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Abstract—The review summarizes published data on the synthesis and reactihihalocarboxamides.
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I. INTRODUCTION processes involving both the halogen and the nitrogen

atom. The most important reactions are halogenation,
Among numerous compounds, which posseshkalohydroxylation, addition at multiple bonds, acyl-
an N-HIg bond and are generically called-halo amination, oxidative imination, and some other
reagents N-halocarboxamides attract attention dueprocesses. These reactions have found wide applica-
to their accessibility and high reactivity. The hightion in fine organic synthesis for preparation of
reactivity of N-halocarboxamides originates from halogen derivatives, carbonyl cgmounds, halo-
the presence of very labile-NHIg bond and versatile hydrins, imino derivatives of sulfur, selenium, and
modes of its splitting. Depending on the conditionsphosphorus, acylamino compounds, and other valu-
cleavage of the NHIg bond in carboxamides could able products. Some products turned out to be bio-
give rise to various highly reactive intermediates suchogically active substances 4], complexing agents
as halogen radicals, halogen cations, aminyl anion$5], inhibitors of acid corrosion [6], and electrolytic
nitrenes, etc. As a resultiN-halocarboxamides are additives [7].N-Halocarboxamides are also important
capable of participating in various radical and ionicfor the chemistry of natural compounds; they are used
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298 KOVAL’

as mild and selective oxidants for transformation oimedium in the presence of acetate buffer. Gaseous
hydroxy group into carbonyl (e.g., in the synthesisfluorine reacts with carboxamides to afford mixtures
of steroids [8]), as well as halogenating [9, 10] andof C- and N-fluorinated products which are likely to
halohydroxylating agents [11, 12]. be formed via radical processes [18]. However, these
The chemistry of N-halocarboxamides was the reactions were not studied in detail, and they are not
subject of review articles [13, 14], where the dataused for preparative purpose.
reported until 1970 were covered. However, since that
time numerous new data appeared, which are sum- 11.2. Halogenation with Metal Hypohalites
marized in the present review.
Metal hypohalites are more convenient reagents for
II. METHODS OF SYNTHESIS preparation ofN-halocarboxamides, as compared to
OF N-HALOCARBOXAMIDES molecular halogens. In reactions with metal hypo-
halites, the concurrent C-halogenation is less probable.
All known synthetic routes td\-halocarboxamides N-Halocarboxamides are usually obtained by adding
are based on halogenation of carboxamides witRn equimolar amount of sodium hydroxide to a mix-

various halogenating agents. ture of molecular halogen and carboxamide [19] or by
_ _ adding an equimolar amount of preliminarily prepared
I.1. Halogenation with Halogens hypohalite solution to carboxamide [20].

Elemental halogens (except for fluorine) are most
frequently used for halogenation of carboxamides, and RCONH,
the reaction follows ionic mechanisnN-Monosub-
stituted and unsubstituted carboxamides relativelyrR = H, Me, CHBr, CH,F, CHCl, CCl,, CF;, Et; X = Cl, Br.
readily react with iodine, bromine, and chlorine to
give the correspondiniy-halo derivatives [15]: Excess alkali should be avoided, farhalocarbox-
amides possessing an ¥ moiety can undergo
RICONXR? + HX Hofmann rearrangement in alkaline mediuhksub-
stituted N-halocarboxamides can undergo hydrolysis
with formation of the initial amide. Hardy and Robson
[21] studied the mechanism of halogenation of
. : . N-methylbenzamide with sodium hypochlorite. The
The reaction is reversible; polar solvents, €.9.ro5ction begins with attack by hypochlorite ion on
water, favor formation of the target products. It washe carnonyl oxygen atom, which involves transition
presumed [16] that primary attack by halogen on theaten and givesO-chloro derivative as intermediate.
carbonyl oxygen atom is followed by © N-réar-  rpg |atter undergoes © N rearrangement to afford

RCONHX

R'CONHR? + X,

R! = Alk, Ar; R?2 = Alk, Ar, H; X = Cl, Br, I.

rangement: the final N-chloroamide:
0cl _
1 2 o 1 . PUnEN
RICONHR? =———= |R'—C=NHR?|Cl PhCONHMe + OCIT =——= |Ph—C 0"
N
N—n
” Me'
——— |R'—C—NHRCI | CI” A
7 i
1 2 —-OH™
RICONCIR? + HCI ——— >  ph—C=NMe =—— Ph—C—NCIMe

In some case£-halo derivatives are also formed
as a result of decomposition ®™-halocarboxamides I1.3. Halogenation with Alkyl Hypohalites
in acid medium with liberation of cationic halogen
species which then attacks other atoms of the amide. A large number ofN-chlorocarboxamides were
In order to suppress this process the reaction can lsynthesized by the action dért-butyl hypochlorite
performed in a buffer solution. Otsuket al. [L7] on the corresponding amide in an organic solvent
reported on the synthesis ®fN-dichlorobenzamide (MeOH,t-BuOH, CCl,, etc.) [22-25]. These reactions
by chlorination of benzamide with chlorine in aqueousare carried out by adding an equimolar amount of
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tert-butyl hypochlorite to a solution of an amide in A series ofN-bromocarboxamides was prepared by
appropriate solvent, and the mixture is kept for-10 treatment of carboxamides with benzyltrimethylam-

20 h in the dark. monium tribromide [30]:
RICONHR? — 209 bicoNCR? RCONH, + Mey(PhCH R By ——l ~  RCONHBr
R' = Me, Ph, CHCI, CH,Br, MeNH, EtNH; R = H, Ph, + Mey(PhCHpN-Br~ + NaBr + H,0
MeO, PhCHO.
R = Bu, GHy;, CigH,s, Ph, 4-CIGH,, 4-BrGH,,

Reactions of N-unsubstituted carboxamides with 3-NO,CeH,, 4-NO,CgH,.
2 equiv of t-BuOCI yield the correspondingy,N-di-
chlorocarboxamides [22]. Insofar asrt-butyl hypo- Il REACTIONS OFN-HALOCARBOXAMIDES
iodite is unstable N-iodocarboxamides are obtained lI.1. Halogenation

by reaction of carboxamides witkert-butyl hypo-
chlorite in the presence of iodine [26, 27] or mercury Some N-chlorocarboxamides, e.gN-chloro-

diiodide [27] in CC],. p-nitroacetailide and N,p-dichloroacetaitide, are
capable of chlorinating unsaturated compounds at
+-BuOCl (I, or Hgl,) the allylic position [13]. However, these compounds
RCONH, RCONHI have not found wide application as halogenating
agentsN-Bromoacetamide is a well known halogenat-
R = H, Me, CHCI, CHBr, Ph, 4-MeGH,, 4-NO,CH,. ing agent which is widely used for replacement of

_ o allylic hydrogen atom in unsaturated compounds by
Barton et al. [28] studied fluorination of carbox- promine [8, 15, 31].

amides with trifluoromethyl hypofluorite. The authors
succeeded in obtainingN-fluoro derivatives from N
aliphatic carboxamides, but reactions with excess e=C—¢
trifluoromethyl hypofluorite resulted in further o
fluorination to afford mixtures of various fluorinated
products.

