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The '5N 13C, and 1H NMR spectra of the reaction products from arylguanidines with two mols
of chioroformate esters have been measured. With application of the corresponding '5N isoto-
pomer it has been proved that the reaction products have the structures Illa—Illo.

Within the attempts at finding alternative pathways to synthesis of substituted aryl-
guanidine dicarboxylates we have used the reaction of the respective arylguanidine
(I, R' = H, NO2) with esters of chioroformic acid (ii, R = CH3, C2H5, CH(CH3)2,
CH2C6H5). The reaction was carried out at the interface of two phases (water—di-
chioromethane), and magnesium oxide was used to maintain the alkaline reaction
medium. The products III were formed in the reactions without side products, and
the yields were relatively high (60—97%). The IR spectra and elemental analyses
of the products confirmed that they are bisalkoxycarbonyl derivatives. The alkoxy-
carbonylations given, of course, can theoretically produce a series of isomers and/or
tautomers, as it can be seen in Scheme 1.

The aim of the present work was to identify the compounds obtained by means
of "N, '3C, and 'H NMR spectroscopy and to verify whether or not they have the
same positions of substituents as those in the compounds obtained by the usual
reaction of substituted anilines IV with dialkyl 2-alkyl-l ,3-thioisoureidodicarboxy-
lates V(Scheme 2). In the compounds VI the alkoxycarbonyl groups are bound to
the nitrogen atoms N' and N2 of the guanidine group"2 and the aryl substituent
is at N3.

The reaction studied is — in a sense — analogous to the methoxycarbonylation
of "cyclic benzoguanidine" — 2-aminobenzimidazole (vii) described by Klopping3
(Scheme 3). This reaction produces dimethyl 2-imino-1,3-benzimidazolinedicarb-
oxylate (viii), i.e. the substitution takes place at the nitrogen atoms adjacent to the
benzene nucleus.
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yNH2 + 2C1_< XOCH3
VII

SCHEME 3 VII!

EXPERIMENTAL

The syntheses of compounds lila—Jib (Scheme 1) and results of tests of biological activity are
given in ref.4. The compound Ilic enriched with 15N at the N3 position was obtained in the same
way as the nonlabelled compounds with application of 15N-aniline (96% 15N, Isocommerz
Berlin).

8 28
R200C NCOOR2\3 '1/

N—C

5K2
'II

11/ III R2

a H CH3 I 3-NO2 CH2CH3
b H CH(CH3), J 3-NO2 CH(CH3)2

H CH2C6H5 k 3-NO2 CH2C6H5
d 2-NO2 CH3 / 4-NO2 CH3

2-NO2 CHCH3 m 4-NO2 CH2CH3/ 2-NO2 CH(CH3)2 n 4-NO2 CH(CH3)2
g 2-NO2 CH2C6H5 a 4-NO2 CH2C6H5

3-NC2 CH3

The 1H and 13C NMR spectra were measured with a Bruker AM 400 apparatus at 40013
and 1006 MHz, respectively, in a 5 mm NMR tube at 300 K in a standard way, using 5—10%
solutions of the substances in deuteriochioroform. The 1H and '3C chemical shifts are referred
to internal tetramethylsilane (ö = 000).

The 15N NMR spectra were measured with a JNM-FX 100 apparatus at 10095 MHz with
natural abundance of the 15N isotope. At first the measurement was carried out in a 10 mm NMR
tube in deuteriochloroform at 300 K with application of the proton-noise decoupling (spectral
width 5 000 Hz, 8 k memory, 45° pulse, pulse repetition 3 s). After these measurements, Cr(acac)3
(about 25 mg/mi) was added to the samples as relaxation agent, and the 15N chemical shifts
were measured for the nitrogen atoms not directly bound with protons. The 15N chemical
shifts are referred to external neat nitromethane (5 = OO2). Positive values of the chemical
shifts denote downfield shifts.
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RESULTS AND DISCUSSION

The reaction of substituted phenylguanidines with chioroformate esters has been
studied. The elemental analyses of the reaction products show that the reactants
react in the molar ratio of 1: 2, which leads to the reaction products given in
Scheme 1. The 'H and '3C NMR spectra of the reaction products measured in deute-
riochioroform give — in accordance with the results of elemental analysis — two sets
of 'H and 13C NMR signals for the COOR groups (Tables I and II). On the basis
of this information, however, it is impossible to differentiate between the structure
given in Scheme 1, since even in compounds with N(COOR)2 grouping the COOR
groups are magnetically nonequivalent due to geometrical isomerism at the C==N
bond. In order to prove that the reaction products from arylguanidines and two mols
of chioroformate esters correspond to the compounds lila —JIb, we adopted
a procedure which will be demonstrated in detail for the case of compound IlIc.
The 15N NMR spectrum of this compound was measured with application of the
proton-noise decoupling and rapid pulse repetition (c. 3 s). Thus we obtained a singlet
with the '5N chemical shift of —2882 ppm, and in the subsequent measurement
of the proton-coupled spectrum this singlet gave a triplet with the coupling constant
1J('5N, H) = 928 Hz, which is characteristical of an NH2 group. This is a very

