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[D-Arg®ldermorphin and nineteen N-terminal tetrapeptide analogs were synthesized by a
conventional solution method and their analgesic activities after subcutaneous administration to
mice were examined. The analgesic effect was assessed by means of the tail pressure test. [D-
Arg’ldermorphin was found to have analgesic potency equal to or slightly greater than that of
dermorphin. The N-terminal tetrapeptide, H-Tyr-pD-Arg-Phe-Gly—-OH (I), showed a potency 4.8
times that of morphine and comparable with that of dermorphin on a molar basis. Among the
tetrapeptide analogs, several analogs in which Gly* was replaced by sarcosine or D-Ala exhibited
very potent activity more than that of I. On the other hand, replacement of Gly* by Pro, Leu or D-
Leu resulted in a marked decrease in potency. Replacement of either Phe® by other aromatic amino
acid or D-Arg? by other basic D-amino acid gave analogs with greatly decreased activities. However,
one analog whose guanidino functionality on pD-Arg? was blocked by a nitro group, showed activity
one-third that of the parent peptide (I). On the basis of these results, the structure—activity
relationship for the tetrapeptide is discussed.

Keywords——[D-Arg?]dermorphin; N-terminal tetrapeptide analog; peptide synthesis; anal-
gesic activity; subcutaneous administration; tail pressure test; structure—activity relationship

Dermorphin (H-Tyr-p-Ala-Phe-Gly-Tyr-Pro—Ser-NH,), isolated from the skin of
South American frogs, has potent opioid activity.” Studies on its structure—activity re-
lationship have revealed that the N-terminal tetrapeptide is the minimum sequence for the
opioid activity.” On the other hand, it has been reported that enkephalin analogs having the
Tyr!-D-Arg? sequence possess potent analgesic activities after intracisternal® or intravenous®
administration. We have therefore become interested in the effect of the introduction of a
basic amino acid, D-Arg, into the dermorphin molecule on the analgesic properties. Thus, a
tetrapeptide analog of dermorphin, H-Tyr-D-Arg-Phe-Gly—OEt, has been found to possess a
very potent analgesic activity after intracerebroventricular administration in mice” and some
of its analogs were reported in a preliminary communication to have outstandingly potent
analgesic activities exceeding that of morphine even after subcutaneous administration.”

In the present paper, we describe the synthesis and the analgesic activity of [D-
Arg?]ldermorphin and nineteen N-terminal tetrapeptide analogs, and discuss the structure—
activity relationship for the tetrapeptide. All the analogs were synthesized by the conventional
solution method. Synthesis of [D-Arg?]dermorphin was carried out according to the route
illustrated in Fig. 1.

Boc-D-Arg(Tos)-OH was coupled with H-Phe-Gly~OEt by the DCC-HOBt method®
to give Boc-D-Arg(Tos)-Phe—Gly—OEt (1) which, after treatment with 4N hydrochloride in
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Fig. 1. Synthetic Route to [D-Arg®]dermorphin

dioxane, was coupled with Boc-Tyr—OH by the same method to give Boc-Tyr-D-Arg(Tos)-
Phe-Gly-OFt (2). Compound 3 was coupled with H-Tyr-Pro—Ser—-NH,'? by means of WSCI
and HOBt to give Boc-Tyr-D-Arg(Tos)-Phe-Gly-Tyr-Pro-Ser—-NH, (4). Deprotection of 4
was carried out by using the trifluoromethanesulfonic acid-thioanisole system as a deblocking
reagent.!” Crude peptide thus obtained was purified by column chromatography on
carboxymethyl cellulose and partition chromatography on Sephadex G-25.12

