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The intermediate for the synthesis of 9-decarboxamido-oxytocin, in which the glycinamide residue of the hor- 
mone has been replaced by that  of methylamine, was the protect'ed octapeptide methylamide, X-tosyl-S-benzyl- 
~-cysteinyl-~-tyrosyl-L-isoleucyl-~-glutaminyl-~-asparaginyl-S-benzyl-~-cpsteinyl-L-prolyl-~-lencine methylam- 
ide. This compound was prepared by coupling ~~-tosyl-S-benzyl-L-cysteiiiy1-~-tyrosy1-~-isoleucyl-~-gliitaminyl- 
L-asparagine with S-benzyl-L-cysteinyl-L-prolyl-L-lericine methylamide. The S-benzyl-tripeptide methylamide 
was obtained by the removal of the carbobenzoxy gronp from the corresponding S-carbohenzoxy-S-benzyl-tri- 
peptide methylamide which was the product of the coripling of p-nitrophenyl N-carbobenzoxy-S-benzy1-L- 
cysteinate and L-prolyl-L-leucine methylamide. The dipeptide methylamide was prepared by the removal of the 
carbobenzoxy group from the product of the coupling of AV-carbobenzoxy-L-prolyl-L-leucine and methylamine. 
The protecting groups of the protected octapeptide methylamide were removed by sodium in liquid ammonia, and 
the resulting disulfhydryl compound was oxidatively cyclized t o  give the analog, which was isolated by partition 
chromatography on Sephadex G-25. 9-Ilecarhoxamido-oxytocin was found to possess approximately 1/70 of the 
potency of oxytocin with respect to its oxytocic activity, approximately 1/100 of the potency of oxytocin with 
respect to its milk-ejecting activity, and was practically devoid of avian vasodepressor and rat pressor activities. 
It has an ext,remely low degree of antidiriretic activity. 

The posterior pituitary polypeptide hormone, oxy- 
tocin (Figure 1), possesses oxytocic, milk-ejecting, and 
avian vasodepressor activities to a very high degree. 
It also possesses pressor and antidiuretic activities to a 
small degree. With the synthesis of oxytocin3 it be- 
came possible in our own and other laboratories to 
undertake investigations to establish the extent to 
which certain features of its molecular structure 
determine its biological properties. As part of an ex- 
tensive study of this relationship of structure to bio- 
logical activity me have carried out an investigation on 
the importance of the amino, the phenolic hydroxyl, 
and the three carboxamide groups to the biological 
activities of oxytocin by the preparation by total 
synthesis of a series of analogs in which each one of these 
groups has been replaced by hydrogen, namely dea- 
mino-, deoxy-, 4-decarboxamido-, 5decarboxamido-, and 
9-decarboxamido-oxytocin. The effect of these re- 
placements has been evaluated by determining the 
pharmacological activities of these analogs. In  this 
way it has been possible to ascertain to what degree 
the chemical functional groups mentioned contribute 
to the aforementioned pharmacological activities of 
oxytocin. 

In  deaniino-oxytocin4 the half-cystine residue a t  
position 1 is replaced by a P-mercaptopropionic acid 
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residue, and in deoxy-oxytocin5 the tyrosine residue is 
replaced by that of phenylalanine. 4-Decarboxaniido- 
oxytocin6a contains an a-aminobutyric acid residue i n  
place of that  of glutamine, and 3-decarboxaniido- 
oxytocin6 contains an alanine residue in place of that  
of asparagine. This series of replacements of single 
chemical functional groups has now been completed 
by the synthesis reported in this communication of 9- 
decarboxaniido-oxytocin in which the glycinaniide 
residue a t  pocitiori 9 is replaced with hydrogen. This 
replacement is in a sense a more drastic change than 
the replacements of the carboxaniide groups a t  posi- 
tion 4 and 5 by hydrogen which involve the replace- 
ment of one amino acid residue by another, whereas 
in 9-decarboxaniido-oxytocin a methylamine residue 
replaces an amino acid residue. Severtheless the re- 
placement of the carboxaniide group in position 9 by 
hydrogen offers an approach to the evaluation of the 
importance of the carboxaniide group in this position. 
The remlts of the pharmacological study of the 9- 
decarboxamido-oxytocin are given in Table I which 
also contains the pharmacological activities of the 
other analogs mentioned, in which a given functional 
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Figiire l.-Structure of oxytocin, with iiiinibers iiidicstiiig t l i t b  
position of' the intiividnal aiiiiiio acid residues. 

