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filtered. By neutralization with 30% XTH4OH, 1.5 g of crude 
product VI precipitated (see Table I) . 

2-Ethoxyethylamino-5-chlorobenzophenone. A mixture of 2.:! 
g of I, 15 ml of EtOH, and 7.5 ml of HC1 was remixed 2 hr on a 
steam bath, cooled, filtered, made alkaline with 20% NaOH and 
extracted with C6He; the extract was evaporated and the residual 
oil distilled in vacuo to give 1.9 g (93%) of a dense yellow oil, 
bp 130-135° (4 mm). Anal. (C17II,sClNO,) C, II, X. " 

2-Phenoxyethylamino-5-chlorobenzophenone. -A mixture of 
0.5 g of I I I , 10 ml of EtOH, and 5 ml of IIC1 was refluxed 2 hr 
on a steam bath, filtered, and neutralized with XHjOH; on 
cooling, 0.3 g (72%) of a yellow solid crystallized; recrvstallized 
from EtOH--HaO, mp 87-88°. ,1 nal. (C.iH16ClX()2) C, H, X. 
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It was shown earlier2'3 that the X-terminal portion 
of the tissue hormone angiotensin II (Asp-Arg-Val-
Tyr-Ile-His-ProPhe) could be greatly simplified and 
yet retain significant pressor activity. Thus, Gly-
Gly-Val-Tyr-Ile-His-Pro-Phe and its polymethylene 
analog, oAvl-Val-Tyr-Ile-His-Pro-Phe, had pressor 
activities which were 104 and 7%. respectively, of that 
of angiotensin II. When the terminal amino group 
was acylated or eliminated, the pressor activity was 
greatly reduced, thus Ac-Gly-Gly-Val-Tyr-Ile-His-
Pro-Phe had 0.4% pressor activity2 while Ac-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 X of Val-
Tyr-Ile-His-Pro-Phe is sufficient to significantly enhance 
the pressor activity of the relatively inactive (<1%) 
hexapeptide. 

Because Khosla, el al.? have1 shown that the side-
chain of valine in position 3 is not very important 
(Asp-Arg-Ala-Tyr-Ile-His-Pro-Phe has 68% pressor 
activity), an attempt was made to simplify angiotensin 
II further by synthesizing Gly-Gly-Gly-Tyr-Ile-His-
Pro-Phe and its polymethylene analog, jjAoc-Tyr-Ile-
His-Pro-Phe. These peptides were synthesized as 
described earlier3 by the solid phase method of Merri-
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field6 and their pressor properties were evaluated in 
nephrectomized pentolinium-treated male rats anes­
thetized with pentobarbital by the method of Boucher. 
rl a!.7 

Results and Discussion 

Gly-Gly-Gly-Tyr-Ile-His-Pro-Phe and ^Aoc-Tyi-
Ile-His-Pro-Phe both had pressor activities which were 
only 0.1% of that of angiotensin II. These results were 
somewhat surprising since both of these peptides should 
be capable of fitting a receptor as well as Glv-Gly-Val-
Tyr-Ile-His-Pro-Phe and5AvI-Val-Tyr-Ile-His-Pro-]'he. 
The very low activities of these more simplified analogs 
suggests that the side chain of valine in position 8 plays 
a more important role in these analogs than would have 
been expected from the results of Khosla, el al.,' on pep­
tides containing aspartic acid and arginine. It is not 
clear whether the function of the valine side chain is 
steric, hydrophobic, or a combination, of both, but in view 
of these results, it would be very interesting to see the 
effect of replacing valine bv glycine in angiotensin II 
itself. 

