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Acyl Isocyanates
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The methods of preparation and the reactions of acyl isocyanates are considered. The bibliography includes 197 references.
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I. INTRODUCTION

The advances in the chemistry of organic isocyanates
have been reviewed fairly regularly1"5 but these reviews
dealt only with aryl and alkyl isocyanates. Recently new
classes of compounds in which the isocyanate group is
linked to silicon6»7, phosphorus8»8-13, difluorophosphoryl,
fluorocarbonyl14 and thioacyl15"20, sulphonyl21, etc. groups
have been discovered and their properties investigated.
The chemistry of each of these classes of isocyanates is
fairly specific and requires a separate review. A recent
review dealing with the chemistry of acyl and sulphonyl
isocyanates, isothiocyanates, and isoselenocyanates22

emphasises the similarity of the properties and not the
specific features of the individual classes of isocyanates.
Consequently reviews of such general type and those on
specific branches of the chemistry of isocyanates are not
mutually exclusive, supplementing one another. The
inevitable repititions can be justified in each case by a new
approach to the analysis of the literature data and new con-
clusions.

Such a special review on the chemistry of sulphonyl
isocyanate was published recently21 but the advances in the
chemistry of acyl isocyanates have not as yet been
reviewed.

Acyl isocyanates were obtained for the first time in
1862 by Schiftzenberger 23>24, i.e. 13 years after Wilrtz's
discovery of organic isocyanates24; however, convenient
methods for their synthesis became available only recent-
ly26, which stimulated more extensive studies on these
compounds.

Acyl isocyanates are chemically more reactive than the
widely known2»3 isocyanic acid esters. The presence of
the additional acyl carbonyl group R —CONCO not only
increases the reactivity but is also responsible for the
ability of these compounds to undergo various reactions
involving the formation of heterocycles.

In view of the above considerations, the author assumed
that the present review, which deals with the syntheses,
properties, and applications of acyl isocyanate and covers
the literature up to January 1st, 1968, will be of interest
and will stimulate further development of the chemistry of
this interesting class of organic compounds.

Π. METHODS OF SYNTHESIS OF ACYL ISOCYANATES

The available methods for the preparation of acyl
isocyanates can be divided into two types: syntheses where
the NCO group is already present in the starting materials
and syntheses where it is produced in the course of the
reaction.
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1. Synthesis by the Reaction of Car boxy lie Acid Chlorides
with Cyanate Salts

Acetyl isocyanate, together with acetonitrile, was
obtained by the reaction of silver cyanate23»24 or mercury
fulminate27 with acetyl chloride. Under the same condi-
tions, the reaction of silver cyanate and benzoyl chloride
yields only benzonitrile23. The reaction of mercury
fulminate with benzoyl chloride28»29 or of silver fulminate
with benzoyl bromide χ followed by treatment of the reaction
products with water led to the isolation of dibenzoylurea and a
product melting at 107°C 28>29, which eventually proved to
be (not until 1954) 3, 5-diphenyl-l,2, 4-oxadiazole31.

Acetyl and benzoyl isocyanates were obtained in a pure
form for the first time in 1903 by slow addition of silver
cyanate to an excess of the chloride of the corresponding
acid with rapid distillation of the isocyanate produced32»33.

Billeter's method32»33 was subsequently improved by
Hill and Degnan34"36 and then by Areus and Prydol37»38 and
until 1962 remained virtually the only method for the
synthesis of acyl isocyanates31»39-42. In 1963 Steyermark
proposed a more convenient method for the preparation of
acyl isocyanates by the reaction of carboxylic acid halides
with cyanic acid in the presence of organic bases. The
yield of acyl cyanates reaches 90%, but in a number of
cases the process is complicated by the formation of
polymeric products 43>44.

2. The Reaction of Phosgene and Phosgene-Forming
Compounds With Acid Amides

The first attempts to prepare acyl isocyanate from
carboxylic acid amides were unsuccessful45"47. Later,
Waltmann and Wolf48"51 shows that in an autoclave at 150° C
a mixture of the amide and phosgene or trichloromethyl
formate and other phosgene-forming compounds (among
which oxalyl chloride may also be included52) in the
presence of pyridine forms acylcarbamoyl chloride, which
on heating in benzene with calcium oxide yields acyl
isocyanate. However, this method did not become as
important in the synthesis of isocyanates as the reaction of
amines with phosgene2»3.

