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acrylanmides (n = 1-6) as antitumor agents has becn
claimed by several laboratories,® and the results of the
antitumor screening of a large number of aziridine com-
pounds have been tabulated.” The results obtained
for some of the compounds reported in this paper are
given in Table I along with data for “HN,"” obtained
in a similar test systeni. Compound 12 (n = 8) deniou-
strated interesting activity in this sereen, its favorable
therapeutic index being coupled with a low degree of
hone marrow depression.

Experimental Section

The following are general procedures for the preparation of
compounds reported iu Tables IT and III.
N,N'-Decamethylenebisacrylamide (9).—Acryvivl chloride
(11.8 mi, 13.5 g, 0.15 mole), dissolved in 150 ml of benzene, and
K,CO; (27.6 g, 0.20 mole) were stirred at 0° under Ny. To this
zolution was added 6.5 g (0.039 mole) of 1,10-decamethylevedi-
amine dissolved in 250 ml of benvene. After addition was
complete (0.5 hr), the reaction was stirred at 0° for 2 hr.  Water
was then added and the resulting precipitate eollected by filtra-
tion. The residue was then triturated with 0.1 ¥ HCI and (1.1
N NuOH, washed with water, filtered again, and dried in vacio.
‘This gave 8.2 g (70.7%) of white, solid acrylamide. Crystalliza-
tion from methanol at —80° gave an analytical sample, mp
118-122°, Heating of these compounds led to polyinerization:
AN 5,08 and 6.04 (C=0), 6.17 (C=C), 3.08 p (NH).
N,N’-Decamethylenebis(3-aziridinylpropionamide) (13).—A
mixture of 2.00 g (0.00712 mole) of bisacrylamide 9, 50 ml of
niethanol, and 3.66 mi (3.05 g, 0.0712 mole) of aziridine wux
stirred at room temperature for 8 days under Ny. All of the
aerviamide did not dissolve at first, but after 4 day= the solution
wis clear.  The solvent was removed in vacuo and the residue
was dried at 1 mm for 12 hr to yield 1.04 g (61.5<) of white,
spougy solid: M 6.1 (C=0), 3.04 p (NH). An analytical
sample, mp 194°, of the bis-mustard hydrochloride was prepared
by reaction with gaseous HCI in ethanol.

(6) (a) T. Oshima, C. Saito, and T. Okagami, Japanese Patent 29,844
(19641: Chem. Abstr.. 62, 11782 (1963): (b) A. 8. Tomeufeik, S. D, Willsou,
A. W, Vogel, and A. Sloboda, Vature, 191, 611 (1961): British Patent 9115.-
186 (196U,

(71 1. M. Goodridge, W, ', Huntress, and R, P. Bratzel, (v ce Chenoe-
Drapa Rept., 26, 841 (1965,
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Biological Methods and Results.-—The compounds listed in
Tables IT aud IIT were evaluated ax iuhibitors of reproduetion
b our colony of houseflies (Musca domestica 1..). The method
was that previously reported.’

Ehrlich Ascites.—The tumor wus maintaived rontinely by
weekly ntraperitoneal injection of male Swiss mice (Sinwonsen
Lab) with 1 X 108 tumor cells, in a volume of 1.2 mi of saline.
For screening studies, the mice received I X 10° timor cellx
itraperitoneally.  Twenty-four hours later the wmiice were
randomly distribnted into control and experimental groups.
There were ten mice per experimental gronp and between 30 and
40 coutrol mice per experiment. The compounds were dissolved
in HsO or suspended by sonification in water with Tween 80, 2
drops/10 ml, and injected intraperitoneally once daily for six
ijections,  All amimals were sacrificed 24 hr after the last injection
and the volume of ascites waz measured. v some ibstances, the
total pucked-cell vidume (TPCV) wax determined. The TPCV
is deterniined as the product of ascitoerit {per cent packed cells)
and the total ascitie tumor volume (see Table 1),

Where indicated and possible, the therapentic index (T1) wis
determined. 'The TT is the ratic of the dose which kills 107, of
the mice (L.t to the dose which inhibits TV 907, (1D,

T addition, sternal bhoize marrow samples were taken in some
skanees fo determive degree of depression of marrow elements.
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for the synthesis of 3-halogenated thyronines, particu-
larly the unknown 3-chlorothyronine, the chlorinated
derivates of which would be of pharmacological interest
if they were to lead to an iodine-free thyroxine an-
tagouist.

