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Five analogs of oxytocin have been synthesized with a homocysteine residue in position 6 and 2-, 3-, or 4-carbon 
residues in position 1. The compounds, which contain 20-, 21-, and 22-membered disulfide rings, respectively, were 
[1-a-mercaptoacetic acid,6-homocysteine]oxytocin, [6-homocysteine]oxytocin, [1-0-mercaptopropionic acid,6-
homocysteine]oxytocin, [l,6-homocystine]oxytocin, and [l-7-mercaptobutyric acid,6-homocysteine]oxytocin. The 
appropriate protected polypeptide intermediates were prepared by the solid-phase method of peptide synthesis. 
The protecting groups were removed by treatment with Na in NH3 and the disulfide bond was formed by oxidation 
with ICH2CH2I in aqueous MeOH. Purification was effected by partition chromatography followed by gel filtration. 
The pharmacological activities of all five analogs are reported for the oxytocic, avian vasodepressor, and rat pressor 
assays. Compared to oxytocin, these analogs exhibited sharply reduced agonist potencies, and several exhibited 
antagonist activity. 

The importance of the 20-membered disulfide ring to 
the biological activities of oxytocin and the vasopressins 
has been an object of continued investigation in this and 
other laboratories. Several studies have been done on 
analogs of oxytocin (Figure 1) in which the ring size has 
been increased in various ways.3-12 None of these com
pounds showed more than a slight degree of biological 
activity. 

One of the ways in which a change in the ring size has 
been accomplished without interrupting the a-amino acid 
sequence is by the formal insertion of a methylene group 
at position 1 to form the 21-membered ring analog [1-
L-homocysteine] oxytocin.6 This analog showed only a 
slight oxytocic activity and no avian vasodepressor (AVD) 
or rat pressor activity. In this analog the substitution of 
the homocysteine for the cysteine residue, while increasing 
the size of the ring, leads simultaneously to a change in 
the separation of the free amino group from the disulfide 
bond. The synthesis of the highly potent 1-deamino-
oxytocin13 ([l-/3-mercaptopropionic acidjoxytocin), which 
possesses almost twice the oxytocic and AVD potency of 
oxytocin, showed that the free amino group is not requisite 
for these activities. The study of the effect of ring size 
without the involvement of the amino group was under
taken with the synthesis of several analogs of 1-de-
amino-oxytocin by the formal introduction of one or more 
methylene groups or the deletion of one methylene group 
at the (3-mercaptopropionic acid residue at position 
1,7,8,11,12,14 ^ this manner analogs having 19-, 21-, 22-, and 
28-membered rings were prepared and showed drastic 
reduction or total loss of activity. 

Another possible way to study the effect of ring size 
without involvement of the free amino group at position 
1 is to expand the ring size by the formal insertion of a 

Table I. Solid-Phase Procedure 
Step 
no. 
1 
2 

3 
4 

5 
6 

7 b 

8 
9 

Reagent 
CH2C12 
CF3C02H-anisole-CH2Cl2 

(48:2:50) 
CH2C12 
i-Pr^NEt-CH.Cl, 

(7:93) 
CH2C12 
Boc-amino acid in CH2C12 

orDMF0 

DCC in CH2C12 
CH2C12 or DMF° 
EtOH 

Repe
titions 

3 
1 

4 
2 

4 
1 

1 
3 
3 

Time, 
min 

2 
25 

2 
2 

2 

Variable" 
2 
2 

0 See Experimental Section. DMF was the solvent 
whenever HBt was used. Different reaction times were 
employed depending on the use of HBt and on the amino 
acid residue. b This step is added to the reagent present 
from step 6. Only half of the normal solvent volume is 
used in steps 6 and 7, so that the total volume is the same 
as in all other steps. 

methylene group at position 6. We report here the syn
thesis of five analogs of oxytocin in which the Cys6 residue 
has been replaced by an L-homocysteine residue. Com
bining this modification with various residues in position 
1, the following analogs of oxytocin have been prepared: 
[6-homocysteine]oxytocin (3)15 ([Hey6]oxytocin), [1,6-
homocystine]oxytocin (5)15 ([Hcy1>6]oxytocin), [1-a-
mercaptoacetic acid,6-homocysteine]oxytocin (7)16 ([<*-
Maa1,Hey8]oxytocin), [l-j8-mercaptopropionic acid,6-
homocysteine]oxytocin (9) ([(8-Mpa1,Hcy6]oxytocin), and 
[1-7-mercaptobutyric acid,6-homocysteine] oxytocin (11) 
(["C-Mbai.Hcy^oxytocin). The common intermediate, 
Boc-Tyr(Bzl)-Ile-Gln-Asn-Hcy(Bzl)-Pro-Leu-Gly-0-resin 
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Table II. Pharmacological Properties 

