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NMR Studies of N-Nitrosamines 

Part II. Saturated Cyclic Mononitrosamines; The Diamagnetic 
Anisotropy of the N-0 Group* 

R. I<. HARRIS AND R. A. SPRAGG 

School of Chemical Sciences, University of Ea,st dnglia, Aiorwich, England 

A number of alicyclic N-nitrosamines have been studied in order to discover 
the conformational effect of the nitroso group and to obtain data about its long- 
range shielding effect. It is found that a methyl group cis to the nitroso group 
exhibits a strong preference to adopt an axial position, in contrast to the 
situation in the absence of the nitroso group. Chemical shift data for pairs of 
p protons and methyl groups, corrected for electric field effects, give diamag- 
netic susceptibility anisotropies of (29 =k 10) X 10WO and (102 f 15) X lO+O cm3 
mol-1 with respect to the susceptibility in the direction of the N=O bond. 
The effect is thus one of deshielding everywhere in the plane of the N-N=0 
group, being a maximum in the N=O bond direction. Electric field effects 
alter this situation substantially only for or-equatorial protons. 

INTRODUCTION 

It has been known for some time that unsymmetrical N-nitrosamines exhibit 
isomerism due to restricted rotation about the nitrogen-nitrogen bond (1). 

The stable forms are those in which the NNO group and the a-carbon atoms are 
coplanar (I). The room temperature KMR spectra of dialkyl nitrosamines show 
separate resonances from groups cis and tram to the nitroso group. The original 
workers assigned the high field resonance in the spectrum of dimethyl nitrosa- 
mine to the methyl group trans to the nitroso group but this assignment was 
reversed by later work (2, 3) in which isomer ratios in unsymmetrical nitrosa- 
mines and solvent effects were investigated. 
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/ 
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Karabatsos and Taller (3) found a considerable variation in the chemical 
shift differences between protons cis and trans to the nitroso group in dialkyl 

* Part I is J. Mol. Spectry. 16, 100 (1965). 
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nitrosamines and attributed this to differences in t,he conformations adopted 
by the alkyl groups. The spectra of t,he dialkyl compounds contain insuflicieut8 
information to determine both the corrformations of the slkyl groups and the 
form of the anisotropic shielding by t,he N-nit,roso group. We have examined 
the MIR spectra of a number of cyclic N-nit,rosamines since in some cases there 

is no such difhculty. The aims of this study were to investigate the effects of 
steric interaction between t,he nitroso group and neighboring ring substituents 
on t,he ring ~o~~orrnatioll, and to relate the chemical shift differences observed 
between cis and ~r~~~ prot,ons to t,he molecular geomet,ry. We have attcmpt~~~d 
to describe these chemica1 shift, effects in terms of dimple models of bond mag- 

netic anisot,ropy and bond eIectric dipoles. 
There are a few reports in the literat’ure of NRIR data for cyclic X-nitrosamines 

(4-G’) but t,hese mostly refer to compounds of uncertain conformation. Alost of 
the compounds we have studied are derivatives of six-membered ring systems, 

piperidine II, piperazine III, and morpholine I\‘, in which the molecular ge- 
omet8ry is fairly well undersmod. 

II III IV 

We have nIso studied two derivatives of the five-membered ring pyrrolidiuc. 

EXPERIMENTAL 

The following nitrosamines were prepared by t,reating the corresponding 
commercially available amine with sodium nitrite in the presence of hydro- 

chloric acid (7) ; l-nitrosopyrrolidine, 4-nitrosomorpholine,’ I-nitrosopiperidine, 
I-nit~rosohexamethyleneimine, Smethyl-1-nitrosopiperidine, cis-2, G-dimethyl- 
rmrosomorpholine (present as the major componentZ in a mixture with the fr,ans- 

dimet hplisomer) . 

2, ~-Di~net,hylpiperidine, obtained from Koch-Light Laboratories Ltd., was 

also a mi&ure of cis and trued isomers. ~itrosation gave a yellow oil from which 
t,he &roso derivative of the cis isomer crystalIized on cooling in ice. The nitroso 
derivative of the truns isomer could not be completely separated, and its spec- 
trum was studied using the cis/trans mixture with ca. 30% of the trans isomer. 

I-cis-3,5-t,rimethyl-4-nitrosopiperazine was prepared from cis-3,5-dimethyl- 
piperazine (Chemicals Procurement Laboratories Inc.) by partial conversion to 
I -ci.s-3,5trimethylpiperazine with met’hyl iodide, followed by nit,rosation. The 
I-methyl-J-nit,roso derivative was separated from t.he 1 ,4-dinitroso derivative 
on an alumina column. 

1 Conventionally in some of the compounds studied the ring-nitrogen a,tam bearing the 
nitroso group is at position 1; in others it is at position -1. 
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I-Methyl-4-nitrosopiperazine was commercially available; 2,2,6,6-tetra- 
methyl-1-nitrosopiperidine and 2,2,5,5-tetramethyl-1-nitroso pyrrolidine were 
provided by Mr. E. Lunt through the courtesy of May and Baker Ltd. 

In all cases the absence of unexplained peaks in the NMR spectrum was taken 
as a sufficient indication of purity. 

The spectra were obtained using three spectrometers: (a) Perkin-Elmer 40 
Mc/sec instrument, (b) Perkin-Elmer RlO 60 MC/see instrument with associ- 
ated double resonance facilities, (c) Varian Associates HA-100 at 100 Mc/sec 
with double resonance and variable temperature facilities. 

The nitrosamines were studied in solution in carbon tetrachloride at about 
10 %# by volume, with t,et,ramethylsilane as an internal reference. In some cases 
solutions in benzene were used to confirm the assignment of the spectra. 

ANALYSIS OF SPECTRA 

The prefixes a! and p will be used throughout to describe ring positions adja- 
cent to, and two bonds removed from the nitroso group, respectively. 

