Copyri ght WLEY-VCH Verlag GrbH, D 69451 Wei nheim 2000.
Supporting Information for Angew. Chem Int. Ed.

Engineering the Catalysts for Enantioselective
Addition of D ethylzinc to Al dehydes with Racemc
Am no Alcohols: Nonlinear Effect in Asymetric

Deactivation of Racem c Catal ysts

Jiang Long and Kuiling Ding*

General Considerations. 'H NVR spectra were neasured on
a Bruker AMBOO NWVR spectroneter (300 MHz) with CDCl 3 as
sol vent and recorded in ppm relative to internal
tetramet hyl silane standard. Coupling constants, J, are
listed in hertz. Mss spectra (ElI, 70 ev) were taken on a
HP5989A spectroneter. Elenental analysis was preformed with
an Elemental VARIO EL apparatus. Melting points are
uncorrected. Optical rotations were neasured on a PerKkin-
El mer 341 automatic polarineter. HPLC anal yses were carried
out on a JASCO 1580 liquid chromatograph with a JASCO CD
1595 detector and AS-1555 autosanpler. GC analyses were
performed on a Perkin-El nmer AutoSystem XL gas chromat ograph
with FID detection. Hexane, tetrahydrofuran and diethyl
ether were distilled from sodi um benzophenone ketyl under
argon and degassed before use. Di chl or omet hane  was
distilled from CaH, before use. Al reactions were perforned
under argon.

Preparati on and Characterization of Chiral
Addi tives (AAl-AAl3) and Racem ¢ Am no Al cohol s
( DB1- DB5) .

Schene 1
)N\Hz LiAIH, )NHVZ
R™* "COOH THF R™* OH

Reflux
AAL1-AA7

(S)-2-Am no- 1- propanol (L-alaninol) (AAl)



A 50-nL round-bottonmed flask was charged with a suspension
of lithium alum num hydride (0.34 g, 9 mol) in 10 nL of
dry tetrahydrofuran. The m xture was cooled to 0 °C in an
ice bath and L-alanine (4.5 nmmol) was added in portions
during 1 h. After the addition was conplete, the ice bath
was renoved, the reaction mxture was warned to room
tenperature and stirred wunder reflux for 17 h. The
reaction m xture was then cooled to 0°C in an ice bath again
and diluted with diethyl ether (10 nlL). The reaction was
guenched with water (0.3 nlL), aqueous 15 % sodi um hydroxi de
(0.3 nmL) and water (1.0 nL) respectively. The solution was
stirred for 30 min and the white precipitate was filtered
through celite. The filter cake was washed wth diethyl
ether (3x10 nL) and the filtrates are conbined, dried over
anhydrous sodium sulfate and concentrated under reduced
pressure to afford AA1 (300 ng, 88% as a colorless |iquid.
'H N\R (300 MHz, CDd3) d = 1.04 (d, 3H J = 6.5 Hz), 2.65
(bs, 1H), 2.95-3.05 (m 1H), 3.21-3.27 (m 1H), 3.50-3.55
(m 1H).

Chi r al additives AA2-AA7 were prepared from the
corresponding amno acids by a simlar procedure to that
descri bed above.

(S)-2-Am no- 3-net hyl -1- but anol (L-valinol) (AA2)

Yield: 100% [a]p® + 14.4 (¢ = 0.51, EtOH literature:!!
[a] o + 17 (¢ = 10, ethanol)); H NWR (300 MHz, CDCl3) d =
0.91 (d, 3H, J = 6.8 Hz), 0.93 (d, 3H J = 6.8 Hz), 1.53-
1.65 (m 1H) 2.27 (bs, 3H), 2.54-2.60 (m 1H), 3.28-3.34
(m 1H),3.62-3.67 (m 1H).

(S)-2- Ami no-4-net hyl -1-pentanol (L-1eucinol) (AA3)
Yield: 100% *H NVMR (300 MHz, CDCl3) d = 0.88-0.94 (m 6H),
1.16-1.22 (m 2H), 1.63-1.75 (m 1H) 2.36 (bs, 3H), 2.88-
2.93 (m 1H), 3.21-3.28 (m 1H), 3.54-3.59 (m 1H).

(S)-2-Am no-3, 3-di net hyl - 1-butanol (L-tert-Ieucinol) (AA4)
Yield: 98% mp. 34-36°C (literature:!Y 33-35 °C); 'H NWR
(300 MHz, CDO3) d = 0.90 (s, 9H), 2.72 (bs, 3H), 3.10-3.22
(m 1H), 3.53-3.80 (m 2H).

(R) - 2- Ami no- 2- phenyl et hanol (D-phenyl gl yci nol) (AA5)

Yield: 90% mp. 74-75°C (literature:[¥ 75-77°C); [a]p®® -
35.0 (¢ = 1.0, 1 N HO; literature: 'Y [a]p?® -31.70 (c =
0.76, 1 N HA)); H NMR (300 Mz, CDO3) d = 2.29 (bs, 3H),



3.52-3.58 (m 1H), 3.70-3.75 (m 1H), 4.01-4.06 (m 1H),
7.26-7.36 (m 5H).

