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filtered. By neutralization with 309,
product VI precipitated (see Table I1).
2-Ethoxyethylamino-5-chlorobenzophenone.~- A 1ixiire of 2.3
g of I, 15 ml of EtOH, and 7.5 ml of HCI was refluxed 2 hr on a
steam bath, cooled, ﬁltered niade alkaline with 2007 NaOH and
extracted w 1th CsHe, the extract was evaporated ‘Ll\(l the residual
oil distilled 7n vacuo to give 1.9 g (93%) of a dense yvellow oil,
bp 130-135° (4 num).  drnal. (CilLCINO.) C, 1, N,
2-Phenoxyethylamino-5-chlorobenzophenone.--A 1ixture of
0.5 g of IIT, 10 ml of EtOH, and 5 ml of HCI was refluxed 2 lr
ot a steant bath, filtered, and nentralized with NH;OH; on
cooling, 0.3 g (720%) of a vellow =olid erystallized; recrystallized
from IZ6OH-H,0, mp 87-83°.  Anal. (ClsCINO,) C, H, N.

NH,OH, 1.5 g of crude
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It was shown earlier>® that the N-terminal portion
of the tissue hormone anglotensin Il (Asp-Arg-Val-
Tyr-Ile-His-Pro-Phe) could be greatly simplified and
vet retain significant pressor activity, Thus, Gly-
Gly-Val-Tyr-Ile-His-Pro-Phe and its polymethylene
analog, 8Avl-Val-Tyr-Ile-His-Pro-Phe, had pressor
aetivities which were 10* and 7%, respectively, of that
of angiotensin II. When the terminal amino group
was aeylated or eliminated, the pl'e’«O‘ activity was
greatly reduced, thus Ac-Glv-( ‘al-Tyr-Tle-His-
Pro-Phe had 0.49% pressor activ 1t_\'- while Ae-Gly-Val-
Tyr-Ile-His-Pro-Phe had ~1% pressor activity.?
From these results it was concluded that a single basic
group separated by 5 atoms from the valine N of Val-
Tyr-Ile-His-Pro-Phe is sufficient to significantly enhance
the pressor activity of the relativelv inactive (<197)
hexapeptide.

Because I\hosla,, et al.,” linve shown that the side-
chain of valine in posmon 3 1% not very important
(Asp-Arg-Ala-Tyr-Ile-His-Pro-Phe has 689 pressor
activity), an attempt was made to simplify anglotensin
IT further by synthesizing Gly-Gly-Gly-Tyr-Tle-His-
Pro-Phe and its poly met.h_\'lene zm&log, nAoc-T_\'r-Ih--
His-Pro-Phe. These peptides were syvuthesized ns
described earlier® by the solid phase method of Merri-
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field® and thieir pressor propertiex were evuluated
nephrectomized pentolinium-treated male rats anes-
thetized with pentobarbital by the method of Bouclier,
clal?

Results and Discussion

Gly-Gly-Gly-Tyr-Ile-His-Pro-Phe  and  ypAoe-Tyi-
Ile-His-Pro-Phe both had pressor activities which werc
only 0.19; of that of angiotensin II.  These results werc
somewhat surprising since both of these peptides should
be capable of fitting a receptor as well as Gly-Gly-Val-
Tyvr-Tle-His-Pro-Phe and 6Av1-Val-Tvyr-Ile-His-Pro-Phe.
The very low activities of these more simplified analogs
suggests that the side ehain of valine i position 3 plays
a more important role in these analogs than would have
been expected from the results of Khosla, ¢f al.,® on pep-
tides containing aspartic acid and arginine. It is not
clear whether the function of the valine side chain is
steric, hydrophobie, or a combination of both, but in view
of these results, it would be very interesting to see the
effect of replacing valine by glyeine in angiotensin Il
1tself.

