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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." 
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11967). 

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. 
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Figure 1. Electropherogram of unhydrolyzed and tryptic digest of 
synthetic [Arg5]-ACTH (4-10) compared with the standard Beck-
man amino acid mixture. Electrophoresis was run for 50 min at 
3000 V/50 cm at 10°. Upper strip was stained with Pauly spray 
and lower strip with ninhydrin. 

cleaved from the resin and simultaneously deprotected by 
treatment with anhydrous hydrogen fluoride44-45 in the 
presence of anisole and free tryptophan. Purification of 
the crude, deprotected peptide was accomplished on a se­
ries of Biogel P-2 and carboxymethylcellulose (CMC) col­
umns. The identity and purity of the resulting peptides 
were evaluated by amino acid analysis after both acid and 
enzymatic hydrolysis, high voltage paper electrophoresis 
at three different pH values, and, in the case of the 5-ar­
ginine analog, by electrophoretic analysis of the tryptic 
digest. Amino acid analyses agreed well with theory, 
electrophoreses gave single spots, and the tryptic digest 
was very clear in helping to verify the identity of the ana­
log (see Figure 1). 

Biological activity of the peptides was determined in an 
isolated rabbit fat-cell system prepared by a modification 
of the procedure of Rodbell.46 Stimulation of lipolysis was 
the criterion of biological potency used. The release of free 
fatty acids into the medium was measured by forming the 
63Ni-fatty acid complex as described by Ho.47 The lipo­
lytic system was chosen for bioassay because of its conve­
nience, precision, reproducibility, and high sensitivity to 
short sequences of ACTH.34-48 The dose-response curve of 
the 5-arginine analog was compared with that of the natu­
ral sequence, ACTH-(4-10)-peptide. A pair of representa­
tive dose-response curves may be seen in Figure 2. Both 
synthetic peptides stimulated lipolysis to the same maxi­
mum value and had dose-response curves with about the 
same slope, but for half-maximal response only about one-
fourth as much of the 5-arginine analog was required. If 
the activity of the ACTH (4-10) sequence is defined as 
1.0, the activity of the 5-arginine analog is 3.7 (see Table 
I). Natural porcine-ACTH was about 103 times as potent 
on a molar basis. 

An attempt was made to assess the effect of changes in 
pH on relative activities of ACTH itself, the ACTH (4-10) 
sequence, and the 5-arginine analog of the 4-10 sequence. 
Fat cells were washed and incubated in various Krebs-
Ringer-triethanolamine buffers of pH as high as 8.0 and 
as low as 6.8. At the extreme pH values, marked depres­
sion of hormone-stimulated lipolysis was noted overall, 
along with indications that metabolic and physical deteri­
oration of the cells was occurring. However, over the en­
tire pH range investigated, no significant variations in the 
relative activities of ACTH, ACTH (4-10), and [Arg5]-
ACTH (4-10) were noted. 

Experiments are now in progress to determine whether 
these observations can be extended to other biological 
assay systems and to longer sequences of the ACTH chain 
incorporating the 5-arginine substitution. In addition, we 
are investigating the mechanism of this increased stimu-
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Figure 2. Pair of dose-response curves representing one complete 
assay in isolated rabbit adipocytes. Free fatty-acid release was 
calculated from the cpm of the 63Ni complex. See text. 

Table I. Relative Lipolytic Activity of 
[Arg5 J-ACTH- (4-10) -heptapeptide 

Synthetic peptide Rel. lipolytic potency 

ACTH (4-10) 
[Arg"]-ACTH (4-10) 

1.0 (denned) 
3.7 (2.5-4.8) ' 

"Reported potency is the average of five separate assays. 
Range is given in parentheses. 

lation of lipolysis by the 5-arginine analog. A number of 
possible explanations can be put forward at this time. 
Similarly shaped dose-response curves rising to the same 
maximum suggest that the observed lipolytic activities of 
the two heptapeptides are a result of differing affinity for 
the receptor.49 The observations of Li and Oelofsen50 that 
there is a correlation of net charge and activity in ACTH 
analogs with variations in the strongly basic 15-18 region 
suggest a possible explanation for our observations. The 
strength of binding of the amino terminus of the 4-10 
peptide could be charge dependent in this system. A sim­
ple correlation of net charge and activity is not observed, 
however, since a number of neutral substitutions for the 
glutamic acid that effectively increase the net charge in 
this region have resulted in peptides with activity no 
greater than that of the natural, glutamic acid containing 
peptide.39 

