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ABSTRACT 

The goal of this investigation was the synthesis of peptides and 

peptide analogs related to the neurohypophysial hormones so that further 

insight might be gained into the structure-activity relationships of 

these peptides. The first avenue of approach entailed the synthesis of 

heavy atom derivatives of the side chain and the ring moiety of oxytocin, 

suitable for X-ray structure determination. The derivatives 4-Br-Phth-

Gly-Pro-Leu-Gly-N^ and 4-Br-Phth-Gly-tocinoic acid were therefore syn

thesized. However, only the former yielded suitable crystals for X-ray 

structure determination. The structure determination of this derivative 

of the side chain of oxytocin is currently underway. 

In order to further elucidate the intrinsic activity associated 

with the 20-membered disulfide containing ring of oxytocin the synthesis 

of tocinoic acid and deaminotocinoic was undertaken, Tocinoic acid and 

deaminotocinoic acid were found to possess 0.2-0.3 unit/mg and 3.7 + 0.3 

units/mg of oxytocic activity, respectively. Neither showed any avian 

vasodepressor (AVD) activity. In addition, tocinoic acid has been shown 

to reversibly inhibit, at nanogram concentrations, the release of 

melanophore-stimulating hormone (MSH) under certain conditions. 

The highly purified and highly active analogs [9-[ar,a- H^] 

Glycine]arginine vasopressin and [9-[l-^C]Glycine]arginine vasopressin 

were synthesized by the solid phase technique. The protecting groups 

ix 



X 

utilized in these syntheses were the benzyl group for the phenol func

tion of tyrosine, the p-methoxybenzyl and the 3,4-dimethylbenzyl for 

the sulfhydryl groups of the cysteines, and the p-toluenesulfonyl group 

for the guanidyl function of arginine. After the removal of all the 

protecting groups by addition to Na in NH^, the NH^ was evaporated using 

nitrogen to suppress dimer formation. The reduced peptides were con

verted to product by oxidation, followed by partition chromatography and 

gel filtration. The over-all yield from the starting content of the 

resin was 27%, which represents a 2-3 fold increase over the yields 

previously reported in the literature. 

13 
The C NMR spectra of the following compounds were run in 

[2H63DMSO: 4-Br-Phth-Gly-Pro-Leu-Gly-NH2, 4-Br-Phth-Gly-tocinoic acid, 

tocinoic acid, tocinamide, deaminotocinoic acid, deaminotocinamide, 

[Ser^]tocinoic acid, [Ser^]tocinamide, [Ser^]deaminotocinoic acid. 

The assignments were made based on chemical shifts reported in the 

2 
literature and on the spectrum of [5-[a,p,p- H^lAs^deaminotocinamide. 

The tetrapeptide showed a mixture of cis-trans isomers about the X-Pro 

bond. A significant trend in the carbonyl region was the downfield 

shift of the carboxamide carbonyl of Asn. This effect was attributed 

to hydrogen bonding. Other large possibly significant chemical shifts 

were observed. 



CHAPTER 1 

INTRODUCTION 

The hypophysis, known also as the pituitary gland, lies in a 

small bony cavity beneath the base of the brain. The pituitary gland 

is divided into three separate parts: the neurohypophysis, known also 

as the posterior pituitary gland, which is connected by a stalk with the 

hypothalamus of the brain; the adenohypophysis, also called the anterior 

pituitary gland, which lies anterior to the neurohypophysis; and, finally 

the pars intermedia. The neurohypophysis does not synthesize any hor

mones but simply stores the different hormones which are synthesized by 

cells in the hypothalamus. The hormones are then transported through 

nerve fibers to the neurohypophysis. Transmission of nerve impulses 

from the anterior hypothalamus to the neurohypophysis causes the stored 

hormones to be released. 

The major biological activities of these hormones involve their 

antidiuretic and oxytocic-like functions. The importance of antidiuretic 

hormones is that upon release from the neurohypophysis they travel by 

way of the blood to the collecting tubules of the kidney and cause in

creased quantities of water to be reabsorbed while allowing large 

quantities of electrolytes to pass on into the urine. In this fashion, 

overconcentration of the extracellular fluids is corrected. In addition 

antidiuretic hormones, frequently called vasopressins, are capable of 

1 



2 

causing the arterial pressure to rise. However, only rarely is suffi

cient antidiuretic hormone secreted in the body to have significant 

effect on arterial pressure. This pressor effect of the antidiuretic 

hormones is more a pharmacological rather than a physiological effect. 

The oxytocic-like functions of these hormones elicit the contraction of 

the uterus, which probably aids in the expulsion of the baby from the 

uterus, and also mediates the ejection of milk in lactating females. 

The chemical structure of oxytocin is given in Figure 1. The 

structures of the other neurohypophysial hormones, as might be inferred 

from their pharmacological properties, are similar to that of oxytocin 

(Acher and Chauvet 1953). All of these hormones possess a 20-membered 

disulfide ring and a side chain of three amino acid residues terminating 

in a glycinamide residue. The compounds differ from each other by sub

stitution of varying amino acid residues in positions 3, 4, and 8. In 

position 3 either lie or Phe is found, while Gin, Ser, or Asn is located 

in position 4. The greatest variety by far is found in the side chain 

at position 8, where Leu, Arg, Lys, He, Gin, and Val can be interchanged 

and still allow significant antidiuretic and oxytocic activity. 

The main objective of this investigation was to ascertain the 

structure-activity relationships of the neurohypophysial hormones and 

related peptides. Toward this end, a large number of hormones and 

peptide analogs have already been synthesized, and a complete review of 

these analogs is given by Berde and Boissonnas (1968). This investiga

tion was a continuation of this basic aim. It involved the synthesis of 

peptides with alterations in the amino acid sequence, amino acid 
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I / II it 2 2 
CH2-CH2 0 Z 0 

[8-Arginine]vasopressin: 

Y = -CH2-C6H5; Z = -(CH2)3-NH-C-NH2 
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Figure 1. The Structure of [8-arginine]vasopressin and Oxytocin, 
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functional groups, and the placement of isotopes of carbon and hydrogen 

2 14 
( H and C) at specific positions along the peptide backbone, 

X-Ray Structure Determination of the 

Neurohypophysial Hormones 

One avenue of approach is to obtain the exact 3-dimensional con

formation of these neurohypophysial hormones by means of an X-ray struc

ture determination. Utilizing this information one could determine how 

substitution of given amino acid residues in different positions along 

the peptide backbone effects the over-all conformation. The attempt to 

correlate this conformational knowledge to the pharmacological activities 

could then be made. 

Obviously, the first step is to grow suitable crystals. Since 

the neurohypophysial hormone oxytocin and related hormones do not crystal

lize, it was proposed to employ instead models of two separate parts, 

the side chain Pro-Leu-GlyCN^), and the 20-membered disulfide ring 

moiety. 

It has been found that structures in which one or a few atoms 

are markedly heavier than the rest are usually more readily solved than 

those in which all the atoms are nearly alike. In order to properly 

take advantage of the heavy atom method in solving the phase problem in 

X-ray structure determination, the following condition is usually sought: 

2 2 
£Z (heavy)/EZ (light) « 1, where Z = the atomic number of the individual 

atoms comprising the crystal (Stout and Jensen 1970). If this is applied 

to the ring moiety of oxytocin one finds that one Br atom gives the de

sired amount of phasing. Since the neurohypophysial hormones and their 



analogs have been obtained only rarely in crystalline form, it would be 

advantageous if when placing the Br atom on the ring one could increase 

the crystallinity of the resulting compound. One means of enhancing 

crystallinity of amino acids and small peptides has been by the addition 

of the phthaloyl group (Billman and Harting 1948). One reason why the 

phthaloyl group had not found prominence in peptide synthesis was the 

harsh coupling procedures used which resulted in the racemization of the 

different amino acids. It was not until the 1960's that the phthaloyl 

group was reported to be coupled in good yield under mild conditions, 

using N-carboethoxyphthalimide (Nefkens, Tesser and Nivard 1960). Our 

goal was therefore to attach the Br atom to the phthaloyl ring, and 

couple this to the ring and side chain of oxytocin by means of the 

4-bromo-N-carboethoxyphthalimide reagent. 

Experimental Section 

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

All melting points were determined in capillaries on a Thomas-Hoover 

model 6406-H apparatus and are uncorrected. Microanalyses were done by: 

Spang Microanalytical Laboratory, Ann Arbor, Michigan; Chemalytics Inc., 

Tempe, Arizona. Infrared spectra were done on a Perkin-Elmer Infracord 

model 137 or model 337 grating spectrophotometer. Proton NMR spectra 

were run on a Varian T-60 spectrometer. A Bausch and Lomb Spectronic 20 

spectrophotometer was used for the Folin-Lowry analyses of peptide 

material eluted from the Sephadex columns. The application of the pep

tide materials to Silica Gel-G tic plates required two drops of EMF and 
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about 0.1 mg of peptide. The peptide spots on the tic plates were de

tected by iodine vapors and ninhydrin. 

4-Bromophthalic acid. This synthesis utilized direct bromination 

of phthalic anhydride according to the procedure of Waldman (1930). Into 

a flask was added 74 g (0.50) mol) of phthalic anhydride, and 550 ml of 

H^O, and then 100 g (2.50 mol) of sodium hydroxide was added with stir

ring at 0° in an ice-H^O bath. After the phthalic anhydride had com

pletely dissolved, 240 g (1.50 mol) of bromine was added slowly over a 

period of 10 min. When the addition was complete, the temperature was 

brought to 60° with the aid of an oil bath and the solution was stirred. 

After one hr the insoluble 4-bromophthalic acid salt began to precipi

tate. After 24 hr the mixture was cooled to 0°, and the product was 

filtered, washed with three 60 ml portions of H^O, then dissolved in 500 

ml of boiling 1^0, filtered hot, neutralized with 100 ml of conc HCl, 

cooled to 0°, filtered, and then dried Iji vacuo: wt 33 g; mp 165-166° 

(lit 168-9°). The synthesis was renin on a 1.0 mol scale: wt 120 g; 

mp 164-165°. The mass spectrum was run and confirmed the presence of a 

small amount (1-3%) of 4,5-dibromophthalic acid as an impurity. 

The separation of the dibromide and unbrominated impurities 

from 4-bromophthalic acid was facilitated by the fact that the dimethyl 

esters of these compounds differ greatly in their boiling points. The 

impure 4-bromophthalic acid was converted to its dimethyl ester and sub

jected to a vacuum fractional distillation. The synthesis of dimethyl 

4-bromophthalate was conducted in two steps. The first step was the 

preparation of (for a list of abbreviations and the chemical 
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formulas used, see Appendix A). To 200 ml of ether was added 60 ml of a 

40% KOH solution. The solution was cooled to 0°, and 20 g of powdered 

N-nitrosomethylurea was added slowly with cooling and stirring over 10-20 

min (Arndt 1966). 

^ 6 

4-bromophthalic acid g 

8 Br2/60° 0 CH3-l!r-$-NH2/KOH/ether 

Na0H/H20 
J-

1)Vacuum v" 

Distil 

2)KOH/H2 

Purified 

4-bromo-

phthalic , 

acid 

The yellow CH2N2-containing ether layer was decanted off after 

the H20 layer had been frozen in a dry ice-acetone bath. This procedure 

yields about 5.6 g of CH2N2 in the ether layer. In a separate reaction 

vessel 17.4 g (0.072 mol) of 4-bromophthalic acid was dissolved in 150 

ml of ether. To this was added an etherial solution containing about 

5.36 g (0.13 mol) of CH2N2 at 0° dropwise with the aid of an addition 

funnel. This reaction was run behind a blast shield, due to the hazard

ous nature of CH2N2. Once the addition was complete, the solution was 

stirred for 15 min. At the end of this time, the deep yellow color of 

the starting ether solution had changed to a pale yellow indicating a 

small amount of CH2N2 was still present. The remaining yellow color was 

dispelled by the dropwise addition of 2 ml of acetic acid. The ether 

was removed by rotary evaporation and the resulting clear oil was 
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fractionally distilled under 0.7-1.0 torr pressure to give the purified 

dimethyl 4-bromophthalate. The apparatus was cleaned and the oil was 

vacuum distilled one additional time: wt 15.8 g (817o). 

The purified ester was added to 100 ml of 1^0 which contained 

19.7 g (0.35 mol) of KOH. The solution was refluxed for 8 hr, cooled, 

and neutralized with 6 N HCl. The salt was converted to the correspond

ing acid by the addition of 50 ml of conc HCl followed by 10 min of re-

fluxing. The solution was cooled and the product was filtered, washed 

with three 20 ml portions of 1^0, and dried ijn vacuo: wt 10.9 g. The 

4-bromophthalic acid was recrystallized from 50 ml of H^O, filtered, 

washed with ̂ 0, and dried: wt 9.0 g; mp 165-165.5°. The mass spectrum 

was rerun and showed an absence of any dibromide impurities. 

4-Bromophthalimide. This synthesis was cr~ried out using the 

procedure of Noyes and Porter (1964), with a few modifications. The 

first step was the reaction of 5.0 g (0.02 mol) of 4-bromophthalic acid 

with a large excess of thionyl chloride (25-30 ml) at refluxing tempera

tures for 2 hr. The reaction mixture was cooled to room temperature and 

the excess thionyl chloride was removed by a vacuum aspirator. The re

sulting solid was immediately subjected to direct ansmonolysis using 

liquid NH^. Into the reaction vessel was added 50 ml of freshly 

distilled NH^, and the solution was stirred for 1 hr. The solid residue 

completely dissolved to form a light brown solution. The NH^ was allowed 

to evaporate, and the resulting solid was triturated with 30 ml of ̂ 0, 

cooled, filtered, washed with three 10 ml portions of ̂ 0, and dried 

in vacuo: wt 2.4 g; mp 231-233°. Peaks in the IR at 3.0, 3.2 and 6.1 p,, 
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and peaks in the PMR at 67.2 and 67.6 proved the compound to be 4-

broraophtha1amide. 

The remaining amide (2.4 g) was converted to the imide by heat

ing neat at 222° (Wood's metal bath) for 10 min (Rowe et al. 1926). 

During the conversion of the amide, the odor of ammonia was detected. 

Yield 1.5 g; mp 229-231°. The IR showed the presence of the imide with 

carbonyl peaks at 5.6jx and 5.8p,. The PMR had the aromatic protons at 67.8 

and the imide proton was shifted downfield into the acid region at 611.7. 

An alternate synthesis of 4-bromophthalimide. Due to the lengthi-

ness of the last step, an alternate means of synthesizing the imide was 

tried (Herzog 1919). A mixture of 8.7 g (0.035 mol) of 4-bromophthalic 

1) soci2 

2) NH3 

222° 

C0(NH2)2/160° 

-> 

acid and 18.0 g (0.3 mol) of urea was heated with stirring at 160° (oil 

bath temperature, 172°) for 60 min. The reaction mixture was cooled, 

washed with two 15 ml portions of 1^0, then triturated in 30 ml of ̂ 0 

at 85° and filtered hot. The product was washed two additional times 
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and dried: wt 7.0 g (85%); mp 230-233°. The compound proved to be 

identical with 4-bromophthalimide by mixed melting point and super-

imposable IR. The imide was shown to be pure and free of acid impuri

ties by tic on Silica Gel-G in the solvent system benzene-dioxane-acetic 

acid (90:25:4). 

4-Bromo-N-carboethoxyphthalimide. The procedure used was 

identical to that of Nefkens et al. (1960). To a solution of 40 ml of 

DMF and 4.35 ml (0.05 mol) of triethylamine was added with stirring 6.93 

g (0.031 mol) of 4-bromophthalic acid. The mixture was then stirred for 

\ 
NH + Cl-d-O-Et 

(Et) N 
—2> 

5 min in order to completely solubilize the 4-bromophthalic acid. Upon 

cooling to 0°, 4.0 ml (0.05 mol) of ethyl chloroformate was then added. 