Of the niethods available for the synthesis of 3-
iodothyronine,? that of Roche and collaborators,?d
wherein the diphenyl ether linkage of the thyronine
analog is formed by a condensation in aqueous solution,
was considered to have the potential of producing
reasonable quantities of 3-halogenated thyronines with
the wminimum possibility of contamination by 3,5-
dihalogenated products. Indeed, by this method 3-
iodothyronine could readily be synthesized using, in
the present instance, hippurie rather than aceturie
acid in the Erlenmeyer azlactone synthesis.3

However, synthesis of the desired chlorothyronine
was not achieved in this nianner. Treatnient of
the diazotized amine with the strongly acid solutions
of cuprous chloride usually employed in the Sandnieyer
reaction caused considerable dechlorination. And,
in contrast to the analogous iodine conipound, the
solubility charaeteristies of the chloro conipound did
not. differ sufficiently froni those of the unchlorinated
compound to perniit purification by ervstallization as
o miatter of practical synthesis.

The lability of the iodine atom in 3-iodothyronine
has been studied in depth by Jorgensen and Reid.*
It now appears that the chlorine atom in monochloro-
thyronine is unstable under the conditions of the Sand-
meyer reaction whieh readily perniit synthesis of the
dichloro derivative.?

The reaction was not investigated further since it
was found possible to adapt the iodonium salt reaction,
successfully used in the case of 3,5-dihalogendted
thyronines,® to the synthesis of 3-chloro- as well as
3-iodothyronine. Optically active conipounds could
be expected by this route. Although no reaction took
place under conditions which led to good vields of di-
halogenated derivatives, in methanol either at boiling
temperature®®d or at room teniperature,’ good vields
of nmonohalogenated thyrouines were obtained in di-
utethylformamide at slightly elevated temperature,

X
Doy

I, X = NO.»;: R =CHO

I, X = NO,; R = CH=C(NHCOC:H;)COOH
111, X = NOy; R = CH=C(XNHCOC:H;)COOC,H;
IV, X = NH,; R = CH=C(NHCOC:H;)COOH

V, X = 1. R = CH=C(NHCOC:H;)COOH

VI, X =I; R = CH=C(NHCOCH;)COOC,Hx
VII, X = CI; R = CH=C(NHCOC:H;)COOH

(2) (a) J. Roclie, R. Michel, and W. Wolf, Compt. Rend., 389, 597 (1954);
(b) Bull. Soc. Chim. France, 464 (1957): (c) G. L. Gemmill, J. J. Anderson,
and A. Burger, J. Am. Ckem. Soc., T8, 2434 (1956); (d) J. Roclie, R. Michel,
J. Nunez, and C. Jacquemin, Compt. Rend., 245, 77 (1957): (e) J. 8. Varcoe
and W. K. Warburton, J. Chem. Soc.. 2711 (1960).

(3) Subsequent to the work on the iodo compound, exploitation of this
roiute was reported in the patent literature: R. 1. Meltzer, U. 8. Patent
2,954,399 (1960).

(4) E. C. Jorgensen and J. A. W, Reid. J. Org. Chem., 29, 3396 (1964).

(5) W, K. Warhurton, J. Chem. Soc., 2655 (1961).

(6) (a) G. Hillmann, Z. N«turforsch., 11b, 419 (1956): () U, 8. Patent
2,886,592 [1957): (e) P. . Hevilacqua, .. T, Plati, and W, Wenuer, U, 8.
Patene 2.8054927 (1959); (1) A. Dibhbo, L. Stephenson, T. Walker, and W,
K. Warburtou, J. Chkem. Soc., 2645 (1961).
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although these conditions gave unsubstituted thyro-
nitie only in poor yield.

Physiological Activity.—Testing of the trichloro-
thyronine was carried out by J. A. Pittman of the
TUniversity of Alabama Medical Center. Unlike 3,37,-
5'-trilodo-di-thyronine, the trichlorinated thyronine
showed no thyroxine antagonism when assaved by
suppression of basal metabolic rate in thyroidectomized
rats maintained on thyroxine. Iu addition, it did not
clevate the thyroidal radioiodine uptake in nornial rats,
nor did it show any thyronminietic activity by lowering
the radioiodine uptake or elevating the hasal metabolic
rate.

