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A Chiral N-Methylbenzamide: Spontaneous Generation of Optical Activity
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Abstract: 1,2-Bis(N-benzoyl-N-methylamino)benzene (1) was
acetate as chiral crystals belo ng1 g 1o space group P2,2,2,. The
twQ enantiomers were d__un ogical ir
images. In solution, several conforrnatmnal isomers due to rotations of the Ar—N bonds and the
amide bonds were observed. The major conformer corresponds to the crystal structure in which
the two N-benzoyl groups exist on opposite sides of the central benzene ring (anti conformation)
and the amide bonds are both cis. The enantiomers in solution could be distinguished from each
other by 'H-NMR measurements in the presence of chiral 1,1'-bi-2-naphthol. Mixed crystals of 1
and (R)-1,1'-bi-2-naphthol were obtained from their 1:1 mixed solution in MeOH. An X-ray
crystallographical analysis showed that the configuration of 1 in the mixed crystals was (R,R).
'H-NMR measurements of the mixed crystals at 178 K in CD,Cl, showed the absolute configuration
of 1 in the TD,-(+)-crystal to be (R,R). © 1999 Eisevicr Science Ltd. Al rights reserved.

Chirality or handedness in chemistry is a common but fascinating attribute of a molecule."” Usually it is
simply defined in terms of optical activity in the stationary state in the crystal and in solution. However, all
so-called achiral compounds which can change their conformation have chiral conformations. For examples,
in the three-dimensionally defined chiral binding sites of receptors or enzymes, achiral molecules exist in
chiral conformation in most cases. Such molecules have "molecular chirality”. Whether the chiral properties
are stable depends on the energy barrier of racemization. In many cases of molecular chirality, the energy
barrier is rather large and the chirality is retamed at ambient temperature, as observed in auopnsomerb such as
i,1-bi-2- napnmm and substituted biphenyls,* helical compounds such as helicencs,” and propeiler-type
blfUL[UI'Cb

tallis nranartioc Achi
3Lcll lLaLlUll ylvw ‘— v, Wl

can exist in stable chiral conformatlons usually a fford racemic crystals which contain both enantiomeric
conformations in a

ions in a ratio of 1:1. Recently, a number of apparantly achiral organic compounds have been

obtained as chiral crystals, in which each molecule is chiral or the achlral molecules are arranged in a chiral
manner.® Even in the former case, most of them did not exhibit optical activity in solution due to rapid
racemerization, and the two enantiomers could not be distingished by usual measurement techniques, although

the chirality in the crystal can be utilized in reactions in the solid state.”"

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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We have previously reported the unique stereochemical properties of N-methylated aromatic anilides.”
Thus, N-methylation of a secondary anilide, which generally has trans-amide structure, results in the stabilization
of the cis conformation (Figure 1). For example, N-methylbenzanilide exists in the cis-amide conformation in
the crystal and predominantly in the cis structure (98.3 % in CD,Cl, at 193 K) in various solvents. This cis
conformational preference is intrinsic to N-methylated anilides, and allowed us to construct aromatic molecules
with unique three-dimensional structures,” including aromatic helical layers, or with interesting functions."
During our investigations, we noticed that aromatic amides and guanidines afforded chiral crystals with high
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both in the crvstal and in solution!” In this paner. we present detailed analvses of the chiralitv and the
both 1n the crystal and 1n sotution.” In tht S paper, we present detailed analyses ol the chiralily and the
conformational behavior of 1
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Chiral and Racemic Crystals of 1.2-Ris(N,N’-benz, oyl-N,N’-methylamino)benzene (1)

1,2-Bis(N,N’-benzoyl-N,N’ methvldmmo)benzene (1) was prepared from ortho-phenylenediamine and
benzoyl chloride, followed by N-methylation. Recrystallization of 1 from dlSt]lled ethyl acetate yielded
colorless prisms, each of which is chiral, with space group P2 2,2, (orthorhombic) in X-ray crystallographical
analysis (Figure 2a). The enantiomeric crystals could be distinguished by taking the CD spectra in KBr as
described below. Typical examples of the recrystallization of 1 are given in Table I. The ratio of enantiomeric
crystals was close to 1 when a saturated solution was cooled quickly to generate many crystals (entry 1).
Slow crystallization, resulting in fewer crystals, produced a large preference for one or other of the enantiomeric
crystals. In some cases, all the crystals exhibited the same chirality. We could also obtain single large crystal
in good yieid (entry 2), i. e., compiete generation of a singie chirality . Seeding of a chiral crystal afforded
Llybldls posscsmg the same Cn][’dl]ly as the SEEG (.I'y\[dl (Eﬂ[rlCS 3 dﬂ(l 4) 1ne racemxzduon OI l unuer the
recrystallization conditions should be fast, because the both enantiomeric crystals were gencrally obtained
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Table I. Results of crystallization of 1 under various conditions at 293 K

