Notes to the Editor
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Figure 2 Arrhenius plot {A) of copoly-
merization of benzonitrile and propylene
oxide and intrinsic viscosity [n] (B) of co-
polymer vs. polymerization temperature.

(PO = 2.96 mol/l; BzN = 2.94 mol/l; n-BuLi =
1.6 X 10— mol/l in THF at 0°, 30°, 80°C
for 4 h)

Mechanism of copolymerization of
BzN and PO

In order to clarify the mechanism of

the copolymerization of BzN and PO,
the homopolymerization of BzN initiat-
ed with sodium ethoxide and that of
PO by the anionic radical of BzN was
studied. Oligomer of BzN was obtained
according to equation (1). The anionic
radical of BzN obtained by reaction of
BzN with metal sodium polymerized
PO in THF according to equation (2).
The observations show that BzN anion
adds to PO and that PO anion reacts
with BzZN. Sodium tetraphenyldihy-
drotriazine obtained by the reaction of
tetraphenyldihydrotriazine with metal
sodium in THF did not polymerize PO.
Since BzN reacts more easily than
PO with n-BulLi, the above facts indi-
cate the formation of an alternative

13C n.m.r. studies of butadiene—styrene
copolymers. A revised assignment
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A recent paper by Huckerby and
Ebdon! gives a revised assignment of
the 13C n.m.r. spectrum of atactic
polystyrene using a polymer selectively
deuterated on the CH; of the back-
bone. The results reported show, de-
finitively, that, contrary to previous
reports in the literature??, the signals
due to methine carbon atoms are at
higher fields than those due to methy-
lenes. Moreover, the methine signal is
almost insensitive to steric effects. It
should be observed that this type of
inversion has already been observed*
in the spectrum of 1,2-polybutadiene.
However for polystyrene, the correct
assignment’ was not obvious®#, main-
ly as a result of the fact that when a
styrene unit is interspersed between
1,4-butadiene units, this inversion is
not present. As a consequence, in this
case, the signal due to methine C
atoms, is at lower fields (~45.9 ppm
from TMS) than the signal due to
methylene carbon atoms (~35.9 ppm
from TMS).

In order to confirm the results re-
ported!”#, we have carried out an off-
resonance experiment on an atactic
polystyrene sample. The results ob-
tained show that the assignment is
indeed correct.
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On this basis we considered the
spectrum of a butadiene—styrene co-
polymer following the same method
as in ref 3. The contributions due to
the presence of a phenyl group in a,

B and 7 positions are: « = 15.3 ppm;
$=9.8 ppm;y =—-2.2 ppm.

A comparison with the previous
assignment shows that only the assign-
ment of the signal lines 6, 12, 15, 16,
20, 29, are different in the case of the
random copolymer (sample B, ref 3).
Assignments are given in Table I. The
sequence attribution on block copoly-
mers (samples C and D, ref 3) was cor-
rect and only an inversion between the
assignment of the signals due the
groups CHy and CH of the styrene
blocks was present. Inspection of the
resonance lines: leads to the following
conclusions (see Figure 1 and Table I).

Peak 6 at 32.33 ppm: due to the
weak intensity of this signal (partly
overlapped on the strong signal at
32.76 ppm) this assignment is a tenta-
tive one, probably due to sequences
¢ V& and analogues.

Peak 11 at 35.86 ppm: the original
assignment was correct, but probably
other sequences might contribute to
this peak.

Peak 12 at 37.72 ppm: assigned to

copolymer by the mechanism shown in
.equation (3).
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Figure 1 (a) Experimental and (b) calcu-
lated spectra of the aliphatic portion of a
butadiene—styrene random copolymer.

