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Abstract - The barrier to nhenyl grout rotation in D-dimethylaminocinna- 
maldehyde and o-methoxycinnamaldehyde is 7.3 and 6.2 kcal/mol respectively. 
These results &e discussed in terms of the conformations of styrene and 
its various substituted derivatives. 

Styrene appears to be planar with a barrier to rotation i*- 7 through an orthogonal conformation 

(a-barrier) estimated to be 3.0 kcal/mol’. Substitution round the central bond with as little 

as one methyl group changes the conformation to a non-ulanar one, 
2 and this introduces the 

possibility of a second rotational barrier, the steric-barrier to rotation (3f4) through a - - 

ulanar conformation. 

%is latter steric barrier has been much studied, for suitably large ortho-substituents, 

a-(geminal)-substituents, and cis-B-substituents, alone or in combination, as in for examule - 
5 - s, see Table 1, aroduce barriers large enough to be measured by dynamic nmr soectroscooy, 

3-6 
- 
and even by racemisation of chiral atropisomers e.g. 2, as in the classic work of Adams.’ Table 

1 shows typical barrier values. 
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The parent styrene molecule is the only case where rotation of a olanar compound through an 

arthogonal transition state has’ been considered, although an interesting intermediate series of 

molecules of the benzylide~emalononitrile type 2 has been reported. S-13 
These seem to be non- 

planar, but have substantial n-barriers to passage through an orthogonal transition state. The 

discussion contains some comments on the results for these molecules. 

The styrene a-barrier is too low fsr measurement by dynamic nmr spectroscopy for which 

technique the practical limit is between 4 and 5 kcal/mol, f nou want to report dynamic nmr 

measurements of u-barriers for suitably substituted alanar styrenes. 

CEN 

H 
C=N H 11s D = NKy , A = Ctfo - 

s 0 = OMe , A = CHO 
&&_ D = Ntfel , A = C=N 
1l.d 0 i m4e2 I A = COOH - 

D 

The origin of the n-barrier is the loss of conjugation between the benzene and ethylene 

parts of the molecule when these become orthogonal, so any substitution which enhances the 

conjugation should lead to a higher barrier. 5ubstituents which diminish the conjuration should 

be avoided. I therefore chose to examine moXecules Gth no ortho-, CI-, or cis-B-, substituen~s 

which disfavour coplanarity, but with electron releasing substituents in the benzene ring and 

electron attracting substituents in the trans-g-nosition. 

%esults and Discussion 

The four substituted styrenes studied were the cinnamic compounds Ila-lid. The proton nmr 

spectrum of ~-d~methylaminoc~nn~aldehyde Jla in very dilute solution in vinyl chloride, see 

Figure,shows an AAtBB’ spectrum for the aromatic orotons, which sunerficially ressembles two 

doublets, see Figure 1. As the temperature is lowered below about -loo’, these doublets broaden 

and below about -113’ they split and appear as an ABM spectrum, suoerficially four equal 

doublets, see also Table 2. ‘ihe two ortho-nrotons are now different %om each other on the nmr -- 
timescale (as are the two meta ones’), yet no other signal shows significant changes. Similar 

changes at rather lower temperatures are observed for z-methoxy cinnama~dehyde, (gb, exceot 

that the spectrum appears as an A ) at tow temperatures). See Table 2. ~-Dimethylaminoc~nna- 

monitrife Ilc shows no significant soectral changes at -140’ (aside from those that could be - 
attributed to diminishing solubility at these temoeratures). ~-Dimetbyl~inocinnamic acid &id 

was not sufficiently soluble in vinyl chloride (or other solvents) at low temperatures to allow 
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Fluure I: Downfield ReXIon o? '6 nmr spectrum Of ga. 

an investigation of what is emected to be a very low barrier. 

