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Grignard reagents and dialkylmagnesium compounds react differently with many epoxides.
There is evidence which indicates that Grignard reagents usually promote more rearrangement than
their less Lewis acidic dialkylmagnesium counterparts. For example, styrene oxide yields
1-phenyl-2-propanol and l-phenyl-2-butanol when allowed to react with Grignard reagents from
methyl bromide and ethyl bromide, respectively (1), whereas its reaction with diisopropyl-
magnesium produces mainly 3-methyl-2-phenyl-l-butanol (2). The first two reactions proceed
via addition to an intermediate aldehyde complex resulting from a hydride shift, but the
last reaction involves an apparent nucleophilic substitution of the alkyl group at the
benzylic position.
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The benzylic attack pathway, which characterizes the principal result with most dialkyl-
magnesium reagents, poses a mechanistic question. One can envisage as reasonable mechanisms
either an intramolecular transfer of an alkyl group in an epoxide complex, as represented in

V, or an intermolecular transfer, as shown in VI. These alternatives are similar to those
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visualized by Ashby and Prather for the reaction of styrene oxide with electrophilic hydride
transfer reagents (3).

Using optically active styrene oxide as the substrate, and dialkylmagnesium reagents pre-
pared by treatment of ethereal Grignard reagents with dioxane, we have determined that the intro-

duction of an ethyl or isopropyl group occurs with about 80% inversion and 20% retention of
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configuration at the benzylic carbon, i.e., about a 692 excess of inverted product over racemic
product is produced. Therefore mechanistic alternative VI is more reasonable than V as a
description of the primary mode of reaction since the latter should be characterized by net
retention of configuration or racemization depending upon the extent to which epoxide opening
and alkyl group substitution are concerted events.

The experiments upon which our conclusions are based are summarized in Table I. The
following points should be noted: (a) In none of the reactions investigated was there any
product arising from direct SNZ attack at the primary carbon of the epoxide, i.e., no products
having the general structure PhCH(OH)CHzR. (b) Using a filtered, halide~free dialkylmagnesium
reagent containing no suspended magnesium halide-dioxanate the yield of benzylic substitution
product was greatly increased as compared to a reaction in the presence of dioxanate, e.g., a
95X versus a 50% yield of PhCH(Et)CHZOH (RzMg = EtzMg). In the presence of suspended dioxa-
nate a significant portion of the product resulted from addition of Et2Mg to the phenylacetal-
dehyde complex which results from a hydride shift. The percentage inversion at the benzylic
position was also higher when filtered reagents were used. When the more acidic magnesium
halide is not removed from the reaction by filtration of the dioxanate complex prior to
addition of styrene oxide, it apparently competes with the R2Mg for the basic oxygen of the
epoxide and promotes formation of a more open benzylic carbonium ion which rearranges to a
phenylacetaldehyde complex or goes to the benzylic substitution product with overall lower
stereoselectivity. (c) Di-t-butylmagnesium in the presence of suspended magnesium chloride-
dioxanate gave mainly (79%) 2~phenylethanol (IX) via reduction of (rather than addition to) the
phenylacetaldehyde complex, and almost none (3%) of the benzylic addition product (VIIL) was
produced. Filtered di-t-butylmagnesium, however, gave mainly (507%) addition at the benzylic
carbon, and reduction of the hydride shift intermediate was greatly reduced (16%). The
stereoselectivity of the di-t-butylmagnesium reaction was much lower than that observed for the
ethyl and isopropyl reagents; only a 5.5% excess of inverted over racemic product was produced.
The extensive racemization observed suggests to us that epoxide opening precedes the formation
of the bond between the benzylic carbon and t-butyl group to a degree that permits the almost
complete loss of configurational integrity by rotation about the C~1 to C-2 bond. However, in
this case as in the other reactions examined one cannot exclude the competitive operation of
mechanism V with retention and mechanism VI with inversion, the latter predominating, as a
rationale of the experimental observations.

In addition to clarifying the mechanism this work provides support for the contention
that the configuration of (+)-3-methyl-2-phenyl-1-butanol is 8. The (-)-enantiomer was
originally assigned an S configuration by Cervinka and Hub (4), but more recent work by Clark
and Mosher (5) and Cervinka and Hub (6) has reversed this and other configurational assign-
ments on the basis of what appear to be unequivocal chemical correlations. Our data are in
agreement with the revised configurational assignment for IV [S-(+)] in the following way. The
configuration of the product [(+)—PhCH(Et)CH20H] from reaction of the diethylmagnesium reagent
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TABLE 1
B N 1) B,Mg
‘C IlQmN — E.-nm.wnmnom + ;annmﬁowvw + wrnmnomnom
?\_T?TH 2) B0
VII VIII IX
Benzylic Rearrangement Rearrangement
Substitution with Addition with Reduction
R Product b4 4wowan. Nm.m.v. Configuration : Stereochemistry of VII Formation
Z Inversion Z Retention
Filtered Dialkylmagnesium Reagents:
Et VII 95%, 70% e.e., S-(+) 85 15

VIII 42, 1inactive

t-Bu VII 682, 5.5% e.e., S-(-) 53 47

Dialkylmagnesium Reagents Containing Suspended zmun~|u»oxmnmnm“
Et® vII 50%Z, 50% e.e., S-(+) C 75 25

VIII 30X, inactive

1-pr¢ vII 48, 632, e.e., S-(4) , 82 18
VIII 20Z, inactive

4-Bu viI 522, ol>+2.38(neat), ]2 +.25(cHCL,)?
VIII 232, 1{inactive
X 4%, achiral compound

mwu:m VII 3%, VII and VIII were not separated
VIII 18%, and no rotation data were taken.
X 79%, achiral compound

(a) Yields were determined by glpc analysis of undistilled reaction mixtures :bwoum,onrmnt»mm annotated. The difference
between the sum of the yields of the reported products and 100Z is due to the presence of unreacted starting material and
minor by-products, some of which were not identified, but none of which were wromaomvnmnw. (b) Ze.e. 1s the percent en-

antiomeric excess corrected for the Ze.e. of the R~(+)-styrene oxide used. The latter ranged from 84 to 89X for the reactions
reported here. (c) These yields are computed from glpc analysis following simple distillation of the ether soluble reaction
products. (See also footnote a). (d) The maximum rotation is not known. (e) Suspended Zmnwnyuuoamumnm in this case.
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with R-(+)-styrene is known (7) to be S; that of the di-t-butylmagnesium product
[(—)PhCE(E—Bn)CHZOH] is also S (5). It seems reasonable that Etzl(g, E—Buzug and iPrZMg should
give analogous stereochemical results (a net excess of inversion) with styrene oxide under the
game conditions. Therefore, the product from the reaction of the diisopropylmagnesium reagent
with R-(+)-styrene oxide ghould also be S.

Assuming that other RZMg reagents behave similarly, this general reaction offers an
alternative to asymmetric transformation and optical correlation methods (see Ref. 5 for a
summary) for determining the configuration of compounds of the type mcn(n)cazx where these can
be prepared from the chiral alcohol (X=0H) obtained from chiral styrene oxide and the appropriate
R2Hg reagent, or where an optically active compound (X#0H) obtained in another manner can be
converted to the alcohol. From a synthetic standpoint the commercial availability of both
enantiomers of optically active mandelic acid from which the chiral styrene oxide was prepared (8)
makes feasible the synthesis of both enantiomers of a 2-substituted-2-phenylethanol using this

reaction. Related work is continuing with other chiral epoxides and other organometallics.
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