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ABSTRACT
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A highly enantioselective Meerwein

1.2 equiv AlMe3 H. _P(O)Phy
OH 1.2 equiv (S)-BINOL N

Yield = 79-85%
ee = 93-98%

—=Schmidt —Ponndorf —Verley (MSPV) reduction of
reported. Yields ranging between 79 and 85% with high enantiomeric excesses (93

Proposed Transition State

N-phosphinoyl ketimines by (BINOL)AI "/2-propanol is
—98%) are observed for a wide range of structurally diverse

ketimines. A [2.0.4] bicyclic chelation model is proposed to account for this high selectivity.

The synthesis of chiral secondary amines is an importantreductions are not as prevaléitProminently, Noyori has
endeavor given the extensive presence of this functional reported a protocol for the ruthenium-catalyzed asymmetric
group in natural products, pharmaceutical agents, and finetransfer hydrogenation of imines with a formic aeid

chemicals. While several synthetic pathways toward this
class of compounds can be envisioAgdne of the most

triethylamine mixture’ While high asymmetric induction
was obtained for cyclid\N-benzylic imines, there was a

standard routes is the direct enantioselective reduction ofmarked decrease in selectivity for the corresponding reduc-
prochiral ketimine€:3 In contrast to the major successes in tion of exocyclic and acyclitN-alkyl substrates. Hence, the

the asymmetric reduction of ketongpractical and highly

stereoselective strategies for the corresponding ketimine
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those containing easily removabl-protecting groups, 40 °C results in an increase in enantioselectivity (99% ee),
continues to be a major research focus in synthetic organicbut a decrease in conversion to 50% (Table 1, entry 2).
chemistry® At the same time, reduction strategies that Ultimately, increasing the concentration (to 80 mM) and
circumvent the use of transition metals and metal hydrides temperature (to 60C) with 1.2 equiv of (S)-BINOL/AlMg
have attracted significant attention in recent years due to theaffords the desired amiddl in 92% conversion with
increasing demand for environmentally friendly, inexpen- excellent selectivity (96% ee, Table 1, entry 5). The use of
sive, and efficient synthetic methods. The aluminum-based a catalytic amount of the (S)-BINOL/AlMemixture only
Meerwein-Schmidt-Ponndorf-Verley (MSPV) reductiofr® affords a commensurate conversion of the imine, suggesting
is a reaction that not only satisfies these criteria but also a single-turnover event (Table 1, entry 6).

holds substantial promise for further asymmetric develop-

ments. While employing an inexpensive and innocuous_
metal, this reaction proceeds under relatively mild conditions Table 2. Reaction S f the MSPV Reduction of Ketimi

and utilizes simple secondary alcohols, such as 2-propanol, able 2. Reaction Scope of the eduction of Ketimines

as the reducing agefiA catalytic protocol for our aluminum- N POPR ;'gqi?\?i(\{sﬁlsl\fﬁ& Hy g~ PIOIPh2
based enantioselective MSPV reduction of ketones employ- Il /I\ i % @
. . . . . R” R! tol 60° R DR
ing a chiral complex formed in situ between enantiomerically 4 equiv oluene, 60 "C
pure 2,2-dihydroxy-1,1-binaphthyl (BINOL)° AlMe3, and 1-10 11-20
2-propanol has recently been reportééfIn this paper, we entry imine yield® (product) ee” (%)
disclose a highly enantioselective reductiomNgbhosphinoyl Aryl  Aliyl
ketimines based on the use of this reagent combination. 1 1 Ph Me 85%(11) 9%
2 _P(O)Ph, 2 Ph Et 85% (12) 95
| : I i M oman %
4 Aryl” Salkyl 4 Ph ‘Pr 79% (14) 96
Table 1. Optimization of the MSPV Reduction of Ketimirte 5 5 l-napthyl Me 80% (15) 98
. 6 6 2-napthyl Me 84% (16) 96
_P(O)Phy oH XequngAIMegb H_ _P(O)Phy - POPR2
X equiv (S)-BINOL 7 7 84% (17 94
Lo X L. © . )
Ph™ “Me toluene Ph” \"Me
40 mM 4 equiv H - FOPhz
1 1" 8 8 80% (18) 94
é Me
entry T (°C) X equiv conversion® (%) eeb (%) P _P(OPh,
N
[+)
1 25 1.0 0 c L oV S 84% (19) 94
2 40 1.0 50 99
3 60 1.0 85 91 - POPh2
4 80 1.0 99 84 10 . we 10 85% (20) 93
5 60 1.2 92 96 “4)1\/
6 60 0.1 8 cd a|solated.? Determined by chiral HPLC (Chiralcel OD-H column).

aDetermined by GC at 20 ®.Determined by chiral HPLC (Chiralcel
OD-H column).© Not determinedd 80 mM in imine.

