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Absiraci:  Enzymatic syntheses of bioacitive pentapeptide, N-protected Leu-enkephalin and some other
oligopeptides in organic solvents were studied. The stereoselectivity of the enzymatic reaction was
examined by using racemic substrates. Different enzymes, solvent systems and protecting groups were
compared. The importance of the essential water was addressed. The side chain of tyrosine was not
pr rotected du.‘l’lng allthee cuLyAuau\, reactions. P-DL-AlaOY (P (¥ o =Z or Boc, Y=H or 1V1€) and P- ux,-lyrum
were coupled with GlyNHNHPh by papain and a-chymotrypsin in mixed solvent or organic solvent to
obtain the expected optically pure products P- L-AlaGlyNHNHPh and P-L-TyrGlyNHNHPh respectively
in good yield. Two sweetener precursors, ZAspXaaOR (XaaOR=PheOMe or AlaOcHex) were

rm _ Jhal A + Air ntiennirad $n aatb dh
synthesized by thermolysin in rerr-amyl alcohol and some reaction conditions were optimized to get the

best yield. Full enzymatic synthesis of N-protected Leu-enkephalin ZTyrGlyGlyPheLeuOH was
investigated using a-chymotrypsin and thermolysin as catalysts in dichloromethane and rerr-amyl
aicohol. © 1998 Elsevier Science Ltd. All rights reserved.
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Enzymatic syntheses of peptides are stereospecific without racemization. The side chain functional

groups of amino acids do not need to be protected. Most studies on enzymatic synthesis in the past were

carried out in aqueous buffers or in the mixture of aqueous and organic solvents. Thermodynamically, the
enzymes and the product of the reaction are more stable in organic solvent where the formation of peptide

bonds is more favorable than the hydrolysis of the product. Moreover, most organic compounds are soluble in

Abbreviations: The amino acid residues which were not indicated configuration in this paper arc of L-configuration. Standard
abbreviations for amino acid derivatives and peptides are according to the suggestions of the ITUPAC-IUB Commission on
Biochemical Nomenclature (1984) Eur. J Biochem. 138, 9-37. Other abbreviations: Boc, terr-butyloxycarbonyl; Z,
benzyloxycarbony!; cHex, cyclohexyl; NHNHPh, phenyl hydrazine; DCM, dichloromethane; DMF, N N-dimethylformamide; TFA,

(diethoxyphosphory!oxy) 1,2,3-benzotriazin-4(3H)-one; ATE cetyl-tyrosme yl ester.
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of peptides in organic solvents. Although the enzymatic reaction is carried out in organic solvents, a small
amount of water namely essential water is required for the reaction. Different enzymes, solvents, amount of

essential water and pH etc. were studied and compared. The side chain of tyrosine was not protected during all

the enzymatic reactions. P-DL-AlaOY (P=Z or Boc, Y=H or Me) and P-DL-TyrOEt were coupled with

y papain and a-chymotrypsin respectively in aqueous-organic mixed solvent or organic solvent

to obtain the expected optically pure products P-L-AlaGlyNHNHPh and P-L-TyrGlyNHNHPh"*‘ The

precursors of two sweeteners, N-protected aspartame ZAspPheOMe and a new sweetener candidate
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conditions ~ were  studied systematically’.  N-protected  Leu-enkephalin  phenyl  hydrazine,
ZTyrGlyGlyPheLeuNHNHPh was synthesized successfully by thermolysin in terf-amyl alcohol, and the

phenyl hydrazine

n

e_.asi]y removed hv ferric chloride. The two frnon'\wntc
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BocPheLeuNHNHPh were synthesized by a-chymotrypsin and thermolysin in dichloromethane and fert-amyl
alcohol respectively. The preliminary results were briefly reported®. The physical constants of all peptides

cwmhmwed by enzymes were identical wi

N-Protected racemic amino acids (or their esters) as carboxyl components for enzymatic peptide synthesis
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components the optically pure protected oligopeptides were synthesized (Table 1).

