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ERIVATIT'ES of ben- A 3IETHOD for the chlorination of nieth>lpyridine, in 
zene containing one or the presence of water was developed. Photochemical 

more trifluoromethyl groups chlorination was employed to gi\e the corresponding (tri- 
are exceptionally stable com- chloron1ethyl)pyridirle. I n  some instances ring chlorina- 
pounds and therefore have tion occurred. Fluorination of the chloro derivatives with 
many potential uses. The hydrogen fluoride under autogenous pressure gal e sub- 
heterocyclic picolines and stituted (trifluoron1ethyl)p:ridines. Physical constants 
lutidines, as well as ycolli- 
dine, resemble niethylben- 
zenes in respect to the methyl groups, n-hich are in each instance 
attached to carbon atoms of six-membered rings containing conju- 
gated double bonds. It ~ o u l d  be expected tha t  (trifluoromethy1)- 
pyridines might possess enhanced stability similar to tha t  of the 
(trifluoromethyl) benzenes. The present investigation was under- 
taken in an attempt to  gain information as to the  validity of this 
assumption. 

A few ring-chlorinated (trichloromethy1)pyridines are knoxn 
(1-6). In  the present work (trifluoromethyl) Dyridines were 
prepared by the liquid-phase chlorinat,ion of methylpyridiiies in 
the presence of water, and fluorination of the (chloromethy11- 
pyridine3 thus produced. 

2,1,6-tri- 
methylpyridine technical without purification; 2,6-dimcthylpyr- 
idine, minimum puritl- 98%; 2,4-dimethylpyridine, 90% dia- 
tilled within 2.0" C.; 2-methylpyridine, minimum purity of 95%. 

are reported. 

The starting materials for this investigation are: 

CHLORINATION 

The ciilurinatioii apparatus consisted of a vertical Pyres tube, 
75 mni. in diameter and 120 cm. long, sealed a t  one end and closed 
a t  the top with a rubber stopper. Two 8-mm. Pyrex tubes led 
to tivo 20-nim. extra-coarse gas-dispersion disks at the loner end 
of the tube. 4 200" C. thermometer \vas supported with the 
Iiulb just beneath the surface of liquid to be chlorinated, and a 
250-mi. dropping funnel extended through the stopper for addi- 
tion of water as required. A 10-mm. glass delivery tube passed 
up through the stopper and was connected to  a vertical con- 
denser, the condensate being collected in a t rap  while gases es- 
caped through an exit line. During early stages of chlorination, 
the tube was heated by an  electric heater placed around the bot- 
tom of the tube. Illumination by two banks of three 200-watt 
incandescent bulbs  vas found to  have no effect on the results. 
The methods involved in the chlorination of these compounds 
may best be illustrated by three examples. 

A sufficient quantity of na te r  (20 mi.) \vas introduced into 
the tube to cover tlie gas-dispersion disk, the flow of chlorine was 
started, and 214.2 grams (2 moles) of 2,6-dimethylpyridiiie rvere 
added. The temperature was held beloiy 50" C. for 3.5 hours by 
an ice bath. The Chlorination tube was then heated, water slowly 
evaporating. The  temperature rose to 150" C. during a period 
of 2 hours, was held a t  this level for 19 hours, and ivas then raised 
to  180" C. for 6 hours. The chlorinated mixture was aerated and 
poured into a beaker, where the product crystallized. The weight 
of product \vas 572.7 grams; the  eight of 2 moles of 2,6-bis(tri- 
ch1oromethyl)pyridine is 627.5 grams. T'acuum filtration of the 

water, Okla. 
1 Present address, Oklahoma Agricultural and Mechanical College, Still- 

I S D .  

product gave 251 grLitn* 01' 
c r u d e  2 ,6-b is  ( t r i c h l o r o -  
niethy1)pyridine. This JVB,* 

recrystallized from 100 nil .  
of 95% ethyl alcohol, and 
pure 2,6-bis( trichloromethyl) - 
pyridine (237 grams) ob- 
tained; the yield vas  37.8% 
of theory. 

