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palladium catalyst in the usual inanner leads to the ulti- 
mate procurement of L-arginyl-L-glutamic acid’s in nearly 
quantitative yield. 

IV. Properties of Na,Nw-Dicarbobenzoxyanhydro-L-ar- 
ginine. Behavior toward Water.--A solution of K a , S w -  
(licarbobenzoxpanhydro-L-arginine in acetone is treated 
with an amount of water just sufficient to keep the material 
in solution. After storage a t  room temperature for 24 
hours, the acetone is removed by evaporation under re- 
duced pressure and the precipitate recovered by filtration. 
Analysis of the precipitate identified it as the unchange! 
starting material in nearly quantitative yield; [a] “D - 13.0 
(4% in chloroform). 

Action of Alkali.--A sulution of Su,Sw-dicarbobenzoxy- 
;iriliydro-L-arginine in acetone is treated n-ith 1 equivalent 
i i f  aqueous alkali and stored a t  room temperature for 1 
liour. ..lfter removal of the acetone under reduced pres- 
iure a t  a temperature not exceeding %.io, the residual mate- 
rial is acidified with acetic acid. The sirupy deposit is 
waslied with a sniall volume of water and then dissolved iti 
hot methanol. Upon cooling, crystalline KQ,Kw-dicarbo- 
benzoxy-L-arginine precipitates in some S590%> yield, 
n1.p. 150°, [ o ~ ] ’ ~ D  -5.2” (?yo in diniethylforrnamide) and 
[ C Y ] * ~ D  -10.9’ (l%inpyridine).  

Degradation with Acetic Anhydride.-To 2.6 g. of S.,Sw- 
tlicarbobenzoxyanliydro-L-arginine is added 50 ml. of warm 
acetic anhydride. The reaction mixture is heated a t  100’ 
for 3 hours31 and then cooled to room temperature. .4fter 

(31) Optical rutation measurements of the reaction mixture indicate 
110 difference in  reading a t  the end of 15 minutes. 2 hours and 3 hours o f  
hmtinz. 

the addition of a small volume of ethanol and water, the 
solution is permitted to  stand at room temperature with oc- 
casional cooling; by such means most of the acetic anhy- 
dride is destroyed. The solution is then evaporated to 
dryness, the residue is dissolved in about 40 ml. of acetoue 
and the latter solution is treated with 25 ml. uf water and 
permitted to stand a t  room temperature in an open vessel. 
After a fen. hours, precipitation commences due to a slow 
evaporation of the acetone. Two days later, the crystalline 
deposit is collected by filtration and recrystallized from hot 
ethanol; yield I g.,  m.p. 141’. Elemental analysis of the 
product agree with thc  values calculated for S-acetyl-”- 
carbobenzoxyurea. 

Anill. Calcd. for ClIH1:Ss04: C .  55.9; li, 5.1; S, 11.9. 
Found: C ,  ,iG.3; H, 5 . 2 ;  S, 11.9. 

The mother liquors froin the above reaction are kept 3t 
ruom temperature for one week, during which time a small 
amount uf cr\stals precipitate. These are filtered off and 
the filtrate is concentrated to dryness under reduced pres- 
sure. -1 residue remains which is dissolved in approxi- 
mately 80 nil. of 5 LV HCI and then stored at room tempera- 
ture for several days. During this time crystalline needles 
precipitate which, after storage in the cold, are collected 
by filtration and aashed with a small amount of cold water; 
yield 0.5 g., in.p. 187-189’, [ cY] ’~D -11.5°(I.0%in water). 

of the product identified it a s  Xu-carbo- 
henzoxy-ornithine hydrochloride. 
.Id. Calcd. for C1.1HlaS~04.1-1C1: C, 5l.ti; H, 6.;3; 

S, 9.2; CI, 11.7. Found: C .  51.7; H,  G.4; X, 9.2; CI, 
11 .u. 
BETHESDA 14, MD. 

