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Progress 1n the chemistry of 1socyanates, isothiocyanates, carbodiimides and ketene imunes 1s reflected
m numerous reviews and books. During recent years polyfunctional compounds containing hetero-
cumulene and other reactive groups have become valuable reagents in organic synthesis. Among
them, 1,1-dthaloalkyl heterocumulenes, RCHal,N==C=X (X = O, S, NR, CR,), are in the first
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1564 Yu I MATVEYEV et al

rank In these compounds the reactivity of the heterocumulene and the halogen atoms i the «-
position 1s enhanced due to their mutual interaction The synthetic possibilities of these compounds
are extremely wide The ability of some 1,1-dihaloalkyl heterocumulenes to partictpate 1n aniono-
tropic rearrangements involving halogen migration 1n the azaallylic triad 1s of particular interest

Hal

|
_([}..N=C.-.X prom—— ..(I)=N_(|:=X
Hal Hel Hal

Hel = Cl, Br

The purpose of this Report 1s a presentation of available information on synthetic methods and
chemical conversions of the compounds mentioned above Some reactions discussed here were
considered 1n part, 1n the review' on the chemustry of 1-haloalkyl 1socyanates published in 1980

2 METHODS OF SYNTHESIS

21 1,1-Dihaloalkyl 1socyanates

211 Curtius, Lossen and Hofmann reactions The Curtius rearrangement 1s one of the most
general methods for the synthests of alkyl and aryl 1socyanates including alkyl 1socyanates with
halogen atoms 1n the a-position * This reaction involves the thermal transformation of acyl azides
11nto 1socyanates 2 via intermediate acyl nitrenes Acyl azides 1 may be obtained using two methods
(1) the reaction of acyl hahdes with sodium azide (method A) or (11) the reaction of acyl hydrazides
with mtrous acid (method B) *'* The Curtius reaction may be also applied to the synthesis of
dunsocyanates including perfluoroalkylidene dusocyanates O—C=—N(CF,),N=C=0 3 ? The dis-
advantage of the classical Curtius reaction 1s the necessity of working with highly dilute solutions
because acyl azides are thermally unstable and explosive This disadvantage 1s avoided 1 the
modification of the Curtius reaction in which the thermally stable trimethylsilyl azide 1s used instead
of sodium azide (method C) '*'* In this case the acyl azide 1s decomposed i situ during the mixing
of the reagents This increases the safety of the process and allows the use of minimal amounts of
solvents

i
R-C-Hal + NaN3

9 B 9 2 i
R-C-NHNH + HN02 —+ R~C-N R-C-N. R~N=C=0

2 3 -N2

7
9 S1N ¢
R-C-Hal + Me3 1 3

Hel = C1, Br

Recently, a method for the synthesis of perfluoroalkyl mono- and di-1socyanates was proposed
which 1s a modification of the Lossen rearrangement '¢ It involves the thermal transformation of
bis-silyl derivatives of hydroxamic acids 4 at 250-300°C The derivatives 4 are obtained by the
reaction of hydroxamic acids with hexamethyldisilazane (HMDSA)
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Teble 1. Isocyanates 2 obtained by the Curtius reaction

Compound Method B.p./torr Yield [%] Reference
€01 ,N=C=0 A 119-120°¢/760 T2 12
CF ;N=C=0 A -35°¢/760 44 6
A -36°C/760 26 5
c -32°c/760 5 14
CBr jN=C=0 A 73-75"C/20 45 13
BrCF,CC1EN=C=0 A 89-91°C/760 12 10
BrCP,CBrFN=C=0 A 107-110°C/760 26 10
BrCF,CF,N=Ca0 A 50°C/760 43 10
C1CP,CF,N=C=0 A 31-31.5°C/760 29 10
C1CF,CC1FN=C=0 A 68-69°C/760 62 10
OF JCF, N=C=0 A -104 ~5°C/760 20 10
0=N(CF,,) ,N=C=0 A 23°c/746 32 11
CF4(CF,),N=C=0 A 24-26C/739 76 3, 4
A 24.5°C/760 82 5
o A 27-29°C/760 84 7
01-G-(CF,) ,N=C=0 ¢ 80-83°C/760 17 15
CF 4(CF,) ;¥=C=0 A 52-53°C/753 55 3
CF 5(CF,) NaC=0 A 75-78°C/735 50 3
¢ 77-79°C/760 9 15
CF 5 (CF,) gN=C=0 A 119°¢/740 82
A 122-123°¢/760 75 7
c 118-120°"¢/760 82 15
CP5(CF,) ,N=C=0 A 140°¢ /740 - 3
CF 3(CF,,) gN=C=0 A 160-161°C/743 - 3
CF3(CF,) gN=C=0 A 180°C/740 - 3
CF3(CF,) ;gN=C=0 A 200°c/740 - 3
@:,/\.(cyz) N=C=0 A 114-115"C/8 75 9
A 128-130°C/15 68 9

5
@[N)/\- (CF,) jN=C=0
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1566 Yu I MATVEYEV et al

Table 2. Diisocyanates 3 obtained by the Curtius reaction

Compound Method B.p./torr Yield[%] Reference
0=C=N(CF,) ;N=C=0 A 84-85°C/T60 72
B 37 8
c 64-65°C/760 78 15
0=C=N(CF,) ,N=C=0 A 105-106°C/760 78 8
B 34
0=C=N(CF,) gN=C=0 A 105°c/220 32 8
o] HMDSA 0Si1Me 0
W ] 3 A i
RpC-NHOH ————— RpC=N-0SilMe, ———(———T-— [ RFC-N:] _
—(Me,S1),0
———~ RpNaC=0 Rp = CHF, (59%)
CF3 (85%)
C,Fs  (66%)
C4Fy  (83%)
C7F1s (55%)
0 HMDSA 0SiMe
(CF,), (C-NHOH), Me4510-N=C-(CF,) ~C=N-0SiMe; —
OS:l.Me3
A
0=C=N(CF2)nN=C=O n =1 (65%)
-2(Me351)20 3 (75%)

3

Perfluoroalkyl 1socyanates have also been obtained by the Hofmann reaction from anhydrous

salts of N-haloalkanamides '™'°
1. Br2
o
0 Ag,0 o_ , 2. Na0H 0. ., 110°c
C 4P, C-NH, C4F-C-NH Ag CF, C-N-Br Na

83%

The reaction of tnfluoroacetyl mtrite 5 with two moles of triphenyl phosphite may aiso proceed
via a nitrene mtermediate leading to trifluoromethyl 1socyanate 2°
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o
0-10 C

N=C=0
23%

1] "
CP4C-ONO + 2 (PhO)3P [CF3C-N:] —— CF

3
5 ~2 (Ph0)3P0

212 Addition of phosgene and analogues to the C=N bond Aromatic nitriles react with
phosgene 1n the presence of hydrogen chlonde under forcing conditions (heating 1n autoclave at
100°C for 200 hours) giving substituted 1,3,5-triazines 7 Using the ratio ArC=N COCl, HCl =
4 2 1 (Ar = Ph) phenyl dichloromethyl 1socyanate 6 may be isolated in 15% yield 1t exists pre-
dominantly 1n the N-chlorocarbonylimine form 6a 222 Phosgenation of aliphatic mitriles under
similar conditions does not lead to 1,1-dichloroalkyl 1socyanates because they eliminate hydro-
gen chloride giving 1-chloroalkenyl 1socyanates 8 2224

c1
€0C1,/HC1 ¢1 N/'\r
ATC=N Ar?—N=C=0 === Ar(=N-C=0 + /Il\N )\
c1 c1 C1 Ar Ar
6 6a 7
. COC1,/HC1 R <|:1 R NeC=0
JCH-CZN ——————— CH-C-N=C=0 ——— = “C=C
! " o1
c1 - HC1
8

Fluorophosgene reacts with mitriles only in the presence of catalysts (HF, NaF, CsF, HgF,)
giving 1,1-difluoroalkyl 1socyanates 9, 10 In the case of aliphatic mtrles, prolonged heating up to
200-300°C 1n an autoclave 1s required *>-2° Aromatic mitriles react with fluorophosgene under milder
conditions (50°C)*° but the yields of 1socyanates are low because substituted 1,3,5-triazines and aryl
fluoromethanes are also produced

COI"2
Alk-C=N ———— AlkCF2N=C=O
9
OH
) GoF, ¥y
Ar-C=N ————— ArCF2N=C=O + /"\N )\ + ArCF3
10 Ar Ar

The simplest method for the synthesis of trichtoromethyl 1socyanate, which 1s used commercially,
1s the condensation of chlorocyanogen with phosgene *'? This reaction 1s performed under forcing
conditions (300°C, autoclave) in the presence of activated charcoal as a catalyst Trichloromethyl
1socyanate 11 which exists predommantly in the 1someric form N-chlorocarbonylimmophosgene
11a1s obtained in 71% yield , bis(dichloromethyhdene)urea 12 1s the second product of the reaction

A 20 i
Cl1-C=N + C0OCl1l,— CCl,N=C=0 =—=C1,C=N-C + C1,C=N-~-C~N=CCl
2 3 2 ~c1 2

2
11 11a 12
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Table 3. 1,1-Difluoroalkyl isocyanates 9, 10

Compound B.p./760 torr Yaeld [%] Reference
MeCF,N=C=0 20-21"¢C 25 25
29°¢ 45 26
EtCF,N=C=0 73-77°C 65 25
s58°c 96 26
1-PrCF,N=C=0 85+91°C 55 25
1-PrCF,N=C=0 69-74"C 60 25
C1CH,CF,N=C=0 68-78°C 50 25
CC140F ,N=C=0 97-98°C 80 25
CF4CF ,N=C=0 18 29
o
-8-0°C 75 25
CF,-CF,

CF,N=C=0 136°¢C 60 25
PhCF,N=C=0 - 18 30
m-MeCgH, CF NaC=0 - 13 30
p-MeCH, CF ,N=C=0 - 1 30
P~CF4CH,CF,N=C=0 - 16 30

A preparatively convenient way for obtaining perchloroethyl 1socyanate 14 1s the interaction of
trichloromethyl 1socyanate with trichloroacetonitrile at 120°C 1n the presence of catalytic amount
of 1ron(III) chloride ** This reaction could be considered as an electrophilic addition of N-chloro-
carbonylimimophosgene to the C=N bond of trichloroacetonitrile The bis(alkyhdene)urea 13
formed 1nitially eliminates chlorocyanogen giving the final product

0013\04‘1\5\040

0
2 -
== — =N =N —— |
CClBN_C-O .._—CIZC-N C + CCl,C=N Ccl CD gN

3

| - ClCcN

Cl

13

—_— CC136012N=C=0

14 (82%)

Synthesis of trifluoromethyl 1socyanate by the condensation of fluorophosgene with fluoro-
cyanogen >* chlorocyanogen, potassium thiocyanate?’ or cyanamide?® under forcing conditions
(100-300°C) 1n the presence of catalysts has been described
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COF2/CsF

