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The stereoselective displacement of a variety of chiral benzylic alcohols with triethylmethanetricarboxylate (TEMT) under Mitsunobu conditions
(DEAD, PMe;) has been demonstrated to proceed in good yield (70-94%) and with a high degree of inversion. Subsequent saponification and
decarboxylation of the products thus obtained provide chiral 3-aryl-3-substituted propanoic acids without racemization.

There are a number of practical methods for the stereose-in alternative routes to these intermediates. Specifically, we
lective synthesis of 3,3-disubstituted propanoic acids (Figure were intrigued by the idea of a direct&Sdisplacement of

1). The 1,4-addition of organometallics into chirals3- an activated chiral alcohol with an enolate equivalent to form
unsaturated esters and amides, for example, has beem carbon-carbon bond (Figure 1) with inversion of the
demonstrated to provide product in high chemical and carbinol stereocenter.

diastereomeric purit}? This same reaction has been ac- A survey of the literature revealed relatively few methods
complished in an enantioselective fashion with a variety of for the displacement of activated alcohols by carbon nucleo-
nucleophiles and chiral catalysts or promofetdlterna- philes in stereoselective fashion. In one case, Reed and co-
tively, the asymmetric hydrogenatiorof prochiral 3,3- workers have shown that chiral alcohols derived from cyclic
substituted propenoic acids is an effective method for the sugars can be displaced with diethyl malonate in high
construction of these moieties. In light of the general diastereoselectivity after activation with TMSCPTRResearch-
occurrence of this class of compounds, we became interestecers from Pfizer have demonstrated that a chiral benzylic
mesylate can undergo inversion when treated with a higher
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order phenyl cuprate to provide product in good yield and
with moderate (ca. 410%) loss in enantiomeric purity.
Another interesting and often exploited approach involves
various modifications of the Mitsunobu reacti®in 1972,
Mitsunobu and co-workers showed th&){2-octanol could

be displaced with ethyl cyanoacetate using triphenylphos-
phine (PPK) and diethylazodicarboxylate (DEAD), though
product was isolated in low yield and with poor enantiomeric
purity.® Much additional work has been carried out since
involving low pK, carbon acids and/or specialized activating
reagents with a variety of substrates, both racé&mand
chiral* One particularly interesting example was established
by Palmisano and Cravotto wherein triethylmethanetricar-
boxylate (TEMT), PP% and DEAD were used to displace
a diverse array of racemic aliphatic and benzylic alcokbls.
A single chiral substrate was investigated in this work where-
in (§-ethyl lactate was subjected taBdisplacement to give
product in moderate yield and good enantioselectivity (87%
ee)!® Due to the simplicity of the reaction conditions and
ease with which the triester products undergo decarboxyla-
tion,1%fwe wanted to examine this reaction in more detail
with other chiral substrates.

Initially, racemic 2-phenyl ethanoll was chosen for
exploration and reaction optimization (Table 1). Using the
original conditions of Palmisano and co-workers, a mixture
of the alcoholl (1 equiv), TEMT (1.5-2.0 equiv), and PRh
(2 equiv) in EtO at 0°C was treated with DEAB (2 equiv)
followed by warming to room temperature to give the triester
adduct2 in 40—42% assay Yield The use of a less polar
solvent such as toluene was not effective at all, nor was the
replacement of PRIwith the more bulky tricyclohexylphos-
phine (PCy). However, when tributylphosphine (PBwvas
used, product was obtained in 70% yield at room temperatur
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Table 1. Optimization of the Mitsunobu Displacement

OH  HC(CO,Et)s, C(COEt)4!
PR3 (2 eq.),
©)\ DEAD (2 eq.)
Solvent, Temp.
rac-1 rac-2
entry T, °C nucl equiv. PR3 solvent yield, %

1 Otort 15 PPh; Et,0 42
2 Otort 2 PPh; Et,0 40
3 rt 2 PPh; toluene 12
4 rt 2 PCy; toluene 0
5 rt 2 PBus; toluene 70
6 —78tort 2 PBus toluene 72
7 —78tort 2 PEt; toluene 73
8 —78tort 2 PMe; toluene/THF 85
9 —78tort 2 PMe; THF 75
10 —78tort 15 PMe; THF 49

and 72% yield at-78 °C to rt. A less sterically crowded
phosphine, triethyl phosphine (REt did not enhance
conversion, but trimethyl phosphine (PMevas found to

be particularly effective, givin@ in 85% vyield (entry 8) in

a mixture of THF/toluene (1:1) at low temperature. The use
of THF alone led to a slight decrease in yield (75%), and
the conversion suffered (49%) when only 1.5 equiv of the
nucleophile was employed (entry 10).

