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INTRODUCTION

Some ten years ago, Oguni' found that (§)-
leucinol 1 catalyzes the enantioselective addition
of Et,Zn to benzaldehyde (96% yield; 49% ee;
Eqn [1]). Since this important finding, a wide
range of chiral 1,2-aminoalcohols and related
compounds were found to catalyze the addition of
Et,Zn to aldehydes with excellent enantioselecti-
vities [up to 99% ee (enantiomeric excess)]**
leading to secondary alcohols. Although optically
active ethyl-substituted secondary carbinols such
as 2 are worthwhile target molecules, an exten-
sion to other alkyl-substituted carbinols is desir-
able in order to confer some generality to this
asymmetric synthetic method. This review covers
the recent efforts made by our research group and
others to accomplish the generalization of this
enantioselective method to the preparation of
polyfunctional secondary alcohols of type 3. This
goal can be achieved either by adding a polyfunc-

OH
PhCHO + EpZn —T> B =%
2
¥ 2:96%; 49%ee
Pr OH
1
(FG-R)2Zn + RCHO &{&——
FG-R
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tional diorganozinc [(FG-R),Zn; FG = functional
group] to an aldehyde (RCHO) or by adding a
diorganozinc (R,Zn) to a polyfunctional aldehyde
(FG-RCHO) (Eqn [2)).

After the preparation methods for polyfunctio-
nal dialkylzincs [(FG-R),Zn] have been pre-
sented, the synthesis of functionalized chiral
secondary alcohols via the two retrosynthetic
pathways depicted in Eqn [2] will be discussed.
Applications in the field of natural product syn-
thesis will be given.

PREPARATION OF POLYFUNCTIONAL
DIORGANOZINCS

The iodine-zinc exchange reaction

Only diorganozincs (R,Zn) were found to be
suitable zinc reagents for the catalytic asymmetric
addition to aldehydes. The more easily prepared
organozinc halides (RZnX) lead to only mediocre
enantioselectivities.” Whereas diethyl-, dipropyl-,
dibutyl- and dipentyl-zincs are readily prepared
by the reaction of the corresponding lithium or
magnesium organometallics with zinc halides, fol-
lowed by distillation, higher dialkylzincs cannot
be obtained salt-free by this method due to their
thermal instability.* Interestingly, the transmeta-
lation of alkylmagnesium halides with zinc chlor-
ide in ether followed by the addition of 1,4-

o

——> R2zZn + FG-RCHO
R

2]
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2 RMgX + 2nCl; —— R2Zn  +

50°C
FG-RCH2-l + EtsZn

0.3 mol% CuX

dioxane constitutes a convenient method for the
preparation of higher salt-free dialkylzincs (Eqn
[3])-*° Although suitable for asymmetric reac-
tions, this transmetalation does not give access to
polyfunctional dialkylzincs. The most general
approach to these reagents is an iodine-zinc
exchange reaction (Eqn [4]).° This reaction,
initially limited to di-iodomethane,” can be
greatly extended. The treatment of Et,Zn with
various primary alkyl iodides at 50 °C for several
hours provides the corresponding dialkylzincs and
ethyl iodide via intermediate mixed dialkylzincs.
Functional groups such as ester, nitrile, chloride,
triflamide and boronic ester are tolerated in the
organic moiety. The reaction is performed in the
presence of catalytic amounts of copper(I) iodide
or copper(l) cyanide (0.3 mol%) and may pro-
ceed via a radical mechanism (Scheme 1).°
Secondary dialkylzincs and benzylic, allylic or
aromatic diorganozincs cannot be prepared by
this method.