At first, we used an organic-aqueous mixed solvent to carry out the enzymatic peptide synthesis. With

papain as catalyst, Z-DL-AlaOH or Boc-DL-AlaOH was coupled with GlyNHNHPh in methanol-water mixed
1 4 e 10 oy SIT oo 4 o 4l PR . | _._L' P ~2 FT AT _ M1 ATYTTATY T ™ T
solvent at 35 U, pri o.U, io glvc e expeciea optically pure pl'O(] Cl L-L-AlaUlyINFIINIEFD or BOcC-L.-

AlaGlyNHNHPh respectively. When carboxyl component was changed into Z-DL-AlaOCHj; and pH was
increased to 8.2, higher yield of Z-L-AlaGlyNHNHPh was obtained. The results indicated that ester substrate

was more suitablie than free acid substrate for papain. In the reaction of a-chymotrypsin as catalyst, the desired
c-L- VrGlyNHNHPh was got from racemic Boc-DL-TyrOEt and GlyNHNHPh in DMF-water mixed
solvent at 38 'C and pH 10.0.

Our study also demonstrated that peptide synthesis catalyzed by a-chymotrypsin could be successfully

performed in organic solvent. In dichloromethane containing a little essential water(0.25% V/V), Z-DL-

TvrOFt or Z-L-TvrQFEt reacted with Gy} Ph at roo
IyrOret or Z-L-1yrOnt reacted with \u', VHN 00
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expected opticaily pure product Z-L-TyrGlyNHNHPh. Some tri- or tetra-peptide derivatives such as Z-L-
GlyTyrGlyNHNHPh, Z-L-AlaTyrGlyNHNHPh and Z-L-AlaTyrGlyGlyOEt were also synthesized by this

method in dichloromethane under same reaction conditions.
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Table 1. Physical Constants of Peptides Synthesized by Enzymatic Method
No. Enzyme C-Component  N-Component  Solvent Product yield* %
1. Papain Z-DL-AlaOH GIlyNHNHPh MeOH-H,0 Z-L-AlaGlyNHNHPh 60
2. Papain Z-DL-AlaOCH; GIyNHNHPh MeOH-H,0 Z- aGlyNHNHPh 80
3. Papain Boc-DL-AlaOH GIlyNHNHPh MeOH-H,0 Boc-L-AlaGlyNHNHPh 60
4. a-Chymotrypsin  Boc-DL-TyrOEt GlyNHNHPh DMF-H,O  Boc-L-TyrGlyNHNHPh 60
5. a-Chymotrypsin  Z-DL-TyrOEt  GIyNHNHPh CH,ClL,® Z-L-TyrGlyNHNHPh 68
6. a-Chymotrypsin  Z-L-TyrOEt GlyNHNHPh CH,ClL,” Z-L-TyrGlyNHNHPh 83

7. @-Chymotrypsin  Z-L-GlyTyrOEt GIyNHNHPh CH,Cl,>  Z-L-GlyTyrGlyNHNHPh 86

8. a-Chymotrypsin  Z-L-AlaTyrOEt GIyNHNHPh CILCL®  Z-L-AlaTyrGlyNHNHPh 85

9. a-Chymotrypsin  Z-L-AlaTyrOEt GlyGlyOEt CH,CL,° Z-L-AlaTyrGlyGlyOFt 40
10. a-Chymotrypsin Z-L-TyrOEt GlyGlyOEt  CH,CL® Z-L-TyrGlyGlyOEt 70
11, g-Chymotrypsin Z-L-TyrOEt GlyGlyOEt CH,CL,* Z-L-TyrGlyGlyOFt 0

a). The yields were based on the L-configuration of amino acid. b). CH,Cl, contained 0.25%(V/V) essential water. c). CH,Cl,
contained no essential water.

Of these reactions, C-terminal was protected by a hydrophobic blocking group, phenyl hydrazine which
not only is useful for the enzymatic reaction but also can readily be removed by FeCl; in dioxane-water system
to afford N-protected C-terminal free peptide. All of these peptide derivatives synthesized by enzymatic
method were identical with those peptides synthesized by chemical method using DEPBT [3-
(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one] as coupling reagent which was developed by our

groupg.

Synthesis of sweetener precursors by thermolysin in tert-amyl alcohol

ZAspAlaOcHex were synthesized by thermolysin in fert-amyl alcohol.

