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ABSTRACT 

The unprotected carboxamide side chain of asparagine and gluta-

mine are known to effect the formation of side products in peptide syn

thesis. This investigation was concerned with several benzyl and 

naphthyl groups as potential protecting groups of these carboxamide side 

chain groups. Several carboxamide protected asparagines (15 deriva

tives) and glutamines (16 derivatives) were prepared by reacting a-

benzyl Boc-aspartate or a-benzyl Boc-glutamate with an appropriate amine 

in the presence of dicyclohexylcarbodiimide (DCC) and N-hydroxysuccini-

mide (HONSu). The removal of the protecting groups by liquid hydrogen 

fluoride (HF) and boron tristrifluoroacetate (BTFA) in trifluoroacetic 

acid (TFA) was studied. 

The result showed that all but 1-naphthalenemethyl (which was 

45% removed) and 4-methoxybenzyl (which was more than 90% removed) of 

the 15 groups studied as potential protecting groups for asparagine were 

completely removed by HF after 90 min at 22° to give free asparagine. 

Of the 16 groups studied as potential carboxamide protecting groups for 

glutamine only diphenylmethyl, 2-methoxy-1-naphthalenemethyl, 4-methoxy-

1-naphthalenemethyl, 1-(4-methoxyphenyl)ethyl, and l-(3,4-dimethyl-

phenyl) ethyl were completely removed under the conditions mentioned 

above. The others were only partially removed. 

The BTFA-TFA reagent was found to be a poor deprotecting reagent 

for carboxamide protecting groups. In addition to giving the desired 

xiv 
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product (asparagine or glutamine), ammonia and a boron complex were de

tected in the reaction mixture. 

The hydrogenation method was used to convert Boc-Asn(R)-OBzl 

or Boc-Gln(R)-OBzl (R is the carboxamide protecting group) to the cor

responding Boc-Asn(R) or Boc-Gln(R). Alkaline hydrolysis (2 N NaOH) 

was found to give a mixture of products and is not recommended. 

Several carboxamide protected glutamine and asparagine peptides 

were prepared using DCC-l-hydroxybenzotriazole and DCC-HONSu coupling 

methods. 

[Phê ,Leû ]oxytocin, [g-MPÂ ,Thr̂ ]glumitocin, and a fully pro

tected nonapeptide resin, a precursor of [Thr̂ ]glumitocin were prepared 

by the solid-phase peptide synthesis method. The carboxamide side chain 

groups of asparagine and glutamine residues were protected with di-

phenylmethyl groups and were coupled to the peptide chain with DCC. The 

carboxamide protecting groups as well as the sulfhydryl protecting 

2 J 
groups were removed by HF. [Phe ,Leu ]oxytocin was found to possess 

weak pressor activities; a weak natriuretic activity; no anti-diuretic 

activities; and no detectable oxytocic activity when assayed in the iso-

2+ 
lated uterus in a Mg -free van Dyke-Hastings solution. This compound 

inhibited the oxytocic response of oxytocin, and its inhibitory activity 

was found to be dependent on the Câ + concentration. Increasing the 

2+ 
Ca concentration from 0.5 to 1.0 mM/1 reduced its inhibitory activity. 

The biological activities of the glumitocin analogs are under investiga

tion. 



CHAPTER 1 

INTRODUCTION 

This investigation is concerned with several benzyl and naphthyl 

derivatives as potential protecting groups of the carboxamide side chain 

of asparagine and glutamine in peptide synthesis. The success of this 

study will enable the synthesis of asparagine- and glutamine-containing 

peptides using N,N-dicyclohexylcarbodiimide (DCC) or other coupling re

agents to couple carboxamide-protected asparagine and glutamine to an 

amino acid or peptide. These protecting groups will eliminate or reduce 

the formation of the side products which are induced by the unprotected 

amide side chain of the asparagine and glutamine residues. Several 

carboxamide-protected asparaginyl and glutaminyl derivatives are pre

pared and the removal of the protecting groups with liquid hydrogen 

fluoride (HF) and boron tristrifluoroacetate (BTFA) in trifluoroacetic 

acid (TFA) is studied. A few dipeptides containing carboxamide-

protected asparagine or glutamine are prepared. Syntheses of some oxy

tocin analogs that are found to have interesting biological properties 

are accomplished by solid-phase peptide Synthesis method using carbox

amide protected asparagine and glutamine derivatives. 

Studies on Problems in Glutaminyl and 
Asparaginyl Peptide Synthesis 

Asparagine and glutamine were discovered in the 19th century 

(Vanguelin and Robiquet 1806; Schulze and Bosshard 1883), but their 

1 
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presence in proteins was not fully established until 1932 (Damodaran 

1932). Since then many natural proteins and peptides have been isolated 

and found to contain either both asparagine and glutamine residues or 

one of them. They both have been found in concanavalin A, secretin, 

glucagon, etc. Of the nine natural occurring neurohypophysical hormones 

(vasotocin, mesotocin, isotocin, glumitocin, oxytocin, lysine vasopres

sin, arginine vasopressin, aspartocin, and valitocin) all but isotocin 

(which contains only asparagine) and aspartocin (which contains two 

asparagines) contain both asparagine and glutamine as part of their 

skeletons. 

Considerable progress has been made in the preparations of 

glutamine- and asparagine-containing peptides. The synthesis of glutam-

inyl peptide was first accomplished by using a glutamyl a-peptide as the 

starting material. The acid chloride method (Melville 1935; Harrison 

and Mead 1936) or ammonolysis of yethyl ester (Fruton and Bergmann 

1939) was used to introduce the amine group. The reaction of chloro-

acetyl chloride with asparagine followed by ammonolysis gave glycinyl-

asparagine (Fischer and Koenig 1904). The introduction of the 

carbobenzoxy group (Z) (Bergmann and Zervas 1932) which marked the be

ginning of modern peptide chemistry, tert-butyloxycarbonyl (Boc) (McKay 

and Albertson 1957), and other amino protecting groups (Schroder and 

Lubke 1966) enhanced the progress in peptide synthesis. The N-protected 

asparagines and glutamines became the most widely used starting materi

als for the synthesis of asparagine- and glutamine-containing peptides 

(Miller and Waelsch 1952; Schroder and Gibian 1962; Schroder and Klieger 

1964a; Rudinger, Honzl and Zaoral 1956). However, the coupling of these 
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N-protected asparagine and glutamine derivatives to an amino acid or 

peptide did not proceed without creating some serious problems. The use 

of DCC (Katsoyannis et al. 1958; Ressler and Ratzkin 1961)» tetraethyl 

phosphite (Katsoyannis et al. 1958), and phosphorus oxychloride, chloro-

formate, £-toluenesulfonyl chloride, or benzenesulfonyl chloride (Li-

berek 1962) as reagents for coupling N-protected glutamine or asparagine 

with another amino acid or peptide led to the formation of the corres

ponding cyano derivatives as the side products. Dehydration of aj-amide 

was observed during the synthesis of oxytocin sequences (Gish et al. 

1956; Ressler 1956; Katsoyannis, Gish, and du Vigneaud 1957) when these 

carboxyl-activating groups were used. Other side reactions reported 

from glutamine- and asparagine-containing peptides are the formation of 

cyclic imides which lead to a B and a -»• y transpeptidation (Kovacs, 

Medzihradszky, and Bruckner 1955), respectively. When carbobenzyoxy-L-

asparagine methyl ester is treated with alkali, carbobenzoxy-l-aminosuc-

cinimide was isolated as the main reaction product (Sondheimer and 

Holley 1954). Hydrolysis of this product followed by hydrogenolysis gave 

a mixture of asparagine and isoasparagine. Similar reactions are ob

served in the glutamine series. The asparaginyl peptides at 50-100° in 

water form aspartyl a-peptide via intermediary imide structures and via 

a -»• B transpeptidation (Riniker and Schwyzer, 1961; Riniker, Brunner and 

Schwyzer 1962). The acid hydrolysis (conc. HC1, 40°, 90-100 min) of 

asparaginyl peptides of the angiotensins produced the predominantly 

aspartyl peptide (Rittel et al. 1957; Schwyzer et al. 1958). Another 

report indicates that the cleavage of phthalyl groups by hydrazinolysis 
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led to the formation of pyroglutamyl derivatives from glutaminyl pep

tides (Theodoropoulos and Souchleris 1965). 

Today the most widely used starting materials for attaching glu-

tamine to the amino acid or peptide are carbobenzoxy- or tert-butyloxy-

carbonylglutamine ̂ -nitrophenyl esters (Bodanszky and du Vigneaud 1959; 

Hoffman et al. 1965). Similarly carbobenzoxy- or tert-butyloxycarbonyl-

asparagine £-nitrophenyl esters are used as starting materials for at

taching asparagine to the amino acid or peptide. This nitrophenyl ester 

coupling procedure gives the expected asparaginyl or glutaminyl peptide 

without the formation of side products. However, it generally requires 

long reaction periods (Gutte and Merrifield 1971) and coupling is often 

incomplete. The amide group remains unprotected and may undergo side re

actions during the proceeding reaction steps in peptide synthesis. 

Carboxamide Protecting Groups 

The problem encountered during the syntheses of asparaginyl and 

glutaminyl peptides have been innumerated above. It is now clear that 

these problems are caused by the unprotected side chain amide groups of 

asparagine and glutamine as they are sensitive towards various coupling, 

hydrolyzing, and deblocking reagents used in peptide synthesis. Under 

various conditions these amide groups undergo dehydration to the corres

ponding cyano derivatives, formation of imides and subsequent hydroly

sis, formation of pyroglutamyl derivatives from glutaminyl peptides, and 

deamination to the corresponding acids (see equations I-IV). 
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I) Dehydration: 

XNHCHCOOH -H20 XNHCHCOOH 

(A ĈOM., ' WtyiF* 

II) Formation of imidies and subsequent hydrolysis from 

(A) N-protected or N-peptide asparagine or glutamine esters, 

° 0 0 

XNHQHfoR 01-f XNHQHCOR v XNHCH C-—OR 
<—' I T N« 

b o o  

u. 

t  .  
XNHCHCOO + XNHCHCNH2 OH XNHi 

(CH-) CNH- ((L,) COO" (&J -C v 2-,n]| 2 v 2 J n  K  2'n it 

+ OR 

0 0 

(B)* N-protected or N-peptide asparaginyl or glutaminyl peptides. 

Case one: Hydrogen is initially abstracted from peptide chain. 

1. Formation of imido ring is followed by deamination or loss 
of the peptide chain. 
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0 

ilLlP OH XNHCH&jP 
£=» | yi 

-NH. 
t-

XNHQi 

(fc2)ng«2 ^2^2 C 2)nT "'2 

6 o °-

tl 

0 

XNHCHCOO" A XNHQHcW -nu XNHCH-

L L I > + uh 
(ĉ cnhp ((̂ 2)ncoo Ĉ VF 

Case two: Hydrogen is initially abstracted from the side 

chain amide group. 

L XNHCHCNHP "OH XNHCHCNHP L 

(CH,VCNH, v 

iILH 

(AH,) 
XNHCHI 

Ĉ n-g-N" 

2 + 

COO" 

XNHCHCOO" 

(AuiCNH., 

,0H 

XNHCH Ĉ —NHP 

( O L J - C '  
2 J n  

0 

PNH 

ti 
XNHCH C 

+ rln-c^1 
CaVn fj 

0 

III) Formation of pyroglutamyl peptides from glutaminyl peptides. 

0=C I GH< 

I 
NH-

2 

CONHP -NH, f2
—T 

0=L JCM 

2 

ICONHP 

H 
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IV) Deamination to the corresponding acids. 

XNHCHCONHP +H30+ XNHCHCONHP 

( 2)nCONH2 -̂NHI (CHz)nCOCH 

X = amino protecting group or peptide chain 

n = 1, asparagine 

n = 2, glutamine 

P = peptide chain 

R = aryl or alkyl 

Protection of the side chain amide groups of asparagine and glu

tamine residues in peptide synthesis will not only eliminate side reac

tions, but will also be expected to increase the solubility of very 

large peptides in organic solutions. In an effort to solve these prob

lems the xanthyl (Akabori, Sakakibara, and Shimonishi 1961; Shimonishi, 

Sakakibara, and Akabori 1962), bis(2,4-dimethoxybenzyl) (Weygand et al. 

1966), 2,4-dimethoxybenzyl (Pietta, Cavallo, and Marshall 1971), 2,4,6-

trimethoxybenzyl (Weygand et al. 1966), and 4,4'-dimethoxybiphenylmethyl 

(Geiger et al. 1968) groups have been introduced as possible carboxamide 

protecting groups. The 4,4'-dimethoxybiphenylmethyl group confers in

creased solubility in organic solvents on its derivatives while the 

xanthyl group does not. The synthesis of the starting amine [N,N-

bis(2,4-dimethoxybenzylamine)] for the synthesis of bis(2,4-dimethoxy

benzyl) derivatives is rather difficult and the amino acid derivatives 

are amorphous and hard to characterize. These carboxamide protecting 

groups resist hydrogenolysis and alkali treatments, but they are not 
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stable under the acidic conditions (1 N-HCl-HOAc, 4 N-HCl-dioxane, and 

50%-CF̂ COOH-Ĝ Cl2) generally associated with deprotection in solid 

phase peptide synthesis (Merrifield 1963; Marshall and Merrifield 1965; 

Marglin and Merrifield 1966; Gutte and Merrifield 1969). To overcame 

the difficulties and disadvantages of the above groups, we have devel

oped (Hruby, Muscio et al., 1972) and utilized the diphenylmethyl pro- > 

tecting group in the preparation of a complex peptide hormone analog, 

[2-phenylalanine,4-leucine]oxytocin (Hruby et al. 1973). 

In order for the carboxamide protecting group to be considered 

good for application in solid phase peptide synthesis, it must satisfy 

the following conditions: it must be sufficiently stable in acidic con

ditions associated with deprotection of N-protecting groups in peptide 

synthesis; it must prevent amide groups from undergoing side reactions 

in the course of peptide synthesis; it must allow the coupling of 

carboxamide-protected asparagine or glutamine to be attached to an amino 

acid or peptide by the use of DCC or some other coupling reagent without 

forming side products; the carboxamide-protected derivative must be 

soluble in solvents which are used during the synthesis of the desired 

peptide; the protecting group along with other side chain protecting 

groups must be readily removed with hydrogen fluoride (HF) or some other 

reagent to give free amide. It is now clear that none of the 

carboxamide-protecting groups except perhaps the diphenylmethyl group 

fulfill these conditions. 
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Experimental Section 

All melting points were determined in capillaries on a Thomas-

Hoover Model 6406-H apparatus or Mel-temp apparatus and are uncorrected. 

Infrared spectra were done on a Perkin-Elmer Infracord Model 137 or 337 

Grating Spectrophotometer. Nuclear magnetic resonance spectra were done 

on a Varian HA-60. Elemental analyses were done by: Spang Microanalyt-

ical Laboratory, Ann Arbor, Michigan; or Heterocyclic Chemical Corp., 

Harrisonville, Missouri; or Chemalytics, Inc., Tempe, Arizona; or In-

stranal Laboratory, Inc., Rensselaer, New York. Optical rotations were 

done on a Cary Model 60 Spectropolarimeter. Semiquantitative determina

tions of peptide material eluted from Sephadex columns used for gel fil

tration and partition chromatography were done on a Bausch and Lomb 

Spectronic 20 Spectrophotometer or Gilford Spectrophotometer 240. Amino 

acid analyses were performed on a Beckman Model 120 Analyzer at 55° 

using pH 3.10, 4.25, and 5.25 citrate (Na+) buffers. All solid phase 

peptide syntheses were carried out on a semiautomated solid phase pep

tide synthesizer machine or solid phase peptide synthesizer-sequencer 

(Hruby, Barstow, and Linhart 1972), Vega Model 95. Thin layer chroma

tography was done on silica gel G plates in the following systems: A, 

benzene-ethanol-petroleum ether (bp 30-60°) (25:70:5); B, chloroform-

methanol-acetic acid (18:2:1); C, 1-butanol-acetic acid-pyridine-water 

(15:3:10:12); D, 1-butanol-acetic acid-water (4:1:5); E, 1-butanol-

acetic acid-water (50:25:25). The asparagine and glutamine derivative 

and peptide spots on the thin layer chromatography plates were detected 

by UV light, iodine vapors, and ninhydrin. All HF cleavages were done 



in a HF resistance Teflon vessel. A Parr apparatus was used for hydro 

genations. 



CHAPTER 2 

SYNTHESIS OF AMINES 

In order to find suitable reagents for removing asparagine and 

glutamine carboxamide protecting groups, it was necessary to prepare 

asparagine and glutamine carboxamide protected derivatives. The neces

sary starting compounds for the preparations of these derivatives are 

a-benzyl tert-butyloxycarbonylaspartate and ot-benzyl tert-butyloxycar-

bonylglutamate, and the desired amines (R-N̂ ). 

Some of the amines needed to prepare these derivatives are 

readily available commercially. Others were prepared from the corres

ponding nitriles or ketones. Lithium aluminum hydride (Finholt, Bond, 

and Schlesinger 1947) is a convenient reagent for selective reduction 

of various polar functional groups (Brown 1951). It has been used suc

cessfully to reduce benzonitrile to benzylamine (Nystrom and Brown 1948) 

and 2-methylbenzonitrile to 2-methylbenzylamine (Amundsen and Nelson 

1951). This reagent was used to reduce 2,4,6-trimethylbenzonitrile, 

2,3,4-trimethoxybenzonitrile, 2,5-dimethyl-4-methoxybenzonitrile, 2-

methoxy-l-naphthonitrile, and 4-methoxy-l-naphthonitrile to their 

corresponding primary amines: 2,4,6-trimethylbenzylamine, 2,3,4-tri-

methoxybenzylamine, etc. 

The Leuckart reaction (Leuckart 1885) is a process for reductive 

alkylation of ammonia or primary or secondary amines by aldehydes and 

ketones. This reaction was utilized for the conversion of 

11 
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1,2-dimethyl-4-acetylbenzene and 4-methoxy-l-acetylbenzene to l-(3,4-

dimethylphenyl)ethylamine and 1-(4-methoxyphenyl)ethylamine respectively 

(Rooker and Radzitzky 1964; Ingersoll et al. 1936). The 1,2-dimethyl-

4-acetylbenzene was obtained by the acylation of ortho-xylene with 

acetyl chloride (Claus 1965) (see Figure 1). 

Experimental Section 

Synthesis of 1,2-Dimethyl-4-acetylbenzene 

In a one-liter three-necked round-bottomed flask equipped with 

a mechanical stirrer, dropping funnel, and a reflux condenser connected 

with a gas absorption trap [NaOH] for disposing of' the evolved HC1 gas, 

was placed 106.17 g (1.0 mole) of ortho-xylene in 400 ml of CS2. To 

this solution was added 300 g (2.25 mole) of anhydrous AlCl̂ . The mix

ture was heated until gentle refluxing started. The acetic anhydride 

(81.69 g, 0.8 mole) was added slowly through the dropping funnel for a 

period of one hr. The solution was refluxed for one hr, and 230 ml of 

CS2 was distilled off. The solution was cooled to about 30° and slowly 

decanted into 400 ml of concentrated HC1 mixed with ice. The acidic 

solution was washed with three 250-ml portions of water, 200 ml of 10% 

NaOH, and three 250-ml portions of water. The organic layer was dried 

over anhydrous CaĈ  for one hr, and the solvent was stripped off on a 

rotary evaporator in vacuo at 25-30°. The light purple solution was 

distilled off at 71-74° and 1.1 torr pressure to give a very faint pur

ple solution. This product was redistilled at 65-66° under 0.8 torr 

pressure to give a clear product: wt., 82.47 g (56%) (Lit 95-97° under 
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CH. 
AlCl 

3 COCH, 

C=NCHO HC00H ) HCl CHNHCHO 
NaOH 

CH, 

Figure 1. Conversion of ortho-Xylene to 1-(3,4-Dimethylphenyl)ethyl-
amine. 



4 torr; Claus 1965). Ir spectrum (Neat): 1675 cm * (carbonyl), 816 

cm * (1,2,4-substituted benzene). 

Synthesis of 1-(Ŝ -Pimethylphenylj-
ethylamiHe 

Water was distilled from a solution of 54 g (1.2 mol) of form-

amide and 10.35 g (0.225 mol) of formic acid in a 500 ml three-necked 

round bottomed flask equipped with a distillation condenser and a drop

ping fionnel by heating until the temperature of 160° was reached. To 

this solution was added dropwise a solution of 44.4 g (0.3 mol) of 1,2-

dimethyl-4-acetylbenzene in 20.7 g (0.45 mol) of formic acid for a 

period of one hr. The oil bath was heated to 180-190°, and the solution 

was stirred at this temperature for a period of 8 hr. Occasionally, 

seme distillate was obtained containing two layers. The top layer (ke

tone) was periodically separated and returned to the reaction vessel. 

The dull brown solution was cooled to room temperature and washed with 

three 200-ml portions of deionized water. To the heavy light brown oil 

residue was added about 40 ml of concentrated HCl and the mixture was 

refluxed for one hr. The mixture was cooled to room temperature and 40 

ml of deionized water was added to dissolved the precipitated salt. The 

solution was washed with two 60-ml portions of benzene. To the aqueous 

portion was added 60 ml of benzene and the stirred two phase system was 

cooled to 0°. A solution of 45 ml of 45% aqueous NaOH was added and the 

mixture stirred rapidly for one hr. Benzene (60 ml) was added and the 

organic layer was separated. The aqueous layer was washed with 60 ml of 

benzene, and the combined benzene portions dried over anhydrous Na2S0̂ . 
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The solvent was stripped off on a rotary evaporator in vacuo at 

30-35°. The residue was distilled at 62-63° under 1.4 torr pressure 

(lit 100-102° under 10 torr pressure) to give a clear product: wt., 

31.45 g (70.4%); HC1 salt, mp 177-178° (lit 178-9°; Rooker and Radzit-

zky 1964). Ir spectrum showed the presence of primary amine with peaks 

-1 -1 -1 
at 3450 cm and 3370 cm ; methyl groups with peaks at 1460 cm and 

1375 cm aromatic ring with peaks at 1510 cm \ 880 cm and 825 

cm Nmr spectrum (neat): a quartet at 60.9 [3H] for the group CĤ ; a 

singlet at <51.75 [3H] for the group CĤ ; a singlet 61.90 [3H] for the 

other methyl group CĤ ; a sextet at 63.6 [1H]; and the phenyl hydrogens 

centered at 66.6 [3H]. 

Synthesis of 1-(4-Methoxyphenyl)-
ethylamine 

This compound was prepared as described above from l-acetyl-4-

methoxybenzene (45.05 g, 0.3 mol), formamide (54.0 g, 1.2 mol), and 

formic acid (31.05 g, 0.675 mol). Distillation gave 16.06 g (35.4%) at 

135° under 37 torr (lit bp 125-126° under 20 torr); HC1 salt, mp 161-

162° (lit mp 160-161°; Ingersol et al. 1936). 

Synthesis of 4-Methoxy-l-
naphthalenemethy1 amine 

In a one liter three-necked round bottomed flask containing a 

mechanical stirrer, a reflux condenser, and a dropping funnel with a 

nitrogen gas inlet, were placed 200 ml of anhydrous ether and 5.7 g (150 

mmol) of LiAlĤ . A solution of 9.16 g (50 mmol) of 4-methoxy-l-naphtho-

nitrile in 400 ml of anhydrous ether was added dropwise for 3 hr, while 

refluxing gently. The solution was refluxed overnight. The following 



16 

morning 3.8 g (100 mmol) of LiAlĤ  was added, and the solution was re-

fluxed for 2 days. The general hydrolysis procedure for destroying un-

reacted LiAlĤ  and freeing the amine from the lithium aluminum hydride 

complex was used (Amundsen and Nelson 1951). The solution was cooled 

to zero degrees in an ice-water bath, and with vigorous stirring 10 ml 

of water, 7.5 ml of 20% aqueous NaOH, and 35 ml of water were added in 

succession. The granular inorganic precipitate was filtered off and 

washed with three 150-ml portions of anhydrous ethyl ether. The ether 

portions were combined and the ether was stripped off on a rotary evapo

rator at 25° in vacuo. The oily yellow residue was dissolved in 10 ml 

of anhydrous ether and cooled to zero degrees. To this solution was 

added dropwise a mixture of 8 ml of concentrated HC1 and 8 ml of ether. 

The yellow precipitate was filtered off, washed with three 30-ml por

tions of ether, and the almost white residue was dried in vacuo: wt. 

10.24 g; mp 213.5-215°. These crystals were dissolved in 125 ml of hot 

water, filtered while hot, and the solution allowed to cool to room 

temperature. The precipitate was filtered off, washed with three 5-ml 

portions of cold water, three 25-ml portions of ether, and white residue 

dried in vacuo: wt. 8.8 g (80.2%); mp 215-215.5° (lit 215°; Dey and 

-1 + -] 
Rajagopalan 1939). Ir spectrum (nujol): 1575 cm (NĤ ); 818 cm and 

768 cm* (naphthalene ring). 

Synthesis of 2-Methoxy-l-
naphthalenemethylamine 

This compound was prepared from 2-methoxy-l-naphthonitrile (9.16 

g, 50 mmol) and LiAlĤ  (11.4 g, 300 mmol) in the same manner as de

scribed for 4-methoxy-l-naphthalenemethylamine, but the reaction time 
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time was cut from 3 days to 30 hr. After working up the LiAlĤ  reac

tions, the ether solution was washed with three 100-ml portions of 7.51 

HC1. The acidic solution was cooled to almost zero degrees in an ice-

water bath and made alkaline with 201 aqueous NaOH. The dull greenish 

material was filtered off, washed with eight 50-ml portions of deionized 

water, and dried in vacuo: wt. 7.17 g (75.6%); mp 44-45° (lit 41-42°; 

Dey and Rajagopalan 1939). Ir spectrum (nujol): 1570 cm 1 (NH*); 810 

cm"* and 755 cm 1 (naphthalene ring). 

Synthesis of 2,4,6-
Trimethylbenzylamine 

This compound was preapred from 2,4,6-trimethylbenzonitrile 

(14.5 g, 100 mmol) and LiAlĤ  (11.4 g, 300 mmol) in the same manner as 

described for 4-methoxy-l-naphthalenemethylamine, except that the reac

tion time was cut from three days to one day. The hydrochloride salt 

was recrystallized from ethanol/ether: wt. 16.03 g (86.5%); mp 315-316° 

(lit 315°; Fuson and Denton 1941). Ir spectrum (nujol): 3300 cm 1 and 

3100 cm"1 (N-H); 1600 cm"1 and 1555 cm"1 (NH*); 855 cm"1 (ring). 

Synthesis of 2,3,4-
Trimethoxybenzylamine 

This compound was prepared from 2,3,4-trimethoxybenzonitrile 

(14.49 g, 75 mmol) and LiAlĤ  (11.38 g, 300 mmol) in the same manner as 

described for 4-methoxy-l-naphthalenemethylamine, except that the reac

tion time was cut from 3 days to 5.5 hr. After working up the LiAlĤ  

reactions, the ether solution was washed with three 50-ml portions of 

20% HC1 (Gutsche and Johnson 1954). The acidic solution was heated for 

20 min and washed with two 25-ml portions of warm benzene. Benzene 
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(50 ml) was added to the acidic solution, the mixture cooled to zero de

grees on ice-water bath, and 4 N NaOH was added dropwise with stirring 

until the solution was made alkaline. The benzene layer was separated 

by extraction and the aqueous layer washed with three 75-ml portions of 

benzene. The benzene portions were combined and dried over the anhy

drous sodium sulfate. The solvent was removed on a rotary evaporator 

at 25° in vacuo, and the clear oily residue was distilled at 105-107° 

at 6.5 torr pressure; wt. 7.31 g (49.5%):(lit bp 87-89° under 2.0 torr; 

Gutsche and Johnson 1954). 

