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Abstract-N-Tritylamino acids activated with DCC/HOBt, were coupled with various amino acid 
derivatives without racemization. The trityl group was split off quantitatively in loo/, CCI,COOH 
monohydrate or CH,CKXOH in CH,Cl,. Under these conditions detritylation of N-Trt-Trp-Gly-NH, 
proceeds without formation of an oxindole derivative and side alkylation products, even in the absence 
of a scavenger. Dipeptide derivatives 1 and 2 exhibited magnetic asymmetry, attributed to steric factors. 

The trityl group is an important protecting group in 
peptide chemistry* and it has been chosen for special 
purposes because it can be removed selectively in the 
presence of other protecting groups including Bpoc.’ 
However, the synthesis of N-tritylamino acids was 
quite difficult and the complications met with them 
during the coupling step have limited the widespread 
use of the N-trityl moiety as a temporary amino 
protecting group. It is now well established that the 
preparation of N-tritylamino acids can be effected by 
“one pot” synthesis via their silyl esters in high 
yields.4 The second step that leads to a highly peptide 
bond formation using N-tritylamino acids as the 
acylating agent, concerns the main subject of this 
investigation. 

RESULTS AND DISCuSSION 

Taking into consideration the bulkiness of the 
trityl group, it is understandable that mixed anhy- 
drides of tritylamino acids direct the coupling step 
with amino acid or peptide esters toward carbamate 
rather than peptide bond formation. That steric 
hindrance does play a role here is shown by the 
ready coupling of tritylglycine with amino acid and 
peptide esters; the lack of a large side chain (R) in 
glycine permits nucleophilic attack on the carbonyl 
function by the amino component.’ Resort to other 
methods of coupling like the dicyclohexylcarbodi- 
imide, the phosphorazo or the chloride, give very low 
yields.6*7 

It is interesting to note that when tritylamino acids 
were preactivated with N,N’dicyclohexylcarbodi- 
imide mediated with l-hydroxy-benxotriaxole*~*” the 
coupling reaction proceeded smoothly with high 
yields. Apparently, the mechanism of the coupling 
step involving the nucleophilic attack of the carbonyl 
group of the tritylamino acid adducts by the amino 
component, is not influenced by the steric effect 
exercized by the proximity of the bulky N-trityl and 
side R groups of the acylating agent. Most specifically 
trityl derivatives of phenylalanine, leucine, proline 
and tryptophane were coupled with high yield 
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(65-85x). Characteristically, trityl-phenylalanyl- 
leucine benzyl ester was obtained in 83% against 43% 
by the standard DCC method. Even succinimide 
active esters of trityl-phenylalanine and trityl-proline 
upon coupling with glycine benzyl ester failed to 
produce the corresponding dipeptide derivatives in 
more than 40% yield over the same period of reaction 
time. 

Emphasis should be placed upon the synthesis of 
trityl-asparaginyl-glycine ethyl ester. When equi- 
molar amounts of the N-trityl acylating agent and the 
amino component were used, the dipeptide derivative 
was obtained in 50% yield and indicated the absence 
of nitrile formation by IR checking. Also, N- 
trityl-leucyl-methionine amide, prepared in a high 
yield, was detritylated with HCl/CH3COOH in the 
absence of a scavenger to afford homogeneous 
leucyl-methionine amide hydrochloride.” In our 
hands the deprotection of Booleucyl-methionine 
amide with HCI/CH,COOH or CF3COOH, even in 
the presence of a scavenger, proceeds with the for- 
mation of impurities which are difficult to separate. 

During the course of this work, it was observed 
that the trityl group splits off quantitatively in 10% 
CCI,COOH monohydrate or CH,CICOOH contain- 
ing the equivalent amount of water, in CH2C12 at 
room temperature. Under these conditions other 
acid-sensitive protecting groups (Boc and Npys’*) are 
not affected. More important, detritylation of N- 
trityl-tryptophane and derivatives proceeds with no 
formation of oxindole derivative or side alkylation 
byproducts, even in the absence of a scavenger. The 
latter may be attributed to the bulkiness and/or 
stability of (C6H5)3C+. 

