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Supplementary Material Available: Experimental Section of this
paper (5 pages). Ordering information is given on any current mast-
head page.
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Communications

Alkoxy Enediolates

Summary: Multiple deprotonations of a-hydroxy esters by
lithium diisopropylamide lead directly to alkoxy enediolates,
which are useful as synthetic intermediates in electrophilic
substitution reactions with primary and secondary alkyl ha-
lides and sulfonates to form disubstituted a-hydroxy esters,
and with carbonyl compounds and ethylene oxide to form
substituted glyceric acids and a substituted a-hydroxy-
5-butyrolactone, respectively.

Sir: In this communication we describe procedures for the
preparation, characterization, and use of dianions derived
from a-hydroxy esters by reaction with lithium diisoprop-
ylamide (LDA) in THF. The alkoxy enediolates (1)2 prepared
in this fashion can be used in reactions with a variety of al-
kylation reagents to form more complex a-hydroxy esters.
Preliminary results indicate that carbonyl compounds and
epoxides also react as electrophiles with the alkoxy enedio-
lates. Oxidative decarboxylation of the product a-hydroxy
acids derived from these esters by hydrolysis leads to carbonyl
compounds and makes intermediates like 1 acyl anion
_O\ /OC2H5
VAN
R O~
1a,R = Ph

b,R =CH;

equivalents.3-¢ While geminal enediolates from carboxylic
acids’ and vicinal enediolates from a-hydroxy ketones® have
previously been prepared by deprotonation with LDA, alkoxy
enediolates have not been prepared before. Enediolates are
also postulated to be intermediates in the acyloin condensa-
tion.?

Alkoxy enediolates are synthetically useful in alkylation
reactions such as eq 1, leading to disubstituted a-hydroxy

OH

|
C:H,CHCO,R T /C=C\

LA, 78 O\ OR R,X HO\C/R‘
=
/ '\
CﬁHS O— C6H5

CO:R
M

esters. These reactions are characterized by high isolated
vields of products and can be utilized in a variety of systems
as is shown by representative data in Table 1. We find that
primary alkyl iodides, bromides, tosylates, and mesylates work
about equally well as alkylating agents in these reactions, but
a less reactive primary alkyl chloride is unsatisfactory. Ex-
tension of these reactions to secondary systems shows that
even cyclohexyl iodide, which is prone to elimination reac-
tions, reacts with enediolate 1a to give a 66% yield of ethyl
cyclohexylhydroxyphenylacetate. Preliminary work indicates
that these reactions are tolerant of some functional groups in
the alkylating agent. For example, we have successfully used
both allyl bromide and ethy! bromoacetate as reagents in re-
actions with 1a. Halides known to be unreactive in SN2 reac-
tions (e.g., tertiary and aryl halides) do not react with alkoxy
enediolates.

Although most of our initial work has concerned reactions
of enediolate 1a, we have also examined enediolates in which
the phenyl group of 1a has been replaced by either a methyl
or a hydrogen. While enediolates derived from ethyl lactate
(1b) can be successfully alkylated with primary alkyl bromides
and iodides, similar reactions with ethyl glycolate (1, R = H)
fail. In both of these cases, elimination of HX from the alkyl
halide to form alkene or possibly decomposition of the alkoxy
enediolate is a limitation of these reactions. Addition of
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Table I. Alkylation of Alkoxy Enediolates

Method used for
a-Hydroxy acid ester preparation Alkylation Isolated yield,
precursor of enediolate® reagent Product %5

