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Abstract-Reactions of 2,6-disubstituted 1,4,3,5-octathiadiazine-4,4-dioxides with cyano-containing com-
pounds(nitriles, thiocyanated\,N-disubstituted cyanamides) proceeding with replacement of imine fragment
in dioxide by corresponding fragment of cyanidere investigated. The limits of the reaction were revealed
determined by electronic effects of substituentsaRd R in dioxide and R in cyanide. Transimination
occurred indioxides with strong electron-withdrawing substituents(8Cl,, CBr,, CsFs) and weak acceptor

or donor substituents °‘R4-NO,C,H,, 4-CIC,H,, CH,) under the action of compounds’®&N with cyano
groups of relatively high nucleophilicity (R= 4-CICH,, CHs, (CH.),CHS, piperidino, morpholino,
diethylamino), on the one hand, amdth strong electron-withdrawing substituent$ f€Cl,) on the other

hand.
2,6-Disubstituted  1,4,3,5-octathiadiazine-4,4-di- 0.0 0s..0
oxides () are known to be suitable for application as NN R’C=N N/S\N
building blocks in the synthesis of hard-to-obtain A J\RZ _R2C=N 1)I\OJ\R3
cyclic and acyclic sulfonyl- and nitrogen-containing R O R
compounds, a number of which are biologically Ia—e Ia-i

active [1-3]. It was recently shown that dioxidds
reacted with disubstituted cyanamides furnishing
various compound$4]. Among the dioxided con-
versions was found a reaction proceeding as recycliz-
ation-cyclization with replacement of the imine frag-
ment RC=N in dioxidel by the corresponding frag-
ment RC=N from the cyanamide moleculej.e.
transimination [4].

I, R*= CClL, R = 4-NO,C¢H,(a); R'= CCl, R
4-CICH, (b); R'= CCl,, R*= CH,= C.CH,(c); R
CBr,;, R?°= CH, (d); R'= CF,, R = CH, (e); II,
R'= CCl, R’= 4-CICH, (a); R* = CCl,, R®®*= C¢H,
(b); R'= CCl,, R®*= (CH,),CHS(); R'= CCL, R’ =
piperidino ¢); R' = CBr,, R* = piperidino €); R' =
CBr,, R*= morpholino f); R*= CBr,;, R® = (C,Hy),N
(9); R = C4Fs, R* = piperidino f); R'= R*= CCl,

In extension of this research and taking into (j).
consideration the synthetic importance of transimina-
tion reaction we have studied someles governing As cyano-containing we used a wide range of
this reaction that are reportdtere. Therole of the compounds, froncyanamides and thiocyanates with
character of substituents'Rand R in dioxide | was  strongly nucleophilic cyano groups to trichloroaceto-
investigated in moreletail, andalso the possibility to nitrile with an electron-deficientyanogroup [5].
use in this reaction of the other classes of cyano-
containing compoundgnitriles, thiocyanates).

It was established that transimination occurred in
reactions of dioxide$ with strong electron-withdraw-
As was shown recently [4] the direction of cyanoing substituents R (CCl;, CBr;, C4F5) and weak
group reaction with dioxide$ was governed first of electron-acceptor or  donor  substituents 2 R
all by electronic effects of substituents' And R in  (4-NO,CgH,, 4-CIC¢H,, CH,). The substitution of
the ring of 1,4,3,5-octathiadiazine-4,4-dioxidé).( imine fragment in dioxideé proceeded as a rule at the
Therefore to reveal the general trends of transiminause of compounds with more nucleophiliyano
tion we used a large set of dioxidesvith substituents groups than in the nitrile eliminated from thimg of
R! and R differing in electronic effects within a wide dioxide | in the course of reaction. Thus heating
range from strong acceptors to strowm@nors. 6-(4-nitrophenyl)-2-trichloromethyl-1,4, 3, 5-octathia-
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Table 1. Reactiontime, yields,melting points, and IR spectra dfoxideslla -i

=1
Compd. Time, h vield, % mp (decomp.), IR spectrum, v, cm

no. (60°C, Cp) C SO, C=N
lla 7 96 125-126 1190, 1350 1635, 1730
IIb 4 97 152-154 1200, 1400 1640, 1725
lic 4 95 127 1180, 1350 1635, 1725
Iid 5 85 144 1170, 1395 1680, 1750
lle 5 94 152 1180, 1375 1650, 1725
If 5 89 178 1185, 1360 1650, 1720
llg 5 93 139 1180, 1360 1655, 1720
Ilh 9 93 138 1185, 1360 1670, 1730
i 9 94 146-147 1185, 1385 1720

2 publ. mp 125126°C [2].® Publ. mp 153155°C [2]. ¢ Publ. mp 144C [2]. ¢ Publ. mp 146147C [2].

