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Photolysis of Pentafluorophenyl Azide 1 in n -Butane. 
Samples of 1 in butane were prepared in the following manner. 
Using a 15-in. pipet, azide 1 (4-8 mg) was transferred to the 
bottom of a IO-" heavy-walled Pyrex tube. The tube was 
purged with N2 and cooled to -78 "C, and -1 mL of n-butane 
was condensed in the tube and then sealed with a torch. After 
the seal cooled, the mixture was slowly warmed to room tem- 
perature by first immersing the tube in an ice bath for 10 min 
and then removing the tube from the ice bath. The mixture was 
then shaken to dissolve azide 1. 

The samples of 1 in n-butane were photolyzed at 350 nm for 
4 h at 25,0, -10, -30, -50, and -78 "C. All the samples were 
brought to -78 "C before the tubes were opened, and the butane 
was allowed to warm slowly. To the residue of each sample was 
added 10 mL of a solution of PhI (5.4 X 10-9 M, internal standard) 
in acetone and the resulting solutions were analyzed by GC. 

Triplet-Sensitized Photolysis of Pentafluorophenyl Azide 
1 in Butane. A sample of azide 1 (6.5 mg) and 4-methoxy- 
acetophenone (16 mg, sensitizer) in =l mL of n-butane was 
photolyzed at X > 350 nm for 4 h at room temperature and then 
kept in the dark overnight. Butane was removed from the so- 
lution, and 1.0 mL of a solution of PhI (5.4 x M, internal 
standard) in acetone was added to the residue and the sample 
analyzed by GC. 

Photolysis of Pentafluorophenyl Azide 1 in  2,3-Di- 
methylbutane. Samples of 1 (2.26 X lo-* M) in 2,3-dimethyl- 
butane were photolyzed at 350 nm for 4 h at 25,0, -25, -50, and 
-78 "C. The first two samples were kept in the dark at 25 and 
0 OC, respectively, overnight and the last three samples at -78 
"C overnight before they were brought to room temperature. To 
each sample was added 10 pL of a solution of 0.25 M PhI (internal 
standard) in acetone, and the resulting solutions were analyzed 
by GC. 
N-(1,1,2-Trimethylpropyl)pentafluoroaniline 6 was isolated on 

a preparative scale experiment. Azide 1 (307 mg, 1.5 mmol) was 
dissolved in 50 mL of 2,3dimethylbutane. The solution was cooled 
to and photolyzed at 0 "C for 4 h at 350 nm. The reaction mixture 
was concentrated and passed through a 15 cm X 2 cm column 
of neutral alumina. The first fraction passed was 200 mL of 
cyclohexane, which eluted unreacted azide, followed by 200 mL 
of cyclohexane/ethyl acetate (982, v/v). A yellow band eluted 
that gave 48 mg (13% yield) of 6 as a yellow oil: IR (neat, cm-') 
3422,3367,2971,2880,2655,2438,1516,1470,1177,1149,1101 

6 H), 1.8160 (septet, J = 6.8 Hz, 1 H), 3.0087 (br, 1 H); '@F NMR 
(CDC13, 6) -153.802 to -154.076 (m, 2 F), -168.158 to -169.637 
(m, 3 F); m / e  calculated for C12H14FSN (M+) 267.1046, found 
267.1055. 

(CF); 'H NMR (CDCl3,6) 1.0023 (d, J = 6.8 Hz, 6 H), 1.0950 (8, 

Decafluoroazobenzene (5).20 A suspension of pentafluoro- 
aniline (2.5 g, 14 mmol) in 90 mL of a 10.25% NaOCl solution 
was stirred vigorously at room temperature overnight (15 h). The 
mixture was extracted with three 35-mL portions of ether, and 
the combined extracts were washed with five 25-mL portions of 
demineralized water to remove chloride ions. The extracts were 
then dried over MgSO, and concentmtd to give a red-orange solid. 
Recrystallization from 95% ethanol gave 526 mg (21% yield) of 
5 as red-orange crystals: mp 140-141 "C (lit.21 mp 142-143 "C); 
IR (CCl,, cm-') 1258,1150,1039,1006,983 (CF); '@F NMR (CDC13, 
6) -151.6852 to -152.5076 (m, 3 F), -164.5177 to -165.3232 (m, 
2 F); m / e  calculated for C12Fl&12 (M+) 361.9901, found 361.9884. 
N-(2-Butyl)pentafluoroaniline (4). This material was 

