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ORGANIC PREPARATIONS AND PROCEDURES INT. 20(1), 53-62 (1988) 

SYNTHESIS OF THREE NEW ANALOGS OF DL-THYROXINE 

George A. Brine,* Karl G. Aoldt and Michael 1,. Colernari 

Chemistry and Life Sciences Unit 
Research Triangle Institute 

Research Triangle Park, NC 27709 

Previously we described the evaluat.ion of seven DL-thyroxine analogs 

as Potential internal standards f o r  the reversed-phase HPLC analysis of 

thyroidal amino acids.l Three of these analogs. 3,5--diiodo--4-- ( 4 ' - .  

hydroxy-4-biphenoxy)-DL-phenylalanine ( 5 ) .  3,5-diiodo-4-(3',5'-diiodo-4'- 

hydroxy-4-biptienoxy)--DL-phenylalanine ( g ) ,  and 3 '  .5'--diiodo--3.5-diiso- 

propyl-DL-thyronine (21, were reported for the first time. We now wish 

to present the details for the preparation of these three new analogs of 

DL-thyroxine. 

Condensation of 4-hydroxy-4 '-methoxybipheriyJ (L)2 with the pyri- 

dinium salt derived from N-acetyl-3,5-dinitro-DL-tyrosine ethyl ester 

(2)3 using the procedure of Meltzer and co-workers4 afforded N-acetyl- 

3,5-dinitro-4-(4'-methoxy-4-biphenoxy)-DL-ptienylalanine ethyl ester (3) 

(cf. Scheme 1 ) .  Subsequent reduction, tetrazotization and iodjnation 

yielded N-acetyl-3,5-diiodo-4-(4'-methoxy-4-biphenoxy)-DL-phenyl~lanine 

ethyl ester ( A ) .  Acid cleavage of the protecting groups gave 3.5-diiodo- 

4-(4'-hydroxy-4-biphenoxy)-DL-phenylalanine ( 5 ) .  Iodination of 3 pro-  

vided 3.5-diiodo-4-(3' ,5'-diiodo-4'-hydroxy--4-biphenoxy) -1)I.-phenylalanine 

( 6 ) .  The overall yield of 6 from 2 was 22%. 

Although 3.5 -djisopropyl-I)I, I hyronint: ( 8 )  ,5 3.5-diisopropyl :{'-iodo 

DL-thyronine5s6 and 3,5--diiodo-3' ,5'-diisopropyl--DL -thyronjne7 are  known. 

O1988 by Organic Preparations and Procedures Inc. 
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B R I N E ,  BOLDT AND COLEMAN 

Scheme 1 

3 .  R = NO, 
- 4 , R = l  

3 ' ,5 ' -d i i o d o  - 3 , 5  -d i i s o p r o p y  L-DL - t h y r o n  i n e  ( 9 ) is unknown . Our s y n t  h e s  i s 

o f  9 i n v o l v e d  t h e  i n t e r m e d i a c y  o f  d i e t h y l  4 - ( 4 ' - a m i n o p t i e r i o x y ) - 3 , 5 -  

diisopropylbenzylacet.amidomalon~te (z), whjch  we p r e p a r e d  i n  29% ovc:ral I 

y i e l d  u s i n g  r e p o r t e d  p r o c e d u r e s . S p 9  I ) u c  t o  t h e  suscept  i h i l i t y  o f  7 tc)  

o x i d i l t  i v e  d e c o m p o s i t i o n ,  we f o u n d  i t  a d v a n t a g e o u s  t o  u s e  t h e  c r u d e  

ccimpound d i r c r t  l y  i n  t h e  n e x t  r e a c t i o n .  Subsequen t .  d i a z o t j z a t j o n  a n d  

d i a z o n i u m  sal t  d e c o m p o s i t i o n  i n  a r e f l u x i n g  m i x t u r e  o f  s u l f u r i c  a n d  

a c e t i c  acids5 p r o v i t i e d  3,5-diisopropyI-IfI,--thyroriino (4) ( c f .  Scheme 2 ) .  

I o d i n a t i o n  of 8 g a v e  3 ' , 5 ' - d i  

y i e l d  of 2 f rom 7 w a s  5%. 

