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1. Introduction

Despite the general acceptance of phosgene as a
building block for the synthesis of a wide variety of indus-
trial chemicals, no comprehensive review of the general
reactions of this reagent has appeared since 1938.1-3
Over the years, a great deal of interest has been shown
in the reactions of phosgene with a broad spectrum of or-
ganic functional groups and inorganic compounds. These
investigations have clearly demonstrated the value of
phosgene as a reagent for carbonylation, chlorination,
and dehydration.

In the present review, we have attempted to cover the
literature, through Chemical Abstracts, from 1933
through 1970. Our goal was to provide a concise, com-
prehensive survey of the uses of phosgene as a reagent
for organic and inorganic synthesis. The copious litera-
ture describing the condensation polymerization of phos-
gene and derivatives has been excluded from this paper,
since the chemistry involved in these transformations can
be adequately described by the use of less cumbersome
examples. The synthesis of isocyanates*5 and chloro-
formates® have been mentioned only in passing, since ade-

(1) G. M. Dyson, Chem. Rev., 4, 109 (1927).

(2) K.E.Jackson,J Chem. Educ., 624 (1933).

(3) A. Criscuoli, Chim. Ind. Agr. Biol., 14, 271 (1938).

(4) J. H. Saunders and R. J. Slocombe, Chem. Rev., 43, 203 (1948).
E?)er;) G. Arnold, J. A. Nelson, and J. J. Verbanc, Chem. Rev., 57, 47
E?)QGT)' Matzner, R. P. Kurkjy, and R. J. Cotter, Chem. Rev., 64, 645
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quate reviews on these subjects are available. The syn-
thesis, physical and physiological properties of phosgene,
as well as the many methods for its detection are omitted
from this review.

11. Reactions at a Nitrogen Center

The most widely documented aspect of phosgene
chemistry is the interaction of the reagent with a nitrogen
center. .In such reactions, phosgene initially reacts with
the nitrogen lone pair to form an intermediate complex
which collapses, with elimination of RCI, to give a stable
carbamoyl chloride derivative. The carbamoyl chloride
thus formed can eliminate RCI to create a new site of un-
saturation and/or react further with another molecule of
starting material to afford urea derivatives (Scheme I).
These secondary reactions are, for the most part, beyond
the scope of this review.

SCHEME |
RN: + COCl, —> RSNCOCICI-

/RC!
R,;NCOCI
-RCI +RsN, -RCI

RN
RNCO —— R,NCONR,

The reactivity of phosgene with nitrogen compounds is
typical of the reactivity of acyl halides, in general, and
can be ordered by conventional electronic and steric
considerations. The availability of the nitrogen electron
pair for bonding and the steric environment about the
center determine the reactivity of the various nitrogenous
functional groups.

A. Reactions with Primary Amines

Phosgene reacts with primary alkyl and aryl amines or
their salts to yield carbamoyl chlorides which can be
readily dehydrohalogenated to isocyanates (eq 1). These
reactions have received much attention in recent re-
views4:5:7 and our discussion will be confined to novel
contributions which have appeared since, or were not in-
cluded in the earlier papers.

RNH;

+ COCl,

RNHj,- HX

The most common procedure for preparing isocyan-
ates involves adding a primary amine to a cold solution of
phosgene in an inert solvent to afford a mixture of the
corresponding carbamoyl chloride and amine hydrochlo-
ride.#:5:7-30 The mixture is then heated, in the presence

—> RNHCOCI — RN=C=0 + HCI (1)

. Siefkin, Justus Liebigs Ann. Chem., 562, 75 (1949).

(M w
(8) O. Bohme, F. Mott, J. Pfirschke, and H. Wollthan, U. S. Patent
2,875,225 (1959); Chem. Abstr., 53, 16060 (1959).
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of an excess of phosgene, to effect the reaction of the
amine hydrochloride, and to dehydrohalogenate the car-
bamoyl chloride. The reaction of amine hydrochlorides
with phosgene is reported to be catalyzed by morpho-
line,3' boron trifluoride,32 aluminum chloride,33 N,N-di-
alkylcarbamates,®  N,N-dialkylamides,35:3%  tetraalkyl-
ureas and thioureas,35-37 hexamethylphosphoramides,35
or activated carbon,38

Carbamoyl chlorides have been prepared by vapor-
phase reaction of phosgene with primary amines.39-42
Although this method is widely applicable, its greatest

(9) J. J. Tazuma, U. S. Patent 2,884,435 (1959); Chem. Abstr., 53,
19973 (1959).

(10) J. Vaganay and S. Wevert, French Patent 1,071,628 (1954); Chem.
Abstr., 53, 6155 (1959).

(11) J. Vaganay and S. Wevert, French Patent 1,071,629 (1954); Chem.
Abstr., 53, 6155 (1959).

(12) J. R. Cooper, French Patent 1,368,031 (1964); Chem. Abstr., 62,
482 (1965).

(13) T. H. Cleveland, Belgian Patent 626,728 (1963); Chem. Abstr., 60,
7954 (1964).

(14) H. K. Latourette and O. H. Johnson, U. S. Patent 2,908,703 (1959);
Chem. Abstr., 54, 3312 (1960).

(15) B. F. Skiles, U. S. Patent 2,908,704 (1959); Chem. Abstr., 54,
5570 (1960). <

(16) M. G. Morningstar, German Patent 1,118,194 (1961); Chem.
Abstr., 58, 474 (1963).

(17) Farbenfabriken Bayer A.-G., British Patent 901,377 (1962); Chem.
Abstr., 58, 1398 (1963).

(18) R. M. Thomas and M. C. Blaich, U. S. Patent 3,119,856 (1964);
Chem. Abstr., 60, 11940 (1964).

(19) R. B. McDougall, Belgian Patent 628,881 (1963); Chem. Abstr., 80,
11939 (1964).

(20) A. Gemassmer, German Patent 926,845 (1955); Chem. Abstr., 52,
13790 (1958).

(21) R. Lomax and H. J. Twitchett, British Patent 1,120,770 (1968);
Chem. Abstr., 69, 58934 (1968).

(22) S. Suzuki, M. Kurata, A. Akiyoshi, S. Aoshima, H. Dan, and N.
Matsuoka, British Patent 1,142,628 (1969); Chem. Abstr., 70, 87254
(1969).

(23) R. J. Slocombe and J. H. Saunders, U. S. Patent 2,680,128 (1954);
Chem. Abstr., 49, 4718 (1955).

(24) R. J. Slocombe, H. W. Flores, and T. H. Cleveland, U. S. Patent
2,680,127 (1954); Chem. Abstr., 49, 4718 (1955).

(25) R. M. Ewald, U. S. Patent 3,321,283 (1967); Chem. Abstr., 68,
2704 (1968).

(26) A. Bloom, H. B. Freyermuth, and J. B. Normington, U. S. Patent
2,847,440 (1958); Chem. Abstr., 53, 3156 (1959).

(27) Minnesota Mining & Manufacturing Co., British Patent 689,425
(1953); Chem. Abstr., 48, 3389 (1954),

(28) A. Hrubesch, German Patent 801,993 (1951); Chem Abstr., 45,
5178 (1951).

(29) T. Murakami, Yuki Gosei Kagaku Kyokai Shi, 21, 458 (1963);
Chem. Abstr., 59, 7403 (1963).

(30) H. L. Yale, German Patent 1,943,415 (1970); Chem. Abstr., 72,
111113 (1970).

(31) E. I. du Pont de Nemours and Co., British Patent 1,114,467 (1968);
Chem. Abstr., 69, 76889 (1968).

(32) T. C. Allen and D. H. Chadwick, U. S. Patent 2,733,254 (1956):
Chem. Abstr., 50, 13093 (1956).

(33) E. S. Gutsell, U. S. Patent 3,262,960 (1966); Chem. Abstr., 65,
15270 (1966).

(34) Imperial Chemical Industries Ltd., Netherlands Patent 6,512,169
(1966); Chemn. Abstr., 65, 8818 (1966).

(35) A. S. Pagano and J. F. Levy, German Patent 1,909,442 (1969);
Chem. Abstr., 72, 132045 (1970).

(36) A. A, R. Sayigh and H. Ulrich, U, S. Patent 3,492,331 (1970);
Chem. Abstr., 72, 78652 (1970).

(37) B. J. Bircher, D. Dodman, and J. H. Wild, British Patent 1,085,824
(1968); Chem. Abstr., 68, 2703 (1968).

(38) A. Moldovan-Velniceriu and T. Milnaiu, Romanian Patent 48,810
(1967); Chem. Abstr., 69, 35676 (1968).

(39) R. J. Slocombe, E. E. Hardy, J. H, Saunders, and R. L. Jenkins, J.
Amer. Chem. Soc., 72, 1888 (1950).

(40) J. Pfirschke, W. Altner, and H. Roos, German Patent 955,860
(1957); Chem. Abstr., 53, 13106 (1959).

(41) A. Modersohn, D. Delfe, and G. Schwaebel, German Patent 848,810
(1952); Chem. Abstr., 52, 16291 (1958).

(42) R. J. Slocombe, E. E. Hardy, and J. H. Saunders, U. S. Patent
2,480,089 (1949); Chem. Abstr., 44, 1136 (1950).
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utility lies in the preparation of the lower alkyl carbamoyl
chlorides. Exposure of these alkyl carbamoyl chlorides to
the conditions of the solvent phosgenation procedure
leads to yield losses due to the formation of allophanoyl
chlorides and isocyanate polymers. These carbamoyl
chlorides are best converted to isocyanates by use of a
tertiary amine acid acceptor, since conventional thermal
dehydrohalogenation techniques lead to extensive degra-
dation.

Isocyanates have also been prepared by the reaction
of phosgene with primary amines in the presence of
aqueous sodium hydroxide and an'inert water insoluble
solvent at low temperatures.*3

The kinetics of the reaction of phosgene with several
aromatic amines has recently been examined,*4-*7 using
a "quenching-flow’ technique. The reactions follow sec-
and-order kinetics, and an SN2 mechanism has been
proposed.

Two methods are available by which primary amines
can be “protected” prior to reaction with phosgene to
minimize undesirable side reactions during the prepara-
tion of isocyanates.

The first method involves the reaction of primary
amines with thionyl chloride to generate an N-sulfinyl de-
rivative.*® In the presence of a catalytic amount of pyri-
dine or N,N-dimethylformamide, the sulfinyl derivative
reacts with phosgene to afford the corresponding isocy-
anate and thionyl chloride.

SOCI; + RNH,; — RNSO + 2HCI (2)
COCI; + RNSO — RNCO + SOCI; (3)

In the second method,*® the amine is treated with tri-
methylsilyl chloride and the derivatized amine is then
treated with phosgene to give the isocyanate and regen-
erate the silylating agent.

2Me;3SiCl + RNH,; — RN (SiMez) 2 + 2HCI (4)

COCl; + RN(SiMe3)2 — RNCO + 2Me3SiCl (5)

When phosgene is treated with an excess of a primary
or secondary amine, symmetrical ureas are produced in
high yields. The reaction is usually carried out in the
presence of an acid acceptor such as sodium hydrox-
ide,59 sodium carbonate,51:52 or pyridine.53

2RNH; + COCIl; — RNHCONHR + 2HCI (6)

Cyclic ureas can be prepared by the reaction of ethyl-
enediamine or its derivatives with phosgene’4:55 (eq 7).

(43) Farbenfabriken Bayer A.-G., French Patent 2,003,746 (1969);
Chem. Abstr., 72, 111012 (1870).

(44) Z. Csuros, R. Soos, |. Bitter, L. Szeghy, and |. Petnehazy, Acta
Chim. Acad. Sci. Hung., 61, 197 (1969).

(45) Z. Csuros, R. Soos, L. Szeghy, and |. Bitter, Period. Polytech.,
Chem. Eng., 10, 495 (1966); Chem. Abstr., 67, 107896 (1967).

(46) Z. Csuros, R. Soos, J. Dancso, and L. Szeghy, Period. Polytech.,
Chem. Eng., 10, 503 (1966); Chem. Abstr., 67, 116668 (1967).

