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Various compounds were synthesized by combining three components at positions P,, P, and P,.. Of these,
N-(trans-4-aminomethylcyclohexanecarbonyl)-Tyr(O-2-bromobenzyloxycarbonyl)-octylamide inhibited plasmin
selectively with IC, values of 0.80 and 0.23 um towards S-2251 and fibrin, respectively. This compound also in-
hibited plasma Kallikrein, urokinase, thrombin and trypsin with IC, values of 10, >50, >50 and 1.6 um, respec-

tively.
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It is well known that proteinases and their natural in-
hibitors regulate biological functions cooperatively to main-
tain homeostasis, while any imbalance between proteinases
and their natural inhibitors can cause serious disorders.>)
With regard to plasmin (PL), o,-macroglobulin (o,-M)* and
@,-plasmin inhibitor (c,-PI)” are known as endogenous in-
hibitors. It is also well known that ¢,-PI consists of two
parts: one part binds to the active site (catalytic site) of
PL and another to the lysine binding site (LBS) of PL. An
imbalance between PL and its natural inhibitors causes a
serious syndrome, such as hyperfibrinolysis."— At present,
g-aminocaproic acid” and trans-4-aminomethylcyclohexa-
necarboxylic acid (trans-AMCHA)'? are used clinically as
PL inhibitors. These inhibitors show fairly potent inhibition
of fibrinolysis by PL with an ICy, value of 60 um, but poor
inhibition of the amidolysis of small peptide substrates and
fibrinogenolysis by PL. This is because these inhibitors act
on PL by blocking the LBS of an enzyme, which is not the
catalytic site.'"

With the objectives of obtaining a powerful new tool to
study the role of PL and developing novel types of clinical
therapy, we focused our attention on the synthesis of potent
active center-directed PL inhibitors. Previously, we reported
the development of active center-directed inhibitors of
PL'*!¥ and studies of their structure-inhibitory activity rela-
tionship."” Our inhibitors consist of three parts, P,, P,. and
P, and their structure-activity relationship is summarized

plasmin inhibitor; selectivity; structure—activity relationship; N-(trans-4-aminomethylcyclohexanecarbonyl)-Tyr(O-

in Table 1.

As shown in Table 1, compound I inhibits plasma kal-
likrein (PK) specifically, compound II inhibits both PL and
PK, and compound III inhibits PL specifically. These results,
showed that we could design enzyme-selective inhibitors by
combining various kinds of substituents at positions P, P,
and P,..

Bearing in mind the above results, we designed and syn-
thesized a series of plasmin-selective inhibitors and this re-
port deals with these PL inhibitors and their structure—activ-
ity relationship.

Tyr(O-2-BrZ) was selected as the P,. substituent, since it is
known that this residue can increase the affinity for some part
of the active center of trypsin-like proteinases.'” As the P,
substituent, we chose 6-aminohexanoic acid or trans-4-
aminomethylcyclohexanecarboxylic acid.

First of all, alkyl amines with various chain lengths were
used as the P, substituent. As illustrated in Chart 1, Boc-
Tyr(0-2-BrZ)-OH was coupled with alkylamine to give Boc-
Tyr(O-2-BrZ)-NH-R (R: n-pentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, 3-methylbutyl, 1,1-dimethylpropyl). After removal
of Boc with HCl-dioxane, the resulting amine was coupled
with Boc-EACA-OH or Boc-Tra-OH to give Boc-EACA- or
Boc-Tra-Tyr(O-2-BrZ)-NH-R, which were treated with 6N
HCl-dioxane to give compounds 1—14. Their inhibitory ac-
tivities against a series of enzymes are summarized in Table
2. As the P, substituent, the Tra group is more suitable than

Table 1. ICs, Values (um) of Compounds I—IH for PL and PK
PL PK
Compound P, P, P,
$-2251 $-2302
I HNH,C(_ €O Phe HNX_)-CH,COOH 630 13
Br
Il HNH,C_ YnCO Tyr(O—COZCHZ—@) HNX_)-COCH, 0.23 0.37

Br.
I HNH,C_ JnCo Tyr(O-COZCHZO)

>100 (30%)”

OHZCQ 42

a) Value in parenthesis are % inhibition at the concentration described (um).

* To whom correspondence should be addressed.
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NH,R HCl/djoxane
Boc-Tyr(O-2-BrZ)-OH —— Boc-Tyr(0-2-BrZ)-NH-R H-Tyr(O-2-BrZ)-NH-R
1) Boc-Tra-OH
2) HCl/dioxane
HCI * H-Tra-Tyr(O-2-BrZ)-NH-R  (1-7)
HCl * H-EACA-Tyr(O-2-BrZ)-NH-R  (8-14)
1) Boc-EACA-OH
2) HCl/dioxane
1, 8; R, NH-(CH,),CH, 2,9; R, NH-(CH,);CH, 3,10; R, NH-(CH,),CH, 4, 11; R, NH-(CH,),CH,
CH, CH,
5,12; R, NH-(CH),CH; 6, 13; R, NH-(CH),CH__ 7, 14; R, NH-CH,CH,
CH, CH,
Chart 1. Synthetic Scheme for Compounds 1—14
Table 2. 1C,, Values (um) of Compounds 1—14 for Various Enzymes
Peptide PL PK UK TH TRY
D P, P, P,
S-2251 Fn  S-2302 S-2444 S-2238 Fg  S-2238
Br
1 NH,(CH,);-CO Tyr(O-COQCHZ-Q) NH-(CH,),-CH,4 10 1.3 110 >250 140  >100 85
Br
2 NH,«(CH,,CO Tyr(0-CO,CH, ) NH-(CH,);-CH, 13 2.7 58 >250 >50 >50 80
Br
3 NH,-(CH,,-CO Tyr(0-CO,CH, ) NH-(CH,),-CH, 11 33 60 >500  >50 >50 >75
Br
4  NH,-(CH,);-CO Tyr(O-CO,CH, ) NH-(CH,),-CH, 7.0 1.8 75 >250  >50 >25 >150
Br
5  NH,~«(CH,);-CO Tyr(0-CO,CH, ) NH-(CH,)s-CH,4 83 1.3 200 >10 100 >10 >150
Br CH
6  NH,-(CH,)-CO Tyr(O-CO,CH, ) NH%CHZ)Z—CH<CH3 62 12 91 >250 200 >100 68
Br CH, 3
7  NH,«(CH,);-CO Tyr(O-COZCHZQ) NH~C:»—CH2—CH3 85 19 170 >250 230  >250 >150
Br CH,
8 HZNHZC—O""CO Tyr(0-CO,CH, )  NH-(CH,),-CH, 1.1 0.1 8.8  >300 150  >100 3.3
Br
9 HZNHZCOIHICO TyH(O-CO,CH{_ )  NH-(CH,):-CH, 12038 90 >50 >50 >25 14
Br
10 HZNHZCO'"ICO Tyr(0-CO,CH, ) NH-(CH,)s-CH, 1.1 043 10 >50 >50 >25 5.9
Br
11 H2NH2C~<:>HHCO Tyr(O-CO,CH, ) NH-(CH,),-CH, 08 023 16 >50  >50 >25 1.6
Br
12 HZNHZCO""CO Tyr(0-CO,CH, ) NH-(CH,),-CH, 05 010 22 >10 100 >10 1.9
Br CH
13 H2NH2C—<:>H"CO Tyr(O-COZCHZQ) NH~(CH),~CH{ _? 0.46 0.056 2.1 260 70 >100 1.4
Br qﬂa CH,
14 HZNHZCO"HCO Tyr(0-CO,CH, ) NH-C-CH,~CH, 13 1.7 69 >200 160 >100 23
CH,

