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The peptide analogues [1-L-penieillamine]-, [1-D-
penicillamine]-, and [l-deaminopenicillamine]oxytocin are 
potent inhibitors of the oxytocic response in vitro to 
oxytocin and structurally related compounds.2'3 Other 
analogues of oxytocin bearing a 3-mercapto-3,3-dialkyl-
propanoic acid in the 1 position also inhibit the oxytocic 
and avian vasodepressor responses to oxytocin.4'5 The 
antioxytocic potency increases with increasing size and/or 
lipophilicity of the alkyl substituent. Inhibitory potencies 
were determined and expressed as pA2 values. pA2 values 
have been defined6 as the negative logarithm to the base 
10 of the average molar concentration of an antagonist 
which will reduce the biological response to 2x units of 
agonist to equal the response given by x units of agonist 
in the absence of antagonist. Among the antagonists of 
oxytocin containing dialkyl substitutions in the 1 position, 
[l-(3-mercapto-3,3-cyclopentamethylenepropanoic 
acid)]oxytocin is the most potent, with a pA2 value of 7.43 
when tested against oxytocin on the isolated rat uterus.5 

The 3,3-diethyl and 3,3-dimethyl (deaminopenicillamine) 
analogues were reported to have pA2 values of 7.244 and 
6.94,2'3 respectively. 

The introduction of threonine into position 4 of oxytocin 
has been shown to modify its spectrum of pharmacological 
activities in a remarkable manner. Oxytocic activity 
relative to oxytocin was significantly enhanced while 
vasopressin characteristics were diminished. [4-Threo-
nine]oxytocin is thus a highly potent and specific oxytocic 
agent.7,8 The enhanced oxytocic activity could result from 
(a) increased affinity for the smooth muscle receptors, (b) 
increased intrinsic activity subsequent to binding, or (c) 
relative resistance to enzymatic inactivation in the vicinity 
of the receptors. If the enhanced activity is due to greater 
binding resulting from the presence of the threonine 
residue at position 4, then, it was reasoned, the substitution 
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of threonine in an oxytocin antagonist might also increase 
its binding and consequently give rise to an enhancement 
of its antagonist properties. 

In the light of this reasoning it appeared worthwhile to 
explore the effect of a threonine/glutamine interchange 
in an oxytocin antagonist in the hope of obtaining a 
peptide with enhanced antagonist potency. Since it had 
been shown that [l-deaminopenicillamine]oxytocin is a 
slightly more effective antagonist than [1-L-penicill
amine] oxytocin, their reported pA2 values being 6.94 and 
6.86, respectively,3 it was decided to substitute threonine 
for glutamine in the former peptide. Thus [1-deamino-
penicillamine,4-threonine] oxytocin was designed according 
to this rationale. It has the following structure. 

1 2 3 4 5 6 7 8 9 

CH2-CO-Tyr-Ile-Thr-Asn-Cy-Pro-Leu-Gly-NH2 

CH3-C-CH, 
S S 

We now describe its synthesis (in duplicate) and some of 
its chemical, physical, and pharmacological properties. 
The protected peptide precursor of the desired peptide 
analogue was synthesized (a) by development of the entire 
acyloctapeptide sequence upon the Merrifield resin,9,10 

using previously described procedures,7,11 and (b) with the 
final acylation step conducted in solution, using a di-
cyclohexylcarbodiimide-N-hydroxybenzotriazole preac-
tivation method.12,13 Deblocking7,14 and purification7,15 

were carried out by previously described methods. 