Synthes is of 2,5- Dimethyl-
4-methoxybenzylamine 

This compound was prepared from 2,5-dimethyl-4-methoxybenzo-

nitrile (10.0 g, 62.1 mmol) and LiAlĤ  (9.45 g, 250 mmol) in the same 

manner as described for 2,3,4-trimethoxybenzylamine. The clear oil was 

obtained at 92-94° at 0.9 torr pressure: yield 8.25 g (79.9%). Ir 

spectrum (neat): 3350 cm 1 and 3250 cm"* (N-H), 1100 cm"1 (C-0), 845 

cm 1 (ring). Hydrochloride salt melted at 258-259°. Nmr spectrum 

(EMSO); singlets at 67.15 [1H] and 66.80 [1H] for the ring hydrogens; 

singlet at 63.90 [2H] for the -CĴ - protons; singlet at 63.70 [3H] for 

the CHj-0 protons; broad peak at 63.30 [2H] for the protons; sin

glets at 62.30 [3H] and 62.1 [3H] for the six methyl protons. Elemen

tal analysis calculated for C10H15NOC1: C, 59.57; H, 7.94; N, 6.95; 

found: C, 59.54; H, 8.02; N, 6.74. 
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Conclusion 

LiAlĤ  is a good reagent for reducing substituted naphthonitrile 

and benzonitrile derivatives to the corresponding amines. The reductive 

reactions proceed well under a nitrogen atmosphere and in high yield. 

No absorptions were detected in the carbonyl and triple bond absorption 

regions of the infrared spectrum of the final product. 



CHAPTER 3 

SYNTHESIS OF CARBOXAMIDE PROTECTED ASPARAGINE 
AND GLUTAMINE DERIVATIVES 

As discussed in the Introduction, all carboxamide protecting 

groups, except perhaps the diphenylmethyl group, already reported in the 

literature are too acid labile to be used in solid-phase peptide syn

thesis. In this section we report the synthesis of new carboxamide pro

tected glutamine and asparagine derivatives whose applicability in 

solid-phase peptide synthesis will be studied. 

Amines (RMy will react with a-benzyl tert-butyloxycarbonyl-

aspartate and a-benzyl tert-butyloxycarbony1 glutamate in the presence 

of DCC or some other coupling reagents to give respectively a-benzyl 

CA tert-butyloxycarbonyl-N -R-asparaginate and a-benzyl tert-butyloxycar-

bonyl- f/*- R-glutaminate (where R becomes the carboxamide protecting 

group--this nomenclature is used throughout). The use of Boc and Benzyl 

(Bzl) groups for protecting amino and carboxyl groups respectively was 

preferred over other combinations for several reasons. Both protecting 

groups are easily removed under mild conditions. The Boc group is re

moved with 50% TFA-Ĝ Ĉ  without affecting the Bzl group (Kappeler and 

Schwyzer 1960; Schwyzer and Kappeler 1961). Likewise the Bzl group can 

be selectively removed by catalytic hydrogenation in the presence of the 

Boc group (Anderson and McGregor 1957; Gibian and Lubke 1961). Both 

groups are easily removed by HF (Sakakibara et al. 1967) and BTFA (Pless 

and Bauer 1973). 

20 
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The selection of the R groups studied as potential carboxamide 

protecting groups was influenced by what is knwon about the substituent 

effects on benzyl groups, by the results of other R groups already 

studied, and by the nature of the carbonium ion that is formed during 

the hydrolysis. 

Electron-donating groups attached to the benzyl group at the 

para (and ortho) position are expected to increase the possibility of 

the R groups being cleaved under the acidic hydrolysis conditions. Most 

R groups studied have one or more methoxy and/or methyl group substi

tuted on the benzyl group. Both these groups are electron donating. 

With bis(2,4-dimethoxybenzyl) and 2,4-dimethoxybenzyl already found to 

be too readily hydrolyzed under acidic conditions, one would expect 4-

methoxybenzyl and 2,3,4-trimethoxybenzyl groups to be less readily hy

drolyzed than the former two. Since benzyl and 4-methoxybenzyl groups 

form primary carbonium ions, 1-(phenyl)ethyl and 1-(4-methoxyphenyl)-

ethyl would be more readily hydrolyzed as they form secondary carbonium 

ions. 4-Methoxy-1-naphthalenemethyl and 2-methoxy-l-naphthalenemethyl 

groups would be expected to be more easily hydrolyzed than 1-naphtha

lenemethyl group. Other groups studied are selected along these lines 

of argument. 

Experimental Section 

Boc-aspartic acid and Boc-glutamic acid were prepared and con

verted to a-benzyl tert-butyloxycarbonylaspartate and cx-benzyl tert-

butyloxycarbonylaspartate and a-benzyl tert-butyloxycarbonylglutamate, 

respectively. These esters were reacted with various amines (see 
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CA Chapter 2) to give corresponding a-benzyl tert-butyloxycarbonyl-N -R-

CA asparaginate and a-benzyl tert-butyloxycarbonyl-N -R-glutaminate de

rivatives. These carboxamide protected derivatives are hydrogenated in 

the presence of 5% Pd on carbon to give corresponding tert-butyloxy-

CA CA 
carbonyl-N -R-asparagine and tert-butyloxycarbony1-N -R-glutamine de

rivatives. Figure 2 illustrates the sequence of reactions that one 

follows in converting glutamic acid or aspartic acid to the correspond

ing Boc-Gln(R) or Boc-Asn(R). 

Synthesis of tert-Butyloxycarbonyl-

aspartic Acid 

This compound was prepared by the pH-stat method (Schnabel 

1967). To a stirred solution of 53.0 g (400 mmol) of aspartic acid in 

80 ml of deionized water and 80 ml of dioxane (freed of peroxides by 

passing through activated alumina) was added 4 N sodium hydroxide until 

pH 9 was reached. N-tert-Butyloxycarbonyl azide (63.0 g, 440 mmol) was 

added and the pH was raised to and maintained at 10.2 by continuous ad

dition of 4 N sodium hydroxide. The yellow solution was washed with 

three 200-ml of ethyl ether to remove dioxane and unreacted N-tert-

butyloxycarbonyl azide. The aqueous portion was cooled to about 0° and 

pH was adjusted to 3 with the solid citric acid. The Boc-Asp was ex

tracted with three 320-ml portions of EtOAc and dried over anhydrous 

sodium sulfate. The solvent was removed iji vacuo on a rotary evapora

tor. The semisolid was dissolved in 120 ml of hot EtOAc, and 60 ml of 

pet ether (bp 30-60°) along with a few seed crystals were added. The 

mixture was allowed to stand at roan temperature for a few hours until 
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Figure 2. Preparation of Boc-Gln(R) and Boc-Asn(R). 
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precipitate began to form. A further 60 ml of pet ether was added and 

the mixture was placed in the freezer overnight. In the morning 140 ml 

of pet ether was added, and the mixture was allowed to remain in the 

freezer for an additional 6 hr. The white precipitate was filtered off, 

washed with three 30-ml portions of pet ether-EtOAc (2:1), and dried in 

vacuo: wt. 79.6 g (85.41); mp 115-116° (lit 114-116°). 

Synthesis of a-Benzyl tert-

Butyloxycarbonylaspartate 

This compound (Boc-Asp-a-OBzl) was prepared in the manner de

scribed in the literature (Hruby et al. 1973). The Boc-Asp was con

verted to tert-butyloxycarbonylaspartic acid anhydride, and the powdered 

product was stirred with benzyl alcohol for about one day. The crude 

oil was reacted with DCHA to give Boc-Asp-a-OBzl DCHA salt (mp 141-

142°). The free Boc-Asp-a-OBzl was regenerated from the salt with 201 

aqueous citric acid and recrystallized from ethanol-water at 2° (see 

Appendix B for further details). 

Synthesis of a-Benzyl tert-Butyloxycarbony1-

NCA-2,4-dimethylbenzylasparaginate fBoc-
Asn(2,4-Me2Bzl)-OBzlJ 

A stirred mixture of 3.23 g (10 mmol) of a-benzyl tert-butyl-

oxycarbonylaspartate (Boc-Asp-a-OBzl) and 1.72 g (15 mmol) of N-hydroxy-

succinimide in 20 ml of methylene chloride was cooled to -5°. To this 

mixture was added a solution of 2.26 g (11 mmol) of DCC in 10 ml of 

methylene chloride, and the mixture was stirred at -5° for 50 min. A 

solution of 1.49 g (11 mmol) of 2,4-dimethylbenzylamine was added and 
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the mixture was stirred at -5° for an additional 50 min and at room 

temperature for 24 hr. Acetic acid (0.75 ml) was added, and the mixture 

was stirred for 15 min. The DCHU was filtered off and washed with three 

20-ml of methylene chloride. The solvents were removed in vacuo on a 

rotary evaporator and the residue was dissolved in 15 ml of methylene 

chloride. The insoluble material was filtered off and washed in 5 ml of 

methylene chloride. A further 60 ml of methylene chloride was added and 

the solution was washed with three 60-ml portions of 5% aqueous citric 

acid, two 80-ml portions of 5% aqueous NaHCÔ , and three 120-ml portions 

of deionized water. The organic layer was dried over anhydrous Na2SÔ , 

and the solvent was removed in vacuo on a rotary evaporator. The semi

solid material was dissolved in 60 ml of hot EtOAc, cooled to room tem

perature, and filtered off. Over a period of one hr 240 ml of pet ether 

(bp 30-60°) was added, and the mixture was placed in the refrigerator 

(2-5°) overnight. The precipitate was filtered off, washed with three 

15-ml portions of pet ether-EtOAc (4:1), and dried in vacuo: wt. 3.85 g 

(89.5%); mp 117-119°; [a]̂ 5 + 1.25 (c 0.5, DMF). Nmr spectrum (CDClj): 

a singlet at 67.30 [5H] for the phenyl group; a singlet at 66.90 [3H] 

for the trisubstituted phenyl group; a singlet at 65.1 [2H] for the 

O-CĴ -Ph group; a singlet at 62.25 [6H] for the two methyl groups; a 

singlet for 61.39 [9H] for the Boc group. Ir spectrum (nujol): three 

carbonyl peaks at 1754 cm \ 1700 cm \ and 1644 cm ̂ . 



26 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N̂ -1 - naphthalenemethylasparaginate 

This compound was prepared from Boc-Asp(a-OBzl) (1.62 g, 5 

mmol) and 1-naphthalenemethylamine (0.94 g, 6 mmol) in the same manner 

described for the preparation of Boc Asn(2,4-Me2Bzl)-OBzl; yield 2.19 g 

(91.81); mp 97-99°. Nmr spectrum (CDCl̂ ): a broad peak for the naph-

thyl group merged with the phenyl peak around 67.80 and 67.30 [12H]; a 

singlet at 65.1 for the O-Q̂ -Ph group; a singlet at 61.38 [9H] for the 

(CĤ DjC group. Ir spectrum (nujol): three carbonyl peaks at 1754 cm \ 

1700 cm \ and 1665 cm 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N̂ - 2-methoxy-1 -naphthalenemethylasparaginate 

This compound was similarly prepared from Boc-Asp(a-OBzl) (0.81 

g, 2.5 mmol) and 2-methoxy-1-naphthalenemethylamine (0.54 g, 2.9 mmol): 

yield 1.27 g (98.41); mp 145-146.5°. TLC in system A gave one spot 

only. Ir spectrum (nujol): three carbonyl peaks at 1715 cm \ 1670 

-1 -1 ' cm and 1640 cm . Nmr spectrum (CDCl̂ ): multiplets spread between 

68.15 and 67.30 [6H] for the substituted naphthyl group merged with a 

singlet at 67.21 [5H] for the phenyl group; a singlet at 65.10 [2H] for 

the O-CÎ -Ph group; a singlet at 63.90 [3H] for the n;ei:hoxy group; a 

singlet at 61.35 [9H] for the (CĤ C group. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N̂ - 4 - methoxy-1 - naphthal enemethy laspar ag inate 

This compound was prepared from Boc-Asp(ct-OBzX) (0.58 g, 1.8 

mmol) and 4-methoxy-1-naphthalenemethylamine (0.35 g, 2 nmol) as 



27 

described for the preparation of Boc-Asn(2,4-Me2Bzl)-OBzl yield 0.61 g 

(70.1%); mp 100-102°. TLC in system A gave one spot only. Ir spectrum 

-1 -1 (nujol): three carbonyl absorptions at 1720 cm , 1675 cm , and 1635 

cm 

Synthesis of a-Benzyl tert-Butyloxycarbonvl-
CA 
N -1,2-diphenylethylasparaginate 

This compound was prepared as described for Boc-Asn(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylaspartate (0.81 g, 2.5 mmol) and 

1,2-diphenylethylamine (0.49 g, 2.5 mmol): wt. 0.91 g (72.2%); mp 134-

135°. TLC on system A gave only one spot. Ir spectrum (nujol): three 

carbonyl peaks at 1710 cm \ 1682 cm \ and 1630 cm Nmr (spectrum 

CDClj): a singlet at 67.19 [15H] for the three phenyl groups; a singlet 

at 61.40 [9H] for the (CĤ )group. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N̂ - 1-phenylethylasparaginate 

This compound was prepared from a-benzyl tert"butyloxycarbonyl

aspartate (1.62 g, 5 mmol) and 1-phenylethylamine (0.73 g, 6 mmol) in 

the manner described for Boc-Asn(2,4-Me2Bzl)-OBzl: wt. 1.59 g (74.7%); 

mp 91-93°. Ir spectrum (nujol): three carbonyl peaks at 1717 cm 

1681 cm ̂ , and 1641 cm ̂ . Nmr spectrum (CDCl̂ ) : two merged peaks at 

67.30 [10H] for the two phenyl groups; a singlet at 65.1 [2H] for the 

O-CF̂ -Ph group; a singlet at 61.40 [12H] for the four methyl groups. 
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Synthesis of a-Benzyl terfButyloxycarbonyl-
CA 
N -2,5-dimethyl-4-methoxybenzylasparaginate 

This product was prepared as described for Boc-Asn(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylaspartate (1.62 g, 5 mmol) and 

2,5-dimethyl-4-methoxybenzylamine (0.82 g, 5 mmol): wt. 1.93 g 

(82.11); mp 144-146°. Ir spectrum (nujol): three carbonyl peaks at 

1710 cm 1682 cm * and 1635 cm Nmr spectrum (CDCl̂ ): a singlet at 

67.3 [5H] for the phenyl group; a singlet at 66.91 [1H] for a hydrogen 

on position three of the substituted phenyl group; a singlet at 66.60 

[1H] for the hydrogen on position six of the substituted phenyl group; 

a singlet at 63.79 [3H] for the methoxy group; a singlet at 62.25 [3H] 

for the CHj methyl group on position two; a singlet at 62.15 [3H] for 

the methyl group at position five. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-
_ra 
N - 2,4,6-trimethylbenzylasparagmate 

This compound was prepared in the manner described for Boc-

Asn(2,4-Me2Bzl)-OBzl from Boc-Asp(a-OBzl) (1.62 g, 5 mmol) and 2,4,6-

trimethylbenzylamine (0.89 g, 6 mmol): yield, 2.2 g (96.9%); mp 

163-164.5°. TLC in system A showed only one spot. Elemental analysis 

calculated for ̂ 26̂ 34̂ 2̂ 5: *>8.70; H, 7.54; N, 6.16. Found: C, 

68.62; H, 7.50; N, 6.15. Ir spectrum (nujol): three carbonyl peaks at 

1687 cm *, 1637 cm \ and 1587 cm Nmr spectrum (CDCl̂ ): a singlet 

at 67.25 [5H] for the phenyl group; a singlet at 66.81 [2H] for the sub

stituted phenyl group; a singlet at 65.13 [2H] for the -O-Q̂ -Ph group; 

a singlet at 62.22 [9H] for the three methyl groups; a singlet at 61.4 

[9H] for the (CĤ C group. 
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Synthesis of a-Benzyl tert-Butyloxycarbonyl-__ 
N -2,4,5-trimethylbenzylasparaginate 

This compound was prepared from Boc-Asp(a-OBzl) (0.81 g, 2.5 

mmol) and 2,4,5-trimethylbenzylamine (0.45 g, 3 mmol) as described for 

the preparation of Boc-Asn(2,4-Me2Bzl)-OBzl: yield 1.03 g (91.2%); mp 

145-147°. TLC in system A showed only one spot. Ir spectrum (nujol): 

three carbonyl peaks at 1710 cm \ 1674 cm \ 1635 cm *. Nmr spectrum 

(CDCl̂ ): a singlet at 67.30 [5H] for the phenyl group; a singlet at 

66.9 [3H] for the substituted phenyl group; a singlet at 65.12 [2H] for 

the -O-Q̂ -Ph group; a singlet at 62.21 [9H] for the three methyl 

groups; a singlet at 61.42 [9H] for the (Qî C group. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-
_ra ; 
N -diphenylmethylasparaginate 

This compound was prepared as described in Appendix B from a-

benzyl tert-butyloxycarbonylaspartate (3.23 g, 10 mmol) and diphenyl-

methylamine (2.01 g, 11 mmol): wt. 4.46 g (91.41); mp 157-158°. 

-5.8 (c, 0.5 in IMF). (See Appendix B for further details.) 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-
CA ==== 
N -1-(4-methoxyphenyl)ethylasparaginate 

This compound was prepared from a-benzyl tert-butyloxycarbonyl-

aspartate (1.62 g, 5 mmol) and 1-(4-methoxyphenyl)ethylamine (0.9 g, 6 

mmol) in the manner described for Boc-Asn(2,4-Me2Bzl)-OBzl: wt. 1.6 g 

(70.2%); mp 115-117°. Ir spectrum (nujol): three C=0 peaks at 1750 

cm *, 1690 cm and 1640 cm aromatic rings at 830 cm *, 740 cm *, 

and 690 cm Nmr spectrum (CDCl̂ ): two merged singlets at 67.3 and 
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and 67.21 [6H] for the phenyl and for one of the hydrogen on the para 

substituted phenyl group; three singlets at 67.1 [IH], 66.85 [IH], and 

66.7 [H] for the para substituted phenyl group; a singlet at 65.1 [2H] 

for the -O-Q̂ -Ph group; a singlet at 63.71 [3H] for the methoxy group; 

a singlet at 61.38 [12H] for the (CĤ C and CĤ  groups. 

Synthesis of a-Benzyl tert-Butyloxvcarbonvl-

N -2,3,4-trimethoxybenzylasparaginate 

This compound was prepared as described for Boc-Asn(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylaspartate (1.62 g, 5 mmol) and 

2,3,4-trimethoxybenzylamine (1.18 g, 6 mmol): wt. 2.1 g (83.7%); mp 

107-109°. Ir spectrum (nujol): three carbonyl absorptions at 1730 

cm \ 1682 cm and 1640 cm Nmr spectrum (CDCl̂ ) : a singlet at 

67.31 [5H] for the phenyl; two singlets at 66.82 [IH] and 66.61 [IH] for 

the trisubstituted phenyl group; a singlet at 65.12 for the -O-Ô -Ph 

group; a singlet at 63.82 [9H] for the three methoxy groups; a singlet 

at 61.34 [9H] for the (CĤ Ĉ group. 

Synthesis of a-Benzyl tert-Butyloxvcarbonyl-
~~T7T 
N -3,4-dimethoxybenzylasparaginate 

This compound was prepared as described for Boc-Asn(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylaspartate (1.62 g, 5 mmol) and 

3,4-dimethoxybenzylamine (1.00 g, 6 mmol): yield, 2.03 g (86.0%); mp 

100-102°. Ir spectrum (nujol): NH (amide) at 3400 cm C=0 groups 

at 1755 cm 1700 cm and 1650 cm aromatic rings at 815 cm\ 740 

cm and 690 cm Nmr spectrum (CDCl̂ ): a singlet at 67.32 [5H] for 

the phenyl group; a singlet at 66.80 [3H] for the trisubstituted phenyl 



group; a singlet at 65.12 [2H] for the -O-Ct̂ -Ph group; a singlet at 

63.83 [6H] for the two methoxy groups; a singlet at 61.4 [9H] for the 

(CH3)3C group. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-
CA N -4-methoxybenzylasparaginate 

This compound was prepared as described for Boc-Asn(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylaspartate (1.62 g, 5 nmol) and 

4-methoxybenzylamine (0.82 g, 6 mmol); yield, 1.77 g (80.01); mp 104-

106°; [a]ĵ  -13.09 (c, 0.5 in DMF). Elemental analysis calculated for 

C17H24N2°6* C' 65,13» H> 6*85' N» 6'33, Found: c> 65.06; H, 6.94; N, 

-1 -1 6.40. Ir spectrum (nujol): C=0 peaks at 1725 cm , 1670 cm , and 

1640 cm"1; NH (amide) peak at 3200 cm aromatic rings peaks at 820 

cm 720 cm \ and 695 cm Iter spectrum (DMSO): a singlet at 67.32 

for the phenyl protons; four peaks at 67.24, 67.08, 66.86, and 66.73 for 

the para substituted phenyl protons; a singlet at 65.09 for the -O-Q̂ -

Ph group; a singlet at 63.73 for the CĤ O protons; a singlet at 61.37 

for the (CH3)3C protons. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N -1-(3,4-dimethylphenyl)ethylasparaginate 

This compound was prepared in the manner described for Boc-Asn-

(2,4-Me2Bzl)-OBzl from a-benzyl tert-butyloxycarbonylaspartate (1.62 g, 

5 mmol) and l-(3,4-dimethylphenyl)ethylamine (0.89 g, 6.0 mmol): wt. 

1.19 g (52.4%); mp 93-95°. Ir spectrum (nujol): NH (amide) absorption 

at 3300 cm C=0 groups at 1735 cm 1680 cm and 1640 cm aro

matic rings at 878 cm 818 cm 740 cm \ and 695 cm Nmr spectrum 
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(EMSO): a singlet at 67.30 for the phenyl ring; peaks at 67.00 for the 

disubstituted phenyl ring; a singlet at 65.08 for the -O-Q̂ -Ph protons; 

a singlet at 61.37 for the (CĤ C protons. 

Synthesis of tert-Butvloxycarbonvl-
QA I 
N -4-methoxybenzylasparagine LBoc-Asn(4-MeOBzl)] 

A solution of Boc-Asn(4-MeOBzl)-OBzl (1.5 g, 3.4 mmol) in 50 ml 

of t-BuOH, 50 ml of deionized water, 5 ml of HOAc was prepared and 1.5 g 

of 51 Pd/C was added. The mixture was shaken at room temperature for 24 

hr under 55 psi of hydrogen in a Paar apparatus. The catalyst was fil

tered off over Celite (5.0 g) and the Celite was washed with three 20-ml 

portions of EtOAc. The organic layer was removed, and the aqueous layer 

extracted with three 20-ml portions of EtOAc. The combined organic por

tions were dried over anhydrous Na2SÔ , and the solvents were removed on 

a rotary evaporator in vacuo. The residue was dissolved in 12 ml of 

EtOAc and 48 ml of pet ether (bp 30-60°) was added dropwise. The mix

ture was placed in the refrigerator (2-5°) overnight. The precipitate 

was filtered off, washed with three 10-ml portions of cold pet ether-

EtOAc (4:1) and dried in vacuo: yield 0.97 g (83.21); mp 123-125° (lit 

131-133°, Pietta and Marshall 1970); [a]̂ 5 -10.37 (c, 0.5 in DMF). 

Elemental analysis calculated for C, 57.93; H, 6.88; N, 

7.95. Found: C, 57.84; H, 6.85, N, 7.92. Nmr spectrum (DMSO): Four 

singlets at 67.21 [1H], 67.02 [1H], 66.82 [1H], and 66.70 [1H] for the 

para substituted phenyl group; a singlet at 63.68 [3H] for the methoxy 

group; a singlet at 61.38 [9H] for the (CH3)3C group. Ir spectrum 
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-1 -1 -1 
(nujol): NH (amide) 3400 cm ; C=0 groups at 1760 cm ; 1720 cm , and 

1660 cm para substituted phenyl ring at 832 cm 

CA 
Synthesis of tert-Butyloxycarbonyl-N -
1- (4 -methoxyph'enyi) ethylasparagine 

This compound was prepared in the manner described for Boc-

Asn(4-MeOBzl) from Boc-Asn[l-(4-MeOP)E]-OBzl (0.68 g, 1.5 mmol) weight 

0.37 g (64.4%); mp 92.94°. Nmr spectrum (CDClj): four singlets at 

67.25 [IH], 67.12 [IH], 66.91 [IH], and 66.76 [IH] for the para substi-

tuted phenyl group; a singlet at 63.77 [3H] for the methoxy group; a 

singlet at 61.4 [9H] for the (CR̂ C group. Ir spectrum (nujol): car-

-1 - i  - i  - i  
bonyl absorptions at 1680 cm and 1650 cm ; 830 cm and 720 cm for 

the aromatic ring. 

Synthesis of tert-Butyloxycarbonyl-

nCA-3,4-dimethoxybenzylasparagine 

This product was prepared in the manner described for the prepa

ration of Boc-Asn(4-MeOBzl) from Boc-Asn(3,4-Me02Bzl)-0Bzl (0.47 g, 1.0 

mmol): yield, 0.31 g (81.61); mp 122-124°. Ir spectrum (nujol): 1700 

-1 -1 -1 cm and 1638 cm for the carbonyl absorptions; 809 cm for the ring 

absorption. Nmr spectrum (EMSO): a singlet at 66.80 [3H] for the sub

stituted phenyl group; a singlet at 63.70 [6H] for the two methoxy 

groups; a singlet at 61.38 [9H] for the (CĤ )group. Elemental analy

sis calculated for C, 56.54; H, 6.81; N, 7.33. Found: C, 

56.63; H, 6.98; N, 7.19. 
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CA 
Synthesis of tert-Butyloxycarbony1-N -

2,3,4-trimethoxybenzylasparagine 

This compound was prepared as described for Boc-Asn(4-MeOBzl) 

from Boc-Asn(2,3,4-Me02Bzl)-0Bzl (0.75 g, 1.5 mmol); yield, 0.56 g 

(751); mp 107-108.5°. Ir spectrum (njuol): 1705 cm 1680 cm and 

1630 cm * for the carbonyls; 790 cm * for the substituted ring. Nmr 

spectrum (EMSO): two merged singlets at 66.82 and 66.73 [2H] for the 

substituted phenyl group; singlet at 63.74 [9H] for the three CĤ O 

groups; [9H] for the (Qî C group. Elemental analysis calculated for 

C19H28N2°8' C' 55-34; H' 6,80> N' 6*80' Found: c> 55.08; H, 6.80; N, 

6.70. 

CA 
Synthesis of tert-Butyloxycarbony1-N -

2,4-dimethylbenzylasparagine 

This compound was prepared as described for Boc-Asn(4-MeOBzl) 

fran Boc-Asn(2,4-Me2Bzl)-OBzl (1.65 g, 3.75 mmol): wt. 1.04 g (79.3%); 

mp 164-165.5°. Nmr spectrum (EMSO): trisubstituted phenyl group peaks 

at 66.92 [3H]; a singlet at 62.21 [6H] for the two Qij- groups; a sin

glet at 61.38 [9H] for the (CĤ C group. Ir spectrum (nujol): 1725 

cm \ 1680 cm * for the C=0 groups; 822 cm 1 and 790 cm * for the sub

stituted benzene ring. Elemental analysis calculated for ̂ 2.8̂ 26̂ 2̂ 5' 

C, 61.61; H, 7.43; N, 8.00. Found: C, 61.58; H, 7.48; N, 7.91. 

CA 
Synthesis of tert-Butyloxycarbonyl-N -

1- (3,4-dimethylphenyl)ethylasparagine 

This compound was prepared as described for Boc-Asn(4-MeOBzl) 

from Boc-Asn[l-(3,4-Me2P)E]-OBzl (0.68 g, 1.5 mmol): yield 0.48 g 
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(87.91); mp 89-92°. Nmr spectrum (CDCl̂ ): a singlet at 66.99 [3H] for 

the substituted phenyl group; a singlet at 62.21 [6H] for the two CĤ  

groups; a singlet at 61.39 for [12H] for the (CĤ C group and CĤ -C 

group. Ir spectrum (nujol): 1699 cm ̂  and 1625 cm * for the carbonyl 

groups; 820 cm * for the substituted ring. Elemental analysis calcu

lated for ̂ gH2ĝ 2®5: 62.64; H, 7.69; N, 7.69. Found: C, 62.59; 

H, 7.79; N, 7.65. 