number of crystals®

entry solvent seed (+)-crystal (-)-crystal racemic
i AcOEt none 2i 29 0
s 14 ~MCs P, 1 a N
P I‘\L AW »13 nonc 1 v LV
3¢ AcOEt (+)-1 5 0 0
44 AcOQEt (-)-1 0 5 0
5* wet AcOEt none 0 0 20
6° aqueous EtOH none 0 0 20

* Chiral crystals were identified from the CD spectra, and designated as (+)- and (—)-crystals
according to the sign of the ellipticity at 260 nm (see Figure 3). ° Totals from several runs (10 - 20
crystals per run). ¢ Only one crystal was generated. * All crystals were collected in a single run.
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U o \ structure of (a) the chiral crystal and (b) racemic

HL v CH; compound of 1. All four molecules in a unit cell of
M/_ U_\\ the chiral crystal have the same chirality. (o)

;(// \ \ Molecular structure of 1 in the crystal. This
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Chiral crystals were also obtained from chloroform, carbon tetrachloride, benzene and absolute ethanol.
Interestingly, recrystallization of 1 from water-saturated ethyl acetate or aqueous cthanol always afforded
achiral crystals (Table 1, entries 5 and 6) belonging to the space group P2,/n (monoclinic). The X-ray
crystallographical or elemental analysis of the achiral crystals of 1 showed that they contain one molecule of
water per molecule of 1 (Figure 2b). The differences in the physicochemical properties of chiral and achiral
crystals of 1 are summarizaed in Table 1I. The achiral crystals have a slightly larger specific gravity than the
chiral crystais, and exhibit two peaks in DSC measurement. The iower temperature peak (145.5 °C) is due to
ihe dissociation of the water from the crysial, and the other, at 160.5 °C, was similar to that of the chiral

Crystadis
Tha ~ecotnl ctmantiiran ~F 1 i lhath Avrctnlo ara cismilas ao chavirn in Diiiea 7 Ac antinirmatad An tha lhacic nf
L CEYDLAL DU UCLUIWLD UL & il UURLL LLYDLAID Qi DIiiial, aAd DIV wil 1l 1 léul e TAD ﬂllll\'lpal\.«u V1L LLIv uadid w1
anr nraviane wark 213 tha twa amide hande are hath ~i¢ Tha malacula hac an annravimate (. cummetrv and
our previous work '~ the two amide bends are both cis. The molecule has an approximate €, symmetry and
the two phenylcarbamovl groups are located on opposite sides of the central benzene ring (defined as anti
conformation). In this structure, the molecule has two chiral axes (Ar—-N bonds). and the two enantiomeric

chiral crystals, four molecules exist in the unit cell, all having the same chirality, while the achiral crystals
contains two of both enantiomers together with four molecules of water in the unit cell, i.e., racemic compounds.

Table II. Physical data for the chiral and the racemic crystals of 1

crystal chiral crystals Achiral crystals
[(+)- or (—)-crystals] [racemic compounds]
recrysin soiveni AcOkL, CCi, benzene, wei AcOEL,
PR TN TRPUNE oWV 'S | NS YN & §
dUDUIUC LU welL CwuIl
Frarerisla falamanmtal nmalorcic) M LT NN T NN O N
IULLIIUIA \CIviicial uuy S1>) \/221 1201‘ 2\,}1 \‘221 lr_)ol‘z\lz 112\./
A (70 °C n_heyana CC1 - KT_H O) 1 1R1 1240
@ &V W TETHVAGIIVTR N R gy KRLTRRRS ) LexU 1 LY
(25 °C X-ray anal. calc.) 1.191 1.264
mp  (DSC) 162.0 °C 145.5 °C (major peak)

160.5 °C (minor peak)