The reaction was carried out in tert-amy!l alcohol stirring at 40 'C for 3 days with ZAspOH as carboxyl

component and PheOMe or AlaOcHex ¢

and excessive percent of Et;N were studied systematically, since these reaction conditions have a great

influence on the activity of the enzyme and product yield. The results showed the optimum observed pH was
ahiniit Q@ £ cunthoacia of ZAenPhaONMe and for ZAanAlaODecHey the nH wac ahout Q@ at the came time the
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corresponding excess Et;N 1n these two reactions was 1.6%(V/V); and

ot

he optimum water content of fert-amyl
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ZAspPheOMe and ZAspAlaOcHex were 83% and 44% respectively.
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Moreover, using racemic amino acid derivative as amino component the expected optically pure

configuration amino component as substrate. The isolated yield was based on L-configuration in racemic

substrate. The physica] constants of protected sweetener peptides synthesized by thermolysin were listed in

results showed they were identical correspondingly. The detailed results will be published elsewhere.

Table 2. Physical Constants of Protected Sweeteners Synthesized by Thermolysin in tert-Amyl Alcohol
QP h N | A it Malar Viald n r 125
wdaiou yl Fgvedssile) ivivuidl I1CiU lll.p. luJ D
Na n 1 2 comnanent comnnnant raﬁnb 0/ °C o Ao
ANU, klroauc*[ VULLIPULIVILY WULLAP RN RAL LEAviv Patl \ ~ ) \u, IVILA/L L)
1 ZAspPheOMe ZAspOH PheOMe 1:3 83 120-122 - 14.8(0.5)
2 ZAspPheOMe ZAspOH PheOMe 1:1 41 120-122 - 14.8(0.5)
3 ZAspPheOMe ZAspOH DL-PheOMe 1.2 40° 118-121 - 15.1(0.5)
4  ZAspAlaOcHex ZAspOH AlaOcHex 1:3 44 119-121 -31.6(0.5)
5 ZAspAlaOcHex ZAspOH AlaOcHex 1:2 20 119-121 ~31.6(0.5)
Vs 7 A AT M TT A MIT ™7T AT M ATT o, 1.4 ~aAC 1177 1N NN SN r\
0 LASPAIAUCHEX LASpUR  DL-Ajaucnex 1:4 L4 11/7-12ZU -29.5(0.5)

a). Carboxyl component was 100mM in every reaction. Water coment(V/V) in No. 1-3 was 8%(10 mM CaAc,); in No. 4~6 was

6%(10 mM CaAc,). The observed pH in No.i~3 was about 8; in No. 4-6 was at . b). Molar ratio means the moie of carboxyi
component/amino component in the enzymatic reaction. ¢). The yield was based on the L-configuration of amino acid.

Full enzymatic synthesis of N-protected Leu-enkephalin

Ty Gly Gly Phe Leu
Boc —QH
Boc —NHNHPh
Z—— OB H OEt Boc——OH H————NHNHPh
e OBt Boe e et~ NEINHP
z OH H NHNHPh
7 Thermolysin
- tert-amyl aclcohol PRI
z Eebh OH DCHA

Scheme 1, The Strategy for Enzymatic Synthesis of N-Protected Leu-enkephalin



Nakanishi'® reported that ZTyrGlyGlyJPhe“LeuOEt was synthesized by immobilized thermolysin in
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in the reactions by free thermolysin. Vulfson'' synthesized N-P-TyrGlyGly’PheLeuNH, (P=Ac, CF;C

e, o

by immobilized proteinase K in acetonitrile-ethanol-formamide. Kullman'*"

studied the synthesis

peptide was not formed. Alternatively, the undesired tetrapeptide BocTyr(Bzl)Gly’Phe‘LeuNHNHPh or
dipeptide BocTyr'(Bzl)Phe*NHNHPh was obtained. We synthesized N-Protected Leu-enkephahn phenyl
hydrazine by free thermolysin with modest yield (42%) in
fragments ZTyrGlyGlyOEt and BocPheLeuNHNHPh were also synthesized by a-chymotrypsin and
thermolysin in dichloromethane and terr-amyl alcohol in good yields (71% and 67% respectively), indicating
that the enzymatic synthesis i
enzymatic synthesis strategy for Z-protected Leu-enkephalin was shown in Scheme 1.

