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SUMMARY

The reactions of N-polyfluorcphenvlecarbonimidovl dichlorides with primary
and s=condary aliphatic and aromatic amines have been studied., With primary
aliphatic amines, the reactions led to carbodiimides or guanidines, depending
on the amount of amine, The carbodiimides obtained reacted with amines %to form
gcuanidines, The reactions with primary aromatic amines produced only
triarylguanidines, N-Pentafluorophenylecarbonimidoyl dichloride (1) reacted
with tetrafluoro-o=-phenylene diamine to give 2-pentafluoroanilinoc=4,5,6,7-
tetrafluorobenzimidazole. Polyfluorinated benzimidazole derivatives were also
produced by the thermolysis of polyfluorinated triarylguanidines. lieating of
N1,N2,N3-tris(pentafluorophenyl)guanidine Wwith I(2CO3 in dimethylformamide led
te 1,2,3,4,7,8,9,10-~0ctafluoro=-5~-pentafliuorophenyl=5H-
benzimidazo{1,2-albenzimidazole, N-Polyfluorophenylcarbonimidoyl dichlorides
reacted with various secondary amines already at room btemperature giving
Nepolyfluorophenylchloroformamidines in high vields. Elevated temperature and
prolonged reaction time led to formation of N-polyfluorophenvlguanidines.
Kinetics and mechanism of the reactions of N=polyfluorophenylcarbonimidoyl
dichlorides with primary and secondary amines in acetonitrile at 25°C have

been studied. The reactions have been found to proceed by a bimolecular
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nucleophilie addition-elimination mechanism via a tetrahedral intermediute.
PossilLle reasons of formation of different products in the above

transformations are discussed in terms of this mechanism,
INTRODUCTTON

N-Polvfluorophenylearbonimidoyl dichlorides, which became available yuite
recently [1,2], are potentially very reactive compounds owing to the presence
of the -N:CCl2 group in their wolecule, but their chemical properties have
veen little studied. For the non-fluorinated analogues of =u.i compounds, very
typical reactions ars those with the nucleophilic agents, in particular with
amines, leading to a large variety of the derivatives, including heterocyelic
aompounds [3,4]. T6 was also interesting to study the reastions with amines to
2:omine the reactivity distinetions of compounds with the N=C group from those
with the C=0 and activated C=C groups. In view of all this, »e have studied
the reactions qf N-polvfluorophenvlcarbonimidnovl dichlorides with various
amines. This work discusses the produects, kinetiecs and mechanism of
interaction of N-polyvfluorophenvlcarbonimidoyl dichlorides with primary and

secondary aliphatic and aromatic amines,

RESULTS AND DISCUSSION

The aliphatic primary amines are known to react with Nearylearbanimidovl

dichlorides forming N1-a1kyl-N2—arylcarbodiimides [5] or guanidines [3],

whereus with aromatic amines they led only to N1,N2,N3- triarvlguanidines [5].

N1,N2-Diarylcarbodiimides may only be obtained if., instead of amines, their
less basiec hydrochlorides are used [5,6].

Treatment of N-pentafluorophenylcarbonimidoyvl dichloride (1) with a two-
or three-fnld mole excess of n-butyl- or t-butylamine in ether or acetonitrile
at 20°C led to the respective Nepentafluorophenylearbodiimides (I1) and (III)
in more than 70 % vields (see Scheme 1). When the amount of amine was raised
to lour moles, the reaction products were guanidines (IV) and (V). It should
be noted that to achieve a high yield of juanidine (V), the reaction should be
carri=4 out under heating. An attempt to isolate carbodiimide (II) from the
reaction mixture by silica gel column chromatographyv afforded N1-butyl‘N2-
pentafluorophenylurea (VI), The latter was also formed in the hvdrolysis of
carbodiimide (I1) by the concentrated hydrochloriec acid in dioxan. Individual
carbodiimides may be isolated from the reaction mixtures bv vacuum

distillation,
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Carbonimidovl dichloride (1) vigorously reacted wibth aniline excess at
20°C in the absence of solvent siving N1 ,Ng-di.phevuyl-r(%
pentafluocrophenvlguanidine (VII). The same guanidine is the sole reaction
product, apart from the unchanged starting compound, if the reaction proceeds
in non-polar solvents (ether, carbon tetrachloride) or with a lack of amine
and with the use of bases as the hydrogen chloride scavenger (KF or K2c03). By
analogy with the reaction in the non-fluorinated series [5,6], the reaction of
compound (I) with aniline hvdrochloride in o-dichlorobenzene gave N1—pheny1—
N2-pentafluorophenylcarbodiimide (VIID).