— + MeCONHBr

- Ne=C—C— + MeCONI,
/ |

CF,OF Br
1 2 1 2
R*CONHR — = R CONFR

On the other hand, reactions of some unsaturated

CF;0F . .
— o R'CORF,R-F,CO compounds withN-bromoacetamide were accom-
panied by formation of dibromo derivatives, which
RICOF + R®NF, + R!COOCE, is an essential drawback in the application of this

reagent. It was shown [13] that allylic bromination of
unsaturated compounds with-bromoacetamide can
be accelerated by heating or UV irradiation. This
means that the process follows a radical path. The
formation of dibromo derivatives is the result of
addition of bromine radical at the=C bond.

Reactions of CEOF with aromatic carboxamides
led to fluorination of the aromatic ring.

II.4. Halogenation with Other Halogenating Agents

Kajigaeshiet al. [29] desribed a convenient proce- |

dure for preparation oN-bromocarboxamides using Ne=C—C— + B —— C_c_cl_
sodium bromite as brominating agent. A concentrated ~ | T 1]
K . . H Br H
agueous solution of sodium bromite was added to
a solution of carboxamide in acetic acid to obtain Br
81-97% of the correspondiny-bromo derivative. MeCONHBr N Ll
T 1]
NaBrO, Br H
RCONH, RCONHBr _ _ _ o )
Auricchio et al. [10] described bromination with
R = CH,s CHyo CiiHos CisHyn CicHay, PACH, Ph, N-bromoacetamide of erythronolide B; the product
4-MeGH,, 4-NO,C,H,, 4-CICH,. was the corresponding 8-bromo derivative.
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Exchange reactions oN-halocarboxamides with
primary and secondary aliphatic amines lead to forma-
tion of N-haloamines [8, 13].

MeCONXPh

RNHX + MeCONHPh

2MeCONXPh
—— > RNX, + MeCONHPh

R;NH + MeCONXPh

Depending on the nature df-bromocarboxamide, RNX + MeCONHPh

bromination of toluene can occur both at the aromatic
ring and at the side chain [13]. R = Alk; X = CI, Br.

cH, [11.2. Halohydroxylation of Unsaturated Compounds

N-Halocarboxamides react with olefins in aqueous
medium to give products of addition of halogen and
CHy hydroxy group at the double bond [8, 32]:

Br
RCONHBr I
—_— OH
H,0 |

N N
CH,Br C=C + RCONHX —— C—C—
? / A
X

X = Cl, Br.
II
I:ll: R = Me, 0:100; R = CG} 17:83; R = CHCI, Reactions of olefins withN-bromoacetamide in
62:38; R = CHC), 82:18; R = CF, 88:12. aqueous medium (bromohydroxylation) were studied
in most detail. As a rule, these reactions are carried
out in mixtures of water with organic solvents (such

It was presumed that the bromination at theas acetone, dioxane, pyridingrt-butyl alcohol, etc.)

N-bromocarboxamides containing elect@eeeptor oo qjas was presumed [32] to be hypobromous acid
substituents are more prone to react by ionic mechggio, i formedin situ by reaction ofN-bromoacet-
hism due to their ability to generate b_romlne Cat'onamide with water. Bromohydroxylation of olefins
The chlorination ofo-naphthylamine withN-chloro- — i '\ promoacetamide is catalyzed by HGI@hich
acetanilide was also reported [13]. The reaction ig,,qs generation of hypobromous acid. The reaction
facile; depending on the reactant ratio, either mono- o enerally characterized by high regioselectivity: it

dichloro derivative is formed. is likely to involve cyclic bromonium intermediate:

NH, +
Br
MeCONHBr, H,0
MeCONCIPh Neee” 2 N
/ AN / AN
NH,
Cl I|3r
OH™ N /
-] ——  —C
I TR
NH, OH
cl
2MeCONCIPh . . o
— OO N-Bromoacetamide reacts with olefins in anhydrous
alcohols to give alkoxy bromides, while in glacial
Cl acetic acid acetoxy bromo derivatives are formed [8],
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Scheme 1.

COCH,0COCH; COCH,0COCH;

«wOH ~OH
MeCONHBr (H,0—dioxane)
HCIO,

COCH,0COCH,

KOAc, EtOH

Scheme 2.

PhCH,0OCH,

- . 0._0
PhCH,OCH, CH,0CH,Ph §
Br

CH,OCH,Ph

00 MeCONHBr —_—
& PhCH,0OCH,. .

L . O O
Do
HO"

in keeping with the proposed mechanism. This react6w,17c-epoxycorticosterone, the initial step being
tion is widely used in the chemistry of natural com-bromohydroxylation of androsta-3,17-diene-4,9-dione
pounds, e.g., in the synthesis of steroids [8]. In thevith N-bromoacetamide [36].

bromohydroxylation gi) steroidal 9(11)<€C bond The bromohydroxylation of bicyclo[3.2.0]hept-2-
brlcln(%le adds to &), and hydroxy goup, t0  ene-6-spiro-2[4',5-bis(benzyloxymethyl)]-1,3-dioxo-
C . As an example, Scheme 1 illustrates th§ane with N-bromoacetamide in acetoneater (4:1)

synthesis of 8-halohydrocortisones, where the keyar 2C yields a mixture of two isomeric bromo-
stage is bromohydroxylation witN-bromoacetamide hydrins [37] (Scheme 2).

of 21-acetoxy-1d@-hydroxy-A**Lpregnadiene-3,20-
dione. The yield of &-bromo-@-hydroxy steroids
considerably increases when the reaction is perform
in dimethoxymethane instead of dioxane [33]. Sond
heimer and Wife [34] described the synthesis o
acetylbufalin through bromohydroxylation of 1,4-de-
hydroacetylbufalin witiN-bromoacetamide.

Turutaet al. [35] obtained &-bromo-1&-ethynyl-
11B,17B-dihydroxyandrost-4-en-3-one in 83% vyield o eCONHBr on
by bromohydroxylation of 1d-ethynyl-1B-hydroxy-
androsta-4,9-dien-3-one witN-bromoacetamide. The
same authors accomplished a multistep synthesis of OH

CH,OCH,Ph

Transformation of unsaturated bicyclic ketone into

e corresponding bromohydrin by the action of
N-bromoacetamide is the key stage in the chemical
gnzymatic synthesis of carbocyclic analog of Oxetano-
cin A [38].

0 Ph 0 Ph
Br
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[11.3. Haloacylamination of Unsaturated Compoundsthe major products are the corresponding amides and
haloalkenes formed by allylic halogenation.

