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I. INTRODUCTION 

Hydrazidic acids la are the en01 tautomers of carboxylic acid hydrazides ib. 

Although the free acids are not lolown, their halides usually referred to as hydra- 
zidoyl halides 2; their esters, alkyl and aryl hydrazidates 21 their amides, 
the amidrazones 3 ;  and their hydrazides, the hydrazidines 5 are well hcwn for 
over 45 years. 

R = akyl, aryl, acyl, carbalkoxy, yrbamoyl 

d. R*. awl , ary l 

The chemistry cf hydrazidoyl halides 2 together with the related halides 6 - 8 has 
attracted the interest of many investigators within the past 75 years because 
they prove to be versatile intermediates in many organic 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 f%ture investigators. There seems 
no comprehensive review on this subject although several summaries have been pub- 

~ished.l-~ 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 1962. Some additional material origi- 

nating from the author's laboratory and presently in the course of publication 

has also been included. 

11. GENERAL W R K S  ON FlFACTION MECX4NISMS 

The reactions of hydrazidoyl halides with sulfur compounds outlined in this review 

fall under one of the following two headings' 

1. Displacement reactions, and 
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2. 1.3-Cycloaddition reactions 
The displacement process may be subdivided into (a) intermolecular (Eq. 1) and 

(b) intramolecular (Eq. 7 )  

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 acyl 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 s t ~ d i e s . ~ ' ~  Regardlese the mechanism operating, the displace- 
ment reactions of hydrazidoyl halides have proved to be useful and convenient 

routes to a wide variety of chemical systems. 



Another alternative pathway for displacement reactions involvis 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. 2 and 2 as 
these halides cannot form nitrile imine intermediates. 

The l,3-cyoloaddition reactions of hydrazidoyl halides lead in most cases to 

5-membered heterocyclic systems. As alreaw mentioned, the N-monosubstituted 

hydrazidoyl halides 2 generate the corresponding nitrile imines 2 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 
cyclaadducts 11 and/or 12 (Eq. 6). 

RC X TEA, " 
R r ' t  

N NW b. - N. 
- HX N ' ~  

'NH 

Scheme 1 $ 

As sham in equation 6, the cycloaddition 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 pi bonds. Theoretically there are three 
possible pathways for such a process (Scheme 1). These are $ 
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1. One step concerted mechanism (route A )  involving simultaneous 
formation of both new sigma bonds. 

2. n o  step mechanism (route B) involving a zwitterionic intermediate. 

3 .  Pwo 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 It has been accepted by many investigat~rs.~'~~ 
4 ? It is an orbital symmetry allowed (T - ) cycloaddition wherein the nitrile 

4 imine with its ally1 type molecular orbitals functions as reactant and the 

dipolarophile as Ir7 rea~tant.~ The molecular orbital correlation diagram of 
1.3-dipolar cycloaddition reaction bears a more than nuperfacial resemblance to 
that of Diels-Alder reaction.l1'" Another description attributes the ooncertedness 

to a Hiiokel aromatic type molecular orbital of the transition state.13-l6 
Firestone proposed the tnro step diradical mechanism (route C) in 1968.~7 This 

hypothesis was also refurbished on the basis of bond energy consideration 18 
and orientation phenomenal9 so that it is not considered as a viable alternative 

to the concerted mechanism. 

The unlikelihood of the two step mechanism involving dipolar ion intermediate 

(route B) has been evidenced by ~uisgen.~"~ 

Details of the& mechanisms may be sought elsewhere'' since further discussion 

is inappropriate for the purpose of this review. 

111. REACTIONS 

1. Reaction with hydrogen sulfide and its salts 

Hydrazidoyl halide? react with hydrogen sulfide in the presence of triethylamine 

and yield the corresponding thiohydrazider. 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 12 in 15-Bog6 yields (Eq. 7). 77 

. . 
13 - 

( R and R' usually akyl ) 

Similar treatment of N-monosubetituted hydrazidoyl halides was reported to give 
N-aryl-N'-thioaroylhydrazines 1)) and/or hydrazidoyl sulfides depending on the 

reaction  condition^.^^ For example, the thiohydrazide & was obtained in 8246 yield 
when the interval between the addition of the TEA and H2S-TEA solutions is 75 s ,  

whereas when this interval was extended to 4 min, the product isolated was the 



hydrazidoyl sulfide (9%) (Eq. 8). Mixtures of 14 and ?;I were obtained after 
intermediate intervals. On the other hand, treatment of hydrazidoyl halides with 
H , S - m  solution followed by TFA was reported to give 14 in 9196 yield. 

A ~ C ~ N N H A ~  

4 min I 
A r c - N N H A ;  

Balnish and Gibson reported that treatment of hydrazidoyl bromides with sodium 
sulfide monohydrate in acetonitrile gives the corresponding sulfides 3 in 40-5@$ 
yield (Eq. 9 ) .  74'35 X-Ray crystallographic studies of one of the hydrazidoyl 
sulfides prepared (?;I. Ar : C6Hg, Ar' = 2,6-~r?C~H~) confirmed the symmetrical 

structure and ruled out the isomeric unsymmetrical structure 16 formally 
derivable by rearrangement of l-5." 

Also, it was reported that treatment of the dichloride &a with sodium hydrosulfide 

in refluxing ethanol rapidly affords 7.5-diphenyl-1.3.4-thiadiazole in excellent 

yield (84%1.l1l 
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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 q-ketosulfones g (Eq. 
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 (Eq. 
Sodium methanesulfinate reacts similarly with hydrazidoyl chlorides and gives 
the corresponding arylhydrazones of methanesulfanyl ketones 18 (Eq. 11).3O 

NNHAr 

17 - 
( R usually acyl, carbalkoxy, carbamoyl ) 

? 
ArC:NNHAr + CH3S02Na -ArCSOzCH3 + NaCl 

I1 (11) 
NNHAr 

18 - 

Recently an ambiguous product was reported to be obtained from the reaction of 
~-($-(~-~hen~l)~~razol~l]hydrazidoyl chloride with sodium benzenesulfinate in 
ethanol at room temperature.31 It was claimed that this reaction gave the pyrazo- 
lotriazine derivative and that the same product was also obtained in 75% yield 
via coupling of w-benzenesulfonylacetophenone g with diazotized 3-phenyl-$-amino- 
pyrazole 3 (Scheme 2). As coupling of 20 with   would yield 2 which upon 
cyclization (by loss of elements of water) would yield the identity of 
the product 2 has to be reinvestigated. 