Ethyl mandelate A n-C4HgBr CgH5C(OH)(n-C4Hg)CO2CoHj5 79 (92)¢

B CHsI CeHsC(OH)(CH3)COCoH;5 79 (96)°c

B C¢HsCH3Br CgHsC(OH){(CsHsCH3)CO2CoH; 85

A (CH3)oCHI CeHsC(OH)(CH(CHj3)2)CO2CoH5 574 (75)¢

B C-CGHHI C6H5C(OH)(C-CGHH)COQCQHs 66

B BrCHoCO2:C2Hs  CgH5C(OH)(CH2CO2CsH5)CO,CyH; 69

B CH,=CHCH:Br CgH;C{(OH)(CH:CH=CH2)CO.CsH5 82 (85)¢
Ethyl lactate B n-CioHg:il CH3C(OH)(n-C10H21)CO2CoHp (69)¢

B n-CioHz:Br (60)¢

B n-C4HgI CH3C(OH)(n-C4H9)C02C2H5 (53)C

B (CH3).CHI e 14
Ethyl glycolate AorB n-CioHail e 0ef

a Details of these methods are provided in the text. ® These yields are based on the starting ester and are spectroscopically pure
products obtained by either chromatography or distillation. ¢ Yield determined by gas chromatography. ¢ This distilled product also
contained 16% ethyl mandelate. ¢ No alkylated products were found by gas chromatography. / In these cases, the starting halide mainly

eliminated to form 1-decene.

HMPA as a cosolvent failed to circumvent this problem. The
secondary halide, 2-iodopropane, does not alkylate enediolate
1b.

We have employed two different experimental procedures
in the alkylation reactions. In the first (method A), the halide
is added to the a-hydroxy ester and LDA at ~78 °C, and the
reaction mixture is allowed to warm to room temperature. In
the second procedure (method B), the enediolate is first
generated by addition of the a-hydroxy ester to LDA in THF
at —78 °C followed by warming at 0 °C for 0.5 h. Recooling to
—78 °C and addition of an alkylation agent followed by
warming to room temperature results in high isolated yields
of alkylated mandelic acid esters, even when highly reactive
alkylating reagents such as methyl iodide, benzyl bromide,
allyl bromide, and ethyl bromoacetate are used. The latter
procedure is preferable for synthetic purposes.

In a representative reaction, a solution of 788 mg (4.38
mmol) of ethyl mandelate in 4 mL of THF was added to 14 mL
of a THF solution of 9.9 mmol of LDA (prepared from r-
butyllithium and diisopropylamine in THF) at —78 °C.10
After warming this solution to 0 °C and stirring for 90 min, the
orange solution of the alkoxy enediolate was cooled to =78 °C.
Addition of excess benzyl bromide (10 mmol) in 4 mL of THF
at ~78 °C gave a yellow solution which was stirred for 30 min
at ~78 °C and finally for several hours at room temperature.
The reaction mixture was then quenched with 10% aqueous
HCI! and diluted with ether. The ethereal phase was washed
successively with 10% aqueous HCI and saturated aqueous
sodium chloride, and dried (MgSO0,). Distillation of the sol-
vent in vacuo gave a residue which was purified by silica gel
chromatography (1:1 hexane/benzene (v/v) elution) to give
1.0 g (3.7 mmol, 85%) of ethyl 2-hydroxy-2,3-diphenylpro-
pionate, which was pure by both GC and NMR. Earlier
chromatographic fractions contained unreacted benzyl bro-
mide and stilbenes (from the reaction of benzyl bromide with
excess base).

The presence of alkoxy enediolate 1a has been confirmed
by deuteration experiments in which the alkoxy enediolate
prepared by method B from ethyl mandelate was quenched
with deuterium oxide. NMR analysis of the products of this
reaction showed only ethyl mandelate, which was >87% d;.
We have also briefly studied the stability of the enediolates
by simply protonating the reaction mixtures after varying
amounts of time and measuring the amount of starting a-
hydroxy ester recovered. These studies show that the enedi-
olate 1a decomposes in THF at room temperature with a
half-life of about 10 h. Other alkoxy enediolates like 1lb are

qualitatively less stable, but can be kept for periods of up to
1 h at room temperature without significant decomposition.
The products of these decomposition reactions are not
known.

