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SYNTHESIS AND REACTIONS OF SEVERAL NEW
2-THIAZOLIN-4-ONYL HYDRAZIDOYL HALIDES

NABILA A. ISMAIL, REDA M. FEKRY, SANAA M. ELDIN¢ and
YASSIR N. ABDEL-AZIM

Department of Chemistry, Faculty of Science, Zagazig University,
Zagazig, A.R. Egypt

(Received September 20, 1992; in final form November 17, 1992)

Several new hydrazidoyl halides containing the 2-thiazolin-4-one moiety were synthesised and reacted
with several reagents to yield several additional heterocyclics. Structures were based on both elemental
analysis and spectral data.

Key words: Hydrazidoyl halides; 2-thiazolin-4-ones; thiazolinonylpyradiazinones; a-acetyl-a-
cyanothioacetamide.

INTRODUCTION

Hydrazidoyl halides are long known to be suitable synthons for different types of
heterocycles.!~® 2-Thiazolin-4-one and its derivatives are also known to possess
diverse biological activities.”~!° The synthesis of hydrazidoyl halides containing the
2-thiazolinone moiety adds to both the chemistry and biological activities of these
derivatives. a-Acetyl-a-cyanothioacetamide!! seemed to be an excellent starting
for the present study to fulfill this objective as a continuation to our effort in this
field.™

RESULTS AND DISCUSSION

Thus, it has been found that a-acetyl-a-cyanothioacetamide (1) reacted with chlo-
roacetic acid to give 2-a-cyanoacetonyl-2-thiazolin-4-one (2).'' Bromination of 2
in glacial acetic acid afforded 2-(a-bromo-a'-cyanoacetonyl)-2-thiazolin-4-one (3)
whose structure was established using elemental analysis and spectral data (cf.
Experimental). Reaction of 3 with dimethyl sulfide yielded the corresponding di-
methylsulfonium bromide derivative 4. Coupling of 4 with a series of diazotized
primary aromatic amines led to the formation of the corresponding new hydrazidoyl
halides 5a—d which were taken as the starting components for the present study.
The structure assigned for 5a—d was established using elemental and spectral data.
The IR spectra of Sa—d showed absorption bands related to the presence of NH,
sat. CH and CH,, CN, side chain-CO, ring CO and C=N in each case. The 'H-
NMR spectrum of 5a, as a typical example of the series, revealed signals (3 ppm)

+ Author to whom correspondence should be addressed.
t Department of Pesticidal Chemistry, National Research Center, Dokki, Cairo, A.R. Egypt.
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of Ar-CH; (s, 2.4); thiazolinone-CH, (s, 5.6); CH (s, 6.2); aromatic protons (m,
7.1-7.8) in addition to NH (s, br, 9.8; lost after D,0O exchange).

Compounds 5a—d reacted with ethanolic hydrochloric acid to undergo a cycli-
zation reaction which led to the formation of the corresponding 1-aryl-3-bromo-5-
(2-thiazolin-4-on-2-yl)-6-aminopyridazin-4-one derivatives 6a—d, respectively. The
IR spectra of each of 6a~d were found entirely free of the absorption bands of the
nitrile function in each case thus proving the involvement of this group in the
cyclization step. The 'H-NMR spectra of 6a—d were in good agreement with the
assigned structure and revealed no signals for each of the —CHCN or NH protons
(cf. Experimental).

Compounds 5a—d reacted with potassium thiocyanate to yield the corresponding
substitution reaction products 7a—d. The absorption bands related to the presence
of the CN and SCN groups were clearly shown in the IR spectra of each of 7a—d.
Cyclization of the thiocyanato derivatives 7a—d using ethanolic hydrochloric acid
yielded the corresponding thiocyanato pyridazinone derivatives 8a—d. The IR spec-
tra of 8a—d showed no absorption bands of CN groups and those of the SCN groups
were clearly detected. No signals of NH or —CHCN protons were revealed in the
'"H-NMR spectra of 8a—d (cf. Experimental).

