
'I'hyromimetics. 11. The Synthesis and Hypocholesteremic Activity 
of Some 0-Diethylaminoethyl Esters of Iodinated Thyroalkanoic Acids 

;Ilthougli tlic wlatioiisliip t)etu-oeii seruiii cholwtcrol 
l t ~ i - c ~ l . ~  and tliv occiiri'riice of atliri~osrlcrosis has not hceii 
c~oiicliisiwly tlciiioiistrated. the iiiiplicat ioiis ai'<' siicli 
t . h t  tlic search for hypocliloestct~ciiiic ageiits is r i i i . -  

rc?iitly hciiig carried out by maiiy iii\-estigators. 111 tlw 
sc~ui~cli  foi ,  a iisr+ul cliolestci~ol-lo\~-el.iiig agent iiiricli 

attt'iitioii has Iiceii devoted to tliyroiiiiiiietic agents u.itli 
t wiiteriiig 011 the 1)-isoiiiers of t liyrosiiic. 
)dothyroiiiiie aiid iodiiiated t h y i ~ x ~ ~ t  ic, 

- formic,  and -pi~~pioiiic acitls. --!I 

o ~ i  sciwii cholcstr~rol lrvel? i l i  aiiiinak f t l w  l i a ~ - r )  pi,o\.rti 
satisfactoiy for tise i i i  niaii. 

111 a i 1  effort to oljtaiii ageiits lvliich have a specific 
Iiypocliolcstcreiiiic actioii with fen- or 110 side effects a 
s;tii,icis of t l i c th~~ la~n i i ioc t l i~ l  esters of iwioiis iodinated 
thyroalkaiioic acids was prcpared (Table I ) .  Sei-era1 
4 '-methyl Pt1iCi.s \vert also prep d siiice it appears 
that thew dcii\-atives of't'eii poss a large separation 
1)ctwcc.ii the  iiiiiiiinuin effective h cholesteremic dose 

Siiiw 
i t  had 1 ) t ~ l i  denionstrated in our laboratories that' aii iso- 
pl,opyl g i w ~ p  can be substituted for iodiiic in thc :3'- 
position of  :~,~-diiodoth~.roiiiiir without causing ail!' 
loss i i i  hvpocholrstereiiiiC actiyity, lo  the 3'-isopropyl 
:uialog XI11 of tlic r3-dietfiylamiiioethyI ester of 3.:?'.5- 
ti,iiodotliyroacetic acid (1'11)  vas prepared to set' i f  this 
wlatioiiship pro\.cd true i l i  this series also. 

'1'0 pi ' epa i~  tlic t7st'ei.s listcd iii Table I the  requisite 

\\711ilc m o s t  of thesr colllpollllti,F Ila\.P SOl11C cf'fcct 

I which causes might, loss i11 aiiimals.' 
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?'hc> *3'-1*0111 OPYI ~01i lp0~l ld  SI11 \\ as plepal'('tf i iy i l iL :  

tlir ~ e c j u ~ i i c c ~  ot i,eactioiis &on ii iii Chart I. 
Ethyl 3 , .5 -d i iodo-~-( :3- i sopropyl - l -n ie thoxyp~-  

plieiiylacetate 1X1-1) 11 as fiist prepared using a pto- 
cedure (XI1- - S\' -+ X1-I) siiiiilar to that reported by 
Wilkinsoiil in the preparatioii of :1,3-diiodothyroacctic 
acid. Thc iiitcriiiediatc XT'I i r a s  prepared suhse- 
queiitly TI itliout isolation mol (1 expediently from thc 
iodoiiiuiii ialt ST'II as shoxvii (XT'II + XVI) iibiiig 
the method of Ziegler aiid X a r r  Basic hydrolpis of 
XVI yielded the  methoxy acid S I X  which in turn could 
be coii\-ci tcd to the hydroxy acid XI'III 011 treatnient 
u i th  a mistui(3 of acetic aiid hydriodic acids. The 
acid XVIII.  lro\vever, M ab  ally prepared diwctly 
from S Y I  a> s l i o ~ ~ i ~  Treatment of the acids S V I I I  
aiid X I S  \\ itli ~-diethylamiiioethyl chloride a5 de- 
scribed yielded thc corresponding basic esters XI11 and 
XX. I'iifoituiiately, we were unable to purify XX to 
the poiiit \\ lipre satisfactory niialytical data could be 
obtained. 

Those 4'-iwthoxy acids \\-hose syntheses had not 
beeii repoitecl n ere readily prepared using dimethyl 
wlfate ant1 acj i irwi ih  sodium hydroxide (Table 11). 

