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has been established which involves lyophobic and elec-
trostatic binding. The ester in the resulting complex
has been shown to undergo an “intramicellar” displace-
ment, the rate of which is dependent upon the mole
fraction of A as Aj¢t. The maximum first-order rate
constants for ester disappearance (~0.06 to 0.2 min—?)

are comparable to those for the poorer substrates of
esteratic enzymes. We believe our initial endeavors
in this new field show sufficient promise to pursue the
topic further,

Acknowledgments. This work was supported by a
grant from the National Institutes of Health.

Communicdtions to the Editor

Synthesis by the Merrifield Method of a Protected
Nonapeptide Amide with the Amino Acid
Sequence of Oxytocin!

Sir:

Since the synthesis of oxytocin was first accomplished
by du Vigneaud, et al.,? several other syntheses have
been reported,®=12 all utilizing the same nonapeptide
intermediate as was used in the original synthesis but,
in some cases, with different protecting groups. With
all of these approaches, in which the classical methods
of peptide chemistry are employed, many weeks and,
in some cases, months are required for the synthesis
of the required protected nonapeptide amide inter-
mediate and the over-all yields are low. Using the
method of solid-phase peptide synthesis recently intro-
duced by Merrifield,!® a protected nonapeptide has
been synthesized in high yield in a few days. Removal
of the protecting groups followed by oxidation and
purification yielded oxytocin.

The protected nonapeptide was synthesized in a
stepwise manner beginning with 6 g of z-butyloxycar-
bonylglycyl resin containing 1.236 mimoles of glycine
according to the general procedure of Merrifield,! 14
with the following modifications. (1) Chloroform was
used as a solvent for the triethylamine neutralization
steps and for the washes immediately preceding and
following these steps.’* (2) Trifluoroacetic acid was
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used to remove the z-butyloxycarbonyl (Boc) group
from the glutamine residue before the addition of the
next protected amino acid residue.'® (3) All coupling
reactions were allowed to proceed for 4 hr. (4) The
protected peptide was cleaved from the resin by am-
monolysis.’” Eight cycles of deprotection, neutraliza-
tion, and coupling were carried out with appropriate
Boc-amino acids,'® producing the protected nonapep-
tide esterified to the resin, Boc-amino acids with pro-
tected side chains were S-Bzl-Cys and O-BzIl-Tyr. The
final cysteine residue was added as the N-carbobenzoxy-
S-benzyl (N-Z-S-Bzl) derivative. All coupling reactions
to form peptide bonds were mediated by dicyclohexyl-
carbodiimide!® in methylene chloride except those in-
volving the carboxyl groups of Asn and Gln, which
were allowed to react in dimethylformamide (DMF)
as their nitrophenyl esters.”®

Following the coupling of the final residue, the dried
resin weighed 7.24 g. The weight increase of 1.24 g
represents the incorporation of 1.00 mmole of pro-
tected nonapeptide on the resin. This is 8157 of the
amount expected, based on the original glycine content
of 1.236 mmoles of the esterified resin. Ammonolytic
cleavage was effected as follows: the protected nona-
peptide resin (2.5 g) was suspended in 85 ml of anhy-
drous methanol and the stirred suspension was bubbled
with a stream of ammonia from a refluxing solution of
ammonia, which contained sodium as a drying agent,
at a temperature of —5° for 2.5 hr with exclusion of
moisture, Stirring at 4° was continued overnight and
subsequently at 23° for 2 hr. The flask containing
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the mixture was connected to a water pump through
two soda lime U-tubes and was evacuated with stir-
ring for 2 hr to remove ammonia and methanol.
The evaporation was completed with a vacuum pump
for 3 additional hr.® The cleaved material was ex-
tracted with DMF (three 10-ml portions) and meth-
anol (two 10-ml portions) and the resin was removed by
filtration. The solvents were evaporated at 30° on a
rotary evaporator and the residue was dried in vacuo
over P,O5 to remove residual solvents. Upon tritura-
tion with 95%7 ethanol followed by washing with 959
ethanol and diethyl ether and further drying in vacuo
over P,O;, the protected nonapeptide amide Z-Cys-
(Bzl)-Tyr(Bzl) -Ile-Gln-Asn-Cys(Bzl)-Pro-Leu- Gly -NH,
was obtained as a white amorphous powder, weight
355 mg, mp 246-248°, [a]?D —50.5° (¢ 1, dimethyl-

