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and ~-prolylglycyl-~phenylalanyl-0-acetyl-~-seryl-~-prolyl-~ 
phenylalanyl-L-citrulline methyl ester hydrobromide (2.2 g.). 
The crude solid solidified from acetonitrile to yield 1 4  g., m.p. 
118-120", [ a I z 3 ~  -54.4" (c 0.5, dimethylformamide); lit.2 m.p. 
155-160' (sintering 115'), [ a ] 2 0 ~  -61.3" (c 0.99, dimethyl- 
formamide). 

4 n a l .  Calcd. for CslH&15017.3HiO: C, 54.25; H, 6.49; 
N, 15.56. Found: C, 54.32; H, 6.35; X, 15.02. 

Carbobenzoxynitro-~-arginyl-~-prolyl-~-prolylglycyl-~-phenyl- 
alanyl-L-seryl-L-prolyl-L-phenylalanyl-L-histidine (XIIA).- 
The protected nonapeptide methyl ester (2.4 g., 0.002 mole) was 
dissolved in 20 ml. of methanol and 2.5 ml. of N sodium hy- 
droxide was added. The mixture was allowed to stand 2.5 hr. 
and was evaporated in vacuo. The residue was partitioned 
between 75 ml. of water and 75 ml. of ethyl acetate. The aqueous 
layer was separated and acidified with 117 hydrochloric acid to 
precipitate a small amount of oil which solidified, 0.3 g., m.p. 
140" with preliminary softening. 

Anal .  Calcd. for C5~H7&150~6.HzO: C, 56.27; H, 6.11; 
N, 16.97. Found: C, 56.02; H, 6.28; h', 16.94. 

Carbobenzoxynitro-~-arginyl-~-prolyl-~-pro~ylg~ycyl-~-phenyl- 
alanyl-L-seryl-L-prolyl-L-phenylalanyl-L-citrulline (XIIB) was 
prepared by hydrolysis of 1 g. of the protected methyl ester in 
methanolic sodium hydroxide to yield 0.65 g. of amorphous solid, 
m.p. 125-130°. 

Anal .  Calcd. for C ~ S H ~ ~ N ~ ~ O I ~ . H Z O :  C, 55.38; H, 6.31; 
N, 16.70. Found: C, 55.46; H, 6.62; N, 15.74. 

~-Arginyl-~-prolyl-~-prolylglycyl-~-phenyla~any~-~-sery~-~- 
prolyl-L-phenylalanyl-L-histidine (9-Histidine Bradykinin) 
(XIIIA) .-Carbobenzoxynitro-L-arginyl-L-prolyl-L-pro1 y 1 g 1 y c y 1- 
~phenylalanyl-~-seryl-~-prolyl-L-phenylalanyl-~-histidine (250 
mg.) was hydrogenated in glacial acetic acid-methanol over 
palladium black in the usual manner. The mixture was filtered 
and evaporated in ~ a c u o .  The residue was dissolved in water, 
filtered, shell frozen, and lyophilized to give 220 mg. of a solid 
which gave a single spot on electrophoresis in acetate buffer, pH 
5.6, 3 hr. a t  30 ma. 

Anal .  Calcd. for C ~ O H ~ ~ N I ~ O ~ I .  CHlCOOH.4HzO: C, 52.20: 
H, 6.46; N, 17.75. 

L-Arginyl-L-prolyl-L-prolylglycyl-L-phenylalany1-L-seryl-L- 
prolyl-L-phenylalanyl-L-citrulline (9-Citrulline Bradykinin) 
(XIIIB).-Hydrogenation of 500 mg. of the protected citrulline 
nonapeptide in the same manner yielded 275 mg. of water-soluble 
solid, [ a I z 2 ~  -79" (c 0.85, iv acetic acid), lit.* [ c u I z z ~  -88.7' 
(c 1, I\- acetic acid). 

Anal .  Calcd. for C ~ O H ~ ~ N I ~ O I ~ . ~ C H ~ C O O H . ~ H ~ ~ :  C, 51.70; 
H, 7.08; N, 15.65. Found: C, 51.00; H, 6.8; N, 15.40. 