Another possible explanation would involve the neigh­
boring 6-histidine, an important residue for biological ac­
tivity.9-14-15 The nearby positive charge of arginine could 
affect the pK of the histidine and account for the en­
hanced activity of this analog. Hofmann, et al., have vir­
tually ruled out a vital role for the acid-base behavior of 
6-histidine in steroidogenic and melanocyte-stimulating 
systems,15 but the lipolytic system may be different. For 
example, Blake and Li9 found that replacement of 6-histi­
dine by phenylalanine in ACTH (1-19) resulted in a large 
drop in steroidogenic and melanocyte-stimulating activity 
but even a larger drop in lipolytic activity in both the rab­
bit and the rat. Although our experiments in which the 
pH of the assay medium was varied did not confirm this 
possibility, it is still not ruled out. 

A third possible explanation envisions that there is a la­
tent negative charge in the receptor site, near the area in 
which the 4 and 5 positions of ACTH lie in the receptor-
bound state. This would greatly enhance the binding of 
the 5-arginine analog of the hormone to the receptor. A 
very interesting observation of Yajima, et al., on synthetic 
monkey /3-MSH intermediates should be considered.51 In 
their synthetic procedure, intermediates of increasing 
length at the N terminus were available and were assayed 
for melanocyte-stimulating activity. A comparison of their 
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Table II. Amino Acid Analyses of Synthetic Peptides 

_ ACTH f4-10) 
Enzy-

Acid matic 
Amino The- hydrol- hydrol- The^ 

acid ory ysis ysis 

[5-Arginine]-ACTH 
(4-10) 

Arg 
Glu 
Gly 
His 
M e t 
Phe 
T r p 

1 
1 
1 
1 
1 
1 
1 

0.94 
1.02 
1.00' 
0.96 
0.95 
0.97 
0.86f 

0.93 
1.02 
0.96 
1.01 
0.98ft 

1.00" 
0.90 

'he-
>ry 

2 
0 
1 
1 
1 
1 
1 

Acid 
hydrol­

ysis 

2.10 
0 

1.00" 
1.04 
1.01 
1.03 
0.93c 

Enzy­
matic 

hydrol­
ysis 

2.04 
0 

1.00 
1.05 
1.12* 
1.00" 
1.03 

"Arbitrarily defined as 1.00. All other values relative to 
Gly fn acid hydrolysis; to Phe in enzymatic hydrolysis. 
'Traces (<0.01) of methionine oxides were noted. cThe 
recovery of tryptophan by this method is 80-90%. See 
text. 

peptide containing an N-terminal methionine (the methi­
onine of the core heptapeptide) with the next peptide in 
their synthetic series, in which an additional N-terminal 
arginine had been added, shows that addition of the basic 
residue results in a large increase in biological activity. An 
arginine in this position is the natural residue in monkey 
0-MSH and is displaced by two residues from the position 
in our analog, but the comparison is still of interest, espe­
cially since melanocyte and rabbit fat-cell receptors for 
ACTH and related peptides have been noted to have some 
important characteristics in common.52 Another notable 
study of Li, et al.,53 is one in which basic residues were 
attached directly to the C terminus of ACTH (1-10). We 
would conclude from these and other data7 '11-16 '34-35-53^5 

that addition of the basic residues results in little in­
crease in steroidogenic or melanocyte-stimulating activity 
but a large increase in lipolytic activity in the rabbit fat 
cell. 

Many analogs of ACTH have been synthesized that dis­
play increased activity over natural sequences of the same 
length. These have usually been peptides in which re­
placements near the N terminus by various modified or 
D-amino acids have led to longer lifetimes in biological 
systems.20-22-31-56~67 Such results have most plausibly 
been explained in terms of susceptibility of the peptide to 
attack by various degradative enzymes which may be 
present in the assay system in vitro or in vivo. The analog 
considered in this study is the first example we know of in 
which replacement of a single residue within a fragment 
of the natural sequence of ACTH by another common, 
naturally occurring, L-amino acid has resulted in a large 
increase in any type of biological activity. 