Compound 

Oxytocin 
[Hcy6]oxytocin 
[Hcy1,6]oxytocin 

Deamino-oxytocin 
([0-Mpa' ]oxytocin) 

[a-Maa',Hcy6 ]oxytocin 
[(3-Mpa1 ,Hcy6 joxy tocin 

[7-Mba1 ,Hcy6 Joxytocin 

Ring size 

20 
21 
22 

20 

20 
21 

22 

Oxytocic" 

546 ± 18b 

12.0 ± 0.5 
M = 9 . 6 x 10"1 (9), 

CT= 1.7 X 10"' , 
pA2 = 6.02 

803 ± 36d 

37 ± 1 
22 ± 1 

Agonist 
0.3-0.5 

Antagonist 
M= 1.8 X 10-' (8), 
V= 0.4 X 10"7, 
pA, = 6.74 

Avjy 

507 ± 23° 
0.2-0.3 
M = 3 . 3 x 10-1 (7), 

F= 0.6 X 10"7, 
pA 2 =6.48 

975 + 24d 

0.3-0.4 
M= 2.7 X 10-8 (9), 

T= 1.4 x 10"8, 
_pA 2 = 7.57 
M= 4.6 X 10"8 (12), 

"5"= 1.5 x 10"8, 
pA2 = 7.34 

Pressor0 

3.1 ± 0.1 c 

No activity 
No activity 

1.44 ± 0.06d 

No activity 
No activity 

M = 6 . 8 X 10"' (7), 
"5"=1.4x lO"6, 
pA,= 5.17 

C.H.0H C,H, 

CH,—C 

S t 
I 
S 

NH, O CH. O CH—CH, 

J. I A 1 
H—C—NH—CH—C—NH—CH 3 I 

C = 0 
I 

O NH 
I 6 || 6 || 4 | 
CH.-CH-NH—C—CH—NH 

C—O 

C H . - N 

I 
CH, 
I 
CONH, 

C—CH—(CH,)i-CONH, 

a Agonist activity is expressed in units per milligram as mean potencies ± standard error. Inhibitory potencies were deter
mined and expressed as pA? values as defined by Schild." This represents the negative logarithm to the base 10 of the aver
age molar concentration (M) of the antagonist which will reduce the appropriate biological response to 2x units of pharma
cologically active compounds (agonist) to the level of x units of agonist. Specific details of the antioxytocic and anti-AVD 
assays are described by Vavrek et al.M and of the antipressor assay by Dyckes et al.2' b W. Y. Chan et al.30 c W. Y. Chan 
and V. du Vigneaud.31 d B. M. Ferrier et al.13C The number of individual determinations is given in parentheses and a is the 
standard deviation. 

the compounds were checked for inhibition of the oxytocic 
and AVD responses to synthetic oxytocin for inhibition of 
the pressor response to synthetic lysine-vasopressin (LVP). 

The pharamcological activities of the compounds are 
shown in Table II. In all three pharmacological assays 
all of the analogs exhibited a drastic reduction in agonist 
activity or the appearance of inhibitory activity. One 
analog, [T-Mba^Hcy^oxytocin, was found to possess 
extremely weak agonist as well as potent antagonist ac
tivity. In order to measure the antagonist potency, the 
injection of [7-Mba1,Hcy6] oxytocin was given 1.5-2 min 
prior to the injection of synthetic oxytocin. This allowed 
sufficient time for any agonist response to be complete. 
After the first injection of [•Y-Mba1,Hcy6]oxytocin, a po
tentiation of the response to subsequent injections of the 
oxytocin standard was observed. However, a given amount 
of O-Mba^Hcy^oxytocin inhibited the potentiated re
sponse to the same degree as it inhibited the original 
response. 

