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The Detection and Isolation of the Rotational Isomers of some 
Phenanthridiniurn 5-Vinyloxides 

R. M. ACHESON* and I. A. SELBY~ 
(Department of Biocltemistry , South Parks Road, Oxford OX 1 3QU) 

Summary The n.m.r. spectra of suitable 6-aryl- and 
6-aralkylphenanthridinium 5-vinyloxides have shown 
that restricted rotation of the 5- and 6-substituents gives 
rise to pairs of diastereomeric rotamers and in one case 
both rotamers were isolated and characterised. 

PHENANTHRID INE 5-oxides with acetylenemono- and di- 
carboxylic esters give phenanthridinium 5-vinyloxidesf and 
products from 3,4-dihydroisoquinoline 2-oxide with these 
esters, originally given other structures,2 are now known to 
be of the same type.3 A number of 6-aryl- and 6-aralkyl- 
phenanthridinium 5-oxides have now been synthesised 
similarly, and their n.m.r. spectra have revealed the first 
examples of the hindrance to rotation of cis-substituents on 
a double bond giving rise to isomeric rotamers. For many 
years it has been known that similar restriction of rotation 
occurs in many diphenyls and can also occur when groups 
are attached to the peri-positions of naphthalene and similar 
systems .* 

The n.m.r. spectra (CDCl,) of both (1) and (3) showed two 
sharp ester resonances, while that of (2) showed two sets of 
two peaks in the ratio 66 : 34 in the T 6-8.5 region, slightly 
diEerent ratios being observed in CF,CO,H and in (CD,),SO. 
The possibility that cis-trans isomerism of the 5-sub- 
stituent [e.g. (2a) + (2c)I was responsible is unlikely since 
(a) the introduction of a second o-methyl group in the 
6-phenyl substituent to give (3) should have increased the 
effect, and (b) no simplification of the spectrum took place 
in CF,CO,H whereas peak-doubling due to cis-trans isomers 
in phosphorus5 and sulphur ylides6 vanishes with traces of 
acids. 

Me 

The presence of two rotamers [(2a) and (2b)l in which 
rotation about the bonds joining the 5- and 6-substituents 
to the heterocyclic ring is sterically restricted accounts for 
the observations in the o-tolyl case since this 6-substituent 
is unsymmetrical and the two rotamers are diastereoisomeric. 
At 125" in (CD,),SO the two sets of methyl resonances 
coalesced, and at  179" three sharp singlets a t  r 6.38, 6.68, 
and 7-80 were formed reversibly. Analysis of the line 
shape of the T 6.38 signal showed that the internal energy 
barrier was approximately 23.5 kcal/mole. The two sets 
of C-methyl resonance for the corresponding diethyl ester, 
where an examination of Dreiding models suggests there is 
much more steric interference, did not coalesce at  200" in 
nitrobenzene. Replacement of methyl groups by ethyl 
groups in sterically congested situations can cause sub- 
stantial conformational effects, for example the large 
dissociation constant differences between dimethyl- and 
diethyl-malonic acids,' but examples involving ester groups 
appear to be very rare. 

The n.m.r. spectrum of (4) in CDC1, showed the correct 
ratio (14 : 3) of aromatic to methyl protons, but this summed 
the two methoxyl signals (7 6.44, 6-55) a t  34". These 
coalesced a t  40", and at 60" a sharp singlet (T 6.40) was 
formed reversibly. Exposing the n.1n.r. tube to daylight 
for a few days effected the same change in the n.m.r. spec- 
trum as heating to 60", but after filtering through calcium 
oxide the filtrate gave a spectrum identical to that of a 
freshly prepared solution. It appears that the exposure 
generated enough DC1 to catalyse the cis-tram conversion 
of the 5-substituents [(4a) and (4c)], as with the other 
ylide~,~$6 and that this type of isomerism was responsible for 
the doubling of the methoxyl signals. 

In  confirmation of these two types of rotational isomerism 
the n.m.r. spectrum of (5) at  34" showed seven peaks in the 
methyl region due to the four species (5a-d) present. At 
40", or in the presence of a trace of acid at  34", the cis-trans 
isomerisation of the 5-substituent became fast on the n.m.r. 
time scale and only two pairs of peaks were seen, corres- 
ponding to two rotamers [(5a)-(5c) and (5b)-(5d)]. In 
nitrobenzene at  120", these pairs coalesced and at  200" the 
methyl resonances appeared as two sharp singlets. 

Lyle and Thomass have recently concluded from a study 
of methyl substituted N-benzylpiperazines that the presence 
of an AB system for the methylene protons of the benzyl 
group is positive evidence of chirality. The benzyl methyl- 
ene protons of the vinyloxide (6) appeared as an AB quartet 
(J  = 15 Hz) a t  34", as a broad absorption at  41" and as a 
singlet of normal half-height width at 100". The methoxyl 
resonances showed no changes, indicating constant stereo- 
chemistry a t  the vinyl double bond. This temperature 
dependent chirality results from hindered rotation. At 41" 
the libration of the 5- and 6- substituents [(6a) e (6b)J 
becomes fast on the n.m.r. time-scale and rapid exchange of 
the environments of the methylene protons take place. 
The synthesis of an analogue with an additional methyl 
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group to give a second chiral centre gave a substance (7) 
possessing a much more complex n.m.r. spectrum which did 
not vary appreciably between 34” and 150”. This was 
considered due to the presence of the two possible diastereo- 
meric rotamers [(7a) and (7b)l. These rotamers were 
separated chromatographically and characterised by their 
virtually identical analyses, u.v., and i.r. spectra. The 
n.m.r. spectra were distinct and each showed the ester 
methyl groups as sharp singlets and the C-methyl group as a 
doublet, and when combined gave the spectrum of the 
mixture. The mass spectra of the rotamers showed M+ at  (a) (b) 
m / e  441, but the details of their fragmentations differed 
significantly as can happen with different  conformer^.^ 

Few examples have been reported of the isolation of 
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(6) R = H 
(7) R = Me 

diastereoisomers which exist solely due to hindered rotation, 
but these include certain steroidslO and hydraz0nes.u 
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