J. Indian Inst, Sci., Mar.—Apr. 2001, 81, 5363,
@ Indian Institute of Science

New haptens for progesterone analogs: Synthesis and
conformational analysis’

SHILPA S. KORDE AND GIRISH K. TRIVEDI*

Department of Chemistry, Indian Institute of Technology, Powai, Mumbai 400 076, India.
email: chgktia@ether.chem.fitb.ac.in; Phone: 91-22-5767173; Fax: 91-22-5767152.

Received on September 19, 2000.

Abstract

Growing interest in fields like steroid—receptor interaction and membrane structure studies has promoted the synthesis
of several steroidal haptens. The synthesis of four new analogous progesterone haptens, viz. 4-(carboxyethyl) thio-16¢-
methylprogesterone, 4-(carboxyethyl) thio-19-norethisterone-17-acetate, 20-(hemisuccinyloxymethyl)pregn-4-en-3-one
and 68-hemisuccinyloxy-16a-prop-2'-enylprogesterone is reported herein along with a fluorescent progesterone ana-
log, (208)-[3-[[[(2-ox0-2H-1-benzopyran-3-yl)aminc]carbonyl]oxylmethyl]lpregn-4-en-3-one. Molecular models ob-
tained from MM2 calculations showed that the geometry of the A/B rings was unaltered, hence the new progestercne
analogs show potential as haptens for progesterone immunoassay and membrane structure studies.

Keywords: Hapiens, steroids, progesterone analogs, carboxyethylthio, hemisuccinyl, fluorescent progesterone analog,
molecular modeling, A/B ring conformation.

1. Introduction

Immunoassays have revolutionized the field of medical diagnosis during the past few decades.
Since Erlanger et al.' successfully produced antisteroid antisera, many radioimmunoassays
for steroid hormones have been reported with high sensitivity, selectivity and specificity.”™
The specificity of an antibody increases when a bridge or a linking group is present between
the steroid and the carrier protein, This was pointed out by Midgley and Niswender, and it is
generally believed that increase in the number of spacer atoms of the linking group further en-
hances specificity of the corresponding antibody.>” Although a number of haptens have been
synthesized for progesterone,”"! little attention has been paid to the synthesis of analogous
progesterone haptens.'” The biological significance of 16-alkylated progesterone is obvious
from the fact that 16¢-methylprogesterone shows prolonged progestational activity while 9o
fluoro-160-methylprednisolone enhances the glucocorticoid activity and completely counter-
acts the potent salt-retaining effect.'> Similarly, norethisterone is a highly potent synthetic: con-
traceptive and is used in the treatment of various menstrual disorders and fertility problems.™*-

Our group has been engaged in the synthesis of various steroidal labels for their application
in immunoassays and membrane studies.'>® The present report describes the syntheses of car-
boxyethyl thioether derivatives of both 16-methylprogesterone as well as norethisterone. The
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syntheses of two hemisuccinyl haptens, viz. 20S-(themisuccinyloxymethyl) progesterone and
65-(hemisuccinyloxy-16a-prop-2'-enyl) progesterone have also been discussed.

The application of fluorescence properties to the study of biochemical phenomena has
gained importance due to their distinct advantages over the radioanalytical techniques.'
Synthesis of several steroidal fluorescent probes for their use in fluoroimmunoassays are
known.”** Bohme and Kempfle have synthesized 4.6,8(14)-trien-3-one steroids via 3,5,7-
trien-3-ol ethers which functioned as probes in studying micellization.”* We wish to report the
synthesis of 205-[3-[[(2-0x0-2H-1-benzopyran-3-yl)amino]carbonyloxyimethyl]pregn-4-en-3-
one (13), a potential fluorescent probe for fluoroimmunoassay and membrane structure studies
and its photophysical data.

In addition, the five haptens have also been modeled for minimised energy structures and
their conformations have been analyzed herein.

