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The solid phase synthesis of seven 2-0-methyl- and 2-0-ethyl-tyrosine substituted analogs of 
[8-argininc]vasopressin (A VP) with enhanced antidiuretic agonistic specificity is reported. These 
peptides arc: [2-0-ethyltyrosine. 8-arginine]vasopressin (I) [2-0-methyltyrosine. 8-o-arginine]vaso
pressin (Il). [2-0-ethyltyrosine. 8-o-arginine]vasopressin (III). [2-0-methyltyrosine, 4-valine, 
8-arginine]vasopressin (IV). [2-0-ethyltyrosine. 4-valine. 8-arginine]vasopressin (V). [2-0-methylty
rosine. 4-valine. 8-D-arginine]vasopressin (VI). [2-0-ethyltyrosin.e. 4-valine. 8-o-arginine]vasopres
sin (J"JI). All analogs were tested for antidiuretic, antivasopressor and antioxytocic activities. 
Although all these new analogs are antidiuretic agonists they are antagonists or vasopressor 
responSl'S to A VP. and of responses by the rat uterus to oxytocin. Thus. all seven new Tyr(Me).and 
Tyr( Et) containing analogs exhibit high antidiuretic specificity and have infinite antidiuretic/pressor 
(A P) and antidiuretic oxytocic (A;O) activity ratios. Some or these analogs e.g. Tyr(Me)DAVP, 
Tyr( Me)VA VP and Tyr( Me)VDA VP. which possess high antidiuretic activity with no pressor or 
oxytocic agonism. could be useful new pharmacological tools for characterizing receptors mediating 
specific responses to the neurohypophyseal hormones. They could also be potentially useful in the 
treatment of diabetes insipidus. 

* To whom correspondence should be addressed. 
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[8-Arginine]vasopressin (A VP)* has an antidiuretic/pressor (A/P) activity ratio 
of approximately I. Because of the potent vasoconstrictor properties of A VP, 
large doses may cause cardiovascular and gastrointestinal complications. A VP 
also has substantial oxytocic activity which could complicate its therapeutic use 
in certain circumstances. Thus, potent and specific antidiuretic agonists have 
long been sought as potentially useful drugs for the treatment of diabetes 
insipidus. Intensive structure-activity relationship studies have shown that A VP 
can be modified in a variety of ways to give analogs which exhibit enhancement 
of antidiuretic specificity relative to that of A VP (refs1.3). 

Among the single modifications that enhance anidiuretic specificity, the 
relative effects of O-methyl and O-ethyl substituents on the tyrosine residue in 
position two in neurohypophyseal hormone analogs is not clear. It is of interest 
to note that while some analogs of [8-lysine]vasopressin (LVp)4.5 and oxytocin 
(OXT)6.7, which contain an O-alkyltyrosine instead of tyrosine at position two, 
have been reported, only one such analog of [8-arginine]vasopressin, namely 
[Tyr(Me)2]AVP has been reported to date8. [Tyr(Me)2]AVP retained the 
antidiuretic activity of A VP but showed greatly reduced pressor activity, i.e. less 
than 1/30th that of A VP. This lack of effect of the Tyr(Me) substitution in A VP 
on antidiuretic activity was in striking contrast to its effects in L VP (ref.4) and 
in OXT (refs6,7), where it was shown to bring about drastic reductions in 
antidiuretic activity. More recently, the substitution of Tyr(Et) in LVP was 
reported to lead to an. even further reduction in antidiuretic activity5. 

The aims of the present study were to determine the effects ofTyr(Me) and 
Tyr(Et) substituents in A VP and some analogs of A VP which have enhanced 
antidiuretic specificity, namely: [8-D-arginine]vasopressin, (DA VP); [4-valine,8-
-arginine]vasopressin, (VA VP) and [4-valine, 8-D-arginine]vasopressin, 
(VDAVP). We thus report the synthesis and some pharmacological properties 
of the following seven new Tyr(Me) and Tyr(Et) analogs of A VP, DA VP, VA VP 
and VDAVP: 

