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Recently we showed that polyN{phenylimino)methylene)
(N-¢-PIM) aggregates and precipitates when dissolved in an
appropriate solvehtand that it exhibits three resonance
manifolds in the solutioA®N NMR spectrun? Our explanation
for these observations was that the “as-prepared” helical
conformatiof of sterically unencumbered N-PIM unravels
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in solution. We assumed that the three observed resonance

manifolds could be attributed to three conformationally different
segments in Ng-PIM.l We have also confirmed that the
“merry-go-round” mechanisfis indeed viablé,and our results

were also consistent with the idea that this mechanism occurs

around a Ni(l) ionic centérwhich delivers the helical confor-
mation found initially. Others have recently shown theoreti-
callyé that the helical conformation is not the most stable, and
thus, we offer this paper as experimental support of this
theoretical work.

The synthesésand characterizatiohsof numerous PIM
polymers have been reported. The helical conformation ex-
hibited by most sterically constrained PIM polymers has been
confirmed and rationalized® The screw-sense-selective po-
lymerizations of aryl-substituted isocyanides have been reported
and it was shown that helical chirality could be induced either
in achiral N-aryl-PIM3! or where theN-aryl-substituent included
a chiral center that was well removed from the reaction céfter.
Despite these studies, the viability of a rigid rod;helical
conformation as the major structural element in the PIM
polymers has been questiorfe:1* We will present experi-

mental evidence in this paper that lends credence to these

questions.

Small model compounds have been used successfully to

mimic the properties of large molecular entities when structural
information about the latter is difficult to obtain. Polyketone,
-[C(O)]x-, the hydrolysis product that would be derived from a
PIM polymer, is an unknown entity as far as we are aware, and
yet, we can predict that it would probably have a helical
conformation on the basis of the known structures of model
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vicinal oligoketoneg? In this paper, we report the synthesis,
characterization, and NMR analysis of the vicinal triimihe
tris(phenylimino)-1,3-diphenyl-1,2,3-propantrione. We show
that1 has a unique structure that is consistent with the theoretical
predictions recently addressed by Salvadori and co-wofkers.
Thus, we can say with some confidence that sterically unen-
cumbered PIM polymers adopt a geometry in solution that in
part includes the predictesyndioconformatiorf We believé
this syndio conformation corresponds to a transition region
between the unraveling helicaicis domain and the linear
s-transdomain of a random coil N-PIM.

The preparation of is illustrated in Scheme 1. The starting
material,2, is easily converted t8 in 70% yield1® Compound

'3 can then be converted intbat room temperature using an

excess of aniline in the presence of molecular sieves. The
reaction progress can be monitored by RPLC which shows that
the entrance of one aniline occurs relatively rapidly. The
entrance of the second aniline is very sluggish, however,
requiring a month or more under specific conditions where the
mixture was gently swirled occasionally and dry molecular
sieves were replenished when RPLC monitoring indicated that
the dehydration reaction had ceased. Heating the mixture only
exacerbated the decomposition dbfwithout improving the
kinetics. Despite the gentle conditions the overall yieldLof
from 3 was poor, 48%. The reluctance of to form easily
by the simple dehydration procedure used can be found in the
hydrolytic instability of the compound. We measured the
approximate room temperature half-life bfn the presence of
water, and it was less than 1 min in acidic aqueous ethanol.
This is to be compared to the greater than 1 day half-life for
hydrolysis of the analogous benzil derivativ@ gnder the same
conditions. Once obtained, can be characterized as tris-
(phenylimino)-1,3-diphenyl-1,2,3-propantrione fairly eadily.
The!®N-labeledl was prepared using these same methodology
and characterization techniques which showed that the phen-
ylimino groups were completely exchangeable.

Extensive analyses by conventional 1-D or 2-D NMR
techniques on natural abundance a#d-enriched samples of
1 have been carried out in order to determine the structure and
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for NMR analysis.
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5 15y Figure 2. The dominant structural conformation found irand the
(ppm vs. "NH,) relevant assignments of the NMR chemical shifts and coupling constants
Figure 1. Selective irradiation of th&N NMR resonances of an70% of its molecular backbone.

