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An analog of lysine-vasopressin in which the (-amino group of the lysine residue is replaced by a methyl group has 
been prepared. In the rat it show-s about 8% of the pressor effect and about 4% of the antidiuretic activity of lysine-
vasopressin. The synthesis was carried out in solution by the stepwise approach. The usefulness of o-nitrophenyl 
esters in peptide synthesis was examined. 

In s tudies of synthe t ic analogs of lysine-vasopressin, the 
lysine residue conta in ing the only s ide-chain amino group 
in the na tu ra l compound has been the subject of cont in
ued in teres t . 1 In one analog, 8-formyllysine-vasopressin,2 

the basic amino group of the lysine side chain is masked 
by acylat ion. Such an in t roduct ion of an addi t iona l group 
could produce mis leading resul ts . For ins tance , the bio
logical propert ies of 2-O-methyl tyrosine-oxytocin 3 could 
suggest t ha t the hydroxyl group is necessary for act ivi ty, 
yet 2-phenyla lan ine-oxytoc in 4 ' 5 has significant biological 
act ivi ty. Thus , the in t roduct ion of the methy l group, and 
not the removal of the hydroxyl, is responsible for the 
drast ic loss in potency. The pharmacological proper t ies of 
a vasopressin analog in which lysine was replaced by leu
cine were reported in the l i t e ra ture . 6 - 7 However, because 
of the b ranch ing in the side cha in of leucine potent ia l ly 
misleading conclusions could be drawn concerning the role 
of the s t ra ight -cha in lysine residue. For a conclusive ex
amina t ion of the role of the s ide-chain amino function in 
lysine vasopressin, its rep lacement by ei ther hydrogen t or 
a methyl group should be considered. To keep the length 
of t he side chain comparab le to t h a t of t he lysine residue, 
we decided to synthesize 8-L-homonorleucine-vasopressin, 
an analog in which a methyl group replaces the amino 
group of lysine. 

Homonorleucine (DL) was synthesized as described in 
the l i t e ra ture . 8 Init ially, p repara t ion of the desired analog 
from DL-homonorleucine and separa t ion of the dias te-
reoisomers at the t r ipep t ide stage were a t t e m p t e d . 9 

However, separa t ion of Z-L-Pro-L-Hnl-Gly-OEt from Z - L -
Pro-n-Hnl -Gly-OEt was achieved nei ther by crystall iza
tion nor by countercur ren t d is t r ibut ion . A cont inuat ion of 
the synthesis th rough the protected nonapep t ide yielded, 
after deprotect ion and cyclization, a complex m i x t u r e . ! 
Because of these difficulties the DL-amino acid was re
solved in the form of its acetyl derivat ive with hog renal 
acylase . 1 0 Benzyloxycarbonyl-t . -homonorleucine was cou
pled to glycine ethyl ester by the t r imethy lace t i c acid 
mixed anhydr ide m e t h o d . 3 1 1 2 After deprotect ion, the di-
pept ide ester was acylated with the p -n i t rophenyl ester of 
benzyloxycarbonyl-L-proline.1 3 and the protec ted t r ipep
t ide ester was t r ea ted with methanol ic a m m o n i a to form 
the corresponding amide . Following the removal of the 
benzyloxycarbonyl group, iV-terf-butyloxycarbonyl-S-ben-
zyl-I,-cysteine was incorporated in the form of its o-nitro
phenyl ester .1 4 16 T h e chain was then lengthened in the 
same manne r by deprotect ion with trifluoroacetic acid 
and acylat ion with / .ert-butyloxycarbonyl amino acid o-
nitrophenyl esters in each s tep unti l the protec ted nona
pept ide . iV-ferf-butyloxycarbonyl-S-benzyl-L-cysteinyl-O-
benzyl-L-tyrosyl-L-phenylalanyl-L-glutaminyl-L-asparagin-
yl-S-benzyl-L-cysteinyl-L-prolyl-L-homonorleucylglycina-
mide . was obta ined . T h e high yields in the chain- lengthen-

I 1 -l)eamino-8-i,-norleucine-oxytoein was prepared by M. Muhlemann. 
H. Nesvadba. and -J. Rudinger, unpublished results (personal communica
tion from Professor Rudinger). 

