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Abstract:

Depending on the conditions used during the lithiation and subsequent carboxylation of 1-[(trifluoro-

b

regioselective formation of the monocarboxylic acids could be rationalized in the light of the data collected
from the literature. Explanation of the other phenomena, such as regioselective dilithiation and the strong effect

methyl)phenyl]pyrroles the mono- and the dicarboxylated derivatives were selectively prepared. The

c
f the trifluoromethyl group on the structure and amman(_:lty of the Dy
1

Keywords: Lithiation; regiocontrol; aromaticity; X-Ray crystal structures.
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similarity in steric bulk the introduction of a trifluoromethyl group into organic molecules often
induces significant changes in their chemical and physical nature, because of the high electronegativity
and stability of this unit’. In lithiation reactions the trifluoromethyl group is reported as a moderate
directing groupé. However, only a limited amount of experimental data on its special effects have been
published. For example, in (trifluoromethyl)benzene the proton mobility in the ortho position increases
by more than five orders of magnitude compared to the unsubstituted benzene. The same values in the
meta and para positions are around four orders of magnitude’. The simultaneous activation of all
aromatic sites compromlses the regloselecnvc metalation of (trifluoromethyl)benzene as was

demonstrated by Schlosser®. The situation became more complicated when two trifluoromethyl groups
wore rannactad tao the hengene rino! or ather directing oronne like halasens wears aleo nrecentt Fine
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tuning on the site selectivity of such reactions required detailed investigation of the reaction conditions
and reagent compositions.

Regioselective lithiation of 1-[(trifluoromethyl)phenyl]pyrroles is a new challenge because of the
previously demonstrated” '* o directing power of the pyrrole nitrogen atom. To gain a better insight
into the influence of the intriguing trifluoromethyl group, we have decided to collect and compare
systematically experimental results, quantum chemical calculations and several sets of X-Ray
diffraction data.
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Consecutive treatment of 1-[4-(trifluoromethyl)phenyljpyrrole (1), 1-[3-(trifluoromethyi)-
phenyljpyrrole (2) or 1-[2-(trifluoromethyl)phenyijpyrrole (3) with n-butyilithium (in the text
butyllithium, BuLi) or tertiary amine activated butyllithium and dry ice provided different products or
product mixtures depending on the reaction conditions used. In order to compare efficiency of the
activating ligands, every lithiation reaction was interrupted after an hour. Only two exceptions were
made (entries 5 and 8 in Table 1) when non-activated butyllithium was used for metalation. As a
consequence of the limited reaction time, unreacted starting materials remained in the reaction
mixtures. The water soluble lithium salts of the acidic products were easily separated from the residue

The acidic nrndnr‘fe were collected from the aqueous
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hcsc crude products was determined by 'H-NMR
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products measured after removin g the valeric acid contamination by hexane. The recovered starting
materials were also indentified by 'H-NMR and accounted in the total material balances. On the basis
of these material balances we can say that the amounts and the product distributions of the acidic
products represent the efficiency and selectivity of the metalation reactions.

Compound 1 underwent regioselective monolithiation when it was treated with a stoichiometric amount
of N,N,N’ N’-tetramethylethylenediamine activated butyllithium (BuLi-TMEDA) in tetrahydrofuran, at
-75 °C. After quenching with dry ice a 95:5 mixture of the two monocarboxylic acids 4 and S was
isolated (Scheme 1, Table 1).
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The latter could easily be separated from the major product bec
from the ethanol solution after addition of hexane.
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Dramatic changes were observed when the N,N,N’,N’ -pentamethylidiethylienetriamine activated
butyllithium (BuLi-PMDTA) was used as the lithiating agent. Beside the two monocarboxylic acids 4
and 5 dicarboxylic acid 6 was also formed; a 75:19:6 ratio of the three components was detected in the
crude product. Furthermore, clean ¢,2-dimetalation occured, when 1 was treated with butyllithium or
with BuLi-TMEDA reagent at 0 °C in diethyl ether solution. These reactions yielded the dicarboxylic
acid (6) as the sole product independent of the amount of butyllithium used (Table 1, entries 3-5).

