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Cationic rhodium catalysts of the C, symmetric DuPHOS (1) and BPE (2) ligands have demonstrated the ability to asymmetrically hydrogenate
a novel series of enol phosphonates (3) in good to excellent enantiomeric excess under mild conditions. Initial studies toward the catalytic
asymmetric hydrogenation of enamido phosphonates (6 and 7) using the DUPHOS—Rh™ catalysts are also reported.

o-Amino phosphonates and-hydroxy phosphonates are or a-hydroxy phosphonates can effect the enzyme inhibftion,
useful compounds for the inhibition of enzymes due to their thus providing the impetus for examining the asymmetric
ability to mimic hydrolysis transition statég.These func- synthesis of these compounds. Cationic rhodium catalysts
tionalities have been employed in compounds designed towith DUPHOS () and BPE 2) ligands (Figure 1) have been
inhibit enzymes such as renin, EPSP synthase, and HIVused to perform asymmetric hydrogenations on a wide variety
proteasé.The stereochemistry of the-amino phosphonates enamidd and enol ester¥:® Herein we describe the first
catalytic asymmetric hydrogenation of a series enolbenzoate
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have been two published examples of the catalytic asym- || AN NG

metric synthesis ofi-hydroxy phosphonateésThe catalytic Table 1. Ligand Optimization for the DUPHOS/

asymmetric synthesis of-amino phosphonates has received gpg.Rh-Catalyzed Asymmetric Hydrogenation of Enolbenzoate
recent attention, including asymmetric hydrogendtiand Phosphonate3

hydrophosphonylatidhstrategies. OBz . OBz

I. a-Hydroxy Phosphonates Enolbenzoate phosphonate HiCO. . R —— HiCO, )\/R
substrate® were readily synthesized as shown in Scheme Hyco— HycO—F
1. Acyl chlorides were treated with trimethyl phosphite to o 3 O 4

(a) [(ligand) Rh (COD)]OTTf, S/C 125, MeOH, 4 atm H,,

" 25°C, 2448 h

Scheme 1
subst R ligand conva % eeP config®
o b OBz
a HsCO 3a H (R,R)-2a 27 64 S-(-)
BN xR

R\)J\CI - HsoO/ﬁ 3a H (S,5)-1a 100 84 R-(+)
O 3 3a H (R,R)-1b 100 96 S-(—)
3a H (R,R)-1c 100 92 S-(—)
(a) P(OCHz);, 0 to 70 °C, 1.5 h. (b) Bz;,0, DBU, 3a H (R,R)-1d 40 85 R-(+)
010 25°C, 0.5 h, (THF). 3b CHs; (R,R)-2a 45 60 S-(+)
3b CHs (S,S)-1a 100 86 R-(—)

3b CHs (R,R)-1b 9 ND ND

form a-keto phosphonate intermediateshich were then aConversion determined bjH or 3P NMR. > Enantiomeric excess

reacted with benzoic anhydride and DBU to form enolben- determined by chiral HPLC on a Daicel Chiralcel 0J columndaand a
zoates 3 in yields that ranged from 43 to 86% after Chiralpak OT column fortb! ©Configuration assigned on the basis of
purification. Only theE isomer of the olefin was observed correlation between HPLC elution order, optical rotation, and catalyst
for 3b—h.1° To the best of our knowledge the enolbenzoate configuration relative to the known compoubd

phosphonate8 are novel.

To obtain optimum enantioselectivities for the asymmetric catalysts. In the present case however, RS assignment

hydrogenation of enolbenzoate phosphonates, the variouSg reyersed by replacing a carboxylate ester with a phospho-
DuPHOS-Rh and BPE-Rh catalysts were screened againsf 5¢e ester

modhel St’bstr:ates_aafbl'h F;eacnons were c?med OUtd'nh Pressure and solvent effects for catalytic asymmetric
methanol with an initial hydrogen pressure of 4 atm and the , 4rgenations can be quite dramatic in terms of reaction

re;ultts) arﬁ shovyg ig Labrl? %] In the cqsé;af Et-DUPHOS- (5165 and enantioselectivity.in the case of enolbenzoate
Rh (1b-Rh) provided the highest enantioselectivity. However, ¢ 0nates, methanol was found to be the superior solvent

