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ABSTRACT: Homopolymerization of alkylarylcarbenes derived from diazirine monomers that featured benzyl
alcohol or phenol residues was found to lead to the production of soluble hyperbranched poly(aryl ether)s. The
polymerization process was influenced by the solvents employed, monomer concentration, and the reaction time.
An increase in the monomer concentration and reaction time was found to lead to an increase in the molecular
weight characteristics of the resulting polymers as determined by gel permeation chromatography (GPC). The
composition and architecture of the polyethers were determined by nuclear magnetic resonance (NMR)
spectroscopic analysis and were found to be highly complex and dependent on the structure of the monomers
used. All of the polymers were found to contain ether linkages formed via carbene insertion-thtdands,
although polymers derived from phenolic carbenes also contained linkages arising from C-alkylation.

Introduction affords a polymer without the formation of “free” carbenes. A
Carbenes are highly reactive electron-deficient carbon- variety of metals and metal s&its->**have also been exploited
containing species that have found widespread use in synthetict0 synthesize polymers from diazoalkanes, including colloidal
organic chemistries surface modification, and biological ap- Metallic gold, which was found to have stereospecific regulating

plications? Recently, Moloney and co-workers have employed Properties leading to the formation of highly crystalline poly-
carbenes derived from aryldiazomethanes to attach anchors ont@thylidene from diazoetharf€.This type of polymerization
various substrates by which dyes were incorporated onto theinvolves carbenoid type spectésand is comparable to the
substraté. The diarylcarbenes generated in this process were Fischer-Tropsch reactioff2%in which polymerization of me-
utilized for the functionalization of substrates such as nylon, thylene groups occurs on metal surfaces.

polystyrene, and even polytetrafluoroethylene, thus demonstrat- In comparison to polymerization of carbenoid-type diazoal-
ing the high reactivity of carbene-containing species. In kane systems, it has been proposed that thermal polymerization
comparison, Hayes and co-workers have reported a rather moreof aryldiazoalkanes proceeds via the formation of “free”
direct approach for the modification of nylon using carbenes carbenes to yield polybenzylidenes with degrees of polymeri-
generated from a diazirine functionalized fluorenénén zation of up to 720 Initially, the aryldiazoalkanes were
contrast, “free” carbenes have been utilized rarely to construct generated in situ by the treatment of sodium hydroxide on
polymeric materials as a result of the poor selectivity and tosylhydrazones in heterogeneous solvent systems and then
unpredictable nature of these reagents. The synthesis of polymershermally decomposed to afford polymers with number-average
using carbene precursors such as diazoalkanes and aryldiazmolecular weightsNl,,) between 0.7 and 11.0 kDa. In addition,
omethanes has been well documented, although in the majoritythe thermal decomposition gfmercaptophenyldiazomethane

of cases “free” carbenes are not involved in the process. Thederivatives was reporté®ito yield polythioethers (Scheme 1)
polymerization of diazomethane using boron catalysts such aswith degrees of polymerization ranging from 18 to 24 via the

tetraacetyl diboratealkyl borates;” boron halide$; 1! trialky- insertion of carbenes into the sulftihydrogen bonds.
Iboranesi?*3and diboran¥ to prepare high molecular weight ~ To date, the only report of a polymerization involving
polymethylidene was first reported by MeerwéirBoron diazirines is the photoinduced homopolymerization of anhydrous
catalysts have also been employed to synthesize polybenzylidengjiazirine (methylenediazirine) in the gas phase or in inert
from phenyldiazomethafeand random copolymet&and cross-  solvents to afford complex polymethylene structi¥eds the

linked network$’ from diazomethane and other diazoalkanes. oniy reactive intermediate present in the process was methyiene
For example, the COpOlymerization of diazomethane and 9-an- carbene (:Cb-b, then poiymerization occurred through its
thryldiazomethane afforded a luminescent polymethylidene reaction with other methylene carbenes, unphotolyzed diazirine,
copolymer'® Recently, Shea and co-workers have utilized boron or via insertion into preformed products. Electrospray mass
catalysis to produce poly(ethylacetalmethylidene) oligomers spectrometry of the polymers displayed a complicated pattern
from ethyl diazoacetat@.Boron'CatalyZed pOlymeI’izationS of of peaks ranging up to 500 Da and Containing a repeat pattern

this naturé® proceed via initial nucleophilic attack of the of 14 Da that is consistent with multiple insertion of methylene
diazoalkane on the borane center to form a borate complex thatcgrbene into smaller molecules thus formed.

