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Abstract:
The histamine-containing peptide which had previously been reported to be present in honeybee (Apis
mellifera) venom has been isolated from venom that was obtained by electrical excitation.

The isolation was effected by means of preparative paper chromatography. The structure of the peptide
was determined by means of Edman degradation to be alanylglycylglutaminylglycylhistamine. The
assigned structure was confirmed by the synthesis of the above peptide. The synthesis involved the use
of the mixed anhydride and azide methods of coupling. The peptide was synthesized by three different
routes, each yielding the histamine-containing peptide which was shown by chromatographic means to
be identical to the peptide isolated from bee venom. In all three synthetic routes used, several
non-peptide contaminants were obtained along with the desired product. The latter was hygroscopic
and could not be obtained in a crystalline form.

Even though the product was obtained in small quantities the procedures used illustrate the
methodology of synthesis of medium-sized histamine-containing peptides. Previous to this
investigation only a few protected amino acids had been coupled with histamine. This investigation
represents the first synthesis of a naturally occurring histamine-containing peptide. 
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ABSTRACT

The histamine-containing peptide which had previously been 
reported to be present in honeybee (Apis mellifera) venom has been 
isolated from venom that was obtained by electrical excitation.
The isolation was effected by means of preparative paper chroma
tography. The structure of the peptide was determined by means 
of Edman degradation to be alanylglycylglutaminylglycylhistamine. 
The assigned structure was confirmed by the synthesis of the above,, 
peptide. The synthesis involved the use of the mixed anhydride 
and azide methods of coupling. The peptide was synthesized by 
three different routes, each yielding the histamine-containing 
peptide which was shown by chromatographic means to be identical 
to the peptide isolated from bee venom. In all three synthetic 
routes used, several non-peptide contaminants were obtained along 
with the desired product. The latter was hygroscopic and could 
not be obtained in a crystalline form.

Even though the product was obtained in small quantities 
the procedures used illustrate the methodology of synthesis of 
medium-sized histamine-containing peptides. Previous to this 
investigation only a few protected amino acids had been coupled 
with histamine. This investigation represents the first synthesis 
of a naturally occurring histamine-containing peptide.

ix



INTRODUCTION

Physiological Properties of Honeybee Venom. Venoms of stinging 

insects have been the subject of much superstition and folklore. This 

probably dates back to the period prior to the first reported death 

from a wasp sting in 2800 B. C. (l). Consequently, perusal of the 

literature shows many proposed physiological reactions and medical 

uses of honeybee (Apis mellifera) stings. Even in the most recent 

literature one can find many testimonials to its applications; however 

sound experimental conditions have not been used to substantiate them. 

Only in recent years have techniques been available to allow insect 

venoms to be studied on a scientifically sound basis, and now many 

components can be isolated, identified structurally, synthesized and 

tested physiologically. \

The best known physiological property of honeybee venom is the 

sting. The initial reaction is a sharp pricking sensation followed 

by pain which lasts for a few minutes. Due to the pain produced, 

many people faithfully believed Danger (2) when he reported the 

presence of formic acid in 1897. Even though its presence in any 

appreciable amounts was disproved in 1921 (3) and again in 1924 (4), 

textbooks of the 19501s were still reporting formic acid as a major 

constituent of bee venom.

Within a few minutes after the sting, a wheal forms as a small, 

red area at the site of the sting, surrounded by a whitish zone and a
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reddish flare. The wheal subsides in a few hours, giving way to 

irritation, itching and/br a burning feeling. In twenty-four hours 

there is usually no sign of the sting.

The normal reaction, as above, may be accounted for by the 

histamine and hyaluronidase (see Table II) content of the venom aug

mented by the histamine released in the host (5 ). Although several 

investigators have reported various amounts of histamine in bee venom 

(6 ,7 ,8 ,9 ), it appears that the amount of histamine is between 0.64 

and I. 57 percent depending upon the strain of honeybee, its age, and 

the season. The histamine and 5-hydroxytryptamine (serotonin)-re

leasing effect of venom has been shown in several investigations 

(10,11,12), and was believed to be a property of the phospholipase A 

present. Phospholipase A  has also been found in several snake venoms 

(1 3 ). It has since been shown that what was once thought to be a pure 

fraction phospholipase A  from bee venom was in reality a mixture of 

phospholipase A  and a mast cell degranulating peptide (l4,15,l6). Both 

compounds can cause the release of histamine: one by converting

phospholipid constituents into surface-active, cytolytic agents of the 

lysolecithin type (see footnote d, Table II) and the other by direct 

attack of the mast cells. The mast cell degranulating agent is a 

polypeptide containing twenty-two amino acids (MW=2593) and is believed 

to be the most toxic component of honeybee venom. However, it con

stitutes only a small fraction of the venom (see Table II). A  third
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compound, melittin, is also found in bee venom and has histamine-re

leasing, as well as "direct" hemolyzing properties, and many other 

properties which will be discussed later. Hyaluronidase has been 

isolated from bee venom and has been shown to be unlike the 

hyaluronidase found in human testes or human synovial cells. Bee 

venom hyaluronidase is one of at least four compounds in bee venom 

against which the body can form antibodies (l7)» People who have a 

high titer of this antibody, such as beekeepers, do not exhibit the 

normal response described above, presumably due to reduced spreading 

of the venom in the tissue (see footnote c, Table II).

In more severe cases, the above effects from a bee sting may be 

accompanied by constriction of the throat and chest, swelling and 

itching about the eyes, massive urticaria, sneezing and wheezing, a 

rapid pulse, a fall in blood pressure and, if the dyspnea becomes 

severe, cyanosis. If death does not follow within approximately 

twenty minutes, the symptoms will usually begin to subside and comfort 

will return in two or three hours except for some urticaria which 

may persist a day or more.

Death from bee stings may be the result of several effects. The 

most common effects are asphyxia due to laryngeal edema, heart failure, 

broncho spasm, pulmonary edema, and the other reactions associated with 

anaphylactic shock. However, not all severe symptoms are the result ,of 

hypersensitive anaphylactic reactions since bee venom shows a toxicity
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'of approximately 6 mg (l8 ) per kilogram body weight in mice in which 

hypersensitivity does not exist. Others have reported a toxicity of 

0 .2 1 mg per kilogram body weight when the mice were injected 

intraperitoneally (1 9).

Known active components which contribute to its toxicity are 

melittin and apamine, in addition to the previously discussed phospho

lipase A, hyaluronidase and the mast cell degranulating peptide. 

Melittin is the major component of bee venom (see Table II) and is 

responsible for most of its toxicity (i„v. in mice 3-4 mg/Kg) (l6 )„

The following effects have been ascribed to melittin. It is 

hemolytic without enzymatic activity and produces pain and inflammation 

(2 0); it disrupts mast cells so they release toxic histamine and 

liberates toxic 5-hydroxybryptamine from thrombocytes (2 1); it 

increases capillary permeability (2 2); it blocks nerve transmission 

and contracts the smooth muscle of isolated guinea pig ileum (2 3); 

and it uncouples oxidative phosphorylation (24). 1

Apamine comprises a much smaller percentage of bee venom (see 

Table II) and is a smaller molecule than melittin. However, it is 

nearly as toxic as melittin (toxicity 4 mg/Kg) (2 5). It exhibits two 

predominant effects: it raises the vascular permeability and produces

various motor abnormalities localized in the central nervous system. 

Apamine is a very basic polypeptide (isoelectric point about pH 12)
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and is reported to be the first peptide found to show a clear-cut 

action on brain functions (1 5 )»

Death resulting from bee stings is more frequentrthan many people 

realize. For example, in 215 fatalities from venomous animals and 
insects in the United States as reported by Parrish in 1959 (26), the 
most deadly creature was the rattlesnake, which accounted for 55 human 

deaths, but the honeybee was in a strong second place with 52 

fatalities. The number of deaths may be much larger than indicated in 

the above figures since the symptoms of a severe general reaction are 

not easily recognized even by medical examiners or coroners. Death 

from the bee sting is often attributed to heart attack, heat stroke, 

or other causes, since the local reaction to the sting may be over

looked or not assigned any importance by the person signing the death ■ 

certificate (2 7).

The most effective emergency treatment for a severe general sting 

reaction is the administration of a pressor amine such as aromine 

sulfate, epinephrine, isoproterenol, norepinephrine or phenylephrine 

during the shock reaction (28). In those cases where a venom hyper-" 

sensitive condition is known, hyposensitization can be used as a 

preventative measure, although no completely effective procedure has 

yet been developed.

Bee venom has been employed as a therapeutic agent against many 

ailments, particularly chilblains, arthritis, neuritis, and trachoma



(29,30). It has been reported as beneficial against some arthritic 

conditions, and its use in these cases is common in Europe. It has 

also been shown that bee venom will reduce the swelling in joints of 

rats suffering from formaldehyde-induced arthritis (3 1). Further, 

statistics reveal that beekeepers have a very low incidence of cancer 

which may or may not be due to the large number of stings they receive 

(32). An anti-tumor activity has been observed against colchicine- 

induced plant tumors (3 3).

Bacteriostatic and bactericidal properties of bee venom have been 

shown by Ortel and Markwardt (34). Their results indicate a great 

variance depending upon the strain of bacteria used.

Shipman (l8 ) and Ginsberg (3 5) have shown that mice injected with 

bee venom twenty-four hours before irradiation with a lethal level of 

x-radiation had a consistently higher survival rate than mice not so 

injected. This protection may be due to a general stress-like effect 

or to a specific component of the venom.

Composition of Honeybee Venom. Honeybee venom is a very complex 

mixture of carbohydrates, lipids, free amino acids, peptides, enzymes, 

and volatile compounds. Natural venom is approximately 88 percent 

water (3 6), and perhaps as many as twelve other volatile compounds are 

present (37). One of these volatile compounds is isoamyl acetate, a 

compound which has been shown to be an alarm substance. Isoamyl

6
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acetate will excite bees greatly, but a second, as yet unidentified, 

factor is necessary to entice them to sting on "advice" of another 

bee (38).

The non-volatile portion of bee venom consists of approximately 

60 percent protein (see Table II) and 40 percent Iowr molecular weight 

compounds of various classes (see Tables I and II). There is 

reasonable evidence that fifty-three compounds exist in dry bee venom 

sac extracts, but sufficient evidence does not exist to cohfirm their 

presence in pure venom.

Of the fifty-three compounds listed in Tables I and II, at least 

twenty have never been obtained in pure form in large enough quantities 

for structure determination or study of their, physiological properties. 

The four histamine compounds in Table II are the only histamine-con

taining peptides found thus far to exist in nature, and only a limited 

study has been performed on synthetic histamine-containing peptides.
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Table I
Non-protein and non-peptide compounds found in 

dry honeybee venom

Compound 0I0 of dry venom Ref.