In the spect’ra of the morpholine and piperazine derivatives the a and p pro- 
tons cis to the nitroso group may be considered separately from the tmns protons. 
Any cross-ring coupling between them occurs through at least four sigma bonds 
and is therefore small; in those cases in which it is observable it appears as a 
small splitting which may be treated on a first-order basis. In all other cases 
cross-ring coupling was neglected in analysis of the spectra. A typical spectrum 
is that of 1-cis-3,.i-trimethyl-d-nitrosopiperazine (Fig. 1.) 

The spectra of the piperidine derivatives are more complex, and in most cases 
the only information obtained is for the o( positions. The resonance of the OL pro- 
tons occurs at about 2 ppm to low field of the p and y protons, so that the ap- 
proximate chemical shifts may be found. The chemical shifts of ring methyl 
groups may also be measured since t’he methyl resonance is readily identified, 
appearing either as an int,ense doublet, splitting 6.5-7 cps, for a HCCH, group 
or as a single line for a C(CH,), group where all six protons are equivalent. The 
methyl resonance usually occurs to high field of that from ring methylene 
prot,ons. 

In some cases double resonance experiments were used to simplify spectra, to 
det,ermine which resonances were from prot’ons coupled together, or t’o measure 
chemical shifts which could not be obtained directly. The assignment of reso- 
nances to protons cis and ~KWZS to the nitroso group was made on the basis of 
shift changes observed in benzene solutions, in which the upfield shift relative to 
carbon tetrachloride solutions is greater for trans protons than for cis protons 
(3). The chemical shifts for CCl, solutions are given in Table I. 

In those cases in which a complete analysis was attempted (see Table I) use 
was made of the computer program LAOCOON II (8) in calculating trial spectra 
and obtaining the best parameters. For systems containing methyl groups trial 
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FIG. 1. 100 Mc/sec spectrum of 1-cis-3,5-trimet,hyl-4llil rosopiperazine iu CKI,. Imp~~rii~ 

at 7 = 8.7. 

spectra wercb calculated using the program 1JDA -YMR II (9) which is based on 
LAOCOOS II Part I and incorporates magnetic eyuivalcncae factoring, allowing 

larger spin q&ems to be treated. 
Those examples in which analysis of the spectra included features not, already 

mentioned are described below. 

( 1) c’is-2 .ii-rlimethyl-4-7litrosomorpt~oline 

This compound was studied in a mixture with the trarw’7 ,G-dimethyl isomer, 
there being about 30 % of the latter present. F&unately the spectrum of the cis 
isomer could be readily distinguished, only :1 few lines being overlapped by the 
tyans isomer. The assignment was confirmed by enmparison with a solution in 

benzene in which considerable chemical shift cohanges were observed ( Li ). Trial 
spectra were calculated by treating each half of th e molecule as the XzAHC I)art 
of an 9,ARC”DE system, so as to incorporak some cross-ring coupling. 

(2) 1 -Cis-,3, G-trimeth.yl-.$-nit~osopiperazine 

Complete analysis of this spectrum is d&cult because of the small chemicxl 
shift difference bet,ween the methine prot’ons. It did not) prove possible to de- 
~uple both met’hyl groups simultaneously and in spectra with one methyl grolq, 
decoupled the methine resonance is rat,her broad, probably because of coupling 
between t)he two methine protons. Trial spectra were ralculated for a nine-spin 
system, corresponding t)o decoupling one methyl group, incorporating reasonable 
vnlu~ for t,he coupling between the mebhine protons, and by comparison OF 



TABLE I 

PROTON CHEMIC.~L SHIFTS IN 107; v/v SOLUTION IN Ccl, 

Compound NMR analysis 

VII 
Cis-2,6-dimethyl-4- 

nitrosomorpholin’ 

B SdBC part of 
X atl BCDEF 

e 

VIII 
Cis-1,3,5-trimethyl 

4-nitrosopipera- 
zine 

= X aA BCDEF 
b A BCD part of 

ABCDEF 

IX 
4-Nitrosomorpholin 

b AA’BB’ 
e 

X 
1-Methyl-4-nitroso- 

piperazine 

c AA’BB’ 

I-Nitrosopiperidine d 

a-Methyl- V 
I-Nitroso- 

1 piperidine VI 

Cis-2,6-dimethyl-l- 
nitrosopiperidine 

XI 

d 

d 

d 

Tram-a, 6-dimethyl 
l-nitrosopiperi- 
dine XII 

d 

2,2,G,gTetramethyl 
l-nitrosopiperi- 
dine 

d 

I-Nitrosopyrrolidinl d 

2,2,5,5-Tetra- 
methyl-l-nitroso- 
pyrrolidine 

1-Nitrosoezetidinee 

I- 

e 

- 

= AA’BB’ 

d 

B UEA NMR II. 

- 

Position relative to 
nitroso group 

Ring protons 

- 

i 

Methyl 
groups 

a B Ly 

cis axial 

equatorial 
Irans ax 

eq 

cis ax 

eq 
trans ax 

eq 

cis ax i-+ eq 
t rans 

7.831 
5.202 
6.679 
5.411 

, 

6.663 

6.336 

5.21 

5.10 

6.280 
5.786 

6.295 
5.896 

8.83 

8.49 

I 

cis ax H eq 
trans I 

8.001 
7.378 
7.667 
7.194 

6.432 
6.188 

7.764 
7.447 

cis ax H eq 
irans 

cis 
lrans 
cis 
lrans 

cis 
t rans 

8.48 
8.24 

9.29 
5 

6.31 
5.82 

4.88 
.ii &6 
6.4 
5.45 

5.0 
5.0 

8.86 

8.92 
8.58 

cis 5.0 8.96 
bans 6.1 8.37 

cis 8.66 
trans 8.49 

CiS 
trans 

cis 
frans 

6.60 
5.82 

8.210 8.63 
8.120 8.45 

cis 
bans 

5.83 
5.13 

\ / - - 

B 

8.81 

8.73 

- 

b LAOCOON Pt. II. 
c LAOCOON Pt. I. 
d First order. 
* Neat liquid (4). 
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FIG. 2. 100 Me/set spectrum of l-nitrosopiperidine in cc14 

these wit#h the observed spectra the chemical shifts of the methino protons were 

obtained. 

