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by Braz and Skorodumov4 by the action of alkali on chloroethyl-
nicotinamide (IV). 

N-Nicotinoylethylenimine.—Dicyclohexylcarbodiimide (20.6 g) 
in T H F (100 ml) was added to a solution of nicotinic acid (12.3 g) 
and ethylenimine (5.1 ml) in T H F (200 ml). After keeping for 
1.5 hr at 25° the solution was filtered and evaporated under re­
duced pressure at 25°. The residue was extracted with petro­
leum ether (bp 30-40°, 1 1.). On chilling the extract in a Dry 
Ice-acetone bath, plates of mp 36° separated; yield 10 g. 

Anal. Calcd for C sH8N20: C, 64.9; H, 5.4; N, 18.9. Found: 
C, 64.9; H, 5.5; N, 18.8. 

The compound could be stored for several days at 0° without 
decomposition but at room temperature in an evacuated vessel 
it liquefied within a few hours; this behavior probably accounts 
for the previously reported "hygroscopic" nature of the product. 
A solution of the compound (156.4 mg) in 50% aqueous acetone 
(50 ml) containing sodium thiosulfate (1 g) rapidly developed 
alkalinity (phenolphthalein indicator) which was continuously 
titrated with 0.1 A" HC1.8 The final titer was 10.2 ml, indicating 
that the material contained 97% of nicotinoylethylenimine. 

N-4-(2-Chloroethylthio)nicotinoylethylenimine.—4-(2-Chloro-
ethylthio)nicotinic acid was similarly converted into its ethyl-
enimide which formed plates, mp 66-68°, from benzene-petro­
leum ether (bp 40-60°); yield 40%. The product was unstable 
at room temperature and was stored at —30°. 

Anal. Calcd for CwHnClNjOS: C, 49.5; H, 4.6; CI, 14.6; 
N, 11.5; aziridine N, 5.77. Found: C, 49.2; H, 4.3; CI, 14.6; 
N, 11.3; aziridine N (thiosulfate titration), 5.6. 

N,N'-Dinicotinoylpiperazine.—Isobutyl chloroformate (2.6 g) 
in T H F (10 ml) was added to a stirred, cooled (0°) solution 
of nicotinic acid (2.46 g) and triethylamine (2.8 g) in T H F 
(40 ml). After allowing to stand for 30 min at 0°, a solution of 
piperazine (0.86 g) in T H F (20 ml) was added and the mixture 
was allowed to warm up to room temperature during 1.5 hr. 
The filtered solution was washed successively with aqueous 
2 Ar Na2C03 , aqueous 2 A" HCl and water, and then dried (Na2-
SO4). The product obtained on evaporation formed prisms, mp 
201°, from ethanol-ether (1:2). 

Anal. Calcd for C e H ^ O j : C, 64.9: H, 5.4; N, 18.9. 
Found: C, 64.4; H, 5.6; X, 18.9. 
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Figure 1. Measurement of the alkylating activities of several 
compounds. With the exception of the tests with diazomethane, 
the reaction mixtures were heated in a boiling-water bath for 20 
min. The reaction with diazomethane occurred at room tem­
perature in the course of approximately 3 min. The numbers 
on the abscissa indicate the total micromoles of compound 
present in the reaction mixture. A, l,3-bis(2-chloroethyl)-l-
nitrosourea; B, l-(2-chloroethyl)-l-nitrosourea; C, l-(2-chloro-
ethyl )-3-cy clohexyl- 1-nitrosourea; D, 1,3-bis (2-fluoroethyl)-1-
nitrosourea; E, 2-fluoroethylamine hydrochloride; F, diazo­
methane; G, 1-methyl-l-nitrosourea. 

and a number of neoplasms in humans.5 Because a 
hamster plasmacytoma that was resistant to cyclo­
phosphamide was also resistant to this compound, it 
was suggested that it might function as an alkylating 
agent.4" Cross resistance with alkylating agents was 
also observed with microorganisms,6 and some of the 
biochemical effects of the agent are similar to those of 
several alkylating agents.40 It is known that treat­
ment of N-nitroso-N-methylurethan,7 1-methyl-l-nitro­
sourea,8 and l-alkyl-l-nitroso-3-nitroguanidines9 with 
alkali yields diazoalkanes, and it has been suggested 
that the biological effects of these agents might be due 
to such diazoalkanes,7,10 which might function as 
alkylating agents. The results presented below indi-

