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The preparation of hitherto unknown trifluoromethyl substituted 2-amino-3,4,6-triarylbenzophenones 3
by a 2,5-[C4+C,] ring transformation of 2,4,6-triarylpyrylium salts 1 with triflucromethylbenzyl cyanides
2 in the presence of sodium methanolate in methanol is reported. Spectroscopic data of the benzophenones

3 and the mode of their formation are discussed.
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2-Aminobenzophenones represent valuable starting
materials for the synthesis of a wide variety of hetero-
cyclic systems [2]. Furthermore, 2-aminobenzophenones
and heterocycles derived from them possess important
pharmacological properties and have found clinical utility
[2]. Recently we reported an efficient synthesis of 2-
aminobenzophenones which starts from 2,4,6-tri-
arylpyrylium salts 1 [3] and 4-nitrobenzyl cyanide or
pyridyl acetonitriles and gives by pyrylium ring transfor-
mation former unknown 3-(4-nitrophenyl) and 3-pyridyl
derivatives, respectively [4,5]. These investigations and
the importance of fluorine for the biological activity of
organic compounds [6] prompted us to look for reactions
which lead to flourine containing 2-aminobenzophenones
by ring transformation of pyrylium salts.

When the 2,4,6-Triarylpyrylivm salts 1a-f were treated
with 2-(trifluoromethyl)benzyl cyanide (2a) in the pres-
ence of sodium methanolate in boiling methanol the 3-[2-
(trifluoromethyl)phenyl] substituted 2-amino-4,6-diaryl-
benzophenones 3a-f were obtained by pyrylium ring
transformation. By the same type of reaction the 2-amino-
4,6-diarylbenzophenones 3g-1 with a 4-(trifluoromethyl)-
phenyl substituent in position 3 can be synthesized from
the salts 1a-f and 4-(trifluoromethyl)benzyl cyanide (2b).
Contrary to the 2- and 4-(trifluoromethyl)benzyl cyanides
2a,b the 3-(trifluoromethyl) isomer and pyrylium salts 1
gave no ring transformation products. Here the introduc-
tion of a second meta-positioned trifluoromethyl group
into the benzyl cyanide was necessary to enable a trans-
formation. In this way from the salts 1a-h and 3,5-bis(tri-
fluoromethyl)benzyl cyanide (2¢) the 2-amino-4,6-diaryl-
3-[3,5-bis(trifluoromethyl)phenyl]benzophenones 3m-t
were prepared. The compounds obtained by these synthe-
ses represent 2-aminobenzophenones with a new substitu-
tion pattern.

The structure of the 2-aminobenzophenones 3a-t is in
agreement with the results of the elemental analyses and
the spectroscopic data (cf. Table 1 and Table 2). In the
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infrared spectra the presence of a primary amino group is
documented by absorptions at 3468-3516 cm-! and at
3372-3412 cm'! (asymmetrical and symmetrical NH-
vibration); the carbonyl group causes a C=0 absorption at
1632-1657 cm! A characteristic feature of the 'H nmr
spectra are the singlet of the protons of the amino group at
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Table 1
Physical and Analytical Data for the 2-Aminobenzophenones 3a-t
No. -benzophenone Yield Mp Molecular Formula Analysis (%)
(%) ©C) (Molecular Weight) Calcd./Found
C H N

3a 2-amino-4,6-diphenyl-3-[2-(tri- 43 213-215 C3yHyF3NO 77.88 4.49 2.84
fluoromethyl)phenyl]- (493.5) 77.94 4.41 2.89

3b 2-amino-6-(4-methylphenyl)-4- ! 166-168 C;3H,4F3NO 78.09 4.71 2.76
phenyl-3-[2-(trifluoromethyl)- (507.6) 78.21 4.69 2.73
phenyl]-

3c 2-amino-6-(4-methoxyphenyl)-4- 62 152-153 Cy3H4F3NO, 75.71 4.62 2.68
phenyl-3-[2-(triflucromethyl)- (523.6) 75.68 4.70 2.63
phenyl]-

3d 2-amino-6-(4-chlorophenyl)-4- 27 161-163 Cs,H;,CIF3NO 72.80 4.01 2.65
phenyl-3-[2-(trifluoromethyl)- (528.0) 72.90 4.02 2.71
phenyl]-

3e 2-amino-6-(4-bromophenyl)-4- 13 164-165 C;,H, BrF;NO 67.14 3.70 2.45
phenyl-3-[2-(trifluoromethyl)- (572.49) 67.03 3.76 241
phenyl]-