of the c~-cliH~ protons (Fig. 21; the O’S protons ~~~~a~j~~ as a broadened t&M 
While the ins protons give a much more (.~~nlpIi~~~~t,ed pattern. This is x result 
of coupling between t,he PCHL a,nd rCH2 protons. The chemita1 shift differenrc 

between the cis @C& and $ZE& protons, ca . 2.5 cys, is considerably Iarger than 
the coupling between them, SO tha,t the resonance of the (Y-C& protons is np- 
parently Iitt,Ie affected by thia coupling. The chemical shift difference between 

the trans /!?CHz and rCH2 protons is much smaller, 5 5 cpe, so that the rcsonanc+e 
of the truns cuC& protons is more complicat,ed. A similar diffcrenee in sigrlal 

Rhspe is observed between the syn and anti (wCH2 protons of pbenyliminocyclt~- 

hexsne (JO), and the explanation is probably the same as ftjr I-nitrosttl>irteridine, 
t#he spectra c)f the two co~~pounds being very similar. An analogous explanation 
has been suggested to account for the ~~~~eara~~~e rrf tfie ~proton 2;ignaIs in :tlIqf 

-fluorides i $1). 

This is the onIy compound studied which has too isomeric forms, V and \-I, 
tlepending on the orientation of the nitroso group. 
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YaCH2nx 
IUaCH, 
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FIG. 3. 100 Me/set spectrum of Z-methyl-1-nitrosopiperidine in CCL. The amplification 
was reduced at, ca. 7 = 7.3. 

The spectrum (Fig. 3) is clearly that of a mixture of the two isomers; the ob- 
served bands could be assigned to their respective isomers from intensity ratios 
and double resonance experiments. 

CO~FORMA~~O~AL ANALYSIS 

The expected ring confo~lation in the six-membered ring systems is basically 
a chair form. As the barriers t.o ring inversion in these compounds are probably 
similar to that in cyclohexane, the room temperature NXR spectra are weighted 
averages over the possible conformations. Interaction between the nitroso group 
and ring substituents may make the relative populations of the ring conforma- 
tions different from those in the parent amines and may produce distortions from 
the chair form. In particular ring methyl groups in the parent amines preferen- 
tially adopt equaLloria1 positions, but the situation is likely to be different for a 
methyl group C_X to a nitroso group, since equatorial substituents are very nearly 
coplanar with the 3x0 group for a chair conformation. 

In t,he piperazine and morpholiIle derivatives info~latioI1 about the ring 
conf~~rmat,ioIl is obtained from the vicinal coupling const,ants. For a fixed chair 
conformation there are three t,ypes of vicind coupling constant: axial-axial, J,, , 
axial-equatorial, J,, , andequatorial-equatorial, J, . Typical values for these are 
in the range 9-11 cps for J,, an d 2-5 cps for J,, and J,, (12). If the ring con- 
formation is rapidly inverting between two equivalent chair forms there are two 
possible vicinal coupling constant,s, ?4 (J,, + Jee>, ca. 7 cps, and %(Jae + Jea), 
ea. 3-4 cps. 

1. Cis-2, Ci-nimeth~E-4-~itl,osomo~pholine 

This compound exists predominantly in the conformation with both methyl 
groups equatorial (VII). The v&Gnat coupling constants (Table II) are very 



TABLE II 
COUY~RYN,\TIONS AND COUPLING CONSTANTS IN MORPH~LINE .\NI) PIPERBZINE DERIVATIVES” 

Fixedb 

VII 

VII 

VIII 

lx 

X 

11 
Invertingb 

IX 

JJ5 J4S 

31, J,6 

J1, J,, 

JU JlS 

Jw Jf,, 

J34 

Jk > J:a 

J,, a J,, 

4s = Jz, J,, = J,, 

J,, = Jzs J,, = Jm 

J,,,J, 

J,., J,a 

J,, = J,, J,, = Jm 

J, = J,, Jss = J,, 

Fixedb 

VIII 

ZJ 13.2 13.0 

sJ,n 2.9 2.7 

3J,, 10.1 10.7 

‘J HCH~ 6.15 6.2 

4J,, 1.4 

4J,, 1.0 

-+ 

3J,, 

3J,, 

‘J ACHz 

‘J NCH, 

4J,, -L 

11.6 11.4 

4.6 4.4 

1.15 1.2 

1.2 7.2 

0.6 0.6 

2.2 

2J 

‘J 

% PJ,, + ‘J,,) 

% (‘J,, + ‘J,,) 

25 

25 

‘h (‘J,, + ‘J,,) 

-1 

10.6.8.8 

10.9. 9.1 

6.5 6.65 

3.6 3.4 

11.5, 9.5 

11.6.10.0 

7.0 6.95 

Invertin$ 

X 

?d PJ,, + ‘J,,) 4.0 3.6 

a In most cases the spectral analysis indicated that gerninal and vicinal coupling con- 
st,ants were opposite in sign; in the remaining cases this was asslImed. The relative signs 
of the long-range coupling constants are unknown. 

h The term fixed is intended to imply that the inversion equilibrium lies heavily towards 
the conformation indicated; the term inverting implies that the isomers are eqnivalenl 

c Not, distinguished by analysis of the spectrum. 
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close to the values observed in the parent amine by Booth (19) (J,, = 10.3 cps, 
J a# = 2.1 cps). This suggests that the ring conformation is not greatly distorted 
from a chair form. 