Similar to their behaviour towards KSCN, compounds Sa-d reacted with tri-
phenylphosphine to give the corresponding triphenyl phosphonium bromide de-
rivatives 9a—d; cyclization of 9a—d gave also the corresponding pyridazinone de-
rivatives 10a—d. Structures of 9a—d and 10a-d were established by elemental
analysis and spectral data. The *H-NMR spectra of 10a—d were found entirely free
of the signals corresponding to the presence of either NH or —CHCN protons (cf.
Experimental).

Compounds 5a-d reacted with each of o-aminophenol and o-aminothiophenol
to yield the corresponding substitution reaction products 1la-h. Cyclization of
11a-h led, in turn, to the formation of reaction products showing no nitrile function
and one ring carbonyl group in each case. These cyclization products could be
formulated as the thiazolinonyl benz[1,4]oxazino- and thiazolinonyl-
benz[1,4]thiazino[3,2-c|pyridazine derivatives 12a—h on the basis of elemental anal-
ysis and spectral data. The 'H-NMR spectra of 12a~h revealed patterns which
could be interpreted in terms of structure 12a—h only and revealed the absence of
any signals of the —CHCN group in each case (cf. Experimental).

EXPERIMENTAL

All melting points are uncorrected. IR (KBr) were recorded on a Pye Unicam SP. 1100 spectrometer.
'H-NMR spectra were recorded in DMSO-d, on a Varian EM 390 90 MHz spectrometer using TMS
as an internal standard. Chemical shifts are expressed as 8 ppm units. The microanalyses were performed
at the Microanalytical Center of Cairo University using a Perkin-Elmer 2400 C H N Analyzer.

Preparation of 2-(a-bromo-a'-cyano-actonyl)-2-thiazolin-4-one (3). A solution of (2) (0.01 mole}, in
acetic acid (30 ml) reacted with bromine (0.01 mole). The reaction mixture was heated under reflux
for 1.5 h. The solid product obtained after cooling was filtered and crystallized from the proper solvent
to give 3 (Tables I and IT).

Reaction of (3) with dimethyl sulfide. A solution of (3) (0.01 mole), in ethanol (30 ml) was treated
with dimethyl sulfide (0.01 mole), and the reaction mixture was then refluxed for 2 h. The reaction
mixture was cooled and ether was added then (4) precipitated which was filtered, washed with a little
ether, and crystallized from the proper-solvent (Tables I and II).
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TABLE 1
Characterization data of the newly synthesized derivatives
% Analysis Calcd./Found

