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:irrylaiiiides (n = 1-6) as antitumor agents has becii 
calaimed by several laboratories,6 arid the results of the  
a11 titumor screening of a large number of aziridirie ram- 
pounds have been tabulated.' The results obtained 
for some of the compounds reported in this paper are 
giveti in  Table I along with data for "HS?" 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 
1 ~ 0 1 1 ~  inarrow depression. 

Experimental Section 
The  follovkig are geileral pro~edures  ~ " I I I ,  t h e  prrpnr:it ioii 01 

c.ompounds reported in Tables I1 arid 111. 
N,N'-Decamethylenebisacrylamide (9).-AcryIyl c.liloi,ide 

(11.8 ml, 13.5 g, 0.15 mole), dissolved iii l j 0  nil of benzeiie, atid 
K2COJ (27.6 g, 0.20 mole) were stirred at 0' under Sy. To t h i h  
mlutioii \yay added 6.5 g (0.039 mole) of 1,10-decamethyleiiedi- 
amitie dissolved in 250 ml of benzene. -4fter additiiiti \v:w 
complete (0.5 hr), t,he reaction was stirred at 0' for 2 hr .  \Vnter 
wis t,heii itdded and t,he resiiltirig precipitate collected t ~ y  fili r:i- 
t ioii. The resiche was then t,riturated with 0.1 dV IiC1 and ( I .  I 
.\ NaOIT, washed with water, filtered agaiii, arid dried in z'uciio. 
This gave 8.2 g (70.7%) of white, solid acrylamide. Crystalliza- 
tion from methanol a t  -80' gave an ailalytical sample, nip 
1 1X-122". F€eat,ing of these comporinds led t,o polymerizntioti: 
X;:::O' 5.98 and 6.04 (C=O), 6.17 (C=C), 3.08 p ( S H ) .  

N,N'-Decamethylenebis( 8-aziridinylpropionamide) ( 13).-~-.4 
mixture  if 2.00 g (0.0071'2 mole) of bisacrylamide 9, 30 nil oi 
rnethitriol, atid 3.66 ml (3.05 g, 0.0712 mole) of aziridine  tis 

-tiired itt room temperature for X days under 

was clear. The solvent was removed in Z U C I L O  and the residrie 
wiia dried a t  1 mm for 12 hr to yield 1.04 g (61.5:-i) of whit'e, 
hpoiigy solid: A",:' 6.1 (C=O), 3.04 p (NIT). -411 analytical 
i;tmple, mp 194", of the bis-mustard hydrochloride WRS preparrd 
Iiy reaction with gaseous HC1 in ethanol. 

tniide did not dissolve at first, but after 4 d 
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for the synthesis of 3-halogenated thyronines, particu- 
larly the unl;nowii 3-chlorothyronine, the chlorinated 
clerivates of whirh \\-auld lie of pharmac.ologic.al interest 
i f  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,2d 
wherein the diphenyl ether linkage of the thyronine 
analog is formed by :I condensation in aqueous solution, 
WLS considered to have the potentid of producing 
reasonable quantities of 3-halogenated thyronincs with 
t hc minimum possibility of c,oiitamiiiatioii by X, . i -  
t1ih:ilogeiiated products. Indeed, by this mcthod 3- 
iodothyronine could readily be syiithesized using, i i i  

the present iiistance, hippuric rather than aceturiv 
acid in the Erlenmeyer azlactone ~yn thes i s .~  

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 
react ion caused considerable dechlorination. And, 
in  contrast to the analogous iodine compound, the 
solubility characteristics of the chloro compound did 
not differ sufiriently from those of the unchlorinated 
compound to permit purification by c~rystnllizntion as 
:L matter of prac6c.d synthesis. 

The lability of the iodine atom in 3-iodothyronine 
has been studied in depth by Jorgensen and Reid.J 
I t  now appears that the chlorine atom in nionochloro- 
thyronine is unstable under the conditions of the Sand- 
meyer reaction which readily permit synthesis of the 
dichloro derivative.j 

The reaction was not investigated further since it 
was found possible to adapt the iodonium salt reaction, 
successfully used in the case of 3,S-dihalogenated 
thyronines,6 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 yields of di- 
halogenated derivatives, in methanol either a t  boiling 
temperature6brd or at room good yields 
of monohalogenated thyronines were obtained in di- 
mcthylformamide at slightly elevated temperature, 

" 

I, 
11. 

111; 
I \', 
I., 
1-1, 
1.11, 

I? = CHO 

although these conditions gave iinsubstituted thyro- 
nine only in poor yield. 

Physiological Activity.-Test iiig of tlic trichloro- 
thyronine was carried out hy .J. A. I'ittman of the 
University of Alabama AIcdiral Center. Unlike 3,3',- 
5'-triiodo-d/-thyroiiine, 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 
elcmte the thyroidal radioiodine uptake in normal rats, 
nor did it show any thyrominieticb artivity by loweriiig 
the r:ulioiodiiic uptnkc or elevating thc b:~s:d metabolic 
rate. 

