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THE CHEMISTRY OF TRICHLOROACETONITRILE

Sherif M. Sherif and Ayman W. Erian*

Department of Chemistry, Faculty of Science, Cairo University, Giza, A. R. Egypt

Abstract- Trichloroacetonitrile (TCAN) is a versatile reagent in organic synthesis
which has drawn the interest of synthetic and theortical chemists. In this review,
literature reports are organized to fill what was an obvious gap by providing an

overview of the subject.
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1. INTRODUCTION

Trichloroacetonitrile (TCAN) can be viewed as a species containing two functional groups, cyano and tri-
chloromethy! functions. Their mutual activity extends the synthetic capabilities of TCAN as a compound
with dual reactivity. It can be used as an important versatile reagent in organic synthesis. Although overa
fifty years has been passed since the discovery of trichloroacetonitrile by Perri,! and also new horizons in
its chemistry are being opened up till now, there is no review article has been reported on the utility of this
reagent in organic synthesis. However, reviews covering the chemistry of wichloroacetonitrile adducts
and chloral hyclrate,4 have been appeared. It is hoped that this review will remedy the lack of a comprehen-

sive review by providing an up-to-date coverage of the recent literature,
2. SCOPE AND LIMITATION OF THE REVIEW

In this review all aspects of the chemistry of trichloroacetonitrile (1), irrespective of its biological study,
will be discussed. Because of their importance as synthetic intermediates, trichloroacetonitrile adducts with
active methylene reagents and their further reactions with a variety of reagents are also incorporated in this
report. Patents are only cited if they contain valuable synthetic informations which otherwise has not been
published.

3. METHODS OF PREPARATIONS

Petri! in his patent was the first to prepare TCAN (1) by passing chlorine gas through chloroacetonitrile
(2).
Cly

CICH,CN ——
60°C

2 1

CCI,CN
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TCAN was also obtained by passing dry HCI gas 5.6 or Cl,-O, mixture over AgCl at 395°C through

acetonitrile.’ The best results were achieved by dehydration of richloroacetamide (3) with P205 Or Ccyanuric

acid 89

P50
CCLCONH; —o2

CCI,CN

3 1
4. CHEMICAL PROPERTIES

Trichloroacetonitrile (TCAN) is a simple and highly reactive derivative of acetic acid. The trichloromethyl
and cyano groups selectively participate in chemical reactions with a very strong electrophilic characters.
This gives a simple way for the synthesis of a variety of unique organic compounds from amines, alcohols,
phenols, thiols and other nucleophilic reagents. The combination of both functional groups allows the use

of TCAN on a wide scale for cyclization proceeding under mild conditions.
4.1. Interaction with Protic Nucleophiles
4.1.1. Interaction with Amines

Many patents are devoted to obtaining trichloroacetamidine derivatives by the addition of amines to TCAN
for the purpose of producing biologically active compounds and drugs. TCAN reacts easily with amines
either with or without catalysis. As a rule, the products are gichloroacetamidines in case of both aliphaticm
20 and aromatic amines.?1"* All of the N-substituted and N,N-disubstitted amidines (4), Table 1,1? were
prepared by addition of the corresponding amine to TCAN, preferably in C(H,, (CH3)2SO or DMF at or
below room temperature. Cyclic N, N-disubstituted amidines (5) were obtained from the reaction of TCAN

with molar equivalent of the mono-p-toluenesulfonic acid salt of the appropriate diamine in methanol. 12

R'I
A
N=CH, N-H NH
ﬂ \CH HoNCH(CHo) NH, R I
cLe N,( 2)a CClLCN ClC-C-N
H R
-] 1 4
NR g
. ) CLC-C-N
Table 1. Trichloroacetamidines 4. SO, 2
1 2 .
R R R mp °C Yield (%)
H CH:3 223-232 decomp. 21
H n-C3H7 210.5-212.5 decomp. 38
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R Rl R mp 'C Yield (%)
H H H 210-220 decomp. 52
'-CH,CH,CH,- H 113.8-116.8 60
H CH2C;H==CH.2 177.8-181.8 decomp. B85
CH, H CH,CH=CH,, 83-87 decomp. 47
H H CH,CgH,-0-OCH, 242245 decomp. 59
“CH,CH,- H 85 decomp. 13
H CH,CHOACICH - 0-C gHe 157.8-161.8 decomp. 84
H CH,CgH,-p-OCH, 227.5-229.5 decomp. 76
H CH, CHZCH=CH2 101-106 86
H H (CH,),OH 74.5-76.5 52
H H CH,CgHy-P-CHy, 241-243 55
H CH, CH, 191-194 49
H H (CH)oCgH,-p-OH 94-95 50
°:3 c: CH,CH(OHICgH, 104-106 72
3 CH, 103-107 83
H H (CH,)gOH 136 decomp. 41
H H CH,CgH,-mOCH, 203-207 dscomp. 16
H H CH,CgH,-0-CH,0H 110-112 32
H R CHZCH(OH)CHz-OCsHs 86-87 87

TCAN reacted with o-phenylenediamine (6) to afford 2-aminobenzimidazole (8) vig intermediacy of 735

