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Thereactionsof w-chloroformylarylhydrazines 1 with var i ous types of mercaptan, thiourea and o~
cyclodiketone have been stud ied in ten sively. 1-Arylhydrazinecarbothioates 2 were obtained via thio-
esterization whenii-chloroformylarylhydrazines re acted with thiols. On the other hand, com pounds 3 were
ob tained when ti-chloroformylarylhydrazines re acted with thio-containing heterocyclic com pounds, which
sug gested atotally dif fer ent mech anisminthesetypesof reactions. Fur ther studiesonthereaction of -
chloroformylarylhydrazines1 with thiourea com pounds con firmed anovel cyclization and de-cyclization
mech anism, which led to give 2-arylhydrazinecarboximidamides 5 and 1,3,4-thiadiazolin-5-ones 6. In ad di-
tion, vari ous1,3,4-oxadiazines9 were ob tained by re act ing t-chloroformylarylhydrazines with - cyclo-
diketones, show ing ring cyclizationwasinvolvedinthistypeof reaction.

INTRODUCTION

o-Chloroformylarylhydrazines 1 andtheir deriv atives
are potent precursors for preparing heterocyclic com
pounds.* The nucleophilic sub sti tution reac tion of com-
pounds 1withal cohols' and amines’® hasbeen re portedin our
previ ousstudies. Sincecom pounds1 can un dergo nucleo-
philic substitutionreactions with potent nucleophilic re-
agents, itisworth using com pounds 1 as synthonsto ex plore
fur ther. In this study by using thiols as nucleophiles, itis
found that when compounds 1 react with butylthiol and
thiophenol, prod ucts 2 (asubstitutional prod uct) were ob-
tained (Scheme I); however, when reacting with thio-
containing heterocyclic com pounds, such ascom pounds 11,
theex pected prod ucts(com pounds2‘) were not ob served. In-
stead, com pounds3 (Scheme Il) were ob tained, which re-
vealsthat reac tion studieson thecom pounds 1withvar i ous
mer captansareof impor tanceandof inter est.
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Thesynthetic meth odsfor pre par ing 2-arylhydrazine-
carboximidamide type com pounds, such as com pounds5,*®
and 1,3,4-thiadiazolin-5-one type com pounds, such as com-
pounds 6,°” havebeenreported ear lier. Andthederiv ativesof
com pounds5havebeenknownto possesssev eral bi ologi cal
andpharmacologi cal activities.>*° Fur ther study of com
pounds 1 in thisre port has led to a better and new syn thetic
route to these two types com pounds by re act ing with thio
ureas.

The synthesis of 1,3,4-oxadiazine type com pounds,
compounds 9, have been re ported'!*?and found to pos sess
potential monoamineoxidaseinhibi toractivity.™® Our study
inthisreport by reactingcompoundsl withti-cyclodiketones
8 hasled to abetter method to pre pare thistype of com pound
anditsderiv atives. Thedetailed discussionsof vari ousreac
tions based on com pounds 1 arepresented herein.

RESULTS AND DISCUSSION

Thepreparation of 1-arylhydrazinecarboxylatehy dro-
chlorides 10 were easily accomplished by reacting com
pounds 1withalkyl al co hols.' Ex tended syn thetic work by
using thiolsand thiophenols, in stead of a co hol, were stud
ied. Asshown in Schemel, 1-arylhydrazinecarbothioates2, a
di rect substitutional prod uct, wereobtained with highyields.
Basedonspectral anal y sis,compounds 2 were not found in
thestate of ahy dro chloridesalt, whichisdif fer ent fromthe
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prod uct ob tained when the nucleophileisalkyl al cohoal, in
which hy dro chloridesalt of the com poundswereob tained.!
Onepossi bleex planationisthat alkoxy groupswould better
con ju gate with a car bonyl group than akylthiol groupsand
thusresultinahigh elec tronic den sity borne by amino ni tro-
gentoformasalt with hy dro chloride. Table 1 showscom-
pounds, 2a~2f, obtainedfromvari ousthiolsreactingwith
compounds 1. However, some reactions did not proceed
when nucleophilic re agentswere phe nols (Schemel). These
resultsshow that mer captanspossessabetter nu cleophilicef-
fect than alkoxy groups.

Fur ther study of thiolsre act ing with com pounds1 has
been ex tended to more com pli cated com pounds, such as 2-
mercaptobenzothiazolella. Theex pected prod ucts, 1- aryl-
hydrazinecarbothioates 2, a prod uct ob tained through a di-
rect nucleophilicsubsti tutionreaction, did not form (Scheme
I1). Instead, com pounds 3 were ob tained show ing amore
compli catedreactionthanjustasimplesubsti tutionone. In
or der tofind out whether thisprod uct can beobtained di rectly

by substitution reaction through the exchange between
arylhydrazineand the sulhydryl moi ety of com pound 113, re-
actionsof compounds1 with arylhydrazineswere car ried out
under the samecondi tion; nev er theless, no com pounds 3
wereob served. Thepossi blemechanismfor thistypeof reac
tionispro posed asde scribedin Schemell, i.e. anucleophilic
substi tutionreactiontakesplacefirstfol lowedby cyclization
thusresultinginthefor mationof inter medi ate7, which is
thenfol lowed by elimi nation of S=C=0to givecom pounds3.
Thesameresultswereformedinthereactionsof 2- mercapto
benzimidazole 11b and 2-mercaptothiazoline 11c with com-
pounds 1. Theyieldsaresummarizedin Table 2.

Inor dertoex aminewhether thereactionmechanismas
shownin Schemell isappli cableinthethioureatypeof com
pounds, thioureas 4 wereused to react with com pounds 1 un-
der thesamecondi tion (Schemelll) and we haveobtained the
ex pected prod ucts, 2-arylhydrazinecarboximidamides 5 and
4-aryl-2-amino-1,3,4-thiadiazolin-5-ones 6, showing the
proposedreactionmechanism(Schemell)isplausi ble.Inthe

Table 1. Preparation of Compounds 2 from Compounds 1 with Thiols

Compound Ar R Reaction time (hr) Yidd (%)
2a CsHs n-C4Hg 1 88
2b p-CH3CeH,4 n-C4Hq 1 78
2c p-CICsH4 n-C4Ho 1 95
2d CeHs CeHs 5 74
2e p-CH3CeH, CsHs 5 68
2f p-CICeH, CsHs 5 65
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Table 2. Preparation of Compounds 3 from Compounds 1

Reacted with Compounds 11
Compound Ar Reactiontime (hr)  Yied (%)
3a p-CH3C6H4 1 36
3b p-Cl CeHa 1 34
3c CsHs 0.5 76
3d p-CH3CgH,4 0.5 70
3e p-ClCgH, 0.5 62
3f CeHs 4 53
3g p-CH306H4 4 30
3h p-CICgH, 4 30
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reactionsof compoundsl with thiourea 4a, 1,3- dimethyl-
thiourea4b, and diphenylthiourea 4c (Scheme I11), com
pounds 5a~5h werethe major prod ucts (40~60%) ob tained
throughtheelimi nation of SSC=0 &f ter cyclization, whereas
com pounds6a~6h were the mi nor prod ucts (10~20%) ob-
tained through deaminonation after cyclization. Further
study shows that for the reactions of N,N-tetramethy}
thiourea 4d with com pounds 1, the step of S=C=0O elimi na-
tion (Scheme 1V, path a) did not proceed; however, the
deamination step wasob served to give com pounds6 (6i~6k)
(SchemelV, path b). One possi bleex planationisthat pro-
tonation ontheelectron-rich dimethylamino group prevailed
and the large steric ef fects be tween the two dimethylamino
groups re sulted in the elim i nation of the dimethylamino
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group to give com pounds 6 (6i~6k ), instead of elimi nation of

S=C=0togivethemoreun stablecom pounds5i~5k.
Inthereactions of 1-methylthiourea 4e (Scheme V)

with com poundsZ, elimi nation of S=C=0 (Scheme VI, path
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Table 3. Preparation of Compounds5 and 6 from Compounds 1 Reacted with Compounds 4

Starting
Materia

4a
4a
4a
4b
4b
4b
4c
4c
4d
4d
4d
4e
4e
4f
Af
Af

Ar

Ph
p-MeCgH,4
p-CICsH,
Ph
p-MeCeH4
p-CICgH,
p-MeCeH,4
p-CICsH,
Ph
p-MeCeH4
p-C' CsHa
Ph
p-CICgH,
Ph
p-MeCgH,
p-Cl CGH4

Reaction
Time (hr)

10

© 0

warREEEE oo

20

ba
5b
5c
5d
5e
5f
59
5h
5i
5j
5k
5l
5m
5n
50

Sp

Comp’d 5 Yidd (%) Comp'd 6 Yield (%)

44 6a 15
49 6b 13
41 6C 20
60 6d 15
66 6e 20
68 6f 12
58 69 12
52 6h 10
- 6i 27
- 6j 20
- 6k 45
24 6l = 6a 16
17 6m =6¢ 20
- 6n 31
- 60 33
- 6p 24

