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The o-ketol rearrangement of tertiary a-hydroxy esters in-
duced by LiAlH,/acid treatment provides a-hydroxy ketones
in good yields and high diastereoselectivity. A mechanism is

proposed for this reaction as well as a model to explain the
diastereoselectivity of the rearrangement.

Introduction

Treatment of a-hydroxy aldehydes and a-hydroxy ketones
with base, Bronsted acid, Lewis acid, or by heating, can
induce a 1,2-shift of an alkyl or aryl substituent
(Scheme 1).1'-31 Under these conditions, both isomers are in
equilibrium, and the more stable a-hydroxy carbonyl com-
pound is formed. This transformation, called a-ketol or
acyloin rearrangement, has been applied to the synthesis of
many polycyclic compounds. In the case of tertiary
a-hydroxy aldehydes (R? = H), the rearrangement proceeds
with total conversion to the thermodynamically favored
a-hydroxy ketone.

acid

R% R2 or base R}_éRz
HO O or A O OH
Z = alkyl, aryl

Scheme 1. a-Ketol rearrangement.

Recently, we reported on the synthesis of tertiary 2,3-
diaryl-2-hydroxypentynoates 2 and 3 by diastereodivergent
addition of allenylzincs to aryl glyoxylates 1 (Scheme 2).5°
Depending on the conditions used to generate the allenyl-
zinc species [Scheme 2, Equation (1) and (2)], dia-
stereomeric homopropargylic alcohols 2 and 3 were pro-
duced in good yields and diastereoselectivities. In order to
utilize this method to prepare biologically active com-
pounds, the synthetic potential of these tertiary alcohols
was investigated through diverse transformations.
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Scheme 2. Diastereoselective addition of allenylzincs to aryl glyox-
ylates.

Results and Discussion

The reactivity of these 2,3-diaryl-2-hydroxypentynoates
was examined. Here, we would like to report that tertiary
2,3-diaryl-2-hydroxypentynoates of type A were rearranged
stereoselectively to 1,3-diaryl-2-hydroxypentynones of type
B through an o-ketol rearrangement by reduction followed
by acid treatment (Scheme 3).
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Scheme 3. Rearrangement of 2,3-diaryl-2-hydroxypentynoates.

When o-hydroxy ester 2a was treated with 3 equiv. of
LiAlIH, (1 M in THF) in Et,0!° at 0 °C, and then with aque-
ous HCI (1 m), diol 4 was isolated in 89% yield along with
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Table 1. Optimization of the conditions for the formation of a-hydroxy ketones 5a and 6.

LiAlH4, 1 M in THF

(3 equiv.)
/H:jé)tBu solvent T°C 1 OH oH
then é
HCI, H,0 ™S Ar

2a, Ar = 1-naphthyl

4
l reW +

i O Ph
Ph QH 0 o-ketol A )J\/_\
WH rearrangement r 6H X R
TMS Ar
5a, R =TMS
7 6, R=H
Entry  Solvent Temp., time Ratio (5a + 6)/4@1  5al®l [%] 61 [%0] 41 [%]
1 Et,O/THF 4:1 0°C,3h 1:10.1 10 0 89
2 Et,O/THF 4:1 ~78 °C, 1 h then -78 to 0 °C over 3 h 2.9:1 25 17 21
3 THF ~78 °C, 1.5 h then -78 to 0 °C over 3 h 1:4.1 6 0 48
4 Et,O/THF 4:1 -50°C, 48 h 7.8:1 59 12 15

[a] Determined from 'H NMR spectra of the crude mixture. [b] Isolated yield.

the unexpected rearranged o-hydroxy ketone 5a. Although
5a was obtained in poor yield (10% yield), the syn dia-
stereoselectivity was excellent (dr > 95:5, determined from
'H NMR spectra of the crude mixture) (Table 1, Entry 1).
Compounds 4 and 5a could come from the same a-hydroxy
aldehyde intermediate 7, which can be reduced to produce 4
or rearranged to a-ketol 5a. Intrigued by the stereoselective
transformation of 2a to compound 5a, and in order to in-
crease its yield, a screening of the conditions was under-
taken. The results are reported in Table 1. It should be
noted that compound 6, resulting from the in situ desi-
lylation of the rearranged product 5a, was also observed
during this screening of conditions.

It was noticed that lowering the temperature had a large
impact on the outcome of the reaction, with the ratio of
(5a + 6)/4 being inverted in favor of the rearranged prod-
ucts. Indeed, keeping the reaction at —78 °C for 1 h before
warming it up to 0 °C, and then treating it with HCI (1 m)
provided the rearranged a-hydroxy ketones Sa and 6 as the
major products (Table 1, Entry 2).I71 The addition of a 1 M
solution of LiAlH, in THF to a solution of 2a in Et,O,
resulted in a 4:1 mixture of Et,O/THF. However, the use
of THF as the only solvent under similar conditions led
predominantly to diol 4 (Table 1, Entry 3). The reaction
was slow at —78 °C and did not go to completion; however,
—50 °C turned out to be a good compromise, as after two
days, the rearranged o-hydroxy ketones 5a and 6 were iso-
lated in good yield (71 %), accompanied with only 15% of
diol 4 (Table 1, Entry 4).1%

These latter conditions were then applied to o-hydroxy
esters 2 and 3 and the results are summarized in Tables 2
and 3, respectively. In all cases, the rearranged products
were obtained in good yields and with excellent diastereo-
selectivities (dr > 95:5, determined from '"H NMR spectra
of the crude mixture). Compounds 2 provided specifically
the syn o-hydroxy ketones 5, whereas esters 3 gave the anti
products 8. Furthermore, the presence of electron-donating
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or -withdrawing groups on the aromatic ring at C2 did not
have any influence on the rearrangement as the rearranged
products 5 were obtained in good yields (Table 2, Entries 4
and 5).