: NH,
CClLCN + @

NH,

C2HsOH

4.1.2. Interaction with B-Enaminonitriles

3-Amino-2-ethoxycarbonylpentendinitrile (9) reacted with TCAN in dry toluene in the presence of sodium

metal to give 2-trichloromethylpyrimidine derivative (11) via intermediacy of 10.28

N%(NHz . N
-CHCI
Q ((cms @N\}"Hz
N:
Ha H
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CCl, CCl,
coneN HN__ CH,CN HNTSN NN
x) + —r— NC L
j[ \%\CH.‘,CN HoN J\ACHzCN
NC  COCpHg CO,CoH; COLC,H;
1 9 10 11

The thiophene derivative (12) reacted with TCAN to give the thieno[2,3-d]pyrimidine derivative
8
(13).27,2

R CN Rt NH,
o+ T3 — T}
R g~ NH; R™Ng N7 CCl,
1 12 13
6-Arylazo-2,5-diamino- 1 H-imidazo[1,2-b]pyrazole-3-carbonitriles (14) reacted with TCAN in DMF con-

taining (C2H5)3N to give the corresponding 2-trichloromethylpyrazolo[5°,17:1,2)imidazo[4,5-b]-
pyrimidine-4,7-diamine derivatives (15).2%30

Ar—N=N H Ar—N=N H
H,N NH HoN CCl,
2 x N 2 2 S N N\Y
CCILCN + | | _ * N
N—N N—-N -
CN

NH,

1 14 15

The pyrano{2,3-d]pyrimidines (18) could be obtained via the reaction of ethyl 2-amino-3-cyanopyran-5-
carboxylates (16) with TCAN. The reaction proceeded via intermediacy of the adduct (1’1‘).31‘32

A
CH0,0 r N Ar o _ Ar NH,
CCL.CN | ] —_— C2H502C NHZ C2H502C Ny
N+ W L)
N/ CCl, o N//LCCIS

0” >NH
s 2 CHy™ "o CH,

1 16 17 18
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The B-enaminonitrile moiety in 19 reacted with TCAN to yield the adduct (20) which subsequently cyclized
into 21.33

[ Ph
Ph N. —! Ph N
CCLe CH, —h/N:N CHaﬁ N CHa‘ﬁ/ N
'3 N + 3 \Y — N—N\?k > -N -
N'N\%\CN CN N l NH,
NH, Ny NH, N§N
- CC!ﬂ = CCIa
1 19 20 21

4.1.3. Interaction with Alcohols and Phenols

TCAN reacted with equimolar amount of ROH/RONa to give the corresponding alky] trichloroacetimidates
(22). Reaction of TCAN with three-fold molar equivalent of RONa gave the corresponding trialkoxyaceto-
nimiles (23).34-37

RO -+ NH
N 3RONa oy oy ROH ao- g_ cel
RO-C-CN ~——— a ONa 3
RO
23 1 22

Primary allylic amines (27) were obtained in good yields by Overman rcarrangemcm38'39 and by oth-

ers. 4045 Thus, treating the allyl alcohols (24) with NaH and TCAN gave the corresponding allylic trichio-
roacetimidates (25). The latter under thermal rearrangement followed by hydrolysis afforded 2746

R
~ R R
R~ OH __NaH \/\ - \1/§ NaOH \I&

CCI,CN HNVo HN \1?0 C,HsOH NH,
|
CCl, CCly
24 25 26 27

2-Amino-2-trichloromethyl-1,3,4,7-tetrahydro-1,3-dioxepin (29) was obtained vig the reaction of TCAN
with but-2-en-1,4-diol (28).47

0
ccl
COCN & | OH _ Na _ >< 3
OH 70°C 5 NH,

29

1 28
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TCAN, in the presence of trifluromethanesulphonic acid has been found by Booth et a

1.48 10 react with

mono-, di-, and tri- substituted phenols at room temperature to give ketones (30) after hydrolysis of the

reaction mixture.

OH

OH

+ - R
[CCLC:NH] 03SCF;  +

A OH
Ho0

r—t

04SCF,

+
C=NH,

Fd
Cle

4.1.4. Interaction with Carbohydrates

z,c - CCIS

30

TCAN has been used in the synthesis of several cardiac g]yCDSidCS.49-54 The outline in Scheme 1 illus-
trates an efficient route to digitoxigenin a-D-, B-D-glycosides (34) and (36), n:sl:\c:ctiw,ly.s5

OR

0
RO OH

RO oA

2,3,4,6-Tetra-0-Bn-D-glucose

31

CCLCN /NaH
1

o]
RO
RO Of

OY"H
CCly
32a (76 %)
R"OH / BF 5. {C,Hy),0
0t,ah

0 L]
RO OR

RO OR
33

th
oH
DY
HO OoR'
HO OH
34

R =PhCH3
Scheme 1

32 (55 %)

R'OH / TMS-OTH

o
-10 C, 30 min

HO OH e
36
R'OH = Digitoxigenin
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Schmidt ez al.°%61 have observed that 2-azido-2-deoxy-D-g1ucosc derivative (37) reacted with TCAN in
the presence of NaH to give the imidate (38). The latter provided a good muramic acid glycosyl donor.
With various glycosyl acceptors depending on the catalyst and the reaction conditions either 8-or o-

glycosides and disaccharides (39-47) were obtained selectively (Scheme 2).52

OR!

oxb
CH; O \P,Oﬂ

Y Ns I"~OR '
CCLCN | NaH
COZCI '3 o 1

47p:R =82, R'. A° - c(CHy),

CO2CHs

37: R', R® = C(CHy), 390,3: R = Bal, n ,R? = CCHyg (a: p = 3:1)

40a:R =Bz, R RZ.