(47) T. Tanaka and T. Yokoyama, Kogyo Kagaku Zasshi, 62, 1940
(1959): Chem. Abstr., 57, 13943 (1962).

(48) H. Ulrich, B. Tucker, and A. A, R. Sayigh, J. Org. Chem., 34, 3200
(1969).

(49) V. F. Mironov, V. D. Sheludyakov, and V. P. Kozyukov, Zh.
Obshch. Khim., 2598 (1969); Chem. Abstr., 72, 66300 (1970).

(50) V. V. Lindgren and J. T. Cassaday, U. S. Patent 2,656,384 (1953);
Chem. Abstr., 48, 12796 (1954).

(51) B. Gehauf and E. M. Faber, U. S. Patent 2,806,062 (1957); Chem.
Abstr., 52, 2907 (1958).

(62) D. F. Kutepov and N. S. Rozanova, Zh. Obshch. Khim., 30, 2021
(1960); Chem. Abstr., 55, 7327 (1961).

53) R. Locquin and V. Cherchez, Bull. Soc. Chim. Fr., 48, 47 (1931).

4) R.J. Knopt, J. Chem. Eng. Data, 582 (1968).

5
55) A, H. Cook and I. M. Heilbron, ""Chemistry of Penicillin,” Princeton
Unlversity Press, Princeton, N.J., 1949, p 921.

(
(
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Chemistry of Phosgene

In the case where R is the pentachlorophenyl group,
phosgene reacts with the cyclic urea so readily that only
the allophonyl chloride derivative could be isolated.5*

RN\rNH - RN\’(NCOCI
0 S,

RNHCH,CH,NH, + COCl, —>

B. Reactions with Secondary Amines

Secondary amines react with phosgene to afford car-
bamoyl chlorides in excellent yields. The literature on this
subject has recently been reviewed.5®

RaoNH + COCl, — RyN-COCI + HCI (8)

Although most N,N-dialkylcarbamoyl chlorides are fair-
ly stable,5% aziridinecarbamoyl chloride has never been
isolated.57:58 Attempts to trap this elusive species as the
triethylammonium or pyridinium salt have been unsuc-
cessful 58

When aziridine is added to an excess of phosgene, in
the absence of an acid acceptor, bis(2-chloroethyl)urea
is produced as the major product.58.5°

[DNH + COCl; —> CICH;CHNHCONHCH,CH,CI + 2HCI  (9)

When equivalent amounts of aziridine and triethylamine
in carbon tetrachloride are added to a solution containing
1 equiv of phosgene at —10°C, a mixture of bisaziridinyl-
urea and 2-chloroethyl isocyanate is formed, the former
being the major product.5®

DNH + EtN + €OCl, —> [SNCONC] + CICH,CHNCO (10)

2-Chloroethyl isocyanate is the major product obtained
when aziridine is allowed to react with an equivalent
amount of 1:1 triethylamine-phosgene complex5? or
2:1 pyridine—phosgene complex.5¢ Aziridine carbamoyl
chloride is postulated as a transient intermediate in this
reaction (Scheme II).

SCHEME Il
DNH + Et;N—COCICF — I:[)Ncoa] + Et;NHCI

0 \
[>NH + @ﬁ—!—&@ —> CICH,CHNCO

2CI°

Compounds containing both an isocyanate and a car-
bamoyl chloride group have been prepared by reacting
monoalkyl «,w-diamines with phosgene.59:61

RNH(CHo)eNH, + COCl, —> RN(CH,)§NCO (11)

cocl

One of the most useful methods for the preparation of
oxazolidinones involves the reaction of phosgene with
primary or secondary 3-amino alcohols. This subject has
been discussed in a recent review.52

J. N. Tilley and A. A. R. Sayigh, J. Org. Chem., 28, 2076 (1963).
C. K. Johnson, J. Org. Chem.. 32, 1508 (1967).
A, Tomalia and J. N. Paige, J. Heterocycl. Chem., 4, 178

. Bestian, Justus Liebigs Ann. Chem., 566, 210 (1950).

60) P. Schlack, German Patent 873.084 (1953); Chem. Abstr., 52,
17117 (1958).

(61) Yu. K. Yur'ev, S. V. Dyatlovitskaya, and L. G. Bulavin, Zh. Obshch.
Khim., 27,3271 (1957); Chem. Abstr., 52, 9077 (1958).

(62) M. E. Dyen and D. Swern, Chem. Rev., 67, 197 (1967).
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RNHCH,CH,OH + COCl, —»> R—N_ O + 2HCI (12)

Y

0]

C. Reaction of Tertiary Amines

Phosgene reacts with alkyl tertiary amines at low tem-
peratures to yield unstable crystalline complexes. In the
case of lower alkyl tertiary amines, both 1:1 and 1:2
phosgene-amine complexes can be formed.58.83-66 The
structures of these cationic complexes have been well
established.*8:58

R3sN + COCI, (—80 to 20°) — [RsN*+COCI]CI~ (13)
R = Me, Et, Pr
2R3N + COCl, — [R3N+CO*+NR;]2CI- (14)
R = Et, CgHq3, CgHy7, PhCHy, pyridine

With higher alkyl tertiary amines (Cs and greater), only
the dicationic species could be obtained even in the
presence of a large excess of phosgene.54.67

When tertiary amine-phosgene complexes are warmed
to room temperature, they decompose to the correspond-
ing N,N-dialkylcarbamoyl chlorides by eliminating a mole
of alkyl chloride.83-86.88 The reaction of mixed alkyl terti-
ary amines with phosgene has not been studied.

[RsN+COCI]CI- (25°) — R,NCOCI + RCI  (15)

[RsN+CO*+NR;]CI- (25°) —
RoNCOCI + RCI + RN (16)

When the reaction of excess phosgene with tertiary
amines is carried out at elevated temperatures, secon-
dary carbamoyl chlorides and alkyl halides are obtained
directly in excellent yields.67:69 When the stoichiometry is
reversed, and excess amine is used, excellent yields of
tetrasubstituted ureas are obtained.83:79

2R3N + COCI, — R;NCONR; + 2RCI (17)

The use of mixed aryl-alkyl tertiary amines in the
above reaction leads to the formation of symmetrical
aryl-alkyl ureas 63,70

2Ph(Et),N + COCl; — Ph(Et)NCON(Et)Ph + 2EtCI (18)

2Ph(Me) (Et)N + COCl; —
Ph(Et)NCON(Et)Ph + 2MeCl (19)

Hexamethylenetetramine reacts with phosgene to af-
ford a crystaline compound having the formula
{CeH12N4)2COCI,.77=73 To our knowledge, the structure
of this material has not been defined.

(63) R. P. Lastovskil, J. Appl. Chem. USSR, 19, 440 (1946); Chem.
Abstr., 41, 1214 (1947).

(64) Y. A. Strepikheev, T. G. Perlova, and L. A. Zhivechkova, Zh.
Obshch. Khim., 1891 (1968); Chem. Abstr., 70, 28207 (1969).

(65) J. Goubeau and G. Winkelmann, Z. Anorg. Allg. Chem., 271, 235
(1953). Chem. Abstr., 48, 1964 (1954).

(66) Y. A, Strepikheev and T. G. Perlova, Zh. Vses. Khim. Obshchest.,
588 (1969); Chem. Abstr., 72, 54705 (1970).

(67) E. Stein and O. Bayer, U. S. Patent 2,698,343 (1954). Chem.
Abstr., 49, 14026 (1955).

(68) V. A, Rudenko, A. Y. Yakubovich, and T. Y. Nikiforova, J. Gen.
Chem. USSR, 17, 2256 (1947).

(69) V. A. Rudenko, A. Y. Yukubovich, and T. Y. Nikiforova, USSR Pat-
ent 118,507 (1959); Chem. Abstr., 53, 21813 (1959).

(70) A. Whal, Buil. Soc. Chim. Fr., 1, 244 (1934).
(71) N. A, Pushin and R. D. Zivadinovic, Bull. Soc. Chim. Roy. Yougos-

lav., 8, 165 (1936); Chem. Abstr., 30, 4422 (1936).

(72) M. Dominikiewicz, Arch. Chem. Farm., 3, 248 (1937).

(73) N. A. Pushin and R. V. Mitic, Justus Liebigs Ann. Chem.. 532, 300
(1937).
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The reaction of phosgene with a series of 2-dialkylami-
noalkanols has recently been reported.”* When either
carbon of the aminoethanol bears an alkyl substituent,
cyclization occurs to afford a 2-oxazolidinone derivative.
Pyridine was used as an acid acceptor for the reaction
and the heterocyclic products were obtained in good
yield. When 2-diethylaminoethanol was subjected to the
reaction conditions, the major product was shown to be
2-diethylaminoethyl chloride. Under carefully controlled
conditions, 2-diethylaminoethyl chloroformate could be
isolated and an aziridine intermediate was postulated to
account for its facile decomposition. 2-Diethylaminoethyl
chloroformate has also been prepared by reaction of 2-

diethylaminoethanol  hydrochloride  with  phosgene’s
(Scheme I11).
SCHEME 11|

R/ R” R/ rt

Ro,NCHR'CHR"OH
N o R /.
R’ or R"=alkyl R/N

— R—N__O
coCl, c,-jr Nj(
o) o)
R=Et,Me
R'sR"sH

-CO +
RoNCH,CH,0COCI —=2> I:DNRZ:!CI' —> RoNCH,CH,CI

D. Reactions with Amino Acids

a-Amino acids react readily with phosgene, preferably
in ether solvents, to afford oxazolidine-2,5-diones. These
compounds are commonly called N-carboxy anhydrides
or Leuchs’ anhydrides. The synthetic method is some-
times referred to as the Fuchs-Farthing procedure and
has been the topic of some recent reviews.76-79

R o]
RCH ; i

CII COOH + COCl, — HN. O + 2HCI (20)
, T

0]

Some improvements in this preparation have been de-
scribed®-81 as well as the extension of this method to
the synthesis of N-carboxy anhydrides (NCA’s) of multi-
functional amino acid derivatives which are useful in the
synthesis of peptides.82-84

The presence of an additional carboxyl group in an
amino acid does not alter the course of the reaction. In-
deed, the phosgenation of aspartic acid apparently leads
only to the formation of the a-NCA®2:85 (eq 21).

(74) K. C. Murdock, J..Org. Chem., 33, 1367 (1968).

(75) T. K. Brotherton and J. W. Lynn, U. S. Patent 3,008,978 (1961);
Chem. Abstr., 57, 5807 (1962).

(76) J. P. Greenstein and M. Winitz, "Chemistry of Amino Acids,” Vol.
2, Wiley, New York, N. Y., 1961, p 867,

(77) V. V. Korshak, S. V. Rogozhin, V. A, Davankov, Yu. A. Davidovich,
and T. A. Makarova, Russ. Chem. Rev., 329 (1965).

(78) M. Szwarc, Advan. Polym. Sci., 4, 1 (1965).

(79) M. Bodansky and M. A. Ondetti, "Peptide Synthesis,” Interscience,
New York, N. Y., 1966.

(80) R. D. Hamilton and D. J. Hamilton, J. Org. Chem., 34, 243 (1969).
(81) Y. Ladipot and E. Katchalski, /sr. J. Chem., 147 (1968).

(82) R. Hirschmann, H. Schwam, R. G. Strachan, E. F. Schoenewaldt,
H. Barkemeyer, S. M. Miller, J. B. Conn, V. Garsky, D. F. Verber, and
R. G. Denkewalter, J. Amer. Chem. Soc., 93, 2746 (1971).

(83) R. Hirschmann, R. G. Strachan, H. Schwam, E. F. Schoenewaldt,
H. Joshua, H. Barkemevyer, D. F. Verber, W. A. Paleveda, Jr., T. A.

Jacob, T. E. Beesley, and R. G. Denkewalter, J. Org. Chem., 32, 3415
1967).

(
(
(1968).
(
(
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0]

HOCCH,

o
; i + 2HClI (21)

HOCCH,CHCOOH + CoCl, — [ )

NH, 3

If the amino acid contains a hydroxyl group (serine,
threonine), chloroformate formation is a significant side
reaction.8? The use of the silver salt of the amino acid as
a starting material enables one to get a 50% yield of the
desired NCA (eq 22).