The reaction of acid amides with oxalyl chloride proved
to be more promising for the synthesis of acyl isocya-
nates 26,47,53-70.

RCONHa + (COC1)2
RCONCO.

The effect of oxalyl chloride on amides was investigated
even earlier 7 1: with a 1:2 reactant ratio, diacylurea was
obtained47»71»72, the thermal decomposition of which
resulted in the formation of an amide, diacetamide, a
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nitrile, cyanuric acid, and carbon dioxide73, while with a
1:1 reactant ratio the products were 2-alkylideneoxazoli-
dine-4,5-dione «ν 4 - 7 8 and others.

Speziale and Smith 2β>47»βΒ showed that, when the products
of the reaction of oxalyl chloride with amides are subjected
to thermal decomposition in a vacuum at fairly low tem-
peratures with simultaneous distillation of the decomposi-
tion products, aroyl isocyanates are obtained in high
yields. The yield of aliphatic acyl isocyanates is usually
lower, and in the case of propionyl isocyanate it amounted
to only 0.8% 5 5.

The above method of preparation of aroyl isocyanates
was improved by Neidlein70. After these investigations,
there was a considerable increase of interest also in the
chemistry of oxalyl chloride7 9"8 2, which was successfully
used in the synthesis of other classes of acyl isocyanates:

— RSO2NHCOCOC1

(RO)2P(O)NHCOCOC1
Ν — C = 0

RSO2NCO8S ,

Ο

- (RO^PNCO11

(COCl),
C C=O

/ \ s /

R - C — N C O " - 2 0 ,

(RO)2P(O)NH2·
S
II

R - C - N H 2

y N H H C l r yNCOCOCH Ο

R—C (COCl )„>»' , I R—C I 100-is»
X O R ' 6h

•I- R-(

OR' J
R-C—NCO".

In the reaction of oxalyl chloride with carboxylic acid
amides an O-aclyation product is probably formed initially
and is then converted, with elimination of HC1 and CO,
either via the intermediate formation of compounds (II),
(III), or (IV) or directly, into the acyl isocyanate (V). The
low yield of alkanoyl isocyanates compared with that of
aroyl isocyanates can probably be accounted for by the
different stabilities of compounds (I). By analogy with
2-alkylideneoxazolidine-4, 5-dione76, aryl-containing com-
pounds (I) are more resistant to attack by the chloride ion
than their alkyl analogues (Scheme I ) 6 8 .

/OCOCOCI H C | /OCOCOC!
R-C - R-C.

RCONHCONHCOR

For this reason the aryl compound decomposes only on
heating in a vacuum and compound (V) is formed in a high
yield. The alkyl derivative of compound (I) decomposes

already under the reaction conditions with formation of
compound (IV), which then enters into a number of side
processes (Scheme 1)ββ.

The method of preparation of /3-bromopropionyl isocya-
nate by the rearrangement of N-bromosuccinimide is in a
class by itself85"88:

NBr

Ο Ο
II I!

BrCH9CH2C—NCO *- BrCH sCH2C-Cl + AgNCO.

CH.—C

The reaction takes place only in the presence of chloroform
or bromoform and certain halogeno-olefins (allyl chloride
and bromide, methylallyl chloride, 2,3-dibromopropene,
3-bromo-2-t-butylpropene) in the presence of benzoyl
peroxide. In the presence of crotyl bromide, 1-bromo-
propene, afaa-trichlorotoluene, and a number of other
olefins the reaction does not occur. The maximum yield of
/3-bromopropionyl isocyanate (70%) is attained on ref luxing
in chloroform for 4 h equimolar amounts of iV-bromo-
succinimide, allyl chloride, and a catalytic amount of
benzoyl peroxide88. The product was also isolated in 16%
yield in the photochemical bromination of 1, 4-entiO-oxocyclo-
hexane with 7V-bromosuccinimide in carbon tetrachloride.
The reaction is of a radical type; this type of rearrange-
ment does not occur with either chloro- or iodo-succini-
mides8 6.

