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in tribo guns as the friction material. The
dielectric constant ofPTFE being very low
(e = 2.1), all substances with higher will get
a positive charge when brought into inti-
mate contact and separated from PTFE.
Compared to other system used in powder
coating such as epoxies + dicyandiamide
(e = 4), polyesters + blocked isocyanates
(e = 5), or certain hybrid systems (e = 4),
the mixtures polyesters + TGIC have not
been found to be appropriate (e = 3) for
charge acceptance due to small differences
in dielectric constant with Teflon [22].

By analogy with what is used in xero-
graphic toners, the addition of quaternary
ammonium of phosphonium salts has been
found to increase the positive charging
characteristics of the powder, improving
the transfer efficiency. Addition of col-
loidal oxides like Si02 or Alp) due to their
specific surface have also been used to im-
prove the charging characteristics. The use
of external additives, however, brings the
drawbacks associated with a non-uniform
composition leading to problems associ-
ated with segregation and difficulty of
paint recycling. To overcome these draw-
backs, work is now in progress to intro-
duce functional groups in polyesters to de-
termine and control their triboelectric
properties.

7. Conclusions

In this communication, we have dis-
cussed some aspects of the powder coating
system based on polyester- TGIC mixtures:

- the TGIC isomeric composition
- the main parameters affecting their sur-

face appearance
- the influence of extend of reaction on

coating properties
- their ageing behaviour
- development in PCM and tribo applica-

tions

Apart from these selected topics, there
are many other basic items or new applica-
tion fields of polyester based powder coat-
ings which would be interesting to examine
such as the painting of non-metallic sub-
strates, alternative cross-linkers to TGIC,
new paint manufacturing process, low
bake temperature systems, dry clear coat
on dry paint, etc.

All these developments contribute to the
growth of the sole high performance, air-,
water- or soil-non-polluting coating tech-
mque.

I would like to thank my colleagues of the Po/yeon-
densation Group; D. Maetens, W. Demarteau, M. Sau-
dour, L. Moens, J.-M. Hoebeke, and N. Dewez for their
help in this work.
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Abstract. As a first case in the field of spirochromenes, the energy barrier for thermally
reversible ring opening of 2,2' -spirobichromenes (Scheme) is measured by racemization
of preparatively enriched enantiomers. In addition, this barrier is estimated via racemiza-
tion during HPLC (Fig.) on tribenzoy1cellulose without preparative enrichment. The
significance of the latter procedure is discussed.

mochromism has been encountered less
frequently and was considered to be less
spectacular. The only barriers for re-
versible ring opening have been reported
for some spiro[chromene-2,2' -indolines] [3]
and spiro[chromene-2, l' -(2)-oxaindans]
[4]. In both cases, diastereotopic groups
were a prerequisite for variable-tempera-
ture IH-NMR measurements. However,
this would not be necessary if separated
enantiomers were available to be race-
mized, in order to determine their barriers
for ring opening. For instance, 2,2'-spiro-
bichromenes (Scheme) might be studied in
this way. Indeed, Okamoto et al. [5] re-
solved some bridged diaza derivatives of
this series by HPLC on (+)-poly(trityl-
methacrylate)/Si02• However, they did not
detect thermal racemizations [5]. There-
fore, we intended to separate the enan-
tiomers of simpler 2,2' -spirobichromenes
(Scheme) and to determine their barriers
for ring opening.

Introduction

Spirochromenes have been studied very
actively in the past, since many of them are

photochromic owing to a C(spJ)-O bond
opening reaction [2]. The thermal be-
haviour of these compounds has received
less attention, probably because ther-
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Table I. Properties of Enantiomers of 2.2' -Spirobichromenes. k': Capacity factors upon liquid chromatography on
triacctylcellulose [7] (TAC) at 200 and 2 bar in EtOH/H20, 96:4 (k' = 0 for 1,3,5-tri(tert-butyl)benzene) and
tribenzoylcellulose [8] [9] (THC) at 220 and 33 bar in MeOH (k' = 0 for benzene-I,3,5-triol). P: Enantiomeric
purity, determined by anal. HPLC at lOa. [iX]22: Specific rotation in MeOH(I) or CHCI3(2), ca]culated for
P = 100%