The reaction of carbonimidoyl diehloride (I) with low~basic
pentafluoroaniline reguires more rigid conditions than with aniline. In
boiling acetonitrile and in the presence of KF used as the hvdrogen chloride
scavenger it gave guanidine (IX) in vields of up to 70 %. Again variation of
conditions led to no other products except guanidine (IX).

lHeating of the equimolar amounts of compound (I) with tetraflucro-o-
phenylene diamine in sulpholane at 140°C in the presence of the two-fold mele
excess of XF afforded 2epentaflucroaniline-4,5,6,7-tetrafluorcobenzimidazole
(X) in a 32 % vields. This transformation is similar to the one in the
non=-fluorinated series [7] except for the more rigid reaction conditions
required because of the lower basicity of tetrafluoro-o-phenylene diamine.

Polyfluorinated benzimidazole derivatives were quite unexpectedly obtained
in an endeavour %to carry out the thermolvtic transformation of guanidines to
carbodiimides Kknown in the non-fluocrinated series [5]. The thermolysis of
polyfluorinated guanidines (VII) and (IX) was found to proceed via the
intramolecular cyclisation with elimination of hydrogen fluoride and formation
of polvfluorinated benzimidazole derivatives (XI) and (XTT). The
transformation of guanidine (IX) in this case proceeds at a higher temperature
and with a lower yield of the Lenzimidazole derivative, whiech amay be due to

the lower nucleophilicity of the -NH06F group as compared with -NHC6H5.

An attempt to transform guanidi:L (IX) to the benzimidazole derivative
(XII) in conditions of intramolecular cyclisation of polyfluorcaromatic
compounds [8], that is by heating with K2CO3 in dimethylformamide, led to its
deeper transformation to 1,2,3,4,7,8,9,10-cctafluoro~5-pentafluorophenyl-5H-
benzimidazo[ 1,2-albenzimidazole (XII1I1) via the intramolecular cyclisation in
the intermediate imidazole (XII), as confirmed by a separate experiment.
Analytical and spectral characteristics of compound (XIII) do not deny the
sugiested structure., It should be noted that in the non-fluorinated series the
heterocyclic system of SH-benzimidazo[1,2-albenzimidazole was obtained by the

thermolysis or photolysis of benzotriazolyl derivatives [9,10].
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The reaction of N-arvlcarbonimidoyl dichlorides with secondarv amines are
also known to proceed with removal of one or two chlorine atoms, but unlike
the reactions with primary amines, the stages here mav be separated to obtain,
as a consequenna of slower substitution of the second chlorine,
Nearvlchloroformamidines [11,12] or N-arvlguanidines [13,14] respectively.

In the case of N=polvfluorocaryvlearbonimidovl dichlorides, the reactions
with various secoadary amines hiave been found by us to proceed in a similar
way (see Scheme 1). Thus carbonimidoyl dichloride (1) reacted with
dietvylamine, Nemethvlaniline and dibenzvlamine in acetonitrile or ether at
room temperature to give chloroformamidines (XTV-XVI) in nearly quantitative
vields, Svnthesis of the respective guanidines (XVII-XIX), the products of
substitution of two chlorine atoms by the amine residue, requires much more
rigid conlitions - elevated temperature and prolonged reaction time. Tn the
case of sterically strained amines, sulfolane is used as a solvent instead of
acetonitrile.

The structures of compounds obtained in this work have been established
both from the analvtical and spectral characteristics, and the transformations
sper2ifiz to such classes of aompounds. Carbodiimide (VIII) could not be
isolated because of its low stability in the analytically pure form, but its
spectral characteristics, molecular weight and conversion to guanidine (VII)
in the reaction with aniline unambiguously confirm its structure. It should be
noted that the 19F NMR spectrum of guanidine (IX) in acetonitrile recorded in
normal conditions contains three broadened fluorine signals, which may result
from the tautomeric transformations typical for such compounds [15]. Tndeed,
when the temperature is lowered and the rate of such transformations drops,
the spectrum becomes more resolved. Thus at -50°C it shows two lroadened
multiplet signals at 19.0 and 13.8 ppm with the intensity ratio 2:1, a
triplet and multiplet at 7.3 and 5.8 ppm with the intensityv ratio 1:1 and a
complex multiplet at -1,1:2.5 ppm of the rest seven fluorine atoms. Attempts
to obtain a more resolved spectrum failed, as the further decrease of
temperature led to freezing of the solution.

Thus we have found that the reactions of N-pentafluorophenvlcarbonimidoyvl
dichloride (1) with primary aliphatic and aromatic awnines proceed with
elimination of two chlorines to form, in the case of aliphatic amines,
noﬁ-symmetric carbodiimides or (with a large excess of amine) guanidines,
whereas with aromatic amines, irrespective of the amount of amine, the
reaction products are N1,N2,N3-triarylguanidines. These results differ from
those obtained in the reactions of compound (1) with secondary amines, where

at first one chlorine is substituted by the amine residue to form
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chloroformamidines, which further react with amine excess very slowlv, so that
synthesis of guanidines from thea requires more rigid reaction conditions., It
was of interest to find out the reason of such routes of the reactions and
formation of different products in the above transformations. For that
purpose, this work studies kineties and mechanism of the reactiuvns of
N-pentafluorophenylcarbonimidovl dichloride with various primary wnd s-condary
amines, It should be noted that literature reports practically no guantitative

data on the reactions of N-arvlcarbonimidovl dichlorides with such amines.

