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New chiral diphosphinites were prepared starting from (+)-diethyl tartrate. The asymmetric hydrogena-
tion of dehydroamino acids, itaconic acid and dehydrodipeptides was studied using Rh(I)-diphosphinite cat-

alysts.

In the hydrogenation of dehydroamino acid derivatives, an introducion of w-(dimethylamino)alkyl

group in the ligands did not raise the optical yield. By the use of Rh(I)-diphosphinite having 3-(dimethyl-
amino)propyl group, the inversion of the preferred product was observed. Itaconic acid can be hydrogenat-
ed in a good optical yield (76% e.e.) by use of the diphosphinite having 2-(dimethylamino)ethyl group. The di-
phosphinites having w-dimethylamino group gave high optical yields in the case of dehydrodipeptides with
a chiral center. Especially Rh(I)-catalysts coordinated by diphosphinites with 4-methyl or 4-methoxyl group
on the phenyl ring of the ligand gave excellent stereoselectivities (more than 98% d.e.) in the case of Ac-
APhe-(S)-Phe-OH. The effect of these new chiral diphosphinites on the asymmetric hydrogenation of dehydro-
amino acids, itaconic acid and dehydrodipeptides was discussed in terms of the stereocontrol induced by electro-
static interaction between the dimethylamino group of the ligand and the substrate and by the steric interaction

between the ligand and the substrate.

Recently, asymmetric hydrogenation of prochiral
olefins has been studied very actively using many chiral
ligands. In the hydrogenation of dehydroamino acid
derivatives, several ligands could give high enough
optical yields to be practically applied for amino acid
production.?

Since most of these ligands were designed to control
the asymmetric induction only by the steric interaction
between the substrate and phenyl groups on phospho-
rus atoms of the ligand,? the efficiency of these ligands
seems to depend strongly on the structure of olefins.?

We intended to introduce both electrostatic and steric
effects into the asymmetric hydrogenation of olefinic
compounds. The electrostatic interaction between
ligand and olefin will serve more significantly to dis-
criminate the prochiral face of the substrate. So we
prepared new chiral diphosphinites with pyrrolidine
moiety, some of them having w-(dimethylamino)alkyl
substituent on the pyrrolidine ring. The dimethyl-
amino group is expected to interact with a carboxyl
group of prochiral olefins. These diphosphinites were
used for asymmetric hydrogenation of dehydroamino

acid derivatives, itaconic acid and dehydrodipeptides.®
The result of itaconic acid and dehydrodipeptides
strongly suggested that an electrostatic effect con-
tributed to the stereoselection (Scheme 1).

Result and Discussion

The preparative route to the diphosphinites (1—5) is
shown in Scheme 2. 1,4-Di-O-tosyl-L-threitol was
induced from (+)-diethyl tartrate by conventional
method.®  N-Substituted (S,S)-3,4-pyrrolidinediols
were obtained by the reaction of the corresponding
amine and 1,4-di-O-tosyl-L-threitol. These diols were
easily converted to the diphosphinites (1—5) by the
reaction with chlorodiarylphosphine in the presence of
triethylamine.® Diphosphinite (1)isacarbon analog of
2 and is expected to show a similar steric effect to that
of 2.

The result of asymmetric hydrogenation of dehy-
droamino acid derivatives with Rh(I)-diphosphinite
(1—3) catalysts are summarized in Table 1. Rh(I)-di-
phosphinite (1—3) catalysts gave low optical yields. In
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the hydrogenation of a-acetamidocinnamic acid, diphos-
phinite (1) without dimethylamino group, gave
(S)-product in a higher optical yield than that with 2
(29% e.e. and 16% e.e., respectively). In the case of other
N-acyl dehydroamino acids, diphosphinite (1) also
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gave (S)-product in higher optical yields than those
with diphosphinite (2). It is noted that diphosphinite
(3), which has a longer aminoalkyl group than 2, gave
(R)-product although the absolute configrations of the
diphosphinites (1—3) are the same. The inversion of

HOm, CO,Et HO, OTs RNH, HO
I —_— D — —p l NR
HOWNCO,Et HOW'™N\-0Ts dioxane HOV™'
Ar_PCl Ar,PO
_ 2 | NR
THF Ar,pPow
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/\1‘ Ph CH,CH,CH(CH;) ,
,3 Ph CH,CH,N(CH,),
/3; Ph CH,CH,CH,N (CH,) ,
/i CH@- CH,CH,N (CH,) ,
5, cn_,p@- CH,CH,N (CH;) ,

Scheme 2.

ASYMMETRIC HYDROGENATION OF DEHYDROAMINO ACID DERIVATIVES USING
Rh(I)-prPHOSPHINITE (1—3) CATALYSTS®)

TABLE 1.

