
SOME ASPECTS OF THE NUCLEAR MAGNETIC RESONANCE SPECTRA OF 
COMPOLINDS CONTAINING C-METHYL GROUPS1 

The N.M.R. spectra of compounds containing various types of C-methyl groups are 
discussed with special reference to the effects of spin coupling. Particular attention is given 
to  compounds containing the CHCHS group in saturated systems. I t  is pointed out that 
the observed splitting of the methyl band is not always equal to the coupling constant 
between the methyl protons and the adjacent proton, even when the chemical shift between 
the two groups of protons is large. 

The detection and differentiation of C-methyl groups in organic coinpounds is of 
importance, particularly in natural product chemistry. The standard (Kuhn-Roth) 
method of estimating C-methyl groups consists of oxidizing the compound with chromic 
acid and deterinining the acetic acid (and(or) higher homologue(s)) produced. By suitable 
modifications (I)  i t  is possible to analyze for each acid separately and so to find out 
whether the group is a simple C-methyl group, or a C-ethyl group, etc. Infrared spec- 
troscopy (2) has been used to detect and to determine C-methyl groups, and also to 
differentiate between isopropyl, tert-butyl, and other C-methyl groups. 

Both of the above methods have limitations for the differentiation of C-methyl groups. 
Proton nuclear magnetic resonance (N.M.R.) has already been applied to the problem (3) 
but  little discussion of the scope and limitations of the method has been published. In 
the present paper the effect of coupling of a inethyl group to other protons in a molecule 
is considered in detail. 

The detection of C-methyl groups by means of N.M.R. spectroscopy is especially 
favorable for two reasons. In the first place, a strong signal is usually obtained because 
of the complete lnagnetic equivalence of the three protons as a result of the rapid internal 
rotation of the methyl group. Secondly, when the methyl group is attached to a saturated 
carbon atom, the chemical shift of the methyl group, which is about 1 p.p.in. downfield 
from tetramethylsilane, is usually different froin that of other protons in the molecule. 
Exceptions occur in con~pounds containing certain structural features such as cyclo- 
propane rings. trans-1,l-Dichloro-2,3-dimethylcyclopropane (4), for example, has an 
N.M.R. spectrum which is essentially a single line a t  8.78 7. 

The N.M.R. spectra of compounds containing C-methyl groups attached to unsaturated 
carbon atoms have been discussed in some detail by several authors (5, 6, 7, 8 ,  9, 10) and 
will not be considered here. 

When the methyl group is attached to a saturated carbon atoll1 we may consider 
three separate cases, depending on whether the saturated carbon atom also carries 
(a) no hydrogen atom, (b) one hydrogen atom, or (c) two hydrogen atoms. 

In class (a), when there is no hydrogen atom on the adjacent carbon atom, the methyl 
group generally gives rise to a single sharp line. Since all the intensity is concentrated in 
one line there is no difficulty in observing such a signal in a spectrum. Typical examples 
are the 18- and 19-methyl groups of steroids (11) and the inethyl groups in camphane 
derivatives (12). In exceptional cases, the methyl group may show very weak coupling to 
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.-\NET: N.M.R. SPECTRA 2263 

other protons in the nlolecule, thus (4) the two non-equivalent gem-methyl groups of (I) 
are coupled together to the extent of 0.5 c.p.s. Roberts (13) has reported a value of 0.75 
c.p.s. for the coupling constant of the C-methyl group to one of the protons of the 
methylene group in methyl 2-bromo-2-methylpropionate. In general, i t  may be anticipated 
that  this type of coupling will be very small (<  1 c.p.s.) and can be neglected for practical 
purposes. 

The second class is that  of compounds containing the CHCH3 group. The  spectrum to 
be expected from such a system, in the absence of other n~agnetically active nuclei, has 
been dealt with in several places (cf. ref. 14). The simplest case, usually designated (15) 
by the symbols AX3, occurs when the chemical shift of the two groups of protons is large 
compared with the coupling constant between them. The  methyl group then gives rise 
to a doublet, and the separation is equal to the coupling constant. I t  may be mentioned 
here that the coupling constants of methyl groups to adjacent protons generally lie in 
the range of 6-8 c.p.s. 