2, Experimental

Norethisterone acetate (Aldrich) was used after recrystallization. 16c-Methylprogesterone, 63
hydroxy-16a-prop-2'-enylprogesterone and 205-(hydroxymethyl)pregn-4-en-3-one were’ syn-
thesized from 16-dehydropregnenolone acetate and pregnenolone according to the reported
procedure.” .

Melting points are uncorrected. UV spectra were recorded on Shimadzu UV-260 spectro-
photometer, while IR spectra were recorded on a Nicolet Impact-400 FT-IR spectrophotome-
ter. Fluorescence studies were carried out on Spex Fluorolog-01681-0.22 m fluorescence spec-
trophotometer. A Hewlett-Packard MS Engine 5989-A spectrometer was used to record the
mass spectra. 'H and >C NMR spectra were recorded on a Varian VXR-300S spectrometer.
About 5 mg of the sample was dissolved in (.6 ml of the solvent for recording "H NMR spec-
tra, while about 15 mg was used in the case of ’C NMR spectra.

The molecular modeling system used was Hyperchem Release 3 for Windows wherein en-
ergy minimizations were carried out using MM2 calculations.

2.1. 4,5-Epoxy-16a-methylpregn-3,20-dione (2)

16¢-Methylprogesterone (1; 1.5 g, 4.5 mmol) was added to 10% methanclic NaOH (5 mL) in a
round bottom flask and cooled to 0°C. 30% H,O, (0.5 ml, 4.5 mmol) was added and the reac-
tion mixture was stirred for 2 h at 0°C. Neutralization was carried out with acetic acid and the
product obtained was extracted with ethyl acetate, washed with water, brine and dried over
anhydrous Na,SO,: Column chromatography of the crude afforded 83% epoxide (0.96 g). MS:
(mfz) 344 (3%), 329 (3), 301 (10). IR (KBr): v 3310, 3036, 2947, 2100, 1755, 1712, 1235
cm™. Analys1s Calc. for C;;H3204: C, 76.70; H, 9.36%. Found: C, 76.73; H, 9.41%. 'H NMR
(CDCly): 4¢,50-isomer §2.99 (s, 1H, 45-H), 2.67 (m, 1H, 165-H), 2. 12 (s, 34, 21-Hy), 1.15 (s,
3H, 19-H,), 0.94 (d, J=6.9 Hz, 3H, 16-Me), 0.67(s, 3H, 18-H;); 48,58-isomer 5 3.05 (s, 1H,
4a-H), 2.67 (m, 1H, 163-H), 2.13 (s, 3H, 21-Hy), 1.15 (s, 3H, 19-H3), 0.96 (d, J = 6.9 Hz, 3H,
16-Me), 0.68 (s, 3H, 18-H3). *C NMR (CDCly): § 214.5 (C-3), 209.2 (C-20), 20.3 (C-19),
14.04 (C-18).
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2.2. 4-(Carboxyethyl)thio-160-methylprogesterone (3)

Compound 2 (0.75 g, 2.1 mmol) was dissolved in ethyl alcohol (5 ml) to which 10% NaOH
(1 ml) was added. 3-mercaptopropanoic acid (0.22 g, 2.1 mmol) was added to the mixture and
the reaction mixture stirred overnight. Another equivalent of the acid was added and the reac-
tion mixture-stirred for a further 36 h. It was then cooled to 0°C and acidified to pH 4 with di-
lute HC1. The mixture was then extracted with dichloromethane, washed with water, brine and
dried over anhydrous Na,SO,. The solvent was removed and the column chromatographic pu-
rification of the crude using 5% methanol in benzene yielded 0.21 g (23%) of the pure product
as a viscous semisolid. MS: (m/fz) 432 (M*, 15%), 387 (2), 327 (4). IR(KBr): v 3440, 2930,
1720, 1700, 1685, 1464, 1383 cm™. Analysis: Calc. for CpsH30.8: C, 69.41; S, 7.41; H,
8.39%. Found: C, 69.48, H, 8.30%. '"H NMR (CDCL): & 3.69 (dt, J=2.4, 14.1, 1H, 60-H),
2.93 (t, J= 6.9 Hz, 2H, SCHy), 2.67 (m, 1H, 165-H), 2.55 (1, J = 6.9 Hz, 2H, CH,COOQ), 2.49-
2.55 (m, 2H, 20-H, 2-H), 2.19 (m, 1H, 65-H), 2.13 (s, 3H, 21-H;), 1.22 (s, 3H, 19-H3), 0.95
(d, J=7.0 Hz, 3H, 16-Me), 0.70 (s, 3H, 18-H;). '*C NMR (CDCly): 209.2 (C-20), 195.0 (C-3),
176.7 (COOH), 175.8 (C-5), 128.3 (C-4), 76.6 (C-17), 18.0 (C-19), 14.0 (C-18).