With a reasonable set of reaction conditions in hand, a
chiral substrate, R)-o-methyl-2-naphthalenemethand)(
was examined to determine the stereoselectivity of this
transformation (Scheme 1). Reaction of the alcé@ial THF/

Scheme 1
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PMes, DEAD,

C(CO,Et)3

OH

3
(96 % ee)

toluene,
-53°Ctort

88%, 96% ee

1) NaOH, MeOH COzH

reflux

2) AcOH, reflux
81%, 96 % ee

5

toluene (1:1) at-78 °C gave the triester addudtin 84%
yield and 93% ee, indicating that a slight amount of
racemization had occurréfl.in THF alone, product was
recovered in significantly lower yield (36%) but in the same
optical purity (93% ee). On the other hand, using toluene as
solvent at—53 °C to rt, 4 was isolated ir88% yield and
96% ee thus, no loss in optical purity was observed during
the reaction. The displacement could even be carried out at
0 °C in a mixture of toluene:THF (4:1) to givkin 96% ee,

(16) See the Supporting Information for methods of ee determination.
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Table 2. General Scope of the Methodolcgy Table 3. Limitations of the Methodology
HC(CO,Et); 1) NaOH, MeOH, HC(CO4Et); 1) NaOH, MeOH,
OH  PMe;, DEAD C(COEt)s reflux /ECC’zH OH  PMe;, DEAD C(COEDs reflux /ECOZH
Ar”*'R  conditions, Ar”*'R 2) AcOH, reflux  Ar” "R Ar” =R conditions, Ar"* R 2) ACOH, reflux  Ar” + R
Table 2 Table 3
6a-f Ta-f 8a-f 9a-g 10a-g 11a-g
alcohol-6 tricarboxylate-7 acid-8 alcohol-9 tricarboxylate-10 acid-11
ee, . o ee, . o ee, ee, . o ee, yield, ee,
substrate % yield, % % yield, % % substrate % yield, % % % %
OH
: A 82 74 90 oH ,
©/\ 99 B:s8 - 85 99 J@A 99 ALTT - 8 60
C. 66 87 99 MeO' B: 90 94 54
a a
OH OH
~ 0. OMe
99 A: 94 - 84 99 ¢ O O
FoC o, OMe 93 A: 63 0 58 -
b OMe

(:)H
- ' OH
c|/©/\ » AT4 ) 00 » O O 97 A: 70 ) 90 40
¢ ‘ ‘ ’ B: 60 90 60
C

99 A0 - - -

. OH
98 A: nr - - - o
99 A: 0 - - -
e
oo AR 8T T on
B: 78 99 74 99
- A:<2% - - -
OH f
. ) OoH
@O 9  A82 84 93 oY o ] ] ]
g 2
aConditions: (A) THF/toluene (1:1);-78 °C to rt; (B) toluene,—53 aConditions: (A) THF/toluene (1:1);-78 °C to rt; (B) toluene,—53
°C to rt; (C) toluene, OC to rt. °Ctort.

though the conversion was lower (77%). Subsequent saponi-behaved well under these conditions. On the other hand, the
fication of the triestedd (96% ee) with NaOH and decar- displacement of sterically hindered substrates was not as
boxylation of the resultant tris-acid ga®en 81% isolated effective. For example R)-1-phenyl-1-butanobd gave the
yield and withno erosion in enantiomeric purit96% ee). triester adductd in a moderate yield (52%) whilée did
Having demonstrated the feasibility of this methodology, not react at all. Howevefd could be converted to the acid
a number of other chiral substrates were examined (Table8d in 55% yield and 95% ee after decarboxylatién.
2). The enantiomeric excess of the initial triethylester adducts  During these studies, a significant solvent effect was
were not obtained in most cases, rather these intermediatesioticed. For example, the displacementgafin toluene at
were carried on to the corresponding 3,3-disubstituted —53 or 0°C followed by saponification/decarboxylation gave
propanoic acid products.For example, starting fromR)- the acid8a in a much improved 99% ee, though in lower
1-phenylethanol@a, 99% ee),8a was isolated in 90% ee  overall yield (49-57%). A similar trend was observed with
and 61% overall yield after displacement (conditions A), indanol f) wherein Mitsunobu displacement in toluene gave
saponification, and decarboxylation. Using the same three-7f in 99% ee versus 87% ee in THF/toluene (conditions A).
step sequencéb,c gave the corresponding aci@b,c in On the other hand, the inversion d)¢1-phenyl-1-butanol
enantiomerically pure forn{>99% ee). Cyclic substrates  6d in toluene led to a much lower yield of the triester adduct
such as$-1-indanol6f and R)-1-tetrahydronaphthdg also 7d (9%), perhaps due to poor substrate solubility.

