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24.7 g (189¢) of  4.5-dichloro-1,2-dinitrobenzene®™ (IN), nip.
107-108°, The free base from 46,4 g. (0.21 mole) of X aud 24.7
¢. (0.104 mole) of IX were dissolved in 400 ml. of S0 aqueous
ethanol and refluxed for 46 hr. A negative test for evolved nitric
oxide was obtained with starch-potassium iodide paper at this
tinte. The reaction mixture was diluted with 40 ml of waier
and after cooling, the prodict was filtered.  Recrvstallization
from 504 ethanol gave 2857 ¢ (7901 of NI, nip. 11E-115°

Anal. Caled. for CpHCLNO: C) 42,67 FL o4 CL 210t
N, 124, Found: C,42.9: H, 5.1 CL 205 N, 121,

7,8-Dimethyl-10-{2-[bis(2-hydroxyethyljaminolethy! | isoailox-
azine (IV), Procedure A.—Iive grams (0.017 mole) of XI wus
redaced as described under Procedure B, The catalvst and
aleohol were removed and the residue of XIII condensed with
3.2 g (0.02 mole) of alloxan monohydrate by the procedare of
Lambooy.®  One grian (16075 10f IV was abtained, m.p, 214-216°
dec.

Anal, Caled, Tor CisllgN:O € 5790 H. 6.2 N, I8N
Foand: C, 97.6: H, 6.3: N, I8N0, €™ (A) 265 (30,500), 370
110,500), 455 (12,200); ewin (A) 240 (11,300, 300 (1,100), 400-
(7,800). R = 032,

Procedure B is a modification of the procedare of Adums,
ot al.? Five grams (0.017 moley of NI in 150 ml. of absolute
ethanol was reduced over platinain oxide at 3.5 kg, /em.* for 17 hr.
The catalyst was filtered and dry hydrogen chiloride gas passed
into the filtrate for a few min.  The solution was concentrated
to an oil and 50 ml. of absolute ethanol was added to dissolve the
residue. To this solution of XIIT hydrochloride was added 1 hot
solution of 4 g. (0.02 mole} of alloxan monohydrate in 100 ml. of
nbsolute ethanol.  The resulting dark solation was heated for 10
min. on the steam bath and kept «t room temperature overnight.
The crnde flavin hydrochloride wus filtered and recrystallized
from 775 mlb of 609 ethanol. After cooling, the product wus
collected and reerystallized from 150 ml. of H0¢, ethanol to give
3 g, (43¢7) of IV hydrochiloride, ni.p. 264-265° dec.

Anal. Cualed. for CsHuCIN:O,;: CL 8.6, Fonud: Cl, 8.7

7.,8-Dichloro-10- {2-[bis(2-hydroxyethyl)amino!ethyl}isoallox-
azine Hydrochloride (V1,—-Five grams (0.015 male) of XIT in 150
ml. of absolute ethanol was reduced over platimun oxide at 4.2
kg, fenn® for 11 hr. The catalyst wag filtered and dry hydrogen
chiloride gas passed into the filtrate. The aleohol was distilled
and 50 ml. of absolate ethanol added to digsolve the residne. A
ot solution of 4 g. (0.02 mole) of alloxan monohydrate in 150 ml,
of absolate eth:mol wus added and the solution heated for 10 min,

J18) R Kulpr, I Weygnud, and . Moller, Bes., 76, 1044 (1943).
(19) 1. P, Lawhooy. J. Am. Chem. Soc., T2, 3223 (1830).
¢2(1) ¢ Has units of 1. /v1ole-em.

Val, o

on the stemm bath and let stand for 2 Jdayvs in the dark at roowm
tempernture.  The crade product was filtered and recrystallized
from a mixture of 155 ml of water, 10 mk of coned. hvdrochlorie
actd it 175 mb of ethanol. The produet was tiltered i re-
eryvstatlized (rom comixture of 20wl of water, 5 b of conel,
hivdrochlorte aetd and 25 ml of ethunol to give 05T g, mip.
255 256% dev. X second crop of 0.23 g was isolated from the

filtrate, nrp. 233-235° Jdees; total vield of Vohvdrochloride, 1.1
w1300 Arcmalytical stanple was obGrined from 507 e(umol,

