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and the parallel amide 11 band (cu. 1525 cm.-l) are
common to both these conformations. (3) Using
the above criteria many extended polypeptide
chains (except @-keratin)were found to be in the
antiparallel-chain pleated sheet conformation. (4)
The random coil conformation shows the amide I
and I1 bands ca. 1660 and ca. 1535 cm.-', respectively. (5) Both the parallel and perpendicular
amide I bands of the a-helix are observed a t ca.
Summary
1650 cm.-l whereas the parallel and perpendicular
(I) The amide I and I1 frequencies of the a- amide I1 bands are observed a t ca. 1520 and ca.
helix, the parallel-chain pleated sheet, the anti- 1550 cm.-', respectively. (6) The directions of
parallel-chain pleated sheet, and the random con- the amide I and I1 transition moments of the aformations of polypeptides have been explained in helix of poly-y-benzyl-L-glutamate were estimated
terms of vibrational interactions between adjacent to be inclined from the helix axis by 29-34' and
peptide groups in the chain and through hydrogen 75-77', respectively. (7) On the basis of the inbonds. (2) Parallel-chain pleated sheet con- frared spectra-conformation correlations described
formations can be distinguished from antiparallel- in this paper it has been possible to revise the interchain pleated sheet conformations since the former pretation of the amide I and I1 bands of several
exhibit the parallel amide I band a t 1645 c m - l , proteins.
while the latter show the band a t 1695 cm.-'.
Acknowledgment.-We gratefully acknowledge
The perpendicular amide I band (ca. 1630 cm.-')
the support of this investigation in part by U. S .
Public Health Service Grant A2558.
(30) K. M. Rudall in Adw. Pvolein Chem., 7 , 281 (1952).

is now more reasonably assigned to the parallel
amide I1 vibration of the a-helix. A weak shoulder
is observed around 1660 cm.-' which may be assigned to the random conformation in the amorphous region. Infrared spectra similar to those of
horsehair have also been observed for elephant
hairz9and epidermk30
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By carbobenzoxylation of Ne-monobenzylidene-L-lysine ( I ) followed by acidification benzaldehyde is split off and pure
a-monocarbobenzoxy-L-lysine ( I I I a ) is formed. By the action of dry hydrogen bromide dissolved in glacial acetic acid on
Nf-trityl-Na-carbobenzoxy-L-lysine methyl ester only the carbobenzoxy group is eliminated and crystalline dihydrobromide
of pure W-trityl-L-lysine methyl ester ( V ) is formed; on treatment of Na,NC-ditrityl-L-lysine methyl ester with two equivalents of hydrogen chloride in methanol only the N*-trityl group is split o f fand the crystalline dihydrochloride of the same N"trityl derivative V is formed. Compounds 111 and V are valuable intermediates for the preparation of different types of
lysine peptides, 111for the synthesis of e-peptides and V for the synthesis of or-as well as mixed a,€-peptidesof lysine. Several
such peptides were prepared in this way.

Introduction

chain. For the elucidation of this unusual facet
of protein structure and for the synthesis of
bacitracin analogs, the availability of CY- and Eamino group of L-lysine participates in the forma- peptides, as well as of mixed a,€-peptides of Ltion of an amide bond. However, until recently, lysine would be very useful.
no evidence was available for such a peptide linkThe preparation of a-peptides of L-lysine startage in proteins6 involving the €-amino group of ing with Nf-carbobenzoxy-L-lysineSaor Ne-formylL-lysine. The isolation of Nf-(glycyl-a-glutamy1)- L-lysinegbpresents no difficulty. e-CarbobenzoxyL-lysine after partial hydrolysis of collagen7 sug- L-lysine was first prepared by selective decarbogests that, a t least in some proteins, L-lysine may benzoxylations" of dicarbobenzoxy-L-lysine, and
serve as a branching point of the polypeptide subsequently by direct carbobenzoxylation of the
The latter method of
L-lysine copper c ~ m p l e x . ~
(1) A summary of this paper was presented a t the 2nd European
protection of the a-amino group served in a few
Peptide Symposium, Munich, Ger., September, 1959. Abstracted in
part from the doctoral dissertation of Mrs. B. Bezas, Faculty of Natural
cases for the introduction of amino acid residues
Sciences (Chemistry Section), University of Athens, Greece, May,
directly at the r-position.lOlll A rather tedious way
1960.
for the synthesis of €-peptides is through the use of
(2) This investigation was supported by a grant from the Royal
N*-tosyl-L-lysine as starting material,7t12prepared
Helenic Research Foundation.
