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Two analogs of B-corticotropin,_sy amide, ¢.e., glatamine’-8-(pyrazolyl-3)-alanine’-g-corticotropini_» amide
and glutamines-phenylalanine’-8-corticotropini_» amide were synthesized and certain biological properties of
these peptides were evalaated. The observation that the replacement of histidine by 8-(pyrazolyl-3)-alanine
only decreased but did not eliminate steroidogenic and melanocyte expanding activities demonstrates conclu-
sively that these biological properties of 8-corticotropin are not dependent on the characteristic acid-base behavior
of the imidazole portion of histidine. Thus, intravenous infusion of the pyrazole analog raised the plasma 11-
hydroxycorticosteroid level and the urinary 17-keto steroid: creatinine ratio in human subjeets. The same dose
administered intramuscularly by a single injection failed to elicit these effects. Glutamine®-phenylalanine®-8-corti-
cotropii_y amide exhibits only 2-39 in vivo steroidogenic and adrenal ascorbic acid depleting activity of 8-cor-

ticotropin on a weight basis
units/g.

The in vitro melanocyte expanding potency of this material was 1.4 X 10" MSH
It is concluded that the indole portion of tryptophan is not functionally involved in the physiological
activity of B-corticotropin bat appears to contribate to the binding of the hormone to its receptor(s).

Certain

structure-function relations in the g-corticotropin series are discussed.

Structure—function studies with homogeneous syn-
thetic fragments of g-corticotropin (I) (Table I) have
corroborated the initial observation of Bell, et al.,? that
the biologically effective unit of this hormone is located
in the N-terminal region between positions 1 and 24.
B-Corticotropini_ps (IIT),5 B-corticotropini_s; (X),7 8-
corticotropin;_»; amide (XI)® and B-corticotropini_s
amide (XVI)?® exhibit approximately the same 7n vivo
adrenocorticotropic activity in the rat as natural g-
corticotropin.™!0—!2
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Chem. Soc., 89, 7126 (1967).

(4) The amino acid residues except glycine are of the L-configuration.
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Methods developed for the synthesis of these com-
pounds have been applied to the preparation of analogs
whose biologic evaluation may pinpoint functionally
essential amino acid residues.

In the present investigation we explored the impor-
tance for 4n wiwo adrenocorticotropic and in wvitro
melanocyte expanding activity of the histidine and tryp-
tophan residues,

In previous communications'*—'¢ we have described
the synthesis of the unnatural amino acid 1-8-(pyrazolyl-
3)-alanine[Pyr(3)Ala] and have discussed its value as a
tool to assess the importance for biological activity of
the acid-base properties of the imidazole ring in histi-
dine. The significance for adrenocorticotropic and
melanocyte-expanding activity of the characteristic
imidazole dissociation of histidine has now been evalu-
ated with synthetic glutamine®-g-(pyrazolyl-3)-alanine®-
B-corticotropin,_g amide (XVIII).

The finding of Dedman, et al.,'? that treatment of 3-
corticotropin with p-dimethylaminobenzaldehyde in
acid solution resulted in loss of biological activity was
interpreted by these authors “to indicate that the 2 posi-
tion of the tryptophan residue is probably essential for
biological activity, although the possibility of side
reactions cannot be excluded.”
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a)
AMINC ACID SEQUENCE

BIOLOGICAL ACTIVITY

ACTH MSH
U/mg U/q

PEPTIDE NO fob) cl di
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1 2 3 4 5 6 7 8 9 20 21 22 23 24 39 |

I NLE -~ - - V1, 625
I H- R - - - - IO 100. 1100 10°
T+ SE A - - - - W O 750,300 |10
T A4/ R - - - - I 0 500 {300 | 101
T HLSER 77 I, - - - - I O L 100 107
W H{SERTTRSER HET I - - - - W Lo 10’
T H - G U #/S PHE ARG TRP] - - - - I - O 0 ;g*.,l.cf,..
XA (CRNN - - - -~ IO SR
I H- R - - - - IO s | o1 f10°
X H- R - - - - I, LM¥ i
O H-{GLy I - - - - S, B I
X H-S PHE - - - - -\ (66
I H ALA - - - - -\, EO oo g
i H - - - - - I, sl
T - - - - - -, i 83 [0°
T H ABUT- GLN - -~NH2 (“3‘1_“14—4(—@:‘“
XV H GLN:PYR - - - - - NH Lﬂ#—&%
W H GLN - - - - - NH, L2l

«Bee text for lit refs o the varions componngs.
acld depleting activicy. = I vivo rat steroidogenme activity,

I1n order to derive more information pertaining to the
importance of the tryvptophan residue for hormonal
activity  we  prepared  glutamine*-phenylalanine®-3-
corticotropin, s amide (XIX) and evaluated its 12 ¢iva
adrenocorticotropic and (v #tre melanoevte expanding
potencies.

Preparative Aspects.—The Lkey reactions in the
synthesix of XVIIL and XIX (Table I) ure illustrated
i Scheme 1. Histidvlphenylulanvlarginylphenylalan-
viglveine (XX) was prepared by the stepwise method
from methyl phenvlalanviglyeinate. A mixed an-
hyvdride of benzyloxyvearbonvinitroarginine!® served to
introduce the arginine residue. The ensuing methyl
benzyvloxyearbonyvlnitroarginyviphenylalanylglycinate
wns saponified and the benzvloxycarbouyltripeptide
converted into urginvlphenyvlalanylglveine by catalytie
hyvdrogenation.  Routine elongation of the chain with
N-hydroxysuceinimidobenzyloxyearbonylphenylalanin-
ate! and benzyvloxyvearbonvlhistidine azide® afforded
A

i18: K. Hofmara, W. D. Peckliaan awd AL Rbeiner, J. Amec, Clens, Sas
78, 238 (1U36).

gy G Wl Andecsow, DL 1L Zanatenoso, ond oML Callaban, L, 86,
18301961 0

20y ROW Holley and 12 Sondbetawee, ybar, 76, 1326 (14650 5.

Amino acid residaes showic in fralies ave of the p-contignration.
o nomtro melanocyte expanding activity,

Y Advenal a<eorbie

FFor the sinthests of the protected decapeptide XXII
the pentapeptide XX was treated with the azide XXT,
Adsorptian on Dowex-50 and elution with aqueons
MeOH containing TEA provided a suitable procedure
for isolation of XXTI from the reaction mixture.

