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], D-Alaz, Leu5-0Me]Enkepha11n and [Ac-Tyr], D-A1a2, Leu5-OMe]Enkepha11n were

successfully synthesized by the coupling of dipeptide units and tripeptide units which were read-

Summary [Ac-D-Tyr
11y obtained by the asymmetric hydrogenation of the corresponding dehydropeptide building blocks

Recently, 1t has been shown that significant modifications of physiological activities can
be effected through 1nversion of configuration at one or more chiral centers, or through re-
placement of one or more "natural® amino acid residuesby "unnatural” amino acid components in a
biologically active peptide such as Enkephalin, Vasopressin, Angiotensin II, Gonadoliberin and
other hormones As reported 1n the previous papers,z’3 we found that the homogeneous asymmetric
hydrogenation of dehydrodipeptides and dehydrotripeptides with chiral rhodium catalysts could
bring about quite high stereoselectivities inducing desired configurations at the places origi-
nated from the dehydroamino acid residues Now, we would 11ke to describe here successful ap-
plications of the asymmetric hydrogenation to the asymmetric syntheses of analogs of Leucine-
Enkephalin which 1s an opio1d hormone 1solated from bra1n4’5’6 we have synthesized [Ac-D-Tyr1,
D-A]az, Leus—OMe]Enkepha11n and [Ac-Tyr], D—A]az, Leus-OMe]Enkepha11n by the coupling of d1-
peptide fragments and tripeptide fragments, where all fragments were obtained by the asymmetric
hydrogenation of the corresponding dehydropeptides

1 Asymmetric Synthesis of [Ac—D—Tyr], D-Alaz, Leu5-0Me]Enkepha11n (Scheme 1)

The tripeptide fragment, Ac-D-Tyr-D-Ala-Gly, was synthesized via the asymmetric hydrogen-
ation of Ac-ATyr(Ac)-D-Ala-Gly-OMe catalyzed by [(Ph-CAPP)Rh(COD)]C]O4 (COD = 1,5-cycloocta-
d1ene)7 (1 0 mol%) 1n ethanol at 40°C and 5 atm of hydrogen quantitative yield, (D,D}/(L,D) =
99 7/0 3 (HPLC analysis) 8 Ac-ATyr(Ac)-D-Ala-OMe was readily prepared 1n good yield by reacting

the azlactone of N,0-d1acetyldehydrotyrosine with HC1 D-Ala-Gly-OMe 1n chloroform at room temper-
ature 1n the presence of N-methylmorpholine  Ac-D-Tyr(Ac)-D-Ala-Gly-OMe thus obtained was sapon-
1fied with 1N sodium hydroxide 1n methanol at 0°C for 30 min to give Ac-D-Tyr-D-Ala-Gly-OH

n 93% yield On the other hand, the dipeptide fragment, Phe-Leu-OMe, was synthesized via the
asymmetric hydrogenation of CBZ-APhe-Leu-OMe (CBZ = benzyloxycarbonyl) catalyzed by [(d1PAMP)Rh-
(NBD)]C]O4 (NBD = norbornad1ene)9(2 0 mo1%) 1n ethanol at 50°C and 20 atm of hydrogen quanti-
tative yield, (D,L)/(L,L) = 2 2/97 8 (HPLC analysis) 8 CBZ-APhe-Leu-OMe was prepared 1n good
yreld by the coupling of CBZ-APhe-OH with HC1 Leu-OMe using dicyclohexylcarbodiimide (DCC), 1-
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hydroxybenzotriazole (HOBT) and N-methylmorpholine (NMM) 1n dimethylformamide (DMF)  The opti-
cally pure CBZ-Phe-Leu-OMe was obtained by the purification on silica gel column (n-hexane-
AcOEt) (90%), which was submitted to hydrogenolysis on 10% Pd-C 1n methanol 1n the presence of
hydrochloric acid (1 0 eq ) to give HCL Phe-Leu-OMe 1n nearly quantitative yield

Then, the two fragments were coupled by using DCC, HOBT and NMM 1n DMF at 0°C to give [Ac-D-

Tyr!, D-A1a2, Leu-OMelEnkephalin 1n 85% y1eld '°
Scheme 1 Synthes1s of [Ac—D—Tyr], D-A]az, Leu5-0Me]Enkepha11n
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2 Asymmetric Synthesis of [Ac-Tyr], D—A1a2, Leu-OMe]Enkephalin (Scheme 2)

