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Abstract: Optically pure (R)-(1-naphthylmethyl)succinic acid could be efficiently prepared by a
combination of optical resolution and racemization of the undesired enantiomer or by catalytic
asymmetric reduction of (1-naphthylmethylene)succinic acid over a rhodium (I)-chiral
phosphine complex. Highly chemoselective amide formation of di-4-nitrophenyl (R)-(1-
naphthylmethyl)succinate with morpholine followed by coupling with methyl (S)-histidinate
readily produced the title key synthetic intermediate.

The peptide-like compounds (1 and 2) recently explored by lizuka, et al.1.2) are currently
recognized as the promising renin inhibitors which hold promise for treatment of human
hypertension. The syntheses of 1 and 2 have been achieved by condensing the following com-
ponents, N-[2-(R)-(1-naphthylmethyl)-3-(morpholinocarbonyl)propionyl]-(S)-histidine (8) pro-
duced from the corresponding methyl ester (4) by alkaline hydrolysis,1.2) and (2R,38)-
norstatine isopropyl ester? or (2R,3S)-cyclohexylnorstatine isopropyl ester.2:3) The methyl
ester (4) which constitutes one of the key synthetic intermediates of 1 and 2 was originally
prepared by acylation of methyl (S)-histidinate [(S)-HisOMe] with (RS)-2-(1-naphthylmethyl)-3-
(morpholinocarbonyl)propionic acid [(RS)-5] followed by separation of the formed
diastereomers.l) Recentry, it was also disclosed that preparation of 4 could be achieved by
condensing (S)-HisOMe with (R)-5 obtained by the optical resolution of (RS)-5 with methyl (S)-
mandelate,2b-d)
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With an aim to explore a practical synthetic route to 1 and 2, a novel preparation method
was sought which can afford 4 more effectively than those reported.1:2) We have now found
that optically pure (1-naphthylmethyl)succinic acid [(R)-7] can be readily synthesized by a
combination of optical resolution of (RS)-7 and racemization of undesired (S)-7 or by catalytic
asymmetric reduction of (1-naphthylmethylene)succinic acid (6) over a rhodium (I) [Rh(I)}-
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a) H2-Pd/C in EtOH, 96% b) (-)-cinchonidine (1.0 mol equiv), four repeated recrystallizations
from EtOH, 18% [based on (RS)-7] [(R)-7-(-)-cinchonidine], concentration of the filtrate obtained
from the first recrystallization, 59% [based on (RS)-7] [(S)-7-(-)-cinchonidine (47%de)] (see text,
¢) IM HCl, 100% d) 250°C in vacuo, 76% e) 1M NaOH, rt, 3h, then 1M HCIl 95% or PhMe-H20,
90°C, 2d, 98% f) 185°C, 2h, 1M NaOH, 80°C, 1h, then 1M HCI, 97% or 190°C, 2h, then PhMe-
H20, 100°C, 14, 92% g) [(+)-BPPM-RhCI] (2.0 mol %)-Et3sN (1.0 mol equiv)-Hz (1 atm) in MeOH,
rt, 20h, 96% [(R)-7: 85%ee] or [(+)-BPPM-RhC104] (2.0 mol %)-H2 (6 atm) in PhH-EtOH (1:3), rt,
20h, 100% [(R)-T: 87%ee]

chiral phosphine complex. The key synthetic intermediate (4) can be effectively elaborated
from (R)-7 by highly chemoselective amide formation of di-4-nitrophenyl (R)-(1-naphthyl-
methyl)succinate (10) with morpholine followed by coupling with (S)-HisOMe.

In view of preparation of a chiral compound bearing single asymmetric center, conven-
tional optical resolution of racemic modification followed by racemization of undesired enan-
tiomer is anticipated to be one of the most practical methods. In order to realize this concept
in the synthesis of optically pure (R)-7, we first examined optical resolution of (RS)-7 followed
by racemization of undesired (S)-7.

As shown in Scheme 1, requisite (RS)-7, mp 184~186°C (lit.,4 mp 183°C), was prepared by
catalytic hydrogenation of 6 [(E):(Z)=14:115) obtainable according to the reported procedure.18.2.
After examinations employing various kinds of chiral amines, we found that a well
crystalline salt could be produced by mixing (RS)-7 and (-)-cinchonidine in ethanol. Repeated
recrystallizations of the separated salt from the same solvent yielded a pure sample of the (R)-
7-(-)-cinchonidine salt as colorless crystals, mp 198~199°C (decomp.) and [e]D20 -56.6° (c 0.643,
MeOH). Concentration of the filtrate obtained from the first recrystallization provided the (S)-
7-(-)-cinchonidine salt as a pale yellow cryatals,5) 47%de (vide infra). Treatments of the (R)-7-
and (8)-7-(-)-cinchonidine salt with aqueous hydrochloric acid regenerated (R)-7,7) mp
162~163°C and [a]D20 +21.8° (¢ 0.82, MeOH), >98%ee,8) and partially optically active (S)-7,6)
47%ee,8 respectively. Being different from the previous optical resolution of (RS)-5 in which
racemization of undesired (S)-5 had not been attempted.2b-d) the undesired enantiomer [(S)-7]
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9: X=Cl, 10: X=4-NO2CsH40O 11

