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Thyromimetics. VII. Isopropyl Analogs of Thyroid Hormones 

BEXJAMIX BLAXK AND FRAXCIS R. PFEIFFER 

Research and  Development Divisaon, Sm2th K l i n e  K. French  Laboratoraes, Phi lade lphia ,  Pennsyhania 

Receiwl  December 19, 1966 

Attempts were made to prepare thyroidal hormones with isopropyl groups iii place of the iodine atoms. 3,3’- 
The more desirable 

-4 number of 
I11 was tested and found iiiactive as a hypocholes- 

I>iisopropyl- aiid 3,3’,S’-triisopropyl-DL-thyroIiiiies (I arid 111) were prepared successfully. 
isopropyl aiialogs of 3,3’,5-triiodot’hyronine (L-T~) and thyroxine (I1 aiid IV) were not obtained. 
posaihle routes to I1 aiid IV were studied and are described. 
terernic or aiitigoitrogenic agent arid as an inhibitor of L-T~. 

In recent years it has been shown that the biological 
u:tivity of the thyroid hormones can be retained after 
replaceiiicnt of the iodine atonis wit’h alkyl groups.i-6 
Of particular interest has been the replacement of the 
3’-iodinc of 3,3’,5-t’riiodo-~-thyronine (L-T~) and its 
thyroalkanoic acid analogs with an isopropyl group. 
This modification has produced conipounds which are 
as act’ive or more active biologically than L - T ~ . ~ , ~  

3,s-TI iiodo-3’, 5‘-diisopropyl-DL-thyronine, ho\yever, 
is essentially irinrtive in calorigenic assayssd arid as a 
hypocholestereniic agent.5a,d Thus i t  was desirable to  
assess the extent to which the isopropyl group could 
replace the iodine atoms in the thyroid hormones. 
Therefore, attempts were made t o  prepare 3,3’-diiso- 
propyl-i,L-thyronine (I), 3,3’,5-t~iisopropyl-~~-thyro- 
nine (IT), 3,3’,5’-triisopropyl-~~-thyronine (III), and 
3,3’,5,5’-tetraisopropyl-~~-thyronine (IT’). 

The synthesis of I and I11 mas accomplished following 
the synthetic approach developed by Bielig and Lutze17 
for the preparation of 3,3’,5,;’-t’etraniethyl-~~-thyro- 
nine (see Scheme I ) .  Using these conditions only 
unreact’ed phenol and halo conipound were recovered 
in the attempted preparation of Vb and d. This was 
true whether the halogen was bromine or iodine or 
whether the phenolic salt was prepared first or in situ. 

In  the synt’heses described above it was possible for 
chloromethylation to yield products isomeric with VI. 
This is supported by the findings of Hamilton and 
Blanchards who have reported recently that electro- 
philic substitution of 4- (2,B-xylyloxy) -2, B-dimethyl- 
anisole yields products subst’ituted in t’he 3 position 
rat’her t’haii in the 4’ position. This is contrary to the 
reports of Bielig and Lutze17 and Van Hey~iingen.~ 
Therefore, the infrared and nmr spectra of I and VIIc 
were exnniined to  determine the site of chloromethyla- 
tion in  Va and c. The spectra of I are such that  the 
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position of the side chain cannot be fixed. The infrared 
spectrum of VIIc in Kujol shows two major bands in 
the 11-14-p region. One peak is at  11.4 1.1 and cor- 
responds to one free hydrogen on a benzene ring. The 
second, slightly more intense peak, is at  11.95 p and 
corresponds to  two adjacent hydrogen atoms on a 
benzene ring.’O If the isomer with the side chain in the 
3 position of Vc mere produced, no peak should appear 
in the 11.6-12.5-p region of the spectrum. The nnir 
spectrum of VIIc displays a fairly complex pattern for 
the aromatic protons (6 6.55-7.00). The area in- 
tegrates for five protons and has a sharp singlet a t  
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:tppro:Lch has heen eiuployed I\ it11 so11~1 surces5 hy 
,Jorgeiisen aiid \Tiley4 and by Dibbo and cso-m-orkers*L 
to prepare methyl analogs of thyronine. n'-Acetyl- 
:~,,j-diisoprop3rl-~~-t3~rosiiie ethyl etter (T'IIIa) TVR\ 

1 )repared using procedurci developed hy the preceding 
\vorliers4~ arid alloived to  reart with iodoriium 
d t : ,  of 3-isopro mid 3,j-dii50propylsnisoleja under 
:t variety of conditions. In no iiistaricc was :t diphenyl 
ether detected. Only unreacted T'IIIs, the iodonium 
salts, or their deconiposition products were isolated. 
These results forced us to consider route- to  I1 and IT 
i r i  which the 3- and 3-isopropyl groups were produced 
subsequent to diphenyl ether formatioii. 