, CH, butadiene trans 1,4; ———-—,

CH2 butadlene cis 1,4; —-——, CH vmyl
————————— CH4 vmyl —_—,
CH styrene; , CH, styrene

The major multiplicity in the 37—43 ppm
range of the experimental spectrum with
respect to that calculated is due to con-
figurational effects as also observed in the
polystyrene spectrum
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Table 1

Number

of exp. Exp. Calc.

peaks frequency frequency Group Sequences

1 25.03 25.0 CHy eV IC) Ve (Cil teViCh Ver(C) VeViIC), VeViC) VeViC, G, Ve (€ dev(C) Vebicy,
ey iC) - o L e D e e e o N - -

2 25.38 25.2 CH, cc g(C;),wcc (C1), tcd(Ca), pctiC), veod(Ca),@pcviCil,ve o (Ca),ecvICy), oco(Cil,dco(Cyl
b c ¢ (Cy, Ca) - - o - -

3 27.55 274 CH3 ¢gec(Cy CyhectiC, CoteclCy,Colce vic), Ve g(Cz), cecv (C_|’), veglCl.ce 3((2_1), ¢cclCy, ccolCy
$pcclCy), terlCy,Cy te vic)Vetr (C2), ¢ eV (€1 Vet tcad(Cy pectiCadred(Cy) dctlCa)  _

4 30.15 305 CH, ctyIC), VeclCy, t eV I(C) Ve (c.),V_’z PRI v(_(czb,v‘_r VIC1, Co), V6 (C1), 9 ¢V (C3). V9 (Cy), ¢ £V (Cy)

5 30.51 30.7 CHj 6t lCl, o telCil ttolCy) ot t(Ch,VealC ot vIC) violCy otviIC) oreiCh) oralC,
orolC, C) |

6 32.33 33.1 CH, c70,$%c,t7¢,¢'\7r_’ T, e -

7 32.76 328 333 CHy, CH; € eV IC), Vec(Cy), teVIC), Ve tlC), VeVIC), VeV IC), VeviC, €l Ves(Ch ocv(C), Vedl(Cy,
$cvi(Cy,ctciCy CycttlCy ColttciCyCa) _ - - R -
ct¥IC), Ve (Ca)ctYIC), Yee(CalctFICh, gtciClcrd(Cy),drte(Cy tte(Cy,ColttVIC) VeelCy)
_r'igv((_:‘,z_,Vt_,r_’('_z)_,.g_r‘_o (C)). ¢ ¢ ¢ (C2), £ € B IC1), & ¢t (Co)

8 33.65 33.6 34.3 CHa, CH, VV0,0VV, Ve, B8V coV,Voc toV Vot

9 34.23 35.3 CH, :.‘\_ft:,cvt:,f'vt,tzﬁ,ﬁ'\i’c,c\f_t#r_y_.t,tv(_tF

10 3456 35.8 CHy VVe e VVVVL VY, BYc,c Vo, ove tve - - - . - . . .
1 35.86 34.7 36.7 348 CH3, CHj, CH, cc g(C;), ¢ c cJCl), tco ((_::ﬂ, oct ‘CL).' 702 {Ca),0cv (Cl),‘\:ﬁ ¢ !9}_),_?:: (c'._):_q: c ¢ (Cy), 0 c ¢ (Cy),
6cPIC,Calecdcchc.cot tdc. tda, cOttottOLVEV.VOV.OOV. VOO
12 37.72 37.2 CH, Ve cPVVE LtV FFc ot 0B e Lol
13 37.88 CH,, CH 55,&1031'\7:%(9), t!_:v_’i?;),vtt‘Cﬂ VeVIC), Ve vIC) vevIC, C)Veo(C), ¢t VIC vieo(Cy) otvICy
388 VVOH OVVR OV VE VY O#
14 38.19
38.6 39.0 CH vV VH#H, VY VE OV OH, O v o#
16 39.05
17 39.60 40.5 CH VVe#, c VBV t#, tV#
18 39.83 - -
- . ~ o o - PR - P
40.2 CH, ct¢iCh) ot (C1), t £ 3 (Cal, 622 (C)),Vied{Cy), ot VIC),Ved(Cal,dtVIC, ¢tadiCy), oto(Cy)
¢t ¢ (Cy, Cp)
19 40.09 N e s cee
20 40.68 404 406 40.7 408 CH,CH,CH,CH ¢ !-c»#'ﬁ«! o#, d_;_? .tV w#,_yy‘_v#,_gg‘y#,_y_?*o&&_o 1&2 P vH#, v OO, O OH, OO DK
21 41.14 41.0 417 CH, CH, CYVH YV eH tVVE VY Vigr sV VR VYR VY eV VYe |
22 41.51 41.2 41.2 425 CH, CH, cvo#,ovc#,rvu,ovr#,q:vqa#,dtv #, O DCH, COOH POH, LPOH, cvv, VVe, tvv, vyt
23 142.15
o PEPRN ——
24 4262 423 CH v q_)):_:’#.‘_cknp v#, v 9 f-#.'_ tovE s e
25 42.93 426 CH, cvo,@v«c,tvo,@chc¢>v,v£c,_£2v,v¢T - = e e - e Ty
26 4351 429 428430434 CH,CH, CH,CH cVch cVeh eV th (N eh cVOH BV ch LV ch cVIH EVIH LV IR EVOR BV IH,C O VH VO c#, C O O, 6 0 cf,
tOVHE, VO R LG OH PO, vOVHE VO VR OO VE VO OH
27 144,26 - s e
28 45.82 445 447 CHj, CH c@'_i#,cgc#,cﬁi#,_ric#,t¢c#,c¢r#,:5’r#,r'$z»,v¢¢¢¢v,¢¢¢¢¢o
29 45.92 45.2 CH COVH VO cH, tOVH VO tH#
30 146.22

