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to minimize irradiation of 2. From the shortest irradiation times, 
where the minute concentrations of photoproducts are at the limit 
of our detection, to the point where much of the starting azide 
is destroyed, the ratio of 2 to 3 remains constant. This is most 
consistent with 3 also being a primary photoproduct of 1. The 
absence of a matrix effect12 on the product ratio weakens, but does 
not eliminate, the possibility that 3 arises from rearrangement 
of vibrational^ hot singlet nitrene 5. An alternative is that an 
electronically excited state of 5 (or 2) directly produces 3. The 
facile photochemical conversion of the triplet nitrene 2 to 3 
suggests that there may be a readily accessible excited state of 
the nitrene with a proclivity toward rearrangement.16'17 
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(18) Chapman, O. L.; Sheridan, R. S.; LeRoux, J. P. J. Am. Chem. Soc. 
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Figure 1. The molecular structure and labeling scheme for s-TPH and 
s-TPN. Below each structural drawing is a Newman projection illus
trating a trans (s-TPH) or a gauche (s-TPN) backbone bond confor
mation. 
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Recently synthesized1,2 syndiotactic polystyrene (s-PS) has been 
observed1"8 to crystallize into two distinct polymorphs. Melt 
crystallization produces form I crystals (Tm = 270 0C) with an 
X-ray diffraction fiber repeat of 5.1 A, which is consistent with 
a planar-zigzag, all-trans chain conformation. Form II crystals, 
with an X-ray fiber repeat of 7.5 A, are obtained by casting films 
from dilute solutions or by exposure of amorphous, melt-quenched 
films to certain organic solvent vapors. At ca. 190 0C, form II 
crystals are transformed into form I crystals via a solid-solid phase 
transition. The 7.5-A fiber repeat found for the form II crystals 
is consistent with a 2,-helical, ...ttggttgg... chain conformation, 
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Table I. Relative 5(13C)'s Expected for Crystalline s-TPH and 
s-TPN on the Basis of 7-Gauche Shielding Effects 

Methylene Carbons" 
5CH2(S-TPN) a n d 5CH2(S-TPH) should be downfield 

from 3jH2(s-TPN) by 7CH2.CH * 5 ppm 

Quaternary Aromatic Carbon0 

<5C'T(s-TPN) and «Ji(s-TPH) should be downfield 
from Sc'(s-TPH) by TC'.CH *= 2-5 Ppm 

"See Figure 1 for labeling of carbons and Newman projections of 
s-TPH and s-TPN. 

as was found previously9 for syndiotactic polypropylene. High-
resolution, solid-state 13C NMR spectra10 of forms I and II s-PS 
are consistent with the proposed ...tttttttt... and ...ttggttgg... chain 
conformations. 

Well before the synthesis of s-PS, Jasse et al.11,12 reported the 
X-ray-derived structure of the single crystals of the syndiotactic 
isomers of 2,4,6-triphenylheptane (s-TPH) and 2,4,6,8-tetra-
phenylnonane (s-TPN). s-TPH was found to crystallize in the 
planar-zigzag, all-trans, tttt conformation, while the ttggtt con
formation was adopted by s-TPN in its crystals. In this com
munication we report the preliminary high-resolution, solid-state 
13C NMR spectra of both s-PS model compounds and compare 
their 13C chemical shifts to those observed for forms I and II s-PS. 
The conformationally sensitive 7-gauche shielding effects13 on 13C 
chemical shifts [5(13C)] are utilized to discuss the crystalline 
conformations of forms I and II s-PS by way of comparison to 
the 13C NMR spectra observed for crystalline s-TPH and s-TPN. 

The structures and labeling scheme used to describe s-TPH and 
s-TPN are presented in Figure 1 together with Newman pro
jections along backbone bonds in the t and g conformations. On 
the basis of the demonstrated13 sensitivity of 13C chemical shifts 

(9) Nata, G.; Pasquon, I.; Corradini, P.; Peraldo, M.; Pegoraro, M.; 
Zambelli, A. Atti Accad. Naz. Lincei, Cl. Sci. Fis., Mat. Nat., Rend. 1960, 
28, 539. 
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(11) Fourne, R.; Andre, D.; Boscio, L.; Jasse, B. / . MoI. Struct. 1981, 71, 

245. 
(12) Andre, D.; Boscio, L.; Jasse, B. J. MoI. Struct. 1986, 140, 339. 
(13) Tonelli, A. E. NMR Spectroscopy and Polymer Microstructure: the 

Conformational Connection; VCH Publ.: Deerfield Beach, FL, Chapters 4, 
5, and 11. 

