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some binding of DBA by such amino acids as leucine, 
isoleucine, and phenylalanine. 

To test these expectations, the experiments described 
in the first paper mere repeated with DBA instead of 
DEA, using glycine, alanine, leucine, isoleucine, phenyl- 
alanine, and serine as amino acids, serine being included 
in order to test the ability of the strongly hydrogen- 
bonding OH group to overcome the competition of the 
carbon tetrachloride. In  the experiments with DEA, 
the OH group proved a potent binding factor in both 
serine and threonine. 

As expected, none of these amino acids showed any 
binding of DBA in the pH range 8.5 to 10.2 where bind- 
ing of DEA is quite pronounced.’ There was, however, 
unmistakable binding of DBA by leucine in the pH 
range 7.0 to 7.5 where both DBA and leucine are pre- 
dominantly cationic and where consequently, from the 
results obtained with DEA, one would predict no bind- 
ing at  all (Fig. 1). That binding does nevertheless 
occur can hardly be attributed to anything but van 
der Waals bonding between the butyl groups of DBA 
and the isobutyl group of leucine. As would be ex- 
pected of van der TJ‘aals bonding, leucine binds DBA 
niuch more weakly than DEA, giving rise to a maximum 
binding coefficient [DBA-leucine complex]/( [DBA] 
[leucine]) = 2.2, against 9.7 for the DEA-leucine 
complex. 

That isoleucine shows no binding a t  any pH may 
perhaps be attributed to steric hindrance: the branch- 
ing in the alkyl chain near the polar end of the amino 
acid molecule interferes with the close approach of the 
DBA required for binding. The same may apply to 
phenylalanine. 

If these considerations are valid, the experiments 
reported here may be said to provide a model for several 
known factors of drug-receptor interaction, namely, the 
role of van der Waals bonding between drug and recep- 
tor, the role of steric factors, and the importance of solu- 
bility effects. In  cases for which the present instance 
can serve as a model, a lipophilic phase (carbon tetra- 
chloride here, fat in the organism) can compete for the 
drug with the receptor, while the opposite should be 
true for receptors in body fats. It should be noted 
that these results also are a model of specificity. In 
the experimental arrangement used here, the amino 
acids could distinguish between two compounds as 
closely related in both structure and basicity as DEA 
and DBA, binding the former and rejecting the latter. 
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It has been established that analogs of the naturally 
occurring thyroid hormones in which the iodine atoms 
a t  positions 3 and 5 have been replaced by methyl 
groups (Ia)3 and by halogens other than iodine (Ib)‘ 

retain significant thyroxine-like activity. Thyronine 
derivatives with a single iodine atom in the alanine 
bearing ring (IC) show thyroxine antagonist proper- 
ties5.6; 3,5-dinitrothyronines (Id) have been found to 
possess neither thyroxine-like nor thyroxine antagonist 
proper tie^.^ 

H o ~ o ~ c H 2 ~ ~ ~ o o H  

R5‘ R5 
IR: 113 R5 = CH3, R3’ = I, Rj’ = H 
Ib: RP = R6 = Br, R 3 /  = I, R6< = H; R3 = RPi = I, Rs = 

Rzt = C1 --” - -  
IC: RP R3’ I, Rg = R5’ E H 
Id: R3 = Rg = Sot, R3’ = R5’ = I 

H Ie: RI = Rs = COOH, R3’ = Rs’ = 

In  studies relative to substituent requirements in the 
alanine bearing ring of the thyronine nucleus, we have 
prepared additional 3,Ci-disubstituted analogs: 3,s- 
diamino-DL-thyronine (Iv) ,  3,5-dianiino-3’-methyl-~~- 
thyronine (VII), and 3,5-dicyano-~~-thyronine (XIII) . 
The diamino analogs, IV and VII, were assayed for 
thyromimetic activity and IV was tested for anti- 
thyroxine effect. Barnes, et U Z . , ~  have reported the 
synthesis of 3,5-dicarboxy-~-thyronine. Since this 
material does not appear to have been evaluated biolog- 
ically, we have prepared 3,5-dicarboxy-~~-thyronine 
(Ie), and have tested it both for thyroxine-like and for 
ant it h yroid effect . 