The enantiomeric crystals of 1 were characterized by CD spectroscopy in KBr. The two types of chiral
crystals are optically active, and afforded mirror-image CD spectra; they were designated as (+)- and (-)-crystals
according to the sign of the ellipticity at 260 nm (Figure 3a). On the other hand, the racemic crystals of 1-H,0
did not exhibit any CD spectrum. Furthermore, the chiral crystals were distinguishable morphologically
(Figure 3b), like the enantiomeric crystals of sodium ammonium tartarate described by Pasteur.
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Figure 3. (a) CD spectra of the two enantiomic crystals of 1 (100 pg) in KBr (100 mg). (b) Morphology of the two

enantiomeric crystals. The (0, T, 0) face is divided into two small taces with similar reflection angle, and the (0, T,
0) face is divided into onc largL and two small faces with similar reflection angle. Differentiation between the

enantiomers could be done (10 out of 10 uyiiali) based on the pusmunb of these small faces and the puamun of the
top in the direction of (0, 0, 1).

Conformational Equilibrium of 1 in Selution Jlk

Dynamic 'H-NMR measurements of 1 showed equilibria (@) =" ’
between various conformers (Figure 4). Only one singlet (by — e
peak, corresponding to N-methyl groups, was observed at O T ——
408 K. The signal become broader as the temperature was Ay e
lowered, and split into seven singlet peaks in the region of :u: X ]
2.1 - 3.5 ppm at 183 K (Figure 4h). The conformers of 1 DA - f‘
arise from cis/trans conversion of the amide groups, and O l -
rotation around the Ar—N bonds (chiral axes). We defined @ —orrreoe——
syn and anti conformations in terms of the two N-benzoyl ) ;
groups being focated at the same and opposite sides of the [ A
plane of the central benzene ring, respectively. In this case, . 8 |
carbonyl-pheny! rotation should have a negligible effect, e ;F A |
because it causes little conformational change and is so fast R ..
on the '"H-NMR time scale that the two ortho protons on the ;
pheny! group can not be distinguished. Possible conformations 0 |
of 1 are shown in Figure 5. The amide configurations are ‘
denoted as " ¢ " or " t " for cis and trans, respectively. The j
steric relationships of the two N-benzoyl moieties are denoted 1
by adding an apostrophe (" ¢' " or " t' ) when the N-henzoyl {,‘ ﬂ J ‘iﬂ N
group exists below the central benzene ring. For example, T T
the expressions (c, ¢) and (c', ¢') indicate the same syn-(cis,
cis) conformation. The expressions (c, ¢') and (c', ¢) indicate Figure 4. 'H-NMR spectrum of 1 in the
the two enantiomers of the anti-(cis, cis) conformation as ~ N-methyl region (a - h) and the aromatic region
observed in the crystal. Six conformations are distinguishable (- 183 K): The temperatures of measurement
Ly I NMDBR. tunical ranracantatione ara fo o) fo o') (o ) were (a) 408 K, (b) 373 K. (¢) 338 K, (d) 303
Oy DIV, Ay PERAl TR AT @ A B AR E S AR K, (¢)273 K, (f) 243 K, () 213 K, and (h) 183
(¢, ), (1, ©) and (t, t"). Other conformations arc their K. The solvents were CDCI,CDCls for (a) -
enantiomers or equivalents. (d) and CD>Cl, for (e) - (i) .
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The predominant N-methyl peak (60 %, 2.15 ppm), named peak A in Figure 4h (or Figure 7a), was
assigned to the conformer corresponding to the crystal structure [(c, ¢') and (c', ¢)], because the chemical shift
is very high compared with those of typical N-methyl peaks of aromatic amides, due to the anisotropic effect
of the phenyl ring on the other ¢is-amide group. In addition, when the crystal was dissolved in CD,Cl, at 178
K and the NMR spectrum was taken immediately at the same temperature, only the signal corresponding to
peak A was observed. In this experiment, the same spectrum as snown in mgure 4h was obtained upon

measurement afier rdlblng the temperature or afier Wdlllﬂg Therefore, ihe [Ild_]UI onformer in the racemic
solution is conformer (c, ¢") / (¢, c).