The most suitable precursor$ seemed to be coiii- 
pounds with carboxyl g r o u p  or with substituents 
which caould he coil d easily to carboxyl groups. 
'l'hcrefore, the synt of several niodel compoundh 
w:tb studied. The first of these \vas p-(2,G-dicyano-4- 
iiitro~herioxy)ariisolc (IX). Cyanation of p-(2,(i- 
diiodo--t-riitropherioxy)arii..ole in pyridine gave 21y0 of' 
IX. Hydrolysis of IX in acid led to a mixture which 
infrared data showed to contain moieties with cyano, 
cabosylic acid, and amide groups. We next examined 
p-(2,~j-diiodophenoxyjanisole (Xj as a substrate in 
place of I X  in an effort to improve the yield of cyano 
roinpound and also because subsequent Grignard 
reactions would be complicated by the presence of the 
nitro group of IX. X WI.; obtained from IX by reduc- 
tion, diazotization, aiid decoinposition of the diazonium 
d t  with ethanol or hypophosphorous acid or by total 
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Experimental Section l9 

2,6-Diisopropyl-4-(o-isopropylphenoxy)anisole (Vc).-A mix- 
t,ure of 45 g (0.17 mole) of 4-br0mo-2,6-diisopropylanisole,~~ 
19.9 g (0.15 mole) of o-isopropylphenol, 16.4 g (0.29 mole) of 
powdered KOH, and 400 mg of copper-bronze was heat,ed in a 
metal bath. At a bath temperature of 180", HzO and a little 
of the bromo compound began to dist,il. The bromo compound 
was removed from the distillate and added again to the react'ion 
flaak. The metal bath was kept a t  230-235" for 3.5 hr. The 
mass was left overnight and the residue was suspended in a mix- 
tiire of CHC13 and HsO and filtered. The aqueous phase of the 
filtrate was extracted with CHC13 and t,he combined CHC13 
phases were washed with H2O until neutral. The dried (MgSO4) 
CTTCI, was distilled arid the residue weighing ea. 45 g was dis- 
tilled in V ~ C U O  to give 24.6 g (53%) of an oil, bp 200-235' (14 
mm). A fraction which distilled constantly at, 210-211" (14 mm) 
was removed for analysis. 

Anal. Calcd for C&3002: C, 80.94; €1, 9.26. Fourid: 
C, 81.10; H, 9.14. 

Ethyl Acetamido[4-(3,5-diisopropyl-4-methoxyphenoxy)-3- 
isopropylbenzyl]maIonate (VIIc).-Dry HCl was passed through 
a stirred suspension of 25.2 g (0.077 mole) of Vc, 3.2 g of para- 
formaldehyde, 80 ml of acetic acid, and 10 ml of concentrated 
HC1 a t  20". When the initial exothermic reaction had subsided 
the cooling bath was removed and HC1 was bubbled through the 
mixture for 7 hr at  room t,emperatore. After standing overnight 
the mixture was poured into ice water and extracted with CHCL. 
The CHC13 was washed with water, 57, SaHCO3, and again with 
HyO. Evaporation of the CHC13 left 28 g of crude product. 
This was flash-distilled at  215-235" (16 mm) to give 12.2 g of 
imprire prodilci; VIc. 

To a soliltion of 0.033 mole of sodium et,hoxide in 75 ml of 
absolute ethanol was added 7 . 2  g (0.033 mole) of ethyl ace& 
amidomaloiiate and the solution was st,irred and heated for a 
few miiiiites. .4 solution of 12.2 g (0.033 mole) of VIc in 75 ml 
of absolute ethanol was added in one portion, and stirring and 
refluxing were continued for 3 hr. About half of the ethanol 
was distilled and the residue was diluted with ice water. The 
soliit,ion was extracted whh ether. The  et,hereal layers were 
washed with HzO, dried (Sa2S04), and evaporated. The resid- 
iial syrrip was crystallized from petroleum ether (bp 90-100') 
to give 4 . j  g of crude product, mp 115-120'. Recrystallization 
from the same solvent gave 4 g (22%) of product, mp 133-134". 

