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ABSTRACT 

The solid phase synthesis of arginine vasotocin was 

undertaken using the 3,5-dimethylbenzyl group for protection 

of the sulfhydryl function. The arginine vasotocin pre

pared was used to establish that there is a pineal anti-

gonadotrophin not identical with arginine vasotocin and that 

arginine vasotocin is restricted to the pineal stalk while 

the other antigonadotrophic factor resides primarily in the 

parenchyma. 

During the course of bioassays on the arginine 

vasotocin anomalously high potencies were observed in the 

rat uterine contraction assay and in the milk injecting 

assay. These activities could not be reproduced in sub

sequent syntheses and the original results were ascribed to 

intrinsic variation of responses among' animals in the 

uterine contraction assay. The original high activity 

observed in the milk injecting assay is unexplained. 

The solid phase synthesis of mesotocin was attempted 

using a resin on which all of the chloromethyl groups had 

been replaced with NaBoc-glycine ester. Isoleucine was sub

sequently coupled under the same conditions to be used later 

to the glycine residues at substitutions of from 0.3 milli-

mole to 0.5 millimole of dipeptide per gram of resin. It 

was hoped that only the most exposed and hence most reactive 

x 



sites would be converted to dipeptide, giving a more 

reactive substrate for solid phase synthesis. Excess amino 

groups of glycine were blocked with N-acetylimidazole. 

The solid phase synthesis of mesotocin failed due 

to incomplete coupling of isoleucine to glutamine. The 

dipeptide resins prepared showed no advantages in solid 

phase synthesis over conventional Merrifield resins- The 

swelling properties of the highly substituted resins were 

studied in several solvents. The resins showed properties 

no different from those of conventional resins. 

The tripeptides prolylarginylglycinamide and 

pyroglytamylhistidylproline-N-methylamide were synthesized 

by solid phase techniques. The compounds are being used to 

study potential inhibition of melanocyte stimulating 

hormone release in the case of the first tripeptide and for 

studying thyrotropin releasing hormone degrading enzymes in 

the case of the second tripeptide. 



CHAPTER 1 

INTRODUCTION 

The first well characterized peptide derivative, 

benzoylglycylglycine, was reported by Theodor Curtius 

(1882). The use of N-protected amino acid azides (Curtius 

1902) and acid chlorides (Fischer 1903) to form amide 

linkages did not result in free peptides due to the lack of 

an easily removable N-protecting function. Fischer and 

Fourneau (1901) prepared the first free synthetic dipeptide, 

glycylglycine, by partial hydrolysis of 2,5-diketopiper-

azine, but this method was clearly limited to dipeptides. 

In 1903 Fischer and Otto prepared glycylglycylglycine by 

heating ethylglycylglycinate with chloroacetyl chloride. 

The resulting ethylchloroacetylglycylglycinate was 

saponified and treated with ammonia to yield the free 

tripeptide. The development of a successful general method 

for synthesis of peptides had to wait for the discovery of 

adequate blocking groups for the a-amino function and for 

the reactive side chaines of certain amino acids. 

The introduction of benzyloxycarbonyl protection by 

Bergmann and Zervas (19 32) provide the necessary a-amino 

protecting group which was both stable to the conditions of 

peptide bond formation and easily removed by catalytic 

1 
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hydrogenation. Since its discovery, the benzyloxycarbonyl 

protecting group has been used in hundreds of syntheses and 

perhaps is still the most versatile a-amino protecting 

function to date. The development in the 1940's of pro

tecting groups for the side chain functions and in the early 

fifties of additional coupling techniques such as the mixed 

anhydride, active ester, and dicyclohexylcarbodiimide 

methods culminated in the synthesis by du Vigneaud et al. 

(1953) of oxytocin/ a naturally occurring peptide hormone. 

The availability of protecting groups which may be selec

tively removed in the presence of other protecting groups 

and of a variety of methods of amide bond formation have 

made possible the synthesis of a number of biological 

molecules and analogues. Solution techniques have been used 

to synthesize the fully active hormones glucagon (Wunsch, 

Jaeger, and Scharf 1968) with 29 residues, calcitonin 

(Sieber et al. 1970) with 32 residues, secretin (Bodanszky 

et al. 1967) with 27 residues, and the partially active S 

protein of bovine pancreatic ribonuclease A (Denkewalter et 

al. 1969) with 104 residues. Reviews of the historical 

development of peptide synthesis and of solution technique 

have been written by Greenstein and Winitz (1961, pp. 763-

1295), Bodanszky and Ondetti (1966), and Finn and Hofmann 

(1976). 

A major innovation in peptide synthesis was intro

duced by Merrifield (1963). This was the use of a polymeric 
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solid support for the growing peptide chain. In solid phase 

peptide synthesis (SPPS), the peptide is bound to a resin, 

generally by an ester or amide linkage at the carboxyl termi

nal. The next amino acid, appropriately protected at the a-

amino and side chain functions, is then coupled to the free 

amino group of the resin-bound amino acid. Excess reagents 

are removed by washing the insoluble polymer support. The 

a-amino protecting function is then removed and the coupling 

cycle can be repeated with a new amino acid. Typical pro

cedures for dicyclohexylcarbodiimide (DCC) mediated and 

nitrophenyl ester mediated couplings as used in our 

laboratory are given in Tables 1 and 2. The nitrophenyl 

esters of glutamine and asparagine are used due to the 

partial dehydration of the carboxamide group to the nitrile 

observed when DCC is used with these residues (Katsoyannis 

et al. 1958, Ressler and Ratzkin 1961). The properties of 

the solid supports are discussed in Chapter 3. 

The advantages of the solid phase method are speed 

and the possibility of automation due to the elimination of 

intermediate isolation and purification steps. The major 

disadvantage of SPPS is the lack of adequate analytical 

control. As is discussed in Chapter 3, the problems of 

failure sequences have not been completely solved and the 

chemist is often kept in the dark with regard to the compo

sition of his product until the final cleavage from the 

resin. For peptides of lengths up to 10 or 15 residues the 
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Table 1. Solid Phase Peptide Synthesis Methodology for 
Coupling with Dicyclohexylcarbodiiinide 

Step Purpose Solvent or Reagent 
Time 
(min) 

Repeti
tions 

1 Wash CH2CI2 1 4 

2 Assay Ninhydrin test - 1 

3 Deprotect TFA-CH2Cl2-Anisole (25:73: 2) 2 1 

4 Deprotect TFA-CH2Cl2-Anisole (25:73: 2) 20 1 

5 Wash CH2CI2 1 3 

6 Neutralize DIEa-CH,Cl2 (10:90) 2 2 

7 Wash CH2C12 1 4 

8 Couple Amino acid3 (1.5 equiv.)-
CH2CI2 - 1 

9 Couple DCC (1.5 equiv.)-CH2C12 20 1 

10 Wash CH2CI2 1 2 

11 Wash 100% EtOH 1 2 

12 Wash CH2
C12 1 3 

13 Couple Amino acida (1.5 equiv.)~ 

CH2C12 - 1 

14 Couple DCC (1.5 equiv.)-CH2Cl2 20 1 

15 Wash CH2CI2 1 2 

16 Wash 100% EtOH 1 2 

aAll amino acids are N-Boc protected unless other
wise noted. 
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Table 2. Solid Phase Peptide Synthesis Methodology for 
Coupling with Nitrophenyl Esters 

Step Purpose Solvent or Reagent 
Time 
(min) 

Repeti
tions 

1 Wash CH2CI2 1 4 

2 Assay Ninhydrin test - 1 

3 Deprotect TFA-CH2Cl2-Anisole (25:73: 2). 2 1 

4 Deprotect TFA-CH2Cl2-Anisole (25:73: 2) 20 1 

5 Wash CH2CI2 1 3 

6 Neutralize DIEA-CH2C12 (10:90) 2 2 

7 Wash CH2C12 
1 4 

8 Wash DMF 1 5 

9 Couple 
Si 

Amino acid (4 equiv.) 
1-hydroxybenzotriazole 
(4 equiv.)-DMF 240-600 1 

10 Wash DMF 1 3 

11 Wash CH2CI2 1 2 

12 Wash 100% EtOH 1 2 

wise 

£ 
All amino acids are N-Boc protected 

noted. 
unless other-
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solid phase method has proven capable of yielding products 

indistinguishable analytically and biologically from the 

naturally occurring substances and from the same compounds 

synthesized by solution procedures. Solid phase synthesis 

has been the subject of reviews by Meienhofer (1973) and 

Erickson and Merrifield (1976). The laboratory techniques 

related to SPPS have been described by Stewart and Young 

(1969). 

In this dissertation I report research on the 

synthesis of several polypeptide hormones utilizing improved 

solid phase synthetic procedures and on efforts to improve 

the resin support in order to allow the synthesis of a 

hormone previously synthesized only in solution. The 

arginine vasotocin synthesized in the course of this work 

has been used by collaborators in order to localize its 

presence with respect to the bovine pineal. 



CHAPTER 2 

ARGININE VASOTOCIN AND MESOTOCIN 

Arginine vasotocin (AVT or vasotocin) and mesotocin 

(MT) are peptide hormones found in the pituitary gland of a 

variety of vertebrates. Their atomic structures are given 

in Figure 1. Mesotocin has been detected in birds, rep

tiles, amphibians, and some species of fish while AVT 

exhibits remarkable evolutionary stability and has been 

found in the pituitary of all classes of non-mammalian 

vertebrates (Heller and Pickering 1970) and more recently in 

the pineal stalk of mammals (Benson, Matthews, Hadley et 

al. 1976). One of the major functions of the neurohypo

physial hormones throughout the vertebrates appears to be 

control of water balance (Follet 1970). 

Arginine vasotocin was actually synthesized by 

Katsoyannis and du Vigneaud (1958) before it was isolated 

from a natural source, the frog pituitary (Acher et al. 

1960). Similarly MT was first synthesized (Jaquenod and 

Boissonas 1961) before it was isolated from the posterior 

pituitary of the frog (Acher et al. 1964). A number of 

syntheses of AVT have been performed including solution 

syntheses by Katsoyannis and du Vigneaud (1958), Huguenin 

and Boissonas (1962), and Bodanszky et al. (1964) . 

7 
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Syntheses using solid phase methodology have been carried 

out by Schillinger et al. (1972) and by Manning et al. 

(1973). Besides the original synthesis of MT cited above, 

this compound has been synthesized by Smith (1973). In the 

latter synthesis, the solid phase approach failed, and Smith 

resorted to classical solution techniques to achieve the 

synthesis. So far no successful solid phase synthesis of 

mesotocin has been reported. A new approach, the use of 

highly substituted resins, is reported in this dissertation. 

A rationale for this approach is given in Chapter 3. 

The possible hormonal role played by AVT in mammals, 

including humans, led to the syntheses reported here. 

Kitay and Altschule (1954a) reported that a bovine pineal 

extract depresses ovarian growth and inhibits ovulation in 

rats. The same authors noted (Kitay and Altschule 1954b) 

the presence of precocious puberty in about one-third of all 

boys afflicted with pineal neoplasms. The occurrence of AVT 

in bovine pineal glands was first reported by Milcu, Pavel, 

and Neacsu (1963) and confirmed by isolation and character

ization by Cheesman (1970). The possible antigonadotrophic 

action of AVT upon the ovaries and uteri of immature mice 

and the similar action of pineal extracts was first re

ported by Pavel and Petrescu (1966). Arginine vasotocin 

also was reported to inhibit the growth of testes, ventral 

prostate, and accessory organs in immature male mice 

(Vaughan, Vaughan, and Klein 1974). Other studies have 
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provided evidence that AVT acts centrally to inhibit the 

release or synthesis of gonadotrophins in the mouse (Pavel, 

Petrescu, and Vicoleanu 1973). 

There is evidence, however (Moszkowska and Ebels 

1968) for a pineal antigonadotrophin not identical with AVT. 

The syntheses of AVT reported here were carried out in order 

to provide material for comparison with the antigonado

trophic extract obtained by collaborators (Benson, Matthews, 

and Rodin 1972; Benson, Matthews, and Hruby 1976) and in 

order to localize the antigonadotrophic and vasotocic activi

ties in bovine and rat pineals. 