prepared by reaction of hexafluorobenzene and sec-butylamine 
in 15% yield as a colorless oil: bp 45-47 "C (0.35 " H g ) ;  IR (neat, 
cm-') 3410 (-NH-), 2980,2940,2880 (aliphatic CH), 1520 (-NH-), 
1150, 1125 (CF); 'H NMR (CDC13, 6) 0.9534 (t, J = 7.4 Hz, 3 H), 
1.1598 (d, J = 6.3 Hz, 3 H), 1.3711-1.6229 (m, 2 H), 3.2145-3.2429 
(br, 1 H), 3.5113-3.6597 (m, 1 H); '@F NMR (CDC13, 6) -163.3050 
to -163.6134 (m, 2 F), -168.6573 to -169.3800 (m, 2 F), -176.3176 
(t, t, J = 21.8,6.3 Hz, 1 F); m/e calculated for ClOH1fl5N (M+) 
239.0733, found 239.0735. 
N-Cyclopentylpentafluoroaniline. This material was pre- 

pared from cyclopentylamine and hexafluorobenzene in 31 % yield 
as a colorless oil: bp 60.5 "C (0.35 mmHg); IR (neat, cm-') 3430 
(-NH-), 2970,2880 (aliphatic CHI, 1520,1280 (-NH-), 1190 (CF); 
'H NMR (CDC13, 6) 1.4151-1.5081 (m, 2 H), 1.5668-1.7936 (m, 
4 H), 1.9067-2.0277 (m, 2 H), 3.3927 (br, 1 H), 3 .m4 .0975  (m, 
1 H); lgF NMR (CDCl,, 6) -163.7217 to -164.0386 (m, 2 F), 
-168.6592 to -169.3837 (m, 2 F), -176.5175 (t, t, J = 21.9 Hz, 6.4 
Hz, 1 F); m / e  calculated for Cl1H1,,FSN (M+) 251.0733, found 
251.0737. 
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The synthesis of several fluoroaromatic compounds by a new procedure of fluorodenitration of nitroarenes 
is reported. The methodology is based on the principle that the nitrite ion, generated during the fluorodenitration 
processes and responsible for most of the undesired side reactions, can be trapped with a suitable reagent, e.g., 
phthaloyl difluoride or tetrafluorophthaloyl difluoride. The yields of fluoro compounds thus obtained are good 
to excellent, and the procedure is of general application. 

The nucleophilic aromatic displacement of a nitro group 
plays an important role in the synthesis of substituted 
ben~enes.~J The nitro functionality can readily be in- 
troduced in an aromatic ring and easily replaced by a 
number of nucleophiles. In fact, the ability of the nitro 
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group as leaving group is, in many cases, comparable with 
that of fluorine and much better than that of chlorine or 
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b r ~ m i n e . ~ ? ~  For instance, Miller and Bolto4 found that in 
the reaction with methoxide ion in methanol the mobility 
of the leaving group for para-substituted nitrobenzenes is 
F = NOz >> C1. The same results were obtained by Bart~li 
and Todesco5 for the reaction of 1-substituted 2,4-di- 
nitrobenzenes, whereas with similar substrates such as 
2,6-dinitro-, 2,4-dinitro- and 2,4,6-trinitro-l-substituted 
benzenes and aniline as nucleophile in ethanol, the nu- 
cleofugicity of the nitro group was found to exceed that 
of fluorine by a factor of 15-40.s 

This peculiarly high reactivity of the nitro group has 
found interesting practical applications. In their funda- 
mental work, Beck,' Kornblum? and Tieccog have shown 
that the process becomes of great synthetic utility when 
the reactions are carried out in polar aprotic solvents. 
Oxygen, carbon, and especially sulfur nucleophiles were 
successfully used in the reaction with activated nitro- 
 aromatic^.^-^ 

However, relatively little work has appeared regarding 
the fluorodenitration process, even though fluoroaromatic 
derivatives have wide application as agricultural and 
pharmaceutical intermediates.l0 Besides a few successful 
cases, where good yields of fluoroaromatics were ob- 
tained,"~'~ the occurrence of several side reactions has been 
reported.lS16 It is commonly claimed that these reactions 
are initiated by the nitrite ion generated during the nitro 
di~placement.'~J~ The nitrite ion is, in fact, an ambident 
nucleophile: it possesses two potential reaction sites, and 
its reactivity toward activated halobenzenes has been in- 
vestigated by Rosenblatt et al.18 and by Broxton et al.I9 
The behavior of nitrite ion in terms of oxygen (0 attack) 
or nitrogen nucleophilicity (N attack) has been studied in 
detail. As a general rule, it was found that 0 attack is 
favored over N attack when fluorine is displaced (as com- 
pared to C1, Br, or I) and when a polar aprotic solvent is 
used (as compared to methan~l). '~J~ The product of 0 
attack of nitrite ion onto a halonitrobenzene would be a 
nitrite ester, too unstable under the reaction conditions, 
which converts to the corresponding phenoxide ion by 
reaction with a second nitrite ion (eq 1). 

