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P~P~~ON AND REACTIONS OF 
S,S-DIMETHYL-N-(2,4-DINITROPHENYL)SULFILIMINE 

Recently, much attention is beii devoted to the reac- 
tions of suMimines.’ However, hiphly reactive 
suhihmines (such as S,S - dialhyl - N - phenylsuWmine) 
~~~k~~~e~y~~(~b~S,S- 
~-N-~~s~)~~l~~‘~~, 
thepnprrrationawf~nsof~S-~~-N-~4- 
dhitrophenylj&dhine(4a) was m&taken as a 
compound which is both reactive and stable. 

Several methods are known for the preparation of 

active intermediates (2 and 3) with amines or amides. 

has a huger pohuity than the former, 4a was not 
obtained at ah. I&wise. poor results were obtainai 
with DMSO.THF and hexamethylphosphoric 
trhtmiiMPA), but a quantitative ykld of 4a resulted 
~DD~~~~a~ve~~eff~t~D~ 
~~~~d~~~e~c~n~~~ 
high polarity and sohtbihty power. 

(CHS).S*O + 02 d (CH,)~~-020- I 1 
i)NEhR 
- (CH.)r S=NR 

la 2 
ii) Base 

4 

oz= Paos, SO,, etc. 

AIthott& 4s was not obtained by using DMSO, DCC Tahte 1. Safveat effect ia the formation of L 
and 2,4 - diaitroaniiiae(Sa)~ an extremely low yield Ia 
resulted from the use of DMSO, P&s and Sa (application 

% Solvent Temp. Time Yield 

of P. Claus’ method using CHCb as a solvent). 
bmol) bmno1) (ml1 (W WI (0) 

However a qua&&e preparation of 4a” couhl be lo lo CHC13 20 -10 20 1.2 

~mp~6~ a&& ~~y~~~ 66 a 10 10 TRP 40 -2 3 0 

solvent even in the system D?@O-P& Further 
detailedexperiments using various solvents,reveakd the lo lo ‘uv 2o -lo ’ 95-6 
specific action of DMP in the reaction. In this paper, we 250* 10 THF 3 12 3 34.6 
wi6h to describe this specific effect, as well as an cx- 
tension of the dehydrating system composed of DMF- lo lo HMPA 20 0 2 0 

P20, in the preparation of other suUilimines aud some * Cosolvent. 

rewtion6 ofls. ~~~t~~~=3*~~3*~~. 
V~y~~3~ve~~~is~~ 

n&tuJLruANn~ axwitter-ion2sinceNMRspectraofDMSOiuthe 
AWent e&t on the fomtation of su@limine 4a. The systems, DMSO-PsO,, DMSO-BK and DM!XI-Xb 

reactions of equimolar amounts of DMSO and aniliae 5a showed siugkt peahs at about d =3-l based on MC 
in various solvents using P& as a del&uting agent are groups instead of DMSO itself (8 = 2.50). 
Jisted in Table 1. Using CHCL as a solvent, the yield of Basedoatkseresults,itwasassumedthatoxwitter- 
4a was extremely low, and with tetrahydrofuran which iou as 7 is mnt in the system of DBIP-P~. 
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C% v 
C~N-$-O-P& 

I P.50 

i- 

DMSO 

,.‘II 

6 

Pnpamtiosl of suljiliminr M from DMSOd6 and Atfirst,thebetain(rrmybef~inDMFsolution 
2.4 - dinitmanik The reaction of DMSO-d6 and So in containing P205. When sulfoxide is added, it may be 
DMF using Pa, as a dehydrating agent, gave in 97% 
yield S,S 

activated in the form of 7, which has been proved by 
- di@ideuteromethyl) - N - (2.4 - NMR spectroscopy. The activated sulfoxide reacts with 

dinitrophenyl) (4+d@ @xperimental). a0 amine or an amide to form aminosulfollium salt 9 
However, the suu&ine ~whicll could be deduced (Path A). At tlds stage, however, in some’co&inations 
from the me&a&m of DMSO-DCC method by Moffatt of sulfoxides and amines, the formation of fomlamidincs 
U al.* was not obtained. 8 predominates (Path B). T%is suggests that an qu& 

CHa H 
>N-h-Pao. 