Acknowledgment.-We are indebted to Mr. C. E. 
Childs and his staff for the microanalyses and to Mrs. 
Carola Spurlock and Mrs. Vivien Lee for the optical 
rotations. 

Found: C, 52.59; H, 6.76; N, 15.77. 
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4'-Methyl, ethyl, and p-diethylaminoethyl ethers of several thyroxine-like compounds were prepared by treating 
suitable intermediates with base and dialkyl sulfates or p-diethylaminoethyl chloride. Protecting groups were 
hydrolyzed to yield the desired ethers (IIa-f, 1-a-d, and VIa and b) which were screened for their ability to lower 
plasma cholesterol levels in rats fed a cholesterol-cholic acid diet. Interesting compounds were studied further 
for their ability to stimulate oxygen consumption and/or to increase heart weight. A comparison of these re- 
sults with the values from the cholesterol-lowering screen gave some indication of whether the compounds had a - 
desired separation of activities. 

During the study in our Laboratories of various 
classes of t hyroxine-like compounds for their thyro- 
mimetic activities, it was noted that  by controlling the 
administered dose of the methyl ether of 3,3',5-triiodo- 
thyropropionic acid a good separation betmeen calori- 
genic and antigoitrogenic responses could be obtained 
in the rat.' This initial observation coupled with the 
report by Herman, Lee, and Parker2 that  4'-methyl 
ethers of thyromimetic substances often possess a large 
separation between the minimum effective hypocholes- 
teremic dose and the dose which causes weight loss in 
animals prompted us to prepare a few examples of 
methyl ethers in an earlier study.3 These results were 
encouraging enough that  several additional 4'-methosy 
compounds have now been screened for their choles- 
terol-lowering activity. In addition, two 4'-ethyl 
ethers were prepared to determine what effects a larger 
alkyl group in the 4'-position would have on biological 
activity. Moreover, since the preparation of P-di- 
ethylaminoethyl esters of several iodinated thyroal- 
kanoic acids resulted in compounds with good hypo- 
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( 3 )  B. Blank, F. R. Pfeiffer, C. M. Greenberg, and J .  F. Kerwin, J. M e d .  

J. F. Kera in ,  Endocrinology,  70, 365 (1962). 
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cholesteremic activity, the cholesterol-lowering activity 
of some represent a t  ive 4'-p-diet hylaminoe t hyl et hers 
was determined. It was hoped that a study of these 
types of structures would reveal compounds that  would 
prove to be potent hypocholesteremic agents in man a t  
doses which would cause no calorigenic or cardiac 
distress. 

The methyl and ethyl ethers of thyroalkanoic acids 
(IIa-f) used in this study were prepared by treating the 
requisite acids (I) with either dimethyl or diethyl sul- 
fate in the presence of aqueous base.3 Diethylamino- 
ethyl ethers (IV) were prepared from the requisite 
thyroalkanoic acid ethyl esters (111) on treatment with 
sodium met hoxide and p-diethylaminoet hyl chloride. 
These intermediates (IV) were then converted to the 
desired ethers (V) upon hydrolysis with hydrochloric 
acid. 

In  some instances the intermediate esters (IV) were 
isolated, purified, and characterized as their hydro- 
chlorides. In  other instances they were hydrolyzed 
directly to V. 

The methyl ethers VIa and b of 3,3',5-triiodo-n and 
L-thyronine were prepared via their S-benzoyl methyl 
esters as indicated by Tomita, et aL4 

(4) K. Tomita, H. A. Lardy, D. .Johnson, and 4. Kent, J. E d .  Clem.. 
296, 2981 (1961) .  



Experimental5 
Chemistry. Preparation of 4'-Methoxy and Ethoxy Acids 

(IIa-f).-These cornpounds were prepared as described pre- 
viously." 