undergoes a 1,2-migration accompanied by loss of nitrogen and

4 e . As part of a program investigating carbene insertion polym-
formation of an alkylboran&: 23 Repetition of this process P prog gating POty

erization methodologies, we have studied the construction of
* Corresponding author. E-mail: w.c.hayes@reading.ac.uk polymeric materials using arylcarbenes derived from the pho-
t The University of Reading. Y R toinduced decomposition of diazirines. Herein, we report the
* DuPont-Invista (UK). synthesis of several hydroxyl functionalized diazirine monomers
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Scheme 1. Thermal Polymerization of
p-Mercaptophenyldiazomethane; (a)A, Dimethylformamide, or
Pyridine3°
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and their photoinduced polymerization under a variety of
conditions to afford hyperbranched polyether architectures.

Results and Discussion

Monomer Synthesis.A small family of hydroxyl function-
alized monomersl—4, Figure 1) based on 3-aryldiazirines were
constructed at the outset. Both 3-methyl- and 3-(trifluoromethyl)-
diazirine monomers were developed in order to determine the
effect, if any, that the carbene type has upon the polymerization
process.

3-Methyldiazirine 1 was synthesized from 3-hydroxyac-
etophenone in five steps with an overall yield of 49%. At the
outset, the hydroxyl group of 3-hydroxyacetophenone was
protected as the tetrahydropyranyl (THP) et&r(Scheme 2)
through reaction with 3,4-dihydro-2pyran in the presence of
pyridinium-p-toluenesulfonate (PPTS). The acetophenone de-
rivative 5 was then converted via reaction with benzylamine
into the correspondingN-benzylimine. Reaction of theN-
benzylimine with hydroxylamin&-sulfonic acid (HOSA) in
liquid ammonia at-78 °C followed by oxidation with triethy-
lamine and iodine afforded the protected 3-methyldiaziGne
as an oil. Removal of the protecting group usipgoluene-
sulfonic acid (PTSA¥ resulted in considerable decomposition
of the diazirine function, and therefore, a milder proton source
provided by hydroxylamine hydrochloride was exploited. The
deprotected diazirine, 3-(3-hydroxyphenyl)-3-methyldiazidine
was obtained as a white solid after column chromatography.

The 3-(trifluoromethyl)diazirine—4 were synthesized ef-
ficiently starting from the aryl bromide precursats9 (Scheme
3), respectively. Aryl bromid® was synthesized from 3-bro-
mophenol and methyl iodide in KOH saturated TH&ubstitu-
tion of the bromine ir7—9 with N,N-diethyltrifluoroacetamide
via transmetallation witm-BuLi afforded the trifluoromethyl
ketones10—12, respectively. Reaction of the keton&8—12
with hydroxylamine hydrochloride resulted in formation of the
oximes 13—15, which were then tosylated to afford the
corresponding tosyl oximek6—18, respectively. Amination and
displacement of the tosyl groups by ammonia resulted in
formation of the diaziridined9—21 which were subsequently
oxidized using silver(l) oxide to give the desired diaziri2@s-

24, respectively.

Deprotection of the hydroxyl groups present in phenolic
diazirines 22 and 23 using boron tribromide afforded the
phenolic diazirine® (78% over seven steps) aBd81% over
six steps), respectively. 3-(3-Methylphenyl)diazirigd was
converted into the 3-(3-(hydroxymethyl)phenyl)diazirine deriva-
tive 4 via the benzyl bromid&5 (Scheme 4). Reaction &4
with N-bromosuccinimide (NBS) in the presence of the radical
initiator 1,1-azobis(cyclohexanecarbonitrile) afforded the
crude benzyl bromid@5, which was hydrolyzed using silver
nitrate in 1.1 water:dioxane to afford the diazirih¢47% over
eight steps).
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1:R'=CH;, R2=0H,R%=H
2.R'=CF; R?=0H,R3=H
3:R'=CF3; R?=0H, R®=OH
4:R"=CF3 R?=CH,0H,R3=H

Figure 1. Structures of diazirine functionalized monomérs4.