Firstly, ZTyrOEt was coupled with GlyGlyOEt by a-chymotrypsin in dichloromethane containing
0.15% water (V/V), at observed pH 10 to obtain ZTyrGlyGlyOEt in 71% yield. The water content of
dichloromethane was investigated systematically from 0% to 1%(V/V). The experiments showed the
optimized water content was 0.15%(V/V). No product formed without essential water in the reaction,
indicating that small amount of water was necessary for the enzymatic reaction. When 0.25%(V/V) water
content was chosen for the reaction, the isolated yield was obtained in 61%~70%. The result suggested that
0.15~0.25% water (V/V) was enough for the coupling reaction (Table 1).

Then, BocPheOH was condensed with LeuNHNHPh using thermolysin as a catalyst in ferr-amy! alcohol
at observed pH 9 and with 8% (V/V) water content (containing 10 mM CaAc;) to provide
BocPheLeuNHNHPh in 67% yield. The water content of fert-amyl alcohol was also optimized in this reaction
and 6-8%(V/V) was found the best water content for this reaction. This result was almost the same as that in
the synthesis of ZAspPheOMe or ZAspAlaOcHex.

About synthesis of pentapeptide, at the beginning we tried to synthesize the N-protected enkephalin
methyl ester by the condensation of ZTyrGlyGlyOEt with PheLeuOMe catalyzed by subtilisin in ferf-amyl
alcohol at observed pH 10. However, MS-FAB suggested the major product isolated was diketopiperazine
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coupling reaction between ZTyrGlyGlyOH and PheLeuOMe at observed pH 9, the desired N-protected Leu-

enkephalin methyl ester was not obtained, either. The most product wa

PheLeuNHNHPh was selected as nucieophile for the reaction. Then the expected N-protected Leu-enkephaliin
obtained successfully. The procedure was described as following. After ZTyrGlyGlyOEt was saponifed in
pyridine with 1M NaOH, ZTyrGlyGlyOH reacted with PheLeuNHNHPh catalyzed by thermolysin in rerr-amyl



yl hydrazine group in the C-terminal was readily
removed by FeCls in dioxane-water at last to obtain the N-protected Leu-enkephalin ZTyrGlyGlyPheLeuOH in
73% yield. In addition, the Z-protected Leu-enkephalin phenyl hydrazine and its two fragments were
hese peptide derivatives from
different synthetic method were compared and the physical constants of them were found to be identical

respectively.

Condensation of N-protected DL-amino acids (or their esters) with GlyNHNHPh or N-Protected AspOH
with DL-PheOMe (or DL-AlaOcHex) in the presence of enzyme (papain, o-chymotrypsin or thermolysin) at
optimum pH successfully formed the expected optically pure protected oligopeptides. The reactions can be
carried out in an aqueous-organic mixed solvent or organic solvent containing essential water.

The amino acid ester as acyl donor was better than the corresponding acid for papain. C-terminal of
amino component, phenyl hydrazine was a better substrate than the corresponding ester for thermolysin-
catalyzed reaction.

The amount of essential water needed depends on different enzymes. Synthesis of ZTyrGlyGlyOEt
catalyzed by a-chymotrypsin in dichloromethane, 0.15~0.25% water (V/V) was enough for the coupling
reaction. The optimized water content was 6-8%(V/V) for the syntheses of ZAspPheOMe and ZAspAiaOcHex
catalyzed by thermolysin in terr-amyl alcohol. For synthesis of BocPheLeuNHNHPh using thermolysin as a
catalyst in fert-amyl alcohol, the optimized water content was also 6-8%. Usually for hydrophobic solvent the

atively polar organic solvent. There was almost no product

v

formation when there was no essential water in organic solvents.

value of enzymatic reaction in organic media depends on the substrate and enzyme.
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was 5.0, while Z-DL-AlaOCHj as a substrate, pH increased to 8.2. In the syntheses of sweetener precursors by

thermolysin, various amount of Et;N was added to the reaction in ferf-amyl alcohol to make the observed pH

N-Protected Leu-enkephalin phenyl hydrazine has been synthesized previously by enzymes in mixture
solvents through different synthetic routines. However, the peptide bond between Gly’-Phe* could not be
15. In the current study, w

Z TyrGlyGlyOEt and BocPheLeuNHNHPh by a-chymotrypsin and thermolysin in dichloromethane and fers-

amyl alcohol in good yields (71% and 67% respectively). After saponification of ZTyrGlyGlyOEt and
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EXPERIMENTAL

-Chymotrypsin (EC 3.4.21.1, specific activity 9295ATEE/mg protein determined using ATEE as

crilhgteatal N oot rr*r\
SUuDSUdic ), pdpain [CA.