group is replwed by hydrogen, a i i c l  iiirludes the w t i v -  
ties of oxytocin it-elf for coiiipaii5oii 

I t  mi1 he seen from the data iri Txble I that the pie- 
ence of the ainirio group :Lt positioii 1 is not iie 

for the poisession of the biological activiticq 
are c>liaracteriitic of oxytociii, ~ r i w  aviaii 
presor ,  oxytocic, aiid iiiilk-ejectiiig propertie5 arc 
exhibited by deamiiio-oxytoc,iii to :in eveii higlier tlc- 
glee thari by the. pnrerit horiiioiic. The phenolic liy- 
droxyl group of the tyio-iiie re-iduc doe, not appear 
to be vital, but it i\ apl)arerit from the actiJitic>\ of 
dcoxy-oxytocin that thib groul) doe- contribute to  a ( ~ ) i i -  

4derable degree to tlic potciiry of oxytor i i i  n i t l i  re'l)c('t 
to its varioui activities. The 'king diffeienccy i i i  

tlic wtivity of 4- arid 5-decarbox clo-oxytocin clenloll- 
stratc th:tt the 1)resciiw of tlic c:irhoxaniide group of 
the aspztragine residue at  po-itioii 5 i b  vital for the  ex- 
hibition of appreciable biologirnl activity. vihereas the 
preserice of the rarboxai grou1) of the glutamine 
residue a t  position 4 is 11 

I'i~orii the results of cal :t,IC.ay- 0 1 1  R - d r -  
(.arboxaiiiido-oxytociIi it i5 apparent tliat the cwbox- 
niiiide group of the glyciiiaiiiide residue play5 n highly 
iiiil)ortsirit role in  the iiiariife itiori of the biological 
:~ctivitieb characteriitir of oxytocin. This analog i- 
~mcbtically devoid of :ivi:iii ~ ~ a i o d e p r e 5 ~ o r  :wtivity, 
the activity oii n.liir1i the offici:il iiiethod of assay of the, 
IT. S. I~ l i :~ r~ i i~~co~)e i : i  for oxytoriii 1- b : t d .  Tlir ot1ic.i 
t \ i o  r I i : i i x r t  (w- t i r  :irt i i r i t  it>- of oxytoc~iii, t l i v  o\;yiocair. 
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I n  the biological assays carried out on 9-decarbox- 
amido-oxytocin, four-point assay design was used. 
The potency of the avian vasodepressor activity was 
determined on conscious chickens according to the 
method of Munsick, Sawyer, and van Dyke.15 Oxy- 
tocic assays were performed on isolated uteri from rats 
in natural estrus by the procedure of Holton,16 as 
modified by ; \ I u n s i ~ k . ~ ~  Assays of the milk-ejecting 
activity were carried out on anesthetized rabbits by 
the method described by Cross and Harris,l* as adopted 
by van Dyke, et U L . , ' ~  arid modified by Chan.20 The 
rat pressor activity was measured in urethan-anesthe- 
tized male rats according to the method described in 
the U. S. Pharmacopeia,?' and the antidiuretic activity 
was determined in hydrated male rats by the method 
of Jeffers, Livezey, and Austin,22 as modified by 
Sawyer. 2 3  

