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Introduction 
Isotactic polymers of 1-alkenes CH2=CHR in which 

R is a branched or cyclic alkyl group can be obtained in 
the presence of a number of Ziegler-Natta catalyst 
systems. 1-3 

Remarkably high melting points (e.g., ca. 310 “C for 
poly(3-methyl-1-butene); 370 “C for poly(vinylcyc1o- 
hexane); 420 “C for p01y(4,4-dimethyl-l-pentene)),~ 
coupled with a good thermal stability, make some of 
these polymers of potential interest for high-tempera- 
ture applications. 

As a part of a structural reinvestigation of this class 
of poly(1-alkenes), in the present note we report on a 
solid-state cross-polarization magic-angle-spinning (CPI 
MAS) 13C NMR characterization of isotactic poly(3- 
methyl-1-butene) (from here on, P3MB1). 

Results and Discussion 
Several X-ray diffraction studies of the crystal struc- 

ture of P3MB1 have been reported in the literature.6-8 
A general agreement exists on a 41 helical conforma- 

tion of the chains (Figure l), whereas different packing 
models have been proposed. In ref 8, however, all 
previous suggestions were shown to be inconsistent with 
the experimental data, which were interpreted instead 
in terms of a monoclinic unit cell with a = 9.55 A, b = 
17.08 A, c = 6.8 A, y = 116”30’, and space group P211b 
(Figure 2). 

The 13C CP/MAS NMR spectrum of P3MB1 is shown 
in Figure 3. The resonance assignments (see also Table 
1) were easily made by comparison with the solution 
~pec t rum.~ At variance with the latter, however, the 
two methyl carbon atoms in the monomeric unit (labeled 
as C4 and C5) are not equivalent and give a doublet, 
separated by roughly 6 ppm, centered around the 
chemical shift of the single resonance observed in 
solution. The slow decay observed for both resonances 
in a dipolar dephasing experiment (Figure 4) confirmed 
that they arise from methyl C’s.l0 

The nonequivalence of C4 and C5 is fully consistent 
with the proposed conformation of the polymer chains. 
Indeed, from Figure 1, showing a projection of the chain 
along its axis, it can be easily realized that C4 has two 
methylene carbon atoms in the y position, one of which 
(C1) is in agauche arrangement and the other of which 
(Cl’) is in a trans arrangement; the same methylene 
carbon atoms C 1  and Cl’, on the other hand, are both 
in a gauche arrangement with respect to C5. C4 and 
C5 are therefore shielded by 1 and 2 y-gauche effectb), 
respectively; according to the literature,ll the resonance 
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Figure 1. Projection along the chain axis of a chain of P3MB1 
in a 41 helical conformation. 

Figure 2. Chain packing model of P3MB1, space group P21I 
b, as proposed by Corradini et aL8 

Table 1. Chemical Shifts of the Resonances Observed in 
the 13C CP/MAS NMR Spectrum of Figure 3 (for C Atom 

Labels, Refer to Figure 1) 
6 (ppm from TMS) 

methyl C5 
methyl C4 
methine C3 
methylene C1 
methine C2 

15.7, 16.7 
23.0 
28.5,29.8 
32.7 
40.7 

of C5 is then expected to occur at 5-6 ppm upfield from 
that of C4, as actually found. 

In addition, finer splittings ( ~ 1  ppm) are seen in the 
C P M S  spectrum for the resonances of C5 and of the 
side group tertiary C atom (C3). These should be traced 
back to packing effectsl1J2 and provide a chance of 
testing the packing model proposed in ref 8 (Figure 2). 

As a consequence of the monoclinic symmetry of this 
model, each chain has two nonequivalent methyl groups 
of type 5, indicated in Figure 2 as 5’ and 5”. Indeed, 
methyl 5” has two critical contact distances with meth- 
yls 5’: and 4 of an adjacent chain along b (at 3.6 and 
3.54 A, respectively, according to ref 8)) while methyl 
5’ has three critical contact distances with methyls 5’ 
and 4 and withomethine 3 of an adjacent chain (at 3.84, 
4.15, and 3.85 A, respectively, again according to ref 8). 

Similarly, two nonequivalent methine groups of type 
3, having different environments due to the different 
contact distances with atoms of adjacent chains, can be 
recognized (3‘ and 3” in Figure 2). 

All this accounts well for the splittings of the pertain- 
ing resonances. 

From Figure 2, nonequivalent methyl groups of type 
4 can also be envisaged, but the difference in their 
chemical environments is quite small. Accordingly, a 
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Figure 3. 13C CP/MAS NMR spectrum of P3MB1. 
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eters: I3C resonance frequency, 75.468 MHz; Hartmann- 
Hahn and decoupling field strength, 55.5 kHz; MAS frequency, 
3 kHz; contact time, 2 ms; recycle delay, 2 s; number of 
transients, 3350. 

For the dipolar dephasing experiment of Figure 4, the same 
experimental conditions were used with the exception of a 
decoupling delay of variable length between contact time and 
acquisition. 
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