(S)-2- Ami no- 3- phenyl - 1- propanol (L-phenyl al ani nol) (AAB)
Yield: 92% mp. 88-90°C (literature:[Y 92-94°C); [a]p®® -
24.6 (c = 0.334, EtOH, literature:[? [a]p® — 25.6 (c =
1.037, EtOH)); 'H NMR (300 MHz, CDdO3) d = 2.19 (bs, 3H),
2.48-2.56 (m 1H), 2.76-2.82 (m 1H), 3.07-3.15 (m 1H),
3.36-3.42 (m 1H), 3.61-3.65 (m 1H) 7.17-7.36 (m 5H)

(S)-2-Pyrrolidinenmethanol (L-prolinol) (AA7)

Yield: 94% [a]p®® + 22.5 (¢ = 0.325, GCsHsCHs; literature:!®
[a]o?® + 30 (¢ = 1.6, GHsCHs)): 'H NWVR (300 MHz, CDCl3) d =
1.30-1.45 (m 1H), 1.70-1.88 (m 3H), 2.90 (t, 3H J = 6.7
Hz), 3.20-3.29 (m 1H), 3.36-3.39 (m 1H), 3.53-3.62 (m
1H) .

Schene 2
NH»
NH, SOCl, NH, - Hcl (1) PhMgBr OH
(2) H3O R™*
R *"COOH  MeOH R”* COOMe 3 PhPh
AA8-AA13

(S)-2-Am no-1, 1-di phenyl - 1- pr opanol ( AA8)
(a) L-Alanine nethyl ester hydrochloride

To a 50-nL dry 2-necked round-bottoned flask equi pped with
a dropping funnel and a condenser were added L-alanine (1.0
g, 11.2 mol) and 25 nlL of absolute nethanol, and then the
flask was inmmersed in an ice-bath. Thionyl chloride (0.9
m., 12 nmol) was added dropw se under stirring during half
an hour. The mxture was warnmed to room tenperature
gradually and heated to 40-50°C for 3 h. After standing
overni ght at room tenperature, the m xture was concentrated
to give L-alanine nethyl ester hydrochloride (1.6 g, 100 %
as a white crystalline solid, mp. 108-109°C (literature:!!
109-111°C).

(b) (S)-2-Am no-1, 1-diphenyl-1-propanol (AA8)

A 500-nL dry 3-necked round-bottomed flask was equipped
with a dropping funnel, a condenser and an argon-inlet tube
from which the flask was flushed with argon. Magnesium
(2.1g, 89 mol) and a catalytic anount of iodine were added
and then about 1/5 of a solution of bronobenzene (14.7 g,
94 mml) in 90 nL dry THF was charged to initiate the
reaction followed by dropw se adding the rest solution over
1h. After the reaction mxture was stirred under reflux for
30 min, the flask was cooled to 0°C in an ice bath. L-



Al anine methyl ester hydrochloride (0.84 g, 6 mmol) was
added portionwise during 1h. The mxture was stirred
overnight at room tenperature before it was carefully
guenched with saturated ammonium chloride solution (70 nli)
and extracted with ethyl acetate (4x40 nlL). The organic
|ayers were conbined, dri ed (MySQy) filtered and
concentrated. The residue was chromatographed on silica gel
(Et OAc/ hexane, 1:1) to yield AA8 (1.2g, 88% as a white

solid, mp. 99-101°C (literature:!® 101.5-102.5°C); [a]®® -
95.2 (¢ = 1.0, CHO5; literature:!¥ [a]p?*®- 82.3 (¢ = 1.6776,
CHCl 3)); *H NWR (300 MHz, CDCl3) d = 0.95 (d, 3H, J 6.3
Hz), 1.20-1.70 (bs, 2H), 2.16 (s, 1H), 4.14 (g, 1H J = 6.3
Hz), 7.15-7.62 (m 10H).

Chiral additives AA9-AAl13 were prepared by using an
anal ogous procedure as for the preparation of AAS8.

(S)-2-Am no-1, 1-diphenyl-3-nethyl-1-butanol (AA9)

Mp. 94-96 °C (literature:!® 94-95°C); [a]p® - 117.1 (c =
1.0, CHCO3; literature:!®™ [a]p?® — 127.7 (¢ = 0.639, CHO3));
'H NV\R (300 MHz, CDO3) d = 0.92-0.95 (m 6H), 1.05-1.72
(bs, 2H), 1.75-1.88 (m 1H), 3.91 (d, 1H J = 1.6 Hz),
7.14-7.61 (m 10H).

