
T#rr&dron Vd. 37, pp. X29 IO 831 
i; Pcrgamon Press Ltd., 1981. Printed in GI-CM Britain 

ON THE STRUCTURE OF N-SULPHONYLFORMAMIDINES 
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Abstract-The structure of N2-sulphonylformamidines has been investigated by means of IR, ‘H and 
13C NMR spectroscopy. The compounds are shown to exist as two rotamers in solution. A previous report 
on the isolation of Z and E isomers (regarding the C=N’-bond) for one N’-methane-sulphonylformamidine 
is shown to be dubious, the spectroscopical data indicating the two isomers to be rotamers at the C-N’-bond. 

The conformational status of formamidine and 
benzamidine systems have attracted interest in 
connection with structure activity and mcde of action 
studies for, e.g. pesticides’ and pharmaceuticals.* 

Some controversy exists on the structure of amidine 
systems. Thus reports on the existence of ditrerent 
tautomers and geometrical isomers in benzamidine 
systems3** were later shown to be wrong.5 A recent 
report on the existence of isolable Z/E isomers 
(regarding the C=N double bond) of one N- 
methanesulphonylformamidine4 seem to be con- 
tradicted by newer investigations on Z/E isomerism of 
formamidines, where it was shown that above room 
temperature only the E form was present.’ 

To try to solve this structure problem in the field of 
N-sulphonylformamidines we have prepared repre- 
sentative compounds, including the one reported to 
exist in isolable Z/E isomers and investigated them by 
means of IR and NMR spectroscopy, as this method 
earlier has been used with success.* 

Sulphonylformamidines of the type 
RSO,NCHNR’R” can theoretically exist in the forms 
A-D : 
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If one of the groups R’, R” is hydrogen the possibility of 
additional tautomeric forms exists. For the 
compounds investigated here the actual tautomeric 
form was estimated from the ‘%I NMR chemical shift 
values.8 

RESULTS 

Compounds l-10 were investigated by means of ’ H, 
‘%INMR and IR spectra. 

RSO,NCHNR’R” 

l-10 

(Compound: R, R’, R”): 1; Me, Ph, C”H2CbH2NHPh. 
2; Me, Me, Me. 3; Me, Et, Et.4; Me, Ph, Ph. 5; Me, H, 
p-C,H,-Me. 6; Me, Me, Ph. 7; p-&HI-Me, Ph, 
C’H2CbH2NHPh. 8; Ph, Me, Ph. 9; Ph, H, p-&H,- 
Me. 10; p-C6Hb-Me, H, Me. 

Compound 1, which is reported to exist as Z and E 
isomeric specie8 could be obtained in two different 
forms, la with m.p. 112” and lb with m.p. lW, while 
all the other sulphonylformamidines prepared only 
gave one crystalline species. By the preparation of 1 
according to the literature6 a compound with m.p. 
125 130” was normally obtained. On recrystallization 
from benzene, toluene or ethanol the two different 
species could be obtained, but not in a reproducible 
way. 18 normally precipitated first in colourless 
crystals while lb precipitated on standing for longer 
time. On melting la the higher melting lb was formed. 
la was more soluble in CHC13, DMSO, benzene and 
toluene than lb, the low melting often being converted 
to the high melting species. The behaviour of the two 
species in solution was identical regarding tic, IR, ‘H 
and 13CNMR data, also their mass spectra were 
identical. 

13C NMR data. The data in Table 1 show doubling 
of most signals for the CH=N carbon atom and the 
NR’R” groups while the RSO, groups only exhibit one 
set of signals. This indicates the existence of two 
isomers with differences in the CHNR’R” moiety ofthe 
molecule and not in the RS02 part, as it is known that 
the differences in chemical shift for C atoms in isomers 
is dependent on the distance from the center of 
isomerism.9*‘0 

In CDCIJ solution, 1 shows only one set of signals 
and in a mixture of CDC13 and DMSO-d6 (l/l) the 
isomer ratio was different from that in pure DMS@d6. 

The “CNMR data thus indicates that it is 
compounds A and B or compounds C and D which 
exist in solution, but does not give information about 
which one of the pairs. From a steric viewpoint it is 
most likely the E forms (A and B) which is in 
accordance with recent results found by Hegarthy and 
Chandler’ who showed the E form of some 
formamidines to be the stable one (the only one 
existing after heating to above room temperature). 

