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Catalytic asymmetric hydrogenation is one of the most elegant Scheme 1

and reliable methods for the preparation of optically active j\ w Chiral catalyst oH oH 0
compounds and has been widely used in industiynong the RTR2 T2 ROR T g
numerous chiral catalysts developed in past decades, the Noyori o chiral secondary alcohol
[RuClL(BINAP)(diamine)] catalyst has proved to be the most R1\‘)J\H

efficient, catalyzing the hydrogenation of prochiral ketones with R? oH oH
excellent enantioselectivity with an extremely high turn-over racemization “ o p, Chiral catalyst R*\H o RS @
number? Using different [RuCJ(diphosphine)(diamine)] catalysts, 0 R R?

a variety of chiral secondary alcohols now can be easily synthesized R1\;)J\H chiral primary alcohol

from the hydrogenation of prochiral ketones in high enantiomeric R

excessed.Although the chiral primary alcohols are exceedingly scheme 2

significant compounds for both academic research and industrial . R

production? few catalytic methods for their synthesis by asymmetric N A0 4, RUCL(SSOPI(R R)-damine)] () A A _OH

hydrogenation have appeared in the literature. . KOBu, PrOH, 50 atm, rt 2 upto8e% e
In the catalytic asymmetric hydrogenation of prochiral ketones,

at least one new stereogenic center was generated (Scheme 1, eq

OMe

1) However, no new stereogenic center was generated in the O
hydrogenation of-branched aldehydes, which makes the enan- HoN O ome
tiocontrol of the reaction extremely difficult. Thus, the asymmetric Hle‘\P“ H2N’;O

hydrogenation ofx-branched aldehydes still remains a challenge Ars ooty (An-SDP) HN“ VPR HoN FeN

to chemistd. If a catalyst can selectively hydrogenate one of two 4-MeCgHj (Tol-SDP) (RR-DPEN  (RR)}-DACH  (R)-DAIPEN

3,5-Me,CgHs (Xyl-SDP)

enantiomers of the racemic aldehyde and the remaining enantiomer 3’5y, *"F\ 50 Svmsop)

can be rapidly racemized under the same reaction conditions, then

ultimately two enantiomers of aldehyde will be fully converted to  Table 1. Asymmetric Hydrogenation of Racemic 1a with
. . . . a

primary alcohol enantioselectively (Scheme 1, eq 2). This process [RUC2(SDPs)(diamine)] Catalysts 3

is termed the asymmetric hydrogenation of racemic aldehydes via 0 [RUCI,(SDPs)(Diamine)] (3) Foon
dynamic kinetic resolution (DKR. * M TRon KO'Ba, 50 atm ©/V

In studying the synthesis of biologically active compounds such 1a 2a
as chiral pesticides and enzyme inhibitors, we became interested o o o~ P o o
in developing methods for the asymmetric synthesis of chiral Y y il )

; .. 1 (SRR-3a  (9-Xyl-SDP (RR)-DPEN 69
primary alcohols. ;I'he complexes [Ry(EDPs)(diamine)] recently > (559.3b (9-Xy1-SDP (SS.DPEN 1
developed by ug;® were found to be competent catalysts for the 3 (SRR-3¢ (9-SDP RR)-DPEN 45
asymmetric hydrogenation of racenmicbranched aldehydes via 4 (SRR-3d (9-An-SDP R:R)-DPEN 47
DKR, which provided a practical access to chiral primary alcohols 5 (SRR-3e (9-Tol-SDP RR)-DPEN 43
in high enantiomeric excess (up to 96% ee) and in high yields 6 (SRR-3f  (9-DMM-SDP  (RR)-DPEN 70
(Scheme 2) 7 (R9-3g (R)-Xyl-SDP (9-DAIPEN 6

~ : 8 (S9-3h (9-Xyl-SDP (S-DAIPEN 58

Initially, we chose as catalyst [Ruf{9-Xyl-SDP)((RR)- 9 (SRR-3i (9-Xyl-SDP (RR)-DACH 77
DPEN)] ((SRR-3a), which has been demonstrated to be very 10 (SRR-3j (9-DMM-SDP (RR)-DACH 78
efficient for asymmetric hydrogenation of ketofi€sand, as the :

i i i - 2 Reaction conditions:§C =1000, fla] = 0.2 mmol/mL, [BuOK] =

Ztar? d dard subs\;\r/ite, the commlerually a':/ aclilablpheny(ljprp_p;oni: 0.04 mmol/mL,PrOH, room temperature (25 to 3@), 50 atm of H, 8 h,

eny _e_ ta). en racemicla was hydrogenated inPrO 100% conversion? Determined by chiral GC (SupelgbDEX 225 column).
containing §RR)-3a and KOBu (SC = 1000, fla] = 0.2 M, The absolute configuration wes