Table 1
Lithiation reactions of 1, 2 and 3, conditions and results

[¢)

Entry Compound Solvent® Base Conditions Products Yield®
(equlvalent) (ratio)

1 1 THF BuLi-TMEDA -75°C,1h 4+5 50 %
¢)) 95:5)

2 1 THF BuLi-PMDTA -75°C,1h 4+5+6 30 %
)] (75:19:6)

3 1 Et,0 BuLi-TMEDA 0°C,1h 6 28%
(1)

4 1 Et,O BuLi-TMEDA 6°C,ih 6 79 %
)

5 1 Et,0 Bulj 0°C,2h 6 33%
{1

6 2 THF BuLi-TMEDA -75°C,1h 7+8+9 41 %
1 (25 : 50 : 25)

7 2 THF BuLi-PMDTA -75°C,1h 7+8 63 %
(1) (50:50)

8 2 Et,O0 BuLi 0°C,2h 9 39%
)

9 2 Et,O Bu:Li-TMEDA 0°C,1h 9 57 %
N

10 3 THF BuLi-;)l‘:{DTA -75°C, 1h 11+12 56 %
(1) (50 : 50)

11 3 THF LITMP-KOBu' -75°C,1h 11+12 26 %
)] (22:78)

12 3 Et,O BuLi-TMEDA 0°C,1h 11+12 65 %
1 (52:48)

13 3 Et,0 BuLi-TMEDA 0°C,1h 11+12 72 %
@) (48 : 52)

® THF: tetrahydrofuran; Et,O: diethyl ether. ® The yields are calculated on the basis of the amount of 1 or 2 or 3.

Lithiation of 2 occured similar way (Scheme 2, Table 1, entries 6-10). Mainly the monocarboxylic
acids were formed in tetrahydrofuran, at -75 °C. A 1:1 mixture of 7 and 8 was detected in the crude

nrndnm‘ by I'H NMR measurements whe

uuuuuu by VI ements when the BuLi-PMDTA reagent was used. On the other hand,
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senarate t from each other failed. Dicarhoxvlic acid wag the nraduct racardlece af tha amannt af tha
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Scheme 2.

Lithiation and carboxyiation of 2. (The quantity of base and conditions are shown in Table 1).

A 1:1 mixture of 1-[3-carboxy-2-(trifluoromethyl)phenyl]pyrrole (11) and 1-[3-carboxy-2-(trifluoro-
methyl)phenyl]pyrrole-2-carboxylic acid (12) formed during lithiation and carboxylation of compound
3 in tetrahydrofuran at -75 °C (Scheme 3, Table 1). The relative amount of the dicarboxylic acid 12
increased to 78 % when potassium fert.-butoxide activated lithium 2,2,6,6-tetramethylpiperidide
(LITMP-KOBu'’) was choosen as metalating agent.
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Scheme 3.

Lithiation and carboxylation of 3. (The quantity of base and conditions are shown in Table 1).

The same competition was observed between CF, group directed monolithiation and the pyrrole

vl ether at 0 °C. Without activatino acent hutvllithinm wag no
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3

atoms with lithium in the @’ and 6 positions and a mixture of the two carboxylic acids (11 and 12)
formed again. Fortunately, we could separate the two acids by treatment of the crude product with
chloroform. The monocarboxylic acid proved to be soluble in this solvent while 12 remained in the
solid phase. Both products were recrystallised from ethyl acetate.
The experimental results demonstrated that the presence of a trifluoromethyl group in the molecule
causes special effects during metalation reactions. It is worthwhile to mention that in diethyl ether 1, 2
and 3, similarly to l-phenylpyrrole”’ 12 (10), underwent «’, 6-dilithiation.
Molecular modelling

In order to rationaiise the observed phenomena semiempirical quantum-chemical caicuiations were
carried out. Conformational analysis of 1, 2, 3, 11 and, for comparison, of 10 and 1-(2-



F. Faigl et al. / Tetrahedron 55 (1999) 7881-7892 7885
mothulnhanulinoueeala (12 wae narfnrmad af tha AMT camiarmmsimng T laoalld Tn 64 thin Cocer smdntimmal
MICULyIpUCHY PYIIUIC (10 wad pPUIIuILIICU at Uit Aldvil acuucxupluucu 1ICVCOL . LJUC W LG 1CW 10Latlolldl
degrees of freedom their conformational space was explored by the straightforward grid search
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technique utilising the torsional increment of
torsion between 0° and 360°.