22 - 
Scheme 2 

3. Reaction with potassium thioacetate 

The reaction of hydrazidoyl halides &-76 (Y = halogen atom) with thioacetate 
anion has been extensively studied by Gibson and  coworker^.^^'?^'^^-^^ 
This reaction was reported to give, according to reaction conditions and nature 

of substituents on the N-aryl moiety, one or more of the followingi (i) the N- 

aoetyl-N-aryl-N'-thiobenzoylhydrazine 2. (ii) the bis-hydrazidoyl sulfide x, 
(iii) 4-acetyl-7-Z-phenyl-4H-l,~,4-benzothiadiazine 8, by s process involving 
displacement of the ortho halogen atom Y (Scheme 3). For example, treatment of 

hydrazidoyl halides & (Y = Z = Br) and a (Y : Z : Br) with potassium thioacetate 
in acetonitrile at room temperature afforded 2-7 (Y = Z '- Br) in good yield together 

with some of (Y = Z = Br). Compounds of type 21 were converted into the corre- 
sponding benzothiadiazines 8 (Z : Br) when refluxed with TEA in acetonitrile.15 
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PhCSNHN 
.COCH3 

TEA Y =  Br 

28 - Y 

Scheme 3 Is 

Similar treatment of 21) (Y = Z r Br) and (Y = Z : Br) with potassium thioacetate 
in boiling acetonitrile gave 78 (2  = Br) and (Y = Z = Br) in virtually the 
same yields, indicating no significant difference between the labilities of 

bromine and chlorine atoms in the starting halide. 

The ease of displacement of the artho halogen atom Y in the ring closure leading 



to 28 was found to be in the order F ) Br= I ) C1. For example, compound a 
(Y : F, Z = Br) was found to undergo conversion into the corresponding 78 (Z = 
Br) in good yield, by contrast 25 (Y : C1. Z = Br) afforded the hydrazidoyl 
sulfide 3 (Y = C1. Z = Br) with no detectable amount of 18 (2 = Br). Also, compound 
24 (Y : F, Z = I) gives the thiadiazine 78 (2 = I) in 6% yield, whereas - 
compound 1( (Y = C1. Z = Br) givesonly the sulfide (Y = C1. Z = Br). The 
yield of 78 ( 2  = I) from 1( (Y : Br. Z : I) was moderate (38%) and that from 
14 (Y : Z = I) was rather small (1W). - 34 

The reported results also indicate that the nature of the Z substituent influences 

the formation of 8 from 1, or 25. For example, treatment of 25 (Y : Br, Z = CN) and 
24 (Y = Br, Z : CF ) with potassium thioacetate in boiling acetonitrile gave - 3 
the corresponding benzcthiadiazine derivatives 8 (Z : CN) and 78 (Z ;. CF3) in 
?# and l7$ yields respectively.j5 Similar treatment of 25 (Y : Z = F) and 3 
(Y : F, Z :. H) gave the thiadiazines 8 (7. = F), and 78 (Z : H) in 6% and 1% 
yields, respectively. Compound 3 (Y = Br, Z = CH ) afforded the sulfide 

3 
(Y : Br. Z = CH ) in 11% yield and no thiadiazine. Also, from the hydrazidoyl 3 
halides & (Y = I, Z -' Br) and 24 (Y : I. Z = C1). 14. (Y = I. Z = F) the yields of 
28 (Z = Br). 8 (Z = Cl) and 78 (Z = F) were 75 .  31. and 4% yield respectively. - 
The hydrazidoyl bromide 2 gave naphthothiadiazine 2 in 76$ yield upon treatment 
with potassium thioacetate in boiling aoetonitrile (Eq. 11). This presumably 
reflects the stabilization of the transition state, in'whioh one of the naphthalene 

rings remains benzenoid, relative to the cases of ring olosure to form benzothia- 
diazines 78 (Eq. 101.35 ' . 

4. Reaction with thioalcchols and thiophenols 

Treatment of hydrazidoyl halides with thiophencls in ethanol in the presence of 
sodium ethoxide or in benzene in the presence of TFA was reported to give the 
corresponding aryl thiohydrazidates 3 (Eq. 13).36 Thioalcohols react similarly with 
hydrazidoyl halides and give the corresponding alkyl thiohydrazidates 2 (Eq. 14). 30 



+ base $A? 
A ~ S H  RCkNNHAr d RCzNNHAr 

! 
&H . RGNNHAr  

base F' + RC=NNHAr 
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(13) 

The thiahydrazidate %with ortho bromine atom on the N-aryl moiety was reported 
to give the thiadiazine derivative 3 upon heating with TEA in ethanol presumably 
through the thiohydrazide 2 ( E q .  15).37 

5 Ar' +r' 

A N N  
Ar Z 

on; 
R & N N H A ~  - heat 

,A; 
RCONHN, 

Ar 
36 - 

The convers f 22 into 3 can be effected also with sodium hydroxide and TFA in 
dimethylformamide at re flu^.^^'^^ These reactions of aryl thiohydrazidates differ 
from the rearrangement of aryl hydrazidates which were reported to rearrange 

i% into N ,N-diarylhydrazides & (Eq. 16) .36'39- and resemble rather those of 
hydrazidoyl halides with thioacetate anion (see the following section), in which a 
hydrazidoyl thioacetate, presumed as intermediate, undergoes rearrangement and 
cyclization by displacement of the transiently activated o-halogen atom to a 
4-acetyl-4H-l,3.4-benzothiadiazine 28.24 As there was no definite evidence for 
the involvement of 2 in the conversion of into 3, it was assumed that 2 
is consumed as it is formed.37 
Elliott et al. have also prepared a group of heteroaryl thiohydrazidates za-h 
through the reaction of 2J with either the appropriate thiol in ethanol-TEA 
mixture or the sodium salt of the thiol (Eq. 17).37 



5-H& Het 

P~C=NNHQ. P~CSNH~'L@ 

37e V - 39 - 

=a, Het - 2-quincxalyl Z b .  Het = 5-nitro-2-pyridyl 
z c .  Het : 4-methyl-2-quinolyl X d ,  Het = 2-benzothiazolyl 
X e .  Het = 4.6-dimethyl-2-pyrimidyl zf. Het = 1-phenyl-5-tetrazolyl 
29. Het = 2-pyridyl Z h .  Het - 2-benzoxazolyl 

When such heteroaryl thiohydrazidates were treated with ethanol-TEA mixture at 
reflux, the corresponding thiadiazines 2 were obtained in the cases of za-d 
(Eq. 1 ~ 1 . ~ ~  Under these conditions the ester z e  rearranged into the thiohydrazide 

