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In recent vears an increasing number of articles has
appeared describing the svnthesis, properties. and biological
activities of cvclic sulfamides.! These compounds are the
sulfony]l analogues of ureas. Two general, acid-mediated
procedures have been reported for the preparation of this
ring system. The first entails the reaction of a sulfamides
with a 1.3-disubstituted compound (/.e., dicarbony] reagent.
diacid, or diester).” The second reaction requires the treat-
ment of sulfanudes with two equivalents of carbonyl com-
pound containing an acidic ohvdrogen.’

Previously, we have demonstrated that intra- and inter-
molecular ¢-sulfamidoalkylation transformations proceed-
ing through the intermediacy of an imumum ion provide an
expeditious route for the preparation of cvclic sulfamides
(Scheme 1).7 a-Sulfamidoalkylation reaction of benzylsulf-
amide 1 with formaldehvde (36% in H-O) and water in acid
gave intermolecular cvclized product 2, but 3-methoxy- and
3 d-dimethoxvbenzylsulfanude afforded intramolecular o-
sulfamidoalkylation product 3 (eq.1).*
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In the present study, we report on the o~sulfamidoalkyl-
ation reaction of N N-dibenzyvlsulfamides 4 with formal-
dehvde in formic acid for the generation of sulfamides of
novel structures (Scheme 2). The starting sulfamides 4 were
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prepared according to established synthetic protocols.®
Iminium 1on 5§ formation for the generation of products was
accomplished by treatment of dibenzylsulfamides 4 with
formaldehyde (36% in H-0) in formic acid (96% in H:Q) at
roont temperature,

Reaction of N N-dibenzylsulfamide 4a in this protocol
furmished the 1.4.2.6-thioxodiazine 6 m 85% vield. For-
mation of 6 is believed to proceed by the stepwise pathway
depicted in Scheme 2. Compound 6 has been assigned as
1.4.2.6-thioxodiazine on the basis of the observed 'H and
»C NMR spectral data coupled with elemental analysis.
Distinctive signals were observed in the 'H NMR spectra at
§4.55 and 4.86 ppm as a singlet, and in the '*C NMR spectra

Figure 1. An ORTEP drawing of compound 7b with atomic
numbering scheme.
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Table 1. Crystal data and structure refmement for 7b

Notes

Table 2. Selected bond lengths [A] and bond angles [°] for 7b

Empirical formula CioHig Ny 02 82

Formula weight 840.94
Temperature 293(2)K
Wavelength 0.71070 A

Crystal system, space group  Tricluue, P-1

Unit cell dimensions a=10.830(2) A o = 103.709(9)
b=11.2382(12) A p=97.273(10)
c=17.033(2) A v=99.19%11)°

Volume 1962.3(H A*
Z. Calculated density 2, 1.423 Mg’
u 0.206 mm™
F(000) 888

0.33x 045 x0.50 mm

0 range for data collection 125 to 25.97°

h, k, [ collected 0O<=h<=13, -13<=k<=13, -20<=]<=20
Retlections collected/unique 8133 /7702 [R(int) = 0.0575]
Completeness to 26 = 32.28  Full-matnix least-squares on F~
Data/restramts/parameters 7702 /0/ 340

GOF 1.729

Final R indices [[>26(I)]  “R, = .1233, *wRe= 0.2863

R mdices (all data) “Ri=10.2210. %R = 0.3208

Largest diff. peak and hole  (0.921 and -1.399¢. A~

“Ri = I |Fol-|F|| (based on retlections with Fi7=2aF %), Ry = [E[w(Fy-
FEFYEWFS YN w = V[E(FS-(0.095P Y] P = [max(Fy, O#2F )
3(also with Fy=20F -)

Crvstal size

at § 51.35 and 80.78 ppm for two methyvlene groups of 6.
Use of the electron-rich benzylsulfanude 4b and 4¢ in place
of 4a gave the double imtramolecular a-sulfamidoalkyvlation
products 7a and 7b in 45% and 67%. respectively. Analysis
of 7b by X-rav crvstallography confirmed the 6,13-sulfono-
dibenzo-[c,h][1,6]-diazecine ring structure. ORTEP view of
7b is presented m Figure L. The triclimic unit cell contains
two parts of independent molecules. In the '"H NMR spectra
for 7, two diagnostic signals were noted for the diastereo-
topic methylene protons at 63.94-4.02 and 5.20-5.24 ppm as
doublets.

Kev signals for methvlene carbons detected in the '*C
NMR spectra for 7 included the resonances at & 35.2 and
549 ppm. Compounds 6 and 7 exhibited characternstic
absorption bands in the infrared spectrum at 1110-1170 and
1340-1390 cm™ for sulfony] group.’

In conclusion. we have elucidated an o-sulfamidoalkyl-
ation transformation of the electron-rich benzylsulfamide 4b
and 4¢ with formaldehvde, which forms the 6,13-sulfonodi-
benzo-[c,h][1.6]-diazecine ring structure.

Experimental Section

General Methods. Infrared spectra were obtained on a
JASCO FI/IR-53300 spectro-photometer and NMR spectra
were recorded on JEOL (5300 MHz) FT NMR spectrometer.
Chemuical shifts ($) are given in ppm relative to TMS. Rea-
gents and solvents were used without further purification.