ﬁr‘\ - TTI

2, specific activity 30.5 U/mg protein measured using hemogiobin as substrate

~
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L)J
.J;;

(Anson method)®] were purchased from Shanghai Dong-Fong Biochemical Technology Company.
Thermolysin (EC 3.4.24.4 from bacillus thermoproteolyticus rokko, specific activity 38U/mg protein
i was obtained from Sigma Chemical Company.
The above values of the protease specific activity of these enzymes referred to those determined by ourselves

before use. All other chemicals and solvents were purchased from the local chemical factories, they were

Meiting points: Yanaco micro meiting point apparatus given without correction; Mass spectra: VG-ZAB-HS
spectrometer; Elemental analysis: Carlo Erba 1106 or Hezaeus CHN-Rapid elemental analyzer; Optical
rotation: Perkin-Elmer 241 or 241 MC polarimeter; Amino acid analysis: Beckman 121MB amino acid
analyzer. All reactions were controlied by TLC on silica gel prepared by ourseives, the deveioping soivent
systems were chloroform-methanol (9:1), chloroform-methanol-acetic acid (25:5:1), cyclohexane-acetone-

acetic acid (25:25:1).

Z-L-AlaGIlyNHNHPh (Z-DL-AlaOH as an acyl donor)
To a mixture of 400 mg (1.8 mmol) Z-DL-AlaOH and 725 mg (3.6 mmol) HCl - GlyNHNHPh, 4.8 ml
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by 2 M NaOH. 80 pl 2-mercaptoethanol and 1g crude papain powder were added under stirring. The reaction

was detected by TLC. After stirring at 38 'C for 3 days, the resulting precipitate was filtered, washed

T YW

successively with 0.1M HCI, saturated NaCl and 0.2M NaHCO; to give a white solid. Crystallization from
methanol-ethyl ether provided a pure product 183-200 mg, 55-60% yield (the yield was based on its L-
p 182-183 C, [a]*°p +3.9 (¢ 0.5, DMF), MS(FAB): 371(M+H)". Analysis

5 =ilpt 4 75 AYLORA YA TRA) Al

or calculated

CigHnN4O4(%): C 61.61, H
Ala:Gly = 1:0.99. Co

.99, N 15.13; found(%0): C 61.37, H 5.94, N 15.01. Amino acid analysis:
ompared with the same dipeptide prepared by chemical method. Yield 80%, mp 183-184
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Z-L-AlaGlyNHNHPh (Z-DL-AlaOCH; as an acyl donor)
To a mixture of 112 mg (0.5 mmol) Z-DL-AlaOCH; and 200 mg (1 mmol) HC1 - GlyNHNHPh, 1.2 ml
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adjusted to 8.2 by 2 M NaOH. 20 ul 2-mercaptoethanol and 250 mg crude papain powder were then added
T‘he reahﬁcn was detected bv TT ' Qtirring at IR °(" far 2 Aave tha cAlid fenia tha amliadl o cxrmo U T TR
i ICALVUIVIL VWY ) Aisc, WJdusiing ar 30 UL J u o LG DULIU LIUIM UIC DULULIDIL Wdd WdSInca wiul

0.1 M HCI, saturated NaCl. After crystallization from methanol, a white crystal (74
5

yield (the yield was based on its L-configuration), mp 183-184 C, [a]‘mn +4.5 (c 0.

7 3 ATFTATITIIT, n

Boc-L-AlaGlyNHNHPh (Boc-DL-AlaOH as an acyl donor)
To a mixture of 95 mg (0.5mmol) Boc-DL-AlaOH and 200 mg (1 mmol) HCl - GlyNHNHPh, 1.2 ml 2

M NaAc-HAc buffer was added to make the pH adjust to 5.0

1.5 ml! water and 1 ml methano!l w
a . N X * 2 i

added. After bubbling nitrogen for a few minutes, 20 pl 2-mercaptoethanol and 250 mg crude papain powder
were added. The reaction was detected by TLC. Stirring at room temperature for 2 days, the collected

precipitate was washed successively with 0.1 M HCI, water and 0.5 M NaHCQ; and saturated NaC

< L & v vvitil A SQiuaGivu 1NaC 1.

