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Sulfuric Acid Treatment of Phendimetrazine Diastereoisomers. 
-Samples (50 mg.) of d-threo- ( I )  and l-erythro-3,4-dimethyl-2- 
phenylmorpholine (11) were dissolved in concentrated HzS04 (0.5 
ml. each) and left standing a t  room temperature. After 15 and 
64 hr., respectively, the samples were diluted with water to make 
a 10% solution, and the optical rotation was determined (Table 
I). The 64hr .  samples (in triplicate) were rendered alkaline, 
the free bases were extracted with ether, dried (NaZSO1), and 
treated with HC1, and the mixture was evaporated to dryness 
iinder reduced pressure. The residue1$ was dissolved in water to 
make a final concentration of 1 X If ,  and the effect on guinea 
pig liver 11-40 was determined in 0itr0.l~ The inhibition was 50 
=I= 4%. Compared to the values listed in Table 111, such a degree 

of inhibition corresponds to a mixture consisting of about SOYo of 
the threo diastereoisomer. 

Acknowledgment.-We wish to thank Dr. Frank 
A. L. hnet  for the n.m.r. spectra and their interpreta- 
tion and Jean Dubuc and his group, respectively, 
for the X40 assays. 

(19) Thin layer chromatography [methanol-benzene, 1 : 10; sprayed with 
concentrated H2S04 followed by Draggendorf's reagent as modified by 
Rlunier and Nacheboeuf (c j .  I(. Randerath, ' Dunnschichtchromatographie," 
Verlag Chemie, Weinheim, 1962, p. 128)l indicated a mixture consisting of 
the unchanged erythro (Rf  0.25) and the newly formed threo (Rf 0.33) isomers. 
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The syntheses of eight novel analogs of thyroxine are reported. Advantages of using the monobenzoate esters 
Preliminary testing data for 3.5- 

Rr valuer for the thyroxine 
of requisite hydroquinone intermediates in the Glaxo method are described. 
diiodo-3'-methyl-~-thyronine and the corresponding t-butyl compound are noted. 
analogs are recorded. 

In  a previous the basis for our ap- 
proach to the synthesis of thyroxine analogs and poten- 
tial inhibitors of thyroxine was summarized. The 
syntheses of eight novel analogs, Ia-d, IIa-c, and I11 
are now reported; the synthetic scheme for Id  was 
briefly communicated previously. 3 

I n  view of current theories of thyroxine action and 
results of testing, the choice of compounds was made on 
the basis of the postulated relation between activity and 
presumed ability to form a quinoid s t r u c t ~ r e , ~  the easy 

NHZ I 
I I CH&HCOzH R R 

I I1 
Ia, R = LCH,CH(NH~)COOH; R' = CHa; R" = H 
b, R 
C, R = CHzCHzCOOH; R' = tC4H9; R" = H 
d, R = CHZCHZCOOH; 

tCH&H(NHZ)COOH; R' = L C ~ H O ;  R" = H 

R' = R" = t-C4He 
IIa,  R = CHzCOOH ' 

b, R = CH2CHzCOOH 
C, R tCHzCH(NHz)COOH 

(1) This study was supported in part by Grant .4-703 from the National 
Institutes of Health and in part by supporting grants from the Travenol 
Laboratories, Skokie, Ill., and the Upjohn Company, Kalamaaoo, Mich. An 
independent synthesis and a ra t  antigoiter assay of ~-3,5-diiodo-4-(3-t-butyl- 
4-hydroxyphenoxy)phenylalanine (Ib) is reported by E. C. Jorgensen and 
J. A. W. Reid, J. Med. Chem.,  8, 533 (1965). 

(2) To whom inquiries should he addressed. 
(3) N. Kharasch and N.  N .  Saha, Science, 127, 756 (1958). 
(4) C. Niemann and C. E. Redemann, J. Am. C h e m .  Soc., 68, 1549 (1941); 

C. Niemann and J .  F. Mead, ibid. ,  6S, 2685 (1941); C. Niemann, Fortach. 
C h e m .  o w .  Naturstofe, 7 ,  167 (1950). 

oxidation of t-butylhydroquinone, the tendency of 
highly hindered phenols to be converted to cyclohexa- 
dienone derivatives, and the thyroxine-like activities 
of methyl analogs in the t a d p ~ l e . ~ , ~  For further ref- 
erences, the monographs of Pitt-Rivers and Tata6 and 
the papers of Lissitzky and Bouchilloux7 are also of 
direct interest in connection with biochemical activities 
of substances related t'o t,hose of the present study. 

