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A previously reported three-hindered quadrant chiral ligand and its corresponding rhodium complex provide high enantioselectivity for the
asymmetric hydrogenation of  f-acetamido dehydroamino acid substrates. Both (  E)- and (2)-substrates are hydrogenated with high
enantioselectivity in all of the reported examples. Asymmetric hydrogenation of a cyclic P-acetamido dehydroamino acid substrate in 85% ee
is also reported.

The continuing importance of chir@tamino acids to medici-  cal selectivity? To exacerbate this issue, the synthesis of an
nal chemistry is highlighted by the number of recent reports exclusively E)-isomer substrate has not been realized via
and reviews that detail convenient chiral methodologies to current methodologies. In fact, th&){isomer is often the
access therh Although asymmetric hydrogenation gfac- major product produced via these synthetic protoéols.
etamido dehydroamino acids with chiral homogeneous cata-Therefore, there is a need for efficient catalysts that can
lysts is a methodology that offers promise for the synthesis hydrogenate bothH)- and )-8-acetamido dehydroamino
of f-amino acids, a stumbling block for this approach has acids in high enantiomeric excess.

been poor selectivity during the hydrogenation of mix-  We recently reported the synthesis of both enantiomers
tures of the configurational isomers of the substrates. While of ligand1 featuring an HPLC chiral separation crux (Figure
(E)-substrates can be hydrogenated in high enantiomericl)® Resolved rhodium complexes of the ligar@], were
excess using a variety of known catalysts, only a few cata- demonstrated to provide very high enantioselectivity for a
lysts can hydrogenat&)-substrates with synthetically practi-
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s the hydrogenation ofE)-3 in entries 4. Each produced

99% ee with complete conversion in fast reaction times

(complete in less than 15 min). Entries-8 depict results
= — for the identical solvent screen on substrate3. All entries
\ / BF4] afforded 96% ee or greater with reaction times similar to
Rh * those observed forg)-3. For reactions performed in THF
= A orr
"p P P P we observed subtle pressure effects. The initial screen at 20
v N\ v\ . . . .
7( k psi (entry 6) provided 96% ee with complete conversion to
R product. However, when the initial applied pressure over the
R 5)2 reaction solution was increased to 50 psi, the enantiomeric

Figure 1. Structure of ligandR)-1 and catalyst$)-2. excess of the reaction decreased to 94% (entry 9). Performing
the reaction at 6 psi produced the highest enantiomeric excess
(99%) for THF (entry 10). Entry 11 depicts asymmetric

variety of classic substrates;-acetamido dehydroamino hydrogenation of a 1:1 mixture of}- and ¢)-3 in THF
acids, during catalyzed asymmetric hydrogenation. We alsosolvent and 20 psi i These conditions produced 98% ee
reported the practical synthetic utility of the rhodium complex Product.

in the asymmetric hydrogenation of a substrate precursor to A broader screen off-acetamido dehydroamino acid
the pharmaceutical candidate, pregab&issociations were  derivatives was then undertaken to examine the efficacy of
drawn between the observed high enantioselectivity and thethis catalyst system for this substrate class (Table 2). Entries
structure of ligandl that features three bulkyert-butyl

groups located in the vicinity of the rhodium catalysis center. || NG

To further high'light the 'utility of the design of Iiganblanq Table 2. Asymmetric Hydrogenation g8-Acetamido

its corresponding rhodium catalysts, we report the highly Dehydroamino Acid Derivativesa—e, Using §)-2 as a

enantio;elective hydr(_)genat_ion of botE){ and @)-5- Catalyst
acetamido dehydroam|_n(_)_aC|ds. o COR 1 mole% (512 COR
Table 1 depicts an initial screen for the application of | _—
catalyst §-2 to the asymmetric hydrogenation d)¢ and RZ™NHAc Solvent, H,  p2">NHAc
(E)or(2)
| 5a: RI=Et Ri=Pr 6a: RI=Et, Ri=Pr
. . 5b: R'=Et; R?=i-Bu 6b: R'=Et; R*=i-Bu
Table 1. Asymmetric Hydrogenation ofH)- and 5¢: R'=Me: R?=t-Bu 6c: R'=Me; R%=t-Bu
(2)-Methyl-3-acetamido-2-butenoate Using-@ as a Catalyst 5d: R'=Et; R?=Ph 6d: R'=Et; R?%=Ph
CO,Me 1 mole% (S)-2 CO,Me 5e: R'=Et; R?=i-Pr 6e: R'=Et; R*=i-Pr
):NHAC Solvent, H, NHAc olefin
E)-3 or (2)-3 4 entry substrate configuration solvent psiH; ee (%
(E) (2) b fi i | i %)°
1 5a (E) THF 20 99 (R)
entry substrate solvent psi Hz ee (%)P 2 5a 2 THE 20 96 (R)
1 (E)-3 MeOH 20 99 (R) 3 5b (E) THF 20 98 (R)
2 (E)-3 THF 20 99 (R) 4 5b ) THF 20 98(R)
3 (E)-3 EtOAc 20 99 (R) 5 5c (B) THF 20 99 (S)
4 (E)-3 CH:Cl; 20 99 (R) 6 5d 2 THF 20 96 (S)
5 2)-3 MeOH 20 96 (R) 7 Se (B) THF 20 99 (S)
6 (2)-3 THF 20 96 (R) 8 5e ) THF 20 78 (S)
7 (2)-3 EtOAC 20 98 (R) 9 5e (2) MeOH 20 69 (S)
8 (2)-3 CH,Cl, 20 97 (R) 10 5e (2) EtOAC 20 84 (S)
9 (2)-3 THE 50 94 (R) 11 5e (2) EtOAC 50 66 (S)
10 (2)-3 THE 6 99 (R) 12 5e 2) EtOAc 6 92 (S)
1 (B)-3/(2)-3(1:1)  THF 20 98 (R) a Reactions were performed on 1 mmol of substrate at room temperature

with a substrate concentration of 0.2 M. Each was complete within 15 min.
b Enantiomeric excesses were determined via chiral GC as described in
Supporting Information.