The vi&al coupling constants in this molecule are similar for protons cis and 
tre?zs to the nitroso group. These indicate clearly that the ring conformation is 
bask&y a chair with the methyl groups M&Z, the vi&al coupling constants for 
such a conformation being J,, and J, . 

This is surprising since the repulsive interaction between two axial methyl 
groups is about 5.5 kcaI/moIe ( $4) t but inspection of models shows that the 
chair conformation with both methyl groups equational is impossible without 
the IN-nitroso group becoming nonplanar. The barrier to rotation of an N-nitroso 
group is greater than 20 kcal/mole (I), so that the delocalisatioa energy asso- 
ciated with planarity of t’he N-nitroso group is the dominant factor in determin- 
ing the conformation. 

The interaction between the methyl groups is expected to produce some dis- 
tortion by which the distance between them is increased. Such a distortion would 
alter the dihedral angles between vicind CH bonds from those in an ideal chair 
form, decreasmg the axial-~ua~toria~ angle and increasing t.he equatorial- 
equatorial angle. This would tend t.o increase J,, and decrease J,, (15) and the 
observed values show some evidence of this. The chemical shift difference be- 
tween ly-protons cis and bans to the nitroso group also shows some evidence of 
distortion, the value (for the equatorial position) being 0.11 ppm with the cis 
proton to high field, compared with 0.21 ppm with the cis proton to low field 
for the corresponding position in the cis-, 3,6-dimethylmorpholine derivative. For 
the @-positions however the shift difference between the axial protons, 0.33 ppm, 
is the same as for the p-axial protons in the dimethylmorpholine derivative, and 
the average for axial and equatorial positions, 0.26 ppm, is very close to that 
observed in l-methy~-4-~~itroso~~pera~~~le and ~-n~troso-morpho1~~~. 

Roth compounds give spectm as expected for rapidly inverting chair confor- 
mations with equal populations, The spectrum of the piperazine derivative was 
also recorded at -60°C but although the signal from the a-proton cis to the 
nitroso group was greatly broadened, the spectrum corresponding to a fixed chair 
form was not obtained. 

4. N-Nitrosopipwidines 

The conformations of these can be ,assigned only from the chemical shift data 
since no vi&A coupling constants can be measured. In cis-2,6-dimet.hyl-l- 
n~tros(~~iperidine (XI) the ~~~~t~~n~ chemical shift d~~eren~es observed for the 
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a-methyl and oc-methine protons are very similar to those in the &s-2, &dimet~hyl- 
piperazine derivative. This indicates that the two compounds have similar con- 
formations, that is again both methyl groups are axial. The expected conforma- 
tion for the hms-2,6-dimethyl isomer is that in which the methyl group cis tc t 
the nitroso group is axial, the other methyl group being equatorial (XII). Thr* 
chemical shifts of t,he cr-methine protons are consist~ent with t,his ~o~orn~atiol~, 
the resonance of t,he cis proton, which is equatorial, being at 1.1 pnm to loa 

field of the Iruns proton, which is axial 

XII 

As pointed out above there are two isomers (V and VI) of the 2-methyl derivn- 
tive depending on the orientation of the methyl group. Integration shows there 
to be about 27 % of the isomer with the methyl group U’S to the rmroso group 
(V) and about 73 % of the tram isomer (VI). The ck isomer is expected to exist, 
predominal~tly in the conformation with the methyl group axial and this is (*on- 

firmed by the chemical shifts of the a-protons. The two o(-CH, protons give 
separate resonances at 5.5 and 6.47, these being assigned to the equatorial and 
asial protons, respectively; the cu-methine proton is at very low field as expected 

for the equatorial position. The truns isomer shows an unexpected feature in t)hat 
only one signal is observed for the cr-CH2 prot#ons, the c*hemical shift, differenccx 
between axial and equatorial protons being less than 0.1 ppm. If the ring were 
in a fixed conformation a large axial/equatorial chemical shift differeuce would 
be expected; for t’he corresponding protons in 4-nitroso-ck-2, G-dimethylmorpho- 
line the shift difference is 2.6 ppm. The effect of the methyl group on the methyl- 
ene chemical shifts is probably much smaller thau that of the nitroso group, re- 
ducing the axial~equatorial shift difference by less than 0.3 ppm (I@), so that 
the observed small chemical shift difference between the cy-methylene prrtt,ons is 
unlikely t’o arise from cancellation of the effects of the methyl group and the 
S-nitroso group in a fixed conformation. The ring is therefore not predominantly 
in one conformation but t,he relative populations of the inversion isomers rnnnc)t. 
be obtained accurately. Consideration of the cr-m&hylene and cu-methine chemi- 
cal shifts suggests that there is at least 50 % of the isomer with the methyl group 
axial. This is considerably different from the situation in met,hyl cyclohexane in 
which the methyl group is more than 90 % equatorial. 

The ring conformation in 2,2 ,6, 6t~etSramethyl-I -nitrosopiperitline must. t)(> 
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considerably distorted from a simple chair by interaction between the nitroso 
group and the methyl groups. However the chemical shift data do not give any 
information about the conformation adopted. 

COUPLING CONSTANTS (TABLE II) 

Geminal Coupling Constants 

The spectra of ~-I~itrosomorphoIine and 1-methyl-4-nitrosopiperazine do not 

yield accurate values for the geminal ~o~~pliIlg constants since t,hey are AA’BB’ 
spectra of the type discussed by Abraham and Pachler (jr), from which only 
the difference between the gemind coupling constants is obtained exact,ly. The 
value found between protons (Y to a nitroso group, -13.1 cps in VII, is larger 
than that for prot,ons 01 to a N-methyl group, -ll.fi cps in VIII, probably due 
to the partial n-character of the 9=?\’ bond (18). 

