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The properties of 2,4-dimethoxybenzyl (Dmb) as a protecting group for the amide side chain of glutamine and 
asparagine during peptide synthesis are described. 2,4-Dimethoxybenzylamine was prepared by the reduction 
of 2,4-dimethoxybenzyaldoxime with sodium bis(2-methoxyethoxy)aluminuni hydride. The Dmb derivatives 
obtained by reaction of 2,4-dimethoxybenzylamine and either N,N'-dicyclohexylcarbodiimide or N-diethyl- 
amino-1-propyne with the appropriate amine acid derivatives are crystalline and the Drnb group can be removed 
by trifluoroacetic acid or anhydrous hydrogen fluoride to give the free amide. No formation of pyroglutamyl 
peptides or of other side reactions was detected with Dmb-protected glutamyl derivatives, even during saponifi- 
cation. On the contrary, use of alkali with either 2,4-dimethoxybenzyl- or bis(2,4-dimethoxybenzyl)-protected 
asparaginyl peptides resulted in a mixture of products and is not recommended. 

The amide groups of asparagine and glutamine un- 
dergo the following side reactions (eq 1-3) during pep- 
tide synthesis: (1) dehydration to the corresponding 

YNHCHCOOH -+ YNHCHCOOH (1) c: - HzO 
( b &)%CON& ( Ht)nC=N 
Y = amino-protecting group 
n = 1, asparagine 
n = 2, glutamine 

cyano derivatives;2-6 (2) formation of imides and sub- 
sequent hydro lys i~~- '~  [N-protected asparagine or 
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glutamine esters (a), asparaginyl or glutaminyl peptides 
(b). In this case, the loss of a proton by the action 
of alkali occurs in both position CY and w .  The a! site is 
more reactive because of the greater electrophilic 
strength of the a! carbon atom as compared with that of 
the w carbon atom. The subsequent release of the NH, 
group leads to formation of CY and w isomeric peptides, 
though the latter is obtained in greater amount. Re- 
action at the w site causes cleavage of the peptide 
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(c) 1; and (3) formation of pyroglutamyl derivatives 
from glut aminyl peptides. l I 1  

(3) 
CHz-CHZ --" 
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Weygand and his ~o l l eagues '~~ '~  have int'roduced the  
protecting group bis(2,4-dimethoxybenzyl), (Dmb)z, in 
order to  prevent the previously ment'ioned side reac- 
tions. The preparation of (Dmb)zNH is laborious and 
the (Dmb)2-protected derivatives are usually amor- 
phous; therefore, their charact'erization is difficult. 
The possibility of using just one 2,4-dimet'hoxybenzyl 
group has been furt'her investigated. 2,4-Dimethoxy- 
benzylamine has been synthesized by a new and easier 
method, Le., reduction wit,h sodium bis(2-methoxy- 
ethoxy)aluminum hydride of the 2,4-dimethoxybenzald- 
oxide. The Dmb derivatives are cryst'alline products 
which can be easily obtained by reacting 2,4-dimethoxy- 
benzylamine with the corresponding esters of N-benzyl- 
oxycarbonyl or N-tert-butyloxycarbonylaspartic and 
glutamic acids, via N-diethylamino-1-propyne or W,N'- 
dicy clohexylcarbodiimide. l 5  

On removal of the ester group or the amino-protective 
group, the carboxyl or amino components are obtained, 
respectively. The synthesis of the Dmb-protected as- 
paraginyl or glutaminyl peptides has been carried out 
from t'hese compounds. The Dmb group was removed 
using trifluoroacetic acid or anhydrous hydrofluoric 
acid. 

With regard to  the action of base, i t  has been found 
that Dmb-protected glut'aminyl derivat'ives are stable. 
In  fact, alkaline hydrolysis of N-benzyloxycarbonyl- 
NY-(2,4-dimethoxybenzyl)-~-glutamine methyl ester, 
N-benzyloxycarbonyl-NY- (2,4-dimet~hoxybenzyl)-~-glu- 
taminyl-L-alanine methyl ester, and N-tert-butyl- 
oxycarbonyl-NY- (2,4-dimethoxybenzyl)-~-glutaminyl-~- 
alanine methyl ester gave the corresponding free acids 
in high yield. 

(11) D.  Theodoropoulos and I. Souchleris, Acta Chim. Acad. Sci. Hung., 
44, 183 (1965). 

(12) E. Schnabel, H. Klostermeyer, J. Dahlmaus, and H. Zahn, Justus 
Liebigs Ann. Chem., 707, 227 (1967). 

(13) (a) F. Weygand, W. Steglich, J. Bjarnason, R. Aktar, and N. Chytil, 
Chem. Bey. ,  101, 3623 (1968); (b) F. Weygand, W. Steglich, and J. Bjarna- 
son, ib id . ,  101, 3642 (1968). 

(14) P. G .  Pietta, F. Chillemi, and A. Corbellini, ib id . ,  101, 3649 (1968). 
(15) Attempts to  prepare these intermediates directly from the symmetri- 

cal anhydrides and 2,4-dimethoxybenzylamine were not successful because 
of the difficulties in separating the mixture of the a and w amide derivatives 
which resulted. 
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On the contrary, alkaline hydrolysis of N-benzyloxy- 
carbonyl-N@- (2,4-dimethoxybenzyl)-~-asparaginyl-~-al- 
anine methyl ester and N-benzyloxycarbonyl-No- 
(2,4-dimethoxybenzyl)-~-asparaginyI-~-alanyl-~-Ieucyl- 
L-alanine methyl ester resulted in a mixture of products, 
according to  the side reactions described in 2b. In  the 
case of N-benzyloxycarbonyl-N@-(2,4-dimethoxyben- 
xy1)-L-asparagine methyl ester, however, the desired 
product is easily obtained from the mixture by crystal- 
lizat ion. 

