
July 1909 689 

Notes 

Thyroxine Analogs. XVII.1 3,5-Di(ethylthio)-

and 3,5-Di(phenylthio)-DL-thyronines 
and Their 3'-Isopropyl Analogs 

EUGENE C. JORGENSEN, RICHARD O. MTJHLH.VUSER, 
AND ROBERT A. WILEY 

Department of Pharmaceutical Chemistry, School of Pharmacy, 
University of California, San Francisco Medical Center, 

San Francisco, California 94-1S2 

Received March 11, 1969 

A wide variety of groups have replaced the 3'-iodine 
atom of 3,5,3'-triiodo-L-thyronine with retention of 
thyroid hormonal activity.2 However, requirements 
for the 3,5-iodine atoms have been more restrictive, 
only bromine1,3 or methyl4 substitution leading to 
active analogs among the limited series studied.5 The 
synthesis of analogs containing 3,5-di(ethylthio) and 
3,5-di (phenylthio) substituents on the thyronine nucleus 
was undertaken to provide additional data on sub-
stituent requirements for the alanine-bearing ring, 
and in an attempt to prepare a halogen-free thyro-
mimetic compound. 

A positive correlation has been noted between 
thyroxine-like effects in rodents, and lipophilic and 
electronic character of the 3'- and 5'-halogen sub­
stituents of thyroxine analogs.6 A similar relationship 
has been reported for the alkyl, aryl, and halogen sub­
stituents in the 3 ' position of 3,5-diiodothyronines.7 

Activity rises to a maximum with increasing lipophilic 
character, as measured by the Hansch substituent 
constant, 7r.s Activity is further enhanced by electron-
donating groups, as measured by the Hammett <JP 

value.9 Thus, 3,5-diiodo-3'-isopropyl-L-thyronine 
( 7 ^ = 1.30; o-,_Pr = -0.15) is 700-1200% as active 
as L-thyroxine, the isopropyl group currently being the 
most effective 3 ' substituent.20 The activities of 
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compounds containing substituents other than iodine 
in the 3,5 positions, such as 3,5-dibromo-3'-isopropyl-
L-thyronine10 (170% of L-thyroxine; 7rBr = 0.94; 
&"Br = 0.23) and 3,5-dimethyl-3'-iodo-DL-thyronine4 (3% 
of L-thyroxine ;7rMe = 0.51,o-Me= —0.17), indicated that 
such a correlation might be extended to substituents in 
the 3,5 positions. The ethylthio group (C2H6S) has a 
lipophilic character (ir^HiS = 1.13)11 close to that of 
iodine (iri = 1.15),6 and an electronic character (O-C2HSS 
= 0.03) between that of groups which confer activity 
in the 3,5 positions, iodine (o-T = 0.28) and methyl 
(f CHa = —0.17). The phenylthio group was selected as 
representative of a highly lipophilic ( r c a s = 2.0)12 

substituent. In both the ethylthio and phenylthio 
series, analogs containing the biologically activating 
3'-isopropyl substituent were included. 

X-Acetyl-3,5-diiodo-L-tyrosine ethyl ester (1) was 
converted into its 3,5-di(ethylthio) derivative (2) by 
reaction with cuprous ethyl mercaptide (see Scheme I). 
However, 2 did not react with di(p-anisyl)iodonium 
bromide (3a) in the presence of Cu powder and NEt3

13,u 

or KO-£-Bu in £-BuOH.4 Therefore, the intermediate 
diiododiphenyl ethers (4a, 4b) were formed by reaction 
of 1 with the diaryliodonium salts (3a, 3b). The 
intermediate 4b was identical with a sample prepared 
by a longer route,15 which established the position of 
the 3'-isopropyl group. Reaction of 4a and 4b with 
cuprous ethyl mercaptide yielded the ethylthio ethers 
(5a, 5b), and with cuprous phenyl mercaptide, the 
phenylthio ethers (8a, 8b) by methods developed by 
Adams, et al.lt Reactions carried out under N2 re­
sulted in purer products in higher yield than those re­
actions carried out in the absence of nitrogen. Relative 
to the nmr spectra of the 3,5-diiododiphenyl ethers17 