The solid phase synthesis of AVT was carried out 

starting with Boc-Gly-resin using the stepwise solid phase 

technique as summarized in Tables 1 and 2. The Boc-Gly-

resins were prepared from polystyrene crosslinked with 1% 

divinylbenzene (Merrifield resin) and substituted with ca. 

1" milliequivalent of p-chloromethyl groups per gram of 

resin. The resin was either treated with the cesium salt of 

Boc-glycine (Gisin 1973) in dimethylformamide (DMF) or with 

the triethylamine salt of Boc-glycine in refluxing ethanol 

(Stewart and Young 1969, p. 7). Substitution levels of 

Boc-glycine between 0.20 and 0.50 millimoles per gram of 

resin were sought and the substitution was determined by the 

modified (Ehler 1972) aldimine test (Esko, Karlsson, and 

Porath 1968). At the conclusion of the synthesis, the N-

terminal Boc group was removed (Table 1, steps 1-7) and the 
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protected nonapeptide was cleaved from the resin by ammono-

lysis (Takashima/ du Vigneaud, and Merrifield 1968) to give 

the C-terminal amide. The protected nonapeptide amide was 

isolated by extraction into DMF, precipitation with water, 

filtration, and drying in_ vacuo. The protecting groups 

which included the 3,4-dimethylbenzyl group on the 

sulfhydryl of each cysteine (Smith 1973), the tosyl group on 

the guanido function of arginine, and, in most cases, the 

benzyl group on the phenolic function of tyrosine were 

reductively removed with sodium in liquid ammonia (Sifferd 

and du Vigneaud 1935). The sulfhydryl groups were then 

oxidized under nitrogen (Walti and Hope 1973) with potassium 

ferricyanide (Hope, Murti, and du Vigneaud 1962) to give the 

cyclic nonapeptide. The product was purified by development 

of an appropriate solvent system for partition chromatog

raphy (Yamashiro, Gillessen, and du Vigneaud 1966). This 

purification was followed by gel filtration chromatography 

(Branda, Hruby, and du Vigneaud 1967). Homogeneity was 

determined by thin layer chromatography in at least three 

solvent systems, optical rotation, and amino acid analysis. 

Biological activities were measured by the in vitro milk 

ejecting assay (Hruby and Hadley 1975) and the rat uterine 

contraction assay (Holton 1948). 

When the synthetic AVT was subjected to routine 

bioassay to verify its biological potency anomalously high 

values were obtained initially in both the milk ejecting and 
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the rat uterus stimulating assay. Attempts to reproduce 

this anomalous activity in preparations from subsequent 

syntheses were unsuccessful. 

Experimental Section 

Thin layer chromatography (tic) was done on silica 

gel F 254 plates using the following solvent systems: (1) 

1-butanolracetic acidzwater:pyridine (15:3:12:10); (2) 1-

pentanol:pyridine:water (7:7:6); (3) 1-butanol:acetic acid: 

water (2:1:1); (4) 1-butanol:acetic acid:water (4:1:5, 

upper phase only). Capillary melting points were determined 

on a Thomas Hoover melting point apparatus and are un

corrected. All temperatures are in degrees centigrade (°C). 

Optical rotation values were measured at the mercury green 

line (547nm) using a Zeiss Old 4 polarimeter. Amino acid 

analyses were obtained by the method of Spackman, Stein, and 

Moore (1958) on a Beckman 120 C amino acid analyzer after 

hydrolysis in 6 N HCl for 22 hours. In the amino acid 

analyses, the sulfur-containing residues are reported by 

convention as half-cystine, since the cystine moiety of the 

hormone is cleaved to two residues under the conditions of 

hydrolysis. 

Synthesis of Arginine Vasotocin 

Synthesis of H-Cys(DMB)-Tyr(Bzl)-Ile-Gln-Asn-

Cys(DMB)-Pro-Arg(Tos)-Gly-NH2• The synthesis of the title 



compound was performed on a Vega Model 95 Synthesizer, an 

automated machine similar to that described by Hruby, 

Barstow, and Linhart (1972). The synthesis was done on a 

one millimole scale using 3.12 g of Boc-Gly-resin SP-II-28 

(preparation described in Chapter 3). The glutamine and 

asparagine residues were coupled via their nitrophenyl 

esters as outlined in Table 2 for four and twelve hours 

respectively. All other amino acids were coupled using DCC 

as outline in Table 1. The volumes of all washes were 35 ml 

and the volumes in the coupling steps totaled 35 ml. All 

amino acids were protected at the a-amino function as the 

Boc derivative and the half-Cys, Tyr, and Arg residues were 

further protected as their S-Dmb, O-Bzl, and N^-Tos deriva

tives, respectively. Prior to each deprotection step, the 

extent of coupling was determined by the ninhydrin test 

(Kaiser et al. 1970). The test was negative (indicating 

> 99.4% coupling) in all cases except that of lie. On the 

basis of the ninhydrin test, the coupling of lie to Gin was 

approximately 95% complete. The N-terminal Boc group was 

removed after the last coupling (Table 1, steps 1-7) and 

the peptide resin was filtered, washed with methylene 

chloride, and dried in vacuo. The weight gain of the resin 

was 1.15 g (84%). The peptide-resin was added to a round 

bottom flask containing 100 ml of anhydrous methanol which 

had been saturated with ammonia (freshly distilled from 

sodium) at -5°. The flask was stoppered and the suspension 
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was stirred at room temperature for 76 hours. Ammonia and 

methanol were removed by rotary evaporation until the odor 

of ammonia was no longer detectable. The resin was 

suspended overnight in 75 ml of DMF which had been bubbled 

with nitrogen for two hours, and then the solvent was 

filtered off. The resin was extracted further with a 100 

ml portion of fresh DMF at 80° for two hours. The combined 

DMF filtrates were concentrated to about 10 ml. The solu

tion was stored at 5° and subjected to dropwise addition of 

water over two days to a total of 125 ml. The white pre

cipitate of the title compound (0.86 g, 56%) was dried in 

vacuo, m.p. 215°-220° dec., and was designated SP-II-43. 

Conversion of the Protected Nonapeptide SP-II-43 

to Arginine Vasotocin (SP-II-48). The protecting groups 

were removed by treatment of 300 mg of H-Cys (DMB)-Tyr (Bzl) -

Ile-Gln-Asn-Cys(DMB)-Pro-Arg(Tos)-Gly-NI^ with sodium in 

liquid ammonia (freshly distilled from sodium) until a blue 

color persisted for 30 seconds. Excess sodium was destroyed 

with glacial acetic acid and the ammonia was removed by 

evaporation under a nitrogen stream followed by lyophili-

zation of the final 50 ml. The white powder obtained was 

dissolved in 600 ml of deaerated 0.1% aqueous acetic acid, 

the pH was adjusted to 8.4 with 3N ammonium hydroxide, and 

the sulfhydryl groups were oxidized under nitrogen with 33 

ml of 0.01 N K^Fe^Njg solution. After 30 minutes the pH 



was lowered to 4.1 with glacial acetic acid and the solution 

was treated with 6 ml (settled volume) of Rexyn 203 ion 

exchange resin (Cl cycle; Fisher Scientific Co.) to remove 

ferro- and excess ferricyanide ions. The suspension was 

stirred for 15 minutes and the resin removed by filtration 

and washed with two 20 ml portions of 0.2 N aqueous acetic 

acid, one 20 ml portion of 50% aqueous acetic acid, and two 

20 ml portions of de-ionized water. The combined filtrate 

and washes were concentrated to about 100 ml by rotary 

evaporation at 30° and lyophilized. The crude arginine 

vasotocin was purified by partition chromatography using the 

solvent system 1-butanol:ethanol:pyridine:0.1 N acetic acid 

(4:1:1:7). The crude product was dissolved in 5 ml of the 

upper phase of the solvent system and applied to a Sephadex 

G-25 (block polymerizate, 100-200 mesh) column, 2.85 x 90 

cm, previously equilibrated with lower and upper phases. 

One hundred and fifty 5.5 ml fractions were collected. 

Analysis by the Folin-Lowry method (Lowry et al. 1951) gave 

a broad peak (R^- 0.20) preceded by a polymer peak. The 

fractions corresponding to this peak were pooled and sub

jected to rotary evaporation with addition of water until 

only the aqueous phase (100 ml) remained. The product was 

lyophilized and purified by gel filtration chromatography 

on Sephadex G-25 (200-270 mesh) using 0.2 N acetic acid as 

eluent. The final purified yield was 65 mg (30% from the 

protected nonapeptide) referred to hereafter as SP-II-48. 



The peptide gave single spots on tic in solvent systems A, 
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B, and C. Its optical rotation was [<*3547 = -11-8° (c = 

0.5, 1 N HOAc). Amino acid analysis gave arginine 0.99, 

aspartic acid 1.06, glutamic acid 0.98, proline 1.03, 

glycine 1.06, half-cystine 1.96, isoleucine 0.94, and 

tyrosine 0.96. 

Conversion of the Protected Nonapeptide SP-II-43 

to Arginine Vasotocin (SP-II-79). A 270 mg sample of 

protected vasotocin nonapeptide (SP-II-43) was subjected to 

deprotection with sodium in liquid ammonia, cyclisation, and 

partition chromatography as described above. Partition 

chromatography gave a major peak at 0.15, and several 

impurity peaks. Gel filtration on Sephadex G-25 as de

scribed previously gave 79 mg (40%) of white powder which 

gave single spots in tic systems A and D identical to SP-

11-48. Amino acid analysis gave arginine 0.90, aspartic 

acid 1.09, glutamic acid 1.04, proline 1.10, glycine 1.06, 

half-cystine 1.97, isoleucine 0.91, tyrosine 0.92, and the 

22 optical rotation of the compound was [a]_._ =12.6° (c = 
5 4  /  

0.5, 1 N HOAC). 

Conversion of the Protected Nonapeptide SP-II-43 

to Arginine Vasotocin (SP-III-61). A 300 mg sample of 

protected vasotocin nonapeptide (SP-II-4 3) was subjected to 

deprotection, cyclisation, and partition chromatography as 

described above. Partition chromatography gave several 



peaks. The fractions from the major peak were pooled and 

organic solvents were removed by rotary evaporation with 

addition of water. The resulting aqueous solution (100 ml) 

was lyophilized and the partition chromatography was re

peated to give a single peak (R^ 0.11). Gel filtration 

yielded 31.5 mg of white powder SP-III-61. The product gave 

single spots in tic with solvent systems A and C and a 

minor impurity at low R^ in system B. Amino acid analysis 

gave arginine 0.97, aspartic acid 1.07, glutamic acid 1.02, 

proline 1.01, glycine 1.04, half-cystine 1.95, isoleucine 

1.02, tyrosine 0.91, and the optical rotation of the 

22 
compound was [a],-^ = -10.4° (c = 0.5, IN HOAc). 

Synthesis of H-Cys(Bzl)-Tyr-Ile-Gln-Asn-Cys(Bzl)-

Pro-Arg(Tos)-Gly-NE^ • A 1.96 g portion of Boc-Gly-resin 

(SP-II-65) was used to synthesize the title compound on a 

one millimole scale. A semi-automated apparatus designed 

and built in our laboratory was used which allowed the 

reaction vessel to be filled and emptied by application of 

vacuum at the top and bottom, respectively, of the vessel, 

and to be shaken mechanically. The synthetic schedules 

given in Tables 1 and 2 were followed using 35 ml of solvent 

for each step. In this synthesis arginine was protected as 

the tosyl derivative and cysteine was protected as the 

benzyl sulfide. The hydroxyl function of tyrosine was un

protected. All couplings went to completion as determined 
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by the ninhydrin test except that of isoleucine (95% com

pletion) . Unreacted amino groups of glutamine were 

acetylated by treatment of the resin with a tenfold excess 

of N-acetylimidazole in methylene chloride for one hour. 

The resin was then washed (steps 15, 16, and 1 of Table 1) 

and a ninhydrin test showed no free amino groups remaining. 

The tyrosyl and cysteinyl residues were then each coupled 

using a single coupling step and a three-fold excess of 

amino acid and DCC. The N-terminal Boc group was removed 

and the resin washed and dried as described previously. The 

resin was found to have increased in weight by 1.02 g (84%). 