2-lletliylpyridine was chlorinated photochemically, light being 
supplied by two banks of three 20O-watt bulbs. Forty milliliters 
of water were added to  the tube with 279.2 grams (3 moles) of 
2-rnethylpyridine, and chlorine was passed into the tube until 
the mixture was saturated with chlorine. The reaction product 
(716.0 gram;) was treated as in the preceding experiment and 
rectified. The boiling points (a t  15 mm.) of the fractions ob- 
tained n-ere: (I) 122-125" C., containing mostly 2-(trichloro- 
methy1)pyridine; (11) 147-155" C., containing mostly 5-chloro- 
2-(triclilorornetli?.l)pyr.iciine; (111) 182-183 C., containing mostly 
3,5-dichloro-2-(t1ichloromethyl)pyridine; (I\+) 201-205" C., 
containing nioitly 3,4,5-trichloro-2-i trichloromettiyl) pyridine. 
Structure of the compounds of fractions 11, 111, arid IT- was 
proved by hydrolysis to 5-chluropyridine-2-carboxylic ac id  i f ) ,  
.7,5-diclilorop~ridine-2-ca~hoxylic acid (3), arid 3,4,5-t~irliIoro- 
pyridine-2-carbox3-lic acid (3), respectively. 

2,+Diniethylpyridine and 20 ml. of water n-ere poured into the 
tube, the flon of chlorine was started, and 2,i-dinietiivlpyridine 
(107.1 grams, 1.0 mole) added. The temperature of tlie niixture 
vas  held below 50" C. for 3 hours, raised to  150" C. during 4 
hours, and maintained a t  this level for 6 hours. Water wis  added 
dropwise t u  prevent precipitation of any hydrochloride during 
chlorination. Wben the mixture was saturated with chlorine, it 
\vas blown with air to drive out, remaining gases. Crystals of 2,4- 
his(trichloromethy1)pyridine which separated on standing n-ere 
removed by filtration and weighed 106 grams, a yield arid con- 
version of 33.0%. On recrystallization from 100 inl. of 05% 
etbyl alcohol, dark-colored crystals were ohtained. These n-ere 
decolorized with activated charcoal and recrystallized from 
dilute alcohol. -4nalysis: calculated for C,H.!&T, 67.870 C1; 
found, 67.4% C1. 

FLUORISATIOS 

(Chloromethy1)pyritlines were fluorinated in a 1.5-liter steel 
autoclave lined nitli nickel and cold-tested at 5000 pounds per 
square inch. The autoclave wa' equipped with a safety diuk, 
valve, and thermondl.  The temperature !vas meazured by a 
thermocouple and potentiometer. The autoclave was heated by 
a removable electric heater; the temperature w~ts  controlled by a 
variable transformer. The methods involved in the fluorination 
of chloro derivatives of the metliylpyridines are illustrated also 
by specific examples. 

2,6-Bi~(tricIiloromethyl)pyridine (122 grams) and anhydrous 
hydrogen fluoride (320 grams) n-ere heated in a 1.5-liter autoclave 
fur 30 hours a t  a maximum temperature of 300' C. The reaction 
product, a dark liquid, became solid upon addition of water, and 
was steam-distilled to  obtain a white Polid. This white solid r a s  
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Empirical 
Coiiipouiid Foriiiula 

2 ,4 ,6 -Tr i~ ( t r i ch lo ron ie thy l ) -  

2 ,6-Bi~(tr ichloro1riethyl)-  

Chloro-2.6-bis( trichloromethyl). 