Simultaneous introduction of a halogen atom and The second procedure for addition dfhalocarbox-
acylamino group into unsaturated compounds can bgmides to alkenes utilizes chromium(ll) chloride as
effected through addition oN-halocarboxamides at catalyst [44, 4648]. As well as photochemical addi-

the multiple bond. These reactions were consideregon, the process follows radical mechanism and
in detail in [39, 40]; therefore, the present reviewinyolves RCONH radicals [46, 49].

contains only the main points and also some pub-
lished data which were not covered. Two procedures

. . RCONH--XCrCl,
were developed to accomplish addition Bfhalo-

RCONHX + CrCl,

carboxamides to alkenes. The first of these involves N /
photolysis of a mixture ofN-halocarboxamide and SO | .
alkene in an organic solvent [443]. The major side RCONH RCONH_Cl_C_X

process is allylic halogenation which leads to forma-

tion of 3-haloalkenes and amides. A detailed study B
of the photolytic reaction was performed with the RCONHX |
addition N-halocarboxamides to cyclohexene as ————— RCONH—C—C—X
an example. ~RCONH I
v NHCOR X = ClI, Br.
@ + RCONHX —mmm E:(
X Apart from allylic halogenation, the reaction is

accompanied by formation oHtadduct via reduction
X of radical adductB with chromium(ll) chloride. The
addition of N-halocarboxamides to cyclohexene in
* d *+ RCONH, chloroform-methanol at-78 to 20°C leads to forma-
tion of several products.

R = Alk, Ar; X = ClI, Br.

crcl, NHCOR
+ RCONHX —mmm
The yield of thecis- andtrans-adducts ranges from @ X
25 to 99% when the reaction is carried out-&a0 to
20°C in methylene chloride or chloroforrmethanol NHCOR
[41-43, 44]. In nitromethane as solvent the yield is + O/ + RCONH,

about 53% [43], and in benzene, 42% [43]. Lowering
the temperature favors formation of the addition
products. Also, the natures of the halogen X and
radical R in the initialN-halocarboxamide are import- _ _ .
ant. Mirskovaet al. reported [39] that the yield of  The yield of isomeric adducts ranges from 34 to
the 1,2-adduct increases in the following R series88% [44, 46, 47, 49]. In reactions withl-chloro-
t-Bu < Pr < Et < Me < CHCH,CI < CH,Br < carboxamides, the nature of the R radical in the
CH,CI < CH,F < CHCl, < CCl, < CF; (from 37 to feagent is important. The yield of a mixture of the
99%, the cis isomer prevailing. This series was Cis- and trans-adducts increases from 34 to 78% in
explained [39] in terms of increase in the electrophilicthe following series of R: Me < NH < CCl; <
character of the RCRH radical on introduction of CHCl < CF; [36]; simultaneously, the yield of
electron-acceptor substituents R. The rate of additioAH-adducts falls from 36 to 2%. In the addition of
of N-bromocarboxamides (reaction time545 h) is N-bromocarboxamides the nature of the R radical only
higher than the rate of addition di-chloro analogs slightly affects the yield of the adduct, but the reaction
(21-53 h), but in the former case the yield of 1,2-ad-iS accompanied by electrophilic bromination [46].
ducts is smaller [41, 43]. Photochemical addition of Catalytic addition ofN-halocarboxamides to nor-
N-substituted N-halocarboxamides ®ON(X)R?>  bornene results in formation of two products whose
(R? = Alk, Ac) to alkenes is difficult to occur, and yield also depends on the R radical in the initial
the yields of the adducts are low [42, 43, 45]. HereN-halocarboxamide [46].

R = Alk, Ar; X = ClI, Br.
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CCl,, EtOH a
RCONHX + || + phconc, ———
(0] Y NHCOPh
cl
CrCl, NHCOR Ab/NHCOR (I
, + + + PhCONH,
0 OEt
X
I v Reactions ofN,N-dichlorocarboxamides with tri-
X = CL Br R = Me: lll . 2%: IV 83% chloroethylene in the absence of oxygen yield 1,1-bis-
= Cl, Br; R = Me: lll, 2%; IV, 83%; ich. i
R = CHCI Il 33%: IV, 55%. (acylamino)-2,2,2-trichloroethanes [53] which, in

keeping with the data of [54], are products of further

N-Halocarboxamides react with some CyCI0hexemgransformation of the initially formed Schiff bases.

derivatives to give 35 to 87% of isomerastrans

adducts [41, 44, 46, 47]. These data indicate high SN
: i : : RCONCI, + Cc=cC

regioselectivity of both photochemical and catalytic 2 /

addition of N-halocarboxamides to alkenes. a a

Ny, 85-90°C, 10h

(RCONH),CHCCl,

Rl
R! X
2
Q/ + R*“CONHX - R - Me, Ph
NHCOR?

Reactions ofN-halocarboxamides with acetylenic
hydrocarbons have been studied to a considerably
lesser extent. It was noted [32] thHdtbromoacetamide

High regioselectivity is also inherent to the addition'©acts with terminal alkynes in the presence of hydro-
of N-halocarboxamides to 1-octene [42, 45], 1,1-di-9en fluoride to afford 'bromofluoroalk_enes generally
ethoxyethene [43], 1-hexene [50], 3 3-dimethyl-1-ha"'”g trans configuration. The bromine atom adds

butene [50], 1-dodecene [42, 46], cyclohexadiene, anfeferentially to the terminal carbon atom. The pres-
norbornadiene [43, 46, 49]. ence of electron-acceptor groups in the initial alkyne

hinders the reaction.

R' = Me, MeO, MeCO, Cl; R = Me, CHCI|, CF;
X = ClI, Br.

Unlike N-monochloro derivatives,N,N-dichloro-

benzamides react with styrene to form only addition MeCONHEr, HF

products at the double bond\-(2-chloro-2-phenyl- C,HC=CH C,HsCF=CHBr
ethyl)_amides (7'—5_92%) [51]. Acpordir!g to [17], the
reaction ofN,N-dichlorobenzamide with cyclohexene phC=CH —PCONHBr, HF - reCHBr

results in formation of three products.
The addition ofN,N-dichlorobenzamide to phenyl-
a acetylene, followed by treatment of the reaction mix-
@ + PhCONCl, ———— Oi ture with a solution of sodium hydrogen sulfite, leads
NHCOPh to formation of two productsN-(1,2-dichlorostyryl)-

benzamide (68.5%) and 1,1-dichloro-2,2-bis(benzoyl-

Cl
amino)-1-phenylethane (12.7%) [55].

+ + PhCONHCI PhCClI=CCINHCOPh
PhCONCI, o

PhC=CH
N,N-Dichlorobenzamide reacts with dihydropyran — = PhCCl,CH(NHCOPh),

in CCl,; subsequent heating for a short time of the
primary products in alcohol leads to formationas$- Orazi et al. [56] reported on the addition of
and trans-2-benzamido-3-chlorotetrahydropyran, N-chlorocarboxamides to diazomethane with forma-
3-chloro-2-ethoxytetrahydropyran, and benzamidéion of N-(chloromethyl)carboxamides. The chlorine
[52]. Presumably, one of the primary products isatom in the latter can be replaced by various nucleo-
2,3-dichlorotetrahydropyran. philes, e.g., by morpholino group.
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R'CONCIR? + CH,N, — R!CON—CH,CI NTs NTs
N2
R? KOAc
+ RCONHCI
(\NH NHCOR
O\) /\ (0] (0]
———= R!ICON—CH,—N O
\_/
R? R = Me, Ph, 4-MeGH,, 4-NO,C,H,.
R' = Alk; R? = H, Al In the presence of exceds-chlorocarboxamide

2,6-bis(acylamino) derivatives are obtained [57, 58].