HOCH,CHCOOK + COCl, —»

NH,
CICOCH, o

H_NT

0]

HOCH, 0

+ H—Q\r_((o 22)
0

NCA's of amino acids bearing an amide group (aspara-
gine, glutamine) cannot be prepared by the phosgenation
procedure, since the amide group is readily dehydrated
to a nitrile in the presence of phosgene®?.88 (eq 23).

NCCH, 0
NH,—CCH,CHCOCOH + COCl, — ; < (23)
l HN.__©O
N, T

0]

In some cases, when mild conditions are used, an in-
termediate N-chloroformyl derivative can be isolated from
the reaction of an amino acid with phosgene.88-91 Upon
warming, these materials cyclize to afford the NCA (eq
24),

NHQCHQCOOH + COC|2 —
CICONHCH,COOH + HCI (24)

Under more strenuous conditions, and in the presence
of hydrogen chloride, «-amino acids can be converted to
2-isocyanato acid chlorides.92-94 Reaction sequence 25
has been proposed to describe this transformation.

O

+ - cod,
H 5 + 2HCI —> NHZCH,COCICI o

T

© 0

[
CICNHCH,COCI  =HS OCNCH,COCI  (25)

The facile degradation of NCA’s by hydrogen chloride
complicates their synthesis. The high yields of these
products obtained in such solvents as tetrahydrofuran
and dioxane can be attributed, in part, to the ability of
these solvents to act as hydrogen chloride scavengers.

6) A.J.Speziale and L. P. Smith, J. Org. Chem., 28, 1805 (1963).
) A.C. Farthing, J. Chemn. Soc., 3213 (1950).

7
8) J. Kurz, G. D. Fasman, A. Berger, and E. Katchalski, J. Amer.
Chem. Soc., 80, 393 (1958).

89) A. A.Randall,J. Chem. Soc., 374 (1962).
90) W. Dvonch and H. E. Alburn, J. Org. Chem., 29, 3719 (1964).
91) W. Dvonch, R. Alburn, and H. E. Alburn, U. S. Patent 3,453,263

(8
(8
(8

1969); Chem. Abstr., 71, 81390 (1969).

92) Y. Ilwakura, K. Uno, and S. Kang, J. Org. Chem., 30, 1158 (1965).
93) Y. lwakura, K. Uno, and S. Kang, J. Org. Chem., 31, 142 (1966).
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Esters of a-amino acids react with phosgene in the ex-
pected fashion to give excellent yields of the correspond-
ing isocyanates,95-97

PhCH(NH2)COOEt + COCl, —
PhCH(NCO)COOEt + 2HCI  (26)

E. Reactions with Hydrazine Derivatives

Hydrazine reacts with phosgene to afford good yields
of carbohydrazide.98.99

2NH2NH;,; + COCl; — NH2NHCONHNH: (27)

Acylated hydrazine derivatives yield 1,3,4-oxadiazole
derivatives when treated with phosgene,®8:190 providing a
useful method of synthesizing this heterocyclic system
(eq 28 and 29).

0]

I
RCNHNH, + COCl, —>

o]

oH
l I
RCNHNHCCI === RC=NNHCCI | —>

I
N—N—COR .
RCNHNHCR + COCl, —> ! 'S (29)
R0~

A similar reaction occurs when 1-benzoyl-1-methylhy-
drazine is treated with phosgene.'®! The resulting syd-
none will react further with phosgene to afford 2-chloro-
5-phenyl-1,3,4-oxadiazole (eq 30).

CH,
SN

N N=N
PhCONNH, + COCl, —> N o —
i ? ? Ph/ko © Ph/&o))\a
Ha (30)

When semicarbazides are treated with phosgene, cy-
clization occurs to afford 1,2 4-triazole derivatives?22.103
(eq 31).

(0]
N—H
N—H @

Et—N
T

0]

EtNHCONHNH, + COCl, —>

An attempt to extend the above type of reaction to the
synthesis of 1,2 4-triazine derivatives was unsuccess-
ful.194 The reaction of oxamic acid hydrazide with phos-
gene gave 4-oxamido-1-oxamoyl-1,2,4-triazolidine-3,5-
dione as the only isolable reaction product (eq 32).

95) E. Kaiser, \U. S. Patent 2,897,233 (1959); Chem. Abstr., 54, 328
1960).

96) J. D. Garber, R. A. Gasser, and D. Wasserman, French Patent
,351,368 (1964); Chem. Abstr., 60, 15740 (1964),

97) G. Losse and W. Goedicke, Chem. Ber., 100, 3314 (1967).

98) T. Lieser and G. Nischk, Chem. Ber., 82, 527 (1949).

(99) O. Glemser, H. Weber, and H. Duyster, Z. Anorg. Allg. Chem., 286,
205 (1956); Chem. Abstr,, 51, 4282 (1957).

(100) H. Reimlinger, J. Vandewalle, and W. Lingier, Chem. Ber., 103,
1934 (1870).

(101) C. Ainsworth, Can. J. Chem., 43, 1605 (1965).

(102) S. Kato, Japanese Patent 3122 (1956); Chem. Abstr., 51, 12983
(1957).

(103) H. Reimlinger, W. R. F. Lingier, J. M. Vandewalle, and E. Goes,
Synthesis, 2, 433 (1970).

(104) F. W. Ratz and H. Schroeder, J. Org. Chem., 23, 2017 (1958).
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I
NHy—C—C—NHNH, + COCl, o o
Il
¥ \ C—C—NH,

NHs;—C—C—NH—N,__N—H (32)

e T

H
The reaction of phosgene with hydrazine derivatives
has also been shown to be useful for the preparation of
certain purine derivatives'%s (eq 33).

NH,
'/N NHNH, '/N l
Cl Cl H

Dibenzophenonecarbohydrazone has been prepared by
the reaction of benzophenone hydrazone with phosgene
in the presence of pyridine.'%6 An excess of phosgene
must be avoided in this preparation, since the carbohy-
drazone derivative reacts further with phosgene to afford
an unidentified product.

2Ph,C=NNH, + COCl, —
PhoC=NNHCONHN=CPh, + 2HCI (34)

F. Reactions with Imino Compounds

The reaction of phosgene with ketimines having an «
hydrogen leads to the formation of alkenyl isocyanates97
(eq 35). When an « hydrogen is not available for elimina-
tion, an equilibrium mixture of products is formed.198.109
The relative amounts of the two products (1 and 2) de-
pend on the nature of the substituents. For example,
when R = t-Bu and R’ = Ph, only form 2 is observed, but
when R = R’ = Ph, approximately equal amounts of the
two products are present as determined by an infrared
study of the system.19°

NH
R,CHCR' + COCl, —>
NCOCI NCO
R, CH—CR' === R,CH—CR' | —
cl
NCO
R,C==CR’ + HCl  (35)
RR'C=NH + COCl, — RR'C=NCOCI =
1

RR/C(CI)NCO (36)
2

(105) M. H. Krackov and B. E. Christensen, J. Org. Chem., 28, 2677
(1963).

(106) P. W. West and J. Warkentin, J. Org. Chem., 33, 2089 (1968).
(107) L. I. Samarai, O. V. Vishevskii, and G. |I. Derach, Angew. Chem.,
Int, Ed. Engl., 621, (1968).

(108) (a) L. |. Samarai, V. P. Belaya, O. V. Vishevskii, and O. V. Der-
ach, Zh. Org. Khim., 720 (1968); (b) W. Seeliger, E. Aufderhaar, W.
Diepers, R. Feinauer, R. Nehring, W. Thier, and H. Hellman, Angew.
Chem. int. Ed. Engl., 5, 875 (1966); (c) D. A. Tomalia, D. N. Ojha, and
B. P. Thill, J. Org. Chem., 34, 1400 (1969).

(109) L. I. Samarai, 0. V. Vishevskii, and O. V. Derach, Chem., Ber.,
102, 2972 (1969).
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Imino esters react with phosgene to afford N-chloro-
formyl derivatives which are useful synthetic intermedia-
tes_108a

Cl3CC(OMe)==NH + COCIl, —
ClsCC(OMe)==NCOCI (37)

In contrast to the behavior of the acyclic imino esters,
their cyclic analogs (2-oxazolines) undergo ring opening
reactions with phosgene.98b.c The reaction of 2-methyl-
2-oxazoline with phosgene leads to the formation of 1,3-
bis(2-chloroethyl)diacetylurea (eq 38), presumably by
way of an oxazolinium salt.198P

0
l
d /\ + cocl, — CICHZCHZT—C—NCHZCHZCI (38)
=0 ¢=0
i

CHg CI:H;,

When 2-aziridinyl-2-oxazoline is treated with phosgene,
the trimer of 2-chloroethyl isocyanate is obtained.1%8c
Chloroethyl isocyanate dimer is postulated as an interme-
diate in this reaction, formed by way of an oxazolinium
salt (eq 39 and 40).

o)
N X

[ \>—N(] +COCl, —> CICH,CH;,—N{  N—CH,CH,Cl (39)
° Y
0

o)
CICHZCHZ\NJ\ __CH,CH,Cl

0)\I\Il/r\L 0

CH,CH,CI

<«— CICH,CH,N=C==0 (40)

It has long been known!10-113 that 2 4-diaryl-6-hy-
droxy-s-triazines can be prepared by the reaction of 1
mol of phosgene with 2 mol of an aryl amidine. The inter-
mediate urea can, in most cases, be isolated if the reac-
tion is run at low temperatures. 112,113

NH,"HCI
2ArC==NH, + COCl, —» ArﬁNHCONHT)Ar s,
NH r\llH
OH
SN

(41)
Ar /,H\N )\Ar

Attempts to extend the above reaction to the synthesis
of alkyl triazine derivatives were unsuccessful.’'® How-
ever, it has recently been shown'1* that alkyl amidines

NH
O NH,CCH.CI
THZ /l\ 3CCH;
CICH,—C=NHHCI + COCl, — )N\/ E“
N
cicH,” N7 ScH,Cl

(42)

110) A. Pinner, Chem. Ber., 23, 2919 (1890).

111) T. Rappetort, Chem. Ber., 34, 1990 (1901).

112) A. Pinner, Chem. Ber., 28, 473 (1895).

113) C. Grundmann and H. Schroeder, Chem. Ber., 87, 747 (1954).
)y H.

114 Schroeder and C. Grundmann, J. Amer. Chem. Soc., 78, 2447

(
(
(
(
(
(1956).
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can be used in this reaction if the alkyl group bears an
electron-withdrawing substituent (eq 42).

G. Reactions with Miscellaneous Nitrogen
Compounds
Aryl sulfonamides can be converted to sulfonyl isocy-
anates by reaction with phosgene.’15-117 This reaction is
sluggish and low yields are generally obtained.

ArSO;NH;, + COCIl, — ArSO,NCO + 2HCI (43)

It has recently been reported!!® that reaction 43 can
be catalyzed by alkyl isocyanates. This improvement
stemmed from the discovery that arylsulfonyl ureas react
readily with phosgene, under mild conditions, to afford
arylsulfonyl isocyanates and alkyl isocyanates.

ArSO,NH> + RNCO — ArSO,NHCONHR (44)

ArSO,NHCONHR + COCIl, —
ArSO2NCO + RNCO + 2HCI  (45)

Phosphorus amides react with phosgene, in the pres-
ence of an acid acceptor, to give good yields of phospho-
rus isocyanates or carbamoyl chlorides.?1°

(Et0)2PONH; + COCI; — (Et0).PONCO (46)
(EtO) ,PONHEt + COCl, — (EtO),PON(Et)COCI (47)

Phosgene reacts with O-substituted oxyamines to af-
ford the corresponding oxycarbamoyl chloride deriva-
tives.120

RONH,-HCI + COCl, — RONHCOCI + 2HCI (48)

111. Reactions at an Oxygen or Sulfur Center

Phosgene reacts with many different oxygen- or sulfur-
bearing functional groups to produce a wide variety of
useful and, in general, highly reactive products. Nearly all
of the reactions discussed in this section involve, as the
first step, the reaction of phosgene with an hydroxyl,
thiol, or enolizable group to afford a chloroformyl deriva-
tive or intermediate. If the chloroformyl derivative is un-
stable, decomposition occurs to yield a chlorinated prod-
uct.

