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CHLOROSULFONYL ISOCYANATE: A NOVEL REAGENT FOR THE SYNTHESIS
OF HETEROCYCLES
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Abstract - Chlorosulfony! isocyanate, a novel reagent employed towards the
synthesis of heterocycles and related compounds, {inds extensive use. An effort
has been made in this review to catalogue and update its applications for

the synthesis of nitrogen, oxygen and sulphur containing ring systems,
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1. Introduction
Chlorosuifonyl isocyanate (CSI), the most reactive isocyanate discovered by Graf 30 years ago, finds
extensive use 1n the synthesis of various heterocyclic ring systems. Its chemistry and synthetic reactions
have been the subject of many rev1ewsl_3. In view of 115 versatile nature and high degree of reactivity
1t was consldered of interest to broaden the scope of its usefulness in the synthesis of heterocycles

and also to update its applications in this review.

Reactions of CSI cited in lhiterature have been broadly classified based mainly on the site of initial
attack, il.e., type I generally involving the initial atiack at the carbon of the isocyanate molety, while
type I deals with cycloadditions (2+2) across the isocyanate C=N bond and whereas type III involves

nucleophilic additions at the sulfonyl group.

Though CSI has enabled numerous types of synthetic transformations which is evident from the rich

chemistry of this reagent covering the literature through 1968, its usefulness in the synthesis
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of a variety of heterocyclic compounds and often novel systems is of immense importance. Thus, the
present review describes the applications of CSI for simple, small heterocycles to large, fused and

unusual heterocycles.

2. B-Lactams
2.1 2-Azetidinones: 2-Azetidinones 3 are produced by the (2+2) cycloaddition of chicrosulfonyl isocyanate
to a variety of unsaturated linkagesaJ. Cycloaddition reactions of CSI with different types of olefins

have been studied thoroughlys'“.

Although for the formation of F-lactam, a two-step mechanism, has
been proposed, a concerted cycloaddition can also take place. There are citatlon56’9 of evidence

for both the mechanisms.

R F4
R\ /Rz R'_(l:_ S
_c=c_, - cisgNco  —» e R
clo,§ o
1
R 2 R R
1] : T
R—C — c—R’ H.O R—“T Cli——R
2
Hrli — tI: N—Cy
<o clo,s” 0
3 2

R :R':R': R=Alky1 , Ar

Examples illustrating the degree of usefulness of chlorosulfonyl isocyanate for the synthesis of a variety

12-22

of 2-azetidinones 4-16 are as follows.

SCHEME 1
CH,
CH;
CH; csl HN—k
| = - o
CH,—C=CH, NaH €O,
4
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SCHEME |  {Contd.)
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SCHEME | (Contd.)
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Reaction of CSI with conjugated or nen-conjugated dienes alsc leads to N-chlorosulfonyl- #-lactams

which on hydrolysis give 2-azet1dmonesm’23.
A csi/-10°C_ ~
PhSH /Py /H,O q H
17
-~
NN csli
H,0 H
18

2.2 4Acyloxy-2-azetidinones: The reaction of C3I with heterosubstituted olefins such as vinyl acetates

leads to f&-acyloxy-Z-azetLdmonesza upon hydrolysis.

1 s R‘ (|?
Rﬁ4\o)Kr\'2 csl 1 o—C~R’
R0
1
R " -, o
R=H ,CH; ; R:=CH,, Ar

N
-
I

The 2-azetidinones obtained by the reaction of CSI with a variety of olefins like vinyl esters present
ideal building blocks for the total synthesis of penicillin, cephalosporin and cxacephem class of anti-

25-30

biotics - The general reaction scheme Il is given below where the cyclization of the 2-azetidinones

usually involvesa Wittig-type of reaction via the intermediate 20.