These findings permit the combination of the trityl 
moiety with other protecting groups for the synthesis 
of complex polypeptides either by classical solution 
techniques or by the solid phase methodology. The 
recent preparation of L.&enkephalin by application 
of N-tritylamino acids in solid phase synthesis points 
out that the trityl method may become a standardized 
method with considerable promise.i3 

The IR spectra of 1,2,3 and 4 (Chart 1) in CHCI, 
solution indicate an equilibrium mixture with the cis 
conformer strongly predominating (intense absorp- 
tion band at 34OOcrn’). 
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uacuum and the residue crystallized upon addition of [a]: - 66.4” (c 5.6 CHCI,). Reported’; yield 22% m.p. 
petroleum ether. The yields (after tecrystallization), the 
physical properties and other analytical data for the 

182”; [a]23 -67.9” (c 5.7, CHCI,). IR (KBr) of the product 
showed no absorption at 226Ocm-’ characteristic for the 

N-ttityldipeptide benzyl esters are given in Table I. ON group of jkyanoalanine. 
Preparation of free dipeptides. A soln of 2mmol of 

trityl-peptide benzyl ester in 30 ml of AcOH-H,O (85: IS 
v/v) was heated for Smin in a water-bath. The resulting 
mixture was left to attain room temperature and sub- 
sequently 2-propanol was added until a clear solution was 
obtained. The soln was hydrogenated over lW/, Pd on 
charcoal (I g). After 3 h the catalyst was filtered off and the 
solvent evaporated in uacuo. Complete removal was ensured 
by the addition of a few ml of ethanol and repetition of the 
evaporation in uucuo. Upon addition of aceton the free 
dipeptide precipitated. The yields after the purification 
process, as well as the physical properties and other 
analytical data are given in Table 2. 

N-Trityl-leucyl-methionim methyl ester. This compound 
was prepared from N-Trt-Leu (I mmol) and methionine 
methyl aster in a similar manner to that described for 
N-Trt-Asn-Gly-OEt. Recrystallization from ether- 
petroleum ether gave 0.44 g (Sj%); m.p. 104”; [a]8 - 18” (c 
0.5, CHCI,): TLC: Rf,, 0.87. Rf, 0.62. __ 

N-Trityl-leucyl-mekonin~ akak A methanolic soln 

N-Trityl-asparaginyl-glycine ethyl ester. This compound 
was prepared from N-Trt-Asn (5mmol) and glycine ethyl 
ester hydrochloride according to the general procedure of 
coupling by the DCC/HOBt method. Recrystallization from 
ether-petroleum ether gave I. 15 g (500/, m.p. 178-180”; 

(40 ml) of 0.4 g (0.77 mmol) of N-Trt-Leu-Met-Me satur- 
ated with dry ammonia, was permitted to remain for 3 days 
at room temperature. Then the solvent was removed in 
uacuo and the resulting product solidified with petroleum 
ether; yield 0.37 g (9%); m.p. 173-176”. Recrystallization 
from AcOEt-petroleum ether raised the m.p. up to 
179180”; [a# -47” (c 1, CHCl,); TLC:Rfr, 0.85, Rfs 0.13. 
Detritylation of the above product with IN 
HCl/CH,COOH for 45 min. in the absence of a scavenger 
afforded homogeneous Ieucyl-methionine amide hydro- 
chloride; yield 95%; m.p. I I I-I 12”; [a]8 +8.7” (c I, H,O). 
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Table 1. Physical properties on N-Trityktipeptide benxyl esters 

rFLccI 
Compound 4Yiel.d lrF,% 

Elemental 

*A *D % *F ------__ ---~_-~----_-- ---- 

n-t-FtwGly+x3zl 07 142-14!$ -8.1°(c 1, Cxl,) C~THI+NIOI Calcd 80.12 6.18 5.05 3.81 0.84 0.47 

lUux3 79.80 6.40 5.19 

Trt-Phe-LeuXlBzl 83 OilC 0.87 0.85 

Trt-PIc-Gly~Bzl 68 lY4-136d -Y4°(c l,lxF) C~83zNz0, Calod 78.54 6.39 5.55 
0.82 0.37 