(4) (a) F. M. Schabel, Jr., T. P. Johnston, G. S. McCaleb, J. A. Mont­
gomery, W. R. Laster, and H. E. Skipper, Cancer Res., 23, 725 (1963); (b) A. 
Goldin, J. M. Venditti, J. A. R. Mead, and J. P. Glynn, Cancer Chemotherapy 
Rept., 40, 57 (1964); (c) G. P. Wheeler and B. J. Bowdon, Cancer Res., 25, 
1770(1965). 

(5) (a) D. P. Rail, M. Ben, and D. M. McCarthy, Proc. Am. Assoc. 
Cancer Res., 4, 55 (1963); (b) V. DeVita, P. P. Carbone, A. H. Owen, Jr., 
G. L. Gold, M. J. Krant, and J. Edmonson, Cancer Res., 28, 1876 (1965). 

(6) R. F. Pittillo, A. J. Narkates, and J. Burns, Cancer Res., 24, 1222 
(1964). 

(7) B. A. Kihlman, Exptl. Cell Res., 20, 657 (1960). 
(8) F. Arndt, Org. Syn. IS, 4 (1935). 
(9) A. F. McKay, Chem. Rev., 51, 301 (1952). 
(10) (a) W. A. Skinner, H. F. Gram, M. O. Greene, J. Greenberg, and B. 

R. Baker, J. Med. Pharm. Chem., 2, 299 (1960); (b) L. Pasternak, Acta Biol. 
Med. Ger., 10, 436 (1963); (c) H. Druckrey, S. Ivankovic, and R. Preuss-
mann, Z. Krebsforsch., 66, 389 (1965). 
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mean value. Where parentheses are in 

catc that under the- described conditions I yields com­
pounds that have alkylating activity, but the major 
portion of this activity is probably due to the forma­
tion of 2-ehloroethylamine rather than to the genera­
tion of diazoalkanos. 

There is evidence that I cleaves, either directly or 
indirectly, between the nitrosated nitrogen atom and 
the carbonyl group, and that the amide portion of the 
molecule yields 2-chloroethyl isocyanate, which upon 
hydrolysis and subsequent decarboxylation yields 2-
ehloroethylamine" (Scheme 1). Reaction of 2-chloro-

S e i l K M E 1 

N O | ( ) 

CICH2CH2N-ICNHC:H2CMO(:I 

yl f OCNCIbCIU'K 
CH3CHO CICICCIUHI 

110()CXHCHATl2(H>>OC(NH(,H,('H,(3i 

CO, + II,NCI1AMI.CM' 

ethyl isocyanate with 2-chloroet hylamiue can then yield 
l,3-bis(2-chloroethyl)urea. Under specified conditions 
the nitrosamine portion of 1 can yield acetaldehyde or 
2-ehloroethanol.Ua I t was therefore of interest to 
compare the alkylating activity of I with some of the 
compounds derived from it and also with several other 
1-alkyl-l-nitrosoureas. 

4-(p-Nitrobenzyl)pyridine has been used for the de­
tection and assay of a number of alkylating agents ' -
and for the comparison of the alkylating activities of 
various compounds.13 The procedure of Friedman 
and Boger , 2c was the basis of the method used in the 
present study. 

(11) (a! T . P. J o h n s t o n , G. S. McCale l . . f, S. Opliger, and .1. \ . .Moiil 
gomery , Abs t rac t s of the 147th N a t i o n a l M e e t i n g of the Amer ican Chemical 
Society, Ph i lade lph ia , Pa . , April 6-10, 1964, p 27.M; (b) T, L. Loo, R. L. 
Dion, R. L. Dixon, a n d D . P . Rai l , J. Pharm. Sri., 55, 492 (1966). 