[KO'Bu] = 0.04 M) under 50 atm of Hat room temperature for 8

h, (9-2-phenylpropan-1-0l2a) was obtained in 95% vyield with 2. It is evident that a bulky alkyl group at the-position of the
69% ee (Table 1, entry 1). Systematic investigation of Ru com- aldehydesl is crucial for obtaining high enantioselectivity. The
plexes with different combinations of chiral spirobiindane diphos- highest enantioselectivity (96% ee) was achieved in the hydrogena-

phines and chiral diamines, showed that the complex [R(&}H tion of the aldehyde with &Pr group at thex-position (Table 2,

DMM-SDP)((R,R)-DACH)] ((SRR-3j) was the best choice of  entry 3). The position and electronic property of substituents on

catalyst (Table 1, entry 10). the aryl ring of the substrate has very little influence on the enan-
Using catalyst §RR-3j, a range of racemia-arylaldehydeds tiomeric excess of products. The catalyst loading can be lowered

have been hydrogenated, and the results are summarized in Tabléo 0.02 mol % §C = 5000). Of special note, the hydrogenation
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Table 2. Asymmetric Hydrogenation of Racemic o-Arylaldehydes
1 Catalyzed by (S,RR)-3j2

R R

/l\éo + H, (S_’RR)-SJ AOH
Ar KO'Bu, ‘PrOH, 50 atm, r.t A"

rac1 (S)-2
entry substrate R Ar ee (%)°
1 la Me CsHs 78
2 1b Et CsHs 86
3 1c i-Pr GsHs 96 (914
4 1d c-Pent GHs 92
5 le c-Hex GsHs 92
6 1f i-Pr 2-MeGH,4 95
7 1g i-Pr 2-CIGH, 93
8 1h i-Pr 3-MeGH4 89
9 1i i-Pr 3-MeOGH4 93
10 1j i-Pr 4-MeGH4 93
11 1k i-Pr 4-MeOGH4 94
12 1l i-Pr 4-CIGH4 90
13 1m i-Pr 2-Naphthyl 89
14 1n c-Hex 4-MeGHa 92
15 1o c-Hex 4-MeOGH4 94

@ Reaction conditions are same as those in Table 1; 100% conversion.
bThe ee values were determined by chiral GC or HPLC. The absolute
configuration wasS. ¢ The data in parentheses was obtained by using 0.02
mol % catalyst, 32 hd An amount of 94% ee was obtained by using the
catalyst [RuGH((R)-Xyl-BINAP)((R,R-DACH)].

Scheme 3
7 ~ ~
~-CH Jones oxidation OH__Lit. O o J: ]
cl 97% yield O CN
(S)-21 90% ee (5)-4 90% ee (S,S)-Fenvalerate
Ha/ (R.SS)-3 NaCIO,TEMPO _
ProH, “iProH, KO'Bu T eo%yield yield
97% yleld

6 90% ee
(98% ee by recrystallization)

BAY X 1005
(98% ee)

R C@w

of aldehydelk afforded the alcohoRk in 94% ee (Table 2, entry
11). This product is the key intermediate for the synthesis of natural
product (3549-cis-7-methoxy-calamenerié.

The prepared chiral primary alcohols are very useful in the

synthesis of chiral pharmaceuticals, pesticides, and natural products.

For example, the alcoh@l (90% ee) was oxidized by Jones reagent
to (§)-2-(4-chlorophenyl)-3-methylbutanoic acidS|{4), which is

the key chiral intermediate for the preparation of pyrethroid pesticide
(S9)-fenvalerate, in 97% yield without loss of optical purity
(Scheme 3). Quinolylmethoxyphenyl acetic acid derivatives were
important leukotriene receptor antagonists and lipoxygenase inhibi-
tors such as BAYx 1005 and can be easily synthesized by our
method. The hydrogenation of racemic subst@ith catalyst
(R,SS-3j produced the chiral primary alcoh6lin 97% yield with
90% ee (98% ee after recrystallization). Oxidation of the alcéhol
by NaCIQ/TEMPO gave the compound BA¥ 1005 in 89% yield
with 98% ee (Scheme 3§. These examples illustrate the wide
applicability of the catalytic asymmetric hydrogenation of alde-
hydes.

To determine that the asymmetric hydrogenation via DKR is
performed by hydrogenation of the carbonyl group, instead of the
enol form of aldehydes, a deuteration Iof was carried out. The
IH NMR analysis of the hydrogenation product showed that the
majority of the deuteration took place at tagosition (58%), with

less than 5% deuterium observed atfgosition, thus confirming
that the hydrogenation of aldehyde with [Ry&DPs)(diamine)]
catalysts occurs on the carbonyl grodp.

In conclusion, this Ru-catalyzed asymmetric hydrogenation of
racemica-arylaldehydes via dynamic kinetic resolution provided
a highly efficient and economical method for the synthesis of chiral
primary alcohols. The method shows great potential for wide
application in the synthesis of optically active pharmaceuticals and
natural products.
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