D 259-260° e

Anal, Caled, for CuHCENLO ) 42,60 FL4.00 O 2306
N, 1500 PFoumd: O, 42380 H, 1.0; CL 23.6; N, 154, e iN:
225 (32,4005, 270 34,0005, 350 (8,5007, 440 (12,0007 e v X
240 (22,400), 300 (2,000, 380 (14,7001 K¢ = 0,44,

7,8-Dimethyl-10-2-bis(2-chloroethyl;amino|ethyl] isoallox-
azine Hydrochloride (VI).—The free base of IV hvdrochloride
was prepared by (he peatralization of 3.33 g, (0.008 mole) of the
Livdrochloride with V' sodinm hydroxide ta give 3.02 g of TV,
nep. 210-212° dee. IV and 200 ml. of thionyl chloride were kept
at room temperatare for 12 hr, and retlaxed for 2 hr. The thio-
nvl chloride was distilledd and 100 mlb of absolate ethanol nibled
to the residac and distilled.  The crvstatline residae was trans-
ferred to a filter with the nid of 75 mlb of absolate ethanol.  There
wis obtained 5.1 g ety of VI hydrochloride, nrp. 252-253°
dee. AL g sample was reervstallized for analysis fronn o
mixtare of 20wl of coned. hydrochlorte aetd, 40 ml of water aud
SO mb. of ethanol.  The produet, mp -253°, was filtered and
dried st 3 A10D° /5 el . 250-2527 dee.

Anal. Cided. for CyHaCEN:O O 484 HL 500 CLo23s;
N, ST Ponud: OS2y ML 5 CLo2320 2340 N, 150,
15,1, 15.6.

7,8-Dichloro-10-2-]bisi2-chloroethyl)amino] ethyl| isoalloxa-
zine Hydrochloride {VII},—-The free base of V hvdrochloride wus
prepared by the nentralization of 1.23 g, ¢0.0027 mole; with .V
sodimn hydroxide to give 1.1 g. of V, mrp. 202-204° dee. Tt was
saspended in 200 ml. of thionyl, chloride, let stand at room temn-
peratare for 15 hr. and then refluxed for 3 hr.  After removal of
the thiouyl ehiloride, 100 ml. of absolute ethanol was distitled from
the resicdae and the crystalline prodact was transferred o a filter
with the atd of 60 mbL of absolute ethanol.  The vield of VI
hydrochloride was 116 g (STC0L mop. 220--230° dee. A 0.5 g,
smuple wis recrvstallized from a mixtare of 30 ml of coned.
hvdrochilorie acid and 45 ml. of ethanol. The produet, mp.
234-235° dec., was dried (or analvsis at room temperature and 3
mut. for 12 e, nnp. 254-235° dee. Heating the sample Jlaring
drving caased loss of hydrogen ehloride.

Anal, Caled. for CpuHpCLNO.: CL 3901 HL 3.3 CL 3603
N RS Feanud: (03930 H,3.20 CL36.G; N, 1L

Vitamin B Analogs. 1.

5-Hydroxy-6-methyl-4-trifluoromethyl-3-

pyridinemethanol Hydrochloride'
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A total symthesis of 5-hydroxy-6-nmethyl-4-trifluoromethy -3-paridinemethans!l hydrochloride s described,
The condeusation of trifluoroacetylacetone with 2-cyanoscetumide leads to 2-hydroxy-G-methyl-4-triftuoro-

methylnicotinonitrile,

Although Stoerk® observed in 1947 that 4-desoxy-
pyridoxine administered to hybrid mice maintained on
a vitamin Bg-deficient diet inhibited the growth of
Iymphosarcoma 6C3H-IID, relatively little work has
been done on the syntheses of other analogs of the Bg
vitaming for screening against animal neoplasms.

(11 This work was supporte.] by funds fromn the Cancer Chemotherapy
Niutional Service Center, National Cancer Institute, National Institutes of
1lealtll, Contract No. SA-43-ph-1740.

(2) 1L C. Stoerk, J. Biol. Chem., 171, 437 (1947).

This pyridine is then converted to the final product by a five-step renction seqaence.