when the hydrogenation _°3b was attempted with Et- 15504 o enantioselectivity and reaction rate (complete in
DuPHOS-Rh, the.conversm'm dropped to only 9% after 2 <12 h under the conditions given in Table 2). For the
days. Hydrogenation a8b with Me-DuPHOS-Rh (1a-Rh) hydrogenation o8a, ethanol, CHCI,, hexane, diethyl ether,
and Me-BPE-Rh Za-Rh) were then examined and Me- 4 pME yielded enantioselectivities above 90% using the
DuPHOS-Rh effected complete conversiomtafter 48 h - £ b ,pHOS Rh catalyst but required more than 12 h to go
with 86% ee. ) to completion. Performance of the hydrogenation reaction
It shoulq be nqted tha_t the stereochgmmal sense of thewith 3awas particularly poor in benzene and toluene. Recent
reduc_non IS conS|§tent with results obtained fgr the hydro- studies have shown that these aromatic solvents can form
genation of enamido estéfsand enol estefsusing these stable complexes with the cationic DUPHOS-Rh catalysts in
solution and that some classes of substrates are slow to
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was not examined. However, in previous studies involving h to afford the corresponding-hydroxy phosphonates.

the DUPHOS-Rh and BPE-Rh catalysts, only minor effects An example is shown in Scheme 2, whéd@is converted

on enantioselectivity were observed for the asymmetric to the previously reported compoubd® with no apparent

hydrogenation of other substrates at elevatediéssures  loss of optical purity.

(up to 100 atm¥.The effect of temperature was not examined

for the reaction involving3 e
Results of the catalytic asymmetric hydrogenation involv- Scheme 2

ing a series enolbenzoate phosphonatae shown in Table

. . ) . S 0Bz OH
2. For the aliphatic substituents, enantioselectivities were HsCO., /y\)\ a HsCO. /y\)\
~ Hyco-R

I
0 4d O 5d

Table 2. Enolbenzoate Phosphonateé$lydrogenated with the

DuPHOS/BPE-Rh Catalysts (a) K;CO3, MeOH, 25 °C, 2 h.
Substrate Ligand %  Confi
ee’ g. Il. a-Amino PhosphonatesN-acetyl and\N-Cbz enamido
phosphonate6 and7awere synthesized as described in the
Bz . 14 . . .
HaCQ literature!* A practical route to a variety of substituted
HsCO™fy (RR)-1b 96 S-() enamido phosphonates has yet to be demonstrated despite
°© a several strategies published in the literatlite.Ligand
Bz optimization studies were performed on tNeacetyl and
HaCQ - i . -
HCOP S (S,S)-1a 36 R-(-) N-Cbz enamido _phosphqnatésand 7a_. The E_t !D_uPHOS
o 3b Rh catalyst provided optimum enantioselectivities for both
HaCQ Bz the N-acetyl6 andN-Cbz7aenamido phosphonate substrates
3 ™ H H
HaCO F \ (S.S)-1a 92 R-(-) as illustrated in Table 3.
Cc
o |
HsCQ /&)\
HaCO™f] (8,5)-1a 92 R-(-) Table 3. Ligand Optimization for the DuUPHOS/
g 3d BPE-Rh-Catalyzed Asymmetric HydrogenationNfacetyl6
HaCQ LZ/\/\/ andN-Cbz7 Enamido Phosphonates
HeCOfy (8.9-1a 90  R-(-) NHR NH)R
o 3e HsCO, ,l\ a HaCO, )\
Ha CQ ﬁz/ CHz)5CH HiCO L HeCO
HaCOfy 3(f Ao (55)-1a 88  R-(-) O 67a O 89
o]

(a) [(ligand) Rh (COD)J*'OTf, S/C 100, MeOH, 4 atm Hj,

Bz
HsCQ 25°C, 12-24 h.
HSCUEK/\Q ($.5-1a 90  R-(-)

3g subst R ligand convd  %eed  configt
OCH3
Bz 6 Ac (8,9)-1a 100 93 R-(-)
HsCQ w (RR)-2a 68  S-(+) 6 Ac (S,5)-1b 100 95 R-(-)
Hoco 6 Ac  (S9)lc 90 68 R-(-)
aConditions: [(ligand)Rh(COD)JOTY, S/C 125, MeOH, 4 atm, 25 6 Ac (RR)-1d 6 ND ND
°C, 12-48 h.b Enantiomeric excess determined by chiral HPLC on a Daicel 7a Cbz (S.5)-2a 88 88 R-(=)
Chiralcel OJ column fo6a, Chiralpak OT column fo8b—f and a Chiracel ;Z ggz g:g'iz 1(7)5 gg E'E_;
11c i )
OB for 6h.11 ¢57% conversion. 7a Cbz (S.5)-1c 100 a1 R-(-)
7a Cbz (R,R)-2b 93 57 S-(+)