Crystallization from methanoi gave the pure dipeptide 50 mg, 60 % yield (the yield was based on its L-

configuration), mp 213-215 'C, [0]*’p -8.4 (¢ 0.5 DMF), MS(FAB): 337(M+H)*. Compared with that from

chemical svnthesis. Yield 62%. mp 213-215 C. [o1?% -7.6 (¢ 0.5 DMF). [Lit'": mp 218219 C_ e 1P’n -5 6 (¢
JAIVOLS, L AVIW VL SV LY LAJTLLY Aoy [W) D TV RV VoD LJIVIL J. [ BAL L MY L107415 U, (U] D -J.O L
0.5 MeOH)].
Boc-L-TyrGlyNHNHPh (Boc-DL-TyrOEt as an acyl donor)
1858 ma NS mmaly Bas DT _TyurDE+t and 200 mo (1 memal) TICY (NN I D 1700 Aiconlirad 12 2 &
100 1 \V.d 1HUHIUL) DUVTIZ1.7 1 YIRVE0 Al 44UV g (L HHUVUL) 01ed NILYLINLLINILIL 11 WOIC ULdDULVOU L O.0

ml DMF, under stirring 3 ml 0.2 M Na,CO; was added to make the pH adjust to 10.0, then 50 m

chymotrypsin was added and the solution was stirred at room temperature for 2 days (the reaction was detected
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[Lit'*: mp 194-196 [a] p -10.9 (c 0.6 DMF)].
Z-L-T, yrGIyNHNH (Z-DL-TyrOEt as an acyl donor)

anhydrous CH,Cl, 0.44 ml Et3N, 30 mg a-chymotrypsin and 75 pl water were added. The observed pH of the
solution was adjusted to 10.0 (indicator paper). The reaction was followed by TLC. Stirring at room
temperature for 2 days, the precipitate from the solution was crystallized from methanol to obtain the dipeptide
471 mg, 68% vyield (the yield was based on its L-configuration), mp 191-193 C, [0]*%> -19.2 (¢ 0.5 DMF),
MS(FAB): 463(M+H)". Compared with the product obtained from chemical synthesis. Yield 60%, mp 189-
190 °C, [o]*°p -19.2 (c 0.5 DMF).
ZTyrGlyNHNHPh (Z-L-TyrOEt as an acyl donor)

The procedure was same as that of Z-DL-TyrOEt as substrate. The yield was 83%, mp 192-193 C,

[a]*°p -18.8 (c 0.5 DMF).
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ZGlyTyrGlyNHNHPh (ZGlyTyrOEt as an acy! donor)
400 mo ( 1 () mn ‘()l ZU]VTV!'OMQ __‘nd 210 mo (1 04 mmol) HCI IVNHNH were qiiegnendad in 10
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ml CHyCly, 25 pul water and 10 mg a-chymotrypsin were then added and the observed pH of the solution was

adjusted to 10.0 (indicator paper) with Et;N. The reaction was detected by TLC. Stirring at room temperature

ether to give a white crystal 459 mg, 86% yield, mp 222-225 C(dec), [a]*’p -5.1 (¢

—_

520(M+H)". Compared with the product from chemical method. Yield 81%, m
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13.23.
ZAlaTyrGlyNHNHPh (ZAlaTyrOEt as an acyl donor)

A
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AlldlySIs CdiClialCd 101 Wa7Iia9WUeINg (Vo). U 04,44, I1 0,03, [

H 5.86, N 13.13; found: C 62.43, H 5.84, N 12.91. Compared with the product from chemical method.

ZAlaTyrGlyGlyOEt (ZAlaTyrOEY as an acyl donor)
The synthetic procedure was same as that for synthesis of ZGlyTyrGlyNHNHPh. Yield 40%, mp 118-
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Chemical Syntheses for above Compounds were according to literature® described from corresponding N-

protected amino acid and HC1 - GlyNHNHPh or HCl - GlyGlyOEt with DEPBT as coupling reagent.