Experimental Section®

A -t-Butyloxycarbonylglycylglycylglyeine (I).-—T0 u solution of
1.89 g (10 mmol) of glyeviglveviglycine (Fox Chemical Co.) in
20 ml of Ho() were added 0.81 g (20 mmol) of Mg( and 2.86 g
(20 mmol) of t-butvloxycearbonyl azide. The mixture was stirred
at 45° for 48 hr then extracted with 50 ml of Et,0. The aq
phase was acidified to pH 3.5 with citric acid then evapd to dry-
nes= under high vacuum at 25°. The residue was extracted with
CHCL; (5 X 250 ml3.  The CIICl; was renoved ol a rotary evap-
orator at 40° leaving 2.2 g of white powder. This powder
was extracted with boiling AcOlst (2 X 300 ml). Evaporation
of the AcOEt left 1.65 g of powder which was crystallized frowu
AcOlZt (240 wl) giving small needles: vield 1.14 g (40¢%1,
mp 129-130°.  Tle ~howed one spor, RJIII: 0.85, RJIV: 0.46
(detected by spraying the plate with 6 N IICI, heating to 1107,
spraying with ninhydrin solution, and heating until spois
appeared), . Anal. (C,H»N06) C, H, N,

N -t-Butyloxycarbonyl-n-aminooctanoic Acid (II).--To a solu-
tion of 1.59 g (10 mmol) of g-aminooctanoie acid in 20 ml of H,O)
were added 0.81 g (20 numol) of MgO and 2.86 g (20 mumol) of
I-butyloxyvenrbonyl azide.  The mixture was stirred at 45° for 45
hr, extracted with Et.0) (2 X 20 ml) then acidified to pH 3.5
with cirric acid. 'The oil which separated was extracted iuto
AcOEt (4 X 20 ml). 'The AcOIt washes were combited, wished
with TL,O (4 X 20 wl), then dried (MgSQ,). Evaporation of
AcOLt at 40° on s rotary evaporator gave a colorless oil which
crystallized as snrall needles when triturated with heptarte:
vield 1.68 g (659:): mp a7-9°; tle showed oue CI* -+ spot, R:L:
0.62, 2:11: 0.82.  Anal. (Ci3HNOy) C, H, N

Gly-Gly-Gly-Tyr-Ile-His-Pro-Phe  (III).—Boc-Tyv(Bzl)-Ije-
Hix (le) l’m Phe-polymer? (0.9 g, 0.15 mutol), wus deprotected
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Notes

and acylated as previously described? with 260 mg (0.90 mmol)
of Boe-Gly-Gly-Gly (I) and 186 mg (0.90 mmol) of DCCI in 20
ml of purified DMF since Boc-Gly-Gly-Gly was not soluble in
CH,Cl,. Complete acylation was achieved using a single 12-hr
reaction. The peptide was cleaved from the polymer and hydro-
genated as described? giving 125 mg. The crude peptide was
dissolved in 5 ml of 0.05 M NH,OAc~1 M AcOH and applied to a
2.5 X 100 ¢m column of Sephadex-C23-SE (NH,4 ™) packed in the
same buffer. The column was eluted at 34 ml/hr with a gradient
of NHiOAcin 1 M AcOH using a concentration change of 3.3 X
10~¢ M/ml starting from 0.05 M. The effluent was monitored
at 280 mu and the fractions from the center of the main peak were
pooled and lyophilized giving 40 mg. After further purification
via the picrate salt?:!1 there was 30 mg of white powder, homo-
getnleous ou tle, R¢V: 0.57, R:VII: 0.33 (detected with Paunly
reagent). A 72-hr acid hydrolysate had the following amino
acids: Gly, 2.99; Tyr, 0.96; Ile, 1.00; His, 1.00; Pro, 1.00; Phe,
0.99; peptide content, 81¢,. A 48-hr acid hydrolysate incubated
with L-amino acid oxidase (Worthington)® had the following
amino acids: Gly 2.23, Tyr 0.00, Ile 0.00, His 0.06, Pro 1.00, Phe
0.00.12