AMINO ACIDS " I.
d-amino butyric acid O.O38 
p-amino isobutyric acid 0.0l6 
alanine 0.06h 
arginine 0.l48 
aspartic acid 0 .015  
cystine 0 .012  
glutamic acid 0 ,131  
glycine 0 .0 5 0  
histidine 0 .105  
isoleucine 0.0l6 
leucine 0 .021  
lysine 0 .0 1 0  
ornithine 'Q . 027  
phenylalanine 0.0l6 
proline 0 .022  
serine 1 0.0l6 
threonine 0 .011  
tyrosine 0 .0 1 0  
valine 0 .0 2 1

(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)
(9.39)

FREE BASE
histamine

SUGARS
fructose3,
glucose3.

I (6,7,8,9)

2 (9)
0.9 (9)
0.5 (9)

LIPIDS a 5
. , 6 lecithin-like compounds3, 4,3

2 steroid-like compounds —

(9)
(39)
(39,40)

aAttempts to repeat these identifications by other students have 
as yet been unsuccessful.
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Table II
Proteins and peptides found in honeybee venom

Conpound °jo in dry venom Ref,

SMALL PEPTIDES (l4 total) 15. (9) -aspartic .acid, alanine ? (4i)
aspartic acid, alanine, proline ? (4i)
glutamic acid, alanine, valine ? (4l)
aspartic acid, valine ?- (4l)
glutamic acid,, alanine, proline ?. (4l)
arginine, glutamic acid, lysine ?■ (4i)
glutamic acid, lysine, valine ? (4i)
alanylglycylprolylglutaminylhistaminef I (39)
alanylglycylglutaminylglycylhistamine0 I
2 additional histamine-containing peptides1 ? (39»4l)
3 unstudied peptides ?. (36) .

POLYPEPTIDES AHD PROTEINS 60 (36)
apamine ... .... 2 (25,42)
melittin 40-50 (2 0,36)
hyaluronidase ^ ? (17) .
phospholipase A g 8-i4 - (15)
phospholipase B ? (43)
mast cell degranulating compound 1-2 (1 6)
at least three other compounds ? (36)

d» 'Originally reported to contain glutamic acid instead of glutamine (9 ),
b  ' ' ' -The indicated structure is that structure which has been determined
by the research reported in this thesis.
CHyaluronidase is an enzyme that depolymerizes hyaluronic acid 
polymers, which are present in large quantity in the intercellular 
cementing substance. Thus liyaluronidase can cause cells cemented 
together to separate. ,

Phospholipase A  is an enzyme capable of hydrolyzing the ester linkage 
at the O-glycerol carbon on a phospholipid.

ePhospholipase B is an enzyme capable of hydrolyzing the (%-glycerol 
ester linkage of a phospholipid. However, in further research 
students have as yet been unable to confirm the presence of 
Phospholipase B in honeybee venom.
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At present, research in honeybee venom is being actively conducted 

in two areas. Studies are constantly being conducted on the toxicolog

ical and physiological properties, and several studies are being 

conducted in structural determinations of the major constituents with 

some attention now being focused on the smaller peptides. It is the 

latter with which this thesis is concerned. This thesis reports the 

isolation, identification and synthesis of aianylglycylglutaminyl- 

glycylhistamine (see Table H ) .

Histamine-Containing Peptides and Compounds. In 19^3 Rocha e 

Silva (44), in an effort to explain the inactivity of histamine present 

in the cell constituents and its release by proteolytic enzymes,

suggested that histamine in the cell is bound by a peptide linkage
'

and that histamine bound in a peptide should be physiologically 

"inactive”. In ah attempt to form a model of this "bound histamine", 

he synthesized the first histamine-containing peptides. The compounds 

which he prepared were N-acetyldehydrophenylalanylhistamine,

33-acetyl-D, L-phenylalanylhi st amine, 13-benzoyl-L-tyro sylhi stamine , 

33-benzyloxycarbonyl-L-tyrosylhistamine, and 33-benzyloxycarbonyl-L- 

leucylhistamine. The peptide bond in the first two compounds was , 

formed by treating histamine with the azlactone of acetylaminocinnamic 

acid and in the last three by treating the azide of that portion of 

the molecule containing the carbonyl carbon of the peptide with
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histamine, - These five compounds showed, little or no physiological 

action on cat blood pressure, isolated guinea pig intestine, intact ' 

guinea pigs, and human skin. However, even though these compounds 

have no (or very little) histamine activity, evidence now indicates 

that these are not models of the state of histamine in cell 

constituents. Histamine is now known to be bound electro statically 

in the cell rather than by means of a covalent bond (45),

Arold (46) has recently reported the synthesis of N-benzyloxy- 

c arbonylglycylhistamine, N -benzyloxycarbonyltyro sylhistamina,

H -benzyloxycarbonylvalylhistamine, N-benzyloxycarbonylleucylhistamine 

and N-berizyloxycarbonylisoleucylhistamine. Although he reported no 

difficulties in the preparation of these blocked peptides, he reports 

the elemental analysis for only IT-benzyloxycarbonylvalylhistamine.

The deblocked peptides were reported to be hygroscopic and therefore 

were characterized by paper Chromatography and paper electrophoresis 

only. ■

Much has been written about the physiological properties of non-
/

\

peptide derivatives of histamine, and it is generally agreed that , 

substituents on the imidazole ring destroy or greatly reduce the , 

histamine activity. Nonetheless, many discrepancies exist in the 

reported data on N-histamine derivatives. For example, E -methyl- 

histamine has been reported to have one-two hundredth (4?) to twice 

(48) the activity of histamine, Bertaccini and Vitali (49) have
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reported that N -methylhistamine closely resembles histamine, while 

dimethylhistamine has less histamine activity but shows weak 

'"nicotinic" effects (i.e„, spasmodic rather than continuous muscle 

contraction) and that trimethylhistamine has only about I percent of 

the activity of histamine but shows potent "nicotinic" activity.

From studies that have been made on histamine derivatives no 

sound prediction can be made as to the physiological properties of the 

histamine-containing peptides found in bee venom since no investigation 

has yet involved compounds containing both the peptide linkage and a . 

free amino group.

Peptides of this nature found in bee venom may possess one or 

more of several biological properties such as those associated with 

histamine, histamine derivatives, melittin, and apamine,, or they may 

possess bactericidal, bacteriostatic, anti-arthritic or anti-carci

nogenic properties such as have been attributed to bee venom but not 

yet to any of its isolated components.

The only apparent practical way of determining the physiological 

properties of such peptide,s is to prepare them synthetically so they 

are available in sufficient quantity, for testing.

Since the beginning of this century when Emil Fischer described 

the synthesis of peptides, investigators have reported the use of 

various methods of peptide synthesis. The methods devised in the 

early part of this century had many limitations, and until the 1950*s
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only peptides containing simple amino acids had "been formed 

synthetically. During the 1950's major breakthroughs were made 

in the methodology of peptide synthesis with the advent of the mixed 

anhydride procedures, the active ester methods, new coupling reagents, 

and new blocking groups. Today one has a rich field of protection 

and coupling methods from which to choose. Each method has its own 

limitations (5 0).

The research presented in this thesis is concerned with the 

determination of the structure of one of the histamine-containing 

peptides in honeybee (Apis mellifera) venom and the confirmation of 

this structure by synthetic means. In doing this, this research adds 

to the general knowledge of the constitution of honeybee venom, 

presents methods for, the synthesis of histamine-containing peptides, 

and reveals the difficulties encountered in the synthesis of 

histamine-containing peptides. 1



INVESTIGATIVE ASPECTS

Venom Source. - The venom of the honeybee (Apis mellifeya) used in 

this research was obtained from a number of sources. The purest form 

of venom used was obtained by electrical excitation of individual bees 

(51). The bulk of the venom used was obtained either from John 

Toenyes, Power, Montana, ,or Champlain Valley Apiaries, Middlebury, 

Vermont, (either directly or indirectly from Sigma Chemical Co.) both 

of whom presumably used a technique similar to that described by 

Benton, et al. (52).

Venom from the above sources proved satisfactory as a source of ' 

the desired peptides only when care was taken to prevent deteri

oration. Fresh samples were used whenever possible, -and the venom 

was stored at all times in the dry state at U°C.

Isolation.. The histamine-containing peptide around which this 

research is centered was isolated from dry bee venom. This isolation 

involved a combination of solvent extraction and preparative paper 

chromatography.

Structure Determination. Edman degradation (53) was used to 

determine the sequence of the amino acids present in this peptide. 

Edman degradation involves the reaction of phenyl isothiocyanate with 

the N-terminal amino acid of the peptide to give the phenylthio- 

carbamyl peptide, which by means of anhydrous hydrogen chloride is
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then converted to the phenylthiohydantoin (PTH) derivative of the 

N-tenninal amino acid. The peptide remaining then contains one less 

amino acid. By repetition of this, the peptide is degraded one amino 

acid at a time and the PTH amino acid produced after each cycle is 

isolated and identified.

The Edman degradation indicated the structure of the peptide 

around which this research is centered to he alanylglycylglutaminyl- 

glycylhistamine (see Figure l).

0 0 0 0
H Il Il Il

A
o mt,

Figure I. Conpound I.

Selection of Method and Route of Synthesis. After several 

generally unsatisfactory attempts to couple histamine and benzyl- 

oxycarbonylglycine via means of the active p-nitrophenol ester and 

via direct condensation by the use of N,N'-dicyclohexylcarbodiimide, 

the mixed anhydride method of peptide synthesis was attenpted. The 

former two methods were unsatisfactory in the sense that low yields 

resulted and purification problems were encountered. The low yields 

may have been due, in part, to the limited solubility of histamine in
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the solvents generally used. The mixed anhydride method was 

investigated since it lent itself to the addition of the histamine 

in an aqueous solvent, thus increasing the concentration of histamine 

in the reaction mixture. Also, since very little was known about the 

properties of histamine-containing peptides, the mixed anhydride 

method was very attractive since the only non-volatile product 

produced in addition to the peptide is triethylammonium chloride (5*0 . 

In this initial investigation tert-butyloxycarbonylglycine was used 

in preference to benzyloxycarbonylglycine due to the ease of removal 

of the tert-butyloxycarbonyl masking group.
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OH Ou O
Ii

(CH3 )3C-O-C-NH-CH2-C-OH + CH3CH2O-C-Cl + (CH3CH2 )3N 

tert-Butyloxycarbonylglycine
Ethyl chloroformate

Cold

3 "2'T

Triethylamine

0
11

0u 0
11

(CH3 )3C-O-C-NH-CH2 -C-O-C-OCH2CH3 

Mixed anhydride

+ (CH3CH2 )3NH+Cl"

Triethylammonium chloride

0H

Histamine

0
11

(CH3 )3C-O-C-NH-CH2 -C-NHCH2-CH2-

O

+ CO,'g + CH3CH2OH

tert-Butyloxycarbonylglycylhistamine Carbon
dioxide

Ethanol

Figure 2. The Mixed Carbonic Anhydride Coupling Reaction

Efforts to synthesize alanylglycylglutaminylglycylhistamine took 

the form of three different schemes. These three schemes are 

summarized in Figures 3» 4, and 5« Only L-amino acids were used since 

there was no evidence suggesting D-amino acids in honeybee venom.
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Figure 3, Reaction Scheme Ho. I
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Figure 4. Reaction Scheme No. 2.
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Figure 5* Reaction Scheme No. 3
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Reaction Scheme Ho. I. Tert-butyloxycarbonylglycine (t-BOC-gly, 

Compound H ,  Figure 3 ) was condensed with histamine via the mixed 

anhydride method to yield t-BOC-glycylhistamine (t-BOC-gly-histamine, 

Compound III, Figure 3 ). However, purification of this product posed 

a problem. Compound III could not be obtained in a crystalline form 

and efforts to separate it from the unreacted histamine were never 

fully successful..