Colour
Comp. M.P. Yield Mal. Formula
(solvent) C H N 5  Hal
3 Buff 195 75 C7H5N28028r 32.2 1.9 10.7 . 30.6
(ethanol) 32.0 1.8 10.5 2.1 30.5
4 Buff 217 B8O CQHI lNZSZOZBI 33.6 3.4 8.7 19.8 24,7
(ethanol) 33.2 3.3 8.5 19.7  24.5
5a Brown 185 75 CMHI lN[‘SOzBr 44,3 3,7 14,8 8.5 211
(ethanol) 44.2 3.6 14.8 8.5 21.
5b Brown 205 70 Cl BHBNSSOABr 38.1 1.8 17.1 7.8 .5
(ethanol) 38.0 1.6 17.0 1.6 19.4
Sc  Break red 235 75 CDHBNZ‘SOZBrCI 39.1 2.0 140 8.0 28.9
(ethanol) 39.0 1.8 139 8.0 28.7
5d Orange 295 75 Cl 3H9NASOZBr 42.8 2.5 15. 8.8 21.9
(ethanol) 42,6 2.3 152 8.6 2.7
6a Brown 215 70 CMH“NI‘SOZBr 44,3 3.7 14.8 8.5 21.1
(ethanol) 44.t 3.5 4.7 8.3 1.
6b Brown 230 65 Cl 3H3N5501.Br 38.1 1.8 17. 7.8 .
{ethanol) 37.9 1.7 1.6 .
6c Brown 270 65 Cl 3HBN[‘SOZBrCl 39.1 2.0 14.0 8.0 28.9
{ethanol) 3980 1.8 138 1.9 28,7
6d Brown 330 70 C 1 3H9Na5028r 428 2.5 15 8.8
(ethanol) 42,6 2.3 15 8.6
7a Brown 160 65 Cl SHl !Nsszoz 50.4 3.1 19.6 17.9
{ethanol) - 50.1 3.0 19.4 17.7
7b Brown 180 60 C] AHBNGSZOA 433 2.1 21.6 16.5
(ethanol) 43,1 2.0 21.4 163
c Brown 210 70 CMHBNSSZOZCI 46,5 2.1 18.5 17.0 8.4
(ethanol) 44,3 2.0 18.3 16.8 9.2
d Brown 220 70 CMHQNSSZOZ 49.0 2.6 20.4 18.7
(ethanol) 48.8 2.4 202 18.5
Ba Brown 210 70 Cl 5HI INBSZOZ 50.4 3.1 19.6 17.9
(ethanal) 50.2 2.9 19.4 178
8b Brown 230 65 c, 4HBN65204 433 2.1 21.6 165
(ethanol) 432 1.9 214 163
8c Brown 270 65 CMHBNSSZOZC] 44,5 2.1 18.5 17.0 5.4
(ethanol) 44,3 2.0 18.3 16.8 9.2
8d Brown >300 70 Cl SH9N55202 49.0 2.6 20.4 18.7
(ethanol) 48.8 2.5 20.2 18.5
9a Brown 135 70 CBZHZGNbSOZBr-p 59.9 4.1 8.7 5.0 12.5
(toluene) 59.7 4.0 8.6 4.8 12,3
%9 Brown 180 70 C31H23N550A8r-p 55.4 3.5 10.4 4.8 11.9
(toluene) 55.2 3.3 10.! 4.6 11.8
9c Break red 215 70 C3|H2}NASOZBrCI«p 56.2 3.5 8.5 4.9 17.5
(toluene) 56.0 3.3 8.2 49 173
9d Brown 255 70 le HZANASOZBF-D 56.6 3.7 8.5 4.9 12.2
(toluene) 56.5 3.5 8.3 47 120
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TABLE I (Continued)