We inay also place in this class the isopropyl group. If the two inethyl groups are 
cheinically identical and are well shifted from the CH proton, the situation is analogous 
to  that  just described. If the two methyl groups are not chemically identical, usually (but 
not necessarily) because of the presence of an asymmetric center in the molecule, two 
different inethyl doublets, which may overlap, are obtained (16, 17). The non-equivalence 
of inethyl groups in such systems is similar to that  of two protoils of a inethylene group 
in certain inolecules (18, 19). 

When the cheinical shift in the CHCH3 group is not very large, the spectrum becomes 
an ABB type (15) and contains more lines. However, when the ratio of coupling constant 
to chemical shift is not more than about 0.25, the spectrum of the inethyl group is still 
approxin~ately a doublet. More exactly, each "line" of the doublet is now split into a 
number of lines, and the high-field coinponent is split more and also is of lower intensity 
than the low-field component (assuming the CH group to be a t  low field of the inethyl 
group). When the cheinical shift is much less, a doublet is no longer recognizable. Jackma~l 
(3) has tried to rationalize the spectra of certain compounds (e.g. inethylcyclohexane) 
containing CHCH3 groups simply in terins of AB3 systems. However, closer inspectioil 
shows that the observed and calculated spectra of the inethyl groups cannot be inade to 
agree completely, no matter what coinbination of cheinical shifts and coupling constants 
are used. In  each case there are other protons in the molecule which are appreciably 
coupled to, but only slightly cheinically shifted from, the tertiary proton of the CHCI-13 
group. These protons must be included in the analysis in order to  obtain correct results. 
This is so even if, as is generally true, the inethyl group is coupled only to  the tertiary 
proton and not to  the other protons of the inolecule. 
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We shall first examine the spectruln to  be expected for the nlethyl group in a molecule 
sucll as (11), where the R's  are not involved in coupling with the system under considera- 
tion. We will assume that  the methyl group is well chemically shifted from H ( 1 )  and 

H ( 2 )  and tha t  J C H 3 , H ( z )  is zero. This is actually a special case of the X j f B  system, which 
has been treated by  Fessenden and Waugh (9). Figure 1 shows the calculated spectra due 

FIG. I. Calculated spectra for colilpounds of type (11) for various values of the chemical shift ( v )  between 
H(1) and H(2) and with JcH~,H(I) = JIT(~),U(~) = 8 C.P.S. and J c u , , u ( ~ )  = 0. 

to the C133 group for various values of the chemical shift (vH(l),H(z)) between H ( 1 )  and 
- I-I@), and,  for simplicity, with JCH3,1<(I )  - J F I ( l ) , H ( z )  = 8.0 C.P.S. Although the coupling 

constants are not generally equal, this does not affect the general conclusions drawn from 
the calculations. 

When the chemical shift, V H ( ~ ) , H ( ~ ) ,  is very large the spectrum of the methj.1 group is a 
doublet, the lines being a t  +1/2JCH3,,(l) and - l / 2 J C ~ 3 , H ( I )  from the position of the 
methyl band in the absence of coupling. This  is, of course, just the result expected from 
a first-order treatment. When the chemical shift is not large, olllp half of the intensity 
of the methg~l band resides in the two lines a t  positions mentioned above. i\iIost of the 
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remaining intensity is situated betzoeen these two lines, the esact distribution depending 
very ~iiarkedly 011 the value of V I - I ( ~ ) , H ( ? )  (Fig. I ) .  Tlie effect of I-1(2) is most pronounced 
when V I I ( ~ ) , H ( ~ )  is ,110 greater than J E I ( 1 ) , N ( 2 )  and is negligible wlien v ~ ( l ) , ~ ~ ( ~ )  > 2Ji1(1),EI(2). 

I t  can easily be understood why half of the intensity is in the lines a t  ~ 1 / 2 J ~ ~ ~ ~ , ~ ( ~ ) .  
There are four spin states for the protons I-I(1) and I-I(2), and the wave functions of the 
states with both protons having a spin of +1/2 or with both protons having a spin of 
- 1/2 will not mis with any other functions, xvliereas the pairs of wave functions associated 
with one proton having a spin of +1/2 and the otlier a spin of -1/2 and vice versa do 
mix as  they have the same total spin (15). From similar considerations it can be seen tliat 
if there are two protons similar to I-I(2), then only one quarter of the intensity of the 
methyl group lies in the "~~nper turbed"  lines a t  &1/2J03 ,~(1) .  For three and four protons 
these fractions fall to 1./8 and 1/16 respectively. Complete solutioils in these cases would 
be very laborious but i t  can be surmised that  most of the remaining intensity, in the form 
of many lines, will be situated, as  before, bet\veen the pair of unperturbed lines. 