Nineteen analogs of the N-terminal tetrapeptide were synthesized by stepwise addition of
single Boc-amino acids starting from the corresponding amino acid methyl, ethyl or benzyl
ester in essentially the same manner as described for the preparation of 2. The tetrapeptide
analogs synthesized were as follows, H-Tyr-D-Arg-Phe-X-OY (I: X=Gly, Y=H. II: X=
Gly, Y=Et. III: X=Gly, Y=n-Pr. IV: X=Sar, Y=H. V: X=Sar, Y=Me. VI: X=S8ar, Y=
Et. VII: X=p-Ala, Y=H. VIII: X=Pro, Y=H. IX: X=Leu, Y=H. X: X=D-Leu, Y =Me),
H-Tyr-p-Arg-X-Gly-OY (XI: X=Phe(NO,), Y=Et. XII: X=Tyr, Y=H. XIIl: X=Trp,
Y =Et), H-Tyr-p-Arg-p-Phg-Sar-OEt (XIV), H-Tyr-X-Phe-Gly-OY (XV: X=L-Arg, Y=
H. XVI: X=p-Arg(NO,), Y=Et. XVII: X=p-Har, Y=Et. XVIIl: X=b-Lys, Y=Et), H-
Tyr(Et)-D-Arg-Phe-Gly-OEt (XIX). For the synthesis of six analogs (I-—VI), two tetrapep-
tide intermediates, 2 and 7, were built up as described above and saponified with 1 N sodium
hydroxide, affording 3 and 8. The resulting tetrapeptide intermediates were led to the esters, 9
and 10, by treatment with corresponding alkyl halide in the presence of potassium fluoride.'*
These six intermediate tetrapeptides (2, 3 and 7-—10) were deprotected by treatment with the
trifluoromethanesulfonic acid—thioanisole system. In the case of the syntheses of analogs VII,
VIII, IX, XII and XV, a nitro group for the guanidino function of the L- or D-Arg side chain
and a benzyl group for the carboxyl function of the corresponding C-terminal amino acid
were used; these groups can be removed simultaneously by catalytic hydrogenolysis. For the
synthesis of analog XIX, a nitro group for the p-Arg side chain was used and deprotection of
the tetrapeptide intermediate (41) was carried out by treatment with 4 N hydrochloride in
dioxane followed by catalytic hydrogenolysis. The other analogs having D-Arg at position 2
were prepared with the tosyl group for side chain protection and by deprotection of the
tetrapeptide intermediates with the trifluoromethanesulfonic acid—thioanisole system. For the
synthesis of analog XIII, 31 was treated first with the deblocking reagent described above and
then with the methanesulfonic acid-thioanisole system'¥ to complete removal of the N'-
formyl group on the Trp residue. Analog X VII was prepared by guanidylation of Boc-Tyr—D-
Lys—Phe—Gly—OEt, derived from 40 by catalytic hydrogenolysis, with 3,5-dimethylpyrazole-1-
carboxamidine in dimethylformamide followed by treatment with 4N hydrochloride in
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TaBLE 1. Physicochemical Properties of Intermediates
Analysis (%)
Compound Structure op [odp® RAD Formula Caled (Found)
No. °C)
C H N

