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The asymmetric alkylation with diethylzinc of
five heterocyclic aldehydes and benzaldehyde
(for comparison) has been studied in the
presence of two optically active amino alcohols:
(9)-2-amino-1-butanol (AB) and (1S,2R)-N,N-
dibutylnorephedrine (DBNE). A number of
chiral (hetero)aromatic secondary alcohols were
synthesized in high yields (95-98%) with en-
antioselectivity up to 92% enantiomeric excess
(e in the presence of DBNE catalyst. Optically
active thienyl and 4-pyridyl derivatives were
prepared for the first time by catalytic asym-
metric alkylation. The influence of the amount of
DBNE on the enantioselectivity was investigated.
In contrast to benzaldehyde, 2-furan- and 2-
thiophene-carbaldehydes, in the case of 3- and 4-
pyridinecarbaldehydes the ee values depend
directly on the catalyst concentration. © 1998
John Wiley & Sons, Ltd.
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INTRODUCTION

Optically active heteroaryl alkyl alcohols are
important synthetic intermediatés® In continua-

carbinols using the addition of diethylzinc to the
corresponding aldehydes (some of these results was
reported in Ref. 7).

The addition of organometallic reagents to
aldehydes under chiral catalysis was proposed as
a convenient method for the preparation of various
chiral secondary alcohols (for the recent reviews
and papers, see Refs 8-14). A vast number of chiral
compounds (protic electron-donor chelating li-
gands) were tested as catalysts for these reactions
(camphor derivatives, amino alcohols, cinchona
alkaloids, proline-containing substances, ephedrine
and its derivatives, as well as the optically active
metal complexes etc). Scheme 1 (according to
Noyori'Y) illustrates a route for enantioselective
alkylation of aromatic aldehydes using a small
amount of a chiral source.

To study the enantioselective alkylation with
Et,Zn of N-, S- and O-heterocyclic compounds (2-,
3-, 4-pyridine-, 2-thiophene- and 2-furan-carbalde-
hydes) we have chosen two optically actiye
amino alcohols: $-2-amino-1-butanol (AB) and
(1S,2R)-N,N-dibutylnorephedrine (DBNE).
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The alkylation of benzaldehydavas studiedfor
comparisonwith heterocyclicaldehydesunderthe
same reaction conditions. In the literature the
addition of Et,Zn to heterocyclic aldehydesis
describedonly for 2-furaldehydeand 3-pyridine-

HO

. 1€tic | 1edl: a-  carbaldehydeé>*"both catalysedvith DBNE.
tion of our previous investigation of the enantiose-

lective synthesis of valuable (hetero)aromatic

optically active compounds (carbinols, cyanohy-

drins etc.) by asymmetric catalytic hydrosilylation

and hydrogen-transfer reduction of ketones andEXPERIMIENTAL
trimethylsilylcyanation of aldehydes® we are

reporting here the preparation of chiral heterOCyC”CGeneral procedure

The catalyst(0.02—1mmol; seeTable 1), 2.2ml of
dry tolueneandaldehyddg1 mmol) wereplacedin a
flame-dried Schlenk tube under an argon atmos-
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Schemel Principleof chiral alcoholsynthesishy catalyticasymmetricadditionof diethylzincto aromaticaldehydes.

phere.The mixture wasstirredat roomtemperature
for 15min, thencooledto 0°C, and2.2—2.7ml of
1 m diethylzinc (2.2—2.7mmol) solutionin hexane
wasaddedThereactionsverecarriedoutat0 °C or
were warmed to 9°C (the temperatureof the
refrigerator).After almostcompleteconversionof
aldehyde (monitoring by GC), the reaction was
quenchedby the addition of saturated NH,CI
solution at 0°C for 2h. The organic layer was

separatednd analysedoy meansof GC, GC-MS
andchiral GC.