III. PROPERTIES OF ACYL ISOCYANATES

1. Physical Properties

Acyl isocyanates are colourless or yellowish liquids or
low-melting solids which can be distilled in a vacuum.
They have a sharp odour, and are readily hydrolysed by
atmospheric moisture; they dissolve in the majority of
organic solvents. Their infrared spectra89»90 contain
absorption bands at 2244 ± 1 cm"1 (asymmetric vibrations
of the O=C=N group) and 1430 cm"1 (symmetrical vibra-
tions of the O=C=N group); the bands at 1740 and
1050 cm"1 correspond to the vibrations of the C=O and
C-N bonds in the group R-C(O)-N=; the bands due to
the deformation vibrations of O=C=N and NC=O groups
are located respectively at 632 and 570 cm"1.

2. Chemical Properties

The characteristic features of the chemical properties
of acyl isocyanates are a result of the charge and electron
density distribution in the group CONCO, which may be
described by the resonance of the following valence struc-
tures 9 1 ' 9 2 :

ο ο- ο ο
II + _ I + II II - +

R—C—N=C—Ο «-> R—C=N—C=O •-• R—C— N=C=O •-• R—C—N— C = O .

Hence it follows that, in contrast to alkyl and aryl
isocyanates93»94, acyl isocyanate are, firstly, more reac-
tive and, secondly, are capable of undergoing not only
1,2-cycloaddition95»96 but also 1,4-cycloaddition91»92»97"99

reactions. In some cases the presence of the acyl group
may be the cause of other more special properties of acyl
isocyanates. Thus the surprisingly effective transmission
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of the influence of substituents on the reactivity of aryloxy-
acetyl isocyanates may be accounted for by the possibility
of their tautomerism88:

1CH,—C—Ν CO ,

which evidently cannot occur in the case of aryloxyethyl
isocyanates.

A. Reactions at Oxygen-Hydrogen and Sulphur-Hydrogen
Bonds

The reaction with water of acetylisocyanate27, β-bromo-
propionyl isocyanate, etc.85»86 yields the corresponding
amides and carbon dioxide, the conversion of benzoyl iso-
cyanate being to the extent of 75% into the amide and to the
extent of 25% into dibenzoylurea32.

In IN sodium hydroxide solution benzoyl isocyanate
forms only benzamide37, while in a mixture with aqueous
pyridine and benzoyl chloride it gives 56% of dibenzoylurea
and 22% of 4-oxo-2,6-diphenyl-l, 3, 5-oxadiazine31. The
last product is formed also under anhydrous conditions
when the reaction is catalysed by an ΛΓ-substituted
pyridinium salt92»100.

C.H6CONCO + H2O

C,H6CONHCONHCOC,H6 (56%)

Ο

Λ
Ν Ν

C,H5 C,H6

(22%)

Acids react with acyl isocyanates with much greater
difficulty. Thus the reaction with dialkyl phosphites takes
place only in the presence of sodium ethoxide or catalytic
amounts of triethylamine at 80-90°C over a period of
4 h . 1 0 1 The reaction of hydrogen chloride with acyl i so-
cyanates gives the corresponding acylcarbamoyl chlo-
rides 27>*β-5ΐ.

The reaction of alcohols with acyl isocyanates has been
most thoroughly investigated. It has been shown that they
react more vigorously than phenols ββ, giving good yields
of acyl carbamates26»27»32»38»55-57»60»84»66»68»85»88»101-104.

Folyhydric alcohols form with acyl isocyanates products
corresponding to different degrees of addition—monoacyl,
diacyl, etc. carbamates 88,ιο2,ιο6,ιοβ#

It has been erroneously assumed that the reaction of
acetyl isocyanate with glycol gives a bis-addition product,
while benzoyl isocyanate forms only the monoaddition
product even when present in an excess. Later it was
shown l o e that, regardless of their s tructure, acyl (and
aroyl) isocyanates react with polyhydric alcohols to form
as a rule polyaddition products, while with phenols mono-
addition products a r e obtained. Thus, regardless of their
s tructure, the reactant rat io, and the presence or absence
of water in the reaction medium, the reaction of acyl
(and aroyl) isocyanates with glycerol yields only products
of addition to all three hydroxy-groups. Monoaddition
could be achieved only by the action of 2,4-dichlorophenoxy-
acetyl isocyanate on isopropylidene-glycerol with subse-
quent ethanolysis of the product 1 0 8 .