OdO-3,5-diisopropyl-DL-thyro1~itie ( 9 ) .  The 

Scheme 2 

I n  o u r  h a n d s  t h e  c o n v e r s i o n  o f  7 t o  8 i n v a r i a b l y  y i e l d e d  a mu1tic:om- 

ponent, m i x t u r e  f rom w h i c h  p r o d u c t  i s o l a t i o n  was riot p o s s i b l e  u s i n g  

repc:at.ed isoelrct ric: p r e c i p i t a t i o n s  a s  We found t h a t  t h e  r e p o r t e d . 5 *  l o  
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SYNTHESIS OF THREE NEW ANALOGS OF DL-THYROXINE 

major impurities were easily removed by column chromatography on silica 

gel. Subjection of the recovered sample to a combinat ion of isoelectric 

precipitation/charcoal treatment followed by recrystallization provided 

analytically pure 3,5--diisopropyl--DL-thyronine ( 8 )  

EXPERIMENTAL SECTION 

Melting points were taken in capillary tubes using a Thomas Hoover appa-- 
ratus and are uncorrected. I R  spectra were recorded on a Perkin-Elmer 
model 467 grating spectrometer. and IH NMH spectra were obtained on a 
Bruker WM-250 high resolution spectrometer. All lH NMH chwnjcal shifts 
are reported in ppm downfield from TMS. Elemental analyses were per- 
formed by Galbraith Laboratories. Inc:., Knoxville, TN. All operations on 
compounds containing iodine were carried out in glassware wrapped with 
foil to protect the samples from light. TLC analyses were routinely 
carried out using commercially available analytical silica gel plates (E. 
Merck). The following solvent systems were i ised:  system A - CHC13: 
(CH3)2C0 (9:l); system R - &-Bu0H:HOAc: H20 (4:l:l); system C - CHC13: 
Me0H:HOAc (18:6:1). Spots were visualized with phosphomolybdic acid 
spray followed by Ce(SO4)2 spray, or with ninhydrin spray. 

4-Hydroxy-4'-methoxybiphenyl (y.- The title compound was prepared in 51% 

yield from commercially available p,p'-biphenol using the literature2 

procedure. 

N-Acetyl-3,5-dinitro-DL-tyrosine Ethyl Ester--m.- The title compound was 

prepared in 24% yield by a modification of the reported3 sequence. Thus, 

commercially available DL-tyrosine was subjected to nitration (HNO3, 

H z S O ~ ) ~ ,  esterification (EtOH. benzene, HCI gas) l 1  and N-acetylation 

(acetyl chloride, triethylamine. EtOAc)12. The desired product was iso- 

lated by column chromatography [silica gel. CHC13:MeOH (95:S)l and 

recrystallized from EtOH/hexanes to obtain yellow crystals, mp 126-129', 

1 i t. . 3 29- 130 . 

N-Acetyl-3, J--dini tro-e( 4 ' -methoxy-4-biphenoxy)--I)L--phenylalanine Ethyl 

Ester (a.- N-Acety l -3 ,5-d in j t ro-DL-tyros ine  ethyl ester (4.77 g, 0.014 

mol) was dissolved in dry pyridine (28 mL), and the solution was brought 

to a gentle reflux under a nitrogen atmosphere. Methanesiilfonyl chloride 

(1.76 g, 0.015 mol) was added, and the  solution was refluxed 2 min. The  
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B R I N E ,  BOLDT AND COLEMAN 

4-hydroxy-4'-methoxybiphenyl ( 8 . 2 9  g ,  0 . 0 4 1  mol l  was a d d e d ,  a n d  t h e  

r e s u l t a n t  s r ) l u t i o n  was refluxed f o r  a n  a d d i t i o n a l  6 min .  The h o t  reac- 

t i o n  m i x t u r e  was poured  i n t o  c r u s h e d  i c e  ( 8 4  E )  t h e n  e x t r a c t e d  w i t h  E t O A c  

( 3  x 150  m L ) .  The combined E t O A c  e x t r a c t s  w c r ~  washed w i t h  2N HCI (3  x 

210 m L ) ,  H2O ( 3  x 150 m I , ) ,  0.3N NaOH ( 5  x 50 ml,) a n d  H20 ( 3  x 280 mL). 

