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Sulfamides in the synthesis of heterocyclic compounds
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Abstract. A comparative analysis of the structures and physico-
chemical properties of sulfamides and ureas has been performed.
New procedures for the synthesis of heterocyclic compounds
containing the sulfamide fragment are surveyed and the properties
of the resulting compounds are described. The bibliography
includes 112 references.

1. Introduction

The chemistry of sulfamides has received sufficient attention in the
literature. The synthesis, physicochemical properties and reac-
tions of these compounds have been considered many times in
reviews which were partially or completely devoted to sulfa-
mides.! 13 However, the latest review !> was published more
than 10 years ago. During the last decade, abundant experimental
data have accumulated, which call for further generalisation.

Sulfamides attract permanent interest because acyclic and
cyclic products containing sulfamide fragments exhibit a broad
spectrum of physiological activities. Thus sulfamoylamidines
possess antiulcerous ' and diuretic ! activities, 4-phenyl-1,2,5-
thiadiazolidin-3-one 1,1-dioxide exhibits antispasmodic activ-
ity,'¢  5-alkyl-2-phosphinyloxymethyl-1,2,5-thiadiazolidin-3-one
1,1-dioxides are proposed for the treatment of rheumatoid arthri-
tis,!” and 1,2,5-thiadiazolidine 1,1-dioxides containing an indole
substituent at position 2 are used for the treatment of
migraine.'® 1% 5-Alkyl-2-fluoromethyl-1,2,5-thiadiazolidin-3-one
1,1-dioxides inhibit enzymes, viz., human leucocyte elastase and
cathepsin G.2° 6,7-Dihydro-5H-cyclopenta[c]- and 5,6,7,8-tetra-
hydrobenzo[c]-2,1,3-thiadiazine 2,2-dioxides act as myorelax-
ants,?! and 3,5-dioxo-1,2,6-thiadiazine 1,1-dioxides are used as
antiinflammatory agents.”> Aryl-substituted seven- and eight-
membered cyclic sulfamides inhibit HIV-1 protease.?*?* Many
sulfamides possess antibacterial properties.?> 26

Sulfamides are also used in photography,?” they are compo-
nents of fungicide 2® and insecticide > mixtures and are employed
as detergents.? 3,5-Dioxo- and 3,5-diimino-1,2,6-thiadiazine 1,1-
dioxides are used for the preparation of azo dyes.?! 3-Amino-
1,2,6-thiadiazine 1,1-dioxides exhibit fungistatic activities.??
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S,S-Dioxides of benzothiadiazine, thiadiazine, and thiatriazine
as well as some acyclic sulfamides can serve as herbicides.33~33

In the 1980s, a new class of chiral oxidising agents based on
sulfamides was found. These are 2-sulfamoyloxaziridines which
exhibit high enantioselectivity (40% —91%) in asymmetric oxida-
tion of sulfides to sulfoxides.3¢~38

It is believed I7-14.39-42 that the increased interest in sulfa-
mide derivatives stems from the fact that these compounds are
structurally similar to ureas. In this connection, we thought that it
was worthwhile performing a comparative analysis of the struc-
tures and physicochemical properties of sulfamide and urea.
However, the major aim of the present review is to systematise
procedures for the synthesis of heterocyclic compounds based on
sulfamide. Wherever possible, a comparative analysis of the
properties of cyclic sulfamides and of the corresponding cyclic
ureas was carried out.

I1. Structure and physicochemical properties of
sulfamide

Whereas the electronic structure of the carbonyl group has been
studied comprehensively and described in detail, the data on the
electronic structure of the sulfonyl group are ambiguous. The
character of the S—O bond remains unclear, and the question of
whether this bond is purely polar, semipolar, covalent or ‘inter-
mediate’ is still open.

The question about the nature of the sulfonyl groups is closely
related to the question about the participation of the d orbitals of
the sulfur atom in bonding with other elements and to the question
of whether the sulfur atom can exhibit ‘hypervalence’ thus violat-
ing the Lewis octet rule.*?

