
q q m r e d  t o  he more than <i3(; complete after lti hr. ;It reflux 
tcwiperature. Without recourse to alkaline conditions, most of 
the m-nitroaniline hydrochloride could he extracted froni most of 
tlre niustard acid hydrocshloride icith :icetonitrile folloxed 1)). 
(Lstraction with ether. Altliouyh p q e r  t:liri~i~i:itogr"I)ii!. i~idi- 
cated the presence of the ~ ~ , - a l a n i ~ w  n-iiiiist:ird in t i i ( 1  rc4tlric.. it  
was not possible to obtain the ( IlC' Ill1iSt:lrd 01' tilt! c f > - S T : t l -  

line picrylsdfonate rrportcd by 
2-Benzyloxycarbonylamino-it: '-nitro-3-phenylpropionanilide 

rXIIl).--To :t stirred :tnd cooled (0" )  erispcnsion ( 1 ;  2.09 g. (10 
iirrr~oles) of N - i ~ e r i z y l o s ~ ~ c n r b o ~ r y l - ~ ~ . - l , h e n ! i ~ ~  in 20 ml. of 
t're3hly distillrid tetr:thydrofur:in \v:w i~dded 0.95 ni l .  I 10 nimoles) 
of (,thy1 c~hlorot'orni:tte follon.ed I)!. 1.39 ni l .  I 1 0  liinlolesj ~ , i  
t ric~thylarnine arid tinally after 13 niin. tiy 1.3s g. ( 1 0  rliinolesj of 
rij-nitroaniline. After being stirred for 15 min., thr c,rmling bath 
xas removed and the reaction nikture stirred for 2.; Ilr. at ronm 
tcrnperature. The precipit,ate of 1.25 g. (91 512,) of triethplainiiie 
Iiydrochloride was collect,ed and the filtrate was evaporated in 
I ' O C I L O  to leave 4.31 g. (103%) of crude product. Estrwtion with 
two 50-1111. portions of hot ethg-1 acetate gave, on chilling, 2.2s  g. 
(55(%) of product,, m.p. 179-18'1". Itecrystallizatifin from ben- 

e-cyclohexane gave an  analg.tica1 sample, m p .  153-1 S3.5 O ; 
$, 3.03 (S-H), 5 . S 3 ,  5.95 (C=O), 6.44, A..iO (:imide 11, 

. I  t d .  Calcd. for CSBH2,S30B: C, 65.51; H, 5.03; S ,  10.0. 
SOZ), 7.37 ( I O 2 ) .  

~ ~ ' I I U I I ~ :  C, 66.2, 66.3, €I, 5.33, 5.33; S ,  9.47, 9.54. 

Synthesis of p-Phenylserines 

Department OJ' Cheimstry, State (;riziersity of IOU (1, l o r i ~ i i  f " i ! y ,  Iorca 

p- [3,5-Diiodo-4-(3,j-diiodo-4-hydrox~phenoxy:phen).l leerine, 13- i3,5-diiodo-4-(4-li~dr~~s~~piienc,s?-~phcn~l J- 
serine, ~-[3,5-diiodo-4-(4-methoxyphenoxy)phenyl]serine, the isomeric P-(~-livdrosy-3,j-diiodophenq-l)serines, 
and the hydrochloride of ~ - (4 -henzo~ lox~pheny l~se r ine  ethyl ester have been prepared for testing as possible 
antithyroids. Sone  of the compounds was able to inhibit the a:,tivity of r,-triiodoth!-ronine on a thiouracail- 
induced goiter. The first compound, however, did show some thjwniimetic. activity. 

The report that B-phenylserine is an antagonist for 
the utilization of phenylalanine in microorganisms? 
suggested the synthesis of the serine analog (IV) of 
t Iiyrosine and sinipler P-(&hydroxypheriyljscrine tle- 
I i\-ati\-c.s for testing as possible antithyroids. 

' l h  analog of thyroxine was prepared from 3,3- 
diiodo-4-(4-mctlioxyphenosy)benzaldeliyde (I) by thc 
following sequence of reactions. 