[11.4. Acylamination of Quinoid Compounds
NTs

Anions generated fronN-chlorocarboxamides by

the action of bases are capable of participating in + 2RCONHCI
nucleophilic substitution of hydrogen at an electron-
deficient carbon atom in quinoid systems. Here, the 0
replaced hydrogen atom adds to the nitrogen, and
chloride ion is a leaving group. NTs
2KOAc, acetone
P 1 <t RCONH NHCOR
+ CI—NCOR —— NCOR 0
H
X X Acylamination of 2-chloraN-p-tolylsulfonyl-1,4-
benzoquinonimine results in introduction of the acyl-
X amino group into position6. The structure of the
product was proved by independent synthesis [57, 59]
_ (Scheme 3). Further treatment of this product with
-¢ NHCOR excess N-chlorocarboxamide leads to formation of
X 3,6-bis(acylamino) derivatives [59] (Scheme 4).

Bezverkhii et al. [60] described acylamination of
For example, equimolar amounts bEp-tolylsul-  N-arylsulfonyl-1,4-naphthoquinonimines in acetone in
fonyl-1,4-benzoquinonimine amd-chlorocarboxamide the presence of an equimolar amount of triethylamine.
react in acetone or methanol in the presence of pota$he reaction yielded the corresponding 2-acylamino-
sium acetate to give the corresponding 2-acylamin®-arylsulfonyl-1,4-naphthoquinonimines (Scheme 5).

derivatives [57, 58]. According to [60],N,N-bis(phenylsulfonyl)-1,4-naph-
Scheme 3.
NTs
KOAc, acetone
+ RCONHCI ———————
Cl NTs
0
NTs NTs RCONH cl
HCI, AcOH Pb(0Ac), 0
RCONH RCONH cl
0 OH

R = H, Ph, 4-MeGH,.
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Scheme 4.
NTs NTs
HCOR?
KOAc, acetone NHCO
+ R2CONHCI
R'CONH Cl R'CONH Cl
0 0
R' = Ph, 4-MeGH,; R?> = H, 4-MeGH,.
Scheme 5.
NSO,Ar NSO,Ar
Et;N
XY+ weowa = Y]
NHCOR
0 0
Ar = Ph, 4-MeGH,, 4-NO,CiH,; R = Ph.
Scheme 6.
NSO,Ph NSO,Ar
2Et3N, acetone
+ 2RCONHC] —8M8M
RCONH NHCOR

NSO,Ph NSO,Ph
R = Ph, 4-CIGH,.

thoquinonediimine cannot be involved in this reaction These reactions occur in an inert organic solvent

since the predominansyn isomer is sterically hin- (such as carbon tetrachloride, dichloroethane, benzene,
dered for attack byN-chlorocarboxamide anion. On etc.) at room temperature or on slight heating and

the other hand,N,N'-bis(phenylsulfonyl)-1,4-benzo- require the presence of a catalytic amount of iodine or

quinonediimine relatively readily undergoes acyl-tetraethylammonium bromide. No appreciable effect

amination to form 2,5-bis(acylamino) derivatives [61]of UV irradiation or peroxide initiators is observed.

(Scheme 6). It was presumed [64] that sulfur adichlorocarbox-
amide initially form a ionic complex which decom-
l11.5. Oxidative Imination of Sulfur poses via cleavage of the-S bond. The subsequent
and Sulfur Compounds reaction withN-chlorocarboxamide leads to formation

of acylaminosulfenyl chloride which is then converted
I11.5.1. Oxidative imination of sulfur and into acyliminosulfur dichloride.
inorganic sulfur compounds. Elemental sulfur rela-

tively readily reacts withN-halocarboxamides to form _S S+ *NCOR
different products, depending on the reaction condi- Se~§ * RCONHCI Sl
tions and the nature of the halogen and acyl radical.
Reactions of sulfur withN-chlorocarboxamides at RCONHS ---Cl
a ratio of 1:2 yield acyliminosulfur dichlorides and Cl—S—S;- - *NCOR
carboxamides [654].

_NHCOR

—— RCONHSCl + S
S + 2RCONHCI scl

I, or Et4NBr

RCON==S8Cl; + RCONH, RCONHSCI + RCONHCI

R = t-Bu, CHCI, Ph, 4-MeGH,, 4-CICH,, 4-BrCH,. — = RCON=SCl; + RCONH,
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According to [64], the reactivity oN-chlorocarbox- Acyliminosulfur dichlorides were obtained by reac-
amides toward sulfur decreases with increase in thigons of sulfur with N,N-dichlorocarboxamides in
electron-acceptor power of the acyl radical. When Ranhydrous organic solvents (benzene, carbon tetra-
is an electron-donor groug-Bu, 4-MeGH,, or Ph), chloride, dichloroethane, etc.) in the presence of cata-
the reaction occurs relatively readily at°® When lysts (b, FeCL, AICI;, Et,NBr) [66, 67].

R = 4-CIGH, or 4-BrGH,, the reaction mixture

should be heated at 300°C. N-Chloro{-nitrobenz- Catalyst, 20°C

amide does not react with sulfur at 0, and on S + RCONCL
prolonged heatingN,N’-bis(p-nitrobenzoyl)sulfur

diimide is formed. In this case, the reaction was R = 4-CIGH,, 2,4-CLCqHs, CeFs.

presumed [64] to involve intermediate formation of

p-nitrobenzoylaminosulfenyl chloride which then Under more severe conditions, the same reaction
reacts with the secontl-chloro amide molecule to Wwith excessN,N-dichlorocarboxamide yieldsl,N"-di-
give aminosulfinimidoyl chloride. The latter is con- acylsulfur diimides [68].

verted into N,N'-bis(p-nitrobenzoyl)sulfur diimide

i i 70-80°C
via loss of hydrogen chloride molecule. S + 2RCONCI,

RCON=SCl,

(RCON=),S
S + 4-O,NCgH,CONHCI ——  [4-0,NC4H,CONHSCI]
ONCAHLCONLCI Sulfur(l) chloride readilyundergoes oxidative
26t 4-0,NCgH,CONHS=NCOCH,NO,-4 imination with N-ch!orgca_lrboxamlde_s [64]. The reac-
tion occurs at 2625°C in inert organic solvents.

Cl

(4-0,NCH,CON=),S SoCly + 4RCONHCI ——  2RCON=SCl,

N-Chlorotrichloroacetamide reacts with sulfur by + 2RCONH, + Cl

a similar scheme, but the final productNsN'-bis(tri-

chloroacetyl)amidosulfinimidoyl chloride [64]. R = CHCI, 4-CIGH,, 4-BrGH,.
S + 2CCI3CONHCI The initial stage of the process is cleavage of the
S-S bond with formation of acylaminosulfenyl
A0, CCly 1 CONH—S—=NCOCC chloride and sulfur(ll) chloride; the reaction of the
? ? latter with N-chlorocarboxamide affords acylimino-
a sulfur dichloride.