The drastic differences in activities between de
amino-oxytocin and [a-Maa^Hcyejoxytocin, which still 
possesses a 20-membered ring, seem to indicate that an 
effect more complex than the change in ring size is being 
measured. In the remaining four analogs reported here 
one or two additional methylene groups have been inserted 
at position 1 in addition to the one at position 6, and 
further reduction in agonist potency or enhancement of 
inhibitory potency is observed. In previous studies where 
alkyl groups have been added in position 1 without ex
panding the ring size (e.g., [l-friS-diethyl-tf-mercapto-
propionic acid]oxytocin), analogs of oxytocin were pro
duced which are inhibitors of oxytocin in the oxytocic and 
AVD assays and of LVP in the pressor assay.28.32 In fact, 
the results observed here may reflect the effect of intro
ducing more steric bulk in the form of the extra methylene 
groups in the region of the disulfide bridge rather than an 
effect of increased ring size per se. 
Experimental Section 

All melting points were determined in open capillary tubes and 
are corrected. Thin-layer chromatography was performed on 
precoated glass plates of silica gel GF 254 (0.25 mm, E. Merck) 
in the following solvent systems: (A) CHCh-MeOH-HOAc 
(18:2:1); (B) BuOH-HOAc-H20 (4:1:1); (C) BuOH-pyridine-
HOAC-H2O (15:10:3:6); (D) acetone-HOAc-HiiO (8:1:1). The load 
size was 10-30 ng, and chromatogram lengths were 100-150 mm. 

o 0 
\ 7 || 8 || 9 

CH-C—NH—CH-C—NH—CH,—CONH, 
/ I 

CH,—CH, CH, 
CH(CH,), 

Figure 1. Structure of oxytocin with numbers indicating 
the position of the individual amino acid residues. In de
amino-oxytocin the NH2 at position 1 is replaced with H. 

(1), was synthesized by the general procedure of the 
Merrifield solid-phase method17 as outlined in Table I with 
the modifications described in the Experimental Section. 
Five different portions of 1 were used for the attachment 
of the five different N-terminal residues. The partially 
protected polypeptide amide intermediates were obtained 
by ammonolysis of the appropriate peptide resins. The 
remaining protecting groups were removed by treatment 
with Na in refluxing NH3,18 and the disulfide bond was 
formed by oxidation with diiodoethane19 in aqueous 
MeOH. The analogs were purified by partition 
chromatography20 and gel filtration.2! During the puri
fication of compounds 7, 9, and 11, a by-product was 
isolated in the gel filtration step. In one case (9) the amino 
acid analysis of the by-product contained Tyr, He, Asp, 
Glu, and NH3 in the ratio of 1:1:1:1:2 as the only iden
tifiable components (see Experimental Section). This 
result would seem to indicate that the Hcy-Pro bond was 
easily cleaved by the Na-NH3 treatment. This is a 
well-documented event for other X-Pro bonds22 but does 
not seem to be as troublesome for the Cys-Pro bond 
present in most oxytocin analogs. 

The purified analogs were tested for oxytocic,23 AVD,24 

and rat pressor25 activities against U.S.P. posterior pi
tuitary reference standard. The four-point assay design26 

was used whenever measurable activity was detected. 
When little or no activity was detected in the above assays, 
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Final visualization was made by chlorination followed by Nal-
starch treatment. In all cases unless otherwise noted, single 
symmetrical spots were observed for purified materials. Amino 
acid analysis33 was performed on a Beckman Model 116 amino 
acid analyzer using a single column system34 following hydrolysis 
in deareated 6 N HC1 at 110°. Optical rotations were determined 
on a Perkin-Elmer Model 141 polarimeter. Where analyses are 
indicated only by the symbols of the elements, analytical results 
obtained for the elements were within ±0.4% of the theoretical 
values. Where compounds are formulated as containing solvent 
this does not necessarily imply that they are defined solvates; 
particularly in the case of amorphous products, solvent retention 
may be due to mild drying conditions [24 hr at 22° (0.005 Torr) 
over P2O5]. 

JV-tert-Butyloxycarbonyl-S-benzyl-L-homocysteine. This 
compound [Boc-Hcy(Bzl)] was prepared by the method of 
Schnabel35 from S-benzyl-L-homocysteine36 (5.62 g, 25 mmol) and 
tert-butyl azidoformate (4.0 ml, 28 mmol). The pH of the di-
oxane-H20 solution was maintained at 10.2 for 20 hr. The product 
was isolated by adjusting the pH of the ether-extracted reaction 
solution to 2 with concentrated HC1 and extracting with EtOAc. 
The oil remaining after removal of the EtOAc crystallized from 
Et20 (10 ml): 4.70 g (59%); mp 103-104°; [a]20D -13.3° (c 1.2, 
MeOH); TLC (A) 0.62. Anal. (Ci6H23N04S-0.25C4HioO) C, H, 
N. 

