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As can be seen from Table VII several compounds (IVa-DL, 
IVb-DL, IVb-L, and IVC-L) have noteworthy activity. Compound 
IVb-L is particularly interesting since it appears to be more 
potent than L-T3 . A more detailed study of the activity in 
several thyromimetic assay procedures of most of the compounds 
listed in Table VII will be described shortly.27 

(27) ( ' . M . Greenbcrx, B . Blank, F. R. Pfeiffer. and J. F . Pau ls , Am. 
./. I'hi/siol.. in press. 
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The synthesis of a number of fi-diethylaminoethyl esters of iodinated thyroalkanoic acids is describe.1. Tlu? 
ability of these compounds to lower plasma cholesterol levels in rats fed a eholesterol-eholie acid diet is also re
ported. A study of the hypocholestereraic activity of the compounds tested indicates that maximum activity 
is found in those compounds with a two-carbon side chain and a 3'-iodine atom or isopropvl group (VII, VIII. 
and XII I ) . 

Although the relationship between serum cholestero 
levels and the occurrence of atherosclerosis has not been 
conclusively demonstrated, the implications are such 
that the search for hypochloesteremic agents is cur
rently being carried out by many investigators. In the 
search for a useful cholesterol-lowering agent much 
attention has been devoted to thyromimetic agents with 
current interest centering on the D-isomers of thyroxine 
and ^^- t r i iodothyronine and iodinated thyroacetic, 
-formic, and -propionic acids.1"3 

While most of these compounds have, some effect 
on serum cholesterol levels in animals few have proved 
satisfactory for use in man. 

In an effort to obtain agents which have a specific 
hypocholesteremic action with few or no side effects a 
series of (liethylamiiiocthyl esters of various iodinated 
thyroalkanoic acids was prepared (Table I). Several 
4'-methyl ethers were also prepared since it appears 
that these derivatives often possess a large separation 
between the minimum effective hypocholesteremic dose 
and the dose which causes weight loss in animals.7 Since 
it had been demonstrated in our laboratories that an iso
propvl group can be substituted for iodine in the Im
position of 3,")-diiodothyronine without causing any 
loss in hypocholesteremic activity,10 the 3'-isopropyl 
analog XIII of the /3-diethylaminoethyI ester of 3,3',o-
triiodothyroacetic acid (VII) was prepared to see if this 
relationship proved true in this series also. 

To prepare the esters listed in Table I the requisite 

(1) \V. K. Kiwgamer, M . K. Alper t , a n d I". R. S i lve rman , Endocrinology, 
66, 160 (1960). 

(2) W. F . J . C u t h b e r t s o n , P . V. E lcoa te , D . M . I re land , D . C. B. Mil ls , 
a n d P. Shear ley , J. Endocrinol., 21 , 43 (1960). 

(3) P . S t a r r , Clin. Pharmacol Theray., 1, 716 (1960). 
(4) W. R. R u e g a m e r a n d F . R. S i lverman , Endocrinology, 68, 564 (1961). 
(5) M. M. Bes t a n d C. I I . D u n c a n , Circulation, 24, 58 (1961). 
(6) C. M . Greenberg , C. A. Boeder , J . F . Kerwin , S. M . Greenbe re , and 

T . H . Lin, Am. J. Physiol., 201 , 732 (1961). 
(7) R. G. H e r m a n , C. C. Lee. and R. P a r k e r , A.rcli. Intern. Pharmacodyti., 

133, 284 (1961). 
(8) I I . R. Hoff, R. J . Sperber , S. F i sch , and A. C. DeGraff, Angiology. 13, 

!M (1962). 
(9) C. H . D u n c a n and M . M . Bes t , Am. J. Clin. Xutr., 10, 297 (1962). 
(10) B. Blank , F . R . Pfeiffer, C. M . Greenberg , and S. F. Kerwin , ./. Med. 

Chem., 6, 554 11963). 