(12) (a) .1. Eps te in , R. W. Rosen tha l , and R. J. Ess , Anal. Chem., 27, 1435 
(1955); lb ; O. Kla t t , A. C. Griflin, and J. S. S tahl in . Jr . , Pror. Soc. F.xptt. 
Biol. Med., 104, 629 (1960); (c) O. M . F r i e d m a n and E. Boger, Anal. Chem.. 
33, 906 (1961); (d) R. K. Ansman . G. E. Crevar , H. Hogedora , T. J. Bardos , 
and J. L. A m b r u s . J. Am. Med. Assoc, 178, 735 (1961); (e) H. G. Pe le r ine 
and G. J . Van Giessen, ./. Pharm. Sci., 52, 1159 (1963). 

(13) T. J. Bardos , X. D a t t a - G n p t a , P . Hebborn , a n d 1). J. T o g g l e , ./, 
Med. Chem., 8, 167 (1965). 

Some of the experimental results are given in Table 
1. The data in t he upper sect ion of t he table show t hat 
the presence of the 2-chloroethyl group on \ - o of the 
nitrosourea is necessary for extensive color formation. 
Since 2-chloroethyl isocyanate yielded color, but ethyl 
isocyanate and H-chloropropyl isocyanate did not, it 
seems evident that a chlorine atom on C-2 is required 
for color formation to occur. Color formation occurred 
in the test with l,.'-S-bis(2-chloroethyl)urea, but the 
density of the color was much less than that obtained 
with 1. As the densities of the colors obtained with I, 
with 2-chloroethyl isocyanate. and with 2-chloroothyl-
amine were essentially the same, it seems that most of 
the color obtained with 1 could be ascribed to reaction 
of 2-chloroothylaniine with the -f-(p-nitrobenzyl)-
pyridine. It is also implicit in these results that the 2-
chloroethylamiue that is generated combines more 
extensively with the t-(p-nit robenzyl)pyridino than 
with the 2-chloroethyl isocyanate. 

Since l-(2-chloroet hyl)-l-nitrosourea, I-(,2-chloro­
et hyl)-;->-cyc lohexy 1-1-nitrosourea, and 1-methyl-1-ni­
trosourea are active against 1.1210 leukemia , - , , a " 
it is evident that t he general ion of 2-chloroothylamine 
is not a requisite for this biological activity. The 
small but significant quantities of color obtained with 
]-(2-chloroetl)ylj-l-ni(rosoui'oa and with l-(2-chloro-
et.hyl)-;-?-cyclohexyl-l-nitrosourea are evidently due to 
compounds that have alkylating activity and arc 
derived from the nitrosated ends of the molecules. 
The curves of figure 1 make possible a rough comparison 
between the alkylating activities of these compounds 
and the alkylating activity of diazomethane. The com­
parison is "rough," because the diazomethane was 
allowed to react with the color reagent at room tem­
perature during a period of a few minutes, while the 
other compounds were incubated with the reagent in a 
boiling-water bath for 20 min. If it is assumed that 
the elevated temperature promotes the generation of 
the reactive compound but has little* effect upon the 
observed rate of reaction of this compound with tin- 1-
(p-nitrobenzyl)pyridinc, it appears that these nitroso­
ureas yield compounds having alkylating activities of 
the same order of magnitude as the alkylating activity 
of diazomethane. It is of interest that much of the 
alkylating activity of 1 ,,,?-bis(2-fluoi,oetliyl)-l-nifro-

: 1 I) T. P. .lohiift 
ihirl., 9, 892 (1066). 

m, G. S. .McCale 
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sourea must be associated with the nitrosated end of 
the molecule, since considerably less color was ob­
tained with equimolar quantities of 2-fluoroethylamine. 
Therefore, it remains possible that under physiological 
conditions 1-alkyl-l-nitrosoureas might yield small 
quantities of compounds having alkylating activity, 
but it is still an open question whether this activity is 
sufficient to cause the observed biological effects. 

Experimental Section 

A mixture of 2 ml of water, 1 ml of acetate buffer (0.025 M, 
pH 6.0), 1 ml of an acetone solution containing 0.504 ^mole/ml 
(unless otherwise indicated) of the test compound, and 0.4 ml 
of a 5 % (w/w) solution of 4-(p-nitrobenzyl)pyridine in acetone 
was heated in a boiling-water bath for designated periods of time. 
The mixture was then cooled in an ice bath and to it were added 
2 ml of acetone, 5 ml of ethyl acetate, and 1.5 ml of 0.25 Ar NaOH. 
The tube was shaken 20 times, and the two phases were separated 
by centrifugation in a clinical centrifuge for 2 min. A portion 
(2-3 ml) of the upper layer was transferred by pipet to a cuvette, 
and the optical density at 540 m^ was determined with a Beck-
man Model DU spectrophotometer. The operation from the 
introduction of the NaOH through the determination of optical 
density was performed within a period of 5 min in subdued light. 