We shall consider first the results of the kinetiec studies of
N-polyfluorcarylcarbonimidoyl dichlorides with secondary amines, as in this
case it is possible to single out the stage of removal of the first chlorine

atom.

Kineties and mechanism of the reactions of N-arvlearbonimidovl dichlorides

Wwith secondary swmines have been studied very little.

Thus on the basis of the kinetic data on interaction of
Nephenylecarbonimidoyl dichloride with morpholine in dioxan-water at 25°C, it
was concluded [16] that substitution of the firs%t chlorine atom by the
morpholine residue follows the bimolecular mechanism but the subsequent
reaction is complicated by the hydrolysis of the morpholine derivative formed.
In more detail the kinetices of the reactions of N-=arvlcarbonimidovl
dichlorides with various secondary amines has been studied in acetone-water
[13]. The rate of the reaction of N-phenvlcarbonimidovl dichloride with
diethylamine was shown in [13] to be defined by the first-order equation in
the amine, the slow stage being the amine attack on the carbonimidovl

dichloride. The reaction products were N1,N1’Ng,N3-tetraethyl-N2-

1,N1—diethyl—NZ-phenylurea. The authors did not succeed

phenylguanidine and N
in separating the stages of the first and second chlorine substitution, and
the presence of water in the system again complicated the general picture.
Therefore it was of interest to studv the mechanism of interaction of
N-polyfluoroarylcarbonimidoyl dichlorides with secondary amines in aprotic
media, like it has been done for the aminolysis of imidoyl chlorides [17,18].
In this case, disappearance of the reaction pathway arising from the presence
in the reaction umixture of the second nucleophile, water, simplifies the

process, which provides a more unambiguous mechanistic conclusion.

We have studied the kinetics of interaction of N-polvfluorophenyl-
carbonimidoyl dichlorides (I,XX-XXIV) with secondary amines (XXV) in

acetonitrile giving chloroformamidines (XXVI) at 25°C (egqn. 2).
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at the same concentration, the half- coﬁversion period calculated from the

second=-order rate constants f( (see Table 1) is 1.61.10_q sec.,

The rate of reaction (2) was controlled conductometricallv bv a change in
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the conductivity of the reaction mixture due to
hydrochloride. The reaction was carried out in conditions of [XXV] >>
[1,XX=XXTVI~(1=100).10"7 mo1.17".

constants (k1) remain unchanged in the process (see an example in Table 2) and

The observed pseudo-first-order rate

show a linear dependence on the amine concentration (see Table 3). The

second-order rate constants « determined from this dependence for the
reactions of dichlorides (I,XX-XXIV) with dibenzvlamine and of
N-pentafluorcophenvlcarbonimidoyl dichloride (1) with various amines are
represented in Tables 4,5,1.

Introduction of the acceptor (as compared with fluorine) substituent to
the phenyl ring of a substrate leads to the increased reaction rate, of the
donor substituent = to the decreased reaction rate (see Table 4).

The observed substituent effect is well defined by the Hammett equation:

The positive sign ofJD and second order of the reaction suggest that it
does not involve the preionisation stage, proceeding entirely as the
bimolecular substitution, by the nucleophilic addition-elimination mechanism
(route A) or by the synchronous mechanism with a transition state (XXVII)

(route B) (Scheme 4).
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TABLE 2

Kinetic data for the reaction of N-pentafluorophenylcarbonimidoyl
dichloride with dibenzylamine (DBA), acetonitrile, 25°C
( Cppy = 8431 « 1072 mo1 . 1™

Time, s Yield, % YT, 102, &
1.2 7.1 3.05

2.4 13.6 3,05

3.6 20.3 3415

4.8 26.4 3.19

6.0 3.4 3,14

7.2 36.4 3.4

8.4 40.6 3.10

9.6 45.0 3.11

TABLE 3

The observed pseudo~first-order rate constants ﬁI for the
reaction of N-pentafluorophenylcarbonimidoyl dichloride with
dibenzylamine (DBA), acetonitrile, 25°