the EACA group as far as potent inhibitory activity is con-
cerned, while the EACA group increased the difference in in-
hibitory activity between PL and the other enzymes exam-
ined so far. As far as the P, substituent is concerned, increas-
ing the chain length resulted in increased inhibitory activity
against PL and reduced inhibitory activity against PK. Com-
pounds 11, 12 inhibited PL potently and selectively. Previ-
ously, it was reported that 6-amidino-2-naphthyl p-guanidi-
nobenzoate dimethanesulfonate (FUT-175) inhibited PL, PK
and thrombin (TH) with IC, values of 0.12, 1.9 and 3.9 um

(substrate: N%tosylarginine methyl ester, TAME), respec-
tively.'® Our compounds contain an amide bond, while FUT-
175 contains an ester structure and our compounds exhibited
much weaker inhibition of TH compared with FUT-175.
Since compound II in Table 1 inhibited both PL and PK
potently, the 4-acetyl group at the P,. position was exchanged
for alkyl groups of various chain lengths. As summarized in
Table 3, the inhibitory activity of compounds 15—18 was
less than that of compounds 19—22. Compound 19—22 ex-
hibited similar inhibitory activity against PL and trypsin
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Table 3. ICs, Values (um) of Compounds 15—22 for Various Enzymes
. PL PK UK TH TRY
Peptide
i P, P, P,
S2251  Fn  S2302 S-2444 $2238 Fg  $:2238
Br.
15  NH,(CH,)-CO Tyr(0-CO,CH,4 /) NH-(CH,),-CH, 92 20 19 >50 9%  >20 1.9
Br:
16 NH,-(CH,)-CO TyHO-COCH, ) NH{ p(CH)-CH, 90 23 39 20  >25  >10 >10
Br.
17 NH(CH)-CO  TyrO-COCHX ) NH (CH)-CH, 90 47 58 >25 60 >10 >75
Br:
18 NH,-(CH,)-CO Tyr(O-COZCHZD) NH@-(CHZ)S—CH3 60 35 52 >40  >20  >10 >150
Br:
19 HzNHZCO'“CO THO-COCH,__)) NH{ JCH-CH, 063 0098 071  >50 8 >10 0.52
Br:
20 HZNHZCOHICO Tyr(0-CO,CH, 4 ) NH@-(CHZ)3-CH3 079 0090 1.0 >25  >25 >0 027
Br.
21 HzNHchmCO Tyr(O—COZCHZO) NHQ M(CH)CH, 057 0070 17  >50  >50 >20 033
Br.
22 HZNHZC-OHICO Tyr(O-COZCHz@) NH@-(CHZ)S-CH3 049 024 79 >40  >20  >10 1.4
Table 4. 1Cs, Values (um) of Compounds 23—26 for Various Enzymes
Peptide PL PK UK TH TRY
b P, P, P,
S2251 Fn  S-2302 S2444 $2238 Fg  S-2238
Br. —
23 HZNHZC—OHHCO Tyr(O-COZCHZ-Q) NH N 098 017 029 19 91 >100 0.74
Br: —
2 HNHCL HmCo Tyr(O-COZCHZQ) NHCHA N 53 14 14 72 240 =200 49
N=
25 HZNHZCOHHCO Tyr(0-CO,CH, -@) NH(CH)LLT) 15 02 12 78 310 >200 43
26 HZNHZC—ONHCO Tyr(0-CO,CH @) NH-(CH2)2© L1 030 70  >50 >5  >50 3.0
Table 5. ICs, Values (um) of Compounds 27—34 for Various Enzymes
Peptide PL PK UK TH TRY
o P, > P,
S2251 Fn $2302 S-2444 $2238 Fg S$-2238
27 NHA(CH)-CO  Tyr(O- COZCHZQ) H,NH,C<_ ) COOCH, 90 61 56 >50 >100 >100 90
28 NH,(CH,)-CO  Tyr(0-CO CH,'@) HzNH2C—<:>mCOO(CHZ)SCH3 18 43 >200 >100 >200 >10 >150
29 NH,(CH,);CO  Tyr(0-CO,CH, @) HNH,C< mCOOCH)CH, 24 39 200 >100 >50 >10 >150
30 NH,(CH,),-CO  Tyr(O- C02CH2 ) HNH,CX ) COO(CH,),CH, >100 50 >400 >100 >100 >10 >150
Br
31 HNHCK YnCO Ty0-CO,CH,{_)  HNH,CX )i COOCH, 10 078 15 >10 >10 >20  0.80
Br
32 HNH,CX e Tyr0-COCH, <)) HNH,CX JwCOO(CH)CH, 15 040 40 >50 >S50 >10 45
Br
33 HZNH2COl"CO Tyr(O-COZCHZ-Q) HZNHZCO-HCOO(CHZ)GCHa 14 042 37 >50 >50 >10 10
Br
34 HNH,CX )muCO Ty(0-COCH,{_)) HNHC{ )mCOOCH)CH, 25 056 45 >50 >50 >10 27
(TRY). The longer the chain length, the weaker the inhibition than that of PL.

of PK, although the differences were not very marked.

Next, methylene groups were inserted between NH and the
aromatic ring of the P,, moiety. As summarized in Table 4,
compound 23 inhibited both PL and PK potently, while inser-
tion of methylene groups reduced the inhibition of PK more

Finally, as the P,, moiety, frans-4-aminomethylcyclohexa-
necarboxylic acid alkyl esters of various chain lengths were
used because we believed that the bulkiness of the cleft and
stereogeometry of the active site of PL and PK were quite
different. Compounds 27—34 were prepared and their in-

NII-Electronic Library Service



February 2000

hibitory activities are summarized in Table 5. The inhibitory
activity against PL is more potent than against PK, presum-
ably due to the bulkiness of the P,, moiety.

In conclusion, it was found that the cleft of the active cen-
ter of PL is larger than that of PK and other enzymes and that
the compound 11 interacts with the active center of PL, as
shown in Fig. 1. For the further study of PL selective in-
hibitors, the compound 11 was selected as the lead com-
pound.

