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ABSTRACT 

The unique sequence homology between calf thymus and pea 

embryo histone IV and the implication that histones are involved in a 

control step of cellular differentiation processes prompted us to ini

tiate a program toward the synthesis of calf thymus histone IV. Al

though the other histone fractions are of interest to us, at present 

histone IV is the only histone fraction that has been completely se

quenced. The ready availability of synthetic histones would alleviate 

a problem involved in the study of the biological properties of natu

rally occurring histones: the presence of proteolytic enzymes. Also, 

with synthetic histones, a variety of specific residue changes would 

become possible. Unfortunately there is no methodology available for 

the rapid synthesis of chemically pure proteins. Although much can be 

learned from synthetic proteins that exhibit high biological activity 

and are available by the Merrifield solid phase peptide synthetic 

methodology, the scope of biological studies could be profitably ex

tended by the availability of chemically pure proteins. Since the gen

eration of ideas for improving the solid phase methodology or arriving 

at new methodologies depends in part on a knowledge of the specific 

problems of the present methodology, part of this study was a detailed 

evaluation of reactions used during a solid phase peptide synthesis of 

the cyanogen bromide octadecapeptide from calf thymus histone IV. The 

initial solid phase peptide synthesis of this peptide, after gel 

x 
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filtration and partition chromatography, yielded 9% of the theoretical 

quantity of the cyanogen bromide octadecapeptide from calf thymus his-

tone IV. 

The coupling reactions were quantitatively evaluated by a 

Schiff base test during one synthesis of the cyanogen bromide cleavage 

octadecapeptide from calf thymus histone IV. During later syntheses, 

the coupling reactions were qualitatively evaluated by a ninhydrin 

test. In general these tests indicated that the coupling reactions 

were proceeding from 95 to 100% completion except for those reactions 

involving the last four residues of the octadecapeptide. 

The quantitative Schiff base tests and quantitative amino acid 

analyses of the peptide resins at various stages of the synthesis in

dicated that the total quantity of amino groups on the resin was de

creasing at specific points during the synthesis. A simple numerical 

analysis of the data suggested that alkylation of the peptide chain to 

the resin was the predominant source of the observed decrease in total 

amino groups on the resin. Solvolytic cleavage of the esterified pep

tide resin was also occurring but could account for no greater than 20% 

of the observed decrease in total free amino groups on the resin at any 

one residue. 

Use of a milder deblocking procedure and a more rapid synthetic 

procedure than those procedures used during earlier syntheses stopped 

most of the decreases in total free amino groups on the resin. Unfor

tunately a sudden large drop in total free amino groups on the resin 

toward the end of this synthesis gave a synthetic mixture of very 
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similar peptides that could not be separated by the methods used. In 

addition to alkylation, a coiling of the peptide chain and/or a burial 

of the peptide chain within the polymer matrix may have been responsi

ble for this phenomenon. 

The synthesis of the cyanogen bromide octadecapeptide from his-

tone IV provides a valuable tool for evaluation of new types of resin 

supports and any new approaches to solid phase peptide synthesis. 

Besides studying and improving the reactions of a solid phase 

peptide synthesis of the cyanogen bromide octadecapeptide from histone 

IV, methods were also developed for the improved synthesis of two amino 

a 
acid derivatives used in solid phase peptide synthesis: N -J^-Boc-L^ 

& 
methionine-cl,l_-sulfoxide and N -J^-Boc-O-benzyl-L-serine. 



CHAPTER 1 

INTRODUCTION 

One major goal of this project is to synthesize a relatively 

pure sample of the nuclear protein calf thymus histone IV. Histones 

appear to play an as yet undefined role in the control mechanism for 

cellular differentiation in eukaryotic cells. Having synthetic ana

logs available would provide valuable tools for widening the scope of 

histone research. For the synthesis of histone IV, solid phase peptide 

synthesis (1,2) appears to be a promising synthetic approach. Several 

problems became evident, though, as the solid phase peptide synthesis 

of the cyanogen bromide octadecapeptide from histone IV proceeded. 

Since these problems appear to be affecting other solid phase peptide 

synthetic studies, we have attempted to more clearly define these prob

lems and to apply methods for solving them to several syntheses of the 

cyanogen bromide octadecapeptide from histone IV. In doing so we have 

also purified and identified a synthetic sample of the octadecapeptide. 

Of more general interest to the long range goal of synthesizing his

tones, their analogs, and other proteins are the results of our analyt

ical studies of these syntheses of the octadecapeptide. They suggest 

additional analytical studies that might be helpful in arriving at a 

total synthesis of chemically pure proteins. 

1 



List of Abbreviations 

alanine 

arginine 

Q 
N -nitroarginine 

aspartic acid 

^-O-benzyl aspartate 

acetyl coenzyme A 

t^-butyloxycarbonyl 

1-butanol 

l-(jD-biphenylyl)-2-propyloxycarbonyl 

the cyanogen bromide octadecapeptide from calf 
octadecapeptide thymus histone IV, structure 2, Table 1. 

CH2C12 
methylene chloride 

CHC13 chloroform 

CH3OH methanol 

Cyclic AMP cyclic adenosine monophosphate 

DCC dicyclohexylcarbodiimide 

DCU dicyclohexylurea 

DIEA diisopropylethylamine 

DMF dimethylformamide 

DNA deoxyribonucleic acid 

DOHA dicyclohexylamine 

EEDQ N-ethoxycarbonyl-2-ethoxy-l,2-dihydroquinoline 

Et3N triethylamine 

GtOAc ethyl acetate 

Ala 

Arg 

N02 
Arg 

Asp 

OBzl 
Asp 

Acetyl CoA 

J:-Boc 

1-BuOH 

Bpoc 

CBH 
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EtOH 

Gin 

Gly 

HBr/TFA 

HC1 

HF 

HOAc 

lie 

Leu 

Lys 

? 
Lys 

Met 

NP 

Phe 

P'-NH 
2 

Pro 

RNA 

Ser 

SPPS 

T 

TFA 

Thr 

tic 

ethyl alcohol 

glutamlne 

glycine 

hydrogen bromide in trifluoroacetic acid 

hydrochloric acid, aqueous solution unless 
otherwise stated 

hydrogen fluoride, anhydrous 

acetic acid, glacial 

isoleucine 

leucine 

lysine 

g 
N -carbobenzoxylysine 

methionine 

2,-ni tropheny 1 

phenylalanine 

peptide resin, I^N-CH-G-CNH-iH-C)— 

proline 

ribonucleic acid 

serine 

solid phase peptide synthesis 

temperature 

trifluoroacetic acid 

threonine 

thin layer chromatography 



iyr tyrosine 

Val valine 

water deionized water, unless stated otherwise 

Z(OMe) £_-me thoxy carb ob en z oxy 

Solid Phase Peptide Synthesis 

Solid phase peptide synthesis (SPPS) appears to be one of the 

most promising approaches to protein synthesis. Numerous reviews (1-4) 

and a book (5) have appeared on this synthetic technique. It has also 

been applied to the synthesis of an enzyme with very significant ribo-

nuclease A (RNase A) activity (6,7). Nevertheless numerous problems 

remain with this approach. 

Solid phase peptide synthesis is a method for the synthesis of 

peptides or proteins without isolation of intermediates. Use of an in

soluble polymer resin support enables one to couple protected amino 

acids, remove protecting groups, and wash away all soluble side prod

ucts. Generally the resin support has been a chloromethylated poly

styrene resin crosslinked with 1% or 2% divinylbenzene. Other resin 

supports are being studied and will be discussed later. Once the syn

thesis is completed, several methods are available for removing the 

peptide from the resin. Gutte and Merrifield (6) have found that a 

combination of several cleavage methods was necessary for achieving 

maximal RNase A activity. Generally, however, anhydrous HF (8) or 

HBr/TFA has proven reliable for removing the peptide from the resin as 

well as most of the protecting groups from the peptide. Numerous puri

fication schemes are available, but we have found gel filtration (9,10) 



followed by liquid-liquid partition chromatography on Sephadex (11,12) 

to be very effective for purification of fairly complex mixtures of 

synthetic peptides. 

Although a wide variety of peptides have been synthesized using 

SPPS, several significant problems remain. These have been detailed in 

the cited reviews; thus, the present discussion is confined to selected 

problems relevant to the histone IV synthesis. 

Protected Amino Acid Derivatives 

The relatively long shelf life and simplicity of use of Na-£-

Boc amino acids have led to their general use in SPPS. Incomplete de

blocking has not generally been a problem during SPPS. The usual 50% 

TFA/CI^C^ (1-2% anisole) widely used for deblocking of N^-^t-Boc amino 

acids does, however, present problems in the protection of the side 

Qt 
chains of certain N -t^-Boc amino acids. This acid mixture also results 

in the loss of peptide from the resin by solvolytic cleavage of the 

ester bond. There was a hopeful suggestion in the remark by Gutte and 

Merrifield (6) that the complete deblocking of the sterically hindered 

amino acid residues in the hexapeptide Phe-Leu-Ile-Val-Gly-Ala was ac

complished with 207o TFA/CHgClg for 21 min. 

The hydroxyl groups of serine and threonine must be protected 

as their 0-benzyl derivatives to avoid acylation and subsequent growth 

of error peptides. During the course of this study a preferred route 

to N^-.t-Boc-O-benzyl-I^-serine was developed (13) that resulted in both 

an improved yield of the desired product and increased efficiency over 

the classical route (14-17). The preferred route (18) to the threonine 



derivative does lead to optically pure product, but it is a tedious 

route that gives a low yield. 

Protection of the thioether group in Na-J>Boc-JL-methionine as 

its sulfoxide is necessary due to the relatively high nucleophilicity 

of this functionality. The reported (19) oxidation of methionine to 

methionine-d_,J^-sulfoxide gives a high yield, but the transformation to 

Of oi 
the N -t^-Boc derivative gives a low yield. By first preparing N -Jt-

Boc-JL-methionine and converting it to the sulfoxide, the overall yield 

can be increased from 20% to 71%. 

The e-amino group of ̂ -J^-Boc-I^-lysine must be protected to 

avoid growth of error peptides. Generally this has been done with the 

N -Z group. Evidence (20-24) suggests that the loss of this protecting 

group occurs during cleavage of the -t-Boc group and all following de

blocking steps. The most convincing evidence that this can be a prob

lem during SPPS is the observation (23) that 50-80% of the carbobenzoxy 

£ 
protecting groups are removed from the N -Z-JL-lysine residues of a syn

thetic sample of lysozyme prepared by an automated SPPS. This was 

shown by first subjecting native lysozyme to reduction, carboxymethyla-

tion, and acid hydrolysis for amino acid analysis. No lysine was pres

ent. When the same procedure was applied to the synthetic lysozyme, 

50-80% of the lysine was still present. That growth of error peptides 

occurred was suggested by a molecular weight determination on the syn-

thetic material. The finding (24) that N -caproyl-^-alanine resin es

ter loses 7% of its NC-Z group after 17.5 hr in 50% TFA/CI^Clj and 2% 



after the same time period in M TFA/CHgCl^ is consistent with the lyso-

zyme study. 

One approach to this problem is the use of a protecting group 

more stable than the carbobenzoxy group under the N^-t-Boc deblocking 

conditions but of similar stability under the HF cleavage conditions. 

g 
The N -trifluoroacetyl group has been used (25) but must be removed by 

M piperidine at 0° for 1-2 hr at the end of a SPPS. This approach has 

two drawbacks. As the length of the peptide chain increases, the ex

tent of quantitative removal of this protecting group at the end of the 

synthesis decreases. If glutamine and/or asparagine are present there 

is the risk of deamidation. Two possible candidates for improved 

g 
e-amino lysine protecting groups are the N -m-chlorocarbobenzoxy 

6 6 6 
[N -Z-(m-Cl)] (22) and the N -diisopropylmethyloxycarbonyl (N -Dipmoc) 

(26) groups. However, the former has drawbacks. After 24 hr in 4 H 

HCl/dioxane 2-4% of this group was removed from N -Z-(m-Cl)-li-lysine. 

In HF at 0° 2 hr were required for removal of this group from the same 

g 
compound. The N -Dipmoc derivative appears more promising. Sakakibara 

et al. (26) reported that after 24 hr in HCl/HOAc at 20°, Ne-Z-

g 
(m-Cl)-L-lysine lost 7% of its N -Z(m-Cl) group. The corresponding 

g 
N -Dipmoc group was reported to be completely stable under the same 

conditions. He also reported that HF will remove the group in the 

presence of anisole at 20° after 1 hr. Both groups remain to be eval

uated in SPPS. Merrifield (27) and collaborators have recently evalu

ated l/*-t_-Boc-N-(2,4-dichlorocarbobenoxy)-li-lysine in SPPS and reported 

excellent results. 



€ 
The use, along with the N -Z group, of an cv-amino protecting 

a 
group more easily removed with a weak acid solution than the N -t^Boc 

group is an additional approach to the lysine problem. Wang and Merri-

Oi 
field (28) suggested this approach when they reported the use of N -Bpoc 

amino acids in SPPS. We utilized a similar approach in an attempted 

Oi 
synthesis of the CBH octadecapeptide by using N -Z(OMe) amino acids. 

Although never attempted with SPPS, the use of boron trifluoride ether-

ate for cleavage of the toe group has been reported (29). 

Schnabel, Klostermeyer, and li^-ndt (20) reported that 1% of Ne-Z-(m-Cl)-

L-lysine was converted to free lysine after 72 hr in 0.08 M boron tri-

a 
fluoride etherate in acetic acid. Under the same conditions N -t^Boc-

L^valine was completely deblocked within 4 min. 

Glutamine and asparagine must both be coupled as their j>-nitro-

phenyl esters during SPPS to avoid nitrile formation observed when DCC 

is used as the coupling reagent (30). As illustrated by Karlsson, 

Lindeberg, and Ragnarsson (31), such coupling reactions proceed to > 99% 

completion only after >18 hr. Until recently there has been no major 

effort to prepare amide protecting groups stable to the basic and 

acidic conditions used during SPPS. The 2,4-dimethoxybenzyl (32), 

2,4,6-trimethoxybenzyl (32), and 4,4'-dimethoxybenzhydryl (33) amide 

protecting groups appear to be too labile to the acid conditions of 

SPPS for general use. The benzhydryl derivative of asparagine has been 

investigated (34) in a SPPS of (2-phe,4-leu)-oxytocin with excellent 

results. Other derivatives are currently under investigation. In our 

laboratories, Muscio (35) recently found that using N-hydroxybenzotri-

azole (36) with DCC in a SPPS of (2-ile,4-leu)-oxytocin resulted in no 



nitrile formation at asparagine. This conclusion was based on an 

infrared study of the purified peptide and peptide resin. We have used 

a basic treatment during the nitrophenyl ester coupling of glutamine in 

two of our attempted syntheses of the CBH octadecapeptide and achieved 

> 997. coupling. 

During our studies we found it necessary to prepare and use 

N**-Z(OMe) amino acids. Only three reports (24,37,38) have appeared 

concerning their use during SPPS. One (37) reported that their use in 

a SPPS of oxytocin was forthcoming. To date this has not appeared in 

the literature. The use of HCl/HOAc (107o anisole) for deprotection 

of N -Z(OMe) amino acids during a SPPS of gramicidin S was recently re

ported (38). The third (24) reported a quantitative study of ff-amino 

protection during SPPS. Various L^isoleucine derivatives were coupled 

Of 
to L^-alanine resin ester, and the resulting N -protected dipeptide 

resin ester was subjected to a wide variety of deblocking conditions. 

ot 
With N -Z(OMe) protection, optimal deblocking conditions were reported 

to be M TFA/CHgClg for 10 min, with considerably less loss of dipeptide 

than was found with 50% TFA/CHgC^ (approximately 7 M). Our own quan

titative studies of deblocking during SPPS were in general agreement 

a 
with these findings. The same study also reported that the N -Bpoc 

protecting group was removed in 10 min with 0.1 M TFA/CH2CI2. 

Wang and Merrifield reported (28) 0.5% (approximately 0.07 M) TFA/CHgClg 

for 10 min to be optimal in a time-dependent study of the deprotection 

Of 
of N -Bpoc-L-leucylglycine resin ester. There are problems with the 

cy of 
use of both N -Z(OMe) and N -Bpoc amino acids. Both are very acid 
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labile and must be stored as their DCHA salts. It is especially impor-

01 
tant for the N -Bpoc amino acid DCHA salts to liberate only the one 

which is to be immediately coupled. For the synthesis of small pep

tides this is tedious; however, for an automated protein synthesis this 

is a monumental task, unless this step can also be automated. With 

<y 
N -Bpoc amino acids the problem of deprotection during coupling arises. 

This has not been adequately evaluated. 

Coupling Reactions 

Although the loss of peptide (24) during deblocking reactions 

remains a problem, generally these reactions have not been troublesome. 

On the other hand, the coupling reactions have been extremely bother

some. The problem with incomplete coupling of £-nitropheny1 esters 

(31) of glutamine and asparagine has been mentioned. Incomplete cou

pling can also be a problem with DCC coupling (39). Two reports (40, 

41) have appeared where urea in EMF has been used to increase the cou

pling yield of DCC coupling reactions. In our laboratory N-hydroxy-

benzotriazole (36) has been found very useful for this purpose. At 

least one of its mechanisms of action is to decrease the rearrangement 

of the DCC active ester to the relatively inactive N-acyl urea of the 

amino acid being coupled. A recent report (42) claims a nonapeptide 

and three pentapeptides were synthesized using EEDQ (43) as a coupling 

reagent in SPPS. This reagent slowly releases a very reactive mixed 

anhydride. During one of our solid phase peptide syntheses of the CBH 

octadecapeptide, EEDQ was used to bring to completion those reactions 

that had already gone from 957. to 99% completion. This reagent is 
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currently being quantitatively studied in SPPS coupling reactions. 

Another attempt to use the mixed anhydride procedure in SPPS was re

cently reported (44). Symmetrical anhydrides were used instead of the 

conventional mixed anhydrides to avoid incorporation of the wrong 

group. The symmetrical anhydrides were successfully used in coupling 

reactions for 2 hr at 20° in a SPPS of antamanide (44). Greater than 

30% yield of crystalline antamanide was obtained by the use of these 

derivatives. An 80% recovery of the unreacted amino acid by hydrolysis 

with aqueous sodium bicarbonate solution was also reported. 

Besides incomplete coupling and loss of peptide from the resin 

during deblocking, another troublesome phenomenon has been noted that 

was a major problem during the current study. Four reports (39,45,46, 

47) have appeared that noted an irreversible blockage of the free amino 

groups during certain solid phase peptide syntheses. We have provided 

further evidence for this in our quantitative studies. 

Racemization 

Several methods have shown that there is less than 17« racemiza

tion during a Merrifield SPPS. This has been shown by an enzymatic 

hydrolysis procedure (39) and a gas chromatographic procedure (48). 

