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Two analogs of g-corticotropim_s amide, 7.e., glutamine’-3-(pyrazolyl-3)-alaninet-g-corticotropini_s amide
and glutamine’-phenylalanine-g-corticotropin,_s amide were synthesized and certain biological properties of
these peptides were evaluated. The observation that the replacement of histidine by B-(pyrazolyl-3)-alanine
only decreased but did not eliminate steroidogenic and melanocyte expanding activities demonstrates conelu-
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 subjects. The same dose
administered intramuscularly by a single injection failed to elicit these effects. Glutamine’-phenylalanine’-g-corti-
cotropini_y amide exhibits only 2-39 in vivo steroidogenic and adrenal ascorbic acid depleting activity of g-cor-

ticotropin on a weight basis
units/g.

The in vitro melanocyte expanding potency of this material was 1.4 X 107" MSH
It is concluded that the indole portion of tryptophan is not functionally involved in the physiological
activity of S-corticotropin but appears to contribute 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 S-corticotropin (I) (Table I) have
corroborated the initial observation of Bell, ¢t al.,’ that
the biologically effective unit of this hormone is located
in the N-terminal region between positions 1 and 24.
B-Corticotropini_ss (III),% B-corticotropinies (X),” 8-
corticotropin;_y; amide (XI),® and B-corticotropini—sg
amide (XVI)? exhibit approximately the same 7n vivo
adrenocorticotropic activity in the rat as natural -
corticotropin.™0—12

(1) See J. Amer. Chem. Soc., in press (1970), for paper XLIV in this
series.

(2) Supported by grants from the U. S. Public Health Service and the
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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 wivo 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 L-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’-8-(pyrazolyl-3)-alaninet-
B-corticotropin;_s amide (XVIII).

The finding of Dedman, et al.,*” that treatment of 8-
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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STRUCTURES AND BIoLOGIOAL ACTIviTies o g-CORTICO FROPIN AND ANALOGE

a)
AMINO ACID SEQUENCE

BIOLOGICAL ACTIVITY

ACTH MSH
U/mg u/q
PEPTIDE NO [ob) c) di
I H- SER*TYR-SER*MET-GLU*HIS-PHE-ARG-TRP -~ - - - VAL-LYS-VAL:TYR:PRQ:- - - - ~-PHE - OH i»IOO 100, 108 .
| 2 3 4 ) 6 7 8 9 20 21 22 23 24 39
I A NH, 625 o
oI H- R - - - - S O ‘m@r 0%
T A - - - - N 750.1300 [10°_
T A - - - - . 500 | 300 | 10°
T W{SERTTR - - - - R oo 107
LA
YOI HA{SER-TYR-SER-HET I - - - - HE b 100 107
-
T H— N G V- //S PHE ARG TRP - - - - - O+ [0 1107
i i | 7 '
X A - - - - IR O HI-QS
X A - - - - AR O e | 91107
T !
X H- R - - - - I\, HO0
I H-{GLy N - - - - D, doa
o H - - - - I\, t@,%,&_. L
r A - - - - I\, 130 R
b H- N - - - - -\, LI
i ! §
T H- R - - - - .-, Sl 83 L0
i ! 7 ‘
VI H ABUT-GLN -~ - - HENH, 3I_,H..ﬁ4’_lg.ﬁ
‘ b7
IV H GLN-PYR - - - - HlR-NH, LM&%
X H GLN -- - - N, o2 2 o

« See text for lit. refx to the various compounds.
acid depleting activity. ¢ /n vivo rat steroidogenic activity.

In order to derive more information pertaining to the
importance of the tryptophan residue for hormonal
activity  we  prepared  glutamine®-phenylalanine®-3-
corticotroping_s amide (XIX) and evaluated its @ vive
adrenocorticotropic and (n vitro melanoevte expanding
potencies.

Preparative Aspects.—The key reactions in the
svnthesix of XVIII and XIX (Table I) are illustrated
in Scheme 1. Histidylphenylalanylarginylphenylalan-
viglveine (XX) was prepared by the stepwise method
from methyl phenylalanyvlglycinate. A mixed uan-
hydride of benzyloxycarbonvinitroarginine! served to
introduce the arginine residue. The ensuing methyl
benzyloxycarbonylnitroarginyviphenylalanylglyeinate
was saponified and the benzyvloxycarbonyltripeptide
converted into arginylphenylalanylglyeine by catalytic
hyvdrogenation. Routine elongation of the chain with
N-hydroxysuecinimidobenzyloxvearbonylphenylalanin-
ate!? and benzyloxyearbonyvihistidine azide? afforded
XNX.