CHI 6 
ii+ 

C<,'CH, 

(CDs).S+O + HaN NOz - . 
(CD, 1 aS=&NO, 

Preparation of oher su@limhu 4. An extension of 
the method, by which 4a was prepared, resulted in 
various sulfdimines which are listed in Table 2. Amontt 
the sulfoxides used, those which have high basic@ as 
DMSO and tetnunethylene sulfoxide reacted with anil- 
ines to give correspondin sul!ilimiis 4 in good yields, 
but those which have low basicity as 4-methylphenyl and 
benzyl sulfoxides, did not react with the aniks to give 
corresponding sulfiknines, The anilines with lower 
basicity gave better yields of sul6limines. 

Mechanistic considemtion of suljiWnc formation 
using DMP-P&-suffaxidc. The mechanism of 
sultiliiine formation which includes the activation of 
sulfoxide by DMF-P&s, can be depicted as follows 
(Scheme I): 

D.Hd tiOj0, 

4a-d5 

brium between 6 and 7 exists, or some sulfoxidcs, espc- 
cially less basii suloxides. are not. activated at all. The 
transformation of 7 to 9 may co@rk a substitution 
reaction on the S atom by amine, since DMSO-d6 reacts 
with three components to give a. 

The path B seems to be a good methud for the pre- 
paration of fonnamidinesP being quivalent to the 
Seckinger3 method’ using thionyl chloride or diiethyl 
sulfate. 

lkamol stability and reamznganen~ of snijilimine 
4a. The results of this investigation, are listed in Table 3. 
As shown 4a did not change in refiuxing THF, and only 
4%ofit&composedinDMFat1Wfor6.0hrand20% 
in refluxing o-xylene for 2.Ohr. The tendency of 4a to 
rearrange was inferior to other N-arylsulfilimines.” 

(CH.).N-!=O 
r B 

+ (CH.).N-$-OP.O.- 
li.NR' L (CH&Nz=NR' 

P.Os 
6 1 Path B 0 

RaS*O Path A 



Product 

R R’ (5 ,% [Lit. J 

0 ‘5 a 2,4-ft?o2t2C6x3 & 96 175-176 

046 CBS a 2r4-mo2)2Cgtt3 97 1e5.5-186.5 

a =3 b 2,4,6-fN02t3C6H2 4b 73 X97-199 

c &N02C6W4 

a C6H5co 

@ "-R02C6A4C0 

4- a 2,4-&02t2C6H3 

4c 97 149-151 . . _- 
[148-1511" 

4$ 75 106-107 
f107.5-108*51=~ 

& 86 216-220 .a. _- 
[217-21eiA3’ 

4f 62 l43.-142 

b -'ar2'4- c I-%02C61i4 4g 92 i17-lie 

@ 4-Cli3C6Fi4 a 2,4-(N02)2C6H3 80 86 107-108 

d C6%a2 

[107.5-108.5114) 
a 4-N02C6N4 8b 70 82-83 

[ 82-83115) 

Table 3. Thermal stebiity ad rcmnt of b 

Sulfilimine Solvent NEt3 Temp. Time $9 10 Recov. 

(VI fhr) (8) (0) (%I 

40 o-Xylene 0 Refl. 2.0 e 7 81 

THF 34eq Refl. 6.0 0 0 100 

Dtw 0 100 6.0 0 0 96 

DMF 30eq 100 6.0 20 10 65 

41; o-Xylene 0 Refl. 5.0 0 0 100 

4i** 'Toluene leq RefL. 4.0 95 2b) 

* sh; S,S-Dimethyl-N-tosylsulfilimfne 

** 41; N-(I-Cblorophenyl)-S,S-dimcithylsulfilimine 

Ran 4 ha w& vahous protonie 
COnEpoMds. CompumKl 4a Eacts with active mctbykvle 
compounds in an ylideexchange reaction? 

OWk=NAr + C&R’R2-+ OMS=CR’R’+ H,NAr 

4a 11 s8 

end 



Table 4. Redb of the fedons Wween h and phenols 
R Ot NO, R 

4a+tl 4 7 n.N b NOI + n.N 
0 

NOI + no 
B 

CHISCH. CHISCH. 