Anal. Calcd for C32H46X07: C, 69.16; H, 8.16; N, 2.52.  
Found: C, 69.34; H, 8.11; S, 2.61. 

3,3',5'-Triisopropyl-~~-thyronine (3-[4-(4-Hydroxy-3,5-di- 
isopropylphenoxy)-3-isopropylphenyl] -m-alanine, III).-A mix- 
tiire of 3.2 g (5.75 mmoles) of VIIc, 60 ml of 48% HBr, and 90 ml 
of acetic acid was reflrlxed for 5 hr. The solvents were removed 
in racuo and the residue was adjusted to pH 6 with 5yo NaHCOa 
and acetic acid. The aqueous solution was extracted with 
ether. The ethereal phases were washed with lOy0 NaHSO3, 
H2O, Si'; XaHC03, and HzO. The product precipitated during 
the filial water wash. Petroleum ether was added to the ether 
and the resiiltiiig solid was filtered; yield 1 g, mp 210-215'. 
After two i.welectric precipitations at  pH 6 t,he product (one 
spot on paper chromatogranis) weighed 850 mg (37%), mp 225- 
226' dec. 

dnal. Calcd for C X H ~ ~ N O ~ :  C, 72.15; H, 5.33; S, 3.51. 
Found: C, 72.42; H,8.34; N, 3.54. 

4-(3-Isopropyl-4-methoxyphenoxy)-3-isopropylbenzyl Chloride 
(VIa).-o-Isopropylphenol was brominated in acetic acid to give 
$127, of 4-bromo-2-isopropylpheno1, mp 46-49" (lit.21 mp 47- 
49'). Xethylation with dimethyl sulfate arid aqueous NaOH 
gave 80% of 4-bromo-2-isopropylanisole, bp 115-125' (11 mm) 
[lit.zz bp 86-57' (2 mm)] .  A mixt,ure of 61.8 g (0.28 mole) of 
4-bromo-2-isopropylanisole, 34 g (0.25 mole) of o-isopropylphenol, 
38 g (0.5 mole) of powdered KOH, and 250 mg of copper-bronze 
was subjected to the conditions described for the preparation of 
1-e. The product Va was distilled to yield 50.3 g (717') of mate- 
rial, bp 190-200" (10 mm). 
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Chloromethylation of 48.5 g (0.17 mole) of Va was effected 
using 7 g of paraformaldehyde in 22 ml of concent,rated HCl and 
170 ml of acetic acid using the conditions described for VIc. 
Distillation gave 48.5 g (86%) of an oil, bp 200-245' (10 mm). 
A fraction, bp 228-229" (10 mm), was submitted for analysis. 

Anal. Calcd for C20H&102: C, 72.16; HI 7.57; C1, 10.65. 
Found: C, 72.03; H, 7.51; C1, 10.95. 
3,3'-Diisopropyl-~~-thyronine (3-[4-(4-Hydroxy-3-isopropyl- 

phenoxy)-3-isopropylphenyl] -DL-alanine, I).-A hot solution of 
48 g (0.14 mole) of VIa in 250 ml of absolute ethanol was added 
in one portion to a stirred solution of sodium ethoxide (prepared 
from 3.3 g of Na), 31.4 g (0.14 mole) of ethyl acetamidomalonate, 
and 250 ml of absolute ethanol. The product was formed and 
isolated as was T'IIc. The resulting syrup was triturated with 
petroleum et,her (bp 90-110') and left at - 17" for several days. 
The mixture of gum aiid solid was stirred with petroleum ether 
(bp 30-60") and the resulting solid was filtered arid recrystallized 
from cyclohexane; yield 6 g, mp 121-123". 