Experimental Section

3-Nitro-4-(4 -methoxyphenoxy )benzaldehyde (I).—4-Chloro-
3-nitrobenzaldehvde’ (100 g, 0.54 mole), 100 g (0.81 mole) of
p-methoxyphenol, 5.35 g of sodium bisulfite, 41.5 g (0.3 mole)
of K.COj;, and 1100 m! of water were boiled under reflux with
stirring for 1.5 hr. The reaction mixture was poured into 8 1. of
water and refrigerated overnight. The supernatant was decanted
and the solid erystallized from 500 ml of 9539 ethanol to give
111.5 g (769) of I, mp 65-66°.3

3-Nitro-4-(4-methoxyphenoxy )-a-benzoylaminocinnamic Acid
(I1).—The aldehyde I (21.8 g, 0.08 mole) was dissolved in 26 ml
of warm acetic anhydride. To the cooled solution was added
14.5 g of hippuric acid and 8 g of KHCOs.* The suspension was
warmed until effervescence began (ca. 60°). The heat source
was removed. Effervescence proceeded spontaneously until the
reaction mixture solidified and the temperature rose to about
95°. After the temperature had fallen, 50 ml of water was added,
and the vellow crystals of the oxazolone were filtered, washed
with water and cold ethanol, and dried. The crude oxazolone
was boiled for 5 min in 1.2 1. of 339, ethanol containing 24 g of
NaOH. The cooled solution was neutralized with 5 N HCI, and
the filtered precipitate crystallized from 400 m! of AcOH; yield
26 g (759), mp 222-223°.

Anal. Caled for CusHisN2Oi: C, 63.6; H, 4.2; N, 6.45.
Found: C, 63.8; H, 4.2; N, 6.4.

Ethyl 3-Nitro-4-(4-methoxyphenoxy )-«-benzoylaminocinna-
mate (III).—The crude, dried material from the interaction of
21.8 g of the aldehyde I and hippuric acid was suspended in 500
m! of commercial absolute ethanol, 3 g of Na,CO; was added, and
the suspension was boiled under reflux for 0.25 hr louger than
the time required for dissolution of the solid, with only excess
Na:CO; remaining. The solution was filtered hot, treated with
water to precipitation at the boiling point, and cooled, and the
light yellow ester separated: yield 26.5 g (759;), mp 128-129°,

Anal. Caledfor C;;HuNyO7: C,64.9; H,4.8; N,6.1. Found:
C, 64.9; H,49; N, 5.9.

3-Amino-4-(4-methoxyphenoxy )-a-benzoylaminocinnamic Acid
(IV).—The nitro compound II (21.7 g, 0.05 mole), dissolved in
200 ml of water by means of the minimum amount of NaOll
solution, was hydrogenated at 2.1 kg/em? at 20°, using 2 g of
unreduced 109 PdCl-C as catalyst.'® The absorption of hydro-
gen ceased within 40 min, after 3 moles had been taken up. The
amine was precipitated from the filtered solution with 1:1
HCI and erystallized quickly from 100 ml of preheated ethanol;
vield 17.5 g (87%), mp 183-184°. For analvsis the amine was
dissolved in 509, ethanol by means of a minimum quantity of
concentrated HCI, treated with decolorizing earbon in the cold,

(7) R. 1. Meltzer, 8. Farber, E. Meirill. and A. Caro, J. Org. Chem., 28,
1414 (1961).

(8) By using only one-half as much p-methoxyphenol as Roche and col-
laborators, isolation of the compound is simplified without sacrificing yield
or purity: J. Roclie. R. Michel, J. Nunez, and C. Jacquemin, Compt. Rend.,
244, 1507 (1957).

(9) The use of KHCO; gave higher yields in this case than did NaOAie:
A. Galat, J. Am. Chem. Soc., T2, 4438 (1950).

(10) R. Mozingo, ‘Organic Syntheses,'* Coll. Vol. 111, John Wiley and
Sons, Ine., New York, N, Y., 14565, p 685, The ratio of Pd: C used was double
that of procedure C, p 686. With this catalyst only the nitro group was
reduced.
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reprecipitated with base, and finally ervstallized from its cold,
dilnte =obition in ethanol by addition of pentane; mp 188°,

The amine was white when preeipitated fram its sobition e
base, T early mns, warming the white precipitate in ethanol
caised the color to change to deep gold, with a concomitant
change in the nuture of the precipitate from gelatinons to sandy.
In later runs this did not oeccur, but the final product varied in
color from grayvish white to tan.