3 (Eq. 19). whereas x f  decomposed extensively. No reaction was observed with 
a and X h .  
The thiohydrazidate s a  was reported to undergo hydrolysis to hydrazide u a  in 
concentrated hydrochloric acid-methanol4$ and the analogous hydrazidate ,Ob 
behaves similarly (Eq. 201.3~ The hydrazidates & and ftl were stable, however, 
in concentrated hydrochloric acid-benzene mixture.j7 When the pyrimidyl thio- 
hydrazidate ester a (Ar = p-BrC6H4) was so treated, the thiohydrazide (Ar = 
p-BrC6H4) was obtained in 55% yield. This was the only thiohydrazidate + 
thiohydrazide rearrangement which has been reported so far. 



f Ph 
HCI /CH30H 

PhGNNHPh > PhCONHNHPh 
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(20)  

ArHNNzqPh  
_j 

PhCSNHNAr 

N A N  
( 21 ) 

S 

N ~ N  H 3 C U C H 3  

H 3 C U c H 3  
45 

N-Heteroarylhydrazidoyl chlorides 46 and %a were reported to react with eadium 
thiophenolates in ethanol to give products identified as pyrazol$.5-c]-as- 

triazine derivatives 9 and g respectively (Eqs. 27 and 

CI 
NaOC2H9 

CIi3COC=NNH + ArSH (22)  

P h  

CI  
C2H50COC=NNH ArSH 

Ph 
46 a - ie 



potassium 7-phenylethynethiolate reacts with N-arylhydrazidoyl chlorides in the 
absence of bases to give the corres onding 2-phenylethynyl-N-arylthiohydrazidates 

2 in quantitative yields (Eq. ?4).e7 V:hen compounds 2 were treated with bases 
such as sodium hydroxide in methanol, intramolecular cyclization occurs readily 

with quantitative formation of the corresponding 4H-1.3.4-thiadiazine 2 
(Eq. 25). 

\ 

!r 
1) KOH 

RGNNHAr > 
I 2) H* 
SCSCPh 

"0, 
4 9 - 50 - 

Vhen the reaction between 2-phenylethynethiolate and hydrazidoyl chlorides was 

carried out in aprotic solvent in the presence of TE4, the [3 + 31 cyclcadduct 2 
was obtained in good yields. Attempts to cyclize &by heating it rith TEA'for 

several hours met r,ith failure. These results were considered to indicate that 

2 results from [ 3  + 3 1  cycloaddition of nitrile imine to 7-phenylethynethiolate 
and exclude the involvement of & (Eq. 76) as intermediate. 

I TEA + - PhCECSK 
RCzNNHAr RC=NNAr R C = N ~ A ~  d 

I 

Also, it was reported that potassium 1-N.N-dialkylamino-2-phenylethenethiolates 
react with N-phenyl-C-carbethcxyhydrazidoyl chloride in the presence of TFA and 

give the thiadiazine %a in 30-71% yield. 
111 
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Hydrazidoyl halides of type IL react with thioalcohols and thiophenols in the 
presence of TEA and yield the oarresponding substitution products 2 (Eq. 77). 48,49 
Alternatively. the products 2 were found to be obtained by treating 2 with sodium 
thiolate. Compound 2 can react with thiophenols or thioalcohols and give the 
corresponding disulfides 2 (Eq. 28). The latter can be obtained directly from 
2 by treating them with excess thiol in refluxing benzene in the presence of TJU. 48 

X 
/ SR 

A~CH=NN=C' RSH ArCH.NN=C (27) 

T E A  /SR 
ArCH=NN=CSR R'SH + ArCH.Nb4.C. ( 2 8 )  

The halogen atom in 2 ( X  - Br) was reported to be readily displaced by nitrogen 
and oxyge'n nucleophiles too (Scheme 4).48 The kinetics of hydrolysis of 2 
( X  : Br) and the effects of substituents in the Ar and R groups have been studied. 

A C H . N N = C ~ ~ ~  &!3!k ArCH=NN.C 
,SR a ArCH =NNHCOSR 

\ 
'43 

,. ArCH=NN=C 
, SR 

ACH=N-N I ACH.NN=C, 
k N ' N = N P ~  0CH3 

RS Scheme 4 



5. Reaction with 0-aminothiophenal 

Ket~h~drazidoyl halides react readily with 0-aminothiophenol and yield benzo- 
1.4-thiazine derivatives. For example, when C-carbethoxyhydrazidayl chlorides 
were refluxed with o-aminothiophenol in ethanol, they yield benzo-1.4-thiazine 

derivatives 2 (Eq. Similar reaction of C-acylhydrazidoyl halides with 
o-aninothiophenol yielded products that could be formulated as or s.50'51 

Structure 2 was excluded on the basis of alternate synthesis of %a (R' r C6H5. 
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Ar = p-0 NC H ) from refluxing 3 with 0-aminothiophenol or from condensation of 7 6 4  
the tetrazine 2 with the sodium salt of o-aminothiophenol (Eq. 31).5l Condensa- 
tion of o-N-methylaminothiophenol with C-benzoyl-N-phenylhydrazidoyl bromide 

yielded the azo derivative fie.51 
C-Chlorocarbonylhydrazidoyl chlorides were reported to react n'ith 0-aminothiophenol 
and give benzathiazole derivatives 60 and some of 61 (Eq. 33).57 Similar reaction 
of 61 with o-aminothiophenol was reported to give 6J (Eq. 34).57 However, reaction 

C1 
C C O C N N H  + gNH2 - - 60 (33 ) 

S H  NHCOC(CI).NNHA~ 

SCOC(C1);NNHAr 

61 - 

of C-chlorocarbonylhydrazidoyl chlorides with 0-aminothiophenol in pyridine gave 
benzo-1.4-thiazine derivatives 9 (Eq. 35). On the other hand, similar reaction 
of & (Pr = o-CH30C6H4 , p-BrC6H4) with o-aminothiophenol in pyridine at 50' 

was reported to give the disulfides 66 (Eq. 3-6). 57 



$1 
ClCOC=NNHAr 0"" & aEy 

SH (35) 

6 4  S NNHAr 
- 

65 - 

CI 
I 

CICOC=NNHAr + 
SH 

(36 )  
. . NHCOC(C1): NNHAr 
64 - Py = pyridine 3 

N-Benzylidenebenzohydrazidoyl chloride la gives 2-phenylbenzothiazole in 81% 
yield when it is treated with o-aminothiophenol (Eq. 37).53 Also, the dichloride 
8a yields 6 m 6796 yield when it is treated with four-fold excess of o-amino- - 

41; thiophenol. 