It is essential in the synthesis of peptides that one obtain very 

pure products in the early steps. Therefore, the laborious separation 

via paper chromatography was resorted to. The purification via paper 

chromatography yielded pure III (a single nirihydrin negative, Pauly's 

positive component which yielded glycine and histamine on hydrolysis).

The t-BOC-gly-hi stamine was then deblocked by treatment with 

trifluoroacetic acid to yield glycylhistamine (gly-histamine,

Compound IV, Figure 3 ). After purification, Compound IV was mixed 

with the mixed anhydride of benzyloxycarbonyl-L-glutamine (Z-L-gln, 

Conpound V) yielding Z-L-glutaminylglycylhistamine (Z-L-gln-gly- 

histamine. Compound VII, Figure 3 ).

Compound VII was also prepared via the condensation of the mixed 

anhydride of Z-L-gln-gly (Compound V I ) with histamine. Both approaches 

yielded a product which was purified via paper chromatography. The 

product from both methods yielded a single component which was
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ninhydrin negative and Pauly's positive. This component, on 

hydrolysis, yielded glutamic acid, glycine, and histamine.

The henzyloxycarbonyl-protective group on Compound VTI was 

removed via hydrogenation at atmospheric pressure with the use of a 

palladium(ll) oxide catalyst. The hydrogenation of Compound VII 

yielded L-glutaminylglycylhi stamine (L-gln-gly-hi stamine, Compound 

VIII). The palladium(ll) oxide catalyst had been prepared according 

to the procedure of Fling and Fox (55) and was used immediately after 

preparation.

During the hydrogenation of Compound VTI it was found that 

additional catalyst had to be added periodically to insure complete 

hydrogenation. The hydrogenation was followed both by the evolution 

of carbon dioxide and by the conversion of the palladium(II) oxide, 

catalyst to metallic palladium. The conversion of palladium(ll) 

oxide to palladium takes place when hydrogenation is complete or 

when the catalyst is no longer active.

After hydrogenation of Compound VTI, the L-glutaminylglycyl

hi stamine (L-gln-gly-histamine. Compound VIII) was isolated by 

preparative paper chromatography. H-Benzyloxycarbonyl-L-alanyl- 

glycyl-L-glutaminylglycylhistamine (Compound X) was then prepared 

by reaction of the mixed anhydride of H -benzyloxycarbonyl-L-alanyl- 

glycine (Compound IX) with. Compound VTII isolated above.

H
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The chloroform phase of the reaction system was separated and 

dried. The resulting residue was hydrogenated without further purifi

cation. Although several minor components were detected when the 

resulting material was dried, chromatographed, and detected with 

ninhydrin, the predominant Pauly's and ninhydrin positive component 

had the same as that compound found in bee venom. This major 

component therefore was L-alanylglycyl-L-glutaminylglycylhistamine 

(Compound I).

Compound I was isolated from the other minor products via paper 

chromatography and compared with the natural material in various 

chromatographic systems. Simultaneous chromatography and co-chroma

tography of the synthesized peptide and the. natural peptide from bee 

venom showed that they were identical. Therefore, the natural peptide 

was confirmed as being alanylglycylglutaminylglycylhistaraine (see 

Figure l).

This particular route is not well suited to the synthesis of 

sufficient quantities for physiological testing or, indeed, for 

chemical characterizations. Two alternative synthetic routes were 

investigated in an attempt to develop a more efficient procedure.

Reaction Scheme No. 2. In classical synthesis of small peptides, 

one selects a synthetic route such that residual reactants and 

by-products, will have significant structural differences and, thus.
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different solubilities from those of the desired product. In the 

case of histamine, the terminal imidazole group will act very much 

the same whether or not the primary amine of the histamine is free 

or combined. Therefore, in a scheme such as shown in Figure 3 , one 

would expect compounds such as t-BOC-glycylhistamine and histamine, 

and Z-glutaminylglycylhi stamine and glycylhi st amine, etc., to have 

similar solubilities in various solvent systems.

In order to avoid the search for those specialized conditions 

which would be required to separate and purify the product after each 

step in a scheme such as route I, route 2 was selected. In route 2 

the unconventional constituent, histamine, was added last, thus 

requiring fewer steps which involved histamine or histamine 

derivatives.

The tetrapeptide (Compound XIII, Figure 4) was prepared by rather 

conventional means. U-Benzyloxycarbonyl-L-alanine, prepared according 

to the procedure of Bergmann, et al. ($6 ), was combined with glycine 

ethyl ester via the mixed anhydride procedure. The N-benzyl- 

oxycarbonylalanylglycine ethyl ester was then converted into Compound 

IX by alkaline hydrolysis. Compound IX was then condensed with 

L-glutaminylglycine ethyl ester (Compound X H ) via the mixed anhydride 

method to yield the desired blocked tetrapeptide (Compound Xill).

Compound XII had been prepared by means of the hydrogenation of 

H-benzyloxycarbonyl-L-glutaminylglycine ethyl ester (Compound XI) or



25
via the reaction of Compound XI with hydrogen bromide in acetic acid. 

In either case the resulting Compound XII was not purified further 

before treating it with Compound IX to give the desired tetrapeptide 

in the blocked form.

Compound XI was prepared by first the preparation of N-benzyl- 

oxycarbonyl-L-glutamine (Compound V) according to the procedure of 

Katsoyannis, et al, (57), then the condensation of the mixed anhydride 

of V. with glycine ethyl ester. Melville (5 8) has reported the 

preparation of the D isomer of XI by first preparing N-benzyl- 

oxycarbonyl-D-glutamylglycine ethyl ester and then converting the 

free carboxylic group into the acid chloride which was then treated 

with ammonia to yield the D isomer of Compound XI. The method pre

sented herein is much more direct and the melting characteristics of 

the material produced indicated that a slightly purer product was 

produced via the mixed anhydride method.

After the blocked tetrapeptide (Compound XIII) had been formed, 

the ethyl ester group was replaced by a hydrazide group by hydra- 

zinolysis. The resulting hydrazide (Compound XIV) had some rather 

unexpected physical properties; it was more soluble than the 

corresponding ethyl ester in butanol (the solvent in which the 

hydrazinolysis was performed) and it had a lower melting point than
I

the corresponding ester. However, elemental analyses of both the 

ester and hydrazide were extremely close to the calculated values

\
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for the compounds represented by Compound XIII and Compound XIV, 

respectively.

When Compound XIV was converted to the azide and the latter was 

combined with histamine. Compound X was formed. Its identity as 

Compound X  was indicated by chromatographic comparison to that 

Compound X formed in "Reaction Scheme No. I" (see Figure 3 ). Chroma

tographic inspection of the product, obtained either by precipitation 

with ether in the case of the dimethylformamide solvent or by 

lyophilization in the case of the aqueous solvent, revealed that the 

azide coupling had left much histamine unreacted. This was thought 

at first to be due to non-stoichiometric conversion of the hydrazide 

into the reactive azide component. In the conversion of the hydrazide 

into the azide, the azide precipitated as a sticky semi-solid which 

was difficult to transfer, filter, arid wash. However, in subsequent 

trials using smaller mole fractions of histamine, there was still 

considerable free histamine found at the completion of the reaction.

Purification of Compound X was attempted by utilization of gel 

filtration and ion exchange chromatography but no system was found 

which removed all histamine. ■ Without obtaining a truly pure compound. 

Compound X  was deblocked by treatment with hydrogen bromide in acetic 

acid. The Compound I obtained in this manner was compared 'chromato- 

graphically with that Compound I prepared in Scheme. I.

\
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In an attempt to obtain a better yield and improve product purity 

over that obtained in either Scheme I or 2, a third reaction scheme 

was selected.

Reaction Scheme No. 3« In this scheme an approach much like that 

used in Scheme No. I was used; that is, the peptide was constructed by 

stepwise addition to the N-terminal end. To avoid the difficulties 

associated with the reactive imidazole ring, the imidazole nitrogen 

was protected by first forming the Nlm»benzylhi stamine (Conpound XV, 

Figure 5). The formation of Compound XVr was accomplished by a 

procedure very much like that reported for the formation of N^m -benzyl

hi stidine (59); however. Compound XV would not form a crystalline 

product and, therefore, its purification was achieved by solvent 

extraction rather than by recrystallization. The purity of Compound 

XV was shown by chromatographic technique and by elemental analysis.

N-benzyloxycarbonyl-L-glutaminylglycine (Compound V I ) which had 

been formed by alkaline hydrolysis of the corresponding ethyl ester 

(Compound XI), a procedure described by Melville (5 8), was combined 

with the blocked histamine (Compound XV) to yield N-benzyloxycarbonyl- 

L-glut aminylglycyl-N^-b enzylhi st amine (Compound XVI).

The b enzyloxycarbonyl group of XVI was removed by treatment with 

hydrogen bromide in acetic acid. After the reaction was completed,
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Compound XVII was obtained and used in the next step without 

purification.

Compound XVII was combined with Kf-benzyloxycarbonyl-L-alanyl- 

glycine (Compound IX) via the mixed anhydride procedure to yield 

K^benzyloxycarbonyl-L-alanaylglycyl-L-glutaminylglycyl-ET^-benzyl- 

histamine (Compound XVIII).

Compound XVIII and its accompanying reaction products were 

treated with sodium in liquid ammonia. The resulting material was 

purified via partition column chromatography. In this procedure 

there was much diffusion of the bands and Compound I was no 

exception. However, a fraction was obtained which contained only 

a trace of a second component in addition to Compound I. Chromato

graphic ally, Compound I obtained in this manner gave the same results 

as that obtained in routes I and 2.



EXPERIMENTAL

Methods and Materials. Melting points were determined on a 

Thomas Hoover Capillary Melting Apparatus. The amino acid 

composition of the synthesized peptides utilized a Technicon Auto 

Analyzer with a single column (0.60 x 75 cm) packed with chromobead, 

Type C-2 (Technicon Chromatography Corp. ). Elution was performed 

with sodium citrate buffers (6o). Acid hydrolyses were performed 

in evacuated tubes at IlO0C with 6 M  hydrochloric acid for 24 hours. 

Optical rotations were determined with a Cary 60 Spectropolarimeter. 

Measurements were carried out at 589*6 mil (slit width 1.0 rn/jt), the 

wavelength of the sodium D line. Elemental analyses were by 

Galbraith Laboratories, Inc., Knoxville, Tennessee. All reagents 

were reagent grade and redistilled unless otherwise specified.