On the Trityl Method for Peptide Synthesis1 
BY GERASSINOS C. STELAKATOS,~ DIRIITR.IOS M. THEODOROPOULOS~ .\ND LEONIDAS ZERVAS‘ 

K E C E I Y E U  [IECEMHER F), 19% 

Trityl diriv:itives o f  atiiiiio x i t i .  can be simply aiid iffectively isolated b!- cliloroforiu extraction o f  their diethvlain- 
monium salts f r ( m  the tritylation reaction mixturr. S ,N’ -Di t r i t~ - l -~ -h i s t id i~~e ,  S-trityl-L-histidine, S’-trityl-L-liistidiiic, 
methyl ester hvdr(ichloridc, 0-tritl-I-L-tyrosine benzyl ester h>-tlrochloride, amongst other tritylamino acids, were prepared. 
Coupling ( i f  tritj.lamino acids ;md trityldipeptides with amino acid esters was achieved aia the carbodiimidc inethod and 
the pliosphorazo method. Trityl dipeptides may alternatively be coupled via the mixed anhydride procedure rvithout al ly  
influence of the bulk>- tritJ-l group. 

Introduction 
AS was reported iii an earlier communication.” 

the applicability of the trityl function in synthetic 
peptide techniques was limited not only by the 
difficulty generally encountered in the preparation 
of optically active tritylated amino acids (11) but 
by the failure of these compounds (with the ex- 
ception of tritylalanine and tritylglycine), as well, 
to  couple with other amino acids via the mixed 
anhydride procedure. The tritylation of amino 
mid esters proceeds with facility and in satis- 
factory yield ; however, the appreciable steric 

(1 )  Previous presentation of this work was given a t  the S I V  Inter- 
national Congress of Pure and Applied Chemistry, Zurich, July 27, 
1955; cf. Communications du X I V  C0ngri.s International de Chimie 
Pure et  Applique, Zurich, 1956, p .  224. 

(2) This paper is based in part on the doctoral dissertation of G. C. 
Stelakatos, Division of Natural Sciences (Chemistry Section), Univer- 
sity of Athens, Greece, October, 1954. S o w  a t  Laboratory of Bio- 
chemistry, National Cancer Institute, National Institutes of Health, 
Bethesda Md. 

(3) Medical Chemical Institute. University of Goteborg, Gctebora 
Sweden. 

(4) This investigation was supported by a grant from the  Rockefeller 
Poundation. to whirh I a m  greatly indebted. 

($5) I , .  Zervas and U. A I .  Theodoropoulos, THIS JOURNAL, 18, l&!f 
(1H66). 

hindrance afforded by the bulky trityl group makes 
the saponification of tritylamino acid esters (Ia) 
under mild conditions difficult and directs the 
coupling of mixed anhydrides toward carbamate 
rather than peptide formation.b Pure. optically 
active tritylamino acids (11) may be prepared by 
tritylation of the benzyl esters of amino acids 
(Ib) followed by catalytic hydrogenolysis of the 

R CH( KHTr iCOOfI RCH(  SHTr  mCO(JK’ 
I 11 

Ia,  K ’  = alkyl or CeHjCH2 

Tr. (CsHs’isC 
I b , R ’  = CRHBCH? 

tritylamino acid benzyl ester so By 
virtue of the markedly greater rate of hydrogenoly- 
sis exhibited by the 0-benzyl than the N-trityl 
substituent, cessation of the hydrogenation after 
the uptake of approximately 1 mole of hydrogen 
permits the ultimate isolation of the desired tri 
tylamino acid (11) in satisfactory yield. Prolonged 
hydrogenolysis, on the other hand, leads to the re- 

( 6 )  G. Aminrd, K. Heymes and L. Vcl lur ,  BULL. soc. c h $ m  f ; r a m e  69s 
(1956). 
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moval of the trityl group in the form of triphenyl- 
methane.6 

Pd,Hz Pd,Hz 
Ib --+ I1 -+ RCH(XH2)COOH f TrH 

Preparation of tritylamino acids may be al- 
ternatively effected through direct tritylation of an 
amino acid in aqueous solution in the presence of 
diethylamine, followed by acidification of the re- 
action mixture with acetic acid. 1,5,6 However, 
the isolation of tritylamino acids may be most 
simply and effectively achieved in the form of their 
diethylammonium salts by extraction of the reaction 
mixture with chloroform. This latter modifica- 
tion, indeed, has extended the applicability of the 
method and has permitted the synthesis of the 
trityl derivatives of L-valine, L-alanine, L-leucine, 
L-tryptophan, L-methionine, L-glutamine, L-pro- 
line, L-isoleucine and L-histidine in addition to 
those previously r e p ~ r t e d . ~  