The procedure with the most general applicability was reported by Man

ning and Moore (49) and later improved by Manning (50). The acid hy-

drolysate of the synthetic peptide was reacted with L^leucine-N-carboxy 

anhydride. If there were any racemic residues in the original peptide, 

a diastereomeric mixture of dipeptides would be obtained. These were 

separated and quantitated on an amino acid analyzer. Manning (50) also 
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noted that racemization may occur during the acid hydrolysis. Use of 

enzymatic hydrolysis is often precluded due to incomplete hydrolysis of 

entire residues. Manning (50) presented a method where tritium chlor

ide was used in conjunction with the previously reported procedure to 

detect any racemization during the acid hydrolysis. Using both of 

these methods, Manning reported that a sample of bradykinin prepared by 

the SPPS method was optically pure. 

Biochemical Aspects of Hi stones 

Several excellent reviews and books (51-61) have appeared on 

histone research and should be consulted for detailed information. 

Histones are basic proteins located in the nucleus of the eukaryotic 

cell. Several fractionation methods have been devised for separation 

of the component proteins of histones. For purposes of discussion, the 

nomenclature for the classes obtained from rough fractionation of his

tones and for fractions obtained from additional fractionation of these 

classes of histones are presented in Table 1 (51). The nomenclature 

presented in Roman numerals is due to Rasmussen, Murray, and Luck (62) 

and the other nomenclature to Johns and Butler (63). 

Table 1. Nomenclature for the classes and fractions obtained from 
fractionation of histones. 

Class Fraction 

lysine I (fl) 
rich 

slightly IIb2 (f2b) 
lysine rich Ilbl (f2a2) 

arginine III (f3) 
rich IV (f2al) 
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The only histone fraction to be completely sequenced is histone 

IV (53,64,65). DeLange and Smith (51) noted that calf thymus histone 

IV and pea embryo histone IV differ in amino acid sequence by only four 

residues. From the standpoint of evolution, this suggests (51) that 

the structure and function of histone IV are so closely interrelated 

that sequence changes could not have been tolerated. Unfortunately, 

the precise function of histone IV or any other histone fraction is un

known (51,57). There is suggestive evidence, however, concerning possi

ble functions for histones. 

Evidence (51,56,59,61) suggests that histones are a key part of 

the control mechanism for cellular differentiation. This has been the 

subject of considerable controversy (55,57,59). One of the most fre

quent criticisms (59) has been that histones are too homogeneous to 

play a role as a primary regulator of genetic activity. This was dis

puted in the same source on the basis of automaton theory. The design 

of unambiguous experiments to test the various hypotheses concerning 

the role of histones in cellular differentiation is very difficult. 

For example, if careful precautions (66) are not taken to remove pro

teolytic enzymes from isolated histones and careful separations of them 

are not done, ambiguous data are likely to be. the result of any experi

mentation. Besides a possible role in the control of cellular differ

entiation by the control of the transcription from DNA to m-RNA, 

histones may also function in the condensation of chromosomes and/or 

provide a framework and protective shield for the DNA (51,56). Pres-

cott has presented (57) evidence for and against all three possible 

functions. 
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The available evidence suggests that there is a division of 

labor among the different histone fractions. A recent study (67) of 

both the in vivo and in vitro metabolism of the lysine-rich and argi

nine-rich histones in Ehrlich ascites cells provides suggestive evi

dence that the former class restricts the availability of the DNA 

template during differentiation. The arginine-rich histones appeared 

to interact only with RNA polymerase, affecting the rate of synthesis 

of RNA but not its hybridizability. Holoubek (67) further suggested 

that the arginine-rich histone fraction regulates the response of the 

genome to environmental changes and is detached from a role in cell 

replication. The Georgiev review (55) also presents evidence that is 

consistent with this hypothesis. 

Studies of in vivo and in vitro covalent modifications (58) of 

histones suggest that this phenomenon may be one clue to the mystery of 

how cellular differentiation is controlled. The important covalent 

modifications appear to be phosphorylation (68,69), acetylation (70-

73), and methylation (74,75). 

Langan (68) reported that increased histone phosphorylation via 

histone kinase is one of the primary responses of liver tissue to cy

clic AMP and to those hormones whose action is mediated by the cyclic 

nucleotide. It has also been found (69) that in liver tissue histone 

phosphorylation occurs in response to the pancreatic hormone glucagon, 

via the cyclic AMP-dependent histone kinase mentioned above, under con

ditions in which synthesis of certain liver enzymes is also induced. 

They proposed that histone phosphorylation might provide a mechanism 
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for induction of RNA and protein synthesis by hormones which act via 

cyclic AMP. Circular dichroism studies were in agreement with their 

hypothesis. They found that phosphorylated histone I has a greatly 

diminished ability to induce conformational changes in DNA relative to 

the nonphosphorylated histone. Further confirmation was obtained from 

serological experiments which showed that the ability to react with 

native DNA antibodies is greater for phosphorylated histone I-DNA com

plex than for nonphosphorylated histone I-DNA complex. 

DeLange and Smith noted (51) that, calf thymus histone IV and 

pea embryo histone IV differ in sequence by only four amino acid resi

dues. However, they also differ in another way. By direct amino acid 

sequence analysis this histone was shown (70) to be 50% acetylated in 

the calf thymus and only 6% acetylated in the pea embryo. This obser

vation was confirmed by an electrophoretic study (71) which showed an 

electrophoretic doublet of equal intensity for calf thymus histone IV 

and an almost exclusive single band for pea histone IV. Further in

sight into this problem was provided by studies with the mouse mammary 

gland (72). These experiments established that there are two classes 

of histone acetylation. One involves acetylation on the amino terminal 

serine of histones IV, Ilbl, and I. This class of acetylated histones 

is metabolically stable, sensitive to inhibitors of protein synthesis, 

and prominent during histone synthesis. The second class is insensi

tive to inhibitors of protein synthesis, metabolically unstable, and 

not associated with histone synthesis. This second class of histone 

acetylation occurs on internal e-amino groups of lysine residues in a 
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small percentage of histones III and IV. These results suggested that 

amino terminal acetylation occurs during histone synthesis, whereas in

corporation of acetate into the e-amino groups of histonesIII and IV is 

an intranuclear event which takes place on preformed molecules and is 

presumably mediated by acetyl CoA. These workers speculated that the 

reversible acetylation on preformed molecules of histones III and IV 

could function in the control of RNA transcription. The presumption 

about the mediation of intranuclear acetylation by acetyl CoA was con

firmed by Racey and Byvoet (73). They isolated a histone acetyl trans

ferase from chromatin and showed that it would function in the in. vitro 

transfer of acetate from acetyl CoA to histones. 

During a study of the methylation of histones in isolated calf 

thymus nuclei, Paik and Kim (74) found that both arginine and lysine 

residues were methylated in histones III and IV. During a cycle of the 

cell only methylation of the e-amino groups of the lysines was changed. 

Also, when this methylation peaked, DNA synthesis was decreasing. This 

led them to speculate about the possible roles histone methylation 

plays in such cellular events as mitosis. Two of the enzymes important 

in the above methylation process as it occurs in rat thymus nuclei were 

isolated during a study (75) of the histones from this system. These 

enzymes were shown to be histone specific methyl transferases. One 

preferentially methylated histone IV. The other showed some specific

ity toward methylation of histone III. These and related studies sug

gest that microheterogeneity is an important aspect of histone 

biochemistry ill vivo. Although certainly not established, these 
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results also suggest that chemical modifications of histones are in

volved in some aspect of cellular metabolism, probably cellular differ

entiation. 

Uses for Synthetic Histones 

Two of the more obvious uses for synthetic histones are to 

check the proposed sequence of a histone and to avoid the problem of 

proteolytic damage to the histones during a biochemical study. The 

availability of synthetic histone analogs might widen the scope of can

cer research. Levine et al. (76) claimed that the arginine-rich his

tones are the most potent class of inhibitors of both DNA and RNA 

synthesis in intact ascites tumor cells of mice and in spleen cells 

from tumor-free mice. They also claimed that this class of histones 

inhibited DNA synthesis to a greater extent than RNA synthesis in whole 

cells. Also, the tumor cells appeared to be more resistant to inhibi

tion than normal cells. Jobst (77) reported that some forms of cancer 

cells contain a significantly larger amount of histones than that found 

in normal cells. A more enlightening study for the synthetic protein 

chemist was that of DeSai and Foley (78). They compared structures and 

amino acid compositions of histone IV isolated from various tumor and 

normal tissues and found no significant difference among the histones. 

€ 6 6 
However, the ratio of N ,N -dimethyllysine to N -monomethy1lysine in 

histone IV isolated from the fast growing tumor tissues was only half 

the ratio found in calf thymus histone. They therefore speculated that 

some specificity of the histone might reside in this modification of 

the e-amino group of the lysine residues. Although none of these 
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papers provides any clear evidence for a central role of histones in 

the phenomenon of cancerous growth, they do suggest further insight 

might be gained from trying to define the role,if any, that histones 

play in cancerous growth. 

To avoid the problem of the heterogeneity of the basic proteins 

and the complexity of their interactions with DNA, model compounds such 

as polylysines and polyargininines have been combined with synthetic 

DNA (79). However to gain insight into the detailed chemical structure 

of deoxynucleoprotein and to study the binding sites of histone to nu

cleic acid quantitatively require the ability to selectively modify 

histones by synthesizing structural analogs and specific portions of 

histones. Moskowitz et al. (80) reported that none of the thermolysin 

peptides from histone IV was as effective in the inhibition of DNA-

primed synthesis of RNA as whole histone. On the basis of the latter 

study they concluded that binding alone does not produce inhibition of 

DNA-primed synthesis of RNA and that it is probably due to precipita

tion of the primer from solution. Shih and Bonner (81) suggest that 

the above study (80) might be profitably extended. They were able to 

form complexes of histones la, lb, lib, and IV with calf thymus DNA 

and characterize each one by thermal denaturation and stoichiometry 

studies. Each complex has a characteristic stoichiometry and melting 

profile, different from those complexes of protamine or synthetic poly-
J 

lysines or polyarginines with calf thymus DNA. In light of these stud

ies, it seems profitable to extend the scope of the thermolysin peptide 



study (80) by using synthetic peptides not available by enzymic degra

dation of the natural protein. 

The Present Study: History and Rationale 

We initially desired to synthesize calf thymus histone IV. Hav

ing only a limited concept of the problems ahead, we first decided to 

synthesize the CBH octadecapeptide (structure 2, Figure 1), available 

by treatment of histone IV with cyanogen bromide (82). Our initial at

tempt (synthesis A) was done using the solid phase peptide synthesis 

methodology available in 1969 (5). No monitoring of the deprotection 

or coupling reactions was done using this synthesis. Later studies 

showed that a significant decrease in amino groups available for cou

pling was occurring during the synthesis. A detailed synthetic workup 

of this synthesis gave a 9% yield of the desired peptide based on the 

amount of glycine originally on the resin. A study of the literature 

indicated other workers were having similar problems but not of the 

magnitude observed during our synthetic study. We therefore decided to 

develop methods suitable for monitoring SPPS with hopes of gaining in

sight into the nature of the decrease in the amino groups available for 

coupling. 

Three different tests were used for monitoring the SPPS of the 

CBH octadecapeptide. One of these, the aldimine test, is a quantita

tive test used for monitoring both the coupling and deblocking reac

tions. Another test, the ninhydrin test (83), is a qualitative test 

used for monitoring the coupling reactions. The latter method was used 

to determine whether or not a coupling reaction had proceeded to > 99% 
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OBzl OBzl Z NO-
R-Asp-Val-Val-Tyr-Ala-Leu-Lys-Arg-Gln- la, R=Boc 

1 2 3 4 5 6 7 8 9 b, R=H 

Gly -a! g-T^r -Leu-T^r -Gly -Phe -Gly -Gly -OCH-
10 11 12 13 14 15 16 17 18 

H-Asp-Val-Val-fyr-Ala-Leu-Lys-Arg-Gln- 2, The CBH 
octadecapeptide 

Gly-Arg-Thr-Leu-Tyr-Gly-Phe-Gly-Gly-OH 

NO. OBzl OBzl 
H-Gln-Gly-Arg-Tnr-Leu-Tyr- 3 

9 10 11 12 13 14 

Gly -Phe -Gly -Gly -OCH, P 
15 16 17 18 L 

NO. OBzl OBzl 
Boc-Gly-Arg-Tnr-Leu-Tyr- 4 

Gly-Phe-Gly-Gly-OCH2 

NO- OBzl OBzl 
H-Arg-Tnr-Leu-Tyr- 5 

Gly-Phe-Gly-Gly-OCH2 

R-T^r-Gly-Phe-Gly -Gly-OCH2.^^-P 6a, R=Boc 

R-Gly -Phe -Gly -Gly -OCH- "M^)V"P 7a, R=Boc 
1 \=±/ b, R=H 

R-Phe-Gly-Gly-OCH2-^^^-P 8a, R=Boc 

R-Gly-Gly-0CH2^^^-P 9a, R=Boc 

Figure 1, Structural formulas of peptide resins and the CBH octadeca
peptide synthesized during this study. 
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completion. The third test, the amino acid analysis test, was used to 

monitor the total quantity of amino acids on the resin at various 

points during the SPPS of the CBH octadecapeptide. 

Our aldimine test was a modification of the one reported (84) 

for amino acid and dipeptide resins. The chemistry of this test is 

shown in Figure 2. This reaction is a useful quantitative test for 

three reasons: (1) aldimines I and II are relatively stable due to 

intramolecular hydrogen bonding; (2) both reactions can be driven to 

completion by the use of excess reagents;, and (3) aldimine II exhibits 

a X = 420 nm (e = 6100) in CH0C10. The basic modifications intro-
max 2 2 

duced in our test were changes from an ethanol-CI^C^ solvent mixture 

to Cl^Clg, from 10-50 mg samples of resin to 2-5 mg samples, and from 

12 hr to one-half hour reaction times with 2-hydroxy-1-naphthaldehyde. 

The general procedure for monitoring coupling reactions with 

this aldimine test was as follows. An initial test was done in a test 

vessel of the size depicted in Figure 3. This initial result estab

lished an initial substitution value in terms of the total jimol of free 

amino group per gram of deprotected glycine resin ester for calculation 

of the percent coupling. When this initial amount of free amino group 

had decreased, the percent coupling was based on the amino content per 

gram of resin present before the coupling step as measured by the al

dimine test. The values for percent coupling reported in the experi

mental section were calculated from one aldimine test done after each 

coupling reaction. 



H2N-P* + 

CHO 

OH 
"f 

+ H, 

I + 'xs j3s^^/NH2 ) P-NH2 

ii 

Figure 2. Chemistry of the aldimine ..test. 

Coarse 
frit 

10/18 

Figure 3. Aldimine test vessel. 
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Monitoring of the deblocking reactions was done in terms of the 

total free amino groups on the resin that are available for coupling. 

We will later show that the quantity of total amino groups available 

for coupling is equivalent to that calculated from the aldimine test 

result. In the remainder of this section and in the entire experimen

tal section, these amino groups will be referred to as the total 

Calculation of this value after a deblocking reaction required two 

data: the ;umol -Nl^/g resin, available from the aldimine test and the 

weight of peptide resin at each appropriate point. This latter figure 

Of 
was best obtained by carefully weighing the initial N -t^-Boc glycine 

resin ester and then making any appropriate weight changes expected 

during each cycle of the synthesis. Included in such calculations were 

17. weight losses of resin and VL pnol losses of peptide after each 

cycle. The results from the aldimine tests were also used to adjust 

these estimates if necessary. These were considered reasonable assump

tions in light of the findings (6,7) of a retention of 17% of the pep

tide chains during a synthesis of ribonuclease A by Giitte and 

Merrifield. This is an average of 1.4% loss of peptide during each 

cycle of the synthesis. This procedure was found to be more reliable 

than attempting to weigh the resin at each step. The latter is fraught 

with problems such as incomplete drying and the possibility of side re

actions occurring during the drying procedure. Nearly all aldimine 

tests used for determining the total pmol -Nl^/g resin were done twice 

and the values averaged. Generally these values were within 5% of each 

other. The average values were then used to calculate the values of 
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total jimol -NHg reported in the experimental section. These are esti

mated to have a range of 10%. 

We also recognized the need for an additional test to provide a 

check on the quantities of all amino acids on the resin. This would 

provide evidence concerning any loss of peptide and resin during the 

synthesis. Amino acid analyses of acid hydrolysates of the peptide 

resins (5-30 mg) were used for this purpose. A slight modification in 

the hydrolysis procedure of Westall and Robinson (40) was necessary to 

achieve complete hydrolysis. Thus a 5-6 hr hydrolysis with 1:1 propi

onic acid-concd HC1 at 135° instead of their suggested 2 hr hydrolysis 

procedure was used. In general a standard amino acid analysis was done 

before and after every six analyses. Each analysis was done at least 

twice. From the amino acid analysis results and the weight of thie pep

tide resin (* 0.05 mg) used for the acid hydrolysis, the jumoles of 

amino acid per gram of peptide resin were calculated. The two or three 

values found were generally within 5% of each other. They were aver

aged and used with the appropriate calculated weight of peptide resin 

(see above) to obtain the values of total Aimoles of amino acid on the 

peptide resin. These values, found in the experimental section, are 

estimated to have a range of 107>, 

Our first analytical study (synthesis B) was to monitor cou

pling during a synthesis of 1 (see Figure 1) using the aldimine test. 

During this study, the large decrease in total -Nl^ became evident. 

Thus the next three analytical studies were confined to syntheses of 

fragments of 1. The first (synthesis C) was done using the methodology 
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of synthesis B. In order to locate where this decrease in total -NI^ 

was occurring, we monitored the deblocking reactions in a synthesis of 

4 and checked the total amino acid content of the final synthetic pep

tide resin. After locating where this decrease was occurring we tried 

to stop it by using a milder acid treatment, 4 N HCl/dioxane instead of 

507o TFA/CI^C^. This modification (synthesis D) failed to stop the ob

served decrease in total -NI^. The use of a milder acid treatment than 

those of previous syntheses was permitted in a synthesis (F) of 8b by 

a 
the use of N -Z(OMe) glycine. This stopped the decrease in total -Nl^, 

which had previously been observed upon deblocking 9a (see Figure 1). 

In order to examine the rest of the synthesis once the problem at 9a 

was solved, we monitored all of the coupling and deblocking reactions 

of a synthesis (E) of la. Along with the data from syntheses B, C, D, 

and F, the data from synthesis E suggested that the next step was the 

synthesis of the CBH octadecapeptide using a very mild deprotection 

ty 
method. We chose to use N -Z(OMe) amino acids with a few additional 

modifications in the SPPS methodology suggested by the recent findings 

of other workers. As expected, this stopped the observed decrease in 

the total -NI^, which had been observed at certain residues during all 

previous syntheses. Toward the end of this synthesis (G) a sudden de

crease in total -NH2 occurred. This appeared to be different in its 

nature from the decrease observed during the first two-thirds of the 

previous syntheses. This created a large quantity of very similar 

truncated peptides, and none of the desired peptide could be isolated 

from the mixture. Possible reasons for this will be discussed later. 