c Colour ) % Analysis Caled./Found
omp.  (solvent) M.P. Yield Mol. Formula
C N S Hal.
10a Brown 230 60 C} 1 HZANASOZBr-p 59.9 8.7 5.0 12.5
(toluene) 59.6 8.5 4.8 2.3
10b Brown 290 60 C31H23NSOABr-p 55.4 10.4 4.8 11.9
(toluene) 55.2 10.2 4.6 11.8
10c Brown >330 60 CBIHZBNASOZBrCl—p%'Z 8.5 4.9 17.5
(toluene) 56.0 8.3 47 113
10d Brown >330 60 Cy,H,,N,50,Br-p 56.6 B.5 49 12.2
(toluene) 3 2a76m2 S6.4 83 47 12.0
lla Brown 155 70 C20H|7NSSO3 59.0 17.2 1.9
(benzene) 58.8 17, 1.7
lib Brown 170 60 C19HMN6505 52.1 19. 1.3
(benzene) 52.0 19.0 7.1
e Brown 190 70 CgH;,NsSO5CI 53.3 le.s 7.5 8.3
(benzene) 53.1 16.3 7.4 8.1
lid Brown 135 65 C19HISN5SO3 58.0 17.8 8.2
(benzene) 57.8 17.6 8.0
12a Brown 180 60  C,.H, NSO 59.0 1.2 1.9
{benzene) 200177573 58.8 17. 7.7
12b Brown 210 60 C19H14N6505 52.1 9.2 1.3
(benzene) 52.0 .0 7.2
i2c Brown 250 60 C \ 9HMN.).SOBCI 53.2 16.4 7.5 8.3
(benzene) 53.0 16.2 7.3 8.1
izd Brown 185 60 C,oH,; N8O 58.0 i7.8 8.2
1914575773 57.9 17.7 8.0
lle Brown 120 60 C,naH,NS,0 56.7 . N
(ethanol) 0T 57272 5es . 0
11f Brown 100 60 C,,H,,N, 5,0 50.2 8.5 14.1
(ethanol) 19716767274 5y 83 14.0
lig Brown a5 60 C, oM, ,N:5,0,Cl 51.4 15.8 14.4 8.0
(ethanol) 1971647572727 51 156 141 7.8
Ilh Orange 72 60 CI9H15N58202 55.7 :;[l] .
12e Brown 170 60  C,.H,,NS,0 56.7 16.5 .
(ethanal) 001757272 56.4 i6. .
12f Brown 150 60 C,oH,,N,5,0 50.2 .
(ethanol) 19714767274 5p7p . .
129 Brown 130 60 Cc 1 9HMN55202C| 51.4 15.8 14,4 8.0
(ethanol) 51.2 15, 4.2 7.9
f2h Brown 120 60 C,oH:N:5,0 55.7 7.1 5.
(ethanol) 19715757272 55, o 15
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TABLE 11
IR and "H-NMR data

Comp. IR, KBr, e} Hnmr (DMSO-dé), & ppm

3 2970 (sat. CH and CH,); 2210 42 (s, 2H, COCH,Br); 5.6 (s, 2H,
(CNY; 1710 (CO); 1680 (ring CO) thiazoline -CH,) and 6.2 (s, 1+, CHCN).
and 1630 (C=N),

4 2970 (sat. CH and CH2); 2200 2.1 (s, &M, two CHB); 4.2 (s, 2H,
(CNY; 1710 (CO); 1680 (ring CO) COCH,); 5.6 (s, 2H, thiazoline-CH,)
and 1630 (C=N). and 6.2 (s, 1H, CHCN).

5a 3310 (NH); 2970 (sat. CH and 2.4 (s, 3H, Ar-CHB); 5.6 {s,2H, thiazoline-
CH,); 2200 (CN); 1715 (co) CH,); 6.2 (s, 1M, CHCN); 7.1-7.8
1680 (ring CO) and 1620.(C=N)  (m, 4H, Ar'Hs); and 9.6 (s, br, 1H,NH)

5b 3300 (NH); 2980 (sat. CH and 5.6 (s, 2H, thiazoline-CHz); 6.2 (s,
CH,); 2200 (CN); 1720 (CO); IH, CHCN); 7.1-7.8 (m, 4H, Ar'Hs)
1690 (ring CO) and 1630 (C=N). and 9.6 (s, br, IH, NH).

5d 3310 (NH), 2970 (sat. CH and 5.6 (s, 2H, thiazoline~CH2); 6.2 (s, 1H,
CH,); 2200 (CN); 1710 (co); CHCN); 7.1-7.8 (m, 5H, Ar'Hs); and
1680 (ring CO) and 1620 (C=N) 9.6 (s, br, 1H, NH).

6a 3350, 3300 (NH,); 2970 (sat. 2.4 (s, 3H, Ar-CHis); 5.6 (s, 2H, thiazoline-
CH,); 1720 (CO) 1680 {ring CH,); 7.1-7.8 (m, 4H, Ar‘Hs); and
CO) and 1635 (C=N), 9.6 (s, br, 21, NH,).

6c 3350, 3300 (NHZ); 2970 (sat. 5.6 (s, 2H, thiazoline-CHz); 7.1-7.8
CHZ); 1710 {CO); 1680 (ring (m, &H, Ar'vis) and 9.7 (s, br, 2H,
CO); and 1630 (C=N). NH,).