The procedures described above provide a useful alternative
to existing routes to a-hydroxy-disubstituted carboxylic acid
esters. Although the basicity of alkoxy enediolates is a problem
in some cases, the use of readily available starting materials
in these carbon-carbon bond forming reactions is advanta-
geous. In other reactions such as cyanohydrin formation and
hydrolysis, oxidation of ester enolates,!! and Grignard addi-
tions to a-keto esters,!2 more synthetic steps are usually
necessary and the final synthetic yields are consequently
lower.

We have made a cursory study of reactions of alkoxy
enediolates with other electrophiles. Propionaldehyde and
ethylene oxide react with 1a to give ethyl 2-phenyl-2,3-dihy-
droxypentanoate!3 (5% of a mixture of diastereomers) and
a-phenyl-a-hydroxy-é-butyrolactone!® (60%), respectively.
Similarly, enediolate 1b and cyclohexanone give ethyl 2-
hydroxy-2-(1-hydroxycyclohexyl)propanoate!? (54%). In these
reactions we used experimental method B described above.
The fair to good vields obtained in these preliminary studies
using enolizable carbonyl compounds and an epoxide suggest
that alkoxy enediolates may have many synthetic applications,
and further studies are in progress.

Acknowledgment is made to the Robert A. Welch Foun-
dation and to Texas A&M Organized Research funds for the
support of this work. We would also like to acknowledge the
experimental assistance of Mr. Robert Burke in the early
stages of this work.
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Regioselective Synthesis of Vinyl Phenylselenides!

Summary: Reaction of monosubstituted alkenes with phen-
ylselenenyl bromide under either kinetically or thermody-
namically controlled conditions followed by dehydrohaloge-
nation of the resulting adducts provides a method for the re-
gioselective synthesis of either 2-phenylselenoalkenes or 1-
phenylselenoalkenes, respectively.

Sir: The utility and versatility of organoselenium compounds
has become apparent.? Recently we undertook the preparation
of both 2-phenylselenoalkenes 4 and 1-phenylselenoalkenes
5, since these compounds are potentially useful for a number
of synthetic transformations.> An obvious approach to the
synthesis of 4 and 5 involves dehydrohalogenation of the ap-
propriate 8-bromoalkyl phenylselenides 2 and 3, respectively.
We therefore initiated a study to determine the feasibility of
converting alkenes 1 to the desired vinyl phenylselenides 4 or
5 regioselectively via addition of PhSeBr and subsequent
dehydrohalogenation.

RCH==CH,
1
= SePh SePh
Ph R —
| ~ RCHCH,Br — RC=CH,
-
Se 2 4
+
RCH—CH,
B " RCHCH,SePh —» RCH==CHSePh
T
Br 5
3

The addition of PhSeBr to 1 probably involves the forma-
tion of a seleniranium ion, which may then be attacked by
bromide ion, either at the less hindered but less electropositive
primary carbon to give the anti-Markownikoff adduct 2, or
at the more electropositive but more hindered secondary
carbon to give the Markownikoff adduct 3.4 Preliminary re-
gioselectivity studies indicated that 1-hexene and PhSeBr
react under kinetically controlled conditions (CCly, —20 °C)
to give predominantly the anti-Markownikoff adduct 2b ["H
NMR (CCLy): 6 3.8-3.2 (m, 3 H)], which isomerizes® slowly in
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Table 1. Percentage of 4/5 Formed Under Kinetic and
Thermodynamic Conditions®

Thermody-
Kinetic namic
conditions® conditions®
Entry Alkene 4/5 4/5
a Propene 85:15 9:91
b 1-Hexene 90:10 8:92
c 1-Octene 90:10 9:91
d 1-Hexadecene 90:10 7:93
e  4-Methyl-1-pentene 90:10 8:92
f 3-Phenyl-1-propene 98:2 2:98
g 3-Methyl-1-butene 98:2 3:97
h  3,3-Dimethyl-1-butene 100:0 0:100
i 3,3-Dimethyl-1-heptene 100:0 0:100

a Percentages determined by VPC (see ref 8). ® PhSeBr (THF,
—~78 °C); t-BuOK (THF, =78 to 25 °C). ¢ PhSeBr (CH3CN, 25
°C); t-BuOK (THF, 25 °C).