Quantum-chemical calculations with the 3-21G* and 6-31G*
basis sets (i.e., taking into account the contribution of the d
orbitals) for a series of model compounds containing the SO and
SO, groups demonstrated that the contribution of the d orbitals to
the formation of the S—O bond is insignificant.**4> Thus Reed
and von Rague Schleyer 44 concluded that the character of the
S —O bond is determined primarily by the partially ionic o bond
and the t—o* ‘negative hyperconjugation’. However, studies of
the electronic structures of sulfamides and heterocyclic com-
pounds containing the SO, group by calculation methods dem-
onstrated that p,—d, interaction with the participation of the d
orbitals of the sulfur atom contributes to the formation of the
multiple S—O bond.*>~ 5% According to these calculations, the
S — 0O bond has two components of the ¢ and © types, viz., the
bond between the corresponding atomic orbitals of the oxygen
and sulfur atoms and the © bond between, on the one hand, three
lone electron pairs of the oxygen atom polarised toward the sulfur
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atom, and, on the other hand, the p and d orbitals of the sulfur
atom. However, the S —O bond is not, strictly speaking, a double
bond because the & type of interaction is pr— dy bonding with the
participation of all three electron pairs of the oxygen atom.
Nevertheless, as in Ref. 43, we shall arbitrarily denote these
bonds as O=S=0. It should be remembered that these ‘double’
bonds differ substantially from true double bonds formed by
elements of the second row (for example, from C=O bonds) and
are characterised by a substantial contribution of the ionic
state. 4330
The specificity of the structure of the sulfo group is reflected in
the spatial configuration of the atoms in the sulfamide molecule as
well as in the electron density distribution. Recently, the crystal
structure of sulfamide has been studied by X-ray and neutron
diffraction analysis (Table 1).4%:31-52 According to the results of
these studies, the S and N atoms in the sulfamide molecule have
tetrahedral and pyramidal bond configurations, respectively,
whereas the nitrogen atom in amides and urea is characterised
by sp? hybridisation and a planar bond configuration.’> The urea
molecule is planar and symmetrical. The bond angles in this
molecule differ little from 120°.33 This structure is consistent
with the notion of conjugation between the 7 electrons of the
C=0 double bond and the lone electron pairs of the nitrogen
atoms. This conjugation cannot occur in the sulfamide molecule
because the sulfur atom does not possess unoccupied orbitals for
participation in electron delocalisation. It has been demon-
strated 4>-47 that the d orbitals of the sulfur atom are not involved
in bonding with the S and N atoms in sulfamides. It was also found
that sulfonamides cannot adopt the limiting resonance structure 2
analogous to the structure 4 for carboxamides.>’
1 1
R2 N/R R
\S/ ~
o
1 2

2 N

R N
~oZ N

v K, H

R2 N R2 N
o 3 o- 4

=0

The electron-withdrawing effect of the SO, group is stronger
than that of the carbonyl group, and hence the acidity of the
amino groups in sulfamide is higher than that in urea. Thus the
amino groups in urea exhibit a weakly basic character, whereas

Table 1. Comparative characteristics of the sulfamide and urea molecules.

Parameter Sulfamide Urea
Bond lengths /A S-0 1.434 Cc-0 1.276
S—N 1.614 C—N 1.356
N—H 1.034 N—H 1.046
N-H 1.038 N-H 1.070
Bond angles 0-S—-0" 118.0 O—-C—N 1209
/deg 0-S—N 106.2 N—-C-N' 1182
O'—-S—N 107.0 C—N-H 1225
N-S—N' 111.7 C—-N-H 1205
H-N-H" 1125 H-N-H" 117.0
Dihedral angle /deg  OSO/NSN  89.39
Stretching N—H 3210-3372 N—H 3342-3449
vibrations /em—! SO, 1315-1369, C=0 1681
1145-1155
SN, 870-955 CN 1004, 1466

Note. The geometric parameters for the sulfamide molecule were taken
from Refs 51 and 52, the parameters for the urea molecule were taken
from Ref. 53, and the stretching vibration frequencies were published in
Refs 53—56.

these groups in sulfamide are weakly acidic. Urea forms salts with
acids >® and sulfamide gives salts with heavy metals (for example,
AgNHSO,NHAg) and alkali metals.'- %> These data agree with
the Taft induction constants ¢; for the electron-withdrawing
substituents in dioxane (o) and in weakly acidic solvents (7).

Group o1 of
CONH; 0.11 0.21 +£0.02
SO,NH, 0.38 0.46 +0.03

Therefore, sulfamide can be considered as an analogue of
carbamide only bearing in mind that the N — SO, conjugation is
actually not realised in sulfamide by virtue of electronic and steric
factors and that, in addition, the NH bond in sulfamide is
substantially more acidic, and, correspondingly, the nitrogen
atom is less basic than those in urea.

The results of ab initio calculations* =39 of the geometry,
dipole moments, atomic charges and bond orders in sulfamides
and heterocyclic compounds containing the NSO,N fragment
agree well with the experimental data.

In the crystal, the sulfamide molecules, like the urea molecules,
are linked together through strong hydrogen bonds,>!-32 5458
which may be responsible for the rather high melting points of
these compounds. In solutions of sulfamides, these hydrogen
bonds are substantially weaker and are observed only in water,
which is confirmed by the data from IR and Raman spectro-
scopy.>

The >N, “N and 33S NMR spectra of sulfamide have also
been reported.©!- 62

I11. Synthesis of heterocyclic compounds
containing the sulfamide fragment

Since heterocyclic systems containing the NSO,N fragment are
highly diversified, we believe that it is more convenient to classify
procedures for their synthesis according to the initial compounds,
asin Ref. 12, rather than according to the resulting products, as in
Ref. 13.