ArX + NOz- - [ArONO] 5 ArO- + Nz03 (1) 
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(8) Kpmblum, N.; Cheng, L.; Kerber, R. C.; Kestner, M. M.; Newton, 

B. N.; Pmnick, H. W.; Smith, R. G.; Wade, P. A. J.  Org. Chem. 1976,41, 
1560. 

(9) Cogolli, P.; Testaferri, L.; Tingoli, M.; Tiecco, M. J. Org. Chem. 
1979,44, 2636. 
(10) (a) Gerstenberger, M. R. C.; Haas, A. Angew. Chem., Znt. Ed. 

Engl. 1981,20,647. (b) Schlosser, M. Tetrahedron 1978,3. (c) Dolby- 
Glover, L. Chem. Znd. (London) 1986,518. (d) Prescott, W. Chem. Znd 
(London) 1978,56. 
(11) Clark, J. H.; Smith, D. K. Tetrahedron Lett. 1985, 2233. 
(12) Attina', M.; Cecace, F.; Wolf, A. P. J. Chem. Soc., Chem. Com- 

1968. 

mun. 1983,108. 

Perkin, Trans. 1 1972, 2671. 

(13) Finger, G. C.; Kruse, C. W. J.  Am. Chem. SOC. 1956, 78, 6034. 
(14) Bartoli, G.; Latrofa, A.; Naso, F.; Todesco, P. E. J.  Chem. Soc., 

(15) Ishikawa, N.: Tanabe, T.: Havaehi, D. Bull. Chem. SOC. Jpn. 1976, . .  . -  
48,359. 

(16) Markezich, R. L.; h e c k ,  0. S.; Donahue, P. E.; Williams, F. J. 
J. Org. Chem. 1977, 42, 3435. 

(17) Milner, D. J. Synth. Commun. 1985, 15, 485. 
(18) Rosenblatt, D. H.; Dennis, W. H.; Goodin, R. D. J.  Am. Chem. 

SOC. 1973,95, 2133. 
(19) (a) Broxton, T. J.; Muir, D. M.; Parker, A. J. J. Org. Chem. 1975, 

40, 2037. (b) Broxton, T. J.; Muir, D. M.; Parker, A. J. J. Org. Chem. 
1975,40,3230. 

F c 

NO2 cF3Q0QcF3 \ \ 

7 (W 8 (12%) 

The phenoxide ion is still a good nucleophile and can 
react further (vide infra), giving rise to several byproducts. 
The high reactivity of the 0 end of nitrite ion in polar 
aprotic solvents and the ease of displacement of fluorine 
in activated aromatic rings could well be the reason for the 
low yields generally observed in fluorodenitrations. 

In this paper, we wish to report our studies on the 
fluorodenitration reaction and to show, indeed, that the 
addition of a suitable nitrite ion trapper to the reaction 
mixture avoids most of the unwanted processes, thus al- 
lowing the active fluoro intermediate to survive enough to 
be isolated or to react further in the desired manner. 

Results and Discussion 
The preparation of l,2-difluoro-4-(trifluoromethyl)- 

benzene (l), an interesting industrial intermediate,20 from 
1,2-dichloro-4-trifluoromethylbenzene could not be 
achieved by means of chlorine displacement by fluoride 
ion (KF, CaF2/KF (2:1)21) under any reaction conditions. 

On the other hand, l-chloro-2-nitro-4-(trifluoro- 
methy1)benzene (2) was found to be much more reactive. 
In sulfolane, spray-dried KF,22 and tetramethyl ammonium 
chloride23 at  130 "C, the fluorine-chlorine exchange was 

(20) (a) Marhold, A.; Braden, R. Eur. Pat. Appl. EP 302,326, 1989; 
Chem. Abstr. 1989,111, P77619b. (b) Rogers, R. B.; Gerwick, B. C., 111. 
U.S. Pat. US 4,725,683, 1988; Chem. Abstr. 1989, 111, P133787u. (c) 
Rogers, R. B.; Gerwiek, B. C. I11 US. Pat. US 4,642,338, 1987; Chem. 
Abstr. 1987,107, P694Of. (d) Kumai, S.; Seki, T.; Matsuo, H. Jpn. Kokai 
Tokkyo Koho JP 62,289,534, 1987; Chem. Abstr. 1988,109, P210662n. 
(21) (a) Clark, J. H.; Hyde, A. J.; Smith, D. K. J.  Chem. SOC., Chem. 

Commun. 1986,791. (b) Ichihara, J.; Matsuo, T. Hanafw,  T.; Ando, T. 
J. Chem. SOC., Chem. Commun. 1986,793. 