° for the systematic rotation of the C(2)-C(1)-N-C(a)

Table 2.
Results of the semiempirical quantum chemical calculations: charge distribution values of the carbon atoms, changes in
the geometries and aromaticities of the pyrrole rings

Charge distribution values Compounds
10’ i 2 3 11 13
C(o) -0.13 -0.13 -0.14 -0.07 -0.06 -0.13
C(a) -0.13 -0.15 -0.13 -0.11 -0.11 -0.13
CP) -0.18 -0.18 -0.17 -0.19 -0.19 -0.18
C(B") -0.18 -0.15 -0.18 -0.16 -0.16 -0.19
C(2) -0.15 -0.19 -0.06 -0.34 -0.21 0.00
C(3) -0.07 -0.03 -0.24 0.01 -0.16 -0.12
C4) -0.13 -0.29 -0.03 -0.12 -0.06 -0.10
C(5) -0.06 0.02 -0.09 -0.05 -0.06 -0.09
C(6) -0.16 -0.19 -0.09 -0.15 -0.11 -0.13
Formation heats (kcal/mol) 77.118 -78.837 -78.062 -74.183 | -154.064 71.456
Angle of benzene ring to the 27° 23° 26° 56° 61° 43°
C(a)-C(B)-C(a’) plane
Deviation of N-C(1) bond to 0.1° 0.1° 0.1° 9.2° 10.9° 23°
the C(a)-C(p)-C(a’) plane
N atom position above the 0.0A 0.0A 0.0A 0.11A 0.13A 0.0A
C(1)-C{o)-C{a’) piane
Bird’s aromaticity index of 60.3 57.9 58.9 57.7 56.7 61.1
the nvrrale
the pyrrole

*The *C-NMR peaks of 10 in CDCl;: & 140.68, 129.43,125.49, 120.41, 119.20, 110.34 [14].

Electrostatically fitted (ESP) atomic charges were calculated on structures corresponding the global
minima. Only charges on carbon atoms were considered (Table 2) because these data are more
sensitive to the structural and electronic changes than that of the hydrogen atoms. Calibration of our
calculation method was easily made by comparison of the order of the 3C chemical shift values'* of 10
with the charge distribution order since calculated ESP charges correlate well with ?C-NMR chemical

shifts'’. According to the strong electron withdrawing effect of the trifluoromethyl group, the

neichhourino arths carbane have the emallest electron densities in the basic forms of 1. 2 and 3
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vncmantitralss fTalla I Thita nentnn ahotrantinn chanld Arcnir fram thaca nacitinneg manct raadily when a
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We characterised the most stable conformers of 1, 2 and 3 by their formation heats and also the

torsion angles of the phenyl and the pyrrole rings (Table 2). The C(a)-C(B)-C(«’) triangle was used for



definition of the plane of the heterocyclic ring while the phenyl moiety was considered as a planar ring.
The resuits are summarised in Table 2. While the pyrrole ring turns away from the phenyl ring by 27°
in the parent compound (10), the same angle is more than twice the size in the case of the ortho
trifluoromethyl derivatives 3 (56°) and 11 (61°) but 43° in the case of 13. Furthermore, the C(1)-N
bond is not situated in the same plane as the C(a)-C(B)-C(a’) triangle in the pyrrole ring, deviation
angles being 9.2°, 10.9° and 2.3° in 3, 11 and 13, respectively.

N N
CH.
/‘2| 713 ’
O &
10 13

The calculations showed that the geometry of the nitrogen bonds is also perturbed in these
molecules. The nitrogen atom emerges from the C(1)-C(a)-C(a’) plane by 0.11 A (3) and 0.13 A (11)
but the same value is only 0.03 A in the case of 13 and practically zero in 1 and 2. The out-of-plane
bending observed at the pyrrole nitrogen effects significant degradation of the aromaticity (see the

, .
Bird’s index [16] values in Table 2). Steric bulkiness alone can not explain these effects of the ortho
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planarity of the pyrrole ring or the other, above mentioned properties of the molecule. We propose that
a strong electronic repulsion effect between the m electrons of the ring and the electron-rich CF; group
has also to be taken into consideration.