6. Reaction with thioamides 

a.  Rirnary thioamides 

Rimary thioamides react with hydrazidoyl halides in the presence of TEA to form 
thiohydraeides ift, hydrazidoyl sulfides and nitriles 68 (Eq. 38).54 The reaction 
was found to provide an easy route to 2 as well as u and compares favourably 
with previously reported syntheses of such corn~ounds.'~ l'he yield ratio iftta was 
found to depend on the relative concentrations of the halide to the thioamide. 
For example, when the halide and the thioamide are present in equimolar amounts 
the thiohydrazide .@ is the main product (80-90161, whereas predominates (89-9016) 
when an excess of the halide is employed. The formation of .@ in preference to lJ 
when equimolar amounts of thioacetamide and the halide are used also indioates that 
the thioacetyl group of thioacetamide is more reactive towards the halide than is the 
thiobenzoyl group of &. This r'as confirmed by the observation that 2 rather than 
a is formed when TFA is added to a mixture of equimolar amounts of a hydrazidoyl 
halide, thioacetamide and thiohydrazide 2. 



HETEROCYCLES, Val 20, No 1 1 ,  1983 

F T E A  PhC=NNIiAr + ~ C S N H ~  + PhCSNHNHAr . R'CN 
68 

jh:=NNHAr 

R i m a r y  th ioamides  do n o t  r e a c t  w i t h  hydraz idoyl  h a l i d e s  i n  t h e  absence  o f  a  base  
c a t a l y s t .  Th is  t o g e t h e r  w i t h  t h e  o b s e r v a t i o n  t h a t  N.N-disubst i tuted hydraz idoyl  

h a l i d e s  9 r e a c t  w i t h  th ioace tamide  i n  t h e  presence of TEA and g i v e  t h e  t h i o -  

hydraz ides  i n d i c a t e s  that t h e s e  r e a c t i o n s  proceed th rough  n u c l e o p h i l i c  d i s p l a -  

cement mechanism r a t h e r  t h a n  1 . 3 - d i p o l a r  a d d i t i o n  sequence.  The l a t t e r  p a t h  is  
exc luded  by t h e  presence  of two s u b s t i t u e n t s  on the t e r m i n a l  n i t r o g e n  atom a s  i n  

9. The base  c a t a l y s t  would s e r v e  t o  c o n v e r t  t h e  thioamide t o  th ioamide  a n i o n  
p r i o r  t o  d i sp lacement  (Scheme 5 ) .  

Ar 
70 

Scheme 5 



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

b. Secondary thiaamides 

The reactions of secondary thiaamides with hydrazidoyl halides were found to be 
remarkably different, and the reactivity of the hydrazidoyl 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 (TFA) is required for reaction to take place: base is necessary far 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 12 (detected by TLC): hydrazidoyl sulfide 11 in yields 
varying from 20-6C$, and 4-methyl-l.~,5-triphenyl-1.2,~-triazolium chloride 12 
(Scheme 6).55 The possibility of the above sequence of reactions is supported by 
the observation that irnidayl 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 

? PhC= NNHPh 
I PhC=NNHPh C' 

PhC=NNHPh + PhCSNICHg 
PhC=KH3 T E A  

PhCSNHNHPh 

72 - 
Scheme 6 
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Thiobenzanilide was found to react with hydrazidoyl halides in a manner similar to 
that of tertiary thioamides. For example, treatment of N-phenylbenzohydrazidoyl 
ohloride with thicbenzanilide in the presence of TEA in benzene gave the thiadiazo- 
line derivative 21, which upon boiling in ethanol gave 5-ethoxy-2.4,5-triphenyl- 
1.3.4-thiadiazaline in 91% yield (Eq. 41). Attempts to isolate 21 yielded 

? 
P h b N N H P h  r PhCSNHPh - 

'Ph 
75 - - 76 (41)  

small amount of N'-thiobenzoyl-N-benzoylphenylhydrazine. The latter compound is 
presumably formed from a by elimination of aniline and ring opening. It has been 
found that the ring of 2.4.5-triaryl-1,3.4-thiadiazolinium chlorides is opened 
by bases to give thiohydrazides of the general fonula A~CSNHN(COA~)P~.~~ 

c. Tertiary thioamides 
Tertiary thioamides react with hydrazidoyl halides in the presence of T W  to give 
5-disubstituted amino-2.4,5-triaryl-1,3.4-thiadiazolines z, which upon alcoholysis 
produce the corresponding 5-alkoxy-l,3,4-thiadiazolines (Eq. 42).55'59 Neither 

thiohydrazides nor hydraeidcyl sulfides were foned in these reactions. 

4 ' P P h A i  R'OH P h y  Sy$, 
P h C N N H A r +  A;CSN --3 xSyNRR' - 

'R' N-N, N--N. (A21 
Ar Ar 

N.N-Dimethylthiobenzamide displaces the bromine atom of hydrazidoyl bromides, 
even in the absence of TEA and yields the corresponding thiadiazolines 12. It was 
noticed that the latter compounds decompose by liberation of dimethylammonium 
bromides in the reaction mixture, decreasing thus the yield of12 or after 
alcoholysis a. 



7. Reaction with thiocarbamates 

Treatment of N-phenylbenzohydrazidoyl chloride with ethyl N,N-dimethylthiocarba- 
mate in benzene in the presence of PEA was reported to give 3.5-diphenyl-2-dimethyl- 
amina-2-etho~y-2,3-dihydro-1.3.)r-thiadiazole (Fq. 43) .59 However. O-alkyl- 
thiocarbamates react with the same halide in benzene in the presence of TEA and 
give 8296 yield of the sulfide (Eq. 44). 54 

!=I TEA Ph$=NNHPh (44) 
phC=NNHPh . YNCSOCH(CH~)~ 

S NCOCH(CH& 
~ h t =  NNHPh 

71 - 
N-p-Chlorophenyl-p-chlorobenzohydrazidoyl chloride reacts with potassium N.N-dimethyl- 
dithiocarbamate in acetone at room temperature and affords 7.3-dihydro-1.3.4-thia- 
diazole-2-thione derivative 81 (Eq. 45).30 The invalveme?t of the hydrazone inter- 
mediate 3 in this reaction was confirmed by Kaugars and ~izzo.~' The latter 
authors indicated that the stability of &3 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-2.4.6-trichlcrophenylbeneohydrazidoyl chloride 
with N.N-diethyl- and N.N-di-n-propyl-dithiccarbamates yields the corresponding 
stable hydrazones 83 (Eq. 46). Also, the reaction of N-7.6-dimethylphenylbenzohydra- 
zidoyl chloride with N.N-di-n-propyldithiocarbamate yields the hydrazone 81 (Ar = 
7.6-(CH ) C H R = CH CH CH ). However, in the reaction of N-phenylbenzohydrazidoyl 