I, [2-0-ethyltyrosine, 8-arginine]vasopressin (Tyr(Et)A VP); 
II, [2-0-methyltyrosine, 8-D-arginine]vasopressin (Tyr(Me)DA VP); 
III, [2-0-ethyltyrosine, 8-D-arginine]vasopressin (Tyr(Et)DA VP); 
IV, [2-0-methyltyrosine, 4-valine, 8-arginine]vasopressin (Tyr(Me)VA VP); 
V, [2-0-etnyltyrosine, 4-valine, 8-arginine]vasopressin (Tyr(Et)V A VP); 

* Symbols and abreviations are in accordance with the recommendations of Biochemical 
Nomenclature l . All amino acids are in the L-configuration unless otherwise noted. Other 
abbreviations used are: Tyr(Me), O-methyltyrosine; Tyr(Et), O-ethyltyroslne; OXT, oxytocin; AVP, 
[8-arginine)vasopressin; L VP, [8-lysine)vasopressin; DA VP, [8-D-arginine)vasopressin; V A VP, 
[4-valine, 8-arginine)vasopressin; VDAVP. [4-valine, 8-D-arginine)vasopressin; DMF, dimethylfor
mamide; DCCI, dicyclohexylcarbodiimide; HOBt. N-hydroxybenzotriazole. 
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VI. [2-0-methyltyrosine. 4-valine, 8-D-arginine]vasopressin (Tyr(Me)VDAVP): 
VII. [2-0-ethyltyrosine, 4-valine, 8-D-arginine]vasopressin (Tyr(Et)VDAVP). 

Cys-Tyr(X)-Phe-Y -Asn-Cys-Pro-Z-Gly-NH2 

I. X = Et. Y = GIn. Z = Arg; V. X = Et, Y = Val, Z = Arg; 
I/. X = Me, Y = Gin. Z = D-Arg; VI, X = Me, Y = Val, Z = D-Arg; 

III. X= Et. Y = Gin. Z = D-Arg; VII, X = Et. Y = Val, Z = D-Arg. 
IV. X= Me. Y = Val. Z = Arg; 

The protected peptide precursors required for the synthesis of the vasopressin 
analogs were prepared by the Merrifield method of solid-phase synthesis9•lo 

using previously described modifications ll - 14. Coupling reactions were 
mediated either by the active ester method l5.16 or by the DCCI/HOBt 
method 17.IX. The protected nonapeptide amides were obtained by ammonolytic 
c1eavage I4. llJ from the respective protected nonapeptide resins. Sodium in liquid 
ammonia was used to deblock each protected precursor as previously 
described II -14.:W.21 and the resulting disulfhydryl compounds were oxidatively 
cyclized with K3[Fc(CN)c,] (ref.22 ). The free peptides were desalted and purified 
by gel filtration 23 on Sephadex G-15 as previously described24. 

RESlL TS A;\iD D1S(TSSION 

The antidiuretic and antivasopressor properties of the seven new Tyr(Me) and 
Tyr( Et) containing analogs of A VP, DA VP. V A VP, VDA VP together with 
those for Tyr(Me)AVP and each parent analog are given in Table I. The 
antioxytocic potencies (in vitro) of these analogs together with those for 
Tyr(Me)AVP are given in Table II. 

Elf£'c[s of Ty r( Me) alld Tyr( Et) Suhstitutiol1 011 Alltidiuretic A ctil'ities 

The substitution of Tyr(Me) for Tyr in DAVP did not reduce antidiuretic 
activity. This is consistent with the result obtained for A VP. In the two 
remaining peptides, V A VP and VDA VP, the same substitution led to apparent 
reductions in antidiuretic potencies of about 40 and 50%. 

Replacement of Tyr by Tyr(Et) resulted in substantial or dramatic 
reductions in antidiuretic activity in all 4 pairs studied. Also, in all cases, the 
Tyr(Et) containing peptide was less potent than the corresponding Tyr(Me) 
containing peptide. Thus. the Tyr(Et) substitution is much more deleterious to 
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antidiuretic activity than the Tyr(Me) substitution. However, the degree of loss 
of activity with the Tyr(Et) substitution depends very much on which peptide 
the substitution is made in, and is as follows: 53% for AVP, 84% for VDAVP, 
93% for DA VP and 96% for V A VP. 