Cl-C=N

4 - COFZ/HF A

K S-C=N CF3N=C=O
COFa/HF

H2 ~C=N

2 13 Halogenation of alkyl, alkenyl, acyl 1socyanates and carbamates The chlorination of alkyl
1socyanates 1s achieved by heating (80-120°C) and UV irradiation *? *>*¢ Depending on the nature
of a substituent 1n the starting 1socyanates, products of the reaction may have one of two 1someric
structures 15 or 15a, or be present as a mixture of both 1somers Sulfuryl chloride may be used as
a chlormating agent, instead of chlorine 3’

012/h¢ 1
RCHpN=C=0 ———— R-C-N=C=0 === R~C=N-C=0
c1 1 €1
15 15a

R =2C1 (89%)’ CICH2, Clch (95%)’

CClB, Ph
502012 ?1
C1CH,CH,N=C=0 C1CH,C-N=C=0
2772 ° 2)
75~85 C Ccl
94%

N-Bromosucciminude (BSI) 1s applied for the bromination of alkyl 1socyanates ** Products of
the reaction, 1,1-dibromoalkyl 1socyanates, in contrast to their fluorine and chlorine analogues, are
not stable and decompose gradually under storage Bromotropic conversions are characteristic of
these compounds

BSI o
~
MeN=C=0 CBr,N=C=0 Br,C=N-C~
o 3 2 \BI‘
80 C
60%
BST Br 0
&
t-BuCH,N=C=0 ———— t-Buél:-N=c=o == t—BuCI1=N—C<
(-2
80°¢ Br Br Or

8%

A convenient method for the preparation of 1,1-difluoroalkyl isocyanates 1s fluorination of the
corresponding chloro- compounds with hydrogen fluoride?®®*° or antimony(III) fluoride *! 4> After
fluorination of trichloromethyl 1socyanate with antimony(III) fluoride, a mixture of the 1somers—
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dichloro(fluoro)methyl 1socyanate 16 and N-(dichloromethylidene)carbamoyl fluoride 16a—was
1solated 1n the ratio (1 14) *!

3 ®R/0°C
r——— CF ;N=C=0
78%
40
€C1,N=C=0 == C1,C=N-¢7 —|
3 2 a1 o
S6F5/120°C
0
T+ C1,CFN=0=0 + C1,C=N-C
.
70% F
16 16a
c1 SbPy P
PhC-N=C=0 === PhC=N-0=0 PhC-N=0=0
c1 €1 €1 (SbClg) P
2%

2-Phosphonyl vinyl 1socyanates 17 are chlorinated by heating and UV iwrradiation giving 1so0-
cyanates 18 Fluorination of the compounds 18 with sulfur tetrafluonde 1s accompanied by the
cleavage of the C-P bond yielding the 1socyanate 19 43

¢ C1,/n 0 €161 SF, F
X,P-CH=CH-N=C=0 ———— X P-?-clz-n=c=o - CC1,G-N=C=0
17 120 C C1C1 130 C c1

18 19 (70%)
X = C1 (77%)
F(79%)

N-(Alkylidene)carbamoyl 1socyanates 20 are very easily fluorinated with an a-fluorinated tertiary
amine giving the 1socyanate 21 An interaction probably begins from a nucleophilic attack of an
amne ¢-fluorine atom on the electrophilic carbon in the azomethine group of the compound 20
when the N—=C=—=0 moiety shows pseudo-halogenic properties **

0 F o’c F3s e
CP

I I 7 i
3c=N-C-N=C=0 + CLPCH-C-NEt, L F) (=C=0
20 F ClFCH—?—F
NEt

|

¥
CFS?-N=C=0
C1

21 (46%)

Cc1

2

A preparative method for the synthesis of 1,1-dichloroalkyl 1socyanates 15 1s the reaction of
acyl 1socyanates with phosphorus pentachlonde 1n boiling chlorobenzene *>*¢ Phenyldichloromethyl
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1socyanate may be obtained under mild conditions by the chlornation of thiobenzoy! 1socyanate
with elementary chlorine

0 PClg 1
RC-N=C=0 RC-N=C=0 === RC=N-C=0 R = CICH, (85%)
- POC1, cl cl1 C1 C1,CH (73%)
15 158 CCl, (62%)
Ph (82%)
(-]
S €1,/20 ¢C c1
PhC-N=C=0 PhC-N=C=0 == Ph(’3=N—C=O
- sc1 c1 c1 €1

2 T1%

One method for the generation of 1socyanates 1s the reaction of N-substituted carbamates with
phosphorus pentachloride > In several cases this method may be used for the synthesis of 1,1-
dichloroalkyl 1socyanates For example, interaction of N-trifluoroacetylethyl carbamate with phos-
phorus pentachloride at 175°C gave the 1socyanate 22 4%

o 9 RCls/ A ¢1
CF4C-NH-C-OE¢ CF 5-N=C=0
- P0Cl,, EtC1, HO1 c1
22 (34%)

N-(Alkyhdene)carbamate 24—the condensation product from trichloromethylamine 23 and
N,N-dichlorocarbamate—treated with PCl; or 23, gives dialkylaminodichloromethyl isocyanate 25
which exists in equilibrium with the immocarbonyl chlonde form 25a *° Similarly, phosphorylated
dichloromethyl 1socyanate 26 may be obtained >°

1]
MeZN-CC:L3 + ClzN-C-OEt —— Me N—C=N-g-0Et —_—
i

2
2 - 201 c1
’ 2 24
°
BC15/100 C
25% c1
—— MeN-C —
e, -(I:-N=C=0 pre— MezN—(':=N_(I:=o
Mezn-0013/80°c 1 c1 C1
62% 25 25a
Q 0 PC1 0 C1
(RO) yP_CoN.-G~O0Bu~ 2 (RO),P-C-N=C=0 R=Me(45%)
2P-C=N-C~0Bu-~t R Y
c1 - POC1,, HC1, t-BuCl &1 n-

26
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214 Hydrolysis of perhalo-2-azaalkenes By careful hydrolysis of perfluoro-2-azapropene with
copper(Il) fluoride hydrate, trifluoromethyl 1socyanate may be obtained i high yield %2 The
disadvantage of this method 1s the use of a large amount of azapropene as an acceptor for hydrogen
fluoride Perfluoroalkyl 1socyanates are also obtained by treatment of perfluoro-2-azaalkenes with
silicon dioxide®! or sulfur trioxide®® under forcing conditions

o
CuF2 2H20/1OO [¢

3 CF3N=CF2 CF3N=C=O + 2 (CF3)2NH
83%
o

5102/160 c

C3F7N=CF2 C3F7N=C=O
20%
o

2 803/100 c

CF3N=CF‘2 CF3N=C=O + (F502)20

63%

Trichloromethyl 1socyanate 1s obtamned n high yield by treatment of perchloro-2-azapropene
with benzaldehyde or phthalic anhydride at 120-150°C 1n the presence of Lewis acid catalysts °*

PhCH=0 (95%)

- PhCHC1,
0
CC1,N=CC1, —— 20 l——  CC1,N=C=0 === C1,C=N-C”
3 2 cZ 3 — V2 N
@csg (92%) c1
_ @:0(0)01
¢(0)C1

215 Exchange reactions A number of methods exist for introducing the 1socyanate group by
exchange reactions Thus treatment of aryl bromodifluoromethanes with silver cyanate gave aryl
difluoromethyl 1socyanates 10 *>° The reaction proceeds in methylene chlonde at 20°C

AgOCN P
AI‘CFzBI‘ AI‘?—N=C'=O Ar = Ph (91%)
- AgBr P p-0106H4 (90%)
10

p-t=-BuC 6H4 (85%)

One of the mobile chlorine atoms 1n trichloromethylamines 23 can be replaced by the 1socyanate
group upon treatment with N,N’,N"-trichloroisocyanurate **°® The reaction proceeds in dichloro-
methane at 40-80°C Instead of trichloroisocyanurate, silver cyanate may be used *°
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0
01\N/"\N,c1 el
RN-OCLy /3 A RNG-N=C=0 === R,NC=N-C=0
. - C1 1 ¢1 C1
23 b 2
25 25a

R, = Me, (52%)
Et, (61%)
(01{2)5 (24%)
Cl3P= (63%)

216 Arbuzov reaction To obtain phosphonyl dihalomethyl isocyanates 26, treatment of
trichloromethyl and tribromomethyl 1socyanates with phosphites or halophosphite 1s convenient ,
this reaction proceeds via an Arbuzov rearrangement '>'*°%%° The reaction 1s performed at 80—
120°C 1n the presence of catalytic amount of iron(IIT) chloride

X X+, OAlk
Hal,C-N=C=0 + P-OAlk & { ¢ }Hal'
Y xat | Y CHal,N=C=0 e
X\(|? Hal
—_— ,P=-C-N=C=0
N |
Hal
26

217 Special methods of synthesis of 1,1-difluoroalkyl isocyanates Carbonylation of some
nitrogen-containing compounds 1s used to obtain 1,1-difluoroalkylisocyanates Perfluoroazoalkanes
react with carbon monoxide under forcing conditions (325°C, 650 atm) giving perfluoroalkyl 1so-
cyanates 2 ' N-Bromodifluoromethaneimine 27 reacts with carbon monoxide under mild conditions

Table 4. Phosphonyl dihalomethyl 1socyanates 26

Hal X Y B.p./torr Yn.eld[%] Reference
o1 c1 o1 80-82"C/13 71 50
c1 F F 117-119°C/760 50 50
o1 c1 OEt  53-66 C/0.06 20 50
c1 OEt OEt  61-63°C/0.05 20 12
Br c1 c1 125-127°C/20 58 13
Br F F 62-68°C/20 27 13

c1 €1 OCH,CH,CL 70-72°C/0.05 37 60
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(20°C, UV-rradiation) yielding bromodifluoromethyl 1socyanate 2 Treatment of the azide 28 with
nickel tetracarbonyl at 25°C 1n acetonitrile yields the 1socyanate 29 3

co/ny
RpN=NR; —————+ R, N=C=0 Ry = CFq (88%)
s CqFq (11%)
co/ny F
F,C=NBr Br-C-N=C=0
27
55%
i N:L(CO)4 9 i
MeO-C-CF,CFoN; ~————— NeO-C-CF,CF,N=C=0 + Me0-C-CF,C=N
28 29 (20%)

Photolysis of a mixture of perfluoro-2,3-diazabuta-1,3-diene and perfluoroacyl fluorides gives
trifluoromethyl 1socyanate (yield 20-36%) and N-perfluoroalkyl iminoyl difluorides

h

P,C=N-K=CF + RfC(O)F —— CF

o 2 N=C=0 + R_N=CF

3 f 2

Ry = CaFg, 1-C4Fq, n=C,Fy

An original method for synthesis of trifluoromethyl 1socyanate involves the treatment of oxazi-
ridine 30 with mercaptans or alkali metal thiocyanate %6 In the case of the reaction with potassium
thiocyanate, the nucleophile 1s supposed to attack the oxaziridine nitrogen nitially The resulting
adduct 31 1s then attacked with the excess of nucleophile giving trifluoromethyl 1socyanate (90%)