Experimental Section* 

.Y-i-Butyloxycarbonylglycylglycylglycine (I).—-To a solution of 
1.89 g (10 mmol) of glyevlglvcvlglvcine (Fox Chemical Co.) in 
20 ml of HaO were added" 0.81 g (20 mmol) of MgO and 2.86 g 
(20 mmol) of /-butyloxycarbonyl azide. The mixture was stirred 
at 4.")° for 48 hr then extracted with 50 ml of E t 2 0 . The aq 
phase was acidified to pH 3.5 with citric acid then evapd to dry­
ness under high vacuum at 25°. The residue was extracted with 
CHCh (5 X 250 ml!. The CIICU was removed on a rotary evap­
orator at 40° leaving 2.2 g of white powder. This powder 
was extracted with boiling AcOEt (2 X 300 ml). Evaporation 
of the AcOEt left 1.65 g of powder which was crystallized from 
AcOEt (240 ml) giving small needles: yield 1.14 g (40'(-!, 
mp 129-130°. Tic showed one spot, S t i l l : 0.85, RAY: 0.46 
(detected by spraying the plate with 6 A' IIC1, heating to 110°, 
spraying with niuhydrin solution, and heating until spot> 
appeared). Anal. (CnHnXsOe) C, H, X. 

A"-;-Butyloxycarbonyl-i7-aminooctanoic Acid (II). To a solu­
tion of 1.59 g (10 mmol) of q-aminooctanoic acid in 20 ml of H2< > 
were added 0.81 g (20 mmol) of MgO and 2.86 g (20 mmol) of 
/-butyloxycarbonyl azide. The mixture was stirred at 45° for 4S 
hr, extracted with E t 2 0 (2 X 20 ml) then acidified to pH 3.5 
with citric acid. The oil which separated was extracted into 
AcOEt (4 X 20 ml). The AcOEt washes were combined, washed 
with H 2 0 (4 X 20 ml), then dried (MgSOi). Evaporation of 
AcOEt at 40° on a rotary- evaporator gave a colorless oil which 
crystallized as small needles when triturated with heptane: 
yield 1.68 g (65 r<): mp 57-9°: tic showed one CI9 + spot, PA: 
0.62, Rill: 0.82. Anal. (CnH a X0 4 ) C, H, X. 

Gly-GIy-Gly-Tyr-Ile-His-Pro-Phe (HI).~-Bo<-Tyr(Bzl)-Ile-
His(Bzl)-Pro-Phe-polymer3 (0.9 g, 0.15 mmol), \vas deprotected 

(6) (a) R. H. Merriiield, ,/. Amer. Chem. Soc. 85, 2149 (1963); (b) 1!. )',, 
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CHCl»-AcOH (6:3; 1): 111. MeCOEl-AcOH-HsO (70:30:25); IV. Mi-
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(9) D. E. Nitecki and J. W, Goodman, Biochemistry, 5, 660 (1966). 
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and acylated as previously described3 with 260 mg (0.90 mmol) 
of Boc-Gly-Gly-Gly (I) and 186 mg (0.90 mmol) of DCCI in 20 
ml of purified DMF 1 0 since Boc-Gly-Gly-Gly was not soluble in 
CH2CI2. Complete acylation was achieved using a single 12-hr 
reaction. The peptide was cleaved from the polymer and hydro-
genated as described3 giving 125 mg. The crude peptide was 
dissolved in 5 ml of 0.05 M NH4OAc-l M AcOH and applied to a 
2.5 X 100 cm column of Sephadex-C25-SE (NH 4

+ ) packed in the 
same buffer. The column was eluted at 34 ml/hr with a gradient 
of NH4OAc in 1 M AcOH using a concentration change of 3.3 X 
10~4 M/ml starting from 0.05 M. The effluent was monitored 
at 280 van and the fractions from the center of the main peak were 
pooled and lyophilized giving 40 mg. After further purification 
via the picrate sal t2 1 1 there was 30 mg of white powder, homo­
geneous on tic, RtV: 0.57, iSfVTI: 0.33 (detected with Pauly 
reagent). A 72-hr acid hydrolysate had the following amino 
acids: Gly, 2.99; Tyr, 0.96; He, 1.00; His, 1.00; Pro, 1.00; Phe, 
0.99; peptide content, 8 1 % . A 48-hr acid hydrolysate incubated 
with L-amino acid oxidase (Worthington)3 had the following 
amino acids: Gly 2.23, Tyr 0.00, He 0.00, His 0.06, Pro 1.00, Phe 
0.00.12 

jfAoc-Tyr-Ile-His-Pro-Phe (IV).—Boc-Tyr(Bzl)-Ile-His(Bzl)-
Pro-Phe-polymer8 (0.9 g, 0.15 mmol), was deprotected and 
acylated as before with 155 mg (0.60 mmol) of B0C-17A0C (II) and 
125 mg (0.60 mmol) of DCCI in 20 ml of CH2C12. The peptide 
was cleaved from the polymer and hydrogenated as previously 
described3 giving 140 mg. This crude product was dissolved in 
5 ml of 0.1 M NH4OAc-l M AcOH and applied to a 2.5 X 100 cm 
column of Sephadex-C25-SE (NH 4