Et,Zn + Cul — EtCu + EtZnl
EtCu — Et'+ Cu(0)

Et' +RlI— Etl + R’
R+ Et.Zn — R-ZnEt, ]
R-ZnEt, — R-ZnEt + Et

Scheme 1

The boron—zinc transmetalation

Organoboranes readily undergo transmetalation
reactions with diorganozinc compounds.® The
equilibrium of the reaction can be driven towards
the right-hand side by distilling off the resulting

7\
UL —
2 CIXMg ——= RyZn + 2 CixMg-0 0 [3]

—

50 °C, 10" 'mmHg

—_— FG RCHp-ZnEt j—’ (FG-RCHa),Zn
[4]

>80%

borane (if R!'=Me: trimethylborane,

b.p.=~22°C; Eqn [5]). This reaction constitutes

3R1Zn + 2RZB=23R3Zn + 2R1B (5]

an excellent method for the synthesis of diallyl- or
dibenzyl-zincs (Eqn [6]). It formally allows the
preparation of diorganozincs directly from olefins
(Scheme 2). A range of diorganozincs not avail-
able by the iodine-zinc exchange reaction or by
other methods can be prepared via the boron-
zinc exchange. Thus functionalized primary dial-
kylzines (Eqn [7]); secondary dialkylzincs (Eqn
[8]) and benzylic zinc derivatives (Eqn [9]) have
been prepared in high yields.'>!! The reaction is
also well suited for the preparation of dialkenyl-
zincs of defined configuration. Thus the hydro-
boration of terminal alkynes with dicyclohexyl-
borane (hexane, 0-25°C) produces [(E)-1-
alkenyl]boranes which can directly be transmeta-
lated with Et,Zn or Me,Zn furnishing mixed
alkenyl(alkyl)zincs.”? Interestingly, the C,:—Zn
bond reacts preferentially over the C,»—Zn bond
with aldehydes. The method allows a unique
preparation of polyfunctional alkenylzinc deriva-
tives (Eqgns [10}-[11]).2"



CATALYTIC SYNTHESIS USING DIORGANOZINCS

177

BEty ( Zn
= Et,BH 1) EtaZn (2 equiv) 2
— (7]
{ Et20, 25 °C, 4h i neat, 25 °C, 2h :
86%
BEt, ) zn
O 2 Et3B, BHy*Me,S O/ Ets2Zn (2 equiv) ( 2 8]
r———
Et20,25°C, 1d neat, 25 °C,3d
2 EtgB, BHgz*MezS EtoZn {2 equi
™ O 3 Ph/YBEtz 22N (2 equiv) (W? [9]
E1;0,25°C, 1d h neat, 25 °C, 3 d Ph

c-Hex),BH EtaZnor
R—C=C—H S———)z» R\/\B(C-Hex)z —"?'ZP—’ P'\/\Zn(Me)Et

hexane, 0 'C

MeoZn ) [IO]

1) (c-Hex),BH,

H—C=C—{(CH2);2-CHO

PREPARATION OF CHIRAL
POLYFUNCTIONAL SECONDARY
ALCOHOLS

Addition of functionalized
diorganozincs to aldehydes

As mentioned above, the iodine-zinc exchange
reaction allows a convenient synthesis of function-

TOI-Pr)4

4
2 i-PrOH

5

OTi(Qi-Pr)3*FG-RZnOi-Pr

R-FG

H

e

i H” R
mHNT',NH-Tl *W\_ \o/
- 1"/
Nzn\/t
!

(1]

alized dialkylzincs. These reagents can be added
to various aromatic and aliphatic aldehydes using
(1R, 2R)- 1,2 - bis(trifluoremethanesulfonamido)-

cyclohexane (4)*' as a catalyst (Eqn [12]). The
addition of Ti(O-iPr), (2 equiv.) is essential for
the success of the reaction since it makes it poss-
ible to generate in situ the highly active titanium
catalyst 5 and regenerates the catalyst con-
tinuously by removing the secondary alcohol

X

(FG-R)2Zn

| W\-T-Rf
T
0 —/__" Zn—R-FG

Scheme 3
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Ti{O-Pr)4 (2 equiv) QoH
{FG-R)2Zn + RCHO
toluene, -60 °C to -20 °C R R-FG [12]
SIOZCF3
(60-99%ee)