‘HNMR data. Compounds la and lb were 
investigated in benzene-d,, toluene-da, acetone-d,, 
chloroform-d,, methanol-d, and DMSO-d6 and 
showed identical spectra for the two modifications in 
the different solvents. Only in DMSO-$ solution two 
sets of signals were seen for the CH,CH, NHPh and 
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Table I. 13C NMR chemical shift values (DMSO-d,) in ppm 

Ccunpound CHN R R' n= 

Cl c2 c3 c4 Cl c2 c3 c4 c' Cb Cl c2 c3 c4 

1 160.9 41.8 142.5 126.9 129.9 128.0 53.9 40.6 148.4 112.3 123.6 116.3 

159.4 129.3 129.5 127.5 47.0 39.6 

2 159.7 42.0 40.8 34.9 

1 158.1 41.4 47.5 13.7 39.6 11.2 

4 159.3 41.3 143.3 129.6 129.7 128.1 
140.9 127.1 129.6 127.1 

2 157.4 41.7 135.9 120.4 130.6 134.3 

154.6 135.6 117.8 129.4 134.1 

6 158.2 40.8 34.4 142.4 121.1 128.8 125.9 

1 161.0 139.0 125.1 129.1 142.4 142.5 129.3 129.9 120.0 54.0 40.8 148.2 112.1 123.6 116.1 
158.7 126.5 129.7 127.5 48.3 39.6 

!I 160.3 141.9 126.4 129.6 132.2 42.4 142.9 122.0 129.0 126.9 
158.6 35.6 

9 157.2 140.9 126.3 129.4 132.2 135.2 120.8 130.0 134.6 
152.7 118.1 129.2 

I.!? 158.3 140.0 125.9 129.3 141.9 27.6 

the CHJS02 group, while the CH=N proton was seen 
as a somewhat broad singlet. The differences from the 
13C NMR spectra, where the CH3S02 signal appeared 
as a single signal and the CH=N signal as two signals, 
may be explained from the fact that “CNMR shows 
differences in the skeleton while ‘H NMR spectra 
rather reflect the outer sphere of the molecule. 

the R’ and R” groups in compounds 2 and 3 and from 
the doubling of signals for compounds 5, 8-10. 
Compound 6 mainly exists as one isomer probably 
because of steric reasons. The magnitude of the 
coupling constants for compounds 5 and 9 indicates 
the two isomers as cis and trans. 

On heating the DMSO-d6 solution of 1 the two 
methyl singletscollapsed around IOO”, whilecooling to 
-50” did not cause any changes from the room 
temperature spectra. 

The ‘H data thus supports the 13C data indicating 
that the investigated compounds exists as two 
rotamers in solution due to hindered rotation around 
the CHN single bond showing no sign on the existence 
of Z/E-isomers. 

The data for compounds 2-10 (Table 2) clearly For compound 1 especially the investigations in 
indicates the existence of hindered rotation around the benzene and toluene, from which the two modifica- 
CHN single bond as seen from the nonequivalence of tions could be crystallized, were interesting in showing 

Table 2. ‘H NMR chemical shift values“~” in DMSO-dh solution 

’ Campound _ CH R R' II* 

a.io(iH,s) 

8.07.(1H.s) 

8.50(1H,s) 

8.12(2/3H.d), J- 6~2 
.9.53(1/3H.d), J-12Hr 

a.3o(iii,s3 

8.45(1H,s) 

8.45(6/7H,s) 
a.s0(1/7H,s) 

a_21(2/3H,d), J= SHz 
8.61(1/3H.d), J=lZHz 

8.15(lO/llH.d), J-2Hz 
B.lS(l/llH,s b) 

3.03(4/5.3H,s) 
2,82(1/5.3H.s) 

2.9B(3H.s) 

2.88(3ii.s) 

3.00(3H.S) 

3.03(3H.s) 

3.03(3H,S) 

6.3-8.0(4H,m) 
2.43c3H.s) 

7.0-a.o(sR.m) 

7.0-a.o(sn.ml 

2.40(3H,s) 
7.2-7.7(4H,ml 

7.47(5H,s) 

3.18(3H.s) 

3.45(2H,q) 
l.l8(3H,t) 

7.6-7.2(5H,ml 

10.5(2/3H,d,b), J- 6~ 7.1-7.7(4H,m) 
11.0(1/3H,d.b), J-12Hr 2.32(3H.s) 

3.40(3H,s) 

7.4at5H.s) 

3.40(6/7*3H,sl 
3.53(1/7.38,83 

ll.O8(1/3H,d), J=12H+ 2.28i3H.s) 
10.63(2/3H,d). J- 5Rz 7.0-8.0(4H.m) 

8.3-8.8(1H.b) 

4.08(4/5*2H,t) 
4.03(1/5*2H.t) 
3.1-3.5(2H,m,b) 
6.3-7.3(5H,m) 
5.7(1H,t,bl 

2.92(3H,sl 

3.38c2H.q) 
1.12(3H.t) 

7.4(SH,s,b) 

4.05(2H.t) 
3.0-3.5(2H,m,b) 
6.3-a.O(SH,m) 
5.65(1H,t,b) 

2.97(1/11.3H.d). J-Sib 
2_83(10/11*3H,d), J-5Hz 

5 centers Of rnultiplets, intensity and multiplicity given in parenthesis. 