Table 4. Preparation of Compounds 9 from Compounds 1

Reacted with Compounds 8
Starting Ar Reaction Compound 9 Yidd (%)
materia time (hr)
8a Ph 3 9a 21
8a p-CICgH, 3 9b 17
8b Ph 1 9% 61
8b p-MeCsH,4 1 9d 60
8b p-CICgH, 1 % 62
8c Ph 2 of 36
8c p-MeGsH, 3 9 44
8c p-CICgH, 3 %h 44
8d Ph 4 9 80
8d p-MeGsH, 4 9 72
8d p-CICgsH, 4 9k 68
8e Ph 5 a 70
8e p-MeGsH,4 5 9m 68
8e p-CICgH, 5 9n 79

a) gives N-methyl-2-arylhydrazinecarboximidamide 5 (5I,
5m). In the step of deamination, only com pounds 6 (61, 6m)
(through path c), not the com poundsthrough path b, were ob>
tained, show ing that the methylamino group ismorelikely to
give protonation than theamino group, thento beelimi nated.
Thisis ex plain able since the methylamino group bears a
higher elec tron den sity than theamino group. Inad di tion,
compounds 1 re acted with ethylenethiourea 4f to give 2-
(B-aminoethyl)amino-1,3,4-thiadiazolin-5-ones 6 (6n~ 6p)
asthe only prod ucts (Scheme V1). The struc tures of com
pounds 5wereconfirmedby X-ray crystal lography. Fig. 1
and Table5, 6, 7 and 8 arethe X-ray struc tureand var i ous
spectral dataof com pound 5d. Thereactionyieldsof these
typesreactionsaresummarizedin Table3.

Thereactionsof compounds1 with z-cyclodiketones8
to form compounds 9 are well understood. The reaction
mechanismisasfol lows: nucleophilicaddi tionof ni trogenof
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Table5. Crysd Dataof 5d
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Table 6. Bond Distances A of 5d

Formula CoHsCINg
Formulaweight 214.70
Cryd sysem Orthorhombic
Space group P cab

aA 9.7956 (16)
b/A 12.8591 (21)
c/A 18.059 (4)
VIA3 2274.8 (7)

z 8

D./g cm® 1.254

Fow 911.77

L (Mo-Kx) A 0.70930
plem® 0.30
Range/deg 23.26-24.44
Scan type 28

2Bax 49.8
Reflections measured 1993

Uni que reflections 1993
Observed reflections 1287

Refined parameters 127

R for significant reflections 0.048
R, for significant reflections 0.046
GoF 2.92

amineto car bonyl car bon, thenlossof water toformimineto-
gether with a nucleophlic substi tution of thechlorideby
hydroxy! group (see Scheme V11). Thereaction yields for
thesetypes of reactionsare gen er ally high and are shownin
Table4. Asforthereactionyield of 9a and9b, inwhichR; is
H, arelower than av er age, which can beat trib uted to acom-
par ativehydroly sistakingplacefrominter medi ate12, be-
cause com pounds13 (2-arylhydrazino-1-cyclohexanones)

H(2A)

Fig. 1. Molecular structure of N,N’-Dimethyl-2-
phenylhydrazinecarboximidamide hy dro-
chloride(5d).

CI-H(N2)(a) 21846(10) C(3)-H(3) 1.097(4)
CI-H(N4) 21280(10) C(3)-H(3) 1.099(4)
N@)-N(2) 1419(4) C(3)-H(3") 1.081(4)
N(1)-C(1A)  1403(5) C(1A)-C(2A)  1.378(6)
N@L)-H(NL)  0962(3) C(1A)-C(6A)  1.396(5)
N(2)-C(1) 1349(5) C(2A)-C(3A) 1.370(6)
N(2)-H(N2) 1029(3) C(2A)-H(2A) 1.080(4)
N(3)-C(1) 1326(5) C(3A)-C(4A) 1.376(6)
N(@3)-C(2) 1455(5) C(3A)-H(3A)  1.081(5)
N@)-H(N3)  1040(3) C(4A)-C(5A)  1.372(7)
N@)-C(1) 1319(5) C(4A)-H(4A) 1.081(4)
N(@4)-C(3) 1449(5) C(5A)-C(6A) 1.384(6)
N(@4)-H(N4) 1070(3) C(5A)-H(5A) 1.080(4)
C(2)-H(2) 1081(4) C(6A)-H(6A)  1.081(4)
C(2)-H(2) 1093(4) H(N2)- (b) 2.1846(10)
C(2)-H(2") 1092(4)
Scheme VII
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were ob tained. In or der to im prove the re ac tion yields of
compounds9, in which Ry isH, var i ousalkyl type sub stitu-
entswereintro duced intox-cyclodiketones, with which enol
for mationisin creasedtoin creasethecyclization through
nucleophlic sub sti tu tion of the chlo ride by the hydroxyl
group to givecom pounds9. With this, it isalso found that the
yieldsof sideprod ucts, com pounds13, werere duced to about
5%. We also used com pounds 1 to react with 4-hydroxy- 5-
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Table 7. Bond Angles/deg of 5d

Kuo et al.

H(N2)(a)-Cl-H(N4) 125.03(5)
N(2)-N(1)-C(1A) 115.5(3)
N(2)-N(1)-H(N1) 107.9(3)
C(1A)-N(1)-H(N2) 118.8(3)
N(1)-N(2)-C(1) 117.5(3)
N(1)-N(2)-H(N2) 118.4(3)
C(1)-N(2)-H(N2) 122.2(3)
C(1)-N(3)-C(2) 123.8(3)
C(1)-N(3)-H(N3) 114.0(3)
C(2)-N(3)-H(N3) 121.7(3)
C(1)-N(4)-C(3) 125.3(3)
C(1)-N(4)-H(N4) 117.9(3)
C(3)-N(4)-H(N4) 116.8(3)
N(2)-C(1)-N(3) 119.2(3)
N(2)-C(1)-N(4) 119.3(3)
N(3)-C(1)-N(4) 121.5(3)
N(3)-C(2)-H(2) 110.4(3)
N(3)-C(2)-H(2") 109.7(3)
N(3)-C(2)-H(2’") 107.7(3)
H(2)-C(2)-H(2") 108.4(3)
H(2)-C(2)-H2"") 110.8(3)
H(2)-C(2)-H(2") 109.8(4)
N(4)-C(3)-H(3) 111.0(3)
C(4)-C(3)-C(3) 111.0(3)

N(4)-C(3)-H(3") 108.1(3)
H(3)-C(3)-H(3) 106.8(3)
H(3)-C(3)-H(3") 110.0(4)
H(3)-C(3)-H(3") 109.8(4)
N(1)-C(1A)-C(2A) 123.8(3)
N(1)-C(1A)-C(6A) 117.1(4)
C(2A)-C(1A)-C(6A) 119.1(4)
C(1A)-C(2A)-C(3A) 120.3(4)
C(1A)-C(2A)-H(2A) 119.9(4)
C(3A)-C(2A)-H(2A) 119.8(4)
C(2A)-C(3A)-C(4A) 121.2(4)
C(2A)-C(3A)-H(3A) 119.3(4)
C(4A)-C(3A)-H(3A) 119.5(4)
C(3A)-C(4A)-C(5A) 118.8(4)
C(3A)-C(4A)-H(4A) 120.4(5)
C(5A)-C(4A)-H(4A) 120.8(4)
C(4A)-C(5A)-C(6A) 121.1(4)
C(4A)-C(5A)-H(5A) 119.4(4)
C(6A)-C(5A)-H(5A) 119.5(4)
C(1A)-C(6A)-C(5A) 119.4(4)
C(1A)-C(BA)-H(6A) 120.3(4)
C(5A)-C(6A)-H(6A) 120.3(4)
Cl(b)-H(N2)-N(2) 163.56(17)
CI-H(N4)-N(4) 152.11(16)

Scheme VIII
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substituted-4-cyclopentene-1,3-diones, compounds 8d and
8e, anenol formtypecom pound (SchemeV11, b). Thesereac-
tionsdoobvi ously in creasethereactionyield. Asshownin
Table4 prod ucts9i~9n have ayield in the range of 68%~
80%, whereas it isin the range of 17%~62% for prod ucts
9a~9e. How ever, when 2,5-dimethyl-4-hydroxy-3-furanone,
14, and 4-hydroxy-2,5-diphenyl-3(2H)-thiophenone-1,1-
dioxide, 15, were used to re act with com pounds1, the ex-
pected prod ucts, 1,3,4-oxadiazinetype of prod uct 9 were not
ob served. In stead, the self-dimerization of com pounds1 re-
actionwasob served. Thisisbe cause com pound 14 under-
goesenolizationto becomeamorestablear o matic typecont
poundresultinginnoreactiontaking place(SchemeVIlI).