Therefore, the CI-ICI-I, group in a coinplex molecule may be expectecl to be a doublet 
or a doublet showing some additional lines, or in extreme cases, just a wide band with 
little resolved structure. This is the situation where the clieniical shift between the CI-I, 
group and the acljacent proton is large compared with the coupling constant. When the 
chemical shift is not large, a similar effect is to be expected. The  spectruni of tlie methyl 
group will correspond to the B g  part of an system only wlien is not coupled to any 
protons other than the B protons. If the effects described above for tlie -AX3 system are 
important, a much inore complex spectrum may be expectecl, \vhicli in extreme cases 
may reduce to a structureless wide band. 

I t  should be noted that  the observed splitting of tlie methyl band will not alxvays be 
equal to tlie coupling constant. The  splitting will usually be less because most of tlie 
intensity of tlie extra lines lies insicle the two unperturbed lines whose separation gives 
the true coupling constant. This is probably the explanation for the wide variation in 
the "coupling constants"'%ol the methyl groups of Ga- and GP-methyl steroids found by 
Slomp and RIlcGarvey (20). In particular, for certain compounds some quite sniall 
splittings were found for \vllich no explanation ~ v a s  presented. I t  ~vould be expectecl tliat 
the coupling constant of the methyl group to the adjacent proton would not vary greatly 
in such a series of compouncls. 111 agreement with the arguments presentecl in tliis paper 
is the fact tliat small splittings were not observed whenever tlie tertiar). proto11 on CG 
mas liltelj~ to be cliemically shiftecl (generally to low field) from the protons on C7, such as 
by  the presence of a A-'s5 double bond, or by the CG proton being equatorial rather than 
axial (21). Unfortunately, the chemical shifts of the significant protons in such complex 
molecules cannot be observecl directly, because tlie bands of a large number of otlier 
protons interfere. 

Similar effects are found in the diiiietl~ylcyclol~exanes examinecl receiltly bj, Musher 
(22). Fro111 the 40 R/Ic/sec N.RI1.R. spectra of the cis ancl trans isomers of 1,2-, 1,3-, ancl 
1,4-diinethylcyclohexanes, RiIusher coilcluded that  the coupling constants of equatorial 
methyl groups to the adjacent axial protons were zero or small (2.7 c.p.s.). In tlie alter- 
native case of axial methyl groups and adjacent equatorial protons, appreciable (ca. 5 

. . .  . . 
. . .  c.11.s.) coupling coiistailts were observed. I-Iowever, these "coupling constants" were 
. . .  

merely the observed splittings of the methyl bands. Since the compounds used should be 
particularly liable to the effects discussed in tliis paper, the conclusions of Muslier 

' I n  cases of !his  t ype  t l ~ e  tri 111 "split t ivg" woz~ld see711 to bc p~eferable  to the f e r l ~ t  "cozrpli7rg C O ~ I C ~ Q ? L ~ " .  
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regarding coupling constants cannot be regarded as correct. The correct constants could 
no doubt be obtained by preparing suitably deuterated derivatives, which is, unfortu- 
nately, not an easy task, but  which has been achieved in the present work for some 
compounds discussed later in this paper. I t  may be noted that  where zero splittings were 
observed by Musher, the methyl bands were in fact broad and not sharp as  they should 
be if the coupling constants were zero. In order to  obtain experimental confirmation of 

1 the deductions made, the N.M.R. spectra of a number of suitable compounds containing 
C-methyl groups have been examined. 

A very simple spectrum (Fig. 2) is given by the 3,5-dinitrobenzoate of erythro-3-bromo- 
2-butanol. The  spectrum shows two different methyl bands, each a well-defined doublet 

FIG. 2. A. Spectrum of 3,5-dinitrobenzoate and erythro-3-bromo-2-butanol, in chloroform solution. The 
sharp band a t  the extreme left is tha t  of C13HC13. The two parts of the spectrum were taken a t  different 
recorder gain. 