Experimental

Melting points were determined on a Yanagimoto micro-melting point
apparatus without correction. Optical rotations were measured with an auto-
matic polarimeter, model DIP-360 (Japan Spectroscopic Co.). On TLC
(Kieselgel G. Merck), RfY, Rf%, Rf°, Rf* and Rf® values refer to the systems
of CHCl,, MeOH and AcOH (90:8:2); CHCl;, MeOH and H,0O
(89:10:1); CHCl;, MeOH and H,0 (8:3: 1, lower phase); n-BuOH, AcOH
and H,0 (4:1:5, upper phase) and n-BuOH, AcOH, pyridine and H,0
(4:1:1:2), respectively.

General Procedure for Synthesis of Boc-Tyr(0-2-BrZ)-NH-X [X: n-
pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, 3-methylbutyl, 1,1-dimethyl-
propyl] A mixed anhydride of Boc-Tyr(O-2-BrZ)-OH [prepared routinely
from Boc-Tyr(0-2-BrZ)-OH (1.5g, 3.0mmol), isobutyl chloroformate
(0.45 ml, 3.0 mmol) and Et,N (0.45 ml, 3.0 mmol)] in tetrahydrofuran (THE,
15ml) was added to a solution of NH,X (X: n-pentyl, n-hexyl, n-heptyl, n-
octyl, n-nonyl, 3-methylbutyl, 1,1-dimethylpropyl) (3.3mmol) in THF
(10ml). The reaction mixture was stirred at 4 °C overnight. After removal of

il
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Fig. 1. Schematic Representation of Interaction of Tra-Tyr(O-2-BrZ)-
octylamide (11) with Plasmin
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the solvent, the residue was extracted with AcOEt. The extract was washed
with 10% citric acid, 5% Na,CO; and water, dried over Na,SO, and evapo-
rated to dryness. Ether was added to the residue to afford crystals, which
were collected by filtration. The yield, mp, [¢]]% values, elemental analysis
and Rf values are summarized in Table 6.

General Procedure for Synthesis of Boc-EACA-Tyr(0-2-BrZ)-NH-X
[X: n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, 3-methylbutyl, 1,1-di-
methylpropyl] A mixed anhydride of Boc-EACA-OH [prepared routinely
from Boc-EACA-OH (221 mg, 0.89 mmol), isobutyl chloroformate (0.13 ml,
0.89 mmol) and Et;N (0.12ml, 0.89 mmol)] in THF (15ml) was added to a
solution of H-Tyr(0-2-BrZ)-NH-XHCI [X: n-pentyl, n-hexyl, n-heptyl, n-
octyl, n-nonyl, 3-methylbutyl, 1,1-dimethylpropyl; prepared routinely from
Boc-Tyr(0-2-BrZ)-NH-X (0.89mmol) and 7.2x HCl-dioxane (2.0ml,
14.4 mmol)] in DMF (30ml) containing Et;N (0.15ml, 1.1 mmol) at 0°C.
The reaction mixture was stirred at 4 °C overnight. After removal of the sol-
vent, ether was added to the residue to afford crystals, which were collected
by filtration and washed with water. The yield, mp, [@]3 values, elemental
analysis and Rf values are summarized in Table 7.

General Procedure for Synthesis of H-EACA-Tyr(O-2-BrZ)-NH-
X+ HCl (1—7) [X: n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, 3-
methylbutyl, 1,1-dimethylpropyl] Boc-EACA-Tyr(O-2-BrZ)-NH-X [X:
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, 3-methylbutyl, 1,1-dimethyl-
propyl; (0.2 mmol)] was dissolved in 5.4~ HCl-dioxane (0.5 ml, 2.7 mmol)
at 0°C and the reaction mixture was stirred at the same temperature for
5min. After addition of dioxane (0.2 ml), the reaction mixture was stirred at
room temperature for 90 min. After removal of the solvent, dry ether was
added to the residue to afford a precipitate. The yield, mp, [@]% values, ele-
mental analysis and Rf values are summarized in Table 8.

General Procedure for Synthesis of Boc-Tra-Tyr(0-2-BrZ)-NH-X [X:
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, 3-methylbutyl, 1,1-di-
methylpropyl] A mixed anhydride of Boc-Tra-OH [prepared routinely
from Boc-Tra-OH (245 mg, 0.89 mmol), isobutyl chloroformate (0.13 ml,
0.89 mmol) and Et;N (0.12ml, 0.89 mmol)] in THF (15ml) was added to a
solution of H-Tyr(O-2-BrZ)-NH-X-HCI [X: n-pentyl, n-hexyl, n-heptyl, n-
octyl, n-nonyl, 3-methylbutyl, 1,1-dimethylpropyl; prepared routinely from
Boc-Tyr(0-2-BrZ)-NH-X (0.89mmol) and 7.2Nn HCl-dioxane (2.0ml,
14.4mmol)] in DMF (20ml) containing Et;N (0.15ml, 1.1 mmol) at 0°C
and the reaction mixture was stirred at 4 °C overnight. After removal of the
solvent, ether was added to the residue to afford crystals, which were col-
lected by filtration and washed with water. The yield, mp, [a]3 values, ele-
mental analysis and Rf'values are summarized in Table 9.

General Procedure for Synthesis of H-Tra-Tyr(0-2-BrZ)-NH-X-HCI
(8—14) [X: n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, 3-methylbutyl,
1,1-dimethylpropyl] Boc-Tra-Tyr(O-2-BrZ)-NH-X [X: n-pentyl, n-hexyl,
n-heptyl, n-octyl, n-nonyl, 3-methylbutyl, 1,1-dimethylpropyl; (0.14 mmol)]
was dissolved in 5.4 N HCl-dioxane (0.5ml, 2.7 mmol) at 0°C and the reac-
tion mixture was stirred at the same temperature for S min. After addition of
dioxane (0.2 ml), the reaction mixture was stirred at room temperature for
90 min. After removal of the solvent, dry ether was added to the residue to
afford a precipitate. The yield, mp, [@]5 values, elemental analysis and Rf

Table 6. Yield, Melting Point, Optical Rotation , Elemental Analysis and Rf Value of Boc-Tyr(O-2-BrZ)-NH-X

Elemental analysis

X Yield mp [o]y Formula Calcd (Found) e
(%) O (CHCIy)

C H N Rf!

n-Pentyl 83 117—118 +2.4 C,;H; BN, O, 57.54 6.27 4.97 0.80
(c=1.0) (57.45 6.32 4.98)

n-Hexyl 82 117—119 +29 C,gH;,BIN,O, 58.23 6.47 4.85 0.78
(c=1.0) (58.17 6.30 4.83)

n-Heptyl 77 118—121 +3.2 CoH3oBIN, O 58.87 6.66 4.73 0.78
(c=1.0) (58.83 6.64 4.76)

n-Octyl 78 113—118 +3.05 C,oH, BrN, Oy 59.30 6.82 4.61 0.88
(c=1.0) (59.39 6.99 4.70)

n-Nony! 72 103—105 +4.0 Cy H, ;BN O 60.09 6.99 4.52 0.69
(c=1.0) (59.89 7.10 4.50)

