September, 1993]

© 1993 The Chemical Society of Japan
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A tetrasubstituted derivative of N'-cyanoguanidine (CG), N,N,N’,N-tetrabenzyl- N'-cyanoguanidine
(TBCG), was prepared by a phase-transfer reaction of CG with benzyl chloride in a 25% (w/w) NaOH aq
soln—dichloromethane using tetrabutylammonium hydrogensulfate as a catalyst. TBCG was identified by means
of an elemental analysis, 'H- and *C NMR spectroscopy, FD mass spectrometry and an X-ray crystal anal-
ysis. The crystal is monoclinic, space group P2i/n, a=10.231 (2), b=14.158 (4), c=17.231 (4) A, $=95.27
(4)°, V=2483 (1) A%, Z=4, D.=1.189 gcm™3, i (Mo Ka)=0.66 cm™!. The final R value was 0.069 for 1196
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reflections.

The maximum number of formaldehyde molecules to
be added to N’-cyanoguanidine (CG) can be antici-
pated as being 4 in analogy with urea, since urea has
an analogous structure to that of CG, and is known to
react with formaldehyde to give 3,5-bis(methoxymeth-
yl)tetrahydro-4 H-1,3,5-oxadiazin-4-one, a tetrasubsti-
tuted urea derivative.)) However, the exhaustive hy-
droxymethylation of CG with a large excess of formal-
dehyde provided no tetrasubstituted CG, but, rather,
4-cyanoimino- 3- (methoxymethyl)tetrahydro-2H-1,3,5-
oxadiazine, a trisubstituted CG derivative as the ma-
jor product.>® We speculated that a steric hindrance
of the hydroxymethyl groups played an important role
in the reaction of CG with formaldehyde, and that a
decrease in the steric hindrance by the condensation
of two hydroxymethyl groups into tetrahydro-2H-1,3,
5-oxadiazine ring enabled the third addition of form-
aldehyde. However, any further addition of formalde-
hyde was interfered with by the cyanoimino group.® T.
Suyama et al.>~" tried an indirect alkylation of CG
in order to avoid the difficulty in the direct alkylation,
and to obtain the tetrasubstituted CG derivative. They
reported substitution reactions of N-cyano-S-alkyliso-
thiourea or N'-cyano- O-alkylisourea with amines in the
presence of heavy-metal chloride into the corresponding
alkyl derivatives of CG. However, none of tetrasubsti-
tuted CG derivatives could be prepared.

Because the difficulty in obtaining tetrasubstituted
CG was supposed to arise from a steric hindrance of
the substituent groups and/or the cyanoimino group,
"and the phase-transfer reaction was expected to have a
different reaction mechanism® from the hydroxymeth-
ylation of CG with formaldehyde and to be able to al-
kylate CG directly, the preparation of N,N,N',N'-tetra-
benzyl- N'-cyanoguanidine (TBCG) was designed by
the phase-transfer reaction of CG with benzyl chloride
in a 26% (w/w) NaOH aq soln—-dichloromethane using
tetrabutylammonium hydrogensulfate (TBAHS)® as a
catalyst. The reaction product was identified as be-

ing TBCG by means of an elemental analysis, *H- and
I3C NMR spectroscopy, FD mass spectrometry, and an
X-ray crystal analysis.

Results and Discussion

TBCG was obtained in a 64% yield by a phase-trans-
fer reaction of CG with benzyl chloride at room tem-
perature for 24 h. The reaction product was identified
as being TBCG by means of an elemental analysis, FD
mass spectrometry, and 'H- and 1*C NMR spectroscopy
in a CDClj3 solution. The yields of TBCG could not ex-
ceed 70%, probably because a part of CG was converted
into N,N-(diaminomethylene)urea'® (DU) and/or cya-
nourea.'? DU was detected in the aquous phase by UV
spectrometry.

A colorless prismatic crystal of TBCG was obtained
by slowly cooling a MeOH solution. The X-ray crystal-
lographic analysis on this sample finally confirmed the
structure of TBCG. The final atomic and equivalent
isotropic thermal parameters are listed in Table 1.!?
The selected bond lengths and angles are shown in Ta-
ble 2. The molecular structure of TBCG is shown by an
ORTEP drawing in Fig. 1. The structure agrees with
that deduced from the elemental analysis and spectro-
scopic data. A tetrasubstituted CG derivative, TBCG,
was prepared for the first time by the phase-transfer
reaction. Other tetraalkyl derivatives of CG, such as
tetra-n-butyl-CG and tetraethyl-CG, could be prepared
by similar procedures.

The least-square planes (plane 1—4) comprising of
each 6 carbon atoms in the benzene ring (C(4)—C-
(9):R-1, C(11)—C(16):R-2, C(18)—C(23):R-3, and
C(25)—C(30) : R-4, respectively) listed in Table 3 show
their planary nature. The dihedral angles between each
two planes are also listed in Table 3. Plane 1 is approx-
imately antipararell to plane 4.

