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FTIR SPECTRAL STUDY OF INTRAMOLECULAR
HYDROGEN BONDING IN THROMBOXANE Ag
RECEPTOR ANTAGONIST S-145 AND
RELATED COMPOUNDS. PART 4
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MAMORU TAKASUKA," FUMIHIKO WATANABE and
MASUMI YAMAKAWA

Shionogi Research Laboratories, Shionogi & Co., Ltd.,
Fukushima-ku, Osaka 553, Japan

ABSTRACT

An N-methylated compound of S-145, (%)-(5Z)-7-[3-endo-[N-
methyl)phenylsulphonyl)aminolbicyclo[2.2.1]hept-2-exo-ylJheptenoic
acid 1, its chain analogue 12-[N-methyl(phenylsulphonyl)amino]do-
decanoic acid 3, (%)-(5Z)-7-[3-endo-(benzoylamino)bicyclo[2.2.1]hept-
2-exo-yllheptenoic acid 5 and related compounds were synthesized in

order to study the formation of a new class of intramolecular hydrogen
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bond IX (¢is-CO9H--O=7Y). Their FTIR spectra were measured in
dilute CCl4 solution and subjected to curve analysis in order to
separate overlapping absorption bands. For compounds 1, 3 and 5, the
intramolecular hydrogen bonds of the IX type involving 14-, 17- and
14-membered rings were found between a carboxyl group, which takes
a cis-structure IV, and an oxygen atom of a sulphonyl or benzoylamino
group, respectively. The C=O0 stretching vibration bands of these
carboxyl groups shifted to lower wavenumbers (ca. 19 ecm~1). The
direction of these shifts was contrary to that found for «-keto and o-
alkoxycarboxylic acids in which carboxyl groups take a trans-
structure III due to the formation of intramolecular hydrogen bonds I

and II, respectively.

INTRODUCTION

The OH and C=0 stretching (voq and vg=0) bands in
carboxylic acids RCOgH in dilute CCly solution provide useful
information not only on the nature of the substituent R, but also on
the molecular conformation.1-4 For only compounds with n = 1 in
RCO(CH2),.1CO2H and RO(CH3),CO9H, the vpoy bands have been
reported to shift to lower wavenumbers because their carboxyl groups
form intramolecular hydrogen bonds I and I to the proton accepting
groups at the e-position, respectively.1-4 The vc=0 bands of these
carboxyl groups which take a trans-structure III have been also
reported to shift to higher wavenumbers (ca. 30 cm~?), compared with

those at ca. 1760 ecm~! observed for aliphatic acids which take the cis-
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structure IV.2-4 A similar higher shift of the v =0 band was observed
for pyruvic acid,5 glyolic acid6 and glycolic acid7 in the Ar matrix and
o-phenoxybenzoic acids in dilute CCly solution.8 The cis-carboxyl
group IV is more stable than the trans-one III unless carboxylic acids
form the intramolecular hydrogen bond of the I or II type.1-4 This was

theoretically supported by the ab initio MO calculations.?

A 0 o) 0 0
\ﬁ——c’< CHp— :’ R—C(’ R—-C(’
5 o [ o 0 O—H
S R-O~~ /
w’ e H
I 11 1 v

Recently, we found10-14 that a thromboxane Ag receptor agonist
U-46619,15,16 its antagonists S-14517 and ONO-3807,18 chain
analogues of S-145 [PhSOoNH(CH2),CO2H (n = 6-11)] and «-alkane-
dicarbdxylic acids [HO2C(CHg),CO2H (n = 10-14)] in dilute CCly
solution form cyclic intramolecular hydrogen bonds V-VII, VI and VIIX

involving large rings of more than 9 members which link between the
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cis-carboxyl and functional or cis-carboxyl groups, respectively. The
hydrogen-bonded voy and v¢=0 band of these carboxyl groups shifted
to lower wavenumbers, analogous to the case of the carboxylic acid
dimer.19 Furthermore, we have taken an interest in chain compounds
containing the non-vicinal carboxyl group and a Y=0 bond such as
prostaglandin-related compounds because they are expected to form
an intramolecular hydrogen bond of the IX type in which the carboxyl
group takes the cis-structure. However, no information is available on
the intramolecular hydrogen bond of this type except for the inter-
molecular hydrogen bond mentioned below.20 Thus, in order to study
the intramolecular hydrogen bond of the IX type, we synthesized S-
145 and 1-5 and measured FTIR spectra of 1 and 3-5 in dilute CCly
solution. Full optimization curve analysis was applied to all spectra

for separation of the overlapping absorption bands.