Boc-Tyr(Bzl)-Ile-Gln-Asn-Hcy(Bzl)-Pro-Leu-Gly-0-resin 
(1). Boc-Gly-O-resin was prepared by standard methods37 from 
polystyrene crosslinked with 2% divinylbenzene containing 2 
mmol/g of chloromethyl groups. A small portion of the Boc-
Gly-O-resin was treated with CF3COOH (steps 1-5 of Table I) 
to remove the Boc-protecting groups and any Boc-Gly attached 
to the resin at quaternized sites. A substitution of 0.76 mmol/g 
was determined by amino acid analysis following 24-hr hydrolysis 
in 12 N HCl-dioxane (1:1) at 115°. The same substitution (0.76 
mmol/g) was also found by the aldimine test of Esko et al.38 as 
modified by Ehler.39 A 5.00-g portion of Boc-Gly-O-resin was used. 
A complete coupling cycle is shown in Table I. A volume of 50 
ml of each reagent or solvent was used for each step. The number 
of equivalents of each reagent referred to below is based on the 
number of millimoles of glycine esterified to the resin. When 
1-hydroxybenzotriazole (HBt) was added to the protected amino 
acid in step 6 to mediate the coupling reaction,40 the solvent in 
steps 6 and 8 was changed from CH2CI2 to dimethylformamide 
(DMF). The ninhydrin test41 was performed after each complete 
cycle or recoupling cycle, and a successful attachment was better 
than 99.4% complete. Unless otherwise noted the first coupling 
employed 2.5 equiv of protected amino acid and 2.5 equiv of 
dicyclohexylcarbodiimide (DCC). If HBt was also used in the 
first coupling (see below), 5 equiv were used. A repeat coupling 
(execute steps 5-9 of Table I) employed 0.5 equiv of protected 
amino acid and DCC and 1 equiv of HBt. Boc-Leu was attached 
in a single 2-hr coupling. The attachment of Boc-Pro required 
a 2-hr recoupling following the normal 2-hr first coupling. 
Boc-Hcy(Bzl) was attached using a 1.5-hr coupling employing 1.5 
equiv of Boc-Hcy(Bzl) and DCC and 3 equiv of HBt, followed 
by two repeat couplings of 1 and 4 hr. Boc-Asn,42 Boc-Gln, and 
Boc-Tyr(Bzl) were successfully coupled in single 4-hr cycles 
employing HBt. Boc-Ile was coupled using a standard 2-hr first 
coupling and a 14-hr second coupling. The peptide resin was dried 
in vacuo: 8.30 g (85% of the theoretical weight gain). A small 
portion was subjected to steps 1-5 (Table I), and the amount of 
free amino groups was found to be 0.27 mmol/g (70% of theo
retical adjusted for observed weight gain). 

H-Cys(Bzl)-Tyr(Bzl)-Ile-Gln-Asn-Hcy-(Bzl)-Pro-Leu-
Gly-NH2 (2). A 1.60-g portion of 1 was employed for this 
synthesis. It was coupled with Boc-Cys(Bzl) (2.5 equiv, 0.57 g, 
1.83 mmol) in the manner described for the coupling of Boc-Asn 
and Boc-Gln. The number of equivalents of each reagent was 
based on the amount of glycine originally esterified to this fraction 
of the total amount of peptide resin (i.e., 0.73 mmol), and the 
volume of each reagent or wash was 15 ml. Steps 1-5 of Table 
I were performed to remove the Boc protection. In addition, three 
washes with anhydrous MeOH (distilled from Mg(OCH3h were 
performed. The peptide resin was transfered horn the solid-phase 
reaction vessel to a one-neck 300-ml round-bottom flask with 
anhydrous MeOH (75 ml). The suspension was saturated with 

anhydrous NH3 (distilled from Na) at 0°. The flask was stoppered 
securely and placed in a desiccator where the suspension was 
stirred magnetically at room temperature for 3 days. The NH3 
and MeOH were removed by evaporation and the crude product 
was extracted from the resin by stirring in warm (50°) DMF. The 
product was precipitated from DMF with H2O, collected, washed 
with H2O, EtOAc, and Et20, and dried in vacuo: 520 mg (55% 
based on Gly); mp 219.5-221.5°. TLC (B) showed a single uv and 
ninhydrin positive spot, Rf 0.47. Visualization with CI2 followed 
by Nal-starch, however, revealed three small impurities. This 
product was used for the synthesis of 3 without further purifi
cation. For analytical purposes a 50-mg portion was precipitated 
from DMF-EtOH (1:1) with EtOAc and then reprecipitated from 
DMF with H2O with 50% recovery for both steps: TLC (B) 0.50 
with two trace impurities; mp 220.5-222.5°; [a]21D -30.6° (c 0.95, 
DMF). Anal. (C65H88Ni20i2S2-H20) C, H, N. 