The protected deeapeptide XXV, a key intermediate
for the preparation of XVIII, resulted from the conpling
of XXIVY with the nzide XXI; it was isolated as
deseribed for the preparation of XXII. The tosylate
salt of XXV was reacted with the tosvlate salt of XXITI1
using DCI as the condensing reagent.%*'  Lollowing
exchange of tosylate for acetate ions the mixture of
prodiets was subjected to gel filtrution on Sephadex G
25% for ixolation of homogeneous N-{-butoxycarbonyl-
servityrosvlservimethionvlglutaminyl-8- (pyrazolyl-13)-
alanyviphenylalanyvlarginyltryptophylglveyl-Ne-(-buto-
xvearbonuyllvsviprolylglveyl-Ne-i-butox yvearbonyllvsyvl-
Ni-butoxyearbonvllyvsvilarginyvlarginylprolvlvuline am-
ide acetate.  Thix compound was deblocked with 905
TEA. trifluoroacetute jons were exchanged for acetate
tons, und the ensning eicosapeptide amide acetute XVII]
was purified by eme chromatography.

The synthesis of XIX involved coupling by the DCI

21y W, Nofaanw 1o Rosendhedoy, RO, Wells, and 110 Yajoaa, e,
86, 1] § G
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ScHeME 1

H-His-Phe-Arg-Phe-Gly-O1 I—‘

XX
+ > Boc-Ser-Tyr-Ser-Met-Gln-His-Phe-Arg-Phe-Gly-OH ——
XX
Boe-Ser-Tyr-Ser-Met-Gln-N; :|
NXXI
+ > Boce-Ser-Tyr-Ser-Met-Gln-Pyr(3)ala-Phe-Arg-Trp-Gly-OH—
XXV
H-Pyr(3)ala-Phe-Arg-Trp-Gly-OH— o o
XXIV XX
Boc B{|}(.'- B(I){:
| i
H-Lys-Pro-Val-Gly-Lys-Lys-Arg-Arg-Pro-Val-NH,
NXXIII
X VIII

procedure of the tosylate salt XXII and XXIII*!' in
pyridine-DMI followed by conversion of the reaction
products into the acetate salts. Since attempts to 1so-
late the desired protected eicosapeptide amide by gel
filtration were unsuccessful, presumably due to a differ-
ence in aromatic interaction of Trp and Phe with the
Sephadex, the reaction products were deblocked with
TFA and XIX wasisolated, in poor yield, by CM-cellu-
lose chromatography followed by desalting on Bio-Rex
70.

The eicosapeptide amides XVIII and XIX were
homogeneous as judged by tle and dise electrophoresis
(Figure 1) and both compounds were completely digest-
ible by AP-M. The constituent amino acids were
present in the digests in the ratios predicted by theory.

Experimental Section

A. General Procedures.—Melting points are uncorrected.
Rotations were determined with a Zeiss precision polarimeter.
Measurements were carried out with a Hg lamp at 546 and 578
mu and extrapolated to the 589-myu Na line. Elemental analyses
were performed by Schwarzkopf Microanalytical Laboratory,
Woodside, N. Y.; O values were actually determined and not
computed by difference. Disc electropherograms were stained
with aniline blue-black in 7.59% AcOH. They were performed
with 25 ug of peptide in 7.5 polyacrylamide gel at a running
pH of 3.8. The amino acid composition of acid and enzymic
hydrolysates was determined with a Beckmann-Spinco Model
120 amino acid analyzer.?? The figures in parentheses are
average recoveries of amino acids based on formula weight.
Nle and a-amino-g-guanidopropionic acid were used as internal
standards. Acid hydrolysates were performed in constant boil-
ing HCI at 110° for 24 hr in evacuated tubes; values are not cor-
rected for amino acid destruction. AP-M digests and thio-
glycolate reductions were carried out as described.?  See
Hofmann, et al,* for designation of solvent systems for paper
and tle chromatograms.

The rat adrenal ascorbic acid depleting assay was performed
according to the U. S. Pharmacopeia.? Steroidogenic activity
was determined in hypophysectomized or dexamethasone-blocked

(22) 8, Moore, D. H. Spackman, and W. H. Stein, Anal. Chem., 30, 1185
(1958).

(23) K. Hofmann, F. M. Finn, M. Limetti, J. Montibeller, and G. Zanetti,
J. Amer. Chem. Soc., 88, 3633 (1966).

(24) K. Hofmann, R. Schmiechen, R. D. Wells, Y. Wolman, and N.
Yanaihara, ihid., 8T, 611 (1965).

(25) “U. S. Pharmacopeia,” Vol XV, Mack Publishing Co., Easton, Pa.,
p 176,
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Figure 1.—Disc electropherograms of compound XVIII,
A and compound XIX, B. See text for experimental conditions.

rats.?®sb  The method of Shizume, o al.,? served to determine
in vitro melanocyte expanding potency.

B. Preparation of Peptides. Methyl Benzyloxycarbonyl-
phenylalanylglycinate.—N-Hydroxysuccinimido  benzyloxyecar-
bonylphenylalaninate®* (19.9 g) and methyl glycinate- HCI
(6.28 g) were suspended in THF (300 ml) and the suspension was
cooled at 0°. TEA (14 ml) was added and the mixture was kept
at 0° for 1 hr and at room temperature for 24 hr  The solvent
was removed, the residue was dissolved in EEtOAe¢ (400 ml), and
the solution was washed in the usual manner and dried. Evap-
oration of the solvent gave an oil which soon crystallized. The
material was recrystallized from EtOAc-petroleum ether:
174 g (949); mp 118-119°; [a]®p —17.2° (¢ 2.09, MeOH):
[a)®p —22.7° (¢ 1.4, DMF); R 0.8; RS 0.8 RJAV 0.9,
lit.2 mp 122-123°; [a]®p —23.6° (¢ 2.0, DMF). Anal. (Cy-
H.»N,0;) C,H,N.