5 H-Phe-Sar-OEt- HCl 121—123 —0.2° 0.23 C,,H,(N,O;- 5540 7.13 945
HCl (55.89 7.04  9.31)

6 Boc-D-Arg(Tos)-Phe- 85—89 —-0.5° 0.62 C,,H,N,O,S 5645 7.18 11.95
Sar-OEt (56.95 6.87 12.46)

7 Boc-Tyr-p-Arg(Tos)— 114—118 +74° 0.76 C,HssN,0,,S 5857 659 11.34
Phe-Sar-OFt (58.76  6.62 11.70)

8 Boc-Tyr-p-Arg(Tos)— 127—132 +8.0° 0.52 C,;,H;N,0,,S 5791 6.11 11.81
Phe-Sar-OH _ (57.83 6.35 12.11)

9 Boc-Tyr-p-Arg(Tos)— 168—169 —84° 0.87 C,Hi;N,0,,S 5859 645 11.51
Phe-Gly—O-n-Pr (58.76 6.62 11.70)

10 Boc-Tyr-p-Arg(Tos)- 111—114 +8.1° 0.68 C,H;;N,0,,S 57.70 639 1220
Phe-Sar-OMe (58.31 6.48 11.90)

11 Boc-Phe-p-Ala-OBzl 83—84 +12.8° 0.74 C,,H;,N,O4 67.58 7.06  6.60
(67.58 7.09 6.57)

12 Boc-D-Arg(NO,)-Phe- 85—88 —4.3°  0.58 C,;,H,N,O4 57.80 6.89 15.03
Dp-Ala~OBzI (5740 6.58 15.62)

13 Boc-Tyr-p-Arg(NO,)- 97—100 +7.3° 0.71 C;,HNgO, 58.94 6.77 13.80
Phe-p-Ala-OBzl . (59.23 6.37 14.17)

14 H-Phe~Pro—OBzl- HCI1 135—137 —-28.6° 0.49 C,,H;;N,O,- 63.32 6.13  6.50
HCI (63.37 6.04 6.72)

15 Boc—D-Arg(NO,)-Phe- 98—101  +40.8° 0.49 C;,H3N,Oq 58.62 6.49 1441
Pro—OBzl (58.79 6.63 15.00)

16 Boc-Tyr-p-Arg(NO,)- 119—121 —-12.0° 0.63 C,H,,NgO,, 59.85 6.38 13.40
Phe-Pro—OBzl (60.28 6.42 13.72)

17 H-Phe-Leu—OBzl- HCI 154—156  —15.6° 0.76 C,,H,;N,0;" 65.32 7.28  6.80
HCl (6524 722  6.92)

18 Boc—D-Arg(NO,)-Phe- 96—100  —27.3° 0.65 C;;H,;N,Oq 59.31 7.24 14.22
Leu-OBzl (59.18 7.07 14.64)

19 Boc-Tyr-p-Arg(NO,)- 107—109 —11.4° 0.82 C,,H;(N;O,, 59.99 6.80 13.07
Phe-Leu-OBzl (60.56 6.78 13.45)

20 Boc-Phe-p-Leu—OMe 134—136  +23.3° 0.63 C, H;;N,O; 63.94 806 7.27
(6426 822  7.14)

21 Boc—D-Arg(NO,)-Phe— 106—109 +6.3° 047 C,,H;3N,Oq 5418 7.26 16.12
p-Leu-OMe ‘ (54.62 730 16.52)

22 Boc-Tyr-pD-Arg(NO,)— 114—117  +26.4° 0.67 C;¢Hs;,NgOyy 56.70 7.00 14.42
Phe-D-Leu—-OMe (57.13 693 14.81)

23 Boc-Phe(NO,)-Gly-OEt 128—129 —1.9° 0.57 C;gH,sN;0, 5457 6.41 10.62
(54.67 6.37 10.63)

24 Boc-D-Arg(Tos)- 117—118 —158° 0.55 C;H;N,0,,S 5249 6.14 13.76
Phe(NO,)-Gly—OEt (52.75 6.14 13.89)

25 Boc-Tyr-p-Arg(Tos)- 125—130 +2.3° 071 C,H,;,N;O,,S 5497 6.05 12.63
Phe(NO,)-Gly-OEt (55.29 6.03 12.90)

26 Boc-Tyr(Bzl)-Gly—OBzI1 91—93 +2.2° 0.73 C;,H3,N,0q 69.11 672 5.64
(69.48 6.61 5.40)

27 Boc-D-Arg(NO,)- 89—92 —8.1° 0.65 C;,H,sN,Oq 61.21 6.53 1298
Tyr(Bzl)-Gly-OBzi (61.07 630 13.62)

28 Boc-Tyr-D-Arg(NO, )~ 102106 +9.9° 081 C,HyNgO,,- 6037 6.19 12.06
Tyr(Bzl)-Gly-OBz] H,0 (5999 627 12.44)

29 Boc-Trp(CHO)-Gly—-OEt 59—61 —-2.3° 0.58 C,;H,;N;O4 60.60 6.57 10.23
(60.42 6.52 10.07)

30 Boc—D-Arg(Tos)- 102—104 —109° 0.55 C;,H,sN,O,8 56.62 639 13.20
Trp(CHO)-Gly-OEt (56.10 6.23 13.47)
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TaBLE I. (continued)

Analysis (%)

Conlg)(iund Structure (ronéy) [alp® RV Formula Caled (Found)
C H N
31 BocTyr—p-Arg(Tos)- 136140  —0.7° 0.62 C,H,N;O,,S 5844 640 1240
Trp(CHO)-Gly-OEt (5796 6.11 12.50)
32 Boc-D-Phg-Sar-OEt 113114 —32° 053 C,gH,N,0;  61.59 7.60  8.00
(61.70 748 8.00)
33 Boc—D-Arg(Tos)- 95—97 +7.3° 054 C;HNOgS 56.79 7.09 12.19
D-Phg—-Sar-OEt (56.34 671 12.72)
34 Boc-Tyr-p-Arg(Tos)- 119122 +58° 057 C,HyN,0,,8 5795 649 11.53
p-Phg-Sar-OFt (5831 6.48 11.90)
35  Boc-Arg(NO,) Phe Gly-  87-90  —20.1° 051 C,Hy,N.O; 5660 635 1636
OBzl (56.76 6.41 15.98)
36 Boc-TyrArg(NO,)- 112114 —20.5° 050 C,H,NgO,,  58.35 621 1455
Phe-Gly—-OBzl (58.75 6.23 14.43)
37 Boc--Arg(NO,)-Phe— 95100 —182° 047 C,H,N,0, 5279 667 1721
Gly-OEt (5226 6.76 17.78)
38  Boc-Tyr-p-Arg(NO,)- 124127 +39° 059 C,H,N;O;, 5544 669 15.46
Phe-Gly-OEt (5545 6.49 15.68)
39 Boc-D-Lys(Z-Cl)-Phe- 8687  —7.6° 0.64 C,,H,CIN,O, 59.02 686 855
Gly-OEt (59.38  6.70 8.66)
40  Boc-Tyr—p-Lys(Z-Cl)- 124126  +2.0° 0.72 C,Hy,CIN,O,, 60.62 628  8.64
Phe-Gly-OEt (60.76  6.47 8.64)
41 Boc-Tyr(Et)-p-Arg(NOp)~ 105110  +1.1° 062 Cy;HyNgO,, 5679 699 15.15
Phe-Gly-OEt (56.59 6.79 15.09)

a) Optical rotations were measured in MeOH (c=1) at 20—23°C. b) See Experimental.

dioxane. Purification of tetrapeptide analogs was performed by column chromatography on
carboxymethyl Sepharose and Toyopearl HW-40 and/or partition column chromatography
on Sephadex G-25. The homogeneity of each peptide was checked by thin-layer chromatog-
raphy (TLC), elemental analysis and amino acid analysis. Analytical data for intermediates
and target peptides are shown in Tables I and 11, respectively.