EtuxI 77.88 5.98 5.20 

Trt-Pro-Leu+Bzl 81 50-55e -65.E"(c l,CW.l,) C,&oNz03 Calal 79.25 7.19 4.99 0.88 0.61 

Fu\md 78.95 7.05 5.05 

Trt-L.eu-Gly+Bzl 65 125-127f +20°tc 0.5,aiCl~) C>*f~36NA Cakd 78.43 b.97 5.38 
0.8/ 0.85 

Ebti 77.84 5.18 5.09 

Trt+rp-Gly~BzlY 65 190-1335 -llO@ 1,(31cl,) CIYHISNIGI Cald 78.92 5.90 7.08 
0.92 0.82 0.67 

Foti 78.10 5.70 6.99 

ir Trt<ly-Leu+Bzl 70 89-90" +7O(c l,uiCl,) C,IH,eN20, Calcd 78.43 6.97 5.38 0.87 0.82 

m 78.10 7.20 5.42 

M-Gly-Fhe-OBz.1 h 48 108-1092 +10.4Otc l,CHCl,J 
CSTHSNZ'JI 

CaLA 80.12 6.lU 5.05 
0.88 0.78 _ 

Rux! 79.39 5.72 5.03 
-- - 

'only single sp3ts ue~e detected for loads of at least 50 pg. 
given inJExperimental Section. 

Letters in parentheses indicate solvents system 
bAfter recrystallization from methanol. =Attemps to crystallize it, 

failed. After recrystallization from ethanol. %pon standing in the desiccator. fAfter r 
tion from AcOEt-petroleumhetner (1:l "/VI. 

ecrystalliza- 

with coupling time 24 h. 
SThis compound was prepared frqm Trt-Tru-OH and H-Gly-OBzl 

By thati arkkicks mztkdthe yield was 35%. 
ether-petroleum ether (1:l "/VI. 

'After recrystallization from 

Table 2. Physical properties of free dipeptides 

~--- ---_ ---- 

Compound a Yield mp,% b];' .,:"",, mp,%(W [Q];"ut) 

B ---_ 

H-Phe-Gly-OH 98 242-243b +92O(c 0.25, HzO) 0.45 0.50 249-250(17) +95o(c 0.3,H20)(17) 

H-Phe-Leu-OH 97 237-240b +l.E"@ 0.25, 0.3N K!l) 0.70 0.75 258-260(18)+4.E"(c 0.3,0.3N X1)(18) 

H-Pro-Gly-OH 94 218-220° +O'(c 0.25, O.lN HCl) 0.25 0.17 230-232(19) 

H-Pro-Leu-OH 85 250~251d -aO"& 0.25, HzO) 0.48 0.43 249.5-250.5(20F79°(c 0.25, H20)(201 

' Only single spots were detected for loads of a 
k 

least 50 pg. Letters in parentheses indicate 
solvents syztem given in Experimental Section. 
(I:2 V/v). 

After recrystallization from 2-propanol-water 
Thi2 compound was purified by column chromatograghy on Sephadex G-15 using AcOH(S%) 

as the eluent. After recrystallization from D?lF-water (1:3 /v). 
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N-Trityl-leucyl-glycine amide. This compound was pre- 
pared from N-Trt-Leu (3 mmol) and glycine amide hydro- 
chloride (4 mmol) according to the general procedure of 
coupling by the DCC (3.3 mmol)/HOBt (6 mmol) method. 
Recrystallization from methanol gave 1 g (78%); m.p. 
210-213”; [u]g - 12.1” (c 1, DMF); TLC: Rf+-oa,) 0.30, Rfa 
0.14; IR (CHCI,) 3500, 3460, 3420, 3340, 3200, 1680, 
1665cm’; NMR (CDCI,), 6 0.9 (br, d, 6H, (CH,),C), 3.6 
(s, 2H, CH& 5.6 (s, lH, cis CONH,), 6.2 (s, IH, trans 
CONH& This compound was also received in 95% yield by 
ammonolysis of N-Trt-LeuGly-OMe, which was obtained 
as an oil from N-Trt-Leu and HCL.Gly-GMe, according to 
the general procedure of coupling by the DCC/HOBt 
method. Detritylation of the above product (0.65g, 
1.5 mmol) with toluene-p-sulfonic acid hydrate (0.3 I3 g, 
1.65 mmol) in acetone (3 min boiling under reflux) atforded 
leucyl-glycine amide toluene-p sulfonate which was re- 
crystallized from 2-propanol+ther. Yield 91% m.p. 
146-148”; [aIf: +26.2 (c 1, DMF); TLC Rf,,, 0.52, Rftc, 
0.20. 

