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Article

Chemoselective Dehydrogenation of 3-[2-(3,4-Dihydro-
1-naphthalenyl)ethyl]imidazolidine-2,4-diones: a New and
Convenient Synthesis of 13,16-Diazaequilenin analogs

PARIHAR, J. A.

RAMANA, M. M. V*

Department of Chemistry, University of Mumbai, Santacruz (E), Mumbai-400098, India

The synthesis of the title compounds starting with the chemoselective dehydrogenation of
3-[2-(3,4-dihydro-1-naphthal enyl)ethyl]imidazolidine-2,4-diones has been described.
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Azasteroids are known to exhi blt varied blologlcal
properties WhICh include analgwc antlandrogenlc
anti phloglstlc antl microbial,* antlleukemla, antifun-
gal.® bactericidal,” antiestrogenic,® antlfertlllty and car-
diotonic and hypotensive activity.’® Moreover some of
the azasteroids act as neuromuscular blockers™ such as
5-a reductase inhibitors or androgen receptors.*
Though several syntheses of azasteroids™”® have been
reported, the title compounds have not yet been synthe-
sized. Recently we have reg)orted the first synthesis of
13,16-diazaestrone analogs.™ In this article we wish to
report the first synthesis of 13,16-diazaequilenin ana-
logs.

Towards this end, chemoselective dehydrogenation of

Schemel Synthesisof 13,16-diazaequilenin analogs

3-[2-(3,4-dihydro-1-naphthal enyl)ethyl]imidazolidine-2,
4-diones 1la—1c which was the key step was explored
for the synthesis of 2a—2c. We heated 1a—1c with 5%
Pd-C at 250 “C for 15 min and to our delight the cor-
responding dehydrogenated products 2a—2c were ob-
tained in 67%—70% yidd. It is noteworthy that only
carbocyclic ring was chemoselectively dehydrogenated
to afford 2a—2c. Prolonging the reaction time de-
creased considerably the yield as well as the purity of
the product. The structures of 2a—2c were ascertained
by their elemental analysis and spectroscopic data. The
'H NMR spectrum of 2a displayed 2H singlet at 5 3.93
for H-5 of the imidazolidine ring and 1H broad singlet
at 6 5.39 for N—H apart from two triplets in the

R' III_' R\
e —— OO : b

1a—1c 2a-2c¢

Reagents and conditions: i) 5% Pd-C, 250 ‘C, 15 min. ii) Method-A: NaBH,, dry MeOH, reflux, 6 h; Method-B: LiAlH,, dry THF, r.t., 30
h; Method-C: DIBAL-H (20% toluene solution), dry THF, —78 °C, 2 h. iii) PPA, steam bath, 6 h.
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Tablel Synthesis of 13,16-diazaequilenin analogs

Compound R! R? Physical appearance, m.p.2/C Yield’/%
2a H H colourless solid, 127—129 69
2b CH; H colourless solid, 98 70
2c H Cl colourless ail 67
3a H H pale yellow oil 495(25),2 71,% 69f
3b CHs H colourless solid, 128—129 43%(27),964,2 72
3c H Cl paleyelow il 41%26),4 702 77'
4a H H colourless solid, 221 70
4b CH; H colourless solid, 210—211 69
4c H Cl colourless solid, 184—186 41

3 Médlting points are un-corrected. ° Yield refers to purified product. ¢ Yield obtained from method-A. ¢ % of starting material recovered in
method-A. © Yield obtained from method-B. ' Yield obtained from method-C.

aliphatic region, thus confirming the chemoselective
dehydrogenation at only carbocyclic ring.