N,
"‘N'T'(o-lmz (8 mol%)
1
§ SO.CFy

con
ACO /\/\/7,\‘/ "‘/\/\Cl

R
6a:R=Ph; 79%; 93%ee

6b : R = Pent; 62%; 97%ee
6¢ : R = c-Hex; 82%; 96%ee

OH

7 : 95%; 93%ee

8 : 95%; 93%ee

OH Bn

gH H
i
; ‘ O _R . COOEt . N
m)\:\/\/\om m)“/\’ b mi‘/\/ Hw)?'*/\/ ~S0,CF;

o
9 : 72%; 92%ee 10a:R =Me; 75%;86%se  11:75%; 60%ee 12 1 67%; 99%ee
10b : R = t-Bu; 90%,; 92%ee
o
R\(
b s po
o ——~ ROCO_~_ I _~_-OCOR bt
O, species
Y [13]
o
13a:R=Me 14a R = Me
13b :R=1Bu 14b : R =1-Bu

formed from the chiral titanium center, as repre-
sented in the tentative catalytic cycle depicted in
Scheme 3 (Tf=SO,CF;).

Various functionalized zinc reagents bearing an
ester, chloride or triflamide functionality can be
used (see the chiral products 6-12; the new
carbon—carbon bond formed is indicated by a
dotted line). However, the presence of a cyano
group in the diorganozinc compound inhibits the
asymmetric addition, leading to the desired alco-
hol in low yield and mediocre enantioselectivity.®
The presence of an ester function at a remote
position (five carbon atoms away from the
carbon—metal bond) does not interfere with the
asymmetric addition and uniformly high enantio-
selectivities are obtained (see 6a—6¢); however, a
closer substitution shows that the ester function is
able to coordinate to the metal center. Thus bis(3-
acetoxypropyl)zinc 13a adds to benzaldehyde
with a significantly lower enantioselectivity than
the higher homologues (compare 6a—6¢, 9 and

10a). This is explained by an intramolecular coor-
dination of the carboxy group to the zinc center
which hampers the formation of a complex of 13
with the catalyst 5§ (Eqn [13]).° It is expected that
by increasing the size of the ester function, the
proportion of uncomplexed zinc reagent 14 cap-
able of interacting with the catalyst would
increase. This is observed and bis(3-
pivaloxypropyl)zinc (13b) adds with a higher
enantioselectivity to benzaldehyde (compare 10a
and 10b). The rate of the addition reaction, as
well as the enantioselectivity, is highly dependent
on the reaction conditions. Thus the presence of
traces of water or the use of impure titanium
tetraisoproxide which may contain bridged tita-
nium species ((iPrO);TiOTi(OiPr),) has a detri-
mental effect. A strong temperature dependence
was also observed for the addition of (FG-R),Zn
to functionalized aldehydes. Whereas reactive
dialkylzincs such as diethylzinc show a higher
enantioselectivity at low temperatures, zinc rea-
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RazZn, Ti(Oi-Pr)s
H R
TIPSO NF _—— TIPSN\r
o ON(H)SOZCFs OH
cat.
s A N(H)SO;CF3
EtzZn (Oct)zzn
T (°C) ~75 -50 ~75 —-65 —-50 —-45 -45t0 -25
ee (%) 94 85 42 60 83 90 90 (88% yield)
? Bath temperature.
Scheme 4

H
Ti(OI-Pr)s o
R H +  (AcO{CHgs)eZn P C
H N H ,
JTEOPz (18 more T5%: 8%ee
§ SO,CF3
OH
Ti(O4-Pr)¢ OAc
Mo X H + {AcO(CHz)s)2Zn SO.CF. Me” N
50:CF3
Me N Me [15]
70%; 98%ee

gents bearing a polar functionality such as an
ester group or a long alkyl chain surprisingly
display an inverse temperature effect (Scheme 4).
As shown in Scheme 4, the method is also well
suited to the preparation of secondary allylic
alcohols.” s Thus 2-hexenal adds bis(5-acetoxy-
pentyl)zinc with 88% ee (75% yield) using
16 mol% of the catalyst (Eqn [14]). The presence
of a substituent in the a- position enhances the
enantioselectivity (Eqn [15])." This may be
explained by assuming that the presence of a
substituent in position 2 favors the more reactive
and sterically more demanding s-cis conformer 15
over the s-trans conformer 16 (Eqn [16])."” Thus,
it was shown that unsaturated 2-bromoaldehydes
add dialkylzincs with higher enenatioselectivity
than the corresponding unsaturated aldehydes
bearing only a hydrogen substituent in position 2