Diazomethane15 from N-methyl-N-nitrosourethan was as­
sayed by reaction with benzoic acid and titration of the excess 
benzoic acid. Measured volumes of this solution were used for 
the color tests, and equal volumes of ether were added to the 
control tubes. 

(15) W. E. Bachmann, \V. Cole, and A. L. Wilds, J. Am. Chem. Soc, 
824 (1940). 
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Preparations of 3-deoxypyridoxine (G-methyipyri-
dine-3,4-dimethanol) have been previously reported.1'2 

We have now isolated it as an unusual by-product in 
the synthesis of pyridoxine. Harris and P'olkers3 

described the following sequence of reactions: 1A —*• 
IIA -»• III. Compounds IV and V have now been 

CH2OR 

^ " f V ^ 1 1 ' ™ 1 HOMO 
C H , - l N J HC' 

la, R= C2H5 

b, R = CH3 

CH2OR CH20H 

Ila, R = C,H5 

b, R = CH3 

III 

found in the mother liquors from pyridoxine prepared 
by this route without isolation of l ib , employing the 

(1) A. Ichiba, K. Michi, and S. Kmoto, Set. Papers Inst, Phys. Chem. Pes. 
(Tokyo), 39, 131 (1941). 

(2) R. G. Jones and E. C. Kornfeld, / . Am. Chem. Soc, 73, 107 (1951). 
(3) S. A. Harris and K. Folkers, ibid., 61, 3307 (1939). 

CH2OH 

,CH2OH 

CH2OCH3 

CH2OH 

IV V 

methyl ethers instead of the ethyl ether series described 
in the original publication. 

An attempt was made to isolate the 4-methyl ether 
of IV from the mother liquors of 4-methoxypyridoxine 
(lib), but unexpectedly only the demethylated com­
pound IV was found at this stage also. The formation 
of 3-deoxypyridoxine (IV) during the diazotization can 
be explained by an intramolecular hydride transfer 
from the carbon of the neighboring methyl ether to the 
arylcarbonium ion VI formed from the diazonium salt. 
The resulting intermediate VII, comparable to that 
from the hydrolysis of an acetal, would immediately 
break down under the reaction conditions to form com­
pound IV and formaldehyde (Scheme I). 
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JH2O 
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Analogous 1,5-hydride transfers have been proposed 
to explain abnormal products first observed4 in the 
syntheses of certain phenanthridones by Pschorr cycli-
zation and later extended to simpler anthranilamides 
by Cohen6 and co-workers. For example, these authors 
reported a 9.9% yield of N-methylbenzamide and of 
formaldehyde from the diazotization of o-amino-N,X-
dimethylbenzamide, along with the expected N,N-
dimethylsalicylamide as the major product. 

The formation of V by reaction of VI with chloride 
ion is a not-unexpected side path in the diazotization. 
It is of interest that the methyl ether linkage of V is 
resistant to the final hydrolytic conditions (II —»• III), 
illustrating the labilizing influence of the 3-hydroxyl 
group on the 4-methylene position. 

(4) D. H. Hey and D. G. Turpin, J. Chem. Soc, 2471 (1954); T. R. Govin-
dachari and N. Arumugam, J. Sci. Inil. Pes. (India), 14B, 250 (1955); L. G. 
Humber, II. Kondo, K. Kotera, S. Takagi, K. Takeda, W. I. Taylor, IS. R. 
Thomas, Y. Tsuda, K. Tsukamoto, S.Uyeo, H. Yajima, and N. Yanaihara, J. 
Chem. Soc, 4622 (1954). 

(5) T. Cohen, R. M. Moran, Jr., and G. Sorvinski, J. Org. Chem., 26, 
1 (1961); T. Cohen, A. H. Dinwoodie, and L. D. McKeever, ibid., 27, 
3385 (1962). 