pyridine 

pyridine 

pyridine 

pyridine 

pyridine 

pyridine 

2,6-Bis(trif luorometh~,l)-  

Chloro-2,6-bi~(trifluoro1nethyl) - 
2,4-Bis(trichloroinethyl)- 

2,4- Bis (trifluoromethy1)- 
pyridine 

Chloro-2,4-bi~itrif luoromethyl)-  
pyridine C:H2CIFsS 

Z-(Trichloroinethyl) pyridine 
5-Chloro-%-( trichloromethy1)- 

3,5-Dichloro-2-(trichloro- 

3,4,5-Trichloro-2- (trichloro- 

5-Chloro-2- (trifluoroniethy1)- 

3,5-Dichloro-?-(trifluoro- 

pyridine 

methyl) pyridine 

methyl) pyridine 

pyridine 

methyl) pyridine 

TABLE I. HALOJIETHYLPYRIUISES 

B c1 C;F 1101. K t .  
Calcd. Found Caicd. Found Calcd. Found 

73 .9  7 4 . 8  , .  , . . .  . . .  , . .  

6 7 . 8  6 7 . 8  , . .  . . .  . . .  . . .  
7 1 . 3  i 1 . 3  , . .  . . .  . . .  . . .  

. .  . .  5 3 . 2  5 3 . 2  215 .0  215 

1 4 . 2  1 4 . 1  4 5 . 8  4 5 . 4  2 4 8 . 5  245 

6 7 . 8  6 i . 4  . .  . .  . . .  . .  
. .  . .  5 3 . 2  1 9 . 5  215 .0  216 

14 .2  13 8 4 5 . 8  4 3 . 1  248 5 250 

5 4 . 1  5 4 . 6  . , .  . . .  . . .  . . .  
6 1 . 4  61 .7  . . .  . . .  , . .  . . .  

66.8  6 6 . 8  , .  . . . .  . . .  . . .  
7 1 . 0  7 1 . 0  , . .  . . .  . . .  . . .  

1 9 . 5  1 9 . 4  3 1 . 4  3 0 . 8  181 .5  182 

32 8 32 6 26 .1  2 4 . 3  215.9 21G 

B.P . ,  A p . ,  
C.  ( I l m . )  C .  

. . . . . . . . . .  166-168 

. . . . . . . . . .  8 3 . 5 - 8 4 . 5  

180-185 (9) 86.5-87.5 

149-150 ( i 4 8 . 3 )  56.6-57.5 

164.6-165.0 ( i 4 8 . 2 )  1.6-2 0 

. . . . . . . . .  86 5-87.5 

126. 0-127.0 (746 .2)  Did not 
crystallize 

144 ,5-145,5  ( 7 4 6 . 2 )  Did not 

155.0-126.0 ( 2 5 )  -10 
crystallize 

139 ,0-142,0  ( 2 5 )  4 5 . 5 - 4 6 . 5  

161,0-162,0 ( 2 5 )  35,5-36 ,5  

172.0-175 0 ( 2 5 )  99.0-100.0  

151,0-152,0 (i44 6) 3i. 5-38.0 

1 7 7 . 0 - l i S . 0  ( i 4 7 , 1 )  15 

I ,  'Dj 

. . . .  

. . . .  

. . . .  

. . . .  
1.4140 

. . . .  
1.3833 

1 .4113 
1 .5596 

. . . .  

. . . .  

. . . .  
. . . .  

1.1780 

dZ5 

. . . .  

. . . .  

. . . .  

. . . .  
1 , 5 6 4 4  

. . . .  
1,4701 

1 , 5 4 2 6  
1 ,4526 

. . . .  

. . . .  

. . . .  
. . . .  

1,5122 

recrystallized from 95% ethyl alcohol and found to be 2,6-bis- 
(trifluoromethy1)pyridine. Physical constants and analyses are 
reported in Table I. 