Experimental Sectionz4 
N-Carbobenzoxy-L-prolyl-L-leucine Methy1amide.-To a so- 

lution of 3.62 g of N-carbobenzoxy-L-prolyl-L-leucines in 70 ml of 
peroxide-free tetrahydrofuran was added 1.50 ml of triethylamine. 
The solution was cooled to -10" and kept a t  that  temperature 
for 5 min, t,heii 1.40 g of isobutyl chloroformate was added, and 
the mixture was stirred a t  - 10" for 20 min. A solution of 1.40 g 
of methylamine hydrochloride in a mixture of 4 ml of water and 
3 ml of triethylamine was prepared just prior to the end of the 
20-min period and was added to the reaction mixture, which was 
then stirred for 1.5 hr in a stoppered flask without further cooling. 
The tetrahydrofuran was removed by rotary evaporation unt'il 
the product began to crystallize. The separation of the product' 
was completed by the addition of 40 ml of water. After 1 hr a t  
room temperature the crystals were collected by filtration, washed 
successively with a 5% solution of KHCO,, HgO, 1 S HC1, and 
H20, and dried (P20j), giving 3.0 g, mp 127-129". Recrystalli- 
zation of this material from tetrahydrofuran-water gave a 94Ci, 
yield of needles, mp 128-129", [ C Y ] ~ D  -73.0" ( c  1, ethanol). 
A sample dried for analysis over P20s in vacuo a t  100" had mp 

Anal. Calcd for C2&9?;304: C, 64.0; H ,  7.99; N, 11.2. 
Found: 

i~~-Carbobenzoxy-S-benzyl-L-cysteinyl-L-prolyl-L-leucine 
Methy1amide.-One gram of 5% palladium on charcoal was added 
to a solution of 3.0 g of N-carbobenzoxy-cprolyl-L-leucine 
methylamide in 120 ml of methanol. Hydrogen was bubbled 
through this mixture for 3 hr a t  50". The catalyst was then 
removed by filtration, and the filtrate was evaporated to  dryness 
in vacuo. The residue was dissolved in 6 ml of dimethylform- 
amide and 4.0 g of p-nitrophenyl S-carbobenzoxy-S-benzy1-L- 
cysteinatelo was added to it. The solution was allowed to st'and 
at  room temperature for 3 days, then 50 ml of ethyl acetate was 
added and the mixture was successively extracted with five 25- 

solution of KHC03, 25 ml of wat'er, three 25- 
HC1, and 25 ml of water. The organic solu- 

t,ion was then dried (MgS04) and the solvent was removed by 
evaporation in z'acuo to give an oily residue, which was dissolved 
in 5 ml of ethyl acetate. Hexane was added until this solution 
became cloudy. The product began to separate a t  room tem- 
perature in the form of needles. Bfter the addition of 50 ml of 
a mixture of hexane and ethyl acetate (10: 1) the crystalline 
suspension was kept overnight a t  4'. The product was then 

131-132". 

C, 63.9: H, 7.89; hT, 11.2. 
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ing point apparatus. 

collected by filtration, washed with hexane, and dried (CaC12 
and KOH) to give 7.2 g, mp 74-76". Recrystallization from 
ethyl acetate-hexane gave 3.2 g, mp 75-76", [,12*~ -68.0" ( c  
1, ethanol). 
Anal. Calcd for CsoHaoN408: C, 63.4, H, 7.11; N, 9.85. 

Found: C, 63.3; H, 7.12; ?J, 9.84. 
.~r-Tosyl-S-benzyl-L-cysteinyl-L-tyrosyI-L-isoleucyl-L-glutami- 

nyl-L-asparagine.-To a solution of 2.2 g of aY-tosyl-S-benzyl- 
L-cysteinyl-L-tyrosin@ in 30 ml of peroxide-free tetrahydrofuran 
was added 0.6 ml of triethylamine and the mixture was cooled to 
- 10" and kept at  that  temperature for 5 min. Then 0.62 g of 
isobiityl chloroformate in 20 ml of tetrahydrofuran was added 
and the mixtiire was stirred a t  -10" for 20 min. A solution of 
1.5 g of ~-isoleiicyl-~-glutaminyl-~-asparagine~~ in 11 ml of water 
and 0.6 ml of triethylamine was added to the reaction mixture, 
which was then stirred a t  room temperature for 1.5 hr. It was 
acidified by the dow addition of concentrated HCl, and the tetra- 
hydrofuran was removed by evaporation in uacuo. After the 
addition of 20 ml of water to the residue, the insoluble material 
was collected by filtration and washed with 1 S HC1 and HqO. 
It was dissolved with mild heating in a mixture of 60 ml of tetra- 
hydrofuran and 20 ml of H2O. The solution was allom-ed to stand 
a t  room temperature for 2 days, in which time crystalline material 
gradually separated. It was collected by filtration and dried to 
give 2.5 g, mp 226-228" dec, [ ~ ] ? O D  S5.0"  ( c  1, dimethylform- 
amide), lit.'?mp 239-241" dec, [ c Y ] ~ ~ D  +5.1° ( c  1, dimethylform- 
amide). 

