
VoZ. 52, No. 1, January 1963 81 
solution was instilled h t o  the conjunctival Sac Of 
the left eye by IReans of a pipet (28 drops Per m1.1. 
The right eye was maintained as a control. The 
solution was allowed to remain in contact with the 
surface of the eyeball for 2 minutes by gently pressing 
the lids together. The time of abolishment of the 
wink reflex was noted and the duration of anesthesia 
was tested at 2-minute intervals. 

compounds were effective as topical anesthetics, 
but had no action on unbroken skin. Nitration 
of indole-3-carboxylic acid reduced the duration 
Of activity Of the esters. The esters Of indole-2- 
carboxylic acid showed a marked decrease in 
duration of local anesthetic activity. 
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None of the compounds gave any evidence of any 
deleterious action on the eye. The eyes were care- 
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Synthesis of Some Hydrazono Derivatives 
of p-[N,N-Bis(P-chloroethyl)amino]benzaldehyde 

By HENRY C. KOPPEL, ROBERT H. SPRINGER, 
G. DOYLE DAVES, Jr., and C. C. CHENG 

HE CONDENSATION of p- [N,N-bis(p-chloro- 
Tethyl)amino]benzaldehyde (1,2) (I, benzalde- 
hyde nitrogen mustard) with active methylene 
groups, (2, 3,4) hydrazides (2) and amines (5, 6) 
have been reported. Recent discovery of the 
activity of some anil derivatives against Dunning 
leukemia in rats (6) and the inhibitory effect of 
8 - [bis(p - chloroethy1)triazenoltheophylline (11) 
(7) on spontaneous tumor (8) prompted the 
synthesis of some benzalhydrazone derivatives 
(111) for biological evaluation. 
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I1 

R>-N=CH-QN‘CH ,CHz-CH2-CI 

- 2 5 H r C I  R’ 
I11 

The preparation of 111, together with the start- 
ing materials used, is described in the experi- 
mental section. 

EXPERIMENTAL-’ 

Synthesis of Hydrazin0pyrimidines.-To a mix- 
ture of 35 Gm. of chloropyrimidine in 70 ml. of 
absolute ethanol was added, with stirring, 35 ml. 
of anhydrous hydrazine at such a rate that the reac- 
tion temperature remained at 6575’ (occasional 
cooling in an ice bath may be necessary). After 
the addition was complete, the resulting solution was 
stirred at  room temperature for 30 minutes, during 

1 All melting points were taken on the Thomas-Hoover 
melting point apparatus. 
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Anal.-Calcd. for CIEHIECLN~: C, 48.3; H,  4.3; 
N, 18.7. Found: C, 48.5; H, 4.3; N, 18.9. 

5 - ( p  - [N,N - Bis(j3 - chloroethyl)amino]- 
benzalhydrazono] uracil, m.p. 225" dec., was pre- 
pared from 5-hydrazinouracil hydrochloride (14) 
in cold water in 74% yield. 

And-Calcd. for ClsHI~ChN502; C, 48.4; H,  
4.6; IT. 18.8. Found: C, 48.8; H, 4.7; N, 18.7. 

5 - { p  - [N,N - Bis(@ - chloroethyl)amino]- 
benzalhydrazonocarbonyl) uracil, m.p. 290" dec., 
was prepared from 5-uracilcarbohydrazide hydro- 
chloride in 56% yield. 

And-Calcd. for Cl~H17C12~s03: C, 48.2; H,  
4.3; N, 17.6. Found: C, 48.3; H,  4.5; N, 17.6. 

6 - ( p  - [N,N - Bis(j3 - chloroethyl)amino]- 
benzalhydrazonocarbony1)uracil. m.p. 182" dec.. 
was prepared from orotic acid hydrazide (15). using 
dimethylformamide as solvent, in 79% yield. 

Anal.-Calcd. for C & ~ T C ~ ~ N ~ O ~ . H ~ O :  C. 46.1 ; 
H. 4.6; N, 16.8. Found: C.46.0; H,4.7; N, 16.4. 