The condensation of 3,5-diiodo-A-(l-methoxyphen- 
osy)henzaldehyde (I) with glycine was carried out by 
a11 adaptation of the method of Erhart and Ott3 for 
various p-(hydroxypheny1)seriiies and involved the 
imction of two moles of the aldehyde (I) with one mole 
of glycine in  the prcscnce of sodium hydroxide. Thc 
prrcipitatc n hich appeared upon standing was presum- 
ably the  ;ichifi"s base and was not characterized fur- 
tlicr hiit was hydrolyzed to the serine (11) with dilute 
Iiydrocliloric acid. The product differed in melting 
point from the serine (11) obtained by Friedenberg and 
Sobles4 by the condensation of equimolar amounts of 
tlic organic 1wxtant.i u i th  dilute alkali. The  latter 

1 

I1 

I11 

H O p J - O d  CHOHCHNH2COOH 

I I 
I V  

reaction, I\ liicli niay produce a different diastereoiso- 
nwr, could not be repeated iii this Laboratory; only 
starting materials were oktaiiied. 

'The structure of the serine (11) obtained in this study 
was in agreement with its infrared spectrum. 
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Demethylation of the p-[3,5-diiodo-4-(4-methoxy- 
phenoxy)phenyl I serine was effected with hydriodic 
acid in acetic acid. Neutralization of the resulting 
solution with sodium acetate was necessary to precipi- 
tate the demethylated product (111). The resulting 
serine (111) gave an infrared spectrum which was 
similar to the methyl ether (11) with two exceptions; 
the mcthoxyl frequency at 1030-1 035 em.-', was absent 
and the hydroxyl band was broader. 

The properties of this compound (111) differed from 
those reported by Friedenberg and S ~ b l e s . ~  The 
product, reported by the latter investigators precipi- 

1.v in the acid medium and did not require 
neutralization. 

Iodination was accomplished with potassium triio- 
dide in 33% ethylaminej and gave a mixture of P- 
[3,.5-diiodo-4-(3,5-diiodo-4-hydroxyphenoxy) pheny l  ] - 
serine (IV) together with possibly the diiodo and triiodo 
compounds. Purification by recrystallization was not 
successful but was accomplished by leaching the 
product Ivith a 1: 1 : 1 mixture of 95y0 ethanol, acetic 
acid and ethyl acetate; the desired product (IT') was 
insoluble i l l  this mixture of solvents. 

The structure of IV was indicated by the infrared 
spectrum. Bands were obtained at 3000-3500 em.-' 
for the OH and KH stretching, 1580-1650 cm.-' for 
carboxylate absorption, 1220-1420 cm.-' for aryl-aryl 
ether absorption. and 1180 for phenolic C-0 
stretching. The carbon-carbon stretching vibration 
present a t  1500 in the precursors (TI, 111) was 
absent in the spectrum of the tetraiodo compound since 
vicinal trisubstitution causes a shift of this absorption 
towards lower frequencies and masking by the Sujol 
absorption.E The strong out of plane C-H deforma- 
tion which appeared at  820-830 cm.-* in the spectra of 
the precursors (11, 111) and is characteristic of two 
adjacent aromatic hydrogen atoms, was absent in the 
spectrum of the tetraiodo compound (IV). The three 
serines gave no peak at  836-840 em.-* in the infrared, 
which is reported to be characteristic of erythro- 
phenylserines,I and are therefore assumed to  be the 
h e o  isomers. 

The other p-phenylserines synthesized in this study 
were the isomeric &(4-hydroxy-3,5-diiodophenyl) serines 
and p-(p-benzoyloxypheny1)serine ethyl ester hydro- 
chloride. 

The various phenylserines \\'ere tested for antithyroid 
activity by measuring their ability to inhibit the Rctivity 
of L-triiodothyronine on a thiouracil-induced goiter. 
Kone of the submitted compounds demonstrated any 
antithyroid activity a t  doses of 245.0 y/kg./day. 
p- [3,S-Diiodo-4- (3.5-diiodo-4-hydroxyphenoxy)-phenyl] 
serine (TV), however, did show some thyromi- 
metic activity although the effect is small considering 
the dose used. 

