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Due to the significance ofi-amino acids in chemistry and
biology, the search for efficient methods that lead to the formation
of these important compounds in the optically pure form
continues. Several procedures have been devised that afford
o-amino acids in high selectivity, but many of these protocols
rely on the use of chiral auxiliarigsOther approaches depend
on catalytic enantioselective reduction of dehydroamino acids,

and several chiral hydrogenation catalysts have been disclosed

that deliver optically purea-amino acids in high yield and
selectivity®* Recently, we reported a Ti-catalyzed process for
the asymmetric cyanide addition to aryl imines, which affords
the derived aryl amino nitriles efficiently and with exceptional
enantiocontrof;® the identity of the optimal catalyst was deter-
mined through synthesis and screening of parallel ligand libréries.

Subsequent hydrolysis of the nitrile and simultaneous deprotection

of the amine unit afford the desired optically pure asyamino
acids. These protocols thus allow accessitamino acids that
are not available by the catalytic asymmetric hydrogenation
reaction.

After these studies we began to examine the catalytic asym-

metric cyanide addition te,3-unsaturated imines (Scheme 1).
We reasoned that if these reactions proceed regioselectively (1,
vs 1,4-addition) and enantioselectively, an efficient route to
various unsaturated-amino acids would be at hand and the
generality of the catalytic asymmetric Strecker process would be
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Table 1. Ti-Catalyzed Enantioselective Addition of Cyanide to
o,5-Unsaturated Arylimines

AA1
Schiff AA2
Base i(” \i
N N OMe
N
i N Y

Ph N o _A o CN  Ph
OH o
X 10 mol %
NNy 4\ R/\/LNJ\W
10 mol % Ti(0-iPr), H
TMSCN, /-PrOH

Schiff base of b,c purified yield ("/o),d

entry substrate (P=CHPh,) product optimum ligand conv; ee (%) purified ee (%)
CN
S X
1 ©/\ANP ©/\/'\NHP X = 1-naphthyl ~ >98; 84 80; 97
1 2 3
OMe OMe CN
A N
©/\ANP ©/\)\NHP X = 1-naphthyl  94; 78 61;97
4 5 3
CN
PN ~
8 O/\A“" /©/\/LN“P X-35-DBr  >98; 76 93; 76
N 6 MeoN 7 8
NO, NO» cN
N A
) ©/\ANP ©/\/kw X=35DBr  >98: 90 87; 97
9 10 8

a Conditions: 10 mol % TitOPr), 10 mol % chiral ligand, 2 equiv
TMSCN, toluene, 24 h; hexanes workup (see Supporting Information).
Entries +2 at+4 °C, entries 3-4 at —20 °C. 1.5 equiv ofi-PrOH
added over 20 (entries—2) or 10 h (entries 34). ® Determined by

2_ana|ysis of théH NMR (400 MHz) of the upurified reaction mixture.

¢ Determined by chiral HPLC analysis in comparison with authentic
materials (Chiralcel OD, entries-B; Chiralpak AD, entry 4)¢ Purified
by recrystallization.

significantly enhanced. The following considerations provided us
with additional impetus: (1},y-Unsaturatedi-amino acids have
biologically significant properties (e.g., antibictiand enzyme
inhibitory® properties). (2)3,y-Unsaturated amino acids are not
easily accessed by catalytic hydrogenafi®ii3) The resident
alkene unit in the intermediate amino nitrile may in principle be
stereoselectively functionalized en route to more complamino
acids.

Due to the results of our studies regarding the addition of
cyanide to aryl- and alkylimineswe selected Ti(@Pr), as the
metal salt of choice and diphenylmethylene as the amine
protecting group. Tripeptide ligand libraries were then prepared
and the reaction of unsaturated imidewith TMSCN was
screened in the presence of Ti{Pr), (10 mol % ligand and metal
complex). Screening of a total of approximately 60 peptidic
ligands? indicates that the most selective ligar) {s the one

(8) For example, see: Huroda, Y.; Okuhara, M.; Goto, T.; Kohaska, M.;
Aoki, H.; Imanaka, HJ. Antibiotics198Q 33, 132-136.