HN'

HD\/\
r. OR
0 g?o
TMS-OTf
GGI,

41 a: R = Bzl, ,Fi = C{CH
38 H1.R2=C(CH3)2 1a:R ZR {CHyo

OH

noﬁg/oc“’

RO OR

BFa.O(CoHs),

BF O(CoHs) RO [:O

OH

BF3.0{CHs)o
HO

Oﬂ'
RO

R 0 o o
CHy O
10/0201-:
i AORO

4p:R =Bz, R', R° = C(GHy,

N3

R0

CHa o

OCH,
OR

OR'*
0

N3

COCHy

0 RO |
) 0
ORock, OR H
S I
o
Ny

42a:R = BzIFl  R® 2 C(CHy, (a: p = 4:1)
43ap:R= leR H2 H
o O OCHy 44p:R= Bzt R', R% = Ac
OR

HO
RO

45p:R =Bz, R R = G(CHy,

Scheme 2
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Schmidt er al.93-% have also observed that from O-glycosyl trichloroacetimidates (49) and activated ben-
zene derivatives, C-arylglycosides (50, 53, 54) were obtained by mild Lewis acid catalysis (Scheme 3).

Similarly, an important intermediates for glycosphingolipids were prepared by Ogawa et al 8799

OBn O8n OBn  OCHy
c o
o, S FANYS
Bn0 oH NaH OBn B0 OCH,
Osn O, _NH OBn
48 49 Y 50
CCty OCH,
Osi(CHy CH0O OCH,
52
OSi(CHA3
§1 oM
HaCO, OCH,
OBn HO :
OH
BnO o HO OH OCH,
BnO
OBn OH 54
53
Scheme 3

The reactive acetyl-protected O-(a-D-glycopyranosyljtrichloroacetimidates (56) reacted with sulphur
nucleophiles in the presence of trifluoroborane ether as catalyst to yield 1-thio-B-D-glucopyranosides with

inversion of the configuration. The corresponding benzyl-protected a-trichloroacetimidate afforded, with

retention of the configuration, alkyl 1-thio-a-D-glucopyranosides (Scheme 4).70-74
R-SH, OR
o cet,cN (R = Ag) RO R R
85:R=Ac 56:R=Ac 57
‘R=8z ‘R=8z CCI;
NaCCH
R=Bz)} R-SH, s
BF 5.0(CoHg)y
OH
< FANEY
RO e HO S
OH R
OR Lo &9
S8

Scheme 4
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4.2, Interaction with Active Methylenes and Methyl Ketones

The condensation of active methylenecarbonitriles (60) (X = CN, CO,R; COPh) with TCAN in presence
of a base as catalyst afforded the corresponding 3-amino-2-substituted 4,4,4-trichlorocarbonitriles (61} in
good yields after only short reaction time. 381

8 H.N CN
CCLCN + NC-CH, -X p—
2
VAR
Cl,C X
1 60 61

The adduct (63), obtained from the condensation of acetylacetone (62) with TCAN, was converted to 1,3-
diketone (64), from which substituted pyrazole derivative (65) was obtained by the action of hydrazine hy-
drate. 82

NH, -
CH3OH / NaOAc .
CCCN 4  (CH4CO)CH, —r3OH/Na CCly—C=CHCOCH;
1 62 63
o CH,
] NoH,4.H,O
Conc. HC! CCly— & CH,COCH, 2Ha.Hp ﬂ
-2H0 Cl,C” N°
H
64 65

Treatment of TCAN with methyl ketones (66) in the presence of PhN(C,H;)MgBr afforded aminovinyl
ketones (67). The latter underwent acid hydrolysis to give B-diketones (68).33

NH, 0

PhN{C,H<)MgBr t . 1!
CCICN + CHLCOR _._25’_9_. ¢Cl, - C=CHCOR H CCl, - C- CH,COR

1 66 67 68

Depending on the reaction conditions, (69) reacted with TCAN to yield either the tetrahydro-Y-pyrone de-
rivative (71) or the dihydro-y-pyrone derivative (72). The reaction proceeded via intermediacy of the ad-
duct (70).34
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o PhN(C,Hs)MgBr NHe  Q OH
1 '
CCICN  +  CHyCOCH,C-CHj s CCly—CH— CH,C ~ CH,C-CHg
CHs CH,
1 69 70

NH dil. HCI

_H,0 | HC! (gas) - NH
o) 0

CH, | CHy OH
CH, 0 CCla CHs O CCly

72 71

A general method for the synthesis of a wide variety of trichloromethylpyridines (75) from nitriles (73)

was reported by Gewald and Hain.®3 The reaction involves addition of the methyl group in 73 to TCAN
and subsequent cyclization of the adduct (74).