The o r g a n i c  l a y e r  was d r i e d  (Na2SO4) and  evapor;itt.d t o  give 1 1 . 7 1  g of R 

m i x t u r e  of  p r o d u c t  a n d  4 - h y d r o x y - 4 '  - m e t h o x y b i p h r n y l  . T h e  m i x t u r e  was 

ch ronra tog raphed  on  s i l i c a  gel ( 5 2 0  g )  u s i n g  a C H 2 C 1 2  + 5% acetone/CH2C12 

g r a d i e n t  t o  o b t a i n  5 . 7 9  g o f  c h r o m a t o g r a p h i c a l l y  p u r e  3 .  S u b s e q u e n t  

r e c r y s t a l l i z a t i o n  from a h s o l u t e  EtOH a f f o r d e d  4 . 9 9  g (68%) o f  y e l l o w  

s o l i d ,  m p  154 .5 -156 ' ;  TLC ( s y s t e m  A )  s i n g l e  s p o t ,  R f  0 . 4 7 ;  IR (CHzCl2) 

3 4 3 0 ,  1735, 1 6 7 5 ,  1545 ,  1498  cm-l; I H  NMR ( C D C l , )  & 1 . 3 2  ( 3 H ,  t .  CH2CH3). 

2 . 0 6  ( 3 H ,  s ,  N H C O C H 3 ) ,  3 . 2 3  and  3 . 4 0  ( 1 H  e a c h ,  two dtl,  A r C H 2 C H ) ,  3.83 

( 3 H .  s ,  0 C H 3 ) ,  4 . 2 7  (2H,  q ,  C H 2 C H 3 ) ,  4 . 8 6  ( 1 H .  4 ,  ArCII2Cg), 6 . 2 0  and  6 . 2 2  

( l H ,  two s ,  N H C O C H 3 ) ,  6 . 9 0  a n d  7 . 4 3  (4H e a c h ,  two m ,  b i p h e n y l  A r l j ) ,  7 . 9 6  

(2H,  s ,  p h e n y l a l a n i n e  A r I j ) .  A n  a n a l y t i c a l  s a m p l e  r e c r y s t a l l i z e d  a s e c o n d  

time from a b s o l u t e  E t O H  had mp 155-156' .  

A n a l .  C a l c d  f o r  C26ff2:,N30y: L ' ,  5 9 . 6 5 ;  H ,  4 . 8 1 ;  N, 8 .03  

Pound:  C ,  5 9 . 8 2 ;  H ,  4 . 8 7 ;  N, 8 .01  

N- Ace t  yl.: 3 5 - d i  i odo  ;.4 - (4 ' --met hcl_xy--4--bi phenoxy] ;ILL_rp~_nyl a 1 ani!ie E t h y l  

E s t e r L 4 J . -  .~. .- Compound 3 ( 4 . 5 0  g ,  0 . 0 0 8 6  m o l )  was d i s s o l v e d  i n  HOAc (85 m L )  

a n d  10% Pd/C ( 0 . 8 5  g )  was a d d e d .  The r e s u l t a n t  m i x t u r e  was s h a k e n  2 h on  

a Parr h y d r o g e n a t o r  a t  45  p s i ,  t h e n  f i l  t c i r ed  and  d i l u t e d  w i  t h  H2SO4 

( 2 2  m L ) .  The green f i l t r a t e  was added  d r o p w i s e  o v e r  15 rnin t o  a f r e s h l y  

p r e p a r e d  s t r l r i t i o n  o f  n i t r o s y l s u l f u r i c  a c i d  [NaNO2 ( 2 . 3 8  g ,  0 . 0 3 4  m o l )  

added  p o r t i o n w i s e  t o  H2SO4 ( 2 6  mI , )  at. 7 0 ° ,  t h e n  c o o l e d  t o  -10' ( i c e / s a l t  

th HOAc ( 2 6  m L )  f o l l o w e d  by H2SO4 (18 mL)] a t  -loo. 

m i x t u r e  was s t i r r e d  90 min a t  -10'. 