Experimental8 
8- [3,5-Diiodo-4- (4-methoxyphenoxy)phenyl] serine (II).-A 

Polution of 3,5-diiodo-4-(4-metho~ypheno~y)benzaldehyde9 (2.4 

(R) R. I hfeltrer, S Farber, E. ~ I e r n l l .  and A. Caro, J .  Org. Chem., 263 

(6) L. J. Rellamv. "The Infrared Spectra of Complex Molecules," 2nd 

(7) W. A. Rolhofer, J .  9m. Chem. Soc.. 76, 1322 (1954). 
(8) lMe1tin.q points are corrected. Infrared spectra were obtained using 

(9) C. R. Harington and G. Rargar. Rzochem J . ,  21, 169 (1927). 

1413 (1961). 

Ed., John Wilry and Sons, Inc., New York, N. Y., 1958. 

Nul01 mulls. 

g.) in 95'$?0 ethanol (60 ml) was added to a solution of glycine 
(0.20 g.) and sodium hydroxide (0.27 g.) in water (10 ml.). The 
mixture was heated to  70" with stirring and then allowed to  
stand a t  room temperature for 2-3 dnys. The yellow precipi- 
tate, which formed, was not separated but was treated with 2 A; 
hydrochloric acid (14 ml.) and the mixture was heated t o  50". 
Cooling the solution gave the aldehyde (I) which was removed 
by filtration. The filtrate was treated with anhydrous sodium 
acetate until i t  was no longer acid to congo red paper. The reault- 
ing mixture lvas treated with mater (250 ml.), cooled overnight, 
and filtered. The resulting serine was recrystallized from 50% 
ethanol-water and leached twice with cold dry benzene; yield, 
0.518 g. This compound softened at 169' and melted a t  176- 
I i9"  dec. Friedenberg and Nobles4 report m.p. 165-166' for 
their compound. 

Anal. Calcd. for C16H1612N06: C, 34.43; H,  2.72; S, 2.52. 
Found: 

The infrared spectrum had bands a t  3000-3500 cm.-1 (NH, 
OH) 1580-1660 em.-' (COO-), 1035-1090 cm.-l (OCHa), and 
820-830 em.-' (CH). 

p- [3,5-Diiodo-4- (4-hydroxyphenoxy)phenyl] serine (III).-A 
mispension of p-[3,5-diiodo-4-(4-methoxyphenoxy)phenyI]serine 
(11) (1.0 9.) in glacial acetic acid (10 ml.) was refluxed for 2 hr. 
with 57y0 hydriodic acid (10 ml.). The resulting solution was 
rooled, treated with water (100 ml.), filtered 3 times, and then 
neutralized with sodium acetate as indicated by congo red paper. 
The resulting solid (0.615 g.) was filtered and melted a t  203- 
206' dec. Friedenberg and Nobles4 report 160' for their 
compound. 

Anal. Calcd. for CISHIBIZNOS: C, 33.29; H, 2.42; N, 2.58. 
Found: 

p- [ 3,5-Diiodo-4-(3,5-diiodo-4-hydroxyphenoxy)phenyl] serine 
(IV).-A solution of p- [3,5-diiodo-4-(4-hydroxyphenoxy)phenyl] 
serine (111) (0.095 g.) in .5 ml. of 33y0 ethylamine was treated 
with A; potassium triiodide solution (2  ml.) dropwise until 
a permanent iodine color remained. The resulting solu- 
tion was stirred for 3 hr., filtered, and then neutralized with 
glarial aretic acid. The crude product was filtered and purified 
bv leaching with a 4 :  1 : 1 mixture of 95% ethanol, acetic acid, and 
ethyl acetate: yield, 0.021 g.; m.p. 216-219' dec. KO solvent 
could be found for recrystallization. 

Anal. Calcd. for ClSH1,OSX1~: C, 22.70; H, 1.39. Found: 
C, 23.09; H, 1.19. 

threo-p-(p-~ydroxvpheny1)serine Monohydrate.-This com- 
pound was obtained in 3EYp yield when the directions of Bolhofer' 
were used for the preparation of t h o - p - (  p-hydroxyphenyl)- 
serine. The compound began to darken a t  160", was dark 
brown a t  IiO', and melted a t  193-195' der. The infrared 
spectrum was similar to that reported' except that the OH, NH 
band (3000-3500 cm.-') was broader. 