This unprecedented effect of the ortho trifluoromethyl group on the pyrrole aromaticity which we
have found during the analysis of our computation results turned our attention to the behaviour of the
1-[2-(trifluoromethyl)phenyl]pyrrole derivatives. We wished to find experimental evidence of these
structure deformations. Since compound 3 is liquid at ambient temperature we prepared compounds 11

SR SLDIA T Y 1 111 B .\ willpguoil

Single Crystal X-Ray Diffraction Measurements

Continuous numbering of the atoms has been used during elucidation of the X-Ray structures. The
numbering schemes are shown in Figures 1 and 3, respectively.

The monocarboxylic acid 11 forms orthorhombic crystals having two conformationally independent
molecules (11A and 11B in Figure 1) in the asymmetric unit which are connected to each other with
strong hydrogen bonds (Table 3). These bidentate carboxylic acid dimers form layers parallel with the

ac plane of the crystal, with their phenyl rings perpendicular to the layers. The main packing

interactions in the layers are the edge-to-face n-m interactions of the phenyl and the pyrrole moieties,
while those between the layers are the hydrophobic interactions between the trifluoromethyl and phenyl

groups (Figure 2).
On the basis of the atomic co-ordinates determined from the single crystal X-Ray measurements we
calculated the least squares planes of the phenyl and the ir i



O18A
Q ?
X h 4 F158
C5A C3A O17A Fi38 o
C4A W G16A kgqu ex(‘):)iTA
I lCZA F15A cus C128Y Ciwd
= A T8 O =5
log W W C38 o188
\_ MOA @ — A
C8A T le M’Cm o
Fl4A
& N7A oA C® N8 \ Lﬁj
58
N g Ve g2/ o
I r C11A O'CBB "\
con @ et
d‘gmm\
Figure 1.

Structure of 11A and 11B in the single crystal
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Figure 2.
Packing of 11A and 11B in their crystal. The view is along the b axis with the a axis vertical and the c axis horizontal

angles in the two conformers are 61.97(+0.29)° and 50.69(x0.28)° in 11A and iiB, r espectively and

they are in accordance with that calculated by quantum-chemical methods (61.4°, Table 2). The
measured deviation of the nitrogen atom position from the C(1)-C(a)-C(a’) plane is 0.0337 Ain 11A
and 0.0078 A in 11B. This value of the 11A conformer is significantly larger than the experimental
error. In the same time the experimentally determined deviation of the C(a)-C(B)-C(a’) or C(a)-C(B’)-
C(c’) planes and the N-C(1) bond are 1.3° and 0.95° in 11A while 3.7° and 4.0° in 11B, respectively.
These values show again the deformation of the pyrrole plane in accordance with the prediction.
Furthermore, the Bird’s index of the pyrrole ring in 11 recaicuiated from the experimental data is 55.3
which is smaller than the estimated value (56.7). These data have confirmed the results of our
semiempirical quantum chemical calculations on the perturbation effect of the ortho trifluoromethyl
group on the geometry and aromaticity of the pyrrole ring.

Single crystal diffraction measurements on the dicarboxylic acid 12 gave further evidence of the above

mentioned intriguing effect. Compound 12 forms triclinic crystals in which two enantiomers connected
with each other by strong hydrogen bonds (Table 3) buildup a unit cell (Figure 3).
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Table 3.
Hydrogen bonds in the crystals of 11 and 12

D-H....A Symmetry d{D-H) d(H...A) d(D...A) Z(D-H..A)
Gy A (A) ©
in compound 11
O(17)-H(17)...0(36) [x-Y4, -y+Y4, -z+1] 0.750 1.908 2.655 174.02
0O(35)-H(35)...0(18) [x+1%, -y+i4, -z+1] 0.750 1.931 2.679 176.92
in compound 12
O(13)-H(13)...0(14) [-x+1, -y+1, -z] 0.820 1.837 2.651 172.25
0O(21)-H(21)...0(20) [-x+2, -y,-Z] 0.820 1.845 2.658 170.95

In the crystal the molecules form chains that are parallel to the diagonal between the ends of a and &
edges of the unit cell. The chains are packed together by hydrophobic interactions between each pair of
the three hydrophobic groups.