The protected nonapeptide was cleaved from the resin by 

ammonolysis as described previously to give 500 mg (50%) of 

the title protected nonapeptide, m.p. 187-193°. The 

product was labelled SP-II-88. 

Conversion of the Protected Nonapeptide SP-II-88 to 

Arginine Vasotocin (SP-II-92). A 300 mg sample of the 

protected nonapeptide (SP-II-88) was deprotected with 

sodium in liquid ammonia, oxidized with 0.01 N aqueous 

K^Fe(CN)g, and lyophilized as described above. Partition 

chromatography as before in the system BuOH:EtOH:Pyridine: 

0.1 N acetic acid (4:1:1:7) gave the major peak at fraction 

93 (R^ 0.16). Gel filtration on Sephadex G-25 using 0.2 N 

acetic acid as before and lyophilization gave 67 mg of white 

powder (SP-II-92). The partition chromatography and gel 
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filtration chromatography steps were repeated on SP-II-92 in 

an attempt to further purity the derivative and thus hope

fully obtain higher biological activity. The from 

partition chromatography was 0.13 and the yield after gel 

filtration was 32.6 mg. The product (SP-II-97) was sub

jected to gel filtration on Sephadex G-15 using the system 

1-butanol-acetic acid-water (2:1:1). No discernible further 

purification occurred and 19.7 mg of a white powder of AVT 

(SP-II-99) were obtained. 

Synthesis of H-Cys(DMB)-Tyr(Bzl)-Ile-Gln-A^n-

Cys(DMB)-Pro-Arg(Tos)-Gly-NI^ • A 4.35 g portion of Boc-Gly-

resin (SP-III-6, Chapter 2) was used to synthesize the 

title compound on a one millimole scale on the Vega Model 95 

Synthesizer. The Gin and Asn residues were coupled via 

their nitro-phenyl esters for four and ten hours, respec

tively, as outlined in Table 1. No N-hydroxybenzotriazole 

was used with Asn. The other amino acids were coupled by 

the DCC procedure as outlined in Table 2. All amino acids 

except arginine were protected as the Na-Boc derivatives. 

The alpha amino function of arginine was protected as the 

t-amyloxycarbonyl derivative. The half-Cys, Tyr, and Arg 

residues were further protected as their S-DMB, O-Bzl, and 

N^-Tos derivatives. The lie residue coupling times were 

extended to one hour. A third coupling of 12 hours duration 

led to a negative ninhydrin test, which indicated complete 
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coupling of lie to Gin. The N-terminal Boc group was 

removed (Table 1, steps 1-6) after the last amino acid 

residue was added and the peptide resin was filtered, washed 

with methylene chloride, and dried in vacuo. The weight 

gain of the resin was 1.18 g (87%). The peptide-resin was 

subjected to ammonolysis for 72 hours as described pre

viously. The usual precipitation from DMF/water yielded 

1.05 g (77%) of the protected nonapeptide (SP-III-10). 

Conversion of the Protected Nonapeptide SP-III-10 

to Arqinine Vasotocin (SP-III-15). A 300 mg portion of 

SP-III-10 was treated with sodium in liquid ammonia and 

oxidized with K_Fe(CN), as described previously. Partition 
-5 D 

chromatography using the system 1-butanol-ethanol-pyridine-

0.1 N acetic acid (4:1:1:7) gave several peaks. The 

fractions corresponding to R^ 0.24 to 0.16 were pooled, 

organic solvents removed with addition of water by rotary 

evaporation, and the product was lyophilized. Gel filtra

tion chromatography on Sephadex G-25 gave a major peak with 

a shoulder. The fractions corresponding to the principal 

component were pooled and lyophilized to yield 33.7 mg of 

white powder (SP-III-15). The product gave single spots 

in solvent systems A, B, and C. Amino acid analysis showed 

arginine 0.94, aspartic acid 105, glutamic acid 1.04, 

proline 1.08, glycine 1.00, half-cystine 1.89, isoleucine 



0.98, and tyrosine 0.88 and the optical rotation of the 

22 
compound was Id 547 = -13.6° (C = 0.5, 1 N HOAc). 

Synthesis of Mesotocin 

Synthesis of Boc-Gln-Asn-Cys(DMB)-Pro-Ile-Gly-NP^ . 

A 2.83 g portion of Boc-Ile-Gly-resin (SP-II-6, Chapter 2) 

was used to synthesize the protected hexapeptide on a one 

millimole scale on the Vega Model 95 Synthesizer. The Cys 

and Pro residues were coupled as outlined in Table 1. The 

Asn and Gin residues were coupled as their nitrophenyl 

esters as outlined in Table 2. All amino acids were pro

tected at the amino function as the Boc derivative and half-

cystine was further protected as the S-DMB derivative. Al

though Asn was completely coupled in four hours, the Gin 

residue failed to couple completely after two eleven-hour 

coupling steps (< 75%). The protected hexapeptide resin was 

washed, filtered, and dried ill vacuo. The weight gain of 

the resin was 0.62 g (116%). The peptide resin was sub

jected to ammonolysis for 75 hours as described for arginine 

vasotocin. The protected hexapeptide and unprotected 

pentapeptide were precipitated from DMF by addition of 

water. The resulting gel was washed with water:ethanol 

(1:1), ethanol, ethyl acetate, and ether and dried in 

vacuo. The yield was 0.29 g (30%). A second ammonolysis 

of the resin yielded no additional peptide. 
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Synthesis of H-Cys(DMB)-Tyr(Bzl)-Ile-Gln-Asn-

Cys(DMB)-Pro-Ile-Gly-NH2• The mixture obtained above was 

elongated by active ester couplings in Solution. The 

mixture was dissolved in four ml of DMF and 0.18 g (0.5 

millimole) of Boc-Gln-ONp were added. The solution was 

stirred for 12 hours and the product was precipitated by 

addition of fifteen ml of water and fifteen ml of ethyl 

acetate. The precipitate was dried in vacuo to yield 0.2 3 g 

(0.24 millimole) of hexapeptide with complete coupling of 

Gin to Asn. To the protected hexapeptide were added five 

ml of trifluoroacetic acid containing ten drops of anisole. 

The solution was stirred for 35 minutes and ether was added 

to precipitate the trifluoroacetate salt. The salt was 

dried in vacuo and then dissolved in three ml of DMF to 

which four drops of N-methylmorpholine had been added. Then 

0.10 g (0.30 millimole) of Boc-Ile-OSu were added and the 

solution was stirred overnight. The peptide was precipi

tated with water and ethyl acetate and dried in vacuo. 

Coupling was about 95% complete as judged by the ninhydrin 

test and yielded 0.13 g of dried protected heptapeptide. 

This product was treated for 45 minutes with two ml of tri-

fluoroacetic acid containing five drops of anisole, pre

cipitated with ether, and dried In vacuo. Approximately two 

millimoles of Boc-Tyr(OBzl)-OSu were added to a solution of 

the heptapeptide in three ml of DMF plus four drops of N-

methylmorpholine. The solution was stirred overnight. 
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After repeating the precipitation and drying procedures de

scribed above there was obtained 0.14 g of octapeptide. The 

dried peptide was treated with a solution of six drops of 

anisole in three ml of TFA for thirty minutes and then pre

cipitated with ethyl ether and dried in vacuo. The tri-

fluoroacetate salt was dissolved in 2.5 ml of DMF to which 

ten drops of N-methylmorpholine had been added. To the 

solution were added 0.08 g (0.2 millimole) of Boc-Cys(Bzl)-

OSu. After stirring for eleven hours the product was pre

cipitated with water, washed with ethanol, and dried in 

vacuo. The protected nonapeptide was then treated for one-

half hour with a solution of six drops of anisole in four ml 

of TFA, precipitated with ether, and dried in_ vacuo. The 

yield was 0.12 g. 

Conversion of the Protected Nonapeptide to Mesotocin. 

The protected nonapeptide obtained above was treated with 

sodium in liquid ammonia as described for arginine vasotocin. 

After oxidation as previously described with 17 ml of 0.01 N 

K^FefCNjg the crude cyclized peptide was subjected to parti

tion chromatography on Sephadex G-25 using the system 1-

butanol:pyridine:acetic acid: water (100:15:35:95). The 

fractions corresponding to the major peak (R^ 0.20) were 

pooled, 1-butanol was removed by rotary evaporation with 

addition of water, and the resulting aqueous solution was 

lyophilized. The lyophilizate was subjected to gel 
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filtration chromatography on Sephadex G-25 in 0.1 N acetic 

acid. After lyophilization of the major peak there was 

obtained 20 mg of a white powder which was shown by tic in 

systems A, B, and C to have a minor slower moving impurity 

and a major component identical with mesotocin previously 

prepared by Dr. Clark Smith (1973) in this laboratory. 

Amino acid analysis gave aspartic acid 1.09, glutamic acid 

1.06, proline 1.16, glycine 1.02, half-cystine 1.79, iso-

leucine 2.16, and tyrosine 0.86. 

Bioassay Data 

The results of biological assays done on the various 

vasotocin preparations are given in Table 3. The rat uterus 

assay (oxytocic assay) involves the bathing of an isolated 

rat uterine horn with solutions of standard and unknown and 

the measurement of the isotonic muscle contractions which 

are induced (Holton 194 8). The milk ejecting assay is done 

by measuring the optical density of solutions into which 

milk has been released by 100 mg portions of the mammary 

gland of a lactating mouse which have been treated with 

either the hormone or a standard (Hruby and Hadley 1975) . 

The rat vasopressor assay measures the change in the blood 

pressure in the rat carotid artery in response to adminis

tration of hormone and standard through a cannulated femoral 

vein (StUirmer 1968) . In each assay at least two different 

dosage levels of hormone and standard are used. 



Table 3. Biological Potencies of Arginine Vasotocin Preparations 

Protected 
Nonapeptide Vasotocin 

Optical 
Rotation 

Rat Uterus Assay 

++ ++ 
No Mg Mg 

Milk 
Ejecting 
Assay 

Rat 
Vasopressor 

Assay 

SP-II-43 SPr-II-48 -11.8° 318 539 2125+52% 

SP-II-79 -12.6° 167+7% 

225+4% 

468+12%a 

318+7% 

372+148% 228+9% 

SP-III-61 -10.4° 195+10% 416+10% 213+11% 

SP-II-85 SP-II-92 89+13% 

SP-III-10 SP-III-15 -13.6° 116+25% 201+6% 425+150% 

Katsoyannis and du 
Vigneaud (1958) 
(before final purif.) 75 125 

Huguenin and 
Boissonas (1962) 155+10% 245+6% 

Bodanszky et al. (1964) 160 120 

Manning et al . (1973) 127+7% 194+8% 160+2% 

Hruby and Hadley (1975) 321+7% 

ci Performed fay Dr, Wilbur H. Sawyer of Columbia University. 
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In the ill vitro milk ejecting assay the 95% fiducial 

limits are generally quite large unless a large amount of 

data can be accumulated. This is to be expected since one 

is not dealing with the responses of the same piece of 

tissue to both the standard and the unknown or to both dose 

levels of either. In this case, therefore, only the trends 

or direct comparisons with standard are meaningful. The 

oxytocic response of the uterus is potentiated in the 

presence of magnesium ions, so the assay was most frequently 

done in both the presence and absence of magnesium. Dr. W. 

H. Sawyer, who is a recognized authority on the pharmacology 

of neurohypophysial hormones, has found (19 77, personal 

communication) that the rat vasopressor assays are fairly 

consistent for AVT, varying only over a range of + 7% for 

repeated assays on one sample over a period of three years. 

..The potencies of SP-II-79 and SP-III-61 compare favorably 

with the most potent samples of AVT assayed in Sawyer's 

laboratory. 

The oxytocic assays were conducted by Dr. Joe 

LaPointe of New Mexico State University. The vasopressor 

assays and one oxytocic assay were performed by Dr. W. H. 

Sawyer of Columbia University. The milk ejecting activities 

were determined by Dr. Mac E. Hadley of The University of 

Arizona. 
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Discussion and Conclusions 

The synthesis of AVT was carried out in order to 

provide material for comparison with the possible anti-

gonadotrophic factor of Benson, Matthews, and Hruby (1976). 