Even the (Dmb)z protective group, which makes re- 
action at the w site impossible, is not able to  prevent the 
more preferred reaction at the a site, however, in con- 
trast to  previously reported observations.13 In  fact, 
alkaline hydrolysis with 3 equiv of 1 N NaOH of N- 
benzyloxycarbonyl-N@- bis (2,4- dimethoxybenzyl) -L- as- 
paraginyl-L-leucine methyl ester13 and N-benzyloxy- 
carbonyl-N@-bis(2,4-dimet hoxybenzyl)-~-asparaginyl-~- 
alanyl-L-leucyl-L-alanine methyl ester yielded, as as- 
certained by thin layer chromatography, three different 
products. Therefore, use of alkali with asparaginyl 
peptides protected either by Dmb or (Dmb)z is not rec- 
ommended. No formation of pyroglutamyl deriva- 
tives was observed with Dmb-protected carboxamide 
groups. Thus, on the reaction of the dipeptide ester, 
prepared by hydrogenolysis of N-benzyloxycarbonyl- 
N~-(2,4-dimethoxybenzyl)-~-glutaminyl-~-alanine me- 
thyl ester in 80% acetic acid, with N-tert-butyloxy- 
carbonyl-L-alanine p-nitrophenyl ester, the tripeptide 
N-tert-butyloxycarbonyl-L-alanyl-NY- (2,4-dimethoxy- 
benzyl)-L-glutaminyl-L-alanine methyl ester was ob- 
tained in high yield. In  addition, formation of pyro- 
glutamyl derivatives was not observed during removal 
of the protective groups of N-tert-butyloxycarbonyl- 
NY-(2,4-dimethoxybenzyl)-~-glutamine, N - tert- butyl- 
oxycarbonyl-NY- (2,4-dimethoxybenzyl)-~-glutaminyl-~- 
alanine, and N-tert-butyloxycarbonyl-NY- (2,4-di- 
methoxybenzy1)-L-glut aminyl-L-alanyl-L-valyl-L-valine 
tert-butyl ester with trifluoroacetic acid. 

Experimental Section 
Ascending thin layer chromatograms were run on silica gel 

G with butan-1-01-acetic acid-water (4: 1: 1 v/v) (RFA), butan- 
1-ol-acetic acid-water-pyridine (15: 10:2: 3) (RFB), and benzene- 
ethyl acetate-acetic acid-water (10: 10:2: 1) (RFc). Descending 
chromatograms were run on Whatman No. 3 MM paper with 
butan-1-01-acetic acid-water (4: 1: 1) (RFD) or liquified phenol 
saturated with water and in the presence of a beaker of 0.3y0 
NHaOH in the tank during each run (&E). Spots were revealed 
with ninhydrin solution, and sodium hypochlorite followed by 
potassium iodide (l%)-starch (lyo).16 Acid hydrolysates of 
peptides were prepared using 6 A7 hydrochloric acid (110", 16 hr) 
and the amino acid composition was determined with a Techni- 
con Auto-Analyzer. Optical rotation were determined with a 
Perkin-Elmer polarimeter, Model 141. Organic extracts were 
dried with anhydrous sodium sulfate and evaporations were 
carried out under reduced pressure in a rotary evaporator. 
Melting points (uncorrected) were determined in capillary tubes 
in a Tottoli melting point apparatus (manufactured by W. 
Biichi). 

2,4-Dimethoxybenzaldoxime .-2,4-Dimethoxybenzaldehyde 
(16.6 g, 0.1 mol) and hydroxylamine hydrochloride (6.9 g, 0.1 
mol) in 12% sodium hydroxide (50 ml) and ethanol (12 ml) were 
gently refluxed for 10 min. After cooling overnight a t  0", the 
precipitate was filtered and crystallized from ethanol-water, 
yielding the product (14.8 g, 82y0), mp 104-105". 

Anal. Calcd for CDHllNOl: C, 59.64; H, 6.12; N ,  7.73. 
Found: C, 59.61; H, 6.12; N,  7.77. 

(16) H. N.  Rydon and P. Smith, Nature, 169, 922 (1952). 
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2,4-Dimethoxybenzylamine (Dmb-NH2).-A solution of 2,4- 
dimethoxybenzaldoxime (13.6 g, 7,5 mmol) in benzene (100 ml) 
was added under stirring to a solution of sodium bis(2-methoxy- 
ethoxy)aluminum hydride (60 g, 0.3 mol) in benzene (45 ml). 
The mixture was boiled for 1 hr, cooled, and decomposed with 
20'3, sulfuric acid at  0'. After washing with ether, the solution 
was made alkaline with lOYC sodium hydroxide, filtered, and ex- 
tracted with ether. The ether extracts were dried, concen- 
trated, and treated with HC1-ether. The salt which precipi- 
tated was filtered and crystallized from ethanol-ether to give the 
product hydrochloride (13 g, 867?,), mp 185-186'.13 

A.  M~-(2,4-Dimethoxybenzyl)-~-asparagine Derivatives and 
Peptides. N-Benzyloxycarbonyl-NB- (2,4-dimethoxybenzyl) - L- 
asparagine a-Methyl Ester [Z-Asn(Dmb)-OMe] .-Freshly dis- 
tilled l-diethylamino-l-pr~pyne~~~~~ (2.6 g, 23.5 mmol) in meth- 
ylene chloride (25 ml) was added dropwise at 5-10' during 30 min 
to a stirred solution of a-methyl-N-benzyloxycarbonyl-L-aspartic 
acid (6.6 g, 23.5 mmol) and 2,4-dimethoxybenzylamine (3.92 g, 
23.5 mmol) in methylene chloride (100 ml). Stirring was con- 
tinued at  20-25' for 30 min and then the mixture was evap- 
orated. Crystallization of the residue from ethyl acetate gave 
the product (7.4 g, 747,): mp 162-163'; RFA 0.80, RFO 0.86; 
[ a I z 7 ~  +60.1" (c 1.03, dimethylformamide). 