2 - { p  - [N,N - Bis(j3 - chloroethyl)amino]- 
benzalhydrazono] benzothiazole, m.p. 197-199', was 
prepared from 2-hydrazinobenzothiazole (16) in 
43y0 yield as light yellow crystals. 

Anal.-Calcd. for ClaH18C12N4S: C, 55.0; H,  
4.5; N, 14.2. Found: C, 55.3; H, 4.8; N, 13.9. 

2 - ( p  - [N,N - Bis(p - chloroethyl)amino]- 
benzalhydrazonomethyl} naphthimidazole, m.p. 225" 
dec., was prepared from 2-( hydrazinomethy1)- 
naphthimidazole in 56y0 yield as white crystals. 

And-Calcd. for CIHZ~CIZN~: C, 62.7; H, 5.2; 
N, 15.9. Found: C, 62.3; N, 5.4; N, 16.3. 

4 - (p - [N,N - Bis(B - chloroethyl)amino]- 
benzalhydrazonosulfonyl} toluene, m.p. 179-181", 
was prepared from p-toluenesulfonyl hydrazide 
(17) in 75y0 yield as light orange crystals. 

And-Calcd. for C18H21C1ZN302S: C, 52.2 ; 
H, 5.2; N, 10.2. Found: C, 52.2; H,  5.2; N, 
10.0. 

Di - ( p  - (N,N - his@ - chloroethyl)amino]- 
benzal}oxalic carbohydrazone, m.p. 244-245". was 
prepared from oxalyl hydrazide (18) in 77y0 yield 
as light yellow crystals. 

And-Calcd. for CZ~HBC~~NEO.Z: C, 50.2; H ,  
4.9; N, 14.6. Found: C, 50.3; H, 5.2; N, 14.2. 

4 - ( p  - [N.N - Bis(j3 - chloroethyl)amino]- 
benzalhydrazono)benzoic acid, m.p. 226-228". was 
prepared from p-(hydrazin0)benzoic acid (19) in 
74% yield. 

Anal.-Calcd. for Cl~HlsClzN30z: C, 56.9; H ,  
5.0; N, 11.0. Found: C, 57.1; H,  5.3; N, 10.8. 

4 - ( p  - [N,N - Bis(j3 - chloroethyl)amino]- 
benzal )thiosemicarbazone, m.p. 189-191", from 
thiosemicarbazide in 63% yield as light yellow 
crystals. 

Anal.-Calcd. for C~~HIECIZN~S:  C, 45.2; H ,  
5.0; N, 17.5. Found: C, 45.4; H,  5.1; N, 17.2. 

3- Methyl - 6( 1' - methyl - 2' - { p - [N,N - bis(8- 
chloroethyl)amino] benzal ) hydrazono) - 2 - (methyl- 
thio)-4(3H)pyrimidinone, m.p. 218", was prepared 
from 3 - methyl - 6 - (1' - methylhydrazino) - 2 - 
(methylthio) - 4(3H)-pyrimidinone (20) in 8OY0 
yield as light brown crystals. 

Anal.-Calcd. for Cl8H23Cl2N50S: C, 50.5; H ,  
5.4; N, 16.4 Found: C, 50.3; H, 5.6; N, 16.8. 

3 - Methyl - 6 - (1' - methyl - 2' - (p  - [N,N- 
bis(8 - chloroethyl)amino] benzal)hydrazono)uracil, 
m.p. 239". was prepared from 3-methyl-6-( 1': 
methylhydrazino)uracil(20) in 50% yield. 

which time crystallization took place. The reac- 
tion mixture was diluted with 200 ml. of ethanol 
and filtered. The solid product was washed well 
with ethanol and ether. The resulting hydrazino- 
pyrimidine was of sufficient purity t o  be used for the 
preparation of hydrazones. 
5-Bromo-4,6-di(hydrazino)pyrimidine was thus 

obtained from 5bromo-4,6-dichloropyriniidine (9) 
in 46y0 yield, m.p. 150" dec. 