t These experiments were carried out by Dr. Patricia Dreyt'uss and Miss 
Basia Matthews 

ing s teps d e m o n s t r a t e d the usefulness of o-nitrophenyl 
esters as react ive der ivat ives in the stepwise synthes i s 1 7 of 
polypept ide cha ins . The pro tec ted nonapep t ide was t rea ted 
with trifluoroacetic acid and the resul t ing t r i f luoroacetate 
sal t conver ted to the free amine which in t u rn was re
duced with sodium in l iquid a m m o n i a and cyclized by air 
oxidat ion. The crude cyclic pep t ide was purified by coun
tercurrent d is t r ibut ion . In order to avoid the need for a 
separa te removal of the N-pro tec t ing group, a second de
rivative of the s ame nonapep t ide , N-benzyloxycarbonyl-
S-benzyl-L-cysteinyl-O-benzyl-L-tyrosyl-L-phenylalanyl-L-
glutaminyl-L-asparaginyl-S-benzyl-L-cysteinyl-L-prolyl-L-
homonor leucylglycinamide , was also prepared, deblocked 
wi th sodium in liquid ammonia , and cyclized. An addi t ion
al analog, l -deamino-8-L-homonorleucine-vasopressin, was 
p repa red by t h e m e t h o d described for 1-deamino-oxyto-

c ; n 18,19 Thg remarkab le insolubil i ty of this compound pre 
vented a s tudy of its propert ies . 

By rat vasopressor assay . 2 0 8-L-homonorleucine-vaso
pressin has act ivi ty of 21.4 ± 1 . 0 u n i t s / m g or about 8% 
tha t of lysine-vasopressin. It has ant id iure t ic activity in 
e thanol -anes the t ized r a t s 2 0 equa l to about 10 u n i t s / m g as 
compared to about 250 u n i t s / m g for lysine-vasopressin. 2 1 

These modera te effects, not very different from those re 
por ted for 8-formyllysine-vasopressin2 or 8-leucine-vaso-
pressin, 6 - 7 indicate tha t the amino group is not absolutely 
essential for the expression of vasopressin-like act ivi t ies . 
They also show tha t a cat ion-forming group in the side 
chain of the eighth residue of vasopressin analogs is need 
ed for potencies comparab le to those of the na tu ra l hor
mone. § A basic residue in this position is in itself not suf
ficient for high potency. This is shown by the example of 
8-hist idine-vasopressin.2 2 An a l te rna t ive replacement of 
the amino group by hydroxyl provides information about 
the possibility t h a t the hormone is bound to the receptor, 
not through an ionic bond, but by a hydrogen bond. The 
corresponding analog, 8-i ,-hydroxynorleucine-vasopressin. 
was p repared in th is labora tory . r Its hormonal activities 
(30 u n i t s / m g of ra t pressor and 70 u n i t s / m g of ant id iure t 
ic) are modera te but significantly higher t h a n those of the 
homonorleucine analog, suggesting tha t a hydrogen bond 
is able to subs t i tu te , to some extent , for an ionic bond be
tween hormone and receptor . Of course a l te rna t ive expla
nat ions , such as polar interact ion or hydrophil ic effects, 
can also be invoked. 

Exper imenta l Sect ion 

Capillary melting points were taken and are uncorrected. 
Where analyses are indicated only by symbols of the elements, 
analytical results obtained for the elements were within ±0.4% of 
the theoretical values. For silica gel tic. the following solvent sys
tems were used: A, rc-BuOH-AcOH-H20 (4:1:1); B. CHC13 

MeOH (9:1). Peptides were detected by the use of uv. ninhydrin. 

? The activities ot the new vasopressin analogs were determined by Pro 
fessor Wilbur H. Sawyer of the College Of Physicians and Surgeons of Co
lumbia University. The authors express their gratitude for this valuable 
contribution. 

~ The synthesis of this analog was carried out by Dr. Patricia Dreyt'uss 
and will be published separately. 
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chlorination, and charring techniques. For quantitative amino 
acid analysis, samples were hydrolyzed with constant boiling HC1 
in evacuated, sealed ampoules at 110° for 16 hr. 