Tim Conversion

S ted iphosphinite® 9 e.e. i
ubstrate Diphosphinite i o % €.e Configuration
Ph, NHCOCH, 1 20 100 29 Ky
C=C 1 50 100 5 Se)
H7  NCOH 2 720 100 16 s
2 90 100 4 )
3 60 100 13 R
3 90 100 10 Re
Ph,  NHCOCH, 1 20 100 27 Ky
= 2 very slow — —
H7  “CO,CH, 3 600 100 35 R
Ph, _NHCOCH, 1 11 100 3 S
C=C 3 1500 65 2 R
H/ “\CO,CH(CH,),
Ph. ,NHCOPh 1 40 100 40 K
/C=C\ 2 720 100 19 Ky
H CO,H 3 180 100 1 R
Ph, ,NHCOPh 1 50 100 28 S
C=G 3 120 100 4 R
H/ “CO,CH,
_NHCOCH, 1 10 100 19 S
CH,= N 2 90 100 6 S
CO.H 3 70 100 9 R

a) Hydrogenations were performed in ethanol-benzene (2/1) under atmospheric hydrogen pressure at 20 °C. b)
Substrate/Rh=100. c¢) Diphosphinite/Rh=1.5. d) Optical yields (9, e.e.) were calculated from the specific ro-
tation of the product and that of optically pure substance: N-acetyl-(S)-phenylalanine, [x]3 +46.0° (¢ 1.0,
EtOH);®) N-acetyl-(S)-phenylalanine methyl ester, [«]} +15.9° (¢ 2.0, MeOH);® N-acetyl-(§)-phenylalanine
isopropyl ester, [«]% +76.1° (¢ 1.0, CHCL,);® N-benzoyl-(S)-phenylalanine, [«]f —40.3° (¢ 1.0, MeOH);®) N-
benzoyl-(S)-phenylalanine methyl ester, [«]3 —45.3° (¢ 1.3, 95% EtOH);® N-acetyl-(R)-alanine, [«]} +66.3°
(¢ 2.0, H;O).'» ) Addition of triethylamine (NEt/Rh=10).
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the preferred product using diphosphinite (3) was also
observed in the reaction of esters. This inversion in the
system of 3 is considered to arise mainly from the
change of the conformation of phenyl group on phos-
phorus atoms by the steric repulsion between the di-
methylamino group and the phenyl groups. The results
obtained indicate that the diphosphinite with a longer
aminoalkyl group lowered the (S)-selectivity in the
reaction of dehydroamino acid derivatives.

The rate of the hydrogenation with Rh(I)-diphos-
phinite (2 or 3) catalyst was much slower than that with
Rh(I)-diphosphinite (1) catalyst, especially for dehy-
droamino acid esters. The suppression of the hydroge-
nation of esters would be ascribed to the coordination of
the dimethylamino group onto rhodium and the
weaker coordination ability of esters onto rhodium
than that of carboxylic acids. The reaction was also
suppressed by the presence of bulky alkyl substituent in
the dehydroamino acid ester. The results of the
hydrogenation of dehydroamino acids make it unlikely
that any electrostatic interaction exists between car-
boxyl group of the substrate and the dimethylamino
group of the ligand in the rhodium complex.

The low stereoselectivity by Rh(I)-diphosphinite
(1—3) catalysts can be explained by the presence of
several kinds of Rh(I) species in the reaction systems.
31Pp NMR spectra of Rh(I)-diphosphinite (2 or 3)-a-
acetamidocinnamic acid systems showed the presence
of several Rh(I) species in the solution (Fig. 1). The
different 3!P NMR patterns of the two systems (2and 3),
as well as CD spectra (vide infra), suggest the presence of
different rhodium species in each system which has a
different stereoselectivity.

Triethylamine addition into rhodium-chiral
diphosphine systems increased the optical yields of
hydrogenation of N-acyl dehydroamino acids.”? It is
thought that triethylamine deprotonates a carboxyl
group of the substrate on rhodium. In our diphosphi-
nite (1—3) systems, however, the addition of triethyl-
amine lowered the optical yield of the hydrogenation

(a) (b)
160 140 120 100 0 60 140 120 100 80

s , s

Fig. 1. 3P NMR spectra of Rh(I)-diphosphinite (2)—
or (3)-a-acetamidocinnamic acid systems in methanol
solution.
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of a-acetamidocinnamic acid (Table 1). Amine addi-
tion increased the intensity of the absorptions corres-
ponding to d-d transition and CT transition of the
rhodium complex for both systems (2 and 3). The
intensity of the CD spectrum was reduced by the amine
addition in the system of Rh(I)-(2)-a-acetamidocin-
namic acid while the intensity was increased by the
additive amine in the system of 3 (Fig. 2). The dif-
ferent effect of the additive amine on the CD spectra
of the two systems would indicate that the main Rh-
(I) species have different coordination manners for
these two diphosphinite systems.

