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Abstract - Chlorocarbonyl isocyanate is a versatile readent and finds

extensive applications in the organic synthesis, in particular for the

syntheses of heterocyclic compounds. This review updates its recent uses

in the synthetic organic chemistry and describes its potentiality in the

preparation of biologically important heterocycles.
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1. Introduction

Chlorocarbonyl isocyanate (CCI) was first synthesized by Hagemann1 in 1968.
Although the preparation and reactions of this reagent were reviewed earlier,2 a
considerable amount of publications followed in recent years. Therefore, it

seems of significance to update these findings in the present review,

CCI has been prepared by treatment of cyanogen chloride with phosgene over an
active charcoal catalyst under pressure, followed by partial hydrolysis of the
intermediate adduct, N-chlorocarbonyl isocyanide dichloride, by methanesulfonic

acid.1

CCI exhibits a great diversity of the chemical reactions primarily due to the
combination of two highly reactive functional groups and partly, due to the
inherent symmetry of this molecule, which is manifested in its adduct with hydro-
gen chloride, N-{chlorocarbonyl)carbamoyl chlecride. On account of this symmetry,
it is difficult to conclude whether CCI reacts with weak nucleophiles such as
water or alcohol primarily at the acid chloride or at the isocyanate grouping.
However, many new derivatives of the parent iminodicarboxylic acid have been
prepared, and furthermore CCI has been found to be a very versatile readent for

heterocyclic synthesis.

2. Reactions of CCI with

2.1 Carbamates: CCI reacts with N-alkylcarbamates in anhydrous ether at 20°C in
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the presence of triethylamine to give the alkyl N-alkyl-N-isocyanotocarbonylcar-

bamates i.3

o 0
] C.H N/ether ]
HO—C—NHR' + ciconco ‘C2fslafifether Ro—C

R7"=R"= alkyl
Reactions of N-substituted aryl carbamates with CCI also vield the corresponding

isocyanates, but the isocyanate form phenyl t-butylcarbamate interestingly under-

goes the elimination of isobutene to give phenoxvcarbonyl isocyanate 2.4

O
i 1l I
t-C,H~NH-C-OCH, + ccl ——= | t-CH7N-C-OCH, ~CyHg
o 0/ \N=C=0
]
C—0CH
HN/ 5 5 - o=c=N—?—0cﬂh

\%—N=C=0 -HOCN

2

2.2 Alkylamides of aromatic carboxylic acids: Like secondary amines, the alkyl-

amides of aromatic carpoxylic acids react with CCI under mild conditions via
the unstable adducts 3 which evolve hydrogen chloride at the beoiling point of
the reaction mixture to give N-alkyl-N-aroylaminocarbonyl isccyanates 4 in good
yields.5 Unlike the reaction products of secondary amines the isocyanate 4 are

not shown to undergo reversible [4+2] cycloadditionﬁ

R = alkyl

2.3 Trihalomethanesulfenamide: Reaction of CCI with N-alkyltrihalomethanesulfe-

namide gives N-alkyl-N-(trihalomethylthio)aminocarbonyl isocyanate E.T

o (o]
I | s
XCl,C—~S—NH-R + CCJ —= XC,C-S—N—C-NH —crBo’g xC|,c—S—N—c':—N=c=o
R -HC1
3
X = F,Cl; R = alkyl
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When R is phenyl the reaction with CCI affords 2,4,6-tricxc-l-phenylhexahydro=~

1,3,5-triazin 6.

-FC1,CSC1 Wy
e l) e S L

2.4 Tertiary amides: The reaction of CCI with tertiary amides such as N,N-

dimethylformamide or N,N-dimethylpivalamide in the presence of antimony penta-
chloride affords the amino substituted l-oxo-3-azabutatrienium hexachloroanti-
monates 1.8 Its structure was confirmed by X-ray diffracticn analysis. This
transformation parallels the Vilsmeier-Arncld reaction of tertiary carboxamides

with phosdgene.