Q, OH
or mm*’ 9

Ph
PaY
d

CONCLUSION

Four heterocyclic compounds, 3, 5, 6 and 9 have been
synthesized by thereactionsof wi-chloroformylaryl hydra
zineshy drochlorides1 with thiol, thioureas and w-cyclo-
diketone, respectively. Theseresultsmani fest that whencom
pounds 1 reacted with sul fur-containing re agents, which pos
sessed el ther aN=C-Sor aN-C=Sfrag ment, they would pro-
ceed through morecompli cated reactionroutesincluding
nucleophilicsubsti tution, cyclization,andelimi nationreac
tions, leadingtothefor mation of prod ucts5 and 6. In the re-
actionsof com pounds 1 with t-cyclodiketone, the 1,3,4-
oxdiazinetypecom pounds9were ob tained throughasimple
condensationandsubsti tutionreaction. Theseresultsreveal
that one of the car bonyl groupsinrz-cyclodiketoneunder goes
enolizationbeforeproceedingtothesubsti tutionreaction.
We have shown that when [-alkylated ci-cyclodiketones,
which haveahigher potential toundergoenolization, reacted
withcom pounds1, it leadsto ahigher reactionyield of com-
pounds 9. How ever, (- and &-dialkylated a.-cyclodiketones
undergoenolizationtoformamorestablear o matictypecom-
poundasnoreactiontakesplace. Also, themeth odswedevet
opedtopreparecompounds 5, 6, and 9 andtheir deriv atives
arebetter meth odswhen com pared with those previ ously re-
ported.4'7’11'13
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Table 8. Atomic Coordinates of 5d

Atom X Y Z

cl 0.11944 0.29382 0.02494*
N(1) 0.06848 -0.19899 0.10746
N(2) 0.15245 -0.11596 0.08289
N(3) -0.02154 -0.00467 0.11675
N(4) 0.17182 0.05950 0.05982
C(1) 0.10013 -0.01903 0.08618
C(2 -0.08037 0.09718 0.13138
C@3 0.30996 0.05263 0.03151
C(1A) 0.13144 -0.27069 0.15501
C(2A) 0.23793 -0.24602 0.20170
C(3A) 0.29045 0.31941 0.24872
C(4A) 0.24029 -0.41933 0.24982
C(5A) 0.13378 -0.44428 0.20380
C(6A) 0.07907 -0.37162 0.15569
H(N1) 0.01833 -0.22465 0.06543
H(N2) 0.23750 -0.13340 0.05179*
H(N3) -0.06681 0.07257 0.13609
H(N4) 0.12303 0.13377 0.05625
H(2) -0.10369 0.13641 0.08000
H(2") -0.00750 0.14468 0.16234
H(2'") -0.17272 0.08562 0.16422
H(3) 0.31320 0.00769 -0.02008
H(3") 0.37718 0.01274 0.07113
H(3'") 0.34664 0.13073 0.02184
H(2A) 0.28025 0.16847 0.20121
H(3A) 0.37263 -0.29818 0.28572
H(4A) 0.28459 0.47707 0.28614
H(5A) 0.09165 -0.52186 0.20535
H(6A) -0.00343 -0.39281 0.11891
H(N2)(a 0.26250 0.36660 0.05179

(0.500-X) (0.500 +Y) (-2)
Cl(b) 0.38056 -0.20672 0.02494
(0.500-X) (-0.500+ Y) (-2)

*Indicaes that there are Symmetry Equivalents of an atom.
H(N2)(a) and Cl (b) are the Symmetry Equivalents.

EXPERIMENTALSECTION

General

Melting points (Buchi 535 ap paratus) areun cor rected.
IR spec trawerere corded on aHitachi 270-30in frared spec-
trometer. NMR spec trawere measured on aBruker AM X-
200 NMR spectrom eter with tetramethylsilane (TMS) asin
ter nal stan dard andtheH NMR spec trawere measured in
DMSO-d6for all sam ples. The mass spec trawere measured
onaFinniganMAT TSQ-46C spectrometer at anionizing po-
tential of 70 eV. Elemental analyses were performed on
Heraeus CHN-O-Rapid and Tacussel Coulomax 78 an alyz-
ers. X-ray anal y siswasmadewithaNoniusCAD-4 diffracto-
meter. Col umnchromatog raphy wascar ried outwithasil ica
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gel packed open col umn (Kieselgel 100, 230-400 mesh, E.
Merck).

Preparation of 1-arylhydrazine carbonylthioate 2a~2f

0.3 g (1.45 mmoal) of w-chloroformylphenylhydrazine
hydrochloridel in 5 mL of EtOH was added to 0.2 mL of
butylthiol (or thiophenol). Thereaction mix turewasstirred at
roomtem per ature. Af ter about 1 hr, thereaction mix turewas
pouredintoicewater, thenwasstirredfor 10min. Theprecip
i tationwasfil tered, then recrystallized with 95% EtOH to
give 0.29 g of com pound 2a (88%). Thephysi cal properties
and spectro scopic dataof com pounds?2 areasfol lows:

S-Butyl 1-phenylhydrazinecar bothioate (2a)

Col orlessneedles, mp58~59~C, IR (KBr): 3358, 3286,
3058, 2950, 2926, 2896, 2866, 1620cm™; 'H NMR, & = 0.81~
0.96 (m, 3H), 1.27~1.61 (m, 4H), 2.68 (t, J = 7.0 Hz, 2H),
5.57 (s, 2H), 7.08~7.66 (m, 5H). *C NMR (DM SO-d6): & =
171.5, 143.8, 128.8, 125.3, 122.2, 32.1, 29.6, 21.9, 13.9.
EIMS(70eV),m/z(%): 224 (M*, 60), 135 (14), 107 (100), 77
(34). Anal. Calcd. for CuuH16N2OS: C: 58.90, H: 7.12, N:
12.29, S: 14.29. found C: 58.96, H: 7.17, N: 12.33, S: 14.26.

S-Butyl 1-(4-methylphenyl)hydrazinecarbothioate (2b)

Col orlessneedles, mp 75~76-C, IR (KBr): 3358, 3280,
2956, 2920, 2866, 1662 cm*; 'H NMR, i = 0.79~0.94 (m,
3H), 1.25~1.61 (m, 4H), 2.27 (s, 3H), 2.61 (t, J=7.1 Hz, 2H),
5.50(s, 2H), 7.15(d, J = 8.4 Hz, 2H), 7.45 (d,J=8.4 Hz, 2H).
EIMS (70 eV), mz (%): 238 (M", 42), 222 (5), 149 (6), 121
(100), 91 (24). Anal. Calcd. for C12H1sN2OS: C: 60.47, H:
7.60,N:11.75, S: 13.45. found C: 60.50, H: 7.61, N: 11.74, S:
13.48.

S-Butyl 1-(4-chlor ophenyl)hydrazinecar bothioate (2c)

Col orlessneedles, mp70~71°C, IR (KBr): 3346, 3280,
3220, 2962, 2926, 2866, 1650 cm; *H NMR, & = 0.82~0.96
(m, 3H), 1.33~1.53 (m, 4H), 2.86 (t, J = 7.0 Hz, 2H), 5.61 (s,
2H), 7.42 (d, J=9.1 Hz, 2H), 7.65 (d, J= 9.1 Hz, 2H). EIMS
(70 eV), Mz (%): 260 (M*+2, 7), 258 (M*, 20), 169 (3), 141
(100), 111 (8). Anal. Calcd. for C11H1sCIN20S: C: 51.06, H:
5.84, N: 10.83, Cl: 13.70, S: 12.39. found C: 50.91, H: 5.85,
N: 10.82, Cl: 13.68, S: 12.36.

S-Phenyl 1-phenylhydrazinecar bothioate (2d)

Col or lessneedles; mp121~122 =C, IR (KBr): 3358,
3286, 3058, 1662 cm'®; *H NMR, & =5.79 (br, 2H), 7.14~7.64
(m, 10H). ®*C NMR (DMSO0-d6): & = 169.8, 143.5, 135.6,
132.0,129.1, 129.0, 128.9, 125.4, 121.9. EIMS (70 eV), m/z
(%): 244 (M*, 100), 135 (15), 107 (98), 77 (75). Anal. Calcd.
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for C13H12N20S: C: 63.91, H: 4.95, N: 11.47, S: 13.12. found
C:63.74,H: 4.94,N: 11.53, S: 13.15.

S-Phenyl 1-(4-methylphenyl)hydr azinecar bothioate (2€)

Col orlessneedles; mp 75~767C, IR (KBr): 3352, 3286,
1662 cm™; *H NMR, &=2.27 (s, 3H), 5.71 (s, 2H), 7.15(d,J =
8.5 Hz, 2H), 7.33~7.51 (m, 5H), 7.47 (d, J = 8.5 Hz, 2H).
EIMS (70 eV),mz (%): 258 (M", 58), 149 (15), 121 (100), 91
(54), 77 (48). Anal. Calcd. for C14H1aN2OS: C: 65.09, H:
5.46,N:10.84, S: 12.41. found C: 64.95, H: 5.45,N: 10.82, S:
12.39.

S-Phenyl 1-(4-chlor ophenyl)hydrazinecar bothioate (2f)

Col or lessneedles; mp 151~152~C, IR (KBr): 3358,
3238, 1653 cm®; 'H NMR, & = 5.83 (s, 2H), 7.38~7.49 (m,
5H), 7.42 (d, J=9.1 Hz, 2H), 7.65 (d, J = 9.1 Hz, 2H). EIMS
(70eV), m'z (%): 280 (M*+2, 15), 278 (M *, 40), 141 (100), 77
(37). Anal. Calcd. for C13H4;CIN,OS: C: 56.01, H: 3.98, N:
10.05, Cl: 12.72, S: 11.50. found C: 55.97, H: 3.96, N: 10.00,
Cl: 12.70, S: 11.49.

