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ISOTHIOCYANATES IN HETEROCYCLIC 
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Lucknow 226 001, India 

(Received December 18, 1987) 

A brief introduction of the chemical structure and physico-chemical properties of various synthetic and 
naturally occurring isothiocyanates is presented. The different methods used to prepare alkyl, aryl, I-alkenyl, 
carbonyl. thiocarbonyl. I-aminoalkyl, aminophosphoryl and silyl isothiocyanates are systematically des- 
cribed. The use of the above isothiocyanates in the synthesis of thiazetidines, thiophenes, imidazoles, 
thiazoles, oxazoles, isothiazoles, oxathiolanes, dithiolanes, dioxolanes, triazoles, thiadiazoles, oxadiazoles. 
tetrazoles. thiatriazoles, pyridines, thiopyrans, oxazines. thiazines, pyrimidines, triazines, thiadiazines, 
oxadiazines. triazepines, benzimidazoles, benzothiazoles, quinazolones and various bicyclic and poly- 
heterocyclic compounds with ring nitrogen and/or sulfur are reviewed. 

Key words: Isothiocyanates, non-benzoheterocycles, benzoheterocycles, polyheterocycles. 
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ISOTHIOCYANATES 329 

1. INTRODUCTION 

Although isothiocyanates belong to the highly reactive organosulfur synthons which 
have been known to organic chemists for over a century, their synthetic utility remained 
unexplored till the introduction of electronic concepts in organic chemistry. Before the 
beginning of the early fifties the use of isothiocyanates was mainly confined to the 
synthesis of a small group of open-chain and cyclic molecules. However, soon it was 
recognised that an isothiocyanate may serve as a versatile building block to prepare a 
wide class of nitrogen, sulfur and oxygen heterocycles and organometallic compounds 
of academic, pharmaceutical and industrial interest. The high electrophilicity and nu- 
cleophilicity associated with the carbon and sulfur atoms, respectively, of the isothioc- 
yanates and their extended n electron system make them unique precursors of a large 
variety of target molecules. The ability of isothiocyanates to undergo cycloaddition 
reactions further helps to generate additional interesting heterocycles. 

The literature covering the chemical and physico-chemical aspects of isothiocyanates 
is exceedingly voluminous and cannot be reviewed in the limited space of this article. The 
main aim of the present article is to provide comprehensive coverage of the use of 
isothiocyanates to construct various heterocycles. No attempt has been made to compile 
all the literature falling within the scope of this review, instead emphasis has been laid 
on all those publications which would help to present a broader perspective of isothioc- 
yanates in heterocyclic syntheses. Readers interested in the historical development and 
the general physical, chemical or synthetic aspects of isothiocyanates may consult some 
publications which have appeared since 1923.I-I9 

2. SOME BASIC CONSIDERATIONS 

The isothiocyanates (R-NCS) are the esters of isothiocyanic acid (H-NCS), a very 
strong acid which is a colourless gas at room temperature with a high tendency to 
undergo polymerisation. In solution, isothiocyanic acid forms a tautomeric equilibrium 
with thiocyanic acid (HSCN). T1,e isothiocyanates may also be regarded as the sulfur 
analogues of isocyanates (R-NCO), as isomeric with thiocyanates (R-SCN) and as 
isoelectronic with thioketenes (R,C=C=S). 

Generally the simple aliphatic and aromatic isothiocyanates are colourless liquids 
possessing a pungent or irritating odour and sharp taste. Several isothiocyanates have 
been isolated from the roots and seeds of various plants. The major constituent, for 
example, of the ordinary mustard oil obtained by steam distillation of the powdered 
seeds of black mustard (Brassica nigra) or the roots of horse radish (Cochlearia armora- 
w u )  is ally1 isothiocyanate (CH2=CH-CH2-NCS). Obviously, some workers prefer to 
call the isothiocyanates 'mustard oils'. The other minor isothiocyanates isolated from 
horse radish and black mustard are /I-phenylethyl isothiocyanate (C,H5CH2- CH,- 
NCS), 3-butenyl isothiocyanate (CH2=CH-CH2 -CH,-NCS) and benzyl isothiocyanate 
(C,H,CH2-NCS).'4.'6.'9.2" In addition to horse radish and black mustard, isothiocyana- 
tes have also been reported as present in undetectable amounts in healthy intact ~ 1 a n t s . l ~  

In the plants, the isothiocyanates arise by the breakdown of glucosinolates produced 
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330 S. SHARMA 

by all the plants of the family Cruciferae that have been investigated so far. Thus, the 
most predominantly occurring mustard oil, ally1 isothiocyanate 2, is obtained from the 
B-glucoside sinigrin (glucosinolate, 1) by the action of the enzyme mirosinase after 
damage to the plant (Scheme 1). The other naturally occurring isothiocyanates and their 
corresponding glucosinolates have been reviewed by K j ~ r ~ . ’ ’ . ’ ~  and Ettlinger and K j ~ r ~ ~  
where a systematic description of the biosynthesis, degradation, structure and analytical 
aspects of the glucosinolates may also be found. 

- +  H O-CH 2 
~ N - O - S O J K  
.CH2-CH=CH2 Myrosinare 

_____) CH2=CH-CH2-$-S- + Glucose 

HO HQ; H20 N-o -%o~K+ 

1 - 

CH2=CH- CHz-NCS + S o t  H + 

.. 
4 - 

Scheme 1 

The structure of the isothiocyanates and their physical and chemical properties have 
been a matter of detailed investigation since Dadieu and Kohlrau~ch’~~’~ who suggested 
a cyclic structure 3 for the -NCS group in 1930. The voluminous literature accumulated 
on the physico-chemical aspects of isothiocyanates is beyond the scope of the present 
article. However, mention of some basic data relevant in governing the heterocycle- 
forming potential of isothiocyanates must be made here. 

It has now been well established that isothiocyanates possess a linear structure26 
represented either by the formulae 4a2’ or 4b.2s-30 It is also possible to represent the 
structure of the -NCS group3’ by a hybrid of the mesomeric structures 4a and 5. The 
microwave spectral analysis3’ of gaseous isothiocyanic acid has shown this compound 
to possess the molecular structure 6 wherein the C=S bond is very short similar to that 
found in the thioketene group. This would suggest that the structure 4b may not 
contribute much to the resonance of the -NCS group. 

3 4a 4b 5 
1.21/1 1.S6A 

6 

Microwave spectroscopy has also been used to determine the bond lengths and bond 
angles of some isothi~cyanates.~’~’~ Thus, the bond lengths and bond angles32 in H-NCS 
were found to be C=S, 1.56 A; C=N, 1.21 A; N-H, 1.01 A and L H-N-C, 130.15’ while 
D-NCS exhibited D-N, 1.003 A and L D-N-C, 132.16’. These values are quite close to 
the calculated bond lengths based on the double-bond radii of C ~ r d y ’ ~  and the single- 
bond radii of Schomaker and Stevenson3’ which are as follows: C=S, 1.61 A; C=N, 
1.27 A and N-H, 1.03 A. The bond lengths and bond angles determined by microwave 
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ISOTHIOCYANATES 33 I 

spectroscopy in methyl isothiocyanate" are: H-C, 1.09 A; C-N, 1.47 A; N-C, 1.22 A; 
C-S, 1.56A; L H-C-N, 109'; LC-N-C, 142" and LN-C-S, 180'. 

The dipole moments of the isothiocyanates have also been determined by several 
 worker^^*^'^^^* and provide insight into the polar character and structure of the isothioc- 
yanates. The dipole moment data clearly indicate that the -NCS group has an electron- 
accepting character with the negative end of the dipole at  the sulfur atom. The dipole 
moment p (D) values of some alkyl and aryl isothiocyanates in benzene are given below: 

Ar-NCS 
A r  P (D) 
C6 H, 2.91 
4-CbH4CI 1.55 
3-C, H,CI 2.59 
3-CbHdNCS 2.78 
4-C, H4NCS 0 

The dipole moment studies have also helped to determine the conformation of the 
isothiocyanate function. Thus the dipole moments of various 4-substituted cinnamoyl 
isothiocyanates recorded in benzene at 20 "C indicate that the acyl isothiocyanate group 
possesses a Z c~nformation. '~ However, the -CO-NCS group of cinnamoyl isothioc- 
yanates (C,H5-CH=CH-CO-NCS) does not lie in a plane, but forms a dihedral angle 
of 53' around -CO-C=N bond. A value of 3.43 D with an angle of 25" was obtained for 
the ethylenic bond relative to the group moment of the -CO-NCS group." 

The infra-red spectra of simple alkyl and substituted phenyl isothiocyanates are 
characterised by the appearance of a strong, often dispersed and split band in the region 
2100-2000cm-' which is due to the -N=C=S stretching vibration. However, the 
carbonyl isothiocyanates (-CO-NCS) such as acetyl, benzoyl and ethoxycarbonyl isoth- 
iocyanate exhibit infrared absorption around 1930-1990 cm-' . The ultraviolet spectra 
of alkyl isothiocyanates are marked by a singlet absorption in the region 244-248 nm 
( E  - lo') while the aromatic isothiocyanates show absorption at higher wavelengths. 
For example, phenyl isothiocyanate exhibits a strong band at 280nm (loge = 40.5). 
Acyl and thioacyl isothiocyanates display their U.V. absorptions at still higher 
wavelengths. 

Simple alkyl and aryl isothiocyanates are usually stable' but the more reactive acyl 
and sulfonyl isothiocyanates (R-CO-NCS and R-S02-NCS) are less stable."" How- 
ever, the thioacyl isothiocyanates (R-CS-NCS) are deep red and unstable liquids or 
 solid^.^"-^^ The phosphoryl isothiocyanates (R, PO-NCS) are usually stable liquids but 
decompose thermally to form alkyl thiocyanates and metaphosphoric acid esters.'"." 

3. PREPARATION OF ISOTHIOCYANATES 

Several methods have been developed to prepare different isothiocyanates the majority 
of which use either salts of thiocyanic acid, carbon disulfide or thiophosgene as the sulfur 
source. Specific methods have also been developed not only to obtain alkyl, aryl or acyl 
isothiocyanates but also some particular isothiocyanates needed in the chemistry of 
organosulfur  compound^.'^'^^'^ 
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332 S. SHARMA 

3.1 AIkyl and Aryl Isothiocyanates 

Method A :  From organylhalides and thiocyanates This is one of the oldest methods to 
prepare alkyl or aralkyl isothiocyanates which involves the reaction of a halide (7) with 
a metal or ammonium salt of thiocyanic acid to form the corresponding thiocyanate 8 
which thermally rearranges to give the corresponding alkyl or aralkyl isothiocyanate 
9.2.44-48 However, this process is not the method of choice for preparing alkyl and aryl 
isothiocyanates. 

R-X + -SCN + R-SCN -i R-NCS 

7 8 9 

Thus, under normal reaction conditions, the reaction of an alkyl or aralkyl halide 7 
with ammonium, lead or alkali metal thiocyanates (rhodanides) may form a mixture of 
the corresponding thiocyanate 8 or isothiocyanate 9 the ratio of which depends on the 
nature and the reactivity of the halide and the reaction conditions. However, since the 
isothiocyanates are thermally more stable than the thiocyanates, it is usually possible to 
isolate pure isothiocyanates 9 by heating either 8 or a mixture of 8 and 9 at elevated 
temperatures, especially in the presence of cadmium iodide,49 zinc chlorides0 or a strong 
a ~ i d . ~ ‘ . ’ ~  

The isomerisation of 8 to 9 may proceed by several me~hanisms.~~-’’ However, on the 
basis of kinetic studies, it has been assumed that the reaction takes place with a 
bimolecular mechanism (S,2) requiring a polar solvent and steric access to the carbon 
atoins3 The oc-carbon atom of one molecule forms a bond with the nitrogen atom of 
another molecule, followed by nucleophilic substitution by the thiocyanate ion to give 
the isothiocyanate. 

- 0  R-S-CZN + R-S-CZN 

8 

+p 
+ R-S-C=N-R 

I 
R-SCN + R-NCS +- 

8 9 

Thus, reaction of chloromethyl methyl ether (10a)y’  diphenylmethyl bromide (lob)” 
or triphenylmethyl chloride ( 1 0 ~ ) ’ ~  with potassium thiocyanate gives high yields of the 
corresponding isothiocyanates (1 la-c). 

R-X + KSCN -+ R-NCS 

10a, R = CH20CH3,  X = CI l la ,  R = CH20CH, 

b, R = CHPh?; X = Br b, R = CHPh, 

R = CPh,; X = C1 C, R = CPh, 

t-Butyl thiocyanate 12a, obtained by treating t-butyl chloride with ammonium thio- 
cyanate, rearranges quantitatively in the presence of zinc chloride to form t-butyl iso- 
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ISOTHIOCYANATES 333 

thiocyanate 13a.5".60 Similarly, methyl thiocyanate 12b6' and the related thiocyanates 
1zC, dS6.57.62-64 also isomerise to yield the corresponding alkyl isothiocyanates (13b-d). 

R-SCN -+ R-NCS 

12a, R = I-Bu 13a, R = t-Bu 

b, R = CH, b, R = CH, 

C, R = CH,OR' C, R = CH,OR' 

d, R = CH,SR' d, R = CH2SR' 

In a comparative study of the reactivity of various thiocyanates towards alkyl halides 
it was found that the reaction of isopropyl iodide 14a with the thiocyanic acid salts of 
potassium, silver(1) and mercury(l1) gives a mixture of n-propyl thiocyanate 15 and 
isopropyl isothiocyanate 16a in the ratios 97:3, 80:20 and 25:75, re~pectively.~' How- 
ever. treatment of n-butyl bromide 14b with mercuric thiocyanate yielded 20% of butyl 
isothiocyanate 16b while a similar reaction with t-butyl bromide 14c afforded 96% of 
r-butyl isothiocyanate 16c.65 The reason for the high selectivity of the mercuric salt has 
been attributed to its ability to form a direct Hg-S bond making the nitrogen atom 
sterically more accessible for substitution. A similar situation pertains in the case of 
thallium(I1) thiocyanate.66 

MSCN 
M = K .  Ag. Hg - n-Pr-SCN + R-NCS R-X 

15 

14a, R = i-Pr, X = I 16a, R = i-Pr 

b, R = n-Bu, X = Br b, R = H-BU 

c, R = t-Bu, X = Br C, R = I-BU 

Ally1 isothiocyanate 2, the main constituent of black mustard and horse radish oil, 
may be prepared by isomerisation of allyl thiocyanate 18 at 90°C. The latter is obtained 
conveniently by treating allyl chloride 17 either with a mixture of sodium cyanide and 
sulfur6' or sodium thiocyanate in a saturated solution of sodium chloride.68 

NrCN S CH2=CH-CH2-CI & CH2=CH-CH2-SCN 

17 18 

1 
CH,=CH-CH,-NCS 

2 

Rapid distillation of y-methylallyl thiocyanate 19 causes its 100% isomerisation with 
allyl rearrangement to cr-methylallyl isothiocyanate 20.69 However, no such allyl rear- 
rangement occurs when cinnarnyl thiocyanate 21 is heated and instead of the anticipated 
a-phenylallyl isothiocyanate 23, cinnamyl isothiocyanate 22 is ~bta ined .~ '  
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334 S. SHARMA 

CH,-CH=CH-CH,-SCN + CH,=CH--CH-NCS 
I 

19 20 CH, 

C6H5-CH=CH-CH,-SCN + C,H5-CH=CH-CH2-NCS 

21 

C6HS-CH-CH=CH2 
I 

NCS 
Alkylene diisothiocyanates may also be prepared 

reaction of 1,4-dichlorobutane 24 with ammonium 
diisothiocyanatobutane 25." 

22 

by the thiocyanate method. Thus, 
thiocyanate gives the desired 1,4- 

NHdSCN Cl-CH, CH, CH2 CH, -Cl - 
24 25 

SCN-CH, CH, CH2 CH2 -NCS 

Treatment of acyl(chloromethy1)amines 26a with potassium thiocyanate gives acyla- 
minomethylisothiocyanates 27a.72.73 Similarly, alkyl(chloromethy1)nitramine 26b reacts 
with silver thiocyanate in ether to form alkyl(nitroamino)methyl isothiocyanate 27b.74 

R'-N-CH,-NCS KSCN R1-N-CH2-C1 orAgSCN+ 

I I 
R R 

26a, R = H, R' = CO-alkyl 27a, b 

b, R = NO2, R' = alkyl 

When dichloromethyl methyl ether and the corresponding sulfide 28a, b are treated 
with silver thiocyanate, both halogen atoms are substituted by SCN groups and the 
corresponding diisothiocyanates are f ~ r m e d . ' ~ , ~ ~  However, when KSCN is allowed to 
react with perfluoroisobutene 30, only one fluorine atoms is substituted with formation 
of 1,3,3,3-tetrafluor0-2-trifluoromethyl- 1-propenyl isothiocyanate 31. 

CH,-X-CHCI, + 2AgSCN + CH,-X-CH(NCS), 

28a, X = 0 29 

b , X  = S 

F,C-C=CF, + KSCN -+ F,C-C=CF-NCS 
I I 
CF, CF, 
30 31 (66%) 

Reaction of 2,3,4,6-tetra-0-acetyl-j-D-glucopyranosyl bromide 32 with AgSCN7' or 
Pb(SCN), 79 in refluxing toluene affords 1 -(2,3,4,6-tetraacetyl-j-D-glucosyl) isothiocyan- 
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ISOTHIOCYANATES 335 

ate 33. Similarly, 1-bromoadamantane 34 gives 1 -isothiocyanatoadamantane 35 when 
treated with potassium thiocyanate in refluxing DMF for 5 hours" (Scheme 2). 

Ac 0 - CH 2 AC 0-CH2 

Ac 0 HQr 
PhCH3 Ag SC N Ac HQcs 0 

OAc H OAc 

32 33 - - 

KSCN 

3 5  - 34 - 
Scheme 2 

A number of substituted benzyl isothiocyanates 37 have been prepared in high yields 
by isomerising the corresponding thiocyanates 36 in refluxing DMF or  DMSO in the 
presence of sodium iodide.8' Similarly, when a mixture of a 5-aryl-2-furfuryl bromide 38 
and ammonium thiocyanate is heated in N,N-dimethylformamide, the corresponding 
isothiocyanate 39 is obtaineds2 (Scheme 3). 

37 36 - - 

Scheme 3 - 
A number of cycloalkyl isothiocyanates (42a-c and 43) have been prepared by 

isomerising the corresponding thiocyanates 40a-c and 41, re~pectively.~~" However, the 
isomerisation of 2-(cyclopent-3-enyl)ethyl thiocyanate 44 gives rise to a mixture of 
exo-2-norbornyl thiocyanate 45, exo-2-norbornyl isothiocyanate 46 and 2-(cyclopent-3- 
eny1)ethyl isothiocyanate 4783h (Scheme 4). Recently, Gonda et u I . ~ ~  have prepared 
l-isothiocyanato-l,2,3-triphenyl-2-cyclopropene by treating 1,2,3-triphenylcyclopropyl 
carbanion with KSCN in acetonitrile. 
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L S C N  

41 - 

mSCN 

Y 

t i  

&SCN 

r\ 
W 

(CH2)n CH-NCS 

42a-c - 

- 4 3  

m 
N c s  

& NCS 

Scheme 4 

The above reaction has also been extended to the synthesis of the N-isothiocyana- 
tomethyl derivatives 50 and 51 of phthalimide and isatin involving the reaction of the 
corresponding halo compounds 48 and 49 with alkali metal thiocyanates or silver 
thiocyanate” (Scheme 5). 

&N-CHzX K SCN 

0 0 
50 - 4 8 ,  X =Halogen - 

K SCN 

CHZX CH2NCS 
51 g ,X =Halogen - 

Scheme 5 . 

A similar isomerisation is observed when 9-chloroacridine 52 is treated with AgSCN 
or Pb(SCN), in non-polar solvents or with KSCN in DMF to yield 9-isothiocyanatoa- 
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ISOTHIOCYANATES 331 

cridine 53.x6,x7 However, no such conversion is achieved in the reaction of 54-56 with 
KSCN since the end products isolated were the thiocyanates 57-59 and not the isothioc- 

R a \ 

52 - 
R-CO-CH =CH-CI 

54 - 
CI 

5 5  - 

02NoNo2 ' C I  

56 - 

NC S 

K SCN * R a  

KSCN 
D 

KSCN * 

KSCN 
9 

53 

R - CO - CH = CH - SCN 

- 

5_7 
SC N 

58 - 

02N aNo2 SCN 

59 

Scheme 6 

A number of unsaturated alkyl isothiocyanates have also been prepared with the 
thiocyanate method. Thus, reaction of 3-bromocyclohexene 60 with sodium thiocyanate 
yields 3-isothiocyanatocyclohexene 61 at room temperature.'2 A similar reaction occurs 
when 62 is treated with KSCN, but the end product obtained is the rearranged com- 
pound 6,6-dimethyl-l-isothiocyanato-4-oxocyclohexene 63y3 (Scheme 7). 

Q - - N C S  
Br + NaSCN - 

61 ( 76%) - 
0- 

60 - 

Scheme 7 

Migration of the thiocyanate was also observed when 3-alkoxy-2-alkenyl bromides 64 
were treated with KSCN to afford 2-isothiocyanato-2-alkenyl esters 6593 (Scheme 8). 
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338 S. SHARMA 

65 - 1 

Scheme 8 

A somewhat similar rearrangement occurs when y-chloromethallyl thiocyanate 67, 
obtained by condensing the dichloride 66 with KSCN, is heated to form y-chlorometh- 
ally1 isothiocyanate 68 which may be further allowed to react with ammonium thio- 
cyanate to give the diisothiocyanate 6994 (Cf. Scheme 8, isothiocyanate migration). 

KSCN Cl-CH=C-CH2Cl - 
I I 

CHI CH3 
66 67 

SCN-CH=C-CH,-R c 

I 
CHI 

68, R = C1 

69, R = NCS 

Method B: From thiocyanic acid In this method, thiocyanic acid, generated in situ by 
treatment of KSCN with an acid, is allowed to add to an alkene. Thus, addition of 
thiocyanic acid (H-SCN), generated in situ by treating NaSCN with 73% H,SO,, to 
diisobutylene 70 afforded t-octyl isothiocyanate 71 in 66% yield.9s Similarly, when 
thiocyanic acid was allowed to add to 2-methylpropene 72 at room temperature, a 
mixture of t-butyl thiocyanate 73 (62%) and t-butyl isothiocyanate 74 (32%) was 
obtained. By heating the mixture of 73 and 74, pure 74 was obtained.96 
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ISOTHIOCYANATES 339 

(CHj)?C=CH* f HSCN + (CH,),C-SCN + (CH,),C--NCS 

72 73 74 

Following the above method, a series of p-isothiocyanatoketones 76 have been 
prepared by in situ addition of thiocyanic acid to a$-unsaturated ketones 75.97 Thioc- 
yanic acid also adds to isonitriles to form a-iminoalkyl isothiocyanates 77.98 

I KSCN CH,CO-C=CHR 7 CH,CO-CH-CH-NCS 
I I  

R R' 
I 

R 

75, R = H ,  CH, 76 

R' = H, CH,, C,H, 

+ 
R-N-C- + HSCN -+ R-N=CH-NCS 

77 
This method can also be successfully used to prepare cyclic isothiocyanates. Thus, 

reaction of norbornene 78, with thiocyanic acid in situ gives rise to exo-2-norbornyl 
isothiocyanate 79 in 65% yield.99 Similarly, reaction of endo- and exo-dicyclopentadiene 
(80,81) with thiocyanic acid results in the formation of exo-5-isothiocyanato-5,6-dihy- 
dro-endo-dicyclopentadiene 82 and exo-5-isothiocyanato-5,6-dihydro-exo-dicyclopen- - -  
tadiene 83, respectively'@','0' (Scheme 9). 

KSCN 
t Lbl "2% 

?a - 

80 - 

81 - 
Scheme 9 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



340 S. SHARMA 

5-Isothiocyanatoandrostan-l7~-ol-3-one 85 may be prepared conveniently by addi- 
tion of thiocyanic acid to testosteryl acetate 84 in dichloromethane in a nitrogen 
atmosphere'02.'03 (Scheme 10). 

OAc OAc 

25% HSCN * 
0 CHzCl2 

Scheme 10 

Method C: From Carbon Disuljide Primary alkyl- and arylamines readily react with 
carbon disulfide in the presence of alkali or ammonia in an organic or aqueous medium 
to form salts of dithiocarbamic acids 86.Io4-'O6 Aliphatic amines, being stronger bases 
than aromatic amines, react with carbon disulfide in the absence of a base to give 
alkylammonium dithiocarbamates."' 

base R-NH,+ CS, - R-NH-CS-S- M+ 

86, M = K, Na, NH, 

2 R-NH, + CS, -+ R-NH-CS-S- NH3-R 
+ 

87 
The above salts 86 and 87 may be decomposed with a variety of reagents as illustrated 

below 

Method C-1: Decomposition by heavy-metal salts When the salts of dithiocarbamic 
acids (86, 87) are heated with heavy-metal salts such as lead nitrate,'0s-"' lead acetate,", 
copper sulphate,"' zinc sulphate,'" ferric chloride,"' mercury salts"3."6 or with copper 

in an aqueous medium, unstable heavy-metal dithiocarbamates are generated 
which spontaneously decompose to give isothiocyanates 88 and the corresponding metal 
sulfides. 

R-NH-CS-S M f  - R-NCS + PbS + MNO, + HNO, 
- 

P b ( N 0 1 h  

86,87 88 
By the above method also various labelled isothiocyanates have been prepared .14. i2'  

Pb(NO1)z (a) R-NH2 + I4CS2 -+ [R-NH--'4CS-SH] - 
R-NI4CS + PbS + 2HN0,  

(b) R-NH, + C3'S2 + [R-NH-C3'S-3'SH] - R-NC3'S + Pb3'S + 2 HNO, 

(c) 2 Ph-NCS + 2 NHi'SH -+ 2[Ph-NH-C3'S-SNH4] - Ph-NCS + Ph-NC3'S + PbS + Pb3'S + 2NH,N03 

Pb(NO3 )- 

Ph(NO4). 
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ISOTHIOCYANATES 34 1 

In a slight modification this method may be successfully extended to prepare isothioc- 
yanates 89 with an amino function."' 

R~N-CH,CH~-NH, + cs, -+ R~NH-CH~-CH,-NH-CS-S 

1 HgCI, 

[R2NH-CH,-CH2-NH-CS-S Hg'+ C1-] 

J. 2 Et,N 

RzN-CH,CH,-NCS + HgS + 2Et3NaHCI 

In another example involving the decomposition of dithiocarbamic acid by a heavy- 
metal salt to obtain the corresponding isothiocyanate, reaction of 2-(4-nitrophe- 
ny1)ethylamine 90 with carbon disulfide offords the corresponding dithiocarbamic acid 
which is then heated with mercuric acetate in situ to yield 2-(4-nitrophenyl)ethyl isothioc- 
yanate 91"9.'20 (Scheme 11). 

cs2 

m c s  02 N 
Hg( OAC 12 

91 - Scheme 11 

02N m"2 
90 - 

Mc.thod C-2: Decomposition by activated chloro compounds The aliphatic and aromatic 
dithiocarbamates 86 can be conveniently decomposed with compounds containing 
active chloro groups to give high yields of the corresponding isothiocyanates. The 
chlorine-containing compounds used to decompose 86 are alkyl chloroformates, phos- 
gene, sodium hypochlorite and POCl, . 

Decomposition of 86 with methyl chloroformate"' or ethyl c h l ~ r o f o r m a t e ' ~ ~ ~ " ~  
produces alkyl and aryl isothiocyanates in high yields (Kaluza reaction). The reaction 
proceeds via formation of the unstable intermediate, the alkoxycarbonyldithiocarba- 
mate 92 which spontaneously decomposes to form the corresponding isothiocyanate. 
Bases like triethylamine and alkali are known to increase the rate of decomposition of 
alkoxycarbonyldithiocarbamates.'~*~'3' The Kaluza reaction works well with aliphatic 
and simple aromatic amines. The presence of electron-withdrawing groups in the aro- 
matic ring prevents the formation of dithiocarbamates 86 and no isothiocyanates are 
obtained.' 

R-NH-CS-S M +  + ClCOOEt 

86 
f7C 

R-N-C-S-C-OEt + R-NCS + COS + EtOH 
II 
0 

I J  / I  
H S  

I Er,N T 

R-N= C -S-COOEt R-N-C-S-COOEt Et,NH 

S I1 I +  
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342 S .  SHARMA 

An improved Kaluza synthesis of isothiocyanates involves the reaction of the amine 
hydrochloride 92 with a mixture of carbon disulfide and triethylamine at low tem- 
perature. The generated dithiocarbamate is treated in situ with ethyl chloroformate to 
give the carbethoxy dithiocarbamate 93 which decomposes at room temperature to 
afford the corresponding isothiocyanate 94 in high yield.I3* 

E l i  N CH,00C-CH2-CH2--NH2.HCl + CS, - ,20cb 

92 
ClCOOEt CH300C-CH2-CH2-NH-CS-S~ - 

A CH~OOC-CH~-CH~--NH-CS-S-COOEt + 
93 

CH, OOC-CH2 -CH2 -NCS 
94 (8 1 %) 

Substitution of the alkyl chloroformates by sodium chloroacetate in the above reac- 
tion has been used to prepare some aryl isothiocyanates. Thus reaction of ammonium 
p-phenylene dithiocarbamate 95, obtained by treating p-phenylenediamine with carbon 
disulfide and ammonium hydroxide, with sodium chloroacetate gave 96 which was 
decomposed in a weakly basic medium (pH 7) in the presence of ZnC1, to form p-pheny- 
lene diisothiocyanate 97,'33 an effective antitapeworm drug for man and domestic 
animals134.135 (Scheme 12). 

NH- CS-SNHb NH-CS-SCH~COZN~ NCS 0 C'CH2C02NO ~ 0 
mi . 0 

N H-CS- SN Hb N H-C S - SCH 2C 0 2N a NCS 

- 95 - 96 - 97 ( 71%) 

Scheme 12 

At this point it may also be added that S-alkyl derivatives 98 of dithiocarbamic acids 
86, obtained by treating the latter with methyl or ethyl iodide, also decompose therm- 
ally136-'39 or under basicI4* conditions or in the presence of metal sa1tsl4' to give excellent 
yields of alkyl and slightly lower yields of aryl isothiocyanates. 

R-NH-CS-SR' -+ R-NCS + RI-SH 

98, R = alkyl, aryl 

R' = CH,, C,H, 

Some aromatic isothiocyanates 99 may also be prepared conveniently by decompos- 
ing 86 with phosgene. The method works well with phenyl or with aryl with an 
electron-donating group in the 4-position. However, it fails to give aryl isothiocyanates 
with electron-withdrawing groups like NO2 or Br in the 4 - p o ~ i t i o n I ~ ~ - ' ~ ~  (Scheme 13). 
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ISOTHIOCYANATES 343 

N H - cs - SN HL 

PhCH3 * 6 + NHICI +COS -t H c I  8 t COCl2 0°C 

R R 

86 ss - 
Scheme 13 

Aliphatic and aromatic isothiocyanates have also been prepared by oxidative decom- 
position of the corresponding dithiocarbamates 86 with sodium hypochlorite in an 
alkaline medi~m'"~ '~*  or with sodium ~hlorite. '~ ' . '~ '  

4NaOCI R-NH-CS-S.- M +  7 R-NCS + M+HSO, + NaCl 

86 

1 NaCIO, 

R-NCS + NaCl + S, + M +  OH- 

The decomposition of dithiocarbamates can also be achieved with POCI, or pyroca- 
techol phosphorotrichloridate 100 in the presence of triethylamine to form the corres- 
ponding isothi~cyanates."'~"~ Typically, when benzylammonium dithiocarbamate 101 
is decomposed with 100, benzyl isothiocyanate 102 is obtained in 84% yield. Decom- 
position of 101 with POCI, also affords 102, but in lower yields than the above method''? 
(Scheme 14). 

QJo:Pc13 0 

Scheme 11 
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344 S .  SHARMA 

CS? 
b n-C4H9-NH2 Et2NH 

H2O: n-CdHg-NCS + H2S c-- 

+ Et,NH 

Method C-3: Decomposition by hydrogen peroxide Some isothiocyanates have been 
prepared by oxidative decomposition of a mixture of primary amine and carbon disul- 
fide with 30% H 2 0 2  in the presence of a secondary amine. The reaction proceeds 
exothermally giving rise to the formation of an i~othiocyanate . '~~, ' '~  

- 
n-C, H,-NH-CS-SH 

1 
n-C, H, N-CS-SH 

+ 
Et,NH2 - 

Method C-4: Decomposition with carbodiimides Both alkyl and aryl dithiocarbamic 
acids, obtained by treating the corresponding primary amines with CS,, react with 
carbodiimides 103 in a suitable organic solvent at - 10°C to form isothiocyanates. For 
the preparation of aliphatic isothiocyanates diethyl ether and tetrahydrofuran have 
proved to be good  solvent^.'^^^'^^ In the case of aromatic amines, symmetric diarylt- 
hioureas are also formed along with dicyclohexylthiourea 104 and aryl isothiocyanates. 
The formation of diarylthioureas may be avoided by using pyridine or triethylamine; 
consequently high yields of aryl isothiocyanates are ~b ta ined . ' ' ~  Compound 104 results 
due to the obvious reaction of dicyclohexyl carbodiimide 103, (R = C,H,,-c) with 
dithiocarbamic acid (Scheme 15). 

