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acetone (6 ml) and 2,2-dimethoxypropane (2 ml) was cooled in 
an ice bath and 70% perchloric acid (3 drops) was added. The 
mixture was stirred at 0° for 2 h and then was neutralized with 
2 N aqueous KOH. Insoluble material was removed by filtration 
and the filtrate was evaporated to dryness. The residue was 
dissolved in MeOH; the solution was filtered and evaporated to 
dryness. Crystallization of the product from EtOAc gave 140 mg 
(61%) of 4 with mp 163-165°: NMR (Me2SO-d6) <5 1.33 (s, 3, CHj), 
1.53 (s, 3, CH3), 6.24 (s, 1, H-l') 7.68 (br, s, 1, NH), 7.80 (br, s, 
1, NH), 8.81 (s, 1, H-5). Anal. (CiiH16N404S) C, H, N, S. 
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Deamino[4-threonine,8-D-arginine]vasopressin (dTDAVP), deamino[8-D-arginine]vasopressin (dDAVP), [8-D-
arginine]vasopressin (DAVP), and deamino-arginine-vasopressin (dAVP) were synthesized by the solid-phase method 
and tested for their biological activities. dTDAVP has an antidiuretic potency of 793 ± 95 units/mg and undetectable 
vasopressor activity, <0.02 unit/mg. The antidiuretic-pressor (A/P) ratio of dTDAVP is greater than 39 000. dDAVP 
has an antidiuretic potency of 1200 ± 126 units/mg and a vasopressor potency of 0.39 ± 0.02; its A/P ratio is thus 
3000. DAVP has an antidiuretic potency of 253 ± 44 units/mg, a vasopressor potency of 1.1 ± 0.04 units/mg, and 
an A/P ratio of 240. The A/P ratios of dDAVP and DAVP are much higher than those originally reported. dAVP 
has an antidiuretic potency of 1745 ± 385 units/mg, a vasopressor potency of 346 ± 13, and an A/P ratio of 5; values 
are in general agreement with those in the literature. Threonine substitution has thus brought about a significant 
enhancement in antidiuretic specificity, a finding entirely consistent with earlier observations that enhancement 
of lipophilicity at position 4 alone or in combination in arginine-vasopressin can lead to enhanced antidiuretic specificity. 

An investigation of the s t ruc tura l changes in 
arginine-vasopressin (AVP) which modulate antidiuretic 
activity and specificity led to the synthesis of deamino-
[4-valine,8-D-arginine]vasopressin (dVDAVP),2a a peptide 
possessing high antidiuretic activity, specificity, and in
creased duration of action. In a subsequent follow-up 

study2 b it was shown that enhanced antidiuretic-pressor 
(A/P) specificity is governed chiefly by 8-D-arginine 
substitution. Enhanced lipophilicity at position 4 and 
deamination at position 1 also contribute but to much 
lesser degrees. We wished to explore further the effects 
of enhanced lipophilicity at position 4 in combination with 
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Table I. Biological Activities of Arginine-vasopressin (AVP), [8-D-Arginine]vasopressin (DAVP), 
Deamino-arginine-vasopressin (dAVP), Deamino[8-D-arginine]vasopressin (dDAVP), 
Deamino[4-threonine]arginine-vasopressin (dTAVP), Deamino[4-threonine,8-D-arginine]vasopressin (dTDAVP), and 
Deamino[4-valine,8-D-arginine]vasopressin (dVDAVP) 

AVP° 
DAVPb 

DAVPe 

dAVPb 

dAVP** 
dDAVP6 

dDAVP6 

dDAVPc 

dTAVpf 
dTDAVP6 

dVDAVP* 

Rat uterus 
(noMg2 + ) 

13.9 ± 0.5 
1.07 ± 0.04 
0.4 

63 ± 4 
47 ± 2 
- 1 . 5 
- 6 . 6 

5.1 
10.2 ± 0.5 

1.02 ± 0.14 
- 8 

Biological activities, units/mg 

Rat uterus 
(withMg2*) 

