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Methyl 13-(2-cyclopentenyl)tridecanoate (chaulmoograte) and methyl 13+2-cyclopentenyl)-
cis-6-tridecenoate (gorlate) were hydrogenated using palladium on barium sulfate in hexane.
Products obtained by partial hydrogenations were fractionated by argentation thin-layer
chromatography, and the components characterised and quantitatively analysed by gas-liquid
chromatography, nuclear magnetic resonance spectroscopy, infrared spectroscopy, and
reductive ozonolysis. The double bond in position 2 of the cyclopentene ring was found to
shift to both positions 1 and 3, but the double bond in position 1 was saturated slower than
that either in position 2 or 3. Isomerisation of the ring double bond was faster than its satura-
tion. In methyl gorlate trans-double bonds in the chain accumulated due to their faster
formation and slower hydrogenation than cis-double bonds. Saturation of the ring double bond
was faster than that of the chain double bond.

Introduction

Seed oils containing cyclopentenyl fatty acids, such as chaulmoogric and gorlic
acids, have been used for centuries in the treatment of leprosy, but presently there
is little use for such oils [1]. Selective hydrogenation of these oils and their com-
ponent fatty acids could perhaps yield useful derivatives. However, only a few
investigations have been carrded out in this direction. Kamath and Kane [2]
observed that on hydrogenation with nickel catalyst Hydnocarpus wightiana seed
oil loses its optical activity before it is completely saturated. The optically-
inactive product of methyl chaulmoograte, obtained by partial hydrogenation with
palladium on barium sulfate, has yielded on oxidation a keto-dibasic acid
(D. Rebello, pers. comm.).

It is of interest to investigate the isomerisation and saturation of the double
bond in the cyclopentene ring of methyl chaulmoograte (I, Fig. 1) and methyl
gorate (II) at different stages of hydrogenation and also to compare the isomerisa-
tion and saturation of the ring double bond with that in the chain, since the double
bond in a cyclopentene ring is shown to exhibit greater polarity than that in a
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Fig. 1. Products of partial hydrogenation of methyl chaulmoograte (/) and methyl gorlate (II).

chain both in gas-liquid chromatography (GLC) [3] and argentation thin-layer
chromatography (TLC) [4,5]. In the present study, I as well as I/ were hydrogenat-
ed to different degrees using palladium on barium sulfate and the products were
identified and analysed quantitatively by combined techniques of argentation
TLC, GLC, infrared spectroscopy, nuclear magnetic resonance (NMR) spectro-
scopy, and reductive ozonolysis. Differences were found in the extent of isomerisa-
tion and saturation of ring and chain double bonds.

Materials and methods

Methyl chaulmoograte and gorlate concentrates (66% and 92% pure as deter-
mined by GLC) were prepared from H. wightiana seed oil by conventional
techniques [1,4] and enriched by argentation TLC as described later to yield
72% and 99% pure esters, respectively. Methyl chaulmoograte was further purified
by reversed-phase TLC [4] and TLC on silica gel using 90% aqueous methanol.
Dichlorofluorescein, used for location of zones in argentation TLC, was removed
by passing diethyl ether extracts of scraped-off zones through a small column of
silicic acid and anhydrous sodium sulfate. Acetic acid and iodine used in reversed-
phase TLC were removed by washing with sodium bicarbonate and sodium thio-
sulfate solutions. The purity of chaulmoograte was 93%, the impurity being
hydnocarpate, a homologue two methylene groups shorter than chaulmoograte,
as shown by GLC.

Palladium chloride on barium sulfate containing 10% palladium, lithium
aluminium hydride (LAH), methyl hepadecanoate (E. Merck AG, D-6100
Darmstadt, Germany), triphenyl phosphine (TPP) (Supelco Inc., Bellefonte, PA
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16823, US.A.), 10% EGSS-X on Gas-Chrom P, 100—120 mesh and 10% OV-101
on Gas-Chrom Q, 100—120 mesh (Applied Science Laboratories Inc., State College,
PA 16801, U.S.A.) were purchased. All the other reagents and solvents were of
analytical grade. Solvents were dried and distilled before use.

Hydrogenation. Methyl esters (approx. 25 mg) were hydrogenated in 2.5 ml
hexane using 5 mg palladium chloride/barium sulfate for different durations as
described elsewhere [6,7].

Argentation TLC. Products of partial hydrogenation of methyl chaulmoograte
and gorlate were fractionated on 20 cm X 20 cm plates coated with a 0.25 mm
thick layer of Silica Gel G (E. Merck AG, D-6100 Darmstadt, Germany) containing
25% silver nitrate by developing twice with hexane/diethyl ether (85 : 15). The
separated zones were scraped off and the methyl esters eluted with water-
saturated diethy! ether after adding 17 : 0 methyl ester as internal standard [8] . .