The presence in the alcohols of other functional
groups— halogen atoms55»57»86»88»102»105»107 and nitrile88»102,
carbonyl88, carboxy-102, dimethylamino-57, xanthogenyl
and dithiocarbamoyl groups 1(*>10Β

} or unsaturated carbon-
carbon bonds55»57»66»88»102—does not usually alter the
normal course of their addition to acyl isocyanates.

However, if the alcohol molecule contains another function-
al group where the electron density at the constituent atom
is higher than at the oxygen atom, for example NH2, then
the acyl isocyanate reacts preferentially with this group
rather than with the hydroxy-group. The reaction with
ethanolamine takes place stepwise in this way39»105»106:

H O C H i C H s N H j R c o N C O _ > R C O N H C O N H C H i C H , O H RCONCO )

* -»4RCONHCONHCH,CHtOCONHCOR .

Alkoxycarbonyl isocyanates react with 3,5-disubstituted
phenols in two ways, depending on the electron-donor
properties of the substituents: if the substituents are
powerful donors (R2N), then the isocyanate adds to a carbon
atom of the aromatic ring (see Russ.p. 133), but if their
electron-donor properties are less pronounced (OCH3),
then normal addition to the OH group takes place1 0 9:

OH CH3O

4-C2H6OCONCO
C = 0

OC,H5

p/\/\0CH3
OCH3

Oximes, which are more basic than phenol110, react
with acyl isocyanates just as vigorously as alcohols and at
room temperature form as a rule stable crystalline acyl
carbamoyloxyoximes1U-113:

^>C=N-OH + RCONCO — • RCONHCOON=C

However, the corresponding derivatives of acetaldoxime
can be obtained only at 0°C, since at 20°C they readily
decompose111.

The reactivity of oximes depends to a considerable
degree on the steric configuration of the substituent in the
cis -position relative to the hydroxy-group and to a lesser
extent on the bulk of the trans -substituent and the electronic
effects of the substituents. For this reason, ketoximes
are less reactive than aldoximes and among the latter the
syw-isomer is the more reactive1 1 2.

The reaction of acyl isocyanates with syn- and anti-
benzaldoximes yields only syn-acylcarbamoylbenzald-
oxime1 U.

Mercaptans react with acyl isocyanates less vigorously
than their oxygen analogues, forming the corresponding
thiolocarbamates ζβ,ββ,δβ,ββ.

R-SH + R'CONCO • R'CONHCOSR .

The reaction of terephthaloyl di-isocyanate with thio-
phenol yields terephthaloyl bis(phenylthiolocarbamate)98.

B. Reactions at Nitrogen—Hydrogen Bonds.

Ammonia and primary and secondary amines react
vigorously with acyl isocyanates at room temperature
with formation of the ureides of the corresponding
acids 26,32,38,39,42,5?,β8,84,85,88,ιοι,ιο3# w i t h i n c r e a s e of the

basicity of the amines, their reactivity also rises6 7»6 8.
By virtue of the exceptional ease and completeness of

this reaction, it is frequently used to identify new acyl
isocyanates27»43»47»56»59. Bis-acyl isocyanates also react
readily with amines 9 8.

Polyfunctional compounds containing, apart from the
amino-group, multiple bonds68 and HO,39»105»114 NO2}

67»114

Me2N,67 COOEt, COOH,114 and other groups form primarily
ureides. When the molecule contains two amino-groups or
an amino-group and a hydroxy-group, initially one NH2

group reacts completely39»106, and then, in the presence of
an excess of acyl isocyanate, addition to the second NH2

or OH group takes place105»106»114.
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Hydroxylamine and its derivatives react with acyl
isocyanates in the same way as other amino-alcohols with
formation of hydroxy- or alkoxy-ureas40»62»69»114:

RO—NH2 + R'CONCO -> RONHCONHCOR1.