Vicinal Coupling Constants 

The values found for vicinal coupling constants in these compounds are gener- 
ally similar to those in the parent amines, (18, 19). The variations observecl 
depend on the dihedral angle between the carbon-hydrogen bonds, and on the 

electronegativity and orientat,ion of the ring substituen~,s (%%). It is not possible 
t,o separate these effects here sinre the magnitude of the variations in dihedral 
angle is not known. However the low values for ‘Jee in VIII are consistent with 
the suggest,ion by Boot,h (SO) that electronegative substituenk (in this case 
the ring nitrogen atoms) have a maximum effect when tyuns to the coupling 

protons. 

Coupling to Jlethyl Groups 

There is some evidence that coupling between methine and methyl protons is 
larger for axial than for equatorial methyl groups (19, 21); this would be ex- 
pected if steric interactions produce a distortion reducing the angles between the 
carbon-carbon bond and the carbon-hydrogen bonds (15). The coupling be- 
tween the methine and met,hyl protons in VIII, where t,he methyl groups are 
axial, is 7.2 cps which is much larger t,han t,hat in VII, 6.2 cps, where the methyl 
groups are equat,orial. In the pipe~dirle derivatives the splitting of the methyl 
doublet is smaller for an equatorial methyl group (6.4 cps for XI) than for an 
axial methyl group (6.8 cps for XII, V, and for the c&methyl group of XI, and 
7.2 cps for the trans-met,hyl group of XI). However, the observed splitking can- 
not in general be taken as the coupling constant to the methine proton sinre t’he 
effect of coupling to the rest of the spin syst,em must be considered. Four-bond 
coupling to ring met.hyl groups also is found to be larger for axial than for equa- 
torial methyl groups (z%), and the only example observed in these compounds 
is t,he 0.6 cps coupling between the B-axial protons and the m-axial methyl groups 
in VIII. 
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Cross-ring Coupling Constants 

We have observed a long-range coupling of 0.35 cps between the methyl groups 
groups of dimethylnitrosamine; this is rather smaller than that observed in ace- 
tone, 0.54 cps (~9). Cross-ring couplings are observed in only two of the corn- 

1)ounds studied, both having fixed conformations. In VIII a coupling of 2.3 cps 
between t,he &equatorial protons is found. (The coupling between t,he &axial 
protons is less than 0.4 cps. j This coupling is rather large (in fact it is larger 

than 3J,,) but the interveni~lg bonds between the equat,oriaI prot~ons have :t 
planar ~o~lfiguratioI~, for which the maximum long-range ~~~teracti(~n is expected 
( 24 I. The resonance of the a*-methine prokms in this molecule is not suflicientlp 
well resolved to allow an estimat,e of the coupling between them. In VII there 

are long-range couplings between the a-protons, 1.4 cps between the a-equatorial 
prot’ons :md 1.0 cps between t)he a-axial protons; JW long-range couplings are 
reported in the parent, amine (13). These interactions occur through single 

bonds, but the ring nitrogen atom is effectively sp* hybridized so th:tt the (*IN- 
l)ling mechanism may be different from t#hat in fully saturated systems. There is 
littlr data on the steric dependence of couplings in systems of this type, but, 
Hurfield ( 27) raleulat,ed that the indirect contribution to the toupling is a maxi- 
mum for the all planar ~~on~gura,t,iol~. Since t,hese long-range couplings appear :ts 
first-order ~pIitt,ings their signs are not. obtained from analysis of the spectra. 

The spectra of IZ--nitrosoniorlJhoIine und 1 -met,hyl-i-nitrosc)pipcr~lzine were’ 

both analyzed as t’\vo Bd’BR’ spectra, cross-ring coupling being ignored. The 
effet*t of cross-ring coupling in t,hese cartses is not as simple as in the previous (LX- 
:ul~ples, since it (*annot be treated on a first-order basis. We intend to investigate 
further the effect of small cross-ring cnouplings on the spectra of these and ximil:rr 
cmlpouIltls. 

LONG-Rz4NGE SIIIELI~Z?;G BY THE NITROSO GROUP 

In the cyclic compounds studied here, the close similarity bet,ween vicinal 
r:oupling to&ants for protons cis and kzns to t,he nitroso group indicates that, 

the ring (.oI~f~)rrnatioI~s are not, twisted al~preciabl~- so that, the eKlviro~~l~~ents of 
ci~ and trans prot.om are identical except for the difference in positi~)Il rdative t.0 
t.he nitroso group. The chemi& shift difference between cis and fmns protons is 
tf-rrrefore :t direct measurement of t,he long-range shielding effect of t,he nit,roso 
group, inductive effects and any (Aontribution from the anisotropy of other 
gruups being eliminat’ed. Any intermolecular or solvent interactions are taken 
to be small since the chemical shift differences are measured in dilute (vii. 10’; 
v: v) solution in CC14 and show lit,tle change from those in the nest liquids, 