Materials and Methods

Toluene was distilled from LiAIH , before use.
Diethylzinc (1M solution in hexane),(9-(+)-2-

amino-1-butanobnd (1S 2R)-(—)-2-dibutylamino-
1-phenyl-1-propario(N,N-dibutyl-D-norephedrine)

Table 1 Enantioselectiveadditionof Et,Zn to (hetero)aromati@aldehydedollowed by hydrolysis

Chiral alcohol

Aldehyde
Catalyst Reactiontime  conversionGC Chemicalyield,
Entry Ar (amount,mol%) (h) (%) GC (%) ee? GC (%) Configuration
1P Ph AB (4) 44 87 72 53 R
2bd Ph DBNE (2) 44 100 100 90 S
3cd Fur AB (8) 44 90 83 36 R
4cd Fur DBNE (6) 70 98 96 86 S
5o Th AB (8) 44 79 55 38 R
g Th DBNE (6) 70 100 98 92 S
7°d 2-Py DBNE (6) 20 100 95 2 S
g>e 2-Py DBNE (72) 6 96 81 2 S
gbd 3-Py AB (20) 20 96 78 11 R
100 3-Py DBNE (6) 20 100 99 32 S
110 3-Py DBNE (40) 8 100 98 55.5 S
120¢ 3-Py DBNE (68) 6 100 98 73 S
13Pe 4-py AB (38) 20 67 65 25 R
140 4-Py DBNE (14.4) 6 100 100 22 S
15°¢ 4-Py DBNE (25) 6 100 98 28,28 S
16°¢ 4-pPy DBNE (29) 6 100 98 30 S
17°e 4-Py  DBNE (43.2) 6 100 98 36 S
18e 4-Py DBNE (72) 6 100 96 43 S
19 4-py DBNE (100) 6 100 97 57.5 S

2 Detectecby meansof chiral GC (seeTable2). P° Reactionsverecarriedoutat 0 °C or 0 — 9 °C, respectively ¢ Molar ratio of
aldehydeand Et,Zn=1:2.2 or 1:2.6-2.7,respectively.” Analyseswere performedwith two different columns: Lipodex E and

Chirasil-DexCB.
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Scheme2 Catalyticasymmetricalkylation of aldehydesy Et,Zn: Ar = Ph, 2-furyl (Fur), 2-thienyl (Th), 2-, 3-, 4-pyridyl (Py);
Cat* = (§-2-amino-1-butanobr (1S 2R)-N,N-dibutylnorephedrineSolvent= hexanetoluene.
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Scheme3 Examplesof asymmetridnductionrulesfor alkylation of aromaticaldehydesy Et,Zn.

werepurchasedrom Fluka. ThealdehydegMerck)
weredistilled beforeuse.

GC analysiswas performedon an HP 5880-A
chromatographequippedwith a flame-ionization
detector,on a capillary columnpackedwith SE-54
phasg(25m x 0.2mm), the carriergaswashelium
(2 ml min™"). GC-MSspectravereobtainedusing
an HP 5890 (ll) chromatographon an HP 101
capillary column (Polydimethylsiloxang 25
m x 0.2mm), connectedo an HP Engine5989-A
massspectromete(70eV). The chiral separations
were performedon an HP 5890 (1) gaschromato-
graphwith the Macherey—Nagetapillary columns
containingvariouschiral phasesCyclodexIP (50
m x 0.2mm), Lipodex E (25 m x 0.2mm), Chira-
sil-Dex CB (25 m x 0.2mm).

RESULTS AND DISCUSSION

The enantioselectiveaddition of diethylzinc to
benzaldehydéhad beenstudiedpreviouslyin the
presenceof a large number of chiral catalysts,
including AB*® and DBNE.*° 1-Phenyl-1-propanol
(1) was obtained® in 97% yield with 26%
enantiomericexcess(e€ (R-configuration)by the
reactionof benzaldehydevith Et,Zn (1.0 equiv)in
toluenein the presencef AB (2 mol%)at20°C for
41h. This chiral carbinol was synthesizetf in
guantitativeyield, and90% ee (S-configuration)oy
meansof Et,Zn (2.2 equiv) in hexaneat 0 °C for
16h in the presenceof DBNE (6 mol%). This
processervedasamodelreactionfor thesynthesis
of carbinol 1 having the known configuration

© 1998JohnWiley & Sons,Ltd.

necessaryfor the chiral GC analysis.GC chiral
resolutions of product 1 were performed on a
column (50 m) packedwith Cyclodex IP chiral
chromatographiphaseat 120°C. Chiral alcohol1
waspreparedn 72%and100%chemicalyield and
53% (R) and 90% (S ee respectively,in the
presenceof AB and DBNE catalystsunder the
reactionconditionsbeingstudied(Scheme2; Table
1, Ar =Ph, entriesl and 2).