Synthesis.-Chalmers, et al. ,9 have described the 
preparation of the L-isomer of the dinitrothyronine 
derivative I1 and the corresponding diamino derivative 
111. From DL-111, 3,5-diamino-~~-thyronine (IV) has 
been prepared by hydrolysis with hydriodic acid. 
Since a substituent such as iodine a t  position 3’ is 
required for maximum potency in the thyronine series, 
iodination of 3,5-diamino-DL-thyronine (IV) was at- 
tempted, using iodine in aqueous ethylamine3 and 
iodine monochloride in aqueous hydrochloric acid. 
Neither an iodinated product nor reactant could be iso- 
lated due to rapid farmation of dark polymeric ma- 
terial. 

It has been shorn" l 1  that 3,5-diiodothyronines 
bearing a 3’-methyl substituent possess a high order 
of thyromimetic potency. On this basis, it was felt 
that 3,5-diamino-3’-methyl-~~-thyronine (VII) should 
disclose any activity which might be present in the 
(1) Paper IX: E. C. Jorgensen and R. Cavestri, J. Pharm. Sci., 52, 481 
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diamiiio series, and the.. synthesis of this coiiipouiid 
wa\ carried out as showti ~P~OIT-. Reported methods 

NHCOCH3 
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for the synthesis of 3-methyl-l-nietlioxypheiiol (i'), in- 
volving either decomposition of the diazonium salt 
obtained from the corresponding or the Elbs 
persulfate oxidation,13 were found to he unsatisfactory 
in our hands. 3-~Ietliyl-.2-iiiethoxyacetophenonP 
(VIII) was converted to :-l-nietIi~-l-~-niethoxypheii~l 
acetate ( IS)  by a variatioii of the procedure of voti 
Wacek and Rezard.I4 The resulting acetate was Iiy- 
drolyzed under alkaline conditiolis to yield 3-methyl-4- 
methoxyphenol (I-). The required dinitrothyronine 
derivative VI was obtained from Tr and S-acetyl-X.3- 
diiiitro-DL-tyrosiiir ethyl ester hy tlie ?\Ieltzer15 modi- 
fication of the method of Barnes. ct al.'; catalytic rediw- 
tioii in the presenre of ex( hydrochloric. acid and 
hydrolysis of the mide  product g a w  T'II in 2OC4 yield. 

oco(:HJ OH 
VI11 IX V 

:~,5-I~icyano-DL-tliyroiiine IXIII) was prepared by 
replawmelit' of the iodine groups of S-trifluoroacsetyl 
:i,~-diiodo-oL-thvroiiiiie ethyl cst,er (SI) with cyano 

(12)  E. Barnberger. A n n . ,  390, 173 ( 1 9 1 2 ~ .  
(13) W. Raker and S. C. Brown. .I. ( ' h e m .  S o t . .  2308 f1448j .  
I 14) .\. yon Wacek and .i. Bexartl. Be? . ,  '74, 813 ( lQ41) .  
(15) R. I. Meltzer .  n. AI. Lustnarden. :Lnd .I. Fischniitn, J .  O r y .  ( ' h + m . ,  

aa, 1 x 7  ( 1 ~ 5 7 ) .  

groups, followed by removal of thr, protcctive g r o u p  
with niild alkalinr hydrolysis. 

Iodination of :j,j-dicyaiio-r,L-thyroniiie (XIII) a id  
of :~,S-dicarboxy-nL-thyroninc. (Ie) was attempted 
iisiiig iodine in aqueous ethylaiiiiue, but no pure  ti^- 

tcrial c ~ o i i l d  h i  isolated. 