The reaction takes place readily not only with the free
bases62»69»114 but also with hydroxylammonium salts in the
presence of pyridine40.

like other diamines32»105»114, hydrazine and its deriva-
tives can react with acyl isocyanates to form two series of
c o m p o u n d s 32,38,61,115 , n e .

N_N +R'CONCO —

\N_CONHCOR*

Λ
R'/ X H

XN—CONHCOR"

• R'_N—CONHCOR".

However, the mode of reaction depends little on the reac-
tant ratio; the decisive factors here are the nature of the
acyl isocyanate and the substituents and the nitrogen atoms
of the hydrazine. Hydrazine hydrate contains two equiva-
lent (as regards nucleophilic properties) nitrogen atoms
and therefore its reaction with benzoyl isocyanate yields
only 1,6-dibenzoylurea38.

The basicities of the two nitrogen atoms in arylhydra-
zines are not the same and therefore the nitrogen atom
furthest removed from the aryl group enters into the
reaction3 8.

The structure of 4-benzoyl-l-phenylsemicarbazide
obtained for the first time in this way by Billeter3 2 was
subsequently demonstrated by Arcus and Prydal3 8, who
showed at the same time that 4-nitro- and 2,4-dinitro-
phenylhydrazines also react. The reaction with terephth-
aloyl di-isocyanate takes place similarly but involves two
isocyanate groups98.

Thus aroyl isocyanates 32>38»98 form with hydrazine
monoaddition products. In contrast to them, acyl isocya-
nates tend to form diadducts32»61»69»115»116.

However, α-halogenoacyl isocyanates react with phenyl-
and 4-nitrophenyl-hydrazines to form both di- and mono-
addition products, the yield of which varies with the reac-
tion ratio 1 1 5 .

The more reactive aryloxyacetyl isocyanates readily
form in high yields (similarly to aroyl isocyanates) pre-
dominantly monoadducts with phenyl- and 4-nitrophenyl-
hydrazines61»69. In contrast to the latter, the reactions
with 2,4-dinitrophenylhydrazine of all acyl isocyanates,
regardless of their structure, result only in monoaddition
products U 5 .

The reaction of aldehyde and ketone hydrazones with
acyl isocyanates in molar proportions of 1:1 results in
ready formation of the corresponding 4-acylsemicarba-
zones U 7> 1 1 8 and the reaction in proportions of 2 :1 yields of
diadducts, which probably have the structure of 3-alkyl-
ideneamino-1,5-diacylbiuret119:

N=CR2

I
R2C=NNH2 + 2R'CONCO -> R'CONHCONCONHCOR'.

Initially it was postulated that the reaction of acyl iso-
cyanates with amidoximes results in the formation of
Ar-(acylcarbamoyl)amidoximes120, but NMR and infrared
spectroscopic measurements showed that the addition is
exclusively to the oxygen atom:

Acyl isocyanates react with acid amides with greater
difficulty than with the compounds examined above, con-
taining N-H, O-H, or S-H bonds. The reaction takes
place on heating and leads to the formation of the corre-
sponding diacylureas 27>28,30,32,45,7i,i2i-i23#

Sulphonamides form with acyl isocyanates iV-sulphonyl-
W-acylureas3 2,1 2 4:

R-SO2NH2 + R'CONCO — R'CONHCONHSOjR ·

The reaction of thiobenzamide and benzoyl isocyanate on
refluxing in benzene yields iV-benzoyl-iV'-thiobenzoylurea125:

C0H6C-NH2 + CeH6CONCO C,H6CONHCONH-C-C,H5.

Carbamates react with acyl isocyanates more readily
than car boxy lie acid amides, forming in all cases, in con-
trast to aryl isocyanates1 2 6-1 2^ the corresponding acyl
allophanates 61>69» «4,139.

οο Η
II /

ROCN + R'CONCO
\

R'

R"CONHCONCOR.

I
Ureas 35 and thioureas36 react with acyl isocyanate,

forming respectively acylbiurets and acylthiobiurets 33~36»39.
Hydrazoic acid reacts vigorously with acyl isocyanates

giving high yields of acylcarbamoyl azides which are stable
at room temperature 1 3 0 ' 1 3 1:

Ν Ξ Ξ Ν = Ν - Η + RCONCO -» RCONHCON3.