Other workers have investigated the effeet of 4-desoxy-
pyridoxine and acid hydrazides, separately and in com-
bination, on the growth of other rodent tumors.® In
all cases the treatments were significantly more effee-
tive on a Bg-deficient diet.

(3) D. M. Shapivo and A, Celliow, Cancer Research, 11, 35 (1951); K. R.
Cereccdo, M. 15, Lombardi, D, V. M. Reddy, and J. J. Travers, f'roe. Sove.
Exper. Biol. ded., 80, 648 (1932): B, L. Freeldlander, 1. A. Frencly and A,
Furst, ibid., 86, 788 (19534);: J. B. Loefer, Cancer Research, 11, 481 (1950}
and R. W, Brockman, J. R. Thomsou, F. M, Schabel, Jr., and 1I. 1. Skipper,
ibid., 16, 788 (1956).
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As a part of our program to develop more effective
antineoplastic agents, we have undertaken the syn-
theses of a number of analogs of the By vitamins with
the objective in mind of obtaining a compound with
significant antitumor activity on a complete diet.

One of our first candidates for synthesis and evalua-
tion was “trifluoro-4-desoxypyridoxine” [5-hydroxy-6-
methyl-4-(trifluoromethyl)-3-pyridinemethanol (VI)].
Since the atomic radius of fluorine is only slightly
larger than that of hvdrogen, this compound should
fulfill the structural requirements of an antagonist of the
B vitamins * but, because of the powerful inductive ef-
fect of the trifluoromethyl group, should possess chemi-
cal properties quite different from those of Bg vitamins.
For example, one would expect the 5-hydroxyl group of
VI to be more acidic than the corresponding hvdroxyl
of the Be vitamins and the ring nitrogen of VI to be less
basic than that of the Bg vitamins.® Since it is not
possible to predict the effect of such differences on the
biologic activity of VI, synthesis of this compound for
biological evaluation seemed worthwhile. The syn-
theses of a number of compounds closely related to

CF; (EFS (EHZCN
Cx
! X2 CN _ HC/ X0 HN/c§o
HeC” N “OH by, +
: H.C” 0 11
1 \ 11
CFs CF, CF,
O:N )\ CN ﬁCOR Hofj/CHZOH
H,c” "N oH
v Va, R=NH,
Vb, R=0H
| Ve, R=0C,H;
CF, CH,
OZNﬁCN ﬁCHZNHz H,N fICN
! -,
H,C N >C1 HoC H,C
VII VIII

l

wn CFs CH,
CHscONHﬁCN 2 )\)\L H,N CN
Cl H3C
X1

pvridoxine have been reported in the literature. None
of these substances, however, contain trifluoromethyl
substituents. The condensations of 2-cyanoacetamide
with acetylacetone, with 1-ethoxyacetylacetone, and
with ethyl acetopyruvate lead, respectively, to 4,6-di-
methyl-2-hydroxynicotinonitrile®  4-ethoxymethyl-2-

(4) E. E. Snell, Vitamins and Hormones, 16, 77 (1958).

(8) Giner-Sorolla and Bendich found that the introduction of the 6-
trifluoromethyl group into uracil caused a 6,000-fold increase in the acid
strength of uracil.? The introduction of a single fluorine atom into the 2-
or 3-position of pyridine brings about a similar decrease in basic strength of
tlie ring nitrogen.”

(6) A. Giner-Sorolla and A. Bendich, J. Am. Chem. Soc., 80, 5744 (1958).

(7) H. C. Brown and D. H. McDaniel. ibid., 77, 3752 (19353),

(8) J. Moir, J. Chem. Soc., 81, 105 (1902).
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hydroxy-8-methylnicotinonitrile,® and 4-carbethoxy-2-
hydroxy-6-methylnicotinonitrile.'® Therefore, we be-
lieved that the condensation of 1,1,1-trifluoroacetyl-
acetone (II) with 2-cyanoacetamide (IIT) would lead
to 2-hydroxy-6-methyl-4-(trifluoromethyl)-nicotinoni-
trile (I). A single product was isolated when the
condensation was effected in ethanol using the general
procedure described by Verrill and Schneider.!' While
no formal proof of the position of the triflucromethyl
group on the pyridine ring was attempted (it could oc-
cupy either the 2- or the 4-position), early work of
Bardhan,'? and later that of Wenner and Plati,'* indi-
cates that the trifluoromethyl group is in the 4-position.