Methyl Phenylalanylglycinate Hydrochloride Hemihydrate.—
The benzyloxycarbonyl derivative (11.1 g) was hydrogenated
over Pd in a mixture of MeOH (100 ml) and 1 N HCI (30 ml).
The catalyst was removed by filtration, the filtrate was evap-
orated, and the residue was lyophilized from dioxane; yield
quantitative; [a]®p +52.3° (¢ 1.8, H,0); R 0.6; R{T (.8
single ninhydrin- and Cl-positive spot. Anal. (Ci2HisN,Oy-
HCI-0.5H,0)C, H, N.

Benzyloxycarbonylnitroarginylphenylalanylglycine.—A mixed
anhydride prepared from benzyloxycarbonylnitroarginine (3.54
g), n-BuzN (2.4 ml), and ethyl chloroformate (0.96 ml)in dioxane
(70 ml) was added to a solution of methyl phenylalanylglyc-
inate.- HCI (2.72 g) in dioxane (50 ml) containing TEA (1.4 ml)
and the reaction mixture was allowed to stand at room tempera-
ture for 2 hr. The solvent was evaporated and the residue was

(26) (a) H. Lebovitz, H. 8. Genuth, and K. Pooler, Endocrinology, 79, 635
(1966); (b) R. G. Guillemin, G. W. Clayton, J. D. Smith, and H. 8. Lips-
comb, ibid., 63, 349 (1958).

(27) K. Shizume, A. B. Lerner, and T. B. Fitzpatrick, ibid., b4, 553
(1954).

(28) K. Vogler, P. Lanz, and W. Lergier, Helv. Chim. Acta, 4§, 561
(1962),
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distribnced bewveen H:O ad IOAe-#-BnOIl (6:4). The or-
ganic phage was washed v the nsnal manner and the bulk
of the =olvents evaporated. t.0) (400 mly was added 10 the
renpining mass, awd the precipitace was collected, washed
(EeO), and dried: 454 g (S04 mp 15106 Laj®p - 24.2°
(e 194, MeOIDy; Y 0.8y R 0N BRIV o0y /¢ 3.7 X Hhs
single Cl-positive spot.  For saponification the Me ester (14.15
o) was suspended in dioxare (100 mbs pad 1N NaOH (30 ml)
wax added with sdring.  After 15 min a elear =olntion was oh-
tained, thero the Na =alt of dhe desived produet =tarted o pre-
cipitate ax white weedles. The suspereione was stirred at room
temperatre for 2 hr, dioxane (200 mly was added, ared the mix-
tire wax pliced inarefrigeratar.  The solid was collected, washed
with dioxane, and dissolved n T1.0) (200 mli.  The desived com-
pond precipiiated npon addition of TN HCE 1327 g (96, «
mp 227-230° dee. A =mall sample was reprecipitated from S0,
AcON with TLO: wmp 231-283° dec: Jal®n —[74° 1e 2,19,
DAFy /0.7 Ry 070 1Y 04 R oy Iy 4 X This
single Cl-positive spot,  Anel {CuHg N0 0 C TN O

Benzyloxycarbonylphenylalanylarginylphenylalanyliglycine
Monohydrate. - Beizyloxycarbonyiniccoarghocipher vlalanylgly-
cire (12,8 g) wax hyvdrogenated for 24 I over Pd i« MeOH (200
ml) cordainig 100, AcO (H0 mlbs  Bresh caclvst was added
after 8§ hr ol hvdrogenation.  The eatalvst woax removed by
filtration, the filirate was concerdiated to n small volame, aad
the residne was Iyophilized to cormtanc weight from small val-
nmies of IO vield gquantitative; hygroscopie powder; [af*v
42.0° {e 2.60, TO): R 03 RN 0.5 R o4, K320 X
Hiv: single Cl-) ninhydrin-, and Sakagnehi-positive <por: amin
acid ratios in AP-M digest:  ArgooPhey oGly, o

To me dce-cold snspension of the above wripeptide acetare
44 g) m THF (120 ml) containing TEA (4.1 ml} was added -
hydroxysnecinimido benzyloxycarbonylphenylalaninate® (3.06 g1
and rhe mixtnre was stirred at 0° fur L hr and at roomn tempera-
tire for T hre DME G35 mlh wax added and the rexalting ~oln-
tion was allowed o stand at room temperainre for another 2 hr,
The bulk of he zalverds was removed /1 racao aad ThO (300
ml) wax added to the residne.  Aftee cooling e a refrigerator,
the precipitate was collected, washed with fee—water, and dred.
The produet was veprecipitated Trom 40°, AcOH with H.O:
496 g (T3%): mp 251-255° dec; {x]®p - DNG7 e W3, D04,
AcOH): MY 0.5 RMYVOT: 1245 3.7 X Hix; single Cl- and Saka-
gnchi-positive spot; amino ackd ratios e acid  hydroly=ate:
PhE".*.nAl‘gl,u(}I)'(,(). Anal, (Cu N0 11O G L, N0 O caled
18,9, fonnd 19.5.

Phenylalanylarginylphenylalanylglycine Monoacetate. - A =1s-
pensiorc of the benzyloxycarbonyl derivative 4535 g) in MeOFH-
2000 AcOID (1:1 (10 mh was hydrogewated vver Pd. The
caalyst was removed by filaation, the filtrate was con-
cenirated o a smull vohnne, and he residne was Iyvophilized:
white powder; 355 g (9900 Tl =417 v 107, IO 1241
0.5 F1 0.6, shigle Cl- add viidhvdrmieposiove <pot: amio
acld rados in AP-M dbgest: Phes Arg Glyen el 7 Cu
HeeN;O: CHLCOLH) C, H, N O,