We applied the diphosphinite (1—3) catalysts to ita-
conic acid (a-methylenesuccinic acid) which has a
structure similar to a-acetamidoacrylic acid. Itaconic
acid is considered to be more suitable to examine the
effect of electrostatic interaction because of the presence
of two carboxyl groups in the molecule. The dimethyl-
amino group of 2 and 3 may interact electrostatically
with B-carboxyl group of itaconic acid to enable the
three points’ recognition of the prochiral face of ita-
conic acid. As shown in Table 2, Rh(I)-diphosphinite
(2 and 3) catalysts gave much higher optical yields for
itaconic acid than those of a-acetamidoacrylicacid. Itis
noted that diphosphinite (2) gave the highest optical
yield (66% e. e.) among the ligands examined; the opti-
cal yield increased to 76% e.e. by lowering the reaction
temperature (—20 °C).® Since the catalystof 1, sterically
similar to 2, gave a lower optical yield (42% e. e.) than
the catalyst of 2, the above results would indicate the
enhancement of the stereoselectivity by the dimethyl-
amino group of 2 in the reaction of itaconic acid. The

+af

+2

350 400 450 A/nm

Fig. 2. CD spectra of Rh(I)-diphosphinite (2)- or (3)-
a-acetamidocinnamic acid systems in methanol solu-

tion.
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TABLE 2. ASYMMETRIC HYDROGENATION OF ITACONIC
Acip UsING Rh(I)-prpHOSPHINITE (1—3) cATALYSTS®

Diphos- Temp Time Conversion o e.c.0 Configura-
phinite? °C min % 0 Mt tion

1 0 12 100 42 R

1 0 36 100 29 RY

1 —20 180 100 52 R

2 0 9 100 66 R

2 0 26 100 25 RY

2 -20 180 100 76 R

3 0 30 100 45 R

3 0 18 100 14 RY

a) Hydrogenations were performed in ethanol under
atmospheric hydrogen pressure. Itaconic acid/Rh=100.
b) Diphosphinite/Rh=1.5. ¢) Optical yields (%, e.e.)
were calculated from the specific rotation of the prod-
uct and that of optically pure (R)-3-methylsuccinic acid:
[¢]5 +16.88° (¢ 2.16, EtOH).1™» d) Addition of tri-
ethylamine (NEty;/Rh=10).

(a) (b)

N e A

"
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Fig. 3. 3P NMR spectra of Rh(I)-diphosphinite (2)-
itaconic acid systems in methanol solution.

(@) [Rh(CHr &GO " ) @IBF,,
(b): (a)+NEt,.

catalyst of 3 gave lower optical yield (45% e. e.). This
decrease in the (S)-selectivity is in accord with the
results of the hydrogenation of dehydroamino acid
derivatives in the system of 3.

In the reaction of itaconic acid, addition of triethyl-
amine (NEts/Rh=10) lowered drastically the optical
yield. The 31P NMR spectrum of Rh(I)-diphosphinite
(2)-itaconic acid system showed the presence of several
Rh(I) species in the solution, but the addition of amine
simplified the spectrum and no P-P coupling was
observed (Fig. 3). These are explained by the competi-
tive coordination between the diphosphinite and amine
onto rhodium. Amine addition increased the intensity
of absorption spectra in the systems of 1 and 2, and the
intensity of CD spectra also increased in both systems
(Fig. 4). These would correspond to the competitive
coordination between the diphosphinite and amine.
Thus the addition of triethylamine weakened the ster-
eocontrol by the diphosphinite to result in the decrease
of the optical yield. On the other hand, it is also
possible that triethylamine deprotonates the carboxyl
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300 350 400 450

Fig. 4. CD spectra of Rh(I)-diphosphinite (1)- or (2)-
itaconic acid systems in methanol solution.
CH,CO,H
(a): [Rh(CH,:C(CO:H 2 >(l)]+BF;,
(b): (a)+NEt,
©: [Rh(CH2=c<

(d): (c)+NEt,.

CH,CO,H

GO ) @1BE.-,

group of itaconic acid, asis supposed in the hydrogena-
tion of dehydroamino acid.” The reaction of monoso-
dium salt of itaconic acid gave lower optical yield in
methanol than the reaction of itaconic acid in the
absence of amine in methanol (25% e. e. and 51% e. €.,
respectively). Therefore, the presence of itaconate
anion does not serve to raise the optical yield unless the
interaction exists between itaconate anion and the
ligand.