(4a, 4b), 3,5-di(phenylthio) substitution (8a, 8b) pro­
duced an upheld shift of about 0.22 ppm for the 2,6-
protons and for protons in the N-acetylalanine ethyl 
ester side chain. Ethylthio substitution (5a, 5b) did 
not produce this effect, which must have been due to 
the positioning of the 2,6- and side-chain protons 
above or below the planes of the phenylthio groups.17 

Hydrolysis of 8a and 8b with HBr yielded the phenyl-
thio-substituted amino acids (9a, 9b). However, 
treatment of 5b under these conditions caused partial 
loss of the ethylthio group,18 under conditions which 

(10) R. E. Taylor, Jr., T. Tu, S. B. Barker, and E. C. Jorgensen, Endo­
crinology, 80, 1143 (1967). 

(11) Estimated6 '8 by irSCHs(0.62) + TTCHJ(0.51). 
(12) Estimated6 '8 by 7TC6HS(1.89) + TTSCHS(0.62) - JTCH,(0.51). 

(13) (a) G. Hillmann, Z. Naturforsch., 116, 419 (1956); (b) G. Hillmann, 
U. S. Patent 2,886,592 (May 12, 1959). 

(14) P. F. Bevilacqua, J. T. Plati, and W, Wenner, U. S. Patent 2,895,927 
(July 21, 1959). 

(15) B. Blank, F. R. Pfeiffer, C. M. Greenberg, and J. F. Kerwin, J. Med. 
Chem., 6, 554 (1963). 

(16) (a) R. Adams, W. Reifschneider, and W. D. Nair, Croat. Chem. Acta, 
29, 277 (1957); (b) R. Adams and A. Ferretti, J. Amer. Chem. Soc, 81, 
4927 (1959). 

(17) P. A. Lehman and E. C. Jorgensen, Tetrahedron, 21, 363 (1965). 
(18) (a) C. M. Suter and J. P. McKenzie, J. Amer. Chem. Soc, 56, 2407 

(1934); (b) C. M. Suter and H. L. Hansel, ibid., 84, 4100 (1932). 



690 

1 NHAc 

H O / \CH2CH 

1 CO.Et 
1 

XoiEiS 

SCHEME I 

(USEt 

. R J 
3a. R-H 

b. R = rl ' 

EtS N H A c 

H O / \CH,CH 

E t S ~ ~ CO El 

*r 

Vol . 12 

M i o / - V j - r i i r 

NHAc 

M e o / j > o / ^ \ c H 2 C H 

CO,Et 

4a, R = H 
b, R = i-Pr 

CuSC.H, 

C6HSS NHAc 

UeO(~yof~\cH,CH 

R CBH,S 

8a,R = H 
b. R = I'-PI 

COEt 

C6H5S NH, 

UO(~Jo/yCKJZH 
R CfiH5S 

9a, R = H 
b. R =/-Pi-

CO, H 

EtS 

MeOf \ o f ^ > C H , C H 

NHAc 

R EtS 

5 a , R = H 
b,R = ;-Pr 

HBr 

0O,Et 

EtS NH, 

HO f>rvin 
R EtS 

6a.R = H 
b,R = ;-Pr 

CO.H 

EtS ^'H-

R ~ EtS~ < 1 0 L H 

7. R=/-Pr 

were n e c e s s a r y for c o m p l e t e h y d r o l y s i s of t h e 4 ' -
m e t h o x y l g r o u p . 3 , 5 - D i ( e t h y l t h i o ) - 3 ' - i s o p r o p y l - L - t h y -
r o n i n e w a s o b t a i n e d as a m i x t u r e of t w o a m i n o ac ids 
w h i c h w a s s u b m i t t e d as s u c h t o b io logica l e v a l u a t i o n . 
S ince t h e 4 ' - m e t h o x y d e r i v a t i v e s of a c t i v e t h y r o x i n e 
a n a l o g s a r e t h e m s e l v e s h i g h l y ac t i ve , 5 b w a s h y d r o l y z e d 
w i t h H C 1 t o y i e ld t h e 3 , 5 - d i ( e t h y l t h i o ) - 3 ' - i s o p r o p y l - 4 ' -
m e t h o x y - L - t h y r o n i n e (7) . T h e less s t e r i ca l ly h i n d e r e d 
3 , 5 - d i ( e t h y l t h i o ) - L - t h y r o n i n e (6a) w a s o b t a i n e d b y 
H B r h y d r o l y s i s of 5a. 