CH, CH, 1
| | R\N,CH,
1 N CH,C1 1 .N @ )
R” =0 + cCcl —2 2 R™ Sc=N=C=0 == R-C-N=C=g =>
. = = —N=C=p =
Rz/ -20°C Rz/ c'e (';l
‘I-‘“a CH, CH,
‘./N\ 1 hllo 1 fl @
P i N
R 2 C=N-c=0 = R R’>C_CI R =N=c-—0
cl NCOe Sbm?
7
R = R? = alkyl -

There are also examples, wherein the reaction of aldehydes and ketones with

CCI in the presence of SbCl5 affords convenient route for azallenium salts.9

2.5 Ammonium rhodanide: The reaction of CCI with ammonium rhodanide leads to the

formation of carbonyl isccyanate isothiocyanate g.ln
o o]
Il 50, |
Cl-C—N=C=0 + NH,SCN —=—»  SCN—C-NCO + NH,CI
-22°C
8
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compound 8 is a useful reagent in the synthesis of a variety of organic interme-

diates and as well for the sulfur containing heterocyclic ccmpounds. The follow-

ing Scheme 1 depicts its salient applications.

0
1|
RO—C—NH—C— 0
HN" “NH o-¢ nes N

A *j\
Q7S Y0 N0

0O=0

f
SCN-C—NCO
8
rRIR“NH
HC1
OCN -(‘:|—N=tf—Cl
RRN—c NH—C—N
o] cl i ﬁ CcS
(o] o]
o]
HN)J\IN
078 ¢l
rRY = R* = alkyl
Scheme 1

2.6 Aziridines: The reaction of CCI with aziridines gives the isocyanate adducts

which on treatment with alcohols and amines yield carbamoyl carbamates 9 and

ureas 10 respectively.ll
2 !
C1CH,CH,N—C—NH COOR
R1OH R
I 9
RN | —ESL»  CICH,CH,N~C—N=C=0 T g
1
R R'NH, €1 CH,CH,N—C—NHCONH R
R
] n
R = CHZCH2CN yP{0O) (OC HS)Z' R = alkyl
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3. Synthesis of heterocycles

CCI is of value in the synthesis of heterocyclic compounds. Despite the high
degree of reactivity of both Eunctional groups in CCI, reaction may occur at
one or other of these groups, depending on the nature of the other reactant,
thus making this reagent suitable for the construction of a wide variety of
heterocyclic compounds and in particular for fused heterocycles. Some of its

recent applications are described below.

3.1 Imidazoles: Cyclocondensation of ene hydrazines with CCI affords the

imidazole system ll.lz

CH, CH
| cetr { NN s

g N-NH-C=CHCOCH, — N \S
— 0 u COLC.H,

11

3.2 1,2,4-0Oxadiazolidine-3,5-dione: A new synthetic route was developed by

employing CCI in forming the oxadiazolidine ring system in the total synthesis
of quisqualamine. A novel GABA-related depressant amino acid, quisqualamine

is isolated from the Chinese plant Quisgualis indica. The reaction of N-hydroxy-

2-acetylaminoethanaminium tosylate with CCI gives N-acetylquisqualamine which

on treatment with hydrobromic acid yields gquisqualamine hydrobromide lg.lB

1. (CZH5)3N/acet0nitrila
2. CCI
3. (C2H5)-‘N

® I
Tos—O° HN—CH,—CH,~NH~C~CH,
OH

o
|
: ~NH-C—CH -
Oy O~ CHi CHNH—C—CH, HBr /1,0 0y Oy~ CHiCH:~NH,
N4 N—, - HBr
z
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3.3 1,3-0xazine-2,4-dicnes:

2,4-diones l1.14
R?
|
1 /C§ *
R—CH; o

3.4 1,3-Diazine-2,4-diones:

HETEROCYCLES, Veol. 31, No. 7, 1990

Ketones on reaction with €CI yield 1,3-oxazine-

R

1

R

ccl - I/J\i
-HC1l

07 >N""0
H
13

R™ = R = alkyl

The reaction of enamines with CCI followed by the

15

condensation with aniline gives diazino system 14.