The conditions of Table 1, entry 5, are highly selective
for a wide range of structurally diverd&phosphinoylimines.

The identification of a viable imine electrophile to pair For example, alkyl aryl ketimine$—6 were all reduced in
with our aluminum system was a critical first step. Encour- good yield and excellent selectivity (Table 2, entries 1-6).
aged by our recent success in the addition of acyl anions t0The o, -unsaturated imine® and8 were also reduced with
N-diphenylphosphinoyl imine§, we reasoned that these superb selectivity (Table 2, entries 7 and 8). The doubly
electrophilic compounds might also undergo MSPV reduc-
tIOI’l Furthermore, these ImlneS have I’ecel’lﬂy been employed (9) For reviews, See; (a) de Graauwy C. F’ Peters‘ J. A' van Bekkum’
as electrophiles in a number of asymmetric transforma- H.; Huskens, JSynthGSIﬂt?Eijy 1007-1017. (b) Graves, C. R.; Campbell,
tions1415and the resulting amides are easily converted into = {]ib;\lgfuyg}' f e ne Rrgr;.zoggy%?eg%go_séégj 3460-3468.
useful intermediate¥$. Hence, we were gratified to observe (11) Campbell, E. J.; Zhou, H.; Nguyen, S. Angew. Chem., Int. Ed.

; ; i } ; 2002,41, 1020—1022.

the stereoselec_tlvg redu_ctlon of imihéy 2-propanol in the (12) Cohen. R.: Graves, C. R.: Nguyen, S. T.: Martin, J. M. L.: Ratner,
presence of stoichiometric amounts 8FBINOL and AlMe; M. A. J. Am. Chem. So®@004,126, 14796—14803.
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d t d at room temperature (Table 1, entry 1) (14) For examples, see: (a) Sugi, K. D.; Nagata, T.; Yamada, T.;
0es not proceed a p , Y 1):Mukaiyama, T.Chem. Lett1997,26, 493—494. (b) Masumoto, S.; Usuda,

gquantitative conversion is observed at &D, albeit in 84% H.; Suzuki, M.; Kanai, M.; Shibasaki, Ml. Am. Chem. So@003,125,

; ; 5634—5635 and references therein. (c) Weix, D. J.; Shi, Y.; Ellman, J. A.
ee (Table 1, entry 4). Lowering the reaction temperature 10 3°, “orer " s00005.127, 1092—1093, (d) Weinreb. S. M.: Orr. R. K.

Synthesi®005,8, 1205—1227.
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aliphatic ketimine9 undergoes reduction with an unprec- at 45 ppm, indicative of a pentacoordinate aluminum
edented level of stereocontrol (94% ee, Table 2, entPy'9).  specieg! Additionally, a downfield shift of the imine’8'P
Remarkably, the asymmetric environment around the Al resonance from 17 to 22 ppm after exposure to a mixture of
center can even distinguish the subtle difference betweenBINOL/AIMe 3/2-propanol supports a coordination to the
primary alkyl groups!For example, substraf® with similar Lewis acidic aluminum center and the resulting loss of
pentyl and ethyl substituents is converted to the amide with electron density at the phosphorus cefter.

outstanding stereocontrol (93% ee). Although not directly

comparable to the reported substrate scope of the BINAL-H || NG

systent” due to differences in operating temperatures, our Table 3. Ligand Effects in the MSPV Reduction of Ketimirie
BINOL/AIMe 3 outperforms BINAL-H in every reported

i . _P{O)Ph. 1.2 equiv Al reagent H_ _P(O)Ph
instance ) . N ? oH X equiv BINOL N ’
Significantly, the (BINOL)AI" system can be easily o - )\ /k @)
employed for the enantioselective synthesis.afeuterated PR™ "Me ) toluene, 60 °C PR™ | Me
. . T " 4 equiv !
secondary amidé€. Using our optimized conditions, 2- 1 11
propan-2-d-ol successfully reducgégo the corresponding - - :
a-deuterated amideR)-11-d (eq 3). With this general . Al . fgﬁ;‘g}d c°nvf;§l°n (e;)
approach, (R)-(BINOL)A! and 2-propan-2-d-ol readily —_Z2=¥  T°agen ° % 0
convertl to (§-11-d and 10 to (9-20-d (see Supporting 1 AlMes 0 45 0
Information). 2 AlMes 1.2(S) 92 96 (R)
3 AlMes 1.8(S) 10 c
- AM 4 AlMegs 2.4 (S) 0 c
-2 equiv Alileg .- POPhR 5 AlMe 1.2 ([R) 93 95 (S)
OH ; ~ N 11- >3
. 1.2 equiv (S)-BINOL {R) 11-d 6 Al(OPr)g 0 55 0
1 Yield = 75% (3
5 Ph" W Me ield = 75%
s toluene, 60 °C D ee = 96% apetermined by GC at 20 ®.Determined by chiral HPLC (Chiralcel
4 equiv OD-H column).¢ Not determined? 10 equiv.