Sulfamide and urea are not as strong nucleophiles as ammonia
or amines; nevertheless, they can also react with electrophilic
reagents. Reactions of sulfamides with carbonyl compounds,
diamines, dinitriles and other bifunctional reagents are considered
in this Section.

1. Reactions of sulfamides with carbonyl compounds
One of the most general procedures for the synthesis of hetero-
cyclic compounds based on sulfamides involves their condensa-
tion with carbonyl compounds?3®-%-72 or with their
acetals.*-42.73

Formaldehyde,”-12-13.63.65 paraformaldehyde ¢ and triox-
ane % are most commonly used in the synthesis of heterocyclic
compounds containing methylene groups.

N
( \?02
conc. HClI or
No N
60% H2S04 / N
0,8
» 5
P
NH, N\N%N
H,S0, [
?02 + CH;O [or (CH20);] —F—> ?Oz ?02 SO,
6
N
CH n
NH; or l/f (II\I 2

2 2)2 2

Tn=12)
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Reactions of alkylsulfamides with paraformaldehyde in tri-
fluoroacetic acid occur through the intermediate formation of 1,5-
dithia-2,4,6,8-tetraazocine 1,1,5,5-tetroxides 8 to yield 2,6-dithia-
1,3,5,7-tetraazabicylco[3.3. l]nonane 2,2,6,6-tetroxides 9.64

\ a \ v
NH, AIKN-SNH KN-SSN
| (CH:0),
SO, + (CH,0), —> < / >

HN—__NAIk N—.NAIk

NHAIk ~ ~

7 AN\,

8 9

Condensation of sulfamides with formaldehyde and primary
amines afforded tetrahydro-1,2,4,6-thiatriazine 1,1-dioxides 10 in
60% —86% yields.%>

NH, R’
| N
SO2 + CHzo + RzNHZ —_— |/ W
NHR! HN\ NR!
/ o
10

R! = H, OAIk, OAr; R? = Alk, Ar.

Ureas also react with formaldehyde to form a wide variety of
products (both polymeric and heterocyclic) including compounds
analogous to compounds 8 and 10.7-74.75

3,7-Bis(ethoxycarbonyl)perhydro-1,5-dithia-2,4,6,8-tetraazo-
cine 1,1,5,5-tetroxide (11) was prepared from sulfamide and
glyoxylic acid followed by esterification.%®

H,0
HzNSOzNHg + OHCCOOH m
o. 0
N\
HN""T"NH
HOOC COOH
- H.S05
HHN_NH H =
Z N\
O/ N
o. 0
\\‘s//
E00c. HNT TNH oo,
—_—

H HN\S _NH H

/ \ 11 (29%)

3-Imino-4-substituted 1,2,5-thiadiazolidine 1,1-dioxides (12)
were formed upon boiling of solutions of aldehydes, sodium (or
potassium) cyanide and sulfamide in aqueous ethanol.?® Presum-
ably, the reaction proceeds as follows:

(ﬁ NH, _-SO:NH;
N + — +
M*CN—, H
RCH + SO, —> || -
NH, R™ H
o
_SO:NH, \S//
HN N
| HN~ "NH
¥ c—C= >
/\ R
R H H NH

12 (12% — 62%)

R = H-C6H13, PhCHzCHz, Ph, 4-M€OC6H4, 3,4,5-(MBO)3C5H2,

This reaction did not take place with paraformaldehyde, trioxane,
acetone and acetophenone.

3-Oxo derivatives 13 are prepared from the corresponding
3-imino-1,2,5-thiadiazolidine 1,1-dioxides.

o. 0
_SO:NH; %
7O\
EtOH/HCI HIT OEt MeonMeoNa  HN” NH
12 — 1 — 5 _— \ /
LG R=E— G
H © H ;30

Unlike sulfamide derivatives 13, 2,4-dioxoimidazolidines 14
are readily formed from ureas and a-dicarbonyl compounds in an
acidic medium.”-7¢

Over many years, the reactions of sulfamides with o- and
B-dicarbonyl compounds have also been widely used in the
synthesis of heterocyclic compounds.>-12-13.67-71 Thus the reac-
tion of N,N'-dimethylsulfamide with glyoxal in an acidic medium
(pH 3-4) afforded the first representative of bis(sulfamides) of
the bicyclooctane series, viz., 2,4,6,8-tetramethyl-3,7-dithia-
2,4,6,8-tetraazabicylco[3.3.0]Joctane 3,3,7,7-tetroxide (15), (the
yield was 23%).67

Me Me R! R3
\ / \ R/
O\\\ /N N\ Y N N
VAN I /S\\ O=< >=O
O /N N\ /N Yo N\
Me 15 Me R? 16 R*

It should be noted that analogous bicyclic bisureas 16 have
been prepared long ago from ureas and a-dicarbonyl compounds
in 91% yield. Over the past century, tens of representatives of this
class of compounds have been synthesised,”> 77 whereas sulfamide
analogues have been previously unknown.