!? Coaling to -50 OC In CCC13 caused no changes from the room temperature spectra. 

2 Coalescence of the He-signals at 100 *C. 

d - Coalescence of the CH-signals dt 110 'C. 
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only one set of signals ait~ough the low melting 
compound on s~~~d~ng in the NMR tube ~b~~~ed to 

g rn~i~~at~on which coui 

ra. The two modifications of I gave 
identical IR spectra in solution as reported in the 
iiterature.b The NH stretching frequency was found 

on dependent for compounds 5 and 10 

R~~~rd~~g the two mudi~~atio~s of 
ifferent over the whole area from 

It was therefore possible to use the 
~~~r~~~~ b~tw~~~ the two forms. 

iR data for suI~ho~arn~~~s” show the ~osjti~n of 
the v,SB, around/l 150cm- * and the u,SOZ around 
13OOcm- ’ to be dependent on the steric requirements 
of the groups ~on~~t~ to the N atom. Tosoiini” 

ing vjb~atio~~ of the SO, group to 
tituents in a study of ~-suipbonyl 
CH,SQ2 methyl rakish mode is 

~g~ort~~ as a medium to stroke band around 
965 cm- ’ and the (C-S) band is found around 
76Ucm- ’ variable in intensity.$ i 

For the two modi~~atio~s of I the two SO2 
str~t~~i~g vibrations are found at 1125 and 
1272/127Scm- ‘, theCHJSQz methyl rocking mode is 
found at 965/966 cm - ’ and the C-S stretching 
frequency is found at 78Ocm-‘. As these frequencies 
are aimost id~~ticai fur the two modifi 
di~er~nc~s in the two rn~I~~~i~s must be fo 
other part of the molecule than the CH 
part, The major differences between la and lb are 
found in the areas 137~1~4~~ 1224-1210, 1~8-978 
and ~6~$~crn- ‘. Vibratj~ns connected with the 
N=C-N (C-N) stretching vibration, also caiied the 

IX’ band” or the am 
for ~rnjdi~~s in the a 

robabiy the same band 
band for N-suiphonyiformamidines’ 
1362-I 342cm- I. Grivas er al,lS reported the amidine 
IX1 band in the region 134~-123~ for some 
trichloroacetamidines dependent on the type of 
substitution on the N atom, and the R-N-CH=N 

-N) str~tc~j~g v~brati#~ at 1340-i 320 or 
f ~~~~~~~~- ’ fR aryIoraIk~1~. 

ly to find in the area 1 
in a~~orda~~~ with data for alkenes.1**17 

As the areas with the greatest ~~~~r~~~~~ in the IR 
spectra for la and lb are the areas where the ~rn~dio~ 
III band, the CH,-deformation, CH out of plane 
deformation, and the C-N stretching vibrations are 
located, also the IR spectra indicate the two 
modi~~ati~ns to be rotamers regarding the C--N sing’te 
bond, Similar ~~~~r~nc~s have been found for 
e~arnj~o-k~t~n~s~’ where differences could be 
agreed to the existence of an s-cis and an .s~rr~~s form 
one of which existed in melted, the other in c~ystailioe 
form, 

Finalfy, the combined NMR and iR data indicate 
the j~ve~t~gated compounds to exist in only one form 

ing isomerism at the C=N bond, both in 
crystalline form and solution. In addition hindered 
rotation around the C-N bond is seen in solution, with 
a barrier to rotation of the same magnitude as found 
for similar systems. * For ~~rn~ou~d 1 the- twd‘ 

rotam~rs by chance can crystallize in either of the 
r~tam~rs the lower melting being more soluble but 
th~rrn~~~~arni~ail~ unstable. 

EXPERKMEKTAL 

3378m. t6105, I%%, ISIgm, 
342m, 133Om, 1315m. (29~m. 
I f25s. ~~8~, 99%~~ 982m, 

m, 763m, 754m, 702m. 699m. 
3375m, 16lOs, 158oS, 1515m, 

1498m. 147Om, 1370m. 136Om: i355m, 131 tm, 127% 1270m. 
1225m, 112!is, 1095m, 978s. 966m. 955m. 909m. 840~ 7Xlm. 
748m, ?4~rn, 693s. 

NZ-Ben;Pnesu~pkun~~I-N’-(4-mrrh~lphmq’~~~urmamrdine 9. 
M.p. L79“, (Found: C, 61.11; H, 5.25; N, 10.17. Calc. for 
C1&#r_,N$IX$: C, 61.29; H, 5.14; N, 10.21 %)&Yield 487;. 1R 
(CHCI,, cm-“): 1621s, lSgOm, 1435~. 129% 1 MS, 108%. 
820% 
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