
filtered. By tieutralizatioti with 305; YH401€, 1.5 g of imidt: 
product VI precipitated (see Table I). 
2-Ethoxyethylamino-5-chlorobenzophenone.-- .A Iiiist ru'e ot 2 , ; ;  

g of I, 15 ml of EtOH, and 7.5 ml of HC1 was refliised 2 h r  on it 
steani bath, cwoled, filtered, made alkaline with 20'); YaOH and 
est patted with C5116; the extract \vas evaporated : ~ i i d  the i,e~idiial 
oil dirtilled i n  U ( I C L ( O  t,o give 1.0 g (9:3ri) id '  :t deirsr yellow oil, 

2-Phenoxyethylamino-5-chlorobenzophenone. -.I iiiixtiirr i d  

O..i  g of 111, 10 1111 of EtOIT, nild 5 1111 of IlC1 \YIL> ~,~:fli)sed 2 Iir 
oti :t steani bat,h, filtered, aiitl tioitti,:ilizrd with S H j 0 € I :  O I I  

c,ciolitig, 0.3 g ( 7 2 ' ; ; )  of LL yellow ~ o l i d  
f rom IStO€€-H&, nip b7~-sSo.  

bp 130-1:35" (4  nlI11). .-tnul. ~ C ~ ; I I l , c l ~ i ) ~ )  c:, 11, s. 

.1 nrr(. ( 
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Angiotensin I1 Analogs. IT. ' Synthesis a i d  

Biological Evaluation of Simplified Angiotensins 

'I.',S, GI1 \ I (  \ \ I  [*. \ ~ - l s l ~ I ~ l l i l ~ l . ,  

.\XI) TI-IOMAS ( ( .  I 
U q ~ u r t n ~ c ~ l  of Humon Physi'oloyiy. School of . l / c d i c i n ~ ,  

rniversity of c'ulifornirc, Dcwis, f 'nlf foixia 95616' 

Mrwiwtl FeDi~rtrrrU !), 1.970 

s h o ~ w  eurlit+,3 t11:rt t l i t ?  S-termind portion 
issue hormone :ingiot riisiii I I (Asp-Arg-Val- 

Tyr-Ile-His-I'ro-Phe) could he greatly Himplified and 
yet retain significant8 pre )I' act'ivitj: Thus, G1j.- 
Crly-Val-Tyr-Ile-His-l'r~~-~l~t~ :hiid its poly methylene 
anulog, G;lvl-Val-Tyr-Zle-HiS-Pro- e ,  had pressor 
activit'ies which r rere I O 4  nrid 1 pectively, of tlint, 
of arigiot~ensiii 11. When tlic tcr nal amino group 
was acyluted or climin:tted, t l i c  pressor activitj- n-:i* 
great,ly reduced, t hii- *-IC-( ~ly-(~ly-~: i l -~.I-r- I le-His-  
Pro-Phe had O..lC;, pressor wtivity? n-l 
Tyr-Ile-Hii;-Pro-PIie I d  1:; pr 
I>rom t,liesr resultu it K:IS coric*ludetl tlint a siiiglc basic. 
group separated by .T atonis from tlir valine S of I'd- 
Tyr-Ilr-His-Pro-Plie is suficirrit t o  significnntly enhance 
the pressor activity of t l ic rrhtivelj. inactive (<I(,';) 
Ii~xapeptide. 

Bcwuse I<liosla, et ~ 1 . ~ ~  Iiavi1 sIion-11 that tlie side- 
cliaiii of valiiie in position 3 is n o t  vr  
(Asp--~rR-Xl:L-Tyr-Ile-His-~'ro-l'Ji~ has 
:Lc;tiyit,y), an :Ittempt, wts  made t.0 simpli 
I1 further by synthesizing (~ ly-~ly-~Iy-Tyr- I le -His -  
I'rc)-I'ht~ :tiid i ts  polymet81iyl(~ue analog, &r-Tyr-Tli>- 
Kis-Pro-l'Iit7. These pepticks i v e w  sj-ritlie~izetl :I,< 

described eiwlier" by tlio solid pli: metliod of  11tm-i- 
(1) Part  111: E, C'. Jorpensrn, C:. (', \\iriilridge, and 1'. C. Lee. .I. I l e d .  

Chrm.. 13, 3-52 ( 1 Y i f l ) .  TI& inrestigation !vas supported in part b j -  Public 
Health Serrire Researcli Grants .tlZf 08066 and A M  06701 from the  National 
Institute of .irttiritis and Netabolic Diseases and by  NIH Training Grant 
KO. 5 TO1 GlZI 00728 from the Zational Institute of General Medical 
Sciences. The  abtireviatiuns used t o  denote amino acid derivatives and 
peptides are those recommended in Rioeheni i ,dry ,  6, 2485 (1966). ?lot 
s t ands  for q-aminooctanoic acid. 

(2)  E. C. Jorpensen. G. C. \Vindridge. \V.  Putton, a n d  T. C. Lee. J .  J l e d .  
Chem.,  12, 733  (1969). 

