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A synthesis of analogs of thyroxine and of 3,53 -trijodothyronine in which the wninoe group is replaced

with a carboxy group (Ia) or a carbethoxy group (Ib) is presented.
dicarboxylic acids (Ia) are weak thyromimetic agents.

I the course of a study on the conversion of various
desamino analogs of dilodotyrosine to the correspond-
mg analogs of thyroxine?® it hecame necessary to syu-
thesize analogs of 3,5,3'-trilodothyronine and of thyrox-
e 1 which the amino group is replaced with a carboxy
group (la) or with a carbethoxy group (Ib).

R: I
HO e} R;
R. I
Io, Ry = [; Ry = Hor I; Ry = CH;CH(COOH),
Ib. Rq = I Iz =H or I] 1{3 = CHgCH(COzCJHa)COOH
Ie, R, = R, = H; R.; = CH,CH(CO.CsH;).
Id, R, and R, Rs = CH;CH(CO()H}I

Ie, Ry and R, - H; = CH.CH(CO.C,H;)COOH

The present paper deSCI‘IbCS the synthesis of those
compounds.

The classical synthesis of thyroxine by Chalmers,
et al,!' involves the protection of the phenolic
hydroxyl by formation of its methyl ether; toward
the end of the synthesis this protective group is re-
moved by hydrolysis with hydrogen iodide or hydrogen
bromide. This principle of temporary protection is
not applicable to the svnthesis of the analogs of thy-
roxine deseribed in this paper, since treatment of the
methyvl] ether with acid would cause the loss of carbon
dioxide and lead to the formation of a propioine acid
side chain.  In the present ivestigation, decarboxyla-
tion was avoided by protecting the phenol through its
henzyl ether and by removing this blocking group by
hydrogenolysis prior to the introduction of iodine into
the molecule.

I'he dicarboxylic acid Id and its monoester le were
synthesized using the following sequence of reactions.

Cl1:50:01

—
CsHN

p artial hydrolysis (OH )
e e I 1!

p-benzyloxyphenol (I1) + IITa

i r-umplete hydrolysis (OH ")
> 1d

Todination of Id and of Ie gave la and Ib, respectively

R1 RZ
no{ Yr mo{ o)
R Re
1 v
Hia, Re = NOs; Re = CHe=C(C 05
ITth, Ry = I: R. = CH.CH(CHOH ).
IV, Ry = CH.CHay Ry = NOy; Ry = CH==('(CH, ).
IVb, R, = H. R: = NH.; R; = CH.CH(C.H,).

Preliminary biological tests show that the

On hydrogenation of IVa three reactions, removal of
the benzyl group, reduction of the mitro groups, and
hydrogenation of the double bond in the side chain,
were carried out in a single operation. Protection of
the phenolic hydroxyl through the benzyl rather than
the nethyl cther may be advantageous in the synthesis
of analogs of thyroxine other than the ones described
in this paper, since a separate step for the removal of
the protective group is avoided.

When the dicarboxylic acids Ia, Id, and [1Ib were dried
in vacuo at room teinperature, they retained tenactousty
the solvents used for their crystallization or precipita-
tior.  On heating they lose carbon dioxide. Their
isolation and purification had therefore to be carved
out it the cold.

The tetraiodimated acid la (IR, = I) was isolated asits
erystalline monopyridinium salt.  Purification of the
corresponding tritodinated acid Ia (Ry = H) was car-
ried out by partition chromatography.

The ti- and tetraiodinated acids la were also
formed, although in very low yield, when an aqueous
solution (pH 7.5) was incubated in the presence of
oxygen at 37° for about 1 week. Similar incubations
of other desamino analogs of diiodotyrosine have been
reported previonsly.® Together with the coupling
reaction, partial deiodination, and decarboxylation of
the starting material took place during the inenbation.
The starting material (I1Ib) was prepared by catalytic
hydrogenation of diethyl p-hydroxybenzalmalouate,”
followed by hydrolysis and 1odination.