25.5 ± 0.6 
1.02 + 0.08 

66 ± 3 
- 2 . 9 
- 3 . 9 

19.7 ± 1.8 
0.98 ± 0.35 

- 2 

Rat antidiuresis 

323± 16 
257± 35 
114 

1745± 385 
1390± 140 
1200± 126 

955± 95 
870 
758± 50 
793± 95 

1230± 170 

<+ SE 

Rat vasopressor 

369 ± 6 
1.1 ± 0.03 
4.1 

346 ± 13 
370± 20 

0.39 ± 0.02 
0.47 ± 0.02 

11 
30 ± 1 
<0.02h 

<0.01 h 

Rat antidiuretic/-
vasopressor 

1 
240 

30 
5 
4.0 

3 000 
2 000 

80 
25 

> 39 000 
>123 000 

a Values are those reported by Manning et al.20 b All assays were done by the authors and except where indicated the 
values represent units/mg of lyophilized peptides synthesized by the authors. c Values reported by Zaoral et al.4 d Assays 
done on a solution kindly supplied by Dr. B. Berde of Sandoz, Ltd., Basel. The absolute vasopressor activity of the peptide 
was assumed to be that originally reported by Huguenin and Boissonnas.6 The remaining activities were calculated on that 
basis. e Values obtained by assays on a solution kindly supplied by Dr. J. Mulder, Ferring AB Malmo, and reported in ref 
2a. ^ Manning et al.3 g Manning et al.2 h Inhibit the vasopressor response to AVP. 

8-D-arginine substitution and deamination at position 1 
on antidiuretic specificity by incorporating an amino acid 
which is more lipophilic than glutamine but less so than 
valine. We had found earlier that threonine substitution 
at position 4 in deamino-arginine-vasopressin (dAVP) 
brought about a sixfold enhancement of antidiuretic 
specificity in the resulting compound, deamino[4-
threonine] arginine-vasopressin (dTAVP).3 This compares 
favorably with the threefold enhancement of antidiuretic 
specificity brought about by substituting valine for glu
tamine in dAVP2b (Table I). In light of these findings, 
and those obtained for dVDAVP,23 it appeared worthwhile 
to determine the effects of a threonine/glutamine inter
change in dDAVP on A/P specificity and to compare the 
properties of the resulting compound deamino[4-
threonine,8-D-arginine]vasopressin (dTDAVP) with those 
of dTAVP and dVDAVP. We thus report the synthesis 
and some pharmacological properties of dTDAVP. 

During the course of our studies on the effects of D-
arginine substitution on the antidiuretic specificity of 
vasopressin analogues, we noted a discrepancy between the 
previously reported values for the antidiuretic specificities 
of [8-D-arginine]vasopressin (DAVP)4 and of dDAVP5 and 
those that we obtained for the DAVP and dDAVP samples 
we synthesized and for a sample of dDAVP received from 
another source. The low values for the antidiuretic 
specificities of DAVP and dDAVP given in these earlier 
reports4'5 have tended to obscure the profound effects of 
8-D-arginine substitution on antidiuretic specificity of 
vasopressin analogues. We thus report the synthesis and 
pharmacological properties of DAVP and dDAVP. We 
also report the first solid-phase synthesis of the highly 
potent dAVP. Its properties are also compared with those 
previously reported.6 All four peptides were synthesized 
by the Merrifield method,7'8 as adapted for the synthesis 
of oxytocin,9 [4-threonine] oxytocin,10 and dVDAVP2a as 
described in the Experimental Section. Their pharma
cological properties were evaluated by methods previously 
described.2b'u'12 

Results and Discussion 
The pharmacological properties of DAVP, dDAVP, 

dAVP, and dTDAVP are presented in Table I. The 
properties of dAVP reported here are in essential 
agreement with those previously reported.6 In comparing 

the properties of dTDAVP with those of dTAVP and 
dDAVP it can be seen that the effects of threonine sub
stitution in the 4 position of dDAVP are analogous to its 
effects when substituted in dAVP.3 In both instances 
antidiuretic and vasopressor activities were decreased but 
to differing degrees, resulting in enhanced antidiuretic 
specificity. Threonine substitution in dDAVP virtually 
eliminated pressor potency. At high doses (5 ng per rat) 
dTDAVP is a weak antagonist of the vasopressor effects 
of subsequently injected AVP, a property it shares with 
dVDAVP.2b Thus dTDAVP possesses an A/P ratio of 
>39 000, similar to that reported for dVDAVP. These 
findings further demonstrate that enhanced lipophilicity 
at position 4 contributes to enhanced antidiuretic spe
cificity. 

