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ABSTRACT

-Bu H \i
CE\N N e,
PP, O \O\
alkyl
2-4 mol % OBn R

F{/\/N02 R ANO:

1-2 mol % (CuOTf),*CgHe,
R = aryl or alkyl 3 equiv (alkyl)pZn, 77-95% ee

toluene, 22 °C, 1-24 h

An efficient and highly enantioselective (up to 95% ee) Cu-catalyzed method for asymmetric conjugate addition (ACA) of alkylzinc reagents
to acyclic disubstituted nitroalkenes is presented. Reactions are typically effected at ambient temperature in the presence of 2 mol % chiral
dipeptide phosphine and 1 mol % (CuQTf),-CeHs. Nitroalkenes bearing aromatic as well as aliphatic substituents readily undergo asymmetric
additions.

Optically enriched molecules that contain a nitro group are has thus been the focus of research in a number of
of considerable significance in synthesis, as they may belaboratorieg. In this context, we have reported a highly
converted to a variety of useful N-containing organic enantioselective method for Cu-catalyzed conjugate addition
molecules- The development of catalytic asymmetric meth- (ACA) of alkylzinc reagents to cyclic nitroalkené4.

ods that lead to the formation of optically active nitroalkanes  Another important but underdeveloped class of transfor-
mations is the catalytic ACA of alkylmetals to acyclic
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involves enantioselective Cu-catalyzed ACA to acyclic [ GGG

nitroalkengs that bear an activatingacetal grOUp (R= Table 1. Cu-Catalyzed ACA with Various Chiral Ligands
CH(ORY, in eq 1)?" The same class of chiral catalysts

(derived from a Cu salt and a phosphoramidite) has only &t

2 mol % chiral ligand

been examined with the more reactiveZt and usually pr N 1 mol % (CuOTf)»-CeHe, pr N
delivers low selectivities in reactions of aryl- or alkyl- 1a 3 equiv Et,Zn, toluene, 22°C, 1h 2a
substituted acyclic nitroalkenésEfficient Cu-catalyzed entry ligand conv, ee (%)?
asymmetric hydride additions to trisubstituted acyclic nitro- B4
alkenes have been reportediowever, stereoisomerically N Jﬁ(ﬂi
pure trisubstituted nitroolefin substrates must be prepared, 1 Cﬁ“ I NHnBu -9, 82
and enantioselectivities for reactions of aliphatic substrates PPh, \O\
can be moderate (6620% ee). 3 oBn

Herein, we report a general method for efficient and highly v 9
enantioselective synthesis @f3'-arylalkyl andg,f'-dialkyl > \)J\NHn-Bu

: / _ SN >98, -15
nitroalkanes by Cu-catalyzed ACA of alkylzincs to acyclic pph. O -\©\
2
OBn

nitroalkenes, promoted by a readily available dipeptide 4
phosphine 9); catalytic alkylations are typically carried out

at room temperature (low temperatures required in some (= H\i
cases) in the presence of4 mol % catalyst. The requisite 3 \N)ﬁ( NHnBu 98, 80
substrates are easily prepared®8%trans) in two steps from PPh, o
commercially available nitromethane and various aromatic _gu
and aliphatic aldehydes (by the Henry reactiomi60% NHP-BU
overall yield). The aliphatic and aromatic nitroalkanes can 4 SN 66, <10
be readily converted to various optically enriched amines PPh, ©
that can be used in the enantioselective synthesis of biologi- 6
cally important compounds. Moreover, we disclose the jBuy 9
unexpected observation that a subtle modification of the C[\N/H(N\E)I\OMe
chiral ligand structure leads to significant improvement in 5 PPh, o 3 >98, 50
asymmetric induction. Use of the chiral ligand employed in 7 \©\
related additions to cyclic nitroalkerfeaffords products in B o OBn
significantly lower enantioselectivities. H\)k

Our studies commenced with screerfingdifferent amino Cﬁ“ 7 NMe;
acid based ligands in order to examine their ability to 6 PPh, © \©\ >98, 93
promote ACA of EtZn to aryl nitroalkenela. As illustrated 8 OBn

in entry 1 of Table 1, we established that dipeptide phosphine
3, the ligand used to promote additions to cyclic nitroalkenes, 2 Determined by chiral GLC (betadex column).
initiates the formation of the desired prod@et but only in
82% ee. To understand the origin of enantioselectivity better
and hopefully obtain improved levels of asymmetric induc-
tion, we set out to alter the structure of the chiral ligand in

