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The thermochromism and photochromism of spiropyrans
(Scheme 1) has received wide attention because of the poten-
tial practical applications of these materials to a variety of
optoelectronic devices.! Spiropyran 3, i.e. 1,3,3-trimethyl-6-ni-
trospiro(indolino-2,2’-benzopyrans), typlifies this class of com-
pounds and has featured in a number of recent studies.?
However, the synthesis of 3 involves some aspects which
have not been fully elucidated.

Thus the reaction of Fischer’s base 1 and the salicylaldeh-
ydes 2 in 1:1.3 molar ratio yields mainly monocondensed
products 3 but when excess Fischer base is used both the

mono- and dicondensed products, e.g. 4 are formed (Scheme
2).
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While the dicondensed product has provoked considerable
discussion®™" in the past, the structure could not be assigned
unequivoczlly. Interest in these dicondensed heterocycles as
additives in silver halide emulsion®® and as components of
thermal papers'™! provides further motivation for the une-
quivocal structure assignment of these compounds.

On going research focus in our laboratories has been in
the development of new optoelectronic materials. Thus a pa-
rticular interest pertaining to these dicondensed adducts, co-
ntaining two indoline units, is the possibility that these struc-
tures could function as optical switches.

Experimental

Materials. Fischer's base (2-ethylene-1,3,3-trimethylin-
doline) and salicylaldehyde were available from Aldrich Che-
mical Co. and were used without further purification. A mix-
ture of 5-nitrosalicylaldehyde and excess (4-5 fold) Fischer's
base in ethanol was refluxed for 8 hours. The yellow precipi-
tate was filtered from the hot methanolic solution and wash-
ed thoroughly with cold diethyl ether. Purification was car-
ried out either by recrystallization from aceton or by precipi-
tation from chloroform/diethyl ether. The mp was 162-165
T and the yield was 65%. The product was identified by
'H NMR and mass spectroscopy and gave a satisfactory anal-
ysis.

Measurements. The 'H NMR and 'H nOe spectra were
recorded using 10 weight percent solution in aceton-dg on
a Bruker 400 MHz spectrometre at ambient temperature.

Results and Discussion

The synthesis of the dicondensed indolinobenzospiropyran
according to Scheme 2 could be readily accomplished. Predo-
minance of the dicondensed product, 4 could be achieved
by using a 4 to 5-fold excess of Fischer base over the salicy-
laldehyde.

The dicondensed product was then obtained from the reac-
tion of excess molar ratio of Fischer’s base and nitrosalicylal-
dehyde in ethanol. The yellow precipitate was filtered from
the hot solution and washed thoroughly with cold diethyl
ether. Purification was carried out either by recrystalization
from acetone or by precipitation from chloroform/diethyl
ether.

Four isomeric structures (4a-4d) have been proposed for
the dicondensed product. Koelsch and Workman® assumed
the structure of the product was 4a. This conjecture was
supported by the infrared studies of Schiele and Arnold.*
Bertelson® then pointed out that structure 4b must also be
considered as a possibility. Hinnen ef al.®~" later preferred
4c or 4d based on 'H NMR consideration.

The problem of unequivocal structure assignment of the
dicondensed product requires that the correct structure must
be selected from 14 possible isomers. This problem can be
broken down into 3 segments. First, isomeric structures 4a-
4d must be considered and the constitutional isomer must
be selected. Second, since the dicondensed compound con-
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Figure 1. Proton spectrum of P-1 tc P-4 in CDCl.

tains two chiral centres, the stereochemical relationship of
these centres must be established. Finally, in the case of
structures 4b, 4¢ and 4d, the geometry around the olefinic
bond must be ascertained. We have found that 400 MHz
'H NMR and 'H nQe studies of these compnunds have pro-
vided an unequivocal means for completing their structural
assignment.

Structures 4a-4d can be clearly distinguished by consider-
ing the four protons Ha, Ha', Hb and Hc. In contrast to
the earlier 60 MHz investigations,'®* we have observed that
at 400 MHz, these four protons are well separated (P-1 to
P-4) as shown in Figure 1. By inspection, structures 4a and
4b can immediately be eliminated from consideration. The
olefinic proton in 4a must occur at 5.60-593 ppm based on
Hinnen et al’s investigation® of 59 structures of this type,
while, based on Simon’s rule,? the olefinic proton in 4b must
occur at approximately 6 ppm. This is not consistent with
the chemical shifts of P1 and P2. The case against 4a and
4b is confirmed by analysis of the coupling data. From the
chemical shifts, P-1 and P-2 represent Hb and Hc. P-2 is
coupled to P-1 and shows a single coupling of 10.1 Hz and
so P-2 must be Hc. P-3 and P-4 show a large geminal coup-
ling of 14.3 Hz and are coupled to Hb with coupling con-
stants of 14.3 Hz and 4.87 Hz respectively.