CHAPTER 2 

EXPERIMENTAL 

Experimental details for the new syntheses of two N -Z(OMe) 

amino acids, and SPPS of CBH octadecapeptide are presented here. Aldi-

mine, ninhydrin, and amino acid analysis tests were used for monitoring 

some of the SPPS reactions. 

Solvents and Reagents 

The following solvents and reagents are those used during this 

study. Their source and purification, if any, are listed below: 

Acetic acid, A.R., du Pont, distilled through a Vigreux column 

(1.5 x 30 cm). 

Amino acids, Mann Assay Analyzed, Mann Research Labs and Fox 

Chemical Co. 

N^-J^-Boc Amino acids, examined by mp and tic on supports B and C 

in solvent systems A and F, Mann Research Labs, Schwarz Bio-

research, Fluka AG, Miles Chemical Co., and Fox Chemical Co. 

Ammonia gas, anhydrous, Matheson. 

Anisole, A.R., Mallinckrodt. 

Benzene, A.R., Matheson, Coleman & Bell, distilled through a 

Vigreux column (1.5 x 30 cm). 

Benzylamine, 99%, Aldrich. 

26 
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l-Butanol, A.R., Allied Chemical Co., distilled (11) through a 

Vigreux column (1.5 x 30 cm) over 2-amino-2-methylpropanediol 

(3-6 g per 5.2 1 of A.R. 1-BuOH). From 5.2 1, a forerun of 

500 ml was discarded and the next 4 1 were collected for use. 

t_-Butyloxycarbonylazide, bp 38-42°/3 mm, Pierce Chemical Co. 

Chloroform, A.R., Matheson, Coleman & Bell. 

Chioromethylated polystyrene, 27. crosslinked with divinylbenzene, 

coarser than 250-mesh beads, 1.94 mmol Cl/g resin, Mann Re

tt 
search Labs, used for the preparation of N -Jt-Boc glycine resin 

ester used in SPPS E, F, and G. 

Cobalt trifluoride, Matheson, Coleman & Bell. 

Dichloromethane, A.R., Matheson, Coleman & Bell. 

Dicyclohexylamine, practical, Matheson, Coleman & Bell. 

Dicyclohexylcarbodiimide, A.R., Aldrich. 

Diisopropylethylamine, 99+7., Aldrich. 

Dimethylformamide, A.R., Matheson, Coleman & Bell, purified accord

ing to the method of Stewart and Young (5) or by bubbling dry 

nitrogen through dry DMF for at least 10 hr. This procedure re

duces the dimethyl amine content to less than 0.017o (v/v) (85). 

Dinitrofluorobenzene, mp 24.5-26°, Matheson, Coleman & Bell. 

Dioxane, A.R., Matheson, Coleman & Bell, purified by passage through 

a column of basic aluminum oxide (A.R. Baker), 100 g aluminum 

oxide per 250 ml dioxane. 

Ethanol, absolute, U.S. Industrials Chemical Co. 

EEDQ, 977., Aldrich. 
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Ethyl acetate, A.R., Allied Chemical Co. 

Folin-Ciocalteau phenol reagent, A.R., Fischer, for Folin-Lowry 

analyses (86) of gel filtration and partition chromatography. 

oi 
N -t^-Boc Glycine resin ester, 27« crosslinked with divinylbenzene, 

200 mesh, 240 jumol gly/g resin, Mann Research Labs, used in 

SFPS A, B, C, and D. 

Hydrogen bromide, anhydrous, Matheson. 

Hydrogen chloride, anhydrous, Matheson. 

Hydrogen fluoride, anhydrous, Matheson. 

Hydrogen peroxide, 30% aqueous solution, Mallinckrodt. 

N-Hydroxybenzotriazole, mp 155-158°, Aldrich. 

2-Hydroxy-l-naphthaldehyde, mp 79-83°, Aldrich, recrystallized from 

absolute ethanol to mp 82-83°. 

Magnesium oxide, A.R., powder, Mallinckrodt. 

jj.-Methoxycarbobenzoxy azide, mp 30°, Nutritional Biochemicals Corp. 

Ninhydrin for the ninhydrin test, mp 250° (dec), Aldrich. 

Ninhydrin for amino acid analyses, A.R., Pierce. 

£-Nitrophenol, A.R., Matheson, Coleman & Bell, recrystallized from 

benzene, mp 114°. 

Phenol, A.C.S, Reagent, Allied Chemical Co. 

Pyridine, A.R., Mallinckrodt, distilled through a Vigreux column 

(1.5 x 30 cm). 

Triethylamine, A.R., Eastman. 

Trifluoroacetic acid, A.R., Matheson, Coleman & Bell. 

Triton X-100, Rohm and Haas, dried over Linde 4-A (1/16") molecular 

sieves for one month. 
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Thin Layer Chromatographic 
Solvent Systems and Supports 

Ihe following solvent systems are those used for tic during 

this study: system A, CHCl^-CHjOH-HOAc (85:10:5); system B, CHCl^-

HOAc (9:1), system C, CHCl^-CH^OH (7:3); system D, 1-propanol—water 

(7:3); system E, CHCl^-CH^OH-HOAc (95:5:3); system F, CHCl^-acetone 

(4:1); system G, 1-BuOH—pyridine—HOAc—^0 (30:20:6:24); system H, 

1-BuOH—pyridine—HOAc—1^0 (30:6:20:24); system I, 1-BuOH—EtOH— 

pyridine —HOAc—^0 (24:3:6:4:16); system J, EtOAc-pyridine-HOAc-^O 

(5:5:1:3); system K, 1-BuOH—pyridine—HOAc—H^O (30:30:3:12); system 

L, pyridine-HOAc-H20 (50:30:15). 

The following support media are those used for tic during this 

study: support A, microcrystalline cellulose prepared plates, Mann Re

search Laboratories, 5 x 20 cm, 250 ju on glass; support B, silica gel 

prepared plates, E. Merck, 20 x 20 cm, 250 ,p on aluminum; support C, 

silica gel prepared plates, Mann Research Laboratories, 5 x 20 cm, 250w 

on glass; support D, 20 x 20 cm, 250 ju on glass prepared from Macherey, 

Nagel & Co., silica gel powder for tic. 

Partition Chromatographic 
Solvent Systems 

The following solvent systems are those used for partition 

chromatography in this study: system M, 1-BuOH—EtOH—pyridine—17» 

HOAc—^0 (8:1:2:14); system N, 1-BuOH—EtOH—pyridine—HOAc—^0 

(5:1:1:0.15:7). 
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Materials and Instrumentation 

Amino acid analyses were done on a Beckman model 120 C analyzer 

at 55° using pH 3.19 (or 3.25), 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. The acidic column (57 cm) was packed with Beckman AA-15 sulfon

ated polystyrene copolymer (nominal 8% crosslinked). The buffer change 

was 110 min when the initial buffer was pH 3.19 and 80 min when this 

buffer was 3.25. The basic column (6 cm) was packed with Beckman PA-35 

sulfonated polystyrene copolymer (nominal 87o crosslinked). The Beckman 

manual injectors were used for all sample and standard applications. 

All melting points were determined in capillaries on a Thomas-

Hoover model 6406-H apparatus and are corrected. Microanalyses were 

done by Spang Microanalytical Laboratory, Ann Arbor, Michigan. 

Optical rotations were done on a Cary model 60 spectropolarim-

eter. Infrared spectra were done on a Perkin-Elmer Infracord model 137 

or model 337 grating spectrophotometer. Nuclear magnetic resonance 

spectra were done on a Varian HA-60 or HA-100 instrument by Harry 

Grimsley of The University of Arizona Chemistry Department's spectrom

etry laboratory. A Zeiss model PM QII spectrophotometer was used for 

the aldimine tests. A Bausch and Lomb Spectronic 20 spectrophotometer 

was used for semiquantitative Folin-Lowry (86) analyses of peptide ma

terial eluted from Sephadex (Pharmacia Fine Chemicals) columns used for 

gel filtration and partition chromatography. Silica gel A.R. powder 

and silicic acid A.R. powder for column chromatography were purchased 

from Baker. 
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A semiautomated peptide synthesizer was designed by us and 

built with the assistance of The University of Arizona Chemistry De

partment's machine and glass shops. Valves for this instrument were 

purchased from Hamilton Company. Electrophoresis experiments were 

done on cellulose polyacetate strips purchased from Gelman Instruments 

Company. The electrophoresis chamber, model #5110-1, deluxe; and the 

sample applicator, model #51120, were also purchased from Gelman. A 

<y 
Heathkit pH stat was used for preparation of N -Z(OMe) amino acids. 

A Kel F hydrogen fluoride apparatus was purchased from Toho Kasei, 

Japan. 

New Synthetic Methods to Various 
Protected Amino Acids 

01 
N -t-Buty1oxycarbony1-

O-benzyl-jj-serine 

Ihe experimental details for this preparation are described in 

our publication (13) of a new synthetic approach to this amino acid de

rivative. 

(X 
N -t^Butyloxycarbonyl-

L^-me th ion ine -d., 1.-sul f oxi de 

01 
All of the crude N -t_-Boc-^-methionine, which was prepared (87) 

from L^-methionine (3.20 g, 80 mmol), was dissolved in 70 ml of glacial 

acetic acid. This solution was cooled to just above its freezing point 

in an ice-water bath. To the cooled solution was added a 3 07<> aqueous 

hydrogen peroxide solution (5.2 ml, 47 mmol), and the ice bath was re

moved. After 2.5 hr the volatile solvents and reagents were removed in 

vacuum. The oil was dissolved in 3 ml of hot ethyl acetate and the 
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solution left at room temperature for about 40 hr. Ethyl acetate (5 ml) 

was added to the solution, which was then cooled in a freezer at -27° 

for 6 hr. Four crops of crystals were collected over a period of two 

days. The mother liquors were pooled for subsequent chromatography. 

Thin layer chromatography in solvent system A (refer to section on 

Solvents and Reagents) indicated that all fractions were contaminated 

a 
with trace amounts of N -t_-Boc-L-methionine. The combined crops were 

dissolved in a minimum of boiling methanol (8 ml). The solution was 

filtered through a plug of glass wool and slowly cooled to room temper

ature. The solution was then placed in a refrigerator (0-1°). After 

three days the precipitate was collected, washed well with ethyl ace

tate, and dried in vacuum to give the analytical sample (0.96 g): mp 

122.5-123.0° [lit (19) mp 123.0-125.5°]; tic (support B), single spot 

in system A, R^, .0.35; and system B, R^,. 0.06. The mother liquors were 

kept for later recrystallizations (see below). 

The mother liquors from the ethyl acetate crystallizations were 

combined and applied to a column (15.5 x 3.45 cm) of 60 g of silica gel 

in A.R. chloroform. Fourteen fractions of 125 ml each were collected 

using chloroform as eluent. Fraction number 15 was obtained by elution 

with 250 ml of chloroform and fractions 16, 17, and 18 by elution with 

500 ml of 10% methanol in chloroform (v/v). Thin layer chromatography 

indicated that the desired product was in fractions 5 through 15. The 

fractions were combined and the solvents removed in vacuum. The prod

uct was crystallized by addition of 8 ml of ethyl acetate to the com

bined fractions, triturated in a mortar and pestle with ethyl acetate 



(10-15 ml), filtered, and dried in vacuum to yield 3.67 g; mp 12.1.5-

122.5°. The oily starting material was highly soluble in ethyl ace

tate, whereas the granular product was very insoluble in ethyl acetate; 

grinding in a mortar and pestle is critical for achieving pure mater

ial. Thin layer chromatography showed that after this procedure only 

the desired product was present. The washes and mother liquors from 

the preceding crystallization and the mother liquors from the methanol 

recrystallization were combined and evaporated to dryness. The oil was 

dissolved in Cl^Clg (5 ml) and filtered. The filtrate was evaporated 

to an oil which was crystallized from 5 ml of ethyl acetate. The crys

tals were collected, washed and triturated in 5 ml of ethyl acetate, 

filtered, and dried in vacuum to yield 2.9 g: mp 121.5-122.5°. Thin 

layer chromatography in system A showed that only the desired product 

was obtained. The total yield of N^-t^butyloxycarbonyl-Jj-methionine-

<1,1^-sulfoxide was 7.53 g (71% of the theoretical yield based on start-

28° 
ing methionine). The analytical sample gave = +4.3 (c^ 2.00, 957» 

acetic acid). 

Anal. Calcd for C1QH19N05S: C, 45.27; H, 7.22; N, 5.27. Found: 

C, 45.36; H, 7.15; N, 5.12. 

a 
Proof of Optical Purity. N -_t_-Bu ty 1 oxy car bony 1 -L^-me thionine-

dj l_-sulfoxide was converted to JL-methionine according to the procedure 

of Iselin (88). The resulting JL-methionine had the following optical 

r\ C O ft/ OR 0 
rotation: fcOp = -8.1 (c 0.8, deionized water) [lit (89) = 

-8.4 0c 0.5-2.0, deionized water)]. 
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A General Procedure for the Preparation 
of Na-Z(OMe) Amino Acids 

The following procedure was done according to the methodology 

presented by others (90,91,92), The amino acid derivative (10 mmol) in 

an Erlenmeyer flask was mixed with 10 ml of deionized water. A solu

tion of Z(OMe) azide (11 mmol) in 20 ml of dioxane was added to the 

rapidly stirred solution and the pH maintained (Table 3) by addition 

(pH stat) of 2 N NaOH solution. At the appropriate time (Table 3) the 

unreacted azide was removed by extraction with ethyl ether. The aque

ous phase was chilled, acidified to pH 3.5 with solid citric acid, 

saturated with sodium chloride, and extracted with ethyl acetate. The 

combined organic layers were washed with saturated sodium chloride so

lution and dried over anhydrous sodium sulfate. The ethyl acetate was 

removed in vacuum at room temperature to give a colorless oil. The oil 

was purified by either crystallization or conversion to its dicyclo-

hexylammonium (DCHA) salt. All derivatives were checked for purity in 

three different tic solvent systems on silica gel plates. Physical 

properties of the purified -Z(OMe) amino acid derivatives are pre

sented in Tables 2 and 3. 

Purification of -Z(OMe) Amino 
Acids via Their DCHA Salts 

Dicyclohexylamine was added dropwise to a chilled, stirred 

solution of the oily N -Z(OMe) amino acid in ethyl ether. The precipi

tate was collected, washed (ethyl ether), and recrystallized. Prior to 

use (less than 6 days) the DCHA salt in a slurry with ethyl ether was 

chilled (ice-salt bath), rapidly stirred, and treated with M aqueous 



Table 2. Physical properties of js-methoxycarbobenzoxy amino acid derivatives. 

Z(OMe) 
Amino acid3 

O p t i c a l  r o t a t i o n s  

Found 

!>]t (S)b 

(concn)c 
[<*], 

Literature 
(S) 

(concn) 
T°C 

Rf in solvent 
• system 

Gly 

Phe DCHA +22.8 

Phe 

O-Bzl-Tyr +7.0 

Leu DCHA -5.6 

Leu 

NG-N02~Arg 

Gln-ONp 

NS-Z-Lys DCHA +3.5 

(M) 
(1 .81)  

(E) 
(1.03) 

(M) 
(2.1) 

(M) 
(1.58) 

+22.6 

+5.9 

-5.8 

-»4.48 

(M) 
(1 .82)  

(E) 
(1)  

(M) 
(2.1) 

(M) 
(1.59) 

24 

25 

25 

26 

0.27 0.64 0.30 

0.64 0.64 0.45 

0.46 0.67 

0.43 0.64 0.45 

0.64 0.64 0.56 

0.47 

0.21 

0.74 

0.62 

0.74 

0.67 

0.79 

0.68 

0.51 

0.44 



Table 2.—Continued 

Z(OMe) 
Amino acid 

O p t i c a l  r o t a t i o n  
Found 

TsJS t 
(concn) 

Literature 
0]T (s)  

(concn) 
T C 

Rf in solvent 
system 

N -Z-Lys 

Ala 

Val DCHA +7.0 (M) 
(0.99) 

+8.5 (M) 
(1 .0)  

20 

0.50 0.66 

0.43 0.63 0.37 

0.65 0.70 0.43 

a. All are L^amino acids. 

b. Shorthand notation: S = solvent for optical rotation, M = methanol, E = ethanol. 

c. Concentration in g/100 ml. 

d. Refer to Solvents and Reagents section. 

e. F. Weygand and K. Hunger, Chem. Ber.. 95. 1 (1962). 

f. F. Vandesande, Bull. Soc. Chim. Beiges. 79. 397 (1970). 

g. S. Sakakibara, I. Honda, M. Naruse, and M. Kanaoka, Experientia. 25. 576 (1969). 

h. J. H. Jones and G. T. Young, J. Chem. Soc.. C, 53 (1968). 



Table 3. Preparation of jv-methoxycarbobenzoxy amino acid derivatives. 

Z(OMe) 
Amino acid 

pH of the 
reaction 
mixture 

Reaction 
timeb 

Yield 
Melting point °C 

Found Lit 
Found 
(RS)d 

Lit 

Gly 

Phe DCHA 

O-Bzl-iyr 

Leu DCHA 

NG-N02-Arg 

Gin 

Gln-ONp 

NC-Z-Lys DCHA 

10.7 

10.6 

11.0 

10.8 

10.8 

10.5 

4.0 

6.0 

5.0 

5.0 

7.0 

5.0 

10.8 6.5 

88 

74 

83 

70 

51 

49 

52 

84 

92 

75f 

90e 

95® 

69s 

85h 

70h 

71s 

95-96 
(EA-PE) 

162-162.5 
(E-PE) 

118-119 
(EA-PE) 

160-161 
(E-PE) 

145.5-148 
(EA-PE) 

147 
(W) 

156-157 
(E) 

136.5-138.5 
(E-PE) 

96-97 

159-162f 

119® 

165-165.5® 

148-149.58 

I46h 

154h 

133-1358 



Table 3. —Continued 

Z(OMe) 
Amino acid 

pH of the 
reaction 

mixture 

Reaction 
time13 

Yield 
Found Lit 

Melting point °C 

Found 
(RS)d Lit 

Ala 

Val DCHA 

10.8 

10.7 

8.0 

9.0 

90 

84 

96s 

79 f 

77-79 
(EA-PE) 

167-169 
(E) 

g 
80-82 

162-165 

a. All are L^amino acids. 

b. In hours. 

c. These are isolated and purified yields, based on the amount of starting amino acid, but 
are not optimum yields. 

d. Shorthand notation: RS = recrystallization solvent, EA = ethyl acetate, PE = petroleum 
ether (30-60°), E = ethanol, D = dimethylformainide, W = water. 