1 1 )  If JIo~rn . i t io  and kI l ' ~ ~ l d l c L c ,  f i r m  Bel , 71, 1614 i l S ? h '  
(12) J. I I  TT Ilkinwn, Biorhem J , 63, 601 (1956) 
I I  I \  TI Zlegi t I  a n l l  (' \ r u r  J Oig f ' i i p m  , 27, '3335 ,1962) 
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TABLE I 
DIETHYLAMINOETHYL ESTERS 

RO b+- 1 \ 0 1 \ (CHz),-COOCHzCHzN(C~H~)z~HC1 

I 

Source 
of 

start- ,- -Analyses, 
Com- M.P., Recryst. ins -Calcd.-- ----Found-- 
pound R X n oc. solvent Formula matl. C H c1 C H  CI 
I H H  0 220-222 CHaOH-(CzH,)zO CigHzzClIzXOd 36.95 3.59 5.74 37.35 3 .45  5.79 
I1 CI& H 0 185-187 CH30H-(C2H&0 C20Hz4CI12N04 d , e  38.03 3.83 5 . 6 1  38.07 3 .82  5.53 
I11 H I 0 203-205 CH30H-(CzHj)20 C1gHz,ClI,SO4 e , f  30.69 2 .85  4.77 30.97 2.95 4.79 
I T  CH3 I 0 171-173 CHaOH-(C?H,)zO C?oH23ClI~NO~ ' 31.71 3.06 4.68 32.02 3.04 4.53 
V H H  1 I 14-117 i-C:jH7OH-(C?Hs)zO CmH2PClIzY04 c , ' , h , L  38.03 3.83 5 .61  38.30 4.18 5 .37  
VI CH8 H 1 149-151 CHzOH-(CzHj)zO CZIH~BCIIZNO~ ',* 39.06 4.06 5.49 33.28 4.23 5 .23  
VI1  H I 1 192-194 CHBOH-petroleum C20Hz3C113NO~ ' , l i  31.71 3.06 4 .68  31.70 3.18 4.61 

VI11 CHg I 1 189-191 i-CaHTOH C?iHsClI,?r'Od j 32.69 3.27 33.01 3 .56  
N, 1.82 N, 2.09 

IX H I-r 2 39.3-195 CHaOH-( C2Hj)QO CnH~&lIzSO4 b s c ' e  39.06 4 ,06  5.49 39.14 4.22 5.78 

ether 

k , l  

S (.'a, H 2 145-147 CH3OH-(C2H;M) Cz2Hz&lI?PITO~ ' 40.05 4.25 5 .37  33.78 4 .45  5 .21  
XI H I 2 208-210 CH,OH-(C?H,LO C2,H,jC11,N04. 31.58 3 . 4 i  31.49 3 .42  

dec. 1.5H20 x, 1.75 X, 1.74 
XI1 CH, I 2 194-195 CHaOH-(C?Hj)zO CzzH,iCIIaNO4 ' 33.63 3.46 4 .51  33.73 3 .53  4 .85  
XI11 H i-CIH7 1 133-135 (CIII!?CO-H20 C2aH2gIzN04. 40.25 4 .41  40.21 4.29 

0,5H?SO< I, 36,98 I, 36. 62 

a C. R.  Harington and G. Barger, Biochern. J., 21, 169 (1927). ' J. C. Clayton, G. F. H .  Green, and B. A. Hems, J .  Chem. Soc., 2467 
E. T. Borrows, J. C. Clayton, and B. 

I C .  R. Harington and R. Pitt- 
K. Tomita, H. A. Lardy, D. John- ' N. 

(1951). 
A. Hems, J. Chem. Soc., S 185 (1949). 
Rivers, Biochem. J., 50, 438 (1952). 
son, and .4. Kent, J .  Biol. Chem., 236, 2981 (1961). 
Kharasch, S. H. Kalfayan, and J. D. Arterberry, ibid., 21, 925 (1956). 

R. I. Meltzer, D.  11. Lustgarden, and A. Fishman, J. Org. Chern., 22, 1577 (1957). 
e K. Tomita and H. A. Lardy, J .  Biol. Chern., 219, 595 (1956). 
Table 11 and Experimental. See ref. 12. See ref. 13. 

s. Wawzonek, s. C. Wang, and P. Lyons, J .  Org. Chern., 15, 593 (1950). 
See Experimental. 

CHART I 

CH(CH3)z CH(CH3)z NO, 

CHaO&OH -k HO + 1 \ CH2C02Et ._ T o m  CH30&0 O C H X O z E t  - 
pyridine 

NOn XIV N0z 
xv 

Reduction, 
Tetrazotization, 
Iodination 

1 I 
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thyroacetic acids, were the most potent conipouiids 
tested. I n  the test system employed, VI1 and XI11 
were as potent as L-T,, one of the most active hypo- 
cholestereiiiic thyrominietic ageiit 3 reported in the 
literature. 