I XL 

HO-0 e CHZCHCOOCIH:, I - OH 

C'N XI1 

CiS KH2 

(.Ii XI11 

Biological Results.-The t h j  i*oniiieh le, I\', and \?I 
were t e s t d  fo i  th\muine-likcJ activity by the rat 
aiitigoiter pi o c d ~ u x ~  ;I> d c  1hed pre\ 10usiy 'h I l l  

addition, c~otnpoiitid~ IC aiid I\' nerc  te&d for ailti- 
thyroid art  ivit y 1 ~ Y ~ I I ~ Y ~ I ~ I  t aii t administ rat ioii of 
thyimine mid tclbt c+oiiipoiuid t o  thiouracil-fed 1 at> ' 

c~spcrimcnts a w  hiiiniiiarized III 'l'athh 
11 that notic of tlie coIiipoIIiid< 

shon.cd dctcc.tahlc tliyi~)s~iic-likr o r  aiitithyroid a(.- 
tivity a t  t l i ~  tlosagc IC\ r l i  ctnplo~ ~ 1 .  I t  has iiot yet 
been possible to  ohtaiti biological data on the tlic.yatio- 
t hy ro t I inc  (XI  JI)  

Experimental 

Melting points were teken in c,apillarj- tubes in an oil bat,h ;tud 
:rre rorrect,ed. Slicroanttlj-ses by the IZicroanalytical I,:iboratorj., 
Department of Chemistry, Ilniversity of California, Berkele).. 
Cltraviolet specitra vcerf' dt3terniined [in a Cary Model 11 revording 
spectrophotometer :it :t concentr:ition uf 10 mg./100 nil .  in 0.0.; 
.Y aqueous sodium h>-tiroride. .Itid spectra were ohtainect 
tiy acidifying the ;ilkdine solutirms in the spectrophotorneter ccills 
wit,h 5 drops of 6 .V hydroc.hloric, avid. Pktincatiorl wrfficirnts 
for t,he acid solutions are therefore :tpprorimat,e. 

3,1-Dicarboxg-u~-thyronine t Ie i.-Oht:tined :is tl(ac*ritwtl !or 
the L-isomer by k t rncs ,  F /  nl.8 Sini~r  difficwlt\- was enc~uruntrrcv1 
in induring this relativel1- 1~~:iter-~oliililf~ i.ompound t~ prwjpit rrtc- 
from solution, tlie f(11I~i~virig piirific.:rtion procedure w:ts devised. 
.in aqueous soiutiiiri of  rhrb c:rilde dicarhoxythyronine, Obtitint'tf 
hy hl-driodic acid hydrolysis of 1 .O g. of ?;-acetyI-3-[3,5-di~yi~110- 
~-(p-methox~plienos~-)phenyl]-~~.-alnnine ethyl ester, wvas ciirti- 
matographed on 3 g. of Sephades CL2.5. Fractions of cduent 
(water) ecp:il to the vohinie of the column (15 1111.) were collected. 
The inorganic rc3:tctirin l)y-product ( S H J )  appenred in the first 
fraction nThich ciiiitained no amino acid. -111 the amino wid was 
eluted in the second and third fractions; the second fraction de- 
posited needles on sta,nding a t  room temperature; yield, 300 
mg. (35%),  n1.p. 1iigIit.r than 300", lit.8 higher than 380" for t l i r  
[.-isomer. 
. _ _ _ _ _ _ ~ ~  ~ -. 

(16) E. C .  Jorgenreri s n d  P. %de, J .  .\fed. Pharm.  Chem..  6, i29 (1962). 
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TABLE I 
RAT AXTIGOITER A4sS,%1- O F  THI-ROXIXE AXALOGS 

__-- - Thyroid Keieht, mg./100 g.-------- 
Animals treated with-------- 

7-- ThyroxineC - Potency, % 
Untreatedb Thiouracil 2 3 4 . 5  L-thyrox- 

animals only pg./100 g. pg./100 g. pg./lOO g. Compound ine 
6 .57  f 0.7jd 20.24 i 3.91 14.42 i 3 48 10.33 i 3.99 6.09 i 2.95 27.04 f 2 . 0  0 

7 . 0  zt 1.20  2 2 . 5  i 4.07 13 3 i 4.96 1 1 . 6  i 6 .21  6 . 5  zt 1 .36  23.8 i 3 .56  0 

7 .55  i 0.81 24.17 i 6 .28  19.53 zt 4.83 9.80 5 3 . 6 6  6 . 3 8  i 2 . 2 4  26.34 & 4.90 0 