Table 2."H NMR spectra and elemental analyses of 2,6-disubstituted 1,4,3,5-octathiadiazine-4,4-dicxitles

1 Found, % Calculated, %
Compd.| "H NMR spectrum, Formula
no. o ppm c | H|Hg| N| s c| H|Hg| N| s
lic 1.24 d (6H, CH), [23.07|2.19 |34.21|4.50 |20.50| C,H,CI;NO,S, (23.11{2.25 [34.19| 4.49|20.55
3.12-3.84 m (1H,
CH)*
Iid 1.48-1.84 m (6H, - - - - - - - - - - -
CH,), 3.443.82 t
[4H, (CH,),N]b
lle |1.751.99 m (6H, |20.75/2.13 |[51.11|8.81 |6.83 | CgH,,Br;N,0,S(20.53(2.15 |51.22| 8.98| 6.85
CH,), 3.50-3.81 t
[4H, (CH,),N]b
[If - 17.95/1.70 (51.10/8.98 (6.80 | C,HsBr;N,0,S [17.90|1.72 [51.04|8.94 |6.83
lig - 18.48{1.10 [52.62|5.25 (7.00 | C;H;Br;N,O,S [18.45|1.11 [52.60|5.27 |7.04
1y} 1.551.70 m (6H, [40.81|2.60 |24.72|10.75|8.32 | C;3H;,F-N,0,S[40.74{2.63 [24.78/10.96| 8.36
CH,), 3.50-3.65 t
[4H, (CH,),N]b

2 1 NMR spectrum taken i€DCl,. ° Spectra taken in acetork-

diazine-4,4-dioxidel@) with 4-chlorobenzonitrile and ation. The trichloroacetonitrilevith a strong electron-

benzonitrile the corresponding dioxidéi® and Ilb
were obtained in close to quantitatiyeelds. Inreac-

withdrawing group (R= CCl,) easily replaced imine
fragment in dioxiddb containing less acceptor group

tion of 6-(4-chlorophenyl)-2-trichloromethyl-1,4,3,5- 4-CIC4H, to afford dioxidelli in virtually quantit-

octathiadiazine-4,4-dioxidell{) with isopropyl thio-
cyanate formed dioxidélc. From 6-methyl-2-penta-
fluorophenyl-1,4,3,5-octathiadiazine-4,4-dioxidée)(
and N-cyanopiperidine dioxidélh was obtained in a

virtually quantitative yield.

As was shown before B8] nitriles werecapable to
demonstrate dual reactivity in reaction with $Ohe

ative yield.

It should be noted that at sharply increassdc-
tron-withdrawing effect of substituent?Rn dioxide |
(R? = CCly) and high nucleophilicity of cyangroup

in the cyanide BRCN (at the use cyanamides instead if

nitriles) the direction of reaction changes. Here
instead of transimination fornR,4,6-trisubstituted

same pattern of behavior they show also in transimini,2,3,5-oxathiadiazin-2-oxidesll() in conformity to
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data off4]. For instance, theeaction of 2,6-bis(penta- lle-h into the correspondindN,N'-diacylsulfamides
fluorophenyl)-1,4,3,5-oxathiadiazine-4,4-dioxidéf)( 1Va, b and N-amidosulfonylureadVc-f confirmed
with N-cyanopiperidine gaveise to a singleproduct, the structures of oxide$, Ild -h.