Results and Discussion 
The pharmacological properties of [1-deaminopenicil-

lamine,4-threonine] oxytocin were determined by a variety 
of biological assays. This analogue has weak antidiuretic 
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[l-Deaminopenicillamine,4-threonine]oxytocin was prepared in duplicate from S-benzyl-3-mercapto-3,3-di-
methylpropanoyl-Tyr(Bzl)-Ile-Thr(Bzl)-Asn-Cys(Bzl)-Pro-Leu-Gly-NH2 (I) by removal of the Bzl-protecting groups 
with Na-NH3, followed by cyclization of the resulting disulfhydryl compound with K3Fe(CN)6. The analogue was 
purified by desalting on Sephadex G-15 in 50% acetic acid and gel filtration on Sephadex G-15. The protected 
peptide I was synthesized (a) by the solid-phase method and (b) by a combination of solid-phase synthesis and an 
[8+1] coupling in solution. The analogue has no detectable agonist activity in rat vasopressor or isolated rat uterus 
assays. It has an antivasopressor pA2 of 6.67 ± 0.09. It is a potent inhibitor of the in vitro oxytocic response to 
oxytocin and has a pA2 value of 7.46 ± 0.04. (Material from the repeat synthesis has a pA2 value of 7.59 ± 0.08.) 
Thus the substitution of threonine for glutamine in the antagonist [l-deaminopenicillamine]oxytocin (pA2, 7.14 
± 0.05) has effected a twofold increase in inhibitory potency. [l-Deaminopenicillamine,4-threonine]oxytocin is one 
of the most potent inhibitors of oxytocin known to date. 
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Table I. Antagonistic Properties of 
[l-Deaminopenicillamine,4-threonine]oxytocin 
(1), [1-Deaminopenicillamine]oxytocin (2), and 
[l-(3-Mercapto-3,3-cyclopentamethylenepropanoic 
acid)]oxytocin (3) 

l a 
l b 
2 
3 

Antivasopressor 
pA2 

6.67 ± 0.09 

6.27a 

"Weak"a 

Antioxytocic 
pA2, no Mg2 + 

7.46 ± 0.04 
7.59 ± 0.08 
7.14 ± 0.05 
7.43° 

a Values reported by Nestor et al.5 

activity, about 0.02 U/mg, when injected iv into rats under 
ethanol anesthesia.16 It is also a weak agonist in the rat 
milk ejection assay17 and on isolated strips of rat mammary 
gland,18 with a potency of about 4 U/mg in both assay 
systems. The analogue has no detectable agonistic activity 
in rat vasopressor19 or isolated rat uterus assays in the 
absence of 0.5 mM Mg2+.20 

[l-Deaminopenicillamine,4-threonine]oxytocin was 
tested for antagonistic activities on the isolated rat uterus 
in a Mg2+-free medium and pA2 values were estimated by 
Schild's method.6 Antivasopressor pA2 values were es
timated essentially as described by Dyckes et al.21 An
tioxytocic pA2 values were also estimated for a sample of 
[l-deaminopenicillamine]oxytocin2 generously supplied by 
Dr. W. Y. Chan of Cornell University Medical College. The 
USP Posterior Pituitary Reference Standard was used as 
an agonist in these assays. 

Estimates of antivasopressor and antioxytocic pA2 values 
appear in Table I. [l-Deaminopenicillamine,4-threo-
nine] oxytocin appears to be approximately twice as potent 
an inhibitor of oxytocin on the rat uterus in the absence 
of Mg2+ as is [l-deaminopenicillamine]oxytocin. 

The difference between antioxytocic pA2 values esti
mated on the isolated rat uterus in the absence of Mg2+ 

(Table I) appears statistically significant (p < 0.001). This 
is further confirmed by comparing the mean pA2 values 
estimated from assays on eight uterine horns with which 
pA2 values were determined for both analogues. In every 
such assay the pA2 for [l-deaminopenicillamine,4-threo-
nine] oxytocin (preparation la) was greater than that for 
[1-deaminopenicillamine] oxytocin. The mean difference 
was 0.38 ± 0.06. Respective pA2 estimates by these assays 
were 7.50 ± 0.09 and 7.12 ± 0.08. The difference is sta
tistically significant (p < 0.01) either by paired analysis 
or by comparing mean values. 