The analgesic activities of [D-Arg®]dermorphin and the tetrapeptide analogs were
measured in mice by means of the tail pressure test'> after subcutaneous administration and
compared with those of morphine and the parent peptides. As shown in Table III, [D-
Arg’ldermorphin was found to have analgesic potency equal to or slightly greater than that of
dermorphin in the present assay system. Although only a few analogs have been prepared for
structure-activity studies relating to position 2 in dermorphin,'® the p-Ala? residue has been
considered to be of great importance for the activity. This is the first report of a replacement
of D-Ala’ that retains the potency comparable to dermorphin.

Analgesic activities of the tetrapeptide analogs are listed in Table IV. The N-terminal
tetrapeptide of [D-Arg?Jdermorphin, I, showed a very pronounced analgesic activity which is
slightly higher than that of dermorphin or [D-Arg?Jdermorphin and approximately 5 times
that of morphine. The potency of analogs in which Gly* of I is replaced by Sar or p-Ala was
considerably increased, presumably due to enhanced stability against peptidases. However,
replacing Gly* of I by Pro, Leu or even D-Leu gave analogs (VIII—X) with markedly low
potency. These results seem to suggest that the presence of an amino acid having a small side
chain is needed at position 4 for high activity and conversely a bulkier amino acid at position 4
induces lower potency. A similar phenomenon was also observed regarding the effects of the
C-terminal substituent groups of analogs V and VI; both of them (formed by esterification of
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TaBre II. Physicochemical Properties of Tetrapeptide Analogs

Analysis (%)
Calcd (Found)

AnNaolog [alp® Rf'® Rf?Y Formula Amino acid anal.
C H N
I +36.0° 028 0.57 ChHasN,O,- 5134 667 1415 Gly 1.00 Tyr 0.83
2CH,COOH-2H,0 (51.64 6.79 14.05) Phe 098 Arg 0.92
1 +319° 052 074 ChHyuN,O,- 5430 725 1337 Gly 1.00 Tyr 0.86
2CH,COOH-H,0 (5430 698 13.85) Phe 094 Arg 1.05
M +262° 057 0.74 CyH, N0, 5497 7.16 1387 Gly 1.00 Tyr 0.82
2CH,COOH-H,0 (5491 7.12 13.58) Phe 100 Arg 0.92
IV +4452° 030 0.59 C,,Hs,N,O- 5243 701 1422 Sar 1.03° Tyr 083
2CH,COOH 2H,0 (52.31 6.94 13.78) Phe 1.09 Arg 0.93
\ +382° 041 072 CpgHzoN,04- 5433 702 1436 Sar 094 Tyr 0.89
2CH,COOH-H,0 (5430 6.98 13.85 Phe 1.00 Arg 1.09
VI 4+41.0° 048 0.73 CpH, N0, 5421 743 1375 Sar 101 Tyr 091
2CH;COOH-3H,0 (54.08 7.43 13.38) Phe 1.00 Arg 1.05
VII  439.7° 033 072 C,H,;,N,0,- 5220 671 1418 Ala 105 Tyr 092
CH,COOH-3H,0 (52.00 7.07 14.64) Phe 1.05 - Arg 097
VIII  +22.0° 034 0.64 C;0H;,N,Oq- 5376 690 1342 Pro 1.06 Tyr 092
2CH,COOH-H,0 (53.82 691 12.92) Phe 1.00 Arg 0.98
IX  4226° 043 073 CyoHyuN,O,- 5499 6.88 1337 Leu 1.00 Tyr 0.86
2CH,COOH-H,0 (5550 7.26 13.34) Phe 0.99 Arg 0.98
X +509° 046 081 CyH, N0, 5620 7.32 1332 Leu 1.00 Tyr 0.96
2CH,COOH-H,0 (56.06 7.39 13.08) Phe 099 Arg 0.99
XI +33.8° 046 0.81 C,gH;gNgOq- 4779 639 1328 Tyr 097  Phe(NO,) 0.939
SCH,COOH -4H,0 (47.36 6.74 13.39) Gly 1.04 Arg 0.99
XN +337° 026 0.58 CyeHyN,O,- 5028 632 1395 Gly 1.08 Tyr 1.97
. 2CH,COOH-2H,0 (5048 6.64 13.74) Arg 0.95
XTI +12.1° 041 0.67  CyoH,oNgO,- 5553 6.66 1505 Gly 1.02 Tyr 1.00
2CH,COOH-3H,0 (5535 6.69 15.19) Arg 098 Trp 0.849
XIV  +57.4° 037 072 ChHy;N,0,- 5376 7.9 1342 Sar 093 Phg 1.10
2CH,COOH-3H,0 (53.62 7.03 13.68) Tyr 092 Arg 110
XV 47.0° 026 057 C,eHuN,0,- 5401 667 1621 Gly 1.00 Tyr 091
CH,COOH-H,0 (5427 6.67 15.82) Phe 098 Arg 1.01
XVI  +260° 0.64 086 CgHyNyOy- 5231 584 1599 Gly 113 Tyr 091
CH,COOH-H,0 (5201 640 16.18) Phe 098 Arg 0.97
XVII  +26.6° 043 0.77 ChoHyN,Oq 5558 724 1400 Gly 1.00 Tyr 095
2CH,COOH-1H,0 (5560 7.07 13.76) Phe 1.00 Har 0.98"
XVIII +21.4° 0.39 0.72 C,gH;oN;Oq¢- 57.70  7.41 1046 Gly 1.04 Tyr 0.94
2CH,COOH-YH,0 (57.30 721 10.44) Phe 1.00 Lys 0.96
XIX  4+27.7° 041 079 CsoH,sN,Oq: 5597 678 1374 Gly 1.00 Tyr 0.609