The original reports on the properties of DAVP and 
dDAVP gave A/P ratios of 284 and 79,5 respectively, for 
these compounds. We have obtained A/P ratios of 240 
and 3000 for DAVP and dDAVP, respectively. These 
values are much more consistent with the A/P values we 
obtained for dVDAVP,2a dTDAVP, and an independently 
synthesized sample of dDAVP (Table I). These findings 
further support the view2b that D-arginine substitution is 
by far the most effective single structural change in en
hancing A/P specificity of AVP analogues. dTDAVP has 
also been found to produce protracted antidiuresis13 in 
rats, similar to that elicited by dDAVP,14'15 dVDAVP,2a'15 

and other deamino analogues of arginine-vasopressin.15 

Activity of dTDAVP on the rat uterus was considerably 
less than that of dTAVP (Table I). This is consistent with 
the previously observed reduction in oxytocic activity seen 
when D-arginine was substituted in AVP or dAVP. The 
oxytocic activities of some D-arginine analogues were highly 
variable from one assay to the next, and the figures for rat 
uterus activities of these analogues in Table I are very 
rought estimates, at best. 

Experimental Section 
All iert-butyloxycarbonylamino acid derivatives were purchased 

from Bachem, Schwartz BioResearch, and Biosynthetica. The 
purity of each one was checked by TLC as described in ref 16. 
tert-Butyloxycarbonylglycyl resins were purchased from Schwartz 
BioResearch. The required protected peptides 1, 3, 5, and 7 were 
all synthesized with the use of the solid-phase method.7'8 Manual 
methods, following procedures previously described23,9'10 and with 
the changes noted below, were used. The individual protected 
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Table II. Protected Peptides of 8-D-Arginine-vasopressin (1), Deamino-arginine-vasopressin (3), 
Deamino-8-D-arginine-vasopressin (5) and Deamino[4-threonine]-8-D-arginine-vasopressin (7) 

_ 

Bzl-S-CH2-CH-CO-Tyr(Bzl)-Phe(X)-Asn-Cys(Bzl)-Pro(X)-Gly-NH2 
1 2 3 4 5 6 7 8 9 

Substituents in positions 

No. Formula0 Mp, °Cb 
[ a ] T D , d 

deg 

Yield,0 

on re
sin, % 

Yield0 

on am-
mono-
lysis, % 

1 
3 
5 
7 

NH-Z 
H 
H 
H 

Gin 
Gin 
Gin 
Thr(Bzl) 

D-Arg(Tos) 
L-Arg(Tos) 
D-Arg(Tos) 
D-Arg(Tos) 

H 9 7 N 1 5 0 
C , 4 H 9 0 N„O 1 4 S 3 H 2 O 
C M H M N „ 0 1 4 S } ' H Q 0 
CsoH^N^O^Sj 

2 1 6 - 2 1 7 
2 1 1 - 2 1 4 
2 0 6 - 2 0 7 . 5 
217 -220 

- 2 6 . 5 
- 3 3 . 4 
- 2 2 . 9 5 

- 6 . 0 

99.6 
61 
97.8 
33 

38 
28 
35 
16 

" Elemental analyses were performed by Galbraith Laboratories, Knoxville, Tenn. The analytical results were within 
±0.4% of the theoretical values; all compounds were analyzed for C, H, and N. b Melting points were taken in an open 
capillary and are uncorrected. c Yields are based on the initial glycine incorporation on the resin. d In DMF (c 1.0); T = 
21, 21.5, 23, 22°, respectively. 