The halogen nature essentially affects the structure
of products formed by reactions of sulfur wikixhalo-
carboxamides.N-Bromocarboxamideseact with
sulfur to form N,N-thiobis(acylamines) which are
likely [65] to result from decomposition of inter- ————=  RCON=SCl, + HCl
mediate acylaminosulfenyl bromides.

S,Cl, + RCONHCI ————= RCONHSCI + SCl,

SCl, + RCONHCI —— [RCONHSClg]

RCONHC!I + HCI

RCONH, + Cl
2S + 2RCONHBr —— 2[RCONHSBr] 2 2

(RCONH),S The proposed mechanism was confirmed experi-
mentally, namely by oxidative imination of sulfur(ll)
chloride withN-chlorocarboxamides at a reactant ratio
of 1:2 [64]. Intermediate acylaminosulfur trichloride
In turn, N,N-thiobis(acylamines) can react with loses hydrogen chloride molecule which adds to
N-chlorocarboxamides to afford amidosulfinimidoyl strongly basic amides to form salts. In this case,

R = Me, 4-MeGH,, 4-CICH,, 4-BrC,H,, 4-NO,C,H,,
2,4-CLCH,.

chlorides [65]. the scheme of oxidative imination of sulfur(l) and
sulfur(ll) chlorides with N-chloracarboxamides looks
(PhCONH),S + PhCONHCI as shown in Scheme N-Bromocarboxamides react
with sulfur(l) and sulfur(ll) chlorides in a similar way
T PhCONATENCOPR w PhCONH, [65]. It was noted [64, 65] that heating ®f-chloro-
Cl or N-bromocarboxamides with sulfur(ll) chloride at
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Scheme 7. fides in inert organic solvents lead to formation of
aminosulfonium salts [72] which are converted into

32Clz N-acylsulfimides [7376]. These reactions underlie
3RCONHCI — |~ JRCON=SCl, + RCONH,-HCI a preparative p_roceplure for synthesis o_f N-substituted

28Cl, sulfimides, which is frequently used in laboratory

—Cl, practice [77, 78].

R = t-Bu, Ph, 4-MeGH,. RIS + RICONHX ——— [RLSNHCOR?| X
a ratio of 2:1 leads to formation of the corresponding Et;N R CONSE]
sulfur diimides. 2

70-80°C R' = Me, Et; R = (CH,),; R* = Me, CHCI, CCl, Ph,
2RCONHX + SCl, (RCON=),8 + 2HX + Cl, 4-MeOGH,, 4-MeGH,; X = Cl, Br.
R = Ph, 4-CIGH,; X = ClI, Br. An analogous scheme is typical of reactions of

N-halocarboxamides with some sulfur-containing
heterocyclic compounds. For example, oxidative
imination of 2-arylsulfonylimino-3-aryltetrahydrothia-
zol-4-ones with N-chlorocarboxamides yields the
corresponding 1-acylimino derivatives [79].

Sulfur diimides are also formed on pooiged
heating of N-chlorocarboxamides with sulfur(l)
chloride at a ratio of 4:1 [64].

70—-80°C
4RCONHX + S,Cl, ————— 2(RCON==),S RYCgH

0
)\ + R*CONHCI
+ 4HCI + Cl, RISO,N sf R?

Levchenkoet al. [69] studied reactions dfl-chloro- BN acetone R2C6H4\N 0
and N,N-dichlorocarboxamides with thiony! chloride. BN, acetone )\{(
The authors found that heating Ntchlorobenzamide R'SO,NZ 87 g3
with thionyl chloride in CCj yields a mixture of NCOR?
N,N-dibenzoylsulfamide, 2,6-diphenyl-1,4,3,5-oxa-
thiadiazine 4,4-diOXide, and benzonitrile [69] R! = Ph, 4-MeGH,, 4-CICH,; R? = H, 4-Me; B = Me, Et:
R* = Me, Ph.

PhCONHCI + SOCl,

(PhCONH),S0,
Oxidative imination with N-chloro- and N,N-di-

Fh chlorocarboxamides of the thionic sulfur atom in
OJQN 1,2-dithiole-3-thiones [8883] and 1,3-dithiole-2-

+ )\ é&o + PhC=N thiones was studied [84, 85]. 1,2-Dithiole-3-thiones
ph” N \\O give rise to unstabléN-acylsulfimides which readily

lose sulfur to afford acylimino derivatives (Scheme 8).

Boberget al. [84] isolated relatively stablBl-(2-nitro-

N-Sulfinylamides were obtained by reactions ofpenzoyl)sulfimide from the reaction oR-chloro-2-
N,N-dichlorocarboxamides with thionyl chloride in nitrobenzamide with 4-phenyl-1,3-dithiole-2-thione

benzene at 7¥5°C [70, 71]. (Scheme 9). On the other hand, reactionsNgXI-di-
chlorocarboxamides with 1,3-dithiole-2-thiones could
Benzene give analogs of the latter, depending on the condi-
70-75°C )
RCONCI, + SOCI, RCON=S=0 + Cl, tions [85].

R = Ph, 4-NQC4H,. j\—l s
S/gx

[11.5.2. Oxidative imination of sulfides and their
analogs. Reactions ofN-halocarboxamides with sul- X = NCOAr, SO, O.
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Scheme 8.
Ph
RCONHCI ? |
— —_— — S
S Ph S—NCOR
I | |
S
S Ph Ph -8
RCONCI,, § | : |
- S o
+
S—NCOR NCOR
| c”
Cl
Scheme 9.

Ph < Ph <
| + 2-0,NCgH,CONHCI ———> |
s/gs s/gs=NCOCGH4N02-2

[11.5.3. Oxidative imination of thiols. Reactions of a base amide can react with sulfenyl chloride to
of N-chlorocarboxamides with thiols could give afford N-acylsulfenamide. An example is the reaction
various products, depending on the reactant ratio amaf N-chlorobenzamide with an equimolar amount of
reaction conditions.N-Chlorocarboxamides were p-nitrobenzenethiol in the presence of pyridine.
reported [86] to react with equimolar amounts of
thiols in anhydrous organic solvents, yielding the cor- PhCONHCI + 4-0,NCgH,SH

responding sulfenyl chlorides and amides.
CsH;N, CH,Cly, —10°C

4-0,NCgH,SNHCOPh

RSH + ArCONHCI RSClI + ArCONH,

N-Chlorocarboxamides were shown to react with
R = Ph, 4-MeGH, Ar = Ph, 4-MeGH,. thiols at a ratio of 5:2 in anhydrous organic solvents
_ . _ _in the presence of pyridine, yielding,N"-diacylsulfin-
The reaction oN-chlorocarboxamides with 2 equiv jmigamides [8688].
of thiols in the presence of pyridine leads to formation

of disulfides and amides [86]. SPhCONHCI + 2RSH
Pyridine NCOPh
2RSH + PhCONHCI ———— RSSR + PhCONH, 4C;H;N

2R—S—NHCOPh + PhCONH,
R = Ph, 4-MeGH,. R = Me, Bu, GH;;, C;H;5 Ph, 4-MeGH,, 4-NO,C;H,.