The preparation of compounds 3a~3h

0.3 g (1.45 mmol) of com pounds 1in 8 mL of i-PrOH
was added to 0.24 g (1.45 mmol) of 2-mercaptobenzothiazole
11a Thereactionmix turewasstirredat 80=C for 1 hr. There-
action sol vent wasremoved by vac uum, then 10 mL of ac e-
tone was added and was stirred for an other 10 min. The pre-
cipitationwasfil teredand crystal lized with EtOH togive
0.133 g of com pound 3a(36%). For the prep aration of com-
pounds 3c~3e, 2-mercaptobenzimidazole 11bwasusedtore-
act with com pounds 1at thesamereactioncondi tionfor 0.5
hr. Thecrudeprod uct obtained by di rect fil trationwasfur ther
crystal lizedwith EtOH to give pureprod ucts 3c~3e.

The preparation of compounds 3f~3h were as follows:
Compounds 1 (0.3 g, 1.45 mmol) in 8 mL of 1,4-
dioxane were added to 0.17 g (1.45 mmol) of 2-mercapto-
thiazoline 11c. Thereactionmix turewasstirred at 100=C for
4hr. Thecrudeproduct that precipi tated out af ter cool ingwas
col lected by di rectfil tration, thenwascrystal lizedwith EtOH
to give pure com pounds 3f~3h. Thephysi cal proper tiesand
spectroscopicdataareasfol lowing:

2-[2-(4-Methylphenyl)hydr azino]benzothiazole (3a)

Col orlessneedles; mp 238~2397°C, IR (KBr): 3292,
3052~2854 cmt; 'H NMR, &=2.18 (s, 3H), 6.70 (d, J= 8.4
Hz, 2H), 6.99 (d, J = 8.4 Hz, 2H), 6.97~7.69 (m, 4H), 8.29 (s,
1H), 9.77 (s, 1H). *C NMR (DMSO-d6): & = 173.6, 153.5,
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146.3, 130.6, 129.8, 128.8, 126.0, 121.6, 121.4, 118.8, 113.1,
20.6. EIMS (70 eV), miz (%): 225 (M*, 100), 239 (11), 222
(19), 150 (48), 149 (20), 106 (97), 91 (29), 77 (42). Anal.
Calcd. for C14HisNsS: C: 65.85, H: 5.13, N: 16.46, S: 12.56.
found C: 65.84, H: 5.19, N: 16.39, S; 12.51.

2-[2-(4-Chlorophenyl)hydrazino]benzothiazole (3b)

Pale or ange needles; mp 247~248~C, IR (KBr): 3292,
3076~2830 cm*; 'H NMR, & = 6.81 (d, J = 8.8 Hz, 2H),
7.01~7.71(m, 4H), 7.22 (d,J = 8.8 Hz, 2H), 8.60 (s, 1H), 9.87
(s, 1H). EIMS (70 eV), m'z (%): 277 (M*+2, 35), 275 (M",
100), 259 (8), 242 (19), 150 (44), 149 (84), 129 (20), 127
(59), 113 (12), 111 (43). Anal. Calcd. for C13H10CINsS: C:
56.62, H: 3.65, N: 15.24, Cl: 12.86, S: 11.63. found C: 56.62,
H: 3.68, N: 15.14, Cl: 12.88, S: 11.62.

2-(2-Phenylhydrazinobenzimidazole hydrochloride(3c)

Paleye low needles; mp 234~235-C, IR (KBr): 3262~
2908 cm™; *H NMR, f = 6.37~6.47 (m, 3H), 6.75~6.82 (m,
4H), 6.91~6.95 (m, 2H), 8.67 (s, 1H), 11.67 (s, 1H), 13.18 (br,
2H). EIMS (70 eV), Mz (%): 224 (M ™, 100), 208 (6), 194 (5),
193 (22), 150 (12), 133 (49), 132 (78), 105 (46), 93 (98), 91
(21), 77 (49). Anal. Calcd. for C13H,5CIN,: C: 59.89, H: 5.03,
N: 21.49, Cl: 13.60. found C: 59.82, H: 5.04, N: 21.39, CI:
13.61.

2-[2-(4-Methylphenyl)hydrazino]benzimidazole hy dro
chloride(3d)

Paleyel low needles; mp 211~212-C, IR (KBr): 3260~
2914cm™; 'H NMR, & = 2.21 (s, 3H), 6.81 (d,J = 8.3 Hz, 2H),
7.06 (d, J = 8.3 Hz, 2H), 7.22~7.28 (m, 2H), 7.34~7.40 (m,
2H), 8.48 (s, 1H), 11.05 (s, 1H), 13.11 (br, 2H). EIMS (70
eV), mz (%): 238 (M*, 83), 222 (20), 208 (13), 207 (42), 150
(7), 133 (7), 132 (67), 107 (100), 91 (61), 77 (46). Anal.
Calcd. for C14H1sCIN4: C: 61.20, H: 5.50, N: 20.39, Cl: 12.90.
found C: 61.17, H: 5.55, N: 20.45, Cl: 12.94.

2-[2-(4-Chlor ophenyl)hydrazinolbenzimidazole hydro
chloride(3e)

Col or lessneedles; mp 228~229-C, IR (KBr): 3250~
2908 cm™; *H NMR, 5=6.93 (d, J= 8.8 Hz, 2H), 7.21~7.30
(m, 2H), 7.26 (d,J = 8.8 Hz, 2H), 7.36~7.41 (m, 2H), 8.87 (s,
1H), 11.25 (s, 1H), 13.22 (br, 2H).**CNMR (DM SO-d6): i =
152.3, 146.6, 129.8, 128.8, 128.7, 123.8, 123.3, 122.8, 114.8,
114.2, 111.7. EIMS (70 eV), m/z (%): 260 (M *+2, 13), 258
(M*, 43), 242 (3), 228 (4), 227 (13), 133 (51), 132 (100), 127
(75), 111 (28), 105 (52). Anal. Calcd. for Ci3sH12Cl>Ns: C:
52.90, H: 4.10, N: 18.98, Cl: 24.02. found C: 52.94, H: 4.15,
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N: 19.06, Cl: 24.03.

2-(2-Phenylhydrazino)thiazolinehy drochloride(3f)

Paleyel low needles; mp > 250 =C, IR (KBr): 3190~
2752 cml; *H NMR, & = 3.51~3.76 (br, 2H), 3.78~4.11 (br,
2H), 6.59~7.56 (m, 5H), 8.68~9.10 (br, 2H), 10.23~11.75 (br,
1H). EIMS (70 eV), Mz (%): 193 (M ", 100), 133 (15), 105
(13),92(36), 77 (63). Anal. Calcd. for CsH1.CINsS: C: 47.05,
H: 5.26, N: 18.29, Cl: 15.43, S: 13.96. found C: 47.24, H:
5.32,N: 18.35, Cl: 15.50, S: 13.93.

2-[2-(4-Methylphenyl)hydrazino]thiazolinehy drochloride
(30)

Col orlessneedles; mp>250-C, IR (KBr): 3184~2740
cm?; 'H NMR, @ = 2.21 (s, 3H), 3.41~3.73 (br, 2H), 3.75~
4.18 (br, 2H), 6.70 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz,
2H), 7.53~8.90 (br, 2H), 10.08~11.90 (br, 1H). EIMS (70
eV), m'z(%): 207 (M ™, 100), 147 (70), 106 (50), 91 (44), 77
(24). Anal. Calcd. for C10H14CINsS: C: 49.27, H: 5.79, N:
17.24, Cl: 14.54, S: 13.15. found C: 49.36, H: 5.80, N: 17.33,
Cl: 14.44, S: 13.10.

2-[2-(4-Chlor ophenyl)hydrazino]thiazoline hydrochloride
(3h)

Col orlessneedles; mp>250-C, IR (KBr): 3184~2764
cm™; 'H NMR, & = 3.40~3.72 (br, 2H), 3.75~4.10 (br, 2H),
6.81 (d, J = 8.8 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H), 8.81~9.23
(br, 2H), 10.21~11.78 (br, 1H). EIMS (70 eV), m/z (%): 229
(M*+2, 36), 227 (M ", 100), 167 (7), 125 (14), 113 (8), 111
(24). Anal. Calcd. for CoH11CloNsS: C: 40.92, H: 4.20, N:
15.91, Cl: 26.84, S: 12.14. found C: 40.87, H: 4.22, N: 15.49,
Cl: 26.84, S: 12.10.