(S)-2-Am no-1, 1-diphenyl-4-nethyl-1-pentanol (AA10)

Mp. 137-139°C (literature:!® 132-134°C); [a]p® — 81.3 (c =
1.0, CHCO3; literature:[® [a]p?® — 95.12 (¢ = 1.006, CHO 3));
'H NVR (300 MHz, CDCOl3) d = 0.85-0.90 (m 6H), 1.03-1.12 (m
1H), 1.22-1.31 (m 1H), 1.25-1.70 (bs, 2H), 1.54-1.61 (m
1H), 3.99 (dd, 1H, J = 2.0, 10.2 Hz), 7.18-7.62 (m 10H).

(R -2-Am no-1, 1, 2-tri phenyl et hanol (AAl1l)

Yield: 46% mp. 129-131 °C (literature:!” 131-133 °C);
[ 102+ 219.1 (c = 1.0, CHO 3 literature:!™ [ ]2+ 235.0
(c = 1.0, CHO3)); *H NWR (300 MHz, CDO3) = 4.75 (bs, 1H),
5.01 (s, 1H), 7.01-7.77 (m 15H).

(S)-2-Am no-1, 1, 3-tri phenyl - 1- propanol (AAl12)
Yield: 76% mp. 148-150°C (literature:[® 144-145°C); [a]®®
— 87.4 (1.0, CHO 3 literature:!® [a]p®® — 88.50 (c = 0.604,

CHCl 3)); H NWVR (300 MHz, CDCl3) d = 1.33 (m 2H), 2.40-2.49
(m 1H), 2.62-2.68 (m 1H), 4.17 (dd, 1H J = 2.6, 10.8
Hz), 7.17-7.67 (m 15H).



(S) - D phenyl - 2- pyrrolidinenmet hanol (AA13)
Yield: 35% Mp. 69-71°C (literature:!® 76.5-77.5 °C); [a]o®
— 48.2 (¢ = 1.0, MeOH); literature:!® [a]p?? — 54.3 (c =

0.261, MeOH)); 'H NWR (300 MHz, CDO3) d = 1.57-1.77 (m
4H), 2.90-3.04 (m 2H), 4.26 (t, 1H J = 7.7 Hz), 7.13-7.59
(m 10H).
Schene 3

0] O O ) OH

(iA)- DB1-DB5

(%) -1-Pi peridino- 3, 3-di net hyl - 2- but anol ( DB1)
(a) 1-Bronopi nacol one

A 250-nL 3-necked round-bottoned flask equipped wth a
dropping funnel, a condenser and a gas-outlet tube from
whi ch the evolved HBr was introduced to a NaOH sol uti on was
charged with a solution of pinacolone (20 g, 0.2 nol) in
chloroform (100 nlL). Bromne (32 g, 0.2 nol) was added
dropwi se at room tenperature during 1 h. After the reaction
m xture was stirred at room tenperature overnight, it was
transferred to a separatory funnel and washed wth

saturated sodium bicarbonate solution (2x50 niL) and brine
(50 ) respectively. The organic layer was dried
(MgSQy) filtered, and concentr at ed to yield 1-
br onopi nacol one as a colorless liquid (33.7 g, 94 %. 'H NWR
(90 MHz, CDCl3) d =0.9 (s, 9H, 3.8 (s, 2H.
(b) 1-Piperidino-3, 3-di met hyl - 2- but anone

To a 500-nL round-bottoned flask equi pped with a condenser
wer e added 1-bronopi nacolone (12 g, 67 mol), piperidine (6
g, 70 mmol), anhydrous potassium carbonate (18.5 g, 134
mol ) and 250 nL of acetonitrile. The mxture was stirred
under reflux for 20 h and then was <cooled to room
tenperature. After water (100 nL) and ethyl acetate (100
nm.) were added, the organic |ayer was separated, washed
with brine (50 mL), dried over anhydrous sodium sul fate and
concentrated under reduced pressure. Distillation of the
resi due under vacuum afforded 1-piperidino-3, 3-dinethyl-2-
butanone as a colorless liquid (6.2 g, 52 %, b.p. 76-78°C
/5 mrHg (Literature:!® 90°C /10 mmHg); 'H NWVR (300 Mz,
cDds) d = 1.13 (s, 9H), 1.37-1.45 (m 2H), 1.57-1.64 (m
4H), 2.40 (t, 4H), 3.31 (s, 2H).