The solution was stirred for 1 hr at 0°, 8 hr at room temperature, and 

finally 1 hr at 60°. The DMF was removed by rotary evaporation, and the 

product was triturated with 30 ml of ̂ 0, washed with 1^0, and dried. 

The final product was obtained by recrystallization from 20 ml of EtOH; 

wt 4.30 g (47%); mp 112-114°. The PMR gave the correct ratio of 3:2:3 

for the aromatic and ethyl protons. Elemental analysis calculated for 

C11H8N °4Br: C' 44*315 h» 2-10> N» 4.69; Br, 26.01. Found: C, 44.58; 

H, 2.72; N, 4.67; Br, 26.67. 
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Coupling Reactions of 4-Bromo-N-Carboethoxyphthalimide 

Before the coupling of this reagent with either the ring moiety 

or side chain of oxytocin was attempted, it was thought best that the 

reaction conditions be worked out first with simple amino acid deriva

tives. Toward this end, couplings with both S-3,4-Me2Bzl-Cys and S-

Bzl-Cys were attempted under varying reaction conditions. 

Attempted coupling of S-3,4-Me^Bzl-Cys with 4-Bromo-N-Carbo-

ethoxyphthalimide. To 10 ml of was added 0.24 g (1.0 mmol) of S-3, 

4-Me2Bzl-Cys and 0.575 g (45 mmol) of Na^CO^. After stirring for 10 min, 

0.33 g (1.1 mmol) of 4-Br-N-carboethoxyphthalimide was added and the 

reaction run for 8 hr at R.T. The solution was filtered, acidified with 

6 N HC1 to pH=2, cooled, filtered, washed with ether, and dried: wt 

0.3 g. The melting point and PMR spectrum showed that over 50% was 

unreacted starting material. Since no purified product was obtained, 

alternate reaction conditions were used in the hope of obtaining reason

able yields. 

Attempted coupling of S-Bzl-Cys with 4-bromo-N-carboethoxy-

phthalimide. This coupling was run in an identical fashion, except a 

different amino acid derivative was used, and the reaction was run for 

48 hr at 40°. To 40 ml of 1^0 was added 0.5 g (2.4 mmol) of S-Bzl-Cys 

and 0.27 g (2.5 mmol) of NagCO^. The temperature was raised to 40°, then 

0.78 g (2.6 mmol) of 4-Br-N-carboethoxyphthalimide was added, and the 

reaction run at 40° for 48 hr. After the acidification with 6 N HC1, 

the compound was recrystallized from cooled, filtered, and dried: 

wt 4.5 g. Upon heating the solution a small amount of material would 
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not dissolve, and was filtered, triturated with CHCl^, washed, and 

dried: wt 0.20 g; mp 210-211°. The PMR spectrum confirmed this to be 

S-Bzl-Cys; this represented over 407„ of the starting material. The 

major product was again recrystallized from ^0, washed, and dried: 

wt 0.2 g. A ninhydrin test on this major fraction showed that there 

still remained a large percentage of uncoupled amino groups. The posi

tive ninhydrin test in conjunction with the large percentage of re

covered starting material necessitated the use of an alternate means of 

joining the 4-Br-phthaloyl group to the desired peptides. 

Coupling Reactions of 4-Bromophthalimide 

The next reaction scheme used involved the attack of the 

phthalimide anion at an active ester site causing the nucleophilic dis

placement of the ester which would result in the desired amide bond 

formation. 

Attempted coupling of 4-bromophthalimide with N-hydroxysuccinimide 

t-butyloxycarbonylglycinate. The reaction was initiated by dissolving 

0.50 g (2.21 mmol) of 4-bromophthalimide in 20 ml of IMF containing 

0.246 g (2.43 mmol) of triethylamine. After the addition of 0.6 g (2.21 

mmol) of Boc-Gly-ONSu, the reaction was stirred at room temperature for 

48 hr. The product was obtained by precipitation with 40 ml of ̂ 0, then 

filtered, washed, and dried: wt 0.40 g; mp 229-232°. PMR showed the 

material to be unreacted 4-bromophthalimide; this represents over 80% of 

the starting material. 

Attempted coupling of potassium 4-bromophthalimide with N-

hydroxysuccinimide t-butyloxycarbonylglycinate. It was assumed that the 



base previously used did not form the necessary anion. To ascertain if 

this was the case, a procedure similar to the Gabriel primary amine 

synthesis was implemented. The first step was the dropwise addition 

of 40% KOH to an aqueous solution of 0.5 g (2.21 mmol) of 4-bromo-

phthalimide. To the clear solution was added additional imide until no 

more would dissolve. The solution was then filtered, and the ̂ 0 was 

removed by rotary evaporation. The salt was then triturated with ether, 

washed, and dried. The coupling of the potassium 4-bromophthalimide 

salt with Boc-Gly-ONSu was carried out using two sets of reaction condi

tions. In the first reaction, the salt was added to 20 ml of DMF which 

contained 0.602 g (2.21 mmol) of Boc-Gly-ONSu, and was stirred at room 

temperature for 20 hr and finally at 45° for 2 hr. For the second re

action, identical amounts of reactants were used except the reaction was 

refluxed in 130 ml of MeOH for 48 hr. Both reactions were worked up by 

rotary evaporation of the solvents, and the resulting residues dissolved 

in 1^0. The products were obtained by repeated extractions with BuOH, 

followed by rotary evaporation: wt about 0.6 g in both cases. The PMR 

indicated an almost 100% recovery of the starting material Boc-Gly-ONSu. 

This result demonstrated the total lack of reactivity of the phthalimide 

anion under these reaction conditions toward the ONSu esters. It should 

be pointed out that these coupling reactions would most likely yield the 

desired products if harsher reaction conditions were used. However, as 

previously mentioned, harsher conditions would undoubtedly cause sub

stantial racemization of a number of the amino acid residues. It is for 

this reason that an alternate means of coupling was pursued. 



Coupling Reactions of N-Hydroxysuccinimlde 
4-Bromophthaloylglycinate 

The attempted couplings of the 4-Br-phthalimide and its N-

carboethoxy derivative proved to be failures. It has long been known 

that the active ester method used in peptide synthesis provided a mild 

and effective means of coupling (Bodanszky, Meienhofer and du Vigneaud 

1960). The rationale used was to attach glycine, which cannot be 

raceraized, to the 4-Br-phthalimide by a direct fusion reaction. The 

4-Br-phth-Gly could in turn be converted to its corresponding OSNu 

ester. The active ONSu ester should then react under standard reaction 

conditions with any free amino groups to yield the desired peptide de

rivatives in good yields without undesirable side reactions. 

4-Bromophthaloylglycine. This synthesis was carried out accord

ing to the procedure of Sheehan, Chapman and Roth (1952). The 4-Br-

phth-anhydride was first generated by heating 2.0 g (8.2 mmol) of 4- _ 

Br-phth-acid at 170° for 1 hr. The resulting residue was cooled and 

ground to a fine powder. To this was added 0.71 g (9.5 mmol) of glycine, 

and the mixture was heated with stirring at 150° for 45 min. The solids 

dissolved when initially heated, then turned a light pink color. The 

product was cooled, triturated with 5 ml of H^O, washed with two 10-ml 

portions of 1^0, and dried: wt 1.93 g; mp 199.5-201.5°. The product was 

dissolved in 12 ml of hot acetone, and precipitated with 12 ml of 1^0, 

cooled, filtered, and dried in vacuo: wt 1.33 g; mp 202-203°. Elemental 

analysis calculated for C^H^N BrO^: C, 42.28; H, 2.12; N, 4.93; Br, 

28.13. Found: C, 42.36; H, 2.09; N, 4.95; Br, 28.24. The ninhydrin test 



confirmed the absence of any unreacted free amino groups. The FMR gave 

the correct ratio of 3:2 for the aromatic and gly protons. 

N-Hydroxysuccinimide 4-Bromophthaloylglycinate. The N-hydro-

succinimide ester was synthesized by coupling the free carboxylic acid 

with N-hydroxysuccinimide in the presence of dicyclohexylcarbodiimide 

0 
(DCC) (Anderson, Zimmerman and Callahan 1964). To a solution of 6.0 g 

(21 mmol)) of 4-Br-phth-Gly and 50 ml of 1,2-dimethoxyethane (glyme) was 

added at 0°, 3.18 g (27 mmol) of N-hydroxysuccinimide. To this was added 

5.75 g (27 mmol) of DCC, and the solution was stirred at 0° for 10 hr and 

then at 25° for 4 hr. Upon completion of the reaction 2 ml of HOAc was 

added and the solution stirred for 1 hr. The resulting dicyclohexylurea 

(DCU) was filtered off and washed with two cold 20-ml portions of glyme. 

The desired product was precipitated from the glyme filtrate with 60 ml 

of 1^0, cooled, filtered, washed with two 10-ml portions of cold H^O, and 

then dried in vacuo: wt 2.87 g. The product was dissolved in 30 ml of 

DMF and reprecipitated using 30 ml of H^O. After being refrigerated 

overnight the ONSu ester was filtered, washed, and dried _in vacuo: wt 2.3 

g; mp 179-182°. The PMR gave peaks at 62.9, 64.9, and 68.0 with ratios 

of 4:2:3 for the succinimide, glycine, and phthaloyl protons. In addi

tion the PMR showed the presence of about 8% impurity of DCU. It was 

thought that the DCU could be readily separated from the final peptide 

derivatives impurity due to its small size and different solubilities. 

Therefore no further attempts were made to remove the remaining DCU. 

Coupling of N-hydroxysuccinimide 4-bromophthaloylglycinate with 

Pro-Leu-Gly-NH^. To 20 ml of DMF was added with stirring 0.3 g 

(1.06 mmol) of Pro-Leu-Gly-NH^. To this was added 0.534 g (1.40 mmol) 



of 4-Br-Phth-Gly-ONSu, and the reaction stirred for 3 days at room 

temperature. During this time, the pH of the solution was checked and 

maintained at 7 with the aid of N-methylmorpholine. Upon completion 

of the reaction, one half of the DMF was removed by rotary evaporation. 

The desired product was precipitated with 25 ml of H^O, refrigerated 

overnight, filtered, and washed first with H^O and then with ether. 

The product was dried in vacuo: wt 0.58 g (997.,) ; mp 264-265°. The 

ninhydrin test (Kaiser et al. 1970) was run and showed the coupling to 

have been > 99.4%. The product (150 mg) was dissolved in 3 ml of DMF, 

and further purified by gel filtration on a 2.2 x 50 cm column of 

Sephadex G-15 (40-120 mesh) equilibrated with DMF. The peptide material 

was detected by the Folin-Lowry method (Lowry et al. 1951), and the com

pound emerged as a single sharp peak at 597o of the total column volume. 

To the combined EMF fractions was added a three-fold excess of 0.2 N 

HOAc. The compound was then isolated by lyophilization: wt 130 mg; 

25 
[cOe/*: -82.1 (c 0.56, DMF). The product gave a single spot on tic on 

Silica Gel-G in the following solvent systems: system A, amyl alcohol-

Pyr-I^O (35:35:30); system B, upper phase of BuOH-HOAc-^O (4:1:5); and 

system C, BuOH-HOAc-l^O-Pyr (15:3:12:10). The PMR showed the correct 

ratio of 1:1 for the alpha protons of the two glycine amino acid resi

dues. 

Amino acid analysis (Spackman, Stein and Moore 1958) of the 

product after 36 hr hydrolysis in 6 N HC1 at 110° gave the following 

molar ratios: Gly, 2.0; Pro, 1.0; Leu, 0.92. Elemental analysis calcu

lated for C23H28N5°6Br ' 1^4 H20: C' 49,98; H> 5-165 N> 12.35; Br, 14.21. 

Found: C, 49.95; H, 5.18; N, 12.33; Br, 14.21. 
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Synthesis of 4-bromophthaloylRlycine-tocinoic acid. This pro

cedure added the 4-Br-Phth-Gly moiety to the free amino group at position 

1 of tocinoic acid (see Figure 2). To 10 ml of IMF was added with stir

ring 100 mg (0.14 mmol) of tocinoic acid. The pH of the solution was 

adjusted to 7 with N-methylmorpholine. To this was added 69 mg (0.18 

mmol) of 4-Br-Phth-Gly-ONSu, and the solution stirred for 4 days. During 

this time, the pH of the solution was maintained at 7 by addition of 

N-methylmorpholine. Upon completion of the reaction, the volume of the 

DMF was reduced to 6 ml by rotary evaporation. One half of the product 

was purified by gel filtration by the application of 3 ml of the solu

tion on a 2.2 x 50 cm column of Sephadex G-15 (40-120 mesh) equilibrated 

with DMF. The peptide material was detected by the Folin-Lowry method, 

and the compound emerged as a single sharp peak at 507« of the total 

column volume. To the combined IMF fractions was added a three-fold 

excess of 0.2 N HOAc. The compound was then isolated by lyophilization: 

wt 93 mg (78%) ; -67.5 (c 0.30, DMF). A ninhydrin test showed the 

coupling to have been » 99.4%. The product gave a single spot on tic 

on Silica Gel-G in solvent systems A, B, and C, showing it to be free of 

any tocinoic acid impurity. Amino acid analysis after 36 hr hydrolysis 

in 6 N HC1 at 110° gave the following molar ratios: Asp, 0.93; Glu, 1.0; 

Gly, 1.0; Cys, 2.1; lie, 1.0; Tyr, 0.91. Elemental analysis calculated 

for C40H4gN9O13S2Br • l^H^: C, 47.27; H, 4.91; N, 11.81. Found: 

C, 47.55; H, 4.87; N, 11.76. This compound was assayed according to the 

procedure of Hadley and Hruby (1974) and van Dongen and Hays (1966), and 

found to be void of any "milk-ejecting-like" activity. 
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Figure 2. Structure of Tocinamide: X= Y= -CONH^; 

Tocinoic Acid: X= -NHj, Y= -COOH; Deaminotocinamide: 

x= -H, y= -CONH2 and Deaminotocinoic Acid: x= -H, 

Y= -COOH. — The numbers indicate the positions of 

individual amino acid residues. 
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Conclusion 

Due to the failure of 4-bromophthalimide and its N-carboethoxy 

derivative to couple, 4-Br-Phth-Gly-ONSu was used and proved to be a 

very effective and mild means of attaching the 4-Br-phthaloyl moiety. 

In order to obtain A-Br-Phth-Gly-Pro-Leu-Gly-NH^ in a crystalline form 

suitable for X-ray studies, 120 mg of the solid was dissolved in 4 ml of 

hot propanoic acid. The solution was then refrigerated and in about 5-7 

days fine clear needle-like crystals 1-2 mm in length were seen coming 

out of solution. The crystallization was halted at the end of 2 weeks 

and the crystals collected by filtration. The X-ray structure determina

tion of these crystals is currently underway. 

Two approaches were used to obtain crystalline 4-Br-Phth-Gly-

tocinoic acid. In the first, 12 mg of the solid was dissolved in 1.0 ml 

of EMF, and the material obtained by a slow diffusion of a second solvent. 

The following solvents were utilized: CHCl^, 1^0, CE^Cl^, and EtOH. Un

fortunately, the solvents used yielded white amorphous solids. 

The second attempt involved recrystallization of 10 mg of the 

peptide from 2 ml of hot HOAc. After cooling, the peptide material was 

collected, but unfortunately as a white amorphous solid. Both these 

4-Br-Phth-peptides have the same solubilities, and should yield crystals 

under the proper conditions. 