ROH + COCl, — ROCOCI + HCI
RSH + COCI, — RSCOCI + HCI
ROCOCI — RCI + CO»

RSCOCI — RCIl + COS
R = alkyl, aryl, X=C(Y)-

A. Reactions with Alcohols and Thiols

The preparation of chloroformates by reaction of phos-
gene with alcohols or phenols has been discussed in de-
tail in a recent review on chloroformate chemistry.®

ROH + COCl, — ROCOCI + HCI (49)

(115) H. Krizikalla, German Patent 817,602 (1951); Chem. Abstr.. 47,
2206 (1953).

(116) C.King, J. Org. Chem., 25, 352 (1960).

(117) F.Effenberger and R. Gleiter, Chem. Ber., 97, 1576 (1964).

(118) H. Ulrich, B. Tucker, and A. A. R. Sayigh, J. Org. Chem., 31,
2658 (1966).

(119) L. |. Samarai, O. |. Kolodyazhnyi, and G. |. Derach, Zh. Obshch.
Khim., 40, 754 (1970); Chem. Abstr., 73, 24842 (1970).

(120) A. F. McKay, D. L. Garmaise, G. Y. Paris. and S. Gelblum, Can.
J. Chem., 38, 343 (1960).
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The reaction of phosgene with aliphatic hydroxy com-
pounds is quite rapid??® but reaction with phenols is slow,
even at elevated temperatures. The use of acid acceptors
(metal hydroxides, amines) to promote this reaction has
been described.® Recent work has shown that this reac-
tion can be carried out in the absence of an acid accep-
tor when an N,N-dialkylamide'?! or a quaternary ammo-
nium salt'2? is used as a catalyst.

Alkyl and aryl thiols react with phosgene to afford chlo-
roformyl derivatives. This reaction can be catalyzed by
activated carbon,123:124 tertiary amines,125:126 or N,N-
dialkylcarboxamides.127

RSH + COCI; — RSCOCI + HCI (50)

Symmetrical alkyl carbonates are common by-products
formed during the preparation of alkyl chloroformates and
result from the reaction of alcohols with the chloroform-
ate.

ROH + coCl, — Rococl X% ROCOOR (51)

The direct synthesis of alkyl carbonates can be carried
out by adding phosgene to an excess of alcohol at ele-
vated temperatures.® Catalysis of this reaction by pyri-
dine has been shown to be effective.128.129 The conver-
sion of alcohols that bear other phosgene sensitive func-
tional groups to carbonates has been accomplished by
adding phosgene to the sodium alcoholate. 3¢

2Et,NCH,CH,ONa + COCl, —
(Et,NCH,CH,0),CO + 2NaCl (52)

Symmetrical diaryl carbonates are prepared by adding
phosgene to an excess of an alkali metal phenolate. 31133
Similarly, S,8'-dialkyl dithiocarbonates can be pre-
pared by adding phosgene to an excess of an alkali
metal salt of a mercaptan.134

2RSNa + COCl, — RSCOSR + 2NaCl (53)

Cyclic carbonates are readily formed by the reaction of
glycols with phosgene35-138 (eq 54). An acid acceptor is

(121) C. W. Stephens, U. S. Patent 3,211,744 (1966).
(122) R. J. Cotter, M. Matzner, and R. P. Kurkjy, Chem. Ind. (London).
791 (1965).

(123) Stautfer Chemical Co., British Patent 948,831 (1964); Chem.
Abstr.. 80, 11902 (1964).

(124) H. Tilles, U. S. Patent 3,093,537 (1963): Chem. Abstr., 59, 11271
1963).

(
(125) H. Tilles, U. S. Patent 3,299,114 (1967); Chem. Abstr., 66, 75696
(1967).

(126) V. F. Mironov, V. P. Koxyukov, and V. D. Sheludyakov, Zh,
Obshch. Khim., 36, 1860 (1966); Chem. Abstr.. 66, 65577 (1967).

(127) H. Tilles, U. S. Patent 3,277,143 (1966); Chem. Abstr., 66, 2221
(1967).

(128) L. W Kissinger, T. M. Benzinger, H. E. Ungnade, and R. K. Row-
her, J. Org. Chem., 28, 2491 (1963),

(129) T.N. Hall, J. Org. Chem., 33, 4557 (1968).

(130) R. Reuber and H. Reinshagen, German Patent 887,650 (1953):
Chem. Abstr., 52, 13807 (1958).

(131) Farbenfabriken Bayer A.-G., British Patent 841,654 (1960); Chem.
Abstr., 55, 4433 (1961),

(132) J. M. Lee, U. S. Patent 2,837,555 (1958): Chem. Abstr.,, 52,
16214 (1958).

(133) R. S. Hanslick, W. F. Bruce, and A. Mascitti, Org. Syn., 33, 74
(1953).

(134) H. Pelster and H. Muehlbauer, German Patent 1,181,205 (1964);
Chem. Abstr., 62, 6398 (1965).

(135) A. Contardi and A. Ercoli, Gazz. Chim. [tal.. 64, 522 (1934);
Chem. Abstr., 29, 1392 (1935).

(136) G. W. Moersch and A, C. Moore, U. S. Patent 2,587,641 (1952);
Chem. Abstr., 46, 9601 (1952).

(137) B. J. Ludwig and E. C. Piech, J. Amer. Chem. Soc., 73, 5779
(1951).

(138) S. Sarel, L. A. Pohoryles, and R. Ben-Shashan, J. Org. Chem., 24,
1873 (1959).
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usually used to accelerate this transformation, and the
carbonates of 1,2, 1,3, and 1,4 glycols have been pre-
pared.138
(CHg)n+2
HOCH(CH,),CH,OH + COCl, —> ( ) (54)
O\“/O
o}
Hydroxamic acids have been reported to react with

phosgene to yield chloroformyl derivatives,3® and, under
more strenuous conditions, nitrile carbonates.4?

R
—
O

R—C—NH—OH + COCl, — RCONHOCOCI —> O

0
(55)

Activated alcohols can be converted to alkyl chlorides
by reaction with phosgene in the presence of N,N-di-
methylformamide.’*! Because of the thermal instability of
certain chloroformates, the production of halides can
often occur in the absence of a catalyst.142-144 Most
chloroformates are subject to facile decomposition in the
presence of proper catalysts.®

HOCHQCECCHQOH + COC|2 — CICH,C=CCH,CI

HOCH,CH,SCH,CH,0H + COCl, —
CICH,CH,>SCH,CH,CI

Ph3COK + COCIl, — Ph3CCl + CO, + KCI

(Et)o,N+HCH,CH,OH(CI—) + COCl, —
(Et)2N+THCH,CH,CI(CIT)

(CH3)3COH + COCIl; — (CH3)3CCl + (CH3),C=CH,

B. Reactions with Ketones

The preparation of isopropenyl chloroformate by the
reaction of acetone with phosgene has been reported.45

CH3COCHj; + COCI; — CH,=C(OCOCI)CH3 + HCI (56)

A similar reaction has been reported!45 to occur with
the acetone derivative shown in eq 57. In this case, how-
ever, carbon dioxide is evolved and a chloropropene de-
rivative is obtained.

o} Cl
s /| cocl, Sy |
M_CH,CoH, ——2>  OH=CCHs 67
I | cr
Et Et

The copper salt of 3,57-nonanetrione reacts with
phosgene to afford a lactone,'*’ presumably by way of
an enol chloroformate.

(139) M. Nakaishi and S. Inumura, Japanese Patent 70 02,376 (1970);
Chem. Abstr., 72, 100321 (1970).

(140) Sinclair Research. Inc., Netherlands Patent 6,615,003 (1967);
Chem. Abstr., 67, 81813 (1967).

(141) D. Ludsteck, G. Neubauer, H. Pasedach, and M. Seefelder, Ger-
man Patent 1,133.716 (1962); Chem. Abstr., 57, 16396 (1962).

(142) P. Chao, J. Chin. Chem. Soc. Taiwan, 7, 102 (1940); Chem.
Abstr., 35, 5094 (1941).

(143) S. T. Bowden and T. John, J. Chem. Soc.. 302 (1939).

(144) G. Cousserans and R. Amanrich, French Patent 1,383,121 (1964):
Chem. Abstr., 62, 9009 (1965).

(145) M. P. Matusak, J. Amer. Chem. Soc., 56, 2007 (1934).

(146) N. N. Sveshnikov, I. |. Levkoev. N. I. Shirokova, and N. A. Damir.
Doké.s)Akad. Nauk SSSR. 148, 1091 (1963): Chem. Abstr.. 59, 6551
(1963).

(147) M. M. Mahala and S. S. Deshapande, J. Indian Chem. Soc., 28,
429 (1949).
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0
[
EtC
EICCH,CCH,CEN,Cu 2 | (58)
07 0" gt

Ethyl arylacetylacetoacetates react readily with phos-
gene, in the presence of pyridine, to produce cyclic car-
bonates.148

PhCH,CCHCCH, + COCl, 278 9 (59)

Ph—CH CHj
COEt

CO,Et

C. Reactions of Carboxylic Acids and
Derivatives

1. Carboxylic Acids

The use of phosgene for the conversion of carboxylic
acids to acid chlorides has received much attention in
recent years.

RCOOH + COCl, — ROCOCI + CO, + HCI  (60)

This reaction can be carried out at elevated tempera-
ture’4? or in the presence of catalysts such as N,N-dial-
kylcarboxamides,159-152 tertiary amines,?53 thiocarboxam-
ides,150-152 or quaternary ammonium salts.5* This pro-
cedure can also be used to convert sulfonic acids to sul-
fonyl chlorides.15% The yields from the phosgenation pro-
cedure are comparable to those achieved by use of
thionyl chloride or the phosphorus halides. The main ad-
vantage of this procedure is that the by-products are
more easily disposed of than the waste products from
alternate reagents, an item of considerable importance in
this pollution conscious era.

Carboxylic acids that have an «-hydroxyl group react
with phosgene to afford cyclic carbonates!$6:157 (eq 61).
The carbonate formed from tartaric acid has been pro-
posed as a carbonating agent for soft drinks because of
its facile decomposition in water. 157

i ° °
o)
HO,CCH—CHCOH + COCl, —» W 61)
o} o}

a-Mercaptocarboxylic acids are converted to the S-
carboxy anhydride when treated with phosgene. 156

(148) K. H. Boltze and K. Heidenbluth, Chem. Ber., 92, 982 (1959).

(149) J. E. Carnahan, U. S. Patent 2,657,233 (1953); Chem. Abstr., 48,
12796 (1954).

(150) M. Seefelder, German Patent 1,167,819 (1964); Chem. Abstr., 61,
1761 (1964).

(151) C. F. Hauser, German Patent 1,931,074 (1970); Chem. Abstr., 72,
78472 (1970).

(152) H. Ulrich, B. Tucker, and A. A. R. Sayigh, J. Org. Chem., 32,
4052 (1967).

(153) Soc. pour l'ind. chim. a Bale, Swiss Patent 222,970 (1942);
Chem. Abstr., 43, 2223 (1949).

(154) J. E. Carr, A. E. Kaye, and J. H., Wild, British Patent 1,159,266
(1969); Chem. Abstr., 71, 90862 (1969).

(155) H. H. Bosshard, R. Mory, M. Schmid. and H. Zollinger. Helv.
Chim. Acta, 42, 1653 (1959).

(156) W. H. Davies, British Patent 650,003 (1951); Chem. Abstr., 45,
8033 (1951).

(157) J. R. Feldman and R. L. Foltz, U. S. Patent 3,309,382 (1967).
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R O
RCliHCOZH + COCl, — S: fo (62)
- Y
o}

2. Carboxylic Acid Anhydrides

Carboxylic acid anhydrides react with phosgene in the
presence of ferric chloride!58:15% or N,N-dialkyl carbox-
amides'8% to produce acid chlorides. This method is
more efficient than the direct conversion of acids to acid
chlorides since both of the available chlorine atoms of
phosgene are used in the reaction.