The following reaction scheme was presumed [86]: e following mechanism was proposed for the

above transformations [89]:
RSH + PhCONHCI —— RSClI + PhCONH,

RSH + PhCONHCI — RSClI + PhCONH,

RSH + RSCI + CzHzN RSSR + C5H;N-HCI

RSCI + RSH + CgHN — RSSR + C;HZN-HCI

In the presence of pyridine the rate of the second
reaction is higher; therefore, the resulting sulfenyl
chloride rapidly react with thiols. In the absence of RSCl + PhCONHCl + CsHN
a base, the first process is faster, and sulfenyl chloride
can be isolated from the reaction mixture. With insuf-
ficient or equimolar amount of thiol in the presence cl

RSSR + PhCONHCI —— RSClI + RSNHCOPh

— > R—S=NCOPh + C;H;N-HCI
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R—S=NCOPh + PhCONHCI + CgHN N-Benzoylarenesulfinimidoyl chlorides and,N'*-
dibenzoylarenesulfinimidamides are formed by reac-
tion of diaryl disulfides with 3 equiv oN-chlorobenz-
— = R—3=NCOPh + GC;H;N-Cl amide in the presence of pyridine [93].

NHCOPh

Cl

Ar,S, + 3PhCONHCI + 2CsH;N
RSNHCOPh + PhCONHCl + CzH;N

—S= + —S=
R—S=NCOPh + CsH.N-HCI Ar—S=NCOPh Ar—S=NCOPh

NHCOPh Cl NHCOPh

) . ) ) ) : + 2C;HzN-HCI
Oxidative imination of sodium thiolates with
N,N-dichlorocarboxamides givedl,N’-diacylsulfin-

imidamide sodium salts [90, 91]. Reactions of disulfides wittN-chlorocarboxamides

at a ratio of 1:4 in the presence of pyridine give
Acetone Na N,N’-diacylsulfinimidamides in relatively high

0-18°C I yields [87, 93].

SRSNa + 2ArCONCI, R—S—N—COAr

NCOAr RIS, + 4R2CONHCI + 3CzH,N

+ 2RS—SR + 4NaCl

. . 2R!—S=NCOR? + CzHzN-Cl, + 2C;H;N-HCI
R = GHy,, Ph, 4-MeGH,, 8-quinolyl, 4-mercapto-8-quinolyl; EE >Hs

Ar = Ph, 2-CIGH,, 2-BrGH,. NHCOR?
[11.5.4. Oxidative imination of disulfides. Reac- R' = Me, Bu, GH,;, CH,, Ph, 4-MeGH,, 4-CICGH,,
tions of N-chlorocarboxamides with disulfides also 4-NO,C¢H,; R = Me, Ph.
lead to formation of different products, depending on
the reactant ratio and condition®N-Chlorocarbox- N-(p-Chlorobenzoyl)benzenesulfinimidoyl chloride

amides react with disulfides at a ratio of 1:1 in inertwas obtained by reaction of diphenyl disulfide with
organic solvents (CGl benzol) to afford sulfenyl 2 equiv of N,N,p-trichlorobenzamide [90].
chlorides andN-acylsulfenamides in high yields [92].

Ph,S, + 2RCONCI,

2Ph—S$=NCOR
30-40°C

Ary,S; + PhCONHCI ArSCl + ArSNHCOPh Cl

Ar = 4-CICH,, 4-NO,CeH,, 3-NO,CeH,. R = 4-CIGH,.

Reactions of disulfides with 3 equiv d¥-chloro- l11.5.5. Oxidative imination of sulfenyl and

carboxamides yield mainiN-acylsulfinimidoyl = g siny| chiorides. N-Chlorocarboxamides react with
chlorides [93]. Also, amlno_sulfomumosalts and amides,qimolar amounts of arenesulfenyl chlorides in dry
are formed in a small yield (120%). inert organic solvents (benzene, carbon tetrachloride,
etc.) to affordN-acylarenesulfinimidoyl! chlorides [94].

It was presumed [94] that the reaction involves inter-
a mediate formation of aryl(acylamino)chlorosulfonium
chlorides which are converted into the final products
via elimination of hydrogen chloride.

Ar,S, + 3PhCONHCI Ar—S=NCOPh

+ [ArS(NHCOPh), CI'] + PhCONH,

Ar = 4-CIC4H,.
_ _ _ ArSCl + RCONHCI Ar—S$—NHCOR CI”
Aminosulfonium salts are formed as the major
products in reactions of disulfides witN-chloro- a
carboxamides at a ratio of 1:4 [93]. Ar—S—=NCOR
Ar,S; + 4RCONHCI 2Ar§ (NHCOR), CI™ a
Ar = 4-CICH,, 4-NOCgH,; R = Me, Ph. Ar = Ph, 4-MeGH,, 4-CICH, R = Me, Ph.
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The reaction is hindered when arenesulfenyformation of a salt byN-chlorocarboxamide and
chloride contains an electron-acceptor substituent itertiary amine, which then vigorously reacts with
the benzene ring. 2-Nitrobenzenesulfenyl chloride andrenesulfinyl chloride to affordN-acylarenesulfon-
2,4-dinitrobenzenesulfenyl chloride do not react withmidoyl chloride.

N-chlorobenzamide at 2C in the absence of a base
[94]. Heating of 2-nitrobenzenesulfenyl chloride with  grconmcr + BN ————=  [(RCONCD™ (EL;NE)]
N-chlorobenzamide in benzene leads to formation of

N-benzoyl-2-nitrobenzenesulfenamide. NCOMe
ArsSOCl
Ar—S—Cl
2-0,NCgH,SCI + PhCONHCI I
0

2-0,NCgH,SNHCOPh
Ar = Ph, 4-MeGH,, 4-CIGH,, 2-NO,C,H,, 4-NO,C,H,;

Reactions oN-chlorobenzamide with arenesulfenyl R = Me, Ph, 3-NQCH,.
chlorides in benzene at 20 (reactant ratio 2:1) yield S '
mainly arylbis(benzoylamino)sulfonium chlorides. 111.5.6. Oxidative imination of sulfenamides.

The latter decompose on heating ilNebenzoylarene- Oxidative imination of N-suliguted sulfenamides
sulfinimidoyl chlorides and benzamide, whereas treatwith N-chlorocarboxamides is used as a preparative
ment with water gives rise th,N"-dibenzoylarenesul- method for synthesis dfl,N-disubstituted sulfinimid-
finimidamides [94]. amides with both similar and different groups on the
nitrogen atoms. Here, the reactivity of sulfenamides
is determined by nucleophilicity of the sulfur atom,

ArS(NHCOPh),] CI™ , o .
A ? which should be sufficient to be attacked by chlorine