produced (Fig., e) by the following
parameters (first number for ( +)-,second
one for (-)-1): retention volumes 26.8 and
37.1 ml and peak widths 1.3 and 1.7 ml in
the absence of racemization; flow rate 0.5
ml/min; scale factors of absorbance and
rotation angle; rate constants [13] 1.9 and
1.5 x 10-4 S-I for ring opening. These
parameters are consistent with the ones
used for other flow rates (Fig., a, b) and
temperatures, which means a low proba-
bility for successful simulations by means
of wrong sets of parameters. The corre-
sponding L1G * values calculated are not as
accurate as the ones measured via rotation
angles (Table 2). Nevertheless, the deter-
mination of barriers to racemization dur-
ing HPLC is useful for at least two reasons:
1) For some molecules, this method is
probably the only one which can estimate
the barrier, e.g. in the case of low specific
rotations. 2) Rates obtained in this way by
investigation of racemates give semiquanti-
tative information on preparative separa-
bility and the thermal stability to be ex-
pected for separated interconvertible enan-
tiomers.
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Figure. HPLC of 0.15 mg of (MP)-1 in MeOH on tribenzoy/cellulose [8] [9] at 45°. A:
Absorbance at 300 nm in arbitrary units; photometric detection as interrupted lines
(- - - ). (1. : Rotation angle at 365 nm in mdeg; polarimetric detection as full lines (-).
V: Retention volume in ml (V = 0 upon injection). k': Capacity factor (k' = 0 for
benzene-] ,3,5-triol). a) Experimental chromatograms A (V) and a (V) at flow rate 3.0
ml/min, b) 1.5 ml/min, and c) 0.5 ml/min. d) Deconvoluted [11] [12] curves of the
experimental chromatogram (1. (V) at 1.5 ml/min (see text), showing the relative concen-
tration of each enantiomer as a separate function of V. e) Computer-simulated curves of
the experimental chromatograms A (V) and a (V) at 0.5 ml/min, using 1.9 and 1.5 x 10-4
S-I as rate constants for ring opening (see text) [13].

ers [14]. Veciana and Crespo [16] [18] were
the first to use the theoretical approach of
Kramer [19] for some successful simula-
tions in HPLC. We applied this approach
[19] to (±)-l. For instance, the chro-
matogram shown in the Figure, c, was re-

Behaviour upon Analytical HPLC

Barrier for Racemization during HPLC
of(±)-1

Determination of 'enantiomerization'
rate constants from gas chromatograms
has been described by Schurig and cowork-

2,2'-Spirobichromene (MP)-1 [6] shows
separation of its enantiomers on triacetyl-
cellulose [7] in analogy [I] to some
spiro[chromene-2,I'-(2)-oxindans]. This
separation is much better (Table 1) on the
recently introduced sorbent tribenzoylcel-
lulose [8] [9]. When the column tempera-
ture is gradually increased from 22°, pho-
tometric detection shows the 'plateau' be-
tween the two peaks which is typical [10]
[11] for racemization during HPLC. When
the flow rate of the eluent is diminished
(e.g. at 45°, Fig., a, b, c, interrupted lines),
the extent of racemization after separation
increases as expected. The corresponding
polarimetric detections (e.g. Fig., a, b, c,
full lines) are in agreement with the above
explanation. This is also true for the com-
puter deconvoluted curves (e.g. a (V) in
Fig., d). Since our deconvolution proce-
dure [11] [12] does not require any a-priori
peak-shape function but uses the experi-
mental chromatograms A (V) and a(V),
exclusively, such deconvoluted curves
show the relative concentrations of the
enantiomers as separate functions of the
retention volume V. The (CH2kbridged
derivative (MP)-2 [15] (Scheme) showed
somewhat better separation by triacetyl-
than by tribenzoylcellulose (Table 1). On
the first sorbent, the whole HPLC be-
haviour of (+)- and (-)-2 was similar to
that shown in the Figure.



FORSCHUNG 338
CHIMIA 44 (1990)Nr. 10(Oktober)

[I] B. Stephan, A. Mannschreck, N.A. Voloshin,
N.V. Volbushko, V.1. Minkin, submitted to Te-
trahedron Letl.

[2] Review: H. Diirr, Angew. Chem. 1989, 101,427;
ibid. Int. Ed. 1989,28,413.

[3] w. D. Ollis, K. L. Ormand, 1.O. Sutherland, J.
Chem. Soc., Chem. Comml/n. 1968, 1697; cf S.
Toppet, W. Quintens, G. Smets, Tetrahedron
1975,31, 1957.

[4] S. M. Aldoshin, V. A. Lokshin, A. N. Rezonov,
N. V. Volbushko, N. E. Shelepin, M. I. Knyazhan-
skii, L.O. Atovrnyan, V.1. Minkin, Khim. Geterot-
sikl. Soedin. 1987, 744; Chem. Heterocycl. Comp.
1987, 614; S.P. Makarov, B.Va. Simkin, V.1.
Minkin, Khim. Geterotsikl. Soedin. 1988, 172:
Chem. Heterocycl. Compo 1988, 140.

[5] Y. Okamoto, S. Honda, H. Yuki, H. Nakamura,
Y. Iitaka, T. Nozoe, Chem. Letl. 1984, 1149.

[6] E. D. Bergmann, A. Weizmann, E. Fischer, J. Am.
Chem. Soc. 1950, 72,5009.

[7] A. Mannschreck, H. Koller, R. Wernicke, KOI/-

takte (Darmstadt) 1985, No.1, 40.
[8] K.-H. RimbOck, F. Kastner, A. Mannschreck, J.

Chromatogr. 1986,351,346.
[9] A. Mannschreck, R. Wernicke, Labor-Praxis

1990, 14, 730.
[10] A. Mannschreck, H. Zinner, N. Pustet, Cilimia

1989,43, 165, and lit. cit. therein.
[11] A. Mannschreck, L. Kiessl, ChromalOgraphia

1989, 28, 263, and lit. cit. therein.
[12] A. Mannschreck, D. Andert, A. Eiglsperger, E.