_ _ _ ~ -  Compound-- 
Dosagea 

KO. Name level 
Ie  3 .5 -Di ra rboxy-~~-  1OO:l 

I\' 3,5-Diamino-DL- 1OO:l 
thyronine 

thyronine 
VI1 3,5-Diamino-3'-methyl- 100: 1 

DL-thyronine 
Ie  3 ,5-Dicarboxy-~~- 200: l  8 .22  i 1.62 29.8 i 4.45 18 .2  zt 5.21 10 .8  =i 3 . 6 1  9.16 zt 3.86 11.2 f 3.61 Antag.! 

thyronine and 3.0 

thyroxineCte 

thyronine and 3.0 

ag./100 g. L- 

I V  3 , 6 D i a m i n o - ~ ~ -  1 O O : l  6.57 i 0.75 20.24 i. 3.91 14.42 + 3 . 4 8  10.33 i 3.99 6.09 f 2.95 11.11 2.07 Antag.' 

pg. / lOO g. I? 

5 Molar ratio over the 3.0 pg./lOO g. level of thyroxine. 
' Sodium L-thyroxine pentahydrate. 

This group received normal feed. 
All figures are means for 6 animals zk standard deviation. 

All other animals received 0.3% thio- 
e Assay for uracil in their feed. 

antithyroid activity. Reversal of thyroxine effect not significant. 

Anal. Calcd. for C~HIEXOS: C, 56.51; H, 4.19. Found: 
C, 56.7; H, 4.4. Ultraviolet spectra: alkali, Amax 344 mp; 
t 24,850; acid, A,,, 295 mp; E 13,880. 
3,5-Diamino-n~-thyronine (IV).-The DL-dinitro ester 11 

(10.0 g., 0.022 mole) prepared as described9 for the L-isomer was 
dissolved in 100 ml. of methanol and shaken in the presence 
of hydrogen a t  an  initial pressure of 3.15 kg./cm.2 and 1 g. of 
10yG palladium-on-carbon for 7 hr. The observed uptake of 
hydrogen was 103c0 of the calculated amount for reduction of two 
nitro groups. The catalyst was removed by filtration through 
Celite and the methanol was evaporated a t  reduced pressure. 
When attempts to  crystallize bhe expected diamino ester failed, 
the black oil (8.5 9.) was dissolved in boiling acetic anhydride 
(10 ml.) and allowed to stand overnight. The resulting solution 
was treated a t  room temperature with 10 ml. of S sodium hy- 
droxide and extracted with chloroform. The chloroform! layer 
was washed with 5Y0 hydrochloric acid and with water; after 
drying, the chloroform was evaporated, leaving 11.3 g. of a black 
residue. This was chromatographed on 100 g. of acid-washed 
alumina; fractions were eluted wit'h chloroform-benzene, 
chloroform, and methanol. On evaporat'ion, the fraction eluted 
with chloroform deposited 9.0 g. of a black residue. This was 
dissolved in a minimum amount of ethanol; on cooling, 1.2 g. 
(1201,) of crystalline X-acetyl-3-[3,5-diacetamido-4-(p-meth- 
oxyphenoxy)phenyl]-n~-alanine ethyl ester was deposited, n1.p. 
205-206", lit.9 for the L isomer, 226-227". This acetamido 
derivative (1.0 g., 2.1 mmoles) was heated under reflux Kith 10 
ml. of glacial acetic acid and 10 ml. of 47% hi  driodic acid for 4 hr. 
The acids were removed by dist,illation in z'acuo, and the yellow 
residue was dissolved in 5 ml. of water. The pH of tlie solution 
was adjusted to  5 with 40% aqueous sodium hydroside, on 
refrigeration, 300 mg. (50%) of buff-colored needles  as de- 
posited, m.p. 287" de;. 

Anal. Calcd. for C I E H ~ ~ X - P O ~ :  C. 59.50: H. 5.65. Found: , ,  .~ .. 
C, 59.44; H, 5.89. Ultravioiet spectra: alkali, Xmnr 302 mp; 
e 3150; acid, Amax 287 mp; e 4480. 