Chlorinated 2-methylpyridine (523.7 grams) was placed in a 
1.5-liter autoclave and heated with anhydrous hydrogen fluoride 
(600 grams) for 28 hours a t  a maximum temperature of 204" C. 
T h e  product, a black liquid containing considerable hydrogen 
fluoride, was &am-distilled, and 276.2 grams of material were 
obtained. This product was dried with anhydrous calciuni clilo- 
ride and rectified on a 4-foot glass-packed column; the important 
fractions obtained had the  following boiling points: (I) 85.5- 
91.0" C. (100 mm.),  most,ly 5-chloro-2-(trifluoromethyl)pyridine; 
(11) 103.5-106.0 O C. (100 nim.), mainly 2-(chlorodifluorometliy1)- 
pyridine; (111) 114.5-118.0" C. (100 mm.), mainly 3,5-dichloro-2- 
(trifluoromethy1)pyridine; ( IT)  71.0-75.0" C. (10 mm.),  mainly 
5-chloro-2-(chlorodifluoromethyl)pyridine; (V) 80.0-93.0° C. 
(10 mni.) , mainly 3,5-dichloro-2-(chlorodifluoromethyl) pyridine; 
and (1.1) 105.5-108.0° C. (10 mm.) ,  mainly 3,5-dicliloro-2-(di- 
chlorofluoroniethyl) pyridine. 

Impure 2,4-bis(trichloromethyl)pyridine (418 grams, 1.3 moles) 
was placed in a 1.5-liter autoclave n-ith 350 grams (17.5 moles) 
of anhydrous hydrogen fluoride. The  mixture was heated for 
29.5 hours a t  a maximum temperature of 204' C. The product 
&-as steam-distilled, and 128.0 grams of organic liquid were ob- 
tained. This n-as dried and rectified to  yield 2,4-bis(trifluoro- 
methyl) p)-ridine and a small quantity of chloro-2,4-bis(trifluoro- 
methyl) pyridine. 

DISCUSSIOS 

During the chlorination of methylpg-ridines, hydrogen chloride 
and the methylpyridines react t o  form hydrochlorides Tvhich are 
not soluble in the liquid pyridines. Instead, the hydrochlorides 
precipitate and are removed from the sphere of action of the 
chlorine. This presents a problem, in tli:it the hydrochlorides 
cannot, be chlorinated in the molten state, since they melt only 
a t  high temperatures and with decomposition. A solvent such as 
water, vihich Ivill dissolve the hydrochlorides as they are formed, 
is thrrefore necessary to obtain a homogeneous reaction medium. 

A minimum amount of n-:iter is added at  the beginning of the 
chlorination, and just sufficient in later stages of reaction to  keep 
the hydrochlorides in solution. After :in initial rigorous reaction, 
the organic layer disappears and the temperature may be raised 
until water begins to  distill from the reaction medium. The rate 
of chlorine addition and water removal must be carefully regu- 
lated during this time to  avoid darlierlirlg of the chlorination mis- 

ture aiid subsequent tar formation. The  presence of water is 
mandatory during early stages of reaction as the methylpyridines 
chlorinate only slightly, if a t  all, in the form of their qunteriiary 
salt, but  much more readily when the hydrochlorides are in ir-nter 
solution. While some chlorination may take place before con- 
version to  quaternary salts, most is believed to occur as n-ater is 
being driven off and the partially chlorinated methylpyridiiies :ire 
released from solution. As chlorination progresses, hydrogen 
:itoms in tlie methyl group attached to  ring carbon atoms ad- 
jncent to nitrogen are substituted by chlorine atoms; there is a 
consequent reduction in basicity of the methylpyridines until 
they no longer form hydrochlorides which are stable in water. 
11-hen this is true, the partially chlorinated methylpyridiriea 
precipitate from the aqueous solution and are readily chlorinated 
to a further estent.  .It this point in the process, the presence of 
ivater becomes unnecessary. After n-ater has completely dis- 
tilled, chlorination ma>- he continued to  ensure replacement of all 
hl-drogen atoms of the methyl groups with chlorine atom?. 