The preparation of compounds 5 and 6
(A) Preparationof5a~5¢ and6a~6¢ by reacting compoundsl
with thiourea 4a

o-Chloroformylphenylhydrazinehy drochloridel (1.5
g, 7.25 mmol) in 12 mL of EtOH was added to 0.55 g (7.25
mmol) of thiourea 4a Thereaction mix turewasstirred at
roomtem per aturefor 10 hr. Thereaction sol vent wasre-
moved under reduced pres sure, then 10 mL of THF was
added and stirredfor 10min. Theprecipi tationwascol lected
by fil tration to give 0.59 g of pure com pound 5a (44%). The
fil tratewassubjectedtochromatography (EtOAc:n-hexane=
1:1). Theeluted fractionswere pooled and the sol vent wasre-
moved un der reduced pressureto give pureprod uct6a (0.22
0, 15%). Thephysi cal prop er tiesand spec tro scopic dataof
com pounds5 and 6areasfol lows:
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2-Phenylhydrazinecar boximidamide hydrochloride (5a)

Col or lessneedles; mp 227~228-C, IR (KBr): 3442~
2836 cm™; 'H NMR, fi = 6.72~6.87, 7.19~7.27 (m, 5H), 7.57
(br, 2H), 8.11 (s, 1H), 9.68 (s, 1H). EIMS (70 eV), m/z (%):
150 (M*, 90), 133 (40), 91 (61), 77 (35). Anal. Calcd. for
C7/H1uCINg: C: 45.05, H: 5.94, N: 30.02, CI: 19.00. found C:
45.06, H: 5.96, N: 29.97, Cl: 18.99.

2-(4-Methylphenyl)hydrazinecar boximidamide hydro
chloride(5b)

Col or lessneedles; mp 199~200-C, IR (KBr): 3460~
3034cm™; *H NMR, & = 2.21 (s, 3H), 6.66 (d,J = 8.4 Hz, 2H),
7.06 (d, J = 8.4 Hz, 2H), 7.51 (br, 4H), 7.93 (s, 1H), 9.62 (s,
1H). *C NMR (DM SO0-d6): &i = 159.2, 145.2, 129.4, 129.1,
113.0, 20.2. EIMS (70 eV), m/z (%): 164 (M*, 80), 147 (32),
105 (100), 91 (48), 77 (38). Anal. Calcd. for CgH13CIN4: C:
47.88, H: 6.53, N: 27.92, Cl: 17.69. found C: 47.71, H: 6.40,
N: 27.96, Cl: 17.71.

2-(4-Chlor ophenyl)hydrazinecar boximidamidehy drochlo-
ride (5¢)

Col or lessneedles; mp 228~229-C, IR (KBr): 3466~
2854cm?; 'TH NMR, &= 6.74 (d, J=9.0 Hz, 2H), 7.28 (d, J=
9.0 Hz, 2H), 7.58 (br, 4H), 8.30 (s, 1H), 9.74 (s, 1H). EIMS
(70 eV), miz (%): 186 (M*+2, 32), 184 (M", 100), 167 (36),
125(99), 111 (25). Anal. Calcd. for C7H10Cl2N4: C: 38.03, H:
4.56, N: 25.34, Cl: 32.07. found C: 37.94, H: 4.55, N: 25.20,
Cl: 32.10.

2-Amino-4-phenyl-1,34-thiadiazolin-5-one (6a)

Col orlessneedles,mp171~172°C, IR (KBr): 3394,
3304, 3196, 1677 cm™; '"HNMR, & = 6.98 (s, 2H), 7.18~7.25,
7.38~7.43, 7.69~7.74 (m, 5H). EIMS (70 eV), n¥z (%): 193
(M*, 77), 133 (49), 91 (100), 77 (47). Anal. Calcd. for
CgH/N3OS: C: 49.73, H: 3.65, N: 21.75, S: 16.59. found C:
49.73, H: 3.56, N: 21.75, S: 16.40.

2-Amino-4-(4-methylphenyl)-1,3,4-thiadiazolin-5-one (6b)

Col orlessneedles; mp 151~152=C, IR (KBr): 3538~
3196, 1671cm™; "HNMR, & =2.29 (s, 3H), 6.94 (s, 2H), 7.20
(d, J=8.5Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H). EIMS (70 eV),
m'z (%): 207 (M*, 96), 147 (12), 119 (2), 105 (100), 91 (27).
Anal. Calcd. for GHyN30S: C: 52.17, H: 4.35, N: 20.29, S:
15.47. found C: 52.11, H: 4.32, N: 20.31, S: 15.45.

2-Amino-4-(4-chlor ophenyl)-1,3,4-thiadiazolin-5-one (6c)
Col orlessneedles; mp 151~152-C, IR (KBr): 3466~
3190, 1674 cm™; *H NMR, & = 7.03 (s, 3H), 7.48 (d, J = 9.0
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Hz, 2H), 7.76 (d,J=9.0Hz, 2H). EIMS (70 eV), m/z (%): 229
(M*+2, 30), 227 (M*, 92), 167 (57), 139 (7), 127 (54), 125
(100), 111 (31). Anal. Calcd. for CgHsCINsOS: C: 42.20, H:
2.66, N: 18.46. found C: 42.38, H: 2.61, N: 18.56.
(B) Preparation of 5d~5f and 6d~6f by reacting of com-
pounds 1with reagent4b
o.-Chloroformylphenylhydrazinehy drochloridel (1.5
g, 7.25 mmol) in 12 mL of i-PrOH was added t0 0.75 g (7.25
mmol) of 1,3-dimethylthioureadb. Thereactionmixturewas
stirred at roomtem per aturefor 5 hr. Thework-upto give pure
prod uctswasthe sameasin step (A).

N,N’-Dimethyl-2-phenylhydrazinecar boximidamide hy-
drochloride(5d)

Col or lessneedles; mp215~216-C, IR (KBr): 3370~
2944 cm™; *H NMR, & = 2.78 (br, 6H), 6.78~6.88, 7.19~7.27
(m, 5H), 7.94 (br, 2H), 8.16 (s, 1H), 9.67 (s, 1H). EIMS (70
eV), m/z (%): 178 (M, 56), 147 (13), 108 (8), 91 (29), 77
(33), 71 (100). Anal. Calcd. for CgH15CIN,4: C: 50.35, H: 7.04,
N: 26.10, Cl: 16.51. found C: 50.32, H: 7.08, N: 25.97, Cl:
16.44.

N,N’-Dimethyl-2-(4-methylphenyl)hydr azinecar boximid-
amide hydrochloride(5e)

Paleyel low pow der; mp 199~200-C, IR (KBr): 3466~
3130cm™; *HNMR, i = 2.22 (s, 3H), 2.79 (br, 6H), 6.70 (d, J
=8.4, 2H), 7.04 (d, J = 8.4, 2H), 7.90 (br, 4H), 7.99 (s, 1H),
9.61 (s, 1H). EIMS (70 eV), mz(%): 192 (M *, 80), 164 (38),
147 (32), 105 (100), 91 (48), 77 (38). Anal. Calcd. for
C10H17CINagH2O: C: 48.68, H: 7.76, N: 22.71, Cl: 14.37.
found C: 48.66, H: 7.77, N: 22.64, Cl: 14.41.

N,N’-Dimethyl-2-(4-chlor ophenyl)hydr azinecar boximid-
amide hydrochloride(5f)

Col or lessneedles; mp230~231~C, IR (KBr): 3472~
3118 cm™; *H NMR, & = 2.79 (br, 6H), 6.81 (d, J = 8.8 Hz,
2H), 7.25 (d,J = 8.8 Hz, 2H), 7.94 (br, 2H), 8.33 (s, 1H), 9.70
(s, 1H). *C NMR (DMSO-d6): fi = 156.9, 146.7, 128.6,
123.5, 114.7, 27.9. EIMS (70 eV), mz (%):214 (M*+2, 29),
212 (M*, 89), 181 (20), 142 (7), 125 (59), 111 (21), 71 (100).
Anal. Calcd. for CoH14Cl,N,: C: 43.35, H: 5.64, N: 22.49, Cl:
28.39. found C: 43.35, H: 5.64, N: 22.38, Cl: 28.39.

2-Methylamino-4-phenyl-1,3,4-thiadiazolin-5-one (6d)

Col orlessneedles, mp88~89-C, IR (KBr): 3316, 1674
cmt; *H NMR, & = 2.80 (d, J = 4.8 Hz, 3H), 7.39~7.46 (br,
1H), 7.19~7.26, 7.39~7.46, 7.75~7.79 (m, 6H). EIMS (70
eV), m'z(%): 207 (M ", 100), 147 (19), 132 (3), 119 (10), 91
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(77), 77 (37). Anal. Calcd. for CoHgN3OS: C: 52.16, H: 4.38,
N: 20.27, S: 15.47. found C: 52.15, H: 4.43, N: 20.12, S:
15.41.

2-M ethylamino-4-(4-methylphenyl)-1,3,4-thiadiazolin-5-
one (6€)

Col orlessneedles; mp128~129°C, IR (KBr): 3334,
1659cm™; 'H NMR, i = 2.30 (s, 3H), 2.80 (d,J = 4.8 Hz, 3H),
7.22 (d, J= 8.4 Hz, 2H), 7.26~7.48 (br, 1H), 7.64 (d, J=84
Hz, 2H). *C NMR (DMSO0-d6): & = 165.1, 151.3, 135.9,
134.8, 129.2, 120.6, 28.9, 20.5. EIMS (70 eV), mVz (%): 221
(M*, 100), 161 (7), 119 (2), 105 (65), 91 (16). Anal. Calcd. for
C10H11N30S: C: 54.28, H: 5.01, N: 18.99, S: 14.49. found C:
54.39, H: 5.06, N: 19.04, S: 14.39.