P h a r m a c o l o g y . 1 9 — C o m p o u n d s 6a , 6 b , 7, 9a , a n d 9 b 
w e r e i n a c t i v e w h e n t e s t e d for t h y r o x i n e - l i k e a c t i v i t y b y 
t h e r a t a n t i g o i t e r m e t h o d 1 9 a t d o s a g e levels on a m o l a r 
bas i s 100 t i m e s t h a t of a n effective dose of L - thy rox ine 
(3 ng of s o d i u m L - t h y r o x i n e p e n t a h y d r a t e / 1 0 0 g of 
b o d y w e i g h t ) . C o m p o u n d s 6a , 9a , a n d 9 b w e r e in ­
a c t i v e as t h y r o x i n e an tagon i s t s 2 1 3 w h e n a d m i n i s t e r e d in 
100-fold excess t o g e t h e r w i t h L - t h y r o x i n e (3 /xg) t o 
t h iou rac i l - f ed r a t s . 

T h e s e r e s u l t s i n d i c a t e t h a t t h e b a l a n c e of l ipoph i l i c 
a n d e lec t ron ic p r o p e r t i e s c o r r e l a t e d w i t h a c t i v i t y of a 
s u b s t i t u e i i t i n t h e 3 ' p o s i t i o n of t h e t h y r o n i n e n u c l e u s 
m a y n o t b e e x t e n d e d to t h e c o r r e s p o n d i n g 3,5 pos i t i ons . 

(1U) E. C. Jorgensen and P. Blade, J. Med. I'harm. Chem., 5, 729 (1962). 
Detailed biological results have been submitted and are on file in the office 
of the American Chemical Society. 

H o w e v e r , t h e effects p r o d u c e d b y t h e t h i o e t h e r s u b -
s t i t u e n t s of t h e p r e s e n t s t u d y h a v e n o t b e e n i n v e s t i ­
g a t e d in t h e 3 ' pos i t ion , a n d i t is poss ible t h a t t h e s e 
g r o u p s a r e too labi le u n d e r b io logica l c o n d i t i o n s to 
s u r v i v e long e n o u g h t o e x e r t t he i r effects. T h e sus ­
cep t ib i l i t y of a l k y l t h i o a n d a r y l t h i o s u b s t i t u e n t s t o 
m e t a b o l i c o x i d a t i o n to t h e m o r e p o l a r sul foxides a n d 
sul fones is well k n o w n . 2 0 

Experimental Section21 

N-Acetyl-3,5-di(ethylthio)-L-tyrosine Ethyl Ester (2). -A 
mixture of N-aeetyl-3,f)-diiodo-L-t\Tosine ethyl ester22 (1, .").() g, 

(20) R. T. Williams, "Detoxication Mechanisms," 2nd ed, Jolin Wiley and 
Suns, Inc., New York, K. V., 1959. 

(21) Melting points were determined with a Thomas-Hoover capillary 
melting point apparatus and are uncorrected. Microanalyses were per­
formed by the Microanalytical Laboratory, University of California, 
Berkeley, Calif. Nmr spectra were obtained in CDCla on a Varian A-tiO 
(Me«Si). Tic (HAW) is BuOH-HOAc-lLO 10-.3:1 solvent system. Ir 
spectra were obtained with a Beckman IR-8 instrument. Where analyses 
are indicated only by symbols of the elements, analytical results obtained 
for those elements were within ± 0 . 4 % of the theoretical values. The 
absence of I2 in compounds was determined by the sensitive test of heating 
a sample with concentrated H2SO4 over an open flame, and noting the 
absence of purple vapors. Nmr and ir spectra were consistent for all struc­
tures assigned. Compounds named as thyronine derivatives in the text, 
are named as in Chemical Abstracts in the Experimental Section. 