Benzyloxycarbonylhistidylphenylalanylarginylphenylalanyl-
glycine Monoacetate Monohydrate. T a =olntion of benzyloxy-
earbonvihistidive hydrazide® (3.03 gj i« DMF (30 mlb) wax
added a¢ —30° 6.0 N HCHin dioxane (5 ml) followed by /-buvl
nitrite (1.5 ml). The solntion was kept ot ~20° for 50 min awd
then cooled at —60°. The pH was adjnsted 1o S.0-5.5 by addi-
dorc of TEA (approximately 5 nid) mal 1 =olntiorc of phenyl-
alanylarginylphenylalanyiglyeine acetate 12,94 gy i DMFE (2a
mh contaiidng TEA (0.5 ml) was added over a period of 15 mne
The temperature was allowed o reach 4°, 2wl the mixtnre was
stirred for 24 I (pIH maivaiced at S.0-8.5 by addicion of TEAS
The bulk of the solvert wax evaporated, EtOAc (200 ml) wax
added to the residne and the mixtnre wax placed e a refrigera-
tor for 2 hr. The solid was collected, washed with EtOAe, mal
dried.  The residne was triturated with 11,0 (150 mnl}, the ersn-
ing suspension was placed 1a a cefrigerator for T he, s the
=olid was collecced, washed with five 20-ml portions of ice-water,
ard dried.  Yield of eride mamerial chydvochlovides, which was
nxedd for the wext =tep withont prurificatioq was 3,05 g (D000 A
sample for unalysix (85 mg) wax dissolved i K08 agneons E1OH
{30 mlby and the solntion wie passed throngh a colamn of Amber-
fite IRA-400 (2 X 6 e Cl-poxitive ehiates were evaporated 10
a small vohume and Iyophilized om TRO -dioxane:r 76 ng:
la]®p ~21.4° (¢ 163, DME; g2 feMay: siugle Cl-od
Panly-positive =xpot;  amino aeid raies e acid hydeolysate:

Horvany, Axprevery, Boas, sz Maron

= Phec sArg Gl Al (CGTEN GO CHECOLT - THO
H, N, 0.

Histidylphenylalanylarginyviphenylalanyiglycine Sesquihydrate
(XX The protected pentapeptide ¢3.1 g) was bydrogenated
over Pdin 507 AcOIL. The eatalyv=i wax removed by filivation
awd the tiltraie was evaporated 1o drvness. The residhe wis
dissolved In TL,O (150 mli, the =olatione wax cooled at 0% aad
Prowex 50W-X2 (200400 mes<hi (10 g1 was added.  The sax-
pension was <trred @ 02 for 45 min; the resiic was colleeted mal
washed with fee eold TLO.  The filtsnie was ireated wide lresl
resih 3 g4 1 the sane mamaer oiad the combiied reshies were
snspended in dee-wider (150 mln TEA was added dropwise
with stirrig maib vhe plt veached S N0, midd the <aspersion wie-
stirved for 10 mie The resite wis removed by filostion, was
resti=percled e tee-warter 2 udi o containing TEA jead the <ns-
pensiole was <tiveed for D1 udic mad filiered. The filitate ol
wishings were corcerdrated to 4 small volime and Ivophilized:
1.55 ¢, (05,0 ]L(]""al) - 1500 e 200, 11O 150 0.5 R 05
siagle Cl-) Panly-, ool wdnhydimi-positive <pot; anino weid
talos e AP-NM digest: s, PheoAvge ity oo dpad 00
HaN Qe L HLOYC T N, O

\'./-Butoxycarbonylseryltyrosylserylmethionylglutamine Mon-
ohydrate. - \V-/-Batoxyvearbowviseyvhyrosice  hydrazide  aono-
hydmte?t (4.5 gr was dissolved o U N HCT (45 mlb) precooled m
=5% and the solaton was Iavered with ice-cold E1OAe 130 wmly.
NaNOu ¢ Ny wees added dropwise with =thmhig arail vhe soln-
tion virred KE =tareh paper blue.  After 5 min . =57 FOAe
50 mbe wos wlded md the two lavers were separated  The
agneolls phase wax reextracred with two J30-ml portons of ice-
cold F1OAc and the combined orgarde phases were washed witlhe
ice-cold <smmrated NaflCO; ael FLO med dhied over MgSOy 0
—1oe.

Fee-cold DAEF 07 w0l was added, siad the bulk of 1he F10A¢
wax removed i eacoo an 1)°0 0 The DAME <olntion was then mlbded
with =iriig to an ice-cold solntiow of =ervimethiorylglarnmie
morohydrace?® £2.05 g1 e 005 mb and TEA (0.85 mli. The
reactiole nuxtnre was kept o 0° for 3 davs, the pIl behg wain-
tained at approxinately N by additione of TEA. NTLOTH, 3¢,
180 b, was added and the <olitioo was extroetal wich <everal
portiote of EtOAe undl condomioaling (yvrosine-positive, neth-
lomnbe-negative material wos removed. The orgaide  plases
were reextracted witle 30 NIHOT and the combined agneoas
lavers weve adjnsted (o pH T with AcOH. The =olative wax
corcendrated o a small vohime, the resnlting gelathons 1oass
was extracted itdo-BnOH (150 mb, and the xahidow was washed
with =ix 50-ml portioas of 1070 AcOH awd three 50-ml portions
of .0, The #-BuOTl lavers were evaporated, and rhe prodine
witx precipitated 1wice from -PrOI widh E@OAer 306 ¢
CINCU s mp TN decs 5 060 A 0T shgle Cleposi-
tive, nhydritenegative <pots Jwi®n —250° (e 1oy MeOTln
Al iCyLeN O WS- TLOY O HL N

A Bi-mg =mmple of the protected peraapepdde was dixsolved
e TFA (000 mb the <olatione was altowed 1o scndd at room tene-
peratare for 2d ndw, theo 1the prodiet was precipitaaed by addi-
tiotcof B0 o20ml .

Trifhoroacetade o were exchavged for acetate iois o1c Amber-
e THA-4), wad the prodact was vophitized:  TUmg: 72,0005
stugle Cl- andhvdahydvitepositive spat: aambao weid ratios 1 AP-M
digest: Bers Pyread et (Gl (SH 00w

\\'-f-Butoxycarbonylservityrosylserylmethionyiglutamine Hy-
drazide Monohvdrate.  -I'ihercal CILN, was added (o o 1ce-
cold <olntiow o V-t-bntoxyvearbory serviorosylservimethion -
gntamine morobydre (4.5 gvin MeOH (GO0 b aidil 1he =ola-~
Gore remateed vellow,  After standing for 5 miu the solverd was
evaporared mel the ersning =vrup was dissolved in MeOIT 1200
wmlh  Hydrazioe hydrate (3 mh was added aud the mixtare wies
kept a1 room tempecatace for 48 hre The sohitione was placed
m a refrigerator {for 4 bhr, the gelatinons precipirate was collected
mel deled over TESO, The mmerial was precipitated from
D0 Iv v agueons MeOH with KdOAer 5.5 ¢ (3000 mp
100--202° (e, : Jat®h =GN 1e 160, DATY: 009 R 0.6:
LA Ny single Cl- and hydbuzide-poxitive spot. Anal. (Cy,
He NGO os- O C TH N, O,