Awal, Caled for ColleeNLOL: C 6805 FL O N, 6.,
¢, 68,4 10, 5.2; N, 6.9,

3-lodo-4-(4-methoxyphenoxy )-«-benzoylaminocinnamic Acid
(V) --The amine IV was converted to the iodo compound by
the method of Chalmers, e al.," using one-half ax much NaNO.
as 1s required for tetrazotization. A crude vield of 750 wuax
obtained. Oue crystallization from 1-propanol gave mp 21615
211.5°, sulficiently  pure for hydrolyxiz to  3-iodothyroniue.
Hecrystallization vaized the melting paint to 215.5-214.5° (it 2
2162185,

Ethyi 3-Iodo-4-(4-methoxyphenoxy )-«-benzoylaminocinnamate
(VD).—When the ester IIT was reduced in ethanol with PdCL,-C,
no crystalline amine could be obtained. It was therefore reduced
I acetie aeld and diazotized as above without being isolated.
The CHCle solution was passed through an alumina eolumn to
remove dark imipurities, the CHCl; wus evaporated, and the
rexidile wus crystallized several times from 759 ethanol; vield
500, mp 126-127°.

The ester conld also be made from acid V by warming it in five
parts of acetic anhydride until solution was effected and maintain-
Ing the reaction in a boiling water bath for (L5 hr. The oxazolone
wis separated, wiashed, and treated as in the synthesis of the
bitro ester TH1. Recrystallization from 75 ethanol gave 80¢ of
(he ester, mp 125- 1202, identical with the ester from the diazotiza-
tion by mixtnre melting poiut and infrared spectruni.

Anal, Caled for ColHoINO;: €, 55.3; H,4.1; 1,234, Found:
C, 554 11, 40 1, 23

3-Chloro-4-(4-methoxyphenoxy )-«-benzoylaminocinnamic Acid
(VII).-—-The amiune IV was diazotized as above as well as
aqueons solution,® nud added to a cold solution of cuprous chio-
ride? ' made from 70 g of CuSQy in 400 m! of concentrated HCI,
50 il of water, und 400 mi of CHCI;. The reaction mixture was
stirred and slowly warmed to 40° and allowed to stand overnight.
From the CHCI; solution on evaporation there was obtained 35
g of a proditet, mp 187-189° after two recrystallizations from 60¢;
ethanol, Further erystallization from a mixture of benzene and
acefonitrile raised the melting point to 193-195°. In several
runs the percent of chlorine averaged only two-thirds of the
theoretical 8.4¢,. The same free acid was obtained from the
ester after anhydrous diazotization. !

The hnpure material was reduced and hydrolyzed as in the
prepariation of 3-iodo-d{-thyroniue below. The mixed thyronines
were cliromatographed on paper, wsing t-amyl alcohol=5 N NH,-
Ol as solvent.? A stroug spot appeared under uv light which
ran parallel with aud showed the same fluorescence as thyronine,
ax well us a darker spot which ran nhead (#21 ~0.34). A solution
of the mixure was streaked on glass plates coated with 1-mm
(hick Lyers of cellulose and developed in the same solvent sys-
tem. Uunder av light the two coustitnents were removed from
the plates and eluted from the cellulose with dilute NH,OMH.
The infrared spectrum of the substance with the lower Ry was
identical with that of au authentic sample of di-thyronine.

3-Todo-pL-thyronine.—The substituted «-benzoylaminocin-
nantic aeid Voor its ethyl ester VI (7 g) was boiled under reflux
i 45 ml of AcOH containing 3 g of red phosphorous and 1.2 ml
of 57¢. T After 1.5 hr 7.5 ml of 4877 HBr wns added and the
refluxing was contimed a further 3.5 hr?® P was renoved and
the filtrate was evaporated to dryuess nnder vacuum. The resi-
due was taken up in 7t ml of water, extracted twice with ether,
111(1 11(1111‘1li7.ed (NH,OT1) at the boiling point. There resulted

5o (8500 of ¢rude lodothyronine, mp 235-237°.  Elimination
of a snudl anount of thyrouine, as deterniined by paper chro-
matography, wias best effected in the hydrochloride,?e mp 2406~
2480,

Fonred:

i11) L. R. Chahers, G. T. Dickson, J. Elks, and B, A, Hems, J. Chem.
mor., 33T (1949).

