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Isomeric Mixture Analysis of Some Ring-opening Reactions of
Styrene Oxide
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Mixtures of ring-opened and other products of reactions of acetic or benzoic acids, or
ethanol, or phenol with styrene oxide under various conditions can be qualitatively and quanti-
tatively analyzed without isolation of the components by the use of n.m.r. This method, in
the case of the ester products, avoids confusing the initial ring-opening result with the results
observed after subsequent acyl migrations which readily occur in this type of system.

M. B. HockING. Can. J. Chem. 52, 2730 (1974).

Le mélange des produits ouverts et des autres produits de réaction de I’acide acétique ou de
I’acide benzoique ou de I’éthanol ou des phénols avec I'oxyde de styréne sous diverses con-
ditions expérimentales peut étre analysé quantitativement et qualitativement sans isoler les
produits grace a la r.m.n. Cette méthode dans le cas des esters évite de confondre le résultat de
I’ouverture initiale du cycle avec les résultats obtenus apreés la migration subséquente du groupe

acyle qui se produit facilement dans ce type de systéme.

Introduction

Synthetic (I, 2) and kinetic (3) studies of the
ring-opening reactions of styrene oxide have
gone a long way towards elucidation of the
mechanism. The difficulty in studies of this
type has been the qualitative and quantitative
analysis of the often complex product mixtures
obtained (4, 5). Isomer mixtures are frequently
obtained on the opening of unsymmetrical
epoxides (e.g. 1, 6) and the first-formed isomer
mixture with carboxylic acids may undergo
ready acyl migration with heat or even mildly
acidic or alkaline conditions, as seen with
glyceryl part esters (7). Concomitant epoxide
rearrangements in the presence of acid or base
give by-products which complicate ring-opened
product recovery and analysis (8, 9), and low
polymer oils from condensation of two or three
units of original epoxide (5, 10) also contribute to
the difficulties. Complicating factors such as
these confused much of the early work with
epoxide ring-opening reactions (4, 5).

We have examined the use of n.m.r. as a tool
for qualitative and quantitative use in a study of
some ring-opening reactions of styrene oxide.
This method appeared to offer simplicity and
speed of analysis, and also to make possible the
determination of initial product ratios in the
presence of extraneous material and prior to

1Revision received May 2, 1974.

[Traduit par le journal]

possible subsequent rearrangements. Not only
would success with this procedure - permit
analysis in appropriate systems without isolation
of the components but it would avoid errors of
interpretation caused by chemical changes
introduced by the work-up or derivitization
techniques themselves.

Experimental

"~ Styrene oxide was purchased from Aldrich Chemical
Company and vacuum redistilled (fraction boiling at
74.5-75°/11 mm) immediately prior to use. Preparative
details are given in Table 1, with footnoted elemental
analyses by A. B. 5ygli and Associates, Toronto, for new
compounds. Nuclear magnetic resonance spectra were
obtained on 109, solutions in deuteriochloroform at
room temperature on Varian A-60 and HA-60 instru-
ments. Shifts are reported as centers of the respective
multiplets from internal tetramethylsilane (Table 2).
Isomer mixtures were identified by n.m.r. and quantified
by calculation using integrals of the same groupings of
each isomer.

Results and Discussion

Styrene oxide was chosen as a sample substrate
for this study because it was an unsymmetrical
epoxide expected to give ring-opened products
with relatively simple n.m.r. resonance patterns
for the aliphatic protons. And styrene oxide is
no different from other epoxides in the ap-
pearance of conflicting reports on its behavior
during ring-opening reactions. With acetic acid,
for instance, Hickinbottom and Hogg (10) claim
that attack is predominantly at the primary
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TABLE 2. Nuclear magnetic resonance chemical shifts and calculated shift differences for some 1-phenyl-1,2-ethanediol
derivatives*

Proton shifts p.p.m. (8)

adiester_smonoester aderiva(ive_adiol

Compound Methine Methylene
1-Phenyl-1,2-ethanediol 4.67 3.56
Acetates
diacetate 5.97 4.25
sec. mono, 3a 5.92 3.88
prim. mono, 4a 4.87 4.18
Benzoates
dibenzoate 6.41 4.70
sec. mono, 3b 5.97 3.68
prim. mono, 4b 4.97 4.33
Monoethyl ethers:
sec., 6a 4.39 3.69
prim., 7a 4.77 3.40
sec. ether, prim. benzoate 4.67 4.45
Monophenyl ethers:
sec., 6b 5.13 3.78
sec. ether, prim. benzoate 5.56 4.65
2-Phenyl-2-iodoethanol 5.13 3.91
Styrene oxide 3.74 2.83