R R .
L R
AUANNTS =
CCLCN + [\ y CON —NH,
H,C  CN NH, > N
ccl, co,
! 73 74 75

0
CN o ) 2 oN
Ph CcCl
Ph HzN CC|3 u 3
1 76 77 78

The carbanion obtained by the action of lithium metal on 3-picoline (79) reacted with TCAN to give 2-
trichloromethyl-{1H]-pyrrolo[2,3-blpyridine (81) via intermediacy of (80).87
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N S N
L N H
1 79 80 81

4.3. Addition to Polar Multiple Bonds
Addition of TCAN to clefins were reported in floods of pape:r::,.ss'99 An outline of the reaction mechanism

is shown below 38
Cu' + CCLECN — . CuCl" + CCLCN (1
RCH=CH, + CCI,CN
RCHCH,CCL,CN  + Cull

R(.JHCHQCCIZCN {2

R—CHCH,CCI,.CN + Cu (3)
Cl

For example, the addition of TCAN to substituted 1,3-butadiene (82) gave the halogenated alkene (83).88

CH,

—~ N
Cu*
CClLCN —_— Cl CCl,-CN

+ 7
1 B2 83

The reaction of olefins (84} with TCAN in presence of BCl, at -87°C, under argon atmosphere, gave the

corresponding azirine derivatives (85).100
Cl
BCl3 - Cl
CCLCN + RCH=CH, —————-
CH.Cl, R \ Ci
N
1 84 85

The pyridine derivatives (87) were obtained when TCAN was heated with a,B8-unsaturated aldehydes (86)

in presence of CuCl or Cu.10! '

R
C! Cl
=
CCLCN + RCH=CHCHO ]
o
N™ >a




HETEROCYCLES, Vol. 43, No. 5§, 1996

4.4. Cycloaddition Reactions

The important anticancer 1-trichloroacetyl-2-trichloromethyl-1,3-diaza-2-cyclobuten-4-one (89) was pre-
pared by the [2+2] cycloaddition reaction of trichloroacetyl isocyanate (88) with TCAN. 102

© o)
o CCLC-N=C= .
n 2 N—C—O CC! C"N
CCl;CN +ClLC—-C-N=C:0 — b -— 3 __I
L 88

1,2,4-Oxadiazole derivatives (91), (93) and (95) were synthesized in quantitative yields by 1,3-dipolar
cycloaddition of TCAN with the nitrile oxide compounds (90), (92) and (94), r<:spcc:tivt:ly.]03

CO,CHg
dry tol
CCIL,CN  + - y toluene
N = N 80°C
H o
dry toluene
CCIsCN  + N - y
= \ 100°C ~o
0O
N— [
cely
1 92 93
CH Ph
v dry toluene N—r
CCI,CN  + PhCH=N—0 ; N
110°C C|3C O’ "CHS
1 94

95
Nitrile sulfides (97), generated by thermal decarboxylation of oxathiazolones (96), underwent 1,3-diploar

cycloaddition with TCAN to yield richloromethylthiadiazoles (98).104 Similarly, but independently, the
same reaction was reported by Krayushkin et al.

105
Ar o 0 cClL,
A (ArC=N.§]  CCWCN /ﬁ_;
N oo SO A8
1
96 97
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S. UTILITY IN HETEROCYCLIC SYNTHESIS

Reaction of TCAN with bidentate reagents yields heterocyclic and condensed systems. These reactions pro-
ceed under mild conditions in the presence of base or by heating in an inert solvent. These cyclocondensa-
tions are also used for the synthesis of nucleosides containing condensed hf:terocycle:s.mﬁ']07 Among the
products of these reactions, biologically active compounds were found which included some herbicides'®
and antitumour agt::nts.m9 Thus, we will discuss the utility of TCAN in heterocyclic synthesis in separate

section. Some of heterocyclic systems have been previously discused and will not be discussed further.

5.1. Synthesis of Five-Membered Rings
5.1.1. With One Heteroatom
5.1.1.1. Furans

The condensation of TCAN with alkylacetyl carbinols (99) in the presence of PhRN(C,H)MgBr gave the
adducts (100). The latter were cyclized by HCl to give furanones (101) in about 93% yields.110

o]
ClL,C
OH T N— A X
CCICN + CH,CO-C-R — HN _:'HCI_' ﬂ\cc
' - !
CH, HO 0o 3 HaC o 3
R CH;
1 29 100 101

4.2.1.2. Pyrroles

The pyrrole derivative (104) could be prepared by the cycloaddition reaction of TCAN with phenacyl-
malononitrile (102).111

PhCO CN PhCO CN
J CoHsOH T\
CLe CN CHg0 NH;
NH,

CClRCN + PhCOCHCH(CN), ——

1 102 103 104

Depending on the reaction conditions, Y -bromoacetylaceto-p-toluidide (105) reacted with TCAN 1o yield
either the hydroxypyrrole derivative (107) or the ethoxypyrrole derivative (108). The reaction proceeded
via intermediacy of the adduct (106).112
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CCLCN + CH&OCH,CONH@—CHa
|
. HN “cel
105