With the aim of increasing the yield of compound 15, we
performed the reactions of N,N’-dialkylsulfamides with glyoxal
monohydrate in 36.7% hydrochloric acid. However, new hetero-
cyclic compounds, viz., 3,3'-bis(6,8-dialkyl-2,4-dioxa-7-thia-6,8-
diazabicyclo[3.3.0Joctane 7,7-dioxides) (17, the yields were
54% —85%), were obtained instead of the expected products 15.
The structures of the products 17 were confirmed by X-ray
diffraction analysis.

IHIE((

R = Me, Et, Pr, Bu.

The reaction of N,N'-dimethylurea with glyoxal afforded
another product, viz., 4,6,12,14-tetramethyl-2,8,10,16-tetra-
oxa-4,6,12,14-tetraazatetracyclo-[7.7.0.03-70'-15]hexadecane-5,1-
3-dione (18).78

\1: o N/Me
AL
Me o M

Reactions of sulfamide with B-diketones yielded various 1,2,6-
thiadiazine 1,1-dioxide derivatives.”%-7!
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NNHC¢H4SO,NHR! el
H>NSO>NH; + R? R3 —_—
0O O
N=NC¢H4SO,NHR!

2 3

RE R
— |
HN\S/
7N

O O 19(50% —68%)

R! = H, CH,CONH,, C(NH»)=NH, Ar; R? = Me, Ph; R?® = Me, Ph.

C(0)Me

H>NSO,NHR + (HZC{/H:\[
0
Me Me
R
—> (H0), |+ (H:O), |
N/SO2 \N/SOZ

I
R

MeOH, HCl
—_—

20 (7%),
22 (41% —74%)

21 (15% —43%),
23 (47%)

R = H, Me; n = 1(20,21), 2 (22, 23).

Reactions of sulfamide with symmetrical B-diketones afforded
one type of products (19, R? = R?); however, the reactions with
unsymmetrically substituted B-diketones gave mixtures of tauto-
mers (20—23, R = H). Moreover, the reactions of unsymmetri-
cally substituted B-diketones with monosubstituted sulfamides
afforded mixtures of regioisomers (20—23, R = Me).70-72

The reactivity of [B-diketones with respect to sulfamide
depends on both the electronic and steric characteristics of the
substituents in the diketones. Thus 3,5-diphenyl-2H-1,2,6-thia-
diazine 1,1-dioxide and its 2-butyl derivative were prepared in
45% and 39% yields, respectively, whereas 3,5-di-tert-butyl-2 H-

2,6-thiadiazine 1,1-dioxide has not been synthesised yet.”?

It was demonstrated 7> that the reactions of B-amino- and
-chloro-a,B-unsaturated ketones with sulfamide occurred regio-
specifically under milder conditions than the reactions with the
corresponding B-diketones. In anhydrous ethanol in the presence
of HCI, these compounds gave a series of 2H-1,2,6-thiadiazine 1,1-

dioxides 24 and 25.
R R
X
\H/\( H>NSO>NH, |

H, 60°C36h NigNH
i A

- 24 (83% —87%)
R = Me, Ph, Bu..

\[m/ _60°C ] )
T3 24n | R WR
H,NSO,NHBz |
— N\S/NBZ
\H/\( _refluxing | O/ \\O
2-3h
25 (47% —85%)

R! = Alk, Ar; R2 = H, Me.

In the reactions of ureas with B-dicarbonyl compounds,
bicyclic products 26 were formed more readily than 2-oxodihydro-
pyrimidines 27, whereas the reactions with B-chloro-a,B-unsatu-
rated aldehydes afforded only derivatives 27.7-7°

N Y
N N N. _NR
o= Y=o Y
N—{-N 0

The use of acetals of carbonyl compounds instead of these
compounds as such in the reactions with sulfamides resulted in the
formation of six- and eight-membered N,S-containing heterocyc-
lic compounds analogous to those described above along with new
unexpected  intramolecular  a-sulfamidoalkylation  prod-
ucts.#1-42.73 Presumably,*?73 the mechanism of these reactions is
analogous to the mechanism of a-ureidoalkylation.” Reactions of
sulfamides with acetals in an acidic medium afforded iminuim ions
28 and 29,

+
—_—
7H+

R'HNSO,NHR? + R*CH(OR?),

+ +
—= RI!NHSO,NR? + R!NSO,NHR?