The purity of the various compounds mentioned
in this paper was checked routinely by paper cliroma-
tography and hy high voltage electr ophore<i< Table
I cives the 220 values in I-butanol-dioxance-2 N am-
monda (4:1:5), the most frequently used solvent sys-
e,

I preliminary biological assays the tri- and tetra-
iodinated acids Ia exhibited a weak thyromimetic
activity. TIn the rat goiter prevention test® earried
out together with Dr. J. Wolff of this Institute, the
triiodinated acid was as active as thyroxine when
administered at a molar ratio of 240:1. With the
tetraiodinated acid, the molar ratio required for equal
activity lay between 240 and 480:1. Tadpole meta-

1 A prelingnary repnet of this work has hieen presebtal at hioe 1Lith
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Tasre I

R VALUES IN 1-BuraNorL-DIoXANE-2 N AMMONIA (4:1:5), UPPER PHASE

Comnpound® R¢?

HO R, 0.23

HO R, 0.10

HO

0.12

HO R. 0.06

I
HoOoDR, 0.69

I

I I
HOOODRl 0.64
{} {} 047

a Ry = (CHy) »COOH; R, = CTizcﬁ(COOH)z, Rs =

several runs.

fege el oy

morphosis tests were carried out m two laboratories.”
When the compounds were administered by injection,?
the tetraiodinated acid had roughly 209, of the activity
of thyroxine and the tritodinated acid roughly 19 of
the activity of 3,3,5’-triiodothyronine. In the im-
mersion test, the activities of both the tri- and the
tetraiodinated acid were of the same order of magni-
tude as that of thyroxine.

Experimental®

Diethyl 4-(p-Benzyloxyphenoxy )-3,5-dinitrobenzaimalonate
(IVa).—A solution of 57 g. (0.16 mole) of diethyl 4-hydroxy-3,5-
dinitrobenzalmalonate? in 150 mi. of dry pyridine was heated to
80°, Then 22 g. (0.19 mole) of methanesuifonyl chloride was
andded dropwise with stirring and gentle cooling to keep the
teniperature at 80°. This was followed by the addition of 96 g.
(0.48 mole) of p-benzyloxyphenol.'® The solution was stirred
for another 10 min. and then poured into 2.4 L. of cold water.
A brown oil precipitated which crystallized when the reaction
mixture was stirred for a short time. The solid material was
collected by filtration, washed with water, and dissolved in
benzene. The benzene solution was washed with 4 N HCI, then
with water. Sone benzyloxyphenol precipitated during the
washing and also when the washed solution was permitted to
stand overnight at 4°. It was removed by filtration. Upon
evaporation of the benzene under reduced pressure, a yellow
residue was obtained which was recrystallized from benzene;
vield 75.5 g. (879%). The crude material could also be purified
by recrystallization from 959 ethanol or by chromatography on
a short column of alumina (Woelm neutral) partially deactivated

(7) The authors wish to thank Dr. E. Frieden of the Florida State Uni-
versity, Tallahassee, Fla., and Dr. W. L. Money of the Memorial Center for
Cancer and Allied Diseases, New York, N. Y., for these tests.

(8) Cf. E. Frieden and G. W. Westmark, Science, 133, 1487 (1961).

(9) The microanalyses were made by Schwarzkopf Microanalytical Labo-
ratories, Woodside, N. Y., and by Mr. H. McCann and his associates of this
Institute.

(10) The Eastiman Kodak product was recrystallized fron agueous etli-
anol after the addition of some Norit.

CHZCH( COzCsz)COOH, R4 =

Compound® Reb

1
w00 Y .32
1
1 )
HOOO‘Q*R; 0.33
1
I 1
HO‘%/:>—O<<:>*R2 0.
1 1
I
w0-(po-L)n 0.7
1
I I
HoOOAQRB 0.72
1
I 1
!-IO~€3-0«<:>—R3 0.50
1 1
1
1

™)
~1

~0.93

CHzCH(COzCsz)z. b Mean values of

with 69, water.!! Dichloromethane was used as the eluent,
All eluate fractions except the first one gave pure material upon
evaporation of the solvent.

The diphenyl ether IVa exists in two crystal forms, short thick
needles, m.p. 127° and long thin needles, m.p. 115-116°. The
fornier are less soluble in ethanol than the latter. When a mix-
ture of the two types of crystals was partially dissolved in warm
ethanol, the undissolved fraction, after washing with ethanol,
consisted only of crystals melting at 127°. The elemental anal-
yses and the infrared solution spectra of the two forms were
identical.

Anal. Caled. for Cg7H24N20|n:
Found: C, 60.46; H,4.50: N, 5.39.