Peptide Isolation. The procedure used to isolate the peptide 

was as nearly as possible that described by David Nelson (39) for 

the peptide which was reputed to have a molecular weight of 

approximately 500 and to contain glycine, glutamic acid, alanine, 

and histamine in the mole ratios of 2 :1 :1 :1.

Water insoluble contaminants were removed by extraction of the 

venom with distilled water (l g per 5 ml). The mixture was mechani

cally shaken for 15 to 30 minutes and clarified by centrifugation



for 10 minutes at high speeds. The clear supernatant was-removed 

and lyophilized.

The lyophilized venom was extracted with purified chloroform 

(10 ml per 50 mg); the shaking and centrifuging procedure given 

above was utilized. The supernatant was removed by means of a 

syringe. The insoluble material was extracted three times with
"i

chloroform.

The chloroform insoluble portion of the venom was extracted 

with redistilled anhydrous methanol. The same procedure and amounts 

were used as in the chloroform extraction. The three methanol washes 

were combined and the volume reduced to approximately 0 .5  ml by 

passing a stream of nitrogen gas over the solution. The methanol 

insoluble material was dried under reduced pressure and stored at 

4°C for possible use in further experiments.

The desired peptide was isolated from the methanol soluble 

fraction by preparative paper chromatography. Whatman No. 3 MM paper 

was used for this isolation and was washed by descending chromatography 

with O'. 001 M  EDTA, I M  hydrochloric acid and then finally with water . 

until a negative test for chloride ions in the wash was obtained. The 

paper was dried and further washed by ascending chromatography using 

I-butanol: acetic acidrwater (3:1:1 v/v) as the solvent. The methanol 

fraction was applied to a 24 x 57-cm sheet of paper as a series of 

spots along a line 3 cm from the narrow edge of the paper and

30



parallel to it. The spots were located 4 cm apart and the first was 

1.5 cm from the edge. The application of the sample as spots gave 

a more even solvent front and better resolution than.did the 

application along a line as previously described (9 ).

The chromatogram was.developed with I-butanol:acetic acid:water 

(3 :l:l) as the solvent until the solvent reached a height of 46 cm. 

The chromatogram was allowed to dry; a strip. 4.5 cm wide was cut. 

from the long edge of each sheet and sprayed with Pauly's reagent.

The area corresponding to a Pauly's positive spot with Rf of 

0.42 was cut from the remaining chromatogram and the material was 

isolated by means of descending chromatography employing water as . 

the solvent. The isolated material was then further purified by 

preparative chromatography on Schleicher-Schuell 598-YD paper with 

95 percent ethanol:water (7:3 v/v). The material was again isolated 

by descending chromatography and reapplied to a fresh sheet of 

Schleicher-Schuell 598-YD, developed with ethanol:water, and eluted. 

In the above procedure 250 mg crude venom was usually used; 

approximately 0 .6  mg of the desired peptide was obtained from this 

quantity of crude venom. The desired peptide was always obtained 

as a white amorphous material. The purity of the isolated material 

was determined by paper electrochromatography on a Karler-Kirk 

Continuous Flow Preparative Spectrolator (Microchemical Specialties 

Co., Berkeley, California). A  Schleicher-Schuell 598-YD support and

31
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a buffer system of pyridine: acetic acid !water (pH 5* 3 ) were used 

(6l). Detection with ninhydrin indicated.that all other ninhydrin 

positive constituents had been removed.

The isolated material possessed all the properties of the 

previously described peptide (9 ). It had Rf values of 0 .5 8

(previously reported value was 0.59) and 0 .3 8 (previously reported
- - ,

value was. 0,38) with ethanol:water (7 :3 v/v) and 80 percent phenol, 

respectively, on Whatman Ho. 3 MM paper. It. gave a. red coloration ' 

when detected with ninhydrin. On hydrolysis it yielded histamine, 

glycine, glutamic acid, and alanine as determined by thin layer 

chromatography on Silica Gel G with I-butanol:acetic acid:water as 

the solvent.

Sequence of the Amino Acids Present. The phenyl isothiocyanate 

method of Edman (53) was used to determine the sequence of the amino 

acids present in the peptide obtained from honeybee venom. A  sample 

(approximately 9 .3  mg, approximately 20 /(moles) of the peptide was 

placed in a glass stoppered test tube and 2 ml of pyridine:water 

(l:l) was added. The pyridine :water solvent contained 3 mg 

bromthymol blue per 100 ml. The mixture was adjusted to pH 8 .6  by 

addition of 0.5 M  sodium hydroxide until its color was comparable to 

that of a standard. The standard contained the solvent and indicator, 

and its pH had been adjusted to 8 .6  as determined with a pH meter.
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The standard was placed in a tube beside the tube containing the 

reaction mixture and was used throughout the experiment for visual 

comparison. The reaction tube and standard were immersed in a water 

bath at 40 C. This temperature was maintained throughout the 

reaction. To the solution of the peptide was added 0.1 ml of phenyl 

isothiocyanate (K & K Laboratories, Plainview, New York). The 

reaction mixture was mechanically shaken and maintained at a pH of 

8 .6  for ten hours by the occasional addition of 0.1 M  sodium 

hydroxide.

After completion of the reaction, pyridine and excess phenyl 

isothiocyanate were removed by three extractions with 3 ml aliquots 

of benzene. The aqueous solution was taken to dryness by 

lyophilization without removing it from the reaction tube. To the 

dry phenylthiocarbamyl peptide in the reaction tube was added 4 ml ■ 

of 3 percent hydrogen chloride in anhydrous nitromethane (v/v).

The tube was sealed, immersed in a 40°C water bath, and mechanically 

shaken for 10 hours. '

The above mixture was then centrifuged at 1500 r.p.m. for 10 

minutes and the supernatant removed with a syringe. One ml of 

anhydrous methanol was added to the precipitate. The mixture was 

shaken, centrifuged, and separated. The precipitate which contained 

the peptide minus the N-terminal amino acid was saved. The combined 

supernatants which contained the phenylthiohydantoin (PTH)■amino acid



were evaporated to dryness in a stream of dry nitrogen. The residue 

was dissolved in 0.1 ml of dichloroethane, This solution was applied 

to a sheet of formamide-impregnated Whatman No. I paper,along with 

known PTH' s of alanine, glycine, glutamic acid and glutamine. The 

impregnated paper had "been prepared a few hours previously hy soaking 

the paper in a formamide:acetone (l:9 v/v) solution, removing the 

paper from the solution, and allowing the'acetone to evaporate.

The impregnated chromatogram was developed with water: I-butyl 

acetate:propionic acid:formamide which had been prepared by saturating 

water with 1 -butyl acetate, adding a volume of propionic acid equal to 

3% of the aqueous solution, and then saturating the preceding mixture 

with formamide (62). The PTH amino ,acid was revealed by means of 

the iodine-azide reagent (6 3).

The PTH derivative had an Rf value of 0.8$, while that of a known 

sample of PTH alanine (run on the same chromatogram) had an Rf value 

of 0.86. Thus, the N-terminal amino acid of the peptide was 

determined to be alanine.

To the precipitate which contained the peptide minus the original 

N-terminal amino acid was added 5 ml of. dry ether. The mixture was 

shaken, centrifuged, and separated. The precipitate was extracted '
Ztwice more with anhydrous ether to insure the removal of all hydrogen 

chloride. To the precipitate, was added 3 ml of the pyridine:water 

solvent, and the entire procedure for the preparation of the PTH

34
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derivative of the new IT-terminal amino acid was repeated. The ETH 

amino acid obtained had an Rf value of 0.$8 , while a known sample of 

PTH glycine developed on the same chromatogram had the same Rf value. 

Therefore, the second amino acid from the IT-terminal end must be 

glycine.

After washing the residue, etc., the third PTH amino acid was 

obtained. Its Rf value was 0.27. A  known sample of PTH glutamic 

acid gave a value of 0. 35 while a known sample of PTH glutamine had 

an R value of 0.26. Therefore, the third amino acid must be 

glutamine and not glutamic acid as this peptide was reported to 

contain (39)« No formation of pyrrolidone carboxylic acid was 

observed.

The Rf value of the fourth PTH amino acid obtained from the 

peptide was identical with that of known PTH glycine,. 0. 58.

The residue remaining after removal of the fourth PTH amino acid 

was dissolved in water and applied to a sheet of Whatman No. I paper. 

The chromatogram was developed with the butanol:acetic acid:water 

solvent and sprayed with Pauly*s reagent. The chromatogram contained 

no Pauly* s positive components except that of histamine (Rf = 0.1 8). 

It was therefore concluded that the sequencing procedure had been 

completed and that the peptide’s structure was that of alanylglycyl- 

glutaminylglycylhistamine (see Figure I, p. 15).
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Tert-butyloxycarbonylglycylhistamine (ill). Into an oven-dried 

25-mi round bottom flask equipped with a ground glass stopper and 

magnetic stirring bar were placed 6.0 ml of tetrahydrofuran (Matheson, 

Coleman & Bell, Cincinnati, Ohio) which had been dried over potassium 

hydroxide for forty-eight hours and redistilled. To this solvent 

was added two millimoles (0. 350 g) of tert-butyloxycarbonylglycine 

(t-BOC-glycine, II) (Schwarz BioResearch, Inc., Orangeburg, New York). 

The solution of II in tetrahydrofuran was cooled to -15 C in a 

mixture of crushed ice and salt and was maintained at that temperature 

for ten minutes. To the cold solution was added two millimoles 

(0.28 ml) of triethylamine (Eastman Organic Chemicals, Rochester,

New York) which had been dried over potassium hydroxide and 

redistilled.

After the addition of the triethylamine, the solution was 

maintained a t '-15 C and magnetically stirred as 2 millimoles 

(0.l64 ml) of cold ethyl chloroformate (Aldrich Chemical Co., 

Milwaukee, Wisconsin) were added by means of a Hamilton 50-microliter 

syringe over a period of approximately 30 seconds. The temperature
O Owas maintained between -5 C and -15 C for fifteen minutes to allow 

for the formation of the mixed anhydride.

To the solution containing the anhydride was added 2 millimoles 

(O.3 6 8 g) of histamine dihydrochloride in 4 ml of cold I N sodium
' _ 1

hydroxide, and an additional 2 ml of I N sodium hydroxide were used
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to rinse the container in which the histamine solution had "been 

prepared. The mixture was maintained at 0°C to -IO0C and magneti

cally stirred for 30 minutes and then allowed to stand at 4°C in a 

refrigerator overnight.