b a t h )  and 

After  add 

d i l u t e d  w 

t i o n ,  t h e  
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SYNTHESIS OF THREE NEW ANALOGS OF DL-THYROXINE 

The purple tetrazonium solution was poured into a well-stirred mix- 

ture of iodine (9.17 g ,  0.036 m o l ) ,  NaI (12.36 g ,  0.082 mol) and urea 

(1.34 g, 0.022 mol) in H2O (130 m I . )  underlayc!rc!d wjth CHC13 (130 mL) and 

maintained at 0". After stirring 1 h a t  O " ,  the mixture was stirred 1 h 

with warming to room tf?mpf!rature and then 30 m i r i  a.t 40". The layers were 

separated when cool and the aqueous layer was extracted with CH2C12 (2 x 

250 m L ) .  The combined organic layers were washed with H20 (2 x 500 m L ) ,  

10% NaHS03 (2 x 500 m L ) ,  H20 (500 m I . ) ,  saturated NaHC03 (2 x 500 m L )  and 

saturated NaCl ( 5 0 0  m L ) .  The organic layer was dried (Na2S04) and 

evaporated to obtain a residue ( 5 . 1 3  g )  which was flushed through a 

column of silica gel (250 g )  usjng CHCl3, affordjng 4.44 g of yellow 

solid. Recrystallization from CH2C12/hexanes gave 4.01 g (68%) of 4 as 

an off-white solid, mp 162-165': TLC (system A) single spot, R f  0.68; IR 

(CHzC12) 3440, 1740, 1680, 1498 c m - l ;  lH NMR (CDC13) i 1.31 (3H, t, 

CH~C~H,), 2.06 (311. s ,  NHCOC%), 3.08 (2H, m ,  ArCFi2CH). 3.84 (3H, s ,  

OCIi3), 4.23 (2H, m ,  C&CH3), 4.83 (lH, q ,  ArCH2CH). 6 . 1 0  and 6 . 1 4  (IH, 

two s o  N!COCH3), 6.88 and 7.48 (4H each, two dd, biphenyl ArH), 7.64 (2H, 

s ,  phenylalanine Arti) . 

Anal. Calcd f o r  C26H2512N05: C, 45.57; H, 3.68; N, 2.04; I ,  37.04 

Found: C, 45.57; H, 3.68; N. 2.15: I ,  36.72 

3,5-l~iiodo--4-(4'-hydroxy-4-bjphenoxy)--I)L-phanylalar1ine (3J. - A mixture of 

.- 4 (2.00 g, 0.0029 mol), HOAc (23 mL) and 57% HI (17 mL) was heated 5 h 

under njtrogen at 125-130' (oil bath). Solution was affwted as soon as 

heating was begun. Afterwards, the reaction mixture was illlowed to cool 

to room temperature, then was refrigerated ( 5 O )  overnight. The resultant. 

precipitate was collected and washed with H20 ( 3  x 10 m I , ) ,  tht!n MeOli 

ether. The solid WRS 

5" overnight . Whet1 IIO 

(10 mL)  containing a sma 

dissolved in acetone and 

1 amount of petro 

the solution stored 

eum 

a t  
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BRINE,  BOLDT AND COLEMAN 

c r y s t a l l i z a t i o n  o c c u r r e d ,  t h e  a c e t o n e  was e v < I ~ ~ o r i l t e d  t o  give 1 .60  g o f  

y f : I low s o l i d .  M e a n w h i l e ,  t h e  o r i g i n a l  filtrate. was combined  w i t h  t h e  H 2 0  

w a s h ,  d i l u t e d  t o  400  m L  w i t h  H 2 0 ,  a n d  refr.iger.;itc*d ( 5 " )  o v t : r n i g h t .  T h i s  

p r o c e s s  y i e l d e d  an a d d i t i o n a l  0 . 3 6  g o f  p a l e  y e l l o w  s o l i d ,  w h i c h  was 

c o l l e c t e d  a n d  washed  w j  t t i  H 2 0  (50 m 1 , ) .  