Diethyl 4-(p-Hydroxyphenoxy)-3,5-diiodobenzyimalonate (Ic).
—A solution of 16.1 g. (30 mmoles) of diethyl 4-(p-benzyloxy-
phenoxy)-3,5-dinitrobenzalmalonate (IVa) in 325 mi. of ethyl
acetate was hydrogenated in a Parr shaker in the presence of 2.4
g. of 109, palladium-on-charcoal. When the theoretical amount
of hy drogen (240 mmoles) was consumed, the uptake of hydrogen
stopped. Two hydrogenation batches (60 mmoles) were com-
bined and, after removal of the catalyst, evaporated under re-
duced pressure at room temperature. Both the filtration and the
evaporation were carried out in an atmosphere of nitrogen in
order to avoid autoxidation. The diamine IVb was obtained as a
light brown oily residue which was dissolved in 50 mi. of glacial
acetic acid. Thissolution was cooled in an ice bath and 37.5 ml.
of concentrated sulfuric acid was added dropwise. The solution
thus obtained was immediately added dropwise with stirring
and cooling ( —5°) to a mixture of 11 g. (160 mnioles) of sodium
nitrate, 80 ml. of concentrated sulfuric acid, and 160 mi. of glacial
acetic acid. The reaction flask was placed in an ice bath, and
stirring was continued for 1 hr. The reaction mixture was then
added rapidly to a stirred mixture of 64 g. (425 mmoles) of sodium
lodide, 44 g. (175 mmoles) of iodine, 7 g. (117 mnioles) of urea, 860
ml. of water, and 500 ml. of chloroform. After stirring at room
temperature for 1 hr. the temperature was raised to 40°, the
chloroform layer separated, and the aqueous layer extracted 5
times with chloroform. The combined chloroform layers were
washed successively with water, an aqueous solution of sodium
metabisulfite, and again with water. After drying and concen-
tration to a small volume, the dark brown solution was chroma-

(11) P. B. Miller, Helv. Chim. Acta, 26, 1945 (1443).

C, 60.44; H, 4.51; N, 5.22.



tograplied on 530 g. of alunina (Woelm acid) partially deaeti-
vated with 007 water.!" The chromatogran was developed
with ebloroforin.  Upon evaparation, all eluate frnctions fexcept
the first and lust) gave crystalline residues.  Twir recrystidliza-
tions [ront earbon tetrachloride gave 11.9 g. of erystals elting
at 128-129°0 The combined mothee liguors and nonevyvstalline
chronntographic Iractions gave upoen rechromatography and re-
crystallization another 3.4 g of eryvstals melting at 120-130°;
total yield, 155 g 1427 ).  An analvtieal ssanple which was re-
erystallized once more melted at 130+ 150.5°.

el Caled. for CoyHuLOw: Co8007 11, S 1
IFownd: C, 3936, 11, 3030, 1, 4144,

4-{ p-Hydroxyphenoxy ):3,5-diiodobenzyInualonic Acid iId;—A
solution al' 3.4 g, (5.6 munoles) of diethy] 41 p-hydroxyphenosy -
3.5-diodobenzylmalonate {1ed in ahioat 35 ml of ethanol was
added tan solution af 1.4 g, 129 nunolesy ol potassium hyvdroxide
(870 )i 125 ml of water, The mixture was heated inan open
llask to S0°0 After mvst ol the ethanal had evaporated, the
temperature was enised to 91057 and kept there for 325 D,
The completeness of the hvdrolysis was eheeked by paper ehom-
tography (Table Th.® Same solid material, which toened douring
the hydralysis, was redissolved by the additiom ol @ small muoouin
ot water.  The reaction mixture was cooled ta ) -3°, then aeidified
(eongo redi by the slow additim ol jee-rald 2000 hvdraehlorie
aeid, The cold mixture was extracted 3 thaes with ether. Tl
conubined ether extracts were washed with water, dried, and
evaporated under reduced pressnre at ramu temperatine. The
residue was dissolved at romu temperature in as little etheoiol ns
possible.  Crystallization was induced by the addition of abon
2 volimnes ol isooetane nnd eomipleted by slow conling to —10°,
A second crop was abtained fron the mothee liquars: total vield
2.0 g . 165-160° dee., with evolution ol gas Cearbon dioxides.
The 1aelt resolidified and melted again at about 245°0 Paper
chromatagratus in =butanel-dioxane-2 N ammonia cd: 1057
gave a1 value of .70 for the lal melt, of 0232 Ter the eryvatals
befare heating, and ol 0.69 for anthentic 3 a-diiodathyrapropionie
acid, nup. 246°0% 0 When elirowatographieally pure ervstals
were dried at raom temperature, the solvent from whieli the
material was erystallized was retained tennelonslv. A solvent-
[ree material was obiained when ain ethanolic solution of the eryvs-
tals was evaporated ta dryness, the ainorphous residue finely pow.
dered, and then dried under high viicuumn at roon tenperature.