*Integration of relative peak areas in all cases agreed with the assignm:

carbon to give 2-acetoxy-l-phenylethanol 4a,
whereas others (1, 6) claim that the secondary
carbon is preferentially attacked giving largely
2-acetoxy-2-phenylethanol 3a. The present study
finds support for the latter claim and provides
a method which may prove helpful in other
systems.

Ph—CH—CH,OCOCH,
OCOCH,

Ph——Cl H—CH,OH
OH

1 2

Nuclear magnetic resonance chemical shifts
were determined for the methine and the
methylene protons of, for example, styrene
glycol, 1, and styrene glycol diacetate, 2.
Subtracting the shifts of the methine protons of
the diol 1 from the diester 2, and subtracting
the methylene protons in the same way, we
obtained shift differences of 1.30 and 0.69,
respectively (Table 2).

For a styrene glycol monoacetate of unknown
ester orientation, relative integrals establish
whether a multiplet is arising from the methine
or the methylene group. Noting the respective
shifts and carrying out the same type of opera-
tion as outlined above but now between the
monoester 3¢ and the diester 2, we obtain shift

Methine Methylene Methine Methylene
— — 1.30 0.69
0.05 0.37 1.25 0.32
1.10 0.07 20 0.62
— — 1.74 1.14
0.44 1.02 1.30 0.12
1.44 .37 0.30 0.78
— — —0.28 0.13
— — 0.10 0.16
1.74 0.25 — —
-— — —0.46 —-0.22
0.85 0.05 — —
— — —0.46 —0.35
entisigi*ven. - )
Ph—CH—CH, 4 RCO,H —

Ph—CH—CH,0OH + Ph—CH—CH,0COR
|

- OCOR OH

3
a R= CH,

b R = Ph

differences for 3a of 0.05 and 0.37 for the
methine and the methylene groups, respectively.
This result immediately suggests that ester
attachment is on methine. To confirm this,
repeating the procedure, but now between
monoester 3a¢ and diol 1 we obtained shift
differences of 1.25 for the methine proton and
0.32 for the methylene protons, indicating that
hydroxyl in 3a is on methylene. The evidence
that both operations on 3a agreed and that
duplicating the result on 4a gave the opposite
ester orientation, strongly supported the use
of the method for this purpose. With benzoate
esters the method was found to be equally
suitable.

With monoethers, where the deshielding effect
of an aryl or alkyl group was much less different
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from hydrogen than the deshielding effect of an
acyl group, the distinction was far less marked
than with the monoesters. But the method still
gave the correct result, demonstrated by esterific-
ation of the free hydroxyl and repeating the
calculations based on ester differences. Since
the ethers obtained by epoxide opening are
much less prone to disproportion, even if ester
preparation is necessary to distinguish ether
orientation in particular case, it does not
seriously detract from the usefulness of the
method.

The method may be used to simultaneously
determine each component (mol%) of mixtures
of acetic acid, styrene oxide, and the two
monoesters because the respective multiplets are
well separated. And in ester systems at least,
the side reactions of styrene oxide leading to
phenylacetaldehyde or polymeric products 5
can again be separated from the desired results

+0—CHPh—CH,3},0—
5

because the deshielding effects of aldehyde and
ether functions differ sufficiently from the
compounds of interest.

Reacting - styrene oxide with acetic acid at
room temperature gave mixtures of the two
monoacetates 3a and 4a (Table 1), in accordance

with that found earlier by Berti et al. (1) and -

Cohen et al. (6), and not 2-acetoxy-1-phenyl-
ethanol (10). At about +3° only 2-acetoxy-
2-phenylethanol 1a was obtained, the first time
this has been demonstrated and vindicating
suggestions by others (1, 6).

Reacting 1-phenyl-1,2-ethanediol with acetyl
chloride yielded 2-acetoxy-1-phenylethanol con-
taminated with only about 5%, of the other
isomer (Table 1). Distillation only decreased the
proportion of 2-acetoxy-1-phenylethanol present
to 709, and further heating established that the
equilibrium lay at near a 50:50 mixture.

