only those ions
with the same mass number whose relative abundances
differ sufficiently from one another, both in absolute and
in relative value, are significant (i.e., the absolute and
relative increase or decrease of the relative abundance).
An increase of the relative abundance indicates that the
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Fig. 2. Graph relating the absolute (abscissa) and relative (ordinate) differences summarized in Table 2. Symbols
indicating the difference of the Cyy dimethyl ester derivatives and: methyl cholate acetate (O); methyl cholate
TMS ether (®); methyl 3,7,12-trioxo-58-cholan-24-oate (@); methyl 3a,7a,12a-triacetoxy-58-cholestan-26-
ocate (O); methyl 3&,7a,12a-trihydroxy-58-cholestan-26-oate TMS ether (M); methyl 3,7,12-trioxo-58-cholestan
-26-oate (R); C0 methyl ethyl ester acetate (A); Ca9 methyl ethyl ester TMS ether (A); and Cy9 diethyl ester
TMS ether (¥). The absolute differences from comparison of the trioxo-compounds have to be multiplied by
10. The numbers indicate the mass of the ions exceeding a threshold intensity change. These ions are compiled

in Table 3.
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ion is present only in the compound which is being com-
pared, whereas a decrease indicates its presence only in
the reference compound.

Table 3 comprises the ions which either increase or
decrease with an absolute increment = 2.5 for the acetates
and TMS ethers, = 25 for the trioxo-compound, and
with a relative increment = 50%. These ions are indi-
cated by their mass in Fig. 2. The increase frequency
of the m/z 160 ion, shifted to m/z 174 and m/z 188 in
the methyl ethyl and diethyl ester, respectively, is very
significant. Besides, the shift to m/z 174 is accompanied
by a decrease of m/z 160. Obviously, the occurrence of
a dimethyl ester ion at m/z 174, showing only twice an
increase and once a decrease, is much less probable. The
same certainly applies to m/z 132. The frequent ap-
pearance of the m/z 160 ion almost excludes the struc-
tures that cannot give rise to a dimethyl ester ion.

The appearance of the m/z 74 ion in Table 3, in-
creased versus methyl triacetoxy-cholestanoate and de-
creased versus the Cpo diethyl ester, advocates the pres-
ence of the —CH,COOCH; group. This is further
supported by the absence of a decrease of the m/z 74 ion
in comparison with two derivatives of methyl cholate. Its
decrease versus methyl cholate TMS ether is caused by
the much higher abundance of the TMS cation at m/z
73 and hence of its isotopic abundance at m/z 74 in the
mass spectrum of the latter. The very distinct decrease
of the monomethyl ester ion at m/z 88 versus the methyl
cholestanoates suggests the absence of a 1-methoxycar-
bonyl-ethyl group. A McLafferty rearrangement ion at
m/z 116 in the decrease column should contain a methyl
ester group, whereas that in the increase column should
comprise an ethyl ester group which corresponds to a

methyl ester ion of 102 mass units. However, neither of
these monomethyl ester ions can occur together with a
dimethyl ester ion at m/z 160, and only the m/z 102 ion
can be formed together with m/z 174; its occurrence is
thus improbable. Likewise, a monomethyl ester ion at
m/z 130 cannot arise together with m/z 160 and m/z
174. Hence, with each of the latter dimethyl ester ions,
the intensity change of the ions at m/z 116 and m/z 130
is meaningless.

In conclusion, the McLafferty rearrangement of the
side chain most probably yields the dimethyl ester ion
atm/z 160 (n = 3, p = O structure I, Scheme 1) whether
with concurrent formation of the monomethyl ester ion
at m/z 74 or not. This reduces the number of possi-
ble structures to 16, 10 of which can also give rise to
m/z 74.

Obviously further investigation of the structure of the
side chain necessitated the isolation of the Cyo bile acid.
For lack of a sufficient amount of serum that contained
a considerable relative quantity, the isolation was accom-
plished from urine. The identity between the Cyg bile
acid in serum and in urine was established by the same
gas-liquid chromatographic retention times and identical
mass spectrum of their dimethyl ester acetate (1). As in
serum, the Cyg bile acid was largely unconjugated in
urine. Since straight chain dicarboxylic acids, apart from
malonic acid, have pK,' values of 4.2-4.6, the Cy bile
acid might elute from DEAP-Sephadex LH-20 with the
glycine conjugates, which have pK, values of 3.8-4.8.