The reaction with terephthaloyl di-isocyanate takes place
similarly9 8.

C. Reactions at Carbon—Hydrogen Bonds and with
Grignard Reagents

The carbon—hydrogen bond can be readily involved in
the reaction with acyl isocyanates if the electron density
at the carbon atom is sufficiently high. This reaction
usually gives acylamides109»132. Thus in the synthesis of
tetracycline an acetylcarbamoyl substituent was introduced
into dimedone with the aid of acetyl isocyanate 1 3 a:

,ONa
3 \

,OH

\/\i

+ CH3CONCO

/

C,H5C
+C,H6CONCO- • C,H|VCONHCOON=C-C()Hli.

Ethoxycarbonyl isocyanate enters into a similar reac-
tion with somewhat greater difficulty132. Thus the reac-
tion with 3,5-di(dialkylamino)phenol yields 2,4-dialkyl-
amino-6-hydroxybenzoyl carbamates1 0 9:

ο
II

3 — C — N C C

The reaction of a Grignard reagent with acyl isocyanates
also gives diacylamines together with a number of other
products, the mechanism of the formation of which is still
obscure1 3 3:

RMgX + CeH6CONCO — - CeH5CONHCOR + C,H5COR + C,HSCONHCONHCOC,HS +
+ CeH6CONHCONH2 + C,H5CONH2 + CeHsCONHCOC,H5.

The composition of the reaction products depends on the
ratio and order of addition of the starting materials and
the nature of the organic group and the halogen in the
organomagnesium compound.



134 Russian Chemical Reviews, 39 (2), 1970

D. 1,2- and 1,4-Cycloaddition Reactions

a. D i m e r i s a t i o n and t r i m e r i s a t i o n of
acy l i s o c y a n a t e s . Both 1,2- and 1,4- eyeloaddltion
reactions are characteristic of acyl isocyanates89 and
therefore in the presence of the usual catalysts for the
polymerisation of isocyanates (pyridine134, triethyl-
amine138, and others) two series of dimers and the corre-
sponding trimers are formed 92»9e>100.

By treating benzoyl isocyanate with Pyridine, Neidlein"
obtained 82% yield of the benzoyl isocyanate dimer
(1,3-dibenzoyluretidine-2,4-dione):

Ν N--COC.H,.

ο
By the action of pyridine 1-oxide on benzoyl isocyanate

at 20° and 50°C, Tsuge and Mizuguchi92»100 obtained
respectively the isomeric dimer [5-benzoyl-4,6-dioxo-2-
phenyl-1,3,5-oxadiazine (VI)] and trimer [tribenzoyl
isocyanurate (VII) (m.p. 162 °C)]:

Q H I C O N C O
C.H.N-*?

O = -C.H,

(VI)

ο

— - C,H5CO-N/ XN-COC,H, .

o=cs •c=o

(VII)
COC,H5

The polymerisation reaction is influenced not only by
temperature but also by the nature of the catalyst and the
substituent in the benzene ring92»100. Thus when />-chloro-
benzoyl isocyanate is treated with pyridine 1-oxide at 20°C,
the product is 2,6-di-(/>-chlorophenyl)-4-oxo-l,3,5-oxa-
diazine (Vm),whileat50°Ctri-(/>-chlorobenzoyl)amine (K)
is formed:

p-ClC^CONCO C.H.N-O P-C1C.H,—

(VIII)

(p-ClC,HiCO)sN
(IX)

Similarly at 50°C />-nitrobenzoyl isocyanate yields tri-(/>-
nitrobenzoyl)amine together with a small amount of 2,6-di-
(/>-nitrophenyl)-4-oxo-l, 3,5-oxadiazine.

In the presence of tin tetrachloride benzoyl and
/>-methoxybenzoyl isocyanate are converted into the corre-
sponding trimers.

Triethylamine converts benzoyl isocyanate at 50° C into
the dimer (VI); at 80°C 2,4-diphenyl-6-oxo-l, 3,5-oxa-
diazine is formed together with a small amount of tri-
benzoylamine and tripheny 1-s -triazine.