1 acids were treated with /i-diethylaminoethyl chloride 
in dry 2-propanol.11 

X I 

// N\ /T~\ (C 2H.,) 2NCH 2Cil ,CI 

R O - ( = ) - 0 - ^ = ) - ( C H 2 ) f l C O O H „ r 3 H T -

I 
X I / 

R O H ( V - 0 — ^ ~ ~ y - ( C H 2 ) „ — C O O C H 2 C H 2 N ( C 2 H , ' i 2 . H C l 

I 

R = H i.i 'CH,: X = H, I. nr / -C3M7: /<=(), 1. 2 

The 3'-isopropyl compound XIII was prepared using 
the sequence1 of reactions shown in Chart I. 

Ethyl 3,o-diiodo-4-(3-isopropyl-4-methoxyphenoxyj-
phenylacetate (XVI) was first prepared using a pro
cedure (XIV —»• XV —*• XVI) similar to that reported by 
Wilkinson12 in the preparation of 3,5-diiodothyroacetic 
acid. The intermediate XVI was prepared subse
quently without isolation more expediently from the 
iodonium salt XVII as shown (XVII -*- XVI) using 
the method of Ziegler and Alarr.13 Basic hydrolysis of 
XVI yielded the methoxy acid XIX which in turn could 
be converted to the hydroxy acid XVIII on treatment 
with a mixture of acetic and hydriodic acids. The 
acid XVIII, however, was usually prepared directly 
from XVI as shown. Treatment of the acids XVIII 
and XIX with /3-diethylaminoethyl chloride as de
scribed yielded the corresponding basic esters XIII and 
XX. Unfortunately, we were unable to purify XX to 
the point where satisfactory analytical data could be 
obtained. 

Those 4'-methoxy acids whose syntheses had not 
been reported were readily prepared using dimethyl 
sulfate and aqueous sodium hydroxide (Table II). 

(11) I I . H o r e n s t e i n a n d 11. Piihlicke, Chem. Bet:, 7 1 , 1644 (1938). 
(12) J". II . Wilk inson, Biochem. J., S3, 601 (19.56). 
(13) H. Zieider anil C. M a r r , J. Org. Chem., 27, 3335 (1962). 
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TABLE I 

DlETHYLAMINOETHYL EsTEHS 

I X I 

- / - \ - 0 - / - V - ( C H 2 ) n - C O O C H 2 C H 2 N ( C 2 H 5 ) 2 - H C l 

Com
pound 

I 
I I 
I I I 
IV 
V 
VI 
VII 

R 
H 
CH3 

H 
CH3 

H 
CH3 

H 

IX 

X 
XI 

XII 
XI I I 

CH3 

H 

CHS 

H 

X 
H 
H 
I 
I 
H 
H 
I 

VIII CH3 I 

H 

H 
I 

1 
z-C3H7 

M.p., 
n °C. 

0 220-222 
0 1S5-187 
0 203-205 
0 171-173 
1 114-117 
1 149-151 
1 192-194 

1 189-191 

Recryst. 
solvent 

CH3OH-(C2H5)20 
CH3OH-(C2H5)20 
CH3OH-(C2H5)20 
CH3OH-(C2H5)20 
?'-C3H,OH-(C2H5)20 
CH3OH-(C2H5)20 
CH3OH-petroleum 

ether 
i-C3H7OH 

Formula 

C19H22C1I2N04 

C20H24ClI2NO4 

CjgHgiClIgNC^ 
C2„H23C1I3N04 

C20H24ClI2NO4 

C2iH26ClI2N04 

C20H23ClI3NO4 

C21H25C1I3N04 

2 193-195 CH3OH-(C2H s)20 C,,H26C1I2N04 

145-147 
208-210 
dec. 

194-195 
133-135 

CH3OH-(C2H3) ,0 
CH3OH-(C2H5)20 

CH3OH-(C2H5)20 
(CH3)2CO-H20 

C22H28C1I2N04 

C21H25C1I3N04-
1. 5H20 

C22H27C1I3N04 

C23H29I2N04-
0.5H2SO4 

Source 
of 

start
ing 

matl. 