3-Methyl-4-methoxyphenyl Acetate (IX).-3-Meth~-l-4-n1eth- 
oxyacetophenone" (18 g., 0.117 mole) dissolvedin 50 ml. of glacial 
acetic acid xas added dropwise to 23 g. of 40CG peracetic aclid 
(0.12 mole) and 0.12 g. of p-toluenesulfonic acid dissolved in 50 
ml. of glacial acetic acid. The addition Ti-as carried out be!ov.- 
20" and vigorous stirring was maint,ained. The mixture  vas 
allowed to  stand overnight in the dark; water was then added 
and the acids were neutralized with solid sodium bicarbonate. 
The resulting mixture was extracted with &her, the ether extract 
was washed with water, dried, and the ether was evaporated. 
Distillation of the residue yielded a total of 10.5 g. (53Yc) of 
slightly yellow liquid, b.p. 104'(2 mm.), n z a ~  1.5159, 

Anal. Calcd. for CloK,,O3: C, 66.65; H, 6.71. Found: 
C, 66.81; H, 6.60. 

3-Methyl-4-methoxyphenol (V).-The preceding ester (5.2 g .  
of crude material obtained from 6.0 g. of VIII) 1%-as heatcd on the 
steam bath with 30 ml. of lOy0 aqueous sodium hydroxide for 1 
hr. After cooling, the solution was washed with ether, acidified, 

(17) G. Stadnikoff and A. Baryechewa, Ber. ,  61, 1997 (1928). 

and extracted n-ith ether. The ether solution was dried, the 
ether evaporat,ed, and the residue chromatographed on acid- 
washed alumina. The fraction eluted with ether (3 g.) was found 
to contain residual acetic acid as well a3 the phenol; this acetic 
acid was removed by extraction of an ethereal solution of the 
phenol with sodium bicarbonate solution. On drying and evap- 
oration of the ether solution, a solid product was obtained, m.p. 
43-44.5 '. On recrystallization from benzene-ligroin, there was 
obtained in two crops 3.15 g. (58% over-all from VIII)  of color- 
less needles, m.p. 45.5-46.5', lit.12 -16". 

K-Acetyl-3- [ 3,5-dinitro-4- (m-methyl-p-methoxyphenoxy)- 
phenyl]-~~-alanine Ethyl Ester (VI).-Prepared by the IbIeltzer16 
modification of the method of Barnes, et aZ.,8 by the reaction of V 
with S-acetyl-3,5-dinitro-~~-tyrosine ethyl ester.'8 Yield of 
purified material: 63TC, m.p. 82.5-83". 

A?aal. Calcd. for C2,H?,T309: C, 54.66; H, 5.02. Found: 
C, 54.85: H, 5.26. 
3,5-Dismino-3'-methyl-~~-thyronine (VI).-The preceding 

dinitro ester fX-1, 3.5 g. ,  8.2 mmoles) was dissolved in 50 ml. of 
methanol containing 5 ml. of roncd. hvdrochloric acid and a-as 
shaken u-ith hydrogen at  an initial pressure of 2.8 kg./cm.* in the 
presence of 0.2 g. of 10% palladium-on-carbon. The hydrogen 
uptake \vas complete in 30 min., after which the catalyst was 
removed by filtration through Celite and the solvent was evap- 
orated. The crude product was heated under reflux with 20 ml. 
of glacial acetic acid and 35 ml. of 4 i %  hydriodic acid for 16 hr. 
The acids were distilled in vacuo, and the residue was taken up in 
5 ml. of water. The pH of the solution was adjusted to 5 with 
4 0 7  a,queous sodium hydroxide, resulting in deposition of 450 
rng. (20';;) of buff-colored powder, m.p. 26T-268" dec. 

-4nnl. Calcd. for C16Hl&,04: C, 60.55; H, 6.04. Found: 
C, 60.30: H ,  6.18. Ult,rnviolet spectra: alkali, A,,,, 305 mp; 
t 3770: acid, A,,, 287 mp; s 5010. 