THO-iPrz (8 mots)
N
5 SO,CF3

enantioselectivity was exploited for the construc-
tion of a chiral C; triol 19 which may be of interest
of the preparation of chiral catalysts (Scheme 5).
Thus an addition—elimination sequence to (E)-2-
pentenal provides an expeditive access to the 2-
bromoaldehyde 20, which adds Et,Zn with 95%
ee. Conversion of the bromine to a formyl group
via a bromine-lithium exchange reaction affords
the aldehyde 21, which again adds Et,Zn, furnish-
ing the 1,3-diol 22 in 83% yield (>95% diastereo-
meric ratio). The hydroboration of 22 followed by
an oxidation provides, with satisfactory diastereo-

H H H
R/R(ﬂ\u — R)ﬁ/go [16]
X X ‘s'
%

(compare 17a, b and 18a, b). This excellent 5
gH Me OH
/‘;/\/\/OAC .';/\/\/OAC
i Me” N ¥
R
178 : R = H; 75%, 88%ee 18a:R=H; 95%; 30%ee; (addition of OctaZn)
17b : R = Br; 95%; 94%ee 18b :R=Br; 68%,; 68%ee
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cHo  EtaZn, THOI-Pn,

H
1) Bra, CH2Cl, .
g\ CHO B2 CHiCl | A a/\ia 94%; 95%ee
2)NEty Br R Br
Ti(OF
55% O‘ (O+Pz cat 1) NaH, THF; then BnBr
2) t-Buli, Et20, -110°C
3) DMF
B8n
1) BH3-MeZS N Eta2n, THOHPly I &
2) NaOH, HzOz CHO 5%
33 12 T‘(O"Pf)z ca. P
Hg, Pd/C 83% 5
EtOAc, 25 °C, 24 h
=] OH
Et OH
19: 90%

Scheme 5

selectivity (88:12), the protected triol 23, which
after hydrogenolysis furnishes the optically pure
C; triol 19.%°

Addition of diorganozincs to
functionalized aldehydes

The addition of diethylzinc to various functiona-
lized aldehydes has been achieved with great
success.” Thus the addition of diethylzinc (or
dibutylzinc) to 2-bromobenzaldehyde in the pres-
ence of the 1,2-amino alcohol 24 produces alco-
hols (86-90% ee) which have been readily con-
verted to optically active phthalides 25 (Eqn
[17])." A range of ketoaldehydes were shown to

CHO RzZn

Br

Bu 2N
24: 20 mot%

SO

Bu 2N

OH 2)DMF

Bu22n

Me\_/Ph

add dialkylzincs with high chemo- and enantio-
selectivity (Eqn [18])."* ' A ferrocene substituent
is tolerated and the catalytic asymmetric addition
of dialkylzincs to ferrocenecarboxaldehyde in the
presence of (R)-3,3-dimethyl-1-piperidino-2-
butanol 26 (5mol%) proceeds with >96% ee
providing, after a substitution reaction with
dimethylamine, a new access to ferrocenyl-N,N-
dimethylamino derivatives (Eqn [19]).*° Several
butyro- and valero-lactones can be prepared by
the addition of Et,Zn or Me,Zn to esters bearing
a remote aldehyde function followed by cycliza-
tion (Eqn [20]).” The very high enantioselectivity
observed in the addition of Et,Zn to phenylpropi-
nal in the presence of TADDOL (27) is a very

