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spectrum was being taken in denteriocliloroforin the sample tube
popped its cork and vigorous gas evolution was noted. The
spectrum was run several times during the first 15 min. after
which it became constant and appeared to be that of 9,10-
diliydrophenantliteiie contaminated by an unidentified impurity
which exhibited a strong peak at approximately 7.3 5. Positive
identification was made by comparison of the infrared spectrum
with that of an authentic sample.

Thermal Decomposition of 1,4-Dihyclronephtholl,3-d,e][1,2]-
diazepine (XX).-—In a semimicro distillation apparatus 0.4 1;.
of XX. was heated gently with a free flame. The solid melted
to an orange liquid and on continued heating sudden and vigorous
decomposition occurred with the release of a cloud of smoke.
The black liquid remaining in the pot was distilled into the re-
ceiver by means of the free flame. The distillate solidified as a
black solid (0.2 g., 59.2%). Recrystallization from cth:.inol~
water (dccolorizing carbon) gave nearly white crystals, m.p.
93.5-94.5“. The melting point was not depressed on admixture
with an authentic sample of aceuaphthene.

When the azo compound was heated in diglyn-1:: {b.p. 162”)
or triglyme (b.p. 210°], isomerization to XXI was noted as
proved by mixture melting point determination.

Isomerization of 1 .4-Dihydronaphtho [1,B-d,e] [1 ,2] diaze-pine
(XX).—~A solution of 0.5 ml. of concentrated hydrochloric acid
and 3 ml. of water was warmed with 0.2 g. of XX for 2-3 min.

SYNTIIESIS or A TETRAPEPTIDE 2149

until solution occurred. Excess solid potassiiiin hydroxiilc was
added_and the cream—colored powder filtcrcd and dried in air.
The yield was 0.17 g‘. (85%). m.;:. 129-130°, identified as XXI
by comparison with a sample prepared by selenium dioxideoxidation of X.

1—Benzai-2-benzylhydrazine.—A mixture of 16.4 g. of benzal—
azine, 4.66 g. of dry lithium chloride. 5.9-1 g. of potassium boro-
liydride a_ntl 81'] ml. of tetrallyiirofuran was refluxed for 24 hours
Wltll stirring.“ The mixture was decomposed by the addition of
water and the tetraliydrofuran layer. separated and allowed to
evaporate spontaneously. Snow—wl1ite _1'.1ak_cs (9.5 g.. 91%)remained, m.p. 64-T2 ilec. Recrystallization from methanol
gave ’I".6 g. (72%) of.the pure hydrazone, m.p. '.7lJ—73.5° dec.
(softening at 69.5% lit.“ m.p. 69-70“). Since the hyclrazone
decomposed readily on standing as noted by previous workers, then.m.r. spectrum was run. at once.

Acl-mow1edgment.——We are indebted to Prof. Thomas
Stenglc for the n.m.r. spectra and discussions concerning
their interpretation.

(33) The procedure is based on the work of ll.-I. Davis [.47. Chem. Sac.,
3981 (iQ5I‘:Jl , who showed that tertiary amides could be reduced under theseconditions.

(34) A. Wiihl and C. Oesterlin, Ban, 3!, 27.36 (1000).

l(.‘.o1~:'rRInU1'ioN FROM THE ROCKEFELLER Institute, New YORK 21, N. Y.]

Solid Phase Peptide Synthesis. 1. The Synthesis of a Tetrapeptide‘

Bv R. B. MERRIFIELD

RECIIIVED JANUARY 31, 1963

A new approach to the chemical syntliesis of polypeptides was investigated. It involved the stepwise
addition of protected amino acids to a growing peptide chain which was ‘bound by ‘:3. covalent bo11d to a solidresin particle. This provided a. procediire whereby reagents and by-products were removed by filtration, and
the recrystallization of intermediates was eliminated. The advantages of the new method were speed and sim-plicity of operation.
1.-lcucyl-L-alauylglycyI—L—valinc.
plienyl ester procedure.