Tmble 2 IWR Lht. for E-Substituted Cinnrmlc Compounds, E_R-phenyl-CA,,-CIQ-X 

Chemical shifts (6). multiplicity, and cou~lln8 (AZ) 

'ompound R X A-C-O 
S!3 % 

Am to R Ii2 to R Netbyl 

11s -An92 -CA0 0.63 6.53 7.37 7.49 6.73 3.02 
- d 8.0 dd 6.0 18.1 d 16.1 sd 6.2 %d 6.2 

( -140' 7.32 7.69 6.69 6.77 

llb -Oh -CR0 9.67 6.R3 7.46 7.58 6.96 3.65 
- d 7.6 dd 7.6 19.3 d 15.3 2a 6.3 zd 6.3 

(-1450 :::q 

1lC 
- 

-C!EN 5.46 7.23 7.26 6.62 3.00 
-N% d16.6 d 16.6 %d 6.6 zd 6.6 

The changes in the nmr suectrum of lla and Ilb indicate that rotation of a nlanar styrene - - 
molecule through an orthogonal transition state like 1~$2, has become slow on the nmr timescale. 

A barrier to rotation of 7.3 kcal/mol at -118’ can be calculated for fia, and one of 6.2 kcal/mol 

at -14l’can be calculated for llb -0 The barrier in llc is less than 6.5 kcal/mol, and urobably - 
at least 1 kcal/mol less, since no kinetic broadening was observed, 

These results indicate that the dimethylamino-substituent is a better donor than a methoxy 

one, and that an aldehyde groun is a better acceutor than a nitrile, quite in keening with 

previous investigations, 
14,lS 

see Table 3. 
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Table 3 Bffect of Substitueats on Rotatioml Rarriers (kcal/ml). 

Barrier Reference 

IG2N 

9 

H 

=c( 
R - -CA0 R - cn 

14.7 
H R 

12.2 14 

+R+)$R 7.3 < 6.5 Thin work 

H 

X - -NM2 x - -0Ye 

X 10.0 a.7 15 

X-q+{ 7.3 6.2 Tbia work 

The push-pull picture of enhanced conjugation implies that the aldehyde-ethylene bond should 

have as much double bond character as the phenyl-ethylene bond, see 2. Hindered rotation about 

the former bond might therefore be detectible. We looked for broadening or doubling of the 

aldehyde proton signal down to low temperatures (about -lSO’), but in no case did we see evidence 

of rotation slow on the nmr timescale. The barrier to rotation must therefore be less than ahout 

6 kcal/mol or alternatively, one conformation about the bond in ouestion must be much more stable 

than any other. 

There have been several recent publications on conformations and rotational barriers in 

comuounds of type 10 which merit comment in the light of the oresent results. The nmr suectrum 

of gbll and &3_cl”- show changes with temperature in the signal of hydrogens ortho to the olefin 

substituent. quite analogous to those in Jl_a and Ilb. Similarly Safarzadeh-Amiri 
12 

has observed - 
like behaviour in malononitriles 14 and 15. The interpretation of these results has been confused 

by earlier CNDOI’Z calculations* which suggest that the ground state of 13b has an angle of 2. 40’ - 
between the two planar parts, that there is a barrier of about 18 kcal/mol to passage through a 

coulanar conformation,and a much smaller barrier to rotation through an orthogonal one. ab initio -- 
(STO3C) Calculations are reported’ to suggest a ground-state conformation with an interplanar 

angle of % 60’ and a barrier to rotation through the plane of 38 kcal/mol. All exoerimental 

evidence suggests that the results of these calculations are far-removed from reality, and that 

iniofar as they have influenced the interpretation of the nmr results for 13, 14 and 2, these - 
interpretations are less than satisfactory. Safarzadeh-Amari’s interpretation of his results is 

reasonable except that he acceots that there is a high barrier to coolanarity. 
Oi/" f- 

C=N 

5) R = Ii 

b) R = fle 
2) R = Et 
_d) R = i-Pr 
e) R : t-m 
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The ground-state conformation of 13 - 15 has the two nlanes either coulanar or near-to- -- 
coplanar with a small barrier to passage through the plane, small in terms of the timescale of 

nmr used to observe these compounds. 