CA Synthesis of tert-Butyloxycarbonyl-N -

2,5-dimethyl-4-methoxybenzylasparagine 

This compound was prepared in the manner described for the prep

aration of Boc-Asn(4-MeOBzl) from Boc-Asn(2,5-Me2"4-MeOBzl)-OBzl (0.47 

g, 1 mmol) and gave 0.33 g (86.81); mp 165-166.5°. Ir spectrum (njuol): 

1710 cm \ 1680 cm \ and 1607 cm ̂  for the C=0 groups; 845 cm * and 

785 cm ̂  for the substituted benzene ring. Nmr spectrum (DMSO): two 

singlets at 66.95 [1H] and 66.74 [1H] for the trisubstituted phenyl; 

singlet at 63.72 [3H] for the CĤ O group; two singlets at 62.21 [3H] and 

62.08 [3H] for the two CĤ  groups; a singlet at 61.37 [9H] for the 

(CHj)jC group. Elemental analysis calculated for Ĉ ĝ gĈ N̂ : 60.00; 

H, 7.34; N, 7.34. Found: C, 59.29; H, 7.51; N, 7.34. 

CA Synthesis of tert-Butyloxycarbonyl-N -

2,4,5-trimethylbenzylasparagine 

This compound was prepared in the manner described for Boc-Asn-

(4-MeOBzl) from Boc-Asn(2,4,5-Me2Bzl)-OBzl (0.45 g, 1 nmol): wt. 0.33 

g (91.7%); mp 173-174.5°. Elemental analysis calculated for Ĉ gĤ ĝ Oj.: 

C, 62.64; H, 7.69; N, 7.69. Found: C, 62.89; H, 7.89; N, 7.55. Nmr 



spectrum (DMSO): a singlet at 66.86 [2H] for the tetra-substituted 

benzene ring; a singlet 62.10 [9H] for the three CĤ  groups; a singlet 

at 61.36 [9H] for the (CĤ C group. Ir spectrum (nujol): 1730 cm * 

and 1680 cm \ C=0 groups; 790 cm \ substituted ring. 

Synthesis of tert-Butyloxycarbonyl-

1,2-diphenylethylasparagine 

This compound was prepared as described for Boc-Asn(4-MeOBzl) 

from Boc-Asn(l,2-DPE)-0Bzl (0.50 g, 1 mmol); yield, 0.30 g (94.71); mp 

177-179°; TLC, the compound showed a single spot in solvent systems A 

and B. Elemental analysis calculated for C, 66.99; H, 

6.80; N, 6.80. Found: C, 67.01; H, 7.18; N, 6.70. Ir spectrum (nu

jol): 1725 cm 1680 cm and 1645 cm ̂  for the carbonyl groups; 759 

cm and 698 cm * for the phenyl group. Nmr spectrum (DMSO) : a singlet 

at 67.25 [10H] for the two phenyl groups; a singlet at 61.36 [9H] for 

the (CH-̂ jC group. 

Synthesis of tert-Butyloxycarbonyl-

hffi-1-phenylethylasparag ine 

This compound was prepared in the manner described for Boc-Asn-

(4-MeOBzl) from Boc-Asn(PE)-OBzl (0.64 g, 1.5 mmol): yield, 0.41 g 

(82%); mp, 109-111°; TLC, the compound showed a single spot in solvent 

systems A and B. Elemental analysis calculated for 

60.71; H, 7.14; N, 8.33. Found: C, 60.59; H, 7.09; N, 8.17. Ir spec-

-1 -1 -1 
trum (nujol): 1725 cm , 1680 cm , and 1640 cm for the C=0 groups; 

723 cm * and 695 cm * for the phenyl ring. Nmr spectrum (DMSO) a 
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singlet at 67.25 [5H] for the phenyl group and a singlet at 61.39 [12H] 

for the (CH3)3C and CĤ -C groups. 

Synthesis of tert-Butyloxycarbonyl-

N̂ - dipheny lmethy lasparagine 

This compound was prepared as described in the literature (see 

Appendix B for complete details) from Boc-Asn(DPM)-OBzl (0.98 g, 2 

mmol): wt. 0.7 g (88.4%); mp 147-148°. Ir spectrum (nujol): NH 

(amide) at 3410 cm \ C=0 groups at 1740 cm 1715 cm and 1660 cm 

aromatic ring at 740 cm ̂  and 695 cm Nmr spectrum (DMSO): a singlet 

at 67.24 for the two phenyl groups protons; a singlet at 61.37 for the 

(CHj)protons. 

Synthesis of tert-Butyloxycarbonyl-

N̂ - 2,4,6- trimethylbenzy lasparagine 

This compound was prepared as described for Boc-Asn(4-MeOBzl) 

from Boc-Asn(2,4,6-MejBzl (1.59 g, 3.5 mmol) and gave 0.97 g (76.4%); mp 

172-174°. TLC, the compound showed a single spot in solvent system A. 

Elemental analysis calculated for C, 62.64; H, 7.69; N, 

7.69. Found: C, 62.33; H, 7.93; N, 7.63. Nmr spectrum (DMSO): a 

singlet at 66.8 [2H] for the three CĤ  groups; a singlet at 61.38 [9H] 

for the (CĤ C group. Ir spectrum (nujol): 1715 cm *, 1680 cm""'', and 

-1 -1 -1 
1630 cm for the carbonyl groups; 845 cm and 725 cm for the substi

tuted phenyl group. 
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Synthesis of tert-Butyloxycarbony1-N -

2 -methoxy-1 - naphthalenemethylasparagine 

This compound was prepared in the manner described for the prep

aration of Boc-Asn(4-MeOBzl) from Boc-Asn(2-Me0-l-NM)-0Bzl (0.74 g, 1.5 

mmol): yield 0.40 g (54.1%); mp 125-127°; TLC, single spot on solvent 

system B. Elemental analysis calculated for C21H26̂ 2°6: *>2.67; H, 

6.51; N, 6.96. Found: C, 62.79; H, 6.79; N, 7.12. Ir spectrum (nu-

jol): 1750 cm 1685 cm and 1640 cm ̂  for the C=0 groups; 864 cm * 

and 802 cm for the naphthyl ring. 

Synthesis of N-tert-Butyloxy-
carbonylglutamic Acid 

This compound was prepared by the pH-stat method of Schnabel 

(1967). To a solution of 73.5 g (500 mmol) of glutamic acid, 100 ml of 

deionized water, and 100 ml of dioxane (freed from peroxide by passing 

through activated alumina) was added a solution of 4 N NaOH until the 

pH of 9 was reached. The tert-butyloxycarbony1 azide (78.65 g, 550 

mmol) was added and the pH was adjusted and maintained at 10.2 with the 

continuous addition of 4 N NaOH over 48 hr. The yellow solution was ex

tracted with three 250-ml of ethyl ether (Et20) to remove dioxane and 

unreacted tert-butyloxycarbony1 azides. The aqueous layer was cooled 

to about 0° on ice-water bath and the pH was lowered to 3 with the addi

tion of solid citric acid. The solution was extracted with four 400-ml 

portions of ethyl acetate (EtOAc), and the combined EtOAc portions dried 

over the anhydrous Na2SÔ . The solvent was stripped off on a rotary 

evaporator under water aspirator pressure and dried iji vacuo for 3 hr. 

The crude residue was dissolved in 160 ml of EtOAc, 80 ml of pet ether 
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(bp 30-60°) along with few seed crystals was added, and placed in the 

freezer overnight. The following morning a thick precipitate was broken 

and 50 ml of EtOAc and 80 ml of pet ether were added. A few hours later 

80 ml of pet ether was added, and over one day, 250 ml of pet ether was 

added. The precipitate was filtered off, washed with two 100-ml por

tions of pet ether-EtOAc (1:1) and three 200-ml portions of pet ether in 

succession, and dried in vacuo: yield, 103.25 g (83.6%); mp 111-112.5° 

(lit 110-112°); TLC, the compound showed a single spot in solvent sys

tems A and B. Ir spectrum (nujol): 3350 cm * for the NH group; a broad 

peak at 3150 cm ̂  for the OH group; strong peaks at 1750 cm ̂  and 1650 

cm * for the C=0 groups. 

Synthesis of a-Benzyl tert-Butyloxy-
carbonylglutamate by Anhydride Method 

This compound was prepared as described by Schroder and Klieger 

(1964b). A solution of 12.4 g (50 mmol) of N-tert-butyloxycarbonylglu-

tamic acid in 50 ml of anhydrous tetrahydrofuran (THF, freshly distilled 

from LiAlH.) was cooled to -5°. To this solution was added a cooled 
4 

(-5°) solution of 11.3 g (55 mmol) of dicyclohexylcarbodiimide (DCC) in 

50 ml of anhydrous THF and the mixture was stirred for 6 hr at -5 to 0°. 

The dicyclohexylurea (DCHU) was filtered off and washed with two 40-ml 

portions of chloroform. The solvents were removed on a rotary evapora

tor under reduced pressure at 25-30° and the crude residue dried in 

vacuo. The powder was dissolved in 35 ml of freshly distilled anhydrous 

THF and 14.2 ml (125 mmol) of anhydrous benzyl alcohol (distilled from 

and stored over Linde 4A molecular sieves) was added. The solution was 

stirred for 24 hr at room temperature and 1.0 ml of acetic acid (HOAc) 



was added. The DCHU was filtered off and washed with two 20-ml portions 

of chloroform. The solvents were removed on a rotary evaporator under 

water aspirator pressure at 30-45° and dried in vacuo at 25-30°. The 

crude oil was dissolved in 100 ml of anhydrous Et20. A few crystals 

were formed and filtered off. To this solution was added dropwise 18.1 

g (100 mmol) of dicyclohexylamine (DCHA) and the mixture was allowed to 

stand at room temperature for 4 hr. The DCHA salt was filtered off, 

washed with three 60-ml portions of Et20 and dried in vacuo: wt. 17.9 

g; mp 164-165°. This powder was dissolved in 100 ml of boiling anhy

drous ethanol (EtOH), cooled to room temperature and placed in the 

freezer overnight. The salt was filtered off, washed with two 12-ml 

portions of cooled (0°) EtOH, two 40-ml portions of Et̂ O in succession, 

and dried in vacuo: wt. 11.32 g; mp 175-175.5° (lit 172°). This pow

der was added to a rapidly stirred two phase system containing 100 ml 

of EtOAc and 37.5 ml of 20% aqueous citric acid. After stirring for 25 

minutes, the organic layer was removed and the aqueous layer extracted 

with 87.5 ml of EtOAc. The combined organic portions was dried over an

hydrous Na2S0̂ . The EtOAc was stripped off on a rotary evaporator and 

the residue dried in vacuo. The crude oil was dissolved in 37.5 ml of 

methylene chloride and a small amount of crystals was filtered off. The 

solvent was stripped off and the oily residue dissolved in 37.5 ml of 

EtOH. Deionized ̂ 0 (28.5 ml) was added, and the solution placed in the 

refrigerator (0-5°) overnight. The precipitate was filtered off, washed 

with three 30-ml portions of EtOH-̂ O (1:2), and dried in vacuo: wt. 

8.76 g (52%); mp 96-97.5° (lit mp 93°). 
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Synthesis of a-Benzyl tert-Butyloxycarbonyl-
glutamate by Benzyl Bromide MethoH" 

A solution of 19.76 g (80 mmol) of N-tert-butyloxycarbonylglu-

tamic acid and 8.08 g (80 mmol) of triethylamine (Et̂ N) in 32 ml of 

dimethylformamide (IMF, freshly freed of amines by bubbling ̂  gas 

through the IMF bottle for three and one-half hours), was stirred for 

20 min at room temperature. To this solution 1S.0 g (88 mmol) of benzyl 

bromide was added and the mixture stirred for 24 hr at room temperature. 

Deionized water (140 ml) was added, the solution was extracted with two 

140-ml portions of EtOAc, and the combined EtOAc portions dried over an

hydrous Nâ SÔ . The solvents were removed on a rotary evaporator under 

reduced pressure and the yellow oil dried in vacuo. The crude yellow 

oil was dissolved in 160 ml of Et̂ O, 15.92 g (88 mmol) of DCHA was added 

dropwise, and the mixture allowed to stand for 2 hr at room temperature. 

The precipitate was filtered off, washed with three portions of Et̂ O, 

and dried in vacuo: wt. 30.5 g; mp 167-169°. The powder was dissolved 

in 60 ml of anhydrous boiling EtOH, cooled to room temperature, and 

placed in the freezer overnight. The DCHA salt was filtered off, washed 

with two 20-ml portions of Et OH and two 60-ml portions of Et20 in suc

cession, and dried in vacuo: wt. 22.31 g; mp 175-176° (lit 172°; 

Schroder and Klieger 1964b). This powder was partitioned between 160 ml 

of EtOAc and 60 ml of 20% aqueous citric acid and stirred rapidly for 

20 min. The organic layer was removed and the aqueous layer extracted 

with 140 ml of EtOAc. The combined EtOAc portions was dried over anhy

drous sodium sulfate, and the EtOAc was removed on a rotary evaporator 

under reduced pressure. The crude oil was dissolved in 60 ml of 



42 

methylene chloride and filtered (no precipitate). The methylene chlo

ride was removed on a rotary evaporator and the residue dissolved in 60 

ml of EtOH. Deionized water (45.8 ml) was added. After cooling to 0°, 

an additional 7.6 ml of water was added, and the mixture was placed in 

the refrigerator (0.5°) overnight. The white precipitate was filtered 

off, washed with two 60-ml portions of EtOH-Î O (1:2) and dried in 

vacuo: wt. 11.8 g (46-7%); mp 95-96.5° (lit 93°; Schroder and Klieger 

1968). Elemental analysis calculated for C, 60.53; H, 6.23; 

N, 4.15. Found: C, 60.56; H, 6.31; N, 4.26. 

Synthesis of a-Benzyl tert Butyloxycarbonyl-

2,4-dimethylbenzylglutaminate 
[Boc-Gln(2,4-Me7.Bzl)-OBzn 

A stirred mixture of 3.37 g (10 mmol) of a-benzyl tert-butyloxy-

carbonylglutamate and 1.73 g (15 mmol) of N-hydroxysuccinimide (HOSu) 

was cooled to -5°. A solution of 2.27 g (11 mmol) of DCC in 10 ml of 

methylene chloride was added, and the mixture was stirred at -5° for 

50 min. A solution of 1.49 g (11 mmol) of 2 4-dimethylbenzylamine was 

added and the mixture was stirred at -5° for an additional 50 min and 

at room temperature for 24 hr. Acetic acid (0.5 ml) was added, the mix

ture was stirred for 15 min and DCHU was filtered off and washed with 

three 20-ml portions of methylene chloride. The solvents were removed 

in vacuo on a rotary evaporator and the residue was dissolved in 20 ml 

of methylene chloride. Chloroform (45 ml) was added and the solution 

was washed with three 60-ml portions of 5% aqueous citric acid, 80-ml 

portions of 5% aqueous sodium bicarbonate, and five 100-ml portions of 

deionized water. The organic layer was dried over anhydrous sodium 
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sulfate, and the solvents were removed in vacuo on a rotary evaporator. 

The semisolid was dissolved in 40 ml of hot EtOAc, cooled to room tem

perature, and filtered off. A solution of 160 ml of pet ether (bp SO-

SO0) was added dropwise for 2 hr, and the mixture was placed in the 

refrigerator (0-5°) overnight. The precipitate was filtered off, washed 

with three 30-ml portions of pet ether EtOAc (4:1) and dried in vacuo: 

wt. 3.61 g (80.01); mp 99-101°; TLC, the compound showed a single spot 

using solvent systems A and B. Elemental analysis calculated for 

C26H34N2°5: C' 68*68' H> 7*55' N» 6*17- Found: c> 68.62; H, 7.50; 

N, 6.17. Nmr spectrum (CDCl̂ ): a singlet at 67.30 [5H] for the phenyl 

group; a doublet at 67.00 [3H] for the substituted phenyl; a singlet at 

65.12 [2H] for the -O-CÎ 'Ph group; a singlet at 62.26 [6H] for the two 

CHj groups; a singlet at 61.40 [9H] for the (CĤ C group. Ir spectrum 

(neat): 3390 cm * for NH, 1745 cm 1680 cm and 1640 cm * for the 

C=0 groups; 1525 cm * for the phenyl ring; 1240 cm * and 1160 cm for 

the C-0 bonds; 750 cm * and 693 cm * for the aromatic rings. 

This compound was also prepared by the bromotrichloromethane 

method (Barstow and Hruby 1971). A mixture of a-benzyl tert-butyloxy-

carbonylglutamate (1.68 g, 5 mmol), triethyl phosphite (1.49 g, 9 mmol) 

[(EtO)̂ P] (freshly distilled from sodium), bromotrichloromethane (2.09 

g, 10 mmol), and 2,4-dimethylbenzylamine (1.62 g, 12 mmol) in 30 ml of 

tetrahydrofuran (THF, freshly distilled from LiAlĤ ) was refluxed for 7 

hr at 85-95°. The solution was cooled to room temperature, and the salt 

was filtered off and washed with two 15-ml portions of EtOAc. The sol

vents were removed in vacuo on a rotary evaporator. The yellow oily 

residue was dissolved in 30 ml of and dried over anhydrous sodium 
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sulfate. The solvent was removed in vacuo on a rotary evaporator. The 

non-crystalline material was dissolved in 30 ml of EtOAc, 90 ml of pet 

ether (bp 30-60°) was added, and the mixture placed in the refrigerator 

(2°) overnight. The white precipitate was filtered off and washed with 

three 5-ml portions of pet ether/EtOAc (3:1): yield, 0.78 g (34.31); 

mp 98-100°; mixed mp 98-100.5°. The Ir and Nmr agreed with those of 

Boc-Gln(2,4-Me2Bzl)-OBzl prepared by the DCC-IIONSu coupling method. ' 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

2,5-dimethyl-4-methoxybenzylglutaminate 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylglutamate (1.68 g, 5 mmol) and 

2,5-dimethyl-4-methoxybenzylamine (0.82 g, 5 mmol); wt. 2.23 g (91.7%); 

mp 98-99°; TLC, the compound showed a single spot on TLC in solvent sys

tems A and B. Nmr spectrum (CDCl̂ ): a singlet at 67.33 [5H] for the 

phenyl group; two singlets at 66.96 [1H] and 66.62 [1H] for the sub

stituted phenyl group; a singlet at 65.14 [2H] for the -O-Q̂ -Ph group; 

a singlet at 63.78 [3H] for the CĤ O group; a singlet at 62.14 [6H] for 

the two CH-jO groups; a singlet at 61.40 [9H] for the (CĤ C group. Ir 

spectrum (nujol): 3220 cm * for the NH groups, 1735 cm 1680 cm \ 

and 1630 cm ̂  for the C=0 groups; 870 cm 737 cm \ and 695 cm * for 

the phenyl groups. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N̂ - 2,45- tr imethylbenzylglutaminate 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylglutamate (0.85 g, 2.5 nrnol) and 



2.4.5-trimethylbenzylamine (0.45 g, 3 mmol): yield 0.68 g (58.11); 

mp 87-90°; TLC, the compound showed a single spot on TLC in solvent 

systems A and B. Ir spectrum (nujol): 3250 cm * for NH; 1735 cm \ 

1678 cm and 1630 cm for the C=0 groups; 865 cm 750 cm \ and 

698 cm * for the phenyl rings. Nmr spectrum (EMSO): a singlet at 

67.35 for the phenyl protons; a doublet at 66.92 for the trisubstituted 

phenyl protons; a singlet at 65.10 for the -O-Ĝ -Ph protons; a singlet 

at 62.14 for the three methyl groups on the aromatic ring; a singlet at 

61.38 for the (CĤ C protons. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-
CA 
N -2,4,6-trimethylbenzylglutaminate 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl)-

OBzl froii a-benzyl tert-butyloxycarbonylglutamate (1.68 g, 5 mmol) and 

2.4.6-trimethylbenzylamine (0.89 g, 6 mmol) and gave 2.08 g (88.9%); 

mp 122-123.5°; TLC, the compound showed a single spot in solvent systems 

A and B. Ir spectrum (nujol): NH (amide) at 3220 cm C=0 groups at 

1730 cm 1670 cm and 1630 cm aromatic rings at 855 cm 735 

-1 -1 cm , and 695 cm . Nmr spectrum (M4S0): a singlet at 67.33 for the 

phenyl protons; a singlet at 66.80 for the trisubstituted phenyl pro

tons; a singlet at 65.10 for the -O-Q̂ -Ph protons; a singlet at 61.38 

for the (CFŷ C protons. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-
CA N -4-methoxybenzylglutaminate 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylglutamate (3.37 g, 10 mmol) and 



46 

4-methoxybenzylamine (1.51 g, 11 mmol) and gave 4.06 g (89.01) mp 95-

97°; TLC, the compound showed a single spot in solvent systems A and B. 

Nmr spectrum (CDCl̂ ): a singlet at 67.28 [5H] for the phenyl group; 

four singlets at 67.21 [IH], 67.08 [IH], 66.87 [IH], and 66.72 [IH] for 

the para substituted phenyl; a singlet at 65.12 for the -O-CĴ -Ph group;-

a singlet at 63.73 [3H] for the CĤ O group; a singlet at 61.4 [9H] for 

the (CHj)̂  group, Ir spectrum (nujol): 3160 cm for NH; 1730 cm \ 

1650 cm \ and 1600 cm * for the C=0 groups; 802 cm \ 745 cm \ and 

680 cm * for the phenyl groups. 

This compound was also obtained by the bromotrichloromethane 

method as described for Boc-Gln(2,4-Me2Bzl)-OBzl from a-benzyl tert-

butyloxycarbonylglutamate (1.68 g, 5 mmol) and 4-methoxybenzylamine 

(1.64 g, 12 mmol): yield, 0.86 g (37.71); mp 90-92°. Its Ir and Nmr 

agreed with those of Boc-Gln-(4-MeOBzl)-OBzl prepared by the DCC cou

pling method. 

Synthesis of a-Benzyl tert-Butyloxycarbony1-
CA 
N -3>4-dimethoxyben"ylglutaminate 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylglutamate (6.74 g, 20 mmol) and 

3,4-dimethoxybenzylamine (3.67 g, 22 mmol) and gave 8.01 g (82.41); mp 

79-81°. Nmr spectrum (CDCl̂ ): a singlet at 67.30 [5H] for the phenyl 

group; a singlet at 66.78 [3H] for the substituted phenyl; a singlet 

at 65.12 [2H] for the -O-Q-̂ -Ph a singlet at 63.88 [6H] for the two 

CHjO groups; a singlet at 61.40 [9H] for the (CĤ C group. Ir spectrum 
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(nujol): 1720 cm \ 1675 cm \ and 1630 cm * for the C=0 groups, 860 

-1 -1 -1 -1 
cm , 810 cm , 740 cm , and 698 cm for the phenyl groups. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

hffi-2,3,4-trimethoxybenzylglutaminate 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylglutamate (1.68, 5 mmol) and 

2,3,4-trimethoxybenzylamine (1.18 g, 6 mmol) and gave 1.42 g (56.11); 

mp 72-74°. Nmr spectrum (CDCl̂ ): a singlet at 67.30 [5H] for the 

phenyl group; two singlets at 66.89 [IH] and 66.62 [IH] for the substi

tuted phenyl group; a singlet at 65.14 [2H] for the -O-CĴ -Ph group; 

two peaks merged together at 63.86 [9H] for the three CĤ O groups; a 

singlet at 61.40 [9H] for the (Qî C group. Ir spectrum showed a pres

ence of secondary amide with an NH peak at 3180 cm ̂ ; carbonyl groups 

with peaks at 1730 cm 1670 cm 1630 cm aromatic rings with peaks 

at 790 cm \ 750 cm and 690 cm 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

1-phenylethylglutaminate 

This compound was obtained from a-benzyl tert-butyloxcarbonyl-

glutamate (1.68 g, 5 mmol) and 1-phenylethylamine (0.73 g, 6 mmol) as 

described for Boc-Gln(2,4-Me2Bzl)-OBzl: yield 1.59 g (72.3%); mp 93-

95°. Nmr spectrum (CDCl̂ ): two singlets at 67.38 [5H] and 67.3 [5H] for 

the two phenyl groups; a singlet at 65.16 [2H] for the -O-CF̂ -Ph; a sin

glet at 61.38 for the (CĤ Ĉ group. Ir spectrum (nujol): 1720 cm 

1660 cm \ and 1630 cm 1 for the C=0 groups; 750 cm * and 695 cm ̂  for 

the phenyl rings. 



48 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N̂ -l- (4-methoxyphenyl)ethylglutaminate 

This compound was prepared as described for Boc-Gln(2̂ -Mê Bzl)-

OBzl from a-benzyl tert-butyloxycarbonylglutamate (1.68 g, 5 mmol) and 

l-(4-methoxyphenyl)ethylamine (0.90 g, 6 mmol): yield 1.95 g (83.41); 

mp 63-65°. Nmr spectrum (CDCl̂ ): a singlet 67.33 [6H] for the phenyl 

group and one hydrogen from the para substituted phenyl group; three 

singlets at 67.35 [1H], 66.91 [1H], and 66.79 [1H] for the other three 

para substituted phenyl groups; a singlet at 65.15 [2H] for the 

-O-CJ^-Ph; a singlet at 63.77 [3H] for the CĤ O group; a singlet peak 

with doublet merged with it at 61.41 [12H] for the (CĤ Ĉ and CĤ -C 

-1 -1 groups. Ir spectrum (nujol): 3200 cm for the NH group; 1730 cm , 

1680 cm \ and 1628 cm ̂  for the C=0 groups; 830 cm \ and 700 cm * for 

the phenyl groups. 

Synthesis of q-Benzvl tert-Butyloxycarbonyl-

lffi-1-(3,4-dimethylphenyl)ethylglutaminate 

This compound was prepared from a-benzyl tert-butyloxycarbony1-

glutamate (1.68 g, 5 mmol) and 1-(3,4-dimethylphenyl)ethylamine (0.89 g, 

6 mmol) in the manner described for the preparation of Boc-Gln(2,4-

Î Bzl̂ OBzl: yield 18.0 g (76.9%); mp 88.5-90°. Ir spectrum (nujol): 

1725 cm 1670 cm and 1630 cm * for the C=0 absorptions; 865 cm 

-1 -1 -1 820 cm , 731 cm , and 695 cm for the phenyl groups. Nmr spectrum 

(CDClj): a singlet at 67.31 [5H] for the phenyl group; merging peaks 

at 67.03 [3H] for the substituted phenyl group; a singlet at 65.13 [2H] 

for the -O-Ô -Ph group; a multiplet at 62.15 [10H] for the 



group merged with the two CĤ  groups; a peak at 61.41 [12H] for the 

CĤ -C and (CĤ C groups merged together. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-
CA 
N -1,2-diphenylethylglutaminate 

This compound was prepared in the manner described for Boc-Gln-

(2,4-Me2Bzl)-OBzl from a-benzyl tert-butyloxycarbonylglutamate (1.68 g, 

5 mmol) and 1,2-diphenylethylamine (0.99 g, 5 mmol): yield 2.3 g 

(93.01); mp 123-125°. Ir spectrum: 1710 cm \ 1660 cm \ and 1625 cm * 

for the carbonyl groups; 759 cm and 698 cm ̂  for the phenyl groups. 

Nmr spectrum (CDCl̂ ): a triplet at 67.20 [15H] for the phenyl groups; 

a singlet at 65.11 [2H] for the -O-CF̂ -Ph; a singlet at 61.40 [9H] for 

the (CH3)3C group. 