=  X:CH,S,0 20
SCHEME 1|
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3. Oxetes
The reaction of CSI with acetylenes such as l-diethylamino-i-propyne at low temperatures leads to

oxete-type system ?331'

HC N(CZH5)2
H,CC=CN(C.H,), e —
CIo,S

4. Diazetidinone-imine

Reaction of CSI with dicyclohexylcarbadiimide gives diazetidinone-imine 232. In this reaction the
mode of addition plays an imporiant role, il.e., only the addition of CSI to dicyclohexylcarbodiimide

will lead to diazetidinone.

H.C NC¢H,,
H11ceN=C=NcsH11 _-——-.CSI n B\NT
Na,S0, H
0
23
5. Lactone

The reaction of CSI with diphenylmethylenecyclopropane atforded ring-opened iminolactone 233.

The proposed mechanism involves the initial formation of B-lactam, which could then open to dipolar

intermediate 24, followed by ring opening of the cyclopropylcarbinyl cation and closure through oxygen.

i 0 H.C
CS\/-30C 5 o

HLCe CeHs H.C
$0,Cl

=
|
wn
=)
o
” O“o

H,Cq  TCgHs @ ‘N-sogl
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6. Oxazolones

The facile reaction of CSI with the hydroxy group of 2-hydroxy ketones leads to O-carbamoyl ketones 26.

These carbamates on heating to 175-250°C undergo ring closure which results in the formation of

oxazolones 23".

R o R
~ csl R1 20 NH, T N—
R L O S S
2
R OH 2 R N0~ 0 RY No” Y0
26 2

R :t-Bu_,  Ar : R' =R = CH, , Ar

’

7. 3-Oxp-2-isothiazolidine-1, | -dioxides

CSI reacts with olefins under free radical conditions to yield 2-chlorcalkanesulfenyl isocyanates. Inte-
restingly, an excess of olefin changes the course of reaction and 3-oxo-2-4{2-chloroalkyl)-isothiazalidine-

35

L,I-dioxides 28°" are cobtained in good yields.

Radical Fe)
— - —— CJ/:
CH, =CH, - CSI initiator N/s :

CH,~CH,CI

28

8. 5-0xo—A2-triazoline

Reaction of CS51 with diazoacetic esters leads to an ester of l-chiorosulfonyl-5-oxo- Az—triazoline—

4-carboxylic acid _2_21 .

ROOCHC—N
=] ]
ROOC—CH—N=N s, ¢ M
o N~
|
$0,Cl
29
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9. 2,3-Dihydro-3,4-oxadiazoles

The reaction of CSI with 1,3-diarylnitrilimine gives exclusively 2-chlorosulfonylimino-3,5-diphenyl-

2,3-dihydro-1,3,4%—oxadiazole 236 via addition of the [l,3-dipole nitrilimine to the C=0O function of

CSL
cl:l Et N @ <]
Ar— C=N—NH—Ar —_— [AV—C=N—N—Ar]
Ar\EO\.rN—Soz(‘-I ‘i [Ar—cs ﬁ—ﬁ—Ar]
o SAr
30
10, Benzimidazole-2-one

Reaction of CSI with 2-nitroaniline followed by hydrolysis leads tc a urea derivative which on reductive

cyclization yields benzimidazol-2-cne £37-

NHCONH,
@E @ L
——-
20 0
H

11. Benzoisothiazole-1,1-dioxide

CSI reacts with non-enclizable ketones such as benzophenone to give a cyclized product , l.e., benzo-

1sothiazole-1, | -dioxide 238 via a N-chlorosulfonylazomethine intermediate.

+C5] —»
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12, Tetrazolones
Reaction of CSI with alkylazides at ambient temperature gives alkylchlorosulfonyl tetrazolones which

on hydrolysis afford stable alkyltetrazolones 239.

N—
R —N, CSl ) IT
H,0 R” “H
o]
33

R =n-Bu |CGH"

13. 2-Pyridone
Addition of CSI with dimethylphenylethylynamine has been reported to yield 2-pyridone 1&“0.