B. Methyl band of meso-2,3-dibromobutane (pure liquid). 

in accordance with the X3 part of an AX3 system. I t  should be noted that  protons on 
C2 and C3 are well chemically shifted from one another and from the methyl groups and 
occur a t  low fields as doublets of quartets. In  contrast to  this case is the spectrum of the 
closely related meso-2,3-dibromobutane, where the chemical shift between the protons 
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on C2 and C3 is zero. The methyl groups here have the same chemical shift so only one 
methyl band is observed, but this is not a simple doublet (Fig. 2), for other lines appear. 
The spectrum of this molecule has already been discussed briefly (23) and fuller details 
will be in a separate paper. 

The spectra of methylsuccinic acid and 0-methylglutaric acid are sho\vn in Fig. 3. 

COOH 
I 

H-C-CH, 

COOH 

-C-CH, 
I 
y 2  

COOH 

FIG. 3. Spectra of methylsuccinic acid ancl P-methylglutaric acid in trifl~roroacetic acid. The bands of 
the carbosyl protons are not shown. The methyl bands a t  slow sweep are shown on the right. 

These structurally related compounds give quite different bands for the nlethyl group. 
I n  metl~ylsuccinic acid there is a distinct, though not large, chemical shift between the 
a and the two a/  protons and, as  expected, the methyl group is a fairly good doublet. The 
coupling constant Jo,,,(2, is probably a little larger than the observed splitting (6.6 
c.p.s.) of the methyl band. I n  0-methylglutaric acid the a,al and 0-protons nlust be only 
slightly chemically shifted fro111 one another as they give rise to a single, slightly broad 
band. The result is that  the methyl group does not give rise to a doublet a t  all, but to  a 
wide band which obviously contains many lines. 

Other examples of this type are the N.M.R. spectra of 2- and 3-methylcyclohexanone. 
The band of the methyl group of 2-n~ethylcyclohexanone is a fairly good doublet, as 
expected, since the 2-proton should be cllemically shifted from the 3-methylene protons 
by the proximity of the carbonyl group. On the other hand, in 3-i11etl1ylcyclohexai~oi~e 
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the  methyl group gives a very poor "doublet" (Fig. 4) which is a result of the  carbonyl 
group shifting the  position of the 2-methylene protons so tha t  these are  only slightly 
separated from the 3-proton. Support  of this explanation was obtained by  deuteration a t  
position 2 (and incidentally a t  6 also since a n  exchange method was used). T h e  deuterated 
isomer gives a good doublet (Fig. 4) for the methyl group. This  also shows that  1,3- 
coupling of the methyl group is not important as  one methylene group (at C4) remains 

FIG. 4. Spectra of 3-n~ethylcyclohexanone and of 2,2,6,6-tetradeuterio-3-~~~ethylcyclohexanone. 

in the deuterated isomer. T h e  methyl splitting for the deuterated isomer is 6.1 c.p.s. T h e  
splitting of the methyl band in 3-methylc~~clol~exanone itself depends very marlredly 011 

the resolution and sweep rate,  owing to  the asymmetry of the band. A t  very high resolu- 
tion and slow sweep ra te  the splitting is 5.0 c.p.s., bu t  a t  lower resolutio~l or faster sweep 
the observed splitting is only ca. 4.0 c.p.s. Even in the deuterated isomer, the splitting 
is probably not quite equal to  the true coupling constant, as  there are still protons 011 

C4 which are  not strongly chemically shifted from the proton on C:3. 
In all the examples described above the cl~emical shift between the methyl group and 

the adjacent proton is reasonably large. In  m e t h y l c ~ ~ c l o h e x a ~ ~ e  this shift is much smaller, 
resulting in a strong slrewness in the intensity of the  methyl band (Fig. 5) which is an 
extremely poor doublet with a separation of 4.7 c.p.s. I-Iowever, this band does not agree 
with the B3 part  of an i lB3 spectrum. i \~Iethylc~~clohexane is linown to  exist largely with 
the methyl group equatorial (24). I t  is also known (21) tha t  axial protons are found a t  
slightly higher field than equatorial protons, and that  tertiary protolls are a t  slightly 
lower field than methylene protons, other things being equal (3). These shifts sl~ould 
largely cancel out  and the axial proton adjacent to  the met l~yl  group should be very close 
in chemical shift to  the protons (especially the equatorial ones) on C2 and CG. 