It has been shown (9, ,?J that in dialkyl nitrosamines cr-m&hyl and 
a-methylenc~ protons appear at higher field when cis than when tram to the 
nitroso group, the assignment being based on isomer ratios in unsymmetrkal 
~~~~mpou~~ds and solvent, shifts in aromatic solvents. In the only ll~~syrn~~etri~al 
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compound studied here, N-nitroso-2_methylpiperidine, we observe a similar 
isomer ratio to that in the equivalent acyclic compound, methyl ethylnitrosamine, 

and the pattern of chemical shifts for the LU-CH, and a-methyl protons is similar 
to that in the acyclic compound. We conclude that for a rapidly inverting six- 
membered ring system the resonance of the a-methylene protons occurs at 
higher field for the GiS protons than for the tram protons. This is confirmed by 
the shift changes observed in benzene solutions. 

Using this assignment the c~~/t~an~ chemical shift differences for various posi- 

tions in a six-membered ring are obtained as in the second column of Table III. 
The values for the a-posit#ions are those for N-nitroso-cis-2,6-dimethyln~orpho- 
line in which distortions from a chair form are expected to be small; the average 

value, 0.47 ppm, is close to that observed in those cases with no ring substituents, 
0.49 ppm. The values for the P-positions are from the dimethylmorpholine and 
dimethylpiperaaine derivatives, the average value, 0.26 ppm, is similar to that 
in the unsubstituted compounds, 0.25 ppm. In these compounds the ring is 
assumed to adopt a chair conformation, distorted only by the presence of the 
amino nitrogen atom which is effectively sp2 hybridized. 

The value for the cu-positions of a five-membered ring is that for N-nitroso- 
pyrrolidine in which the ring conformation is not known. The most probable con- 
formation is the ~‘half-chair” as found in ~-halocyclopentanones f&3) which are 
similar in that the ring contains an sp2 hybridized atom. The value for the 

P-positions is from N-nitroso-, 3,2,5,5~tetramethylpyrrolidine; inspection of 

models shows that the ring conformation must be very nearly planar, but the 

vicinal coupling constants between the P-protons, J = J’ = 7.2 cps, suggest that 
the ring is puckered (15). The data for N-nitrosoazetidine are for the neat liquid 

(4) but we find little change in cis/trans chemical shift differences with dilution 
in Ccl,. The conformation of this compound must be effectively planar as in 

cyclobutanone ($7). 
The effect of the nitroso group on the shielding constant of any proton may be 

considered as having two components, one arising from the secondary magnetic 
held produced by the nitroso group, the other arising from its electric field. The 
secondary magnetic field produced by the nitroso group may be related to the 
anisotropy of the magnetic susceptibility of the K===O bond, using a point dipole 
approximation ($8). The contribut,ion of the anisotropy to a proton screening 

constant is given by 

Au = >$R-“( Axu(3 cos2 t& - 1) + Axz(3 cos2 03 - l)}, 

where Axp = xxs - xyll , Ax* = x+~ - xzz , xxx , etc. being the principal compo- 
nents of the susceptibility of the N=O group, z being the NO bond direction, 
7~ being in the plane of the NE0 group, and z being perpendicular to this plane; 
R is the distance from the point dipole to the proton, and %, , 6, being the angles 
between the R direction and the g or z axis. 

Chemical shift data for amides, similar to that obtained here for nit,rosamines, 



NMR STUDIES OF NITROSAMINES. PART II 171 

TABLE III 

THE OBSERVED LONG-RANGE SHIELDING EFFECTS OF AN N-NITROSO GROUP, MW SOME 

CALCULATED ELECTRIC FIELD CONTRIBUTIONS 

Position 

Ii-Membered ring 

cXH equat.orial 
cCH axial 
@CH equatorial 
@CH axial 

BCH, equatorial 

&Membered ring 
C&H, 
@Hz 

+hIernbcrcd ring 

&Hz 

- 
Electric field contribution 

-0.209 

+1.152 
+o. 184 
10.331 
+o.oso 

+0.7s -0.22 -0.25 

+0.090 -0.01 -0.01 

$0.70 

Permanent dipole 

-0.47 

j-O.11 

$0.02 

-0.01 

-0.01 

-0.04 

-0.5G 
+0.1fj 

i-o.03 
-0.01 
-0.02 

-0.03 

Van der Waals T&d 
~._ .-.-_.__-.. - 

/ 
H 31 B hl 

_.__- -____- I._..__ 

-0.50 
-0.05 

-0.005 

-0.02 

-0.006 

-0.20 
-0.002 

-0.08 

-0.37 
-0.04 
-0.004 
-0.015 
-0.004 

-0.15 
-0.0015 

-0.06 

-0.97 - 0.93 

+0.06 f0.12 
10.015 +o.o2t, 

to.03 - 0.025 
-0.016 -0.02-1 

-0.42 

-0.01 

-0.12 

-0.30 

-0.01 

--0.09 

I’ AT,),, = 76.9 - 71rans 

h R and M refer to calculations using the values of constaats A and R derived by 3&ck- 
ingham (.W) and Musher ($I), respectively. 

has been used to estimate the magnetic anisotropy of the rarbonyl group ($9, 

.%I). In order to obtain the magnetic anisot,ropy it is necessary to eliminate the 
electric field contribution to the observed chemical shifts by calculating this sepa- 
rately. The electric field due t,o the nitroso group cannot be calculated accur:zt.ely, 
and we have therefore used a very simple model to estimate its importance. 

The effect of an eIect,ric field on a proton. screening tonstsrlt, is given by 

Au = -AE, - BE2 i.29) 

where Ez is the component of the field along the bond direction. For the constants 
9 and B we used two sets of values, those obtained by Ruckingham (31), 
A = - 2 x lo-=, B = -1 X 10-18, and those obtained by Musher (S??), 
9 = -2.9 x 10-12, R = -7.4 X IO-Is. There are contributions from the 
permanent electric dipole of the bond and from the intramolecular Van der Waals 
interact’ion. The permanent dipole contribution was represented as due to point 
charges of 0.5 e on the oxygen atom and an equal positive charge on the nitro- 
gen atom. The Van der Weals coI~t,ribution at a distance 1’ from the center of the 
bond is given by (‘33) 

(E”} = 3aI,@, 

where (Y is t)he bond polarizability, and I is the bond ionizat)ion potential. Il’ei ther 
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of t)hese quantit’ies has been determined experimentally and they were estimated 
by comparison with measured values in other systems; the values chosen were 
(Y = 5 X 10w2* cm3 (34), and I = 10 eV (35). 

The geometry of the N-nitroso group is not known accurately; bond distances 
were taken as: yN--N = 1.30 K, 6-o = 1.30 8, and the NXO angle as 1~20~. 