[6-Homocysteine]oxytocin (3). A solution of 2 (130 mg, 0.10 
mmol) in anhydrous liquid NH3 (distilled from Na) was treated 
with a freshly cut glass-encased stick of Na until the blue color 
of excess Na persisted for 30 sec. The excess Na was discharged 
with HOAc, and the NH3 was removed by evaporation and 
lyophilization. The reaction vessel was opened under N2 and a 
N2-flushed mixture of H2O (100 ml) and MeOH (90 ml) was used 
to dissolve the residue. A solution of ICH2CH2I (29 mg, 0.10 
mmol) in 10 ml of MeOH was added and the disappearance of 
the sulfhydryl groups was monitored by the Ellman method.43 

The reaction was complete in 5 min and the pH was adjusted from 
11.2 to 3.5 with HOAc (4 ml). The solvents were removed by 
rotary evaporation and the residue was dissolved in 0.5 ml of the 
lower phase and 3 ml of the upper phase of the system BUOH-H2O 
(1:1, aqueous phase 1.5% pyridine and 3.5% HOAc). This solution 
was applied to a 2.20 X 52 cm column of Sephadex G-25 (100-200 
mesh), which had been equilibrated with both phases of the 
solvent system, and subjected to partition chromatography.20 The 
product was eluted from the column with upper phase at a flow 
rate of 12.5 ml/hr and collected in fractions of 2.5 ml. Peptide 
material was detected by the Folin-Lowry method.44 The main 
peak emerged with a maximum at Rf 0.24 preceded by and re
solved from two smaller peaks at Rf 0.83 and 0.42. Fractions 65-90 
were pooled and diluted with two volumes of H2O. The volume 
of solvent was reduced to 25 ml by rotary evaporation and 0.2 
N HOAc (30 ml) was added. The product was isolated by lyo
philization: 48.5 mg. The entire batch was further purified by 
gel filtration21 on a 2.82 X 68 cm column of Sephadex G-25 
(200-270 mesh) in 0.2 N HOAc. The product was eluted at a flow 
rate of 35 ml/hr and collected in fractions of 4.3 ml. The peptide 
material was detected by reading the absorbency of the eluate 
at 280 nm. The product emerged as a single sharp symmetrical 
peak with a maximum at 79% of the column volume. Fractions 
73-82 were pooled and the product was isolated by lyophilization: 
46.4 mg (46%); [o]20D -65.8° (c 0.48,1 N HOAc); TLC (B) 0.37, 
(C) 0.66. Anal. (C44H68Ni20i2S2-CH3C02H-2H20) C, H, N. 
Amino acid analysis following 21-hr hydrolysis gave the following 
molar ratios: Asp, 0.99; Glu, 1.01; Pro, 1.00; Gly, 0.96; Leu, 1.04; 
Tyr, 1.00; NH3, 3.26. (Cys)2 and (Hcyh were present in ap
proximately equal amounts. A peak presumed to be the mixed 

disulfide Cys Hey appeared as an unresolved peak with He. 
Amino acid analysis of a performic acid oxidized sample45 hy-
drolyzed as above gave the following molar ratios: Cys(S03H) 
+ Hcy(S03H), 1.70; Asp, 1.00; Glu, 1.02; Pro, 0.97; Gly, 1.00; He, 
1.00; Leu, 1.04. The peaks for (Cysh and (Hcyh and the peak 
with He were absent from this analysis. 