3-Methylbuty! 88 134—136 +2.3 C,,H;sBrN, O, 57.54 6.27 497 0.81
(c=1.0) (57.81 6.21 5.02)

1,1-Dimethylpropyl 83 7476 +2.1 C,,H;sBrN,O, 57.54 6.27 4.97 0.80
(c=1.0) (57.26 6.12 4.96)
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Table 7. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of Boc-EACA-Tyr(O-2-BrZ)-NH-X

Elemental analysis

% Yield mp [o]3 Formula Calcd (Found) TLC
(%) 0) (CHCI,)
C H N Rf!
n-Pentyl 87 113—115 +1.5 CyH,BIN,O, 58.57 6.87 6.21 0.65
(c=1.0)¥ (58.33 6.85 6.14)
n-Hexyl 84 105—107 -0.5 C,,HBrN;O, 59.12 7.02 6.08 0.70
(c=1.0) (59.04 7.01 5.92)
n-Heptyl 80 120—122 ~1.0 Cy5Hg BrN;0O, 59.65 7.17 5.96 0.71
(c=1.0) (59.53 7.21 5.84)
n-Octyl 84 128—131 —0.6 CyHg,BIN,O, 60.15 731 5.84 0.80
(c=1.0) (59.91 7.34 5.73)
n-Nonyl 67 124—126 =51 C4,H,,BrN;0, 60.64 7.42 5.73 0.85
(c=1.0» (60.38 7.50 5.74)
3-Methylbutyl 92 97—99 +1.5 C4;H,6BrN;0, 58.57 6.87 6.21 0.72
(c=1.0)" (5836 6.85 6.08)
1,1-Dimethylpropyl 65 Amorphous -1.7 Cy3H,BrN;0O, 58.57 6.87 6.21 0.75
(c=1.0)% (58.68 7.15 6.13)
a) MeOH, b) DMF.
Table 8. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Values of H-EACA-Tyr(O-2-BrZ)-NH-X-HCI (1—7)
Elemental analysis TLC
X Peptide  Yield mp [a)% Formula Caled (Found)
D (%) (°C) (MeOH)
C H N Rf? Rf?
n-Pentyl 1 96 139—143 +8.3 C,gH;3gBIN,Os 54.07 6.48 6.75 0.20 0.67
(e=1.0) HCI-0.5H,0 (5425 692  7.48)
n-Hexyl 2 87 175—177 +5.2 CyH BN, Os- 54.76 6.66 6.61 0.35
(c=1.0) HCI-0.5H,0 (54.86 6.68 6.79)
n-Heptyl 3 93 178—181 +6.2 C;,H,,BrN;0;- 5543 6.67 6.46 0.32
(c=1.0) HCI-0.5H,0 (55.53 6.87 6.49)
n-Octyl 4 88 162—165 +7.9 C;HyBrN,0;- 56.83 6.92 6.41 0.35
(c=1.0) HC1 (57.07 7.19 6.49)
n-Nonyl 5 87 174—176 +6.9 Cy,H,4BrN,O;- 56.67 7.13 6.19 0.40
(c=1.0) HCI-0.5H,0 (56.60 7.21 6.38)
3-Methylbutyl 6 74 123—127 +8.3 CygH;gBrN; O+ 54.07 6.48 6.75 0.32
(c=1.0) HCI-0.5H,0 (53.53 6.83 7.28)
1,1-Dimethylpropy! 7 56 Amorphous +7.5 C,gH4sBrN,0;- 51.81 6.67 6.47 0.32
(c=1.0) HCI-2H,0 (52.13 7.13 7.08)
Table 9. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Values of Boc-Tra-Tyr(O-2-BrZ)-NH-X
Elemental analysis TLC
X Yield mp [ Formula Calcd (Found)
(%) (°C) (DMF)
C H N Rf! Rf?
n-Pentyl 58 202.5—205 -9.4 CysH,gBrN,0O, 59.82 6.88 5.98 0.60 0.70
(c=1.0) (59.52 7.03 5.89)
n-Hexyl 81 199—200 -83 C,6Hy(BrN;0O, 60.32 7.05 5.86 0.71
(c=1.0) (60.14 7.01 5.75)
n-Heptyl 62 180—182 =23 Cy,H,,BrN;0, 60.81 7.19 5.75 0.78
(c=1.00% (60.65 7.22 5.70)
n-Octyl 65 177—181 —8.4 C,H;,BrN,0, 61.27 7.32 5.64 0.70
(c=1.0) (61.28 747 5.61)
n-Nonyl 77 189—191 ~89 CyoH, BIN;O, 61.73 743 5.53 0.87
(c=1.0) (61.66 7.77 5.51)
3-Methylbutyl 84 186—188 -8.8 C;5H;BrN;0, 59.81 6.90 5.98 0.76
(c=1.0) (59.83 7.06 5.97)
1,1-Dimethylpropyl 84 89—92 —8.2 C;5H;9BrN;0, 59.81 6.90 5.98 0.72
(c=1.0)” (59.74 6.74 5.87)

a) CHCI,, b) MeOH.
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Table 10. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Values of H-Tra-Tyr(O-2-BrZ)-NH-X-HCI (8—14)