N{cH),
CeH AN CeHs
CHL=CN(CH;), = I
(CHa)zN u (o
34

14. 1,4-Cyclo-adducts

Though CSI reacts with conjugated 1,3-dienes to form N-chlorosulfonyl- 8 -lactams, these can be

thermally rearranged to form l,4-cyclo-adducts 2“.

CH, s

: SOCl
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The reaction of CSI with cyclohexa-1,3-diene yields N-chlorosulfonyl- #-lactam which opens to a dipolar

intermediate and provides access to l,4-addition products, 36 and _{7_’“2.

H,O
2/' NH

\
H
317

CSI reacts with a,f8-unsaturated ketones to yield 3,4-dihydro-1,3-oxazin-2-ones, Hydrolysis produces the

csl ]
N
cio,s” NSOLI
2 g

15. 1,3-Oxazin-2-ones

unsubstituted compounds _3§43.

rR:. R’
F 4
csl HN
~e=CH-—-C—R' —_—
C=CH—C—R H.0 )\ |
o0“ ™o R’
18

CR': R:R’:H, Alkyl, Ar

16. 1,3-Oxazine-2,4-diones

Reaction of CSI with enolizable ketones by an electrophilic attack on the 2-methylenic carbon atom
provides unstable N-chlorosulfonyl- 8 -ketocarboxamides. These, on reaction with excess of CS$I followed

by hydrolysis, yield 3,4-dihydro-2H-1,3-oxazire -2,%-diones 3944’”.

Further, |,3-coxazine-2,4-diones can

be easily converted to 5,6-disubstituted uracils gg""‘.
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i T
R'— g—CH,——Rz + CSlI —— R‘—C—CH—C—-NHSOzm

R1 = Rz = Alkyl, Ar

17, Uracils
Recently 1t has been reported that the reaction of CSI with various 2-dialkylaminostyrenes gives

6-substituted dihydrouracils ﬂ%, i.e., by involving two equivalents of CSIL

F] 1
Ry~ ) RZ\N,R‘
H H
cH=C/R N._ O
~]' 1) ¢Sl \f

—_—

2) NaHCO, ~
R'o
4

R : R R': Alkyl Ar

The formation of uracils has been explained on the basis of a distinct 1,4-dipolar intermediate with
opposing charges being stabilized by the dialkylamino group at the positive end of the sulfonyl chloride

and by the carbonyl moiety at the negative end.

2 1
R R
~./
N
CH—CH,
|
o =0
N\
SOZCI
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18.  2A1H)}-Quinazolinones

The reaction of CSI with 2-aminocacetophenones/benzophenones leads to 2({lH)-quinazolinones 247

good yields. This is a convenient alternate route of synthesis for 2(1H)-quinazolinones.

R R
/SO Ccl
o CSI H 20 =
NH N~ 0
3 L
, 42

R=Me,Ar | R : Me , Ar

C3I reacts with methyl anthranilates to give urethanes upon hydrolysis which are cyclized in presence

of a base to afford 2,4-quinazolinediones 248

o o]
OCH, c5| base @ftf
NH Tﬁ N|-|2 "o
é R O R
8
R:=H,CH,

19. 1,3-Benzoxazin-2-ones

Reaction of CS! with 2-hydroxybenzaldehydes and 2-hydroxyacetophenones gives l,3-benzoxazin-2-ones
ﬂw whereas CS3I reacts with 2-hydroxybenzophencnes to yield O-carbamoyl compounds, and these

are also cyclized in presence of a base to &4a.

