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Activated Nitriles in Heterocyclic Synthesis: Novel
Syntheses of Pyrrolo[1,2-climidazole and
Pyrano|2,3-dlimidazole Derivatives

Hamed Abdel Fattah DABOUN, Sadek Elsayed ABDOU,
Mona Mustafa HUSSEIN, Mohamed Hilmy ELNAGDI

Department of Chemistry, Faculty of Science, Cairo University, Giza,
A. R., Egypt

As part of our investigations on the synthesis of fused azoles
of potential biological activity"*’ we report here a new syn-
thesis of pyrrolo[!,2-climidazole and pyranof2,3-d]imidazole
derivatives from 2-thiohydantoins and substituted cinnamoni-
triles such as benzylidenemalononitrile, diphenylmethylene-
malononitrile, 2-benzoylcinnamonitrile, and 2-benzylidene-
cyanoacetic esters. Except for the recently reported additions
of benzylidenemalononitrile*®, ethyl benzylidenecyanoace-
tate®, and 2-benzoylcinnamonitrile* to 2-alkyl-4-0x0-4,5-dihy-
dro-1,3-thiazoles or their tautomers, the reaction of these acti-
vated nitriles with heterocyclic compounds containing active
methylene groups has hitherto not been investigated. We have
now found that the activated nitriles 1a-d react with 3-phe-
nyl-2-thiohydantoin (2a) to yield 1:1 adducts together with
the S5-benzylidene-2-thiohydantoin derivatives 3aa-da. The
same products were obtained when 3aa-da were treated with
malononitrile. The LR. spectra of the adducts revealed a
strong C==0 absorption at v=1720 cm ™' indicating that the
ring C==0 group was not involved in the reaction. The 'H-
N.M.R. spectrum showed a pattern different from that antici-
pated for the acyclic structure 4. Thus, the cyclic structure
5aa-da was established for the reaction products.

0
R1\ /CN /,/N N 3
/C—C\ R Y R
R2 X S

X 2| R?
~on al <O
—ox b| <)

-—CN

1| R

)
x

;
[:} ~

b H 02N

<
o f

)
z
g
o
xI

d -CN

e S
O

—CO0CzHs

0039-7881/82/0632-0502 $ 03.00 © 1982 Georg Thieme Verlag - Stuttgart

Downloaded by: York University libraries. Copyrighted material.



Communications 503

June 1982
CN
H,C
7 CN 1
l R'l
R! CN 2 |
RZ>°:C<X (1a-d) g2 R ‘? R~ 0
— NC' T N—CgHs + New
5 'Zlﬁ 65 HN\[{ CGHS
NH, S S
5aa-da 3aa-da
csus-cnzc<CN (1e) Table 1. l-0xo-3-thioxo-2,3,737a-tetrahydro-lH-pyrrolo[l.Z-a]imif:L‘
0 C—CegHs CgHs Ho 0 azoles (8,7) and 2-Thioxo-1,2,3,7-tetrahydropyrano[2,3-dJimid-
8 _ N—CeH azoles (6)
HNYN\C5H5 — NN N~ S . oC Molecular
S CeHs S Prod- Yield [%] m.p. [°C] 0 eciI
uct —ee (solvent) formula
2a 7 from from
142 3
LN H
CoHls —~CH=CL (1) Cehs—C 9 saa 55 78 255-256° CH1N,OS
coocHs (DMF/water) (346.4)
HN)(N\CsHs Sba 50 70 205° CioH13N:0:8
AN S (cthanol) (391.5)
R'Hf\CN 3aa Sca 70 75 245-247° CasHixN,OS
R o (DMF/water) (422.4)
H{ Sda 77 76 260-261° C1sHioN,OS
W Cohs (ethanol) (420.5)
s 4 5ac 60 242-243° C..HWN,OS
(ethanol) (270.2)
6ab 60 150° C,H4N,OS
In contrast to the behaviour of compound 2a toward la-d, (ethanol) (422.9)
the 2-thiohydantoin derivatives 2b, ¢ reacted with 1a, b to  6bb 55 118° CosHi7NsO,8
yield the 5-arylidene derivatives 3ab, 3bb, and 3ac, respec- (eth:inol/ water) (‘}67-5)
tively, as the sole isolable products and were recovered almost ~ %¢P 50 ‘7i - (4.;;3“152|N305
unaffected after treatment with 1c under the same experimen- ; 6 (1e7t5 j‘{‘7°7?) EL;Q,ZN;OS
tal conditions. Treatment of compounds 3ab and 3bb with (ethanol) ( 207, 4) k

malononitrile afforded the pyranof2,3-dJimidazole derivatives
6ab and 6bb, respectively, whereas treatment of 3ac with ma-
lononitrile afforded the pyrrolo[1,2-climidazole derivative
Sac.
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* The microanalyses were in satisfactory agreement with the calcu-
lated values: C, £0.30; H, £0.31; N, £0.24; S, +0.28. Exception:
6bb: S, —0.40.
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The formation of § from the reaction of 1 and 2 is assumed to pro-
ceed via initial addition of 2 to the activated double bond in 1 to yield
an acyclic intermediate which then cyclises to the final isolable prod-
uct. The same acyclic intermediate is assumed to be formed on react-
ing 3 with malononitrile.