Chemoselective reduction of NCOCH, group of
2a—2c was carried out with NaBH,; in MeOH under
reflux for 6 h to give the corresponding hydroxy lactam
3a—3c in 41%—49% yield aong with the recovery of
the starting material (25%—27%). Prolonging the reac-
tion time (up to 12 h) and using more equivalents of
NaBH, (3 equiv.) did not improve the yield of the hy-
droxy lactam 3a—3c. The structures of 3a—3c were
ascertained by their elemental analysis and spectro-
scopic data. The "H NMR spectrum of 3a displayed 1H
multiplet at 6 6.10—6.13 for H-4 of the imidazolidine
ring, 1H broad singlet at ¢ 6.24 for O—H and 2H multi-
plet at 0 2.20—2.33 for H-5 of the imidazolidine ring,
confirming the chemoselective reduction at NCOCH,
group. Replacing NaBH,4 in MeOH with LiAlH4 in THF
for 30 h at r.t. and DIBAL-H (20% toluene solution) in
THF a —78 “C for 2 h improved the yield of 3a—3c
to 64%—71% and 69%—77% respectively. Intramo-
lecular cyclization of 3a—3c was carried out in poly-
phosphoric acid (PPA) on a steam bath for 6 h to afford
the corresponding 13,16-diazaequilenin analogs 4a—4c
in 41%—70% yield (Scheme 1, Table 1). The *H NMR
spectrum of 4a displayed 1H multiplet at 6 4.00—4.03
for H-3a, 1H multiplet at 6 4.30—4.34 for H-3a, 1H
broad singlet at § 5.66 for NH and 5H multiplet at &
3.01—3.52, which confirms the intramolecular cycliza-
tion of 3ato give 4a.

In conclusion, the methods described for the synthe-
sis of 13,16-diazasteroids 4a—4c is short, general and
utilizes easily accessible materials.

Experimental

General procedure for the synthesis of dehydroge-
nated products 2a—2c

Seco-azasteroid 1 (100 mg) was heated with 5%
Pd-C (50 mg) at 250 “C for 15 min. It was extracted
with hot EtOAc (4> 50 mL). The combined EtOAC ex-
tract was filtered to remove trace of catalyst. The

evaporation of solvent gave a brown residue which was
purified by column chromatography [alumina (neutral),
CHCI; : MeOH (97 - 3, V V)] to afford the corre-
sponding dehydrogenated product 2a—2c.

3-[2-(1-Naphthalenyl)ethyl]imidazolidine-2,4-di-
one (2a): UV (CHCl3) Ana (log €): 272 (3.83), 283
(3.92), 292 (3.79) nm; *H NMR (CDCl3, 500 MHz) &
3.39 (t, J=7.9 Hz, 2H, ArCH), 3.88 (t, J=7.9 Hz, 2H,
NCH), 3.93 (s, 2H, H-5 of naphthalene ring), 5.39 (br, s,
1H, NH), 7.77—7.87 (m, 5H, H-3—7 of naphthalene
ring), 7.86 (d, J=8.0 Hz, 1H, H-2 of naphthalene ring),
8.23 (d, J=8.3, 1H, H-8 of naphthalene ring); IR (KBr)
v: 1720 & 1781 (C=0), 3250 (N—H) cm *. Anal.
calced for Ci5H14N,O5: C 70.85, H 5.55, N 11.02; found
C 70.78, H 5.60, N 10.97.

3-[2-(7-M ethyl-1-naphthalenyl)ethyl]imidazoli-
dine-2,4-dione (2b): UV (CHCI32 Amax (lOQ €&): 271
(3.84), 282 (3.90), 292 (3.74) nm; "H NMR (CDCl3, 60
MHz) & 250 (s, 3H, CH3), 3.33 (t, J=8 Hz, 2H,
ArCH,), 3.80—4.00 (m, 4H, NCH), 6.33 (br, s, 1H, NH),
7.10—8.40 (m, 6H, ArH); IR (KBr) v: 1705 & 1782 (C
=0), 3250 (N-—H) cm *. Anal. calcd for CygH16N,02:
C 71.62, H 6.01, N 10.44; Found C 71.69, H 5.98, N
10.41.

3-[2-(5-Chloro-1-naphthalenyl)ethyl]imidazoli-
dine-2,4-dione (2c): UV (CHCl3) Anax (lOg &): 271
(3.73), 281 (3.76), 292 (3.62) nm; *H NMR (CDCls, 60
MHz) & 3.25 (t, J=8 Hz, 2H, ArCH,), 3.75—4.10 (m,
4H, NCH), 6.15 (br, s, 1H, NH), 7.25—8.40 (m, 6H,
ArH); IR (oil film) v: 1713 & 1780 (C=0), 3300
(N—H) cm *. Anal. calcd for CysH15CIN,O,: C 62.40,
H 454, Cl 12.28, N 9.70; found C 62.38, H 4.59, ClI
12.33, N 9.64.