Since the time this project was initiated, the X-ray structure 

of several small peptides have appeared. The first structure reported 

was that for Cys(Bzl)-Pro-Leu-Gly-NI^ and its isomorphous seleno-analog 

(Rudko, Lovell and Low 1971). In this structure the amino-nitrogen of 
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the C-terniinal glycyl residue is apparently hydrogen bonded to a 

carboxyl group which is three residues back along the chain, forming a 

10-membered ring, but this structure has never been refined. 

The second structure reported was that of Pro-Leu-Gly-NH^, and 

was carried out here at The University of Arizona (Reed and Johnson 1973). 

The molecule revealed an interesting system of intra- and intermolecular 

hydrogen bonding involving all the heteroatoms of the structure. The 

most significant was a weak intramolecular hydrogen bond involving the 

prolyl carbonyl oxygen and the glycinamide protons, which determined the 

over-all compact structural feature of the molecule. 

An earlier NMR study of Pro-Leu-Gly-NH^j Z-Pro-Leu-Gly-NH^, and 

Cys(Bzl)-Pro-Leu-Gly-N^ (Hruby, Brewster and Glasel 1971) demonstrated 

the existence of cis-trans isomerism about the Cys-Pro and Z-Pro peptide 

bond with an isomer ratio of 2:3 in a DMSO solution. The possibility of 

the presence of both these isomers in the growing crystals cannot be 

overlooked. This could be one of-the reasons why the crystals were hard 

to grow, and more importantly why some of these peptides have not yielded 

suitable X-ray structures. Further insight into the conformation of the 

side chain of oxytocin was based on the 300-MHz pmr studies of Pro-Leu-

Gly-NH- in dimethyl-d, sulfoxide (Walter, Bernal and Johnson 1972). 
. z o 

Walter postulated a solution conformation based on the observed differ

ences in chemical shift of the two N-H protons of the glycinamide 

moiety. This structure showed an intramolecular hydrogen bond between 

the trans carboxamide proton and the prolyl carbonyl oxygen. The basic 

conformational feature of the proposed solution model was a 10-membered 

P-turn structure. 



CHAPTER 2 

THE TOCIN RING OF OXYTOCIN 

The question of the intrinsic activity associated with the 20-

membered disulfide containing ring of oxytocin was first approached by 

the synthesis of tocinamide (Figure 2) by Ressler (1956) and later by 

Kaurov, Martynov and Popernatskii (1970). This compound possessed low 

but significant oxytocic and milk ejecting activities but no avian 

vasodepressor (AVD) activity. Further insight into this problem was 

gained by the synthesis of deaminotocinamide (Figure 2) by Hruby, Ferger 

and du Vigneaud (1971). It was shown that by replacing the amino group 

of the half cystine-1 residue by an H atom, there resulted a ten-fold 

increase in the oxytocic activity over that of tocinamide. Similar 

pharmacological effects can be seen when one compares the activities of 

deamino-oxytocin (Ferrier, Jarvis and du Vigneaud 1965) with those of 

oxytocin. In this instance the replacement of the amino group by H en

hanced both the oxytocic and AVD activity by a factor of two. Due to 

these findings, the pharmacological activities of both tocinoic and 

deaminotocinoic acid became of interest. 

In addition to the altered pharmacological activities, the re

placement of the half cystine-1 residue with 0-mercaptopropionic acid 

(0-MPA) in oxytocin increased the crystallinity of the resulting peptide. 

In other studies, the four ring compounds corresponding to the 

21 
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vasopressins were synthesized (Ferger et al. 1972). During the course 

of these syntheses deaminopressinamide was prepared in crystalline form. 

It was therefore thought that deaminotocinoic acid might be obtained in 

crystalline form, and the resulting structure determined by X-ray 

crystallography. These compounds were also of potential interest for 

the investigation of conformations in solution utilizing carbon-13 

nuclear magnetic resonance spectroscopy (CMR). 

Tocinoic Acid and Deaminotocinoic Acid 

Tocinoic acid C^s-Tyr-Ile-Gln-Asn-C^s, and deaminotocinoic acid 

T ' ~| 
j3-MPA-Tyr-Ile-Gln-Asn-Cys were synthesized according to the procedures 

previously reported (Hruby et al. 1972b). The protected hexapeptides 

P-MPA(Bzl)-Tyr-Ile-Gln-Asn-Cys(Bzl)-ONB and Cys(Bzl)-Tyr-Ile-Cln-Asn-

Cys(Bzl)-ONB were prepared in a stepwise fashion beginning with p-

nitrobenzyl-S-benzylcysteinate p-toluenesulfonate and by using suitable 

protected amino acid p-nitrophenyl esters (Hruby, Ferger and du Vigneaud 

1971). All protecting groups of the protected intermediates were removed 

by addition of the peptides to Na in NH^, which afforded the free 

carboxylic acid at the Cys^ residue. The NH^ was removed, and the peptide 

dissolved in 0.1% aqueous HOAc. The pH of the solution was adjusted to 

8.5, and the disulfide was formed by the oxidization of 0.01 N K-Fe(CN),. 
j o 

The pH was readjusted to 5, and the solution worked up in a standard 

fashion. The resulting peptides were then purified by partition chroma

tography followed by gel filtration (see Appendix B for further details). 
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Crystallization and Pharmacological Activities 

of the Toein Ring Compounds 

The crystallization attempts support the idea that the deamino 

analogs of the neurohypophysial hormones tend to have increased crystal-

linity relative to their non deamino analogs. The synthetic deamino-

tocinoic acid was successfully recrystallizedfrom 0.1 N HOAc (Smith 1973). 

Unfortunately, the crystalline material thus obtained was not suitable 

for an X-ray structure determination. During this time, an alternate 

synthesis of deaminotocinoic acid (Mulleman et al. 1972) appeared in 

which the deaminotocinoic acid was obtained in crystalline form using 

the same procedure as previously described. This approach has not 

yielded any new conformational information on the structure versus 

activity relationships of these types of peptides due to the fact that 

none of these reported crystalline derivatives have yet been solved 

using X-ray crystallography. 

The real significance of these derivatives lies in their pharma

cological activities. Tocinoic acid and deaminotocinoic acid were found 

to possess 0.2-0.3 unit/mg and 3.7 units/mg of oxytocic activity, 

respectively (Hruby et al. 1972b). Neither compound had any AVD activity. 

As previously shown, tocinamide and deaminotoeinaraide were shown to 

possess 3.2 units/mg and 34.2 units/mg of oxytocic activity, respectively 

(Hruby, Ferger and du Vigneaud 1971). Therefore tocinamide has roughly 

ten times the oxytocic potency of tocinoic acid, and deaminotocinamide 

has about ten times the potency of deaminotocinoic acid. In addition, 

deaminotocinoic acid and deaminotocinamide have approximately ten times 

the potency of the corresponding tocin ring analogs, respectively. 



From these studies, it is readily apparent that the pentapeptide ring 

moiety of oxytocin possesses intrinsic oxytocic activity, whether there 

is a carboxyl or a carboxamide group at position 6. This activity can 

be dramatically increased by formal replacement of the free amino group 

at position 1 with hydrogen. In contrast, except for the very weak 

inhibitory activity noted for deaminotocinoic acid, the tocin ring is 

apparently not sufficient for AVD activity. 

About this same time, tocinoic acid and tocinamide were reported 

to have very potent melanophore-stimulating hormone release inhibiting 

factor activities (Bower, Hadley and Hruby 1971). The complete back

ground along with experimental results will be presented in Chapter 3. 

It should also be mentioned that the tocin ring compounds along with 

their deamino analogs were examined using CMR to determine their con

formational properties in solution. The experimental data and the 

results are given in Chapter 7. 



CHAPTER 3 

MELANOPHORE STIMULATING HORMONE: RELEASE INHIBITION BY 

TOCINOIC ACID AND TOCINAMIDE 

The rat hypothalamus has been shown to contain a factor (MSH-R-

IF or MRIF) that inhibits the release of the melanocyte-stimulating 

hormone from the intermediate lobe of the pituitary gland (Kastin and 

Schally 1966). MRIF has been found in hypothalamic extracts from seven 

species of animals, including man, and its inhibitory effect upon MSH-

release has been suggested by bioassay (Kastin and Schally 1967). Sub

sequent to these investigations, evidence for the enzymic formation of 

MRIF had been presented (Celis and Taleisnik 1970; Celis, Taleisnik and 

Walter 1971). In these studies several neurohypophysial hormones, their 

analogs, and peptide intermediates were tested for their MRIF activity 

and for their ability to be transformed into MRIF by incubation with 

microsomal preparations of the Stalk median eminence from rats. The 

authors concluded that the enzyme responsible for the MRIF formation was 

an exopeptidase in the hypothalamus which degrades oxytocin, and thereby 

liberates the normonal tripeptide Pro-Leu-Gly-N^. The side chain of 

oxytocin, Pro-Leu-Gly-NH^, was reported to inhibit the release of 

pituitary MSH in vivo and in vitro in nanogram amounts. Further evidence 

to support the theory that the tripeptide was indeed the MRIF was given by 

Nair, Kastin and Schally (1971). The MRIF activity in bovine hypo

thalamic extracts was concentrated by gel filtration on Sephadex, and 
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further by thin-layer chromatography. The biological activity of each 

spot was determined by a modified assay based on the skin lightening of 

frogs previously darkened by destruction of the hypothalamus. The amino 

acid sequence of the main MRIF-active peptide was shown to be Pro-Leu-

Gly-NI^. Synthetic and natural tripeptide had similar biological activi

ties, chromatographic and electrophoretic mobilities, and mass spectral 

fragmentation patterns. However, apparently contradictory results were 

obtained when the tripeptide Pro-Leu-Gly-NH^ failed to show MRIF activity 

in the assay system employed by Bower and Hadley (1972). Using the same 

assay system, synthetic tocinoic acid was shown to inhibit the MSH re

lease from the rat pituitary in vitro at 10 ^ g/ml levels (Bower et al. 

1971). The synthetic tripeptide side chain of oxytocin by comparison 

demonstrated _in vitro a lack of MSH release inhibition in either the rat 

or frog at 10 g/ml levels. Further studies showed that in addition to 

tocinoic acid, tocinamide has potent MRIF activities (Hruby et al. 1972a). 

The tocin compounds were shown to be highly active in inhibiting the 

release of MSH using the rat, hamster (Mesocricetus auratus), toad 

(Bufo marinus), and the frog (Rana catesbeiana). These peptides were 

inactive on the frog (Rana pipiens). The MRIF activity of tocinamide 

on the mammalian pituitary was shown to be effective at nanogram levels. 

However, due to recent apparently contradictory results (Grant, Clark 

and Rosanoff 1973) these results do not demonstrate the validity of the 

tocin compounds as the biological MRIF agent. (These latter studies also 

cast doubts on the validity of Pro-Leu-Gly-N^ as MRIF.) 
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The purpose of the investigation was to resolve the conflict, 

or at least to give further insight as to the true identity of the 

active MRIF agent. One possible explanation for the inactivity of the 

tripeptide was that there were present under the given assay conditions 

enzymes that would hydrolyze the tripeptide, thereby rendering Pro-Leu-

Gly-NI^ inactive. The research was therefore centered around the idea 

that one had to prove that the tripeptide was intact under the conditions 

used. 

Experimental Section 

The two techniques employed in this investigation were tic and 

amino acid analysis. Both of these approaches are intended to show the 

presence of the tripeptide intact after the incubations utilized in the 

assay system. 

Thin Layer Chromatography Results 

In this experiment Pro-Leu-Gly-NH^CPLG) presence was detected by 

tic on Silica Gel-G in solvent system C using an isatin spray for detec

tion (Barrollier, Heilman and Watzke 1956). The isatin spray has far 

greater sensitive to proline, and can be used to detect proline peptides 

in the range of 10 ̂  M. The procedure used involved the addition of the 

tripeptide to the assay solution in varying concentrations ranging from 

-5 -3 
10 to 10 g/ml. Half of these were incubated under normal assay con

ditions, and the other half incubated without pituitaries. The results 

of these tests showed that the mobility of the tripeptide was retarded 

due to the presence of large quantities of salts. The isatin spray 



yielded a continuous streak from Rf 0.22 to 0.67. Essentially identical 

results were found for both samples incubated with pituitary glands, 

without pituitary glands, and when PLG was simply placed in the medium 

and immediately chromatographed. In the absence of incubation medium 

Pro-Leu-Gly-NH^ had a Rf = 0.66; Pro had a Rf = 0.32. These results 

were interpreted as showing the presence of the tripeptide upon comple

tion of the assay. Unfortunately, due to the Rf of free proline and the 

extent of streaking, which was a result of the buffer system used, it 

was impossible to satisfactorily estimate the percentage of intact 

tripeptide. 

Amino Acid Analysis Results 

It became apparent from the tic results that a quantitative 

method for determining the amount of intact tripeptide was needed. Three 

sets of data were needed for this experiment. The first was to run a 

known quantity of unhydrolyzed tripeptide on the amino acid analyzer 

and determine its retention time and color value. The tripeptide was 

next assayed under normal conditions, and the resulting solution was 

placed on the amino acid analyzer. Using a ratio of peak heights gotten 

from the first part, a quantitative measure of the amount of intact 

tripeptide could be obtained. Finally, one had to run the incubated 

assay solutions, to which no Pro-Leu-Gly-N^ had been added, on the 

amino acid analyzer. This would of course tell if there was any extran

eous proline-containing peptide materials that would have similar re

tention times to that of the tripeptide. The results proved that about 

80-95% of the tripeptide that was added to the assay system remained 
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intact and unhydrolyzed. During the course of this investigation, 

aqueous Pro-Leu-Gly-NI^ was shown to be hydrolyzed to the extent of 85% 

by standing at room temperature for one month. Although some hydrolysis 

probably occurs during the assay, it is nowhere near the level necessary 

to inactivate the tripeptide if indeed it were the actual MRIF agent. 

Conclusion 

These results show the tripeptide Pro-Leu-Gly-Nfl^ to be mostly 

intact after being assayed for MRIF activity. If indeed the tripeptide 

was the MRIF agent, then a significant level of activity should have been 

observed. When analyzing these results certain important factors should 

be kept in mind. First, in studies of this type, it is of paramount im

portance that the part of the anatomy being disected, assayed, etc., be 

explicitly defined. Secondly, the species on which the assay is being 

conducted must be considered. This species specificity is readily 

apparent in the case of Rana pipiens versus Rana catesbeiana as previous

ly discussed. Finally, and perhaps most importantly, the various bioassay 

systems used possibly can account for many of the difficulties and am

biguities reported in the literature (Hadley, Bower and Hruby 1973). 



CHAPTER 4 

THE SYNTHESIS OF [8-ARGININE]VASOPRESSIN 

The chemical structure of the hormone [8-arginine]vasopressin 

was determined by Acher and Chauvet (1953) and by du Vigneaud, Lawler 

g 
and Popenoe (1953). The structure of [Arg ]vasopressin (see Figure 1) 

H-Cjrs-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-Gly-N^, differs from oxytocin by 

substitution of a phenylalanine residue for the isoleucine residue at 

position 3 and an arginine residue for the leucine residue at position 

8 in oxytocin. This neurohypophysial hormone, common to all mammalian 

species, except pigs, evokes powerful pressor and antidiuretic pharma

cological activities. In addition, [8-arginine]vasopressin (AVP) also 

elicits the contraction of the smooth muscle and the ejection of milk 

in lactating females (as does oxytocin), but at much reduced potencies. 