Acid hydrolysis of the nitrile gave the corresponding
amide (Va), while basic hydrolysis and acidification
gave the free acid (Vb). The latter was converted to
the ethyl ester (Ve) in excellent vields by a modified
Fischer esterification. Nitration of the 2-hydroxy-6-
methyl-4-(trifluoromethyl)nicotinonitrile (I) with fum-
ing nitric acid in sulfuric acid solution gave
2-hydroxy-6-methyl-5-nitro-4-(trifluoromethylynicotino-
nitrile (IV)., Treatment of this nitro pyridine (IV)
with phosphorus pentachloride in phosphorus oxy-
chloride gave high yields of 2-chloro-6-methyl-3-nitro-
4-(trifluoromethylnicotinonitrile (VII). This com-
pound (VII) when treated with hydrogen in the pres-
ence of palladium-on-carbon catalyst could be cou-
verted directly to 3-amino-d-aminomethyl-2-methyl-4-
(trifluoromethyl)pyridine  (VIII)  trihvdrochloride.
When, however, reduction of the nitro group, removal
of the halogen, and reduction of the cyano group were
all effected in one step, the yield was poor. If the
nitro group of VII was first reduced with stannous
chloride and hydrochloric acid'® to give 5-amino-2-
chloro-6-methyl-4-(trifluoromethyl)nicotinonitrile (XI)
and XI in turn reduced catalytically to the diamine
VIII, the over-all yield was much better. The inter-
mediate XI was characterized as its acetyl derivative
(X). Because the free base XI precipitated from an
acid medium, a potentiometric titration of XI in
aqueous solution was carried out. No break in the
titration curve was observed confirming the weakly
basic nature of the 5-amino group of XI, apparently
resulting from the combined inductive effects of the
trifluoromethyl group and the nitrile group.

An attempt to remove the 2-chloro group from con-
pound XI chemically gave an unexpected and interest-
ing result. In some related work which will be re-
ported in a subsequent paper we had been able to con-
vert 5-amino-2-chloro-4,6-dimethylnicotinonitrile (IX)
to 5S-amino-4,6-dimethylnicotinonitrile (XII) by pro-
longed boiling of IX with an aqueous suspension of zine
dust. When this procedure was carried out on the
corresponding 4-trifluoromethyl compound (XI) the
chlorine was readily removed, but at the same time
all three fluorine atoms of the 4-trifluoromethyl group
were also replaced by hydrogen; the fluorine-free com-
pound (XII) was obtained in essentially quantitative

(9) S. A. Harris, E. T. Stiller, and K. Folkers, J. Am. Chem. Soc., 61, 1242
(1939).

(10) A, ltiba and 8. Emoto, Sci. Papers Inst. Phys. Chem. Research (Tokyo)
88, 347 (1941) [C. A., 85, 6960 (1941)].

(11) K. J. Verrill and A. M. Schueider, British Patent 886,012 (1333).

(12) J. C. Bardhan, J. Chem. Soc., 2223 (1929).

(13) W, Wenner and J. T. Plati, J, Org. Chem., 11, 751 (19486).

(14) L. A. Perez-Medina, R. P. Mariella, and S. M. McElvain, J, dm.
Chem. Soc., 89, 2574 (1947,
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Tasee 1
—— V. T W, ———
Ardraal
Dosage wt. ehanee Yoo
Compound (ng./keg./day) Tumor Mortality T/ (g T/C hipe) Contrn)
I 500 =180 1/6 =00/ 1.7 652/857 0
400 Cu735 1410 T2 1201 /1120 > 100
v 500 S180 676
100 S180 /0 162 16T5,/101) T
90 Ca735 0/10 4+ 1.0/41.3 I8N0/ 1204 N
Vi 500 =1N0 6,0
100 =180 1/6 +0 3/40.5 1245/ 1147 > 100
S0 1735 10710
40 Cu@ba 1410 + 120432 981700 bn
VII 2 8180 676
15 =180 0/t — 1.6/ 412 11a6/1704 70
XI 500 =180 1/6 —-0.2/+1.7 100857 b
400 ('n755 10710
yield. This degiee of lability of the fluorine atoms in o activity of 4-deoxypyridoxine on a weight basis at o