3 7 6 3 '  3 7 7 
chloride with potassium N .N-dimethyl-. N .N-di-n-propyl- or N .N-di-i-prcpyl-dithic- 
carbamates, the intermediate hydrazones could not be isolated as they undergo cycli- 
zation to give 3.5-diphenyl-1.3.4-thiadiazole-2-thione. These results show that 
steric crowding about the reaction site in 83 inhibits its cyclizaticn to form the 
corresponding 1.3.4-thiadiazole-7-thione derivative. 
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F' S . - l t  

PhCzNNHAr + K SCNR2 -+ PhC-S-CNR2 11 KCI ( 4 6 )  
NNHAr 

8 2  - 

8. Reaction with p-ketcthioanilides 

By reacting the thioanilides 5 with hydrazidoyl halides in the presence of T m  
or sodium acetate, the corresponding 5-ketonylidene-2.4-disubstituted 1,3,4- 
thiadiazoline derivatives & (Eq. 47) were easily obtained 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 
(R = COOC2H5, Arl 2 R' = C H ) by using N-phenyl-C-ethoxycarbonylhydrazidoyl 

Ar* = p-CH C H ) or a ((R = Ara = C6H5) as chloride with either (8' = C6H5. 3 6 4  
starting materials. 

A different reaction pathway was observed when the anilides 5 react with C-ethcxy- 
carbanylhydrazidcyl chlorides in the presence of bases such as sodium ethcxide. 
Far example, by reacting beneoylthicacetanilide with N-phenyl- and N-p-chloro- 

phenyl derivatives of C-ethoxycarbonylhydrazidcyl chloride, the thiadiazolidinones 
a (R'= Ar = C H ) and & (R' - C6H5, Ar : p-C1C6H4) were obtained respectively 

6 5 
in moderate yields as the main products and the corresponding sulfides 86 were 
formed as by-products (Eq. Obviously the strength of the base used can 
influence the reaction path. The thiohydrazide is most likely formed first by 
formal abstraction of hydrogen sulfide from further reaction with hydrazidcyl 
halide leads to the sulfide 86. However, the product (R' = C6H5, Ar = p-C1C6H4) 
was obtained in practically quantitative yield by reaction of benzoylthioaceta- 
nilide with N-p-chlorophenyl-C-chlorccarbony1hydrazidoyl chloride. 
Analogously, the product a (R' = CH3, Ar = p-C1C H ) was obtained from the 6 4 
reaction of the latter hydrazidoyl chloride with acetothioacetanilide. 61 



8 5 - 
C2H50COC-S-CCOOCZH5 

I1 I, 
ArHNN NNHAr 

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-aoetyl derivatives in ethanol afforded the corresponding 
derivatives of 2,3-dihydr0-2-imino-l,3,4-thiadiazoles ( E q .  49).58'62-64 

When the reactions between hydrazidoyl halides and thiourea were conducted in the 
presence of excess TEA, several products were formed namely, the hydrazidoyl sulfide 
21 and 1.2.4-triazole derivative 88. For example, reaction of N-phenylbenzohydra- 
zidoyl chloride with thiourea in ethanol in the presence of TEA in molar ratio 2 ~ 1 ~ 4  
gave (2%) and 5-amino-1.3-diphenyl-1,2,4-triazola 88 (5996) (Scheme 7) .65 The 
competition between the reactions shown in Scheme 7 was reported to be very 
favourable to triazcle formation with thiourea, but so unfavourable with phenyl- 
thiourea that no triazole was obtained in the cases examined.65 In the latter 
oases hydrazidoyl sulfide was the major product. 
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F' PhC.NNHPh 
TEA PhC=NNHPh . bNCSNH2 - { 

P ~ ~ N N H P ~  
88 - 

HzNCSNHz 
P ~ C = N N P ~  A PhCSNHNHPh ' H2N-CEN 

Scheme 7 

a-Ketohydrazidoyl bromides react with thiourea in refluxing ethanol and yield 
5-arylazo-&-substituted 2-aninothiazoles & (Eq. 50). "-" The structures of the 
latter products were confined by comparison with authentic samples prepared by 
coupling 2-amino-&-substituted thiazoles with diazotized arylamine. 

N-Benzylidenebenzohydrazidoyl chlorides react with thiourea quite readily at 
ambient temperature in dry ethanol to give the hydrochloride salts of &-midino- 
2.5-diphenyl- f12-1,3,4-thiadiazolines from which the corresponding free bases 
91 were obtained in 6896 yield by treatment with cold alkali (Scheme 8).69'70 
In the presence of excess scdim borohydride. the reaction of such chlorides with 
thiourea was reported to yield some N'-benzylthiobenzoylhydrazine (2056) 
(Eq. 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 pl although a slow reaction does occur with these chlorides. 69 



If. 

N"2 

?H 
HO- /C-NHz - Ar-&:lPh 

91 - Scheme 8 

Reactions of methylthiourea, dimethylthiourea and trimethylthiourea with N-benzy- 

lidenebenzohydrazidoyl chloride were also reported to give the corresponding 
2 substituted 4-amidino-2.5-diphenyl-A -1.3,4-thiadiazoline &.70 Prolonged 

hydrolysis of p2 and & in refluxing methanol yields moderate yield of the 
corresponding amidothiadiazaline (Eq. 52) .70 
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10. Reaction with imidazoline-2-thione 

Imidazoline-2-throne reacts rapidly with N-benzylidenehydrazidoyl chlorides at 
ambient temperature and gives the corresponding hydrochloride salts which 
can be converted into the free bases gl with aqueous alkali in 7096 overall yield 
(Eq. 53).69 

CI 

Also the dichloride @ has been found to react with imidazoline-2-thione and 
propylenethiourea to give the annelated 1.3.4.6-thiatriaeepines (Eq. 54). 71 

$' '? N-N 
PhC=NN=CPh ((CH2)' - Ph q $ ~ h  

HN KNH 
(541 

98 - S s ~ N )  
N-KHz),  

n = 2,3 99 - 

11. Reaction with thiohydrazides 

Treatment of hydrazidoyl halides with thiohydrazides in chloroform or aceto- 
nitrile in the presence of TFA was reported to give the sulfides 100 in 40-8096 
yield (Eq. 55).23 The reaction was found to be useful in synthesis of both 
sym- and unsym-hydrazidoyl sulfides. 