(3) L. D. Wright, L. G. Gresson, R . H. Skeggs, R. T. Wood, R.L.
in turn from Nf-carbobenzoxy-L-lysine. After the

It has been demonstrated that in some natural
products, as in biocytin3 and b a ~ i t r a c i n , ~the
J E-

Peck, D. E. Wolf and K. Folkers, J . A m . Chem. Soc., 73, 1048 (1950),
74, 1996 (1952).
( 4 ) L. C. Craig, W. Hausmann and J. R . Weisiger. ibid., 77, 723
(1955); J . B i d . Chem.. 199,865 (1952).
(5) G. G. F. Newton and E. P. Abraham, Biochem. J . , 5S, 604
(1953); I. A I . Lockhart and E. P. Abraham, ibid.. 6 3 , 645 (1966).
( 6 ) P. Desnuelle in H. Neurath and K. Bailey, "The Proteins,"
Vol. I, Academic Press, Inc., New York, N. Y., 1953, p. 134.
(7) G. L. Mechanic and M. Levy, J. A m Chem. Soc., 81, 1889
( 1 959).

(8) (a1 M. Bergmann, L. Zervas and W. F. Ross, J . B i d . Chem., ill,
245 (1935); (b) K. Hoffmann, E. Stute, G. Spuhler, H. Yajima and
E. T. Schwarz, J . A m . Chem. Soc., 83, 3727 (1960).
(9) F. Sanger and A. Neuberger, Biochem. J . , 37,515 (1943).
(10) D. Theodoropoulos, J . Org. Chem., %S, 140 (1958).
(11) D. L. Swallow and E. P. Abraham, Biochcm. J . . 7 0 , 359
(1958).
(12) D. Theodoropoulos and L. C. Craig, J. Org. Ciiem., 21, 1376
(19%).
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incorporation of carbobenzoxylamino acids in the
free eposition of the tosyl derivative, all the protective groups are removed by reduction with
sodium in liquid ammonia. To the author's
knowledge, no reports of the synthesis of mixed
a,€-peptides of L-lysine have appeared.
In the present investigation general methods for
the synthesis of a- and €-peptides as well as mixed
a,e-peptides of L-lysine, having different amino
acids a t the a- and €-positions, are presented. As
starting material, monobenzylidene-~-lysine~~
(I),
which on the basis of spectroscopic and chemical
data seemed to be "-benzylidene derivative,l4
was used. By carbobenzoxylation of I in alkaline
solution for 5-6 minutes a t -5 to - 10' followed by
acidification, benzaldehyde was split off and a pure
monocarbobenzoxy-L-lysine (IIIa) was obtained
in good yield. Its physical properties were different from those of the N'-derivative,&lg it does
not yield a significant amount of carbon dioxide
with ninhydrin, and can thus be assigiied the
N"-structure. Carbobenzoxylation of I in the
usual manner (0-5', 20-30 minutes) results in the
formation of a mixture of monocarbobenzoxy-Llysines, with the a-derivative predominating. It is
obvious that in the alkaline solution a slow isomerization of I to I1 takes place to some extent.
By coupling the benzyl ester IIIb with the corresponding carbobenzoxyamino acid via the mixed
anhydrideL6or the carbodiimide16method, followed
by catalytic hydrogenation, chroniatographically
and optically pure e-peptides (e.g., L-phenylalanyl,
glycyl and L-valyl peptides) were isolated. By an
identical procedure a tripeptide, W-(L-phenylalanyl)-L-lysyl-L-tyrosine,
was prepared.