18y K. Hofmann, W. D). Peckham. and A. Rheiner, J. Amer, Chem, Sos
78, 238 (1956).

t1t) G W Anderson, I 1L Zimmerman, and 1.
FR30 (1961,

1200 ROWL Hollev and E. Sondheimer, iLbid. 76, 1326 (10545,

M. Callahan, /hid., 86,

Amino acid residues shown in italies are of the p-configuration.
fnovitro melanocyte expanding activity,

" Adrenal ascorbice

IFor the synthesis of the protected decapeptide XXI1
the pentapeptide XX was treated with the azide XX]I.
Adsorption on Dowex-50 and elution with aqueous
MeOH containing TIEA provided a suitable procedure
for isolation of XXIT from the reaction mixture.

The protected deeapeptide XXV, a kev intermediute
for the preparation of XVIL, resulted from the coupling
of XXTIVH with the azide NXI; it was isolated s
deseribed for the preparation of XXII. The toxvlate
sult of XXV was reacted with the tosvlate salt of XXII1
using DCL as the condensing reagent.®*'  Following
exchange of tosvlate for acetate ions the mixture of
products wus subjected to gel filtration on Sephadex G
25% for isolation of homogeneous N-f-butoxyearbonyi-
servityrosylzervimethionviglutaminyl-g- (pyrazolvi-3j-
alanylphenylalanylarginyltryptophyigivevl-N-{-buto-
xyearbonyllysviprolyviglyvevi-Ne-t-butoxyearbonyvilysyl-
Ne-t-butoxyearbonyllvsvlarginylarginylprolylvaline am-
ide acetate.  Thix compound was deblocked with 90¢;,
TEFA, tifluoroacetate ions were exchanged for acetate
1ons, and the ensuing eicosapeptide amide acetate XVITT
was purified by eme chromatography.

The synthesis of XIX involved coupling by the (1

121 K. Hofmann, 1 Rosenthader. Ro 1), Wells, and H. Yajima, thid,
86, 1001 11064
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H-His-Phe-Arg-Phe-Gly-( )Hj

XX
+ > Boc-Ser-Tyr-Ser-Met-Gln-His-Phe-Arg-Phe-Gly-OH
NXII
Boe-Ser-Tyr-Ser-Met-Gln-Ny :|
NXI
+ > Boc-Ser-Tyr-Ser-Met-Gln-Pyr(3)ala-Phe-Arg-Trp-Gly-OH
NXV
H-Pyr(3)ala-Phe-Arg-Trp-Gly-OH— + L
XXIV XIX
Boe B[|)(t Boe
| .
H-Lys-Pro-Val-Gly-Lys-Lys-Arg-Arg-Pro-Val-NHy
XXIII
XVIIT

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 iso-
late the desired protected eicosapeptide amide by gel
filtration were unsuecessful, 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-mu 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 7.59, 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 deseribed.?®  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. 8. Pharmacopeia.?® Steroidogenic activity
was determined in hypophysectomized or dexamethasone-blocked

(22) S. Moore, D. H. Spackman, and W. H. Stein, Anal. Chem., 80, 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, 1bid., 87, 611 (1965).

(25) “U. S. Pharmacopeia,” Vol XV, Mack Publishing Co., Easton, Pa.,
p 176,

compound XVIII,
See text for experimental conditions.

Figure 1.—Disc electropherograms of
A and compound XIX, B.

rats.2%nb  The method of Shizume, ef al.,? served to determine
in vilro melanocyte expanding potency.

B. Preparation of Peptides. Methyl Benzyloxycarbonyl-
phenylalanylglycinate.—N-Hydroxysuccinimido  benzyloxycar-
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 EtOAc¢ (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]®Dp —22.7° (¢ 1.4, DMF); Rd 0.8, RJU0.8; RV 0.9,
lit.®® mp 122-123°; [«]®p —23.6° (¢ 2.0, DMF). Anal. (Cay-
HaN20;) 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.O); R 0.6; R/ 0.8;
single ninhydrin- and Cl-positive spot. Anal. (CpHeN2O;-
HCI-0.5 H,0)C, H, N.

Benzyloxycarbonylnitroarginylphenylalanylglycine.—A mixed
anhydride prepared from benzyloxycarbonylnitroarginine (3.54
g), n-BuN (2.4 ml), and ethyl chloroformate (0.96 ml)in dioxane
(70 ml) was added to a solution of methyl phenylalanylglye-
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., 68, 349 (1958).

(27) K. Shizume, A. B. Lerner, and T. B. Fitzpatrick, ibid., 64, 553
(1954).