2.3. 4, 5-Epoxy-19-norethisterone-17-acetate (5)

Norethisterone acetate (4; 1 g, 2.94 mmol) was treated with H,O, (0.33 ml, 2.94 mmol) follow-
ing a procedure similar to that adopted for the synthesis of epoxy derivative of 16-methyl-
progesterone. The reaction yielded 74% of 4,5-epoxy-19-norpregn-20-yn-3-one-17-acetate (5)
as a colourless semisolid. MS: (m/z) 356 (M*, 60%), 341 (65), 313 (20). IR(KBr): v 3036,
2037, 1712, 1470, 1377 cm™. Analysis: Calc. for CyHy04: C, 74.55; H, 7.39%. Found: C,
74.61; H, 7.43%. '"H NMR (CDCL): 4@, So-isomer §3.03 (s, 1H, 48-H), 2.75 (m, 1H, 168-H),
262 (s, 1H, 21-H), 2.05 (s, 3H, acetyl-H3), 0.91 (s, 3H, 18-H;). 48, 5f-isomer & 3.04
(s, 1H, 4a-H), 2.75 (m, 1H, 168-H), 2.62 (s, 1H, 21-H), 2.05 (s, 3H, acetyl-H,), 0.91 (s, 3H,
18-H;). *C NMR (CDCL): & 206.6 (C-3), 169.4 (acetyl-CO), 67.3 (C-5), 61.7 (C-4), 13.3 (C-
18).

2.4, 4-{Carboxyethylthio)- 19-norethisterone-I7-acetate (6)

An identical procedure as that used for the preparation of compound 3 was adopted and the
miXture of o and B epoxides (0.5g, 1.40 mmol) was reacted with 3-mercaptopropanoic acid
(0.15 mi, 1.40 mmeol). The pure carboxyethylthio derivative (6) was obtained as a viscous solid
in-a yield of 40% (0.25 g). MS: (m/z) 444 (M", 15%), 387 (8), 327 (6). IR(KBr): v 3440, 2930,
1716, 1700, 1685, 1464, 1384 cm™’. Analysis: Calc. for C;sH30s8: C, 67.54, S, 7.21, H,
7.25%. Found: C, 67.55, H, 7.20%. '"H NMR (CDCL): §3.77 (dt, J=2.4, 13.9 Hz, 1H, 6a-H),
2.94 (t, J=6.9 Hz, 2H, SCH,), 2.75 (m, 1H, 165-H), 2.60 (s, 1H, 21-H), 2.56 (t, J=6.9 Hz,
2H, CH,COO0), 2.05 (s, 3H, COCHj3), 2.02-2.07 (m, 1H, 68-H), 0.93 (s, 3H, 18-Hs). °C NMR
(CDCl5): 6 195.7 (C-3), 176.2 (COO), 171.7 (COOH), 169.6 (C-5), 127.9 (C-4), 84.2 (C-20),
83.1 (C-17),75.1 (C-21), 13.4 (C-18).