2PhCONHCl + ArSClI

100°C cation [97]. Therefore, electron-acceptor groups on
AF_T=NC0Ph + PhCONH, the sulfur and nitrogen atoms in sulfenamide makes
S— Cl the reaction difficult or even impossible. Goerdeler
H,0 and Doerk reported [98] thall-substituted arenesul-
Ar—S=NCOPh + HCI fenamides ArSNHX possessing an electron-acceptor
NHCOPh group X smoothly react withN-chlorobenzamide,
yielding the correspondingN,N’-disubstituted arene-
Ar = Ph, 4-MeGH,. sulfinimidamides.
Oxidative acylimination of arenesulfinyl chlorides CH.CI NCOPh
is an important preparative route kbacylarenesulfon- ArSNHX + PhCONHCI rre Ar—S—NHX
imidoyl chlorides. The synthesis can be accomplished
by the action ofN-chlorocarboxamide sodium salts X = C(=NH)NH,, C(=NH)AIk, C(=NH)SAI,
on arenesulfinyl chlorides [95]. C(=NH)OAIk; Ar = Ph, 2-NO,C¢H,.
Bomsen NCOMe N-Acylarenesulfenamides react witN-chlorocar-
ArSOCI + MeCONCINa

Ar—S—Cl boxamides only in the presence of a base, such as
I pyridine, trimethylpyridine, triethylamine, or sodium
methoxide [99].
Ar = Ph, 4-MeGH,. 4-0,NCGH,SNHCOPh + RCONHCI
However, this procedure has not found wide ap- NCOR
plication, for someN-chlorocarboxamide sodium salts CH,Cly, base
are unstable and difficult to obtain. Levchen&bal.
[96] proposed to perform oxidative acylimination of
arenesulfinyl chlorides witiN-chlorocarboxamides in Oxidative imination ofN-acyltrichloromethanesul-
the presence of organic bases, such as triethylamifienamides withN-chlorobenzamide in a mixture of
or pyridine. Organic base is slowly added to a coolednethanol with methylene chloride and pyridine as
solution of a mixture of arenesulfinyl chloride and catalyst results in formation oN,N-diacyltrichloro-
N-chlorocarboxamide. The first reaction stage isnmethanesulfinimidamides [16002].

4-0,NCgH,—S—NHCOPh
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CCIgSNHCOR  + PhCONHCI

CCl3—S=NCOPh Se + RCONHCI [RCONHSeCl]

NHCOPh RCONHCI

(RCONH),SeCl,
R = Bu, 4-MeGH,.
R = Ph, 4-MeGH, 4-MeOGH,, 4-BrCH, 4-CIGH,,
According to the data of UV spectroscopy [101], 2,4-CLCgHs.
N-acyltrichloromethanesulfenamides are involved in
the process as the corresponding N-anion in which Areneselenenyl chlorides react witk-chlorocar-
the electron density on the sulfur atom is increasetioxamides in a similar way, yielding aryl(acylamino)-

due to effect of thea-N-anionic center. selenium dichlorides [103, 104].
_H* B ArSeCl + RCONHCI Cl,Se—NHCOR
CCL,SNHCOR =———= CCl;S—N—COR |
H* Ar
CCl;—S=NCOR Ar = Ph, 4-NQCH,, 4-CICH,; R = Ph, 4-MeGH,,

4-BrC;H,, 4-CIGH,, 4-NO,CeH,.

In the imination of N-acyltrichloromethanesulfen- . £N.N-dichl b i ith
amides organic bases can promote a side process Reactions ofN,N-dichlorocarboxamides wit

namely cyclization of theN-acyltrichlormethanesul- €lémental selenium follow the oxidative imination
fenamide anion [100, 101]. scheme and lead to formation Nfacyliminoselenium

dichlorides [67, 105].
Pyridine

CCL,SNHCOPh ————=  CCl,S—N—COPh CH,Cl,, 0°C
Se + ArCONCI,

Cl,8e=NCOR
(l)— Cl
ph SN . : .
Reactions ofN,N-dichlorocarboxamides with diaryl
o—0 diselenides involve cleavage of the Sge bond and
—_— )% S subsequent oxidative imination of the arylseleno frag-
ph” N~

ments to give N-acylareneseleninimidoyl chlorides
[106, 107]. The reaction occurs in GGit 5-10°C and
Imination of N-acyltrichloromethanesulfenamidesis accompanied by heat evolution. Four-coordinate
with N-chlorocarboxamide sodium salts proceedselenium compounds were presumed [106] to be inter-
more smoothly [101]. mediates; they decompose into areneselenenyl chloride
and areneseleninimidoy! chloride.

o

CCIgSNHCOR  + MeCONCINa — CCl3—S=NCOMe

cl
NHCOR
ArSe—SeAr + Ar'CONCl, Ar—Se—SeAr
[11.6. Oxidative Imination of Selenium Cl—N—COAr’

and Selenium Compounds

ArSeCl + Ar—Se=NCOAr'

Reactions oiN-chlorocarboxamides with elemental ¢l
selenium in carbon tetrachloride or methylene chloride
at 20C were reported to afford bis(acylamino)sele- Ar = ph, 4-MeGH,, 4-BrGH,; Ar’ = Ph, 4-MeGH,,
nium dichlorides [103, 104]. The reaction involves 4-NO,CH,, 3,5-(NO),CeHs.
intermediate formation ofN-acylaminoselenenyl
chlorides which then react with the second molecule Areneselenenyl chlorides can in turn undergo
of N-chlorocarboxamide. Depending on the initialimination by the action ofN,N-dichlorocarboxamides
N-chlorocarboxamide, the reaction takes from severab form N-acylareneseleninimidoyl chlorides [106].
hours to several days, and the yield of bis(acylamino)This reaction is accompanied by formation of aryl-
selenium dichlorides is quantitative. selenium trichlorides which react witN,N-dichloro-
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carboxamides to give the same areneseleninimidoykact with triphenylphosphine [15] and triethylphos-

chlorides. phine [110]; the products were triphenylphosphine
oxide and triethylphosphine oxide, respectively.
cl On the other hand, Petrenko [111] obtained the phos-
' CCly, 18-25°C | phonium salt [PEPNHCOPhH] CI~ by reaction of
ArSeCl =+ Ar'CONCI, Ar—Se—Cl N-chlorobenzamide with triphenylphosphine in anhy-
CI—N—COAr' drous acetone at 185°C. An analogous salt was
isolated in the reaction dfi-chloroacetamide with tri-
ArSeCly + Ar—Se=NCOAr' phenylarsine [112].

Cl ,
[11.8. Rearrangements and Intramolecular Reactions

of N-Halocarboxamides

ArSeCl; + Ar'CONCl, Ar—Se=NCOAr" + Cl,

Cl One of the most famous rearrangements typical of

aliphatic N-halocarboxamides is the Hofmann rear-
Ar = Ph, 4-MeGH,, 4-BrCH,; Ar’ = Ph, 4-MeGH,, rangement which occurs in the presence of bases and
4-NO,CgH,, 3,5-(NG),CeHs. yields isocyanates [15]. The best results were obtained

o _ o for N-bromocarboxamides in the presence of sodium
The latter reaction is reversible, and it is necessannethoxide [113].

to remove chlorine from the reaction mixture to
displace the equilibrium toward the final product
[106]. N-Acylareneseleninimidoyl chlorides are also
formed by reactions ofN,N-dichlorocarboxamides
with aryl trimethylsilyl selenides [106].

