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patent. '' Bis 11C1 salts of the derived, bis-muslards (see Experimental Section), 

acrylamides (n = 1-6) as antitumor agents has been 
claimed by several laboratories,6 and the results of the 
antitumor screening of a large number of aziridine com­
pounds have been tabulated.7 The results obtained 
for some of the compounds reported in this paper are 
given in Table I along with data for "HX2" obtained 
in a similar test system. Compound 12 (n = S) demon­
strated interesting activity in this screen, its favorable 
therapeutic index being coupled with a low degree of 
bone marrow depression. 

Experimental Section 

The following are general procedures for ihe preparation of 
compounds reported in Tables I I and I I I . 

N,N'-Decamethylenebisacrylamide (9).—Acrylyl chloride 
(11.8 ml, 13.5 g, 0.15 mole), dissolved in 150 ml of benzene, and 
K2CO3 (27.6 g, 0.20 mole) were stirred at 0° under N2. 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 N HC1 and 0.1 
A" NaOH, washed with water, filtered again, and dried in 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: 
x ' r ' 5.98 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 was 
stirred at room temperature for 8 days under N2. All of the 
acrylamide did not dissolve at first, but after 4 days 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: X^'f' 6.1 ( C = 0 ) , 3.04 M (NH). An analytical 
sample, mp 194°, of the bis-mustard hydrochloride was prepared 
by reaction with gaseous HC1 in ethanol. 

iti) (a) T . Osh ima , C. Sai to, and T . O k a g a m i , J a p a n e s e Patent . 29,844 
(1964); Chem. Abstr., 62, 11782 (1965); (b) A. S. Tomcufc ik , S. D . Willson. 
A. W. Vogel. and A. Sloboda, Xature, 191 , Al l (1961); British Pa t en t 9(1",,-
186 ( 19621. 

(?) T. II. ( iuodr idge W. 'I'. Hun t ress , and R. P. Bratzel C,u, tr f7,,-m..-
tl,fi„py Kept., 26, (141 l 196:1). 

Biological Methods and Results. The compounds listed in 
Tables II and III were evaluated as inhibitors of reproduction 
in our colony of houseflies (Musca domestica L.). The method 
was that previously reported.1 

Ehrlich Ascites.—The tumor was maintained routinely by 
weekly intraperitoneal injection of male Swiss mice (Simonsen 
Lab) with 1 X 106 tumor cells, in 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 dissolved 
in IEO 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 ascites was measured. In some instances, the 
total packed-cell volume (TPCV) was determined. The TPOY 
is determined as the product of ascitocrit (per cent packed cells) 
and the total ascitic tumor volume (see Table I). 

Where indicated and possible, the therapeutic index (TI,) wa> 
determined. The TI is the ratio of the dose which kills 10' , of 
the mice (L lVi to the dose which inhibits TV 90 r ; (El),,„;. 

In addition, sternal bone marrow samples were taken in sonic 
instances to determine degree of depression of marrow elements. 

Acknowledgment.---This work was supported by 1'. S. 
Public Health Service Grant G.M 11491. We wish to 
thank V. Tovar for assistance with the fly screening 
studies. The Ehrlich ascites data was obtained under 
the supervision of Dr. J. Scholler of these laboratories. 

3-Halogenated Thyronines 

P.u i . BLOCK, JR . 

Depurtuienl of ('hniiixinj, I Hivernili/ of Toledo, Toledo. Ohio 

Iteceivfil April .',, I'M! 

The discovery of the thyroxine-antagonistic proper­
ties of 3,3'-diiodothyronine and 3,3',"/-triiodothyro­
nine1 lias led to a study in this laboratory of methods 

\ I ) S. \\. P a r k e r , I ' . S. P i u m a n , ,1. A. t ' i t i m a n , Jr . , and S. It. 1011, ,li. 
inn. V. ) ' . A,;i<l. Sri.. 8G, ."45 '1960) . 
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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,2 t ha t of Roche and collaborators,2d 

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,f>-
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 characteristics of the chloro compound did 
not differ sufficiently from those of the unchlorinated 
compound to permit purification by crystallization as 
a mat ter of practical synthesis. 