Synthesis of a-Benzyl tert-Butvloxvcarbonvl-
CA N -diphenylmethylglutaminate 

This confound was prepared as described above for Boc-Gln(2,4-

M̂ Bzl) -OBzl from a-benzyl tert-butyloxycarbonylglutamate (3.37 g, 10 

mmol) and diphenylmethylamine (2.02 g, 11 mmol) and yielded 4.58 g 

(91.2%); mp 128-130°. Nmr spectrum (CDCl̂ ): a doublet at 67.22 [15H] 

for the three phenyl groups; a singlet at 65.10 [2H] for the -O-Ô -Ph 

group; a broad peak at 64.22 [1H] for the NH group; a singlet at 61.40 

[9H] for the (CĤ C group. Ir spectrum (nujol): 3250 cm * for NH; 

1740 cm 1680 cm and 1628 cm * for the C=0 groups; 758 cm * and 

700 cm ̂  for the phenyl groups. 
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Synthesis of a-Benzyl tert-Butyloxycarbony1-
~CA 
N - 1-naphthalenemethylglutammate 

This compound was prepared as described for the preparation of 

Boc-Gln(2,4-Me2Bzl)-OBzl from a-benzyl tert-butyloxycarbonylglutamate 

(1.69 g, 5 mmol) and 1-naphthalenemethylamine (0.94 g, 6 mmol): yield, 

1.88 g (74.75%), mp 102-104°. Nmr spectrum (CDCl̂ ): multiplet spread 

around 67.86 and 67.42 for the naphthyl group merged with a singlet at 

67.26 for the phenyl group and showing the ratio of 12:9 with a singlet 

at 61.39 for the (Cf-ŷ C group; a singlet at 65.10 [2H] for the 

-O-CF̂ -Ph group. Ir spectrum (nujol): 3350 cm ̂  for the NH group; 

1730 cm 1685 cm \ and 1640 cm * for the C=0 groups; 1000 cm ̂  and 

790 cm ̂  for the naphthyl group; 751 cm ̂  and 698 cm ̂  for the phenyl 

group. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N̂ - 2-methoxy-1 -naphthalenemethylglutaminate 

This compound was obtained from a-benzyl tert-butyloxycarbonyl

glutamate (0.84 g, 2.5 mmol) and 2-methoxy-l-naphthalenemethylamine 

(0.54 g, 2.8 mmol) as described for Boc-Gln(2,4-Me2Bzl)-OBzl; yield 1.13 

g (89.7%); mp 118-120°. Nmr spectrum (CDCl̂ ): multiplet spread around 

67.90 to 67.32 for the substituted naphthyl group merged with a singlet 

at 67.26 for the phenyl group and showing the ratio of 11:9 with a sin

glet at 61.40 for the (Qŷ C group; a singlet at 65.08 [2H] for the 

-O-Q̂ -Ph group; a singlet at 63.95 for the CĤ O group. Ir spectrum 

(nujol): 3300 cm * for the NH group, 1730 cm \ 1675 cm and 1635 

-1 -1 -1 cm for the CO groups; 8.2 cm and 785 cm for the naphthyl group; 

754 cm 1 and 700 cm * for the phenyl group. 
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Synthesis of a-Benzyl tert-Butyloxycarbonyl-

N̂ A-4-methoxy-l-naphthalenemethylglutaminate 

This compound was obtained as described for Boc-Gln(2,4-Me2Bzl)~ 

OBzl from a-benzyl tert-butyloxycarbonylglutamate (0.674 g, 2 mmol) and 

4-methoxy-l-naphthalenemethylamine (0.41 g, 2.2 mmol): yield 0.67 g 

(66.41); mp 79-81°. Ir spectrum (nujol): 3280 cm * for the NH group; 

1740 cm \ 1680 cm \ and 1630 cm * for the C=0 groups; 862 cm * and 

~1 - i  - i  
815 cm for the substituted naphthyl group; 765 cm and 698 cm for 

the phenyl group. Nmr spectrum (CDCl̂ ): multiplets at 67.8 and 66.32 

for the substituted naphthyl group merged with a singlet at 67.30 for 

the phenyl group. These peaks have the ratio of 11:9 with a singlet at 

61.39 for the (CĤ C group. A singlet at 65.10 for the -O-Ô -Ph 

group; a singlet at 63.92 for the CĤ O group. 

Synthesis of a-Benzyl tert-Butyloxycarbonyl-

lffi-furfurylglutaminate 

This product was obtained from a-benzyl tert"butyloxycarbonyl

glutamate (1.68 g, 5 mmol) and furfurylamine (0.49 g, 5 mmol) in the 

manner described for Boc-Gln(2,4-Me2Bzl)-OBzl: yield 1.55 g (74.5%); 

mp 82-84°. Ir spectrum (nujol): 3200 cm * for the NH group; 1725 cm"*, 

1670 cm \ and 1635 cm * for the C=0 groups; 736 cm * and 695 cm * for 

the phenyl ring. 

CA Synthesis of tert-Butyloxycarbonyl-N -

2,4-dimethylbenzylglutamine [Boc-Gin(2,4-Me2Bz1)] 

A-solution of Boc-Gln(2,4-Me2Bzl)OBzl (1.5 g, 3.3 mmol) in 50 ml 

of t̂ -BuOH, 50 ml of deionized water, and 4 ml of HOAc was prepared and 



1.5 g of 5% Pd/C was added. The mixture was shaken for 24 hr under 55 

psi of hydrogen at room temperature in a Paar apparatus. The catalyst 

was filtered off over 5 g of Celite and the Celite was washed with three 

20-ml portions of EtOAc. The organic layer was removed and the aqueous 

layer was washed with three 15-ml of EtOAc. The combined organic por

tions were dried over anhydrous Nâ SÔ , and the solvents were removed on 

a rotary evaporator in vacuo. The yellow oil was dissolved in 12 ml of 

EtOAc and over 1 hr 48 ml of pet ether (bp 30-60°) was added, and the 

mixture was placed in the refrigerator (2-5°) overnight. The precipi

tate was filtered off, washed with four 10-ml portions of pet ether-

EtOAc (4:1), and dried in vacuo: yield 0.85 g (68.61); mp 131-133°; 

TLC, the compound showed a single spot in solvent systems A and B. 

Elemental analysis calculated for C, 62.6; H, 7.99; N, 

7.40. Found: C, 62.39; H, 7.98; N, 7.63. Nmr spectrum (DMSO): di-

substituted phenyl protons peaks at 66.96; a singlet at 62.23 for the 

two CHjO groups on the ring protons; a singlet at 61.38 for the (CĤ Ĉ 

group protons. Ir spectrum (nujol): NH (amide) 3200 cm C=0 groups, 

1750 cm * and 1635 cm aromatic ring, 870 cm * and 835 cm 

Also, an attempt was made to prepare this compound by reacting 

Boc-Gln(2,4-1̂ 1̂)-OBzl (0.91 g, 2 mmol) in 25 ml of dioxane with 20 

ml of 2 N NaOH at room temperature for 2.5 hr followed by neutralizing 

the aqueous portion to a pH of 3 with citric acid. However, extracting 

the product with EtOAc, removing the solvent, and recrystallizing the 

product from pet ether/EtOAc gave a product (0.41 g) that melted at 141-

144°, whose TLC in solvent systems A and B showed that the product was 



a mixture of three compounds: Boc-Glutamic acid (minor), the desired 

compound (major), and an unknown compound. 

CA 
Synthesis of tert-Butyloxycarbonyl-N -
2,5-dimethyl-4-methoxybenzylglutamine 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl) 

from Boc-Gln(2,5-Me2"4-MeOBzl)-OBzl (1.21 g, 2.5mmol): yield, 0.74 g 

(75.1%); mp 123-124.5°; TLC, the compound showed a single spot in sol

vent systems A and B. Elemental analysis calculated for ̂ 20̂ 30̂ 2̂ 6' 

C, 60.91; H, 7.61; N, 7.11. Found: C, 60.87; H, 7.84; N, 7.22. Nmr 

spectrum (EMSO): two singlets at 66.90 [2H] and 66.70 [1H] for the 

trisubstituted phenyl group; a singlet at 63.72 [3H] for the CĤ O group; 

a singlet at 62.06 [6H] for the two CĤ  groups; a singlet at 61.38 [9H] 

for the (Cfî jC group. Ir spectrum (nujol): 3200 cm ̂  for the NH 

group; 1745 cm \ 1710 cm and 1525 cm * for the C=0 groups; 845 cm * 

for substituted phenyl ring. 

CA 
Synthesis of tert-Butyloxycarbonyl-N -
2,4,5-trimethylbenzylglutamine 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl) 

from hydrogenating Boc-Gln(2,4,5-Me2Bzl)-OBzl (0.47 g, 1 mmol) at 55 psi 

for 24 hr: yield, 0.3 g (74.11); mp 139-141°; TLC, the compound showed 

a single spot in the solvent systems A and B. Elemental analysis cal

culated for ̂ 20̂ 30̂ 2̂ 5: 63.49; H, 7.94; N, 7.41. Found: C, 63.56; 

H, 8.19; N, 7.73. Nmr spectrum (DMSO) showed the presence of the tri

substituted phenyl protons at 66.88, methyl protons at 62.08, and Boc 

group protons at 61.38. The Ir spectrum (nujol) showed the presence 

of NH (amide) with a peak at 3180 cm CO groups with peaks at 1720 
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-1 -1 cm , and 1575 cm ; and the tetra-substituted aromatic ring with a peak 

at 875 cm 

CA 
Synthesis of tert-Butyloxycarbony1-N -

2,4,6-trimethylbenzylglutamine 

This compound was obtained as described for Boc-Gln(2,4-Me2Bzl) 

from hydrogenating Boc-Gln(2,4,6-Me2Bzl)-OBzl (1.87 g, 4 mmol) at 55 

psi for 24 hr: yield, 1.3 g (86.7%); mp 153-155°; TLC, the compound 

showed a single spot in the solvent systems A and B. Elemental analysis 

calculated for ̂ qĤ qÔ : C, 63.49; H, 7.94; N, 7.41. Found: C, 

63.27; H, 7.98; N, 7.31. The Nmr spectrum (DMSO) showed the presence 

of the trisubstituted phenyl protons with a peak at 66.82 and a peak 

for the three methyl groups at 62.08. The Boc group protons had a peak 

at 61.38. The Ir spectrum (nujol) showed the presence of the C=0 

-1 -1 -1 groups with peaks at 1770 cm , 1725 cm , and 1690 cm . The peak at 

850 cm * was for the trisubstituted phenyl group. 

CA Synthesis of tert-Butyloxycarbonyl-N -

4-methoxybenzylglutamine 

This compound was similarly prepared from Boc-Gln(4-MeOBzl)-OBzl 

(1.15 g, 3.3 mmol): yield, 1.01 g (83.41); mp 92-94°; TLC, the compound 

showed a single spot in the solvent systems A and B. Elemental analysis 

calculated for C, 58.99; H, 7.17; N, 7.65. Found: C, 

59.02; H, 7.20; N, 7.64. The Ir spectrum (nujol) showed the presence of 

C=0 groups with peaks at 1710 cm 1600 cm and 1580 cm the pres

ence of para substituted phenyl group wash showed with a peak at 830 

cm *. The Nmr spectrum (CDCl̂ ) showed a para substituted phenyl group 
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with four peaks at 67.13, 67.00, 66.77 and 66.66; methoxy protons peak 

appear at 63.66, and Boc protons at 61.39. 

Attempts to prepare this compound by hydrolyzing Boc-Gln(4-

MeOBzl)OBzl with 2 N NaOH as described for the attempted preparation of 

Boc-Gln(2,4-Me2Bzl) by a similar method led to the mixture of three prod

ucts; Boc-glutamic acid (minor), Boc-Gln(4-MeOBzl) (major), and an un

known product (minor). 

CA 
Synthesis of tert-Butyloxycarbonyl-N -
3,4-dimethoxybenzylglutamine 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl) 

from Boc-Gln(3,4-Me02Bzl)-0Bzl (0.97 g, 2 mmol): yield, 0.59 g (74.71); 

mp 94-96°; TLC, the compound gave a single spot in the solvent systems 

A and B. The Ir spectrum (nujol) showed the presence of C=0 groups with 

peaks at 1720 cm * and 1595 cm the presence of disubstituted phenyl 

with peaks at 870 cm ̂  and 805 cm The Nmr spectrum showed the pres

ence of disubstituted phenyl protons with peak at 66.84; two methoxy 

groups of protons with peaks at 63.74, the Boc protons with peaks at 

61.39. Elemental analysis calculated for Ĉ gĤ Ĉ̂ : C, 57.58; H, 

7.07; N, 7.07. Found: C, 57.61; H, 6.84; N, 7.04. 

CA 
Synthesis of tert-Butyloxycarbonyl-N -
1-phenylethylglutamine 

This compound was obtained as described for Boc-Gln(2,4-Me2Bzl) 

by hydrogenating Boc-Gln(PE)-OBzl (0.66 g, 1.5 nmol) under 55 psi for 

24 hr at room temperature: yield 0.42 g (80.81); mp 98-100°; TLC, the 

compound showed a single spot in the solvent systems A and B. Elemental 

analysis calculated for C, 61.70; H, 7.45; N, 7.99. Found: 



C, 61.73; H, 7.45; N, 7.93. The Nmr spectrum (DMSO) showed the presence 

of phenyl protons with a singlet peak at 67.26; a Boc group and CĤ -C 

protons were shown to be present with two peaks close together at 61.39 

and 61.37. The Ir spectrum (nujol) showed the presence of the NH 

(amide) with a peak at 3410 cm the presence of the C=0 groups with 

peaks at 1770 cm \ 1720 cm and 1680 cm the presence of a phenyl 

-1 -1 group with peaks at 726 cm and 690 cm . 

CA Synthesis of tert-Buty1oxycarbony1-N -
1,2-diphenylethylglutamine 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl) 

hydrogenating Boc-Gln(l,2-DPE)-0Bzl (0.52 g, 1 mmol): yield, 0.4 g 

(93.8%); mp 105-107°; TLC, the compound showed a single spot in the 

solvent systems A and B. Elemental analysis calculated for : 

C, 67.60; N, 7.04; N, 6.57. Found: C, 67.51; H, 7.32; N, 6.71. The 

Nmr spectrum (DMSO) showed two peaks for the two phenyl group protons 

at 67.23 and 67.16; a peak for the Boc group protons at 61.4. The Ir 

spectrum (nujol) showed a peak for NH (amide) at 3300 cm peaks for 

the C=0 groups at 1720 cm \ 1680 cm \ and 1640 cm peaks for the 

phenyl groups at 755 cm ̂  and 695 cm 

CA 
Synthesis of tert-Butyloxycarbonyl-N -
diphenylmethylglutamine 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl) 

from hydrogenating Boc-Gln(DPM)-PBzl (1.5 g, 3 mmol) under 55 psi for 

24 hr at room temperature: yield, 1.08 g (87.1%); mp 130-132°; TLC, 

the compound showed a single spot in the solvent systems A and B. Ele

mental analysis calculated for C23̂ 28N2®5: C, 66.96; H, 6.86; N, 6.79. 



Found: C, 66.93; H, 6.95; N, 6.90. The Mnr spectrum showed the pres

ence of phenyl protons with a peak at 67.23 and of Boc group protons 

with a peak at 61.39. The Ir spectrum (nujol): NH (amide) 3240 cm 

-1 _i -i -l 
C=0 groups, 1700 cm , 1675 cm , and 1640 cm ; aromatic ring 753 cm 

and 698 cm ̂ . 

A solution of Boc-Gln(DPM)-OBzl (1.00 g, 2 mmol) in 30 ml of 

dioxane (freed of peroxides by passing through active alumina) and 20 

ml of 2 N NaOH was stirred at room temperature for 2.5 hr. The solution 

was concentrated to 10 ml jm vacuo, diluted to 50 ml with deionized 

water, and extracted with two 40-ml portions of CHCly The aqueous 

layer was cooled to 0° and pH was adjusted to 3 with solid citric acid. 

The solution was extracted with three 50-ml portions of EtOAc. The com

bined organic layers were washed with three 40-ml portions of deionized 

water and dried over anhydrous Na2S0̂ . Solvent was removed on a rotary 

evaporator. The residue was dissolved in 10 ml of EtOAc, 40 ml of pet 

ether was added, and placed in the freezer overnight. The precipitate 

was filtered off, washed with three 10-ml portions of pet ether/EtOAc 

(5:1) and dried in vacuo: yield, 0.6 g (73.71); mp 129-131°; TLC, the 

compound gave a single spot in the solvent systems A and B and R̂ 's 

agreed with those for Boc-Gln(DPM) prepared by hydrogenation method. 

The Nmr and Ir spectra data also agreed. 

CA 
Synthesis of tert-Butyloxycarbonyl-N -
1-napht ha1enemethy1glutamine 

This compound was prepared as described for the preparation of 

Boc-Gln(2,4-Me2Bzl) from Boc-Gln(l-NM)-OBzl (0.71 g, 1.5 mmol): yield, 

0.36 g (61%); mp 115-116°; TLC, the compound gave a single spot in the 
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solvent systems A and B. The Nmr spectrum (DMSO) showed the presence 

of naphthyl protons with peaks at 67.42 and 67.00 and of the Boc group 

with peaks at 61.38. The Ir spectrum (nujol): NH (amide) 3300 cm 

C=0 groups, 1720 cm 1590 cm and 1565 cm naphthalene ring, 870 

cm ̂  and 778 cm 

CA Synthesis of tert-Butyloxycarbonyl-N -
2 - methoxy -1 - naphthalenemethylg lut amine 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl) 

by hydrogenation of Boc-Gln(2-MeO-l-NM)-OBzl (0.63 g, 1.25 mmol) at 55 

psi for 24 hr: yield, 0.44 (84.61); mp 93-95°; TLC, the compound showed 

a single spot in the solvent systems A and B. The Ir spectrum (nujol) 

showed the presence of NH (amide) group with a peak at 3200 cm C=0 

-1 -1 -1 groups with peaks at 1690 cm , 1660 cm , and 1610 cm . The Nmr spec

trum showed the presence of naphthyl protons with peaks at 67.50 and 

66.81; methoxy protons had a peak at 63.70; Boc protons had a peak at 

61.37. 

CA Synthesis of tert-Butylcarbonyl-N -4-
methoxy-l-naphthalenemethylglutamine 

This compound was prepared as described for Boc-Gln(2,4-Me2Bzl) 

by hydrogenating Boc-Gln(4-MeO-l-NM)-OBzl (0.38 g, .75 mmol) at 55 psi 

for 24 hr: yield, 0.25 g (80.61); mp 156-158°; TLC, the compound 

showed a single spot in the solvent systems A and B. Elemental analysis 

calculated for ̂ 22̂ 28̂ 2̂ 6' *>3.46; H, 6.73; N, 6.93. Found: C, 

63.51; H, j6.94; N, 6.91. The Ir spectrum (nujol) showed the presence 

of C=0 groups with peaks at 1735 cm \ 1720 cm and 1590 cm 

naphthyl group with a peak at 777 cm The Nmr spectrum (DMSO) 
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showed the presence of substituted naphthyl protons with peaks at 67.02 

and 66.92: methoxy protons with a peak at 63.90: Boc group with a peak 

at 61.40. 

Conclusion 

Two methods were followed in the preparations of a-benzyl tert-

butyloxycarbonylglutamate: (I) the formation of Boc-glutamic acid an

hydride and subsequent opening of the ring with benzyl alcohol; (II) 

the direct reaction of Boc-glutamic acid with benzyl bromide in the 

presence of triethylamine. Both methods gave almost the same percentage 

yield of the desired compound (Boc-Glu-a-OBzl). Method I gave a yield 

of 52% and method II gave a yield of 46.7%. The side products in these 

two reactions are Boc-Glu-y-OBzl and a,y-dibenzyl tert-butyloxycarbonyl-

glutamate [Boc-Glu-a,y- (OBzl̂ ] • The anhydride method was more labori

ous. Since the yields are not significantly different, the benzyl 

bormide method is preferred over the anhydride method. The anhydride 

method was used in preparing Boc-Asp-a-OBzl and gave over 75% of the 

desired compound. 

It was found that the use of (EtO)and CCl̂ Br to prepare 

carboxamide-protected glutaminate derivatives generally gave very low 

yields. Triphenylphosphine (Pĥ P), which was also tried instead of 

(EtOj)P and is not reported in this paper, gave very low yields and led 

to great difficulty in separating the desired product from the triphe

nylphosphine oxide (PhjPO). The DCC-HONSu coupling method gave yields 

ranging from 52% to 98% and is recommended over the other two coupling 

reagents. 



The 2 N aqueous NaOH was found to be a poor reagent for solvo-

lytic hydrolysis of Boc-Gln(R)-OBzl to Boc-Gln(R) as it leads to other 

side products. Similar products were observed in this laboratory when 

NaOH was used in an attempt to hydrolyze Boc-Asn(R)-OBzl to Boc-Asn(R). 

The hydrogenation of the ester using 51 palladium on carbon catalysis 

gave a high yield of the desired product uncontaminated with other side 

products. 



CHAPTER 4 

HYDROGEN FLUORIDE AND BORON TRIS(TRIFLUOROACETATE) 
(BTFA) CLEAVAGES OF ASPARAGINE AND GLUTAMINE 

CARBOXAMIDE PROTECTING GROUPS 

In this section the removal of glutamine and asparagine carbox-

amide protecting groups with liquid HF and BTFA in trifluoroacetic acid 

(TFA) are described. HF has been shown to be a good solvent for pro

teins, peptides, and amino acids (Katz 1954), and an effective reagent 

for the removal of most protecting groups in peptide synthesis (Sakaki-

bara and Shimonishi 1965; Sakakibara et al. 1967; Stewart and Young 

1969). Among others, HF removes the following protecting groups: 

Amino-protecting groups: Carbobenzoxy, tert-butyloxycarbonyl, 

trityl, or other acid-labile protecting groups. 

Carboxyl-protecting groups: Benzyl (also polymer bound) or tert-

butyl. 

Side-chain-protecting groups: Arg (N02), Arg(Tos), Cys(4-MeOBzl), 

Cys(3,4-Me2Bzl), Cys(Bzl), Ser(Bzl), Thr(Bzl), Tyr(2,6-

Cl2Bzl), Tyr(Bzl). 

Carboxamide-protecting groups: diphenylmethyl, xanthyl, bis(2,4-

dimethoxybenzyl), 2,4-dimethoxybenzyl, 2,4,6-trimethoxyben-

zyl, 2,4-dimethoxybenzyl. 

This reagent does not affect methyl and ethyl esters, methyl ethers 

(MeOR), or peptide bonds. When used without anisole, liberated benzyl 

cations may polymerize or modify aromatic amino acids or methionine 
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during the reaction. Anisole has been used as a carbonium ions trap 

and is found to be effective in reducing side reactions (Weygand and 

Steglich 1959). 

It is recently reported that boron tristrifluoroacetate (BTFA) 

in TFA apparently behaves like liquid HF in removing most protecting 

groups used in peptide synthesis (Pless and Bauer 1973). This reagent 

removes the same amino, carboxyl, and side chain protecting groups 

that are removed in liquid HF, but does not require special cautionary 

measures or apparatus. It was therefore thought advisable to test 

whether this reagent would remove some of the glutamine and asparagine 

carboxamide-protecting groups. 

Experimental Section 

The carboxamide-protected asparagine or glutamine derivative was 

treated with HF-anisole or BTFA in TFA and the extent of cleavage of the 

carboxamide protecting group was studied. The N-protecting groups (Boc) 

and carboxyl protecting group (Bzl) are readily removed by these two re

agents under the experimental conditions and were not expected to create 

problems in the analysis of the products. The carboxamide-protected 

asparagine and glutamine derivatives treated witli HF-anisole or BTFA in 

TFA are listed on Tables 1 and 2. 

Method of HF Cleavages and 
Analysis of Products 

CA 
A sample of about 25 vmol of a-benzyl tert-butyloxycarbonyl-N -

CA 
R-asparaginate or a-benzyl tert-butyloxycarbonyl-N -R-glutaminate was 

placed in a Teflon cleavage vessel and 0.5 ml anisole was added. The 



Table 1. Benzyl Esters of the Carboxamide-Protected Boc-Asparagine 
Derivatives. 

Compound Number Compound 

I Boc-Asn(2,5-dimethyl-4 -methoxybenzyl) -OBzl 

II Boc-Asn[l-(3,4-dimethylphenyl)ethyl]-OBzl 

III Boc-Asn(l,2-diphenylethyl)-OBzl 

IV Boc-Asn(2-methoxy-l-naphthalenemethyl)-OBzl 

V Boc - Asn (4 -methoxy -1 - naphthal eneme t hy 1)-OBz1 

VI Boc-Asn[l-(4-methoxyphenyl)ethyl]-OBzl 

VII Boc- Asn (1-naphthalenemethy1)-OB z1 

VIII Boc-Asn(l-phenylethyl)-OBzl 

IX Boc-Asn(2,3,4-trimethoxybenzy1)-OBzl 

X Boc-Asn(2,4,5-trimethylbenzyl)-OBzl 

XI Boc-Asn(2,4,6-trimethylbenzyl)-OBz1 

XII Boc-Asn(3,4-dimethoxybenzyl)-OBzl 

XIII Boc-Asn(2,4-dimethylbenzyl)-OBzl 

XIV Boc-Asn(diphenylmethyl)-OBzl 

XV Boc-Asn(4-methoxybenzyl)-OBzl 
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Table 2. Benzyl Esters of the Carboxamide-Protected Boc-Glutamine 
Derivatives. 

Compound Number Compound 

XVI Boc-Gin(fur)-OBzl 

XVII Boc-Gin(2,5-dimethyl-4-methoxybenzyl)-OBz1 

XVIII Boc-Gln[l-(3,4-dimethylphenyl)ethyl]-OBzl 

XIX Boc-Gln(l,2-diphenylethyl)-OBzl 

XX Boc-Gln(2-methoxy-1-naphthalenemethyl)-OBzl 

XXI Boc-Gln(4-methoxy-l-naphthalenemethyl)-OBzl 

XXII Boc-Gln[l-(4-methoxyphenyl)ethyl]-OBzl 

XXIII Boc-Gln(l-naphthalenemethyl)-OBzl 

XXIV Boc-Gln(l-phenylethyl)-OBzl 

XXV Boc-Gin(2,3,4-trimethoxybenzy1)-OBz1 

XXVI Boc-Gln(2,4,5-1 rimethylb enzyl)-OB z1 

XXVII Boc-Gln(2,4,6-trimethylbenzyl)-OBzl 

XXVIII Boc-Gln(3,4-dimethoxybenzyl)-OBzl 

XXIX Boc-Gln(2,4-dimethylbenzyl)-OBzl 

XXX Boc-Gln(diphenylmethyl)-OBzl 

XXXI Boc-Gln(4-methoxybenzyl)-OBzl 
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vessel was attached to the HF cleavage apparatus, evacuated, cooled to 

-72°, and 10 ml of HF (distilled from CoF̂ ) was collected. The mixture 

was warmed to the appropriate temperature (0° or 22°) and stirred at 

this temperature for the required time (90 or 120 min). The HF was re

moved under reduced pressure and the residue was dried in vacuo for 8 

hr to remove anisole and other volatile products. The sample was dis

solved in 25 ml of citrate (Na+) buffer of pH 3.10 to give a solution 

of about 1.0 ymol of glutamine or asparagine per ml of the solution. 

This was used directly for the quantitative determination of the extent 

of carboxamide protecting group on amino acid analyzer, Beckman Model 

120C at 55° using pH 3.10, 4.25, and 5.26 citrate (Na+) buffers at a 

flow rate of 70 ml/hr and ninhydrin reagent at a flow rate of 35 ml/hr. 

A standard sample of asparagine or glutamine was used to determine the 

extent of the cleavage of the carboxamide protecting group. 

Synthesis of Boron Tris(trifluoroacetate) 

A solution of 125.3 g (0.5 mol) of boron tribromide (BBr._) in 

60 ml of CH2CI2 was cooled to -10°. To this solution was added dropwise 

a solution of 161.0 (1.5 mol) of TFA in 60 ml of over 30 min. 

The mixture was allowed to stand for 40 min. The solvents were evapo

rated to dryness under reduced pressure and dried in vacuo: wt. 142.9 g 

(81.7%); mp 87-89 (lit 88° dec., Gerrard, Lappert, and Shafferman 1958). 