Compound 1le reacted with 2a to yield the pyrrolo[1,2-cJlimid-
azole derivative 7. On the other hand, the pyrano[2,3-dJimid-
azole derivative 6eb was formed from reaction of le and
2b.

The formation of 7 and 6eb from reaction of 1e with 2a and 2b is as-
sumed (o proceed via initial addition to the double bond in 1e fol-
lowed by cyclization via elimination of water.
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Table 2. I.R. and 'H-N.M.R. Data of Compounds 5, 6, and 7

SYNTHESIS

Prod- I.R. (KBr)
uct viem~]

'H-N.M.R. (DMSO-d,/TMS;...)
§ [ppm]

Saa 3360, 3320 (NH,); 2210 (conjugated CN); 1740 (ring C=0);

1630 (C=C)
Sba 3400-3100 (NH); 2210 (CN); 1760 (ring C==0); 1650 (C=C)

Sca 3420, 3280 (NH); 2200 (CN); 1740 (ring C=0): 1650 (C=C)

5da 3420, 3360, 3300 (NH): 2210 (CN); 1770 (ring C=0): 1650

(C=C)

Sac 3380-3000 (chelated NH); 2220 (CN); 1730 (ring C==0): 1650

(C=C)
6ab 3400, 3340, 3240 (NH.,); 2220 (CN): 1650 (C=C)
6bb 3400-3100 (chelated NH); 2220 (CN); 1650 (C=C)
6eb 2200 (CN); 1650 (C=C)
7 2220 (CN); 1750 (ring C=0)

4.7 (d, 1H, 7a-H); 5.0 (d, 1 H, 7-H); 7.4-7.5 (m, 10 H,,.rn): 7.6 (s.
br, 2H, NH,)

4.5(d, 1H, 7a-H); 5.0 (d, 1 H, 7-H); 6.2 (s, br, 2H, NH,); 7.4-8.0
(m, 9 H,om)

4.6 (d, 1 H, 7a-H); 6.3 (s, br, 2H, NH,): 7.2-8.2 (m, 15 H,om)
4.6 (d, 1H, 7a-H); 6.2 (s, br, 2H, NH»): 7.2-8.0 (m, 13H,,.)

4.16 (s, br, 2H, NH;); 6.45 (s, br, 1H, 7-H); 7.4~7.8 (m, §
H,om); 8.0-8.3 (m, 2H, NH and OH)
6.4 (s. br, 3H, NH, and 7-H); 7.4-7.6 (m, 15 H,om)

6.2 (s, 1H, 7-H);7.2-7.9 (m, 15H,,0m)

In contrast to the behaviour of compounds la-e toward 2,
ethyl benzylidenecyanoacetate (1f) reacted with imidazolid-
ines 2a, b, ¢ to give the benzylidene derivatives 3aa, 3ab, and
3ac, respectively.

All melting points are uncorrected. [.R. spectra were recorded as KBr
discs using a Pye-Unicam SP-1100 spectrophotometer. 'H-N.M.R.
spectra were recorded on a Varian A-60 spectrometer. The microana-
lyses were performed by the microanalytical unit at Cairo University.

Compounds 1%7-* and 3”'” were prepared according to literature pro-
cedures.

Reaction of Compounds 1a-f with Thiohydantoins 2a, b, ¢; General Pro-
cedure:

Compound 1 (0.01 mol) and piperidine (1 ml) are added to a stirred
suspension of the imidazolidine 2 (0.01 mol) in ethanol (50 ml). The
mixture is refluxed for 5 h and then allowed to cool. The solid precipi-
tate is isolated by suction and recrystallised (Table 1) to give the re-
spective S-amino-6-cyano-I1-oxo-3-thioxo-2,3,7,7a-tetrahydro-1H-pyrro-
lof 1,2-afimidazole (5), 5-amino-6-cyano-1,3-diphenyl-2-thioxo-1,2,3,7-
tetrahydropyranof2,3-djimidazole (6), ot 6-cyano-1-0xo-3-thioxo-2,5,7-
triphenyl-2,3,7, 7a-tetrahydro-1H-pyrrolo[ 1, 2-afimidazole (7).  The
mother liquor is evaporated and the residue recrystallises (Table 1) to
give the respective 4-benzylidene-5-0x0-2-thioxoimidazolidine (3) [iden-
tified by comparison with authentic samples}.

Reaction of Compounds 3 with Malononitrile; General Procedure:
Malononitrile (0.661 g, 0.01 mol) and triethylamine (1 ml) are added to
a stirred suspension of the imidazolidine 3 (0.01 mol) in ethanol (30
ml). The mixture is refluxed for 6 h and then evaporated in vacuo. The
residue is triturated with water (20 ml), the solid product isolated by
suction, and recrystallised (Table 1). The yields of compounds 3 thus
obtained are similar to those obtained from the reaction of com-
pounds 1 and 2. {Products 5 thus obtained were identical with com-
pounds 5§ obtained from 1 and 2]
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