(22) J. H. Barnes. E. T. Borrows, J. Elks, B. A. Hems, and A. G. Long, 
J. Chem. Soc, 2824 (1949). 
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10 mmoles), cuprous ethyl mercaptide16b (3.8 g, 30 mmoles), 
quinoline (10 ml), and pyridine (0.5 ml) was stirred and heated 
under N2 at a bath temperature of 175-178° for 3 hr. The black 
reaction mixture was poured onto a mixture of concentrated HCl 
(40 ml) and ice (200 g) and allowed to stand overnight. The 
solid was removed by nitration and extracted with three 100-ml 
portions of E t 2 0 and four 100-ml portions of EtOAc. The 
combined E t 2 0 and EtOAc extracts were washed with 5 % HCl 
and with H 20, dried (Na2S04), and evaporated to yield 1.45 g 
of a brown solid. Crystallization from EtOH gave 0.89 g (22%) 
of 2 as vellow-white crystals, mp 103-103.5°, iodine absent. 
Anal (C17H25N04S2) C, H, S. 

No formation of 5a was detected by the attempted condensa­
tion of 2 with di(p-anisyl)iodonium bromide (3a) in the presence 
of Cu powder and Et3N,1 3 .» or KO-i-Bu in i-BuOH.4 

N-Acetyl-3,5-diiodo-4-(3'-isopropyl-4'-methoxyphenoxy)phe-
nyl-L-alanine Ethyl Ester (4b).—N-Acetyl-3,5-diiodo-L-tyro-
sine ethyl ester22 (2.6 g, 5.2 mmoles), di(3-isopropyl-4-methoxy-
phenyl)iodonium iodide23 (5.15 g, 9.3 mmoles), powdered Cu (45 
mg), MeOH (62 ml), and Et3N (0.77 ml) were stirred at room 
temperature for 24 hr. Additional MeOH (50 ml), Et3N (0.8 
ml), and Cu (45 mg) were added and stirring was continued for 
24 hr. After filtration, the solvent was evaporated, and the 
residue was taken up in C6H6 (70 ml) and 3 % HCl (50 ml) and 
shaken for 5 min. The precipitated Et 3 N-HCl was removed by 
nitration, the C6H6 solution was washed (H20, 1 N NaOH, H 20) 
and dried (Na2S04), and the CeHe was removed in vacuo. The 
addition of petroleum ether (bp 30-60°) (density, 0.67-0.69) gave 
a white solid, mp 129-131°. Crystallization from H 2 0-E tOH 
yielded 1.2 g (36%); mp 129-131°, lit.15 mp 129-131°; tic 
(EtOAc), one spot, Rt 0.75; nmr and ir spectra were identical 
with a sample prepared by the method of Blank.16 Anal 
(C23H27I2N05) C, H, I. 

N-Acetyl-3,5-di(ethylthio)-4-(3'-isopropyl-4'-methoxyphenoxy)-
phenyl-L-alanine Ethyl Ester (5b).—N2 was passed through a 
stirred mixture of 4b (3.2 g, 4.9 mmoles), cuprous ethyl mercap-
tide16b (3.25 g, 26.1 mmoles), quinoline (8.2 ml), and pyridine 
(0.41 ml), heated in a bath at 160-190° for 3.5 hr. The reaction 
mixture was poured onto HCl (40 ml) and ice (300 g) and allowed 
to stand overnight. The precipitated solid was removed by 
filtration and extracted with E t 2 0 (1 1.). The E t 2 0 solution was 
washed with 5 % HCl (750 ml) and H 2 0 (800 ml), dried (Na2S04), 
and evaporated to give 2.4 g of oily solid which was dissolved in 
C6H6 and chromatographed on acid-washed alumina (30 g). 
Elution with C6H6 and 20% CHC13-C8H6 and evaporation of the 
combined eluate gave a solid which was crystallized from EtOAc-
hexane; mp 70-85°. Repeated washes with cold E t 2 0 yielded 
100 mg (4%) of a white solid, mp 108-110°. An analytical 
sample was reerystallized from EtOAc-bexane and dried over 
P206 in vacuo; mp 114-116°, tic, one spot (EtOAc), Rt 0.58. 
Anal. (C27H37N05S2) C, H, S. 