N-Trityl-tryptophyl-glycine amide. Prepared from 
N-Trt-Trp (2.5mmol) and glycine amide, hydrochloride 
(2 mmol) according to the general procedure of coupling by 
the DCC (2.5 mmoll/HOBt (5 mmol) method. The nroduct 
was recrystallized from ethyl‘acetate$e.troleum ether (1: 2); 
yield 0.7Og (700/,); m.p. 217-224”(dec); [a]g - 18.1” (c 1, 
DMF); TLC, Rf(,, 0.85, Rf, 0.80. 

N-Trt-proline succinimide ester. To a chilled soln of 
Trt-Pro -(0.71 g, 2 mmol) and N-hydroxysuccinimide 
(0.23 a. 2 mmol) in dimethoxvethane (10 ml). N.N’dicvclo- 
hexyl&bodi-intide (0.44 g, 212 mmol) was added. The-mix- 
ture was kept at 4” for 20 h. The N,N’dicyclohexylurea, 
which separated out was filtered off and washed with 
dimethoxyethane. The combined filtrates were evaporated 
to dryness leaving an oil, which was crystallized from 
I-propanol. Recrystallization from I-propanol gave 0.65 g 
(71%); m.p. 161-163”; [a# - 112.8” (c I, AcGEt); TLC: Rf* 
0.86, Rfn 0.92, Rfs 0.34; (Found C, 73.64; H, 5.85; N, 6.04 
C&H,N,O,: C, 73.99; H, 5.77; N, 6.16x.) 

N-Trityl-phenylaIanine succinimide ester. This compound 
was prepared in a manner similar to that used for the 
synthesis of Trt-Pro-GSu: yield 69”/, m.p. 94-98”; [a]I: 
-64.4” (c I, AcGEt); TLC: Rfo 0.95; Rfs 0.31; (Found C, 
75.86; H, 5.64; N, 5.13 talc for CrrH,N,O,: C, 76, 17; H, 
5.59; N, 5.55x.) 

N-Trityl-phenylaIanylglycine benzyl ester. Glycine ben- 
zyl ester toluene-psulphonate (3mmol) was dissolved in 
DMF (I 0 ml), neutralized with triethylamine and allowed to 
react with N-Trt-PheGSu (3.3 mmol). After 2 days at room 
temperature (progress of the coupling reaction was followed 
by TLC and the ninhydrin test) solvent was removed under 
reduced pressure and the remaining oily residue was worked 
up as in the general procedure of coupling by the 
DCC/HOBt method. Recrystallization from methanol gave 
the dipeptide derivative in 38% yield. This compound had 
identical physical properties and other analytical data to 
those of the same dipeptide, obtained by the DCC/HOBt 
coupling. 

Similarly, succinimide active ester of N-Tit-Pro upon 
coupling with glycine benzyl ester toluene-p-sulphonate 
gave the corresponding dipeptide derivative in 39% yield. 

Detritylation of N-Trityl-tryptophyl-gglycine amide. N- 
Trt-Trp-Gly-NH, (0.125 g, 0.25 mmol) was suspended in 

2-propanol(2 ml) and CCl,COOH . H,O (90 mg, looO/, ex- 
cess) was added. The mixture was heated for 3 min on the 
steam bath, then chilled, and ether was added. The product 
was recrystallized from 2-propanol+ther. Yield 90mg 
(85%); m.p. 125-128”; TLC Rf,,, 0.60; Rf, 0.38. An 
aqueous solution of the product gave an absorption spe5 
trurn with a maximum at 279 rnp (i_, 5950), and a minimum 
at 244 mp (c.,_,, 2150). No oxindole derivative was detected 
according to earlier reports.16*‘7 
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