dnal. Caled. Tor CgHppLOg: € 54680 H, 20080 1, 4a.].
Found: ¢, 34.90; H,2.52, 1, 4075

4-(4-Hydroxy-3-iodophenoxy i-3,5-diiodobenzyimalonic Acid
(Ia; R. = H).—A solution af 1.1 g. (2 numoles) of 4-( p-hivdroxy-
phenoxy )-3,8-ditodalhienzylaalonie aeid (Id1in 10 ml. of a 207,
aqueous solution of methyvlumine was coaled inan dee hath, A
solution ol 308 g, (2 nuuales) of jodine and ol 1 g ol potassinn
iodide in 3.3 ml. ol water was then added slowly (2 hr. by eans
of a fine polyethylene tnibing inmmersed in the stirred solution.
After completion of the addition, stirring in the cold was eon-
timred Tar another 50 min. The solution was acidified {eongn
redi Ly the slow addition of dee-cold 20", hvdroehlorie aeid,
The precipitate formed was washod with jee-cold water by ven-
trifugation until the supernatant liquid wave o negative silver
hitrate test, then dried o0 earuo ot rom temperature:  vield,
1.32 ¢ T'his material was contuninnted with In (R, = 1) aud
with Td.  Contamination with the former was shown by paper
clhiromategraphy (Table 1) and contamination with the latter
by higlt voltage paper electrophoresis at pH 65 in acetic acid
pyridine-water (2:20: 805 in wliel svstem Td migrates Taster and
Ea (Ry = 1) slower than the desired produet.

Partition ehromatagraphy of the erde preaduet was earried ot
using a calnnn of Celite 545 €209 X N enncsand the two-plinse
solvent systec obtained Ly mixing equal volumes ni 1-butanol
and chlorofarm with 1 3 potassimuo phosphate butter, pH S50
The Celite was suspended in a Luge volume af the mobile (water-
poor) pliase: then 0.8 ml of stationry Gvater-rieh) phase was

1.6t

12 1 the haalralysis bs ineonplete, e Gual proaluet is enntinoinated
with mmpester Teo o Soeh aovontanina ted pemelimet van be povified s dissolv-
g itan 1AM pluospihate headler (pli 7,20
with ether.

(1530 The referetoe sanple was kinlly soppdoed by Dips RO Selizer ol the
Wirrner Landert Resewrch Institute, Morrs Ploine, Noi.

18 The Cebbe was washed with haidmehloarhe aend, water, and taethaim,
hien drieml at 100°, The 1-hutanal was relistilleil, the ebloroforny washe|
with witter, thenlried, pnd redistithol,