){__\ra—crt:c(m-l,)2 + €Cl —

—\ tl:H; — HE CH,
X N—CI:H—E—CONCO + HNCH, — = X\_/N o
Cl - CH, /N NH . HC
HCs
4

3. 1,3,5-Triazine-2,4-diones:

¢CI finds use in the synthesis of potent herbi-

cide as depicted below.16

C,Hs OH

HN

e
0" 'N” g¢,H,

i _N=CH—CH,
N

» clcoNco Teluene, (e po,C) NH
60°C
15

T ana
s CiHy CH=NNHC (NH)S C,H, —2ial
Cl ¢
< a j§-CHz )?\ N=CHC H
Br CH DMS0 ij\ /Iij o
* 2
-
07 N5 H,
16
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3.6 1,3,5-Triazine-2,4,6(1H,3H,5H)-triones: Treatment of substituted ureas

with CC1 in toluene affcrded the 1,3,5-triazinetriones 17a which exhibited a

variety of biological properties, such as for the control of coccidiosis,

plant growth and herbicidal activity.l8

R—NHCONH—CH, 4+ C€CI ———=» R=N >=o
N,

R = aroxyarvl 17a

Triazinetrione 17b is also obtained by the reaction of 2 moles of CCI with

. . . 2
primary aromatic amines.

a c ci
ccl (2 mol) A
-2HC1 -cocl,
o N
NH, \\c/ \céo 0._-M_.0
i I
NCOCI NCOCI HN___NH
H H hd
L . 0
17b

3.7 1,3,5-Triazine derivatives: CCI has been found very much useful in the

synthesis of 1,3,5-triazine derivatives e.g. Elg and 2.20

(cH)sio N YOSi(CH,)a (cH)sio ’N| osi(cH,),
NYN NYN
0Si{CH,), cl
18 19
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3.8 1,3-Benzoxazine-2,4-diones: CCI reacts with phenols to give stable adducts,

namely phenyl ester chlorides of iminodicarboxylic acid 20. These intermediates,
however, at higher temperatures in the presence of catalytic amounts of iron
(III) chloride in an intramolecular Friedel-Crafts reaction yield benzoxazine-
diones 21.21 The isocyanate obtained without FeC% from 20, is thermally stable

but is smoothly cyclized by iron (III) chloride.

R R
OH Ox\c,o
+ CCl ———» |
. NH
R
Cl

1
R c”
X
“o
20
-HC1
FeCl3
(o]
R Ii
0—-C—N=C=0 R
O
FeCl
3 . ]
' NH
R R o
21

R = RY = H,C1,alkyl

3.9 Quinazoline-2,4-diones: In a similar manner, N-substituted anilines react

with CCI to give allophenoyl chlorides, which can be converted into either the

carbamoyl isccyanates or the guinazolinediocones 22 {under pressure) as desi:ed.21

R’o

|
1 1

I
R : N—C—N=C=0
? R
R NH R I\,O -HC1
O e — "0
/ R

NH
Cl’c\\o -HC1 \Prassursz

R ﬂ.\ro

R = H,C1l; R = alkyl,aryl =L
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Interestingly, the same type of heterocycle

is obtained from the reaction of

CCI with N,N-4-frimethylaniline. In this case, methyl chloride is eliminated

instead of hydrogen chloride in this tertiary amine which is somewhat analogous

to wvon Braun degradation.2

CH,

I ?m
N—CH, N._O
O™ e OO
HC “CHiCL H,C
0

3.10 4-Aryl-2(lH)-quinazolinones: CCI is useful

in the preparation of biologi-
cally important 4-aryl-2{lH)-guinazolinones 3322 by its reaction with 2-amino-

benzophenones.

Rz Ar Rz Ar

: cct XN

° — A
. NH i N0
R J R

R
23
R = H,alkyl; R' = R = H,C1,alkyl

3.11 4-Imino-2-quinazolinones: The reaction of CCI with 2-aminobenzonitriles

23
affords ureas, which upon thermal c¢yclization

24 yields the 3,4-dihydro-4-imino-2{1lH)-quinazolinones 24.

or by employing ultrasonically
pbaker's yeast

1. ccI NH
CN 2. H,0 CN baksr's
oc, - o B ol
A
NHR ?-ﬁ—NHz \ Q
R
24

— 1386 —



HETERCCYCLES, Val. 31, No. 7, 1950

3.12 Mesocionic heterocycles:

3.12.1 Cxadiaziniumolates: Reactions of CCI with ureas containing a nitrogen-

hydrogen bond give oxadiaziniumolates 2235

(C:H)NCONHR + CcCI ———— OYNE’