Effects ~fTyr(Me) and Tyr(Et) Suhstitutiolls on Vasopressor Actil'ity 

Tyr(Me)AVP has greatly reduced pressor activity i.e. less than 1/30th that of 
AVP. All of the seven new Tyr(Me) and Tyr(Et) containing analogs exhibit no 
vasopressor agonism and are, in fact, antagonists of the vasopressor response to 
AVP. 

TABLE I 
Effects of Tyr(Me)/Tyr(Et) substitution on the antidiuretic and vasopressor properties of 
[8-arginine)vasopressin (A VP) and related 4-valine. and 8-D-arginine agonistic analogs 

Antidiuretic 
Antivasopressor activity 

No. Compound activity 
effectivc dose" 

AlP ratio 
units/mg 

nmol/kg pA/ 

AVP 323 ± 16 Agonist (370 units/mg) 0.9 
Tyr(Me)AVP 386 ± 36 Agonist (9.7 units,'mg) 40 

I Tyr(Et)AVP 152 ± 13 5.8 ± 1.0 7.17 ± 0.07 infinite 

DAVP 257 ± 35 Agonist (1.1 units, mg) 238 
II Tyr(Me)DAVP 309 ± 13 16 ± 3 6.74 ± 0.10 infinite 
11/ Tyr(Et)DAVP 17.1 ± 0.9 3.2 ± 0.4 7.31 ± 0.07 infinitc 

VAVP 738 ± 65 Agonist (32 unitsmg) 23 
IV Tyr(Me)VAVP 443 ± 33 19 ± 3 6.63 ± 0.07 infinitc 
V Tyr(Et)VAVP 29 ± 2 5.3 ± 0.5 7.10 ± 0.04 infinite 

VDAVP 653 ± 51 Agonist (0.037 units mg) 17.649 
VI Tyr(Mc)VDAVP 350" 19 ± 2 6.63 ± 0.04 infinitc 
VII Tyr(Et)VDAVP 106 ± II 24 ± 4 6.54 ± 0.04 infinite 

tI The effectivc dose is defined as the dose (in nanomolcs per kilogram) that reduces thc rcsponse secn 
with 2x units of agonist to equal the response secn with.\' units of agonist administcrcd beforc 
antagonist; h estimated in vivo pA~ valucs rcprcsent the negativc logarithms ofthc "cffective dose" 
divided by the cstimated volume of distribution (67 ml!kg); ,. thcrc W<lS a significant differencc 
betwecn thc slopes of thc log dose-rcsponse regrcssions for this analog <lnd the st<lndard and this 
value rcprcsents a rough <lpproxim<ltion only. 
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The Tyr(Et) substituted analogs are equipotent or more potent than their 
Tyr( Me) counterparts as vasopressor antagonists. With an antivasopressor pA2 
of 7.31. Tyr(Et)DA VP appears to be most potent V 1 antagonist of this series. 

Effects 01' Tyr(Me) and Tyr(Et) Substitutions on Antidiuretic/Pressor 
(A ;P) Setafil'if), 

Alkylation of the tyrosine residue in position 2 in A VP, DA VP, VAVP and 
VDA VP resulted in (i) retention of appreciable antidiuretic agonistic activity 
and (ii) abolishment of vasopressor agonism in virtually all cases, with the 
concomitant conversion of the parent agonists into moderately potent 
antagonists. Thus. all new Tyr(Me) and Tyr(Et) containing analogs presented 
here exhibit high antidiuretic/pressor selectivity and have, in fact, infinite A/P 
ratios. 

EI/i.'C1S 01' Tyr(Me) and Tyr(Et) Suhstitlltions on Oxytocin Antagonism 

The parent compounds A VP, DA VP and VDA VP exhibit oxytocic agonism. 
The Tyr(Me) and Tyr(Et) substitutions convert these agonists into antagonists 
of the in vitro oxytocic responses to oxytocin in the absence and in the presence 
of magnesium. with pA1 values ranging from 7.28 up to 7.96 (without 
magnesium). The etTed of alkylation in this series of A VP analogs is much more 
pronounced than for oxytocin6.7 and [8-lysine]vasopressin4.5 analogs: Tyr(Me) 

T \1l11 II 
:\ntin\~ l()cic pnlcncil!s of Tyr(Mc). Tyr(Et) substituted analogs 

No. 

