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In addition to their considerable intrinsic interéstyclic

compounds containing main-group or transition elements are
increasingly important as precursors to new high molecular weight

polymers via ring-opening polymerization (ROP) reactidfs.

However, in very few cases is the mechanism of polymerization

clearly understood. Recently, we reported that the cyclic
thionylphosphazen#* and the regioselectively fluorinated analog
2 undergo thermal ROP in the melt at 165 and 180,
respectively, to yield the corresponding the poly(thionylphosp-
hazenes} (R = halogen) and macrocyclic byproduét.In this

0 +

(o) X

O

N \N FES

I | S§=N—P=N—P=N r}f r\|l e
Clllu.P\ /P...CI | | | Clln,.p P,.cIC|
a” N7 R R R n | SNT N

1X=Cl

2X=F 3 47+

paper, we report on our attempts to generdie, [the proposed
cationic initiator in the ROP ol, via the reaction of the latter
with halide acceptors and the novel chemistry that ensuéd.
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As part of this work, we also describe the discovery of the ambient
temperature ROP df.

Compoundl undergoes FriedelCrafts arylation at sulfur when
heated in arene solvents in the presence of Al@ation ]+
has been proposed as the key electrophilic intermediate in these
reactions’! We found that treatment of a solution tfwith 2
equiv of AICl; in the non-arene solvent 1,2-dichloroethane (80
°C, 17 h) afforded a new product with a singléP NMR
resonance at 21.2 ppm. After workuip) and*C NMR, mass
spectrometry, and elemental analysis surprisingly identified the
white crystalline product a§ (yield, 69%) invoking a formal
migration of a chlorine atom in the 1,2-dichloroethane-derived
C, unit?? Further characterization &fwas provided by an X-ray
diffraction study (Figure 1)3

O ,CH,CHCh 0 0SO,CF 0 ,OCH,CHq
/S\N N/s%N P
T W Cup ag Lo

c” SN N c” N7 Na a” N7 Na

5 6 7

The mechanism of formation fdé is not clear but it may
involve an ionic process similar to that proposed for Friedel
Crafts reactions of..}*!®* The substrate that could be attacked
by [4]" is clearly derived from 1,2-dichloroethane and is possibly
vinyl chloridel® Selective attack of4]™ at the more electron-
rich carbon atom of vinyl chloride followed by chloride abstraction
from [AICI,]~ by the resulting carbocation would provide a
possible explanation for the formation &f

An attempt to generatel[* by the addition ofl to a slurry of
Ag[BF4] (CH.Cl,, 25°C) resulted in the immediate formation of
a white precipitate (AgCl) and the release of a volatile, fuming
gas. Analysis of the reaction mixture and the isolated white
crystalline product by3'P and !°F NMR indicated that the
fluorinated specie®2 had been formed, presumably via the
decomposition of 4][BF,4].Y"
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Figure 1. Molecular structure ob with thermal ellipsoids at the 30%
probability level. Selected bond lengths (A) and angles (deg)NQ)
1.567(3), N(1)-P(1) 1.583(3), P(})N(2) 1.567(3), N(2)-P(2) 1.571-
(3), P(2)-N(3) 1.582(3), N(3)-S 1.563(3), SO 1.434(3), S C(1) 1.784-
(3); N(1)—S—N(3) 114.5(1), SN(3)—P(2) 124.4(2), N(3yP(2)-N(2)
117.2(1), P(2XN(2)—P(1) 121.2(2), N(2rP(1)-N(1) 117.9(1), P(1}
N(1)—S 123.5(2).

On the basis of the chemistry observed with Ag{BRhe
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Figure 2. Molecular structure of with thermal ellipsoids at the 30%
probability level. Selected bond lengths (A) and angles (deg)N@)
1.551(10), N(1)-P(1) 1.572(9), P(1yN(2) 1.566(10), N(2)-P(2) 1.542-
(11), P(2)-N(3) 1.572(10), N(3} S 1.575(10), SO(1) 1.420(8), SO(2)
1.557(10); N(1}-S—N(3) 114.5(5), S N(3)—P(2) 123.9(7), N(3}P(2)-
N(2) 117.3(5), P(2rN(2)—P(1) 122.5(6), N(2yP(1)-N(1) 116.6(5),
P(1-N(1)—S 124.8(6).

quantities of GaGl(5% and 10%¥° The reactions (in CkCly
at 25°C) were monitored by'P NMR, and in both cases, cyclic

triflate anion was chosen as a potentially less reactive counteranion@ligomers and also polymer were indeed formedwhen no

for [4]". Addition of a solution ofl to a slurry of Ag[OSG-
CF;] in CH.Cl, again resulted in the formation of AgCIl. Analysis
of the reaction mixture byP NMR spectroscopy showed the

guantitative formation of product with a new singlet resonance

at 27.2 ppm shifted very slightly downfield from that fbi(6 =
27.1 ppm) and a single new peak in t#& NMR spectrum at
—72.0 ppm. This is consistent with the formation ®fwvhere

the triflate anion is presumably weakly coordinated to the sulfur-

(V1) center.

further increase in the relative amount3fR = Cl) was observed
(ca. 48 h for 5% GagGJ ca. 80 h for 10% GaG), the polymer
was isolated by precipitation into hexanes (to remove unreacted
1 and macrocyclics) and was then reacted with Bultb equiv,
0°C, CHCIl,) to form the air- and moisture-stable elastomer poly-
(n-butylamino)thionylphosphazend (R = NH-n-Bu). This
material was isolated by precipitation from THF intg@(typical
yields, 56-75%). Analysis by gel permeation chromatography
(GPC) gave molecular weight data comparé&bieith that for 3

(R = NH-n-Bu) derived from the thermal ROP df (M, =

After solvent removal, an uncrystallizable elastomeric material 49 000, PDI= 2.0)2

was isolated. The soluble fraction exhibite#f NMR resonance
assigned t® and also broad resonances between 0-ahsl ppm.

These observations suggested that oligomerization/polymerization
(with some crosslinking) had taken place. An attempt was made

to stabilize fi]* via coordination of diethyl ether. Indeed, addition
of 1.25 equiv of diethyl ether t® in CH,Cl, resulted in the
formation a new product with a singlétP NMR resonance at

24.7 ppm. However, after recrystallization and sublimation, no

1 NMR resonances were observed atl and 3C NMR

These results indicate that a highly electrophilic sulfur(VI)
species with novel reactivity can be generated via the reaction of
1 with halide acceptors. Further work is in progress aimed at
detailed studies of such species and understanding and exploiting
the novel ambient temperature ROP Iof
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transferred to sulfur, presumably leading to the elimination of

EtOSQCR:.*°
The high electrophilicity of the sulfur(VI) center i and, in

particular, the evidence for intermolecular reactions on attempte

isolation of this species suggested that the catigji night
initiate the cationic ROP df in solution at ambient temperature.
We therefore studied the reaction dbfwith substoichiometric
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