(9) For example, see: Girodeau, J. M.; Agouridas, C.; Masson, M.; Pineau,
R.; Le Goffic, F.J. Med. Chem1986 29, 1023-1030.

(10) For Rh-catalyzed hydrogenation aff3,y,0-unsaturated acetamide
esters to obtain allylglycines, see: Burk, M. J.; Bedingfield, K. M.; Kiesman,
W. F.; Allen, J. G.Tetrahedron Lett1999 40, 3093-3096 and references
therein. Presumably, the site-selective hydrogenation is due to the coordination
between the Rh-based catalyst and the acetamide directing group.

(11) See the Supporting Information for details on the identity of the ligands
screened. Since the screening for entries 1 of Tables 1 and 2, in addition to
those reported in ref 5, indicated thateu and Thr(-Bu) are optimal AA1
and AA2 units, respectively, only the Schiff base libraries were screened for
the remaining substrates.

© 2000 American Chemical Society

Published on Web 03/07/2000



2658 J. Am. Chem. Soc., Vol. 122, No. 11, 2000 Communications to the Editor

Table 2. Ti-Catalyzed Enantioselective Addition of Cyanide to Ph » CN  ph
o,B-Unsaturated Alkenyliminés e NS, /kph 15 mol % Ti(-OPr)y e /\/\/LNJ\Ph (1)
e’
- —T 15 mol % peptide H
entry substrate (P=CHPh,) product fﬁﬂfu",ﬁs‘.’;ﬂd conv (%) ee (%) Cp‘;ﬁ‘r'izgg':':(;:‘;" 18 (X = 5-OMe) 19 95% yield; 89% ee
CN TMSCN, n-BuCH

I Me/\/'\NHp X=35diBr 8 >98 85 84;85 . - . . - :
Treatment of optically enriched aminonitriles to acidic condi-
tions leads to the formation of the derived primary amides. The

o P4 example shown in Scheme 2 is illustrativi7 (94% ee)— 20
2 Me/j:\”*’ Me/\hgk”“" X=35dCl 15 -88 o4 86 94 (94% ee)). Several conditions were examined for the conversion
13 4

of the amide to the derived unsaturateaeamino acid. After

" 12

1
S \ﬁ extensive experimentation, we established that sequential exposure
S T Xotnapnnyi 3 98 95 805 of the amide to TFA and EBiH (amine deprotection) and
16 17 methanolic acid (amide hydrolysis) leads to the formation of the

aConditions: 15 mol % Ti¢OPr), 15 mol % chiral ligand, 2 equiv  Optically pure amino acid X99% ee)i® subsequent catalytic
TMSCN, toluene,—20 °C. 1.5 equiv ofn-BuOH added over 10 h. hydrogenation o1 (H,, 10% Pd(C)) affordsS)-valine in 94%
® Determined by analysis of tHet NMR (400 MHz) of the unpurified  isolated yield and>99% ee. Several issues regarding the
reaction mixture® Determined by chiral HPLC analysis in comparison  hydrolysis/deprotection of optically enriched amino nitriles
W'tth althhde\r;_tul:dmefxttena!ls_ (Ch|r|a|che| OD}[ entnehs 1 and 3; Chiralcel OJ, gagerve comment: (1) Hydrolysis of conjugated aminonitriles is
entry 2).Yield after silica gel chromatography. significantly more difficult than those of the saturated aryl or alkyl
with 2-hydroxy-1-naphthaldehyde Schiff base drdeu at the derivatives. Accordingly, the conditions presented here for cyanide
AALl and Thr¢-Bu) at the AA2 position (84% e€}.As depicted hydrolysis are less severe than those reported previéusly.
in entry 1 of Table 1, when the reaction is repeated with the change of conditions is required, since the originally reported
optimal ligand ¢4 °C) on larger scale with the addition iePrOH protocols result in substantial loss of HCN and reformation of
(to improve efficiency}, the unpurified aminonitrile2 can be the imine (aldehyde) substrate. (2) In the case of Boc-protected
obtained in 84% ee>x(98% conversion)Recrystallization of the amino acid21 (Scheme 2), no detectable loss of enantiopurity is
resulting white solid afford® in 80% purified yield and 97% ee observed. However, it is possible that under these conditions some
Careful analysis of the reaction mixture indicate@% of the loss of enantiopurity occurs; for example, the amide formed from
1,4-addition product. It is important to note that the corresponding amino nitrile2 (97% ee) is obtained in 84% ee (77% yield).
saturated imine (derived from 3-phenylpropanal) undergoes
catalytic cyanide addition under identical conditions with notably Scheme 2