12 5a IO 13 

12 Sa 10 13 
R Y.(s) Y.(%) Y.(s) BP(~C) [Lit.1 NHR (6) K!DC13) 

0 2-CH,O 100 0 82 92-93(3xlo-2) 2.08 s 38; 3.75 8 2n; 
3.89 s 3n: 5.92 8 in; 
6.69-7.00 m 3n 

b 2-a. 100 0 95 73(3x10-2) 1.96 e 3H: 2.26 e 3H; 
~7ouo-3~1** 3.75 e 2H; 6.62 8 1H: 

6.7-7.2 m 3n ** 

c a-CH, 100 0 55 oil 1.98 e 3H; 2.26 e 3H; 
3.74 8 2H: 6.30-6.98 

24* 
111 lH+3n *** 

oil 2.00 e 6H; 2.57 8 3H; 
3.73 e 4H; 6.87 8 3n: 
l ** 

dH 91 4.4 41 oil 2.00 8 3H; 3.79 S 2H; 
6.82-7.23 m lH+4H ** 

@ 4-NOa 33 36 0 

l 2,6-Di(methylthiomethyl)-4-cresol. l * Reference 9. 
l ** Reference 17. 

Atthestepfrom14to15,tbenitropbenoxides,awuL 
nuc~hikab&actsapfotonfromthcMcgfoupoftbc 
~~o~iontogive1OrptherthrnitatteckstbeS 
atom to give 15. 

On the other hand, the corrcspondine o - mcthyl- 
thiometbylatioa was not observed with thiophenols. Thus 
thereactionEOf~withthiopbenolsinDMPat900fot 

7hr, gave corresponding disullides(l7) and sa iu quan- 
titative yield, respectively. These results were listed in 
Table 5. 

(CH&S=NAr + 2HSAf-+ (C&M + HzNAr + (MS)2 

48 k 17 

Tbeschemeofthiarcactionisbascdonthemcchanisms 
of the reaction, in which DMSO reacts with thiophenol 
to give diphenyl diiulEdcCO (Scheme 3). 

SimiMy,tberlWionofCwithetbiolwhicllhastwo 
protonic hydrogcns &an the ConespondiIltJ diiuuide 17c 
and 5a, contrary to expectath of a new betain 23. 

TBbl8~.lkflCthd4OWitbtbfdS 

40 + 2nsR - (CH312S + Sa + (RSj2 

I? 

Rsn sa I7 
Y.(S) Y.(a) MP/BP(T) (Lit.) 

0 C6H5SH 92 90 60(6O)lS' 

b 6CH3C6S4SH 100 98 48(48)19' 

C EtOZCCH2SR lb0 99 163-164/14U64/14)20) 

e (C&hS] + H&JAr + 1/2@tOOCCHzS~ 

T- HSCHhOB 

sa 17c 

(CH,)&S-6HCOOEt 
23 

Tkfirststageinthesercacth8shouldkaproton 
shift between base (4a) ~IMI acidu(ZH3. fdlonred by 
substitution on tbe positive S atom Path AI, withoat 
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reuwgement of itself which may occur in the case of 
less nucleophiiic Z-IL, (Path B). The sulfonium ion in 
25 which has a protonic hymn, uadergoes deprotona- 
tion to chaage into an ylide other than the starting one. 
Thus, if 2 is carbon of nitrogen residue and n is two, the 

ylide-exchange reaction of 1,ldepMonation type (Path 
A-a) occurs, and if 2 is oxygen residue (pheaolic) and I 
is one, y@iedecxcha@e nactioll of 12 - deprotonation 
type (Path A-b) occurs (with numlqering, refer to a&ore 
showa aboveh With sulfur acid, oxidation-reduction 
(Path A-c) occurs instead of l&lcprotonation on 25. 

Since the results obtained, are those from “special” 
sul!ilimme 4a and protonic compounds, the genera&y of 
the results seems to be restrictive. Howevever, similar 
reactions were partly observed with exampks of the 

NO. 

HS 

CH, SCH. 

reaction bchveen another suhilimine 4b and malonitrile,6 
and phenols.” 

-AL 
M tbe m.ps arc uncurrectcd. Tk IR spectra were reeonfed 

on a Hitachi EP-S spcctmphokmeter,and the NW spcctm 
were t&a on a JNM-C-100 succtfometct of Japan Rkctron 
optics Lab. 

