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The NMR spectra of some epoxides 

by J. I. M U S H E R  

Lyman  Laboratory,  Harvard University 

(Received 11 April 1961) 

The high resolution NMR spectra of a series of eight epoxides has been 
studied. Five of these, with the epoxide group axially affixed to a saturated 
ring, show ABX spectra and the analysis provides accurate values for the NMR 
parameters of the three-spin system. These are then compared with the data 
in the literature. Three of the epoxides, with the epoxide group equatorial 
to the ring, show, however, AA'B or AA'K spectra and cannot be inter- 
preted explicitly without extensive fitting with machine calculations. 

Recently there has been considerable interest [1, 2, 3] in obtaining experi- 
mental  values for p ro ton-pro ton  coupling constants to serve as aids in the 
development  of a proper  theoretical t reatment  [2, 4, 5] of electron-coupled 
1 . I  interactions. With this in mind, Reilly and Swalen [6] have examined in 
detail four epoxides and Gutowsky et al. [2] have studied one of these, styrene 
oxide t .  We have studied a series of eight epoxides of the form : 

[B]H R 

C - - C  
/ \ / ' - ,  

[A]H o H[X] 

where R is a saturated cyclic alcohol containing no protons on the carbon bonded 
to the epoxy group. The  eight compounds were the four isomeric (2-methyl-  
1-hydroxy-cyclohexyl)-ethylene oxides ( I - IV)  and four of the eight possible 
1-hydroxy-decalyl-ethylene oxides (V-VI I I )  [7 11]~. 

The  high resolution 60 Mc/s N M R  spectra were taken in degassed CCI~, 
with the exception of VI which was taken in degassed CDCla, and referred to 
internal hexamethyldisiloxane. Frequency shifts were measured by audio 
sideband interpolation sweeping upfield and downfield on alternate calibrations. 
Four  calibrations were made for each spectrum. Th e  small quantities of the 
compounds  available caused some difficulties but  the standard deviations of the 
peak separations within a single multiplet were less than 0.15 c/s and between 
peaks in separate multiplets (affecting the screening parameters only) less than 
0-30 c/s. Spectra were also taken at 40 Mc/s, providing prope, 'ly corresponding 
data. 

t These authors have also examined propylene oxide but with an incomplete analysis 
due to the complexity of the spectrum and for this reason it will not be inc luded in our 
discussion here. However, they do show the A proton to be to low field from the B proton 
for an hydrocarbon R group contrary to our data presented below. 

;t The structural formulae and several spectra of the compounds are given in ref. [11] 
according to the same system of numbering ( I -u  as we employ here. 
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312 J . I .  Musher  

Since the epoxide s tructure is linked to a tertiary ring carbon and since we 
can neglect long-range couplings, the epoxy group protons  can be considered as 
a closed system of three interacting spins. By analogy with data f rom vinyl 
compounds  [12] we expect a spec t rum of the form ABX [13] with the pro tons  
assigned as above ; the X proton should lie to lowest field and the A proton to 
highest field. T h e  first expectation has been verified by the four epoxides of ref. 
[6] but  the second has only held for glycidonitrile and has been contradicted by 
the other three epoxides. We shall make our assignments based upon  the 
experimental  observation [6] that  Jc i s=J) .x  >Jtrans=flBX and upon the assump-  
tion that  the X proton (observed to be to low field) is the one on the :( carbon 
a tom f rom the analogy with vinyl compounds .  

In  five of these epoxidesJ- the spec t rum is of the expected ABX type with  
either 11 or 12 non-over lapping peaks in each spect rum spread over a m i n i m u m  
of 32 c/s. F rom the data and ABX calculations~ the N M R  parameters  as listed 
in the table are obtained. T h e  coupling constants are probably  valid to + 0.25 c/s 
and the chemical shifts to + 0.5 c/s. 

F r o m  these data and the two assumptions above we observe that  proton B 
does lie to low field f rom proton A in agreement  with the vinyl compounds  and 
contrary to three of the four epoxides previously studied. T h u s  an alkyl 
subst i tuent  can have the same effect on the chemical shift for epoxy protons  
as it has for vinyl protons. We fur ther  note that the screening parameter  for 
the X proton is changed the most  by the different substi tuents and that  the sum 
of the screening parameters  for the A and X protons is not relatively constant 
over the series, both  contrary to the conclusions of Reilly and Swalen. 

In  three of these epoxides instead of the 12-peak ABX spect rum we find a 
six- or seven-peak AA'B or A A ' K  spect rum with all the peaks contained within 
19 c/s. The  six-peak spectra of ( t rans-2-methyl - l -hydroxy-cyc lohexyl ) -e thy lene  
oxide, m.p.  75-75.5 ~ ( I I I ) ,  and ( l~-hydroxy-9f i -H)- t rans-decaly l -e thylene  
oxide, m.p.  116.5-117.5 ~ (VI)  are almost of A2B form (with B to low field) 
centred on 156.2 and 162.6 c/s respectively. (The  latter is taken in CDCI  3 
which should be corrected to ~ 155 c/s for comparison with data taken in CC14 
[14].) 