0
|

I
RC—O0—CR + COCl, — RCOCI + CO, (63)

3. Lactones and Esters

When (-lactones are treated with phosgene, in the
presence of HCI or aluminum chloride, ring opening oc-
curs and (-chloro acid chlorides are produced.'®! Pyri-
dine has also been used as a catalyst for this reac-

tion_162,163
| + COCl, M9 CICH,CH,COCI (64)

Alkyl esters of carboxylic acids are reported to under-
go a similar reaction to afford an acid chloride and an
alkyl halide.182:163 Esters are usually unreactive to nor-
mal phosgenation conditions and are often used as sol-
vents in the synthesis of isocyanates, chloroformates,
and other preparations.

LI

RCOOR’ + COCl; RCOCI + R'Cl + CO, (65)

4. Amides

Primary amides are readily dehydrated by phosgene to
afford nitriles in excellent yields.164-167 Mechanism 66
has been suggested for this reaction. 166

ocoar
—_—

RCONH, + COCl, —» R—CL_
SNH,CI"

¢l
I:RC|J=NH Jcr - RON (68)
2

When reaction 66 is carried out under pressure with
excess phosgene, the reaction takes, to some extent, a
different course to afford pyrimidine derivatives.68 This is

(158) T. K. Brotherton, U. S. Patent 3,337,622 (1967). Chem. Abstr.,
67,90408 (1967).

(159) T. K. Brotherton, U. S. Patent 3,449,416 (1969).

(160) F. J. Chridtoph, Jr., S. H. Parker, and R. L. Seagraves, U. S. Pat-
ent 3,318,950 (1967); Chem. Abstr., 67, 43437 (1967).

(161) T. Nakabayashi, T. Matsumoto, and Y. Tanaka, Kogyo Kagaku
Zasshi, 69, 1245 (1966). Chem. Abstr., 65, 18700 (1966).

(162) K. Adam and H. Trieschmann, British Patent 743,557 (1956);
Chem. Abstr., 51, 5819 (1957).

(163) K. Adam and H. Trieschmann, U. S. Patent 2,778,852 (1957);
Chem. Abstr., 51,8778 (1957).

(164) R. Greenhalgh, British Patent 488,036 (1938); Chem. Abstr., 33,
178 (1939).

(165) M. J. Danzig. C. Y. Liang, and E. Passaglia, J. Amer. Chemn. Soc.,
85,668 (1963).

(166) A.J. Speziale and L. P. Smith, J. Org. Chem., 28, 1805 (1963).

167) W. Wilchek, S. Ariely, and A. Patchornik, J. Org. Chem., 33, 1258
1968).

168) 8. Yanagida, H. Hayama, and S. Komori, J. Org. Chem., 34, 4180

(
(
(
(1969).
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not surprising in view of the fact that phosgene has been
shown to react with nitriles, in the presence of hydrogen
chloride, to give the same type of product (see section
IV.C).

|
RCH2 ’N o}

HC| ’ -
H, + COCl, ! c- (67
RCH,CONH, + COCl, —% bt s
R
cl

Monosubstituted amides react readily with phosgene to
afford imidoyl chlorides'®-'71 (eq 68). Although this
transformation can be accomplished using other reagents
(PCls, POCI3, SOCIl;), phosgene is generally preferred
due to the cleanliness of the reaction. Imidoyl halides are
a very useful class of compounds and their preparation
and reactions have been discussed in detail in a recent
publication.172

ococl
RCONHR’ + COCl, — |RC —
\NHR’CI'
Clil
R—C=NR’ + CO, + HCI (88)

When the starting monosubstituted amide has a hydro-
gen available in the « position, the intermediate imidoyl
chloride can react further with phosgene to yield an
unsaturated carbamoyl chloride'73-174 (eq 69 and 70).

RCH;—C(Cl)=NR' =
R—CH=C(Cl)—NHR' —
R—CH=C(CI)—NR'COCI  (69)

Q COoCl, cocl, Q (70)
T o N ¢l T cl
H

Phosgenation of N-substituted formamides affords an
unstable imidoyl chloride which, in the presence of base,
can be converted to an isocyanide in good yield.175-178

cl
RNH!I:H + COCl, — LR (7D)

R—N=CH-"HCI

In the absence of base, the reaction takes a different
course to afford formamidine salts as the major prod-
uct.172,179-184 |t hag been proposed that formamidine

(169) V. Hahn and M. Grdinic, J. Chem. Eng. Data, 11, 211 (1966).
(170) 1. Ugi, F. Beck, and U. Fetzer, Chem. Ber., 95, 126 (1962).

(171) Stamicarbon N. V., Belgian Patent 609,822 (1962); Chem. Abstr.,
57, 16505 (1962).

(172) H. Ulrich, “"The Chemistry of Imidoyl Halides," Plenum Press, New
York, N. Y., 1968.

(173) J. H. Ottenheym and J. W. Garritsen, German Patent 1,157,210
1963); Chem. Abstr., 60, 6756 (1964).

(

(174) J. H. Ottenheym and J. W. Garritsen, PBritish Patent 901,169
(1962); Chem. Abstr.. 58, 6810 (1963).
(
(
(

175) 1. Ugiand R. Meyr, Angew. Chem., 70, 702 (1958).

176) 1. Ugiand R. Meyr, Chem. Ber., 93, 239 (1960).

177) 1. Ugi. W. Betz, U. Fetzer, and K. Otfermann, Chem. Ber., 94,
2814 (1961).

(178) Farbenfabriken Bayer A.-G., French Patent 2,002,568 (1969);
Chem. Abstr., 72, 89824 (1970).

(179) |I. Hagedorn, H. Etling, and K. E. Lichtel, Chem. Ber., 99, 520
(1966).

(180) W. Jentzsch, Chem. Ber., 97, 1361 (1964).
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salt formation results from the reaction of the intermediate
imidoyl chloride with unreacted amide.72,179,183

cl
RNHCHO + R—N=éH-HCI zHet,

R H
| . |
R—N=CH—NCHOHCI “£2> RN=C—NRHCI (72)
H

N,N-Disubstituted carboxamides are halogenated by
phosgene to give chlorciminium chlorides,185-194

(l.l) Cl
+
R—C—NR5 + COCl, —>= |R—C=NRj| CI- + CO, (73)

When the starting N,N-disubstituted amide has a hy-
drogen in the « position, further reaction can occur to
yield an enamine derivative.19%

|
RCH,CONR, + 2COCl, —> R—C=i—NR2 (74)
cocl

D. Reactions with Carbonic Acid Derivatives
1. Ureas and Thioureas

The reaction of phosgene with 1,3-disubstituted ureas
follows two major pathways (eq 75 and 76). Attack at
the urea oxygen leads to the formation of chloroformami-
dines,186:196-200 while attack at one of the urea nitrogen
atoms affords allophanoyl chlorides.70,198,199

0 4 COCk 0coc

1> I -co,
aH—CLRHR  — RNH—C=NHR' CI"| —

|
RNH—C==NHR'| CI" (75)

Jentzsch, Chem. Ber., 97, 2755 (1964).

Jentzsch and M. Seefelder, Chem. Ber., 98, 274 (1965).

A. R. Sayigh and H. Ulrich, J. Chem. Soc., 3146 (1963).

H. Warren and F. E. Wilson, Chem. Ber., 68, 957 (1935).
Bredereck and K. Bredereck, Chem. Ber., 94, 2278 (1961).
ilingsfeld, M. Seefelder, and H. Weidinger, Angew. Chem., 72,

W.
W.
A

W,

H. E
1960)

H. Eilingsfeld, M. Seefelder, and H. Weidinger, Chem. Ber., 96,
2671, 2899 (1963).
(188) H. H. Bosshard, R. Mory, M. Schmid, and H. Zollinger, Helv.
Chim. Acta, 42, 1653 (1959).
(189) Z. Arnold, Chem. Listy, 52,2013 (1958).

190) Z. Arnold, Collect. Czech. Chem. Commun., 24, 4048 (1959).

191) H. H. Bosshard and H. Zollinger, Helv. Chim. Acta, 42, 1659

H
8

) Z. Arnold and J. Zemlicka, Chem. Listy, 52, 458 (1952).
) Z. Arnold and F. Sorn, Chem. Listy, 51, 1082 (1957).

195) R. Buyle and H. G. Viehe, Tetrahedron, 4217 (1968).
)

H. Eilingsfeld, G. Neubauer, M. Seefelder, and H. Weidinger,
Chem. Ber., 97, 1232 (1964).

(
(
(
(192) W. Ziegenbein and W. Franke, Chem. Ber., 93, 1681 (1960).
(
(
(

(197) H. Ulrich and A. A. R. Sayigh, Angew. Chem., Int. Ed. Engl., 3,
585 (1964).
(198) H. Ulrich, J. N. Tilley, and A. A. R. Sayigh, J. Org. Chem., 28,

2401 (1964).

(199) H. Ulrich and A. A. R. Sayigh, Angew. Chem., Int. Ed. Engl., 5,
704 (1966).

(200) H. Ulrich and A. A. R. Sayigh, J. Org. Chem., 30, 2779 (1965).
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o OCk
| [

O cocl
o =HCI
RNH—C—NHR’ —

RNH—C—NHR’ CI"| ———
o COCl

RNH—C—NR' (76)

In the case of 1,3-dialkyl ureas, the course of the
reaction is largely controlled by steric factors.’9® When
the alkyl groups are secondary or tertiary, the main reac-
tion products are chloroformamidines, while n-alkyl ureas
yield allophanoyl chlorides nearly exclusively.

When 1,3-disubstituted ureas are treated with phos-
gene at higher temperatures, trisubstituted guanidine de-
rivatives can be obtained.29? These products result from
the reaction of the intermediate chloroformamidine salts
with unreacted urea. The chloroformamidine intermediate
can also react with phosgene to afford an N-chloroformyl
derivative.

Cl
RNHC=NHR CI- + RNHCONHR 110-130°,
lcom2 QHR
¢l RNH—C—NHR CI= + RNCO (77)
RNC=NHR CI"
Ccocl
1,3-Dialkyl and diaryl thioureas are converted to

chloroformamidines in excellent yields when reacted with
phosgene,186.196-200,202,203  Because of the greater
nucleophilicity of sulfur, as compared to oxygen, allo-
phanoyl chloride formation does not occur to a significant
extent.

RNHCSNHR + COCI; —
RNH—C(Cl)=N+HR CI- + COS (78)

1-Alkyl-3-arylsulfonyl thioureas react readily with phos-
gene to afford the corresponding chloroformamidine de-
rivatives172.199,204,205 (aq 79). However, 1-aryl-3-arylsul-
fonyl thioureas are converted to 1,3-thiazetidine deriva-
tives under similar conditions.295
|

| R = alkyl
ArSO,NH—C—NHR + COCl, ——» ArSO,N==C—NHR

+

(79)
R=aryl COS + HCI

ArSQ,N
TR
S
_go
Phosgenation of tri- and tetrasubstituted ureas and

thioureas affords chloroformamidine derivatives in excel-
lent yields.186,196-198,202,203

("J(S) Cl
RNHCNR, + COCl, —> R—N==CNR, + HCl + CO,(COS) (80
0 @®) I

RNCNR, + COCl, — RN==C==NR, CI" + CO, (COS)  (8")

(201) D. F. Gavin, W. J. Schanbel, E. Kober, and M. A. Robinson, J.
Org. Chem., 32, 2511 (1967).

(202) M. Seefelder, German Patent 1,119,258 (1961); Chem. Abstr., 56,
11450 (1962).

(203) H. Ulrich and A. A. R. Sayigh, J. Org. Chem., 28, 1427 (1963).

(204) H. Ulrich and A. A. R. Sayigh, Angew. Chem., Int. Ed. Engl.. 3,
639 (1964).