tPresent only in block copolymers and due to ¢ ¢ ¢ (CH3).

Cj ison the leftand C; is on‘t_he right side in triads having a 1,4 butadiene as a central unit.
#Tertiary carbon atoms in& A

¢ = cis 1,4 butadiene; ¢ = trans 1,4 butadiene

V=~CH-CHy— V¥ =—CHy—CH-—
| |
CH CH
[ Il
CH, CH,
4= —CH—CH, e = —CH;—CH
| |
° 3

a central phenyl surrounded by vinyl
and cis or trans units,

Peaks 13—14 at 37.88 and 38.19
ppm: these peaks are due to the effect
of vinyl on trans-butadiene, and prob-
ably also methines due to the sequen-
ces reported in Table 1.

Peaks 15—16 at 38.89 and 39.05
ppm: these are due to short vinyl
blocks (methines) as observed in 1,2-
polybutadiene homopolymers. This
assignment is confirmed by off-
resonance data. The intensity of these
peaks shows that in the polymeriza-
tion process short blocks of V¥V type
are formed. Thus the polymer is not
strictly random. The assignment is
also supported by the fact that all the
peaks of 1,2-polybutadiene have been
observed (see peak 21).

Peak 17 at 39.60 ppm: only part
of the assignment (ref 3) was correct,
such as that for sequences V V¢ etc.
No other units are involved.

Peaks 18--19 at 39.83 ppm and

40.09 ppm: g-effect of a phenyl on a
trans-butadiene units. The splitting
into two peaks, whereas the calcula-
tions predict only one, is probably
due to long range effects. The total
intensity of the two peaks supports
this assignment.

Peak 20 at 40.68 ppm: this peak
contains contributions by methines
(by off-resonance) of many sequences.
This assignment (see Table 1) is
tentative.

Peak 24 at 42.62 ppm: pheny! units
(methines) interspersed between 1,2-
and 1,4-butadiene units. The assign-
ment is a tentative one.

Peaks 28—29 at 45.82 ppm and
45.92 ppm: the two peaks are due to
methines of phenyl groups interspersed
between 1 4-butadiene units. Other
sequences (methines) may contribute
to these peaks, as shown in Table 1.

With this new assignment, (see
Figure 1), the standard error between
calculated and experimental frequen-

cies is <1 ppm, which is quite good
considering the approximations in-
volved. It should be noted that the
calculated intensities, apart from the
presence of 1,2-butadiene blocks, show
a reasonable agreement which is also

in agreement with the low Overhauser
effect, as observed by Allerhand and
Hailstone®.
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