As mentioned previously, several Rh(I) species are
present in the solution to lower the optical yield. In
order to decrease the number of Rh(I) species in the
solution, the following diphosphinites (4 and 5) were
examined. They have an electron-donating group (4-
methyl or 4-methoxyl group) on the phenyl group on
phosphorus atom and are expected to coordinate more
strongly onto rhodium. As shown in Table 3, the
reaction rate increased strikingly in the case of a-
acetamidocinnamic acid by the introduction of the
electron-donating substituent on the phenyl group,
though the optical yield did not change so much. On the
other hand, the reaction rate in the hydrogenation of
itaconic acid was almost unchanged, but the optical
yield slightly decreased as the coordination of diphos-
phinites onto rhodium became stronger. This different
behavior seems to indicate that the coordination mode
of the substrates was different between itaconic acid?®
and dehydroamino acid.

The electrostatic interaction between diphosphinite
(2) and itaconic acid was expected, but considered to be
not strong enough to allow the precise discrimination
of the prochiral face of itaconic acid. In the case of
dehydrodipeptides,'® the carboxyl group of the sub-
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TABLE 3. ASYMMETRIC HYDROGENATION OF ®-ACETAMIDOCINNAMIC ACID AND ITACONIC ACID
usiNg Rh(I)-DrpHOSPHINITE (2, 4, AND 5) CATALYSTS

. - Ti C i -

Substrate Diphosphinite Solvent T:glp I:;: om;zrsxon % e.e. COI;?OgI:“a
Phy ,NHCOCH, 2 EtOH/Bz(2/1) 20 720 100 16 S
/C=C\CO - 4 EtOH/Bz(2/1) 20 120 100 16 s
H 2 5 EtOH/Bz(2/1) 20 9 100 22 s
,CH,CO,H 2 EtOH 0 9 100 66 R
CH=C_ 4 EtOH 0 12 100 63 R
CO.H 5 EtOH 0 11 100 53 R

TABLE 4. ASYMMETRIC HYDROGENATION OF DEHYDRODIPEPTIDES USING Rh(I)-DIPHOSPHINITE (1—5) CATALYSTS®

Dihydrodipeptide® Diphosphinite® Toeénp T:;: Com:;)rsion Eg,);égﬁ)lifgg ,O,?Z 3’2 or
Ph\C . ,NHCOCH, 1 20 20 100 74/26 48
= 2 20 30 100 67/33 34
(ﬁ:_ Aphfgllj_%‘if)‘fcoﬁ 3 20 20 100 58;42 16
Ph, /NHCOCHSCH o ; 20 120 92 79/21 58

- 2

W Ccoma( 2B mo o ms
(Ac-APhe-(S)-Phe-OH) - 4 20 45 100 >99/<1 >98
5 20 15 100 >99/<1 >98
Ph. /NHCOCHSCH 1 20 20 100 68/32 36
W oot 2 B m e
(Ac-APhe-(S)-Ala-OH) 5 20 30 100 98/ 2 96
Ph, ,NHCOCH, 1 20 180 100 51/49 2
C-C s CH,Ph 2 40 50 h 0 — —
H7 \CONH(S)H\CO CH 3 40 30h 20 — —
L 5 40 8h 0 — —

(Ac-APhe-(S)-Phe-OMe)

a) Hydrogenations were performed in ethanol under atmospheric hydrogen pressure.

50. c¢) Diphosphinite/Rh=1.5.

strate is expected to interact more easily with the di-
methylamino group of the ligands. Accordingly, our
diphosphinite catalysts were applied to the asymmetric
hydrogenation of dehydrodipeptides (Table 4). The
reaction of Ac- 4APhe-Gly-OH, using diphosphinite (2
and 3) catalysts, having the dimethylamino group, pro-
ceeded as rapidly as the reaction with diphosphinite (1).
These results present an interesting contrast with
the reaction of dehydroamino acid derivatives using
diphosphinites with the dimethylamino group. Di-
phosphinites (2 and 3) gave (S,S)-products with high
stereoselectivity in the reaction of Ac-A4Phe-(S)-
Phe-OH (90% d.e. and 86% d.e., respectively), while
diphosphinite (1) gave the product with much lower
stereoselectivity (58% d.e.). These results indicate the
effect of the dimethylamino group on the asymmetric
induction. Introduction of the electron-donating sub-
stituent on the phenyl group of the diphosphinite (2)
increased the reactivity and gave an extremely high
stereoselectivity (more than 98%d. e. with both 4and 5).
The presence of the dimethylamino group in the ligand
induced also high stereoselectivity (96% d. e. with 5) in
the reaction of Ac-4Phe-(S)-Ala-OH, while diphos-