3f 2-amino-4’-methyl-4-(4-methyl- 59 221-223 CaHy6F3NO 78.30 5.02 2.69
phenyl)-6-phenyl-3-[2-(trifluoro (521.6) 78.19 5.10 2.69
methyl)phenyl]-

3g 2-amino-4,6-diphenyl-3-[4-(tri- 61 243-244 CyH,3F3NO 77.88 4.49 2.84
fluoromethy!)phenyl]- (493.5) 77.81 441 2.86

3h 2-amino-6-(4-methylphenyl)-4- 80 242-243 Ca3H,,F3NO 78.09 4.77 2.76
phenyl-3-[4-(trifluoromethyl)- (507.6) 78.20 4.71 2.80
phenyl]-

3i 2-amino-6-(4-methoxyphenyl)-4- 87 242-244 C33Hy4F3NO, 75.71 4.62 2.68
phenyl-3-[4-(triflucromethyl)- (523.6) 75.78 4.69 2.70
phenyl]-

3j 2-amino-6-(4-chlorophenyl)-4- 27 227-228 Cs,H,CIFsNO 72.80 4.01 2.65
phenyl-3-[4-(trifluoromethyl)- (528.0) 72.83 4.07 2.68
phenyl]-

3k 2-amino-6-(4-bromophenyl)-4- 21 222-224 Cy,H,yBrF;NO 67.14 3.70 2.45
phenyl-3-[4-(trifluoromethyl)- (572.4) 67.20 3.76 2.39
phenyl]-

31 2-amino-4’-methyl-4-(4-methyl- 81 225-226 C;4H56F3NO 78.30 5.02 2.69
phenyl)-6-phenyl-3-[4- (trifluoro- (521.6) 78.20 5.04 2.68
methyl)phenyl]}-

3m 2-amino-4,6-diphenyl-3-[3,5- 74 166-167 Cy3H, FgNO 70.59 3.77 2.49
bis(trifluoromethyl)phenyl}- (561.5) 70.50 71 242

3n 2-amino-6-(4-methylphenyl)-4- 89 153-154 C34H,3FgNO 70.95 4.03 243
phenyl-3-[3,5-bis(trifluoro- (575.6) 70.88 4.01 2.48
methyl)phenyl]-

30 2-amino-6-(4-methoxyphenyl)-4- 57 151-153 Ci33H,3FgNO, 69.03 3.92 2.37
phenyl-3-[3,5-bis(trifluoro- (591.6) 69.18 3.85 2.39
methyl)phenyl-

3p 2-amino-6-(4-chlorophenyl)-4- 32 143-144 C33H,CIFgNO 66.51 3.38 2.35
phenyl-3-[3,5-bis(trifluoro- (596.0) 66.30 3.31 2.39
methyl)phenyl]-

3q 2-amino-6-(4-bromophenyl})-4- 60 156-158 C;3H,oBrFgNO 61.89 315 2.19
phenyl-3-[3,5-bis(trifluoro- (640.4) 61.93 3.11 2.24
methyl)phenyl]-

3r 2-amino-4'-methyl-4-(4-methyl- 45 132-134 C35H,5FgNO 71.30 4.27 2.38
phenyl)-6-phenyl-3-[3,5- (589.6) 71.36 4.29 2.39
bis(trifluoromethyl)phenyl]-

3s 2-amino-4’-chloro-4-(4-chloro- 55 179-180 C43HgCLLFgNO 62.87 3.04 222
phenyl)-6-phenyl-3-[3,5- (630.4) 62.92 3.10 2.30
bis(trifluoromethyl)phenyl]-

3t 2-amino-4’-bromo-4-(4-bromo- 85 180-182 C33H,gBr,FgNO 55.10 2.66 1.95
phenyl)-6-phenyl-3-[3,5- (719.3) 55.11 2.69 1.98

bis(trifluoromethyl)phenyl]-
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Table 2

Spectral Data for the 2-Aminobenzophenones 3a-t

TH-NMR (DMSO-dg) [a]
5 (ppm)

4.44 (s, 2H, NH,), 6.67 (s, 1H, 5-H), 7.04-7.65 (m, 19H, ArH)
2.08 (s, 3H, CHy), 4.36 (s, 2H, NH,), 6.64 (s, 1H, 5-H),
6.90-7.64 (m, 18H, ArH)