The discrepancy between our present estimate of an 
antioxytocic pA2 of 7.14 for [ 1-deaminopenicillamine] -
oxytocin and the pA2 of 6.94 reported by Vavrek et al.4 is 
largely due to differing methods of calculation. We fol
lowed Schild's procedure6 and averaged pA2 values cal
culated from the effective molar concentration of the 
antagonist determined for each assay group. Vavrek et al.4 

averaged the effective molar concentrations and then 
calculated the pA2 as the negative logarithm of the mean 
concentration. If we analyze our data in that manner 
(Table II) the difference in molar concentrations is clearly 
not statistically significant. There is a significant dif
ference (p < 0.005) between the effective molar concen
trations of [l-deaminopenicillamine,4-threonine]oxytocin 
and [l-deaminopenicillamine]oxytocin. The effective 
molar concentrations and the pA2 values calculated from 
them appear nearly identical for [ 1-deaminopenicill
amine,4-threonine]oxytocin and [l-(3-mercapto-3,3-
cyclopentamethylenepropanoic acid) ] oxytocin. 

Several oxytocin analogues, including [4-threonine]-
oxytocin, have been observed to depress the accumulation 

Table II. Values of Mean Effective Molar 
Concentrations (M) and pA2 Values Calculated from 
These for the Analogues Listed in Table I Assayed on 
the Isolated Rat Uterus in the Absence of Mg2+ 

la 
l b 
2b 

3 e 

Lit. values 

MX 108 

11.6 + 0.9(36) 
3.7 ± 0.2 (33) 

PA2 

6.94 
7.43 

Present study 

M x 108 

4.0 ± 0.3(38)° 
4.3 ± 1.0(30) 
9.1 ± 1.5(31) 

pA2 

7.40 
7.36 
7.04 

° Means ± SEM, numbers of assay groups in parentheses. 
b From Vavrek et al." c From Nestor et al.s 

of radioactivity from labeled oxytocin by segments of rat 
uterus in proportion to their uterotonic potency.22 This, 
and the inability of some prostaglandins to compete for 
uptake with the labeled hormone, indicates the presence 
of a receptor specific for oxytocin and supports our earlier 
speculation that the enhanced oxytocic activity of [4-
threonine] oxytocin relative to oxytocin might be a con
sequence, in part, of an enhanced affinity for oxytocin 
receptors. The observed enhancement of the antioxytocic 
potency of [l-deaminopenicillamine,4-threonine]oxytocin 
relative to [l-deaminopenicillamine]oxytocin brought 
about by the replacement of glutamine by threonine in 
position 4 might also reflect increased receptor binding, 
in this instance nonproductive of oxytocic response. In 
this regard it is significant that a dissociation constant for 
the antagonist-receptor complex estimated from binding 
studies in which [1-deaminopenicillamine,4-threonine]-
oxytocin competes with labeled oxytocin23 is in excellent 
agreement with the dissociation constant calculated from 
the pA2 values of 7.46 and 7.59 reported here. 

In [l-(3-mercapto-3,3-dialkylpropanoic acid)]oxytocin 
derivatives it is known that antioxytocic potency is in
creased as the 3,3-dialkyl group is varied from dimethyl 
(deaminopenicillamine) through diethyl to cyclopenta-
methylene.4'5,21 Since [1-deaminopenicillamine,4-threo-
nine] oxytocin has proved to be as potent an oxytocic 
inhibitor as [l-(3-mercapto-3,3-cyclopentamethylene-
propanoic acid)]oxytocin, further investigation of the 
threonine/glutamine interchange in this series of antag
onists should be of interest. 

Experimental Section 
The procedure of "solid phase" synthesis conformed to that 

published.7'9,10,13 Amino acid derivatives, including Boc-Gly resin, 
were supplied by Schwarz Bioresearch, with the exception of 
Boc-Tyr(Bzl) which was purchased from the Fox Chemical Co. 
Reagents and solvents were analytical grade. The elemental 
analyses were performed by Galbraith Laboratories, Inc., 
Knoxville, Tenn. The analytical results for the elements indicated 
by their symbols were within ±0.4% of the theoretical values. For 
amino acid analysis,24 samples (~0.5 mg) were hydrolyzed with 
constant boiling HC1 (400 ^L) containing phenol (20 ML) in 
evacuated sealed ampules for 18 h at 110 °C. The hydrolysates 
were analyzed with a Beckman/Spinco amino acid analyzer Model 
121C. Ratios are referred to Gly = 1.00. Optical rotations were 
measured with a Bellingham Stanley Ltd. Model A polarimeter. 
Rf values refer to chromatography on silica gel (0.25 mm, 
Brinkman Silplate) in the following solvent systems: A, bu-
tan-1-ol-acetic acid-water (4:1:5, v/v, upper phase); B, butan-
1-ol-water (3.5% in acetic acid, 1.5% in pyridine) (1:1, v/v, upper 
phase); C, butan-1-ol-acetic acid-water-pyridine (15:3:3:10, v/v). 
Loads of 25-50 Mg were applied and chromatograms were of 
minimum length, 10 cm. The chloroplatinate reagent, chlo
rine-potassium iodide-tolidine, and iodine vapor were used for 
detection. 