In our point of view, the most important question was again the angle between the phenyl ring and
the heterocyclic ring and the plane deformation of the pyrrole The torsion angle increased to 77.50
(£0.15)° which is due to the bulkiness of the two carbos

ions. The

Figure 3.
Structure of 12 and packing of its dimers in the crystal. The view is along the ¢ axis with the b axis vertical and the a
axis horizontal

Conclusions

Comparison of the experimental results, the semiempirical quantumchemical calculations and the
crystallographic data allow us to rationalize the behaviour of the trifluoromethyl group in lithiation
reactions. We suppose that its strong electron-withdrawing effect is responsible for the activation of the
neighbouring ortho positions effecting preferential formation of compounds 4, 8 and 9 from 1, 2 or 3 at

low temperature in tetrahydrofuran, respectively.
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suppose that metalation at the pyrrole &’ position has to proceed first which then directs the second
lithiation step at C(6). The above mentioned bulkiness and high electron-density of the trifluoromethyl
group in 1, 2 and 3 can also account for this phenomenon;

a) Under the conditions leading to dilithiation (e.g. in diethyl ether which has smaller solvating ability
than that of tetrahydrofuran) the alkalialkyl reagents (existing as bulky aggregates) are shifted toward
the pyrrole moiety because of the dipole-dipole repulsion and steric interference between the reagent
and the trifluoromethyl group.

b) At the same time, the heteroatom polarisation effect'” which may be assisted with an interaction
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o’ position for metal hydrogen exchange. The rate of ¢’ lithiation may overcompensate the dlrectmg
effect of the trifluoromethyl group and (within a mixed aggregate with butyllithium'’) it can induce the
second lithiation in the C(6) position of the benzene moiety yielding the dicarboxylic acids 6, 9 or 12,
respectively. Similar dilithiation processes operated in the case of 10 as we demonstrated earlier by
detailed kinetic and mechanistic inve:stigations12

In the case of 3, the special repulsive effect of the trifluoromethyl group on the neighbouring pyrrole
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aromaticity which reduces the rate of @’ lithiation and consequently the rate of dilithiation of 3 related
to 1 and 2 (under the same conditions 1 and 2 served the dicarboxylic acids 6 and 9 as the sole
products, respectively).

Among the prepared new carboxylic acids 12 has special importance because of its chirality.
Separation of the enantiomers may furnish us with new chiral ligands.

Experimental Part

General:

Diethyl ether and terahydrofuran were obtained anhydrous by distillation from sodium wire after the
characteristic blue colour of in situ generated sodium diphenyiketyl had been found to persist. TMEDA
and PMDTA were also distilled from sodium wire before use. The concentration of the butyllithium
solution was determined by double titration method'®. All experiments were carried out in Schlenk-
flasks under dry nitrogen atmosphere. Dry ice - acetone baths were used to achieve -75°C during

metallation reactions.
NMR spectra were recorded in deuteriochloroform or hexadeuteriodimethylsufoxide solution at 250
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bemlempmcal quantum-chemical calculations were carried out using the SPARTAN 3.1 program
package'’. The electrostatically fitted atomic charges were calculated by the Mertz-Kollman scheme as
implemented in SPARTAN. Electrostatic potential maps were calculated as -10 kcal/mol contour plots.

Single crystal X-Ray diffraction measurements were accomplished by a RIGAKU R-axis IIC
imaging plate detector for 11 and a RIGAKU AFC6S diffractometer for 12. All data on the single
crystsals are deposited at the Cambridge Crystallographic Data Centre; deposition numbers: CCDC
113927 (for 11) and CCDC 113928 (for 12).

Preparation of I-[(trifluoromethyl)phenyl]pyrroles:
Lompounua 1, 2 and 3 were pi‘ép&i‘éu from the corre ”por ““““““
2,5-dimethoxytetrahydrofuran in giacial acetic acid according to the literature procedure®.
1-[(4-Trifluoromethyl)phenyl]pyrrole (1)*": 76%, mp 106-108 °C. '"H-NMR (CDCL): & 7.57 (2H, d,
J 8.2, H(3+5)), 7.48 (2H, d, J 8.2, H(2+6)), 7.12 (2H, t, J 2.2, H(o+a")), 6.40 (2H, t J2.2, HB+B")).
1-[(3-Trifluoromethyl)phenyllpyrrole (2)*: 70%, bp 86-88°C/0.7 mmHg, (1it.?* bp 106-110 °C/12
51
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6.27 (2H, t,J 2.1, H(B+P")).