During the direct tritylation of L-histidine a small 
amount of monotrityl-L-histidine was isolated in 
addition to ditrityl derivative. The monotrityl de- 
rivative exhibits a positive Pauly test thus demon- 
strated the structure as 111. On the other hand, 
when an absolute alcoholic solution of the hydro- 
chloride ditrityl-L-histidine methyl ester (IV) was 
heated briefly on a steam-bath, detritylation oc- 
curred only at  the a-amino position3 with the forma- 
tion of the monotrityl derivative V, which did not 
give a Pauly reaction. In  a similar manner, 
0-trityl-L-tyrosine benzyl ester (VI) was prepared 
by mono-detritylation of the corresponding 0 , N  di- 
trityl derivative. As these compounds (V and VI) 
contain a protected imidazole and a protected 
hydroxy function, respectively, they are of po- 
pential utility as intermediates in the synthesis of 
histidine and tyrosine peptides 
CH=CCHYCHCOOH TrOC6H4CH3qHCOOCH&Ha 

k S H  h H T r  " 2 ,  " 2 1  

111 1; I 
\c,& 

CH=CCHzCHCOOCH:: 

S NTr NHTr HCl/CHsOH 
1 1  -____, 

\ /  
CH IV 

CH=CCHUCHCOOCH~ _ _ _ ~  
I I -  - I  + TrOCH3 

N NTr NH2, HC1 

\H/ v 
The difficulty encountered in the coupling of 

a tritylamino acid (11) with a large R group by the 
mixed anhydride procedure does not necessarily 
apply to other methods of coupling,1*2*6 e.g. the 
phosphorazo method7 or the carbodiimide method,8 
the mechanisms of which presumably are not as 
greatly influenced by the steric effect of the trityl 
group. The trityl derivatives of L-asparagine, L- 
glutamine and L-phenylalanine may thereby be 
condensed with other amino acids, although the 
yields are low. As was expected, no comparable 
steric effect could be detected when trityldi- or 
polypeptides were used in lieu of the amino acid 
derivatives. For this reason, coupling reactions 

( 7 )  S. Goldschmidt and H. Lautenschlager, A n n  , 880, 68 (1953). 
(8) J C Sheehdn and G P. Hess, THIS JOURNAL, 77, 1067 (1955). 

involving the former derivatives proceed normally 
and in good yield, even in the case of the mixed 
anhydride method. The practical value of the 
trityl method therefore appears to lie chiefly in 
the synthesis of higher peptides5 where the steric 
effect of the bulky trityl substituent is obviated, 
although its use for the synthesis of smaller peptides 
in special cases should not be precluded. 

Experimental 
Prior to analysis the trityl derivatives were dried a t  room 

temperature under a high vacuum; other compounds were 
dried a t  78". 

Benzyl Esters of N-Tritylamino Acids (Ib) .-The benzyl 
esters of the amino acid hydrochlorides, benzeiiesulfonates 
or p-toluenesulfonates may be used in the preparation of 
these compounds; their tritylation was carried out in ex- 
actly the same manner as the tritylation of the correspond- 
ing alkyl  ester^.^ 

?J-Tritylglycine benzyl ester, yield 80%, m.p. 70". 
Anal.  Calcd. for C ~ A H ~ ~ O Z N :  C,  82.5; H ,  6.2; S ,  3.4. , .  

Found: C, 82.3; H,-6.1; %, 3.4.. 
N-Trityl-L-leucine benzyl ester, yield SO%, m.p. 100- 

101'. Anal.  Calcd. for C32H3302S: C, 82.9; H,  7.2; 
N,3.0. Found: C,82.6; H,  7.0; S,  2.8. 

S-Trityl-L-phenylalanine benzyl ester, yield 75c/1, sirupy. 
Anal.  Calcd. for C3,5H310&: C, 85.5; H, 6.3; S. 2.8. 
Found: C, 85.2; H, 0.1; S, 2.9. 

N-Trityl derivatives of glycine, L-alanine, L-phenylala- 
nine, L-leucine, L-valine, L-methionine, L-asparagine, L- 
glutamine, L-proline, L-isoleucine and L-tryptophan were 
prepared by catalytic hydrogenation of the corresponding 
benzyl esters or by tritylation of the corresponding amino 
acids. The following procedures (A and E )  are typical; 
the tritylamino acids thus prepared were isolated in the 
form of diethylammonium salts and are listed in Table I. 