The evidence for this is as follows. A X-ray diffraction study of 13e shows a coplanar 

structure.13 
- 

This does not necessarily carry over to solution, but it suggests that there 

could be such a structure in solution and certainly does not agree with the barrier to a coolana- 

rity of 18 - 38 kcal/mol, suggested bv calculations. B,9 In spite of statements to the contrary 

there is nothing in the nmr soectrum of 13a - - ze as reaorted, which opposes a coplanar or near 

to coplanar conformation as ground state. These nmr data show only that there is a substantial 

barrier to rotation through an orthogonal conformation. If on the other hand there were a high 

barrier to rotation through a olanar conformation clear evidence of this should come from the 

spectra of 13c and zd, which are known. 9 
- hhen rotation is slow on the nmr timescale (and a 

barrier of 18 kcal/mol imnlies this should be so at room temuerature), the “ethylene urotons of 

the ethyl grouns in 13c and the isopropyl methyl grouns in 13d are diastereotouic and should - - 
give separate signals in the nmr. The nmr spectra of these compounds have not been reported 

explicitly, but the point is so cardinal that one can infer that diastereotopicity is not observed, 

On the contrary, Safarzadeh-Amiri shows 
12 

that the two protons of any CH2-group in 15 are - 
equivalent in the nmr at room temperature and imulicitly at -94’. This suggests a maximum value 

of 8 kcal/mol for the through-the-plane rotational barrier, and there is nothing to suggest that 

the barrier is not very much less than that value. 

There is further indirect evidence to support a planar or near-to-coplanar conformation for 

13 - 15 - -* Styrene is known to be conlanar.’ An electron releasing substituent nara and a trans 

electron withdrawing substituent should enhance the stability of a planar conformation. The 

only structural feature in 13 - 15 which disfavours a coplanar conformation is the cis---cyano - - - 

group. which has a steric interaction with an ortho-hydrogen in a coplanar conformation. Bond- 

angle distortion and rotation of the two planes relative to each other can reduce this interacti- 

on but the latter movement will be opuosed by the diminution of the very substantial conjugation. 

Measurements and calculations on 1-vinylnaphthalene, a reasonable comparison for the destabilising 

steric interactions in 13 - - 15, suggest a rotation of about 30’ out of the plane and a small 1 

or 2 kcal/mol harrier to rotation through the plane. 
16 

H 

6 

Styrenes with rather more substantial interfering substituents on the 
i+r 

ne ethylene than a single cyano-group have been shown to have low barriers to 

0 
rotation through the plane. The compound 2 with a methylgroup and an iso- 

propyl groups has a barrier3 of only 5.2 kcal/mol. A single cis-cyano grout - 
0 with additional donor-acceptor substituents stabilising the transition state 

for rotation (i.e. the coplanar form) should lead to a much lower barrier. 

16 

All this direct and indirect evidence can be set against the calculations, and suggests 

that the ground state conformation for lla - lld is coplanar, while for 13 - 15 it is near-to- - - -- 
coplanar with a small steric barrier to rotation through the plane. There are much larger n- 

barriers in the range 6 to 8 kcal/mol to rotation through an orthogonal conformation, which arise 

from the loss of conjugative stabilisation compared with the ground.state. 

There is thus a range of styrene structures from coplanar through slightly skewed to strongly 

skewed, with corresponding high to low degrees of conjugative interaction and steric crowding 

around the central bond varying in the opposite sence. The transition state conformation for the 

most sterically crowded cases is near the ground state for the conjugated cases and vice versa. 

Experimental 

Compounds JI_a - _ lld were obtained from Aldrich (=a, cc, Ild) and Lancaster Synthesis (llb), - 
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and examined without purification as very dilute (0.01 H) solution in vinyl chloride solvent 

in a sealed tube. Oeuterated methylene chloride and tetramethylsilane were used as lock and 

chemical shift references respecively. Rotational barriers refer to observed coalescence tem- 

peratures in nmr spectra recorded at 200 t#iz operating frequency (Varian XL200 suectrometer), 

when it is assumed that krotation= a.&/\? where 6v is the relative chemical shift of the two 

signals for H2 or H6 of the styrene. 
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