1-(2-Trifluoromethyl-phenyl)pyrrole (3): 84%, bp 64°C/0.3 mmHg. 'H-NMR (CDCL): & 7.79 (1H,
dd, J 7.6, 1.0, H(3)), 7.61 (1H, td, J 7.6, 1.0, H(4)), 7.50 (1H, t, J 7.8, H(5)), 7.40 (1H, d, J 7.8, H(6)),
6.84 (2H, sym. m, H(a+a)), 6.33 (2H, t, J 2.1, H(B+P")).
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(111, 5, rig

-

(10.0 mmol, 2.11 g) and, if it was necessary, the activating
agent (TMEDA, 10.0 mmol, 1. 16 g, or double this amount; or PMDTA, 10.0 mmol, 1.73 g) were
dissolved in dry tetrahydrofuran or diethyl ether (25.0 ml) and cooled to -75 °C or 0 °C, respectively. A
15 % hexane solution of butyllithium (11.0 mmol, 7.3 ml or 22.0 mmol, 14.6 ml) was added dropwise
to the solution. After 60 minutes stirring at the given temperature the mixture was poured into a dry ice

- diethyl ether slurry. At 20 °C 20 ml of distilled water was added, the phases were separated and the

\
)

Hua

neous solution was washed with diethyl ether (3x15 ml). The collected ether solutions were dried
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corresponded to the unreacted starting material 1, 2 or 3, respectively. The carboxylic aci d derivatives
were isolated from the aqueous solution by acidification with 15 % citric acid solution. The products
either oiled out or precipitated from the solution as crystals. The crystals were filtered, the oils were
separated by extraction with dichloromethane (25ml). In boths cases the aqueous phases were extracted
with dichloromethane (3x25 ml). The collected dichloromethane solutions were dried over sodium
sulfate and concentrated in vacuo. The residues and the solids were used together for determination of
the product distribution by 'H-NMR spectroscopy. Then these crude products were treated with hexane
to remove the valeric acid side product. In order to separate pure products from their mixtures the solid

materials were treated with or recrystallised from an appropriate solvent according to their different
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1-[3-Carboxy-4-(trifluoromethyl)phenyl]pyrrole (4 from ethanol-hexane mixture), mp 111-113 °C.
IR(KBr): 3430(vo.y), 1703(vVemo) cm™. 'H-NMR (in CDCly): & 8.21 (1H, d, J 2.1, H(2)), 7.86 (1H, dd,
J 8.2, 2.1 H(6)), 7.53 (1H, d, J 8.2, H(5)), 6.89 (2H, t, J 2.0 , H(a+a")), 6.39 (2H, t, J 2.0, H(B+B")).

Analysis: calc. for C;,HgF;NO, (255.19) C 56.48%, H 3.16%, N 5.49%; found: C 56.46 %, H 3.07 %,
N 5.52 %.

1.4 Mriflianramathylinhanviinuerrala Y carhavvlic acid /& Gam athaonnl havama maivéiieral e 1Q9

[TAULIMIUVIVIMIVULYIJPRUMY AP Y 1L EVILT&TVal UUAY LIV aliu (U, 11UIH CluallUi-UoAdus LIAWLT), Klip 104
T2 O rYr AN -1 Ivy w12 a7 Pt Vel BRY O M o, AT . PR R £ 72 At
184 °C. IR(KBr): 3448(vo.y), 1676 (vc0) cm . H-NMR (in CDCly): & 7.69 (2H, d, J 8.4, H(2+6)),

744(2H d, J 8.4, H(5+3)), 7.24 (1H, t, J 2.2, H(a)), 6.99 (1H, t, J 2.2, H(B)), 6.35 (1H, dd, J 3.9, 2.2,
H(B’)). Analysis: calc. for C;,HgF;NO, (255.19) C 56.48%, H 3.16%, N 5.49%; found: C 56.46 %, H
3.07 %, N 5.52 %.