20°¢c 9 KSCN 0
CFN—0 + KSON CF JN~C-F CF ;N-C-5CN
of, - KP Scx - KP SCN - (som)
30 31

——— CF,N=C=0

According to patent data,®’ the 1socyanates 33 and 34 were prepared by fluorination of ammehne
32 1n the presence of sodium fluoride as HF acceptor Isocyanates 33, 34 may explode under
percussion
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0
H_N._ N, _OH F,/0 C P
2 YOY 2 P N-C-N=C=0 + (F,N),C-N=C=0
NN 277 vy
hd F F
i, 33 34
32

1,1-Difluoroalkyl 1socyanates are obtained at the thermolysis of some mitrogen heterocycles
Thus, diazetidine 35—product of cycloaddition of tetrafluoroethylene to dimethyl azo-
dicarboxylate—is cleaved at 600°C in vacuo giving methoxydifluoromethyl isocyanate 36 ¢%°
Oxazetidine 37 obtained from diphenyl ketene and trifluoromitrosomethane yields trifluoromethyl
1socyanate after heating to 300°C 7° Trifluoromethyl 1socyanate may also be obtained by pyrolysis
of oxazetidine 38 at 400°C 7'

0 o
MeOC-N=N-COMe

o 9 9
150 ¢ MeOC-N—N-COMe A z
. ! ) MeO-(li—N=C=0
P GCF 28 atm Fol—CF, F
26=5
35 36 (68%)
FPh,C=C=0 Po,C—C=0 A
. - . ] | CF3N=C=0
-~ 0 —N-CF
CF =0 3 35%
37
o
1. 100-120°C
= + l
ROF,N=0 3, H,0/H 0—TNH Cor, 0—N-C-F A
2 1) — ] ('; CF4N=C=0
F,C—CF F,C—CF
F,C=CF, 2 2 2 2 - com,

Trifluoromethyl 1socyanate 1s obtained in low yield by treatment of trifluoromethyl 1socyamde
with bis(trifluoromethyl)aminoxide’? or mercury(Il) oxide’® under mild conditions (20°C)

(CF,),N-0

3)2

+
CF,N=C —— — CF.N=C=0
3 Hg0 3

2 2 1,1-Dihaloalkyl isothiocyanates

1,1-D1haloalkyl 1sothiocyanates 40, 41 are prepared 1n high yields by chlorination of fluorothio-
carbonyl isothiocyanate 39 under mild conditions ’*7° Isothiocyanate 39 adds chlorofluoride giving
the 1sothiocyanate 42 which then yields the 1,2,4-dithiazole 43 at heating 7577
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c1,/-78"C P C1,/40°C o1
C15-G-N=C=5 ——————» P-C-N=C=5
c1 - 5C1, 1
40 (95%) 41 (91%)
H
F-C-N=C=§ —|
o (-]
39 C1F/-80°C F 8o’c F .
) 2? T
- C15-C-NeC=s — . %]
F \S/ Cl
42 (25%) 43

The 1sothiocyanate 41 may be converted into other 1,1-dihaloalkyl 1sothiocyanates 44-46 by
treatment with aluminmum chloride or antimonmum(IIl) fluoride * The synthesis of the 1so-
thiocyanate 44 volves the reaction of perchloro-2-azapropene with phosphorus(V) sulfide at
150°C ”® To obtan trifluoromethyl 1sothiocyanate 45, the reaction of perfluoro-2-azapropene with
thioacetic actd may be used ’° The interaction 1s supposed to proceed via an unstable addition
product which eliminates acetyl fluoride and hydrogen fluoride giving the final product 45

o
A1013/2O c P4S1O
S ———— 0013N=C=S -— CC13N=C012
43% 44 5%
(lll
F-(ll-N=C=S e
Cl ]
41 SbF3/1OO Cc Il‘
S CF3N=C=S + Cl—?-N=C=S
(SbCls) P
45 (39%) 46 (29%)
- MeC(O)F,
HF
o
0 20 C F [o]
2z [} 1
CPF., N=CF + MeC CF ., NH-C-S-CMe
3 2 “sH 3 1
F

Aryl difluoromethyl 1sothiocyanates 47 are obtained by an exchange reaction of aryl difluoro-
bromomethanes with silver thiocyanate at 20°C *° According to patent data,?® 1,1-cifluoroethyl
1sothiocyanate 48 may be obtained by treatment of acetonitrile with fluorothiophosgene catalysed
with hydrogen fluoride

AgSCN P
AI‘CFzBI' AI‘-—(IJ—N=C=S Ar = Ph (34%)
- AgBr F p-C1CcH, (43%)
47 p-t-BuCcH, (43%)
CSF2/}E‘ fl‘
MeC=N N Me—?—N=C=S
0-80 C P

48
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Alkyl thiocyanates RS—C==N are known to 1somerize into more thermodynamically stable
1sothiocyanates RN—C=S For 1,l-dichloroalky! thiocyanates RCCI,SCN, similar conversions
are not observed 5°

2 3 1,1-Dihaloalkyl carbodumides

A general method for the synthesis of carbodumides 49 containing a trifluoromethyl substituent
1s a reaction of perfluoro-2-azapropene with primary amines ®'*2 The reaction 1s performed under
muld conditions ( — 10°C) 1n the presence of potassium fluoride as the HF acceptor If in this reaction
organic bases, like trimethylamine, are used, instead of potasstum fluoride, then the carbodumides
49 cannot be prepared because they give di- or tri-meric products ®3

CF

N=CF2 + RNH CF3N=C=NR

- KiF, 49

Table 5. N-Alkyl(aryl)-N-trifluoromethyl carbodiimides 49

R B.p./torr Yleld{%] Reference
Et 75°¢/90 46 81
H,C=CHCH,) 111°¢/760 72 81
t-Bu 46°¢c/70 58 81
-]
n-CgH, , 61°C/9 69 81
o
Ph 45-47 C/4 80 81
Q
p-MeQCH, 81 ¢c/2 69 81
O Me
[ o
(Me0) yP-C 89°c/2 58 a2
Et
g e
o
(Bt0),P-C 92-94 €/2 60 82
Et
O Me
[ o
(E£0),P-C 103-104 C/2 40 82
n-br
9 Me
Q
(Et0),P-C 111-113 ¢/2 50 82
n-Bu
Q Me
o
(1-Bu0) ,P-C 130-132 C/2 72 82

Et
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To obtain 1,1-difluoroalkyl carbodumides 50 the Staudinger reaction between 1,1-difturoalkyl
1socyanates and phosphine imines may be used 48483

- 20°¢c
RCF,N=C=0 + PhyP=NR! —————— RCF,N=C=NR'
- Ph,P0
50

When perchloroethyl 1socyanate 14 1s used 1n the Staudinger reaction, 1,1-dichloroalkyl carbo-
dumtdes 51 or their isomers—dichlorodiazadienes 52 are formed %8¢ Carbodumides 51 are obtained
only with sterically hindered substituents R at the mitrogen atom, for example, when R = +~Bu With
less steric hindrance (R = 1-Pr, Ph) the reaction products are diazadienes 52, when R = 2,4,6-
Me,C¢H,, a mixture of the 1somers 51 and 52 1s obtained (1 7)

¢1
— CClB(IJ—N=C=N'R
C1
51
CC14CC1,N=C=0 + Ph,P=NR
12 ~ PhyPO
———— CC1;C=N-C=NR
€1 C1
52
51, R = t-Bu (76%)
52, R = 1-Pr (74%), Ph(47%)
51 + 52, R = 2,4,6-Me C¢H, (67%)

A more preparatively convement method for the synthesis of dichlorodiazadienes 52 involves
treatment of N-(alkylidene)ureas 53 with phosphorus pentachloride Treatment of N-mesityl
(alkyhdene)urea (53, R = 2,4,6-Me,C,H,) with phosphorus pentachloride gives rise to a mixture

Table 6. Carbodiimides 50 obtained by Staudinger reaction

R Rt B.p./torr Yield [%] Reference
CF4CF, Fh 72°C/7 37 84
ccl, 1-Pr 87°¢c/10 42 85
cc1y Ph 65°¢/0.04 43 85
o
ce1, 2,4,6-Me;CH, 98°¢/0.07 63 85
o
Fh 1-Pr 74-76"C/1 36 42

o
Ph 2,4,6-M9306H2 126-128 €/0.02 75 42
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of 1somers 51 +52 The ureas 53 are obtained by the reaction of perchloroethyl isocyanate 14 with
two moles of a primary amine at —20°C 1n ether *° ¢

2 RNH, 9015/120°c
0C140C1,NaCa0 ——————o  CCL,G=N-G-NHR
1 - RNH,-HC1 c1 0 - POC14, HOI

53

R = 1-Pr, Ph
52

42%, T4%

R = 2,4,6-Me306H2

51 + 52
76%

The chlorination of bis(tetrachloroethyl) carbodumide 54 gives rise to perchlorodiazadiene 56,
mstead of expected bis(perchloroethyl) carbodumde 55 ¥¢*” Evidently, formation of diazadiene 56
1s a result of a chlorotropic shift in the C—N=—=C triad of the intermediate carbodumide 55 Of the

two possible chlorotropic 1somers 56 and 57, clear evidence (**C1 NQR and '*C NMR) 1s given 1n
support of the structure 56

012/hl’ ?l ?1

(!Cla(l!H-l\hC==lﬂl---(‘JHGCl3 —_— 0013?-N=C=N-?0013 —_——
C1 c1 160 C C1 Cl

54 55
c1
—— 0013?=N-?=N-00120013 ( CClBC=N—(IJ-N=CCCI3 )
Cl1 C1 c1 C1 cC1

56 (95%) 57

1,1-Difluoroalkyl carbodumides 50 and 58 are obtained by fluorination of respective chlorine

compounds with caesium fluonde or antimony(IIT) fluonde 1n the presence of catalytic amount of
antimony(V) chloride 3%%7

CsF/150°C

P
!