. e. F. Vandesande, Bull. Soc. Chim. Beiges. 79. 397 (1970). 

f. S. Sofuku, M. Mizumura, and A. Hagitani, Bull. Chem. Soc. Jap.. 43. 177 (1970). 

g. S. Sakakibara, I. Honda, M. Naruse, and M. Kanaoka, Experientia. 25. 576 (1969). 

h. F. Vandesande, Bull. Soc. Chim. Beiges. 78. 395 (1969). 



citric acid until all of the precipitate had dissolved. The aqueous 

phase was extracted with ethyl acetate (three portions). The combined 

organic phases were extracted with three 30-ml portions of saturated 

sodium chloride solution. The organic phase was dried (sodium sulfate), 

filtered, and evaporated in vacuum to an oil that was checked for 

purity in two tic systems. 

Preparation of N -Z(OMe)-L-Glutamine 

j)-Nitrophenyl Ester 

The mixture of Na-Z(OMe) glutamine (3.8 g, 12.2 mmol) with 

£-nitrophenol (6.8 g, 48.8 mmol) in DMF was chilled in an ice-salt 

bath, and DCC (2.8 g, 13.4 mmol) in 6 ml of DMF was added in 1-ml por-

O 
tions to the stirred mixture. After 15 hr at 0-4 the mixture was fil

tered to remove DCU and washed with two 25-ml portions of cold DMF. 

The combined filtrates were diluted with 100 ml of water to yield a 

white precipitate. The precipitate was collected after the mixture had 

been chilled in a refrigerator (0-1°) for 30 min. Further addition of 

water yielded only trace amounts of a yellow gum. The white precipi

tate was purified from DMF-water and recrystallized from absolute EtOH 

to yield 2.75 g (527«): mp 156-157 [lit (37) mp 154°]. 

Analytical Procedures 

Aldimine Test 

The peptide resin (2-5 mg) was taken and transferred into a 

culture tube (6 x 50 mm). The culture tube was placed into a 50-ml 

beaker which was covered with a "Kim-wipe.11 The resin was dried in 

vacuum in a desiccator over potassium hydroxide pellets for a minimum 



of 2 hr and was emptied into a test vessel. The weight (* 0.05 mg) of 

the resin was determined by the difference in weight between the filled 

and emptied culture tube. A solution of 1.0 N 2-hydroxy-l-naphthalde-

hyde in CJ^C^ (1-2 ml) was added to the test vessel, and the mixture 

was vigorously shaken for 30 min so that the resin did not stick to the 

sides of the vessel. Excess naphthaldehyde was drained by dry nitrogen 

pressure, and the resin and vessel were thoroughly washed with CI^C^. 

Approximately 1 ml of 1.0 N. benzylamine/Cl^C^ was then added to the 

vessel, and the resin was vigorously shaken for 20 min. The yellow 

solution was then carefully drained into a volumetric flask. Enough 

benzylamine solution was used to wash the resin and to fill the volu

metric flask. The absorbance of the aldimine solution was determined 

(vs. the benzylamine solution as blank) and, using a standardization 

plot, was converted to jumoles of free amino group per milliliter of 

benzylamine solution. From this value, the weight of resin used for 

the test, and the volume of aldimine solution, a value of jjmoles of 

free amino groups per gram of resin was easily calculated. 

Standardization Plot for the Aldimine Test. Solutions A and B 

were prepared as follows: A, 1.0 benzylamine/CI^C^; B, 1,000 

N_ 2-hydroxy-l-naphthaldehyde/CH2Cl2. Solutions 1 through 5 were pre

pared using solutions A and B. Solution B (50jul) was diluted to 10.0 

ml with CH^C^ to make a 5 .uM solution of 2-hydroxy-l-naphthaldehyde/ 

CH2CI2. Solution 1: 200 jul of the 5/jM solution B was diluted to 5.0 

ml with solution A. Solution 2: 2.5 ml of solution 1 was diluted to 

5.0 ml with solution A. Solution 3: 2.5 ml of solution 2 was diluted 
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to 5.0 ml with solution A, etc. The absorbance of each of these solu

tions 1, 2, etc. was measured versus solution A and the results were 

plotted versus concentrations of solutions 1, 2, etc. in units of 

jjmoles per milliliter. 

Ninhydrin Test 

A ninhydrin reagent found suitable for this test (83) was pre

pared from the following three reagents: (1) 500 mg ninhydrin in 10 ml 

of ethanol, (2) 80 g phenol in 20 ml ethanol, (3) 2 ml 0.001 M solution 

of potassium cyanide diluted to 100 ml with pyridine. For use of this 

reagent a small sample of the peptide resin (wet weight, 10-20 mg) was 

placed in a 12 x 75 mm test tube and 1-2 drops (medicine dropper) of 

each of the three reagents were added. The tube was kept in a boiling 

water bath for 2-3 min and the color on the beads and in the solution 

was noted. A qualitative correlation used in this study, between the 

color observed and the extent of coupling, is presented in Table 4. In 

general, unless the result was NBC, recoupling was redone until either 

NBC was achieved or no increase in the extent of coupling could be de

tected. 

Table 4. Correlation between the ninhydrin color of the peptide resin 
and the extent of the coupling reactions. 

Code Observation Conclusion 

NBC No blue color on the beads 1007o coupling 

1. Beads slight blue, faint blue solution Excl coupling 

2. Beads moderate blue, slight blue solution Good coupling 

3. Beads dark blue, moderate blue solution Fair coupling 

4. Beads dark blue, dark blue solution Poor coupling 
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Amino Acid Analyses of Various 
Peptides and Peptide Resins 

For hydrolyses of the peptide resin 0.5 to 1.0 ml of 12 N. [0.57» 

(w/v) phenol] HC1 and 0.5 to 1.0 ml of propionic acid were added to the 

accurately weighed (± 0.05 mg) resin (5-30 mg). The solution was de

gassed and hydrolyzed for 5-6 hr at 135°. The hydrolysis solvent was 

removed in vacuum in a desiccator over potassium hydroxide pellets. 

Samples were diluted to a known volume with 0,1 N HC1 or pH 2.2 citrate 

buffer and applied to the amino acid analyzer. Peptides were hydrolyzed 

in 6 N [17o (w/v) phenol] HC1 for 22-24 hr at 110-112° and prepared for 

analysis in the same manner as the hydrolyzed resins. 

Expressions of Yield 

Reliable weights of peptide resin were very difficult to deter

mine. Although the found weights of resin are recorded in this disser

tation, the only yields recorded are those calculated on the basis of 

the original number of jumoles of glycine on the resin corrected for any 

peptide resin removed for tests. Due to the complex mixtures of pep

tides obtained during all syntheses of this study, the only yields of 

peptide recorded are for those peptides purified by both gel filtra

tion and partition chromatography. 

During synthesis A an accident resulted in the loss of approx

imately 200 mg of peptide resin 8a (see Figure 1). The final yield of 

peptide 2 obtained from this synthesis has been corrected for this 

loss. 
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Peptide Syntheses 

Two preparative and two analytical syntheses of the CBH octa-

decapeptide are reported. Three analytical syntheses of fragments of 

synthetic peptide resin 1 (see Figure 1) are also reported. 

Synthesis A - Preparative Synthesis 
of CBH Octadecapeptide 2 

A reaction vessel (20 ml) of the type described by Stewart and 

(X 
Young (5) was partially filled with N -t^-Boc glycine resin ester (1.94 

g, 465 jomol). A calcium chloride drying tube was attached to the ves

sel, and the general synthetic procedure described in Table 5 was used. 

The volume of solvent per washing step was 7 ml. The coupling times 

a 
used for each N -t^-Boc amino acid are given in Table 6. The coupling 

of N -Jt-Boc-lr-glutamine £-nitrophenyl ester necessitated the following 

changes in the general synthetic procedure (Table 5): step 8. DMF, four 

ot 
washing steps; step 9. N -J^-Boc-L^Gln-ONp (4-fold molar excess) in DMF; 

steps 10 and 11. eliminated; step 12. DMF. In general a threefold 

a 
molar excess of the N -t^Boc amino acid and DCC was used, based on the 

a 
starting amount of N -_t-Boc glycine on the resin. During the synthesis 

the peptide resin was never left in or dry in a desiccator for 

extended periods of time with its terminal amino group unprotected. 

When the synthesis was complete, the peptide resin la (see Figure 1) 

was filtered, washed with two 10-ml portions of CI^C^, and dried in 

vacuum for 16 hr: weight, 2.53 g (84% yield). 

A portion of the peptide resin la (see Figure 1) was converted 

to lb according to the modified synthetic procedures described under 
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Table 5. General procedures used during synthesis A. 

Step Solvent 
Number of 

washing steps 
Shaking time 
in minutes 

1 CH2CI2 3 2 

2 50% TFA/CH2CI2 1 30 

3 
CH2C12 

3 2 

4 EtOH 3 2 

5 CHCI3 3 2 

6 10% Et3N/CHCl3 1 10 

7 CHCI3 3 2 

8 CH2CI2 3 2 

9 
a 

N -_t-Boc amino 
acid in CH2C12 

1 5 

10 DCC/CH2CI2 1 4-6 hr 

11 CH2CI2 3 2 

12 EtOH 3 2 

13 CH2CI2 3 2 
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ct 
Table 6. Coupling reaction times for each N -t^-Boc amino acid 

derivative used during synthesis A. 

a 
Residue N -t_-Boc Coupling time 
number Amino acid in hours 

. 17 Gly 4.5 

16 Phe 4.0 

15 Gly 12.0 

14 O-Bzl-Tyr 4.0 

13 Leu 4.0 

12 O-Bzl-Thr 5.5 

11 N^-nitro-Argk 4.0 

10 Gly 4.0 

9 Gln-ONpC 18.0 

8 N^-nitro-Arg^ 4.0 

7 N®-Z-Lys 4.0 

6 Leu 4.0 

5 Ala 4.0 

4 O-Bzl-Tyr 4.0 

3 Val 4.0 

2 Val 4.0 

1 P-O-Bzl-Asp 4.0 

a. Refer to structure 1 in Figure 1. 

b. Solvent: 3.5 ml CHgClg, 3.0 ml DMF. 

c. Solvent: IMF. 

d. Solvent: 5.5 ml Cl^C^, 1.5 ml DMF. 
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synthesis B. The total -NI^ was found by an aldimine test to be 120 

jumol. The acid hydrolysis of a portion of lb for amino analysis was 

done by the general methodology for 6 hr at 135°. This amino acid 

analysis showed two peaks between ammonia and arginine and one peak 

after phenylalanine. When the hydrolysis was repeated for 4 hr at 145°, 

these peaks disappeared. Although some new anomalous peaks appeared, 

they were of minor area. The results of the analyses are presented 

under hydrolysate A in Table 7. 

Synthetic peptide resin la (see Figure 1) (0.90 g of the 2.53 

g) was mixed with 0.47 ml of anisole in a Kel F reaction vessel. The 

peptide resin was then treated at 0° for 90 min with HF (5 ml), which 

had been dried and distilled over cobalt trifluoride. The HF and most 

of the anisole were then removed in vacuum. The resin was washed with 

ethyl acetate to remove remaining anisole and its oxidation products. 

The cleaved peptide was extracted into 1% acetic acid. Lyophilization 

of the solution yielded 160 mg of a white powder (sample A). 

Sample A (0.05 g) was dissolved in 1.5 ml of 50% acetic acid 

and 0.8 ml of 1% acetic acid with slight warming and subjected to gel 

filtration (9,10) on a Sephadex G-25 (200-270 mesh) column (2.84 x 

63 cm) that had been equilibrated with 1% acetic acid. The column was 

eluted with 1% acetic acid and 150 fractions of 3.0 ml each were col

lected. A chromatogram of the Folin-Lowry color values (86) vs. the 

fraction numbers showed three peaks with maxima at fractions 80, 100, 

and 106. The fractions corresponding to the peaks were pooled and 

lyophilized to give white powders: A-l (18 mg), A-2 (9 mg), A-3 



Table 7. Quantity of amino acids on various peptide resins as determined by amino acid analyses 
of their acid hydrolysates. 

jumoles of amino acids8 

Hydrolysate p^e ^eu Arg*3 Glu Lys Ala Valc Asp 

A 1110 240 314 265 145 338 168 120 168 97 193 
4.0 0.9 1.1 1.0 0.5 1.2 0.6 0.4 0.6 0.4 0.7 

Ad 1110 263 346 368 186 337 172 143 167 232 202 
4.0 1.0 1.2 1.3 0.7 1.2 0.6 0.5 0.6 0.8 0.7 

B 490 110 104 93 60 85 37 37 47 47 47 
4.0 0.9 0.8 0.8 0.5 0.7 0.3 0.3 0.4 0.4 0.4 

C 300 80 51 40 . 40 n.d. 
3.6 1.0 0.6 0.5 0.5 

D 330 96 59 52 52 n.d. 
2.9 1 - °  0.6 0.5 0.5 

E-3 660 167 131 131 . 131 172 120 
3.7 0.9 0.7 0.7 0.7 1.0 0.7 

E-lb 530 130 155 148 87 248 87 74 74 32 37 
4.0 0.9 1.2 1.2 0.6 1.9 0.6 0.6 0.6 0.2 0.3 

G-3-A 1660 404 342 240 246 440 314 
4.0 1.0 0.8 0.6 0.6 1.0 0.8 

G-3-B 1770 456 381 404 376 418 332 
. 4.0 1.0 0.8 0.9 0.8 1.0 0.8 



Table 7. —Continued 

jumoles of amino acidsa 

Hydrolysate 
Gly Phe Tyr Leu Thr Argb Glu Lys Ala Valc Asp 

G-la-A 1782 467 555 711 348 751 335 342 - 278 204 182 
4.0 1.0 1.2 1.6 0.8 1.7 0.8 0.9 0.6 0.5 0.4 

G-la-B 1690 445 550 686 288 644 332 366 270 344 181 
4.0 1.0 1.3 1.6 0.7 1.5 0.8 0.9 0.6 0.8 0.4 

a. - 10%. These values are not corrected for hydrolytic losses. Figures below umoles are 
ratios of amino acids expressed as moles/100 moles of all amino acids. 

b. Arginine was calculated when necessary and possible from the sum of values for nitro-
arginine, ornithine, and arginine according t<? the method of Stewart and Young (5). Arginine was not 
determined (n.d.) for hydrolysates C and D. 

c. Valine values are low for nearly all hydrolysate samples due to incomplete hydrolysis of 
the valylvaline bond (93,94). 

d. Results are for hydrolysate sample of A subjected to the hydrolysis conditions (4 hr, 
145°) mentioned in the text. 
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(7 mg). The results of amino acid analyses of 24- and 72-hr hydroly-

sates of sample A-l and 24-hr hydrolysates of all remaining samples are 

presented in Table 8. The sample A results are also expressed as total 

quantities of amino acid on the resin. Clearly this is not as quanti

tative as direct hydrolysis of the resin, but it does provide a check 

on the resin hydrolysis conditions. 

Fractions A-l (18 mg) was dissolved in 0.5 ml of 50% acetic 

acid and diluted to 2.5 ml with the upper phase of solvent system M and 

applied to a Sephadex G-25 (100-200 mesh) column (2.7 x 63.5 cm) that 

had been equilibrated with the lower and upper phases of the solvent 

system according to the method of Yamashiro (in 12). The column was 

eluted with the upper phase, and 135 fractions of 6.0 ml each were col

lected. A chromatogram of the Folin-Lowry color values vs. the frac

tion numbers showed three peaks with maxima at fractions 21 (R^, 0.74), 

30 (R^, 0.52), and 40 (R^, 0.39). The fractions corresponding to the 

three peaks were pooled, diluted with twice their volume of water, and 

the resulting mixtures were concentrated in vacuum and lyophilized to 

yield the following samples: A-l-a (4.0 mg, 47o yield) (R^, 0.74), 

A-l-b (2.0 mg, 2% yield) (R^, 0.52), A-l-c (9.1 mg, 9% yield) (R^, 

0.39). Amino acid analyses of 24- and 72-hr hydrolysates of samples 

A-l-b and A-l-c and a 24-hr hydrolysate of sample A-l-a are presented 

in Table 9. 

Fraction A-l-c (0.8 mg) was dissolved in 0.02 ml of 50% aque

ous acetic acid and 0.04 ml of the upper phase of solvent system N and 

applied to the top of a Sephadex G-25 (100-200 mesh) column (0.8 x 
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Table 8. Composition of synthetic histone peptide fractions from 
synthesis A after one gel filtration of sample A.a 

Ab A-l A-2 A-3 A-lc Theory 

Gly 4.0 (860) 4.0 4.0 4.0 4.0 4 

Phe 0.9 (200) 1.0 0.8 1.0 1.0 1 

iyr 1.2 (280) 2.0 0.4 0.9 2.0 2 

Leu 1.4 (300) 2.1 1.0 0.7 2.2 2 

Thr 0.8 (180) 0.9 0.7 0.4 1.0 1 

Arg 0.9 (200) 2.2 1.8 o
.
 *
 

2.3 2 

Glu 0.7 (150) 1.1 1.0 0.0 1.2 1 

Lys 0.6 (130) 1.2 1.6 0.6 1.3 1 

Ala 0.7 (150) . 1.1 0.8 0.0 1.3 1 

d 
Val 0.5 (100) 0.7 0.4 0.0 1.5 2 

Asp 0.9 (200) 1.2 0.7 0.7 1.3 1 

a. * 107o. These values are not corrected for hydrolytic 
losses. 

b. Figures in parentheses refer the number of jumoles of amino 
acid which would have been cleaved from the total amount of peptide 
resin la at the end of the synthesis. 

c. The results are from a 72-hr hydrolysis of sample A-l. 

d. Valine values are low for nearly all hydrolysate samples 
due to incomplete hydrolysis of the valylvaline bond (93,94). 
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Table 9. Composition of synthetic histone peptide fractions from the 
partition chromatography of sample A-l.a 

A-l-a A-l-b A-l-bb A-l-c A-l-c'3 Theory 

Gly 4.2 3.7 3.7 4.0 4.2 4 

Phe 1.0 1.0 1.0 1.0 1.0 1 

Tyr 1.4 1.7 1.7 1.9 2.0 2 

Leu 2.0 2.0 2.1 1.9 2.0 2 

Thr 0.9 1.0 0.9 0.9 1.0 1 

Arg 2,0 1.9 - 2.0 2.0 2 

Glu 1.0 1.0 1.1 i.O 1.0 1 

Lys 1.0 1.0 - 1.0 0.8 1 

Ala 1.1 0.9 0.9 0.9 1.0 1 

Val° 0.6 0.9 1.2 1.0 1.6 2 

Asp 0.9 0.9 ° - 9  i.O 1.0 1 

a. * 10%. These values are not corrected for hydrolytic 
losses. 

b. Results are from 72-hr hydrolyses of samples A-l-b and 
A-l-c. 

c. Valine values are low for nearly all hydrolysate samples, 
due to incomplete hydrolysis of the valylvaline bond (93,94). 