Pittman, Shida, and Barker8 found that I a  (the 3'- 
methyl analog of triiodothyronine) was 44y0 as active 
as L-triiodothyronine and twice as active as L-thyroxine 
in basal metabolic tests in t'hyroidectomized rats. The 
testing of two of the analogs prepared in the present 
study was carried out with Nr .  Roy G. Robinson, but 
only in tadpoles. Using the method for detecting the 
relative rates of t.he induced metaniorphosis of Rana 
catesbeiana tadpoles developed by Bruice, Winzler, and 
K h a r a ~ c h , ~ ~  it was found that the 3'-methyl analog (Ia), 
as well as the 3'-t-butyl analog (Ib), had activities 
equivalent to that of L-thyroxine. Thus, the biological 
effects of these 3'-alkyl analogs as thyroniinietic agents 
appears to be substantiated in these preliminary screen- 
ings and is of particular interest in view of earlier con- 
siderations on the activities of alkyl-substituted thy- 
r o n i n e ~ . ~ ~ , *  It is of special interest to note that a single 
alkyl group in the prime ring (in place of iodine) exerts 
a definite positive effect on activity, since it is known 
(5) (a) See, e.0.. H. S. Blanchard, J. Ore.  Chem.. 26, 264 (1960); E. Muller, 

et al., C h e m .  Ber.. 92, 2278 (1959), and references therein; (b) C. Hansch and 
T.  Fujita [J. Am. C h e m .  Soc., 86, 1621 (1964)J have also recently commented 
on the problems of correlating biological activities with structures in the 
thyroxine series: (0) cj .  also T. C .  Bruice, N .  Kharasch, and R. J. Winzler, 
A r c h .  Biochem. Biophys. ,  62, 305 (1956): (d) T. C. Bruice, R. J .  Winzler, 
and h-. Kharasch J. E d .  Chem., 210, 1 (1954). 

(6) R. Pitt-Rivers and J.  R. Ta ta ,  "The Thyroid Hormones," Pergamon 
Press, London, 1959. 
(7) S. Lissitaky and S. Bouchilloux, Bull. a m .  c h i m .  bzol., 39, 1215 (1957), 

and earlier articles. 
(8) C. S. Pittman, H. Shida, and S. B. Barker, Endocrinology,  68, 248 

(1961): cj. also, S. B. Barker, Federation Proc., 21, 635 (1962); A. Wahlborg, 
C. Bright, and E. Frieden, Endocrinology,  76, 561 (1964). 



that t he 3 ' , 5  '-di hydro cwnipouiid (1,-3 ,.i-d ii odot 1 1yi.o- 
iii i iv) liaq a loir(~r actiyitity than does tliyrosiiic~." 

' l ' h  st d i e s  of ('ahnt~iaun aiid (ao-worl<ers,q (~oiirerti- 
iiig the rionctizyniatic* coupliiig of t \yo diiodotyrosiiif' 
derivatives, admirably illustrate t I i r  forniatioti of cy- 
c~lohcxadienont~ precwrsors of thyroxine and its arialogh 
:md provide a iuiiquc rout(' i o  mhstaitcw rrlatrtl t o  
thosv of the present study. C'olilpoultds I\- 2nd \.- so 
prcparcd by Jlatsuura atid ('ahiitiiaiiti,'il) it ere t es tcd  

t - C H  f Y  

/ 
t - CdHs 

IV 

t - CLH, Br 

/ 
t - C 4 B  

v 
by them, siiice these substances were of special interest, 
in view of positive activities reported earlier'" for 3.5- 
ditiietIiyl-X',~'-diiodothyro~ii~ie, arid the considerations 
of Iiharasch arid Saha3 011 the possible effects of voiii- 
poutids liLc Id a:, aiilagoriists of thyrosinc. ('ahii- 
iiiatin and .\latiiiura foutid that IT' and V u ~ r c  both dc- 
void of activity in  tadpole ~iielaniorphosis tests, arid I\- 
mas also inac*tivc i i i  tlic oxygen corisutuptioti assay i i i  

the rat. liirtheriiiore, both I V  aiid 1- showed ito 
effect as thyrosinr autagotiists i i i  tlie rat. The coli- 
clusion of -\Iatsuura and CahntitanrlY" that the pres- 
etice of two bulliy substitueiits, as f-butyl, ortho t o  the 
phenolic hydroxyl group precludes both thyroxine ac- 
tivity, as well as activity as a thyroxine antagonist, 
1 lius seems definitive. However, since IT' lacks iodine 
atoms iii the 3,3-positioiis, the presence of which is 
lcrtoivii t o  be iiiiportant for thyroxine activity, arid since 
it is know-n that bromo analogs are of considerably 
lower activities than are the iodo conipo~nds,~'  the 
desirability for further testing of selected analogs is 
still indicated. 

Coiiipouiids of types I and I1 n-err syiithesized by 
iiiodifications of the Cilaxo Conipound Ia  
\\-as prepared by using 3-11 ietliyl-4-beiizoyloxyphenol for 
coiidensatioti to  the diphetiyl tither. The latler wab 
obtaiiied by a secluetice n-hich iiivolvcd betizylation of 
toluhydroyuinonc. followed by berizoylatioii arid rc'- 
iiioval of the bcuzyl group by hydrogenation to yield 
t hr desired prot r c t e d  toluhydroyuinoiie derivative, 
11i.p. 144--14.5', which gave a melting point depressioii 
on admixture with the alternate isomer. 