(3)  E. C .  Jurgenuen, G .  C.  II~indridgt:, and T. C. Lee, ib id . ,  13,  35% 
(19711). 

(4)  Hest recenl \.aliie espresseil 011 a iriular l i a a i r .  
( 5 )  h l .  C.  Kliosla. R .  R. Smeliy, and F, 11. Burnyiia. Bioclirniritrl i ,  6 ,  7'24 

(19671. 
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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 D1\IFIO since Boc-Gly-Gly-Gly was not soluble in 
CHzC12. Complete acylat’ion 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 ill NH40Ac-l A l  AcOH and applied to a 
2.5 x 100 cm column of Sephadex-C25-SE (NH4+) packed in the 
same buffer. The column was eluted a t  34 ml/hr with a gradient 
of NHdOAc in 1 Ai‘ AcOH using a concentration change of 3.3 X 
10-4 M/ml starting from 0.05 ?if. The effluent was monitored 
at 280 mp and the fractions from the center of the main peak were 
pooled and lyophilized giving 40 mg. After furt,her purification 
via the picrate salt2s11 there was 30 mg of white powder, homo- 
geneous 011 tlc, RfV: 0.57, RfVII:  0.33 (detected with Pauly 
reagent). A4 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, 81yc. A 48-hr acid hydrolysate incubated 
with L-amino acid oxidase (Worthington)3 had the following 
amino acids: Gly 2.23, Tyr 0.00, Ile 0.00, His 0.06, Pro 1.00, Phe 
0.00. 
VAoc-Tyr-Ile-His-Pro-Phe (IV).-Boc-Tyr(Bz1)-Ile-His(Bz1)- 

Pro-Phe-polymer3 (0.9 g, 0.15 mmol), was deprotected and 
acylated as before with 155 mg (0.60 mmol) of Boc-~Aoc (11) and 
123 mg (0.60 mmol) of DCCI in 20 ml of CHZCL. The peptide 
was cleaved from the polymer and hydrogenat’ed as previously 
described3 giving 140 mg. This crude product was disolved in 
5 ml of 0.1 ;M XHdOAc-1 M AcOH and applied to a, 2.5 X 100 cm 
column of Sephadex-C25-SE (“4’) packed in the same buffer. 
The column vas  eluted at, 34 ml/hr with a gradient of NHdOAc in 
1 M A .4cOH using a concentration change of 2.0 X M/ml 
starting from 0.1 N. The effluent’ was monitored a t  280 mp and 
the fractions from the main peak which were homogeneous on 
tlc in solvents VI and VII were pooled and lyophilized to give 60 
mg. ilfter further purification via the picrate salt,2a11 there was 
47 mg of chromatographically homogeneous material, RrVI: 0.70, 
RfVII:  0.32 (detected with Pauly reagent). A 72-hr acid hydro- 
lysate had the following amino acids; V ~ O C ,  1.00; Tyr, 0.97; Ile, 
1.02; His, 1.04; Pro, 1.00; Phe, 0.99; peptide content, 96%. 
p4oc emerged from the short (5.3 cm) column of the analyzer 
20 ml after arginine and had a color value which was 23y0 that of 
leucine. A 48-hr acid hydrolysate incubated with L-amino acid 
oxidase3 had the following amino acids: ~ A o c ,  0.80; Tyr, 0.00; 
Ile, 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-T~, 1) and 3,5,3’-triiodo-~-thryonine (L-T~, 2),  
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/ 
R COOH 

1. R = R’=R” = 1 

3, R = Me; R’ = I ;  R” = H 
4, R = Me; R’ = i-Pr; R” = H 

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

Hormonal activity is also retained by a partial or 
complete replacement of I by other halogen atoms, 
particularly Br13 or by a combination of Br and alkyl 
groups, e .  g. , 3 , 5-dibromo-3’-isopropyl-~-t hyronine. 
The i-Pr group substitution produces an analog more 
potent than t’he parent compound when it replaces t,he 
3’-I atom of L-TB(~).’~,~ i-Pr group replacement of 
the 3,5-I atoms of L-T~, however, results in loss of hor- 
monal activity.l*j The Me group is the only nonhalo- 
gen substituent yet reported to be capable of replacing 
the 3,?5-iodines of L-T3 with retention of thyroxine- 
like properties. 3,5-Dimethyl-3’-iodo-~~-thyronine (3) 
has been reported to show about 3% the activity 
of L-T1 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~ and L-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-~-thyronine (500- 
1200% L-T~) and of 3,5-dirnethyl-3‘-iodo-~~-thyronine 
(3, 3% L-T~), 3,5-dimethyl-3’-isopropyl-~~-thyronine 
(4) was selected for synthesis as a potentially active 
halogen-free thyronine derivative. Previous studies 
indicated that 3,5,3’5’-tetrarnethyl-~~-thyronine (5) 
was inactive,* or possessed questionable weak activity.6 
A reevaluation of 5 a t  high dose levels in the antigoiter 
assay was therefore included in the present study. 

2, R =  R’ = I ;  R ” = H  

5. R R‘ = R ’  = Me 
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