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I. INTRODUCTION

Hydrazidic acids la are the enol tautomers of carboxylic acid hydrazides 1b,
Although the free acids are not known, their halides usually referred to as hydra-
zidoyl halides 2; their esters, alkyl and aryl hydrazidates 3; their amides,

the amidrazones 4; and their hydrazides, the hydrazidines 5 are well known for
over 45 years.

o8 9 : om
| Y ' » y
RC=NNHR RCNHNHR' RC =NNHR RC=NNHR
la b 2 3
NHR" I;JHNHR" X X X
RC=NNHR' RC = NNHR' © HC=NN=CHR RC=NN=CR’
4 5 [} 7
x\
/C:NNHR R=akyl, aryl, acyl, carbalkoxy, carbamoyl
X 8 R,R = alkyl , aryl
X= Cl, Br

The chemistry of hydrazidoyl halides 2 together with the related halides £ - 8 has
attracted the interest of many investigestors within the past 25 years becmuse

they prove to be versatile intermediates in many orgenic syntheses. The aim of the
present review is to survey only the reactions of these halides with sulfur
compounds in order to provide guide~lines for future investigators. There seems

no comprehensive review on this subject although several summaries have been pub-
1ished.1-3 No attempt will be made here to discuss in detail the mechanisms of the
reactions reported; the brief account which follows seems to be sufficient. This
is because, this review is intended to consider the hydrazidoyl halides from a
practical point of view and to deal with the general aspects of their reactions
and the reader should refer to original references for further details.

The literature was surveyed up to the end of 1982, Some additional material origi-
nating from the author's laboratory and presently in the course of publication

has alse been included.

I1. GENERAL REMARKS ON REACTION MECHANISMS

The reactions of hydrazidoyl halideg with sulfur compounds outlined in thi=z review
fall under one of the following two headingss
1, Displacement reactions, and
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?. 1,3-Cycloaddition reactions
The displacement process may be subdivided into (a) intermclecular (Eq. 1) and

(b} intramolecular (Eq. ?}

Br SPh
PhC=NNH-©-N02 + PhST —=> PhC:NNH-@-NOz (1)
Br S d_jt
| il
PhC=NNHC NHCH,Ph _base g PR, L-NHCH,Ph (2)
-HBr

Furthermore, the displacement of the halogen atom from hydrazidoyl halides can
proceed either by unimolecular (Eq. 3) or bimolecular {Eq. 4) mechanisms by analogy
with aeyl halides.’ Evidence for the involvement of the SN1 and SN? mechanisms,
which has been reported, includes Hammett parameters, salt and common ion effects,
and solvent variation studies.4'5 Regardless the mechanism operating, the displace-
ment remctiong of hydrazidoyl halides have proved to be useful and convenient
routes to a wide variety of chemical systems.

X . - Nu
RC=NNHR —21%%a  x-, RC=NNHR' DBst, peo nnvR' (3)
X X @u
RE=NNHR + NG == [R-C=NNHR] —> X + RC=NNHR' (4)
Nu
X - . h
RC=NNHR Mo rc-nhR'] HNY 5 RCaNNHR® (5)
HX
9
TR
RC=NN,
R‘
10

— 2241 —




Another alternative pathway for displacement resctions involves the dehydro-
halogenation of the hydrazidoyl halide to give the corresponding nitrile imine
intermediate 9 which then adds to nucleophile to give the corresponding
substitution product {(Eq. 5). This elimination-addition sequence is excluded for
the reactions of N,N-disubstituted hydrazidoyl halides of type 6, 7 and 10 as
these halides cannot form nitrile imine intermediates.

The 1,3-cycloaddition reactions of hydrazidoyl halides lead in most cmses to
S5-membered heterocyclic systems. As already mentioned, the N-monosubstituted
hydrazidoyl halides 2 generate the corresponding nitrile imines ¢ upon treatment
with a base. These dipolar ions cannot be isolated, however, if a dipolarophile
is present in the reaction mixture, it will add to it and give the corresponding
cycloadducts 11 and/or 12 (Eq. 6).

X

b4 - az=b
RC=NNHR —E25 RE.NWR 25 R} Rr—a  (6)
-HX N_ .a and/ N_ b
N or N
R R
n 173
A Rr--3
— N 9
P I
R\

RCX R&* a=b | 8 Ry—3a  Ry—3
N _.9T5: l:ll\ > Ngg Be — RNoyb
TNHT N- 8 o

R R
c RTi—4& |
> Nsﬁ b.
Scheme 1 R’

As shown in equation 6, the e¢ycloaddition of an unsaturated compound a - b to
nitrile imine involves the formation of two sigma bonds {namely C-a and N-b or
C-b and N-a) at the expense of two pl bonds. Theoreticaily there are three
possible pathways for such a process (Scheme 1)}. These are :
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1. One step concerted mechanism (route 4) involving simultaneous
formation of both new sigma bonds.

2. Two step mechanism (route B) invelving z zwitterionic intermediate.

3. Two step mechanism (route C) involving a diradical intermediate.
The concerted mechanism (route A) was first postulated by Huisgen in 1960 on the
basis of many experimental tests. - It has been accepted by many investigators,
It is an orbital symmetry allowed (ﬂfu - 7T?) cycloaddition wherein the nitrile
imine with its allyl type molecular orbitals functions as 774 reactant and the
dipolarophile as Tr? reactant.? The melecular orbital correlation diagram of
1,3-dipolar cycloaddition reaction bears a more than superfacial resemblance to
that of Diels-Alder reaction.ll’l? Another description attributes the concertedness
to a Hiickel aromatic type molecular orbital of the transition state.l3'16
Firestone proposed the two step diradical mechanism {route €) in 1968.17 This
hypothesis was also refurbished on the basis of bond energy oonsiderationl8
and orientation phenomena19 g0 that it is not considered as a viable alternative
te the concerted mechanism.
The unlikelihood of the two step mechanism involving dipolar ion intermediate
{route B) has been evidenced by Huisgen.?'20
Details of thesé mechanisms may be sought elsewhere

9,10

21 since further discussion

is inappropriate for the purpose of this review,
III. REACTIONS

1. Reaction with hydrogen sulfide and its salts

Hydrazidoyl halides react with hydrogen sulfide in the presence of triethylamine
and yield the corresponding thiohydrazides. For example, addition of one
equivalent of TEA to N,N-disubstituted hydrazidoyl bromides in chloroform followed
by treatment with a solution of H,S-TEA in the same solvent yielded after acidi-
fication the thiohydrazides 13 in 15-80% yields (Eq. 7).°7

Br R HoS-TEA R
Ar'C:NHN’ 2 ArCSNHN_ (7)
\Ra R‘

13

(R and R usually alkyl)

Similar treatment of N-monosubstituted hydrazidoyl halides was reported to give
N-aryl-N'-thiocaroylhydrazines 14 and/or hydrazidoyl sulfides 15 depending on the
reaction conditions.2- For example, the thichydrazide 14 was obtained in 87% yield
when the interval between the addition of the TEA and H?S-TEA solutions is 25 s,
whereas when this interval was extended to 4 min, the product isolated vas the
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hydrazidoyl sulfide 15 (93%) (Egq. 8). Mixtures of 14 and 15 were obtained after
intermediate intervals. On the other hand, treatment of hydrazidoyl halides with

H,S-TEA solution followed by TEA was reported to give 14 in 927 yield.

2HS-TEA .
ArCSNHNHAr
B 25 s.
r N 14
[} —_—
ArC-NNHA}  TEA . (8)
Ar C =NNHAF
2)HyS-TEA &'_’
4 min ]
Ar C =NNHAr
15

Barnish and Gibson reported that treatment of hydrazidoyl bromides with sodium
sulfide monohydrate in acetonitrile gives the corresponding sulfides 15 in 40-50%
yield (Eq. 9).?4'35 X-Ray crystallographic studies of cne of the hydrazidoyl
sulfides prepared (15, Ar = CGHS’ Ayt = ?,6-Br?06H3) confirmed the symmetrical
structure 15 and ruled out the iscmeric unsymmetrical structure 16 formally
derivable by rearrangement of L‘i.?s

Br ArC=NNHAF
ArC=NNHAT + Na,5 ——> S ‘ (9)
ArC= NNHAr
15
ArCSNHNAF
ArCaNNHAZ

16

Also, it was reported that treatment of the dichloride 8a with sodium hydrosulfide
in refluxing ethanol rapidly affords ?,5-diphenyl-1,3,4-thiadiagzele in excellent
yield (84%).111

aa al
PRC=NN=CPh » NaHS —3s PhCSNHN=CPh — jl_ﬂ
Ph”~5""Ph

f8a
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2. Reaction with sodium arenesulfinate