Yo Cppy + 10%, mol . 171 LI . 103,
1 1.65 6.57 + 0.15
2 3.92 15.9 + 0.3

3 8.3 .2 + 0.5

4 19.1 81.6 + 4.0

5 35.9 134 + 3

AT = (1.8 + 3.3) . 1073 + (0.378 + 0.018) . Cpp,

s 0.005; r 0.997
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TABLE 4

Rate constants for the reaction of dibenzylamine (DBA) with

para-substituted carbonimidoyl dichlorides 4—X-06F4—N=Ccl2 ’

acetonitrile, 25°C

X Concentration range i . 10 n
of DBA, mol . 177 1. mo1~1, g~
CHy (4.60 & 230) . 10~ 1.38 + 0.09 /
F (1.65 + 35.9) . 1072 3.78 + 0.18 5
Br (4.60 + 34.6) o 1072 8.00 + 0.91 4
CFy (1436 & 34.6) « 1072 37.5 + 1.0 5
CN (1.58 + 174) . 10~F 9347 + 245 7
NO, (1.36 + 34.6) . 4072 109 + 6 5
TABLE 5
Rate constants for the reaction of N-pentafluorophenylcarbon-
imidoyl dichloride with substituted N-methylaniline
(4-B-CgH,NHCH; ), acetonitrile, 25°C
R Concentration range & o 103 n
of amine, mol . 1”7 1. m17 . s
CH}O 0.113 & 1.21 304 + 1.9 5
CH3 00304- + 1.36 6.0 + 0.10 3
H 0.340 + 2.54 1.12 + 0.01 4
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N
The inductive effect of the amine R1 and R2 substituents (6" ) and the
amine steric hindrance effect (EIN) mav be defined bv the modified Taft

=quation (5) (the Bogatkov-Popov-Litvinenko equation [19]), where

ek - 1gko +y*26’ + SEN (5)

*
f and grepresent the sensitivity of the given reaction series to the
respective affect. For the above reaction with the first seven amines of Table

1 the eyuation is as follows:

*
1gk =(7.23 £ 0.41) = (5.04 £ 0.5920"+ (1.98 & 0.13)Ey (6)

n7; R 0.991; S 0.33

The point for morpholine strongly deviates from the general dependence
when the ZG* value equal to 1.16 is used (the sum of the 6'* values for
radicels d and 'C2H40C2Hu')' Such (frequently occurring) behaviour of
worpholine was explained [20] by the formation of the intramolecular nydrogen

bond N-H,.0, which led to the increased nucleophilicity of this amine, When
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t‘lezg*value of 0.62 is used, as has been sugygested in view of the above

circumstanae [21], the point for morpholine fits in the general dependence.
For the amines with the same steric environment of the reaction centre -

Nemiethylanilines (Table 5), the phenyl substituent effect on the reaction rate

is piven Lv the ilammett egn (7):

Lo K = =(2.29 + 0.13) = (5.20 + 0.72)6" 38
n 3, r 0,991, s 0.14;

This equation shows a high negativef value (as the correlation involves
only three points, this value ofP should be regarded as tentatlve), which
coineides in the range ol esperimental errir with the Taft JD value from
equatinn (6), Such a high sensitivity of the reaction to the electronic
effects of the structure of nuclecophile is generally observed in stepwise
processes (for example, substitution in the aromatic ring [22]). This makes
route A (the addition~elimination mechanism) preferable over route B (the
synchronous mechanisn) (Scheme 4). It should be noted that in literature the
synehronous nechanism of nucleophilic substitution at the C=N bond is not
discussed as a rule, in all the cases the stepiiise mechanisms were suggested
{23,241,

As there are no data on the leaving proup effect, it is difficult to make
a definite conclusion about which of the stages - formation of the tetrahedral
intermediate (XXVIII) or its breakdown - is rate determining, only Suggestions
may be made. For the methanolysis of arylbenzimidates Ar1C(_OAr2)=NC6HuR with
variable substituent in the N=phenyl ring, whose slow step is formation of the
tetrahedral intermediate, the value of 1.98 has been found [25]; for the
266H,4R
the slow stage is breakdown of the tetrahedral intermediate) this value is

arylaminolvsis of Nebenzenesulphoavlbenzimidovl chlorides Arlc(Cl)zNSO

0.3 {17]. This leads us to suggest that in the reaction studied by us the
rate-determining step is also the attack of amine on dichloride (1), and
breakdown of (XXVIII) is fast. This conclusion coincides with the one made in
[13]. Non-catalysis uv the second molecule of amine, suggesting the proton
transfer at the fast stage, does not contradiet this suggestion.

As mentioned above, the ,roducts of the reaction of carbonimidovl
dichloride (I) with primary amines are carbodiimides and guanidines.

Possible routes of formation of these compounds are represented in Scheme

8.
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The Scheme shows that, irrespective of the nature of primarv amine, guanidines
may be formed via the interwmediate carbodiimides. In this connection it was
necessary to find out whether carbodiimides ar= reallyv the intermediate
products in the transformations of compound (I) to guanidines.