The first synthesis of pharmacologically active AVP peptide was 

carried out by du Vigneaud, Gish and Katsoyannis (1954). Due to the 

repititious nature of peptide synthesis, and the speed and ease with 

which the solid phase method can be employed in making peptides 

(Merrifield 1964), this approach has recently been used for the synthesis 

of [8-Arg]vasopressin. AVP was first synthesized by the solid phase 

method (Meienhofer et al. 1970), and yielded a highly active hormone 

preparation albeit in low over-all yield (9%). The goal of this research 

14 
was to produce AVP and two analogs, one with a C in the alpha carbon 
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of the Gly 9 residue; and one with two H atoms replacing the protons 

of the glycinamide-9 residue. These derivatives were to be used to gain 

further insight into the structure-activity relationships of hormones. 

For example, radioactive hormones can be used to study oxytocin and 

[8-lysine]vasopressin (LVP) binding to bovine neurophysins (Camier et al. 

1973, Breslow and Walter 1972, Breslow and Abrash 1966). The equilibrium 

constant for such binding can be determined, and the competitive binding 

of "cold" hormones can be investigated by means of thin-film equilibrium 

dialysis. In addition, studies with labeled LVP have given insight into 

the mechanism of binding and aided in the detection of the intracellular 

messenger of the antidiuretic effect of antidiuretic hormones on the 

mammalian kidney (Bockaert et al. 1973). Labeled hormones have also 

been used to demonstrate the role enzymes play in the regulation of 

turnover, i.e., breakdown, of peptide hormones. One study investigated 

the rates and mechanisms of labeled oxytocin inactivation by subcellular 

fractions of rat hypothalami (Walter, Griffiths and Hooper 1973). 

Before nuclear magnetic resonance spectroscopy can be applied to 

the conformations of peptides in solution each line must be properly 

assigned. The first role the deuterated hormones play is the unambigu

ous assignment of spectra both for the PMR (Brewster and Hruby 1973; 

Brewster et al. 1973a) and the CMR (Brewster et al. 1973b). With the 

use of specifically deuteron-labeled oxytocin and related molecules, 

some of the intramolecular microdynamics of the free molecules 

and their interactions with their biological carriers, the 

neurophysins, have been studied (Glasel et al. 1973). In this 

approach, hormones and hormone derivatives labelled with 
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deuterons at specific non-labile positions are synthesized and the 

deuteron. relaxation times of the label are measured and the results are 

used to map out a microdynamical picture of motion in the hormones and 

hormone-protein complexes. It is obvious that from such radioactive and 

deutron labeled hormones much can be learned about hormone structure and 

function. The actual uses of [9-[o',a- I^lglycine^rginine vasopressin 

and [9-[l-*"^C]glycine]arginine vasopressin will be discussed in Chapter 6. 

all yield of only 117. (Holton, Branda and Ferrier 1973). Since the 

purpose of this phase of the investigation was to synthesize a number 

of AVP analogs using expensive reagents, it therefore became important 

to expand and improve the synthetic approach so that higher yields could 

be obtained. 

Procedure Used in the Solid Phase Technique 

The polymeric support to which the first amino acid (Boc-Gly) 

was attached was a polystyrene resin 1% crosslinked with divinylbenzene 

and chloromethylated to the extent of 0.69 mmol (Stewart and Young 1969). 

After the Boc-Gly had been stirred with the resin in the presence of 

base for several days, the resin was then filtered, washed, and dried. 

Experimental Section 

The most recent solid phase synthesis of AVP reported an over-

Boc-NH-CH2-C0H + C1-CH2- <3>-Resin 

et3n 
-> Boc-Gly-C=0 

EtOH 



Before the synthesis can be started the extent to which the 

Boc-Gly has attached itself to the resin must be ascertained. A small 

amount (20 rag) of the Boc-Gly-resin was reacted with trifloroacetic 

acid (TFA) in order to remove the Boc protecting group. The resulting 

amine salt was neutralized with diisopropylethylamine (DIEA), and the 

substitution was determined by the aldemine test (Esko, Karlsson and 

Porath 1968) as modified by Ehler (1972). The extent of Boc-Gly attach

ment was found to be 0.36 mmol/g. The sequence of steps used for the 

attachment of a given Boc-amino acid to the peptide resin is given in 

Table 1 (DCC coupling) and Table 2 (nitrophenyl ester coupling). Com

pletion of all the steps (1-11) constituted the attachment of one amino 

acid residue. For example, step one of a given cycle would be to add 

30 ml of dichloromethane, stir for 2 min, empty, and repeat the step 

two additional times. In steps 6-9 the Boc-amino acid, the coupling 

reagent (DCC), and the necessary line flushes are merely added to the 

reaction vessel and stirred for 90 min. In general, the sequence is a 

deprotection step, followed by neutralization, and lastly the coupling 

step. 

The nitrophenyl ester coupling step differs from the above pro

cedure in the use of the coupling reagent, reaction time, and the solvent. 

Since the Boc-amino acid-ONp are active esters ready to couple, they are 

merely dissolved in the proper amount of IMF (10 ml/g of resin). The 

reaction time used throughout these syntheses was 24 hr. One problem 

that arose in the DCC coupling sequence was the reduced solubility of 

certain Boc-amino acids in CI^C^, i.e., N^-Boc-N^-tosyl-arginine. 



Table 1. DCC Coupling Sequence Used in Solid Phase Synthesis. 

Step No. Purpose Reagent Used 
Volume 

(ml) 
(min) Number of Repetitions 

1 wash 
CH2C12 

30 2 3 

2 deprotect TFA/CH2Cl2/Anisole 

(25/24/1) 

30 25 1 

3 wash ch2CI2 30 2 3 

4 neutralize diea/ch2ci2 30 2 2 

5 wash ch2ci2 30 2 5 

6 couple Boc-Amino Acid/ 

ch2ci2 

10 - - 1 

7 flush 
CH2C12 

5 — 1 

8 couple DCC/CH2C12 10 — 1 

9 flush CH2C12 5 90 1 

10 wash 
CH2C12 

30 2 3 

11 wash EtOH 30 2 3 



Table 2. Nltrophenyl Ester Coupling Sequence Used in Solid Phase Synthesis. 

Step No. Purpose Reagent Used 
Volume 

(ml) 

Time 

(min) 
Number of Repetitions 

1 wash ch2CI2 30 2 3 

2 deprotect TFA/CH2Cl2/Anisole 

(25/24/1) 

30 25 1 

3 wash ch2ci2 30 2 3 

4 neutralize DIEA/CH2Cl2(l/9) 30 2 2 

5 wash 
CH2C12 

30 2 4 

6 wash DMF 30 2 4 

7 couple Boc-Amino Acid/DMF 25 — 1 

8 rinse DMF 5 24 hr 1 

9 wash IMF 30 2 3 

10 wash EtOH 30 2 3 
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It was found that the addition of 2-5 ml of DMF to the CH^Cl^ was neces

sary to solubilize the amino acid derivative. The reaction could be 

then run in the normal fashion. 

A 2.5-fold molar excess of Boc-amino acids was used in each 

dicyclohexylcarbodiimide (DCC) coupling step; a 4-fold molar excess was 

used for each nitrophenyl ester coupling. The ninhydrin test (Kaiser 

et al. 1970) was employed after each completed cycle to determine the 

extent of the reaction. If the coupling had not proceeded to > 99.57o, 

then steps 5-11 were repeated and the ninhydrin test was rerun. 

Q 
S-MeOBzl-Cys-O-Bzl-Tyr-Phe-Gln-Asn-S-MeOBzl-Cys-Pro-N -Tos-Arg-

Gly-Resin. For this synthesis, 3.32 g of resin which contained 0.36 

mmol/g of Boc-Gly was used. The addition of each amino acid was carried 

out in a standard fashion using the following protecting groups: the 

p-toluenesulfonyl group for the guanidyl function of the arginine, the 

benzyl group for the phenol function of tyrosine, and the p-methoxybenzyl 

group for the sulfhydryl groups of the cysteine residues. The residues 

Asn and Gin were introduced into the peptide chain via active esters, 

i.e., Boc-Asn-ONp and Boc-Gln-ONp. All other couplings were accomplished 

with DCC and the proper Boc-amino acid. Upon completion of all the 

coupling steps, and the final deprotection of the last Boc-Cys residue, 

the resin was transferred from the reaction vessel to a Buchner funnel, 

filtered, washed with CI^Clj, and dried jin vacuo overnight: 4.36 g. 

The weight gain of 1.04 g represented a 707o yield. 

Q 
S-MeOBzl-Cys-O-Bzl-Tyr-Phe-Gln-Asn-S-MeOBzl-Cys-Pro-N -Tos-Arg-

Gly-NH„. The protected nonapeptide was freed from the resin by 



aramonolysis of the peptide resin (Manning 1968). The peptide resin was 

suspended in 150 ml of anhydrous MeOH (distilled from magnesium methoxide) 

then cooled to -5° in an ice-salt water bath. The suspension was then 

saturated with NH^, which had been condensed and dried with sodium metal. 

Upon sealing, the reaction vessel was placed in a desiccator over CaSO^ 

and was stirred for 72 hr at room temperature. After completion of the 

reaction the NH^ and MeOH were removed by rotary evaporation. The 

product was then extracted from the resin with 60 ml of DMF at 50° for 

1.5 hr with stirring. It was then filtered, washed with IMF, and the 

total volume of the filtrate reduced to about 20 ml. The peptide ma

terial was obtained by precipitation with 150-200 ml of ether, refriger

ated, filtered, washed with three 10-ml portions of ethanol, three 10-ml 

portions of ether, and then air dried. The yield was 1.10 g. The 

product was dissolved in 7 ml of hot acetic acid, then precipitated with 

30 ml of EtOH, cooled, filtered, washed with three 10-ml portions of 

ether, then dried iji vacuo overnight: wt 800 mg (457») ; mp 193-196° dec; 

[a]^6 ~41.2° (c 0.57, DMF). Elemental analysis calculated for 

C76H95°16N15S3: C' 58'07' H' 6,10; N' 13»38« Found: C, 57.81; H, 6.10; 

N, 13.30. 

Synthesis of r8-Arginine~lvasopressin. A solution of Na in 

anhydrous liquid NH^ (175 ml, freshly distilled from Na) was brought to 

boiling with stirring, and 240 mg of finely powdered S-MeOBzl-Cys-O-

Q 
Bzl-Tyr-Phe-Gln-Asn-S-MeOBzl-Cys-Pro-N -Tos-Arg-Gly-NH^ was added. 

Sodium was added in small quantities to the boiling ammonia solution in 

order to maintain a permanent blue color for 1-2 min. The excess Na was 



destroyed by the addition of TFA and the NH^ removed by evaporation 

and lyophilization. The residue was dissolved in 600 ml of deaerated 

0.1% aqueous HOAc, The pH of the solution was adjusted to 8.5 with 

5 N NH^, and the sulfhydryl compound was oxidized with 48 ml of 0.01 N 

K0Fe(CN),. After 30 min, the pH was adjusted to 5 with dilute HOAc, 
j b 

and 7 ml of Rexyn 203 (CI cycle) (Fisher Scientific Co.) was added to 

remove ferro- and excess ferri-cyanide ions. The suspension was 

stirred for 15 min, and the resin was then filtered off and washed with 

three 20-ml portions of 2% HOAc. To the combined filtrates was added 

25 ml of redistilled 1-BuOH (to prevent bumping) and the total volume 

was reduced to 100-150 ml by rotary evaporation. The remaining solution 

was lyophilized to dryness. The solid residue was dissolved in 4 ml of 

50% HOAc and subjected to gel filtration on a 2.2 x 120 cm column of 

Sephadex G-15 (40-120 mesh) equilibrated with 50% HOAc. The compound 

was detected by the absorbance at 280 ran, and the major peak at 457<> of 

column volume was isolated by lyophilization: wt 130 mg. The crude 

product was dissolved in 5 ml of 0.2 N HOAc and further purified by gel 

filtration on the above Sephadex G-15 column equilibrated with 0.2 N 

HOAc. The compound emerged as a single peak at 657o of the total column 

volume and was isolated by lyophilization: wt 97 mg. 

The partly purified [8-arginine]vasopressin was then utilized in 

the development of a suitable partition chromatography (Yamashiro 1964; 

Yamashiro, Gillessen and du Vigneaud 1966) solvent system. The first 

solvent system tried (Huguenin and Boissonnas 1962) was Sec-BuOH-^O-HOAc 

(120:160:1). The partly purified product was dissolved in 5 ml of the 
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lower phase, and subjected to partition chromatography on a 2.85 x 60 cm 

column of Sephadex G-25 (100-200 mesh) at a flow rate of 20 ml/hr. The 

peptide material was detected by the Folin-Lowry method (Lowry et al. 

1951). The product remained on the column after the 250th tube had been 

collected, and was washed off with 207o HOAc and then isolated by lyophili-

zation, This represented an Rf value of less than 0.05. 

Two additional solvent systems #2 and #3 (Walter and Havran 1971) 

were utilized in an analogous fashion and the results are given in 

Table 3. 

Table 3. Partitioning Systems. 

Solvent System Used Observed Rf Values 

1. Sec-Bu0H-H20-H0Ac (120:160:1) <0.05 

2. Bu0H-Et0H-H20 (1.5% HOAc; 3.5% Pyr) 

(3.44:1:5.35) 0.12 

3. BuOH-EtOH-Pyr-H.O (0.1 N HOAc) 

(4:1:1:7) 1 0.23 

Hie synthesis was rerun on an identical scale (240 mg) and worked 

up in the manner previously described, i.e., the protecting groups re

moved by Na/NHg, and the disulfide bond formed by oxidation with 0.01 N 

KjFe(CN)g. However this time the residue was partitioned directly using 

solvent system #3: wt 60 mg. This product was then dissolved in 5 ml of 

0.2 N HOAc and further purified by gel filtration on Sephadex G-15. The 
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compound emerged as a single sharp peak at 697« of total column volume 

and was lyophilized: 51 mg (307«); -31.8° (c 0.34, 0. 1 N HOAc). 

The peptide gave a single spot on tic on Silica Gel-G in the solvent 

systems B and C. Amino acid analysis (Spackman et al. 1958) following 

a 36-hr hydrolysis in 6 N HC1 at 110° gave the following molar ratios: 

Asp, 1.0; Arg,"0.91; Glu, 1.0; Gly, 0.95; Cys, 2.0; Pro, 1.1; Tyr, 0.97; 

Phe, 1.1. Elemental analysis calculated for C.cO._N._S.•1»5(C„H.0„): 
w 65 1^ 15 < 2 4 l 

C, 49.27; H, 6.15; N, 17.59. Found: C, 49.41; H, 5.95; N, 17.59. 

Conclusion 

From the synthetic point of view, the two important aspects of 

this [8-arginine]vasopressin synthesis were the use of a new and easier 

purification scheme and the use of the Tos instead of the nitro group 

for the protection of the arginine residue. The use of partition 

chromatography followed by gel filtration on Sephadex has been shown to 

be an effective means of obtaining highly purified peptides (Hruby, 

Ferger and du Vigneaud 1971). The purification employed represented 

an easier and more rapid means of obtaining the desired products. The 

second alteration of the synthesis was the use of the Tos group for 

the arginine residue. A strong justification was given in the synthesis 

of the luteinizing-hormone releasing-hormone for the use of tosyl pro

tection (Arnold, White and Flouret 1973). In this synthesis the authors 

used the same procedures except the N**-Boc-flSK^-arginine was replaced by 

g 
N -Boc-N -Tos-arginine. Not only was the solid-phase yield of 

their protected decapeptide improved by 70-80%, but in addition 

the product was cleaner and more easily purified. This same trend, 



i.e., increased yields with greater ease in purification, was 

noted in the synthesis of tocinoic acid and its analogs (Smith 1973). 