2.5. 6B-Hemisuccinoyl-160-prop-2'-enylprogesterone (8)

Compound 7 (0.25 g, 0.68 mmol) was dissolved in pyridine to which 4-dimethylaminopyridine
(0.085 g, 0.68 mmol) and succinic anhydride (0.068 g, 0.68 mmol) were added. The reaction
mixture was refluxed overnight, following which ethyl acetate was added. After filtering the
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mixture through celite, the product was extracted with ethyl acetate. Column chromatography
afforded 68% of the pure hemisuccinate (8) as a viscous semisolid. MS: (m/z) 470 (1%), 455
(5), 429 (8), 425 (15), 384 (20). IR(KBr): v 3440, 3026, 2927, 2875 1740, 1720, 1703, 1683,
1660, 1466, 1380, 1245 cm™. Analysis: Calc. for CygHiQs: C, 71.46; H, 8.14%. Found: C,
71.41; H, 8.19%. 'H NMR (CDCls): § 5.94 (bs, 1 H, 4-H), 5.65 (m, 1 H, 2’-H), 5.45 (bs, 1 H,
6c-H), 4.95 (m, 2 H, 3"-Hy), 2.67-2.74 (m, 5 H, 164-H, succinyl Hy), 2.26 (m, 1 H, 17a-H),
2.11 (s, 3 H, 21-H3), 1.29 (s, 3 H, 19-Hj), 0.72 (s, 3 H, 18-H;). °C NMR (CDCLy); 8209.1 (C-
20), 200.0 (C-3), 176.4 (COQ), 170.8 (COOH), 161.9 (C-5), 137.3 (C-2'), 128.9 (C-4), 115.9
(C-3"), 74.4 (C-6), 70.3 (C-17), 29.3 (CH,COO), 28.7 (CH,COOH), 18.7 (C-19), 14.3 (C—18)

2.6. 2058-( (Hemlsuccmyloxy)methyl Ipregn-4-en-3-one (12)

Compound 11 was dissolved in pyridine (0.06 ml) in a round bottom flask to which succinic
anhydride (0.07 g, 0.7 mmol) was added and the mixture stirred for 5 h. Ethyl acetate was then
added and the reaction mixture was filtered through celite. The mixture was extracted with
ethyl acetate, washed with dilute HCI, water and brine. The organic extract was dried over an-
hydrous Na,SO, and concentrated in vacuo. Silica gel column chromatography afforded the
pure hemisuccinate (12) in 33% yield (0.15 g). m.p. = 128°C. MS: (m/z) 430 (M*, 80%); 312
(100), 297 (20). IR(KBr): v 3421, 3036, 2918, 1737, 1703, 1681, 1656, 1464, 1383, 1210 cm™
Analysis: Calc., for CygHsgQs: C, 72.53; H, 8.90%. Found: C, 72.57; H, 8.94%. 'H NMR
(CDClL3): 85.73 (bs, 1 H, 4-H), 4.12 (dd, 7= 10.8, 3.6 Hz, 1 H, 22-H), 392 (dd, J=10.8, 7.5
Hz, 1 H, 22-H), 2.66 (m, 4 H, succinyl Hy), 1.19 (s, 3 H, 19-Hj), 1.01 (d, J=6.8 Hz, 3 H, 21-
H,), 0.79 (s, 3 H, 18-H;). >C NMR (CDCl;): & 199.8 (C-3), 176.2 (C00), 172.3 (COOH),
171.6 (C-5), 123.8 (C-4), 69.8 (C-22), 29.0 (CH;COOQ), 28.7 (CH,COOH), 17.4 (C-19), 17.1
(C-21), 12.0 (C-18). | |

2.7. 208-f3-[[[(2-0x0-2H-1-benzopyran-3-yljamino JcarbonylJoxy Jmethyl ]pregn 4-en-3-one
(13)

