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Abstract -The experimental conditions to determine the optical purity of the
title compound 1 have been found studying the effect of lanthanide shift
reagents (LSR), Eu(fod), and Bu(tfc),. The obtention of enriched enantiomers
(57.5%}) in (+)—} and 62% in (-)-1) was possible by the use of liquid
chromatography over triacetylcellulose. The compound was devoid of any

significant antifungal activity.

3,5'-Dimethyl-4,4"-dibromo-1, 1'-bispyrazolylphenylmethane ﬁl_’ 1s structurally related to the
important antifungal agent clotrimazolel ﬂ: In order to test the fungicide activity of racemic 1
and its two enantiomers, we decided to attempt the separation of (+) and (")_},' There are no
reported data about cptically active arylhetercarylmethanes and, since liquid chromatography
on triacetylecellulose had successfully been applied to other chiral aramatic ccrrpou.nds,zs we
used this method for separation.

Enanticmeric distinction and enrichment determinations were achieved by Hoamr using chiral
tris[3—(2,2,2—trifluoro-1-hydroxyethylidene)—d-caxtplnrato]europiun {III1}, Eu(tfc)s. Initially we
studied the behaviour of (i)'}]; in the presence of tris(6,6,7,7,8,8,8-heptafluoro-2,2-damethyl-3, 5-
octanodionato) eurcpium (III), Eu(fod)a, and the results were compared with those of the same LSR
on 3,3'-dimethyl-4,4'-dibromo-1, 1'-bispyrazolylphenylmethane 3, achiral isomer of 1. The synthesis
and structural characteristics of :;L, and g had been recently reported“‘

Me Br
Me — Br Tll | ]
NaN~Hs ‘N: Np-Hs
H—C—CgHsg HgCs— C— CgHsg H—C—CgHs
P
Br H3 = Br e
1 2 3

For both campounds, ‘]‘.,and 3, the largest induced chemical shifts in Y nmr (CDClg at 300 MHz)
produced by addition of Eu{fod), were found for the methine protons (Bc,}) as it can be seen in
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Tables 1 and 2. The addition of a small amount of Eu(fod)s on 1 (molar ratio 0.113), affected the
Hg signal more than the one corresponding to the HC, group, suggesting that a conformation of
type A {with opposite oriented pyrazoles) would be predominant. The LSR would approach the N
lone pairs, first as in A, and later as in A,. Crossing plots are well docurented for multidentate
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TABLE 1.-Chemical shifts 4§ in Hz at 300 MHz and Ad in Hz; intercept {Yy): slope {(m) and squared
regression coefficients (R?) for protons of compound 1 with Eu(fod),

Molar ratio Hy Hg HCy CH4-3 CH -5
Bu(fod), /1 $ AS § Ad § 88 § A § a8
0 2246.3 0 2257.7 O 2264.5 0 676.4 0 710.2 0
0.113 2253.1 6.8 2274.3 16,6 2274.3 9.8 682.C 5.6 715.9 5.7
0.249 2276.5 30.2 2299.7 42,0 2344.6 80.1 704.6 28.2 735.2 25.0
0.438 2313.7 67.4 2343.0 85.3 2455.1 190.6 741.6 65.2 765.9 55.7
0.887 2378.4 132.1 2419.2 161.5 2646.8 382.3 806.3 129.9 B19.0 108.8
Y, -5.1 -1.6 -20.7 -5.9 -4.1
m 155.2 (34) 185.7 (41) 454.2 (100) 153.3 (34) 127.8 (28)
r? 0.992 0.997 0.989 0.991 0.992

TABLE 2.-Chemical shifts & in Hz at 300 Miz and A3 in Hz; intercept (Y,); slope (m) and squared
reqgression coefficients (Rz) for protons of compound ,3, with Eu(fod)3