S-Tosyl-S-benzyl-L-cysteinyl-L-tyrosyl-L-isoleucyl-L-glu- 
taminyl- L- asparaginyl- S- benzyl- L- cysteinyl- L- prolyl- L-leucine 
Methylamide. - .Y-Carbobenzoxy-S-benzyl-L-cysteinyl-L-prolyl- 
L-leucine methylamide (2  8 g) was dissolved in 40 ml of glacial 
acetic acid and was treated u-ith 40 ml of a 297, solution of HBr 
in acetic acid. The mixture was allowed to stand at  room tem- 
perature for 20 miii, then was poured into 300 ml of cooled, an- 
hydrous ether. The ether was decanted and the solid hydro- 
bromide of the tripeptide methylamide which had separated 
was washed twice by decantation of ether. I t  was then dissolved 
in 50 ml of methanol and the free base was liberated by stirring 
the solution with Rexyn RG 1 (OH form) until its pH was ap- 
proximately 7. The resin was removed by filtration and washed 
with methanol. The combined filtrate and washings were 
evaporated in vacuo, and the residue m s  dissolved in 5 ml of 
dimethylformamide. 

Dicyclohexylcarbodiimide (0.52 g) was added to a suspension 
of 0.88 g of S-to~y1-S-ber:zyl-~-cysteinyl-~-tyrosyl-~-isoleucyl- 
L-glutaminyl-L-asparagine in 10 ml of dimethylformamide, and 
the mixture was stirred for 5 min a t  5 " .  The solution of S- 
benzyl-L-cysteinyl-L-prolyl-L-leucine methylamide in dimethyl- 
formamide was added, and stirring was continued for 1 hr a t  S o ,  
for 3 hr at  room temperature, and then for 30 min after the addi- 
tion of 1 ml of glacial acetic acid. The dicyclohexylurea was 
removed by filtration and the filtrate was poured into 200 ml of 
water. The precipitated solid was collected by filtration washed 
successively with 1 S HC1, H20, a 5% solution of KHCO,, and 
HgO, dried tn vucuo (P~OS) ,  and dissolved in 20 ml of dimethyl- 
formamide. The peptide derivative was then precipitated by 
the addition of H20. rlfter being kept at  4" overnight, the 
product was collected by filtration, washed with ice-cold H20, 
and dried (PgOj), to give 1.1 g, mp 255-25i0 dec, [cY]?'D -31.0' 
( c  1, dimethylformamide). 
Anal. Calcdfor C62H8311013S3: C, 58.2; H ,  6.59; N, 11.8. 

Found: 
9-Decarboxamido-oxytocin.-A solution of 250 mg of the pro- 

tected octapeptide methylamide in approximately 200 ml of 
boiling anhydrous ammonia, freshly distilled from sodium, was 
treated with sodium until the entire solution became blue and 
remained so for 5 min. The color was then discharged by the 
addition of 225 mg of NHaC1, and the ammonia was removed by 
lyophilization. The residue was dissolved in 350 ml of glass- 
distilled water. This solution was extracted with five 100-ml 
portions of ether to remove the thiocresol and the pH was ad- 
justed to 7.0 by the addition of dilute acetic acid. To the stirred 
solution was added 100 ml of an 0.01 M solution of potassium 
ferricyanide, and stirring was continued for 20 min. Removal 
of the ferrocyanide and excess ferricyanide ions was accomplished 

C, 58.0; H, 6.62; N, 11.8. 
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