7 T E A  RC-NNHAr + R'CSNHNH& - R F N N H A r  

: 
R'C.NNHA; 



12. ~eaction with thiosemicarbazide and its derivatives 

Thiosemicarbazide and its aryl derivatives react readily with hydrazidoyl halides 
in refluxing ethanol and give the corresponding thiadiazoline derivatives 101 
(Scheme 9).63 In the presence of TEA the reaction gives a mixture of the triazole 
101 (3C46) and the sulfide (44%) (Scheme 9).65 - 

TEA I 
7 A ~ C = N N H A ;  . H2NCSNHNHR 
9 J. 

. - - 
Scheme 9 

Similar reaction of N-phenylbenzohydrazidayl chloride with 1-phenylthiosemicarbazide 

gave (Eq. 56), whereas with 4-phenylthiosemicarbazide and 1.4-diphenylthio- 

semicarbazide in refluxing ethanol yielded in both cases the thiadiazoline deriva- 

tive (~q. 57). 65 

CI 
Ph NHCSNHNH2 

PhC= NNHPh 
PhNHCSNIiNHP 

P h 
lG 

1-Thiocarbamoylthiosemicarbazide reacts also with hydrazidoyl halides and gives 

the azine (Eq. 58). 
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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-benzylidenebenzohydraeidoyl chloride and 4- 

phenylthiosemicarbazide also ras reported to give 106 with liberation of aniline 
(Eq. 60). 

106 (60) 

13. Reaction with thiocarbohydrazide 

The interaction between N-benzylidenebenzohydrazidoyl chloride with thiocarbohydra- 
zide has recently been reported by Taylor et a1.53 It was shown that such interao- 
tion leads to ?-benzylidenehydrazino-5-phenyl-1.3,4-thiadiazole 106 in 7% yield 
(Scheme 10). The formation of the latter indicates that the mechanism involved is 
similar to that of the reaction between thiosemioarbazide and N-benzylidenebenzo- 
hydrazidoyl chloride. 

106 
Scheme 10 



14. Reaction with 0-ethyl thiocarbonate and ethyl xanthate 

Hydrazidoyl halides were reported to react with sodium 0-ethyl thiooarbonate at 

room temperature in ethanol or ethanol-ether mixture and give the corresponding 

3.5-disubstituted 1,3.4-thiadiazole-2-ones 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. 6~1.~' 

P h 
lor, 

The reaction between N-benzylidenebenzohydrazidoyl chloride and potassium ethyl 

xanthate gives 1-ethylxanthyl-2.3-diazabutadiene 3 (Eq. 63).53'73 Pyrolysis of 
the latter yielded 6996 of 2.5-diphenyl-l,3.4-thiadiazole 110. Compound 110 was 
also obtained in 7996 yield from reaction of the dichloride with potassium 

ethyl xanthate in refluxing ethanol. 111 

: 
PhC=NN=CHPh SCMC2H>S P h F N N X H P h  - COS 

- C H F C H 2  P h  (631 
SCSOC2H5 

5' 4' KSCSOCZH 5' - cos 
PhLNN=CPh d Ph:=NN=CPh -> - 110 

% KSOC21i5 - C2H5c' 

15. Reaction with potassium thiocyanate 

Reaction of hydrazidoyl halides with potassium thiocyanate in ethanol at room 
tempemture produces the corresponding thiadiazoline derivatives 112 in good 
yields. 28'29'65-68'74-76 The structures of these products were confirmed by their 
chemical reactions which are summarized in Scheme 11. In the cases examined no 

detection of the intermediate thiocyanate was reported. Indirect evidence 
for &I was found when the hydrazidoyl sulfide a was isolated as a by-product 
from treatment of the disulfide with potassium cyanide at room temperature 
in chloroform, the ma'ar products being the thiohydrazide 116 and the thiadiazo- 
line (Scheme 12). '5.78 The isolation of a may be rationalized in terms 
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CI 
R ~ N N H A ~  . KSCN + [R+NNHArl + RqlNH ( 6 4 )  

Scheme 11 Ar 

of heteralytic cleavage of the S-S bond by the action of the cyanide ion, in 
similar manner to that known for ordinary disulfide, to give the thiohydrazidate 

anion and hydrazidoyl thiocyanate 111 (R = c ~ H ~ ) . ~ ~  Nucleophilic displacement of 
the thiooyanato group from 111 before cyclization to by the thiohydrazidate 

anion would yield u. Compound a was also found to very easily cleaved by pota- 
ssium cyanide in refluxing acetonitrile to give approximately equal amounts of 
114 and 116. - 

P h F  NNH Ar 

? 
? 

PhCzNNHAr 

PhvNNHAr 

. KCN - 
PhGNNHAr 

I 

Scheme 12 

The regiochemistry of the reaction between nitrile imines and thiocyanate anion 
was rationalized in tams of the frontier orbital The thiocyanate 



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. 80'81 it was concluded that the larger coefficient 

in the L Y O  of the nitrile imine is on the carbon atom. 
It was reported that N-(5-(3-pheny1)pyrazolyl)hydrazidoyl chlorides do not react with 
potas~ium thiocyanate in refluxing acetone, although they react readily with 

potassium cyanide to give (Eq. 65). 87 

RCOC- CI 
KCN II KSCN + no reaction (65) 

R 
l(7 

C-Chlorocarbonylhydrazidayl chlorides react bith potassium thiocyanate in acetone 

at room temperature and give the products 2 in 70-9C% yields.83 The latter 
products add primary amines to yield 9. However', they react with secondary amines 
and yield the amidrazanes 110 (Scheme 13). 84 

A ~ N H ~  
A ; N H C S N H C O ~ N N H A ~  

f1 KSCN L, 119 - CI 
CI COC-NNHAr - SCNCO$=NNHAr- 

CI 
1 3  SCNCOC.NNHAr 

I 

120 NR2 

Scheme 13 

N-Benzylidenehydrazidoyl chlorides react with potassium thiocyanate in ethanol 

and give the thiocyanate substitution products (FQ. 66).53'70'85 In contrast 
to this the related imidoyl chlorides were reported to react with potassium thio- 
cyanate and yield the isothiooyanates of type (Eq. 67).86 When the hydrazidoyl 
thiocyanates 111 were heated in toluene, they were converted into the thiadiazole 
derivatives l7J ( ( 4 7 9 6 ) .  Also acid hydrolysis of 121 in refluxing ethanol gave 
aldehyde and the aminothiadiazole derivatives 121( ( 9 W )  which were isolated as 
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GI 
A~C=NN=CHA; . KSCN - A~C=NN=CHA; 

I (66 )  
SC N 

12 

F' 
PhC=NPh + KSCN --+ P&NPh 

When either of the aromatic rings in N-benzylidenebenzohydrazidoyl chloride is 
substituted by p-nitro group, the reaction with potassium thiocyanate yields only 

amorphous brown solids which resisted purification and none of the desired thio- 

cyanates of type & can be isolated even after prolonged reaction 
This was considered to suggest that the SNl mechanism proposed for replacement of 
chlorine group in dilute alkaline solution also holds for substitution by thiocyanate 
anion. When an ortho-methyl substituent is present in the aromatic ring next to the 
site of substitution, the yield of was reported to be slightly reduced. 
On treatment with an equimolar proportion of potassium thiocyanate in refluxing 

ethanol, the dichloride ga was converted into 1-chloro-4-thiocyanato-2.3-diazabuta- 

dime =a (84$).ll1 This product is not isomerized by heat, but is hydrolyzed by 
acid to a mixture of 2.5-diphenyl-1.3.4-oxadiazole and 2-amino-5-phenyl-l.3,4-thia- 

diazole. 