R R
4] N
o A
OH 20 0 0
44
R - H CH,
Ar Ar
O €SI o base m
H.O
OH z 0—C—NH,
Il 442
0 A
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Reaction of CSI with 2-hydroxybenzoates gives O-carbamoyloxybenzoates Ejo which are cyclized

in presence of a base to l,3-benzoxazine-2,4-diones iﬁqs

e Ol = OO

45

R CH3 QCGHS

In a recent report CSI has been further employed for the synthesis of 1,3-benzoxazine- 2,4-diones by
another routesl. Salieylic  acid chloride is reacted with CSl, cyclized by the addition of base and

hydrolyzed to afford 1,3-benzoxazine-2,4-dione as shown below.

o 8]
s0,Cl
e Nee:

OH 0" 0
46

20. 1,3,5-Triazine-diones

The reactionsof CSI (2 moles) with compounds having carbon-nitrogen double bonds give triazine-dione

systems. Thus, CSI reacts with azomethines to produce I,3,5-triazine-diones ﬂ” in the following

way.
R R'
[ |
0. N R Oo._N R
e CSl H,0 T Y
RCH=NR — Ci0,;S NSOCI — > H YNH
R = R':=Ar 0O Ie}
41

CSl also reacts with amidines to give amino-substituted triazine-diones ESZ

‘I:eHs
R
R 0 N
C:H, —-N=CH—N<VR csl “R
Clo.,s” “$0,ClI
o
R : CeH,
48
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While addition of dialkylcarbodiimide to two moles of CSI affords triazinedicneimine 232' In this case
the mode of addition, i.e., the addition of carbodiimide to two moles of CSl,only leads to the formation

of triazinedione system.

Nc5H11 ' cEHH
Cl0,S NCHy Ho H C.H,
CSl + H,CN=C=NCH,, —™ —_—
o) o 4]

0

& T2

It is evident from the above reactions that CSI provides a convenient route to hexahydrotriazine-2,4-

diones,

21. 1,2,4 - Benzothiadiazinones

The reaction of C5! with aniline derivatives under Friedel-Crafts conditions leads to 2H-1,2,4-benzothia-

diazin-3-one-1,-dioxides 253.

] 2
csl Q108 B AICL SQNH
—-
tlu-l N0 T 0
R 1'; R
50
R = H, Ayl Ar

Antihypertensive drug, diazoxide 51, can be prepared starting from #4-chloroaniline employing CSI under
the Friedel-Crafts conditions as illustrated above and later heating with acetic acid. Thus C3I offers

an alternative method of synthesis for this pharmaceutically important heterocyclic compound.

cl SQ, cl SQ;
H Conc-HCI |
HOAc
N 0 N
N N” “cH,
51
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22, 1,2,3-Oxathiazine-2,2-dioxides

The reaction of CSI with many acetylenic compounds gives 1,2,3—oxathiazine-z,z-dioxides31. The ratio

between the two 1somers 52 and 53 depends on the nature of R1 and R2 substituents.

R' R?
R2 1
1 2 \N R ~
R—C=C—R’ + CS| ——> | 7 | N
Ccl /502 cl o/soz

o)
52 52
1
R = Rz: Alkyl ,AI‘

CS5I reacts wrth enclizable ketones via a-methylenic carbon atom to produce N-chlorosulfonyl- 8 -

ketocarboxamides 5#“’5“‘

. Excess of CSI in ether solvent acts as a Lewis acid in promoting the cycli-
zation of 34 to 1,2,3-oxathiazin-#(3H)-one-2,2-dioxide compounds 56, probably throughan N-suifonylamine

intermediate 5545.

(IZI) O R O
Ar—C—CH,~R + (§| ———m Ar—cll.-—(l.‘.H—-g—NHSOzCi
54
CSl1/ ether
-HCI
S0, 0O R
0: " -~ Ar——g-—(,:H—ﬁ—N=Soz-0Et
A¥ 0 2
L 55
56
R = Alkyl

C3l also adds to the methylene group of t-butyl actoacetate to give N-chlorosulfonyl adduct which
upon thermolysis yields N-chlorosulfonylacetoacetamide 537 along with carbon dioxide and isobutylene.