R = i-C3H,, n-C,Hgy

3.12.2 1,2,4-Triazoleo[l,2-alpyrazol-4-ium-3-olate: The reaction of {CI with an

activated pyrazole gives an adduct which upon heating in chlorobenzene affords a
new mesoionic 4nr-heterccycle, namely 4,5,6-trimethyl-l-oxo0-1H-1,2,4-triazolo-

[l,2-a]lpyrazol-4-ium-3-olate gg?s

CH; 1. ccI, 0‘33 CH, o
. C1C_H @
=N 2 Cl\-6 5, ...__N%Ne
He— ,'4 —_— HE—4 '|q
~si(cH, ), \<o
CH, CH,
26

3.13 Fused heteroccycles:

3.13.1 Ring-fused 1,3,5-triazine-2,4-diones: The addition of CCI to 2-amino-

pyridine followed by treatment with triethylamine/diisopropylethylamine leads to

2H-pyridoll,2-al-1,3,5-triazine-2,4(3H)-dione 27.%7

(¢]
~ " PO A @”N\I’
N (1-C4Hy ) NC Ho \w,NH
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Similarly, other a-amino-N-hetercarenes on reaction with CCI yielded pyrimido-

[1,2-al-1,3,5-triazine-2,4-dione 28 and triazino[l,2-a]Jquinazoline-1,3-dicnes 29.

N NH
¥
28 29
Whereas, reaction of CCI with isocytosine gives pyrimido{1l,2-alll,3,5]triazine
derivative which might be either of the two possible iscmeric structures 30

and 31. The structure was found to be 30 and not 31 by derivatization, X-ray

analysis and chemical evidences.

O)\E/LO

30 31

3.13.2 Pyrazolo[3,4-d]lpyrimidines: Cyclocondensation of aminopyrazoles with CCI
9

affords lH-pyrazole[3,4-dlpyrimidines 2.2

H,C (o]
HC 7 NH
7\ + CCI R N | /L
~ NH, N” "0
[ /H H
CSHS cs 5
32
3.13.3 1,2,4-Triazolo[l,2-clll,3,4])thiadiazole-5,7-diones: The reaction of

N-substituted 2-isopropylidenehydrazinecarbothioamides with ¢CI at room tempe-
rature yields 1-(substituted imino}-3,3-dimethyl-1H,3H,5H-[1,2,4]triazolo([l,2-c]-
[1,3,4]thiadiazole-5,7(6H)-dicnes 2.30
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e ﬁ
C=N—NH—C~NH-R * cCi —_——
HC”
L] H
o nN? o
X ) YN o
. R Y 4
c N—NH H,C
H S N—-R
He s’\N—R HC
- 13

R = CHy,CgHg,allyl

This reaction of thiosemicarbazone with CCI demonstrates the useful nature of
this reagent for the synthesis of new type of heterocyclic compounds in one-

pot.

3.13.4 Oxadiazinotriazinones: CCI is also useful in the preparation of another

versatile reagent, carbonyl diisoc;n':n'late.3l This reagent undergoes Dieis-Alder
type cycloadditions with many compounds containing multiple bonds affording
fused heterocycles. Thus, reaction of azomethines with carbonyl diisocyanate

gives 1,3,5-oxadiazino-1,3,5-triazinones 2.32

|

q{
R Qg a, N R
~ 3 i \(0
, F=N-R + 0:C=N-C-N-Cz0 —— 1/ ) \E“z
R N
R XY R
R RO
34
1 o2 -
R* = H,CHy; R® = CH;,CHo: RY = alkyl
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3.13.5 Pyrrolol[3,2,1-ij]quinazoline-1,3-diones: Reaction of CCI with 2,3-diphen-

ylindoles and followed by cyclization under Freidel-Crafts conditions with ferric

chioride yields lH-pyrrolol3,2,l-ijjquinazoline-1,3(2H)-diones 35.°°
CH 1. CC1 CH
6% 2. FeCl} 55
R I':JI cﬁHi R l csHs
N
07 >N "o
35

R = CH4.0CH4

4. Conclusicn:

It is seen from the foregoing applicaticns of CCI that this reagent with its

diverse chemistry is useful in the synthesis of a wide range cf crganic compounds

particularly the heterccyclic compounds. However, it is hoped that the scope of

this reagent will be further broadened in due course of time.
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