The next most major signals consist of two peaks with the same integrations (28%), one of them (peak B
in Figure 4h) being at higher field like peak A for the (c, ¢'), and the other (peak F) at rather lower field, at a
chemical shift typical of N-methyl of an aromatic amide group. The two signals were assigned to the

conformer (c, t') [and (t', ¢)] because one N-methyl group is exposed to the anisotropic effect of the phenyl
ring on the cis-amide group and the other is free from the anisotropic effect. Peak D at 3.27 ppm (S %) was
assigned to conformer (c, ¢), because the conformer corresponding to peak D has aromatic proton signals at
higher field (doublet at 6.5 - 6.7 ppm indicated by an arrow in Figure 4i), which can be assigned to the ortho
protons of the benzoyl groups in this conformer. Then, peaks C and G with the same integration values
should be assigned to the same conformer, i. e., (¢, t). The other minor peak E at 3.45 ppm was assigned to
the conformer (t, t) or/and (t, t'). It i1s uncertain whether the failure to observe the conformer (t, t') [or t, t)] is
due (o the small existence ratio or whether the peaks can not be distinguished owing io the fasi equilibrium
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beiween the coniormers {[ [) and (L U).
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Chirality of 1 in Solution
In solution at room temperature, 1 is in
equilibrium between various conformers, and

consequently is racemic. Indeed, even when R 10 /\

c‘r}.!stle'{s. with ‘o1nie chirality \jv:are dlssoivefi, b'olh %‘* \(+)—Crysldl

chiralities couid be generated by recrystatlization, E NN~

and no CD spectrum was observed at room g0 /\/ ]
temperature. However, the chirality of 1 was g

retained in solution at low temperature. Thus G \,/ (-)-crystal

solutions prepared by dissolving optically active .10 b . .

crystals at 173 K showed CD spectra (Figure 6), 200 250 300 350

which became flat when the solutions were warmed Wavelength (nm)

to room temperature.  The shapes of the CD Figure 6, CD spectra of the two enantiomers of 1 (2 x 10 M) in
spectra for the solutions of enantiomeric crystals methanol : ethanol (1:3 v/v) at 173 K. A chiral crystal of 1 was
are mirror images, and similar to those observed dissolved at 173 K, and the spectrum was immediately measured.

for the corresponding chiral crystals in KBr.
The enantiomers are distinguishable by 'H-NMR in a solution containing a chirally interacting reagent.

Chiral 1,1-bi- -napntnol is so stabie in solution that racermzanon does not occur (]Ul'll’lg measurements even at

oy N P P

room temperature. When chirai i,1"-bi-2- naphthol was added {0 a racemic solution of 1, all the observed
N-methyl peaks were split into two (Figure 7b, ¢). The peak separation became larger as the molar ratio of
1,1'-bi-2-naphthol to 1 was ma.reased. When a

chiral crystal of 1 was dissolved at low temperature F| b a

in a solution of the chiral 1,1'-bi-2-naphthol, the G lE D . B l
enantiomers (¢, ¢') and (c', ¢) could be ML —_
distinguished. In the 'H-NMR spectrum of 1 just " Aol Ay

after the (+)-crystal was dissolved at 178 K in ) , u

(b HO
CD,Cl, solution containing (S)-1,1'-bi-2-naphthol, LTS M

the observed singlet peak for N-methyl groups

corresponds to the right peak (peak A, at higher I AZ[ lAl
field) of the divided major peaks in Figure 7c. (c) Al \ R A

The (-)-crystal afforded the singlet peak SEP/L VTV — M
corresponding to the left peak (peak A, at lower PPM PPH
field) in (8)-1,1'-bi-2-naphthol solution. Opposite 3.53.43.33.23.13.02.92.8 2.42.3222.1201.9
spectra were obtained by dissolving (+)- or (-)-

crystals in (R)-1,1'-bi-2-naphthol. Thus, the Figure 7. 'H-NMR spectra of 1 in CD2Cl; at 193 K in the ahsence
chirality of 1 was retained at low temperature. (a) or presence of chiral 1,1'-bi-2-naphthol (b, I equiv, and ¢, 15

When the chiral solution was racemized by raising equiv). The peak heights were normalized based on the highest
the temperature, it afforded the same speétrum a; peak in each chart, i.e., the vertical scales are not the same.
that shown in Figure 7c.