+ 
R-N=C=S 

Scheme I5 

Method C-5: Decomposition with trimethylsilyl chloride N-Silylated primary aliphatic 
amines 105 react with carbon disulfide at - 5 to 0 "C to form silylated esters of 
dithiocarbamic acid 106 which, being unstable above 0 "C, decompose with trimethyl- 
silyl chloride in the presence of triethylamine to form isothiocyanates.I6' 
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ISOTHIOCYANATES 345 

R-N-Si(CH,), + CS2 4 R-N-CS-S-Si(CH,)3 
I 

H 

105 

I 
H 

106 

Reflux 1 (CH,),SICL EI,N 

R-NCS + S[Si(CH,),]* e -CS-Si(CH,), 

Similarly, alkyl and aryl esters of dithiocarbamic acids 107, thiocarbamic acids 108 
and aroyl dithiocarbamic acids 109 may be decomposed by action of trimethylsilyl 
chloride to furnish the corresponding isothiocyanates.'6'"2 

(CHI)ISICI R-H-CS-XR' E , l N  P R- N -CS-XR' 
I I 

H WCH,) ,  
1 

R-NCS + R'-X-%(CHI), 107, X = S 

108, x = 0 

109. X = S-CO 

Method C-6: Other methods of decomposition A number of other reagents have also 
been used to decompose dithiocarbamates. Thus, triethylammonium dithiocarbamates 
110 decompose under mild conditions in the presence of N,W-disubstituted propiola- 
mides 11 1 to form the corresponding isothiocyanates and P-mercaptocinnamamidines 
112 as by-product.I6' 

- 

R-NH-CS-S NHEt, + Ph-C=C-C-NR' + 

I 
NHR '  

110 111 

Ph 
I 

R-NH-CS-S- C =CH-C=NR' + 

NHR' 
Ph 

I 
R-NCS + HS- C =CH-C=NR' 

I 
NHR' 

112 
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346 S .  SHARMA 

Aliphatic and aromatic isothiocyanates can be prepared in 71-99% yield by decom- 
posing the corresponding lithium dithiocarbamates 113 by successive reaction of the 
latter with butyllithium and carbon di~u1fide.l~~ 

R-NH-CS-SLi R-N(Li)-CS-SLi 
113 1 cs, 

R-NCS - R-N(CS-SLi), 
An earlier method to decompose dithiocarbamates 86 uses iodine which oxidises the 

former at low temperatures to form thiuram disulfides 114 as the intermediate product. 
Reaction of 114 with sodium ethoxide gives the sodium salt 115 which is oxidised with 
iodine to form the corresponding is~thiocyanate . ’~’-’~~ 

2 R-NH-CS-SNH, + I, + R-NH-CS-S-S-CS-NH-R 
86 114 

1 NdOE1 

I 2 R-NCS + S, + 2 NaI - R-N=C-S-S-C=NR 
I 

SNa 
I 
SNa 

115 
Some other reagents such as aryl cyanates,16* cyanogen chloride,“’ cyanuric 

chloride,”* chloramine T,”’ 2-chloropyridinium salts’72 and acrylonitrile”’ have also 
been used to decompose dithiocarbamates to the corresponding isothiocyanates. 

Method D: From Thiophosgene The reaction of thiophosgene with primary amines is 
the simplest and most convenient method which has been widely used to prepare a 
variety of alkyl, aryl and heteroaryl isothiocyanates in high  yield^."^-'^^ Thiophosgene 
also reacts with other substrates to form isothiocyanates which may be described as 
follows. 

Method D-1: From primary amines and thiophosgene Alkyl and aryl amines react 
readily with thiophosgene to form thiocarbamoyl chlorides 116 which, being unstable, 
undergo facile dehydrohalogenation upon heating to give isothiocyanates.177-182 The 
intermediate 116 may also react with excess amine to afford a thiourea 117 as by- 
p r o d u ~ t . ’ ” ~ ’ ~ ~  The formation of 117 can be avoided by using a small excess of thiophos- 
gene. 

H S  
I II 

R-NH, + CSCl, -+ R-N-C-Cl 
R = alkyl, aryl 116 

117 
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ISOTHIOCYANATES 341 

A general procedure to prepare isothiocyanates involves treatment of a solution of the 
appropriate primary amine in chloroform, dichloromethane, benzene, toluene, acetone, 
dioxan or tetrahydrofuran with a solution of thiophosgene in the same solvent in the 
presence or absence of a base (CaCO,, Na,CO,, NaHCO,, triethylamine, etc.) at low 
or elevated  temperature^.'^^^'^^ A solution of the desired amine in water or  dilute HCl 
may also be treated with thiophosgene dissolved in a water-immiscible solvent like 
chloroform or benzene to get a good yield of the isothio~yanate. '~l- '~ '  Using the above 

or heter~aryl '~~- ' '~ residue have been prepared. The examples below broadly illustrate 
the scope of the thiophosgene method. 

Reaction of octadecylamine 118a with thiophosgene in toluene gives octadecyl isoth- 
iocyanate 119a in 88% yield.296 Similarly, the synthesis of carbethoxymethyl isothioc- 
yanate 119b may be achieved in 50-60% yield by treating a suspension of carbethoxy- 
methylamine hydrochloride 118b with thiophosgene at 110-1 15 "C in toluene.297 2- 
Methylpropanamide 118c also reacts with thiophosgene to give the corresponding 
isothiocyanate 1 19c.I9' 

procedure a wide variety of isothiocyanates with an alky1,'9"202 aralkyl,203-21 5 ary1216-273 

R-NH? +CSCI? + R-NCS 

118a, R = (CH2),,CH, 119a, R = (CH2),7CH3 

b , R  = CH,-COOEt b , R  = CH,-COOEt 

C, R = COCH(CH,), C, R = COCH(CH,), 

Matsuo and coworkers298 have prepared a few 7-isothiocyanatocephalosporins 121 by 
reaction of the corresponding 7-aminocephalosporins 120 with thiophosgene at - 30 "C 
in the presence of triethylamine (Scheme 16). 

120 - 
Scheme 16 - 121 - 

Aralkyl isothiocyanates with a functionalised heterocyclic moiety can also be 
prepared by the thiophosgene method. Thus, reaction of 1 1  wt. parts of the amine 122 
in 50 parts I M sodium carbonate with thiophosgene at room temperatures yields the 
corresponding isothiocyanate of isoluminol 123299 (Scheme 17). 

1% R=alkyl  
n = l - 8  

Scheme 17 
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348 s. SHARMA 

Thiophosgene reacts preferentially at the nitrogen centre of an aliphatic or  aromatic 
primary amine containing a carbon-carbon double bond to form the corresponding 
i s o t h i o ~ y a n a t e . ~ ~ ~ - ~ ~ ~  Typically, 6-amino-4-isopropeny1-I-methylcyclohexene 124 and 
3-aminomethylene-DL-camphor 125 react with thiophosgene to form 4-isopropenyl-6- 
isothiocyanato- 1 -methylcyclohexene 126 and 3-isothiocyanatomethylene-DL-camphor 
127, respectively3"' (Scheme 18). 

- 12 5 E 7  

Scheme 18 

Several aryl and heteroaryl isothiocyanates have been conveniently prepared by this 
method. Thus, treatment of 1-(4-arninophenyl)-l,3,3-trimethyl-6-aminoindan 128 with 
excess thiophosgene in toluene gives 1-(4-isothiocyanatopheny1)-1.3,3-trimethy1-6-isoth- 
iocyanatoindan 129 which may further react with compounds containing active hyd- 
rogens to form various polymers308 (Scheme 19). 

H2N 3$H3 C" 3 CSCl2 PhCH3 'scN$:H3 

\ \ 

N H 2  NCS 

129 - 12 8 - 
Scheme 19 

A number of 5(6)-isothiocyanatobenzimidazoles309~3'o and substituted benzothiazoles 
with isothiocyanato groups at the 5- and/or 6-p0sit ion~"-~'~ have been synthesized 
possessing marked antiparasitic activity. In a typical example, reaction of 6-amino- and 
5-amino-6-methoxy-2-isopropylbenzothiazole 130a,b with thiophosgene gave the cor- 
responding isothiocyanates 131a,b of which 131a was active against tapeworms and a 
number of bacteria and fungi3I3 while 131b killed ovine liver fluke, Fusciolu hepatica, at 
an oral dose of 25mg/kg3I4 (Scheme 20). 
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ISOTHIOCYANATES 349 

Scheme 20 

Thiophosgene may also be made to react preferentially with primary amines in the 
presence of other reactive groups to give synthetically useful isothiocyanates. Thus, for 
example, the synthesis of isomeric 5- and 6-isothiocyanatofluoresceins 133 may be 
conveniently achieved by treating the corrsponding amines 132 with th i~phosgene~ '~  
(Scheme 21). 

133 132 - - 
Scheme 21 

Wagner and c o ~ o r k e r s ~ ~ ' ~ ~ ~ *  have prepared a number of isothiocyanatopurines and 
-uraciis. Typically, treatment of 6-(4-aminobenzylthio)purine 134 with thiophosgene in 
dioxan in the presence of calcium carbonate leads to the selective formation of 6-(4- 
isothiocyanatobenzy1thio)-purine 135''' (Scheme 22). 

FHIO NH2 y 2  0 NC s 

4, H 

N+N CSClZ * N4-Q I.,' N!' CoCO3 
H 

- 134 - 135 
Scheme 22 

A series of isothiocyanates derived from benzophenones, fluorenones, acridines and 
acridones has been   re pa red.''^ Thus, 2-isothiocyanato-9-acridone 137 may be obtained 
in 54% yield by reaction of 2-amino-9-acridone 136 with thiophosgene (Scheme 23). 

0 

Scheme 23 
137 - 
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350 S .  SHARMA 

5-Isothiocyanatosalicyl~c acid 139 has been prepared conveniently by treating the 
aqueous solution of the alkaline salt of 5-aminosalicylic acid 138 with t h i ~ p h o s g e n e ~ ~ ' , ~ ~ '  
(Scheme 24). 

csc12 

SCN H2N aco2, ON o H20,15OC 

Scheme 24 

Method D-2: From secondary amines and thiophosgene The reaction of thiophosgene 
with secondary amines is not a method of choice for generating isothiocyanates. How- 
ever, some ketimines 140 having an a-hydrogen react with thiophosgene to form a-chlo- 
roalkyl isothiocyanates 141 as the intermediate product which undergoes dehydro- 
halogenation to give the corresponding a-alkenyl isothiocyanate 142 in good yield322,323 
(see also Sect. 3.2, method A). c1 

I 
R'-CH-C=NH -+ R'-CH-C-NCS 

I I  
R R' 

I 1  
R R' 

140 141 

R'-C=C-NCS +-- 
I I  
R R' 

142 (60-75%) 

The ketimines 143, having no a-hydrogen, also react with thiophosgene at 100-130 "C 
to yield the a-chloroalkyl isothiocyanates 145.322.324 

c1 
I 

R 

R'-C=NH + CSCl, -HCI. R'  - C -NCS 
I 

R 

143 144 (40-8OY0) 

Reaction of 2-(trimethylsily1amino)pyrimidine 145 with thiophosgene in absolute 
ether at -60 "C in a nitrogen atmosphere gives 2-isothiocyanatopyrimidine 146j2' 
(Scheme 25). 

2 CSCI2 

N-SiMe3 N" 2 ti 
145 - 

Scheme 25 
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ISOTHIOCYANATES 35 I 

A number of heterocyclic isothiocyanates have been prepared by treating the corres- 
ponding amines with thiophosgene in an ether-water medium in the presence of sodium 
bicarbonate. These include 2-pyridyl, 4,6-dimethyl-2-pyridyl, 4,6-dimethyl-2-pyrimidyl, , 
4-methyl-2-thiazoly1, and l-phenyl-2,3-dimethyl-4-pyrazol-5-onyl i~othiocyanate.'~' 

Reaction of ethylenimine with thiophosgene at - 10 - 0 "C in the presence of 
triethylamine gives N-(chlorothiocarbony1)ethyleneimine 147 which undergoes intra- 
molecular ring opening at 20 "C to form 2-chloroethyl isothiocyanate l W 6  (Scheme 26). 

Scheme 26 

Method 0-3: From tertiary amines and thiophosgene N-Silylated and -phosphonylated 
tertiary amines 149 and 150 may be allowed to react with thiophosgene to yield the 
corresponding isothiocyanates 151 and 152, r e ~ p e c t i v e l y . ~ ~ ' , ~ ~ ~  

CSCll 
R-"Si(CH3)312 R--NCS 

149 151 

CSC12 R-NzPPh, - R-NCS + Ph,P=O 
150 152 

Reaction of N-trimethylsilyl-N-phenylbenzamidine 153 with thiophosgene proceeds 
with initial attack of thiophosgene on the Mi bond to give the intermediate thiocarba- 
moyl chloride 154 which undergoes synchronous intramolecular decomposition leading 
to the formation of phenylisothiocyanate, benzonitrile and amidine h y d r ~ c h l o r i d e . ~ ~ ~  A 
similar reaction occurs when N,N'-bis(trimethylsily1)-N-methylbenzamidine 155 is 
treated with thiophosgene to afford N-methylbenzimidoyl isothiocyanate 156330 (Scheme 
77\ 
L / ) .  

&N-SiMe3 
Ph-C. 

,N-SiMe3 
H3C 

155 - 
I 

Ph-NCS + Ph-CN 

58% 56% 
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352 S .  SHARMA 

A number of long-chain aliphatic isothiocyanato acid chlorides 159 have been 
prepared by heating N-(chlorothiocarbony1)lactams 158 which, in turn, were obtained 
by the action of thiophosgene on N-(trimethylsily1)lactams 157 at - 10 OCj3' (Scheme 
28). 

157 n e 3 - 6  - 158 

(65 -75%)  
Scheme 28 - 

Reaction of quinoline 160a with thiophosgene in the presence of aqueous potassium 
cyanide causes heterocyclic ring cleavage with formation of a small quantity of 240th-  
iocyanato-E-cinnamaldehyde 161a along with 3-oxoimidazo[ 1,5-u]quinoline as by- 

However, treatment of 4,7-dichloroquinolime 160b with thiophosgene in 
the presence of barium carbonate gave a 58% yield of ~,4-dichloro-2-(isothiocyanato)- 
cinnamaldehyde 161b. Other 4- and 6-monosubstituted quinolines behave in a similar 
manner when allowed to react with t h i o p h o ~ g e n e ~ ~ ~ . ~ ~ ~  (Scheme 29). 

R 

CSC 12 

R' 

EOa,b 

- 161 a,R=R' = H 
b,R=R'=CI  

Scheme 

R 

R' +p-OH 

SSC.  CI 

29 

An improved method to prepare o-phenylene diisothiocyanate 163 involves reaction 
of benzimidazole 162 with thiopho~gene.~~' Compound 163 was prepared earlier as a 
by-product by reaction of o-phenylenediamine with thiophosgene in 10% yield338 
(Scheme 30). 
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ISOTHIOCYANATES 353 

Scheme 30 

I-Substituted benzimidazoles 164, benzoxazole 165 and 2-methylbenzoxazole 166 also 
react with thiophosgene under ring cleavage to form the 2-substituted phenylisothioc- 
yanates 167-169, respectively, in 63-72'/0 yield339 (Scheme 3 1). 

CSCl2 s QJNCS 

l;(-CHO 
R R 

la 167 RzCH3,Ph 

CSClZ * aNcs 
OCOCH3 

165 - 168 

169 3 

Scheme 31 

Method E: From Thiocurbonyl Compounds Two thiocarbonyl compounds, N,N-  
diethylthiocarbamoyl chloride 17I3'O and thiocarb~nyldiimidazole~~'.~~~ have been used 
in place of the toxic thiophosgene to prepare isothiocyanates. Thus, when an aromatic 
amine 170 is heated with N,N-diethylthiocarbamoyl chloride 171 in an inert solvent such 
as benzene, toluene or 1,2-dichloroethene a good yield of the corresponding isothio- 
cyanate 172 is obtained340 (Scheme 32). 

170 - 171 172 

Scheme 32 
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354 S. SHARMA 

In a slight modification, N,N-diethylthiocarbamoyl chloride 171 may be replaced by 
bis(diethylthiocarbamoy1) sulfide 173 or disulfide 174 in the above reaction to obtain the 
corresponding i~othiocyanates.’~’ (Scheme 33). 

NCS 

Scheme 33 

Aryl isothiocyanates may also be conveniently prepared by treating the appropriate 
arylamines with NJ”’thiocarbonyldiimidazo1e 175344 (Scheme 34). 

Scheme 34 

Method F: By Decomposition of Thioureas Diarylthioureas 176 can be decomposed 
with hot mineral acids to aryl isothiocyanates and a r y l a m i n e ~ . ~ ~ ~  Frequently used acids 
are h y d r o ~ h l o r i c , ~ ~ ~ - ~ ~ ~  s ~ l f u r i c ~ ~ ~ ” ~ ~  and phosphoric acid.345 Using this method, cy- 
clohexyl isothiocyanate has been prepared by heating dicyclohexylthiourea with pho- 
sphoric a ~ i d . ’ ~ ’  

HCI Ph-NH-CS-NH-Ph - Ph-NCS + Ph-NH,.HCl 

When unsymmetrical thioureas are decomposed, both possible isothiocyanates are 
formed.352 For example, N-(4-chlorophenyl)-N’-phenylthiourea, when heated with HCl, 
yields a mixture of 4-chlorophenyl and phenyl isothiocyanate which may be separated 
by fractional distillation.352 

C6H,-NH-cS-NH-c6H,C1-4 + HCl + C~HS-NCS + 4-C1C,H4-NCS 

The cleavage of diary1 thioureas can be also be accomplished with acetic anhydride; 
the end products are aryl isothiocyanates and a~etani l ides .~~’-’~~ 

PhNH-CS-NHPh + (CH,CO),O + Ph-NCS + Ph-NHCOCH, 

Using the above method it was possible to prepare 4-acetoxyphenyl isothiocyanate 
177 by cleavage of 4,4’-dihydroxydiphenylthiourea 176 with acetic acid anhydride3” 
(Scheme 35). 

Reaction of diphenylthiourea with diketene also affords a mixture of phenylisothioc- 
yanate, acetoacetanilide and diphenyl~rea.’~~ 4-Benzylthiosemicarbazide 178 may be 
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ISOTHIOCYANATES 355 

Scheme 35 

decomposed in acetic acid in the presence of FeCl, at 50 "C to form benzyl isothiocyan- 
ate 179.'59 

FeCl, PhCH2-NH-CS-NH-NH, __.* PhCH,-NCS 

178 179 

Decomposition of N-arylthioureas such as N-naphthylthiourea 180 may be achieved 
by prolonged heating at 150 "C in chlorobenzene to obtain I-naphthyl isothiocyanate 
181 in high yieldJ6' (Scheme 36). 

; 
NH-C- NH2 

15OoC 

Ph-CI 

181 ( 91.5 'Id - 180 

Scheme 36 

Pyrolysis of N-acyl-N'-arylthioureas 182, obtained from the corresponding N-arylt- 
hioureas, also leads to the formation of aryl isothi~cyanates.~~'  Pyrolysis of thioureas 
may also be carried out in the presence of polychlorosilanes to give high yields of the 
isothiocyanates.'62 

Ar-NH-CS-NH-COR -+ Ar-NCS + R-CONH, 

182 

In another method, symmetrical thioureas are treated with butyllithium in the 
presence of carbon disulfide to form two moles of the aryl isothiocyanate per mole of 
the N,N'-diaryl- or dialkylthiourea used.36' 

BULI R-NH-CS-NH-R 7 2 R-NCS 
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S. SHARMA 356 

Method G: By Sulfuration of Compounds with NC Groups A number of compounds 
containing an NC function may be sulfurated to form isothiocyanates which is illu- 
strated below. 

Method G-I: Sulfuration of Isocyanides Sulfuration of aryl isocyanides such as o-biph- 
enylyl isocyanide 183 with elemental sulfur in refluxing benzene for 64 hrs gives o-biph- 
enylyl isothiocyanate 184 in excellent yield.364 

O-Ph-c, H4-NCS beniene + -  
o-Ph-C,H4-N-C + 1/8& reftux * 

183 184 (97.6%) 

Replacement of sulfur by chlorocarbonyl sulfenyl chloride in the above reaction also 
gives isothiocyanate. Thus, reaction of cyclohexyl isocyanide 185 with chlorocarbonyl 
sulfenyl chloride 186 proceeds with the formation of the intermediate 187 which loses 
phosgene to give cyclohexyl isothiocyanate 188.365 

+ +  
C6Hl , -NEC + cl-co-sc1 -+ 

185 186 

Cl 
187 188 

Reversible exchange of sulfur takes place when an aromatic isonitrile is treated with 
an aromatic i s~ th iocyana te .~~~  Similarly, reaction of an isonitrile with a thiol causes 
radical addition of the thiol to form either a thioformimidate 189 or an i s~ th iocyana te .~~~  

+ -  + -  
R-NEC + Ar-NCS + R-NCS + Ar-N=C 

R-N-C + R1-SH + R1-S-CH=NR or R-NCS 
+ -  

189 

Method G-2: Sulfuration of Dichloromethyleneimines Dichloromethyleneimines (car- 
bonimidoyl chlorides, 190) may be sulfurated with sodium or ammonium 
sulfide368 in acetone or an acetone-water mixture at 20 "C to give isothiocyanates. 
Reaction of 191 with hexamethyldisilthiane 192 also affords the corresponding isothioc- 
yanate in high yield.369 

20 "C R-N=CC12 + Na2S - R-NCS 

190 
170°C Ph-N=CC12 + (Me,Si),S - Ph-NCS 

191 192 91% 
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ISOTHIOCYANATES 351 

Treatment of dichloromethyleneimines 190 with P, S, in boiling toluene, xylene or 

R-N=CCl, + P2S, "Iene R-NCS 

chlorobenzene also yields the corresponding i so th io~yanates .~~~ 

190 

Reaction of N- I ,2-(dichloroethyl)dichloromethyleneimine 191 with P, S, in toluene at 
80-90 "C affords I ,2-dichloroethyl isothiocyanate 192.37' 

A CI-CH,<H-N=CCl, + P2S, CI-CH2-CH-NCS 
I I 
I c1 

191 

I c1 
192 (87%) 

Difluoromethyleneimines such as 193 may also be sulfurated with P,S, to form 
pentafluoroethyl isothiocyanate 194.372 

F, C-CF, -N=CF, + P2 S, + F3 C-CF, -NCS 

193 194 

Method (3-3: Sulfuration of Isocyanates The sulfuration of isocyanates 195 may be 
carried out either with P,S, or carbon d i s ~ l f i d e ~ . ~ ' ~ . ~ ~ ~  to yield the desired isothiocyanate. 
However, when 1 -methyl-2,4-(diisocyanato)-benzene 196 is treated with P,S, at 150- 
180 "C only one isocyanate group is sulfurated and l-methyl-2-isocyanato-4-isothioc- 
yanatobenzene 197' is formed (Scheme 37). 

R-NCO -I- P2S5 -* R-NCS 

195 - 

OCN' O C N '  

196 1s 

Scheme 37 

Isocyanates may also be sulfurated with 0,O-diethyl dithiophosphate 198. Typically, 
reaction of n-butyl isocyanate with 198 in an inert solvent at 20-25°C leads to the 
formation of an intermediate, U,O-diethyl-S-(butylaminocarbonyl)-dithiophosphate 
199 which can be decomposed by heating at 125-30°C to yield n-butyl is~thiocyanate.~'~ 

n-C,H,-NCO + HS-PS(OEt), - 20-25 "c 

198 
125- I30 "C n-C,H,-NH-CO-S-PS(OEt), - n-C,H,-NCS 

199 73.5% 
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358 S. SHARMA 

When an isocyanate is allowed to react with an isothiocyanate, oxygen-sulfur ex- 
change takes place to give a mixture of isothiocyanates and isocyanates with different 
s u b ~ t i t u e n t s ~ ~ ~ - ~ ~ *  (Scheme 3 8). 

0 ,. 
HL \ 

RI-NCO + R ~ - N C S  + R~-N\~$N-+ y 
C 

S 
II 

RI-NCS t R ~ - N C O  

Scheme 38 

Method G-4: Sulfuration of Formamides Kuehle and Hartmann379.380 have developed a 
useful method to convert alkyl- and arylformamides to the corresponding isothiocyana- 
tes. The reaction involves successive treatment of the formamide 200 with thionyl 
chloride and alkoxycarbonyl sulfenyl chloride to form the intermediate 201 which loses 
CO, and alkyl chloride to give the corresponding isothiocyanate. 

Ar-N=C-Cl 

S-CO-OR 
201 

I. SOClZ 
Ar-NH-CHO ,. RO--CO--SCI 

200 
- coz I 

-- RCI 1 
Ar-NCS 

Method H: By Introduction of a Thiocarbonyl Group at a Nitrogen Function The 
thiocarbonyl group may be inserted across an N=C, N=P, N=S or N=O bond by 
treatment with carbon disulfide. Thus, when carbodiimides 202 are treated with carbon 
disulfide at higher temperatures, isothiocyanates are formed.381 

R-N=C=N-R + CS, + R-NCS 

202 

Reaction of nitriles with thiocarbonyl difluoride in dry H F  yields 1,l-difluoroalkyl 
isothiocyanates 203.382 

R-CN + CSF, Z R-CF,-NCS 

203 
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ISOTHIOCYANATES 359 

Reaction of phosphinimines 204,32s,383 phosphoramidate anions 205'84 or thiophos- 
phinamidate anions 206385 with carbon disulfide yields the corresponding isothiocyana- 
tes. 

R-N=P(Ph), + CS, -+ R-NCS + SP(Ph), 

204 

R-N-PO(OEt), + CS, -+ R-NCS + SPO(OEt), 

205 

R-N-PS(Ph), + CS2 -+ R-NCS + SPS(Ph), 

206 

Aromatic N-sulfinylamines 207 also react with CS, at 200 "C in a pressure reactor to 
give quantitative yields of the i~othiocyanate '~~ (Scheme 39). 

R-NSO + C S 2  b-p)$] R-NCS t S t so 

5 

Scheme 39 

Some bis-(bromomagnesio)amines 208 have also been shown to react with carbon 
disulfide to form the intermediate 209 which rearranges to give the corresponding 
isothi~cyanate.'~' 

R-N-MgBr R-N-MgBr 
I + cs2 4 1 

MgBr S=C-S-MgBr 

208 209 

.I 
R-NCS + (BrMg),S 

(82%) 

Insertion of thiocarbonyl takes place across the N=O bond when a nitro compound 
is heated with CS, in an autoclave. For example, when a mixture of m-nitrotoluene 210 
and sodium 3-methylphenoxide is heated at 160°C in an autoclave with excess CS,, 
m-tolyl isothiocyanate 21 1 is obtained in 87% yield3ss,3e9 (Scheme 40). 

210 - 
Scheme 

SR B 
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360 S .  SHARMA 

Method I: Miscellaneous Preparations Aryl- and t-alkylformaldimines 212 undergo 
sulfuration when heated with elemental sulfur under pressure to form the corresponding 
isothiocy anates. 290 

120-1 30 "C R-N=CH,+ S, - R-NCS 

212 

R = aryl, alkyl 

Treatment of 2-t-butylamino- 1,3,2-benzodioxaborole 213 with phenyl isothiocyanate 
leads to an exchange reaction and formation of t-butyl isothiocyanate in high yield391 
(Scheme 41). 

Scheme 41 

Oxidation of 2,6-dihalothiobenzamides 214 with dilute HNO, leads to a mixture of 
2,6-dihalophenyl isothiocyanates 215 and 3,5-diaryl-l,2,4-thiadiazole~~~~,~~~ (Scheme 42). 

214 R=CI ,Br  /15 ( 32%) - 
Scheme 4 2  

When 3-mesityl-5,5-diphenyl-l,4,2-oxathiazole 216 is heated 20-30 "C above its melt- 
ing point until the blue colour disappears, an 87% yield of mesityl isothiocyanate 217 
is obtained394 (Scheme 43). 

- 216 - 21 7 (87%) 

S c h e m e  4 3  - 
Reaction of 5-hydroxy-4,4,5-trimethylthiazolidine-2-thione 218 with DCC in acetone 

at room temperature gives an excellent yield of 3-isothiocyanato-3-methyl-2-butane 
219395 (Scheme 44). 
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ISOTHIOCYANATES 36 I 

D C C  y 3  

* C H  3 C O - C  - N C S  
Acetone I 

O H  C H 3  

D C C  y 3  

* C H  3 C O - C  - N C S  
Acetone I 

O H  C H 3  

Scheme 44 

1-Ethoxy-2-bromoethyl isothiocyanate 221 may be conveniently prepared by treating 
1 , l  -diethoxy-2-bromoethane 220 with tetra(isothio~yanato)silane.~~~ 

knrene Br-CH2-CH(OEt), + Si(NCS), 7 
220 

Br-CH,-C H-NCS 
I 

OEt 

221 (61 Yo) 

When an aqueous solution (40%) of methylamine is treated with a mixture of CS? and 
cyanamide, methyl isothiocyanate is obtained in 55.7% yield.19’ 

CHlNH2 + CS2 + H,N-CN + CH,-NCS 

S-Ethyl-N-[ 1 -(4-methylphenylsulfonyl)alkyl]thiocarbamates 222 react with chlorine 
in a heterogeneous mixture of dichloromethane and aqueous NaHCO, to afford I-(4- 
methylphenylsu1fonyl)-alkyl isothiocyanates 223 in good yield.’98 

R 0 
I1 CI> 

CH,-eSO,-LH--NH--C-SEt CH~C,,--NaHCO, * 
222, R = H, Et, BZ 

R 

-CHI --em, -LH-N-CS 

223 (67%) 

3.2 I-Alkeny1 I . ~ ~ t ~ ~ ~ c ~ a n a t e s  

1 -Alkenyl isothiocyanates, where the NCS group is directly bound to a carbon-carbon 
double bond, serve as versatile synthons in heterocyclic syntheses. Unfortunately, they 
cannot be prepared by conventional methods due to the nonreactivity or instability of 
the alkenylamines which ought to be used as starting materials. Special methods, 
therefore, have been developed to synthesize I-alkenyl isothiocyanates which are des- 
cribed below. 
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362 S .  SHARMA 

Method A :  By Dehydrohalogenation of Isothiocyanates This is the most widely used 
method to prepare 1-alkenyl isothiocyanates. The method consists of preparing an a- or 
b-haloalkyl isothiocyanate by action of thiophosgene on an tl- or 8-haloalkylamine. The 
resulting isothiocyanate is then subjected to dehydrohalogenation in the presence of a 
base to form a 1-alkenyl isothiocyanate. 

C1 H H 
I I  I 

R-CH-CH-NH2 R-CH-CH-NH, 
I 
Br CSCI, 

CSCI, 
H I I 

ty 
1-3 

R-CH-CH-NCS R-CH-CH-NCS 

H 13 
t l 

Br 

Thus, vinyl isothiocyanate 225 has been prepared by dehydrobromination of 1 -isoth- 
iocyanato-2-bromoethane 224 in the presence of t r i e th~ lamine .~~~  

Et3N-Ether Br-CH2CH,-NCS 4n-500c * CH,=CH-NCS 

224 225 (63%') 

Similarly, dehydrohalogenation of 2-chloro-2-phenylethyl isothiocyanate 226 gives a 
mixture of cis- and trans-b-styryl isothiocyanate 227400.4n' (Scheme 45). 

227 R = H  (67%) 

R=CI (76%) 

R=NO2(  61%) 

2 2 6  - - 
Scheme 45 

A number of alkenyl isothiocyanates 229 have been prepared by dehydrobromination 
of a-bromoalkyl isothiocyanates 228 in the presence of tr ieth~lamine.~'~ 

R'  R' R' R' 
I I  

R-C=C-NCS EtlN - I I  

I 
R-CH-C-NCS 

Br 

228, R = H, CH, 229 (63-92%) 

R '  = H, CH,, -(CH*)d- 

R2 = H, CH,, COOCH, 
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ISOTHIOCYANATES 363 

Method B: By Cleavage of Nitrogen Heterocycles Reaction of pyridine 230 with 
thiophosgene causes ring scission and yields 2-(E)-4-(Z)-5-isothiocyanato-2,4-penta- 
dienal231 which may be further isomerised to the (E,E)-isomer 232.'"'3.404 (Scheme 46). 

_____) 

i 
HTCHo - .. fi CSCl2 

Scheme 46 

Isoquinoline 233 also reacts with thiophosgene in the presence of dilute NaOH to give 
ris-o-(2-isothiocyanatovinyl)benzaldehyde 234 along with the pentacyclic by-product 
23540' (Scheme 47). 

S 

CHO NaOH 

233 - 234 ( 4 2  %) - 235 (32%) - 
Scheme 47 

When imidazole 236 is allowed to react with thiophosgene in dichloromethane and 
aqueous acetonitrile in the presence of CaCO, in a nitrogen atmosphere at 5"C, a 
solution of cis-vinylene diisothiocyanate 237 is obtained which may be stored in a 
refrigerator for a long time4'' (Scheme 48). 

"cs 
CSCl2 

CaCO3 
NCS 

H 
236 - 237 (46 '/*I - 

Schrme 48 - 
Treatment of 2-methyloxazole 238 with thiophosgene leads to a facile ring cleavage 

and the formation of 2-acetoxyvinyl isothiocyanate 239 in 60% yieldN6 (Scheme 49). 

CSCl2 

CLC,, CaCO3 
* CH3COO-CH=CH-NCS 

230 - 239 ( 60%) - 
Scheme 49 
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364 S. SHARMA 

2,7-Dizabiphenylene 240 also undergoes ring opening when treated with thiophosgene 
at 0°C in the presence of barium carbonate in aqueous methylene chloride to form 
cyclobutapyridine 241 which readily isomerises to give the isothiocyanate 242 in 60% 
yield4" (Scheme 50). 

2 3  R=H,R~=CHO - 262 R=CHO,R'=H 

Scheme 5 0  

Phosphorylation of the anion of oxazolidine-2-thiones 243 with diphenylphosphoryl 
chloride at 20-30 "C in THF gave 244 which was decomposed with potassium f-butoxide 
to N-phosphoryl-N-vinylthiocarbamates (245) and then to the isothiocyanates 246.4"8,4"9 
Compounds 245 may also be converted to a-(diphenoxyphosphory1amino)acrylic acid 
esters 247 by treatment with glacial acetic acid at - 60 "C. The latter when treated with 
carbon disulfide and sodium hydride afford N-phosphoryldithiocarbamates 248 which 
decompose at 20-40 "C to form the isothiocyanates 246408.409 (Scheme 5 I ) .  