Anal.-Calcd. for C4H7BrX6: S, 38.3 Found: 
N, 38.5. 

Similarly 5 - bromo - 4 - hydrazino - 2 - (methyl- 
thio) pyrimidine was prepared from 5-bromo-4- 
chloro-2-methylthiopyrimidine (10) in 35% yield, 
m.p. 148-150O. 

And-Calcd. for CsH7BrX4S: S, 24.0. Found: 
N, 24.1. 

2 - (Hydrazinomethy1)naphthimidazole.-To 75 
ml. of anhydrous hydrazine was added, portionwise, 
30 Gm. of 2-chloromethylnaphthimidazole [pre- 
pared by the method of Bloom and Day (11), 
using 2,3-naphthalenediamine rather than o- 
phenylenediarnine] a t  such a rate that the reaction 
temperature remained below 80'. Crystallization 
began after the addition was complete. The reac- 
tion mixture was allowed to  stand a t  room tempera- 
ture for 20 minutes, diluted with 200 ml. of ethanol 
and filtered. The product was washed with ethanol 
and ether, and recrystallized from a mixture of 
dimethylformamide and water to  give 14 Gm. of 
light yellow crystals, m.p. 245O dec. 

Anal.-Calcd. for C I ~ H I ~ N ~ . H Z O :  S, 24.3. 
Found: N, 24.0. 

5-Uracilcarbohydrazide was similarly prepared 
from 60 ml. of anhydrous hydrazine and 35 Gm. 
of 5-carbethoxyuracil (12) to yield, after recrystal- 
lization from dilute hydrochloric acid, 13 Gm. of 
white prisms, m.p. 245' dec. 

And-Calcd. for CSIsN403.HCI: X, 27.2. 
Found: N, 27.0. 

General Method for the Preparation of p[N,N-  
Bis( p - chloroethyl )amino] benzalhydrazone Deriva- 
tives (In).-To 250 ml. of absolute ethanol was 
added 0.04 mole of substituted hydrazine. The 
mixture was heated till solution took place (for those 
hydrazines that are insoluble in absolute ethanol, 
SOTo aqueous ethanol was substituted). The solu- 
tion was treated with charcoal and filtered. To  
the filtrate, heated a t  60", 0.04 mole of p-[N.N- 
bis( @ - chloroethyl)amino] benzaldehyde (1, 2 )  
dissolved in 250 ml. of absolute ethanol was added' 
with stirring followed by two drops of concentrated 
hydrochloric acid. A precipitate appeared almost 
immediately. Stirring was continued for 5 minutes 
and the reaction mixture was filtered. The solid 
was washed with ethanol and ether, and dried in 
wacuo to  give the desired product of analytical 
purity . 

The following compounds were prepared: 

2 - ( p  - [N,N - Bis(@ - chloroethyl)amino]- 
benzalhydrazono) pyrimidine, m.p. 187-188', was 
prepared from 2-(hydrazino)pyrimidine (13) in 52'% 
yield. 

Anal.-Calcd. for C15H17C12N5: C, 53.2; H,  5.2; 
S, 20.7. Found: C, 53.5; H,  5.2; N, 20.4. 

4 - (p - [ N , S  - Bis(j3 - chloroethyl)amino]- 
benzalhydrazono) - 6 - chloropyrimidine, m.p. 
295-29i0, was prepared from 6-chloro-4-hydrazino- 
pyrimidine (9) in 86% yield. 
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And-Calcd. for CI~HYIC~ZN~O~:  C, 51.3; H, 
5.3; N, 17.6. Found: C, 51.3; H, 5.5; N, 17.5. 

3-Methyl-6-( 1'-methyl-2'- { p -  [N,N- bis(8-chloro- 
ethy1)aminolbenzal) - hydrazino) - 5 - (phenylazo) 
uracil, m.p. 204". was obtained from 3-methyl-6-( 1'- 
methylhydrazino)-5-(phenylazo)uracil (20) in 48% 
yield. 