Measurements of the time course of the ratio of the N-methyl proton signals at various temperatures (193 -
173 K) allowed us to examine the kinetics of the racemization. However, the kinetic process proved to be (oo
complicated, as shown in Figure 5, to permit accurate determination of kinetic constants for interconversion
between the isomers. We could estimate the rate of racemization from the N-methyl signais of the two major
enantiomeric conformers, (¢, ¢') and (¢, ¢). Thus, the energy barrier (AGH of apparcm racemization was
calculated from the temperature dependence of the kinetic constant (223 K: 5.50x 10* s, 213 K: 9.46 x 107

ol -, N RIS AN TN ¢ 3 rnnl fan g yalna — ~

$',203 K: 1.16 x 107 sy to be 17.1 — 3.3 x 1077 keal/mol. This value (AG? = 16.4 - 16.1 kcal/mol at 200 -
300 K) is slightly smaller than that of cis/trans isomerization of N-methylbenzanilides with methyl group(s) at
the orthe position to the amide gmup.'ZC Ina mh..ti.on. of 1, many interconversion processes occur among the
six types of conformers (one of them was observed). Figure 5 illustrates possible conversion processes
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from one enantiomer (c, c¢') to the other (¢, ¢), including rotation of Ar-N bonds in cis- or trans-amides, and
cis/trans conversions. Many routes for racemization can be imagined, for example, the direct process via
conformer (c, ¢) [or (¢’, ¢’)], or an indirect process via (c, t'), (t, t'), or (t', t'). In the Kinetic process examined
by 'H-NMR, two peaks corresponding to the conformer (c, ¢) / (¢, ¢') appearcd quickly with the same
integration values. Therefore, the racemization occurs predominantly through conformer (c, ¢) / (¢’, '), as
indicated by boid arrows in Figure 5. This process does not inciude the cis/frans conversion of the amide
groups, which is consistent with the smaller energy barrier of the racemization than that of cis/trans isomerization

bsolute Configuration of 1 in the Chiral Crystal

The absolute configuration of 1 was determined from the configuration of the molecule in the mixed
crystal with chiral 1,1'-bi-2-naphthol. The cocrystallization of 1 with (R)-1,1'-bi-2-naphthol from the 1:1
methanol solution afforded colorless prisms, C,,H,,N,O,. In the crystal structure of the mixed crystal, an
asymmetric unit contains one molecule of 1 and one molecule of 1,1'-bi-2-naphthol, which interact with each
other via hydrogen bondings (Figure 8). The cocrystallization of 1 using (S)-1,1'-bi-2-naphthol yielded
enantiomeric crystals. This should be regarded as an example of chirality induction from a racemic solution
of 1. As 1,1'-bi-2-naphthol does not racemize under the crystallization conditions, the absolute configuration
of 1 in the mixed crystal using (R)-1,1"-bi-2-naphthol is (R, R). Consequently, the enantiomeric mixed crystais
contain (5)-1,1'-bi-2-naphthol and (S, $)-1. (\(C.L

(a) ®) k2

Figure 8. (a) An ORTEP stereoview of the crystal structure in the mixed crystal of 1 with (R)-1,1'-bi-2-naphthol.
(b) Molecular structure of 1 and (R)-1,1'-bi-2-naphthol in the mixed crystal.

When the mixed crystals were dissolved in a solvent at low temperature, the same phenomena were
observed as the case that the chiral crystals of 1 were dissolved in a solution of chiral 1,1'-bi-2-naphthol at low
temperature. In the 'H-NMR spectrum at 203 K just after the dissolution of the mixed crystals of (R, R)-1 and
(R)-1,1'-bi-2-naphthol at 203 K, only one singlet in the N-methyl region was observed, which corresponds to

the peak A, in Figure 7b."” Enantiomeric crystals containing (S, §)-1 and (S)-1,1'-bi-2-naphthol also exhibited
the same signal. As time passed, another peak A, at higher field appeared, as well as the signals of other
conformers. The signal observed first (peak A,) corresponds to that of the (+)-crystal in the presence of
(R)-1,1'-bi-2-naphthol, or of the (-)-crystal in the presence of (§)-1,1'-bi-2-naphthol. Thus, the absolute

configurations in the (+)- and (-)-crystals were assigned as (R, R) and (S, S), respectively.