Urine was desalted with Amberlite XAD-2 where-
upon the bile salts were converted to the H* form on
Amberlyst A-15 and separated in groups on DEAP-
Sephadex LH-20. The fraction of glycine conjugates was

TABLE 3. Compilation of fragment ions corresponding in mass to theoretically possible McLafferty rearrangement ions from the Cog
dimethyl ester and exceeding a threshold intensity change on comparison of the Cp9 dimethyl ester with methyl cholate,
methyl 3a,7a,12a-trihydroxy-58-cholestan-26-oate, the Cy9 methyl ethyl ester, and the Cp diethyl ester.

Increase Decrease
Monoester Ion Diester Ion Monoester Ion Diester Ion
m/z m/z m/z m/z
Cy9 dimethyl ester vs. methyl acetate 160 174
cholate TMS ether 174 (74)
dehydro” 160
Cy9 dimethyl ester vs. methyl acetate 74 160 88
3a,7a,12a-trihydroxy-58- TMS ether 88
cholestan-26-oate dehydro® 160 88
Cyo methyl ethyl ester vs. Cpo acetate 116 174 130 132 160
dimethyl ester TMS ether 174
Cyo diethyl ester vs. Cy9 dimethyl TMS ether 188 74 116 174

ester

% Methyl 3,7,12-trioxo-58-cholan-24-oate.
b Methyl 3,7,12-trioxo-58-cholestan-26-oate.
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TABLE 4. 'H NMR data of methyl cholate acetate (C24-OAc), methyl 3a,7a,12a-trihydroxy-58-cholestan-26-oate (C»;-OH)
and its acetate (C27-OAc), and the Cy9 dimethyl ester acetate (C9-OAc)®

Proton Ca4-OAc Cy7-OH Cp7-OAc Ca29-OAc
H-12 5.09 (t, 6 Hz)b 398 (t, 6 Hz) 5.10 (1, 6 Hz) 5.10 (t, 6 Hz)
H-7 4.92 (g, 9 Hz) 3.85(q, 9 Hz) 492 (q, 9 Hz) 4.92 (q, 9.5 Hz)
H-3 4.60 (t.t, 31 Hz) 3.45 (t.t, 31 Hz) 4.60 (t.t, 31 Hz) 4.60 (t.t, 31 Hz)
CH3CO 2.13, 2.08, 2.03 (s) 2.13, 2.09, 2.05 (s) 2.14, 2.10, 2.06 (s)
HO 2.35 (broad)

CH,-21 0.82 (d, 6 Hz) 0.95 (d, 6.5 Hz) 0.79 (d, 6.5 Hz) 0.79 (d, 6.5 Hz)

CH,-19 0.92 (s) 0.89 (s) 0.92 (s) 0.92 (s)

CH,-18 0.74 (s) 0.68 (s) 0.72 (s) 0.72 (s)

CH300CCH-R R =H, 2.32 (m) R = CHs3, 1.14 (CHs, d, 7 Hz) R = CH;, 1.14 (CH;, d, 7 Hz) R = H, 2.29, 2.35
2.44 (sx, 35 Hz) 2.44 (sx, 35 Hz) R = CH,, 2.40

COOCH; 3.66 (s) 3.67 (s) 3.67 (s) 3.67, 3.675 (s)

¢ In CDCI; at 100 MHz: Cy4-OAc; 200 MHz: C7-OAc; 500 MHz: Cp7-OH and Cyo-OAc.

® Chemical shifts are in parts per million (3). Figures in parentheses: multiplicity, sum of the vicinal couplings expressed in hertz (Hz); s,

singlet; d, doublet; t, triplet; q, quartet; sx, sextet; m, multiplet.

acidified and the Cyy bile acid was extracted. After es-
terification, the Cy9 dimethyl ester was eluted from Seph-
adex LH-20 with chloroform and purification was com-
pleted by reversed phase chromatography of the dimethyl
ester acetate. As a result of the small amount of substance,
chemical characterization was not possible, but NMR
spectroscopy might yield valuable structural information.