b) Dehydrodipeptide/Rh=

phinite (1) gave only low stereoselectivity (36%d. e.). In
the case of Ac-4Phe—(S)-Phe-OMe, the reactivity was
extremely low using diphosphinites (2 and 5) with the
dimethylamino group, as was observed in the reaction
of dehydroamino acid esters. Hydrogenation took
place smoothly using diphosphinite (1) without dimeth-
ylamino group, but the stereoselectivity was very low.
This striking difference between the reaction of Ac-
APhe—(S)-Phe-OH and that of Ac-A4Phe—(S)-Phe-
OMe will further support the electrostatic interac-
tion between the carboxyl group of the dipeptide and
the dimethylamino group of the ligand.

These results indicate the importance of the chiral
center in the substrate, as well as the dimethylamino
group of the ligand for asymmetric induction (Scheme
3). The electrostatic interaction between the dimethyl-
amino group of the ligand and the carboxyl group of
the dipeptide will play a role to fix the substrate onto
rhodium. In the case of dehydrodipeptide with a chiral
center, coordination of the substrate onto rhodium by
the (Cesi, Cgre) face of the double bond is unfavorable
because of the steric repulsion between the substituent
on the chiral carbon of the substrate and the phenyl
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Scheme 3.

group of the ligand. So the coordination by the (C.re,
Cssi) face becomes favorable, resulting in the predomi-
nant (S, S)-product formation. That is to say, the elec-
trostatic interaction emphasized the steric effect of the
chiral center of the dipeptide, resulting in the high
stereoselective induction.

For dehydrodipeptides with (R)-chiral center, (R, R)-
product was formed in a high stereoselectivity instead
of (S, R)-isomer.1?

In the case of dehydroamino acids, the dimethylam-
ino group in the ligand and the carboxyl group of the
substrate are too distant to interact strongly enough to
increase the optical yield. On the other hand, in the case
of itaconic acid, the carboxyl group of the substrate
would interact with the dimethylamino group of the
ligand to give high optical yield. Furthermore, in the
case of dehydrodipeptides with a chiral center, the elec-
trostatic interaction fixed the substrate onto rhodium to
induce excellent stereoselectivity by emphasizing the
steric effect. The detailed study of the asymmetric
hydrogenations of dehydrodipeptides and dehydrooli-
gopeptides is in progress using diphosphinite systems.
Our ligand with the dimethylamino group will be
applied for more complex substrates with many func-
tional groups.

Experimental

1H NMR spectra were recorded on Hitachi R-24 High
Resolution NMR spectrometer (60 MHz) with tetramethylsil-
ane as internal standard. 3!P NMR spectra wererecorded on a
JEOL JNM-FX60Q spectrometer with triphenylphosphine
as external standard (6.2 ppm). CD spectra were recorded on a
JASCO J-40A spectropolarimeter. Optical rotations were
measured with a UNION PM101 automatic digital polarim-
eter.

Materials. a-Acetamidocinnamic acid, a-acetamido-
acrylic acid, and itaconic acid were purchased as commer-
cial products. a-Benzoylaminocinnamic acid,!? methyl
a-acetamidocinnamate,!® isopropyl a-acetamidocinna-
mate,’® methyl a-benzoylaminocinnamate,'® N-acetyl de-
hydrophenylalanylglycine,!¥ N-acetyl dehydrophenylal-
anyl-(S)-phenylalanine,’¥ N-acetyl dehydrophenylalanyl-
(S)-alanine,’ and N-acetyl dehydrophenylalanyl-(S)-phen-
ylalanine methyl ester'% were prepared by the convention-
al methods. All substrates except a-acetamidoacrylic acid
and itaconic acid were purified by repeated recrystallization.

Ethanol and methanol were dried and distilled over magne-
sium and stored under nitrogen. Tetrahydrofuran, diethyl
ether, dioxane, triethylamine, and benzene were dried and
distilled over sodium and stored under nitrogen. 1,4-Di-O-
tosyl-L-threitol was prepared through four steps from
(+)-diethyl tartrate.® Chlorodi-p-tolylphosphine and
chlorobis(4-methoxyphenyl)phosphine were prepared by
the reaction of corresponding Grignard reagent and sodium
diethyl phosphite followed by hydrolysis and chlorination
with phosphorus trichloride.!®

[Rh(cod)z]*BF4~(cod: 1,5-cyclooctadiene) was prepared
by a conventional method and stored under nitrogen.1®