Matdak Anilines and amides were wed -after mxydkhg 
commercisl reaaen&arade reaaents. Wfoxides other than DMSO 
were prepared- via- oxid& of tb3 correspondii 3uUidc 
(reagent-g&e). DINS0 and otbcr organic solvents were purified 
by tbe usual metbuds. Trietbylamine was dried on KOH. Others 
were used as reagent-grades. 

S&eat @ct. In the reaction between la and Sp Ibis was 
exanlined as foknvs. Ill an arbitrary so1vcnt. 30 mmol P2Os and 
lOmmolofIrwerraddedatC~~s~AfterIhr,totbe 
resulting mixture was added drop by drop the suln of k in the 
same solvent. Stirring was cuntinued for 1 hr. To the mixed suln 
was added drupwise !JOmmol of trietbylaminc in 1 br at (P with 
stirring, during which fine urangc crystals were deposited. The 
cry&Is were separaied by fltration, wasbed with water, I&OH, 
and McOIktber successively. and ‘ibied. Siiee tbe crystals of 

a. n=l or 2 

Path A-a 

Z=carbon or Z=oxygen residue 
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pnpcvothut of ML, yield 97%. m.p. 187.5-1985’ (from 
DM!IO-MeOH): IR(KBr): 1476 and 1336 (N9): ERlcm- (S=N): 
NMR (DldSW61 I: 7.69 (d I Ii 6ArHk 8.66 (q I H S-ArHk 8.37 
(dlH~~~). - 

Gcneml ploc#lwnc. P& (66 mmol) was added witb akin9 to 
25 ml of DMP at 6’. After 36 min. sulfoxide (69 mmol) was added. 
After stitritqt 1 In, 20mmol of anilii or smlds in 25 ml DMF was 
addad dropwise at C with contintmd stirrinp. After 3br. 
l89mmol of NRt$ was added at 6-s: and tbc stirritul was 

for 3br. During tbc add&ion of NBtk an oran@ 
cry&k suRiliinc. wben insolubls bt D?dF* was deposited. 
The sobtblc sul%buins was isobtted as follows: tbs mixtutn was 
extracted witb CH&l~ several times (total volums: IXl-ZoomU. 
The combined extracts wers wasbed with sat NaCI aq. atuI drkd 
(NW,). Tim driad axtnct was evaporated to dryness (removal 
of NBt,, C&C& and DMFI to rive cruds sul6limlne 4 wbicb was 
~f~a~~~~~~~~ 
ntiuiMlttTabk2. 

S S - Dbnuhyl - N - (2,4&l - ~~~yf}s~~~(~), yield 
73%: mu. IPI-199’ (dcc) from THP; IR(KBr): 896 (S=N): IS35 
and 13dcm-’ (NO& NbfR(DMSO+f6)dr: 2.89 (s 6 H CH3): 8.64 
(8. 2H aromk Pound: C. 33.23: H. 274; N, 19.46. C&N&S 
rquk C. 33.33: II, 2.8& N. 19.44%. 

S,S - DbnahyI - N - (4 - ~~h~y~~~&), ykld 97% 
m.o. 149-lSI~ (de& from CHzCktber flit.’ I48-ISlot; IKtKW: 
89ti (MD; ISID anti 1299au-i 0; Nap: 2.82 (s 
6H CH>): 6.76 (d 2 H arom.): 7.91 (d 2 H arom). 

N - lknzoql - S,S - dimethybutjWminc(rr), yield 75%; m+. 
l66-lW from ether (Sit” 19X5-1tK.P): IR(KBr): ##) (S=N): 
1566cm-’ (C=O): NbfR(CDCl&Iz 280 (s LH CH& 7.6-8.4 (m 
5 H arom). 

