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

N-Nicotinoylethylenimine.—Dicyclohexylcarbodiimide (20.6 g)
it THF (100 ml) was added to a solution of nicotinic acid (12.3 g)
and ethylenimine (5.1 ml) in THF (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. Caled for CsHgN,O: 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 509, aqueous acetone
(50 ml) containing sodium thiosulfate (1 g) rapidly developed
alkalinity (phenolphthalein indicator) which was continuously
titrated with 0.1 .V HCL.8 The final titer was 10.2 ml, indicating
that the material contained 979 of nicotinoylethylenimine.

N-4-(2-Chloroethyithio )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 409;. The product was unstable
at room temperature and was stored at —30°.

Anal. Caled for Ci,eHuCINOS: C, 49.5; H, 4.6; Cl, 14.6;
N, 11.5; aziridine N, 5.77. Found: C, 49.2; H, 4.3; Cl, 14.6;
N, 11.3; aziridine N (thiosulfate titration), 5.8,

N,N’-Dinicotinoylpiperazine.—Isobutyl chloroformate (2.6 g)
in THF (10 ml) was added to a stirred, cooled (0°) solution
of nicotinic acid (2.46 g) and triethylamine (2.8 g) in THF
(40 ml). After allowing to stand for 30 min at 0°, a solution of
piperazine (0.86 g) in THF (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 N Na,CO;, aqueous 2 ¥ HCI and water, and then dried (Na,-
S04). The product obtained on evaporation formed prisms, mp
201°, from ethanol-ether (1:2).

Anal. Caled for CisHisN4Oq:
Found: C, 64.4; H, 5.6; N, 18.9.

C, 64.9: H, 54; N, 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, 1,3-bis(2-chloroethyl)-1-
nitrosourea; B, 1-(2-chloroethyl)-1-nitrosourea; C, 1-(2-chloro-
ethyl)-3-cyclohexyl-1-nitrosourea; D, 1,3-bis(2-fluoroethyl)-1-

nitrosourea; E, 2-fluoroethylamine hydrochioride; F, diazo-
methane; G, 1-methyl-1-nitrosourea.
and a number of neoplasms in humans.® 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.® Cross resistance with alkylating agents was
also observed with microorganisms,® and some of the
biochemical effects of the agent are similar to those of
several alkylating agents.*¢ It is known that treat-
ment of N-nitroso-N-methylurethan,” 1-methyl-1-nitro-
sourea,® and 1-alkyl-1-nitroso-3-nitroguanidines® with
alkali yields diazoalkanes, and it has been suggested
that the biological effects of these agents might be due
to such diazoalkanes’¥ which might function as
alkylating agents., The results presented below indi-
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REACTI0N OF VARIOUS COMI'OUNDS WITH 4= p=-NTTROBENZY L)Y RIDINK

10

Compd
1,3-Bis(Z-chloroethyl)-1-nitro- 0,517 {2
solreun
1-(2-Chloroethyl - I-nitrosonren 1. 006
1-(2-Chloroethyl)-s-c¢yeclohexyl- 0
l-nitrosoures
1-Methyl-1-nitrosonren 0
2-Chloroethyl isocynnate 0,876 (2)
2-Chloreethylamine hydrochlovide 0.360 (3)
1,3-Bis(2-chloroethyl)nrea 1. 054
Lithyl isocyanate 0
3-Chloropropyl isocyanate 0
2-Chloroethanol 1. 0uR

“ The nambers in parenthesex indicale the nimber of expertment= inehided i The given meoe v,
Triplicate Lubes were nsed i ench experhnonl.

used, the number of experimen (= was ane.

cate that under the deseribed conditions | oviekds com-
pounds that have alkyinting activity, but the major
portion of this wetivity ix probably dne to the forma-
tion of 2-chloroethylamine rather than to the gencrn-
tion of diazoalkanes.

There is evidenee that T oeleaves, ather diveetly or
indireetly, between the nitrosated nitrogen atom and
the carbony! group, and that the amide portion of the
molecale vields 2-chloroethyl rocyanate, which upon
hydrolysis and subsequent decarboxylation yields 2-
chloroethylamine'™ (Scheme 1), Reaction of 2-chloro-
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ethyl isocyanate with 2-chloroethylunine ean then vield
1,3-bis(2-chloroethyDurca,  Under specified conditions
the nitrosamine portion of 1 can yield acetaldehyde or
2-chloroethanol.'2 It was therefore of interest to
compare the alkvlating activity of I with some of the
compounds derived from it and also with several other
1-alkyl-1-uitrosoureas.

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 netivities of
various compounds.**  The proceduare of  Triedman
and Boger'?® was the basis of the method used in the
present study.

{11y (ay 1. P. Johnsion, G. =, McCalels, 1'% X, Opliger, and J. N0 NMban
gomery, Abstracts of the 147th National Meeting of the American (‘hemical
Rociety, Pliladelphia, Pa., April 6-10, 1964, p 27M; (i) T. L. Loo, R. L.
Dion, R. I.. Dixon, and 1. P. Rall, J. Pkarm. Sci., 68, 492 (1466).