Coumarin-3-carboxylic acid (0.028 g, 0.15 mmol), triethylamine (0.03 mil, 0.03 mmeol} and
diphenylphosphoryl azide (0.08 ml, 0.03 mmol) dissolved in dry THF (5 ml) were taken in a
three-necked flask fitted with a reflux- condenser under nitrogen atmosphere and stirred for
about 15 min. To this was added 205-(hydroxymethyl)pregn-4-en-3-one (7; 0.05 g, 0.15 mmol)
in dry THF (10 ml) and the reaction mixture refluxed for 48 h. It was then cooled and extracted
with ether. The organic layer was washed with 5% NaHCO; solution followed by water and
brine, and dried over Na;SO,. The crude product was subjected to silica gel column chroma-
tography followed by recrystallization from methanol-chloroform to yield the pure fluoro-
phore (13) (0.04 g). m.p.=178°C. MS: (m/z) =517 (M", 3%), 330 {M-[C,oHsO:N]*, 2%}.
IR(KBr): v 3401, 3035, 2044, 1717, 1675, 1626, 1469, 1220, 1035 cm™. Analysis: Calc. for
CsHyOsN: C, 74.25; N, 2.71; H, 7.59%. Found: C, 74.31; N, 2.76; H, 7.64%. 'H NMR
(CDCl,): 68.32 (s, 1 H, 4-H), 7.56 (s, | H, NH), 7.42-7.48 {m, 2 H, 7’-H, 8-H), 7.30-7.34
{m, 2 H, 5’-H, 6'-H), 5.73 (brs, 1 H, 4-H), 4.23 (dd, J=10.8, 3.6 Hz, 1 H, 22-H) 3.93 (dd,
J=10.8, 7.5 Hz, 1 H, 22-H), 2.45 (m, | H, 25-H), 2.35 (m, 1 H, 2a-H), 1.18 {s, 3 H, 19-H;),
1.07 (d, J=6.7 Hz, 3 H, 21-H,), 0.78 (5, 3 H, 18-H;). C NMR (CDCl;): 8 199.6 (C-3), 171.4
(C-5), 158.6 (C-2"), 153.6 (OCONH), 149.7 (C-3"), 123.9 (C 4), 71.0 (C 22),17.5 (C-19), 17.2
(C-21), 12.1 (C-18). UV (Table I).
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Table I _
Photophysical data of 205-[3-[[[(2-0x0-2H-1-benzo-
pyran-3-yllamino]carbonyl] oxylmethyllpregn-4-en-3-one '

Sl Solvent Aex £ . Aem o5
no.

1 Chloroform 320  4x10° 383 - 013
2, THF 318 4x10° 380 0132
3. Acetonitrile 316 4 x 10 383 0.135
4. Methanol 316 4x10'° 380 0139

3. Results and discussion

A general procedure to yield carboxyethylthioethers from 4-en-3-one steroidal compound en-
sues that the enone is subjected to alkaline hydrogen peroxide reaction at 0°C to obtain the
epoxide, which on treatment with mercaptopropanoic acid under a]kalme condmons followed
by dehydration gives the desired thicether derivative. :

160-Methylprogesterone (1) was epoxidised by alkaline hydrogen peroxide at 0°C to ob-
tain the 4,5-epoxy derivative (2) (Scheme 1). Careful but fast column chromatography of the
reaction mixtare yielded an inseparable mixture of ¢t and B epoxides (2). The mixture as such
was subjected to various spectroscopic techniques for structure determination. The mass spec-
trum of compound-2 showed a weak M* peak at m/z 344 (CpH3,0;). A signal at 3036 cm™ was
observed in the IR spectrum which is characteristic of an epoxide, while the band at 1712 cm™
indicated the absence of conjugated ketone. The 'H NMR spectrum of the mixture of 4@, 5S¢
and 48,5 f-epoxides (2) showed a singlet for 4-H at 3.05 ppm along with another at 2.99 ppm,
the integration values of which indicated that the o and B epoxides were formed in the ratio
2:1. Two singlets were observed for 21-H,, at 2.13 ppm for S-epoxide and 2.12 ppm for a-
epoxide while 18-H; resonance signal for the a-epoxide appeared at 0.67 ppm and that for -
epoxide at 0.68 ppm. The *C spectrum showed two peaks at 214.5 ppm for C-3 while C-20
signal was observed af 209.1 ppm. These data confirmed that the structure of compound 2 was
4.5-epoxy-16-methylpregn-3, 20-dione.