a) SOCl2 (4.0 equiv)-DMF (0.05 equiv), 80 °C, 1h, then 4-NO2CsH40H (2.1 equiv)-EtsN (2.5 equiv)
in CH2Cl, rt, 8h, 95% b) morpholine (1.0 equiv) in DMF, 0°C, 3h, 97% c¢) (S)-HisOMe-2HCl
(1.1 equiv)-EtaN (2.2 equiv) in DMF, 40°C, 1d, 88%

of low optical purity was found to be readily racemized by way of (RS)-(1-
naphthylmethyl)succinic anhydride [(RS)-8]. Thus, heating (S)-7, 47%ee, at 250°C in vacuo
produced completely racemized (RS)-8, mp 90~91°C. This was treated with water under
alkaline or neutral conditions, giving rise to (RS)-7.8) Recovery of (RS)-7 from (S)-7 could be
achieved more effectively without isolation of intermediate [(RS)-8] as shown in Scheme 1.

As the second method for obtaining (R)-7, we next examined catalytic asymmetric
reduction of 6 over a Rh(I)-chiral phosphine complex.?) After surveying Rh(I)-complexes
modified with various chiral phosphine ligands,1®) we found that [(+)-BPPM-RhCI]!D and
[(+)-BPPM-RhC104]11) complex gave the best results. Thus, catalytic asymmetric
hydrogenations of (E)-65) under the conditions shown in Scheme 1 were found to afford (R)-7,
85% and 87%ee.8) In the case where [(+)-BPPM-RhClO4] complex was used, the highest ee
value was obtained in the absence of triethylamine under a hydrogen of 5 atmospheric
pressure. Since (RS)-7 was prone to crystallize from ethyl acetate faster than (R)-7, the
preparation of (R)-7, >98%ee,8) could be readily achieved from (R)-7, 85%ee, in 66% recovery
yield by first removing (BS)-7 by recrystallization from ethyl acetate and then recrystallizing a
residual sample from a mixture of ethyl acetate and hexane.

With completion of the synthesis of (R)-7, we sought an efficient procedure which can con-
vert (R)-7 to 4 by highly chemoselective amide formation of the two carboxyl groups. After ex-
perimentations, the preparation of 4 was found to be readily achieved from (R)-7 in 4 steps by
way of 10. Thus, as shown in Scheme 2, heating (R)-7 with thionyl chloride (SOCI2) in the
presence of N,N-dimethylformamide (DMF) produced the dichloride (9). Without
purification, this was treated with 4-nitrophenol in the presence of triethylamine (Et3sN),
giving rise to 10,12) mp122~123°C and [x]D20 +19.4° (¢ 1.23, CHCIl3). Reaction of 10 with
morpholine proceeded in a highly chemoselective manner, resulting in the formation of the
monomorpholide (11), mp 124~125°C and [a]n20 +81.1° (¢ 1.90, CHCI3).13) Coupling of 11 with
HisOMe-2HCI could be smoothly effected by mixing the two reactants in the presence of EtsN to
furnish 4 as a colorless caramel, []D20 +42.1° (¢ 1.09, MeOH). Treatment of this caramel
with benzene produced the benzene solvate of 4 as colorless crystals, mp 94~96°C and [a]p20
+41.9° (¢ 1.35, MeOH) [lit.,2d) mp 92-96°C and [a]lp23 +35.7° (¢ 2.2, MeOH)], whose IR and 1H-
NMR spectra were identical with those of an authentic sample.2d,14)
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As mentioned above, we have succeeded in exploring an efficient synthetic route to 4. The
developed scheme features not only practical synthesis of (R)-7 by optical resolution or catalytic
asymmetric reduction, but also expeditious conversion of (R)-7 to 4 by highly chemoselective
amide formation. Taking into account these novel aspects, the overall process may have
potential as one of the promising methods applicable to a large scale preparation of 4.
Acknowledgements: The authors are grateful to Mr. D. Tsunemoto and Mrs. A. Toyota,
Sagami Chemical Research Center, for many valuable suggestions.
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