8.--A 
mixture of 0.015 mole of thyroalkanoic acid (I), 10 nil. of absolute 
et,h:tnol, 0.2 g. of p-toluenesulfonic arid monohj-dr:Lte,, :tnd 70 nil. 
of chloroform w3s heated and stirred under reflus in such :L 
nianner that the water formed was azecitropic:tlly reiiioved. 
IIeating and stirring were continued overnight. The oooled 
solution wm wished wit,Ii water, dried over sodium sulfate, snd 
the solvent W:LS evaporated. Rerrystallizatiiiii c i f  tlie residue 
gave the desired ester. 

B.-A solution of 0.01 niole of I in 150 ml. of absolute etlinnol 
was saturated with dry hydrogen chloride with cooling. The 
alcohol was removed and t,he residue n-as evaporated twice again 
Jvith fresh portions of ethanol. The residue ~v:rs then recrystal- 
lized. 
4'-Diethylaminoethyl-3,5-diiodo- and 3,3',5-Triiodothyroacetic 

and Propionic Acid Ethyl Esters and Hydrochlorides (IVa and b). 
-A mixture of 4 ninioles of I11 and 5 mnioles of sodium nieth- 
oxide in 10 i d .  of absolute ethanul was st>irred for 30 niin. :tt rooni 
teniperat,ure. To  the stirred mixture was added a solution of ti 
ninioles of p-diethj-laniinoethyl chloride3 in 8 nil. of d ry  toluene. 
The mixture wm refluxed for :3 hr. and left standing :it room tein- 
pernture overnight. The precipitated sodium chloride wns fil- 
tered and washed with it little dry ethanol. The fi1tr:ite wits taken 
t o  dryness :tt reduced pressure arid the resulting sirup W:IY t:iken 
up in ether. The ethered solution was filtered froin :L srnall 
:mount of insoluble material and the ether was evaporated. The 
residue of crude product, was either hyclrolyzed directly to  thr 
ncid J' or was used to prepare the hydriic>hliiride IY. In the 
1:ttter cilses the ethereal solution wits filtered and saturated with 
dry hydrogen chloride and the precipitated hydrtwhloride \viis 
filtered and washed wit,h ether. It wim oc.c~:tsiiin;tlly necess:tr>. t o  
triturate the hydrochloride with ethyl :wet:tte to  produce :t solid 
t,h:tt was readily filterahle. An:tlytic::tl s:tniples ( i f  I \ .  were oli- 
t:tined by recrystallizntion from th(x solverits listed iii T:tlile I .  
4'-Diethylaminoethyl-3,5-diiodo- and 3,3',5-Triiodothyroaee- 

tic and Propionic Acids (Va-d).--A solution of 2 iiniiiiles of IV 
in 20 1111. of :I 1: 1 niixture of :wetic. :tnd hydrcic:hliiric~ :tc& wiis 
retluscti f(Jr 1 hr. 
water, :md adjusted to p H  5-6 with lo',; sodi.~ni hydriixide witli 
cooling. The resulting g\un or solid wts dissolved iii 1-I)ut:mirl 
s:ttur:ttcd Lvitli water :tnd the t)iit:tii!ilii> solution IWS nutied w i t h  
wttur  : m f  dried over siidiiiin su1i':atc. LIost of the liut:in~rl \\:is 
removed and t,he product ~v: ts  prc:cipit:l.ted tly viiolirig ilr t I I P  
:ddition of ether. 
talliaation. 

Biological Screening.-The nietlitrds eniployed for determining 
plasma total cholesterol, osygen c~insuriipticin, :ind tieart wiglit 
incre:tse hitve been reported previously. 

Cholesteriil-lonering diility WLR deterniinetl in rii:ile rats fed 
:L diet crint:tining 2$:, cholesterol :md 1 cholic :u.id. T h e  drllg 
\v:ts :ttiniinistered subcnt:meousIy for i days, on the hth tiay thc, 
:tnin~:tls w're swrificed :ind i~hrilesterol values were deterniirietl. 3 ' ;  

Calorigenic assays were cwried ciut on r:Lts which ti:td lieen 
treated sul)cut,aneousl>- for 10 d:tys Tvith the test c*onipountl. 
O n  tlie 1 It,h day t,otd body oxygen c~onsnniptirrn v:dnes x-t're 
111~t:tinetl by the nictthod of HiiltkiLiiip, pi a l , 7  