Anal. Calcd for C22HZ6N2O7: C,  61.38; H,  6.08; N ,  6.50. 
Found: C, 61.37; H, 5.94; N, 6.50. 

N-tert-Butyloxycarbonyl-~V@-(2,4-dimethoxybenzyl)-~-aspara- 
gine a-Benzyl Ester [Boc-Asn(Dmb)-OBzl] .-This product (mp 
102-103"), which crystallized from ethyl acetate-petroleum 
ether (bp 60-go"), was obtained similarly in 38YG yield: RFA 0.62, 
RFC 0.70; [a] 2 5 ~  -6.4' (c 1.0, methanol). 

Anal. Calcd for C25H32N207: C, 63.54; H,  6.83; N, 5.93. 
Found: C, 63.30; H,  6.94; N,  6.06. 

N-tert-Butyloxycarbonyl-NP-( 2,4-dimethoxybenzyl)-~-isoaspar- 
agine p-Benzyl Ester [Boc-Asp(Bz1)-NH-Dmb] .-This product 
(mp 99-loo'), which crystallized from ethyl acetate-petroleum 
ether, was obtained similarly in 78% yield: RFA 0.9, RFA 0.86; 
[aIz5n -10.4' (c 1.0, methanol). 

Anal. Calcd for C25H31N207: C, 63.54; H,  6.83; N,  5.93. 
Found: C, 63.20; H ,  6.83; N, 6.01. 

A'-Benzyloxycarbonyl-J@- (2,4-dimethoxybenzyl)-~-asparagine 
[ 2-Asn (Dmb )-OH] .-A'-I3enzyloxycarbonyl-X@- (2,4 - dimethoxy- 
benzyl)-L-asparagine a-methyl ester (4.3 g, 10 mmol) in dioxane 
(50 ml) and 1 N NaOH (11 mmol) were kept a t  23-25' for 90 
min. After evaporation, the resulting residue was dissolved 
in water, and the solution was acidified with 1 A' HC1 and 
then extracted with ethyl acetate. The extracts were washed 
with water, dried, and evaporated. Crystallization from ethyl 
acetate gave the product (3.4 g, 81%): mp 152-154'; RFA 
0.88, RFC 0.77; [ C Y ] ~ ~ D  +3.2" (c 1.0, methanol). 

Anal. Calcd for C21H24N20;: C, 60.56; H,  5.80; N,  6.72. 
Found: C,60.34; H, 5.70; N,6.71. 

The dicyclohexylammonium salt had mp 161-162'. 
Anal. Calcd for Ca3HnN307: C, 66.31; H,  7.92; N, 7.03. 

Found: 
~V-tert-Butyloxycarbonyl-A~~-(2,4-dimethoxybenzyl)-~-aspara- 

gine Dicyclohexylammonium Salt [Boc-Asn(Dmb) 'DCHA] .- 
i~-tert-Butyloxycarbonyl-N@-(2,4-dlmethoxybenzyl)-~-asparagine 
a-benzyl ester (0.94 g, 2 mmol) was hydrogenated in ethanol 
(15 ml) over 10% palladium on charcoal (0.2 g) for 10 hr. The 
catalyst was then filtered off and the solution was concentrated. 
Addition of dicyclohexylamine (0.36 g, 2 mmol) in ether (5  ml) 
precipitated the corresponding salt, which was filtered and 
crystallized from ethyl acetate, yielding the product (0.77 g, 
68%), mp 124-125', RFC 0.80. 

Anal. Calcd for C30H49W307: C, 63.93; H ,  8.50; N, 7.45. 
Found: 

N-tert-Butyloxycarbonyl-Na-(2 ,4-dimethoxybenzyl)-~-isoaspar- 
agine Dicyclohexylammonium Salt [Boc-Asp( .DCHA)-NH- 
Dmb].-This compound (mp 166-167', RFB 0.70, RFO 0.75) 
was prepared similarly in 857, yield. 

Anal. Calcd for C3oHtoX307: C, 63.93; H ,  8.50; 3, 7.45. 
Found: 

N-Benzyloxycarbonyl-i~~-(2,4-dimethoxybenzyl)-~-asparagine 
p-Nitrophenyl Ester [Z-Asn(Dmb)-ONp] .-Ar ,N'-Dicyclohexyl- 
carbodiimide (1.7 g, 8.2 mmol) ww added at  0' to a stirred 
solution of N-benzyloxycarbongl-NB-(2,4-dimethoxybenzyl)-~- 

C, 66.45; H,  7.70; N, 7.05. 

C, 63.98; H,  8.47; N, 7.51. 

C,64.02; H,  8.45; N,  7.58. 

(17)  H. G. Viehe, Angew. Chem., 76, 571 (1964). 
(18) 9. S. vanhfourik, E. Harryvan, and J. F. Arens, R e d .  Traa. Chim. 

Paus-Bas, 84, 1344 (1965). 

asparagine (3.4 g, 8.2 mmol) and p-nitrophenol (1.36 g, 10 mmol) 
in dimethylformamide (40 ml). The mixture was kept a t  0' 
for 3 hr and then filtered. After evaporation under reduced 
pressure, the residue was crystallized from ethanol, yielding the 
product (3.1 g, 707c), mp 148-149", RFC 0.9. 