CCl, (48 h, 25 °C) or very rapidly in CH3CN (<5 min, 25 °C)
to give predominantly the Markownikoff adduct 3b ['"H NMR
(CCly): —CH,SePh, 6 3.30 (dd, J = 12, 10 Hz) and 3.65 (dd, J
= 12,7 Hz), total 2 H; —~CHBr, 6 4.3-3.8 (m, 1 H)]; however,
due to the proximity and complexity of the TH NMR signals®
and the thermal lability of the 8-bromoalkyl phenylselenides,
the exact determination of regioselectivity was deferred until
both the addition and dehydrohalogenation were affected.

For the kinetically controlled conditions the reaction of 1
with PhSeBr and subsequent dehydrohalogenation with ¢-
BuOK was carried out in THF at —78 °C without isolation?
of the intermediate 8-bromoalkyl phenylselenide to give 4
regioselectively in high overall yield (Table I).2 The regiose-
lectivity of this process increases with increasing steric bulk
atC-3inl,

A typical procedure for the kinetically controlled conditions
follows: a solution of 1-hexene (2.0 mmol) in dry THF (5 mL)
was added dropwise (2 min) to a cooled (—78 °C) stirring so-
lution of PhSeBr (2.0 mmol) in dry THF (20 mL). Stirring was
continued until the dark brown color dissappeared (1 min) and
t-BuOK (4.0 mmol) was added immediately.? The mixture
was stirred at —78 °C for 5 min, allowed to warm to 25 °C, and
stirred for 30 min. The THF was removed in vacuo, and the
residue was extracted with ether, washed with brine, dried
(MgS0,), and purified by evaporative distillation (85 °C, 0.01
mm) to give a colorless liquid (430 mg, 90%): ['H NMR (CCl)
$2.4-2.1 (m, 2 H), 5.06 (s, 1 H), 5.45 (t,J = 0.5 Hz, 1 H)]. VPC
analysis showed a 90:10 ratio of 4b/5b.8

For the thermodynamically controlled conditions the re-
action of 1 with PhSeBr was carried out in CH3CN at 25 °C,
the CH5CN was removed in vacuo, and the resulting 3-bro-
moalkyl phenylselenide was dehydrohalogenated with ¢-
BuOK in THF at 25 °C to give 5 regioselectively in high overall
yield (Table I). The 'H NMR of 5h [(CCly) 8 0.90 (s, 9H), 6.03
(d,J = 15 Hz,1 H),6.40 (d,J = 15Hz, 1 H)] and 5i [(CCly) &
6.00 (d, J = 15 Hz, 1 H), 6.38 (d, J = 15 Hz, 1 H)] indicates that
only the E isomer is formed; however, compounds 5a-g are
mixtures of E and Z isomers.

A typical procedure for the thermodynamically controlled
conditions follows: a solution of 1-hexene (2.0 mmol) in
CH.Cl; (2 mL) was added to a solution of PhSeBr (2.0 mmol)
in dry CH3CN (10 mL) at 25 °C. The dark brown color dis-
appeared immediately, and stirring was continued for 30 min.
The solvents were removed in vacuo (25 °C), the residue was
dissolved in THF (10 mL), and ¢-BuOK (4.0 mmol) was
added. The mixture was stirred at 25 °C for 30 min, the THF
removed in vacuo, the residue extracted with ether, washed
with brine, dried (MgSQy), and purified by evaporative dis-
tillation (85 °C, 0.01 mm) to give a colorless liquid (439 mg,