28 CHR* CHR* 29

R] = H: l{2 = H, (CHz)”Ph, CH2C6H40MC-3;

R! = R? = (CH,),Ph (n = 0—4);

R3 = Me, R* = H; R? = Et: R* = H, CO,Et, CH,CO,E;

which underwent intramolecular or intermolecular a-sulfamidoal-
kylation depending on the nature of the substituent in the
sulfamides and the reaction conditions.

In the case of a-sulfamidoalkylation of the aromatic rings in
the iminium ions, annelation products 30, 35—-38 and 41 were
formed. If the aromatic substituent in sulfamide is either remote
from the generated iminium ion or absent, intermolecular dimer-
isation occurs to form eight-membered heterocyclic compounds
11, 34 and 40. Under certain conditions, these products can react
with acetals to form compounds 5 and 31-33. Symmetrical
diarylsulfamides react with acetals (EtO)>CH(CH,),,COOEt
(m = 0 or 1) to form new sulfamide 39 as a result of intramolecular
a-sulfamidoalkylation.

H
1 N\s Z9
R! = Ph, 30
R4 = CO,Et NH
H COzEt
30 (56%)
N
R! = Ph, NZ°NR!
CH,Ph, (CH;)4Ph, < >
— >
R = H
R! N\S _N
/ N
N
R'NHSO,NH 31-33
CHR* A
2 — O~ 1
(R~ H) R 1, cHph, B0, N RR cosEr
R* = CO,Et
’ H'RINCNH H
77\
O/ \O
11,34
]
4
| _Ré—H N
Rl = R4 =
———> o N_NO
\S/N
7
O 5(95%)
Compound R! Yield (%)
31 Ph 46
32 CH,Ph 72
33 (CH,)4Ph 56
1 H 75
34 CH,Ph 74
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¥
R!NSO,NHR? —>

CHR* 29
= (CH2),Ph
(n — 2’ 3)’ (QHZ)H (QH2)11
e NSO:NH,+ N—|s0,
R* = H, COEt
H R* H RY |,
35-38 39
A

S
Ph(CH,);N"" ~N(CH»);Ph
R! = R = (CHa);Ph, (CH2) (CH2)

RY=H
Ph(CH2);N—( ~N(CH2);Ph
/ o
40 (80%)
Me
R! = H, S O
R2 = CH,CsH4OMe-3, / \O
R* = CH,CO-Et
41 CH,COEt
Compound  n R* Yield (%)
35 2 H 88
36 2 CO,Et 80
37 3 H 85
38 3 COyEt 11
39 3 CO,Et 68

The reactions of unsubstituted sulfamide and arylsulfamides
with two equivalents of an acetal in an acidic medium afforded
1,2,6-thiadiazines 42—46, while the reaction with one equivalent
of an acetal yielded 1,2,6-thiadiazine 47.

o\ //o
RN”  NH
2 (EtO),CHCH,CO,FEt,
R = H, (CH»),,Ph CH,CO»Et
(m=0-3) CO,Et
RHNSO,NH, — 42-46
O\s //0
(Et0),CHCH,CO:Et, HN~ >NH
R=H
o =
47
Compound R Yield (%)
42 H 38
43 Ph 42
44 CH,Ph 68
45 (CH,),Ph 37
46 (CH»);Ph 79

2. Reactions of sulfamides with diamines

An efficient procedure for the synthesis of heterocyclic com-
pounds containing the sulfamide fragment involves condensation
of sulfamide with diamines.!? !3-23.24.80 This procedure allows
one to prepare heterocyclic compounds with five, six or more
atoms in the ring. Note that this procedure is the most convenient
method for the synthesis of the latter compounds.

RHNSO-NH, refluxing
0
H:NCHCH:CHCH,CHNH, ES//
S~
PhH,C OR  CH,Ph HN™" "NH
Pw\Ph
py HEN NH2 o OR 48
0
\S//
HN"">NH
Me Me Ph \/S_e\/%
O. O
| (CH2),NH> (CH2),NH» ME Me 49
CH,—O
H,—O
SN GP's
CHZ)H (CHZ)n
HN NH
X
NH, NH, N\
o7 Yo so
0_O
@O\/O\/@
HN\S _NA
VAN
7N 51

B is an organic base.

Heating of ureas with diamines is also used in the synthesis of
heterocyclic compounds.?!

3. Reactions of sulfamides with dinitriles
The reactions of sulfamides with dicyan and malonodinitriles find
wide application.!3-82-86 Numerous examples of the preparation
of diamino and diimino derivatives of 1,2,5-thiadiazole 1,1-diox-
ides and 1,2,6-thiadiazine 1,1-dioxides (52—55) are documented
(Scheme 1).