By tritylationl' of IIIc the corresponding Nucarbobenzoxy-N'-trityl-L-lysine methyl ester (IV)
was obtained. Surprisingly, upon treatment of
IV with an excess of dry hydrogen bromide, only
the a-carbobenzoxy group was split off and crystalline Ne-trityl-L-lysine methyl ester dihydrobromide
(Va) was formed; this could then be transformed to
the corresponding crystalline dihydrochloride Vb.
The formation of dihydrohalogenides is to be expected, since the N-tritylation does not fully suppress the ability of the amino group to form
salts in inert media.17 The formation of Vb by
the action of excess hydrochloric acid on N",N'ditrityl-L-lysine methyl ester has been reported.
It was not isolated in pure condition (no analysis
was presented); even so, it served for the synthesis
qf some a-peptides.Is By selective detritylation
of N",N'-ditrityl-L-lysine methyl ester with 2
equiv. of inethanolic hydrochloride" a t room
temperature pure crystalline e-monotrityl derivative
Vb and trityl methyl ether'' were isolated in good
yield; Vb can now serve as an easily available
(13) M . Bergmann and I,. Zervas, Z.physiol. Chcm., 163, 282 (1926).
(14) B. Witkop and T.W. Beiler, J . A m . Chem. Soc., 76, 5589
(1954).
(15) Th. Wieland and H. Bernhard, A n n . , 573, 190 (1951); R . A.
Boissonas, Helu. Chim. Acfa, 84, 874 (1951); J. R . Vaughan and R . L.
Osato, J. Am. Chem. SOC.,78, 5553 (1951).
(16) J. C. Sheehan and G. P. Hess, ibid.. 77, 1067 (1955).
(17) L. Zervas and D. M. Theodoropoulos, ibid., 7 8 , 1359 (1956);
G. C. Stelakatos, D. M. Theodoropoulos and L. Zervas, ibid., 81, 2884
(1959).
(18) G . Amiard and B . Goffinet, Bull. SOC. clrim. Prance, 1133 (1957).
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starting material for the preparation of pure apeptides of L-lysine. For instance, N"-(L-phenylalanyl)-L-lysine was prepared by coupling carbobenzoxy-L-phenylalanine with Vb, saponifying the
resulting product VIa t o the free acid VIb, detritylating by means of acetic acid to VIIb and finally
removing the carbobenzoxy group by catalytic
hydrogenation ; alternatively, the special detritylation step can be omitted in this case, since all
the protecting groups in VIb can be removed in
one step by catalytic hydrogenation.17 Otherwise
compound VIIb can also be prepared, although in
lower yield, by coupling directly I with carbobenzoxy-L-phenylalanine as described in the Experimental section.
The crystalline Ne-trityl-L-lysine ester Vb is
also an ideal starting material for the preparation of
mixed a,€-peptides of L-lysine, since the trityl
group can be removed selectively and without any
interference to other protecting groups. In this
manner Nu-L-phenylalanyl-Ne-L-valyl-L-lysine
was
prepared by detritylation of VIa with acetic acid
to VIIa and coupling a t the unmasked e-amino
group with carbobenzoxy-L-valine. From the resulting tripeptide derivative VIII, the free tripeptide was obtained after saponification followed removal of both the carbobenzoxy groups by catalytic hydrogenation.
Experimental
Prior t o analysis10 the free peptides were dried a t 78' in
high vacuum over phosphorus pentoxide; other compounds
were dried a t room temperature.
Analysis of the -dipeptides of lysine, as well as the tripeptide e-phenylalanyl-lysyl-tyrosine for the presence of
free a-amino acid by the Van Slyke manometric ninhydrinCO2 method proceeded with liberation of carbon dioxide
( 103-106~0,
instead of 100%).
The &-values of the peptides were determined by ascending chromatography on Whatnian No. 1 paper in l-butanolacetic acid-water-pyridinelo; in all cases only a single ninhydrin-positive spot ensued.
(19) Microanalyses were carried out by Mr. H. Mantzos in the
Analytical Laboratory of the Royal Hellenic Research Foundation.
(20) Y. Levin, A. Berger and E. Katchalski, Biochcm. J . , 68, 308
(1956).