Kinetics of the reaction of Nepentafluorophenvlcarbonimidoyl dichloride
(1) with primary amines was studied in acetonitrile at 25°C in conditions of a
large excess of nucleophile, where, irrespective of the nature of amine, the
final products of the reaction are guanidines and hvdrogen chloride (bound by
the amine excess Yo hydrochloride). The reaction rate was alsc controlled
conductometrically, by a change in the conductivity of the reaction mixture
due to the evolution of hydrogen chloride, in the concentration conditions of
[RNH2] > [11~ (1:5).10-6 mol.l_l. It should be realised that if substitution
of two geminal chlorines proceeded stepwise and with small rate differences
between the successive steps, the dependence of hvdrogen chloride
concentration on the reaction time might have been rather complex (examples of
such substitution at the C=C bond are well known [26]). However for the
reaction under study, the conductivity changes exponentially; the oLserved
pseudo-first-corder rate constant 2(1 remains unchanged in the proecess and
linearly depends on the amine concentration, the line passing the origin of
coordinates (Tables 6 and 7 give the examples for the reaction with
t-butylamine). The calculation of the second-order rate constant f( has taken
into account that the rate of consumption of the starting imidoyl dichloride
(1) (taken for the reaction rate) is twice as low as the rate of accunulation
of the conducting species (one carbonimidoyl dichloride (I) molecule generates
two HC1l molecules),

Such simple kinetic regularities allow us to make some important conclusions.
The [irst order in the subsirate implies that either the rate of the second

chlorine substitution (elimination of the second HCl molecule) is higher than
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TABLE 6

The reaction of N-pentafluorophenylcarbonimidoyl dichloride with
t-butylamine , acetonitrile, 25°C. [(CHB)BC—NHz] = 5.10 . 1072 M.

Time, s Yield, % T . 103, &7
6 3.7 6.30
12 7.25 6.27
18 10.8 6.37
24 1.2 6.36
30 17.6 6.47
36 20.2 6.25
42 23,1 6.24

I R
&av = (6432 + 0.08) . 1072, s

TABLE 7

The observed pseudo-first-order rate constant LI of the reaction
of N-pentafluorophenylcarbonimidoyl dichloride with t-butylanine
at different concentrations of nucleophile, acetonitrile, 25°C.

[(CHB)EC—NHQ] , M. i, 7
1.24 . 1072 (2.21 + 0415) « 1072
4.82 . 1072 (5435 + 0.11) . 1073
5.10 . 1072 (6.32 + 0.08) . 1073
6.41 . 1072 (7.89 + 0.32) . 1072
1.40 + 1077 (155 + 0.04) . 1072
4,48 . 10~ (5.83 + 0.08) ., 1072
5.83 . 10~ (6.84 + 0.13) . 102

£ = (411 £ 113) . 1075 + (0.122 + 0.004). [(CH3)3C—NHé]
n 7 r 0.99%; s 2.2.107°

k= (6.10 + 0,20y . 1072 w1 . &
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that of the first chlorine substitution, or both HCl molecules appear after
the rate determining step, Llimination of two HC1l molecules at a time or their
formation together with carbodiimide in one elementary step seem to be
unlikely. Though formation of guanidine requires at least two amine molecules,
the reaction nay not be triuolecular = this is denied Ly the first order in
the nucleophile, If initiallv only one amine molecule participates in the
reaction, it should undoubtedly proceed stepwise with the intermnediate
formation of, e.g., chloroformamidine of the general formula (XXIX) and
carbodiimide (XXX) (Scheme 4).

Formation of carbodiimide as the intermediate product in the reaction
carried out in excess aliphatic amine is easy to prove, The UV spectrum of the
reaction mixture of H-pentafluorophenylcarbonimidoyl dichloride (1) with
t-tutylamine (in large excess) in acetonitrile contains a new absorption band
with a maximum at 254 nm, distinet from the absorption bands of the starting
dichloride (216 and 270 nm) and amine. The optic densityv at this wavelength
rapidly increases, then slowly decreases, In the same wavelength range there

is an absorption maximum (A = 254 nm, & 13100) of t1e authentic

1 2 max R 254 . :
N '~t-butyl-N"-pentafluorophenvlecarbodiimide (T1T). 3ome time after having
reached the waximal value, the optic density decrease (Amaxz 254 nm) for the
reaction mixture of compound (T1) with an excess of t=butvlamine obevs the law
of the first-order rate. The optic density of a mixture of authentic
curbodiimide (IIT) with t-butvlamine decreases in the sawme manner. Kinetins of
these processe:s in acetonitrile at 25°C has been studied in the concentration
conditions of [t—BuNH2] >> [subs‘crate}vs.10_)'1 ::101.1-1. Table 8 represents the
observed pseudo=~firste-order rate constants for these yrocesses at different
concentrations of nucleophile, Obviously, the reactivity towards t-butvlamine
is the same both for the intermediate product of the reaction of carbonimidoyvl
dichloride (1) with t-butvlamine and for the authentic carbodiimide (TII), The
data obtained uneguivocally indicate participation of carbodiimides as the
intermediate products in the reaction of carbonimidovl dichloride (I) with
aliphatic primary awmines,