Anal. Calcd for C27H27N309: C, 60.33; H,  5.06; N, 7.81. 
Found: C,60.31; H,  5.06; N, 7.86. 

N-Benzyloxycarbonyl-W-(2,4-dimethoxybenzyl)-~-asparagin- 
yl-L-alanine Methyl Ester [Z-Asn(Dmb)-Ala-OMe] .-N-Benzyl- 
oxycarbonyl-.V@-(2 ,4 - dimethoxybenzyl) - L - asparagine p -nitro- 
phenyl ester (5.90 g, 11 mmol) was added to a solution of L- 
alanine methyl ester hydrochloride (1.39 g, 10 mmol) and tri- 
ethylamine (1.4 ml, 10 mmol) in pyridine (40 ml). The mixture 
was kept overnight a t  room temperature and then the solvent 
was removed under reduced pressure. The residue was washed 
with ether and crystallized from methanol-ethyl acetate. The 
product had mp 181-182' (3.7 g, 74'70), RFA 0.77, RFC 0.70. 

Anal. Calcd for c2&1N3o8: C, 59.88; H,  6.23; N, 8.38. 
Found: 

N-Benzyloxycarbonyl-~'~-( 2,4-dimethoxybenzyl)-~-asparagin- 
yl-L-alanyl-L-leucyl-L-alanine Methyl Ester [Z-Asn(Dmb)-Ala- 
Leu-Ala-OMe] .-This compound was prepared similarly in 70% 
yield starting from N-benzyloxycarbonyl-N@-(2,4-dirnethoxy- 
benzyl)-L-asparagine p-nitrophenyl ester and L-alanyl-L-leucy1-r.- 
alanine methyl ester (obtained by hydrogenolysis of N-benzyloxy- 
carbonyl- L-alan yl- L-leucyl- L-alanine methyl ester) : mp 235-236 ' 
(from methanol); RFA 0.82, RFC 0.65; [ a ] " D  -9.4" (c 1.0, di- 
methylformamide); amino acid ratios, Asp 1.00, Ala 1.94, 
Leu 1.02. 

Anal. Calcd for C34Ha7NjOl0: C, 69.55; H,  6.90; N, 10.21. 
Found: 

N-tert-Butyloxycarbonyl-Ara- (2,4-dimethoxybenzyl)-~-isoaspar- 
aginyl-L-alanine Benzyl Ester.-N-tert-Butyloxycarbonyl-Na- 

C, 59.77; H, 6.18; N, 8.23. 

C, 59.47; H,  6.90; N, 10.29. 

Ala-OBzl 

Boc- Asp-NH-Dmb 

(2,4-dimethoxybenzyl)-~-isoasparagine dicyclohexylammonium 
salt (0.83 g, 1.5 mmol) and L-alanine benzyl ester hydrochloride 
(0.33 g, 1.5 mmol) were dissolved in methylene chloride (20 ml). 
After 15-min stirring, A7,iV'-dicyclohexylcarbodiimide (0.315 
g, 1.5 mmol) was added at O', and the mixture was kept a t  0" 
for 12 hr and then filtered. After evaporation under reduced 
pressure, the residue was crystallized from ethyl acetate, yield- 
ing the product (0.57 g, 70%): mp 140-141'; RFA 0.80, Rrc 
0.70; [ a ] %  -15.8' (c 1.0, dimethylformamide). 

Anal. Calcd for C28H3,N~O~: C, 61.86; H, 6.86; N,  7.73. 
Found: 

n'-tert-Butyloxycarbonyl-A7~-(2 ,4-dimethoxybenzyl)-~-isoas- 
paraginyl-L-alanine .-A'-tert-Butylox~carbonyl-Ara - (2,4 - dimeth- 

Bo c- AJp-NH-Dmb 

oxybenzy1)-L-isoasparagine-L-alanine benzyl ester was hydro- 
genated similarly to the N-tert-butyloxycarbonyl-NP-(2,4-di- 
methoxybenzy1)-L-asparagine benzyl ester in 88% yield, mp 
194-195" crystallized from ethanol-ether, RFA 0.70, RFC 0.64. 

Anal. Calcd for C21H31N308: C, 55.63; H,  6.89; N, 9.26. 

C, 61.86; H, 6.78; N, 7.76. 

Ala-OH 

Found: C, 56.49; H,6.87; N,9.29. 
NP-(2,4-Dimethoxybenzyl)-~-asparagine [H-Asn(Dmb)-OH] . 

-iV-Benzvloxvcarbon~l-N@-(2,4-dimethoxybenzyl)-r- asparagine 
(0.83 g, i mmol) in acetic acid (20 ml) was hydrogenated over 
lOyG palladium on charcoal (0.25 g) for 3 hr. The catalyst was 
filtered off and the solution was evaporated. Crystallization 
from methanol gave the product (0.64 g, 82%), mp 230-231", 

AnaZ. Calcd for C13HlsNe05: C, 55.31; H,  6.43; N, 9.92. 
Found: 

N a -  (2,4-Dimethoxybenzyl)-~-isoasparagine (H-Asp-NH-Dmb). 
-N-tert-Butyloxycarbonyl-iV~-(2,4-dimethoxybenzyl)-~-isoaspar- 
agine dicyclohexylammonium salt (0.84 g, 1.5 mmol) was 
treated with 1 N HC1-acetic acid (10 ml) for 30 min. After 
evaporation, the residue was crystallized from ethanol-ether, 
yielding the product (0.28 g, 69%), mp 160-162', RFA 0.65, 
RFB 0.76. 