Elemental analysis

X Peptide  Yield mp (0% Formula Caled (Found) TLe
ID (%) (°C) (MeOH)
C H N Rf*  Rf* RF
n-Pentyl 8 98 200—204 +0.4 CyoH, BN, O, - 5484 659 639 030 027
(¢=0.9) HCl-H,0 (54.67 6.28 6.41)
n-Hexyl 9 95 207—209 +1.8 C;H,,BrN;0;- 56.23 6.70 6.35 0.42
(c=1.0) HCI-0.5H,0 (56.19 6.58 6.29)
n-Heptyl 10 87 218220 +6.4 C,H,,BIN,0;- 56.85 6.71 6.22 0.38
(c=1.0) HCI1-0.5H,0 (56.90 6.87 6.25)
n-Octyl 11 90 210—212 +0.7 Cy3H,sBIN;O° 5743 701 609 033
(c=1.0) HC1-0.5H,0 (57.25 6.91 6.21)
n-Nonyl 12 93 208—210 +3.0 CyH,BrN,O5- 57.99 7.15 5.96 043
(c=1.0) HCl-0.5H,0 (57.85 7.05 5.95)
3-Methylbuty! 13 92 203—208 +1.3 C;0H,BIN,O;- 55.60 6.53 6.51 0.32
(c=1.0) HCI-0.5H,0 (55.30 6.54 6.56)
1,1-Dimethylpropyl 14 92 126—130 =27 CoHyoBIN;Oq- 54.10 6.66 6.31 0.26
(c=1.0) HCI- 1.5H,0 (53.77 6.49 6.38)
Table 11. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of Boc-Tyr(O-2-BrZ)-NH-()-X
Elemental analysis
« Yield mp (0% Formula Calcd (Found) TLe
(%) °O (CHCLy)
C H N Rf!
Ethyl 92 162—164 -238 C,,H33BN,Oq 60.30 5.58 4.69 0.95
(c=1.0) (60.13 5.62 4.74)
n-Butyl 74 160—163 -12 C,,H;,BrN,O¢ 61.43 5.97 4.48 0.78
(c=1.0) (61.57 5.96 4.47)
n-Pentyl 82 164—168 =32 C33HyoBrN,Og 61.97 6.16 438 0.92
(c=1.0) (61.87 6.09 4.32)
n-Hexyl 79 137—141 -33 C,,H, BN,Oq 62.47 6.32 428
(c=1.0) (62.33 6.44 4.34)
Table 12. Yield, Melting Point, Optical Rotation , Elemental Analysis and Rf Value of Boc-EACA-Tyr (O-2-BrZ)-NH-5)-X
Elemental analysis TLC
X Yield mp [o]® Formula Calcd (Found)
(%) O (CHCy)
C H N Rf!
Ethyl 95 137—139 +23.1 C,H,,BrN;O, 60.84 6.25 5.91 0.90
(c=1.0)" (60.72 6.34 5.74)
n-Butyl 90 120—123 +22.5 C,3H, gBrN,0, 61.78 6.56 5.69 0.70
(c=1.0)" (61.91 6.54 5.60)
n-Pentyl 76 134—137 +2.9 CyoH;,BrN;0, 62.22 6.71 5.58 0.70
(c=1.0) (62.08 6.64 5.51)
n-Hexyl 65 134—137 +2.5 C,Hs,BrN;0O, 62.65 6.85 5.48 0.68
(c=1.0) (62.54 6.86 5.45)
a) DMF.

values are summarized in Table 10.

General Procedure for Synthesis of Boc-Tyr(0-2-BrZ)-NH-()-X [X:
ethyl, n-butyl, n-pentyl, n-hexyl] A mixed anhydride of Boc-Tyr(O-2-
BrZ)-OH [prepared routinely from Boc-Tyr(O-2-BrZ)-OH (1.5 g, 3.0 mmol),
isobutyl chloroformate (0.45 ml, 3.0 mmol) and Et;N (0.45 ml, 3.0 mmol)] in
THF (15ml) was added to a solution of NH,--X (X: ethyl, n-butyl, n-
pentyl, n-hexyl) (3.3mmol) in THF (10ml). The reaction mixture was
stirred at 4 °C overnight. After removal of the solvent, the residue was ex-
tracted with AcOEt. The extract was washed with 10% citric acid, 5%
Na,CO, and water, dried over Na,SO, and evaporated to dryness. Ether was
added to the residue to afford crystals, which were collected by filtration.
The yield, mp, [a]% values, elemental analysis and Rf values are summa-
rized in Table 11.

General Procedure for Synthesis of Boc-EACA-Tyr(0-2-BrZ)-NH-C)-

X [X: ethyl, n-butyl, n-pentyl, n-hexyl] A mixed anhydride of Boc-
EACA-OH {prepared routinely from Boc-EACA-OH (221 mg, 0.89 mmol),
isobutyl chloroformate (0.13 ml, 0.89 mmol) and Et;N (0.12 ml, 0.89 mmol)]
in THF (15ml) was added to a solution of H-Tyr(O-2-BrZ)-NH-{)-X-HCl
[X: ethyl, n-butyl, n-pentyl, n-hexyl; prepared routinely from Boc-Tyr(O-2-
BrZ)-NH-{)-X (0.89 mmol) and 7.2 N HCl-dioxane (2.0 ml, 14.4 mmol)] in
DMEF (30 ml) containing Et;N (0.15ml, 1.1 mmol) at 0 °C. The reaction mix-
ture was stirred at 4 °C overnight. After removal of the solvent, ether was
added to the residue to afford crystals, which were collected by filtration and
washed with water. The yield, mp, [@]5 values, elemental analysis and Rf
values are summarized in Table 12.

General Procedure for Synthesis of H-EACA-Tyr(0-2-BrZ)-NH-()-
X-HCl (15—18) [X: ethyl, n-butyl, n-pentyl, n-hexyl] Boc-EACA-
Tyr(0-2-BrZ)-NH-)-X [X: ethyl, a-butyl, n-pentyl, n-hexyl (0.2 mmol)]
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Table 13. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of H-EACA-Tyr(O-2-BrZ)-NH-)-X - HCI (15—18)
Elemental analysis TLC
2 Peptide Yield mp [a)Z Formula Calcd (Found)
ID (%) (°C) (MeOH)
C H N Rf?
Ethyl 15 75 Amorphous +31.2 CyHyBrN,O; 55.98 5.91 6.31 0.56
(c=1.0) HCI-H,0 (55.90 5.70 6.32)
n-Butyl 16 92 148—152 +273 C33H,BrN,Oq 57.94 6.19 6.14 0.57
(c=1.0) HCI-0.5H,0 (57.56 6.01 6.28)
n-Pentyl 17 90 Amorphous +23.7 Cy,H,,BrN,O; 58.50 6.35 6.02 0.45
(c=1.0) HCI-0.5H,0 (58.28 6.17 5.81)
n-Hexyl 18 77 Amorphous +25.7 CysH, BrN,O; 58.29 6.56 5.82 0.76
(c=1.0) HCI-H,0 (58.14 6.46 5.59)
Table 14. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of Boc-Tra-Tyr(O-2-BrZ)-NH-()-X
Elemental analysis TLC
" Yield mp ()3 Formula Caled (Found)
(%) O (DMF)
C H N Rf!
Ethyl 95 219—222 +18.0 C,;H, BIN;O, 61.95 631 5.70 0.90
(c=1.0) (61.72 6.39 5.63)
n-Butyl 90 196—199 +172 CoHy,BrN,0, 62.81 6.60 5.49 0.74
(c=1.0) (62.82 6.55 5.51)
n-Pentyl 77 199—202 +18.7 C,Hs,BrN;0, 63.22 6.74 5.39 0.63
(c=1.0) (64.14 6.78 5.28)
n-Hexyl 65 181—183 +18.3 C,HgBN;O, 63.62 6.88 5.30 0.78
(c=1.0) (63.74 7.03 5.32)
Table 15. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of H-Tra-Tyr(O-2-BrZ)-NH-{-X - HCI (19—22)
Elemental analysis TLC
X Peptide Yield mp [a]3 Formula Calcd (Found)
D (%) (°C) (MeOH)
C H N Rf?
Ethyl 19 95 200—203 +183 C,;H, BN O, - 56.61 6.04 6.00 0.58
(c=1.0) HCI-1.5H,0 (56.45 5.68 6.23)
n-Butyl 20 81 Amorphous +19.4 C;sH,,BrN, O 57.74 6.37 5.77 0.62
(c=1.0) HCI-1.5H,0 (58.00 6.07 5.80)
n-Pentyl 21 101 175—178 +17.6 CyH,BIN;O,- 58.99 6.46 573 0.43
(c=1.0) HCI-H,0 (58.73 6.32 5.70)
n-Hexyl 22 84 188190 +17.1 C;,H, BN, O, 59.84 6.58 5.65 0.55
(c=1.0) HCI-0.75H,0 (59.79 6.42 5.63)

was dissolved in 5.4 N HCl-dioxane (0.5 ml, 2.7 mmol) at 0 °C and the reac-
tion mixture was stirred at the same temperature for 5 min. After addition of
dioxane (0.2 ml), the reaction mixture was stirred at room temperature for
90 min. After removal of the solvent, dry ether was added to the residue to
afford a precipitate. The yield, mp, [@]% values, elemental analysis and Rf
values are summarized in Table 13.