Puand exteaeting Gieonalmester

L two phiases nf the snlvont system
lave ahoot egoel densities so that the Inwer luyer i samethnes the water-
oy and samethies the water-rich plisse
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added Tor enely geam ol tlelite. The mixture was shaken vig-
orously for o few i, then poured in smull portiens into ihe
coluran partially filled with mobile pliase. Faely poetion was
packed down evenly by menns of a perforated stainless steel disl,
The packed eolomm was conipletely closed and permitted toequil-
ibrate overnight. A solution of the snmple (1 g inoa small
amouttt of mobile pliage was then clronmtographed at a How
rate of about 1ol min, Paper ehromatography o the ehiate
fracuons slowed that the early fractions contained puare triiodi-
mated aeid while the later Traetions were eontanunated with
mereasing anounts nl the tetrajodinated acid. The last fractions
consisted af o mixture o the tetraindinated acid and slarting
material. The Tractions containing both the tri- and teteaindi-
nated neids were Turther pmrified by descending clironatography
o thick paper sheets t Whatman Noc 173 in I-hotanol dioxane 2
N oanunonia clbas The paper was prewashed suecessively
with 2N aeetie acid in 950 ethaual, -butainal dioxine 20\
somendse Sl e methanal containing 300 dvoovor 20N
aramonin. The positions of the tri- aned tetraiodinated acids on
the develnped chiromatogrnns were seen elearly i short-wave
nloavialet lighi. The trtiodinated aeid was eluted withmmethonnl
contining 3 oveo v 2N mumenio, Ior the purilication ol
the Luter eluate fractians, two or three suceeessive chironatogenplhie
nraetionations were required. Al those eluates froac the ol
and Tran the paper sheets which cantained only the triiodinated
acid were combined and evapornted under reduced pressive ot
roonn temperntuve. The residue was disgolved in o sianll aoneunt
of water conttaining o lew drops o anouaia, The solution wis
acidified at 0° and the precipitate Tormed waghed by ceatrilugn-
tion as deseribed previoasly. A solution o the precipitate
i methanol was clified by centrilugation; then evaparated ol
ricm temperatire. The amorphans residue was powdered finely
aned thenn dried uuder high vienmn at raons temperature (65
.o The snbstanee melted ar 100-1053°, then resalidified, andd
melted again between 165 and 175°. An authentie sample of
S0 - triiodathyropropionic aeid melted between 178 and 185909
When the melt was elhiromatagraphied an paper in I-hutanel-
dinxane 2 N anmnonia 4100, s A value was ddentieal with
that ol authentie 3.0,59 -tidiodathvenpropionic acid.
Anal. Caled. Tor CyllpLO, CHDH:  Co28n6s; 1L 2012
LooAdy. Found: C) 28647 1, 20080 1004
4-{4-Hydroxy-3,5-diiodophenoxy )-3,5-diiodobenzyimalonic
Acid tIa; Re = Ti—A solution of 2.0 g (3.6 nunoles) of 4-1p-
Lvdroxyphenoxy 1-3.8-diiodobenzyhnatonie acitl t1d) n 20 ml of
a0 200 aqueons solution of methyluuine was cooled i an e
bath. A salution of 183 ¢, 7.2 mmoles) of dodine and 1.8 g, of
potassinn iadide in 7.8 ml ot water was then added dropwise with
stirring.  Stirving was eontinued Tor 30 min. ot roant tempera-
ture.  The solition was cooled to 07 and seidified teongo red )
Iy the shw addition of 200 hydrochlorie aeid. The ixture was
extracted twice with ether and the combined ether layers were
washied with water and dried.  Fvaparationn at roomn tenperature
gave 2.2 g nl erude aeid which was dissolved ina siall conount of
paridine -water o1:1n 0 Dilute hyddrochlorie aeid (200 was
added rarefully until o Taint eloudiness persisted. On standing
overnight at 29 erystals deposited which were collectaed by fil-
teation, washed witl enld water, and alvied 0 o ot mamn
temperatnre,
dnals Caleds Do Cp L0 CiHEN D O 28000 HL 1T
I, 3786 N, Lox. Found: () 28.55: H, L.o2; 147500 N, L.
The pyridinium salt had no sharp melting point. Tt began to
melt atoabout 120° dees and was alowst completely melted at
about 135°0 The Pree ncid, which was obtained in poor vield Ly
recrvstallizathom of vhe erude acid Trom benzene eomtaining o
very sinll anmmnt of methanal, melted hetween 172 and 1767
dec. When the melt wos chromatograpled on paper in 1-lin-
tazol-dioxane-2 " anuuonin 4 1:5) itg B value was identical
with that ol anthentic teteaiadothyrapropionie acid 2
2-Ethoxycarbonyl-3-|4-({ s-hydroxyphenoxy )-3,5-diiodo-
phenyl[propionic Acid tle},—A solution of 4.0 g. (.50 mmoles)
nt diethyl 4= p-hyvdroxyphienosy )-3,5-diiodobenzylinalonate (e}
in 100 wml of ethanol was cooled th 0°0 A solution of (.48 g,
VT anoles ot potassinn hvdroxide (87000 i 7 ml ol ethanal
was added drapwise with stirring. The salution was allowed
toowarie up and to stand at oo temperature o 6 hire Some
anhydrous sodimn sullite was then added and the mixture evap-
orated at roonn temperature. The residue was dried o0 raene
for 1 hie Then the fusk was coaled inaniee hath and the is-
ture made ueid corngo red) by the addition of 50 il ol 20 hiy-
V ogunny ass preeipitated which waos dis-

drachlorie aeid
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solved by the addition of about 20 ml. of ether. Then 2 N am-
monia was added until the aqueous phase had pH 10-10.5. The
mixture was shaken well and the aqueous layer extracted 5 times
with ether. The combined ether extracts gave, after drying
and evaporation at room temperature, 2.79 g. (709%) of starting
material. The aqueous phase was cooled in an ice bath, acidified
(congo red) with 2 & HCI, and then extracted 5 times with ether.
After drying and evaporation at room temperature the combined
ether extracts gave 0.96 g. (259 yield) of the half-ester; m.p.
139° (softens at 87°). The substance was recrystallized without
hieating from chloroform—isooctane. The melting point of the
recrystallized material was unchanged.s