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NC-Benzylidene-L-lysine (I) .-To the chilled solution of
9.1 g. (0.05 mole) of clysine monohydrochloride in 25 ml.
of 2 N lithium hydroxide, 5.3 ml. of freshly distilled benzaldehyde was added. After shaking for a very short time,
the benzaldehyde disappeared and compound I precipitated
out. After standing in the refrigerator for several hours
the crystals were filtered off, washed with alcohol and dried
over phosphorus pentoxide; yield 10 g. (82%), m.p. 206208' dec. (reportedls*l4
205-207').
NWarbobenzoxy-L-lysme (IIIa).-In
100 ml. of N
sodium hydroxide, chilled to -5", 23.4 g. (0.1 mole) of
I was dissolved. Immediately after, and while the ten$
perature of the solution was kept between - 5 and -10 ,
150 ml. of 1 N sodium hydroxide, precooled to -5", and
17 ml. of freshly prepared carbobenzoxychloride were added
in two portions and over a period of 5 to 6 minutes under
vigorous stirring. The mixture was stirred for 10 minutes
Stirring was further continued at
more a t - 5 t o -10'.
room temperature for another 10 minutes, concd. hydrochloric acid (25 ml.) was added and the mixture was heated
for 5 minutes at 50' and extracted twice with ether. The
water layer was adjusted to pH 6.221 and concentrated
in vacuo to a volume of approximately 100 ml. After standing in the ice-box for many hours, the crystals were filtered
off and washed with a small quantity of cold water; yield
20 g. (71%), m.p. 232-233', m.p. 235-237' after recrystallization from water, [cY]*~D-12.2' ( c 5.6 in 0.2 N hydrochloric acid).
Anal. Calcd. for ClrHmO,Nz (280.3): C, 60.0; H, 7.2;
N, 10.0. Found: C, 59.8; H , 7.3; N, 9.9.
N"-Carbobenzoxy-L-lysine Benzyl Ester (IIIb).--A mixture of 2.8 g. (0.01 mole) of IIIa, 1.8 g. (0.01 mole) of benzenesulfonic acid and 15 ml. of benzyl alcohol was heated
on a steam-bath until they were completely dissolved.
Carbon tetrachloride was added, and the mixture was concentrated by distillation on a steam-bath. The removal of
the solvent and the addition of fresh carbon tetrachloride was
continued until the distillate was free of water. Upon adding anhydrous ether and cooling in the refrigerator, the c r y s
talline benzenesulfonate of IIIb separated out; yield 5 g.
(940/0), m.p. 90-92'.
After recrystallization from ethanolether the m.p. was raised to 96-98', [&]I'D -17.5' ( c 5.6
in methanol).
Anal. Calcd. for C Z ' I H ~ ~ O , N
(528.6):
~S
N, 5.3. Found:
N , 5.2.
Ne-Glycyl-L-lysine.-To a solution of 2.65 g. (0.005 mole)
of benzenesulfonate of I I I b in 20 ml. of pure tetrahydrofuran and 1.4 ml. of triethylamine, 1.05 g. carbobenzoxyglycine and 1 . 1 g. of N,N'-dicyclohexylcarbodiimide were
added. The urea derivative began to precipitate within a
few minutes; it was filtered off (1 g.), after the solution had
been left a t room temperature for 12 hours. The filtrate
was evaporated to dryness, the residue dissolved in 150 ml.
of ethyl acetate and the solution washed successively with
dilute hydrochloric acid, potassium hydrogen carbonate
and water, dried over sodium sulfate and concentrated to a
volume of 50 ml. On standing in the refrigerator, 2 g.
(72%) of Na-carbobenzoxy-N'-(carbobenzoxyglycy1)-L-lysine benzyl ester separated out, m.p. 98-98'.
After recrystallization from ethyl acetate or alcohol the m.p.
was 98-100'.
Anal. Calcd. for C a l H ~ ~ O ~(561.6):
Na
C, 66.4; H, 6.25;
N , 7 . 5 . Found: C,66.4; H,6.4; N, 7.4.