Preparation of Diphosphinites. (3S,4S)-N-Isopenty!l-
3,4-pyrrolidinediol (6): Isopentylamine(4cm3, 3.4X10-2
mol) and 1,4-di-O-tosyl-L-threitol (4.8g, 1.1X10~2mol)
were reacted in dioxane (6 cm3) under reflux with stirring
for 20 h under nitrogen. The reaction mixture was evap-
orated under reduced pressure, and the residual solid was
extracted with THF in an ice-water bath. The extract was
evaporated to dryness under reduced pressure. Recrystalliza-
tion of the residue from diethyl ether with hexane gave 650 mg
of pale yellow crystals containing a small amount of ammo-
nium salt and unchanged amine. (85 mol% purity, 34% yield)
This diol was used for the preparation of diphosphinite (1)
without further purification. 'H NMR (CDCls) 6=0.87 (6H,
d, Hs), 1.38 (3H, br m, Hb, He), 2.33—3.11 (6H, m, Hd, He),
4.11 (2H, br t, Hf), 4.87 (2H, s, Hs).

fe e
HH H
o X a c _cu}
NCH,,CH,,Cfib 6
gHO \CHa
HH H 3
fe e

(3S,4S)-N-[2(Dimethylamino)ethyl]-3,4-pyrrolidinediol (7):
N,N-Dimethylethylenediamine (18.2g, 2.1X10-!mol) and
1,4-di-O-tosyl-1L-threitol (30 g, 6.9X10-2 mol) were reacted in
dioxane and the product was treated in the manner de-
scribed above. The crude diol was purified by short column
chromatography of neutral alumina (ethanol eluent) and
recrystallization from THF. In this way, the diol was obtain-
ed as white crystals. (2.4g, 20% yield) [a]® +2.9° (¢ 0.90,
CHCIlz); 'HNMR (CDCls) 6=2.22 (6H, s, Ha), 2.43—
3.10 (8H, m, HY, He, HY), 4.02 (2H, br t, He), 4.87 (2H, s, Hf).

ed d
f }=IH H a
HO-Z c b _CH]
£ NCHZCHZI( 3 7
HO CH
BH H 3
ed d
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(3S,4S)-N-[3-(Dimethylamino)propyl]-3,4-pyrrolidinediol (8):
N,N-Dimethyl-1,3-propanediamine (4.2 cm3, 3.3X10-2
mol) and 1,4-di-O-tosyl-L-threitol (4.8g, 1.1X10~2mol)
were reacted in dioxane and the product was treated in the
manner described previously. The crude diol was obtain-
ed as oily material containing a small amount of ammonium
salt and unchanged amine (530 mg, 93 mol% purity, 25%
yield); this diol was used without further purification in the
preparation of the diphosphinite (3). 'H NMR (CDCls) 6=
1.66 (2H, br m, He), 2.20 (6H, s, Ha), 2.20—3.08 (8H, m, H®,
Hé, He), 4.07 (2H, br t, HY), 4.97 (2H, s, HF).

(3S,4S)-N-Isopentyl-3,4-bis(diphenylphosphinooxy pyrrolidine
(1): The phosphinitation of the diol (6) was performed in 2
steps because of the contamination by impurities (ammo-
nium salt and amine). To the solution of the diol (6) (490
mg, 2.82X10~8mol) and triethylamine (1.3 cm3, 9.3X10-3
mol) in THF (30 cm3), chlorodiphenylphosphine (0.6 cm3,
3.3X10-3mol) in THF (5cm3) was added dropwise in 3h
with stirring in an ice-water bath. After the addition, the
mixture was stirred for 1.5 h at 0°C. The white precipitate
was filtered off and the filtrate was evaporated to dryness
under reduced pressure. 'H NMR of the oily residue indic-
ated the formation of monophosphinite and diphosphinite
(1). This oily product was further phosphinitated and
treated as before. The resulting oily product was extract-
ed with ether, and the ether extract was concentrated. Ad-
dition of hexane to the ether solution gave white precipitate
of diphosphinite (1) at —50 °C. Repeated recrystallization
from ether-hexane gave pure diphosphinite (1) as white crys-
tals. (1.05g, 68% yield) mp 54.5—57.2 °C (corr); [a]%® +59.8°
(c 0.48, Ce¢He); 'H NMR (CDCls) 6=0.86 (6H, d, He), 1.34
(3H, br m, Hb, He), 2.31—3.13 (6H, m, Hd, He), 4.65 (2H,

br m, Hf), 7.40 (20H, m, He). Found: C, 72.66; H, 6.86; N,
2.62; P, 11.61. Calcd for CssHssNP2O2: C, 73.18; H, 6.88;
N, 2.58; P, 11.43.
fe e
HH H a
Ph,PO z d CHY
NCH,CH,CHb - 1
PhZPO CH3
g HH H
fe e