It was demonstrated that the pineal antigonadotrophic factor 

was found in the pineal parenchyma and AVT confined to the 

stalk (see appended reprint). In the course of character

ization of the synthetic AVT an unusually high potency was 

observed in the rat uterine assay and the milk ejecting 

activity, where the synthetic AVT was found to be of con

sistently higher potency than oxytocin. In an attempt to 

reproduce these anomalously high potencies, two subsequent 

syntheses were carried out. 

The original activity of SP-II-48 in the rat uterine 

and milk ejecting assays was never reproduced. The amino 

acid analysis, tic, and optical rotation data for all of the ; 

AVT preparations are in good agreement. The rat uterine 

contraction assay results vary in a way that does not 

correspond to minor variations in optical rotations or amino 

acid analysis. The discrepancy between assays of SP-II-79 

from Sawyer's and LaPointe's laboratories is noteworthy. 

The anomalous results can perhaps be explained by the fact 

that in the oxytocic assay one is comparing two different 

active principals, vasotocin and the oxytocin standard. It 

has been found (W. H. Sawyer, 1977, personal communication) 

that the rat uterus assay gives erratic results when AVT is 
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assayed because the activity of AVT relative to the oxytocin 

in the standard varies from rat to rat. 

The result of the milk ejecting assay are comparable 

to published values except in the case of SP-II-48. Here 

the potency is more than six times that previously pub

lished, and was found in several different mammary glands. 

This result is unexplained, but it should be noted that 

values of over 1000 units per milligram have been obtained 

for synthetic oxytocins (Dr. D. Upson, 1976, personal 

communication) with the same assay. 

The rat vasopressor assay results are essentially 

identical to the best published values. As was mentioned 

previously, this assay has been demonstrated to give 

reproducible results for AVT in contrast to the oxytocic 

assay. 

Taking into account the variability of the oxytocic 

and milk-ejecting assays, the conclusion of this study is 

that the several preparations of AVT are of approximately 

identical biological potency. The chemical data are in good 

agreement for the various preparations. 

The synthesis of mesotocin by solid phase methods 

using highly substituted amino acid resin but further sub

stituted only at the most reactive positions failed. The 

use of a highly substituted Boc-Gly-resin to which a second 

amino acid was attached at a more normal substitution level 

did not provide any advantage over the use of ordinary 
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Merrifield resins. It seems most probable that the resist

ance of mesotocin to SPPS is due to a specific conformation 

determined by the amino acid sequence which shields the 

reactive amino group from the coupling reagents. It is 

interesting to note that the only difference between meso

tocin and oxytocin (which is easily synthesized by SPPS) is 

the substitution of lie for Leu at position 8. This is a 

quite subtle change in the primary structure which apparently 

has profound consequences. Other approaches to the solid 

phase synthesis of mesotocin might involve changes in the 

coupling solvent or inclusion of urea in order to break down 

the interfering secondary structure. The effects of solvent 

changes are discussed in Chapter 3. 



CHAPTER 3 

MODIFICATIONS OF THE SOLID PHASE 
RESIN SUPPORT 

The support in solid phase peptide synthesis (SPPS) 

must be stable to the physical and chemical conditions 

employed, must be linked to the growing peptide in a manner 

stable to the conditions of synthesis and readily removable 

upon completion, and must allow rapid and unhindered contact 

between the reactive portion of the growing peptide chain 

and the reagents. The support must be readily removable 

from the reagents during washing and must have a useful 

peptide-bearing capacity. 

The first successful polymeric support for SPPS was 

a copolymer of styrene and divinylbenzene (Merrifield 1962). 

Merrifield's original resin was chloromethylated and ring 

brominated and the initial amino acid was esterified to the 

resin as the bromobenzyl ester. Most of the modifications 

of the support to date are based on a styrene polymer with 

variations in physical form, cross-linking, and covalent 

link of the peptide to the polymer. 

Although the Merrifield support has proven success

ful with a large number of small peptides (reviews by 

Marshall and Merrifield 1971, Erickson and Merrifield 1976), 

the homogeneity of the crude peptide is questionable. 

30 



Anfinson (1969) obtained a value of 98% for the average 

coupling efficiency in the synthesis of heptalysine by SPPS. 

Bayer and co-workers (19 70) demonstrated the presence of 

deletion sequences in (Leu-Ala)g by partial hydrolysis of 

the products to give Ala-Ala and Leu-Leu. Monitoring of 

free a-amino groups as the HCl salt with radio-labelled 

chloride (Hancock et al. 1973) showed incomplete coupling in 

a synthesis of the sequence 74-63 of acyl carrier protein. 

In addition, some small peptides have so far resisted solid 

phase synthesis due to incomplete coupling of particular 

amino acids (Smith 1973). 

Such instances of truncation or deletion are 

probably due in part to the location of some of the growing 

chains in locations of insufficient volume to accommodate 

both peptide and coupling reagents. The experience of Frank 

and Hagenmaier (1974) in which, in a macroporous resin, 

coupling efficiency dropped sharply for Ala in the sequence 

H-Gly-Val-Gly-Ala-Pro-OH and then remained fairly constant 

suggests a group of sites capable of supporting esterifica-

tion but not chain growth. Sheppard (1973) has suggested 

that in a polar, solvating medium the hydrocarbon backbone 

may collapse around the peptide chain and that in a non-

polar medium the peptide chain might collapse upon itself. 

A number of parameters appear to be important to 

coupling efficiency on Merrifield resins including the 

degree of cross-linking (and the related swelling ability of 



the resin), the manner of introduction of anchor groups, the 

level of substitution, and the solvent for coupling. 

It was demonstrated by Merrifield and Littau (1968) 

that the growing peptide chains are distributed uniformly 

throughout the resin beads. Highly cross-linked polymers 

containing 8% and 16% divinylbenzene suffer from slow and 

incomplete reactions (Marshall and Merrifield 1971) pre

sumably due to hindered diffusion. Resins with 1% cross-

linking have been shown to be superior to 2% cross-linked 

resins. Resins containing 0.2% and 0.5% divinylbenzene are 

mechanically unstable under the conditions employed 

(Erickson and Merrifield 1976). 

Frank and Hagenmaier (1974) have shown that a high 

ratio of chloromethyl methyl ether to catalyst during 

chloromethylation gave resins with inferior coupling effi

ciencies. Introduction of the anchor group in a low 

swelling solvent such as hexane gave better results than 

introduction of the chloromethyl group in chloroform, a 

solvent which swells the resin well. 

Steric hindrance problems in SPPS depend partly 

upon the substitution level of the resin and the size of 

the peptide formed. Merrifield and Littau (1968) have 

calculated that for a level of 0.3 millimole per gram of 

resin the average volume available to each peptide chain is 

3 
about 40 nm . A small peptide such as bradykinin is readily 

accommodated in this volume but a small protected protein 
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would fill the entire volume (Erickson and Merrifiel'd 1976) . 

A survey of small proteins synthesized by SPPS indicated a 

general substitution level of from 0.2 to 0.3 millimoles per 

gram of resin. 

Merrifield (1963) reported that solvents which swell 

the resin will must be used in SPPS. The use of DMF, a more 

polar solvent than Cl^Cljr and inclusion of urea have proven 

effective in some cases of the sudden onset of steric 

hindrance (Westall and Robinson 1970, Chou et al. 1971) . 

Attempts to avoid problems of diffusion and to 

minimize matrix-peptide interactions have led to the intro

duction of many modifications including the following. 

Macroporous resins (Sano, Tokunga, and Kun 1971; 

Losse 1973) are rigid, highly crosslinked copolymers having 

a porous structure. Diffusion and chain elongation are 

supposed to take place in the relatively large (average 

diameter 90 nm) pores. 

Pellicular resins (Bayer et al. 1971; Scott, Zolty, 

and Chan 1971) are glass beads coated with a thin layer 

(1-5 ym) of styrene-divinylbenzene copolymer. A related 

support is a graft of copolymer of styrene on a solid 

Kel-F core (Tregear 1972). 

Porous glass beads with the silanol groups esteri-

fied with organic side chains have been used to prepare 

the pentapeptide amide Gln-Glu-Gly-Gly-Tyr-NI^ (Parr, 

Grohman, and Hagele 1974). 
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A number of synthetic resin supports such as 

resitols, a copolymer of isobutylene and maleic anhydride, 

polyacrylamide, and carbohydrate polymers have been used, 

and the results of these studies have been reviewed by 

Erickson and Merrifield (1976). To date all of these modi

fications have proven successful for small peptides but 

remain to be tested with longer polypeptides. One exception 

is work in which a graft copolymer of polystyrene on Kel-F 

has been used to prepare a 34 residue fragment of parathyroid 

hormone (Potts et al. 1973). Results were similar to the 

use of conventional 1% cross-linked resin. 

Problems due to the reactivity of the chloromethyl 

group include formation of an anion exchange resin by 

reaction with the triethylamine catalyst used in forming the 

peptide ester linkage and alkylation of some amino acids by 

excess chloromethyl groups (Stewart and Young 1969)• The 

ion exchange sites formed may trap trifluoroacetyl groups 

during the deprotection step of a synthesis and release them 

later during a DCC coupling step to form truncated peptides 

(Gisin 1973)- Solutions to these problems include masking 

of the excess chloromethyl functions with acetate 

(Merrifield 1963) or with glycine as was done by the author. 

In addition, other forms of anchor sites such as the benz-

hydrylamine function (Southard, Brooke, and Pettee 1969) or 

the phenacyl ester link )Shigazane and Mizoguchi 1973) have 

been used. 
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The failure of solid phase synthetic methods when 

applied to the synthesis of mesotocin has been mentioned in 

Chapter 2. It was decided to attempt to overcome this 

problem by utilizing only the most reactive and presumably 

the least sterically hindered sites of attachment to the 

resin support. The approach used was to substitute amino 

acid esters for all of the halogen in standard chloro-

methylated polystyrene resin. Then the amino acid adjacent 

to the carboxyl terminal was to be added using a standard 

DCC coupling, under conditions calculated to give a peptide 

resin bearing the carboxyl terminal dipeptide at a substitu

tion of from 0.3 to 0.4 millimoles of dipeptide per gram of 

resin. It was assumed that coupling would occur primarily 

at the sites that were most reactive (exposed) under the 

conditions of DCC coupling. 

Use of the cesium salt (Gisin 1973) ofglycine gave 

almost total substitution of amino acid ester for the 

chlorine moiety of chloromethylated resin. This substitu

tion resulted in resins bearing up to 0.84 millimoles of 

amino acid per gram of resin according to the modified 

aldimine assay (Ehler 1972) or 0.98 millimoles per gram by 

elemental analysis. The difficulty in using the modified 

aldimine test at these very high levels of amino acid 

substitution is discussed later in the chapter. Several 

syntheses of peptide hormone analogues were carried out by 

the author and co-workers using the modified dipeptide 
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resin and unmodified highly substituted resins. Some were 

very successful and others were failures. The mixed results 

obtained from these syntheses led to a suspicion that the 

swelling properties of the highly substituted resins had 

been modified. The swelling properties of several highly 

substituted resins were studied to determine whether high 

substitutions of amino acid esters for chlorine caused any 

change in the swelling of the resins in various solvents. 

Such changes in swelling might lead to the inaccessibility 

or other changes of some of the amino acid coupling sites to 

the coupling reagents in a subsequent step of the synthesis. 

Experimental Section 

Unless otherwise noted all of the resins were 

prepared from polystyrene resin cross-linked with 1% di-

vinylbenzene and substituted with chloromethyl groups at a 

level of 1.06 milliequivalents of chlorine per gram of resin 

(Lab Systems Inc., San Mateo, Calif., Lot #PPMR-13K). The 

levels of substitution of amino acid were determined by the 

modified (Ehler 1972) aldimine assay (Esko et al. 1968) or 

elemental analysis. All temperatures are in degrees centi

grade (°C) . 

