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The catalytic enantioselective Strecker reaction (cyanation of Table 1. Optimization of the Reaction Conditions

imines) is one of the most direct and efficient methods for Gd(O'Pr)3 (10 mol %)

asymmetric synthesis of natural and unnaturahmino acids. NP ligand (20 mol %) NC. NHP
Recent intensive studies in this field have led to the ability to Py TMSCN (1.5 equiv) o
synthesize chiral monosubstitutedamino nitriles from a wide Ph™ “Me  CH3CH,CN,-40 C Me
range of aldoimine.In the case of the catalytic enantioselective ontty = lgand _time (h)_conversion (%)% ee (%)
Strecker reaction using ketoimines as substrates, however, only two

asymmetric catalyses have been reported: Jacobsen’s Shiff base 169 CHgPh 1 24 95 35
catalysi$ and Vallee's heterobimetallic catalysiOf these, Jacob- 2d o VAN 88 84 48
sen’s catalysis gave high enantioselectivity from aryl methyl ’ 2 0

ketoimines andtert-butyl methyl ketoimine. Considering the 39 E(g)g:‘f : 13 188 ;g
biological importance of disubstitutez-amino acids';® however, 5e Pgo;phz 2 8 100 85
there is room for improvement in terms of substrate generality. We 6° P(O)Ph, 3 6 100 96
report herein a general catalytic asymmetric Strecker reaction of

ketoimines. aConversions were determined B NMR. P Enantiomeric excesses

; ; ; _ (ee) were determined by HPLC on chiral stationary phases after appropriate
We previously reported that the chiral lanthanide complex (Ln conversions. See the Supporting Information for det&i®s6-Dimethylphe-

1) prepargd from !—r_‘(@rk (Ln=Gd or Sm) and I_igand in a_132 ~ nol was used as a protic additivéSubstrates were added to a solution of
ratio is a highly efficient catalyst for enantioselective cyanosilylation the catalyst and TMSCN.The substrate was added to the dried pre-catalyst.
of ketone$ The active catalyst was a 2:3 complex of the lanthanide The solvent and TMSCN were then added-&0 °C. See ref 11.

cyanide and the ligand. Studies of the reaction mechanism suggested | ... . . . .
that one of the lanthanide cyanides acts as a Lewis acid to activateadd't've was not necessary in this ca&nantioselectivity was

. o L -
the substrate, while the other lanthanide cyanide acts as a nucleo-fLIrther improved to 82% after modifying the addition order of the

: . : reagents (entry 4). Finally, a product with 96% ee was obtained
phile, and the reaction proceeds through internal transfer of the hen Gd3. containing the difluorocatechol. was used as a catalvst
cyanide to the activated substrate. Moreover, the catalyst activityW ' ining i » Was u y

and enantioselectivity can be improved using ligarkdand 3 (entry 6).

- . ) g Having optimized the reaction conditions, substrate generality
containing electron-withdrawing catechd$hese findings prompted . : : - o .

) ; S . was investigated (Table 2) High enantioselectivity was obtained
us to investigate the applicability of the catalyst to the asymmetric

- . 0 -
Strecker reaction of ketoimines. from aryl methyl k_et0|m|nes even using 25 moI./o catalyst (ent_rles
1-4). The reaction was applicable to propiophenone-derived
ketoimine4e (entry 5) and primary alkyl-substituted ketoimingfs

ph'ihi, O PnF:h‘P 0 and4g (entries 6 and 7), although secondary alkyl-substitdtied
5/7(9 5/7(2 gave moderate enantioselectivity (entry 32)x,S-Unsaturated
9 8‘ ketoimines4h, 4i, and4j (entries 8-10) gave high enantioselectivity
1:X=H OIZX 2 O with complete regioselectivity. There are no reports of a catalytic
3=F 1o X HO enantioselective Strecker reaction fronf-unsaturated ketoimines.

These products should be very useful for synthesizing a wide variety
of chiral disubstitutedx-amino acids and their derivatives, due to
the high versatility of the olefin function. Thus, this is the most
general catalytic enantioselective Strecker reaction of ketoimines

We began with optimization using acetophenone-derived imines
as substrates, TMSCN as the nucleophile, andL@d-the catalyst
(10 mol %). When using arN-benzyl-protected imine as the reported to date.
substrate, however, the product was obtained with only 35% ee The stability of producb is another advantage of this reaction.