The volume of the resulting mixture was reduced to approximately 

4 ml by passing a stream of dry air over it and then the mixture was 

lyophilized. A  non-crystalline, cream-colored mass was obtained. A  

chromatogram involving a portion of the above material on Whiatman 

No. 3 MM paper using a I-butanol:acetic, acid:water (3:1:1 v/v) system 

revealed three constituents positive to Pauly's reagent with Rf values 

of 0.19, 0,49? and 0.78. All paper chromatograms throughout this 

investigation were developed in 0.001 M  ethylenediaminetetraacetate 

(EDTA), then in the solvent to be used, and dried prior to sample 

application. Only the ascending technique was used. The Pauly's 

positive material having Rf 's of 0.19 and 0.49 were shown to be 

histamine dihydrochloride and histamine free base, respectively, by 

means of simultaneous chromatography of authentic samples of the 

two forms of histamine. The component having an Rf = 0 .7 8 was shown, 

as described later, to be t-BOC-glycylhistamine (III).

The above material was partially purified by moistening it with 

3 M  hydrochloric acid (approximately I ml) to convert the histamine 

free base into the less soluble hydrochloride salt and to convert the 

sodium hydrogencarbonate which formed during the peptide formation



step into sodium chloride and carbon dioxide. The resulting material 

was rapidly dried in vacuum over sodium hydroxide before it was washed

with three 5 ml portions of absolute ethanol. The three ethanol
■

washes were combined and anhydrous diethyl ether which had been dried 

over sodium was added until the solution became slightly cloudy. 

Storage at U0C overnight yielded a yellow crystalline mass which was 

shown chromatographically to contain only a trace of the desired 

component III along with unost of the uncombined histamine. Compound 

III was precipitated from the resulting ethanol - ether solution by 

the addition of diethyl ether until a total volume of 30 ml was 

obtained. The material obtained after the solution was allowed to 

stand at 4°C for two hours was an oil which revealed, when chromato

graphed, a trace of free histamine in addition to Compound III. 

Analysis of the resulting ethanol-ether solution revealed only a
I

slight trace of unrecovered Compound III.

The t-BOC-glycylhistamine (ill) oil was further purified by

applying it to eight 24 x 57-cm sheets of washed Whatman No. 3 MM

paper as a series of spots along a line 3 cm from the narrow edge of

the paper and parallel to it. The chromatograms were developed in

I-butanol:acetic acidzwater (3 :1 :1 v/v) solvent to a height of 35 cm,
 ̂ -and the area between = 0.92 and Rj, = 0.62 was removed. This 

portion of the chromatogram was washed by descending chromatography 

using tetrahydrofuran:water (1 :1 v/v) flowing perpendicularly to the
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direction of flow of the original solvent. The wash from the above 

revealed only a single ninhydrin negative and Pauly* s" positive spot 

when rechromatographed. The wash was taken to dryness by first 

passing air over it to remove the tetrahydrofuran and then lyophili- 

zation. The yield was /^0.15 g (28$) of a cream-colored oil.

Glycylhistamine (IV). Trifluoroacetic acid (5 ml) (Aldrich 

Chemical Co., Milwaukee, Wisconsin) was allowed to react with the 

isolated Compound H I  for 30 minutes at room temperature to remove 

the tert-butyloxycarbonyl group. The resulting material was dried 

by passing a stream of dry air over it and then placing it in vacuum 

over sodium hydroxide. When chromatographed, the resulting material 

was shown to contain an unreacted component so, that material having 

an Rf = 0 .2 8 was isolated'by preparative paper chromatography on 

Whatman No. 3 MM developed with the I-butanol: acetic acid: water 

system and removed by descending water wash. The resulting wash was

lyophilized, yielding 40.4 mg (43$) of Compound IV which gave a single
/

ninhydrin and Pauly* s positive spot when developed with the I-butanol: 

acetic acid:water system. Hydrolysis of this compound yielded a 

mixture of glycine and histamine as shown by chromatography.

N-Benzyloxycarbonyl-L-glutaminylglycylhistamine (VII). The mixed 

anhydride of N-benzyloxycarbonyl-L-glutamine was formed using the 

conditions described for the preparation of Compound III. A  15-ml
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flask, 2 ml of tetrahydrofuran and 2 ml of ethylacetate as the

solvent, 0.2 millimole (56 mg) of N-benzyloxycarbonyl-L-glutamine

(Compound V) (Cyclo Chemical Cozp., Los Angeles, California),

0 .028 ml of triethylamine (0 .2  millimole), and 0 .015 ml of ethyl

chloroformate (0.2 millimole) were utilized. To the mixed anhydride

was added 24 mg (0.2 millimole) of Compound IV in 0.2 ml of I N
' -sodium hydroxide.

After allowing Compound IV to react with the mixed anhydride of 

U~benzyloxycarbonyl-L-glutamine under the conditions described in the 

preparation of Conpound H I ,  the mixture was taken to dryness in a 

stream of dry air. .Final drying was accomplished in vacuum over 

sodium hydroxide. An amorphous mass possessing a yellow coloration 

was obtained. When chromatographed on Whatman No, 3 MM paper in 

the I-butanol:acetic acid:water (3 :1 :1 ) system, this mass was shown 

to contain two Pauly's positive components, = 0.6l and R^ = 0.26.r 

The component possessing the Rf = 0.6l was ninhydrin negative and 

apparently was Z-L-glutaminylglycylhistamine (VII).

The component possessing an Rf of 0.6l was isolated by 

preparative chromatography using Whatman No. 3 MM paper, I -butanol: 

acetic acid:water (3 :l:l) system, followed by a water wash and 

lyophilization. Approximately 10 mg (12$) of cream-colored amorphous 

material was isolated. It was dissolved at once for use in the next

step.
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L-Glutaminylglycylhistamine (VTIl). ' The isolated material above 

(Compound VII) was hydrogenated at 'atmospheric .pressure with the aid 

of palladium(ll) oxide catalyst in.order to remove the protective 

benzyloxycarbonyl group.’ (The methodology of the above hydrogenation 

is described below). The above hydrogenation gave a mixture of 

products with the predominant ninhydrin and Pauly's positive spot 

having an Rf = 0.39, The component having the Rf = 0.39 was believed 

to be Compound VIII and its identity was further indicated by an 

alternate synthesis described in a later section.

Preparation of Palladium(Il) Oxide Catalyst and Its Use. One 

gram of palladium(ll) chloride (Engelhard Industries, Inc., via 

E. H. Sargent and Co., Denver, Colorado) and 15 g of reagent grade 

sodium nitrate (Mallinckrodt Chemical Works, St. Louis, Missouri) 

were placed in a 50-ml .crucible. Approximately I ml of water was 

added and the mixture was thoroughly mixed. After the mixture had 

been dried at ,approximately 150°C, it was rapidly heated to 350-370°C. 

Below this temperature the mixture fuses, and at this temperature 

there is evolution of oxides of nitrogen and considerable foaming. 

After the evolution of gases had subsided, the temperature was raised 

and maintained at approximately 600°C for 5 minutes. At this tempera

ture the fused mass had a dull red glow. Although the above can be 

performed in a furnace, it has been observed during the course of this
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investigation that it is much quicker and more convenient to use a 

Fisher burner and to follow the process by the evolution of gases.

The resulting fused mass was then cooled and suspended in a minimum 

amount of distilled water (approximately 100 ml) and filtered. A 

fritted glass funnel was used to filter out the palladium(ll) oxide, 

which was then washed with one percent sodium nitrate and dried in 

a vacuum desiccator. The above procedure is essentially that 

described by Fling and Fox (55)«

Catalytic hydrogenation of the b enzyloxycarbonyl-p eptide s was 

performed in a 25-ml round-bottom flask equipped with a two-holed 

rubber stopper, gas inlet and outlet tubes, and a magnetic stirring 

bar. The gas inlet tube was so adjusted that its terminal end would 

lie just above the surface of the solution, and the outlet tube led 

out an open window. Before entering the above flask, the hydrogen 

was passed through a gas wash bottle containing distilled water which 

served as a visual means of regulating the rate at which hydrogen 

was introduced into the flask containing the catalyst, A  flow rate ' 

of approximately 15 ml per minute was used/ In order to avoid sulfur 

contaminants, the majority of the above apparatus was constructed 

from glass. All rubber tubing and stoppers involved were soaked in 

10 percent potassium hydroxide for one week and then washed with large 

amounts of distilled water before they were used.
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In the hydrogenation flask was placed approximately 0.1 g of 

■ palladium(Il) oxide per millimole of benzyloxycarbonyl-peptide to 

be hydrogenated. The catalyst was washed three times with methanol 

by decantation before the benzyloxycarbonyl-peptide was added in 

methanol. All methanol used in the hydrogenation reactions was dried 

and redistilled beforehand. To the methanol, protected peptide, and 

catalyst mixture was added an amount of glacial acetic acid equimolar 

to the amount of peptide used, and if any catalyst remained exposed 

above the surface of the solution, it was rinsed into the solution 

with additional methanol. The hydrogen was first introduced into 

the flask without stirring the solution. After 3 to 5 minutes had 

been allowed to flush out the atmospheric oxygen, stirring was begun. 

The above apparatus and procedures were a combination of various 

ones presented by Greenstein and Winitz (64).

Hydrogenation of a benzyloxycarbonyl-peptide is conventionally 

followed by tests for carbon dioxide in the effluent gases b y 1 

periodically passing the effluent gas through a saturated barium 

hydroxide solution, but due to the small amounts of protected peptide 

being hydrogenated in much of this work, it was not a sensitive 

enough indicator. However, the use of palladium(ll) oxide provided 

an indicator in itself since it is reduced to metallic palladium 

after all groups which are easily reduced have been hydrogenated. 

Thus, the change of the catalyst from its dull amber to a glistening
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black form was used to indicate the completion of hydrogenation. It 

was found that when hydrogenating material that had been obtained by 

preparative paper chromatography, it was necessary to add additional 

catalyst and repeat the above, presumably due to poisoning of catalyst 

by sulfur contaminant's from the paper.

After hydrogenation, the catalyst was removed by filtration and 

washed with absolute methanol. Additional washes of the catalyst 

with water showed that all histamine-containing compounds involved 

throughout this investigation were methanol soluble.

Alternate Synthesis of If-Benzyloxycarbonyl-L-glutaminylglycyl- 

histamine (VII). The mixed anhydride of If-benzyloxycarbonyl-L- 

glutaminylglycine was prepared. A  25-ml flask, 10 ml of chloroform 

as the reaction solvent, I millimole (0 .3 3 7 g) of H-benzyloxycarbonyl- 

L-glutaminylglycine (Compound VI, Cyclo Chemical Corp., Los Angeles, 

California), I millimole (0.l4 ml) of triethylamine, and I millimole 

(0 .082 ml) of ethyl chloroformate were utilized.

To the solution containing the mixed anhydride was added one 

millimole (0 .1 8 4 g) of histamine dihydrochloride in 2 ml of cold I N 

sodium hydroxide, and an additional I ml of I N sodium hydroxide was - 

used to rinse the vial in which the histamine solution had been 

prepared. The resulting mixture was stirred magnetically while the 

solution was maintained between 0°C and -10°C for 30 minutes. The

I



stirring was discontinued, and the mixture■ was allowed to stand at 

4°C in a refrigerator overnight.