25:R= Me ,Bu: 86-89%ee

O

64%; 92%ee

1) Buli

3) AgR0

(18]

ent-24: 8 mot%
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Et Et
: : OH 1) Acz0, EtgN : NM
o Et,Zn Fe ) Acz0, Etyl o [P [19}
2) MeoNH Q
8 L
& e, —
OH 96%:; >96%8ee
26:5 mot%
o
EtZn (CHo)
H)L(CHQ),,CHQCOQEI t "x
M Fh B N0
n=1,2 \_/ [20]
£ 3 n=1:>90%; 92%ee
BuN  OH n=2: >90%; 85%ee
ent-24 .

promising result with a great synthetic potential,
since the resulting propargylic alcohols are key
building-blocks in organic synthesis (Eqn [21]).
This catalytic system also makes it possible to
prepare C,-symmetrical benzylic alcohols such as
28 and 29. By performing a stepwise addition of
Et,Zn and using the other enantiomer of
TADDOL as catalyst (ent-27-, the meso-diol 30
can be prepared.’

The readily available y-alkoxyaldehyde 3
adds various diorganozincs [(FG-R),Zn] leading
to 1,4-diol derivatives 32 in satisfactory yields
and excellent stereoselectivity (Eqn
[22]; TIPS = (iPrO),Si; PCC = pyridinium
chlorochromate).*  The compounds 32 are inter-
esting chiral building blocks which give an
efficient access to chiral y-alkoxyenones 33 after

122

standard transformations (Eq. [23]).” The y-
alkoxyaldehydes 34 prepared by this method add,
in the presence of catalytic amounts of 4, ancther
equivalent of the dialkylzinc leading to
C,-symmetrical 1,4-diol derivatives 35 (Eqn [24],
in which TFA = CF,COOH; NMO =
N-methylmorpholine N-oxide; TBDPS =
tBuPh,Si); see compounds 35a—e). The diastereo-
selectivities obtained are excellent, showing that
the second center is entirely induced by the confi-
guration of the chiral catalyst and not by the
configuration of the chiral center already present
in 34. Thus by using a chiral catalyst with the
opposite configuration (ent-5-, the “meso”-1,4-
diol derivative 36 is obtained with high diastereo-
selectivity (Egn [25]).7

Whereas the addition of Me,Zn under the

P—C=c—cHo _EZMTHOPIe c/L
A, Ar c? B
o P
M O A 83%; >99.5%ee [21 ]
L o
Me © Ny, Ko
Ar Ar
27 (TADDOL): Ar = 2-naphthyl (20mol%})

OH QH OH OH
Me
Me I
OH OH
28(99.5:05) 29(995:0.5) 0
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1) Buli {1 equiv.) RaZn, TYOi-Pr),
H O\ _ [—OH 7~ " TIPS P H —__*_1 TIPSO/\/\{R

2) TIPSCI R
3) PCC o ON(H)3°2°F; OH [22]
3‘ .
YN(H)SOCFs  32: 60-90%; 87-97%0e
1) TBPSCI H
Oct 2) TFA/Hz0/ THF )\/\/om 1) OctMgBr oct
TP NN ————=" G NF ———— " 7 [23]
i 3) NMO / PryNRuOy i 2) PCC
OH OTBDPS OTBDPS
T8% 33:70%
H OH
THOHPr)g , )
O)\/\‘/R-FG + (FG-R)ZN ———— FG-R/\/\/R FG
24]
OTBDPS - OTBDPS [
L, THOHPD:
5: 8 mol%

OH ?H Ac
i
AR 4
R i 1
OTBDPS OTBDPS
OAc
35a:R=Et :66% (96:4) 35¢: 70% (94 :6) 35¢: 68% (97 :3)

a5b: R = Oct : 70% (97 : 3)

g Y ey

R et
H

opw dreors  TL(RR) Steops T (3)

e | 73%; >97:3 Piv=COt-Bu % 6% >97:3

(25]

MeoZn, TI(Ot-Bu)s M
TIPSW TIPSO/\/\‘/ ®

H NHTt OH
O™ smen -
3 YNHTL 76%; 93 %ee
4 80%; 0%ee using Ti(OQi-Pr),

o (Prva~) 2 (3 equiv) _ j\
o/\/\/\/\ g
TIPSO/\/Y - : TIPS { 07 “tBu
H  TKOHPr)4 (2 equiv.); -15 °C, 4h OH [27]
( 30 mmol )