S-Benzyl-3-mercapto-3,3-dimethyIpropanoyl-Tyr(Bzl)-
Ile-Thr(Bzl)-Asn-Cys(Bzl)-Pro-Leu-Gly-NH2 (I). Prepa
ration a, by Total Synthesis on Resin. Boc-Gly resin (4.4 g, 
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1.7 mmol of Gly) was subjected to four cycles of deprotection, 
neutralization, and coupling to yield Boc-Asn-Cyz(Bzl)-Pro-
Leu-Gly-resin (5.79 g, weight gain 790 mg, 90% of theory). A 
portion of this peptidyl resin (1.95 g, ~0.57 mmol of peptide) was 
converted to the acyloctapeptide resin (2.30 g, weight gain 350 
mg, 95% of theory) in four cycles of deprotection, neutralization, 
and coupling, with S-benzyl-3-mercapto-3,3-dimethylpropanoic 
acid2 as the carboxy component in the final coupling step. The 
resin was ammonolyzed11 and the product extracted with di-
methylformamide (DMF). The solvent was evaporated in vacuo, 
and the residue was triturated with methanol and washed ex
haustively with ether to yield the crude product (495 mg) which 
was reprecipitated from a filtered solution in a minimum quantitiy 
of warm DMF by the addition of methanol-ether (1:1 v/v) to give 
the acyloctapeptide amide la (330 mg, 38% based upon initial 
glycine content of the resin): mp 222-226 °C dec; Rf (A) 0.80, 
Rf (B) 0.95, Rf (C) 0.74 (chromatograms showing some "tailing"); 
[a]^ -28° (c 1, DMF). Anal. (C72Hg4N10O12S2) C, H, N. Amino 
acid analysis gave the following molar ratios: Tyr, 0.98, He, 0.95; 
Thr, 0.95; Asp, 1.03; Cys(Bzl), 0.89; Pro, 0.98; Leu, 0.99; Gly, 1.00; 
NH3, 2.2. 

I. Preparation b, by a Combination of Solid-Phase and 
Solution Methods. Boc-Tyr(Bzl)-Ile-Thr(Bzl)-Asn-Cys(Bzl)-
Pro-Leu-Gly-NH2

25 (312 mg, 0.25 mmol) was dissolved in cold 
TFA (3 mL) and left to stand at room temperature for 1 h with 
occasional vortex mixing. Cold ether (20 mL) was added and the 
precipitated material centrifuged and washed with ether (three 
times, aliquot 10 mL) by successive centrifugation and decantation, 
the precipitate being well suspended in each wash by vortex 
mixing. The product was dried in vacuo over sodium hydroxide 
pellets. This material was dissolved in DMF (~2 mL) and 
iV-methylmorpholine (75 ML) was added gradually to give a 
solution of pH ~7 to moist pH paper, the atmosphere above which 
also gave an alkaline reaction to moist pH paper.26 A solution 
of S-benzyl-3-mercapto-3,3-dimethylpropanoic acid2,27 (141 mg, 
0.63 mmol) and Af-hydroxybenzotriazole monohydrate (145 mg, 
0.95 mmol) in DMF (1.5 mL) was cooled in ice and treated with 
a solution of DCCI (130 mg, 0.63 mmol) in dichloromethane (0.25 
mL). A DMF washing (0.25 mL) brought the total volume of the 
reaction mixture to 2.5 mL. This mixture was left to stand at 
room temperature for 1 h with occasional mixing. The precipitated 
dicyclohexylurea was centrifuged and supernatant (1.25 mL, ~0.32 
mmol of acylating agent) was added to the neutralized solution 
of the octapeptide derivative.12 After a reaction time of 2.5 h a 
spot of the reaction mixture on filter paper gave only a very faint 
ninhydrin color. The reaction mixture was set aside at room 
temperature overnight during which time the atmosphere within 
the reaction vessel maintained an alkaline reaction to moist pH 
paper.26 The gel which formed was broken by the addition of 
aqueous acetic acid (5%, 20 mL) and vigorous stirring. The 
precipitated material was centrifuged and washed with water, 
ethanol (twice), and ether (twice), aliquot 10 mL, by successive 
centrifugation and decantation, the precipitate being well sus
pended in each wash. A solution of the crude product in a 
minimum quantity of hot DMF was diluted tenfold with boiling 
methanol. The hot solution, upon cooling to room temperature, 
deposited the acyloctapeptide derivative lb as a white precipitate 
which was filtered and washed with methanol: yield 292 mg 
(84%); mp 240-241 °C; [a]22