GLC. GLC analysis was carried out using a Perkin-Elmer gas chromatograph
F-22 with a flame ionisation detector coupled to a Spectra-Physics Autolab
System IV b Chromatography Data Analyser. Methyl esters were analysed on a
glass column (1.8 m X3 mm) packed with 10% EGSS-X at 190°C. The flow rate
of nitrogen was 40 ml/min. Preparative GLC was done under the same conditions
using helium (40 mi/min) and a thermal conductivity detector. Aldehyde and
aldester fragments were analysed on a glass column (1.8 m X3 mm) packed with
10% OV-101. Initially the temperature was kept at 80°C for 4 min and then
programmed from 80°-260°C at a rate of 4°C per min. Response factors were
determined to correct for lack of response in the flame ionisation detector by
carboxyl and carbonyl carbon atoms [9]. Triols, obtained by LAH reduction of
ozonides, were separated on the OV-101 column at 230°C. Peaks were identified
using compounds of known structure and purity.

Infrared spectroscopy. Infrared spectra were taken on 1% solutions in carbon
tetrachloride in a Perkin-Elmer infrared spectrophotometer 397.

NMR spectroscopy. NMR spectra were taken on 3% solutions in deuterated
chloroform in a Varian NMR Spectrometer HA-100 using tetramethylsilane as
internal standard.

Ozonolysis. Reductive ozonolysis using TPP was carried out as described
elsewhere [6,7]. The esters of cyclopentenyl fatty acids carrying a saturated chain
(1, Ia and Ib) could not be analysed by GLC by this method due to interference
from TPP. Hence, ozonides were reduced to triols with LAH [10]. An ethereal
solution of LAH was added to the ozonides at room temperature. After acidifica-
tion and washing off the acid, the ether layer was dried with anhydrous sodium
sulfate and analysed on the OV-101 column.
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Results and discussion

The structures of components that could be present in the products of partial
hydrogenation of methyl chaulmoograte (/) and methyl gorlate (I) are shown
in Fig. 1. )

Partial hydrogenation of methyl chaulmoograte

Identification of the products. The analytical data obtained on the products of
I, hydrogenated for 15, 30 and 60 s, are given in Table I. Argentation TLC gave
4 zones. Zone 4 had the highest relative R value (RRE), almost the same as that
of 17 : 0 ester and the lowest relative retention time (RRT) on EGSS-X compared
to the other zones. The component in zone 4 showed no double bond proton
signal at § = 5.70 (ppm) [11]. The data obtained on zone 4 are in conformity with
those on fully hydrogenated ester showing that it contained only V. Similarly the
data obtained on the substance in zone 1 agreed with those of / indicating the
presence of /. For chaulmoogric acid two double bond protons were reported by
NMR at § = 5.70 (ppm) [11]. The NMR spectra of the compounds in zone 1 as
well as of / showed a resonance for two double bond protons at § = 5.68 (ppm),
thus confirming the presence of 7 only in zone 1.

TABLE 1

PARTIAL HYDROGENATION PRODUCTS OF METHYL CHAULMOOGRATE 2

TLC RRf b RRTP RRTof 8 value Compo- Composition (%)
zone triols (ppm) nents®

derived of double 15 s 30s 60s

from bond

ozonides © protons

in NMR 4

1 0.54 2.67 5.58 5.68(2) I 21 3 2
2 0.62 2.70 5.57 5.68 (2) Ia 9 6 trace
3 0.81 2.85 5.26 5.30(1) Ib 40 33 34
4 0.99 2.26 - — v 30 58 64

8 R value in argentation TLC and retention time on EGSS-X relative to 17 : 0 ester are 0.56
and 2.67 respectively.

bRF value and retention time are relative to 17 : O ester. Ry value in argentation TLC and
retention time on EGSS-X of 17 : O ester are 0.89 and 283 s respectively.

CRetention time is relative to 17 : 0 alcohol on OV-101. Retention time of 17 : 0 alcohol is
319 s. Retention time of triol obtained from methyl chaulmoograte (/) ozonide relative to
17 : 0 alcohol is 5.57.

dFigures in parenthesis denote number of protons (after 15 s of partial hy drogenation). 8 value
of double bond protons of ring in methyl chaulmoograte (7} is 5.68 (2) (ppm).

€See Fig. 1.
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No significant differences were observed between the infrared spectra of 7 and
of the compounds in the 4 zones.