Recently it was reported that N-(0-carboxyphenylhydrazidoyl halides react with 

potassium thiocyanate in ethanol to give thiadiazolor2.3-blquinazoline derivatives 
126 directly (Scheme N-(0-Carbomethoxypheny1)hydrazidoyl halides react - 
similarly with potassium thiocyanate and give 126. The latter products were also 
obtained by coupling the corresponding active methylene thiocyanates with 
diazotized anthranilic acid or it methyl ester (Scheme 14). 



16. Reaction with isothiocyanates 

Only few examples for the reaction of hydrazidoyl halides with isothiocyanates have 

been reported. N-Phenylbenzohydrazidoyl chloride reacts with phenyl isothiocyanate 
in benzene in the presence of TEA to give 3.5-diphenyl-2-phenylimino-2,3-dihydro- 
1.3.4-thiadiazole (58%) and 1.3,4-triphenyl-1,2,4-triazole-5-thione 2 
( E q .  69159 Product a was identical with that obtained from refluxing the same 
chloride with phenylthiourea in ethanol. 65 

N-Acyl- and N-oarbamoyl-isothiocyanates were reported to react with N-arylbenzo- 

hydrazidoyl chlorides in the presence of TFA to give only one regiaisomer in each 

case, the products being a and respectively (Eq. 70) .30v59 These examples 
indicate that the diarylnitrile imine derived from hydrazidoyl halide adds mainly 
to the C s S rather than the N = C double bond of isothiocyanate molecule. This 
regiospecifity was interepreted in terms of frontier molecular orbitals. 

88 
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P h r  s 
N-Sc & C O  A+ 

CI Ar 
P ~ ~ N N H A ~  

g 

P h I I  S 
N ' ~ ' N C O N ( C H ~ ) ~  

TEA Ar 

A recent report claimed that treatment of N-[5-(3-pheny1)pyrazalylJhydrazidoyl 

chlorides with phenyl isothiocyanate in refluxing pyridine gave the products 

that result from cycloaddition to the C s  N double bond of the isothiocyanate 
(Eq. 71).89 The possibility of the other regioisomer lJJ was not discussed. 

however. 

17. Reaction with alkyl and aryl thiooyanates 

The reaction of alkyl and aryl thiocyanates with hydrazidoyl halides has been 

investigated by Corral et al.90 N,N-~i~henylbenzohydrazidoyl chloride reacts with 
these thiocyanates in 0-dichlorobenzene in the presence of aluminum chloride and 
gives the 1H-1.2.4-benzotriaze~ine derivatives & (Eq. 72). Also the hydrazidoyl 

chloride reacts with methyl thiocyanate in the presence of aluminum chloride 

to give 36% yield of a (Eq. 73) .  90 



18. Reaction with carbon disulfide 

nydrazidoyl halides react with carbon disulfide in the presence of TEA and afford 

cycloadducts. For example, N-phenylbenzahydrazidoyl chloride yields the spiro- 
compound 122 when it is treated with carbon disulfide in benzene in the presence of 
TEA (Eq. 74).59 The latter product was found to be more stable than the compound 

obtained from benz~hydroximo~l chloride with carbon disulfide in the presence Of 
TEA (Eq. 75).91 Compound was reported to decompose spontaneously to 4-phenyl- 

1.3.5-oxathiazolin-?-one and phenyl isothiocyanate (Eq. 75). 

F' Q C = S  A P..s 
PhC=NOH --9 

TEA Phrfl N-o s ph PhNcs* *io*oi75) 

19. Reaction with thioketones 

N-Phenylbenzohydrazidoyl chloride reacts with thiobenzophenone in benzene ine the 
presence of TEA and gives 71% yield of 7.2,3.5-tetraphenyl-7,3-dihydro-1.3.4- 
thiadiazole a (Eq. 76).59 The structure of the latter was substantiated by its 
alternate synthesis from N-phenyl-N-thiobenzoylhydraeine with diphenylchloro- 
methane. 



20. Reaction with sulfinylaniline 

N-Phenylbenzohydrazidoyl chloride was reported to react with sulfinylaniline 

in the presence of TFA to yield ?.~.5-triphenyl-2,5-dihydro-l,2.3,5-thiatriazale-l- 

oxide in 87% yield (Eq. 77).59 The structure of this product was confirmed by 
its alternate synthesis from treatment of the amidrazcne with thicnyl chloride. 

71. Intramolecular substitution by neighbcuring thicacyl group 

a. Thiocarbamoyl group 
Bramination of aldehyde 4-benzylthiasemicarbazones was reported to yield l-benzyl- 

2-aryl-5-mercapto-l.3,4-triazoles and 2-aryl-5-benzylamino-1.3.4-thiadiazcles 
144 (Scheme 15).97'93 Thus treatment of the thicsemicarbazcne with bromine in - 
chloroform gave &j and llLlr in 50-80 and 10-3@ yields, respectively. However, in 

case of brcminaticn in carbon tetrachlcride the yield of decreases (1-3@) and 

that of 1W1 increases (55-8%). Bromination of the same thicsemicarbazcne with 

bromine in acetic acid or with N-bromosuccinimide in carbon tetrachloride gave 

only in 65-8& and 60-9@ yields respectively. The reaction is considered 

to proceed through the hydrazidcyl bromide =which cyclizes by displacing the 

bromine atom. 

p h ~  N-CH2Ph 

Fr C N . ~ J ~ H  

v Ph$ S 
11 

143 
FhCNNHCSNHCYPh -!?L+ N.N,C-NHCH2Ph 

H 
142 Ph- S I1 

N.~A NHCH2Ph 
1 3  

Scheme 15 

Recently, it \,as reported that trichlor~~henylmethane reacts with thicsemicarba- 

aide and 4-phenylthiosemicarbazide in refluxing ethanol in the presence of anhydrous 
sodium carbonate to afford 7-amino-5-phenyl-l,3,4-thiadiazole *a and 2-phenyl- 

amino-5-phenyl-1.3,4-thiadiazole B b ,  respectively (Scheme 16).94 The latter 
products were thought to be farmed by intramolecular displacement of the chlorine 
atom in the intermediate N-thiocarbamcylbenzchydmzidcyl chloride. The structures 

of the products U a  and &b were confirmed by their alternate synthesis by oxida- 

tion of benzaldehyde thic~emicarbazone~~ and by dehydration of 1-benzcyl-bphenyl- 

thiosemicarbazone .96 respectively. 