Experimental Section 

3-Nitro-4-( 4 -methoxyphenoxy)benzaldehyde (1).-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 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 
wat,er arid refrigerated overnight. The sriperiiat,ant was decanted 
arid the solid crystallized from 500 ml of 9 5 5  ethaiiol to give 
111.3 g (76%) of I, mp 63-66°.8 
3-Nitro-4-(4-methoxyphenoxy)-a-benzoylaminocinnamic Acid 

(II).-The aldehyde I (21.8 g, 0.08 mole) was dissolved iii 26 ml 
of warm acetic anhydride. To the cooled solution was added 
14.5 g of hippuric acid and 8 g of KHC03.9 The suspeiisioii was 
warmed uiitil effervesceiice began (ca. 60"). The heat source 
was removed. Effervescence proceeded spontaneously until the 
reaction mixture solidified and the temperature rose to about 
95'. A4fter 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 oxazoloiie 
was boiled for 5 min in 1.2 1. of 33y0 ethanol containing 24 g of 
XaOH. The cooled solution was neutralized with 5 S HCI, and 
the filtered precipitate crystallized from 400 ml of AcOH; yield 
26 g ( 7 5 % ~ ) ,  mp 222-223'. 

Anal. Calcd for C23HISN20T: 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 ci-ude, dried material from the interaction of 
21.8 g of the aldehyde I and hippuric acid was suspended iii ,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 
SasCOs remaining. The solution was filtered hot, treat,ed with 
water to precipitation a t  the boiling point, arid cooled, arid the 
light yellow ester separated: yield 26.5 g ( i s % ) ,  mp 128-12!)0. 

Anal. Calcdfor C~ZHISN~O~:  C, 64.9; H, 4.8: N, 6.1. Foriiid: 
C, 64.9; H, 4.9; S, 5.9. 
3-Amino-4-( 4-methoxyphenoxy)-a-benzoylaminocinnamic Acid 

(IV).-The nitro compound I1 (21.i g, 0.05 mole), dissolved in 
200 ml of water by means of the minimum amount of ?;a011 
soliltion, was hydrogenated at  2.1 kg/cm* at 20", using 2 g ot 
Imredared 107; PdC1,-C as catalyst.1° The absorption of hydro- 
gen ceased a ithiii 40 min, after 3 moles had been taken lip. The 
amine was prmecipit,ated from the filtered solution with 1:  1 
HC1 and crystallized quickly from 100 ml of preheat,ed ethanol; 
yield l i . 5  g (87%), mp 183-184". For analysis t,he amine was 
dksolved in 50% ethanol by means of a minimum qiiantity of 
concentrated HC1, treated with decolorizing carbon in  the cold, 

( 2 )  (a )  J .  Roclie, R.  llicliel, and JV. \Yolf, C o m p t .  Rend., 239, 597 (1954): 
( e )  G. L. Gemmill, . J .  J. .indeIson. 

(d)  J. Roclie, R. hlichel, 
(e) J. S. Varcoe 

(3) Subsequent t o  the work on the  iodo compound, exploitation of this 
R. I. lIeltzer,  L-, 8. Patent 

(b) Bull. SOC. Cltim. Frrincr,  464 (1957); 
and h. Burger, J .  A m .  Chem. SOC., 78, 2434 (1956): 
,J, Nunez, and C. Jacquemin, C o m p t .  Rend., 246, 77 (195i) ;  
and \T. K. Warburton, J .  Chem. Soc., 2711 (1960). 

route was reported in the patent literature: 
2,954,399 (1960). 

(4 )  E, C. .Torgemen and .J. A .  \T. Reid, J .  O r g .  Chrm., 29, 3396 (1964). 
( , 5 )  IV. I<. \Tarhurton, .I. Chem. Soc.. 2656 (1961). 
( 6 )  (a )  0. Ilillmann, Z. S i i f u r f o r s r h . ,  l l b ,  419 (1950): ( I , )  U.  R. Patent 

(r) P. F. I:pvilac,qlla. . I .  T. Plati, and \Y. \Venner, V,  H. 
( < I )  .4, 1)iIiho. I,. Stephenson, T. \Talker, and \V. 

2,8813,592 (19.57); 
I'atrtii 2,895,927 (19.59): 
K. \ \ 'ur lni t iol l ,  J .  C ' h ~ r n ,  ,Sot., 2646 (1961). 

( 7 )  R .  I. hIeltzer, S. Farher,  E. hleirill. and A. Caro, J .  Org. Cliem.. 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 
o r  purity:  J. Roclie, R. l l ichel,  ,J. Nllnez, and C. Jacqriemin. Compt.  h'etid., 
244, 1507 (1957). 

(9) The use of KHCOa gave higher yields in this rase than did NaO.\c: 
A .  Galat, . I .  Am.  C h m .  Soc. ,  73, 4438 (1950). 

( IO)  R .  llozinpo, "Organic Syntheses," Coll. Vol. 111, John IViIey and 
*on*, Inc.. SPY. Y o r k ,  N. Y,, 1955, p 656. TIP ratio of P d :  C used Was doullle 
that  of proredwe C. t i  686. K i t h  this raralyst only the nitro group H a s  
reduced. 
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( l IgS04) ,  arid evaporated. Crystallization from 17 vol. of 33% 
:\LeOH gave the ester, mp 99-100". 