(c) (=%)-1-Piperidino-3, 3-dinethyl-2-butanol (DBl)

To a 500-nL round-bottoned flask equi pped with a dropping
funnel were added Ilithium alum num hydride (1.3 g, 34.2
mol ) and 150 nlL of absolute diethyl ether. A solution of
1- pi peri di no- 3, 3-di net hyl - 2- butanone (6.0 g, 32.8 mmol) in
50 mL of diethyl ether was added dropwi se during half an
hour. The reaction mxture was stirred at room tenperature
for 5 h and then diluted with diethyl ether (100 nL). The
reaction m xture was quenched with water (5 nL), 15 % NaCOH
solution (5 m) and water (10 nlL) respectively and was
filtered. The organic layer was dried over anhydrous Na,SQ,
concentrated and chromatographed on silica gel to give
racemic DB1 (5.2 g, 85 9% as a colorless liquid. *H NVR (300
MHz, CDCl3) d = 0.89 (s, 9H), 1.43-1.45 (m 2H), 1.54-1.57
(m 4H), 2.23-2.32 (m 4H), 2.58-2.63 (m 2H), 3.30-3.34
(m 1H), 3.35-3.65 (bs, 1H).

Racem ¢ am no al cohols DB2-DB5 were prepared by using
an anal ogous procedure as for the preparation of DBL.

1- (ci s-2, 6-D net hyl pi peridino)- 3, 3-di net hyl - 2- but anol (DB2)
Yield: 85 % *H NWR (300 MHz, CDCl3) d = 0.90 (s, 9 H,
1.01-1.03 (m 6H), 1.15-1.70 (m ©6H), 2.39-2.60 (m 4H),
3.12-3.17 (m 1H), 4.30 (bs, 1H).

1- Mor phol i no- 3, 3-di net hyl - 2- but anol ( DB3)

Yield: 81 % mp. 43-45°C (literature:! mp. 49-50°C); !H
NVR (300 MHz, CDOl3) d = 0.91 (s, 9H), 2.30-2.37 (m 4H),
2.65-2.72 (m 2H), 3.34-3.40 (m 1H), 3.68-3.75 (m 4H).

1- Pyrrolidino-3, 3-di net hyl - 2- but anol (DB4)

Yield: 95 % *H NWR (300 MHz, CDCl3) d = 0.91 (s, 9 H,
1.73-1.78 (m 4H), 2.22-2.28 (dd, 1H J = 2.9, 11.6 Hz),
2.38-2.46 (m 2H), 2.58-2.76 (m 3H), 3.29-3.34 (dd, 1H J
= 3.0, 11.2 Hz).

1- (Di cycl ohexyl ) am no- 3, 3-di net hyl - 2- but anol ( DB5)
Yield: 76 % mp. 88-89°C; 'H NMR (300 MHz, CDCl3) d = 0.92
(s, 9H, 1.08-1.40 (m 10H), 1.57-1.85 (m 10H), 2.28-2.36
(m 1H), 2.45-2.68 (m 3H), 3.16 (dd, 1H J = 3.7, 1
HZ); MS (El, 70ev): mz (%: 282 (2) [M1]", 224 (17) [Mm
C(CHs)3]*, 194 (100) [MHOCHC(CHs)3]*. Anal. <calcd for
CisHssNO C 76.81, H 12.53, N 4.98% Found: C 76.71, H 12.52,
N 4. 76.



Resol uti on of (£) - 1- Pi peri di no- 3, 3-di net hyl - 2-
but anol (DB1) !

Both R-DB1 and S-DBl can be resolved by using equinolar
di -p-toluoyl-L-tartaric acid and di-p-toluoyl-D-tartaric
acid respectively. Recrystallization of corresponding salts
from i-PrOH/ MeOH (3:1) mxed solvent for three tines and
followed by deconposition with 1 M sodium hydroxide
solution gave optically pure R DBl and S-DBl1 respectively
in 7%yield.

R-DBl: [a]p®= - 61.0 (C = 1.0, EtOH literature:!*? [a]p®
=-62.1 (C=1.9, EOH))
S-DBl: [a]p®™® =+ 61.0 (C = 1.0, EtOH

General Procedure for the Random Screening of
Chiral Additives Using Racem c 1-Piperidino-3, 3-
di net hyl - 2- but anol (DB1) as the Ligand of Catal yst.

To a 1.5-nL pol ypropyl ene m crotube were added DBl (3.7
ng, 0.02 mmol), chiral additives (0.01 mmol), nethylene
dichloride (0.1 m) and diethylzinc (0.5 nm, 1.0 Min n-
hexane) respectively. After standing at —20 °C for 24 h, the
reaction mxture was quenched wth saturated anmonium
chloride solution and extracted with diethyl ether. The
organic phase was washed wth brine and dried over
anhydrous sodium sulfate. After renoval of the solvent, the
crude product was purified by flash chromatography on
silica gel with EtOAc/Hexane (1/7) as eluent to give 1-
phenyl - 1-propanol as a colorless liquid. Its enantioneric
excess was determined with HPLC on Chiralcel OD-H col um:
el uent Hexane/ 2-propanol (98.5:1.5); flow rate 1.0 nL/m n;
UV detection at | = 270 nm retention tinme = 15.0 mn (R
enantiomer), 20.2 mn (S enantioner).