a b c 

d e 

e.f 

9 

ch 

6,<V 
kl 

b 

C 
36.95 
38.03 
30.69 
31.71 
38.03 
39.06 
31.71 

-Calcd.-
H 

59 
83 
85 
06 
83 
06 

3 
3 
2 
3 
3 
4. 
3.06 

-Analyses, %-

CI 
74 
61 
77 
68 
61 
49 
68 

C 
37.35 
38.07 
30.97 
32.02 
38.30 
39.28 
31.70 

-Found-
H 

45 
82 
95 
04 
18 
23 

3.18 

Cl 

53 
79 
53 
37 
23 

4.61 

32.69 3.27 33.01 3.56 
N, 1.82 N, 2.09 

39.06 4.06 5.49 39.14 4.22 5.78 

40.05 4.28 5.37 39.78 4.45 5.21 
31.58 3.47 31.49 3.42 

X, 1.75 N, 1.74 
33.63 3.46 4.51 33.75 3.53 4.85 
40.25 4.41 40.21 4.29 

1,36.98 1,36.62 

0 C. R. Harington and G. Barger, Biochem. J., 21, 169 (1927). 6 J. C. Clayton, G. F. H. Green, and B. A. Hems, / . Chem. Soc, 2467 
(1951). c R. I. Meltzer, D. M. Lustgarden, and A. Fishman, / . Org. Chem., 22, 1577 (1957). d E. T. Borrows, J. C. Clayton, and B. 
A. Hems, J. Chem. Soc, S 185 (1949). e K. Tomita and H. A. Lardy, J. Biol. Chem., 219, 595 (1956). / C. R. Harington and R. Pit t -
Rivers, Biochem. J., SO, 438 (1952). « Table II and Experimental. * See ref. 12. * See ref. 13. 3' K. Tomita, H. A. Lardy, D. John
son, and A. Kent, / . Biol. Chem., 236, 2981 (1961). * S. Wawzonek, S. C. Wang, and P. Lyons, / . Org. Chem., IS, 593 (1950). ' N. 
Kharasch, S. H. Kalfayan, and J. D. Arterberry, ibid., 21, 925 (1956). m See Experimental. 

CH(CH3)2 

CH30-<f V O H 

XIV 

CHART I 

N02 CH(CH3)2 1JJ02 

H 0 - < f 3 — CH2C02Et TosCi > CK30~{~%-0-^~\— CH2C02Et 
pyridine 

No2 NO2 
XV 

CH(CH3)2 I 

-RO-f~\-0-J VCH2COOCH2CH2N(C2H5)2-HCl 

I 
XII I 

Reduction, 
Tetrazotization, 
Iodination 

H O ^ / ^ y . C H 2 c o 2 E t CH(CH3)2 I 

1 * CH 3 0-<f — Vo-^~ \ -CH 2 C02Et 

I 

Et3N, Cu 

HI, HO Ac 
(C2H5)2NCH2CH2C1 

CH(CH3)2 I 

I 
XVIII 

XVI 

CH2COOH 

CH; 

CH(CH3)2 I 

o^Q-oJ^-i 

40% NaOH 

CH(CH3)2 I 

CH2COOCH2CH2N(C2H5)2-HCl C H 3 O H ^ \ - 0 - ^ _ A - C H 2 C O O H 

I 
X X XIX 
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H O - ^ - 0 (CH2)nCOOH 
(CH 3 ) 2 S0 4 

X I 

i 
X = H or I: >i. = 0-2 

TABI.K II 

4 ' -AIETHOXY ACIDS 

X I 

C H ! O H Q - 0 ^ 

I 

(CH2)„COOH 

(CH2)„COOH 

M.p 
N (' 

•- --Analyst 
K c r r y s t a l . Calcd. 

(-. solvent l-'opmula (' H 

1 0 2H5-297 ( ' - .JIsOH-HsO CnHsIaOj 27 .04 1 . 4ti 2 7 . 3 8 1.40 
II 2 170-172 C . l l s O H C:,HnI-iO-. 3 6 . 8 7 2.til) 3 o . 0 7 2 . 8 3 
I 2 224-22B f 'HsOlf Cielf.sIiO: 2!),5(i 2 .02 20 .71 2 17 

Experimental14 

Chemistry. Preparation of Esters (Table I).—The required 
acid in dry 2-propanol was refluxed for 4 lir. in the presence of a 
slight molar excess of /3-diethylaminoethyd chloride.15'19 The 
reaction mixture was cooled and the amino ester hydrochloride 
was filtered and washed with ether. In some cases it was neces
sary to dilute, the reaction mixture with ether or petroleum ether 
or to partially remove the solvent to ensure complete precipita
tion of the product. Two reorystallizations usually provided 
material of analytical purity. 