Method of BTFA Cleavages and 
Analysis of Products 

A sample of about 25 ymol of carboxamide-protected glutamine or 

asparagine derivative was dissolved in 0.2 ml of TFA and 0.5 ml of 
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1.0 M BTFA in TFA was added. The mixture was shaken for 90 min and 

evaporated to dryness in vacuo. The residue was dissolved in 25 ml of 

methanol and evaporated to dryness. This was repeated three times. The 

final residue was dissolved in 25 ml of pH 3.10 citrate (Na+) buffer, 

the undissolved material was filtered off, and the filterate was applied 

directly for amino acid analysis as described for the HF cleavages. 

Results and Discussion 

Cleavages results of carboxamide-protected asparagine deriva

tives with liquid HF were very promising (see Table 3). Only compounds 

VII (which gave 451 of free Asn) and XV (which gave more than 90% of 

free Asn) were partially deprotected after 90 min of reaction at 22°. 

The other compounds (I, II, III, IV, V, VI, VIII, IX, X, XI, XII, XIII, 

and XIV) were completely deprotected. In all cases no ammonia, aspar-

tic acid or succinimide were observed as side products. Prolonging the 

cleavage reaction for 30 min did not change the results. 

Unlike asparagine derivatives, most carboxamide-protected glu-

tamine derivatives were not completely cleaved after 90 min of reaction 

with HF (Table 4). Prolonging the reaction for 30 min did not seem to 

drastically affect the extent of cleavage. Only in compounds XVIII, 

XX, XXI, XXII, and XXX were the carboxamide protecting groups completely 

cleaved to give free glutamine. Compounds XVI, XVII, XIX, XXIII, XXIV, 

XXV, XXVI, XXVII, XXVIII, XXIX, and XXXI were only partially depro

tected. In these cases free glutamine and carboxamide protected gluta

mine [Gln(R)] were observed from the reaction mixture. 



Table 3. HF Cleavages of Asparagine Carboxamide Protecting Groups at 
22°. 

% of Asparagine Obtained 
Compound After 90 min After 120 min 

I 100 100 

II 100 100 

III 100 100 

IV 100 100 

V 100 100 

VI 100 100 

VII 45 -

VIII 100 100 

IX 100 100 

X 100 100 

XI 100 100 

XII 100 100 

XIII 100 100 

XIV 100 100 

XV 90 -
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Table 4. HF Cleavages of Glutamine Carboxamide Protecting Groups at 
22°. 

% Glutamine Obtained 
Compound After 90 min After 120 min 

XVI 35 -

XVII 56 65 

XVIII 100 100 

XIX 14 -

XX 100 100 

XXI 100 100 

XXII 100 100 

XXIII 8 -

XXIV 63 69 

XXV 18 -

XXVI 43 65 

XXVII 66 74 

XXVIII 10 -

XXIX 25 -

XXX 100 100 

XXXI 30 -
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The results of the BTFA-TPA cleavages of six asparagine 

carboxami.de-protecting derivatives and their corresponding glutamine 

analogs are listed on Table 5. Of the six asparagine derivatives 

studied (I, II, IV, VI, XI, XIV) four (II, IV, VI, and XIV) were com

pletely clea.ved in 0.5 ml of 1 M BTFA in TFA after 90 min of reaction. 

A small amount of ammonia (less than 2.51) was also detected in the re

action product along with asparagine. Compounds I and XI were only 

partially cleaved and product contained a mixture of asparagine, carbox-

amide protected asparagine asparagine [Asn(R)], and a small amount of 

ammonia. Like the BTFA cleavages of asparagine derivatives, cleavages 

of the six glutamine analogs showed some variation from the HF cleavage 

results. Only compounds XVIII and XXII were completely deprotected in 

BTFA-TFA solution after 90 min of reaction. The product mixture con

tained in addition to glutamine a significant amount of ammonia (5-10%). 

Compounds XVII, XX, XXVII, and XXX were only partially deprotected. The 

product mixture obtained contained, in addition to glutamine and the 

carboxamide protected glutamine [Gln(R)], ammonia in significant quan

tity (5-10%). The BTFA-TFA cleavage reaction with carboxamide-protected 

asparagine or glutamine forms a yellow to orange boron complex which 

precipitates from the reaction solution. The insoluble complex is 

formed in larger quantity from glutamine derivatives than from aspara

gine derivatives and seem to be related to the amount of ammonia formed. 

Failure of the asparagine derivatives I and XI and glutamine 

derivatives XX and XXXI to be completely deprotected by the BTFA-TFA 

while they were completely deprotected by the liquid HF may be an indi

cation that BTFA-TFA is not as strong a carboxamide deprotecting reagent 



70 

Table 5. BTFA Cleavages of Asparagine and Glutamine Carboxamide Pro
tecting Groups at 22°. 

Compound 

Asparagine Derivatives 

I 

II 

IV 

VI 

XI 

XIV 

Glutamine Derivatives 

XVII 

XVIII 

XX 

XXII 

XXVII 

XXX 

r a 
% of N Protecting 

Group Removed 

73 

100 

100 

100 

34 

100 

52 

100 

57 

100 

8 

38 
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as HF. The solubility problem of boron complex probably contributes 

to the poor cleavage results of carboxamide protecting groups by BTFA-

TFA reagent. On the whole asparagine carboxamide protecting groups are 

more readily removed by both liquid IIF and BTFA-TFA than the correspond

ing glutamine analogs. This seems to indicate that the asparagine's 

a-carboxyl group provides neighboring groups assistance during the 

cleavage reaction, while glutamine's 3-carboxyl group is too far removed 

from the carboxamide group to lend this same neighboring group assis

tance (Hine 1962; Gould 1959). 



CHAPTER 5 

APPLICATIONS OF CARBOXAMIDE PROTECTED DERIVATIVES 
IN CLASSICAL PEPTIDE SYNDESIS 

The application of the carboxamide protected glutamine arid as-

paragine derivatives in classical peptide synthesis has been hindered by 

the lack of suitable carboxamide protecting groups. Following the in

troduction of bis(2,4-Me02Bzl) and 2,4,6-MeÔ Bzl as possible carboxamide 

protecting groups, two research groups used them in the classical syn

theses of peptides (Weygand, Steglich, and Bjarnason, 1968; Pietta, 

Chillemi, and Corbelline 1968). Weygand's group attached the carbox

amide protected asparagine or glutamine to the amino acid or peptide 

by using either DCC, or DCC and triethylamine (TEA) or 1-diethylamino-

propyne (DEAP) and TEA, and they obtained relatively high yields of the 

desired peptides by all three coupling methods. On the other hand, 

Pietta's group used p-nitrophenyl activated ester coupling method to 

attach carboxamide protected glutamine {Z-Gln[bis(2,4-Me02Bzl)]-ONp} to 

the peptide. The Z group was removed by hydrogenolysis before the next 

amino acid was attached. Pietta et al. (1968) observed that the reac

tion of H-Gln-Ala-Ala-Tyr-OMe with Z-Val-ONp gave the following prod

ucts: 30% of the pyroglutamylpeptide (pyro-Glu-Ala-Ala-Tyr-OMe), 30% 

of Z-Val-NH2, and 60% of the desired peptide (Z-Val-Gln-Ala-Ala-Tyr-

OMe). However, by protecting the carboxamide group on glutamine with 

bis(2,4-Me20Bzl) they prepared H-Gln(2,4-Me02Bzl)2"Ala-Ala-Try-0Me which 

was reacted with Z-Val-ONp to give 901 of the desired peptide 
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[Z-Val-GlnCẐ -MeĈ Bzl̂ -Ala-Ala-Tyr-OMe]. Both Z-Val-NF̂  and pyro-Glu-

Ala-Ala-Tyr-OMe were not isolated as side products. 

The 2,4-Me02Bzl (Pietta et al. 1971), MbH (Konig and Geiger 

1970; Bajusz, Turan, and Fauszt 1972), and Xan (Dorman, Nelson, and Chow 

1972) groups have also been used as protecting groups for asparagine and 

glutamine carboxamide groups during the classical synthesis of pep

tides. The use of these protecting groups for carboxamide groups of as

paragine and glutamine in classical peptide synthesis has provided the 

following advantages: it prevented the formation of pyroglutamyl pep

tides from glutaminyl peptides; it prevented dehydration of cai'boxamide 

groups; it prevented the formation of imides; it prevented deamination; 

it increased the solubility of peptides so protected in organic sol

vents . 

When 1_ was used as an amino protecting group of a carboxamide-

protected asparagine or glutamine residue of a peptide, or for protec

tion of the amino group of another amino acid coupled to a peptide 

containing carboxamide-protected asparagine and/or glutamine residues, 

the Z group was subsequently removed by hydrolysis prior to the addition 

of the next amino acid. When Boc was used as an amino protecting group, 

the carboxamide-protected asparagine or glutamine was the last residue 

added to the peptide. The reason for these procedures is that the same 

acid solution was used for removing Boc and Z groups (HBr-TFA, 50% TFA-

CH2C12, etc.) also removes the carboxamide protecting groups mentioned 

in this section. Although the Z group can be selectively removed by 

hydrogenolysis in the presence of the carboxamide protecting groups 
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mentioned above, the hydrogenation reaction is usually very long and be

comes progressively difficult as the peptide chain gets longer. 

Preparations of a few peptides using carboxamide-protected as-

paraginyl and glutaminyl derivatives by classical peptide synthesis 

methods are described in this section. An attempt was also made to pre

pare Pro-Leu-Gly-NH2 (a side chain moiety of oxytocin hormone) starting 

with Boc-Gly-NH(2,4-Me2Bzl). 

Experimental Section 

The asparagine derivatives used here had their carboxamide 

groups protected with 2,4-dimethylbenzyl, 2,4,5-trimethylbenzyl, 2,5-

dimethyl-4-methoxybenzyl, or diphenylmethyl groups. The carboxamide 

groups on glutamine derivatives were diphenyl methyl protected. The 

carboxyl groups of asparagine, glutamine, and leucine derivatives, and 

the cysteine sulhydryl group were benzyl protected. The carboxyl group 

of cysteine derivatives was protected with p-nitrobenzyl groups. The 

DCC, DCC and HONSu, DCC and 1-hydroxybenzotriazole, and succinimido 

ester coupling methods were used in synthesizing the various deriva

tives. The preparations of Boc-Pro-ONSu, Boc-Leu-ONSu, and Boc-Gly-

ONSu were carried out in the same manner as described in the literature 

(Anderson, Zimmerman, and Callahan 1964). 

Synthesis of Boc-Pro-ONSu 

A solution of tert-butyloxycarbonylproline (2.15 g, 10 mmol) and 

N-hydroxysuccinimide (1.15 g, 10 mmol) in 15 ml of dimethylformamide 

(DMF, freed of amines by bubbling ̂  gas through the EMF for 3-5 hr), 

was cooled to 0° with stirring. DCC (2.27 g, 11 mmol) was added, and 
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the solution was slowly stirred at 0° for 1 hr and kept at 0-5° for a 

period of 24 hr. The dicyclohexylurea (DCHU) was separated by filtra

tion and washed with two 5-ml portions of cold DMF. Hie solvent was 

removed on a rotary evaporator in vacuo at 25-30°. The crude product 

was recrystallized twice from isopropyl alcohol to give 2.68 g (85.91) 

of pure product; mp 134-136° (lit 135-136°, Anderson et al. 1964). 

Synthesis of Boc-Leu-ONSu 

This compound was prepared from tert-butyolxycarbony]leucine 

(2.31 g, 10 mmol) and N-hydroxysuccinimide (1.15 g, 10 mmol) as de

scribed for the synthesis of Boc-Pro-ONSu and it was recrystallized 

from isopropyl ether: wt. 2.24 g (68.3%); mp 114-115° (lit 116°, An

derson et al. 1964). 

Synthesis of Boc-Gly-ONSu 

This compound was prepared from tert-butyloxycarbonylglycine 

(3.78 g, 21.6 mmol) and N-hydroxysuccinimide (2.66 g, 21.6 mmol) as 

described for the synthesis of Boc-Pro-ONSu, and it was recrystallized 

from isopropyl alcohol: wt. 3.68 g (62.5%); mp 165-167° (lit 168-170°, 

Anderson et al. 1964). 

CA 
Synthesis of tert-Butyloxycarbonyl-N -
2,4-dimethylbenzylglycinamide 
[Boc-Gly-NH(2,4-Me2BzTlT 

This compound was prepared in the manner described for Boc-

Gln(2,4-Me2Bzl)-OBzl from tert-butyloxycarbonylglycine (3.5 g, 20 mmol) 

and 2,4-dimethylbenzylamine (2.70 g, 22 mmol). It was recrystallized 

from pet ether (30-60°) and EtOAc: wt. 4.98 g (85.31); mp 109-111°. 



Ir spectrum (nujol): NH, 3275 cm C=0 groups, 1775 cm * and 1745 

-1 -1 -1 -1 cm ; C-0, 1238 cm ; aromatic ring, 865 cm and 830 cm . Nmr spec

trum (DMSO): a peak at 66.95 for the aromatic protons; a doublet at 

64.31 for the methylene protons (NH-CH2"2,4-Me2P); a doublet at 63.36 

for the methylene protons -OOCNHQ̂ -CO-; a singlet at 62.1 for two 

methyl group's protons; a singlet at 61.37 for (CĤ Ĉ protons. 

Synthesis of Boc-Leu-Gly-NH(2,4-Me2Bzl) 

A solution of Boc-Gly-NH(2,4-Me2Bzl) (1.17 g, 4 mmol) in 25 ml 

of trifluoroacetic acid and 2 ml of anisole was stirred for 25 min at 

room temperature. The solvent was removed on a rotary evaporator in 

vacuo at 25-30°. The residue was recrystallized from ethyl ether at 2° 

to give 1.10 g (901); decomp 191-194°. Some of the salt (0.92 g, 3 

mmol) was dissolved in 10 ml of EMF and the pH was adjusted to 7 with 

N-methylmorpholine. To this solution was added Boc-Leu-ONSu (1.02 g, 

3 mmol), and solution was stirred at room temperature for 14 hr. EtOAc 

(50 ml) was added and the solution was washed with three 40-ml portions 

of 5% aqueous citric acid, two 40-ml portions of aqueous sodium bicarbo

nate, and five 30-ml portions of deionized water. The organic portion 

was dried over anhydrous sodium sulfate. The solvent was removed on a 

rotary evaporator in vacuo: yield 1.02 g (84%); mp 85-87°. Ir spec

trum (nujol): NH, 3200 cm strong C=0 peaks, 1730 cm *, 1675 cm \ 

and 1645 cm C=0 peak at 1250 cm aromatic ring at 870 cm * and 818 

cm Nmr spectrum (EMSO): doublets at 66.95 for the aromatic protons; 

a singlet at 62.20 for the protons of the two methyl groups on the ring; 



a singlet at 61.36 for the (CÊ C protons; a doublet at 60.88 for the 

(CH-̂ C protons. 

Synthesis of Boc-Pro-Leu-Gly-NH(2,4-Me2Bzl) 

A solution of Boc-Leu-Gly-NHCẐ -Mê Bzl) (0.81 g, 2 mmol) in 20 

ml of TFA and 2 ml of anisole was stirred at room temperature for 25 

min. The solvent was removed on a rotary evaporator in vacuo at room 

temperature. The oil residue was treated twice with 20-ml portions of 

ethyl ether, and the ether was evaporated to dryness each time. The oil 

was dissolved in 10 ml of DMF and the pH was adjusted to 7 with N-

methylmorpholine. Boc-Pro-ONSu (0.62 g, 2 mmol) was added, and the mix

ture was stirred for 35 min at room temperature. The mixture was 

filtered and the solvent was removed in vacuo on a rotary evaporator at 

room temperature. The residue was dissolved in 6 ml of EtOH and 12 ml 

of EtOAc and placed in the freezer overnight. The precipitate was fil

tered off and dried in vacuo: wt. 0.3 g; mp 121-123°. The mother 

liquor was evaporated to dryness on a rotary evaporator in vacuo at room 

tempearture. The residue was dissolved in 5 ml of methanol and 5 ml 

water and kept at 0-5° for 24 hr. The precipitate was filtered off, 

washed with 2 ml of MeOH-Î O (1:1), and dried hi vacuo: wt. 0.6 g; mp 

120-123°. Combined yield 0.9 g (901). Ir spectrum (nujol): NH, at 

-1 -1 3170 cm ; C=0, a broad strong peak at 1650 cm , aromatic ring, 770 

cm""'" and 820 cm Nmr spectrum (DMSO): aromatic protons at 66.95; 

prolyl (J protons at 63.28; a peak at 62.20 for the protons of the two 

methyl groups on the aromatic ring; a multiplet at 61.80 for the prolyl 
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and the leucyl 0 protons; a peak at 61.35 for the (CH3)3C protons; a 

doublet at 60.84 for the Leu methyl protons. 

Synthesis of £-Toluenesulfonate Salt 
of Leu-OBzl 

This compound was prepared as described (Zervas, Winitz, and 

Greenstein 1957). A mixture of leucine (8.66 g, 66 mmol), p-toluene-

sulfonic acid monohydrate (14.3 g, 75 mmol), and benzyl alcohol (10.77 

g, 95 mmol, distilled from and stored over Linde 4A molecular sieves) in 

60 ml of benzene was prepared. The mixture was heated under reflux and 

the liberated water was being removed azeotropically by means of Dean-

Stark distilling receiver. Water (2.65 ml) along with 25 ml of benzene 

was collected. The mixture remaining in the flask stood overnight at 

room temperature., The precipitate was then triturated with 200 ml of 

ethyl ether, filtered off, and washed with three 50-ml portions of 

ether. The solid material was dissolved in 200 ml of boiling chloro

form, cooled to room temperature, and recrystallized by gradual addition 

of ethyl ether (250 ml). The precipitate was filtered off and dried in 

vacuo: wt. 24.01 g. This was recrystallized from EtOH-Et20: wt. 20.6 

g (75.3%); mp 156-158° (lit 158.5-160°, Zervas et al. 1957). 

Synthesis of Boc-Gly-Gln(DPM)-OBzl 

A solution of Boc-Gln(DPM)-OBzl (1.00 g, 2 mmol) in 15 ml of 

TFA, 13 ml of methylene chloride and 2 ml of anisole was stirred at room 

temperature for 30 min. The solvents were removed m vacuo on a rotary 

evaporator. The residue was shaken in 15 ml of ethyl ether, and ether 

was evaporated to dryness. The residue was dissolved in 10 ml of 
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1,2-dimethoxyethane, 2 g of Rexyn 201 ( OH cycle) was added, and the 

mixture was stirred for 1 hr at room temperature. The Rexyn was fil

tered off, washed with three 5-ml portions of 1,2-dimethoxyethane, and 

the solvent was evaporated to dryness in vacuo on a rotary evaporator. 

Boc-Gly (0.35 g, 2 mnol) was added, the mixture was dissolved in 100 ml 

of 1,2-dimethoxyethane, and cooled to 0°. To this solution was added 

DCC (0.45 g, 2.2 mmol), and the mixture was allowed to remain for 8 hr 

at 0-5°. DCHU was filtered off and washed with two 5-ml portions of 

cold 1,2-dimethoxyethane. The solvent was evaporated to dryness and the 

residue was recrystallized from 20 ml of EtOAc and 80 ml of pet ether 

(30-60°); wt. 0.64 g (54.5%); mp 65-67°. Ir spectrum (nujol): broad 

-1 -] -1 
C=0 peak, 1730-1630 cm ; aromatic ring 720 cm , and 690 cm . Nmr 

spectrum (DMSO): two merged peaks at 67.30 for the protons of the three 

phenyl groups; a singlet at 65.12 for the -O-Q̂ 'Ph protons, a singlet 

at 61.39 for the (CĤ C protons. 

Synthesis of Boc-Gln(DPM)-Leu-OBzl 

This compound was prepared in the same manner as described for 

the preparation of Boc-Gly-Gln(DPM)-OBzl from the p-toluenesulfonate 

salt of benzyl leucinate (0.80 g, 2 mmol) and Boc-Gln(DPM) (0.82 g, 2 

mmol). It was recrystallized from pet ether (30-60°)-EtOAc wt. 0.77 g 

(62.61); mp 158-160°. Ir spectrum (njuol): NH, 3300 cm C=0 groups, 

-1 -1 -1 -1 -1 1730 cm , 1680 cm , 1660 cm , and 1640 cm ; aromatic rings 746 cm 

and 695 cm Nmr spectrum (DMSO): two merged peaks at 67.30 for the 

protons of the three phenyl groups; a singlet at 65.10 for the -O-Q̂ -Ph 



protons; a peak at 61.36 for the (Ciŷ C protons; a peak at 60.86 for 

the (CH-̂ C protons. 

Synthesis of Boc-Asn(2,4-Me2Bzl)-Gln(DPM)-OBzl 

This compound was prepared essentially as described for Boc-Gly-

Gln(DPM)-OBzl from Boc-Gin(DPM)-OBzl (1.00 g, 2 mmol), DCC (0.45 g, 2.2 

mmol), and Boc-Asn(2,4-Me2Bzl) (0.68 g, 2 mmol]. However, after the re

moval of the DCIIU by filtration the solution was decanted into 30 ml of 

cold water. The precipitate was filtered off, washed with three 10-ml 

portions of cold water-l,2-dimethoxyethane (4:1), and dried in vacuo: 

wt. 0.87 g (59.21); mp 176-178°. Ir spectrum (nujol): NH, 3180 cm 

C=0 groups at 1710 cm \ 1680 cm \ and 1640 cm C-O, 1265 cm 

-1 -1 -1 -1 aromatic rings 870 cm , 805 cm , 740 cm and 695 cm . Nmr spectrum 

(DMSO): two merged peaks at 67.29 for the three phenyl groups protons; 

a singlet at 65.11 for the -O-Q̂ -Ph; a peak at 62.22 for the two methyl 

groups on the ring; a peak at 61.38 for the (CĤ C protons. 

Synthesis of Boc-Gly-Asn(2,5-Me2-4-MeOBzl)-OBzl 

This compound was preapred as described for Boc-Gly-Gln(DPM)-

OBzl from tert-butyloxycarbonylglycine (0.35 g, 2 mmol), DCC (0.45 g, 

2.2 mmol), and Boc-Asn(2,5-Me2"4-MeOBzl)-OBzl (0.94 g, 2 mmol), and it 

was recrystallized from pet ether (30-60°)-EtOAc to give 0.62 g (59.5%); 

mp 97-99°. Ir spectrum (nujol): NH, 3300 cm C=0 groups, 1745 cm \ 

1690 cm \ 1660 cm \ and 1630 cm aromatic rings; 878 cm \ 750 cm 

and 695 cm Nmr spectrum (DMSO): a singlet at 67.32 for the phenyl 

group protons; two singlets at 66.92 and 66.70 for the 2,4, and 5 

trisubstituted phenyl protons; a singlet at 65.08 for the -O-Q̂ -Ph 



protons; a singlet at 63.73 for the CĤ O protons; two singlets at 62.20 

and 62.08 for the two methyl groups protons; a peak at 61-38 for the 

(CH^C Photons. 

Synthesis of Boc-Gln(DPM)-Asn(2,4,5-
Mê Bzl)-OBzl 

A solution of Boc.-Asn(2,4,5-Me2Bzl)-OBzl (0.34 g, 0.75 mmol) in 

8.0 ml of TFA and 1.0 ml of anisole was stirred at room temperature for 

30 min. The solvents were removed on a rotary evaporatory in vacuo. 

Ethyl ether (20 ml) was added to the oily residue and a white precipi

tate formed. The ether was removed on a rotary evaporator under water 

aspirator pressure and the residue dried in vacuo overnight. The white 

crystals were dissolved in 8 ml of DMF (freed from amines by bubbling 

N£ gas into IMF bottle for 2 hr) and the pH was adjusted to 6.5 with N-

methylmorpholine. 1-Hydroxybenzotrizole (0.15 g, 1.13 mmol) and Boc-

Gln(DPM)-OBzl (0.31 g, 0.75 mmol) were added and the solution was cooled 

to zero degrees in a salt-water bath. The DCC (0.19 g, 0.9 mmol) was 

dissolved in 2 ml of DMF, added to the above solution, and the mixture 

stirred at 0° for 2 hr and at room temperature for 12 hr. HOAc (3 

drops) was added and the solution stirred for 10 min. The precipitate 

was filtered off and washed with 1.0 ml of DMF. To the yellow solution 

was added 20 ml of deionized water, and a precipitate formed immediate

ly. After 10 min the precipitate was filtered off, washed with two 4-ml 

portions of water, three 5.0-ml portions of ether, and dried in vacuo: 

yield 0.42 g (751); mp 174-176°. Ir spectrum (nujol): NH, 3180 cm 

C=0 groups, 1725 cm 1680 cm 1650 cm and 1625 cm C-O, 1275 

-1 -1 -1 -1 
cm ; aromatic rings, 865 cm , 730 cm , and 692 cm . Nmr spectrum 



82 

(EMSO): a singlet at 67.28 for the two phenyl groups protons; two peaks 

around 6.88-6.90 for the trisubstituted phenyl protons; a singlet at 

65.07 for the -O-CĤ -Ph protons; a singlet at 62.13 for the three methyl 

gropus protons; a singlet at 61.38 for the (CĤ Ĉ protons. 

Synthesis of Boc-Asn(DPM)-S-Bzl-Cys-0BzlN02 

This compound was prepared as described for Boc-Gln(DPM)-Asn~ 

(2,4,5-Me3Bzl)-OBzl from £-nitrobenzyl-S-benzylcysteinate-]3-toluene-

sulfonate (made by Dr. C. W. Smith at The University of Arizona, 

Department of Chemistry) (1.04 g, 2 nmol), DCC (0.45 g, 2.2 mmol), and 

Boc-Asn(DPM) (0.8 g, 2 mmol), starting with the neutralization of the 

tosyl salt. After the DCHU was filtered off, deionized water (40 ml) 

was added, and a precipitate began to form almost immediately. The 

precipitate was filtered off, washed with 4 ml of deionized water, three 

20-ml portions of ethyl ether, and dried in vacuo: yield, 1.14 g. This 

product was dissolved in 15 ml of hot EtOAc and placed in the freezer 

for 30 min. The precipitate was filtered off, washed with two 2-ml por

tions of EtOAc, two 6-ml portions of ether, and dried in vacuo: yield, 

1.11 g (76.61); mp 170-171.5°. Ir spectrum (nujol): NH, 3300 cm 

-1 -1 -1 C=0 groups, 1750 cm , 1690 cm , 1650 cm (probably two merged peaks); 

NC>2» 1165 cm *; aromatic rings, 860 cm 750 cm \ and 695 cm Nmr 

spectrum (DMSO): four singlets at 68.28, 68.13, 67.68, and 67.54 for 

the para substituted phenyl protons; a singlet at 67.28 for the two 

phenyl groups protons; a singlet at 65.24 for the -O-Ô -PhNĈ  protons; 

a singlet at 63.76 for the S-CĴ -Ph; a singlet at 61.36 for (CĤ Ĉ 

protons. 



Synthesis of Boc-Gln(DPM)-Asn(DPM)-
S-Bzl-Cys-0BzlN02 

This compound was prepared in the manner described for the syn

thesis of Boc-Gln(DPM)-Asn(2,4,5-Mê Bzl)-OBzl from Boc-Gln(DPM) (0.41 

g, 1.0 mmol), DCC (0.23 g, 1.1 nmol) and Boc-Asn(DPM)-S-Bzl-Cys-OBzlNC>2 

(0.73 g, 1 mmol). After the DCHU was filtered off, the compound was 

precipitated from the solution by the addition of deionized water (45 

ml). After 20 min the precipitate was filtered off, washed with two 5-

ml portions of water, 4 ml of EtOAc, 4 ml of ether, 4 ml of EtOAc, 3 ml 

of EtOH, and finally with two 4-ml portions of ether. It was dried in 

vacuo: yield, 0.63 g (61.81); mp 184.5-187°. Ir spectrum (nujol): NH, 

3220 cm \ C=0 groups 1750 cm *, 1690 cm 1645 cm * (the peak is 

stronger and broader and it is probably the absorption for more than one 

C=0 groups); NĈ , 1170 cm aromatic rings, 845 cm 735 cm and 690 

cm Nmr spectrum (EMSO): four peaks at 68.21, 68.08, 67.62, and 

67.44; a singlet at 67.22 for the five phenyl groups protons; a singlet 

at 65.20 for the -O-CÎ -PhNĈ  protons; a singlet at 63.64 for the 

S-Ĝ -Ph protons; a singlet at 61.38 for the (CĤ Ĉ protons. 