It is known that the geometry of the chiral
catalystdeterminesthe absoluteconfigurationof
the predominantlyformed enantiomer regardless
of the aldehydeusedfor the additionreaction.The
rulesgivenin Schemes indicatethatthe «-S- or /-
R-configuration of p-dialkylamino alcohols con-
sistentlyproducesthe S-alcohol, whereashe f-S
configurationof a catalystformsthe R-enantiomer.
Theprevailingabsoluteconfigurationis determined
primarily by that of the hydroxyl-containing o
asymmetriccarbon of the amino alcohols. This
asymmetricsenseis in accordwith the transition-
statemodelsof assembliesncluding a catalyst,di-
alkylzinc andaldehyde'* Thus,in the presencef
(§-aminoalcoholsascatalyststhe majorconfigur-
ation of the chiral secondarycarbinolsobtainedis
R, whereagthe DBNE catalystgivesSisomerasthe
main product.13 Therefore,in this work we used
two catalysts (AB and DBNE) to obtain the
heterocyclicalcoholswith the predominanceither
of R- or S-configuration respectively.

The addition of Et,Zn to 2-furaldehydewas
investigatedin the presenceof AB (8 mol%) and
DBNE (6 mol%). Thesereactiongyavel-(2-furyl)-
1-propanol (2) in 83% and 96% vyields (GC),
respectively(Tablel, entries3 and4). In contrasto

Appl. OrganometalChem.12, 469-474(1998)
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Figure 1 The GC chiral separationof 1-(2-thienyl)-1-
propanol,preparedunder DBNE catalysis(for other reaction
conditions, see Table 1, entry 6). Column: chiral-phase
CyclodexIP (50m x 0.2mm), 120°C.

alcoholl, the chiral resolutionof 2 wasimpossible
by meansof the CyclodexIP phaseThe separation
was successfubn a Lipodex E column (25 m) at
85°C. Theeevaluesfor thealcohol2 were36%(R)
and 86% (S under AB and DBNE catalysis,
respectively. The result obtainedwith DBNE is
comparablevith thatdescribedy others>7(89%
ee S-configuration)

1-(2-Thienyl)-1-propanof3) wassynthesizedy
the reaction of 2-thiophenecarbaldehydevith
Et,Zn (Table 1, entries5 and6) in moderateyield
(55%) andin 38%ee(R-isomer)usingAB catalyst
(8 mol%) andin high chemicalyield (98%, GC)
andin 92% ee (S-configuration)in the presencef
DBNE (6 mol%). The GC chiral resolutionsof
alcohol3 wereperformedon chiral-phase&Cyclodex
IP (50 m) at 120°C (Fig. 1). Optically active
alcohol3 hasbeenpreparedor thefirst time using
asymmetriccatalysis.

To our knowledge, the catalytic asymmetric

synthesif pyridylalkyl carbinolby enantioselec-
tive alkylation of pyridinecarboxaldehydeasbeen
reported in only one paper® 1-(3-Pyridyl)-1-
propanol(5) was obtainedin yield 93% (37% ee
configuratiomotreportedyet) by thereactionof 3-
pyridinecarbaldehydewith Et;Zn (2.6 equiv) in
hexaneat 20°C for 1 hiin the presencef DBNE (5
mol%). In the presenceof 75 mol% of DBNE the
alcohol5 waspreparedn 99%yield andin 74%ee

In the presentwork the asymmetricalkylation of
2-, 3- and 4-pyridinecarbaldeyde by Et,Zn (2.2—
2.7 equiv) was studiedin the presenceof chiral
catalystsAB and DBNE (in various amounts)at
0°C. 1-(2-Pyridyl)-1-promnol (4) wassynthesized
by thereactionof the correspondingldehydean up
to 95% yield (in the presenceof 6 mol% DBNE),
butwith verylow enantioselectivityi.e. 2%ee(and
similarly under catalysiswith 72 mol% DBNE;
Tablel, entries7 and8). The GC chiral separation
of alcohol 4 was performedon a column packed
with chiral phaseLipodex E at 120°C.