The combined  c r u d e  p r o d u c t  s a m p l e s  were suspriided i n  MeOH (30 m L )  

a n d  H 2 0  ( 5  m L )  . C o n c e n t r a t e d  N H 4 0 H  was a d d e d  dropwisc,  u r i t i  1 pH 10 ,  t h e n  

HOAc was a d d e d  u n t i l  pH 6 .  The r e s u l t a n t  s u s p e n s i o n  was c e n t r i f u g e d  a n d  

the- s u p e r n a t a n t  r emoved .  The s o l i d  was washed  w i t h  MeOH (50 m L ) ,  H20 

( 5 0  m L )  a n d  MeOH (50 m L ) ,  t h e n  vacuum d r i e d  a t  room t e m p e r a t u r e .  The 

p r e c i p i t a t i o n  a f f o r d e d  1 . 5 9  g ( 9 1 % )  of 5 as a w h i t e  s o l i d ,  mp 224-227'  

f o a m i n g ;  TLC ( s y s t e m  B )  s i n g l e  s p o t ,  R f  0 . 6 0 ;  IH ( K U r )  3 4 7 0 ,  3 6 4 1 ,  1 6 2 0 ,  

1 6 0 2 ,  1 4 9 2 ,  1 4 3 6 ,  1 2 5 0 ,  1 2 4 3 ,  819 cm.-l; I H  NMK (I)MSO--d6) d 2 . 8 8  arid 3 . 1 5  

( 1 H  e a c h ,  two d d ,  A r C g 2 C H ) ,  6 . 8 1  a n d  7 . 4 7  (4H e a c h ,  two dd .  b i p h e n y l  

Arg) , 7 . 8 4  (2H,  s ,  p h e n y l a l a n i n e  At-!). The ArCH2CY s i g n a l  was o b s c u r e d  

by s o l v e n t  s i g n a l s .  T h i s  mater ia l  was s u i t a b l e  f o r  s y n t h e t i c  u s e .  

A n  a n a l y t i c a l  s a m p l e  was o b t a i n e d  by s u s p e n d i n g  0 . 2 5  g of 5 i n  MeOH 

( 2 5  m L ) ,  a d d i n g  1N NaOH u n t i l  s o l u t i o n  was a c h i e v e d ,  c e n t r i f u g i n g  a n d  d e -  

c a n t i n g  away from t h e  r e s i d u e ,  a n d  r e p r e c i p i t a t i n g  by a d d i t i o n  of  HOAc 

i i n t i l  pH 6 .  The c o l l e c t e d  s o l i d  was washed w i t h  H20 ( 3 x )  a n d  M e O H  ( B x ) ,  

t h e n  vacuum d r i e d  a t  60-70 '  u n t i l  c o n s t a n t  w e i g h t  ( 6  11). The r e c o v e r e d  

__ A n a l .  C a l c d  f o r  

w h i t e  s o l  i d  ( 0 . 2 0  g )  hat1 mp 2 2 7 . 5 - 2 3 0 . 5 ' .  

C21H1712N04.0.5 H2O: C ,  4 1 . 3 4 ;  H ,  2 . 9 7 ;  N ,  2 . 3 0 ;  I ,  4 1 .  

Found :  C ,  4 1 . 5 1 ;  H .  2 . 9 9 ;  N .  2 . 1 4 ;  I ,  4 1  

I10 m I . )  

K[ ( 0 . 4  

60 

88 

. . 5 ' - d i i o d o - 4 ' - h y d r o x y  __ __ -. __I__ ___ 4-biphenoxy)--DL-phenylalanine ( 6  . - 

u t i o n  o f  5 ( 0 . 2 5  g .  0 . 4 2  mmol) i n  40% a q u e o u s  methylarn n e  

m m o l )  a n d  

t i o n .  t h e  

was a d d e d  d r o p w i s e  a s o l u t i o n  of  i o d i n e  ( 0 . 2 1  g .  0 . 8 3  