( 2 2 )  Ishikawa, N.; Kitazume, T.; Yamazaki, T.; Mochida, Y.; Tatsuno, 
T. Chem. Lett. 1981,761. 
(23) In a related study, we have found that the saturated solution of 

KF in sulfolane at 180 "C is only 5 x IO-' M.% In order to improve the 
reaction conditions, we have investigated the dependence of [F] upon 
the addition of a phase-transfer catalyst.% Among the numerous known 
catalysts, tetramethylammonium chloride (TMAC) was found, under the 
same conditions (sulfolane, 180 "C), to increase the concentration of 
fluoride ion up to 1 X lo-* M.% 
(24) Gonzales-Trueba, G.; Quintily, U.; Scorrano, G. To be published. 
(25) (a) Montanari, F.; Landini, D.; Rolla, F. Top. Curr. Chem. 1982, 

101,147. (b) Clark, J. H.; Macquarry, D. J. Tetrahedron Lett. 1987,111; 
J. Fluorine Chem. 1987,35,591. 
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Table I. Reactions of l-Nitro-2-chloro-4-(trifluoromethyl)benzene (2) with KF in Sulfolane. Effect of the Addition of Nitrite 
Ion Trap on Product Yield. Abbreviations: PhthC1, Phthaloyl Dichloride; Cl,CN, Trichlorotriazine; TsCl, p-Toluenerulfonyl 

Chloride 
trap, M [KF],O M [Me,NCl], M T, OC t,b h conv,C % 3, yield? % T, "C t,b h conv: % 1, yield? % 

PhthC1, 1.25 6.13 0.42 160 4 100 85 160 8 60 48 
PhthC1, 2.45 
PhthC1, 2.45 
PhthC1, 0.82 
PhthC1, 2.95 
PhthC1, 2.45 
PhthC1, 2.45 
ClSCN, 1.27 
ClSCN, 0.61 
ClSCN, 1.22 
TsCl, 2.45 

8.61 
8.61 
3.29 
11.80 
11.80 
11.80 
7.39 
6.90 
7.51 
6.13 

0.74c 
0.74c 
0.13* 
0.37 
0.37 
0.37 
0.74e 
0.42 
2.21e 
0.W 

180 2 
180 1.3 
180 1 
135 2 
135 2 
135 2 
180 2 
180 1.5 
180 2 
180 1.5 

83 
95 
100 
98 
100 
98 
93 
95 
100 
80 

~~ 

95 
94 
87 
90 
90 
92 
88 
85 
92 
96 

iSo 2.5 
160 11 
180 7 
160 2 
180 4 
160 6.5 
160 12 
180 5 
180 7 
160 5 

~~ 

53 
71 
94 
92 
44 
85 
66 
76 
85 
77 

~. 

83 
56 
51 
60 
43 
651 
21 
34 
35 
6 

'Due to the low solubility of KF in sulfolane (see text), the concentration of KF is to be intended as the total molar amount of added as 
a solid, most of it remaining undissolved. bThe elapsed time a t  the given temperature and conversion is reported. ePercant of disappearance 
of starting material. dYield in 1 is based on percent conversion. GC, unless otherwise specified. eThe ammonium salt is added after the 
first step. 'Isolated yield. 

quantitative after 3 h and l-fluoro-2-nitro-4-(trifluoro- 
methy1)benzene (3) was isolated by distillation in 80% 
yield (eq 2). 

4 (2) 
4 .-m wtolane 

KF, 130 OC 

NO2 NO2 
CI F 

2 3 

When the reaction was carried out at 180 OC as an at- 
tempt of substituting the nitro group, a range of products 
could be observed by means of capillary GC-MS and 
isolated by column chromatography (see Chart I; even with 
the same initial concentrations and volumes, the reaction 
gave no reproducible results and the reported yields refer 
to a random experiment). 

The formation of all these products can be attributed 
to the nitrite ion generated during the 3 - 1 step (eq 3). 

(3) 

Broxton et al.lg reported that the reaction of fluoro- 
nitrobenzene 3 or chloronitrobenzene 2 with nitrite ion in 
DMSO affords quantitatively the phenol 4. 

The nitrophenol 4 is probably involved as an interme- 
diate in the formation of other products. Under the basic 
conditions of the reaction, it can nucleophilically attack 
the fluoronitrobenzene 3 affording the diary1 ether 6, 
which, in turn, can undergo fluorodenitration by KF giving 
rise to 7. Very similar results were obtained by Markezich 
and Zamek in the reaction of 4-nitro-N-methylphthalimide 
with potassium fluoride in DMF or DMSO.% The for- 
mation in high yields of 4,4'-oxybis(N-methylphthalimide) 
(9) was supposed to occur via 0 attack by nitrite ion on 

ArN02 + F - ArF + NO2- 

. 

potassium or sodium nitrite, where, again, good yields of 
bisimide 9 were obtained.m 

Furthermore, it must be noted that in the system 
KF/sulfolane the reactivity of phenol is enhanced: phenol 
activation by fluoride ion in nucleophilic aromatic sub- 
stitution has been studied by m e r  and Clark.n The high 
propensity of fluoride ion to act as a powerful hydrogen- 
bond electron donor was found to promote the alkylation 
of phenols by alkyl halides providing good yields of alkyl 
aryl ethemn Furthermore, nitrophenol 4 can displace one 
methyl group from the ammonium salt giving rise to 
methyl ether 5 (eq 4).% 

The trimethylamine thus formed can nucleophilically 
attack nitrofluorobenzene 3 or nitrochlorobenzene 2 giving 
rise to nitroaniline 8. 