The bcrizoate group proved t o  be a satisfactory b1oc.L- 
iiig group for later steps iii the syntheses. These in- 
vluded coupliiig to  the diphenyl ether with the appropri- 
ately blocked 3,3-dinitrotyrosiiie, reduction of the 
nitro groups, diazotizatioii of the amino groups, arid 

(9) (a) I € .  .I. ('ahninann, and T. Llatsilura. J Am.  Chew. Sac., 82, 2050 
(1960); (b)  T. Alatsriura and 11. . I .  ('ahnrnann, ?h id . ,  82, 2055 (19601: 
(c)  .\, Hofer and H. .J. Cahnmanri. .I. .I led.  Chent.. 7 ,  326 (1964 ;  0.. 
also A. Nishinara and T. LIatsuura. J .  0i.y. Chem. ,  29, 1812 (1964). 

(10) (a) J. H. Barnes, K. C .  ('ookion, (;. T. llickson, J. Elks, and v. I>. 
Pnole, . I .  Chem. Soe..  1448 (1953), and previous articles: (bl cf. especially, 
.1. R. C'hambers, G .  T. nickson, J. Elks and B.  A. Hems, ibtd.. 3424 (194'2) 

NO. 

t i i i  rodiplioiiyl clthrr iii tlic caw of the acetic acid analog 
(YIh) is aii especMy difficult intermediate to purify 
bcrausc~ of its relai ivcly low iiieltiiig point (76") arid high 
solubility it' I li(\ t i ic i  hosy derivativcI2 is used in place of 
I hct lienxoato. 'I'hc latt ~ r ,  howevcr. iiiPlts at l-k(j-147' 
aiid is easily purified by crystallization. The iiiild ron- 
d i t  ions for reiiioving rlie benzoate blorliiiig group is an- 
other advaiitagc, especially Trith 1iiorc sensitivc voiii- 

pounds. tvhrw tlic use OF hydrohroiiiica 01' hydriodic. 
arid iiiay I c d  to undesired side rea(+ ions. 

111 the preparations ot Ila-(3% the 11s~: of 1,S-dihydroxy- 
iiaphthalcii(J iiiotiohei~zoatc also provcd cd!fec*t ivo. 
H o n ~ v c r ,  ~ v c  w i ~ ~  uiiahle to pivparc the  iwluired est vr 
ct Iicr of L'.(i-cli-i-t~ut~lhydro~~~iitiot~c, aiid in this cas(' 

i t lie Iiydroquiiioiic~ directly, with attendant sidr 
t ioits3 for t IN .  cwuplitig t 0 t Ii(> dipheiiyl ethc>r. 

.It tciiiptcd voiivvrsioiis of la I O  3'-iiiet hyl-:<,>,>'- 
i riiodot liytx)tiittc, /)y i o t l i t i a t i o i i  ot Ia ~ve re  t r o t  SU(YYW- 

f i l l ,  altlioiigli i t  iiiiglit atiticaipatcd that tliis c ~ ) i i l t i  h~ 
wadily avltic~vcd. 

c'oiiipouiid 111 \vas obtailicd ~ i u  \'1I as sliowti l~clow. 
Assays of Ia and Ib.--t-siiig the proceduw of Ihiicv, 

rb atid \Tit11 30 selwted Rana cafesbeialla tadpolcs 
i i i  tlic test groups, i i t  the groups subjected to  statidard 
1,-t tiyrosiiic, aiid in  t l i c  roiitrol groups, I a  was foutid t o  
1.w equally as acativr as 1,-thyroxine, both tested at lo-.', 
.1/ ~~oiic~eiitratioiis. The per relit artivity of Iawas 100.8 
aiitl of' 111 I ~ U S  y9.3 ( IO-& .1/ for Ib and 1,-thyroxiiic 

1 1 1 )  (;, T. Ijirkson, I3ritir;h I'atrni ti71.070 [-\priI30, 195Z); Cheni. A h L r . ,  
(;lam Laboratories Ltd., German Patent 896,946 (No\*. 

112) .I. 11. \\ilkinson, B i o c h r m .  . I . .  63, 803 11956): J. II. IVilkinson, 
I3ritisli Patent  805.761 ( 1 ) ~  10, 1958): C h e m .  Abstr.. 63, 8074 (1959j. 

I 13)  ('iinil,are rvpnrted difi irdties i n  tlie iodination of L-thyronine: f'. 
B l w k  and < ;. I'ouell, J .  ..I m. Ciienl. Sac.. 64, 1070 (1942); CJ'. C. L. Gernmill. 
d r c h  B i u c h r m .  B i o p h i , ~ . ,  63, I T ;  (IY56): and of :i,R-diiodo-?',6'-dimethg.l- 
thyronine: N.  Z r n k ~ r  :ind IC, (.'. .lorgemen, J .  .4n. C h e m .  Sot"., 81, 4643 
1195QJ. 

: 
I l irkson.  1.. S. Patent 2,680,762 (June 8, 1954). 



July 1965 ANaLOGS O F  THYROXINE 471 

1. chloromethylation 

2. N-acetylmalonic ester 
t 

O2N+0Q - - 3. reduction, diazotization, 
hydrolysis 

CHa 4 .  iodinatinn 
1.11 

/ / 
I CH3 NH2 

DL-I11 

also). In a sindar series of tests, but using Ia (5 X 
10-7 AI) admixed with L-thyroxine (also 5 X lop7 AI) 
vs. L-thyroxine at 21, the activity was 87y0. With 
Ib, similarly, 94% activity was detected. 