2CH,COOH-3H,0 (56.18 7.21 13.49) Phe 095 Arg 098

a) Optical rotations were measured in H,O (¢c=1) at 20—23°C. b) See Experimental. c) See ref. 20. d) Value after
hydrolysis with 4m CH;SO,H. ¢) Theé low recovery of Tyr is due to incomplete hydrolysis of H-Tyr(Et)-OH (see ref. 20).

IV) showed a significant decrease in potency as compared with IV. Introduction of a nitro
substituent at the para-position of the Phe® aromatic ring resulted in a considerably reduced
activity in accord with the results for [Phe(NO,)*ldermorphin in in vitro assays.!” Analogs in
which Phe? is replaced by other aromatic amino acids also exhibited greatly reduced activities,
suggesting that the Phe residue at position 3 is of crucial importance for the activity.
Replacement of D-Arg? by its L-antipode, XV, resulted in complete loss of the activity even at
higher doses (up to 20 mg/kg). Blocking of the guanidino functionality on D-Arg? gave analog
XVI, which was 3 times less potent than the parent peptide (II). The analgesic effect of this
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Tasie III.  Analgesic Activity of [D-Arg?}dermorphin after Subcutaneous
Administration to Mice
EDg,? Relative
Compound (mg/kg, s.c.) potency?”
Morphine - HC1 6.2 (4.1-—9.4) 1.0
Dermorphin 4.6 (3.4—6.3) 33
[D-Arg*ldermorphin 3.5(2.8—4.4) 5.1

a) 959 confidence limits are given in parentheses.

TaBLE IV. Analgesic Activities of Tetrapeptide Analogs after
Subcutaneous Administration to Mice

b) Relative potency is on a molar basis.

Analog Peptide Peak Relative ED,," Relative
No. time” potency? (mg/kg, s.c.) potency?
Morphine- HCI 30 1.00  6.20 (4.08—9.42) 1.0
H-Tyr-p-Ala-Phe-Gly-OH? 30 0.25 21.00 (13.73—31.46) 0.4
1 H-—>b-Arg——OH 45 >1.37  2.40 (1.46—3.96) 4.8
1I H D-Arg OEt 45 >1.37  2.40 (1.20—4.80) 4.9
III H D-Arg OPr 45 >1.37 . 1.60 (0.98—2.62) 7.5
v H D-Arg Sar—-OH 45 >1.37  0.55(0.33—0.92) 21.4
v H—nb-Arg —Sar-OMe 45 >1.37 1.15 (0.59—2.23) 10.1
A" H—np-Arg Sar-OEt 45 >1.37 1.30 (0.94—1.81) 9.3
VII H-—pD-Arg D-Ala-OH 45 >1.37 1.45 (0.99—2.10) 7.6
VIIIT H—o>D-Arg Pro-OH 30 0.15 — —
IX H—Dp-Arg Leu—-OH 45 0.11 — —
X H—np-Arg p-Leu-OMe 30 0.36 — —
XI  H——p-Arg-Phe(NO,) -OEt 30 0.19 — —
X1I H—oD-Arg-Tyr OH 30 0.28 — —
XTI  H—pbp-Arg-Trp —OEt 30 0.39 — —
XIV H— p-Arg D-Phg-Sar-OEt 15 0.09 — —
XV H L-Arg —OH — 0 — —
XVl H—p-Arg(NO,) —OEt 30 081  8.00 (5.71—11.20) 1.6
XVl H p-Har OEt 15 0.36 — —
XVIII H D-Lys OEt 45 0.19 — —
XIX H-Tyr(Et)-p-Arg OEt 15 0.11 — -

a) Time (min) to the onset of the highest % of maximum possible effect (/,MPE).

b) The highest

%MPE of each peptide was compared with that of morphine at a dose of 10mg/kg, s.c. (morphine=

1.00).