(12) C. & Marvel and S. M. Mc¢Ehain, “Organic Syuntheses,'”” (ulh
Vol 1, Johun Wiley and 2ons, Inc.. New York, N. Y., 1836, p 170,

(31 P. Rlock, dr., and G Powell, J. Awm. Chem. Soc., 64, 1073 (10421,
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3-Chloro-l- and -d/-tyrosine.---{- imd /=ty rosine were ehlorin-
ated by the method of Zeyuek. ™ Tt was preferable taomse 2.5 Sines
the mmont of AeOT siggested to avoid solidifieation of (he rene-
Hon mixiure, The yield was not adversely alfected.

N-Acety!-3-chloro-/-tyrosine.—A stirred solution of 15 g of
S-chloro-l-tyrosive in 330 ml of 2 .V NaOIT was treated by the
dropwise addition of 36 ml of Ac;0 duriug 1 I while the reaction
temperiture wis maintaitied at 5--10°, The solution was allowed
ta stand overnight. It was then treated with suibeient 4t
NaOll to raise the plfl to 11 and allowed to stand another 3 .
Coneentrated HCT was added to pll 1. During both nentraliza-
lions the temperature was maintained below 20°. After refriger-
Hob the 155 g of ernde product abtained wis ervsiallized from
7.5 vol. of wm‘r to give 11.9 g (660 of product, mp 1657,
fao ' +02° (o 1, ethanol).

dnal, Caled ]'ur CaHeCINO,: 051030 1 4.7,
5160 1L 47

3-Chloro-di-tyrosine was acetylated s above to give a 63¢,
vield ot a crude product, mip 173-174° after crystallization from
4 vol. ol water.

Anal. Caled for CoH,.CINO,:
sl H, 4.6,

N-Acetyl-3-iodo-l- and -di-tyresine.—Acetvlation of J-iodo-I-
tyrosine as above gave a monohydrate, mp 102-103° after re-
erystallization from 7 vol. of 2097 ethanol and dryving (vaaunn,
201°5,% To M + 54 (¢ 1,034, ethanol).

nal, Caled Tor CyHuINO 00 ) 36.0;
4.9, Found: C, #36.2: I, 4.8; 11O, 4.0.

3-Todo-di-tyrosive similarly acetylated gave a 750 vield ol an
anhydrons acetvl derivative after crvstallization from 7 vol. of
33¢, ethavol, mp 190-192°,

Jdnal. Culed for CyHRINO,:
3750 H, 3.6

The 3-1odoryrosines made by direct iodination'® were contami-
nated by a small amount of diiedotyrosine, estimated ut 2€. by
paper chromuatography, that conld not be removed by recry >t.1l-
lization either of the free amino acid or its N-acety! derivative.
Tu the latter ease, the svstem 1-butanol-ethannl-0.5 A NH,OH©w
wis satisfactory for separation of 3-lodo- from 3, 3-diiodo-N-
acetyltyrosines.

S-Todotyrosines aud the acetyl derivatives synthesized by the
method of Harington aptl Pitt-Rivers?s were chromatographically
pire.

N-Acetyl-3-chloro-{- and -d/-tyrosine Ethyl Esters. A. By
Chlorination of N-Acetyl-c/-tyrosine Ethy! Ester..—The ester
(10 g) was dissolved in 100 ml of AcOI and treated at room teni-
perature with 3 ml of 80,Cl,.  After standing several hours the
solution was evaporated to a light yellow syrup.  This wux dix-
solved in 50 mi of CHCly;, and the solution was washed with 23
mlof water followed by enough 2 .\ Na«CO, to maintain an exeess
after neutralization of acid.  After washing with a further 25 ml
of water and drving (MgSO,), the solution was evaporated ai
rediced pressiire nsivg a few milliliters of added methuvol 16
remove all of the CHCL.  The residne was crystallized 1wice fron
3300 MeOTl: 7.3 g (6500 mp 126-127°,

Anal, Caled Tor CyHCINO,: C, 5460 1 o050 L1124,
Found: €, 5420 11, 5.6: Cl, 12.2,

Simularly, N-ucetyl-l-tyrosine ethyl ester?® was chlorinated to
N-acetvi-i-tyvrosive ethyl ester, mp 96-100° after several recrystal-
lizatioms from 17 vol. of 3370 MeOl: {a]%p =27° (¢ 1, ethaval s