-4nal. Calcd. for CgH13?1705: C, 50.23; H, 6.09; N, 6.50. 
Found: C, 50.25; H ,  6.47; N, 6.44. 

threo-p-(4-Hydroxy-3,5-diiodophenyl)serine.-A solution of 
fhreo-p-(4-hydroxvphenvl)serine monohydrate (1.0 g.), iodine 
(1.3 g.), and iodic arid (0.12 g.) in SOTo ethanol (500 ml.) was 
refluxed for 2 hr. The resulting solution was concentrated under 
reduced pressure and the precipitated material was recrystallized 
from aqueous ethanol: yield, 0..5 g. The compound turns brown 
a t  166' and decomposes a t  169-li0". 

Anal. Calcd. for C9HJ2N04: C, 24.07; H ,  2.02: N, 3.12. 
Found: C, 24.36; H, 2.29; N, 3.11. 

erythro-p-(4-Hydroxy-3,5-diiodophenyl)serine.-This com- 
pound was prepared in 65% yield from erythro-b-4-hydroxy- 
phenylserine10 using the directions given for the t h o  isomer. 
The compound turned brown at  l50'and melted a t  171-172" dec. 

Anal. Calcd. for C Q H Q I ~ N O ~ :  C, 24.07; H, 2.02; N, 3.12. 
Found: C, 24.03; H,  2.15; X, 3.35. 

p-Benzoyloxybenzaldehyde.-This compound was prepared 
by the directions of Koppl' in 55y0 yield. The melting point 
was 9C-91". 

Anal. Calcd. for C14H1003: C, 74.34; H,  4.42. Found: 

C, 34.76; H, 2.89; N, 2.36. 

C,33.35; H, 2.71; N, 2.36. 

The literaturell reports 72". 

74.20: H, 4.58. 
N-4-Benzo~loxybenzylidene-8- ~4-benzoyloxyuhenyl) serine 

Ethyl Ester.-A -solu-tion of p-benzoyloxybenzald~hhyde (48 g.) 
and ethyl glycinate (11.3 g.) in absolute ether (1 1.) was refluxed 
with 10 g. of a 50% sodium mineral oil dispersion for 2 days. 
The ether was removed by decantation and the remaining solid 

(10) K. W. Rosenmund and H. Dornsaft, Chem. Ber., 52, 1734 (1959). 
(11)  K. Kopp, Ann., 277, 350 (1893). 
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was treated xvith glacial acet,ic acid (250 mi.). The resulting 
precipitat'e (35 g.) was washed with a ly0 acetic acid solut,ion 
and then recrystallized successively froin met,hylene chloride 
and absolute ether; m.p. 143-146". 

Anal. Calcd. for C,2H,7N07: C, 71.49: H ,  5.06:  S,  2,.tiO. 
Found: C, 71.44: H, 5.32;  X, 2.61. 
p-(4-BenzoyloxyphenyI)serine Ethyl Ester Hydrochloride 

Monohydrate. --N -4- Renzoylosybenzylidene-B - (4- benzoylos\,- 
pheny1)serine ethyl ester (5.0 g. j w:ts treitted with dry hydrogen 
c,hloride in :i 1 : 1 mixture of methylene chloride-ethyl ether f 100 
nil.). The resulting hydrochloride i\ rt~c~ysta1lize.d .i tin1r.a 
l'roni w:iter; yield, 1 . 0  g.: m.p. 135. I:( 

.1 no / .  C*:ilid. for  ClSH2~CIXO6: C', .:42: 11,.-1.77: X,:3,i i4. 
Found: (', 3j.61: H? !5, 

Pharmacological Test. \$-ere tre:itrd \\.it11 :I 

0.1'; solution of thiouracil in their drinking n.nter for 10 daj.a. 
('oiicorniiiitently they were dosed with varying amounts of 1.- 

triiodothyronine to show the effect of t,he hormone on the develop- 
ment of the goiters. The test cwnipounds were administered t o  
groups of animals along with triiodothyronine (different sites of  
injection to prevent physical mixing) in a ratio of  100 parts ~ r f  
test compound to  1 part of triiodothyronine. After I O  days of 
trea.tnient the aninials were sarrificaed and the thyroid glands 
tverc removed and weighed. .\ninials receiving s:ilinr or 0.1 