(28) K. Vogler, P. Lanz, and W. Lergier, Helr. Chim. Acta, 46, 561
(1962).
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distributed between H.O and 129tOA¢-n-BuOIl (6:4). The or-
ganic phase was washed in the usual manver and the bulk
of the solvents evaporated. Et,O (400 ml) was added 1o the
remaining mass, and the precipitate was collected, washed
(Et0), and dried:  4.54 g (S00:5; mp 155-136°; || ®p —24,2°

194, MeOIL); 20 0N BRI 0N RAY 0.9, Ry 3.7 X His:
single Cl-positive spot.  For saponification the Me ester (14.15
) was suspended i dioxane (100 mly and 1.V NaOH (30 ml)
wax added with stirving.  After 15 min a clear =olution was ob-
tuined, then the Na salt of the desired product started 1o pre-
cipitate ax white needles.  The suspension was =tirved at room
temmperature for 2 hry dioxane (200 ml) wax added, and the mix-
ture was placed ina refrigerator. The xolid was collected, washed
with dioxane, and dissolved in HoO) (200 mli.  The desived com-
pound precipitated upon addition of T N HCl: 13.27 g (96¢ (‘,.
mp 227-230° dee. A small sample wus reprecipitated from S0/
Al

AcOH with I1O: mp 231-233° ([O(' la]®p —17.4° (¢
DNF); By 0.7, Ry 070 ReY ( eV 0N Iy bl X Hls.

single Cl-positive spot.  Anal. ;(.g:,”:gll\ﬂ)\} C,H, N, 0.
Benzyloxycarbonylphenylalanylarginylphenylalanylglycine
Monohydrate.---Benzyloxycarbonyinitroarginviphenyvlalanylgly-
cine (12.8 ¢) wax hvdrogenated for 24 hr over Pd in MeOH (200
ml) containing 100, AcOIL (50 ml).  Fresh cataly=t wax added
after 8 hr of hydrogenation.  The catalv=t was removed by
filtration, the filirate was concentrated to a small volume, and
the residue was lyophilized to constant weight from =mall vol-
umes of H:0:  vield quanttative: hygroscopie powder; [a]*n

2.0° (e 2,606, 1100 R 0.3 RAT 050 50 04 I8 2.6 X
. single Cl-, mnh\ drin-, and Sakaguchi-positive =pot; amino
acid ratios in AP-M digest:  Argy oPhe; oGly, o

To an ice-cold suspension of the above tripeptide acetate
(4.4 g) in THF (120 ml) containing TEA (4.1 ml) was added V-
hydroxysuceinimido benzyloxycarbonylphenyvlalaninate®® (3.96 g
and the mixture was stirred at 0° for 1 hr and at room tempera-
ture for 1 hr. DMF (35 mb) was added and the rexulting solu-
tion was allowed to stand at room temperature for another 2 }11‘
The bulk of the solvents wax removed /n racwo and HaO (300
ml) was added 1o the vesidue.  After cooling i a mmgemml.
the precipitate was collected, washed with ice-water, and dried.
The product was rveprecipitated from 907, AcOH with H.0:
496 g (m )nomp 251-253° dee: [a]®o — 10,67 e 153, 901
AcOH); R 05 BRIV 0T I 3.7 X Hix; single Cl- and Saka-
guchi- p()hHlVG spot; amino acid rvatios in acid  hydrolyvsate:
Phes oArg: oGlyio.  Anal. (CullyN:05 1,00 ¢ Hy N0 O caled
189, found 19.5.

Phenylalanylarginylphenylalanylglycine Monoacetate. - A ~us-
pension of the benzyvloxycarbonyl derivative {453 g) in MeOH-
200 AcOH (1:1) (10 ml) wax hydrogenated over Pd. The
catalyst wax removed by filtration, the filirate was con-
centrated to a small volume, and the residue was Ivophilized:
white powder; 3.9 g (9957 ): lal®p =417 10 107, ILO): 124
0.3 R 0.6, single Cl- and ninhyvdrin-positive =pot: amino
acid ratios in AP-M digest: PhesoArgo Glye tnals (Co-
Hg N0 CHRCOLH) C, H, N, O.

