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Stereospecific oxygen rearrangement in the reduction
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The reduction of methyl (S)-(+)-mandelate, 1, produces the expected 2-phenylethanol, 3, and the unexpected opti-
cally pure 1-phenylethanol, 6, by a stereospecific oxygen atom metathesis; which occurs through a styrene oxide
intermediate, whose concentration varies with solvent polarity.

Our continuing studies on stereoselective enzymatic reacreduction of 55% ee methyl (R)-(-)- O-mesyl-mandelate,
tionst required the synthesis of the enantiomerically pure(derived from mesylation of 55% ee methyl (R)-(-)-mande-
substrate (R)-2-phenylethanol-1,1,2(@hC*HDCD,0H), 3. late) with LiAIH4, showed, apart from the signal that corre-
Our simple, two step synthetic pathway shown below, (equasponds to the major 2-phenylethanol product, two additional
tion(1)), followed a slightly modified literature proceddre. signals in the ratio 75:25, that correspond to the two enan-
However, after distillation (958C, 2 torr) of the reaction prod- tiomers of the 1-phenylethanol minor product. Assignment of
uct3, the value of the measured optical rotation not only devi-the major signal (75%) to the (R)-(+) enantiomer and the
ated substantially from that reportdd the literature %%,  minor (25%) to the (S)-(-) enantiomer of 1-phenylethanol was
+1.44), but also had a negative sign. easily accomplished by chiral capillary GC and comparison of
~Surprised by this unexpected finding we studied the reactheir retention times with those of the racemic mixture of 1-
tion further and we would like to propose the structure of anphenylethanol and that of authentic (S)-(-)-1-phenylethanol
optically active minor product, as well as a mechanism thafg294 ee, Sigma Co.), as shown in Fig. 1.

clarifies these unexpected results.
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A careful GC analysis of the direct reduction of mesylate (S)-
(+)-2 with LiAID , (equation (1)) showed that the desired
product (R)-(+)-2-phenylethanol-1,1,2;d3, was accompa-
nied by another product of shorter retention time. This minor
product was formed in 4-10% yield, depending on the reac-
tion conditions. The optical rotation of the reaction mixture
varied from fr] , —1.6° to [o] , +1.19, depending on the purity

of the sample. It appeared therefore that the product obtained
by the above synthesis was contaminated by a small amount

17.329
17.334

of strongly rotating material. By preparative GC we isolated J L 1/5\ J [
the side product in pure form. This minor product was opti- — . . ]
cally active, having a sign of rotation that was opposite of that * = 1o 1o

of the major product (R)-(+3: 'H-NMR, MS and GC analy-

sis showed that the minor product was 1-phenylethanol-2,2,2Eig. 1 Chiral capillary column GC analysis of A: racemic 1-
4, & Comparion o autenc e repred by RS 8 ool e 3 S
Grignard coupling of benzaldehyde an.dml’ qonflrmed (R)-(+)- and (S)-(-)-1-phenylett:|anol from 55% ee methyl (R)-(-)-
the structure of the compound. The optical rotation of the purg,andelate.

1-phenylethanol-2,2,25d6 [purified with a 20% Carbowax

20M (10 x 3/8") preparative column] was found to g7, ) . -
= _43.96 (c 26 g/100 ml, CDC), a value that is similar to These results further confirm the high stereoselectivity of

that reportedl for the non-deuterated analogue (S)-(-)-1- the rearrangement of the oxygen during the reductiog of
phenylethanol, §]25, = -44.1° (I 0.1 dm, neat). This result with LiAIH ,, since the enantiomeric ratio of the reduction
indicates that reduction of (S)-(#)through its mesylate Products (S)-(-)- and (R)-(+)-1-phenylethangl-thatches
derivative (S)_(+)2 affords' apart of the major (R)_(-B)prod_ Closely (50% ee) that of the initial enantiomeric pUrlty (55%
uct, the (S)-(-)-1-phenylethanol-¢l6, stereospecifically. In a ee) of the startlng.methyl mandelate. We want to emphasize
control experiment, a chiral capillary GC analysis of thethat the reduction of (R)-(-- affords (R)-(+)-1-
phenylethanol-gl whereas that of the (S)-(#)-enantiomer

