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patent,

acrylamides (n = 1-6) as antitumor agents has been
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 system. Compound 12 (n = 8) demon-
strated interesting activity in this screen, 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 in Tables IT and II1.
N,N’-Decamethylenebisacrylamide (9).—Acryvlyl chloride
(11.8 ml, 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 N To this
solution was added 6.5 g (0.039 mole) of 1,10-decamethylenedi-
amine dissolved in 250 ml of benzene. After addition was
complete (0.5 hr), the reaction was stirred at 0° for 2 hr. Water
was then added and the resulting precipitate collected by filtra-
tion. The residue was then triturated with 0.1 ¥ HCl and 0.1
' NaOH, washed with water, filtered again, and dried n vacuo.
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 polymerization:
At 5,098 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
methanol, and 3.66 ml (3.05 g, 0.0712 mole) of aziridine wax
stirred at room temperature for 8 days under N.. All of the
acervlamide did not dissolve at first, but after 4 day= the solution
was 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,
spongy solid: Al g1 (C=0), 3.04 u (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 20,844
(1964); Chem. Abstr., 62, 11782 (1865); (b) A. 8. Tomcufeik, 8. D, Willson,
A. W. Vogel. and A. Sloboda, Nature, 191, 611 (1961); British Patent 905.-
186 (1962),

(7 T, H. Goodridge, W, 'l'. Huntress, and R, P. Bratzel, €'un er Cheneo-
therapy Rept., 36, 341 (1963).

! \/N(,‘Hg(‘[hC()NH('(‘II-;),ZNII(‘()(‘H;»(THQN/

Yield, wreemmeesClaled, s = e Found, (f——mee
- C H N C H N
67

42.0 TS 12.2 42.0 .02 12.0
RO

+4.7 T2 1.6 44,0 702 7
62

470 N2 1y 4 7.2 826 1.0
62

480 N3 1,4 48.7 h N 10,6

No duta arve given i this

Biological Methods and Results.--The compounds listed in
Tables IT and II1 were evaluated ax inhibitors of reproduction
in our colony of houseflies (Musca domestica 1..). The method
was that previously reported.!

Ehrlich Ascites.—The tumor was maintained routinely by
weekly intraperitoneal injection of male Swiss mice (Simonsen
Lab) with 1 X 108 tumor cells, i1 a volume of 0.2 ml of saline.
For screening studies, the mice received 1 X 10% tumor cells
intraperitoneally.  Twenty-four hours later the mice were
randomly  distributed into control and experimental groups.
There were ten mice per experimental group and between 30 and
40 control mice per experiment. The compounds were digsolved
in H.O or suspended by sonification in water with Tween 80, 2
drops/10 ml, and injected intraperitoneally once daily for six
injections,  All animals were sacrificed 24 hr after the last injection
and the volume of aseites was measured. In some instances, the
total packed-cell volume (TPCV) was determined. The TPCV
is defermined as the product of ascitoerit (per cent packed cells)
and the total aseitic tumor volume (see Table 1).

Where indicated and possible, the therapeutic index (T1) was
determined. The TI is the ratio of the dose which kills 10¢, of
the mice (L) to the dose which inhibits TV 90C7 (I ).

In addition, sternal bone marrow samples were taken in some
stances to determine 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-
tagonist.

Of the methods 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 minimum possibility of contamination by 3,5
dihalogenated products. Indeed, by this method 3-
iodothyronine could readily be synthesized using, in
the present instance, hippuric rather than aceturic
acid in the Erlenmeyer azlactone synthesis.3

However, synthesis of the desired chlorothyronine
was not achieved in this manner. Treatment of
the diazotized amine with the strongly acid solutions
of cuprous chloride usually employed in the Sandmeyer
reaction caused considerable dechlorination. And,
in contrast to the analogous iodine compound, the
solubility characteristies of the chloro compound did
not differ sufficiently from those of the unchlorinated
compound to permit purification by crystallization as
a matter 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 which readily permit 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-dihalogenated
thyronines,® to the synthesis of 3-chloro- as well as
3-iodothyronine. Optically active compounds could
be expected by this route. Although no reaction took
place under conditions which led to good yields of di-
halogenated derivatives, in methanol either at boiling
temperature®d or at room temperature,® good yields
of monohalogenated thyronines were obtained in di-
methylformamide at slightly elevated temperature,