Benzyonycarbonylhlstldylphenylalanylarginylphenylalanyl-
glycine Monoacetate Monohydrate. T a solution of benzyloxy-
arbonyThistidine hydrazide® (3.03 g) in DMF (30 ml) wus
added at —30° 6.9 N HCI in dioxane (5 ml) followed by t-butyl
nitrite (1.3 ml).  The solution was kept at —30° for 30 min and
then cooled at —60°.  The pH was adjusted 1o S.0-5.5 by addi-
tion of TEA (approximately 5 ml) and a =olution of phenyl-
alanylarginylphenylalanylglycine acetate (294 g) in DMF (20
ml) containing TEA (0.5 ml) was added over a period of 15 min.
The temperature wax allowed to reach 4°, and the mixture was
stirred for 24 hr (pH maintained at 5.0-5.5 by addition of TEA"
The bulk of the solvent wax evaporated, EtOAc (200 ml) wasx
added 1o the residue and the mixture was placed in a refrigera-
tor for 2 hr.  The solid was collected, washed with EtOA¢, and
dried. The residue was triturated with 0 (150 ml), the ensu-
ing suspension was placed in a refrigerator for 1 hr, and the
solid was collected, washed with five 20-ml portions of ice-water,
and dried.  Yield of erude material thydrochloride), which wus
used for the next =rep without purification was 3.95 ¢ (003 A
sample for unalysix (85 mg) was dissolved in 50 agueous EtOH
(30 ml) and the solution was passed through a column of Amber-
lite IRA-400 (2 X 6 emo. Cl-positive eluates were evaporated 1o
Qi snmﬂ volume and l\'uphi]imw] from TLO -dioxsne: 76 my:
[a]®p —21.4° (¢ 1.63, DNLF1; #0050 {070 single Cl-and
P.iul_\ -positive spot;  amino .u-i«l ratios inoaceid  hydrolysate:

Horvany, Axprevera, Bouy, axn Mowopin

HispoPhesArg o Gly e e (CLHON O CHLCOH - THRO) O
H, N, O.

Histidylphenylalanylarginylphenylalanyiglycine Sesquihydrate
(XX).- The protected pentapeptide (3.1 g) was hvdrogenated
over Pd in 507, AcOH. The ecatalysi was removed by filtration
and the filtrate was evuporated 1o dryness. The residue was
dissolved In .0 (150 mb), the solution wax cooled at 0° and
Dowex d0W-X2 200400 mesh) (10 g1 was added.  The ~ux-
pension was stirred at 02 for 45 min: the resin was collected and
washed with ice eold 1.0 The filtrate was freated with fresh
vesin (5 g in the =ame manner ad the combined vesins were
snspended i iee water (150 mlhL o TEA was added dropwise
with stivring until the pIl reached 5 N0, wnd the suspension wa-
stirred for 10 min The resin was removed by filtration, was
restzpended in jee-water (0 mli containing TEA and the sus-
pension wax =tirred for 10 min and filtered.  The filirate and
wazhings were concentrated to a small volume and lvophilized:
105 @, (6300 fw]®™D 1509 ¢ 2,04, HO ) 1030 RO
single Cl-, Pauly-, and ninhydrin-positive =pot:  amino acid
ratios i AP-AM digext: i PheooArgn Glye Anad 70
HaNOg 1 HOC, H, NSO,

\'-/-Butoxycarbonylseryltyrosylserylmethionylglutamine Mon-
ohydrate. - V-i-Butoxverbonvlzervhiyvrosine  hvdrazide  mono-
hydrare?t (4.3 @i wax dissolved 10 TN TCT (45 ml) precooled
~3% and the solution wax lavered with jce-cold E1OAe (30 ;.
NaNO, (5 V) wis added dropwise with <tirring until the =ohu-
tion twrned KT stareh paper blue.  After 5 min ar —5% IOA«
50 mli was added und the two lavers were separated  The
aqueous phase was reextracied with two 30-ml portions of ice-
cold E1OAc and the combined organic phases were washed with
ice-cold <atnrated NafLCO, and F.O and dried over MgSOy ui
—10°.

[ee-cold DNEF 7 milt was added, and the bulk of the FtOAc
wax removed i eacuo at 10°0 The DAMEF =olution was then added
with ~timing to an iee-cold solution of =ervlmethionyvlglutamine
monohydrate? 12,05 ¢) in ILO (5 ml) and TEA (0.85 mli. The
reaction mixture was kept at 52 for 3 days, the pIl being main-
tained at approximately S by addition of TEA. NHOH, 37,
1IN0 mly, was added and the =olution was extracted with several
portions of FKtOAe unul contaminating (vroxine-positive, meth-
ionine-negative material was removed.  The organie phuases
were reextracted with 37, NHOH and the combined aqueous
lavers were adjusted 10 pH 7 with AcOIl. The =olution wus
concentrated to a =mall volume, the resulting gelatinons musx
was extracted into -BuOH (150 mly, and the solution was washed
with =ix 30-ml portions of 107, AcOH and three 50-ml portions
of 11,0, The n-BuOH lavers were evaporated, and the produer
was precipitated  twice from ~PrOH with EtOAer 306 ¢
(CTSNO s mp LTS dees B 060 200070 single Cl-posi-
tive, ninhyvdrin-negative \pm' fa/ ¥ =286 (e 105 NeOH s
Aned 1 Cun HusN O H AN ¢, N

A 1h-myg sample of the pmlwle(l pentapeptide was dissolved
in TFA (0.5 mis the solution was allowed 1o stand at room tem-
perative for 20 min, then the product was precipitated by addi-
ton of K0 20 ml.