This highly active Leucine-Enkephalin ana1ogs’]] was synthesized by the coupling of Ac-Tyr-
D-Ala with Gly-Phe-Leu-OMe The asymmetric hydrogenation of Ac—ATyr(A<:)-D-A1a—0Me]2 catalyzed by
[(d1PAMP)Rh(NBD)]C1O4 (1 0 mo1%) 1n ethanol at 40°C and 10 atm of hydrogen gave Ac-Tyr(Ac)-D-Ala-
OMe 1n quantitative yield (D,D)/(L,D) =1 6/98 4 (HPLC analysis) 8 After recrystallization from
ethyl acetate (88% recovery), optically pure Ac-Tyr(Ac)-D-Ala-OMe was saponified by IN sodium hy-
droxide at 0°C to give Ac-Tyr-D-Ala-0OH 1n 94% yield tBOC-G]y—Phe—Leu-OMe (tBOC = t-butoxy-
carbonyl) with 98 9% diastereomeric purity was obtained quantitatively by the asymmetric hydro-
genation of tBOC-G]y-APhe—Leu-OMe with the use of [(d1PAMP)Rh(NBD)]C]O4 (1 0 mo1%) 1n ethanol at
40°C and 10 atm of hydrogen, which was further recrystallized from n-hexane-AcOEt to give the
optically pure tripeptide (92% recovery) Then, tBOC protecting group was removed by treating
with hydrogen chloride 1n ethyl acetate to give HC1 Gly-Phe-Leu-OMe 1n 96% yield The coupling
of Ac-Tyr-D-Ala-OH and HC1 Gly-Phe-Leu-OMe was carried out by using DCC, HOBT and NMM in DMF at
0°C to give [Ac-Tyr], D-A]az, Leu5-OMe]Enkepha11n 1n 89% y1eld 13
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Scheme 2 Synthesis of [Ac-Tyr], D-A]az, Leus-OMe]Enkepha11n
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Although we simply describe here, as typical example, straightforward applications of asym-

metric hydrogenation to the synthesis of the fragments of Enkephalin analogs which only have amino
actd residues with natural or unnatural configurations, this method 1s readily applicable to the
asymmetric synthesis of peptide building blocks which involve amino acid residues bearing un-
natural substituents as well as being labeled with deuterium or tritium as exemplified 1n the
preceding paper, these chemical modifications have been shown to be very important for obtaining
unique and significant biological activities and for the studies on metabolism Further 1nvesti-
gation 1s currently 1n progress along this Tine

Acknowledgement The authors are grateful to Dr W S Knowles of Monsanto Company for his gener-
ous gi1ft of a chiral Tigand, d1PAMP

References and Notes

1 For example, E Gross, J Metenhofer 1n "The Peptides", Vol 1, Academic Press, Inc , New
York, 1979, Chapter 1

2 (a) I Ojyima and T Suzuki, Tetrahedron Lett , 21, 1239 (1980) (b) I 0jima, T Kogure,
N Yoda, T Suzuki, M Yatabe, and T Tanaka, J Org Chem , 47, 1329 (1982)
I 0jwma and N Yoda, The preceding paper
J Hughes, H W Kosterlitz, L A Fotherg111, B A Morgan, and H R Morris, Nature, 258,
577 (1975)

5 J S Morley, Ann Rev Pharmacol Toxicol , 20, 81 (1980)

C R Beddell, R B Clark, G W Hardy, L A Lowe, F A Ubata, J R Vane, S Wilkinson,

[=)}



10

1

12

13

3920

K J Chang, P Cuatrecasas, and R J Milier, Proc Royal Soc London, 198, 249 (1977)
Ph-CAPP stands for (25,4S)-N-(N-phenylcarbamoyl)-4-d1phenylphosphino-2-diphenylphosphino-
methylpyrrolidine 1 O0jima and N Yoda, Tetrahedron Lett , 21, 1051 (1980)

HPLC analyses were carried out by using a reversed phase column packed with TOYO SODA LS
410K (0DS SIL) and aqueous methanol as eluant

d1PAMP stands for (1R,2R)-1,2-ethaned1ylbis[(o-ani1sylphenyl)phosphine] B D Vineyard,

W S Knowles, M J Sabacky, G L Bachmann, and D J. Weinkauff, J Am Chem Soc , 99,
5946 (1977)

Ac-D-Tyr-D-Ala-Gly-Phe-Leu-ONe mp 207-210°C, [2]50 -18 9° (c 1 044, DNF), NMR (dimethyl-
su1f0x1de-d6) § 0 85 (dd, J=6Hz, 6H), 1 19 (d, J=7Hz, 3H), 1 55 (m, 3H), 1 74 (s, 3H), 2 50-
320 (m, 4H), 3 50-3 80 (m, 2H), 3 58 (s, 3H), 3 90-4 80 (m, 4H), 6 60 (d, J=8Hz, 2H), 7 02
(d, J=8Hz, 2H), 7 20 (s, 5H), 7 65-8 40 (m, 5H), 9 07 (s, TH} HPLC ana]ys1s7 revealed that
the diastereomeric purity was > 99 6% Slight racemization could take place at the saponifi-
cation step

A S Dutta, J J. Gormley, C F Hayward, J S Morley, J S. Shaw, G J Stacey, and

M T Turnbull, Life Scv , 21, 559 (1977).

Ac-ATyr(Ac)-D-Ala-OMe was easi1ly prepared by reacting the azlactone of N,0-dracetyldehydro-
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