\'-/-Butoxycarbonylseryltyrosylseryimethionylglutaminylhis-
tidylphenylalanylarginylphenylalanylglycine Trihydrate (XXIIL
N--Butoxyerabouyvlzervh vrosvlizeryhuethionylghcaimive by

20 I Hofmana, TN, Towp=or, 1 Yidoaa, 1 Selawo s, wwl 1
Touoye, J. Dnee, Chene Novo 82, AT10 (14l
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drazide monohydrate (747 mg) was dissolved with slight warm-
ing in a mixture of DMF (6 ml) and H,O (0.5 ml). The solution
was cooled at —10° and 1 &N HCI (2.0 ml) was added followed
by a volume of 109, agq NaNOQ, sufficient to tarn Kl-starch
paper blue (approximately 0.75 ml). The reaction mixture
was stirred vigorously at —10° for 10 min, then the pH was ad-
justed to 8.0 by addition of 109, TEA in DMF. A solution of
XX (690 mg) i1 DMF (4 ml), H,O (1 ml), and 109, TEA in
DMF (1.5 ml) was added aud the mixture was kept at 5° for
48 hr. Additional azide (prepared from 373 mg of hydrazide)
was then added and the viscous mixture was stirred at 5° for
24 hr. The balk of the solvents was removed, H,O (100 ml)
was added to the residue and the solution was extracted with
four 100-ml portions of n-BuOH. The organic phases were
washed (Hx0) and evaporated to dryness and the gelatinous resi-
due was dissolved in 50% aq MeOH (100 ml). Thissolution was
cooled at 0°, Dowex 50 W-X2 (30 ml settled in H,O) was added,
and the suspension was stirred at 0° for 45 min, then the resin
wag collected and washed by suspension with two 50-ml portions
of ice-cold 509 MeOH The resin was resuspended in ice-cold
509 MeOH (100 ml), TEA was added dropwise with stirring
until the pH of the supernatant reached 8-8.5, and the mixture
was stirred al. 0° for 30 min.  The resin was collected and washed
twice with ice-cold 509, MeOH containing TEA and the combined
filtrates were concentrated to approximately 80 ml. The mix-
ture was kept in a refrigerator for 2 hr and the precipitate was
collected, washed with ice-water, and dried (482 mg). A sample
for analysis was precipitated from DMF with H.O: mp 212-214°
dec; [a]®p —24.0° (¢ 1.04, DMF); R 0.4; R 0.7, Rt
0.6; R:*3.9 X His; single Cl-, methionine-, and Pauly-positive
spot; amino acid ratios in acid hydrolysate; SerysTyre.sMetyo-
Glul,lHisl,lphez,gAI‘gmgGI)’],g. Anal. (C(‘,szlesOl?S'gHzO) C,
H,N, 0.

Tosylate Salt.—The decapeptide trihydrate (XXII) (151 mg)
was dissolved in 509% aqueoas THF (16 ml), the solution was
cooled to 0° and a precooled sohition of Ts monohydrate (41
mg) in H.O (1 ml) was added. The solution was concentrated
to approximately 8 ml at room temperature and was then Iyophil-
ized; 208 mg. Prior to its use the salt was dried for 1 hr in
vacuo at 50°,

N -t-Butoxycarbonylseryltyrosylserylmethionylglutaminyl-g-
(pyrazolyl-3)-alanylphenylalanylarginyltryptophylglycine Mono-
hydrate (XXV).—To a solntion containing the azide XXT (from
747 mg of the hydrazide as described above) was added a sohition
of XXIV (500 mg) in DMF (3 ml) containing 1.25 ml of 10%
TEA in DMF and the mixture was stirred at 5° for 24 hr. At
this point a seecond portion of azide (from 250 mg of the hydrazide)
was added and the gelatinoas mass was stirred for an additional
48 hr at 5° (pH maintained at 7.5-8 by addition of TEA). The
bulk of the solvents was removed and H;O (250 ml) was added
to the residne. The mixture was stored at 5° for 4 hr and the
precipitate was collected and dried (P;0O:). The ensuing white
powder (850 mg) was dissolved in DMF (40 ml) and a mixture of
H,0-MeOH-7-PrOH (1:1:1) (60 ml) was added. The solution
was cooled at 0°, Dowex 50 W-X2 (15 ml settled in the same
solvent) was added, and the mixture was stirred for 1 hr at 0°.
The vesin was collected, washed with the same solvent, and re-
suspended in 150 ml of an ice-cold mixture of DMF-H.0-MeOH-
-PrOH (2:1:1:1). TEA was added dropwise with stirring and
cooling until the supernatant reached pH 8-8.5. The mixture
was filtered and the resin was eluted twice more with 75 ml each
of the same ~olvent containing a few drops of TEA, and the com-
bined filtrates were concentrated to approximately 3 ml. The
product was precipitated by addition of water (200 ml), the mix-
ture was stored at 5° for 24 hi, then the product was collected
and dried: 398 mg (627 ); mp 200-203° dec; [a«]¥D —15.4°
(¢ 0.52, DMF); amino acid ratios in acid hydrolysate: Ser.»
Tyro.oMety oGlar, Pyr(3)ala; o Phey jArg) oGly1o; Rt 0.4; RIU
0.7; single chlorine- and Ehrlich-positive spot.  Anal. (Ce:Hsz-
Ni:0:8-H.0)C, H, N, O.

For enzymic digestion a 13-mg sample was dissolved in TFA
(0.75 ml), and the solution was allowed to stand at room tempera-
ture for 25 min. The solvent was evaporated and the residue
lyophilized from H,O containing a few drops of dioxane; Ryl
0.4; R/ 0.6; single Cl- and Ehrlich-positive spot; amino acid
ratios in AP-M digest: (Rer 4+ Gl sTyroMet, Pyr(3)ala) -
Phey. Arg.oTrposGlyia(Rec. ealed for di-TFA salt 859).