X
oo Cyod Y

I, X = NO,;: R = CHO

II, X = NO;; R = CH=C(NHCOC:H;)COOH
1II, X = NO»;; 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,H;,
VII, X = Cl; R = CH=C(NHCOCH;)COOH

(2) (a) J. Roche, R. Michel, and W. Wolf, Compt. Rend., 289, 597 (1954);
(b) Bull. Soc. Chim. France, 464 (1957); (¢) G. L. Gemmill, J. J. Anderson,
and A. Burger, J. Am. Chem. Soc., T8, 2434 (1956); (d) J. Roche, R. Michel,
J. Nunez, and C. Jacquemin, Compt. Rend., 248, 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
route was reported in the patent literature: R. I. Meltzer, U. S. Patent
2,954,399 (1960).

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

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

(6) (a) G. Hillmann, Z. Nuturforsch., 11b, 419 (1956); (1) U. 8, Patent
2,886,592 (1957); (¢) P. I'. Bevilacqua, J. T. Plati, and W, Wenner, U. 8.
Patent 2,805,427 (1959); (1) A. Dibbo, L. Stephenson, T. Walker, and W,
K. Warhurton, J. Chem. Soc., 2645 (1961).
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although these conditions gave unsubstituted thyro-
nine only in poor vield.

Physiological Activity.—Testing of the trichloro-
thyronine was carried out by J. A. Pittman of the
University of Alabama Medical Center. Unlike 3,3/,-
5'-trilodo-d{-thyronine, the trichlorinated thyronine
showed no thyroxine antagonism when assayed by
suppression of basal metabolic rate in thyroidectomized
rats maintained on thyroxine. In addition, it did not
clevate the thyroidal radioiodine uptake in normal rats,
nor did it show any thyromimetic activity by lowering
the radioiodine uptake or elevating the basal metabolic
rate.

Experimental Section

3-Nitro-4-(4 -methoxyphenoxy )benzaldehyde (I).—4-Chloro-

3-nitrobenzaldehyde’ (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 KsCO;, and 1100 ml of water were boiled under reflux with
stirring for 1.5 hr. The reaction mixture was poured into 8 L. of
water and refrigerated overnight., The supernatant was decanted
and the solid crystallized from 500 ml of 959 ethanol to give
111.5 g (769%) of I, mp 65-66°.3

3-Nitro-4-(4-methoxyphenoxy }-«-benzoylaminocinnamic Acid
(II).—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 KHCO;.* The suspension was
warmed until effervescence began (ca. 60°). The heat source
was removed. Effervescence proceeded spontaneously until the
reaction mixture solidifiled and the temperature rose to about
095°.  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 ¥ HCl, and
the filtered precipitate crystallized from 400 m! of AcOH; yield
26 g (759,), mp 222-223°,

Anal.  Caled for CoxHisNoOq:
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
ml of commercial absolute ethanol, 3 g of Na,CO; was added, and
the suspension was boiled under reflux for 0.25 hr longer than
the time required for dissclution of the solid, with only excess
NayCO; 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 128-120°,

Anal. Caled for CesHuNyO7: C,64.9; H,4.8: N,6.1. Found:
C, 64.9; H, 4.9; 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 NaOTl
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 crystallized quickly from 100 ml of preheated ethanol;
vield 17.5 g (879%), mp 183-184°. For analysis the amine was
dissolved in 509 ethanol by means of a minimum quantity of
concentrated HCI, treated with decolorizing carbon in the cold,

C, 63.6; H, 42; N, 6.45.

(7) R. 1. Meltzer, 8. Farber, E. Merrill, and A. Caro, J. Org. Chem., 26,
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 vield
or purity: J. Roche, R. Michel, J. Nunez, and C. Jacquemin, Compt. Rend.,
244, 1507 (1957).

(9) The use of KHCO3 gave higher yields in this case than did NaOAc:
A. Galat, J. Am. Chem. Soc., 72, 4438 (1950).

(10) R. Mozingo, 'Organic Syntheses,”” Coll. Vol. III, John Wiley and
Rons, Ine., New York, N, Y., 1955, p 685, The ratio of Pd: C used was double
that of procedure C, p 686. With this eatalyst only the nitro group was
reduced.
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reprecipitated with base, and finally erystallized from its cold,
dilute solution in ethanol by addition of pentane; mp 188°,

The amine was white when precipitated from its solution in
base.,  In early runs, warming the white precipitate in ethanol
caused the color to change to deep gold, with a concomitant
change in the nature of the precipitate from gelatinous to sandy.
I later runs this did not oceur, but the final product varied in
color from gravish white to tan.