Experimental

Preparation of TBCG. After dissolving 0.42 g (5.0
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Table 1. Final Atomic Parameters (Positional, x10*) and Thermal Parameter (Beq, x10) for N,N,N',N'-Tetrabenzyl-
N"-cyanoguanidine (CszoN4Hog)
Atom z Yy z Beq/ A? Atom T y z Beq/ A?
N( D) 1812 —1510 8381 57 C(14) 6575 3395 9722 61
N( 2) 2004 62 8405 33 C(15) 6579 2435 9766 63
N( 3) 3790 1323 7842 35 C(16) 6074 1919 9126 52
N( 4) 4426 173 7436 38 c(17) 4739 126 6652 a7
C(1) 2351 —784 8368 41 C(18) 4236 —578 6038 35
C(2) 3706 363 7904 37 C(19) 2904 —-753 5894 47
C(3) 2744 1912 8143 41 C(20) 2445 —1384 5297 56
C( 4) 1363 1673 7782 33 C(21) 3285  —1823 4866 62
c( 5) 323 1617 8249 48 C(22) 4582  —1646 5011 59
c( 6) —944 1483 7920 67 C(23) 5066  —1033 5584 49
o7 ~1176 1378 7136 68 C(24) 4987  —1078 7748 39
C(8) —182 1410 6662 57 C(25) 6145 -931 8345 30
c( 9) 1117 1567 6983 43 C(26) 6000 —831 9136 61
C(10) 5043 1820 7740 43 cier) 7138 —678 9660 40
C(11) 5561 2390 8463 37 C(28) 8315 —655 9398 40
C(12) 5574 3353 8441 48 C(29) 8443 —735 8658 40
C(13) 6062 3872 9076 63 C(30) 7383 —891 8134 65

Table 2. Selected Bond Lengths and Bond Angles

Bond length I/A  Bond length /A
N(1)-C(1) 1.168

C(1)-N(2) 1.324

N(2)-C(2) 1.315

C(2)-N(3) 1.367 C(2)-N(4) 1.370
N(3)-C(3) 1.487 N( 4)-C(17) 1.479
C(3)-C(4) 1.529 C(17)-C(18) 1.509
C(4)-C(5) 1.395 C(18)-C(19) 1.374
C(5)-C(6) 1.379  C(19)-C(20) 1.408
C(6)-C(7) 1.363  C(20)-C(21) 1.339
C(7)-C(8) 1.362  C(21)-C(22) 1.351
C(8)-C(9) 1.408 C(22)-C(23) 1.373
C(9)-C(4) 1.385 C(23)-C(18) 1.368
N(3)-C(10) 1.493 N( 4)-C(24) 1.484
C(10)-C(11) 1.531  C(24)-C(25) 1.510
C(11)-C(12) 1.364 C(25)-C(26) 1.392
C(12)-C(13) 1.373  C(26)-C(27) 1.423
C(13)-C(14) 1.363  C(27)-C(28) 1.326
C(14)-C(15) 1.361 C(28)-C(29) 1.301
C(15)-C(16) 1.383  C(29)-C(30) 1.364
C(16)-C(11) 1.384 C(30)-C(25) 1.351

Bond angle ¢/° Bond angle YA

N(1)-C(1)-N(2) 1750 C(2)-N(4)-C(17) 123.7
C(1)-N(2)-C(2) 1231 C(2)-N(4)-C(24) 118.6
N(2)-C(2)-N(3) 1151 C(17)-N(4)-C(24) 1176

N(2)-C( 2)-N(4) 1276 N(3)-C(3)-C(4) 113.9

N(3)-C(2)-N(4) 117.3 N(3)-C(10)-C(11)  91.1
C(2)-N(3)-C(3) 1181 N(4)-C(17)-C(18) 111.7
C( 2)-N( 3)-C(10) 123.7 N(4)-C(24)-C(25) 120.2
C( 3)-N( 3)-C(10) 115.1

mmol) of CG and 0.39 g (1.2 mmol) of TBAHS in 8 ml of
a 25% (w/w) aquous NaOH soln at room temperature or
below, 3.16 g (25 mmol) of benzyl chloride and 4 ml of di-
chloromethane were added. While keeping this solution at
room temperature, it was stirred for 24 h. The solution was
allowed to stand until it separated into two layers; the di-
chloromethane layer was then separated. After elimination

Molecular structure of N,N,N',N'-tetrabenzyl-
N'-cyanoguanidine with atomic numbering. The
atomic numbering is identical with Table 1 and R-1—
R-4 represent the benzene rings comprising of C(4)—
C(9), C(11)—C(16), C(18)—C(23), and C(25)—C-
(30), respectively.

Fig. 1.

of solvent and residual amounts of benzyl chloride under
reduced pressure, the deposited crystals (TBCG) were re-
crystallized from MeOH to give TBCG (1.42 g:64%). M
159—160 °C.