O:H;ﬁ(owr)z 8 mok% 7.3g of product : 63%; 97+1%ee
5
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/\/ﬁ\ (FG-R)22Zn, Ti(OiPr)4 OH
Bug3S! Bu3S! Y R-FG [28]

TL4 (8 mol%)

OH OH OH oH
x
Buasn/\)\ (CH3)3-OPiv Buas/\)\n Bussn/\/k (CH)sOAC Buasn/\)\(CH2)4CI

38a: 67%; 90%ee asb: R = Et 1 87%; 90%ee  388: 75%; 91%ee 381: 69%; 95%ee
38¢: R = Oct : 72%;, 90%ee
38d:R=Pent : 88%; 92%ee

standard conditions proceeds with no enantio-
selectivity,™ it was found that the replacement of
Ti(OiPr), with Ti(OtBu), leads to a remarkable
increase  in  stereoselectivity (Eqn  [26]).
Furthermore, the general addition procedure has
been well worked out, so that large-scale reac-
tions (30 mmol) can be performed with satisfac-
tory yields and excellent enantioselectivity (Eqn
[27D).

The S-stannylated unsaturated aldehyde 37 is
of special interest, since the addition of dipentyl-
zinc to 37 in the presence of a chiral catalyst
directly produces the side chain of
prostaglandins.” In the presence of the chiral
catalyst 5, the addition of various dialkylzincs can
be performed leading to unsaturated stannylated
alcohols 38 (Eqn [28] and 38a-38f).> After a
protection step, these alcohols can be used for the
preparation of the chiral uracil derivative 39 and
of the y-alkoxyenone 40 via a Stille coupling
reaction (Eqns [29] and [30]; Pent=n-pentyl;
Bn = benzyl; dba = dibenzylideneacetone; NMP =
N-methyl-2-pyrrolidone; TBDMS =tBuMe,Si;
DMF = dimethylformamide).” * The creation of
new chiral center becomes more challenging
when there is already a chiral center or a polar
functionality in close proximity to the aldehyde

PhCH2Br

H
—— .
36d NaH BusSn pet o )\N

OH

imidazol, 40 °C, 4h

function. Thus the reaction of 2-phenylpropanal
with Et,Zn in the presence of catalytic amounts of
ent-24 (10 mol%) produces 2-phenylpentan-3-ol
as a threo/erythro 25:75 mixture. The enantio-
meric excess for the two diastereoisomers, respec-
tively, reaches 93 and 65%. The use of Bu,Zn
leads even to better selectivities (Eqn {31]).” By
using TADDOL 27 as a chiral catalyst, a similar
aldehyde (41) undergoes an asymmetric ethyla-
tion with complete reagent control. No influence
of the chiral center at the a-position of 41 is
observed. Thus with TADDOL 27, the anti-
alcohol 42 is obtained (97:3 diastereoselectivity),
whereas with the enantiomeric catalyst (ent-27),
the syn-alcohol 42 is produced with a similar
stereoselectivity (>96:4; Eqn [32]).°

Aldehydes bearing a hydroxy group in the §-
position to the carbonyl group are difficult sub-
strates for the catalytic asymmetric addition, since
after addition 1,3-diols with chelating abilities are
obtained and a deactivation of the catalyst is
usually observed. By using a bulky protecting
group such as a (iPrO),;Si group (TIPS), the
complexation of the hydroxy function can be
greatly reduced and a catalytic asymmetric reac-
tion is possible leading to chiral 1,3-diol deriva-
tives of type 44. After standard functional group

' Pd(dba)s cat.
———————
NMP, (o furyl)sP [29]
9:54%
OTBDMS OTBDMS

NMP, (o furyl)zP

TBDMSCI, DMF, n/\)\ Pd(dba)cat.
Buasn/\)\om T BusS N No T Y\/‘\om [30]
¢c-Hex

38¢

% ¢c-HexCOClI 40:84%
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mKCHoT\jY\ “\/kn ) \‘j\