The reaction of hydrazidoyl halides with sodium arenesulfinate in ethanol was
reported to give arylhydrazone derivatives of oc-ketosulfones 17 (Eg. 10).26'30
The structures of some of these products were confirmed by their alternate
synthesis from coupling of active methylene sulfones with diazotized arylamines
in ethanol in the presence of sodium acetate (Eg. 10).2

Sodium methanesulfinate reacts similarly with hydrazidoyl chlorides and gives
the corresponding arylhydrazones of methanesulfonyl ketones 18 (Eq. ll).30

A A?SOyNa X Arfy Cl :
RC=NNHAr _— RCSOZAI’ E—a— RCH2502Ar (10)
1]
NNHAr
17

{ R usually acyl, carbaloxy, carbamoyl )

o
|
ArC=NNHAr o CH3S0pNa  ——>ArCS02CH3 , NaCl o
NNH Ar
18

Recently an ambiguous product was reported to be obtained from the reaction of
N-[5-(3-phenyl )pyrazolyl] hydrazidoyl chloride with sodium benzenesulfinate in
ethanol at room temperature.31 It was claimed that this reaction gave the pyrazo-
lotriazine derivative 19 and that the same product was also obtained in 75% yielad
via coupling of w-benzenesulfonylacetophenone 20 with diazotized 3-phenyl-5-amino-
pyrazole 21 (Scheme 2). As coupling of 20 with 21 would yield 22 which upon
cyclization (by loss of elements of water) would yield g3.32 the identity of

the product 19 has to be relnvestigated.
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¢ RN
1
HgCp OCOC=NNH { ,] + PnSOpNa  ——

Ph H <Ny 504Ph
Ny Cl Z N0
2 Ph—=nN
PhSO,CH,COPh & NH
Ph——N 13
20 21
2N~ S0, Ph
PhCOCS0,Ph \1[
111 9
NNH Z N Ph
Ph-=N
- ri‘H
Ph—=N 23
22
Scheme 2

3. Reaction with potassium thioamcetate

The reaction of hydrazidoyl halides 24-26 (Y = halogen atom) with thioaceiate

anion has been extensively studied by Gibson and coworkers.?u’?5'33-35

This peaction was reported to give, according to reaction conditlons and nature

of substituents on the N-aryl molety, one or more of the followings (i) the N-
acetyl-N-aryl-N'-thiobenzoylhydrazine 27, (ii} the bis-hydrazidoyl sulfide 15,
(iii) Y-ncetyl-7-Z-phenyl-4H-1,3,4-benzothiadiazine 28, by a process involving
dicplacement of the ortho halogen atom Y {Scheme 3). For example, treaiment of
hydrazidoyl halides 24 (Y = % = Br) and 23 (Y = 2 = Br) with potassium thiocacetate
in acetonitrile at room temperature afforded 27 (Y = 2 # Br) in good yield together

with some of 15 (¥ = 2 = Br). Compounds of type 27 were converted into the corre-
sponding benzothiadiazines 28 (2 = Br) when refluxed with TEA in au':etorlitl:':'l.le.?5
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Cl Br Br Br
] | '
Ph C=NNH@-2 PhC= NNH@Z PhE=NNH()-g,
Y )
2 25 2
X
PhC:NNH<::>1
Y
SCOCH;
\r—' PhC=NN H@-Z —J,
¥
COCH
PhCSNHN PhCSNHNH@ 7
y Y
27 7
.2
TEA|Y=Br 2

COCH
N Ph C-_-NNH@Z
“ |
@ + HBr S ¥ + HBr
Ph~¢g Zz 1
PhC= NNH—@Z
28 v
15

Scheme 3

Br) with potassium thiocacetate
Z = Br) in virtually the

1]

Similar treatment of 24 (Y = 2 = 3r) and 25 (Y = 2
in boiling acetonitrile gave P8 (2 = Br) and 15 (Y
same yields, indicating no significant difference between the labilitles of

bromine and chlorine atoms in the starting halide,
The ease of displacement of the ortho halogen atom Y in the ring closure leading
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to 28 was found to be in the order F)Br= I)(Cl, For exsmple, compound 25

(Y = F, Z = Br) was found to undergo conversion into the corresponding 28 (Z =

Br) in good yield, by contrast 25 (Y = Cl, Z = Br) afforded the hydrazidoyl

sulfide 15 (Y = CL, Z = Br) with no detectable amount of 28 (2 = Br). Alsc, compound
24 (Y = F, 2 = 1} gives the thiadiazine 28 (2 = I) in 67% yield, whereas

compound 24 (Y = Cl, 2 = Br) gives only the sulfide 15 (Y = C1, 2 = Br). The

yield of 28 (2 = I) from 24 (Y = Br, 2 = I) was moderate (38%) and that from

24 (Y = 2 = I} was rather small (l@%).ju

The reported results also indicate that the nature of the Z substituent influences
the formation of 28 from 24 or 25. For example, treatment of 25 (Y = Br, 2 = CN) and
24 (Y = Br, 2 = CFB) with potassium thioacetate in boiling acetonitrile gave

the corresponding benzothiadiazine derivatives 28 (2 = CN) and 28 (Z = CF,) in

7% and 17% yields respectively.35 Similar treatment of 25 (Y = 2 = F) and 24

(Y = F, 2 = H) gave the thiadiazines 28 (2 = F), and 28 {Z = H) in 67% and 1%
vields, respectively. Compound 24 (Y = Br, Z = CH3) afforded the sulfide 15

(Y =Br, 2 = CH3) in 11% yield and no thimdiazine. Also, from the hydrazidoyl
halides 24 (Y = I, Z = Br) and 24 (Y= I, Z = Cl1), 24 (Y = I, 2 = F) the yields of
28 (2 =Br), 78 (2 = Cl) and 28 (2 = F)} were 25, 31, and 40% yield respectively.
The hydrazidoyl bromide 25 gave naphthothiadiazine 29 in 76% yield upon treatment
with potassium thiomcetate in boiling acetonitrile (Eq. 12). This presumably
refiects the stabilization of the transition state, in which one of the naphthalene
rings remains benzenoid, relative to the cases of ring closure to form benzothia-
diazines 8 (Eq. 10).07

CH3CO O
Y

. CHyCOSNa ——> . O (12)
26 3 Phis Br

29

4. Reaction with thioaleochols and thiophenols

Treatment of hydrazidoyl halides with thiophenols in ethanol jn the presence of
sodium ethoxide or in benzene in the presence of TEA was reported to give the
corresponding aryl thiohydrazidates 30 (Eq. 13).36 Thicalcohols react similarly with
hydrazidoyl halides and give the corresponding alkyl thiohydrazidates 31 (Eqg. 1#).30
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X base SAr
5 ! !
ArSH e RC=NNHAr —_— RC=NNHAr (13)
30
X b F
RSH « RC=NNHAr ase RC= NNH Ar (1)
) 3
R = akyl

The thiohydrazidate 32 with ortho bromine atom on the N-aryl moiety was reported
to give the thiadiazine derivative 34 upon heeting with TEA in ethanol presumably
through the thiohydrazide 33 (Eq. 15).°7

S Ar Ar
N

1
ArC=NNH JE4 [ArCSNHNAr'] - NJ,\ :@ (15)
z

Br@ Br@ Ar

4
2 2 33 Z 34
OA; J,Ar’
RCNNHAr _heat RCONHN( (16)
35 36

The conversion of 32 into 34 can be effected also with sodium hydroxide and TEA in
dimethylformamide at reflux.37'38 These reactions of aryl thichydrazidates differ
from the rearrangement of aryl hydrazidates E& which were reported o rearrange
into N,N-diarylhydrazides 36 (Eq. 16).92:99™ ana resemble rather those of
hydrazidoyl halides with thiomcetate anion (see the following section), in which a
hydrazlidoyl thiocacetate, presumed as intermediate, undergoes rearrangement and
eyclization by displacement of the transiently activated o-halogen atom to a
Luacetyl-4H-1,3,4k-benzothiadiazine gg.zn AS there was no definite evidence for

the involvement of 33 in the conversion of 32 into 34, it was assumed that 33

is consumed as it is formed.

Elliott et al. have also prepared a group of heterocaryl thiohydrazidates 37a-h
through the reaction of 25 with either the appropriate thiol in ethanol-TEA
mixture or the sodium salt of the thiel (Eg. 17}.37
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Br
Het-SH + Phé:NNH@z — s PhC=NNH—@Z
Y

H
St ot TEA/EtOH
PhC:NNH-@-z —
Br
37a-d
?-Het
PhC NNH-@Z —_—
37e Y
37a, Het = 2Z-quinoxalyl
37c, Het 2 4-methyl-2-quinolyl
37e, Het = 4,6-dimethyl-2-pyrimidyl
37, Het = 2-pyridyl

%-Het
(17)
kf
ﬁet
~N
'j'\ (18
Ph" ™5 Z
38
Het
|
PhCSNHN@.Z (19)
39 ¥
37b, Het = 5-nitro-2-pyridyl
37d, Het = 2-benzothiazolyl
37f, Het = l-phenyl-5-tetrazolyl

37h, Het = 2-benzoxazolyl

When such hetercaryl thichydrazidates were treated with ethanol-TEA mixture at
reflux, the corresponding thiadiazines 38 were obtained in the cases of 37a-d
{Eg. 18).3? Under these conditions the ester 37e rearranged into the thichydrazide

39 (Eq. 19), whereas 37f decomposed extensively. No reaction was observed with

37¢ and 37h.