General Procedure for Synthesis of Boc-Tra-Tyr(0-2-BrZ)-NH-()-X
[X: ethyl, n-butyl, n-pentyl, n-hexyl] A mixed anhydride of Boc-Tra-OH
[prepared routinely from Boc-Tra-OH (245 mg, 0.89 mmol), isobutyl chloro-
formate (0.13ml, 0.89mmol) and Et;N (0.12ml, 0.89mmol)] in THF
(15ml) was added to a solution of H-Tyr(0-2-BrZ)-NH-{)-X-HCI [X:
ethyl, n-butyl, n-pentyl, n-hexyl; prepared routinely from Boc-Tyr(O-2-
BrZ)-NH--X (0.89 mmol) and 7.2 N HCl-dioxane (2.0 ml, 14.4 mmol)] in
DMF (20 ml) containing Et;N (0.15ml, 1.1 mmol) at 0°C and the reaction
mixture was stirred at 4 °C overnight. After removal of the solvent, ether was
added to the residue to afford crystals, which were collected by filtration and
washed with water. The yield, mp, [@] values, elemental analysis and Rf
values are summarized in Table 14.

General Procedure for Synthesis of H-Tra-Tyr(0-2-BrZ)-NH-{)-
X-HCI (19—22) [X: ethyl, n-butyl, n-pentyl, n-hexyl] Boc-Tra-Tyr(O-2-
BrZ)-NH-()-X [X: ethyl, n-butyl, n-pentyl, n-hexyl; (0.14 mmol)] was dis-

solved in 5.4 N HCl-dioxane (0.5 ml, 2.7 mmol) at 0 °C and the reaction mix-
ture was stirred at the same temperature for 5 min. After addition of dioxane
(0.2ml), the reaction mixture was stirred at room temperature for 90 min.
After removal of the solvent, dry ether was added to the residue to afford a
precipitate. The yield, mp, []% values, elemental analysis and Rf values are
summarized in Table 15.

General Procedure for Synthesis of Boc-Tyr(0-2-BrZ)-NH-X [X: 4-
pyridyl, 4-picolyl, 2-(2-pyridyl)ethyl, B-phenethyl] A mixed anhydride
of Boc-Tyr(O-2-BrZ)-OH [prepared routinely from Boc-Tyr(O-2-BrZ)-OH
(1.5g, 3.0mmol), isobutyl chloroformate (0.45ml, 3.0mmol) and Et;N
(0.45ml, 3.0mmol)] in THF (15ml) was added to a solution of NH,-X (X:
4-pyridyl, 4-picolyl, 2-(2-pyridyl)ethyl, S-phenethyl) (3.3 mmol) in THF
(10ml). The reaction mixture was stirred at 4 °C overnight. After removal of
the solvent, the residue was extracted with AcOEt. The extract was washed
with 10% citric acid, 5% Na,CO, and water, dried over Na,SO, and evapo-
rated to dryness. Ether was added to the residue to afford crystals, which
were collected by filtration. The yield, mp, []5 values, elemental analysis
and Rf values are summarized in Table 16.

General Procedure for Synthesis of Boc-Tra-Tyr(0-2-BrZ)-NH-X [X:
4-pyridyl, 4-picolyl, 2-(2-pyridyl)ethyl, B-phenethyl] A mixed anhydride
of Boc-Tra-OH [prepared routinely from Boc-Tra-OH (245 mg, 0.89 mmol),
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Table 16. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Values of Boc-Tyr(0-2-BrZ)-NH-X
Elemental analysis TLC
X Yield mp [a)E Formula Calced (Found)
(%) O (MeOH)
C H N Rf! Rf?
4-Pyridyl 27 126—128 +36.6 C,;H,BrN,O, 56.84 4.94 7.36 0.25 0.54
(¢=0.9) (56.57 4.94 7.44)
4-Picolyl 59 156.5—158 +1.5 C,eH; BrN;O, 57.54 5.17 7.18 0.49 0.53
(c=1.0) (57.57 5.17 7.20)
2-(2-Pyridylethyl 75 114—122 -0.11 C,H3,BrN;O; 58.19 5.38 7.02 0.65 0.62
(¢=0.9) (57.76 5.25 6.87)
B-Phenethyl 75 152—155 -1.6 CyoH33BrN, O 60.30 5.58 4.69 0.83
(c=1.0% (60.46 5.57 4.63)
a) CHCI,.
Table 17. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Values of Boc-Tra-Tyr(O-2-BrZ)-NH-X
Elemental analysis TLC
X Yield mp []3 Formula Caled (Found)
(%) 0 (MeOH)
C H N Rf! Rf*
4-Pyridyl 66 178—180 +19.4 C;H,,BrN,O, 58.50 5.89 7.80 0.40 0.57
(c=1.0) (58.72 5.86 7.71)
4-Picolyl 59 189—192 -132 Cy6H,3BrN,O, 59.75 5.98 7.74 0.46 0.48
(c=1.0) (59.48 5.86 7.71)
2-(2-Pyridyl)ethyl 65 195—195.5 —14.6 C4;H,BrN,O, 59.51 6.14 7.50 0.57 0.42
(¢=0.9) (59.55 6.13 7.48)
B-Phenethyl 81 198—200 -78 C,H,BrN;0; 61.95 6.31 5.70 0.76
(c=1.0) (61.77 6.31 5.72)
Table 18. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of H-Tra-Tyr(O-2-BrZ)-NH-X - HC1 (23—26)
Elemental analysis
. . - TLC
% Peptide Yield mp [als Formula Calcd (Found)
ID (%) (°C) (MeOH)
C H N Rf°?
4-Pyridyl 23 83 Amorphous +40.3 C;,H3,BrN,O5- 49.48 5.16 7.42 0.39
(c=0.9) 2HCI-2.5H,0 (49.53 5.54 7.70)
4-Picolyl 24 72 Amorphous —0.35 C;H3sBiN,O;- 50.21 5.71 7.56 0.39
(c=0.9)¥ 2HCI-2.5H,0 (49.93 5.40 7.28)
2-(2-Pyridyl)ethyl 25 80 Amorphous -4.4 C;,H;;,BIN,O;- 50.27 5.93 7.32 0.52
(c=0.6)" 2HCI-3H,0 (50.10 5.30 7.20)
B-Phenethyl 26 74 204206 -3.5 C;3H4BrN;O;- 58.11 591 6.16 0.30
(c=1.0) HCI-0.5H,0 (57.81 5.84 6.17)
a) 0.1~ HCL