A. N-Trityl-L-phenylalanine benzyl ester (5 g., 0.01 
mole) dissolved in methanol or ethyl acetate was hydro- 
genated in the presence of 0.5 g. of freshly prepared palla- 
dium black. After 30-45 min., 275 ml. (approx. 1.1 moles) 
of hydrogen had been absorbed (24', 756 mm.); the hydro- 
genation was interrupted a t  this point. The solution was 
evaporated to dryness. Upon dissolving the residue in an- 
hydrous ether, filtering off traces of phenylalanine and add- 
ing diethylamine, the diethylammonium salt of trityl-L- 
phenylalanine precipitated. 

B. L-Leucine (1.3 g., 0.01 mole) was dissolved in a mix- 
ture of 4 ml. of water, 3 ml. (0.03 mole) of diethylamine and 
8 ml. of isopropyl alcohol. Trityl chloride (3.6 g. ,  0.013 
mole) was then added with continuous, vigorous shaking. 
The addition was effected in twelve equal portions within a 
period of one hour a t  room temperature. When the reac- 
tion was completed, 30 ml. of water was added and the mix- 
ture extracted twice with chloroform. The combined 
chloroform extracts, which contain tritylcarbinol and tri- 
tylmethylamine,~ besides the desired product, were washed 
with a little water, dried over sodium sulfate and then evapo- 
rated to dryness in  uacuo. Complete removal of chloroform 
was ensured by the addition of a few ml. of alcohol and repe- 
tition of the evaporation in uacuo. Upon dissolving the 
residue in anhydrous ether, adding a few drops of diethyl- 
amine, and cooling the solution, the diethylarnmonium salt 
of trityl-L-leucine precipitated; the latter was washed re- 
peatedly with anhydrous ether, wherein the above-men- 
tioned by-products are soluble. The water layer was acidi- 
fied with acetic acid and evaporated to dryness in uacuo; 
after the addition of alcohol, 0.7 g. of L-leucine was recov- 
ered. 

N-Trityl-~-asparagine.-~-.4sparagine hydrate (1.5 g., 
0.01 mole) was tritylated by procedure B, as described 
above. At the end of the tritylation water was added. 
The precipitate, consisting mostly of triphenylcarbinol, was 
filtered off and washed with water containing a few drops of 
diethylamine. The combined filtrates were acidified with 
10 ml. of acetic acid in the cold and immediately extracted 
twice with chloroform (30 ml. each time). The combined 
chloroform extracts were washed twice with water and dried 
for a few minutes over sodium sulfate. On standing in the 
cold, trityl-L-asparagine crystallized out; yield 1.8 g. (48%\, 
m.p. 17500, [ a l z 6 D  -6.3" (c 470, in methanol); reported5 
m.p. 174 , [CU]*~D -6.1" (in methanol). 
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TABLE I 
Diethylammonium 

salts of Yield,b.c?d M p.,  Carbon, % Hydrogen. % Nitrogen, % 
N-tritylamino acids" % "C. [.IDe Formula Calcd. Found Calcd. Found Calcd. Found 

Glycine 80' 133' C26HaaOz~z 7 . 2  7 .3  
6 .9  6 . 8  L-Alanine 50," 80d 1 5 7  - 18.7' CZBH320292 

L-Valine 25," 70d 160 4- 6 . 7  CzsHaeOpNz 77.7 77.5 8 . 4  8 . 2  6 . 5  6 . 3  
6 . 3  6 .5  L-Leucine 75," 28," 1%' -I- 3.0h CzQHasOzXz 

L-Isoleucine 20; 60d 150-152 4-13.0 CeoH~sOzli~ 78.0 77.8 8 .6  8 . 5  6 . 3  6 . 2  
L-Methionine 20,' 50d 152-153 +21 ,7  C2&IaeO2NzS 72.4 72.3 7 . 8  7.9 6 . 0  5 . 9  
L-Phenylalanine 70,' 40," 7ijd 150' + 12.5' C32H&z~;z 5.8 5 . 7  
L-Tryptophan 4i," i o d  150-151 + 4 . 5  C34Ha702Sa 78.6 78.8 7.2 7 . 3  8 . 1  8 . 0  

L-Glutamine 3 5" 143-144 +21.9 C28Ha503S, 72.8 72.9 7 .6  7 . 8  9 . 1  9.0 

a Recrystallized from acetone. 