Ethyl 14-(3-Isopropyl-4-methoxyphenoxy)-3,5-dinitrophenyl|-
acetate (XV).—A solution of equimolar amounts of ethyl 4-
hydroxy-3,5-dinttrophenylacetate12 and p-toluenesulfonyl chlo
ride in pyridine was heated and stirred on a steam bath for 15 min. 
The steam bath was removed and a slight excess of fS-isopropyl-4-
methoxyphenol (XIV)1" was added. The solution was stirred 
under reflux for 2 hr. and the pyridine was then removed in mom. 
The residue was dissolved in benzene and the benzene solution 
was washed in turn with dilute hydrochloric acid, water, 10' , 
sodium hydroxide, and again with water. After drying over 
sodium sulfate, the benzene was removed and the oily residue was 
crystallized and recrystallized from 95' ,' ethanol to give 55' , 
of product, m.]). 7D--S1 °, 

.l/Ki?. Calcd. for CaiH.~,X.,(),: ( \ 57.41: H. 5.:J0; X, 6.70. 
Found: C, 57.56; H,5.37; X.6.S0. 

Ethyl 3,5-Diiodo-4-(3-isopropyl-4-methoxyphenoxy)phenyl-
acetate (XVI).—The dinitro ester XV was reduced catalytically 
in a Parr apparatus in the presence of 10' ; palladium-on-chareoal. 
The resulting diamino compound without isolation was tetra-
zotized with nitrosyl sulfuric acid, and the tetrazonium salt was 
iodinated as described by Wilkinson.12 The crude diiodo ester 
XVI was dissolved in benzene, and the benzene solution was 
washed successively with 10')f, sodium bisulfite, water, 5','-
sodium bicarbonate, and again with water. Evaporation of the 
dried benzene solution yielded a brown oil which was redissolved 
in a small volume of benzene and was passed through a column 
of W'oelm acid-alumina (activity-!)17 using 10'', methanol in 

(14) All mel t ing po in ts were t a k e n in a T h o m a s - H o o \ er mel t ing [joint 
a p p a r a t u s a n d are corrected. 

(15) Th i s mater ia l was conven ien t ly p r e p a r e d by g r ind ing t oge the r with a 
m o r t a r and pest le one p a r t of commerc ia l 0 -d ie thy laminoe thy l chlor ide hy
droch lor ide a n d t w o p a r t s of p o t a s s i u m hydrox ide pel le ts in a su i t ab le vo lume 
of benzene with cooling if necessary . T h e benzene so lu t ion was decan ted or 
l i i tered, ttie solvent was removed , and the residue was dist i l led at reduced 
pressure . 

(Hi) K. H. Bur tne r , ./. Am. Chem. Soc., 7 1 , 2587 (1949). 
:17) Alupharn i Chemicals , P . O. Box 7oo. New Orleans . Louisiana 

benzene. Evaporation of the fractions from the column left a 
reddish oil which crystallized from aqueous ethanol to give 42' , 
of crude, product, in.p. 65-74°. Further recr\ stallizatioiis from 
methanol or aqueous ethanol gave material melting at 75 70::. 

Anal. Calcd. for C.„H«W),: ('. 41.40: H. .",.v_>; 1. (;;.7,-,. 
Found: ('. 41.47: H. M.N2: I, 4:1.12. 

The same material was obtained from the reaction of di-i IJ-
isopropyI-4-niethoxvphenyl iodonium iodide I 'W I I >:" with elhyl 
4-liydroxy-o,5-diiodo])lien\'lacetale':! in the presence of triethyl-
amine and copper powder. 