Synthesis of Glycinylasparagine 

Boc-Gly-Asn(2,5-Me2"4-MeOBzl)-OBzl (0.37 g, 0.7 mmol) and 

anisole (1.0 ml, 9.3 mmol) were placed in a Teflon cleavage vessel. The 

vessel was attached to the HF cleavage apparatus and 20 ml of anhydrous 

HF (distilled from CoF̂ ) was collected into the vessel. The mixture was 

stirred for 90 min at 22°. The HF was removed under reduced pressure 

and the residue dried in vacuo for 10 hr. The dried residue was dis

solved in ethanol and the solution was passed through a column of 
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Dowex 50, X-8 (50-100 mesh; H+ form; about 6 ml of the resin were used). 

The column was washed with water until the washings became neutral. The 

product was eluted with 6 N ammonia. The solution was concentrated and 

lyophilized. The crystalline residue was recrystallized from ethanol-

water: yield, 66 mg (501); mp 216-219° (lit 220°, Leach and Lindley 

1954). 

Synthesis of Glutaminylasparagine 

This compound was prepared as described for the Gly-Asn from 

Boc-Gln(DPM)-Asn(2,4,5-MejBzl)-OBzl (0.32 g, 0.41 mmol), anisole (1.0 

ml, 9.30 mmol), and anhydrous HF (25 ml). After drying in vacuo for 

10 hr, the residue was dissolved in water and the solution was passed 

through a column of Dowex 50, X-8 (50-100 mesh; H+ form; about 5 ml of 

resin was used). The column was washed with water until the washings 

became neutral. The product was concentrated under reduced pressure and 

lyophilized. After dissolving the residue in 0.7 ml of water, 25 ml of 

ethanol was added and the solution was placed in the freezer overnight. 

The precipitate was filtered off, washed with two 4-ml portions of 

water-ethanol (1:40) and dried in vacuo: yield, 65.5 mg (60%); mp 208-

210 (lit 210-211°, Swan and du Vigneaud 1954). 

Attempted Synthesis of Pro-Leu-Gly-nh2 

This compound was prepared as described for glycinylasparagine 

from Boc-Pro-leu-Gly-NH(2,4-Me2Bzl) (0.35 g, 0.7 mmol) anisole (0.75 ml, 

0.7 mmol) and HF (20 ml). The high-vacuum dried sample was dissolved in 

methanol and the solution was passed through a column of Dowex 50, X-8 

(50-100 mesh; H+ form; about 5 ml of the resin was used). The column 



85 

was washed thoroughly with water until the washings became neutral. The 

product was eluted with 6 N ammonia. The elute was concentrated under 

reduced pressure and lyophilized. The crystalline material was dis

solved in warm water CI nil) and placed in the refrigerator for 3 days. 

The precipitate was filtered off and dried in vacuo: yield 59.7 mg 

(30%); mp 118-121° (lit 119-120°; Stewart 1966). 

Conclusion 

The DCC coupling methods were used to attach carboxamide-

protected asparagine or glutamine residue to another amino acid or to 

the peptide. No absorptions were detected in the triple bond absorption 

region from the infrared spectra of all the peptide containing 

carboxamide-protected glutamine or carboxamide-protected asparagine res

idue synthesized by the DCC methods. Moreover, no other side products 

were detected in the final products. 

The synthesis of Boc-Asn(DPM)-S-Bzl-Cys-0BzlN02 and Boc-Gln-

(DPM)-Asn(DPM)-S-Bzl-Cys-0BzlNC>2 in relatively good yields seem to indi

cate that a bulky carboxamide protecting group such as DPM does not 

sterically hinder or dramatically slow down the coupling step. 

Treating Boc-Gly-Asn(2,5-Me2"4-MeOBzl)-OBzl and Boc-Gln(DPM)-

Asn(2,4,5-MejBzl)-OBzl with HF gave Gly-Asn and Gln-Asn, respectively. 

After drying in vacuo for 10 hr, the dipeptide was dissolved in a con

venient solvent and passed through a column of Dowex 50. The purpose 

of doing this was to remove excess HF. Studies have shown that the HF 

molecule has a strong affinity for peptide and 10 hr of drying iri vacuo 
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would not remove the excess HF from the peptide (Sakakibara et al. 

1968). 

The HF cleavage of Boc-Pro-leu-Gly-jNH(2,4-Me2Bzl) gave a low 

yield of the desired peptide, Pro-leu-Gly-N̂ . It is probable that 

2,4-Me2Bzl was not cleaved completely by HF or that most of the desired 

material was lost during the purification of the tripeptide on the 

column. 



CHAPTER 6 

APPLICATION OF CARBOXAMIDE PROTECTED ASPARAGINE AND 
GLUTAMINE DERIVATIVES IN THE SOLID-PHASE PEPTIDE 

SYNTHESIS OF NEUROHYPOPHYSICAL HORMONES 

Studies on new protecting groups in peptide chemistry are not 

complete until they are applied in peptide synthesis. In this section 

some of the carboxamide protecting groups will be used to protect car-

boxamide groups of asparagine and glutamine and applied in the solid-

phase peptide syntheses of some neurohypophyseal hormone analogs. 

The successful synthesis of oxytocin (Figure 3), one of the nine 

natural occurring neurohypophyseal hormones, a score years ago (du 

Vigneaud et al. 1953) opened a new era to the syntheses and studies of 

polypeptide hormones and related compounds. For example, since 1953 

over 200 analogs of oxytocin and vasopressin have been synthesized in an 

effort to establish relationships between the chemical structure and the 

biological activities of these hormones (Berde and Boissonnas 1968). In 

our laboratories several analogs and their ring and side chain moieties 

have been synthesized by both classical and solid-phase peptide methods 

and their chemical structures and biological activities studied (Bower, 

Hadley, and Hruby 1971; Brewster et al. 1973; Hruby, Smith et al. 

1972). A continuation of these investigations prompted us to test the 

applicability of some of the carobxamide protecting groups that we had 

developed by using carboxamide-protected glutamine and asparagine in 

87 
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NH, 

•CH CO NH CH CO NH CH CH CH, 

CO 

NH 

CH. CO NH. •CH, 

CO 

NH. 

•NH CH- CONH. 

Figure 3. Structure of Oxytocin. 

The numbers indicate the position of the individual amino acid residue. 
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2 4 4 solid-phase peptide syntheses of [Phe ,Leu ]oxytocin, [Thr ]glumitocin, 

and [e-MPT̂ ,Thr̂ ]glumitocin. 

2 4 Solid-Phase Synthesis of [Phe ,Leu ]oxytocin 

Structure-activity relationship studies of the neurohypophyseal 

hormone, oxytocin, have shown that replacement of one or more amino acid 

residue with another amino acid at the 2̂ _5, 7, or 8 position of the 

hormone can afford an analog with dramatically different biological ac

tivities from the natural hormone (for a recent review see Rudinger and 

Krejci 1968). The [Leu*]oxytocin, an analog of oxytocin, where the Gin 

residue is replaced by the Leu residue at position 4̂ , possesses anti-ATH 

activity; inhibits the toad bladder response to the hydroosmotic activ

ity of arginine; and possesses considerable diuretic and natriuretic 

effects during both water diuresis and vasopressin-surpressed water di

uresis in rats (Chan et al. 1968; Hruby, Fluoret, and du Vigneaud 1969; 

Chan and du Vigneaud 1970; Chiu and Sawyer 1970). [Asp̂ ]oxytocin and 

[Ser̂ ]oxytocin were found to block the antidiuretic effect of ADH (Datta 

and Chaudhury 1968 and 1970). It was also recently reported that 

[Leû ,Leû ]oxytocin, [Ilê ,Ilê ]oxytocin, [Leu\ Leu*] oxytocin, and 

4 8 
[Leu ,Ile ]oxytocin have natriuretic-diuretic activities (Rudinger et 

al. 1969; Hruby and Chan 1970; Hruby, du Vigneaud, and Chan 1970; Wille, 

du Vigneaud, and Chan 1972). Only the former analog is an inhibitor to 

2 4 
oxytocin in the oxytocic in vitro assay system. The [lie ,Leu ]oxytocin 

2 4 and [Phe ,Leu ]oxytocin were found to possess weak pressor activities 

and to have no anti-diuretic activities (Hruby et al. 1973). The fonner 

compound has a mild natriuretic-diuretic activity. 
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The [Phê ,Leu*]oxytocin was synthesized as described (Hruby et 

al. 1973). The benzylhydryl amine resin suggested recently (Pietta and 

Marshall 1970) was developed and used to prepare the precursor peptide 

by the solid-phase method (Merrifield 1963). The diphenylmethyl pro

tecting group was used for the carboxamide group of asparagine, and this 

residue as well as other residues was coupled to the peptide resin with 

DCC. HF was simultaneously used to cleave the peptide from the resin 

[Cys (4-MeOBzl)-Phe-Ile-Ile-Asn(DPM)-Cys (4-MeOBzl)-Pro-Leu-Gly-NHResin] 

and to remove all protecting groups. After the HF cleavage, the solid was 

washed with four 30-ml portions of EtOAc and dried in vacuo. The pep

tide material was extracted into four separate 30-ml portions of 1 N 

HOAc. The resin was washed with 200 ml of deionized water, and the 

total volume was brought to 400 ml with deionized water. The pH was 

adjusted to 8 with 3 N NĤ , and the disulfide bond was formed by oxida

tion with 0.01 M KjFe(CN)̂  (see Appendix B for further details). 

Solid-Phase Synthesis of Glumitocin Analogs 

Another investigation has been focused on 4-threonine analogs . 

of oxytocin. It has been reported that [g-MPÂ ]oxytocin where the Cys 

residue at position 1_ of oxytocin is replaced by B-mercaptopropionic 

acid [g-MPA] is more potent than the parent oxytocin (Hope, Murti, and 

14 4 
du Vigneaud 1962). Recently [3-MPA ,Thr ]oxytocin, [Thr ]oxytocin, 

A 1 A 

[Thr ]mesotocin and [Leu ,Thr ]oxytocin were synthesized by the solid-

phase method and their biological activities were studied (Manning and 

Sawyer 1972). The results of the biological activity studies of these 
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compounds along with those of mesotocin (Cys-Tyr-Ile-Gln-Asn-Cys-Pro-

3 
Ile-Gly-Nf̂ )>[Leu ]oxytocin (Berde and Boissonnas 1968), glumitocin 

(Cys-Tyr-Ile-Ser-Asn-Cy's-Pro-Gln-Gly-M̂ ) (Manning et al. 1968), oxyto

cin, and [3-MPÂ "]oxytocin are listed on Table 6. [Thr*]oxytocin, which 

is obtained by substituting Thr for Gin at position 4 of oxytocin, is 

twice as active as oxytocin in the rat uterus assay system, is three 

times as active as oxytocin in the fowl vasopressor assay system, and is 

20% more active than oxytocin in the rabbit milk ejection assay. 

[3-MPÂ ]oxytocin is shown to be more than 1.8 times as active as oxyto

cin in the rat uterus assay system is more than twice as active as 

oxytocin in the fowl vasodepressor assay system, and is about 20% more 

active than oxytocin in the rat milk ejection assay system. [e-MPA*,-

Thr̂ ]oxytocin was found to be one-third as active as oxytocin and one-

sixth as active as [Thr̂ ]oxytocin and about one-half as active as 

[Thr̂ ]oxytocin in the fowl vasopressor assay system. All three oxytocin 

analogs ([Thr*]oxytocin, [g-MPA*]oxytocin, [g-MPA*,Thr*]oxytocin) are 

less active than oxytocin in the rat vasopressor and rat anti-diuretic 

assay systems. It was similarly found that [Thr̂ ]mesotocin, which dif-

4 fers from [Thr ]oxytocin by having an lie residue at position 8 instead 

of a Leu residue, is 1.8 times as active as mesotocin in the rat uterus 

assay system, three times as active as mesotocin in fowl vasodepressor 

assay system, but less potent than mesotocin in the rat vasopressor and 

3 4 
rat anti-diuretic assay systems. [Leu ,Thr ]oxytocin, where Thr is sub-

3 
stituted for Gin at position 4 of [Leu ]oxytocin is shown to be more 

3 
active than [Leu ]oxytocin in the rat uterus and fowl vasodepressor 

assay system. 



Table 6. Some Pharmacological Activities (in USP Units per Milligram) of Oxtocin, TThr ] oxytocin, 
[B-MPAl,Thr4]oxytocin, [Leu3]oxytocin, Mesotocin, [Thr̂ ]mesotocin, [B-MPA*]oxytocin, [Leu3, 
Thr̂ ]oxytocin, and Glumitocin. 

Hormone 

Amino 
Acid in 

4-position 

Amino 
Acid in 

8-position 

Rat 
Uterus 
in vitro 

Fowl 
Vaso

depressor 

Rabbit 
Milk 

Ejection 

Rat 
Vaso
pressor 

Rat 
Anti-

Diuretic 

Oxytocin Gin Leu 450 450 450 5 5 

[Thr̂ ]oxytocin Thr Leu 900 1480 540 0.43 3 

[g-MPA1,Thr4] oxytocin Thr Leu 150 780 - 0.1 0.9 

[6-MPÂ ] oxytocin Gin Leu 803 975 541 1.44 19 

Mesotocin Gin He 290 500 - 6.3 4.3 

[Thr4] mesotocin Thr lie 520 1545 - 1.08 2.6 

[Leu ]oxytocin Gin Leu 4.4 10 - 0.03 -

[Leu3,Thr4] oxytocin Thr Leu 26 54 - 0.1 -

Glumitocin Ser Gin 9.8 - 53 0.35 0.41 

Cys residue is replaced by 3-MPA in position 1. 

tsj 
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It is clear from these studies that replacing Gin with Thr at 

3 
position £ of oxytocin, mesotocin, and [Leu ]oxytocin and replacing Cys 

with 8-MPA at position 1_ of oxytocin and [Thr*]oxytocin enhance their 

biological activities in the rat uterus and fowl vasodepressor assay 

systems. Similar biological activity enhancements have also been shown 

by the [4-Threonine] analogs of arginine-vasopressin, lysine-

vasopressin, and arginine vasotocin (Manning et al. 1973). 
i 1 

Glumitocin (Cys-Tyr-Ile-Ser-Asn-Cys-Pro-Gln-Gly-NF̂ ) is known 

to show weak activity in the rat uterus (Klieger 1968; Manning et 

al. 1968). In an effort to find out whether substituting Thr residue 

for Gin residue at position 4̂  of glumitocin and [B-MPA"*"] glumitocin would 

lead to the similar biolojgical behavior as observed in the 4-threonine 

analogs mentioned above, we synthesized [Thr*]glumitocin and [g-MPA"'",-

Thr̂ ]glumitocin by the solid-phase peptide synthesis method. 

Experimental Section 

The Boc-Gly-OResin was prepared and the proceeding solid-phase 

peptide syntheses were carried out on an automated machine for solid-

phase peptide synthesis (Hruby, Barstow, and Linhart 1972). N° tert-

butyloxycarbonyl-protected amino acids were used. For the syntheses of 

4 14 [Thr ]glumitocin and [g-MPA ,Thr ]glumitocin, cysteine sulfhydryl groups 

were protected with 3,4-dimethylbenzyl (3,4-Me2Bzl) groups (Smith 1973). 

Threonine and serine hydroxyl groups and g-mercaptopropionic acid sulf

hydryl group were benzyl protected. The carboxamide groups of asparagine 

and glutamine were diphenylmethyl protected (Hruby, Muscio et al. 1972; 
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Hruby et al. 1973). All couplings were carried out using DCC in methyl

ene chloride. 

Preparation of Boc-Gly-OResin 

The first amino acid, Boc-Gly, was attached to the chloromethyl-

ated polystyrene resin cross-linked with II divinylbenzene (Stewart and 

Young 1969). To the solution of Boc-Gly (7.35 g, 42 mmol) in EtOH (60 

ml) and Et̂ N (5.3 ml, 38 mmol; 0.14 ml per 1.0 mmol; sp, gr. 0.723) was 

added 20 g (0.69 mmol of Cl/g) of chloromethyl resin (Bio Beads S X-l, 

200-400 mesh). The mixture was refluxed for 48 hr. The resin was col

lected on a Buchner funnel and washed with three 60-ml portions of EtOH, 

three 60-ml portions of Ĥ O, three 60-ml portions of MeOH, and three 

80-ml portions of Q̂ Ĉ . The resin, suspended in 100 ml of methylene 

chloride, was transferred into a separatory funnel and an additional 

300 ml of CH2CI2 was added. The mixture was stirred and allowed to 

stand, and two layers (resin floating in the top layer) separated. The 

bottom layer, carrying the suspended finest particles of resin, was dis

carded. This was repeated three times (each time with 300 ml of 

Q̂ Cl̂ ). The resin was filtered off and dried in vacuo: wt. 21.1 g. 

A portion of the resin (20 mg) was treated with TFA to remove the Boc 

protecting group and neutralized with diisopropylethylamine (DIEA). The 

amount of glycine attached to the resin was determined by the aldimine 

test (Esko, Karlson, and Porath 1968) as modified by Ehler (Ehler 1972) 

and was found to be 0.37 mmol/g. 
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Synthesis of Boc-Tyr(Bzl)-Ile-Thr(Bzl)-
Asn(DPM)-Cys(3,4-Me2Bzl-Pro-Gln(DPM)-
Gly-OResin 

The Boc-Gly-Oresin (5.41 g, 2 mmol of glycine; 0.37 mmol of 

glycine/g) from the previous step was placed in the solid-phase peptide 

synthesizing vessel and the cycles of deprotection, neutralization, and 

coupling were carried out for the introduction of each new residue in the 

peptide as shown in Table 7 (Hruby and Barstow 1972). The DCC in 

Ĝ Ĉ  (steps 7 and 12) was added to the reaction vessel before the Boc-

amino acid in was removed from the vessel. In all other steps 

the solvent or reagent introduced in the previous step was removed from 

the reaction vessel before the next step was begun. 

Two 20-min couplings of each amino acid [except for Boc-Gln-

(DPM) where two 30-min couplings were used] were employed using equi-

molar Boc-amino acid (1.25 mmol) and DCC (1.25 mmol). The ninhydrin 

method (Kaiser et al. 1970) was used to monitor the extent of the cou

pling step (a ninhydrin test was run just before step 2), and in each 

case the coupling appeared to be quantitative. The ninhydrin test after 

the first 30-min coupling step of Boc-Gln(DPM) indicated the coupling 

was over 90% and by the end of the second 30-min coupling it was quan

titative. After the coupling of Boc-Tyr(Bzl) was completed, the 

octapeptide-OResin was dried and split into two equal portions for 

further use. 
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Table 7. Sequence Used in Solid Phase Synthesis. 

Step Purpose 

Solvent 
or 

Reagent 
Volume 
(ml) 

Time 
min 

Number 
of 
Times 

1 Washing CH2
C12 40 1 4 

2 De-
protecting 

TFA-CH2Cl-Anisole 
48:50:2 

40 7 2 

3 Washing ffl2C12 
40 1 3 

4 Neutraliz
ing 

diea-ch2ci2 

10:90 
40 2 2 

5 Washing ®2C12 40 1 4 

6 Coupling Boc-AA—ch2c12 20 - -

7 Coupling dcc-ch2ci2 20 20 1 

8 Washing CH2C12 40 1 2 

9 Washing EtOH 40 1 3 

10 Washing ch2C12 40 1 4 

11 Coupling Boc-AA—ch2c12 20 - -

12 Coupling dcc-ch2ci2 20 20 1 

13 Washing 40 1 2 

14 Washing EtOH 40 1 3 
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Synthesis of Cys(3,4-Me2Bzl)-Tyr(Bzl)-
Ile-Thr(Bzl)-Asn(DPM)-Cys(3,4-Me2Bzl)-

Pro-Gln(DPM)-Gly-OResin 

One of the two halves of the protected octapeptide-OResin from 

the previous synthesis was placed in a 80-ml solid-phase peptide synthe

sis vessel and steps 1-14 were performed for the coupling of Boc-Cys-

(3,4-Me2Bzl). For each of the steps l_-5̂ , 8fl0, and 15-14, 30 ml of 

solvent or reagent was used and for each of steps 6_, 7_, 11 and K, 15 ml 

of the required reagent was used. In each of the two-20 min couplings 

equimolar [Boc-Cys(3,4-Me2Bzl) (1.25 mmol) and DCC (1.25 mmol)] were 

used. Steps 1̂ _5 were repeated in order to deprotect the last Boc group 

and to neutralize the peptide-OResin. The nonapeptide-OResin was washed 

with three 40-ml portions of CH2CI2, three 40-ml portions of EtOH, four 

40-ml portions of CH2CI21 and dried in vacuo: yield 4.67 g. Subsequent 

steps that led to the complete synthesis of [Thr*]glumitocin were per

formed by Dr. Arno Spatola (Department of Chemistry, The University of 

Arizona). 

Synthesis of 8-MPA(Bzl)-Tyr(Bzl)-
Ile-Thr (Bzl) -Asn(DPM) -Cys (3,4-Me?~Bzl) -
Pro-Gin(PPM) -Gly-OResin 

This compound was prepared from the second half of the Boc-Tyr-

(Bzl)-He-Thr(Bzl)-Asn(DPM)-Cys(3,4-Me2Bzl)-Pro-Gln(DPM)-Gly-OResin and 

S-Bzl-B-MPA (2.5 mmol) as described for Cys(3,4-Me2Bzl)-Tyr(Bzl)-Ile-

Thr(Bzl)-Asn(DPM)-Cys(3,4-Me2Bzl)-Pro-Gin(DPM)-Gly-OResin. In each of 

the two-20 min couplings, equimolar S-Bzl-3-MPA (1.25 nmol) and DCC (1.25 

mmol) were used. The S-(Bzl)-s-MPA-octapeptide-OResin was dried in vacuo 

to give 4.45 g. 
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Synthesis of 8-MPA(Bzl)-Tyr(Bzl)-Ile-
"Inr (Bzl)-Asn(DPM)-Cys (3,4-Me2Bzl)-Pro-

Gin (PPM) -Gly-NH2 

Anhydrous MeOH (120 ml) was cooled to -5° and saturated with 

NHj (distilled from sodium) for 45 min. e-MPA(Bzl)-Tyr(Bzl)-Ile-Thr-

(Bzl)-Asn(DPM)-3,4-Me2Bzl-Pro-Gln(DPM)-Gly-OResin (4.45 g) was added. 

The flask was stoppered and the stopper was wired tightly to the flask. 

The mixture was stirred in a closed dessicator containing drying reagent 

(CaSÔ ) for a period of 4 days. The ammonia was slowly aspirated off 

for 4 hr and MeOH was removed on a rotary evaporator under aspirator 

vacuum at room temperature. About 90 ml of IMF was added and the mix

ture was stirred for 4 hr at 45° and for 12 hr at room temperature. The 

resin was filtered off and washed with three 45-ml portions of DMF. The 

solvent was stripped off on a rotary evaporator in vacuo. The yellow 

oily residue was dissolved in 15 ml of DMF, 230 ml of deionized water 

was added with swirling, and the mixture was placed in the refrigerator 

at 4° for 14 hr. The precipitate was filtered off and dried in vacuo: 

wt. 1.45 g (85.3% based on glycine substitution); mp 246-248°. The 

compound showed no absorption in the triple bond region of the Ir spec

tra (KBr and nujol). 

1 4 
Synthesis of [3-MPA ,Thr jglumitocin 

A sample of 6-MPA(Bzl)-Tyr(Bzl)-Ile-Thr(Bzl)-Asn(DPM)-Cys(3,4-

Me2Bzl)-Pro-Gln(DPM)-Gly-NH2 (0.341 g, 0.2 nmol) was placed in a Teflon 

cleavage vessel and 1.5 ml of anisole was added. The vessel was placed 

in an HF cleavage apparatus and 30 ml of anhydrous HF (distilled from 

CoFj) was collected into the vessel. The mixture was stirred at 20° for 
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90 min. The HF was distilled off under reduced pressure and the peptide 

material was dried in vacuo for 90 min. The residue was dissolved in 6 

ml of 20% aqueous HOAc and this solution was added to 150 ml of water. 

The solution was diluted with 400 ml of deionized water. The pH was 

adjusted to 8 with 3 N ammonium hydroxide, and the solution was oxidized 

with 40 ml of 0.01 N aqueous potassium ferricyanide. After stirring for 

30 min, the pH was adjusted to 5 with glacial acetic acid. Rexyn 203 

(CI form) was added to remove ferro and excess ferri ions, and the 

solution was stirred at room temperature for 20 min. The resin was fil

tered off and the solution was evaporated to about 200 ml under reduced 

pressure at 30° and lyophilized. The residue was dissolved in 6 ml of 

50% aqueous HOAc and applied to a 120 x 1.8 cm column of Sephadex G-15 

that had been equilibrated with 50% acetic acid. The column was eluted 

with 50% HOAc and 117 fractions of 5 ml each were collected. The frac

tions corresponding to the peptide material (tubes 27-45) as determined 

on the Gilford Spectrophotometer (280 nm) were pooled and tubes were 

washed with 200 ml of deionized, deaerated water. The solution was 

evaporated to about 25 ml under reduced pressure and lyophilized: wt. 

197 mg. This material was dissolved in 6 ml of 50% aqueous HOAc and re-

gelfiltrated on the same column. Seventy fractions of 4.95 ml each were 

collected. The fractions corresponding to peptide material as deter

mined by Gilford Spectrophotometer (tubes 34-42) were pooled. The tubes 

were washed with 150 ml of ̂ 0 and lyophilized: wt. 89.7 mg. Sixty mg 

of this material was dissolved in 4 ml of 20% aqueous HOAc and 4 ml of 

0.2 N HOAc and placed on a 2.8 x 65 cm column that had equilibrated with 

0.2 N HOAc for gel filtration (Porath and Flodin 1959). One hundred and 
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twenty fractions of 3.2 ml (tubes 1-10 and 32-120) and 5.2 ml (tubes 11-

31) each were collected. The fractions corresponding to the major peak 

(tubes 73-92) were pooled and the tubes were rinsed with 150 ml of wa

ter. The solution was lyophilized: wt. 35.46 mg. Amino acid analysis 

after 22 hr hydrolysis in 6 N HC1 at 110° gave the following ratios: 

Asp, 1.00; Cys, 0.14; mixed disulfide of Cys and B-MPA, 0.84; Glu, 0.95; 

Gly, 1.10; lie, 1.22; Tyr, 1.00; Thr, 1.10; Pro, 1.00. The compound 

gave a single spot on TLC in solvent systems C, D, and E. 

Conclusion 

In solid phase peptide synthesis Boc-Asn and Boc-Gln cannot be 

coupled to the growing peptide chain by DCC due to the formation of many 

side products induced by the unprotected carboxamide side chain. The 

activated ester coupling procedure generally requires long reaction 

periods and coupling is often incomplete. Moreover, side reactions can 

occur under certain conditions of peptide synthesis. We have success-

CA 
fully utilized tert-butyloxycarbonyl-N -diphenylmethylasparagine for 

2 4 CA the synthesis of [Phe ,Leu ]oxytocin and tert-butyloxycarbonyl-N -

CA diphenylmethylasparagine and tert-butyloxycarbony1-N -diphenylmethyl-

glutamine for the synthesis of [6-MPA*,Thr̂ ]glumitocin and 

Cys(3,4-Me2Bzl)-Tyr(Bzl)-Ile-Thr(Bzl)-Asn(DPM)-Cys(3,4-Me2Bzl)-Pro-Gln-

(DPM)-Gly-OResin (precursor of [Thr*]glumitocin). These residues were 

coupled to the growing peptide chain at the appropriate places using DCC 

as the coupling agent, and the coupling did not require special treat

ment. The diphenylmethyl protecting group along with sulfhydryl pro

tecting groups was completely removed by liquid HF. The successful 
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utilization of the diphenylmethyl group as a protecting group for the 

carboxamide side chain groups of asparagine and glutamine residues in 

the solid phase synthesis of the above mentioned peptides has brought 

the following improvements in solid phase peptide synthesis: shortened 

the coupling period of the asparagine and glutamine residues to the 

growing peptide chain; allowed the use of DCC in coupling these residues 

to the growing peptide chain; prevented the formation of side products 

induced by the unprotected carboxamide side chain group during the ini

tial coupling step of Asn or Gin residue and the subsequent steps; 

assured a complete coupling of the Asn or Gin residue to the growing 

peptide chain. 