y12) (a) J. Tpatein, R, W, Rosenthal, and R. I. Ess, dnal. Chem., 2T, 1434
(1955), iy O. Klatr, A. C. Griffin, and J. X, Stahlin, Jr., Pror. Soc. Fzptl.
Biol. Med., 104, 629 (1960); (c) O. M. Friedman and E. Boger, 4Anal. Ckem.,
83, 006 (1961); {d) R. K. Ansman, G. E. Crevar, H. Hogedora, T. J. Bardos,
and J, L. Ainhros, J. dm, Med, Assoc., 1T8, 735 (1961); (e) H. G, Peteriny
and . J. Van Giessen, J. Pharm. Sci., 82, 1159 (1963).
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Some of the experimental results are given i Tabte
I The data in the upper section of the table <how that
the presence ol the 2-chlorocthyl group on N-3 ol the
ntrosoiren s necessary for extensive color fornmtion,
Sinee 2-cliforoethyt isocynnate vielded color, hat cthyl
wocyamnte and 3-chloropropy! isocyanate did not, i
=eenis evident that o chlorine atom on C-2 1= requived
for color formation to ocenr,  Color formation ocourred
i the test with 1,3-bis(2-chlorocthyluren, but the
density of the color wius nueh less than that obtained
with 1. Ax the denzities ot the colors obtained with 1,
with 2-chlorocethyt isocyanate. and with 2-clhilorocthyl-
amine were essentiadhy the smne, it scems that most of
the color obtained with T conld be aseribed to veaction
2-chloroctlivhuniine  with  the  4-(p-nitrobenzyl)-
pyridine. It is alzo implicit in these result= that the 2-
cliforocthybunine that ix generated  combines  more
extesively  with the d-(p-nitrobengyDpyridine  than
with the 2-chlorocthyl isoevanate,

Shicee -(2-chlorocthy h-T-nitrosonren,

of

1-(2-chlarn-

cthyh-s-cvelohexyl-T-nitrsouren,  and -methyi-1-ni-
trosourca are aetive agninst L1210 feukemia e

1t 1= evident that the generation ol 2-chlorocthyinmine
Ix 1ot a0 requisite for this biologieal activity., Fhe
il hut significant guantities of color obtained with
I-(2-chlorocthyh-E-nitvosouren and  with  1-(2-chloro-
cthyh-3-cyelohexyvi-I-nitrosouren are evidenthy due to
compouttds  that have abkyviating  activity and are
derived from the nitrosated onds of the molecules.
The carves ol Figure 1 make possible n rough comparizon
between the alkylating activities of these compounds
and the alkvinting netivity of dinzomethane.  The com-
parizon ix “rough,” beenuse the dinzomethane wis
allowed to renet with the color reagent nt roont tem-
perature during o period ol o few minutes, while the
other comupounds were incubated with the reagent g
bolling-water bath for 20 min. 100t = assumed that
the clevated tenmperature promotes the generation of
the reactive vompound but has little effeet upon the
observed mte ol reaction ol this contpotnud with the -
(p-nitrobenzyhpyridine, it appears that these nitroso-
nreas yvield comipounds having atkylating netivities of
the same order of magnitude as the alkylating activity
of dinzomethance. It ix of interest that muach of the

alkvlating  activity ol E3-his(2-fluorocthyl)-F-nitro-

11y TP Jolmsion, GlX MeCately 10 % Opliger, and J. 3. Mo gourery,
il 9, 802 (1066,
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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-1-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 umole/ml
(unless otherwise indicated) of the test compound, and 0.4 ml
of a 59 (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 ¥ NaOH.
The tibe was shaken 20 times, and the two phases were separated
by centrifugation in a elinical 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 mu 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.

Diazomethane®® 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. Baclinann, W. Cole, and \. L. Wilds, J. Am. Chem. Soc., 62,
824 (1940).
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Preparations of  3-deoxypyridoxine  (6-imethylpyri-
dine-3,4-dimethanol) have been previously reported.!?
We liave now isolated it as an unusual by-product in
the synthesis of pyridoxine. Harris and Folkers?
described the following sequence of reactions: 1A —

ITIA — III. Compounds IV and V have now been
CH,OR
H,N\- | A H,NH, HONO
cH— s HCI
Ia, R= Csz
b, R=CH,
CH,OR CH,OH
HO CH,OH
HO— NCHOH 0 1o | 7 Hal
CH,—\N7 HO" CH; N7
Ha, R=C,H; Il
b, R=CH,

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

(1) A. Ichiba, K. Micli, and 8. llinoto, Sci. Papers Inst, Phys. Chem. Res.
(Tokyo), 39, 131 (1941).

(2) R.G. Jones and E. C. Kornfeld, J. Am. Chem. Soc.. T8, 107 (1951).

(3) S. A. Harris and K. Folkers, ibid., 61, 3307 (1939).
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CH,0H CH,OCH,
CH; | N/ CH: | N/
-HCl -HCl
v A%

methyl ethers instead of the ethyl ether series deseribed
in the original publication,

An attempt was made to isolate the 4-methyl ether
of IV from the mother liquors of 4-methoxypyridoxine
(IIb), 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).

ScHEME I
/O\
HC H,
HONO DN, CHOH __,
Ib HCl NL l \ : ~-N,
CH
"HCl
e
0 0
HZC<H\CH2 H,C# "“CH,
& ~\CHOH H -\ CH:.0H
—_—
CH, SN cH,” N7
“HCl ‘HCl
VI VI
lnzo leo
ITb v + H,CO

main product

Analogous 1,5-hydride transfers have been proposed
to explain abnormal products first observed* in the
syntheses of certain phenanthridones by Pschorr eycli-
zation and later extended to simpler anthranilamides
by Cohen’ and co-workers. For example, these authors
reported a 9.99, yield of N-methylbenzamide and of
formaldehyde from the diazotization of o-amino-N,N-
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. T Hey and D. G. Turpin, J. Chem. Soc., 2471 (1954); T. R. Govin-
dachari and N. Arumugam, J. S¢i. Tnid. Res. (India), 14B, 250 (1955); L. G.
Humber, 11. Kondo, K. Kotera, S. Takagi, K. Takeda, W. I. Taylor, B. R.
Thomas, Y. Tsuda, K. Tsukamoto, 8. Uyeo, H, Yajimna, and N. Yanaihara, J.
Chem. Soc., 4622 (1954).

(3) 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).