ExperimentalI4 
Hydroquinone Monobenzoate.-To 27.5 g. (0.25 mole) of 

hydroquinone and 20.6 g. (0.26 mole) of pyridine in 250 nil. of 
carbon tetrachloride was added dropwise during 1 hr., with rapid 
stirring, 34 g. (0.24 mole) of benzoyl chloride in 75 ml. of carbon 
tetrachloride. The mixture was acidified with 100 ml. of 1.2 A: 
HC1, and solid products were collected and washed with water. 
The precipitate contained hydroquinone mono- and dibenzoate. 
The dibenzoate was sparingly soluble in hot ethanol and was 
separated using 200 nil. of boiling alcohol: crude yield 16 g. The 
hot filtrate was diluted with 1 vol. of xater  and cooled. The 
yield of hydroquinone nionobenzoate was 24 g. ( 5 0 5 ; ) ,  n1.p. 

5-Benzoyloxy-l-naphthol.-A solution of 16.1 g. (0.10 mole) of 
1,5-naphthalenediol and 9.8 g. (0.26 mole) of dry pyridine in 600 
ml. of ether was st,irred, chilled in ice, and treated with 15.2 
g. (0.24 mole) of benzoyl chloride in 1-ml. portions during 30 
min. The mixture was kept a t  room temperature for 1 hr. 
and filtered. The filtrate was evaporated to dryness and the 
residue was triturated with dilute HC1. The dibenzoate was 
separated from the monobenzoate as above, giving 10.6 g. 
( 3 7 % )  of product, m.p. 165-166' after recrystallization from di- 
lute ethanol. 

zlnal. Calcd. for C1iHIZOs: C, 77.25; H,  4.57. Found: C, 

4-Benzoyloxyphenyl Benzyl Ether.-This was prepared in 79?, 
yield by benzoylating 10 g. of hydroquinone monobenzyl ether 
by the Schotten-Baumann technique: and in 89y0 yield, using 
pyridine-benzoyl chloride, in benzene. The samples were 
crystallized from 95% ethanol and melted at 135-136'. 

Anal .  Calcd. for C : O H ~ ~ O ~ :  C, 78.93; H,  5.17. Found: C, 

3-Methyl-4-benzoyloxyphenyl Benzyl Ether.-To 41 g. (1.02 
moles) of YaOH in 100 ml. of water was added rapidly 124 g. 
(1 mole) of toluhydroquinone and 127 g. (1  mole) of benzyl 
chloride, in 600 ml. of 95% ethanol. The resulting solution 7%-as 
steam heated for 3 hr. while solvent escaped. The mixture was 
cooled and neutralized with I 1. of 5% aqueous NaOH. The 
dibenzyl ether was separated by extraction with benzene, the 
aqueous layer was acidified with 5 S HC1, and the crude mono- 
benzyl ether was extracted with benzene. The benzene layer 
was washed with water and solvents were distilled under reduced 
pressure. The residue was dissolved in a solution of 26.7 g. (0.66 
mole) of KaOH in ca. 500 ml. of water a t  0" and, with stirring in 
an  ice bath, 94 g. (0.66 mole) of benzoyl chloride was added in 
IO-g. port,ions. Sodium acetate was added as required to main- 
tain alkalinity. ilfter 2 hr. the precipitate was collected and 
washed with water and 95% ethanol. The product was dissolved 
in benzene and the solution was distilled until water and alcohol 
were removed. The solution was cooled, partially decolorized 
with alumina, filtered, and evaporated to dryness. The residue 
was crystallized from 957c ethanol; yield 60 g. (19%), m.p. 71- 
72", and raised to  81-82" by further recrystallization. 

Snal .  Calcd. for C21H1805: C, 79.22; H, 5.70. Found: C, 
78.85; H, 5.82. 

162-163" .I5 

r- - 
I .a1 : H, 4.65. 

(14) All melting points are uncorrected. 
(15) T. Kehrmann, hl. Sandoz. and R.  Monnier, Helv.  Chim. Acta, 4, 

943 11921). 

The product was also obtained by benxoylation of the sodium 
sulfate-dried benzene solution of the cmde nionohenzyl cttier wit,lr 
equimolar amounts of pyridine and benzoyl chloride. The mix- 
ture n-as washed with water, dilute HC1, and wat,er, and concen- 
trated in vacuo. The residue was crystallized from 957, et>hanol; 
yield 67 g. (215i8), n ~ p .  75-77", 

4-Benzoyloxy-3-t-butylphenyl Benzyl Ether.-This product 
was prepared as above, using pyridine-benzoyl chloride. The 
desired monobenzyl ether of f-butylhydroquinone was insoluble 
in dilute alkali and was extracted with benzene directly from 
the alkaline solution. The crude sample thus contained the 
dibenzyl ether formed, but this did not interfere wit,h isolation of 
the desired product. After recrystallization from absoliute 
ethanol the melting point was 78- i9",  yield 3 3 5  (1 JI run). 

dnal.  Calcd. for C24H2408: C, 79.9'3; H, 6.69. Found: C, 
80.12; H, 6.81. 