If most of undesired compounds arise from 0 attack of 
nitrite ion onto activated benzene rings, an obvious solution 
to increase the yield of difluoro compound 1 would be to 
inhibit the reaction of nitrite ion by introducing a suitable 
nitrite trapping agent. Recently, researchers of BASF,29 
Asahi Glass C O . , ~  and Ihara Chemical Industry c0.9~ have 
reported that in several fluorodenitration processes the 
addition of phthaloyl dichloride is essential for the reaction 
to be successful.29 .During our work on the synthesis of 
3-fluorophthalic anhydride from 3-nitro derivatives, we 
have observed that, in sulfolane and in the presence of KF, 
3-nitrophthaloyl dichloride is readily transformed into 
3-nitrophthaloyl difluoride, which can serve as an in situ 
trap for the nitrite ion generated during the fluoro- 
denitration reaction. The nitrite ester can extrude nitrogen 

8 

either the rdfluoro or the 4nitro derivative to generate the 
phenoxide and successive attack by phenoxide on either 
fluoro or nitro compound. This reaction pathway was 
confirmed by reacting 4-nitro-N-methylphthalimide with 

(26) Markezich, R. L.; Zamek, 0. 5. J. Org. Chem. 1977, 42, 3431. 

(27) Miller, J. K.; So, K. H.; Clark, J. H. Can. J. Chem 1979,67,1=. 
For a comprehensive review on fluoride ion a base, see: Clark, J. H. 
Chem. Reo. 1980,80,429. 
(28) For examples of the reverse Menschutkin reaction, see: (a) Berg, 

U.; Gallo, R.; Metzger, J. J. Org. Chem. 1976,41, 2621. (b) Wileon, N. 
D. V.; Joule, J. A. Tetrahedron 1968,5493. 
(29) Effenberger, F.; Streicher, W. Ger. Offen. DE 3,400,418, 1986, 

Chem. Abstr. 1986,104, P148476w. After our work waa completed (see 
ref l), a full paper by these authors has appeared: Effenberger, F.; 
Streicher, W. Chem. Ber. 1991, 124, 157. 
(30) (a) Kumai, S.; Seki, T.; Matauo, H. Jpn. Kokai Tokkyo Koho J P  

60,237,051,1985; Chem. Abstr. 1986,104, P129611v. (b) K d ,  S.; Seki, 
T.; Furukawa, Y.; Mateuo, M. Asahi Carosu Kenkyu Hokoku 1985,36, 
153. (c) Asahi Glass Co., Ltd Jpn. Kokai Tokkyo Koho JP 60,130,537, 
1985, Chem. Abstr. 1986,104, P5063Os. 
(31) Suzuki, H.; Yazawa, N.; Yoshida, Y.; Furuaawa, 0.; Kimura, Y. 

Bull. Chem. SOC. Jpn. 1990,63,2010. 
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Scheme I Scheme I1 
7 0 

d O - N = O  
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Table 11. Effect of Addition of Nitrite Ion Trap on Yield of 
lf-Difluoro-4-(trifluoromethyl)benzene (1) in the Reaction of 
l-Fluoro-2-nitro-4-(trifluoromethyl)benzene (9; 1.23 M) with KF 

(2.62 M) in Sulfolaue. Abbreviationr: MnOB Manganese 
Dioxide; TrCl, p-Toluenerulfonyl Chloride; PhthF, Phthaloyl 

Difluoride; PhthCN, Phthalonitrile 
NMe,Cl, T, t,O conv,b 1, 

traD. M M O C  h W Yield: W notes 

4 n N 9  

10 

1s 

Chart I1 

14 1s 

F 

16 17 

MnOz, 1.26 0.42 180 2.5 100 4 and 6 formed 
TsCl, 2.52 0.42 180 3.0 47 4 and 6 formed 
PhthF, 2.52 0.84 180 3.6 85 80 
PhthF, 2.52 0.84 180 3.0 90 79 
PhthF', 2.52 0.42 180 7.0 90 75 
PhthCN, 0.42 180 4.0 90 19 
2.52 
'The elapsed time a t  the given temperature and conversion is re- 

ported. bPercent of disappearance of starting material. 'Yields are 
calculated on percent conversion and are isolated. 

oxides to afford the corresponding phthalic anhydride in 
good yields (Scheme I).32 

The role of phthaloyl difluoride as a powerful nitrite 
scavenger is demonstrated by the present work the ad- 
dition of different nitrite traps in the reaction of 2 and 3 
with KF in sulfolane is reported in Table I and Table 11, 
respectively. Table I includes data for the two steps, the 
fluorodechlorination and the fluorodenitration. 