37.2 cm) that had been equilibrated with the lower and upper phases of 

the solvent system. The column was eluted with the upper phase, and 

142 fractions of 0.8 ml each were collected. A chromatogram of the 

Folin-Lowry color values vs. the fraction numbers showed a single sym

metrical peak with a maximum at fraction 17 (R^, 0.51). This sample 

was contained in 5 ml of eluent. 

Fractions A-l-a, A-l-b, and A-l-c could not be differentiated 

by tic on supports B and D in solvent systems G, H, and I. To further 

check the purity and identity of sample A-l-c, it and an authentic sam

ple of peptide 2 (see Figure 1) were compared on the tic supports and 

solvent systems presented in Table 10. Electrophoresis on commercial 

cellulose polyacetate gel (Sephraphore III) strips (2.5 x 1.5 cm) in 

pH 2.0 (31.2 ml formic acid plus 59.2 ml glacial acetic acid diluted to 

1 1) and pH 6.4 (50 ml pyridine plus 2 ml glacial acetic acid diluted 

to 1 1) buffers at 310 volts for 15 min showed a single band for frac

tion A-l-c. In order to observe the band, the gel strip was first 

sprayed with a ninhydrin reagent prepared from 10 ml of reagent A and 

0.2 ml of collidine and then heated in a 50° oven for 20 min. Reagent 

A was prepared by mixing 0.2 g of ninhydrin with 6 ml of 957» ethanol 

and diluting this to 100 ml with ethyl ether. 

Synthesis B - Analytical Synthesis 

of Peptide Resin 1 

A reaction vessel (20 ml) of the type described by Robinson 

(39) and by Hruby, Barstow, and Linhart (95) was partially filled with 

O' 
N -t^Boc glycine resin ester (1.00 g, 240 jumol). The general synthetic 



Table 10. Thin layer chromatographic investigation of the synthetic 
CBH octadecapeptide from synthesis A. 

Plate 
medium 

Solvent 
system® *f Rf of 2b 

D I 0.42 0.42 

B J 0.41 

D G 0.52 0.52 

A I 0.77 0.77 

A J 0.67 0.67 

A H 0.88 0.88 

A G 0.73 0. 73 

a. Refer to Solvents and Reagents section. 

b. These are the Rf values for an authentic sample of 2 (see 
Figure 1), received as a girt from Professor H. Busch of the Baylor 
University College of Medicine, Texas. 
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procedure outlined in Table 5 was modified for this synthesis as 

follows: step 2, 48% TFA (2% anisole)/CH2Cl2; step 6, 10% DIEA/CHC13; 

volume of solvent/washing step = 12 ml. The coupling times used for 

a 
each N -t_-Boc amino acid are given in Table 11. The extent of each 

coupling reaction was determined by an aldimine test done immediately 

after step 13 (Table 5). The results are reported in Table 12. After 

coupling and deblocking residues 15, 8, and 7, the resin with its 

N-terminal amino group unprotected was left in CI^C^ for 12 hr, 5 hr, 

and 12 hr, respectively. At the end of the synthesis the peptide resin 

la (see Figure 1) was filtered, washed with two 10-ml portions of 

CHgC^ and dried in vacuum over potassium hydroxide pellets; weight, 

1.10 g (96% yield). 

Aldimine tests were done after the deblocking and neutraliza

tion of residues 18, 8, 7, and 4. Deblocking of residue 7 was done 

with 4 HCl/dioxane, preceded and followed by dioxane washes. This 

procedure was done twice with 30 min and 15 min acid treatments, re

spectively. From the experimental aldimine test values the following 

total -NH2 values (jumoles) were calculated: no. 19: 240; no. 8: 46; 

no. 6: 54, 44; no. 4: 43. 

The acid hydrolysis of a portion of peptide resin lb (see Fig

ure 1) for amino acid analysis was done by the general methodology for 

6 hr at 135°, This amino acid analysis showed peaks of minor area be

tween ammonia and arginine but no peak after phenylalanine. The result 

of this analysis is presented in Table 7 under hydrolysate B. 
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Table 11. Coupling reaction times for each N -tj-Boc amino acid 
derivative used during synthesis B. 

Residue 
number® 

a 
N -t_-Boc 

Amino acid 

Coupling 
time in hours 

1st 2nd 3rd 

17 Gly 4.0 - -

16 Phe 4.0 - -

15 Gly 5.0 - -

14 O-Bzl-Tyr 4.5 - -

13 Leu 5.0 10.0 -

12 O-Bzl-Thr 5.0 3.8 -

11 N**-ni tr o-Arg° 5.2 4.0 -

10 Gly 4.0 - -

9 Gln-0Npd 15.5 - -

8 N^-nitro-ArgC 7.0 - -

7 N®-Z-Lys 5.0 5.5 5.0 

6 Leu 12.5 - -

5 Ala 4.0 5.0 -

4 O-Bzl-Tyr 9.8 - -

3 -Val 12.5 14.0e 4.8f 

2 Val 12.0 4.0® 13.0s 

1 P-O-Bzl-Asp 4.5 12.0 -

a. Refer to structure 1 in Figure 1. 

b. Before the second coupling the peptide resin was generally 
reneutralized with 10% DIEA/CHC1,. Residues 2 and 3 were recoupled 
with a threefold molar excess ana residue 1 with a twofold molar ex
cess of the coupling reagents. Before the third coupling the peptide 
resin was not reneutralized. Residues 3 and 7 were recoupled with a 
molar equivalent. A threefold molar excess was used at residue 2 
followed by a third recoupling. 

c. Solvent: DMF-CH2C12 (1:12). 

d. Solvent: DMF. 

e. Solvent: DMF-CH2C12 (1:1). 

f. Solvent: DMF-CH2C12 (1:3). 

g. This third coupling reaction was done in a solution con
sisting of 17o (w/v) urea in DMF-CH2C12 (1:1). 
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Table 12. Extent of coupling during synthesis B. 

Amino acid /anol -NH0 _ . . c 
.. , , z—7 » Reaction 

residue coupled mg Resin 

17 2 99 

13 3 95 

13 2 97 

12 5 90d 

11 8 82 * 

11 5 89 

9 2 96 

8 3 94 

7 12 75 

7 8 83 

7 4 92 

6 7 85 

6 6 87 

4 6 87 

5 5 89 

4 4 91 

3 14 68 

3 6 86d 

2 10 77 

2 11 75 

2 10 77d 

1 10 77d 

a. Refer to structure 1. 

b. ± 10%. 

c. These are calculated using the values found for the -Nl^/g 

resin found during synthesis C and this synthesis. 

d. Additional coupling reactions did not increase the percent 
reaction. 



The cleavage of the peptide from the resin was done in a manner 

similar to that reported for synthesis A, and 650 mg of resin and 0.35 

ml of anisole were treated with 4 ml of dry HF. After the usual workup 

the weight of lyophilized powder was 65 mg. 

All of this powder was dissolved in 1.7 ml of 17» acetic acid 

and subjected to gel filtration on a Sephadex G-25 (200-270 mesh) col

umn (2.84 x 62 cm) that had been equilibrated with 1% acetic acid. The 

column was eluted with 1% acetic acid,and 200 fractions of 2.8 ml each 

were collected. A chromatogram of the Folin-Lowry color values vs. the 

fraction numbers showed two peaks with maxima at fractions 99 and 119. 

The fractions corresponding to the two peaks were pooled and lyophil

ized to give samples B-l (15 mg) and B-2 (16 mg). 

Samples A-l, B-l, and B-2 were spotted on support D and eluted 

with solvent systems G, J, K, and L. The only system which did not 

give extensively streaked spots was system G. Figure 4 shows the re

sults of two tic experiments done with this system. Both the nitroso-

naphthol test for tyrosine and the ninhydrin test were done. All of the 

spots were ninhydrin- and nitrosonaphthol-positive except the R^, 0.20 

spot in B-2. It was only ninhydrin-positive. 

Synthesis C - Analytical Synthesis 
of Peptide Resin 4 

A 20-ml reaction vessel (39,95) was partially filled with 

N**-t^-Boc glycine resin ester (595 mg, 135 jumol) and the synthetic pro

cedure of synthesis B was used. The coupling times for each I? -Jt-Boc 

amino acid are given in Table 13. After coupling and deblocking resi

dues 16, 15, 14, 13, 12, and 11, the resin with its N-terminal amino 
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01 
Table 13. Coupling reaction times for each N -t_-Boc amino acid 

derivative used during synthesis C. 

Residue 
number6 

a 
N -t_-Boc 
Amino acid 

Coupling** 
time in hours 
1st 2nd 

17 Gly 4.0 

16 Phe 4.0 

15 Gly 14.5 

14 O-Bzl-Tyr 5.5 

13 Leu 7.0 13.5 

12 0-Bzl-Thr 5.0 5.5 

11 
G 

N -nitro-Arg 6.5 12.0 

10 Gly 16.0 

a. Refer to structure 1 in Figure 1. 

b. Peptide resin was reneutralized before any recoupling steps 
were done. 
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group unprotected was left in CH2CI2 for 8 hr, 2 hr, 1 hr, 1 hr, 1 hr, 

and 7 hr, respectively. At the end of the synthesis the weight of dry 

resin 4 (see Figure 1) was 610 mg (100% yield). 

An aldimine test sample of 9b (see Figure 1) was removed and 

the peptide resin subjected to four cycles of steps 5 and 6 (Table 5). 

A second aldimine test sample was then removed. The total -Nl^ indi

cated by both aldimine tests was 98 * 10 jumol. The synthesis was con

tinued in the normal manner after this preliminary study. All total 

-NHg values are presented in Table 14. 

The acid hydrolysate (5 hr, 135°) of peptide resin 4 showed no 

abnormal peaks on amino acid analysis. The results are presented under 

hydrolysate C in Table 7. 

Synthesis D - Analytical Synthesis _ . 
of Peptide Resin 5 

The preparation of 9b (see Figure 1) was performed in the same 

• ot 
way as described in synthesis B using 760 mg (182 jumol) of N -Jt-Boc 

glycine resin ester. The general synthetic procedure described in 

Table 15 was then started with step 4. The coupling times for each 

nP'-_t-Boc amino acid derivative are given in Table 16. After coupling 

and deprotecting residues 16, 15, 14, 13, 12, and 11, the resin with 

its N-terminal amino group unprotected was left in CI^C^ for 91 hr, 

54 hr, 28 hr, 9 hr, 17 hr, and 2 hr, respectively. The total -NHg 

values and the conditions for the repeat deblocking and neutralization 

reactions, which were done for every residue beyond no. 17, are shown 

in Table 17. At the end of the synthesis the weight of the dry resin 

5 was 520 mg (68% yield). 



Table 14. Total free amino groups on the peptide resin calculated 
from aldimine tests performed during synthesis C. 

Amino acid Aimoles of 
residue3 deblocked Amino group'5 

18 135 

17 98 

16 84 

15 51 

14 53 

13 36 

12 36 

11 29 

11 26* 

a. Refer to structure 1 in Figure 1. 

b. ± 10%. 

c. The resin was subjected to another deblocking (30 min) and 
neutralization cycle before removing the aldimine test sample. 
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Table 15. General procedures used during synthesis D. 

Step Solvent 
Number 

washing steps 
Shaking time 
in minutes 

1 Dioxane 3 2 

2 HCl/dioxaneS 1 30 

3 Dioxane 3 2 

4 EtOH 3 2 

5 CHCI3 3 2 

6 107. DIEA/CHC13 1 10 

7 CHCI3 3 2 

8 CH2CI2 3 2 

9 N -t>Boc amino 
acid in CH2C12 

1 5 

10 DCC/CH2CI2 1 a 

11 CH2C12 
3 2 

12 EtOH 3 2 

13 CH2CI2 3 2 

a. Variable. 
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C¥ 
Table 16. Coupling reaction times for each N -t_-Boc amino acid 

derivative used during synthesis D. 

Residue 
number3 

Na-t_Boc 
Amino acid 

Coupling 

time in hours 

1st 2nd 

17 Gly 4.0 -

16 Phe 8.0 -

15 
- m 

Gly 16.0 -

14 O-Bzl-Tyr 18.0 -

13 Leu 5.0 9.8 

12 O-Bzl-Tyr 11.0 5.0 

11 
Q 

N -nitro-Arg 5.5 16.0 

a. Refer to structure 1 in Figure 1. 

b. Peptide resin was reneutralized before any recoupling steps 
were done. 
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Table 17. Total free amino groups on the peptide resin calculated from 
aldimlne tests performed during synthesis D. 

Amino acid residue 
deblocked3 

Deprotection 
mixture^ 

jumol of amino 
groupc 

18 A 172 

17 A 125 

16 B 102 

16 Bd 110 

16 Be 103 

15 B 83 

15 Bd 66 

14 C 58 

14 cf 60 

13 c 48 

13 cf 52 

13 c8 50 

12 D 52 

11 D 45 

a. Refer to structure 1 in Figure 1. 

b. A = 48% TFA-27. anisole/CH?Cl? (30 min), B = 4 N HCl/dioxane 
(30 min), C = 5.5 N_HCl/dioxane (30 min), D = 5.5 HCl-2% anisole/ 

dioxane (30 min). 

c. i 10%. 

d. Second 30 min of deprotection time. 

e. Third 30 min of deprotection time. 

f. Further 10 min of deprotection time. 

g. Second further 10 min of deprotection time. 



65 

The acid hydrolysate of peptide resin 5 (see Figure 1) showed 

no abnormal peaks on amino acid analysis. The results are presented 

under hydrolysate D in Table 7. 

Synthesis E - Analytical Synthesis 
of Peptide Resin 1 

A sample of l/*-JT-Boc glycine resin ester (500 mg, 240 jumol) 

prepared from chloromethylated polystyrene (1.94 jumol Cl/mg resin) ac

cording to the method of Stewart and Young (5) was added to a 10-ml 

reaction vessel (39,95). The general reaction procedure used during 

this synthesis was the same as that used during synthesis B except for 

those modifications described in Tables 18, 19, and 20. The volume of 

solvent per washing step was 8 ml. The details for the coupling re

action procedures used during this synthesis are presented in Tables 18 

01 G 
and 19. Before the coupling of N -Bpoc-N -nitro-L^arginine residue 11, 

the commercial DCHA salt (mp 115-118 ) (Fox Chemical Company) was lib

erated according to the general procedure described earlier for the 

Na-Z(0Me) amino acids. This yielded material that showed only one spot 

on tic support B in solvent system E. The peptide resin was immediately 

dried in vacuum for 11 hr after the first coupling reaction and washing 

steps. The second coupling followed immediately afterward. Although 

the preferable procedure would have been a second coupling immediately 

after the first to avoid premature deblocking, this was not possible at 

the time. At various points during the synthesis the peptide resin 

with its terminal amino group unprotected was left in vacuum in a des

iccator over potassium hydroxide pellets. The resin was never left in 
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Table 18. 
a 

Coupling reaction times for each N • •protected amino acid 
derivative used during synthesis E. 

Residue 
a 

N -Protected 
Coupling'1 

number3 amino acid 
time in hours 

1st 2nd 3rd 

17 Z(0Me)-Gly 5.2 -

16 Z(0Me)-Phe 10.5 -

15 Z(0Me)-Gly 5.2 -

14 Boc-O-Bzl-Tyr 14.0 -

13 Boc-Leu 5.0 -

12 Boc-O-Bzl-Thr 2.0 1.5 -

11 
G 

Bpoc-N -nitro-Arg 3.0 2.8 

10 Z(0Me)-Gly 2.8 -

9 Boc-Gln-ONp 6.0 -

8 
Q 

Boc-N -nitro-Arg 2.8 2.0 2.0 

7 Boc-Na-Z-Lys 2.0 2.0 2.0 

6 Boc-Leu 2.0 2.0 

5 Boc-Ala 2.0 2.0 

4 Boc-O-Bzl-Tyr 2.0 1.5 1.5 

3 Boc-Val 1.8 2.0 

2 Boc-Val 1.5 1.5 1.5 

1 Boc-p-O-Bzl-Asp 2.5 1.0 

a. Refer to structure 1 in Figure 1. 

b. Neutralization was used only before the third coupling of 
residue number 8. 



Table 19. Extent of coupling during synthesis E. 

& b 
Amino acid Coupling NTRC 

residue coupled method 

17-13d A(3, 0.5) NBC 

12 A(2, 0.3) 3. 

12 A(l, 0.3) 1. 

11 A(3, 0.3) 4. 

11 A(3, 0.3) NBC 

10 A(3, 0.2) NBC 

9e B(3, 0.2) NBC 

8 C(3, 0.2) 4. 

8 C(2, 0.2) 4. 

8 C(3, 0.2) -

& b 
Amino acid Coupling NTRC 

residue coupled method 

7 A(2, 0.3) -

7 A(l, 0.3) 3. 

6 A(3, 0.3) -

6 A(2, 0.3) 1. 

5 A(3, 0.3) -

5 A(2, 0.3) NBC 

4 A(3, 0.3) -

4f A(l, 0.3) 2. 

3 A(3, 0.1) -

3 D(3, 0.1) 1. 

cr> 



Table 19. —Continued 

& b bl b 
Amino acid Coupling NTRC Amino acid Coupling NTRC 

residue coupled method residue coupled method 

8 C(2, 0.2) 1. 2 A(3, 0.1) 

f 
7 A(3, 0.3) - 2 D(3, 0.1) 2. 

a. Refer to structure 1 in Figure 1. 

b. Capital letters refer to the following methods of coupling used during synthesis E: A » 
DCC/CH2CI2, B = nitrophenyl ester coupling using 1.0 ml DIEA (0.1 mol 7o) in DMF, C = DCC/CH2CI2 with 
initial addition of a minimum quantity of IMF, D = triazole method » 2 equivalents of N-hydroxybenzo-
triazole per equivalent of DCC and Na-t:-Boc amino acid in;DMF. The figures in parentheses represent 
the numerical method for calculating the quantity of coupling reagents used during this synthesis. 
The second figure is the number of mmoles of free amino group per gram of peptide resin determined by 
the aldimine test and used to calculate the total -NH2 available for coupling. The first figure is 
the multiple used for multiplying the total -NH2 to obtain the number of mmoles of coupling reagents 
used. 

c. NTR = ninhydrin test result. 

d. All of these coupling reactions were done in the manner indicated and resulted in the re
corded NTR. 

e. Aldimine test result = 6 jumol/mg resin (977.. coupling). 

f. A third coupling reaction was done at residue 4, D(l, 0.3); a third at 2, D(3, 0.1); and 
a second at 1, D(l, 0.1). None of these resulted in a change in the NTR. The first coupling at 1, 
A(3, 0.1) gave a NTR = 2. 



Table 20. Total free amino groups on the peptide resin calculated from aldimine tests performed 
during synthesis E. 