L- Asparagine 40,c 70d 150' CnHy~0aSa 9 . 4  9 . 2  

L-Proline 5OC 163-165 - 5 7 . 5  c 2 a a 4 0 2 S 2  78.2 78.1 8 . 0  7.9 6 . 6  6 . 3  
Yield by method A. 

Reported5 m.p. 132". 

Yield by method B. * Yield by method B calculated on thc 
e c 570, in methanol; for the proline 

Reported5 
j Reported' m.p. 150- 

basis of amino acid reacted, as determined by the amount of amino acid recovered. 
derivative chloroform \vas uscd. 
m.p. 154-155", [a]D +2.8", in methanol. 
151'. 

0 Reported6 m.p. 157O, [ a ] ~  -18.9'. in methanol. 
Reported6 m.p. 150-151", [a]D +12.2", in methanol. 

N-Trityl-L-phenylalanine.--A. To a suspension of 4.8 g.  
(0.01 mole) of trityl-L-phenylalanine diethylammonium salt 
in 100 ml. of water was added 10 ml. of 1 N hydrochloric 
acid under cooling and shaking. The mixture was immedi- 
ntely extracted with ether and the ether layer was washed 
with water, dried over sodium sulfate and evaporated to 
drynesl:. Upon prolonged drying in the high vacuum a t  
room temperature the substance crystallized in the form of 
prisms; the yield was 3.8 g. (957'0), m.p. 187-188' (after 
softening a t  about loo"), [a]"D +32.8' (c lo%, in chloro- 
form); reported5 1n.p. 185-188". 

B.  The above diethylammonium salt (4.8 9.) was dis- 
solved in 250 ml. of 0.05 N sodium hydroxide and the solu- 
tion was kept in vacuum a t  room temperature until the di- 
ethylamine was removed. Upon acidification with acetic 
acid, trityl-t-phenylalanine precipitated in almost quantita- 
tive yield; i t  was dried first on a porcelain plate and then in 
high vacuum over phosphorus pentoxide. Even under 
these conditions, the substance still contained some water 
which could be removed only by dissolving the substance in 
benzene or ether and repeating the evaporation in v a c u o ;  
n1.p. 186-188". 

N-Trityl-L-histidine (111) and N,N'-Ditrityl-L-histidine.- 
t-Histidine monohydrochloride hydrate (2.1 g., 0.01 mole) 
was dissolved in a mixture of 10 ml. of aqueous N sodium 
hydroxide, 6 ml. (0.06 mole) of diethylamine and 16 ml. of 
isopropyl alcohol and the solution tritylated with 7.2 g. 
(0.026 mole) of trityl chloride as described. At the end of 
the reaction, water was added. The precipitate was fil- 
tered off, washed with water, dried and then dissolved in 
hot acetone. On standing a t  room temperature, ditritpl-L- 
histidine diethylammonium salt mixed with free acid pre- 
cipitated out. This was filtered off, washed with acetone, 
and dissolved in alcoholic potassium hydroxide. The solu- 
tion was kept in VQCUO a t  25" until the diethylamine was 
removed. Upon adding water and acidifying with acetic 
wid,  2.2 g. (3570) of the ditrityl-L-histidine crystallized 
out; this was washed successively with water, alcohol and 
ether; prisms, m.p. 198-200" (reportedg 1&-185'), [crIz0n 
+3.7" (c 5Oi;., in pyridine). 

Anal. Calcd. for CiiHa702X\i3: C, 82.6; H, 5.8; N, 6.6. 
Found: C ,  82.4; H, 5.7; S, 6.4. 

By acidifying the above filtrate with acetic acid in the cold, 
a-monotrityl-L-histidine (111) precipitated together with a 
small amount of the ditrityl dcrivative and was purified by 
Iecrystallization from absolute alcohol; yield 0.6 g., m.p.  
L'ozo0, [a ] ' "D +23.io ( c  3.3%, in pyridine). 

Anol.  Calcd. for C26H1302h-3: C, 75.6; 11, 5 3 ;  N, 10.0. 
I'ound: C ,  7'5.3; H, 5.6; N ,  10.4. 

