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“ " The MOno;Ni‘tratiop of Benzotrifluoride*
. G. C. F_in‘q‘(er,nN. H. Nachtrieh and F. H. Reed -

- State beological Survey, Urbana, Illingis

: Bénzotriﬂﬁbride ( CsHscFa)_ﬁnd its:‘ déri&atives show promise‘ of becoining

[ "é_ommercially significant, due to their unusua] Droperties. ‘The —CF; side - -
~ chain,” in contrast to its chlorine analog, —C(Cl, is‘remarkably stable to .-

most. chemical reagents. Benzot_riﬂugride is readily prepared from benzo-
,.trichiloride« and anhydrous antimony- trifluoride, usually with heat and pres-- -
‘sure! . : S s ‘-

- "The -most coinmoh approach to the Synthesis of benzotriﬁuoride dg,riifa- )
tives ig _thrqugh, the ‘mets, nitro ‘compound and is illustrated by ‘the following . =
~equation: " - - i LA

CHLCT: + HNO; — C, . CeHL - NO, (1,3) 4 mH,0

. Tactors Which! influence the yield, so as to evolve a more simple and . eco-

nomical procedure. The expei‘.imehts: were .divided into classes, (1) nitra-
~tlon: by “a nitrig acid—sulfuric acid mixture,” and (2) nitration by. solig
~sodium nitraté in the bresence. of sulfuric acid: The factors- of temperature,

- congentration of reagents, -rélétive amounts of reactanfs,. and " time- were -

studied. -

' v Experimental ' .

" The nitrations were run on 0.5 or 1.0 mol ‘q'ﬁantities of benzofrifluoride
“in a 500 ‘CC. three-necked “flagk, equipped with g mercutry-
~sealed or g closely fitted shaft stirrer, -a thermor’neter,'fand. in the case” of
the nitric: acid method, a separatory ‘funnel. . The. concentrated sulfuric
acid wag the-ordlnary C.p.-acid (95:5-97 ber cent): ‘Agitation was vigorous

enough’ in all cages to obta,in'intima;te contact of ‘all reactants: At the end, -

_the” nit;"a_tign mixture was poured over ice; the crude Qitro’ compoung: sep-
~arated as-a :heavy pale yellow to cream colored oil: The oil ‘Was. washed

o once again. With water, then twice with approximately- tWo Der cént sodium

carbonate  or ‘sodium hydroxid.e‘_‘solution, giving a yellow fo orange aqueous’
layer, and finally with water. " The washings were all extracted with ether
and the combined ether extracts treated- in: the same' way ag Wwas the crude
nitro product. The crude broduct ‘and ether extracts were Separately -dried
over anhydrous magnesium sulfate, - o S
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The magnesmm sulfate was removed by “suction. ﬁltratlon The “dried -
ether extracts were. evaporated on a steam cone and the residue was then
“combined with the main ‘fraction.” All distillations were made by using’a.
Claisen flagk-air. condenser set up "W1th an oil bath for heatmg, ‘the pure
fraction was taken at 200-203°C,

The material which remained ‘after removal of the main fractlon from.
all experiments was combined. “Vacuum distillation of this res1due showed
that it consisted almost entirely  of the ‘nono- mtro compound. Therefore,"
the y1elds may - aetually be som h i : i

Can Nltrlc acld sulf weid metUre

The. llterature as well as prehmmary work,’ appears to indlcate that the
addition. of concentrated -sulfuric acid to-the nitric acid favors an- increased
yield; consequently all of the exper1ments were made with a nitric. acid-
sulfuric acid mixture. Since only -a. mononitrate can be formed, the benzo-
trifluoride was added dropwise to ‘the nltrlc-sulfurlc acid mixture with ocear,
sional cooling to hold the temperature between 30 to 35° C 'I‘he experlments ;
are tabulated in Table 1.

TABLE I—Ymm)s oit 01‘3 CeH4 NOz 1 3
(Nltrw acid-Silfuric actd Method)

) . Mol ratio o Y1e1d of CFs CeH4 NO: (1,3 in grams’
Spr | o | o | Mg
3 ik N
k i) HNOs H2804 | H2804 |- Theor Crude, Pure % (Pure)
1,.42—1.425 o lb 0.75 2.05 95.5 78.3 ;10.3 42 2
1.42-1.425 10 . 1,06 1.5 95.5 90.0 . 73.8 77.2
1,42-1.425 10 - 1.23 1.25 95.5 92.5-| 82.9 86.7
- 1,42-1.425 10 - 1.55 . 1.1 95.5 93.1 86.8 90.8
- 1.42-1.425 10 .- 2.25 0.85 95.5 90.3- _ . 843 88.3
1.42-1.425* .10, 2.25 . 0.85 95.5 92.8 -85.5 89.5
1.42-1.425 IQ N .5.36 0.5 95.5- 92.4 81.4 85.2
1.42-1.425 100 4.17 .92 95.5 90.3 85.3 89.2
1.49-1.56 . 568 3.14 57 95.5 “90.4 | 789 e
1.49-1.5*f - 568 6.28 57 W 191 176. . 166.8 87.3
1.59-1.6%F 602 6.4 38 191 180 164.5 86,2