(Table 1, entry 1), even after intensive screening of reaction Most of the products could be directly subjected to acid hydrolysis

ngfj!t'oggs g‘UCh as Iafnt:amde r:_tla_talsh, metal/ I|gfa:nd Latlc_)aand prc|>t|cto produce the corresponding amino acd#iBepresentative conver-
additves. Because of the oxophilic character of lanthanide metals, sequences to enantiomerically pure amino acid derivatives are

the use of arM-furfuryI-.protec.ted imine was examined.As expec@e.d, shown in Scheme 1. After the reaction and aqueous workup,
the product was obtained with slightly |mpr(_)ve_d_enan.tloselectlwty recrystallization of the crude mixturefrom CH,Cl,/hexane gave
(entry 2)._On the other _hand,_ there was significant improvement . it = 9904 ee (84% yield). The major side product in the
when N-diphenylphosphinoy! imirfe4a was used as a substrate, pqr01vsis step, diphenylphosphinic acid, was eliminated from the
and the product was obtained with 72% ee (entry 3). A protic amino acid by extraction. Esterification and Boc protection gave
" The University of Tokyo. the prqtected_ialsol_ated in 7%_3% yield from the_kt_atmmn@(flve
*PRESTO. operations)5i obtained in high enantioselectivity frodi could
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Table 2. Catalytic Enantioselective Strecker Reaction of
Ketoimines?@

o]
_PPh,  Gd-3 (x mol %) e
N TMSCN (1.5 equiv) NC, JN-PPh,
R'” "R2 CH3CH,CN, 40 C R' "R2
4 5
entry substrate cat. (x) time (h) vyield (%)? ee (%)?
1 NTOPR2 R _@aa) 25 24 94 95°
2 J V R=Cl(db) 25 67 84 89
3 e R=Me (4c) 25 52 93 98
R N-POPh
4 ! 4d 25 72 67 94
T e
N,F‘(O)th
5 : 1 Me e 10 14 72 85
n-POPh,
6 ' af 10 5 87 89
ph/\)\Me
_P(O)Ph,
7 /\/\/N'k 4ag 8 65 73 72°
Me
n-POPh:
8 ] 4h 5 68 79° 83
Ph’\/l\Me
N-POPh2
9 ~o~A 4i 5 52 99 8g°
Me
NI,P(O)th ]
10 @)\ME 4j 5 67 58 90
N PP
1 4k 5 48 74 517

\rlMe

aFor a representative procedure, see refbflolated yield is after
conversion to the corresponding oxazolidone, unless otherwise noted.
¢|solated yield was determined after purificationsby column chroma-
tography.d Determined by chiral HPLC after appropriate conversions. See
the Supporting Information for detail8The absolute configuration was
determined to beg). f CH;CH,CN/CH,Cl, = 4/1 was used as the solvent.
9 Ee decreased using 10 mol % of catalyst.

Scheme 1. Conversion of the Products
1) catalytic asymmetric Strecker reaction
(CASR) Ny
2) recrystallization
3; {2 KOl MeO.C, N-Boc
4
 "4) MeOH, SOCl, P Me
5) Boc,0, NaHCO3, CH3CN a
78% (5 operations) >99% ee
Ph
1) CASR o)
o 212MHCl O={’\Ir\|l/
3) B2l DMAP, pyridine. = " X"\e
99% 7i
1) MeOH, SOCI, 91% MeO,C, N-Bz
2) Pd/C, Hp, ACOEt, 96% 2
Me
86% (5 steps from 4i) 8i

also be converted to the saturated deriva8ivéScheme 1). This
procedure might supplement the moderate enantioselectivity from
primary alkyl-substituted ketoimines.

In conclusion, we achieved a catalytic enantioselective Strecker
reaction with broad substrate generality ushiygiphenylphosphi-
noyl ketoimines as substrates. The products could easily be
converted to disubstituted-amino acids and their derivatives.

Detailed mechanistic studies and further applications of this
methodology to the synthesis of biologically active compounds are
ongoing.
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