The lability of the iodine atom in 3-iodothyronine 
has been studied in depth by Jorgensen and Reid.4 

I t now appears t ha t the chlorine atom in monochloro-
thyronine is unstable under the conditions of the Sand­
meyer reaction which readily permit synthesis of the 
dichloro derivative.5 

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,6 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 
temperature6 b 'd or at room temperature,6" good yields 
of monohalogenated thyronines were obtained in di-
methylformamide at slightly elevated temperature, 

X 

C H : i O — ^ V - O — f ~ \ - R 

I, X = NO..; R = CHO 
II, X = NO^; R = CH=C(NHCOC6H5)COOH 

III, X = NO^; 11 = CH=C(NHCOC6H5)COOC2H;, 
IV, X = NHV; R = CH=C(NHCOC«H5)COOH 
V, X = I; R = CH=C(NHCOC6H5)COOH 

VI, X = I; R = CH=C(NHCOC6H6)COOC2Hr, 
VII, X = CI; R = CH=C(NHCOC6H5)COOH 

(2) (a) J. Roche, R. Michel, and W. Wolf, Compt. Rend., 239, 597 (1954): 
(b) Bull. Soc Chim. France, 464 (1957); (c) G. L. Gemmill, J. J. Anderson, 
and A. Burger, J. Am. Chem. Soc, 78, 2434 (1956): (d) J. Roche, R. Michel, 
J. Nunez, and C. Jacquemin, Compt. Rend., 246, 77 (1957); (e) J. S. 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, .7. Chem. Soc, 2655 (1961). 
(6) (a) G. Hillmann, Z. Naturforsch., l i b , 419 (1956): (b) U. S. Patent 

2,886,592 (1957); (c) P. F. llevilacqua, .1. T. Plati, and W. Wenner, U. S. 
Patent 2,895,927 (1959); 01) A. Uibbo, L. Stephenson, T. Walker, and \V. 
K. Warburton, J. Chem. Soc, 2645 (1961). 

although these conditions gave unsubsti tuted thyro­
nine only in poor yield. 

Physiological Activity.—Testing of the trichloro-
thyronine wTas carried out by J. A. P i t tman of the 
University of Alabama Medical Center. Unlike 3,3' ,-
5'-triiodo-(//-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 
elevate 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-nitrobenzaldehyde7 (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 K2C03, and 1100 ml 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 crystallized from 500 ml of 95% ethanol to give 
111.5 g (76%) of I, mp 65-66°.8 

3-Nitro-4-(4-methoxyphenoxy)-a-benzoylaminocinnamic Acid 
(II).—The aldehyde I (21.8 g, 0.08 mole) was dissolved in 20 ml 
of warm acetic anhydride. To the cooled solution was added 
14.5 g of hippuric acid and 8 g of KHCO3.9 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 yellow 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 33% ethanol containing 24 g of 
NaOH. The cooled solution was neutralized with 5 Ar HC1, and 
the filtered precipitate crystallized from 400 ml of AcOH; yield 
26 g (75%), mp 222-223°. 

Anal. Calcd for C23HiSN207: 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)-a-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 Na2C03 was added, and 
the suspension was boiled under reflux for 0.25 hr longer than 
the time required for dissolution of the solid, with only excess 
Na2COs remaining. The solution was filtered hot, treated with 
water to precipitation at the boiling point, and cooled, and the 
light yellow ester separated; vield 26.5 g (75%), mp 128-129°. 