And-Calcd. for CZJH&~~N~O~:  C, 55.0; H, 
5.0; N, 19.5. Found: C, 54.8; H,4.9; N, 19.7. 

The following compounds were prepaied by 
essentially the same procedure except that 5 ml.. 
rather than two drops, of concentrated hydrochloric 
acid was added to the reaction mixture. As a re- 
sult, the desired product was isolated as its hydro- 
chloride. 

benzalhydrazono) - 5 - bromo - 2 - methylthiopy- 
rimidine hydrochloride, m.p. 21Ck213" dec., was 
prepared from 5 - bromo - 4 - hydrazino - 2 - methyl- 
thiopyrimidine in 56% yield. 

And-Calcd. for CiH,sBrClzN&HCl: C, 38.5; 
H, 3.8; N. 14.1. Found: C, 38.7; H, 4.0; N. 
14.5. 

2,4 - Di - { p  - [N,N - bis(8 - chloroethyl)amino]- 
benzalhydrazono)pyrimidine dihydrochloride, m.p. 
180" dec., was prepared from 2,4-di(hydrazino)- 
pyrimidine (21) in 40% yield. 

And-Calcd. for GHJoC~Ns.2HC1: C, 46.8; 
H, 4.8; N, 16.8. Found: C, 46.5; H, 4.7; N, 
16.7. 

2,4 - Di - ( p  - [N,N - bis(8 - chloroethyl)amino]- 
benzalhydrazono) - 6 - methylpyrimidine hydro- 
chloride, m.p. 190" dec., was prepared from 2,4- 
di(hydrazino)-6-methylpyrimidine (22) in 67% 
yield. 

And.-cdkd. for G V H ~ ~ C ~ , N ~ . H C I :  C, 50.1; 
H, 5.1; N, 17.3. Found: C, 49.7; H, 5.4; N, 
17.3. 

5 - Bromo - 4,6 - di{ p - [N,N - bis(8 - chloroethy1)- 
amino]benzalhydrazono)pyrimidine hydrochloride, 

4 - ( p  - [N,N - Bis(j3 - chloroethyl)amino] 

83 

m.p. 207" dec. was prepared from 5-bromo-4.6-di- 
(hydrazin0)pyrimidine in 79% yield. 

And-Calcd. for CzeHzoBrClrN.rHC1: C, 43.8; 
H, 4.4; N, 15.8. Found: C, 43.4; H, 4.8; N, 
15.8. 

SUMMARY 
A number of hydrazono derivatives of p-[N,N- 

bis(j3-chloroethyl)amino] benzaldehyde have been 
synthesized. The compounds have been submitted 
for general screening at  the Cancer Chemotherapy 
National Service Center. 
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Isolation of Acetyldigitoxin 
By OLE GISVOLD 

A method for the convenient isolation of 
acetyldigitoxin from DigitaZis mertmemis and 
D. siberica is described. The former yielded 
acetyldigitoxin in approximately mice the 
amount of di itoxin that could be isolated 

Eom D. pmpwea. 

VIOUS reports (1) on the nature of the chief 
I)RBdessglucoglycosides of Digitalis mertonensisl 
yielded somewhat inconclusive results. In these 
investigations both fresh and dried leaves were 
used together with a number of different extrac- 
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tion conditions and solvents t o  prepare the 
primary extracts. Both acetyldigitoxin and 
digitoxin, when combined, represented the major 
desglucoglycosides. In one case it was chiefly 
digitoxin, in another, i t  was chiefly acetyldigi- 
toxin. It now has been demonstrated that when 
a primary extract of fresh leaves of D. mertonensis 
is made with 35 per cent methanol and the subse- 
quent purification steps carried out with care, 
acetyldigitoxin is the chief desglucoglycoside 
that can be detected and subsequently isolated 
in good yield. The leaves must be in a healthy 
condition and free from damaged or partially 
damaged leaves. Where any amounts of the 