Synthetic Schistosomicides. 111. 5-(l-Amino-l-naphthylazo)uracil 
and Related Heterocyclic Azo compounds' 

h'espnrch LaboraforLes, Parke, D a t u  and C'onipany, .Lim .Irbor, l fzchzgatj  

Receited January  11, 198,: 

A variety of 4-amino-1-naplit 11) Iazolieteroq clic c*onipoundu and 8-miino-5-( heteroc~clicazo)quinoline derivn- 
tives have been prepared by allowing a diazotized heteroc) clic amine to react with the appropriate l-naphthyl- 
:imine or 8-aminoquinoline precursor or by coupling 4-acetarnido-1-naphthalenediazonium chloride a i t h  a sub- 
stituted p j  rimidinol followed by acid hydrolj sis. 5-(4-Amino-l-naphthylazo)uracil (ASV)  was highly active 
:Lgainst experimental Schzstosoma niansonz infections in t h e  mouse, hamster, and monke) . 

()ver half a century ago, Elirlith demonstrated that 
the cotton substantive azo dye Trypail Red (I) wab 
rapahle of qteriliziig 7'ri/pano.sown ~quinum infertioiii 

Na03S NH:! H2K SO&a 

S03Na 

Na03S I S03Na 

in the mouse when administered in a single subcutane- 
ous dose 23 hr. before the death of untreated controls.? 
Subsequent researches with literally thousands of azo 
rierixratives hare demonstrated that certain specific. 
structures among this large class of compounds not only 
possess antitrypanosomal acetivity but also possess 
antibacterial, antimalarial, antiviral, antifungal, and 
antihaemorrhagic proper tie^.^ Sotable among the azo 
coonipounds wed as medicinals during this era are 
rhloroazodin, 3,5-dianiiiio-2-[4'-(sulfamylpheiiyl)azo]- 
benzoic, acid, 3-o-tolylazo-o-diacetotoluide, salicylazo- 
sulfapyridine, 4'-sulfamyl-2,4-diamiiioazobenzene hy- 
drochloride, 2,6-diamino-&phenylazopyridine hydro- 
rhloride, and 2', 6'-diamiiio-2-butyloxy-5, j'-azopyridine. 

( I )  For previous paper In this series, see E. F. Elslager, J. b. Caialla,  

(2) P. Ehrhoh, Berlin. klzn. Wochachr., 44, 233 (1907). 
(3) G. N. Mahapats ,  J. Proc. Inat. Chemists (India), 29, 33 (1957). 

\$ L), Closson, and D. F. Worth,  J .  Org. Chem., 26, 2837 (1961) 

During the course of a coIitiiiuirig program in these 
laboratories to develop new schistosomicidal agents, 
qrveral hundred a m  compounds of diverse strurturc. 
Iiavc been teqted against ,khistosoiria mnizsoni in mict.. 
llthough i i ioh t  of thest. coinpounds w r e  ineffective, 
uiieupe&d acti\.ity n as observed ith 5-(4-ainino- 1 - 
iiapl-ithylazoiutacil (AKIT) (11), IT hich proved to h? 
highly effevtii (x agaiiist ,C. niansoni 111 mire, hamsterh. 

TIIP prrscnt c~oin~iiiiiiic.atioi~ I $  W I ) -  

\ /  

N;:lgoH 
I1 

62 
cwned with the syiithe d AXI-  and rrrtain closely 
related c ompoundq. 

A X -  (11) was prepared by allowing diazotized 5-  
aminouracil (IT') to couple nith 1-naphthylamine 111 

aqueous ethanol. I11 like manner, a i-ariety of substi- 
tuted 5-(4-aniino-l-naphthylazo)uracils of formula J' 
(where X represents a hydrogen atom or a methyl, hy- 
(lroxy, or ethoxy group aiid S R 2  represents an amino, 

4) 1' E Thompson J L .\Ie~senhelder and H K a ~ a r i a n  unpublished 
results Parke, Daiis and Compan3 i n n  Arbor, Michigan 
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