ey . e tester adducts obained aftor alkulat A number of benzylic, biaryl, and aliphatic alcohol
n most cases, the triester adducts obtained after alkylation were : : :
very poor substrates for analysis by chiral chromatography methods (i.e., substrates were also examined using this methodology (Table

SFC, GC, or HPLC). 3). For example, 9-1-(4-methoxyphenyl)ethan@®a gave
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Figure 2. Possible modes of racemization.

the acidllain 69% overall yield and 60% ee after the three-
step sequence. The electron-rich biaryl alcdhimave the
corresponding triester addub®b in 63% isolated yield but
in racemic form. Similarly, 2-methyl-§)-benzyhydrol9c
could be converted to the acid.cin good yield (70%) but

of starting material. As such, it is reasonable to assume that
the ionization pathways A or B are stabilized by substrates
with electron donating substituents and that changing solvent
cannot prevent this. Brovifh and van der Ged have
observed a similar trend in their study of the Mitsunobu
reaction ofp-methoxy substituted benzylic alcohols with
carboxylic acid nucleophiles.

In conclusion, we have demonstrated that the Mitsunobu
reaction is an effective method for the stereoselective
formation of carborcarbon bonds. The most important
features of this methodology are as follows: (1) the use of
commercially available triethylmethanetricarboxylate (TEMT)
as the carbon acid nucleophile and (2) the use of the trialkyl
phosphine PMgalong with DEAD to effect the desired
transformation. Neutral or electron-poor substrates can be
alkylated with a high degree of inversion (Table 2), whereas
electron-rich and biaryl system8g—c) undergo significant
racemization (Table 3). In some cases, the extent of the
erosion in optical purity can be mitigated through the use of

poor enantiomeric purity (40% ee) after the three-step toluene. Crowded and aliphatic substrates where found not
sequence. However, when toluene was used during theto be particularly reactive while some benzylic speczsd)

alkylation step of9c the ee ofllc increased to 60%.
Commercially available cyanohydriid and 1-phenyl-2-
chloroethanoBeled to extensive decomposition and did not
give desired product under these conditiéhislonbenzylic
and secondary aliphatic substrates 3-pent@hahd cyclo-
pentanol9g reacted in very low yield €2%).

Clearly, a number of chiral benzylic alcohols (Table 2)

undergo stereoselective Mitsunobu-type displacement with
triethylmethanetricarboxylate in the presence of DEAD and
PMe;. In some cases racemization is observed, in particular
with electron-rich substrates. This erosion in optical purity

led to extensive decomposition. Finally, saponification and
decarboxylation of the alkylated triester intermediates gives
the corresponding acids without loss of enantiomeric purity,
thus representing a viable route to chiral 3-aryl-3-substituted
propanoic acids. We are continuing to explore this reaction
in more complex systems.
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might be explained by the generally accepted mechanismceqyres and spectral data for all new compounds. This

for the Mitsunobu reaction, which suggests that R@PR
(Figure 2) is a possible reaction intermedig&&his species
can ionize via an @l-type pathwayl(, pathway A) prior to
reaction with the nucleophile or may react with THF

(pathway B) to givelll as has been proposed by Cabaret

material is available free of charge via the Internet at
http://pubs.acs.org.

OL036380L

(18) Significant amounts of either elimination and/or DEAD incorporation

and co-worker3! The use of toluene seems to dramatically were observed.

reduce the amount of racemization in some caéag é&nd

90), possibly via destabilization of these ionization pathways.

However, electron-rich substrates suctPasc are particu-
larly susceptible, as the corresponding aclds—c were
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1988 110 6487-6491.
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