(3S,4S)-N-[ 2-( Dimethylamino)ethyl |-3,4- bis (diphenylphos-
phinooxy)pyrrolidine (2): Chlorodiphenylphosphine (0.65
cm3, 3.6X10-3mol) in THF (3 cm3) was added dropwise
to the solution of the diol (7) (310 mg, 1.7X1073 mol) and tri-
ethylamine (0.5cm3, 3.6X10-3mol) in THF (20 cm3) in
30 min with stirring in an ice-water bath. After the addi-
tion, the mixture was stirred for 3 hat 0 °C. The white precip-
itate was filtered off and the filtrate was evaporated to
dryness under reduced pressure. The oily residue was purifi-
ed by recrystallization from ether-hexane, and the pure di-
phosphinite was obtained as white crystals having a melting
point near the r.t. (610 mg, 63% yield) [@]® +55.4° (c 0.97,
CeHe); *H NMR (CDCl3) 6=2.22 (6H, s, H?), 2.41—3.17 (8H,
m, Hb, He, Hd), 4.64 (2H, br m, He), 7.41 (20H, m, Hf).

ed 4
£ HH H
Ph,POZ c b H;
NCH cazu\ 2
Ph,PO CH3
£ HH H

ed 4
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Found: C, 70.70; H, 6.94; N, 5.25; P, 11.59. Calcd for Csz-
H3sN2P20q: C, 70.83; H, 6.68; N, 5.16; P, 11.41.

(35,4S)-N-[ 3-(Dimethylamino)propyl |-3,4-bis(dip henylphos-
phinooxy)pyrrolidine (3): The phosphinitation of the diol
(8) was performed in 2 steps. To the solution of the diol (8)
(530 mg, 2.8X1073mol) and triethylamine (1.2cm3,
8.6X1073 mol) in THF (30 cm3), chlorodiphenylphosphine
(0.5 cm3, 2.8X10~3 mol) in THF (5 cm3) was added dropwise
in 30 min with stirring in an ice-water bath. The resulting
mixture was further stirred for 30 min at 0°C. Filtration of
the reaction mixture followed by evaporation of the filtrate
gave oily monophosphinite. The monophosphinite was
further phosphinitated with 0.5 cm3 of chlorodiphenylphos-
phine and 1.2 cm3 of triethylamine, and treated as before. The
oily product was purified by recrystallization from ether-
hexane and pure diphosphinite (3) was obtained as a color-
less oil. (800 mg, 57% yield) [@]¥ 456.0° (c 0.31, CeHe); 'H
NMR (CDCls) 6=1.61 (2H, m, He), 2.17 (6H, s, H?), 2.17—
3.13 (8H, m, HY, HY, He), 4.64 (2H, br, m, Hf), 7.44 (20H, m,
H¥).

Found: C, 71.20; H, 6.98; N, 4.91; P, 11.08. Calcd for

CasHssN2P202: C, 71.20; H, 6.88; N, 5.30; P, 11.12.
fe e
g HH H a
Ph,P0:Xd ¢ b _CHJ
NCHZCHZCHZN a 3
Ph2P0 CI-I3
g HH H
fe e

(35,4S)-N-[2-( Dimethylamino )ethyl ]-3,4- bis(di-p-tolylp hos-
phinooxy)pyrrolidine (4): To the solution of the diol (7)
(500 mg, 2.9X10-2mol) and triethylamine (2.8 cm3,
20X1073 mol) in THF (50 cm3), chlorodi-p-tolylphosphine
(1.9 g, 7.6X103 mol) in THF (15 cm3) was added dropwise in
2 h with stirring at —30 °C. The mixture was further stirred
for 2h at 0°C. Similar treatment of the reaction mixture to
the case of (2) and recrystallization of the product from
ether-hexane gave pure diphosphinite (4) as white needles.
(780 mg, 45% yield) mp 74.5—76.5 °C (corr); [a]® +60.4° (c
0.51, C¢He); *H NMR (CDCl3) 6=2.18—3.09 (26H, m, He, Hb,
He, Hd), 4.52 (2H, br m, He), 6.96—7.44 (16H, m, Hf).

Found: C, 72.48; H, 7.59; N, 4.57; P, 10.16. Calcd for
C3sH44N2P202: C, 72.22, H, 7.40; N, 4.67; P, 10.34.

edd

: a
(CH§<:>+2PO : c b H3
NCH,,CH 4
‘C“@"z * Noxj

HH H
ed 4

cu?