K" '"r i . 'uoroacety!-~,~-~i~cdo-nL-t~~onine Ethyl Ester (XI).-  
:3.r?-niiodo-nL-tliyronine (X, 7.8 g.), obtained by hydrolysis from 
S-acet:-l-3- [3,5-diiodo-4-( p-methoxyphenoxy )phenyl] - DL- alanine 
ethyl ester,I9 mas suspended in 100 ml. of absolute ethanol 
and tlie mixt,ure was saturated with dry hydrogen chloride 
at  10". After 4 hr. the solvent was evaporated to 25 ml. and the 
solid hydrochloride (6.5 g.) was removed by filtration, dissolved in 
50yG ethanol, and was treated with 9.1 ml. of O.5Yc aqueous sodium 
hydroxide. On partial evaporation of t,he alcohol, 4.0 g. (497,) 
of xvhite solid, m.p. 228.6-220°, was obtained. This was sus- 
pended in 100 nil. of chloroform-ethyl acetate (1: 1);  to the SUS- 
pensitrn was added in portions 2.8 ml. of trifluoroacetic anhydride 
in 40 nil. of ethyl acetate. \-igorous stirring was maintained 
throughout the addition, which took about 0.5 hr. Solid material 
still remained in suspension, so 1.0 ml. of additional trifluoro- 
acetic anhydride in ethyl acetat'e was added. The solution was 
n-aslied with 5% aqueous sodium bicarbonate and a-ith water, 
dried (Xa?SO,), and reduced in volume to  25 ml. On addition of 

(18) J .  C. Clayton, G .  F. H. Green, and B. -4. Hems, J .  Chem. SOC.,  2467 
(1951). 

(19) P. F. Bevllacqua, J. T. Plati. and W. Wenner, U. S. Patent 2,895,927 
(July 21, 1959). 



7 5  nil. of petrolemi ether, 4.1 g. (92';;) of white solid was ob- 
hined. The material had a double melting point, softening a t  
J 39-142', resolidifying and melting at 168.5-169". 

Anal. Calcd. for CleHleF&N05: C, 39.00: H, 2.46. Found: 
(:, 34.79; H, 2.01. 

A similar preparation, that  of r\'-trifluoroacetyl-3,5-diiodo- 
thyronine methyl ester, has been described.m 

N-Trifluoroacetyl-3- [3,5-dicyano-4- (p-hydroxyphenoxy) - 
phenyl] -DL-alanine Ethyl Ester (=I).-The diiodo ester X I  (2.0 
u. .  3.1 mmoles), cuprous cyanide (1.0 g., 11 mmoles), and pyridine 
' 5  ml.) were heated under reflux for 6 hr. The react,ion mixture 
n.;ts poured over ice, the yellow precipitat,e was collected and 
ivauhed with water, and then stirred with 15 ml. of 2 N animoniuni 
Iiydroxide and 10 ml. of ethyl acetate. After filtration, the et,hyl 
:icetate layer wits washed with 2 A: ammonium hydroxide, water, 
2 Y hydrochloric acid, and water. The solution wits dried 
[ Na2S04) and the ethyl acetate evaporat.ed, yielding I .I6 g. 
(85%) of a white solid, m.p. 199-201'. 
___- 

120) A .  Taurog, J .  A m .  Chem. S O ~ . ,  75, 3473 (11153). 

iinol. CJcd.  for C211f16F~XZOj: C, 5G.38; TT, 3.01. Found: 
C, 56.10; H, 3.71. 

3,5-Dicyano-~~-t hyronine ( S I  I I). -The prewdi ng dicynnn 
cstcr (XII,  0.48 g., 1.1 mmoles) was dissolved in  4.5 nil. of 55;  
:Lclueous sodium hydroxide and allowed to stnnd overnight. Thc, 
pH wts  adjusted to 5 with concnd. hydrocliloric arid. After  
wernight refrigeration, 360 mg. (647,) of buff-colored solid  wit^ 

obtained. This inaterial was purified b y  one isoelectric precipita- 
Yon a t  pII 5,iii.p. 233-235" dec. 

d m l .  C:tlcd. for (?,,H1&304.2H20: C; 56.E2: 11, 4.77. 
I<'ound: c', 56.7; EI, 4.7. Ultraviolet sIirctrn: :ilk:tli, 
296 m ~ ,  e 4.570, :wid, x ,,,:,, 2133 in*; c 3 2 5 0 .  
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Communications to the Editor 

l-(@-Chloroethyl)-3-~arbamylpyridinium 
Chloride. 