Preparation of the Boc-Gly-Resins 
(SP-I-95-1 and SP-I-95-2) 

Recrystallized Boc-Gly (3.97 g, 22.7 mmoles) was 

dissolved in a solution of 25 ml of 95% ethanol plus 10 ml 



of water. The solution was brought up to a pH of 7.0 by 

addition of CsHCO^ (Alfa Products). After 1 hour the 

solvent was removed by rotary evaporation. Benzene was then 

repeatedly added and removed by rotary evaporation until a 

dry white powder was obtained. The Boc-Gly-OCs and 20 g of 

chloromethylated 1% cross-linked polystyrene resin (1.07 

meq/g of Cl) were suspended in 170 ml of deaerated DMF and 

stirred at 50° for 48 hours. An aliquot (0.15 g) of resin 

was removed and the reaction was continued for another 24 

hours. The aliquot and the remainder of the Boc-Gly resin 

were labelled SP-I-95-1 and SP-I-95-2, respectively. Both 

samples were washed three times each with DMF, DMF/water 

(9:1), DMF and ethanol. The samples were dried in vacuo and 

the aldimine assay gave an amino acid substitution level of 

0.67 mmole/g for SP-I-95-1 and 0.61 mmole/g for SP-I-95-2. 

Preparation of the Boc-Gly-Resin 
(SP-I-101-3) 

Boc-Gly (7.00g, 40 mmole) was dissolved in 35 ml of 

ethanol. The solution was diluted with 10.5 ml of water and 

CsHCO^ was added with magnetic stirring until a pH of 7.5 

was attained. The dried Boc-Gly-OCs (11.68 g, 95%) was 

obtained by treatment with benzene as in the first prepara

tion. The cesium salt and 20 g of chloromethylated resin 

were stirred at 50° in 170 ml of deaerated DMF for 72 hours. 

Samples taken at 2 8 hours and at 52 hours are referred to as 

SP-I-101-1 and SP-I-101-2, respectively. All the samples 



38 

were washed and dried as previously described. The weight 

gain of 2.26 g on the final resin indicated a substitution 

level of 81%. Modified aldimine assays of the samples taken 

at 28, 52, and 72 hours gave substitutions, respectively, of 

0.84, 0.82, and 0.84 millimoles of Boc-Gly per gram of 

resin. Elemental analysis gave a substitution level of 0.93 

millimoles of amino acid per gram. This discrepancy will be 

discussed in a subsequent section of this chapter. 

Preparation of the Boc-Gly-Resin 
(SP-I-104) 

Boc-Gly (8.75 g, 50 millimole) was dissolved in 40 

ml of ethanol and 9.70 g (50 millimole) of CsHCO^ were added. 

A pH of 7.9 was attained by addition of 10 ml of water and 

stirring for one-half hour. The dry cesium salt was ob

tained as previously described in a yield of 12.61 g (41 

millimole, 82%). The Boc-Gly-OCs and 5 g of chloromethylated 

resin were stirred in 100 ml of deaerated DMF for 19 hours 

and the product washed and dried in the normal manner to 

yield 5.73 g of resin. The weight gain indicated a substi

tution of 99% while the modified aldimine assay indicated a 

substitution of 0.66 millimole per gram. An aldimine assay 

more nearly following the original procedure of Esko et al. 

(1968) gave a substitution of 0.97 millimole per gram. This 

assay is described later in the experimental section. Ele

mental analysis indicated a substitution level of 0.96 

millimole per gram. 
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Preparation of the Boc-Gly-Resin 
(SP-I-109-3) 

Boc-Gly (7.00 g, 40 millimole) was dissolved in a 

solution of 35 ml of ethanol plus 10 ml of water. A 7.80 g 

(40 millimole) portion of CsHCO^ was added and the solution 

was stirred until a pH of 7.3 was reached. The dry cesium 

salt was obtained in the usual manner and to it were added 

5 g of chloromethylated resin and 150 ml of deaerated DMF. 

After a 96 hour reaction time and the usual workup the 

weight gain on the resin was 0.79 g (107%). The modified 

aldimine assay on an aliquot (SP-I-109-1) taken at 20 hours 

gave a substitution level of 0.71 millimoles of Boc-Gly per 

gram of resin. 

Preparation of the Boc-Gly-Resin 
(SP-II-17) 

To 2.89 g (16.5 millimole) of Boc-Gly were added 20 

ml of ethanol and 4 ml of water. To the resulting solution 

were added 3.21 g (16.5 millimole) of CsHCO^- The solution 

was stirred until nearly all of the CsHCO^ had dissolved and 

the dry cesium salt was obtained by the usual methods. The 

cesium salt and 30 g of chloromethylated resin were suspended 

in 200 ml of DMF which had been dried over molecular sieves 

and stirred at 78°C overnight. The resin was washed and 

dried in the usual manner. The modified aldimine assay 

indicated a substitution of 0.42 millimoles of Boc-Gly per 

gram of resin. 
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Preparation of the Boc-Gly-Resin 
(SP-II-65) 

This resin was prepared by the conventional tri-

ethylamine salt method of Stewart and Young (1969). A 30.0 

g portion of chloromethyl resin was suspended in 90 ml of 

ethanol with 13.14 g (75 millimole) of Boc-Gly and 7.95 ml 

57 millimole) of Et^N. The suspension was heated at reflux 

for 48 hours. The beads were then filtered and washed three 

times each with ethanol, water, MeOH, and Cf^C^. The resin 

was dried in vacuo to give 32.13 g of resin. The modified 

aldimine test gave a substitution level of 0.51 millimoles 

of Boc-Gly per gram of resin. 

Preparation of the Boc-Gly-Resin 
(SP-II-28) 

This resin was prepared by the Et^N salt method as 

above. A 20 g portion of polystyrene resin crosslinked with 

1% divinylbenzene and chloromethylated at a level of 0.75 

milliequivalents per gram of chlorine (Bio-Rad, Bio-Beads) 

was suspended in 60 ml of ethanol with 8.76 g (50 millimole) 

of Boc-Gly and 5.3 ml (38 millimole) of Et^N. The suspen

sion was kept at reflux for 60 hours and then allowed to 

stand for 24 hours. The resin was washed as previously 

described and transferred to a separatory funnel. The resin 

was shaken with methylene chloride and the suspension allowed 

to stand until a distinct resin layer had separated. The 

methylene chloride was drawn off down to the point of 
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separation and the fines were discarded. This process was 

repeated a total of four times. The resin was then filtered 

and dried in_ vacuo. The modified aldimine test indicated a 

substitution level of 0.32 millimoles of Boc-Gly per gram 

of resin. 

Preparation of the Boc-Ile-Gly-Resin 
(SP-II-6) 

A 3 g portion of Boc-Gly-resin (SP-I-101-3) was 

substituted with Boc-Ile according to the program given in 

Table 1. The amounts of Boc-Ile (0.35 g, 1.5 millimole) and 

DCC (0.32 g, 1.5 millimole) were chosen to give a substitu

tion level of from 0.30 to 0.40 millimoles of dipeptide per 

gram of resin. A large excess (0.66 g, 6 millimole) of N-

acetylimidazole was used to block unreacted glycyl residues. 

The modified aldimine assay gave a substitution level of 

0.35 millimoles per gram of Boc-Ile-Gly on the resin. 

Investigation of the Swelling Properties 
of Highly Substituted Resins 

The resins were weighed in half-gram lots (+ 0.005 

g) on an analytical balance, placed in a 10 ml graduate 

cylinder provided with glass frits at the top and bottom, 

and suspended in various solvents according to the program 

given in Table 4. After the last cycle of swelling in each 

solvent, the solvent was drained off through the glass frit 

and the resin volume measured (Table 5). In Table 6 the 

swelling of each resin is given with respect to its initial 
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Table 4. Program for Testing Resin Swelling Properties 

Step Solvent 
Duration 
(min) 

Repeti
tions 

1 CH2C12 
30 1 

2 
CH2C12 

1 1 

3 CHCI3 1 3 

4 DMF 1 3 

5 EtOH 1 3 

6 CH2CI2 1 3 

7 TFA/Anisole/CH2Cl2(25:2:73) 2 1 

8 TFA/Anisole/CH2Cl2(25:2:73) 20 1 

9 DIEA/CH2C12(10:90) 2 2 

10 CH2C12 
1 3 

11 EtOH 1 3 

12 H2° 1 3 

13 EtOH 1 3 

14 CH2C12 
1 3 



Table 5. Swelling of Resins in Different Solvents 

Chloromethyl SP-I- SP-I- SP-II- SP-II- SP-II- SP-II- PMG-IV— 
Resin 101-3 104 17 28 65 65 36 

Substitution 
of Glycine 
(mmole/gram) 0.00 0.84 0.66 0.42 0.32 0. 51 0.51 0.37 

Swelling 
(ml) in: 

CH2C12 3.70 3.30 3.15 3.10 3.05' 3.35 3.55 3.35 

CHCI3 3.80 3.75 3.40 3.25 3.20 3.55 3.75 3.50 

DMF 2.35 2.70 2.50 2.40 2.70 3.00 3.00 2.95 

EtOH 1.10 1.20 1.10 1.15 0.95 1.15 1.25 1.00 

CH2C12 3. 50 3.25 3.15 3.10 3.10 3. 45 3.50 3.00 

TFA 2.50 3.20 3,30 3.10 3.50 3.35 3.45 3.60 

DIEA 3.00 3.20 3.20 3.00 2.90 3.00 2.70 3.00 

CH2C12 3.15 3.20 3.00 3.00 2.90 2.80 2.90 3.15 

EtOH 1.10 1.00 0.90 1.20 0.90 1.00 0.95 0.90 

H2° 1.05 0. 80 0.90 1.10 0.80 0.80 0.85 0.75 

EtOH 1.00 0.80 0.80 0.90 0. 85 0.90 

CH2
C12 3.15 3.10 3.05 2.85 3.30 



Table 6. Swelling of Boc-Gly-resins Relative to Their Initial Swelling in CI^C^ 

Chloromethyl 
Resin 

SP-I-
101-3 

SP-I-
104 

SP-II-
17 

SP-II-
28 

SP-II-
65 

SP-II-
65 

PMG-IV-
36 

Substitution 
of Glycine 
Cnunole/g) 0.00 0.84 0.66 0.42 0.32 0.51 0.51 0.37 

Relative 
swelling: 

CH2C12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

CHCI3 1.03 1.05 1.08 1.05 1.05 1.06 1.06 1.04 

DMF 0. 64 0. 77 0.79 0.77 0.88 0.90 0. 85 0.88 

EtOH 0.30 0.37 0.35 0.37 0.31 0.34 0.35 0.30 

CH2CI2 0. 95 0. 98 1.00 1. 00 1.02 1. 03 0.99 0.90 

TFA 0. 68 0.97 1.04 1.00 1.15 1.00 0.97 1.07 

DIEA 0. 81 0. 97 1.02 0.97 0.95 0.90 0.76 0.90 

CH2C12 0. 85 0. 97 0.95 0.97 0.95 0.84 0. 82 0.94 

EtOH 0.30 0.30 0.29 0.39 0.30 0.30 0.28 0.27 

H2° 0.28 0.24 0.29 0.35 0. 26 0.27 0.24 0.22 

EtOH 0. 28 0.25 0.27 0.24 0.27 

CH2C12 0. 85 0.98 0.91 0. 80 0.98 



45 

volume in CK^Clj. Table 7 gives the swelling of each resin 

with respect to the chloromethylated starting material. 

Analytical Data on Resin Substitution 

Discrepancies between the substitution predicted by 

weight gain and that calculated from the modified aldimine 

assay led to the use of elemental analysis to confirm the 

actual substitution levels of the resins. Table 8 gives the 

substitution values obtained from the aldimine assay and 

from elemental analysis for several highly substituted 

resins. It can be seen that the substitutions obtained 

using the Gisin procedure are considerably higher than indi

cated by the modified aldimine assay. Previous studies 

(Ehler 1972; Ragnarsson, Karlsson, and Lindeberg 1970) have 

shown that the aldimine assay gives a very accurate measure

ment of the amino acid content on conventionally prepared 

resins at lower substitutions. 

As described in the Experimental Section, the 

modified aldimine assay utilizes a one-half hour shaking 

step with l-hydroxy-2-napthaldehyde. Esko and Karlsson 

(19 70) reported 4 hours as the minimum time necessary for 

complete reaction of the napthaldehyde with free amino 

groups on the resin using CI^C^iEtOH (1:1) as the solvent. 