2 4 [Phe ,Leu ]oxytocin was found to possess weak pressor activities; 

a weak natriuretic activity; no anti-diuretic activities; and no detect

able oxytocic activity when assayed in the isolated uterus in a Mĝ +-

free van Dyke-Hastings solution. This compound inhibited the oxytocic 

response of oxytocin, and its inhibitory activity was found to be depen-

2+ 2+ 
dent on the Ca concentration. Increasing the Ca concentration from 

0.5 to 1.0 mM/1 reduced its inhibitory activity. The biological activi

ties of the glumitocin analogs are under investigation. 
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APPENDIX A 

LIST OF ABBREVIATIONS 

Name 

Carboxamide Protecting Groups 

Formula Abbreviation 

3,4-Dimethoxybenzy1 

CH30 

ch3o- -ch2- 3,4-Me02Bzl 

2,3-Dimethylbenzyl ch, u 
3 

^-ch, 2,4-Me2Bzl 

2,5-Dimethyl-4-
methoxybenzyl CH. 

CH, 

CH 
3 

CH, 2,5-Me2-4-
MeOBzl 

1-(3,4-Dimethylphenyl)-
ethyl 

CH 
3 

CH 

l-(3,4-Me2P)E 

1,2-Diphenylethyl <0>-CH„-CH-

n 
I,2-dpe 
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Name Formula 
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Abbreviation 

Diphenylmethyl (  < (  ) > 4 - oCH-
DPM 

Furfuryl 
ft 

CH„-
Fur 

4-Methoxybenzyl 4-MeOBzl 

2-Methoxy-l-
naphthalenemethyl 

2-MeO-l-NM 

4-Methoxy-l-
naphthalenemethyl 

a13°<D)-a12 

n 
4-MeO-l-NM 

1-(4-Methoxyphenyl) • 
ethyl 

ai3°- 1-(4-MeOP)E 



Name 

1-Naphthalenemethy1 

1-Phenylethyl 

2,3,4-Trimethoxy-
benzyl 

2,4,5-Trimethylbenzyl 

2,4,6-Trimethylbenzyl 

Formula 

-CH-

CH, 

CH. 

CH. 

CH, 
3 

104 

Abbreviation 

1-NM 

PE 

2,3,4-Me03Bzl 

2,4,5-MejBzl 

2,4,6-Me2Bzl 
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Amine Protecting Groups 

Name Formula Abbreviation 

Benzyloxycarbonyl 

0 
li 

tert-butyloxycarbony1 (CH3)3C-0-C- Boc 

Carboxyl Activating and Protecting Groups 

Benzyl ester _CH _Q_ OBzl 

N-Hydroxysucc inimide 
ester 

-0- ONSu 

£-Nitrobenzyl ester N02\\)/ OBzlNO. 
2 
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Sulfhydryl and Hydroxy Protecting Groups 

Name Formula Abbreviation 

Benzyl CH„- Bzl 

CH 
3>—\ 

3,4-Dimethylbenzyl CĤ - *̂ 2 3,4-Me2Bzl 

4 -Methoxybenzy 1 ai5(KQ)'CH  ̂ 4-MeOBzl 

Other Chemicals 

Acetic Acid CHJCOOH HOAc 

Anisole -O-CH, 

Benzyl Alcohol 
-CH2-OH 

BzlOH 

Benzyl Bromide 
Oi2-Br BzlBr 



Name Formula 
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Abbreviation 

Boron tristrifluoro-
acetate 

(CF3COO)3B BTFA 

Bromotrichloromethane Br(Cl)3C 

1-Butanol 

tert-Butanol 

CH3-CH2-CH2-CH2-OH 

(CH3)3-C-OH 

1-BuOH 

t-BuOH 

Dicyclohezylamine <£>->«-<T> DCHA 

Dicyclohexylcarbo-
diimide 

0-N=C=N̂ ) DCC 

Dicyclohexylurea (7) -nh-?-NH-̂ T̂  DCHU 

Diethyl ether CH3-CH2-O-CH2-CH3 Et20 

Diisopropyl ether 

CH, 

H-C-O- -H i-Pr20 
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Name Formula Abbreviation 

Diisopropylethylamine Ĥ -Ijl-Q-H DIEA 

13 2̂ ̂"3 

3̂ 

CH„ 

,8-« 1,2-Dimethyl-4-acetyl- CH,- >-C-CH_ 
benzene 

®3V-x 

0-Xylene 3̂ 

N,N-Dimethy If ormamide n-C-H EMF 

qj. 

Dimethyl Sulfoxide ^̂ S=0 DMSO 

Ethanol CH3"CH2-0H EtOH 

Ethyl Ether CH3-CH2-0-CH2-CH3 Et20 
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Abbreviation 

Ethyl Acetate 

Hydrogen Fluoride 

ch3-oooh 

HF 

EtOAc 

Isopropyl Alcohol H-t-O-H i-PrOH 

g-Mercaptopropionic 
Acid 

H-S-CH2-CH2-COOH e-MPA 

Methanol CHJ-O-H MeOH 

Sodium Acetate 

Tetrahydrofuran 

CHj-000 Na 

ft 

NaOAc 

THF 

Triethyl phosphite 

Trifluoroacetic Acid 

(ô ayô p 

CFJCDOH 

(EtO)jP 

TFA 

Tr iphenylphosphine )x-P (Ph)3P 
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Abbreviation 

Triphenylphosphine 
oxide 

)3p° (Ph),PO 

Aspartic and Glutamic Acids and Their Derivatives 

The 4-methoxybenzyl group is used to illustrate how to write 

the name, formula, and abbreviation of the carboxamide-protected amino 

acid. 

Name 

Asparagine 

Formula 

NH2-CH-COOH r 2 ̂ 2 
Abbreviation 

Asn 

Aspartic Acid 
NH2-CH-COOH 

GH--C00H 
Asp 

u. 

a-Benzyl tert-butyl-
oxycarbonylaspartate 

(ay 3C-O-?-NH-CH-COOC.2 
CH2-COOH 

a-Benzyl tert-butyl- (CH 
oxycarbonylglutamate 

Boc-Asp(a-Bzl) 

(CHO)O-C00H 

3,̂ -0-^1-0000,̂  Boc-Glu(a-Bzl) 



Name Formula 
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Abbreviation 

a-Benzyl tert-butyloxy-
carbonyl-N̂ - 4 -methoxy-
benzylasparaginate 

(CH l3)3C-0-{. NH-CH-OOOCH, 

h 

DNH-CH-

n 
jch, 

Boc-Asn(4-
MeOBzl)-
OBzl 

ot-Benzyl tert-butyloxy- (CJL),C-0-?-NH-ffl-C(X)Qi?-/Pj\ 
carbonyl-NCA- 4 -methoxy- I X——/ 
benzylglutaminate 

Boc-61n(4-
MeOBzl)-
OBzl 

N-tert-Butyloxycar-
bonylaspartic Acid 

(CH3)3C-0-?-NH-CH-COOH 

ch2-cooh 

Boc-Asp 

N-tert-Butyloxycar-
bonylglutamic Acid 

(CH3) 3C-O-2-NH-CH-COOH X zY000" 
N-tert-Butyloxycar-
bonyl-NCA-4-methoxy-
benzylasparag ine 

(CH ;3)3
c-°-C-NH-CH-COOH 

t 2 CONH-j .2 

Boc-Glu 

Boc-Asn(4-
MeOBzl) 



Name Formula 
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Abbreviation 

N-tert-Butvloxycar- (CH_)-C-O-̂ -NH-CH-COOH 
bonyl-N̂ -4 -methoxy- ' 
benzylglutamine 

I-CH-COO 

(fflo)o-V I  M W - V - Z  

Boc-Gln(4-
MeOBzl) 

0 
JCH, 

Glutamic Acid NH2-CH-COOH 

I2-CH2-COOH 

Glu 

Glutamine NH2-Oi-COOH Gin 

yCH2-CONH2 
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[Reprinted from the Journal of Medicinal Chemistry, 16,624(1973).] 
Copyright 1973 by the American Chemical Society and reprinted by permission of the copyright owner. 

Solid-Phase Synthesis of [2-Isoleucine,4-leucine]oxytocin and 
[2-Phenylalanine,4-leucine] oxytocin and Some of Their Pharmacological Properties* 

Victor J. Hruby,* Fugen Muscio,t Charles M. Groginsky,§ Peter M. Gitu,# Don Saba,** 

Department of Chemistry, The University of Arizona, Tuscon, Arizona 85721 

and Walter Y. Chantt 

Department of Pharmacology, Cornell University Medical College, New York,New York 10021. Received January 11,1973 

[Ile2,Leu4Joxytocinand [Phe2,Leu4]oxytocin have been synthesized using the solid-phase method. In 
the synthesis of [Phe2,Leu4]oxytocin a benzhydrylamine resin support was used, and a diphenylmethyl 
carboxamide protecting group was used for the asparagine residue. The protected asparagine residue was 
coupled to the peptide resin with dicyclohexylcarbodiimide. The peptide was cleaved from the resin and 
the diphenylmethyl carboxamide and S-p-methoxybenzyl protecting groups were removed by HF(/). The 
disulfhydryl peptide was oxidized and purified to give the desired cyclic peptide. In the synthesis of [Ile2,-
Leu4]oxytocin, ferr-butyloxycarbonylasparagine was coupled to the peptide resin with dicyclohexylcarbo
diimide and 1-hydroxybenzotriazole. No cyano formation was detected. [Ile2,Leu4]oxytocin and [Phe2,-
Leu4]oxytocin were found to possess weak pressor activities and no antidiuretic activities. [Ile2,Leu4]-
oxytocin had a mild natriuretic-diuretic activity whereas [Phe2,Leu4]oxytocin had only a weak natriuret
ic activity. Neither compound had a detectable oxytocic activity when assayed in the isolated uterus in 
a Mg^-free van Dyke-Hastings solution. On the contrary, they inhibited the oxytocic response of oxy
tocin in this in vitro system. Their oxytocic inhibitory activity was found to be dependent on Ca2+ con
centration. When the Ca2* concentration in the bathing medium was increased from 0.5 to 1.0 mAf/1., 
the inhibitory activity of [Phe2,Leu4]oxytocin was markedly reduced while [Ile2,Leu4]oxytocin became 
a weak agonist. 

fAll optically active amino acids are of the L variety. A^A is used. 
to indicate substitution on the carboxamide nitrogen of asparagine 
and glutamine. For example 

CHJ-CONH-CH(C6H5), 
i 

NHJ -CH-COJH 

would be A^A_diphenylmethylasparagine. PMB = p-methoxybenzyl 
and DPM = diphenylmethyl. Other abbrevations follow the rules of 
the IUPAC-IUB Commission on Biochemical Nomenclature. 

fTaken in part from M.S. Thesis of Fiigen Muscio, University of 
Arizona, 1972. 

§NIH Postdoctoral Fellow, 1971-1972, University of Arizona. 
#Recipient of the AFGRAD Fellowship, 1970-present, University 

of Arizona. 

**NSF Undergraduate Research Participant, summer 1969, Uni
versity of Arizona. 

tf Cornell University Medical College, recipient of Career Develop
ment Award, 1-K4-HE-38.849, U. S. Public Health Service. 

$tSee Table I, ref 3, for a summary. 



Structure-activity relationship studies of the neurohypo
physial hormone, oxytocin (Figure 1), have shown that re
placement of the tyrosine residue at position 2 of the hor
mone by a more lipophilic amino acid {e.g., [2-O-ethyltyro-
sine]oxytocin) can afford an analog with antagonist activi
ties to the natural hormone (for a recent review, see ref 1). 
Recently it has also been found that replacement of the 
Gin residue at position 4 by a Leu residue afforded an ana
log, [Leu4]oxytocin, that possessed anti-ADH activity (in
hibitory to the antidiuretic effect of vasopressins).2*4 The 
[Leu4]oxytocin was also found to inhibit the toad bladder 
response to the hydroosmotic activity of aiginine-vasopres-
sins and was found to possess considerable diuretic and 
natriuretic effects during both water diuresis and vasopres-
sin-suppressed water diuresis in rats.3'4 It has also been re
ported that [Asp4]oxytocin and [Ser4]oxytocin can block 
the antidiuretic effect of ADH.6'7 Other analogs of oxytocin 
containing aliphatic amino acids at position 4 possess small 
or negligible antidiuretic and pressor activities,** but none 
have been reported to possess anti-ADH activity. 

More recently it was reported8 that [Leu2,Leu4]oxytocin, 
an analog of oxytocin in which the tyrosine residue at posi
tion 2 and the glutamine residue at position 4 are replaced 
by leucine residues, is an inhibitor to oxytocin in the oxy
tocic in vitro assay system and possesses natriuretic and 
diuretic activities. ple2,Ile4]oxytocin,9 [Leu3,Leu4]oxyto-
cin,l0and {Leu4,lie8]oxytocin" were also found to have 
natriuretic-diuretic effects, but none of these had inhibi
tory activity to oxytocin in the oxytocic assay. All of these 
compounds possess little or none of the activities usually 
associated with the hormone oxytocin (e.g., oxytocic and 
avian vasodepressor activities). 

To further assess the effect of substitution of highly lipo
philic amino acids at positions 2 and 4 of oxytocin on the 
various agonist and especially antagonist activities pre
viously mentioned, we have prepared [lle2,Leu4]oxytocin 
and[Phe2,Leu4]oxytocin. In the former compound the tyro
sine residue at position 2 has been replaced by an isoleucine 
residue and the glutamine residue at position 4 by a leucine 
residue, and in the latter compound the tyrosine was re
placed by phenylalanine and the glutamine by leucine (Fig
ure 1). 

For the synthesis of [Phe2,Leu4]oxytocin we have utilized 
a polystyrene resin cross linked with 1% divinylbenzene sub
stituted with a phenylmethylamine group (the benzhydryl 
amine resin first suggested by Pietta and Marshall12) to pre
pare the precursor peptide by the solid-phase method of 
peptide synthesis.13 (For a recent review of solid-phase 
methodology, see ref 14.) We have also utilized a diphenyl-
methyl protecting group for the carboxamide group of 
asparagine and during the synthesis coupled this residue to 
the peptide resin with dicyclohexylcarbodiimide (DCC). 
ple2,Leu4]oxytocin was also synthesized by the solid-phase 
method. rer/-Buty\oxycarbonylasparagine was coupled to 
the growing peptide chain by DCC with added jV-hydroxy-
benzotriazole. 

Synthesis of Substituted Oxy toxins 

C.H.OH C,H, ,5 4 ,2 5 
NH, CH, CH-CH, 
I I 2 I 3 

CH2- CH - CO -NH- CH - CO - NH - CH 

C = 0  

I 
NH 

4I 
CH2 - CH - NH - CO - CH - NH - CO - CH - CH2- CHG- CONHG 

' CH, 
'2 

C = 0 CONH, 
I 2 

CH2 -N^7 8 9 
) /CH-CO-NH-CH-CO-NH-CH2-CONH2 

CH, -CH, CH, 
Z Z I Z 

CH(CH3)2 

Figure 1. Structure of oxytocin, with numbers indicating the posi
tion of the individual amino acid residues. In [2-phenylalanine,4-
leucine]oxytocin the Tyr residue in position 2 of oxytocin is re
placed by Phe, and the Gin residue in position 4 is replaced by a 
Leu residue. In [2-isoleucine,4-leucine]oxytocin the Tyr residue 
in position 2 is replaced by an lie residue, and the Gin residue in 
position 4 is replaced by a Leu residue. 



Experimental Procedure 

Thin-layer chromatography (tic) was done on silica gel G plates 
in the following solvent systems: A, benzene-ethanol-petroleum 
ether (bp 30-60°) (25:70:5); B, chloroform-methanol-acetic acid 
(95:5:3); C, 1-butanol-acetic acid-pyridine-water (15:3:10:12). 
Capillary melting points were determined and are corrected. Amino 
acid analyses were carried out by the method of Spackman, Stein, 
and Moore15 on a Beckman 120C amino acid analyzer after hydroly
sis in 6 N HQ. A Parr apparatus was used for hydrogenations. 

a-Benzyl rerf-Butyloxycaibonylaspartate (2). A stirred solu
tion of 23.5 g (0.10 mol) ot A"*-/err-butyloxycarbonylaspartic 
acid (prepared by the pH stat method of Schnabel") in 60 ml of 
anhydrous tetrahydrofuran (THF, freshly distilled from LiAlH4) 
was cooled to -5° and a cooled (-5°) solution of 22.76 g (0.11 
mol) of DCC in 60 ml of anhydrous THF was added. The solution 
was stirred for 6 hr at 0 to -5°. The dicyclohexylurea was filtered 
off and washed with three 40-ml portions of chloroform. The solu
tion was evaporated to dryness in vacuo at 25-30°. The powder 
was dissolved in 60 ml of freshly distilled anhydrous THF and 10.8 
g (0.10 mot) of anhydrous benzyl alcohol (distilled from Linde 4A 
molecular sieves) was added. The solution was stirred about 1 day 
at room temperature, 0.5 ml of acetic acid was added, and the di
cyclohexylurea was filtered off and washed with two 20-ml portions 
of chloroform. The solvents were removed on a rotary evaporator 
in vacuo. The crude oil was dissolved in 120 ml of anhydrous ether 
and 27.3g(0.15 mol) of dicyclohexylamine was added dropwise. A 
precipitate slowly formed (20 hr). The precipitate was filtered off 
and washed with three 40-ml portions of ether and dried in vacuo: 
wt, 39.9 g; mp 141-142°. The powder was added to a rapidly stirred 
two-phase system containing 250 ml of ethyl acetate and 170 ml of 
20% aqueous citric acid. After stirring for 20 min, the organic layer 
was removed and the aqueous layer was extracted with two 150-ml 
portions of ethyl acetate. The combined organic layers were dried 
over sodium sulfate and the solvents were removed in vacuo on a 
rotary evaporator. The oil was dissolved in 50 ml of ethanol and 
50 ml of deionized water was added. A small amount of dicyclo
hexylurea precipitated out overnight at room temperature and was 
filtered off. The product was crystallized from ethanol-water at 2° 
and dried in vacuo: wt, 21.54g (66.7%);mp 99.5-101°; tic, single 
spot in the solvent systems A and B. Anal. (C16H„N06) C, H, N. 

crBenzyl ferr-BulyloxycarbonyWCA-djphenylmethylasparagi-
nate (3). A mixture of 4.85 g (15 mmol) of or-benzyl fer/-butyloxy-
carbonylaspartate and 2.7 g (22.5 mmol) of A'-hydroxysuccinimide 
in 30 ml of methylene chloride was cooled to -5° with stirring. A 
solution of 3.58 g (17.4 mmol) of DCC in 14 ml of methylene chlor
ide was added, and the mixture was stirred at -5° for 50 min. A 
room temperature for 24 hr. Acetic acid (1 ml) was added, the mix
ture was stirred for 15 min, and the dicyclohexylurea was filtered off 
off and washed with three 30-ml portions of methylene chloride. 
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The solvents were removed in vacuo on a rotary evaporator and the 
residue was dissolved in 20 ml of methylene chloride. The insoluble 
material was filtered off and washed with two 5-ml portions of 
methylene chloride. A further 80 ml of methylene chloride was 
added, and the solution was washed with three 90-ml portions of 
5% aqueous citric acid, two 120-ml portions of 5% aqueous sodium 
bicarbonate, and three 180-ml portions of deionized water. The 
organic layer was dried over anhydrous sodium sulfate, and the 
solvents were removed in vacuo on a rotary evaporator. The white 
solid was dissolved in 90 ml of hot ethyl acetate. The solution was 
cooled and then filtered: wt, 2.2 g; mp 156.5—158°. A second crop 
was obtained by addition of petroleum ether (bp 30-60°): wt, 4.6 g; 
mp 156-158°; total wt, 6.8 g (95%); [a]"D -5.8° (c 0.5, DMF); 
tic, the compound gave a single spot on tic in the solvent systems A 
and B. Anal. (C„H32N205) C, H, N. 

rerZ-Butyloxycarbonyl-JVCA-diphenylmethylasparagine (4). A 
solution of 1.5 g of a-benzyl ./V^/err-butyloxycarbonyl-A^A-diphenyl-
methylasparagjnate (3) in 50 ml of ferr-butyl alchol, 25 ml of de
ionized water, and 10 ml of acetic acid was prepared and 1.5 g of 5% 
Pd on C was added. The mixture was shaken for 24 hr at 55 psi of 
hydrogen in a Parr apparatus. The catalyst was filtered off over 
Celite and the Celite was washed with three 20-ml portions of 
ethyl acetate. The aqueous layer was extracted with two 15-ml 
portions of ethyl acetate. The combined organic layers were dried 
over anhydrous Na2S04, and then the solvent was removed on a 
rotary evaporator in vacuo. The product was recrystallized from 
ethyl acetate-petroleum ether (bp 30-60°) at 2°: wt, 0.95 g (77%); 
mp 147-148°; [a]lsD +1.2° (c0.5, DMF); tic, the compound 
showed a single spot on tic in solvent systems A and B. Anal. 
(C^N^C, H, N. 

The cleavage of the diphenylmethyl carboxamide protecting 
group from ferr-butyloxycarbonylasparagine in liquid HF con
taining anisole (9:1) was studied under a variety of conditions 
(the Boc group was found to be completely removed under all 
of these conditions). The amount of asparagine and iVCA-diphenyl-
methylaspaiagine was quantitatively determined on an amino acid 
analyzer. The following results were obtained (temperature, time, 
per cent of diphenylmethyl group removed): (1)0°, 30 min, 100%; 
(2) 0°, 60 min, 100%; (3) 20°, 30 min, 100%; (4) 20°, 60 min, 
100%; (5) 20°, 90 min, 100%. 

Copolystyrcne-1 % Divinylbenzene Phenyl Ketone Resin. 
To a mixture of 30 g of polystyrene resin cross linked with 1% 
divinylbenzene (Bio-Beads, X-l, 200-400 mesh, Bio-Rad Corp., 
Richmond, Calif.) in 225 ml of methylene chloride was added, 
under nitrogen, 7.26 g (51.8 mmol) of benzoyl chloride. The 
mixture was cooled to 0° in ice and 6.92 g (51.8 mmol) of alu- j_, 
minum chloride was added in three approximately equal portions. I—> 
The brown reaction mixture was stirred at 0° for 2 hr, at 25° for 



1.5 hr, and finally at reflux for 2.5 hr. The mixture was then cooled, 
poured into 1 L of ice-water, and treated with 200 ml of concen
trated HQ with stirring. The resin was filtered off, suspended in 
200 ml of water, treated with 50 ml of concentrated HC1, and 
again filtered off. It was then suspended in 200 ml of 0.5 N NaOH, 
stirred for 5 min, filtered, and washed three times each with water-
dioxane (3:1), methanol, and methylene chloride. The cream-
colored resin was dried overnight in vacuo: wt, 33.6 g; ir (KBr) 
3100 (aromatic), 1655 (C=0), and 1600 cm"1 (aromatic). Based 
on weight gain, the carbonyl content corresponds to about 1.0 
mmol/g of resin. 

Benzhydiylamine Resin. A mixture of 167 ml (3.96 mol) 
of 88% formic acid and 200 ml (2.96 mol) of concentrated am
monium hydroxide was added to a three-necked flask equipped 
with a thermometer, an overhead mechanical stirrer, and a dis
tillation apparatus. The water was removed by distillation as the 
inner temperature gradually increased to 150-160°. To the hot 
mixture was added 5 g of the ketone resin. The mixture was stirred 
and maintained at 150-160° (outer bath temperature 180°) for 
48 hr during which time it was necessary to occasionally wash the 
resin which had accumulated on the sides of the flask down into 
the reaction mixture with the reaction solution. The mixture was 
cooled and filtered through a sintered glasss funnel. The resin was 
washed three times each with water-dioxane (3:1), methanol, and 
methylene chloride. It was then suspended in 80 ml of concentrated 
hydrochloric acid-propionic acid (1:1) and refluxed for 5 hr. After 
filtration, the resin was washed three times each with 10% aqueous 
sodium carbonate, water-dioxane (3:1), methanol, and methylene 
chloride to give a cream-colored resin: wt, 4.8 g; ir (KBr) 3400 
(weak, NH,), 3075 (aromatic), 1655 (unreacted ketone), 1600 
(aromatic), 1485 and 1435 cm"1. Elemental analysis indicated an 
amino content of 0.49-0.56 mmol/g of resin. §§ 

Glycinimide Resin. In a 60-ml solid-phase reaction vessel," 
5 g of the benzhydryl resin was suspended in 35 ml of methylene 
chloride and shaken for 10 min. After removal of the solvent, the 
resin was treated with 1.82 g (10.4 mmol) of rcrf-butyloxycarbonyl-
glycine in 8 ml of methylene chloride and 2.14 g (10.4 mmol) of 
DOC in 18 ml of the same solvent for 20 min at room temperature. 
After several washes with methylene chloride and ethanol, the coup
ling procedure was repeated twice more for 60 min each with half 
the quantities of ferr-butyloxycarbonylglycine and DCC in the same 
volume of methylene chloride. Then the resin was washed with three 
35-ml portions each of methylene chloride, ethanol, and methylene 

§§A referee has pointed out that benzhydrylamine resins which 
still contain carbonyl groups tend to lose "functional" amine on 
standing and therefore recommends that the resins be stored as 
salts. We have stored our benzhydrylamine resins as free base for 
periods of 6-12 months over P305 with no apparent loss of "func
tional" amine. 

chloride, and the unreacted amino groups were blocked by treatment 
with 8 g (72 mmol) of A'-acetylimidazole in 60 ml of methylene 
chloride for 2 hr at 23°. The ninhydrin test" for the presence of 
free amino groups indicated that there were no exposed amino 
groups. The Boc protecting group was removed by treatment of 2 
g of the resin with 18 ml of trifluoroacetic acid-methylene chlor-
ide-anisole (50:48:2) for 25 min at 23°. After neutralization with 
two 18-ml portions of diisopropylethylamine-chloroform (7:93) 
for 10 min each and washing with three 18-ml portions each of 
chloroform and methylene chloride, the modified19 quantitative 
aldimine test20 for primary amino groups (~2-mg portions of resin 
were used) showed a glycine substitution of 0.48 mmol/g of resin. 
In the modified test, the peptide resin (2-5 mg) was dried in vacuo 
over KOH and carefully weighed in a test vessel [a 2.5-ml vessel with 
fritted (coarse frit) glass filter fitted with 1-A glass stopcock outlet 
and 10/18 ST ground glass mouth with stopper). A solution of 1.0 
N 2-hydroxy-l-naphthaldehyde in methylene chloride (~2 ml) was 
added to the test vessel, and the mixture was stirred vigorously for 
30-40 min such that resin did not stick to the wall of the vessel. 
The solution was drained from the vessel by dry nitrogen pressure 
and the resin and vessel were thoroughly washed with about ten 
portions of methylene chloride. Then ~1 ml of 1.0 TV benzylamine 
in methylene chloride was added to the test vessel and the vessel was 
again vigorously shaken for 20 min. The solution was carefully 
drained into a volumetric flask (5 or 10 ml), and washes (with the 
benzylamine solution) of the resin and vessel sufficient to fill the 
volumetric flask were used. The absorbance at 420 nm was deter
mined using the benzylamine solution as a blank. Calculations of 
amount of Schiff base (using a standard curve) were made, and the 
millimoles of amino acid (or primary amino group) were then ob
tained. In model studies amino acid analysis of amino acid-resin 
hydrolysates gave the same results. The resin was used directly for 
the preparation of the peptide resin 4 starting at step 7 in the cycle 
(vide infra). 

rer/-Butyloxycarbonyl-S-p-methoxybenzylcysteinylphenyl-
alanylisoleucylleucyl-A'CA-diphenylmethylasparaginyl-S-p-methoxy-
benzylcysteinylprolylleucylglycinamide Resin (1). The glycinamide 
resin from the previous step (vide supra) (2 g) was utilized for the 
preparation of the title compound. The following cycles of depro-
tection, neutralization, and coupling were carried out for the intro
duction of each new residue in the peptide:17,J1(l) three washings 
with 18-ml portions of methylene chloride; (2) cleavage of the Boc 
group by treating with 18 ml of trifluoroacetic acid-methylene 
chloride-anisole (48:50:2) for 25 min at room temperature; (3) five 
washings with 18-ml portions of methylene chloride; (4) four wash-

1 ings with 18-ml pottions of chloroform; (5) neutralization with two 
18-ml portions of diisopropylethylamine in chloroform (7:93) for 6 
min at room temperature; (6) three washings with 18-ml portions 
of chloroform; (7) four washings with 18-ml portions of methylene 



chloride; (8) addition of 2 mmol of the appropriate ferf-butyloxy-
carbonylamino acid in 9 ml of methylene chloride and 5 min of 
mixing; (9) addition of 2 mmol of DCC in 9 ml of methylene chlor
ide followed by a reaction period of 90 min at room temperature; 
(10) three washings with 18-ml portions of methylene chloride; (11) 
three washings with 18-ml portions of dimethylformamide; (12) three 
washings with 18-ml portions of methylene chloride; (13) repetition of 
steps 8 and 9 but using 1 mmol of the same fe/7-butyloxycarbonyl-
amino acid and 1 mmol of DCC, respectively; (14) three washings 
with 18-ml portions of methylene chloride; (15) three washings 
with 18-ml portions of dimethylformamide. Unless otherwise 
specified, cach washing and mixing step lasted for 2 min. The 
ninhydrin test was run to monitor the coupling steps (sample was 
run just before step 2). In each step the coupling appeared to be 
quantitative. tert-Butyloxycarbonylamino acids were used, and the 
cysteine sulfhydryl groups were protected by p-methoxybenzyl 
groups and the carboxamide group of asparagine was protected by a 
diphenylmethyl group. 