Molar ratio Hy HC, CH3—3

Bu{fod )y /3 5 X 3 it 5 AS
0 2216.1 0 2232.4 0 676.5 0
0.174 2241.5 25.4 2335.3 102.9 687.6 11.1
0.352 2255.,5 39.4 2389.9 157.5 693.5 17.0
0.617 2283.7 67.6 2504.1 271.6 707.2 30.7
1.383% 2328.9 112.8 2674.6 442.2 724.4 47.9
Y, 2.7 11.1 0.9
m 106.3 (25) 426.6 (100} 48.3 (11)
R? 0.989 0.988 0.990

a'I'bis value has not been included in the regression because the nonlinear region has been reached 8
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Fig. 1. Dependence of proton induced shifts of Fig. 2a., H nmr spectrum of (i)-}' in CDCl3 at
(£)-1 with mclar ratio Eul(tfe)s/L 300 MHz
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Fig. Zb. 1H nmr spectrum of (£)-1 in the presence| Fig. 2¢. "H nmr spectrum of (f)-1 in the presence

of Eu(tfc)3. CDCl3 at 300 MHz. Molar ratio: 1.428
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No difficulties were found in the assigrment of "d nmr signals to the different protons, except
for Hg and HC,in campound 1. The assignment of the signal at 2646.8 Hz (Table 1, molar ratio:
0.887) to the HC proton was made by selective decoupling of the methine carbon signal in the e
nmr spectrum.

The results obtained with compound ,% and Eu(tfc)z in CDC1l, at 300 MHz are gathered in Table 3. Due
to the weak Lewis acid character® of this LSR it was necessary to use larger molar ratios
Eu(tfc )3/2’1" . Lanthanide-induced shifts (Hz)} variation with increasing amounts of LSR, molar ratio
Eu(tfc)g/l, can be represented by two straight lines intersecting at approximately a molar
ratio = 1 (Fig. 1}.

Chemical shift non equivalences of enantiomers appear for Hg and CH,-5 protons at molar ratio of
1.428 and for the methine at molar ratio of 3.687. The other signals do not show any splitting in
the experimental conditions used in this study. Further examples of chiral nmr recognition by
optically active LSR in which fairly well shifted signals are not splitted while less shifted ones
split, are known in the lite.rature]o In our case, the best conditions for the determination of
optical purity are obtained when AE(HS) = 4 Hz, AE(CH3-—5) = 2.2 Hz and AJ(HC} = 0.4 Hz, which
correspond to a Eu(tfc)a/}’ molar ratio of about 3.5 (See Fig. 2).

TABLE 3.-Chemical shifts d in Hz at 300 MHz and Ad in Hz; intercept (Y¥y): slope (m}
and squared regressicn coeffjcients {R’) for protons of campound (t)—ﬂl’ with Eu(tfc)y

Molar ratioc Hy Hg HC, Qi -3 CH,-5
Eu(tfc), /1 3 Ad § AS 8 Ad 5§ AS g Ad
0 2243.1 0 2252.4 0 2261.9 © 674.8 0 708.8 0
0.361 2247.3 4.2 2264.9 12.5 2266.0 4.1 676.8 2.0 712.0 3.2
0.737 2248.6 5.5 2269.1 16.7 2269.1 7.2 677.6 2.8 712,7 3.9
Yo 0.5 1.5 0.2 0.2 0.4
m 7.5 (33) 22.6 (100) 9.7 (43) 3.8 (17) 5.3 (23)
r? 0.917 0.917 0.992 0.924 0.878
1.428 2249.3 6.2 2270.4 1B.0(+) 2275.5 13.6 677.8 3.0 713.8 5.0(+)
2268.4 16.0(-} 713.0 4.2(-)
2.458 2250.8 7.7 2273.1 20.7(+) 2283.0 21.1 678.2 3.4 715.6 6.8(+)
2269.8 17.4(-) 714.0 5.2(-)
3.687 2251,7 8.6 2274.8 22.4{+) 2289.1 27.2(-) 67B.1 3.3  716.7 7.9(+)
2270.8 18.4(~) 2288.7 26.8(-) 714.5 5.7(~}
Yy 4.9 15.5(+) 5.5(+) 2.8 3.4(+)
14.6(-) 5.8(-) 3.4(-)
m 1.1 (18) 1.9(+) (32} 6.0(+) (100) 0.2 (2.6) 1.3(+) (21}
1.1{-) {1B) 5.8{-) (97) 0.6{-) (11)
R? 0.956 0.960(+) 0.987(+) 0.617 0.959(+)
0.970(-) 0.983(-) 0.962(-)
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The racemic 3,5'-dimethyl-4,4'-dibromo-1,1'-bispyrazolylphenylmethane 1 was resolved into its two
enantiomers by liquid chromatography on microcrystalline triacetylcellulose (See Fig. 3 and
experimental part). Enantiomeric enrichments determined by "H nmr with Eu(tfc }g were 62% in (-)-1
and 57.5% in ({+)-1, corresponding to an absolute [o(];°= 50.5% These experiments allow
simultaneously to assign high field Cl-[3—En and Hg signals to the (-)-enantiarer,