Table III. 8-D-Arginine-vasopressin (DAVP, 2), Deamino-arginine-vasopressin (dAVP, 4), Deamino-8-D-arginine-vasopressin 
(dDAVP, 6), and Deaminol[4-threonine>8-D-arginine-vasopressin (dTDAVP, 8) 

_ _ _ _ _ _ _ _ _ _ _ _ _ 

S-CH2-CH-CO-Tyr-Phe(X)-Asn-Cys-Pro(X)-Gly-NH2 
1 2 3 4 5 6 7 8 9 

Substituents in positions 

Peptide [a]TDa 
Rf 
0.10 
0.18 
0.21 
0.24 

Yield from 
protec ted 

nonapep t ide , % 

87.0 
63.0 
77.0 
51.0 

Yield 
overall, 

%c 

33.0 
12.0 
27.0 

8.0 

DAVP 
dAVP 
dDAVP 
dTDAVP 

NH2 
H 
H 
H 

Gin 
Gin 
Gin 
Thr 

D-Arg 
L-Arg 
D-Arg 
D-Arg 

+ 2.0d 

-98.8 e 

-79 .8 ' 
-84.6 

a In 1 M acetic acid (c 0.5); T = 22, 20.5, 21, and 20.5°, respectively. b Samples run on silica gel H plates in the upper 
phase of the solvent system n-BuOH-AcOH-H20 (4:1:5 v/v, ascending). Electrophoresis in two pyridine acetate buffers of 
pH 3.5 and 6.5 gave only one spot with the platinum and ninhydrin reagents in all cases. c Based on the initial glycine 
incorporation on the resin. d Lit.4 [a]25D-23.0° (c 0.4, 1 M acetic acid). e Lit.6 [a]"u - 1 0 3 ± 2° (c 1.3, 0.1 M acetic 
acid). f Lit.5[a]25D -82 .5 ± 2° (c 0.2, 1 M acetic acid). 

intermediates were deblocked with sodium in liquid ammonia17 

and following cyclization with ferricyanide18 the desired peptides 
2, 4, 6, and 8 were purified by gel filtration on Sephadex G-15.19 

The specific details of the syntheses of the protected and free 
peptides are given below. Their physical characteristics and yields 
are presented in Tables II and III. For quantitative amino acid 
analyses samples were hydrolyzed with constant boiling HC1 in 
evacuated sealed ampules at 110° for 18 h and were analyzed by 
Arro Laboratories, Inc., Joliet, 111. 60434. All optical rotations 
were measured on a Bellingham Stanley Ltd., Model A polar-
imeter, Type PI. 

Z-Cys(Bzl)-Tyr(Bzl)-Phe-Gln-Asn-Cys(Bzl)-Pro-D-Arg-
(Tos)-Gly-NH2 (1). fert-Butyloxycarbonylglycyl resin (2.16 g, 
0.79 mmol of glycine) was treated with the appropriate tert-
butyloxycarbonylamino acids and reagents, in an eight-cycle 
procedure as described for oxytocin9 and [4-threonine]oxytocin,10 

to give the protected nonapeptide resin, wt 2.7 g. Ammonolytic 
cleavage of the protected nonapeptide resin (2.67 g) was carried 
out as described for oxytocin. The protected peptide was extracted 
with DMF and MeOH, and the solvents were removed in vacuo. 
The semisolid residue was dissolved in DMF (20 ml) and pre
cipitated by the addition of H20 (0.1 ml) to give 1 as an amorphous 
white powder: wt 400 mg; mp 200-202°. This was recrystallized 
twice from acetic acid-absolute ethanol: wt 228 mg (Table II). 
Amino acid analysis gave Asp, 0.94; Glu, 1.00; Phe, 0.88; Gly, 1.00; 
Bzl-Cys, 1.90; Arg, 1.00; Tyr, 0.53; Pro, 1.00; NH3, 2.95. 

8-D-Arginine-vasopressin (DAVP, 2). The protected no
napeptide 1 (100 mg) was deblocked by the sodium-liquid 
ammonia procedure as used in the syntheses of oxytocin17 and 
[4-threonine]oxytocin.10 Reoxidation in aqueous solution at pH 
6.5 was effected with the use of potassium ferricyanide18 with the 
modifications previously described.23 The lyophilized product 
was purified by gel filtration on Sephadex G-15 in a two-step 
procedure using 50% AcOH and 0.2 N AcOH, respectively, for 
elution in each step.28,19 8-D-Arginine-vasopressin obtained as 
a fluffy white powder, wt 57.5 mg, was shown to be homogeneous 
by thin-layer chromatography and paper electrophoresis at 

different pH's as described for [4-threonine]oxytocin10 (Table III). 
Amino acid analysis gave Asp, 0.88; Glu, 0.98; Gly, 0.95; Pro, 0.97; 
Cys, 1.92; Phe, 1.00; Tyr, 0.95; Arg, 0.99; NH3, 2.90. 