DL-Homonorleucine (DL-Hnl) was prepared according to the 
method published by Albertson.8 The DL-amino acid was ob
tained by neutralization of the hydrochloride with triethylamine. 
A chromatographically homogeneous product was obtained, tic 
R(

A 0.45, mp 270-275° dec. Anal. (C7H15N1O2) C, H, N. 
Acetyl-DL-Hnl was prepared by addition of acetic anhydride to 

DL-homonorleucine in boiling acetic acid as described by Green-
stein and Winitz.23 The product showed a single spot on tic, RS

A 

0.59, mp 106-108°. 
L-Hnl was obtained by action of hog renal acylase I on acetyl-

DL-Hnl.:0 The product, mp 275° dec, was chromatographically 
homogeneous: tic Rt

A 0.45; [a]22D +23.1° (c 2, 5 N HC1) [lit.24 

+23.3° (c2, 5iVHCl)]. 
Z-L-Hnl (I) was prepared from L-homonorleucine and benzylox-

ycarbonyl chloride using the procedure described for benzyloxy-
carbonylglycine.25 The product was obtained in a yield of 94%: 
mp 63-65°; homogeneous on tic, Rt

A 0.74; [a]22D -3.5° (c 2, 95% 
EtOH). Anal. (C1 5H2 iNi04) C, H, N. 

Z-L-Hnl-Gly-OEt (II). Compound I (4.45 g, 15.9 mmol) was 
dissolved in a mixture of CHCI3 (20 ml), toluene (20 ml), and tri
ethylamine (TEA, 1.8 g) at room temperature and then cooled to 
-5° . Trimethylacetyl chloride (1.95 g, 15.9 mmol) was added and 
allowed to react for 1 hr at -5° . A precooled solution of glycine 
ethyl ester (2.25 g, 15.9 mmol) in chloroform (40 ml) with TEA 
(1.8 g) was added and the solution was allowed to come to room 
temperature. It was then washed with water, 0.5 N KHCO3, and 
0.5 N HC1. The organic layer was dried over MgSO.j, filtered, and 
evaporated. The residue was recrystallized from 50% ethanol: 84% 
yield; mp 109-110°; [a]22D -15.6° (c 1.4, 95% EtOH); tic i?r

B 0.22. 
Anal. (C19H28N205) C, H, N. 

Z-L-Pro-L-Hnl-Gly-OEt (III). A solution of the protected di-
peptide II (1.90 g, 5 mmol) in 95% EtOH was hydrogenated in the 
presence of an equimolar amount of HC1. The N-deprotected de
rivative was then acylated with Z-L-Pro-ONP13 in DMF in the 
presence of TEA. The reaction was monitored by ninhydrin spot 
tests. The solvent was evaporated, the residue dissolved in chlo
roform, and the solution extracted with water, dried over MgS04, 
and evaporated. The crude product was triturated with ether. 
The solid which separated was collected and washed with ether to 
give 1.5 g (66%): mp 125-126°; [a]22D -65.6° (c 2, 95% EtOH); 
chromatographically pure on tic, R[B 0.63. An additional 0.2 g 
was recovered from the mother liquor, mp 126-128°. Anal. 
(C24H35N306) C, H, N. 

Z-L-Pro-L-Hnl-Gly-NH2 (IV). A solution of III (1.63 g, 3.6 
mmol) in MeOH, which had been presaturated with NH3 for 2 
hr, was stoppered and left overnight. The MeOH was evaporated 
with a stream of nitrogen and the residue triturated with ether. 
The product was collected and washed with ether to give 1.46 g 
(94%) of a chromatographically homogeneous material: mp 164-
165°; [a]22D -59.8° (c 1, 95% EtOH); tic Rt

B 0.32. Anal. 
(C22H32N405) C, H, N. 

Boc-L-Cys(Bzl)-L-Pro-L-Hnl-Gly-NH2 (V) was prepared from 
the tripeptide amide IV (1.59 g, 3.68 mmol). Deprotection was ef
fected by HBr in AcOH and the chain was lengthened with a 20% 
excess of the active ester, Boc-Cys(Bzl)-ONO,15 in DMF (12 ml) 
in the presence of diisopropylethylamine.26 After completion of 
the reaction, determined by a ninhydrin spot test, the DMF was 
evaporated, water was added, and the product which separated 
was washed with ether: yield 1.83 g (84%); mp 164-165°; [a]22D 
-43.9° (c 2, DMF containing 17c AcOH); tic showed a single spot, 
Rt