Amino acid 
residue 

deprotected3 

Deprotection 
mixtureb 
(min) 

jumol of 
amino 
group0 

Amino acid 
residue 

deprotected® 

Deprotection 
mixture^ 
(min) 

jumol of 
amino 
groupc 

18 A(30) 238 9 H(15) 115 

17 B(10) - 9 H( 5) 116 

16 B(10) 248 8 H(20) 79 

15 B(10) 206 8 H(10) 87 

14 C(15) 221 7 H(20) 93 

14 C(15). 217 6 H(20) 79 

13 D(15) 186 6 H(IO) 96 

13 D( 5) 172 5 H(30) 76 

12 D(20) 172 4 H(30) 69 

11 E(10) 58 4 H(10) 58 

11 F(10) 112 3 H(10) 58 

11 G(10) 126 2 H(30) -

10 G(10) 136 1 H(30) 38 

a. Refer to structure 1 in Figure 1. 

b. Time allowed for the deprotection reaction is shown in parentheses. A = 50% TFA, 27» 
anisole/CH2Cl2; B « M TFA, 2% anisole/C^C^j C = 40% TFA, 1% anisole/CH2Cl25 D = 40% TFA, 2% anisole/ 
CH2C12; E - 0.1 M TFA, 0.2% anisole/CH2Cl2 at 17°; F « E at 22°; G = M TFA, 0.4% anisole/CH2Cl2; 
H = 47% TFA, 2% anisole/CH2Cl2. 

c. ± 10%. 
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the unprotected state in CHgClg. The total -NI^ values and the type 

and number of deblocking reactions used at each residue are presented 

in Table 20. At the end of the synthesis the peptide resin lb (see 

Figure 1) was washed with two 10-ml portions of CI^C^ and was dried 

12 hr in vacuum. The resin was then washed with three 10-ml portions 

of glacial acetic acid and ethanol and again dried in vacuum 12 hr: 

weight, 230 mg (47% yield). 

Two amino acid analyses were done on each hydrolysate of syn

thetic peptide resins 3 and lb (see Figure 1). The acid hydrolysis 

of 3 was done in the usual way (135 , 5 hr), and the analysis showed 

no anomalous peaks. The analysis of the hydrolysate of lb (135°, 5.5 

hr) showed peaks of minor area between ammonia and arginine. The re

sults of these analyses are presented in Table 7 under hydrolysates E-3 

and E-lb, respectively. 

All of the synthetic peptide resin lb (see Figure 1) was mixed 

with a large excess of anisole (17 ml, 15.8 mmol) and L^glutamine (450 

mg, 3.1 mmol) and treated with 20 ml of anhydrous HF for 120 min at 0°. 

After the usual workup the lyophilized powder was treated with 50 ml of 

a 0.5% (w/v) solution of ammonium bicarbonate. The solution was 

stirred for 1.5 hr, diluted with deionized water, and lyophilized to 

yield 280 mg of powder. A small portion (2.07 mg) of this mixture was 

mixed with 200 Ail of a standard solution of norleucine (0.500 jumol) and 

2.0 ml of a 6 N HC1 [1% (w/v) phenol] solution (5.5 N_ with added nor

leucine solution). This mixture was degassed and hydrolyzed at 112° 

for 72 hr. After evaporation and dissolution in 0.2 HC1 the analysis 

I 
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was done In the usual manner. The results are presented below and are 

expressed as moles/100 moles of all amino acids found. No corrections 

have been made for hydrolytic losses. 

Gly Phe Tyr Leu Thr Arg Glu Lys Ala Val Asp 

4.0 1.0 1.2 1.6 0.8 1.9 100 0.7 0.8 0.5 0.6 

Synthesis F - Analytical Synthesis 
of Peptide Resin 8b 

The preparation and analysis of peptide resin 9b (see Figure 1) 

was done in the same way as described in Tables 18, 19, and 20 of syn

thesis E using 500 mg (199 jumol) of -t^-Boc glycine resin ester. Nin-

hydrin tests after the coupling of both N*-_t-Boc-jL-phenylalanine (6 hr 

DCC/CH2CI2) indicated complete coupling (NBC). Resin 9b was left in 

CHgC^ for 12 hr before coupling -jt-Boc-L-phenylalanine. The peptide 

resin 8b was left in for 6 days before drying and weighing it. 

During this time resin samples were removed at regular intervals and 

the total -NH£ was determined as reported in Table 21. The weight of 

the resin at the end of this procedure was 390 mg (82% yield). 

Synthesis G - Preparative Syn-
thesis of CBH Octadecapeptide 2 

Qt 
The N -£-Boc glycine resin ester (1.00 g, 480 jumol) used for 

synthesis E was added to a 20-ml reaction vessel (39,95). The general 

reaction procedure for this synthesis is outlined in Table 22. The 

volume of solvent per washing step was 20 ml. The N -Z(OMe) amino 

acids were used for the coupling of all residues except 1, 12, and 18 

01 
where N -t^Boc amino acids were used. The details for the coupling 



Table 21. Total free amino groups on the peptide resin calculated 
from aldimine tests performed during synthesis F. 

Amino acid jumoles of 
residue3 deblocked Amino group'' 

18 200 

17 200 

16 195 

16c 168 

16d 147 

16d 148 

16d 147 

16d 151 

a. Refer to structure 1 in Figure 1. 

b. ± 10% 

c. The resin was left in CHgC^ for 15 hr before removing the 
aldimine test sample. 

d. The resin was left in CI^C^ for 24 hr before removing the 
aldimine test sample. 
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Table 22. General procedures used during synthesis G. 

Step Solvent 
Number of 

washing steps 
Shaking time 
in minutes 

1 CH2C12 3 2.0 

2 87. TFA, 8% anisole/ 
CH2C12 

1 0.5 

3 8% TFA, 8% anisole/ 
CH2CI2 

1 10.0 

4 CH2CI2 6 2.0 

5 CHCI3 3 2.0 

6 77. DIEA/CHC13 2 5.0 

7 CHCI3 3 2.0 

8 CH2C12 3 2.0 

9 Z(OMe) amino acid/ 

CH2C12 

1 5.0 

10 DCC/CH2C12 1 90.0 

11 CH2C12 3 2.0 

12 DMF 3 2.0 

13 Z(OMe) amino acid/ 
IMF, N-hydroxy-
benzotriazole 

1 5.0 

14 DCC/IKF 1 90.0 

15a DMF 3 2.0 

a. CH2CI2 wash cycle preceded step 1 in cases where a nin-
hydrin test was done. 
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reactions are presented in Table 23. When Cl^Clg was added after step 

15, the mixture became warm. This enhanced the solubility of the un-

reacted starting materials and side products. Also the preliminary 

acid wash freed the resin of any remaining materials. When the 

NW-t_-Boc protecting group was removed from residues 1, 12, and 18, 207. 

TFA (1% anisoleyci^c^ was used in step 2 for 0.5 min and step 3 for 

20 min. At the end of the synthesis peptide resin la (see Figure 1) 

was washed with three 10-ml portions of DMF and CI^C^, one 10-ml por

tion of a 1:1 mixture of DMF—and one 10-ml portion of Cl^Clg. 

The peptide resin was then filtered, washed with three 10-ml portions 

of acetic acid and ethanol, and dried in vacuum for 8 hr: weight, 

2.23 g (1007. yield). 

The conditions for acid hydrolyses of peptide resin samples 

from this synthesis differed from the general procedure because a nor-

leucine standard was added. This standard indicated that any destruc

tion of norleucine was within the experimental error of the method. 

The evaporation and analysis procedures were performed according to the 

general methodology. A 6.02 mg sample of peptide resin 3 (see Figure 

1) was mixed with 0.500 ml (2.25 jumol) of a standard norleucine solution, 

0.50 ml of a solution of 0.57. (w/v) phenol in 12 N, HC1, and 0.50 ml of 

O 
propionic acid and hydrolyzed for 3 hr at 145 to yield hydrolysate 

G-3-A. A 1.39 mg sample of the same resin was mixed with 0.200 ml 

(0.500 jumol) of standard norleucine solution, 0.50ml of the phenol-HCl 

solution, and 0.50 ml of propionic acid and was hydrolyzed for 2.5 hr 

at 140°. The solution was removed, brought to room temperature, treated 



Table 23. Extent of coupling during synthesis G. 

Amino acida 

residue 
coupled 

No. of 
times 

coupled 

Coupling 
method*5 

NTRC 
Amino acida 

residue 
coupled 

No. of 
times 
coupled 

Coupling 
method*5 

NTRC 

11 2 B NBC 4 2 A 2. 

10 1 A NBC 4 - D 1. 

9 2 F 4. 3 3 B 1. 

9 - G NBC 3 - E NBC 

8 2 C NBC 2 2 B -

7 2 B NBC 2 - E NBC 

6 2 C NBC 1 2 B 1 

5 1 A NBC 1 - E NBC 

a. Refer to structure 1 in Figure 1. 

b. Coupling reported refers only to the coupling reaction that was checked by a ninhydrin 
test. A s DCC/CH2CI2, fourfold excess of the coupling reagents; B = triazole method, fourfold ex
cess of DCC and Na-Jt-Boc amino acid; C = triazole method, twofold excess of DCC and N^-t^Boc amino 
acid; D = triazole method, 5% (v/v) Triton-X-100, twofold excess of DCC and Na-t^Boc amino acid; E • 
EEDQ method = fourfold excess of EEDQ and amino acid in DMF, 90 min; F = nitrophenyl ester, 6 hr, 
fourfold excess in DMF; G = nitrophenyl ester 6 hr, twofold excess, 0.12 ml DIEA (threefold excess 
based on 0.22 mmol of protonated amino group). Triazole method = 2 equivalents of N-hydroxybenzo-
triazole per equivalent of DCC and Na-t^Boc amino acid in IMF. 

c, NTR = ninhydrin test result. 
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with 0.3 ml of the phenol-HCl solution and 0.3 ml of propionic acid, 

and hydrolyzed at 145° for 4.5 hr to yield hydrolysate G-3-B. Two sam

ples of peptide resin la were hydrolyzed with the same acid mixture but 

for different lengths of time. The acid mixture used (4.4 N.) was 0.500 

ml (1.25 jumol) of a standard norleucine solution, 0.70 ml of the 

phenol-HCl solution, and 0.70 ml of propionic acid. The hydrolysis 

time for both samples was 3.5 hr at 140°. Both solutions were removed 

and brought to room temperature before an additional 1.3 ml of the 

phenol-acid solution and 1.3 ml of propionic acid were added. The 5.2 

N acid mixture (G-la-A) was then hydrolyzed 4 hr and the other 5.2 N 

acid mixture (G-la-B) for 14.5 hr. The results of each of these hy-

drolysates are presented under the respective hydrolysate labels in 

Table 7. 

The peptide material was cleaved from the resin at 0° for 90 

min using 730 mg of la (see Figure 1), 90 mg of glutamine, 1.1 ml of 

anisole, and 16 ml of anhydrous HF. The workup was done as previously 

described except for the use of 107. acetic acid to wash the cleaved 

peptide away from the polystyrene resin. The lyophilized powder that 

resulted from this cleavage and lyophilization procedure was treated 

with 30 ml of 0.57« (w/v) aqueous solution of ammonium bicarbonate. The 

solution was stirred for 2.5 hr, diluted with deionized water and 17o 

acetic acid, and lyophilized. The lyophilized powder was subjected to 

gel filtration on a Sephadex G-25 (20-80 mesh) column (bead polymeri-

zate, 2.15 x 113 cm) that had been equilibrated with 17<> acetic acid. 

The column was eluted with 17o acetic acid and 145 fractions of 3.0 ml 
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each were collected. A chromatogram of the Folin-Lowry color values 

vs. the fraction numbers showed four peaks with maxima at fractions 86, 

95, 98, and 118. Since the peaks were overlapping, fractions 55 

through 94 were combined, lyophilized (60 mg), and subjected to gel 

filtration on a Sephadex G-25 (200-270 mesh) column (block polymerizate, 

2.84 x 53 cm) that had been equilibrated with 17o acetic acid. The col

umn was eluted with 17» acetic acid and 129 fractions of 3.0 ml each 

were collected. A chromatogram of the Folin-Lowry color values vs. the 

fraction numbers showed one peak with a maximum at fraction 90, with 

shoulders of minor area on either side of it. The fractions corre

sponding to the peak were combined and lyophilized. The yield at this 

stage was not determined. This lyophilized powder was then dissolved 

in 1.4 ml of 50% acetic acid, diluted to 2.0 ml with the upper phase of 

solvent system M, and applied to a Sephadex G-25 (100-200 mesh) column 

(2.7 x 6.42 cm) that had been equilibrated with the lower and upper 

phases of the solvent system according to the method of Yamashiro (in 

12). The column was then eluted with the upper phase and 170 fractions 

of 5.0 ml each were collected. A chromatogram of the Folin-Lowry color 

values vs. the fraction numbers showed three peaks with maxima at frac

tions 26 (R^, 0.64), 45 (R^, 0.42), and 55 (R^, 0.35). The fractions 

corresponding to the three peaks were pooled, diluted with twice their 

volume of water, and the resulting mixtures were concentrated in vacuum 

and lyophilized to yield the following samples: G-l (17 mg, 67» yield) 

(Rf, 0.64), G-2 (12 mg, 4% yield) (Rf, 0.42), G-3 (4 mg, 1% yield) (Rf, 

0.35). Sample G-2 was repartitioned in the same solvent system and on 
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the same column as the sample from which it came; 170 fractions of 2.8 

ml each were collected. A chromatogram of the Folin-Lowry color values 

vs. the fraction numbers showed two peaks with maxima at fractions 61 

(R^, 0.55) and 101 (R^, 0.33). The fractions corresponding to the two 

peaks were pooled, diluted with twice their volume of water, and the 

resulting mixtures were concentrated in vacuum and lyophilized to yield 

the following samples: G-2-a (7 mg, 27. yield) (R^, 0.55) and G-2-b 

(5 mg, 1% yield) (R̂ , 0.33). The results of amino acid analyses of 24-

and 72-hr hydrolysates of sample A-2-a and of 24-hr hydrolysates of 

samples A-l and A-3 are presented in Table 24. Fractions A-l-a, A-l-b, 

A-l-c, 6-1, G-3, and G-2-a could not be differentiated by tic on sup

ports B and D in solvent systems G, H, and I. 
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Table 24. Composition of synthetic histone peptide fractions from 
partition chromatography of peptide material from syn
thesis G.a 

G-l G-2-a G-2-a^ G-3 Theory 

Gly 4.3 4.0 4.2 4.7 4 

Phe 1.0 1.0 1.0 1.1 1 

T y r  0.8 1.0 1.0 1.6 2 

Leu i.5 1.8 1.9 2.0 2 

Thr 0.7 1.0 0.9 1.0 1 

Arg , 1.8 1.8 - 2.2 2 

Glu 0.9 1.0 1.0 1.0 1 

Lys 0.8 0.9 - 1.0 1 

Ala 0.8 0.7 0.9 0.9 1 

ValC 0.3 0.5 0.6 0.7 2 

Asp 0.4 0.6 0.6 0.5 1 

a. * 107<.. These values are not corrected for hydrolytic 
losses. 

b. Results are from a 72-hr hydrolysis of sample G-2-a. 

c. Valine values are low for nearly all hydrolysate samples, 
due to incomplete hydrolysis of the valylvaline bond (93,94). 



CHAPTER 3 

DISCUSSION 

The three tests used for monitoring SPPS reactions during the 

present study proved very reliable and provided a clear indication of 

the problems associated with our efforts to synthesize the CBH octa-

decapeptide in high yield. These problems, as they appeared in the 

coupling and especially the deblocking reactions, will be discussed. 

Mechanisms consistent with the observed data will be presented to ex

plain the nature of the observed decrease in total free amino groups 

on the resin. Our mechanisms and those proposed by other workers (45, 

46,47) point toward further studies that are being done or should be 

done to make significant progress toward the synthesis of chemically 

pure proteins. 

The connection between the location of the observed decrease in 

total free amino groups on the resin during the SPPS of the CBH octa-

decapeptide and the final isolated yield of this peptide will also be 

discussed. 

The discussion of problems associated with the synthesis of 

01 ot 
N -jb-Boc-O-benzyl-JL-serine and N -J^-Boc-L^methionine-dj L-sulfoxide con

clude this chapter. 

80 
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Reliability of the Aldimine and Nlnhvdrin 
Tests in Monitoring Reactions of 
Solid Phase Peptide Synthesis 

The aldimine test has been shown to give reliable results when 

used for monitoring the deblocking and coupling reactions of amino acid 

and dipeptide resin esters (24,84,96). This test was shown to be reli

able in extended SPPS by several observations. Longer reaction times 

of the resin with either of the aldimine test reagents did not vary the 

results significantly. Although Esko and Karlsson (97) reported 4 hr 

as the minimum time necessary for complete reaction of 2-hydroxy-l-naph-

thaldehyde with free amino groups on the resin, this may be accounted 

for by the solvent mixture they used: CI^C^-EtOH (1:1), which does 

not swell the resin to the extent that Cl^Clg does. The use of a 

smaller quantity of resin than that used by the Swedish group is prob

ably another factor that shortens the allowed reaction time. Another 

important factor was the technique used for mixing the resin with 

2-hydroxy-l-naphthaldehyde solution. We noticed, especially during the 

early part of the synthesis, that the peptide resin had a tendency to 

stick to the sides of the vessel. Yamashiro (98) noted that the one-

half hour reaction time was not sufficient if the beads were not shaken 

from the sides of the vessel. Thus vigorous, wrist-action shaking of 

the vessel was necessary until all of the resin had come loose. When 

this sticking of the resin continued for a considerable part of the al

lotted time, we extended the time to ensure complete mixing of the pep

tide resin with the 2-hydroxy-l-naphthaldehyde solution. 



Comparison of the amino acid content of the synthetic peptide 

resins from syntheses C and D with Tables 14 and 17, respectively, sug

gests that the total free amino groups available for coupling on the 

resin also reflect those amino groups detected by the aldimine test. 

For example, the total free amino groups on peptide resin 7b (see Fig

ure 1), 53 jumol, are equivalent to the incorporation of tyrosine into 

the peptide resin 4. Certain discrepancies, such as the 98jumol of 

amino groups on peptide resin 9b but an apparent incorporation of only 

80 jumol of phenylalanine into peptide resin 4, can be explained in 

terriis of mechanisms to be discussed. If the aldimine test results were 

lower than the amino acid content of the finished synthetic peptide 

resin, excluding the last residue, one might suspect that incomplete 

reaction of the free amino groups available for coupling with the aldi

mine test reagents was the most reasonable explanation. Ihis was never 

found. 

The steric bulk of the aldimine test reagents, making them 

similar to the DCC-active ester used during the coupling reactions, is 

probably the major reason why the aldimine test does appear to reflect 

the total free amino groups available for coupling on the resin. This 

makes it a valuable addition to the several such tests used for moni

toring the reactions of SPPS. These tests have been summarized along 

with leading references in the Hornle and Geising paper (99). 