Tosylate Salt.—The decapeptide monohydrate XXV (109 mg)
was dissolved in 509, aqueous THF (50 ml) by slight warming.
The solntion was cooled at 0° and a precooled solution of Ts
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monohydrate (14 mg) in H,O (1 ml) was added. The solution
was concentrated to approximately 15 ml at room temperature
and lyophilized. Prior to its use, the salt was dried in vacuo at
50° for 1 hr,

Tosylate Salt of Ne-t-Butoxycarbonyllysylprolylvalylglycyl-
Ne-t-butoxycarbonyllysyl-N¢-t-butoxycarbonyllysylarginylargin-
ylprolylvaline Amide (XXIII)—Componund XXIII?! (128 mg)
was dissolved in HyO (6 ml), the solation was cooled at 0°, and
an ice-cold solntion of Ts menohydrate (42 mg) in H.O (2 ml)
was added. The solntion was lyophilized to give a colorless
fluffy powder; 154 mg. Prior to its nse the salt was dried in
vacuo at 50° for 1 hr.

N -t-Butoxycarbonylseryltyrosylserylmethionylglutaminyl-g3-
(pyrazolyl-3)-alanylphenylalanylarginyltryptophyiglycyl-N¢t-bu-
toxycarbonyllysylprolylvalylglycyl- N¢-t-butoxycarbonyllysyl- Ne-
t-butoxycarbonyllysylarginylarginylprolylvaline Amide Acetate
Hydrate.—The dried tosylate salts derived from 109 mg of XXV
and 128 mg of X XIII were dissolved in DMF (6 ml), and pyridine
(3 ml) and DCI (30 mg) was added. The reaction mixture was
allowed to stand at room temperature for 5 days and additional
amounts of DCI (30 mg each) were added on the 2ud, 3rd, and
4th days. The solution was coucentrated in vacuo to approxi-
mately 5 ml, EtOAe (150 ml) was added and the suspension was
allowed to stand in a refrigerator for 2 hr, then the precipitate
was collected and dried. This material was dissolved in 509,
aqueous THF (100 ml), and the solution was passed through a
column of Amberlite IRA-400 (1.2 X 15 em) which was eluted
with the same solvent. Cl-positive eluates were pooled, con-
centrated to approximately 10 ml, and insoluble material was
removed by filtration throagh filter-cel. The filtrate was
lyophilized to give a slightly vellow fluffy powder; 236 mg;
tle showed two spots with R 0.5; (Cl- and Ehrlich-positive)
and 0.2 (Cl-positive, Ehrlich-negative). This material dissolved
n 19, AcOH (4 ml) was applied to a column (1.8 X 228 cm) of
Sephadex G 25 fine and the colimn was developed with 19,
AcOH. Fractions (3 ml each) were collected at a flow rate of
1 mi/min. Absorbancy at 280 mg and tle located the desired
material in fractions 147-162. These fractions were pooled,the
bulk of the solvent was removed, and the residue lyophilized to
give a fluffy colorless powder; 108 mg. Fractions 135146 were,
also, pooled and lyophilized. The ensning material (110 mg)
was rechromatographed giving an additional quantity (46 mg)
of homogeneous protected eicosapeptide: [a]¥D —350.4° (¢
0.93, 109% AcOH; R 05; R 0.7; amino acid ratios i1 acid
hydrolysate: Sers Ty edet) 1Ghis oPyr(3)ala) oPheoArgs. oGlyz.o-
Lyss.oProsoValo,.

Seryltyrosylserylmethionylglutaminyl-g-(pyrazolyl-3)-alan-
yiphenylalanylarginyltryptophyiglycyllysylprolylvalylglycyllysylly-
sylarginylarginylprolylvaline Amide Acetate Hydrate (XVIII)—
The protected eicosapeptide (110 mg) was dissolved in 909; TFA
(1.5 ml) and the solution was kept at room temperature for 30
min. The TFA was evaporated, and the residue, dissolved in
water (5 ml), was passed through a column (0.5 X 30 cm) of
Amberlite IRA-400, which was washed with H,O until the eluate
was Cl-negative. Cl-positive eliates were pooled and lyophil-
ized. This material dissolved in 0.25 M (pH 8.0) NH.OAc (1 ml)
was applied to a CMC column; (1 X 20 em), which was eluted
with an NH,OAc gradient prodaced by mixing 100 ml of 0.25 M
NH:OAc (pH 8.0) with 100 ml of 0.25 M NH:OAc (pH 10.5).
Fractions (3 ml each) were collected at a flow rate of 1 ml/min.
Absorbaney at 280 mu located the desired material in tabes 34—
130. These fractions were pooled, the balk of the solvent was
removed, and the residue was lyophilized to constant weight.

This material was reduced with thioglyeolic acid:?® 75 mg;
[a]Dp —62.1° (¢ 1.02, 109, AcOH; R onigin; K11 0.5; single
Cl-, Sakaguchi-, and ninhydrin-positive spot (See Figure 1 for
disc electropherogram); amino acid ratios in acid hydrolysate:
Sers.« Tyro.oMet) oGlu o Pyr(3)alag.sPhe, o Args o Glyvs o Lys; ¢ Prog,o-
Val:»; amino acid ratios in AP-M digest: Sers.oTyro.oMets .o~
Glin,.,Pyr(3)alas.sPheo. sArgs. s Trpo. o Glys.oLyss. Pro.. . Vales (84%).

Seryltyrosylseryimethionylglutaminylhistidylphenylalany!-
arginylphenylalanylglycyllysylprolylvalylglycyllysyllysylarginylar-
ginylprolylvaline Amide Acetate Hydrate (XIX)—The dried
tosylate salts dertved from 246 mg of XXII and 305 mg of XXIII
were dissolved in a mixture of DMF (12 ml) and pyridine (6 ml)
and DCI (74 mg) was added. The reaction mixture was kept
at room temperature for 4 days, and additional guantities of
DCI (100 mg each) were added on the 2nd, 3rd, and 4th days.
The bnlk of the solvents was removed in vacuo, EtOAc (150 mi)
was added to the residne and the suspension was kept in a
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refrigerator for 2 hr. The precipitate was collected, washed with
E1OAe¢, and dried. Thix material dissolved i1c 5000 agneoax
THF (50 ml) was pasked throngh a colnmne of Amberlite TRA-
400 (2 X 14 ¢m), which was washed with the =ame =olvent il
he etllnenc was Clnegadve.  Cl-positive elates were pooled.
the =olntion was evaporated 1o a small vohune wal Ivophilized:
064 mg.