ZAspPheOMe (molar ratio of carboxyl component/amino component being 1:3)
134 mg (0.5 mmol) ZAspOH was dissolved in 5 ml tert-amyl alcohol in the presence of 360 ul

T—TC! . PheOMe wac uddpﬂ The hagice

ty
FneLvIC was CQ. 110€ Dasicl J o)

which determined by dropping a small amount of the mixture on a moist special pH-indicator paper. After 5

mg thermolysin and 0.4 ml 10 mM calcium acetate were added, the solution was stirred at 40 'C for 3 days.

A4 2l

The reaction was detected by TLC. At the end of the reaction, the solvent was evaporated under reduced
pressure and the oily residue was acidified by the mixed 1M HCI (8ml) and a small volume ethyl acetate.

When the water layer was extracted by ethyl acetate(15ml x 3), the combined organic layers were washed

1

aCl (4ml = 3), then dried over anhydrous Na,SO4. Afier removal of

2 x YTy £ 1 - 1 \T

with 1M HCI (4ml x 3) and saturated

solvent, the crude product was recrystallized from methanol-water to give pure ZAspPheOMe 177 mg, 83%
yield, mp 120-122 °C, [a]*’p -14.8 (¢ 0.5 MeOH), MS(FAB): 429(M+H)". Compared with product synthesized



by chemical method. mp 123-125 C, [a]'’p -16.7(c 0.5 MeOH). [Lit'®: mp 121-123 'C, [a)* b -16.0 (c 1

j M4

ponent being 1:1
(for entry 2 in table 2) and DL-PheOMe as nucleophile (for entry 3 in table 2), the preparation of this
compound was also same as this procedure.

ZAsnAlaOcHex fmolar ratio of carboxvl component/aming component beine 1
i d ‘J"l AWM UV CRAVYY IIIV “wr - L d v v v L . L 74 x

134 mg (0.5 mmol
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was dissolved in 5 ml fert-amyl alcohol in the presence of 360 ul

triethylamine, then 520 mg (1.5 mmol) TsOH - AlaOcHex was added. The basicity of the solution was about
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under other reaction conditions such as molar ratio of carboxyl component to amino component being 1:2 (for

entry 5 in table 2) and DL-AlaOcHex as nucleophile (for entry 6 in table 2) in the presence of thermolysin was

Chemical Synthesis of ZAspPheOMe was according to the reference'® from Z-aspartic anhydride and
HCI - PheOMe, and it was purified by recrystallization from methanol-water three times. ZAspAlaOcHex

Wwas nronared cimilarly ac Htprnfnrps deccrihed from 7Z-acnartic anhvdride and T<dOH AlaOrHav and nurified
¥ }ll\-l.lm\tu Dilliilicall e LlbWwAGALUL W MWwIOWLIUWN AANALL £a u-)ym i wul] WMALINY LA A ONA A 4 RARANS Wi AW @l ym 11IN\
like ZAspPheOMe
ZTosd 21V EF Hntor rontont nf dinhlnrnmothano hoina ) 25% (V/1))
Ll—y' Ul)’\.ll-_y\.lul« l'yul" (i3] 72 IIJ CEELIEAVI VIS EINMAIAG lllrlr'lrs Vedao /U "I ',I

170 mg (0.5 mmol) ZTyrOEt and 100 mg (0.5 mmol) HCl - GlyGlyOEt were suspended in 5 ml
dichloromethane. When 140 ul triethylamine was added, the solution was shaken to make the substrate

o rhoproad m s ok 10 N Aatermined ko o mnict cmenia H-indicato
n€ ODSETvVEd pri1 Was aoout 1v.v GEIETIININEa Oy a moist bpcucu pn— 1igicalo
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paper

U'l

ul water and 5 mg o-chymotrypsin were then added. The reaction was detected by TLC. After stirring at room
temperature for 3 days. The white precipitate from the solution was filtered and washed with 1M HCI and
water. Crystallization from acetone or methanol gave the pure product 139-160 mg, 61-70% yield, mp 164-

165 C, [a]ch +3.1 (c 2 HAc), MS(FAB): 458(M+H)". Compared with product synthesized by chemical

method. Yield 64% -165 C, [al*’p +2.9(c 2 HAc). [Lit"": mp 169-171 C, [a]*’p +8.1(c 1 MeOH)).