T h e  spectrum (Fig. 5 )  of 2,2,6,6-tetradeuterion~etl~ylcyclol~exane (for isotopic purity 
see Experimental), on the other hand, gives a methyl band whose structure is consistent 
with the B3 part  of a n  ilBn system. Calculation shows tha t  J = 6.8 c.p.s. and that  
J/v is about 0.25. I t  sl~ould again be noted tha t  the  value of the coupling constant is 
appreciably greater than the observed splitting in undeuterated nzethylcyclohexane. 
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ANICT: N.M.R. SPECTRA 

FIG. 5. Spectra of rnethylcyclohesa~ic and 2,2,G,G-tetracle~1terio1iietliylcyclohexa1ie. 'Thc methyl bands 
a t  slow sweep are sholvn on the right. The sharp band a t  the left of tlic mcthylcycloliexanc spectrum is a 
sick band of tctra~iiethylsilane. 

T h e  Lycopodium allialoid lycodine ( I I Ia)  (23) presents a good example of a natural 
product showing some of the effects discussed in this paper. In tlie first publication 
(26) on this alltaloid, the N.hl1.R. spectrum (40 h~Ic/sec) was talten as eviclence that  tlie 
methyl group, which was linown to  be present, was attached to  a quntcrnary carbon 
atom, as tlie methyl band was unsplit. I-Iowever, spectra (Fig. 6) talien (27) a t  60 h4c/sec 
and under somewhat better resolution showed that  tlie niethyl band was quite broad ancl, 
in fact, could just be resolved as  a doublet of separation 1.9 c.p.s. This splitting undoubt- 
edly cloes not represent the coupling constant. In K-acetyllycodine (IIIb),  the metliyl 
band of tlie lycodine part of the molecule cannot even be resolved into a doublet under 
the best possible resolution. T h e  band (Fig. 6) is nevertlieless broad and does show an 
inflection on the high-fielcl side. In contrast, the band of the metliyl protons of t h e  
N-acetyl group is quite sharp and therefore also of 111uch greater height. These effects 
can be ascribed to  the smallness of the  cliemical shift of the CII  proton to the adjacent 
pairs of methylene protons, partly as  a result of the CII proton being shifted upfield from 
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FIG. 6. Methyl bands of (.I) lycodine and ( R )  N-acetyllycodine. The two methyl bands of B were 
taken under the same instrumental conditions. T h r  magnetic field increases from left to right. 

its normal position by the pyridine ring. NIolecular models show that the CH proton lies 
in the region above the plane of the pyridine ring where the circulating n electrons cause 
a diamagnetic shift. The related alkaloids a- and P-obscurine (28) show the same appa- 
rently abnormal methyl band shown by lycodine. Further discussion 011 the spectra of 
these all<aloicls will be published in a paper dealing with these compounds. 

Another example of "abnormal" behavior is found in 1-p(3,5-dinitrobenzoy1oxy)- 
2a-iodo-3a-methylcyclohexane prepared recently by Lemieux and Kavadias. The 
N.M.R. spectrum talten a t  a comparatively fast sweep (20) shows only a single, some- 
what broad line for the methyl group. This can be understood if the proton on C3 is 
onlj- sliglltly chemically shifted from the protons on C4. In agreement with this inter- 
pretation, the proton on C2 gives a broad line, instead of the doublet of doublets expected. 
In other isomers of the above compound the methj.1 group is a doublet and the C2 proton 
shows the expected fine structure. 

The spectrum of compounds containing ethyl groups can be expected to show the same 
behavior as that  of compounds containing the CHCI-I, group. The methyl group will 
only be a good triplet when it  is well chenlically shifted from the nlethylene protons, and 
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the methylene protolls are cllemically shifted fro111 other protolls to which they are 
coupled. When the ethyl group is attached to a saturated carbon atolli not bearing a 
strongly electronegative or strongly electropositive substituent, neither of these condi- 
tions will generally be fulfilled. Thus valeric acid (3) gives rise to a methyl band which is 
wide and fairly shapeless. In fact, it is not too easy to differentiate this type of ethyl 
group from the "abnormal" CI-ICH3 group discussed previously. n-Butyraldehyde (3), 
where the second condition above is fairly well fulfilled, gives a recognizable, i f  poor, 
triplet. Diethyl ketolle fulfills both the conditions and indeed gives (3) a good triplet for 
the methyl group. I t  should be noted that in ~nolecules containing an asymmetric carbon 
atom, the two nlethylene protons of an ethyl group are not identical and nlay have slightly 
different coupling constants to the methyl group. The ethyl group of some small molecules 
have been allalyzed as A3B2 or 1d3B2X systems (30, 31), and during the course of the 
present work Cavanaugh and Dailey have investigated the spectra of propyl derivatives 
(32). 