(205) H. Ulrich, B. Tucker, and A. A. R. Sayigh. Tetrahedron, 22, 1565
(1966).
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2. Carbamates

Carbamates react with phosgene at high tempera-
tures298 or at low temperatures in the presence of an
N,N-dialkylcarboxamide catalyst297:20¢ to afford isocyan-
ates. A chloroformimidate intermediate has been postula-
ted.207

cl
ROCNHR' + COCl, —> —
R'N=C—OR'HC

RCl + RNCO +HCI (82)
3. Metal Alkyl Carbonates

Phosgene reacts with metal alkyl carbonates to form
alkyl chloropyrocarbonates.2?® These novel compounds
are fairly stable, and the lower alkyl derivatives can be
purified by distillation. -

I Il
ROCO™Na* + COCl, —> ROCOCCI + NaCl ©3)

When an excess of metal alkyl carbonate is treated
with phosgene, alkyl pyrocarbonates are formed in excel-
lent yields.210

| Al
2ROCO"Na* + COCl, —> ROCOCOCOR + 2NaCl (84)

E. Reactions with Carbon Disulfide Derivatives

N,N-Disubstituted dithiocarbamates react with phos-
gene to produce 1-chlorothioformimidinium  chlo-
rides.211,212

cl
RS—C—NR, + COCl, — RS—C=NR,CI" + COS  (85)

[

S N—R + COCl, — S, N—R CI" + COS (86)

Y

S Cl

Alkali metal213.214 or amine?'® salts of monoalkyl di-
thiocarbamic acids can be converted to isothiocyanates
by reaction with phosgene. Under comparable conditions,

S
S
RNH—C—S"Na* + COCl, — I | —
RNH—C—S—COCl
RNCS + COS + HCl (87)
S
| I I
R,NC—S-Na* + COCl, —> R;NC—S—CNR, (88)

(206) H. A. Piggott and F. S. Statham, British Patent 485,761 (1938):
Chem. Abstr., 32, 7926 (1938).

(207) H. Ulrich, B. Tucker, and A. A. R. Sayigh, Angew. Chem.. Int. Ed.
Engl., 6, 636 (1967).

(208) H. Ulrich, U. S. Patent 3,404,170 (1969). Chem. Abstr., 70, 11114
(1969).

(209) M. M. Boudakian, U. S. Patent 3,496,209 (1970); Chem. Abstr..
72,89804 (1970).

(210) J. H. Howe and L. R. Morris, U. S. Patent 3,078,294 (1963);
Chem. Abstr., 59,516 (1963).

(211) H. Eilingsfeld and L. Mobius, Chem. Ber.. 98, 1293 (1965).

(212) H. Eilingsfeld and L. Mobius, Belgian Patent 660,941 (1965):
Chem. Abstr., 64, 3364 (1966).

(213) H. Werres, U. S. Patent 2,894,013 (1959); Chem. Abstr., 54, 1324
(1960).

(214) K. H. Slotta and H. Dressler, Chem. Ber.. 63B, 888 (1930).

(215) H. Ulrich, U, S. Patent 3,404,171 (1968): Chem. Abstr.. 70, 11112
(1969).
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N,N-dialkyl dithiocarbamate salts are converted to thi-
uram monosulfides.218

F. Reactions with Phosphorus Acid Derivatives

The salts of dialkyl phosphates or thiophosphates react
with phosgene to give chloroformyl derivatives of varying
stability.217,218 Decomposition of the chloroformyl deriva-
tive by elimination of carbon dioxide or carbon oxysulfide
is often spontaneous and leads to the formation of phos-
phorus-halogen bonds.

0]

I
(Et0),P—ONa* + COCl, — (Et0),P—Cl + CO, + NaCl  (89)
0

I
—> (Et0),P—Cl + COS + NaCl  (90)
S

[
(Et0),P—S"Na* + COCl,

I
(Et0),P—S"Na* + COCl, —> (Et0),P—SCOCI + NaCl ©1)

The formation of a cyclic anhydride intermediate and
subsequent decomposition has been postulated as a
mechanism for the formation of chloridates. This concept
is supported by the observation that optically active salts
of ethyl ethylthiophosphonic acid react with phosgene to
produce optically active ethyl ethylphosphonochlor-
idate,218

Et Et\ /S

— P —

+ COCl,
g0’ ococ

/
EtO \O “Na*

Et\ﬁ/ N =ocr — ™ /
W4 Eto/

EtO 0O
Phosgene reacts with a variety of phosphorus esters to
yield alkyl chlorides and chiorinated phosphorus deriva-
tives.217-226 This type of reaction is known for both tri-
and pentavalent phosphorus derivatives and is exempli-
fied in the following equations.

+ COS (92)

(RO)3P + COCl; — (RO)2POCI + CO + RCI  (93)
(RO),POCH; + COCI, —
ROPO(CI)CH3 + CO»> + RCI  (94)
(RO),PSCH; + COCl, —
ROPQ(CI)CH3 + COS + RCI  (95)

cl

N

/s{ + COCl, —> RSP< + CO, + RCl  (96)
RS CHa CH,

(216) W. R. Trutna, U. S. Patent 3,133,966 (1964); Chem. Abstr., 61,
9408 (1964).

(217) J. Cadogan, J. Chem. Soc., 3067 (1961).

(218) H. S. Aaron, R. T. Uyeda, H. F. Frack, and J. |. Miller, J. Amer.
Chem. Soc., 84, 617 (1962).

(219) M. I. Kabachnik and P. A. Rossiskaya, Bull. Acad. Sci. USSR, 48,
(1957): Chem. Abstr., 51, 10366 {1957).

(220) M. Green and R, F. Hudson, J. Chem. Soc., 1004 (1963).

(221) D. G. Doe, J. B. Perry, and R. K. Brown, J. Chem. Soc.. 3604
(1957).

(222) A. N. Pudovik and R. N. Platonova, Zh. Obshch. Khim., 29, 506
(1959); Chem. Abstr., 54, 254 (1960).

(

223) K. A. Petrov, N. K. Bliznyuk, and V. E. Burygin, Zh. Obshch.
Khim., 29, 1486 (1959); Chem. Abstr., 54, 8606 (1960).

(224) B. B. Brown, L. J. Lutz, C. A. Smith, Jr., and E. A. Weilmuenster,
U. S. Patent 3,167,574 (1965); Chem. Abstr., 62, 10461 (1965).

(225) M. Green and R. F. Hudson, Proc. Chem. Soc.. London, 217
(1962).

(226) A. H. Ford-Moore, L. J. Lermit, and C. Stratford, J. Chem. Soc.,
1777 (1953).
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The mechanism of the reaction of pentavalent phos-
phorus derivatives with phosgene has recently been in-
vestigated using benzyl methylphenyl[O'8]phosphinate as
a model compound.2?? Attack by phosgene occurs exclu-
sively at the phosphoryl oxygen as illustrated in eq 97.
Alternate mechanisms are discussed and dismissed as
being inconsistent with the isotopic data.

™ / cocl
+ , —>
Me”” \015—CH2Ph
ococl
\
< cr| — "N < or| —
Me” “O'8—CH,Ph Me” “O'18—CH,Ph
\P/ + PhCH,CI (97)
W
Me

In a fashion similar to the phosphorus esters, trimethyl
borate reacts with phosgene to give a chlorinated prod-
uct.227

(MeQ);B + COCL, —

(Me0),BCl (98)

G. Reaction with Cyclic Ethers

Ring opening occurs when epoxides are treated with
phosgene, resulting in the formation of (-chloroethyl
chloroformates.228.229 |f an excess of epoxide is used,
the corresponding carbonate is obtained.23¢

J * COCl — CiCH,CH,0C0C 99)

2? + COCl, —> CICH,CH,OCOCH,CH,CI (100)

Ethylene sulfide reacts with phosgene in a similar fash-

ion to afford 3-chloroethyl chlorothioformates.23

YS7 + COCl, —> CICH,CH,SCOCI (101)

When tetrahydrofuran is treated with phosgene in the

presence of N,N-dimethylformamide?3?2 or zinc chlo-

ride,233 ring opening occurs and 1,4-dichlorobutane is
formed as the major product.

[ )+ coc, DZM—Fcf'» CICH,CH,CH,CH,Cl (102)

In the presence of hydrogen chloride, the major prod-

uct from the reaction of phosgene with tetrahydrofuran is
1,3-dichlorobutane.234

Cl

[ )+ cocl, F& CICH,CH,CHCH, + CICH,CH,CH,CH,CI (103)
65.6% 34.3%

(227) R. K. Pearson, T. W. Platt, J. C. Renforth, N. J. Sheetz, and L. J.
Edwards, U. S. Atomic Energy Commission, Report No. CCC-1024-TR-
277,1957; Chem. Ahstr., 55, 20791 (1961).

(228) M. S. Malinovskii and N. M. Medyantseva, Zh. Obshch. Khim., 23,
221 (1953); Chem. Abstr., 48, 2580 (1954).

{229) M. S. Malinovskii and N. M. Medyantseva, J. Gen. Chem. USSR,
23,229 (1953).

(230) J. 1. Jones, J. Chem. Soc., 2735 (1957).

(231) G. Y. Epshtein, I. A. Vsov, and S. Z. luin, Zh. Obshch. Khim., 34,
1948 (1964); Chem. Abstr., 61, 8178 (1964).

(232) W. Zeigenbein and K. Heinz, German Patent 1,188,570 (1965);
Chem. Abstr., 62, 16052 (1965).

(233) V. I. Lutkova and N. |. Kutsenko, Zh. Prikl. Khim., 32, 1635
(1959); Chem. Abstr., 54, 1263 (1960).

(234) K. O. Christe and A. E. Pavlath, U. S. Patent 3,406,212 (1968);
Chem. Abstr., 70, 57101 (1969).
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2,5-Dihydrofuran reacts with phosgene to afford cis-
1,4-dichloro-2-butane.23?

— H CH,CI
+ cocl, 25 Sc=c
CICH, H

Apparently, no mechanistic studies have been done on
the reactions of phosgene with tetrahydrofuran deriva-
tives. The question of whether they are truly reactions of
phosgene with the oxygen center of the cyclic ether or
reactions of phosgene with products resulting from prior
ring cleavage remains to be answered.

(104)

1V. Reactions at a Carbon Center

A. Homolytic Reactions of Phosgene with
Hydrocarbons

Although many papers have been published?35 that de-
scribe the photodecomposition and photooxidation of
phosgene, only a limited amount of work has been done
on the interactions of phosgene with hydrocarbons under
homolytic conditions.

The photolysis and radiolysis of phosgene in the pres-
ence of ethylene and other olefins, under a variety of
conditions, have been investigated.236-244 Varjables stud-
ied include mole ratios of the reactants, temperature,
light intensity, and wavelength.237:238 The principal reac-
tions that occur in the phosgene-ethylene system are list-
ed below.

COCl; + hv — CO + 2CI-
Cl- + CH,=CH, — CICH,CH;"
CICH2CH2+ + CH=CH, — CICH,CH;CH2CH3-
CICH2CH,;CH,CHy+ + CI- — CICH,CH,CH,CH,CI
2CICH,CHz+ — CICH2CH,CH,CH,CI

ClCHQCHQCHQCHQ' + ClCHQCHQ' -
CICH,CH,CH,>CH,Cl + CH,=CH>

CICH,CH,CH,CH,+ + RH — CICH2CH,CH2CH; + R-

By extending the above reaction pattern, a variety of
six carbon reaction products could be expected, and, in-
deed, later workers have identified them.238

It has been repeatedly stated in the literature that
phosgene does not react with alkyl and chloroalkyl radi-
cals, and that the chlorocarbonyl radical [COCI:] is too
unstable at room temperature to result in any viable prod-
ucts in the presence of either olefins or alkanes. Reac-
tions that are claimed to improbable under "photochlori-
nation” conditions are listed below.

2CIC=0 — CICOCOCI
Cl- + COCl, — Cl; + CIE=0

(235) L. Fowler and J. J. Beaver, J. Amer. Chem. Soc., 75, 4186
(1953), and references therein.
(

236) M. 8. Kharasch, S. S. Kane, and H. C. Brown, J. Amer. Chem.
Soc., 64, 333 (1942).

(237) M. H.J.Widnen,J. Amer. Chem. Soc., 83, 3014 (1961).
(238) J. Heicklen, J. Amer. Chem. Soc.. 87, 445 (1965).

(239) F. Runge, Z. Elektrochem.. 60, 956 (1956); Chem. Abstr., 51,
6358 (1957).