4 g ,  2 . 5 0  mmol) i n  H20 ( 6  m L ) .  F o l l o w i n g  t h e  a d d  
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SYNTHESIS OF THREE NEW ANALOGS OF DL-THYROXINE 

mixture was stirred 4 h at room temperature. Concentrated HC1 was added 

dropwise until pH 6 and the mixture refrigerated (5 ' )  overnight. The 

precipitated solid was collected, washed with H20 ( 2 0  mL) and drjc?d to 

obtain 0.28 g of crude product. This was suspended in MeOH (15 m L )  and 

H20 (15 m L )  and the suspension treated with 50% NaOH until pH 13. [Jndis-- 

solved solid was separated by centrifugation and the clear supernatant 

was adjusted to pH 6 using HOAc. The precipitated s o l i d  was co1ltx:ted 

and washed with H20 (2 x 30 mL) and MeOH ( 2  x 30 mL). The precipitat.ion 

was repeated to afford 0.19 g (53%) of 5 as an off-white solid, mp 225- 

227" foaming; TLC (system B )  single spot, Rf 0.61; IR (Ktlr) 3470, 1628. 

1610, 1452, 1438, 1245, 1168, 822 cm IH NMH (IIMSO-d6) 6 2.88 arid 3.13 

(1H each, two dd, ArCH2CH), 3.50 lH, m ,  ArCH2Cfl), 6.81 and 7.54 (211 

each, two d ,  biphenyl Arfj), 7.85 (2H. s ,  phenylalanine ArH), 7.94 (2H, s .  

biphenyl Arg). 

- Anal. Calcd for C21H1gI4No4: C ,  29.57; H, 1.77; N, 3.64: I ,  59.51 

Found: C, 29.85; H, 1.68; N ,  1.61; I, 59.29 

Initial attempts to i0dinat.e 5 using either c:oncentritt.ed NH40H or 2N 

NaOH as the reaction medium were largely unsuccessful. Although small a-  

mounts of 5 were formed. pure product could not be isolated from either 

reaction mixture. 

- Diethyl 4- (4 '-Aminophenoxyl-3,5-di isopropylhenzylacet.~mi~om~lor~at~ (71. - 

Tho title compound was prepared in 29% overall yield from commercially 

available 2,6-diisopropylphenoI and p-chloronitrobenzene rising litera- 

ture5v9 procedures. The crude product was used direc:t.ly j n  the next 

reaction. 

3,5-DiisopropyI-DL-thyronjne (91.- Crude 2 (7.50 g .  0.015 mol ) was dis- 

solved with heating in a mixture of 20% H2S04 (6 mL), H20 (12 m L )  and 

HOAc (12 mL). The resultant solution was cooled t o  10' in an ice bath. 
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B R I N E ,  BOLDT AND COLEMAN 

The c o l d  s t i r r e d  s o l u t i o n  was t r e a t e d  w i t h  a s o l u t i o n  of  NaN02 ( 1 . 2 0  g ,  

0 . 0 1 7  mol)  i n  H20  ( 1 . 2  mL). A B--naphthol  t e s t  was p o s i t i v e .  The d i a z o -  

nium s a l t  s o l u t i o n  was t r e a t e d  w i t h  urea ( 0 . 0 7 5  g) and r e f r i g e r a t e d  (5 ')  

f o r  2 h .  The d iazonium s a l t  s o l u t i o n  was t h e n  added t i ropwjse o v e r  30 min  

t o  a s t i r r e d ,  r e f l u x i n g  s o l u t i o n  of  H2S04 ( 1 3 . 5  mL). H(1Ac ( 2 7  mL). and 

H2O ( 3 0  mL). F o l l o w i n g  a d d i t i o n .  t h e  d a r k  m i x t u r e  was r e f l u x e d  2 t i .  

A f t e r w a r d s ,  t h e  d a r k  m i x t u r e  was c o o l e d  t o  below 10' and t r e a t e d  w i t h  

c o n c e n t r a t e d  N H 4 0 H  u n t i l  pH 5. D u r i n g  t h e  n e i i t r a l i z a t i o n  a brown oi3 

formed i n  t h e  m i x t u r e .  A f t e r  o v e r n i g h t  r e f r i g e r a t i o n  ( 5 O ) ,  t h e  s o l u t i o n  

was d e c a n t e d  away from t h e  s e p a r a t e d  brown o i  1 .  The o i  I was d i s s o l v e d  i n  

MeOH (300 m L )  and t h e  s o l u t i o n  was e v a p o r a t e d  t o  o b t a i n  a brown foam 