Trifluoroacetate ions were exchanged for acetate fons o Amber-
lite TRRA-100, and the produet was Ivophilized: 10 mg: ;' 0.3
<ingle Cl- and ninhydrin-positive spot: amino aeid ratios in AP-N]
digest: Sers Ty o Mety (Glig ., (5300,

N -t-Butoxycarbonylseryltyrosylserylmethionylglutamine Hy-
drazide Monohydrate.  -Iithereal CH.N, was added to an ice-
cold =olution of  N--bhutoxyearbonylseryltyvrosylservimethiouyl-
glutamine monohydrate (4.5 g1 in MeOH (600 mb) uutil the solu-
tion remained vellow.,  After standing for 5 min the solvent wus
evaporated and the en\mn;, =vriup was dissolved in MeOH (200
mlj.  Hydrazine hydrate (3 ml) was added and the mixture was
kept at room temperature for 48 hr. The solution wax placed
in a refrigerator {for 4 hr, the gelatinous precipitate was collected
and dried over .30, The material was precipitated from
VO (v vy agueous MeOIl \\'ith EtOAe: 3.8 ¢ (83900 mp
199-202° dec.; [a!®D --6.5° (¢ 160, DNF): 2009, ¢ 0.6:
BRI 0N single Cl- and ]X_\'(ll':l/,l(l(’—])(),\]TIV(‘ spot.  Anal. (Cy
HNOpS- H05 ¢, H N, O,

N ~t-Butoxycarbonylseryltyrosylserylmethionyiglutaminylhis-
tidylphenylalanylarginylphenylalanylglycine Trihydrate (XXII).
N-Butoxvembonvizerviivrosvizervimethionylghiamine  hy-
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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, aq NaXNOQ, sufficient to turn KI-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) in DMF (4 ml), H:O (1 ml), and 109 TEA in
DMF (1.5 ml) was added and 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 bulk of the solvents was removed, HO (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 (H,O) and evaporated to dryness and the gelatinous resi-
due was dissolved in 509 aq MeOH (100 ml). This solution was
cooled at 0°, Dowex 50 W-X2 (30 m] settled in H;O) was added,
and the suspension was stirred at 0° for 45 min, then the resin
was 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 at 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«]®Dp —24.0° (¢ 1.04, DMF); R 0.4; RJIU 0.7, Rit
0.6; R 3.9 X His; single Cl-, methionine-, and Pauly-positive
spot; amino acid ratios in acid hydrolysate; Ser;.sTyro.sMet;.o-
Glul,1Hi51,1PhezloAI‘go4gGlyl,o. J‘l’ﬂdl. (C(‘,2H36N15017S'3H20) C,
H N,O.

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

N -t-Butoxycarbonylseryltyrosylserylmethionylglutaminyl-3-
(pyrazolyl-3)-alanylphenylalanylarginyltryptophylglycine Mono-
hydrate (XXV).—To a solution containing the azide XXI (from
747 mg of the hydrazide as described above) was added a solution
of XXIV (500 mg) in DMF (3 ml) containing 1.25 ml of 109
TEA in DMF and the mixture was stirred at 5° for 24 hr. At
this point a second portion of azide (from 250 mg of the hydrazide)
was added and the gelatinous 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 residue. The mixture was stored at 5° for 4 hr and the
precipitate was collected and dried (P:O;). The ensuing white
powder (850 mg) was dissolved in DMF (40 ml) and a mixture of
H,0-MeOH-:-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 resin 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 5 ml. The
produect was precipitated by addition of water (200 ml), the mix-
ture was stored at 5° for 24 ht, then the product was collected
and dried: 3598 mg (629;); mp 200-203° dec; [«]¥Dp —15.4°
(¢ 0.52, DMF); amino acid ratios in acid hydrolysate: Ser -
Tyro.9Mety oGlui. 1 Pyr(3)ala; oPhe; jArgr.oGlyre; R 0.4; RAN
0.7; single chlorine- and Ehtlich-positive spot. Anal. (CeHgr-
N0::8-H0)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
lvophilized from H,O containing a few drops of dioxane; Ryl
0.4; RJ10.6; single Cl- and Ehrlich-positive spot; amino acid
ratios in AP-M digest: (Ser 4+ Gl TyrieMet: Pyr(3)ala; -
Phe;.Arg: o Trpe.sGlyi.i(Ree. caled 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 solution 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-
Net-butoxycarbonyllysyl- N¢-{-butoxycarbonyllysylarginylargin-
ylprolylvaline Amide (XXIII).—Compound XXIII?' (128 mg)
was dissolved in HyO (6 ml), the solution was cooled at 0°, and
an ice-cold solution of Ts mcnohydrate (42 mg) in H.O (2 ml)
was added. The solution was lyophilized to give a colorless
fluffy powder; 154 mg. Prior to its use the salt was dried in
vacuo at 50° for 1 hr.