N'-Monotrityl-&istidine Methyl Ester Hydrochloride 
(V).-L-Histidine methyl ester dihydrochloride (2.4 g., 0.01 
mole) was tritylated in the usual manner5,s in chloroform 
solution with 5.6 g. (0.02 mole) of trityl chloride in the pres- 
ence of 6 ml. of triethylamine. To  a solution of the result- 
ing sirupy ditrityl derivative in dry ether was added 10 ml. 
of dry ether saturated with hydrogen chloride. The pre- 

(9) C. Amiard, R. Hejmesand L Vellur,  Buii. sac. chirn. Frn7iic. 190 
(19%). 

cipitated amorphous hydrochloride IV was filtered off, 
washed with dry ether and then dissolved in 20 ml. of abso- 
lute methanol. The solution was heated on the steam-bath 
for 2-3 minutes. On adding dry ether, V crystallized out; 
yield 2.7 g. (60%). The latter was purified by dissolvhg 
in water followed immediately by adding sodium hydrogen 
carbonate solution and extracting the free base with chloro- 
form. The chloroform solution was washed with water and 
dried over sodium sulfate. Then, a few ml. of ether satu- 
rated with hydrogen chloride was added and the mixture 
evaporated to dryness in vacuo. The residue was dissolved 
in absolute methanol; on adding ether pure V crystallized 
out; m.p. 147". 

Anal. Calcd. for CZGH28O2X3C1: S, 9.4; C1, 7.9. 
Found: N, 9.3; C1, 7.8. 

A few minutes after dissolution in methanol (c 5), the 
substance shows [ c u ] ~ ~ D  +28.5". On standing a t  room 
temperature for some 15 hours, this value drops to  [a]D 
+14" and some triphenyl methyl ether (m.p. 82") is formed. 
On warming a water solution of V, triphenylcarbinol sepi- 
rates in almost quantitative yield. 

0-Trityl-L-tyrosine Benzyl Ester Hydrochloride (VI) .- 
To the solution of L-tyrosine benzyl ester p-toluenesulfonate10 
(4.4 g., 0.01 mole) in chloroform were added 4.2 ml. of tri- 
ethylamine and 5.6  g. (0.02 mole) trityl chloride. After 
standing for 24 hours a t  room temperature, the solution 
was washed with water, dried over sodium sulfate and evapo- 
rated to dryness. The sirupy 0,N-ditrityl derivative was 
monodetritylated in exactly the same way as the ditrityl- 
histidine ester. The yield of VI was 4.0 g. (72%); needles, 
m.p. 203-208' (after recrystallization from methanol-ether), 
[ a I z G D  -24.2' ( c  6.67,, in methanol). 

A w d .  Calcd. for C2iH&NC1: C, 76.4; H ,  5.9; X *  
2.5;  C1, 6.5. Found: C, 76.2; H, 5.8; S, 2.5; C1, (i.7. 

L-Phenylalanyl-1,-leucine Benzyl Eater Hydrochloride 
A tetrahydrofuran solution of trityl-~-phenylalanine (4 .1  
g., 0.01 mole) and L-leucine benzyl ester (2.2 g., 0.01 mole) 
was prepared either by dissolving these substances in the 
solvent or by mixing solutions containing equivalent 
amounts of trityl-L-phenylalanine diethylammonium salt 
(4.8 g.) and L-leucine benzyl ester hydrochloride (2.6 g. )  
and filtering off the diethylammoniurn chloridc. Then S,N'- 
dicyclohexylcarbodiimide (2.1 g., 0.01 mole) was added and 
the mixture was kept for 24 hours a t  room temperature. 
The filtrate of the N,N'-dicycloliexylurea (2.0 g.,  m.p. 
above 230') was evaporated to dryness. The residue was 
dissolved in ethyl acetate-ether (1 : l ) ,  washed successively 
with ,5% acetic acid, three tiines with 2% sodium hydroxide, 
and finally with water. dried over sodium sulfate and 
evaporated to dryness. The sirupy residue (trityl-~-phen- 
ylalanyl-L-leucine benzyl ester) was detritylated by dissolv- 
ing in 10 ml. of 1%' methanolic hydrogen chloride and boiling 
the solution for 2 minutes. Upon evaporation to dryness, 
adding dry ether and cooling, the above hydrochloride pre- 
cipitated; the product was recrystallized from methanol- 
ether; yield 1.7g.  (43%). needles, m.p. 161'. 