Acid hydrolysis of compounds 52 and 54 afforded the corre-
sponding 3-oxo derivatives.$>-8¢

4. Condensation of sulfamides with diols and other
bifunctional reagents
Until recently, condensation of dihydroxy compounds with sulfa-
mides have not found wide use, whereas these reactions with ureas
have long been known’ and they are successfully used, for
example, in the synthesis of bicyclo[3.3.0]octanediones (16).
Procedures for the preparation of bi-, tri- and tetracyclic
compounds (57, 59 and 61, respectively) containing sulfamide
fragments from sulfamides and the corresponding dihydroxy
compounds 56, 58 and 60, respectively, have been developed in
recent years.7-87

R‘ R1 R2
OH NHR7
\ //
O —+ SO
< I ’ < I / \\
NHR2
R 56 R1 R2

57 (9% —63%)

= Alk; R? = H, Alk.
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H>N NH,» Scheme 1

A
R!

= CHyPh N\ /N

HN NH HN NH> O/S\O
[ |RINQ _NH == RIN__N |7 53 (96%)
/
s
7N\ / % Lo pm
H
52 (62% —76%) o B {
N N
\S/
7N
H>NSO,NHR! HC | 7
\ //
>sZ
Lt '
>
2 3 R2 = R3 = H, Hal, )58\
KN \ v Ar Al ArAlk HoNT S NH:
s S R*> K
7/ N\ O N //
— 1 1I\I | S5 \/S\N
HN NH _ HoPd__ L
’ : 1 —
2 3 // R! = CH,Ph )\)\
RT R R' = H, Alk, Ar, \ H,N NH,
ArAlk, N7 }\J
REZRI=H J\/k o NA
N X" NH, \y/

R!' = H, Alk, Ar, ArAlk; R?> = R? = H, Hal, Ar, Alk, ArAlk.

1
54.(91% —95%) H,0.H* RU\
o NH

(84% —91%)

2

/
HOH-,C CH-OH >S<
HN NH

o TSm0 o )
/ \

N
/ \
Me Me
59 (80%)
O\\\ //O
MCN/S\NMe
HOH,C CH,OH >
\ / NHMe
O=<:[>=O +2SOz —>O=<:[>=O
NHMe

\
HOH.C 60 CH,OH

MeN___NMe

N\
o o

61 (72%)

A method for the synthesis of tetrahydro-3,5-dioxo-1,2,6-
thiadiazine 1,1-dioxides (62) from malonyl chloride and N-sub-
stituted sulfamides was also proposed.33:88

0
NHR? 4 N
a—c S ns
Lo, & RIN"ONR
. a—c
NHR \, o 0

62 (70% —90%)
= (CHy),Ph (n = 0-2), C¢H;1; R? = H, CH,Ph.
An interesting procedure for the preparation of 5-methyl-3-

0x0-3,6-dihydro-2H-1,2,6-thiadiazine 1,1-dioxide (63) was
described.%-90

NPhH O \S//
éo, N NaOH_ - ppN"">NH
| 0 A
NH,  HoC 07 > Me
63 (63%)

A method for the synthesis of 3-0x0-3,6-dihydro-2H-1,2,6-
thiadiazine 1,1-dioxides (64) from sulfamides and 5-alkanoyl-1,3-
dioxane-4,6-diones was covered by a patent.®!

O

N
HN” “NR*
Rz\/‘\ ’ SOZ _> O)\)\R'

4
NHR 64
R! = R? = R? = Alk; R* = H, Alk, Ar.

The reactions of derivatives of 1,3-dioxane-4,6-diones with
urea and thiourea proceed analogously.®?

The use of a new synthon, viz., diphenyl N-sulfamoyl-
carboimidate, which was prepared from sulfamide and dichloro-
diphenoxymethane, opens a new way to the synthesis of 1,2,6-
thiadiazine 1,1-dioxide (65) and 1,2.4,6-thiatriazine 1,1-dioxide
(66).3

c,. a O P A
+ \\\s// MeCN PhO \/S/

yaaN E—— >=N NH,

PhO” "OPh N NH, hd
o. 0
K>CO
PO N/ + CHACN) —>
>=N NH»
hO
o. 0 o. 0
\S// \ // \S//
N7 NH H:| HOl N7 NH
| oN CN L
PhO PhO PhO NH,
CN CN

65 (53% —65%)
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o. ,0
\S// \S//
j\/ SNH: + RoNH —» N7 ONH, NHs
PhO” “OPh RzN)]\OPh
o. 0 o. 0
\S// NZ
I\ ZON
NH2  ycoEy; N° N
— oo | AL
RN “NH, b RoN N

66 (22% —57%)

R2N=N<j,N ).

Of the currently available approaches to the construction of
cyclic sulfamides, the reactions of sulfuryl halides®-%® and
chlorosulfonyl isocyanate?-%° with amino compounds should
also be mentioned. The preparation of 3-oxo0-1,2,5-thiadiazolidine
1,1-dioxides (13) from chlorosulfonyl isocyanate and amino acids
is an example.”®

1) PhCH,OH,
OCN—SOCL 2) EtzN, CHyCly,
N > 3) HCl- H,NCH(RY)CO,R?
H 5% Pd/C, MeOH
— PhCH,O.__N__ _N.__CO,R? TP
2
7N\
O/ © o) 0
"%
H MeONa, MeOH AN
— H.N___N___COR> ——2"275 HN” “NH
7N\
o] o) g %
13

R! = H, Me, Bu, CH,CH>SMe.