The thiohydrazidate 40a was reported to undergo hydrolysis to hydrazide 4la in

concentrated hydrochloric acid-methanol

and the analogous hydrazidate A40b

behaves similarly (Eq. 20).36 The hydrazidates 42 and 43 were stable, however,
in concentrated hydrochloric acid-benzene mixture .3’ When the pyrimidyl thio-

hydrazidate ester 44 (Ar = p-BrCSHL‘_) was so treated, the thiohydrazide 45 (Ar

p-BrC6H4) was obtained in 55% yield. This was the enly thichydrazidate —>
thichydrazide rearrangement which has been reported so far. *
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ZPh
HCL/CH0H
PhC=NNHPh MCLCHOR | orconHnmPh (20)
e @
a,Z= S bsZ= 0
Z@'Noz
1
CI@C=NNH@Br
13r
_13_2 , L= S
43, Z=0
w5
ArHNN=CPh i PhCS NHN Ar
< Chyol NP NN (2
HaC-S_ACH |
H3CK/LCH3
.l._s
44

N-Heteroarylhydrazidoyl chlorides 46 and 46a were reported to react with sodium
thiophenolates in ethanol 1o give products identified as pyrazolggl,s-c]-as-
triazine derivatives 47 and 48 respectively (Egs. ?? and ?3).31'

Cl Z SAr
CHyCOL:NNH  + ArSH NaOCyHg ,N\l,[ (22)
BroZ>N""CHy
Brz NH Phl=_N
Ph——N
46 47
o] ANy SAr
! NaOCsH HN 'S
C,HgOCOC=NNH o ArSH _2- 255 ) NIO (23)
Z “NH
p —
PhLl= N
46a 48
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Potassium ?-phenylethynethiolate reacts with N-arylhydrazidoyl chlorides in the
absence of hases to give the corresEonding ?-phenylethynyl-N-arylthiohydrazidates
?

%9 in quantitative yields (Egq. ?4).” ' ¥hen compounds 49 were treated with bases
such ag sodium hydroxide in methanol, intramolecular cyclization occurs readily
with quantitative formation of the corresponding 4H-1,3,4-thiadiazine 50

(Eq. 25). ’

Cl
]
RC=NNHAr + PhC=C-5K — 5 RC=NNHAr
5-C=CPh (24
49
er
1) ROH Ph
RC=NNHAr e 2 l \ﬂ (25)
; 2)H 5 "R
SC=CPh
49 50

¥hen the reaction between P-phenylethynethiolate and hydrazidoyl chlorides was
carried out in aprotic solvent in the presence of TEA, the [3 + 3] cycloadduct 350
was obtained in good yields. Attempts to cyclize 49 by heating it with TEA  for
several hours met with failure. These results were considered tc indicate that
50 results from [3 + 3] cycloaddition of nitrile imine to ?-phenylethynethiolate
and exclude the involvement of 49 (Eq. ?6) as intermediate.

Ct
1 - PhC=CSK - -
RC=NNHAr T—EA—a RC=NN Ar Jﬁ——) RF:NNAr _
SC=CPh
er Az\r
~N.Ph ~N.Ph
H#
LI AT )
RS RS
50

Also, it was reported that potassium 1-N,N-dialkylamino-Z-phenylethenethiclates
resct with N-phenyl-C-earbethoxyhydrazidoyl chloride in the presence of TEA and
give the thiadiazine 50a in 30-71% yield.ll?

Ph
oocctl e oSk TEA F"“\EN‘N
H.C,00CC C= > 1
52 * H7TNR -KCl, -HNR
50a
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Hydrazidoyl halides of type 51 react with thioaleohols and thiophenols in the
presence of TEA and yield the corresponding substitution products 52 (Eq. ??).48’49
Alternatively, the products 52 were found to be cbtained by treating 51 with spdium
thiclate. Compound 57 can react with thiophenols or thioaleohols and give the
corresponding disulfides 53 (Eq. ?8). The latter can be obtained directly from
51 by treating them with excess thiol in refluxing benzene in the presence of TEA, 8

SR

X
ArCH=NN=C’ + RSH JEA ArCH:NN:C‘: (27)
5 52
R TEA /SR
ArCH:NN:C'S o RSH ——> ArCH=NN=C_ {28)
N\ 3
Br 53 SR

The halogen atom in 52 (X = Br) was reported to be readily displaced by nitrogen
and oxygen nucleophiles too (Scheme 4).48 The kineties of hydrolysis of 52
(X = Br) and the effects of substituents in the Ar and R groups have been studied.

+5R SR
ArCH:NN:C\ ATCH=NN=C\
NHPh ';ICH3
PRCH,NHCH CH4PH
PhNHy 2T 2

SR NaN ArCH-NN:C’SR HOHy  ArCH=NNHCOSR
ACH=NN=C/ e Nali3 = Ny T2

Br
N3
l HoNN HPh\L Na OCH3
N /SR ,
=N- ArCH=NN=C ArCH=NN=C
ArCH=N-N . “N=NPh \OCH,
RS Scheme 4
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5. Reaction with o-aminothiophenocl

Ketohydrazideyl halides react readily with o-aminothiophencl and yield benzo-
1,4-thiazine derivatives. For example, when C-carbethoxyhydrazidoyl chlorides
were refluxed with o-amlnothiophenol in ethanol, they yield henzo-1,4-thiazine
derivatives 54 (Eq. 29) Slmllar reaction of C-acylhydrazidoyl halides with
o-aminothiophenol yielded products that could be formulated as 55 or jé 50,51

»

H
ol NHp N0
C,H50COC=NNHAT @ — I (29)
5 ANNHAr

X
RCOC=NNHAr @NHZ O: IN =N Ar @ I )
NNHAr
Ar
BZTN‘ NH2
/L -
N\N s {31
= b
NNH Ar

BZC NNHAr Ar = p~0yNCgH,
58 Bz = CgHgCO

. CH 3
Br NHCH3 N 32)
PhCOC=NNHPh  + @ —_ :[ {
SH $“~N=NPh

2

Structure 55 was excluded on the basis of alternate synthesis of 56a (R = C6H5.
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Ar = p-0 NC6H4) from refluxing 58 with o-aminothiophenel or from condensation of
the tetrazine 57 with the sodium salt of o-aminothiophenol {Eq. 31). 51 Condensa-
tion of o-N-methylaminothiophenol with C-benzoyl-N-phenylhydrazidoyl bromide
yielded the azo derivative 52.51

C-Chlorocarbonylhydrazidoyl chlorides were reported to react with o-aminothiophenol
and give benzothiazole derivatives 60 and some of 61 {(Eq. 33).5? Similar reaction
of 62 with o-aminothiophenol was reported to give 63 (Eq. 3&).5? However, reaction

N
@;L &
Cl S C= NNHAr

[ NHz -
CICOC=NNHAr + - 80 (B)
SH @NHCOC(C!):NNH Ar
SCOC(CI =NNHAT
8
cl

| NHy
cLtco NHN=CCOCLl « 5
SH

82 (34)

@@NMB‘._@

of C-chlorccarbonylhydrazidoyl chlorides with o-aminothlophenol in pyridine gave
benzo-1,4-thiazine derivatives 65 (Eq. 35). On the other hand, similar reaction
of 64 (Ar = o- CH3006H4 » p-BrCgH, ) with o-amlnothlophenol in pyridine at 50°

was reported to give the disulfides 66 (Eg. 35)
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¢ NH2
CICOC=NNHAr o @ (35)
NHAr

64

¢! NF2 5 ‘
CICOC=NNHAr —> (38)
SH NHCOC(CI) = NNH Ar

64
— Py = pyridine 66

N-Benzylidenebenzohydrazidoyl chloride Ja gives 2-phenylbenzothiazole 67 in 81%
yield when it is treated with o-aminothiophenol (Egq. 3?)-53 Also, the digchloride
8a yielas Q% in 67% yield when it is treated with four-fold excess of o-amino-
thiophenol.

o}
v NHz
PhC=NN =CX Ph + — @—1 +  HaNHN
Siph 2 W (37)