S-Bzl-ji-mercaptopropionyl-Tyr(Bzl)-Phe-Glu-Asn-Cys-
(Bzl)-Pro-Arg(Tos)-Gly-NH2 (3). fert-Butyloxycarbonylglycyl 
resin (3.00 g, 1.25 mmol of glycine) was treated in an eight-cycle 
procedure as described for the synthesis of dVDAVP except that 
Boc-Arg(Tos) and Boc-Gln-nitrophenyl ester were used in the first 
and sixth incorporation steps, respectively, to give the protected 
peptidyl resin, 3.54 g. Ammonolytic cleavage of the protected 
octapeptide resin (3.00 g) was carried out as described earlier2"'9 

and the protected peptide was extracted with DMF and MeOH. 
Solvents were removed in vacuo and the residue was purified by 
trituration with 95% EtOH (25 ml), washed on filter with 95% 
EtOH (3 X 15 ml) and diethyl ether (3 x 15 ml), and dried in vacuo 
over P2O5 to give 1 as an amorphous white powder: wt 284 mg; 
mp 205-210°. This was recrystallized from acetic acid-absolute 
ethanol: wt 240 mg (Table II). Amino acid analysis gave Asp, 
0.96; Gly, 1.00; Bzl-Cys, 0.97; Phe, 0.98; Tyr, 0.56; Pro, 0.98; Arg, 
1.18; Glu, 1.03, NH3, 3.04. 

Deamino-arginine-vasopressin (dAVP, 4). The protected 
octapeptide 3 (150 mg) was deblocked, reoxidized, deionized, and 
purified as for 1: wt 77.1 mg (Table III). Amino acid analysis 
gave Asp, 1.00; Glu, 1.03, Gly, 1.00; Pro, 1.00; Phe, 0.95; Tyr, 0.95; 
Arg, 1.00; NH3, 3.32. In addition, cystine (0.19) and the mixed 
disulfide of cysteine and /3-mercaptopropionic acid (0.76) were 
present. 

S-Bzl-p-mercaptopropionyl-Tyr(Bzl)-Phe-Gln-Asn-Cys-
(Bzl)-Pro-D-Arg(Tos)-Gly-NH2 (5). tert-Butyloxycarbonylglycyl 
resin (1.84 g, 0.68 mmol of glycine) was treated as described for 
the synthesis of 3 except that Boc-D-Arg(Tos) was used in the 
first incorporation step. Upon completion of the eight-cycle 
procedure the protected octapeptide resin was collected and dried 
in vacuo over P2O5: wt 2.2 g. Ammonolytic cleavage of the 
protected octapeptide resin (2.2 g) followed by extraction with 
DMF (80 ml) and MeOH (50 ml) and evaporation of the solvents 
gave 5 as a white amorphous powder: wt 400 mg; mp 195-198°. 
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This was recrystallized twice from glacial acetic acid-absolute 
ethanol: wt 154 mg (Table II). Amino acid analysis gave Asp, 
1.00; Pro, 1.18; Gly, 1.00; Phe, 1.08; Tyr, 1.10; Bzl-Cys, 0.96; Arg, 
1.00; Glu, 1.09; NH3, 1.80. 

Deamino-8-D-arginine-vasopressin (dDAVP, 6). The 
protected octapeptide 5 (100 mg) was reduced, reoxidized, 
deionized, lyophilized, and purified as for 1 above: wt 55 mg. It 
was shown to be homogeneous by thin-layer chromatography and 
paper electrophoresis at two different pH's (Table II). Amino 
acid analysis gave Asp, 0.97; Glu, 0.98; Pro, 0.94; Gly, 0.95; Phe, 
1.00; Tyr, 0.97; Arg, 0.96; NH3, 2.20; cystine, 0.42; mixed disulfide 
of cysteine and /3-mercaptopropionic acid, 0.48. 