S 

:i- T HF )A(;{::: h 12 

213 - 

+ Cl-PO(OPh)2 - 
R' R b y H  CO2Et R' 

244 -1 K O B J  

2 45 - 
CH3CO2H 

24 6 - 

cs2 :,:c= $-NHPO(OPh)z 
cs; 

R. #C= C-N-PO(OPh)* - 
I N o t i  CO2Et 
CO2Et 

R1 

24 7 24.9 - 
Scheme 51 

- 

Photolytically, thermally or  trimethyl phosphite induced ring cleavage of 2-thioxo- 
2S-dihydro- 1,3-thiazoles 249 causes elimination of sulfur and formation of 1 -alkenyl 
isothiocyanates 2504"' (Scheme 52). 
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ISOTHIOCYANATES 365 

Ph 
R, ,NCS 
R,c =c h3 or A 

-'8 'Ph 

- 250 (68-92'1.) Scheme 52 
24 9 - 

Reaction of 2-mercapto-6H-l,3-thiazines 251 with sodium in liquid NH, causes ring 
opening to form the disodium dithiocarbamates 252 which when treated with one mole 
of NH,CI give rise to the monosodium dithiocarbamates 253. The latter are then 
allowed to react with alkyl chloroformates to afford N-( 1-alkeny1)-S-(alkoxycar- 
bony1)dithiocarbamates 254 which on heating give the 1 -alkenyl isothiocyanates 2S4" 
(Scheme 53). 

p2 $ 
R3-CH-C=C-NCS 

I 

Rb 
255 - 

Scheme 53 

Method C: By waction of I-chloroulkenes with KSCN The synthesis of some I-alkenyl 
isothiocyanates (61, 63 and 65)93 by reaction of I-chloroalkenes and alkyl chlorides 
KSCN has been described in Sect. 3.2 (method A). 

Activated 1 -chloroalkenes such as 3-chloroallyliminium salts 256 react with thio- 
cyanates to give 3-isothiocyanatoallyliminium salts 257.4'2,4'3 

+ 
R2N=CH-CH=C-Cl 3 Rz&=CH-CH=C-SCN 

I 
R '  

256 

I 
I 
R' 

R2 N=CH-CH=C-NCS 
I 
R' 

257 
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366 S .  SHARMA 

When 3-chloroallyl chlorides 258 are allowed to react with thiocyanates, only one of 
the chloro groups is substituted to form 3-chloroallyl thiocyanates 259 which may be 
isolated and isomerised to give 3-chloroallyl isothiocyanates 260.4'434'5 

- SCN CI-C=C-CH-Cl - Cl-C=C-CH-SCN 
I I l l  

R R R2 
I I l l  

R R R' 

258 259 

I 
r NCS 

I I , (  
R' R R 

260 

Method D: Miscellaneous Preparations Sulfuration of N-vinyldichloromethy Ieneimine 
261 with P2S, gives an 80% yield of vinyl isothiocyanate 262.4'6 

CH,=CH--N=CCl, + PzS5 -+ CH,=CH-NCS 

261 262 (80%) 

However, when vinylmercury thiocyanate 263 is heated at 100-120 "C, a mixture of 
vinyl thiocyanate 264 and vinyl isothiocyanate 262 is ~btained.~" 

A CH,=CH-Hg-SCN --* CHz=CH-SCN + CH,=CH-NCS 

263 264 (60%) 262 (30%) 

Addition of thiocyanic acid to dialkyl acetylenedicarboxylates 265 gives a mixture of 
dialkyl thiocyanatomaleates and -fumarates 266 and 267. This mixture is then refluxed 
in acetonitrile in the presence of a catalytic amount of KSCN to form dialkyl isothioc- 
yanatomaleates and -fumarates 268 and 269, respectively41s (Scheme 54). 

R O O C ,  FooR 
,c = c, HSCN + ROOC-Cz C-COOR - 

H SCN 

265 266 257 
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ISOTHIOCYANATES 367 

3.3 Acyl Isothiocyanates 

Acyl and alkoxycarbonyl isothiocyanates designated by the general formulas RCO-NCS 
and ROOC-NCS, respectively, are highly reactive organic synthons which have been 
widely used to prepare a variety of organic molecules. Consequently the chemistry of 
carbonyl isothiocyanates has been extensively r e ~ i e w e d . ~ . ~ , ~ . ” . ~ ~ . ~ ’ ~  Although some of the 
carbonyl isothiocyanates are unstable and tend to dimerise or polymerise at room 
temperature, they can be easily prepared and stored at low  temperature^.'^ 

Method A: From acyl chlorides and thiocyanates In this most commonly used method 
an appropriate acyl chloride is treated with lead(I1) thiocyanate [Pb(SCN),] in benzene 
or toluene or with sodium, potassium or ammonium thiocyanate (MSCN; M = Na, K 
or NH,) in solvents like acetone, acetonitrile or ethyl acetate to give 31-97% yields of 
the corresponding acyl i so th io~yana te s .~~~-~’  

R-CO-Cl + MSCN + R-CO-NCS 

R = alkyl, aryl 

Typically, benzoyl isothiocyanate 271 may be prepared in 46-62% yield by treating 
benzoyl chloride 270 with KSCN in a~etone .~”  When 270 was treated with freshly 
prepared lead thiocyanate [Pb(SCN),] 271 was obtained in 85% yield.437 An elegant 
method to prepare 271 involves reaction of 270 with trimethylsilyl isothiocyanate at  
160-200°C and a 98% yield of the desired product is obtained.442 

Ph-CO-Cl + (CH,)3Si-NCS + Ph-CO-NCS 

270 271 
Similarly, reaction of acetyl chloride 272a and fluoroacetyl chloride 272b with 

Pb(SCN)2 in refluxing benzene gave acetyl and fluoroacetyl isothiocyanate (273a,b), 
respectively, in good 

benzene R-CH2CO-CI + Pb(SCN), - R-CH2CO-NCS 

272a, R = H 273a, R = H 

b , R  = F b , R  = F 
The acid chlorides may also be allowed to react with potassium thiocyanate under 

phase transfer conditions to furnish good yields of acyl i so th iocyanate~ .~~ 
+ 

n-Bu4N Br- R-COCl + KSCN R-CO-NCS 

A convenient, mild and stereoselective method to obtain acyl isothiocyanates involves 
treatment of an acid with isothiocyanatophosphonium salt 275, prepared by oxidative 
addition of thiocyanogen to triphenylphosphine 274. 445 

Ph3P + (SCN), + Ph,&NCS 

274 275 

SCN- 

RCOOH I +  
R-CO-NCS + Ph,PO +- R-CO-0-PPh3 SCN 
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368 S. SHARMA 

Alkyl(ary1)oxycarbonyl isothiocyanates 277 have also been prepared by condensing 
the corresponding acyl chlorides 276 with t h i o c y a n a t e ~ . ~ ~ - ~ ~ "  

ClCOOR + KSCN -+ SCN-COOR 

276 277 

Typically, ethoxycarbonyl isothiocyanate 279a has been prepared by treating ethyl 
chloroformate 278a with KSCN in 65-73% yield.4s1-454 Similarly, phenoxycarbonyl 
isothiocyanate 279b may be obtained in 60-80% yield by reaction of phenyl chlorofor- 
mate 278b with potassium thiocyanate in ethyl acetate.455 

ROOC-C1 + KSCN -+ ROOC-NCS 

278a, R = Et 279a, R = Et 

b, R = Ph b, R = Ph 

The method involving reaction of acyl chlorides with thiocyanates has also been used 
to prepare carbamoyl isothiocyanates 280a,456-460 (organy1thio)carbonyl isothiocyanates 
280b4& and halocarbonyl isothiocyanates 280c.461-46' 

R-CO-C1 + KSCN --t R-CO-NCS 

280a, R = NR, 

b , R  = SR 

c, R = halogen 

Method B: Bv Heterocyclic Ring Cleuvuge When 2-[alkyl(aryl)thio]thiazoline-4,5- 
diones 281 are heated, carbon monoxide is eliminated and [alkyl(aryl)thio]thiocarbonyl 
isocyanates 282 are formed. The latter rapidly rearrange to give [alkyl(aryl)- 
thiol-carbonyl isothiocyanates 283457.464.465 (Scheme 5 5 ) .  

R S  -!so 
281 - 

C'  - co 
!i 
- 2 82 

Scheme 5 5  

Similarly, pyrolysis of 2-(N,N-diphenylamino)thiazoline-4,5-dione 284 gives rise to 
N,N-diphenylthiocarbamoyl isocyanate 285 which rearranges to N,N-diphenyl- 
carbamoyl isothiocyanate 286 when heated at 100 OC4" (Scheme 56). 

N 4 O  tnn 
S 
I: inn" 

2 86 - 7R5 
2 a4 - 

Scheme 56 
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ISOTHIOCYANATES 369 

3.4 Thioacyl Isothiocyanates 

Like carbonyl isothiocyanates, the thiocarbonyl isothiocyanates 289 can also be 
prepared by treating the corresponding thioacyl chloride 287 with thiocyanates to yield 
thioacyl thiocyanates 288 which may be stored at - 20 "C. At higher temperatures 288 
isomerise to give 289.466.467 

Ar-CS-Cl + Ar-CS-SCN + Ar-CS-NCS A 

287 288 289 

Treatment of 3-thioxo-3H- 1,2,4-dithiazoles 290 with triphenylphosphine causes eli- 
mination of sulfur resulting in the formation of the thioacyl isothiocyanates 
289"'(Scheme 57). 

2 8 9  290  - 
Scheme 57 

A number of thiocarbamoyl isothiocyanates 291a,468-470 [alkyl(aryl)thio]-thiocarbonyl 
isothiocyanates 291b47' and halothiocarbonyl isothiocyanates 2 9 1 ~ ~ ~ ~  have also been 
synthesized by treating the corresponding thioacyl chlorides with thiocyanates. 

R-CS-CI + KSCN + R-CS-NCS 

291a, R = NR2 

b, R = SR 

c, R = halogen 

3.5 I-lminoulkyl Isothiocyanates 

Reaction of imidocarbonyl chlorides 292 with thiocyanates affords 1-iminoalkyl isoth- 
iocyanates 293 which are highly prone to dimerisation to 294473-479 (Scheme 58). 

Scheme 58  

The closely related formamidinoyl isothiocyanates 296 may also be prepared by 
treating the corresponding chlorides 295 with th i~cyanate .~~ '  
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370 S .  SHARMA 

R'-N=C-Cl + -SCN + R1-N=C-NCS 
I I 

R2 N R? N 

295 296 

3.6 Amino Isothiocyanates 

The amino isothiocyanates 298 are usually unstable compounds, but can be conveniently 
prepared by thermal decomposition of 1-(hydrazinothiocarbony1)imidazoles 297, ob- 
tained by treating N,N-disubstituted hydrazines with N,N'-thiocarbonyldiimidazole 

(Scheme 59). 175481 -483 

Scheme 59 - 
Thermal decomposition of the lead salt of dithiocarbono-2-( 1 -isopropyl-2-methyl- 

propy1idene)hydrazine 299 gives the unstable (1 -isopropyl-2-methylpropylidenamino) 
isothiocyanate 300.484 The latter is also prepared by the action of thiophosgene on the 
triethylammonium salt of 299.48s 

{ [(CH,), CHI2 C=N-NH-CS-S- }* Pb' + 

299 

[(CH3)2CH],C=N-NCS 

300 

CSCl? T 
+ 

[(CH3)2CH]2C=N-NH-CS-S- Et3NH 

299 

Reaction of trimethylammonioacetohydrazide chloride (301, Girard reagent T) with 
thiophosgene in the presence of hydrochloric acid below 25°C affords the amino 
isot hioc yana te 302 .486 
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ISOTHIOCYANATES 37 1 

+ CSCll (CH3)3N-CH2-CO-NH-NH, C1- 7 
301 

+ 
(CH, ), N-CH,-CO-NH-N=C=S CI- 

302 

3.7 Sulfbnyl Isothiocyanntes 

A few sulfonyl isothiocyanates have been prepared by reaction of sulfonyl chlorides with 
thiocyanate. Thus, treatment of benzenesulfonyl chloride 303 with thiocyanate in reflux- 
ing benzene yields benzenesulfonyl isothiocyanate 304.487 Similarly, ethoxysulfonyl 
chloride 305 reacts with lead(I1) thiocyanate in benzene to afford ethoxysulfonyl isoth- 
iocyanate 306.488 

Ph-S02-C1 + -SCN benTb Ph-S02-NCS 

303 304 (57%) 
A EtO-SO2-CI + Pb(SCN)? EtO-SO2-NCS 

305 306 (40%) 

Sulfonamines 307 also serve as useful substrates for the preparation of sulfonyl 
isothiocyanates. Thus, reaction of 307 with carbon disulfide gives the sulfonylimino- 
dithiocarbamates 308 which may be treated with phosgene, SOCl,, POCl, or alkyl 
chloroformates to yield sulfonyl isothiocyanates 309.4s9-491 Alternatively, 308 can also be 
alkylated to the S-alkyl derivative 310 which on thermolysis forms alkanethiol and 
309,492-4Y5 

CS? 

307 308 
R-S02-NH2 KOH. R-SO,--N=C-SK 

I 
SK 

R-SO,-NH-C=S - R,SH + R-S02 -NCS 
I 

310 S-R' 309 

Benzenesulfonyl isothiocyanate 304 may also be prepared by treating benzenesulfon- 
amide 311 with thiophosgene at temperatures below 0 0C.496d 

Ph-S02NH2 + CSCI, --* Ph-S02-NCS 

311 304 
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312 S .  SHARMA 

3.8 Phosphoryl Isothiocyanates 

In general, phosphoryl isothiocyanates are prepared by treatment of the corresponding 
phosphoryl chlorides with t h i o c y a n a t e ~ . ~ ~ ~ ~  The methods to prepare a variety of isothio- 
cyanates of this class such as disubstituted isothiocyanatophosphine oxides 
[ R2 PO(NCS)], diisothiocyanatophosphine oxides [RPO(NCS),], triisothiocyanatophos- 
phine oxides [OP(NCS),], isothiocyanatophosphine sulfides [R,PS(NCS)], diisothio- 
cyanatophosphine sulfides [RPS(NCS),], triisothiocyanatophosphine sulfide 
[SP(NCS),], isothiocyanatophosphines (R,P-NCS), diisothiocyanatophosphines 
[RP(NCS),] and triisothiocyanatophosphine [P(NCS),] have been re~iewed.~,", '~ 

R,POCl + KSCN + R2PO(NCS) 

A convenient and stereoselective method to prepare isothiocyanatophosphine oxides 
and isothiocyanatothiophosphine sulfides 313a. b involves reaction of the isothiocyana- 
tophosphonium salts 275 with the hydroxy compounds 312a, b.445 

R,PX(OH) + Ph,;-NCS 3 R,PX(O;Ph,)SCN- -+ Ph,PO + R,PX(NCS) 

312a, X = 0 275 313a, X = 0 

b , X  = S b , X  = S 

Reaction of triethoxyphosphine 314 with powderised KSCN in acetonitrile in the 
presence of trimethylamine hydrochloride at 35-40 "C affords a 60% yield of diethyl 
isothiocyanatophosphonate 315.497 

(CHI)? N. HCI (EtO),P + KSCN CH~CN (EtO),PO(NCS) 

314 315 (60%) 

Lopusinski and coworkers49R have prepared cis- and trans-2-isothiocyanato-2-0~0-4- 
methyl- 1,3,2-dioxaphosphorinans 317 by treating 2-bromo-2-oxo-4-methyl-1,3,2-diox- 
aphosphorinans 316 with KSCN. Reaction of thiocyanogen with the 1,3,2-dioxa- 
phosphorinans 318 also gives cis- and trans-317 (Scheme 60). 

Reaction of diethyl selenophosphites 319 with thiocyanogen in benzene affords a 55% 
yield of 0,O-diethyl (isothiocyanato)selenophosphate 320.499 

(EtO),PH=Se + (SCN)2 + (EtO),P=Se(NCS) 

319 320 

Chlorophosphates 321 may be allowed to react with trimethylsilyl isocyanide to give 
a variety of isothiocyanatophosphine oxides and sulfides of the general formula 322."' 

R,-,-P(X)CI, + Me,SiNC -+ R,_,-PX(NCS), 

321, R = Me, EtO, Ph 322 

n = 1-3 

x = o , s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 373 

cis 

- 318 R=H C& (97'/.)  L 317 R=H CA (98%) 

trans ( 3%) w s  ( 2%) 

R = C H 3  &s (92%) R=CH3 & (z1'/*) 
t*S ( 6%) t rans  (79'/*) 

Scheme 60 

Sulfuration of the dichloromethyleneimine 323 with bis(trimethylsily1) sulfide 324 
gives 2-(difluorophosphory1)-vinyl isothiocyanate 325.50' 

F,P(O)-CH=CH-N=CCl, + [(CH,), Si], S -+ 

323 324 

F2 P(0)-CH=CH-N=C=S 

325 (82%) 

3.9 Silyl Isorhiocyanates 

In general, silyl isothiocyanates are prepared by treating a halosilane with AgSCN or 
Hg(SCN)2 in benzene or hexane, or NH, SCN or KSCN dissolved in a c e t ~ n i t r i l e . ~ ~ ~ ~ ~ I ~  
For example, trimethylsilyl chloride 326 reacts with silver thiocyanate in refluxing 
benzene to give a 71 % yield of trimethylsilyl isothiocyanate 327.503,504 Similarly, treat- 
ment of tetrachlorosilane 328 with ammonium thiocyanate in a carbon tetrachloride- 
acetonitrile mixture leads to the formation of tetrakis-(isothiocyanat0)-silane 329.505 

(CH3),SiCl + AgSCN -+ (CH3)3Si-NCS 

326 327 (71%) 

SiCI, + NH4SCN -+ Si(NCS), 

328 329 (87%) 
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314 S .  SHARMA 

Besides halide ions other groups such as a sulphate or thiolate, or atoms like nitrogen 
and hydrogen bound to silicon, may also be replaced by thiocyanate to give the 
corresponding silyl isothiocyanate~.~"-"~ Typically, reaction of cyclohexylsilane 330 
with silver thiocyanate in carbon tetrachloride gives a 41 % yield of cyclohexylsilyl 
isothiocyanate 331 along with small amounts of cyclohexyltriisothiocyanatosilane 332. 
The latter may be obtained in 91% yield by heating one mole of 330 with three moles 
of silver thi~cyanate."~ 

cyclo-C6HIISiH3 + AgSCN + 

330 

C,VC/O-C~HI I SiH,NCS 4- C J ' C / O - C ~ H I I  Si(NCS), 

33 1 332 

Sulfuration of silyl isocyanates 333a,b has been used to prepare trimethylsilyl and 
triphenylsilyl isothiocyanate 334a,b.S'S.''6 Similarly, dimethyl-phenylsilyl isocyanate 335, 
when heated with sulfur, gives a 57% yield of dimethyl-phenylsilyl isothiocyanate 336 
which can also be obtained in 60% yield by treating 335 with silver thiocyanate.'" 

R, Si-NC + s* -+ R, Si-NCS 

333a, R = CH3 334a, R = CH, 

b, R = Ph b, R = Ph 

(CH,),C6HSSi-NC + s8 + (CH,)2C6H5Si-NCS 

335 336 

Thermal decomposition of the 1 : 1 adduct 338, obtained from benzoyl isothiocyanate 
271 and (trimethylsily1)diethylamine 337, gives trimethylsilyl isothiocyanate 327 and 
N,N-diethyl benzamide 339'18 (Scheme 6 1 ). 

SiMeg 

Ph-CO-NCS + MegSi-NEtz e [ '"&C;s] I - 
337 - - 271 

2 2  

Scheme 61 

The synthesis of trimethylsilyl isothiocyanate 327 may also be achieved by treating 
bis(trimethylsily1) sulphate 340 with potassium thio~yanate"~ in N-methylpyrrolidine. 

(Me,SiO),SO, + KSCN -, Me,Si-NCS 

340 327 (94%) 
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ISOTHIOCYANATES 375 

Some isothiocyanates with more remote trimethylsilyl groups have also been 
prepared. For example, reaction of the dithiocarbamic esters 341 with trimethylsilyl 
chloride in the presence of triethylamine gives w-isothiocyanatocarboxylic acid 
trimethylsilyl esters 342.52" 

HOOC-(CHI),-NH-CS-SEt + (CH,),Si-Cl + 

341 

(CH,)3Si-OOC-(CH,),-NCS 

342, n = 1-3 

N-Silylated cyclic derivatives also serve as convenient precursors for silylated isothioc- 
y a n a t e ~ . ~ ~ ~ ~ ~ * *  Thus, N-silylated 1,3-oxazolidine-2-thione-5-ones 343 and the 1  OX- 
azolidine-2-thione 344 may be cleaved to form the silylated isothocyanates 345 and 346, 
respectively. However, on thermolysis of N-(trimethylsilyl)thiazolidine-2-thione 347, 
instead of the expected 2-(trimethylsily1thio)ethyl isothiocyanate, a rapidly polymerising 
mixture of trimethylsilyl isothiocyanate 327 and ethylene sulfide 348 is obtained (Scheme 
62). 

2o fsu 3-b A 
Me 3 Si 0 2 C t  e H N C S 

0 

345 - 3L3 

A Me3 S i  0-CH2CH2N C S  

34 7 - 

Scheme 62  

32 7 - 

Reaction of N-[2-(trimethylsiloxy)phenyl]thiocarbamic acid phenyl ester 349, ob- 
tained by condensing N,O-bis(trimethylsi1yl)-Zaminophenols 348 with 0-phenyl 
chlorothioformate in boiling dry toluene, with trimethylsilyl chloride affords the 2- 
trimethylsiloxyphenyl isothiocyanates 35OS2' (Scheme 63). 
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316 S. SHARMA 

Scheme 63 - 
4. SYNTHESIS OF FOUR-MEMBERED HETEROCYCLES 

Isothiocyanates can enter into [2 + 21 cycloadditions with their C=N or C=S bonds 
when treated with compounds containing C=C moieties. The products formed are 
usually thietanes or thia~etidines.~” 

Reactive isothiocyanates such as 4-nitrophenyl, tosyl, and ethoxycarbonyl isothio- 
cyanate or sulfonyl isothiocyanates 351a-d react with carbodiimides like methyl-t- 
butylcarbodiimide 352 to form [2 + 21 cycloadducts, 353s24.52s which have been charac- 
terised as 1,3-dia~etidines.~’~ These heterocycles gives negative Feigl tests for C=S 
groups (a drop of reagent, prepared by dissolving 3 g sodium azide in 100 mlO.l N iodine 
in water, is mixed with a drop of test compound in water or an .organic solvent. Brisk 
evolution of nitrogen bubbles shows the presence of a C=S or C-SH group in the 
compound; see “Qualitative Analysis by Sport Tests” by F. Feigl, Elsevier Publishing 
Co., Amsterdam, 1947), and decomposes thermally to give t-butyl isothiocyanate 16c 
and the carbodiimide 354525.52h (Scheme 64). 

t B ~ - N C S  + R-N=C=N- CH3 

3 54 - 16 C - 
Scheme 64 
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ISOTHIOCYANATES 377 

Diphenylthiophosphinyl isothiocyanate 313b, R = Ph also reacts with dicyclohexyl- 
carbodiimide 355 to give the [ 2  + 21 cycloadduct 356 in quantitative yield526 (Scheme 
65). 

Ph2PS(NCS) 4- o N = C = N o  - 
3_1! b 

355 

S 
356 

Scheme 65 

Afkoxycarbonyi and sulfonyl isothiocyanates 351c,d smoothly dimerise through their 
C=S bonds to yield 2,4-bis(carbonyl/sulfonylimino)- 1,3-dithietanes 357j2’ (Scheme 66). 

Scheme 66 

The Schiff s base 358 reacts with carbamoyl isothiocyanates 359 to give the cyclo- 
adducts 360 in 49% yield5’* (Scheme 67). 

H 
Ph-Nf P h  

I PhCHzNPh + R2NCO-NCS 

- 358 3 59 - CON ks 

Scheme 67 

The ketene acetals 361 may be made to undergo [2  + 21 cycloadditions with sulfonyl 
isothiocyanates and aryl isothiocyanates to afford 2-iminothietanes 362 and azetidine-2- 
thiones 363, respectively529 (Scheme 68). 
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378 S .  SHARMA , R S02NCS R s o ~ ~ ~  9 
 OR^ 

~2  OR^ 

I 361 - 
I A r - N C S  , Ar-i~sR, 

~3 0 
R2 

Scheme 6 8  - 363 

The ketimines (364) also react with 4-methylphenylsulfonyl isothiocyanate 365 to give 
[2 + 21 cycloaddition products, the (diimino)thietanes 366530 (Scheme 69). 

S O i N C S  - R. 
R‘ 

C = C = N - R ~  + 
364 - 

R“R 

- 366 
Scheme 6 9  - 

3,5-Bis(N, N-dimethylamino)phenol367 may be allowed to react with ethoxycarbonyl 
isothiocyanate 277, (R = Et) to give a high yield of 368 which, when heated at its melting 
point, undergoes thermal ring closure to form the 1,3-thiazetidin-2-one 36953’ (Scheme 
70). 
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ISOTHIOCYANATES 319 

Cases of [2 + 21 cycloadditions involving the C=N bond of isothiocyanates and other 
n-electron systems have also been ~ t u d i e d . ” ~ - ” ~  Azetidines 370 are usually formed which, 
being unstable, decompose to 371 (Scheme 71). 

S 
R-N:C=S R - N 4  

+ .c___.) 

R1 \ N-CH= CH - R* 
R” 

~1 -N 

It 

Scheme 71 371 - 

However, sulfonyl isothiocyanates 351d react with p,p-disubstituted enamines 372 to 
form crystalline 1 : 1 adducts 373 which are in equilibrium with the iminothietanes 374 
in non-polar  solvent^'^.^'^ (Scheme 72). 

R-SO2NCS + M e 2 C = F - N R 2  - 
R’ 

351  d - 372 - 
R s o 2 - N r ,  NR2 

R-SO2-N s- * /  
C 
I + Me 

Me ~1 
Me2C-  C = N R z  

I 

Acyl, thioacyl and imidoyl isothiocyanates 375 react with phosphacumulenylidenes 
376 to give two products, namely the thietanes 377 and the six-membered nitrogen 
heterocycles 378 as a result of [ 2  + 21 and [ 2  + 41 cycloadditions, re~pectively’~~ 
(Scheme 73). 

R - t -  NCS R - i - N  -ct>’ 
X 

375 x= O,S,NR~ 

+ 
+PPhj  

- 377 
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380 S .  SHARMA 

379 (75%) 

C I-C H 2C 0 C H 2C02 Et 

- 380 

5. SYNTHESIS OF FIVE-MEMBERED HETEROCYCLES 

5.  I Thiophenes 
Phenyl isothiocyanate reacts with a mixture of benzoylacetonitrile and bromoacetone in 
the presence of NaH in DMF to form 2-acetyl-5-phenylamino-4-cyano-3-phenyl- 
thiophene 379.s37 Phenyl isothiocyanate may also be treated with ethyl chloroaceto- 
acetate 380 to give the thiophenone 381 which when subjected to Vilsmeier-Haack 
conditions affords thiophene 382538 (Scheme 74). 

PhCOCH2CN 

Br-CH2COCH3 CH$O NHPh 
Ph-NCS 

I 

Treatment of phenyl isothiocyanate or benzoyl isothiocyanate with 2,3-diphenylcyclo- 
propenone 383 in the presence of nickel tetracarbonyl in DMF at 65-7OoC affords a 
mixture of the pyrrolidin-2-one-5-spiro-5’-thiolen-4-one 384 (major product) and 
thiolen-2-one-5-spiro-5’-thiolen-4-one 385 (minor product). Sometimes traces of the 
pyrrolidonethione 386 are also formed in the above reaction539 (Scheme 75) .  

0 
/f Ni(CO)b 

Ph-NCS i- Ph Ph * 
DMF 

33 

Scheme 75 
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ISOTH IOCYANATES 38 I 

5.2 In? idazo Ies 

Cyclisation of 2-pyridyl aminomethyl ketone 387 and of L-dopa 388 with R-NCS gives 
appreciable yields of 3-(2-pyridyl)imidazole-2-thione 389" and the 2-thiohydantoins 
390,54' respectively (Scheme 76). 

I - 389 R 307 - 

H 390 
Scheme 76 

Condensation of DL-alanylglycine 391 with phenyl isothiocyanate in a pyridine-water 
(1  : 1)  mixture at pH 9 gives the thiourea 392 which cyclises in the presence of HCl to 
form 5-methyl-3-phenyl-2-thiohydantoin 393a.542.543d Similarly, glycine may be treated 
with phenyl isothiocyanate to yield 393b54'b (Scheme 77). 

Ph-NCS H* -+fNH-CS-NHPh 

P h-NC S 
H ~ N C H ~ C O Z H  _____) 

0 
Ph 

392 a,R= CH3 
Scheme 77 b,R=H 

Similarly, reaction of the acid 394 with methyl isothiocyanate gives the imidazolidine- 
dionyl phosphonic acid 395544 while 5-imino- 1,3-diphenyl-4-thioxo-2-irnidazolidine- 
thione 397 has been obtained by cyclising 396 with phenyl i s ~ t h i o c y a n a t e ~ ~ ~  (Scheme 78). 

- 395 

Ph-NCS 
P h-NH-C- C N 

C 
It 
u 

Ph 

Scheme 78 - 397 (56-70'/.) - 396 
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382 S. SHARMA 

Dimethoxycarbene 399, obtained by thermal decomposition of 1,2,3,4-tetrachloro- 
7,7-dimethoxy-5-phenylbicyclo[2.2.l]hepta-2,5-diene 398, reacts with excess aryl iso- 
thiocyanates to yield the corresponding 5,5-dimethoxydithiohydantoins 400546 (Scheme 
79). 

Scheme 79 

The 1,3-dipolar anhydro-2-aryl-5-hydroxy-3-methylthiazolium hydroxide 401 
smoothly reacts with phenyl isothiocyanate in hot benzene to give the [3 + 21 cyclo- 
adduct 402 which decomposes to form anhydro-2-aryl-4-mercapto- 1 -methyl-3-phenyl- 
imidazolium hydroxide 403547 (Scheme 80). 

Ph-NCS ~ 

'0 
R 

501 - 

Scheme 80 

Icos 
The lithium complex 404 may be treated with phenyl isothiocyanate or methyl 

isothiocyanate to furnish 46-59% yields of imidazolidines 4O!Ks4* The aryl isothiocyana- 
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ISOTHIOCYANATES 383 

tes cause an insertion reaction when they react with 2-alkoxycarbonyl aziridines 406 
leading to the formation of the epimeric thioimidazolidones 407a,b549.(Scheme 8 1). 

Ph 

RNCS 
H H ti+ 

Ph 

fh AC02R 

4 s  aromethine ylid 

PhNCS 1 

.Scheme 81 

Some C-nucleosides 409 have been prepared by treating 1 -alkylamino- 1 -deoxy-D- 
arahino-hexuloses 408 with methyl or phenyl isothiocyanate in methanol or ethanol"" 
(Scheme 82). 

H-C- O H  
I 

CH2OH 

H-C-OH 
CH2OH 

- 608 609 

Scheme 82 

Glucosamine 410 reacts with phenyl isothiocyanate to give 4-hydroxy-3-phenyl-5- 
tetrahydroxybutylimidazolidenethione 41 1 resulting from the spontaneous cyclisation 
of the addition product. However, the addition product 413, obtained by treating 
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384 S. SHARMA 

2-aminogluconic acid 412 with phenyl isothiocyanate requires an acidic medium to give 
the 3,5-disubstituted thiohydantoin 414”’ (Scheme 83). 

coo- 
l 

CH-NH2 Ph-NCS 
I t 

( FH-OH)~ 

CH2-OH 

412 - 

coo- 
CS-NH-+ 

Ph- iH  ($HOH)3 

GH2OH 
413 - 

Scheme 83 - 
Reaction of N-alkylaminoacetates 415 with ethoxycarbonyl isothiocyanate leads to 

the formation of 1,5-disubstituted 4-hydroxy-2-mercaptoimidazoles 416552 (Scheme 84). 

COOR + EtOOC-NCS -> 4-y 
C H2-N H R1 H S  C02R 

41 5 k1 - 
416 

Scheme 84 

5.3 Thiazoles 

A convenient synthesis of the methyl 5-amino- 1,3-thiazole-4-carboxylates 418 involves 
reaction of alkyl or aryl isothiocyanates with methyl a-isocyanoacetate 417 in THF in 
the presence of potassium t -b~toxide . ’~~ 2-Amino-3-(phenylcarbamoyl)azirine 419 also 
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ISOTHIOCYANATES 385 

reacts with alkyl/aryl isothiocyanates to afford the 5-amino-2-organylamino-4-(phenyl- 
carbamoy1)thiazoles 420554 (Scheme 85). 

Scheme 85 

Treatment of the 2.3-disubstituted azirines 421 with benzoyl isothiocyanate leads to 
a [2 + 21 cycloaddition to form 2-benzamido-4,5-disubstituted-l,3-thiazoles 422555a 
(Scheme 86). 

Scheme 86 

I t  is also possible to isolate two isomeric thiazolines 422b,c when the aziridine 422a 
is allowed to react with aryl i so th io~yana te s~~~~’  (Scheme 87). 

R20C r> Ar-H N T R R 1  

- 
R ’ A C O R 2  + Ar-NCS 

A22 a - 

422c - 
Scheme 07 

Various alkenylamines are known to react with ethoxycarbonyl isothiocyanate to 
form t h i a ~ o l i d i n e s . ~ ~ ~ - ’ ~ ~  Thus, condensation of N~V-diethyl-2-butyne- 1,4-diamine 423 
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386 S. SHARMA 

with ethoxycarbonyl isothiocyanate gives an adduct 424 which undergoes facile cyclisa- 
tion in the presence of acids to yield 2-amino-5-[2-(N,N-diethylamino)ethyl]thiazole 
426"' (Scheme 88). 

EtO2C-NCS H -CS-yH 
Et2N-CH2-CEC-CY-NHl s FH2 COOEt 

u3 Et2N-CY-CEC - 
- 424 

dil HCI I 

scheme 88 

Another convenient method to obtain 2,4,5-trisubstituted thiazoles 428 employs the 
reaction of the adducts 427, obtained from ethoxycarbonyl isothiocyanate 279a and 
alcohols or thiols, with chloroacetonitrileS6' (Scheme 89). 