2-M ethylamino-4-(4-chlor ophenyl)-1,3,4-thiadiazolin-5-
one (6f)

Paleyel low pow der; mp 140~141°C, IR (KBr): 3418,
1659 cm™; '*H NMR, &=2.80 (d, J= 4.8 Hz, 3H), 7.44~7.45
(br, 1H), 7.49 (d, J = 9.0 Hz, 2H), 7.82 (d, J = 9.0 Hz, 2H).
EIMS (70 eV), m/z(%): 243 (M*+2, 37), 241 (M*, 100), 181
(26), 139 (3), 125 (89), 111 (20). Anal. Calcd. for
CoHgCIN;OS: C: 44.87, H: 3.34, N: 17.39, Cl: 14.59, S:
13.27.found C: 44.86, H: 3.38, N: 17.36, Cl: 14.59, S: 13.20.
(C) Preparationof 5g~5h and 6g~6h by reacting com pounds

lwithreagent4c

ui-Chloroformyl-(4-methylphenyl)hydrazines hy dro
chloridel (1g,4.25mmoal) in 12 mL of ac etonewasadded to
1 g (7.25 mmol) of 1,3-diphenylthiourea4c. Thereaction
mix turewasstirred at room tem per aturefor 48 hr. The pre-
cipitationwascol lected by fil trationto give 0.93 g of pure
prod uct5g (58%). Thefil trate was poured into ice water and
stirred for 10 min. Theprecipi tationwascol lected by fil tra-
tionand crystal lized with EtOActogive0.15 g of prod uct 6g
(12%). Thephysi cal prop er tiesand spec tro scopic data of
compounds5g~5h and6g~6h areasfol lowing:

N,N’-Diphenyl-2-(4-methylphenyl)hydr azinecar boximid-
amide hydrochloride (5g)

Col or lessneedles, mp 227~228=C, IR (KBr): 3220~
2926 cm; 'H NMR, & =2.21 (s, 3H), 6.85 (d, J = 8.4 Hz, 2H),
7.08 (d, J= 8.4 Hz, 2H), 7.15~7.38 (m, 10H), 8.23 (s, 1H),
10.26 (br, 3H). *C NMR (DMSO-d6): &i = 155.2, 145, 129.4,
129.3, 129.1, 126.0, 124.1, 113.5, 20.2. EIMS (70 eV), m/z
(%): 316 (M*, 47), 195 (100), 122 (29), 105 (11), 92 (21), 77
(21). Anal. Calcd. for CyoH,;CIN,: C: 68.08, H: 6.00, N:
15.88, Cl: 10.05. found C: 67.99, H: 6.00, N: 15.83, ClI:
10.00.
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N,N’-Diphenyl-2-(4-chlor ophenyl)hydr azinecar boximid-
amide hydrochloride(5h)

Col or lessneedles; mp213~214-C, IR (KBr): 3250~
2974 cm™; '"H NMR, fi=6.95 (d, J = 9.0 Hz, 2H), 7.27 (d, J =
9.0Hz, 2H), 7.18~7.41 (m, 10H), 8.49 (s, 1H), 10.26 (br, 3H).
EIMS (70 eV), m/z (%): 338 (M"+2, 32), 336 (M", 100), 195
(100), 142 (33), 125 (26), 111 (13), 92 (27), 77 (32). Anal.
Calcd. for CioH1sCloN4: C: 61.14, H: 4.86, N: 15.01, Cl:
19.00. found C: 61.11, H: 4.75, N: 15.07, Cl: 18.95.

2-Phenylamino-4-(4-methylphenyl)-1,3,4-thiadiazolin-5-
one (6Q)

Col or lessneedles; mp 209~210~C, IR (KBr): 3304,
1668 cm™; *H NMR, & = 2.32 (s, 3H), 6.95~7.02, 7.25~7.37,
7.46~7.50 (m, 5H), 7.28 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.4
Hz, 2H), 10.01 (s, 1H). EIMS (70 eV), mVz (%): 283 (M,
100), 222 (10), 136 (30), 105 (71), 91 (19), 77 (31). Anal.
Calcd. for Ci5sH13N50S: C: 63.56, H: 4.62, N: 14.83, S: 11.32.
found C: 63.56, H: 4.70, N: 14.87, S: 11.30.

2-Phenylamino-4-(4-chlor ophenyl)-1,3,4-thiadiazolin-5-
one (6h)

Col or lessneedles; mp212~213~-C, IR (KBr): 3310,
1668 cm™; 'H NMR, #i = 6.98~7.39, 7.46~7.51 (m, 5H), 7.55
(d, J=9.0 Hz, 2H), 7.85 (d, J = 9.0 Hz, 2H), 10.07 (s, 1H).
EIMS (70 eV), m/z (%): 305 (M*+2, 38), 303 (M", 100), 243
(14), 125 (66), 111 (13), 77 (30). Anal. Calcd. for
C14H10CIN;OS: C: 55.36, H: 3.32, N: 13.85, Cl: 11.67, S:
10.56. found C: 55.40, H: 3.37,N: 13.85, Cl: 11.59, S: 10.47.
(D) Preparation of 6i~6k by reacting com pounds 1 with re-

agent 4d

o-Chloroformylphenylhydrazinehy drochloridel (1.5
g, 7.25 mmol) in 12 mL of i-PrOH was added t0 0.96 g (7.25
mmol) of tetramethylthiourea 4d. Thereactionmixturewas
stirred at roomtem per aturefor 48 hr. Thereactionsolution
was added to cool water drop by drop, then was stirred for an-
other 10min. Theprecipitationwascol lected by fil tration
and crystal lized with EtOAc to give 0.43 g of prod uct 6i
(27%). The physi cal prop er tiesand spec tro scopic dataof
com pounds6i~6k areasfol lows:

2-Dimethylamino-4-phenyl-1,3,4-thiadiazolin-5-one (6i)

Col orlessneedles, mp65~66°C, IR (KBr): 1677 cm™;
"HNMR, &=2.95 (s, 6H), 7.21~7.28, 7.40~7.47, 7.75~7.80
(m, 5H). EIMS (70 eV), Yz (%): 221 (M", 100), 161 (4), 118
(22), 91 (32), 88 (61), 77 (21). Anal. Calcd. for CyoH 1, N;OS:
C: 54.28, H: 5.01, N: 18.99, S: 14.49. found C: 54.30, H:
5.04,N: 18.96, S: 14.44.
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2-Dimethylamino-4-(4-methylphenyl)-1,3,4-thiadiazolin-5-
one (6))

Col or lessneedles; mp 103~104-C, IR (KBr): 1665
cm™; 'HNMR, & = 2.30 (s, 3H), 2.93 (s, 6H), 7.23 (d, J=8.4
Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H). 3C NMR (CDCl,): i =
166.7, 153.7, 136.1, 135.5, 129.2, 121.1, 39.1, 20.9. EIMS
(70eV), Mz (%): 235 (M*, 100), 175 (3), 132 (13), 105 (50),
91 (12), 88 (57). Anal. Calcd. for C11H13N3z0S: C: 56.15, H:
5.57,N:17.86, S: 13.63. found C: 56.08, H: 5.62, N: 17.90, S:
13.62.

2-Dimethylamino-4-(4-chlor ophenyl)-1,3,4-thiadiazolin-5-
one (6k)

Col orlessneedles; mp91~92°C, IR (KBr): 1698 cm'™;
'H NMR, & =294 (s, 6H), 7.48 (d, J= 8.8 Hz, 2H), 7.81 (d, J
= 8.9 Hz, 2H). EIMS (70 eV), m/z (%): 257 (M *+2, 35), 255
(M*, 100), 195 (7), 160 (18), 125 (47), 111 (9), 88 (58). Anal.
Calcd. for C19H1CIN;OS: C: 46.97, H: 3.94, N: 16.43, Cl:
13.86, S: 12.54. found C: 47.07, H: 3.93, N: 16.38, Cl: 13.74,
S: 12.54.
(E) Preparationof 5/~5m and 6|~6m by reacting com pounds

1withreagentde

wi-Chloroformylphenylhydrazinehy drochloride 1 (1.5
g, 7.25 mmol) in 12 mL of i-PrOH was added to 0.65 g (7.25
mmol) of methylthiourea 4e. The reaction mixture was
stirred at roomtem per aturefor 4 hr. Thework-up wasthe
same asin step (A) and gave 5l (0.34 g, 24%) and 6l (0.22 g,
16%).

N-M ethyl-2-phenylhydrazinecar boximidamide hydrochle
ride (51)

Col or lessneedles; mp 153~154-C, IR (KBr): 3340~
2974cm; 'H NMR, = 2.78 (d, J= 4.8 Hz, 3H), 6.73~6.87,
7.18~7.26 (m, 5H), 7.73 (s, 2H), 7.94 (br, 1H), 8.07 (s, 1H),
9.57 (s, 1H). EIMS (70 eV),m/z(%): 164 (M", 100), 147 (17),
108 (33), 91 (57), 77 (38), 57 (63). Anal. Calcd. for
CsH13CINg4: C: 47.88, H: 6.53, N: 27.92, Cl: 17.67. found C:
47.66, H: 6.60, N: 27.75, Cl: 17.63.