4-Hydroxy-3,5-di-t-butylphenyl Benzyl Ether.-This was ob- 
tained by benzylating 2.0 g. of 2,6-di-t-butylhydroquinone, 
as above, and recrystallizing from ligroin (60-70"); m.p. 88- 
No, yield 60%. 

Anal. Calcd. for C21H2kO?: C, X O . i 3 ;  H, 9.03. Found: C, 
81.08; H, 9.40. 

The ether did not undergo benzoylation or methylation nor- 
mally at, the hindered hydroxyl group. 

Hydroquinone Monobenzoate by Hydrogeno1ysis.-A suspen- 
sion of 5.5 g. of 4-benzoyloxyphenyl benzyl ether in 150 ml. of 
95Yc ethanol was shaken in the presence of palladium on char- 
coal a t  2.81 kg./cm.2 (40 p.s.i.) for 6 hr. The organic material 
dissolved slowly. Aft,er separation of catalyst, the filtrate was 
concentrated and diluted with water; yield 3.5 g., m.p. and 
m.m.p. 161-162" with an authentic sample. 

3-MethyI-4-benzoyloxyphenol.-This phenol was prepared 
by hydrogenolysis of the corresponding benzyl ether (53 g. in 
500 ml. of absolute ethanol) for 24 hr. and crystallization from 
benzene; yield (in two crops) 33 g., 877c, m.p. 142-144'; 
analytical sample, m.p. 145-146'. A mixture melting point with 
product prepared by direct benzoylation of toluhydroquinone16 
(1n.p. 110-11l0) was 101-108". 

Anal.  Calcd. for CI,Hl,Oa: C, 73.67; H,  5.30. Found: C, 
73.37; H, 5.35. 
3-t-Butyl-4-benzoyloxyphenol.-This was obtained similarly 

as the methyl analog from benzene; 88% yield, m.p. 148-149'. 
dnal .  Calcd. for CliHlsOS: C, 75.53;  H, 6.71. Found: C, 

75.42: H, 6.91. 
2-t-Butyl-4-benzoyloxyphenol.-This was prepared by ben- 

zoylation of 10 g. of t-butylhydroquinone, using equimolar 
amounts of benzoyl chloride and sodium acetate by the Schotten- 
Raumann method; yield 48Yc, m.p. 112-113" after recrystalli- 
zation from benzene. 

Anal. Calcd. for CliH1803: C, 75.53:  H, 6.71. Found: C, 
75.54; H,  6.61. 
A mixture melting point wit,h the 3-t-butyl isomer was 102- 

109". 
2,6-Di-t-butylhydroquinone.-2,6-Di-t-butylphenol was nitro- 

sated, in 68TC yield, to give 2,6-di-t-b~ty1-4-nitrosophenol,'~ 
n1.p. 211-212". The latter was hydrogenated a t  1.4 kg./cm.* 
(20 p.s.i.) over Raney nickel, and 2,6-di-t-butyl-4-aminophenol 
was isolated as the bisulfate, m.p. 151.0-151.5D, in 98Yc yield. 
Oxidation of this in concentrated HC1 a t  55-60", with ferric 
chloride, gave 81:/', of 2,6-di-t-b~tylbenzoquinone,~* m.p. 68". 
The latter was reduced to  the hydroquinone, m.p. 99-101' (97y0 
yield), using zinc dust and acetic acid. 

4-Hydroxy-3,5-dinitrophenyl Esters.-p-Hydroxybenzoic acid, 
p-hydroxyphenylacetic acid, and N-acetyltyrosine were nitrated 
at  - 10 to -20" and esterified as follows. To 100 g. of the 3,5- 
dinitro-4-hydroxyphenyl a,cid, in 250 ml. of absolute ethanol, 
was cautiously added 40 ml. of acetyl chloride. The warm solu- 
tion was refluxed 1 hr. (omitted in case of tyrosine derivative) 
and the volume was reduced to one-third by distillation in vacuo. 
The solution was chilled and the precipitate was collected. The 
product was washed with a little cold ethanol and dried. Yields 
of the compounds thus obtained were: ethyl 3,5-dinitro-4-hy- 
droxybenzoate,Ig m.p. 84-85', 70Yc; ethyl 3,5-dinitro-4-hydroxy- 
phenylacetate,'O m.p. 72- i3" ,  goyc; and the ethyl ester of S- 

(16) A. Jacob, F. K.  Sutcliffe, and A. R. Todd, J. Chem. Soc.,  327 (1940). 
(17) S. J. Metro, J. Am. Chem. SOC., 77, 2901 (1955). 
(18) W .  R. Vaughan and G. K. Finch, J .  Ore. Chem., 21. 1201 (1956); 

(19) H. Salkowski, Ann.,  163, 44 (1872). 
A. F. Bickel and E. C. Kooymrtn. J .  Chem. Soc., 3211 (1953). 