@L\—N\COZH @L\——/\/\COZH

NSOzPh SOzPh
s 145 1
PhSO,N(CH,);;CO,R?
SO, l( 211CO; Q\"‘/\/\COZH
R'l
R‘ =H R2 =H NCOPh
'_Me, R°=H
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EXPERIMENTAL

S-145, 2 and 5 were prepared as reported elsewhere.12, 17 Com-
pound 2 was treated with sodium hydride and methyl iodide to obtain
4, Compound 3 was obtained by hydrolysis of 4. Compound 1 was
synthesized from S-145 by the same method. Compounds 1 and 3-5
were dissolved in CCl4 at a concentration (c¢) below 5 X 10-5 mol dm~—3
(cell length (I) = 5.0 ecm), which does not lead to the formation of
intermolecular hydrogen bonds between functional groups, except for
the carboxylic acid dimer.10,11 FTIR spectra were recorded on a
Nicolet 20 SXB FTIR spectrometer at 27°C. Purification of CCly,
operation for the solu.tion and curve-fitting caleulation for peak
separation were as previously described.10 The percentages (N) of
non-hydrogen-bonded molecules and (o) of dimers for 1, 3 and 5 were
estimated by the following approximation: the values of the molar
absorption coefficients (¢/mol~! dm? cm~1) of the free and dimer vc=0
bands for the carboxyl group in these compounds are equal to those of
lauric acid [CH3(CHg2)19CO2H]. In CCl4 solution, the ¢ values of the
free you band at 3533 em~! and the free yc=0 band at 1759 em~! and
the ¢ value per vc=0 band of the dimer at 1711 cm~! for lauric acid

are 178.4, 501.9 and 822.6, respectively.10

RESULTS AND DISCUSSION

The spectral data in 1 and 3-5 and their assignments are listed in
Table 1, together with the Ay, N, o, o and S values, where p is the

percentage of the intramolecular hydrogen-bonded molecules and S is
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FIG. 1. FTIR spectrum of 1 at 3.0188 x 10~° mol dm~-% in CCly
solution in a 5.0-cm cell and the result of peak separation of the
spectrum.

the size of the ring formed by the hydrogen bond. The FTIR spectra of
1, 3 and 5§ and the results of the peak separation of their spectra are
shown in Figures 1-3, respectively. In general, the formation of the
intramolecular hydrogen bond Z-H-+-O=Y causes a shift of the vzy
and vy=0 bands to lower wavenumber.

Since S-145 which forms the cyclic intramolecular hydrogen
bonds VI showed the high p value of 89% in CCly solution,10 it is
presumed that its N-methylated compound 1 also forms a certain
amount of intramolecular hydrogen bond of the IX type, although
there is only one hydrogen bond in IX. As shown in Figure 1, 1
exhibits the vo=p band at 1740 cm ! other than the free vo=0 band
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at 1758 cm~! and the dimer vc=0 band at 1710 cn—? for the carboxyl
group. This suggests that 1 forms an intramolecular hydrogen bond of
the IX type. In order to confirm this result, the FTIR spectra of N-
methylated compound 3 of chain analogue 2 was investigated because
2 (o = 95%), which forms a cyclic intramolecular hydrogen bond VI
similar to that of S-145, shows the highest p value in the compounds
examined.12

For 3 as shown in Figure 2, the intensities of the free vg band
at 3533 cm~! and the free vc=0 band at 1759 em~! for the carboxyl
group decreased and new bands éppeared at lower wavenumbers
(3336 and 1739 cm 1), respectively. In addition, compared with the ¢
value of the va5 50, band at 1352 em~! for the sulphonyl group in 4
which is incapable of hydrogen bonding, a decrease of 16% was found
for the corresponding band of 3. This value agrees well with the p
value. For 1 and 3, the vc=0 bands were not observed at wavenum-
bers higher than 1760 cm~?, indicative of the trans-carboxyl group.1-4
From these findings, it is clear that an intramolecular hydrogen bond
of the IX type involving the 14-membered ring in 1 and the 17-
membered one in 3 in CCly solution is formed between the OH bond of
the carboxyl group and the oxygen atom of the sulphonyl group. In 1
and 3, the p values of 8 and 16% were much smaller than those of S-
145 and 2, respectively, because there is only one hydrogen bond in
both 1 and 3.