Anal, Found: €, 34.6: H, 5

B. By Esterification of N-Acetyl-3-chioro-/- and -Ji-tyrosine.

~N-Acetvi-3-chloro-I-tyrosine (Ith g), 1 g of p-toluenesulfonic
‘1(1d, 7 ml of ethanol, and 325 mil of CHQCl; were heated nnder
reflux with separation of the water formed.  After 4 hr a further
3 mi of ethanol was added, and the refluxing continued for 4 more
hr. ‘The CHCl solntion was wished (a0, Na,COy, (1), dried

Fomned:

Coons 470 Pound:

H, 3.5 110,

(G VI S | N

Fomnd: (0,

{141 R. Zeynek, Z. I"hysinl. Chem., 144, 247 (1925]),

C(15) Myp 159-160.5° (nucor) is referred to by W, E. Mayberrs, [ L. Rab.
aud 1D, Bertol, JJ. Am. Chem. Spc.. 86, 5302 (1964). Ou Lhe hasis of (he
analyeis presented, this i« the anhydrons compound,

16y R. Pit{ Rivers, Cherne. Irod, (1L oudon), 21 (1956},

(17) M. F, 8, 1%l Hawary and R. H. S, Thowmpson, Bilarkes.. J., 83, 511
(14953).

¢18) ¢, R. Haringten and R. Pitt-Rivers, t/d.. 38, 320 (1944).

192 1 H. Barueg, R. ¢, Cookson, G. T. Dickson, 1. Flks, and V. I
Poale, JJ. Ckem. Sor,, 1463 11953).  Available commercially from Niocidount
Piochemicals Corpe,, Cleveland, Ohio,
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(MgS0y), and evaporated. Crystallization from 17 vol. of 33%
MeOH gave the ester, mp 99-100°.

N-Acetyl-3-iodo-di-tyrosine Ethyl Ester.—Esterification of
N-acetyl-3-iodo-dl-tyrosine by the above method gave a 75
vield of the ester, mp 138.5-140.5°, from aqueous ethanol.

Anal. Caled for CsHi(INOy: C, 41.4; H, 4.3. Found: C,
41.2; H, 4.15.

N-Acetyl-3-lodo-i-tyrosine ethyl ester was prepared as above
but has not vet been crystallized. It was used for the preparation
of 3-iodothyronine in the form of a gum.

3-Chloro-di-thyronine.—Unrecrystallized di(p-anisyl)iodonium
bromide’® (21 g, 0.05 mole) and 7.2 g (0.046 mole) of Ag:80;
were stirred 2 hr in 120 ml of water. Some decolorizing charcoal
was added, the solids were removed by filtration, and the solution
was treated with an aqueous solution of 3 g of NaCl. There
resuited 14.5 g (83¢¢) of the iodonium chloride, mp 202-203°,
not raised by recrystallization. This salt (3.77 g, 0.01 mole),
N-acetyl-3-chloro--tyrosine ethyl ester (3.43 g, 209 excess), and
0.65 g of NaOMe were added to 30 mli of redistilled DMF. The
reaction was stirred while being kept at 50-55° for 14 hr. The
solvent was removed under vacuum and the residue, treated as
has been desecribed, was shaken with 40 ml of benzene together
with 25 ml of 3%, HCI. The separated benzene layer was washed
(two 15-ml portions of H;0O, two 10-ml portions of 1 N NaOH,
three 10-m! portions of H.0) and dried, the benzene was removed
by evaporation, and the residue was treated with 25 ml of petro-
lemin ether (bp 30-60°). The solvent was removed by decanta-
tion and the residual oil refluxed in 30 m! of AcOH and 5 ml of
HBr (48%) for 3.5 hr. After evaporation under reduced pres-
sure, the residue was taken up in 35 mi of water and extracted
twice with ether, The solution was heated to remove ether and
nentralized hot (NH4OH). The yield of crude 3-chloro-ii-
thyronine was 2.3 g (75%). For purification it was suspended in
hot water, dissolved with the help of HCI, treated with charcoal,
and reprecipitated (NH,OH) after the addition of a few drops of
AcOH, mp 221-223°. Toremove all traces of thyronine for analy-
sis, the hydrochloride was precipitated by adding concentrated
HCI to the solution of the amino acid in 2 ¥ HCI and reconverted
to the free amino aeid.