- 
(IO) L. Zervas, hl. Wiuitz and J, P. Greenstein, J. O r p .  Chent., 22, 

1515 (1957). 
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Anal. Calcd. for Cz2H2803K\;2C1: C, 65.2; H, 7.2; N, 
6.9; C1, 8.8. Found: C, 65.1; H, 7.3; N, 7.0; C1, 8.6. 
L-Phenylalanyl-L-leucine .-A water solution of the above 

ester hj-drochloride (2.0 g., 0.005 mole) was hydrogenated 
as usual in the presence of palladium black as a catalyst. 
Upon concentrating to a volume of 20 i d .  and adjusting the 
PH to 6.2, the peptide precipitated in form of needles; 
yield 1.2 g. (88%), m.p. 258-260' (reported" for D-phenyl- 
alanyl-D-leucine 262O), [ ( Y ] ~ D  $4.5' (c 9.370, in 0.3 N hy- 
drochloric acid). 

Calcd. for CL6H22O3Nz: C, 64.7; H, 7.9; N, 10.0. 
Found: C, 64.05; H, , -8; K, 10.1. 

L-Glutaminyl-L-leucine.--Using N-trityl-L-glutamine di- 
ethylammonium salt (4.6 g., 0.01 mole) as the starting 
material, X-trityl-L-glutamiiyl-L-leucine benzyl ester was 
prepared in the same manner as was described for the phen- 
ylalanine derivative. The sirupy coupling product was 
detritylatedj and deberizylated in one operation by hydro- 
genation in water-methanol (1  : 5) solution with palladium 
black as a catalyst. Part of the triphenylmethane pre- 
cipitated during the hydrogenation and was removed to- 
gether with the catalyst by filtration. The filtrate was 
evaporated to dryness i n  z'acuo. Upon adding acetone, the 
free peptide precipitated while the triphenylmethane re- 
mained in solution. The peptide was recrystallized from 
water-alcohol; yield 0.8 g. (31%), m.p. 204-205", [a]'OD 
-34.4' (c  2.67,, in 0.1 iViiydrochloric acid). 

Anal. Calcd. for CllHPIOPNa: C, 59.5; H,  8.2; iY, 16.2. 
Found: C, 59.4; H,  8.3; S, 16.3. 

N-Trityl-L-asparaginylglycine Ethyl Ester .-To a solution 
of 1.4 g. (0.01 mole) of glyciiie ethyl ester hydrochloride in 
25 ml. of anhydrous pyridine, cooled to  O " ,  was added drop- 
wise 0.45 ml. of phosphorus trichloride, with cooling and 
vigorous shaking. After 3 minutes, 3.7 g. (0.01 mole) of 
trityl-L-asparagine was added and the solution kept a t  room 
temperature for 10 minutes and then a t  80" for 3-4 hours. 
The solution was then poured into 250 ml. of cold 10% acetic 
acid and extracted three times with ether. The ether layer 
was washed successively with dilute acetic acid, potassium 
hydrogen carbonate and water, dried over sodium sulfate, 
and finally concentrated to 40 ml. On cooling, 1 g. (22%) 
of product was obtained; needles, m.p.  182", [ a I z 6 D  -67.9' 
(c  5.7y0, in chloroform). 

Anal. Calcd. for C27H2Y04N~: C, 70.6; H,  6.3; S, 9.1. 
Found: C, 70.5; H, 6.4; N, 9.2. 

L-Asparaginylg1ycine.-To a suspension of 2.3 g. (0.005 
mole) of the above ester in 5 ml. of ethanol was added 5.5 
ml. of N sodium hydroxide. After 15 minutes, the solution 

Anal. 

(11) C. S. Smith and A. E. Brown, THIS JOURNAL, 63, 2605 (1941). 

was diluted with water and then acidified with acetic acid. 
The precipitate (trityl-L-asparaginylglyciiie, m.p. 205- 
207') was detritylated with acetic acid as described' to  
yield 0.72 g. 680%) of free peptide; prisms, m.p. 215-217", 
[a]% $54.2 (c  5y0, in water). 

Anal. Calcd. for CaHllO2J3: C, 38.4; H, 5.8; h', 22.2. 
Found: C, 38.5; H,  6.0; K,22.1. 