Anal. Calcd for C13H18N205: C, 55.31; H, 6.43; N, 9.92. 
Found: 

B. iV-(2,4-Dimethoxybenzyl)-~-glutamine Derivatives and 
Peptides. N-Benzyloxycarbonyl-A'r-(2,4-dimethoxybenzy1)-~- 

RFA 0.61, RFB 9.72. 

C, 55.50; H ,  6.07; N, 9.94. 

C, 55.48; H, 6.09; N, 9.92. 
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glutamine a-Methyl Ester [Z-Gln(Dmb)-OMe] .-Freshly dis- 
tilled 1-diethylamino-l-propynel' (2.2 g, 20 mmol) in 20 ml of 
methylene chloride was added dropwise at  5-10', during 30 min 
t o  a stirred solution of a-methyl-N-benzyloxycarbonyl-~-gluta- 
mate (5.9 g, 20 mmol) and 2,4-dimethoxybenzylamine (3.34 g, 
20 mmol) in 80 ml of methylene chloride. The mixture was kept 
under stirring at 20-25' for 30 min; then the solvent was evap- 
orated and the residue was extracted with ethyl acetate. The 
extracts were washed with aqueous sodium bicarbonate, 10% 
aqueous citric acid, and water, then dried and evaporated. 
Crystallization of the residue from ethyl acetate-petroleum ether 
(bp 60-80') gave the product (6.2 g, 70%): mp 125"; RFA 0.79, 
R ~ c 0 . 7 ;  [ a I z 7 ~  -11.9' (c 1.0, methanol). 

Anal. Calcd for C L ~ H ~ ~ N Z O ~ :  C, 62.15; H,  6.35; N, 6.30. 
Found: C, 61.95; H,  6.45; 3, 6.23. 

a-Benzyl-N-tert-butyloxycarbonyl-L-glutamate Dicyclohexyl- 
ammonium Salt [Boc-Glu( .DCHA)-OBzl] .-Freshly distilled 
1-diethylamino-l-propyne17 (3.78 g, 34 mmol) in 20 ml of an- 
hydrous tetrahydrofuran was added dropwise at 5-10' over 30 
min to a stirred solution of i\7-tert-butyloxycarbonyl-~-glutamic 
acid (8.4 g, 34.5 mmol) in anhydrous tetrahydrofuran (20 ml). 
Stirring was continued for 15 min and then benzyl alcohol (10.8 
g, 100 mmol) was added; the mixture was treated dropwise with 
dicyclohexylamine (6.24 g, 34.5 mmol) in ether (100 ml) and 
was kept a t  room temperature overnight. The solid precipitate 
was collected, washed with ether, and crystallized from ethanol, 
yielding CY-benzyl-N-tert-butyloxycarbonyl-L-glutamate dicyclo- 
hexylammonium salt (10.35 g, %yo), mp 174-175' (lit.19 mp 

N-tert-Butyloxycarbonyl-N~-(2,4-diniethoxybenzyl)-~-glutamine 
a-Benzyl Ester [Boc-Gln(Bmb)-OBzl] .-a-Benzyl-N-tert-butyl- 
oxycarbonyl-L-glutamate (obtained as an oil by acidification of 
the salt) (9.9 g, 29.4 mmol) and 2,4-dimethoxybenzylamine (4.9 
g, 29.4 mmol) in methylene chloride (250 ml) were treated with 
N,iV'-dicyclohexylcarbodiimide (6.2 g, 30 mmol) a t  0'. The 
mixture was stirred at  0' for 3 hr and then at  room temperature 
for 2 hr. After filtration and evaporation, the resulting residue 
was dissolved in ethyl acetate, and the solution was washed with 
aqueous sodium bicarbonate, 10% aqueous citric acid, and water, 
then dried and evaporated. Crystallization of the residue 
from ethyl acetate-petroleum ether (bp 30-60') yielded N -  
tert-butyloxycarbonyl-~~~-(2,4-dimethoxybenzyl)-~-glutamine a- 
benzyl ester (10 g, 70%): mp 111-112'; RPA 0.90, RFO 0.87; 
[ a I z 5 ~  -6.5' (c 1.0, methanol). 

Anal. Calcd for CzeH3rN207: C, 64.18; H ,  7.04; N, 5.75. 
Found: 

N-Benzyloxycarbonyl-"r-(2,4-dimethoxybenzyl)-~-glutamine 
[Z-Gln(Dmb)-OH] .-Sodium hydroxide hydrate (0.64 g, 16 
mmol) in water (16 ml) was added dropwise over 10 rnin at  20- 
25' to a stirred solution of iV-benzyloxycarbonyl-Nr-(2,4-di- 
methoxybenzy1)-L-glutamine a-methyl ester (6.2 g, 14 mmol) in 
dioxane (90 ml). The mixture was stirred at  20-25" for 60 rnin 
and then, after removal of the dioxane, acidified to pH 3 with 1 
iV HC1 and extracted with ethyl acetate. The extracts were 
washed with water, dried, and evaporated, and the residue 
was treated with dicyclohexylamine (2.54 g, 14 mmol) in ethyl 
acetate (35 ml), giving the salt (7.5 g, 88%), mp 110", [aIzSn 
+5.5' (c 1.0, dimethylformamide). 