Ehler (1972) reported that reaction times longer than one-

half hour did not vary the results significantly at lower 

amino acid substitution levels. An aldimine assay was 



Table 7. Swelling of Boc-Gly-resins with Respect to Starting Material 

Chloromethyl 
Resin 

SP-I-
101-3 

SP-I-
104 

SP-II-
17 

SP-II-
28 

SP-II-
65 

SP-II-
65 

PMG-IV— 
36 

Substitution 
of Glycine 
(mmole/g) 0.00 0. 84 0. 66 0.42 0.32 0.51 0.51 0.37 

Relative 
swelling: 

CH2C12 1.00 0. 89 0.85 0.84 0.82 0. 90 0.96 0.90 

CHCI3 1.00 0.87 0.89 0.86 0. 84 0.93 0.99 0.92 

DMF 1.00 1.15 1.06 1.02 1.15 1.28 1.28 1.26 

EtOH 1.00 1.09 1.00 1.04 0.86 1.04 1.13 0.91 

CH2CI2 1.00 0.93 0.90 0.88 0.88 0.98 1.00 0.86 

TFA 1.00 1.28 1.32 1.24 1.40 1.34 1.38 1.44 

DIEA 1.00 1.07 1.07 1.00 0.97 1.00 0.90 1.00 

CII2C12 1.00 1.02 0.95 0.95 0.92 0.89 0.92 1.00 

EtOH 1.00 0.91 0.82 1.09 0.82 0.91 0.86 0.82 

H2° 1.00 0.76 0.86 1.04 0.76 0.76 0.81 0.71 

EtOH 1.00 0. 80 0.80 0.90 0.85 0.90 

CH2CI2 1.00 0.98 0.97 0.90 1.05 
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Table 8. Analytical Data on Boc-glycine Resin Esters 

Resin 

Substitution level 
(elemental analysis) 

mmole/g 

Substitution level3 

(aldimine assay) 
mmole/g 

SP-II-17 0. 54 0.40 

SP-I-95-2 0. 88 0.57 

SP-I-104 0.96 0.62 (0.97)b 

SP-I-10 9-1 0.78 0. 66 

SP-I-101-3 0.93 0.77 

Corrected to compensate for the fact that aldimine 
assays are done on unprotected Gly-resin, whereas elemental 
analyses were done on Boc-Gly-resin. 

^Substitution level detected at much longer reaction 
time in the aldimine assay. 



48 

performed on the resin SP-I-104 in which the resin was 

allowed to stand overnight in the l-hydroxy-2-napthaldehyde 

solution after one-half hour of shaking. This assay gave a 

substitution level of 0.97 millimoles of Boc-Gly per gram of 

resin. This result is in good agreement with the results of 

elemental analysis. 

Syntheses of Peptide Hormone Analogues 
Using Gisin Resins 

The highly substituted resins prepared by the Gisin 

method were substituted at a lower level with a second amino 

acid by the author and co-workers. See the synthesis of the 

Boc-Ile-Gly-resin (SP-II-6) for typical experimental pro

cedures. Syntheses of specifically deuterated oxytocin 

derivatives were carried out successfully with such resins 

by Dr. Donald Upson (Upson, 1975, Upson and Hruby 1976). 

The synthesis of mesotocin using such a resin was not 

successful. Syntheses of a specifically deuterated oxytocin 

by Dr. Diane Yamamoto and of AVT by the author failed when 

Gisin residues were used at their original high levels of 

substitution. These data are summarized in Table 9. All 

failures of syntheses were due to incomplete coupling of 

amino acids as indicated by the ninhydrin test. 

Discussion 

It can be seen from the data of Table 9 that the use 

of highly substituted resins of the Gisin type failed in 



Table 9. Application of Highly Substituted Resins to Peptide Synthesis 

Resin 
Substitution 
of Boc-Gly Modifications Synthesis Attempted Successful 

SP-I-101-3 0.93 Substituted with 
0.36 mmole/g Leu 
Excess amino 
groups blocked 

(6-Hemi-(e,e-2H2)L-
cystine)Oxytocin 

(1-Hemi-DL(3,3-2H2) -
cystine)Oxytocin 

(1-Hemi-DL (a,B,6-2H )-
cystine)Oxytocin 3 

Yes 

Yes 

Yes 

SP-I-95-2 0. 88 Substituted with 
0.50 mmole/g Leu 
Excess amino 
groups blocked 

(6-Hemi-DL^(a-2H1)-
cystine)Oxytocin 

Yes 

SP-II-^17 0.54 None 
2 

((a- H^)-Tyrosine) 
Oxytocin 

No 

SP-II-17 0.54 None Arginine Vasotocin No 

SP^I-101-3 0.93 Substituted with 
0.31 mmole/g lie 
Excess amino 
groups blocked 

Mesotocin No 
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solid phase synthesis of moderate sized peptides. On the 

other hand, use of highly substituted resins which had been 

substituted with a second amino acid at a more normal level 

of substitution were successful for oxytocin derivatives 

but failed for mesotocin. Such a failure in the case of 

mesotocin has been noted also with the use of conventional 

and pellicular resins (Smith 1973). It was concluded that 

modified Gisin type resins are as effective as conventional 

types but hold no special advantage. 

The data of Tables 5, 6, and 7 indicate that there 

is no significant difference in the swelling properties 

between the Gisin type resins and resins prepared by the 

Et^N method. Any synthetic problems caused by high substi

tution levels may therefore be plausibly attributed to 

steric hindrance caused by proximity of growing peptide 

chains to each other and to other changes rather than to 

those in the mechanical properties of the resins. 

The data of Table 8 demonstrate that the modified 

aldimine test of Ehler (1972) is not applicable at high 

amino acid substitutions. When the reaction time with 1-

hydroxy-2-napthaldehyde was lengthened to 12 hours the 

aldmine test gave good agreement with the results of ele

mental analysis. This suggests that at high substitutions 

the procedure of Ehler must be modified in order to obtain 

accurate results. 
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These results and those of other workers indicate 

that significant improvements in resins for solid phase 

synthesis of peptides are unlikely to be derived by modifi

cation of the polystyrene cross-linked resins. Even using 

the most accessible amino acid residues of a highly substi

tuted amino acid-resin for further reaction of a growing 

peptide chain does not significantly effect further im

provements in peptide synthesis. It might therefore be 

suggested that further improvements in solid phase synthesis 

supports are more likely to come from new polymers which 

provide greater compatibility with peptides and peptide 

protecting groups and/or allow reaction in other solvents, 

e.g., water. 



CHAPTER 4 

PROLYL-ARGINYL-GLYCINAMIDE AND PRYOGLUTAMYL-
HISTIDYL-N-METHYLAMIDE 

H-Pro-Arg-Gly-NH2 (Figure 2) is the carboxy terminal 

tripeptide of the hormones arginine vasotocin and arginine 

vasopressin. It was first prepared as the dibromide salt 

as an intermediate in the synthesis of arginine vasopressin 

(Gish and du Vigneaud 1957). It has since been synthesized 

by both solution (Celis, Hase, and Walter 1972) and solid 

phase (de la Lastra, Forcelledo, and Stewart 1973) methods. 

The pharmacology of this peptide has not been studied in 

detail. However, in one study it was reported to potentiate 

the activity of both follicle stimulating hormone and 

luteinizing hormone on rat ovaries (de la Lastra et al. 1973) 

and in a second study it was found to inhibit the release of 

melanocyte stimulating hormone (MSH) in rats (Celis et al. 

1972). The present synthesis was carried out in order to 

test the inhibitory activity of this compound in lower 

vertebrates (frogs and lizards) and to test the purported 

MSH inhibiting activity in rats. The peptide with the 

highest MSH inhibiting activity reported in mammals is the 

carboxyl terminal tripeptide of oxytocin, H-Pro-Leu-Gly-NH2 

(Celis et al. 1972; Nair, Kastin, and Schally 1971), but in 

several other studies this activity could not be 

52 
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PyroGlu-His-Pro-NHCH^ 

Figure 2. The Atomic Structure of H-Pro-Arg-Gly-NH^ and of 
PyroGlu-HisT-Pro-NHCH3 



corroborated (Bower, Hadley, and Hruby 1971; Grant, Clark, 

and Rosanoff 1973; Wilson and Dodd 1973; Hadley, Bower, and 

Hruby 1973; Barnawell, LaPointe, and Adams 1974; Thornton 

and Geschwind 1975). Thus it is of interest to determine 

whether the carboxy terminal tripeptide of vasotocin, H-

Pro-Arg-Gly-NH2t can be corroborated to have MSH inhibiting 

activity. Such activity would support the theory that 

vasotocin is the equivalent hormone in lower vertebrates of 

oxytocin in mammals and help to establish vasotocin as the 

phylogenetic precursor of oxytocin. The structures of the 

two hormones are compared in Figure 3. 

Thyrotropin releasing factor (TRF) which has the 

structure pyroGlu-His-Pro-lN^ (Figure 2) is a hypothalamic 

hormone which causes the release of thyroid hormone from 

the pituitary gland in mammals (Schally, Redding, and 

Barrett 1966) . Porcine TRF was first isolated from the 

hypothalami of 100,000 hogs by Schally et al. (1966) and 

synthesized for chemical comparison by Folkers et al. 

(1969). Since then many analogs have been synthesized 

including the compound of present interest, pryoGlu-His-

Pro —NHCH-j/ which was synthesized by solution methods by 

Chang et al. (1971). The present synthesis was carried out 

in order to use the tripeptide to assay for TRF degrading 

enzyme. This enzyme is a deamidase which cleaves the 

prolineamide bond of TRF. If the amide function of pro-

lineamide is methylated, the methylamine released during 
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CH2CH3 

Arginine vasotocin: 

X = -CH-CH. 

CH2CH3 

Y = -CH2-CH(CH3)2 

Y = -(CH2) 3-NH-C. 
/NH2 

\ 
NH 

Figure 3. The Atomic Structure of Oxytocin and of Arginine 
Vasotocin 
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enzymatic degradation could be detected in a coupled assay 

and the TRF degrading enzyme could thus be located in 

chromatographic fractions. In addition radio-labelled 

derivatives could be prepared and used. There has been no 

solid phase synthesis of pyroGlu-His-Pro-NHCH^ reported. 

Experimental Section 

The analytical methods of thin layer chromatography 

(tic), melting point, amino acid analysis, and optical 

rotation described in Chapter 2 apply here. In addition tic 

was done in the following systems: (E) 2-propanol:37% 

aqueous ammonium hydroxide (1:1); (F) methanol:chloroform 

(2:1); (G) methanol:acetic acid (9:1); and (H) ethyl 

acetate:pyridine:acetic acid:water (5:5:1:3). 

Synthesis of H-Pro-Arg-Gly-NI^ 

The synthesis was carried out on a 3 millimole scale 

on the semi-automated peptide synthesizer described in 

Chapter 2 using 6.00 g of Boc-Gly-resin (SP-II-65). The 

procedure followed is that of Table 1 with the modification 

that the coupling steps lasted thirty minutes. The guanido 

function of arginine was protected as the tosyl derivative 

and the a-amino function was protected as the Aoc (t-

amyloxycarbonyl) derivative. All other a-amino functions 

were protected as the Boc derivative. The terminal Boc 

group was not removed from proline prior to cleavage from 

the resin. The weight gain on the dried resin was 1,11 g 



(85%). The resin was subjected to ammonolysis as described 

previously for arginine vasotocin. After 72 hours the 

solvent was removed by rotary evaporation and the resin 

washed with methanol. The combined filtrates were dried by 

rotary evaporation and the residue was precipitated from 

methanol-chloroform. The yield was 1.39 g (80%) of a cream 

colored solid labelled SP-II-73. 

A 300 mg sample of Boc-Pro-Arg(Tos)-Gly-NI^ (SP-II-

73) was subjected to deprotection for one-half hour in 25 

ml of anhydrous liquid hydrogen fluoride at 0°C containing 

2 ml of anisole. The HF and anisole were removed in a 

vacuum and the product was subjected to gel filtration 

chromatography on Sephadex G-25 in 30% aqueous acetic acid. 