0013(’1=N-(|1=NR ———————— CC1,0-N=C=NR R = 2-Pr (60%)

¢1 C1 F 50 2,4,6-Me,C H, (66%)

o
sar3/1oo c F F

CC14G=N-C=N-CC1,CCL 4 0013?-N=C=N-(‘20013

Cl1 C1 (s6C1g) P

58 (46%)
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Several special methods for the synthesis of perfluoroalkyl carbodumides are noted In the
presence of caestum fluoride, perfluoro-2,4-diazapenta-1,4-diene 1somerizes rapidly at room tem-
perature giving bis(trfluoromethyl) carbodumide *® Imidoyl azide 60 prepared from perfluoroazo-
methine 59 on heating to 300°C undergoes a Curtius-hke rearrangement giving the perfluoro-
carbodurmude 61 *° By treatment of perfluorooxaziridine 30 with trimethylsilyl cyamde the N-sityl
carbodumude 62 1s obtained *°

CsP
F,C=N-CF,-N=CF, CF ;N=C=NCF
NaN
3 N Fay
CF3N=C: - -, CF3N=C: 3 OF;N=C=N-C(CF5)
o(cF,), C(cFy); _ g
2 61 (73%)
59 60
(-]
- 100 + 22°C
CFBN\—/O + Me,Si-CaN CF jN=C=N~SiMe,
CF - COF,
2 62 (95%)
30

Trfluoronitrosomethane with methyl 1socyanide gives the cychc adduct 63 which 1s cleaved by
heating i vacuo giving N-trifluoromethyl carbodumide 49 and methyl 1socyanate '® The carbo-
dumide 65 with a tellurium-—mtrogen bond 1s obtained by condensation of the amine 64 at —80°C
1n the presence of potasstum fluoride as HF acceptor °'

CP.N=0 ° o
3 25¢ MeN=C—C=NMe 400 C
t,  ————— | ———» CF,N=C=NMe + MeN=C=0
=c 0—N-CF 3
2 MeN=C 3 49
63
KF KFP

2 TeFgNHCF, [mep5nn-(|:=n-cp3] ————  TeP N=C=NCF,
64 - KHF,, TeFg F - KifFy 65 (10%)

2 4 Other 1,1-dihaloalkyl heterocumulenes
N-Trifluoromethyl keteneimines 67 are obtained n high yield by pyrolysis of oxazetidines 66
which are produced by condensation of trifluoronitrosomethane with allenes °?
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CF.,) ,N-CH=C=CRR’ °
(CF3)e (OF3) ,N-CH—G=CRR' 200-300 €
+ - (| I

0-—N-CF,
CF.N=0
3 66

— ————» CP.N=C=CRR' + (CF

3 N-CH=0
67

32

R=R=E (100%)
R=H, R= (CF3)2N (98%)
R=R= (CFB)ZN (90%)

67,

By treatment of perfluoropropyl 1socyanate with diphenylmethylene(triphenyl)phosphorane the
keteneimine 68 1s formed which 1somenizes to the perfluoroazadiene 69 with migration of a mobule
a-fluorine atom 1 the C—N=—C triad even at ambient temperature **

[
20 C, ether

03F7N=C=0 + Ph3P=CPh2

CF30F20F2N=C=CP112]
- Ph PO
68 J
CF.,CF,,C=N-C=CPh
i 1 2

372
F

€9 (92%)

1,1-Dnfluoroalkyl 1soselenocyanate 70 1s obtaned by the exchange reaction of aryl bromodi-
fluoromethane at 20°C 1n methylene chlonde °°

AgSeCN EI‘
p-t—Bu06H4CF2Br _— p-t-Bu06H4C|J—N=C=Se
~ AgBr
70 (39%)

3 PROPERTIES

A peculiarity of 1socyanates, carbodumides and other heterocumulenes with two halogen atoms
1n the a-position of their alkyl substituents, 1s their highly electrophilic character and higher reactivity
compared with usual alkyl(aryl) heterocumulenes In molecules of these compounds two electrophilic
centres exist

I'Ial
-CI =N=C=X
Hal
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As a rule, reactions of 1,1-dihaloalkyl heterocumulenes with nucleophilic reagents proceed with
participation of both heterocumulene group and a-C-atoms Differences 1n reactivity of these two
groups may be differentiated by a careful choice of nucleophilic reagent and conditions

31 Amonotropic conversions

An mmportant property of 1,1-dihaloalkyl heterocumulenes 1s their ability to undergo aniono-
tropic conversions These conversions are most thoroughly investigated for 1-chloroalkyl 1socy-
anates ! The position of equilibrium A 2 B depends on the nature of a substituent R and may be
completely shifted towards one of the two forms For example, the heterocumulene structure A
exists when R = CCl;, CF; but the equitbrium 1s completely shifted towards the immocarbonyl
chloride form B when R = Ar

(Ill
R-?-N=C=O _ R~(‘2=N-(|!=O
Cl c1 Ci1
A B

The immocarbonyl chloride form B 1s preferred with increasing number of chlorine atoms at the
a-carbon atom Thus, chloromethyl 1socyanate has the heterocumulene structure CICH ,N=—C—=—0,
dichloromethyl 1socyanate 1s a mixture of isomers Cl,CH—N=C=0 2 CICH=N—C(0)Cl,
and trnichloromethyl 1socyanate exists predominantly as N-chlorocarbonylimonophosgene
Cl,C=N—C(0)Cl

For 1,1-difluoroalkyl 1socyanates, no conversion into the corresponding immocarbonyl fluondes
1s observed As for the corresponding bromo-compounds, they are unstable and may have either
1socyanate or the immocarbonyl bromide structure '***

As was mentioned above (see 2 3 ), some 1,1-dichloroalkyl carbodumides have a heterocumulene
structure C only when sterically hindered substituents R are located at the mtrogen atom In other
cases an 1someric diazadiene structure D 1s preferred No conversion between these forms 1s observed

cl1
|
CClB(IJ-N=C=N'R CClB?=N-(IJ=NR
C1 c1 C1
c D

Recently®* a reversible chlorotropic 1somerization of perchloro-3,5-diazahepta-2,4-diene 56 into
perchloro-3,5-diazahepta-2,5-diene 57 was observed by rapid cooling of a molten compound 56 with
hiquid mtrogen and subsequent crystallization of glassy product at ambient temperature The isomer
57 1s stable at hiquid mtrogen temperature but converts completely into the thermodynamucally more
stable compound 56 at ambient temperature during several days

cl
|
(7Cl3(lJ=N-C'I=I‘I—CCIZCCl3 praad CCIB?=N-('3-I‘¥=(lJCCl3
Cl1 C1 ci C1 Ci
56 57

As was menttoned above (see 2 4 ), N-(1,1-diftuoroalkyl) keteneimines described in literature
may exist either in heterocumulene E or the azadiene G form
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F
1 e ~
Rf(|3-N:C =C ~ R f('l =N-(’3 =C\
F F F
E G

All known 1,1-dihaloalky] isothiocyanates RCHal,N=—=C==S§ exist in heterocumulene form
exclusively

3 2 Reactions with protic nucleophilic agents

321 Reactions with alcohols, phenols, thiophenols 1,1-Dichloroalkyl isocyanates react with one
mole of alcohol or phenol under mild conditions (0°C) 1n the presence of an organic base producing
N-alkylhidenecarbamates 71 which convert into the carbamates 72 under the effect of excess
alcohol !%4%3056,60.95.96 The reaction of perchloroethyl 1socyanate 14 with two moles of p-chloro-
thiophenol proceeds similarly However the thiocarbamate 1s unstable thermodynamically and
rearranges into 1;1-di(arylthio)alkyl 1socyanate 73 by heating to 130°C °’ In contrast with 1,1-
dichloroalkyl isocyanates, the reaction of perfluoroalkyl isocyanates with alcohols (0-20°C) involves
only the N==C=—0 group leading to the relatively stable carbamates 74 The latter are cleaved by
heating with excess alcohol giving perfluorocarboxylates 75 and carbamates 76 * *°* More stable
addition products, the thiocarbamates 77, are formed 1n reactions of perfluoroalkyl 1sothiocyanates
45, with alcohols 7°

¢1 ) Bt N ROH, Et,N

RC-N=C=0 + ROH RC=N-C=0 RG=N-C=0

c1 - Et N.HC1 €1 OrR - EtN-HC1 OR' OR'
71 72

72, R = Alk, AlkzN,

(A1k0),P(0)
2 EtyN A Sar
CC130C1,N=C=0 + 2 ATSH ————— (C1,CaF~C=0 ~— CC1C-N=C=0
s -2 Bt,N-HC1 SAr Sar SAr
1
73 (72%)

Ar = p-C1CgH,

9 AlkOH/A 9 0
RCF,N=C=0 + AlkOH — R,CF,NH-C-OAlk R,C-0Alk + AlkOCNH,
74 (80-90%) 7 76
5
CF4N=C=§ + ROH —— CF;NH-C-OR R = Me (75%)
45 7 Et (78%)

The behaviour of 1,1-dichloroalkyl 1socyanates containing an electron withdrawing substituent
R (like CCl;, CF;) 1n reactions with catechols 1s unusual The reaction proceeds under mild
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conditions (0—20°C) 1n the presence of HCl acceptor, the products are the 1socyanato-1,3-dioxolanes
78 °° Application of this reaction 1s restricted to catechol derivatives because ahphatic 1,2-diols 1n

(|71 X OH 2 Et3N X 0 N=C=0
R O¢ X
Cl Y OH -2 EtBN-HCl Y 0 R
78

these conditions give polycondensation products Wider scope 1s possible for a modified method'®°
which consists of preliminary addition of a methanol molecule to the 1socyanate group of compound
14 The carbamate 79, with ethylene glycol or catechol in the presence of triethylamine, gives the
dioxolanylcarbamates 80 and 81, respectively, which after heating with ethyl trichlorosilane 1n
benzene or with phosphorus pentachloride in toluene gave 1socyanato-1,3-dioxolanes 1n good yields

(o}

cCl CC12N=C=O + MeOH ———— 0013(13=N— -OMe ——
- HC1 Cl1

79

3

(o]

14

o}
i
NH-C-oMe %5013, Et3N cer,  wec-0

Ho' OH, Et;N 001,
0 o] 0 o]

- Et,N-HC1 L - Bt N.HC1 —/
3 80 3 64%

S E 9 PC1

HO' OH, BN oo)  m-foome 5 oC1;  N=C=0
I3 S — >
fo) 0 0 0
- EtN-HC1 - POC1,4, HCI,
& &5
81 87%

As was already mentioned (see 2 3 ), for 1,1-dichloroalkyl carbodumudes, the isomeric form of
dichlorodiazadienes 1s preferred Interaction of the latter with some protic nucleophiles gives rise to
carbodumides Thus, dichlorodiazadiene 52 treated with one mole of methanol in the presence of
tnethylamine gives primarily methoxychlorocarbodimide 82, which elimmates methyl chloride at
heating to 90°C giving acyl carbodumide 83 However, if the reaction of diazadiene 52 with methanol
1s performed 1 the absence of HCl acceptor then no acyl carbodumide 83 1s obtained and the final
product 1s a cyclic compound 84 or 85 '°!