Under certain conditionsN-aryl-N-chlorocarbox-
amides can undergo the Orton rearrangement, i.e.,
migration of the halogen atom to tl@tho- or para-
position of the aromatic ring [114].

cl
cl |
CCl,, 10-15°C [ N Me NHCOMe
ArSeSiMe; + Ar'CONCI, Ar—Te—SiMe3 ©/ \n/ @/
Cl—N—COAr' 0
cl

——————= Ar—Se=NCOAr’ . . . .
—Me,SiCl [ This rearrangement can be induced by UV irradia-

a tion or peroxide initiators (which favor homolytic
dissociation of the NCI bond), as well as by the
action of acetic and trichloroacetic acids in aprotic
solvents or of halogenic acids in protic solvents [114].

[11.7. Oxidative Imination of Phosphorus N-Halo amides derived from aliphatic carboxylic
Compounds acids having three or more methylene units give rise
to the HofmannLeffler rearrangement under UV
Reactions ofN-chlorocarboxamides wittphos- irradiation: the halogen atom migrates to the alkyl
phorus(lll) chloride under reduced pressure leadradical [115, 116].
to formation of N-acylphosphimidoyl trichlorides
[108, 109] via elimination of HCI from unstable
primary addition products.

Ar = Ph, 4-MeGH,, 4-BrGH,; Ar’ = Ph, 4-MeGH,,
4-NO,CH,, 3,5-(NO),CeHs.

hv
R!CH,CH,CH,CONCIR? —— R1C|HCH2CH2CONHR2

Cl
ArCONHCI + PCly

[ArCONHPCl,]
R! = R? = Alk.

ArCON=PCl,

Of particular interest for organic synthesis is
Ar = Ph, 4-BrGH,. rearrangement involving halogen migration to the
y-position in N-halocarboxamides [15]. The yield of
The same reactions under atmospheric pressutbe product ranges from 50 to 70%, and the reaction is
yield the corresponding nitriles anghosphoryl used as a method of functionalization of nonactivated
chloride. N-Chlorocarboxamides were reported toy-position.
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0 tion of unsaturated compounds; they are key inter-

0
medi roducts for introduction of an allyl grou
Me\/\)I\N/Bu—t — Me\/\)I\N/Bu-t ediate p yl g p

and oxirane ring. A great number of intermediate
| products for fine organic synthesis are available

a . .
through addition ofN-halo- and N,N-dihalocarbox-
0 amides to various unsaturated compounds, as shown
~H Me\/\)l\ _Bu-t in schemes given below [39].
D i
T
. o RCONX'X2 + Sc=¢{ ——= R—C—N—C—C—X?
. Me\(\)j\ ~Bu-t 7N 1
N x!
H
Cl
0 0
o H,0 [ |l
UV irradiation (ZG’I%) causesN-alkyl-N-chloro- ™ R—C—T—CH—C—
carboxamides BCON(R)CI (R?> = t-Bu, etc.) to X!
undergo intramolecular rearrangement with migration —
of the chlorine atom to the Rradical and subsequent Base
cyclization of the primary product into oxazole deriva- L . NCOR
tives and other heterocyclic compounds [117, 118].
(0] Me (0] Me
! | hv ! | Hg — H
R'*—C—N—C—Me —— R—C—N—$—CH2CI RCONX!X? + C=C{_  —— RCON=CHCHig,
Cl Me H Me Hig Hig
OH M |
| | ¢ >c=c—c=c< CHig,
P —— Rl—C=N—C|—CH2C1
Me “cor
Base 0O Me | |
R1)§N:< Y | |
Me NHCOR
Y
CHlgg

Intramolecular cyclization of unsaturatéchloro-
carboxamides under UV irradiation leads to formation | ) )
of various nitrogen-containing heterocycles via addi- X" = H. Cl. Br; X* = Cl, Br; Y = S, O, NR (R' = AlK).

tion at the double bond [44, 11922]. . L
[ ] From the synthetic viewpoint, important are some

i CH,CI products of oxidative imination of sulfur and sulfur

| hv (Pt compounds withN-halo- and N,N-dihalocarbox-
AN come amides. These products were used to develop a series
of procedures for preparation of various sulfur-con-
taining compounds, including heterocyclic derivatives
IV. CONCLUSION [123, 124]. For example, a preparative route to

_ _ _ ) N,N'-thiobis(aroylamines) is based on the reduction
Reactions ofN-halocarboxamides described in theof N N'-bis(aroyl)sulfur diimides with benzenethiol

present review illustrate great synthetic potential of125 126].

these compounds and wide possibilities for using

them by organic chemists. Various compounds formed 2PhSH
thereby are widely used in fine organic synthesis and\rCON=S=NCOAr
probably will find practical application in the nearest

future. Among these, we can mention such highly Levchenko and Dorokhova [127] described a new
reactive products as allyl halides and halohydrinpreparative synthesis of 3-aroylimino-5-ary2L,3,4-
resulting from allylic halogenation and halohydroxyla-oxathiazoles by cycloaddition of singlet carbene

N
SCOMe

ArCONH—S—NHCOAr
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(generated from diazomethane) to the conjugate bormbmpounds makes them valuable reagents in the syn-

system of N,N"-bis(aroyl)sulfur diimides.

thesis of other imino derivatives of sulfur [133, 134].

Thus reactions involving\-halocarboxamides lead

CH,N,
ArCON=S=NCOAr

Ar
‘I—l 0]
NCOAr

The ylide character of the=SN bond in N-acyl-
sulfimides makes it possible to involve them in 1.
cycloaddition reactions with compounds possessing
a cumulated or conjugated double bond system. Sucl®.
transformation may be illustrated by the reaction of
N-acylsulfimides with diphenylketene which leads to 3.
formation of 1,3-oxazol-4-one derivatives [128].

4,
18 2
Ph,C=C=0 + RIS—N—COR
5.
I
——————=  Ph,C—C—N—COR?
RiS*
2 6.
Ph 9 RrR2
o COR 0 eh
Ph N
Ph
(6] (6]
7.

On the other handN-acylsulfimides give rise to
various highly reactive intermediates which can be
used in fine organic synthesis. [4+ 2]-Cycloaddition
products derived fromN-acylsulfimides and com- g
pounds having activated €XC bonds readily decom-
pose to form sulfenamides [129]. Thermolysis of
N-acylsulfimides in high-boiling organic solvents
(with intermediate formation of acylnitrenes) underlies
a procedure for preparation of isocyanates which are
readily isolated from the reaction mixture [130, 131]. 9.

10.

Ph,S=NCOR R—N=C=0
As arule, isocyanates formed by the Hofmann rear;
rangement ofN-halocarboxamides in aqueous alkali
are readily hydrolyzed to amines under these condi-
tions. The reaction can be used for preparation of,
amines, including those with cyclic structure which
are difficult to obtain by other methods [132]. From
the synthetic viewpointN-acylsulfinimidoyl chlorides
and N-acylsulfonimidoyl chlorides are important
products available through oxidativienination of 13
sulfenyl and sulfinyl chlorides withN-chlorocarbox-
amides. The high lability of the -SCI bond in these

to formation of important intermediate products for
organic synthesis, which determines the high value
of this class ofN-halo reagents.
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