The product was then subjected to ion exchange chromatog

raphy on CM Sephadex C-25 (a carboxymethyl cation exchange 

resin) to purify the compound. A buffer gradient from 

pyridine:acetic acid:water (1:1:198) to pyridine:acetic 

acid:water (5:5:190) failed to elute the peptide. A 

pyridine:acetic acid:water (5:5:40) buffer did elute the 

peptide as a single peak. A pH gradient of 0.2 N sodium 

acetate (pH 8.5) to 0.2 N acetic acid (pH 2.7) failed to 

elute the peptide. 

A 300 mg sample of Boc-Pro-Arg(Tos)-Gly-NH^ was 

treated with 6 ml of TFA containing 6 drops of anisole for 

15 minutes at room temperature in order to remove the Boc 

group. The trifluoroacetate salt was precipitated with 



ether and dried in vacuo. The dried salt was subjected to 

reduction with sodium in liquid ammonia as described for 

arginine vasotocin to remove the tosyl group. The ammonia 

was removed by a stream of nitrogen and the product was 

dissolved in 70 ml of water and lyophilized. Tic in system 

C showed several impurities. The lyophilizate was sub

jected to ion exchange chromatography on CM Sephadex C-25 

using a linear gradient of from 0.2 N aqueous acetic acid to 

30% aqueous acetic acid. A broad peak with overlapping 

components result. After lyophilization of the appropriate 

fractions attempts to precipitate the tripeptide as its 

citrate salt resulted in an intractable mixture of peptide 

components and citric acid.-

A 300 mg sample of Boc-Pro-Arg(Tos)-Gly-Nf^ (SP-II-

73) was subjected to deprotection for one-half hour in 15 ml 

of anhydrous liquid hydrogen fluoride containing one ml of 

anisole as described above. The product was subjected to 

gel filtration on Enzacryl K 1 polyacrylomorpholine resin 

(Aldrich Chemical Co., San Leandro, Calif.) in 30% aqueous 

acetic acid. A single major peak was eluted among the 

early fractions. When the appropriate fractions were pooled 

and lyophilized they yielded 0.13 g of a hygroscopic white 

solid SP-III-68. The product gave single spots on tic in 

systems A, G, and H. Amino acid analysis gave proline 0.99, 

arginine 0.95, and glycine 1.06; and the optical rotation 
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22 
was [a] = -32.9° (c = 0.7 water) (lit., Celis et al. 

1972, I«]p2 = -16.1°, c = 1, water). 

Synthesis of pyroGlu-His-Pro-NHCH^ 

To a 30 g portion of polystyrene resin cross-linked 

with 1% divinylbenzene and substituted at 1.16 millimole 

of chlorine per gram were added 6.45 g (30 millimole) of 

Boc-Pro and 4.04 ml (29 millimole) of triethylamine in 60 ml 

of ethanol. The suspension was stirred under reflux for 48 

hours. The resin was filtered, washed with methylene 

chloride and dried in vacuo. The weight gain was 1.10 g 

or 0.18 millimole of Boc-Pro per gram of resin. Since a 

higher level of substitution was desired the resin (.29.95 g) 

was reacted with 6.45 g of Boc-Pro and 4.04 ml of triethyl 

amine in 100 ml of ethnaol at reflux for three days. The 

overall weight gain on the resin was 3.85 g corresponding 

to 0.64 millimoles of Boc-Pro per gram of resin. Elemental 

analysis indicated a substitution of 0.72 millimole of 

nitrogen per gram of resin. The product was labelled 

SP-III-26. 

The solid phase synthesis was done on a 3 millimole 

scale on the semi-automated apparatus described previously 

using 4.17 g (3 millimoles) of Boc-Pro-resin SP-III-26. The 

schedule of Table 1 was followed using wash volumes of 40 ml. 

Histidine was protected at the imidazole function as the 

tosyl derivative. The a-amino functions of proline and 
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histidine were protected as the Boc derivatives. Pyro-

glutamic acid was unprotected. After the last amino acid 

was added the tosyl protecting function was removed with 

N-hydroxybenzotriazole. The resin was treated for 70 

minutes with a tenfold excess of N-hydroxybenzotriazole 

which was dissolved in DMF. The resin was washed (steps 

10-12, 1 of Table 2) and dried in vacuo. 

Gaseous methylamine was bubbled into 100 ml of 

methanol which had been freshly distilled from magnesium 

methoxide until the volume of the solution had approximately 

doubled. The dry pyroGlu-His-Pro-resin was added and the 

suspension was stirred for 72 hours at room temperature in 

a sealed vessel in a dessicator. The solvent and excess 

methylamine were removed by rotary evaporation and the resin 

was extracted with methanol. The suspension was filtered, 

the methanol removed by rotary evaporation and the product 

was dissolved in water and lyophilized. The yield was 0.73 

g (65%) of a hygroscopic light brown material. 

Half of the crude pyroGlu-His-Pro-NHCHg was sub

jected to gel permeation chromatography in 0.1 N aqueous 

acetic acid on Enzacryl K 1 to give three peaks labelled 

SP—III—48 (49—56) , SPr-III-48 (58-64) , and SP-III-48 (66-71) . 

The fractions from each peak were pooled and lyophilized. 

The fraction SP-III-48 (66-71) was subjected to ion exchange 

chromatography and failed to elute. Amino acid analysis of 

SP-III-48 (49-56) gave: proline 1.08, histidine 1.06, 



glutamic acid 0.97. Amino acid analysis of SP-III-48(58-64) 

gave proline 1.00, histidine 1.06, and glutamic acid 0.35. 

Both fractions gave single spots on tic in systems D and E 

but both contained a slower moving impurity in system F. 

The impurity of SP-III-48(58-64) was ninhydrin positive. 

However, that for SP-III-48 (49-56) was not ninhydrin posi*-

tive and appeared to be due to small amounts of salt. 

The remainder of the crude pyroGlu-His-Pro-NHCH^ 

obtained above (approximately 0.35 g) was subjected to gel 

permeation chromatography in 30% aqueous acetic acid on 

Enzacryl K 1 to give a single major peak. The product was 

lyophilized and showed both slower and faster moving 

impurities on tic in systems C and F. The product was 

subjected to adsorption chromatography on a column contain

ing 70 g of silica gel using the solvent system methanol: 

chloroform (2:1). The fractions corresponding to the major 

peak were pooled and the solvents removed. The product was 

lyophilized from water to give 126 mg of a white powder 

which gave single spots on tic in systems D, E, and F. The 

product was designated SP-III-77. Amino acid analysis gave 

proline 1.15, histidine 0.89, glutamic acid 0.96, and the 

optical rotation was Ja] = -50.2° (c = 1.02, MeOH) . The 

22 
literature gives IaJD = -42.4° (c = 1.00, MeOH). 
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Discussion 

The compounds H-Pro-Arg-Gly-NH^ and pyroGlu-His-Pro-

NHCH^ have been conveniently synthesized by solid phase 

techniques. This is the first synthesis of pyroGlu-His-Pro-

NHCH^ by solid phase methodology that has been reported. 

Investigations of the biological properties of both 

molecules are in progress. 



APPENDIX A 

LIST OF ABBREVIATIONS 

Amino Acids 

Name Formula Abbreviation 

Arginine 

NH, 
HN 

H2N 
^C-HN- (CH2) 3-C-COOH 

H 

Arg 

Asparagine 

O 

II 

NH, 

H2N-C-CH2-C-COOH Asn 

H 

NH_ 
I 

Aspartic Acid HOOC—CH„—C-COOH Asp 

I 
H 

H 

I 
Cysteine HS—CH„—C—COOH Cys 

2 I 
NH2 

NH_ 
I 

Glutamic Acid H00C-CHo-CH_-C-C00H Glu 
/ Z | 

H 
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Name Formula 

NH, 

Glutamine H2N-C-CH2-CH2-C-COOH 

H 

NH„ 
I 2 

Glycine H—C—COOH 

I 
H 

NH. 

Histidine N- ;—CH2-C-COOH 

HC CH 

\/ 
N 
H 

H 

H 

Isoleucine CH _CH„—CH—C—COOH 
3 2 l I 

H3C NH2 

NH, 

Leucine (CH3)2 CH-CH2-C-COOH 

H 

Pyroglutamic Acid CH, -CH-COOH 

CH0 NH 

V 

H 

Tyrosine HO—^Q) CH2-C-COOH 

LILH-J 

Abbreviation 

Gin 

Gly 

His 

He 

Leu 

pyroGlu 

Tyr 



65 

Name 

Protecting Groups 

Formula Protects Abbreviation 

Acetyl CH3^- Ammes Ac 

t-Amyloxycarbonyl 3C—CH2^0-C— Amines 

0 

II 
t-Butyloxycarbonyl (^3) 3C—0_c— Amines 

Benzyl 
<g>-CH2-

Thiols 
Phenols 

Aoc 

Boc 

Bzl 

3,4-Dimethylbenzyl CH^— Thiols 

H3C 

DMB 

O 

p-Toluenesulfonyl 
(Tosyl) 

CH r@4" Amines TOS 

Name 

Carbonyl Activating Group 

Formula Abbreviation 

N-Hydroxysuccinimide 

H2C-Cx 

/ 
H„C—C 

2 V 

N-OH 

^-Nitrophenoxide 02N— 

OSu 

ONp 
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Name' 

Acetic Acid 

Solvents or Reagents 

Formula 

0 

CH3-C-OH 

Abbreviation 

HOAc 

Butanol CH3-CH2-CH2-CH2-OH BuOH 

Dicyclohexycarbo- /~s\-
diimide \ / 

-N=C=N-
-<•> 

DCC 

Dicyclohexylurea NH—C—NH DCHU 

Diisopropylethylamine (*--^3) ^^3^ 2 

ce2 

CH„ 

Dimethylformamide 

O 

(CH3) 2-N-C-H 

DIEA 

DMF 

Ethanol 

Ethyl Acetate 

CH3-CH2-OH 

0 

CH3-C-0-CH2-CH3 

EtOH 

EtOAc 

Methanol 

Pyridine 

Triethylamine 

CH3-OH 

N 

(CH3-CH2-)3N 

Me OH 

Pyr 

Et3N 

Trifluoroacetic Acid CF3-C-OH TFA 
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Bovine pineal glands were separated into stalk and parenchymal 
portions and extracted separately for both pineal antigonadotropic 
and neurohypophysial activities. Bioassay of these extracts 
localized neurohypophysial hormone activity to the stalk and 
antigonadotropic activity to the pineal parenchyma. Destalked rat 
pineals were devoid of neurohypophysial hormone activity at the 
concentrations employed. Whereas the injection of purified extracts 
containing pineal antigonadotropin reduced ventral prostate weights 
in mice, vasotocin was without such actions. These results fail to 
support pineal (parenchymal) localization of vasotocin and a 
reproductive role for this neurohypophysial peptide. 

A number of chemically diverse substances are purported to be responsible 
for the antigonadotropic activity of mammalian pineal extracts. Melatonin or 
related indoleamines (WURTMAN et^ al., 1968) and arginine vasotocin (AVT) have 
each been suggested to be pineal antigonadotropic factors of physiological 
importance (Wurtman et al., 1968; Pavel and Petrescu, 1966). A pineal 
substance with antigonadotropic activity is clearly separable from melatonin 
by extraction procedures (BENSON et al., 1972; Ebels et al., 1973). As noted 
recently by QUAY (197*0, there is no evidence as yet that differentiates the 
antigonadotropic peptide fraction of Benson from arginine vasotocin. 

In bovine pineals the neurohypophysial hormone activity was attributed to 
8-arginine-vasotocin by Milcu et al^ , (1962) and Pavel (1965). Arginine 
vasotocin was purified and chemically identified in bovine pineal glands by 
Cheesman and Fariss in 1970. The localization of neurohypophysial or 
oxytocin-vasopression-vasotocin hormone activity to the ependymal stalk of 
bovine glands was first suggested by PAVEL (1971) using the frog bladder 
assay. This is confirmed in the present study using a milk-ejection 
neurohypophysial hormone assay (HRUBY and HADLEY, 1975). Pineal antigonado
tropic activity was detected in extracts of the parenchymal portion of the 
gland and wa3 not detectable in extracts of the stalk. 