Conclusion
We have described an example of epontaneous generation of optica activity in 1mpl rgani
1,2-bis(N-t nzoyl-/v metnylammo )oenzen (1), in which conformational interchange J
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Further, the absolute configurations of 1 in the ¢
were determincd. This is an interesting e xa_[_,ple of molecular ¢ i[ality.
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Experimental Section

General. All compounds subjected to measurement were purified by means of several recrystallizations.
Melting points were determined by using a Yanagimoto hot-stage melting point apparatus and are uncorrected.
Elemental analyses were carried out in the Microanalytical Laboratory, Faculty of Pharmaceutical Sciences,

Ve Y 4

University of Tokyo and were within £0.3% of the theoretical vaiues.
B' GV ll)c“ﬁ':"(‘l_'yl-zhv]-lllctll‘_'y'l“m mol Yy was added to a so ution

-phenylenediamine (51.10 g, 0.464 mol) in 600 ml. of pyrldme Thc, mixture was stirred at room
t.e:---r--a!.l_lrc overnight, then poured into |1 L of 2 N HC1. The precipitates were collected, washed successively
with 4 N HCI (twice), H,0, and ether, and dried under vacuum to give crude o-bis(N-phenylcarbamoyl)benzene
(186.9 g). NaH (60 %, 27.0 g) was washed twice with 10 mL of n-hexane, and suspended in dry DMF. A
solution of o-bis(N-phenylcarbamoyl)benzene in 500 mL of dry DMF was added to the suspension, and the
mixture was stirred for 30 min. To this solution, 32.5 mL of Mel was added. After 1 h, NaH (27.0 g) and
Mel (32.5 mlL) was added to the reaction mixture. After | h, the solvent and excess Mel were removed under
vacuum. The residue was diluted with CH,Cl,, and washed with 2 N HCI, brine and water. The organic layer
was dried over MgSO, and evaporated. The crude product was recrystallized from CH,Cl,-AcOEt to give 1.
1: mp 164.5-165.5°C. Anal. calcd for C,,H,,N,0,: C, 76.72; H, 5.85; N, 8.13. Found: C, 76.46; H, 5.80; N,

~ . [a 20 TR

3.18. rnyblcocnemlcm pmpemcs of 1 are glven in Tabie ii.

g nddad t a g lnf "

Y-r (‘ vvctallnaranhu!® Tntan ;fw d

= < ata were rnllactad with a igaknn ARCS diffractameter nicing aranhite_
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monochromated Cu Ka, radiation (A = 1.54050 A) by the @-26 scan method. The typical @ scan width was
Z an

(1.3 + 0.41 tan®)°. Intensities were corrected for Lorentz and po!amratmn factors, but no correction was made
for absorption. Structures were solved by using the SAPI85 version of the program package MULTAN."”
The refinement was carried out by the full-matrix least-squares method with anisotropic thermal parameters
for non-hydrogen atoms. The function minimized was Zw(l(IFol)*-(IFc))’)’ with w = 1/[0°(Fo) + 0.02(Fo)],
while o(Fo) was determined from counting statistics. All H atoms located from the difference map and from
theoretical calculations were refined. All calculations were performed by using a Panafacom computer with

the RCRYSTAN (Rigaku Corp., 1985) X-ray analysis program system. Crystal data are listed in Table III.

Table iii. Crystai data for i and the 1-(R)-1,1 -bi-2-naphthoi complex
Compound chiral crystals achiral crystals 1+(R)-1,1’-bi-2-naphthol
Formula CHy N0, C,HyN,0-H,0 Ci:HuNO;
M 344 .41 362.43 602.73
Crystal system orthorhombic monoclinic monoclinic
Space group P222 P2/ P2
alA 14.198(1) 10.048(1) 14.4556(6)
b /A 16.374(1) 21.441(2) 13.270(4)
c/A 8.261(1) 9.385(1) 9.0788(4)
B/° - 109.67(1) 104.355(3)
VIA® 1920.5(2) 1903.7(4) 1687.2(6)
D,/ Mgm™ i.191 1.264 1.241
Z 4 4 2
No. of unique reflections 1504 2058 2441
R 0.047 0.067 .056
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CD Spectra CD spectra were taken with a JASCO J-600 equipped with a handmade cooling system for
low-temperature measurements. A specimen for measurement of the solid state spectrum was prepared as
follows: 100 pg of 1 was added to 100 mg of KBr (dried by heating before use), and the mixture was well
ground, and tableted.

recorde
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checked by measuring the d fference of chemical shifts between thy protons he hydroxyl proton
of methanol.”® Solvents used for the measurements (range nf temperature, tntvlu.a! standard) were
dichloromethane-d, (183 - 293 K, CDHCI, as 5.30 ppm) and chloroform~d (213 - 323 K, CHCl, as 7.26 ppm).
Measurements were started at room temperature (293 K) and the temperature was incrcased or reduced in
steps of 10 K. The concentration of the solution was 10 mg/ml; no change of the spectra was observed at a

more dilute concentration (1 mg/ml).
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