/ 
/I 

11/ 
/I' 

J' 

1'/ 
J '/1 

Compound 

Tyr(Me)AYP 
Tyr(Et)AYP 
Tyr(Mc)DAYP 
Tyr(Et)DA YP 
Tyr(Mc)YAYP 
Tyr(Et)YAYP 
Tyr(Mc)YDAYP 
Tyr(Et)YDA YP 

Antioxytocic (in vitro) pA~" 

no Mg!t 0.5 mM-MgH 

7.44 ± 0.12 6.34 ± 0.19 
7.28 ± 0.04 6.96 ± 0.09 
7.69 ± 0.06 6.99 ± 0.05 
7.71 ± 0.05 6.76 ± 0.05 
7.96 ± 0.04 7.42 ± 0.08 
7.44 ± 0.04 7.38 ± 0.06 
7.46 ± 0.11 7.50 ± 0.30 
7.49 ± 0.08 7.09 ± 0.08 

" pAc is the ncgativc logarithm of the molar concentration of antagonist that reduces the response 
to 2x units of agonist to equal the response to Ix units in the absence of antagonist. 
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and Tyr(Et) oxytocins display a very low uterotonic activity and under certain 
conditions inhibit the uterine contracting effects of oxytocin. Tyr(Me) and 
Tyr(Et) [g-lysine]vasopressins show weak inhibitory etTects on the uterotonic 
activity of oxytocin. 

Thus, the new Tyr(Me) and Tyr(Et) containing analogs presented here are 
more potent or as potent as some of the early oxytocin antagonists, 
[1-deaminopenicillamine]oxytocin·~1 (pA, 7.14) or [I-(p-mercapto-p.p-cyclo
pentamethylenepropionic acid]oxytocin3J (pA2 7.43). 

CONCLUSIONS 

We have reported the synthesis and some properties of seven new Tyr(Me) and 
Tyr(Et) substituted analogs of A yr. DA YP. Y A Yr, and YDA YP. While the 
Tyr(Me) substitution did not reduce antidiuretic activity. the Tyr(Et) 
substitution resulted in substantial losses of antidiuretic activity depending on 
the peptide in which the substitution is made. All of new analogs are antagonists 
of the vasopressor response to A YP, and of the uterine response to oxytocin. 

Thus. all of the new Tyr(Me) and Tyr(Et) containing analogs reported 
here exhibit high antidiuretic specifkity with infinite antidiuretic/pressor (AlP) 
and antidiuretic/oxytocic ratios. Some of these analogs e.g. Tyr(Me)DA Yr. 
Tyr(Me)YA YP and Tyr(Me)YDA YP. which possess high antidiuretic activity 
with no pressor or oxytocic agonism, could he very useful new pharmacological 
tools for characterizing the receptor types mediating responses to the 
neurohypophyseal hormones. They could also he potentially lIseful for the 
treatment of diahetes insipidus. 

F.XI)ERI\IENTAI. 

The proteded peptide intermedlah::, 1'11/ .\1" (Tahk III) \~erl' synthesi/ed by the ".Iid-phase 
method'l·lu by previously described pn.(edurc'i" i '. Chiornllll'thylated resin (Bio-Rad Bio-Beads 
SX I) was eSh:rilied with Roc-Gly to .1 I,)ad or 1J.~1 Illllwi g a,'c'ording to Gisin q Amino acid 
derivatives. including Boc-Tyr( Me) and B,H:-'I y r( H). wen: 'iupplied by Bachelll. Tnethy lamine 
(TEA) and N-mcthylmorpholinc (N M M) were di'itilkd from Illnhydrin. Dill1elhy Iformamidl' \\as 
distilled under n:dueed pressure. Methanlll \\<IS dried with magne..,ium methoxide and distilled. 
Other solvents and reagents were of analytical gradl·. Thin-Iayn chromatography (TLC) was on 
silica gel (O.::!) mm. Brinkmann Silplak'). The following solvcnt systems were used: (A) 
I-butanol acetic acid water (4:1:5. v Y. upper pha'ie): (B) (hloroform methanol (7:3. \' \): (C) 
I-butanol a(elic acid Willer pyridim: (15:3:.1: 10. \ \). l.oads of ]() -- 50 Ilg wt:re applied and 
chromatograms wae a minilllulll length of 10 (Ill. lodint: vapor was used for dett:ction. For amino 
acid analysis'~. pcptides (approximately 0.5 mg) wert: hydrolyzed with constant-boiling hydrochloric 
aeid (500 ~I) containing phenol ( 10 Ill) in evacuated and scaled ampules for 18 h at 120 C. The 
amllyses were performed on a Model 121 M Beckman automati( amino acid analyzer. Molar ratios 
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were referred to Gly = 1.00. The cysteine content of the free peptides was estimated on the cysteic 
acid (Cya) to Gly ratio from analyses following performic acid oxidationJ6. All peptides (protected 
and free) gave the expected amino acid ratios (± 3%). Elemental analyses were performed by 
Galbraith Laboratories, Inc., Knoxville, TN. Optical rotations were measured with a Rudolph 
polarimeter. Autopol III. Melting points were determined on Thomas-Hoover apparatus and arc 
uncorrected. 

