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A Convenient Asymmetric Synthesis of and unique feature of our catalysts is the ability to tolerate
a-1-Arylalkylamines through the Enantioselective p-substituents in bottH)- and ¢)-positions of enamides thus
Hydrogenation of Enamides allowing the production of a diverse array afl-arylalkyl-
amines 2 through hydrogenation of isomeric mixtures of
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Optically activea-1-arylalkylamines constitute an important : Q 2]
class of compounds that have been employed extensively as P R ESF’ R
resolving agentd,chiral auxiliaries, and intermediates in the Me Me M M
synthesis of a wide range of biologically active molecdlége (5.5)- Me-DuPHOS (R;)AMC_BSE
broad utility of a-1-arylalkylamine derivatives has stimulated
relentless pursuit of practical asymmetric routes to these valuable We recently have shown that Rh and Ru catalysts bearing
compounds. In this regard, many reliable synthetic methods our DUPHOS or BPE ligands are extremely effective for
have been devised and generally involve optical resolution enantioselective hydrogenation of a variety of prochiral unsatur-
procedures, biocatalytic methods, or stoichiometric use of chiral ated substrate’d. These studies have highlighted an important
precursors or chiral auxiliarids® Asymmetric catalytic reduc-  advantage of our ligand design; the ability to readily vary the
tion of C=N or C=C double bonds potentially could provide a phospholane 2,5-substituents has allowed us to optimize enan-
very efficient and convenient route to many chiral amine tioselectivities by matching the ligand sterics to the steric
derivatives, yet only limited success has been achieved alongdemands of substrates of interest. In an effort to develop a
these lines of researé. While very high enantioselectivites  general asymmetric catalytic method for the preparaticon-b$
have been attained in the hydrogenatiorueénamide esters, arylalkylamines, we initially screened a series of Rh and Ru
the development of similarly effective catalysts for asymmetric catalysts for efficacy in the hydrogenation of the model
hydrogenation ofo-arylenamides of typel has remained a  a-arylenamidela (Ar = C¢Hs, R = H). We found that under
challenging objectiv8. Toward this goal, we have found that a standard set of reaction conditions (MeOH,”22 60 psi B,
cationic Rh catalysts based on our 1,2-tve{s-2,5-dimeth- S/C = 500, 12 h) cationic Rh complexes of the type
ylphospholano)benzene (Me-DuPHOS) and 1,2tzs62,5- [(COD)Rh(DUPHOS){OTf™ and [(COD)Rh(BPE){OTf~ be-
dimethylphospholano)ethane (Me-BPE) ligands effect the hy- have as efficient catalyst precursors for the reduction of enamide
drogenation of N-acetydi-arylenamidesl, R = H) to yield a la. Moreover, we observed that enantioselectivities tended to
wide variety of valuablen-1-arylethylamine derivatives with  increase with decreasing steric demand of the DUPHOS and
high enantioselectivities>90% ee). Moreover, an important BPE ligands (phospholane 2,5-susbtituente, Et, Pr,i-Pr,
- — - Cy). This trend suggests that enamideare rather sterically
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Table 1. Rh-Catalyzed Asymmetric Hydrogenation of P
o-Arylenamidesl (R = H)? H

X X H
entry ARIn1(R=H) optimum ligand % e®(configny N(FDAC OO NH)Ac \_¢ N(H)A @O/\ N(HAC

1 CeHs! (RR)-Me-BPE 95.2R) 95.4% ee 98.3% ec 97.5% ee 98.5% ee
2 p-CHsCeHs (RR)-Me-BPE 96.5R) Ph
3  p-CRsCeHa (S9-Me-DUPHOS 95.69° ) )\ )O
4  p-CHyO-CeHq (RR)-Me-BPE 95.3R)° £ H H
2 S-g'ﬁgh&HA EgSR’))-I\'C/Iee-IlDBlIJDPEHOS 556.52))9 ©/\ N(H)Ac N(H)Ac (:(\ N(H)Ac ©/\ N(H)Ac
-Br-CeHs ,R)-Me- .
7 p-F-CsHa (RR)-Me-BPE 95.0R)® 96.6% ee 96.9% ee 96.4% ee 96.9% ee
8 p-MeS-GHq (RR)-Me-BPE 96.3R)° Figure 1. Asymmetric catalytic synthesis of-arylalkylamine deriva-
9  mBr-CeHs (§9-Me-DuPHOS 96-895)2 tives. R)- (§-amines derived fromR,R)-Me-BPE-Rh and $9)-Me-
12 gj'é:r'_"é;ﬁim gg%’rﬂi%‘;’?’os 8%4693)39 DuPHOS-Rh catalysts, respectively.
12 oF-GHsa (RR)-Me-BPE 95.7 R o _
13 0-CH3-CeHa (RR)-Me-BPE 74.8R)® (entry 11). These results further indicate the sterically demand-
14 2,6-RCeH3 (RR)-Me-BPE 97.8R)® ing nature of enamide substrates
ig 2,4,5-§1Mhe?3C6H2 (SS)-ME-BUEESE 82-25@ We next examined whether our catalysts could effectively
1 Z:Puf::l;n;ly gg:Mg:DﬂPHos 96:1%3 hydrogenater-arylenamides possessifigsubstituents (i.e1;
18 2-thienyl §9-Me-DuPHOS 97.59 R = H). The ability to hydrogenate such substrates would vastly

expand the types of chiral amine derivatives available through
2 Reactions were conducted at 22 and an initial H pressure of this methodology. We were pleased to find that a variety of