lower levels of enantiocontrol (£525% vyield, 24% ee). o e HN O
As illustrated in entries 23 of Table 1, the more electron rich ~ )\ HOAc, MeOH J )\
unsaturated imine4 and6 undergo Ti-catalyzed addition, albeit N P Gz NP

with lower enantioselectivity (78% and 76% ee, respectively). Me 47 92% Me 20

Whereas catalyst screening indicates that also the ligand of

choice for 4, tripeptide Schiff base3 proves to be the more 1. TFA, Et3SiH

effective ligand for the asymmetric synthesis7ofin contrast to 80°C

amino nitrile7, recrystallization ob leads to improvement of its Me gy  [Z HCLMeOH 60°C;

enantiopurity (61% yield, 97% ee). It merits mention that reaction 67% vield: >99% oo | 2O (Boc),0,

of 6 at 4°C leads to only 51% ee; accordingly, the asymmetric —— dioxane, 22 °C

cyanide addition shown in entry 3 was performed-&0 °C to ) ] ) )

improve stereochemical control. As shown in entry 4 of Table 1,  In summary, we disclose Ti-catalyzed regio- and enantio-

the electron-deficient unsaturated imine undergoes cyanide ad-Selective addition of cyanide to unsaturated imines. Both aromatic

dition to afford aminonitrileL0 with the highest selectivity (90%  and aliphatic substrates may be used to obtain unsaturated amino

ee); recrystallization of 0 delivers the amino nitrile in 87% yield ~ Nitriles in good yield and enantiomeric excesses. Cyanide hy-

and 97% ee (see the Supporting Information for details). drolysis and amine deprotection can be carried out to afford
As the data in Table 2 indicate, the Ti-catalyzed cyanide optically enrichedo-amino amides and acids; in certain cases,

addition may also be performed with aliphatic unsaturated imines; these conversions lead to slight lowering of enantiopurity.

in these cases product recrystallization does not lead to theResearch toward establishing more general conditions for the

improvement of product ee. Several additional points regarding conversion of nitriles to acids is in progress. Future studies also
these asymmetric reactions are the following: (1) Comparison include stereoselective functionalization of the unsaturated amino

of the data in entries 13 indicates that the presence of a hitriles and the development of additional asymmetrie@bond
substituentx to the C=N leads to higher levels of enantioselec- forming processes through screening of parallel catalyst libraries.
tivity (compare entry 1 to entries-23). (2) Higher catalyst
loadings are required in comparison to the aromatic substrates in

Table_' 1 otherW|se_th_e more effective unca_ta_llyzed background A.H.H.). W.G.W. was a Deutsche Forschungsgemeinschaft postdoctoral
reaction leads to diminution of stereoselectivity. (3) As before, fejiow, M.L.S. is a Sloan Research Fellow and a DuPont and a Glaxo-
in the absence of the unsaturation, significantly lower levels of wellcome Young Investigator. A.H.H. and M.L.S. are Dreyfus Teacher-

asymmetric induction are attained: Ti-catalyzed cyanide addition Scholars. This work is dedicated to the memory of the late Professor
to the imine derived from isobutyraldehyde proceeds in 94% yield Joseph T. Vanderslice.

and 57% ee (vs 95% ee in entry 3, Table 2). _ _ _ _

Ti-catalyzed asymmetric additions to doubly unsaturated imines ~ Supporting Information Available: Experimental procedures and
proceed with appreciable levels of enantioselectivity as well. The spectral and analyt|an data f_or _aII recpvered starting materle_lls and reaction
example depicted in eq 1 is illustrativég— 19). Similar to the products (PDF). This material is available free of charge via the Internet
trend observed for substrates in Table 2, the ee96% in the at http://pubs.acs.org.
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