Schene 4
(iA)-DB1 (10 mol%) OH

. " 0
PhCHO + Et,zn chiral additive (5 mol %) )\/
n-hexane/CH,Cl, Ph™ =

1 -20°C, 24 h 2

OH

oy

(iA)- DB1



Table 1. Random Screening of Chiral Additives in
the Presence or Absence of (*)-DBl1 as Ligand
: Yield (% %
Chi ral . . . )
Additives W t hout Wth W t hout Wth
(+) -DB1 (+) -DB1 (+) -DB1 (+) -DB1
Al 54 45 8.2 (R 8.5 (S)
A2 70 60 89.0 (9) 38.1 (R
A3 32 85 21.1 (R 0
A4 56 96 22.0 (9) 2.0 (R
A5 64 67 1.1 (9 0
A6 10 24 13.0 (S) 15.0 (S)
A7 13 70 11.0 (R 13.0 (9
A8 49 81 6.0 (R 0
A9 15 64 0 4.0 (R
A10 58 76 37.0 (9) 12.0 (9S)
AA5 44 74 50.0 (S) 6.0 (R
AA8 85 79 16.0 (S) 61.0 (S)
Schene 5
SOV O NGOG
OH _ OH OH
o9 . 98
Al A2 A3 O
Ph  Ph
Ph  ph 1 HOOC
p & g COOH
HN NHp N M= HO: "OH
ad Ph AS Ph AG
NH, NH,
HOOC ~ COOH ~_ _OH
N Ph)\‘/OH >‘/\‘ O
PhOCO OCOPh g LL
A7 A8 A9
NH ok
NMe2 2 by H
Ph H Ph)\/OH /\F,fl:(’jh
A10 AA5 AAS



Gener al
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Before the reaction m xtures were kept at 0°C for 24 h,

Hi gh Thoughput

pl ate).

wer e
After

screening was carried out
Wei ghed ampunt of
0.1 Min CHCO,) and racem c catalysts DB
i ntroduced
diethylzinc (0.3 ni,
the m crotubes were set

0.1 mmol)

Screeni ng of
and Racemc Am no Al cohols

into

in a block
chira

1.5-mL
1.0 M
up in
0°C for 30
was added.

t hey

were quenched by saturated ammoni um chloride solution and
The extracts were then submtted

extracted with n-hexane.
to HPLC- CD anal ysi s.

The results were listed in Table 2-4.

Table 2. H gh Throughput Evaluation of Chiral

Catal yst Library Conposed of Racem c Am no Al cohols

(DB) and Optically Active Additives (AA).°?

DB | peov DB1 DB2 DB3 DB4 DB5

AA
AAL 30,8 (R 0.9(S 3.2(S 43(R 1.0 (R 1.5(9
AA2 0 20(S) 2.2(R 45(R 4.2 (R 0.7 (9
AA3 17.3 (R} 7.6 (R 10.0 (R 8.0 (R 6.8 (R 1.0 (9
AA4 0 9.1 (S) 3.3(S) 4.4(S) 6.7(S 1.0 (9
AAS 0 15.0 (R 16.7 (R 14.0 (R 13.4 (R 4.5 (R
AAG 35.4 (R 1.3(S) 0.8(S 2.1(R 1.1 (R 0
AA7 41.6 (R 2.4 (R 2.4(R 1.9(R 1.6 (R 1.8 (9
AAS 6.5 (S) 44.3 (S) 38.3(S) 27.7 (S 2.6 (S 14.9 (9
AA9 33.8 (R 35.5(S) 36.7 (S 19.5(S) 4.8 (S) 7.1 (9
AA10 43.7 (S) 71.1 (S) 71.2 (S) 47.8 (S) 20.9 (S) 26.2 (9
AA11 3.9 (R 8.7 (R 56 (R 9.2 (R 45 (R 1.4 (9
AA12 52.8 (S) 69.7 (S) 60.3 (S) 39.0 (S) 29.8 (S) 39.6 (9)
AA13 15.6 (R) 65.9 (S) 70.4 (S) 51.2 (S) 28.9 (S) 43.7 (9

a. The reactions were carried out at 0°C. b. DBO neans the reaction

was carried out in the absence of DB



Table 3. Optimzation of the Mlar Ratios of
Racem ¢ Ligands (DB) to Chiral Additives (AA) & at
different tenperature.