The suspension of 2.2 g. (0.004 mole) of the above substance in a mixture of 40 ml. of ethanol-acetic acid (1 : 1)
was hydrogenated in the presence of palladium black catalyst. The filtrate was evaporated to dryness in vacuo.
The residue was dissolved in water and evaporated again to
dryness. Upon dissolving the remainder in hot abs.
alcohol (20 ml.) and 2 drops of water, and standing in the
refrigerator, 0.8 g. (77%) of e-glycyl-L-lysine monoacetate
was obtained, m.p. 205-207', [Q]=D -6.8' (c 5.5 in water),
Rr 0.18 (reported10~z2
m.p. 198-200').
(21) If carbobenzoxychloride is added at longer time intervals and
if the temperature is above - 5 O , Ne-carbobenzoxy-L-lysine which is
sparingly soluble in water precipitates out in varying but small quantities; in such cases, the 6-isomer is removed by filtration and the isolation of the a-isomer from the filtrnte continues as described.
(22) The specific rotation of this compound given b y D. M. Theodoropoulos in J . o l g . Chcm., 23, 140 (18581, is in error (private communication of Dr. D. Theodoropoulos).
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Anal. Calcd. for CmHzlOsNa (263.3): C, 45.6; H , 8.0;
N, 16. Found: C, 45.8; H , 7.7; N, 15.9.
When this hydrogenation was carried out in the presence
of one equivalent of hydrochloric acid, tglycyl-L-lysine
monohydrochloride was obtained; yield 93%, m.p. 239240" after recrystallization from hot ethanol and a few drops
of water, [cY]**D -7.5' (c 3.2 in water).
Anal. Calcd. for CsH180,NaCl (239.7): C, 40.1; H, 7.6;
N , 17.5. Found: C,40.0; H,7.6; N, 17.5.
Ne-L-Valyl-L-lysine, Na-Carbobenzoxy-N'-( carbobenzoxy-L-valy1)-L-lysine benzyl ester was first prepared in
the same way as that described for the comparable glycyl
derivative; the yield in pure substance (recrystallized from
abs. ethanol) was 50%, m.p. 157-159'.
Anal. Calcd. for CarHaOrNa (603.7): N, 6.95. Found:
N, 7.1.
The free peptide was prepared by catalytic hydrogenolysis (Pd) of the above compound in acetic acid solution, and
was isolated as the acetate; yield, 90%, m.p. 208-210'
(after recrystallization from ethanol), [ C Y ] %
+27.8" (c
3.2 in water), Rf 0.36.
Anal. Calcd. for ClsH1706Na(305.4): N, 13.7. Found:
N, 13.8.
Ne-L-Phenylalanyl-L-lysine.-A solution of 1.55 g. (0.005
mole) of carbobenzoxy-L-phenylalanine and 0.7 ml. of
triethylamine in 10 ml. of dry chloroform wascooled to -5',
and 0.47 ml. of ethyl chloroformate was added. After 15
minutes a t -5O, the solution was added to a solution of 2.2
g. of benzenesulfonate of IIIb in 10 ml. of chloroform and 0.7
ml. of triethylamine. The reaction was allowed to proceed
at room temperature for 5 hours. The chloroform solution
was washed successively with dilute hydrochloric acid,
potassium hydrogen carbonate, water, dried over sodium
sulfate, and evaporated to dryness in vacuo. Complete
removal of traces of chloroform was ensured by the addition of some methanol, and evaporation again to dryness.
The crystalline residue N%arbobenzoxy-N'-(carbobenzoxyL-phenylalanyl)-L-lysine benzyl ester was triturated with
ether, filtered off, and recrystallized from ethanol; yield 2
g. (60%), m.p. 153-155'.
Anal. Calcd. for CssHa07Na (651.7.): C, 70.05; H,
6.3; N, 6.45. Found: C, 70.05; H, 6.5; N, 6.3.
The catalytic (Pd) hydrogenolysis of this compound in
ethanol solution containing one equivalent of 1 N HC1,
followed by concentration of the solution to dryness in
vacuo, yielded 71 yo of crystalline peptide monohydrochloride, m.p. 216-218" after recrystallization from ethanol,
[m]"D +50.Oo(c4.9inwater), Rf0.46.