One possible explanation is that when the NO2 protecting group is re

moved, a peptide derivative is formed that lowers the over-all yield 

and this in turn hinders purification. The possibility of side reac

tions occurring, when the nitro group is being employed as a protecting 

group in peptide synthesis, should not be overlooked. 



CHAPTER 5 

THE SYNTHESIS OF [9-[>,a-2H2]GLYCINE]ARGININE VASOPRESSIN 

AND [9-[l14C]GLYCINE]ARGININE VASOPRESSIN 

Throughout the synthesis of the [8-arginine]vasopressin analogs, 

one of the objectives of the investigation was to improve the yields 

obtained from the solid phase method. Toward this goal the following 

changes were transacted. The first was the replacement of the p-

methoxybenzyl with 3,4-dimethylbenzyl as the protecting group for the 

sulfhydryl groups of the cysteine residues. Secondly, the total exposure 

of the peptide resin to TFA was decreased by 44% by changing the de-

protection step from one 25 min wash to two 7 min washes. Finally, and 

perhaps most importantly, was the passing of a rapid stream of oxygen-

free nitrogen through the flask after the Na and NH^ reduction and dur

ing the potassium ferricyanide oxidation (Walti and Hope 1973). This 

last step is believed to avoid premature oxidation of the dithiol inter

mediate by atmospheric oxygen. 

S-3.4-Me Bzl-Cys-O-Bzl-Tyr-Phe-Gln-

G 
Asn-S-3.4-Me^Bzl-Cys-Pro-N -Tos-

arg-fo',(y-2h2lgly-nh2 

2 
For this synthesis, 4.3 g of Boc-[ar,c*- ^Iglycine resin (made by 

Dr. Arno Spatola at The University of Arizona, 1973) substituted to the 

extent of 0.23 mmol/g was used. The addition of each amino acid was 

42 



carried out as previously described in the [8-arginine]vasopressin 

synthesis, except for the use of a new amino acid derivative N-Boc-S-

S^-Me^Bzl-Cys*DCHA (Smith 1973; Yamashiro, Noble and Li 1972). Before 

the N-Boc-S-3,4-Me2Bzl-Cys#DCHA salt could be used in the synthesis it 

had to be converted to the free carboxylic acid. For this synthesis, 

3.12 g (6.00 mmol) of the salt was added to 75 ml of water containing 

2.5 g (12 mmol) of citric acid. Upon the addition of 80 ml of ether the 

solution was stirred for 30 min (the use of EtOAc in place of the ether 

is recommended in order to facilitate the removal of citric acid from 

the final product). The phases were separated and the aqueous phase was 

extracted with four 50-ml portions of ether. The combined ether washes 

were extracted with 1^0, dried over Na^SO^ and the desired product ob

tained by rotary evaporation: wt 2.13 g. The oil was then dissolved in 

50 ml of CH^Cl^, and the insoluble citric acid was filtered off. The 

^*2^2 W3S t*ien extracted with H^O, dried overnight with Na^SO^, filtered, 

washed, and rotary evaporated: wt 1.8 g (957o). The N-Boc-S-S^-Me^Bzl-

Cys gave the correct NMR and showed itself to be free of citric acid 

impurity (at 7.6 tau). If citric acid were allowed to be added in the 

coupling step it would couple in competition with the desired amino acid 

and cause chain termination. It is therefore recommended that when 

working with the DCHA salts, citric acid be rigorously excluded. Upon 

completion of the coupling steps, the resin was transferred to a Buchner 

funnel, filtered, washed, and dried in vacuo overnight; wt 5.1 g. The 

weight gain of 0.80 g represents a 60% yield. 



The protected peptide was removed from the resin with MeOH 

saturated with NH^, and was purified first with a DMF-ether precipita

tion and finally with a HOAc-EtOH precipitation as previously described: 

wt 600 mg (40%); mp 204-207° dec; -40.4° (c 0.55, DMF). Elemental 

analysis calculated for lH^O: C, 59.04; H, 6.41; N, 

13.16. Found: C, 59.26; H, 6.56; N, 13.13. 

2 
[9-rg.o- H^lGlycine~]arginine Vasopressin 

The protected peptide S-^^-Me^Bzl-Cys-O-Bzl-Tyr-Phe-Gln-Asn-S-

G 2 
3,4-Me2Bzl-Cys-Pro-N -Tos-Arg- [or,a- ̂ iGly-N^ (200 mg) was reduced with 

sodium in liquid ammonia at -33° until the blue color persisted for 1-2 

min. TFA was added, and the IIH^ was evaporated by passing a stream of 

dry nitrogen (Walti and Hope 1973) through the flask. The last 10 mi of 

NH^ was removed by lyophilization. The resulting white solid was dis

solved in deaerated 0.1% aqueous HOAc, and the flow of nitrogen was 

maintained until the solution had been treated with 0.01 N potassium 

ferricyanide. Upon completion of the oxidation, the product was dissolved 

in 6 ml of the upper phase and 2 ml of the lower phase of the solvent 

system BuOH-EtOH-Pyr-^O (0.1 N HOAc) (4:1:1:7) and subjected to parti

tion chromatography on a 2.85 x 60 cm column of Sephadex G-25 (100-200 

mesh) at a flow rate of 20 ml/hr. The product was then dissolved in 3 

ml of 0.2 N HOAc and further purified by gel filtration on a 2.2 x 120 

cm column of Sephadex G-15 (40-120 mesh). The compound emerged as a 

single sharp peak at 71% of total column volume and was lyophilized: 

55 mg (40%); [o?]^g -31.4° (c 0.31, 0.1 N HOAc). The peptide gave a 

single spot on tic on Silica Gel-G in the solvent systems B and C. 
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Amino acid analysis following a 36-hr hydrolysis in 6 N HCl at 110° gave 

the following molar ratios: Asp, 0.94; Arg, 1.0; Glu, 1.0; Gly, 0.92; 

Cys, 2.1; Pro, 1.1; Tyr, 1.0; Phe, 1.1. Elemental analysis calculated 

for C46H63D2012N15S2-1H20*1.5 C^O : C, 49.27; H, 6.17; N, 17.59. 

Found: C, 49.13; H, 6.06; N, 17.64. 

S-3,4-Me2Bzl-Cys-0-Bzl-Tyr-Phe-Gln-Asn-S-

3,4-Me^Bzl-Cys-Pro-N^-Tos-Arg-r 1-^ClGly-NH^ 

14 
This synthesis was run using 3.80 g of Boc-[l- C]glycine resin 

(made by Mr. Tim Krupa at The University of Arizona in 1973) substituted 

to the extent of 0.33 mmol per g. The important changes in the procedure 

were the use of the shorter deprotection time (two 7 min steps instead 

of the one 25 min step), and an attempted shorter DCC coupling time (two 

20 min steps instead of the one 90 min step). The shorter DCC coupling 

steps were not adequate for complete (99.5%) coupling of the Boc-amino 

acids to the resin. The synthesis was therefore completed utilizing the 

90 min coupling times. All amino acid derivatives and additional pro

cedures were as previously described. Upon completion of the final 

coupling step, the resin was transferred, filtered, washed, and dried 

in vacuo overnight: wt 5.50 g. This represents a weight gain of 1.7 g 

(a 95% yield). The protected peptide was removed from the resin with 

MeOH/NH^, and was purified with a IMF/ether and finally with a HOAc/EtOH 

precipitation: wt 1.05 g (60%); mp 204-208° dec; -42.6° (c 0.42, 

DMF) . 
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14 
f9-L1- ClGlylarginine Vasopressin 

The synthesis was run on a 300 mg scale and worked up in the 

manner previously described for [9-[<y,a- H2]Gly]arginine vasopressin, 

i.e., the protecting groups removed by Na/NH^, and the disulfide bond 

formed by oxidation with 0.01 N K_Fe(CN),. The purified peptide was 
•i o 

obtained by partition chromatography and gel filtration as carried out 

2 
in the [9-[a,Q?- H^lGlyJarginine vasopressin synthesis: 90 mg (457o) ; 

-33.1° (c 0.45, 0.1 N HOAc) . The peptide gave a single spot on 

Silica Gel-G in the solvent systems B and C, and gave identical values 

g 
on tic with [Arg ]vasopressin. Amino acid analysis gave the following 

molar ratios: Asp, 1.0; Arg, 0.96; Glu, 1.1; Gly, 1.0; Cys, 2.0; Pro, 

1.0; Tyr, 0.95; Phe 1.0. Radioactivity count was 4.32 + .03 x 10"* 

cpm/mg. 

Pharmacological Activities of the 

fArginine"[Vasopressin Compounds 

The compounds were assayed for their "milk-ejecting-like" 

activity, according to the procedure of Hadley and Hruby (1974); 

van Dongen and Hays (1966). The synthetic [8-arginine]vasopressin and 

its two analogs were found to be comparably active to naturally occurring 

[8-arginine]vasopressin. 

Results and Discussion 

The overall yield of the [9-[ l-^C]Gly]arginine vasopressin from 

the starting Gly content of the resin was about 27%. This represents a 

2-3 fold increase in the synthesis over the yields previously reported 

in the literature. The success of this synthesis can be attributed to 



three additional changes in the procedure used for the synthesis of 

[8-arginine]vasopressin. The first alteration of the procedure was the 

use of the 3,4-Me2Bzl group in place of the p-MeOBzl group for the 

sulfhydryl protection of the two cysteine residues. This change was 

necessitated by the fact that S-p-methoxybenzyl-Cys was cleaved to the 

extent of 277o in a solution of 507« TFA in CH^Cl^ (Yamashiro et al. 1972) 

Under the same conditions the S-3,4-Me2Bzl-cys was cleaved to only 

0.2%. Thus the use of the 3,4-Me2Bzl group helps to eliminate the 

generation of free sulfhydryl intermediates during the course of the 

synthesis. In conjunction with this, the total exposure of the peptide 

resin to TFA was decreased greatly by changing the deprotection step 

from one 25 min wash to two 7 min washes. The third and perhaps most 

important change was the utilization of ̂  during the cyclization step. 

The syntheses of the different [8-arginine]vasopressin analogs were run 

with and without the aid of N£. Significant improvement (40-50%) in the 

yield was recorded in all cases. 

In concluding, it can state that the improvement in the 

[8-arginine]vasopressin synthesis was a direct result of the following 

changes: first, the selection of suitable protecting groups; secondly, 

the reduction in the exposure time of the growing peptide chain to TFA; 

thirdly, the development of an effective and easy method of purification 

lastly, the utilization of Ng as a means of avoiding premature oxidation 

of the dithiol intermediate by atmospheric oxygen. 



CHAPTER 6 

THE BIOLOGICAL SIGNIFICANCE OF THE AVP ANALOGS 

The initial approach to the structure-activity relationships of 

the neurohypophysial hormones was to ascertain the conformation of the 

free peptides in solution or in the solid state and then try to relate 

this to the pharmacological properties and then ultimately to the con

formation of the active site. Ideally, the changes in the physical or 

chemical properties of the peptides as they interreact with their natural 

biological active sites should be measured directly. Toward this goal, 

the interactions of the neurohypophysial hormones with their carrier 

proteins the neurophysins was studied by means of equilibrium dialysis 

and deuteron nuclear magnetic resonance. 

Equilibrium Dialysis and Deuteron 
NMR Studies 

The neurophysins are proteins of low molecular weight found in 

the posterior pituitary glands of various vertebrate species. These 

neurophysins function physiologically as carriers of the neurohypophysial 

hormones, and bind with a high degree of selectivity. This peptide-

protein complex was first isolated from bovine pituitary by van Dyke 

et al. (1942). These non-covalent molecular complexes have been shown 

to form with the hormonal nonapeptides oxytocin, LVP, AVP, and some 

analogs (Camier et al. 1973, Ginsburg and Ireland 1964, Breslow and 
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Abrash 1966, Breslow and Walter 1972). In the equilibrium dialysis 

experiments, two solutions, one with the protein and the other with the 

hormone analog, are brought together and allowed to come to equilibrium. 

The solutions are separated by a porous membrane which allows free 

mobility of the much smaller peptide hormone between the two solutions, 

and at the same time prevents leakage of the large protein molecules into 

the adjacent hormone solution (Craig and King 1955). The use of tritium 

14 
and C-labeled peptides was employed as an effective means of monitor

ing the equilibrium. The amount of hormone bound per mole of protein 

could then be easily calculated. With this information the equilibrium 

constant for the peptide-protein complex formation was obtained. A 

similar procedure is used for competition studies between labelled 

peptides and other unlabelled analogs, except the initial hormone solu

tion contained known quantities of both the labelled and unlabelled 

peptides. From these results can be ascertained the relative affinities 

of a very large number of peptides using only one labelled analog. From 

the affinities of various synthetic hormone analogs, the amino acid 

residues at position 2 and 3 on the ring appear to be one of the strong 

requirements for this neurophysin-hormone complex formation due to their 

proposed strong hydrophobic interactions with the neurophysins. 

Equilibrium dialysis studies lend themselves nicely to the 

effects of metal ion concentration and pH on complex formation. The pH 

binding profiles of the neurohypophysial hormones with the neurophysins 

have resulted in typical bell-shaped curves. From the amino acid composi

tion and the pH at which optimal binding occurred estimates can be made 



50 

as to which ionizable amino acid residues on the neurophysins are 

actively involved in the binding of the hormone. 

Given the binding constant, and if the data is available as a 

function of temperature, the thermodynamic parameters for the hormone 

binding can be calculated. These thermodynamic parameters (Klotz 1973) 

along with the affinity binding data of the hormone may be expected to 

give additional insight as to the possible functional groups involved 

in the hormone-protein complex formation. The total number of binding 

sites available on the neurophysins can be computed from a graph of the 

number of moles bound as a function of free hormone concentration. 

Klotz (1973) has given a review of this technique, and mentioned the 

hazards that can occur under extrapolation to infinite hormone concen

tration (i.e., binding sites completely occupied). 

The use of deuteron nmr as a means of measuring neurophysin-

hormone interaction was first illustrated by Glasel et al. (1973). The 

deuteron nmr of the free hormone and the hormone-protein complex was run, 

and the extent of line broadening was used as a means of measuring the 

extent to which that part of the molecule was interacting with the neuro-

physin protein. The over-all approach was therefore to label hormones 

and hormone derivatives with deuterons at different non-labile positions 

and measure the deuteron relaxation times of those labels in order to 

map out a microdynamical picture of the relative motions that occur when 

these two molecules interact. 



Results and Discussion 

Recent equilibrium dialysis results on the interaction of 

tritiated LVP with bovine neurophysin II seem to suggest the presence 

of two binding sites of greatly different affinity (Pliska and Sachs 

1974). The fraction of the high-affinity sites decreased with increased 

neurophysin concentration and prolonged time of dialysis. These authors 

suggested that these two classes of binding sites are associated with 

the polymerization equilibria of neurophysin in solution, the high-

affinity species being the monomeric, and the low-affinity species a 

polymeric form. Other studies using deuteron NMR (Glasel et al. 1973) 

on deuterated oxytocin and related peptides alone and complexed with 

neurophysin have shown the following: first, the tripeptide side chain 

alone does not interact with NP(II); second, the tyrosine ring of oxytocin 

interacts very strongly with neurophysin; lastly, the Cys-1 position in 

oxytocin and deamino-oxytocin also interacts strongly with NP(II). 

Due to the hydrophobic nature of the amino acid residues at 

positions 2 and 3, the presence of a free amino group at the Cys-1 posi

tion, and the apparent lack of involvement of the side chain in the 

complex formation, it might be expected that the interaction of AVP with 

the neurophysins would produce analogous results to that of oxytocin. 