The structure effect of primary aliphatic amines (the first 10 ones in
Table 9) on the rate of their reaction with compound (1) is adequately defined

by the modified Taft equation (9):

*
1K =(6.26 £ 1.17) = (5.46 + 1.02)56 + (3.26 £ 0.33)+E, 9

n 10; R 0.956; S 0.525
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A hish‘P value is also obtained in processing the data for anilines
(nucleophiles with the same steric environuwent of the resction centre)

according to the Hammett eguation:

1uk = =(2.84 £ 0.18) - (4.68 + 0.76)6 (10)
n 3, r 0.987; s 0,146

In its parumeters, equation (9) is verv close to the corresponding
eyuation (6) speecifving the reactivity of secondary aliphatic amines (see
p.11). The combined treatment of the data for the primarvy and secondarv

aliphatic wmines gavs the oilowing equation:

TABLE 8

The observed pseudo-first-order rate constants ki of the reaction
of t-butylamine with N1—t—butyl—Nz—pentafluorophenylcarbodllmlde
(&1 ) and the intermediate product of the reaction of N-penta-
fluorophenylcarbonn.mldoyl dichloride with t—butylam:x.ne (‘icb) at
different concentrations of amine, acetonitrile, 25 c

Concentration of &g . 105, g1 &% . 105, g1
t-butylamine, M.

9.59 . 1072 1.43 + 0.03 1.39 + 0.09
2.40 o+ 1077 3.82 + 0.07 3.58 + 0.20
4,79 . 1077 6.79 + 0.26 6.86 + 0410
7.19 + 107" 9.67 + O.14 1044 + 0.3
9.59 . 107" 1441 + 0.0 13.9 + 0.5

{% = (9.1 % 40.1) & 1072 + (1.42 + 0.07) . 1072 . [(CHB)BC—NH2]
n 5 r 0.997; s 4.7 . 1074
I = (5.8 +69.1) .+ 107% + (1.45 + 0.02) . 1072 . [(CH3)BC—NH2]

n 53 T 0.999; § 8.2 . 1072
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- -
16K = (7.68 + 0.78) = (5.31 + 0.69)36 4+ (2.26 + 0.25)E, (1

n 17; R 0.927; S 0.717

If we discard the most stronglyv deviating points for t-occtvlamine (4
==1.55), t-butvlamine (4d=«1.28) and benzylamine (4=1.11), the correlation

coefficients are considerably improved:

E 3
1g K = (7.35 + 0.39) = (5.09 + 0.3 Z0 + (2.03 + 0.12)E, (12)
n 14; R 0.983; S 0.315

The correlation parameters (the lgf{o,f* and Svalues of the intercept) in
this case remain practically unchanged., They coincide within the error with
a2 corresponding values for the series of primarvy and secondaryv amines. This
SUgs=3hs a common mechanism of the reaction of primary and secondarv amines
with polvfluorinated carbonimidoyl dichlorides, We think this mechanism (see
Scheme 4) to involve the amine attack on the carbonimidoyl dichloride (a slow
step) giving the tetrahedral intermediate (XXVIIT) (route A), which rapidly
loses one HC1l molecule to form chloroformamidine (XXIX). In the case of
secondary amines, the reaction practically ends at this stage. In the case of
primary awines, chloroformamidine (XXIX) also quicklyv (quicker than the
nucleophilic attack on the carbonimidoyl dichloride occurs) loses one HC1
molecule to foru carbodiimide (XXX). Carbodiimide (XXX) in the case of primarv
aliphatic amines is rather slowly transformed to guanidine and mav therefore
be recorded and isclated. It should be noted that, e.g., carbodiimide (III) (R
= 'C(CHB)B) reacts with t-butylamine only 4 times as slowly as compound (I)
(cf. the data of Tables T and 8). Evidentlv, upon substitution of the alkvl
substituent by the more electron-attracting arvl one, the electrophilie nature
of carbodiimide (XXX) will increase, and it will react with amine more rapidly
than the starting carbonimidoyl dichloride. Possibly due to this, the attempts
to isolate the intermediate carbodiimide in the reactions with primary
arylamines usually fail. This does not contradict the known data on the
reactivity of aromatic and aliphatic carbodiimides with nucleophiles [27], and
is confirmed by the transformations of carbodiimides (II) and (VIII) with
butyvlamine and aniline to the respective guanidines (IV), (VII) and (XXXI).