Anal. Caled. for CsH\)I:Os: C, 37.145 H, 2.77; I, 43.60.
IYound: C,37.21; H,2.90; I, 43.66.

Partial Iodination of 2-Ethoxycarbonyl-3-[4-(p-hydroxy-
phenoxy)-3,5-diiodophenyi]propionic Acid (Ie).—A partial iodi-
nation of Ie was carried out following the procedure described pre-
viously for the synthesisof Ia (R, = H). The triiodinated monoes-
ter Ib (Ry = H) was contaniinated with Ie and with Ib (R, = I).
The substance could not be purified by crystallization. Puri-
fication wus achieved on a smuall scale by descending cliroma-
tography iu cliloroform-forimamide (lower pliase) «n paper that
had been washed in formamide—ucetone (1:3) and then dried.
In this system Ie uiigrates slower and Ib (R; = I) faster than Ib
(Ra = H). The ¢ values depend on how often the paper had
been soaked in formamide-acetone.

2-Ethoxycarbonyl-3-[4-(4-hydroxy-3,5-diiodophenoxy )-3,5-
dilodophenyli]propionic Acid (Ib, R, = I).—An iodination of 815
mg. (1.40 mmoles) of 2-ethoxycarbonyl-3-[4-(p-hydroxyphen-
oxy)-3,5-diiodophenyl]propionic acid (Ie) was carried out ac-
cording to the provedure described for the synthesis of Ia (R.
= I). Crystals which fornied on cooling of the reaction mixture
were redissolved by the addition of water. The precipitate
which formed after acidification was collected by filtration,
washed with water, and dried. The crude miaterial (theoretical
yvield) was recrystallized several times below 35° from ethanol
containing a few drops of water and from chloroform—isooctane.
The substance softened at 103-105°, decomposed with the evolu-
tion of gas (carbon dioxide)at about 115°, resolidified, and melted
again at 159-160°. TFor elemental analysis the material was
finely powdered, then dried under high vacuum at room tem-
perature.
Anal. Caled. for CsH LOs: C, 25.92; H, 1.69; I, 60.87.
Found: C,26.10; H, 1.86: I, 60.86.
p-Hydroxybenzylmalonic Acid.—A solution of 130 g. (0.49
mole) of diethyl p-hydroxybenzalmalonate® (m.p. 90-90.5°) in
600 nil. of ethanol was hydrogenated slightly above atniospheric

(15} Before optimal conditions for the partial bydrolysis of diester Ie had
been established, monoester Ie was frequently contaminated with dicarbox-
vlic acid Id. These two substances were then separated as described in foot-
note 12,
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pressure in the presence of 10 g. of 109 palladiuni-on-charcoal.
The catalyst was removed by filtration and the filtrate was added
dropwise (1.2 hr.) to a stirred hot solution (80°) of 100 g. (1.6
moles) of potassium hydroxide (879;) in 100 mli. of water. The
reaction flask was kept on a steam bath for another 2.5 hr. during
which period a funnel connected to a water pump was placed
over the neck of the flask in order to remove the ethanol vapors.
Some precipitate which fornied was redissoived by the addition
of a small amount of water. The reaction mixture was cooled
in an ice bath, then acidified (congo red) by the slow addition of
209, hydrochloric acid. This was followed by the addition of
some water and 4 extractions with ether. The combined ether
extracts were dried over caleium chloride and evaporated at
room teniperature. The residue weighed 100 g. (979 yield)
and melted at 160-161° dec.; 1it.'"® m.p 160.5° dec. The sub-
stance was recrystallized from ethyl acetate-benzene with the
addition of Norit; m.p. 160.5-161.5° dec.