nAoc-Tyr-lle-His-Pro-Phe (IV).—Boc-Tyr(Bzl)-Ile-His(Bzl)-
Pro-Phe-polymer? (0.9 g, 0.15 mmol), was deprotected and
acylated as before with 155 mg (0.60 mmol) of Boc-pAoc (II) and
125 mg (0.60 mmol) of DCCI in 20 ml of CH,Cl.. The peptide
was cleaved from the polymer and hydrogenated as previously
described® giving 140 mg. This crude product was dissolved in
5 ml of 0.1 M NH40Ac~1 3/ AcOH and applied to a 2.5 X 100 cm
column of Sephadex-C23-SE (NH,™") packed in the same buffer.
The column was eluted at 34 ml/hr with a gradient of NH,OAc in
1 M A AcOH using a concentration change of 2.0 X 10~ M /ml
starting from 0.1 3. The effluent was monitored at 280 mu and
the fractions from the main peak which were homogeneous on
tle in solvents VI and VII were pooled and lyophilized to give 60
mg. After further purification via the picrate salt,?!* there was
47 mg of chromatographically homogeneous material, B;V1: 0.70,
R:VIL: 0.32 (detected with Pauly reagent). A 72-hr acid hydro-
lysate had the following amino acids; nAoc, 1.00; Tyr, 0.97; Ile,
1.02; His, 1.04; Pro, 1.00; Phe, 0.99; peptide content, 96%.
nAoc emerged from the short (5.3 cm) column of the analyzer
20 ml after arginine and had a color value which was 239, that of
leucine. A 48-hr acid hydrolysate incubated with L-amino acid
oxidase? had the following amino acids: nAoc, 0.80; Tyr, 0.00;
Ile, 0.00; His, 0.09; Pro, 1.00; Phe, 0.00.
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XIX.!
3,5-Dimethyl-3’-isopropyl-DL-thyronine

Thyroxine Analogs.
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The iodine atoms of the thyroid hormones, L-thyrox-
ine (L-T4, 1) and 3,5,3'-triiodo-L-thryonine (1-T; 2),
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R” R NH,
i
HO 0 CHz(‘}H
R COOH
LR=R =R"=I

2.R=R'=LR"=H
3R=Me;R"=1;R"=H
4, R=MeR'=iPriR"=H
5. R=R'=R"=Me

have been replaced, in part, by alkyl or aryl groups,
with retention of hormonal activity,?

Hormonal activity is also retained by a partial or
complete replacement of I by other halogen atoms,
particularly Br,® or by a combination of Br and alkyl
groups, eg., 3,5-dibromo-3’-isopropyl-L-thyronine.*
The #-Pr group substitution produces an analog more
potent than the parent compound when it replaces the
3’-I atom of r-T3(2).2*¢ {-Pr group replacement of
the 3,5-1 atoms of L-T;, however, results in loss of hor-
monal activity,’® The Me group is the only nonhalo-
gen substituent yvet reported to be capable of replacing
the 3,5-iodines of 1-T; with retention of thyroxine-
like properties. 3,5-Dimethyl-3’-iodo-pL-thyronine (3)
has been reported to show about 39 the activity
of L-Ty in the rat antigoiter assay.® Because of the
uniqueness of this finding, it was felt desirable to
carry out an independent resvnthesis and biological
evaluation of 3,

The establishment or rejection of an essential role
for halogen in the hormonal actions of L-T, and 1-T,
could aid in a better understanding of the events
which initiate the hormonal response. Thus, the
heavy atom perturbation theory, whereby I partici-
pates in energy transfer mediated by its excitability
to the long-lived highly reactive triplet state,” could
not be valid if a completely alkyl-substituted thyro-
nine proved to be hormonally active. Because of the
activities of 3,5-diiodo-3’-isopropyl-L-thyronine (500-
12009% 1-T,) and of 3,5-dimethyl-3’-iodo-pL-thyronine
3, 3% 1-T,), 3,5-dimethyl-3’-isopropyl-pL-thyronine
(4) was selected for synthesis as a potentially active
halogen-free thyronine derivative. Previous studies
indicated that 3,5,3’5'-tetramethyl-pr-thyronine (5)
was inactive,® or possessed questionable weak activity.®
A reevaluation of 5 at high dose levels in the antigoiter
assay was therefore included in the present study.
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