0002-7863/90/1512-5881S02.50/0 © 1990 American Chemical Society 



5882 J. Am. Chem. Soc. 1990, 112, 5882-5884 

CH n rCH 

(a) 
CH2-, 

S-TPN C2
 c I 

CS C3lc« x CH2-, I 

—LJl—LJV-JJK. 

C H J 

(d) S-TPH 

(e) s -TPN 

( f ) s -TPH 

154 

Figure 2. CPMAS/DD 13C NMR spectra of crystalline s-TPH (b) and 
s-TPN (a) recorded at room temperature at 50.3 MHz on a Varian 
X L-200 spectrometer equipped with a Doty Scientific solids probe. Both 
samples were spun at the magic angle at a speed of ca. 2.5 kHz; a 40 kHz 
rf field strength was applied for 200 ms to achieve 1H dipolar decoupling; 
and a 2.5-ms cross-polarization contact time was employed. Both spectra 
were referenced to external poly(oxymethylene) which resonates15 at 89.1 
ppm from TMS. Resonances marked with an X are the spinning side
bands of the aromatic carbon resonances. Expansions of the CH2 and 
CH region of the s-TPN and s-TPH spectra are shown in parts c and d, 
while expansions of the C region are shown in parts e and f. 

observed in solid-state polymer 13C NMR spectra to their solid-
state conformations, we expect the pattern of 13C resonances 
summarized in Table I. The central (C) methylene carbons in 
s-TPN and the methylene carbons in s-TPH should resonate 
downfield from the terminal (T) methylenes in s-TPN, because 
the T CH2's (s-TPN) are shielded by the gauche arrangement 
of their 7-substituents [CH(C)'s] (see Figure 1), while the central 
CH2's in s-TPN and the s-TPH methylenes are trans to their 
7-CH(T)'s and are not shielded. The difference in methylene 
carbon chemical shifts should be ca. 5 ppm (TCHJCHX judging from 
previous experience.13,14 

The methylene carbons in all-trans, planar-zigzag form I s-PS 
are not shielded by their 7-CH's, and they resonate at 48.4 ppm10 

very near the central CH2's in s-TPN and the s-TPH methylenes. 

In form II s-PS the methylene carbons resonate at 49.1 and 38.1 
ppm reflecting 0 and 2 gauche shielding arrangements with their 
7-CH's, respectively, in the ...ttggttgg... conformation proposed 
for this s-PS polymorph. The terminal CH2 carbons in s-TPN 
resonate at 43.5 ppm (see Figure 2), or midway between the CH2 

carbons in form II s-PS, because these T CH2's are gauche to a 
single 7-substituent, CH(C). 

The four quaternary, aromatic carbons of s-TPN [C(C) and 
C(T) ] and the two terminal quaternary, aromatic carbons of 
s-TPH [C(T)] should resonate downfield from the central C in 
s-TPH, because C(C) in s-TPH is shielded by two 7CI,CH> w n 'h ; 
the other C carbons possess only a single 7C>,CH interaction (see 
Figure 1). This additional shielding (7C',CH) should13'14 move 
5(C(C)] in s-TPH ca. 2.5 ppm upfield from the remaining 
quaternary carbons in both s-PS model compounds. 

The CPMAS/DD 13C NMR spectra of crystalline s-TPH and 
s-TPN are presented in Figure 2. It is clear from their com
parison16 that the methylene and quaternary, aromatic carbon 
chemical shifts follow the pattern expected (Table I) from con
sideration of their crystalline conformations in terms of 7-gauche 
shielding effects. As a consequence, our previous analysis10 of 
the 13C chemical shifts observed in the high-resolution, solid-state 
13C NMR spectra of forms I and II s-PS is confirmed, and the 
conclusion that forms I and II s-PS adopt the ...tttttttt... and 
...ttggttgg... conformations, respectively, receives further support. 

(16) Note the doubling of most resonances in the CPMAS/DD 13C NMR 
spectrum of s-TPH shown in Figure 2b. This most likely reflects the fact that 
two s-TPH molecules form the asymmetric unit of its crystalline unit cell, and 
each experiences different intermolecular packing interactions. A single 
s-TPN molecule constitutes the asymmetric unit in its crystalline unit cell, and 
as expected we observe only single resonances for each carbon type (see Figure 
2a). 
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Carboannulation processes are among the most important re
actions in organic synthesis, but few have proven very general in 
scope.1,2 The addition of arylpalladium species to 1,3-dienes is 
known to afford 7r-allylpalladium compounds,3 and extensive work 
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