( 7 . 9 5  g )  which TI,(: a n a l y s i s  ( s y s t e m  B )  

m i x t u r e .  Subsequent  chromatography on 

MeOH/CHCI3 a f f o r d e d  1.51 g of  c r u d e  g as  

s o l v e d  i n  warm 2N NaOH and t h e  r e d  s o  

N o r i t .  A f t e r  f i l t r a t i o n  t h r o u g h  a C e l i t e  

i z e d  w i t h  2N HOAc u n t i l  pH 6 - 7 .  The 

c o l l e c t e d  by f i l t r a t i o n .  washed w i t h  H20 

showed t o  be  a multIcomponent  

s i l i c a  gel  (500 g )  u s i n g  25% 

a y e l l o w  s o l i d .  T h i s  was d i s -  

u t i o n  was t r e a t e d  w i t h  n e u t r a l  

pad .  t h e  f i l t r a t e  was n e u t r a l - -  

e s u l t a n t  w h i t e  p r e c i p i t a t e  was 

and vacuum d r i e d .  H e c r y s t a l  

l i z a t i o n  from EtOAc/ MeOH f o l l o w e d  by vacuum d r y i n g  18 h 

1 . 0 5  f i  (19%)  o f  8 as  ii w h j t e  s o l i d ,  mp 210-213'  foaming ( 

TLC ( s y s t e m  8 )  s i n g l e  s p o t ,  R f  0 . 4 6 ;  IH NMR (DMSO-dfi) 

C_H3CHCHIi3), 2 . 7 9  and 3 . 2 0  ( 1 H  e a c h ,  two d d ,  ArCFI2CH 

a t  

i t .  

d 

CH3CtjCH3), 3 . 3 7  (111, m ,  A ~ C H Z C H ) ,  6 . 6 1  (4H,  AR (1, Artj) , 

ArH).  

60' a f f o r d e d  

5 225-230O ) ; 

. 0 6  (12H, d .  

2 . 9 5  (211, m ,  

7 . 1 2  (2i1,  s ,  

A n a l .  Ci l lcd  f o r  C ~ l i i 2 ~ N 0 4 - 0 . 5  H Z O :  C .  6 8 . 8 2 ;  II,  7 . 7 0 ;  N .  3.82 

F o u n d :  C ,  6 8 . 5 4 ;  H ,  7 . 9 1 ;  N .  3 . 5 6  

Y_,,5_ ' ~ U i  i odn --3 ~ L ( l . j ~ ~ - o ~ ~ ( ~ p y j  ~-!lL2 - t hyron  i ne  la. - '10 a s t i r r e d  s o  1 u t i on of  

8 ( 0 . 2 5  g ,  0 . 7 0  mmol) i n  40% aqueous  methylamine (10  m L )  was added 

60 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



S Y N T H E S I S  OF THREE NEW ANALOGS OF DL-THYROXINE 

dropwise a solution of iodine (0.36 g, 1.4 mmol) and KI (0.70 g, 4.20 

mmol) in H20 (5.7 mL). Following the addjtion, the mixture was stirred 

3 h at room temperature. Concentrated HCl was added dropwise until pH 6 

and the mixture refrigerated (5') overnight. The precipitated solid was 

collected, washed with H20 (30  mL) and dried t o  obtain 0.37 g of crude 

product. Recrystallization from EtOAc/MeOH followed by overnight vacuum 

drying at 65" gave 0.12 g (27%) of 2 as an off-white solid. mp 188-190'; 

TLC (system C) single spot, Rf 0.44; IR (KBr) 3480, 2982, 1628. 1585. 

1454, 1400 cm-l; lH NMR (DMSO-d6) 6 1.08 (12H. d. CH3CHCkI3). 2.86 (2H, m, 

CH3CHCH3), 7.13 and 7.17 (2H each, two s ,  ArH). The remaining aliphatic 

proton signals were obscured by solvent signals. 

Anal. Calcd for C21H2512NO4: C, 41.40; H. 4.14; N. 2.30; I ,  41.66 

Found: C, 41.56; H. 4.29; N, 2.31; I ,  41.23 

Evaporation of the mother liquors afforded 0.17 g of crude 9 as a 

yellow solid. 
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