The halogen-halogen exchange reactions are facile with 
good yields obtained in most cases. It must be noted that 
F shows a higher reactivity toward phthaloyl dichloride 
than toward chloronitrobenzene 2; this, coupled with the 
low solubility of KF in sulfolane results in all the soluble 
fluoride ion being captured by phthaloyl dichloride ini- 
tially. The fluorodechlorination reaction is not initiated 
until all the phthaloyl dichloride is transformed into 
phthaloyl difluoride (usually 2-3 h at 180 O C ,  GC analysis). 

The second part of Table I shows that p-toluenesulfonyl 
chloride and trichlorotriazine are much less effective than 
phthaloyl difluoride in trapping NO2- (see corresponding 
entries in Table I). However, even in the presence of a 
good nitrite trap, yields were not reproducible. This can 
be attributed, at least in part, to the complexity of the 
reaction and to mass transport problems. We have found 

(32) Paeeudetti, M.; Prato, M.; Quintily, U.; Scorrano, G. J. Fluor. 
Chem. 1990,50,251. 

that, for a laboratory use (up to a 100-g scale) the whole 
process becomes reproducible and yields are better when 
the two steps are carried out separately. Thus, the first 
step giving no problems, starting from pure 3 and using 
phthaloyl difluoride directly for the second step, yields of 
1 were good and reproducible (see Table 11). 

The problem of byproduct formation derived from ni- 
trite ions is a general one. The nitrite trap would be in 
competition with the substrate. It follows that the more 
reactive the substrate, the more efficient must be the trap. 
Thus, when 2-chloro-1,3-dinitxo-5-(trifluoromethyl)benzene 
(10) is treated with KF, the chlorine atom is displaced 
readily (85% isolated yield). The 2-fluor0 derivative 11 
can either substitute one nitro group with fluorine or be 
0-attacked by nitrite ion (see Scheme 11). 

The fluorine atom in 11 is so reactive that under 
standard conditions only the phenol 13 is formed; upon 
addition of phthaloyl chloride yields of 12 of only 40% or 
less are recovered. 

The need for new and more effective nitrite traps 
prompted us to investigate the preparation and reactivity 
of more electrophilic reagents: succinoyl dichloride (14), 
3-nitrophthaloyl dichloride (151, 4,5-difluorophthaloyl 
difluoride (16), tetrafluorophthaloyl difluoride (17; Chart 
11). 

The effect of the addition of the new nitrite traps on the 
reaction of 10 with KF in sulfolane to give difluoro com- 
pound 12 is reported in Table 111. 

The addition of succinoyl chloride is of no advantage. 
However, an increase of the number of fluorine atoms on 
the aromatic ring enhances the reactiviw of the trap. The 
best yields are obtained with tetrafluoro derivative 17, 
whereas the difluorophthaloyl 16 has an activity compa- 
rable to that of the unsubstituted difluoride. 

The system spray-dried KF/sulfolane/TMAC/nitrite 
trap was found to be of general application in reactions 



6410 J. Org. Chem., Vol. 56, No. 22, 1991 Maggini et al. 

Table 111. Effect of the Addition of Nitrite Traps on the 
Reaction of 2-Chlorod-(trifluoromethyl)-l,3-dinitrobenzene 
(10, 1.3 M) with KF in Sulfolane. Abbreviations: PhthF. 

Phthaloyl Difluoride; FPhthF,  4,6-Difluorophthaloyl 
Difluoride; F4PhthF, Tetrafluorophthaloyl Difluoride; 

SuC1, Succinoyl Dichloride; C14PhthC1, 
Tetrachlorophthaloyl Dichloride; 3-N02PhthC1, 

3-Nitrophthaloyl Dichloride 
conv: 12, 

trap, M KF,OM T,OC t,bh % yield!% 
PhthF. 1.84 5.0 130 2.5 95 40 
PhthF; 1.97 5.0 130 2.0 95 
PhthF, 2.30 10.5 150 6.0 95 
FzPhthF, 2.38 5.0 150 1.5 95 
FdPhthF, 2.29 4.6 150 1.5 80 
FdPhthF, 2.38 5.0 150 2.0 90 
SuCl, 1.95 13.2 130 1.5 100 
Cl,PhthCI, 1.88 6.4 150 3.0 100 
3-NO2PhthC1, 1.2 6.5 130 4.0 100 

43 
44 (65) 
(33) 
79 (86) 
70 
0 
0 
(5) 

"See footnote a in Table I. *The elapsed time at a given tem- 
perature and conversion is reported. 'Percent of disappearance of 
starting material. Isolated yield (GC in parentheses); calculated 
on percent conversion. 

of differently substituted halonitrobenzenes. The results 
obtained in the synthesis of several interesting fluorides 
(Chart 111) are reported in Table IV. 