D -28° (c 1, DMF). Anal. (C72-
H94N1o010S2-H20) C, H, N. Amino acid analysis gave Tyr, 0.98; 
lie, 0.98; Thr, 0.92; Asp, 0.98; Cys(Bzl), 1.00; Pro, 1.22; Leu, 0.92; 
Gly, 1.00; NH3, 2.09. Preparations la and lb were indistinguishable 
by TLC. 

[l-Deaminopenicillamine,4-threonine]oxytocin (Ha). A 
solution of the protected acyloctapeptide amide la (150 mg, 0.11 
mmol) in sodium-dried, and redistilled, ammonia (~250 mL) was 
treated, at the boiling point and with stirring, with sodium from 
a stick of the metal contained in a small bore glass tube,7,14 until 
a light blue color persisted in the solution for several seconds as 
opposed to its spontaneous discharge (~0.02 mL of sodium 
consumed). The solution was evaporated and the residue taken 
up in aqueous acetic acid (0.2%, 300 mL) with vigorous stirring. 
Glacial acetic acid was added to give a solution of pH 6.5; then 
an excess of potassium ferricyanide solution (0.01 M, 19.5 mL) 
was added gradually, with vigorous stirring. The yellow solution 
was stirred for 5 min with anion-exchange resin (BioRad AG 

3-X4A, chloride form, ~ 5 g damp weight) and filtered through 
a bed of the resin (~40 g damp weight). The bed was washed 
with aqueous acetic acid (0.2%, 200 mL) and the combined filtrate 
and washings were lyophilized. The freeze-dried residue was 
desalted on Sephadex G-15 (column 100 X 2.7 cm) eluting with 
aqueous acid (50%), with a flow rate ~16 mL h"1.15 The eluate 
was monitored for absorbance at 280 nm and fractionated. The 
fractions comprising the major peak were pooled and lyophilized, 
and the residue (53.5 mg) was further subjected to gel filtration 
with Sephadex G-15 (column 100 X 1.2 cm) eluting with aqueous 
acetic acid (0.2 M, flow rate ~20 mL h"1).16 The free peptide 
analogue Ila was isolated from the fractions comprising the single 
symmetrical peak (detected by absorbance at 280 nm) by lyo-
philization: yield 30 mg (-32%); Rf (A) 0.49, R, (B) 0.47, Rf (C) 
0.86; [a]22

D -52° (c 0.5,1 M acetic acid). Amino acid analysis gave 
Tyr, 1.02; He, 0.95; Thr, 0.99; Asp, 1.07; V2Cys, 0.05; Pro, 0.98; 
Leu, 1.00; Gly, 1.00; NH3,1.70. A peak unresolved from the artifact 
of the pH 3.25-4.25 buffer change was assumed due to the mixed 
disulfide of 3-mercapto-3,3-dimethylpropanoic acid and cysteine.14 

Analysis following performic acid oxidation prior to hydrolysis28 

gave a Cys(03H)-Gly ratio of 1.00:1.00, the trace of V2Cys and 
the peak presumed due to the mixed disulfide having collapsed. 