Anal. Calcd. for C16H2,0aN3C1(329.8): C, 54.6; H, 7.3;
N, 12.7. Found: C, 54.65; H, 7.3; N, 12.7.
Na-Carbobenzoxy-Ne-(carbobenzoxy-L-phenylalanyl)-Llysine.-The corresponding benzyl ester, prepared as described above (2.6 g., 0.004 mole), was dissolved in a mixture of 20 ml. of dioxane, 20 ml. of methanol and 2.5 ml. of
5 N sodium hydroxide. After standing a t room temperature for 12 hours, the solution was diluted with water and
concentrated in vacuo a t room temperature until most of the
dioxane and methanol were removed. Traces of unsaponified material were filtered off. Upon acidification, 2 g.
(89yo) of the product were obtained; needles, m.p. 166D
168' (after recrystallization from alcohol), [ c Y ] ~ ~+4.7"
( c 5.5 in methanol).
Anal. Calcd. for C31Hta07Na (561.6): N , 7.5. Found:
N, 7.4.
Ne-L-Phenylalanyl-L-lysyl-r.-tyrosine. NsCarbobenzoxy-N(-(carbobenzoxy- L-phenylalanyl)-L-lysyl- L - tyrosyl
benzyl ester was first prepared by coupling the preceding
acid, m.p. 166-16S0, with L-tyrosine benzyl ester by the
carbodiimide method as described above; yield 50%, m.p.
173-174' after recrystallization from ethanol.
Ana2. Calcd. for C,7HmOpNt (814.6): N, 6.9. Found:
N, 6.8.
The above tripeptide derivative (0.815 g., 0.001 mole)
was catalytically (Pd) hydrogenated in ethanol-water (2: 1)
in the presence of 1 equiv. of hydrochloric acid, as usual.
The filtrate was evaporated to dryness in vacuo; upon adding
abs. acetone and standing in the refrigerator. 0.4 E. (80%)
of the hydrochloride of -the peptide-was obtained, 1n.p.
120°, Rt 0.82.
~
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Anal. Calcd. for CZaH3s06N4C1
(493): C, 58.45; H, 6.7; acid. The free acid of the above ester precipitated out;
N, 11.35. Found: C, 58.4; H , 6.7; N, 11.3.
yield 2.3 g. (70%).
N'-Trityl-L-lysine Methyl Ester (V). a. By Selective
Anal. Calcd. for C42H4~05N8
(660.6): N , 6.3. Found:
Decarbobenzoxylation of 1V.-Into 15 ml. of abs. methanol,
N, 6.2.
precooled a t -10 , 0.8 ml. of freshly distilled thionyl
The acid was detritylated by dissolving it (3.35 g., 0.005
chloride was dissolved and, keeping the temperature of the mole) in 15 ml. of hot acetic acid and a few drops of water,
solution a t -lo', 2.8 g. (0.01 mole) of IIIa was added with and heating the solution for 5 minutes a t 100". Upon the
vigorous stirring. As soon as IIIa was completely dissolved, subsequent addition of water, triphenylcarbinol separated
the solution was left at room temperature for 2 hours. I t out (1.25 g., 9670, m.p. 160"); the filtrate was evaporated
was then refluxed for 30 minutes and evaporated to dryness. to dryness in vacuo. Upon adding acetone, crystalline,
The hydrochloride of IIIc which was formed (sirup, crystal- Nu-(carbobenzoxy-L-phenylalany1)-L-lysine was obtained;
lizing after standing in a desiccator for several days) was yield 0.95 g. (45%), m.p. 198-200" after recrystallization
dissolved in a mixture of chloroform (30 ml.) and triethylfrom ethanol.
amine (3 ml.). To this solution 2.8 g.of trityl chloridewas
Anal. Calcd. for CnsH2gOsNa(427.5): X, 9.8. Found:
added and, after standing a t room temperature for 12 hours,
the solution was washed twice with water, dried over sodium N, 9.6.