428 - - 427. X=O,S 

Scheme 89 

The adducts 429, obtained by condensing an isothiocyanate with a mercapto acid, also 
cyclise in acidic media to form 3-substituted rhodanines 43056'.562 (Scheme 90). 

S 
R-NCS + HS-CH2COOH - R-NH-C-5-CYCOOH II 

429 - 

J H' 
430 - 

Scheme 90 
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ISOTHIOCYANATES 387 

The synthesis of various 3,4,5-trisubstituted thiazoline-Zthiones 433a,b may be car- 
ried out by treating alkyl/aryl isothiocyanates either with a mercapto ketone 43lS6’ or  
alkyl cyanides 432 in the presence of (Scheme 91). 

3 Et N O  

’ x,x EtCO-CH-SH (9) 
R-NCS 

K2c03 “3C 

433 b(20-35*/~ 4330(9(r/.) - 
Scheme 91 

A number of 2-iminothiazolidines 435 have been prepared by treating alkyl/aryl 
isothiocyanates with phosphorus-containing derivatives of ethanolamine such as the 
spiroxaazaphospholidines 43456s.’66 (Scheme 92). 

4 3  434 - 
Scheme 92 

5-Iminothiazolidines 438,439 can also be prepared by treating the isocyanides 436’*’ 
or the cyanothioformamides 437567a with carbamoyl isothiocyanates 280a and phenyl 
isothiocyanate, respectively. Phenyl isothiocyanate also reacts with malononitrile in the 
presence of sulfur to form the 4-aminothiazoline 439a567b (Scheme 93). 

toluene 
2800 

S 
II 

43? 

Ph-NCS + R-NH-C-CN > 

- 

S8,50’C 
ph-NCS + NC-CHZ-CN > 

439 - 

439 a - 
Scheme 93 
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388 S. SHARMA 

Reaction of 2-aminothiazoline 440 with phenyl isothiocyanate gives the correspond- 
ing thiourea 441 which rearranges thermally to afford 2-(N-phenylthiocarbamoyl)imi- 
nothiazoline 442.568 However, phenyl isothiocyanate reacts with 1,2-dibromoethane to 
give a mixture of 3-phenyl-2-phenylimino- 1,3-thiazolidine 443, 3-phenyl- 1,3-thiazolidi- 
ne-2-thione 444 and 2-phenylimino-l,3-dithiolane 445569 (Scheme 94). 

Er 

Er 
( t Ph-NCS 7 C T N - C S - N H P h  

642 - 

Scheme 9L 

A facile and one-step synthesis of 3-alkyl/aryl-4-methyl-2-(substituted methy1ene)-2,3- 
dihydro- 1,3-thiazoles 448 has been reported by reaction of acetophenones 446 with 
phenyl isothiocyanate and propargyl bromide 447 in the presence of sodium h ~ d r i d e ~ ~ '  
(Scheme 95). 

NllH 

DMF 
+ Hc=c-CH2Br + Ph-NCS - 

a C . 0 C H 3  U 6  4 2  
- 

Scheme 95 - 
The 1,3-dithiolium-4-0lates 449 also react with phenyl isothiocyanate to form the 

mesoionic 1,3-thiazoliurn-4-thiolates 450 in excellent  yield^.'^'" The synthesis of 3-alkyl/ 
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ISOTH IOCYANATES 389 

aryl-2,2-dichlorothiazolidine-4,5-diones 450a has been achieved by treating alkyl/aryl 
isothiocyanates with oxalyl chloride which may be easily converted into 450b by the 
action of an a l coh01~~ '~  (Scheme 96). 

0 xy; R 

- &so a .R=CI 

b, R: OR' 

Scheme 96 

Treatment of N, N-diethylbenzamidine 451 with ethoxycarbonyl isothiocyanate 279a 
gives a 1: l  adduct 452 which may be cyclised with bromonitromethane to give the 
substituted thiazole 453572 (Scheme 97). 

pht'rco,,t ~ BrCH2N02 
02N 

- L53 (18%) 

Scheme 97 

5.4 Oxazoles 

Activated isothiocyanates such as benzoyl isothiocyanate 271 or carbamoyl isothioc- 
yanates 280a undergo [4 + 11 cycloaddition with isonitriles to form 2-substituted 5-imi- 
nooxazoline-4-thiones (454 and 455), re~pectively'~~ (Scheme 98). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



390 S. SHARMA 

S 

R ~ N - C O - N C S  + R ~ - N C  - NR2 ~1 N 

15 5 - 
Scheme 9 8  

Naturally occurring isothiocyanates 456 with a j-hydroxyl group undergo spon- 
taneous ring closure to form the oxazolidine-2-thiones 45714 (Scheme 99). 

- L56 - 457 
Scheme 99 - 

It has been reported earlier that mesoionic compounds 458 react with phenyl isothioc- 
yanate or benzoyl isothiocyanate to yield a 1 : 1 adduct 459.573.574 However, later it was 
established that the reaction product of 458 and R-NCS is not 459, but the thioacylated 
mesoionic derivative 4605” (Scheme 100). 

-0 1 G5RAr f R-NCS 

- L60 

Scheme 100 

Etlis and coworkers576 have shown that the main cycloadduct formed by reaction of 
methyl isothiocyanate with ethylene oxide is the oxazolidone 461 which may arise 
probably by a mechanism shown in Scheme 101. 

Scheme 101 4 3  
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ISOTHIOCYANATES 391 

Various oxazolidines 461a-c have been prepared by treating an alkyl/aryl isothiocyan- 
ate with an a l ~ o h o 1 ~ ~ 7 " ~  or a ketone577c (Scheme 101a). 

0 CJ: -0 H Et-NCS + HOCH2CN w 

L 6 t a  - 
n coNiC:;NHPh 

Ph-NCS + A~CH=NCHZCHZOH 7 

L61 b 

S PhCHzNCS + OC:R' 
R2 

461c - 
Scheme 1010 

5.5 Isothiazoles 

Reaction of an enamine such as ethyl B-aminocrotonate 462 with an alkyl, aryl, acyl or 
sulfonyl isothiocyanate gives an cr-acyl-B-aminothiocrotonamide 463 which may be 
cyclised in the presence of bromine in cold chloroform to form a 5-substituted 4-car- 
bethoxy-3-methyiisothiazole 46457x-5x' (Scheme 102). 

CS-N HCOPh PhCONCS I 

CH3 C=CHCO2Et * CH,-F=C -COOEt 
I 
NH2 NH2 

- 462 - 463 ( 79%) 

Br 2- CHCI, J 
EtO2C 

Ph-$-N c N c  

O H  

Scheme 102 

5.6 Oxathiolanes. dithiolanes and dioxolanes 

Benzoyl isothiocyanate 271 reacts at its C=S bond with l-allyloxy-2,3-epoxypropane 
465 in the presence of lithium chloride to give 2-benzoylimino-5-allyloxymethyl- 1,3- 
oxathiolane Alkyl isothiocyanates also cycloadd to ethylene sulfide 467a giving 
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392 S. SHARMA 

rise to 2-imino-l,3-dithiolanes 468a.S"a 2-Phenylimino-1,3-dioxolane 468b has been 
obtained by treating PhNCS with 2,2-dibutyl-1,3,2-dioxastannolane 467aSRAb (Scheme 
103). 

Ph CONCS 

L ~ C I  ,200' 

RNCS (--s"B"2 RNCS X 
/\- 

- L67a,X=S L67 a ,X=O 

- Scheme 103 

Reaction of phenyl isothiocyanate with sodium phenylethynyl thiolate 469a in the 
presence of acetonitrile as proton donor at room temperature affords 2-phenylimino-4- 
phenyl- 1,3-dithiolane 470a. Similarly, the selenium-containing acetylene 46913 reacts 
with phenyl isothiocyanate to give the selenathiolane 470b584d (Scheme 104). Acyl 
isothiocyanates also react in a similar manner to give 470.584b 

Ph-NCS 

H' 
P h - C EC -XNo 

Scheme 104 

5.7 Triazoles 

Hydrazines or their derivatives serve as key intermediates in the preparation of various 
triazolines and triazines. Thus, reaction of benzoyl isothiocyanate 271 and of 1 -bromo- 
1 -r-butyl- 1 -phenylmethyl isothiocyanate 471 with mono- and dialkylhydrazines gave 
1-alkyl-3-phenyl-A'-1,2,4-triazoline-5-thiones 472585 and 5-t-butyl-l,2-dimethyl-5- 
phenyl-l,2,4-triazoline-3-thione 473,586 respectively. However, treatment of 271 with 
N,N'-diphenylhydrazine affords a high yield of the triazoline 474'" (Scheme 105). 

HuisgenSs8 has shown that diphenylnitrileimine 475 obtained by thermolysis of 2,5- 
diphenyltetrazole, reacts with phenyl isothiocyanate in a [3 + 21 manner where both the 
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ISOTHIOCYANATES 393 

271 - 

Ph 

472 - 
H C  

'., 

Br '-"3' i 

C=S and the C=N bond of the -NCS group take part in the cycloaddition to form a 
mixture of 3,5-diphenyl-2-phenylimino-2,3-dihydro-l,3,4-thiadiazole 476 and 1,3,4- 
triphenyl- 1,2,4-triazole-5-thione 477 (Scheme 106). 

,Ph 
N-N 

477  (29%) - Scheme 106 

The most widely used method for the preparation of various triazoles 480 involves the 
cyclisation of the thiosemicarbazides 479, obtained from hydrazides 478 and R-NCS, in 
the presence of a 

RI-CONHNH~ + RNCS - R~-CONHNH-CS-NHR 

or under thermal conditions597 (Scheme 107). 

- 4 7 0  4L9 

R 4 0 0  - 
Scheme 107 
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394 S. SHARMA 

It is also possible to cyclise the adduct 481, obtained from a monosubstituted hyd- 
razine and ethoxycarbonyl isothiocyanate, in the presence of HC1 to give a 1-substituted 
3-hydroxy-l,2,4-triazole-5-thio1 482.598 However, the monoadduct 483, prepared by 
treatment of ethoxycarbonyl isothiocyanate with a semicarbazide, is cyclised in the 
presence of alkali to form 3-hydroxy-5-mercapto-1,2,4-triazole 484.599a Acyl isothioc- 
yanates also react with phenyl hydrazine to give 484a599b (Scheme 108). 

RNHNH2 
EtO-CO-NCS P EtO-CONHCSNHNHR 

RNHCONHNH2 

H 

I 
E t 0-CO-N-CS-NHNHCON HR 

Scheme 108 

N,N'-Diphenylhydrazine 485 also reacts with ethoxycarbonyl isothiocyanate 279a to 
form the corresponding 4-acylthiosemicarbazide 486 which spontaneously eliminates 
ethanol during crystallisation and cyclises to yield 1,2-diphenyl-5-thiox0-1,2,4-triaz- 
olidin-3-one 487.600 However, 1 -formyl- 1 -methylhydrazine 488 gives the mesoionic 
1,2,4-triazole 489 when treated with an is~thiocyanate '~ (Scheme 109). 

E t 0-CONCS 
P h-N H N H- P h w Ph-N-NHPh 

J. 
R-NHCSNH-N:CH3 

CHO 

CSNHCOOEt 

- 4 a6 

J 
Ph-N- 

H 
*7 

Scheme 109 

R 
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ISOTHIOCYANATES 39s 

The monoadduct 490, obtained by treating ethoxycarbonyl isothiocyanate with 
thiosemicarbazide, undergoes ring closure in the presence of alkali to form 484 which 
further oxidises to give the disulfide 491.599 The latter may also be obtained by cyclisation 
of the diadduct 492 in the presence of aqueous alkali.("' The monoadduct 490 may also 
be treated with hydrazine to afford a 45% yield of 4-amino-3-hydrazino-5-mercapto- 
1,2,4-triazole 493599 (Scheme 1 lo). 

- 492 Scheme 110 

Reaction of 1,3,4-trisubstituted thiosemicarbazides 494 with ethoxycarbonyl isothioc- 
yanate gives rise to the 1,2,4-triazolidine-3-thiones 495602 (Scheme 11 1). 

R a r 1 2 - ~ 2  EtOCONCS ~ R ~ - N  - N - R ~  

THF,A N A N  
H EtOzC 

- 19& & R  

Scheme 111 - L95 

Cyclocondensation of salts of aminoguanidine 496 with ethoxycarbonyl, acetyl, or 
benzoyl isothiocyanate leads to the formation of 3-amino-5-mercapto- 1,2,4-triazoles 
497602.604 (Scheme 112). 

NH NH 
I I  I I  

R-NCS + H ~ N - C - N H N H Z  - H~N-c-NHNHCSNHR 

L96 R=COOEt - 
= C O C H )  

=COPh I NaoH 

Scheme 112 
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396 S. SHARMA 

Reaction of the hydrazonates 498 with isothiocyanates yields the triazolethiones 
499605 while 1-substituted 4-(trimethylsily1)- 1,2,3-triazole-5-thiones 501 were obtained 
by treating lithio-(trimethylsily1)diazomethane 500 with isothiocyanatesa6 (Scheme 1 13). 

R-N-N 
Me3Si-$-N2 + RNCS - 

L i  

- 500 

Scheme 113 

Treatment of the betaine 502 with aryl isothiocyanates gives a mixture of two triazoles 
such as 503 and 504 by a mechanism presented in Scheme 1 14.607a 

PhNCS 
N-N-R 

I 

-NCOCH-j 

5 0 2  - 

Dimerisation of N-(isothiocyanato)dimethylamine 505 at room temperature leads to 
a stable and crystalline dimer 506 which rearranges in solution to give the triazole-5- 
thione 507.607b Treatment of 505 with phenyl isothiocyanate gives a 1,3-cycloadduct 508 
which, being thermally unstable, isomerises by migration of the methyl group to form 
the triazoline-5-thione 509" (Scheme 1 15). 
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ISOTHIOCYANATES 397 

Scheme 115 

Reaction of 1-substituted amidrazones 510 with 279a leads to the formation of a 
mixture of 1,2,4-triazoline-5-thiones 511 and 512 as major and minor products, respec- 
tively.('"' Various substituted 1,2,4-triazines 514 have been prepared by treating mon- 
osubstituted hydrazines with 1-carbethoxy-3-cyano-S-methylisothiourea 513, obtained 
by treating 279a with cyanamide609 (Scheme 116). 

279 0 510 - - 

NaNHCN 

R2 

3 1  R2=COOEt 
- 512 R2=H 

N -NR 

RNHNH2 > Et 02C N 4 .N&NH2 
H NC-N=$- NHC02E t 

SMe 

- 51 3 
- 514 (50-60'4 

Scheme 116 
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398 S. SHARMA 

5.8 Thiadiazoles 

A convenient method for the synthesis of thiadiazoles 516 involves cyclisation of 515, 
obtained by treatment of hydrazides 478 with R-NCS, in the presence of an 
acid589.59 I S94.610-6 I2 (Scheme 117). 

51 6 

Scheme 117 
_I__ 

The adducts 490 and 517 are also cyclised in the presence of an acid to form 
2-(N-ethoxycarbonylamino)-5-mercapto- 1,3,4-thiadiazole 518599.601 (Scheme 1 18). 

EtOCONHCSNHNHCSNHNHPh 279 a 
HzNNHCSNHNHP h - * 

51 7 - 
Scheme 110 

The monoadducts 519a,b are cyclised in the presence of H2S0, to give the thiadiazole 
52060' while carbohydrazide 521 reacts with ethoxycarbonyl isothiocyanate to form 522 
in high yield6" (Scheme 119). 

Scheme 119 
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ISOTHIOCYANATES 399 

Reaction of N-methylthiobenzhydrazides 523a with ethoxycarbonyl isothiocyanate 
279a gives the mesoionic 1,3,4-thiadiazoles 524 while 523b reacts with 279a to form the 
1,3,4-thiadiazolidine-2-thione 5256’3.6’4 (Scheme 120). 

EtOCONCS *“-N 
I i C 0 2 E t  

R-CS-N-NH2 jr 

523a CH3 - 
5 2  a,  R =A r 

b, R -  OPh 

523 b EtOCONCS I - 

524  - 

CH3- N-N 

SAs‘NHCOOEt 

5 25 ( 31 *A1 - 
Scheme 120 

5-Amino- 1,2,3-thiadiazoles 526 have been prepared by treating acyl isothiocyanates 
with dia~omethane.~.~” However, reaction of azides with acyl isothiocyanates leads to 
the formation of a mixture of 1,2,4-dithiazolidenes 527 and 1,2,4-thiadiazoles 528 with 
the latter as the major product6I6 (Scheme 121). 

PhOCONCS t RCHN2 * 

Ar-CO-NCS 

1 . ~ 3  

s - s  

Ar-I;-N N-COAr 
0 R 

527 - 
Scheme 121 

Alkyl, aryl, acyl and several other isothiocyanates are also subject to heterocyclisation 
when treated with d ia~omethane .~”-~~’  Thus, reaction of alkyl/aryl isothiocyanates with 
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400 S. SHARMA 

diazomethane and lithiotrimethylsilyldiazomethane 500 yields 5-arylamino-4-methyl- 
1,2,3-thiadiazoles 5296'7 and 2-substituted 1,3,4-thiadiazoles 530,622 respectively (Scheme 
122). 

R D N C S  + CH3CHN2 - N\  q::Q 
R 529 - 

R-NCS + Me3Si-C-N2 - 
;i 

500 - 530 (&0-83*/.1 - 
Scheme 122 

Cyclisation of the hydrazones 531 and 532 with phenyl isothiocyanate affords the 
thiadiazolidines 533623 and 534,624 respectively (Scheme 123). 

N O H  H N - N - P ~  

Me% s N P  h DMF Me 
PhNHN=CMe2 f PhNCS 

53 1 - 
- 533 ( 9 0 % )  

Scheme 123 

Oxidative cyclisation of the 1 -organyl-2-ethyl-5-aryl-2-isodithiobiurets 535, generated 
from the appropriate isothiocyanates with bromine or iodine gave high yields of the 
thiadiazolidines 5 1 3 6 ~ ~ ~  (Scheme 124). 

Scheme 124 

Reaction of ethoxycarbonyl isothiocyanate 279a with ethanol, 4-chlorobenzyl alcohol 
and dimethylamine gives the adducts 537a-c which on treatment with chloramine afford 
the 3-hydroxy-l,2,4-thiadiazoles (Scheme 125). However, N-ethoxycarbonylt- 
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ISOTHIOCYANATES 40 I 

hioureas (RNHCS-NHCOOEt; R = H, CH,), obtained by reaction of 279a with 
ethanolic ammonia or methylamine, react with bromine in chloroform to form a 
complex mixture of 1,2,4-thia~olines.~~' 

1. NaO'iH3 
R-CS-N HC02E t 

537a-c - 

537,538 a ,  R -0Et 
b, R=OCH2C6HLCI 
c,R =NMe2 

Scheme 125 

Kurzer et al.b2s.629 have treated phenyl isothiocyanate with cyanamide or N,N-diph- 
enylguanidine 539 to obtain the thioureas 540 and 541, respectively, which may be 
cyclised under oxidative conditions to afford the 1,2,4-thiadiazoles 542 and 543 (Scheme 
126). 

'NHPh 

Scheme 126 
.___ 

HO 

5.9 Oxadiazoles 

Isothiocyanates can enter into [ 1 + 31 cycloadditions with nitrones (azomethine oxides), 
usually at their C=N bonds, to form 1,2,4-0xadiazolidine-5-thiones.~~~-~~~ Thus, for 
example, C-phenyl-N-methylnitrone 544 reacts with phenyl isothiocyanate to give the 
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402 S .  SHARMA 

stable 1,2,4-oxadiazolidine-5-thione 545. Cycloadducts such as 545 with a hydrogen at 
C-3 can undergo thermal decomposition to yield amidines and carbonyl sulfide63’ 
(Scheme 127). 

544 - 
Scheme 127 

2-t-Butyloxaziridine 546 also reacts with phenyl isothiocyanate to give two 1 : 1 cy- 
cloadducts, i.e. the oxadiazolidines 547 and 548 as major and minor products, respec- 
t i ~ e l y ~ ~ ~  (Scheme 128). 

547 - 5 4  a - 
Scheme 128 - 

Various aromatic compounds are known to react with ethoxycarbonyl isothiocyanate 
in the presence of aluminium chloride to form N-(ethoxycarbony1)thioamides 549 which 
may be used to prepare 1,2,4-0xadiazolones (550,551), 1,2,4-triazolones (552,553) and 
1,3,5-triazinones (554) as shown in Scheme 129.639,640 

- 5 5 4  
Scheme 129 - 5 5 1  - 
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ISOTHIOCYANATES 403 

5.10 Tetrazoles and Thiatriazoles 

lsothiocyanates may react with azides at their C=N or  C=S bonds forming tetrazoles 
and thiatriazoles, respectively. Thus reaction of alkyl and aryl isothiocyanates with 
sodium azide gives 1 -substituted tetrazoline-5-thiones 555."'-646 Similarly, 1,2-cycload- 
dition of aryl isothiocyanates to Ph3MN3 (M = Ge, Sn, Pb)647."R or Bu,MN, (M = Ga, 

yields the corresponding organometal substituted tetrazoles 556 (Scheme 130). 

N-NR 

R NCS+ NoN3 - H* N, I' N Ls 
H 

5 55 - 

I 

MRn 

- 556 M=Ge,Sn,Pb,Ga,TI 
n= 2,3 
R = Ph,Bu 

Scheme 130 

Alkyl and aryl isothiocyanates undergo [l  + 21 cycloaddition to hydrazoic acid or 
sodium azide via their C=S bond to form 5-substituted 1,2,3,4-thiatrazoIes 557.6s0.6s' The 
arylsulfonyl isothiocyanates also react with butyl or benzyl azide at their C=S bonds to 
yield 1,2,3,4-thiatriazoles such as 5586s2 (Scheme 131). 

N-N 
R-NCS I- HN3 ( o r  NaN3) .-* 

N , ~  ' 1  \J- Nt(R 

5 57 - 

558 R=Ph,Bu 

Scheme 131 - 

5.11 Miscellaneous Five- Membered Heterocycles 

The synthesis of 5-substituted imino- 1,3,4-dithiazolidine 3,3-dioxides 560 has been 
carried out by treating chloromethanesulfonamide 559 with R-NCS in a basic 
medium.6s3 Heterocumulenes such as RCONCS also react with 4-methyl-5-(phenylimi- 
no)-l,2,3,4-thiatriazoline 561a in a bimolcular cycloaddition-elimination reaction to 
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404 S. SHARMA 

give 561b. Alternatively, reaction of the sultam 562 with phenyl isothiocyanate also gives 
561P4 (Scheme 132). 

NaOH 7Na 

Me2CO I 

R-NCS + HzN-SO~CH~CL - R-N=C-NHSO~CHZCI 

- NaC\ / - 559 

- 562 - 561 b, R :CO Ph 
c,R:F’h 

Scheme 132 

Reaction of tri-n-butylstannyloxy-o-haloalkanes 563 with alkyl and aryl isothioc- 
yanates yields a mixture of 564 and 565, the ratio of which depends on the alkane chain 
length, the substituents attached to it and the solvent 

Bu3 S n 0 (C H2bR 

(Scheme 133). 

- 563 k 2 , 3  
RzC1,Br 

R~NCS 

( H$,iN’R1 

CAS R1 NAjjcH2’n + 

I 
566 - 565 - 
- Scheme 133 

A large number of phosphorus heterocycles have been synthesized using isothiocyana- 
tes.656 Thus reaction of the complex 566 with isobutylene gave a carbonium ion 567 
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ISOTHIOCYANATES 405 

which could be trapped by adding an aryl isothiocyanate to the reaction mixture yielding 
the iminothiophospholane 5 6 P 7  (Scheme 134). 

568 - 
Scheme 134 

Dimethoxyisothiocyanatophosphine 569 reacts with methylene- and ethylidene- 
malonate 570 to form azaphospholines 571 which are stabilized to 572 due to their 
imide amide rearrangement.658 Similarly, ethyl pyruvate may be treated with 569 to yield 
2-substituted 3-methoxy-3-oxo-5-methylthio-A4-l,4,3-RS-oxazaphospholines 574 for- 
med by S-alkylation of the intermediate 573659.66" (Scheme 135). 

?Me 
P-NCS + RCHZC, ,-* MeO-P=N 

MeO, ,C OOE t 

MeO' COOEt  

- 569 - 570 EtOOC 

MeCOC02Et 1 571 
L 

J 
OMc 4: o=p-  N 

OMe 
MeO-6 - 

MeO-P - N 

Me RA-ls--) 0 Me R A O $ S M e  R Q S M p  
EtOOC COOEt 

572 - - 573 5 2  

Scheme 135 

Treatment of 569 with W(benzy1idene)methylamine or N-(trichloroethy1idene)aniline 
(575a,b) leads to the formation of the I ,5-disubstituted 4-alkoxy-4-0x0-A* -1 ,3,4-A5 -diaz- 
aphospholines 576a,b66' (Scheme 136). 

- 

R 
MeO-P- 

R A ~ L ~ ~  
R-CH=N-R~ + 569 -> 

575a;R-Ph,R1- Me 
A1 

- 
b; RrCC13,RlzMe 

. 576 a; R2: H 
2 b; R :Me 

- 

Scheme 136 
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406 S. SHARMA 

6. SIX-MEMBERED HETEROCYCLES 

6.1 Pyridines and Thiopyrans 

Becher and c ~ w o r k e r s ~ ~ * - ~ ~ ~  have developed various methods to  prepare different pyr- 
idine derivatives. Thus, reaction of glutaconedialdehyde anion 577 with alkyl and aryl 
isothiocyanates in DMF or DMSO at room temperature gave 1-substituted 3-formyl- 
2H-pyridine-2-thiones 578 in 30-98% yield662-6w (Scheme 137). 

577 - 4 R-NCS 

0-0 ~ 

R - P C = S  0 

- 578 (30-98°/o) 

Scheme 137 

Replacement of 577 by diketones 579 in the above scheme leads to the formation of 
1 -aryl-3-acyl/aroylpyridine-2-thiones 580 in high yield.665.666d Arbuzov and Zobova666b 
have reported diene syntheses with acyl isothiocyanates and butadiene, isoprene, cy- 
clopentadiene or 2,3-dimethyl- 1,3-butadiene yielding the 1,2,3,6-tetrahydropyridines 
580a (Scheme 138). Various styryl ketones 581 also react with isothiocyanates in the 

O m o  R1 R R2 + Ar-NCS - &:R1 
I 

Ar 

L_ 580 

+ RCO-NCS Mey-Js 
I 
COR 

Me 

m a  
Scheme 138 
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ISOTHIOCYANATES 407 

presence of sodium methoxide in DMSO to form 2,3-dihydro-6-methylthio-4-( 1 H)- 
pyridines (582).668 The thiopyran 584 is prepared by treating the cyano compound 583 
with phenyl i s ~ t h i o c y a n a t e ~ ~ ~  (Scheme 139). 

Ph -CH=CH - COCHzR’ - RNCS bMe MeONa, Ph R’ 
- 581 DMSO R 

582 - 

PhNCS Ph - H N &,; 
Ph-C=C(CN)z - 

I 
CN 

Scheme 139 

6.2 0.uazines 

Acyl isothiocyanates react with 1,3-diketones 585 to give 2,6-disubstituted 5-acyl-4H- 
1,3-oxazine-4-thiones 586.670,671 However, 1,3-oxazin-4-one-2-thiones 588 may be ob- 
tained by cycloaddition of phenyl isothiocyanate to acetylketenes 57fJ6’* (Scheme 140). 

8 ,COR’ 

‘COR2 

R-C-NCS + CH2 ___) 

R-d-C=C=O 0 I 4- PhNCS - R l $ ! - - J h  4’ R 

588 - 587 - 
Scheme 1LO 

Cycloaddition of benzoyl isothiocyanate to electron-rich allenes such as 589 leads to 
the formation of a mixture of three oxazines (590-592) as the result of three concurrent 
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408 S. SHARMA 

processes, viz., [4 + 21, [2 + 21, and [l + 21 additions involving the alkyne triple bond 
and different sites of benzoyl is~thiocyanate~’~ (Scheme 141). 

Me-CX-NEt2 + R 

589 

V 

592 590 - 591 - 
Scheme 141 

- 

6.3 Thiazines 

A novel synthesis of 6-substituted 2-imino-6H-2,3-dihydro- 1,3-thiazines 594 involves 
reaction of the imines 593 with aryl i s o t h i o c y a n a t e ~ . ~ ~ ~ ~ ~ ’ ~  Aryl isothiocyanates also react 
with enamines 595 to form two types of 2 :  1 cycloadducts, 596 and 597, depending upon 
the reaction temperature676 (Scheme 142). 

U 

R ’ P N - R 2  R3NCS ~ R’ , N A 2  

R R 

596 - 59 5 - 

PhNCS 

>/ 5OoC 
I 

Ph 

597 - 
Scheme 142 
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ISOTHIOCYANATES 409 

3-Halopropyl isothiocyanates may react with ammonia to give 2-amino-5,6-dihydro- 
4H-1,3-thiazine 598.677 Similarly, thioacyl isothiocyanates undergo cycloaddition with 
ketenes to form the 2,5,5-trisubstituted 4-thioxo-5,6-dihydro-4H-1,3-thiazin-2-ones 
599 (Scheme 143).467,47’ 

599 

Scheme lh3 

6.4 Pyrimidines 

Enamines have been used as key intermediates to prepare various pyrimidines by 
reaction with isothiocyanates. Thus, acyl isothiocyanates react with different enamines 
600 to give the pyrimidinethiones 601.5’2,678,679 H owever, 600 may undergo cyclisation 
with aryl isothiocyanates in the presence of sodium hydride in DMF at low temperatures 
to give the pyrimidine-2-thiones 602680 (Scheme 144). 

600 

I NaH 

R 
63, R =  H,Ph 

R’z COPh, CO2Et 
R : Me, SMe, NHEt 

R 

- 602 

Scheme 144 
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410 S. SHARMA 

Imidoyl isothiocyanates also react with enamines (R,N-CH = CHR) or ketene diethyl- 
acetal [CH, = C(OEt),] to give a 1 :4-cycloadduct which loses amine or alcohol respec- 
tively to afford a 1,4-dihydropyrimidine-4-thione 60347' (Scheme 145). 

R 

R' 

L b J  R I R' 

R' 

- 603, R', H,OEt 

Scheme 145 
Cyclisation of diethyl malonodiimidate 604 with isothiocyanates gives the 4-ami- 

nopyrimidine-2-thiones 605 in 30-56% yield68' (Scheme 146). 1,3-Bis-(N,N-dimethyl- 
amino)-2-aza- 1.3-butadiene 606 also undergoes cycloaddition with Ph-NCS to give a 
36% yield of the pyrimidinethione 607.6s2 

+ RNCS _.__) fi: 
EtO PH 'NH EtD 

605 6 0 4  

S 

%N 

+ PhNCS - Me2N phGOph 
607 - 606 - 

Scheme 146 

Various tetrahydropyrimidines 608a, b have been prepared by cycloaddition reac- 
tions of alkyl and aryl isothiocyanates with ketones having at  least one @-hydrogen, in 
a basic medium.68' Another cyclisation is observed when the enamine 609 is treated with 
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ISOTHIOCYANATES 41 I 

ethoxycarbonyl isothiocyanate to give the desired thiourea which cyclises in the presence 
of base to give the 5-ethoxycarbonyl-4-thiouracil C-nucleoside 610684 (Scheme 147). 

base 
R-COCH2R1 + R2-NCS 

S 

- 609 

6.5 Triazines 

Scheme 117 
610 - 

The reaction of acyl isothiocyanates with amidines and guanidines has been widely used 
to prepare various t r i a ~ i n e t h i o n e s . ~ ~ ~ - ~ ~ ~  A r n i d i n e ~ ~ ~ ~ - ~ ~ ’  and g ~ a n i d i n e s ~ ~ ~ - ~ ~ ~ r e a c t  with 
acyl and aryl isothiocyanates to afford triazine-2-thiones 61 la-d (Scheme 148). 

S S 

HNK NR1 EtOCONCS R2CONCS HN * NR1 
6- R-cSNH 7 

- 611 b - 
0 A N J R  . N H R ~  R2 L N J R  

611a 

5 

Scheme 148 - 
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412 S. SHARMA 

Cyclic amidines such as the azirines 612 also react with alkyl isothiocyanates to give 
the triazine-2,4-dithiones 613 as a result of a [3 + I]  cy~loaddi t ion.~~'  The latter may 
also be obtained by treating alkyl isothiocyanates with the carbodiimides 61469' (Scheme 
149). 

Me-&NMe2 

NMe2 

R A ~ ~ ~ R  

Me Me<N=c"R1/ C-NMe2 II - 61 3 

S 

- 614 

Scheme 149 

Both ureas and thioureas may be used to generate various substituted triazines (615, 
616) by reaction with isothiocyanates under different  condition^^'^.^^^ (Scheme 150). 

U 

s&,JAo 
MeNHCONHRl + R20-CO-NCS - 

H 

S 
s s  R~,~A~/R 2 
II I I  

R1NH-C-y-C-NHR3 + R'NCS - 
R2 

I 
R3 

- 61 6 

Scheme 150 

The azomethines 617 also react with aryl and acyl isothiocyanates to afford sub- 
stituted triazinethiones via [4 + 21 c y c l o a d d i t i ~ n . ~ ~ ~ ~ ~ ~ ~  Thus 4-substituted N-benzylide- 
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ISOTHIOCYANATES 413 

neamines 617 react with aroyl isothiocyanates to give either the 1 : 1 adduct, a 1,3,5-oxa- 
diazine 618 or the 2: 1 adduct, a triazine 619 or a mixture of both.694.695 The triazines 619 
are usually formed with aroyl isothiocyanates having strongly electron-withdrawing 
substituents at the benzene ring694 (Scheme 15 1). 