Fig. 3. Chromatogram of 100 mg of (i‘)—'\]‘_ in
5 ml of 95 ethanol after three cycles through
o e _ﬁ% two colums of triacetylcellulose (particle
' ‘1'. size 15-25 f” {equivalent length of analysis:
p tl 1.20 meter). of : Rotation angle (-) at 436 rm.
ll
I
i

A: Absorbance (-——} at 254 nm; Vi volume of
eluate.

To study the possibility of racemization of the enanticmers we carry out the following experiment:
an equimolar mixture of (+)-l. and trityl chloride in methylene chloride was prepared. This
solution is stable at room temperature, after 50 mn the rotatory power remains unchanged. After
24 h at reflux, the solution does not show any rotatory power. However, a 300 MHz ‘H nmr spectrum
presents the signals corresponding to a complex mixture where those of compounds 1 and 3 were
clearly identified. The most reasonable interpretation of this result is a breaking of the N-C
bond  between 4-bromo-S-methyl-pyrazolyl residue and the methine carbon, followed by a
recombination yielding both iscmers.

Conpounds i and ’3‘( did not show any significant activity against B. cinera, A. flavus, M. rouxii

and C. albicans at doses as high as 640 }u.g/ml. Clotrimazole against the same fungi was active at
approximately 1 j.cg/ml.

EXPERIMENTAL

TH nmr spectra were recorded on Varian XL-300 superconducting spectrometer. Chemical shifts in Hz
were measured in CDCl, referred to ™S as an internal standard. Compounds 1 and 3 are described in
the original paper. Eu(fod), and Eu(tfc), were purchased from E. Merck, Darmstadt. Weighed
amounts of LSR were added in increments to achieve different lanthanide/substrate molar ratios and
the corresponding lanthanide induced chemical shifts were carefully measured.
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Separation by Liquid Chromatography on Triacetylcellulose (TAC)

The technique and apparatus for separation of enantiomers on TAC have been described by several

authors .2,11,12

Analytical: A solution of 5 mg of racemic 1 in 2 ml of ethanol 95% is injected in one colum A
{length, 20 am; intermal diameter, 2.5 cm; phase, TAC 15-25 microns; flow rate: 138 mi/h; pressure
drop: 1.35 bar; temperature, 25°C and a k=0.53 was determined using 1,3,5-tri-tert-butylbenzene as
reference.?2 A LKB 2138 UVICORD § detector (A = 254 nm) and a 241 MC Perkin Elmer polarimeter (X =
436 nm) were used for the detection of the compounds. Even if that was not possible to separate
the two enantiomers, (& close to 1), the presence by polarimetric means of a (+) and a {-) signal
(Actual volume of eluate = 100 ml) pressed us to use a recycling technique on TAC to get the
desired enantiomeric enrichment.

Semi-preparative: One hundred mg of ()-1 dissclved into $ ml of ethancl 95% were injected in two
A colums in series at a flow rate of 115 ml/h. After three cyclic passages of the central
fraction, eluted at retention volumes of eluate comprised between 180-222 ml for the first run to
eliminate small impurities at the front and at the tail of the peak, 25 mg of (-)~enantiomer as a
first fraction [62% (-) and 38% (+) according to 'H nmr with Eu(tfc}a] and 38 mg of (+)-enantiocmer
as 2 second fraction [57.5% (+) and 42.5 (-)] were cotained.
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