The  chlorinat,ion of 2,6-dimethylpyridine is exceptionally easy, 
since substitution of hydrogen by chlorine in the methyl groups 
rapidly reduces basicity of the compound&. Consequently, par- 
tially chlorinated 2.6-dimethylpyridine quickly precipitates from 
the aqueous solution aiid is then chlorinated to  the 2,6-his(tri- 
chlorometliy1)pyridine. 2,4-Dimethylpyridine chlorinates less 
readily and yields a greater variety of products because one 
methyl group is farther from the nitrogen atom. 2,4,6-Trimethyl- 
pyridine chlorinates easily in the early states, but 2,4,6-tris(tri- 
chloromethy1)pyridine is formed only a t  high temperatures and 
with prolonged reaction times. The  efficiency of this reaction is 
therefore decreased by chlorinolyeis. Chlorination of 2-methyl- 
pyridine requires bet,ter control and yields a high percentage 
of ring-chlorinated compounds. 3-Xethylpyridine and +methyl- 
pyridine could not, be Chlorinated t o  any identifiable products, 
pruh:ihly hecause the trichloromethyl group in the 3 or -1 position 
\vas unable to  offset the basicity of the nitrogen atom. 

Chlorinntions conducted with ring-chlorination catalysts, m c h  
as iron and antimony salt;, apparently produced no greater 
quantity of ring-chlorinated compounds than those carried o u t  
in the ab;eiice of such catalysts. Likevise, 3trong incande;cent 
lighting seems t o  have no :ippreciable effect 011 composition of tlie 

The  fluoriixition of chloro derivatives of the methylpyridines 
product. 

with hydrogen fluoride requires ahout the same conditions 
that  of corresponding benzene derivatives. Temperatures 
250' C. are satisfactory under autogenous or supertitniospheric 
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pressures. A longer time is usually required than with chlori- 
nated methylbenzenes, as fluorination catalysts, such as antimony 
pentachloride, seem to have no efEect on flnorination rate. The  
chlorinated methylpyridines are apparently not fluorinated with 
antimony trifluoride a t  ntniospheric pressure. 

PROPERTIES OF COMPOUNDS 

hlthough these componnds are derivatives of pyridine, they 
have no basic properties. S o  hydrochloride precipitates when 
hydrogen chloride is bubbled through a benzene solution of the  
chlorinated or fluorinated niethylpyridine. These compounds 
are not hydrochlorides or hydrofluorides, as shon-n by their 
insoluhilitr in Xvnter acid solubility in organic liouids such as ether, 

with 9 5 5  ethyl alcohol. 
properties of the compounds. 

Table I gives the chemical analysis and 
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benzene, 2nd petroleum ether. 2,(j_Bis(trifl,1oron1ethyl)pyridine 
ii a solid fluoro properties, 
being solnble in alcohols na well as ethers and hydrocarbons. 
C~iloro-2,6-bi~~(trifluoromethyi)pyridine is completely miscible ment  of requirenrents for the degree of doctor of philosophy. 

PRESESTED before the Ry~rlposiunl on  Fluorine Clreiiri~try as parr. of paper 
i 8 ,  Division of Industrial and Engirleeriirg Chenlistry, 110th 1Ieeting of 
.L\IERIC.AS CHE\ I IC .~L  SOCIETY, Chicago, Ill. Based o n  a thesis presented Tvith interesting 
t o  the f a c u l t y  of  Purdue t-niversity by E, AI,  Hodnet t  i n  partial fulfill- 

(FLUORINATED HETEROCYCLIC COMPOUNDS) 

(PerhaLoaLk yl) triazines 

E. T. JIcBee, 0. R .  Pierce, and R.  0. Bolt' 
PURDUE U4IVERSIT1 . i \D PURDUE R E S E i R C H  FOL\DATIOV, L I F i E  ETTE, IYD. 

2,1,6-TRIS( tricliloronieth~I)-1,3,~-triazi1ie I+ as prepared 
h? pol? nierizinp trichloroacetonitrile M ith anh?drous 
h>drogeii chloride at a pressure of 800 pounds per square 
inch. Trichloroacetoiiitrile $+a5 produced frcni trichloro- 
acetamide niade by animonol?sis of eth,l tricliloroacetate. 
2, L.,6-Tris(tric.hloro1iietli~1)-1,3,.i-triaziiie w as fluorinated 
with h>dropeii fluoride and antimoil? pentachloride both 
at atmospheric and superatniospheric pre-awe. Eight 
new 2,1,6- t ris(chlorofluorometh> 1)-1,3.5- triasiiie- I+ ere ob- 
tained. Ph? sical constarits arid experimental data are 
reported. 