It was presumed that 5 does not form cyclic intramolecular

hydrogen bond similar to S-145 but forms intramolecular hydrogen
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bond of the IX type, because N-monosubstituted benzamides take the
trans-structure X.21 The integrated intensity (A/10~8 cm? s—! mole-
cule—1) of 16.9 and the ¢ value of 53 were observed for the free vNH
band at 3453 cm~! for the benzoylamino group in 5. The former value
agrees well with 18.3 (3456 cm~?) for p-MeOCgH4CONHPri and 17.9
(3450 cm~1) for p-C1CgH4CONHPri.22 The latter value is also in close
agreement with 56 (3462 cm~!) for PhCONHBun, 55 (3466 cm~!) for
PhCONHBui and 55 (3452 cm~1!) for PhnCONHBut.23 These results
indicate that the NH bond of the benzoylamino group in 5 is not intra-
molecularly hydrogen-bonded to oxygen atoms of the carboxyl group.
For 5 as shown in Figure 3, the intensities of the free voy band
at 3532 cm~! and the free vo=0 band at 1760 em~! for the carboxyl
group and of the free vc=0 band at 1669 cm~! for the benzoylamino
group appreciably decreased and new bands appeared at lower wave-
numbers (3196, 1741 and 1647 cm!), respectively. It is obvious from
these results that an intramolecular hydrogen bond of the IX type
involving the 14-membered ring in 5 in CCly solution is formed
between the OH bond of the carboxyl group and the oxygen atom of the
benzoylamino group. The p value of 5 is estimated to be 49%, which is
much larger than that of 1 in spite of the 14-membered ring. For 1,3
and 5, the vc=0 band of the carboxyl group was found to shift to lower
wavenumber (ca. 19 ecm~!) due to formation of an intramolecular
hydrogen bond of the IX type. This trend is contrary to that of
RCOCO9H and ROCH2CO9H mentioned in the Introduction.1-4
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‘When an intermolecular hydrogen bond of the IX type is formed
between CCl3CO2H and a hydrogen-bonding solvent, its vo=0 band is
shifted to lower wavenumbers.20 This shift has been also reported to
be attributable to resonance, as can be seen in the following equation,
where the double-bond character of the C=0 bond decreases, causing

to a shift of the v = band to lower wavenumbers.20 Accordingly, the

0 o}
/ /
-—C\ o ——-C\‘
O—H ----Solvent Ot—H ----Solvent

main factor for the shift to lower wavenumbers of ca. 19 em~! observed
for 1, 3 and 5 is considered to be due to a similar resonance.

An intramolecular hydrogen bond of the XI type can also be
formed in chain compounds having a non-vicinal carboxyl group and a

Z-H bond. However, these chain compounds formed cyclic intra-

O----- H—Z7 0----H
/ -1 \+/
—C\/ —C\ /N\
O—H O----H
X1 X1

molecular hydrogen bonds of the V and XII types when Z was an
oxygen and a nitrogen atom, respectively.10-12 In general, the smaller
the electronegativity of the Z atom, the weaker is the hydrogen bond-
ing interaction ability in the Z-H bond. From these findings, it is
thought that little of the intramolecular hydrogen bond of the XI type

is formed.
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In conclusion, we found that 1, 3 and 5 form intramolecular

hydrogen bonds of the IX type and the vo=0 bands of their carboxyl

groups shift to lower wavenumbers in spite of the fact that the C=0

bond of the carboxyl group does not form the hydrogen bond. This

information should be helpful for elucidating the intramolecular

hydrogen bonds of prostaglandin-related compounds such as 15-keto-

prostaglandins.
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