I t  can be seen that replacement of the 3’-iodine atom 
iii  VI1 ~ i t h  an isopropyl group has had no effect on 
hypocholesteremic activity (compare T’II with XIII). 
This findiiig is coiisisteiit with previous observations 
iioted with compounds containing an alanine side 
cliain.’O Although the number of compounds screened 
was quite small it appears that  a structure-function 
relationship does exist. Maximum activity resides 
iii those compounds with a tn-o-carbon side chain arid a 
3’-iodiiie atom or isopropyl group (VII, VIII, and 
XIII). Increasing or decreasing the length of the side 
chain or replacing the 3’-iodine or isopropyl group with 
Iiydiogrii decreases cholesterol-loirering activity. For- 
mation of the methyl ether in most cases also somewhat 
lessens hypocholesteremic activity (compare T’II with 
T’III). 
,i more comprehensive study of the thyroniimetic 

nctiITities of VI1 and XI11 has been reported rc- 
cently.*O 

TABLE 111 
PLASUA CHOLESTEROL VALUES 

.4 c tl v1 t y a 

I 0 030 
11 < 001 
I11 ,030 
I v 040 
\r ,026 
1’ I 006 
YII 1 000 
1-111 0 500 
IS < 001 
S < ,001 
SI 060 
S I 1  030 
SI11 1,000 

a Activity is expressed in terms of L - T 3  having an arbitrary 

Coinpound no. 

value of 1. 
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h series of itniinoacyladenines was prepared 1)y a pmcedure involving the condensation of the carbobenzoxy 
derivatives of glycine, alanine, valine, leucine, isoleuc-ine, and phenylalanine with adenine by the carbodiimide 
method with dimethyl sulfoxide as the solvent. Chemical, spectral, and chromatographic characteristics of the 
above conipounds are described. ?;either rat organ homogenates nor a variety of proteolytic enzymes hydro- 
lyzed the aniinoacyladenines, with the exception of leucine aminopeptidase, which showed activity against L- 
leiicylsdenine. 

Interest iii amiiioacylamidopuri1ies aiid specifically 
amiiioacyladenines stems from the observation that 

nucleic acids or nucleoproteins. 

ribonucleic acids ( R S d )  isolated by a variety of meth- 
ods contain aniiiio acids or Aside from 
the biiidiiig of amino acids by est’er linkage to the ter- 
minal ribose nioiet’y of soluble RK.4,6 other binding sites 
have not been definitely established. It is conceivable 
that high molecular weight RXA may bind amino 
acids as acid anhydrides similar to t’he amino acid 
riucleotidates found in yeast7 or as amides by combina- 
tion of the carboxyl group of the amino acids with the 
amiiio nitrogen of adenine, guaiiine, and the cytosines. 

This paper describes the synthesis and properties of a 
series of amiiioacyladenines as a preliminary step in 
establishing whether or not such compounds occur in 

(1) This investigation was sril,ported in p r t  by the Office o f  Naval Re- 
searcli and by Vermont Cancer Society Grant No. 6 .  1060-1Y61. 

( 2 )  Stanford Research Insti tute,  Rlenlo Park, California. This work was 
taken in imrt froin a doctoral dissertation presented to  the Graduate College 
of the Uni\ersity of Vermont, 1962. 

( 3 )  J .  L. Potter and .i. L. I)ounce, J .  A m .  Chem. Soc., 78, 3078 (19X). 
(1) V. Hahermann, Biochim.  Biophus.  Arta, 32, 297 (1959). 
( 5 )  U. %. Littauer and H.  Eisenherg, ibid., 32, 320 (1959). 
(6) 11. Hoagland, ibid. ,  16, 288 (1Y55). 
( 7 )  .i. H. Cook and G. Harris, Rer. P w e  A p p l .  Cliem., 10, 61 (1960). 

Results and Discussion 

The aniinoacyladeiiines were prepared by coiideiising 
a carbobeiizoxyamino acid (Z-amino acid) and adenine 
in dimethyl sulfoxide solution with S,n”-dicyclo- 
hexylcarbodiimide (DCC) and decarbobenzoxylatiiig 
the product with anhydrous HBr in glacial acetic acid. 

HOCOCHRNHZ 

HVH HFCOCHRNHZ HNCOCHRNHz 
+ 

Adenine Z-Aminoacyladenine Aminoacyladenine 

The values for C, H, and N (Table I) of both carbo- 
benzoxy- and aminoacyladenines support a structure 
having an amino acid : adenine ratio of 1. 

The physical properties and behavior on paper chro- 
matograms of both carbobenzoxy- and aminoacylade- 