3.56 (s, 3H, OCH,), 4.37 (s, 2H, NH,), 6.64 (s, 1H, 5-H),
6.66-7.64 (m, 18H, ArH)

4.50 (s, 2H, NH,), 6.65 (s, 1H, 5-H), 7.08-7.65

(m, 18H, ArH)

4.49 (s, 2H, NH,), 6.64 (s, 1H, 5-H), 7.11-7.65

(m, 18H, ArH)

2.11 (s, 3H, CHy), 2.17 (s, 3H, CH,), 4.27 (s, 2H, NH,),

6.64 (s, 1H, 5-H), 6.87-7.65 (m, 17H, ArH)

4.62 (s, 2H, NH,), 6.69 (s, 1H, 5-H), 7.03-7.61 (m, 19H, ArH)
2.09 (s, 3H, CHy), 4.53 (s, 2H, NH,), 6.66 (s, 1H, 5-H),
6.90-7.62 (m, 18H, ArH)

3.57 (s, 3H, OCHy), 4.56 (s, 2H, NH,), 6.66 (s, 1H, 5-H),
6.66-7.61 (m, 18H, ArH)

4.70 (s, 2H, NH,), 6.67 (s, 1H, 5-H), 7.05-7.64 (m, 18H, ArH)
4.65 (s, 2H, NH,), 6.67 (s, 1H, 5-H), 7.11-7.63 (m, 18H, ArH)
221 (s, 3H, CHy), 2.26 (s, 3H, CHy), 4.53 (s, 2H, NH,),

6.72 (s, 1H, 5-H), 6.97-7.71 (m, 17H, ArH)

4.90 (s, 2H, NH,), 6.69 (s, 1H, 5-H), 7.03-7.87 (m, 18H, ArH)
2.09 (s, 311, Cl13), 4.85 (s, 2H, NH,), 6.67 (s, 1H, 5-H),
6.90-7.86 (m, 17H, ArH)

3.57 (s, 3H, OCH,), 4.86 (s, 2H, NH,), 6.67 (s, 11, 5-H),
6.66-7.86 (m, 17H, ArH )

4.97 (s, 2H, NH,), 6.67 (s, 1H, 5-H), 7.03-7.87 (m, 17H, ArH)

Compound IR (KBr) UV (CH4,CN)
(cmrl) A max (nm)

NH, CO (log )
3a [b) 3488, 3392, 1656 242 (4.67), 292 sh (3.95), 372 (3.53)
3b 3488, 3388, 1654 244 (4.68), 294 sh (3.91), 370 sh (3.50)
3¢ 3480, 3388, 1654 249 (4.66), 311 sh (3.88), 370 sh (3.59)
3d 3488, 3384, 1656 245 (4.70), 294 sh (3.95), 376 (3.55)
3e 3488, 3392, 1657 246 (4.70), 294 sh (3.95), 377 (3.56)
3f 3492, 3396, 1648 243 (4.65), 294 sh (4.06), 368 sh (3.53)
3g [b] 3472, 3376, 1636 244 (4.66), 292 sh (3.98), 376 (3.55)
3h 3468, 3372, 1632 247 (4.65), 295 sh (3.93), 368 sh (3.53)
3i 3472, 3372, 1634 250 (4.66), 314 sh (3.92), 368 sh (3.67)
3j 3468, 3372, 1636 247 (4.70), 298 sh (3.98), 377 (3.61)
3k 3468, 3372, 1636 248 (4.70), 298 sh (3.98), 373 (3.64)
31 3496, 3392, 1640 247 (4.63), 294 sh (4.07), 370 sh (3.52)
3m [b] 3488, 3392, 1646 244 (4.64), 292 sh (4.01), 373 (3.57)
3n 3488, 3392, 1648 247 (4.67), 373 sh (3.59)
3o 3492, 3384, 1636 251 (4.64), 314 sh (3.89), 368 sh (3.66)
3p 3484, 3384, 1646 247 (4.68), 296 sh (4.00), 376 (3.60)
3q 3516, 3408, 1640 248 (4.70), 370 (3.62)
3r 3504, 3412, 1652 246 (4.62), 370 (3.56)
3s 3504, 3412, 1656 248 (4.68), 377 (3.63)
3t 3492, 3392, 1652 248 (4.67), 379 (3.60)