3,5-Diiodo-4-i 3-isopropyl-4-methoxyphenoxy phenylacetic Acid 
(XIX). A suspension of 3.0 g. i 5 mmolos; of XVI in 50 ml. of 
ethanol was diluted with 10 ml. of 4 0 ' , sodium hydroxide and 
stirred at room temperature for 2 hr. The solution was cooled 
and acidified with dilute hydrochloric acid. The precipitated 
acid was filtered, washed with water, and recrystallized from 
aqueous ethanol to give 2.0 g. i 74' , ; of product, m.p. n i l - i:i.vJ. 
'analytical sample, m.p. 142- 144° . 

A mil. Calcd. for C H i J - O , : (.', :isi.l5: H, :',.20: 1, 45.07. 
Found: (', :i0.47; H,:!.;i0: 1,45.56. 

14-( 4-Hydroxy-3-isopropylphenoxy;-3,5-diiodophenyl j acetic 
Acid (XVIII;.— A mixture of 4.0 g. Mi.9 mmoles'; of XVI in 100 ml. 
of a 1:1 mixture of acetic and hydriodic acids was refluxed for 
'•> hr. The solution was concentrated to one-half its original 
volume when solid began to separate. The mixture was diluted 
with water and cooled. The filtered solid weighed .'>."> g.. m.p. 
157 150°. It was recrystallized from aqueous ethanol to give 
:i.2g. i 0 5 ' , i of product, m.p. 102 164°. 

.l//t>/. Calcd. for C,7H,,EO:: C, :57.04: H. .TOO; 1. 47,17. 
Found: C, :is.l0; H, 3.03; I, 40.ss. 

Preparation of 4'-Methoxy Acids (Table I I . - To a stirred 
solution of 0,01 mole of the iodinated thyroalkanoic acid in 70 ml. 
of water and 15 ml. of 10' ,- sodium hydroxide was slowly added 
at room temperature 0.005 mole of dimethyl sulfate. After 
stirring for 15 min. an additional 0.005 mole of dimethyl sulfate 
was added to the cloudy solution followed by the addition of 120 
ml. of 10', sodium hydroxide. The solution was stirred for 2 
hr. at room temperature during which time the sodium salt pre
cipitated. This mixture was diluted with 100 ml. of 10' , sodium 
hydroxide and 1,'!5 ml. of ethanol and stirred under reflux for 2 
hr, to hydrolyze any ester. The alcohol was removed and the 
aqueous residue was cooled to precipitate the sodium salt. The 
salt was filtered .and dissolved in hot water. The aqueous solu
tion was filtered if necessar\, cooled, made acid with dilute hydro
chloric acid, and filtered. The white solid after two reervstal-
lizations was usually analytically pure. 

Biochemical Screening.— The compounds were screened for 
their ability to lower plasma cholesterol levels in rats fed a diet 
containing 2 ' , cholesterol and I ' , cholic acid.' 

i.-Triiodothyronine L-T:-) or the test compounds were in
jected subcutaneously. once daily for 7 days to groups of eight 
adult nude Sprague-1 htwle.y rats having a fasting body weight 
of 270-200 g. and fed a diet consisting of 2 ' , cholesterol, I ' , 
cholic acid, 4 ' , Alphacel, 4 ' , vitamins anil minerals, 20'', pro
tein, 20',, hydrogenatcd fat. and 40 ' , carbohydrate. Appropri
ate controls were also run. The animals were fasted for IS hr. 
on the 7th day and sacrificed by decapitation on the 8th day. 
Blood collections and cholesterol determinations were made in a 
manner similar to that reported previously/'1 •' The results are 
shown in Table III ami tire expressed in terms of 1,-4', having an 
arbitary value of I 

dose of I,-T,< which decreased plasma total cholesterol 
. . • •• • - at least 3.X mg./lOO ml.1" 

dose of test compound which lowers plasma total cho
lesterol to a comparable extent 

Discussion 

Several of the compounds tested lowered plasma 
cholesterol to some degree. However, there seems to 
be no doubt that VII and XIII, the diethylaminoethyl 
esters of 3,.3',5-triiodo- and o.o-diiodo-.T-isopropyl-

(18) C. M . Creenberg , h. V. M a n s o r , (.:. A. Bocher, if. L. S a u n d e r s , a n d 
.1. F. Kerwin, Endocrinology, 70 , 36," (19o2). 