One obvious advantage of AVP is that it is the natural bovine and human 

hormone. The investigation of the AVP-neurophysin complex formation by 

equilibrium dialysis and deuteron NMR using the analogs 

2 1 /j 
[9 - [or,ar- ^Iglycinejarginine vasopressin and [9-[l- C]glycine]arginine 

vasopressin is currently underway. 



CHAPTER 7 

13 
A C NMR STUDY OF POLYPEPTIDE CONFORMATIONS 

The study of the conformational behavior of peptides is a complex 

theoretical and experimental problem. A possible viewpoint on the con

formation of small peptides is that they exist as a number of rapidly 

interconverting conformations in solution at room temperatures. As the 

evidence accumulates, a large number of peptides have been suggested to 

possess relatively restricted and well defined conformations in solution. 

There are also strong biological implications for these studies, since 

many peptides possess a large variety of biological activities including 

functions as hormones, antidotes, toxins, antibiotics, etc. Naturally, 

the ultimate aim of these investigations is to ascertain the relationship 

between the conformation of these important peptides in solution and 

their biological activities. The application of these relationships to 

peptide analogs which would yield more desirable pharmacological proper

ties is self-evident. 

13 
Previous to the application of C NMR, the principal methods 

used to study the conformations of peptides in solution have been proton 

NMR spectroscopy, optical rotary dispersion (ORD), circular dichroism 

(CD), and infrared (IR) spectroscopy. In addition, other physical 

methods have been applied such as hydrogen exchange studies, thin film 

dialysis, and X-ray diffraction studies. An excellent review of these 
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techniques as they relate to oligopeptides conformation in solution is 

given by Hruby (1974), and to polypeptides in solution by Bovey (1974). 

13 
The possible use of C NMR spectroscopy as a useful technique 

has been known for a considerable time (Lauterbur 1957). Unfortunately, 

13 1 
due to the low sensitivity of C, about YL that of H for the same mag-

13 
netic field, and the low natural abundance of the isotope C (1.170) 

13 
the development of C NMR was retarded. With the application of the 

Fourier transform technique to NMR it has become possible to obtain the 

13 
natural abundance C spectrum at reasonable concentrations and in 

13 
reasonable amounts of time. The chemical shifts of C might be expected 

to be more sensitive to chemical and conformational effects than those 

of hydrogen. Commonly the carbon resonances of organic compounds are 

found over a chemical shift range of over 250 ppm, as compared with 

under 20 ppm for proton nuclei. This large range is probably due to the 

greater number of valence electrons associated with carbon. One of the 

13 
most definitive contributions made by C NMR to peptide conformations 

was in determining the cis-trans isomerism about the X-proline amide 

bond (Dorman and Bovey 1973; Deslauriers, Walter and Smith 1973). These 

studies showed that the two isomers gave distinct and separate chemical 

shifts for the proline residue. The relative amounts of the isomers 

were obtained from a ratio of the p and y carbons in proline. This 

finding is obviously important, since proline is the amino acid that 

joins the side chain to the ring moeity in the neurohypophysial hormones. 

13 
A second use of C NMR was the sensitivity of chemical shifts of 

certain amino acids to the configuration to adjacent amino acid residues. 
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It was shown that the chemical shifts for proline and histidine in 

X-Pro-His were doubled due to the presence of D and L histidine (Smith 

13 
et al. in press). Therefore, C NMR can be used to demonstrate the extent 

of racemization of amino acid residues. 

13 
The C NMR of oxytocin and related oligopeptides has proven that 

upon cyclization of the peptide to form oxytocin there resulted a number 

of significant chemical shifts in the a and p carbons which must be 

attributed to alterations of the conformations of the main ring and side 

chain amino acids (Brewster et al. 1973b). The conformation of poly

peptides, i.e., a-helix versus random coil, etc., have also been detected 

13 
by means of C chemical shifts, and a complete review of this area is 

13 
given by Bovey (1974). Studies utilizing C NMR as a probe have in

vestigated the conditions under which such conformational changes 

occur with polypeptides in solution. 

Another important observation was that upon the formation of a 

hydrogen bond the carbonyl carbon involved experienced a significant de-

shielding effect (Maciel and Ruben 1963, Maciel and Natterstad 1965). 

This fact alone can be used to argue for or against different conforma

tions proposed by other spectroscopic and physical techniques. 

Spin-lattice relaxation time measurements (T^) can provide in

formation regarding the various types of motion within a molecule, and 

give an estimate of the over-all correlation time for rotational re

orientation (Levy and Nelson 1972, Stothers 1972). For example, the 

large T^ measurements of the V carbon of proline as compared with the 

other ring carbons has been instrumental in establishing the 



conformational model in which the y carbon of Pro moves rapidly in and 

out of the plane formed by the N, C^, C^, and of the ring 

(Deslauriers et al. 1973). Perhaps equally obvious is the application 

of T^ measurements to hydrogen bond formation in peptides (Deslauriers, 

Walter and Smith 1974). In oxytocin and the tocin ring compounds a 

number of conformations have been proposed in which the Gin or the Asn 

carboxamide group is hydrogen bonded to the ring. If this were the case 

then one should get significantly smaller values for the Gin (Asn) 

side chain carbons, which would reflect the relative rigidity of the 

Gin. If on the other hand one observed successively larger values 

as the carboxamide end was approached, one might conclude that no strong 

intramolecular hydrogen bonding had occurred. Theoretical and experi-

13 13 
mental investigations of vicinal C- C coupling constants are being 

attempted in the hope that these coupling constants will eventually be 

useful in estimating their dihedral angles and hopefully their over-all 

conformation(s) in solution (Stothers et al. 1972). 

13 
The C NMR spectra of the following compounds were run: 

4-Br-Phth-Gly-Pro-Leu-Gly-NH2, 4-Br-Phth-Gly-tocinoic acid, tocinoic 

r 4t 
acid, tocinamide, deaminotocinamide, deaminotocinoic acid, |_Ser Jtocinoic 

4 4 
acid, [Ser ]tocinamide, and [Ser ]deaminotocinoic acid. The goal of the 

investigation was to ascertain conformational factors relating to their 

structures and intramolecular hydrogen bonding tendencies from the 

observed chemical shifts. This data could then be correlated with 

already existing conformational models in an effort to further elucidate 

their conformations. Only after the conformations have been firmly 
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established can an attempt be made to relate these with their reported 

biological activities. 

Experimental Section 

13 
The C NMR chemical shift values reported in the tables were 

based on spectral widths of 6000 Hz on a Bruker Scientific WH-90 Fourier 

transform NMR spectrometer at a frequency of 22.64 MHz. All data has 

been corrected from the systematic computer error which resulted from 

computer calculated effective dwell times (DW) as described by Bremser 

(1974). The correction factor was obtained by multiplying the observed 

frequency by 0.005. This correction was then added to the frequency and 

the ppm for each line calculated by dividing the new frequency by 22.64. 

Chemical shifts are reported as parts per million from tetramethylsilane 

which was used as internal standard. The peptides were dissolved in 

2 
0.8 ml of [ H-lDMSO (99.5%), and 50 lambda of TMS. The spectra were run 

o 

on 25 to 55 mg of material, and required about 70,000 to 100,000 scans 

for good signal to noise ratio. Upon completion of the CMR, the peptide 

2 
containing [ H^jDMSO was diluted with 5 ml of 0.2 N HOAc. The peptide 

material was then purified by gel filtration on a 2.8 x 60 cm column of 

Sephadex G-25 (200-270 mesh) equilibrated with 0.2 N HOAc. The compounds 

were isolated by lyophilization, and with the exception of [Ser^]tocinoic 

acid usually showed no decomposition. 

Results and Discussion 

13 
The C chemical shifts for the nine peptides are given in 

Tables 4, 5, and 6. In addition, the tentative assignments for all nine 
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Table 4. CMR Chemical Shifts for the 4-Br-Phth-Derivatives. 

Amino Acid 
Residue 

4-Br-Phth-Gly 
4-Br-Phth-Gly-
Pro-Leu-Gly-NH^ 

4-Br-Phth-Gly-
tocinoic Acid 

Phth C -7 
o 

166.5 165.6 165.4 

00 1 o
 

o
 167.0 166.2 165.6 

c-l 130.8 130.1 130.2 

C-2 133.8 133.0 133.2 

C-3 127.0 126.1 125.8 

C-4 129.2 128.0 127.8 

C-5 138.0 137.2 137.0 

C-6 125.8 125.0 124.8 

Gly C 
J o 

169.3 163.8(trans) 

163.5(cis) 
169.9 

a 
Cys-1 C 

Asn 

Gin 

o? 

°»Y 

or 

Jo, 6 

a 

He 

a 

40.0 42.1 47.5 

171.7 

55.0 

41.2 

170.8 

168.7 

50.4 

36.6 

170.8 

173.4 

54.2 

25.3 

31.2 

170.4 

56.7 

25.7 

24.3 

15.2 

11.0 
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Table 4.--Continued 

Amino Acid 
Residue 

4-Br-Phth-Gly 
4-Br-Phth-Gly-

Pro-Leu-Gly-NH. 
4-Br-Phth-Gly-
tocinoic Acid 

Tyr C 
o 

ca 

% 
C-l 

C-2,6 

C-3,5 

C-4 

Cys-6 Cq 

C 
a 

Cf3 
Gly C 

Leu 

Pro 

a 

a 

a>. 

170.3 

40.2 

171.2 

51.6 

40.2 

24.1 

21.6(trans) 
21.2(cis) 

22.7 

171.8(trans) 
171.5(cis) 

59.8(trans) 
58.6(cis) 

28.9(trans) 
31.5(cis) 

24.4(trans) 
21.9(cis) 

46.l(trans) 
46.9(cis) 

170.4 

52.8 

33.3 

127.3 

129.6 

114.9 

155.4 

171.4 

51.7 

39.5 
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Table 5. CMR Chemical Shifts for the Tocin Ring Compounds. 

Amino Acid 
Residue 

Tocinoic 

Acid 
Tocinamide 

Deaminotocinoic 
Acid 

De aminotocinamide 

Cys-1 C 
o 

c* 

171.4 

55.8 

171.4 

55.2 

cs 
c 
o 

40.7 45.5 - -

Asn 

cs 
c 
o 

170.6 171.7 171.8 171.8 

Co,V 
C 
a 

CB 
c 
o 

167.0 

50.0 

167.8 

51.4 

170.3 

50.6 

169.5 

51.1 

Co,V 
C 
a 

CB 
c 
o 

36.3 36.4 35.4 35.6 

Gin 

Co,V 
C 
a 

CB 
c 
o 

170.2 172.0 171.4 171.4 

C . 
0,6 
C 
a 

S 
CV 

173.5 

54.0 

173.4 

54.5 

173.9 

54.9 

173.3 

54.6 

C . 
0,6 
C 
a 

S 
CV 

26.5 26.5 26.8 26.3 

C . 
0,6 
C 
a 

S 
CV 

31.2 31.1 31.4 31.0 

He 
1 

c 0 170.6 172.0 171.8 171.8 

c 
0/ 

C
Y 

57.4 56.4 57.4 56.6 c 
0/ 

C
Y 

36.7 36.8 36.8 36.6 

c 
0/ 

C
Y 

24.1 24.4 24.2 24.1 
I  

c 
V 

c 
a 

15.2 

10.8 

15.2 

10.6 

15.4 

11.2 

15.2 

10.7 

Tyr C 
0 

170.6 172.0 171.4 171.6 

c 
(X 

52.5 54.5 54.0 54.3 

C3 
C-l 

35.5 35.6 35.4 35.6 
C3 
C-l 127.2 127.3 128.0 127,6 

C-2,6 129.6 129.8 129.8 129.7 

C-3,5 114.7 115.2 115.3 114.9 

C-4 155.4 155.8 155.6 155.4 

Cys-6 C 
0 

171.2 170.1 171.4 169.9 

C 
(X 

51.5 53.6 52.8 54.3 

% 39.6 40.7 36.8 39.5 
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Table 5.—Continued 

Amino Acid Tocinoic _ . . , Deaminotocinoic _ . ^ , 
Residue Acid Tocinamide Acid Deaminotocinamide 

MPA-1 C - 170.3 170.7 
o 
C - 41.3 41.3 
a 
Ca - 34.0 35.0 
p 
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Table 6. CMR Chemical Shifts for the [4-Ser]tocin Ring Compounds. 

Amino Acid [4-Ser]tocin- [4-Ser]tocin- [4-Ser]deamino-
Residue oic Acid amide tocinoic Acid 

Cys-1 C 171.6 172.6 
o 
C 58.0 56.8 
a 
Cp 39.6 46.4 

Asn C 171.3 172.0 171.6 
o 
C 169.4 170.1 169.4 
°»Y 
C 50.2 50.9 50.5 

Of 

Cp 36.2 36.8 36.8 

Ser C 170.0 171.0 170.0 
o 
C 55.2 54.8 55.0 

Of 

Cp 61.3 60.9 61.3 

He C 170.7 171.3 171.6 
o 
C 56.2 56.8 57.8 
a 
Cp 28.3 36.3 35.8 

Cy 24.4 24.3 24.3 

CY 15.5 15.2 15.5 

C6 11.1 10.6 11.3 

Tyr C 170.9 171.6 171.6 3 o 
C 53.0 54.0 56.7 
a 
Cp 36.2 35.9 35.3 

C-l 127.4 127.4 127.7 

C-2,6 129.8 129.8 129.8 

C-3,5 115.0 115.2 115.2 

C-4 155.6 155.7 155.6 

Cys-s Cq 171.3 170.3 171.6 

Ca 53.0 54.0 53.0 

CQ 37.0 37.5 39.6 
p 

MPA-1 C 170.4 
o 
C 39.6 
a 
Cp - - 34.3 



peptides and oxytocin are illustrated in Figure 3 (in pocket). Naturally 

the prerequisite for a successful conformational analysis of peptides 

13 
lies in the identification of the individual C resonances of the con

stituent amino acids. During the assignment of each resonance in the 

spectra, the following types of evidence were utilized: first, comparison 

of the spectra in terms of like and unlike amino acid residues; secondly, 

13 
comparison of corrected C amino acid shifts; thirdly, comparison with 

oxytocin, related oligopeptides, and other analogs; lastly, comparison 

2 
of the spectrum of [5- [a , f3 , [3-  H^]Asn]deaminotocinamide. 

In the assignments of the 4-Br-Phth-peptides, the spectra of 

4-Br-phthalimide, 4-Br-Phth-Gly, and that of the tripeptide Pro-Leu-Gly-

NH^ were very useful in eliminating any ambiguity. The different kinds 

of aromatic carbons were easily distinguished by the relative peak 

heights and the chemical shifts reported for substituted benzenes (Levy 

and Nelson 1972). The remaining resonances were assigned by comparison 

with oxytocin (Brewster et al. 1973b) and serine containing peptides 

(Freedman et al. 1973). 