The above-considered experimental data demonstrate that
sulfamides are rather often similar in their chemical behaviour to
ureas. Sulfo-analogues of many urea-containing compounds have
been prepared.

IV. Properties of cyclic sulfamides

Recently, the aromaticity of heterocyclic compounds has been the
subject of many theoretical studies.*”-4% 50 The results of ab initio
quantum-chemical calculations of the electronic properties and
the geometry of these molecules, which were confirmed by X-ray
diffraction analysis,*’-4%-50-100.101 demonstrated that the rings in
1,2,5-thiadiazole 1,1-dioxide and 1,2,6-thiadiazine 1,1-dioxide,
unlike those in 2-pyrimidinones, are nonaromatic.*’ The lack of
the aromaticity results from the specificity of the structure of the
SO, group (see Section II). The sulfur atom cannot be involved in
n delocalisation because the oxygen and sulfur atoms in thiadi-
azines (67) deviate form the plane passing through the remaining
atoms.

Y
N\S/NH N._NH
VYR
O/ AN\ o S

67 68

The tautomerism 3%-47-71 and rotational isomerism 40192 of
cyclic sulfamides attract considerable interest. The difference in
the stability of the tautomers of 1,2,6-thiadiazine 1,1-dioxide (67)
and 2-pyrimidinone (68) results from the aromaticity of the
compound 68 and nonaromaticity of the compound 67.47

According to the data from X-ray diffraction studies and
NMR spectroscopy, 3,5-dialkyl- and 3,5-diaryl-substituted 1,2,6-
thiadiazine 1,1-dioxides exist in solutions predominantly as the
isomers A, whereas the tautomers B of 3(5)-hydroxy- and 3(5)-
amino-substituted derivatives are more stable.*’ In no case was

the tautomer C experimentally observed. In the case of substituted
2-pyrimidines, the stabilities of tautomers A’ —C’ are related in a
different way.

R! R? R! R? R! R?
X X
| S |
N NH NN NN
7\ VAN VAN
O/ \O O/ \O O/ OH
A B C
Rl

R! R2
W
N\H/N
O

N. _NH N_ _N
bl b
o OH
A’ c

Tautomeric forms of 3-oxo- (13) and 3-imino-1,2,5-thiadi-
azolidine 1,1-dioxides (12)3° as well as those of 6,7-dihydro-5H-
cyclopentalc]- (20 and 21) and 5,6,7,8-tetrahydrobenzo|c]-2,1,3-
thiadiazine 2,2-dioxides (22 and 23)7! were studied.

0\S P 0\S P
aN” ONH N ONH
el W
0 4 R HO |, R
N7 N7
HN” NH N ONH
—n S
HN , R N R
Me Me
\N = /H
H), || o = @, o
N \\O N \\O
20,22 H 21,23
n=12

In solution, 3-oxo- and 3-imino-1,2,5-thiadiazoles occur as
equilibrium mixtures of the tautomers 12 and 12’ and the
tautomers 13 and 13', respectively, whereas 6,7-dihydro-5H-
cyclopentalc]-2,1,3-thiadiazine 2,2-dioxide and 5,6,7,8-tetrahy-
drobenzolc]-2,1,3-thiadiazine 2,2-dioxide exist predominantly in
the forms 21 and 22, respectively.

The rotational isomerism of glycosylated derivatives of 1,2,6-
thiadiazine 1,1-dioxides at the N-glycosidic bond was studied by
NMR spectroscopy. Thus 6-B-D-glucopyranosyl-2-methyl-3-oxo-
3,6-dihydro-2H-1,2,6-thiadizaine 1,1-dioxides (69) exist in solu-
tions as mixtures of syn and anti rotamers.*°

///

sin-69

_ %ﬁ:

\\ \

anti-69

It was found that the energy barriers to rotation about the
glycosidic bond for glycosylated thiadiazine derivatives are lower
than those for the corresponding uracils and pteridines.*%- 192 This
is attributed to the fact that the SO, group deviates from the plane
of the heterocycle and hinders the rotation about the C— N bond
to a lesser extent.
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Under the action of various reagents, six- and seven-mem-
bered cyclic sulfamides are transformed with elimination of the
NSO;N,103.104 SO, (see Ref. 105) or CO fragments.®® Thus
derivatives of 1,2,6-thiadiazine 1,1-dioxides were converted
under the action of nucleophiles into pyrazoles 70 193 and 2-pyr-
idones 71.104