Then successive cyclodehalogenation gives an access to oxathiazinonedioxide §§_55.
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o o o o
I i csl _&—cH—C—0—c(cH
H,—C —CH,~C —O—C(CH 3)’ ————i  CH, | 3):
CONHSO0,CI
*A
cH,
- e 9
0 0 - CH,—C—CH,— C—NH—S0,Cl
' HN—S{):
58 s

23. 1,2,3-Benzoxathiazine-2,2-dioxides

Though CSI at room temperature reacts with phenolic compounds at carbon atom of its 1socyanate
function, at  elevated temperature CSI reacts at the sulfur atom of the chlorosulfenyl group. Thus,
the reactions of CSI with 2-hydroxybenzaldehyde, 2-hydroxyacetophencnes or 2-hydroxybenzophenones
6

at higher temperatures (100-105°C) undergo cycloaddition to yield 1,2,3-benzoxathiazine-2,2-dioxides 25

XN
>100°C
. €Sl — 0,
OH
59

R :=H, CH;,,C,Hs

Similarly, reaction of CSI with 2-hydroxybenzoates at higher temperatures (100-108°C) pives 2-sulfa-
moyloxybenzoates 60 which are cyclized in presence of a base 1o 1,2,3-benzoxathiazine-2,2-dioxide-

ones 6_lus.

0 0 o
OR 1.CSI OR base NH
— 4
>100 o 0,
OH 2H,;0 0—SO.NH,
80 61
R = CH3chH5
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24, 1,2,4,6-Thiatriazine-,l-dioxide-3-ones

Isothicureas react with CSI to afford substituted 1,2,4,6-thiatriazine-1,l-dioxide-3-ones 257.

SCH,
f”s 1.csi HCo Xy
————————- |
e, HECICHA PN
H
82

The reactionof C5I with 5-aminotetrazole and subsequent treatment with ethyldiisopropylamine gives
the thiatriazine azidesa. Treatment of this with water converted it to the urea derivative in which

the tetrazole system was reconstituted. Thus, CSI provides an alternative synthesis for S5-tetrazolyl-

ureas too.
3
H H
'\‘/N it WA - 'irN NCONH
/72— NH, z.(a-c,H1)2c:2|-|5N OJ\ ~S0: Ko N“N/ 2

25. 2-Azepinone
Addition of CSI to trans-2-phenylisopropenylcyclopropane yields N-chlorosulfonyl-2-azepinone ng,
the formation of which has been rationalized on the basis of the different stabilizations available

to the dipolar intermediates.

c‘Hs c §H5
sl H
n C H /,NS°2CI
5~ CHr—C©
H, H,C 0
C GHS C ] H 5
NSO,CI ® Nsogl
O <« H;—C ':9
N — o.
CH, CH,
63
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26.  1,2,4,7-Thiatriazepin - 3{(2H)-one-1,1-dioxides and 2,!,3,5-benzothiatriazepin-4(5H)-one-2,2-dioxides

The reaction of 1,2-diamine with CSI gives 4,5,6,7-tetrahydro-1,2,4,7-thiatriazepin-3(2H)-one-1,1-dioxide 64
while CS5] reacts with o-phenylenediamine to afford I,3-dihydro-2,1,3,5-benzothiatriazepin-4(5H)-one-

2,2-dioxide 65°0.

'f *.*
NH 1. CSI N\<°
E 2.(C;H;) N NH
NH 3
| "' oz
R64
) f.*
0
N
NH 1. ¢S ~
—_— NH
NH 2.(C:Hy) N —s/o
| l 2
R 65 R

R - Alkyl , Ar

27. 1,2,3,5(3H)-Benzoxathiadiazepine-2,2-dioxide-#{ 5H)-ones

Addition of CSI to 2-aminophenols at higher temperature affords (3H)-1,2,3,5-benzoxathiadiazepine-

2,2-dioxide-4{5H}-ones ﬁqg, a new class of seven-membered heterocycles.

R NH,
csi_ ‘S“
>1no“c
OH —S0,

R:HCI

28. 1,5,2,3(3H)-Benzodioxathiazepine-2,2-dioxide-4-ones

The reactions of CSI with catechols produce a novel family of seven-membered heterocycles 1,5,2,3(3H)-

benzodioxathiazepine-2,2-dioxide-4-ones _Giﬁ L

OH OCONH 0

100°c
@ CSI @ so,c1 100, N
OH -—-1%
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29. Azocine

Treatment of l,4-cyclohexadiene with CSI results in the formation of g-lactam which on Q-methylation
followed by monobromination and finally dehydrohalogenation yields 2-methoxy-1-azocine ﬁez. Thus

this route employing CSI offers a direct and novel synthesis of azocine system.