BocPheLeuNHNHPhH (water content of tert-amyl alcohol being 8%(V/V))
80 mg (0.3 mmol) BocPheOH and 100 mg (0.3 mmol) TFA - LeuNHNHPh were suspended in 3 ml]



Y-H o of al / Totrahodvran §4 110QR) 17808 1780K 1AEnes

L.70d. 2 C 80 G 7 2 CTQREGLTON O3 (1750 14303—123>0 1L0%)
The observed pH of the solution was about 9.0 (indicator paper). 240ul 10 mM calcium acetate and 3 mg
thermolvsin were then added. This reaction was performed at 40 'C for 3 days under stirring. The reaction was
J S P v\.. u AVLI o e w;uvx LR QS E LIV 1waviivil vwad

detected by TLC. At the end of the reaction, the solution was diluted with 50 ml ethyl acetate and washed

successively with 5% citric acid, 5% NaHCO; and saturated NaCl. The organic layer was dried over

recrystallized from ethanol-water to obtain pure BocPheLeuNHNHPh 95 mg, 67% yield, mp 192-194 C,

[(1]28

p -24.4 (¢ 0.5 DMF). Compared with product synthesized by chemical method. Yield 84%, mp 193-195

ZTyrGlyGlyPheLeuNHNHPh
86 mg (0.2 mmol) ZTyrGlyGlyOH :

5 120188} 1 1 4ll < il

2 ml tert-amyl alcohol. 132 pl triethylamine and 120pul 10 mM calcium acetate were then added and the

’51 %

solution was shaken to dissolve the substrates. The observed pl of the solution was about 9.0 (indicator paper)

by TLC, at the end of the reaction, the solution was diluted with 100 ml ethyl acetate and washed with 1M
HCI, 5% NaHCOj3 and saturated NaCl. The organic layer was dried over anhydrous MgSQO, and evaporated in

warun tn mius th rmida mradiint Ranmootallizatinn fram aratnna ar athannal gava miire Aacirad naméamant: da
yuL uu w 51 W L wviuuw PLUUUUL. L\bULJDlﬂIllLallUll 11Ul AuuwluLIv Ul vuiailivil 561\’5 PulC UCSIICU pCﬂLa}JC[JLlUC
derivative 65 mg, 42% yield, mp 210-213 C, [a|**p -27.4 (¢ 0.5 DMF), MS(FAB): 780(M+H)". Analysis
calculated for CspHaoOsN7 (%): C 64.68, H 6.33, N 12.57; found: C 64.67, H 6.48, N 12.42. Am acid
PR Mio. Y NN M N O1 T 4 1 NEL DL no .o SV [ NI Y J. oo, ~L____'__1 1 3
dﬂdly Ul)’ L.LlL, lyf v.ol, LCU 1.UO, I'lc 1.Vo \,umpcucu Wwiln pr auct S lIlelLCU Uy cnemicai meuod
Yield 76%, mp 209-211 C, [a]**p -27.6(c 0.5 DMF)

Chemical Synthesis ZTyrGlyGlyOEt and ZTyrGlyGlyPheLeuNHNHPh were prepared using DEPBT as

TRTTITY

coupling reagent according to literature®. BocPheLeuNHNHPh and BocLeuNHNHPh were synthesized by
usual DCC/HOBt coupling method, and these two compounds were treated by TFA-DCM (1:1 V/V) or TFA
to give trifluoroacetate salt according to the standard deacylation procedure in Boc chemistry. The
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deblocking of phenyl hydrazine of ZTyrGlyGlyPheLeuNHNHPh (84 mg, 0.11 mmol) using FeCl; (1.4 M) in

dioxane-water was similarly as the reference'” described, then the oily residue was dissolved in small volume

solution precipitated with ether or petroleum ether to get a white solid of ZTyrGlyGlyPheLeuOH - DCHA 70
mg in 73% yield, mp 125-128 C, [a]**) -26.8 (c 0.5 MeCONMe,), MS(FAB): 690(M-DCHA+H)", 712(M-

DCHA+Na)", 871(M)". [Lit*": mp 128-131 C p -28.3 (c 0.5 MeCONMe,)].
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