This compound was also obtained by coupling I with Nsulfate, and evaporated to dryness. The sirupy residue
(IV) was mixed with 80 ml. of 10% hydrogen bromide in carbobenzoxy-L-phenylalanyl chloride in a manner similar
acetic acid. Upon adding 125 ml. of dry ether and stand- to the one describe: for the carbobenzoxylation of I ; yield
ing for 24 hours a t room temperature, a mixture of crystals 20%, m.p. 198-200
Catalytic hydrogenolysis (Pd) of KO-carbobenzoxy-Land sirup separated out; the precipitate was triturated with
ether, dissolved in a mixture of acetone-methanol, evapo- phenylalanyl-L-lysine was performed in the presence of one
rated to dryness and redissolved in acetone. Upon stand- equivalent of hydrogen chloride. The filtrate was coning a t room temperature for 3 4 days, crystalline \'a sepa- centrated to dryness in vacuo; alcohol was added, and
the crystalline hydrochloride of the above dipeptide was
rated out; yield 2.8 g. (50yG),m.p. 138-140' after recrystalobtained; yield 90%, m.p. 273-275', after recrystallization
lization from methanolacetone.
~
( c 2.5 in water).
Anal. Calcd. for C26H8202N2Br2
(564.4): K, 4.95; Hr, from alcohol; Rr 0.46, [a]2 5 $22.2'
Anal. Calcd. for C~5H240sN&l(329.8): N, 12.7: C1,
28.3. Found: N, 4.8; Br,28.5.
Decarbobenzoxylation of IV and formation of Va was 18.7. Found: N, 12.5; C1, 10.6.
Na-( Carbobenzoxy-L-phenylalanyl)-L-lysine Methyl Ester
also accomplished by dissolving IV in 50 ml. of chloroform,
bubbling in dry hydrogen bromide for 15 minutes, and leav- (VIIa).-A solution of 4.1 g. (0.006 mole) of the sirupy
ing the solution a t room temperature for 12 hours. The VIa in 4.2 ml. of acetic acid was mixed with 2 ml. of methyield was almost the same as in the previously-described anolic 4 N HCl and 0.2 ml. of water, and the resulting solution was heated for 5 minutes a t 100'. Upon addition
method.
b. By Selective Detritylation of Na,Nt-Ditrityl-L-lysine of ether, the hydrochloride of VIIa separated out; yield 1.7
g. (60ojO), m.p. 189-190' after recrystallization from methMethyl Ester.-To a solution of 2.3 g. (0.01 mole) of Llysine methyl ester dihydrochloride in 40 ml. of chloroform anol-acetone, [ o ( I z 6 ~- 16.8' (c 2.2 in methanol).
and 6.2 ml. of triethylamine, 5.6 g. (0.02 mole) of trityl
Anal. Calcd. for C2aH8206NsCl (478): C, 60.3; H, 6.7;
chloride was added. After standing a t room temperature pu', 8.8. Found: C, 60.1; H, 6.9; N, 8.6.
for 24 hours, the solution was washed twice with water,
Na-L-Phenylalanyl-Ne-L-valyl-L-lysine.-A chloroform
dried over sodium sulfate, and evaporated to dryness in solution of VIIa is prepared by dissolving 0.96 g. (0.002 mole)
vacuo. Complete removal of the chloroform was ensured of the corresponding hydrochloride in water, adding potasby the addition of methanol and evaporation again to dry- sium hydrogen carbonate, extracting with chloroform, and
ness. The sirupy residue, consisting of Xa,NL-ditrityl-L- drying over sodium sulfate. Into this chloroform solution,
lysine methyl ester, was dissolved in 20 ml. of 1 N HC1 in 0.5 g. (0.002 mole) of carbobenzoxy-L-valine and 0.45 g. of
absolute methanol; on standing a t room temperature for N,N'-dicyclohexylcarbodiimide were added. The mixture
30-60 min., the Na-trityl group was split off and trityl was left to stand a t room temperature for 8 hours. After
methyl ether (2.4 g., 90%, m.p. 83") separated out. The filtering off the N,N'-dicyclohexylurea (0.4 g., m.p. above
filtrate was evaporated in vacuo to dryness, and the sirupy 230") the filtrate was washed successively with dilute hyresidue was titrurated with ether. The remainder was dis- drochloric acid, potassium hydrogen carbonate, water, and
solved in 50 ml. of hot absolute acetone. After standing in evaporated to dryness i n vacuo. The crystalline residue
the refrigerator for 3-4 days, Vb separated out; yield 3 g. (0.75 g., 55%) is Na-(carbobenzoxy-L-phenylalanyl)-Nt(65%), prisms, m.p. 152-153'. The substance was puri- (carbobenzoxy-L-valy1)-L-lysinemethyl ester (VIIIa), m.p.