I'or the heart weight :Lss:tyq t h r  :tgents were :itlriiinistereti sui+ 
c~nt:tneoualy to groups of adiilt ni:ile rats (?SO-300 g . )  for :t period 
of 10 d:iys. The  :tiiinds \\ere s:wrific,rd 1111 t h e  1 l th  (la>-; the 
entire 1ie:trt WYHS removed, cut <ipenr  iind t,he vlotteci t i l i i o d  re- 
moved Ily ))lotting on filtrr p:apr:r. T h e  1ie:trts were weighed 
:tntl t h e  re1:ttive weights (nig./100 g. h t l y  weight) c1eterniineti.r 
(ironps of s:dine-treated and :~,:~',j-triicrdri-r.-thy~irnine (I,-T,~)- 
t re:ited r:its wvcrc studied c.iinc~urrrnt,ly rind srrved :is the mrntriils 
rtnd rcferencc!, respe~~ively.  

ICRectju on oxygen c*onsumptiirn :tnd he:irt weight, increase wprc 
deterniiriccl Iiy administering at Imst four tloses o f  the :gent t,ii h(1 

Iodinated Thyroalkanoic Acid Ethyl Esters (IIIa-d). 

The scrlution w:is riiohl, diluted with ice 

Further purific,:itiun wxs cfl'ectcvl 1)). r 

Discussion 

A study of the results in  Tahle I1 s h m s  that of the 
ethers studied, tlie inethyl ethers of 3,:2'..T-triiodo- aiid 
3,.5-diiodo-~3'-isopropyltliyroacetic acids (11s and d)  
were the most potent hypocholesteremic agelit\. 
Increasing the side cliaiii to three or four carboii atonih 
(Ib and c,  I l h  aiid e )  caused bet\veen a 8- and 100-fold 
decrease i i i  cliolesterol-loi~eriiig activity. .Ilso of 
interest was the marked depression i i i  the hypoclioles- 
teremic activities of tlie methyl ethers of triiodo-1)- 
and L-thyroiiiiie as compared to the uiictherificd sill)- 

staiices (compai,e YIa and t i  with T - T I  and L-TB). 
The :j'-isopropyl compomids Id and I Id had a('- 

tivities coniparahle to the corresponding 3'-iodo coni- 
pounds la and 113. confirming previous fiiidiiigs' ) ' 
that ai1 isopropyl gioup can i q l a c c  the :;'-iodiiic atom 
without loss of potency. 
.I comparisoii oi thc ethyl etlicr of :3.:5',.i-triiodotlivi.o- 

propioiiic acid ~ i t h  thc rorrespoiidiiig rnetliyl ct1ir.i. 
(IIf nit11 IIh) slioir\ this modification to l i a ~ e  littlc 01' 
110 cff ect oii Iiypocliolesteieniic activity. 

Tlic four ij-diftliylamiiio~tlIyl ether5 studied (\-a tl) 
all si io\~rd pool' wt i \  ity 11 liethei they \\ ~ I Y  di- 01 t i  iiodo 
tlrii\xtives 01 11 lirxtlici, they po sd acetic o i  pio- 
pionic acid s i c l [ ~  rli:iiii+. 'I'lii- i- n1arked ('Olltl'aht to 
tlicl nrtivitiils 4 i o u  i i  liy conipaixt)lc 3-tlietliq.laiiiiii~ctli~ I 
wters. j 

>is poiiited oiit curlier. a usci'ul tliyluniinictic~ Iiypo- 
c~liolcstcrciuic agciit sliodd cause a sigiiificaiit drpi e-- 
sioii i i i  plasma cholesterol at t lovs  \I liicli calls(' ~ i o  

calorigenic (nieasurcd by cli:iiige* i n  0x1-pel 
tioii) or caidiac cliaiigeh (meum cd t)y iiirica 
nciplit). 'I'lieiefort~. a conipaiihoii ot tlirl iCl;Lti\ (' 
thy1 oiiiirnetic activitieh of -PI ~ i a l  of thrl most interest- 
ing eompo~iids ha5 t i w i  cari ietl oiit t)y tlctrimiiiiiig :I 

w i e s  of ratio5 i i i  I\ Iiich actit ity i i i  tlic cliolebtcinl- 
lo\\ eriiig mwii ha- ticcii c~)nipa~ml I\ itli actii Ity i i i  

thc  oxygeii iviisiiinptioii aiid o i  1ieai.t \wight htiidirx>. 