Our previous study39 characterized the 5-glutamic acid 
as a "spacer," with little, if any, side-chain specificity. 
The fifth position in ACTH peptides might thus be con­
sidered an "unimportant" residue in the sequence from a 
structure-function point of view. The possibility that such 
"unimportant" sites in peptide hormones may be candi­
dates for profitable use as important loci for synthetic re­
placements that subtly influence hormonal activity is sug­
gested by the present study. 

Experimental Section 

tert-Butyloxycarbonylglycine-resin. A batch of 16.7 g of poly­
styrene-1% divinylbenzene resin (Bio-Rad Biobeads S-Xl, 200-
400 mesh, Lot 6718), chloromethylated to the extent of 1.7 mmol 
of Cl/g of resin, was placed in a vessel with 150 ml of dimethyl-
formamide, 4.0 mmol of Boc-glycine, and 4.0 mmol of CSHCO3 
and stirred at 50° for 48hr.68 The degree of esterification was de­
termined to be 0.18 mmol of Boc-glycine/g of resin by hydrolysis 

for 5 hr at 137° in 1:1 propionic acid-hydrochloric acid tollowert 
by amino acid analysis. 

Methionyl-0-benzylglutamyl-iV"' !-tosylhistidylpheiiylalan\ l-
A<g-tosylarginyltryptophylglycine-resin. Boc-glycine-resin (1.0 
g, 0.18 mmol of glycine) was placed in the reaction vessel ot the 
synthesizer and treated as follows: (li three washings with 25-ml 
portions of methylene chloride; (2) prewash with 25 ml of 20% 
TFA in methylene chloride containing 5 mg/'ml of DTT followed 
by a 25-min treatment with 25 ml of the same TFA solution: (3i 
three washings with 40-ml portions of methylene chloride: (4) pre­
wash with 25 ml of 10% diisopropylethylamine (DIEA) in methy­
lene chloride followed by a 10-min treatment with 25 ml of the 
same DIEA solution; (5) three washings with 40-ml portions of 
methylene chloride: (6) addition of 0.45 mmol of Boc-tryptophan 
in 1 ml of dimethylformamide and 7 ml of methylene chloride. 
followed by a brief stirring; (7) a 5-ml solution of methylene chlo­
ride containing 0.45 mmol of dicyclohexylcarbodiimide was then 
added and the entire mixture stirred for 150 min: 18) three wash­
ings with 40-ml portions of methylene chloride; (9) a treatment of 
10 min with 25 ml of 10% DIEA in methylene chloride: (10) three 
washings with 40-ml portions of methylene chloride; (111 a repeat 
of steps 6-8; (12) a 45-min treatment with 25 ml ot 5 m», ml of 
acetyl imidazole in methylene chloride: (13) three washings with 
40-ml portions of methylene chloride: (14) three washings with 
40-ml portions of absolute ethanol: (15) three washings with 40-ml 
portions of methylene chloride. In the next cycle, the same steps 
were repeated by with Aoc-.V^-tosylarginine in place of the Boc-
tryptophan. In the next four cycles, the identical procedure was 
used but with 0.45 mmol of Boc-phenylalanme, Boc-.Y""-tosylhis-
tidine, Boc-glutamic acid y-benzyl ester, and Boc-methionine (each 
dissolved in 8 ml of methylene chloride), respectively, as the 
amino acid derivative used in the coupling steps. A final depro-
tection was performed by adding 25 ml of 20%' TFA in methylene 
chloride (5 mg/'ml of DTT) and stirring for 30 min. Several wash­
ings with methylene chloride were followed by brief drying under 
positive nitrogen pressure and drying overnight under high vacu­
um. All steps of the synthesis were performed under a nitrogen 
atmosphere. 