SS - LKmcthyl - N - (4 - ~~~~~~~), yiald 
Sk%t mp. 218-229’ @cc) from DMP (lit.u 217-218’); fR(KR& 
995 (S-N); 1514 (CM& 1566 atull315 cm-‘ (NO& NMR(DMW 
d6M: 2.M (s 6 H CH,); 8.65 (m 4 H aron& 

N - (2.4 - LMtitmpha~yl) - S,S - tetmmthybne.w@limine(U), 
yield 9296: m.p. I lFll8” (dec) from CHfl$THP; IR(KBr): 876 
(S-N); DtNt rod1336 cm-’ (NOx) NMR(CDCl,)a: 1.9-2.7 (m 4 H 
-CH#XJ&C&-): 2.6-3.5 (m 4 H -C&CH&&C~k 6.89 (d 
1 H aromk 7.99 (q I H arom); 8.49 (d I H arom}; Fou& C, 
44&k H, 4.12; N, If.29 CIQH,,N&S mquiresz C. 44.60; If, 4.12: 
N. 15.61%. 

N - (4 - Nitmpkayl) - SS - tctmmuhylcncrafjIlime(4p), yield 
6296; m.p. Ill-W (dec) from CH&THP; IR(KBr): 863 
(S=N): IS92 and 1399 cm” (NO& NMR(CDClA3: 1.9-2.7 (m 4 Ii 
CHFlfiCH 

-G 
HZ-); 2.6-3.5 (m 4 H -C~H$XfSlfr): 6.64 (d 

2 H aromk 7. (d 2H aromk Foutuk C, 53.47t H, 3.35: N, 12.42. 
C&&N&S requbus: C. 53.5% H. 5.33~ N. 12.49%. 

~~p~rionojN-(2,4-~~~)-~-dS(4- 
tofyfkM@l~. The rddue obked PI de-i in the gcnctal 
ptocedute. was wadled with ctbcr (total volume: 89mR. Tbs 
yellow crystals obtaii (yield, 96%) melted at RX?-IW. Tbsse 
were N.N - dimetbyl - N’ - dinitrophm1ylfom1ambnidii8a~. 
i&ntkd by m. m.p., IR and NMR spectra. k: m.p. lof-lok 
from bcazeehexanc @L’~ 197.5-108.~); IR(KRrk 1576 and 
1326 (NO& 1636 cm-’ (C=N); N~C~l,~: 3.15 (d 6 H CH,): 
7.73 {s I H CH): 7.6-8.6 (m 3 H arom). 

Prupamriou of N’ - a@ - N,N - dim~h~onwmidine(6) 
ffcncmlp~~un.To90mmoldP~~inMmlofDMFms 

addaldropwisewitbstbrinu36mmolof6a,korp-to~at 
D-26’. After &ring for 3br, I66mmol of NE& was added at 
6-W. The rcs&bqt sola was poured into satNaCl4 at 6-D”, 
and extracted witb CHCR (259ml). Dried over N&04, tbc 
extract was tvapnmted to drynts8. Furlk lreabnent is 
deskbed for each ComDolmd. 

N’ - (2.4 - llhittvphm~) - N,N - dbwthyfjonnamidinc(k). The 
nsiduc obtainsd was a yellow crysu&s solid (yield. 93%) wbicb 
&s characteriwd as kwmam&e k by m.$., IR and NMR 
spectra, m.p. IttMok from benxcne-kxane (lit.” ltY7.S-lo8s); 
IR(KBr): 1576 and 1329 (NO& 163&m-’ (CM). 

N’ - (4 - Nitmphmyf) - N.N - dim~hyffom4dine(~), The 
residue wan a yellow solii which was wasbcd witb ctbw and 
rccrystaUized from RtOH. Compouml II was obtained in a yisld 
of 7346; m.p. 82-W from RtOH (lit.” S&W): IR(KBr): I576 atul 
1315 (NO& 1647 cm-’ (C=N). 

N’ - (4 - ~~~~~) - NE - ~h~~~ TIE 
vbcow r&&t was dii to &HI k ykld 669& b.p. 9S-!R’ 
(I mm) (lit.” W (0.15 mm)), nB: 1.5858 (lb.” l.5855). 