In the synchronous displacement (alternative to the stepwise mechanism)
involving a transition state (XXVII) (route B), formation of the "new" C=N
bond, and cleavage of the "oli" C-Cl and N~H bonds occur in one (naturally,
rate-determining) step. Substitution of hydrogen by deuterium in the amino

group of nucleophile would be expected to lead to a decreased reaction rate.
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In reality the case is just the opposite: on passing from ammonia to
d=eutercammonia the reaction rate increases (see Table 9). In terms of the
stepwise mechanism (route A), this may be easily explained: the slow shage of
the reaztion is the amine attack on carbonimidoyl dichloride (I), cleavage of

the N=H bond occurs after this stage.

EXPERIMENTAL

The IR speectra of the CCl, and CHCl, solutions of the zsapounds (laver
1 1
thickness o.4.am) were recorded on the UR-20 spectrophotometer. The 9F and H

NMR spectra of the CCl, and CHCl, solutions of the compounds were record=d on

a Varian A56/604 Speitrometer 2t 56.4 and 60 MHz, with hexafluorcbenzene and
hexamethyldisiloxane respectively as internal standards. Molecular weights
were deternined by the vapour-phase osmometry and mass-spectrometricallv on a
high-resolution Finnigan MAT 8200 GC/MC chromatomass-spectrometer.

Synthesis of carbonimidoyl dichlorides has been described earlier [1,2].

Experimental conditions for the reactions of carbonimidoyl dichloride (I)
with amines and the constants of the products are given in Table 10. The
spectral data for the newly synthesized compounds are represent=d in Table 11,
the elemental analyses data and molecular weights - in Table 12.

The conductometric procedure of rate measurements is described in [18].
Spectrophotometric measurements were carried out on the C®-26
spectrophotometer with thermostatted cell holder.

For the kinetic measurements the aromatic amines were purified by repeated
distillations in vacuum (the last distillation run before the kinetice
measurements). Liquid aliphatic amines were purified by recrystallisation of
their hydrochlorides from isopropvl alcochol, then, after decomposing the
hydrochlorides with an alkali - by repeated distillations over sodium.
Ethylamine was obtained by treatment of an aqueous solution of hydrochloride
with an alkali, and dried by passing through a column with solid alkali.
Methylamine was prepared by oxidation of acetamide with an alkaline solution
of bromine, and passed over solid alkali. Ammonia was obtained from the purest
grade ammonia chloride by treatment with agueous alkali, and dried with solid
potassium hydroxide, Due to the necessity to use rather large concentrations
of amnonia (sée Table 9), the time of its passing through acetonitrile mav be
significant, and the procedure may involve blowing off part of the solvent.
Therefore the concentration of ammonia solutions was checked by titrating an
aqueous HC1l solution (indicator - methyl red). The same refers to

deutercammonia (commercial grade reagent, the weight content of the main
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substance 99.6 %, enrichment 99.6 %). Dimethylamine was isolated from agueous
solation by treatwment with an alkali, then - passead through the solid
sotzssisg Mvdroxide column. Other aliphatic amines were purified by boiling
over metallic sodium during many hours, with subsequent distillation.
H-Methyvlaniline was purified Dby threes distillations in vacuumn.
il-iiethyltoluidine and p-anisidine were obtained by the Xnown method [28], via
the potassium salts of the acetyl derivatives of the respective primary
amines, and purified by distillation in vacuum.

Acetonitrile was purified by the known method - by two distillations over
P.J. ani cealeined potussium carbonate,

275

Interaction of N-pentafluorophenvlcarbonimidovl dichloride (1) with amines

To a solution of compound (1) in a absolute solvent was added slowlv, with
stirring, a solution of amine in the same solvent, a1l the reaction umicbture
was xep*t at the appropriate temperature. After having been cooled, the amine
hvdrochlsride residue was filtered off, the solvent distilled off from the
filtrate and tha residue dis%ilied in vacuua (wthod A), sublimed in vacuum
(method B), or recrystallised.from hexane (method C).

Nl—Butyl-Ng—pentafluor%henylurea (VI) (ne)

(a) The reaction mixture (0.5 g) obtained in the reaction of eompound (1)
with butvlamine. and containing, according to the 1E’F 1R data, carboninidovl
dichloride. (1) and carbodiimide (IT1) in the ratio 1:4, was separated on a
125-135}4‘ silica gel column, eluent ~ hexane (300 ml) and chloroform (200 ml)
to pive uresa (V) (0.29 &, 77 %). M.p. 148=149.5°C (sublimation at 145°C (6

mm) ).

(b} A solution of carbodiimide (T1I) (0.27 g) in dioxan (0.5 ml) and
concentrated HCl (2 ml) was stirred during 1.5 h at 55°C, coosled and extracted
with ether., The ether extract was dried over CaClz, and the solvents were
distilled off. The residue (0.3 g) was identic, bv the 19F NMR spectrum, to

the product obtained by method (a).