N-Tritylglycyl-L-phenylalanylglycine Ethyl Ester.-To a 
solution of 4.6 g. (0.01 mole) of tritylglycyl-L-phenylala- 
nine6 and 1.03 g. of glycine ethyl ester, in 30 ml. of tetra- 
hydrofuran, was added 2.2 g. of N,N'-dicyclohexylcarbodi- 
imide. The urea derivative began to precipitate within a 
few minutes and was filtered off (2.2 g.) after the solution 
had been left a t  room temperature for 12 hours. The filtrate 
was evaporated to dryness, the residue dissolved in ethyl 
acetate and the solution washed successively with 5% sodium 
carbonate, dilute acetic acid, sodium hydrogen carbonate 
and water, dried over sodium sulfate and evaporated to 
dryness. Ether was added and 4.4 g. (80%) of product 
obtained from the cooled solution; prisms, m.p. 140". This 
same product, when prepared previously by the mixed an- 
hydride procedure, was obtained as a sirup.' 

Anal. Calcd. for C34H3504X3: C, 74.3; H, 6.4; Y, 7.6. 
Found: C, 74.5; H, 6.5; N, 7.7. 

Glycyl-L-phenylalanyl-1ycine.-The above product was 
saponified and then detritylated with acetic acid, as de- 
scribed,$ to  yield 1.1 g. (SOYo) of the free peptide with [ a ] D  
+15.7' (c 5.676, 0.2 N hydrochloric acid). 

Anal. Calcd. for C13HliO4N3: X, 14.9; NHz/S, 5.0. 
Found: N, 14.9; NHz/K, 5.2. 

The specific rotation observed (+E.? ' )  is exactly one- 
half that which was previously reported for the peptide pre- 
pared by the mixed anhydride procedure.$ I n  order to 
ascertain whether racemization had occurred or if an error 
was involved we have repeated our former experiment' and 
we have found [CY]D f l5 .5" .  Furthermore, we have pre- 
pared the peptide by a third method, namely, by the carbo- 
benzoxy method. Carbobenzoxyglycyl-L-phenylalanyl- 
glycine ethyl esterI2 (m.p. 117-118", [ a ] ~  -12.4' in eth- 
anol) yielded on saponification carbobenzoxyglycy1-L- 
phenylalanylglycine, m.p. 168", and after hydrogenation 
the free peptide, which exhibited [Q]D +l5.5'. Both these 
values are identical with that reported here and we must 
therefore conclude that the previously reported6 value of 
[a]D +30.9" was in error. 

(12) C. W. Anderson and R. W. Young, ibid.. 74, 5307 (1952); J. 
C. Sheehan and I. I. Hlavka, J. Org.  Chem., 21, 439 (1956). 
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The reaction of a variety of 5-chloro- and 7-chloro-4-dialkylaminoalkylaminoquinolines with 2-chlorobenzyl chloride has 
been investigated. In  many instances the use of one equivalent of the alkylating agent gave a 1-( 2-chlorobenzyl)-quinoline 
derivative. Evidence for intramolecular hydrogen bonding in many of these 4-dialkylaminoalkylaminoquinolines as well 
as in the corresponding l-(2-chlorobenzyl)-quinolinium derivatives is presented. This phenomenon appears to be responsible 
for the marked steric hindrance associated with the terminal nitrogen atom in the side chain and for the ease of hydrolysis of 
the 1-quinolinium derivative to the corresponding 4-quinolones. 

In the course of our continuing investigation of 
quinoline chemistry we have prepared some mono- 
and bis-quaternary salts of a variety of 4-dialkyl- 
aminoalkylaminoquinolines. Most of these com- 
pounds as well as their pharmacology will be re- 
ported in other papers. The present communi- 
cation deals mainly with some of our observations 
using 2-ch lorohen z yl chl ori cl e as the  quatern i zi  ng 
agent. 

From the reaction of one equivalent of 2- 
chlorobenzyl chloride with 'T-chlor0-4-(2-diethyl- 
arninoethy1amino)-quinoline (Ib) (see Chart I) in 
acetonitrile a solid product was obtained which 
gave the correct analysis for a monoquaternary 
salt. When this material, which was soluble in 
water to only about one per cent., was dissolved in 
(1) The 5-chloro rnmpr,tinds arc dpqipnited hv rn Rod the 7-rhlnro 

rnrn~oiinds hy h. 