(240) M. J. Grosmangin, World Petrol. Congr. Proc., 5th, No. 10, 85
(1960): Chem. Abstr., 56, 9606 (1962).

(241) M. Takehisa and M. Yasumoto, Nippon Isotope Kaigi Hobun-shu.
4,301 (1961); Chem. Abstr.. 61, 14072 (1964).

(242) S. Kambara, N. Yamazaki, A. Kaji, and T. Oikawa, J. Chem. Soc.
Jap., 57, 652 (1954); Chem. Abstr., 49, 8816 (1955).

(243) H. Treibs and H. Ortmann, Chem. Ber., 93, 545 (1960).
(244) H. Treibs and H. Ortmann, Naturwissenschaften. 45, 85 (1958).
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R- + COCl, — RCOCI + CI-
R: + CIC=0 — RCOCI

An interesting exception to the above generalizations
has been reported. Cyclohexane reacts with phosgene,
under homolytic conditions, to form a mixture of
cyclohexanecarboxyl chloride and cyclohexyl chlo-
ride.245,246 The products formed in this photolysis reaction
are particularly dependent on the reaction temperature and
the following reaction scheme has been proposed.246

COCl; + hv = CI- + CIC=0
CgHiz + Cl- — CgHyy» + HCI
CgH14+ + COCl, — CgH1,COCI + Cl-
CIC=0—Cl- + CO
CeHyq+ + Cl. — CgHq4Cl

The radiolysis of 1-butene, in the presence of phos-
gene, is reported to proceed by a free-radical path and
affords chlorobutanes, dichlorobutanes, and Cg olefins as
principal products. No C4 or Cg products containing the
COCI group were observed, but some of the higher mo-
lecular weight products did contain this functional
group.241.247

B. Heterolytic Reactions of Phosgene with
Hydrocarbons

1. Alkanes and Cycloalkanes

Although a number of references to the reactions of
phosgene derivatives, such as carbamoyl chlorides, with
alkanes have appeared,248.249 only one example of the use
of phosgene for the acylation of alkanes has been re-
ported.259 This early report describes the reaction of
phosgene with various alkanes and cycloalkanes, in the
presence of aluminum chloride, to afford undefined prod-
ucts whose elemental analyses were consistent with a di-
alkyl ketone structure. The ketonic structure was con-
firmed by reducing the products with sodium in alcohol
and esterifying the resulting products with an organic
acid. Although an acyl halide is an expected intermediate
in this reaction, none was isolated.

AlCly

CchH(CHs)CHQCHs + COC|2 — CsH11COCsH$1
(105)

2. Aromatic Hydrocarbons

The reactions of a wide variety of aromatic compounds
with phosgene, in the presence of aluminum chloride,
have been well documented.25? The literature contains a
number of studies aimed at making benzoic and alkyl-
benzoic acids by this route,252-254 put this reaction leads

(245) Soc. pour l'ind. chim. & Bale, Swiss Patent 228,931 (1943);

‘Chem. Abstr., 43, 3033 (1949).

(246) M. S. Kharasch and H. C. Brown, J. Amer. Chem. Soc.. 62, 454
(1940); 64, 329 (1942).

(247) M. Takehisa and M. Yasumoto, Tokyo Kogyo Shikensho Hokoku.
61, 190, (1966); Chem, Abstr., 66, 64803 (1967).

(248) H. Hopff, Angew. Chem., 80, 245 (1948).

(249) H. Hoptf and H. Ohlinger, Angew. Chem., 61, 183 (1949).

(250) A. Schaarschmidt, U. S. Patent 1,995,752 (1935); Chem. Abstr.,
29, 3349 (1935).

(251) G. A. Olah, Ed., "Friedel-Crafts and Related Reactions," Vol. I-1I1,
Wiley Interscience, New York, N. Y., 1963-1965.

(252) R. E. Wilson and E. W. Fuller, J. Ind. Eng. Chem.. 14, 406
(1922).

(253) J. F. Norris and E. W. Fuller, U. S. Patent 1,542,264 (1925).
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to the formation of benzophenones as the principal prod-
ucts?55-270 ynless a hindered substrate is used, or a spe-
cial means is employed to remove the intermediate aroyl
halide from the reaction mixture before it can react fur-
ther.252-254,271 As expected, when the hydrocarbon is
used as the reaction solvent, the selectivity is lowest and
benzene, toluene, xylene, 25! the halobenzenes,2’? alk-
oxybenzenes, ?59.260,268 and gybstituted anilines?%” afford
benzophenone derivatives as nearly the sole product.
With electron deficient aromatics, there is an increase in
the amount of aroyl halide formed.26® Durene and pen-
tamethylbenzene give good yields of aroyl chlorides be-
cause of steric hindrance to further reaction.?7' Suc-
cess has been reported in suppressing benzophenone
formation by using a large excess of phosgene.254 When
the reaction is carried out in carbon disulfide, fair yields
of aroyl chlorides are obtained.252-254.271 This enhanced
selectivity results from the general insolubility of the aroyl
chloride-aluminum chloride complex in carbon disulfide,
preventing further reaction. This approach does not work
well for highly substituted benzenes, since their complex-
es are more soluble in the system.

AICl
_@ + cocl, A%
cocl
_©/ @/ @ (106)

An interesting reaction occurs when 1,3-dimethoxyben-
zene is treated with phosgene.?%® In addition to acylation,
dealkylation of a methoxy group is also observed.

= OO0,

OCH,

AlCIy~NaCI-KCI
CH,0
(1 07)

Azulene reacts with phosgene, even in the absence of
a Friedel-Crafts catalyst.265.266 Reaction occurs at the 1
and 3 positions, at room temperature, to give good yields
of azulenecarboxyl chlorides.

(254) W. H. C. Rueggeberg, R. K. Frantz, and A. Ginsburg, /nd. Eng.
Chem.. 38, 624 (1946).

(255) E. AdorandJ. M, Crafts, Chem, Ber., 10, 2173 (1877).

256) C. Friedel, J. M. Crafts, and E. Ador, C. R. Acad. Sci..
1877).

257) H. Limpricht, Justus Liebigs Ann. Chem.. 312, 91 (1800).
258) F.Wenzel and F. Wobisch, Monatsh. Chem.. 35, 987 (1914).

259) W. H. U. Glahn and L. N. Stanley, U. S. Patent 2,789,140 (1957).
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3. Organometallic Compounds

cocl cocl

Co - (109

CcocCl

Phosgene reacts with alkyllithium?272.273 and Gri-
gnard?™ reagents as a typical acid chloride. Depending
on the stoichiometry and the conditions, the products
are, after hydrolytic work-up, carboxylic acids, symmetri-
cal ketones, or tertiary alcohoils and their dehydration
products. When an aromatic organometallic is used, no
dehydration occurs and the tertiary alcohol can be isolat-
ed in good yield.

C4HglLi + COCl; — C4HgCOOH + C4HoCOC4Hg +

(C4H9)3COH + (C4H9)QC=CH03H7 (109)

An unusual rearrangement is reported to occur when
benzyl Grignard reagents are treated with phosgene.?74
The products from this reaction are primarily ring-substi-
tuted materials, and earlier work on the addition of al-
dehydes to benzyl Grignard reagents suggests that this
rearrangement takes place during the addition of phos-
gene to the organometallic.?275:278 Benzylzinc chloride
reacts with phosgene to give a mixture of normal and
rearranged product, while dibenzylmercury does not

react.
CERT e SR

cocl
CH,ZnCl
©/ + COCl, —
CH,COCI
O, @ m

cocCl
60% 40%

(PhCHy)Hg + COCIl, — no reaction

CH,MgCI

(112)

Lithium phenylsydnone reacts with phosgene in the
conventional manner to give good yields of the corre-
sponding ketone.277

Ph Ph

. _ o -
C{Nié'“* %&"‘\g)"{\ 7 Né (113)
!

An interesting acylation reaction occurs when 2,6-di-
tert butyl-4-methylphenol is treated with phosgene in the
presence of potassium hydroxide.27® Instead of yielding
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1369 (1965).

(278) H. A. Stansbury, Jr.,
(1967).

(
(
(
(

and R. F. Cantrell, J. Org. Chem.. 32, 824
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the expected chloroformate, acylation occurs at the 4 po-
sition to give an acid chloride.

OH 0
(CH3),C C(CHa); (CH3):C C(CH3);
COCl,
CHy CH, cocl

Lithium carboranes react with phosgene to give simple
carbonyl derivatives of the carborane.?’® Depending on
the nature of the staring material, both acid chlorides and
ketones can be formed.

o}

O'B10H1002Li2 + COCI2 — H10810

BiHio  (115)

m'B1oH1ochi2 + COCI2 _—
B1oH1cCo(COCH, + CICO(CB, gHoCCO)CI (116)

C. Addition to Multiple Bonds
1. Carbon-Carbon Multiple Bonds

The reactions of olefins with acyl halides have recently
been reviewed,28% but the analogous reactions of phos-
gene have received little attention.

Early workers?8l reported that phosgene reacts with
ethylene, in the presence of aluminum chloride, to afford
B-chloropropionyl chloride in good yield. Toluene was
used as a solvent in this reaction, and later work-
ers282-286 coyld only isolate products resulting from the re-
action of phosgene and ethylene with the solvent, with none
of the desired acid chloride being observed. However, by
using carbon disulfide as a solvent, low yields of 3-chlo-
ropropionyl chloride could be prepared.284-286 Attempts
to carry out the reaction in carbon tetrachloride or chlo-
robenzene, and to use zinc chloride as a catalyst, were
unsuccessful. Interestingly, the higher the ethylene con-
centration used in this reaction, the lower the yield of
acid chloride, a result of increased ethylene polymeriza-
tion,

AlCly
CH,=CH; + COCl, E—» CICH,CH,COCI + polymer
(117)

In addition to the reaction of phosgene with ethylene,
excellent yields of B-chloro acid chlorides have been re-
ported to be formed from propylene, 287 styrene,23% and
2-methyl-1-butene.?35 The formation of 8-chloro lactones
from the reaction of allyl alcohol derivatives with phos-
gene has also been reported.235 In light of the work on
the reactions of ethylene, these results must be viewed

(279) J. R. Reiner, R. P. Alexander, and H. Schroeder, Inorg. Chem.. 5,
1460 (1966).

(280) G. A. Olah, Ed., "Friedel-Crafts and Related Reactions,” Vol. Il-
111, Wiley-Interscience, New York, N. Y., 1964-1965,

(281) E. Pace. Gazz. Chim. Ital., 59, 578 (1929); Chem. Abstr., 24, 338
(1930).

(282) P. K. Frohlich and P. J. Wiezewich, Ind. Eng. Chem., 24, 13
(1932).

(283) S. L. Varschavski and E. A. Doroganyevskaya, Gazz. Chim. l[tal.,
64,53 (1934); Chem. Abstr., 28, 5043 (1934).

(284) A. L. Klebanskii and K. K. Tchevychalova, Dokl. Akad. Nauk
SSSA, 2, 44 (1935); Chem. Abstr.. 29, 5814 (1935).

(285) A. L. Klebanskii and K. K. Tchevychalova, J. Gen. Chem. USSR.
5, 535 (1935): Chem. Abstr., 29, 6879 (1935).

(286) A. L. Klebanskii and K. K. Tchevychalova, Chem. Zentralbl.. 1335
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(287) E. E. Reid, U. S. Patent 2,028,012 (1936); Chem. Abstr., 30, 1387
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with some skepticism. To our knowledge, no attempts
have been made to verify these results.

IC
RCH==CH, + COCl, 222 RCHCH,COCI (118)

Cl

cl
AlCI
CH,=CHCH,OH + COCl, — Z 5 (119)
o)

The palladium-catalyzed reaction of phosgene with
acetylene, in the presence of carbon monoxide, and
under pressure, has been reported to give good yields of
fumaric and muconic acid chlorides.288

HC==CH + COCl, + CO — CICOCH=CHCOCI +

CICOCH=CHCH=CHCOCI (120)

The uncatalyzed reaction of phosgene with acetylene,
in the absence of carbon monoxide and oxygen, leads to
the formation of a complex product of undefined struc-
ture which can be used in molding compounds.289

Phosgene reacts with acyclic and heterocyclic vinyl
ethers, in the presence of catalytic amounts of tertiary
amines, to give a mixture of 3-alkoxyacrylic acid deriva-
tives and a-chloro ethers, 299,291

ridi
EtOCH==CH, + COCl, 222> EtOGHCH, + EtOCH==CHCOC

Cl (121)

i cocl
@ + COOl, =8> Q\ . Q/ (122)
O cl

Although no mechanistic studies have been done, this
reaction might be explained by Scheme V.