General Procedure for a-Sulfamidoalkylation Trans-
formation of N,N-Dibenzyl-sulfamide 4 with Formalde-
hyde. A formic acid (96% in H-O. 10 mL) solution of

Bond lengths

S(1+O(2) L401(6)  S(1»O1) 1.409(6)
S(LFN(2) 1.637(5)  S(1¥N(I1) 1.643(6)
N(I+C(1) 1.443(10) N(1»C(11) 1.492(10)
N(2)»C10) 1.423(9)  N2)}C20) 1.488(9)
CrC(2) 1.32009)  C2)C(3) 1.389(10)
C(11)-C(12) 1.316(9)  C(12)-C(13) 1.396(10)
C12)}C(19) 1L406(9)  CO3)-C(14) 1.385(10)
CI8)»C(19) 1.396(9)  C(19-C20) 1.309(9)
Bond angles

O2+S(1)»1) 119.3(3)  O2-S(1)»N(2) 107.7(3)
O(1+S(1)»-N(2) 107.3(3)  O2-S(1)»-N(1) 108.0(4)
O(1+S(1)-N(1) 106.9(3) N2 RS(1)»-N(1) 107.1(3)
CFN(1FC(L1) 117.6(6)  C(1FN(1)-S(1) 115.4(5)
CON(-8(1) 113.6(3)  C({103N(2)-C(20) 115.8(5)
C10)N(23S(1) 116.8(5)  C{20-N(2)-S(1} 114.8(5)
N(1C(1)C(2) 119.16)  CO-C2)C(1) 123.7(6)
C2)»C(9)-C10) 124.1(6)  N2)}C(10)}C(2) 119.0(3)
N(1)-C(11)-C(12) 117.006)  CAON-C2)-C(11)  123.7(6)
C12)CNCR20)  124.3(6)  N2)}CR2O)-C(19) 117.4(6)

sulfamides 4 (10 mmol) and formaldehyde (36.5% m H-O,
33 mmol) was stured for 24 hr at room temperature. and
then the solution was quenched with excess water (50 mL).
The sohd that precipitated was filtered and then washed with
water to give the desired products 6 and 7.

N,N'-Dibenzyl-1,4,2,6-thioxodiazine 1,1-Dioxide (6).
Begimming with N N-dibenzylsulfamide (4a). 6 was obtain-
ed n 85% yield (2.70 g): mp 119-122 °C; IR (KBr) 1167.04,
1363.91 em™: '"HNMR (CDCl:) §4.55 (s. 4H). 4.86 (s. 4H).
7.25-7.38 (m. 10H); '*C NMR (CDCls) & 51.35, 80.78,
128.29, 128.78. 128.90, 135.26.

Anal. Caled for CisHisN-OaS: C, 60.36; H. 5.70. N. 8.80.
Found: C, 60.29. H, 5.72; N. § 83.

5,7,12,14-Tetrahydro-6,13-sulfonodi(3-methoxyhenzo)-
[¢,h][1,6]-diazecine (7a). Beginming with N,N-di(3-meth-
oxvbenzyl)sulfamide (4b). 7a was obtamned n 45% vield
(1.62 g): mp 198-200 °C: IR (KBr) 1163.15, 1363.79 cm™';
'H NMR (CDCla) §3.66 (s. 6H), 3.96 (d, 2H. J = 16.5 Hz),
4001 (d,2H.J=16.5Hz),5.21 (d, 2H. J = 16.5 Hz), 5.22 (d,
2H. J = 16.5 Hz). 6.33-6.76 (m, 6H); “C NMR (CDCl:) §
54.6.55.2,553, 1114, 116.3. 130.2, 131.2. 139.7. 158.6.

35,7,12,14-Tetrahydro-6,1 3-sulfonodi(3.4-dimethoxybenzo)-
[¢,h][1.6]-diazecine (7b). Beginning with N N“di(3.4-di-
methoxybenzyl)sulfamide (4¢), 7b was obtained in 67%
vield (2.82 g): mp 240-242 °C:. IR (KBr) 1163.18. 1363.80
em™: 'H NMR (CDCls) 6 3.69 (s. 12H), 3.95 d, 4H. J =
16.5 Hz). 5.22 (d, 4H. J = 16.5 Hz). 6.34 (5. 4H): "C NMR
(CDCl3) 854.9,56.2. 114.1. 130.9. 147 5.

X-ray Analysis of 7b. Details of the crystal data and
summary of intensity data collection parameters for 7b are
given in Table 1. Crystal was grown from chloroform solu-
tion stored at room temperature. Crystal was mounted on
glass fibers in random orientations. and the data were
collected on a Enraf-Nomus CAD4 diffractometer equipped
with graphite-monochromated Mo-K,, radiation (1= 0.71073



Notes

A) at room temperature. Unit cell parameters were deter-
mined by using search. center. index, and lest-square routine.
Structure was solved by the application of direct methods
using the SHELX-86 program® and least-squares refinement
using SHELEX-97." Anisotropic thermal parameters were
used for all atoms except hvdrogen. All the remainng
hydrogen atoms were included in calculated positions. Some
selected bond lengths and bond angles are shown i Table 2.

Supplementary material. Tables of full bond distances
and bond angles, anisotropic thermal parameters, and atomic
coordinates of hvdrogen atoms are available from the author
C. H. Lee.
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