N-t-Butoxycarbonylseryltyrosylserylmethionylglutaminyl-g-
(pyrazolyl-3)-alanylphenylalanylarginyltryptophylglycyl-Ne-t-bu-
toxycarbonyllysylprolylvalylglycyl- N¢-{-butoxycarbonyllysyl- Ne«
t-butoxycarbonyllysylarginylarginylprolylvaline Amide Acetate
Hydrate.—The dried tosylate salts derived from 109 mg of XXV
and 128 mg of XXIII 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 2nd, 3rd, and
4th days. The solution was concentrated in vacuo to approxi-
mately 5 ml, EtOAc (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 309
aqueous THF (100 ml), and the solution was passed through a
column of Amberlite IRA-400 (1.2 X 15 cm) 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 through filter-cel. The filtrate was
lvophilized to give a slightly yellow 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
in 19, AcOH (4 ml) was applied to a column (1.8 X 228 em) of
Sephadex G 23 fine and the column was developed with 19,
AcOH. Fractions (3 ml each) were collected at a flow rate of
1 ml/min. Absorbancy at 280 my 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 135-146 were,
also, pooled and lyophilized. The ensuing material (110 mg)
was rechromatographed giving an sdditional quantity (46 mg)
of homogeneous protected eicosapeptide: [«]¥D —350.4° (¢
0.93, 109 AcOH; R{ 035; R 0.7, amino acid ratios in acid
hydrolysate: Sers  Tyro.¢Met; 1Glue o Pyr(3)ala cPheroArgs. o Glya.o-
Lysa.ocPros.oValo.

Seryltyrosylserylmethionylglutaminyl-g-(pyrazolyl-3)-alan-
ylphenylalanylarginyltryptophylglycyllysylprolylvalylglycyllysylly-
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 eluates 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 cm), which was eluted
with an NHOAc gradient produced 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.
Absorbancy at 280 mu located the desired material in tubes 34—
130. These fractions were pooled, the bulk of the solvent was
removed, and the residue was lyophilized to eonstant weight.

This material was reduced with thioglycolic acid:** 75 mg;
[a]¥D —62.1° (¢ 1.02, 109, AcOH; R origin; K05, single
Cl-, Sakaguchi-, and ninhydrin-positive spot (See Figure 1 for
disc electropherogram); amino acid ratios in acid hydrolysate:
Sers.. Tyre s Met, oGlui o Pyr(3)alag ¢ Phe; o Args o Glys.oLiyss. o Pros.¢-
Valys; amino acid ratios in AP-M digest: Sers(Tyro.Mety o=
Glnp Pyr(3)alas.sPhep. sArgs. ¢ Trpo. o Glys.ocLyss. 1 Pros. Valss (849).

Seryltyrosylserylmethionylglutaminylhistidylphenylalanyl«
arginylphenylalanylglycyllysylprolylvalylglycyllysyllysylarginylar-
ginylprolylvaline Amide Acetate Hydrate (XIX).—The dried
tosylate salts derived 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 quantities of
DCI (100 mg each) were added on the 2nd, 3rd, and 4th days.
The bulk of the solvents was removed in vacuo, EtOAc (150 ml)
was added to the residue and the suspension was kept in a
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refrigerator for 2 hr.
EtOAe, and dried.

The precipitate was collected, washed with
This material dissolved in 500 aqueous
THF (50 ml) was passed through a column of Amberlite IRA-
400 (2 X 14 em), which was washed with the =ame solvent until
the elfluent was (,l -negative. Cl-positive eluaies were pooled.
the solution was evaporated 1o a small volume and lvophilized:
a64 mg.

This material was dissolved in 90, TFA (15 mli and the mix-
ture was kept at room temperature for 40 min.  The TFA wax
evaporated, the residue was lyophilized from Hy) (20 mb) and
triffuoroacetate ions were exchanged for AcO~ in the usual man-
ner