I 61 7 - 

Scheme 151 

It is also possible to get exclusive formation of triazines in the reaction of azomethines 
with isothiocyanates. Thus aryl isothiocyanates react with azomethines to give solely 2: 1 
adducts, the hexahydro-s-triazinethiones 620.696Similarly, acyl and sulfonyl isothioc- 
yanates also undergo 2: 1 cycloaddition with two molecules of N-benzylidenemethyla- 
mine to form 62145".520 (Scheme 152). 

Ph DR 
P A &  

6 -k 2 Ph-CkN-Me- 

R Me 

- 620 

P h  
Me,N,.kN/Me 

SLNJ'Ph 
I 
X-R 

- 621,XzCO,SO2 

R-X-NCS + 2 Ph-CH=N-Me-+ 

Scheme 152 
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414 S. SHARMA 

Dimerisation of imidoyl isothiocyanates 622 or their reaction with phenyl isothioc- 
yanate afford tetrahydro-s-triazinethiones 623 and 624475 (Scheme 153). 

N lNx; 
622 NCS 

R R A N A S  
I 

- 622 

I 
6' 
623 - 

41 

g Scheme 153 

6.6 Thiadiazines 

Thiocarbamoyl isothiocyanates 625a and ethyl isothiocyanatodithioformate 62513 are 
known to dimerise to form the thiadiazines 626.9*460*47' Di merisation of N,N-dialkyl- 
carbamoyl isothiocyanates 280a or their reaction with thiocarbamoyl isocyanates 62% 
also gives the substituted thiadiazines 627 and 628, r e ~ p e c t i v e l y ~ ~ ~ . ~ ~ '  (Scheme 154). 

628 
Scheme 15L 

Thiocarbamoyl isothiocyanates 625a and thioacyl isothiocyanates 625b may also be 
allowed to react with azomethines or carbodiimides to yield the 1,3,5-thiadiazine-4- 
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BOTH IOCY ANATES 415 

thiones 629a,b.469.47'.697 Carbamoyl isothiocyanates 280a can also be treated with az- 
omethines to afford the thiadiazinones 6305*' (Scheme 155). 

b,R=SR' ma 

0 
N A N / R I  

R2 N l  S A Ph 

630 

R2N-CO-NCS + Ph-CH=N-R' ___) 

m a  
- 

Scheme 155 

5-Benzyl-3-(4-bromophenyl)tetrahydro-l,3,5-thiadiazine-2-thione 631 has been 
prepared in 85% yield by treating 4-bromophenyl isothiocyanate with benzylamine in 
the presence of formaldehyde and NaSH at room temperature698 (Scheme 156). 

Scheme 156 - 

6.7 Oxadiazines 

Benzoyl isothiocyanate may be allowed to react with the azomethines 632,694-696 hy- 
drazones 633,698 an isocyanate699 or ketimines 6W3O to yield the oxadiazines 635-638, 
respectively (Scheme 157). 
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416 S. SHARMA 

635 636 

Scheme 157 

Cyclisation of hydrazones 639 with isothiocyanates affords the 4-(thiocarbamoy1)- 
3,4,5,6-tetrahydro-l,3,4-oxadiazines 6407"" (Scheme 158). 

, 7 r R ( O H  
N,N 

H 

- 639 

R'NCS - 
Scheme 158 

7. SEVEN-MEMBERED HETEROCYCLES 

Reaction of 1-isopropylidene-2-methylhydrazine 641 with benzoyl isothiocyanate in 
THF at - 10°C gives 2,3,4,5-tetrahydro-2,2,4-trimethyl-7-phenyl-1,3,4,6-oxatriazepine- 
5-thione 642"' in 75% yield (Scheme 159). 
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ISOTHIOCYANATES 417 

PhCONCS 

N,N/Me -1O0C,THF 
MeTMe , 

H Me 

- 6L1 - 642 (75'/0) 

Scheme 159 

2-Vinylaziridine 643 also reacts with phenyl isothiocyanate at 0 "C to give 2-phenyla- 
mino-4,7-dihydro-1,3-thiazepine 644'02 (Scheme 160). 

Scheme 160 - 
The bifunctional isothiocyanate 645 may be cyclised with NaSH or diethyl sodio- 

malonate and alcohol-sodium methoxide to yield the 1,3,5-thiazepines 646 and 647, 
respectively7"' (Scheme 161). 

Me 

NaSH-HzO , 
CH2NCS or NaCH(C$Et)Z 

Me 

645 - 646, X =  S ,  C(C%Et)2 

ROH - RON a 

Scheme 161 
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8. BENZOHETEROCYCLES 

8.1 Benzimidazoles and Related Compounds 

Reaction of o-phenylenediamine 648 with phenyl isothiocyanate in refluxing benzene in 
the presence of dicyclohexylcarbodiimide (DCC) affords a high yield of 2-(phenyl- 
amino)benzimidazole 649.’04 The imidazopyridines 651 may be obtained by cycload- 
dition of phenyl isothiocyanate to the pyridinium ylides 650.705 The aminocyclohexa- 
none oximes 652 also undergo cyclocondensation to form 4,5,6,7-tetrahydrobenzi- 
midazoline-2-thiones 653 when treated with i so th io~yana te s~~~  (Scheme 162). a:: H 

648 f@ - 

PhNCS ~ a!-;NHR 
Ph 

650 - 651 - a,:’ RNCS ~ axsR’ 
R 

653 - 652 
Scheme 162 

8.2 Benzothiazoles 

Reaction of the o-aminothiophenols 654 with alkyl/aryl isothiocyanates in refluxing 
benzene or xylenes gives the 2-aminobenzothiazoles 655707-709 while 2-(acy1amino)- 
benzothiazoles and -benzimidazoles 656 have been obtained by cyclising 648 or 654 with 
acyl isothio~yanates~’~ (Scheme 163). 

- 61i8,XzNH 
- 654, X- S 

655 
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ISOTHIOCYANATES 419 

Alternatively, N-arylthioureas 657, obtained by condensing an amine with an isoth- 
iocyanate, may be treated with bromine in chloroform to yield the 2-aminobenzothiaz- 
oles 6557‘1.712 (Scheme 164). 

657, R1z H I  CH2P h /- R 2 zCOPh,olkyls 

TPhCONCS 

8.3 Quina- I ones 

Reaction of 2-aminobenzoic acids (anthranilic acids, 658a) with alkyl and aryl isothioc- 
yanates gives the desired thioureas which cyclise spontaneously in acidic medium to give 
the corresponding 3,4-dihydroquinazolin-4-ones 659 in high  yield^.^'^-''^ Methyl anth- 
ranilate 658b also undergoes a similar reaction with isothiocyanates to form 659.’” 
2,3-Diamino-3,4-dihydroquinazolin-4-ones 660 may be prepared by successive reaction 
of 658b with phenyl isothiocyanate and hydrazine hydrate720 (Scheme 165). 

658 a,RzH 
b;R:Me 

PhNCS I 
Scheme 165 
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420 S. SHARMA 

By treating 2-amino-5-chlorobenzophenone 661 with methyl isothiocyanate, two 
quinazoline-2-thiones (662 and 663) are formed depending on the reaction tem- 
p e r a t ~ r e ~ ~ ’  (Scheme 166). 

- 662 

41 - 66 1 IJ, 

Ph 
663 - 

Scheme 166 

A convenient method to prepare the quinazoline-2-thiones 665 and 666 involves 
treating 2-methoxycarbonyl or 2-cyanophenyl isothiocyanate (664a,b) with glycine and 
HCl or HBr, respe~tively~~’.~~’ (Scheme 167). 

~ N C H Z C O ~ H  

NCS NaOH 
H 

665 _. 

Scheme 167 

8.4 Other Benzoheterocycles 

2-Thio-3-methylphthalimide 668 may be prepared by refluxing 3-methylbenzoyl isoth- 
iocyanate 667 in carbon disulfide in the presence of aluminium chloride.724 Similarly, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 42 I 

2-(2,3-dimethoxyphenyl)ethyl isothiocyanate 669 cyclises in the presence of polyphos- 
phoric acid to give 6,7-dimethoxy-3,4-dihydroisoquinoline- 1 (2H)-thione 6707*’ (Scheme 
168). 

M e o P N c S  7 PPA 
Me0 \ 

669 S 

670(90% - 

Scheme 166 

Reaction of 8-azaheptafulvenes 671 with methyl or phenyl isothiocyanate yields the 
cyclohept[dimidazoles 672 while benzoyl isothiocyanate reacts with 671 to form the 
cycloadduct cycloheptenoxadiazepinethione 673726 (Scheme 169). 

R ~ N C S  r 671 - 

7 

673 - 672 R1=Me,Ph - 

Scheme 169 

The N-oxide of 671 (674) also undergoes cycloaddition when treated with phenyl 
isothiocyanate resulting in the formation of a mixture of 675-677, the proportion of 
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422 S. SHARMA 

which depends on the nature of the substituents present in the 4-position of phenyl 
is~thiocyanate~” (Scheme 170). 

Scheme 170 

9. NON-BENZO BICYCLIC HETEROCYCLES 

Treatment of imidazoline-2-thione 678 with mercury bis(phenylacety1ide) 679 and 
phenyl isothiocyanate in pyridine affords either 3-phenyl-7-phenyl(thiocarbamoyl)-5,6- 
dihydroimidazolium betain 680728 which is probably formed via the intermediate 5- 
phenylimino-3-phenyl-5H-7,8-dihydroimidazo[2,1 -b][ 1,5,3]dithiazepine 681 729 (Scheme 
171). 

680(7 5”/0) L Ph - 
E ( 7  5O/.) 

Scheme 171 
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ISOTHIOCYANATES 423 

Reaction of678 with benzoyl isothiocyanate gives the thiourea 682 in 56% yield which 
may be oxidised with N-chlorosuccinimide or hydrogen peroxide to yield 3-benzoylimi- 
no-5,6-dihydro-3H-{imidazo[2,l-c][ 1,2,4]dithiazole) 683'" (Scheme 172). 

~~, C S - NH CO P h 

Ph-CO-NCS - _____) 

- 678 's CI~CH/NCS 
H or 

683 - 682 H202 - 

Scheme 172 

sc-Aminocarboxylic acid derivatives 684 may be cyclised with phenyl isothiocyanate to 
form 685 in high  yield^.^" 2,5-Disubstituted thiazolo[5,4-d]thiazoles 688732 and 4,5,6,7- 
tetrahydrobenzimidazoline-2-thiones 6897" have also been prepared by cyclocondensa- 
tion of 686 and 687, respectively, with isothiocyanates (Scheme 173). 

607 - 

Scheme 173 

S R  D 
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424 S. SHARMA 

P-Amino carboxylic acids such as the endo- and exo-norbornenes 690 also react with 
alkyl and aryl isothiocyanates to form condensed pyrimidines 691 which, on ther- 
molysis. undergo a retro-Diels-Alder reaction to give the thiouracils 692734 (Scheme 174). 

RNCS 
____j 

692 

- Scheme 174 

- 

Various amino substituted heterocycles with an amino group c1 to a ring nitrogen react 
with isothiocyanates to form the corresponding thioureas which may be isolable or 
undergo spontaneous ring closure in the presence of base to afford a variety of fused 

Thus, 3-aminopyrazoles 693 react with ethoxycarbonyl isothiocyan- 
ate 279a to form the corresponding thioureas 694 which on treatment with alkali cyclise 
into pyrazolo[ I ,5-a]-1,3,5-triazines 695.735-737 A somewhat similar cyclisation occurs to 
give 697 when 3-[cyano(ethoxycarbonyl)methylene]- 1 -(ethoxycarbonylaminothio- 
carbonyl)-5-oxopyrazolidine 696 is treated with 279a738 (Scheme 175). 

0 

- 69 3 - 694 - 69 5 

Scheme 175 

Reaction of the 2-aminothiazoles and 2-aminoimidazoles 698a,b with ethoxycarbonyl 
isothiocyanate or S-phenyl isothiocyanatothioformate (PhS-CO-NCS), respectively, 
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ISOTHIOCYANATES 425 

affords the thiazolo[3,2-a]- and imidazo[ 1,3-a]- 1,3,5-triazines 699a,b.7’9.74” Similarly, 
2-aminothiazolines and -oxazolines 700a,b form the 1,3,5-triazines 701a,b when treated 
with ethoxycarbonyl is~thiocyanate’~’.’~’ (Scheme 176). 

R Et02C-NCS R 

R’ x L N H 2 -  R’ 

- 700 a, XzS - 701 a,b 
b,X=O 

Scheme 176 

Treatment of the 3-amino- 1,2,4-triazoles 702 with ethoxycarbonyl isothiocyanate 
gives two types of thioureas (703 and 704), depending upon the reaction conditions. 
Both of these thioureas may be cyclised with base to give the isomeric triazolotriazines 
705 and 706, re~pectively~~’ (Scheme 177). 

NaOH NaOH 

3-Amino-l,5-dimethylpyrrole 707 reacts with 279a in THF to give a mixture of the 
bicycloheterocycle 708 and the thiourea 709. However 3-acetylamino-1 -methylpyrrole 
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426 S .  SHARMA 

710, when treated with ethoxycarbonyl isothiocyanate 279a, gives the 3-acetylamino- 1 - 
met hyl-2-(N-ethoxycarbonyl)thiocarboxamidopyrrole 71 1 which cyclises in the presence 
of base to form the pyrrolo[3,2-d]pyrimidine 712744 (Scheme 178). 

H 

J g N H L ? M e ~ r - ~ ~  + Me~l--NHcsEI:2Et 
I 
Me 

1 1  279a 
Me - I 

Me Me S 

- 707 - 708(39'/0) - 709(22'/0) 

Scheme 178 

Iminoheterocycles also react with reactive isothiocyanates to form different new 
heterocycles. Thus, treatment of phenylthiouret 713 with phenyl isothiocyanate at 
140-1 50°C affords the 1,2,4-dithiazole 714 in high yield.74s However, later it was shown 
that reaction of the N-(pheny1imino)heterocycles 715 and 716 with ethoxycarbonyl 
isothiocyanate gives rise to the 1,2,4-dithiazolidines 719 and 720 via initial formation of 
the bicyclic intermediates 717 and 718, r e s p e ~ t i v e l y ~ ~ ~ - ~ ~ ~  (Scheme 179). 

s-s s-s-s 
P h H N A N A N H  + 

71 3 NCS - 
71d(91°/o) - 

N-S 
279a 

k N A N p h  a 
I 

Me 

716 720 
_. 

71 8 

Scheme 179 
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ISOTHIOCYANATES 421 

2-(Benzylideneimino)thiadiazoles and -oxadiazoles 721a,b may be allowed to react 
with aryl isothiocyanates to yield the 1,3,4-thia(oxa)diazolo[3,2-a]-s-triazine-5- 
(6H,7H)thiones 722a,b.749.750 1 -Amino-2-thioxotriazoline 723 can also be used to 
prepare the bicyclic compound 724 by reaction with aryl isothiocyanates’” (Scheme 
180). 

722 a, b - - 721 a,X= S 
b,X : O 

N-N N* N-N ArNCS 
b k A N A S H -  I M e ~ N ~ s H ~ M e ~ N , k s  

NH2 AHCSNHA~ t ! J d N H A r  

72L - - 72 3 83 -93 O/O 

Scheme 180 

Molina and c o ~ o r k e r s ’ ~ ~ ~ ’ ~ ~  have treated 1 -amino-2-methylthio-4,6-diphenylpyridi- 
nium iodide 725 and 1 -aminotetrahydrotriazine 726 with aryl isothiocyanates to obtain 
various bicyclic nitrogen heterocycles 727-729 as shown in Scheme 18 I .  

I 
NH2 

72 5 - 

Ph 

727 - 

CH$N, A 

728 - 

- 72 6 - 729 (76- 87”/0) 

Scheme 181 
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428 S. SHARMA 

Phenyl isothiocyanate reacts with 5-amino- l-/?-D-ribofuranosylimidazole-4- 
carboxamide 730 to yield 2-mercaptoinosine 731 .’” A novel cyclisation occurs when 
cyclohexylidenemalononitrile 732 is treated with phenyl isothiocyanate, yielding the 
tetrahydroisoquinoline derivative 733.7’6 However, the tetrahydroquinazolone 735 has 
been obtained by treating isatoic anhydride 734 with methyl is~thiocyanate~~’ (Scheme 
182). 

HO D O H  OH 

732 - 

- 73 5 

Enamines react with various isothiocyanates to afford different heterocycles. Thus, 
reaction of 1 -morpholinocyclohexene 736 with benzoyl isothiocyanate 271 or N-phenyl- 
benzimidoyl isothiocyanate 737 gives a tetrahydro- 1,3-0xazine and a quinazolene (738 
and 739), r e s p e ~ t i v e l y . ~ ~ ~ ~ ~ ~ ~  Alternatively, 739 may also be prepared by treating 1- 
phenylaminocyclohexene (740) with benzoyl i~o th iocyana te .~~~  Replacement of benzoyl 
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ISOTHIOCYANATES 429 

isothiocyanate by thiocarbamoyl isothiocyanates in the above reaction has been found 
to yield 2-aminotetrahydrobenzothiazin-4-ones 741467 (Scheme 183). 

Ph 
7L 0 - 739 74 1 - 

Scheme 183 

Ketene N,S-acetals 742, representing activated lactams, react with aryl isothiocyana- 
tes to form the pyrimidine derivatives 743.7h".7h' The lactam acetals 744 also react with 
aryl isothiocyanates to afford the azacycloalkano[2,3-~pyrimidines 745762 (Scheme 184). 

I I I  
Me R Me 

- 74 .L 745 

Scheme 184 

Treatment of 4-amino-5-cyano-1 -methyl- 1,2,3-triazole 746 with phenyl isothiocyan- 
ate yields 6-anilino-7-methyl-8-azapurine-2-thione 747 q ~ a n t i t a t i v e l y . ~ ~ ~  Phenyl isoth- 
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430 S. SHARMA 

iocyanate also reacts with 4-ethoxy-6-methylpyrimidine N-oxide 748 to form the un- 
usual product 749764 (Scheme 185). 

74 6 - 

0 Et 

4 
0 Me 

7L9 - 7.48 - 
Scheme 185 

The 6-hydrazinouracils 750 undergo cyclocondensation to form the 3-alkyl/acylami- 
nopyrazolo[3,4-d]pyrimidines 751 when treated with alkyl/acyl i ~ o t h i o c y a n a t e s . ~ ~ ~ ~ ’ ~ ~  A 
[4 + 21 cycloaddition takes place when 2-pyridyl isothiocyanate 752 is treated with an 
isocyanate resulting in the formation of the mixture 753-755767 (Scheme 186). 

R 

750 - 

R-NCO 

752 - 

Scheme 186 

- 753, x _ C H R ~  
m, x= co 
755, X= NPh 

2-Chloropyridine-3-carboxamide 756 reacts with isothiocyanates to  form the pyr- 
idopyrimidinethiones 757768 while the thiazolo[5,4-b]pyridine 759 is obtained by treat- 
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ISOTHIOCYANATES 43 I 

ment of 3-amino-2-chloropyridine 758 with ethoxycarbonyl is~thiocyanate’~~ (Scheme 
187). 

CONHR 

ct R l N C S  

756 - 

C02Et 
759 756 - 

Scheme 187 

Reaction of I -pyrroline 1-oxides 760 with aryl isothiocyanates affords either the 
4-aryl-2-oxa- 1,4-diazabicyclo[3.3.O]octane-3-thiones 761 or  a mixture of 761 and the 
C=S adduct 762 which decomposes to the thiolactam 763 and an aryl isocyanate. The 
last two products may react to yield the 4-aryl- 1,4-diazabicyclo[3.3.O]octan-2-ones 
76463’.634 (Scheme 188). 

+ 

R2 R3 
Ar-NCO .’:aR4 

Me Me N /Ar 
H I I  

Cycloaddition of isothiocyanates to azaphospholanes 765 gave the bicyclic phos- 
phorus heterocycles 766 and 767.770 Reaction of 2-acetyl-5-methyl-l,2,3-diazaphosphole 
768 with phenyl isothiocyanate affords 769.77’ Treatment of o-chloranil 771 with the 
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432 S. SHARMA 

2-isothiocyanato-l,3,2-dioxaphospholane 770 leads to the formation of the spirophos- 
phorane 772772 (Scheme 189). 

X2 PEN 
M e O 2 C ’ k , / k  R-NCS 

X2P-N 

CO2Me 

CO2Me 

765 - - 766,R’z C02Me 
- 767, R’: H 

769 - 768  - 

Ye 
Me CI 

771 772 - - 77 0 - 
Scheme 189 

10. POLYCYCLIC HETEROCYCLES 

Polycyclic heterocycles are accessible by essentially the same chemistry as described in 
the synthesis of bicyclic benzo- and nonbenzoheterocycles (Sect. 8 and 9). The present 
section will, therefore, be restricted to the synthesis of representative polyheterocycles 
via isothiocyanate-induced cyclisations. 

Reaction of anthranilic acid 658a with 4-methyl-4-isothiocyanato-2-pentanone 773 
gives the 3H,6H-pyrimido[ 1,2-a][3, Ilbenzothiazin-6-one 774 in 95% yield773 while 
methyl anthranilate 658b reacts with serine 775 with double cyclisation to form 776722 
(Scheme 190). 

Me n M $ e  

M e w  NCS Me +ma - qFNH 
773 0 - 

7 74 - 

775 - Scheme 190 
77 6 - 
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ISOTHIOCYANATES 433 

Condensation of 2-(carbethoxyamino)indole 777 with alkyl/aryl isothiocyanates gives 
the addition products 778 which may be cyclised in the presence of sodium ethoxide to 
yield the pyrimido[4,5-b]indoles 779.774 A thiourea 781, obtained by successive treatment 
of 3-chlorobenzo[b]thiophene-2-carbonyl chloride 780 with potassium thiocyanate and 
an amine, can also be cyclised in the presence of phenyl isothiocyanate and methyl iodide 
to yield a mixture ofthe thiophene heterocycle 782 and an i s ~ t h i o u r e a ~ ~ ~  (Scheme 191). 

78 0 - 
11.KSCN 

H H  
779 - 

Ph-NCS 
m L l - N H  c H31 

is-NHR 0 
782 - 781 - 

Scheme 191 

Condensation of 1-substituted benzimidazole-2-thiones 783 with isothiocyanates 
leads to the formation of the benzimidazolo[ 1,2-4[ 1,2,4]thiadiazolines 784.776 Cyclisa- 
tion of N-naphthyl- N"-phenylguanidine 785 with phenyl isothiocyanate at higher tem- 
peratures also affords 2,4-bis(phenylamino)-5,6-benzoquinazoline 786776" (Scheme 192). 

,CONHPh 
R- NCS 

H 
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434 S. SHARMA 

2'-Organylamino- 1 7-oxoestra- 1 (1 0),4-dieno[2,3-d]oxazoles 788 may be prepared con- 
veniently and in high yield by treating 2-aminoestrone 787 with aryl isothiocyanates in 
the presence of DCC.777 Reaction of 2-ethoxycarbonyl-3-amino-2,3-dehydroquinu- 
clidine 789 with phenyl isothiocyanates gives the tricyclic quinazolone-containing 
heterocycle 790778 (Scheme 193). 

H2N HO & - AT-NCS HN& N& ' 

707 
L 

Ar - 788(66-91'/01 

QJNH2 - Ph-NCS @--Jh 

COOEt 

0 
79 0 

789 - - Scheme 193 

When 2,3,3-trimethylindolenine 791 and its 7-aza analog 792 are refluxed with ethoxy- 
carbonyl isothiocyanate in pyridine or toluene formation of the tricyclic products 795 
and 796 takes place, presumably by cyclisation of the intermediate thiocarbamates 793 
and 794, resep~tively.~ '~-~~'  A similar cyclisation takes place when 1 -methyl-3,4-dihy- 
droisoquinoline 797 is treated with ethoxycarbonyl isothiocyanate in DMF in the 
presence of triethylamine at room temperature to yield 79878' (Scheme 194). 

- 

79l,X:CH 
- 792,X: N 

Me 

793,XzCH 
-J 791 XzN 

79 7 - 
- 798 (26'/0 1 

Scheme 1 9 ~  

Reaction of 3-amino-2-phenylquinazolone-4-thione 799 with isothiocyanates gives 
the 1,3,4-triazolo[3,2-c]quinazolines 800782 whiie cyclisation of the dihydropyridotriazi- 
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nium cation 801 with aryl isothiocyanates leads to the synthesis of the pyridotriazino- 
triazoles 8027x3 (Scheme 195). 

R-NCS 

Ph Ph 

Ar-NCS 

N-N 
Ph Ph 

0 0 

- 801 =( 50-88°/0) 

Scheme 195 

The aminoheterocycles 803 and 804 undergo smooth cyclisation to form the polycyclic 
nitrogen heterocycles 805 and 806, respectively, when treated with phenyl isothiocyan- 
a t e i ~ ~ . i ~ 5  (Scheme 196). 

Ph-N C S - 
H 

- P h N H 2  

Scheme 196 

Condensation of methyl 2-isothiocyanatobenzoate 807 with propargylamine 808 gives 
the desired thiourea 809 which may finally be cyclised to 2-methylene-5-0x0-SH- 1,3- 
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thiazolo[2,3-b]quinazol-4-one 810.786 Aminobenzodiazepinones 81 1 also react with 
DMF and an isothiocyanate to give 1 H-pyrimido[4,5-dj[ 1,5]benzodiazepines 812787 
(Scheme 197). 

+ HCZC-NHz - 
808 - 807 - 

81 0 - H 

81 1 - 
812 Scheme 197 - 

Reaction of imidazodithiazoles and pyrimidinodithiazoles 812a,b with ethoxycar- 
bony1 isothiocyanate and phenyl isothiocyanate leads to the formation of the novel 
heteropentalenes 813a,b78s.789 (Scheme 198). 

n 
y r  N\ N / S  

s-s 

Et 0 CO - NC S 
n 

S-N-Ph 

- 812a 812 b - 

s-s-s 
~a ,RzCOOEt ;nz l  

b,RzPh;n:2 

Scheme 198 

A new synthesis of imidazo[5,l-a]isoquinolines 815 has been reported by reaction of 
the anion 814 of N-methoxycarbonyl-3-methyl-1,2-dihydroisoquinoline- I-carbonitrile 
with phenyl is~thiocyanate.'~" It was also possible to prepare the triazinopyridoin- 
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ISOTHIOCYANATES 437 

dolethiones 817 and 818 by cyclisation of 3-amino-9H-pyrido[3,4-b]indole 816 with 
ethoxycarbonyl and benzoyl isothiocyanate, respectively7” (Scheme 199). 

Ph-NCS 

NC CN 

81 6 

I 
- 0 817 

PhCO-NCS ~ @-flyph 
‘ N \NyN 

c 
H 

-I 

8 3  
Scheme 199 

Azomethineimines such as isoquinoline-N-phenylimine 819 exhibit high reactivity 
towards isothiocyanates and cyclise to form 1: 1 adducts such as 820.7y2 b-Keto diazo 
compounds such as 821 also react with benzoyl or thiobenzoyl isothiocyanate to give the 
corresponding thiadiazoline derivatives 822 which eliminate nitrogen and recyclise to 
form 8-benzoyl- or -thiobenzoylacenaphtho[ 1 ,2]-A4-isoxazoline-9-thione 8237y3 (Scheme 
200). 

m N - h P h -  Ph-NCS WN, 
N-Ph 

819 - 
Ph-N 4- 

S 820 - 

821 - 

- 823 X - O , S  
Scheme 200 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



438 S. SHARMA 

11. CONCLUSION 

The present review clearly demonstrates the great synthetic versatility of alkyl, aryl, acyl 
and other isothiocyanates in organic and organometallic chemistry. The fact that several 
good and convenient methods are now available to prepare various isothiocyanates on 
a laboratory scale further increases the potential of this class of reagents in the construc- 
tion of a diversified array of organic heterocycles. Consequently, many classes of five- 
and six-membered nitrogen and sulfur heterocycles, either carrying various substituents 
or fused with benzo or non-benzo nuclei to interesting polyheterocycles, have been 
synthesized from isothiocyanates which is undoubtedly a landmark in organosulfur 
chemistry. 

Although a large variety of organic heterocycles have been synthesized with isothioc- 
yanates as the cyclising agent, the synthetic applicability of these reagents has been 
marred by the lack of proper chemotherapeutic evaluation of the compounds surveyed 
in the present article. The author is of the view that the compounds prepared by 
isothiocyanate heterocyclisations have a promising potential in medicinal chemistry. 
Thus these five- and six-membered heterocycles and their corresponding fused benzo- 
derivatives deserve a broader biological evaluation, especially in the area of chemoth- 
erapy of parasitic diseases. The small-ring compounds such as three-membered sulfur 
heterocycles and polyheterocycles may find use in cancer chemotherapy and should be 
evaluated for their anticancer activity. Thus, a proper blend of synthesis and biological 
screening would not only lead to the fruitful use of these organosulfur compounds, but 
will also add new dimensions to the chemistry of isothiocyanates. 

12. REFERENCES 

I .  

2. 

3. 

4. 
5.  

6. 
7. 

8. 

9. 
10. 
1 1 .  
12. 
13. 
14. 

IS. 
16. 

Beilsteins Handbuch der Organischen Chemie, Springer Verlag, Heidelberg, Vol. 4,214 (1922) and 
its 1st-IVth Supplement: published in 1934, 1949. 1962 and 1977. 
M. Bogemann, S. Petersen, 0. E. Schultzand H. SOH, Merhoden der Organischen Chemie (Houben- 
Weyl), Georg Thieme Verlag, Stuttgart, Vol. 9, 867 (1955). 
A. Hartmann. Methoden der Organischen Chemie (Houben-Weyl), Georg Thieme Verlag, Stutt- 
gart, Vol. E4, 834 (1983). 
A. Kjsr ,  Organic Sulfur Compunds, ed. N. Kharasch, Vol. 1, 409 (1961). 
(a) S. J. Assony, Organic Sulfirr Compounds, ed. N. Kharasch, Pergamon Press, Oxford, Vo. I ,  326 
(1961 ); (b) E. E. Reid, Orgunic Chemistry of Bivalent Sulfur (Chemical publishing Co., New York), 
6, 58 (1966). 
M. 0. Lozinskij and P. S .  Pel’kis, Lisp. Khim., (Russ. Chem. Rev.), 37, 840 (1968). 
M. 0. Lozinskij, G.  J. DerkaE, P. S. Pelkis and 2. M. Ivanova, Reactions and Methods of 
Investigations qf Organic Compounds, ‘Khimia’, Moscow, 29, 449 (1971). 
Proceedings of the Second International Symposium on Isothiocyanates, Smolenice, Czechos- 
lovakia, Nov. 25-27, 1969. 
J. Goerdeler, Quart. Rep. Sulfur Chem., 5 ,  169 (1970). 
G .  1. DerkaE and 2. M. Ivanova, 2. Chem., 9, 369 (1969). 
M. F. Lappert and H.  Pyszora, Adv. Inorg. Chem. Radiocheni.. 9, 133 (1966). 
R. Gompper, Angew. Chem. I n / .  ed.. 8, 312 (1969). 
E. van Loock, Ind. Chem. Belq., 39, 661 (1974). 
L. Drobnica, P. Kristian and J .  Augustin, The Chemistry of Cyanares and their Thio Derivatives, 
Part 2, ed. S. Patai. John-Wiley & Sans, New York, p. 1003 (1977). 
B. George and E. P. Papadopoulos, J .  Heterocycl. Chem., 20, 1127 (1983). 
F. Duus in Comprehensive Organic Chemistry, Vol. 3, ed. D.  N. Jones, Pergamon Press, Oxford, 
p.461 (1979). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 439 

17. 
18. 
19. 
20. 
21. 

22. 

23. 

24. 

25. 
26. 
27. 
28. 
29. 

30. 

31. 
32. 