Deuterium substitution of different peptides has been shown to 

be an effective means for assignment of the carbons which have deuterium 

directly bonded to them. Because of the additive effects of slower re-

13 2 
laxation, broadening arising from , C- H coupling, and reduced nuclear 

Overhauser enhancement, deuterium substituted carbons are greatly 

broadened and reduced in the spectrum. In the CMR paper of Brewster, 

Glasel and Hruby 1972) not only were the precursors of oxytocin presented, 

but also selective deuteration at Cys-1, Cys-6, Gly-9, and p-MPA-1 



unambiguously assigned these carbons in oxytocin. It was for these 

reasons that great reliance on the CMR of oxytocin was made. To confirm 

2 
the assignments the spectrum of [5-[o',3,P" H^-Asnjdeaminotocinamide 

was next run. The first advantage of running this analog was the unam

biguous assignment of the a and p carbons of the Asn. With modern CMR 

techniques the effects of a single deuterium atom are readily detected 

at neighboring carbons because of coupling and geminal isotope shifts 

(Stothers et al. 1972). Carbons next to deuterium exhibit isotope shifts 

3 
of 0.1-0.2 ppm that are upfield for sp carbons. An early study on 

2 
[ H^acetone showed that the geminal isotope shift for the carbonyl 

carbon was 0.2-0.3 ppm downfield (Maciel, Ellis and Hofer 1967). The 

second advantage of running the deuterium labelled analog was in the 

observation that one of the carbonyl carbons underwent a 0.33 ppm up-

field shift. This is thought to be the result of a geminal isotope 

shift, and the resonance was assigned to the peptide carbonyl of Asn. 

The problem remains that in the acetone example the shift was downfield, 

whereas for the amide carbonyl apparently the shift was upfield. This 

incongruity will hopefully be resolved by running the CMR of acetamide 

2 
and comparing it with [ acetamide. Naturally, if indeed this is true, 

this might be a very effective means of assigning the carbonyl carbons 

in peptides. It should be kept in mind that, with the exception of the 

C of Gin and the C of Asn, the carbonyl resonances presented in 
o,6 o,y 

the tables are tenuous. 

The appearance of a 1:3:6:7:6:3:1 septet around 39.6 ppm is the 

result of the solvent. If in the event a given peak was not observed, 
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2 
it was given a value which placed it in the middle of the [ Hg]DMSO 

multiplet. This procedure was utilized in order that the assignments 

in Figure 3 (in pocket) can be followed with less difficulty. 

Hydrogen bonding has been shown to cause a downfield shift of 

the carbonyl carbon involved (Maciel and Ruben 1963, Maciel and 

Natterstad 1965). The most significant trend in the carbonyl region of 

these peptides is the downfield shift of the carboxamide carbonyl of 

Asn. This effect was attributed to hydrogen bonding, and the following 

order starting with the least hydrogen bonded was observed: tocinoic 

acid < tocinamide < 4-Br-Phth-Gly-tocinoic acid < deaminotocinamide 

< deaminotocinoic acid. The observed order for the Ser analogs was: 

[Ser^]tocinoic acid = [Ser^]deaminotocinoic acid < 4-Ser tocinamide. 

It should be pointed out that [Ser^]deaminotocinoic acid appears to be 

an exception to the trend found for the tocin ring compounds. However, 

due to the tenuous nature of some of the carbonyl assignments, one could 

only conclude that further studies are necessary before one can con

clusively state that the Ser peptides follow the same hydrogen bonding 

trend of the tocin compounds. It is of equal importance to note that 

the C of Gin appears to be insensitive to any of the functional 
o,o 

group changes that occur in the tocin compounds. This insensitivity may 

very well indicate that the hydrogen bond and perhaps that entire 

region of the peptide is conformationally unaffected by the alterations 

that take place at the Cys-1 and Cys-6 positions. 

These results, coupled with the 220 MHz PMR studies of tocinamide 

and deaminotocinamide (Brewster et al. 1972), tend to support the 



involvement of the Cys-6 carboxamide protons in a hydrogen bond to the 

terminal Asn carbonyl group. Therefore, the CMR study added support to 

idea that this Asn-Cys-6 hydrogen bond is one of the significant factors 

relating to the over-all conformation. 

The Tyr and Phth aromatic ring carbons appeared to be conforma-

tionally inert to the functional group changes. In addition, Gin C^, 

lie C , C , and C , show little to no chemical shift changes. As pre-
6 v y 

viously mentioned, studies showed that carbon chemical shifts alone can 

be instrumental in the assignment of the conformation of the X-Pro bond 

(Dorman and Bovey 1973, references therein). Dorman and Bovey demon

strated that the peak assigned to the y-carbon of the cis and trans 

isomers of Pro were unaltered by other conformational changes and both 

occurred within narrow ranges. This same trend, but to a lesser extent, 

was noted for the 3-carbon. Based on this data, the apparent ratio of 

cis to trans isomerization for 4-Br-Phth-Gly-Pro-Leu-Gly-NH2 peptide was 

measured to be 257» cis and 75% trans, as determined by peak heights. 

Other conformationally significant chemical shifts are the up-

field shifts of Tyr C by 2.5 ppm and lie C by 10 ppm in 4-Br-Phth-Gly-
P P 

tocinoic acid. One possible explanation for these shifts could be the 

folding of the 4-Br-Phth moiety about the Gly alpha carbon, which would 

result in the Phth ring being brought into close proximity to the Tyr(Ile) 

beta carbon resulting in the observed upfield shifts. When the proposed 

conformation of tocinamide was used as a model for building 4-Br-Phth-

Gly-tocinoic acid (the assumption was made that no significant conforma

tional differences exist between tocinamide and tocinoic acid), this 



proximity effect could be observed. A potentially more dangerous assump

tion would be that no alterations in the conformation occurred to the 

tocin ring carbons upon addition of the side chain 4-Br-Phth-Gly. It is 

for these reasons that the proposed conformational considerations for 

4-Br-Phth-Gly-tocinoic acid must be considered tenuous. 

13 
Using the C chemical shifts of Glu, Gin, Asp, and Asn as a 

basis, it can be shown that upon going from the acid to the amide there 

resulted a 2.2-2.4 ppm downfield shift for the adjacent carbon and a 

0.3-0.5 ppm downfield shift for beta carbon (Stothers 1972). These 

trends were used in the assignments of the O/s-6 a and |3 carbons. In 

the transition from tocinoic acid to tocinamide the Cys-1 beta carbon 

moved 4.8 ppm downfield and the Cys-1 alpha 0.6 ppm upfield. This same 

4 4 
effect was seen in going from [Ser ]tocinoic acid to [Ser ]tocinamide, 

1.e., the beta carbon moved downfield 6.8 ppm and the alpha 1.2 ppm 

upfield. These chemical shifts, regardless of the assignments, are too 

large to be accounted for by functional group changes alone, and there

fore are considered to be of great conformational significance. Un

fortunately, these same trends did not appear for the deamino analogs. 

Conclusion 

It is apparent from Figure 3 (in pocket) that there are sub

stantial changes in the chemical shift, especially for the a and p 

carbons, which cannot be due to functional group changes only but most 

probably can be attributed to alterations of the conformation involving 

the ring and side chain carbons. The comparison of related peptides, 

and the use of a partially deuterated analog has aided the assignment 
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13 
of the C resonances. From these assignments various chemical shifts 

which were likely to be related to conformational effects were mentioned. 

13 
From continued studies on C resonances, proton spectra, and theoretical 

conformational energy calculations should emerge detailed information on 

the conformations of the neurohypophysial hormones. This information 

will hopefully improve our understanding of such phenomena as hormone-

receptor interactions, enzymatic degradation, pharmacological activity, 

etc. 
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Name Formula 

69 

Abbreviation 

Benzyloxycarbonyl (o), CH--0-C-

Benzyl -ch. Bzl 

4-Bromo-phthaloy1 
Br 

4-Br-Phth-

3,4-Dlmethylbenzyl -ch - 3,4-Me2Bzl-

p-Methoxybenzyl ^3® " — C^ MeOBzl-

tert-Butyloxycarbonyl (CH 3)3c-0-8- Boc-

p-Toluenesulfonyl CH3~\Cj/ S02~ Tos-



Carbonyl Protecting and Activating Groups 

70 

Name 

Ethyl ester 

N-Hydroxysuccinimide 

p-Nitrobenzyl ester 

p-Nitrophenyl ester 

Acetic acid 

1-Butanol 

2-Butanol 

Dicyclohexylamine 

Formula 

ch3-ch2-o-

o-°-

2 

NO 
2 

Other Chemicals 

ch3-§-oh 

ch3-ch2-ch2-ch2-oh 

ch3-ch2-ch-oh 

0-™-0 

Abbreviation 

-OEt 

-ONSu 

-ONB 

-ONp 

HOAc 

BuOH 

Sec-BuOH 

DCHA 



Name Formula 

71 

Abbreviation 

Dicyclohexylcarbodiimide 0 -N=C=N- 0 DCC 

Dicyclohexylurea 0 -NH-ti-NH- 0 dcu 

Diisopropylethylamine 
CH 

"ScH-N-

.CH, 

CH 
ch3 | N CH3 

cn2 

ch3 

DIEA 

Dimethylformamide h-?-n-(ch3)2 imf 

Dimethylsulfoxide 
0 

ch3-s-ch3 EM SO 

Ethanol ch3-ch2-oh EtOH 

Ethyl acetate ,ol< ch3-ch2-0-c-ch3 EtOAc 

0 
P-Mercaptopropionic acid H-S-CH2-CH2-C-OH p-MPA 

Methanol CH -OH MeOH 

Pyridine 0 Pyr 
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Name Formula Abbreviation 

Tetramethylsilane (CH^^Si TMS 

Trie thy 1 amine (CH^-CH,,-) Et^N 

0 
Trifluoroacetic acid CF^-c-OH TFA 
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The Synthesis and Some Pharmacological Properties of 
Tocinoic Acid and Donminotocinoic Acid1"' 

Victor J. Hruhv,* C'brk W. Smith,* David K. I.inn,' Martha F. Ferrer,** 
and Vincent du Vinncaud*,t' 

Contribution from the Department of Chemistry, 
The University of Anzonii. Tucson, Arizona 85721, 
and the Deportment of Chemistry, Cornell University, Ithaca, AVk * York 14850. 
Received December 17, i*j7i 

Abstract; Tocinoic acid, the 20-membered cyclic disulfide rmp of cysteinvltyrosylisoleucylplutaminylasparaginyl-
cysteine, which possesses the tocm ring of os>to».jn, was >vnthesucd by the stepwise /vnitrophenyl ester method. 
All protecting proup> of the protected intermediate Z-C>silJ/l>-1 >r-llc-Gln»Asn-CvstU/l>-ONB were removed on 
addition of this peptide to Na in NHt. I he reduced peptide was converted to purified tocinoic acid hy oxidation, 
followed by partition chromatography and pel filtration. Deaminotocinoic acid was synthesized by similar 
methods. No (-terminal carbovamide derivatives could be detected, I'ounuic acid possessed 0 2 0.? unit mg 
of oxytocic activity and no detectable avian vasodepressor at tivuy. while deaminotocinoic aw id had 3.7 ±0.3 units, mg 
of oxytocic activity and no detectable avian vasodepressor activity. Deaminotocinoic acid possessed a slight in
hibitory cfTcct or the avian vasodepressor activity of synthetic oxytocin. 

Oxytocin (Figure 1) possesses a 20-membcred di
sulfide containing ring and a tripeptidc side chain. 

The question of the intrinsic activity associated with 
the ring structure was first im estimated by RessJer. who 
synthesized the cyclic pentapeptidc amide corresponding 
to the ring of oxytocin4 and found that the compound 
possessed low but significant oxytocic anil milk ejecting 
activities but no avian vasodepressor (AVI)) activity. 
In a rcccnt paper1 a new synthesis ot' the cyclic penta
peptidc amide of oxytocin was presented and the naine 
tocinamide (Figure 2) was suggested for this compound. 
Tocinamide was also recently synthesized by Kaurov, 
Martynov. and Popcrn.it-kit by a dillcrcnt method.' 
In Ihc report by Hruby. Ferper. and du Vigneaud* a 
synthesis of dcaminotocinanmle ([l-J-mercaptopropi-
onic acidjtocinamide) (Figure 2) was also reported, and 
the latter compound was Jouml to possess .*4.2 a .V0 
units/mg of oxytocic activity, about ten times the po
tency of tocinamide. As w ith tocinamide. the dcamino 
analog had no A VD activ ity. 

In other studies, four ring compounds corresponding 
to the vasopressins and the dcaniinovasoprcssins were 
synthesized, namely, pressinamidtv * prcssmoic acid.7 

deaminopressinanmlc.7 and dcaminopressinoic acid" 
(Figure 2). None of these compound* showed any 
pressor or avian vasodepressor activity, and except lor 
pressinoic acid each exhibited a slight degree of oxytocic 

(1) (a) Thi» »o»k supported in p.irl h> Cram No. l(L-lfft*0 
(VduV> from the Natioiul llc.iri and Lunij InMiiucc. t. S. Purlic 
Health Service, and in p.m h> (inni No. AMUOA: iVJII) (torn the 
U. S. Public Hc.illh Scrvicc jnd Cir tin No. CU-KJ4? |\JMt from ihc 
National Science FounJaii<>n. (f>i All oplie.il!> -i»tr.v .imiuu .uiJ« arc 
•f ihc t v.iriil). The fjnihnU for ihc .:mmo ;»cid rcvduci follow the 
tentative rules of ihc IL'fAC IUB Commistion on BiOchcniic.il No-
•tcnclaiure. 

(2) The Univeriily of Arizona. 
O) (a) Cornell Um»er»ii>; lb) author to whom correspondence 

Slty be addrvtted Jt Cornell I'rmuMtv 
(4) C. Kmli'r, t'Oc. W. L\f>. /Uot. \1ett., 92. 725 {1956). 
(?) V. J. Ilruh), M. F. forger. and V. Uu Vigne.iud, J. Amtr. Chtm. 

9J, 35)9 (1071) 
(6) O. A. Kaurov. V. F. M.iM>nnv, and O. A. Popcrnaitkii, 2h. Otuheh. AAi/fi.. 40. 904 (I97U). 
O) M. F. rercer, W. C. Jonc», Jr„ D. F. D>cke», and V. du Vigneaud. J. Amtr. Chtm. Soc., 94.9S!•)**» 
(I) O. S. PjptucvKh ituJ G. I. Cipcnt, Lair. PSR Zutat. Akod. Vtttti, Kim. Ser^ «, 7 51 (1969). 

activity (0.05-0.5 unit me). No inhibitory activities 
were noted for these compounds in the assay systems 
studied.7 

Recently it has been reported that tocinoic acid (Fig
ure 2) is a powerful inhibitor of the release of melano
cyte stimulating hormone from the rat pituitary in 
vitro.'19 We report here the synthesis of this com
pound and its dcamino analog, deaminotocinoic acid 
(Figure Z\ and some of the other pharmacological 
properties of these compounds. 

In the synthesis of tocinamide and dcaminotoctn-
amide.: we utilized the intermediates 2-('ys(B/l)-Tyr-
llc-Cln-Asn-Cys(B/l)-ONB (I) (ONB signifies p-nitro-
benzyl ester) and S-B/l-J-mercaptopropionyl-Tyr-llc-
Gln-Asn«Cy»(Bzl)-ONB (2). The same intermediates 
arc used in the synthesis reported here. However, an 
important modification which provides a more cllicicnt 
synthesis of the tetrapcptide precursor is employed, and 
a modified methodology for removal of the protecting 
groups from the hcxapeptide intermediates is utilized 
to ensure that a carboxyl group is obtained in position 
6 instead of the carboxamide group obtained earlier. 

In the previous synthesis of the desired intermediates,1 

the protected tripeptide /•Gln-Asn-Cys(B/f»-ON'B was 
treated with MBr llOAc and. after neutralisation, the 
next amino acid residue, lie. was added by the use of 
Z-llc-ONp. However, the yield was always very low.11 

and hence we have prepared Boc-Gln-Asn-Cys(Bzl)-
ONB instead. This derivative was treated with trt-
fluoroacetic acid (TFA) to remove the Boc protecting 
group and then condensed with Z-lle-ONp. In this 
case the yield of tetrapcptide was excellent (see the 
Experimental Section). 