Anal, Caled for Co T NLOL: O, G835 H, 500 Ny 690 Found:
¢, 68,00 11, 5.2 N, 6.9,

3-Iodo-4-(4-methoxyphenoxy )-«-benzoylaminocinnamic Acid
(V).-~The amine IV was converted to the iodo compound by
the method of Chalmers, et al.,’' using one-half as much NaNO,
as s required for tetrazotization. A crude yield of 759 was
obtained.  One crystallization from 1-propanol gave mp 210.5 -
211.5°, sufficiently pure for hydrolysiz 1o 3-iodothyronie.
Recrystallization raised the melting point to 213.5-214.5° (lit. 2
216-21K8°5.

Ethy! 3-Iodo-4-(4-methoxyphenoxy )-«-benzoylaminocinnamate
(VI).——When the ester ITT was reduced in ethanol with PdCL-C,
no crystalline amine could be obtained. It was therefore reduced
in acetic acid and diazotized as above without being isolated.
The CHCly solution was passed through an alumina column to
remove dark impurities, the CHCl; was evaporated, and the
rexidue was crystallized several times from 757 ethanol; yield
500, mp 126-127°.

The ester could 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 (.5 hr.  The oxazolone
was separated, washed, and treated as in the synthesis of the
nitro ester 111, Reerystallization from 75¢% ethanol gave 80¢ of
the ester, mp 128-129°, identical with the ester from the diazotiza-
tion by mixture melting point and infrared spectrum.

Anat. Caled for CosHnINO;: C, 55.3; H,4.1; 1, 23.4. Found:
¢, 5045 I, 4.1 1, 23.2.

3-Chloro-4-(4-methoxyphenoxy )-«-benzoylaminocinnamic Acid
(VID).—The amine IV was diazotized as above as well as iu
aqueous solution,® and added to a cold solution of cuprous chlo-
ride 12 made from 70 g of CuS0s in 400 ml of concentrated HCI,
S0 ml of water, and 400 ml of CHCl,.  The reaction mixture was
stirred and slowly warmed to 40° and allowed to stand overnight.
From the CHCly solution on evaporation there was obtained 33
g of a product, mp 187-189° after two recrystallizations from 60%
ethanol, Further erystallization from a mixture of benzene and
acetonitrile 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 impure material was reduced and hydrolyzed as in the
preparation of 3-iodo-d/-thyronine below. The mixed thyronines
were chromatographed on paper, using t~amyl alcohol-3 N NH,-
OIT us solvent.?s A strong spot appeared under uv light which
ran parallel with and showed the same fluorescence as thyronine,
ax well as o darker spot which ran ahead (£; ~0.34). A solution
of the mixture was streaked on glass plates coated with I-mm
thick lavers of cellulose and developed in the same solvent sys-
tem. Under uv light the two constituents were removed from
the plates and eluted from the cellulose with dilute NH4OH.
The infrared spectrum of the substance with the lower Rt was
identical with that of an authentic sample of di-thyronine.

3-Iodo-pL-thyronine.—The substituted «-benzoylaminocin-
namic acid V or its ethyl ester VI (7 g) was boiled under reflux
in 45 ml of AcOH containing 3 g of red phosphorous and 1.2 ml
of 37¢; I, After 1.5 hr 7.5 ml of 4877 HBr was added and the
refluxing was continued a further 3.5 hr.t* P was removed and
the filtrate was evaporated to dryness under vacuum, The resi-
due was taken up in 70 ml of water, exiracted twice with ether,
and neutralized (NH,OIT) at the boiling point, There resulted
4.5 g (8377 of crude iodothyronine, mp 235-237°.  Elimination
of a small amount of thyronine, as determined by paper chro-
matography, was best effected via the hydrochloride,* mp 246~
24K°,

11y J. R. Chalmers, G. T. Dickson, J. Elks, and B. A, Hems, J. Chent,
Soc., 3431 (19495,

(12) C. &, Marvel and 8. M. McElvain, “Organic Syntheses,”” Coll.
Vol. 1, John Wiley and Sons, Inc., New York, N. Y., 1856, p 170,

(sy P. Block, Jr., and G. Powell, J. Am. Chem. Soc., 64, 1073 (1942),
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3-Chloro-/- and -dl-tyrosine.—[- and di-tyrosine were chlorin-
ated by the method of Zeyvnek .1 Tt was preferable (o use 2.0 times
the amonnt of AcOH suggested to avoid solidification of the reac-
tion mixture,  The yield was not adversely affected.