6d 3350, 3300 (NHZ); 2970 (sat. 5.6 (s, 2H thiazoline-CHz); 7.1-7.8 (m,
CHZ); 1710 (CQ); 1680 (ring SH, Ar'Hs) and 9.9 (s, br, 2H, NHZ)'
CO) and 1635 (C=N).

Ta 3310 (NH); 2970 (sat. CH 2.4 (s, 3HAr-CHg); 5.6 (s, 2H, thia-
and CH,); 2200 (CN); 2160 zoline-CH,); 6.2 (s, IH, CHCN);

(SCN); 1720 (CO); 1680 (ring 7.1-7.8 {m, 4H, Ar'Hs); and 9.6 (s, br,
CO) and 1650 (C=N). 1H, NH).

Th 3310 (NH); 2970 (sat. CH and 5.6 (s, 2H thiazoline-CHz); 6.2 (s, 1H,
CH,); 2200 (CN); 2160 (sCN) CHCN); 7.1-7.8 (m, 4H, Ar’Hs and
1710 (CO); 1680 (ring CO) and 9.6 (s, br, IH, NH).

1635 (C=N).

d 3310 (NH); 2970 (sat. CH and 5.6 (s, 2H, thiazoline-CH,); 6.2 (s, 1H,
CH,); 2200 (CN); 2160 (SCN);  CHCN); 7.1-7.8 (m, 5H, Ar'Hs); and
1710 (CO)Y; 1680 (ring CO); and 9.6 (s, br, I+, NH).

1640 (C=N).
8a 3350, 3300 (NHZ); 2970 (sat. 2.6 (s, 3H, Ar-CH3); 5.6 (s, 2H, thia-

CH,); 2160 (SCN); 1720 (CO);
1680 (ring CO) and 1630 (C=N)

zoline-CHz); 7.1-7.8 (m, 4H, Ar'Hs)

and 9.7 (s, br, 2H, NHZ)'
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TABLE Il  (Continued)