Z-Cys( Bzlj-Tyr( Etj-Phe-Gln-Asn-Cys( Bzlj-Pro-Arg(Tos)-Gly-NH2 (VIII) 

Boc-Gly-resin (2 g, 0.86 mmol) was converted to protected acyl nonapeptidyl resin in eight cycles 
of solid-phase peptide synthesis using as the carboxy component Boc-Arg(Tosj, Boc-Pro, 
Boc-Cys(Bzl), Boc-Asn-ONp, Boc-Gln-ONp, Boc-Phe, 80c-Tyr(Et), and finally Z-Cys(8zl), 
respectively. The protected acylnonapeptide was cleaved by ammonolysis l4. The crude product was 
extracted with hot DM F, and after removal of the resin, precipitated by the addition of hot water. 
The precipitate was collected, dried in vaCllO, and reprecipitated from DMF-ethanol-ethyl ether to 
give the required protected peptide amide (1.02 g, 75%) based on the Gly content of the starting 
resin). The physicochemical properties of this and the remaining protected peptides IX - X IV, which 
were prepared in essentially the same manner. are given in Tahle III. 

[2-(O-Ethyl)tyrosine, 8-argininc)vasoprcssin (Tyr(EtjAVP, I) 

A solution of the protected acyl nonapeptide amide (VIII, 158 mg, 0.1 mmol) in sodium-dried and 
redistilled ammonia (500 ml) was treated at the boiling point and with stirring with sodium from 

TABLE IV 
Physicochemical properties of analogs 1- I'll 

Rf Amino acid analysis 

Yield 
(7)fj' 

A Arg Asp Cys Glu Gly 
No. X Y Z 

"/0 
(c 0.3: 

C Phe Pro Tyr Val NH] 
Cys : Gly 

IM-AcOH) 

I Et Gin Arg 68.4 -40.3 O. II 1.00 1.00 1.18 0.99 1.00 2.03; 1.00 
0.23 0.98 1.02 0.97 3.07 

II Me Gin n-Arg 84.3 -23.3 0.22 1.03 1.02 1.11 1.02 1.00 2.04; 1.00 
0.11 0.99 1.03 0.96 3.01 

J/I Et GIn D-Arg 43.5 -24.0 0.19 0.98 1.00 1.20 1.01 1.00 2.03: 1.00 
0.17 0.97 1.02 0.92 2.12 

IV Me Val Arg 74.1 -25.7 0.14 1.02 1.01 1.41 1.00 2.08: 1.00 
0.27 0.99 1.05 0.96 1.01 1.98 

V Et Val Arg 70.9 -24.1 0.14 0.99 1.00 1.00 1.00 2.01 ; 1.00 
0.45 1.02 1.01 0.99 1.01 1.94 

VI Me Val n-Arg 91.0 -12.0 0.14 1.01 0.97 0.91 1.00 2.02: 1.00 
0.31 1.05 0.96 0.95 0.96 2.32 

VII Et Val D-Arg 76.0 -14.9 0.16 1.01 0.99 2.03 1.00 2.09: 1.00 
0.32 0.98 1.04 0.97 1.04 1.98 

Collection Czechoslovak Chem. Commun. (Vol. 53) (1988) 