§ %
BN oH - Y Y / [31]
ent-24: 10 mok% threo erythro
R = Et: threo: 93%ee et =75:25 erythro 65%ee
R = Bu: threo: 92%ee et =83:17 erythro 84%ee
Me Me
7 oW EZn (0P, # Et,2n, THOHP1)q
e _-—_——-»
Ar, Ar
7 ®
Me M c\ Me [32]
TiOHPr; ':>( Ti(Ol-Pf)z
42973 Me O \Ko 43:96:4
Ar Ar
27 (TADDOL): Ar = 2-naphthy} (20mol%) ont27 (20mol%)
T'PSOK/B’\ (FG-R)2Zn T'Psu" Protection  Oxidation U@
——r———— . ‘,:
H $02CF3 R-FG  peprotection H 4 R-FG (33}
N
O‘ Ti(O-Pr)2 L 45: ALDOL
N
SO,CF3
5: (8 MOI%)
OH OH OH
o/\/'\ C,/\)\/\/\ I /\/Li/\/\/ooc R
i-PraSi R i-PraSi OAc  i-PrsSi0O’ 4
4a:R=E :92%,93%ee 44d: 62%, 99%ee 44e:R=Me :71%,91%ee
44b: R = Pent : 83%, 95%ee 441 : R =1-Bu : 72%, 91%ee
44c:R=0ct : 82%, 93%ee
/\/o'\H 1) NaH, PhCH,Br j\fnzpn
e —————
i-PraSi0 R 2) CF3COOH 0 R
3) PCC [34]
458:R=Et : 77%
45b: R =« Pent : 60% { 93%ee - 95%ee
45¢:R=0Oct : 64%
OH H  OSi(Ph)t-Bu
O/\/L 1) t-Bu(Ph).SiCl )\)\
N . —————
l'Pl'asl R 2) CFchOH o) R [35]
3) PCC

45d: R = (CHp)sOAC  :70%

45¢: R = (CHo)sOPiv : 61% | 91%6e - 99%66
451 : R = (CHo)40AC : 54%
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oW oPa
PG e PRICEL g A
— HM 46a: ANTI
TP R R'  RZ2Zn, Ti(Oi-Pr)q
(R.R)-4 cat. 5 OH OPG
{S,S) cat. R2 R
:SYN
O/\/ﬁ\ R'2Zn, TI(O--Pr)4 46b: S
TIPS! H ?H (‘)-PG'
(RR) cat. , R2Z " R!
(S;S)4 cat. ?_PG ?_PG. / 46c: SYN
Pse” NN T gt R%Zn, Ti(Oi-Pr)s
entds QH (g)-PG'
(S.S)cat. R? R
46d: ANTI
Scheme 6

interconversions, aldol products of type 45 are
obtained (Eqn [33]).” The method allows the
preparation of various polyfunctional 1,3-diol
derivatives (see 44a-f). Two sequences have been
developed for converting the compounds 44 to
the aldol products 45 (see 45a—45f; Eqns [34] and
[35]).2 A further addition of a dialkylzinc to the

1) Et2Zn, TKOHPr)¢

HJ\/\OSi(i-Pr)a
2) NaH, PhCH,8¢

s 3) CF3COOH
4) PCC

S,N 02C!
Q " FSMCU
N(H)SO,CF,
s NESOLTs Et H

aldols 45 may give an access to highly functiona-
lized secondary 1,3-diols. By using the (R,R)-
catalyst (5) or the (S, S)-catalyst (ent-5), all four
1,3-diols 46a-46d can be selectively constructed
(Scheme 6).%%

This is demonstrated in the following case. The
addition of Et,Zn to the aldehyde 47 affords, in

PhCHzQ  OH

B}‘\J\/’\,’W\OAG

49:71% :syn:anti(9:91)
OS:N(H)SOZCFS
s  N(H)SO,CF,

ent-5

z,,,(/\/\/o’“) \

48: 70 %; >95 %ee

R ,N(H)SO,CF3

2 N(H)SO.CF3
s PhCH-O  OH
Et"‘“, ."W\O AC

50:72% :8yn :anti (86 : 14)

Scheme 7
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H
0P
npso/\/ko + E((W\OP'V) __TNOPs s
2 ,

L4

S_

W

8moPs TiLy Piv

52: 7%

1) TIPSCI, ImH,
) DMF 91% ee

2) MeLi (2 equiv.)