Alkylation of 3-pyridinecarbaldehysl was
studied in the presenceof AB (20 mol%) and
DBNE (6, 40 and 68 mol%), and carbinol 5 was
prepared Table 1, entries9—12).Chiral separation
of enantiomeric wassuccessfubnly onthechiral
phaseChirasil-DexCB (Table2). AB catalysedhe
reactiononly with low enantioselectivity11%ee).
UnderDBNE catalysisthe eevaluesof 5 increased
from 32to 73%with anincreasdan the molarratio
of thecatalystandaldehyderom 6 to 68% (Fig. 2).
Theseresultsarein agreementvith thosereported
earlier®

The reactionsof 4-pyridinecarbaldeyde with
diethylzincwerestudiedin the presencef AB (38
mol%) and DBNE (14.4-100 mol%) and the
corresponding alcohol 1-(4-pyridyl)-1-propaol
(6) was obtained.AB inducedvery low enantios-
electivity — only 2.5% ee The carbinol 6 was
preparedy catalysisvith DBNE in 96—-100%yield

Table 2 GC chiral resolutionof the preparedenantiomericsecondaryfhetero)aromati@lcoholsAr-CH(OH)Et

Configuration

R S

Ar Chiral GC phase Lengthof capillary column(m) Temp.(isothermakegime,°C) Retentiontime (min)
Ph CyclodexIP 50 120 30.2-30.4 31.1-31.3
Fur Lipodex E 25 85 15.4-156 14.6-15.1
Th CyclodexIP 50 120 33.0-33.1 34.0-34.2
2-Py Lipodex E 25 120 9.7-9.8  10.1-10.2
3-Py Chirasil-DexCB 25 140 13.8-14.0 14.2-14.4

120 23.6 24.4
4-Py Lipodex E 25 130 26.1-26.7 27.2-27.7

Chirasil-DexCB 25 130 21.8 24.0

© 1998JohnWiley & Sons,Ltd.
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Figure 2 Dependencef the eevalueson catalystamountin
theenantioselectiveynthesesf optically activealcohols(1-6)
by asymmetriadditionof Et,Zn to aldehydesn thepresencef
(1S 2R)-N,N-dibutylnorephedrindDBNE).

and with 22-57.5%ee stereoselectivityTable 1,
entries13-19).As in the caseof 3-pyridinecarbal-
dehyde,the increasein the amountof the catalyst
leadsto theenhancemenif theee(Fig. 2). TheGC
chiral resolutionsof alcohol 6 were performedon
two phasesLlipodex E and Chirasil-DexCB, and
identicalresultswereobtained(Table 1, entry 15).
As expectedGC analysisshowedhatalcohols1-6
hadoppositeabsoluteconfigurationrwhenobtained
in the presenceof AB comparedwith DBNE. The
mass-spectradata of the preparedheterocyclic
alcoholsare presentedn Table 3.

CONCLUSIONS

The enantioselectiveaddition of diethylzinc to
(hetero)aromaticaldehydeshas been studied in
the presencégwo amino alcohols,AB and DBNE.
Six chiral alcoholswere synthesizedn high yields

(95-98%, GC) and in moderateto high enantio-
meric excess(up to 92%, S-configuration)in the

presenceof DBNE. Thienyl and 4-pyridyl deriva-

tives (3 and 6) were obtainedfor the first time by

catalyticasymmetricalkylation. The enantioselec-
tivities of the AB catalystwere lower in all cases
than thoseof DBNE. Different GC chiral phases
havebeenfoundto beeffectivefor theseparatiorof

thepreparateahiralalcoholsl-6 Somefeaturesof

the asymmetric alkylation of heterocyclic alde-

hydes with Et,Zn were found by studying the

influenceof theamountof DBNE ontheeevalues.
In contrastto benzaldehyde2-furan- and 2-thio-

phene-carbaldehyde$y the casesof 3- and 4-

pyridinecarbaldehydesnincreasen theamountof

catalystleadsto an enhancemenbf the enantio-
selectivity. The furan ring oxygen and the thio-

phene sulphur atoms seemsto have only minor

stereochemicatonsequenceas potential sites of

additionalcomplexation sincethe resultsobtained
with 2-furan- and 2-thiophene-carbaldehydese

comparablewith those obtained with benzalde-
hyde.
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