Taeble 7. Isocyanato-1,3~dioxolanes 7899

R X Y Yield[%]
ce1, H H 46
cF, 71
CPy c1 H 58
CF c1 c1 42
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Et3n/5°c OMe A 0
€01 ,C-NeC=NPh ——— CC10-N=C=NPh
~Et,N-HC1 c1 ~MeC 83 (89%)

MeCH 82
CC10=N-C=NPh
b & , I 0_<NPh
FAN ii
52 CC1,C-N] NH or 0013-<\ NH
—MeC1, HC1, ( N—<

cC1,8(0)C1 NEh NFh

84 85

Treatment of diazadienes 52 and 56 with thiophenols or ethylene glycol in the presence of HCl
acceptor, as well as with sodium phenolates, yields 1,1-disubstituted carbodumides 86-88 and 89-

91, respectively 3487101

2 ATSH, 2 Et,N Shr
CC1,C-N=C=NPh Ar = p-C1CgH,
-2 Bt N-HC1 SAT
86 (98%)
HO OH, 2 E
» 2 Bt €C1,_ N=C=NPh
CC1,0=N-C=NEh o;xio
c1 C1 -2 Et3N HC1 ./
52 87 (90%)
2 PhONe oFn
CC1,C-N=C=NPh
-2 NaCl OPh
88 (83%)
4 ATSH, 4 EtyN Sar SAx
CC146-N=C=N-CCC14
-4 BN HC1 SAr SAT
89 (89%)
Ar = p-C1CH,
2 HO  OH, 4 Et;N €014, N=C=N_ CCl
CC1,C=N-C=N~CC1,CC1 > >
37 1 2 3 07 "0 07 o
c1 Q1 -4 EtgN-HC1 —/ /
90 (72%)
56
4 ArONe (I)Ar C|>Ar
€C1.,C-N=C=N-CCC1
e | 3
-4 NaCl OAT OAT
91

Ar = Ph (80%), p-MeC.H, (38%)
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3 22 Reactions with anmunes The reaction of 1,1-dichloroalkyl isocyanates with primary amines
gave alkylideneureas 92 and 93 #7-6%8%102 gymjlar products are obtained with N-silyl amines '°3

¢1 2 R, 2 RNH, 0
RG-N=C=0 RC=N-0=0 ————— R('3=N-C-NHR'
c1 - Rth-Hm C1 NER - Rth-Hm NHE'
92 93
R = Alk, Ar, AlK,N
R = Alk, Ar

Perfluoroalkyl 1socyanates treated with one mole of primary amine at 0°C produce unstable ureas
94 which are cleaved with excess amine giving a mixture of products '°* Reaction of perfluoroalkyl
1socyanates with secondary amunes involves both electrophilic centres and gives rise to alky-
lideneureas 95 '°¢ Similar products are obtained if methylene-bis-dialkylamines 96 are used '%°

RNH.
RfCF2N=C=O ——2— RfCFzNHgNHR —— ngNHR + RNHSNHz + (Rm{)20=0
94
PhZNH [
C2F5('3=N-C-NPh2
O3F7li=0=0 CH, (WMe.,) e 95 (70%)
2 272
96 il
: — 02F5(|1=N—C-NMe2
272 Nie,

Trfluoromethyl carbodumides 49 react with ammonia exothermically giving cyanoguamdines 98
via the intermediate adducts 97 '°¢ %7 Phosphorus-containing carbodumides 49 react with secondary
amines, the phosphorus coordination number being changed '°%!%° The last reaction 1s unusual
because the formation of hexacoordinated phosphorus compounds 99 1s assumed from respective
tetracoordinated phosphorus compounds

NH NH
RN=C=NCF; ——— [ RNH-C=N~CF ] RNH-C=N~-C=N
49 NH, - NH,F NH,
97 98 (50-90%)
Q Ye
R = Alk, Ar, (AlkO)ZP-(lZ
Alk
" "
9 Me R,NH ENYNRZ
(RO),P-C-N=C=NCF PP
! \/NH
49 Me™ R
99 (33-47%)

R, R, R"= Alk
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Dichlorodiazadienes 52 treated with equimolar quantity of mesidine 1n the presence of HCl
acceptor (0°C, ether) are converted into 1midoyl carbodummdes 100 '°' One should note that the
application of this reaction 1s restricted to the use of sterically hindered aromatic amines because
N-aryl mudoyl heterocumulenes without substituents 1n ortho-positions of the benzene ring are
unstable and undergo easy conversion into cychc products ''° ''! Treatment of dichlorodiazadienes
52 with pnimary aliphatic amines also gives rise to imidoyl carbodiimudes 101 However, 1n contrast
with the carbodumides 100, the compounds 101 are unstable and after 30—~50 minutes give substituted
1,2-dihydro-1,3,5-triazines 102 ''>''? The rearrangement of imidoyl carbodummdes 101 1nto triazines
102 1s a 6n-electrocyclic reaction

*MesNHZ, 2 Et3N %I-Mes
CC14C-N=C=NR R = 1-Pr (46%)
-2 Et3N-HC1 100 Mes (86%)
Ph (81%)
CC14C=N~C=NR —
BRI RRCH-NH,, 2 Et N N-CHRR' [1,5]H-sh1zt
52 CCIBC—N=C=NR
o
-2 Et;N.HC1 101 20 C
. R R"
N=CRR /
_ cC1 -< NR | ———— CCl.- N-R
102 (68-96%)
R = Ar

RHCH = 1-Pr, PhCH,, c-CgH,,

“Mes = 2,4,6-Ne CoH,

Perchlorodiazadiene 56, the chlorotropic isomer of bis(perchloroethyl)carbodumide, reacts with
prnimary aromatic amines in the presence of a base under muld conditions (0-20°C, ether) yielding
substituted 4-arylimino-1,3,5-tniazines(1H) 104 ''* This reaction seems to be connected with intra-
molecular nucleophilic substitution 1n the primarily formed adduct 103

c1
ArNH,, Et.N )\
2r °'3 NN o)
cx:13<|:=1~r-<|:=1‘1-0012c«::13 n Em——
c1 c1 - Btyvemer |01 YOG
Ar
56
103
FKAI
ATNH,, 3 Et,N /‘N( N Ar = Ph (85%)
s Mes (77%)
-3 EtgN-HC1 €13 W “Cl1y "
Ar

104
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323 Hydrolysis Hydrolysis of 1,1-dihaloalkyl 1socyanates, depending on 1ts conditions (acid
or alkaline medium), gives rise to carboxylic acids, their salts or amides **!4'% A careful hydrolysis
of trifluoromethyl 1s0cyanate with the use of hydrated salts produces bis(trifluoromethyl)urea '*
Hydrolysis of perfluoroalkyl carbodumide 50 leads to N-phenyl-N’-perfluoropropionylurea #*

H,0/H" 0
"
R-C-NH2
gal
R-?-N=C=0
Hal _
HZO/OH
le—————— RCO0~
Hal = C1, F
N1012'0.5H20 ICIJ
2 CF3N=C=O CFBNH-C-NHCF3
4,0 i i
C3F7N=C=NPh —_——— C2F5C—NH-C—NHPh
50

324 Reactions with other protic nucleophiles Trichloromethyl 1socyanate, which exists pre-
dominantly 1n the iminocarbonyl chloride form, reacts with N-monosubstituted amides of benzene-
sulfonic acid and dialkyl phosphoric acid in boiling organic solvents, giving N-(dichloromethy-

lidene)ureas 105 and 106, respectively '!°

PhSO,NHMe s
PhSO,N-C-N=CC1
o 27 2
120 C, Chlorobenzene Me
0 105 (60
CC15N=C=0 ::0120=N-cf —— 5 (60%)
Cl 0
Il P
(RO) ,P-NHR o o
o (RO),P-N-C-N=CC1,
80 ¢, ce1, R

106

Perfluoropropyl 1socyanate reacts with acetamide and urea even at ambient temperature ''¢ In
the first case the addition product, urea 107, 1s formed which hydrolyses easily giving diacyl-urea
108 In the second case, even with the excess of 1socyanate, only one amino group reacts and
hydrolysis of a-CF ,-group cannot be avoided As a result, perfluoropropionyl biuret 109 1s obtained

I
MeCNH2/20°C °o 0 H,0 o 9 9
C P NH-C-NH-CMe —————=  C,FgC-NH-C~NH-CM
107 (i) 70760 C 108
03F7N=C=0— 0 .
H,NCNH,, /20°C 0
2 2 0" n "
€ ,PsC-NH-C~NH-C-NH,,

109 (40%)
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Reactions of 1,1-dihaloalkyl 1socyanates with bifunctional nucleophiles such as amidines, hydra-

zines, guandines and hydroxylamines provide convenient approaches for the synthesis of vanous
heterocyclic compounds ¢%!9%117-121

c1
i 4NH R N, CH
R-C-N=C=0 + r-c” - . 1|( \I!q]/
NH
c1 2 -2 HC1
4
60-95%
R = CCly, Ph
R’ = Alk, Ar, AlkS, ArNH
c1
C Ph.__N._0
PRC-N=C=0 == PC=N-C=0 + H,N-NH, Y OF
c1 1 1 -2 HC1 HN—NH
56%
0
F . N
C-N=C=0 = PN [ L
MeO-C-N=C=
i 57 NH, 57NN “oMe
-2 HF
61%

3 3 Reactions with aprotic nucleophiles

Perfluoroalkyl isocyanates give, with tertiary amines and alkali metal fluondes, reactive adducts

110, 111 which may be used for synthesis '>>"'** For example, alkylation of the adduct 111 yields
the carbamoyl fluoride 112 '

[+]
20 C
C.P.N=C=0 + Et,N C.F N-E”S
37 3 3TN
NEt,
110 (72%)
?
-0 . BrCH,CH=CH, op
CF4N=C=0 + CsF — CF3N=C Cs CF 4N
N “CH,,CH=CH
2 2
1 112 (58%)

Under forcing conditions (300°C), alkali metal fluorides catalyse the cleavage of perfluoroalkyl
1socyanates giving mtriles '?° Heating of perfluoroalkyl 1socyanates with silver(IT) fluoride in the
presence of hydrogen fluoride as a catalyst yields perfluoroazoalkanes '°
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F~ Fr P
CyFqN=C=0 —— C,F ON-C=0 —— C,FsCeN-Cm0 ——m
F) F - F F F

C,F-.C=N + COF

A fL
———+  CpFC=N-CF,-0 oFs5 2

- F

AgP,/HF/60°C
C, P N=C=0 C_F-N=NC,F
- COF,, C,Fyq

Perfluoroalkyl 1socyanates under forcing conditions (180°C, autoclave) 1n the presence of tetra-
ethyl ammonium bromude as a catalyst, react with oxiranes producing 2-oxazolidones, for example,
113 '2? 1,1-Dichloroalkyl 1socyanates treated with oxiranes give alkylidene carbamates 71 %4126 The
last reaction 1s performed by heating (100°C) in the presence of a Lews acid

i
C.F N=C=0 + CL.F =N N0
37 ( ; 37
o v/
113 (20%)
¢L A1C14 0
RC-N=C=0 =—= RC=N-C=0 + R" ———  RC=N-C-0-CHCH, ¢
] i i \ / i 201
C1 C1 C1 0 c1 K

71 (60-80%)

R = C1 , Alk, Ar; R = H, Alk, Ar

Trichloromethyl 1socyanate reacts with N-phosphoryl azindines under mild conditions with
opening of the azindine ning giving N-phosphorylated alkylideneureas 114 and products of their
cleavage '’

0 0 20°c
== — =N= 7 e ———————
CC13N=0-0 == C1,0-N-0{  +  (RO),F g

0
i

i /C—N=CC].2 i

———  (RO),P-N + (RO),P-C1 + C1CH,CH,N=C=0

2PN, 2 2¢H;

CH,CH,,C1

114

114, R = Et (15%)
n-Pr (20%)
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1,1-Dihaloalkyl 1socyanates are widely used as electrophilic components of the Arbuzov reaction
for the synthesis of a-phosphorylated alkyl 1socyanates !?® Dichloromethyl and trichloromethyl
1socyanates react with phosphites and halophosphites producing a mixture of 1socyanates with
various extents of phosphorylation 1'S, 116, depending on the conditions of the reaction and