DB1 DB2

DB/AA | 0.5:1 1:1 2:1 3:1 |0.5:1 1:1 2:1 3:1
AA10° | 55.6 71. 4 70.5 69. 9 75.1 70. 2 77.3 79. 2
AA12° | 71.4 74.9 81.7 77.6 82.1 79.0 85. 3 81.8
AA13° | 54.0 56.5 74.7 77.1 64. 6 77.0 79.5 84.8
AA10° 76. 9 82.4 80.1 81.9 78.8 81.5 78.5 79. 6
AA12¢ | 75.2 79.9 83.9 79.7 86. 3 82.3 84.0 82.7
AA13° | 59.5 75.5 84. 4 81.5 83.9 85.5 88. 2 86.9

a. The absolute configuration of 1-phenyl-1-propanol was S; b. The

reactions were carried out at 0 °C. c. The reactions were carried out
at -20 °C

Table 4. Optim zation of the Reaction Tenperature.?
b.c

DB DB1 DB2
AA
AA12 86.0 86.1
AA13 92.7 90. 6

a. The reactions were carried out at —-40 °C. b. The nolar ratio of
racenmic catalysts DB to chiral additives AA was 2:1; c. The absolute
configuration of 1-phenyl-1-propanol was S.

From Table 3 and Table 4, the best reaction conditions
were optimzed. Then, the four conbinations of |igands
(AA12/ DB1, AA12/DB2, AA13/DBl1 and AA13/DB2) were utilized
to catalyze ethylation of a variety of aldehydes at —-40 °C
in the block apparatus and the separated secondary al cohols
were submitted to chiral HPLC analysis (the results were
shown in the Table 1 of +the text). The absolute
configurations of secondary alcohols were determ ned by
conparing the optical rotations wth that reported in
literatures. The *H NWR spectra and HPLC conditions for
vari ous products were shown bel ow.

1- Phenyl - 1- propanol (2a)

'H NMR (300 MHz, CDCl3) d =0.92 (t, 3H J = 7.8 Hz), 1.65-
1.84 (m 2H), 1.88 (bs, 1H), 4.58 (t, 1H, J = 7.5 Hz),
7.23-7.38 (m 5H); Chiralcel OD-H colum w th hexane/ 2-
propanol (98.5:1.5) as eluent; flowrate = 1.0 nL/mn; W
detection at | = 270 nm retention tine = 15.0 mn (R
enantiomer), 20.2 mn (S enantioner); the absolute
configuration of major enantioner: S.

10



1- (4- Chl or ophenyl ) - 1- pr opanol (2b)

'H NVR (300 MHz, CDOl3) d = 0.90 (t, 3H, J = 6.6 Hz), 1.62-
1.80 (m 2H), 1.90 (bs, 1H), 4.59 (t, 1H J = 6.6 Hz),
7.25-7.33 (m 4H); Chiralcel Q@ colum wth hexane/2-

propanol (97:3) as eluent; flow rate = 1.0 nb/mn; W
detection at | = 254 nm retention tine = 12.0 mn (S
enanti omer), 13.2 mn (R enantioner); the absolute

configuration of major enantioner: S.

1-(3-Tol yl)-1-propanol (2c)

'H NMR (300 MHz, CDOl3) d = 0.92 (t, 3H, J = 7.4 Hz), 1.67-
1.89 (m 3H), 2.37 (s, 3H), 4.55 (t, 1H, J = 6.6 Hz), 7.08-
7.26 (m 4H); Chiralcel OD colum wth hexane/2-propanol
(98.5:1.5) as eluent; flow rate = 1.0 nL/mn; WV detection
at | = 270 nm retention time = 12.0 mn (R enantioner),
17.0 mn (S enantioner); the absolute configuration of
maj or enantioner: S.

1- (4- Ani syl ) - 1-propanol (2d)

'H NMR (300 MHz, CDO3) d = 0.90 (t, 3H, J = 7.8 Hz), 1.60-
1.84 (m 2H), 2.17 (s, 1H), 3.81 (s, 1H), 4.55 (t, 1H, J =
7.8 Hz), 6.88 (dd, 2H, J = 2.1, 6.6 Hz), 7.26 (dd, 2H J =
2.1, 6.6 Hz); Chiralcel OD colum wth hexane/2-propanol
(98.5:1.5) as eluent; flow rate = 1.0 nL/mn; UV detection
at | = 270 nm retention time = 22.9 mn (R enantioner),
25.5 mn (S enantioner); the absolute configuration of
maj or enantioner: S.

trans- 1- Phenyl - 1- penten-3-ol (2e)

'H NMR (300 MHz, CDO3) d = 0.97 (t, 3H, J = 7.5 Hz), 1.60-
1.72 (m 3H), 4.18-4.26 (m 1H), 6.22 (dd, 1H, J = 6.9,
15.9 Hz), 6.53 (d, 1H, J = 15.6 Hz), 7.00-7.41 (m 5H);
Chiralcel OD colum wth hexane/2-propanol (95:5) as

eluent; flowrate = 0.8 nL/mn; UV detection at | = 270 nm
retention time = 14.4 mn (R enantiomer), 21.9 mn (S
enanti omer) ; t he absol ut e configuration of maj or

enanti oner: S.