This mixtare was then subjected to reaction with 3-mercaptopropanoic acid in ethanolic-
KOH: Repeated additions of the mercaptopropanoic acid resulted in a carboxyethylthio deriva
tive (3). The mass spectrum of compound 3 showed M* peak at miz 432 (CysH:604S). The IR
spectrum showed peaks ‘at 3440, 1720, 1700 and 1685 cm mdlcatmg that a carboxyhc group

R“ RS
.\R" AR faR*
.WR? WRE
W
o

SCHCHCOOH
1 2 (@p 2:1) 3 R'=R%*=CH3; R®*COCHg; R*=H
4 5 {cup 1:18) 6 R'=R%=H; R%= CaCH; R*=0Ac

Scheme 1. Synthesis of 4-carboxyethylthio-16c-methylprogesterone (3). Conditions: (i)
NaOH, H;O»/methanol; (ii) KOH, 3-thiopropanoic acid/ethanol.
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might be present in addition to two carbonyl groups. The formation of thioether was further
suggested by the 'H NMR spectrum which showed a double triplet (J=2.4, 14.1 Hz) at 3.69
ppm assigned to 60-H. A triplet (J = 6.9 Hz) at 2.93 ppm was assigned to SCH; and another at
2.55 ppm to CH;COO. The "*C NMR spectrum of compound 3 showed the carboxyl signal at
176.7 ppm. Two additional methylene resonances were found at 34.8 and 28.6 ppm and were
assigned to SCH; and CH,COOH, respectively. This confirmed that compound 3 was 4-
(carboxyethyljthio- 16 -methylprogesterone,

Similarly, the carboxyethylthio derivative (6) of 19-norethisterone-17-acetate (4) was pre-
pared via 4,5-epoxy-19-norethisterone-17-acetate (5) (Scheme 1). The epoxidation of norethis-
terone acetate (4) with H,O; in alkaline methanol led to compound § which showed M* peak at
miz 356 (CHp50,4) in its mass spectrum. The IR spectrum showed a signal at 3036 cm™ indi-
cating the presence of an epoxide group while the signal at 1712 cm™ indicated the presence of
a nonconjugated ketone. The 'H NMR spectrum of compound 5 indicated that it was a mixture
of a and J§ epoxides, the ratio being 1:18. This is observed from the integral values of the
singlets at 3.03 and 3.04 ppm for 40-H and 48-H, respectively. The *C NMR spectrum of
compound 5 showed C-3 signat at 206.6 ppm, carbonyl signal of the acetyl group at 169.4 ppm
while C-18 signal appeared at 13.3 ppm. These data authenticated compound 5 to be 17a—
acetoxy-4,5-epoxy-19-norpregn-20-yn-3-one.

The M* peak at m/fz 444 (CasH3,058) and IR peaks at 3440 and 1716 cm ! of compound 6
obtained from the reaction of 3-mercaptopropanoicacid on the mixture of epoxides 5 indicated
the presence of a carboxylic group. The 'H NMR spectrum of compound 6 showed a double
triplet (/ =24, 13.9 Hz) at 3.77 ppm while two triplets (J = 6.9 Hz) were seen at 2.94 and 2.56
ppm for SCH; and CH;COQO which established that the carboxyethylthio derivative (6) was
indeed formed. The *C NMR spectrum of compound 6 showed carboxylic carbon resonating
at 171.7 ppm, the S-C signal appeared at 34.8 ppm, while the methylene carbon adjacent to the
carboxylic group resonated at 28.6 ppm. These data confirmed that the structure of compound
6 was 17a-acetoxy-4-(carboxyethyl)thio-19-norpregn-4-en-20-yn-3-one.

