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Synthesis of a New Rigid Bicyclic AMPP Ligand (TIAMPP) and
Application in Asymmetric Hydrogenation
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Abstract: The new rigid bicyclic AMPP((S)-TIAMPP) has been synthesized from the correspond-
ing Ticol and Ph,PCI. The application of (S)-TIAMPP in Rh-catalyzed asymmetric hydrogenation
of a-dehydroamino acids derivatives has been examined. Up to 93% ee was obtained.
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During the past decade, much attention has been attracted in developing chiral
aminophosphine phosphinites (AMPP) ligands for asymmetric hydrogenation® owing to
the following advantages: (1) optically active amino alcohol as chiral source of AMPP is
available; (2) AMPP can be conveniently prepared by reaction of the corresponding
amino alcohol with chlorodiphenylphosphine in the presence of Et;N. From the
technological and economic standpoint, it is promising to develop highly effective chiral
AMPP for asymmetric hydrogenation. It is known that the derivatives of prolinol,
ProNOP?and hydroxyprolinol, E-ProNOP? with the cyclic backbone were proved to be
favorable ligands to afford high enantioselectivity. So we prepared (S)-3-hydroxy-
methyl-1, 2, 3, 4-tetrahedroisoquinoline 2 ((S)-Ticol), (S)-N, O-bis(diphenylphosphino)-
3-methoxy-1, 2, 3, 4-tetrahedroisoquinoline 3 ((S)-TIAMPP) and [Rh(S)-TIAMPP
(COD)]BF, 4 from the 1, 2, 3, 4-tetrahydroisoquinoline-3-carboxylic acid 1 (Tic)
(Scheme 1). The cationic rhodium complex 4 of this new rigid bicyclic AMPP ligand
was found to be highly effective catalyst for asymmetric hydrogenation of dehydroamino
acid derivatives.

As shown in Scheme 1, pure chiral 1 was synthesized from DL-Phe by chemoenzy-
mic method®. New amino alcohol 2 was given by the reduction of 1 using NaBH,/I,
system®, then 3 was prepared in the yield of 60.1% by the reaction of compound 2 with

EIG/COOH CH,0R
Ny N<R,

1 2 R=R;=H 3 R=R;=PPh
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Schem 1  Synthesis of Rh((S)- TIAMPP) (COD)]BF,

+
COOH 1. NaBH,/1, OT\ P/Ph
2. PPh,CI/NEt; N
N-H > p— Rh i
3. [Rh(COD)CI]/AgBF4 /NN BF4
Ph" Ph
1 4

Table 1 Rh-catalyzed asymmetric hydrogenation of dehydroamino acid derivatives

COOR3 COOR;3
/:< [Rh((S)-TIAMPP)COD]BF4 /7/
R{ NHCOR, 10 atm, Hy, EtOH R{ H NHCOR;
5 6
Entry Substrate * ee(%)
1 R:=H, R,=CHs, R;=H 83"
2 R;=H, R,=CHs, Rs=CH3 86"
3 R;=H, R,= Ph, Rs=H 88°
4 Ri=H, R,=Ph , Rs=CH, 88
5 R1=Ph, R2=CH3, R3=H 92°
6 R1:Ph, RZ:CH3, R3:CH3 93
7 R:=Ph, R,=Ph, R:=H 93°
8 R1:Ph, Rzzph y R3:CH3 93

4[substrate/[Rh((S)- TIAMPP) (COD)]BF,=1:0.01; ° The values of the optical yields were
calculated with respect to the following value : N-acetyl-( R)-alanine® [a]2§,+66.5 (c=2, H,0); “The
ee values were determined by HPLC using Chiracel OD column after converting the products to
the corresponding methyl ester. (eluent: n-hexane/2-propanol= 9:1, flow rate: 0.5 mL/min,
retention times respectively: entry 3: tg(min) = 13.1(minor), 17.5 (major); entry 5: tg(min) =
10.5(minor) , 13.2 (major); entry 7: tz(min)=13.5(minor), 17.2 (major)).

chlorodiphenylphosphine in the presence of triethylamine. It was purified by flash
column chromatography over silica gel. 3 is viscous transparent oil, [a]%-27.3(c 1,
benzene). Its structure has been identified by 500MHz *HNMR, **PNMR, *CNMR®.

The Rh complex 4 was prepared according to the method of Shrock and Oshorn’.
All catalytic hydrogenations were carried out in EtOH at room temperature under 10 atm
for 24 h, the working up procedure was followed the literature method?®.

To our knowledge, the 93% ee obtained with (S)-TIAMPP (Table 1) is the best
result among those bicyclic AMPP ligands reported to date. Kreuzfeld had investigated
asymmetric hydrogenation of compound 5 by Rh-catalysts generated in situ from
[Rh(COD)CI], and the ligands of bicyclic AMPP 7*%nd 8™. The ee values were 72%,
90% respectively. Mortreux found the cationic rhodium complex bearing cyclic AMPP
9% can afford 90% ee in asymmetric hydrogenation. The enantioselectivity of asymme-
tric hydrogenation of our experiment was increased. The high enantionselectivity of
(S)-TIAMPP is rationalized by the phenyl that may increase the rigidity of the chiral
ligand 3. It is beneficial to stabilizing the spatial conformation of the active transition
state of complex formed from the catalyst and substrate.
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Moreover, (S)-TIAMPP can almost have the same enantioselectivity on the
substrates both of dehydroamino acids and esters. The obtained products are all
R-configuration. According to the view of Mortreux, (S)-TIAMPP formed & -type
with Rh(I), which determined R-configuration of the products. (S)-TIAMPP is stable
enough to be purified by flash column chromatograph under air atmosphere.

OPPh; .. OPPh, PPh0,,
<::::I:j;;>/ﬁ__ [:i::] Z:—iEX”‘\‘OEK)Et

" NPPh
*PPh, 2

Ph,

©o v—2Z2

In summary, we have synthesized the new rigid bicyclic AMPP ligand of
(S)-TIAMPP for hydrogenation of dehydroamino acid precursors with good results. We
are currently investigating the optimal conditions, such as the effects of solvent,
hydrogen pressure, reaction temperature and substrate concentration on the asymmetric
hydrogenation. At the same time, the application of 2 in asymmetrical addition of
dialkylzincs to carbonyl compounds is in progress.
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