4.94 (s, 2H, NH,), 6.66 (s, 1H, 5-H), 7.02-7.86 (m, 17H, ArH)
2.13 (s, 3H, CHy), 2.19 (s, 3H, CHy), 4.76 (s, 2H, NH,), 6.66
(s, 1H, 5-H), 6.92-7.88 (m, 16H, ArH )

5.02 (s, 2H, NH,), 6.67 (s, 1H, 5-H ), 7.06-7.90

(m, 16H, ArH )

5.02 (s, 2H, NH,), 6.67 (s, 1H, 5-H), 6.99-7.90 (m, 16H, ArH)

[a] 5-H Denotes the proton in position 5. [b] Mass spectra: (70 eV), m/z (%) 3a 493 (100) [M*], 105 (81) [PhCO*], 77 (41) [Ph+], 3g 493 (100) [M+],
105 (20) [PhCO*], 77 (21) [Pht], 3m 561 (100) [M*], 105 (75) [PhCO*], 77 (47) [Ph].

4.27-5.02 ppm and the singlet of the proton in position 5
at 6.64-6.72 ppm which is shifted upfield in comparison
to the signals of the protons bonded to the aryl sub-
stituents by the known para-shielding effect of the amino
group [7]. Finally, the extended aromatic w-system is
responsible for a strong uv absorption at 242-251 nm with
shoulders up to 379 nm.

The mechanism of the ring transformations observed
can be explained in analogy to the reaction of the pyryli-
um salts 1 with 4-nitrobenzyl cyanide [4] and pyridyl ace-
tonitriles [5]. Under the action of methanolate the trifluo-
romethylbenzyl cyanides 2 are deprotonated to the appro-
priate carbanions which as carbon nucleophiles are added
to the prefered position 2 [3] of the 2,4,6-triarylpyrylium
cations 1 to give the 2H-pyran intermediates 4. These
pyrans are usually unstable [8] and an electrocyclic ring

opening to the acyclic valence isomers S occurs. By
deprotonation, ring closure and [1.3] proton shift then the
2-aminobenzophenones 3 are formed via the anions 6 and
cyclohexadienes 7. For a succesful ring transformation
the trifluoromethylbenzyl cyanides used must have a suf-
ficient acidity which possess the cyanides 2 but not the 3-
(trifluoromethyl)benzyl cyanide so that with the latter one
no ring transformation occurs. In the course of the ring
transformation 1 + 2 — 3 a benzene ring is built up from
four carbon atoms of the pyrylium cation and two C-
atoms of the trifluoromethylbenzyl cyanide by connection
of the former positions 2 and 4 of the heterocycle by a
C,-chain. According to the nomenclature proposed for the
classification of pyrylium ring transformations [3a] the
reaction can be characterized as a 2,5-[C4+C;] transfor-
mation.
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The melting points were measured on a Boétius hot stage
apparatus and are corrected. The 1H nmr spectra were recorded
on a Bruker AM 250 spectrometer (250 MHz, DMSO-dg, 25°,
HMDSO as internal standard), ir spectra were obtained on a
Zeiss M 80 spectrophotometer (in potassium bromide) and uv
spectra on a Zeiss M 40 instrument (acetonitrile, 25°). Mass
spectra were determined on a Finnigan MAT 111A spectrometer
(70 eV, electron impact). The pyrylium salts 1a [9], 1b [10], 1¢
[11], 1d [12), 1e [13] and 1f-h [14] were prepared according to
literature procedures. 2-(Trifluoromethyl)benzyl cyanide (2a), 4-
(trifluoromethyl)benzyl cyanide (2b) and 3,5-bis(trifluoro-
methyl)benzyl cyanide (2¢) were provided by Fluka.

Preparation of Trifluoromethyl Substituted 2-Amino-3,4,6-tri-
arylbenzophenones 3 from 2,4,6-Triarylpyrylium Salts 1 and
Trifluoromethylbenzyl Cyanides 2. General Procedure.

To a sodium methanolate solution, prepared by dissolving
sodium metal (0.23 g, 10 mmoles) in absolute methanol (40 ml),
2.5 mmoles pyrylium perchlorate 1 and 7.5 mmoles trifluo-
romethylbenzyl cyanide 2 were added. The reaction mixture was
then heated under reflux for 1 hour. The 2-aminobenzophenones
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3 formed crystallized in some cases from the hot reaction mix-
ture; otherwise their crystallization was initiated by cooling.
They were filtered off by suction, washed with methanol and
dissolved in a minimal amount of hot chloroform, from which
analytical pure compounds 3 were precipitated by addition of n-
hexane.
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