Under these conditions, />-methoxybenzoyl isocyanate
forms a trimer and £-chloro- and />-nitro-benzoyl isocya-
nates are converted into the corresponding 6-oxo-l,3,5-
oxadiazines.

Regardless of the nature of the substituent in the acyl
isocyanate, tf-substituted pyridinium salts in all cases lead
to the formation of the same products—2,6-diaryl-4-oxo-
1,3,5-oxadiazines92»100.

Phospholen oxides convert benzoyl isocyanate into
4-benzamido-2,6-diphenyl-l, 3,5-oxadiazine13β:

N-COC.H,
II

3C,H,CONCO

i ,-C v /C-C.H,

b. 1, 2-Cyc loadd i t ion r e a c t i o n s . The reac-
tion of N-methyl benzaldoxime with acyl isocyanates yields
1,2-cycloaddition products—4-acyl-2-methyl-3-phenyl-
1,2,4-oxadiazolidin-5-one9s>":

C.H5

Η
C , H , - C - N - C H , + RCO-N=C=O — -

+ 1

where R = CeHg or
Carbodi-imides add to benzoyl isocyanate with forma-

tion of l-benzoyl-4-phenylimino-l, 3-uretidin-2-one95»":

RN=C=
RN=C—NR

II
C,H6CON-C=O

where R = CeH5 or CeHu.
1,3-Dienes (butadiene, isoprene, 2,3-dimethylbutadiene,

cyclopentadiene, etc.) react with acyl isocyanates similarly
to carbodi-imides, forming the corresponding j3-lactams96:

CH,=CH-CH=CHa + C,HjCONCO
CH,=CH-CH-CHj

C,H6CON C=O

Diazoacetic ester, which may be regarded as a
1,3-dipole, forms with benzoyl isocyanate the ethyl ester
of l-benzoyl-5-oxotriazole-4-carboxylic acid. Probably
the reaction takes place in two stages: initially an adduct
is formed, which then undergoes intramolecular cyclisa-
tion91:

N=N=CHCOOejHs + Q,H5—C—N=C=O -»
I!

Ο

OO 0 0
I II _

- C,H,-C=N-C N

CHCOOCHj CHCOOCjHs

c. 1 ,4-Cyc loadd i t ion r e a c t i o n s . In contrast
to diazoacetic ester, diazomethane reacts with benzoyl
isocyanate as a 1,1-dipole91, which results in the forma-
tion of 2-phenyl-4-oxazolone. Here too the initially
formed adduct undergoes subsequently intramolecular
cyclisation97"99:

C,H5'T ο
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Similarly the reaction of terephthaloyl di-isocyanate with
diazomethane readily yields l,4-di-(4-oxo-A3-oxazolin-2-
yl)benzene98:

2CH2N2

CONCO

CONCO

Ο
II

,C-N

so-c—

ο

|| C

Λ-c-oZ

Isonitriles, which are also 1,2-dipoles91»99»137, react
with acyl isocyanates to give 2-aryl(alkyl)-5-aryl(alkyl)-
imino-oxazolin-4-ones. The reaction evidently takes
place as in the preceding cases, via an intermediate
adduct, which, in the absence of other reactants, under-
goes subsequent intramolecular cyclisation91. However,
when the reaction mixture contains an acid, the latter
probably prevents the cyclisation of the intermediate,
forming a second intermediate which is subsequently con-
verted into a linear mixed amide1 3 8:

o-
R-C--N=C-0 + CHSN-R' — - R'_N=C/

ο
C-N

Ο—C-R

αα-idichloroalkyl isocyanate and a-chloroalkylidene-
carbamoyl chloride:

Cl Cl Cl

I I f
PCI5 + RCONCO -» R—C-N=C=O + R-C=N-C=O.

I
Cl

Under these conditions, benzoyl isocyanate yields only
α-chlorobenzylidenecarbamoyl chloride 1 4 1>1 4 2:

ci Cl

PC15 + CeH5CONCO — - C,H 5 -C=N-C=O .