Scheme 2. Synthesis of the AB-Type 3-Methyldiazirine
Monomer 1: (a) (i) NH2Bn, ZnCl,, (i) NH3, HOSA, (iii) I 2,
NEts; (b) NH,OH-HCI

RO. RO.

Polyether Synthesis and Characterization.The photo-
chemical polymerization of the diazirine monomérs4 was
conducted in the bulk and in the solution phase within a set
concentration range (0.2®.68 M) for a period of 24 h using
a 125 W high-pressure mercury vapor lamp. After isolation the
resulting polymers were then heated at 2@in vacuo (0.1
mbar) for 12 h to ensure complete decomposition and reaction
of any diazirine or diazoalkane moieties (formed from isomer-
izatior??) present after photolysis. The polymers obtained after
each stage (photolysis and heating) were analyzed using GPC,
NMR, IR, and U\~vis spectroscopic analyses.

Photochemical polymerization of the diazirine monorniergd
in the bulk and in hexafluorobenzene and perfluoropyridine
afforded polyethers as cream to yellow/brown solids in yields
ranging from 95 to 99%. Subsequent thermal treatment of the
material obtained from the photochemical polymerizations
resulted in the formation of polyethers as glassy yellow to brown
solids with a reduction in weight of-66%. Polyethers con-
structed using monomets-3 were found to be partially soluble
in tetrahydrofuran (THF) and soluble in methanol, dimethyl-
formamide (DMF), and dimethyl sulfoxide (DMSO). In contrast,
polyethers derived from monomet using photolysis were
soluble in DMF and DMSO upon heating, whereas those derived
from monome# using photolysis followed by thermolysis were
insoluble in all organic solvents studied.

GPC analysis of the polyethers (Table 1) obtained after
photolysis revealed that the materials molecular weight char-
acteristics were dependent on the type of diazirine monomer
and solvent employed. For example, polyetheisla-P1.3a
synthesized from the 3-methyldiazirine monomgpossessed
considerably lower degree of polymerization (DP) values when
compared to polyetherP2.1a-—P2.3a synthesized from the
3-(trifluoromethyl)diazirine monomeR. The low molecular
weight characteristics of polyethers synthesized from the
3-methyldiazirine monomet can be attributed to the ability of
the photogenerated arylmethylcarbenes to participate in in-
tramolecular rearrangements resulting in the formation of
styrenic specie® which, in turn, competes with the desired
O—H insertion reaction. The polymerization process was further
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Scheme 3. Synthesis of 3-(Trifluoromethyl)diazirines 2224: (a) n-BuLi, N,N-diethyltrifluoroacetamide; (b) NH ;OH-HCI; (c) TsCl,
NEts, DMAP; (d) NH 3, () AgO

0o NOH
R Br
R RY
a CF; b CF3
2
R R? R2

7:R'=0OMe, R?=H 10: R'=OMe, R?=H 13:R'=0OMe, R?2=H
8: R = OMe, R2 = OMe 11: R' = OMe, R2 = OMe 14:R' = OMe, R2 = OMe
9:R'=Me, R2=H 12:R'=Me, R?=H 15:R'=Me, R?=H
[
N=N HN—NH NOTs
R R R3
CFs e CF3 d CF,
R2 R2 R2
22:R'=0Me, R2=H 19:R'=OMe, R2=H 16:R'=OMe, R2=H
23: R' = OMe, R? = OMe 20: R' = OMe, R? = OMe 17: R' = OMe, R2 = OMe
24:R'=Me, R2=H 21:R'=Me, R2=H 18:R'=Me, R2=H
Scheme 4. Synthesis of analysis of polyether$1.4b—P1.4erevealed an increase in
3-(3-(Hydroxymethyl)phenyl)-3-(trifluoromethyl)diazirine 4: (a) molecular weight with an increase in monomer concentration,