SH
7a,X = H ‘ CXPh

8a,X = Ci 67

6. Reaction with thioamides

a. Primary thiocamides
Primary thicamides react with hydrazidoyl halides in the presence of TEA to form
thiohydrazides 1#, hydrazidoyl sulfides 15 and nitriles 68 (Eq. 38).5u The reaction
was found to provide an eassy route to 14 as well as 15 and compares favourably
with previously reported syntheses of such compounds.?3 The yield ratio 1415 was
found to depend on the relative concentrations of the halide to the thiocamide.
For example, when the halide and the thiocamide are present in equimolar amounts
the thiohydrazide 14 is the main produet (80-90%), whereas 15 predominates (89-90%)
when an excess of the halide is employed. The formation of 14 in preference to 15
when equimolar amounts of thioacetamide and the halide are used mlso indicates that
the thioacetyl group of thioacetamide is more remctive towards the halide than is the
thiocbenzoyl group of 14. This was confirmed by the observation that 1% rather than
15 is formed when TEA is added to a mixture of equimolar amounts of a hydrazidoyl
halide, thioacetamide and thiohydrazide 1k,
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X
PRC=NNHAr + RCSNH, —Sf5 PhCSNHNHAr o HCN

%oy X 58
\}’hc:NNH Ar

Ph(|:=NNHAr
S

|
PhC=NNHAr
5

(38)

Primary thioamides do not react with hydrazidoyl halides in the absence of a base
catalyst. This together with the observation that N,N-disubstituted hydrazidoyl
halide= 69 react with thioacetamide in the presence of TFA and give the thio-
hydrazides 70 indicates that these reactions proceed through nucleophilic displa-
cement mechanism rather than 1,3-dipolar addition sequence. The latter path is
excluded by the presence of two substituents on the terminal nitrogen atom as in
69. The base catalyst would serve to convert the thicamide to thioamide anion
prior to displacement {Scheme 35).

¥ R .
PhC=NN + RCSNH;
\Ar
69
R=H TEA
. \l’ % | /R \v .é-
PhC=NNAr » HC=NH PRC=NN"_ + RC=NH
Ar
NH
]
$-C-R
PhC=NN-R

PRCSNHNR  « RCN

Ar
70

Scheme 5
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In these reactions it was found that the relative yields of 14 and 15 vary some-
what with the solvent employed. For example, the ratio of 1l4:15 from N-phenyl-
benzohydrazidoyl chloride and thicacetamide is 13 and 2 respectively in chloroform
and benzene.54 The reason for this may be that the acidity of thiocamides exhibits
a significant solvent dependence.

b. Secondary thioamides

The reactions of secondary thioamides with hydrazidoyl hzlides were found to be
remarkably different, and the reactivity of the hydrazideoyl halides was very depe-
ndent on the nature of the halogen atom. The reaction of N-alkylthioamides with
hydrazidoyl bromides proceeds readily, whereas with hydrazidoyl chlorides a base
catalyst (TEA) is required for reaction to take place; base is necessary for N-aryl-
thiobenzamides to react in either case. It is not clear whether this difference

is due to higher relative reactivity of bromides, or if the two types of halides
react in part by different mechanisms. For example, N-methylthiobenzamide reacts
with N-phenylbenzohydrazidoyl chloride under a variety of conditions and gives a
mixture of thiohydrazide 72 (detected by TLC); hydrazidoyl sulfide 71 in yields
varying from 20-80%, and %-methyl-1,3,5-triphenyl-1,2,4-triazolium chloride 23
(Scheme 6).55 The possibility of the above sequence of reactions is supported by
the observation that imidoyl halides react with hydrazidoyl halides and give 1,2,4-
triazolium halides (Eq. 39). This reaction is analogous to the formation of 1,2,4-
triazolines from nitrile imines and Schiff bases (Eq. 40).56'57

ol PhC= NNHPh Cl
i ' PhC=NNHPh
PhC=NNHPh + PhCSNHCHy —> 5
PhC=NCHy TEA
Cl
Ph~ ~N-_ Ph ;
N@Y . < PhC=NNHPh
PhCSNNHPh 5 _
on 4 Ny [ ] > PhC=NNHPh
7 3
e PhC=NNHPh
7
PhCSNHNHPhH
72
- Scheme 6
Cl Cl
Ph~ ~N-. Ph
PhC=NNHPh o+ PhC=NCH; _TEA oY - (39)
Ph N‘CH3
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PhE-NNHPh —TEA
B N Ph. Ph
- PhCH =NCH; NNy
PhC=NNPh  —— 3 5 LN (40)
PherN TEA Ph “CHy
~ :E heat , %
N—N~pp -

Thiobenzanilide was found te react with hydrazidoyl halides in a manner similar to
that of tertiary thioamides. For example, treatment of N-phenylbenzohydrazidoyl
chloride with thiobenzanilide in the presence of TEA in benzene gave the thiadiazo-
line derivative 75, which upon boiling in ethanol gave S5-ethoxy-2,4,5-triphenyl-
1,3,4-thindiazoline 76 in 91% yield (Eq. 41). Attempts to isolate 75 yielded

c1
i Ph_ 5. /Fh Ph__g._Fh
PhCsNNHPh s PhCSNHPh 54 rf “CNHPR : R'/ “CotHs
—N —N
Ph “Ph
75 76 (41)

small amount of N'-thiobenzoyl-N-benzoylphenylhydrazine. The latter compound is
presumably formed from 75 by elimination of aniline and ring opening. 1t has been
found that the ring of 2,4,5-triaryl-1,3,4-thiadiazolinium chlorides is opened
by basas to give thichydrazides of the general formula ArCSNHN(COAr)Ph.55

a. Tertiary thioamides
Tertiary thicamides react with hydrazidoyl halides in the presence of TEA to give
5-disubstituted amino-2,%,5-triaryl-1,3,4-thiadiazolines 27, which upon alecoholysis
produce the corresponding 5-alkoxy-1,3,4-thiadiazolines 78 (Eq. &2).55'59 Neither
thiohydrazides nor hydrazidoyl sulfides were formed in these reactions.

ql Af ’
PhC=NNH Ar + AFCSN(R‘ —— PPN Fure RO PSSO
R N—N N=——N_"{42)
“Ar Ar

b 78
N,N-Dimethylthiobenzamide displaces the bromine atom of hydrazidoyl bromidgs,
even in the absence of TEA and yields the corresponding thiadiazolines 77. It was
noticed that the latter compounds decompose by liberation of dimethylammonium
bromides in the reaction mixture, decreasing thus the yield of 77 or after
alcoholysis 78.
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7. Reaction with thiocarbamates

Treatment of N-phenylbenzohydrazidoyl chloride with ethyl N,N-dimethylthiocarba-
mate in benzene in the presence of TEA was reported to give 3,5-diphenyl-2-dimethyl-
amino-2-ethoxy-2,3-dihydro-1,3,4-thiadiazole 79 (Eq. #3).59 However, O-alkyl-
thigcarbamates react with the same halide in benzene in the presence of TEA and

give 82% yield of the sulfide 71 (Eq. 44).5%

§! T
PhC=NNHPh + (CH4),NCOC Hg TEA E Ph—r— NCHa);
N,

Nh 0CoHg  (43)

79 P
Cl - (44)
) TEA PhC=NNHPH
PhC=NNHPh « H2NCSOCH(CH3)2 —_— lé . NCOCH(CH3)2
PhC=NNHPh
yil

N-p-Chlorophenyl-p-chlorobenzohydrazidoyl chloride reacts with potassium N,N-dimethyl-
dithiocarbamate in acetone at room temperature and affords ?,3-dihydro-1,3,4-thia-
diazole-2-thione derivative 81 (Eqg. 45).30 The involvement of the hydrazone inter-
mediate B0 in this reaction was confirmed by Keaugars and Rizzo.60 The latter

authors indicated that the stability of 80 is determined by branching of the alkyl
groups in the dithiocarbamate fragment and by the ortho-substituents in the hydrazo-
noaryl group. Thus treatment of N-?,4,6-trichlorophenylbenzohydrazidoyl chloride
with N ,N-diethyl- and N,N-di-n-propyl-dithiocarbamates yields the corresponding
stable hydrezones 87 (Eq. 4#6). Also, the reaction of N-?,6-dimethyiphenylbenzohydra-
zidoyl chloride with N,N-di-n-propyldithiocarbamate yields the hydrazone 82 (Ar =
?,6-(CH3)?C6H3. R = CHBCH?CH?). However, in the reaction of N-phenylbenzohydrazidoyl
chloride with potassium N,N-dimethyl-, N ,N-di-n-propyl- or N,N-di-i.propyl-dithio-
carbamates, the intermediate hydrazones could not be izolated as they undergoe cyecli-
zation to give 3,5-diphenyl-1l,3,4-thiadiazole-2~-thione. These results show that
sterie erowding about the reaction site in 82 inhibits its ecyelization to form the
corresponding 1,3,4-thiadiazole-?-thione derivative.

cl s S
ATE=NNHAT  + K SCN(CHg), —9[Arc-SCN(CH3)2]
u
NNHAr
80
Arﬂr'i
_— Ny Arg ¢ HN(CH3), (45)
]
Ar
8 Ar = pCiCgH,
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cl LS S
PhC=NNHAr + K 3NR; ——> PhC-SCNRp « KCI (46)
NNHAr
82

8. Reaction with P-ketothioanilides

By reacting the thiocanilides B3 with hydrazidoyl halides in the presence of TEA
or sodium acetate, the corresponding S5-ketonylidene-2,4~disubstituted 1,3,4-
thiadiazoline derivatives 84 (Eq. 47) wers easily obitained through nucleophilic

attack of the thiolate group followed by ring closure and arylamine elimination.61

The elimination of the amine moiety was confirmed by the isolation of the product
B4 (R = 30002H5- Ar* 2 R' = 06H J by using N-phenyl-C-ethoxycarbonylhydrazidoyl
chloride with either 83 (R' = CeHe Art = p-CHjcﬁﬁu) or 83 (R* = Ar' = 06H5) as
starting materials.