It may be recalled that in the synthesis of the cyclic 
amides tocinamide and dcaminotocinaniidc. the hexa-
peptide esters 1 and 2 were converted to the corrcspond-

(9) V. J. IJruh>, A. Bower, and M E. It idley in "Structure-Activity 
RcIjIioo* of Prolan and PoUfcphJc Morctui'ct. " M. Marnouhct and 
F. C. (•rth-u*flod. Ed.. Lucrpn NKdto. AniMordan*. The Nether
lands, in pre«t. 

(10) A. tlo*cr. M. E. |l.«d'c>. and V. J. Hruby. Biothem. Biopkyt. 
Ret. Ci mmttn., 4$, IIK5(I97|>. 

(11) The low )ivld could peihar* bv due to pyrogluuminyl forma
tion. 

(Reprinted from thr Juurnnlof the American Chemical Stciely. 94. • 1972).| 
Copyright 1972 by th* Ameriean I htmicHl Sticirly and reprmird hy perniiMion ol the cupyeiKht owner. 
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CAOH 
vB» 0 

C.K. 
£H-CK« 

CIW-iH-j-HH-ill-i-HH-iH 
| i * 1 i_o 
1 0 O IfH 
illr—A—HH—CM—WH—i—^H—{CH»)»—COKH« 

I in. 
I ioKB, CMr-ff O 0 

I^CH—KH—CH—i—KR—CHr—COHH» 

•r-c£ <^h, 

Figure I. Structure of oxytocin. with numbers indicating the posi
tion of the individual ammo acid residue*. 

IU 

—kh 
COHH 

—< CM,) , -CONH, 

figure 2. Structure of toona.imfe. with ttic numbers indicating 
the "otinon of inditidunl amino acul rcMi'uev. In deaminotocin> 
amide the NH| at position I it upl icci with M, In tocinoic acid 
the CONH. at pov.tum 6 is rv,'I.iccd with <OOH. In d.-jnnno« 
tocinoic acid the Ntl; ,it position I is rt-phcid vsith H and the 
CONH. at portion 6 is replaced wiin COOH The corresponding 
compound* of the preisin ring series hate J*hc in place of lie at 
portion J. 

ing carboxaniidc compounds by liquid Mil/ before 
cleavage of the Z and H/l groups by addition of Na to 
the NUi solution.17 To minimize thi» C-terminal 
carboxaniidc formation in the preparation of tocinoic 
acid and deaminotocinoic acid, an excess of Na »\us 
dissolved in liquid NMj and then I or 2 was added. 
The linear disulfhyJr>t intermediates resulting from 
cleavage of the protecting groups were conv erted to the 
desired cyclic disullide compounds by 0.01 .V K.Fc-
(CN)».U 

When the solvent system (1-UuOH -C«H* 3.5®£ 
HOAc in 1.5*,' aqueous pyridine (2:1 :.•)) used lor the 
purification of dcaminotocinamidc by partition cliro-
matography14 was applied to th„- pun:ic.itiot» *»f dc
aminotocinoic acid, no peptide material wa> elutcd at 
the position for deaniinotocmamuie iRt 0.211. In this 
solvent system deaminotocinoic acid was not clutcd 
(Rt < 0.1), and was removed from the column by I V 
pyridine. Dcaminotocinoic acid was purified by par
tition chromatography in the solvent wsicm MiuOII -
EtOH pyridine IIOAc H O (5:1:1:0.15:7). fallowed 
by gel filtration.11 Tocinoic acid was purified by par
tition chromatography in the solvent svstem 1-DuOll-
EtOH-pyridinc-HOAc-HjO (4:1:1:0.4:6.4) and by 
gel filtration. 

The highly purified compounds were toted for oxy
tocic and avian vasodepressor activities. The four-
point assay design14 was used for the bioa>says when
ever measurable activity was encountered, and the 
U.S.P. posterior pituitary reference standard was used 
throughout. Oxytocic assay, were performed on iso
lated uteri from rats in natural estrus according to the 
method of Holton." as modified by Munsjck,1' with 
the use of magnesium-free van Dyke-lfastines solution 
•s the bathing fluid. Avian vasodepressor a»a>s were 
performed by the method of Coon."as described in the 
U. S. Pharmacopeia,:u using conscious chickens us sug

(12) R. K. SiflTcrd and V. du ViKnc.iud. J. Biol Cktm, 1M. 75) 
(19)3) 

(13) D. B. Hope. V. V. S. Muni, and V. du Vignoud. ibid., 237, 136) 
(1*62). (I4» D. V.im.nhifo. Suturt (London), 201, 7b fHM|, D Yjin.iihiro, 
D. Gillettcn, .ir»J V. Ju Vrciu\unt. J. Arrcr. C^fi. A'-h . M. IJ10 (196b). 

(15) J. Por.Hh jnd P. FU.Ji'i, Saiii't fLorJoit). 18.1. 1657 i |9?J). 
(16) H. O. SJtiW. J rhu. U"'</ >f|. 101. MS 
(17) P- Motion, fail. J. Ph^'iiacnl., J. Kl (I. (f«| R. A. Munvi. k. I nd<KW>h*t. 6ft. 4<| (19) J. M. Coon, in*. tul Pha'w. »,hn. 6.', 7*MI9t9). 
(20) "The Phumj.'ipt ij of the Lmu J Si iu« of Annrua," llih rev, 

Mack Publithinf Co., E<uii>n, Pj.. I'JTU, p 469. 

gested by Munsick, Sawyer, and van Dyke.'1 Tocinoic 
acid and dcaminotocinoic acid were found to possess 
0.2-0.3 unit.mg and 3.7 * 0.3 units.mg of oxvtocic 
activity, respectively. Neither tocinoic acid nor dc
aminotocinoic *icid inhibited the oxytocic response to 
U.S.I'. standard. Neither compound had any AVD 
activity. However, at a weight ratio of 2000:1, dc
aminotocinoic acid was found to inhibit the AVD re
sponse to synthetic oxytocin by 60",',. 

It may be recalled that tocinamide and dcamino-
tocinamide were found to possess 3.2 t 0.2 and 34.2 
* 3.0 units mg of oxjtocic activity, respectively.1 

Thu* tocinamide ha* rouyh'y ten times the oxytocic 
potency of tocinoic acid, and dcaminotocinamidc like
wise has about ten times the potency of deaminotocinoic 
acid. Furthermore, deaminotocinoic acid and dc
aminotocinamidc have rouehl) ten times the potency 
of the corresponding tocin ring analogs, respectively. 

Clearly the pentapeptide ring moiety or* oxytocin 
possesses intrinsic oxjtocic activity, whether there is a 
carboxyl or a carboxaniidc group at position 6. and 
this activity can be dramatically increased by formal 
replacement of the free amino group at position i with 
hydrogen. On the other hand, except for the very weak 
inhibitory activity noted for deaminotocinoic acid, the 
tocin ring is apparently not sullicicnt for AVD activity. 

Kxpcrintcntal Section21 

llnc-(.ln-\sn-C>siH/l>-OML A \l»rr> of I.H2 g O mmol) of 
Z-Asn C> <H/[>-ONn» in 20 nil of anhjdrous HOAc was Mirred 
wiih t9 nil of 5 4 V HI)r-HO-\c at room temperature for Si) mm. 
The rctultinv hvdruhtomide ult «as precitnuicd out with ItiO 
(2V) ml». i'iIukaJ otT, cashed wilh three 4t>ml portions ol I h(). and 
dried in rurtin lor 2 hr. The salt wjs iiissol\cil in 12 ml of anh\-
dtous Uin:ethvi(ormamide iDMI ). and neutralized to pit 7 v.nh 
.Y-n»cih>1inofplu>1inc. Hoc«C«ln-()N'p il.47 g. 3.5 mmol) was 
added, and the misturc »at ttirrcJ for 40 hr at room tcntpcralure. 
Ihc mivtiife ajs triiuraicd with I ml of II O in ml of t'lOAc. 
The t;c).uinouv puvipiCtte was tittered oif and washed with two 
15-mi p;>riu>n* of fiOAc. two IS-ml portions of tiOH, 15 ml of 
FtOAc. and two 15-ml portions of I tsO. lhe product w.is repre-
ctpil.ucd Irom KtOH OM|- (10:3). tillered otf. wa\hed with four 
15-ml poriionv of ElOH, and dried in tactio: wt I.h2 g 
mp 175-177 dee. W'o -19.7" (c 1.0, DMK). AimI. Calcd 
ft* C,.lt.iNA«S: C. 54(X»; H. 5.64; N, 12.20. f ound: C, 
53.69; II. 5.70; N, 12.18. 

(21) R. A. Muntick, W. 11. S)«>cr, and H. 6. wn Dyke. Endocrb 
66. X60H960I. 

|22) All melting |*oinit were deterntined in c.tpill.iry luhc* and are 
eurrecu-J. ttun l.ijcr cliroituio^rarh) w.it p.-rfoniK-d on Silica jid G 
in (oltcni i)k(em A: l-BuOit-IIUAc MtO pjndine (13:): 12.10). 

du Vifneaud, et at. I Synthesis of Tocinoic Acid 
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Z»lle-GI«-AMt-C>%tn/l>-ONB. A mixture of I. US $ (2 mmol) 

of tk>c-Gln-Asn-C>s(ll/l>-ONH and 1.5 nil of anisnle was stirred 
for 30 min with 17.5 ml of triMuoroacclic acid iTIAl The vail was 
precipitated with 1MX 250 ml), filtered elf. w.i-.hcd with tnree 3<>-inl 
portion* of ll.-O, anil dried in ii«•«». Die white powder wa> dis
solved in II nit of anhydrous DMI and neutralized to pH 7 with 
Af»ntcth>lmotpholmvr. /-Ue-ONp (0.90 g. 2.5 was added, 
and the mixture was stirred lor TO hr at room temperature. The 
slurry was triturated with 2 ml of H.O and ?< nil or I tOAc. The 
precipitate was filtered o:T and washed v^itrt 15 ml of I tOAc, 15 nil 
of EtOH. two 15 ml portions ol I tOH VIO 11 11. I< .ill of I'lOlt. 
and two 15-ml portions of I t,0 I he pr«vluct wis driuf in u.run: 
%l 1.14f (68"^); mp .4} Jec (lit * ni|* 2^)-241 V ilcc>. I his 
•ample was found to i^e identical oy infrarc I and misture melting 
point comparison with the sample prepared either.* 

Todnnic Add. A solution of alxiot n •» n nu 1 »it Na in anhvdrous 
liquid NH» (125 ml. Ireshlv <h<t:llul from N.n wis fcrciuht nnr 
boiling with Mitring, and (>5 nig of finely powdered /•(">»( H/lt-Tyr-
Hc-Oln-Asn-CvsflUlhONH1 was added. T!:e solution w is stirred 
for 4-5 min and the Hue color ua« maintained throuehout by addi
tion of small amounts of Na. The eue->s Na w.t» destroyed h> 
TFA and the NH» removed bs evaporation and U^v^dirapon. 
The residue was dissolved in 1*0 nil of IJIaqueous HO Ac. (he 
PH of the solution was adjusted to 8 5 with 2 V Ml-. and the sulfhy 
<fr>l compound was oxidized with 12 ml «<f noj v K KiC Ni , 
After 30 min. the pH was adjusted to 5 with dilute MO-\c. and 4 ml 
of Rexyn 203 (O" cycle) (I isher Scientific Co ) wjs aJJed to re
move ferro- and escess ferricvamde ions. The mi pension was 
stirred for 15 min. the resin w.is filure.l otf and washed with three 
15-ml portions of 10",' HOAc. and the combined filtrates were 
lyophili/ed. The residue was dissolved in 6 ml of the upper phase 
and 2 ml of the lower phase of the suhent system 1-lluOM ItOH-
p>ridine - MO Ac • H,0 (4:1 • 1:04:6 i) and suhveied to partition 
chromatography h> the method of Yama-hiro" on a 2 2 v M cm 
column of Scphadex G-25(h'v 2") mesh I at a flow rate of 17 ml hr 
The peptide material was detected H the f oltn-l.nwry method** 
and that part comprising the major peak at R< U.2J was isolated l>s 
lyophiliiation: wt 21.6 mg. This product was dissolved in 3 ml 

(23) 0. H. Lnwry, N. J. Rowbrou|h, A. L. Farr, and R. 1. Randall, /. tbi Cktm., I«J, 263 (1951). 

of 0.2 V HOAc and further purified by eel filtration on a 2.H X A) 
cm column of Sephade* G-25 (2<n-27U mesh) equilibrated with 
(i 2 \ HOAc. Ihe totnp*mnd en»efjses( as a s.u.Me sh:irp peak at 
9? r.j of the total column volume and was iso|.ned hv hoplnliAiiion: 
wt 16.2 mg; —7.0 ir 0,5. I V HOAc I. fhe peotule pave a 
single spot on tic in svstem A. Amino acid analyst" following 
24-hr hydroK'H in 6 V HO at HO' gasc the following molar ra
tios: Asp. i 0; Gin. 1.0; C>*. 2.0; lie. I.I; T>r, 0.87. Nil,. 
20 ,W. Calcd for CVH.,*/>,&: C, 48.W; If, 5.98; N. 
I5.IV lound: C. 4*.35; 11,612. N. 14.95. 

Draminotiicinoic \iid. A s.im;Me of 155 mg tO 15 mmoh of 
5-K*n/yl-j«ntercaptopro|iionvl> \ yr-lle • Gin • Ain - CvslH/h- ONU* 
was treated with si solution of escess Na in 2<)0 ml of liquid NHi as 
ds-scritvil previously. The lvoplnli/cd product was dis\olved in 
4'11 ml of O.r; HOAc and os>di;ed at pH H.3 with 30 ml of 0 01 .V 
K,l etCNifc Hie ferrt»- anil escc^s ferricvanide ions were removed 
with nil of Ke^yn 2l>3 i( I cydei. and tiie resulting solution was 
l>ophili/ed. The residue was dissolved tn 5 ml of the upper phase 
and 2 ml of the lower phase of the solvent system 1-HuOH I t()H-
psridine-HOAc HO <5:1:1:0.15:7) and subjected to partition 
chrom.itocr.iphv on a 29 x 61 cm column of Sephade* G-25 
<lv» Mt mesh). The major peak of peptide material was elutcd 
at /f> 0 40. Toe product isol.ncd from this peak (406 my) was 
sul>|vited to eel filtration on a 2 9 v 65 cm column of Ssphadex 
G-25 (M3-27U mesli) in 0 2 V HOAc and elutcd at 1i*)"J of column 
Volume: Wt 25 mg; -57 0 (r0.5. I VHOAei The pep
tide showed a single spot on tic in system A. Amino acid analysis" 
following 24-hr hydrolysis in 6 .V HC'I gave ihe following molar 
ratios: Asp. I ll; Glu. 1.0; lie. 1.0: Tyr. 0.85; NIK 2 2. Cjs. 
0.27; mixed disulfide of Cvs and d*mercaptopropionic acid. 0.78. 
Anal. Calcd tVr C H. N0.5; H.i): C. 48.44: H. 6.10; N, 
13 18. l ound: C. 4* 81: N. 5.91; N. 13.06. 

Acknonlcdumcni. The authors thank Mrs. Janet 
I1ui>jcn and Mrs. Eileen Suflcrn for the oxytocic and 
AVD hto.is<;tys perlortned in the laboratories «>l* Dr. 
Louis L. Njngeroni of the New York Slate Veterinary 
Collece at Cornell L'niversity. We thank Mr. Kenneth 
Ehler fur performing the amino acid analyses. 

(24) D. H. Spackman, W. H. Stein, and S. Moore. A*a\. Chrm., 30, 
1190(1951). 
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