1). Comparison of the data in entries 1 and 2 indicate that

chirality at the AA1 site (amino acid that forms the Schiff

. : . .~ . base through its amine site), although not required to ensure

a systematic fashion. Selected results of our mvestlgatlonh. L S k .
igh conversion, is necessary for achieving high asymmetric

are summarlzed " Ta.ble 1‘, induction. As illustrated by the catalytic ACA with phosphine
The data illustrated in entries-5 of Table 1 suggest that 5, chirality at the AA2 site has a minimal influence on

the presence of a second amino acid moiety (AA2) is critical onantigselectivity (entry 1 vs 3, Table 1). We also included
to efficiency and enantioselectivity (entry 1 vs 4, in Table ;, screening studies dipeptide phosphines bearing dif-

ferent carboxyl termini. Accordingly, as depicted in entries

(5) In two instances, with EZn as the alkylating agent, enantioselec- ; ;
fivities >80% ee have been reported £RCy, 96% ee and R Ph, 84% 5 and 6 of Table 1, we discovered that, whereas the derived

ee). See ref 2g,h. methyl ester7 leads to efficient but less enantioselective
475(;%)_%3'29”“' C.; Carreira, E. MAngew. Chem., Int. EQ2003 42, additions (50% vs 82% ee wif), dimethylamideB provides

(7) For other Cu-catalyzed ACA of alkylzincs to unsaturated carbonyls signific_antly_ enhanced _asymmgtric indgction (93% ee_).
promoted by related amino acid-based chiral phosphines, see: (a) Degrado, The identity of the optimal amide terminus was established

S. J.; Mizutani, H.; Hoveyda, A. Hl. Am. Chem. So@001 123 755— ; ; g ; ; ;

756. (b) Mizutani, H.; Degrado, S. J.; Hoveyda, A, H.Am. Chem. Soc. Y €xamination of the ability of various chiral phosphines
2002 124, 779-781. (c) Degrado, S. J.; Mizutani, H.; Hoveyda, A. H. in promoting the synthesis @a. Representative results from
Am. Chem. SoQ002 124, 13362-13363. (d) Hird, A. W.; Hoveyda, A. i i i indi

H. Angew. Chem., Int. EQ003 42, 1276-1279. (e) Cesati, R. R., IIl; de thse studies are summgnzgd n Tab_le 2. '_I'hese f|_nd|ngs
Armas, J.: Hoveyda, A. HJ. Am. Chem. So@004 126, 96-101. indicate that chiral phosphine ligaSdearing a diethylamide

(8) For screening strategies and significant attributes of the amino acid terminus provides the highest level of enantioselectR/ity.
based ligands, see: Hoveyda, A. H. hlandbook of Combinatorial P . .
Chemistry Nicolaou, K. C., Hanko, R., Hartwig, W., Eds.; Wiley-vCH; 1 NUS, as indicated in entry 1 of Table 3, in the presence of
Weinheim, 2002; pp 9911016. 2 mol %9, 1 mol % (CuOTf-CeHe, and 3 equiv of BEZn,
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s nitroalkanes in high optical purity. Other important aspects

Table 2. Examination of Chiral Ligands with Different regarding the data presented in Table 3 merit discussion: (i)

Termini The positive effect of the dialkylamide terminus is not limited
+Bu to the reaction shown in entry 1. For example, when ligand
N /H(H\i 3 is used to promote the Cu-catalyzed ACA, additions in
©:\N I NR, entries 4, 8, and 12 in Table 3 afford the desired products in
PPh, \©\ Et only 78%, 70%, and 77% ee, respectively. (ii) Alkylzinc
N NO2 2 mol % OBn Ph)\/Noz reagents other than &Zn can be rez_idily _empl(_)yed. _Unlike
1a 1 ol % (CuOTN,-Cate, 3 equiv EtZn, 2a some pther ec bond f(_)rmmg reactions involving this cl_ass
toluene, 22 °C, 1 h of amino acid based ligand%,even with the less reactive
oty NR, oo (%) Me,Zn, reactions readily proceed t098% conversion (24
h) in the presence of 2 mol % catalyst without the need for
1 NE 9 95 a larger excess of the alkylmetal. (iii) Regardless of the
2 NBn, 10 85 substitution pattern of the aromatic substituent (e.g., the
3 NHBn 11 85 sterically demandingle) or whether the substituent is
. N@ 2 o electron-donating (e.g., entries-3) or electron-withdrawing
(e.g., entries 812, Table 3), catalytic ACA reactions occur
5 N\/:> 13 93 efficiently and with high enantioselectivity (785% ee).
One of the most noteworthy and unique attributes of the

present method is that substrates bearing aliphatic substituents
(entries -4, Table 4) can be used in efficient Cu-catalyzed

catalytic ACA tolaproceeds to completion (1 h, 2€) to

aftord 2ain 79% yild and 95% ce. e

As the data in Table 3 demonstrate, the Cu-catalyzed ACA . . . N
can be used efficiently to synthesize readily a range of chiral Table 4. Cu-Catalyzed Enantioselective Conjugate Additions
of Alkylzincs to Acyclic Aliphatic Nitroalkenes