In this paper, the only magnetically active nuclei present have been assumed to be 
protons. I-Iowever, the argunlents presented can be extended readily to cases where 
fluorine, phosphorus, etc. occur in an organic compound. 

EXPERIMENTAL 

The spectra were talien a t  a frequency of 60 i\iIc/sec on a Varian V-4302 high-resolution 
spectrometer. The conzpounds were dissolved in carbon tetrachloride (except where 
otherwise stated) containing about 1% tetramethylsilane to ~nake  10-15yo solutions. 
Chemical shifts are reported on Tiers' T scale (33) (i.e. in p.p.m. increasing to high field, 
with tetrarllethylsilane given the value of 10.00). Calibration of the spectra was carried 
out by the side-band technique. The frequency of the audio-oscillator was monitored on a 
Hewlett-Packard frequency counter, model 521C. In all cases a number of spectra were 
taken with increasing as  well as  with decreasing magnetic fields. The tetramethylsilane 
peak was always observed as a single, very sharp band. Coupling constants are estimated 
to be accurate to 0.15 c.p.s. 

Preparation of 2,2,G,G- Tetradeuteriomethylcyclohexane 
Cyclohexallolie (10 g),  deuterium oxide (15 ml, 99.7y0), and anhydrous potassium 

carbonate (0.5 g) were refluxed for 2 hours. The cyclol~exanone, recovered by ether 
extraction, was submitted to two more such treatments. The 2,2,6,6-tetradeuteriocyclo- 
hexanone was finally distilled through a snlall column, b.p. 93-96' (142 mm) (4 g),  and 
was free of isomers co11tai1li11g protons a to the carbony1 group, as  shown by the N.M.R. 
spectrunl. Treatment of the deuterated cyclohexanone with triphenylphosphinernethylene 
according to the procedure described in Organic Syntl~eses (34) gave crude methylene- 
cyclohexane, ca. 2 g, b.p. 80-100". The only impurity was found to be benzene, both by 
gas chromatography and by the N.M.R. spectrum. The N.M.R. spectrum (bands a t  
5.52 T and 8.48 T only) also showed that the n~ethylel~ecyclohexa~~e was fully deuterated 
a t  positions 2 and 6. The above fraction was hydrogenated a t  room temperature and 
pressure in the presence of platinum oxide catalyst (10 mg). The product was shaliell 
with concentrated sulphuric acid a t  60' until gas chromatography showed that  all the 
benzene was removed. The product gave a single peak with the same retention time as 
methylcyclohexane on gas chromatography using a silicone oil colulnn a t  110'. The Inass 
spectrum (kindly talien by Dr. F. Lossing of the National Research Council, Ottawa) 
showed the presence of 65y0 tetradeuterated, 11% undeuterated, 10% pentadeuterated, 
9% trideuterated, 3y0 monodeuterated, and 2% dideuterated methylcyclohexane. The 
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presence of unexpectedly large amounts of the undeuterated isomer can be explained most 
simply if some isomerization (35, 36) to 1-i~~ethylcyclohexer~e took place. This compound 
could then undergo an exchange of its allylic deuterium atoms prior to  hydrogenation. 
Indeed, gas chromatography of the hydrogenation mixture contained a sinall peak, not 
present in the initial product, with a retention time consistent with that expected for 
1-n~ethylcyclohexene. This product disappeared, as expected, on treatment with sulphuric 
acid. Although the final product was only 65% isotopically pure, this should not affect 
the K.M.R. spectrum too much. 

2,2,6,6- Tetrade~~terio-S-met7?.ylcyclo1zexanone 
3-i\iIethylc~~clohexai~one was deuterated as described above for cyclohexanone. 

3,s-DinLtrobenzoate of Erytlzro-3-bromo-2-bz~tanol 
The compound had 111.p. 85" (lit. (37) m.p. 85"). In the N.3I.R. spectrum (Fig. 2) 

the bands centered a t  4.68 T and 5.60 T can be assigned to the protons on C2 and C3 
respectively, ancl the doublets a t  8.44 T and 8.19 T can be assigned to the 4- and 1-methyl 
groups respectively. The coupling constants are Jlz = 6.4, J34 = 6.9, and J23 = 4.2 c.p.s. 
The assignments are consistent with the chemical-shift effects of bromine and oxygen 
atoms (38). 
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