The above procedure yielded a solid product which was suspended 

between the chloroform and aqueous phases. This flocculent product 

was isolated by filtration and was washed with copious amounts of 

chloroform followed by washing with 10 ml of a 0.1 M  sodium chloride 

solution containing a drop of 3 N sodium hydroxide. The sodium 

hydroxide was added to the aqueous wash to prevent the formation of 

the carbonate salt of the basic imidazole nitrogen. The material 

obtained was dried over calcium sulfate in a vacuum desiccator for 

15 hours.

A  white amorphous material, (0.l68 g) was obtained. It had a 

melting range of 156-l63°C. The reactants. Compound VI and histamine, 

have melting points of 177-178°C and 83-84°C respectively. When a 

portion of this material was chromatographed on Whatman No. 3 MM 

paper using the I-butanol :acetic acid: water system, it revealed one 

very predominant ninhydrin negative and Pauly's positive spot with 

an R 1̂ = 0 ,6 0  along with only traces of histamine and a third compound 

having an Rf = 0. 72. The predominant component having the Rf = 0.60 

was Compound VII since it had identical responses to ninhydrin .and 

Pauly* s reagent as well as an Rf very nearly equal to that compound 

prepared above in the stepwise synthesis of Compound VII.

45



46

The 0.l68 g represented approximately a 39 percent yield, hut . 

analysis of the aqueous wash used in the isolation of this compound 

revealed that the desired compound had a limited solubility in the 

aqueous wash. Therefore, the 0 .168 g obtained above does not 

represent the extent to which the reaction went to completion but 

only that amount which was isolated.

L-Grlutaminylglycylhistamine (VIII). Catalytic hydrogenation of 

the above Compound VII using a palladium(li) oxide catalyst at room 

temperature and atmospheric pressure yielded 0 .102 g of product 

(88 percent yield). The product had been obtained by evaporation of 

the methanol to a yellowish oil which after extensive drying in a 

vacuum desiccator formed a clear solid mass. This solid was hygro

scopic and, when chromatographed on Whatman No, 3 MM paper in the 

I-butanol: acetic acidrwater system, it was shown to contain at least 

four Pauly’s positive compounds. Two of the compounds were s h o w  to 

be histamine and histamine dihydrochloride by simultaneous chroma

tography of authentic samples and by their common response to 

ninhydrin, A third component had an identical Rfl ,to that of a lesser 

component found in the mixture before hydrogenation, and it was 

ninhydrin negative.

The component having the Rf. = 0.39 3 3-n addition to having an 

identical Rf to that of Compound VTII prepared above, also possessed
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the same red-brown coloration when sprayed with ninhydriri as did 

this compound in the previous preparation.

L-Alanylglycyl-h-glutaminylglycylhistamine (I). N-Benzyl- ' 

oxycarbonyl-L-alanylglycine (IX) (0.095 g, 034 millimole).(Cyclo 

Chemical Corp», Los Angeles, California) was dissolved in chloroform 

containing 0.34 millimole (0.048 ml) of triethylamine and the mixture 

was cooled. After 10 minutes at -15°C, 0.34 millimole (0.028 ml) of 

ethyl chloroformate was added and fifteen minutes were allowed for 

the formation of the mixed anhydride.

Without further purification, 100 mg of the mixture, which 

contained predominantly Compound VIII, was dissolved in 0.50 ml of 

I N  NaOH and, after cooling, was added to the mixed anhydride of IX. 

The resulting mixture was stirred and maintained below 0°C for 

thirty minutes and then allowed to stand overnight at 4°C.

Analysis of the two phases of the resulting mixture revealed 

three components in the chloroform fraction which were Pauly's 

positive having Rf 's of 0.6 2, 0.70, and 0 .8 0  when chromatographed 

on Whatman No. 3 MM paper, using the previously described I-butanol: 

acetic acid:water system. The component having the Rf = 0.70 

was the predominant component and was also shown to be present in 

the aqueous phase in significant amounts. Efforts to separate 

more of this component from the aqueous phase by chloroform and
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chloroform-triethylamine washing were not fruitful, indicating that 

the desired component might have been in the chloroform phase as a 

salt of the unreacted Compound IX. ■ '

Without further purification of the chloroform phase, it was 

dried and the residue was hydrogenated. After the spent catalyst 

had been filtered and washed with methanol, the methanol solvent and 

wash were combined and taken to dryness in a stream of nitrogen. A 

cream-colored amorphous mass was obtained. Analysis of this material 

with the Whatman No. 3 MM paper and I-butanol:acetic acid:water system 

revealed a component having an Rf = 0.42 along with lesser amounts, of 

several other components.

The hydrogenated material was applied to two 19 x 46-cm sheets 

of Whatman No. 3 MM paper as a series of spots 1.5 cm apart and 3 cm 

from and parallel to the narrow edge. It was developed to a height 

of 34 cm in a 95% ethanol:water (7:3) system. In order to locate 

the desired material a strip 3 cm wide from the edge was cut and 

sprayed with ninhydrin. The area between 20 and 22 cm (Rf = 0.60) 

was removed and washed with water, and the solution was lyophilized. 

Analysis of the material obtained revealed contaminants present so 

it was further purified with the 1 -butanol:acetic acid:water system 

and the material having an Rf = 0.4l was isolated, yielding I mg 

(l% yield). Rechromatography revealed no detectable contaminants 

and showed that the isolated compound had an Rf = 0.4l and Rf = 0.6l
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in the I-butanol:acetic acid:water and ethanol:water systems, 

respectively. Simultaneous chromatography and co-chromatography 

of the synthesized peptide and the natural peptide from bee venom 

showed that they were identical and that both gave a reddish 

coloration with ninhydrin.

Hydrolysis of a portion of the prepared material yielded a 

mixture of alanine, glycine, glutamic acid, and histamine as shown 

by 2-dimensional paper chromatography on.Schleicher-Schuell 598-YD 

paper with the solvent systems of ethanol:water and I-butanol:acetic 

acid:water.

H-Benzyloxycarbonyl-L-glutaminylglycine Ethyl Ester (H). In 

a 500-ml flask were placed 300 ml of chloroform, l4.Ol g (50 mmoles) 

of E-benzyloxycarbonyl-L-glutamine and 7.0 ml (50 mmoles) of 

triethylamine. The H-benzyloxycarbonyl-L-glutamine was prepared 

according to the procedure of Katsoyannis (57). The melting point 

of the M-benzyloxycarbonyl-L-glutamine prepared was 136-137°. The 

literature values are 133-1 37°C (57), 134° (6 5), and 137° (5 6).

Once the solution of H-b enzyloxyc arbonyl -L-glut amine had been 

formed (an additional 0 .5  ml of triethylamine was usually required), 

it was cooled and the mixed anhydride was formed utilizing 4.1 ml 

(50 mmoles) of ethyl chlorofornate. After sufficient time had been 

allowed for the formation of the mixed anhydride, a cold solution of



6 .9 8 g (50 mmoles) of glycine ethyl ester hydrochloride in 50 ml of 

water was added simultaneously with 10 ml of triethylamine to the 

solution containing the mixed anhydride. , The mixture was stirred 

for 30 minutes at 0° t o .-10° and then placed in the refrigerator at 

4° overnight. '

Compound XI precipitated as a gelatinous mass and was separated 

by means of filtration. Compound XI 'was thoroughly washed with two 

25-ml portions each of chloroform, I N HCl, I N NaHCO^, and water, 

respectively, and then dried in a vacuum desiccator over concentrated 

HgSO^. It was recrystallized from ethanol; usually two crops of 

crystals were obtained. After recrystallization, it was again dried 

in vacuum over HgSO^. (At least three to four days of drying were 

required before it gave the following reported melting point and no 

longer had the odor of ethanol). The yield was 12.13 g (66.9%) of 

a white powder with m.p. 169.5-171°. The [ a ] ^  for a 2 percent 

solution in 80 percent alcohol was -12.4°.

The D isomers of Compound XI had been previously prepared by 

Melville (5 8). He first synthesized H-benzyloxycarbonyl-D-glutamyl- 

glycine ethyl ester and then converted the unprotected carboxylic 

acid group of the glutamic acid portion into the amide via an acid 

chloride intermediate. Melville reported a m.p. of 167° for the D 

isomer. The procedure presented above is much more direct and it 

yielded a purer product as indicated by the melting point.
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Preparation of Palladium Catalyst. According to the modifi

cations presented "by Rogers and Chung (6 6) of the procedure given "by 

Willstatter and Waldschmidt-Leitz (67), 1.0 gram of 60% of 

palladium(ll) chloride (Engelhard Industries, Inc., Newark, New 

Jersey), was dissolved in 2 N HCl (6 ml) with the aid of heat. To 

this solution was added 100 ml of water and the resulting mixture 

was heated to about 90°. Approximately 0 .3  ml of formic acid was 

added with vigorous stirring. The pH of the solution was then 

adjusted to between 9 and 10 by the addition of 5 N K0H. The solution 

was then neutralized with more formic acid. The resulting palladium 

was then washed ten times by repeated additions and decantations with 

water and then ten times with ethanol. Catalyst prepared in this way 

was always used immediately after preparation and was never allowed 

to dry.

L-Glutaminylglycine Ethyl Ester (hydrogen halide salt) (XII).

In a dry 300-ml-round-bottom flask were placed 9«13 g (25 mmoles) of 

XI, 200 ml of absolute ethanol, 2 ml of concentrated hydrochloric 

acid (24, mmoles) and a magnetic stirring bar. The mixture was 

stirred and warmed gently for 30 minutes. At the end of 30 minutes, 

palladium catalyst was added. Nearly all of the catalyst which had 

been prepared from one gram of 6o/0 palladium(ll) chloride was added.
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Hydrogen gas was then swept over the mixture. The hydrogen gas 

had heen passed first through a gas bubble flask so as to give a 

visual means of determining the flow rate. The flow rate was that 

of a very rapid bubble production (approximately 50 ml per minute). 

From the gas bubble flask the hydrogen was introduced into the 

reaction flask just above the level of the ethanol in that flask.

The gases which escaped from the reaction flask were passed through 

a saturated barium hydroxide solution and out an open window.

The reaction was continued until no evolution of carbon dioxide

could be detected with fresh barium hydroxide (usually 2 » 5 to 4 .0  '
. * 

hours were required). At that time the reaction was stopped, the

remaining catalyst was added, and hydrogenation was resumed for one

hour. This was done to insure completeness of hydrogenation since it

has been reported that hydrogenation is really not complete until

two hours after the carbon dioxide evolution has ceased (6 8).

After the additional hour, the hydrogen flow was stopped and the . 

catalyst removed by filtration. The catalyst was washed with three 

10-ml portions of fresh ethanol and these washes were added to the 

ethanol solution containing the product. To this ethanol solution 

was added 0.2 ml of concentrated HCl and the ethanol was removed by 

means of a rotary evaporator. During the removal of the ethanol, 

the solution was maintained at or below 30°C. The viscous residue 

initially obtained was further dried in a vacuum desiccator.
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The product obtained (6.1 g, 90% yield) was a white solid which 

was very sticky and hygroscopic. All attempts to purify it further 

resulted in the formation of a second product which was ninhydrin 

negative, ethanol insoluble and melted with decomposition at about
. ' ' t

260°C. This second product was probably either the diketopiperazine 

or the pyrrolidone carboxylic acid. Therefore, the glutaminylglycine

ethyl ester was used in the white glassy form as obtained above
<

without further purification.