¢) 95% confidence limits are given in parentheses.
with that of morphine on a molar basis.

d) EDs, value of each peptide was compared
e) This peptide was also synthesized as a reference peptide by

essentially the same method as described for the preparation of analog I; [a]3' +65.2° (¢=1, 2N AcOH), Anal.
Calcd for C,3H,5N,O4-2H,0: C, 56.09; H, 6.55; N, 11.38. Found: C, 56.38; H, 6.32; N, 11.40.

analog in the tail flick test is 1.8 times as potent as that of morphine (EDs,: 2.20 mg/kg, s.c.,
unpublished data) and this potency is nearly equal to that of H-Tyr—bD-Met(O)-Phe-Gly-OEt
in the tail flick test reported by Kiso ef al.'® These results are very suggestive of a profound
contribution of the positively charged guanidino group on D-Arg? to high potency. Moreover,
the facts that analogs in which D-Arg? is replaced by D-Har or D-Lys exhibited short-lived or
very weak activity suggest that not only the guanidino function but also the side chain length
of the p-Arg residue is of critical importance for the potency. Ethylation of the phenolic
hydroxyl group on Tyr! gave analog XIX with a very weak activity, analogously with a result
obtained for [Tyr(Me)']dermorphin.'?

Since the analgesic effect of the most active tetrapeptide analog (IV) is completely
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abolished by pretreatment with naloxone (0.5 mg/kg intraperitonially), the potent activity
produced by this series of tetrapeptide analogs seems to be due to their direct action on the
opiate receptors in the brain. Details of the pharmacological studies will be reported in a
following paper.

Experimental

All melting points are uncorrected. Optical rotations were determined with a JASCO DIP-140 polarimeter.
Amino acid analyses were performed on a Hitachi model 835 amino acid analyzer using a high-separation column.?”
TLC was performed on silica gel plates (Kieselgel GF,s,, Merck) with the following solvent systems: Rf*, 1-BuOH-
AcOH-H,0 (4:1:5, upper phase); Rf?, 1-BuOH-pyridine~AcOH-H,0 (15:10:3:12). The Boc group of all
intermediates was removed by 4N HCI-DOX treatment before TLC.

Boc-D-Arg(Tos)-Phe-Gly-OEt (1)—DCC (1.8g) was added to a solution of Boc-D-Arg(Tos)-OH (3.4g),
HOBt (1.2g) and HBr-H-Phe-Gly—OEt [derived from Z-Phe-Gly-OEt*? (3.1g) by 15% HBr-AcOH] in DMF
(10ml) containing TEA (1.2ml) at 0°C, and the mixture was stirred at 5°C overnight. A few drops of AcOH were
added and the whole was stirred further for 30 min at room temperature; DC-urea that appeared was filtered off. The
filtrate was diluted with H,O (80 ml) and extracted twice with EtOAc (40 ml). The extract was washed well with 1N
citric acid, 1 N NaHCO, and H,0, dried over MgSO,, and then evaporated to dryness in vacuo. The resulting residue
was recrystallized from EtOAc; yield 4.5 g (86%), mp 110—112°C, [a]2® —20.5° (c=1, MeOH). Rf* 0.66. Anal. Calcd
for C4;H,,N;O,S: C, 56.35; H, 6.71; N, 12.72. Found: C, 56.56; H, 6.65; N, 12.66.

- Boe~Tyr—p-Arg(Tos)-Phe-Gly~OEt (2)——Compound 1 (1.52 g) was treated with 4 N HCI-DOX (8 m}) at room
temperature for 30 min, then the solution was evaporated to dryness in vacuo. The excess HC] was removed by
repeated evaporation with fresh DOX in vacuo. The resulting residue was dissolved in DMF (5 ml) containing TEA
(0.32ml), then Boc-Tyr—OH (0.62 g) and HOBt (0.30 g) were added, followed by DCC (0.47 g) at 0°C. After being
stirred at 5 °C overnight, the mixture was worked up in the same manner as described for the preparation of 1. The
resulting product was recrystallized from 2-propanol; yield 1.71 g (95%), mp 166—169 °C, [u]Z¥ —7.5° (c=1, MeOH).
Rf! 0.78. Anal. Calcd for C,oHs3N,0,,S: C, 58.31; H, 6.48; N, 11.90. Found: C, 58.29; H, 6.61; N, 11.43.

Boc~Tyr-p-Arg(Tos)-Phe-Gly—OH (3)——A solution of 2 (5.53g) in H,O (3ml)-MeOH (10ml) was treated
with 2~ NaOH (3.4ml) and the mixture was stirred at room temperature for 40 min, then diluted with H,O (60 ml)
and washed twice with EtOAc. The aqueous phase was chilled, acidified with solid citric acid and extracted twice with
EtOAc (50 ml). The extract was washed well with H,O, dried over MgSO, and evaporated to dryness in vacuo. The
resulting product was reprecipitated from EtOAc-abs. ether; yield 4.6 g (86%), mp 134—140°C, [a]3} —3.6° (c=1,
MeOH). Rf! 0.54. Anal. Caled for C33H,oN,0,,S: C, 57.34; H, 6.21; N, 13.32. Found: C, 56.96; H, 6.20; N, 11.92.