3.72 

.\ r 
A = 4-Beiizoyloxypheiiyl 
I3 = 4-Berizof.loxy-9-niethylplieiiyl 
<' = 4-Betizoyloxy-:3-f-but?.lphet1yl 
1 )  = 5-Benzoylory-1-tiaphthgl 
1C = 4-Hydroky-:l-f-biit~lphetiyl 
F = 3-Hyc~roxy-8,5-di-t-biitylphetiyl 

.is. so 
I' 

til'. so 
iil' 00 
iil , 3 2  
. ) I  :xi 

/ I  

- -  

:ic,etyl-3,5-dinitro-L-tyr[)sine,B'] ni,p. 1 18--120°, (11)' ! . I<thyl :3-( 4- 
hydroxy-3,5-diiiitrophenyl)propioriate WII~  prepared >I- pw- 
viously described.20 

Propionic Acid Analogs.-Ethyl p-hydroxyl~erixalrii:~I~~ii:~te~~ 
W:LS prepared and nitrated in i3?;  yield. The side-chain tloulilr 
borid was hydrogenated simultaneously with the nitro groups. 

Condensation of the l~eiizoyloxyphenols nit h ;~,~-ditiitri1-4-liy- 
tlroxyphenyl acids were carried out iit general by  the rnethod i i f  
Clayton, (ireen, and Henis.?" T h e  reaction niistures were re- 
fluxed for 15-45 niin. instead of I hr., and methanezulfonyl 
chloride was sonietinies subbtituted for p-toluenesulfonyl chlii- 
ride. In  the preparation of IC and Id, the appropriate ester* 
were condensed with unprotected f-butylhydroyuiiioIie and 2,6- 
di-t-~)utylhydroquinone. The yields were low in t hese rases:, 
l)eiwwe of formation (if  corresponding benzocluiric)rie.. 17ieltl. 
:tnd data are in Table 1. 

*)-3,5-[iinitrii ester-. t o  
of 15 g.  of the dinitr(i 

charcod, in 150 id. ( i f  

red hy adding 4.5 g. of 
finely pondered sodiuni nitrite to H2HOl cooled to 0'. 'The l e i i i -  
perature was raised slow1y, wit,h gl)lJd stirring, to 45-~50", giving a 
clear bolution. The solution was cooled t o  5" aiid 84 nil. of ace- 
t i c .  acid was added while the temperature was held l)elo\v 10'. 
The filtered pale green diamine solution was added tiropnise xi th  
qtirring ai  0-4O. 
i i i in.  more arid poured in a thin stream during :3-4 min. into a nell- 
.;t irred mixture containing 25 g. of iodine, 39 g. of sodium iodide. 
560 nil. of  wat,er, 5 g. of  urea, and 165 nil. of chh~roforni. T h r  
mixture was stirred I t 5  hr., and the chloroform layer was sepa- 
rated and ext,racted with 2 JI sodium bisulfate solution and 
w:tt,er. Chloroform was removed by distillation ~ T L  U ~ C I L O  arid 50 
nd. of ethyl alcohol was added to the residue. The flask was 
.cratched and let stand overnight. The 1-rystals were collected 
:tnd recrystallized from ea. 85c.b ethanol. The product was col- 
lect,ed, washed with water, and dried; yields and  other data :&re i n  
 able le 11. 

The resulting orange solution was stirred 

. .. 

(20) J .  C .  Clayton. (;. F. If. Green, and B. A. Hems, J. Che77~. Sur., 2 4 i 3  
(1951). 

(21 )  It. I. hleltzer, I). SI. I.iistgartrn, and A .  1:iarhman. J. Or". C h e v . ,  
22, 1 R i i  (195;). 

:ire in  T I h G  111 
u-Nitroohenvl o-Tolyl Ether.- This was mewred bv an ad: i~-  -~ I I  

tation of the method in "Organic Syntheses"2* for p-liitroplieiiyi 
plie~iyl ether. A niisture i)f  32.4 g. (0.30 nicile) of o-cresol 
:iritl 13.2 g. [IIX niole) of KOH was heated a t  160' for 30 rnin. 
.ifttsr c.ooling to 100--110°, the mixture \vas treated with 0.1 g. 
of  ;ic?tiv;tte.tl !~i l ) ] jer  1neta122 :mtl 7 . S  g. (0,0t5 niole) [ i f  p-cliloro- 
iiitro\)eiin~iiv, 'TIi(1 itirrcd niixture WL,S reflused :it 13S--l45' fiir 
1 1 1  iiiiii. (euittierniic, re:triion) and ci)oled, i . S  g. ( 0 . 0 5  niole) i now 

~ ~ - i ~ ~ i l i i r ~ ) i i i t r ( ~ l i ~ ~ t i ~ e i i ~ ~  was added, anti the iuisture finitlly was 
heated :tt 1:;:- 145' f(1r 90 ni i i i .  The resultiiig tiark red niixt,urt: 
\\-:is oooletl, poured i~iitii :ti1 icv- :icjuei~u.: SaOH niixlure tinti es- 

layer was xashed well 
r &-tilled at 1 75' 