Apart from the starting compound (/) and the fully saturated compound (/V)
two other compounds are possible due to shifting of the double bond to either
side. The triol obtained from Ib by reduction of ozonide with LAH will have two
primary hydroxyls and one secondary hydroxyl, whereas the triol from /a and /
will have three primary hydroxyl groups; the former from /b could be expected
to have lower RRT than the latter two compounds from Ja and I The triol
obtained from the component in zone 3 thus appears to be /b and that from
zone 2, either Iz or I The components in zones 1 and 2 each gave a sharp NMR
signal for two double bond protons at § = 5.68 (ppm), whereas the component in
zone 3 gave a broad resonance at higher field due to only one double bond proton
at & = 5.30 (ppm), thus conclusively proving the presence of /b only in zone 3.
The NMR data also show that zone 2 contained / or /a.

Zone 3 (Ib) had a RRy nearer to that of zone 4 (IV) than to that of zone 2
(Ia or I) and the RRp value of zone 2 is higher than that of zone 1. This is not
surprising since the Ry value in argentation TLC depends on the strength of =
complex, which appears to be in the order of I > Ia > Ib possibly due to differences
in the degree of steric hindrance. Thus /b behaves like a straight chain trans-
monoene ester, as was demonstrated by argentation TLC of methyl elaidate
alone or admixed with the component in zone 3. Compounds in zone 1 (/) and
zone 2 (fa) had therefore close RRTs in GLC on EGSS-X but differing RRy values
in argentation TLC and the compound in zone 3 (/b) had entirely different RRp
and RRT values.

Isomerisation and saturation of the double bond in methyl chaulmoograte. The
compositions of the 4 zones, obtained by argentation TLC, from the products of
hydrogenation of methyl chaulmoograte after 15, 30 and 60 s are given in Table I.
The data show that the double bond appears to shift from position 2 (/) to
position 1 (/b) to a greater extent than to position 3 (Ja). But, this may not be the
actual situation since faster saturation of the double bond in position 3 rather than
in position 1 could lead to accumulation of the latter (/b), even if the migration of
the double bond to position 3 is equal or faster than to position 1. This is expected
because the double bond in position 1 is sterically hindered and more stable due
to a greater number of alkyl substituents compared to the double bonds in
positions 3 and 2. Indeed, the data show that the double bond in position 1 was
hydrogenated slower than in the other two positions resulting in accumulation of
Ib. The data in Table I also show that, in the earlier stages of hydrogenation,
isomerisation of the double bond was faster than saturation. However, saturation
was faster than isomerisation in the later stages in spite of the fact that the double
bond in position 1 was hydrogenated siower than that in position 2 or 3; this
suggests that the double bond in position 3 was hydrogenated faster than that
in position 1. The data in Table I also show that the double bond in position 3 was
hydrogenated faster than that in position 2.
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Partial hydrogenation products of methyl gorlate

Identification of the products. The analytical data on the methyl esters in the
6 zones, obtained by argentation TLC, from the products of /I after hydrogena-
tion for 2, 4 and 8 min are given in Table 1I. The RRp and RRT values of the
compornent in zone 6 were the same as those of zone 4 obtained from 7 (Table I),
thus identifying it as /V. Moreover, the component in zone 6 did not show
resonances of double bond protons in NMR [11].

In zone 5 there were two components with slightly differing RRg values
(0.80, 0.84) which were not separated in preparative TLC. However, these were
separated in GLC (RRT: 2.84 and 2.57) and isolated by preparative GLC. The
triol, obtained from the fraction having the RRfp value 0.80 and RRT 2.84
(almost the same as those of zone 3, Table I) by LAH reduction of the ozonide,
had the same RRT (5.26) as that of the zone 3 from 7 (Table I). These data as
well as the NMR resonance at § =5.31 (ppm), due to a single double bond proton,
prove that the fraction of higher RRT (2.84) in zone 5 is /b.