65-Hydroxy-160-prop-2’-enylprogesterone (7) was obtained during the reaction of PCC
with 1605—p1'0p-2’-’enylpregnenolone.25 To obtain its hemisuccinyl derivative 8, compound 7
was treated with succinic anhydride, the reaction being catalysed by DMAP at reflux (Scheme
2}. The IR spectrum indicated that at least three carbonyl groups are present in compound 8. Its
'H NMR spectrum showed that 6a-H signal was deshielded by ca. 0.9 ppm as compared to
that in compound 7 indicating that the hemisuccinyl group is hooked onto the steroid. In the
3C NMR spectrum of compound 8, four carbonyl signals at 200.0, 209.1, 176.4 and 170.8 ppm
0

Scheme 2. Synthesis of 6f8-hemisuccinoyl-160-prop-2’-enylpro-
gesterone. (i) Succinic anhydride, dimethylaminopyridine/pyri-
dine.
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were assigned to C-3, C-20, ester carbonyl and carboxylic carbon; respectively. Two methyl-
ene signals at 29.3 and 28.7 ppm were also seen and assigned to CH;COO- and CH,COOH,
respectively. These data confirmed that compound 8 is 6ﬁ-hem15uccmoyl—lﬁa—prop-Z'-enyl—
progesterone,

To synthesize the second hemisuccinyl hapten, pregnenoloné was converted into a tetrahy-
dropyranyl ether and subjected to Wittig reaction. Hydroboration oxidation of the resultant
alkene yielded a mono-protected diol which was then protected by acetic anhydride/pyridine
and the 3f-hydroxy group was set free by acid hydrolysis to give a secondary alcohol (9).
Compound 9 was then oxidized by pyridinium chlorochromate to its 4-en-3-one derivative
(10), which on alkaline hydrolysis with 10% aqueous KOH in methanol gave a primary alcohol
(11).% Compound 11 was then treated with succinic anhydride in pyridine to obtain the
hemisuccinyl ester (12) in about three hours (Scheme 3). After purification by silica gel col-
umn chromatography, the hemisuccinyl derivative (12), in its mass spectrum, showed an 80%
intense M" peak at m/fz 430 (C26Ha50s). Its IR spectrum showed a signal at 3421 cm™ and 1703
cm™! which indicated that formation of the hemisuccinate had taken place. The 'H NMR spec-
trum of compound 12 displayed a multiplet (4H) at 2.66 ppm assigned to the four protons of
the two methylene groups of the succinyl moiety. The ester formation was also indicated by
the deshielding of C-22 protons to 4.12 (J=10.8, 3.6 Hz) and 3.82 ppm. (/= 10.8, 7.5 Hz),
which appeared as double doublets. The B NMR spectrum of compound 12 showed the pres-
ence of three carbonyl signals, one at 199.8 ppm was assigned to C-3, the second at 176.2 ppm
to the ester carbonyl while the third at 172.3 ppm was assigned to the carboxylic carbon. The
two methylene signals at 29.0 and 28.7 ppm were attributed to the presence of succinyl group.
Thus, compound 12 was confirmed to be 208-(hemisuccinyloxymethyl)pregn-4-en-3-one.

Coumarin fluorescence in spirolactone derivatives of testosterone has been utilized to study
their affinity for renal mineralocorticoid receptors of adrenalectomized rats. But it was found
that long and bulky substitution at C-7 resulted in loss of affinity.”’ It was reasoned that if the

Q
12 _
Scheme 3. Synthesis of 205-(hemisuccinyloxymethyijpreg-4-en-3-one (12) and 205-[3’~[[[(2’-ox0-2H- |’-benzopyran-