formamide). Anal. Caled for C72H92N12014S2: C,
61.1;, H, 6.53; N, 11.9. Found: C,61.2; H, 6.82;
N, 11.8.

The yield of the protected nonapeptide amide from
the cleavage was 739 of the amount expected based
on the increase in weight of the resin. The over-all
yield based on the amount of glycine originally esteri-
fied to the resin was 599, Amino acid analysis2!
gave: Asp, 1.00; Glu, 1.12; Pro, 0.90; Gly, 1.07;
Ile, 1.02; Leu, 1.14; Tyr, 0.83; Bzl-Cys, 1.95; Cys,
0.07; NH,, 3.1. The total time required for the syn-
thesis and cleavage was 6 days. The protected nona-
peptide (100 mg) was treated with sodium in liquid
ammonia as described by du Vigneaud, et al.,? and the
resulting free thiol groups were oxidized by treatment
with an aqueous solution of potassium ferricyanide??
to give a solution possessing a total of 15,900 IU of
oxytocic activity.?* Pure oxytocin (32.5 mg, 46%)
was obtained from a lyophilizate of this solution by gel
filtration on Sephadex G-15,2¢ [¢]?%5D —24.0° (¢ 0.5,
1 N acetic acid). Anal. Caled for CyHegNieS:-
CH;COOH-H,0: C, 49.80; H, 6.69; N, 15.49.
Found: C, 49.93; H, 6.85; N, 15.37. Amino acid
analysis gave: Asp, 1.00; Glu, 1.00; Pro, 1.10; Gly,
1.0; Cys, 1.80; Ile, 0.89; Leu, 1.00; Tyr, 0.85; NH,,
3.0. When examined by thin layer and paper chroma-
tography the product was shown to be homogeneous
and to give the same R; values as those reported for
oxytocin.® The material exhibited an oxytocic ac-
tivity of ~430 IU/mg. This value may be increased by
~ 1297 if the water and acetic acid content of the lyo-
philized product are taken into account. The over-all
yield of biologically active oxytocin was 27%. The
total time required for the synthesis starting with Boc-
amino acids and ending with chromatographically pure
oxytocin was 10 days.
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The advantages of rapidity and efficiency which
characterize the Merrifield method have been fully
demonstrated in the extension of the method for use in
the synthesis of the key intermediate required for the
synthesis of oxytocin. Further application is being
made toward the synthesis of protected nonapeptides
required for the synthesis of lysine-vasopressin2¢ and
of analogs of oxytocin and lysine-vasopressin. It is also
worthy of note that Beyerman? has carried out the
solid-phase synthesis of the partially protected nona-
peptide leading to 9-deamido-oxytocin® and Taka-
shima, du Vigneaud, and Merrifield?® have utilized the
solid-phase technique for the synthesis of deamino-
oxytocin. 22
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The Stereochemistry and Inversion of Trivalent Oxygen
Sir:

The most succinct example of a unimolecular thermal
reorganization is the pyramidal inversion of molecules
that possess lone pairs. The product is either enantio-
meric, diastereomeric, or equivalent to the starting
material. Nearly all previous studies have focused on
the inversion properties of nitrogen,! although other
atoms have received some attention.?3 We have
initiated a general program to broaden the scope of
knowledge in this field to include other atoms. In the
present communication and the next,* we wish to report
the first observation of the thermal stereomutation of
oxygen and of arsenic.

Oxygen must necessarily be trivalent for inversion
studies. Although the planar pyrilium salts are clearly
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