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Abstract: The Rh-DuPHOS and Rh-BPE catalyzed hydrogenation of B-substituted o,B,7,8-unsaturated amino acids
establishes two contiguous stereogenic centers simultaneously. Both high regioselectivity and good to excellent
enantioselectivity have been demonstrated in this process leading to B-branched allyl glycine derivatives. Enamide
geometry was found to influence stereoselectivity. Studies aimed at defining the scope and limitations of this
process are described. © 1999 Elsevier Science Ltd. All rights reserved.

Didehydroamino acids are valuable substrates for enantioselective asymmetric hydrogenation reactions
catalyzed by chiral transition-metal complexes.# A formidable challenge is presented in the case of B-
substituted a,B,y,8-unsaturated acetamide ester 3 and its 2E-isomer, 5 (R;=H, Scheme 1) whereby selective
hydrogenation of a hindered tetrasubstituted olefin must take place in the presence of a disubstituted olefin.
Successful asymmetric catalytic hydrogenation of B-substituted dienamides requires both high enantioselectivity
and high regioselectivity favoring reduction of the enamide within these conjugated diene systems. In previous
studies, we have demonstrated both high regioselectivity and high enantioselectivity in the hydrogenation of
dienamides’ of type 3 where R =H using the Et-DuPHOS-Rh® catalyst.” In this case, high regioselectivity was
attributed to substrate chelation through the dienamide N-acetyl group, providing strong precedent for
regioselective monoreduction in B-substituted dienamides 3 and §, (R, =H).

In terms of enantioselectivity, hindered B,B-disubstituted enamides present an additional challenge.
However, we recently have reported that Me-DuPHOS-Rh and Me-BPE-Rh catalysts are very effective for
highly enantioselective hydrogenation of this class of substrates.? In the present study we hoped to merge these
two effects to develop a process for efficient and enantioselective hydrogenation of B-substituted dienamides 3
and 5 where R;=H. Importantly, selective hydrogenation of B-substituted dienamides would allow the
simultaneous introduction of two contiguous stereogenic centers and could provide simple access to highly

functionalized chiral building blocks.
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Scheme 1

Exploratory investigation of catalytic efficiency was performed using the (2Z,4E)-dienamide 3b (Table,
entrics 2 and 3) as a model substrate.> During optimization of reaction conditions, the first difficulty
encountered was achieving full conversion of the starting materials to reduced products. Generally, higher
catalyst loadings were required (0.4-1.0 mol%) in comparison to earlier studies’ which employed substrate-to-
catalyst ratios of 500:1. A survey of solvent effects indicated that i-PrOH was superior to other solvents for this
transformation, although, generally, solvent effects should be examined for each individual substrate.

As we found with §,B-disubstituted enamides,% cursory screening studies revealed that catalysts derived
from the least hindered bis(phospholane) ligands, Me-DuPHOS and Me-BPE, were most effective for
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hydrogenation of B-substituted dienamide substrates of types 3 and §. On the basis of these results all remaining
studies involving dienamides 3 and § centered on the Me-DuPHOS-Rh and Me-BPE-Rh catalysts.

Table. Asymmetric Catalytic Hydrogenations of (2Z)- and (2E)-Unsaturated Amino Acids 3 and 5

Conv'n Over-
_Entry _ Substrate Product Ligand (%) %ee (Config.)® _reduction(%)*
1 3a Me, ‘l:-‘cone (4a) (R.R)-MeBPE{ 100 90.6 (2R ,35) <5
R|=MC /:ﬁ( NHAc
R;=Ph  PH
Me H H
2 3b S__s=CO2Me (4b) (S,5)-MeDuPHOS® 100 81.9 (25,3R) 5.1
3 R|=Me — NHAc (ent-4by (R,R)-MeBPE 100 78.0 (2R,35) 25
Ry=t-Bu t-Bu
Me H H
4 3¢ S SCO,Me  (4o)  (5.5)-MeDuPHOS® 100 75.6 (25.3R) 9.4
5 Ri=Me /_—_)_‘(NHAC (ent-4c) (R,R)-MeBPE* 47 83.4 (2R,35) 0
Ry=n-hexyl n-hexyl
Et HH
6 id S SaCO,Me (4d) (3,5)-MeDuPHOS 928 73.0 (28.3R) 3.0
7 R|=Et — NHAc (ent-4d) (R.R)-MeBPE 1008 93.0 (2R .39) 0
Ry=Ph  PH
Me H H
8 3e < _aCO,Me (de) (8,5)-MeDuPHOS® 100 83.1 (25,3R) 7.5
R1=Me — NHAc
R,=Bn Bn
9 Sa Me Tcozme ®) (R,R)-MeBPE? 100 95.9 (2R 3R) <5
R=Me — NHAc
R,=Ph  PH
Me H H
10 5b ") _gaCO,Me  (6b)  (S.5-MeDuPHOS 75 92.4 (25,35) 2.8
11 Rj=Me — NHAc (ent-6b) (R,R)-MeBPE 45 95.6 (2R,3R) 42
R;=t-Bu t-Bu
Me H H
12 Sc “) _saCO,Me (6¢) (5,8)-MeDuPHOS 21 85.0(25,35) 6.3
R;=Me /—_—ﬁ'rNHAC
Ro=n-hexyl n-hexyl
Et H H
13 5d “) _SaCO,Me (6d) (§,5)-MeDuPHOS 448k 94.0 (25,35) 0
14 R=Et F/L.rNHAC (ent-6d) (R,R)-MeBPE 17% 96.0 (2R,3R) 0
R,=Ph  PH