* HO it has been shown s t a t i s t i ca l ly us ing pooled samples from thyron i i -
metic t r ea t ed and control an imals t ha t a, p l a s m a to ta l cholesterol difference 
of 38 iiijc-. 100 nil. is required for significance ( / ' = 0.01). See ref. li. A 
dose of 1..1 ••:!.() -, kg. 'tiny of l.-T:, consis tent ly causes such a depress ion . 
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thyroacetic acids, were the most potent compounds 
tested. In the test system employed, VII and XIII 
were as potent as L-T3, one of the most active hypo-
cholesteremic thyromimetic agents reported in the 
literature. 

It can be seen that replacement of the 3'-iodine atom 
in VII with an isopropyl group has had no effect on 
hypocholesteremic activity (compare VII with XIII). 
This finding is consistent with previous observations 
noted with compounds containing an alanine side 
chain.10 Although the number of compounds screened 
was quite small it appears that a structure-function 
relationship does exist. Maximum activity resides 
in those compounds with a two-carbon side chain and a 
3'-iodine 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 
hydrogen decreases cholesterol-lowering activity. For
mation of the methyl ether in most cases also somewhat 
lessens hypocholesteremic activitv (compare VII with 
VIII). 

A more comprehensive study of the thyromimetic 
activities of VII and XIII has been reported re
cently.20 

Interest in aminoacylamidopurines and specifically 
aminoacyladenines stems from the observation that 
ribonucleic acids (RXA.) isolated by a variety of meth
ods contain amino acids or peptides.3-5 Aside from 
the binding of amino acids by ester linkage to the ter
minal ribose moiety of soluble RNA,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 the amino acid 
nucleotidates found in yeast7 or as amides by combina
tion of the carboxyl group of the amino acids with the 
amino nitrogen of adenine, guanine, and the cytosines. 

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

(1) This investigation was supported in part by the Office of Naval Re
search and by Vermont Cancer Society Grant No. 6, 1960-1961. 

(2) Stanford Research Institute, Menlo Park, California. This work was 
taken in part from a doctoral dissertation presented to the Graduate College 
of the University of Vermont, 1962. 

(3) J. L. Potter and A. L. Dounce, ./. Am. Chem. Soc, 78, 3078 (1956). 
(4) V. Habermann, Biochim. Biopltys. Acta, 32, 297 (1959). 
(5) U. Z. Littauer and H. Eisenberg, ibid., 32, 320 (1959). 
(6) M. Hoagland, ibid., 16, 288 (1955). 
(7) A. H. Cook and G. Harris, Rev. Pure Appl. Chem., 10, 61 (I960). 

TABLE III 

PLASMA CHOLESTEROL VALUES 

Compound no. 

i 
i i 
i n 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 

Activity" 

0.030 
< .001 

.030 

.040 

.025 

.006 
1.000 
0.500 

< .001 
< .001 

.060 

.030 
1.000 

" Activity is expressed in terms of L-T3 having an arbitrary 
value of 1. 
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(20) C. M. Greenberg, B. Blank, F. R. Pfeiffer, and J. F. Pauls. Am. J. 
Physicl., in press. 

nucleic acids or nucleoproteins. 

Results and Discussion 

The aminoacyladenines were prepared by condensing 
a carbobenzoxyamino acid (Z-amino acid) and adenine 
in dimethyl sulfoxide solution with X,X'-dicyclo-
hexylcarbodiimide (DCC) and decarbobenzoxylating 
the product with anhydrous HBr in glacial acetic acid. 

HOCOCHRNHZ 
+ 

HNH HNCOCHRNHZ HNCOCHRNH2 

N N N N N N 
H H H 

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-
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A series of aminoacyladenines was prepared by a procedure involving the condensation of the carbobenzoxy 
derivatives of glycine, alanine, valine, leucine, isoleucine, and phenylalanine with adenine by the oarbodiimide 
method with dimethyl sulfoxide as the solvent. Chemical, spectral, and chromatographic characteristics of the 
above compounds are described. Neither rat organ homogenates nor a variety of proteolytic enzymes hydro-
lyzed the aminoacyladenines, with the exception of leucine aminopeptidase, which showed activity against L-
leucyladenine. 