S-Bzl-j3-mercaptopropionyl-Tyr(Bzl)-Phe-Thr(Bzl)-
Asn-Cys(Bzl)-Pro-D-Arg(Tos)-Gly-NH2 (7). tert-Butyloxy-
carbonylglycyl resin (2.74 g, 0.68 mmol of glycine) was treated 
as described for the synthesis of 3 except that Boc-D-Arg(Tos) 
and Boc-Thr(Bzl) were used in the first and sixth incorporation 
steps, respectively. Upon completion of the eight-cycle procedure 
the protected octapeptide resin was collected and dried in vacuo 
over P2O5: wt 3.06 g. Ammonolytic cleavage of the protected 
octapeptide resin (2.99 g) followed by extraction with warm (50%) 
DMF (50 ml) and MeOH (40 ml), evaporation of the solvents, 
drying, and trituration with 95% ethanol (20 ml) and ether (40 
ml) gave 7: wt 244 mg; mp 207-211°. This was recrystallized from 
glacial acetic acid-95% ethanol: wt 151 mg (Table II). Amino 
acid analysis gave Asp, 0.97; Thr, 0.93; Gly, 1.00; Arg, 0.97; Pro, 
1.06; Tyr, 0.78; Phe, 0.97; Bzl-Cys, 0.92; NH3, 2.34. 

Deamino [ 4-1 h r eo n ine ]- 8- D-arginine- v a s o p r e s s i n 
(dTDAVP, 8). The protected octapeptide 7 (100 mg) was de
blocked, reoxidized, deionized, lyophilized, and purified as for 
1: wt 34.1 mg (Table III). It was shown to be homogeneous by 
the usual methods. Amino acid analysis gave Asp, 0.98; Arg, 0.95; 
Thr, 0.92; Gly, 0.94; Phe, 0.96; Tyr, 0.90; Pro, 1.00; NH3, 1.5, 
cystine, 0.32, mixed disulfide of cysteine and /3-mercaptopropionic 
acid, 0.70. 
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Antimalarials. 3. 1,2,4-Triazines 

3,5-Diamino-l,2,4-triazines have been reported to exhibit 
antimalarial activity.1 3,5-Diamino-6-(4'-chlorophenyl)-
1,2,4-triazine (1) was also found to be a competitive an
tagonist of folic acid and folinic acid in the growth of 
Lactobacillus casei, thus confirming the suspected rela
tionship between folic acid antagonists and antimalarial 
activity.2 We, therefore, undertook the synthesis of several 
6-substituted 3,5-diamino-l,2,4-triazines to examine the 
effect of structural changes on the antimalarial activity of 
this system. 

Chemistry. The route employed for the synthesis of 
6-aryl- and 6-thienyl-3,5-diamino-l,2,4-triazines 2-10 was 
previously used in the preparation of related 1,2,4-tri-
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azines.1 '3 This synthetic scheme involves the reaction of 
an acylnitrile with aminoguanidine bicarbonate in the 
presence of 8 N nitric acid and dimethyl sulfoxide. The 
acylnitrile aminohydrazones, obtained as nitric acid salts 
2a-10a, were cyclized with alcoholic potassium hydroxide 
to the desired 1,2,4-triazines 2-10. 

Some structural modifications of active 3,5-diamino-
1,2,4-triazines were attempted. The reaction of 4 and 5 
with N,N-dimethylformamide dimethyl acetal in di-
methylformamide gave 11 and 12. The reaction of 5 with 
phenyl isocyanate in refluxing 1,2-dimethoxyethane and 
9 with p-toluenesulfonyl isocyanate in refluxing pyridine 
gave the corresponding monoureido derivatives 13 and 14, 
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The syntheses of a number of substituted 1,2,4-triazines as potential antimalarials are described. The structural 
requirements for antimalarial activity are discussed with reference to the substituents of a phenyl group in the 6 
position and amino groups at the 3 and 5 positions. Of the compounds tested, 2, 5, and 7 produced cures in mice 
infected with Plasmodium berghei. Compounds 2 [3,5-diamino-6-(4-trifluoromethylphenyl)-l,2,4-triazine], 3, 5, 8, 
12, and 37 produced cures in chicks infected with Plasmodium gallinaceum. 