4-Hydroxy-3,5-diiodobenzylmalonic Acid (IIIb).— -Hydroxy-
henzylmalanie acid (3.15 g., 15 mmoles) was iodinated according
to the pracedure described for the synthesis of In (R. = I).
After evaporation of the ether extract 6.7 g. (979¢ yield) of crude
product, m.p. 167.5-168.5° dec. was obtained. It was con-
taminated with a small amount of 3.5-dilodophloretic acid from
which it was freed by fractional acidification of a solution in 0.5
N NaOH at 0° with small incretnents of dilute hydrochloric acid.
The first precipitates which contained most of the contaminant
were eliminated and the remaining precipitates were recrystal-
lized from methanol below room temperature; white needles,
m.p. 172-174° dec.

Anal. Caled. for CuwHsl,0;-CH;OH: C, 26.74; H, 2.45;
1,51.38. Found: C,26.75; H, 2.69; I, 51.82.

Incubation of 4-Hydroxy-3,5-diiodobenzyimalonic Acid.—

An 0.25 M solution of IIIb (pH 7.5) was incubated aerobically at
37° following the procedure described previously?® for other ana-
logs of diiodotyrosine. After various time intervals aliquots of
the incubation mixture were analyzed by paper chromatography
and by high voltage electrophoresis. The solvent systems and
methods used were the same as those described earlier.® Iden-
tification of the incubation products was made by comparison
with the F; values and mobilities of autlientic samples. Start-
ing material was present at all times. Extensive deiodination
of the starting material gave rise to 4-hydroxy-3-todobenzyl-
malonic acid. After 3 days 3,5-dilodophiloretic acid could be
detected and after 4 or 5 days also traces of 3-iodophloretic acid.
After 5 days, In (R; = I)and Ia (R, = H) began to appear in the
reaction mixture. These two acids could be detected only after
extraction of the reaction mixture with 1-butanol at pH 7.5 and
evaporation of the butanol extracts at roon temperature.

(16) J. C. Westfabl and T. 8. Gresbam, J. Am. Ckhem. Soc., T6, 1076
(1954).

Hydroxylamine Chemistry. IV. O-Aralkylhydroxylamines

E. L. Scaumany, R. V. HEmnzeLMmaN, M. E. Greig, anp W. VELDKAMP

Research Laboratories, The Upjohn Company, Kalamazoo, Michigan

Recetved November 21, 1963

Several synthetic proredures were used to prepare a series of O-aralkyihydroxylamines.
are structurally analogous to amines of biological interest.

phan decarboxylase inhibitors and mild depressants.

Interest in hydroxylamine derivatives designed as
pharmacodynamic or chemotherapeutic agents has
increased in recent years.!—¢ Our efforts in this field
have been directed in part to the synthesis of O-

(1) (a) R. T. Major and L. H. Peterson, J. Org. Chem., 22, 579 (1957);
(b) R. T. Major. H. J. Hess, and F. Diirsch, 1bid., 24, 281 (1959): (¢) R. T.
Major and H. J. Hess, J. Med. Pharm. Chem., 1, 381 (1959): {d) R. T.
Major and H. J. Hess, itid., 2, 461 (1960): (e) R. T. Major and K. W.
Obly, ihd., 4, 51 (1961).

Sonte of the products
These compounds are in general 5-hydroxytrypto-

(2) 1a) . Palazzo, E. F. Rogers, and G. B. Marini-Bettolo, Gazz. Chim.
Ital., 84, 915 (1954): (b) E. I'. Rogers, D, Bovet, V. (i. Longo, and G. B.
Marini-Bettolo, Erperientia, 9, 260 (1953).

(3) ta) . McHale, J. Green, and P. Mamalis, /. Chem. So¢., 225 11960);
(b) P. Maalis, J. Green, and 1D. McHale, ihid., 229 (1960).

(4) A.T. Tuller and H. King, ihid., 963 (1947).

(3) A. F. McKay, D. L. Garmaise, G. Y. Paris, aud &. Gelblimn, Can. J.
Chem.. 88, 343 (1960).

(6) (a) E. L. Schamann, L. A. Paquette, R. V. Heinzelinan, 1J. P, Wallacl:,
J. P. DaVanzo, and M. E. Greig, J. Med. Pharm. Chem., 5, 464 (1962): tb)
L. A. Paquette, J. Ovg. Chem., 27, 2870 (1962): (c) L. A. Paquette, Tetra-
hedion Letters, No. 11, 485 (1962).