M-Phenyl-N2-pentafluorophenylearbodiimide (VITI) (ne)

A mixture of aniline hydrochloride (0.49 g), o-dichlorobenzene (5 ml) and

compound (1) (1 g) was heated with stirring for 6 h at 180%¢C. Separation of
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the reaction mixture by TLC on silica gel LSL 5/40}1 (eluent - hexane:
benzene, 3:1 v/v) gave a mixture of carbodiimide (VIIT) and s-dichlorobenzene
(1.14 ¢). Analysis: Found: Mt 284,0038. C13H5F5N2 requires u* 284,0041, 1R
spectrum (o-dichlorobenzene),) R cm_1:2160 (N=C=N), 1520 (C6F ), 1040 (C=F).
Y9 MR spectrum (o-dichlorobsnzene), S, ppm:i13.3 (2F ), 1.2 (F), =0.9 (2F).
An attempt to isolate o-dichlorobenzene by vaccum distillation gave a complex
nixture of unidentified compounds, which does not contain carbodiimide

(VITII).

Interaction of carbodiimide (VIII) with aniline

Aniline (0.65 g) was added with stirring to a solution of carbodiimide
(VIII) obtained in o-dichlorobenzene according to the procedure described
above, and the mixture was kept Ffor 16 h at 2070, Cuanidine (VIT)
hydrochloride (0.3 g) was filtered off, and treated with aquecus ammonia to

give guanidine (VII).

Interaction of carbodiimide (II) with amines

(a) Butylamine (0.11 g) was added with stirring to a solution of compound
(IT) (0.2 g) in absolute ether (2 ml). After being kept for 18 h at 20°C the

reaction mixture was shown by 19F NMR to contain only guanidine (IV).

(b) Aniline (0.07 g) was added with stirring to a solution of compound
(1) (0.2 g) in absolute ether. After being kept for 14 h at 20°C the mixture
was distilled to remove ether, and the residué recrystallised from hexane to

3

give N1-butyl—N -phenyl-Nz-pentafluorOphenylguanidine (XXX1) (ne) (0.15 g, 56

2), m.p. 120=121°C,

1=Phenyl=2-anilinc=4,5,6,7=tetrafluorobenzimidazole (XI) (ne)

Guanidine (VII) (0.2 g) was heated for 6 h at 170°C in a sealed evacuated
tube. Recrystallisation from chloroform and sublimation at 200°¢ (5 mm) gave

compound (XT) (0.14 g, T4 %), m.p. 232.5-234°C.
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1-Pentafluorophenvle2-pentafluoroanilino=-4,5,6,7-tetrafluorobenzimidazole

(XII) (ne)

Guanidine (IX) (1.24 g) was heated for 27 h at 200°C in a sealed evacuated
tube, The reaction mixture was separated on a silica gel (140—315}() eoslunn,
eluent - benzene, to vield compound (XIT) (0.44 g, 37 %), m.p. 184-185%¢C

(benzene).

1,2,3,4,7,8,9,10=0ctafluoro=-5-pentafluorophenyl-5H-benzimidazol[1,2~a]

benzimidazole (XIII) (ne)

(a) To a suspension of calcined K2CO3 (0.12 g) in absolute
dimethylformamide (7 ml) was added with stirring a solution of guanidine (IX)
(0.9 ) in dimethylformamide (2 nl). The reaction mixture was heated for 7 h
at 140°C. After it has been cooled, the precipitate was filtered off, the
filtrate distilled to remove the solvent, and the residue passed through a
silica gel layer (eluent - benzene), 3enzene was distilled off, and the solid
residue (0.75 g) sublimated at 160°C (7 mm) to give compound (XTIT) (0.54 g,

64 %), m.p. 143=145°C.

(b) To a suspension of calcined K2CO3 (0.04 g) in absolute
diaethylformamide (3 ml) was added with stirring a solution of compound (XII)
(0.3 g) in dimethylformamid= (1 ml), and the mixture was heated for 2 h at
1430%C. Treatments of the reaction mixture according to method (a) gave

compound (X111} (0.25 g).

Preparation of N-pentafluorophenvlchloroformamidines (XIV=XVI) and

N-pentafluorophenvlguanidines (XVII-XIX) (ne)

These compounds were obtained by the slow addition of a solution of amine
in &1 absolute solvent to a solution of N-pentafluorophenylecarbonimidovl
dichloride (1) in the same solvent and stirring the mixture at the appropriate
temperature. Further treatment and methods of isolating the products are
similar to those described for the reactions with primary amines., In the case
of guanidines (XVIII) and (XIX), the cooled reaction mixture was diluted with
water, and extracted with ether. The ether solution was washed with water,

dried with CaCl and the ether was distilled off. The residue was dissolved

2’
in hexane, the hexane solution was passed through the silica Zel layer, hexane

was partially distilled off, and the guanidine precipitate filtered off.
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