N-M ethyl-2-(4-chlor ophenyl)hydr azinecar boximidamide
hydrochloride (5m)

Col or lessneedles; mp 202~203-C, IR (KBr): 3370~
2902cm™; 'H NMR, i =2.77 (d, J= 4.8 Hz, 3H), 6.76 (d, J=
8.8 Hz, 2H), 7.27 (d, J = 8.8 Hz, 2H), 7.77 (s, 2H), 7.97 (br,
1H), 8.27 (s, 1H), 9.66 (s, 1H). ®*CNMR (CDCl3): & = 158.7,
145.1, 129.0, 126.5, 114.8, 27.5. EIMS (70 eV),m/z (%): 200
(M*+2, 32), 198 (M, 100), 181 (13), 125 (78), 111 (27), 57
(53). Anal. Calcd. for CgHi12Cl2Na: C: 40.87, H: 5.14, N:
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23.83, Cl: 30.16. found C: 40.87, H: 5.15, N: 23.89, Cl:
30.15.
(F) Preparationof 6n~6p by reacting com pounds 1 with re-
agent 4f

ct-Chloroformylphenylhydrazinehy drochloridel (1.5
g, 7.25 mmol) in 12 mL of EtOH was added to 0.74 g (7.25
mmol) of ethylenethiourea 4f. The reactionmix turewas
stirred at roomtem per aturefor 20 hr. Theprecipi tated out
product was collected by filtration and crystal lizedwith
EtOActo give 0.61 g of prod uctén (31%).

2-(B-aminoethyl)amino-4-phenyl-1,3,4-thiadiazolin-5-one
(6n)

Paleyel low needles; mp 217~218°C, IR (KBr): 3262,
3154, 3010, 2884, 1668 cm™; *H NMR, & = 3.00~3.08 (m,
2H), 3.44~3.53 (m, 2H), 7.21~7.28, 7.40~7.47, 7.75~7.80
(m, 6H), 8.05 (br, 3H). EIMS (70 eV),m/z(%): 236 (M ", 60),
207 (31), 193 (100), 119 (69), 105 (23), 91 (56), 77 (99).
Anal. Calcd. for C 10H13CIN4OS: C: 44.04, H: 4.80, N: 20.54,
Cl: 13.00, S: 11.76. found C: 44.08, H: 4.85, N: 20.51, ClI:
12.99, S: 11.75.

2-(B-aminoethyl)amino-4-(4-methylphenyl)-1,3,4-
thiadiazolin-5-one (60)

Col or lessneedles; mp>250~C, IR (KBr): 3268, 3010,
1674 cm™; *"H NMR, & = 2.30 (s, 3H), 3.00~3.06 (m, 2H),
3.43~3.51 (m, 2H), 7.23 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.4
Hz, 2H), 7.75 (t, J = 5.4 Hz, 1H), 8.04 (br, 3H). 13C NMR
(DMSO-d6): & = 165.1, 150.7, 135.8, 135.0, 129.3, 120.6,
40.1, 37.6, 20.5. EIMS (70 eV), m/z (%): 250 (M", 100), 221
(57), 207 (71), 133 (51), 105 (40), 91 (60). Anal. Calcd. for
C1HisCIN4OS: C: 46.07, H: 5.27, N: 19.54, Cl: 12.36, S:
11.18.found C: 46.04, H: 5.30,N: 19.52, Cl: 12.37, S: 11.14.

2-(B-aminoethyl)amino-4-(4-chlor ophenyl)-1,3,4-
thiadiazolin-5-one (6p)

Col or lessneedles; mp>250~C, IR (KBr): 3262, 3154,
3004, 1668cm™; 'H NMR, & = 3.00~3.07 (m, 2H), 3.45~3.51
(m, 2H), 7.49 (d, J=9.0 Hz, 2H), 7.82 (d, J= 9.0 Hz, 2H),
7.95 (t,J=5.3Hz, 1H), 8.12 (br, 3H). EIMS (70 eV), m/z (%):
272 (M*+2, 34), 270 (M*, 91), 243 (23), 241 (64), 229 (35),
227 (93), 155 (14), 153 (40), 127 (13), 125 (40), 113 (16), 111
(49), 69 (100). Anal. Calcd. for C 10H12Cl2N4OS: C: 39.10, H:
3.94, N: 18.23, Cl: 23.08, S: 10.44. found C: 38.99, H: 3.93,
N: 18.14, Cl: 23.07, S: 10.43.

Prep aration of compounds9a~9h
(A) Preparationof compounds 9a and 9b by reacting com-
pounds 1 with 1,2-cyclohexanedione 8a

Kuo et al.

ci-Chloroformylphenylhydrazinehy drochloride 1 (1.5
g, 7.25 mmol) in 12 mL of i-PrOH was added to 0.81 g (7.25
mmol) of 1,2-cyclohexanedione 8a. Thereactionmix ture
wasstirred at roomtem per aturefor 3hours. Thereaction sok
vent was then re moved un der re duced pressure. The crude
solidwasfur ther puri fied through chromatog raphy (EtOAc:
n- hexane = 1:1). The eluted frac tions were pooled and the
sol vent wasre moved un der reduced pressureto give0.35g
(21%) of com pound9a and 0.35 g (24%) of 2-phenyl| hydra-
zino- 1-cyclohexanone 13,

2-Phenyl-3-ox0-6,7,8-trihydr ocyclohex[€][ 1,3,4]oxadiazine
(9a)

Pale yel low needles; mp 57~568<C, IR (KBr): 1731
cm?; TH NMR, & = 1.72~1.84 (m, 2H), 2.23~2.31 (m, 2H),
2.48~2.54 (m, 2H), 5.79 (t,J = 4.6 Hz, 1H), 7.26~7.50 (m,
5H). EIMS (70 eV), Mz (%): 228 (M*, 70), 130 (100), 119
(79), 91 (50), 77 (59), 55 (50). Anal. Calcd. for Cy13H;,N,05:
C: 68.41, H: 5.30, N: 12.27. found C: 68.42, H: 5.35, N:
12.24.

2-(4-Chlor ophenyl)-3-oxo-6,7,8-trihydr ocyclohex|€][1,3,4]-
oxadiazine (9b)

Pale yel low needles; mp 68~69 =C, IR (KBr): 1731
cm™; *H NMR, i = 1.75~1.84 (m, 2H), 2.23~2.32 (m, 2H),
2.48~2.55 (m, 2H), 5.81 (t,J = 4.6 Hz, 1H), 7.54~7.39 (m,
4H). EIMS (70 eV), miz (%): 264 (M *+2, 23), 262 (M", 75),
183 (9), 166 (29), 164 (94), 155 (23), 153 (66), 125 (58), 113
(23), 111 (64), 55 (100). Anal. Calcd. for C13H1:CIN2O2: C:
59.44, H: 4.22, N: 10.66, Cl: 13.50. found C: 59.33, H: 4.32,
N: 10.54, Cl: 13.55.

2-Phenylhydrazino-1-cyclohexanone (13)

Col or lessneedles; mp188~189 “C, IR (KBr): 3250,

1662 cm™; 'H NMR, & = 1.79~1.88 (m, 4H), 2.40~2.57 (m,

4H), 6.87~6.91, 7.21~7.28 (m, 5H), 9.81 (s, 1H). EIMS (70

eV), m/'z (%): 202 (M*, 100), 173 (9), 145 (15), 110 (9), 93

(82), 82 (38), 77 (24), 55 (62), 41 (52). Anal. Calcd. for

C12H14N20: C: 71.26, H: 6.98, N: 13.85. found C: 71.25, H:

7.01, N: 13.83.

(B) Preparation of compounds 9¢c~9e, 9f~9h, 9i~9k and
9l~9n by reacting compounds1 with 8b, 8c, 8d and 8¢,
respectively

ii-Chloroformylphenylhydrazinehy drochloridel (1 g,

4.83 mmol) in 12 mL of EtOH was added to 0.54 g (4.83

mmol) of 3-methyl-1,2-cyclopentanedione 8b. In preparing

products9f~9h, 9i~9k and 91~9n, 0.61 g of 8c, 0.61 g of 8&d,

and 0.91 g of 8e were used, respectively, toreact with 1 g of

o-chloroformylphenylhydrazinehy drochloride 1. There ac-
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tion mix turewas stirred at room tem per aturefor 1 hr. The
precipitationwascol lected by fil tration, thenwaswashed
with cool i-PrOH andfi nally wascrystal lized with EtOH to
give 0.67 g of pure prod uct9c (61%).

5-Methyl-2-phenyl-3-oxo-6,7-dihydr ocyclopent[€][1,3,4]-
oxadiazine (9c)

Pale yel low pow der; mp 90~91-C, IR (KBr): 1746
cm™; *H NMR, & = 1.81 (s, 3H), 2.49~2.65 (m, 4H), 7.27~
7.31, 7.38~7.47 (m, 5H). EIMS (70 V), Mz (%): 228 (M*,
76),119(57),91 (41), 77 (30), 69 (100), 41 (60). Anal. Cal cd.
for C1zH12N20,: C: 68.41, H: 5.30, N: 12.27. found C: 68.45,
H:5.35,N: 12.24.