R,ing ~onformat~ions were assumed as already described with normal bond lengths 
and angles (SC;). The ring ~o~~formation in 2,2, t 5, ~-tetramethyl-l-~litrosopyrroli- 
dine was treated as planar, t-he results are not significantly different for a puckered 
conformation. 

The electric field contributions to cis/tr*ans chemical shift differences were oh- 
t#ained as in Table III. The contribution from terms in E2 always reduces the 
shielding of a cis proton relative to that of a trans proton, but the contribution 
from t,he E, term due to the permanent dipole may have either sign. The total 
effect is found to be small for &protons, but may be appreciable for a-protons, 
as ilIustrated in Fig. 4. 

~~a~et,ic anisotropy ~omponellts were then calculated to fit the c~s~tr~n~ shift 
differences for ,B and y protons. The values for LY protons were not used because 
the uncertainty in the eleckic field contribution is large for positions near t,he 
nitroso group. The calculations were performed for three positions of t!he point 
magnetic dipole; at the center of the N=O bond, and on the oxygen and nitrogen 
atoms of the nitroso group. The values of the anisotropy components obtained 
by a least squares fit of the data are given in Table IV. For the dipole position 

on the nitrogen atom the cis/trans shift difference is independent of Axz and a 
value of AxB only is obtained. 

The mean errors in the calculated AT values and the mean values of the changes 
in the anisotr(jpy components required individ~lally to correct these errors are 
also given in Table IV. The mean errors for the dipole position on t,he nitrogen 
at40m are considerably larger than for the other two dipole positions. The fit for 

TABLE IV 

MAGNETIC ANISOTROPY COMPONENTS CALCULATED FROM Cis/Trans CHEMICX SHIFT 
DIFFERENCES FOR /3 AND y PROTONS, IN UNITS OF lW” cm3 molP 

Dipole position AT AXY Ax, ~(AT)G s(Ax,,).vb s(Ax.)avb 

Center of N=O Observed 27.3 92.4 0.024 1.15 11.7 
Correet,ed 28.8 102.0 0.014 0.76 7.7 

N atom of N=O Observed 21.2 - 0.050 5.9 
Corrected 23.2 - 0.052 5.8 1 

0 atom of N=O Observed 37.2 90.0 0.028 1.76 10.2 
CorrectBed 39.6 101.4 0.017 1.39 8.1 

R s(A7): / AT~,I~ - Arot,. / or j AT.&I~ - Aroorr / , in Wm. 
b&(Ax#), 6(Axz): the change in Axy or Ax. required to correct the error in AT,,I~ for a 

constant value of the other anisotropy component. 



NMR STtJI)IES OF NITROSAMINES. PART II 173 

t,he dipole position at t’he bond center is better than that for the dipole position 
on the oxygen atom, and in both cases the application of an electric field corre+ 
Con slightly reduces t’he errors. In the expression for Ar for each case considered 
here the coefficient of Axv is considerabIy larger than that of Ax= , so that, the 
values of S(‘Axu) are much smaller than those of &(a~,), However, the value ob- 
tained for AQ, is much more dependent on the location of the dipole than is the 
value for Axz . The best values for the anisotropy compone~lts are taken as 
AxU = (29 + 10) X 10PO cm3 mitl-’ and Ax: = (’ 102 i 15 1 X 10p3' cm” m01-~. 
The choice of the location of the dipole is arbikary, the best fit with the observed 
shift differences being obt,ained with the dipole at the center of the bond. Th(b 
cahemical shift dat’a used are all for protons more t,han 3.5 A& from the X=t) hontl 
center, and t’he dependence of t’he calculated anisot’ropy values 011 the dipole 
location is much smaller than that found by ANarasimhan and Rogers (29’) t’01 
the C=f) bond, using data for protons much nearer the bond center. 

~is~~r~?zs shift differences for (Y protons were calculated for a point dipole :tf: 
t,he K=O bond center, using those values of the anisotr(~py ~~omponents which 
ga,ve the best, fit with t,he corrected shift differences for /3 and y protons. These 
values are given in Table V and Fig. 4, and it is rlear that, the agreement with 

I.2 
t l 

, I I 
04 0.6 

FIG. 4. AT values calculated for a point magnetic dipole at the center of the N=O bcnrd 
using AxI = 29 X 10_3O, Ax* = 102 X lCV” cm3 mol-I, plotted against A+ values corrected 
for an elec%ric field contribution. The observed AT values for 01 protons are also shower. 
0, ilrcorr for @ and y protons; 0, .Gaorr for a protons; X, Arobs for cy protons. 
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TABLE V 

MAGNETIC ANISOTROPY CONTRIBUTION TO CHEMICAL SHIFT DIFFERENCES, CALCULATED 

USING AxI, = 28.8 X 10-30 cm3 mol-1, Axi. = 102.0 X lo-30 cm3 mol-1 

Position 

p and y Protons 
Six-membered ring 

B eq 
B ax 
IT-CH3 eq 

Five-membered ring 

8-CHz 
cu-Protons 

Six-membered ring 

a eo 
01 ax 

Five-membered ring 

OI-CHz 
Four-membered ring 

c&Hz 

0.153 0.184 0.164 
0.364 0.331 0.359 
0.124 0.080 0.100 

0.084 0.090 0.100 

0.12 -0.209 0.72 
0.25 1.152 1.03 

0.61 0.78 1.18 

0.42 0.70 0.79 

h A7,1ec calculated using the values of A and B obtained by Musher (82). 

the observed values and with the values obtained by subtracting an electric field 
contribution is very poor. No better agreement is obtained if the point dipole is 
located on the nitrogen atom or on the oxygen atom of the N=O group. The 
calculated shift differences are not very sensitive to the location of the point di- 
pole, with the exception of the value for the Q: equatorial protons. The lack of 
agreement between calculated and observed values for ol-protons indicates that 
the approximations used are not valid for positions near the nitroso group. 
The model used for the electric field contribution is very crude, but it is adequate 
for the 1(3 positions because the effect is relatively small and therefore need not be 
known very accurately. However, for the (Y positions the electric field contribu- 
tion is likely to be more important and it must be known more exactly. The 
geometry of these systems is not known very precisely and because of the angular 

dependence of the various contributions to chemical shifts, the effect of a small 

charge in geometry on the calculated chemical shifts is greatest for positions 

near the nitroso group. The simple dipole models are not expected to hold at 

short distances, but insufficient is known about the electronic structure of the 

nitroso group to allow the use of more elaborate models. 

DISCUSSION 

The magnetic anisotropy contribution to the long-range shielding calculated 