TABLE II

PARTIAL HYDROGENATION PRODUCTS OF METHYL GORLATE @

TLC RRFf b RRT? RRTof & value (ppm) Components® Composition (%)
zone triols of double bond -_—
derived  protons in NMR 94 2 4 8
from —_— min min min
ozonides © Ring Chain
1 0.04 3.25 f 5.68 (<1), 5.38(<1), Ila Il Hc, 37 10 5
531(<1) 5.34(<2) I 1Ile
2 0.16 3.31 f 531D 5.38(2) V/id 16 17 9
3 0.33 3.26 f 531Q1) 5.38(2) iid 4 8 4
0.52 267 5.58 5.68(2) - IL1la 3 7 1
4 0.58 2.64 f - 5.34 (2) I)Ia 17 19 11
5 0.80 2.84 5.26 5.31(1) - Ib 6 10 21
0.84 2.57 f - 5382 b 7 13 22
6 0.99 2.25 - - - w 10 16 27

2 R value in argentation TLC and retention time on EGSS-X relative to 17 : O ester are 0.03
and 3.25 respectively.

RE value and retention time are relative to 17 : O ester. Rp value in argentation TLC and
retention time on EGSS-X of 17 : 0 ester are 0.89 and 283 s respectively.
€Ozonides were obtained from fractions isolated by preparative GLC on EGSS-X. Retention
times on triols of OV-101 are relative to 17 : 0 ajcohol (319 s). Relative retention time of the
triol from methyl chaulmoograte is 5.57.
dFigures in parenthesis denote number of protons (after 8 min of partial hydrogenation).
5 values of double bond protons of ring and chain in methyl gorlate () are 5.68 (2) and
5.34 (2), respectively.
®See Fig. 1.
fSee Table III for double bond distribution by reductive ozonolysis.
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The analysis of the aldehyde and aldester fragments (Table III) obtained from
the other fraction of zone 5 (RRT: 2.57, Table II) by TPP reduction of the
ozonides showed a wide distribution of double bonds in the chain, typical for
trans-isomers. The infrared spectrum showed an absorption maximum at 968 cm™*
proving the presence of trans-double bonds [12]. The trans-double bond protons
of the components in zone 5 were responsible for a multiplet at § = 5.38 (ppm)
in the NMR spectrum, while the absorptions of the cis-double bond protons of
the. chain in methyl gorlate (//) appeared at § = 5.34 (ppm) with a coupling
constant of J = 10.5 Hz, which are characteristic for isolated cis-bonds [13,14].
Analogous differences in chemical shifts of olefinic protons of isolated cis- and
trans-double bonds are documented in the literature [13,14]. The ozonolysis data
also showed the absence of a double bond in the ring, thus identifying it as ///b.
Being a monounsaturated trams-isomer, it is not surprising that fI7b had almost
the same RRy as /b, as discussed earlier.

The corresponding ozonolysis data on zone 4 indicated the absence of a double
bond in the ring and a narrow distribution of the double bonds in the chain, typical
for cis-isomers. The infrared spectrum also showed no absorption for trans-double
bonds. The multiplet at § = 5.34 (ppm) in the NMR spectrum was due to two
cis-double bond protons of the chain only (Table II). These findings show the
presence of //la.

In zone 3, there were two components (RRp: 0.33, 0.52) which were not
well-demarcated in preparative TLC. However, two peaks were obtained in GLC
on EGSS-X (RRT: 3.26 and 2.67). These two fractions were isolated by preparative
GLC. The triol, obtained from the fraction (RRg 0.52, RRT 2.67) by LAH
reduction of the ozonide, had the same RRT (5.58) as that of zone 1 obtained from
I (Table I). The sharp NMR signal for two double bond protons at § = 5.68 (ppm)
confirmed the presence of a double bond in position 2 or 3 of the ring, thus
identifying the component (RRy 0.52, RRT 2.67) as either I or /a. However, it is
mentioned earlier that the double bond in position 3 was hydrogenated faster than
that in position 2, thus showing that this fraction essentially consisted of 7 in the
later stages of hydrogenation.

The analysis of the aldehyde and aldester fragments (Table III) obtained from
the other fraction of zone 3 (RRg 0.33, RRT 3.26) by TPP reduction of ozonides
showed the presence of a double bond in the ring either in position 1 or 3 as well
as in the chain. It is mentioned earlier that the double bond in position 3 was
hydrogenated faster than in position 1. The components in this fraction showed
a wide distribution of double bonds and infrared absorption for trans-double bonds.
The NMR data (Table II) gave evidence for a double bond in position 1 of the ring
and confirmed the presence of a trans-double bond in the chain. Thus the com-
ponent of the zone 3 having the lower RRf and higher RRT was IIf.

The NMR spectrum of methyl esters in zone 2 indicated the presence of a
double bond in position 1 of the ring and of a frans-double bond in the chain. The
double bonds of the components in zone 2 showed a characteristic trans absorption
in infrared spectrum and were widely distributed as shown by ozonolysis data,
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confirming that this zone also contained /If. However, the distribution of positional
isomers of IIf from zone 2 differed from that of zone 3. Nevertheless, recombina-
tion of these two groups of /If according to their proportions in the two zones
(Table II and III) gave a distribution pattern of positional isomers in the chain,
typical for trans-isomers. The effect of distance of a double bond from the carboxyl
group on the R values of monoenes is a well established fact [15].