Methionylglutamylhistidylphenylalanylarginyltryptophyi-
glycine. The above protected heptapeptide resin (1.25 g! was 
placed in a Kel-F container along with 80 mg (2 equivi of trypto­
phan and 1 ml of anisole. Addition of 10 ml of anhydrous hydro­
gen fluoride by distillation was followed by 30 min of stirring of 
the mixture at 0°. The hydrogen fluoride was removed by evapo­
ration under high vacuum, and the residue was extracted three 
times with ethyl ether to remove the anisole. To the residue was 
added 50% TFA in methylene chloride (containing 5 mg, ml of 
DTT) and the mixture was poured onto a filter. The resin was 
thoroughly washed with this TFA solution and the total filtrate 
collected. The TFA and methylene chloride were evaporated oft. 
and the residue was dissolved in 1 ml of 1 .V acetic acid. The 
milky solution was placed on a 110 x 1 cm Biogel P-2 column and 
eluted with 1 N acetic acid. A peak containing peptide material 
with modified (oxidizedl tryptophan emerged in the void volume 
(120 ml) followed by a large peak (150-210 ml) consisting of the 
crude desired peptide. A number of smaller peaks followed, con­
taining peptide material of undesired composition, and then the 
very large tryptophan peak emerged at 550-ml effluent volume. 
DTT was washed off the column much later. The large peak 
(150-200 ml) containing material of amino acid composition cor­
responding to the desired peptide was pooled and lyophilized. The 
fluffy powder was dissolved in 1 ml of 0.1 N NH4OAc (adjusted 
with acetic acid to pH 5) and placed on a CMC column (35 x 0.8 
cm) and eluted with a discontinuous gradient of XH4OAc extend­
ing from 0.1 to 2.0 A' (adjusted to pH 5 with acetic acid). The 
major peak was pooled and lyophilized. The lyophilized material 
was dissolved in 1 ml of 0.1 ,V NH4OAc (pH 7). placed on another 
0.8 x 35 cm CMC column, and eluted with a 0.1-2.0 .V gradient 
of NH4OAc at pH 7. A large, single peak, eluted with 0.1 A' buff­
er, was pooled and lyophilized. This material was desalted on a 
55-cm Biogel P-2 column and again lyophilized from acetic acid 
to a fluffy white powder (12.1 mg). After hydrolysis in 6 i\ HC1 
containing 2% by volume mercaptoacetic acid,69 amino acid 
analysis was performed (Table II). These hydrolyses conditions were 
found to yield an 80-90% recovery of tryptophan in our hands and 
allowed tryptophan to be routinely determined on the amino acid 
analyzer. The peptide was completely hydrolyzed by aminopep-
tidase M (see Table II). Little if any methionine oxide was de­
tected. High-voltage paper electrophoresis of the peptide was 
carried out at three different pH values: (1) pH 3.46 pyridine 
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acetate, 1500 V, 60 min; (2) pH 6.32 pyridine acetate, 1500 V, 
60 min; and (3) pH 9.22 sodium borate, 1500 V, 60 min. Each 
of the above runs gave a single homogeneous spot with the 
Rr expected from the net charge of the synthetic molecule. The 
purified peptide was weighed into small tubes in 0.2-2.0-mg por­
tions. The tubes were flushed with nitrogen, sealed, and then 
stored in the cold. The peptide was found to be stable in the 
bioassay over a period of months when stored in this way. 

Methionyl-A7«-tosylarginyl-A r 'm-tosylhistidylphenylalanyl-
7Vg-tosylarginyltryptophylglycine-resin. Boc-glycine-resin (650 
mg, 0.12 mmol of glycine) was treated exactly as in the previous 
synthesis, except that Aoc-7Vg-tosylarginine was used in place of 
the glutamic acid derivative. 