with the anisotropy components derived here differs considerably from that pro- 
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posed by Rrown and Hollis (2). They suggested a model in which positions 
along the bond direction are deshielded and positions perpendicular to the bond 
direction are shielded. We find that all posit,ions in the plane of the NNO group 
are deshielded due to magnetic anisotropy, the effect, being maximum along the 
bond d~ection and minimum perpendicular to it. The model of Brown and Hollis 
(2) retains some validity in the sense that in t,he plane of the nitroso group it is 
agreed that protons in the direction perpendicular to the X==O bond are shielded 
relative to those in the bond direction (but, not, in absolute terms.) The region 

experiencing shielding is contained by an elliptical cone with its axis perpendicular 
to the plane of the SNO group, and with the half angle in the plane cont~aining 
the bond direction smaller than that in a perpendicular plane. This model is 

rather similar to that proposed by Jackman (37) for the carbonyl group in that, 
the axis of maximum diamagnetic susceptibilihy is perpendicular to the nodal 
plane of the r-electron system. It is in principal possible to calculate the effect of 
t<he nitroso group at any position in space using the anisotropy values given here, 
toget#her with the procedure for electric field corrections. However such calculn- 
tions are only of limited use for the following reasons (apart from the errors iti 
our values of Axu and Ax<) : 

(a) Since all inductive effects have been ignored only differences in cahemicul 
shift between protons in similar chemical groups may be calculated. 

(b) Since all other bond anisotropies have been ignored, in particular those 
of t,he N-N bond, only pairs of protons in a symmetrical relationship to t#hc? 
N---S bond may be considered. 

(C,I The failure of our t.~~lculations for the GE positions indicates that the 
point dipole models used are certainly not. valid at short distances from the 
nitroso group (say, less than 3 9). 

It, is worth pointing out, that the data used in calculations of group anise.. 

tropies in amides (29, SO) tand oximes (38) are for cy protons or for positions evetl 

closer to the group considered. ,4s only a small amount, of data was used for those 

calculations, their validity seems doubtful. 

Even with the above restrictions however, the type of calculat.ion used here 

is of use for many substituted -U-nitrosamines and for pairs of rotaCona1 isomers 

of the unsynlnletrical compounds. The nlagneti~ anisotropy model derived here 

predicts that for all the positions considered, the protons eis t,o the nit,roso group 

will be more shieIded than ilrlt?ls protons. It is onIy the a: eqratorial positions in 

a six-membered ring that are observed not to conform to t,his pattern, and foi 

this position the simple electric field model predicts a large low field shift for t,he 

eis proton. Qualitatively it would seem that the magnetic. anisotropy caontribu- 

Con is dominant except at very short distances. 

The chemical shift effects in dialkyl nitrosamines found by Karabatsos (A) 

may be explained on the basis of our resuhs for the cu.positions of a six-membered 
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ring, It is assumed (3’) that the alkyl groups adopt conformations in which the 
N-N double bond is eclipsed (XIII). 

i 

xn1 

The positions in the plane of the nitroso group, 1, are equivalent to the equa- 
torial positions in a six-membered ring, the out-of-plane positions, 2, are equiva- 
lent to axial positions. In the six-membered ring compounds the shift difference 
between cis and truns equatorial protons is 0.2 ppm with the cis proton t,o low 
field; between ti and tram axial prot,ons the shift difference is 1.2 ppm with the 
cis proton to high field. The c~s~~r~n~ shift difference for dimethylnitrosamine 
(and other alky~ethyl~itrosamines) would be expected to be an average value 
9; (2Arax + ATE) = 0.71 ppm. The observed values, 0.75 to 0.80 ppm, are in 
reasonable agreement with this. For other dialkylnitrosamines the ci.s/trans 
shift, difference varies considerably, being 0.5-0.6 ppm for &Hz with the cis 
protons to high field, and 0.2-0.6 ppm for &H with the cis proton to low field. 
This is also to be expected, since bulky substituents on the a! carbon atom will 
tend to occupy the out-of-plane positions because of interaction with the nitroso 
group, so that in the series -CHS, -CH*R, --CHRg the (Y proton wili spend an 
i~l~re~ing proportion of its time in the in-plane positions. The position is compli- 
cated, however, by the possibility that the groups c&s and brass to the nitroso 
group may adopt different conformations, and it is not possible to use chemical 
shift data to estimate conformer population quantitatively. 

Dialkylamides (39, 40) and ketoximes (41) both show similar patterns of 
ris/truns chemical shift difference to that observed in nit,rosamines. 

CiS 

In dialkylformanlides and acetamides the resonance of c&H3 protons cis to the 
oarbonyl group is at high field to that of trans protons, but for &Hz and c&H 
the cis protons are to low field. The chemical shift differences are much smaller 
than in nitrosamines ($8, $9). As in dialkylnitrosamines, this pattern is a re- 
sult of differences in conformation between cis and trans groups as well as of 
anisotropic shielding by the C( :O)R group, but no data are available for cyclic 
amides to give detailed information about the shielding pattern. In the six- 
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membered ring system 4-t-butylcyclohexanone oxime the c&/tram shift differ- 
ences for (Y equatorial and cy axial protons are opposite in sign. The cis equatorial 
proton is to low field by 0.91 ppm; the cis axial proton is to high field by 0.34 
ppm (41). However, we believe that future work aimed at obtaining bond ani- 
sotropies should use chemical shift values only for protons well removed from 
the anisotropic group in space. 

This researchwas carried out during the tenure of S.R .C. Advanced Course and Research 

Studentships (R. A. S.). 
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