This material wax dissolved in 90, TEA {15 mb and the mix-
Inre was kept ac room temperatnre for 40 mie.  The TFA was
evaporaced, the residne was lvophilized from H.0 (20 mh aad
trifinoroacetate iows were exchanged for AcO~ in the n=nal maue-
uer

The rexidne dissolved i 50 ml of 0.25 3/ NH0Ac ipH s.n
wus applied to a CMC cobmme {19 X 30 em), which wax de-
veloped with a gradienc produeed by mixing 1000 ml of 0.25 Y/
(pH %01 NHOAe and 1000 ml of 0.25 3 (pll 10.6) NHOAc.
Fractions (10 ml each) were collected at a flow rate of 40 ml hr.
Fractious 85--140 were pooled, evaporaced, aud Iyvophilized o
corstant weighc fiom H.O: 210 mg. This naterial was re-
chromatographed b the same mmaer. Fractons corcanang
the desived peptide, contaminated with sulfoxide, were pooled
and desalted on a Bio-Rex 70 cohmm¢ /1S X 4.0 enti nsing 150
ml of 34, 350 mlb of 109, ard 400 ml of 2007 AcOH for etion.
Absorhaney at 280 my located che desived prodiet i 1he 20¢,
AcOH elnaces. These fraclions were pooled, evaporated to a
small vohune, aid Ivophilized.  The resnlting material was re-
dueed with thioglyeolic acid:® 35 mg: {a]®®n —64.6° (¢ 140,
1049, AecOH o B 0.5, nivhydiine, Cl-) and Panlyv-positive =pot:
isee Fignre | for dise electropherogram): amiio acid ratios hi
AP-AL digest: Sery JTyvie. e oGho sy WPhey sAvgs o Glve -
Lvsed©Prog, Vals .

Results and Discussion

Table | summarizes the remurkable variety of amino
acid substitutions in the N-terminul region of 3-cortico-
tropin fragments which arc compatible with adrenocor-
ticotropie and melanoevte expanding aetivity.  The
recorded activities must be regurded as approximations
since they were determined in a number of laboratories
under different conditions.  Nonparallelism of the log
dose-respanses between stundard and analog econstitutes
an additional sowrce of error.

In order to evalnate the role of vartons amino aeid
residues in a biologically active peptide we have divided
these residues into two  elasses.  lunettonal” or
“active” residues are those whose replicement totally
destrovs biological aetivity: “binding =itex’’ comprise
residiles whose sibstitution alters but does not totally
destroy biological funetion,

Amino aeid residues which ave of eritical funetional
significance for hormonal activity, if they exist. should
be found within the sequenee of g-corticotroping..ag
amide (XVI)? which represents the smallest fully active
frugment vet discovered.

It i~ difficult to correlate certain earlier observations,
based on biological evaluation of chemically modified
natural S8-corticotropin, with more recent vesults ob-
tained from struetire-funetion studies with well defined
vuthetie fragments.

White inenbated g-corticotropin with leneine amino-
peptidase and observed o rapid inanetivation which
appeared to parallel the liberation of =ertne! and
tyrosine.  Selective N-acetvilation of the N-terminal
=erine® or 10 oxidntion followed by reduetion with
BII 7, reactions whielh convert the N-terminal scrine
into a glvoxylvl group, resulted in almost complete

o)y 1led vloe doe co pooely resolved Tews-hadfee and Lve peaks.
S0 WL White . Amee, Clem. Soe,, TT, 1681 (1935,
A2 Lo Wallerwaol 1B F Diexore, Biackem, J., T8, 320 (146D¢.

Horstany, Avpuearry, Bonx, sy Monronexi

inactivation. % These findings pointed to the N-
terminal =erine as an essential =strnccural element for
biologic function.  However, glveine!-g-corticotrapin,
prepared from thie glvoxyvivl derivative by transamina-
tion, exhibited signitieant adrenocorticotropic activity
This experiment eliminated the HOCH, group of the N-
terminal =erine as funcetionally essential, a result whiel i
confirmed by the observation that svnthetie Glyv'-g-
corticotropini-gg amide (XII)* ix highly active.  Com-
plete climination of the N-terminul serine (XVi®
lowers but doex not destroy adrenocorticotropic une-
tion.  Replacement of the N-terminual scrine by n-
serine (IV).% p-alanine (V)% and g-alanine®™ affords
analogs which possess an apparently higher biologieal
poteney than g-corticotropiny —, (IIH .M

Adrenocorticotropte activity s also retained when
Tvr? is replaced by Phe (XITDH ™ and p-Ser'-p-Tyvr*3-
corticotroping o (VD exhibits the full poteney of g-
corticotropin, s, Substituntion of Ser by Ala (XTV)©
leads to u 509 deerease in adrenal ascorbie aeid deplet-
ing activity.

The results of methionine modifications and replace-
nents are particularly revealing since different altera-
tion= of this residne bring about apparently conflicting
biological effcets.  Oxidation of the methionine X to
SO destrovs adrenocorticotropie poteney of g-cortico-
tropin®® suggesting an intimate connection between the
oxidation state of the methionine 8 and physiological
funetion.  However. substitution of methioniune by Abut
(XVID. 20 Nle (10,4 or Leu™ does not elimmate bi-
ologieal activity.  Clearly the methionine N 1s not Inne-
tonally essentinl despite the faet that its oxidution
bring= abont inactivation. The avatlable evidence
points to the methionine residite as a hvdrophobic bind-
ing site, but 1t s difficult to fit the Ingh biologieal aetiv-
ity al p-Rerl-p-Tyr2-p-Sert-n-Neti-3-corticotroptin
(VI mto this concept.

