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As a part of our program to develop more effective 
antineoplastic agents, we have undertaken the syii- 
theses of a number of analogs of the Be 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-desoxypyridoxiiie” [5-hydroxy-G- 
methyl-4-(trifluoroniethyl)-3-pyridinemethanol (TI)]. 
Since the atomic radius of fluorine is oiily slightly 
larger than that of hydrogen, this compound should 
fulfill the structural requirements of an antagonist of the 
Be v i tami i~s ,~  but, because of the powerful inductive ef- 
fect of the trifluoromethyl group, should possess chemi- 
cal properties quite diflerent from those of vitamins. 
For example, one would expect the 5-hydroxyl group of 
VI to be more acidic than the correspoiiding hydroxyl 
of the Bg vitamins and the ring nitrogen of VI to be less 
basic than that of the Hg ~i tan i i i i s .~  Since i t  is not 
possible to predict the effect of such differences on the 
biologic activity of TI, synthesis of this compound for 
biological evaluation seemed worthwhile. The syn- 
theses of a number of compounds closely related to  
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pyridoxine have been reported in the literature. Sone 
of these substances, however, cont,ain t,rifluoromethyl 
substituents. The condensations of 2-cyanoacetamide 
with acetylacetone, with 1-ethoxyacetylacetoiie, and 
with ethyl acetopyruvate lead, respectively, to  4,6-di- 
met~hyl-2-hydroxyni~otirionitrile,~ 4-ethoxymethyl-2- 

(4) E. E. Snell, l’itamins and Hormones, 16, 77 (1958). 
( 5 )  Giner-Sorolla and Bendich found tha t  the  introduction of the 6- 

trifluoromethyl group into uracil caused a 6,000-fold increase in the  acid 
strength of uracil.8 The  introduction of a single fluorine atom into t h e  2 -  
or &position of pyridine brings about a similar decrease in basic strength of 
the  ring nitrorren.7 

(6) A.  Giner-Sorolla and  A. Bendich. J .  A m .  Chem. Soc.. 80, 5744 (1938). 
(7)  H. C. Brown and D. H. &loDaniel. ibid., 77, 3752 (1555). 
( 8 )  J. bloir, J .  Chem. Soc.. 81, 105 (1502). 

hydro~y-6-methylnicotinonitrile,~ and 4-carbethoxy-2- 
hydroxy-G-methylnicotinonitrile.lo Therefore, n e be- 
lieved that the coiideiisation of l ,l,l-trifluoroacetyl- 
acetone (11) with 2-cyanoacetamide (111) n ould lead 
to 2-hydroxy-G-methyl-~-(trifluoroinethyl)-iiicotinoi~i- 
trile (I). 4 single product was isolated nheii the 
condensation was effected in ethanol using the general 
procedure described by Terrill and Schneider.’l While 
no formal proof of the position of the trifluoromethyl 
group on the pyridine ring w a h  attempted (it could oc- 
cupy either the 2- or the 4-position), early work of 
Bardhan,’* and later that of Weiiiier aiid l’lati,13 indi- 
cates that the trifluoromethyl group is in the 4-position. 

Acid hydrolysis of the nitrile gave the correspoiiding 
amide (T’a) , while basic hydrolysis and acidification 
gave the free acid (Yh). The latter was converted to  
the ethyl ester (1-c) in excellent yields by a modified 
Fischrr esterification. Sitration of the 2-hydroxy-G- 
methyl-4- (trifluorome t hyl) iiicotiiioiiitrile (I) with f um- 
iiig nitric acid in sulfuric acid solution gave 
2-hydroxy-6-methyl-S-nit ro4-(t rifluoromethyl) nicotino- 
nitrile (IT). Treatment of this nitro pyridine (IT’) 
lr-ith phosphorus pentachloride in phosphorus oxy- 
chloride gave high yields of 2-chloro-6-methyl-3-iiitro- 
4- (trifluoroniethyl) iiicotiiioiiitrile (YI I). This com- 
pound (T’II) when treated ni th  hydrogeii in the pres- 
ence of palladium-on-carbon catalyst could be con- 
verted directly to 3-amino-3-aiiiinoniethyl-?-methy1-4- 
(trifluoromethyl) pyridine (T’III) trihydrochloridr . 
When, hon ever, reduction of the iiitro group, removal 
of the halogen, aiid reductioii of the cyano group neie 
all effected ilk one step, the yield nas  poor. If the 
iiitro group of T’II nas first reduced ui th  stannous 
chloride and hydrochloric acid14 to give 3-amiiio-2- 
chloro-6-met hyl-4- (trifluoromet hyl) iiicotiiioiiit rile (XI) 
and XI in turn reduced catalytically to the diamine 
T-111, the over-all yield was much better. The inter- 
mediate XI \vas characterized as its acetyl derivative 
(X). Because the free base XI precipitated from an 
acid medium, a potentiometric titration of XI iii 
aqueous solution n-as carried out. KO break in the 
titration curve was observed confirming the n eakly 
basic nature of the 3-amino group of XI, apparently 
resulting from the combined inductive effects of the 
trifluoroniethyl group and the nitrile group. 