A 'H spectrum of the Cy9 dimethyl ester acetate was
run at 500 MHz and a '3C spectrum was run at 62.8

MHz. Comparison of the chemical shifts with those of
the acetate of methyl cholate and methyl 3&,7a,12-tri-
acetoxy-5f-cholestan-26-oate confirm the presence of the
58-cholane ring system up to and including C-21 and
a-substitution of the acetoxyl groups at C-3, C-7, and
C-12 (Tables 4 and 5). The 'H chemical shifts of the
C-18 and C-19 methyl groups at § ~ 0.70 and 6 ~ 0.90
ppm, respectively, are typical for 58-bile acids (13) and
more generally for steroids in the 58,14a-configuration

TABLE 5. 'C Chemical shifts of the acetate of methyl cholate (C4-OAc), of

methyl 3a,7a,12a-trihydroxy-58-

cholestan~-26-oate (C37-OAc),

and of the Cz9 dimethyl ester (C29-OAc)*

Cz4-OAC Cz7-0AC Czq-OAC
Solvent Solvent Solvent
Carbon Dioxane® CDClyf CDCIy* CDCly*
C-18 12.8 12.4 12.5 12.5
Cc-21 18.5 17.7 18.1 18.2
C-19 23.1 22.7 22.8 22.8
C-15 23.5 23.0 23.1 23.1
C-5 41.5 41.2 41.3 41.3
C-14 439 43.6 43.7 43.7
C-13 45.7 45.3 45.4 45.4
Cc-17 48.4 47.6 48.0 48.0
C-7 71.2 71.0 711 71.1
C-3 74.3 74.3 74.4 74.4
C-12 75.6 75.6 75.8 75.8
CH;-COO 169.3 170.7 170.8, 170.7 170.8, 170.7
CH,-COO 20.8 21.6, 21.7 21.6, 21.8 217,219
COOCH; 175.4 174.8 177.7 176.4, 173.7
C-23¢ 24.0 23.5
C-25¢ 45.0
c-274 17.2,17.5
R, S)

¢ Chemical shifts are in parts per million (3). C24-OAc and C37-OAc recorded at 20.1

MHz; C9-OAc at 62.8 MHz.
b See reference (4).

¢ This work; & values between 25 and 40 ppm are not reported, assignment being

difficult in that crowded region.
4 Tentative, see text.
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(14). The shift of the C-21 methyl group is less typical
since its value in the 3, 7,12a-trihydroxy-58-bile acids
(6 ~ 0.95 ppm) differs from that in their acetates (4
~ 0.80 ppm).

Furthermore these spectra provide the following in-
formation. First, the molecule contains no other methyl
groups than those attached to C-10, C-13, and C-20.
This means that in the general formula I (Scheme 1) the
CxHj, groups are straight, (CHy)x, and m = 0. This fact
eliminates all but eleven structures. Second, the two
methoxycarbonyl groups are different as well in 'H as
in 13C NMR. The '3C § values of these groups differ
by about 3 ppm. This value is related to the number
of B-alkyl substituents, the absorption range being &

175-178 for >CHQOOCH3 and & 172-175 for

—CH,COOCH; (Ref. 15 and Table 5: compare the
chemical shift of the carbonyl carbons in methyl cho-
late acetate and methyl 3a,7a,12a-triacetoxy-58-cho-
lestan-26-oate recorded in CDCl;). This indicates the

presence of the >CHQOOCH3 (6, 176.4) and

—CH,COOCH; (8, 173.7) structure and puts p = 0
and q = 1.
COOCH;
| IIn=0, q=5
—(CH;,),—CH IMln=1, q=4
| IVn=2 q=3
(CHa)q Vn=3 q=2
| Vin=4, gq=1
COOCH;

SCHEME 2

Based on these NMR data, five structures are still
possible (formulas II-VI, Scheme 2) two of which can
be excluded by careful examination of the pattern dis-
played by the three protons absorbing between 4 2.2 and

2.5 ppm, ie, CHCOOCH; and —CH,COOCH;

(Fig. 3). The methine proton (6 2.4 ppm) and the meth-
ylene protons (8 2.29 and 2.35 ppm) constitute two iso-
lated, slightly overlapping, spin systems and this makes
their analysis possible at 500 MHz. The methine proton

in >CHCOOCH3 is a 72 lines multiplet due to coupling

with four neighboring protons: d (9 Hz) Xd (8 Hz)
Xt (5.5 Hz). The sum of the four vicinal coupling con-
stants is 28 Hz. Structure II in which that proton has
only three neighbors is eliminated.