Materials and Methods 

Pineal Extracts 

Pineal glands were obtained from ERSCO (San Mateo, California) during the 
winter months. Each frozen bovine pineal gland was separated by crude 
dissection into stalk and parenchymal portions and 80 gram quantiries of 
stalk or parenchyma were extracted separately using a modified method for the 
isolation of arginine vasotocin (CHEESMAN and FARISS, 1970). After 
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evaporation of the isobutanol phase the residues were placed on a Sephadex 
G-15 column (1.5 x 150 cm) equilibrated with 0.2 N acetic acid and absorbance 
peaks at 280 nm were pooled and lyophilized. Both stalk and parenchymal 
extracts showed a single peak immediately following the void volume (l^O ml). 
The fractions in each (120 - 320 ml) were pooled, lyophilized and tested for 
milk-ejecting activity. 

In a separate experiment 50 gram quantities of bovine gland parenchymal 
tissue and stalks were homogenized and extracted separately by an aqueous 
method established in our laboratories for the purification of pineal 
antigonadotropic activity. Stalks or parenchymal tissue were homogenized in 
0.2 N acetic acid and heated to 90 C for 15 min. After centrifugation at 
12,350 x G for one hour, the supernatant portion was placed on a Sephadex G-25 
column (It.5 x 60 cm) and the peptide containing portion (MO-T^O ml) was 
collected and filtered through an Amicon Diaflo membrane UM2 which retains 
material larger than approximately 1,000 mol. wt., including synthetic AVT 
(unpublished observations). The UM2 residues were concentrated under nitrogen 
pressure, lyophilized, dissolved in 0.2 N acetic acid and gel-filtered on a 
Sephadex G-15 column (l.5 x 150 cm). The fractions corresponding to the 
elution volume for synthetic AVT (between 230 and 320 ml) were collected, 
lyophilized and tested similarly for milk-ejecting activity. 

Antipionadotropin Bioassay 

To determine the possible antigonadotropic (anti-luteinizing or anti-
interstitial cell stimulating hormone) activity of synthetic AVT and extracts 
of pineal stalk or parenchyma, the partially purified extracts were injected 
daily for five days into adult Charles River CD-I mice. On the sixth day 
ventral prostates were dissected, cleaned and weighed. Ventral prostate 
weights of saline-treated controls were compared. The differences between 
means were evaluated statistically using the one-way analysis of varience. 
Each experimental group consisted of eight mice. 

Vasotocin Bioassay 

The arginine vasotocin used in these experiments were synthesized by 
methods to be published elsewhere (POWERS and HRUBY, in preparation). The 
details of the mammary gland milk-ejecting assay have been published (HRUBY 
and HADLEY, 1975)- In general, the bioassay consists of a dose-related 
release of milk from isolated pieces of mouse mammary gland tissue as induced 
by neurohypophysial hormones in^ vitro. The increase in absorbance (optical 
density) of the medium determined at 630 nm is directly related to milk-
ejecting activity. 

Animals 

Pineal glands were obtained from rats (Sprague-Dawley) for the 
determination of their possible milk-ejecting activity. The rats (350—li50 
gram males, 250-350 gram females) were housed under natural lighting 
conditions and sacrificed between 0800 and 1000 hrs. in April and July as 
indicated. Rat pineals were removed immediately after decapitation,destalked, 
and homogenized in glass homogenizers in Krebs Ringer buffer solution. The 
neurointennediate lobes were also removed and homogenized in buffer solution. 
Both were tested for milk-ejecting activity. 

Results 

When the various purified extracts of bovine pineals were assayed it was 
seen that the milk-ejecting activity of the glands was restricted mainly to 
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the stalk (fig. 1). Only at the highest concentrations employed vas milk-
ejecting activity detected in the parenchymal extracts. 

DaaTiino-oxytoan 

Pinoa! SJokl 
Pineol Porencbymo 
Coitrol 

10** 10"' 

g/rrt 

I0*" 10** ICT 

o 10"* I0'8 

o »•" 
q/W 

10̂  
I0"4 

FIG, 1 

Comparative in_ vitro neurohypophysial hormone activities of 
lyophilized powders of bovine stalk (O) or parenchymal tissue 
extracts (•). Four mice provided the tissue for a total of 
16 absorbance measurements for each treatment. The mean, +_ 
S.E., response of various concentrations of the extracts is 
compared to that of three concentrations of a standard deamino-
oxytocin preparation (®). The intrinsic (control) milk release 
of the marmary gland tissue is indicated (O). 

Whereas extracts of neurointermediate lobes from rats possessed milk-
ejecting activity, extracts of both female and male rat pineal glands vere 
completely devoid of neurohypophysial hormone activity at the concentrations 
employed (fig. 2). 

The latter experiment vas repeated, and in addition, the activity of rat 
pineal homogenates vas compared vith that of synthetic AVT and to melatonin. 
Only AVT exhibited milk-ejecting activity (table 1). 

Ten male and ten female rat pineals vere used and each sex vas tested 
separately, but the combined results from both homogenates are reported since 
there vere no significant differences between male and female pineals. The 
vasotocin used in these experiments vas seen to be approximately two and one-
half times more active on milk-ejection than deamino-oxytocin standards. 
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g/ml dilution 

Comparative milk-ejecting activities of female and male rat 
neurointermediate lobes or pineal homogenates. The response 
of two homogenate dilutions (l/50th and l/500th gland/ml) of 
pineal glands (D) or neurointermediate lobes (O) are compared 
vith two concentrations of a standard deamino-oxytocin prepara
tion (O). Pineal glands obtained from twelve rats (sacrificed 
in July) of each sex were used. Each value presents the mean 
+ S.E., response of 15 values. The response of mammary gland 
tissue to pineal homogenates did not differ significantly 
(P > 0.05) from that of the control release. The intrinsic milk 
release of the mammary gland tissue is indicated as the control 
(»). 

In two experiments no effect of several concentrations of AVT on the 
weight of ventral prostrates was observed in adult mice (table 2). 

Purified bovine stalk extracts which were shown to possess milk-ejecting 
activity (fig. 1) were similarly ineffective in reducing prostate weight when 
injected into ten week old mice (table 3). On the other hand an extract of 
parenchymal tissue, essentially devoid of milk-ejecting activity, caused a 
significant reduction in ventral prostate weight. 
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TABLE 1. 

Comparative Milk-ejecting Response to Vasotocin, 
Melatonin and Rat Pineal Homogenates. 

Treatment Absorbance P 
mean + S.E. 

Control __ a0.12 + 0. .01 
Vasotocin, 10_g g/ml 0.20 + 0. ,02 < 0. 05 
Vasotocin, 10_ g/ml 0.1)1 + 0. 05 < 0. 001 
Vasotocin, 10 g/ml 0.55 + 0. 07 < 0. 0001 

Melatonin, 10_J M 0.10 + 0. 01 > 0. 5 
Melatonin, 10 , M 0.09 + 0. 01 > 0. 5 
Melatonin, 10-5 M 0.11 + 0. 01 > 0. 5 

Pineal Homogenate, l/1000th/ml 0.11 + 0. 02 > 0. 5 
Pineal Homogenate, l/l00th/ml 0.09 + 0. 01 > 0. 5 
Pineal Homogenate, 1/lOth/ml 0.11 + 0. 02 > 0. 5 

aFour mice provided the tissue for a total of 12-13 measurements. 

TABLE 2. 

Effects of Synthetic Arginine Vasotocin 
(AVT) on Mouse Ventral Prostate Weight. 

Experiment 
Humber 

Treatment Weight 
mg/lOOg body vt 
(mean +_ S.E. ) 

P 

I cSaline (control) &b6.9 + 3-7 
AVT (0.01 pg) Ul.5 + 3.1 NS 

II cSaline (control) 37.8 + 2.6 
AVT (1.55 PB) 3l».8 + 3.It NS 
AVT (3.10 pg) ItO.O + 2.9 NS 
AVT (6.25 pg) 36.5 + 1.3 NS 
AVT (12.50 pg) 37-9 + 2.3 NS 

^Each group consisted of eight mice. 
NS = P > 0. 05 
The difference in the weights of the ventral prostates between the two 
saline-injected control groups is accounted for by the fact that in experiment 
I ten week-old mice were used end in experiment II seven week-old mice were 
used. 
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TABLE 3.. 

Effects of Pineal Extracts on Ventral Prostate Weights in Mice 

Treatment Weight 
mg/100 body vt 
(mean + S.E.) 

Experiment I_ 

Saline _ 
Stalk Extract U5-7 + 3.7 > 0.05 
Saline aU9-0 + l».l 

Experiment II 

Saline U5.9 + 2.I1 
Parenchymal Extract 32.7 + 2.8 <0.05 

^Kight mice per group. 
The purified residues from either an extract of 20 grams of freBh bovine 
pineal stalks or parenchymal tissue were injected over five consecutive days. 

Discussion 

The milk-ejection bioassay utilized in these studies demonstrated a fine 
sensitivity fjg AVT. By this method we were able to measure consistently as 
little as 10 g/ml of AVT. It is important to point out that the assay is 
highly specific for neurohypophysial hormones (HRUBY and HADLEY, 1975). 

Our results confirm the earlier observation by PAVEL (1971) who demon
strated with the frog bladder bioassay that the neurohypophysial hormone-like 
activity of the bovine pineal, thought by Pavel to be AVT, is localized to the 
stalk of adult animals. In fetal calves, this peptide was noted to be present 
in the pineal "parenchyma" which actually may be exclusively ependymal. 
ANDERSON (1965) has demonstrated that the fetal bovine pineal is formed by 
secretory ependymal cells which stain positively with Gomori's chromium-
hematoxylin-phloxine. Such secretory ependymal cells were never seen in the 
pineals of adult animals. Only the portion of the stalk making up the pineal 
recess of the third ventricle is lined by ependymal cells. These cells were 
effectively separated from the parenchyma by the dissection methods employed. 
The minimal neurohypophysial hormone-like activity of pineal parenchymal 
tissue observed in our experiments probably represents a contamination of the 
parenchyma by stalk tissue which was not completely removed by the dissection 
methods employed. At most, the activity was approximately 1/I00th that present 
in an equivalent weight of stalk tissue. 

Recently, R0SEH3L00M and FISHER (1975a) localized AVT to the sub
commissural organ of the rabbit. Younger animals had significantly greater 
quantities of the hormone. The localization of AVT to the subcommissural organ 
suggests that this compound may be present throughout the ependyma of the third 
ventricle and is possibly associated with the bovine pineal gland only because 
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the stalk usually remains attached when the gland is pulled free. The fetal 
pineal of rats contains secretory ependymal cells that persist in the adult 
only as -the stalk (OWMAN, 1961; PALKOVITS et al. , 1962). 

The antigonadotropic activity of AVT was studied in rodents and considered 
by VAUGHAN et al.. (197*») to play a general physiological role in manuals. We 
felt it necessary, therefore, to determine whether or not extracts of pineals 
from such animals possessed AVT activity. We were unable to demonstrate 
neurohypophysial hormone activity in destalked rat pineal homogenates. 
ROSENBLOOM and FISHER (1975b) on the other hand detected small quantities of 
vasotocin in the rat pineal by radioimmunoassay. They found about 22 of 
activity per pineal. This small emount is below the limit of sensitivity of 
our assay and it is possible that we were unable to detect AVT in our rat 
pineal homogenates. Our results are also in contrast to those of PAVEL et al., 
(1975) who conclude from indirect experiments that the mouse pineal contains 
vasotocin. KONIG and MEYER (1971) found that' the rat pineal contains an 
antidiuretic substance, but this appears (KONIG et al., 1970) to be a peptide 
without a disulfide bond. 

Conclusion 

In summary, these and other data recently presented (BENSON et al., 1976) 
indicate that pineal extracts containing antigonadotropin differ from AVT in 
both locations in the gland and action in various bioassays. Antigonadotropic 
activity is localized to the parenchymal portion of the pineal and these 
extracts containing antigonadotropin reduce ventral prostate weight, and do 
not possess neurohypophysial hormone activity. AVT is localized primarily to 
the ependymal stalk, and does not reduce ventral prostate weight. These 
results fail to support the hypothesis that AVT is a pineal antigonadotropic 
hormone. Although no support for the pineal origin or antigonadotropic action 
of arginine vasotocin is provided by these results, there still remains the 
important question of the significance of the epithalamic ependymal 
localization of AVT in the mammalian brain. 
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