In subsequent experiments 2.5 M  hydrogen bromide in acetic acid 

was used to remove the benzyloxycarbonyl group of Compound XI. One 

ml of 2.5 M  HBr was used for each millimole of protecting group to be 

removed. In these experiments the product was obtained, after 30 

minutes had been allowed for completion of the reaction, by precipi

tation with ethyl ether. The product obtained (8.4 g from 25 mmoles 

of XI, 95$ yield) had much the same physical appearance as the 

hydrochloride salt described above and it gave equally satisfactory 

results in the next step.

!-Benzyloxycarbonyl-L-alanylglycyl-L-glutaminylglycine Ethyl , 

Ester (XIII). Compound IX (!-benzyloxycarbonyl-L-alanylglycine) used 

in this and in subsequent syntheses was prepared according to the 

following procedures. !-Benzyloxycarbonyl-L-alanine was synthesized



according to the method of Bergmann (5 6), The N-benzyloxycarbonyl-L- 

alanine produced possessed a m„p. of 84.5-85°C and an [a]^2 of -14.3 

(5^ acetic acid). The literature values are nup. = 84°C (5 6) and 

87° (6 9), and = ~l4. 3 (56), = -I3 .9  (2% acetic acid)

(70), and [a]D = -13.9 (8.5% acetic acid) (7l). The N-benzyl- 

oxycarbonyl-L-alanine was condensed with glycine ethyl ester by the 

mixed anhydride procedure. White needles with m.p. 98~99°C were 

obtained, [c%]22 = -7.64 (2% EtOH). The literature values are 

m.p. = 98°C (71) and IOO0C (72). The N-benzyloxycarbonyl-L-alanyl- 

glycine ethyl ester was then hydrolyzed according to the procedure 

of Grassmann (72) to yield Compound IX. White needles with m,p. of 

118-122° were obtained, having [a]22 = -l6 . 3 (5% EtOH). The 

literature values are m.p. = 132° (7 2)., m.p. = 103-104° (7l) and 

[ a ] ^  = -17.4 (5% EtOH) (72). In a 250-ml flask were placed 5 . 6  g 

(20 mmoles) of IX, 200 ml of ethyl acetate and 2.8 ml (20 mmoles) of 

triethylamine, from which the mixed anhydride of Compound IX 

(N-benzyloxycarbonyl-L-alanylglycine) was formed.

After the formation of the mixed anhydride, a cold aqueous 

solution of XII (the entire amount of XII obtained from the hydro

genation of 25 mmoles of XI in 50 ml of water) was added along with 

3.5 ml (25 mmoles), of triethylamine. The mixture was kept cold for 

an additional thirty minutes and then allowed to stand overnight 

at 4°C.
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The precipitate which formed was filtered and washed with 25 ml 

of ethyl acetate, ether, and water, respectively. The rather 

gelatinous mass was dried in vacuum over concentrated HgSOĵ, A 

white powder was obtained which was dissolved in a minimum amount 

of hot 95% ethanol and allowed to reprecipitate upon cooling. The

yield was 5.2 g (52%) of a white powder with m.p. = 235-236.5°. The
22 0M d  for a I percent solution in acetic acid was -15.4 » Hydrolysis

and amino acid analysis gave the following amino acid ratios:

Glu = 1.05, Gly = 2.0 6, Ala = O.905.

Analysis:

Calculated for C22OgIT5H32: C, 53.43; H, 6.52; IT, l4„l6 

Found: r C, 53-32; H, 6.40; N, 14.0?

N-Benzyloxycarbonyl-L-alanylglycyl-L-glutaminylglycylhydrazide 

(XIV). Compound XIII (4 grams, 8 .1  mmoles) was dissolved in 'I-butanol 

(200 ml) when heated to near "boiling. The resulting solution was 

allowed to cool to 80°, at which time 5 ml of anhydrous hydrazine,

95%, (Eastman Organic Chemicals, Rochester, New York) was added.

The temperature of resulting solution was maintained at 60° for 

5 hours; 2 ml of additional anhydrous hydrazine was added, and the 

solution was maintained at 45° for 18 hours. Cooling of the solution 

to 0° yielded a white precipitate which was filtered and dried. This 

product was reprecipitated from 90 percent dioxahe. The yield was
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2.2 g (57%) of a white powder with m.p. = 155-1600. The [a]^2 for 

a I percent solution in 75 percent ethanol was -lh. 2°. Hydrolysis 

and amino acid analysis gave the following amino acid ratios:

Glu = 1.2, Gly = 1.9, Ala = 0.9.

Analysis:

Calculated for C20O7N 7H30: C, 49.99; H, 6.29; N, 20.40

Found: ........... C, 49.85; H, 6.10; N, 20.24

N-Benzyloxycarhonyl-L-alanylglycyl-L-glutaminylglycylhistamine 

(X) (via the azide of XIV). Three millimoles (l. 44 g) of Compound XIV 

were dissolved in 10 ml of I N HCl and 25 ml'of. water and cooled to 

0 . Nheri one portion of a cold aqueous solution of sodium nitrite 

(3 .5  mmoles) (0.242 g/5 ml) was added, the azide precipitated as a 

white sticky mass. The precipitated azide was isolated by filtration 

and.washed with cold 25-ml portions of water, 3% NaHCO3, and water 

again. The azide was added to 75 ml of an aqueous solution containing

0.55 g (3 mmoles) of histamine dihydrochloride (Nutritional Bio

chemicals Corp., Cleveland, Ohio) and 8 ml of I N NaHCO3. The 

solution was kept cold and stirred for 48 hours. The solution was 

then adjusted to a pH of 7.0 by the addition of I N.HC1 (approximately 

2.5 ml) and evaporated to dryness. Efforts to desalt the residue 

by gel filtration, ion exchange, and solvent extraction were
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unsuccessful. Paper chromatography, with the butanol:acetic acid: 

water system, revealed two Pauly's positive compounds. The lesser 

component had an Rf equal .to the Compound X prepared by route Ho, I. 

The predominant component was free histamine. Due to the low yield 

of desired product (Compound X), it was not further purified.

The following variations on the above synthesis were run. The 

azide of XIV (35 mmoles) was dissolved in 25 ml of dimethylformamide, 

and only 2 mmoles of histamine in dimethylformamide were added.

After completion of the reaction (48 hours) the product was precipi

tated by the addition of 100 ml of diethyl ether. The residue 

contained a considerable amount of unreacted histamine, and when 

purified by ion exchange, only part of the histamine was removed.

L-Alanylglycyl-L-glutaminylglycylhistamine (l) (from X prepared 

in the preceding procedure). To CLl g of residue obtained above 

which contained X, histamine, and inorganic salts were added 2 ml of 

5 H HBr in acetic acid. After 30 minutes the solution was treated 

with 25 ml of diethyl ether and the resulting precipitate isolated by 

filtration. A  small amount of the resulting material was applied to 

a previously washed Whatman Ho. 3 MM paper and chromatographed with 

the developing solvents described previously (butanol:acetic acid: 

water and ethanol:water). When sprayed with nirihydrin, the pre

dominant component was shown to have Rf values very near those of
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Compoimd I prepared in route Ho. 'I. The R^’s obtained were . 40 and 

.6l for the butanol:acetic acid:water and ethanol:water systems, 

respectively,

Him-Benzylhistamine (XV). The following procedure is a modifi

cation of the method reported by du Vigneaud and Behrens (59) for the 

synthesis of H"™-benzyl-L-histidine. Liquid ammonia (250 ml) was 

distilled into a 500-ml 3-neck, round-bottom flask fitted with a 

mechanical stirrer and a HaOH drying tube. Before the ammonia was 

distilled into the reaction flask it had been dried by collection 

over metallic sodium. To the ammonia in the reaction flask 11 .8 7  g
• t

of histamine dihydro chloride (nutritional Biochemicals Corp., 

Cleveland, Ohio) (64 mmoles) were added. The flask was kept in an 

acetone-dry ice bath. While stirring was maintained, small pieces 

of sodium- were added until a permanent blue color was obtained 

(7.0 g of sodium required). The blue color was destroyed by the 

addition of a very small amount of histamine. The solution at this 

.point was.a light yellow-brown with a white precipitate present.

With vigorous stirring rJ. 6 ml (70 mmoles) of benzyl chloride was 

added. After the reaction mixture had been stirred for 30 minutes, 

to allow the reaction to reach completion, the acetone-dry ice bath 

was removed and the ammonia allowed to evaporate spontaneously. After 

most of the ammonia had evaporated, the flask was evacuated at the
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■water aspirator overnight. The residue was dissolved in 50 ml of 

water and acidified to pH 5 by the addition of 6 H HC1. The 

acidified solution was extracted with three 50-ml portions of 

diethyl ether to remove the unreacted benzyl chloride. The aqueous 

solution was then made basic (pH = 12) by the addition of 6 H NaOH 

and then extracted with three $0-ml portions of chloroform. The 

chloroform extracts were combined, washed with 0.1 N NaOH, and dried 

over anhydrous sodium sulfate. The dried chloroform was evaporated 

by means of a rotary evaporator, maintained below 50°. A  viscous 

yellow oil was obtained which was further dried for two days in a 

vacuum desiccator. The yield was 10.84 g (84%) of a yellow viscous 

oil which was ninhydrin positive and gave only a slight response to 

Pauly's reagent.

Analysis;

Calculated for C12E15N3: C, Tl.64; H, 7.49; N, 20.90
Found: C, 71.48; H, 7.59; H, 20 .6 3

N-Benzyloxycarbonyl -L-glut aminylglycyl -N^-benzylhi stamine 

monohydrate (XVI). The N-benzyloxycarbonyl-L-glutaminylglycine (Vl) 

used in the procedure had been prepared from Compound XI (preparation 

of which was previously described) by alkaline hydrolysis under the 

conditions described by Melville (5 8). Compound VI was obtained as
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white needles with nup. of 175-176,5°C. The literature value is nup.
= 172-173°C (74).