* Nxtratlon at 30-35° throughou’o all others finished off at: 60°
1 One mol of CeH5CFs used; all others based on 0 5 mol quantltles
I Total water at the end of the mtra‘uon i

The y1e1d of mitro compound is almost entlrely 1ndependent of, amount:_
or. spéecific grav1ty of the nitric acid above certain. limits.. Thé amount. of
sulfuri¢ acid. is the most 1mportant factor and the optlmum condltlon
approdched when' the mol ‘ratio of water to. sulfuri¢ acid s, one. “Thi i
- cludes the, water present-in'the origi reagents plus the water theoretlcally'
formed in ‘the reaction: High concen trations. of ‘sulfuric acid eduse s decreass
in the yield /probably  due to sulfonatl n.  Preli indry expériments. indicated

itration temperature, of 0°C. Was'of no-yield advantage and 1nvolvedf
a’ great'loss’ of timerand an'indreased tooling cost. On the other hand, . a
" temperature around 80-35° was very convenient to control and the Teaction
was- finished- off at 60°C: Raising the. temperature after all” of. the benzbtrr-

had- Been- added cut ‘the total re ‘tlon tlme down fro '
Houts to one Hour: " ' ' o

In summary, the optlmum condltlons involve (1) a 10 per oent excess of"
concentrated nitric acid, (2) sufficient amount of concentrated sulfuric acid
to form a monohydrate Wlth the final ‘total water oontent (3) and a temper-'
ature-of 30-35° for nitration with a finishing off at 60°C. Ninety per cent .
“-yields of a pure product are obtalned under these conditions. '
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b. Soduum mtrate sulfurlc ac;d mlxture

Commercially, many nltra,tlons are made by addmg solid sodlum mtrate ’.
to a mixture of sulfuric dcid and the ‘compound to be nitrated. Sodlum
nitrate is not only much lower in” cost than nitric acid. but the- equipment
overhead is also. much less.. " This method w1th benzotrxﬂuorlde can be
1llustrated as follows . N

CeHuCFz + NaNOx + H2304 ‘—) CFs CcH4 . NOz (1 3) + NaHS04 + Hzol'

Fmely ground sodium mtrate was added in small amounts from a porce-
‘lain- spatula to the- benzotrlﬂuorlde-sulfurlc acid mixture. The reaction mix-
ture -was cooled by tap water and the sodlum nitrate was added at such'a.
rate that the temperature did not exceed 30°C. The reaction was ﬁmshed'
_ off at 60*0 The experimental results are 1nd1cated in Table II

. \ .
TABLE II——-Ymms OF CFa CaH4 NO2 13

(Sodlum N 1trate-Sulfur1c Acld Method)

Per cent " Moles Yield of CFs».CsH{.NOz (1,8) in grams

' exoe(s)s o Hosf : — e ~ =, .

NaNOs - 0-4. - Theor, ° Crude Pure © | % (Pure)
0.0 2.74 95.5 88.1 78.0 81.6
10 25 95.5 91.8 82.4 6.2
10 2.74 95.5 i 89.5 8.7 87.6
10 3.0 9515 98.2 82.9 86.8
10 4.0 95.5 87.5 81.4 85.2
10 5.0 95.5° 89.7 79.9 83.6
10 5.0 95,5 . 88 . 81.9 85,8
20 t2.92 95.5 . 89.8 85 -89
20 2.92 95.5 88.9 8 89
20%. 2.0 95.5 83.8 64.8 . 67.9
30 3.5 95.5 [ 86.8 .82 86
30 3.5 95.5 87.5 ° | 82.4 86.2

All nitrations were run at 25-30° and finished a.t 60° C
» Not finished off at 60° C,

~ The. yield ‘of nitro compound is almost independent of the amount of
sodium' nitrate; 20 per-cent excess being the optimum’condition with only a
slightly lower yield at 10 per cent.. A H.O to H.SOi mol ratio is of no par-
ticular significance because of “the large excess of acid needed to prevent
the mixture from be¢oming too viscous as the sodium: bisulfate. progressively
precipitates. -Investigation of the mol -ratio of H.SO. to C¢H:CF: with .a 10
per'cent excess of sodium nitrate showed an optimum yield of approximately:
- 87.5 per cent at 5.5. The decrease in yield beyond this point is also prob-
ably due to sulfonation. "A temperature of 25-30°C. was . selected for con-
venience.of .control and it was necessary to finish the nitration at 60°, as
indicated in Table II, in order to convert all of the sodium nitrate to nitric
acid. - “The formation.of the nitric acid at the end was indicated by the rapldv
rise in temperature.

In conclusion, the optlmum conditions involve, (1) a. 10-20 per cent
excess of sodium nitrate, (2) a mol ratio of sulfuric acid to benzotnﬂuonde
of 5.5, and (3) a temperature of 25-30°C. with a finishing off at 60°C.. The
max1mum yield of pure product was 89 per cent.
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Summaryﬁ

: At has been found poss1b1e to obtaln ‘meta’ mtrobenzotrlﬂuorlde in 90‘
- and 89 per cent yields with concentrated mitric acid-sulfuric acid ‘mixtures
and sodium nitrate-sulfuric acid mixtures, respectively. A 10 per cent ex- . .
cess of nitnc acld or sodlum nitrate at room temperature was used. < :
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