33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 

R. M. Kanalov, M.  G.  Zimin and A. N.  Pudovik, Usp. Khim., 54, 2044 (1985). 
R. Esmail and F. Kurzer, Synthesis, 301 (1975). 
M. Kojima, H.  Hamada and N. Toshimitsu, Nippon Shokuhin Kogyo Gakhaishi, 33, 199 (1986). 
M.  Kojima, H.  Hamada and N. Toshimitsu, Nippon Shokuhin Kogyo Gakhaishi, 33, 155 (1986). 
A. Kjrer, in Progress in the Chemistry of Organic Natural Products, Vol. 18, ed. L. Zechmeister, 
Springer-Verlag, Vienna, pp. 122-176 (1960) [also cited as  Fortschr, Chem. Org. Naturst., 18, 122 
( 1  960)]. 
A. Kjrer, in Chemisrrjj of Botanic Classification, Nobel Symposium No.  25, eds. G. Bendz and J .  
Santesson, Academic Press, New York, 1973. 
M. G .  Ettlinger and A. Kjzr  in Recent Advances in Phytochemistry, Vol. I ,  eds. T. J. Mabry. R. 
E. Alston and V. C. Runeckles, North-Holland Publishing Co., Amsterdam; Appleton-Century- 
Crofts Div., Meredith Corp., New York, pp. 59-144 (1968). 
A. Dadieu and K.  W. F. Kohlrausch. Sitz.-Ber. Akad. Wiss., Wien. Math.-Naturu. Kl. Aht. Ira. 
135, 629 (1930). 
A. Dadieu, Chem. Ber., 64, 358 (1931). 
W. Perschke, Chem. Ber., 62, 3054 (1929). 
J .  Goubeau and 0. Gott, Chem. Ber., 73, 127 (1940). 
E. Bergmann and M. Tschudnowski, Z .  Phys. Chem., 17B, 100 (1932). 
J .  H. Hibben, The Raman Effect and its Chemical Applications. Reinhold Publishing Corporation, 
New York, p.294 (1943). 
K.  W. F. Kohlrausch, Ramanspektren, Hand- und Jahrhuch der Chemischen Physik, Vol. 9, Becker 
und Erler, Leipzig, p. 294 (1943). 
J. W. Linnet and H. W. Thompson, J .  Chem. Soc., 1399 (1937). 
G.  C.  Dousmains. T. M. Sanders, Jr., C. A. Townes and H. Ziegler, J .  Chem. Phys., 21, 1416 
(1953). 
C.  I .  Beard and B. P. Dailey, J .  Anier. Chem. Soc., 71, 929 (1949). 
W. Cordy, J .  Chem. Phys., 15, 81 (1947). 
V. Shomaker and D. P. Stevenson, J .  Amer. Chem. Soc., 63, 37 (1941). 
K.  AntoS, A. Martvon and P. Kristian, Coll. Czech. Chem. Comm., 31, 3737 (1966). 
E.  C. E. Hunter and J .  R. J. Partington, J .  Chem. Soc.. 2812 (1932). 
E. R. Jollife and C. P. Smyth, J .  Amer. Chem. Soc., 80, 1064 (1958). 
M. Dzurilla, P. Kristian and G. Suchar, Coll. Czech. Chem. Comm., 41, 742 (1976). 
H. C.  Godt  and R. E. Wann, J .  Org. Chem., 26, 4047 (1961). 
J .  Goerdeler and H.  Hohage, Chem. Ber., 106, 1487 (1973). 
J .  Goerdeler and H.  Ludke, Chem. Ber., 103, 3393 (1970). 
J .  Goerdeler, J. Haag, C. Lindner and R. Losch, Chem. Ber., 107, 502 (1974). 
0. Billeter. Chem. Ber., 8, 462 (1875). 
0. Billeter. Hrlv .  Chim. Aria, 8, 337 (1925). 
P. Miquel. Ann. Chim. (51,  11, 289 (1877). 
M. Renson, Bull. Soc. Roy. Sci. Liege. 78 (1960). 
D.  C. Schroeder, Chrm. Rev.. 55, 181 (1955). 
A. Sinits, H.  Vixseboxe and K. Verslag, Akad. Wetenschappen, 46 (1913); C.A. ,  8, 649 (1914). 
E.  Schmidt, A. Striewsky, M. Siefelder and F. Hitzler, Ann. Chem., 568, 192 (1950). 
E. J. Tarlton and A. F. McKay, Grr. Pat., 1,148,540 (1963); C.A., 60, 2825 (1964). 
E. Profft. H.  Teubner and W. Weuffen, Arch. Expi. Veteriniirmed., 21, 225 (1967). 
P. A. S. Smith and D. W. Emerson, J .  Amer. Chem. Soc., 82, 3067 (1960). 
A. Fuva. A. Illiceto, A. Ceccon and P. Koch, J .  Amer. Chem. Soc., 87, 1045 (1965). 
A. Fava, A. Illiceto and S .  Bresadola, J .  Amer. Chrm. Soc., 87, 4791 (1965). 
E. Schmidt and W. Striewsky, Chem. Ber., 73, 286 (1940). 
T.  B. Johnson and H. H. Guest, J .  Amer. Chem. Soc., 41, 340 (1909). 
H. L. Whceler. J .  Amer. Chem. Soc.. 26, 345 (1901). 
A. Illiceto. A. Fava and U. Mazzuccato, J .  Org. Chem., 25, 1445 (1960). 
W. U. Malik. P. K. Srivastava and S. C. Mehra, J .  Chem. Eng. Data, 14, 110 (1969). 
A. W. HolTmann, Chem. Ber., 13, 1350(1880). 
A. Illiceto, A. Fava, U. Mazzucato and 0. Rossetto, J .  Amer. Chem. Soc.. 83, 2729 (1961). 
T. Hasselstrorn, R. C. Clapp, L. T.  Mann and L. Long, J .  Org. Chem., 26, 3026 (1961). 
H.  Bohme, H. Fischer and R. Frank, Ann. Chem.. 563, 54 (1949). 
N. Watanabe, M.  Okano and S. Uemura, Bull. Chem. Soc. Jpn., 47,2745 (1974). 
R. C. Cambic, H.  H.  Lee, P. S. Rutledge and P. D.  Woodgate, J .  Chem. Soc., Perkin Trans I ,  757 
( 1  979). 

S R  E 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



440 S. SHARMA 

67. 
68. 

69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 

78. 
79. 
80. 

81. 
82. 
83. 

84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 

98. 
99. 

100. 
101. 
102. 
103. 

104. 
105. 
106. 
107. 
108. 
109. 
110. 

1 1 1 .  
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 

C. E. Searle, U S .  Pat. 2,462,433 (1946); cited in reference 2, p. 868. 
K. Jezek, M. Cerny, V. Votava, R. Zajic, J.  Mostecky and V. Kubelka, Czech. CS 228,451 (1986); 
C.A.  106, 17600 (1987). 
0. Mumm and H. Richter, Chem. Ber., 73, 843 (1940). 
E. Bergmann, J. Chem. Sue., 1361 (1935). 
M. Servigne, E. Szarvasi and L. Neuvy, C. R. Acad. Sci., Paris, 238, 2169 (1954). 
B. S. Drach, E. P. Sviridov and A. V. Kirsanov, Zh. Urg. Khim., 8, 1825 (1972). 
B. S. Brach, A. D. Sinitsa and A. V. Kirsanov, Zh. Ubshch. Khim., 40, 1933 (1970). 
B. Unterhalt and F. Leiblein, Arch. Pharm. Dtsch. Pharm. Ges., 314, 459 (1981). 
H. Bohme and U.  Scheel, Arch. Pharm., 300, 326 (1967). 
H. Bohme and U. Scheel, Chem. Ber., 100, 347 (1967). 
S. R. Sterlin, B. L. Dyatkin, L. G. Zhuravkova and I. L. Knunyants, Izv. Akad. Nauk. SSSR, Ser. 
Khim., 1176 (1969). 
F.-P. Van de Kamp and F. Micheel, Chem. Ber., 89, 133 (1956). 
1. Yamamoto. K.  Fukui, S. Yamamoto, K. Ohta and K .  Matsuzaki, Synthesis, 686 (1985). 
P. Goebel, Diplumarheit, Universitiit Munchen (1960), cited in H. Stetter and C .  Wulff, Chem. Ber., 
95, 2304 (1962). 
E. J. Tarlton and A. F. McKay, Ger. Par. 1,148,540 (1963); C.A. ,  60, 2825 (1964). 
A. Krutosikova, J.  Kovac and R. Frimm. Chem. Zvesti. 27, 107 (1973). 
(a) L. A. Spurlock, R. K. Porter and W.  G. Cox, J .  Urg. Chem.. 37, 1162 (1972); (b) L. A. Spurlock 
and W. G .  Cox, J .  Amer. Chem. SOC., 91, 2961 (1969). 
J .  Gonda, P. Kristian and I .  Danihel, Z .  Chem.. 23, 18 (1983). 
H. Bohome and H. Schwartz, Arch. Pharm. ( Weinheim), 307, 775 (1974). 
P. Kristian, Chem. Zvesti. 15, 641 (1961). 
P. Kristian, Chem. Zvesti, 23, 371 (1969). 
L. Panizzi, Guzz. Chim. ltal., 77, 549 (1947). 
N.  K. KoEetkov, Dokl. Akad. Nauk S.S.S.R., 82, 593 (1952). 
G. B. Ellion, I. Goodman, W. Lange and G. H. Hitchings, J .  Amer. Chem. Soc., 81, I898 (1959). 
P. T. Austen and F. S .  Smith, J .  Amer. Chem. Soc., 8, 89 (1886). 
F. L. Greenwood and W. J.  James, J .  Amer. Chem. Soc.. 73, 4495 (1951). 
R. A. Volkmann, Synth. Comm.. 8, 541 (1978). 
K. Schulze, W. Mai and M. Muhlstadt, Z .  Chem.. 17, 58 (1977). 
L. S. Luskin, G. E. Gantert and W. E. Craig, J .  Amer. Chem. Soc., 78, 4965 (1956). 
M. S. Kharasch, E. M. May and F. R. Mayo, J .  Amer. Chem. SOC., 59, 1580 (1937). 
B. V. Unkovskij, L. A. Ignatova, M. M. Donskaja and M. G. ZajEeva, Problemy Org. Sinteza, 
Akad. Nauk. S.S.S.R., Izdat-el’stvo Nauka, Moscow, p. 202 (1965). 
1. Ugi and F. Rosendahl, Ann. Chem., 670, 80 (1963). 
W .R. Diveley, G. A. Buntin and A. D. Lohr, J .  Org. Chem., 34, 616 (1969). 
H. A. Bruson and T. W. Reiner, J .  Amer. Chem. Soc., 67, 1178 (1945). 
R. Riemschneider, Z .  Naturforsch., 14b, 814 (1959). 
W. Loechel and M. Schenek, U.S.  Par. 2,872,462 (1960); C.A. ,  54, 24416 (1960). 
K. Takeda, T. Kubola and J. Kawanami, Chem. Pharm. Bull., 8, 615 (1960); C.A. ,  55, 12450 
( 1961). 
A. L. Jale, J .  Amer. Chem. Soc.. 75, 675 (1953). 
P. Saccardi, Gazz. Chim. Ital.. 75, 87 (1945). 
S. M. Losanitsch, Chem. Ber., 24, 3021 (1891). 
A. W. Hoffmann, Chem. Ber., 1, 170 (1868). 
A. W. Hoffmann, Justus Liebigs Ann. Chem., 373, 201 (1909). 
R. Anschiitz, Justus Liebigs Ann. Chem., 359, 202 (1908). 
F. B. Danis, R. Q. Brewster and C. P. Olander, Univ. Kansas Sci. Bull., 13, I (1922); C.A. ,  17, 543 
(1923). 
F. 8. Danis, R. Q. Brewster and C.  P. Olander, Urg. Synth. CON. Vol., I, 447 (1948). 
M. Delepine, C. R. Acad. Sci., 144, 1125 (1907). 
G. Loose and H.  Weddige, Justus Liebigs Ann. Chem., 636, 144 (1960). 
E. Schmidt and L. Fehr, Justus Liebigs Ann. Chem., 621, 1 (1959). 
S. Goldschmidt and K. Martin, Can. Pat. 357,959 (1936); C . A . ,  30, 4613 (1946). 
R. Anschutz, Chem.-Ztg., 34, 89 (1910). 
T. Wieland, H. Mezz and A. Rennecke, Chem. Ber., 91, 683 (1958). 
R. S. Elhinney. J. Chem. Soc., 950 (1966). 
F. Hiiter, Chem. Ber., 80, 273 (1947). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 441 

120 

121. 
122. 
123. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 
132. 
133. 

134. 
135. 
136. 
137. 
138. 
139. 
140. 
141. 
142. 
143. 
144. 
145. 
146. 
147. 
148. 

149. 
I 50.  
151.  
152. 
153. 
154. 
155. 
156. 
157. 
1.58. 
159. 
160. 
161. 
162. 
163. 
164. 
165. 
166. 
167. 
168. 
169. 
170. 
171. 
172. 
173. 
174. 

J .  Bernstein, H. L. Yale, K. Losee, M .  Hoking. J .  Martins and W. A. Lott, J .  Amer. Chem. Soc., 
73,906 (1951). 
Schering AG, Brit. Pat. 892,790 (1962); C . A . ,  57, 4552 (1962). 
R. Andreasch, Monatsh. Chem., 27, 1221 (1906); ibid, 31, 788 (1910). 
L. Kaluza. Monafsh. Chem., 30. 707 (1909). 
L. Kaluza. Monatsh. Chem., 33, 363 (1912). 
H. NHgele. Monarsh. Chem., 33, 948 (1912). 
M. L. Moore and F.  S. Crossley, Org. Synth., 21, 81 (1941). 
G .  J .  0. Neil and F. L. M .  Pattison, J .  Amer. Chem. Soc., 79, 1956 (1957). 
J. E. Hodgkins and M. G. Ettlinger. J .  Org. Chem., 21,404 (1956). 
J.  E. Hodgkins, W. P. Reeves and Y. T. Lui. J .  Amer. Chem. Soc.. 83, 2532 (1961). 
J. E. Hodgkins and W. P. Reeves, J .  Org. C/7em., 29, 3098 ( I  964). 
D. Hoppe and R. Follmann, Chem. Ber., 109, 3055 (1976). 
D. L.  Garmaise, R.  Schwartz and A. F. McKay, J .  Amer. Chem. Soc.. 80, 3332 (19%). 
(a) G .  J .  M .  van der Kerk, C. W. Pluygers and G .  de  Vries, Rec. Trav. Chim. Pay-Bas.. 74, 1262 
(1955); (b) G .  J .  M. van der Kerk, C. W. Pluygers and G .  de Vries, Org. Synth. Coll. Vol . ,  5 ,  223 
(1973): (c)  N. A. Barba, Ya. E. Gutsu and R. K. Shukla, Khim. Kllim. Tekhnol. (Alma-Atu) .  20, 
492 (1977); C . A . .  87, 134397 (1977). 
S. Sharma. S. K. Dubey and R.  N. Iyer, Progr. Drug Res., 24, 217 (1980). 
S. Sharma, Progr. Drug Res., 31, 9 (1987). 
J .  von Braun, Ber. Dtsch. Chem. Ges., 35, 3368 (1902). 
E. B. Knott. J. Clicvz. Soc., 1644 (1956). 
R. M. Otlenbrite, J .  Chem. Soc. Perkin Truns 1,  88 (1972). 
G.  Blonty. Justrts Liebigs Ann. Chem.. 1927 (1982). 
C. S.  Pak, I .  K. Youn and Y. S.  Lee, Synthesis, 969 (1982). 
A. F. Ferris and B. A.  Schultz, J .  Org. Chen7.. 28, 71 (1963). 
K. H. Slotta and H. Dressler, Ber. Dtse/7. Chrm. Ges.. 63, 888 (1930). 
H. Werres, U.S. Put., 2,894,013 (1958); C . A . ,  54, 1324 (1960). 
H. Ulrich, U.S .  Pat.. 3,404,171 (1965); C . A . .  70, 1 1 1  12 (1969). 
K. Hartkc, Arch, Pharrn. (Weinheim). 299, 174 (1966). 
R. Neidlein and H.  G .  Reuter, Arch. PI7urm. (Weinhein7), 308, 189 (1975). 
E. Schmidt, F. Zaller, F. Moosmiiller and E. Kammerl, Jusrus Liehigs Ann. Chem., 585,230 (1954). 
E. Schmidt, D. Ross, J .  Kittl, H.  H. von Diisel and K. Wamsler. Justus Liebigs Ann. Chem., 612, 
1 1  (1957). 
E. Schmidt, E. Karnmerl, D. Ross and F. Zaller, Justus Liebigs Ann. Chem., 594, 233 (1955). 
E. Schmidt and L. Fehr, Justus Liehigs Ann. Chem., 621, I (1959). 
D. Martin, E. Beyer and H. Gross, Ger. (East)  Par. 43,996 (1965); C.A. .  65, 3746 (1966). 
D. Martin. E. Beyer and H. Gross. Chen7. Ber., 98, 2425 (1965). 
N. A. Nedolya, V .  V .  Gerasimova and B. A. Trofimov, Zh. Org. Khim., 21, 2019 (1985). 
G. S.  Johar. V. Agarwala and P. B. Rao, Indian J .  Chem.. 8, 759 (1970). 
M. Chaturvedi and A. C .  Jain, Curr. Sci., 40, 156 (1971). 
J. C .  Jochims and A. Seeliger, Angew. Chem. In/. Ed., 6, 174 (1967). 
J. P. Henichart, J .  L. Bernier and R. Houssin, Synthesis, 311 (1980). 
L. A. Spurlock and R. G .  Fayter, J .  Org. Chem., 34, 4035 (1969). 
J. C. Jochims, Chum. Ber.. 101, 1746 (1968). 
H. R. Kricheldorf, Synthesis. 539 (1970). 
H. R. Krichcldorf, Angew. Chem.. 82, 550 (1970). 
H. R. Kricheldorf and E. Leppert, Synrhesis, 435 (1971). 
H. Fujita. R.  Endo and K .  Murdyama, Chem. Lett.,  883 (1973). 
S .  Sakai, T. Aizawa and T. Fujinami, J .  Org. Chem., 39, 1970 (1974). 
A. W. Hofmann, Ber. Dtsch. Chem. Ges.. 2 ,452 (1869). 
J. von Braun and H. Deutsch, Ber Drsch. Chem. Ges., 45, 2188 (1912). 
J. von Braun, Chem. Ber., 53, 1588 (1920). 
D. Marlin, Chem. Ber., 98, 3286 (1965). 
J. Claudin. U.S. Put. 2,338,902 (1941); C . A . .  38, 3670 (1944). 
W. Schwarze and W. Weigert, DOS 1,935,302 (1969); C . A . ,  74, 87457 (1971). 
B. A. Toms, Brit. Pat. 1,024,913 (1966); C . A . ,  64, 19486 (1966). 
T. Shibanuma, M .  Shiono and T. Mukaiyama, Chem. Lett.,  573 (1977). 
R.  Delaby, R. Damiens and R. Seyden-Penne, C.R.  Acad. Sci. Paris, 242, 910 (1956). 
H. Tilles, The Chemistry of Organic Sulfur Compounds, ed. by N.  Kharasch and C. Y. Meyers, 
Pergamon Press, New York, 1966, Vol. 2, p. 31 I .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



442 S. SHARMA 

175. 
176. 
177. 
178. 
179. 
180. 
181. 
182. 
183. 
184. 
185. 
186. 
187. 
188. 
189. 
190. 
191. 
192. 
193. 
194. 
195. 

196. 
197. 
198. 
199. 

200. 
201. 
202. 
203. 
204. 
205. 
206. 

207. 
208. 
209. 
210. 
21 1. 

212. 
213. 
214. 
215. 
216. 

217. 
218. 
219. 
220. 
221. 
222. 
223. 

224. 
225. 
226. 
227. 
228. 
229. 

S .  Sharma, Synrhesis, 803 (1978). 
S .  Sharma, Sulfur Rep., 5 ,  1 (1986). 
B. Rathke, Ber. Drsch. Chem. Ges., 5, 799 (1872). 
B. Rathke, Justus Liebigs Ann. Chem., 167, 21 1 (1983). 
G.  M. Dyson and H.  J.  George, J .  Chem. Suc.. 125, 1702 (1924). 
G. M.  Dyson, H.  J .  George and R. F. Hunter, J .  Chem. Sue.. 1926, 3041. 
G.  M. Dyson, H.  J .  George and R. F. Hunter, J .  Chem. Suc., 1927, 436. 
G.  M.  Dyson and D. W. Browne, J .  Chem. Soc.. 1934, 318. 
M. Japelj, Ger. Ojerz. 2,209,822 (1973); C.A. ,  79, 136866 (1973). 
Beecham Group Ltd., Belg. f a t .  819,436 (1975); C.A. ,  87, 201318 (1977). 
L. Schmid and B. Becker, Munafsh. Chem., 46, 671 (1926). 
D. J .  Beaver, D. 0. Roman and L. J .  Stoffel, J .  Amer. Chem. Suc., 79, 1236 (1957). 
0. E. Schultz and K. K.  Gauri, Arch. Pharm., 295, 146 (1962). 
H.  Brintzinger, K. Pfannstiel and H. Koddebusch, Chem. Ber., 82, 389 (1949). 
D.  Friis, Acta. Chem. Scand., 19, 766 (1965). 
S. Sharma, R. Bindra and R. N. Iyer, Indian J .  Pharm., 35, 13 (1973). 
R. Saxena and R. N .  Iyer, Indian J .  Pharm., 29, 232 (1967). 
R. L. McKee and R. W. Bost, J .  Amer. Chem. Sue., 68, 2506 (1946). 
W. Siefken, Justus Liebigs Ann. Chem.. 562, 75 (1947). 
Allied Chemical Corp., Fr. Pat. 2,118,212 (1972); C.A. ,  78, 110563 (1973). 
J.  Egri, K. Magyar, B. Majerko, J.  Rakoczi and I. Varhelyi, Hung. TeQes 5801 (1972); C.A. .  79, 
78 I52 (1973). 
R. N.  Knowles, U S .  Pat. 3,683,001 (1972); C.A. ,  77, 114088 (1972). 
A. Joos and W. Wirtz, Ger. Offen. 2,059,872 (1972); C.A. ,  77, 881 14 (1972). 
J. J. Fuchs, Grr. Offen. 2,245,393 (1973); C.A. ,  78, 147392 (1973). 
B. Dietrich, T. M .  Fylers, J .  M. Lehn, L. G. Pease and D. L. Fyles, J .  Chem. Suc. Chem. Cumm.. 
1978,934. 
D. L. Klayman, J .  P. Scovill, J .  F. Bartosevich and C .  J.  Mason, J .  Med. Chem., 22, 1367 (1979). 
W. Krastinat and W. Schoetensack, Gcr. Offen. 2,710,170 (1978); C.A. ,  89, 215409 (1978). 
A. Kjzr  and J. Conti, Acta. Chim. Scand., 8, 295 (1954). 
L. Nutting, R. M.  Silverstein a n d C .  M. Himel, (1. S.  f a t .  2,905,701 (1959); C . A . ,  54, 12163 (1960). 
L. Kniezo and P. Kristian, Chem. Zvesri, 28, 848 (1974); c .A. .  82, 111438 (1975). 
D. Mravec and J. Kalamer, Czech. Pat. 148,071 (1973); C . A . ,  79, 91763 (1973). 
K. AntoS, i. Drobnica, P. Nemec and M. Uher, Ger. Oflen., 2,164,241 (1972); C . A . ,  77, 139598 
(1972). 
M.  Uher and J. Jendrichovsky, Cull. Czech. Chem. Cumm., 38, 289, 620 (1973). 
K. AntoS, P. Nemec, Jr. and M.  Hrdina, Cull. Czech. Chem. Cumm., 37, 3339 (1972). 
G. Steinbrunn, Cer. Pat. 848,808 (1952); C.A., 52, I1 116 (1958). 
H.  Breuer, Ger. Offen. 2,224,651 (1972); C . A . ,  78, 72171 (1973). 
K. AntoS. i. Drobnica, P. Nemec, S .  Stankovosky and P. Kristian, Czeclz. Pat. 163,819 (1976); 
C.A., 86, 106166 (1976). 
G. Hasegawa and A. Kotani, Japan. Kukai 75,157,375 (1975); C . A . ,  85, 142986 (1976). 
i. Floch, i. Drobnica and K. AntoS, Czech. Pat. 169,133 (1977); C.A.. 88, 104879 (1978). 
M .  Uher, K. AntoS, P. Kristian and i. Drobnica, Chem. Zvesti, 21, 44 (1967). 
P. Kristian, M. Sprinzl and K. AntoS, Cull. Czech. Chem. Cumm., 30, 3658 (1965). 
C. F. Huebner and C. R. Scholz, U.S.  Pats. 2,702,821, 2,703,815, and 2,714,613 (1955); C.A. ,  49, 
11701 (1955). 
C. F. Huebner and C. R. Scholz, U.S.  Pat. 2,688,039 (1954); C.A. ,  49, 14803 (1955). 
C. F. Huebner and C. R. Scholz, U.S. Pat. 2,686,806 (1954); C.A. ,  50, 1080 (1956). 
A. De Leenheer, J. E. Sinsheimer and J. H. Burckhalter, J .  Pharm. Sci., 52, 1370 (1973). 
P. Girault. Fr. Demande 2203,626 (1974); C.A. ,  82, 31 168 (1975). 
P. Brenneisen, J. J. Galley and A. Margot, U S .  f a t .  3,755,406 (1973); C.A. ,  79, 104909 (1973). 
R. N. Knowles, U S .  f a t .  3,671,638 (1972); C,A., 77, 100922 (1972) 
J .  Kalamar, K. AntoS, P. Kristian, P. Nemec, L. Drobnica, F. Bocan and J. Hrivnak, Czech. Pat. 
136,637 (1970); C.A., 77, 75001 (1972). 
P. Kristian, S. Kovac and K. AntoS, Cull. Czech. Chem. Comm., 29, 2507 (1964). 
P. Kristian, A. Hulka, K. AntoS, P. Nemec and L. Drobnica, Chem. Zvesti., 13, 103 (1959). 
P. Kristian, S .  Kovac, K.  AntoS and B. Tomanek, Chem. Zvesti, 18, 81 (1964). 
M. Uher, L. Floch and J. Jendrichovsky, Coll. Czech. Chem. Comm., 39, 182 (1974). 
P. Kristian, S. Kovac and 0. Hritzova, Cull. Czech. Chem. Cumm., 34, 563 (1969). 
K. AntoS, J. Sura, V. Knoppova and J.  Prochazka, Cull. Czech. Chem. Cumm., 38, 1609 (1973). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 443 

230. 
231. 
232. 
233. 
234. 
235. 
236. 
237. 

238. 

239. 
240. 
241. 
242. 
243. 

244 

245. 

246. 
247. 
248. 
249. 
250. 
251. 
252. 

253 

254. 

255. 
256. 
257. 
258. 
259. 
260. 
261. 

262. 

263. 
264. 

265. 
266. 
267. 

268. 
269. 
270. 

271. 
272. 
273. 
274. 

A. Martvok K.  AntoS and T. Sticzay, CON. Czech. Chem. Comm., 34, 3912 (1969). 
M. Dzwilla and P. Kristian, Coll. Czech. Chem. Comm., 35, 417 (1970). 
K.  AntoS. S. Stankovsky and A. M. Kardos, Coll. Czech. Chem. Comm., 35, 70 (1970). 
H.  H. Bosshard and H. Zollinger, U.S. Pat. 3,045,029 (1962); C.A. ,  59, 10274 (1963). 
R. D. Haugwitz and V. L. Narayanan, U.S. Pat. 3,880,871 (1975); C.A.. 83, 79247 (1975). 
T. Jen, H.  V. Hoeven, W. Groves, R. A. McLean and B. Loev, J. Med. Chem., 18,90 (1975). 
J. Kalamar, L. Drobrica, K. AntoS, J. Sura and D.  Mravec, Chem. Zvesti, 28, 840 (1974). 
P. Brenneisen, T. Wegner, J. J. Gallay and W. Schmid, Ger. Q f / n .  2,225,071 (1972); C.A. ,  78, 
58423 (1973). 
A. Martvok Zb. Pr. Chemickotechnol. Fak. SVST (Slov. Vys. Sk. Tech.), 1971, 65; C.A. .  78, 
147853 (1973). 
H. Singh, S .  Sharma and R. N. lyer, Indian J .  Chem.. 15B, 73 (1977). 
J. Drabek and M. Boeger, Fr. Demande F R  2,465,720 (1981); C.A. ,  96, 6441 (1982). 
C.  S. Fake, S. Afr. Pat. 7,405,511 (1975); C.A. ,  84, 180052 (1976). 
C. S. Fake, Ger. OJh. 2,441,929 (1976); C.A. ,  84, 180069 (1976). 
H.  E. Kunzel, G .  D. Wolf, R. Bierling, S. Petersen, G. Nischk and D. Steinhoff, U S .  Put. 
3,932,409 ( 1976); C. A , ,  84, 180262 ( 1976). 
G .  Rovnyak. V. L. Narayanan. R. D.  Haugwitz and C. M. Cimarusti, U.S .  Pat. 3,926,82 (1975); 
C.A. ,  84, 90153 (1976). 
H.  Hidaka, I. Matsumoto and M.  Okazawa, Japan. Kokai 73,18,279 (1973); C.A. ,  78, 147820 
(1973). 
E. Winkelmann, W. Raether and W. H.  Wagner, Arzneim-Forsch., 26, 1543 (1976). 
W. Schmid, Ger. Offen. 2,546,916 (1976); C.A. ,  85, 77868 (1976). 
W. Huang, Q. Zhou, Y. Li, Y. Quan, Yao.uuc Tongbao. 18, 280 (1983); C . A . .  99, 82082 (1983). 
G .  1. Tesser and J. J. M.  Lamberts, Int. J. Pept. Protein Res.. 8, 559 (1976). 
E. Gutzmiller and R. Spaum, Swiss Pat. 590,862 (1977); C.A. .  87, 201541 (1977). 
T. C. Britton and D.  T. Trepanier, U S .  Pat. 4,093,728 (1978); C.A. .  89, 163598 (1978). 
E. J. Honkanen and A. K .  Pippuri, Belg. Pat. 861,821 (1978); C.A. ,  89, 146932 (1978) and 861,822 
(1978); C.A. ,  89, 146931 (1978). 
N. A. Barba, R. K.  Shukla and M. S. Nedelko, Vysokomol. Soedin.. 20B, 485 (1978); C.A. ,  89, 
1301 13 (1978). 
S. K. Dubey, A. K .  Singh, H. Singh, S .  Sharma, R. N.  Iyer, J. C. Katiyar, P. Goel and A. B. Sen, 
J .  Med. Chem., 21, 1178 (1978). 
D.  L. Trepanier and T. C. Britton, U.S .  Put. 4,094,871 (1978); C.A. ,  89, 180060 (1978). 
E. Enders, I .  Hammann and W. Stendel, Ger. Offen. 2,702,235 (1978); C.A., 89, 179722 (1978). 
E. Enders. W. Stendel and I. Hammann, Ger. O@. 2,657,772 (1978); C . A . .  89, 108756 (1978). 
S .  J. Godard, U S .  Pat. 4,138,242 (1979); C.A. ,  91, 39478 (1979). 
T. C. Britton and D. L. Trepanier, U S .  Pat. 4,144,233 (1979); C.A. ,  91, 20554 (1979). 
R. W. Conrow and S. Bernstein, U.S .  Pat. 4,096,174 (1978); C.A. ,  90, 6148 (1979). 
L. G .  Donaruma, S. Kitoh, G .  Walsworth, J. V. Depinto and J. K. Edzwald, Macromol.. 12,435 
(1979). 
R. W. Conrow and S. Bernstein, U S .  Par. 4,107,201 (1978); C.A. ,  90,71960 (1979) and 4,107,202 
(1978); C . A . .  90, 71959 (1979). 
J. Sura and M.  Uher. Zh. Pr. Chemickotechnol. Fak SVST 1978, 85; C.A., 90, 137381 (1979). 
E. Enders, W. Stendel and I. Hammann, Ger. Offen. 2,727,416 and 2,730,620 (1979); C.A. ,  90, 
151852 and 137534 (1979). 
American Cyanamid Co., Fr. Demande 2,429,782 (1980); C.A. .  93, 71390 (1980). 
S. Abuzar, S. Sharma and R. N. Iyer, Indian J. Chem., 19B, 599 (1980). 
K. V. B. Rao, E. S. Charles, S. Sharma, R. N.  Iyer, S .  Gupta and J. C. Katiyar, Eur. J. Med. Chem.. 
16, 35 (1981). 
E. S. Charles, K. V. B. Rao and S. Sharma, Pharmarie, 37,413 (1982). 
J. Pitra, Z. Perina and M. Brda, Czech. CS 190,225 (1981); C.A. ,  96, 199714 (1982). 
H. Sigrist, P. R. Allegrini, C. Kempf, C. Schnippering and P. Zahler, Eur. J. Biochem., 125, 197 
( 1  982). 
S. Abuzar, R. Dubey and S. Sharma, Eur. J. Med. Chem., 21, 5 (1986). 
G. M. Dyson and T. Harrington, J. Chem. Soc.. 374 (1942). 
R. Pohloudek-Fabini and F. Friedrich, Arch. Pharm. ( Weinheim), 298, 51 (1965). 
J. C. Danilewicz, M. Snarey and G. N. Thomas, Ger. Offen. 2,309,160 (1973); C.A. .  79, 146425 
( 1  973). 
K. AntoS, L. Drobnica, P. Nemec, P. Kristian and L. Fisera, Czech. Put. 146,668 (1972); C.A.. 78, 
147784 (1973). 

275. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



444 S. SHARMA 

276. 
277. 
278. 

279. 

280. 
281. 
282. 
283. 
284. 
285. 
286. 

287. 
288. 
289. 
290. 
291. 
292. 
293. 
294. 
295. 
296. 
297. 
298. 

299 

300. 
301. 
302. 
303. 

304. 
305. 

306. 
307. 

308. 
309. 
310. 
311. 
312. 
313. 
314. 
315. 
316. 
317. 
318. 
319. 

320. 
321. 
322. 
323. 

324. 

325. 