N-Acetyl-3-chloro-(-tyrosine.—A stirred solution of 15 g of
3-chloro-l-tyrosine in 330 ml of 2 .V NaOH wax treated by the
dropwise addition of 36 ml of Ae,0) during 1 hr while the reaction
temperature wax mainrained at 5-10°. The solution was allowed
to stand overnight. Tt was then treated with sufficient 40¢,
NaOH to raise the pll to 11 and allowed 1o stand another 3 hr.
Concentrated HC was added to pH 1. During both neutraliza-
tions the temperature wus maintained below 20° After vefrigera-
tion the 15.5 g of erude product obfained was ervstallized from
75 voll of water to give 11.9 g (66770 of product, mp 1657,
L' %D 4-62° (¢ 1, ethanol).

Anal, Caled for CHRCINO,: €0 513
She; L 47,

S-Chloro-di-tyrosine was acetylated as above to give a 65¢,
vield of a erude product, mp 173-174° after crystallization from
4 vol. of water.

Anal. Caled for CHCINOy: C, 51.3; H, 4.7,
51.0; H, 4.6

N-Acetyl-3-jodo-/- and «d/-tyrosine.——Acetvlation of 3-iodo-(-
tyrosine as above gave a monohydrate, mp 102-103° after re-
crvstallization from 7 vol. of 2097 ethanol and drving (vacuum,
20°),B T %y 54 (¢ 1.034, ethanol).

Anal, Caled for CrHpINOg-:0:0 € 36,00 H, 3.8 1LO,
4.9. Found: C, 36.2; H, 3.8; H0, 4.6.

3-lodo-di-tyrosine similarly acetyvlated gave a 757 vield of an
anhvdrous acetvl derivative after crvstallization from 7 vol. of
33¢, ethanol, mp 190-102°,

Anal. Culed for CyHRINO: €, 37.8;
3750 H, 3.6

The 3-todotyrosines made by direct lodination' were contami-
nated by a small amount of dilodotyrosine, estimated at 29, by
paper chromatography, that could not be removed by recerystal-
lization either of the free amino acid or its N-acetyl derivative.
In the latter case, the svstem I-butanol-ethanol-0.5 A" NH,OH"
was satisfactory for separation of 3-iodo- from 3,5-diiodo~N-
acetvitvrosines.

3-Iodotyrosines and the acetyl derivatives svnthesized by the
method of Harington and Pitt-Rivers!® were chromatographieally
pure.

N-Acetyl-3-chloro-({- and -di-tyrosine Ethyl Esters. A. By
Chlorination of N-Acetyl-d(-tyrosine Ethyl Ester.-—The ester
(10 g) was dissolved in 100 ml of AcOH and treated at roonmi tem-
perature with 3 ml of 8O.Cl,.  After standing several hours the
solution was evaporated to u light yellow syrup. This was dis-
solved in 50 ml of CHCl;, and the solution was washed with 25
ml of water followed by enough 2 X" Na.CO3 to maintain an excess
after neutralization of acid.  After washing with a further 25 ml
of water and dryving (MgSO,), the solution was evaporated
reduced pressure using a few milliliters of added methanol 1o
remove all of the CHCL.  The residue was crystallized twice from
33¢0 MeOTL; 7.3 g (6570, mp 126-127°,

Anal. Caled for CuHBCINO,: €, 5460 [T, 560 ClLo124,
Found: C, 54.2: 11, 5.6: Cl, 12.2,

Similarly, N-aucetyl-l-tyrosine ethyl ester’® was chlorinated to
N-acetvl-l-tyrosine ethyl ester, mp 99-100° after several recrystal-
lizations from 17 vol, of 337 MeOH: [«1®n =27° (¢ 1, ethanol),

Anal, Found: C, 54.6; H, 5.7.