6-piperidino-2-pentafluorobenzoylimino-4-pentafluoro- The results obtained permit some assumptions on

phenyl-1,2,3,5-oxathiadiazin-2-oxidéll(). the pathroutes of the reaction. The transimination
The composition and structure of dioxidéa-i  occurs with participation in the reaction with cyano
were determined fromelemental analyses, IR and group of electrophilic sulfur and nucleophilic oxygen
'H NMR spectra.Besides thehydrolysis of newly of the dioxidel ring. It is presumable that the differ-
prepared by us initial dioxideke, f, and of dioxides ence in behavior of cyanides wiirong donor group
on the one hand, and stroragceptor groups on the

OQS¢O Ho other hand is due to formation in the reaction of dis-
NN 2 1 23) similar intermediates. Dioxideswith strong acceptor
—2—~ R'C(O)NHSONHS(O)R
1)'\OJ\R2<3> © © (R* = CCl, CBr,, C4F:) and less acceptor groups
[R? = 4-NO,C4H,, CqHs, CH,= C(CH,), CH4] react
IVa—f ' ! 6' 14 “~6'15 2
Ie, f, lle-h a with nitriles possessing donor oweak acceptor
IV, R' = CiFs, R* = CH,(a); R'= R* = C4F;(b); groups (GHs, 4-CIC¢H,) apparently by the type of
R' = CBr,, R® = piperidino €); R* = CBr,, R® = [4+2]-cycloaddition viatransition state A, or in the
morpholino ¢l); R' = CBr,, R* = (C,H.),N (e); R* = limiting case, through formation of reactive species,
CsFs, R® = piperidino ). N-sulfonylamides B.
Table 3. Yields, melting points, and IR spectra Bfamidosulfonylurea$vc -f
IR spectrum,v, cm*
Compd. Yield, % mp (doe(::comp.),
no. Cc=0 sQ, N-H
IVc 96 124 1695, 1745 1165, 1370 3095, 3220
Ivd 97 129 1700, 1755 1190, 1370 3100, 3300
Ve 98 112 1695, 1750 1175, 1375 3120, 3310
\i 99 126 1700, 1600 1175, 1375 3070, 3290

Table 4. Elemental analyses and neutralization equivalents-amidosulfonylureavc -f

Found, % Calculated, %

Compd-
. F I .
no. C H Hig N S |neutraliza- ormuta C H Hig N S |neutraliza-

tion equiv. tion equiv.

Ve |19.73|2.45 |49.39| 8.62/6.63 | 487.50 | C.H,Br;N,0,S|19.78/2.49 |49.35| 8.65/6.60 | 485.70
Ivd |17.29|2.12 |49.20| 8.53/6.59 | 488.75 | C,H,Br,N,0.S|17.24{2.07 |49.15| 8.62/6.57 | 487.70
Ve |17.71|2.59 |50.68| 8.75/6.75 | 474.85 | C,H,Br.N,O,S |17.75/2.55 |50.60| 8.87|6.57 | 473.70
IVf [38.97|3.04 |23.64/10.43|7.98 | 403.00 | C,H,FN,0,S|38.933.02 |23.6910.48/8.00 | 402.00
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In reactions of the same dioxides with cyanamidesufficiently nucleophilic cyano groups (cyanamide)
and thiocyanates possessing cyano groups with highéne reaction centers change. Instead of sulfur a carbon
nucleophilicity due the presence of stromgdonor atom G operates as an electron-deficiemnter, and
groups [9] a stronger contributiomakes the coordin- the role of nucleophilic center plays the oxygen of
ation of sulfur atoms in dioxidé and nitrogen of the SO, group. Thereaction involves formation of inter-
cyano group. In this case the reaction proceedsmediate E [4] and results in compound .
through an intermediate C.

0: -0 RS\CF
; NS rRe=N Y, I 15\%\:5?‘1%) —— m
RCEN N/SN \‘\5+ 1)\%)\ 2 \f /-‘)l\ 2
)l\& L R’ R R R' O R
R TR’
E
1‘3\:5:33 EXPERIMENTAL
z Ay
RCN g0 TR IR spectra of compoundk-IV were recorded on
C spectrophotometers UR-20 and Specord M-80 from

) o ] ) solutions in dichloromethanéH NMR spectra were

In reaction of the above dioxiddswith trichloro-  registered on spectrometers Gemini (300 MHz) and
acetonitrile characterized by strong deficit of electronTes|a BS-487B (80MHz) at 20°C with the use as
density on the cyangroup an important contribution jnternal reference TMS and HMDS respectively.

makes coordination of the oxygen in heterocytle Chemical shifts were measured in thescale with an
and carbon atom of the cyamgwoup. Aprobable reac- accuracy within0.02 ppm.

tion scheme may be represented via formation of _ _
intermediate D. The reaction progress was monitored and homo-

geneity of compounds obtained was checked by TLC
on Silufol UV-254 plates, eluent acetonénexane,

OQSS?O 1:1.
R’C=N )N|\ TI\ Initial unsymmetrical dioxideda-e were obtained
I —— R o R from the corresponding nitriles '&N, R’CN, and
A 5Q; [7].