Anal. Calcd for CarH4gNaOi: C, 66.75; H ,  7.97; N,  6.86. 
Found: 

The acid, prepared by acidification of the salt with 0.5 M 
citric acid, was crystallized from ethyl acetate, mp 136-137", 
RFA 0.85, RFC 0.48. 
il'-tert-Butyloxycarbonyl-Nr-(2,4-dimethoxybenzyl)-~-glutamine 

[Boc-Gln(Dmb)-OH] .-N-tert-Butyloxycarbonyl -NY- (2,4-dime- 
thoxybenzy1)-L-glutamine a-benzyl ester (6.5 g, 13.4 mmol) 
in ethanol (100 ml) was hydrogenated a t  room temperature and 
pressure over lOy0 palladium on charcoal (1.2 g) for 8 hr. After 
removal of the catalyst, the solution was evaporated and the 
residue was dissolved in ethyl acetate. The solution was ex- 
tracted with aqueous sodium bicarbonate. The extracts were 
acidified with HCl and extracted with ethyl acetate. The ex- 
tracts were dried and evaporated and the resulting residue was 
crystallized from ethyl acetate-petroleum ether, yielding the 
product (4.65 g, 88%), mp 110-lll', RFA 0.75, RFC 0.68. 

Anal. Calcd for C1SHZSN207: C, 57.56; H, 7.12; N, 7.07. 
Found: 

172O), RFA 0.80, RFC 0.65. 

C, 64.33; H ,  7.12; N, 5.78. 

C, 66.74; H, 8.07; N,  6.86. 

C, 57.43; H ,  7.22; N,  7.18. 

(19) E. SchrBder and E. Klieger, Justus Liebigs Ann. Chem., 878, 196 
(1964). 
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N-Benzyloxycarbonyl-Nr-( 2,4-dimethoxybenzyl)-~-glutamine 
p-Nitrophenyl Ester [Z-Gln(Dmb)-ONp] .-This compound was 
prepared similarly to the asparagine analog in 72% yield: mp 
149-150' (from ethanol); RFC 0.90; [a] 25D - 16.0" (c  1.0, meth- 
anol). 

And. Calcd for CzsHgoN309: C, 60.97; H,  5.30; N, 7.62. 
Found: C, 60.88; H, 5.43; N, 7.52. 
N-tert-Butyloxycarbonyl-N?-(2 ,4-dimethoxybenzyl)-~-glutamine 

p-Nitrophenyl Ester [Boc-Gln(Dmb)-ONp] .-This compound 
was prepared similarly in SOTo yield: mp 134-135'; RFC 0.90; 
[ a I z 6 ~  -18.1' (c 1.0, methanol). 

Anal. Calcd for CzaHaiNaOg: C, 58.01; H, 6.04; N, 8.12. 
Found: C,57.86; H,6.31; N,8.24. 
N-Benzyloxycarbonyl-N~-(2,4-dimethoxybenzy1)-~-glutaminyl- 

L-alanine Methyl Ester [Z-Gln(Dmb)-Ala-OMe] .-This was 
prepared similarly to the asparagine analog in 7Oy0 yield: mp 
179-180' (from ethyl acetate), RFA 0.75, RFC 0.65; [0(Iz5D -6.3" 
( c  1.0, dimethylformamide). 

Anal. Calcd for CzeH33N308: C, 60.57; H,  6.45; N, 8.15. 
Found: C, 60.47; H ,  6.47; N, 8.16. 

~'-tert-Butyloxycarbonyl-N~-( 2,4-dimethoxybenzyl)-~-glut- 
aminyl-L-alanine Methyl Ester [Boc-Gln(Dmb)-Ala-OMe] .- 
This peptide was prepared similarly in 867, yield: mp 133-134' 
(from ethyl acetate-petroleum ether); RFA 0.82, RFC 0.71; 
[CY] 2 5 ~  7.0" (c 1.0, dimethylformamide). 

Anal. Calcd for CzaHabNsOs: C, 57.37; H,  7.33; N, 8.73. 
Found: C, 57.37; H ,  7.35; N,8.57. 

N-Benzyloxycarbonyl-Nr-(Z ,4-dimethoxybenzyl)-~-glutaminyl- 
L-alanine [Z-Gln(Dmb )-AIa- OH] .-N-benzyloxy carbonyl-ivy- 
(2,4-dimethoxybenzyl)-~-glutaminyl-~-alanine methyl ester (1 .O g, 
2 mmol) in dioxane (30 ml) and 0.5 N NaOH (5 mmol) were kept 
a t  23-25" for 90 min. The mixture was acidified with 1 N HC1, 
evaporated, and then extracted with ethyl acetate. The extracts 
were washed with water, dried, and evaporated. Crystallization 
from ethyl acetate gave the product (0.80 g, 8OyO): mp 193- 
194'; RFA 0.71, RFC 0.55; [a]26~ -1.9" (c 1.0, dimethylform- 
amide). 

Anal. Calcd for C25HnN30s: C, 59.87; H,  6.23; N ,  8.38. 
Found: C, 59.51; H,6.29; N, 8.30. 

N-tert-Butyloxycarbonyl-N-f-(2 ,4-dimethoxybenzyl)-~-glut- 
aminyl-L-alanine [Boc-Gln(Dmb)-Ala-OH] .-This compound 
was prepared similarly in 937, yield: mp 159-160" (from ethanol- 
ether); RFA 0.68, RFC 0.54; [aIz5n 1.2' (c  1.0, dimethylform- 
amide). 