+ ) packed in the same buffer. 
The column was eluted at 34 ml/hr with a gradient of NH4OAc in 
I M A AcOH using a concentration change of 2.0 X 1 0 - 4 M/ml 
starting from 0.1 M. The effluent was monitored at 280 m/x and 
the fractions from the main peak which were homogeneous on 
tic in solvents VI and VII were pooled and lyophilized to give 60 
mg. After further purification via the picrate salt,2 '11 there was 
47 mg of chromatographically homogeneous material, .RfVI: 0.70, 
RiYll: 0.32 (detected with Pauly reagent). A 72-hr acid hydro-
lvsate had the following amino acids; TJAOC, 1.00; Tyr, 0.97; lie, 
1.02; His, 1.04; Pro, 1.00; Phe, 0.99; peptide content, 96%. 
?)Aoc emerged from the short (5.3 cm) column of the analyzer 
20 ml after arginine and had a color value which was 2 3 % that of 
leucine. A 48-hr acid hydrolysate incubated with L-amino acid 
oxidase3 had the following amino acids: JJAOC, 0.80; Tyr, 0.00; 
He, 0.00; His, 0.09; Pro, 1.00; Phe, 0.00. 
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The iodine atoms of the thyroid hormones, L-thyrox-
ine (L-T4 , 1) and 3,5,3'-triiodo-L-thryonine (L-T3 , 2), 

(1) Paper XVIII : E. C. Jorgensen and J. Wright, J. Med. Chem., 13, 367 
(1970). This research was supported by Research Grant AM-04223 from 
the National Institute of Arthritis and Metabolic Diseases, IT. S. Public 
Health Service. 

HO—(S— O - f V CH2CH 

1,R = R' = R" = I 
2 , R = R ' = I;R" = H 
3,R = Me;R' = I ;R" = H 
4, R = Me;R' = /-Pr;R" = H 
5. R = R ' = R" = Me 

have been replaced, in part, by alkyl or aryl groups, 
with retention of hormonal activity.2 

Hormonal activity is also retained by a partial or 
complete replacement of I by other halogen atoms, 
particularly Br,3 or by a combination of Br and alkyl 
groups, e.g., 3,5-dibromo-3'-isopropyl-L-thyronine.4 

The i-Fr group substitution produces an analog more 
potent than the parent compound when it replaces the 
3'-I atom of L-T3(2).2e'g i-Fv group replacement of 
the 3,5-1 atoms of L-T3, however, results in loss of hor­
monal activity.1,5 The Me group is the only nonhalo-
gen substituent yet reported to be capable of replacing 
the 3,5-iodines of L-T 3 with retention of thyroxine-
like properties. 3,5-Dimethyl-3'-iodo-DL-thyronine (3) 
has been reported to show about 3 % the activity 
of L-T 4 in the rat antigoiter assay.6 Because of the 
uniqueness of this finding, it was felt desirable to 
carry out an independent resynthesis and biological 
evaluation of 3. 

The establishment or rejection of an essential role 
for halogen in the hormonal actions of L-T 4 and L-T 3 

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,7 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-
1200% L-T4) and of 3,5-dimethyl-3'-iodo-DL-thyronine 
(3, 3% L-T 4 ) , 3,5-dimethyl-3'-isopropyl-DL-thyronine 
(4) was selected for synthesis as a potentially active 
halogen-free thyronine derivative. Previous studies 
indicated that 3,5,3'5'-tetramethyl-DL-thyronine (5) 
was inactive,8 or possessed questionable weak activity.6 

A reevaluation of 5 at high dose levels in the antigoiter 
assay was therefore included in the present study. 
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