[l-Deaminopenicillamine,4-threonine]oxytocin (lib). 
Treatment of the acyloctapeptide lb (100 mg) as detailed above 
for Ila yielded the analogue lib (48 mg), indistinguishable from 
preparation Ila by TLC: H24D -46° (c 0.5, 1 M acetic acid). 
Amino acid analysis gave Tyr, 1.00; He, 0.97; Thr, 0.94; Asp, 1.02; 
72Cys, trace; Pro, 1.09; Leu, 0.99; Gly, 1.00; NH3, 1.65. An 
additional peak, assumed due to the mixed disulfide of 3-
mercapto-3,3-dimethylpropanoic acid, was not resolved fully from 
the artifact caused by the buffer change pH 3.25-4.25.14 Analysis 
following performic acid oxidation prior to hydrolysis28 gave a 
Cys(03H)-Gly ratio of 0.94:1.00, the trace of V2Cys and the peak 
assumed due to the mixed disulfide having collapsed. 
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The synthesis of a series of stilbene, biaryl, tolane, diaryl ether, sulfide, sulfoxide, and sulfone oxypropanolamines 
as potential antiobesity agents is described. These compounds were evaluated in a mouse lipid catabolism screen, 
and the more active members of the series, 4, 57, and 58, were further investigated in rats and dogs. l-(2,6-Di-
teri-butyl-4-£rarcs-styrylphenoxy)-3-isopropylamino-2-propanol (4) possessed considerable lipid catabolic activity 
in mice and caused a significant reduction in the body weight of rats after 5 weeks and of dogs after 6 weeks. Only 
hematological irregularities in a chronic toxicity study precluded further development of this compound as an alternative 
antiobesitv treatment. 

The existing methods for the treatment of obesity rely 
heavily on the use of anorectic drugs, particularly the 
phenethylamine group1,2 and more recently mazindol.3 An 
alternative approach to this treatment would be by the use 
of calorigenic or lipid-catabolic drugs which would lower 
the carcass fat content of individuals. 

We have been evaluating compounds for their lipid-
catabolizing effects in rodents . The term "lipid 
catabolizing" is used to describe the ability to cause a net 
lipid loss, initially demonstrated by a reduction in uterofat 
and subsequently confirmed by carcass analysis. This 
effect is achieved other than by a simple reduction in food 
intake. Weak lipid-catabolizing activity of 2,4,6-tri-
tert-butylphenol was observed in these laboratories and 
this encouraged the systematic and progressive modifi
cation of this structure leading to the preparation and 
evaluation of a series of linked diaryl oxypropanolamines, 
which is the subject of this report. The goal for this re
search effort was a compound which reduced body fat and 
consequently body weight without drastically affecting 
food intake. 

Chemistry. The stilbene propanolamines were pre
pared by the route outlined in Scheme I. Condensation 
of the appropriately substituted arylacetic acid with a 
substituted p-hydroxybenzaldehyde was carried out in 
xylene with piperidine as a basic catalyst.4 The crude 
phenolic trcms-stilbene was usually purified by chroma
tography on a short column of Florisil. Sodium hydride 
in dimethylformamide was used to generate the sodium 
salts of the hydroxystilbenes and reaction with epi-
chlorohydrin in refluxing dimethylformamide gave the 
glycidyl ethers in moderate to good yield. These epoxides 
reacted with the appropriate amine in methanol giving the 
desired propanolamines. Compounds 1-4, 7-32, and 34-51 

piperidine 

2.CH2CHCH2C( 
3. H2NRj-MeOH 

were prepared using this procedure and are listed in Table 
I. The 4-hydroxystilbene 33 was prepared by pyridine 
hydrochloride demethylation of 32. 

Compound 4 was initially selected for further biological 
evaluation and several derivatives of it were prepared. The 
stilbene double bond in 4 was readily hydrogenated over 
palladium on carbon giving the dihydro derivative 52. 
Compound 4 was resolved using both d- and l-p-to-
luoyltartaric acids. Solutions of 4 in various solvents were 
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