R. D. Haugwitz and V. L. Narayanan, Ger. Ofen. 2,446,259 (1975); C.A.. 83, 79248 (1975). 
A. Martvoii. I .  Skacani and I. Kanalova, Chem. Zvesti., 27, 808 (1973); C.A.. 80, 70463 (1974). 
B. G. Khadse, M.  H. Shah and C. V. Deliwala, Bull. HafJ in  Inst., 3, 27 (1975); C.A., 83, 193225 
( 1  975). 
V. A. Kudrenko. T. F. Grigorenko, L. F. Avramenko, I. A. Ol'shevskaya and V. Ya. Pochinok, 
Ukv. Khim. Zh.. 41, 764 (1975); C.A., 83, 147427 (1975). 
A. Martvon, D. llavsky and M. Uher, Chem. Zvesti, 28, 659 (1974); C.A., 82, 57619 (1975). 
J.-J. Gallay, R. Bosshard and P. Brenneisen, Swiss f a t .  585,214 (1977); C.A., 86, 189914 (1977). 
Beecham Group Ltd., Eelg. f a t .  819,436 (1975); C.A..  87, 201318 (1977). 
Beecham Group Ltd., Neth. Appl. 7,412,696 (1976); C.A., 86, 382 (1977). 
Beecham Group Ltd., Austral. f a t .  332,423 (1976); C.A., 86, 72455 (1977). 
C. S .  Fake, Brit. f a t .  1,444,558 (1 976); C.A., 86, 89609 (1 977). 
V. L. Narayanan, G.  A. Jacobs, and R. D. Haugwitz, U S .  f a t .  4,022,781 (1977); C.A., 87,53256 
(1977). 
P. Kristian, Chem. Zvesti, 15, 333 (1961). 
A. Rybar and K. AntoS, Coll. Czech. Chem. Comm., 35, 1415 (1970). 
A. Rybar, L. Stibranyi and M. Uher, Coll. Czech. CAem. Comm., 37,3937 (1972). 
A. Martvoii, K. AntoS and M.  Uher, CON. Czech. Chem. Comm., 37, 2967 (1972). 
V. L. Narayanan and R. D. Haugwitz, U.S.  f a t .  3,985,755 (1976); C.A., 86,27793 (1977). 
P. Neumann, Swiss f a t .  579,565 (1976); C.A., 86, 89821 (1977). 
P. Neumann, Ger. Ojen.  2,800,062 (1978); C.A., 89, 163574 (1978). 
G. Wagner and E. Bunk, fharmazie, 34, 209 (1979). 
M. Miroslav, J. Lesko and A. Martvoh, Coll. Czech. Chem. Comm., 47, 1229 (1982). 
E. Muehlbauer and E. Meisert, DAS 1,172,257 (1963); C.A.,  61, 8190 (1964). 
T. B. Johnson and E. H.  Hemingway, J .  Amer. Chem. Soc., 38, 1550 (1916). 
T. Matsuo, T. Sugahara and H.  Masuya, Japan Kokai Tokkyo Koho 78,130,688 (1978); C.A., 90, 
168621 (1979). 
Wako Pure Chemical Industries Ltd., Japan Kokai Tokkyo Koho J f ,  58,157,770 (1983); C.A., 100, 
85724 ( 1  984). 
J .  E. Sinsheher ,  J. T. Stewart, and J .  H. Burckhalter, J .  fharm. Sci.. 57, 1938 (1968). 
D. Goeckeritz, W. Weuffen and H. Hoeppe, fharmazie, 29, 339 (1974). 
P. Richter, G. Wagner, B. Michalke and M.  Schwab, fharmazie. 29, 307 (1974). 
N. A. Barba and K.  F. Kentenaru, Izv.  Vjwh.  L'chebn. Zaved. Khim. Kim. Tekhnol., 18, 1720 
(1975); C.A., 84, 105128 (1976). 
N. A. Barba and R. K. Shukla, Zh. Org. Khim.. 12, 1532 (1976); C.A., 85, 177111 (1976). 
N. A. Barba and K. F. Kentenaru, Izv. Vyssh. Uchebn. Zaved. Khim. Tekhnol., 20, 762 (1977); 
C.A., 87, 134402 (1977). 
N. A. Barba and Ya. E. Gutsu, USSR f a t .  571,481 (1971); C.A., 88, 50468 (1978). 
N. A. Rodionova, V. N.  GIushko and N. N. Vysokova, Khim. from.-St.,  React. Osobo. Chist. 
Veshchestva, 7 (1980); C.A., 95, 61694 (1981). 
J .  C. Petropoulos, U.S.  fa ts .  2,855,385 and 2,855,420 (1958); C.A., 53, 11330 (1959). 
R. D. Haugwitz and V. L. Narayanan, Can. f a t .  1,029,382 (1978); C.A., 90, 23048 (1979). 
S. Sharma and S .  Abuzar. frogr. Drug Res.. 27, 85 (1983). 
J .  J. Vallay, R. Bosshard and P. Brenneisen, Swiss f a t .  585,214 (1977); C.A., 86, 189914 (1977). 
V. L. Narayanan and R. G .  Angel, US. fa t .  3,985,885 (1975); C.A., 86, 29796 (1977). 
J. J .  Gallay, R. Bosshard and P. Brenneisen, Finn. f a t .  56,531 (1971); C.A., 92, 198386 (1980). 
J .  C. Boray, J. J .  Gallay and G .  Sarasin, Eur. f a t .  Appl.  7616 (1980); C.A., 93, 132478 (1980). 
A. Martvoii, J. Sura and M. Cernayova, Coll. Czech. Chem. Comm., 39, 1356 (1974). 
G. Steinbach, Acta Histochem., 50, 19 (1974). 
G. Wagner, J .  Oehlke and H .  Pischel, fharmazie, 29, 160 (1974). 
G. Wagner, F. Prokop and V. Hanfeld, fharmazie, 31,90 (1976). 
J .  E. Sinsheimer, V. Jagodic, L. J. Polak, D. D. Hong and J. H. Burckhalter, J.  fharm. Sci., 64, 
925 (1975). 
5. Tietze, S. Petersen and G. Domagk, Chem. Ber., 86, 314 (1953). 
K. AntoS. A. Hulka, P. Kristian, L. Drobnica and P. Nemec, Chem. Zvesti, 13, 27 (1959). 
W. I. Gorbatenko, W. A. Bondar and L. 1. Samaraj, Angew. Chem. Int.  Ed. Engl., 12,842 (1973). 
W. A. Bondar. W.  1. Gorbatenko and L. 1. Samaraj, USSR f a t .  374,295 (1975); C.A., 79,41910 
(1 973). 
W. A. Bondar. W. I. Gorbatenko and L. I. Samaraj, USSR f a t .  366,191 (1972); C.A., 78, 158912 
(1973). 
G. Barnikow and W. Abraham, Tetrahedron, 8, 335 (1968). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 445 

326. 
327. 
328. 
329. 
330. 
331. 
332. 
333. 
334. 
335. 
336. 
337. 
338. 
339. 
340. 
341. 
342. 
343. 
344. 
345. 
346. 
347. 
348. 
349. 
350. 
351. 
352. 
353. 
354. 
355. 
356. 
357. 
358. 
359. 
360. 
361. 

362 

363. 
364. 
365. 
366. 
367. 
368. 
369. 

370. 
371. 
372. 
373. 
374. 
375. 

376. 
377. 
378. 
379. 
380. 
381. 

D. A. Tomalia, J .  Heterocycl. Chem., 3, 384 (1966). 
G. Barnikow and W. Abraham, Z .  Chem., 8, 335 (1968). 
P. Molina, M. Alajarin and A. Arques, Synthesis, 596 (1982). 
G. Barnikow and H. Ebeling, Z .  Chem., 11, 103 (1971). 
G. Barnikow and H. Ebeling, 2. Chem., 11, 420 (1971). 
H.  R. Kricheldorf, Angew. Chem. Int. Ed. Engl., 14, 502 (1975). 
R. Hull, J .  Chem..Soc. ( C ) ,  1777 (1968). 
R. Hull, J .  Chem. Soc. Perkin Trans f ,  291 1 (1973). 
R. Farrand and R. Hull, Org. Synrh., 61, 71 (1983). 
F. T. Boyle and R. Hull, J .  Chem. Soc. Perkin Trans I ,  1541 (1974). 
R. Hull. P. J. van den Broek and M. L. Swain. J .  Chem. Soc. Perkin Trans I ,  1975, 922. 
R. Hull. SJnth. Comm., 9, 477 (1979). 
0. Billeter and A. Steiner. Chem. Ber., 20, 228 (1887). 
A. W. Faull and R. Hull, J .  Chem. Res. ( S ) ,  1979, 148, 240. 
A. A. R. Sayigh, H. Ulrich and J. S .  Potts, J .  Org. Chem.. 30, 2465 (1965). 
H.  A. Staab, Angew. Chem., 73, I48 (1961). 
H. A. Staab and G. Walther, Justus Liebigs Ann. Chem., 657,98 (1962). 
F. H. Marquardt, Helv. Chim. Acta, 49, 1716 (1966). 
H.  A. Staab and G. Walther. Justus Ldiehigs Ann. Chem., 657, 104 (1962). 
A. W. Hofmann, Ber. D m h .  Chem. Ges.. 15, 985 (1882). 
W. Menz and W. Weith, 2. Chem., 589 (1869). 
J. N.  Le Conte and L. H.  Chance J .  Amer. Chem. Soc., 71, 2240 (1949). 
N. I .  Volinkin, Zh. Obshch. Khim.. 37, 483 (1957). 
C. Liebermann and S. Natanson. Ber. Dtsch. Chem. Ges., 13, 1576 (1880). 
R. S. Bly, G. A. Perkins and W. L. Lewis, J .  Amer. Chem. Soc., 44, 2897 (1922). 
A. Skita, Ber. Dfsch. Chem. Ges.. 53, 1242 (1920). 
F. D. Chattaway, R. K.  Hardy and H. G. Watts, J .  Chem. Soc., 125, 1552 (1924). 
A. Werner. J. Chem. Soc., 396 (1891). 
J. N.  Le Conte and W. N. Caunon, J .  Org. Chem.. 24, 1128 (1959). 
E. L. May, J .  Org. Chem., 12, 437 (1947). 
G. B. Crippa and R. Caracci, Gaz:. Chini. Ira/., 70, 384 (1940). 
K.  H. Slotta and H.  Dressler, Ber. Dtsch. Cheni. Ges., 63, 890 (1930). 
R. N .  Lacey, J .  Chem. Soc., 839 (1954). 
E. Hoggarth and E. H.  P. Young, J .  Chem. Soc., 1582 (1950). 
J. N. Baxter, J. Cymerman-Craig, M. Moyle and R. A. White, Chem. Ind., 785 (1954). 
S. Rajappa. T. G. Rajagopalan, R. Sreenivasan and S. Kanal, J .  Chem. Soc. Perkin Trans I ,  2001 
(1979). 
V. P. Kozyukov. G. 1. Onlov and V. I .  Mironov, Zh. Srrukt. Khim., 22,103 (1981); C.A., 96,6793 
(1982). 
S. Sakai. T. Fujinami and T. Aizawd. BUM. Chem. Snc. Jpn.. 50, 425 (1977). 
J. H. Boyer and V. T. Ramakrishnan, J .  Org. Chem., 37, 1360 (1972). 
G .  Zumach and E. Kuehle, Angew. Chem., 82, 66 (1970). 
T. Saegusa, S. Kobayashi and Y. Jto, J .  Org. Chern.. 35, 2118 (1970). 
E. Kuehle, D A S  1,167,331 (1961). Be[g. Pat.  613,428 (196111962); C.A., 59, 509 (1963). 
E. Kuehle. DAS 1,192,189 (1962); C.A., 63, 6918 (1965). 
L. N.  Markovskii, T. N.  Dubinina, E. S. Levchenko, V. P. Kukhar and A. V. Kirsanov, Zh. Org. 
Khim., 8, 1822 (1972); C.A.. 78, 15710 (1973). 
E. Kuehle and K.  Sasse, DAS 1,174,772 (1962); C.A., 61, 10627 (1964). 
R. Lantzsch and D. Ark, Synthesis, 675 (1975). 
F. S. Fawcett and W. C.  Smith, U.S .  Pat. 3,174,988 (1963); C.A., 63, 494 (1965). 
A. Michael and G. M. Palmer, Amer. Chem. J . ,  6, 257 (1884). 
W. V. Wirth. U S .  Pat., 2,681,358 (1952); C . A . ,  49, 6303 (1955). 
(a)  G. Ottmann and H.  Hooks, Jr., Angew. Chem., 78,748 (1966); (b) W. C. McCarthy and L. E. 
Foss. J .  Org. Chem., 42, 1508 (1977). 
W. E. Erner. J .  Org. Chem., 29, 2091 (1964). 
L. C. Case, Nature (London). 183, 675 (1959). 
L. Ahramjian, Fr. Pat. 1,316,058 (1961/1962); C.A., 59, 5076 (1963). 
E. Kuehle. Angew. Chem., 74, 861 (1962). 
A. Hartmann and E. Kuehle, DOS 2,550,263 (1975); C.A., 87, 134535 (1977). 
W. Weith. Ber. Dtsch. Chem. Ges., 7, 1308 (1874). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



446 S. SHARMA 

382. 

383. 
384. 
385. 
386. 
387. 
388. 
389. 
390. 
391. 
392. 
393. 
394. 
395. 
396. 
397. 
398. 
399. 
400. 
401. 
402. 
403. 
404. 
405. 
406. 
407. 

408. 
409. 
410. 
411. 
412. 
413. 
414. 
415. 

416. 
41 7. 
418. 
419. 
420. 
421. 
422. 

423. 
424. 
425. 
426. 
427. 
428. 
429. 
430. 
431. 
432. 
433. 
434. 
435. 
436. 
437. 

A. F. Clifford, T. C. Rhyme and J. W.  Thompson, U S .  Pat. 3,666,784 (1969); C.A. ,  77, 100776 
(1972). 
H. Staudinger and E. Hauser, Helv. Chim. Acta. 4, 861 (1921). 
W. S. Wadsworth, Jr., and W. D. Emmons, J.  Org. Chem.. 29, 2816 (1964). 
J .  Boedeker and H.  Zaertner, Z .  Chem., 15, 56 (1975). 
T. Minami and T. Agawa, Tetrahedron Left . ,  2651 (1968). 
S. Sakai, T. Fujinami and T. Aizawa, Bull. Chem. Soc. Jpn., 48, 2981 (1975). 
G. Ottmann and E. H. Kober, Angew. Chem., 81,782 (1969). 
G .  Ottmann and E. H. Kober, Fr. Pat.,  1,559,514 (1967/1968); C.A. ,  72,43127 (1970). 
Y. Kowaoka. J. Soc. Chem. Ind. Japan, Suppl.. 43, 53 (1940). 
R. H. Cragg, M. F. Lappert and B. P. Tilley, J .  Chem. Soc., 2108 (1964). 
M. Bahadir, S.  Nitz, H. Parlar and F. Korte, Z .  Naturforsch.. 348, 768 (1979). 
Y. lnanici and H. Parlar. Chem.-Ztg.. 104, 365 (1980). 
A. Battaglia and A. Dondoni, Synthesis, 378 (1971). 
J .  C. Jochims and A. Abu-Taha, Chem. Eer., 109, 154 (1976). 
R. Maeda, Japan Kokai Tokkyo Koho. JP, 60,260,556 (1985); C.A. ,  105, I14623 (1986). 
Nippon Carbide Industries Co. Inc., Japan, JP,  81,158,758 (1981); C.A. ,  96, 142291 (1982). 
T. Olijnsma, J. B. F. N. Engberts and J. Strating, Red.  Trav. Chim. Pays-Bas, 89, 897 (1970). 
D. Jones and R. L. Zimmerman, U.S.  Par., 2,757,190 (1956); C.A. ,  50, 15129 (1956). 
L. Knieio and P. Kristian, Chem. Zvesti, 28, 848 (1974); C.A. ,  82, 1 1  1438 (1975). 
L. Knieio, P. Kristian and S. Velebry, Coil. Czech. Chem. Comm., 43, 1917 (1978). 
A. Q. Hussein and J. C. Jochims, Chem. Eer., 112, 1956 (1979). 
R. Hull, J .  Chem. Soc. (C), 1777 (1968). 
F. T. Boyle and R. Hull, J.  Chem. Soc. Perkin Trans. 1,  1541 (1974). 
R. Hull and T. P. Seden, Synth. Comm.. 10,489 (1980). 
A. W. Faull and R. Hull, J.  Chem. Res. Synop., 1979, 148, 240. 
R. Hull, J .  A. H. MacBride, M. Wardleworth and P. M. Wright. J.  Chem. SOC.. Chem. Comm., 
1983, 74. 
D. Hoppe, Angew. Chem., 85, 909 (1 973). 
D. Hoppe and M. Kloft, Jusrus Liebigs Ann. Chem., 1850 (1976). 
A. Q. Hussein, A. Abu-Taha and J. C. Jochims, Chem. Eer.. 111, 3750 (1978). 
S. Hoff and A. P. Block, Reel. Trav. Chim. Pays-Bas, 93, 78 (1974). 
J. Liebscher and H.  Hartmann, Z .  Chem., 18, 334 (1978). 
M. Augustin, J. Faust and M. Kohler, J .  Prakt. Chem., 325, 293 (1983). 
K. Schulze, W. Mai and M. Miihlstadt, Z .  Chem., 17, 58 (1977). 
K. Schulze, F. Richter, R .  Weisheit, R.  Krause, M. Miihlstadt and M .  Miihlstadt, J .  Prakt. Chem.. 
322, 629 (1980). 
D. Ark, DOS 2,156,721 (1971); C.A. .  79, 41994 (1973). 
E. Tobler and D. F. Foster, Z .  Naturjbrsch., 17b, 136 (1962). 
P. C. Thieme and E. Hadicke, Justus Liebigs Ann. Chem., 277 (1978). 
H. Ulrich, Chem. Rev., 65, 369 (1965). 
A. E. Dixon and J. Taylor, J. Chem. SOC., 93, 684 (1908). 
T. B. Johnson and L. H.  Chernoff, J.  Amer. Chem. SOC., 34, 164 (1912). 
(a) A. E. Dixon and R. E. Doran, J. Chem. Sor., 67, 565 (1895); (b) A. E. Dixon, J. Chem. Soc., 
67, 1040 (1895) and 69, 855, 1593 (1896). 
G .  Shaw and R. N. Warrener, J .  Chem. Soc., 153 (1958). 
M. Lipp, F. Dallacker and G .  Koenen, Chem. Eer.. 91, 1660 (1958). 
E. G .  Popova and M. J. Kraft, Zh. Obshch. Khim., 30, 1787 (1960). 
D. T. Elmore and J. R. Ogle, J. Chem. Soc., 1141 (1958). 
E. Hoggarth, J .  Chem. Soc., 1160 (1949). 
D. T. Elmore, J. R.  Ogle, W. Fletcher and P. A. Toseland, J. Chem. Soc., 4458 (1956). 
M. 0. Lozinskii and P. S .  Pel'kis, Zh. Org. Khim., 1, 1415 (1965). 
P. A. S. Smith and R. 0. Kan, J. Org. Chem., 29, 2261 (1964). 
J .  C.  Amberlang and T. S. Johnson, J .  Amer. Chem. Soc.. 61, 632 (1939). 
H. E. Smith, S. L. Cook and M. E. Warren, Jr., J.  Org. Chem., 29,2265 (1964). 
P. Kristian. M. Dzurilla and S .  Kovic, Chem. Zvesti., 23, 173 (1969). 
J. Goerdeler and D. Wieland, Chem. Eer., 100, 47 (1967). 
1. B. Douglass and F. B. Dains, J. Amer. Chem. Soc., 56, 1408 (1934). 
W. Ruske and M. Keilert, Chem. Eer., 94, 2695 (1961). 
R. Pohloudek-Fabini and E. Schrofl, Pharm. Zentralhalle, 107, 277 (1968). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 447 

438. 
439. 
440. 
441. 
442. 
443. 

444. 
445. 

446. 
447. 
448. 
449. 
450. 
451. 
452. 
453. 
454. 
455. 
456. 
457. 
458. 
459. 
460. 
461. 
462. 
463. 
464. 
465. 
466. 
467. 
468. 
469. 
470. 
471. 
472. 
473. 
474. 
475. 

476. 
477. 
478. 
479. 

480. 
481. 
482. 
483. 
484. 
485. 
486. 
487. 
488. 
489. 
490. 
491. 
492. 

Z. N. Nazarova and L. G. Gakh, Zh. Ohshch. Khim., 32, 2548 (1962). 
R. G .  Dubenko. V. M. Neplyuev, and P. S .  Pel'kis, Zh. Org. Khim., 4, 658 (1968). 
R. Bunnenberg and J .  C. Jochims, Chem. Ber., 114, 1746 (1981). 
M .  Boeger and J. Drabek, Ger. Offen., DE 3,504,016 (1985); C.A. ,  103, 215196 (1985). 
B. Anders and H. Malz, DAS 1,215,144 (1964); C.A. ,  65, 3908 (1966). 
T. Nishimura, S. Kauarnore, A. Ogawa and S. Kawada, Japan, Kokat 78,09,742 (1976); C.A., 89, 
61 29 ( 1  978). 
W. P. Reeves, A. Simmons, J.r., A. Rudis and T. C. Bothwell. Synth. Comm., 11, 781 (1981). 
J. Burski, J. Kieszkowski, J .  Michalski, M. Pakulski and A. Skowronska, Tetrahedron, 39, 4175 
( 1  983). 
A. Tdkamizawa, K. Mirai and K. Matzui, Bull. Chem. Sor. Jpn, 36, 1214 (1963). 
D. T. Elmore, J. R.  Ogle, W. Fetcher and P. A. Toseland, J.  Chem. Soc.. 4458 (1956). 
J .  Goerdeler and H. Horn, Chem. Ber., 96, 1551 (1963). 
J. Goerdeler and G. Gnad. Cheni. Ber., 99, 1618 (1966). 
F. Kriiger and H. Rudy, Justus Liebigs Ann. Chem., 696, 214 (1966). 
R. W. Lamon, J .  Heterocyel. Chem., 5, 837 (1968). 
J. Goerdeler and J. Neuffer, Chem. Ber., 104, 1606 (1971). 
D. Liotta and R. Engl, Can. J. Chem., 53, 907 (1975). 
W. J .  Gensler. S. Chan and D. B. Ball, J .  Org. Chem.. 46, 3407 (1981). 
C. V.  Greco and K.  J. Gala, J. Chem. Soc. Perkin Trans 1 .  331 (1981). 
L. Birkenbach and A. Kraus, Bar. Drsch. Chem. Ges., 71, 1493 (1938). 
J. Goerdeler and H. Schenk, Chem. Ber.. 98, 2954 (1965). 
J. Goerdeler and D. Wobig, Jusrus Liebigs Ann. Chem., 731, 120 (1970). 
J. Goerdeler and D. Wobig, Anqew. Chem., 79, 272 (1967). 
L. A. Spurlock and P. E. Newallis, J. Org. Chem., 33, 2073 (1968). 
A. E. Dixon. J. Chem. Soc., 79, 541 (1901). 
H. P. Kaufmann and K. Liithje, Arch. Pharm. (Weinheim), 293, 150 (1960). 
A.  Haas and H. Reinke, Chem. Ber., 102, 2718 (1969). 
H. Schenk. Chem. Ber., 99, 1258 (1966). 
J. Goerdeler and K. Jonas, Chem. Ber., 99, 3572 (1966). 
G. Barnikow and T. Gabrio, Z .  Chem., 8, 142 (1968). 
J. Goerdeler and W. Teller, Tetrahedron Lett., 1513 (1972). 
J. S. Davidson. J .  Chem. Soc., 2069 (1966). 
J. Goerdeler and H. Liidke, Chem. Ber., 103, 3393 (1970). 
A. Cambron, Can. J .  Chem. Res.. 2, 341 (1930); C.A. ,  24, 3760 (1930). 
J .  Goerdeler and H. Hohage, Chem. Ber.. 106, 1487 (1973). 
A. Haas and W. Klug, Angew. Chem., 79, 978 (1967). 
G .  I .  Derkach, V. A. Shokol and A. V. Kirsanov, Zh. Obshch. Khim., 31, 2275 (1961). 
J. Goerdeler and D. Weber, Tetrahedrom Letr.. 799 (1964). 
(a) J. Goerdeler and D. Weber, Chem. Ber., 101, 3475 (1968); (b) D. t. Klayrnan and G. W. A. 
Milne, Tetrahedron. 25, 191 (1969). 
H.  M. Blatter and H. Lukaszewski, J. Org. Chem.. 31, 722 (1966). 
N. A. Kirsanova and G. I. Derkach. Zh. Org. Khim., 5, 1285 (1969). 
J. Neuffer and J. Goerdeler, Chem. Ber., 104, 3498 (1971). 
G. Barnikow and H.  Ebeling, Z .  Chem., 13, 424 (1973); 13, 468 (1973); 14, 356 (1976): 20, 97 
(1980). 
W. Abraham and G. Barnikow, Tetrahedron, 29, 691, 699 (1973). 
U. Anthoni, C. Larsen and P. H. Nielsen, Aeta Chem. Scand., 20, 1714 (1966). 
U. Anthoni. C. Larsen and P. H.  Nielsen, Acra Chem. Scand.. 21, 1201, 2061 (1967). 
U. Anthoni, C. Larsen and P. H. Nielsen, Acra. Chem. Scand.. 22, 309, 1898 (1968). 
U. Anthoni and C .  Berg, Aria Chem. Scand., 23, 3602 (1969). 
C .  Berg. J. Chem. Soc. Chem. Comm., 122 (1974). 
H. L. Klopping, U.S. Pat. 2,729,646 (1956); C.A. ,  50, 11370 (1956). 
C. R. Harrison and P. Hodge, Synrhesis, 299 (1980). 
W. Ried and B. M .  Beck, Justus Liebigs Ann. Cheni., 673, 128 (1964). 
K .  Dickore and E. Kuhle, DAS 1,183,492 (1963); C.A. ,  62, 7691 (1965). 
K.  Dickore and E. Kiihle, Angew. Chem.. 77, 429 (1965). 
K. Hartke. Arch. Pharm. f Weinheim), 299, 174 (1966). 
R.  Gompper and W. Hagele, Chem. Ber.. 99, 2885 (1966). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



448 S .  SHARMA 

493 

494. 

495. 
496. 

497. 
498. 
499. 
500. 
501. 
502. 
503. 
504. 
505. 
506. 
507. 
508. 
509. 
510. 
511. 

512. 
513. 
514. 
515. 
516. 

517. 
518. 
519. 
520. 
521. 
522. 
523. 

524. 
525. 
526. 
527. 
528. 
529. 
530. 
531. 
532. 
533. 
534. 
535. 
536. 
537. 

538. 
539. 

540. 

541. 

542. 

S. Shinohara, T. Kodama, T.  Uehara and T. Hisada, Jap. Pat. 67,9,329 (1964); C.A. ,  68, 39326 
(1968). 
T.  Kodama, S. Shinohara, and K. Hisada, Yuki Gosei Kagaku Kyokai Shi.. 24,310 (1966); C.A. ,  
65, 644 (1966). 
K. Hasegawa and S. Hirooka, Nippon Kagaku Kaishi, 1098 (1972); C.A. ,  77, 88454 (1972). 
(a) S. Hirooka, T. Kodama and S. Hisada, Jap. Par. 69,24,106 (1966); C.A. ,  72, 55001 (1970); (b) 
K. Sasse, Methoden der Organischen Chemie, Houben-Weyl, 1212, 506 (1964). 
S. Albrecht and E. Herrmann, Cer. (East) DD 227,707 (1985); C.A. ,  105, 172730 (1986). 
A. Lopusiniski, J. Michalski and W. J. Stec, Bull. Acad. Polon. Sci. Ser. Sci., Chim., 23,235 (1975). 
C .  Krawiecki, J. Michalski, R. A. Y. Jones and A. R. Katritzky, Roczn. Chem., 43, 869 (1969). 
A. N. Pudovik, G. V. Ramanov and T. Ya, Stepanova, Zh. Obshch. Khim., 49, 1425 (1979). 
L. N. Markovskii and E. A. Stookalo, Phosphorus, 4, 237 (1974). 
J. E. Reynolds. J .  Chem. Soc.. 89, 397 (1906). 
H.  H. Anderson, J .  Amer. Chem. Soc., 67, 223 (1945); 69, 3049 (1947). 
J. Goubeau and J. Reyhing, 2. Anorg. Allg. Chem., 294, 96 (1958). 
D. B. Sowerby. J .  Inorg. Nucl. Chem.. 22, 205 (1961). 
G .  M. Sheldrick and R .  Taylor, J .  Organornet. Chem., 87, 145 (1975). 
G .  Schott, H.  Kelling and R. Ahrens, Z .  Chem.. 14,487 (1974). 
G .  Schott and B. Saverin, 2. Chem., 8,428 (1968). 
B. J. Aylett, 1. A. Ellis and J .  R. Richmond, J .  Chem. Soc.. Dalton Trans., 981 (1973). 
W. Airey and G. M. Sheldrick, J .  Chem. Soc. ( A ) ,  2865 (1969). 
M. G. Voronkov, V. K. Roman and E. A. Maletina, Khim. Elemenioorg. Soedin., 49 (1976); C.A.. 
85, I77538 ( 1  976). 
B. Becker and W. Wojnowski, Z .  Anorg. Allg. Chem., 422, 89 (1976). 
E. A. V. Ebsworth and J. C .  Thompson, J .  Chern. Sue. ( A ) ,  69 (1967). 
H. H.  Anderson, J .  Amer. Chem. Soc., 81,4785 (1959). 
J. J .  McBridge, Jr. and H. C .  Beachell, J .  Amer. Chem. Soc., 74, 5247 (1952). 
T. A. Bither, W. H.  Knot, R. V. Lindsey, Jr. and W. H.  Sharkey, J .  Amer. Chem. Soc., 80,4151 
(1958). 
J. J .  McBridge, Jr.. J .  Org. Chem., 24, 2029 (1959). 
I .  Matsuda, K. Itoh and Y. Ishii, J .  Chem. Sot-. fC), 701 (1969). 
W. Kantlehner, E. Haug and W. W. Mergen, Synthesis, 460 (1980). 
H. R. Kricheldorf, Justus Liebigs Ann. Chem., 772 (1973). 
H.  R. Kricheldorfand G. Greber, Chem. Ber.. 104, 3131 (1971). 
H. R. Kricheldorf. Chem. Ber., 104, 3146. 3156 (1971). 
H. Ulrich. Cycloaddiiion Reactions of Heterocumulenes, Ed. A. T. Blomquist, Academic Press, 
New York, 1967. 
H. Ulrich and A. A. R. Sayigh, Angew, Chem., 77, 545 (1965). 
H.  Ulrich. B. Tucker and A. A. R. Sayigh, J .  Amer. Chem. Soc., 94, 3484 (1972). 
1. Ojima, K.  Akiba and N .  Inamoto, Bull. Chem. Sor. Jpn., 46, 2559 (1973). 
K. Dickore and E. Kiihle, Angew. Chem., 77,429 (1965). 
J. Goerdeler and D. Wobig, Justus Liebigs Ann. Chem., 731, 120 (1970). 
E. Schaumann. H. G .  Baeuch, S. Sieveking and G. Adiwidjaja, Chem. Ber., 115, 3340 (1982). 
G. L'abbe, J .  P. Dekerk, G .  Germain and M. Van Meerssche, Tetrahedron Lett., 3213 (1979). 
F. Effenberger and R. Niess, Angeiv. Chem., 79,474 (1967). 
J .  Goerdeler and U. Keuser, Chrm. Bey., 97, 3106 (1964). 
G. Bianchetti, D. Pocar and S. Rossi, Ga;:. Chim. Ital., 94, 606 (1964). 
M. Dzurilla. P. Kristian and E. Demjanova, Chem. Zvesti, 27, 488 (1973). 
E. Schaumann, S. Sieveking and W. Walter, Tetrahedron, 30, 4147 (1974). 
H. J. Bestmann. G. Schmid, D. Sandmeier and G .  Geismann, Teiruhedron Lett.,  2401 (1980). 
M. Augustin. H.  Dehne, W. D. Rudorf and P. Krey, Cer. (Eusr) Par. 124,302 (1976); C.A. ,  88, 
74292 (1978). 
A. W. Faull and R. Hull, J .  Chem. SOL.. Perkin Trans. 1,  1078 (1981). 
Y. Ohshiro, H. Nanimoto, H. Tanaka, M. Komatsu, T. Agawa, N. Yasuoka, Y. Kai and N. Kasai, 
Teiruhedrun Leti.,  26, 3016 (1985). 
K. Otsuba, T. Umezu. K. Sasai, T.  Kato, R. Tanaka, T. Taniguchi, K. Amemiya and K. Saga, 
Japan Kokai Tokkyo Koho 80,28,907 (1978); C.A. .  93, 168267 (1980). 
(a) V. G .  Zubenko. V. 2. Shevchuk and 0. V. Zubenko, Farm. Zh. (Kiev) ,  31 (1981); C.A. .  95, 
169070 (1981); (b) G. W. Kenner, H.  G. Khorana and R. J .  Stedman, J .  Chem. Soc., 673 (1953). 
P. Edman, Acta Chem. Scand, 4, 283 (1950). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 449 

543. 

544. 

545. 
546. 
547. 
548. 
549. 
550. 

551. 
552. 
553. 
554. 

555. 

556. 
557. 
558. 
559. 
560. 
561. 
562. 
563. 
564. 

565. 

566. 

567. 

568. 
569. 
570. 
571. 

572. 
573. 
574. 
575. 
576. 

577 

578. 

579. 
580. 
581. 
582. 
583. 