H-Hcy(Bzl)-Tyr(BzI)-Ile-Gln-Asn-Hcy(Bzl)-Pro-Leu-
Gly-NEte (4). This compound was prepared and isolated in the 
same manner as described for 2 using Boc-Hcy(Bzl) (2.5 equiv, 
0.60 g, 1.83 mmol): yield 520 mg (55% based on glycine); mp 
223.5-226.5°; TLC (B) showed a single uv-positive spot at fi/0.53. 
Visualization with ninhydrin revealed a second faint spot at Rf 
0.47, and further treatment with CI2 followed by Nal-starch 
showed two additional trace impurities. The entire batch was 
reprecipitated from a boiling solution of HOAc-EtOH (1:4) with 
73% recovery: mp 225.5-228.5°; [a]^D -36.9° (c 1.05, DMF); TLC 
(B) 0.55 with two trace impurities. Anal. (C66H9oNi20i2S2-
O.5CH3CO2H) C, H, N. 

[1,6-Homocystine]oxytocin (5). This compound was prepared 
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from 4 (137 mg, 0.10 mmol) in the manner described for 3. The 
crude product was purified by partition chromatography in the 
same system as for 3, but using a 6.22 X 69 cm column of Sephadex 
G-25 and fractions of 6.5 ml. The product emerged as a sharp 
symmetrical peak with a maximum at Rf 0.30, well resolved from 
a smaller peak which appeared at the void volume of the column. 
Fractions 41-52 were pooled, the solvents were removed by rotary 
evaporation, and the residue was lyophilized from distilled HOAc: 
49.4 mg. The entire product was subjected to further purification 
by gel filtration as described for 3 and emerged at 78% of the 
column volume. Fractions 67-76 were pooled with two volumes 
of H2O and lyophilized: 43.9 mg (42%); [a]™D +65.7° (c 0.55, 
1 N HOAc); TLC (B) 0.38, (C) 0.66. Anal. (C45H7oNi2Oi2S2-
CH3CC-2H-2H20) C, H, N. Amino acid analysis following 48-hr 
hydrolysis gave the following molar ratios: Asp, 0.98; Glu, 1.03; 
Pro, 1.00; Gly, 1.00; He, 1.03; Leu, 1.04; Tyr, 0.85; V2(Hcy)21.65; 
NH3, 2.98. Amino acid analysis of a performic acid oxidized 
sample hydrolyzed as above but for 17 hr gave the following molar 
ratios: Hcy(SOsH), 1.93; Asp, 1.00; Glu, 1.05; Pro, 1.00; Gly, 1.01; 
lie, 0.93; Leu, 1.00. 

a-Maa(Bzl)-Tyr(Bzl)-Ile-Gln-Asn-Hcy(Bzl)-Pro-Leu-
Gly-NH2 (6). Another 1.60 g of 1 was used with 4 equiv (0.88 
g, 2.92 mmol) of p-nitrophenyl S-benzyl-a-mercaptoacetate.14 

Referring to Table I, the total volume of step 6 was 15 ml of 
CH2CI2-DMF (1:1), step 7 was omitted, and DMF was used in 
step 8. The coupling step was allowed to proceed for 20 hr, then 
1 equiv of £-Pr2NEt was added, and the reaction continued for 
2 hr. The remainder of the work-up is as described for 2, omitting 
the steps required for the removal of the Boc group of the Cys(Bzl) 
residue: 585 mg (63% based on glycine); mp 235-238°, TLC (B) 
showed a single uv-positive, ninhydrin-negative spot at Rf 0.59. 
However, further visualization with CI2 followed by Nal-starch 
revealed the presence of four impurities. The product crystallized 
from HOAc-EtOH (1:6) with 83% recovery: mp 235-238°; [<*PD 
-29.4° (c 0.9, DMF); TLC (B) 0.60 with two trace impurities. Anal. 
(C64H85N11O12S2) C, H, N. 

[1-a-Mercaptoacetic acid,6-homocysteine]oxytocin (7). 
This compound was prepared from 6 (126 mg, 0.10 mmol) in the 
manner described for 3. Purification was effected by partition 
chromatography as described for 3 on the column described for 
5 in the system BUOH-C6H6-H2O (1:1:2, the aqueous phase 1.5% 
pyridine and 3.5% HOAc). The eluate was collected in fractions 
of 4.8 ml. The product emerged as a single peak (Rf 0.24) with 
a shoulder on the leading edge. TLC (D) of fractions across the 
peak area showed a major component at Rf 0.68 with a minor 
component, concentrated in the earlier fractions, at Rf 0.78. 
Fractions comprising the entire peak area (63-90) were pooled 
and the product was isolated as described for 5: 59.4 mg. The 
entire product was subjected to gel filtration as described for 3. 
The product emerged as a sharp symmetrical peak with a 
maximum at 82% of the column volume (fractions 75-81) followed 
by and well resolved from a small broad peak at 100% of the 
column volume (fractions 88-100). The material in fractions 75-81 
was isolated by lyophilization: 43.8 mg (43%); [a]22D -105.3° (c 
0.52, N HOAc); TLC (B) 0.41, (D) 0.67. Anal. (C43H65N11-
Oi2S2-2.5H20) C, H, N. Amino acid analysis following 22-hr 
hydrolysis gave the following molar ratios: Asp, 1.04; Glu, 1.05; 
Pro, 1.04; Gly, 1.01; He, 0.94; Leu, 0.98; Tyr, 0.96; NH3, 2.93. A 
peak for (Hey) 2 was present, and one presumed to be the mixed 