Anal. Calcd for CzzHsaNaOs: C, 56.52; H,  7.12; N, 8.99. 
Found: 

N-tert-Butyloxycarbonyl-~-alanyl-Nr-( 2,4-dimethoxybenzyl)-~- 
glutaminyl-L-alanine Methyl Ester [Boc-Ala-Gln(Dmb)-Ala- 
OMe] .-N-Benzyloxycarbony1-N~-(2,4-dimethoxybenzyl)-~-glu- 
taminyl-L-alanine methyl ester (0.21 g, 0.41 mmol) in 90% 
aqueous acetic acid (25 ml) was hydrogenated at  room tempera- 
ture and pressure over 10% palladium on charcoal (0.05 g) for 
4-5 hr. After removal of the catalyst, the solution was evap- 
orated and the residue was dissolved in pyridine (20 ml). To 
this solution N-tert-butyloxycarbonyl-L-alanine p-nitrophenyl 
ester (0.155 g, 0.5 mmol) was added and the mixture was kept 
a t  room temperature for 40 hr. Then the solvent was removed 
under reduced pressure and the residue was extracted with ethyl 
acetate. The extracts were washed with aqueous sodium bi- 
carbonate, 10% aqueous citric acid, and water, then dried and 
evaporated. Crystallization of the residue from ethyl acetate- 
ether gave the product (0.17 g, 75%), mp 126-127', RFA 0.64, 
RFC 0.57. 

Anal. Calcd for C26H10N,09: C, 56.51; H,  7.28; N, 10.14. 
Found: C, 56.87; H,  7.23; N, 10.18. 

L-Valyl-L-valine tert-Butyl Ester (H-Val-Val-OtBu).-N,N'- 
Dicyclohexylcarbodiimide (3.7 g, 18 mmol) in methylene chloride 
(10 ml) was added at  0" to a stirred solution of L-valine tert- 
butyl ester (3.1 g, 18 mmol) and N-benzyloxycarbonyl-L-valine 
(4.5 g, 18 mmol) in methylene chloride (50 ml). The mixture 
was kept a t  20-22' for 20 hr and then filtered. The filtrate 
was washed with aqueous sodium bicarbonate, 10% aqueous 
citric acid, and water, then dried and evaporated. The residue 
in ethanol (60 ml) was hydrogenated at  room temperature and 
pressure over 10% palladium on charcoal (1.5 g) until evolution 
of COZ ceased (5 hr). After removal of the catalyst, the solution 
was evaporated to give an oil (4.28 g), RFA 0.47, RFB 0.55. 

N-Benzyloxycarbonyl-L-alanyl-L-valyl-L-valine tert-Butyl 
Ester (Z-Ala-Val-Val-OtBu).-N-Benxyloxycarbonyl-L-a~anine 
p-nitrophenyl ester (5.5 g, 16 mmol) was added to a solution of 

C, 56.87; M,6.91; N, 8.84. 
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L-valyl-L-valine tert-butyl ester (4.28 g, 15.8 mmol) in pyridine 
(40 ml). The mixture was kept a t  room temperature for 40 hr 
and then the solvent was removed under reduced pressure. The 
residue was dissolvedin ethyl acetate, and the solution was washed 
with aqueous sodium bicarbonate, 10% aqueous citric acid, and 
water, then dried and evaporated. Crystallization from ethyl 
acetate-petroleum ether gave the product (4.47 g, 6OY0), mp 
150-151', RFA 0.70, RFC 0.87. 

Anal. Calcd for CzsHasNsOe: C, 62.87; H,  8.23; N 8.8 0. 
Found: 

N-tert-Butyloxycarbonyl-Nr-( 2,4-dimethoxybenzyl)-~-glut- 
aminyl-L-alanyl-L-valyl-L-valine tert-Butyl Ester [Boc-Gln- 
(Dmb )-Ala-Val-Val-0 tBu] .-N-tert-Butyloxycarbonyl-N~-(2,4-di- 
methoxybenzy1)-L-glutamine p-nitrophenyl ester (0.7 g, 1.35 
mmol) was added to a solution of L-alanyl-L-valyl-L-valine tert- 
butyl ester (0.47 g, 1.35 mmol, obtained by hydrogenolysis of the 
corresponding N-benzyloxycarbonyl derivative) in pyridine (15 
ml). The mixture was kept a t  room temperature for 40 hr 
and then the solvent was evaporated. After ether trituration, 
the residue was crystallized from ethyl acetate to  give the prod- 
uct (0.65 g, 6870), mp 151-152', RFC 0.84. 

Anal. Calcd for C~sHasNaOlo: C, 59.89; H, 8.24; N, 9.70. 
Found: C, 59.83; H,  8.08; N, 9.82. 
N~-(2,4-Dimethoxybenzoyl)-~-glutamine [H-Gln(Dmb)-OH] . 

-This product was prepared similarly to the asparagine analog, 
mp 240-241' (from methanol), RFA 0.56, RFB 0.64. 

Anal. Calcd for ClrHzoNz05: C, 56.75; H, 6.80; N, 9.46. 
Found: C, 56.77; H,6.83; N,9.44. 

C. Cleavage of the 2,4-Dimethoxybenzyl Protecting Group. 
L-Asparagine. a.-N-Benzyloxycarbonyl-NP- (2,4-dimethoxy- 
benzyl)-L-asparagine (0.134 g, 0.32 mmol) in 90% aqueous 
acetic acid (10 ml) was hydrogenated at  room temperature 
and pressure over 10% palladium on charcoal (0.025 g) until 
evolution of COZ ceased. After removal of the catalyst, the 
solution was evaporated and the residue was dissolved in tri- 
fluoroacetic acid (1 ml). The solution was kept a t  room tem- 
perature for 18 hr and then evaporated. The trifluoroacetic 
salt obtained after ether titration was crystallized from 50% 
aqueous ethanol (in the presence of a few crystals of sodium 
acetate) to give L-asparagine (25 mg, 60%): RFA 0.17, RFD 
00.8; [a] 2 5 ~  - 12' (c  2.0, 1 N NaOH). 