* To receive any correspondence. E-maiI:smonou@chemistry.uch.gry":"IdS (S)-(-)—l-phenylethanoldd'herefore, the optical purity

' This is a Short Paper, there is therefore no corresponding material iif the starting material shows up in the enantiomeric ratio of
J Chem. Research (M). the reduction products. It is interesting to note that, when a
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limited amount of the reducing agent LiAJk$ used, variable This experiment shows that intermedi@eindergoes, as
amounts of styrene oxide-depending on the solvent-ar@xpected, the same reaction as the structurally similar inter-
detected by GC analysis. For example, in THF or diethylmediate4 (Scheme 1), and leads to the exclusive formation of
ether, 3-4% of styrene oxide was detected, whereas istyrene oxided. In this case, however, the intermediate does
diglyme, the amount of styrene oxide increased up to 11%. Aot react further with the lithium hydride to produce 2-

mechanism consistent with these results is shown below. ~ phenylethanol, because LiH is a weaker nucleophile than
LiAIH 4, and chlorine is a poorer leaving group than mesylate.

o H In conclusion, we have shown that reduction of optically
SN2 X active methyl (S)-(+)-mandelate produces apart of the major
—I’ Ph™ “CDOH product 2-phenylethanol, the (S)-(-) enantiomer of 1-
phenylethanol, stereospecifically. However, the opposite enan-
(R)-(+)-3 - :

H OMs major (90-96%) tiomer methy! (R)-(-)-mandelate produces also excluswely the
H OMs &1 — (R)-(+) enantiomer of 1-phenylethanol, as the minor product.
Ph 0o L|AID$ Ph _/CDzL‘ This interesting stereospecific oxygen rearrangement proceeds
*Lio via the intermediacy of styrene oxide which subsequently leads
to the minor product 1-phenylethanol, and is responsible for

the ironic optical measurements of the major product (R)-2-
1 phenylethanol-1,1,2;dPhC*HDCD,0OH). These findings are
CD2 useful for this and other structurally related reactions.
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Experimental

Instrumentation and Materials: Nuclear magnetic resonance (NMR)
spectra were recorded on a Bruker MSL 300 MHz spectrometer and
o} all data are reported in parts per millid) ownfield from (MgSi).

HGQ, :H "OHMH -H GC analyses were carried out on a Hewlett Packard 5890 series Il Gas
)\ 4—-£ Ph D Chromatograph equipped with a chiral column (20% permethylated

Ph CD3 2 B-cyclodextrin, 30mx 0.25mm ID), and the preparative work on a

D Varian aerograph series 2700 equipped with a 20% Carbowax 20M
(S)-(-)-6 (S)-(-)-5 (10 x 3/8") column. Mass spectra were recorded on a Hewlett

minor (4-10%) Packard GC-MS (5971A MS detector). Rotations were recorded as

neat liquids or as solutions by using 3.30 and 3.5< 50mm cells

with fixed end plates on a Jasco DIP-360 digital polarimeter. All reac-

tions were performed under a dry nitrogen atmosphere in flame-dried

. . . glassware. THF and diethyl ether were freshly distilled from

Two eqUIvaIents of Dfrom L|A|D4 are requlrEd to reduce the sodium/benzophenone under a dry nitrogen atmosphere.

ester group and to form the polar intermedibges the lithium Methyl (S)-(+)-mandelateThe standard method for esterification

salt. To this intermediate , anBnucleophilic attack of deu- was followed. To a 150 ml flask , fitted with a drying tube and mag-

; . - hetic stirrer , were added 15 ml of methanol , 25 g (164 mmol) of (S)-
teride D on the C-2 carbon that bears the mesylate leavin +)-mandelic acid, 98% eex]?, ~153°, (Aldrich Co.) and catalytic

group affords the major product (R)-(3)with inversion of  36nts of para-toluenesulfonic acid. The solution was stirred over a
configuration (route I). However, this pathway competes withperiod of 10 hours and then poured into a saturated solution of
the intramolecular @ attack of the negatively charged oxygen sodium dicarbonate. The product was extracted several times with