Anal. Calcd for C25H,2N207: 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 NaOH 
solution, was hydrogenated at 2.1 kg/cm2 at 20°, using 2 g of 
unreduced 10% PdCl2-C as catalyst.10 The absorption of hydro­
gen ceased w ithin 40 min, after 3 moles had been taken up. The 
amine was precipitated from the filtered solution with 1:1 
HC1 and crystallized quickly from 100 ml of preheated ethanol; 
yield 17.5 g (87%), mp 183-184°. For analysis the amine was 
dissolved in 50% ethanol by means of a minimum quantity of 
concentrated HC1, treated with decolorizing carbon in the cold, 

(7) R. I. Meltzer, S. 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 yield 
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, ,/. Am. Chem. Soc, 72, 4438 (1950). 

(10) R. Mozingo, "Organic Syntheses," Coll. Vol. I l l , John Wiley and 
Sons, Inc.. New York, N. Y., 1955, 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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reprecipituted with base, and finally crystallized from its cold, 
dilute solution in et.ha.nol by addition of pentane; nip 1NS°. 

The amine was white when precipitated from its solution in 
base. In early runs, warming the w"hite 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. 
In later runs this did not occur, but the final product varied in 
color from gravish white to tan. 

Anal. Calcd for (+«H2,XU>.,: ( \ ON.:!; II, .",.(>; N, 0.9. Found: 
0 , (iS.O; II, 5.2; X, 6.9. 

3-Iodo-4-(4-methoxyphenoxy)-«-benzoylaminocinnamic Acid 
(V).--The amine IV was converted to the iodo compound by 
I he method of Chalmers, et al.,11 using one-half as much NaXOo 
as is required for tetrazotization. A crude yield of 75+J was 
obtained. One crystallization from 1-propanol gave mp 210.5™ 
21 I.;">°, sufficiently pure for hydrolysis to 3-iodothyronine. 
Kecrvstallization raised the melting point to 2US.5-214.5° (lit.2'' 
216-218°). 

Ethyl 3-Iodo-4-(4-methoxyphenoxy)-a-benzoylaminocinnamate 
(VI). --When the ester I I I was reduced in ethanol with PdCI>-C, 
no crystalline amine could be obtained. It was therefore reduced 
in acetic acid and diazotized as above without being isolated. 
The CHCh solution was passed through an alumina column to 
remove dark impurities, the CHCb was evaporated, and the 
residue was crystallized several times from 75+, ethanol; yield 
50':;, 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 react ion in a boiling water bath for 0.5 hr. The oxazolone 
was separated, washed, and treated as in the synthesis of the 
nitro ester III . Recrystallization from 75+ ethanol gave 80f '( of 
the ester, mp 128-129°, identical with the ester from the diazotiza-
tion by mixture melting point and infrared spectrum. 

Anal. Calcd for C+.-JFJXO,-,: C 55.3; 11,4.1; 1,23.4. Found: 
C, 55.4: II, 4.1; I, 23.2. 

3-Chloro-4-(4-methoxyphenoxy)-a-benzoylaminocinnamic Acid 
(VII).—-The amine IV was diazotized as above as well as in 
aqueous solution,3 and added to a cold solution of cuprous chlo­
ride5'12 made from 70 g of C11SO4 in 400 ml of concentrated HC1, 
SO ml of water, and 400 ml of CHC13. The reaction mixture was 
stirred and slowly warmed to 40° and allowed to stand overnight. 
From the OHClj solution on evaporation there was obtained 35 
g of a product, mp 187-189° after two recrystallizations from 6 0 ' , 
ethanol. Further crystallization 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.11 

The impure material was reduced and hydrolyzed as in the 
preparation of 3-iodo-</Mhyronine below. The mixed thyronines 
were chromatographed on paper, using /-amyl alcohol-5 .V NH4-
OII as solvent.-'- A strong spot appeared under uv light which 
ran parallel with and showed the same fluorescence as thyronine, 
as well as a darker spot which ran ahead {lit ~0.34) . A solution 
of the mixture was streaked on glass plates coated with 1-mm 
thick layers of cellulose and developed in the same solvent sys­
tem. Under uv light the two constituents were removed from 
the plates and elided from the cellulose with dilute NH4OIl. 
The infrared spectrum of the substance with the lower Ri was 
identical with that of an authentic sample of (//-thyronine. 