Highly Specific Antidiuretic Agonists 2625 

a stick of the metal contained in a small-bore glass tube untill a light-blue color persisted in the 
solution for 30 s. Dry acetic acid (0.4 ml) was added to discharge the color. The ammonia was 
evaporated, and nitrogen was passed through the flask. After 5 min, the residue was dissolved in 
degassed aqueous acetic acid (20%, 50 ml) and quickly poured into ice-cold water (approximately 
I 500 ml). The pH was adjusted to approximately 7.0 with concentrated ammonium hydroxide. 
Following the neutralization, an excess of a solution of potassium ferricyanide (0.0 I moll-I, 18 ml) 
was added gradually with stirring. The yellow solution was stirred for an additional 20 min and for 
10 min with anion-exchange resin (Bio-Rad AG 3, CI forms, 10 g damp weight). The suspension 
was slowly filtered through a bed of resin (10 g damp weight). The bed was washed with water (100 
ml). and the combined filtrate and washings were lyophilized. The resulting powder was desalted on 
a Sephadex G-15 column (100 x 2.7 cm) eluting with aqueous acetic acid (50%) with a flow rate 
of 5 ml h. The eluate was monitored for absorbance at 254 nm and fractioned. The fractions 
I:omprising the major peak were checked by TLC (A), pooled, and lyophilized, and the residue was 
further subjectcd to gel filtration on a Sephadex G-15 column (100 x 1.5 cm) eluting with aqueous 
acetic al:id (0.2 mol I 1)~4 with a flow rate of 4 ml/h. The peptide was eluted in a single peak 
(absorbance 280 nm). Lyophili7ation of the pertinent fractions gave the vasopressin analogue I as 
a white powder (84 mg. 76%). The physicochemical properties of this and the remaining free 
peptides II - VII. which were prepared in essentially the same manner. are given in Table IV. 

Pharmacological Methods 

Analogs were assayed for antidiuretic activities by intravenous injection into ethanol-anesthetized 
and water-loaded ratscS and for vasopressor activities by intravenous injection into 
phenoxybenzamine-treated rats under urethane anesthesia~b. The USP posterior pituitary reference 
standard was used in all assays. Antagonistic activities were estimated with the same bioassay 
preparations. Thc "ctl'ccti\'e dose" (ED) of an antagonist was estimated as the dose, in nmoles/kg, 
that l'l:dul:es the responsc to 2\' units of agonist to equal the response to Ix units given in the absence 
of antagonist. In vivo pA~'s werc l:a1culated as the negative logarithms of the ED's divided by an 
arbitrarily chosen volumc of distribution (67 m\. kg)C7 Oxytocic agonism and antagonism were 
estimated by assays on uteri isolated from estrogen-treated female rats and suspended in media 
containing no Mg' . or 0.5 n\1-Mg' I (refscs.c''), Agonistic activities were estimated by the method 
of Holton'" and antagonistil: pAc values were determined as described by Schild}l. 

This Il'Ork Ims supporled ill parI hy research grlml.\· /rom the National /nstitllfes of General 
.\fedi{'al S( iell('('s I Gl'CIl1t GM-25280) al1c1 the Natiollallmtitllle of Arthritis, Diabetes and Digestive 

alld Kidller Di.H'ases IGI'CIIlf DK (1940). The authors thal1k Dr T. C. Wuu/iJr generous use o.famino 
acid allail'sis/ilcilities. 041111 ChlehlJll'ski al1c1 Eileell Golden/ill" expert aSSiSIlIIIl'e in the preparation of 
this 1I1111IuI{'ripl. 

RHEREi\n:s 

I. IUPAC-IUB Commision on Biochemical Nomenclature. Eur. J. Biochem. /38,9(1984). 
~ Manning M .. Grzonka Z .. Sawyer W. H. in: The Pituitary (e. Beardwell and D. Robinson. Eds), 

p. 265. Butterworth_ Kent England 1981. 
3. Jost K .. Lebl M., Brtnik F. (Eds): CRC Halldhook o(Neurohypophyseal Hormone Analogs. CRC 

Press. Boca Raton 1987. 
4. Zaoral M .. Kasafirek E.. Rudinger 1.. Sorm F.: Collect. Czech. Chern. Commun. 30, 1869 (1965). 