Comp. IR, KBr, cm”] TH-NMR (DMSO-d,) & ppm
Bc 3350, 3300 (NHZ); 2970 (sat. 5.6 (s, 2H, thiazoline-CHz); 7.1-7.8
CHZ); 2160 (SCN); 1715 (COY:  {m, 6H, Ar'Hs) and 9.7 (s, br, 2H,
1680 (ring CO) and 1640 (C=N). NH,).
ad 3350, 3300 (NHZ); 2970 (sat. 5.6 (s, 2H, thiazoline CHz); 1.1-7.8
CH,); 2160 (SCN); 1710 (CO);  (m, SH, Ar'Hs) and 9.7 (s, br, 2H,
1680 (ring CO) and 1620 (C=N). NH,).
%a 3310 (NH); 2970 (sat. CH and 2.4 (s, 3H, Ar-CHs); 5.6 (s, 2H thia-
CH,); 2200 (CN); 1720 (CO); zoline-CH,); 6.2 (s, 1H, CHCN); 7.1-
1680 (ring CO) and 1630 (C=N). 7.B (m, 19H, ArH's) and 9.6 (s, br,
1H, NH).
9% 3300 (NH); 2970 (sat. CH and 5.6 (s, 2H thiazoline-CH,); 6.2 (s, IH,
CH,); 2200 (CN); 1710 (co) CHCN); 7.2-7.9 (m, 19H, Ac'Hs); and
1680 (ring CO) and 1635 (C=N). 9.6 (s, br, 1H, NH).
5d 3310 (NH); 2970 (sat. CH and 5.6 (s, 2H, thiazoline-CH,); 6.2 (s, 1H,
CH,); 2200 (CN); 1710 (COY CHCNY; 7.2-7.9 {m, 20 +, Ar'Hs) and
1680 (ring CO) and 1620 (C=N). 9.6 (s, br, i+, NH).
10a 3350, 3300 (NH,); 2970 (sat. 2.4 (s, 3H, Ar-CHy); 5.6 (s, 2H
CHZ); 1720 (CO); 1680 (ring thiazoline-CHZ); 7.1-7.8 (m, 19H,
CO) and 1630 (C=N). ArH's) and 9.9 (s, br, 2H, NH,).
10c 3350, 3300 (NH,); 2970 (sat. 5.6 (s, 2H thiazoline-CH,); 7.1-7.8
CH2); 1720 (CO); 1680 (ring (m, 19H, Ar'Hs), and 9.6 (s, br, 2H,
CO); and 1630 (C=N). NH, ).
10d 3350, 3300 (NH,); 2970 (sat. 5.6 (s, 2H, thiazoline-CH,); 7.1-7.8
CH,); 1710 (cO); 1670 {ring (m, 20 #, Ar'Hs) and 9.7 (s, br, 2H,
CO); and 1620 (C=N). NH,).
1la 3450 (QH); 3350 (NH); 2.4 (s, 3H, Ar-CHy); 5.8 (s, 2H,
3310 (NH); 3200 (NH); 2980 thiazaline-CH,); 6.2 (s, IH, CHCN);
(sat. CH and CH,); 2220 (CN);  7.3-8.0 (m, BH, ArtHs); 9.3 (s, br,
1720 (CO); 1680 (ring CO); IH, NH) and 10.2 (s, 1H, OH).
1630 (C=N).
11b 3450 (OH); 3350 (NH); 3300 5.8 (s, 2H thiazoline-CH,); 6.2 (s, 1H,
(NH); 2980 (sat. CH and CHZ); CHCN); 7.3-8.0 (m, BH, Ar'Hs); 9.3
2220 (CN); 1720 (CO); 1680 (s, br, 1H, NH) and 10.2 (s, I1H, OH).
(ring CO) and 1640 (C=N).
1d 3450 (OH); 3250 (NH); 3210 5.8 (s, 2H thiazoline-CH,); 6.2 (s, 1H,
(NH); 2980 (sat. CH and CH,); CHCN)Y; 7.3-8.0 (m, 94, Ar'hHs); 9.3
2220 (CNY; 1725 (CO); 1680 (s, br, 1H, NH) and 10.2 (s, IH, QH).
(ring CO) and 1630 (C=N).
12a 3350 (NH); 3300 (NH); 2980

(sat. CHZ); 1680 (ring CO) and
1620 (C=N).

2.4 (s, 3H, Ar-CHs); 5.8 (s, 2H,
thiazoline-CHz); 7.3-8.0 (m, B84, Ar'Hs)
and 9.3 (s, br, 1+, NH).
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TABLE I (Continued)

I

1

117

Comp. IR, KBr, cm” H-NMR (DMSO-dG) & ppm

12b 3350 (NH); 3300 (NH); 2980 5.8 (s, 2H, thiazoline-CH,); 7.3-8.0
(sat. CHZ); 1680 (ring CO) (m, 8H, Ar'Hs) and 9.3 (s, br, IH, NH).
and 1630 (C=N).

12d 3350 (NH); 3300 (NH); 2980 5.8 (s, 2H, thiszoline-CH,); 7.3-8.0
(sat. CHZ); 1680 (ring CO) (m, 9H, Ar'Hs) and 9.3 (s, br, 1H,
and 1625 (C=N). Ni).

lle 3460 (SH), 3250 (NH); 3210 2.6 (s, 3H, Ar-CHy); 5.8 (s, 2H, thia-
{NH); 2980 (sat. CH and zoline CHZ); 6.2 (s, 1H, CHCN); 7.3-
CH,) 2220 (CN); 1720 (CO); 8.0 (m, 8H, Ar'Hs); 9.3 (s, br, IH,
1680 (ring CO) and 1620 (C=N). NH) and 10.5 (s, 1H, SH).