trifluoromethyl group is quite unusual and unexpected.®

3-Amino-2-chloro-6-methyl-4 - (trifluoromethyl) -nico-
tinonitrile (XI), when treated with three equivalents
of hydrogen at atmospheric pressure in the pres-
ence of 309 palladium-on-carbon catalyst, gave
essentially quantitative yields of 3-amino-j-amino-
methyl-2-methyl-4-(trifluoromethyl)pyridine (VI
isolated as the dihydrochloride.  Attempts to effect this
same reduction with lithiom aluminum hydride were
not successful.  No identifiable produet was isolated;
partial reduction of the pyridine ving appeared to take
place.  This result is in agreement with those obtained
by Bohlmaim, 7 who found that many pyridines sub-
stituted in the 3-and ‘or H-position by electron with-
drawing groups are subject to ring reduction by lithium
aluminum hydride.

Reaction of 3-amino-H-aminomethyl-2-methyl-4-(tri-
Huoromethyl)-pyridine (VIII) dihydrochloride or tri-
hydrochloride with nitrous acid gave moderate yields
of the desired pyridoxine analog, 5-hydroxy-6-methyl-4-
(trifluoromethyl)-3-pyridinemethano!l ~ (VI)  hydro-
chloride.

Sereening Results.—“Irifluoro-4-desoxypyridoxine™
(VI) and most of the synthetic intermediates leading ta
it were screened against Sarcoma 180 and Adenocar-
citoma 755.%  The results given in Table T show that
none of these compounds has significant activity against
cither one of these tumors.

These compounds were also evaluated for anti-Bg
activity in Saccharomyces carlsbergensis by a procedure
already described.’ Compounds I, IV, and VI ex-
hibited no inhibition at a concentration of 3 ug./ml.
and hence, by comparison with 4-deoxypyridoxine,
may be considered inactive as Bg antagonists. Com-
pound XTI inhibited growth to the same extent in con-
centrations ranging from 0.1 pg. ml to 3.0 wg. ml
indicating that its inhibitory action is not solely (Gf at
all) a result of B antagonism.  Fxpressed in terms of
anti-Bs  activity, this compound has one-third the

(13) Anothec intecesting exeeption to thie normal stability of the trfluoro-
ethyl group has been noted recently. 5H-Trifluoromethyluracil is bydro-
lyzed readily in base to the corresponding carboxylic acid.®

((6) C. Heidelborgey, D), Paysons, and D, C. Reiway, J. Am. Chem. Sve., 84,
AT (190623,

(17) I. Bobhipann aud M. Bolibuwanun, Chem. Bee., 86, 1419 (10531,

(18) Cuncer Chemotherapy Reports, 1, 42 (19530).

119) 1%, L. Snell and J. . Rabinowitz, Anal. Chem., 19, 277 ((947).

concentration of 0.1 pg. ‘ml.

Experimental

All melting potuts were determined in an open eapithary and
are corrected.

2-Hydroxy-6-methyl-4- (trifluoromethyl jnicotinonitrile 1: --2-
Cyanoacetaunde (47 g., 0.50 mole) was dissolved in boiling 15,
ethanol (350 ml), 1,1, 1-triffaoroacetyhicetone® (77 g., 0.50 mole:
alded, and the system gently reflaxed with stirring while diethyt
amine (18.3 g., 0.25 mole) was added dropwise over n 30 nnn.
period.  Refluxing and stirring were continued for an addidoral
hr. bhefore the system was allowed to staud overnight a( 02
The vellow crystals that had formed were collected o i filter and
dried at 80°: viekd ST g, (R0 (5 vrp. 2306.5-238.0°% Reeryvstul-
hzition from ethanol did noc raise the melting point.