¢l R—T—S
ArNHN=CR » RCOCHoCSNHAT _TEA '
r H —_ N\[}I’L’CHCOR‘- (47)
= A
i)

A different reaction pathway was observed when the anilides 83 react with C-ethoxy-
carbonylhydrazidoyl chlorides in the presence of bases such as sodium ethoxide.
For example, by reacting benzoylthicacetanilide with N-phenyl- and N-p-chloro-
phenyl derivatives of C-ethoxycarbonylhydrazidoyl chloride, the thiadiazolidinones
85 (R'= Ar = 06H5) and BS (R* = C6H5’ Ap = p-CleHu) wore obtained respectively

in moderate yields a8 the main products and the corresponding sulfides 86 were
formed as by-products (Eq. 48).59 Obviously the strength of the base used can
influence the reaction path. The thiochydrazide is most likely formed first by
formal abstraction of hydrogen sulfide from 83; further reaction with hydrazidoyl
halide leads to the sulfide 86. However, the product 85 (R' = Cglig, Ar = p~C1G¢cH, )
was obtained in practically quantitative yield by reaction of benzoylthiocaceta-
nilide with N-p=-chlorophenyl-C-chlorocarbenylhydrazidoyl chloride.

Analogously, the product 85 (R' = CHB' Ar = p—ClcéHa) was obtained froglthe
reaction of the latter hydrazidoyl chloride with acetothioacetanilide.
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GH5OCOC=NNHAr o RCOCHpCSNHPh  OC2M5 N—IO ]
RCOCHS s NNHAr
85 (8)

CH50COC-5-CCO0Co Hy
" I
ArHNN NNH Ar
86

9. Reaction with thiourea and its derivatives

Reaction of hydrazidoyl halides with thiourea and its derivatives leads to products
that depend on the reaction conditions and the structure of the hydrazidoyl halide
used. Thus, treatment of C-aryl~ and C-alkyl-hydrazidoyl halides with thiourea,

and its N-phenyl- or N-acetyl derivatives in ethanol afforded the corresponding
derivatives of 2,3-dihydro-2-imino-1,3,%-thiadiazoles 87 (Eq. 49).58'62"

—¢

- s

RC=NNHAr  «  WNCSNHR 200 Ry (49)
NeySN-R
Ar 87

When the reactions between hydrazidoyl halides and thiourea were conducted in the
presence of excess TEA, several products were formed namely, the hydrazideyl sulfide
71 and 1,2 ,4-triazole derivative 88. For example, reaction of N-phenylbenzohydra-
zidoyl chioride with thiourea in ethanol in the presence of TEA in molar ratio 2ilik
gave 71 (21%) and 5-amino-1,3-dirhenyi-1,2,k-triazole 88 (59%} (Scheme ?).65 The
competition between the reactions shown in Scheme 7 was reported to be very
favourable to triazzole formation with thiourea, but so unfavourable with phenyl-
thiourea that no triazole was obtained in the cases examined.65 In the latter

cases hydrazidoyl sulfide 71 was the major product.
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Cl PhC=NNHPh Ph. _Ne ~Ph
PhC=NNHPh + HNCSNH, 28, ¢ . f y
PhC=NNHPh NHp
71 8
ot o
TEA TEA | PhC=NNHPh " |PhC=NNPh
- HaNCSNH2 _
PhC=NNPh ——> PhCSNHNHPh *+  HyN-C=N
Scheme 7

«~Ketohydrazidoyl bromides react with thiourea in refluxing ethanol and yield
S-arylazo-l-substituted 2-aminothiazoles 89 (Eg. 50).66'68 The structures of the
latter products were confirmed by comparison with authentic samples prepared by
coupling 2-amino-4.substituted thiazoles with diazotized arylamine.

X HNCSNH,  RT—=TN=NAr ArNj RT=T
RCOC=NNHAr —2——5 NS <c—=— N .S (50)
X HO X
NHo NH2
89

N-Benzylidenebenzohydrazidoyl chlorides react with thiourea quite readily at
ambient temperature in dry ethanol to give the hydrochloride salts of 4-amidino-
2,5-diphenyl- 152-1,3,4-thiadiazolines 90 from which the corresponding free bases
91 were obtained in 68% yield by treatment with cold alkali (Scheme 8).69'70

In the presence of excess sodium borchydride, the reaction of such chlorides with
thiourea was reported to yield some N'-benzylthicbenzoylhydrazine 92 (20%)

(Eg. 91) compatible with the capture of an intermediate iminium ion as postulated
in the mechanism shown in Scheme 8. It was shown in a separate experiment that
sodium borohydride does not react under the same conditions with thiourea or

with 91 although a glow reaction does occur with these chlorides. 9
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cl
ArC=NN=CHPh + HNCSNH, __ 5  ArC=NN=CHPh
1

E—
S'le:-Nsz
NH2
N — N=CHPh o . N2
Ardl  J—NHy — 5 ArCSN-NCHPh 5 N — N-C=NH;
57 NH ! Ardd . LpPh
2 C=NH s
G2
NHg 50
NH
it
HO- _ A=NHz
g Scheme 8
cl "
: NaBH, i
ArCNNzCHPh + H NCSNHz 27745 A/CSNHNHCHoPh » N Sk,
- (51)

Reactions of methylthiourea, dimethylthiourea and trimethylthiourea with N-benzy-
lidenebenzohydrazidoyl chloride were also reported to give the corresponding
substituted 4-amidino-2,5-diphenyl-/A®-1,3,4-thiadiazoline 94,70 Prolonged
hydrolysis of 93 and 94 in refluxing methanol yields moderate yield of the
corresponding amidothiadiazoline 25 (Eq. 52).70

l »[HHR HO_ hlllR
PhC=NN=CHPh + RNHCSNR, N — N-C-NR, N—N-C-NRy

Phdl _LPh TN U

S S (52)
23 9

A|CHA0H

CHaOH| Ao — N-CONHR 3

Ph-L g} Ph
95
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10. Reaction with imidazoline-2~thione

Imidazoline-2~thione reacts rapidly with N-benzylidenehydrazidoyl chlorides at
ambient temperature and gives the corresponding hydrochloride salts 96 which

can be cogverted into the free bases 97 with aqueous alkali in 70% overall yield
(%q. 53).%9

o
ArC=NN=CHPh . ™
HN_NH s N-—N—(E] HO-
ardlgJ-pn N
S s H
36
H
N (83)
N—N— & j
ardl g Lpn N
97

Also the dichloride 98 has been found to react with imidazoline-2-thione and
propylenethiourea to give the annelated 1,3,4,6-thiatriazepines 99 (Eq. 54).?1

cl Gl _
T (CHp) N—N
PRC=NN=CPh . (T 5 Ph_(/ \\_ph P
HN NH N
98 ~r S
29 14 \Tr/ \
N—(CHy),,
n=2,3 89

11. Reaction with thiohydrazides

Treatment of hydrazidoyl halides with thlohydrazides 1in chloroform or aceto-
nitrile in the presence of TEA was reported to give the sulfides 100 in 40-80%
vield (Eq. 55).23 e reaction was found to be useful in synthesis of both
sym- and unsym-hydrazidoyl sulfides.

X
1
- ¥ ¥ — A
RE=NNMAr o RCSNHNHAY TEA RC=NNH Ar (55)
S
RC=NNHA

100
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12. Reaction with thiosemicarbazide and its derivetives

Thiosemicarbazide and its aryl derivatives react readily with hydrazidoyl halides
in refluxlng ethanol and give the corresponding thiadiazoline derivatives 101
(Scheme 9). 63 In the presence of TEA the reactlon gives a mixture of the triazole
102 (30%) and the sulfide 15 (44%) (Scheme 9).