The fused pyrrolo[2°,3":3,4]pyrazolo[1,5-alpyrimidine derivatives (110) could be prepared via the Mi-
chael addition of the active methylene protons in 109 to the activated CN function in TCAN followed by
elimination of chloroform. 113

o)
N._ Ph
Ar i x
DMF!(CZH5)3NIA
CC|3CN + H2N N/N 2 CN ———————a ~CHCh Z CN
H Z
1 109 110

Similarly, 1,6-dihydropyrrolo[2,3-clpyrazole derivatives (113) could be prepared starting from the pyra-

zole derivatives (111). The reaction was believed to proceed via intermediacy of the adduct ( 112).“4

R
1 R R

*; N . AN NGNS

CCIiCN \ sy C2HsOH/ (CoHg)sN ccl, T rrﬂ _Hech, 2 | T
NH a J\/——k
copn FN NH, PhCO NH,
COPh
! 111 112 113

5.1.2. With Two Heteroatoms

5.1.2.1. Oxazoles

3-Amino-4-trichloro-2-cyanocrotonitrile (114), prepared from the addition of TCAN to malononitrile, re-

acted with hydroxylamine to yield the 1,2-oxazole derivative (116). This compound was assumed to be
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formed by the addition of the hydroxylamine to the o,B-unsaturated linkage followed by cycliza-

tion.“s'llﬁ

C:EN NC NH2
NCJECN NH,OH.HCI [ j[ _
ClL,C NH, NHOH cL,C -Z\N 0
114 115 116

A general method for the synthesié of a wide variety of 1,3-oxazoles from allylic alcohols by using TCAN
as a key precourser was reported by Cardillo er al. 17.118 The yeaction involved addition of the hydroxyl
group in the allylic alcohols (117) to the cyano group in TCAN to yield the allylic imidates (118). The lat-

ter were treated with N-iodosuccinimide to give the 1,3-oxazoles (119).

cely CCly
OH I
/,\/ CClaCN 0J§ NH 0)§ N
=N —_— NIS \
" R Nart ’k/\ - 3
A R R H
117 118 119

Condensation of TCAN with epoxypropanols (120) in the presence of base gave the adducts 1-tri-
chloroacetamidyloxy-2,3-epoxypropanes (121) in 70% yields. The larter underwent thermal intramolecular
cylcization to afford the 1,3-oxazoles (122) in excelient yields.“g'120

o 'IIH o CHoOH
CCl3CN + HO _ch_Q — C,c”o-cH< 8 N’gr
| R
R R |
ci,C ’l\ 0
1 120 121 122
R = H, cyclohexyl

Reaction of ethanolamine (123) with TCAN afforded the corresponding 1,3-oxaquine (124) which proved

to exert an antidotal activity for the defense of crops against the toxic action of nonselective herbicides. 121

o
CH30H
CCLCN + HOCH,CHoNH, ___:____ (N}—cch

1 123 124
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The reaction of methyl 2,3,6-trideoxy-a-L-threo-hex-2-enopyranosides (125) with TCAN afforded the im-
idates (126). The latter underwent iodonium ion-induced intramolecular cyclization to yield the correspond-
ing condensed 1,3-oxazoles (127).122

Che._, NH ClyC

\(

/:N oR
" ../_. N ~ conen o\‘ _/: N F ows © \ o
N\, N\,
1

125 126

127
5.1.2.2. Thiazoles

An important antidotal active 1,3-thiazoline derivatives (130) were prepared by treating TCAN with 128 in
refluxing methanol. 123

R R'
R R! R R’
- NH —
CCILCN  + f—( - 7" < _ . s N
HS NH, HS N Y
H,N-Z
' eayy CCly
1 128 129 130

Treating TCAN with 131 in refluxing ethanolic-sodium acetate solution at room temperature afforded the

2-iminothiazoline derivatives (133) via intermediacy of 132,14

ArCO
ACO_ S.  _ s
CCILCN + ArCOCH,SCN 2HsOH /NaOAc ] ( C=N 2/ e
room temperature |~ ~ NH ChC™ N
3 2 H
1 131 132 133

An important thiazole carboxylic acid derivative (139), used as protectant against herbicide damage, was
obtained by treating TCAN with ethyl acetoacetate (134) to give the adduct (135) which was deacetylated
by NH20H to the intermediate (136), cyclocondensed with 137 to afford the thiazolone (138). The lat-

ter treated with thionyl chloride in pyridine solution to afford the desired thiazole (139).'%
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COCH;, COCH
/ Cl,C 3 NH.OH
CCICN + G\Hz _— ® /E/\ 20 CIE?/&‘\
CO,C,H H.N CO,CHs HoN CO,C,Hs
1 134 135 136
o)
I Ci,C C.H C,C C0.,C,H
¢I-C-SC 3 >=(C°2 2'ls ? 7.—.—( s
137 HN s S0Ck N S
Y Y
cl
138 139

5.1.2.3. Pyrazoles

The addition of the active methylene moiety of cyanoacethydrazide (140) to the cyano group of TCAN af-
forded the acyclic intermediate (141). The latter cyclized with loss of CHCI3 to give the pyrazolinone de-

rivative (142).112

0 N 0 CN
CCICN + CH,CONHNH, _CzHsOH/NaOAc HN)\lI CHCl
| - 3
N HN HN_ ) NH;

room lemperaiure !
Cl,C”~NH, N

H
1 140 141 142

The important antibacterial pyrazolecarboxylic acid derivatives (146) were prepared by the cyclization of
the TCAN adduct (143) with hydrazines (144). The latter were hydrolyzed by aqueous sodium hydroxide
at room temperature to give 146,126

cHOL  NHe HOLC NH;
C0L N A NaOH T
j[ + RNHNHZ — HZN /N ————— HoN ,N
H.N" ~cel, N N
144 R ' R
143 145 146

R =CHj, HOCH,CH,
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5.1.3. With Three Heteroatoms
5.1.3.1. Thiadiazoles