Both the aldimine and ninhydrin tests have proven fairly re

liable for monitoring the coupling reactions. Comparison of Tables 12 

and 19 suggests that after the first six residues a slight background 
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noise appears in the aldimine tests rendering the percent reaction fig

ure no more than 57. low. Also refer to footnote of Table 19. The 

amino acid analysis results cannot be used to check on the coupling re

actions because of the problem of inaccessible free amino groups on the 

resin. The ninhydrin test (83) appears to be both reliable and rapid. 

Correspondence with several other research groups doing SPPS indicates 

general agreement on this point. Recently a rapid test (100) was in

troduced, based on the color reaction of an azomethine that is formed 

from any available free amino groups which have not coupled. To date 

no additional applications of this test have appeared. 

Reliability of the Amino Acid 
Analysis of the Hydrolysate 

of the Peptide Resin 

The method for hydrolyzing peptide resins introduced by Westall 

and Robinson (40) proved reliable during this study only if the modifi

cations noted in the Experimental section were made. The amino acid 

analyses results for hydrolysates of crude peptide material obtained 

directly from HF cleavages (syntheses A and E) and those results in 

Table 7 agreed reasonably well. Another method for checking the hy

drolysis procedures was to use extreme hydrolysis procedures as in syn

theses A and G. For synthesis A, these vigorous hydrolysis procedures 

led to the disappearance of any peaks between ammonia and arginine and 

a peak after phenylalanine, which had been observed in the less vigor

ous hydrolysis studies. These peaks had been prominent when our gen

eral hydrolysis procedures had been applied to peptide resin lb (see 

Figure 1) from synthesis A. However, since these peaks were of minor 
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area in the other hydrolysates, this problem was not of major impor

tance. The problem of hydrolysis of the valylvalyl bond has been dis

cussed by others (93,94) and could only be solved by vigorous hydroly

sis conditions. The problem of destruction of threonine and tyrosine 

(101) seemed to be solved by the use of 0.5% phenol in 12 N HC1. 

Evaluation of the Solid Phase Peptide 
Synthesis Coupling Reactions 

Used During This Study 

In general the coupling reactions proceeded to 95-100% comple

tion. The use of DMF and N-hydroxybenzotriazole was sometimes neces

sary to achieve this. Use of N-hydroxybenzotriazole with DCC coupling 

procedures in solution phase peptide synthesis (36) decreased racemiza-

tion, prohibited the formation of N-acylurea, and afforded peptides in 

excellent yield and a high state of purity. We found that in SPPS cou

pling yields are increased (refer to Table 19) when DCC coupling is 

done under the influence of N-hydroxybenzotriazole. 

During synthesis B the only trouble with coupling, as suggested 

by the aldimine tests, came during the addition of the last three resi

dues. The use of urea in DMF during this synthesis was suggested by 

the report of Westall and Robinson (40). This did not seem to aid the 

coupling reactions. There is thus the possibility that the aldimine 

reagent was detecting amino groups that were not available for cou

pling. 

One of the most troublesome coupling reactions of synthesis E 

oi G 
was that of N -Bpoc-N -nitro-L_-arginine residue 11. A comparison of 

the arginine ratios of hydrolysates E-3 and E-lb with the arginine 



ratios of other appropriate hydrolysates in Table 7 suggests that de-

cv G 
blocking occurred before the second incorporation of N -Bpoc-N -nitro-

L_-arginine. Deblocking during the first coupling reaction appears to 

be the most reasonable explanation and may account for the poor cou

pling indicated by the ninhydrin test. One cannot exclude, a priori, 

deblocking of the residues during the time the resin was dry in the 

desiccator. If deblocking did occur during the first coupling, the 

most likely source of acid was the A.R. Cl^Clg, which may have had 

d 
trace amounts of HC1 in it. Coupling of N -Bpoc residues would be best 

done in A.R. CI^C^ distilled from a base such as calcium oxide. The 

0/ G 
initial reason for using N -Bpoc-N -nitro-L_-arginine was to use mild 

deprotection conditions at this residue to stop a loss from the resin 

of free amino groups available for coupling. This will be discussed 

subsequently. Another reason it has been used is due to its increased 

solubility in CI^C^ relative to the corresponding Na-t>Boc deriva

tive. There are other approaches to this problem. Yamashiro (98) 

tt G 
noted that he has had excellent results using N -t^-Boc-N -tosyl-

L^arginine (102). This derivative, which is also readily soluble in 

CHgC^, is now being used in our laboratory in a SPPS of lysozyme (23). 

Synthesis G indicates that N**-Z(OMe)-jL-arginine couples with no diffi

culty. 

Another troublesome coupling reaction of synthesis E was that 

of if-t^-Boc-N6-Z-JL-lysine. Although this was not the case during syn

thesis B, recall that no extensive decrease in total free amino groups 

on the resin occurred early in this synthesis as occurred during 
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synthesis B (compare with synthesis C). During the coupling of 

Ci 
N -t^-Boc-L^glutamine residue 9, D1EA was used to neutralize any amino 

groups protonated by the nitrophenol released during the synthesis. 

The two nearly equal aldimine test results found in footnote e of Table 

19 and in Table 12 for this coupling reaction suggest little improve

ment in percent reaction under these conditions. 

The coupling reaction times were shortened during synthesis G, 

which utilized N^-ZCOMe) amino acids, to avoid side reactions. Concom

itant with the almost complete disappearance of the decrease in total 

amino groups on the resin, coupling yields were excellent. To shorten 

the time for the nitrophenyl ester coupling, DIEA was added after the 

first 6 hr of coupling. The result was excellent coupling after a 6-hr 

additional coupling. 

Toward the end of synthesis G a sudden drop in incorporation of 

amino acid occurred (see Table 7, hydrolysate G-la-B). Evidence from 

analytical studies (see the next section) suggested that such poor in

corporation was due to a decrease in the total free amino groups on the 

resin. Probable mechanisms for such a decrease are to be discussed 

subsequently. One reasonable mechanism for the poor incorporation of 

amino acid toward the end of synthesis G is a coiling of the peptide 

chain leading to a burial of the free amino groups. Since we had tried 

urea in DMF in synthesis B without increasing incorporation of amino 

acid, we thought that the use of a non-ionic detergent such as Triton-

X-100 might be more suitable for this hydrophobic region of the pep

tide. Although some improvement in coupling was apparent, this was 



not necessarily due to the use of Triton-X-100. This deserves further 

investigation as will be discussed subsequently. 

Use of EEDQ for coupling reactions has been investigated with 

apparently good results (42); the current study suggests that coupling 

yields may be brought to 100% completion. Preliminary studies by 

Groginsky (103) in our laboratory gave results that were in conflict 

with the findings of Sipos and Gaston (42). The danger in using this 

reagent, other than as it was used in this study, is the possibility 

of introducing the if -ethoxycarbonyl group by reaction of the free 

amino group with the other half of the mixed anhydride. Since so few 

ninhydrin-positive amino groups were left for coupling at the point 

where EEDQ was used for this synthesis, its use does not explain the 

sudden drop in incorporation of amino acids observed toward the end of 

this synthesis. Also, this decrease started two residues before EEDQ 

was first used. 

No EtOH washes were used after the coupling reactions during 

synthesis G to avoid solvolytic cleavage from the resin. Wieland, 

Birr, and von Dungen (104) noted that the DCU was removed during the 

deblocking reactions of their SPPS of an antamanid derivative. Since 

all amino groups are protonated during the deblocking step, no unde

sirable coupling reactions would be expected to occur. Whereas they 

used CI^C^ and CHCl^ washes in place of EtOH washes and got little or 

no removal of DCU, we used DMF followed by and did get some re

moval due to the heating effect. 



Nature of the Decrease in Total Free 
Amino Groups on the Resin During 

the Present SPPS Study 

Careful analyses of the aldimine test and amino acid analysis 

test data from syntheses C and D and the aldimine test data from syn

thesis E suggest that there are two reasonable mechanisms for the drop 

in total free amino groups on the resin on going from peptide resin 9a 

to 9b (see Figure 1). One mechanism is the loss of glycine as diketo-

piperazine. Another is the alkylation of the chloromethyl and/or pep-

tidyl methyl groups on the resin. 

Diketopiperazine (105) would be expected to be stable to the 

a 
conditions of hydrolysis of the peptide resin. Also, N -£-Boc amino 

acids are known (97) to remain occluded to the resin after the washing 

steps which follow the coupling reactions. Thus, when we analyzed the 

effluents from the deblocking, washing, and neutralization reactions 

of a SPPS of 9b (see Figure 1), using a Na-£-Boc glycine resin ester 

with 0.80 mmol of glycine per gram of resin, and found only enough 

glycine to account for 2-3% of the observed decrease of 50% of the 

total free amino groups on the resin observed during that synthesis, 

we concluded that either glycine was lost as diketopeperazine or the 

amino groups were becoming blocked. Lunkenheimer and Zahn (106) made 

two observations that favor the former hypothesis. They found that 

bis-(3,6-dioxopiperazinyl-2-methyl )disulfide was formed from the treat

ment of the bisdisulfide of cystinylglycine benzyl ester hydrochloride 

for 15 min with 10% NEt3/CHCl3. When leucylglycine resin ester was left 

in CHgC^ for 18 hr followed by 13 hr in EtOH and 2 hr in HOAc, 
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Lunkenheimer and Zahn (106) next showed that the free amino groups on 

the resin detected by titration dropped 27%. Analysis of the effluents 

by tic indicated that leucylglycine diketopiperazine was present. They 

also showed that under the same conditions, leucylvaline resin ester 

loses 10% of its free amino groups. Neither lost diketopiperazine or 

amino groups under normal SPPS conditions. During their study they re-

01 
acted their N -t^-Boc glycine resin ester with a 50-fold molar excess of 

benzylmercaptan and NEt^ to free it of chloromethyl groups. Also, they 

never quantitated the amount of diketopiperazine formed, and it is 

doubtful that this would meet with success. In our laboratory Smith 

(107) noted that 100 mmol of glycine ethyl ester treated with an anhy

drous solution of ammonia in methanol in a sealed vessel at room tem

perature for 3 days yields 5.3 mmol of diketopiperazine (10% yield). 

However, during synthesis C repeated treatment of peptide resin 9b (see 

Figure 1) with 10% NEt3/CHCl2 resulted in no decrease in total amino 

groups on the resin and the resin 9b was never left in CHgClg during 

any of the syntheses. Also, going to the milder deprotection condi

tions of synthesis F stopped the decrease at the location under dis

cussion. These various observations suggest that the decrease on going 

from 9a to 9b occurs during the acid treatment. 

A simple numerical analysis of the aldimine test data from syn

theses C and D was done to arrive at probable mechanisms for the ob

served decreases in total free amino groups on the resin beyond glycine 

residue 17. The calculations were done assuming a mechanism for the 

decrease observed in the aldimine test data and using the aldimine test 



data to calculate the peptide content of the peptide resin that was 

subjected to acid hydrolysis. Three calculations were done. One was 

done assuming that alkylation of peptides to the resin accounted for 

all observed decreases. This would give two types of peptides: (1) 

the entire peptide chain esterified to the resin, yielding to the.acid 

hydrolysis all amino acids incorporated into it; (2) truncated peptide 

chains alkylated to the resin with the N-terminal amino acid. Such 

alkylated peptides would yield to the acid hydrolysis all amino acids 

incorporated into them excluding the alkylated N-terminal amino acid. 

A second calculation was done, assuming that solvolytic cleavage of en

tire peptide chains accounted for all observed decreases in total free 

amino groups from the resin. This would give only one peptide, the one 

esterified to the resin, which would yield to the acid hydrolysate all 

amino acids incorporated into it. The third calculation was done, as

suming that solvolytic cleavage of the peptide from the resin occurred 

when the N^-t^Boc-L-leucine residue 13 was deblocked. The other ob

served decreases were assumed to be due to alkylation. A detailed cal

culation of the third type was done that considers one reasonable 

mixture of cleavage and alkylation at residues 17, 16, 15, and 13. De

creases at all remaining residues were assigned to alkylation only. 

This mixed cleavage and alkylation mechanism assigns 15%, 20%, 10%, and 

2% of the total decrease to cleavage at residues 17, 16, 15, and 13, 

respectively, for synthesis C (a loss of 3 jumol of peptide per de

crease). For the corresponding residues of synthesis D these percent

ages are 15%, 157o, 10%, and 3% (a loss of 3 jumol of peptide per 



decrease). In Table 25 the results of such calculations are compared 

with the observed amino acid analysis results. The mixed cleavage and 

alkylation mechanism results in the best fit of the calculated and ob

served data for synthesis D, whereas the alkylation mechanism results 

in the best fit of the calculated and observed data for synthesis C. 

This is consistent with the greater solvent and reagent exposure that 

occurred during synthesis D. Clearly the data for both syntheses are 

most consistent with the assignment of the predominant mechanism for 

the decreases in total amino groups on the resin to alkylation. 

We next took the calculated values for the amino acid content 

(Table 25, syntheses C and D) and multiplied them by appropriate con

version factors to convert them into the calculated values for amino 

acid content for synthesis B. These data are presented in Table 26. 

The conversion factor (1.78) for synthesis C converting to synthesis 

a 
B was the number of jumoles of N -t^-Boc glycine at the beginning of 

a 
the synthesis B divided by the number of jumoles of N -t^-Boc glycine 

at the beginning of synthesis C. The conversion factor (1.32) for 

synthesis D converting to synthesis B was similarly calculated. The 

data beyond threonine residue 12 are simply the aldimine test results 

at arginine 8, 46 jumol. Recall that no further large decreases in 

total amino acid content occurred beyond this residue (threonine 12). 

As above, the predominant mechanism for the observed decreases in 

total free amino groups on the resin during synthesis B appears to 

be alkylation. 
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Table 25. Results from a simple numerical analysis of the'aldimine 
test data from syntheses C and D. 

Hydrolysate 
Mechanism for 
the decrease 

Total jumoles of amino acids 
in the hydrolysate 

a 

Hydrolysate 
Mechanism for 
the decrease 

Gly Phe Tyr Leu Thr 

C A-calculated^ 310 84 51 36 36 

c 
(^-calculated 104 26 26 26 26 

SM-calculated^ 265 69 36 36 36 

6 
MM-calculated 283 78 48 36 36 

observed 300 80 51 40 40 

D A-calculated^ 363 103 60 45 45 

£-calculatedc 135 45 45 45 45 

SM-calculated^ 333 92 50 50 50 

0 
MM-calculated 336 97 57 50 50 

observed 330 96 69 52 52 

a. Observed results are from Table 7, Experimental section. 
The hydrolysate referred to in the case of the calculated results is 
that which would be obtained from the peptide resin expected from a 
SPPS where decreases in total amino groups on the resin occur by the 
specified mechanism. 

b. A = alkylation. The calculated results if the A mechanism 
is governing the decrease.. 

c. £ a cleavage. The calculated results if the £ mechanism 
is governing the decrease. 

d. JSM = mixed, with single site of cleavage. The calculated 
results if the cleavage mechanism is governing the decrease at leucine 
residue 13, but alkylation is governing the decrease at all other resi
dues. 

e. MM = mixed, with multiple sites of cleavage. The calcu
lated results if the cleavage mechanism results in a loss of 3 jumol of 
peptide at residues 17, 16, 15, and 13. 



Table 26. Results from a simple numerical analysis of the aldimine test data from synthesis B. 

Hydroly Mechanism for 
Total jumoles of amino acids a in the hydrolysate 

sate the decrease 
Gly Phe Tyr Leu Thr Arg Gin Lys Ala Val Asp 

B A-calculatedCC)*3 550 150 137 110 64 92 46 46 46 92 46 

£ 
A-calculated(D) 524 136 125 105 • 59 92 46 46 46 92 46 

C_-calculated(C)^ 184 46 92 92 46 92 46 46 46 92 46 

^-calculated(D)e 224 60 • 106 106 60 92 46 46 46 92 46 

SM-calculated(C 472 122 110 110 64 92 46 46 46 92 46 

SM-calculated(D)® 485 121 112 112 66 92 46 46 46 92 46 

MM-calculatedCC)*1 504 139 131 110 64 92 46 46 46 92 46 

MM-calculated(D)*" 489 128 121 112 66 92 46 46 46 92 46 

observed 490 110 104 93 60 85 37 37 47 47 47 

\o 
u> 



Table 26.--Continued 

a. Observed results are from Table 7, Experimental section. The hydrolysate referred to in 
the case of the calculated results is that which would be obtained from the peptide resin expected 
from a SPPS where decreases in total amino groups on the resin occur by the specified mechanism. 

b. A = alkylation. The calculated results obtained by multiplication of the factor, 1.78, 
by the results calculated from synthesis C, assuming the A mechanism. 

c. Calculated results obtained by multiplication of the factor, 1.32, by the results calcu
lated from synthesis D, assuming the A mechanism. 

d. C_ s cleavage. As in footnote b, assuming the £ mechanism. 

e. As in footnote c, assuming the £ mechanism. 

f. SM = mixed, with single site of cleavage. As in footnote b, assuming the SM mechanism 
with cleavage at leucine residue 13. 

g. As in footnote c, assuming the SM mechanism with cleavage at leucine residue 13. 

h. MM = mixed, with multiple sites of cleavage. As in footnote b, assuming the MM mechanism 
with 157o, 20%, 10%, and '2% cleavage at residues 17, 16, 15, and 13, respectively. 

i. As in footnote c, assuming the MM mechanism with 15%, 15%, 10%, and 37> cleavage at resi
dues 17, 16, 15, and 13, respectively. 

VO 
•P-
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The aldimine test data from synthesis E, Table 20, were also 

subjected to the same simple numerical analysis procedure described 

above. The results are presented in Table 27. The results for the 

mixed cleavage and alkylation mechanism (hydrolysate E-3) were calcu

lated assuming that 157o, 157«, 10%, and 10% of the decreases at resi

dues 15, 13, 11, and 9, respectively, were due to solvolytic cleavage. 

Note that residues 17 and 16 were excluded from these calculations 

since the decrease had been stopped at these residues, presumably due 

to the use of N^-ZCOMe) amino acids at these residues. Unfortunately, 

the use of N -Z(OMe) glycine at residue 15 and N -Bpoc-N -nitro-

JL-arginine at residue 11 did not completely stop the decrease at these 

residues. These decreases, along with that at leucine residue 13, ap

pear to involve a greater percentage of solvolytic cleavage than the 

corresponding decreases during synthesis B. For interpretation of the 

data in Table 27, hydrolysate E-lb, first note that after arginine 8 

no further decreases occurred until alanine residue 5 (see Table 20). 

Also, the data in Table 27, hydrolysate E-lb, show a good fit for those 

residues where decreases occurred beyond arginine 8 when the mixed 

cleavage and alkylation mechanism is assumed. Assignment of solvolytic 

cleavage at other residues would lead to considerably lower calculated 

values for the residues where decreases occurred beyond arginine 8. 