"esc values arc ~ 1 1 0 \ \  I 1  111 tl1c 1:I.t t \ \ o  colunlllh of 
l'al)le 11. 'I'hc Inigei, tlic ratio. thc ~ I Y ~ ~ C I .  i5 1 1 i ( >  
apparent separutioii of activitic.. 

.ilthorigh nir~tliylatioii of tlic desaniiiio (winpouiidb 
I n  d to  forin tlic r.tl1ci.i IIn- tl did Iiot. i i i  gclneid, c a i i h ~  
:t inarkcd cliaiigr 111 cliolchte.rol-lon eriiig ahility, t l i r  
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finding of particular interest was that the methyl ethers 
had a relat,ively low order of activity in the calorigeriic 
arid heart \$-eight t,ests. The apparent exception to this 
rule is the thyrobutyric acid derivative IIc. 

The data in Table I1 show that the methyl ethers 
Ira and IId have the greatest' separation of thyro- 
mimetic activities of the coinpourids in this study. 
However, since the 4'-hydroxy compounds Ia and 1-1 
hare displayed undesirable side effects in clinical 
trials a t  doses which were required to depress cholesterol 
levels,'2-'7 the question still to he resolved is how large 
a separation iii activities must he seen in laborat'ory 
aiiinials hefore one can choose ail agent for clinical 
study 1vit'l-t some degree of certainty. I'iirther clinical 
t'i-ials should furnish this answer. 

(12) .\I. I?. Oliver and  G .  S. Boyd, L n i i ~ e t .  1, 124 (19;ii. 
r1 : j j  (;, s. I3oyri and .\I. E'. Olivrr, . I .  R n d o r i i n o l . .  21, 38 ( 1 ' J f i O J .  
( 1 - k )  AI. RI. Best a n d  C. €1. Duncan ,  Ci icu ln t ion .  22,  724 (19Ml). 
(I.-)) 11. It. IIofl. It .  . J .  Sperber, S .  1. I , ,  and \ .  r. I)P ( ; raff .  d i i g i n l o u ~ i ,  

I If i) 'r. r'riis, .I. l . inIriilj ,  and S .  I .  S issen.  .Ictn I f c d .  S c u t i d . ,  171, 4:j 

( 1 7 )  XI. \r. ~ k i i i i d s k y .  . I l<'d.  cliii. .\-. . 1 ? 7 t . ,  46, 12113 (1962) .  

13, !J4 (l!x2). 

( l ! l f i2 j .  

111 summary it can be said that thr formatioii of the 
-L'-methyl ethers of 3,3',3-triiodo- and :3,3-diiodo-3'- 
isopropyltliyroalkanoic acids generally leads to  com- 
pounds which have a greater degree of separation 
between cholestei 01-lowering activity and either calori- 
genic or cardiac effects than the corresponding 11011- 

etherified materials (compare Ta,b, and d with IIa,l), 
and d).  This apparent separation of activities also 
implies that  the hypocholesteremic activity of thesc. 
tliyromimetics is probably not mediated through any 
actioii 011 protei11 synthesis a5 has heeii indicated rc- 
cently to tic the case for the calorigenic and cardiac 
effects elirited hy thyrominietich. I o  

Acknowledgment.-TVe wish to express our thaiiks to 
Carol -1. Bocher, Roger O'C'oiiiior, Leo E'. Mansor, atid 
S h .  Barbara 13. Lewis for technical assistance and to 
N r s .  Doris '2. Ralston and staff for elemental analyses. 