1-BuOH, NaHCO3
25°C, 30 min

TIP: PS TIPSO TIPS
1) Dess- Martin oxidation
ooy -2 wan
. 3 H 2) KMnOy, H
83: 0%

Tl
(¢] 54

190%

Scheme 8

{ FG-R}2Zn

oo L,

%

TiLg *

the presence of the catalyst (ens-5) and further
functional group interconversions, the aldehyde
48 (70%; >95% ee), which adds bis(4-
acetoxybutyl)zinc either in the presence of the
(S.5)-catalyst (ent-5) furnishing selectively the
anti-1,3-diol derivative 49 (syn/anti=9:91) or in
the presence of the (R,R)-catalyst (5) providing
the syn-1,3-diol derivative 50 (syn/anti=86:14)
(Scheme 7). This strategy has been applied to a
short formal synthesis of lipoic acid 51 (Scheme 8;
ImH = imidazole).* Thus the addition of bis(5-
pivaloxypentyl)zinc to the aldehyde 47 affords the

=)

R O\/‘\
]

60a: R=TIPS :89%; 85%¢ee
61a: R = TBDPS : 78%; 92%¢ee

OH

R Q\/k/\/\
OAc

60d:R="TIPS :60%; 84%ee
61d: R = TBDPS : 62%; 86%¢€e

® —O\i*R-FG .
%

NN
Pent

60b: R = TIPS
61b: R = TBDPS : 63%; 94%ee

?>\R-FG

57

36]

desired secondary alcohol 52 (72%, 91% ee)
which after two protection—deprotection steps
leads to the primary alcohol 53 (70% yield). The
oxidation of 53 produces the carboxylic acid 54
(90% yield), which has already been converted to
lipoic acid 51.%%

Epoxides are versatile chiral building blocks
and the development of catalytic asymmetric syn-
thesis of this class of compounds is therefore of
special importance.” The addition of dialkylzincs
((FG-R),Zn) to protected a-hydroxyaldehydes 55
will lead to protected 1,2-diols 56, which can be

)
“0\/?:/\/\/0”"

60C:R=TIPS :75%,;93%ee
61c: R = TBDPS : 39%,; 70%ee

H
R OPiv

60e:R=TIPS :74%;90%¢e
61e: R = TBDPS : 47%; 92%ee

: 85%; 75%ee

Scheme 9
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rpsa_Jo o _orn NBNETEEY 98 _opw
2) NaH, THF-DMF (76%) [37]
60c : 93%ee i/ ) 69%
Tos
OMe M
Mez2Zn ,0” ?e
TBDPSO(CH2)g—CHO ———a TBDPSO(CHa)6 —_—
Ho gy, \we
N, H [38]

(CO)3CF-'\

1) HB(c—Hex)g
H-—-C=C—(CH32)12,CHO _—_’

easily converted to epoxides of type 57 (Eqn
[36]). The choice of the protecting group for 55
proves to be crucial and the two silyl-protected
hydroxyaldehydes 58 and 59 were found to give
the best enantioselectivities leading to the 1,2-
diols 60a—60e and 6la—6le with 75-94% ee
(Scheme 9).* These 1,2-diol derivatives can be
readily converted to chiral epoxides (Eqn [37];
THF = tetrahydrofuran; Tos = toluenesulfonyl).

The catalytic asymmetric addition of polyfunc-
tional diorganozincs to aldehydes constitutes a
powerful method for preparing various classes of
chiral alcohols. Elegant applications to the prep-
aration of natural products in enantiomerically
enriched form such as (R)-(+)-lasiodiplodin, 62
(Eqn [38]),* and (—)-muscone, 63 (Eqn [39]),°
demonstrate clearly the synthetic potential of this
methodology.
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