Methionylarginylhistidylphenylalanylarginyltryptophylgly-
cine. Protected peptide resin (790 mg) was deprotected and 
cleaved from the resin in hydrogen fluoride under identical condi­
tions to those above. The elution pattern from the 110-cm Biogel 
P-2 column was very similar to that of the previous peptide. The 
elution pattern from the CMC column was similar to that of the 
previous case, except that the major peak eluted with 0.5 N 
buffer. Final desalting followed by lyophilization gave a fluffy 
white powder (10.9 mg) with amino acid analyses given in Table II. 
Electrophoreses on paper were carried out simultaneously with 
the 5-glutamic acid peptide, and single homogeneous spots were 
found with the expected mobilities in each case. Tryptic digestion 
of the purified peptide was carried out as follows. Incubation at 37° 
for 2 hr (in 0.5% NH4HCO3) of 0.93 mg of the peptide with 0.01 mg 
of trypsin (total volume 0.06 ml) was followed by spotting 20 M1 of 
the hydrolysate, 20 ^1 of the unhydrolyzed peptide at the same 
molar concentration as the hydrolysate, and 10 ^1 of a 0.5 mM 
Beckman amino acid standard mixture. A 50-min electrophoresis 
at 3000 V, 120 mA, at 10° was carried out. Parallel strips were 
stained with ninhydrin and Pauly spray. A photograph of the re­
sulting electropherograms along with interpretations is shown in 
Figure 1. The peptide was stored in small portions as with the 5-
glutamic acid peptide and was also found to be stable under these 
conditions. 

Bioassay. Young, 2-kg, New Zealand White male rabbits 
(Carver's Rabbitry, Somerville, N. J.) were used in this study. 
Older, larger rabbits were found to have larger, more fragile adi­
pocytes. The animal was tranquilized with chlorpromazine 1 hr 
before sacrifice with an overdose of nembutal. The abdominal 
cavity was immediately opened and the perirenal fat pads were 
removed, cut in pieces, and placed in plastic vials. Krebs-Ringer-
triethanolamine buffer (pH 7.4, containing 3% albumin and 1 
mg/ml of glucose) was added (about 1 ml/g of tissue weight) 
along with 150 units of purified Worthington collagenase per gram 
of tissue weight. The vials were agitated in a 37° water bath for 
30-40 min, which caused disaggregation of most of the original 
tissue into single cells. The mixture was strained through nylon 
mesh to remove tissue aggregates. The suspension of cells was 
centrifuged for 3 min at 3000g and the lower aqueous layer con­
taining most of the blood residue removed. The cells were washed 
twice by resuspending them in fresh buffer. The cells were trans­
ferred to a plastic, stirred vessel and the concentration of cells 
was adjusted to ca. 15-20% by volume with buffer. An aliquot of 
0.5 ml of cell suspension was transferred to cellulose nitrate tubes 
containing the various concentrations of hormones used. The 
tubes were capped and shaken gently at 37° for 45 min. Blanks, 
containing cells but no hormone, both incubated and nonincubat-
ed, were included. At the end of the incubation time, 1 ml of 
Dole's fatty acid extraction mixture70 was added and each tube 
vortexed. Heptane (0.6 ml) and H2O (0.4 ml) were then added to 
each tube and vortexing was followed by a 3-min spin at 3000g, 
causing sharp separation of the upper organic and lower aqueous 
phases. Ho's method47 for determination of free fatty acids by 
complexation with 63Ni was used as follows. A 50-M1 aliquot of the 
organic layer was transferred to a small cellulose nitrate tube; 100 
Ml of chloroform-heptane (4:1) followed by 10 nl of 63Ni (1-2 ,uCi 
as nicklous nitrate) in a saturated salt solution were added. Each 
tube was vortexed for at least 30 sec and then spun at 3000g for 3 
min. A 50-^1 sample of the organic layer was transferred to a 
scintillation vial and 18 ml of scintillation fluid (64:750:750 liqui-
fluor-toluene-2-ethoxyethanol) was added. The vials were count­
ed on the standard 14C channel of a Packard Tri-carb liquid scin­
tillation counter for 10 min. The moles of free fatty acid released 
from a standard number of cells per unit time were calculated 
from the net counts per minute and plotted against the molar 
concentration of the peptide. The same bioassay was also used 
with cells from rat epidydimal fat pads. Both synthetic heptapep-

tides were inactive at concentrations of 500 nmol/ml in the rat 
cell system. 

A c k n o w l e d g m e n t . We t h a n k Dr. T a - H s i u Liao for his 
guidance wi th t he enzymat ic hydrolyses, Dr. Donald A. 
Ell iot t for m a n y helpful suggestions, and Wi lbur t Car ter , 
M a r i a Chela Chikueka , B a r b a r a H . Guernsey, and Emi le 
J e a n - B a p t i s t e for exper t technica l ass is tance . T h i s work 
was suppor ted in p a r t by gran t s from the Na t iona l 
Science Founda t ion (GB 31004X) and the Na t iona l Inst i ­
t u t e s of Hea l th (AM 01260). 