RI.AZISES have been reported to  exhibit exceptional sta- 
T b .  ility to heat and hydro1 ( Z ) ,  and it was believed that in- 
troduction of fluorine should increase stability and result in non- 
flaniniable compounds n-ith a wide liquid range Tvhicli might be 
suitable as heat transfer agents. The  allylic nature of the chlo- 
rine atoms to  be substituted made the knon-n 2,4,6-tris(trichlo- 
roinethyl)-l,3,5-triazine relatively easy to fluorinate. The series 
of reactions used in the preparation of this intermediate follow: 

HC1 
CC1,CO:H + EtOH -+ CClsCOzEt + HpO 

CClaC02Et + S H ,  -+ CClJCOSH, + EtOH 
CC1,COSHZ + P,Oj + CC1,CS 

(1) 
ether 

(2) 

(3)  

3CC1,CS - ClsC-C' C-CClS (41 
HC1 , s\, 

CCl, 

The 2,4,6-tris~trichloromethy1)-1,3,5-triazine was fluorinated 
with anhydrous hydrogen fluoride and antimony pentachloride 

1 Present address, California Research Corporation (a subsidiary of 
Standard Oil of California), Richmond, Calif. 

at both atmospheric and superatmo;phwic. preswrw. Tnhle I 
give. the compounds prepared, their physical pi,opeitieG, :~nd their 
1i:ilogen analyse;. 

2.1,6-TRIS(TRICHLORO\IETHTL)-1,3,5-TRIAZINE 

The series of recrctioni outlined previously is descritied, and 
optimum yields are reported. Tiventy-two hundred fifty grami 
i 13.8 moles) of trichloroacetic acid and 3200 grains (TO moles) 
of absolute etlinnol \\-ere placed in a 12-liter flask equipped n.ith a 
reflux conden5er. Ten milliliterR of concentrated hydrochloric 
acid were added, and the f l a ~ k  ivas heated for 6 hours a t  reflux 
temperature. The reaction misture was then distilled a t  atmos- 
pheric p i e su re  through a short Vigreux column. The  fraction 
tioiling a t  162-165' C. (750 mni. mercury) was collected HS ethyl 
trichloroacetate, boiling a t  164.0 C. Tn-enty-one hundred 
seventy-five grams (1 1.4 moles) of the eater were obtained; the  
yield and conver-ion \\-ere 837,. 

Twenty-one hundred seventy-five grams (11.4 moles) of ethyl 
trichloroacetate n-ere diGsolved in 2 liters of anhydrou. diethyl 
ether, and the solution n-as placed in a three-neck 5-liter fiask 
equipped n-ith a gas inlet tubc. The  solution was cooled to  ice 
temperature, and anhydrous ammonia was bubbled slowly into 
the reaction niisture over a period of 20 hours. Trichloroacet- 
amide separated ininiediately from solution. The  flow of am- 
monia \\'as then stopped and the reniaining liquid removed by 
distillation. Sixteen hundred thirty grams (10.4 mole>) of tri- 
chloroacetaniide were obtained; the yield and conversion were 

S ine  hundred seventy-tn-o grams (6.0 moles) of triehloroacet- 
amide and 284 grams (2.0 moles) of phosphorus pentoxide were 
intimately mixed, and the mixture was placed in a 3-liter distill- 
ing flask. The flask and contents were heated electrically with a 
Glascol heating mantle placed around the flask. The  reaction 
proceeded smoothly, trichloroacetonitrile distilling from the  re- 
action mixture as rapidly as formed. Additional amounts of 
phosphorus pentoxide were introduced during the reaction until 
a total of 994 grams (7.0 moles) had been added. Seven hundred 

917,. 