4 Reactions are unoptimized and were conducted at 20-25 "C for 24-48 h under 90 psi Hy, using 0.10 M solutions of substrate in i-
PrOH and 8/C=250 unless otherwise noted. Catalyst precursors were the corresponding [COD-Rh-Ligand]OTf complexes. Analysis
by NMR and chiral capillary GC on a Chrompak Chirasil-L-Val column followed passage through a short plug of silica. See reference
10 for a sample procedure. ® Absolute configurations were assigned by comparing the sign of optical rotation of hydrolyzed (1M
NaOH) product with that of known N-acetyl amino acids, by analogy, and through comparison of sign of optical rotation and chiral
GC elution order with configurationally defined samples. ¢ Enantiomeric purity of the overreduced material was not determined.
d Result taken from reference 9a. ¢ S/C=150. / ent-prefix indicates enantiomer of structure shown. § Reaction performed in MeOH.
# Reaction time was 72h.

Results of studies involving catalytic asymmetric hydrogenation of a series of (2Z,4F)-dienamides 3 are
shown in the Table!! (entries 1-8). In most cases, the reaction performed with the Me-DuPHOS-Rh and Me-
BPE-Rh catalysts proceeded with full conversion over 24h to furnish predominantly monoreduced product. In
general, less than 10 % of the saturated or overreduced material was observed in these reactions. Two
stereogenic centers at the a- and B-positions were set simultaneously with good to excellent enantiomeric

excesses (73-93 %ee), despite the steric conjestion about the o,f-double bond. Styrene derivatives 3a and 3d
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(entries 2, 7 and 8) were the most suitable substrates for this reaction, being reduced with enantiomeric excesses
higher than 90 %.

Hydrogenations involving (2E 4E)-dienamides 5 were particularly challenging with regard to achieving
complete conversion of the starting materials (Table, entries 9-14). Full conversion was demonstrated only with
the B-methyl styrene derivative 5a, and the stereoselectivities and regioselectivities achieved were excellent.
Hydrogenations using the Me-DuPHOS-Rh catalyst tended to give better conversion, but lower selectivity than
those using the Me-BPE-Rh catalyst.12

In accord with earlier studies,!! the enantiomeric purity of monoreduced products was seen to fall as the
reduction of the pendant double bond was allowed to proceed. In general these findings suggest that the
predominant enantiomer initially formed is the matched substrate for subsequent reduction of the v,5-double
bond.!3 Therefore, stopping the reaction before overreduction occurs is critical for obtaining products of higher
enantiomeric purity. Due to increased hinderance about the a,B-double bond relative to the y,8-double bond,
overreduction was difficult to control in many cases, particularly as the reaction approached completion. For
several substrates, full conversion required us to sacrifice some material to overreduction and to accept a
consequently lower enantiomeric purity in the product, as seen in 4b, 4¢, and 4e.13 Although in the case of 6¢
full conversion was not achieved, a similar correlation between overreduction and decreased enantiomeric purity
was observed. Optimization of conditions on a case-by-case basis clearly is required to achieve high
enantiomeric excess and maximal yield of the desired mono-reduced products 4 and 6.
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This new method allows access to all four stereoisomeric B-substituted allylglycine derivatives with high
levels of enantioselectivity. For example, the Z-t-butyl substrate (3b) was converted either to D- or L-threo-
products 4b (Scheme 2)!4 in diastereomerically pure form and with good enantioselectivity. Hence, with (S,5)-
Me-DuPHOS-Rh, (25,3R)-4b was obtained in 82 %ee, whereas the (2R,3S) product, ent-4b, resulted when
(R,R)-Me-BPE was used (78 %ee). Furthermore the D- and L-eryrhro products, (25,35)-6b or (2R,3R)-ent-6b,
were produced in 92 %ee and 96 %ee through hydrogenation of (E)-t-butyl substrate Sb using (S,5)-Me-
DuFHOS or (R,R)-Me-BPE, respectively. Application of this process to (Z)- and (E)-3-ethyl-5-phenyl
substrates 3d and 5d similarly yielded all four diastereomers 4d, ent-4d, 6d, and ent-6d in 73-96 %ee.

We have demonstrated the utility of the DuPHOS and BPE ligands in the asymmetric catalytic
hydrogenation reactions of both (2E,4E)- and (2Z,4E)-B-substituted o,B,y,8-unsaturated amino acids. Catalysts
derived from Me-BPE were found to afford the highest regioselectivity and enantioselectivity, while higher
substrate conversion was achieved with Me-DuPHOS-Rh in several cases, particularly for the less reactive
(2E,4E)-substrates. This method can be used to set contiguous stereogenic centers in a single step. Work is
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underway to examine in more detail temperature effects in an effort to optimize these catalytic hydrogenation
reactions.
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