N-Acetyl-3-iodo-tl/-tyrosine Ethyl Ester.-Esterification of 
S-acetyl-3-iodo-dl-tyrosine by the above method gave a i 5  yo 
yield of the ester, mp 138.5-140.5', from aqueous ethanol. 

Anal. Calcd for CI,H161NOa: C, 41.4; H, 4.3. Foulid: C, 
41.2: H, 4.15. 

N-Acetyl-.7-iodo-l-tyrosine ethyl ester was prepared ab abovc 
hut has iiot yFt heen crystallized. It was used for the preparation 
of :j-iodothyloiiiiie in  the form of a gum. 
3-Chloro-dl-thyronine.-Unrecrystallized di( panisy1)iodoniuni 

(21 g, 0.0.5 mole) and i . 2  g (0.046 mole) of AgSO, 
were stirred 2 hr in  120 ml of water. Some decolorizing charcoal 
was added, the solids were removed by filt'ration, and the solution 
was treated with an aqrieous solrition of 3 g of NaC1. There 
resrrlted 14.5 g (8Sc;) of the iodoniiim chloride, mp 202-203", 
not raised by recrystallization. This salt ( 3 . i i  g, 0.01 mole), 
?rT-acetyl-3-chloro-/-tyrosiiie ethyl ester (3.43 g, 2057. excess), and 
0.6.5 g of XaOl te  were added to 30 ml of redistilled D N F .  The 
reaction was stirred while being kept a t  50-55" for 14 hr. The 
solveut was removed under vacuum and the residue, treated as 
has beeii described, was shaken with 40 nil of benzene together 
with 2,.i ml of 3Z HCl. The separated benzene lager was washed 
(two l,?-ml portions of H20, two 10-ml portions of 1 -Y NaOH, 
three IO-nil portions of H20) and dried, the benzene was removed 
by evaporation, and the residue was treated with 25 ml of pet,ro- 
leiiin ether (bp 30-60"). The solvent was removed by decant,a- 
tioii and the residiial oil refluxed in 30 ml of A4cOH and 5 ml of 
HBr 1 4 8 5 )  for 3 . * 5  hr. ilfter evaporation iinder reduced pres- 
sirre, the residue was taken up in 35 nil of water and ext,racted 
twice with ether. The solution was heated to remove ether and 
neutralized hot (NHaOH). The yield of crude 3-chloro-i1/- 
thyronine was 2 .3  g (757,). For purification it was suspended in 
hot water, dissolved with the help of HC1, treat,ed with charcoal, 
and reprecipitated (SHaOH) aft,er the addition of a few drops of 
AcOH, mp 221-223". To remove all t'rares of thyronine for analy- 
sis, the hydrochloride was precipitated by adding concentrated 
HC1 to the solution of the amino acid in 2 AV HC1 and reconverted 
to the free amino acid. 

dnal .  Calcd for C1;Hi,ClSO(: C, 58.5; H, 4.6; C1, 11.5. 
Foiind: C, 58.3; H, 4.8; C1, 11.4. 

111 similar fashion, by substit,uting 4.5 g of either iodo isomer, 
3-iodothyronine results. It is purified by crystallization from 
2 HC1 without adding concentrated acid.*e 

3,3'-Dichloro-dl-thyronine.-3-Chloro-d2-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 t'he solution was warmed to 60" then evaporated under 
vacuum. The residue was taken up in water and precipitated 
from the hot solution (NHaOH); 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 t'he hydrochloride in the usual manner, the dichloro- 
thyronine melted at  226-228". 

Anal. Calcd for CljH1,C12N04: C1, 20.7. Found: C1, 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 nil (1.5 g, 0.011 mole) of SO2C12 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 ,I' 
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 prcipitated (SHaOH); yield 1 g (65yG), nip 
224-225". 

Ana[.  Calcd for CljH,zC13NOd: C1, 28.2. Found: C1, 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. I n  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 /I to the phenyl 
group. This was attributed by Nanske and Johnson2 
to deactivation of a-carbonyl group by the phenyl ring. 
Skita and Iiei13 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 tha t  no monoamine CY to 
the phenyl or +diamine is formed in this synthesis. 
The catalysts that have been employed in prior syn- 
theses are Pt02,2J colloidal PtJ3 activated A1,6 Pt-Pd,' 
and Raney nickel.4r8 

We now wish to report the isolation, characterization, 
and pharmacology of S,S'-dimethyl-l-pheny1-1,2- 
propanediamine (I), obtained in the ephedrine syn- 
thesis from acetylbenzoyl. 

CHaXH?-CH30H 
CsHjCOCOCH3 --f 

H? 

CsHjCHOHCH(CHg)NHCH3 + C6H,(CHKHCH3)2CH, 
dl-ep hedrine 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 phenylpr~panolamine.~ In almost all of 
the previous reported ephedrine syntheses 1-2 moles 
of methylamine/mole of acetylbenzoyl were employed 
and in the pfesent program the first experiments utilized 
a ratio of 2 . 5 :  1. Catalytic hydrogenation was carried 
out a t  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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