To 4a in DMF, THF and o-xylens wltb or witbout Nf& were 
~a~&rrrdundartbecottdltiottsdsrclikdittTabR.3.TIte 
~~~~e~f~~~~~~~ 
under raid pm!mre. heating if required. The midlies 
olltaid were extracted wirll THF. THF exmcts were 
cworatd utukr reduced pressutu, followed by cdumo 
cbromrtqopphic tr@mcnt on silica gel usin CHCI, to &e a 
decompositionproduct5aanda~product,10(24- 
dinitro - 6 - motbyltltiometbylaniRne). 

~s~~~l.~c~by~N~~~ 
analysis: m.p. ISS-IW from benrat~ fR(KRr); 3%6-3496 (NFD; 
I400 snd 1336 cm” (NO& N~~)~ IS9 (s’3H CH,); 
3.75 (s 2 H CH& 7.9M.SS (m 4H NH* aad arom); Pbumk C, 
39.70: H, 3A; N, 17.24. C&&O,!l ruqultts: C. 39.50; H, 3.n; 
N, 17.M. 

Tlteunextract&dldwasco&uedtobc4abyidentltyofIR 
~in~~~~n~ compound. The results were sum- 

. 

Gencml pmedm. Compound Ir (5 mmol) pbsnol (1Ommd) 
were treated at DO-W for 3 br. Tbs nsultlng soln except in tbs 
caseof4-nitrupbatolwuevapoMadqtulerreduccdpmssurcto 
remove excess pltcnol. Tbc rcsblua obtabted was extracted witb 
ether. Tlte ether extmct was evt@matcd. followed by c&mn 

~~~~~~~~~~, . 
~~~~~~~~*~ 

=aL=a tbs remagamt$mduct 10ofIr(iathecacd 
pbenoland4nitropbcWandSaweraabtalnad.IOandSawcre 
conlbmedbyidantltyofIRspectrawitbautbcnticsamplesafter 
recrYstauixatiott. 

Cd 11 (by evaporation of tbe lirst elucnt), yisld 82%; b.p. 
92~~ (3x Wmm): IRhentk 3S%l-3466 and 1239-1226 (OHk 
1269 and 1670 cm”’ iCtikklbfRUICI,)6: 268 0 3 H Ck!li; 
3.75 (s 2H -C&S& 3.89 (s 3H- CH&); 5.92 is I H OK); 
6.*7.00 (m 3H aromk Fotmdz C 58.48; H, 6.13, S, 17.12. 
C&O+3 rquitusz C, 58.66; H. 6.58~ S, 17.46%. 

~O~~~~,~~~~~ 
ConId 1s ti cvmonth of the first elllcnt~. Yi. 9%: 
b.p. 73’ (3x lCri,-(lit.’ it? (lo-‘mm)h IR(ntat): 3466-33lD and 
1199-1210 cm-’ (OH); NMR(CDCl~)11: I.% (s 3 H CH#: 2.26 (I 
3 H CH,Ar): 3.75 (8 2H -CH#i-1); 6.62 (I I H OH); 6.7-7.2 (m 3 H 
aromS. 

R&h pcmol. From tlte ducnts, 26 - dlWtbyltblomW~ - 4 - 
~~~~~, 13c and k were isoRted* compmmd 1% (by 
~~~~~~~:~~~~~3~ 
and 1249-1226ctn-’ (OHlt NMR(CDCl,)& 201 (s 6H CH& 
226 (s 3 W CH&); 3.73 (s 4 H -CH&; 6.97 (s 1 H + 2H OH 
and arom).” Compound I3c (by evaporation of the mcond 
&tent). Yietd: 55% IR@at): us&3350 and l263-123scm-’ 
(OH): NMR(CDCl,Rk I.99 (s 3H CH&; 226 (a 3H CH&): 
3.74 (s 2 H -CH#-k 6.3tMi.96 (m I H + 3 H OH and uom),': 

~hp~ ~~~,l~~~~an~~ 
~~ was ~.‘C~ 10 (by evapoW= 
lirst &rent), ykld: 4.4%t m.p. and 81. mp US-1s (after 
ncrystaUiAon from benzcsm). compouad 13d (by evapomkn 
of the second elusnt), yield 41%. lR(neat): 3596-3299 ud 1249- 
I226 cm-’ (OH); NMR(CDCl~)& 2.00 (I 3 H CH& 3.79 (I 2 H 
A!H#-); 6.82-7.23 (m 1 H + 4 H OH and atom).’ 

K&h &&opho& From tbe ebwnts, 19, Sa aad an-u= 
C~~~*C~l6~~ 



hfhyt.*~ m.p. and m. m.p. M-156 after recryk 

Rtwiim of rlr with thids 
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