The rexidue dissolved in 30 ml of .25 3 NH:OAc¢ (pH s.0)
was applied to a CMC column (1.9 X 30 e¢m), which wax de-
veloped with a gradient produced by mixing 1000 ml of 0.25 M/
(pH X.0) NHOAc and 1000 ml of 0.25 M (pH 10.6) NHOAc.
Fractions (10 ml each) were collected at a flow rate of 40 ml ‘hr.
Fractions 83-140 were pooled, evaporated, and lyvophilized to
constant weight fiom H:0: 210 mg. This material was re-
chromatographed in the same manner. Fractions containing
the desxired peptide, contaminated with =ulfoxide, were pooled
and desalted on a Bio-Rex 70 column (1.8 X 4.0 em) using 150
ml of 3%, 350 ml of 109, and 400 ml of 2077 AcOH for elution.
Absorbaney at 280 my located the desired product i the 20¢,
AcOH eluates.  Thexe fractions were pooled, evaporated to u
small volume, and lyophilized. The resulting material was re-
duced with thioglyeolic acid:® 35 mg: [a]¥p —64.6° (¢ 140,
109, AcOHD: R 0.5, ninhydrin-, Cl-, and Paulv-positive =pot:
(see Figure 1 for dizc electropherogram): amino acid ratios in
AP digest: RerpJTyvreoMety oGy oHis o Phey sArge s Glyy -
Lvsas®Proy, Val .

Results and Discussion

Table [ summarizes the remarkable variety of amino
acid substitutions in the N-terminal region of 3-cortico-
tropin fragments which are compatible with adrenocor-
ticotropic and melanocyte expanding activity. The
recorded activities must be regarded as approximations
since they were determined in & number of laboratories
under different conditions.  Nonparalielism of the log
dose-responsex between standard and analog constitutes
an additional source of error.

In order to evaluate the role of various amino acid
residues in a biologically active peptide we have divided
these residues into two eclasses.  “Funetional” or
“active” residues are those whose replacement totally
destroyvs biological activity; “binding sitex” comprize
residues whose substitution alters but does not totally
destroy biological function.

Amino aeid residues which are of eritical funetional
significance for hormonal activity, it' they exist. =hould
be found within the sequence of g-corticotroping.u
amide (XVID)¥ which represents the smallest fully active
fragment vet discovered.

[t i~ diffieult to correlate cert ;Lin arlier observations,
based on biological evaluation of chemically modified
natural 8-corticotropin., with more recent results ob-
tained from structure funcetion studies with well defined
syuthetic fragments.

White!! incubated g-corticotropin with leueine amino-
peptidase and observed o rapid inactivation which
appeared to parallel the liberation of serine! and
tyrosine.* Selective N-acetvlation of the N-terminal
serine®? or 10, oxidation followed by reduction with
BH,~, reactions which convert the N-terminal serine
into a glvoxylyl group. resulted in almost complete

O High value due to poorly resolved Tris-hutfer and Las peaks.
Ly WO White, J. Amer, Chem. Soe., TT, 1641 (1955)
20 0P Wallerund HL BV, Dixon, Biochem. . T8, 32

i3
i3
(] i

Homtany, Axprtarry, Bons, szo Morobei

inactivation.®# These findings pointed 1o the N-
terminal serine a= an essential structural clement for
biologie function. Hm\'v\'m' glyeinel-g-corticotropin,
pm}mod from the glhvoxyvivl derivative by trunsanuna-
tion, exhibited ~1omhc it adrenocorticotropic activity .’
This (2\})(‘1111](*11[ eliminated the HOCH, group of the N-
terminal =erine ax funetionally essential, a result which is
confirmed by the observation that synthetie Glyv'-g-
corticotropini.»; amide (XIT)* ix highlyv active.  Com-
plete elimination of the N-terminal serine (XV)*
lowers but does not destroy adrenocorticotropie fune-
tion.  Replacement of the N-terminal scerine by p-
<cerine (IV).% p-alanine (V3.5 and g-ulanine®™ affords
analogs which possess an apparently higher biological
poteney than g-corticotroping . (1171

Adrenocorticotropie aetivity 1= also retained when
Tyvr? is replaced by Phe (XII1)*" and n-Ser!-p-Tyr*3-
corticotroping o (VI exhibits the full potencey of s-
corticotroping »,.  Substitution of Ser® by Ala (X1V)*
leads to a H0Cy <lo( rease in adrenal ascorbie acid deplet-
ing activity.

The results of methionine modifications and replace-
nment~ are particularly revealing since different altera-
tion= of this residue bring about apparently conflicting
biological effceets.  Oxidation of the methionine S to
SO destrovs adrenocorticotropie poteney of g-cortico-
tropin™® \‘uggoﬂing an intimate counection between the
oxidation state of the methionine 8 and physiological
funetion.  However. substitution of methionine by Abut
(NVID). 22t Nle (11),# or Leu®s does not eliminate bi-
ological activity.  Clearly the methionine N is not {une-
tionally essential despite the fuet that its oxidation
brings about inuctivation. The available evidence
points to the methionine residue as o hydrophobie bind-
ing site, but it is difficult to fit the high biological activ-
ity of p-Nert-p-Tyr=n-Serf-n-Net--corticotropitn
(VII)* into this concept.