Symmetrical dioxidelf was prepared fronpenta-
fluorobenzonitrile and SOby procedure [10].

§S+//O_ Syntheses of dioxide$ were carried out under
- P F\ — 1 atmosphere of drynitrogen.
RC= ;
R O R 6-Methyl-2-pentafluorophenyl-1,4,3,5-oxathia-
D diazine-4,4-dioxide (le). A mixture of 0.42 ¢

(2.17 mmol) of pentafluorobenzonitrile an8.35 g
In reactions between dioxides with twstrong (4.34 mmol) of SO, was kept for 24 h at 2@C. We
electron-withdrawing substituents 'Rand R and obtained 0.75 g (99%) of 6-pentafluorophenyl-
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1,3,2,4,5-dioxadithiazine-2,2,4,4-tetroxid&/)(
Found, %:
C,FsNOgS,. Calculated, %: C23.80; F 26.9; N
3.97; S 18.15. Byhydrolysis of 0.1 g of tetroxid&/
with water at 50C we obtained0.06 g (97%) of
pentafluorobenzamide, mp 18D (publ. 156C [11]).

To a solution of0.75 g (2.12mmol) of tetroxide
(V) in 10 ml of CH,.CI, at -80°C was added at
vigorous stirring a mixture 00.16 g (4.24mmol) of
acetonitrile and0.15 g (2,12mmol) of pyridine in
10 ml of CH,Cl,, The mixture was kept for 1 h at
-80°C and 2 h at 18C. The precipitate of PySQwas
filtered off. After evaporation of solvent from the
filtrate we obtained).66 g (99%) ofdioxide le, mp
105°C. IR spectrum (CkCl,, v, cnh): 1730,16620
(C=N), 1380, 1200 (SQ). Found, %: C 34.51; H
1.01; F 30.15; N 8.99; S 10.25. jB;F:;N,05S.
Calculated, %: C34.41; H 0.96; F 30.23; N 8.92;
S 10.20.

The hydrolysis 0f0.15 g of dioxide le at 20°C
afforded 0.15 g (97%) of N-acetylN'-pentafluoro-
benzoylsulfamidelya), mp 82C. IR spectrum (oily
compound,v, cnl): 3300,3240 (N-H); 1735,1670
(C=0); 1370, 1160 (SQ). Found, %: C 32.49; H
1.48; F 28.50; N 8.47; S 9.6Neutralization equiv
165.60. GH:FsN,O,S. Calculated, %: C32.54; H
1.52; F 28.59; N 8.43; S 9.6%\eutralization equiv
166.10.

2,6-Bis(pentafluorophenyl)-1,4,3,5-oxathiadi-
azine-4,4-dioxide (If). A mixture of 1.26 g
(6.53 mmol) of pentafluorobenzonitrile an@.25 g
(3.27 mmol) of SG, was heated for 12 h to 66.

893

Table 1. Then the solvent wasmoved, the residue

C 23.67; F 27.01; N 3.94; S 18.21.was treated with hexane to obtain dioxides-i. The

reactiontime, yields, melting points, IR spectra of
dioxideslla-i are given in Table 1'H NMR spectra
of dioxides llc-e, h and elemental composition of
dioxides llc, e-h are presented in Table 2.