At elevated temperatures, benzoic acid plus
styrene oxide gave a mixture (about 709
primary, 2b) of monobenzoate esters, not
significantly changed by reaction at room
temperature (¢f. 1). Pure 2-benzoyloxy-1-phenyl-
ethanol was obtained directly via I-phenyl-1,
2-ethanediol and benzoyl chloride (Table 2) but
attempts to obtain 2-benzoyloxy-2-phenyl-
ethanol in pure form through silver benzoate
plus 2-phenyl-2-iodoethanol or by fractional

CAN. J. CHEM. VOL. 52, 1974

crystallization of the potassium xanthate salts of
the mixed monoesters were unsuccessful.

The monoether 2-ethoxy-2-phenylethanol 6a,
was isolated pure as a co-product. This finding
supports the two earlier reports by Chapman
et al. (3) and Winstein and Ingraham (15)
claiming purely secondary ether formation on
strong acid catalyzed ring opening of styrene
oxide with methanol and does not correspond
with Reeve and Christoffel’s (16) finding that
mixtures resulted. In the absence of benzoic
acid 607, 2-ethoxy-2-phenylethanol 6a was
formed.

Ph—CH—CH,; + ROH —

o
Ph—C|H—CH20H + Ph—CH—CH,OR
\

OH
6 7

OR

a R= CH3CH2
b R= Ph

With phenol in boiling benzene 1009, attack
at the secondary carbon of styrene oxide was
obtained, near the 909 65 that was found by
Guss (17) for this reaction. The initial product,
2-phenoxy-2-phenylethanol 65, was not prone to
rearrangement. )

The halogen acid ring-opened styrene oxide,
which had been previously characterized (11)
as 2-phenyl-2-iodoethanol, was also found to
fit the assignment scheme quite well.

The author thanks the National Research Council of
Canada for partial financial support.

1. G. Berti, F. Borrarl, and B. MAcCcHIA. Ann.
Chim. (Rome), 52, 1101 (1962).

2. G. Bermi, F. Borrtari, P. L. FErrARINI, and B.
MaccHIA. J. Org. Chem. 30, 4091 (1965).

3. N. B. CHAPMAN, J. BIGGS, A. FINCH, and V. WRAY.
J. Chem. Soc. B, 55, (1971).

4. R. E. ParkER and N. S. Isaacs. Chem. Rev. 59, 737
(1959).

5. A. Rosowsky. In The Chemistry of heterocyclic
compounds. Vol. 19, Part 1. Edited by A. Weissberger.
Interscience, New York. 1964. pp. 273 and 366.

6. T. CoHEN, M. DuGH]I, V. A. NOTARO, and G. PINKUS.
J. Org. Chem. 27, 814 (1962).

7. O. E. VaN LoHuizeN and P. E. VERKADE. Rec. Trav.
Chim. 79, 133 (1960).

8. J. G. BucHANAN and H. Z. SaBLE. In Selective
organic transformations. Vol. 2. Edited by B. S.
Thyagaran. Wiley-Interscience, New York. 1972.
p. 52.



HOCKING: RING-OPENING REACTIONS 2735

9. D. N. Kirk. Chem. Ind. (London), No. 3, 109 Nauk SSSR, 145, 1061 (1962); Chem. Abstr. 58,
(1973). 1376h (1963).

10. W. J. HickinBotTOoM and D. R. HoGG. J. Chem. Soc. 14. M. J. KunitscHEck and W. A. Bonner. J. Org.
4200 (1954). Chem. 26, 2194 (1961).

11. C. Gorumsic and D. L. CorTtLE. J. Am. Chem. 15. S. WINsTEIN and L. L. INGRaHAM. J. Am. Chem. Soc.
Soc. 61, 996 (1939). 77, 1738 (1955).

12. P. YatEes, D. G. FArRNUM, and D. H. Stourt. J. Am. 16. W. Reeve and 1. CHrisTOFFEL. J. Am. Chem. Soc.
Chem. Soc. 80, 196 (1958). 72, 1480 (1950).

13. S. V. ZavgoropnI and I. A. Nasyr. Dokl. Akad. 17. C. O. Guss. J. Am. Chem. Soc. 71, 3460 (1949).