A mixture of 6 g of S'IIa, 60 ml of HI,  arid 90 ml of acetic acid 
was refluxed for 8 hr. The solution was diluted with 250 ml 
of HZO and extracted repeatedly with ether. The organic phases 
were washed with 10% NaHS03, H20, and enough 5'3 KaHC03 
t,o make the ethereal layer pH 6-7. The ether was dried (Nan- 
SO4) and distilled. The residual yellow solid was recrystallized 
from ether-petroleum ether (bp 30-60") to give 2.2 g of solid 
(one spot on paper chromatograms), mp 183-185' dec with 
softening a t  15$-160'. 

- 

Anal. Calcd for CWHWKO~:  C. 70.56: H. 7.61. Found: C. , ,  .. .. . , 

70.57; H, 7.60. 
3,5-Diisopropyl-4-methoxybenzyl Chloride.-To a stirred mix- 

ture of 130 g (0.68 mole) of 2,6-diisopropylanisole, 640 ml of 
acetic acid, 55 ml of concentrated HC1, 25.6 g of 95% paraform- 
aldehyde, and 13.7 g of fused ZnCh was added HC1 gas. The 
gray suspeiision became a clear pink solution. The HC1 addition 
was continued for 4 hr a t  room temperature, the solution was 
left overnight, aiid HC1 was added again for 4.5 hr the following 
morning. The biphasic mixture was poured into 3 1. of ice water 
and a solid precipitated. The solid was filtered and recrystal- 
lized from methanol; yield 45.2 g (287,), mp 91-93'. -4 further 
recrystallization from acetonitrile gave the analytical sample, mp 
93-95 O .  

Extraction of the aqueous filtrate and the diluted recrystalliza- 
t,ion filtrates with ether gave unreacted 2,6-diisopropylanisole. 

Anal. Calcd for C14H2,CIO: C, 69.84; H, 8.79; C1, 14.73. 
Found: C, 69.78; H,  8.53; C1, 14.82. 

Ethyl Acetamido(3,5-diisopropyl-4-methoxybenzy~)malonate. 
-Equimolar amounts of 2,6-diisopropyl-4-methoxybenzyl chlo- 
ride, sodium ethoxide, and ethyl acetamidomalonate in absolute 
ethanol were refluxed for 3 hr. The reaction mixture was diluted 
with water and the resulting solid was filtered, washed wit,h water, 
arid recrytallized from aqueous ethanol; yield SO%, mp 124-125". 

Anal. Calcd for C23H35N06: C, 65.53; H, 5.37. Found: 
C, 65.59; H, 8.17. 

If ethyl acetamidocyanoacetate was used iti place of the malon- 
ate the corresponding product was obtaiiied iii 70% yield, nip 
127-1 28' (THF-petroleum ether). 

Anal. Calcd for C21H30~204: C, 67.35; H, 8.06; N, 7.48. 
Found: C, 67.56; H, 8.05; N, 7.23.  

If 2-propanol was used as a solvent, in place of ethanol in the 
cyanoacetate reaction transesterification took place and the 
isopropyl ester was obtained, mp 169-170" (THF-petroleum 
ether). 

Anal. Calcd for CZZH32~204: C, 68.01; H, 8.30; N, 7.21. 
Found: C, 68.21; H, 8.10; N, 7.12. 

3,5-Diisopropyl-~~-tyrosine.-A solution of 19 g (0.05 mole) of 
the isopropyl ester of N-acetyl-2-cyano-3-(3,5-diisopropyl-4- 
methoxylpheny1)-Dbalanine in 550 ml of 1 : 1 HI-AcOH was 
refluxed for 4 hr. The solution was evaporated to dryness in 
oacuo to give a hygroscopic solid. The solid was washed with 
ether and dissolved in water. The aqueous solution was ad- 
justed to pH 8 with aqueous NHI and extracted once with ethyl 
acetate. The aqueous layer was concentrated, whereupon 
the product precipitated. The aqueous mixture was cooled and 
filtered; yield 10.8 g (80%), mp 238-240" dec. The above 
operation was repeated to obtain an analytical sample, mp 234- 
236' dec. 

Anal. Calcd for C16H2J03: C, 67.90; H, 5.74; N, 5.28. 
Found: C, 67.63; H, 8.64; S, 5.24. 

N-Acetyl-3,5-diisopropyl-~~-tyrosine.-A solution of 7.8 g 
(0.029 mole) of 3,5-diisopropyltyrosine in 150 ml of 2 AV NaOH 