NBS, 1,1-Azobis(cyclohexane-carbonitrile); (b) AgNO 3,

Water/Dioxane with the exception of thé>1.4a which only exhibited partial

solubility in DMF. The observed increase in molecular weight

a of the polyethers with increase in monomer concentration is
CF3 Br CFs consistent with the extent of intramolecular rearrangement that
might be expected at lower concentrations. For example, at low
24 25

monomer concentrations the carbenes produced are more likely

to participate in rearrangements prior to bimolecular reactions,

whereas at high monomer concentrations the probability of the
carbene interacting with another molecule increases. Unfortu-
nately, the polyethers synthesized from the phenolic monomer

2 at concentrations 0£0.25 M were found to be insoluble;

HO CFs thus, it was not possible to accurately determine the effect that
the monomer concentration had on the polyethers molecular
weight characteristics. GPC analysis of polyeti®3sta—P3.4e

4 andP4.4a—P4.4erevealed an increase in molecular weight with
an increase in monomer concentration. It is proposed that the
observed trend in molecular weight with monomer concentration
arises from the difference in reactivity of singlet- and triplet-
state carbené&formed from the diazirine monomeBsand4.

For example, at low monomer concentrations the probability

of photogenerated singlet carbenes to participate in intersystem

crossing processes to the triplet state is high; thus, a higher
proportion of the carbenes react from a triplet state, resulting
in radical-like intermolecular reactions. At high monomer

concentrations it is more likely that the carbenes react rapidly
in an intermolecular fashion from a single state, thus resulting
in concerted insertion processes. The high efficiency of con-

Thermal treatment of the polyethePd.1a—P4.3a afforded certed insertion reactions when compared to radical abstraction,

the polyether$1.1b—P4.3h respectively, which were charac- propggation, and dimerization reaction§ under Fhe experimental
terized via GPC analysis (Table 2). In all cases thermal treatmentc0Ndition employed leads to the formation of higher molecular
of the polyethers resulted in an increase in the molecular weight Weight species at high monomer concentrations.
of the material, while the polydispersity remained comparatively = The effect of reaction time upon the molecular weight
constant. The increase in molecular weight observed betweencharacteristics of the polyethers was investigated using the
the polyethers and their thermally cured derivatives was benzyl alcohol monomet. Identical solutions of the monomer
attributed to thermal activation of remaining diazirine and 4 in hexafluorobenzene (0.52 M) were irradiated for set periods
diazoalkane moieties present after the photolytic stage of the of time (5, 10, 15, 20, 30, 40, 60, 90, 150, 300, 600, 1200, and
polymerization process or cross-linking between polymer chains. 2400 min) to afford polyethe84.5a—P4.5|, respectively. GPC
The change in molecular weight characteristics of the analysis of the polyether$4.5a-P4.5] revealed that the
polyethers with variation of the initial monomer concentration molecular weight and PDI of the polyethers increased with an
(Table 3) was studied for each of the monomgrsd. GPC increase in the reaction time (Table 4).

complicated by the tendency of arylcarbenes to react with
diazirines and diazoalkanes to afford azifeBhotochemical
polymerization of the 3-(trifluoromethyl)diazirine monomers
2—4 in hexafluorobenzene or perfluoropyridine afforded poly-
ethers with DP values of between 25 and 74. Similarly,
photolysis of neat monomegsand4 afforded polyether®2.1a
andP4.1awith DP values of 36 and 45, respectively; however,
polymerization of the monome}in the neat phase resulted in
the formation of smaller oligomer83.1a The low molecular
weight of P3.1ais unsurprising given that at standard temper-
ature and pressure the monor8és a solid, whereas monomers
2 and4 are oils.
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Table 1. Reaction Conditions Employed for the Synthesis of Polyethers P1.2&4.3a and Their Molecular Weight Characteristics