An attempt to remove the 2-chloro group from com- 
pound XI chemically gave an unexpected and interest- 
ing result. In  some related work which nil1 be re- 
ported in a subsequent paper n e  had been able to  cori- 
vert 5-aniino-2-chloro-4,G-dimethyliiicotinonitrile (IX) 
to 5-amino-4,Gdimethyluicotiiioiiitrile (XII) by pro- 
longed boiling of IX with an aquroui suspeiibion of ziiic 
dust. When this procedure nas carried out 011 the 
corresponding 4-trifluoromethyl compound (XI) the 
chlorine was readily removed, but a t  the same time 
all three fluorine atoms of the 4-trifluoromethyl group 
were also replaced by hydrogen; the fluorine-free coiii- 
pound (XII) was obtained in essentially quantitative 
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2-Hydroxy-6-methyl-5-nitro-4- (trifluoromethy1)nicotinonitrile 
(IVj.-2-Hydroxy-6-methy1-4-(trifluoromethyljnicotinonitrile (50 
g.) was dissolved in concd. sulfuric acid (140 ml.). To this 
solution, cooled to O", was added with thorough mixing a solution 
(also a t  0') of fuming nitric acid (120 ml., d 1.5) in concd. 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 m1.j. The fine, yellow 
precipitate was collected on a filter and washed with water before 
being dried a t  80". The crude product was dissolved in boiling 
ethanol (300 ml. j and treated with hot water to the point of first 
permanent cloudiness. After standing overnight a t  0' the yellow 
crystals were collected and dried; yield 44 g. ( 7 2 % ) ;  m.p. 202- 
204" dec. 

Anal. Calcd. for CsH4F3S303: C, 39.88; H,  1.63; S, 17.00. 
Found: C,39.49; H, 1.74; S, 17.00. 

2-Chloro-6-methyl-5-nitro-4- (trifluoromethyl)nieotinonitrile 
(VII).-2-Hydroxy-6-methyl-5-nitro-4-(trifluoromethyl j-nicotino- 
nitrile (75 g., 0.30 mole), phosphorus pentachloride (94 g., 
0.45 mole), and phosphorus oxychloride (250 ml. j were mixed and 
heated a t  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.). A4fter 
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. (81%); m.p. 96-97'. 

Anal. Calcd. for C8H3C1F3N302: C, 36.18; H,  1.14; S, 
15.82. 

5-Amino-2-chloro-6-methyl-4- (trifluoromethy1)nicotinonitrile 
(XI) .-2-Chloro - 6 -methyl - 5 -nitro - 4 - (trifluoromethy1)nicotino- 
nitrile ( 3 5  g.) was slurried with diethyl ether (100 ml.) 
contained in a 2 1. flask. A clear solution of stannous chloride 
(90 g. j in concd. hydrochloric 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 nil.) was added, and 
the system was allowed to  stand a t  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. (787,); m.p. 134-136'. 

Anal. Calcd. for CSH5C1F3K3: C, 40.78; H, 2.14; XI 17.84. 
Found: C,40,84; H,2.26; N, 17.58. 

5-Acetamido-2-chloro-6-methyl-4- (trifluoromethy1)nicotinoni- 
trile (Xj.-This derivat'ive was prepared from 5-amino-2-chloro- 
6-methyl-4-( trifluoromethy1)nicotinonitrile ( 2  9.) via a standard 
procedure21; yield 2.15 g. (91yo); m.p. 193.5-195.5'. 

Anal. Calcd. for CI~HiClF3N30: C, 43.26; H, 2.55; S, 
15.14. Found: C,43.17; H, 2.75; K, 15.27. 
Reduction of 5-Amino-2-chloro-6-methyl-4-(trifluoromethyl)- 

nicotinonitrile : 5-Amino-4,6-dimethylnieotinonitrile (XII).- 
(a) 5-Amino-2-chloro-6-methyl-4-(trifluoromethyl)nicotinonitnle 
(2.0 g.), water (200 ml.), and zinc dust (20 g.)  were heated 
together a t  gentle reflux for I hr. More zinc dust ( 5  g.)  was 
added, and refluxing was continued for i l  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 
a t  0". The white silky needles were collected on a filter, washed 
with water, and dried a t  80"; yield of fluorine-free compound 
1.1 g. (S8970); m.p. 193.5-195.5°.22 

9nal.  Calcd. for C8HgS3: C, 65.25; H,  6.16; N, 28.55. 
Found: C, 65.58: H, 6.27;  ?;, 28.38. 