11f 3460 (SH); 3250 (NH); 3210 5.8 (s, 2H thiazoline-CHz); 6.2 (s, IH,
(NH); 2980 (sat. CH and CHZ); CHCN); 7.3-8.0 (m, 8H, Ar'Hs); 9.3
2220 (CN); 1720 (CO); 1680 (s, br, 1H, NH) and 10.5 (s, IH, SH).
(ring CO) and 1640 (C=N).

11h 3460 (SH); 3250 (NH); 3210 5.8 (s, 2H thiazoline-CHZ); 6.2 (s,
(NH); 2980 (sat. CH and CHZ); IH, CHCN); 7.3-8.0 (m, 9H, Ar'Hs);
2220 (CN); 1710 (CO); 1680 9.3 (s,br, tH, NH) and 10.5 (s, [H, SH).
(ring CO) and 1630 (C=N).

12e 3350 (NH); 3200 (NH); 2980 2.5 (s, 3H, Ar-CHz); 5.8 (s, 2H thia-
(sat. CHZ); 1680 {ring CO) zoline-CH}); 7.3-8.0 (m, BH, Ar'Hs)
and 1620 (C=N). and 9.3 (s, br, 1H, NH).

12f 3350 (NH); 3300 (NH); 2980 5.8 (s, 2H, thiazolir‘le—CHz); 7.3-8.0
(sat. CHZ); 1680 (ring CO) (m, 9H, Ar'Hs); and 9.3 (s, br, iH,
and 1630 (C=N). NH).

izh 3350 (NH); 3300 (NH); 2980 5.8 (s, 2H, thiazoline-CHz); 7.3-8.0
(sat. CH,); 1680 (ring CQ) {m, 9H, Ar'Hs) and 9.3 (s, br, IH,
and 1625 {C=NJ). NH).

Formation of (5a-d). A cold solution of (4) (0.01 mole), in acetic acid (30 ml) containing sodium
acetate (1 g) was treated with a cold solution of diazotised p-toluidine, p-nitroaniline, p-chloroaniline
or aniline (0.02 mole) dropwise with stirring while the temperature was kept below 5°C. After complete
addition (30 min.) the reaction mixture was kept in the ice-chest for 2 h. The solid, thus formed was
filtered, washed with water, then crystallized from the proper solvent to give Sa—d (Tables I and II).

Reactions of 5a—d with KSCN. A solution of the appropriate 5a-d (0.01 mole), in ethanol (30 ml)
was treated with a solution of KSCN (0.01 mole) in water (10 ml) and the reaction mixture was stirred
for 4 h at room temperature. The crude solid products thus obtained were filtered off, washed with
water, then crystallized from the proper solvent to give 7a—d (Tables I and II).

Reactions of 5a-d with triphenylphosphine, o-aminophenyl and o-aminothiophenol. General Proce-
dure: A solution of 5a—-d (0.01 mole), in ethanol (30 ml) was treated with (0.01 mole) of each of
triphenylphosphine, o-aminophenol or o-aminothiophenol and the reaction mixture was heated under
reflux for 2-3 h. The solid products obtained while the reaction mixture was still boiling or after cooling
were collected by filtration, and then crystallized from the proper solvents to give 5a-d, 11a—d and
11le-h (Tables I and II).
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General procedure for the cyclization of each of 5a-d, 7a—-d, 9a-d, 11a-d, and 11e-h. A solution o1
each solid compound (1.0 g) and conc. hydrochloric acid (2.6 ml) in ethanol (20 ml) was heated under
reflux for 3-4 h and then poured onto ice water. The solid product obtained after cooling was filtered
off and crystallized from the proper solvent to give 6a-d, 8a—d, 10a—d, 12a—d and 12e-h (Tables I
and II).
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