O\S//O Me R
PhN” NR! 1,0, A I\
L + NHNH, —— R!NHSO,NH,+ N Me
Me Me T
R? H 70
o, 0
N\
HN” " NH
\ + RCH,NH, —>
CH,CO,Et
COEt 42
?HZR
N._O
— H>NSO,NH, + /Ej + EtOH
0,7 N
71

Under the action of oxidising agents, seven-membered cyclic
sulfamides, which do not contain substituents at the nitrogen
atoms were converted into pyridazine derivatives 72 with elimi-

nation of the SO, fragment,!%
MeO. MeO
N\H/O SN
/S\ 1{}
(6] >
NH
R R 7

whereas successive nitrosation and acidification of N-substituted
tetrahydro-3,5-dioxo-1,2,6-thiadiazine  1,1-dioxides afforded

2-substituted 4-amino-2,3-dihydro-3-oxo-1,2,5-thiadiazole 1,1-
dioxides (73) with elimination of the CO group.®8

NaOCl
aq. NaOH

0\ //0
HN” "NR AcOH/NaNO, HN” "NR py+ N7 ONR
—_—

)\”/K >—<\
O O
HoN O

NOH 73

O O

R = Ar, cyclo-CgHy;.

Substitution at the nitrogen atoms is typical of cyclic sulf-
amides. It was demonstrated that heterocyclic sulfamides undergo
alkylation,20-24,41,69,73,93,106, 107 gcylation,® nitration,”® hydr-
oxymethylation,?? silylation 40-41-102 and glycosylation.0-41. 102

Diazomethane,'%¢ dimethyl sulfate %7 and alkyl and aryl
halides 20-24.41.69.73.93,107 are ysed as alkylating agents. Proce-
dures for alkylation with methyl iodide in acetone in the presence
of K>COj3 or with benzyl chlorides and bromides in the presence of
sodium hydride are most generally used.

o. ,0
H\\///H

]—[>< ><COOEt
H
~N

Mel, K3C03
MeCOMe

O (0] (0] O
H \7/ H R N\7/ R
N N

NaH, DMF
BZUBZ RCL
R = 4-MCOC6H4CH2.

2,5-Thiadiazolidine 1,1-dioxides were acylated with acyl
chloride or dimethylcarbamoyl chloride in an alkaline media,®
nitrated with nitric acid ®* and hydroxymethylated with a meth-
anolic solution of formaldehyde.??
1,2,6-Thiadiazine 1,1-dioxides were silylated with hexame-
thyldisilazane. Their silyl derivatives underwent glycosylation
under the action of penta-O-acetyl-f-D-glucopyranose and 1,3-
oxathiolane.40-41.102
(0]
Me
\N

| | NH(SiMes)»
0,5 —_—

T
H AcO Me
AN ﬁ
O OAC ozs\

Me\N AcO
| | OAc
> 0.8 -
SN Me Q
| OAc
SlMe3 AcO
C
Io) OAc 69
H\N R
) | NH(SiMes)»
0.8
20N Py
) 0
H
H\N R
PhC07
OA |
O2S\N
PhCO;
SlMCz S

Halogenation and arylation of 1,2,6-thiadiazine 1,1-dioxides
25 (R! = R2=H) at the carbon atom using organometallic
reagents have been reported.!®® Amine exchange in 3,4-diamino-
1,2,5-thiadiazole 1,1-dioxides 53 has been described.?3

o\ P H>N NH,
N~ NBz ;/ \<
| P N\ /N
/ o
25 s

The sulfo group is stable to reducing agents.>** The SO,
group also remains intact upon electroreduction. Thus electro-
reduction of 3,4-diphenyl-1,2,5-thiadiazole 1,1-dioxide in aceto-
nitrile afforded the corresponding dihydrothidiazole 1,1-dioxide
(74),109 ie., only the C=N bond was reduced.

Ph H
7 < 7/ <‘\Ph
N\ NH

/\\ 2\
O 74 O

All the above-described reactions are also typical of cyclic
ureas. The latter are alkylated with alkyl halides and alkyl sulfates



Sulfamides in the synthesis of heterocyclic compounds

229

and undergo acylation, hydroxymethylation, nitration and glyco-
sylation at the nitrogen atoms.”> 110-112

* * *

The examples considered in this review demonstrate that the
chemistry of cyclic sulfamides is progressing successfully. Proce-
dures for the preparation of heterocyclic compounds which
contain different numbers of carbon atoms in the ring and bear
different substituents at the nitrogen and carbon atoms have been
developed. One would expect further progress in this field of
chemistry. New possibilities of the reactions of sulfamides with
carbonyl compounds yielding bi- and polycyclic sulfamides would
be expected to be opened. Various useful properties of sulfamides
give promise that new approaches to their directed synthesis will
be developed.
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