In 10 ml of freshly dried, distilled and tested dimethylformamide 

(75) were dissolved 0.67 g (2 mmoles) of VI and 0.28 ml (2 mmoles) 
of triethylamine. The mixed anhydride was formed with 0. l64 ml 
(2 mmoles) of ethyl chlorofornate. To the solution of the mixed 
anhydride was added 0.40 g (2 mmoles) of XV in 5 ml of chloroform.
The mixture was chilled for 3P minutes with stirring and then stored 

at 4° overnight. _ '

To the resulting solution which contained some precipitate was 
added 10 ml of diethyl ether; 4 hours were allowed for the formation 
of additional precipitate. The product was filtered, washed with 
10 ml of chloroform, I N NaOH, and acetone. The compound was 
dissolved in 20 ml of ethanol, concentrated to 5 ml by means of a 
rotary evaporator and reprecipitated by the addition of 15 ml of 
diethyl ether. The product precipitated as a gelatinous mass which 
required 48 hours of drying in a vacuum desiccator. The yield was

0.49 g (46%) of a slightly yellowish powder with m.p. = 175-178°.
The [oOp2 for a I percent solution in ethanol was -4.21°. Hydrolysis 

and amino acid analysis gave the following amino acid ratios:

Glu = O.9 8, Gly = 1.00.
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Analysis; ,

Calculated for C27H3itWgO5 ; C, 60.21; H 5 6.36; W 5 15.64 '

Found: C 5 6o.6l; H 5 6.03; W 5 1 5 .3 6

L-Glutaminylglycyl-W1ni-W enzylhi stamine (hydrogen. bromide salt) 

(XVII). In a dry flask were placed 0 .3 6 5 g (0.7 mmole) of XVT and

3 ml of 5 W HBr in glacial acetic acid. This mixture was stirred at 

room temperature for thirty minutes at which time 20 ml of dry diethyl 

ether was added. Conpound XVII precipitated as a sticky amorphous 

mass which was washed with ether and dried in a vacuum desiccator for

4 hours. A  white amorphous solid was obtained which contained small 

amounts of benzylbromide5 as noted by its lachrymatory properties. 

Compound XVII was used in this form without further purification.

H-Benzyloxycarbonyl-L-alanylglycyl-L-glutaminylglycyl-Hxm-Wenzyl- 

histamine (XVIII). In a flask were placed 0 .1 9 6 g (0.7 mmole) IX5

5 ml ethyl acetate and 0.1 ml (0.7 mmole), triethylamine. The flask 

was then placed in a cold bath of approximately -15°. Over a period 

of approximately 30 seconds 0.06 ml (0.7 mmole) of ethyl chloroformate 

was added to the cold solution. Rapid stirring was maintained during 

the addition of the ethyl chloroformate and was continued for 15 

minutes, while the reaction vessel was kept in the ice bath.

After sufficient time had been allowed for the formation of the 

mixed anhydride, a cold solution of XVII (that prepared by deblocking



0. 7 mmole of XVT above) in 5 ml of water was added simultaneously 

with 0.2 ml triethylamine. The mixture was maintained in the ice 

bath ,and stirred for 30 minutes before being placed in a refrigerator 

at 4° overnight. Evaporation of the sdlutibn and washing of the 

residue with diethyl ether yielded a yellow mass which contained 

XVTII. It was not further purified.

L-Manylglyeyl-L-glutamihylglycylhistamine (l). The impure 

Compound XVTII was placed in a 500-ml three-neck flask and thoroughly 

dried under vacuum. Into the flask containing XVIII, 100 ml of dry 

ammonia was(distilled. Metallic sodium was added until a permanent 

blue color was obtained. At this time 0 .04  g (0.07 mmole) of dry 

ammonium chloride was added and the ammonia was allowed to evaporate 

spontaneously. The.final traces of ammonia were removed by water 

aspiration. The residue was dissolved in 7 ml of the upper phase 

of the solvent system 1-butanol: 1 -propanol:pyridine:water (5 :2 :1 :8 )„ 

The resulting solution was filtered and applied to a column. The 

3.62 x 108-cm column had been packed with sieved (20-80/M) Sephadex 

G-25 beads (Pharmacia Fine Chemicals, Inc,, Piscataway, New Jersey), 

The column was packed and operated according to the procedure given 

by Yamashiro (75)76). The organic phase and aqueous phase of the 

butanol:propanol:pyridine:water system described above were used.



63
After application of -I to the column, a flow rate of 10 to 12 ml 

per hour was established and 12-ml fractions were collected. Compound 

I emerged from the column (about fractions 50 through 6 5) too dilute 

to detect by the Folin-Lowry method (77). So, periodically, fractions 

were evaporated to one-third the original volume and a small aliquot 

was applied to a sheet of chromatography paper and sprayed with 

Pauly*s reagent. Those Pauly’s positive fractions were then chromato

graphed under the conditions described in the isolation of the natural 

Compound I.

Those fractions containing Compound I were pooled, evaporated to 

dryness and washed with diethyl ether. The diethyl ether removed - 

most of the yellow contaminants present. The yield was 100 mg 

(31% for last two steps) of a cream hygroscopic mass. Due to the 

hygroscopic nature of this material and the small quantity obtained, 

it was not further purified. The final product (Compound I) and the 

natural peptide were identical as shown by the same color responses 

with ninhydrin and the same Rf values in both the butanol:acetic acid: 

water (3 :1 :I ) and ethanol:water (7:3) systems (0.42 and 0.6 2, 

respectively). Amino acid- analysis of Compound I (obtained above) 

yielded the following mole ratios for glycine, alanine, glutamic 

acid, and ammonia, respectively: 1.84, 1.0 0, l;l6 , and 1,07.
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t-BOC-gly
II

1. Ethyl chloroformate
2. Histamine

N/
t-BOC-gly-histamine 
III

Trifluoroacetic acid

Gly-hi st amine
(43% yield)

Z-L-gln-gly
VI
. .1. Ethyl

chloroformate 
2. Histamine

Z-L-gln
V

I. Ethyl 
chloro
formate _

— :----- — — ^ -------- 1 J (39% yield)

Z-L-gln-gly-histamine' 
VII

H2ZPdO

Z-L-ala-gly
IX

I. Ethyl 
chloro
formate

L-gln-gly-hi stamine 
VIII (88% yield)

2.

Z-L-ala-gly-L-gln-gly-hi stamine 
X H2ZPdO (l% yield)

•4-
L-ala-gly-L-gln-gly-histamine 
I

Over-all yield 0.3%

Figure 6. Results of Reaction Scheme No. I
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1» Ethyl chloro- 

formate 
Triethylamine 

2. Gly-OEt

Z-L-ala-gly
IX

I. Ethyl chloroformate 
Triethylamine

Z-L-gl'n-gly-OEt 
H  {6%  yield)

HBr/HOAC
or

..Vpd
L-gln-gly-OEt’ HX 
XII (90f» yield)

---- ^ ----------J .
Z-L-ala-gly-L-gln-gly-OEt 
XIII (52% yield)

MH2HH2

Z-L-ala-gly-L-gln-gly-MEEL 
XIV (57% yield) . ̂

1. H+ and WaHO,
2. Histamine

Z-L-ala-gly-L-gln-gly-histamine 
X ( 5% yield)

1. HBr/HOAC
2. Neutralization

L-ala-gly-L-gln-gly-histamine
I

Over-all yield 1%

Figure rJ.. Results ,of Reaction Scheme Wo. 2
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Z-L-gln-gly
VI

I. Ethyl chloroformate 
Triethylamine

Histamine
Benzyl chloride

Na/Liq. HH

N -Benzylhistamine 
XV (84% yield)

Z -L-gin-gly-H^m-b enzylhi stamirte? HgO
XVI (46% yield)

L-gln-gly-H^-henzylhistamine* HBr 
XVII

Z-L-ala-gly
IX

I. Ethyl chloro
formate
Triethylamine g

Z~L-ala-gly-L-gln-gly-Him-henzylhistamine
XVIII

(31% yield)

Na/HH3

L-ala-gly-L-gln-gly-hi stamine

Over-all yield 10%

Figure 8 Results of Reaction Scheme Ho. 3



Table III
6?

Summary of. Compounds Prepared

Compound Mol. Wt.
Form
obtained Characterization

t-BOC-gly-histamine (ill) 268 Amor. Rf, Hydrolysis
gly-histamine (IV) 168 Amor. Rf, Hydrolysis
Z-L-gln-gly-histamine (VIl) 230 Amor. Rf, Hydrolysis
L-gln-gly-histamine (VIIlj 430 Amor. Rf, Hydrolysis

Z-L-ala-gly-L-gln- 
gly-histamine (X) 559 Amor. Rf, Hydrolysis

L-ala-gly-L-gln- 
gly-histamine (l) .424 . Amor, 

(hyg.)
Rf, A. A. Anal., 
comparison to 
natural peptide

Z-L-gln-gly-OEt (H) 365 Cryst. A.A. Anal., m,p., 
[a], C,H,N

L-gln-gly-OEt (XIl) 231 Amor, Ninhydrin
positive

Z-L-ala-gly—L-gln- 
gly-OEt (XIII) 495 Cryst. A. A. Anal. , m,p., 

[a], C,H,N

Z—L-ala—gly—L-gln- 
gly-raBg (XIV) 48i Cryst. A. A. Anal., m.p. . 

Ca], C,H,N
Nim-Lenzylhistamine (XV) 201 Oil C,H,N

Z-L-gln-gly-Nim- 
benzylhistamine*H^O (XVl) 523 Cryst. A, A. Anal., m»p.. 

[a], C,H,N



SUMMARY M D  CONCLUSIONS

The peptide in honeybee venom which had previously been 

referred to as "component B" (39)> was shown to be alanylglycyl- 
glutaminylglycylhistamine (Compound I) by Edman degradation and by 

comparison with synthesized material. The peptide being investigated 

was isolated in a form free from any other peptide material by 

preparative paper chromatography.

After its structure determination by the Edman method. Compound 

I was synthesized by three different schemes. The L-isomers of 

alanine and glutamine were used in the synthesis since there is no 

evidence of any D-amino acids present in honeybee venom. The three 

synthetic schemes (summarized in Figures 6 , 7 and 8 ) all yielded 

Compound I in small quantities and never in a pure crystalline form. 

Scheme I was limited to small quantities because of the necessity 

of preparative paper chromatography as a means of purification after 

each synthetic step. A  low yield was obtained in the case of 

Scheme 2 due to the low yield of the azide coupling reaction. In 

the case of Scheme 3 the peptide recovery was limited due to the 

fact that only a portion of the Compound I which was applied to the 

partition chromatography column could be eluted free of other 

peptide contaminants. However, all three schemes yielded a peptide 

which was shown to be identical chromatographically to the natural
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peptide isolated from honeybee venom, thus the structure assigned
■ ■ - I

on the basis of Edman degradation was confirmed.

The synthesis of the histamine-containing peptide not only 

confirmed the structure assigned to the naturally occurring peptide, 

but also represented the first synthesis of a naturally occurring 

peptide incorporating histamine. Previous to this work, the only 

efforts to prepare histamine involved in a peptide bond were 

directed toward the preparation of single amino acid-histamine 

peptides (44,46).
Although the synthesis described was hampered by the inability 

to isolate much of the desired peptide and by several minor side- 

reactions, it exemplifies the difficulties that one encounters in 

the synthesis of histamine-containing peptides. Among these 

difficulties are the lack of crystalline products, the hygroscopic 

character of such compounds, arid the difficulties of obtaining large 

yields. Similar problems have been ,encountered with smaller 

histamine-peptides (46).
In spite of the limitations of the syntheses carried out, all 

were satisfactory in providing additional evidence for the structure 

of the histamine-containing peptide’ isolated from the venom of the

honeybee,
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