| alkyl
2mol % 9 H

. . . i NO. - A _NO
Table 3. Cu-Catalyzed Enantioselective Conjugate Additions alkyl” X2 T 01 % (CUOTH-CaH alkyl” "2
of Alkylzincs to Acyclic Aromatic Nitroalkenes 1h-j 3equiv @kyhzn, 2sx
alkyl toluene, 22 °C, 124 h
NO 2mol % 9 R NO X b o
aryl/\/ 2 > aryl/\/ 2 entry R (alkyl)oZn product vyield (%) ee (%)
1 mol % (CuOTf),*CgHe,
1a—g 3 equiv (alkyI)ZZn, 2a—r 1 n-C7Hqs h EtoZn 2s 72 93
toluene, 22 °C, 1-24 h 2  nCsHys h  MeyZn 2t 68 85
entry R (alkyl)oZn product yield (%)? ee (%)C 3 Oy i EtZn 2u 52 95
1 Ph a Et,Zn 2a 79 95 4d Cy I Mezn 2 58 87
> ph a MegZn ob 78 92 59 CH(OMe), j EtyZn 2w 64 84
6° CH(OMe), j MesZn 2x 60 77
3 Ph a [(Me;HCCHy)shZn  2¢ 70 95
4 Ph a [AcO(CHy)4lZn 2d 60 89 a—d See Table 3¢ Reaction run at-55 °C (24 h).
5 p-OMeCgHs b EtxZn 2e 72 95
6 OMeCgHy4 b MeyZn 2f 75 95 . N . -
7 P o 06H4 X c; oAz \ . o ACA reactions with high enantioselectivity (895% ee).
p-OMeCgHy b [(CHy){OACI2Zn 9 Furthermore, as shown by the examples in entries 5 and 6
8 pCiGHs  c EtoZn 2h 84 93 of Table 4, albeit less effectively than a previous protocol
9 pCiGHs  © Meazn 2i 70 94 disclosed by Feringd,the present method can also be used
10 p-ClCgHs ¢ [(MexHCCHo)shZn 2 78 90 for asymmetric alkylations of acetal substrates.
11 p-CFaCgHs d EtnZn 2k 65 79 It should be noted that although all catalytic ACA were
12 p-CFaCeHs d MeyZn 2| 70 95 carried out with 3 equiv of alkylzincs, reactions can proceed
13 oMeCgHs e Etyzn om 65 94 eff|C|entIy. with oply 1 equiv of alkylmeta!. Moreover,
14 oMeGH; e MeyZn on 65 88 commerually avaﬂablg (CuOTzf-)PhMe (.Aldrl'ch) can be.
d used to obtain the desired products in high yield and optical
159 o0-BrCgHys f EtoZn 20 68 81 . . S .
purity. The example shown in eq 2 is illustrative. Cu-
16° 0-BrCgH; f MeyZn 2p 67 78
17 2-furyl g EtxZn 2q 78 95 1 mol % 9, 0.5 mol % Me
18 2-furyl g MeyZn 2 75 92 N0 (CuOTf),*PhMe (Aldrich) AN (2)
Ph 1 equiv MeyZn, toluene, h
aTimes: 1 h with E4&Zn, 24 h with MeZn, 12 h otherwise® Isolated 1a 22°C,24h 2b
yields. ¢ Determined by chiral GLC and HPLC (see Sl for detaifs}.mol 70% yield, 90% ee

% 9 and 2 mol % (CuOTfCsHs was used® Reaction run with 4 mol %

9 and 2 mol % (CuOTHCsHe at —30 °C. . . . .
b ( BCHs catalyzed addition tdais carried out in the presence of 1
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equiv of MeZn, 1 mol % commercially available (CuOFf) illustrated previously! nitroacetal?2w and2x (entries 5 and
PhMe (unpurified), and 1 mol % phosphifeo afford 2b 6, Table 4) can be converted to the correspongfigmino
in 70% isolated yield and 90% ee. acids.

As mentioned before, optically enriched nitroalkanes are |y summary, we present a method for catalytic enantio-
precursors to a wide range of N-containing compounds. The sejective alkylation of acyclic nitroalkenes that allows
optically enriched amine$4—16 shown in Figure 1 canbe  efficient access tg-alkylnitroalkanes and the derived amines

in high optical purity. Considering the versatility of nitro-

_ alkanes, the present general protocol should prove to be of

notable utility in asymmetric organic synthesis.
Design and development of new chiral catalysts and

Ve Et Ve
A _NH, A _NH, A _NH, > - ) .
/@N Cf\/ O/v enantioselective methods for olefin alkylation, as well as
o] 14 Me 15 16 applications to the synthesis of biologically active molecules,

93% from 2i (94% ee) 89% from 2s (93% ee) 91% from 2v (87% ee) are in progress in our laboratories.
Figure 1. Optically enriched amines available through reduction
of Cu-catalyzed ACA product€onditions: 10% Pd(C), 1 atma1 Acknowledgment. Financial support was provided by the

MeOH, 22°C, 12 h. NIH (GM-47480). We are grateful to Dr. Courtney A. Cullis

for helpful discussions.

easily synthesized through Pd-catalyzed reductions of Cu-

catalyzed ACA products in high yield. Furthermore, as  Supporting Information Available: Experimental pro-

cedures and spectral data for products. This material is
(9) Josephsohn, N. S.; Snapper, M. L.; Hoveyda, AJHAmM. Chem. available free of charge via the Internet at http://pubs.acs.org.

So0c.2003 125 4018-4019 and references therein.

(10) For example, see: (a) Reference 7d. (b) Murphy, K. E.; Hoveyda,
A. H. J. Am. Chem. SoQ003 125 4690-4691. 0OL0488338
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