General procedure for the synthesis of hydroxy lac-
tams 3a—3c

M ethod-A: Reduction with NaBH, in methanol.

To a well-stirred solution of dehydrogenated com-
pound 2 (1 mmol) in dry MeOH (50 mL) was added
gradualy NaBH,4 (76 mg, 2 mmol) in dry MeOH (20
mL) at r.t. and the mixture was refluxed with stirring for
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6 h. After MeOH was removed the residue was
quenched with 5% NH,Cl solution (100 mL). It was
extracted with CHCl; (83X 25 mL). The combined
CHCI; extracts were washed with water (2X25 mL)
and then dried (anhydr. Na&SO,). The evaporation of
solvent gave a brown residue which was purified by
column chromatography [alumina (basic), chloroform :
MeOH (98 : 2)] to furnish starting material 2a—2c.
Further elution with chloroform : MeOH (96 : 4) fol-
lowed by recovery of solvents gave hydroxy lactam
3a—3c.

1-[2-(1-Naphthalenyl)ethyl]-5-hydroxyimidazoli-
din-2-one (3a): UV (CHCl3) Anax (l0g €): 271 (3.67),
283 (3.90), 291 (3.65) nm; *H NMR (CDCl5, 200 MHzZ)
0. 2.20—2.33 (m, 2H, NHCH,), 3.36 (t, J=7.9 Hz, 2H,
ArCH,), 3.78 (t, J=7.9 Hz, 2H, NCH,), 6.10—6.13 (m,
1H, HOCHN), 6.24 (br, s, 1H, OH), 7.05—8.00 (m, 7H,
ArH), 8.76 (br s, 1H, NH); IR (ail fiIm2 v: 1675 (C=0),
3200—3500 (N—H and O—H) cm . Anal. cacd for
CisH16N20,: C 70.29, H 6.29, N 10.93; found C 70.41,
H 6.23, N 10.97.

1-[2-(7-M ethyl-1-naphthal enyl)ethyl]-5-hydr oxyi-
midazolidin-2-one (3b): UV (CHCI3) Amax (lOg €): 271
(3.79), 282 (3.87), 291 (3.71) nm; *H NMR (CDCl3, 200
MHz) & 2.18—2.30 (m, 2H, NHCH,), 2.51 (s, 3H,
CHj3), 3.40 (t, J=7.8 Hz, 2H, ArCH,), 3.80 (t, J=7.8
Hz, 2H, NCH,), 6.04—6.07 (m, 1H, HOCHN), 6.19 (br,
s, 1H, OH), 7.20—7.89 (6H, m, ArH), 8.90 (br, s, 1H,
N—H); IR (KBr) v: 1677 (C=0), 3200—3500 (N—H
and O—H) cm *. Anal. calcd for CigHigN,O5: C 71.09,
H 6.71, N 10.36; found C 70.98, H 6.74, N 10.30.

1-[2-(5-Chloro-1-naphthalenyl)ethyl]-5-hydr oxy-
imidazolidin-2-one (3c): UV (CHCI3) Amax (lOg €): 271
(3.73), 282 (3.84), 292 (3.61) nm; *H NMR (CDCl5, 200
MHz) & 2.20—2.32 (m, 2H, NHCH,), 3.38 (t, J=7.8
Hz, 2H, ArCH,), 3.80 (t, J=7.8 Hz, 2H, NCH), 6.00—
6.03 (m, 1H, HOCHN), 6.24 (br, s, 1H, OH), 7.28—
8.04 (m, 6H, ArH), 8.84 (br, s, 1H, N—H); IR (ail film)
v: 1680 (C=0); 3200—3500 (N—H and O—H) cm .
Anal. calcd for CisHisCl N,Oy: C 61.97, H 5.20, Cl
12.19, N 9.63; found C 61.89, H 5.24, Cl 12.24, N 9.59.

Method-B: Reduction with LiAlIH; in THF.