(3S5,4S)-N-{24 Dzmethylammo Jethyl]3,4-bis[ bis(4-methoxyphen-
yhphosphinooxy jpyrrolidine (5): To the solution of the diol
(7) (600 mg, 3.4X102mol) and triethylamine (5.5 cm3,
40X10-3 mol) in THF (50 cm3), chlorobis(4-methoxyphen-
yl)phosphine (2.2g, 7.8X10~3mol) in THF (15cm3) was
added dropwise in 2 h with stirring at —30 °C. The mixture
was further stirred for 30 min at 0 °C. Similar treatmentof the
reaction mixture to the case of 2 and recrystallization of the
product from ether-hexane gave pure diphosphinite (5) as
white crystals. (1.67 g, 47% yield) mp 62.8—65.7 °C (corr);
[a]® +58.9° (¢ 0.95, CsHs); 'H NMR (CDCls) 6=2.17 (6H, s,
He) 2.33—3.06 (8H M, H®, He, HY), 3.72 (12H, s, Hs), 4.43

ed d
HH H
<CH3°©+2 b A
NCH2CH2N a 5
(CH3°©+2 e}
g HH H
£ ed 4
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(2H, br, m, He), 6.57—7.48 (16H, m, Hf).

Found: C, 65.27; H, 6.77; N, 4.03; P, 9.16. Calcd for
C3sHuN2P206: C, 65.24; H, 6.96; N, 4.22; P, 9.36.

Hydrogenation Procedure. Dehydroamino Acid Deriva-
tives and Itaconic Acid: Typically, [Rh(cod)z]*BF4~ (4.1 mg,
1.0X10-5 mol) and a diphosphinite (1.5X10-5 mol) were dis-
solved in a solvent (3 cm3) under nitrogen and the solution
was stirred at r.t. for 5min. This catalyst solution was
transferred into the hydrogenation flask containing the sub-
strate (1.0X10~3 mol) and a solvent (7 cm3) by a narrow stain-
less steel tube under nitrogen. After the solution was stirred
for 1 h atr. t. under nitrogen, degassing under reduced pres-
sure and filling the flask with hydrogen were repeated several
times, quickly. The resultant solution was stirred vigorously
until the required amount of hydrogen had been absorbed.
The reaction mixture was worked up by the conventional
method!? and the optical yield was determined polarimetri-
cally. In the case of itaconic acid, hydrogen was introduced
after stirring of the mixture for 5 min under nitrogen.

Dehydrodipeptides: [Rh(cod)2]*BF4~ (4.1 mg, 1.0X10-5
mol) and a diphosphinite (1.5X10-5mol) were dissolved
in ethanol (2cm3) under nitrogen and the solution was
stirred at r. t. for 5 min. This catalyst solution was transferred
into the hydrogenation flask containing a dehydrodipeptide
(5.0X10~4 mol) and ethanol (3 cm3) by a narrow stainless steel
tube under nitrogen, and the hydrogenation procedure des-
cribed above was carried out. The reaction mixture was
worked up by the conventional method!® and the optical
yield was determined by H NMR usig a shift reagent
(Eu(tfc)s).

31P NMR Spectra. The Typical Procedure for Prepara-
tion of the Sample: The solution of [Rh(cod)z]*BFs~
(37 mg, 9.1X10-5 mol) and a diphosphinite (9.1X10-5 mol) in
methanol (1 cm3) containing 10% of an internal lock (CD3sOD
or CsDeg) in a Schlenk tube was degassed by a freeze and thaw
cycle. Hydrogen was introduced and the solution was stirred
atr. t. for the time necessary for removing the coordinated cod.
Then the solution was evacuated by three freeze and thaw
cycles and transferred into a Schlenk tube containing a sub-
strate (1.8X10-8 mol) with a narrow stainless steel tube under
nitrogen, further degassed by the above procedure, and stirred
atr. t. for 30 min. Finally, the solution was transferred into a
NMR tube and the tube was sealed under nitrogen.

CD Spectra. The Typical Procedure for Preparation of
the Sample: The stock solution of [Rh(cod)2]*BF4~ (8.1 mg,
2.0X10-5mol) and a diphosphinite (2.4X10-5mol) in
methanol (20 cm3) was evacuated by two freeze and thaw
cycles. The solution (2.5 cm3) was treated as described above
and transferred into a Schlenk tube containing the methanol
solution of a substrate (2.5X10-5mol, 2.5cm3), further
degassed, and stirred atr. t. for 30 min. The resultant solution
was transferred into a 10 mm cell under nitrogen.

The authors express their gratitude to Professor A.
Yamamoto and Dr. F. Ozawa, Tokyo Institute of Tech-
nology, for 31P NMR spectroscopy, and to Professor M.
Kobayashi, Tokyo Metropolitan University, for CD
spectroscopy.
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