?1 A 9 (111 il
R(')—N=C=O ."'_“RC=N-('!=0 + AlkO-PX2 —_— XZP—('J—N=C=O + (XZP)Z(Il—N=C=O
ClL Cl C1 - AlkC1l R

115 116

R=H.Cl1 X =¢C1.PF OAlk

reagents ratio Reaction 1s performed on heating the reagent mixture, in the presence or absence of
a catalytic amount of anhydrous iron(IIT) chloride °%6? 96129131 When dialkylaminodichloromethyl
1socyanates 25 are used mm Arbuzov reaction, phosphorylated formamidines 117 are obtained *¢

Cc1 00

] n i
Alk,NC-N=C=0 == A1k2N9=N-—('}=O + 2 (Et0)3P 2, Alk,NC=N-C-P(OEt),

c1 Ci1 C1 - EtC1 P(0) (0Et),

25 25a 117 (50-54%)

Phenyl dichloromethyl 1socyanate reacts with sodium azide in aqueous acetone at 30°C to
y y y q

produce 5-phenyltetrazole *”'°2 In anhydrous solvent this reaction gives rise to a complex mixture
of heterocyclic products

¢1 Hy0 N—N

=N=C=0 === =N-C= I
PhC-N=C=0 PRO-N-G=0 4 NNy —  J %

c1 1 - co, ¥

53%

Dichlorodiazadienes 52—chlorotropic isomers of 1,1-dichloroalkyl carbodumides—in contrast
to the reactions of protic nucleophiles where they mamifest themselves as latent carbodumides (see
321,322), show the features of imidoyl chloride reactivity when treated with trimethylsilyl azide
Inmtial reaction products (in boiling benzene) are the tetrazoles 118 Upon treatment with excess
trimethylsilyl azide under forcing conditions (100°C, without solvent) bis-tetrazoles 119 are formed
The reaction of trimethylsilyl azide with perchlorodiazadiene 56 1s unusual and the substituted
1,2,4-tnazole 121 1s formed Authors believe that the reaction proceeds via the formation of the
intermediate mitrene 120 86132
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Me,SiN MeBSlN
001 ,G=N-CaNR CC1,0=N-C— IR 0C1,¢ —N-C—IR
C1 €1 - MegSaCl c1 NN - MesSiC1 NN
52
118 119
119, R = 1-Pr (69%)
Ph (89%)
Me351N3/120°C
cc13<':=N-(é;=N-cc:120013 - - | CO150=N-C=N-CO1,000, —
c1 01 - Me,52C1 Ny €1 - N,
56
c1 c1
— )Nk’m — /NC;
No xyy-N
R ce1y S ee cet,
120 121 (95%)

3 4 Reactions with hydrogen halides, carboxylic and other acids

Addition of hydrogen hahdes to the 1socyanate group of 1,1-dihaloalkyl 1socyanates 1s, as a rule,
a reversible process Thus, hydrogen chloride easily adds to trifluoromethyl 1socyanate to produce
the carbamoyl chloride 122 which 1s stable only at temperatures below 0°C As was already
mentioned (see 2 1 3 ), reaction of trichloromethyl 1socyanate with hydrogen fluoride may be used
for obtaining trifluoromethyl 1socyanate %40

Py
CF3N=C=O + HCl —— CFBNH—C\
4o C1

122

Trifluoromethyl 1socyanate gives unstable adducts with carboxylic acids , these adducts undergo
degradation even at 20°C giving amides 123 '** The main reaction products from perfluoroalkyl
1socyanates and perfluorocarboxyhc acids or their anhydrides are mitriles and perfluoroacyl

fluorides 34

°

20 C

I
CFBNH-CR

2 123

CP.,N=C=0 + RCOOH

8 2
3 CF jNH~C~0~CR

~ Co,

R = Me, CF

75°C 0
06F13CEN + C7F1SC—F

C7F15N=C=O + C7F15COOH
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Reaction of 1,1-dichloroalkyl 1socyanates with equmolar amounts of strong acids, such as
trichloroacetic acid and methanesulfonic acid, 1s a convement method for the synthesis of acyl
1socyanates '>*!37 For example, chlorocarbonyl isocyanate 124, an important reagent 1n 1socyanate

chemustry, 1s obtained by treatment of trichloromethyl 1socyanate with methanesulfonic acid n high
y1e1d 137,138

MeSO.H
4 3 "
CC1,N=C=0 =—= 012C=N—C\ C1-C-N=C=0
3 €l _ meso,C1,
2 124 (88%)
HC1

Acidic phosphites add easily to the 1socyanate group of perfluoroalkyl 1socyanates giving
carbamoyl phosphonates 125 '*°

0 20°¢
CFyN=C=0 + (A1k0) ,P-H

0
nn
CFBNHC-P(OAlk)Z

125 (70-80%)

An example of the reaction of dichloroalkyl 1socyanates with CH- acids 1s the reaction of

phenyldichloromethyl 1socyanate with dimedone, this proceeds under mild conditions (20°C, ether)
giving the bicyclic oxazinone 126 '4°

<':1 o o HO o 2 EtgN Ph N, .0
PhC-N=C=0 === PhC=N-C=0 + —
| | | o] /O
C1 c1 ¢C1 -2 Et,N HC1
126 (30%)

3 5 Addtion of 1,1-dihaloalkyl 1socyanates to multiple bonds
Trichloromethyl 1socyanate adds to the aldehyde carbonyl group in boiling benzene, with

pyridine as a catalyst, producing N-dichloromethylidene carbamates 127 '*! Ketones do not react
m this way

Y A ?
CC1,N=C=0 == 0120=N-C\Cl + RCH=0 —— RCHO-C-N=CCl
c1

2
127

R = (:Cl3 (60%)
Ph {57%)
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The reaction of trichloromethyl 1socyanate with aryltnifluoromethyl ketimines 1s a preparative
method for the synthesis of 1-chloroalkyl 1socyanates 130 '*>!'43 The mtially formed adduct 128
ehminates hydrogen chloride in boiling toluene giving N,N-bis(alkylidene)ureas 129 The latter
eliminate chlorocyanogen in the presence of acidic (HCl) or basic (Et;N) catalysts and yield
1-chloroalkyl 1socyanates 130

o
0 T, °¢ cr, 9
CC1,N=C=0 == C1,C=N-C_ +  JC=NH —=  J>C-NH-C-N=CC1
3 27 e ar” ar 7| 2
c1 - HCL
128
0
?.C 0 F,C_ N0 P.C__N=C=0
—— 3 eaNeCaNmcol, — et | 3
Ar Ar cb\ o — Cl1CN AT TCl
129 ¥
c1 130

130, Ar = Ph (70%)
p-MeC¢H, (30%)
p-Me0C H, (50%)
p-C1C.H, (55%)
p-CF4CgH, (75%)

Phenyldichloromethyl 1socyanate reacts with aromatic mitriles at 100°C 1n the presence of hydro-
gen chlonde yielding substituted 1,3,5-triazines 7 With aliphatic nitriles a mixture of products 1s
obtained including substituted 4(3H)-pyrimidones 131, 132, and substituted pyrimdine 133 22

c1
IJ N
Ph’\N)\Ar
7
ArC=N/HC1
¢1
Pn¢-N=C=0 === PhC=N-C=0
c1 c1 C1
A1XCH,C=N/HC1
Ph_ _NH O AlkCH NH O Ph_ N_ Cl
N 2 v
\‘N( r + \'NK \( + \'}}/ + PhC=N
7 ALk \I/\Alk Alk
c1 c1 c1
131 132 133

As was mentioned above (see 212), the reaction of trichloromethyl 1socyanate with tn-
chloroacetomitrile 1s a convenient method for the synthesis of perchloroethyl 1socyanate 33

Trichloromethyl 1socyanate 1s added to the C=N bond of aryl cyanates to produce bis(alkyl-
idenejureas 134 1n boiling benzene 1n the presence of a basic catalyst '** Dialkylaminodichloro-
methyl 1socyanates 25 are added to dialkyl cyanamides under mild conditions giving bis(alkyl-
1dene)ureas 135 4°
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)
0 A 1
(C1,N=C=0 == 0120=N-cf + APOCsN ——— Ar0C=N-C-N=CCl,
€1 (Py) 1
134
134, Ar = Fh (70%)
o
c1 20 C 0
Me,NC-N=C=0 == Me,NC=N-C=0 + Me,N-C=N Me,NC=N-C-N=CNMe
2770 27 i 2 273 1 2
c1 cr €1 c1 C1
135 (87%)
25 25a

Alkyl(aryl) 1socyanates are known'** to react with nitrile oxides with difficulty to produce [2+ 3]-
cycloaddition compounds 1,1-Dichloroalkyl 1socyanates, in contrast with 1socyanates, react with
nitrile oxides easily in the presence of catalytic amount of tertiary amine to give linear products
O-(alkylideneaminocarbonyl)hydroxamoyl chlorides 136 '“® One should note that 1,1-dichloroalkyl
1socyanates existing 1 equiibrium with their iminocarbonyl chloride form, for example,
ArCCl,N=C=0 2 ArCCI==N—C(O)ClI, do not react in this way even under forcing conditions

° +
¢1 , 20 ¢ RC=N,_ , e
RC~-N=C=0 + RC=N-0 — 1l - >0 | — RC=N-0-C-N=CR
&1 R-C-N-C{ . ;
i o c1 c1
C1

136 (58-89%)

R = CCl., CF
: 30 “F3
R = Ar, PhC(0)

Perfluoroalkyl 1socyanates react with ketenes at ambient temperature via [2+ 2}-cycloaddition
producing azetidinediones 137 ''® Reactions of perfluoroalkyl 1socyanates with both enamines and
1sonitriles also proceed easily but isolation of the products 1s difficult However, stable imino-
pyrrolidones, for example 138, may be prepared by reaction of perfluoroalkyl 1socyanates with
enamines and 1sonitriles '??

°
20 C

C.F °
== =C= 3 7-
C4F N=C=0 + H,0=C=0 — i |
0
137 (77%)
° C.F. N-C=0 il
\ 20 C 37 " C'CGH‘I 1NEC
(e - = e
C3FN=C=0 + Me,CoCH-N 0 —— £ X S —
O
0

CBF.Z\}' 0
N
c-C H, N
6111 (N)

0

138 (37%)
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36 Ehmunation of hydrogen halides and halogens

1,1-Dihaloalkyl 1socyanates with hydrogen atoms in the f-position may be converted into vinyl
1socyanates by dehydrohalogenation Thus, 1,1,2-trichloroethyl 1socyanate heated to 140°C 1n the
presence of a catalyst (calcium chloride or activated charcoal) gives 1,2-dichlorovinyl isocyanate 1n
high yield *” Dehalogenation of perhaloalkyl 1socyanates may be performed by treatment with zinc
mn diglyme or tetrahydrofuran'®!47 or with methyl dichlorophosphite *

@ s
CE—N=C=O —— ClCH=('3-N=C=O
Ccl - HC1 Cl

93%

ClCH2

x Zn/60°C
XCF,C-N=C=0 —— CF,_=C-N=C=0
| 277
- Zn.){2 R

32-81%

L]
[

= C1, Br
= F, CF,

2e)
!