60 psI using 0.1860.25 M methanol solutions of §Ubstrate and the ﬁ_substltuted enamldes Could be reduced to the Correspondlng

catalyst precursorsHS)-Me-DuPHOS-Rh(CODYIOT™ or [(RR)-Me- a-1-arylalkylamine derivative& with high enantioselectivities

BPE-Rh(COD)JOTf~ (0.2 mol %), unless otherwise noted. Reaction : - : p
time was 15 h, and complete (100%) conversion was observed in all (Figure 1). Importantly, we have found that isomeric mixtures

casesP Enantiomeric excesses were determined by chiral capillary GC Of (E)- and ¢)-enamidesl (E/Z isomer ratios varied from ca.
using Chrompack’s Chirasil-L-Val column (25 nf)Absolute configu- 1:1 to 4:1) may be employed in these hydrogenation reactions,
rations were confirmed by comparing the sign of optical rotatiog,of ~ with no apparent detrimental effect on the selectivity. This
or hydrolyzed product, with that of known N-acetylamines or free finding was critical for development of a useful routedel -
amines, respectively (see supporting informatidrjnamidela (entry arylalkylamines, as we have been unable to prepare or purify
1) was prepared following the procedure outlined by Kagan and co- {pe separatel)- and ¢)-enamide isomers. Thus, an array of

workers in ref 9a,b. To our knowledge, all other enamides in Table 1 . - f . .
are new and were prepared via the same method as that employed fofSOMErIC enamide$ possessing both linear and branciealkyl

la. The procedure used and characterization data for all new enaLmidee.SUbStItuents and_ an aSSOthe”t O_f q_lffereraryl groups were
are provided as supporting informatignbsolute configurations for ~ hydrogenated with enantioselectivitie95% ee using either
these products were assigned by analogy, through comparison of signthe Me-DuPHOS-Rh or the Me-BPE-Rh catalysts. A rational
of optical rotation and chiral GC elution order with configurationally for why the Me-BPE-Rh and Me-DuPHOS-Rh catalysts are
defined products (see supporting informatidri}eaction performed in - capable of tolerating-substituents in bottH)- and @)-positions
ethyl acetate? Enantiomeric excess determined by HPLC (CHIRAL-  of enamidesl awaits further mechanistic study. Preliminary
CEL OJ; 15:85 2-propanol/hexane). deuteration studies suggest that neither isomerization to N-
acylimines nor interconversion of geometric enamides is
arylethylamine derivatives with high enantioselectivities. Table jnvolved in enamide hydrogenation reactidffs!:12
1 lists selectivities achieved using the optimum catalyst identi- |, conclusion, our Me-DuPHOS-Rh and Me-BPE-Rh cata-
fied for each individual enamide substraté! Overall, Me- lysts have been found to allow efficient hydrogenation of
DuPHOS-Rh and Me-BPE-Rh catalysts performed comparably ¢_aryjenamidesl, thus providing practical access to a broad
with the substrates listed in Table 1 and generally furnished ange of valuableo-1-arylalkylamine derivatives in highly
products with enantioselectivities differing 2% ee. More- enantiomerically-enriched form. A unique feature of this system
over, the Et-DUPHOS-Rh catalyst afforded similarly high g the apility of our catalysts to hydrogenate mixtures Bf- (

enantioselectivities in certain cases but did not display the 5,4 ©-enamides with high : e o
A . gh enantioselectivities, hence obviating
substrate generality enjoyed by the Me-DuPHOS-Rh and Me- he need to prepare isomerically pure substrates. The present

BPE-Rh catalysts. Thus, our asymmetric hydrogenation processgy gy further demonstrates the versatility and utility of our

provides a convenient route to a variety of highly enantiomeri- 5 ,pHOS-Rh and BPE-Rh hydrogenation catalysts for the
cally-enriched ring-substituted-phenethylamine derivatives. ,6qyction of chiral building blocks of medicinal and biological
Substitution at the meta or para positions of the parent enamidejyierest.  Future studies will attempt to decipher the effects

la did not greatly influence the enantioselectivites. NO (gteric and/or electronit) responsible for the high enantiose-
significant substituent electronic effects on the ee’s were |gqtivities we observe in these hydrogenation reactions.
observed. Hydrogenation of enamide possessing go-
thlome_thyl Sub_stltuent (entry 8) _demonstrated tole_rar_lce to Acknowledgment. We thank Dr. G. Dubay for obtaining HRMS
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A minimal increase in the steric nature of the ortho substituent

to 2-methyl or 2-bromo, however, led to a significant decrease  Supporting Information Available: Experimental details, including

in selectivity, wherein the products were obtained in 74.8% and preparation ofx-arylenamides1), hydrogenation procedure, spectral
81.3% ee, respectively. The more rigid Me-DuPHOS-Rh and analytical (_jata}, and ee de_terminations for amine derivaliy2s
catalyst provided these products in only 58.0% and 62.1% ee,Pages). Ordering information is given on any current masthead page.
respectively. Varying the solvent to EtOAc allowed the ja953872N

2-bromophenethylamine derivative to be obtained in 89.0% ee
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