Anal, Caled. for CHLFANO: O 47,76 H, 2.01; N, 13023
Foand: C,47.76: H,2.73: N, 13.84,
2-Hydroxy-6-methyl-4-{trifluoromethyl nicotinamide iVai.-

2-Hvdroxy-G-methyvl-4-{ trifluoromethybnicotinonitrile (4.66 g.»
was dissolved in a mixtare of salfarie acid (25 g., sp. gr. 1.8
and fuming sulfarie weid (23 g, 200, SOy The solution was
wclowed to stand it SO° tor 24 hr. hefore heing poared futo an iee-
water slash (300 mlb.y. The white, ervstalline precipitate was
collected on a filter andd dried before being recrystallized (rom
ethanol; vield 3.67 g (7201 m.p. 341.5-543.5° dec,

dnal. Caled, for CoHENOu: O 43,630 1, 3210 b
N 12720 Found: C, 43850 HL0800 125000 N, 12,71

2-Hydroxy-6-methyl-4-(trifluoromethyl)nicotinic Acid (Vb.—
2-Hyvdroxy-6-methyl-4-(triflaoromethvhuicotinonitrile (10 .
was added to a 25 solution ¢t 110 mlb) of potasstam hydroxide in
water, and the system was reflaxed gently for 18 hr. before being
poared into an iee-water shngh (300 nil.) containing coned. hyvdra-
chlorie acid (60 mlb. ;. The white, rrystalline precipitate was col-
lected o a filter and dried before heing recrystallized from 150
ml. of 30 acetic acid: vield 7.5 g. (694, ): np. 250-251°.

Aual., Caled. tor CiHFENO 0 O 43.46: H, 2.74; N, 654,
Foand: C,43.67; H,2.07:; N, 638

Ethyl 2-Hydroxy-6-methyl-4-i{trifluoromethyl nicotinate (Vei.
A mixture of 2-hvdroxv-G-methyl4-(trifluoromethybuieotinie
acid (44,6 g., 0.202 mole), nbsolate ethanol (55.8 g., 1.21 moles .
sodium chiloride (23,6 g., 0.404 mole), benzene (250 ml.}, and
coned. sulfurie actd (41,7 g., 0.404 mole) was refluxed vigoronsly
antil no more water collected in the attached water trap (60
hr.). After caoling, the contents of the flusk were nade bhasice with
conedt, aunmonium hydroxide and extrieted with un equal volnme
of chiloroforin. The organte layer was separated and the aqaeoas
layer extracted a gecond time with chloreform (250 mib.). The
ariginal organice Lkover :awd chloroform extract were combined,
washed with water, and dried over Drierite.  After removal of the
desiceant by filtration the solvent was evaporated i vacyo to give
a white, cryvstulline residae which was recrystallized from water
(1500 mi. 1 vield 345 g (699, ) mp. 2= 144°.

Anal. Caled. for CoHOGFNO: O 48,100 T 1050 N,
Foamwd: 4824, Ho 0120 N 500N,

25.00;

5.62.

(205 ColhpnbGin Orgume Chewieals Con, Toe., Columbia, Soath Cioeboaa.
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2-Hydroxy-6-methyl-5-nitro«4-(trifluoromethyl)nicotinonitrile
(1V).—2-Hydroxy-6-methyl-4-(trifluoromethyl)nicotinonitrile (50
g.) was dissolved in coned, sulfuric acid (140 ml.). To this
solution, cooled to 0°, was added with thorough mixing a solution
(also at 0°) of fuming nitric acid (120 ml., d 1.5) in coned. sulfuric
acid (250 ml.). The mixture was stirred constantly while the
temperature rose spontaneously to 45°, When the temperature
had fallen to 35° the mixture was cooled to 15° and poured with
vigorous stirring into crushed ice (2000 ml.). The fine, yellow
precipitate was collected on a filter and washed with water before
being dried at 80°. The crude product was dissolved in boiling
ethanol (300 ml.) and treated with hot water to the point of first
permanent cloudiness. After standing overnight at 0° the yellow
crystals were collected and dried; yield 44 g. (729%); m.p. 202-
204° dec.

Anal. Caled. for CsH4FsN;05: C, 39.88; H, 1.63; N, 17.00.
Found: C,39.49; H,1.74; N, 17.00.