Elemental Analysis: Found: C, 80.92; N, 12.54; H,
6.34%. Calcd for C30N4Hos: C, 81.08; N, 12.61; H, 6.31%.
FD-MS (m/z)=444 (MT). 'HNMR (90 MHz, CDCl3) §=
4.39 (s, 8H, -CH,-), 7.18—7.46 (m, 20H, -C¢Hs); '>*CNMR
(90 MHz, CDCl3) §=52.95 (-CH,—), 116.61 (-CN), 127.96,
128.80, 135.55 (~CsHs), 166.88 (=CX).

Tetra-n-butyl-CG: Yield 40%, viscous liquid; ele-
mental analysis: Found: C, 70.08; N, 18.12; H, 11.75%.
Caled for C1gN4H3zs: C, 70.13; N, 18.18; H, 11.69%. FD-MS
(m/2z)=308 (M*). "THNMR (90 MHz, DMSO-ds) 6=3.23 (¢,
J=5 Hz, 12H, -CHs), 1.39 (m, 16H, ~CHz-), 0.88 (t, J=5
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Table 3. The Least-Square Planes Composed of 6 Carbon Atoms of Benzene Rings
with Their Heights from the Plane and Dihedral Angles between the Planes
Plane 1 Plane 2 Plane 3 Plane 4
Atom  Shift/A  Atom  Shift/A  Atom  Shift/A  Atom  Shift/A
C(4) —0.006 C(11) —0.003 C(18) —0.002 C(25) +0.003
C( 5) +0.010 C(12) +0.008 C(19) —-0.001 C(26) —0.003
C( 6) —0.007 C(13) —0.010 C(20) +0.002 C(27) +0.007
C(7) —0.002 C(14) +0.007 C(21) —0.001 C(28) —0.012
C(8) +0.009 C(15) —0.004 C(22) —0.001 C(29) +0.012
C(9) —0.003 C(16) +0.001 C(23) +0.003 C(30) —0.007

Dihedral angles between the planes

Plane 2 Plane 3 Plane 4
Plane 1 84.62 144.20 177.35
Plane 2 — 78.41 92.87
Plane 3 — — 33.90

Hz, 8H, ~CH,-); '*C NMR, (90 MHz, DMSO-ds) §=13.51
(-CHs), 19.35, 29.18, 43.38 (—CH2-), 116.60 (-CN), 166.10
(=)

Tetraethyl-CG:  Yield 24%, viscous liquid; elemental
analysis: Found: C, 61.15; N, 28.51; H, 10.28%. Calcd for
C10N4Hoo: C, 61.22; N, 28.57; H, 10.20%. FD-MS (m/z)=
196 (MT). "HNMR (90 MHz, CDCl3) §=3.35 (q, J=4 Hz,
12H, ~CHs), 1.17 (t, J=4 Hz, 8H, ~-CH>-); "*CNMR (90
MHz, CDCl;) §=12.93 (-CHs), 43.38, (-CHy-), 117.48 (-
CN), 166.26 (=CX).

X-Ray Crystal Analysis of TBCG. A noncolour
prismatic crystal obtained from MeOH with dimensions of
ca. 0.5x0.35%0.3 mm® was mounted on a Rigaku-6S auto-
mated four-circle diffractometer. Based on systematic ab-
sences of (h0l) reflections for h+1[ odd and (0k0) k odd, the
space group was determined to be P2;1/n. Intensity data
were measured by means of the w—26 scan mode up to 26 of
55.0° by using Mo K« radiation (A=0.7107 A).

Crystal data, C3oN4Hzs, M.W.=444.58, monoclinic,
space group P21/n, a=10.231 (2), b=14.158 (4), ¢=17.231
(4) A, B=95.27 (4)°, V=2483 (1) A3, Z=4, D.=1.189
gem™3 4 (Mo Ka)=0.66 cm™'. The structure of TBCG
was solved by direct methods and refined anisotropically
for Non-H atoms and isotropically for H atoms. The final
cycle of full-matrix least-squares refinement was based on
1196 observed reflections (|Fs|>3.000|F,|) and converged
(the largest parameter shift was 1.99 times its esd) with
unweighted and weighted agreement factors of 0.069 (R)
and 0.064 (Rw), respectively. The standard deviation of an
observation of unit weight was 2.31. The maximum and
minimum peaks on the final difference Fourier map cor-
responded to 0.23 and —0.25 e~ A3, respectively. Neu-
tral-atom scattering factors were taken from Cromer and
Weber.'® Anomalous dispersion effects were included in
Fearc;*® the values for Af’ and Af” were those of Cromer.'®
All calculations were performed using the TEXSAN'® crys-
tallographic software package of Molecular Structure Cor-
poration.

We wish to thank Professor Hayao Kobayashi for his
kind support in the data collection on the Rigaku-6S

diffractometer at Toho University and in the computa-
tion.
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