N-Acetyl-3,5-di(ethylthio)-4-(4'-methoxyphenoxy)phenyI-L-
alanine Ethyl Ester (5a).—A mixture of N-acetyl-3,5-diiodo-4-
(4'-methoxyphenoxy)phenyl-i>alanine ethyl ester14 (4a, 3.8 g, 6 
mmoles), cuprous ethyl mercaptide16b (4.0 g, 32 mmoles), 
quinoline (10 ml), and pyridine (0.5 ml) was stirred and heated for 
3.5 hr at an oil bath temperature of 175-178°, then poured into 
concentrated HCl (40 ml) and ice (300 g). After standing for 8 
hr, the precipitated solid was removed by filtration, then ex­
tracted with CHCls (800 ml). The CHC13 extract was washed 
with 5 % HCl (800 ml) and H 2 0 (500 ml), dried (Na2S04), and 
evaporated in vacuo. The residual black oil was chromato­
graphed on acid-washed alumina (70 g). Four 250-ml fractions 
were collected: C6H6, 20% CHC13 in C6H6, 50% CHC13 in 
C6H6, and CHC13. The residue from evaporation of the 50% 
CHCI3 in C6H6 was chromatographed on silicic acid (35 g). 
After 200 ml of C6H6, 50% CHCls in C6H6 was the eluting solvent. 
Evaporation yielded a brown solid which was reerystallized from 
EtOAc-hexane (Norit) to give 60 mg (2%) of 5a : mp 107-108°; 
iodine absent; tic, one spot, Re 0.71 (EtOAc). Anal (C24H3i-
N05S2) C, H, S. 

N-AcetyI-3,5-di(phenylthio)-4-(3'-isopropyl-4'-methoxyphe-

(23) E. C. Jorgensen and J. A. W. Reid, J. Med. Chem., 8, 533 (196S). 

noxy)phenyl-L-alanine Ethyl Ester (8b).—A stirred mixture 
of 4b (3.2 g, 4.9 mmoles), cuprous phenyl mercaptide16a (4.5 g, 26 
mmoles), quinoline (8.2 ml), and pyridine (0.4 ml), through which 
N2 was passed, was heated at a bath temperature of 168-170° for 
3.5 hr. The reaction mixture was poured onto a mixture of ice 
(300 g) and HCl (40 ml) and allowed to stand overnight. The 
precipitated solid was removed by filtration, extracted with 
E t 2 0 (1 1.), H 2 0 (1.5 1.), 10% NaHSOs (100 ml), and H 2 0 (200 
ml), and dried (Na2S04). The ether was removed by distillation, 
leaving a dark oil (3.4 g) which solidified on standing; colorless 
crystals from E t 2 0 , 1.21 g (40%), mp 94-99°. An analytical 
sample was recrvstallized from E t 2 0 ; mp 97-99°, iodine absent. 
Anal. (C35H37N05S2) C, H; S: calcd, 10.41; found, 9.89. 

The same reaction carried out in the absence of N2 resulted in a 
significantly lower yield. 

N-Acetyl-3,5-di(phenylthio)-4-(4'-methoxyphenoxy)phenyl-L-
alanine Ethyl Ester (8a).—A mixture of 4a (3.8 g, 6 mmoles), 
cuprous phenyl mercaptide16" (5.3 g, 32 mmoles), quinoline (10 
ml), and pyridine (0.5 ml) was heated at a bath temperature of 
175-183° for 3.5 hr without N2 cover. The reaction mixture 
was treated as was 8b, to yield 4.6 g of a dark oil which solidified 
on standing. Crystallization (EtOAc-heptane) followed by 
washes with cold E t 2 0 gave 130 mg (4%) as colorless crystals, mp 
115-117°, iodine absent. Anal. (C32H3iNO5S2-0.5H2O) C, H, 
S. 