X
TEA
—— ArC=NNHA} . HaNCSNHNHR
v :l,
ArC=NNHAF N —N-Ar Ar-—s
1 o Al NHNHR '
g SN N N‘PIJ’ENNHR
Ar C=NNHAT AT
102 el

15
Scheme 9

Similar reaction of N-phenylbenzohydrazidoyl chloride with l-phenylthiosemicarbazide
gave 103 (Eq. 56), whereas with 4-phenylthiosemicarbazide and 1,4-diphenylthio-
semicarbazide in refluxing ethanol yielded in both ceses the thiadiazoline deriva-
tive 104 (Bq. 57).%5

C.l Ph—s
!
PhC=NNHPh + HyNCSNHNHPh ——3 N\NJ&NNHPh (56)
1
Ph

103

PhNHCSNHNHp

Cl =
t [I S (57}
PhC=NNHPh ___| Ney )“Nph
PhNHCS NHNHPR )
> Ph
10¢

1-Thiocarbamoylthiosemicarbazide reacts also with hydrazidoyl halides and gives
the azine 105 (Eq. 58).
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2 Phg NNHA HoNCS NHNHCS NH PP s $Ph
= r + .._.% -
2 2 Ny & e Ao (58)
Ar Ar
105

N-Benzylidenebenzohydrazidoyl chloride was reported to react quite readily with
thiosemicarbazide and gives the hydrazone derivative 106 (66%) (Eq. 59)-53 The
structure of the latter product was confirmed by its alternate synthesis as shown
in Eq. 59. The reaction between N-benzylidenebenzohydrazidoyl chloride and 4-
phenylthiosemicarbazide also was reported to give 106 with liberation of aniline
(Eq. 60).

ct
N—N 1) Hy NNH 5 Ha0
Phe=NN=CHPh + HyNCSNHNH, — A Falnkt2 Mo

NHN=CHPh  2) PhCHO
(59)
106

Cl
I —
PhC=NNz=CHP —'_ﬁ | 1
h+ PhHNCSNHNH, PhisiNHN=CHPh + PhNHy
106 (60)
13, Remction with thioccarbohydrazide

The interaction between N-benzylidenebenzchydrazidoyl chloride with thiocarbohydra-
zide has recently been reported by Taylor et 81.57 It was shown that such interac-
tion leads to P-benzylidenehydrazino-S5-phenyl-1,3,4-thiadiazole 106 in 77% yield
(Scheme 10). The formation of the latter indicates that the mechanism involved is
similar to that of the reaction between thiosemicarbazide and N-benzylidenebenzo-
hydrazidoyl chloride.

o
[}
PhC=NNsCHPh + HzNNHCSNHNHp ___ PhC=NN=CHPh 5
S-C-NHNH;
HNH ,
Ph
N-—NA. iﬁ
L] N2 — NH 5 N—N
Ph™™>¢g NH | j—NH L ,|L
NHNH, Ph">g NHNH, Ph™™> 'S ““NHN=CHPh
106
Scheme 10
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14, Reaction with O-ethyl thiocarbonate and ethyl xanthate

Hydrazidoyl halides were reported to react with sodium O-ethyl thiocarbonate at
room temperature in ethanol or ethanocl-ether mixture and give the corresponding
3,5-disubstituted 1,3,4-thiadiazole~2-ones 107 in good yields (Eq. 61).59'72
Similar reaction of N-phenylbenzohydrazidoyl chloride with sodium ethyl xanthate
afforded 3,5-diphenyl-1,3,4-thiadiazole-2-thione 108 in almost quantitative
yield (Eq. 62).72

X
RC=NNHAr + Na SCO0CoHy - R R_h]‘l_i (1)
Ar
107
¢l Ph S
¢ - _h—"
Phé:NNHPh + Na SCSOCsz—__> N\N*S (623
)
Ph
108

The reaction between N-benzylidenebenzohydrazidoyl chloride and potassium ethyl
xanthate gives l-ethylxanthyl-2,3-diazabutadiene 109 (Eq. é»j}).53'73 Pyrolysis of
the latter yielded 69% of 2,5-diphenyl-1,3,4-thiadiazole 110. Compound 110 was
also obtained in 79% yield from reaction of the dichloride 98 with potassium
ethyl xanthate in refluxing ethanol.111

ct
K SCSOC oH _
Ph=NN=CHPh ———255 PhC-NN=CHPh —22, 1 (63)
TCHF CH, Ph
SCS0CoHg
109 1m0
C. C.' KSCSOC o H ¢ oS
Pht= NNz EPh e 276 PhC=NN=CPh ——>_5 19
98 SCs0C,Hg - C2HsCt

15. Reaction with potassium thiocyanate

Reaction of hydrazidoyl halides with potassium thiocyanate in ethancl at room
temperature produces the corresponding thiadiazoline derivatives 112 in good
ylelds 8,29,65-68,74-
chemical reactions which are summarized in Scheme 11, In the cases examined no
detection of the intermediate thioceyanate 111 was reported. Indirect evidence
for 111 was found when the hydrazidoyl sulfide 115 was isolated as a by-product
from treatment of the disulfide 113 with potassium cyanide at room temperature
in chloroform, the magor products being the thiohydrazide 116 and the thiadiazo-
line 114 {(Scheme 12). 578 he isolation of 115 may be raticnalized in terms

76 The structures of these products were confirmed by their
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¢l
RE<NNHAr « KSCN ——> |RC=NNHAr| —> RT'_i (64)
- N A N1
SCN \
Ar
11 n2
T3 " .
é“—— . —_‘ﬁ A
N NHC NS NH Ny ncor
Ar Ar Ar
RT—5S R-I—S
{
Ny Ao Noy &
1 ] 0
Ar Ar

Scheme 1

of heterolytic cleavage of the S-5 bond by the mction of the ¢yanide ion, in
similar manner to that known for ordinary disulfide, to give the thiohydrazidate
anion and hydrazidoyl thiocyanate 111 (R = 06H5).79 Nucleophilic displacement of
the thiocyanate group from 111 before cyclization to 114 vy the thiohydrazidate
anion would yield 115. Compound 113 was also found to very easily cleaved by pota-
ssium cyanide in refluxing acetonitrile to give approximately equal amounts of

114 and 116.
Ph—;
N l i
I NN SN
Ar
14
= PhC=NN
PhC= NNH Ar Phcécl:NHAr h(é:- H Ar
S . s ,
i KCN ———> . PhC=NNH Ar
PhC=NNH Ar Ph?NNHA' s
113 ) T
L———) PhCSNHNH AT
Scheme 12 Hﬁ

The regiochemistry of the reaction between nitrile imines and thiccyanate anion
was rationalized in terms of the frontier orbital ‘hreatment.?6 The thioeyanate
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anion being electron rich dipolarophile, its reaction with nitrile imine is

expected to be controlled by the LUMO and HOMO of nitrile imine and the thiocyanate
anion respectively. As the HOMO of the thiocyanate anion has larger orbital
coefficient on the sulfur atom.ao'Bl it was concluded that the larger coefficient

in the LUMO of the nitrile imine is on the carbon atom.

It was reported that N-{5-(3~phenyl)pyrazolyl )hydrazidoyl chlorides do not react with
potas=ium thiocyanate in refluxing acetone, although they react readily with
potassium cymnide to give 117 (Eq. 65).8?

RCOC- Ct
= il
HN\ é&_ N KSEN o ho reaction (65)
Ph™ SN~ CN [/ 'BH
R Ph 1=

C-Chlorocarbonylhydrazidoyl chlorides react with potassium thiocyanate in acetone
at room temperature and give the products 118 in 70-90% yields.33 The latter
products add primary amines to yield 119. However, they react with secondary amines
and yleld the amidrazones 120 {Scheme 13).8

ArNH2 \
. AFNHCSNHCOC=NNH Ar
crcot=nnnar L35 sencoce NNHAC— ne ¢
18 “ RoNH SCNCOC=NNHAr
20 MR
Scheme 13

N-Benzylidenehydrazidoyl chlorides react with potassium thiocyanate in ethanol
and zive the thioecyanate substitution products 121 (Eq. 66).53'70'85 In contrast
to this the related imidoyl chlorides were reported to react with potassium thio-
cyanate and yield the isothiocyanates of type 122 (Eg. 67).86 When the hydrazidoyl
thiocyanates 121 were heated Iim toluene, they were converted inte the thiadiazole
derivatives 123 (47%). Also acid hydrolysis of 121 in refluxing ethanol gave
aldehyde and the aminothiadiazole derivatives 124 {94%) which were isolated as
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Gl \ ,
Ar C=NN=CHAr + KSCN —_ AI’(}:NN:CHAF (66)
SCN
121
QI
PRC=NPh .+ KS5CN ——03 P% NPh {67 )
N=C=5
122
—N H'  ac=Nn:CHAF D —N
f ! B —> I
AT CHO + Arl SJLNHZ ethanol éCN toluene AfiSJ\N:CHAr’(SB)

124 w 123

When either of the aromatic rings in N-benzylidenebenzohydrazidoyl chloride is
substituted by p-nitro group, the reaction with potassium thioecyanate yields only
amorphous brown solids which resisted purifieation and none of the desired thio-
cyanates of type 121 can be isolated even after prolonged reaction time.53'85

This was considered to suggest that the SN1 mechanism proposed for replacement of
chlorine group in dilute alkaline solution also holds for substitution by thioccyanate
anion. When an ortho-methyl substituent is present in the aromatic ring next to the
8ite of substitution, the yield of 121 was reported to be slightly reduced,

On treatment with an equimolar proportion of potassium thiocyanate in refluxing
ethanol, the dichleoride 8a was converted into l-¢hloro-4-thioccyanato-2,3-diazabuta-
dieng 121a (84%).111 This product is not isomerized by heat, but is hydrolyzed by
acid to a mixture of 2,5-diphenyl-1,3,4-0xadiazole and 2-amino-5-phenyl-1,3,4-thia-
diazole.