References 

(1) O. Hechter and T. Braun in "Structure-Activity Relation­
ships of Protein and Polypeptide Hormones," M. Margoulies 
and F. C. Greenwood, Ed., Excerpta Medica, Amsterdam, 
1972,p 212. 

(2) C. H. Li, Perspect. Biol. Med., 11, 498 (1968). 
(3) J. Ramachandran and C. H. Li, Advan. Enzymol, 29, 391 

(1967). 
(4) C. H. Li, E. Schnabel, and D. Chung, J. Amer. Chem. Soc, 

82,2062(1960). 
(5) E. Schnabel and C. H. Li, ibid., 82, 4576 (1960). 
(6) E. Schnabel and C. H. Li, J. Biol. Chem., 235, 2010 (1960). 
(7) D. Chung and C. H. Li, J. Amer. Chem. Soc, 89, 4208 

(1967). 
(8) J. J. Blake, R. W. Crooks, and C. H. Li, Biochemistry, 9, 

2071(1970). 
(9) J. Blake and C. H. Li, ibid., 11, 3459 (1972). 

(10) C. H.Li and B. Hemmasi, J. Med. Chem., 15,217(1972). 
(11) C. H. Li and B. Hemmasi, ibid., 15, 697 (1972). 
(12) K. Hofmann, R. D. Wells, H. Yajima, and J. Rosenthaler, 

J. Amer. Chem. Soc, 85, 1546 (1963). 
(13) K. Hofmann, J. Rosenthaler, R. D. Wells, and H. Yajima, 

ibid., 86, 4991 (1964). 
(14) K. Hofmann, H. Bohn, and R. Andreatta, ibid., 89, 7126 

(1967). 
(15) K. Hofmann, R. Andreatta, H. Bohn, and L. Moroder, J. 

Med. Chem., 13,339(1970). 
(16) K. Hofmann, W. Wingender, and F. M. Finn, Proc Nat. 

Acad.Sci. U. S., 67, 829 (1970). 
(17) M. Bodanszky, M. A. Ondetti, C. A. Birkhimer, and P. L. 

Thomas, J. Amer. Chem. Soc, 86, 4452 (1964). 
(18) H. Yajima and K. Kubo, ibid., 87, 2039 (1965). 
(19) H. Yajima, K. Kubo, Y. Kinomura, and S. Lande, Biochim. 

Biophys. Acta, 127, 545 (1966). 
(20) R. A. Boissonnas, S. Guttmann, and J. Pless, Experientia, 

22,526(1966). 
(21) G. I. Tesser and W. Rittel, Reel. Trau. Chim. Pays-Bas, 88, 

553(1969). 
(22) R. Geiger, H. G. Schroder, and W. Siedel, Justus Liebigs 

Ann. Chem., 726,177 (1969). 
(23) M. Fujino, O. Nishimura, and C. Hatanaka, Chem. Pharm. 

Bull., 18,1291 (1970). 
(24) M. Fujino, C. Hatanaka, O. Nishimura, and S. Shinagawa, 

ibid., 19,1075(1971). 
(25) A. Tanaka, Endocrinol. Jap., 18,155 (1971). 
(26) U. Lang, G. Karlaganis, S. Seelig, G. Sayers, and R. 

Schwyzer, Helu. Chim. Acta, 56,1069 (1973). 
(27) K. Hofmann, T. A. Thompson, M. E. Woolner, G. Sptihler, 

H. Yajima, J. D. Cipera, and E. T. Schwartz, J. Amer. 
Chem. Soc, 82, 3721 (1960). 

(28) H. Otsuka and K. Inouye, Bull. Chem. Soc. Jap., 37, 289, 
1465(1964). 

(29) H. Yajima, Y. Okada, T. Oshima, and S. Lande, Chem. 
Pharm. Bull, 14,707(1966). 

(30) M. Fujino, C. Hatanaka, and O. Nishimura, ibid., 19, 1066 
(1971). 