Conclusions 
The fluorodenitration process can be an efficient method 

of preparation of fluoroaromatic compounds, provided that 
the nitrite ion initiated side reactions are suppressed the 
addition of a nitrite ion trapping agent is essential for the 
fluorodenitration to be successful. Phthaloyl difluoride 
and tetrafluorophthaloyl difluoride, easy to prepare from 
inexpensive sources, are very reactive toward NO2- and act 
as excellent nitrite traps for even the more activated a r e  
matic substrates. Several interesting fluoroaromatics have 
been synthesized in good to excellent yields. 

Experimental Section 
General Procedures. Distilled reagent-grade solvents were 

used for chromatography and extractions. All starting materials 

Chart 111 
submatss Roducu 

N & 9 N&p P 

18 19 

No, 6 P & 
21 20 

22 23 

*a a 

Q 

24 

25 26 

and reference samples, kindly supplied by Miteni srl, were distilled 
or crystallized before use. Spray-dried KF was purchased by Fluka 
Chemie AG and used without further purification. Tetra- 
methylammonium chloride (TMAC) was dried under vacuum at 
45 "C for 24 h before use. Sulfolane was purified by vacuum 
distillation. Succinoyl dichloride,s3 3-nitrophthaloyl dichloride,% 

Table IV. Reactions of Substituted Nitrohalobenzenes (1.2 M) with KF in Sulfolane. Effect of the Addition of Phthaloyl 
Difluoride (A) and Tetrafluorophthaloyl Difloride (B) on Product Yield 

substrate KF,O M trap, M NMelCl. M T, OC t,b h product conv: ?& yield! % 
3 2.52 A, 2.45 0.84 180 3.5 1 85 80 

2.52 A, 2.45 0.84 180 3.5 90 79 
2.52 A, 2.45 0.42 180 7.0 90 75 

2 11.80 A, 2.45 0.37 135-180 2 + 7  1 85 65 

18 5.0 A, 2.63 130 2.5 19 100 40 
5.0 B, 2.63 130 3.5 100 60 

10 5.0 A, 2.37 130 7 12 85 43 
10.6 A, 2.33 150 6 90 44 
4.6 B, 2.29 150 1.5 80 79 
5.0 B, 2.45 150 2 90 70 

20 2.63 A, 2.63 0.39 160 8 21 90 94 
22 5.26 150-180 5 + 9  23 100 8e 

5.26 A, 2.63 0.39 160 1.5 100 51 
5.26 B, 2.63 180-200 15+6 100 65 
5.26 B, 2.63 200 13 85 77 

100 69' 
100 7 4  

24 10.5 B, 2.63 170-190 5 + 11 f 
10.5 B, 2.63 190 10 f 

26 5.0 A, 2.37 0.37 160-180 1 + 2  26 100 96e 
"See footnote a in Table I. bThe elapsed time at the given temperature and conversion is reported. When two times are given, they refer 

Isolated yields, unless to different temperatures reported in the corresponding column. 
otherwise noted; based on percent conversion. eMeasured by GC. 'Mixture of fluorodechlorination and fluorodenitration products. 

Percent of disappearance of starting material. 



Fluorodenitration of Aromatic Substrates 

and tetrafluorophthaloyl difluoride,, were prepared according 
to published procedures. GC-MS analyses were performed on 
a Hewlett-Packard electron impact mass spectrometer 5970 
coupled with a gas chromatograph 8890 equipped with a 12 m 
X 0.25 mm column filled with OV-101 on Chromosorb WAW 
DMCS. GC analyses were obtained on a Varian 3700 gas chro- 
matograph equipped with a 2 m X 2 mm glass column filled with 
SE 30 10% on Chromosorb WAW DMCS 80-100. Melting points 
were determined with a Buchi apparatus and are uncorrected. 
'H NMR, 13C NMR, and l9F NMR spectra were recorded on a 
Bruker WP 200 spectrometer in CDCls with TMS or CFClS as 
internal standards. The purity of all title compounds was checked 
to be 295% either by spectroscopic means ('H NMR) and by GC, 
using biphenyl as an internal standard. 

Reaction of 1-Chloro-2-nitro-4-(trifluoromethyl)benzene 
(2) with K F  in Sulfolane at 180 O C  in the Presence of 
Phthaloyl Dichloride. Formation of l&Difluoro-4-(tri- 
fluoromethy1)benzene (1). Sulfolane (42 mL) and spray-dried 
KF (24.5 g) were heated at 160 OC, and ca. 4 mL of sulfolane was 
distilled under reduced pressure. To the mled  solution was added 
20 g (0.099 mol) of phthaloyl dichloride and the mixture heated 
at  185 OC for 4 h. At 130 OC, 10.5 g (0.047 mol) of 1-chloro-2- 
nitro-4-(trifluoromethyl)benzene (2) and 1.6 g (0.015 mol) of 
TMAC were introduced. After 2 h (disappearance of starting 
material, GC), the temperature was raised to 180 OC and kept 
for 6 h. The mixture was then distilled, and the fraction boiling 
at  50-70 OC (20 mmHg) was collected. A total of 4.7 g of pure 
title compoundgs was obtained (65%): MS m / e  182 (M+, 84), 163 
(loo), 132 (58), 113 (13). 