15N-enriched sample df. Observation of the changes that occur in the . . . .
1H-decoupled3C NMR spectrum of the three imine carbon resonances Conclusive but this was not observed because the coupling is
with a second channel decouplity at the following: (A) 357.7 ppm less than the line width). Thus, our observations and conclusions

(N2); (B) 354.2 ppm (N3); (C) 327.2 ppm (N1). The 14C NMR are consistent with the propossgndiomodef of Salvadori et
spectrum of thisiN-enriched sample exhibited the following imine ~ al.

resonancessd = 167.7 ppm (dd) C3p = 165.7 ppm (m) C2p = The observation thdtassumes the predominant conformation
165.3 ppm (dd) C1. See Figure 2 for the atom labels. shown in Figure 2 is powerful evidence that vicinal oligoimines

preferentially occupy asyndio niche as the lowest energy

) ) . conformation when sterically unconstrained. The class of
conformation ofl in CDC solution. The'H NMR spectrum  mojecular entities in which can be included are collectively
exhibits seven complex resonance manifolds centered-at known as cross-conjugated systems. Recent results from other
6.53 (2H), 6.70 (2H), 6.79 (2H), 6.96 (3H), 7.19 (11H), 7.50 |aporatories that have investigated the crystadfirend ga®
$3H)’ and 7.99 (2H) ppm. The natural abundarkkdecoupled phase molecular structures of related cross-conjugated systems
'3C NMR spectrum ofl shows 20 resonances in which the three  confirm our solution observations. Combining these experi-
imine carbons appear at= 167.7, 165.7, and 165.3 ppm, while  mental observations allows us to conclude that end-group effects
the five ipso carbons of the five phenyl rings appeardat= and aromatic-stacking possibilities seem to play only small roles
150.6, 149.4, 148.2, 138.2, and 133.6 ppm. The remaffdg i determining the ultimate overall thermodynamically most
NMR resonances of the:, m-, andp-carbons of the five phenyl  gtaple conformation available to a cross-conjugated system.

rings appear betweed = 119.5 and 130.7 ppm. ThtH- Therefore the implication is that extended cross-conjugated
decoupled™N NMR spectrum of enriched exhibits two  systems achieve greatest stability by incorporatsgans
doublets and a singlet centereddat= 357.86 ( = 2.7 Hz), segmental portions as the prime constituent of the molecular
354.17 § = 2.7 Hz), and 327.17 ppm respectively (?5IH3). backbone.

The assignment of conformation Iris based primarily upon The above observation is consistent with our proposal that
the observed vicinal*N—*N couplings. The!N NMR sterically unencumbered i-PIM contains asyndiclike con-

chemical shift at 327.17 ppm is a singlet, and this is consistent foymation that we previously called the transition domain
with 1 having an isolated and magnetically uncoupled imino connecting helicat-cis segments and lineatrans segments.
moiety. Assuming a Karplus-like relationshipthis isolated Even though the PIM polymers can be prepared so that the
imine must be attached at a nearly @ihedral angle via a single  pejical conformation predominates initiaflymanipulation of
covalent bond to the remainder dfwhich is composed of an  these “as-prepared” materitlsas the potential of unraveling
s-trans-conjugated and coupled diimine segment. The assign- this helix, especially when the substituent is sterically unde-
ment of ans-trans diimine moiety is based on the observation manding, i.e., the rigid rod character of some PIM polymers is
of J(N—1N) = 2.7 Hz between the other two nitrogen atoms, ot established! Anticipated applicatiori$® for the PIM
consistent with literature precedenice. , polymers will thus have to account for the fact that rigid rod
Qualitative confirmation of the orientation of the isolated character will most likely only be maintained when the
imine segment with respect to the conjugasddans segment  N_sybstituent of PIM polymers is sterically demanding.
can be found by determinindcn. Observation of thetH-
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