SCHEME |V

]
cocl

C||c|t§yr cr :
~ — [ .Pcoa|—_ | ~+Ha
o] cr o)
Qee-Q.
0 cl

The addition of phosgene to enamines has recently
been reported,292-295 and the example given in- Scheme
V is illustrative of this general reaction. The iminium salt
that is initially formed is readily converted to the chloro-
formyl enamine in the presence of base. The final prod-
ucts were isolated as their methyl esters and were identi-
cal with those obtained by the acylation of the enamine
with methyl chloroformate.
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(289) A. W. Ralston, U. S. Patent 2,196,445 (1940); Chem. Abstr., 34,
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(290) R. E. Paul and S. Tchelitcheff, U. S. Patent 2,768,174 (1956).
Chem. Abstr.. 51, 5818 (1957).
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(294) H. Spanig and W. Schoenleben, German Patent 1,199,752 (1965);
Chem. Abstr., 63, 18043 (1965).
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1077 (1965); Chem. Abstr., 64, 3470 (1966).
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SCHEME V
COCI CcocCl
O 2 Ol - O
cr
CHaococn RSN

o@ 0—?}

2. Carbon-Nitrogen Multiple Bonds

The addition of phosgene to the multiple bond system
of carbodimides has recently been reported?°%:2°7 and is
illustrated in eq 123. The resultant chloroformamidine de-
rivatives are stable materials that can even be purified by
vacuum distillation.

C4H9N=C=NC4H9 + COC|2 -

C4HgN=C(CI)N(C4Hy)COCI (123)

In the presence of hydrogen chloride, phosgene reacts
with aryl nitriles to give good yields of 2-chloro-4,6-
diaryl-1,3,5-triazines and benzoyl chloride.2®® When
benzonitrile was used as a starting material, analysis of
the reaction mixture showed the presence of N-(1-chloro-
benzylidene)carbamoyl chloride. This intermediate was
isolated, and when allowed to react with benzonitrile, in
the presence of hydrogen chloride, gave the expected tri-
azine. This evidence, in addition to some 14C tracer ex-
periments, led to the mechanism of Scheme VI for the
reaction.

SCHEME VI
Cl Cl

| €OC,
ArCN + HCl —> ArC=NH —— ArC=NCOCI
|

ArC=NH
Cl

Cl Ar
N=C —Ar
/L )o\ - Ar_cf/ 1/0
AN gl ’N\LC<
Cl

Cll
Ar— C=NH

Ar

Aliphatic nitriles, having at least one o-hydrogen atom,
react with phosgene, in the presence of hydrogen chio-
ride, to produce good yields of 6-chloro-2,5-dialkyl-4(3H)-
pyrimidine hydrochlorides.?99:3%0 Small amounts of the

(296) P. Fischer, German Patent 1,131,661 (1962);
1401 (1963).
(297) H. Ulrich and A. A. R. Sayigh, J. Org. Chem.. 28, 1427 (1963).

(298) S. Yanagida, H. Hayama, M. Yokoe, and §. Komori, J. Org.
Chem.. 34, 4125 (1969).

(299) S. Yanagida, M. Ohoka. M. Okahara, and S. Komori, J. Org.
Chem.. 34, 2972 (1969).

(300) S. Yanagida, M. Ohoka, M. Okahara, and S. Komori, Tetrahedron
Lett.. 2351 (1968).

Chem. Abstr.. 58,
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4.,6-dichloro derivatives are generated by further reaction
of the initial product with phosgene. Scheme VII has been
proposed.

SCHEME VII

cl
RCH,CN + HCl —> | RCH,C=NH | —

cl
¢l
| ’|‘|‘H RCH,—C
cocl, N\ -HCI
RCH;—C=N—C—CH,R ——> N e
ol—g—N=c
CH,R
Cl ]
=N Rf coc! f\
N 2
H - |
7
o) N’I\CHZR o) N)\CHR )\CH R

When an arylacetonitrile is treated with phosgene, in
the presence of excess hydrogen chloride, the principal
product is a 1,3-dichloroisoquinoline, formed by cycliza-
tion of an intermediate carbamoyl chloride as shown in
Scheme V|1].30

SCHEME VIII
! 77
CH—CN ¢ CH—C=NH
coc,
R R
R H R
Y |
T e “Se—a
=L~
oo NCO
R ( R
0
R’ R
O e ¢l
ocl,
oo O
R R
o ol

Phosgene is reported39? to react with dimethylcyanam-
ide to give good yields of the complex chloroformidinium
chloride (4). Compound 3 is believed to be an intermedi-
ate in this reaction.

(CHz),NCN + COCl, —»

cl 0 o]
| coct,
(CHgl,N—C=N—C—N=C—N(CHg), —>
3
cl cl cl

(CHg)sN—C=N—C=N—C=R(CHy), CI"
4

(124)

V. Reactions of Phosgene with Inorganic
Compounds

The usual method for removing phosgene from process’
waste gases is by water hydrolysis. Concentrated sodium

(301) S. Yanagida, M. Ohoka. and S. Komori, J. Org. Chem.. 34, 4127
(1969).

(302) K. Bredereck and R. Richter, Angew. Chem.. 76, 714 (1964).



90 Chemical Reviews, 1973, Vol. 73, No. 1

hydroxide solutions are generally used, since the reaction
of phosgene with pure water is quite slow, even at elevat-
ed temperatures.393 Kinetics data on the hydrolysis of
phosgene in mixed solvents3%4-398 and in the vapor
phase3%” have been reported. The use of activated car-
bon308-310 and aluminad'! as hydrolysis catalysts has
been reported.

COC|2 + Hzo — 2HCI + COQ

Phosgene reacts with ammonia to give carbamyl chlo-
ride, which, depending on the reaction conditions, can
undergo secondary reactions to afford urea or cyanic
acid derivatives.312:313 The reaction of phosgene with so-
dium amide, at room temperature, results in the forma-
tion of sodium cyanate, while at elevated temperatures,
cyanogen halide derivatives predominate (Scheme |X).

SCHEME 1X

H
COCl; *+ NHy — NH,COCI 225 NH,CONH,
~-HCI

[HNCQO]

COCl, + 3NaNH, —> NaCNO + 2NaCl + 2NH,

COCl, + 5NaNH,(250°) —> Na,NCN + 2NaCl + 3NH; + NaOH

The reaction of phosgene with water has been used to
convert hydrated inorganic salts to their anhydrous
forms.314 Among the salts so treated are MgCl,-6H,0,
SrCl2+6H,0, BaCl2+2H,0, SnCly-2H,0, SnCls5H,0,
CuCly+2H,0, FeClz6H,0, CoCly'6H,0, and NiCl,-6H,0.
Although hydrated beryllium chloride could not be dried in
this fashion, the hydrated chlorides of titanium, aluminum,
and chromium were easily made anhydrous.

At elevated temperatures, phosgene has been used to
convert a number of metal oxides to the anhydrous metal
halides. These metal oxides include aluminum,315.318
germanium,3'7 tantalum,318.319  yranium,320,321  tjn 322
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(312) A. Perret and R. Perrot, Bull. Soc. Encour. Ind. Nat., 134, 552
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(313) R. Fosse, P. de Graeve, and P. E. Thomas, C. R. Acad. Sci.. 202,
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(315) 1. G. Farbenindustrie A.-G., British Patent 718,773 (1954); Chem.
Abstr., 49, 4952 (1955).

(316) J. Hille and W. Durrwachter, Angew, Chem., 72, 850 (1960).

(317) 1. S. Vavilov, R. L. Magunov, and A. I|. Perfil'ev, Ukr. Khim. Zh.,
33,772 (1967);, Chemn. Abstr., 67, 120417 (1967).

(318) W. N. Svoboda and D. F. Stevenson, AEC Report 1S-1799, 1968;
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plutonium 323 niobium,324-326 tjitanium,325,327-329 perylli-
um,33% cadmium,331 and thorium.332 This conversion is of
interest as a process for reclaiming fuel elements for nu-
clear power systems.

MxOy + yCOC|2 — MxC|2y + yCOz

In an analogous fashion, uranium hydride,33% aluminum
selenide,334 niobium oxychloride,335 and tungsten oxy-
chloride338 have been converted to their respective chlo-
rides. The reaction of phosgene with aluminum selenide
serves as a synthetic route to selenium carbonyl.334

Al;Se; + COCI» (220°) — AICI; + COSe

The reduction of phosgene to methanol by reaction
with lithium aluminum hydride has been described.337

COCI, + LiAlH; — CH30H

Phosgene reacts with inorganic fluorine compounds,
under strenuous conditions, to give a variety of products,
as illustrated in the following equations,338-342

COCl; + CaF; (500°) — CF4 + CF3Cl + CF,Cly, + CFCl3

COCl, + SbF; (145°) — COCIF

COCI, + NaBeF; —
CF4 + CF3Cl + CF,Cly, + CFCl3 + BeCl;

COCL, + HF (800°) — CF,4 + CF3Cl + COF, + COFCI

Perhaps the best method for the conversion of phos-
gene to carbonyl fluoride involves the use of nitrogen tri-
fluoride.343

COC|2 + NF3; — COF2
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Phosgene has been reported to form stable, well-de-
fined, 1:1 complexes with Lewis acids such as alumi-
num chloride,344-349 poron halides,349:35% thionyl chlo-
ride,3%1 antimony chloride,348:34% and tin chlorides.34®
The complex with aluminum chloride has been studied
most extensively, and these studies demonstrate that
phosgene is coordinated to the metal in such a way that
the chlorine atoms of phosgene do not lose their integri-
ty.344.,347

The literature also makes reference to the recovery of
platinum metal from spent catalysts by treatment with
phosgene to form a volatile "'carbonyl chloride complex,”
followed by hydrolytic hydrogenation to reprecipitate the
platinum,352

VI. Disproportionation of Phosgene

When phosgene is heated in the presence of activated
carbon,353 or a variety of metal catalysts,353-358 dispro-
portionation occurs to yield carbon tetrachloride as the
major product.

2COCI; + catalyst (250-450°) — CCl4 + CO,

344) J. L. Huston and C. E. Lang, J. Inorg. Nucl. Chem., 4, 30 (1957).

345) A. F. O. Germann and D. M. Birosol. J. Phys. Chem., 29, 1469
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346) Z.lgbal and T. C. Waddington, J. Chem. Soc. A, 1745 (1968).
347) J. L. Huston, J. Inorg. Nucl. Chem., 2, 128 (1956).
D. E. H. Jones and J. L. Wood, J. Chem. Soc. A, 1140 (1967).
349) K. O. Christe, /norg. Chem., 6, 1706 (1967).
350) D. R. Martin and J. P. Faust, J. Phys. Colloid Chem., 53, 1255
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Chem. Abstr., 57, 12105 (1962).
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Vil. Summary

Quite apart from the wide-spread commercial use of
phosgene as an acylating agent (isocyanate and chloro-
formate chemistry), the literature abounds with refer-
ences on the interaction of phosgene with a broad spec-
trum of organic functional groups. In our review we have
examined these reactions and categorized according to
the point of attack by phosgene. Thus, phosgene reacts
with a multitude of nitrogen, oxygen, sulfur and carbon
centers, as well as with a variety of inorganic com-
pounds. The diversity of reactions that phosgene under-
goes includes acylation, chlorination, decarboxylation,
and dehydration reactions, all of which have been dis-
cussed. While compiling this review, we came to the
conclusion that more in-depth studies of phosgene chem-
istry should be made. We believe that the potential of
phosgene as a useful (and interesting) chemical interme-
diate has not been realized. It is our hope that this paper
will serve to stimulate more research on the chemistry of
phosgene.
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