<ol a
PRC=NN=CPh + KSCN —> PRC=NN=CPh 1, | SR T
SCN PN~ 5" NHy PR 07" Ph
8a 12ta

Recently it was reported that N-(o-carboxyphenyl)hydrazidoyl halides react with
potassium thioeyanate in ethanol to give thiadiazolof?.3-b]quinazoline derivatives
126 directly (Scheme 14).?4'87 N-{o-Carbomethoxyphenyl Jhydrazidoyl halides resct
similarly with potassium thiocyanate and give 126. The latter products were also
obtained by coupling the corresponding active methylene thiocysnates 127 with
diazotized anthranilic aeid or it methyl ester (Scheme 14).
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16, Reaction with isothioeyanates

Only few examples for the reaction of hydrazidoyl halides with isothioccyanates have
been reported. N-Phenylbenzohydrazidoyl chloride reacts with phenyl isothioccyanate
in benzene in the presence of TEA to give 3,5-diphenyl-Z-phenylimino-2,3-dihydro-
1,3,b-thiadiazole 128 {58%) and 1,3,4-triphenyl-1,2,4-triazole-5-thione 129

(Eq. 69)5% Product 128 was identiecal with that obtained from refluxing the same
chloride with phenylthiourea in ethanol.65

¢l
PhC=NNHPh + PhNzCzS ~— 3 mﬁ i’Ph . Nl—i_Ph (69)
PR~ S NPh Ph™~N-Ss
18 Ph
PhNHCSNM, 7 123

N-Aeyl- and N-carbamoyl-isothioeysnates were reported to react with N-arylbenzo-
hydrazidayl chlorides in the presence of TEA to give only one regioisomer in each
case, the preducts being 130 and 131 respectively (Eq. 70}.30'59 These examples
indicate that the diarylnitrile imine derived from hydrazidoyl halide adds mainly
to the C = S rather than the N = ¢ double bond of isothiocymnate molecule. This
regiospecifity was interepreted in terms of frontier molecular orbitals.88

— 2272 —




HETEROCYCLES, Vol 20, No 11, 1983

Phpm—s
AICONCS .
> N‘I‘i{ 'L‘NCOA%
Cl Ar
PhC= NNHAr 130 (70)
Pth—-S
(CH 1), NCONCS
32 > N‘v’LNCON(CH:,)z
TEA A
131

A recent report claimed that treatment of N-[ﬁ-(3-phenyl)pyrazoly%]hydrazidoyl
chlorides with phenyl isothioecysnate in refluxing pyridine gave the products 132
that result from cycloaddition to the Cw N double bond of the isothioccyanate

{Eq. ?1).89 The posaibility of the other regioisomer 133 was not discussed,
however.

RCO~qr— NPh
RCOG- CI « PANCS ——> Ny A oy

NNH )

~ N ph-L—=N
Ph-=_N

132
RCO']—, 5
Mot e

Sy

Ph—=—N 133

17. Reaction with alkyl and aryl thioecyanates

The reaction of alkyl and aryl thiocyanates with nydrazidoyl halides has been
investigated by Corral et 21,90 N,N-Diphenylbenzohydrazidoyl chloride reacts with
these thioeyanates in o-dichlorobenzene in the presence of aluminum chloride and
gives the 1H-1,2,4-benzotriazepine derivatives 134 (Egq. 72). Alsc the hydrazidoyl

chloride 135 reacts with methyl thiocyanate in the presence of aluminum chloride
to give 36% yield of 136 (Eq. 73).7°

Ph
N-—.
: Y
AlCL
PRC=NN(Ph), « RSCN  ———=—> q,n P (72)
SR

134
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PhC=NN . CH3SCN  AlCl N~y
— N (73)
c -
135 = N
g XM

18, Reaction with carbon disulfide

Hydrazidoyl halides react with carbon disulfide in the presence of TEA and afford
cycloadducts. For example, N-phenylbenzohydrazidoyl chloride yields the spiro-
compound 137 when it is treated with carbon disulfide in benzene in the presence of
TEA {Eq. ?l;J.59 The latter product was found to be more gtable than the compound
obtained from benzohydroximoyl chloride with carbon disulfide in the presence of
TEA (Eq. ?5).91 Compound 138 was reported to decompose spontanecusly to L.phenyl-
1,3,5-oxathiazolin.?~one and phenyl isothiocyanate {Eg. 75).

Cl [ ¢ N Eh S—-Ph
SeC=S PhC=NNHPh -
i Ph—TT5 )<q ﬂ_
. —_ _—
PhC= NNHPh Ny ke andle Ny (78)
1 1
Ph w P
p
¢l 5C=$ S 0N A T3
prt=non  —=2s PM I = eanes. g ko (g
TEA n=0"s—L o,

138

19. Reaction with thioketones

N-Phenylbenzohydrazidoyl chloride reacts with thicbenzophenone in benzene ine the
presence of TEA and gives 77% yield of ?.,2,3,5-tetraphenyl-2?,3-dihydro-1,3,4-
thiadiazole 139 (Ea. 76).59 The structure of the latter was substantiated by its
alternate synthesis from N-phenyl-N-thiobenzoylhydrazine with diphenylchloro-
methane.

cl Ph4—S
PRC=NNHPh + PhyCS Ted ;\N*Ph €—— PhCSNHNHPh - PhyCCly
[ Ph
Ph (76)
139
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?20. Reaction with sulfinylaniline

N-Phenylbenzohydrazideyl chloride was reported to react with sulfinylaniline

in the presence of TEA to yield 2,4,5-triphenyl-2,5-dihydro-1,2,3,5-thiatriazole-1-
oxide 140 in 87% yield (Eq. 7?).59 The structure of this product was confirmed by
its alternate synthesis from treatment of the amidrazone 141 with thionyl chloride.

NHPh
! Ph—zNy_pr  soct 1
PhE=NNHPh + PANSO —> Ph-—Nr——\g—o <-—L PnC=NNHPh (77)
140 i)

?1. Intramolecular substitutien by neighbouring thiocacyl group

a. Thiocarbamoyl group
Bromination of aldehyde 4-benzylthiosemicarbazones was reported to yield l-benzyl-
?-aryl-5-mercapto-1,3,4-triazoles 143 and P-aryl-5-benzylamino-1,3,4-thiadiazoles
144 (Scheme 15).92'93 Thus treatment of the thicsemicarbazone with bromine in
chloroform gave 143 and 144 in 50-80 and 10-30% yields, respectively. However, in
cese of bromination in carbon tetrachloride the yield of 143 decreases (1-30%) and
that of 144 increases (55-80%). Bromination of the same thiosemicarbazone with
bromine in acetic acid or with N-bromosucecinimide in carbon tetrachloride gave
only 144 in 65-80% and 60-90% yields respectively. The reaction is considered
to proceed through the hydrazidoyl bromide 142 which cyclizes by displacing the
bromine atom.

Ph -
T N-CHyPh
— .
Br N‘N’LSH
PhC S
H BF2 1 1 143
Ph('.:NNHCSNHCHzPh I N\N,C-NHCHZPh —
H
142 Ph-l—— S
e
N
‘N4L‘NHCH2Ph
144
Scheme 15

Recently, it was reported that trichlorcphenyimethane reacts with thiosemicarba-
zide and 4-phenylthiosemicarbazide in refluxing ethanol in the presence of anhydrous
spdium carbonate to afford P-amino-5-phenyl-1,3,4-thiadiazole l44a and 2-phenyl-
amino-5-phenyl-1,3,4-thiadiazole 1l4kb, respectively (Scheme 16).9'!+ The latter
products were thought to be formed by intramolecular displacement of the chlorine
atom in the intermediate N-thiocarbamoylhenzohydrazidoyl chloride. The structures
of the products 1l44a and 144b were confirmed by their alternate synthesis by oxida-
tion of benzaldehyde thiosemicarbazone95 and by dehydration of l-benzoyl-4-phenyl-
thiosemicarbazone,96 respectively.
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1
[PhC:NNHCSNHR}

R = Ph | R=H

oo l
phi—— NHPh Pth;’ITNHz

V=

i
5
b wa
TH:; PG, TFeC I3
PhRCONHNHCSNHPH PhCH=NNHCSNH
Scheme 16

b. Thioacyl group

N-Thiobenzoyl- and N-thicacetyl-hydrazidoyl chlorides were reported to give 1,3,4-
thiadiazole derivatives 145 upon treatment with TEA in benzene (Eg. ?8).9?'93'9?