Scheme 16 

b. Thioacyl group 

N-Thiobenzoyl- and N-thioacetyl-hydraeidoyl chlorides were reported to give 1.3.4- 
thiadiazole derivatives upon treatment with Tm in benzene (Eq. 78).97'93'97 

22. Reaction with sulfonium ylides 

Hayashi and Oda investigated the reaction of carbonyl stabilized ylide 

with N-phenylbenzohydrazidoyl ch~oride.~' The bicyclic product was obtained 

from this reaction. It was proposed that the ylide acted as a base to generate 
the nitrile irnine intermediate which reacts with two molecules of the ylide to 
give (Scheme 17). Heating the product obtained in acetic acid results in the 
formation of the pyrazole derivative s. 
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Scheme 17 

Alkoxycarbonylmethylenesulfonium ylides % react with hydrazidoyl halides and 
give interesting products of type and (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. a (R = C2H5) reacts with N-phenylbenzchydrazidoyl chloride 
and gives the corresponding B and a in 67 and 36% yields respectively. 
However, reaction of a (R = CH ) with N-p-chlorophenylbenzohydrazidoyl chloride 3 
yielded the corresponding and 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 case was reported to give a mixture of and 

(Eq. 80). 



le was obtained from the reaction of N-phenylbenzohydrazi- 

doyl chloride with dimethyloxasulfonium methylide in good yield (Eq. 81). 100 

73. Reaction with thiete 1,l-dioxide 

Thiete 1.1-dioxide reacts with two equivalents of N-phenylbenzohydrazidoyl chloride 
in the presence of TEA and gives the pyrazole derivative (Eq. 82). 

101 

? 
RC=NNHPh + a Rli-j- R"~s02 - Ky 332;-R (82) 

Ph NNHPh 
Ph 

1 s  

R = C+jHg , COOCH3 
Scheme 18 

24. Reaction with 7-aminothiazoles 

When C-benzoylhydrazidoyl bromide was refluxed in ethanol with two equivalents of 

7-amino-4-phenylthiazole, three products were isolated. These were identified as 
the hydrabromide salt of 2-amino-4-phenylthiazole . 3.6-dibenzoyl-1.4-diphenyl-l,4- 

dihydratetrazine (6046) and 6-phenylaza-3.5-diphenylimidazo[?.l-blthiazole 
(7C$).102 However, when the reaction was carried out using two equivalent amounts 



HETEROCYCLES, Vol 20, No 11, 1983 

of the bromide and the thiazole and in the presence of TEA. the a m  derivative 
was obtained in 8096 yield. Similar reactions of C-carbethoxy- and C-acetyl- 

hydrazidoyl chlorides with 2-amino-4-phenylthiazole yielded the products and 

160 respectively (Scheme 19). The isomeric structures &a. 161 and B b  were - 
excluded on the basis that 2-aminothiazole reacts with Q-halo ketones and Q- 
halo esters to give 5-substituted and 5-0x0 derivatives of imidazc[2,1-blthia- 
zoles .lo3 Furthermore, coupling of 3,5-diphenylimidazor? -1-b] thiazole with 
diazotized aniline or N-nitrosoacetanilide in ethanol was reported to give a 
product identical with (Pr : C6H5). 

$1  
H5CZOOCC=N NHAr + GH2- 



75 .  Reaction with p-ketosulfones 

One of the more general methods for synthesis of 4-arylsulfonylpyrazole derivatives 

l6J utilizes the reaction of hydrazidoyl halides with p-ketosulfones in their 
salt form (Scheme 19). The reaction has generally been carried out in alcoholic 
solution, usually on standing for several hours at room temperature or 
by heating briefly at 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 en01 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 sulfcne with the hydrazidoyl halide 
to give the acyclic hydrazone which is then cyclized to pyrazole (Scheme 20). 

In all cases studied neither the pyraeoline nor the acyclic hydrazone intermediate 
was isolated. 

7 
R C=NNHAr R ~ N N A ~  - .  _j 

d c o c ~ r ~  HC-sqn; I 
I 

R1;I- OH 
Ar Ar 

son; 
'I 

163 - 

Scheme 20 

The use of C-p-toluenesulfonyl-N-phenylhydrazidoyl chloride in this reaction 

yielded 3.4-diarylnulfonyl derivatives of 1,5-diarylpyrazoles (Xq. 83).97 
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1 6 .  Reaction with 1-phenylsulfonyl-?-substituted ethylenes 

The reaction of C-phenyl- and C-carbomethoxy-hydrazidoyl chlorides with l-phenyl- 
sulfcnyl-?-substituted ethylenes has been recently reported by Croce and 
coworkers.lo8 Uhen this reaction was carried out in chloroform in the presence of 

TEA, it gave one of the two possible cycloadducts (Eq. 84). The high regio- 
selectivity of this cycloadditicn reaction has been interpreted in terms of the 

frontier orbital energies and coefficients. 

R =  Ph,COOCH3 Ph 

R'= PhCO , C N  , COOCH3 165 - 166 

Treatment of the pyrazolines with sodium methoxide in methanol results in 

the loss of the 4-phenylsulfonyl group and the formation of the corresponding 

1.3.5-trisubstituted pyrazoles 166. Such behaviour is in line with the known 
characteristics of 4-benzayl- and 4-phenylsulfcnyl-substituted pyrazclines that 

undergo an aromatizaticn reaction in basic medium by elimination of the 

4-substituent. 

Conclusions 

Reactions of hydrazidoyl halides with sulfur compounds have provided the organic 
chemist with opportunity of synthesizing numerous sulfur and nitrogen containing 

acyclic and cyclic compounds. The range of synthetic possibilities which these 

reacticns open for the construoticn of fused heterocyclic compounds is also large. 

The use of new functionalized reactants together with a better understanding 
of some of the mechanistic features will significantly increase the scope of these 

reacticns. 
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