B. By Esterification of N-Acetyl-3-chloro-/- and -d/-tyrosine.
—N-Acetyl-3-chloro-l-tyrosine (10 g), 1 g of p-toluenesulfonic
acid, 7 ml of ethanol, and 325 ml of CHCl; were heated under
reflux with separation of the water formed. After 4 hr a further
3 ml of ethanol was added, and the refluxing continued for 4 more
hr. The CHCL solution wus washed (H.0, NaCOy, 11,0), dried

H, 4.7, Found: ¢,

Found: (),

H, 3.5, Found:

{14) R. Zeynek, Z. Physiol. Chem., 144, 247 (1925).

(15) Mp 159-160.5° {uncor) is referred to by W. E. Mayberry, [. I, Rali.
and D. Bertoli, J. Am. Chem. Soc., 86, 5302 (1964). On the hasis of the
analysis presented, this is the anliydrous compound.

116y R. Pitt-Rivers, Chem. Ind. (London), 21 (1956).

(17) M. F. 8, Il Hawary and R. H. S. Thompson, Biochem. .J., 88, 341
(1953).

(18) . R. Harington and R. Pitt-Rivers, 1bid,, 38, 320 (1944).

(19) J. H. Barnes, R. C, Cookson, G. T. Dickson, J. Elks, and V. D.
Poole, J. Chem. Soc., 1463 (1953). Available commercially from Nutritionnl
Biochemicals Corp,, Cleveland, Ohio,
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(MgS804), and evaporated. Crystallization from 17 vol. of 339,
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 757
vield of the ester, mp 138.5-140.5°, from aqueous ethanol.

Anal. Caled for CyHieINO.: C, 41.4; H, 4.3. Found: C,
41.2; H, 4.15.

N-Acetyl-3-iodo-/-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:S0,
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
resulted 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-i-tyrosine ethyl ester (3.43 g, 209, excess), and
0.65 g of NaOMe were added to 30 ml 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 described, was shaken with 40 ml of benzene together
with 25 ml of 37, HCL. The separated benzene layer was washed
(two 13-ml portions of H;O, two 10-ml portions of 1 N NaOH,
three 10-ml portions of H;O) and dried, the benzene was removed
by evaporation, and the residue was treated with 25 ml of petro-
leum ether (bp 30-60°). The solvent was removed by decanta-
tion and the residual oil refluxed in 30 ml 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 ml of water and extracted
twice with ether. The solution was heated to remove ether and
neutralized hot (NH,OH). The yield of crude 3-chloro-i-
thyronine was 2.3 g (75%). For purification it was suspended in
hot water, dissolved with the help of HC], treated with charcoal,
and reprecipitated (NH,OH) after the addition of a few drops of
AcOH, mp 221-223°, To remove all traces of thyronine for analy-
sis, the hydrochloride was precipitated by adding concentrated
HCl to the solution of the amino acid in 2 ¥ HCI and reconverted
to the free amino acid.

Anal. Calcd for CUH“CINO.ﬁ C, 585, I{, 46, 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 erystallization from
2 N HCI without adding concentrated acid.ze

3,3’-Dichloro-dl-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 ml (0.67 g, 0.005 mole) of SO.Cls.
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 hydrochloride in the usual manner, the dichloro-
thyronine melted at 226-228°.

Anal. Caled for C;;H;;CLNOy: Cl, 20.7. Found: Cl, 20.4.

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 ml of 3.3 N
HCI was added, and the hydrochloride, after refrigeration, was
filtered and dissolved in 35 ml of 209, ethano! containing a few
drops of AcOH. The hot solution was filtered and reheated, and
the amino acid preipitated (NHOH); yield 1 g (659), mp
224-225°,

Anal. Caled for C;H;:CLNOs: 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 Manske and Johnson?
to deactivation of a-carbonyl group by the phenyl ring.
Skita and Keil® considered the selectivity to be a func-
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 «,8-diamine is formed in this synthesis.
The catalysts that have been employed in prior syn-
theses are PtO,,%% 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;, — —

CsH;CHOHCH(CH;)NHCH; 4+ CsH;(CHNHCH;),CHj,4
dl-ephedrine I

The initial catalyst employed was 1:1 5%, Pt/C-5%,
Pd/C since that catalyst system has been found to be
very effective for the conversion of isonitrosopropio-
phenone to phenylpropanoclamine.® 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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