1- (2- Ani syl ) - 1-propanol (2f)

'H N\R (300 MHz, CDd3) d = 0.95 (t, 3H J = 7.5 Hz), 1.65
(s, 1H, 1.77-1.84 (m 2H), 3.85 (s, 3H), 4.78 (t, 1H, J =
7.5 Hz), 6.87-6.98 (m 2H), 7.22-7.31 (m 2H); Chiralcel
OD-H colum w th hexane/ 2-propanol (97:3) as eluent; flow
rate = 0.5 nL/mn; UV detection at | = 254 nm retention
time = 22.6 mn (S enantioner), 24.8 mn (R enantioner);
t he absol ute configuration of najor enantioner: S.
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Ferrocenyl - 1- propanol (29)

'H NMR (300 MHz, CDOl3) d = 0.95 (t, 3H, J = 7.4 Hz), 1.62-
1.75 (m 2H), 1.97 (s, 1H), 4.09-4.26 (m 10H); Chiral cel

OD colum w th hexane/2-propanol (97:3) as eluent:; flow
rate = 0.45 nmL/mn; UV detection at | = 254 nm retention
time = 22.1 mn (R enantioner), 23.2 mn (S enantioner);

t he absol ute configuration of mjor enantioner: S

1- (4-N, N-D nethyl am nophenyl) - 1-propanol (2h)
'H NMR (300 MHz, CDOl3) d = 0.90 (t, 3H, J = 7.4 Hz), 1.67-
1.86 (m 3H), 2.95 (s, 6H), 4.50 (t, 1H, J = 6.7 Hz), 6.73-

(dd, 2H, J = 1.8, 6.6Hz), 7.23 (dd, 2H, J = 1.9, 6.7 Hz);
Chiralcel OD colum wth hexane/2-propanol (95:5) as
eluent; flowrate = 1.0 nL/mn; WV detection at | = 240 nm
retention tine for the two enantionmers: 12.4 mn, 14.8 nn;
t he absol ute configuration of product was not determ ned.

1- (a- Napht hyl ) - 1- propanol (2i)

'H N\R (300 MHz, CDO3) d = 1.04 (t, 3H J = 7.5 Hz), 1.55
(bs, 1H), 1.88-2.10 (m 2H), 5.40 (t, 1H J = 7.5 Hz),
7.46-7.54 (m 3H), 7.65 (d, 1H, J = 7.2 Hz), 7.77 (d, 1H, J
= 7.8 Hz), 7.85-7.88 (m 1H), 8.12 (d, 1H J = 7.2 Hz);
Chiralcel OD-H colum wth hexane/2-propanol (95:5) as

eluent; flow rate = 1.0 nL/mn; WV detection at | = 254nm
retention time = 11.2 mn (S enantioner), 20.8 mn (R
enanti omer) ; t he absol ute configuration of maj or

enanti oner: S.

1-(4-Tol yl)-1-propanol (2j)

'H NMR (300 MHz, CDOl3) d = 0.92 (t, 3H, J = 7.5 Hz), 1.74-
1.84 (m 3H), 2.36 (s, 3H), 4.57 (t, 1H J = 7.5 Hz), 7.17
(d, 2H, J = 8.0 Hz), 7.25 (d, 2H J = 8.1 Hz); Chiralcel
OB-H colum w th hexane/2-propanol (98:2) as eluent; flow
rate = 0.8 nL/mn; UV detection at | = 240 nm retention
time = 12.3 mn (S enantioner), 15.6 mn (R enantioner);
t he absol ute configuration of najor enantioner: S.

1- (3- Ani syl ) -1-propanol (2k)

'H NMR (300 MHz, CDO3) d = 0.92 (t, 3H, J = 7.8 Hz), 1.65-
1.82 (m 3H), 3.82 (s, 3H), 4.58 (t, 1H, J = 7.8 Hz), 6.80-
6.82 (m 1H), 6.91-6.93 (m 2H), 7.26 (t, 1H J 8 Hz);

= 7.
Chiralcel OB-H colum wth hexane/2-propanol (98:2) as
eluent; flowrate = 0.8 nL/mn; UV detection at | = 240 nm
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retention tinme for the two enantioners: 20.0 mn, 24.9 mn;
t he absol ute configuration of product was not determ ned.

1- (4- Bronmophenyl ) - 1- propanol (2I)

'H NVR (300 MHz, CDOl3) d = 0.91 (t, 3H, J = 7.4 Hz), 1.62-
1.84 (m 2H), 1.84-1.90 (bs, 1H), 4.56 (t, 1H J = 7.4 Hz),
7.25 (d, 2H, J = 7.0 Hz), 7.46 (d, 2H, J = 7.0 Hz);
Chiralcel OB-H colum wth hexane/2-propanol (98:2) as
eluent; flowrate = 0.7 nmL/mn; UV detection at | = 254 nm
retention time = 14.4 mn (S enantioner), 16.1 mn (R
enanti omer) ; t he absol ute configuration of maj or

enanti oner: S.

trans- 4- Hexen- 3-ol (2nm)

'H NMR (300 MHz, CDOl3) d = 0.90 (t, 3H, J = 7.3 Hz), 1.48-
1.62 (m 2H), 1.72 (d, 3H, J = 8.1 Hz), 1.80-1.92 (bs, 1H),
3.98 (m 1H), 5.45-5.50 (m 1H), 5.62-5.74 (m 1H); The
enantionmeric excess of 4-hexen-3-ol was determned by GC
analysis on B-PH capillary colum; injection tenperature
220 °C, detector tenperature 230°C; N, 3.0 psi; retention
time for the two enantioners: 23.2 mn, 23.6 mn; the
absol ute configuration of product was not determn ned.