(31) R. Geiger and H. G. Schroder, Hoppe-Seyier's Z. Physiol. 
Chem., 354, 156,(1973). 

(32) R. Schwyzer and C. H. Li, Nature (London), 182, 1669 
(1958). 

(33) H. Kappeler and R. Schwyzer, Experientia, 16,415(1960). 
(34) A. Tanaka, B. T. Pickering, and C. H. Li, Arch. Biochem. 

Biophys., 99,294(1962). 
(35) B. T. Pickering and C. H. Li, Biochim. Biophys. Acta, 62, 

475 (1962). 
(36) C. H. Li, B. Gorup, D. Chung, and J. Ramachandran, J. 



1330 Journal of Medicinal Chemistry, 1973, Vol. 16, No. 12 Solomons. Sam 

Orii. Chem.. 28, 178(1963). 
(37) R. Schwvzer, R. Schiller, S. Seelig, and G. Sayers, FEBS (53) 

Lett.. 19,229(1971). 
(38) S. Seelig and G. Sayers, Arch. Biochem. Biophvs., 154, 230 (54) 

(1973). (55) 
(39) M. W. Draper, R. B. Merrifield, and M. A. Rizack, Fed. (56) 

1'roc. Fed. Amer Soc. Exp. Biol., 32, 490 (1973). 
(40) R. B. Merrifield, Advan. Enzymol., 32, 221 (1969). (57) 
(41) J. Blake and C. H.Li, J. Amer. Chem. Soc. 90,5882(1968). (58) 
(42) G. R. Marshall in "Pharmacology of Hormonal Polypeptides 

and Proteins," N. Back, L. Martini, and R. Paoletti, Ed.. (59) 
Plenum Press, New York, N. Y., 1968, p 48. 

(43) L. D. Markley and L. 0. Dorman, Tetrahedron Lett.. 1787 (60) 
(1970). 

(44) S. Sakakibara, Y. Shimonishi, Y. Kishida, M. Okada, and (61) 
H. Sugihara, Bull. Chem. Soc. Jap.. 40, 2164 (1967). 

(45) J. Lenard and A. B. Robinson. J. Amer. Chem. Soc. 89, 181 (62) 
(1967). 

(46) M. Rodbell, J. Biol. Chem., 239, 375 (1964). (63) 
(47) R. ,1. Ho, Anal. Biochem., 36, 105(1970). 
(48) M. S. Raben, R. Landolt, F. A. Smith, K. Hofmann. and H. (64) 

Yajima, Nature (London), 189, 681 (1961). (65) 
(49) E. J. Ariens and A. M. Simonis, •/. Pharm. Pharmacol. IB, 

137(1964). (66) 
(50) O. H. Li and W. Oelofsen in 'The Adrenal Cortex," A. B. 

Eisenstein, Ed.. Little, Brown and Co., Boston. Mass., 1967, (67) 
p 196. (68) 

(51) H. Yajima, Y. Okada, Y. Kinomura. and H. Minami. J. (69) 
Amer. Chem. Soc. 90, 527 (1968). 

(52) -I. Ramachandran and V. Lee, Biochem. Bwphys. Res. Com- (70) 