2-Chloro-6-methyl-5-nitro-4-(trifluoromethyl)nicotinonitrile
(VII),—2-Hydroxy-6-methyl-5-nitro-4-(trifluoromethyl)-nicotino~
nitrile (75 g., 0.30 mole), phosphorus pentachloride (94 g.,
0.45 mole), and phosphorus oxychloride (250 ml.) were mixed and
heated at gentle reflux for 18 hr. At the end of this time essen-
tially all of the phosphorus oxychloride was removed by vacuum
distillation. The residue was chilled and treated with an ice-
cold mixture of ethanol (100 ml.) and water (400 ml.). After
the reaction had subsided the mixture was heated for 2 min. on a
steam bath before being cooled in ice. The precipitate was col-
lected on a filter, washed thoroughly with water and dried on the
filter before being recrystallized from aqueous ethanol; yield
after recrystallization 66 g. (819%); m.p.96-97°.

Anal. Calcd. fOI' CsHaClFaNaOz: C, 3618, H, 114. N,
15.82. Found: C,36.19; H,1.21; N, 15.63.

5-Amino-2-chloro-6-methyl-4-(trifluoromethyl)nicotinonitrile
(XI).—2-Chloro-6-methyl-5-nitro-4- (trifftuoromethyl)nicotino-
nitrile (35 g.) was slurried with diethyl ether (100 ml.)
contained in a 2 1. flask. A clear solution of stannous chloride
(90 g.) in coned. hydrochlorie acid (180 ml.) was added to the
stirred slurry. Immediate exothermic reaction drove off most
of the ether, and stirring was continued until the reaction tem-
perature had fallen to 30°. Ice water (350 ml.) was added, and
the system was allowed to stand at 0° overnight before the crude
product was collected on a filter and washed with two 100-ml.
portions of 5%, hydrochloric acid followed by 200 ml. of water.
The crude product was dried at 80° and recrystallized twice
from aqueous ethanol; yield 25 g.(78%); m.p. 134-136°.

Anal. Caled. for CH,CIF;N3: C, 40.78; H, 2.14; N, 17.84.
Found: C, 40,84; H,2.26; N, 17.58.

5-Acetamido-2-chloro-6-methyl-4.(trifluoromethyl)nicotinoni-
trile (X).—This derivative was prepared from 5-amino-2-chloro-
6-methyl-4-(trifluoromethyl)nicotinonitrile (2 g.) via a standard
procedure?!; yield 2.15 g.(919,); m.p. 193.5-195.5°.

Anal. Caled. for CH:CIF;N;O: C, 43.26; H, 2.55; N,
15.14. Found: C,43.17; H,2.75; N, 15.27.

Reduction of 5-Amino-2-chloro-6-methyi-4-(trifiluoromethyi)-
nicotinonitrile:  5-Amino-4,6-dimethylnicotinonitrite (XII),—
(a) 5-Amino-2-chloro-6-methyl-4-(trifluoromethyl)nicotinonitrile
(2.0 g.), water (200 ml.), and zine dust (20 g.) were heated
together at gentle reflux for 1 hr. More zine dust (5 g.) was
added, and refluxing was continued for 71 hr. The hot solution
was filtered quickly and the filtrate reheated to boiling to give a
clear water-white solution which was allowed to stand overnight
at 0°. The white silky needles were collected on a filter, washed
with water, and dried at 80°; yield of fluorine-free compound
1.1g.(889%,): m.p. 193.5-195.5°.22

Anal. Caled. for CsHyN;: C, 65.25;
Found: C,65.538; H,6.27; N, 28.38.

(b) When an attempt was made to reduce 5-amino-2-chloro-6-
methyl-4-(trifluoromethyl)nicotinonitrile with lithium aluminum

H, 6.16; N, 28.55.

(21) R. L. Shriner and R. C. Fuson, ''Identification of Organic Com-
pounds," J. Wiley and Sons, Inc., New York, N. Y., 3rd ed. 1948, p. 177.

{22) This melting point is identical with and does not depress that of an
authentic sample of 35-amino-4,6-dimethylnicotinonitrile prepared in an
unambiguous manner which will be described in a subsequent paper of this
series.
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hydride in diethy!l ether solution, work-up gave an oil possessing
a strong ammoniacal odor. This oil could not be induced to
crystallize nor could an isolable hydrochloride salt be obtained
from it.