General Procedure for the Kinetic Experinents

The typical experinment was exenplified in the system
catalyzed by racemc DB1L and chiral AA13. To a dry and
argon-filled 20-nL Schl enk tube were added racemc DB1 (9.3
nmg, 0.050 mmol), AA13 (6.3 ng, 0.025 mmol) and dry CHJO
(0.3 nm). Diethylzinc (1.0 nm., 1.0 M solution in n-hexane)
was added at room tenperature. After the reaction mxture
was stirred for 30 mn, it was cooled to 0°C with an ice
bath and benzal dehyde (53 ng, 0.50 nmol) was added in one
portion. The reaction mxture was kept at 0°C for 5 mn
before it was quenched with saturated amonium chloride
solution (1.0 nL). Internal standard 1-phenyl-1-ethanol
(33.0 nmg, 0.27 mml) was added and then the mxture was
extracted with diethyl ether (310 nL). The organic |ayers
were conbi ned, washed with brine (10 nL), dried (MJSQ),
filtered and concentrated to afford a colorless oil. The
crude product was submtted to HPLC analysis to determ ne
the yield of 1-phenyl-1-propanol. The conditions of HPLC
were: columm, Bondasphere 5uCl18; flow rate, 0.6 nlL/mn;
el uent, MeOH HO (30:70); detection, 254-nm light; tgr of
benzyl al cohol 11.6 mn (factor 0. 8019); tg Of
benzal dehyde, 17.9 mn (factor 0.0153); tr of 1-phenyl-1-
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ethanol, 21.4 mn (factor 1.0000); tr of 1-phenyl-1-
propanol, 50.0 mn (factor 1.0140).

To determine the enantioneric excesses of 1-phenyl-1-
propanol, parallel experinments wunder the sanme reaction
conditions were conducted but were quenched after stirring
for 24 h at 0°C

The Nonlinear Effect in the System of (R-DBl) or
(S-DB1l) and (AAl3).

The experinments were perfornmed parallelly in 1.5-nL
pol ypropene tubes in which the concentrations of the m xed
am no al cohols, diethylzinc and benzal dehyde were adjusted
to 19 mM 769 nM and 385 mM A typical experinent was
exenplified in the system catalyzed by S-DB1l/AAl3 (50:50).
To a 1.5-nL pol ypropyl ene m crotube were added DBlL (75 L,
83 MM in CHCO,, AA13 (75 puL, 83 mMM in CHO,), and
diethylzinc (0.5 nm, 1.0 M in n-hexane) respectively and
the mxture was kept standing for 30 mn at room
tenperature. Before benzyl al dehyde (26.5 ng, 0.25 mmol) was
added, the mcrotube was set up in the block apparatus to
keep the tenperature at 0°C for 30 mn. After standing for
24 h at 0°C, the reaction mxture was carefully quenched
wi th saturated ammoni um chloride solution, extracted with 1
nL n-hexane and the extracts were submtted to HPLC
analysis on Chiral cel 0D col um. The results were
summari zed in Table 5.

Table 5. The Enantioselectivity of the Reaction of
Benzal dehyde with Diethylzinc Catalyzed by M xing
(AA13) with (R DB1) or (S-DB1).

R-DB1: AAl13 ee% S-DB1: AAl13 ee%
100: 0 +91.5 100: 0 -91. 4
90: 10 +88. 8 90: 10 -89.8
80: 20 +86. 9 80: 20 -89.0
70: 30 +85. 1 70: 30 -87.4
60: 40 +82. 4 60: 40 -86.1
50: 50 +65. 9 50: 50 -84.7
40: 60 +49. 5 40: 60 -80.1
30: 70 +40. 5 30: 70 -73.5
20: 80 +22.8 20: 80 -61.7
10: 90 +15. 6 10: 90 -38.9
0: 100 +15. 6 0: 100 +15. 6
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Figure 1. Enantioselectivity of the reaction of 1la
with diethylzinc catalyzed by mxing AA13 with (R)-
DB1 (a) and (S)-DBl1 (b). The broken lines indicate
t he expected values when the reactivity difference
between AA13 and (R)-DB1 or (S)-DB1 were not
consi der ed.
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