( b )  When an attempt was made to reduce 5-amino-2-chloro-6- 
methyl-4-( trifluoromethy1)nicotinonitrile with lithium aluminum 

Found: C,36.19; H, 1.21; S,  15.63. 

(21) R. L. Shriner and  R. C. Fuson. "Identification of Organic Corn- 
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 tha t  of a n  
authentic sample of 5-amino-4,6-dimethylnicotinonitrile prepared in a n  
unambiguous manner which will be described in a subsequent paper of this 
series. 

hydride in diethyl 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 .  

( e )  Catalytic Reduction of XI : 3-Amino-5-aminomethy1-6- 
methyl-4-(trifluoromethyl)pyridine (VIII) Dihydrochloride.-5- 
-imino-2-chloro-6-methy1-4-( trifluoroniethy1)nicotinonitrile ( 10 
g.) was suspended in water (200 ml.) containing concd. hydro- 
chloric acid (51 ml.) and 30% palladium-on-carbon catalyst, 
(10 g.). The system was stirred and treated with hydrogen a t  
essentially atmospheric pressure until 3 equiv. of the gas had 
been absorbed (actual uptake was 3150 ml. : theoretical uptake 
a t  750 mm. and 2 5 O ,  3140 nil.). The system was heated to 
boiling, filtered hot, and the filter cake washed with hot 5',c 
hydrochloric acid (100 ml). The combined filtrates were evap- 
orated to dryness on a steam bath, leaving a yellon-, crystalline 
residue that was slurried with boiling ethanol (200 ml.) in which 
i t  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 collerted on a filter: yield 10.8 g. 
(927i): m.p. 21T-218" dec. The apparent ph-, values of this 
compound, determined potentiometricallj-, are 3.35 and 5.80; 
neutral equivalent: calcd., 138.6; found, 138.1. 

Anal. Calcd. for C8HlaF&3.2HC1: C, 34.55: H, 4.35; C1, 
25.50. 

3-Amino-5-aminomethyl-6-methyl-4- (trifluoromethy1)pyridine 
(VIII) Trihydroehloride.-2-Chloro-6-methyl-5-nitro-4-(trifluoro- 
methy1)nicotinonitrile ( 10 g.), water (200 ml.), concd. hydro- 
chloric arid (15 ml.), and 305; palladium-on-carbon catalyst 
(10 g.)  were treated with hydrogen at  3.5 kg./cni.2 When pres- 
sure drop indirated 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 yellow filtrate was evaporated 
to dryness, and the residue was recrystallized from ethanol; 
yield 5.5 g. (46c/;); m.p. 276-223" der. 

Anal. Calcd. for CsHloF3ru',~3HC1: C, 30.54; H, 4.16; S, 
13.36. 

5-Hydroxy-6-methyl-4- (trifluoromethyl)-3-pyridinemethanol 
(VI) Hydrochloride.-3-Amino-5-aminomethyl-2-methyl-4-itri- 
fluoromet~hyl)-p~ridine dihydrochloride (8 g.) was dissolved in 
water (200 ml. j containing roncd. hydrochloric acid (11 ml.). 
This solution was maintained at  80 =k 3" and stirred while a 
solution of sodium nitrite (4.4 9. )  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. j ,  treated with decolorizing carbon 
and filtered hot. The filtrate xas  treated with acetone (100 ml.) 
and alloived to stand at  0" for 3 hr. hefore the small amount of 
precipitate was removed by filtration. The filtrate was evap- 
orated to dryness in z'ucuo, and the residue dissolved in absolute 
ethanol (60 ml.). The clear, pale yellow solution was treated 
with anhydrous ether (150 ml.) and allowed to  stand overnight 
a t  0" before the white crystalline precipitate was collected on a 
filter, washed with ether, and dried at  78" in vacuo; yield 5.1 g. 
(737c); m.p. 192.5-191.5" dec. 

Anal. Calcd. for CsHsF3N02,HCl: C, 39.44; H, 3 . Z ;  S, 
5.75. 

The same reaction vas  carried out on 3-amino-5-aminomethyl- 
2-methyl-4-trifluoropyridine trihydrochloride (see above j and 
gave materialidentical with that described above; m.p. 192-193', 
mixture melting point with the material described above, 192- 
193". 
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Found; C, 34.28: H, 4.56: C1, 25.80. 

Found: C, 30.92; H,4.24; S, 13.54. 

Found: C,39.28; H, 3.82; S,  5.96. 

Both samples of VI gave a positive test for ionic chloride. 