5-Methyl-2-(4-methylphenyl)-3-o0x0-6,7-dihydr ocyclopent-
[€][1,3,4]oxadiazine (9d)

Col or lessneedles; mp 134~135°C, IR (KBr): 1734
cm®; *H NMR, & = 1.80 (s, 3H), 2.30 (s, 3H), 2.49~2.65 (m,
4H), 7.19 (d, J= 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H). EIMS
(70eV), m'z (%): 242 (M*, 57), 133 (100), 91 (10), 69 (49),
41 (12). Andl. Calcd. for C14H1aN202: C: 69.41, H: 5.82, N:
11.56. found C: 69.48, H: 5.80, N: 11.51.

2-(4-Chlor ophenyl)-5-methyl-3-oxo-6,7-dihydr ocyclopent-
[€][1,3,4]oxadiazine (%)

Col orlessneedles; mp 118~119-C, IR (KBr): 1731
cm™ "HNMR, & =1.80 (s, 3H), 2.40~2.71 (m, 4H), 7.43(d, J
=9.0Hz, 2H), 7.49(d,J = 9.0 Hz, 2H).®*CNMR (CDCl,): &=
157.3, 143.7, 141.2, 139.8, 132.1, 128.9, 128.6, 125.7, 30.7,
24.4,12.2. EIMS(70€eV), m/z(%): 264 (M*+2, 20), 262 (M,
63), 155 (15), 153 (48), 127 (9), 125 (29), 113 (4), 111 (12),
69 (100), 41 (62). Anal. Calcd. for C1sHu CIN:Oz: C: 59.44,
H: 4.22, N: 10.66, Cl: 13.50. found C: 59.37, H: 4.23, N:
10.58, Cl: 13.51.

5-Ethyl-2-phenyl-3-ox0-6,7-dihydr ocyclopent[€][1,3,4]-
oxadiazine (9f)

Col orlessneedles, mp88~89°C, IR (KBr): 1737 cm™;
"HNMR,&=1.12(t,J= 7.7 Hz, 3H), 2.33(q,J = 7.7 Hz, 2H),
2.56~2.72 (m, 4H), 7.27~7.31, 7.36~7.53 (m, 5H). ®*C NMR
(CDCly): & =157.2, 143.9, 141.3, 140.5, 133.6, 128.7, 126.9,
124.7, 28.3, 24.3, 19.9, 11.4. EIMS (70 €V), m/z (%): 242
(M*, 85), 119 (38), 91 (29), 83 (100), 77 (21), 55 (67). Anal.
Calcd. for C14H14N20,: C: 69.41, H: 5.82, N: 11.56. found C:
69.31, H: 5.97, N: 11.53.

5-Ethyl-2-(4-methylphenyl)-3-oxo-6,7-dihydr ocyclopent-
[€][1,3,4]oxadiazine (9g)
Paleyel low needles; mp 102~103-C, IR (KBr): 1737
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cm™; '"H NMR, &= 1.11 (t, = 7.7 Hz, 3H), 2.30 (s, 3H), 2.33
(9, J = 7.7 Hz, 2H), 2.55~2.71 (m, 4H), 7.19 (d, J= 8.4 Hz,
2H), 7.36 (d, J = 8.4 Hz, 2H). EIMS (70 eV), m/z (%): 256
(M*, 45), 133 (98), 105 (15), 91 (28), 83 (91), 77 (25), 55
(100). Anal. Calcd. for Ci5HygN,O,: C: 70.29, H: 6.29, N:
10.93. found C: 70.25, H: 6.28, N: 11.07.

5-Ethyl-2-(4-chlor ophenyl)-3-0x0-6,7-dihydr ocyclopent[€]-
[1,3,4]oxadiazine (9h)

Pale yel low needles, mp 53~54=C, IR (KBr): 1740
cem’; 'H NMR, & = 1.12 (t, J= 7.7 Hz, 3H), 2.32 (q,J = 7.7
Hz, 2H), 2.52~2.72 (m, 4H), 7.35(d, J=9.0 Hz, 2H), 7.47 (d,
J=9.0Hz, 2H). EIMS (70 &V), Wz (%): 278 (M +2, 6), 276
(M*, 20), 155 (4), 153 (13), 127 (5), 125 (13), 113 (4), 111
(12), 83 (100), 55 (83). Anal. Calcd. for C1,H;3CIN,O,: C:
60.77, H: 4.73, N: 10.12, Cl: 12.81. found C: 60.57, H: 4.70,
N: 10.13, Cl: 12.83.

5-M ethyl-2-phenyl-3,6-dioxo-6H-cyclopent[€][1,3,4]-
oxadiazine (9i)

Paleyel low needles; mp 170~171°C, IR (KBr): 1761,
1722cm™; 'H NMR, & = 1.76 (s, 3H), 3.29 (s, 2H), 7.36~7.54
(m, 5H). EIMS (70 eV), Mz (%): 242 (M*, 50), 119 (100), 91
(29), 83(38), 77 (35). Anal. Calcd. for C 13H10N20s: C: 64.45,
H: 4.16, N: 11.56. found C: 64.47, H: 4.15, N: 11.52.

5-M ethyl-2-(4-methylphenyl)-3,6-dioxo-6H-cyclopent[ €] -
[1,3,4]oxadiazine (9j)

Paleyel low needles; mp 177~178~C, IR (KBr): 1764,
1716 cm™; '"H NMR, & = 1.76 (s, 3H), 2.33 (s, 3H), 3.28 (s,
2H), 7.26 (d, J = 8.5 Hz, 2H), 7.38 (d, J= 8.5 Hz, 2H). EIMS
(70 eV), Mz (%): 256 (M *, 70), 133 (100), 105 (17), 91 (36),
83 (36). Anal. Calcd. for C14H;2N,O3: C: 65.62, H: 4.72, N:
10.93. found C: 65.68, H: 4.75, N: 10.83.

2-(4-Chlor ophenyl)-5-mthyl-3,6-dioxo-6H-cyclopent[€]-
[1,3,4]oxadiazine (9k)

Col or lesspow der; mp 200~201°C, IR (KBr): 1743,
1716 cm™; '"H NMR, & = 1.76 (s, 3H), 3.30 (s, 2H), 7.54 (s,
4H). ®C NMR (CDCl3): & = 195.8, 160.7, 146.6, 141.5,
138.6, 133.5, 129.0, 125.6, 124.8, 36.1, 6.1. EIMS (70 eV),
m/'z (%): 278 (M*+2, 16), 276 (M", 48), 155 (100), 127 (8),
125 (28), 113 (8), 111 (26), 83 (44). Anal. Calcd. for
CisHsCIN;O3: C: 56.43, H: 3.28, N: 10.12, Cl: 12.81. found
C: 56.45, H: 3.28, N: 10.09, Cl: 12.88.

2,5-Diphenyl-3,6-dioxo-6H-cyclopent[€][1,3,4]oxadiazine

€))
Paleyel low needles; mp 209~210~C, IR (KBr): 1761,
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1713 cm™*; *H NMR, §i = 3.45 (s, 2H), 7.39~7.57, 7.90~7.95
(m, 10H). EIMS (70 eV), m/z (%): 304 (M*, 59), 185 (11),
145 (100), 119 (45), 117 (27), 91 (28), 89 (85), 77 (37). Anal.
Calcd. for CigsH12N203: C: 71.05, H: 3.97, N: 9.21. found C:
71.07,H:3.98,N: 9.21.

2-(4-Methylphenyl)-5-phenyl-3,6-dioxo-6H-cyclopent[€]-
[1,3,4]oxadiazine (9m)

Paleyel low needles; mp 160~161~C, IR (KBr): 1755,
1713 cm?; *H NMR, fi= 2.34 (s, 3H), 3.45 (s, 2H), 7.29(d,J =
8.4 Hz, 2H), 7.39~7.56, 7.90~7.95 (m, 7H). *C NMR
(CDCl3): 5 =194.8,159.1, 145.5, 141.6, 138.2, 137.7, 130.0,
129.8, 129.6, 128.6, 127.5, 124.4, 122.4, 36.8, 21.1. EIMS
(70eV), m/z(%): 318 (M *, 80), 185 (10), 145 (81), 133 (100),
117 (22), 91 (22), 89 (77), 77 (21). Anal. Calcd. for
C19H14N203: C: 71.69, H: 4.43, N: 8.80. found C: 71.64, H:
4.47,N: 8.78.

2-(4-Chlor ophenyl)-5-phenyl-3,6-dioxo-6H-cyclopent[€g]-
[1,3,4]oxadiazine (9n)

Paleyel low needles; mp 187~188%C, IR (KBr): 1773,
1704 cm™; '"H NMR, & = 3.49 (s, 2H), 7.43~7.56, 7.90~7.95
(m, 5H), 7.58 (s, 4H). EIMS (70 eV), miz (%): 340 (M*+2,
16), 338 (M*, 49), 185 (11), 155 (10), 153 (33), 145 (100),
127 (14), 125 (21), 117 (27), 113 (5), 111 (14), 89 (91), 77
(11). Anal. Calcd. for C1sH11CIN2Os: C: 63.82, H: 3.27, N:
8.27, Cl: 10.47. found C: 63.88, H: 3.30, N: 8.24, Cl: 10.36.
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