good, ranging from 86 to 96%. The highest stereoselectivity aConversion determined byH or 3P NMR.P Enantiomeric excess
for the unsubstitute@a was obtained with Et-DUPHOS-Rh  getermined by chiral GC on a Chirasitval columni! ©Absolute
catalyst. A|ky|-SUbStitUtEd enolbenzoate Substrc’ﬁbs—g configuration assigned based on data supplied by Télley.
were reduced with optimum ee’s using the less bulky Me-
DuPHOS-Rh, consistent with the ligand optimization studies
shown in Table 1. In the case of the more sterically Ligand optimization reactions were performed in MeOH,
demandingp-methoxyphenyl substituent @h, the reaction however, further studies of the solvent effects showed that
did not proceed with Me-DUPHOS-Rh but did go to partial in the hydrogenation ofa using Et-DuPHOS-Rhi-PrOH
conversion using the less rigid Me-BPE-Rh catalyst after 2 gave a marginally higher ee (95%). Hydrogenation reactions
days, although only modest enantioselectivity was observed.involving 7a did not proceed well in benzene and toluene,
The a-benzoyloxy phosphonatéscan be simply depro-  presumably analogous to what was observed for the hydro-
tected using KCGO; in methanol at room temperature for 2 genation of3a in these solvents.

Org. Lett., Vol. 1, No. 3, 1999 389



Initial studies involving the catalytic asymmetric hydro- || A

genation of substituted enamido phosphonates include the Scheme 3

bonylarmino L dimethyiphosphonybut L-ema norshown) @ N LT

to producedb (Figure 2), a compound previously reported \)J\ﬁ:%%HHz -~ ﬁ:%%;'g - ﬁi%%HHz
© 7do 9d, 712 ce

(a) BnOCONH,, PhH, reflux, 3 h. (b) [(S,S)-Me-DuPHOS Rh (COD)]OTf

)\/@\(H)Cbz N(H)Cbz S/C 125, MeOH, 4 atm Hy, 25 °C, 12 h.
~p-OCHs ‘. ,~OCH3

i~OCHs E‘OCHg
9b 9% pected in light of previous observations for the catalytic
asymmetric hydrogenation of various classes of substrates
(5,5)-Et-DuPHOS, 95% ee (5.5)-Me-DuPHOS, 76% ee employing the DUPHOS-Rh and BPE-Rh catalysts wikere
Figure 2. N-Cbza-amino phosphonates andZ-substituted olefins allowed for comparable selectivi-
' ' tiesab-c5.15

The catalytic asymmetric hydrogenation of enolbenzoate

by Talley” The reaction was complete after 12 h at room phosphonates using the DuPHOS-Rh and BPE-Rh catalysts
temperature in MeOH with an initial Hporessure of 4 atm, provides an efficient route to enantiomerically enriched alkyl-
resulting in an enantiomeric excess of 95%. Consistent with Substituteda-hydroxy phosphonates. Given the ease with
results from the enol phosphonate series, aryl-substitutedWhich substrate8 are prepared this method is likely to find
enamido phosphonates appear to give lower enantioselecProad application for the preparation afhydroxy phos-
tivities compared to their alkyl counterparts. Reduction of phonate derivatives. Preliminary studies also have shown that
(E)-phenyl-substitutetl-Cbz enamido phosphon&@c (not the Et-DUPHOS-Rh catalysts can hydrogenate enamido
shown) with Me-DUPHOS-Rh providec in 76% ee. phosphqngtes effec'gively and. vyith moderate' to high enan-
The (2)-methyl enamido phosphond@was prepared in tloselfactlwty, potentlally_ prqwdlng a _conve_znlent_ route to
poor yield (11%) in a condensation reaction between %-@mino phosphonates in high enantiomeric purity.
dimethylpropionylphosphonate and benzylcarbamate as shown
in Scheme 3, conditions similar to those used in the i ;
preparation of the unsubstituted parent subsffate After George Dubay for acquiring HRMS data. This research was
a failed attempt to hydrogenaZe with Et-DuPHOS-Rh, the funded by a grant from Peyv Chanta_ble Trusts. T.A.S. was
reduction was attempted with Me-DUPHOS-Rh which al- SuPPorted by a fellowship established by Burroughs-
lowed complete conversion to affo@t in 71% ee. The Wellpqme. We thank Dr. John Talley of Monsanto for
lower ee achieved in the reduction of (Z)-enamide providing substratg’b.
represents a significant compromise in selectivity compared
to the result fo®b which was obtained from th&j-enamide.
This dependence on substrate geometry is somewhat unex
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