Assignment of alkylation as the predominant mechanism for explaining 

the decreases at these particular residues is consistent with the 

data. 



Table 27. Results from a simple numerical analysis of the aldimine test data from synthesis E. 

Hydroly- Mechanism for Total jumoles of amino acidsa in the hvdrolvsate 
sate the decrease Gly Phe Tyr Leu Thr Arg Gin Lys Ala Val Asp 

E-3 A-calculated*5 832 240 220 172 172 132 116 
C_-calculatedc^ 464 116 116 116 116 116 116 
SM-calculated 688 192 172 172 172 132 116 
DM-calculated 568 152 132 132 132 132 116 
MM-calculated^ 786 224 207 166 166 130 116 

observed 660 167 131 131 131 172 120 

E-lb DM-calculated^ 584 166 206 236 146 196 90 100 80 80 40 
TM-calculated 464 126 166 ]% 106 196 90 100 80 80 40 

observed 530 130 155 148 87 248 87 74 74 32 47 

a. Observed results are from Table 7, Experimental section. The hydrolysate referred to in 
the case of the calculated results is that which would be obtained from the peptide resin expected 
from a SPPS where decreases in total amino groups on the resin occur by the specified mechanism. 

b. Calculated results if the A mechanism is governing the decrease. 

c. Calculated results if the £ mechanism is governing the decrease. 

d. Calculated results, assuming the SM mechanism with cleavage at leucine residue 13. 

e. DM s mixed, with two sites of cleavage: arginine 11 and leucine 13. 

f. MM = mixed, with multiple sites of cleavage: 157o, 157», 10%, and 10% at residues 15, 13, 
11, and 9, respectively. 

g. As in footnote e with cleavage at leucine 13 and arginine 8. 

h. TM = mixed, with three sites of cleavage: arginines 8 and 11 and leucine 13. 
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Three additional mechanisms that one might have considered are 

coiling of the peptide chain leading to burial of the free amino groups, 

variable diffusion (108) of reagents into the peptide resin, and in

complete deblocking. None appeared as consistent with all of the data 

as the alkylation and cleavage mechanisms. If coiling were the pre

dominant mechanism, then the amino terminal amino acid of each coiled 

chain should be detectable by amino acid analysis. For this to be 

true, the observed amino acid analysis results would have to be consid

erably higher than the calculated alkylation mechanism results. This 

was not the case. One might also expect the first two additional me

chanisms to lead to sudden large increases in the total free amino 

groups on the peptide resin and sudden large increases in amino acid 

incorporation. There is no instance of the former phenomenon. The 

latter may have occurred at the end of synthesis A. Incomplete de

blocking is very unlikely in view of syntheses D and E and data of 

other investigators to be discussed in the next section. 

The results suggest that the solvolytic cleavage mechanism 

cannot be the predominant mechanism for explaining the decreases in 

total amino groups on the resin, whereas alkylation appears to be pre

dominant. This is clearly the case during the first half of the syn

thesis. Other possible mechanisms such as burial of amino groups, 

variable diffusion of reagents into the resin beads, and incomplete 

deblocking are not as consistent with all of the data as the alkylation 

mechanism. 



Problem of the Decrease in Total Free Amino 
Groups on the Resin as Observed 

by Other Investigators 

The problem of the inaccessibility of amino groups during SPPS 

has also been studied by other research groups (45,46,47). For pur

poses of discussion Bayer (45) defined truncated sequences as those 

that may occur when the growth of the peptide chain is interrupted. 

Failure sequences are those that originate from truncated sequences by 

further coupling of amino acids. In this same source Bayer noted that 

a SPPS of (4-ser)-oxytocin was shown by his gas-liquid chromatography-

mass spectrometry analysis technique to have no failure or truncated 

sequences. He was able to show that a SPPS of (leu-ala)^ yielded 2.5% 

leu-leu and 1.4% ala-ala and a SPPS of (ala-phe)^ yielded 0% ala-ala 

and 9.3%. phe-phe. Although the above quantities would be barely de

tectable by the methodology of our study, his approach would not de

tect a sequence that had become alkylated or a nonvolatile peptide. 

Thus all he would detect is coiling of the peptide chain or variable 

diffusion of reagents into the resin. A later report (46) presented 

additional information on the details of this work. 

In another study of the SPPS of (leu-ala)^, Hagenmaier (47) 

presented a table with the total quantity of amino groups on the resin 

detected by a titration procedure introduced by Dorman (109). This in

volves protonation of the free amino groups with pyridinium hydrochlo

ride, neutralization with 10% NEt^/DMF, and titration for chloride of 

the neutralization and wash effluents. The Dorman test.(109) might be 

expected to detect free amino groups not available for coupling and 



secondary amine or quaternary ammonium groups alkylated to the resin. 

In his table, Hagenmaier (47) presented data showing that the quantity 

of amino groups on the resin is decreasing. The majority of this de

crease can be attributed to the acetylation procedure that was used to 

block free amino groups that would not couple. Since the Dorman test 

(109) would probably not differentiate alkylated and free amino groups, 

this procedure would not be expected to detect any decrease in total 

free amino groups on the resin other than that due to solvolytic cleav

age nd acetylation. The only evidence that alkylation might have been 

occurring during Hagenmaier's study (47) is the poor coupling observed, 

starting at alanine residue 6. This was attributed to steric hindrance, 

since leucine couples with more difficulty than alanine, and to a 

burial of the amino groups. This burial of the amino groups could in

clude both variable diffusion of reagents into the resin and coiling 

of the peptide chains. A study similar to ours probably would show 

the occurrence of any alkylation. 

Robinson (39) mentioned that there appeared to be some kind of 

interaction of the growing peptide chain with the resin in his SPPS of 

cytochrome related-peptides. 

Recently a study appeared (110,111) that claimed to show that 

formation of truncated and failure sequences was due to incomplete de

blocking. Stewart (112) has attempted to repeat this work and was un

able to do so. Merrifield (27) noted that he has found batches of 

a 
commercial £-Boc azide which have led to the formation of N -t_-butyl 

a 
amino acids when used for the synthesis of N -t_-Boc amino acids. All 
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amino acids used in the present study have also been used in syntheses 

of oxytocin and vasopressin derivatives with no significant decrease in 

total amino groups on the resin. In the synthesis of the model poly

peptide (leu)^-ala (113) using 2-hr coupling times and 50% TFA/CHGl^ 

for 15 min, no problems with incomplete deblocking were reported. 

Suggestions for Preventing the Formation 
of Truncated Sequences in Solid 
Phase Peptide Synthesis 

Since there appear to be a number of possible mechanisms for 

the decrease in total free amino groups on the resin during this syn

thesis and since the prevention of one or two does not necessarily im

prove the yield of isolated peptide, as evidenced from synthesis G, 

it seems necessary to attempt to stop all of them. 

If one assumes that the problems early in the synthesis of the 

CBH octadecapeptide are due to alkylation and solvolytic cleavage and 

those late in the synthesis to coiling of the peptide chain and/or var

iable diffusion of reagents into the resin beads, then the approach of 

synthesis G must be modified to open the peptide and/or the resin 

beads. Two possible approaches are use of the proper detergent and 

coupling of peptide fragments. Although use of Triton-X-100, a non-

ionic detergent, did not seem to open up the inaccessible amino groups 

for the tyrosine residue 4 coupling, perhaps a rigorous study using the 

amino acid analysis test after every attempt to open up the inaccessible 

amino groups should be used. If use of a variety of detergents over a 

wide range of concentrations fails, then perhaps coupling of a tetra-

peptide should be attempted. Although one might expect this approach 
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to be limited by racemlzatlon and solubility problems, Marshall and 

Liener (114) have reported the use of a resin support that permits the 

synthesis of protected peptide fragments with little or no racemlza

tlon. A slight modification of this approach was recently reported 

(115). Whereas the former approach starts with a chloromethylated 

resin and the latter with a fully sulfonated resin, the latter approach 

is plagued by partial racemization at the C-terminal residue and trans-

peptidation of the w-ester of the glutamic acid and aspartic acid resi

dues. 

Some investigators (108) have assumed that variable diffusion 

of reagents into the resin beads is the major problem in SPPS. Work

ing on this assumption, Bayer et al. (116) reported the use of silica 

resin supports where only the surface is coated with the benzyl ester 

of the peptide chain. The principal problem has been premature cleav

age from the silica. Parr and Grohmann (108) reported that this prob

lem of hydrolysis of Si-O-CgH^-d^'X was stopped by going to 

Si-O-Si-CgH^-CI^-X. To date no synthesis of anything larger than a 

tetrapeptide has been reported with this latter resin support. They 

also had trouble cleaving the peptide material from the resin and were 

only able to achieve 0.08 mmol Br/g silica substitution. Thus, they 

are now studying the following class of resins: Si-0-Si-(CH2)n-CgH^-

Cl^-X. Hopefully the proper value of n will yield a higher value of 

bromomethylation and solve the peptide removal problem at the same 

time. 
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Experimentally the CBH octadecapeptide provides an excellent 

model for the study of the previously mentioned hypotheses. The de

crease in total free amino groups on the resin is large and if stopped 

will be easy to detect. Other recently reported resin supports that 

could be profitably used with the CBH octadecapeptide for additional 

study of the problems of SPPS are a noncrosslinked polystyrene resin 

support that is insoluble in DMF and CHCl^ (117), a macroreticular co

polymer with larger pore size than the conventional resin supports 

(118), and a poly(trifluorochloroethylene-gj-chloromethylstyrene) graft 

copolymer resin support (119). 

Preparative Syntheses A and G 

The data described under synthesis A are all consistent with 

the assignment of the structure of CBH octadecapeptide to fraction 

A-l-c. The problem of hydrolyzing the valylvalyl bond in this histone 

peptide has been discussed and references cited earlier. 

If the gel filtration and partition chromatographic data from 

synthesis A are compared with those from synthesis G, the following 

differences are noted. After one gel filtration of crude peptide ma

terial from synthesis A, only one partition chromatography was neces

sary to arrive at the desired peptide. When this was done with the 

crude peptide material from synthesis G, there were so many impurity 

peptides present that another gel filtration was necessary before a 

partition chromatography could be attempted. When this partition 

chromatography was done, the amino acid analysis of the fractions ob

tained (Table 24) clearly indicated that truncated peptides, missing 



103 

the last four residues, were present. One possible conclusion, in 

light of the amino acid analysis data from Table 7, is that the precip

itous drop in total free amino groups on the resin which occurred early 

in synthesis A but late in synthesis G resulted in a more easily sep

arable mixture of peptides in the former than in the latter case. It 

is likely that more solvolytic cleavage occurred during synthesis A 

than during synthesis G. Why this would result in fewer impurity pep

tides at the end of synthesis A is not readily apparent. Merrifield 

(27) has also noted this phenomenon. If alkylation were the main me

chanism for the formation of impurity peptides during synthesis A, 

the impurity peptides would not be cleaved by HF. If in synthesis G 

coiling of the peptide chains and variable diffusion of reagents into 

the resin beads were the primary mechanism for the formation of im

purity peptides, all of the peptides would be cleaved by HF. These are 

reasonable explanations for the observed results from syntheses A and 

G, respectively. 

The use of HF for cleavage of the synthetic peptide from the 

resin was followed by a dilute ammonium bicarbonate solution treatment 

(120) that is known to reverse any N to 0 acyl shifts. These can occur 

under acidic conditions at the threonine residues of peptides leading 

to migration of the N-terminal portion of the peptide chain to the 

threonine hydroxyl group. If any N to 0 acyl shift occurred during the 

HF cleavage step of synthesis A, it was not detected. 

The low yield from synthesis A may give one the false impres

sion that this is a very abnormal example of the usually high yield 
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SPPS. This is not the case. A SPPS of ar-melanotropin (a tridecapep-

tide) by Blake and Li (121) yielded 10% of the desired material on the 

basis of the original quantity of valine on the resin. Quite often 

biological activity that is dependent on a small part of a total se

quence of a peptide or protein is used as a criterion for purity. A 

synthetic sample of a polypeptide fragment from staphylococcal nuclease 

exhibited relatively high biological activity. Yet, its amino acid 

analysis was in no better agreement with theory than the amino acid 

analysis of sample A, Table 8. Also, replacement of a glutamic acid 

residue with glutamine lowered the activity of this polypeptide frag

ment. In a synthesis of the sequence from 122 to 153 to human, growth 

hormone (122), a 22% yield of material with an amino acid analysis 

quite similar in quality to that of fraction A-l of Table 8 was ob

tained. 

Importance of the New Route to 
Ng-t-Boc-Q-Benzyl-L.-serine 

a 
The classical route to N -t_-Boc-0-benzyl-iL-serine is a multi-

step procedure that has generally started with ethyl acrylate. Direct 

benzylation of jL-serine derivatives leads generally to unsatisfactory 

products (123). From ethyl acrylate a four-step procedure (14) yields 

O-benzyl-IJjL.-serine in 57-62% overall yield. One procedure (15) con

verts 0-benzyl-D,L_-serine to the formate derivative. The diastereo-

meric salt of N-formyl-0-benzyl-l)-serine and brucine is separated out 

in 41% yield. The remaining mixture is acidified and separated. The 

remaining mixture is acidified and separated, often with difficulty, 
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by use of quinine (123). This results in a 37% overall yield of 

0-benzyl-L_-serine from 0-benzyl-J),.L-serine. Recently, this second res

olution was shown to be unnecessary by virtue of the difference in 

solubility of N-formyl-0-benzyl-JL-serine and N-formyl-0-benzyl-D,L.-

serine in a 2:1 (v/v) mixture of anhydrous ether and 1-BuOH. This lat

ter procedure results in a 25% overall yield of 0-benzyl-L-serine from 

0-benzyl-D,Li-serine. A second procedure converts 0-benzyl-DjL.-serine 

to the acetate derivative. A selective conversion (16) of N-acetyl-0-

benzyl-D,L_-serine to O-benzyl-L.-serine in 30% overall yield from 

0-benzyl-JD,L_-serine is done using an enzymatic resolution procedure. 

The conversion from O-benzyl-J), .L-serine to N -t_-Boc-0-benzyl-D, L-serine 

DOHA salt is done in 78% yield using t_-Boc azide in a sodium bicarbon

ate solution in water-dioxane (17). 

Itie advantage of our procedure (13) is the replacement of a 

minimum of three steps from O-benzyl-D,L^serine with two steps from 

naturally occurring L-serine. If we assume O-benzyl-JD,L-serine and 

L_-serine can represent a common starting point, our procedure, done 

properly, represents a 1.2- to 1.5-fold increase in yield over the 

classical procedures. 

One report (123) has appeared claiming that it was not possible 

a 
to obtain N -t_-Boc-0-benzyl-L-serine in yields comparable to those we 

obtained (13). It was also noted that the procedure was unattractive on 

a larger scale than that reported. There are two likely reasons for 

their first claim. We found it critical to bring the solution contain

er 
ing the disodium salt of N -t^Boc-L^serine and benzyl bromide to a boil 



106 

and then to cool it. This was done continuously throughout the 30-60 

min period that we reported in the literature (13) and resulted in a 

clear, homogeneous solution at the end of that period. Not until such 

a solution is achieved should the ammonia be removed. The second rea

son involves the problem of exclusion of moisture. We did our experi

mental work during a dry part of the year in Arizona when the relative 

humidity is 5-10%. The criticism of our procedure comes from Cheshire, 

England. In such a humid climate the obvious remedy is the use of a 

dry bag. 

Concerning their claim (123) that our procedure appeared un

attractive on a larger scale, we did notice that foaming occurs during 

the addition of the benzyl bromide and during the warming and cooling 

period that followed. This did not appear to present a serious prob

lem when done on the reported scale. However, we recently learned that 

an industrial research group (124) had problems with this foaming phe

nomenon when doing the procedure on a much larger scale than we re

ported. We have not investigated this problem further. 

Methods for Improving the Conversion 
of L-Methionine to Ntt-t-Boc-
L^Methionine-dj lj-sulf oxide 

Oi 
In a previous synthesis (19) of N -t^Boc-L^methionine-d^, 1_-

sulfoxide, the compound was prepared in 20% yield by treatment of 

JL-methionine-d_, 1^-sulfoxide with t^Boc azide using NEt^ as base. The 

workup reported in the literature (19) was done using acetic acid with 

a trace of hydrochloric acid to acidify the basic reaction mixture to 

pH ss 4.0, after removal of t^Boc azide by ether extraction. Meienhofer 
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and Sano (125) reported that the workup of the Schnabel (126) procedure, 

a 
which is used for preparation of N -t_-Boc amino acids from the parent 

amino acids and t^Boc azide using a sodium hydroxide solution with a pH 

stat, could be improved by acidifying the basic reaction mixture to pH 

=2.0 with 2 N_HC1 instead of the reported acidification with solid 

citric acid to pH 3.5. If the workup of the Hofmann (19) procedure was 

done according to the Meienhofer and Sano modification, the final yield 

Of 
of N -t^Boc-L^methionine-dj l_-sulfoxide was increased from 20% to 60%. 

ot 
If the conversion of L-methionine-.d,JU-8ulfoxide to its N -t_-Boc deriva

tive was done by the Schnabel (126) procedure using the Meienhofer and 

Sano workup modification, the yield of the desired product was 73%. 

The preparation of N^-tj-Boc-L^methionine cited earlier (87) in the Ex

perimental section involved the use of a citric acid workup (to pH = 

3.5) and resulted in a 717« overall yield of the desired product from 

^-methionine. The major difficulty with the literature procedure ap

pears to be the failure to use the proper workup conditions. However, 

the citric acid workup is a milder procedure and more suitable on an 

industrial scale than the 2 N_ HC1 workup procedure. Thus our new ap

ex 
proach to N -t^Boc-L^methionine gives not only a higher yield of the 

desired product but also appears to be more suitable than any of the 

previously reported approaches for industrial batch processes. 



CHAPTER 4 

CONCLUSIONS 

Recently a noted authority (127) in the field of peptide syn

thesis concluded that the prospects for the synthesis of chemically 

pure proteins appeared rather poor. Wieland noted that slight solubil

ity, inertness of large molecules, and difficulties in the separation 

and purification of products were three major problems facing investi

gators in this field. He concluded on a positive note by proposing 

that one of the strategies for synthesis of proteins will be the syn

thesis of fragments either by a solid phase or by modified and simpli

fied classical techniques, their purification, and subsequent combina

tion. 

Regardless of the strategies that will be taken in the future, 

the present work remains valuable for at least the following reasons. 

It has provided an analytical tool, the SPPS of the CBH octadecapeptide, 

for the study of new approaches to SPPS and suggested several possible 

strategies toward the improvement of SPPS. 

Reaching the initial goal of this project, the synthesis of a 

chemically pure sample of calf thymus histone IV depends to a large ex

tent on the continuation of analytical studies such as the present one. 

Furthermore, reliable synthetic techniques and additional and more re

liable methods for monitoring SPPS are needed. 
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