3-Iodo-DL-thyronine.—The substituted a-benzoylaminocin-
namic acid V or its ethyl ester VI (7 g) was boiled under reflux 
in 45 ml of AcOIl containing 3 g of red phosphorous and 1.2 ml 
of 57 + III . After 1.5 hr 7.5 ml of 4S+ HBr was added and the 
refluxing was continued a further 3.5 hr.13 P was removed and 
the filtrate was evaporated to dryness under vacuum. The resi­
due was taken up in 70 ml of water, extracted twice with ether, 
and neutralized (NH,OII) at the boiling point. There resulted 
4.5 g (S3',") of crude iodothyronine, mp 235-237°. Elimination 
of a small amount of thyronine, as determined by paper chro­
matography, was best effected nil the hydrochloride,20 mp 246-
248°. 

i l l ) J. R. Cha lmers , C T. Dickson, J. Elks , a n d B. A. Hems, ./. Chem. 
Sor.. 3431 (1049). 

(12) C. Si. M a r v e l and S. M . M c E l v a i n , " O r g a n i c S y n t h e s e s , " Coil. 
Vol. 1, J o h n Wiley and Sons, Inc . , New York, X. V., 1936, p 170. 

(131 P . Block, Jr . , and O. Powell , ./. Am. Chem. Soc., 64, 107:5 (1942), 

3-Chloro-/- and -riZ-tyrosine. - /- and (//-tyrosine were chlorin­
ated by the method of Zeynek.14 It was preferable to tis-e 2.5 I hues 
the amount of Act HI suggested to avoid solidificat ion 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-Z-tyrosine in 330 ml of 2 A" XaOH was treated by the 
dropwise addition of 36 ml of Ac-O during 1 hr while the reaction 
temperature was maintained al 5-10°. The solution was allowed 
to stand overnight. It was then treated with sufficient 40 ' , 
NaOH to raise the pll to 11 and allowed to stand another 3 hr. 
Concentrated I1C1 was added to pll 1. During both neutraliza­
tions the temperature was maintained below 20°. After refrigera­
tion the 15.5 g of crude product obtained was crystallized from 
7.5 vol. of water to give 11.0 g (66++ of product, nip 165', 
|«'2,ii> +62° tc I, ethanol). 

Anal. Calcd for 0,,H+(TXO.,: C. 51.3: 11,4.7. Found: C, 
51.6; II, 4.7. 

3-('hloro-i//-tyrosine was acetylated as above to give a 6 5 ' , 
yield of a crude product, mp 173-174° after crystallization from 
4 vol. of water. 

Anal. Calcd for Cu l l , 2 C1XOJ: C. 51.3; 11,4.7. Found: C, 
51.0; II, 4.6. 

N-Acetyl-3-iodo-/- and -{//-tyrosine.—Acetylation of 3-iodo-/-
tyrosine as above gave a monohydrate, mp 102-103° after re-
crystallization from 7 vol. of 20 rc ethanol and drying (vacuum, 
20° ),15 rc++> +54 (" 1.034, ethanol). 

Anal. Calcd for Ci,I l ,oIX04-H:0: C, 36.0: It, 3.S; II.O, 
4.9. Found: C, 36.2; II, 3.8; 11,0, 4.6. 

3-lodo-i//-tyroshie similarly acetylated gave a 75' ,', yield of an 
anhydrous acetyl derivative after crystallization from 7 vol. of 
33'I' ethanol, mp 190-192°. 

Anal. Calcd for (+11 ,4X0, : C, 37.8; II, 3.5. Found: C, 
37.5: H, 3.6. 