A series of 4,5-dihydro-5-thiocarbamylimino-4-phenyl-1,2,4-thiadizolines (149) was prepared by ring-

opening cycloaddition of some imino-1,2,4-dithiazoles (147). The reaction proceeded via the intermedia-

cy of the dipolar intermediates (148).127

NPh '

= {(R)2N N+&  pn RIN__N. N ca

CCl.CN \( 7/ . AN 2 3
L Crr | =m0

1
a7
! 148 149

Amino-1,2,3,4-thiatriazoles (150) were effectively converted to 1,2,4-thiadiazoles (152) when wreated

with TCAN via the cycloadduct polar intermediates (151).!2%
cLe-C O
NN N N N— "
\ - = N2
CCI.CN + / ‘N - FN N . \

* RHN/j\s’ ® ;i s—\ /& N
AN RHN™ S

1 150 151 152

Similarly, iminothiadiazolines (154) were prepared by using S-imino-1,2,4-thiadiazolidin-3-ones (153) as

masked 1,3-dipoles starting materials, 1294130

R R
o YN NCH, C'aC\( '\'YNCH3
CCL,CN + Y S ;‘_ s
N—S ~ ArNCO
Ar
1 153 154

The antimalarial agent (159) was synthesized via the reaction of TCAN with liquid ammonia to give trichlo-
roacetamidine (155). The latter was treated with thiophosgene (156) to give 5-chloro-3-trichloromethyl-
1,2,4-thiadiazole (157) which after condensation with N,N-dimethyl-1,3-propanediamine (158) yields the
desired antimalarial drug (159).13%132
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| ;
| NH CHc-Ci
CClCN + NHy 1O Cl3C-C-NHo HCI L L.
1 155
(Cin)aN(CHs)z
WS\LC HaN- (CHgNCH, N'SYN\ S\n
)\_N)/ 1568 )\_N’ ‘I\\I /(
o i cc
157 159

5.1.3.2, Triazoles

Heating 3-amino-3,4-dihydro-2-imino-2H-1,3-benzothiazine-4-one (160) with TCAN afforded triazolo-
[5,1-b][1,3]benzothiazine (162). The reaction was initiated by the condensation of the amino group in 160
with TCAN to give the adduct'(161) followed by cyclization via ammonia elimination.133

oK o
‘ /NH2 u N
N N/ YCCIS
CClCN + /g —_— /&
$7 NH s\ NH,
H

1 160 161
i

- NH; N—|]\|
S/RNJ\CCI:,
162

Similarly, the naphthothiazolotriazole derivative (164) was prepared from the reaction of 2-iminothiazole
(163) with TCAN.!34

CCILCN  + ll!i.[:__N__NHz — uli N—-N
O s&NH O S’J\\Nﬂ‘ccl3

183 164
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5.1.4. With Four Heteroatoms
5.1.4.1. Dithiadiazoles

The reaction of TCAN with (NSCI), at 23°C produces good yield of dithiatriazine (165). The latter was

heated to give the dithiadiazolium chloride (166).133:1%
cm, ccn3
CCI,CN + (NSC —m \ @ : A @ -
ci- S. Cl A /
1 168 166

5.1.4.2. Tetrazoles

The tetrazole derivatives (168) were prepared in 90% vyields via cycloaddition reaction of alkyl azides
(167) to TCAN at high temperature,137-140

)
CCl,C R.-Nl \I:l
la N + RNa —
V=N
oLe
1 167 168

5.2. Synthesis of Six-Membered Rings
5.2.1. With One Heteroatom
5.2.1.1, Flavones

2-Acetoxybenzoyl chioride (169) reacted with CCI3CN/P(Ph)3 in CH,Cl, at 24°C 10 give 48% of 3-(2-
acetoxyphenyl)-2-triphenylphosphorylidene-3-oxopropionitrile (170) which was cyclized on heating at
180°C in 1,2-dichlorobenzene to afford 2-methyl-3-cyanoflavone (171) in 65% yicld. 141

e}

o CN o
e Cr — PR, _180°C N
Aon, “CHiClp/24C o |
o0 ch, 07 CHy
1 169 170 171

5.2.1.2, Pyridines
Cyclocondensation of 172 with TCAN gave the pyridines (174) via intermediacy of the adduct
(173).142:143
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H,N  CN CN
H,N  CN ) \_J/_\ s '
cl N CN ° -
ACN  + o 3 / NH,
}—/—\CN R NH, R N\ N
R cLC
cLC
! 172 173 174

The activated methyl group in 175 reacted with TCAN to yield the 2-aminopyridine (177) via intermediacy
of the adduct (176).144

NC._ _CN NC._ _CN "NHz
NC
CCILCN  + j[ —— j(/'t"’"z I TN
Ph CH, Ph - cey, Ph P col
1 175 176 177