1-[2-Carboxy-4-(trifluoromethyl)phenyl]pyrrole-2-carboxylic acid (6, from ethanol-hexane

FEN s N nenl LT NIMAD 720 VWAAQA 7). R Q0 172
660{(vcao) cmi . H-NMR {in DMSO0-d;): 6 8.13
rag
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mam 18Q 185000 TR DR\ AAAA, Y1711
HMAWIC), LU LJ0-1J7 .
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INRSDT), 5540 Vo), 1711,
(1H, 4, J 8.2, H(3)), 7.99 (IH, d, J 8.2, 1.7, H(5)), 7.56 (1H, d, J 8.2, H(6)), 7.12 (iH, dd, J 2.6, 1.3,
H(a)), 6.93 (1H, dd, J 3.7, 1.8, H(B)), 6.28 (1H, dd, J 3.7, 2.6, H(B’)). Analysis: calc. for C,;HzF;NO,

(299.2) C 52.19%, H 2.70%, N 4.68%); found: C 52.19 %, H 2.74%, N 4.71 %.

Mixture of 7 and 8 (precipitated from hexane):

1-[3-(Trifluoromethyl)phenyl]pyrrole-2-carboxylic acid (7) 'H-NMR (in CDCL): & 7.70 2H, d, J
7.9, H(4+6)), 7.58 (1H, s, H(2)), 7.54 (1H, t,J 7.9, H(5)), 7.26 (1H, dd, J 4.1, 2.0 H(B)), 6.99 (1H, dd, J
2.5,2.0,H(a)), 6.35 (1H, dd, J 4.1, 2.5 H(B")).

1-[4-Carboxy-3-(trifluoromethyl)phenyl]pyrrole (8) 'H-NMR (in CDCl;): 8 7.99 (1H, d, J 8.1,

H(5)), 7.64 (1H, s, H(2)), 7.51 (1H, d, J 8.1 H(6)), 6.86 (2H, t, J 2.1, H(a+a’)) 6.35 (2H, t, J 2.1
H(B+B").

1-[2-Carboxy-5-(trifluoromethyl)phenyl]pyrrole-2-carboxylic acid (9, from ethanol-hexane
mixture), mp 160-162°C. IR(KBr): 3448(vo.y), 1706, 1677(ve—o) cm™. '"H-NMR (in DMSO-dj): 6 8.05
(1H, d, J 8.1, H(5)), 7.90 (1H, dd, J 8.1,1.0, H(4)), 7.71 (1H, s, H(2)), 7.14 (1H, dd, J 2.9, 1.6, H(a)),
6.93 (14, dd, J 3.7, 1.6, H(B")), 6.27 (1H, dd, J 3.7, 2.9, H(B)). Analysis: calc. for C;;HgF;NO, (299.2)
C 52.19%, H 2.70%, N 4.68%,; found: C 52.24%, H 2.76 %, N 4.74%.
1-[3-Carboxy-2-(trifluoromethyl)phenyl]pyrrole (11, from ethyl acetate), mp 144-146°C. IR(KBr):
3446(vo ), 1718 (Veoo) cm™. "H-NMR (in CDCLy): § 7.73 (1H, dd, J 8.0, 1.6, H(4)), 7.66 (1H, t, J 7.7,
H(5)), 7.53 (1H, dd, J 7.5, 1.6, H(6)), 6.88 (2H, t, J 2.0, H(at+a’)), 6.35 (2H, t, J 2.0, H(B+B")); (in
DMSO-d,): 8 7.82 (1H, t, J 7.7, H(5)), 7.72 (1H, d, J 7.6, H(4)), 7.59 (1H, d, J 7.6, H(6)), 6.96 (2H, t, J
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2.0, H(a+a)), 6.24 (2H, t, J 2.0, H(B+B*)). Analysis: calc. for C;,HgF:NO, (255.19) C 56.48%, H
3.14%,N 5.49%; found: C 56.55 %, H 3.07%, N 5.55%.

1-[6-Carboxy-2-(trifluoromethyl)phenyl]pyrrole-2-carboxylic acid (12, from ethyl acetate), mp
216-217°C. IR(KBr): 3446(voy), 1705, 1674(veo) cm’. "H-NMR (in DMSO-d,): & 8.09 (1H, d, J 7.7,
H(5)), 8.01 (1H, d, J 7.7, H(3)), 7.75 (1H, t, J 7.7, H(4)), 7.01 (1H, sym.m, H(c)), 6.88 (1H,dd, J



3.8,1,8,, H(B")), 6.23 (1H, dd 3.8, 2.9, J 2.0, H(B)). Analysis: calc. for C;;HzF5NO, (299.20) C 52.19%,
H 2.70%, N 4.68%; found: C 52.14%, H 2.72%, N 4.73 %.
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