Nitrophenyl Ether: 
This was prepived Iiy ntlnpting the method of Southwic,li, 
l?oltz, iiiid l I c ~ 1 1 i i y r e ~ ~  for. ~~hlorr~i~ieiliylstioii of p-iiitroptieii>~l 
phenyl ra t  her .  .\ h01111ion o f  160 g. (t).7(l mole) of p-nitropheiiyl 
o-tolyl ether, 13 g. o f  ~iaraforiii:tldeii!.de, 82 nil. of sirupy phoi- 
phiirir :ribid, 210 i d .  i l l '  c'onc*rwtrated HCI, atid 400 nil. of  glac:i:tl 
acetic acid \\-a< stearii hi::tted for 48 hr., with stirring. Aliire 
I)arafiimi:ildehy[tr (: io g. )  and 150 nil. of  concentrated acid wa- 
added, arid 1ie:rting c.ontiiiiied 18 hr. 'The orange-yellow niixturc. 
qeparated i n t ( i  t w o  layer-; I he lower, oily layer was poured ontii 
i re .  The oil solidified to a granuh d u c t ,  which was separated 
:tnd witshed well with water, then 5 a&Os solution, and finall!- 
ivith water. After drying iti  i v c i m ~  the pale yellow product. 

( 9 2 )  K. Q. Brewbter and T. Groening, "Organic Syntheses," C ' i J I ,  Yoi. 

1 2 3 )  A .  X. Cook and  C .  1'. I.:berly, J. . l ? i t .  ('hem. Soc., 24, 1200 (1902j ,  

( 2 4 j  1'. I.. Soi l l t inick,  C:. I : .  I o l t / . .  :rnd \ \ .  1,:. RIr In ty r r .  ;hid.. 75, 58;; 

11. John \Vilex and Suns, Inc., New I'ork, N. Y., 1943, p. 445. 

ropurt b.p. '"20-522' ( 2 i  mm.). 

i l!i.X<J. 
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TABLE I1 
4-( BEXZOYLOXY~~RYLOXY)-3,~-DIIODOPHESYL ESTERS 

Ar - 

Compd." hf.p., 
.ir R Yield, '/o OC. E onnula 

A G  60 138-139 C22HisI2Os 
A H  50 102-103 C23H18IzOs 

60 129-129 C2iH24IzOi A L  
A J  i l  

B J  45 170-1 7 1 C2iH2J2h706 
C J  35 159-160 C3oH3iI2N06 
D H  62 183-184 CnHzoI?Oa 
D L  65 138-139 C3iH26I~Oi 
D J  55 164-165 C3,&,12NO6 

147-148 C26H2312xO) rr 

E L  70 73-74 ~ ~ ~ ~ ~ ~ 1 ~ 0 ~  
F K  15 120-121 Cj4H32I2O4 

a See Table I for groups represented by letters for Ar and R. 

1 

-Carbon, %-- 
Calcd. Found 

43.02 42.10 
43.97 44.42 
45.40 43.23 

45.46 45.20 
47.70 47.42 
47.81 47.81 
48.71 48.88 
48.08 48.20 
43.26 43.19 

* Ref. 11. [oilZin 2'. 

b 

d 

--Hydrogen. 5'- -Iodine, %-- 
Calcd. Found Calcd. Found 

2.63 2.71 41.33 41.44 
2.89 3.05 40.41 39.95 
3.38 3.50 35.54 35.47 

3.53 3.71 
4.14 3. 8OC 
2.97 3.14 37.42 37.60 
3.43 3.36 
3.36 3.51 33.87 33.69 
4.24 4.66 

Ref. 3. 

TABLE I11 
THYROXINE ANALOGS 

Compd. Yield, %" hI.p., 0C.b Formula Calcd. Found Calod. Found 

VIa 87 256-258' C I a H s I 2  0 4 

YIb 94 21 5-216d C14HioIz04 
YIc 92 244-24je CisHizI204 
YId 85 2-54-2551 CijHi3Iz~04 

-Hydrogen, %--- --Carbon, % ---- 

I a  82 225-2278 C16H1~12r1104 35.64 35.74 2.81 3 ,  04h 
1b.HCI 67 195-197 Ci9HzzClIzN04 36.93 37.08 3.59 3.55' 
I C  79 127-1293 CI ~H201204 40.30 40.62 3.57 3. 90k 
Id  57 197-198 C23HzsI204 1 
I I a  80 215-217 Ci8HizI204 39.58 39.69 2.22 2.61 
I Ib  84 186-188 CiJL4LG4 40.74 40.74 2.52 2.94 
IIC 73 2 14-2 1 7m C19Hi&N04 39.67 39.61 2.63 2.97 

Yield on the reinoval of the blocking groups. * Samples melted with decomposition. C. R. Harington and G. Barger [Biochern. 
J . ,  21, 169 (1927)] report m.p. 252-254'. e Lit.*O 
1n.p. 250". ' Lit.lobni.p. 255'. 3,5-Diiodo-3'-methyIthyronine hydrochloride melts a t  248' dec. *Anal .  Calcd.: I, 47.08. Found: 
I, 47.70. Anal. Calcd.: X, 2.27. Found: N, 2.09. 1 Recrystallized from dilute acetic acid. k Anal. Calcd.: I, 44.83. Found: 
I, 45.45. Cf. ref. 3. 

d C. R. Harington and R. Pitt-Rivers [ibid., 50,438 (1952)l report m.p. 214-216.5'. 