1.CSI NH Me,0" BF,” 'N

st ——— ———

2.PhSH/Py o cH
3

NBS
@_"{\ t-BuOK N .
_ THF
OCH, oCH,
Br

68

30. Miscellaneous fused heterocycies

30.1 Triazolotriazolone: Azines may be considered as bis-anils which are versatitle partners in
cycloaddition reactions. The two azomethine groups may react with dipolarophiles in ‘criss-cross' additions.
At ambient temperature with CSI 'criss-cross' adducts are obtatned in high yields. The reaction of

CSl,for instance,with benzaldehyde azine gives diphenyltriazolotriazolone _6_232.

0 C.H;
Pt HN)\\T’(NH
_— =N—N= —_ ——i-
C,H,— CH=N—N=CH—CH, 2 HO YN\(
H,C, o
69
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30.2 Thiazolopyrimidine: CSI reacts with penams such as methyl 6- 8 -phthalimidepenicillinate to

give a thiazolo[3,2-c]pyrimidine Qﬁj derivative by ring expansion,

R s 0
™ csi _i
B <
r_;!, o HN. N

O// €0, CH, Y CO.CH;,

30.3 Fused 1,2,9,6-Thiatriazine-1,i-dioxides: Reaction of Z-ammnopyridine with CSI produces the N-
chlorosulfony! intermediate which cyclizes on the addition of a base to afford a fused 1,2,%,6-thiatriazine-

1,1-dioxide system ﬂeq. Such systems have also been obtained by the reaction of CSt with 2-amine-

pyrazine and 2-aminothiazoline.

N

NH N 0
2 2 1.CSl o
l west H
=~ N 2. base =~ _N

s0,

/

N
N4\|r NH, 1. CSI N4Y \|4°
|§/N 2. base K/

In case of 2-aminothiazoline it has been established that CSI attacked the ring nitrogen preferentially

to give product 257.

S
[~ NN G
2. base NYNH
]
12
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30,4 Thiatriazinobenzimidazole: Addition of CSI to 2-aminobenzimidazole leads to 2H[1,2,4,6}thia-

triazino[2, 3-albenzimidazol-3(4H)-one-1, ] -dtoxide 735,

N NH, cs| N\. 0

30.5  Thiatriazinoquinazoline: Reaction of CSI with 2-amino-4-arytquinazoline yields 6-aryl[1,2,4,6}

thiatriazino[2,3-aluinazoline-3(2H)-one- 1, I -dioxide 7467,

Ar Ar
Y csl Y
e i
P, Ko
ozs\N/Lo
H
4

30.6 Azabullvalene: It has been demonstrated by Paquette that the reaction of CSI with bullvalene

emerges as a practical route of synthesis for methoxyazabullvalene 266.

cs| o Me,0 BF’
———ie
NaQ hV,MezCO 5 OCH:,
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31. Novel (unusual) heterocycles

Some bicyclic hydrocarbons undergo formal cycloaddition reactions with CSI at the strained, carbon-
carbon single bonds onaccount of thewr high degree of n—character67' The products formed are often novel

heterocycles and may be difficult to prepare by any other method. Some exa.mplessg"”9 are illustrated

below.

o
csi H
—
16
H O
csl H
17

D csi 0
—_——

32. Conclusion
It 1s seen from the foregoing pages that CSI has truly been a reactive, broad based reagent for the
synthesis of a variety of novel heterocycles. In addition, it affords an alternate and convenient method

of synthesis for a number of known heterocyclic systems, It i1s hoped that CSI wiil further open up

new vistas in heterocyclic synthesis,
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