Table 2. Rearrangement of o-hydroxy esters 2.

Ph 1) LiAIH O Ph
OH OtBu (3 equi?/.) H
Mo EL,0,-50°C A T Xy
R Ar 34 days OH R
2 2) HCI, H,0 5
Entry 2 Ar R 5 Yield [%)]
1 2a 1-naphthyl T™S 5a 78lal
2 2b phenyl T™S 5b 4301
3 2c phenyl H 5¢ 74
4 2d 4-(MeO)CiH, H 5d 97
5 2e 3,4-F,C¢H; H Se 70

[a] Traces of compounds 4 and 6 were also observed. [b] Desilylated
compound 5¢ was isolated in 10% yield.

Table 3. Rearrangement of a-hydroxy esters 3.

1) LiAlH, O Ph
OH OBu (3 equiv)
FZ 0 Eos0°c AT X
R Ar 3-4 days OH R
3 2) HCI, H,0 8

Entry 3 Ar R 8 Yield [%0]
1 3a I-naphthyl H 8a 50
2 3b  phenyl TMS 8h 67
3 3c phenyl H 8c 96

Similarly, treatment of homoallylic alcohol 9 with
LiAlH, (1 m in THF) at 0 °C afforded a mixture of diol 10
and the rearranged compound 11 in 58% and 32% yields
respectively, after acid treatment (Scheme 4). However,
when compound 12 was submitted to LiAlH,4 (1 m in THF)
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in Et,O at —50 °C for three days and then HCI treatment,
a-hydroxy aldehyde 13 was isolated in 53% yield and no
rearranged product was detected (Scheme 5). Aldehyde 13
did not undergo a spontaneous a-ketol rearrangement, and
it was revealed to be stable during the acidic workup as well
as on silica gel. These results showed that the migrating
carbon has to be in a propargylic or an allylic position for
the a-ketol rearrangement to proceed.”

Ph

OH OH
AN s
1) LiAH, Ph
Ph (3 equiv.) 10 (58%)
OH OtBu Et,0, 0 °C
w PE——— +
o)
Ph 1.5H O Ph
2) HCI, H,0 X
OH
11 (32%)
Scheme 4. Reactivity of allylic hydroxy ester 9.
1) LiAlH,
(3 equiv.)
7" OH OBu  Et,0,-50°C Fhon®
; . ———+ : ’
1-Naphthyl 3 days 1-Naphthyl
. 2) HCl, H,0 13
53%

Scheme 5. Reactivity of hydroxy ester 12.

The syn relative stereochemistry in compound 5S¢ was
established after hydrogenation of the alkyne (Scheme 6).
a-Hydroxy ketone 14 was isolated and the spectroscopic
data were in accordance with those described in the litera-
ture.[1°]

(0] Ph O Ph
= H,, Pd/C H
Ph)k;/\\ Ph)J\/\/
H A MeOH z
0] r.t., 10 min OH
5c 52% 14

Scheme 6. Determination of the syn relative stereochemistry in Sc.

The formation of ketones 5 and 8 in the presence of
an excess of LiAlH,, implies that the rearrangement did not
proceed in the reaction media, but probably during
the workup under acidic conditions. We postulated that
the reduction of hydroxy ester A would provide a-hydroxy
aldehyde D after hydrolysis of the intermediate C, which
would be stable at —50 °C (Scheme 7). Aldehyde D would
then undergo an a-ketol rearrangement leading to the more
stable o-hydroxy ketone B. The isolation of aldehyde 13
(Scheme 95) is in accordance with this pathway, as intermedi-
ate C prevents the reduction of the masked carbonyl in the
presence of LiAIH,.
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Scheme 7. Proposed mechanism for the reductive a-ketol

rearrangement.

In order to explain the excellent diastereoselectivity ob-
served after treatment of compounds 2 and 3 with LiAlH,
followed by an HCl workup, the aldehyde intermediate D
can be considered. The co-planarity of the two carbon—oxy-
gen bonds due to hydrogen bonding, as shown in TSI,
would direct the propargylic group to the Si face of the
aldehyde (Scheme 8).[ The 1,2-shift occurs with retention
of configuration of the migrating carbon, to produce the
syn- or anti-hydroxy ketone stereoselectively. However, an
acidic activation of the aldehyde cannot be excluded.

(5.8

Scheme 8. Possible explanation for the diastereoselectivity.

Conclusions

We have demonstrated that 2,3-diaryl-2-hydroxypen-
tynoates can be transformed to a-ketols in a highly stereose-
lective fashion, through reduction by using LiAlH, and
subsequent rearrangement of the resulting o-hydroxy alde-
hyde under acidic conditions. The use of this rearrangement
for synthesizing biologically active compounds is in pro-
gress in our laboratory and will be reported in due course.
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Supporting Information (see also the footnote on the first page of
this article): General experimental procedure and characterization
data for a-ketols 5 and 8.
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