B-Enaminonitrile (178a) (X = CN), prepared from the reaction of TCAN with the appropriate active meth-
ylene compound, reacted with cyanothioacetamide (179) to yield the adduct (180) that cyclizes to 181.
Compound (178b) (X = CO,C,H,) reacted with 179 10 yield a mixture of 184 and 185. Compounds
(182) and (183) are assumed to be intermediates for the formation of these products.”s

NH, NH,
X__CN S _

j[ + HN-C-CH,CN _X=CN _
CLC” ~NH,
178 a X=CN 179

b, X = COzCsHs 180

X = CO:CHs
‘0\;\6 b

CCl, CCi, NH, NH,
NCﬁCOECZHS NC ﬂcozczn-cs § on
Cl,C
CEN : ?
§7 "NH, s oty X
H,N NH, HN N7 Vg
182
183 181
Ne CCl, cel,
87 "N “nH, s N Yoy,

H 184 H 185
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The pyridine derivative (188) was effectively prepared when phenacy! thiocyanate dimer (186) was wreated
with TCAN.!!

Ph Ph

PR SCN 4o tolene NCS SCN NCS SCN
COLCN =~ T (CHeNTA | i L7
A
NCS COPh 3 -H0 e N

Ce” N O “pp Ph
Ha ]

1 186 187 188

The reaction of olefins (189) with TCAN in the presence of Cu,CL, gave 190 which cyclized in Bu,O con-
taining HCl to give the pyridinols (191). Dehydrochlorination of 191 gave 3,5-dichloro-2-pyridinols
(192).146-148

:"\ CLIzClz (':l /R
CCLCN + COR NC-C-CH,CHC
a o ©
1 189 190
cl cl
ol —
HC!
¢l OH ci OH
\._ ~HCI \
R R
191 192

5.2.2. With Two Heteroatoms
5.2.2.1, Oxozines

Methyl salicylate (193) reacted with TCAN to give the intermediate adduct (194) which subsequently cy-

clized via loss of methanol to yield the benzoxazine (195).%

% CCH I 2
3 dry toluene OCH — CH2OH N
CCLCN + @f;_' (CoHgaN/ b d NH 3 i
Al o7 cel
0 CCl, 3
1 193 195

194
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§.2.2.2. Pyrimidines

Arylhydrazomalononitriles (196) reacted with secondary amines to give the acetamidines (197), which in
turn reacted with TCAN to yield the pyrimidines (198). 149

NH

AMNH-N._CN Ar-N=N N
CN R = CN .
+ HN’ R. I CCly AL | 3
ArNH—N% N N N~ CCly
CN

R R NH CszOH /(CZH5)3N fa A ,N H

196 197 198

B-Enaminonirriles such as 178a-c, prepared from the reaction of TCAN with the appropriate active meth-
ylene compound, yielded 2-bromopyrimidines (202) when treated wtih cyanogen bromide (199). Com-
pounds (202) were assumed to be formed via the addition of the amino function in 178 to the cyano group
in BrCN to yield the adduct (200) which readily ¢yclized into 201. The latter then underwent nucleophilic
displacement of the trichloromethyl moiety by the CN group to give 202130

X_ _CN  X_ _CN "
2
j[ + CNBr ——— j[ 4'\ o
CLC”™ "NH, ci,c” N
178 a, X=CN 199 zob
D, X = CO,CHs
¢, X = COPh°
NH, NH,
—_— XfN EEL xf‘N + CClzBr
ChS” N A Br NG N A Br
201 202

Elnagdi ez /.15 reported the preparation of pyrimidine (203) by condensing TCAN with the enamino-
nitrile (178¢).

O N Ph
NC
SN ph)ﬁ[ f I
Ci,C™ “NH, CLC N A cel,

1 178¢c 203
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Similarly, the amide derivative (204) reacted with TCAN to give the adduct (205) which spontenously cy-

clized into 206 vig loss of chloroform. 143

=N CN HZN
H,N  CN Cl,C - CHC =N _¢CN
CCLCN  + ppun = — | PHHN 3 Ph-N)_)=(
))—/—\ C0,C.H b—/ﬂ CO,CxHs = COLL,Hs
o 2v2''s o OH
1 204 205 206

The antiallergy agents thieno[2,3-d]pyrimidines (209) were synthesized via the reaction of thiophenes
(207) with TCAN to yield the adduct (208) which cyclized readily to give the final isolable products
(209).152,153

Rl Co 2 0 O
coLeN & R’ oRz2 | —ReOH R NH
ACN  + . /B —_— | NH, | //L
g7 NH R™Ng N7 ok RONg~ N7 CCK
1
207 208 209

Methyl anthranilate (210) reacted with TCAN in dry toluene in the presence of (C2H5)3N to yield the
quinoxalinone (211} in good yif:lcl.25

o}
OCH NH
CCLCN + P — .
NH, N= el
1 210 211

5.2.3. With Three Heteroatoms
5.2.3.1. Oxadiazines

Burger et al.13* have observed that TCAN behaves as electron-deficient dienophile in cycloaddition reac-
tions. The [4+2] cycloaddition of 212 with the cyano group of TCAN yielded the cycloadduct (213). 134

FC n. Ar
F,C N Ar F,C %r
COLCN + Y v — N.. O
F,C 0 \]/

cel,
L 212 213
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£.2.3.2. Thiadiazines