The anaiytical data, namely, NMR resonances of double bond protons, RRy in
argentation TLC, RRT in GLC (Table II), infrared spectrum and double bond
distribution as determined by reductive ozonolysis (Table III) on the components
in zone 1 indicate that these consisted of Ila, IIb, Ilc, IId and Ile. In the later stage
of partial hydrogenation (8 min) the content of components with a ring double
bond in position 2 (la plus IId) was 5% of the mixture in zone 1, as shown by
reductive ozonolysis. The multiplet at 6 = 5.34 (ppm) in the NMR spectrum
corresponded to almost two cis-double bond protons in the chain, while the
multiplet at 6 = 5.38 (ppm) was due to only a minor portion of trans-double bond
protons, indicating also a low level of IId plus Ile in zone 1. The number of double
bond protons represented by the singlet at 6 = 5.68 (ppm) showed, that total of
components with a double bond in position 2 or 3 of the ring (/1a, IIb, IId and
Ile) contributed to the composition of the mixture to an extent of less than 50%.
The NMR resonances at § = 5.31 and 6 = 5.34 (ppm) for almost one or two
protons, respectively, demonstrated that /Ic, with one double bond in position 1 of
the ring and one cis-double bond in the chain, predominated over all other com-
pounds in zone 1, after 8 min of partial hydrogenation.

Isomerisation and saturation of the double bond in the ring. The compositions
of the 6 zones, separated by argentation TLC, from the products of hydrogenation
of methyl gorlate after 2, 4 and 8 min are given in Table II. The compounds
(Table II) having a saturated chain and a double bond in position 1 of the ring
(Ib—6, 10 and 21% after 2, 4 and 8 min) predominated over those having a
saturated chain and a double bond in position 2 or 3 of the ring ( and /a—3, 7 and
1% after 2, 4 and 8 min). In particular, the interpretation of NMR resonances
revealed that the dienes containing a double bond in position 1 of the ring (/Jc and
IIf) also predominated over those having a double bond in position 2 or 3 (/ia,
IIb, Ild and Ile) in the later stages of hydrogenation. The data are thus in
accordance with the data on the hydrogenation of methyl chaulmoograte (Table I),
showing that extensive isomerisation and preferential saturation of the double
bonds at positions 2 and 3 over that in position 1 occurred in partial hydrogenation
of methyl gorlate.

Geometrical isomerisation and saturation of the double bond in the chain. The
proportions of the compounds (Table II) having a saturated ring and a trans-double
bond in the chain (IIIb—7, 13 and 22% after 2, 4 and 8 min) increased in the later
stages of hydrogenation with simultaneous decrease in proportions of the com-
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pounds having a saturated ring and a cis-double bond in the chain ([lla—17, 19
and 11% after 2, 4 and 8 min). The dienes (Table Il NMR) carrying trans-double
bonds in the chain ({Id, Ile and IIf) also predominated over those containing cis-
double bonds (Ila, IIb and Ilc) during the later stages of hydrogenation. Further,
a comparison of the proportions of IV with either IIIb or IIla (10, 16 and 27%
versus 7, 13 and 22% or 17, 19 and 11%, respectively, after 2, 4 and 8 min) shows
that the level of frans-isomers and saturated compound increased while that of
the cis-isomers decreased. The data thus suggest that geometrical isomerisation of
double bond in the chain was extensive during the later stages of hydrogenation,
and that frans-isomers were more slowly hydrogenated than cis-isomers.

Saturation of the ring double bond versus the chain double bond. As can be seen
from Table II, the saturated ring compounds (/V, Illa and IIlb) accumulated more
(totalling to 34, 48 and 60% after 2, 4 and 8 min) than the compounds carrying a
saturated chain (Z, Ja, Ib and IV totalling to 19, 33 and 49%), which suggests that
ring saturation was faster than chain saturation.

Saturation of methyl chaulmoograte versus gorlate. Methyl gorlate was saturated
slower than methyl chaulmoograte, though the former is expected to be more
reactive, being more unsaturated. This is because of extensive isomerisation of the

double bonds in the ring as well as in the chain and slower saturation of the isomers
formed.

Conclusions

Methy! chaulmoograte and methyl gorlate appear to be suitable model com-
pounds for studies of selective catalytic hydrogenation, since the expected products
can be isolated and identified. Some of the derivatives thus obtained may be useful
in biomedical investigations.
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