Although BINOL is relatively inexpensive when purchased
in bulk!® such a valuable chiral auxiliary should be
recovered. For this purpose, we have developed a simple

and practical acigtbase extraction sequence. Compoudnd amide, _and (R)-BINOL wo_uld [ESUlEiin ine (S)'a’.“ide*
can be reduced on a 1-g scaleltbin 75% isolated yield ~ "€SPectively (Table 3, entries 2 and 5). As previously

(96% ee) and 93% recovery of the BINOL ligand, which observed for the asymmetric M.SPV rgduction of kgtoﬁes,

was reused in a subsequent reductiorldd afford 11 in a 11l _BINOL/AIM% co.mplex IS c_>pt|mal _for the imine .

95% ee (90% conversion af see Supporting Information). reduction reported hereln. Modulatlng the ligand/metal ratio
The exquisite selectivity exhibited by the BINOL/AlMe to 1.5:1 decreases the yield of reaction to only 10% (Table

combination can be attributed to a four-membered chelation 3, entry 3), an_d an increase t(.) 2.:1 affords no produ_ct (Table
of the aluminum center by the iminophosphinoyl functional- 3, entr_y 4). Sl_gmf_lca_ntly, preliminary experiments |n_d|cate
ity, similar to those observed for aluminuroarbodiimide that this reaction Is Ilgand-acce(l)era@djse of 1.'2 equiv of
complexes? thereby facilitating a highly organized metal— AlMe; alone yielded only 45% of the amide product,

ligand—substrate complex. Our model for enantioselectivity ﬁhllsl a ;O—foltd. ex0f Ss ?jf ,gl((B’r)g yltat!delci only d55% Oﬂll
places the larger substituent, jRn the pseudoaxial posi- (Table 3, entries 1 and 6, respectively) under analogous

tion .2 Hydride transfer from the methine carbon of the Al- conditions.

O'Pr moiety inA via a concerted, six-membered transition M Isnp\jumc;na:_y, W(;\l Z"?‘Vﬁ d'sldr? sedh_a hI'Ehtl.y a symm.etrlc
state accomplishes the reduction to amide, giBrgcheme reduction oiN-diphenylphosphinoylkelimines using

1). Support for this proposal comes from NMR and equiva- an inexpensive metal and a readily available chiral ligand.
Iency studies. A 1:1:1:1 mixture OBO-BINOL/AlMGg/Z- (17) For an example of the cobalt-catalyzed enantioselective boro-

propanol/lin C¢Dg exhibits a single broatfAl NMR signal deuteride reduction of aldimines, see: Miyazaki, D.; Nomura, K.:
Yamashita, T.; lwakura, |.; Ikeno, T.; Yamada,drg. Lett 2003 5, 3555—
3558.
] (18) Enantiomerically pure samples of boB){ and (R)-BINOL can be
. . purshased from AB Chem Product List (NJ) fefs1.85/g on a kilogram
Scheme 1. Proposed Pathway for the Selective Reduction of gcgle.
N-Phosphinoyl Ketimines (19) Rowley, C. N.; DiLabio, G. A.; Barry, S. Tinorg. Chem.2005,
44, 1983—1991.

Our proposal allows for an easy prediction of the absolute
configuration of the product: )-BINOL should yield R)-

PE\P/Ph R e (R (20) For a disscussion of imine geometry affecting enantioselectivity,
A o \N#_?., see ref 15b.
‘A|;o|\f,Me (21) (a) Akitt, J. W. InMultinuclear NMR; Mason, J., Ed.; Plenum
! Ry Press: New York, 1987. (b) Velez, K.; Quinson, J. F.; Fenefl.Bol-Gel
® W ransh Sci. Technol1999,16, 201—208.
ranste, (22) Suzumura, K.; Yoshinari, K.; Tanaka, Y.; Takagi, Y.; Kasai, Y.;
Warashina, M.; Kuwabara, T.; Orita, M.; Taira, &.Am. Chem. So2002,
(S)-BINOL 124, 8230—8236.

(23) Berrisford, D. J.; Bolm, C.; Sharpless, K. Bngew. Chem., Int.
Ed. 1995,34, 1059—1070.
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While our system is still stoichiometric, it offers exceptional tigation are currently being pursued and will be reported in
yield and enantioselectivity in the asymmetric reduction of due course.

acyclic aliphatic imines, a challenge that has not been met _ ) )
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