3,5-Di( phenylthio )-4-( 4' -hy droxyphenoxy )phenyI-L-alanine 
(9a).—^N2 was passed through a solution of 8a (267 mg, 0.45 
mmole) in 4.3 ml of HOAc for 30 min. HBr (48%, 1.1 ml) 
was added and the solution was heated under N2 and refluxed 
for 3.5 hr. A white precipitate formed on addition of H 2 0. 
The solvents were removed in vacuo, the residue was dissolved 
in 5% NaOH (70 ml) and filtered, and the pH was adjusted 
to 5.0 with 4 Ar HCl giving 172 mg (77%) of a white solid, mp 
225-245° dec. Two more isoelectric precipitations gave 132 mg 
(60%) of a white solid: mp 232-236° dec; tic (BAW), one spot, 
ninhydrin positive, Pauly positive. Anal. (C27H23N04S2) C, H; 
S: calcd, 13.10; found," 12.49. 

3,5-Di(phenylthio)-4-(3'-isopropyl-4'-hydroxyphenoxy)phenyl-
L-alanine (9b).—The N-acetyl ester (8b) (130 mg, 0.21 
mmole) was heated under reflux (N2) in HOAc (2.2 ml) and 4 8 % 
HBr (0.6 ml) for 3.5 hr. Work-up as described for 9a gave 68 mg 
(61%); mp 154-159° dec; tic (BAW), one spot, ninhydrin posi­
tive, Pauly positive. Anal. (C30H29NO4S2-0.5H2O) C, H, S. 

Attempted Formation of 3,5-Di(ethyIthio)-4-(3'-isopropyl-4'-
hydroxyphenoxy)phenyI-L-alanine (6b).—The N-acetyl ethyl 
ester (5b) (100 mg) in 2 ml of HOAc and 0.5 ml of 40% HBr was 
heated under reflux for 4 hr (N2). Additional HOAc (1 ml) and 
HBr (0.3 ml) were added at 1, 2, and 3 hr. Work-up as described 
for 9a gave 64 mg, mp 132-220°. Nmr and ir showed absence 
of OCH3, amide, and ester groups, and a partial loss of SC2H5; 
tic (BAW), two spots, ninhydrin positive, Pauly positive. The 
mixture was used in biological testing. Anal Calcd for C22H2s-
N04S2 : C, 60.66; H, 6.71; N, 3.21; S, 14.72. Found: C, 
57.09; H, 5.95; N, 3.20; S, 10.33. 

3,5-Di(ethyIthio)-4-(4'-hydroxyphenoxy)phenyl-L-alanine 
(6a).—The N-acetyl ethyl ester 5a (200 mg) in 4 ml of HOAc 
and 1 ml of 48% HBr was heated under reflux for 3 hr. The 
solvents were removed in vacuo, and the residue was dissolved 
in 5 % NaOH and precipitated at pH 5.0 by addition of dilute 
HCl. The precipitate was filtered, dissolved in dilute HCl, and 
precipitated at pH 5.0 with 5 % NaOH, giving 125 mg (72%); 
mp 205° dec; tic (BAW), one spot, ninhydrin positive, Pauly 
positive; Xmal (0.05 N NaOH) 301 mM («4120), Xmal (dilute HCl) 
284 mM (e 3940). Anal. (Ci9H25N05S2) H, S; C: calcd, 
55.45; found, 56.04. 

3,5-Di(ethylthio)-4-(3'-isopropyl-4'-methoxyphenoxy)phenyl-
L-alanine (7).—The N-acetyl ethyl ester (5b) (100 mg) in 3.6 
ml of HOAc and 2.4 ml of HCl was heated under reflux for 3.5 
hr (N2). Additional 1-ml portions of HCl and HOAc were 
added at 1 hr and 2.5 hr. Addition of 2 N NaOH to pH 5.0 
gave a precipitate which was collected, dissolved in HOAc-HCl, 
and reprecipitated at pH 5.0 with 2 JV NaOH to give 32 mg 
(36%) of a white solid: mp 175-180° dec; tic (BAW), one spot, 
ninhydrin positive, Pauly negative. Anal. (C23H3iN04S2-H20) 
C; H : calcd, 7.11; found, 6.46; S: calcd, 13.71; found, 12.96. 