The connectivity and coupling constants obtained by the
decoupling experiments aire consistent only with structures
4c and 4d. For example 4a predicts that Hb and Hc are
not coupled while 4b would have only one vicinal coupling.

Notes

Scheme 3.

In order to unequivocally distinguish between 4¢ and 4d
and to determine which diastereomer has formed, it was
necessary to measure nuclea Overhauser interactions (nOe’s).
The two methyl groups on ring A appear characteristically
at 1.31 (8'-methyl) and 1.33 (9'-methyl) ppm respectively.®
Irradiation of the 8-methyl group gave an observable nOe
on the signals at 247 (p-3), 4.15 (p-2) and 7.07 ppm (H-4'
in ring A) respectively, and hence P-3 must be assigned to
Ha. The observation that Ha is proximate to the 8'-methyl
group rules out structure 4b. This conclusion is supported
by the observed chemical shift of Hb (4.32) which is indica-
tive of conjugation with both an olefinic bond and an aroma-
tic moiety, structural features which are found in 4¢ but
not 4d. The regiochemistry about the enamine double bond
is established by the observation of strong nOe between the
ring B N-methyl group and the enamine proton Hc. The
only remaining assignment concerns the relative configura-
tions of the stereoisomers involved. These isomers are epi-
meric about C-4. From examination of geometries of these
diastereomers by PCMODEL"® and Dreiding mechanical mo-
dels, it is apparent that the ring system is quite rigid and
that in 4¢-1 proton Hb is spatially closed to the 9"-CH; group
(1.33 ppm) while in 4¢-2 this is not the case. Since irradiation
at the 9'-methyl resonance provides a large nOe at Hb, dc-
1 represents the correct configuration of the dicondensed
product. That is to say, the relative configuration of the pro-
duct is RS/SR, thus completing the assignment.

4c-2

Having established the structure of the dicondensed pro-
duct, it is possible to rationalize the formation of this com-
pound as shown in Scheme 3. A plausible mechanism for
its formation involves the capture of the hydroxy adduct of
the Schiff base, aldehyde condensation product. This hypo-
thesis is supported by the observation that under the condi-
tions of the reaction, the spiropyran product is not converted
to the dicondensed product.
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The structure and hydrogen bonding behavior of lactams
have attracted the interest of scientists for many years. Lac-
tams have been used as models of the amide group in pepti-
des and the self-association of the cis-lactams serves as mo-
del for the hydrogen bondingof the bases in nucleic acids.
Several spectroscopic studies'? have shown that the lactams

C=0
((CHp), -» I\IIZH) are of the c¢is configuration for ring size

n<8 and of the trans configuration for #>9. The #>9 lac-
tams exist in both the cis-and the frans configurations. The
associated species are cyclic dimers for lactams having amide
group in the c¢is form, while a chain dimers and a small
fraction of higher oligomers are involved in the case of trans
amide group. These studies also indicate that e-caprolactam
(n=7) having only cis configuration exclusively forms cyclic
dimers in the concentration (¢<0.15 M) and temperature ra-
nge (293 K<7<333 K). It is known that at 293 K the model
for cyclic dimerization breaks down at concentration distinc-
tly larger than ¢=02 M. Despite the attention addressed
to self-association constant,>~” disagreement between the re-
ported values for the dimerization constant of e-caprolactam
still exists. The purpose of present study is to exploit more
thoroughly the use of near-IR spectrometry to determine
the equilibrium constants and thermodynamic parameters for
the dimerization reaction. We have chosen the first overtones
of N-H stretching mode for this study. Earlier investigators
have observed the absence of a first overtone band correspo
nding to the hydrogen-bonded inter-amide N-H stretching
vibration of cyclic cis-lactam dimers in solution® Thus the
concentration dependence of a first overtones of monomeric
free N-H stretching mode near €720 cm™ ' has been measu-
red in order to find the equilibrium constant for the dimeri-
zation. Ab initio thermodynamic parameters of dimerization
reaction have been calculated and compared with the experi-
mental results.

e-Caprolactam (Aldrich, 99%) was recrystallized and dried
under reduced pressure for 24 hours. Carbon tgtrachloride
(J. T. Baker, HPLC grade) was dried over 3 A molecular
sieves. Densities of CCly solutions were measured by pyco-
nometer at various temperatures and used to calculate the
concentration of solution. The samples were prepaied in N,
filled glove box.

The near-IR absorption spectra of e-caprolactam have been
obtained with Cary 17DX spectrophotometer, using 10 cm