The classical approach to peptide synthesis has
yielded impressive successes in recent years in the prep-
aration of several biologically active peptides.“ With
the development of new reagents and techniques the
synthesis of most small peptides has been placed within
cosy reacl1.3 However, these procedures are not
ideally suited to the synthesis of long chain polypep-
tides because the technical dilliculties with solubility
and purification become formidable as the number of
amino acid residues increases. A new approach to
peptide synthesis has been investigated in an effort to
overcome some of these difficulties. The present re
port deals with the basic idea behind the new method
and with a demonstration of its feasibility through the
synthesis of 21 simple model tetrapcptide.

The general concept underlying the new method is
outlined in Fig. 1. It depends on the attachment of
the first amino acid of the chain to a solid polymer by a
covalent bond, the addition of the succeeding amino
acids one at a time in a stepwise manner until the de-
sired sequence is assembled, and finally the removal of
the peptide from the solid support. The reason for this
approach is that when the growing peptide chain is

(1) (:1) Supported in port by Grant A 1260 from the U. 5. Public Health
Service. (b) An abstract of this work was presented at the 46th Annual
Meeting or the Federation or American Societies for Experimental Biology,
A.IIti|.1![.l[i2: R. B. Mcrrifield, Fad‘. Print... 21., -412 (1952).

ii’) (:1) V. du Vigneaud, C. Ilcssler, I. M. Swan, (2. W. Roberts, I’. G.
Kaisoyannis and S. Gordon. J. A m. Cimn. Son, 1'5, 4879 (1953); (b) R, B_
Men-ilicid and I). W. Woollcy, 1'b:‘:i., 78, -10-16 (1956); (cl 1!. Schwarz, M.
Burripus and I. H. Page, r'bI'd'., 19. 5697 {1l3.3?}; {d} R, A. Boissonnau, S,
Guttmann and 1’. A. Jnqnenoud, Hcfv. Chim. Asia, 43, 13-19 (1960): (e)
K. ‘lloiirinnn, II. Vajima, N. Yariuihara, '1‘. Lin and S. Laurie. J’. Am. Clmaz.
305-. 93. 487 (1951): ft} C. II. Li, J’. 1\-Ieienlrofer, E. Schnabel. I). Clluug,
T. Lo and _'I'. Ramnchnndrau, Ebiiit. 53, 4-H0 (1961): lit} 1].’. Kaimcler and R.
Schwyzcr, {Iain Cltim. Acid, {-1. I136 (1061).

(3) See J’, P. Gi-er-nstein and M. W. Wluitz, "Chemistry of the Amino
Al’-W5." VOL 2. Jfihtl Wiley and Sons. Inc., New York, N. Y.. 1981.

The feasibility of the idea was demonstrated by the synthesis of the model tetfzlpepltlclt‘.
The peptide was identical with a. sample prepared by the standard p—nitro-

firmly attached to a completely insoluble solid particle
it is in a convenient form to be filtered and washed free
of reagents and by—products. Thus the intermediate
peptides are purified, not by the usual recrystallization
procedures, but by dissolving away the impurities.

This greatly simplifies the manipulations and ‘shortens
the time required for the synthesis of the peptides. It
is hoped that such a method will lend itself to automa-
tion and provide a. route to the syn thesis of some
of the higher molecular weight polypeptides which
have not been accessible by conventional procedures.

The Polymer.—The first requirement was for a, suit-
able polymer. It had to be insoluble in all of the sol-
vents which were used and have a stable physical form
which permitted ready filtration. It also had to contain
a functional group to which the first protected amino
acid could be firmly linked by EL covalent bond. Many
polymers and modes of attachment were investigated.
Among the polymers were cellulose, polyvinyl alcohol,
polymethacrylatc and sulfonated polystyrene. The
one which worked best was a chloromctliylated copoly-
mer of styrene and divinylbenzene. The resin, in the
form of 20(J—rl[)0 mesh beads, possessed a porous gel
structure which allowed ready penetration of reagents,
especially in the presence of swelling solvents. Al-
though diffusion and steric hindrance were no doubt
important factors, they were not serious enough to pre~
vent the desired reactions from proceeding to comple-
tion. The reaction rates were slower than correspond-

ing ones in solution, but conditions were found which
permitted all of the reactions to occur at useful rates in

spite of the fact that the growing peptide chain was in
the completely insoluble solid phase at all times. It
was for this reason that the term solid phase peptide
synthesis was introduced to describe the new method.

f 
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