The 3-iodotyrosines made by direct iodination1'1 were contami­
nated by a small amount of diiodotyrosine, estimated at 2C, In-
paper chromatography, that could not be removed by recrystal­
lization either of the free amino acid or its N-acetyl derivative. 
In the latter case, the system 1-butanol-ethanol-0.5 .Y XH-OH'7 

was satisfactory for separation of 3-iodo- from 3,5-diiodo-X-
acetyltyi'osines. 

3-Iodotyrosines and the acetyl derivatives synthesized by the 
method of Ilaringtoii and Pitt-Iiivers18 were chromatographicallv 
pure. 

N-Acetyl-3-chloro-/- and -r//-tyrosine Ethyl Esters. A. By 
Chlorination of N-Acetyl-c//-tyrosine Ethyl Ester.- The eMer 
(10 g) was dissolved in 100 ml of AcOH and treated at room tem­
perature with 3 ml of SO2CI2. After standing several hours the 
solution was evaporated to a light yellow syrup. This was dis­
solved in 50 ml of CHC13, and the solution was washed with 25 
ml of water followed by enough 2 .V Na :(X)i to maintain an excess 
after neutralization of acid. After washing with a further 25 ml 
of water and drying (MgSO.i), the solution was evaporated at 
reduced pressure using a few milliliters of added methanol to 
remove all of the CIIC1.-:. The residue was crystallized twice from 
33+ MeOII: 7.3 g (65+ !, mp 126-127°. 

Anal. Calcd for C,3H16C1X0,: C. 54.6; II, 5.6: CI. 12.4. 
Found: C. 54.2; II, 5.6: CI, 12.2. 

Similarly, X-acetyl-/-tyrosine ethyl ester19 was chlorinated to 
X-acetyl-'-tyrosine ethyl ester, mp 99-100° after several recrystal­
lizations from 17 vol. of 33+ MeOII: +++> - 2 7 ° (r 1, ethanol). 

Anal. Found: C, 54.6; 11,5.7. 
B. By Esterification of N-Acetyl-3-chloro-/- and -(//-tyrosine. 

--N-Acetyl-3-chloro-/-tyrosine (10 g), 1 g of p-toluenesulfonic 
acid, 7 ml of ethanol, and 325 ml of CIICI3 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 CHOI:, solution was washed (ITO, Xa,0O3 , II.O), dried 

,14) R. Zeynek, 7.. l'husxol. Chem., 144, 247 (1925). 
(15) M p 159-100.5° (uneor) is referred to by \V. E . M a y b e r r y , .1. E. Halt, 

and D. Hertoli , ./. . 1 * . Ctifin. Soc. 86, 5302 (1904). On the basis of the 
analysis p resen ted , this is tite a n h y d r o u s c o m p o u n d . 

(10) R. P i t t -R ive r s , Chem. lml. (London) , 21 (1956). 
(17) M. F . S. El Havvary and R. H. S. T h o m p s o n , Biochem. ,/., 53 , :i 1 1 

(19.53). 
i l 8 ) C, R. Hariiifrton and R. P i t t -R ive r s , ibid.. 38, 320 (1944). 
(19) .1. H . Barnes , R. C. Cookson, G. T . Dickson, .1. E.Iks, and V. 1). 

Poole, ./. Chem. Soc.. 1-103 (1953). Available commercia l ly from Xutr i t iomi i 
Kiochemicals Corp. , Cleveland, Ohio. 

et.ha.nol
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(MgS04), and evaporated. Crystallization from 17 vol. of 3 3 % 
MeOH gave the ester, mp 99-100°. 

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

Anal. Calcd for C13H16IN04: 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 yet been crystallized. I t was used for the preparation 
of 3-iodothyronine in the form of a gum. 