B 0.48. Anal. (C29H45N506S) C, H, N, S. 
Boc-L-Asn-L-Cys(Bzl)-L-Hnl-Gly-NH2 (VI). Compound 

V (1.7 g, 2.88 mmol) was deprotected with trifluoroacetic acid 
(TFA). The trifluoroacetate was dissolved in DMF (12 ml) and 
allowed to react with Boc-Asn-ONO15 in the presence of TEA. 
After completion of the reaction, EtOAc was added to the reac
tion mixture and the product separated. The product was collect
ed and washed with DMF-EtOAc (v/v) and then with EtOAc: 
yield 1.5 g (75%); mp 214-215°; H 2 2 D -59.0° (c 0.7, DMF con
taining 1% AcOH); tic showed a single spot, R[A 0.71, Rt

B 0.29. 
Amino acid analysis gave Asp, 1.0; Pro, 1.1; Gly, 1.0; Hnl, 1.0; 
Cys(Bzl), 1.0. A second crop (0.25 g, mp 214-215 ) was obtained 
from the mother liquor. Anal. (C33H51N7O8S) C, H, N, S. 

Boe-L-Gln-L-Asn-L-Cys(Bzl)-LPro-L-Hnl-Gly-NH2 (VII) was 
obtained from VI (0.74 g, 1.03 mmol) as described above using 
Boc-Gln-ONO15 as the acylating agent: yield 0.79 g (92%); mp 
209-210°; [a]22D -45.1° (c 1, DMF containing 1% AcOH); tic 
showed a single spot, RfA 0.69. Amino acid analysis gave Asp, 1.1; 

Glu, 1.0; Pro, 1.1; Gly, 1.0; Hnl, 0.9; Cys(Bzl), 0.9. Anal. Calcd for 
C38H59N9OioS: C, 54.7; H, 7.1; N, 15.1; S, 3.8. Found: C, 54.0; H, 
7.2; N, 14.5; S, 4.1. 

Boc-L-Phe-L-Gln-L-Asn-L-Cys(Bzl)-L-Pro-L-Hnl-Gly-NH2 

(VIII) was prepared from VII (0.69 g, 0.83 mmol) using a 100% 
excess of the acylating agent Boc-Phe-ONO16 to prevent forma
tion of the pyroglutamyl derivative. Reaction conditions were the 
same as described for VI: yield 0.71 g (88%); mp 224-225°; [<Y]22D 
-43.2° (c 1, DMF containing 1% AcOH); tic showed a single spot, 
Rf

A 0.55. Amino acid analysis gave Asp, 1.0; Glu, 1.0; Pro, 1.0; 
Gly, 1.0; Phe, 1.0; Hnl, 1.0; Cys(Bzl), 0.9. Anal. (CtyHegNnoOuS) 
C, H,N, S. 

Boc-L-Tyr(Bzl)-L-Phe-L-Gln-L-Asn-L-Cys(Bzl)-L-Pro-L-Hnl-
Gly-NH2 (IX). The protected octapeptide was prepared from VIII 
(0.69 g, 0.70 mmol) following the procedure described for VI, with 
Boc-Tyr(Bzl)-ON016 used for acylation: yield 0.83 g (96%); mp 
226-228°; [a]22D -36.6° (c 1, DMF containing 1% AcOH); tic 
showed a single spot, Rt

A 0.59. Amino acid analysis gave Asp, 1.0; 
Glu, 1.0; Pro, 1.0; Gly, 1.0; Tyr, 0.9; Phe, 1.0; Hnl, 1.0; Cys(Bzl), 
0.9. Anal. (CeaHgaNnOiaS) C, H, N, S. 

Boc-L-Cys(Bzl)-L-Tyr(Bzl)-L-Phe-L-Gln-L-Asn-L-Cys(Bzl)-L-
Pro-L-Hnl-Gly-NH2 (X). Boc-Cys(Bzl)-ON015 was applied to 
lengthen the octapeptide chain (0.7 g, 0.57 mmol). The procedure 
used is described above, with the notable exception that diisopro
pylethylamine rather than Et3N was used for the liberation of the 
free amine from its trifluoroacetate: yield 0.75 g (93%); mp 244-
246°; [a]22D -39.2° (c 1, DMF containing 1% AcOH); homoge
neous on tic, RiA 0.63. Amino acid analysis gave Asp, 1.1; Glu, 
1.0; Pro, 1.0; Gly, 1.0; Tyr, 0.9; Phe, 1.0; Hnl, 1.1; Cys(Bzl), 2.1. 
Anal. ( C T ^ N ^ O ^ S J ) C, H, N, S. 