The vat adrenal aseorbic acid depletion assay =howed
XVIIIL to possess approxunately 50 1U mg.  Ax con-
cerns sterordogente poteney in the hypophyseetomized
or dexamethasone-bloeked rat, the compound exhibited
approximately 60%: ot the blologie:ul activity of cortico-
tropine Ay on oaowelght basis. Aecurate evalnation ol
poteney was difficult beeanse of nonparallelism in the
log dose response slopes between peptide and standard.
The mean value of 3-hr plasma T-hydroxycorticoste-
roid levels of ¥ hniman subjeets was raized from 22 pg
100 ml to 42 go 100 ml when 0.75 mg of NVIIL was
administered v, over @ 6-hr period. The wrinary 17-
keto steroid: ereatinine ratio inereased from 6.2 to 9.8 in
the same period. At this dese level the componnd
{atled to inerease the blood levels of insnlin, growth Lhor-

GG L I Do chie, 83, 01 12

SR 10N Borbe L L Boere), 11U Leboviez, 1 L Wastea ol 101
Whe, Je. dodt, 83, 165 11962

¢35 1115 17 Dixonaal LRy Wertkawqa thd ., 84, 162, (1162,

367 R, Getwee, K. SNooa. G Vaogel wel WL Stedel, Z0 Natarfeaesehi, 19b,
B38 1UGA T

37y 11 Rappelee, 5 Ruaaker, W, Rooel, I AL Desaolles, R Muwee, 88
Selair, wnd ML Stacheling Peptides, 214 $10GT L

380 R Geiger, .-G Sedoddey, wd W Siedel, Jastas Lickigs Do Chvac
726, 177 (i3,

300 ML L. Debane, T Faewer, and €01 O B Moeeis, Bilorkon, .
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mone, or glucose. No significant rise in 11-hydroxycor-
ticosteroids or 17-keto steroids occurred when the same
dose was given intramuscularly. The n zitro melan-
ocyte expanding activity of XVIII was 8.4 X 107 MSH
units/g.

The present observation, that replacement of histi-
dine by B-(pyrazolyl-3)-alanine (XVIII) does not de-
stroy the adrenocorticotropic and melanocyte expand-
ing activities of XVI, clearly eliminates the acid-base
properties of the imidazole ring as essential for these
biological functions. Dedman, et al.,'” suggested, on the
basis of photolysis experiments, that histidine may not
be important for the biological activity of ACTH. Our
results confirm this earlier conclusion.

Substitution of arginine® by lysine or ornithine re-
duces drastically the adrenocorticotropic and melano-
cyte expanding properties of 3-corticotropin fragments.
Chung and Li¢? replaced arginine? in B-corticotropin_
amide by lvsine and found that this substitution de-
creased in vitro steroidogenic activity from approxi-
mately 44 to less than 1 U/mg. The in vitro melano-
cyte expanding potency was decreased from 2 X 10%
U/gtol X 10°U/g.

The substitution by ornithine of Arg® in 8-corticotro-
pin,_ss (IX) decreases in vivo adrenocorticotropic activ-
ity from 100 U/mg to 1 U/mg.** In this connection it
is of interest to note that the arginine residues in posi-
tions 17 and 18 are not critical since they can be sub-
stituted by ornithine without loss in potency. Orn'’-
Orn't-B-corticotropin,_ps exhibits the full adrenocortical
potency of B-corticotropini_»s.** The sequence Lys-
Lys-Arg-Arg (positions 15 to 18) has long been regarded
as a binding site.*

The replacement of tryptophan by phenylalanine in
Gln’-B-corticotropin,_» amide compound (XIX) is
accompanied by a marked diminution of in vive adren-
ocorticotropic activity. The biological potency of the
analog was 2 to 39, that of porcine B-corticotropin
irrespective of whether activity was determined by
adrenal ascorbic acid depletion or steroidogenesis. The
i1 vitro melanocyte expanding activity of XIX was 107
MSH units/g.

Interpretation of this finding is not possible on the
basis of available information, but poor binding to the
receptor(s) may explain the low potency of XIX. The
observation that XIX exhibits some biological activity
urgues against a direct functional involvement of the
indole ring. The previously mentioned inactivation of
B-corticotropin by p-dimethylaminobenzaldehyde!” may
also be the result of poor binding to the receptor(s) of

(42) D. Chungand C. H. Li. J. Amer. Chem. Soc., 89, 1208 (1967).

143) G. 1. Teswer and W. Rittel, Rec. Trur. Chim. Puys-Bas., 88, 553
11969).

t44) G. 1. Tesser and R. Schwyrer, Hele. Chim. Actu., 49, 1013 (1966).

(45) K. Hofmann, Brookhuren Symp. Biol., 18, 184 (1960).
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the p-dimethylaminobenzylidene-3-corticotropin deriv-
ative which is presumably formed.

Irrespective of interpretation the available data point
to the sequence Arg-Trp (positions 8 and 9) as a “sensi-
tive”’ region of the hormone molecule.

Steric incompatibility to form a funetioning hormone—
receptor complex would explain the biological innert-
ness of p-Glu’-p-Hist-p-Phe'-p-Args-p-Trp®-8-cortico-
tropin, 537 (VIII), but the observation by Birnbaumer
and Rodbell*® that this compound antagonizes 8-cortico-
tropin competitively in rat fat-cell ghosts argues against
this interpretation.

Evaluation of the effect of amino acid replacements
on biological activity has not yet produced meaningful
answers pertaining to specific amino acid residues which
are connected critically with the biological activity of
the 8-corticotropin molecule. Moreover, these studies
have contributed little to an understanding of the mode
of action of this hormone. Many of the recorded sub-
stitutions have resulted in compounds which retain bio-
logical activity and in some instances (peptides 1I, IV,
and V) adrenal ascorbic acid depleting activity was
apparently enhanced. This apparent enhancement was
attributed to increased resistance of the analogs to cer-
tain proteolvtic enzymes, particularly aminopeptidases,
with concomitant prolongation of action. When
administered i.m. to man, the steroidogenic potency of
peptide IT was lower than that of poreine 8-corticotropin
and the synthetic peptide was not longer acting.*

A meaningful explanation of structure-function
studies depends on the discovery of a more refined in
vitro test system which will allow the differentiation
between binding and function and which should elimi-
nate the uncertainties inherent in the testing of these
compounds in highly organized biological svstems.”
Exploration of the chemical nature of the ACTH recep-
tors appears to offer a promising approach since ignor-
ance pertaining to these structures retards progress in
this field.
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