Cl

T Ph
PRC=NNHE-R  — A 3 (78)
“NZ R
145

22. Reaction with sulfonium ylides

Hayashi and Oda investigated the reaction of carbonyl stabilized ylide 148

with N-phenylbenzohydrazidoyl chloride.98 The bicyclic product 147 was obtained
from this reaction. It was proposed that the ylide acted as a base to generate
the nitrile imine intermediate which reacts with two molecules of the ylide to
give 147 (Scheme 17). Heating the product obtained in acetic acid results in the
formation of the pyrazole derivative 148. ;
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cl
e Y 146
PhC=NNHPh « PhCOCHS(CH3), —> PhC:NRPR =
146
Ph; S(CH3); “ .
N, N'I 0- _ M6 Ph—,.——;cui(cop n)S(CHy ), 5
" Ph N“N F?h
Ph b
CHg copn
Pr ‘ Ken LHI00H F’h—1q-\cwococm3
N 0 JAN N,
N P N7TPh
Ph
PR @

Scheme 17

Alkoxycarbonylmethylenesulfonium ylides 149 react with hydrazidoyl halides and

give interesting products of type 150 and 151 (Eq. 79).99 The relative yields

of the products were found to depend on the structures of the halide and the ylide
used. For example, 149 (R = CZHS) reacts with N-phenylbenzohydrazidoyl chloride

and gives the corresponding 150 and 151 in 67 and 36% yields respectively.

However, reaction of 149 (R = CHB) with N-p-chlorophenylbenzohydrazidoyl chloride
yielded the corresponding 150 and 151 in 13 and 5% yields respectively. A variation
of the reaction was observed when N-p-nitrophenylbenzohydrazidoyl chloride was
used.99 The reaction in this cese was reported to give a mixture of 152 and 153
(Eq. BO).

. Ph Bhn
T .- l}lij:COOR . Pil" COCR
PhC= NNHArs (CHg),S CHCOOR —> ! ) o+ oR * N i[ o IN=NN

Ar Ar
148 150 151 (79)

R=CH3 , CHaCH3
Ar= CgHg , p- CiCgH,
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PRC=NNH(/)-NO2 + (CH3STHCOOCHg S

Ph CO0C2 My
PHC=NNHCgH/N Og-p E‘\N I coocsHs

1
C COOCoH i
i - 28 CgHyNOo-p (60)
CHCOOC9H g
152 153

1,3-Diphenylpyrageline 154 was obtained from the reaction of N-phenylbenzohydrazi-
doyl chloride with dimethyloxosulfonium methylide in good yield (Eqg. 81}.100

ol : P"'n—j
1 - -
PRC<NNHPh  CHpS(CHz), — N\'T (81
0 Ph
154

73. Reaction with thiete 1,l-dioxide

Thiete 1,1-dioxide reacts with two eguivalents of N-phenylbenzohydrazidoyl chloride
in the presence of TEA and gives the pyrazole derivative 155 (Eg. 82).101

cl so, TEA R $02 R
A D R e i WL

iy Ph NNHPh
Ph 155

R = CgHy , COOCH3

Scheme 18

24, Reaction with ?-aminothiezoles

¥hen C-benzoylhydrazidoyl bromide was refluxed in ethancl with two equivalents of
P-amino-4-phenylthiazole, three products were isolated. These were identified as
the hydrobromide salt of 2-amino-4-phenylthiazole, 3,6-dibenzoyl-l,4-diphenyl-1l,4-
dihydrotetrazine 157 (60%) and 6-pheny1azo-3.5—diphenylimidazo[?.l-b]thiazole 156
(?0%).10? However, when the reaction was carried out using two equivalent amounts
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of the bromide and the thiazole and in the presence of TEA, the azo derivative
156 was obtained in 80% yield. Similar reactions of C-carbethoxy- and C-acetyl-
hydrazidoyl chlorides with 2-amino-4-phenylthiazoie yielded the products 159 and
160 respectively (Scheme 19). The isomeric structures 162a, 161 and 162b were
excluded on the basis that ?-aminothiazole reacts with or-halo ketones and o -
halo esters to give S-substituted and 5-oxo derivatives of 1m1dazo[? 1- b]th1a-

3 Furthermore, coupling of 3,5- dlphenyllmldazo[? 1- b]thlazole 158 with
diazotized aniline or N-nitrosoacetanilide in ethanol was reported to give a
product identical with 156 (Ar = 06H5).

zoles.l

$r ‘l-Ph eh
PRCOCsNNHPR  P—TTNH2 S—i’N,[N Preo~ ™
X N K',N h* N. B‘COPh
1
Ph Ph 156 Ph
TPth
—r-NH2 —eN
PrCOCH,CL — Q\,N——]—Ph
Ph Ph 158
¢l S— NN NNH A N
H5C300CC=NNHAr o k\r)'q' —> Q/N o k/ _I
NHAr
Ph Ph Ph

¢l
CH3CO C=NNHAr

Ph

Scheme 19

JNHZ_H_) i/ Ph

159 161

No. R
N NeNAr T
v N=N Ar
162
160 a,R = CgHg
b,R= CH3
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25, Reaction with P-ketosulfones

One of the more general methods for synthesis of 4-arylsulfonylpyrazole derivatives
163 ytilizes the reaction of hydrazidoyl halides with p-ketosulfones in their

salt form {Scheme 19). The reaction has generally been carried out in alcoholice
soluytion, usually on standing for several hours at room temperature or

by heating briefly at reflux.lou'l07 The reaction mechanism probably involves
1,3-cycloaddition of the nitrile imine of the hydrazidoyl halide used to the
carbon-carbon double bond of the enocl of the ketosulfone and it is completed

by the loss of elements of water to form the pyrazole derivative. Alternatively,
the reaction may involve alkylation of the sulfone with the hydrazidoyl halide

to give the acyeclic hydrazone which is then cyclized to pyrazole (Scheme 20).

In all cases studied neither the pyrazoline nor the acyclic hydrazone intermediste
was isolated.

X
] * -
R C=NNHAr RC=NNAr S0 A S07Ar
2Ar 'r‘_:[ 2Ar
* * :E -HzO
ACOCHNa H(]Z*SOZAr
I
SOAr RC-OH 163’
. Rg‘—(;.r-icon'
- Nacl ArHNN  SO9Af
Scheme 20

The use of C-p-toluenesulfonyl-N-phenylhydrazidoyl chloride in this reaction
yvielded 3,4-diarylsulfonyl derivatives of 1,5-diarylpyrazcles 164 (Eq. 83).97

¢l
NalC ArSO SO, Ar
Ar S0C: NNHPh+ PhCOCHpSOpAr —x2"5] 2‘!—; 2 (@3)
Ph
164

Ar = p-CHzCgHy
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?6. Reaction with l-phenylsulfonyl-?-substituted ethylenes

The reaction of C-phenyl- and C-carbomethoxy-hydrazidoyl e¢hlorides with l-phenyl-
sulfonyl-2?-substituted ethylenes hes been recently reported by Croce and
coworkers.108 when this reaction was carried out in chloroform in the presence of
TEA, it gave one of the two possible ecycloadducts 165 (Eq. 84). The high regio-
selectivity of this cyecloaddition remction has been interpreted in terms of the
frontier orbital energies and coefficients.

ol -
i CHSOPh  TEA R S0.Ph OCHi R
RC=NNHPh . Il . —_——y 1 'Z _3% NI 1R (84)
CHR CHCly Nup~R N~ R
X
R= Ph,COOCH Ph Ph
165 166

R= PhCO ,CN , COOCH;y -

Treatment of the pyrazolines 165 with sodium methoxide in methanol results in
the loss of the 4-phenylsulfoenyl group and the formation of the corresponding
1,3,5-trisubstituted pyrazoles 166. Such behavicur is in line with the known
characteristics of 4-benzoyl- and 4-phenylsulfonyl-substituted pyrazolines that
underge an aromatization reaction in basic medium dy elimination of the
4.gubstituent.

Conclusions

Reactions of hydrazidoyl halides with sulfur compounds have provided the organic
chemist with opportunity of aynthesizing numerous sulfur and nitrogen containing
acyclic and cyclic compounds. The range of synthetic possibilities which these
reactions open for the construction of fused heterocyclic compounds is also large.
The use of new functionalized reactants together with a better understanding

of some of the mechanistic Ffeatures will significantly inerease the scope of these
reactions.
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