L-Cys(Bzl)-L-Tyr(Bzl)-L-Phe-L-Gln-L-Asn-L-Cys(Bzl)-L-Pro-
L-Hnl-Gly-NH2 (Xa). The Boc group was removed from the pro
tected nonapeptide X (0.23 g, 0.16 mmol) with TFA. The trifluo
roacetate was dissolved in DMF and ten times the calculated 
amount of TEA was added to liberate the free amine which was 
then precipitated by dilution of the mixture with the EtOAc: 
yield 0.20 g (93%). 

Z-L-Cys(Bzl)-L-Tyr(Bzl)-L-Phe-L-Gln-L-Asn-L-Cys(BzlR-
Pro-L-Hnl-Gly-NH2 (XI) was prepared from compound IX (0.36 
g, 0.3 mmol) as described for the corresponding N-tert-butyloxy-
carbonyl derivative. Z-L-Cys(Bzl)-ONP13 was used for acylation 
and the product was obtained in a yield of 0.39 g (88%): mp 255-
256°; [a]22D -48.5° (c 0.4, AcOH); homogeneous on tic, Rr

A 0.61. 
Amino acid analysis gave Asp, 1.0; Glu, 1.0; Pro, 0.9; Gly, 1.0; Tyr, 
0.7; Phe, 0.9; Hnl, 1.0; Cys(Bzl), 1.8. Anal. (C76H92N12O14S2) C, H, 
N, S. 

S-Bzl-/3-mercaptopropionyl-L-Tvr(Bzl)-L-Phe-L-Gln-L-Asn-
L-Cys(Bzl)-L-Pro-L-Hnl-Gly-NH2 (XII) was prepared from IX 
(0.3 g, 0.25 mmol) as described above using S-Bzl-/3-mercaptopro-
pionic acid p-nitrophenyl ester18 as the acylating agent. The 
product, 0.28 g (85%), mp 248-250°, appeared homogeneous on 
tic, Rt

A 0.6. Amino acid analysis gave Asp, 1.0; Glu, 1.0; Pro, 0.9; 
Gly, 1.0; Tyr, 0.8; Phe, 0.9; Hnl, 1.0; Cys(Bzl), 0.9. Anal. 
(CesHssNndsSs^HaO) C, H, N. 

8-L-Homonorleucine-vasopressin (XIII). A (from X). A sam
ple (180 mg, 0.13 mmol) of the partially deprotected nonapeptide 
(Xa) was dissolved in liquid NH 3 {ca. 250 ml) at the boiling point 
of the solution, and small pieces of Na were added until the blue 
color persisted for about 3 min. After the addition of NH4CI (0.10 
g), the NH3 was allowed to evaporate to about 10 ml and the re
maining solvent was removed in vacuo by evaporation from the 
frozen state. Dissolution of the residue in 02-free water (200 ml) 
containing 0.08% AcOH was incomplete. Aeration was carried out 
at pH 6.5 for several hours until the sodium nitroferricyanide 
reaction became negative. The pH of the solution was then ad
justed to 4 with AcOH; the solution was filtered and concentrated 
to a small volume in vacuo. As determined by uv absorption 
about two-thirds of the peptide was removed as insoluble materi
al. Lyophilization was avoided because further polymerization 
was observed at previous attempts. 

B (from XI). The benzyloxycarbonyl nonapeptide (XI, 50 mg) 
was reduced with Na in liquid NH3 as described above, except 
that 02-free 0.1% NH4OH was used to dissolve the residue after 
evaporation of the NH3. After air oxidation was complete, the so
lution was filtered and concentrated to a small volume. About 
83% of the peptide was present in solution. 