Anal. Caled for Ci;HiCINOg: C, 58.5; H, 4.6; Cl, 11.5.
Found: C, 58.3; H, 4.8; Cl, 11.4.

In similar fashion, by substituting 4.5 g of either iodo isomer,
3-iodothyronine results. It is purified by crystallization from
2 N HCI without adding concentrated acid.2e

3,3'-Dichloro-di-thyronine.—3-Chloro-dl-thyronine (1.23 g,
0.004 mole) was dissolved by warming in 20 ml of AcOH. To the
cooled solution was added 0.4 m! (0.67 g, 0.005 mole) of SO.Cl,.
After 1 hr the solution was warmed to 60° then evaporated under
vacuum. The residue was taken up in water and precipitated
from the hot solution (NH,OH); yield 1.1 g (809%). A product
containing only a trace of trichlorothyronine was obtained by
repeating the precipitation from acid solution, but for analysis
the hydrochloride was precipitated as above. After neutraliza-
tion of the hydrochioride in the usual manner, the dichloro-
thyronine melted at 226-228°,

Anal. Caled for Ci;Hi;CLNOy: Cl, 20.7. Found: Cl, 204,

3,3',5-Trichloro-dl-thyronine.—3-Chloro-dl-thyronine (1.23 g,
0.004 mole) was dissolved in 6 ml of AcOH by warming. To the
cool solution 0.9 ml (1.5 g, 0.011 mole) of SO.Cl; was added slowly
with stirring. The temperature of the reaction was allowed to
rise while gas was evolved and a precipitate appeared. After
1 hr the reaction was warmed to 60-70° for 0.5 hr, 6 mlof 3.3 N
HCIl was added, and the hydrochloride, after refrigeration, was
filtered and dissolved in 35 ml of 209, ethanol containing a few
drops of AcOH. The hot solution was filtered and reheated, and
the amino acid preipitated (NH,OH); yield 1 g (65%), mp
224-225°,

Anal. Caled for C;;H,,CENO4: Cl, 28.2, Found: Cl, 28.0.
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The usual method of preparation of racemic ephe-
drine is by catalytic hydrogenation of acetylbenzoyl
in the presence of methylamine. In all previous re-
ported syntheses, regardless of reaction conditions or
hydrogenation catalyst used, the only basic products
isolated were ephedrine and small amounts of pseudo-
ephedrine, the erythro and threo diasteroisomers. In
the conversion to the ephedrines the aminomethyl
group was found to enter exclusively 8 to the phenyl
group. This was attributed by Alanske and Johnson?
to deactivation of a-carbonyl group by the phenyl ring.
Skita and Keil® considered the selectivity to be a fune-
tion of steric control, whereby methylamine reacts
with the carbonyl adjacent to the smaller group.
Couturier* explicitly stated that no monoamine « to
the phenyl or a,8-diamine is formed in this synthesis.
The catalysts that have been employed in prior syn-
theses are PtO,,2% colloidal Pt,? activated Al,® Pt—-Pd,’
and Raney nickel 4?

We now wish to report the isolation, characterization,
and pharmacology of XN,N’-dimethyl-1-phenyl-1,2-
propanediamine (I), obtained in the ephedrine syn-
thesis from acetylbenzoyl.

CH;:NH-CH:;OH

CsH;COCOCH; —_—

H:

C:H;CHOHCH(CH;)NHCH; + C:H;(CHNHCH;),CH,4
dl-ephedrine I

The initial catalyst employed was 1:1 59, Pt/C-5%,
Pd/C since that catalyst system has been found to be
very effective for the conversion of isonitrosopropio-
phenone to phenylpropanolamine.® In almost all of
the previous reported ephedrine syntheses 1-2 moles
of methylamine/mole of acetylbenzoyl were employed
and in the ptesent program the first experiments utilized
a ratio of 2.5:1. Catalytic hydrogenation was carried
out at ambient temperature except for the initial stage
which was approximately 10° higher due to the reac-
tion exotherm. The reaction mixture was treated in
the typical manner used to isolate ephedrine hydro-
chloride, but the melting range of the product was
broad and exceeded the reported melting point of
ephedrine hydrochloride. The dihydrochloride of I
was isolated by virtue of its insolubility in hot 2-
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