Boc-Tyr-p-Arg(Tos)-Phe-Gly~Tyr—Pro—Ser-NH, (4)——WSCI (80 mg) was added to a solution of 3 (320 mg),
CF,COOH - H-Tyr-Pro-Ser-NH,'” (191 mg) and HOBt (54 mg) in DMF (2ml) containing TEA (0.06ml) at 0°C
and the mixture was stirred at 5°C for 40 h, diluted with H,O (20 ml) and extracted twice with 1-BuOH (10 ml). The
extract was washed with 1-BuOH-saturated 1 N AcOH ( x 3) and 1-BuOH-saturated H,O ( x 3), then evaporated to
dryness in vacuo to give an oily residue, which was crystallized from abs. ether and precipitated from MeOH-EtOAc-
abs. ether; yield 405mg (84%), mp 155—157°C, [a]}® —15.7° (c=1, MeOH). Rf* 0.45. Anal. Caled for
CssH, N;,0,,8: C, 57.83; H, 6.27; N, 13.49. Found: C, 57.54; H, 6.11; N, 12.94.

H-Tyr-D-Arg—Phe-Gly-Tyr-Pro—Ser-NH, A solution of 7 (230 mg), o-cresol (50 mg) and thioanisole (1 ml)
in CF;COOH (3ml) was treated with CF,SO;H (0.3ml) and the mixture was stirred at room temperature for
100 min, then concentrated to a small volume in vacuo. To this solution, abs. ether (30 ml) was added. The resulting oil
was washed well with abs. ether, and dried in vacuo. The residue was dissolved in H,O (3ml), and the solution was
treated with Dowex 1 x 2 (AcOH form) resin (8 g by wet weight) for 30 min. After removal of the resin by filtration,
the filtrate was lyophilized. The product was dissolved in H,0 (0.5ml) and the solution was applied to a column
(2 x 11 cm) of CM-cellulose. The column was eluted first with 0.1 M pyridinium acetate buffer (pH 5.10, 150 ml) and
then with a linear gradient formed from 0.35 M pyridinium acetate buffer (pH 5.10, 300 ml) through a mixing chamber
containing 0.1 M pyridinium acetate buffer (pH 5.10, 300 ml). Fractions of 5.5ml each were collected and tubes No.
90—105 (numbering from the starting point of gradient elution) were pooled and lyophilized. The product thus.
obtained was applied to a column (2.5 x 45 cm) of Sephadex G-25 preequilibrated with the lower phase of 1-BuOH-
AcOH-H,O (4:1:5) and eluted with the upper phase of the same solvent system. Fractions of 5.3ml each were
collected and tubes No. 28—40 were pooled, and evaporated to dryness. The residue was lyophilized from H,O; yield
95mg, [a}f —16.5° (¢=1, H,0). Rf*! 0.32, Rf? 0.60. Anal. Caled for C,3H;,N,;0,,-2CH;COOH -4H,0: C, 52.26;
H, 6.81; N, 14.27. Found: C, 52.66; H, 6.56; N, 13.80. Amino acid analysis (6 N HCI): Ser 0.92; Gly 1.00; Tyr 1.86; Phe
0.97; Arg 1.03; Pro 1.05; NH; 1.06 (recovery 88%).

Boc-Tyr-p-Arg(Tos)-Phe-Gly—O-n-Pr (9) A solution of 2 (177mg) and KF (30mg) in DMF (2ml) was
treated with n-propylbromide (0.04 ml) and the mixture was stirred at room temperature for 2 d, then extracted twice
with EtOAc (10ml). The extract was washed well with 5% Na,CO,, H,0, dried over MgSO, and evaporated to
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dryness. The product was reprecipitated from EtOAc-abs. ether; yield 110mg (61%).

Boc-Tyr—pD-Arg(Tos)-Phe-Sar—-OMe (10)——This compound was prepared from 8 (405 mg), KF (60 mg) and
methyliodide (0.07 ml) in the same manner as described for the preparation of 9; yield 290 mg (70%).

H-Tyr-p-Arg—-Phe-Gly—-OH (I)——Compound 3 (150 mg) was treated with the CF,SO;H—thioanisole system in
the same manner as described for the preparation of [D-Arg?]dermorphin. The crude peptide thus obtained was
applied to a column (2x 10cm) of CM-cellulose, which was eluted with a linear gradient formed from 0.12M
pyridinium acetate buffer (pH 5.10, 300 ml) through a mixing chamber containing H,O (300 ml). Fractions of 6 ml
each were collected and tubes No. 54—60 were pooled and lyophilized; yield 76 mg.