fied by dissolving it in the necessary amount of hot abs.
161-162' after recrystallization from methanol, [ a ]25D
methanol and adding abs. acetone; m.p. 155-157', [ ( Y ] ~ ~ D - 13.9' (c4.5 in chloroform).
+12.3' ( c 3.8 in methanol).
Anal. Calcd. for C8&I46o8N4(674.8): C, 65.85; H,
Anal. Calcd. for C~P,H~&O~C~~
(475.5): N, 5.9; C1, 6.9; N, 8.3. Found: C, 66.0; H, 6.9; N,8.45.
14.9. Found: N, 5.9; C1,14.5.
To a solution of 1.35 g. (0.002 mole) of this ester in a
Dihydrochloride Vb has also been prepared from \la
mixture of 8 ml. of dioxane and 5 ml. of methanol, 2.5 ml. of
by dissolving Va in water, adding potassium hydrogen
1 N KOH in methanol was added. PIfter standing a t room
carbonate, extracting with ether and bubbling into the temperature for 15-20 minutes, the reaction mixture was
ether solution dry hydrogen chloride; the crude product
diluted with 40 ml. of water, and acidified with hydrochloric
was purified as described above; yield 847,, m.p. 155acid:
crystalline N"-(carbobenzoxy-L-phenylalanyl)-N'157'.
(carbobenzoxy-bvalyl)-L-lysine (VIIIb) separated out;
N"-L-Phenylalanyl-L-lysine.-A solution containing yield 1.2 g. (go%), m.p. 170-173' after recrystallization
1.5 g. (0.005 mole) of carbobenzoxy-L-phenylalanine, 10 from methanol.
ml. of dry chloroform and 0.7 ml. of triethylamine was
Calcd. for C36H4d08N4(660.8): N, 8.5. Found:
cooled to O', and 0.45 ml. (0.005 mole) of ethyl chlorofor- N,Anal.
8.3.
mate was added. After 10 min., 2.12 g. of Vb dissolved
This last compound was catalytically (Pd) hydrogenated
in 10 ml. of chloroform and 1.4 ml. of triethylamine was
added. The coupling proceeded with evolution of COZ. in water-alcohol suspension in the presence of 1 equiv. of
The solution was left a t room temperature for 5 hours and hydrochloric acid. The filtrate was evaporated to dryness
then it was washed successively with dilute acetic acid, zn vacuo. The residue was dissolved in alcohol; upon addpotassium hydrogen carbonate and water. It was dried ing acetone, the monohydrochloride of the above tcpeptide
over sodium sulfate and evaporated to dryness in vacuo. separated out; yield 0.67 g. (SO%), m.p. 150-153 , [ a I z 5 D
The sirupy residue is Ne-( carbobenzoxy-L-phenylalanyl)- $30.9". ( c 2.4 in water), Ri 0.62. The substance is hyN'-trityl-I,-lysine methyl ester (VIa); it was saponified groscopic.
by dissolving it in 5 ml. of Ar methanolic sodium hydroxide.
Anal. Calcd. for CzoHss04N4Cl (429): -?, 55.9; €€,
After standing at room temperature for 1 hour, the solution 7.75; N, 13.05; C1, 8.25. Found: C, m . 1 ; H, 7.6;
was diluted with 100 ml. of water and acidified with acetic N,12.85; C1,8.2.

.