Latently Cytotoxic Potential 
Prototype of a New Class of 

Antitumor Agents' 

Sir :  
Wc report here the synthesis of l-(p-chloroethy1)-3- 

carbainylpyridiiiiunl chloride (I) as a prototype of a 
nexv class of latently cytotoxic compounds, the action 
of which would be elicited by a process of reduction. 
In the pyridinium form I, this compound is unreactive 
as an alkylating agent; in the dihydro reduced form 
11, it is an active alkylating agent. The latter (11) 
caii transform to a reactive species, an ethyleneim- 
monium intermediate (111) characteristic of the nitro- 
gen mustards,* whereas I cannot. The process of 
reduction of I as well as the reverse process, oxidation 
of the reduced compound 11, are analogous to processes 
known to occur in biological systems. 

CONHz 
c 

I 
CHzCHsX 

I 
CHzCHzX 

I, X = Cl 11, x = c1 111 
IV, X = OH V, X = OH 

Neoplastic cells possessing either high capacity to 
carry out reduction of I or limited capacity to bring 
about oxidation of 11, relative to that of the most sensi- 
tive vital tissues such as bone marrow and intestinal 
epithelium, would be susceptible to attack by these 
agents. Administration of the oxidized form I to a 
host bearing tumors of the former type or administra- 
tion of the reduced form II in the case of the latter 
could result in preferential localization of alkylating 

(1) Supported by a Cancer Chemotherapy National Service Centre re- 
search contract (8.443-62-170) from the National Cancer Institute, National 
Institutes of Health, U. S. Publia Health Service. 

W. C. J. Ross, "Biological Alkylating 
Agents," Butterworth and Co. Ltd., London, 1962, p .  11. 

(2) For a recant review. see: 

agent in the tumor. Enzyme studies relating to possi- 
ble applications of these compounds in chemotherapy 
are now in progres~ .~  

The chloroethyl pyridinium compound I mab pre- 
pared from nicotinamide refluxed with ethylene chloro- 
hydrin to afford l-(p-hydroxyethyl)-3-carbamylpyri- 
dinium chloride (IV),4 from which I, m.p. 183-185', was 
obtained by chlorination with thionyl chloride. (Anal. 
Calcd. for C8HloC12S20: C, -13.3; H, 4.53; X, 12.69; 
Cl, 32.23. Found: C, 43.64; H, 4.58; S, 12.58; 
C1, 31.59; Amax 266, E 3300 in water). Reduction of 
the pyridinium compounds IV and I with excess sodium 
dithionite in aqueous sodium carbonate yielded 1-(S- 
hydroxyethyl)-3-carbamyl-l.4-dihydropyridine (1') 
and l-(p-chloroethyl)-3-ca r b amyl-1,4-d ih  y d ro  - 
pyridine (11) , respectively. Compounds Y, m.p. 
119-121°, and 11, m.p. 106-108°, were unstable and 
extremely difficult to obtain analytically pure. BotJi 
were characterized by single maximum absorption in 
the ultraviolet a t  338 and 355 mp, respectively, in thv 
360-mp range characteristic of l14-dihydropyridines of 
this types5 The major by-product in the reduction 
was invariably a component with a single maximum 
absorption a t  about 295 mp characteristic of compounds 
containing the p-amino-a$-unsaturated carbonyl chro- 
mophore (presumably the G-hydroxytetrahydropyrid- 
ine) of the type that mould result from hydration of 
the C-5 double bond.5 

The structure of the dihydropyridines I1 and V werc) 
confirmed by reoxidation with silver nitrate to tlw 
pyridinium compounds I and IV (as the nitrates), 
Characterized by the typical maximum in the ultia- 
violet (Amax 266) and by the identity of their spectra 
otherwise with those of the nitrates from I and 1V, 
respectively. 

A comparison of the alkylating activity of the four 
(3) By Dr. K. IIerrington in  this Laboratory. 
(4) IT. G. Windmueller, C. J. Ackermsn, H. Bakerman, and 0. Michelson 

( 5 )  A. G. Anderson, Jr., and G. Rerkelhnmmer, J .  Am. CAem. Soc., 80,  11%; 
J .  Biol. Chem., 284, 889 (1959). 

(1958). 