polyether monomer conditions solvent concn/M Mw¥kDa Mn¥kDa PDR DP
Pl.1la 1 hv neat N/ 1.8 0.9 2.1 15
P1.2a 1 hv CeFe° 0.68 1.6 0.7 2.2 13
P1.3a 1 hv CsFsNd 0.68 1.7 0.8 2.2 14
P2.1a 2 hv neat N/A 6.2 4.2 1.5 36
P2.2a 2 hv CsFs 0.50 8.1 35 2.3 47
P2.3a 2 hv CsFsN 0.49 11.0 3.7 3.0 63
P3.1a 3 hv neat N/A 0.8 0.5 1.5 4
P3.2a 3 hv CsFs 0.23 4.8 2.9 1.7 25
P3.3a 3 hv CsFsN 0.24 6.1 3.0 2.0 32
P4.1a 4 hv neat N/A 8.5 3.6 2.3 45
P4.2a 4 hv CsFs 0.46 14.3 3.7 3.9 76
P4.3a 4 hv CsFsN 0.46 13.9 4.0 3.5 74

aGPC analysis was conducted in DMF containing 0.05 M LiBr af60° N/A = not applicable¢ Hexafluorobenzené! Perfluoropyridine.

Table 2. Reaction Conditions Employed for the Synthesis of Polyethers P1.H#3.3b and Their Molecular Weight Characteristics

polyether monomer conditions solvent concn/M Mw2/kDa MqP/kDa PDP DP

P1.1b 1 hv/A neat N/& 2.0 1.0 2.1 17
P1.2b 1 hv/A CeFe? 0.68 2.2 1.0 2.3 18
P1.3b 1 hv/A CsFsNe 0.68 2.3 1.0 2.2 19
P2.1b 2 hv/A neat N/A 10.8 59 1.8 62
P2.2b 2 hv/A CsFs 0.50 14.3 53 2.7 82
P2.3b 2 hv/A CsFsN 0.49 18.4 6.1 3.0 106
P3.1b 3 hv/A neat N/A 3.5 2.1 1.6 18
P3.2b 3 hv/A CesFs 0.23 7.2 3.8 1.9 38
P3.3b 3 hv/A CsFsN 0.24 7.1 4.1 1.8 37

aSolvent use in photochemical polymerization stadg@PC analysis was conducted in DMF containing 0.05 M LiBr aP60¢ N/A = not applicable.

d Hexafluorobenzene.Perfluoropyridine.

Table 3. Reaction Conditions Employed for the Synthesis of Polyethers P1.4#P1.4e, P3.4aP3.4e, and P4.4aP4.4e and Their Molecular
Weight Characteristics

polyether monomer conditions solvent concn/M Mw#kDa Mpé/kDa PDR DP
P1.4b 1 hv CoFe? 0.17 1.2 0.5 2.2 10
P1.4c 1 hv CsFs 0.34 1.7 0.6 2.9 14
P1.4d 1 hv CsFs 0.67 1.8 0.8 2.3 15
Pl.4e 1 hv CeFs 1.31 1.9 0.8 2.3 16
P3.4a 3 hv CsFsN© 0.02 3.4 1.2 2.7 18
P3.4b 3 hv CsFsN 0.05 4.4 1.3 3.3 23
P3.4c 3 hv CsFsN 0.09 4.5 1.5 3.0 24
P3.4d 3 hv CsFsN 0.14 4.9 1.8 2.7 26
P3.4e 3 hv CsFsN 0.18 5.7 1.8 3.1 30
P4.4a 4 hv CsFs 0.06 51 1.6 3.1 27
P4.4b 4 hv CsFs 0.12 7.6 1.9 4.1 40
P4.4c 4 hv CesFs 0.23 11.2 2.2 5.0 60
P4.4d 4 hv CsFs 0.46 14.4 2.6 5.6 76
P4.4e 4 hv CsFs 0.92 15.0 2.5 6.1 80

aGPC analysis was conducted in DMF containing 0.05 M LiBr af60P Hexafluorobenzene.Perfluoropyridine.