3-Chloro-cK-thyronine.—Unrecrystallized di(p-anisyl)iodonium 
bromide'0 (21 g, 0.05 mole) and 7.2 g (0.046 mole) of Ag;>S04 

were stirred 2 hr in 120 ml of water. Some decolorizing charcoal 
was added, the solids were removed bj ' 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-aeetvl-3-chloro-/-tyrosine ethyl ester (3.43 g, 20% excess), and 
0.65 g of NaOMe were added to 30 ml of redistilled D.MF. 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 3% HC1. The separated benzene layer was washed 
(two 15-ml portions of H 20, two 10-ml portions of 1 A' NaOH, 
three 10-ml portions of H20) 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 nil of water and extracted 
twice with ether. The solution was heated to remove ether and 
neutralized hot (NH4OH). The yield of crude 3-cbloro-tW-
thyronine was 2.3 g (75%). For purification it was suspended in 
hot water, dissolved with the help of HC1, treated with charcoal, 
and reprecipitated (NH4OH) 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 
HC1 to the solution of the amino acid in 2 X HC1 and reconverted 
to the free amino acid. 

Anal. Calcd for C^HnCLXOi: C, 58.5; H, 4.6; CI, 11.5. 
Found: C, 58.3; H, 4.8; CI, 11.4. 

In similar fashion, by substituting 4.5 g of either iodo isomer, 
3-iodothyronine results. I t is purified by crystallization from 
2 A" HC1 without adding concentrated acid.2e 

3,3'-Dichloro-d£-thyronine.—3-Chloro-(#-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 S02C12. 
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 4 0H) ; yield 1.1 g (80%). 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. Calcd for CiH^CI-NOi: CI, 20.7. Found: CI, 20.4. 
3,3',5'-Trichloro-ctt-thyronine.—3-Chloro-tW-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 S02C12 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 A" 
HC1 was added, and the hydrochloride, after refrigeration, was 
filtered and dissolved in 35 ml of 20% ethanol containing a few 
drops of AcOH. The hot solution was filtered and reheated, and 
the amino acid preipitated (NH4OH); yield 1 g (65%), mp 
224-225°. 

Anal. Calcd for CiiH]2Cl3N04: CI, 28.2. Found: CI, 28.0. 

Acknowledgment.—This investigation was supported 
in part by Research Grant AM 09988 from the Na­
tional Institute of Arthritis and Metabolic Diseases, 
U. S. Public Health Service. 

(20) J. T. Plati, TJ. S. Patent 2,839,583 (1958). 

N,N'-Dimethyl-l-phenyl-l,2-propanediamine. 
A Hitherto Unreported Product in 

Ephedrine Synthesis1 

SEYMOUR HYDEN, SANTO EMMANUELS, 
HENRY WETSTEIN, AND GODFREY WILBERT 

Nepera Chemical Company, Harriman, New York, 
a Subsidiary of Warner-Lambert Pharmaceutical Company 

Received April 21, 1967 

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 j3 to the phenyl 
group. This was attributed by Manske and Johnson2 

to deactivation of a-carbonyl group by the phenyl ring. 
Skita and Keil3 considered the selectivity to be a func­
tion of steric control, whereby methylamine reacts 
with the carbonyl adjacent to the smaller group. 
Couturier4 explicitly stated that no monoamine a to 
the phenyl or a,/3-diamine is formed in this synthesis. 
The catalysts that have been employed in prior syn­
theses are Pt02,2 's colloidal Pt,8 activated Al,6 Pt-Pd,7 

and Raney nickel.4,8 

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

CHaNHVCHsOH 
C6H5COCOCH3 >• 

m 
C6H5CHOHCH(CH3)NHCH3 + C6H5(CHNHCH3)2CH3 

cM-ephedrine I 

The initial catalyst employed was 1:1 5% P t / C - 5 % 
Pd/C since that catalyst system has been found to be 
very effective for the conversion of isonitrosopropio-
phenone to phenylpropanolamine.9 In almost all of 
the previous reported ephedrine syntheses 1-2 moles 
of methylamine/mole of acetylbenzoyl were employed 
and in the present 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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