• 1 

disulfide Maa Hey appeared just prior to lie. Amino acid analysis 
of a performic acid oxidized sample hydrolyzed as above gave the 
following molar ratios: Hcy(SOsH), 1.04; Asp, 1.04; Glu, 1.04; Pro, 
1.00; Gly, 0.99; He, 0.94; Leu, 0.99. The peaks for (Hcyh and 

Maa Hey were absent from this sample. 
/9-Mpa(Bzl)-Tyr(Bzl)-Ile-Gln-Asn-Hcy(Bzl)-Pro-Leu-

Gly-NH2 (8). This compound was prepared and isolated in the 
same manner as described for 2 from S-benzyl-|8-mercapto-
propionic acid (2.5 equiv, 0.36 g, 1.83 mmol), omitting the steps 
required for the removal of the Boc-protecting group from the 
Cys(Bzl) residue: 573 mg (61% based on glycine); mp 243-244°. 
TLC (B) showed a single uv-positive spot at Rf 0.62. Further 
visualization with CI2 followed by Nal-starch revealed three trace 
impurities. This product was used without further purification 
for the preparation of 9. For analytical purposes a 50-mg sample 
was reprecipitated from HOAc-EtOH (1:3) with 73% recovery: 

mp 243-246°; [a]^D -29.2° (c 0.73, DMF); TLC (B) 0.62 with two 
trace impurities. Anal. (C65H87NiiOi2S2'H20) C, H, N. 

[l-/S-Mercaptopropionic acid,6-homocysteine]oxytocin (9). 
This compound was prepared from 8 and purified by partition 
chromatography in the manner described for 7. Fraction size was 
6.2 ml and the product emerged with a peak maximum at Rf 0.24 
preceded by and overlapping a smaller peak at Rf 0.34. TLC (B), 
(D) showed approximately the same pattern of impurities as 
obtained for 7. Material from the entire peak area (fractions 
35-64) was isolated in the manner as described for 5: 64.2 mg. 
The entire product was further purified by gel filtration as 
described for 3. The product emerged as a sharp symmetrical 
peak (fractions 69-75) at 80% of the column volume, followed 
by and resolved from a smaller broader peak (fractions 82-97) 
with a maximum at 102% of the column volume. The material 
in fractions 69-75 was isolated by lyophilization: 46.9 mg (45%); 
[a]25D -117.2° (c 0.53, N HOAc); TLC (B) 0.41, (D) 0.62. Anal. 
(C44H67NnOi2S2-2H20) C, H, N. Amino acid analysis following 
24-hr hydrolysis gave the foUowing molar ratios: Asp, 0.98; Glu, 
1.01; Pro, 1.01; Gly, 0.97; He, 0.99; Leu, 1.05; Tyr, 0.99; NH3,3.15. 
A peak for (Hcyh and a peak presumed to be the mixed disulfide 

Mpa Hey appeared between Leu and Tyr. Amino acid analysis 
of a performic acid oxidized sample hydrolyzed as above gave the 
following molar ratios: Hcy(S03H), 1.01; Asp, 1.00; Glu, 1.01; Pro, 
1.00; Gly, 0.99; He, 0.96; Leu, 1.04. The peak for (Hcyh and the 

one presumed to be the mixed disulfide of Mpa Hey were absent 
from this sample. 

The material in fractions 82-97 from the gel filtration was also 
isolated: 9.2 mg; TLC (B) 0.53, (D) 0.73. Amino acid analysis 
following 22-hr hydrolysis gave the following molar ratios: Asp, 
1.01; Glu, 1.03; He, 0.98; Tyr, 0.99; NH3, 2.11. No detectable 
amount of Pro, Leu, or Gly was found. No peak for (Hcy)2 or 

the mixed disulfide Mpa Hey was detected, both of which were 
present in the analysis of the analog. In addition, an unknown 
peak in the basic region appeared before NH3. 