More extensive chlorination of benzoyl isocyanate
could not be achieved141. The dichlorides of ΛΓ-acyliso-
nitriles have been obtained by the chlorination of acyl
isothiocyanates141-146:

On heating with phosphorus pentachloride, the dichlo
rides yield products corresponding to more extensive
chlorination of acyl isocyanates141»142:

ci c l

R-CON=C + PCI5 -* R--C—N=C

Cl

/

R'-N=C ||

\O-C-R

Γ HO Ο Ο
i _ I II il

R ' — N = C - C — N — C - R '

ι
O=C-R

0 0 Ο
II II II

R ' — N H — C — C - N - C — R " ,
I

O = C - R

where R = R' = R" = C6H5 or C6HU.
Di-isonitriles react similarly. 1, 4-Di-isocyanoben-

zene and 1,4- and 1, 3-di-isocyanocyclohexanes readily
react with benzoyl isocyanate to form a mixture of the cis-
and trans- isomers respectively of 5,5'-(/>-phenylene-
dinitrilo)bis(2-phenyl-2-oxazolin-4-one and 5,5'-[l,3(or
l,4)-cyclohexylenedinitrilo)bis(2-phenyl-2-oxazolin-4-
one1 3 7.

E. Substitution Reactions

a. R e a c t i o n s wi th e l i m i n a t i o n of CO f r o m
t h e i s o c y a n a t e g r o u p . The reaction of dimethyI
sulphoxide with dichloroacetyl isocyanate at 20° C in ether
and with trichloroacetyl isocyanate (mixture refluxed in
acetonitrile) gives high yields of the corresponding iV-acyl-
sulphimines139. By analogy with sulphonyl isocyanates14°,
the reaction of acyl isocyanates probably takes place via
1,2-cycloaddition with subsequent elimination of carbon
dioxide:

II
(CH3)2S=O + CIjCCNCO-

C|}CC-N-i-C

(CHJ,S—!—Ο

ο
-CO2 CljCX-N

(CH 3 ) 2 S

b. Reactions with elimination of an oxy-
gen a t o m . Phosphorus pentachloride chlorinates acyl
isocyanates in different ways depending on the nature of
the acyl group, but this always involves only the elimina-
tion of one oxygen atom from the acyl car bony I141»142. On
prolonged heating with phosphorus pentachloride, mono-,
di-, and tri-chloro acetyl isocyanates form a mixture of

IV. APPLICATIONS OF ACYL ISOCYANATES

Higher (stearyl, palmityl, etc) acyl isocyanates have
been patented as agents for imparting water-repellent
properties to textiles 48~51. The possibility of using acyl
isocyanates for the synthesis of polymers147 and for the
identification of alcohols ω is being investigated. Acyl
isocyanates are used in preparative organic chemistry
for the synthesis of a wide variety of different classes of
compounds: ureides42»56»57»59»104»114»121-124»148, acyl
carbamates 60,102,104,108,115,149-156̂  a c y i thiolcarbamates 5 8 > 1 5 7 ,
acylbiurets 34~36, acyl alkoxyureas ^ i 1 5 8 , acyl allopha-
nates68»129, acylsemicarbazides61»69»115, acylcarbamoyl-
iminophosphoranes 13°, iV-alkylidene-1-aminohydantoins n 7 ,
1,5-diaryl-3-hydroxy-l, 2,4-triazoles38, benzoxazines109,
and other heterocyclic compounds108»159»160 with biological
activity148»150-156»161»162"179. Halogenoacyl carbamates
obtained in this way have been patented as stabilisers for
photographic emulsions104.

- - - 0 O 0 - - -

During the period when this review was being dealt with
by the editors, the following papers were published.

I» On the methods of preparation', from oxalyl chloride
and imino-esters180»181 or chloroimino-esters182 of
carboxylic acids or the amides of chrysanthemic acid1 8 3

and from trifluoroacetic anhydride and isocyanic acid1 8 4.
2. On chemical reactions', with hydrazines18S»186,

alcohols, mercaptans and amines 1 8 7- 1 8 9, enamines1 9 0,
ethyleneimine191, 2-aminothiazoles192, iV-(trimethylsilyl)-
dialkylamines193, hydroperoxides194, substituted ketens1 9 5,
perchloric acid1 9 6, and dienes1 9 7.
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