isobutyl chloroformate (0.13 ml, 0.89 mmol) and Et;N (0.12 ml, 0.89 mmol)]
in THF (15 ml) was added to a solution of H-Tyr(O-2-BrZ)-NH-X-HCI [X:
4-pyridyl, 4-picolyl, 2-(2-pyridyl)ethyl, S-phenethyl; prepared routinely
from Boc-Tyr(O-2-BrZ)-NH-X (0.89 mmol) and 7.2 N HCl-dioxane (2.0 ml,
14.4 mmol) as usual] in DMF (20 ml) containing Et,N (0.15ml, 1.1 mmol) at
0°C and the reaction mixture was stirred at 4 °C overnight. After removal of
the solvent, ether was added to the residue to afford crystals, which were
collected by filtration and washed with water. The yield, mp, [«]% values, el-
emental analysis and Rf values are summarized in Table 17.

General Procedure for Synthesis of H-Tra-Tyr(0-2-BrZ)-NH-X-HCI
(23—26) [X: 4-pyridyl, 4-picolyl, 2-(2-pyridyl)ethyl, B-phenethyl] Boc-
Tra-Tyr(0-2-BrZ)-NH-X [X: 4-pyridyl, 4-picolyl, 2-(2-pyridyl)ethyl, B-
phenethyl; (0.14mmol)] was dissolved in 5.4~ HCl-dioxane (0.5ml,
2.7mmol) at 0 °C and the reaction mixture was stirred at the same tempera-
ture for 5 min. After addition of dioxane (0.2 ml), the reaction mixture was
stirred at room temperature for 90 min. After removal of the solvent, dry
ether was added to the residue to afford a precipitate. The yield, mp, [@]%
values, elemental analysis and Rf values are summarized in Table 18.

General Procedure for Synthesis of Boc-Tyr(0-2-BrZ)-Tra-O-X [X:

methyl, n-hexyl, n-heptyl, n-octyl] A mixed anhydride of Boc-Tyr(O-2-
BrZ)-OH [prepared routinely from Boc-Tyr(O-2-BrZ)-OH (1.5 g, 3.0 mmol),
isobutyl chloroformate (0.45 ml, 3.0 mmol) and Et,N (0.45 ml, 3.0 mmol)] in
THF (15 ml) was added to a solution of NH,-X (X: methyl, n-hexyl, n-hep-
tyl, n-octyl) (3.3 mmol) in THF (10 ml). The reaction mixture was stirred at
4°C overnight. After removal of the solvent, the residue was extracted with
AcOEt. The extract was washed with 10% citric acid, 5% Na,CO, and water,
dried over Na,SO, and evaporated to dryness. Ether was added to the residue
to afford crystals, which were collected by filtration. The yield, mp, [0}
values, elemental analysis and Rf values are summarized in Table 19.
General Procedure for Synthesis of Boc-EACA-Tyr(0-2-BrZ)-Tra-O-
X [X: methyl, n-hexyl, n-heptyl, n-octyl] A mixed anhydride of Boc-
EACA-OH [prepared routinely from Boc-EACA-OH (221 mg, 0.89 mmol),
isobutyl chloroformate (0.13 ml, 0.89 mmol) and Et;N (0.12 ml, 0.89 mmol)]
in THF (15ml) was added to a solution of H-Tyr(O-2-BrZ)-Tra-O-X - HCl
[X: methyl, n-hexyl, n-heptyl, n-octyl; prepared routinely from Boc-Tyr(O-
2-BrZ)-Tra-O-X (0.89 mmol) and 7.2 N HCl-dioxane (2.0 ml, 14.4 mmol)] in
DMF (30 ml) containing Et;N (0.15ml, 1.1 mmol) at 0 °C. The reaction mix-
ture was stirred at 4 °C overnight. After removal of the solvent, ether was

NII-Electronic Library Service



192

Vol. 48, No. 2

Table 19. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of Boc-Tyr(O-2-BrZ)-Tra-O-X

Elemental analysis

% Yield mp [o]® Formula Caled (Found) TLC
(%) °C) (CHCly)
C H N Rf!
Methyl 70 144—147 -0.1 C4 H3oBIN,Oq 57.50 6.08 432 0.70
(c=1.0) (57.37 5.92 4.29)
n-Hexyl 87 98101 +1.2 C;H BN, O 60.24 6.90 3.90 0.81
(e=1.0) (60.05 6.95 3.87)
n-Heptyl 89 109—112 +1.8 C,;H;,BrN, 04 60.72 7.04 3.83 0.75
(c=1.0) (60.67 7.08 3.82)
n-Octyl 89 95—99 -0.5 Cy5Hg;BrN, Oy 61.20 7.18 3.75 0.95
(c=1.0) (61.17 6.91 3.72)
Table 20. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of Boc-EACA-Tyr(O-2-BrZ)-Tra-O-X
Elemental analysis TLC
X Yield mp [o]3 Formula Calcd (Found)
(%) °C) (DMF)
C H N Rf!
Methyl 84 103—106 -2.5 C5;H,sBrN;O, 58.41 6.37 5.52 0.70
(c=1.0)¥ (58.28 6.56 5.44)
n-Hexyl 86 94—97 —43 C,,HgBrN;0, 60.71 7.29 5.05 0.69
(c=1.0) (60.49 7.31 5.02)
n-Heptyl 80 101103 —5.35 C,3Hg,BrN;0, 61.12 7.41 4.97 0.72
(c=1.0) (60.97 7.33 4.86)
n-Octyl 73 118—120 —4.15 C,HgBrN;O, 61.52 7.53 4.89 0.71
(c=1.0) (61.30 7.56 4.80)
a) CHC,.
Table 21. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of H-EACA-Tyr(O-2-BrZ)-Tra-O-X - HCI (27—30)
Elemental analysis TLC
x Peptide Yield mp [ Formula Caled (Found)
D (%) C) (MeOH)
C H N Rf?
Methyl 27 82 168—178 +7.2 C;,H,,BrN,0O, 53.74 6.34 5.88 0.21
(c=1.0) HCI-H,0 (53.70 6.19 6.12)
n-Hexyl 28 90 155—157 +6.7 C;,H,BrN,O;- 56.60 7.06 5.35 0.38
(c=1.0) HCIl-H,0 (56.45 6.83 5.29)
n-Heptyl 29 92 156—159 +6.6 CyHgBrN;0,- 57.11 7.19 5.26 0.69
(¢=1.0) HCI-H,0 (56.82 6.96 5.17)
n-Octyl 30 91 159—161 +7.0 C;HBrN,O,- 56.97 7.35 5.11 0.61
(c=1.0) HCI- 1.5H,0 (56.95 7.15 5.09)

added to the residue to afford crystals, which were collected by filtration and
washed with water. The yield, mp, [@]% values, elemental analysis and Rf
values are summarized in Table 20.