(a) H.  Fraenkel-Conrat and J .  I. Harris. J .  Amer. Chem. Soc., 76,6058 (1954); (b) 0. Aschan, Ber. 
Drsch. Chem. Ges., 17, 420 (1884). 
F. Blume. F. Arndt. E. Richter, C. Koetter and R. Rusch, Ger. Ofen.  DE 3,427,794 (1986); C.A., 
105, 97681 (1986). 
R. Ketcham and E. Schaumann, J .  Org. Chem., 45, 3748 (1980). 
R. W. Hoffmann, K. Steinbach and 8. Dittrich, Chem. Ber., 106, 2174 (1973). 
K. T. Potts, J .  Baum, E. Houghton, D. N.  Roy and U. P. Singh, J .  Org. Chem., 39, 3619 (1974). 
T. Kaufmann and R. Eidenschink, Chem. Ber., 110, 651 (1977). 
H. Benhaoua. F. Texier and P. Guenot, Tetrahedron, 34, I 1 5 3  (1978). 
J. Fernandez-Bolanos, M. T. Perez-Lanzac, J .  F. Mota, F. J. V. Rubio and A. C.  Ventula, An. 
Quim. Ser. C., 81, 147 (1985); C.A. ,  105, 97858 (1986). 
J.  E. Scott, Biochem. J . .  92, 57 (1964); Carbohydrate Res., 14, 389 (1970). 
H. Hoffmann, I .  Hammann and B. Homeyer. Cur. Pat., 2,431,848 (1976); C.A., 84,121838 (1976). 
M. Suzuki, T. Moriya. K. Matsumoto and M. Miyoshi, Synthesis, 874 (1982). 
A. V. Eremeev. 1. P. Piskunova. and R. S .  El’kinson, Khim. Gererotsikl. Soedin, 227 (1986); C.A.,  
106, 18419 (1987). 
(a)  V. Nair and K.  H. Kim, J .  Org. Chem.. 39,3763 (1974); (b) J. W. Lown, G .  Dallas and T. W. 
Maloney. Can. J .  Chem., 47, 3557 (1969); (c) J. W. Lown and K. Matsumoto, Can. J .  Chem., 48, 
2215 ( 1970). 
A. Arnann, H.  Koenig and P. Thieme. Ger. Par. 2,114,097 ( I  972); C.A., 78, 4237 ( 1973). 
A. Amann. H. Koenig and P. Thieme. U.S. Pat. 3,862,165 (1975); C.A., 82, 170891 (1975). 
BASF A.-G.. Fr. Demande 2,201,080 (1974); C.A., 82, 16820 (1975). 
G. Ferrand. F. Eloy, A. Cabrol and A. Saint-Blancat, Eur. J .  Med. Chem.. I I ,  49 (1976). 
J. Perronnet and L. Taliani, Ger. Par., 2,5417,20 (1976).C.A., 85, 78112 (1976). 
J. L. Garraway, J .  Chem. Soc., 3733 (1961). 
E. Cherbuliez, A. Buchs, J .  Marschalek and J .  Rabinowitz, HeIv. Chim. Acta. 48, 1414 (1965). 
K. Kuhlmann. A. Grosalski and U. Schrapler. J .  Prakt. Chem., 11, 54 (1960). 
T. Yu.  Dol’nikova, V. A. Kozlov, T. A. Karaseva, G.  V. Golovkin, A. F. Grapov and N. N. 
Mel’nikov, Zh. Vses. Khim. 0-va  im. D.I .  Mendeleeva. 29, 464 (1984); C.A.. 102, 6669 (1985). 
I .  L. Mizrakh, L. Yu .  Polonskaya, A. N. Gvozdetskii and A. M.  Vasil’ev, USSR Par. SU 1,209,688 
(1986); C.A.. 105, 191068 (1986). 
1. L.  Mizrakh, L. Yu. Polonskaya, A. N. Gvozdetskii and A. M. Vasil’ev, Zh. Obshch. Khim., 56, 
73 (1986); C.A.. 105, 191000 (1986). 
(a) I .  Khattak. R. Ketcham, E. Schaumann and G. Adiwidjaja, J .  Org. Chem., 50, 3431 (1985); 
(b) K. Gewald, J .  Prakt. Chem., 32, 26 (1966). 
C. R. Rasmussen, F. J. Villani, Jr., M. S. Mutter and E. A. Griffen, J .  Org. Chem., 51, 1910 (1986). 
T. Fuzinami. S. Sato, N. Uchida and S .  Shizuyoshi, Bull. Chem. Sor. Jpn, 55, 1174 (1982). 
S. S. Bhattacharyee, C.  V. Asokan. H. Ila and H.  Junjappa, Synthesis. 1062 (1982). 
(a) A. Souizi and A. Robert, Synthesis, 1059 (1982); (b) R.  Richter, F. A. Stuber and B. Tucker, 
J .  Org. Chem., 49, 3675 (1984). 
S. Rajappa and B. G. Advani, Indian J .  Chem., 168, 749 (1978). 
K. T. Potts and S. Husain, J .  Org. Chem.. 37, 2049 (1972). 
K. T. Potts, J.  Baum, S. K. Datta and E. Houghton, J .  Org. Chem., 41, 813 (1976). 
M. Hamaguchi and T. Nagai, J .  Chem. Soc. Chem. Cornm., 726 (1985). 
(a)  V. S. Etlis. A. P. Sineokov and G.  A. Razuvaev, Zh. Obshch. Khim., 34, 4018, 4090 (1964); 
C.A.. 62,9132, 10423 (1965); (b) V. S. Etlis, A. P. Sineokov and G .  A. Razuvaev, Izv. Akad. Nauk 
S.S.S.R.  Srr. Khim., 2051 (1964); C.A. ,  62, 7760 (1965). 
(a) J. Gaca. K. Kozlowski and 2. Kucybala, Pr. Wydz. Nauk. Tech. Bydgoskie Tow. Nauk. Ser. 
A . ,  15, 49 (1985); C.A., 105, 24215 (1986); (b) N.  S. Kozlov, V. D.  Pak. E. A. Britan, G.  A. 
Gartman and N. N.  Yaganova. Dokl. Akad. Nauk BSSR, 28,901 (1984); C.A., 102,6267 (1985); 
(c) D. Hoppe, Angew. Chem.. 84, 956 (1972). 
(a) J .  Goerdeler and H. W.  Pohland. Chem. Ber., 94,2950 (1961); 96,526 (1963); (b) J .  Goerdeler 
and U.  Krone, Chem. Ber., 102, 2273 (1969). 
S. Rajappa. B. G. Advani and R. Sreenivasan. Indian J .  Chem., 148, 397 (1976). 
F. Wille, L. Capeller and A. Steiner. Angew. Chem., 74,467 (1962). 
F. Hubenett and H. Hofmann, Angew. Chem., 75,420 (1963). 
R. Feinauer, M. Jacobi and K. Hamann, Chem. Ber., 98, 1782 (1965). 
(a) Y. Ueno, T. Nakai and M. Okawara, Bull. Chem. Soc. Jpn.. 43, 162 (1970); (b) S. Sakai. H. 
Niimi, Y. Kobayashi and Y. Ishii, Bull. Chem. Soc. Japan, 50, 3271 (1977). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



450 S. SHARMA 

584. 

585. 

586. 
587. 
588. 

589. 
590. 
59 1 
592. 
593. 
594. 
595. 
596. 
597. 
598. 

599. 

600. 
601. 
602. 

603. 

604. 

605. 

606. 
607. 

608. 
609. 
610. 
611. 
612. 

613. 
614. 
615. 
616. 
617. 
618. 
619. 
620. 
621. 
622. 
623. 

624. 
625. 
626. 
627. 

628. 
629. 

(a) H. Spies, K. Gewald and R. Mayer, J. Prakt. Chem., 313, 804 (1971); (b) A. Safiee and G. 
Fanaii. Synthesis, 5 12 (1984). 
(a) G .  J. Durant, J .  Chem. Soc. ( C ) ,  92 (1967); (b) A. Martvofi, Coil. Czech. Chem. Comm.. 45, 
2804 (1980). 
A. Q. Hussein and J. C. Jochims, Chem. Ber., 113, 1956 (1979). 
0. Tsuge and S .  Kanemasa, J .  Org. Chem.,38, 2972 (1973). 
R. Huisgen, R. Grashey, M. Seidel, H. Knupfer and R. Schmidt, Justus Liebigs Ann. Chem., 658, 
169 (1962). 
V. J. Ram and H. N. Pandey, Chem. Pharm. Bufl.. 22,2778 (1974). 
S .  Giri and Y. Singh, Agr. Biol. Chem., 42, 2395 (1978). 
V. J. Ram, L. Mishra, H. N. Pandey and S. Mishra, Indian J. Chem., 18B, 203 (1979). 
R. B. Pathak. B. Jahan and S. C. Bahel, Bokin Bobai. 8, 149 (1980); C.A. ,  94, 30660 (1981). 
R. S. Sharma and S .  C. Bahel, J. Indian Chem. Soc.. 59, 877 (1982). 
V. K. Mishra and S .  C. Bahel, J .  Indian Chem. Soc., 60, 867 (1983). 
J. R. Maxwell, D. A. Wasdahl, A. C. Wolfson and V. I. Stenberg, J. Med. Chem., 27, 1565 (1984). 
V. K. Mishra and S. C. Bahel, Bokin Bobai, 13, 351 (1985); C.A. ,  105, 114980 (1986). 
E. F. Godefroi and E. L. Wittle, J. Org. Chem.. 21, 1163 (1956). 
(a) C. K. Bradsher, F. C. Brown and S .  T. Webster, J. Org. Chem., 23,618 (1958); (b) B. Boehner, 
D. Dawes, and W. Meyer, Ger. Pat. 2,360,623 (1974); C.A. ,  81, 91535 (1974) and U.S.  Pat. 
4,123,437 (1978); C.A. ,  90, 121606 (1979). 
(a) F. Kurzer and J .  L. Secker, Tetrahedron, 33, 1999 (1977); (b) Y. Ohshiro, N. Ando, M. 
Komatsu and T. Agawa, Synthesis, 276 (1985). 
K. A. Jensen, Z .  Chem., 9, 125 (1969). 
R. Esmail and F. Kurzer, Tetrahedron, 33, 2007 (1977). 
0. Wakabayashi, K.  Matsutani, H. Ohta, T. Naohara and H. Watanabe, Jup. Par. 77,113,972 
(1977); C.A. ,  88, 74395 (1978) and 78,53,694 (1978); C.A. ,  89, 197578 (1978). 
M. Dobosz. Ann. Univ. Mariue-Curie Sklodowska, Sect. AA: Chem.. 35, 139 (1980); C.A. ,  99, 
212465 (1983). 
M. Dobosz. Ann. Univ. Mariae-Curie Sklodowska, Sect. AA: Chem., 35, 49 (1980); C.A. ,  100, 
34469 (1984). 
M. Chihaoui and B. Baccar, C .  R. Hebd. Seances Acad. Sci. Ser. C ,  287,121 (1978); C.A. .  90,22913 
(1979). 
T. Aoyama, M. Kabeya and T. Shioiri, Hererocycles, 23, 2371 (1985). 
(a) P. Zalupsky and A. Martvoii, CON. Czech. Chem. Comm., 49, 1713 (1984); (b) C. Larsen, 
Proceedings of the Second International Symposium on  Isothiocyanates, Smolenice (1969), p. 175. 
T. Bany and M. Dobosz, Roc;. Chem., 46, I123 (1972). 
E. Fischer, B. Kuehn and G .  Rembarz, Z .  Chem., 17, 59 (1977). 
V. J. Ram and H. N. Pandey, Bull. SOC. Chim. Belg., 86, 399 (1977). 
V. J. Ram, Indian J.  Chem.. 17B, 379 (1979). 
(a) R. S. Sharma and S. C. Bahel, Bokin Bobai, 10, 341 (1982); C.A. ,  97,216087 (1982); (b) A. I. 
Hashem, M. El-Deek, M. A. Hassan and S. ECHamshary, J. Chem. SOC. Pak., 6, 11 (1984). 
P. Thieme, M. Patsch and H.  Konig, Justus Liebigs Ann. Chem., 764, 94 (1972). 
H. Konig, P. Thieme and A. Amann, Ger. Pat. 2,147,025 (1973); C.A. ,  78, 159618 (1973). 
J. Goerdeler and J. Gnad. Tetrahedron Letr., 795 (1964). 
G .  L’abbe, M. Komatsu, C. Martens and S .  Toppet, Bull. Soc. Chim. Belg., 88, 245 (1979). 
M. Uher, A. Rybar, A. Martvoii and J .  Lesko, Chem. Zvesti, 30, 217 (1976). 
D.  Martin and W. Mucke, Justus Liebigs Ann. Chem., 682, 90 (1965). 
H.  V. Pechmann and A. Nold, Ber. Dtsch. Chem. Ges. 29, 2588 (1896). 
J. C. Sheehan and P. T. Izzo, J. Amer. Chem. Soc., 71, 4059 (1949). 
D. Martin and W. Mucke, Z .  Chem., 3, 347 (1963). 
T. Aoyama, M. Kabeya, A. Fukushima and T. Shioiri, Heterocycles, 23, 2367 (1985). 
J. Motoyoshiya, M. Nishijima, V. I. Yamamoto, H.  Goto, Y. Katsube, Y. Oshiro and T. Agawa, 
J. Chem. Soc. Perkin Trans 1. 574 (1980). 
R. S .  Tewari, P. Parihar and P. D. Dixit, J. Chem. Engg. Data, 28, 281 (1983). 
1. Ershova and V. 1. Stainets, Ukr. Khim. Zh.. 48, 653 (1982). 
L. Taliani and J .  Perronnet, J .  Hererocycl. Chem.. 16, 961 (1979). 
M. Nagano. M. Oshige. T. Matsui, J. Tobitsuka and K. Oyamada, Chem. Pharm. Bull., 21,2396 
(1973). 
F. Kurzer and S. A. Taylor, J .  Chem. Soc.. 379 (1958). 
F. Kurzer and P. M.  Sanderson, J .  Chem. Soc., 3240 (1960). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 45 I 

630. 
631. 
632. 
633. 
634. 
635. 
636. 
637. 
638. 
639. 
640. 
641. 
642. 
643. 
644. 

645. 
646. 
647. 
648. 
649. 
650. 
651. 
652. 
653. 
654. 
655. 
656. 
657. 
658. 

659. 

660. 

661. 

662. 
663. 
664. 
665. 
666. 

667. 
668. 
669. 
670. 
671. 
672. 
673. 

674. 
675. 
676. 
677. 
678. 
679. 
680. 
681. 
682. 

J. Hamer and A. Macoluso, Chem. Rev., 64,473 (1964). 
D. S. C. Black and K. G. Watson, Aust, J .  Chem.. 26, 2473 (1973). 
R. Grashey. R. Huisgen and H. Leitermann, Tetrahedron Lett., 9 (1960). 
H. Seidl, R. Huisgen and R. Grashey, Chem. Eer., 102, 926 (1969). 
D. S. C.  Black and K. G.  Watson, Tetrahadron Lett., 4191 (1972). 
D. S. C.  Black, R. F. Crozier and V. C. Davis, Synthesis, 206 (1975). 
P. Zalupsky, A. Martvoh and F. Povazanec, Coll. Czech. Chem. Comm., 41, 3799 (1976). 
G.  Zinner and E. Eghtessad, Arch. Pharm. (Weinheim), 312, 907 (1979). 
M. Komatsu, Y. Ohshiro, K. Yasuda, S. lchijima and T. Agawa, J .  Org. Chem.. 39, 957 (1974). 
B. George and E. P. Papadopoulos, J .  Org. Chem., 41, 3233 (1976). 
E. P. Papadopoulos, and B. George, J .  Org. Chem., 42, 2530 (1977). 
R. E. Orth, J .  Pharm. Sci., 52, 909 (1963). 
R. Stolle, Chem. Eer., 63, 670 (1930). 
F. R. Benson. Chem. Rev., 41, I (1947). 
R. G.  Dubenko and V. D. Panchenko, Khim. Getrotsikl. Sb.. A:otsoderzhashelnie Geterotsikly, 199 
(1967); C.A. .  70, 87687 (1969). 
R. Neidlein and J. Tauber. Chem. Eer., 100, 736 (1967). 
R. Pohloudek-Fabini. K.  Kottke and F. Friedrich, Pharma:ie, 24, 433 (1969). 
P. Raj, A. Ranjan and K. Singhal, Synth. React. Inorg. Met.-Org. Chem., 14, 477 (1984). 
S. N. Bhattacharya, A. K. Saxena and P. Raj, Indian J .  Chem., ZIA, 141 (1982). 
T. N. Srivastava, R. C. Srivastava and K. Singhal, Indian J .  Chem., 19A, 480 (1980). 
E. Lieber. C. N. Pillai and R. D. Hites, Can. J .  Chem., 35, 832 (1957). 
R. Neidlein and J. Tauber, Arch. Pharm. (Weinheim). 304, 687 (1971). 
E. van Loock, J. M. Vandensavel, G.  L'abbe and G. Smeto, J .  Org. Chem., 38, 2916 (1973). 
M. Zbirovsky and R. Seifert. Coll. C:ech. Chem. Comm., 42, 2672 (1977). 
G.  L'abbe. A. Timmerman, C. Martens and S. Toppet, J .  Org. Chem., 43,4951 (1978). 
A. Baba. I .  Shibata, H. Kashiwagi and H. Matsuda, Bull. Chem. SOC. Jpn.,  59, 341 (1986). 
A. N. Pudovik, I .  V. Konovalova and L. A. Burnaeva, Synthesis, 793 (1986). 
Y. Kashman and A. Rudi, Tetrahedron Lett.. 22, 2695 (1981). 
I .  V. Konovaloya, N.  V. Mikhailova, R. D. Gareev, L. A. Burnaeva, T. V. Anufrieva and A. N. 
Pudovik. Zh. Ohshch. Khim.. 51,989 (1981); C.A. ,  95, 52321 (1981). 
1. V. Konovalova, L. A. Burnaeva, T. A. Faskhutdinova and A. N. Pudovik, USSR Pat. 700,519 
(1978); C.A. ,  92, 129801 (1980). 
I .  V. Konovalova, N. K. Novikova, T.  A. Faskhutdinova and A. N. Pudovik, Zh. Obshch. Khim., 
50, 1451 (1980); C.A. .  94, 15808 (1981). 
I .  V. Konovalova, M. V. Cherkina, E. G. Yarkova, L. A. Burnaeva, and A. N. Pudovik, Zh. 
Ohshch. Khim., 51, 993 (1981); C . A . .  95, 150771 (1981). 
J .  Becher and E. G.  Frandsen, Tetrahedron Lett., 3347 (1976). 
J .  Becher and E. G.  Frandsen, Acta Chem. Scand.. 30B, 863 (1976). 
J. Becher and E. G .  Frandsen, Tetrahedron. 33, 341 (1977). 
F. A. Asaad and J. Becher, Synthesis, 1025 (1983). 
(a) J. Becher, F. M. Asaad and 1. Winckelmann, Justus Liebigs Ann. Chem., 620 (1985); (b) B. A. 
Arbuzov and N. N. Zobova, Dokl. Akad. Nauk. SSR.  167,815 (1966). 
J. Becher and H. Nissen, SulJirr Lett., I ,  105 (1983). 
J. Becher, H. Nissen and S. K. Varma, Justus Liebigs Ann. Chem. 1109 (1986). 
K. Peseke, M. Aguila and 1. Bohme, Ger. (East) DD 154,539 (1982); C.A. ,  98,4475 (1983). 
H. Dehne and P. Krey. J .  Prakt. Chem., 324, 915 (1982). 
H. Dehne and P. Krey, Ger. (East) DD 156,972 (1982); C.A. ,  98, 143436 (1983). 
G.  Jaeger and J. Wenzelburger, Justus Liebigs Ann. Chem., 1689 (1976). 
L. Kniezo. P. Kristian, A. Dondoni, P. Pedrini, G.  D. Andreetti and F. Ugozzoli, J .  Chem. Res. 
Sj*nop.. 40 (1986); C.A. ,  105, 115001 (1986). 
Y. Oshiro, T. Hirao. N. Yamada and T. Agawa, Synthesis, 896 (1981). 
Ube Industries Ltd., Japan Kokai Tokkjw Koho JP 58,43,%5 (1983); C.A. ,  99, 175782 (1983). 
E. Schaumann, H.  G .  Baeuch, S. Sieveking and G.  Adiwidjaja, Chem. Eer., 116, 55 (1983). 
P. Friis. Arta Chem. Scand., 19, 766 (1965). 
G. de Stevens. B. Smolinsky and L. Dorfman, J.  Org. Chem., 29, 11 15 (1964). 
V. Aggarwal, H. Ila and H. Junjappa, Synthesis, 65 (1982). 
C .  Kashima, A. Katoh, Y. Yokota and Y. Omote, Synthesis, 151 (1982). 
H.  Meyer, Justus Liebigs Ann. Chem., 673 (1980). 
R. Gompper and U.  Heinemann, Angew. Chem., 92, 208 (1980). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



452 S .  SHARMA 

683. 
684. 
685. 
686. 
687. 

688. 
689. 
690. 
691. 
692. 

693. 
694. 
695. 
696. 
697. 
698. 
699. 
700. 

701. 
702. 
703. 
704. 
705. 

706. 

707. 

708. 
709. 
710. 
711. 
712. 

713. 
714. 
715. 

716. 
717. 
718. 
719. 

720. 

721. 
722. 
723. 
724. 
725. 

726. 
727. 
728. 
729. 
730. 

A. M. Laniazoure and J .  Sotiropoulos, Tetrahedron, 37, 2451 (1981). 
S. Y .  K. Tam, F. C .  D. L. Heras, R. S. Klein and J .  J. Fox, Tetrahedron Lett., 3271 (1975). 
J .  Goerdeler and J .  Neuffer, Tetrahedron Lett., 2791 (1967); Chem. Ber., 104, 1580, 1606 (1971). 
R. Chandra and P. K. Srivastava, J .  Chem. Engg. Data, 28, 278 (1983). 
(a) J .  Neuffer and J .  Goerdeler, Chem. Ber., 105, 3138 (1972); (b) R. A. Coburn and B. Bhooshan, 
J .  Heterocyl. Chem.. 12, 187 (1975). 
F. Kurzer and E. D.  Pitchfork, J .  Chem. Soc., 6296 (1965). 
M. Furukawa. M. Goto and S. Hayashi, Bull. Chem. Soc. Jpn.,  47, 1977 (1974). 
J.  M. Parnandiwar, Indian J .  Chem., 168, 399 (1978). 
E. Schaumann. E. Kausch and W. Walter, Chem. Ber., 110, 820 (1977). 
Y. Nakayama and M. Sanemitsu, Japan Kokai Tokkyo Koho JP 61,78,774 (1986); C.A. ,  105, 
208936 (1986). 
C .  P. Joshua and S. K. Thomas, Synthesis. 1070 (1982). 
K.  Milzner and K .  Seckinger, Helv. Chim. A m ,  57, 1614 (1974). 
M. Uher, S. Kovac, P. Ilias, L. Floch and A. Martvoii, CON. C:erh. Chem. Comm.. 45,2254 (1980). 
R. Huisgen, M. Morikawa, D. S. Breslow and R. Grashey, Chem. Eer., 100, 1602 (1967). 
P. Kristian. D. Koscik and J. Bernat. Chem. Zvesti, 27, 280 (1973). 
P. Kristian and J. Bernat, Tetrahedron Left.,  679 (1968). 
S. Ratton, J.  Moyne and R. Longeray, Bull. Soc. Chim. Fr., 28 (1981). 
Y.  Y. Samitov, G.  Y. Gadzhiew, E. Y. Dzhalilov and J .  Nematollahi, Zh. Org. Khim., 18, 1520 
(1982). 
G.  J .  Durant, J .  Chem. Soc. (C), 952 (1967). 
P. G .  Mente and H. W. Heine, J .  Org. Chem.. 36, 3076 (1971). 
A. Vass and G.  Szalontai, Synthesis. 817 (1986). 
A. M. M. E. Ornar, N.  S. Habib and 0. M. Aboulwafa, Synthesis, 864 (1977). 
P. Y. Mukhametova, N. A. Akamanova, A. Y. Svetkin and V. Y. Svetken, Izv. Vyssh. Uchehn. 
Znved. Khim., Khim. Tekhnol.,ZO, 187 (1977); C.A. ,  87, 23159 (1977). 
T. Shibahara, M.  Furuya and S.  Imamura. Japan Kokai Tokkyo Koho 79,106,473 (1978); C . A . ,  92, 
41952 (1980). 
(a) A. W. Hofmann, Ber. Dtsch. Chem. Ges., 20, 1788 (1887); (b) A. S. Bobade, S. R. Lokhande, 
M. R. Patel and B. G. Khadse, Bull. Hafline Inst., 9, 76 (1981). 
A. Pande. S. R. Lokhande, M.  R. Patel and B. G. Khadse. Indian J .  Chem., 22B, 311 (1983). 
A. Pande, S. R. Lokhande, M.  R. Patel and B. G.  Khadse. Indian Drugs. 19, 342 (1982). 
M. Uher, D. Berkes, J. Lesko and L. Floch, CON. Czech. Chem. Comm., 48, 1651 (1983). 
1. A. Kaye and C .  L. Parris. J .  Org. Chem.. 16, 1859 (1951). 
I .  Ueda, M. Matsuo, S. Satoh and T. Watanabe. Eur. Pot. Appl. 22,317 (1981); C . A . ,  95, 7266 
( I98 1 ). 
L. Drobnica and E. Kuhle. Angew. Chem. In/. Ed., 4, 430 (1965). 
P. N. Bhargava and P. Ram, Bull. Chem. Soc. Jpn.,  38, 342 (1965). 
(a) A. K. Sengupta. K. C .  Agrawal and P. K. Seth, Indian J .  Chem., 148, 100 (1976); (b) V. K.  
Singh and K. C .  Joshi, J .  Indian Chem. Soc., 55, 928 (1978). 
P. N. Bhargava and S. N. Singh, J .  Sri. Res. B.H.U.. 26, 27 (1976). 
R. M. Shafik, A. A. B. Hazzaa and N. Habib, Pharma:ie, 34, 148 (1979). 
S. Bahadur and M. Saxena, J .  Chem. Soc. Pak.. 4, 141 (1982). 
(a) Lespagnol, D. Bar, M.  Deabert, M.  Pelvche and M. Reffossez, Bull. Soc. Pharm. Lille, 33, 67 
(1977); C.A. .  87, 152121 (1977); (b) V. J .  Ram. H. K.  Pandey and A. J .  Vlietinck, J .  Heterocycl. 
Chem., 18, 1277 (1981). 
K. Kottke, H. Kuhmstedt, D. Knoke and H. Wehlan, Ger. (East)  DD 213,214 (1984); C.A. ,  102, 
203876 (1985). 
S. Meltesics, G. Silverman, V. Toome and L. H.  Sternbach, J .  Org. Chem., 31, 1007 (1966). 
E. Cherbuliez, 0. Espejo, B. Villhalm and J .  Rabinowitz, Helv. Chim. A C f f I ,  51, 241 (1968). 
G.  Simchen, G.  Entenmann and R. Zondler, Angew. Chem. Int. Ed., 9, 523 (1970). 
P. A. S. Smith and R. 0. Kan, J .  Amer. Chem. Soc., 82,4753 (1960). 
M. W. Gittos, M. R. Robinson, J .  P. Verge, R. V. Davies, B. Iddon and H. Suschitzsky, J .  Chem. 
Sor. Perkin Trans I ,  33 (1976). 
K. Yamamoto, S. Kajigaeshi and S. Kamemasa, Chem. Lett., 85 (1977) 
S. Kajigaeshi, S. Matsuoka, S. Kanemasa and M. Nouguchi, Heterocycles, 22, 461 (1984). 
W. Ried, W. Merkel and S. Park, Justus Liebigs Ann. Chem., 79 (1975). 
W. Ried, R. Oxenius and W. Merkel, Angew. Chem.. 84, 535 (1972). 
F. Saczewski and H.  Foks, Synthesis. 751 (1986). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOTHIOCYANATES 453 

731. 
732. 
733. 

734. 
735. 
736. 
737. 
738. 
739. 

740. 
741. 

742. 
743. 
744. 
745. 
746. 
747. 
748. 
749. 
750. 
751. 
752. 

753 

754. 
755. 

756. 
757. 
758. 
759. 
760. 

761. 
762. 
763. 
764. 
765. 
766. 
767. 
768. 

769. 
770. 
771. 

772. 
773. 
774. 

775. 
776. 

776a. 
777. 

I .  Lalezari, S. Seifter and A. Theim, J .  Heterocycl. Chem., 20, 483 (1983). 
P. Hansen and W. Liebich, Ger. (East) DD 34,577 (1983). 
T.  Shibahara. M. Furuya and S.  Imamura, Japan Kokai Tokkyo Koho 79,103,870 (1978): C.A. ,  92, 
128931 (1980). 
G .  Stajer, E. A. Szabo and G. Bernath, Magy. Kem. Foly.. 92, 18 (1986); C.A., 106,4967 (1987). 
J. Kobe, R. K. Robins and D. E. O’Brien, J .  Heterocycl. Chem., 11, 199 (1974). 
K. Senga, J. Kobe, R. K. Robins and D. E. O’Brien, J .  Heterocycl. Chem., 12, 893 (1975). 
J.  Kobe, R. H. Springer and D. E. O’Brien, U.S. Pat. 3,846,423 (1974); C . A . ,  82,43472 (1975). 
S. M. Fahmy and R. M.  Mohareb, Synthesis, 478 (1983). 
M. H. Fahmy, S. M. Fahmy, M. R. H. Elmoghayar and E. M. Kandeel, J.  Heterocycl. Chem., 16, 
61 (1979). 
E.  J. Prisbe, J.  P. H. Verheyden and J .  G. Moflat, J .  Org. Chern., 43, 4774 (1978). 
(a) M.  Nagano, J. Tobitsuka, T. Matsui and K. Oyamada, Chem. Pharm. Bull., 20, 2618 (1972); 
(b) D. L. Klayman and T. S.  Woods. J .  Org. Chem., 39, 1819 (1974). 
M. E. Condon, U.S. Pat. 4,311,840 ( 1982); C.A. ,  96, 2 I7887 (1982). 
R. Bokaldere and A. Liepina, Khim. Geterotsikl. Soedin.. 276 (1973); C.A. ,  78, 136237 (1973). 
L. Grehn, Chem. Scr. 16,77 (1980). 
H. Behringer and D. Weber, Chem. Ber., 97, 2567 (1964). 
J .  E. Oliver and R. T. Brown, J .  Org. Chem., 39, 2228 (1974). 
J .  Goerdeler, W. Kunnes and F. M. Panshiri, Chem. Ber., 109, 848 (1976). 
G. L’abbe, A. Timmerman, C .  Martens and S. Toppet, J .  Org. Chem., 43,4951 (1978). 
H. Singh, L. D. S.  Yadav and K.  S.  Sharma, Indian J. Chem., 21B, 480 (1982). 
H.  Singh. L. D. S. Yadav. K .  S. Sharmaand J. P. Chaudhary, Acta. Chim. Hung., 115,377(1984). 
T .  Molina and A. Tarraga, Synthesis, 41 I (1983). 
P. Molina. M. Alajarin, A. Arques, R. Benzal and H. Hernandez, Tetrahedron Lett.,  24, 3523 
( 1  983). 
P. Molina, M. Alajarin, A. Arques, R. Benzal and H.  Hernandez, J .  Chem. Soc. Perkin Trans. I, 
1891 (1984). 
P. Molina, M. Alajarin and R. Benzal, Synthesis. 759 (1983). 
K.  Imai, R .  Marumoto, K .  Kobayashi, Y. Yoshioka, J .  Toda and M. Honjo, Chem. Pharm. Bull., 
19, 576 (1971). 
K. Gewald, J. Liebscher and M.  Keydel, J .  Prakt. Chem., 312, 533 (1970). 
R. P. Staiger. C. L. Moyer and G. R. Pitcher, J .  Chem. Engg. Data, 8, 454 (1963). 
M. 0. Lozinskii and P. S. Pel’kis. Russ. Chem. Rev., 37, 363 (1968). 
H. M. Blatter and H. Lukaszewski, J .  Org. Chem.. 31, 722 (1966). 
H.  Takahata, M. Nakano, A. Tomiguchi and T. Yamazaki, Heterocycles, 17 (Special Issue), 413 
(1982). 
H. Takahata, M. Nakano and T. Yamazaki, Synthesis, 225 (1983). 
J .  Singh. V. Virmani, P. C .  Jain and N. Anand. Indian J. Chem., 19B, 195 (1980). 
A. Albert and C. J .  Lin, J .  Chem. Sac. Perkin Trans I ,  210 (1977). 
H. Yamanaka. S.  Niitsuma, T.  Sakamoto and M. Mizugabi, Heterocycles, 5, 255 (1976). 
T.  Naka and S.  Furukawa, Japan. Kokai 78,31,694 (1976); C.A. ,  89, 109596 (1978). 
T. Naka and Y.  Furukawa, Chem. Phurm. Bull., 27, 1328 (1979). 
M. Muachatin, J .  Svelik and A. Martvoii, Coll. Czech. Chem. Comm., 46, 2557 (1981). 
K. Noda, A. Nakagawa, T.  Motomura, S. Yamazabi, S. Miyata, K. Yamagata and H.  Ide. Japnn. 
Kokai 76,82,297 (1976); C . A . .  86, 55478 (1977). 
A. Petrit. B. Stanovnik, M. TiSler and 9. Vercek, Vestnik S K D ,  25, 31 (1978). 
A. Schimidpeter and C. T. Von. Angew. Chem., 90, 469 (1978). 
B. A. Arbuzov, E. N. Dianova and E. Ya. Zabotina, Izv. Akad. Nauk SSSR, Ser. Khim. 169 (1986); 
C.A.. 106, 67387 (1987). 
J. Brierley, J. I .  Dichstein and S. Trippett. Phosphorus Sulfur, 7, 167 (1979). 
N. Gill, N. K .  Ralhan, H. S. Sachdeo and K.  S. Narang, J .  Org. Chem., 26, 996 (1961). 
T. Jagodzinski and B. Muraszko, Pr. Nauk. Politeeh. Szczecin, 285,33 (1985); C.,4.. 105,226480 
(1986). 
M. Richter. M. Augustin and K.  Strauss, J .  Prakt. Chem., 326, 633 (1984). 
D. Martin, F. Tittelbach, Ger. (East)  DD 204,258 (1983); C . A . ,  101, 38457 (1984). 
W. Dymek and D. Sybistowicz, Roczn. Chem., 36, 1639 (1962). 
A. E. Ibrahim, A. M. M. E. Omar, N. S. Habib, 0. M. Aboul Wafa and J .  Bourdais, J.  H e t e r o c ~ d .  
Chem., 19, 761 (1982). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



454 S. SHARMA 

778. 

779. 
780. 
781. 
782. 
783. 
784. 
785. 
786. 
787. 
788. 
789. 
790. 
791. 
792. 
793. 

V. Ya. Vorobe'va, E. E. Mikhlina, K. F. Turchin and L. N. Yakhontov, Khim. Gererotsikl. 
Soedin., 971 (1983). 
L. Capuano and H. J. Schrepfer, Chem. Ber.. 105, 2539 (1972). 
L. Capuano, H. J. Schrepfer. K. Muller and H. Roos, Chem. Ber., 107,929 (1974). 
L. Capuano and K. Miiller, Chem. Ber., 108, 1541 (1975). 
P. Molina, A. Arques, I .  Cartagena and M. V. Valcarcel, Synthesis. 881 (1984). 
P. Molina, A. Tarraga and M. L. Pena, Synthesis. 697 (1984). 
S. A. S. Ghozlan, E. M. Zayed and M.  H. Elnandi, Gazz. Chim. Ifal., 113, 219 (1983). 
U. Burkhardt and S. Johne, Ger. (East) DD 218,622 (1985); C.A., 103, 178275 (1985). 
P. Thieme and H. Konig. Synthesis, 426 (1973). 
G .  Roma. M. D. Braccio, M. Mazzei and A. Ermili, Farmaco. Ed. Sci., 39, 477 (1984). 
R. J. S. Beer, H. Singh, D. Wright and L. Hausen, Tetrahedron, 37, 2485 (1981). 
R. J. S. Beer, N. H.  Nigel and A. Naylor, J. Chem. Soc. Perkin Trans I ,  2909 (1979). 
B. C.  Uff, R. S. Budhram, and V. Haruturian, Chem. Ind. (London), 386 (1979). 
S .  K. Agrawal, A. K. Saxena and P. C. Jain, Indian J. Chem., 19B, 45 (1980). 
R. Grashey, Angew. Chem. Int. Ed., 4, 701 (1965). 
0. Tsuge, I. Shinaki and M.  Koga, Bull. Chem. SOC. Jpn.. 45, 3657 (1972). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