Gmahl, H. Buchner, Chromatographia 1988, 25,
]82.

[13] The two rate constants for racemization during
HPLC may be unequal. They describe the sum of
two enantiomerizations, i.e. in solution and during
sorption. In the latter case, diastereomeric sor-
bates are formed, the rates of which may differ. Cf
p.80f[14].

[14] W. Biirkle, H. Karfunkel, V. Schurig, J. Chro-
matogr. 1984, 288, I.

[IS] W. Borsche, A. Geyer, Liebigs Ann. Cllem. 1912,
393,29.

[16] J. Veciana, M.1. Crespo, Centro de Investigaci6n
y Desarrollo, Barcelona, Spain, personal commu-
nication, 1989, on successful simulation of chro-
matograms ofCI-substituted trityl radicals [17].

[17] O. Armet, J. Veciana, C. Roviva, J. Riera, J. Cas-
taner, E. Molins, J. Rius, C. Miravitlles, S. Oli-
vella, J. Brichfeus, J. Phys. Chem. 1987,91,5608.

[18] Some of our chromatograms of a benzophenan-
threne [II], a naphthalene derivative [10], and a
thiobenzamide [12] were successfully simulated by
Veciana (cf [16]). We are grateful to Dr. Veciana
for his calculations.

[19] R. Kramer, J. ChromalOgr.1975, /07, 241, and lit.
cit.

[20] J. Gawronski, K. Gawronska, A. Katrusiak, Te-
trahedron 1989, 45, 6875, prepared the diastereo-
mers of two 2,2' -spirobibenzo[d]chromenes, start-
ing from optically active ketones.

101
100
100
99.0 ±0.2

100
104.5 ± 0.2
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stabilized by resonance (although we did
not include the corresponding dipolar for-
mula into the Scheme). Since the (E)- or
(Z)-relationships with respect to the other
partial double bonds are not known, our
formula (2Z) does not answer these de-
tails. Although statistical factors might
take into account the intermediate(s) and
also the two C(Sp3)-O bonds in one
molecule to be opened, we decided to list
only non-corrected rate constants and bar-
riers (Table 2). These values cannot yet be
compared with the known ones [3] [4], de-
termined by 'H-NMR of diastereotopic
groups, because of the differing substitu-
tion patterns. In the future, the structural
factors governing reversible opening of
spirochromenes can, in addition, be inves-
tigated by thermal racemization of prepar-
atively enriched enantiomers, a method
which had not yet been applied to 2H-
pyrans. The optically active compounds
may also serve to study photochemical
racemizations which, up to now, were pos-
sible only in the few cases [1] [5] where
separations had been performed.
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Table 2. Barriers AG * for Ring Opening, Determined by Two Methods. LC = racemization during HPLC of the
racemate and subsequent computer simulation of the chromatogram (see text); ROT = racemization of a prepara-
tively enriched enantiomer, monitored by the time-dependent rotation angle at 365 nm. F: Flow rate of eluent. k:
Rate constant. For the LC method, k and tiG * represent mean values (see text) [13]; by simulation, errors between
0.5 and 1.0 kJfmol for tiG * were estimated, depending upon the height of the 'plateau'.

R R Solvent Method T[0e] F [mlfmin] k x 104[S-I] tiG # [kJfmol]

MeOH LC 45 0.5 1.7
MeOH LC 45 1.5 2.1
MeOH LC 45 3.0 2.5
MeOH ROT 45.0 3.69
MeOH LC 35 1.5 0.6
Diglyme ROT 40.0 0.24

CH2-CH2-CH2 Diglyme ROT 45.8 0.47

should be 22°, if proper fractions were cut,
and that the temperature for their collect-
ing and subsequent analyzing the sample
should not be higher than 10°, Determina-
tions of enantiomeric purities (Table 1)
were performed on tribenzoylcellulose as
described in [8] [9]. This sorbent turned
out to be useful for preparative work as
well (particle sizes 20-30 !lm, column
300 x 25 mm, pressure 2.1 bar, flow rate
4.3 ml/min). Similar conditions were used
for (+)- and (-)-2 [20] on triacetylcellulose
(Table 1).

Barriers for Racemization of
Preparatively Enriched Enantiomers

UV absorption of 1 and 2 occurs at Amax

< 330 or 315 nm, respectively. Our racem-
izations (Table 2) were monitored at 365
nm in an otherwise dark polarimeter.
Therefore, our values do not contain con-
tributions from irradiation but represent
thermal reactions. When 1 or 2 is heated to
78° in EtOH or to 150° in DMF, no colour
is visible. Therefore, any ring-opened
molecules must be short-lived, i.e. interme-
diates of high free enthalpy. The (CH2)J
bridge in 2 effects that no intermediate can
attain a (2E)-stereostructure but should
have the (2Z) one (Scheme). The barrier
for ring opening of 2 is very similar to the
barrier determined for 1 (Table 2) which
probably means that any intermediate of
the racemization of 1 has the (2Z)-
stereostructure, too. The latter is of course