The rat adrenad ascorbic acid depletion assay showed
NVII to possess Appl()\llnato 50 TU mg.  As con-
coerns st(}l'(mh)g(m(' poteney in the hypophysectomized
or dexametha=one-bloeked rat, the compound exhibited
approximately 60%¢ of the biological activity of cortico-
tropin Ay on aow nghl busis.  Accurate evaluation of
poteney was difficult beeause of nonparallelism in the
log dose response s pl()p(** between peptide and standard.
The mean v Ahl(‘ of 3-hr plasma 11- h\'(ll'uxv('urli(‘tMv-~
roid levels of N hum a1 \ub ect= was raised from 22 pe
100 ml to 42 wg 100 ml when 0.75 mg of XV Ill Wils
administered i.v. over a 6-hr period. The winary 17-
keto steroid: ercatinine ratio incereased {from 6.2 to 9.5 1
the same period. At thix dose Jevel the compound
failed to incrense the blood levels of insuling growth hor-

(335 1L BN Dixon, ibid. 83, 91 11962,
3 ML AL Bonght, 1L Enael, HLOT0
White, e, dhid,, 83, 95 114621,
35 H. B F. Dixonand L. R Weitkamp, ibid., 84, 162, (19621,
36 CVowsel and WL Sjedel. Z. Naturforsii.. 19b,

Lebovitz, Jo Lo Nostvo, and Do

35 R. Geiger, IV, Starmno
\78 119641,

1370 1L Kappeler, 13, Riniker, W, Rittel, o AL Desaulles, Ro Maier. 3
=ebiir, and M. Staehelin, Peptides. 214 (1467},

1381 R. Geiger, 1L-Ci. Sehiroder, and W Siedel, Justis Liehigs Voo (Chiene
726, 177 (196491,

1300 M. L. Dedmnn, Ut Farmer, and Co00 00 B Morris, Bioche o .
78, 318 (1061

G0 T S0 Danowski. . Hofmann, oA Welgund, and Jo T Sander.
SO Eadocrinol. Metal, 28, T120 (19681,

Shdas RO Bolssonnas, =0 Guttmann, and Jo Plesse Eeportentin, 22,
327 19661 by W Deepfner, ihid., 22, 327 (146610 fos Mo Jenny A
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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 in vitro melan-
ocyte expanding activity of XVIII was 8.4 X 10" 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-
cvte expanding properties of S-corticotropin fragments.
Chung and Li*® replaced arginine® in S-corticotropin;
amide by lysine and found that this substitution de-
creased in vitro steroidogenic activity from approxi-
mately 44 to less than 1 U/mg. The ¢n vitro melano-
evte expanding potency was decreased from 2 X 108
U/gtol X 107U/g.

The substitution by ornithine of Arg®in g-corticotro-
ping_ey (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!-g-corticotropin;_,s exhibits the full adrenocortical
poteney of p-corticotropini—ss.®* 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-corticotropini—s, amide compound (XIX) is
accompanied by a marked diminution of in vivo 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
in 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
argues 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).

(43) G. 1. Tesser and W. Rittel, Rec. Trur. Chim. Pays-Bas., 88, 533
(1969).

(#4) G.I. Tesserand R.Schwyzer, Hele. Chim. Acta., 49, 1013 (1966).

(45) K. Hofmann, Brookhuven 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 functioning hormone—
receptor complex would explain the biological innert-
ness of p-Glu’-p-His®-p-Phe’-p-Args-p-Trp®-8-cortico-
tropin;—s¥” (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 vet produced meaningful
answers pertaining to specific amino acid residues which
are connected critically with the biological activity of
the B-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 proteolytic 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 porcine 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 systems.”
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.

Acknowledgments.—The authors wish to express
their appreciation to Dr. J. D. Fisher of Armour Phar-
maceutical Company for the adrenal ascorbic acid de-
pletion assays, to Dr. H. E. Lebovitz of the Depart-
ment of Medicine, Duke University, for measurement
of the steroidogenic activity of the compounds, and
to Dr. A. B. Lerner of the Department of Medicine,
Yale University for the MSH assays. Dr. T. S.
Danowski of the Department of Medicine, University
of Pittsburgh School of Medicine, investigated the
effects of the pyrazole analog in human subjects. The
authors, also, wish to thank Aiss Judy Montibeller
for expert technical assistance, and Dr. William D.
Peckham for the disc electropherograms.

(46) L. Birnbaumer and M. Rodbell, J. Biol. Chem., 244, 3477 (1969).
(47) M. Friedman, Lxperientia, 28, 116 (1969).