Several such concentrated preparations were pooled and, after 
filtration from insoluble material (polymer), subjected to counter-
current distribution in the system: n-BuOH-n-PrOH-0.05% 
AcOH (2:1:3). One major peak, detected by uv absorption at 278 
nm, followed the curve calculated for K = 1.5, n = 468. The cor-
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responding fractions were pooled and evaporated in vacuo to 
about 30 ml. A concentration of 1.0 mg/ml was determined by uv 
|Amax 278 nni ie 1400)] and quantitative amino acid analysis; 
[« ] 2 2 D -26.2° (c 0.1. 1 JV AcOH); tic showed a trace amount of an 
impurity and only a single strong spot R,A 0.19. Rf 0.58 (n-PrOH-
NH4OH. 7:3). The minor spot might be due to polymerization of 
the product on the tic plate itself. This tendency for polymeriza
tion interfered with further examinations by paper chromatogra
phy and electrophoresis. Amino acid analvsis gave Asp. 1.0; Glu. 
1.0; cystine, 1.0; Tyr, 0.9; Pro, 1.0; Hnl. 1.0;"Gly, 1.0; Phe. 1.0. 

l-Deamino-8-L-homonorleucine-vasopressin (XIV) was pre 
pared from compound XII (0.22 g, 0.17 mmol) in the same manner 
as described for 8-L-homonorleucine-vasopressin. Although insolu
ble in 0"2-free water containing 0.05% AcOH. the reduced materi
al formed a disulfide linkage on air oxidation (determined by the 
nitroferricyanide test) in suspension. The product, collected by 
filtration (0.1 g, 58%), was found to dissolve readily in concen
trated NH4OH but not in H2O: mp 253-254° dec; homogeneous 
on tic. A',A 0.39. Amino acid analysis gave Asp, 1.0; Glu. 1.0; Pro. 
1.0: Glv, 1.0; half-cystine. 0.87; mixed disulfide. 0.24; Tvr. 0.9; 
Phe. 0.9; Hnl. 1.0. Anal. (C 4 7 H 6 5 N„0 1 2 S 2 -H 2 0) C, H, N. S." 

A c k n o w l e d g m e n t s . This s tudy was suppor ted by a 
grant from the U. S. Publ ic Hea l th Service (NIH, AM-
12473). The authors t h a n k Dr. G u n n a r Lindeberg for the 
sample of p -n i t rophenyl S-benzyl-rf-mercaptopropionate . 
Amino acid analyses were carried out by Mrs . Delores J . 
Gaut and e lementa l analyses by the Baron Consul t ing 
Co.. Orange, Conn. 
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ficity.3 9 We now wish to report t h a t an analog of the hep
t apep t ide sequence, in which the 5-glutamic acid is re
placed by arginine, has about four t imes the act ivi ty of 
the na tu ra l sequence in the s t imula t ion of free fat ty-acid 
release in isolated rabbi t fat cells. 

Bo th the n a t u r a l ACTH-(4-10) -pep t ide , methionylglu-
tamylhis t idy lphenyla lanylarg inyl t ryptophylg lyc ine , and 
the analog of interest , methionylarginylhis t idylphenyla l -
anylarginyl t ryptoptophylglycine , were synthesized by the 
sol id-phase me thod . 4 0 - 4 1 These syntheses were performed 
on a B e c k m a n Model 9900 pept ide synthesizer, and the 
condit ions for the two syntheses were vir tual ly ident ical . 
Deprotect ion of the amino-pro tec ted in te rmedia tes on the 
resin was accompl ished with 207c trifluoroacetic acid 
(TFA) in me thy lene chloride to which 5 m g / m l of di-
thiothrei tol ( D T T ) h a d been a d d e d to protect agains t 
ac id-cata lyzed oxida t ions . 4 2 Double coupling of each 
amino acid was performed. T h e second coupling was fol
lowed by acetylat ion of any remain ing free amino groups 
with ace ty l imidazole . 4 3 T h e protected pept ide was 

Lipolytic Activity of Met-Arg-His-Phe-Arg-Trp-Gly, a Synthetic Analog of the ACTH 
(4-10) Core Sequence 
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A new analog of the ACTH-(4-10)-heptapeptide has been synthesized by the solid-phase method. The thoroughly 
purified and characterized peptide. Met-Arg-His-Phe-Arg-Trp-Gly. was found to have about four times the lipolyt
ic activity in isolated rabbit fat cells of the synthetic peptide. Met-Glu-His-Phe-Arg-Trp-Gly, corresponding to the 
natural sequence. 