The methylene protons in —CH,COOCHj; are non-
equivalent (Ad 0.06 ppm) due to the proximity of the
asymmetric carbon. They give rise to a 76 lines pattern
(15 of which are separated) and constitute the AB part

| F’)=28Hz ,
s'H(ppm) 2.4 2.3

Fig. 3. Partial '"H NMR spectrum (500 MHz with resolution en-
hancement) of the Cy9 dimethyl ester acetate. The methine proton,
>CHCOOCH;, is indicated by vertical lines and the methylene pro-
tons, —CH;COOCH3, by X and » for A and B protons, respectively.
The two low-field lines of proton B are superposed on the two up-field
lines of the methine proton. Impurities are shaded.

s 3 4 s 4
L] T T T

of an ABXY spin system: 2Jop = —16 Hz, 3Jax + >Jay
= 15.5 Hz and 3Jpx + *Jpy = 14.5 Hz. The high value
of the coupling constant between the protons absorbing
at 2.29 and 2.35 ppm (16 Hz) is never reached by a
vicinal coupling between aliphatic protons and identifies
the geminal methylene protons. Moreover, this value is
entirely consistent with values reported for 2J of a meth-
ylene group attached to one unsaturated carbon atom
(16). These geminal methylene protons are vicinally cou-
pled to two hydrogen nuclei. Therefore structure VI, in
which the protons of the methylene group attached to
the ester group have only one vicinal proton, is also ex-
cluded. Moreover, in the latter structure the three pro-
tons of the —CH(COOCH,)CH,COOCH; radical are
expected to display a strongly coupled ABCXY pattern
which is not observed.

The anisochronism of the methylene protons in
—CH,;COQOCH3; is in favor of structure V, but structures
IIT and IV cannot definitely be excluded by NMR spec-
troscopy.

The recognition of absence of a methyl group in the
(C-22-C-29 part of the side chain and of occurrence of
the m/z 160 ion in the mass spectra of the derivatives
of the Cyg dimethyl ester also point to structure V.

This evidence was verified by determination of the
elemental composition of the peaks at m/z 160, 174, and
188, corresponding to the McLafferty rearrangement
ions which, based on NMR data, were still possible.
Likewise, the exact mass of peaks at m/z values of the
ions possibly originating from the dimethyl ester ions by
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TABLE 6. Calculated and found masses of fragments occurring in the mass spectrum of the Cp9 dimethyl ester acetate: 1. the mass of the
peaks at m/z values corresponding to theoretically possible McLafferty rearrangement ions and their daughter ions (determined
by peak matching) and 2. the mass of some major ions (determined by computer processing)

Mass
Relative Elemental

m/z Abundance % Structure Composition Caled. Found’
74 4.2 [HOC(OCH;)=CH,]* C3HgO, 74.0368 74.0363
74.0152
160 10 [HOC(OCH3)=CH(CH,),COOCH;)* C7H 1204 160.0736 160.0730
160.1232
129 7.4 [160-CH30]* Ce¢HoO4 129.0552 129.0691
128 7.9 [160-CH50H]* CeHgOs 128.0473 128.0497
128.0622
174 5.7 {HOC(OCH;3)=CH(CH,);COOCH;]* CgH 1404 174.0892 173.9877
174.1368
143 16 [174-CH,0]" C7H 1104 143.0708 142.9941
143.0872
142 4.7 [174-CH;0H]* C7H 04 142.0630 142.0773
188 1.5 [HOC(OCH;3)=CH(CH,)4COOCH;]* CoH 604 188.1049 188.1538
157 17 [188-CH;01* CgH130, 157.0865 157.1016
156 53 {188-CH,;0H" CsH 1,0, 156.0786 156.0939
542 21 [M-2HOACc|" Ci33Hs004 542.3607 542.3603
482 39 [M-3HOACc|" C31Hy604 482.3396 482.3387
313 58 [M-2HOACc-side chain]* C21H250; 313.2167 313.2163
253 100 [M-3HOACc-side chain]* C19Hzs 253.1956 253.1951

9 The presence of two accurate masses at the same nominal mass indicates that the low resolution ion is a composite one.

loss of a methoxyl radical or methanol was determined.
Finally, the exact mass of the m/z 74 rearrangement ion,
which now must be present, was verified.

The results of these measurements, obtained with the
purified Cy9 dimethyl ester acetate, are compiled in Table
6. Clearly, only the mass of the dimethyl ester ion at m/
z 160 and of the concurrent monomethyl ester ion at m/
z 74 match the respective calculated values. Hence, the
Cyo bile acid is formulated as 3a,7a,12a-trihydroxy-27a,
27b-dihomo-58-cholestane-26,27b-dioic acid (3a,7a,12a-
trihydroxy-27-carboxymethyl-58-cholestan-26-oic acid)
(VID).

COOH

vir

The configuration at C-25 remains to be determined.Bl
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