After the synthesis of 1 was completed, the polypeptide resin 
was washed with three 18-ml portions of acetic acid, three 18-ml 
portions of absolute ethanol, and three 18-ml portions of methylene 
chloride and then dried in vacuo, wt 3.18 g. 

[Phe'.Leu'Joxytocin. Boc-S-PMB-Cys-Phe-Ile-Leu-ArCA-DPM-
Asn-S-PMB-Cys-Pro-Leu-Gly-resin (I) (0.75 g) was placed in a Telfon 
cleavage vessel and 1.5 ml of anisole was added. The vessel was at
tached to the HF cleavage apparatus and 30 ml of anhydrous HF 
(distilled from CoF,) was collected into the vessel. The mixture 
was stirred for 75 min at 20°. The HF was removed under reduced 
pressure and the resin dried in vacuo to remove the anisole. The 
solid was washed with four 30-ml portions of ethyl acetate and dried 
in vacuo over KOH for 35 min. The peptide material was extracted 
Into four separate 30-ml portions of 1 TV acetic acid. The resin was 
then washed with 200 ml of deionized water, and the total volume 
was brought to 400 ml with deionized water. The solution was ad
justed to a pH of 8 with 3 N ammonium hydroxide, and the com
pound was oxidized with 50 ml of 0.01 N potassium ferricyanide. 
After stirring for 30 min, the pH was adjusted to 5 with dilute ace
tic acid and Rexyn 203 (CP form) resin was added to remove ferro-
and excess ferricyanide. The mixture was stirred for 15 min, the 
resin was filtered off, and the solution was lyophilized. 

The residue was dissolved in 5 ml of 50% acetic acid and applied 
to a 120 X 1.8 cm column of Sephadex G-15 that had been equili
brated with 50% acetic acid solution. The column was eluted with 
50% acetic acid and 100 fractions of 4.2 ml each were collected. 
The fractions corresponding to the peptide material (tubes 34-51) 
as determined by the Folin-Lowry method" were pooled. De
ionized water (150 ml) was added, and the mixture was lyophilized, 
wt 150 mg. The powder was dissolved in 4 ml of the lower phase 
and 4 ml of the upper phase of the solvent system 1-butanol-ben-
zene-3.5% aqueous acetic acid containing 1.5% pyridine (1:1:2) and 

placed on a 64 X 2.8-cm column of Sephadex G-25 (100-200 mesh) 
that had been equilibrated with both the lower and upper phases 
according to the method of Yamashiro, et alOne hundred 
fractions were collected, and the fractions corresponding to the 
major peak (Rf 0.45) as determined by the Folin-Lowry method 
were pooled. The tubes from the major fraction were washed with 
250 ml of deionized water, and the combined solvents were con
centrated to 50 ml in vacuo and lyophilized to give a white powder, 
wt 65 mg. The powder was dissolved in 4 ml of 0.2 N aqueous acetic 
acid and placed on a 2.8 X 65 cm column of Sephadex G-25 (200-
270 mesh) that had been equilibrated with 0.2 N aqueous acetic 
acid for gel filtration.'5 One hundred ten fractions of 4.4 ml each 
were collected, and the fractions corresponding to the major peak 
(tubes 61-72) as determined by the Folin-Lowry method were 
pooled. The solution was lyophilized: wt, 52 mg (22.8% yield based 
on the glycinamide substitution on the resin); tic using solvent sys
tem C showed the material as a single spot; [a]"D -52° (c 0.5, 1 N 
acetic acid). Anal. (C^H^N^O^Sj-HjO) C, 11, N. 

Amino acid analysis after 44 hr of hydrolysis gave the following 
molar ratios: aspartic acid, 1.0; proline, 1.0; glycine, 1.0; cystine, 
0.91; isoleucine, 1.1; leucine, 1.8; phenylalanine, 1.0; and ammonia, 
2.1. The long hydrolysis time was necessitated by the difficulty in 
the hydrolysis of the isoleucylleucine peptide bond."'26 

Synthesis of [Phes,Leu4]oxytocin by Typical Methods of Solid-
Phase Peptide Synthesis. A sample of 2.0 g of fcrr-butyloxycarbon-
ylglycylresin prepared by standard methods17' "and found to con
tain 0.46 mmol of glycine/g of resin was placed in a 35-ml solid-
phase reaction vessel. The cycles of deprotection, neutralization, 
and coupling were essentially identical with those used in the syn
thesis on the benzhydrylamine resin except that a single coupling 
with a 2.5 M excess of the appropriate ferr-butyloxycarbonylamino 
acid (step 7) and DCC (step 8) was used. The sulfhydryl group of 
cysteine was protected with the p-methoxybenzyl group. The 
coupling reaction involving rerf-butyloxycarbonylasparagine was car
ried out via its nitrophenyl ester. The following steps of the pro
cedure were modified: (7) four washings with 18-ml portions of 
dimethylformamide; (8) addition of Boc-asparagine-ONp in 15 ml 
of dimethylformamide followed by 12 hr of reaction time, (9-13) 
those steps were skipped; (14) three washings with 18-ml portions 
of dimethylformamide; (15) three washings with 18-ml portions of 

1 ethanol. 

##See ref 14, Table II, p 236. 



After the synthesis of the peptide resin Boc-iS-PMB-Cys-Phe-lle-
Leu-Asn-S-PMB-Cys-Pro-Leu-Gly-resin was completed, the Boc gioup 
was removed by going through steps 1-7; the peptide resin was then 
washed with three 18-ml portions each of glacial acetic acid, abso
lute ethanol, sjid methylene chloride for 2 min each. The peptide 
resin was dried in vacuo, wt 2.51 g. This resin was stirred with 100 
ml of freshy prepared anhydrous methanol at 0° and dry ammonia 
was bubbled into the mixture to saturation. The mixture was stirred 
for 60 hr at 0°. The methanol and ammonia were removed under 
aspirator vacuum, and the residue was suspended in 125 ml of di-
methylformamide. The mixture was stirred for 2 hr, and the 
resin was filtered and washed with two 20-ml portions of dimethyl
formamide. The solvents were removed on a rotary evaporator at 
30-40° in vacuo, and the residue was reprecipitated from dimethyl-
formamide-water. The product was filtered off and washed with 
two 15-ml portions of absolute ethanol. The powder was dried in 
vacuo, wt 0.36 g. 

A solution of the powder (175 mg) in 125 ml of anhydrous 
ammonia (freshly distilled from sodium) was treated with a sodium 
stick until a blue color persisted for 45 sec. The ammonia was re
moved by evaporation and lyophilization. The salt was dissolved in 
400 ml of deaerated deionized water containing 0.40 ml of acetic 
acid. The pH of the solution was adjusted to 8.5 with 2 N ammon
ium hydroxide, and the compound was oxidized with 30 ml of 0.01 
N potassium ferricyanide. After stirring for 30 min, the pH was ad
justed to 5 with dilute acetic acid and the ferro- and excess ferricy
anide ions were removed by treatment with Rexyn 203 (CI cycle). 
The resin was filtered off and the solution was lyophilized. The resi
due was subjected first to partition chromatography and then to gel 
filtration on Sephadex G-25 using the same solvent systems as used 
in the previous synthesis of [Phe*,Leu4]oxytocin. The final lyophil
ized powder weighed 24 mg (this is a 6% yield based on the glycyl 
substitution on the resin). The compound was identical with that 
prepared by the previous synthesis. 

5-PMB-Cys-Ile-IIe-Leu-Asn-5-PMB-CysrPro-Leu-Gly-NHj(5). 
A sample of 2.50 g of rerf-butyloxycarbonylglycine resin which 
contained 0.40 mmol of glycine/g of resin as determined by the 
modified aldimine test was placed in a 50-ml vessel for solid-phase 
peptide synthesis and swollen in methylene chloride (25 ml). The 
cycles of deprotection, neutralization, and coupling were similar 
to those used in the other syntheses except that 25-ml portions of 
solvent were used, the Boc group was removed by trifluoroacetic 
acid-methylene chloride-anisole (40:60:1) (step 2), and only a 
single coupling with a twofold excess of the appropriate protected 
amino acid and DCC was used. Steps 11-13 were skipped and in 
step 15 the solvent was ethanol. For the coupling of ferf-butyl-
oxycarbonyiasparagine, the following changes were made: (7) 
three washings with 25-ml portions of dimethylformamide; (8) 
addition of 3 mmol of ferr-butyloxycarbonylasparagine and 6 
mmol of 1-hydroiybenzotriazole (Aldrich Chemical Co., Mil

waukee, Wis.) in 15 ml of dimethylformamide and 5 min of 
mixing; (9) addition of 3 mmol of dicyclohexylcarbodiimide in 
10 ml of dimethylformamide followed by an overnight reaction 
period at rfcem temperature; (10) three washings with 25-ml 
portions of dimethylformamide. 

The coupling steps were monitored by the ninhydrin test. All 
residues except fwr-butyloxycarbonvlaspaiagine, the second tert-
butyloxycarbonylisoleucine, and the last /erf-butyloxycarbonyl-S-
p-methoxybenzylcysteine residues coupled quantitatively. Though 
the incomplete coupling reactions occurred to an extent of >98%, 
the coupling reactions were repeated for each of these residues. 
After the second coupling, the couplings were quantitative as de
termined by the ninhydrin test. 

The incorporation of the last protected cysteine residue was 
followed by deprotection and ncutralization(steps 1-7). The resin 
was dried in vacuo, wt 4.1 g. The peptide was cleaved from the resin 
with anhydrous ammonia (distilled from Na) in anhydrous methanol 
at 0 and isolated by the same methods as used above: wt, 0.60 g 
(51% based on the initial glycine substitution); mp 242-243°; [aj"D 
-46.0° (c 0.5, DMF); ir (KBr and Nujol) no absorption in the 2500-
2000-cm"1 region. (The cyano absorption of (3-cyanoalanine in pep
tides is found at ~2250 cm"1 as a medium to weak peak. To observe 
its presence at low concentrations it is necessary to take the infrared 
spectrum (KBr pellet) under conditions where the N-H and C-H 
regions (~2900-3500 cm"1) and the carbonyl region (~1500-1750 
cm"1) are opaque (0% transmittance). Under these conditions we 
estimate that >5% contamination of peptide 5 with the s-cyanoal-
aninc containing peptide could be detected. For example, treatment 
of 5-Bzl-Cys-Pro-Leu-Gly-NHj with ferf-butyloxycarbonylasparagine 
and DCC under conditions identical with those used in the synthesis 
of 5 gave a mixture of peptides in which the cyano group was readily 
detected (KBr or film). On dilution of the peptide mixture with 
authentic Boc-Asn-5-Bzl-Cys-Pro-Leu-Gly-NHj (tenfold) the cyano 
absorption was still visible (KBr).) For elemental analysis, a small 
portion of the compound was reprecipit.->'.;d from dimethylforma-
mide-95% ethanol. Anal. (CS7HS^Iu012S2-2Hj0) C, H, N. 

[He2,Leu4]oxytocin. The nonapeptide 5 (180 mg) was dissolved 
in 150 ml of anhydrous NH3 (freshly distilled from sodium) and 
treated with a sodium stick until a blue color persisted for 45 sec. 
The ammonia was removed by evaporation and lyophilization. The 
white powder was dissolved in 350 ml of deaerated 0.1% aqueous 
acetic acid and oxidized as in synthesis of [Phe2,Leu4]oxytocin by 
typical methods. The solution was lyophilized, and the powder was 
dissolved in 5 ml of the upper phase and 2 ml of the lower phase of 
the solvent system l-butanol-benzene-3.5% aqueous acetic acid 
containing 1.5% pyridine (1:1:2). The solution was placed on a 
63 X 2.85 cm column of Sephadex G-25 (100-200 mesh) for par
tition chromatography. The fractions corresponding to the major l—1 

peak (Rf 0.25) as determined by the Folin-Lowry method" were K 



pooled, 250 ml of washes with deionized water were added, the 
combined mixture was concentrated to 50 ml, and the solution 
was lyophilized, wt 43.2 mg. The powder was dissolved in 3 ml of 
0.2 N acetic acid and placed on a 65 X 2.85 cm column of Sephadex 
G-25 (200-270 mesh) for gel filtration using 0.2 TV acetic acid as 
eluent solvent. Eighty fractions of 5.0 ml each were colllected and 
the product was eluted as a single peak. The fractions correspond
ing to this peak were collected and lyophilized to give a white 
powder: wt, 33.3 mg; [a]"D -32.6° (c 0.5, 1N HOAc). Anal. 

C, H, N. 
A sample was hydrolyzed for 60 hr at 110°. Amino acid anal

ysis gave the following molar ratios: aspartic acid, 1.0; proline, 1.0; 
glycine, 1.0; cystine, 0.91; isolcucine, 1.7; leucine, 2.1. When a 
sample was hydrolyzed for 120 hr at 110°, amino acid analysis 
gave the following molar ratios: aspartic acid, 1.0; proline, 1.0; 
glycine, 1.0; cystine, 0.91; isoleucine, 1.9; leucine, 2.1. The long 
hydrolysis time was necessitated by the difficulty in the hydrolysis 
of isoleucylisoleucine3'9'5"'" and isoleucylleucine."'" 

Bioassay Methods. The oxytocic activity was measured ac
cording to the method of Holton30 as modifed by Munsick31 on 
isolated uteri from rats in natural estrus with the use of Mg'*-free 
van Dyke-Hastings solution. Pressor assays were performed on 
anesthetized rats.32 Antidiuretic and diuretic assays were performed 
on anesthetized rats by methods of Jeffers, Livezy, and Austin" 
as modified by Sawyer.34 Urinary Na* concentrations were deter
mined by a Baird-Atomic flame photometer, with Li,S04 as the 
internal standard. The USP Posterior Pituitary Reference Standard 
served as a reference for all activities measured. 

Results and Discussion 

The solid-phase synthesis of the desired protected nona-
peptide resin intermediate Boc-S-PMB-Cys-Phe-Ile-Leu-
M-'A-DPM-Asn-iS-PMB-Cys-Pro-Leu-Gly-NH2 (1) was car
ried out on a benzhydryJamine resin. The carboxamide ter
minal amino acid, terf-butyloxycarbonylglycine, was at
tached to the resin using dicyclohexylcarbodiimide coup
ling (substitution values of 0.30-0.50 mmol of amino acid/g 
of resin could be obtained). Unreacted resin amino groups 
were then blocked by acetylation with jV-acetylimidazole.35 

After acetylation, no free amino group could be detected 
on the resin by the ninhydrin method.18 The synthesis of 
the desired nonapeptide resin intermediate 1 was then con
tinued using jVa-Boc-protected amino acids by the general 
procedures of solid-phase peptide synthesis. The exception 
was for attachment of the asparagine residue. 

In solid-phase peptide synthesis most amino acids are 
coupled to the growing peptide chain by dicyclohexylcarbo
diimide (DCC).13,14 However, ferf-butyloxycarbonylgluta-
mine and fert-butyloxycarbonylasparagine cannot be 
coupled by this method due to dehydration of the carbox
amide groups to cyano groups by this reagent36"38 and 
subsequent incorporation of the cyano amino acids into the 
growing peptide chain. The usual coupling of these amino 
acids has therefore been by the active ester method, usually 
the p-nitrophenyl ester.14'27'39 This coupling procedure 
generally requires long reaction periods, especially for ex
tended syntheses,40 and coupling is often incomplete. Fur
thermore, side reactions such as pyroglutaminyl formation 
for glutamine41'42 and hydrolysis of the carboxamide 
group43 can occur under certain conditions of peptide syn
thesis. For these and other reasons we have been studying 
potential carboxamide protecting groups. Previous work 
by Weygand and coworkers44'45 has suggested the use of 
the rather labile and difficulty prepared bis(2,4-dimethoxy-
benzyl)carboxamide protecting group. While this report 
was being prepared, the use of the 2,4-dimethoxybenzyl 
group was reported46 as a potential carboxamide protect
ing group for the above and other side reactions. We have 
been investigating potential carboxamide protecting groups 
which would be stable to the conditions for removal of Boc 
groups (TFA, etc.) but could be readily removed by liquid 
Hp 47,48 The diphenylmethyl group appeared to be a quite 
promising group. Hence, we have utilized fer/-butyloxy-
carbonyWVCA-diphenylmethylasparagine (4) in the solid-
phase synthesis of 1 and have coupled this residue to the 
growing peptide chain at the appropriate place using DCC 
as the coupling agent. For this purpose, protected amino 
acid 4 was prepared by the method outlined in Scheme I 
starting with fe/7-butyloxycarbonylaspartic acid. 



Scheme I. Preparation of 
ferf-ButyloxycarbonyWVCA-diphenylmethylasparagine 

CO,H L. DCC 
I 2. CgHgCHaOH 

1 3. (C4H,,),NH 
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The A^A-diphenylmethyl and S-p-methoxybenzyl pro
tecting groups were removed and the carboxamide terminal 
sulfhydryl peptide precursor to [Phe2,Leu4]oxytocin was 
obtained by treating the peptide-resin 1 with anhydrous HF 
at 20°. The disulfhydryl peptide which was obtained was 
oxidized with potassium ferricyanide49 to crude (Phe2,Leu4]-
oxytocin. The peptide material was desalted on a Sephadex-
G-25 column purified by partition chromatography23'24 on 
Sephadex G-25 followed by gel filtration" on Sephadex 
G-25. 

The [Phe2,Leu4]oxytocin was also prepared by standard 
solid-phase methods similar to those used in the solid-phase 
synthesis of oxytocin50 and deaminooxytocin.39 

The synthesis of carboxamide terminal peptides such as 
the neurohypophysial hormones on benzhydrylamine resin 
offers an attractive alternative to the previously used chloro-
methylated resin. In this one example, a greater overall 

yield of the desired product was obtained than when using 
the standard resin. Furthermore, the diphenylmethyl carbox-. 
amide protecting group was readily cleaved in liquid HF 
under mild conditions and the Afa-rerJ-butyloxycarbonyl-
A^CA-diphenylmethylasparagine could be coupled to the 
growing peptide chain in solid-phase peptide synthesis 
with dicyclohexylcarbodiimide in quantitative yield. 

For the synthesis of ple2,Leu4]oxytocin, preparation of 
the requisite nonapeptide intermediate S-PMB-Cy s-Ile-Ile-
Leu-Asn-S-PMB-Cys-Pro-Leu-Gly-NHj (5) was accomplished 
by the usual solid-phase method. The exception was the 
asparagine residue. 

Recently it has been shown by Konig and Geiger51 that 
in solution syntheses, /V-hydroxybenzotriazole and di
cyclohexylcarbodiimide could be used with ^"-protected 
asparagine and glutamine for peptide bond formation with
out formation of the cyano derivatives. We have applied this 
technique to coupling the asparagine residue in the solid-
phase synthesis of the nonapeptide resin, using a mixture 
of terf-butyloxycarbonylasparagine, 1-hydroxybenzo-
triazole (2 equiv), and dicyclohexylcarbodiimide (1 equiv). 
No dehydration of the carboxamide group to the cyano 
group could be detected by infrared spectroscopy. 

The partially protected nonapeptide was cleaved from 
the resin by ammonolysis by methods similar to those 
used in the solid-phase synthesis of deaminooxytocin39 

and converted to [Ile2,Leu4]oxytocin. 
The [Ue2,Leu4]oxytocin and [Phe2,Leu4]oxytocin were 

assayed for oxytocic, pressor, antidiuretic, and diuretic 
activities, and urinary Na+ concentrations were measured. 

[Ile2,Leu4]oxytocin and [Phe2,Leu4]oxytocin were found 
to possess weak pressor activites of approximately 0.5 unit/ 
mg. The compounds had no antidiuretic activities. However, 
ple2,Leu4]oxytocin was found to have a mild natriuretic-
diuretic activity very much like that found for [Ile2,IIe4]-
oxytocin.9 The slight increase in urine output could be ac
counted for by the natriuretic activity. [Phe2,Leu4]oxyto-
cin had only a very weak natriuretic effect. No anti-ADH . 
activity could be found for either compound. 



ple2,Leu4]oxytocin had no detectable oxytocic activity 
in Mg2*-free van Dyke-Hastings solution. In this solution, 
the peptide was found to be a weak inhibitor to the oxyto
cic response of oxytocin. To produce a 50% inhibition of the 
the response of oxytocin (10 mU in a 10-ml bath), it re
quired a 700:1 ratio of inhibitor to oxytocin (w/w). [Phe2,-
Leu4]oxytocin also had no detectable oxytocic activity. It, 
too, inhibited the oxytocic response of oxytocin in this in 
vitro system. Its inhibitory activity was about twice as 
strong as that of [Ile2,Leu4]oxytocin. The inhibitory acti
vity of both ple2,Leu4]oxytocin and |Phe2,Leu4]oxy tocin 
was dependent on the Ca2+ concentration of the bathing 
medium. When the Ca2* concentration in the van Dyke-
Hastings solution was increased from 0.5 to 1.0 mM/1., 
the inhibitory activity of both peptides was markedly re
duced. In fact, in the 1.0 mmol Ca2* van Dyke-Hastings 
solution, [lle2,Leu4]oxytocin became a weak agonist, pos
sessing approximately 0.2 U/mg of oxytocic activity. This 
indicates that the two peptides are partial agonists. In the 
low Ca2+ medium, when the sensitivity of the uterus to 
oxytocin is low, they function as antagonists. When the 
sensitivity of the uterus is enhanced by Ca2+, the low in
trinsic activity of the peptide becomes demonstrable. 

ple2,Leu4]oxy tocin and [Phe2,Leu4]oxytocin have oxyto
cic and pressor activities similar to those found for [Leu2,-
Leu4]oxytocin.8 All three peptides are natriuretic like 
[Leu4]oxytocin.2"4 Their natriuretic activities, however, 
are weaker than that of [Leu4]oxytocin and in the case of 
[Phe2,Leu4]oxytocin its natriuretic activity is almost neg
ligible. Furthermore, neither of these two peptides had the 
anti-ADH activity found for [Leu4]oxytocin. Recently, 
however, it has been shown52 that ple2,Leu4]oxytocin in
hibited the arginine-vasopressin (AVP) stimulated cyclic 
AMP production in subcellular preparations of toad blad
der epithelium53 and in this case its inhibitory activity is 
very similar to that of [Leu4]oxytocin. [Phe2,Leu4]oxyto-
cin was also shown to have some inhibitory activity in this 
system, but the effect was much less than that of (Ile2,-
Leu4]oxytocin. This suggests that there may be a correlation 
between the natriuretic activity of these peptides and their 
inhibitory effect on the AVP stimulated cyclic AMP pro
duction. 
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THE PREPARATION AND USE OF CARBOXAMIDE PROTECTED ASPARAGINE 
AND GLUTAMINE DERIVATIVES 

Viator J. Hruby, F. A. bfusci-o, W. Brown, Peter M. Gitu. 
Department of Chemistry, University of Arizona, Tucson, 
Arizona 85721 

THE PRESENCE OF ASPARAGINE or glutamine in peptides can 
provide several undesirable side reactions in the course of 
synthesis including dehydration to nitrile, pyroglutaminyl 
formation, hydrolysis, and irnide formation. The rather 
labile bis(2,4-dimethoxybenzyl) ,* »2 and 7. ,4-dimethoxybenzyl 
groups^ have been suggested as possible carboxamide pro
tecting groups to eliminate some of these side reactions. 

Wc have been examining the potential of the diphenyl-
methyl, 2,4-dimethylbenzyl, 3,4-dimethoxybenzyl, 4-methoxy-
benzyl, 2,3-dimethoxybenzyl, 2-methoxybenzyl, 4-methylbenzyl, 
and benzyl groups as carboxamide protecting groups. The 
mono acetamide derivatives of each of these groups (e.g. N-
tf-diphenylmethylacetamide, N-2,4-dimethylbenzylacetamide, 
etc.) were prepared. All of these compounds are stable in 
trifluoroacetic acid (TFA) at room temperature. The rates 
of solyolysis of these amides were studied at 51° in TFA, 
and the relative labilities of these protecting groups were 
studied in 2.5 11 HBr-HOAc and liquid HF. at room temperature. 
The ease of solvolysis of these groups follow the order: 
diphenylmethyl > 2,4-dimethylbenzyl 5 4-methoxybenzyl ? 
3,4-dimethoxybenzyl 5 2,3-dimethoxybenzyl > 2-methoxybenzyl 
>> 4-methylbenzyl > benzyl. The product of the reaction 
was acetamide—no acetic acid was detected. 

Asparagine and glutamine derivatives possessing the 
diphenylmethyl, 2,'i-diinethylbenzyl, the 3,4-dimethoxybenzyl, 
and the 4-methoxybenzyl carboxamide protecting groups were 
synthesized. The results of a quantitative study of the 
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solvolysis of these derivatives in liquid HF for 75 tnin 
at 20° using amino acid analysis is given in Table I. When 
the protecting groups were removed only asparagine and 
glutamine were obtained—no aspartic acid or glutamic acid 
vas detected. 

Table I 

HF Cleavage of Asparagine and Glutamine Carboxamide 
Protecting Groups 

Compound 
% Protecting Group 

Removed 

Boc-Asn(diphcnylmethyl)-OBzl 100 

Boc -G In ( d ipli e ny line thyl)-0Bzl 100 

Boc-Asn(2,4-dimethylbenzyl)-OBzl 100 

Boc-Gln(2,4-dimethylbenzyl)-OBzl 25 

Boc-Asn(4-inethoxybenzyl) -OBzl >90 

Boc-Gln(4-methoxybenzyl)-0Bzl 30 

Boc-Asn(3,4-dimethoxybenzyl)-OBzl 100 

Boc-Gln(3,4-dimethoxybenzyl)-OBzl 10 

The diphenyltnethyl group was used for asparagine car
boxamide protection in the synthesis of [2-phenylalanine, 
4-leucine]-o>:ytocin by the solid phase method using a 
benzhydrylamine resin. The Boc-asparagine(diphenyltnethyl) 
was coupled quantitatively to the growing peptide chain by 
dicyclohexylcarbodiimide. The oxytocin derivative vas 
obtained in high yield from the protected resin peptide 
by treatment with liquid HF followed by oxidation and 
purification. Other peptides are being synthesized using 
various amide protecting groups. 
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