4-(5-Hydrosy-l-naphthyloxy)-3,5-diiodo-~-phenylalanine hydrochloride melts a t  235' dec. 

melted a t  44-45' (189 g., 98y0 yield). It was converted to the 
thiuronium salt by heating with an equimolar amount of thiourea, 
in alcohol, for 3 hr.; m.p. 215-216', yield 95%. 

Anal. Calcd. for Cl&&l~303S:  C, 50.91; H, 4.56; S, 9.06. 
Found: C, 50.92; H, 4.90; S, 9.00. 

Diethyl 4-(4-Nitrophenoxy)-3-methylbenzylacetamidomalo- 
nate.-To 3.22 g. (0.14 g.-atom) of sodium in 330 ml. of absolute 
ethanol, protected from atmospheric moisture, was added 30.45 
g. (0.14 mole) of diethyl acetamidomalonate. The mixture was 
refluxed 90 min., 36.2 g. (0.13 mole) of 4-(chloromethyl)-2- 
methylphenyl p-nitrophenyl ether was added, the mixture was 
refrigerated, and the product was collected and washed well 
with water, yielding pale yellow needles (52  g., 857c), m.p. 133- 
134'. 

Anal. Calcd. for C23&S2O8: C, 60.25; H, 5.72; N, 6.11. 
Found: C, 60.35; H, 5.56; N, 6.30. 

3-Methyl-~~-thyronine.-A solution of 50 g. (0.109 mole) 
of ethyl 4-(4-nitrophenox~)-3-methylbenzylacetaniidomaloriate 
in 30 nil. of absolute methanol \vas hydrogenat,ed over 1.5 g. of 5:; 
palladium on charcoal for 2 hr. at  2.11 kg./cni.z (30 p.3.i.). 
After renioving the catalyst, the filtrate was treated with dry HCI. 
Ethyl 4-( 4-aminophenoxy)-3-methylbenzylacet aniidonialonat e 
hydrochloride separated as a paste. This was collect,ed, washed 
with ether, and dried in vacuo; yield 45 g. (XXS;), rn.p. 124-1'25'. 
The hydrochloride (4 g.) was dissolved in 160 ml. of warm 5076 
H2SO4 solution and cooled below 10'. With continuous stirring, 
an aqueous solution containing 0.8 g. of sodium nitrite in 8 ml. of 
water was added. Then 0.5 g. of urea was added and the mixture 
was refrigerated for 3 hr. 

To a refluxing solution of 224 ml. of concentrated H2S04 in 300 
nil. of water, the diazonium salt solution was added dropwise with 
vigorous stirring during 45 min. Water (150 ml.) was added to 

the resulting golden yellow solution, which was then refluxed for 
4.5 hr. The material was allowed to cool, concentrated to 0.5 
vol. by distillation in uacuo, cooled by adding ice, and neutralized 
(pH 5 4 )  with concentrated XH,OH. After refrigeration over- 
night, the tan flaky product w a  collected, 1.91 g. (83% yield), 
m.p. 230-232" dec. The material was purified by dissolving in 
dilute H2S04 and precipitatiop w-ith '?;HIOH, m.p. 249-250". 
This was converted to the hydrochloride (hydrate) by adding 
concentrated HC1 to the acetic acid solution. 

Anal. Calcd. for ClsHli?rT04.HC1.H20: C, 56.2%; H, 5.90. 
Found: C, 55.92; H, 5.91. 

3-Methyl-3',5'-diiodo-~~-thyronine.-To 0.30 g. (0.00104 
mole) of 3-1nethyl-~~-thyronine in 10 ml. of 40y0 aqueous ethyl- 
amine was added dropwise 2.1 ml. of a solution of 4.82 g. (0.038 
g.-atom) of iodine in 10 ml. of saturated KI solution. The re- 
sulting solution was shaken mechanically for 45 min., cooled, 
and neutralized with 15% HC1 to  pH 4-5. The mixture was 
refrigerated 2 days, the pale tan product was collected, washed 
well with distilled water, and dried; yield 0.23 g. (43%). To 
purify, t,he sample was dissolved in methanol containing 2 drops 
of concentrated HCI, charcoaled, and poured into a solution o f  
1.7 g. of sodium acetate in 40 nil. of water. The mixture was 
distilled in wamo until a floccqlent prwipit,ate appeared. The 
produrt wits separated its before; m.p. 20'2-203' dec:. 

Anal. Calcd. for ClsH151nS04: C, 35.64; H,  2.81; I, 47.08; 
K, 2.60. Found: C, 36.06; H, 3 04; I, 46.94; N, 2.15. 

5 -  144 I-Nitrophenoxy)-3-methylbenzal] hydantoin.-4-( Chlo- 
roiiiethyl)-%-inethylphen3.1 p-nitrophenyl ether was converted to 
the hexariiiriium salt (i1i.p. 205-206' dec.).Z5 The salt was 

( 2 5 )  S. J. Angyal, O r g .  Reactions, 8, 20.5 (1954). 