2-Trichloromethyl-6-(4-chlorophenyl)-1,4,3,5-
oxathiadiazine-4,4-dioxide (lla) was obtained by
reaction of dioxide l@) and 4-chlorobenzonitrile;
2-trichloromethyl-6-phenyl-1,4, 3,5-oxathiadiazine-
4.4-dioxide (llb) from dioxide la and benzonitrile;
2-isopropyl-6-trichloromethyl-1,4,3,5-oxathiadi-
azine-4,4-dioxide (lic) from dioxide Ib and iso-
propyl thiocyanate;2-piperidino-6-trichloromethyl-
1,4,3,5-oxathiadiazine-4,4-dioxide (lId) from di-
oxide Ib and N-cyanopiperidine;2-piperidino-6-tri-
bromomethyl-1,4,3,5-oxathiadiazine-4,4-dioxide
(Ile) from dioxideslc andId andN-cyanopiperidine;
2-morpholino-6-tribromomethyl-1,4, 3,5-oxathiadi-
azine-4,4-dioxide (lIf) from dioxideld andN-cyano-
morpholine; 2-diethylamino-6-tribromomethyl-
1,4,3,5-oxathiadiazine-4,4-dioxide (I1lg) from di-
oxide (d) andN,N-diethylcyanamide2-pentafluoro-
phenyl-6-piperidino-1,4,3,5-oxathiadiazine-4,4-di-
oxide (IIh) from dioxide (e) and N-cyanopiperidine;
2,6-bis(trichloromethyl)-1,4,3,5-oxathiadiazine-
4,4-dioxide (Ili) from dioxidelb and trichloroaceto-
nitrile.

General procedure for hydrolysis of dioxides
lle-h. With 30% solution of NaOH was treated
0.25 mmol of dioxidelle-h for 5 min, and themix-
ture was cooled to @. To the mixture was added

Then the product was washed with hexane. We obQ-2 ml of HSO,. The separated precipitate was

tained 1.44 g (99%) ofdioxide If, mp (decomp.)
149°C (from dichloromethanénexane). IR spectrum
(CH,Cl,, v, cmi): 1650 (C=N), 1345,1205 (SQ).
By hydrolysis of dioxidelf with 30% solution of
NaOH followed by treating with K50, at *C we
obtained 98% of N,N'-bis(pentafluorobenzoyl)sulf-
amide (Vb), mp (decomp.) 12C (from ethanol).
IR spectrum (oily substance, cm): 3340 (N-H),
1705(C=0), 1345,1165 (SQ). Found, %: C 34.69;
H 0.45; F 39.19; N 5.83; S 6.57Neutralization
equiv 240.12. GH,F;N,O,S. Calculated, %: C
34.73; H 0.42; F 39.23; N 5.79; S 6.6Rleutraliz-
ation equiv 242.11.

Transimination of dioxides la-e into dioxides
lla-i. To a solution of 0.6 mmol of dioxidda

in 10 ml of benzene was added 0.7 mmol of an@hd 0.3 g (0.64mmol) of dioxide If

appropriate cyanide N in 4 ml of benzene at 8C
under atmosphere of drgitrogen. The mixture was

washed with water andried. We obtained the cor-
respondingN-amidosulfonylureaslyc-f) (97-99%):
N-tribromoacetamido-N',N'-pentamethylene-
sulfonylurea (IVc), N-tribromoacetamido-N',N'-
bis(dimethylene)oxysulfonylurea  (IVd),  N-tri-
bromoacetamidoN',N'-diethylsulfonylurea (IVe),
N,N-pentamethyleneN'-pentafluorobenzamido-
sulfonylurea (IVf). The precipitates were crystal-
lized from a mixture dichlorometharbexane
(2:1). Yields, melting points, and IR spectra of
sulfonylureaslVc-f are given in Table 3, elemental
composition and neutralization equivalents in Table 4.

Pentafluorobenzamido-4-pentafluorophenyl-6-
piperidino-1,2,3,5-oxathiadiazine-2-oxide (Il). A
solution 0f0.21 g (1.93mmol) of N-cyanopiperidine
in 20
ml of benzene was heated to °@ for 15 h. The
solvent was distilledoff, the residue was treated in

kept at this temperature for the time specified inSuccession with hexane asther. Weobtained0.33 g
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(89%) of oxidelll , mp 160C (from dichloromethane
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hexane). IR spectrum (Cil,, v, cm): 1720

o

0), 1670, 1550 (C=N), 1355, 1165 (SQ).

H NMR spectrum [(CR),CO, s, ppm]: 1.551.82 m
(6H, CH,), 3.55-3.82 t [4H, (CH),N]. Found, %:

C 41.64;, H 1.79; F 32.87; N 9.57; S 5.52.

C,oH10F10N4O5S. Calculated, %: C41.68; H 1.75;
F 32.96; N 9.73; S 5.57.

. Abramova, L.I.,
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