Reaction o,f 1,3-Dinitro-2-chloro-5-(trifluoromethyl)- 
benzene (10) with KF  in Sulfolane at 150 OC in the Presence 
of Tetrafluorophthaloyl Difluoride. Formation of 1,2-Di- 
fluoro-3-nitro-5-(trifluoromethyl)benz8ne (12). Sulfolane (45 
mL) and spray-dried KF (9.4 g) were heated at  160 OC, and ca. 
5 mL of sulfolane was distilled off under reduced pressure. After 
the solution was cooled, 1,3-dinitro-2-chloro-5-(trifluoro- 
methy1)benzene (10.9 g, 0.04 mol) and tetrafluorophthaloyl di- 
fluoride (20 g, 0.082 mol) were added. After 1.5 h at 150 OC, the 
mixture was distilled under reduced pressure (25 mmHg). The 
fraction boiling at  70-120 O C  was collected, affording 12.3 g of 
a liquid that contained the difluoro derivative in 47% purity (yield 
is 79% on 80% conversion). The major impurity was tetra- 
fluorophthaloyl difluoride, which could be eliminated by hy- 
drolysis. The distillate was diluted with pentane and treated with 
10% aqueous sodium bicarbonate. The mixture was stirred for 
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3 h, and the organic layer was separated and dried over CaC12. 
Redistillation (53-56 "C (15 mmHg)) afforded 5.3 g of pure 12: 
MS m / e  227 (M+, loo), 208 (36), 181 (82), 161 (60), 119 (54); 'H 
NMR 6 7.80 (m, 1 H), 8.19 (m, 1 H); '@F NMR 6 63.35 (m, CF& 
128.76 (m, ArF), 131.34 (m, ArF); lsC NMR 6 118.68 (sextet, J 
= 3.7 Hz), 120.07 (br d, J = 20.35 Hz), 121.96 (qd, J = 272.81 and 
2.77 Hz), 127.04 (qdd, J = 36.07,6.47, and 5.55 Hz), 138.56 (m), 
147.25 (dd, J = 274.66 and 15.72 Hz), 151.63 (dd, J = 257.09 and 
12.95 Hz); EI-HRMS 226.9999 (C,H2FSN02 requires 227.0006). 

Preparation of Substituted Fluorobenzenes. General 
Procedure. Sulfolane, TMAC, and KF (in the amount reported 
in Table IV) were treated under the conditions used throughout 
this work, and then the substrate was added. After the time at 
the temperatures indicated in Table IV, distillation of the reaction 
mixture afforded the products in the yields reported in Table IV. 
Compounds 21 and 23 were identified by comparison with au- 
thentic specimens kindly supplied by Miteni srl. The charac- 
terization of the hitherto unreported fluoro compounds follows. 

Difluoro derivative 1 9  slightly yellow oil, bp, 57-60 OC; MS 
m/e 227 (M+, 75), 208 (28), 181 (loo), 161 (33), 119 (19); 'H "R 
6 8.28-8.40 (m); 'q NMR 6 58.83 (m, CFJ, 123.85 (m, ArF), 125.85 
(m, ArF); 13C NMR 6 117.24 (br d, J = 23.12 Hz), 118.13 (m), 
120.92 (qd, J = 273.73 and 2.77 Hz), 121.29 (qd, J = 35.14 and 
11.10 Hz), 143.41 (m), 150.61 (dd, J = 257.09 and 12.95 Hz), 152.31 
(ddq, J = 270.96, 14.80, and 1.85 Hz); EI-HRMS m / e  226.9999 
(C,H2F5N02 requires 227.0006). 

Monofluoro derivative 26: slightly yellow oil, bp, 99-110 
OC; MS m / e  209 (M+, 60), 190 (18), 163 (loo), 143 (24), 113 (22); 
'H NMR 6 7.43 (t, 1 H, J = 8.85 Hz), 8.53 (m, 2 H); IBF NMR 
6 62.50 (m, CF3), 103.61 (m, ArF); 'SC NMR 6 118.35 (d, J = 23.12), 
119.56 (qd, J = 35.13 and 14.80 Hz), 121.30 (4, J = 272.24), 123.57 
(m), 129.63 (d, J = 10.19 Hz), 143.85 (m), 167.98 (dt, J = 276.26 
and 1.85); EI-HRMS m / e  209.0092 (C7H3F4N02 requires 
209.0100). 
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