(Trans -2-methy l - l -hydroxy-cyc lohexy l ) -e thy lene  oxide, m.p. 40.5-41 ~ ( IV) ,  
has an A A ' K  spec t rum containing seven peaksJ- with the peak for the K proton 
lying to low field. An explicit analysis of this spec t rum is not feasible without  

t The sample of II  given us was found to contain a mixture of 55 per cent (probably of) 
I and 45 per cent II. (This mixture was originally considered to be a mixture of II  [1|].) 
We were unable to separate these but could, with difficulty, distinguish parts of the two sets 
of multiplets. Only the approximate values as indicated in the table could be determined. 
In this compound (or rather mixture of compounds) the hydroxyl peak is rather independent 
of concentration and only slightly dependent on temperature. It is rather broad and over- 
laps the epoxy proton peaks--it is (at room temperature) 0.4 p.p.m, to lower field than any 
of the other hydroxyl proton peaks. Probably there is rather strong intra-molecular bonding 
involved, perhaps between the hydroxyl proton and the epoxy oxygen. 

It will be observed from the work of Reilly and Swalen that the error introduced into 
JAx and JBx by using an ABX calculation instead of the exact ABC calculation is small unless 
aA-~ B or CrB~ x is very small. VII and VII I  have these values in the range of those for 
styrene oxide in which the agreement between the two calculations is within 0"1 c/s, and I 
and V should admit an error of < 0"2 c/s. The error in ,/~,x and JBx in IV (below) should 
be larger and certainly accounts for the apparent equality of these two coupling constants. 
In all cases the error introduced into JAB and the screening parameters should be < 0"05 c/s. 
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314 J . I .  Musher  

machine calculations because of the inability to observe the several peaks of low 
intensity. However,  it is possible, based on an ABX calculation to determine 
JAx, JBx,  u H 0 ( 1 - a x ) ,  �89 and a linear equation relating J_~B to 
a = r / H 0 ( a A - a ~ ) .  These  values are also given in the table except that the 
assignment of resonances to particular protons on the epoxide structure is chosen 
only to be consistent with the other assignments. It  is interesting to note that 
JAx  + J ~ x  (which is independent  of the error in either of the coupling constants 
considered separatelyt)  is 0-3 c/s greater than the same sum for any of the other 
molecules in the series. T h e  range of J , x + J B x  for the six molecules is 
6.3-6.9 c/s. 

The  original assignments of cis- and trans- configurations (for the non- 
hydroxyl  substituents) of I - I V  were verified by chemical conversion to the 
known cis- and t rans- l ,2-dimethylcyclohexanols .  By conformational analysis 
I and II  are expected to have their epoxy groups axial and I I I  and IV are 
expected to have their epoxy groups equatorial. F rom our evidence, therefore, 
when the epoxy group is equatorial to the ring the :c proton is > 0.25 p.p.m, to 
high field f rom its position when the epoxy group is axial~ thus overlapping 
the peaks from the/3 protons and causing an ABX spectrum to collapse into an 
AA'B or AA 'K  spectrum. The  pair of /3  protons also coalesce and contr ibute 
in a major way to the reduction in the number  of peaks of the spectra. T h e  
explicit expression of this shift has not been determined, but  it is the cause 
of the AB part  of the ABX spectrum's  going into the AA' part of the A A ' K  
spectrum. F rom the instances examined here this effect is very definite and 
specific and can serve as a method for identifying conformations of expoxy 
groups. On the basis of this, with Dr. Akhrem [11] we have reversed the 
configurational assignments of V - V I I I  which were previously identified only 
by  qualitative chemical information. Th e  corrected assignments have been 
used here. 

The  author is grateful to Dr. A. A. Akhrem who provided the samples and 
Dr. A. A. Bothner-By for the use of his 60 Mc/s apparatus. This  work was 
suppor ted  in part by a fellowship, CF-9935, from the National Cancer Institute,  
Public Health Service and by the joint  programme of the Office of Naval Research 
and  the U.S. Atomic Energy Commission. 

Note added in pro@--It is unfortunate that we have used here the nomen-  
clature AA'K,  etc. as consistent with ref. [6] for which A' signifies a nucleus with 
chemical shift slightly different f rom that of A. In more recent work, the author 
and others have found it more meaningful to use a prime to indicate a nucleus 
which has the same chemical shift as the unpr imed nucleus but  which is not 
magnetically equivalent to it: e.g. 1, 1-difluoroethylene and butadiene-1, 3 are 

J-The peaks relative to internal hexamethyldisiloxane were at: I45"05, 145'9, 148"5, 
149-35, 157"5, 160.87, 164.87 c/s with appropriate intensities, and are assigned to transitions 
3(A), 5(B), 4(A), 6(B), 9(X), 10-11(X), 12(X) respectively according to ref. [13]. The 
equation relating JAB and a is: I'7JAB+0.7=82 with 8 >0. For example: JAB=5"7 c/s 
means that 8 = 3'2 c/s. 

~7 This is analogous to the observation [14] that in 1, cis-3, trans-5-trimethylcyclohexane 
the protons on the axial methyl group are 0-14 p.p.m, deshielded from the protons on the 
equatorial methyl groups. With the epoxides, of course, the c~-proton does not have the 
same time-average positions as the proton in the methyl groups. 
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The N M R  spectra of some epoxides 315 

called AA'XX'  and AA'BB'XX'  systems respectively and not A~B~ and A~B2X 2. 
This  is to alleviate confusion between 'chemical  equivalence'  and 'magnet ic  
equivalence '. 
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