CollectIon Czechoslovak Chem. Commun. (Vol. 53) (1988) 



~~--~-~--~~-~-.~----~-~ --~~ -~----~---~----~-----~-~--~ -- ~ 

2626 Bankowski. Lammek. Kruszynski. Manning. Seto. Sawyer 

5. Larsson L. E .. Lindeberg G .. Mellin P .. Pliska Y.: J. Med. Chern. 11. 35:! (1978). 
6. Law H. D .. du Yigneaud Y.: J. Am. Chern. Soc. 81. 4579 (1960). 
7. Jost K .• Rudinger J.. Sorm F.: Collect. Czech. Chern. Commun. 18. 1706 (\963). 
8. Bankowski K .. Manning M .. Haldar J.. Sawyer W. H.: J. Med. Chern. 11. 850 (1978). 
9. Merrifield R. B.: J. Am. Chern. Soc. X5. 2149 (1963). 

10. Merrifield R. B.: Biochemistry 1. 1385 (\964). 
II. Manning M .. Lammek B .. Kruszynski M .. Seto J .. Sawyer W. H.: J. Med. Chern. 15. 408 (1982). 
12. Manning M .. LowbridgeJ .. StierC T.. Haldar J .. Sawyer W. H.: J. Med. Chern. 1(). 1228 (1977). 
13. Kruszynski M .. Lammek B .. Manning M .. Seto J .. Haldar J .. Sawyer W. H.: .I. Med. Chern. 13. 

364 (1980). 
14. Manning M.: J. Am. Chern. Soc. 90. 1348 (1968). 
15. Bodanszky M .. du Yigneaud Y.: J. Am. Chern. Soc. 81. 5688 (1959). 
16. Bodanszky M .. Kondo M .. Lin C Y .. Sigler G. F.: J. Org. Chern. 39.444 (1974). 
17. Sheehan J. C. Hess G. P.: J. Am. Chern. Soc. 77. 1067 (1955). 
18. Konig W .. Geiger R.: Chern. Ber. J03. 788 (1970). 
19. Bodanszky M .. Sheehan J. T.: Chern. Ind. (London) 19M. 1423. 
20. du Yigneaud Y .. Ressler C. Swan J. M .. Roberts C W .. Katsoyannis P. G .. Gordon S. J.: J. Am. 

Chern. Soc. 75.4879 (1953). 
21. du Yigneaud Y .. Ressler C. Swan J. M .. Roberts C W .. Katsoyannis P. G.: J. Am. Chern. Soc. 

76.3115 (1954). 
22. Hope D. Y .. Murti Y. Y. S .. du Yigneaud Y.: J. BioI. Chern. 137. 1563 (1962). 
23. Porath J .• Flodin P.: Nature IX3. 1657 (1959). 
24. Manning M .. Wuu T. C. Baxter J. W. M.: J. Chromatogr. 38. 396 (1968). 
25. Sawyer W. H.: Endocrinology 63. 694 (1958). 
26. Dekanski J.: Brit. J. Pharmacol. 7. 567 (1952). 
27. Dyckes D. F .. Nestor J. J. jr. Ferger M. F .. du Yigneaud Y.: J. Med. Chern. 17.250 (1974). 
28. Munsick R. A.: Endocrinology 66. 451 (1960). 
29. Sawyer W. H .. Haldar 1.. Gazis D .. Seto J., Bankowski K .. Lowbridge J.. Turan A .. Manning 

M.: Endocrinology J06. 81 (1980). 
30. Holton P.: Brit. J. Pharmacol. 3. 328 (1948). 
31. Schild H. 0.: Brit. J. Pharmacol. :!. 189 (1947). 
32. Schulz H .. du Yigneaud Y.: J. Med. Chern. 9. 647 (1966). 
33. Nestor J. J. jr. Ferger M. F .. du Yigneaud Y. : J. Med. Chern. IX. :!84 (1975). 
34. Gisin B. F.: Helv. Chim. Acta 56. 1476 (19"73). 
35. Spackman D. H .. Stein W. H .. Moore S.: Anal. Chern. 30.1190 (195R). 
36. Moore S.: J. BioI. Chern. 138. 235 (1963). 

Collection Czechoslovak Chern. Commun. (Vol. 53) (1988) 




