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Dwpite long and continuing use of N-nitrosouretbaas as 

diacoalkne precursors, simple methods of monitoring the 

urethan-nitrouowrethan conversion, and of non-destructively 

aecertainfng product purity are mt at hand. We report: 

(A) The nitrosatioa described by White (I) is applicable 

to a wide variety of uretbans (2); (8) NMR comparison of 

urethans and &nitrooo derivatfvoa permits qualitative and 

quantitative analyses of the nitrosatioa; [C) Opr data are 

consistent with recent proposals concerning the anisotropy 

of N-nitroso grotrp, (3). 

Chemical shifts of the indicated protons (structure I) 

are collected in Table 1. 

I 

(Ia, X4; Ib, XW) 
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bl'%ne structaro, ascribed to virtual coupling ia observed. 

CCoupling with methylene protons lardo to a nultiplet. 

dApproximmte center of gravity of mraltiplot. 

'Multiplet falls under broad signal of C, and C, protons. 
Assigned on b~sis'of intagnrl intensfty,.md in amlogy to 
corresponding proton in E. 9. 

Table II presents chemical shift difformnces attending 

nitrosation. These am rrported as [(Hi)Ib-(Q)Ta]; all data 

(except Table I, m. 8 and 8, H,) 8re posftive;,&&,..nitro- 

sation deshields the indicated protons, 

TABLES XI 

Chemical Shift Dtiferencem of Seledted Proton8 (Ib-Ia), PPM. 

s,stam8 

2 
3 
4 
5 

P 

9" 
10 

H¶ 

0.55 0.40 0.23 
0.63 0.47 0.20 
0.60 0.42 0.20 
0.58 0.47 0.26 
0.57 0.43 0.23 
0.58 0.46 0.23 
1.10 0.40 0.22 

-0.27 0.40 0.22 
-0.22 0.37 0.23 
1.03 0.41 0.24 

%e Table I 

Inspection of the Tablee reveals: 

(1) In wethans, near l quivalonce of Jmr_w 
1 
, and JH,- 

carbonbound vicinaX protons, dete&nines Ii, multiplicity in a 

%i~~ple*~ manner. 

(2) Xitrosatlon of Xa reduces Ii, multiplicity as eacpocted. 

'(3) Substantfal alteration of chemicaI shffts accotnpanies 

nitrosation. Deshielding is observed for Hz, H, and (secondary) 



714 No.7 

% * The magnitude of the observed doahielding increases 

respectively, but is rouarkably constant within each proton 

class. Tart iary H,, however, experience greater deshielding 

than secondary ii,; while cyclopropyl El, are shielded. 

These .relationships are easily made the basis for quali- 

tative and quantitative analyses of the nitrosation reaction. 

Discussion of the chemical shift changes must involve 

consideration of the anisotropy of the nitroso group, as well 

as of the conforuations available to the urethan and its E- 

nitroso derivrtive. 

Although, in amides, considerable double bond character 

exists between N and carbonylE, resulting in a restricted 

bond rotation, observiblo at room teuperature via NMR (4), - 

such seem oat to be the case for urethans (5). N-nitroso 

compounds generally exhibit double bond character between both 

N-N and N-O, (3). But, again, in N-nitrosouretbans, rotation 

about the N-carbonylE bond is probably free. [These ideas 

receive some support from our observation that the carbonyl 

frequency (IR) of the urethan is not altered upon nitrosation 

(ca. 5.7Ou). Were the urethan to exhibit substantially re- 

stricted roation about the N-carbony1-C bond, which decreased 

on nitrosation, a dramatic rise in carbonyl frequency would be 

expected (a).] 

Lack of substantial restricted rotation about the N- 

carbony1-C bond in urethan and N-nitrosourethan suggests 

that the chemical shift changes accompanying nitrosation can- 

not be explained by conformational changes of carbonyl group 
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as Ia is converted to Ib, but, rather, that the principal 

origin of these changes must reside in the anisotropy of 

the nitroso group. 

According to Brown and Hollis, (aa), this anisotropy is 

represented by II. The theoretical basis of this proposal is 

the isoelectronic nature of carbonyl and aitroso groups. Pro- 

tons situated in the region denoted (+) should be shielded, 

protons situated outside this region should be deshielded. 

For g-nitroso compounds, this model must be an oversimplificationj 

there must also be anisotropic effects in the region of the 

N-N linkage, which has considerable double bond character (3b). 

Nevertheless, simple application of the Brown-Hollis model 

leads to predictions mostly in good agreement with observation. 

Molecular models constructed in accord with III, in which 

0, N, N, and carbony1-C are coplanar, (7). demonstrate that 

H, and Hs protons must fall in the deshfelding region created 

by the nitroso anisotropy. Relative to their chemical shifts 

in the urethan, H, and H, will appear at lover field in the 

nitrosourethan. 

Deshielding of H, in systems l-6 may be explained sim- 

ilarly, IV. The circle superimposed on the nitroso group re- 

presents the cross-section of the shielding cone at that 

altitude (above the N-N-O plane) defined by H, at its closest 

approach to the shielding cone. 

In systems 7 and 10, enhanced deshielding is observed 

for H,. Models suggest that steric interaction of protons on 

CD with 'unshared psirs on nitroso-oxygen will cause a confor- 



No.7 

716 

\/ 
+ 

-sNro - 
/\ + 

II 

IV 

III 

$C Fp i 
H/cfN/C- 

I 



No.7 717 

mation such as V to be-proforred. Here, H, is copl+nar 

with N-N-O; an arrangement in which deshielding should be 

maximized. A parallel effect and analogous discussion for 

N-nitrosamines may be found in Rarabatsos' study @b). 

Most difficult to understand, hanever, is the shieldinj 

of H, when the +alkyl group is cyclopropyl (systems 8 and 9). 

Particularly noteworthy is the contrast between iso-propyl, - 

no. 10 and cyclopropyl, no. 9. Although the 8 methyl inter- 

actions which cause no. 10 to assume conformation V are re- 

liwed in w. 9, no conformation, in which the coplanaritias 

indicated in IV or V are maintained, predicts shielding for 

Ii, under simple application of the BrownHollis anisotropy 

model (8). A more exact knowledge of 

N-R-O group would seem to be required 

understood. 
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