General Procedure for Synthesis of H-EACA-Tyr(0-2-BrZ)-Tra-O-
X-HCl (27—30) [X: methyl, n-hexyl, n-heptyl, n-octyl] Boc-EACA-
Tyr(0-2-BrZ)-Tra-O-X [X: methyl, n-hexyl, n-heptyl, n-octyl (0.2 mmol)]
was dissolved in 5.4 N HCl-dioxane (0.5 ml, 2.7 mmol) at 0 °C and the reac-
tion mixture was stirred at the same temperature for S min. After addition of
dioxane (0.2ml), the reaction mixture was stirred at room temperature. for
90 min. After removal of the solvent, dry ether was added to the residue to
afford a precipitate. The yield, mp, [a]% values, elemental analysis and Rf
values are summarized in Table 21.

General Procedure for Synthesis of Boc-Tra-Tyr(0-2-BrZ)-Tra-0-X
[X: methyl, n-hexyl, n-heptyl, n-octyl] A mixed anhydride of Boc-Tra-
OH [prepared routinely from Boc-Tra-OH (245 mg, 0.89 mmol), isobutyl
chioroformate (0.13 ml, 0.89 mmol) and Et;N (0.12 ml, 0.89 mmol)] in THF
(15ml) was added to a solution of H-Tyr(O-2-BrZ)-Tra-O-X-HCl [X:
methyl, n-hexyl, n-heptyl, n-octyl; prepared routinely from Boc-Tyr(O-2-
BrZ)-Tra-O-X (0.89 mmol) and 7.2n HCl-dioxane (2.0 ml, 14.4 mmol)] in

DMF (20 ml) containing Et;N (0.15ml, 1.1 mmol) at 0°C and the reaction
mixture was stirred at 4 °C overnight. After removal of the solvent, ether was
added to the residue to afford crystals, which were collected by filtration and
washed with water. The yield, mp, [@]% values, clemental analysis and Rf
values are summarized in Table 22.

General Procedure for Synthesis of H-Tra-Tyr(0-2-BrZ)-Tra-O-
X-HCI (31—34) [X: methyl, n-hexyl, n-heptyl, n-octyl] Boc-Tra-Tyr(O-
2-BrZ)-O-Tra-X [X: methyl, n-hexyl, n-heptyl, n-octyl (0.14 mmol)] was
dissolved in 5.4 N HCl-dioxane (0.5 ml, 2.7mmol) at 0 °C and the reaction
mixture was stirred at the same temperature for 5min. After addition of
dioxane (0.2 ml), the reaction mixture was stirred at room temperature for
90 min. After removal of the solvent, dry ether was added to the residue to
afford a precipitate. The yield, mp, [@]% values, elemental analysis and Rf
values are summarized in Table 23.

Assay Procedure The enzymes used were as follows: human PL and
PK (KABI Co.), bovine TH (Mochida Seiyaku Co.), porcine glandular
kallikrein (GK) (Sigma Chemical Co.), human urokinase (UK) (Green
Cross) and TRY (Sigma Chemical Co.). Enzymatic activities of PL, PX, TH,
GK, UK and TRY were determined by the method described previously,'”
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Table 22. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of Boc-Tra-Tyr(O-2-BrZ)-Tra-O-X
Elemental analysis TLC
X Yield mp ()3 Formula Caled (Found)
(%) O (DMF)
C H N Rf!
Methyl 82 219—222 —45 C,H,(BrN;0, 59.53 6.66 5.34 0.64
(e=1.09 (59.46 6.65 5.31)
n-Hexyl 67 189—191 -85 C,Hg,BiN,O, 61.66 7.31 4.90 0.81
(c=1.0) (61.64 7.44 4.89)
n-Heptyl 68 185—187 =79 C,sH¢,BrN,0, 62.05 7.42 4.82 0.72
(c=1.0) (62.06 7.41 4.73)
n-Octyl 88 184—187 -78 Cy6HgBIN;O, 62.42 7.53 4.75 0.73
(c=1.0) (62.52 7.63 4.69)
a) CHC,.
Table 23. Yield, Melting Point, Optical Rotation, Elemental Analysis and Rf Value of H-Tra-Tyr(0-2-BrZ)-Tra-O-X - HCI (31—34)
Elemental analysis TLC
X Peptide Yield mp [a)3 Formula Calcd (Found)
ID (%) °C) (MeOH)
C H N Rf?
Methyl 31 95 213216 -1.1 C,,H,,BrN;0, 54.45 6.45 5.60 0.17
(c=1.0) HCI-1.5H,0 (54.79 6.53 5.66)
n-Hexyl 32 86 200—203 +1.0 C,,HBrN,; 0, 58.38 7.03 5.23 0.66
(c=1.0) HCI-1.5H,0 (58.34 7.11 5.22)
n-Heptyl 33 75 212214 -04 C,H(BIN,0,- 58.85 7.16 5.14 0.71
(c=1.0) HC1-0.5H,0 (58.93 722 5.18)
n-Octyl 34 82 198—202 +1.0 C,HgBIN,0,- 58.05 7.38 495 0.83
(c=1.0) HCI-1.5H,0 (58.16 7.07 4.94)

using D-Val-Leu-Lys-pNA (S-2251), p-Pro-Phe-Arg-pNA (S-2302), p-Phe-
Pip-Arg-pNA (S-2238), p-Val-Leu-Arg-pNA (S-2266), <Glu-Gly-Arg-pNA
(S-2444) and p-Phe-Pip-Arg-pNA (5-2238), respectively. Fibrin and fibrino-
gen were used as substrates for PL and TH, respectively. IC,, values were
determined as follows: 1) Antiamidolytic assay'®; the IC,, value was taken
as the concentration of inhibitor which reduced the absorbance at 405 nm by
50% compared with the absorbance measured under the same conditions
without inhibitor. 2) Antifibrinolytic assay'®; the IC,, value was taken as the
concentration of inhibitor which prolonged the complete lysis time two-fold
compared with that without inhibitor. 3) Antifibrinogenolytic assay: to a bo-
rate saline buffer (pH 7.4) was added solutions containing various concen-
trations of the inhibitor to be tested (0.5 ml), 0.2% bovine fibrinogen in the
above buffer (0.4 ml), and bovine TH 4 U/ml (0.1 ml). The assay was carried
out at 37 °C and the clotting time was measured. The ICy, value was taken as
the concentration of inhibitor which prolonged the clotting time two-fold
compared with that without inhibitor.
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