aReactions were performed on 1 mmol of substrate at room temperature
with a substrate concentration of 0.2 M. Each was complete within 15 min.
b Enantiomeric excesses were determined via chiral GC as described in
Supporting Information.

1—-4 depict the results of hydrogenation of both)-and
(2)-methyl-3-acetamido-2-butenoae Four solvents (MeOH,  (2)-5a (R = propyl) and5b (R = isobutyl). High enantio-
THF, EtOAc, and CHCI,) were examined at 20 psi,Hor meric excesses @aand6b (>96%) were obtained for each
case. ldentical conditions for the case Bj-6c (R = tert-
(3) Hoge, G.; Wu, H.-P.; Kissel, W. S.; Pflum, D. A;; Greene, D. J.; butyl, entry 5) providedcin 99% ee. TheZ) isomer of5c

Ba&)J(ng?% }32()%“5?5&5967' was not observed during the synthesis of the substrate;
2003 12, 663. (b) Selak, | 001, 2, 828. therefore, this isomer was not tested. Entry 6 depicts the
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result for substrateZ)-5d (R = phenyl). Only two catalysts || N | R NI

have been reported to provide high enantiomeric excess forgcheme 1. Asymmetric Hydrogenation of Cyclif-Acetamido

phenyl and substituted phengtacetamido dehydroamino Dehydroamino Acid7 Using (§-2 as a Catalyst
. _ | . :
acid derivativegs ¢ Catalyst §-2 provided producsd in ACHN_ COZEt 5 mole% (5)2 ACHN  CO,Et
96% ee.
Entry 7 depicts the result of the hydrogenation of substrate THF, 50 psi
5e The E)-isomer was hydrogenated in 99% ee at 20 psi 6 hours
7 8: 85% e.e. (100% conv.)

H, in THF. However, the hydrogenation af)¢5e provided
6ein only 78% ee under the same conditions (entry 8). We
found a solvent influence on the degree of enantioselectivity C-Symmetrical ligands during asymmetric hydrogenation.
for this substrate. When the reaction was run in MeOH (entry Provided the few catalysts that have been reported to provide
9), the enantiomeric excess® was 69% under essentially high enantioselectivity for the hydrogenation dj{somers
the same reaction conditions as those described for entry 80f -acetamido dehydroamino acids, this report continues
However, when the reaction was performed in EtOAc, the t0 challenge the need fdZ,-symmetry in asymmetric hy-
enantiomeric excess @e increased to 84% ee (entry 10). drogenation Ilgqnd design. Broader apphcatlor_\s of this
Similar to results reported in Table 1, we found more catalyst to a variety of substrate types will unveil the true

dramatic pressure effects for the hydrogenationf5e po_f_intlgll O.f thef Ill.gan(;. Iso h . tin oth
Using EtOAc as a solvent, increasing the hydrogen pressure € design otfiganc may aiso have impact In other areas
over the reaction to 50 psi produced 66% ee (entry 11). of asymmetric catalysis. Bisphosphine transition metal cata-

However, in entry 12 the pressure of the reaction was reduced:}(/jtzsi r\]/z\r/iee tbegfncszgg;'vgct?rz;%\g:;QL?Ohngnoiﬂte'?r;]ear: aesxcri?s
to 6 psi. These conditions providée in 92% ee. y Y y

] i T . metric hydrogenatioflt remains to be seen if ligantican
Finally, a recently published Communication describes

) ) ) - ) successfully be applied to these transformations as well.
highly enantioselective hydrogenation of cygh@cetamido
amino acid substrates using bisphosphine ruthenium com- Acknowledgment. Pfizer, Inc., is acknowledged for con-
plexes? However, it was mentioned that the electron-rich tinuing support of this research.
Rh—(SSRR)-Tangphos complex provided no reactivity for . ) ) )
the transformation under 50 psiHScheme 1 depicts the ~ Supporting Information Available: Materials and meth-
asymmetric hydrogenation of cyclig-acetamido dehy-  ©dS, Synthetic procedures for the synthesis of substfates
droamino acid” using ©)-2 as a catalyst. The result of 85% and 5, and methods for the evaluation of enantiomeric

ee shows potential for the application of rhodium catalysts €xcesses o8, 6, and8. This material is available free of
to this substrate class. charge via the Internet at http://pubs.acs.org.

In conclusion, more evidence has been presented inOL048386W
this Communication that the three-hindered quadrant motif
of rhodium catalysts derived from liganti can provide gl 1and W-i Wu. S Zhang, el 2003 125 9570~
enantioselectivities equal to the current state-of-the-art with  (6) Burk, M. iy 2000 33, 363-372.
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