- - - : _~ solvent was removed by rotary evaporation to leave 22 g (80%) of the
the formation of intermediate (route Il). This pathway pro desired ester (m.p. 53-55 “Cy]f, 172.4° (CHOH, ¢ 7.0), 97.5%

ceeds stereospecifically and produces enantiomerically purges i NMR (CDCL) 3.7 (s, 3H), 5.20 (s, 1H) , 7.42 (s, 5H).
styrene oxide of the (S) configuration as a stable intermediate. Methyl (S)-(+)-O-mesyl-mandelat@he title compound was pre-
Subsequent opening of the styrene oXine deuteride pro-  pared according to the general procedure reported by Crossland and
duces the minor product (S)-@)with overall inversion of Sse)r‘(’f)?;]% nlgglarpe' i?gézgmﬁ;%an(ﬁjgn%?)nggtr%fhzy Qrmﬂ'e) grfu;nféhi’ég
configuration. _Because .Of th? change of substituent priority aE144 mmol ) of méthanesulfonyl chloride. The product \}vas obtained
the stereogenic centre in going from reactrto products, in 96% vyield (31 g) and recrystallized from a 1:1 dichloromethane/
the sign of configuration (S), remains the same. Because of thgentane solvent mixture, m.p. 115-117°@] +133.6° (c 6.0,
small specific rotation of 2-phenylethanol-1,12{a]?5,  CDCI3). 'H NMR (CDCL) 53.11 (s, 3H), 3.83 (s, 3H), 6.06 (s, 1H),

. _ 7.59 (s, 5H).
+1.44 for the non-deuterated analogue), product (Rp(+) (R)-(+)-1,1,2-trideuterio-2-phenylethancolio 200 ml of dry THF,

and Zth large specific rotation of the 1-phenylethan0|—_2_,g,2-dWelre added 4.19 g (100 mmol ) of LiAJpAIdrich 99% D) and 26 g
{[a]>= —43.98 (c 26, CDCB}, (S)-(-)-6, small quantities (106 mmol) of methyl (S)-(+)-O-mesyiate of mandelate. The product
of enantiomerically pure 1-phenylethanol dramatically affectwas isolated in 80% (10.2 g) yield after distillation at 95 °C at 2 torr.
not only the value but also the sign®fTherefore, the sign  GC analysis on 20% Carbowax 20 M (®/8") column showed that

; ; ; this product was a 9:1 mixture of 1,1,2-trideuterio-2-phenylethanol
and the magnitude of the measured optical rotatiors, of and 2,2,2-trideuterio-1-phenylethanol. The two optically active alco-

depend on the amount of the strongly rotating side prdluct ps ywere isolated by using the same column. The aicohol with the
To further secure the above proposed mechanism, 2-chloro-Zhorter retention time that had arj %_43_95’ (c 26, CDG) was the
phenylethanol7, was treated with an equimolar amount of (S)-(-)-2,2,2-trideuterio-1-phenylethanol [lit]p —44.1° (I 0.1dm,
lithium hydride in ether. After solvent reflux for several hours, neat) for the corresponding protio alcoRolThe second product,

; 1,1,2-trideuterio-2-phenylethanol (major isomer), hadodp $£0.42°
styrene oxide was formed as the only product. after the first isolation by preparative GC. After the second purification

through the same column, an]f +1.13° (I 0.5 dm, neat) was
obtained. The maximum rotation of (R)-(+)-1,1,2-trideuterio-2-
phenylethanol that has been repottési [a], +1.44°. For identifica-

njl LiH \__ 1 r 4 tion purposes 2,2,2-trideuterio-1-phenylethanol was prepared by the
i Grignard reaction of CIMgl and benzaldehyde. Both this alcohol and
8 9

Scheme 1

ERO P the minor product showed identical MS aHdl NMR spectra.lH
7 NMR (CDCL) 3 1.84 (s, broad, —OH), 4.92 (s, broad, 1H), 7.28-7.40
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(m, 5H). MS:m/z125 (M+1), 107, 79, 77H NMR of (R)-(+)-1,1,2-
trideuterio-2-phenylethanol (major product) (CDX@&2.30 (s, —OH),
2.75 (s, broad, 1H), 7.25(s, 5H).
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