TABLE I

'H chemical shifts (ö, ppm) in compounds lIla— 1110

Compound NH2 H arom R2

lila 943a 713—735 366,348(CH3)
Ilib 9.4Øa 710—730 4.94, 442(CH), 1O9, 101 (CH3)
Ilic 920, 950 694—745 507, 485 (CH2)
hId 9.45a 728—816 371,349(CH3)
lile 9.40a 729—&11 416,385(CH2), 105, l02(CH3)
IlIf 921, 9.54 729—810 499, 444(CH), F08, 101 (CH3)
lug 917,946 699—800 508,483(CH2)
iiIh 927, 948 752—823 373, 354 (CH3)
liii 9.45a 750—817 419, 391 (CH2), 113, 110(CH3)
JIJJ 9.37 750—817 4.99, 4.55 (CH), 112, 105 (CH3)
111k 912,945 702—810 508,488(CH2)
1111 925, 945 7•32—8•26 3.73, 3.54 (CH3)
hIm 9.45G 733—826 418, 395 (CH2), 114, 114 (CH3)
JJJ, 941" 734—823 500,4'57(CH), 113, 107(CH3)
JIb 925,945 7O382O 510,490(CH2)
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valuable piece of information which excludes the structures B, C, E, and F in Scheme 1.
The 15N chemical shifts of the other two nitrogen atoms were measured after adding

the relaxation agent Cr(acac)3 (Table III).
In order to differentiate between the structures A and D, we prepared the N-3.

(96% '5N) selectively enriched compound Ilic, using the 15N-aniline in its synthesis.
The '5N isotope has the spin number I = 1/2 and causes splitting of the adjacent
carbon signals into doublets. The assignment can be completed on the basis of the
coupling constants "J(15N-3, 13C). With respect to the similarity of the coupling
constants 'J(15N-3, '3C-7) = 227 Hz and 1J(15N-3, '3C-9) = 249 Hz it is evident
that the reaction took place at the nitrogen atom N-3, whereas the coupling constant
3J('5N-3, C-8) is equal to 59 Hz. Other coupling constants "J(15N-3, 13C) can be
observed for the carbon atoms C-i, C-2, C-3, which enables differentiation between
the signals of the phenyl groups C6H5N and C6H5CH2.

In the 13C proton-coupled spectrum the carbon atom C—NH2 ((5 = 160.9) gives
a broadened singlet, whereas the carbon atoms of carboxylic groups ((5 = 1552
and 163.4) are split into broadened triplets by the influence of the protons of CH2
group. The signals of the COOCH2C6H5 group were differentiated on the basis
of the coupling constant "J(15N-3, 13C) (vide supra). Their unambiguous assignment
was carried out by adopting5 the selective INEPT to ascribe the signals of CH2
groups. The selective excitation of the CH2 protons with the 1H chemical shift
(5 = 485 gave the carboxylic group signal with the shift (5('3C-8) = i634 in the
selective INEPT spectrum. On the basis of the result of selective decoupling, this
Cl-I2 group was ascribed the 13C chemical shift (5 = 6830. In a similar way we

TABLE III

15N chemical shifts (ö, ppm) in compounds lila, IlIc, 111k, and him

Compound N-i N-2 N-3

lila
—2457"

—2888
2897"

hlic
246o" —2897"

hhikc 2884d
—2890" 2O73"

hIm —288O

a With addition of Cr(acac)3 (25 mg/mI); b 'J(15H, H) 928 Hz; C ö(N02) = — i29;
d 1J(1 5N, H) = 93.0 Hz.
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proved the coupling of protons of CH2 group (ö = 5O7) with the carbon of carbo-
xylic group C-9 (ö = 155.2) and c5 = 671.

The 1H and 13C NMR spectra of the other derivatives were measured, too. The
comparison of '3C chemical shifts, especially those of C-7, C-8, C-9 carbon atoms,
shows that the structure of reaction product is the same for all the derivatives, which
is additionally confirmed by the 15N chemical shifts of selected derivatives (Table 111).

The 13C chemical shifts of carbon atoms in 2- and 3-phenyl groups were assigned
on the basis of the analysis of two-dimensional H,H-COSY and H,C-COSY spectra6,
whereas the values of substituent chemical shifts7 were used for the 4-nitro derivatives.

The formation of the products lila —JIb, i.e. compounds whose preparation
from 3-substituted guanidines involves the acylation at N2 and N3 nitrogen atoms,
is in accordance with the products of reactions of arginine with usual alkylation
reagents which give analogously substituted compounds8.

The authors are indebted to Dr M. Souek for valuable discussion.
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