(I? MeOPCl2 9 (III
ClzP—CCIZC012N=C=O e ClzP-(‘}=C-N=C=O
- MeC1, POC].3 Cl
63%

Dechlormation of perchlorodiazadiene 56—the chlorotropic 1somer of bis(perchloroethyl)-
carbodumide—proceeds unusually Treated with ethyl dichlorophosphite, this compound ehm-
mates two chlorine atoms m the 1,5-positions and undergoes cyclhization producing substituted
4H-imidazole 139 This reaction 1s supposed to proceed via halophilic conversion to form an
mtermediate 1onic pair AB, with subsequent elimination of amion Cl~ and cychzation to the final
product 3487 Instead of ethyl dichlorophosphite, triphenyl phosphine or zinc (in diglyme) may be
used as dechlorinating agents

cC1 C=N-C=N-CC120(313 + Et0PCl _

30 2
€1 Cl
56
c1
cc1.~Lx + IN CCl, N
- . 372\N\.c1 EtoPCl 3 el
3 - EtC1 cc1 N/
o1, TN ! 3
o1 POC1, c1
A B 139 (86%)

37 Other conversions

Tnfluoromethyl isocyanate reacts with dimethylformamide smoothly to produce the for-
mamidine 140 1 high yield '*®* Compound 140 1s also obtained 1n the reaction of triffuoromethyl
1socyanate with 1,1-difluorotrimethylamine '4°
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Me ,N-CH=0/20"C

- C02
CF3N=C=O — . — CF3N=CH—NMe2
Me2N-CHF2/SO c 140 (91%)

- COF2

Trimethylsilyl cyanide adds to the C—0 bond of trifluoromethyl 1socyanate easily to produce
the imidoyl cyanide 141 If trifluoromethyl 1socyanate 1s in excess and reaction 1s performed n
forcing conditions the heterocychic product substituted imidazolidinedione 142 1s obtained '*

CF3N=C=O/20°C
CFN=C-0S1Me.,
CK
MeBSl-CEN —_ 141 (70%)
=C= ° 0
2 CF;N=C=0/50"C S
Fyn” ¥y
0 N—SJ.Me3
142 (35%)

Trifluoromethyl 1socyanate reacts with sulfur tetrafluonide and sulfur oxytetrafluoride to produce
the compounds 143 and 144 respectively '* The heating with sulfur trioxide leads to a mixture
of products, one of them i1s N,N-bis(fluorosulfonyl)carbamoyl fluoride 145 '*® Fluorination of
trifluoromethyl 1socyanate with xenon difluoride in mild conditions gives rise to the substituted
hydrazine 146 '*

-]
s¥,/100°C
—4 ——~ cry¥esE,
- COR,
143 (50%)
s0F4/250°c
CF.N=5(0)F
~ Cor 3 2
CPN=C=0 —] 2 144
Q
$0,/200°¢ (P50, 0 (#50.)
N— +  (PSO,).0
- Co,, FCN 2’27 g 2’2
145 (39%)
XeF,/20°C FC(Q)  CG(O)F
\/N-N\
FsC cF 5
146 (77%)

Tnfluoromethyl 1socyanate easily adds hypochlorite 147 to the N—=C=—=0 group to produce
N-chiorocarbamate 148 '°° Chlorofluoride and chlorosulfonyl fluoride are added to trifluoromethyl
1socyanate 1n mild conditions yielding derivatives of N-chlorocarbaminic acid %!
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-]
H(CF,) ,CH,0C1/20°C
147 %
CF3Ig-C-OCH2(CF2) JH
o18/-78°C . 128 (57%)
CF,N=C=0 I
- V'J;BA'_"V‘\
& F
78%
€18048/-78"¢ 9
OF ;N-C-050,F
€1 g6

Perfluoroalkyl 1socyanates react with sulfur trumides 149 in mild conditions (—60-10°C, ether)
producing the compounds 150 '°? The latter give thiadiazetidinones 151 on heating (50°C) with
excess perfluoroalkyl 1socyanate '**

NR
R N=C=0 + 1m=s\:}vR _ an=s<
NR - RN=C=0 ¥R
149 150 (26-83%)
R = t-Bu, MeBSi
ANBu-t CF 3N t-BulN=C=0
CP4N=5] + CF,N=C=0 SS=NBu-t
NBu-t - t_BuNaCs0 CF,N
150
?u-t
CF.N, N
[——— 3 ?S/ }0
CFBN/ \III
Bu-t
151 (64%)

Trichloromethyl 1socyanate converts smoothly nto chlorocarbonyl 1sothiocyanate at boiling
with phosphorus pentasulfide in toluene or chlorobenzene 7%

40 A e
NeC=0 == C1,0=N-C]  + P, C1-C-N=C=S
C1 ~ PSC1
3 80%

CCl3

Isothiocyanate 46 adds chlorine to the C—=S bond at 50°C to produce the sulfenyl chlonde 152,
which may be chlornated to yield the isocyanide dichlonide 153 under forcing conditions (80°C), 1n
the presence of catalytic amounts of 1odine 7
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1, ca 1
V4
C1CF, NeC=§ ——— C1CF,N=C!  ——— = C1CF,N=CCl
2 2" g0, 2 2

Perfluoroalkyl isocyanates are easily reduced yielding secondary amines 154 with lithum
alumimum hydnde '3

L1A1H4/20°C
R CP,N=C=0 —————  R,CH,NHMe Ry = C4F, (74%)
152 CiFys5 (61%)
REFERENCES

Gorbatenko, V I , Samarai, L 1 Synthesis 1980, 85

Gorbatenko, V I , Zhuravlev, E Z |, Samarai, L 1, Isocianaty, Naukova Dumka, Kiev 1987

Ahlbrecht, A H , Husted, D R U S Patent 2617817 (1952), C 4 1953, 47, 8774

Henne, A L , Stewart,J J J Am Chem Soc 1955, 77, 1901

Barr, D A , Haszeldine, R N J Chem Soc 1956, 3428

Yarovenko, N N , Motorny, S P , Kirenskaya, L 1, Vasil’eva, A S Zh Obshch Klim 1957, 27, 2243

Sander, M Monatsh Chem 1964, 95, 608

Knunyants, L 1, Krasuskaya, M P , Deltsova, D P Izv Akad Nauk SSSR, Ser Kum 1966, 1110

Yagupolsky, L M , Malichenko, N A Zh Obshch Khim 1966, 36, 1983

10 Middleton, W J J Org Chem 1973, 38, 3924

11 Sankina, L V ,Kostikin, L I , Ginsburg, V A Zh Org Khim 1974, 10, 460

12 Shokol, V A , Kozhushko, B N , Kirsanov, A V Zh Obshch Kmm 1973, 43, 544

13 Silna, E B , Kozhushko, B N , Shokol, V A 1bid 1989, 59, 571

14 Lutz, W , Sundermeyer, W Chem Ber 1979, 112, 2158

15 Peterson, W R , Radell, J J Fluorine Chem 1973, 437

16 Middleton, W J J Org Chem 1984, 49, 4541

17 Barr, D A , Haszeldine, R N Chem Ind, London 1956, 1050

18 Barr, D A , Haszeldine, R N J Chem Soc 1957, 30

19 Young,J A , Durrell, W S |, Dresdner, R D J Am Chem Soc 1960, 82, 4553

20 Kryukova, L Yu, Kryukov, L N, Isayev, V L et al, Zh Vsesoyuzn Khmim Obshch D I Mendeleyeva 1979, 24,
298

21 Yanagida, S , Hayama, H , Yokoe, M , Komor1, S J Org Chem 1969, 34, 4125

22 Yanagida, S , Komori, S Synthesis 1973, 189

23 Ohoka, M , Yanagida, S , Sugahara, K et a/, Bull Chem Soc Japan 1973, 46, 1275

24 Komory, S , Yanagida, S , Ohoka, M Japanese Patent 5029451 (1975), R Zh Khim 1976, 23N81

25 Nottke,J] E US Patent 3920718 (1975), C 4 1976, 84, 89604

26 Clhfford, A F , Thompson,J W J Inorg Nucl Chem Suppl 1976, 37

27 Fawecett, F S , Smith, W C U S Patent 3118923 (1964), C A 1964, 60, 9148

28 Clfford, A F , Rhyne, T C, Thompson,J] W U S Patent 3666784 (1972), C A 1972, 77, 100776

29 Fawcett, F S , Tullock, C W , Coffmann, D D J Am Chem Soc 1962, 84, 4275

30 Thompson,J W ,Howell,J L , Clhifford, A F Israel J Chem 1978, 17,129

31 Hagemann, H Brttish Patent 1 169 158 (1969), Bayer A G , C 4 1970, 72, 42858

32 Hagemann, H , Schwarz, H , Doring, F Ger Offen 2405005 (1975), C 4 1975, 83, 192614

33 Gercyuk, M N, Gorbatenko, V 1, Samarai, L 1 Zh Org Klim 1979, 15,214

34 Schachner, H , Sundermeyer, W J Fluorine Chem 1981, 18, 259

35 Holtschnudt, H , Degener, E Ger Offen 1122058 (1962), C 4 1962, 57, 7112

36 Holtschmidt, H , Degener, E , Schmelzer, H G et al , Angew Chem 1968, 80, 942

37 Komg, K H , Pommer, H Belgium Patent 618 061 (1962), C A 1963, 59, 454

38 Reck, R C Jochims, Chem: Ber 1982, 115, 860

39 Baasner, B , Klauke, E J Fluorine Chem 1982, 19, 553

40 Klauke, E , Holtschmidt, H Bntish Patent 1145225 (1969), C 4 1969, 71, 12527

41 Kozhushko, B N , Shokol, V A Zh Obshch Khim 1988, 58, 1516

42 Matveyev, Yu I | Gorbatenko, V I Zh Org Khim 1989, 25, 1572

43 Stukalo, E A , Doroshenko, V V , Markovsky, L N Zh Obshch Khim 1975, 45, 1022

D OO0 ~J AN BN e



Yu I MATVEYEV et al

Gercyuk, M N , Gorbatenko, V 1, Dronkina, M 1, Samarai, L 1 Zh Org Khim 1979, 15, 1556
Neidlein, R , Haussmann, W Tetrahedron Lett 1965, 2423

Neidlein, R , Haussmann, W Chem Ber 1966, 99, 239

Tsuge, O , Yoshuda, M , Kanemasa, S J Org Chem 1974, 39, 1226

Boiko, V I, Gercyuk, M N |, Samara;,, L I Zh Org Khum 1988, 24, 451

Kukhar, V P , Shevchenko, M V bid 1975, 11,71

Shokol, V A |, Kozhushko, B N |, Gumenyuk, A V Zh Obshch Khim 1975, 45, 1965

Barr, D A , Haszeldine, R N J Chem Soc 1956, 3416

Young,J A, Durrell, W S | Dresdner, R D J Am Chem Soc 1959, 81, 1587

Gontar A F _Yelevev A F _Sokolsky, G A, Kounvants L. | Izp Akad Nauk SSSR,_Ser Khim 1978 2772
Findeisen, K , Wagner, K , Holtschnudt, H Synthesis 1972, 599