An efficient one-pot synthesis of 3,4-dihydro-1,3,5-thiadiazines (215) has been achieved via [4+2] cyclo-
addition of 1-thia-3-azadienes (214) with TCAN.13

J
R
N/
. A HN)\N
CCION + s — |
l AN S CCl,
Si(CHa)
1 214 215

5.2.3.3. Triazines

Syntheses of the light-sensitive composition bis-(halomethyl)triazines (220) were reported in floods of pat-

ents!¥6-164 ang paperslﬁs‘ns via the reaction of TCAN with aryl, alkyl nitriles or even itself 218. (Table

2). An outline of the reaction mechanism is shown below.

cuc. . NH
NH ¢
2 cLee=N HC [ o ] —_— NS
2 CC[;-C_CI (_ Hc') \?_CI
cLe
1 2186 217
NH I
R-C=N HCl [R—C/: J
cl -2HCI
218 219
R
Ng\i
IN
e’ NT “cey,
220
Table 2. Cowimerization of CClL,CN with some nitriles’”°
R Yieid mp °C R Yield mp °C
%) ) P
CH, 95 96-97 2-Naphthy 78 210-212
CgHg 94 97-98 C,Hg 82 34-36




HETEROCYCLES, Vol. 43, No. 5, 1996 109

Table 2. Cont'd.

R ol meC R Yed  mpC
2-CICH, 91 120-122 nCaH, 93 136-138
3-CICgH, 93  125-127 FCaHy 87 170-175
4-¢ICGH " 92 158-159 nC 4H9 20 157-159
2.4-CIZCGH3 88 143-145 o 4H9 82 154-156
34-Cl,CgHy 80 139-140 5C4Hg 81 142-146
2,4,5-(:1305H2 85 153-1685 +-C 4H9 56 154-157
4‘Bt'CsH4 g2 161-163 ﬂ-CsH.‘1 g5 175-177
4-CH306H4 a5 122-123 n—CQH19 78 192-194
3-NO,CgH, 74 103-104 nCygHas 92 210-215
4-C HSOC 6l-l 4 90 144-145 Cl-i‘.,_,C:lC:H2 69 65-67
1-Naphthyl 83 216-218 CHZCIGC(2 87 47-48

The trichloromethyl moiety in 220 showed high reactivity as leaving group with nucleophilic reagents.

Treating triazines (220) with amines, phenols or carbanions afforded mono or disubstituted derivatives, de-

pending on the reaction conditions, 76177
R R .
A AL
III\ NN 2 HXR' JNL SN HXR' "t'/l\\‘N
- -~ ——
R'X N7 ym c,c N cey, e 7 -
222 220 "

X =NH, O, 8, CHR"
A general synthetic route for pyrido[2,1-f}-as-triazines such as 225 starting from ethyl picolinate N-
ammonium perchiorate (223) with alkyl or aryl cyanide was reported by Batori et_a!.ln

@
Ocozcsz 8] OH
' - ~ o w2
N. —r_ i N HCIO, h N
) ® N""R KOH ® A
cio, go
223 218 224 4
225

R = CCly, aryl, alkyl
The reaction of arylhydrazones (226) with TCAN in the presence of piperidine afforded 1,2,4-triazines
(228) via the intermediate (227’).”9 In a similar manner, TCAN reacted with the hydrazones (229} to
afford high yields of the triazines (230).180
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9 o
NC, .CONHPh NC Ph NC -
ce ¢ | N = CHCly N~
AR S R ST
~ NHAr ‘f';fHCCh "l':J NH
Ar Ar
1 226
227 228
NC S
NC
T e ST
N - 3
CClaCN N
3 + |>IH “N )\ CCI3
]
Ar Ar
1 229 230

Kelarev et al.17% reported the preparation of s-triazines (233) by condensing TCAN with N-

carbonylguanidines (231).

NH2 NHZ
/I:IC N %\ N N A\ N
CCLECN + HN  NH, | - H0 L| . /A
R™Ng R7T0 H,N CCl, R CCl,
1 231 232 233

5.2.4. With Four Heteroatoms

5.2.4.1. Dioxadithiazines and Oxathiadiazines

Dioxadithiazine tetraoxide (234) were obtained in high yields by reatment of TCAN with 2 moles SOy in
CHCI,. Treatment of 234 with another molecule of TCAN gave 235,181,182

CCla CCla
A
o !
28\0/802 Cisc o ,-Soz

1 234 235
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CONCLUSIONS AND PROSPECTS

There has been a rapid growth in the research activities in the chemistry of TCAN. This trend wiJl continue

in

future not oniy because of the proporties of TCAN but also, because synthetic applications to the con-

struction of unique and complex molecules are possible. Through this review, it is hoped that understand-

ing of TCAN potential in the synthesis of glycosphingolipids, heterocycles, biologically active compounds

and drugs will results. Recently, the floods of papers and patents concerning the biologically active trichlo-

roacetamidines (4)10-20-49-54 ang the light-sensitive composition triazines (220)136173 testify 1o its terrif-

ic potental. Finally, it is hoped that this review will fill what was an obvious gap by providing an overview

of

7
1
2
3.
4
5

the subject.
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