mun., 41,358(1970). 
C. H. Li, J. Ramachandran, and D. Chung, J. Amer. Chem. 
Soc, 86,2711(1964). 
K. Hofmann and H. Yajima, ibid.. 83, 2289 (1961). 
M. Nakamura, J. Biochem. (Tokyo), 71, 1029(1972). 
P. A. Desaulles and W. Rittel, Proc Row Soc Med.. 60, 906 
(1967). 
B. Riniker and W. Rittel, Helv. Chim. Acta, 53,513(1970). 
R. Maier, P. L. Barthe, L. Schenkel-Hulliger, and P. A. De­
saulles,.Acta Endocrinol. (Copenhagen), 68, 458(1971). 
G. I. Tesser and J. T. Buis, Reel. Trav. Chim. Pays-Bas. 90, 
444(1971). 
K. Inouye, A. Tanaka. and H. Otsuka. Bull. Chem. Soc. 
Jap., 43, 1163(1970). 
K. Inouye, K. Watanabe. K. Namba, and H. Otsuka, ibid. 
43,3873(1970). 
M. Ide, A. Tanaka, M. Nakamura, and T. Okabayashi. 
Arch. Biochem. Biophys.. 149, 189(1972). 
M. Nakamura, A. Tanaka, M. Hirate, and S. Inoue, Endo­
crinol. Jap., 19,383(1972). 
M. Nakamura and A. Tanaka, ibid.. 19, 395 (1972). 
M. Nakamura, M. Ide, T. Okabayashi, and A. Tanaka. 
ibid., 19,443(1972). 
M. Fujino. C. Hatanaka, and O. Nishimura, Chem. Pharm. 
Bull.. 18, 771, 1288(1970). 
R. Geiger, Justus Liebigs Ann. Chem.. 750, 165 (19711. 
B. F. Gisin, Helv. Chim. Acta, 56, 1476 (1973). 
H. Matsubara and R. M. Sasaki, Biochem. Biophys. Res 
Commun.. 35, 175 (1969). 
V. P. Dole. •/. Clin. Invest.. 35, 150 (1956). 

2-Aminoindans of Pharmacological Interest 

Evere t t Solomonsf a n d Joseph S a m * 

Department of Medicinal Chemistry. The University of Mississippi, University, Mississippi 38677. Received May 14. 1973 

2-Aminoindans in which the amine moiety consists of various cyclic amine derivatives including morpholino. 
hexamethyleneimino (potential sympathomimetic agents), and 4-acyloxy-4-phenylpiperidino derivatives (potential 
analgetic agents) were prepared and tested for antiinflammatory, analgetic, pharmacodynamic, and neurophar-
macologic activity. No marked antiinflammatory or blood pressure effects were noted. Compound lOj exhibits 
strong amphetamine type activity; lOh and 18c, respectively, possess analgetic activity approximately equal to and 
one-half that of meperidine. 

2-Aminoindans have been noted to possess interest ing 
biological proper t ies . For example , 2 -aminoindan (1) ex­
hibi ts significant b ronchodi la t ing 1 and analgesic proper­
t ies 2 and 2-benzylaminoindan (2) possesses significant 
bronchodi la t ing proper t ies . 1 Bo th 1 and 2 may be consid­
ered cyclic analogs of a m p h e t a m i n e (3). 

1 2 3 

Because of (a) the l imi ted information avai lable on 1-
(2 ' - indanyl) cyclic amine derivat ives , (b) the pronounced 
analgesic act ivi ty of 2-aminoindan , and (c) o ther signifi­
cant biological ac t iv i ty 3 of existing 2-aminoindans , a 
n u m b e r of l - (2 ' - indanyl ) cyclic amines 4 were investi­
gated. Fu r the rmore , l - (2 ' - indanyl) -4-phenyl-4-piper idyl 
propionate (5) represents a c o n f o r m a t i o n a l ^ res t ra ined 
relative of the corresponding analgesic 6. T h e former also 
is a hybr id of 2 -amino indan and l -methyl -4-phenyl-4-pi -
peridyl propionate (7), bo th analgesics . In compounds 
such as 6, t he A/'-arylalkyl subs t i t uen t is free to assume 

t Abstracted in part from a dissertation submitted by E. S. to the Grad­
uate School. University of Mississippi, in partial fulfillment of Ph.D. de­
gree requirements, 1970. 

various conformations. In view of the var ia t ion of biologi­
cal act ivi ty with changes in conformation of drug mole­
cules, it was of interest to synthesize and to s tudy phar­
macologically compounds such as 4 and 5 in which the 
conformational var ia t ions have been res t ra ined . The in-

C,,H6 OCOCJL 

5,R = 2-indanyl 
4 6, R = phenethyl 

7 ,R=CH 3 

vest igat ion of 4 (R = CH3) was unde r t aken wi th the goal 
of producing derivat ives in which rota t ion about t he indan 
C-2 to ni t rogen bond is res t ra ined by steric in teract ion of 
t he methy l group wi th t he me thy lene hydrogens adjacent 
to t he ni t rogen. Fu r the r impe tus for the synthesis of de-

OrrN,cHj-