7-Mba(Bzl)-Tyr(Bzl)-Ile-Gln-Asn-Hcy(Bzl)-Pro-Leu-
Gly-NH2 (10). This compound was prepared and isolated in the 
manner described for 6 using p-nitrophenyl S-benzyl-7-
mercaptobutyrate8 (4 equiv, 0.97 g, 2.92 mmol): 503 mg (53% 
based on glycine); mp 240-242°; TLC (B) 0.66 with three im
purities, (D) 0.80 with two impurities. This product was used 
without further purification for the synthesis of 11. For analytical 
purposes a 40-mg portion was reprecipitated from HOAc-EtOH 
(1:3) with 75% recovery: mp 244-246°; [a]22D -32.7° (c 1.13, 
DMF); TLC (B) and (D) as above. Anal. (CeeHggNnO^^O) 
C, H, N. 

[1-7-Mercaptobutyric acid,6-homocysteine]oxytocin (11). 
This analog was prepared from 10 (129 mg, 0.10 mmol) in the 
manner described for 7. Initial purification by partition chro
matography was also as described for 7, with 4.6-ml fractions. The 
product emerged as a sharp peak with a maximum at Rf 0.58, 
resolved from a small peak at Rf 0.82 and another small peak at 
Rf 0.39. Fractions 24-39 were pooled and the material was isolated 
as described for 5: 70 mg. TLC (D) showed two trace impurities 
in addition to the product spot at Rf 0.72. The entire product 
was subjected to gel filtration as described for 3. The product 
emerged as a slightly asymmetric peak with a maximum at 79% 
(fractions 80-90) of the column volume followed by and resolved 
from a small peak at 102% of the column volume. The material 
in fractions 80-90 was isolated by lyophilization. TLC (D) showed 
an elongated spot at Rf 0.68. TLC (B) showed a major spot at 
Rf 0.48 with trace impurities overlapping both the leading and 
trailing edge and a third impurity at Rf 0.39. The entire product 
was further purified by partition chromatography in the system 
BUOH-C6H6-HOAC-H2O (1:2:2:2) using the column described 
for 3. The product emerged as a single peak with a maximum 
at Rf 0.29 (tube 46) followed by a very small peak at Rf 0.24 (tube 
60). Fractions 37-55 (2.9-ml fractions) were pooled and the 
product was isolated as described for 5: 60.2 mg. TLC (B) showed 
that the impurity overlapping the leading edge of the product 
spot was gone, but the two others (see above) remained. The entire 
product was further purified by partition chromatography in the 
system BuOH-C6H6-pyridine-H20 (2:4:1:7), using the column 
described for 5. The product emerged as a broad peak (fractions 
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59-87,4.0-ml fractions) with a maximum at i?/0.29 (fraction 78). 
TLC (B) showed a single round symmetrical spot at Rf 0.50 for 
aliquots withdrawn across the entire peak area. The material in 
fractions 59-87 was isolated as described for 5: 50.0 mg. TLC 
(B) showed a single spot at Rf 0.48 plus a small new impurity 
(apparently a pyridinium salt) at the origin. Finally, this entire 
product was subjected to a second gel filtration. It emerged as 
a single sharp symmetrical peak with a maximum at 80% of the 
column volume and was isolated as previously described: 48.5 
mg (48%); [a\®v> +9.4° (c 0.64,1N HOAc); TLC (B) 0.48. Anal. 
(C45H69NnOi2S2-3H20) C, H, N. Amino acid analysis following 
22-hr hydrolysis gave the following molar ratios: Asp, 1.03; Glu, 
1.05; Pro, 1.05; Gly, 1.01; lie, 0.95; Leu, 0.97; Tyr, 0.96; NH3, 3.01. 
The peak for (Hcy)2 was overlapped by a peak presumed to be 

the mixed disulfide Mba Hey. Amino acid analysis of a performic 
acid oxidized sample hydrolyzed as above gave the following molar 
ratios: Hcy(S03H), 0.98; Asp, 1.06; Glu, 1.06; Pro, 0.99; Gly, 1.01; 

He, 0.89; Leu, 0.99. The peaks for (Hcy)2 and Mba Hey were 
absent from this sample. 
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