b.-N-Benzyloxycarbonyl-NP- (2,4-dimethoxybenzyl)-  as- 
paragine or N -tert-butyloxycarbonyl-NP- (2,4- dimethoxyben- 
zy1)-1,-asparagine were added t o  trifluoroacetic acid (5 ml) 
and the resulting solution was refluxed for 1 hr. Then the solu- 
tion was evaporated and the residue was crystallized from 50% 
ethanol (in the presence of a few crystals of sodium acetate) to 
give L-asparagine in 75-8070 yield. 

c.-N-Benzyloxycarbonyl-N@- (2,4 -dimethoxybenzyl)-  as- 
paragine or N -tert- butyloxycarbonyl-No- (2,4 -dimethoxyben- 
zy1)-L-asparagine were treated with anhydrous hydrofluoric 
acid20 for 3 hr. Crystallization of the residue from 50% ethanol 
(in the presence of a few crystals of sodium acetate) gave L- 
asparagine in 80% yield. 

1soasparagine.-This compound (RFA 0.27, RFD 0.15) was pre- 
pared similarly in 70ojO yield. 

L-Glutamine.-This compound (RFA 0.15, RFE 0.55) was 
prepared similarly in 7oY0 yield. It appeared identical with an 
authentic sample of L-glutamine. 

C, 62.86; H ,  8.06; N, 8.58. 

(20) J. 31. Stewart and J. D. Young, "Solid Phase Peptide Synthesis." 
W. H. Freeman, San Francisco, Calif., 1969. 

L-Glutaminyl-L-alanine (H-Gln-Ala-OH).-This peptide was 
prepared similarly in 75y0 yield, mp 174-175" (lit.21 174-178') 
(from acetic acid-water), RFA 0.41, [ a ] ~  +8.30° (c 1.0, 1 N 
hydrochloric acid). 

L-Glutaminyl-L-alanyl-L-valyl-L-valine (H-Gln-Ala-Val-Val- 
OH).-N-tert- Butyloxycarbonyl-Nr - (2,4- dimethoxybenzyl) - L- 
glutaminyl-L-alanyl-L-valyl-L-valine trrt-butyl ester (0.65 g, 
0.9 mmol) was added at  0' to trifluoroacetic acid (10 ml) and 
the resulting solution was kept a t  room temperature for 48 hr. 
Dry ether (50 ml) was added and the peptide trifluoroacetate 
was collected, dissolved in water (10 ml), and chromatographed 
on Amberlite IRA-400 in the OH- form. Crystallization of the 
residue obtained by evaporation from ethanol yielded the product 
(30 mg, 80%): RFA 0.45, RFB 0.50; [ ~ ] * O D  -33.88" (c 1.0, acetic 
acid). 

Anal. Calcd for ClsHssNaOe.HzO: C, 49.88; H ,  8.18; N, 
16.10. Found: C, 50.0; H, 8.16; N, 16.01. 

Registry No.-2,4-Dimethoxybenzaldoxime, 31874- 
34-7; Dmb-NHz HC1, 20781-21-9; Z-Asn(Dmb)- 
OMe, 31874-64-3; Boc-Asn(Dmb)-OBz1, 31874-36-9; 
Boc-Asp (Bz1)-NH-Dmb, 3 1874-37-0; Z-Asn(Dmb)-OH, 
31874-38-1 ; Z-Asn(Dmb)-OH dicyclohexylammoni- 
um salt, 31874-39-2; Boc-Asn(Dmb) . DCHA, 32017- 
42-8; Boc-Asp( + DCHA)-SH-Dmb, 31874-40-5; Z- 
Asn(Dmb)-ONp, 31874-41-6; Z-Asn(Dmb)-Ala-Ollfe, 
31874-42-7 ; Z-Asn(Dmb)-Ala-Leu-Ala-OMe, 31874- 
43-8; H-Asn(Dmb)-OH, 31874-46-1 ; H-Asp-NH-Dmb, 
31874-47-2; 2-Gln(Dmb)-OMe, 31874-48-3; Boc-Glu- 
( .DCHA)-OBzl, 30924-91-5; Boc-Gl(Dmb)-OBzl, 
31874-50-7; Z-Gln(Dmb)-OH, 31874-51-8; Boc-Gln- 
(Dmb)-OH, 31874-52-9; Z-Gln(Dmb)-OKp, 31874- 
53-0; Boc-Gln(Dmb)-OXp, 31874-54-1 ; Z-Gln(Dmb)- 
Ala-OMe, 31874-56-3; Boc-Gln(Dmb)-Ala-ORIe, 
31874-57-4; Z-Gln(Dmb)-Ala-OH, 31874-58-5; Boc- 
Gln(Dmb)-Ala-OH, 31874-59-6; Boc-Ala-Gln(Dmb)- 
Ala-OMe, 31874-60-9; H-Val-Val-OtBu, 31874-61-0; 
Z-Ala-Val-Val-OtBu, 31874-62-1 ; Boc-Gln(Dmb)-Ala- 
Val-Val-OtBu, 31874-63-2; H-Gln(Dmb)-OH, 31874- 
55-2; Z-Gln(Dmb)-OH. DCHA, 31874-65-4; H-Gln- 
Ala-Val-Val-OH, 31874-66-5; glutamine, 56-85-9 ; as- 
paragine, 70-47-3; N-tert-butyloxycarbonyl-N"-(2,4- 
dimethoxybenzyl) -L-isoasparaginyl-L- alanine benzyl 
ester, 3 1874-44-9 ; N-tert-butyloxycarbonyl-N"- (2,4- 
dimethoxybenzyl-L-isoasparaginyl-L-alanine, 3 1874-45- 
0. 
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