Analog IV was prepared in essentially the same manner as described above. Analogs II, ITI, V, VI, XI and XIV
were also prepared from the corresponding tetrapeptide intermediates, 2, 9, 10, 7, 25 and 34, in essentially the same
manner as described above, and the purification of these peptides was performed in the same manuer as described for
[D-Arg?]dermorphin.

H-Tyr-p-Arg—Phe-p-Ala-OH (VII)——Compound 13 (300 mg) was treated with 4N HCI-DOX (5ml) at room
temperature for 30 min, then the solution was evaporated to dryness. The resulting residue was dissolved in H,O
(15ml) and hydrogenated overnight in the presence of 109, Pd~C (100 mg). After removal of the catalyst through
celite, the solution was treated with Dowex 1x2 (AcOH form) resin (10g by wet weight) and lyophilized. The
product was applied to a column (2 x 9 cm) of CM-cellulose, which was eluted with a linear gradient formed from
0.15 M pyridinium acetate buffer (pH 5.0, 300 ml) through a mixing chamber containing H,O (300 ml). Fractions of
5ml each were collected and tubes No. 67—78 were pooled and lyophilized. The partially purified product was
applied to a column (2.5 x 45 cm) of Toyopearl HW-40, which was eluted with 2%, AcOH. Fractions of 7ml each were
collected and tubes No. 33-—50 were pooled and lyophilized; yield 100 mg.

Analogs VIII, IX, XII, XV, XVIII and XIX were prepared from the corresponding tetrapeptide intermediates,
16, 19, 27, 36, 40 and 41, in essentially the same manner as described above.

H-Tyr-p-Arg-Trp~Gly-OEt (XIII)——Compound 31 (89 mg) was treated with the CF;SO;H-thioanisole
system as described for the preparation of [D-Arg*Jdermorphin. The resulting oily residue was dissolved in CH;SO;H
(0.7 ml) containing thioanisole (0.08 ml) and ethanedithiol (0.04 ml) and the whole was stirred at room temperature
for 90 min, then abs. ether was added. The oily residue thus obtained was washed with abs. ether and dried in vacuo.
The crude peptide was purified by column chromatography on CM-cellulose in a manner similar to that used for [D-
Arg?]dermorphin, and then on Toyopearl HW-40 in a manner similar to that described for analog VII; yield 15 mg.

H-Tyr-p-Arg(NO,)-Phe-Gly-OEt (XVI) Compound 38 (200 mg) was treated with 4 N HCI-DOX (8 ml) at
room temperature for 30 min, then the solution was evaporated to dryness in vacuo. The resulting residue was treated
with Dowex 1 x 2 (AcOH form) resin (5 g) in 40% EtOH (20ml) and then applied to a CM-Sepharose column. The
column (2 x 11 cm) was eluted with a linear gradient formed from 0.15M pyridinium acetate in 309, EtOH (pH 5.30,
300 ml) through a mixing chamber containing 30%, EtOH (300 ml). Fractions of 4 ml each were collected and tubes
No. 60—90 were pooled and lyophilized. The product was applied to a column (2.5 x 35cm) of Sephadex LH-20,
which was eluted with 2%, AcOH in 50, EtOH. Fractions of 6.2 ml each were collected and tubes No. 28-—33 were
pooled, evaporated to dryness and lyophilized from H,O; yield 130 mg.

H-Tyr-p-Har-Phe-Gly-OEt (XVII) Compound 40 (405mg) was dissolved in MeOH (20ml) -and hy-
drogenated in the presence of 109 Pd—C in the usual manner. The de-carbobenzoxylated compound (270 mg) was
dissolved in DMF (1 ml) and combined with a solution of 3,5-dimethylpyrazole-1-carboxamidine nitrate (201 mg) in
DMF (1 ml) containing TEA (0.16 ml). The resulting mixture was stirred at room temperature for 3d, then worked up
as described for the preparation of 7, yield 275mg. The product (180mg) thus obtained was de-tert-
butoxycarbonylated by treatment with 4 N HCI-DOX in the usual manner, treated with Dowex 1 x 2 (AcOH form)
resin and then purified by column chromatography on CM-cellulose and Toyopearl HW-40 as described for the
preparation of analog XIII; yield 50 mg.

Analgesic Assay——Male Std-ddy strain mice (20—25g) were used. Mice were injected subcutaneously with
a test compound dissolved in Ringer’s solution. The analgesic effect was assessed by means of the tail pressure test
as described previously.®'> Changes in responsive tail pressure were expressed as a percentage of maximum pos-
sible effect (%, MPE) as follows: %, MPE=(P,— P,/100— P,) where P, is pre-drug responsive pressure (mmHg)
and P, is responsive pressure (mmHg) at ¢ time after drug administration. The ED,, values and 959 confidence
limits were determined by the method of Litchfield and Wilcoxon.??
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