(¢) Catalytic Reduction of XI: 3-Amino-5-aminomethyl-6-
methyl-4-(trifluoromethyl)pyridine (VIII) Dihydrochlioride.—5-
Amino-2-chloro-6-methyl-4-(trifluoromethy!)nicotinonitrite (10
g.) was suspended in water (200 ml.) containing coned. hydro-
chloric acid (51 ml.) and 309 palladium-on-carbon catalyst
(10 g.). The system was stirred and treated with hydrogen at
essentially atmospheric pressure until 3 equiv. of the gas had
been absorbed (actual uptake was 3150 ml.; theoretical uptake
at 750 mm. and 25° 3140 ml.). The system was heated to
boiling, filtered hot, and the filter cake washed with hot 59
hydrochloric acid (100 ml). The combined filtrates were evap-
orated to drvness on a steam bath, leaving a yellow, crystalline
residue that was slurried with boiling ethanol (200 ml.) in which
it was not completely soluble. After cooling, the suspension
was treated with an equal volume of diethyl ether and chilled to
0° before the precipitate was collected on a filter; vield 10.8 g.
(929,); m.p. 217-218° dec. The apparent pK, values of this
compound, determined potentiometrically, are 3.35 and 8.80;
neutral equivalent: caled., 138.6; found, 138.1.

Anal. Caled. for CsH)0F3N3-2HCL: C, 34.55: H, 4.35; Cl,
25.50. Found; C, 34.28; H, 4.56; Cl, 25.80.

3-Amino-5-aminomethyl-6-methyl-4-(trifluoromethy!)pyridine
(VIII) Trihydrochioride.—2-Chloro-6-methyl-5-nitro-4-(trifluoro~
methyl)nicotinonitrile (10 g.), water (200 ml.), coned. hydro-
chloric acid (15 ml.), and 309; palladinm-on-carbon catalyst
(10 g.) were treated with hydrogen at 3.5 kg./¢n1.2 When pres-
sure drop indicated that 6 equiv. of hydrogen had been absorbed
(28 hr.), the system was opened, the reaction mixture heated to
boiling and filtered hot. The clear yvellow filtrate was evaporated
to dryness, and the residue was recrystallized from ethanol;
yield 5.5 g. (469;); m.p.276-278° dec.

Anal. Caled. for CsH,0F3N;3;-3HCL: C, 30.54; H, 4.16; N,
13.36. Found: C,30.92; H,4.24; N, 13.54.

5-Hydroxy-6-methyl-4-(trifluoromethyl)-3-pyridinemethanol
(V1) Hydrochloride.—3-Amino-5-aminomethy1-2-methyl-4-(tri-
fluoromethyl)-pyridine dihydrochloride (8 g.) was dissolved in
water (200 ml.) containing concd. hydrochloric acid (11 ml.).
This solution was maintained at 80 = 3° and stirred while a
solution of sodium nitrite (4.4 g.) in water (20 ml.) was added
dropwise over a 1.5-hr. period. Temperature and stirring then
were maintained for an addition 0.5 hr. The yellow solution
was evaporated to dryness on a steam bath; the residue was taken
in boiling ethanol (100 ml.), treated with decolorizing carbon
and filtered hot. The filtrate was treated with acetone (100 ml.)
and allowed to stand at 0° for 3 hr. before the small amount of
precipitate was removed by filtration. The filtrate was evap-
orated to dryness in vacuo, and the residue dissolved in absolute
ethanol (60 ml.). The clear, pale vellow solution was treated
with anhydrous ether (150 ml.) and allowed to stand overnight
at 0° before the white crystalline precipitate was collected on a
filter, washed with ether, and dried at 78° in vacuo; yvield 5.1 g.
(73%); m.p.192.5-194.5° dec.

Anal. Caled. for CsHsF:NO. HCl: C, 39.44; H, 3.72; N,
5.75. Found: C,39.28; H, 3.82; N, 5.96.

The same reaction was carried out on 3-amino-3-aminomethyl-
2-methyl-4-trifluoropyridine trihydrochloride (see above) and
gave material identical with that described above; m.p.192-193°,
mixture melting point with the material described above, 192—
193°. Both samples of VI gave a positive test for ionic chloride.
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