Haas, A , Spitzer, M , Lieb, M Chem Ber 1988, 121, 1329

Kukhar, V P, Shevchenko, M V |, Kusanova, N A Zh Org Khim 1973, 9, 1815

Kukhar, V P , Kirsanov, A V , Kirsanova, N A , Shevchenko, M V USSR Patent 407889 (1973), C 4 1974, 80,
95247

Semenn. V Ya  Bako A P Solodushenko, G F etal . Zh Qbshch Khim 1974 44 1251

Kukhar, V P | Pasternak, V I , Povolotsky, M I , Pavlenko, N G Zh Org Khim 1974, 10, 449
Kozhushko, B N , Gumenyuk, A V , Shokol, V A Zh Obshch Khim 1977, 47, 2766

Charobers, W [ Tullock. C W Coffmann. D D [ 4m Chem Soc 1962 84, 2337

Bauknight, C W , Desmarteau, D D J Org Chem 1988, 53, 4443

Krespan, C E J Org Chem 1986, 51, 332

Ogden, P H ibid 1968, 33, 2518

Sekiya, A , Desmarteau, D D ibid 1979, 44, 1131

Sekiya, A , Desmarteau, D D J Fluorine Chem 1979, 14, 289

Flering F A Kaoshar, R. I . Wnght C D IS Patent. 3694404 (1972) . C 4 1972 77_151462
Kauer,J C , Schneider, A K J Am Chem Soc 1960, 82, 852

Kauer,J C US Patent 2860154 (1958), C A 1959, 53, 7097

Makarov, S P, Shpansky, V A , Ginsburg, V A Dokl Akad Nauk SSSR, 1962, 142, 596

Falk, R A ,Readio,] D J Org Chem 1969, 34, 4088

Banks, R E , Haszeldine, R N , Stephens, C W Tetrahedron Lett 1972, 3699

Banks, R E , Haszeldine, R N | Stevenson, M J , Willoughby, B G J Chem Soc (C) 1969, 2119
Dahms, G , Haas, A , Klug, W Chem Ber 1971, 104, 2732

Dahms, G Diss Dokt Naturwiss , Abt Chem Ruhr-Unmw Bochum 1972, 93

Dahms, G , Diderrich, G , Haas, A , Yardanbakhsch, H Chem Zig 1974, 98, 109

Didernch, G , Haas, A Chem Ber 1976, 109, 3432

Bunnenberg, K , Jochims, J C Chem Ber 1981, 114, 1746

Glatov E N Bykhouskaya . E G ,Gontar, A ¥ Konnyants, U L Izn Aked Nauk SSSR, Ser Kbim 1988, 831
Guy, R G , Pearson,J Bull Chem Soc Japan 1977, 50, 541

Knunyants, L L Gontar, AL B Tilkunova, N A er o |1 Fluarme Chens 1980, 15,169

Akginenko, AL Y  Pushin A N Sokolov V R et |, Izn Akad Nauk. SSSR, Ser Khym 19871177
Flawers, W T _Frankbn R Haszeldme RN Perry R 1 I Chem Sac .Chem Commun. 1976, 567
Deltsova, D P , Krasuskaya, M P , Gambaryan, N P , Knunyants, I L Izv Akad Nauk SSSR, Ser Khim 1967,
2086

Garbatenko, V L  Matveyen, Yo L Gereyuk. M. N Samarar L L Zh Qrg Khim 1984, 20 2543
Matveyev, Yu I Dussertation, Kiev, 1987, 127

Matvevev, Y 1  Gorbatenko V L Samaray, L. L etal Zh Qrg Khum 1988, 24 986

Ogden, P H ,Mitsh, R A J Am Chem Soc 1969, 89, 5007

Gontar, A F , Glotov, E N , Bykhovskaya, E G , Knunyants, I L Izv Akad Nauk SSSR, Ser Khim 1984, 1438
Lam, W Y , Desmarteau, D D J Amer Chem Soc 1982, 104, 4034

Thrasher, J , Seppelt, K Inorg Chem 1985, 24,4171

Coy, D H , Haszeldine, R N , Newlands, M J , Tipping, A E J Chem Soc, Chem Commun 1970, 456
Deltsova, D P , Gambaryan, N P , Knunyants, I L Dok!{ Akad Nauk SSSR, 1973, 212, 628
Romanenko, E A , Matveyev, Yu 1, Gorbatenko, V I, Samarai, L I Dokl Akad Nauk Ukr SSR, Ser B 1989,
57

Kuhle, E Angew Chem 1969, 81, 18

Doroshenko, V V , Stukalo, V A , Shokol, V A , Kozhushko, B N Zh Obshch Khim 1971, 41, 2155
Gercyuk, M N, Dorokhov, V I, Samarai, L I Zh Org Khim 1985, 21, 1133

Dannley, R L , Lukin, M J Org Chem 1956, 21, 1036

Boiko, V I, Samarai, L 1 Zh Org Khim 1989, 25, 883

Samarai, L I, Boiko, V I, Gercyuk, M N ibid 1987, 23, 455

Gorbatenko, V 1 , Matveyev, Yu 1, Samarai, L I bid 1987, 23, 2385

Yanagida, S , Yokoe, M , Ohoka, M , Komor, S Bull Chem Soc Japan 1971, 44, 2182

Simitsa, A D , Parkhomenko, N A , Stukalo, E A Zh Obshch Khim 1977, 47,2077

Dannley,. R L Yamashiro R Taborsky, R. G [ Qrg Chem. 1959, 241706

Gambaryan, N P , Deltsova, D P, Safranova, Z V Izv Akad Nauk SSSR, Ser Khim 1987, 1814
Martynov, I V , Aksinenko, A Yu , Korenchenko, O V ef al , ibhid 1988, 2399



107
108

110
111

112
113

113

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

140
141
142
143

145
146
147
148
149
150
151
152
153
154

1,1-Dihaloalkyl heterocumulenes 1601

Martynov, I V , Chekhlov, A N , Aksinenko, A Yu et al, Zh Obshch Khim 1987, 57, 2285
Martynov, I V , Aksinenko, A Yu , Chekhlov, A N eral, Izv Akad Nauk SSSR, Ser Khm 1987, 1680
Martynov, I V , Aksinenko, A Yu , Pushin, A N eral, ibid 1988, 2123

Goerdeler, J , Weber, D Chem Ber 1968, 101, 3475

Samarai, L 1, Bondar, V A , Derkach, G 1 Khim Geterocycl Soyed 1968, 1099

Matveyev, Yu I , Gorbatenko, V I , Samarai, L 1 et al, Zh Org Khim 1987, 23, 2390
Goerdeler, ] , Eggers, W Chem Ber 1986, 119, 3737

SFOCIGAKT, o, SBBCTS, W LA Der a>o9, 147

Gorbatenko, V I , Matveyev, Yu I Kium Geterocycl Soyed 1988, 1699

Gorbatenko, V I, Lurie, L F , Samarai, L 1 Zh Obshch Khim 1978, 48, 2380

Deltsova, D P, Krasuskaya, M P , Knunyants, I L Izv Akad Nauk SSSR, Ser Khim 1967, 2567
Krenzer,J] US Patent 3872298 (1975), C A 1975, 83, 58831

Degener, E , Holtschmudt, H , Swincicki, K Belgium Patent 633232 (1963), C A 1964, 60, 13256
Degener, E , Schmelzer, H G , Holtschnudt, H Angew Chem 1966, 78, 981

Takahashi, M | Takiguchi, K | Imaizami, S Synthesis 1982, 155

Grohe, K , Heitzer, H , Liebigs, J Ann Chem 1974, 2066

Deltsova, D P , Gambaryan, N P Izv Akad Nauk SSSR, Ser Khim 1971, 1481

Deltsova, D P , Zeiman, Yu V , Gambaryan, N P bid 1988, 2533

Gontar, A F , Bykhovskaya, E G , Knunyants, I L id 1976, 209

Banks, R E , Barlow, H G , Haszeldine, R N , Creath, M K J Chem Soc 1965, 7023
Gunter, O German Patent 1262260 (1968), C 4 1968, 68, 114095

Gubmtskaya, E S , Semashko, Z T Zh Obshch Khim 1978, 48, 2007

Shokol, V A , Kozhushko, B N Uspekhi Khimu 1985, 54, 162

Shokol, V A , Kozhushko, B N Zh Obshch Khim 1977, 47, 321

Shokol, V A , Kozhushko, B N , Doroshenko, V V , Kirsanov, A V bid 1973, 43, 12
Kozhushko, B N , Shokol, V A 1bid 1988, 58, 1516

Matveyev, Yu I , Gorbatenko, V 1 , Samarai, L I etal, Zh Org Khim 1988, 24, 2216
Tilkunova, N A , Gontar, A F , Sizov, Yu A etal, Izv Akad Nauk SSSR, Ser Klum 1977, 2381
Pasqual, R J ,J Fluorme Chem 1976, 8, 311

French Patent 2006011 (1969), Bayer A G , C 4 1970, 73, 14177

Hagemann, H German Patent 1947498 (1977), R Zh Khim 1978, 4N174

Hagemann, H Angew Chem 1973, 85, 1058

Hagemann, H Angew Chem 1977, 89, 789

Shchekotikhina, N A | Sizov, Yu A , Gontar, A F etal, Zh Vsesoyuzn Km Obshch D I Mendeleyeva 1977, 22,
709

Tsuge, O , Tashiro, M , Hagio, S J Org Chem 1974, 39, 1228

Gorbatenko, V 1, Lune, L F , Samarai, L 1 Zh Org Khim 1976, 12, 1963

Fetyukhin, V N , Gorbatenko, V I , Samarai, L 1 thid 1975, 11, 2440

Fetyukhin, V N |, Koretsky, A S , Gorbatenko, V 1 , Samarai, L 1 ibid 1977, 13, 271
Gorbatenko, V I , Lunie, L F 1b1d 1981, 17, 398

Bast, K , Ohnisti, M , Huisgen, R Chem Ber 1972, 105, 2825

Vovk, M V , Romanenko, E A , Pyrozhenko, V V etal, Ukr Khim Zh 1989, 55, 1071
Muddleton, W J U S Patent 3816495 (1974), C 4 1975, 82, 4912

Gontar, A F , Vinogradov, A S , Knunyants, I L Izv Akad Nauk SSSR, Ser Kmm 1981, 2168
Knunyants, I L , Delyagina, N I, Igumnov, S M b:d 1981, 860

Fokin, A V , Studnev, Yu N , Rapkin, A 1, Pasevina, K I ibid 1980, 2623

Sprenger, G H , Wnight, K J | Shreeve, ] M Inorg Chem 1973, 12, 2890

Tesky, F M , Mews, R Chem Ber 1980, 113, 2183

Tesky, F M , Mews, R hid 1980, 113, 2434

Dannley, R L , Taborsky, R G J Org Chem 1956, 21, 1318