3-yl)amino]carbonyl]oxy}methyl Jpregn-4-en-3-one (13), Conditions: (i) PCC/dichloromethane, (i) KOH/aqueous
methanol, (iif) Succinic anhydride/pyridine, {iv) Coumarin-3-carboxylic acid, DPPA, triethylamine/anhydrous THF.,
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coumarin species was introduced on the C-17 side chain, it would stay away from the A/B ring
and may result in a fluorescent hapten with better activity, A terminal hydroxy group in the
side chain of a steroid could well be utilized for this purpose. Coumarin-3-carboxylic acid was
converted in situ to an isocyanate using diphenylphosphoryl azide (DPPA) and coupled to the
alcohol (11) in the presence of triethylamine to give a fluorescent progesterone analog (13).
The mass spectrum of compound 13 showed an M" peak at m/z 517 (C3,H;505N) while the IR
spectrum showed peaks at 3401, 2944, 1717, 1675, 1626, 1220 and 1035 cm™ thus indicating
the presence of an aminocarboxyl group. Aromatic signals were seen in the "H NMR spectrum
of compound 13 which integrated to five protons. Apart from these, one singlet for NH was
also observed. The olefinic signal at 5.73 ppm indicated the presence of 4-en-3-one moiety.
The resonances of both the C-22 protons were deshielded by nearly 0.6 ppm as compared to
those in compound 11. The ’C NMR spectrum also showed the required number of aromatic
carbon signals in the region 116-130 ppm which indicated that the coumarin group had indeed
been added to the steroid. These spectral data confirmed that compound 13 was 205-[3'-[[(2"-
oxo-2H-1'-benzopyran-3'-yljaminojcarbonyloxy]methyl]pregn-4-en-3-one. '

The UV spectra of compound 13 were recorded in various solvents. The fluorescent steroid
absorbed at a maximum wavelength of 320 nm and its extinction coefficient was calculated to
be 4 x 10°. Fluorescence studies were also carried out simultaneously and showed that com-
pound 13 fluoresced with the wavelength maximum being 380 nm and the quantum efficiency
of fluorescence being ca. 0.13 (Table I).

Finally, the five haptens, 3, 6, 8, 12 and 13, were subjected to energy minimizations using
MM2 calculations.”® It was observed that both the carboxyethyl thioethers as well as the
hemisuccinyl esters showed similar conformations (Fig. 1). The 160-methyl group in com-
pound 3 and the 16¢-allyl group in compound 8 occupied quasiaxial positions, thus maintain-
ing the ring D conformation as that in the parent steroid hormone, progesterone. Ring A of all
the four haptens was seen to exist in a normal 1¢, 28 half chair conformation. The bulky car-
boxyethyl thioether substitutions in compounds affected ring A only by a fraction. Similarly,
ring B was found to exist as a normal chair in all the five haptens indicating that even the 6/
hemisuccinyl group in compound 8 occupied an axial position. A slight distortion in ring B of
these haptens was caused by A*. In compound 12, the hemisuccinyl group at C-22 extended
away from ring D linearly. Despite the bulk, its side chain at C-17 retained its quasiaxial posi-
tion and did not cause any distortion of conformation. The coumarin moiety was attached to C-
22 via a urethane linkage and was away from the A/B ring system of the steroid skeleton. It
was in the same plane as that of the steroid, being slightly tilted towards C-20 and it occupied a
quasi-axial position. In the absence of any conformational transmission effects in the five hap-
tens, the A and B rings were unaltered and hence similar in conformation to the parent steroid
hormone, progesterone. '

4. Conclusion

Potential haptens for analogous progesterone derivatives were synthesized with carboxyethyl-
thio and hemisuccinyl linking groups. The progesterone side chain, elongated with one carbon,
was thought to be an ideal position for the substitution of a coumarin moiety and the resultant
urethane showed a blue fluorescence. Conformational analysis of these haptens showed that
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FiG. 1. Energy minimized structures of the five haptens 3, 6, 8, 12'and 13.
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steroidal ring A exhibited a normal half chair while ring B exhibited a normal chair conforma-
tion. S
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