To a well-stirred suspension of LiAIH, (38 mg, 1
mmol) in dry THF (50 mL) at r.t. was added gradually
dehydrogenated compound 2 (1 mmol) in dry THF (20
mL) and the mixture was stirred at the same temperature
for 30 h. THF was removed by distillation at r.t. on
rota-vapour and the residue was quenched with 5%
NH,4CI solution (100 mL). For isolation and purification
the same procedure as given in method-A was followed.
The *H NMR spectral data of 3a—3c were consistent
with its authentic data obtained in method-A.

Method-C: Reduction with DIBAL-H (20% toluene
solution) in THF.

To awell-gtirred solution of dehydrogenated compound
2 (1 mmal) in dry THF (50 mL) was added DIBAL-H (2
mL of 20% toluene solution, 2 mmol) at —78 ‘C and the
mixture was stirred for 2 h at the same temperature. The
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reaction mixture was quenched with 5% NH,4CI solution
(100 mL). For isolation and purification the same pro-
cedure as given in method-A was followed. The 'H
NMR spectral data of 3a—3c were consistent with its
authentic data obtained in method-A.

General procedure for the synthesis of 13,16-di-
azasteroids 4a—4c

A mixture of hydroxy lactam 3 (50 mg) and PPA (10
g) was heated on steam bath for 6 h. The reaction mix-
ture was poured onto ice and alowed to stand overnight.
It was extracted with EtOAc (3X25 mL). The combined
EtOAc layer was washed with 10% Na,CO; (2X25
mL), water (2 X 25 mL) and then dried (anhydr.
NaSO,). The evaporation of solvent gave a brown
residue which was purified by column chromatography
[dumina (basic), chloroform : MeOH (98 : 2)] to fur-
nish the title compounds 4a—4c.

3,33,10,11-Tetrahydrobenzo[f]imidazo[5,1-a]iso-
quinolin-1[2H]-one (4a): UV (CHCl3) Ama (lOg €): 272
(3.83), 281 (3.86), 293 (3.70) nm; *H NMR (CDCl3, 200
MHz) &: 3.01—3.52 (m, 5H, H-3, H-10 & H-11 axial),
4.00—4.03 (m, 1H, H-33), 4.30—4.34 (m, 1H, H-11
equatoria), 5.66 (br, s, 1H, N—H), 7.18—8.10 (m, 6H,
ArH); IR (KBr) v: 1695 (C=0), 3200 (N—H) cm %,
Anadl. calcd for CisH14N,O: C 75.61, H 5.92, N 11.76;
found C 75.72, H 5.88, N 11.82.

3,33,10,11-Tetrahydr o-8-methylbenzo[flimidazo[ 5,
1-a]isoquinolin-1[2H]-one (4b): UV (CHCI3) Amax (l0g
g): 271 (3.77), 283 (3.92), 291 (3.68) nm; 'H NMR
(CDCl3, 200 MHz) &: 2.51 (s, 3H, CH3), 3.00—3.50 (m,
5H, H-3, H-10 & H-11 axial), 4.01—4.04 (m, 1H, H-33),
4.33—4.37 (m, 1H, H-11 equatorial), 5.07 (br, s, 1H,
N—H), 7.11—8.00 (m, 5H, ArH); IR (KBr) v: 1695 (C
=0 sr), 3300 (N—H str) cm™ . Ana. calcd for
CisH1sN2O: C 76.16, H 6.39, N 11.10; found C 76.07, H
6.43, N 11.06.

6-Chloro-3,3a,10,11-Tetrahydrobenzo[f]imidazo[5,
1-a]isoquinalin-1[2H]-one (4c): UV (CHCI3) Amax (l0g
€): 271 (3.68), 283 (3.77), 291 (3.60) nm; 'H NMR
(CDCl3, 200 MHz) &: 3.06—3.54 (m, 5H, H-3, H-10 &
H-11 axial), 4.04—4.07 (m, 1H, H-3a), 4.38—4.42 (m,
1H, H-11 equatorial), 551 (br, s, 1H, N—H),
7.20—8.08 (m, 5H, ArH); IR (KBr) v: 1700 (C=0),
3350 (N—H) cm L. Anal. calcd for CisH13CIN,O: C
66.06, H 4.80, Cl 13.00, N 10.27; found C 65.98, H 4.82,
Cl 13.04, N 10.25.
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