Table 4. Reaction Conditions Employed for the Synthesis of Polyethers P4.5&4.5] and Their Molecular Weight Characteristics

polyether conditions solvent concn/M time/min M, ¥kDa Mp@kDa PDR DP
P4.5a hv CeFe? 0.52 5 0.4 0.3 1.4 2
P4.5b hv CsFs 0.52 10 1.2 0.8 1.4 6
P4.5¢c hv CoFs 0.52 15 1.7 11 15 9
P4.5d hv CoFs 0.52 20 3.7 2.4 1.6 20
P4.5e hv CsFs 0.52 30 4.0 2.6 1.6 21
P4.5f hv CsFs 0.52 60 4.3 2.7 1.6 23
P4.5g hv CoFs 0.52 90 4.7 2.9 1.6 25
P4.5h hv CoFs 0.52 150 5.4 3.1 1.7 29
P4.5i hv CsFe 0.52 300 5.8 3.2 1.8 31
P4.5j hv CoFs 0.52 600 9.2 3.3 2.8 49
P4.5k hv CoFs 0.52 1200 13.1 3.5 3.8 70
P4.51 hv CsFe 0.52 2400 16.0 3.2 4.9 85

aGPC analysis was conducted in DMF containing 0.05 M LiBr af60P Hexafluorobenzene.

A plot of molecular weight and PDI vs reaction time (Figure After the first 30 min the polymerization was found to proceed
2) revealed that initially the polymerization process proceeded gradually with material possessilg, values of ca8 and 16

rapidly as material with a weight-average molecular weilyh)(
value of ca4 kDa was obtained after a period of just 30 min.

kDa being formed after 8 and 40 h, respectively. Similarly, the
variation of number-average molecular weight,J with time
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) . Figure 3. *H NMR spectrum @s-DMSO) of polyetherP1.2a
was found to increase rapidly at the outset; however, after 90

min the M, value remained essentially constant. These results H20

imply that the polymerization process features characteristics

common to both chain- and step-growth polymerization ap-

proaches. \ﬂ
The change iM,, with time observed for the polymerization ’

of monomer4 is characteristic of a chain-growth approach, M

whereas the change M, with time leading to an increase in H ' LLJA“\,/\J L/,

the PDI values is characteristic of a step-growth approach.

Therefore, polymerization of monomércan be regarded as a e s 7 e s 4 3 2 4

hybrid process incorporating traits common to both chain- and 3, ppm
step-growth polymerization approaches. It is proposed that the gigyre 4. 1H NMR spectrum @=-DMSO) of polyetherP1.2h

unusual polymerization pathway observed for monodneccurs

for several reasons: (i) At the outset of the polymerization a fynctionalities are hydrogen bonded. BVis spectroscopic
large proportion of the diazirine moieties are activated, leading analysis of the polyethers consisted of absorption bands at 210
to the formation of carbenes and diazoalkanes. The carbenesyng 257-280 nm, corresponding to the aromatic groups. The
produced react rapidly, resulting in the formation of large apsence of absorption bands in the range-38D nm indicated
molecules in a very short space of time. (ii) The reactive and 4t all the diazirine had decomposed under the conditions
unselective nature of carbenes means that they do not have timgmpioyed, with the exception of the UwWis spectrum of

to diffuse in the mixture before reaction, and thus chain oy etherP3.15 which featured a weak absorption at 356 nm,

propagation reactions occur at the chain ends and along thejynving that trace quantities of these reactive moieties re-

backbone of the growing polymer molecules, leading to the . ;ined.

formation of hyperbranched materials. (iii) The diazoalkanes 1H NMR . vsis of th veth

present in the reaction mixture are considerably more stable to spectroscopic analysis of the polyet @r$.1a—.
P1.3a revealed several broad multiplets consistent with a

the photolytic conditions employed than the corresponding eth e
diazirines and, therefore, are activated and converted to carbeneB0lyether-type structure. For example, € NMR spectrum
at a slower rate. Thus, after all the diazirine has been activated®f PolyetherP1.2a(Figure 3) consists of multiplet resonances

the reaction mixture consists of polymeric materials that possess@t €@ o+ 1.4, 5.3, and 6.9 ppm, corresponding to methyl,
predominantly diazoalkane functionalities. Over longer periods Methine, and aromatic protons of the desired polyether, respec-

of irradiation the diazoalkane moieties are converted to carbenes,gvelly' The formation of the ether linkage was also indicated
which can then insert into other polymeric chains, resulting in PY “C NMR spectroscopic analysis, which revealed several
a gradual increase dfl, with time. resonances at céc 160 ppm, corresponding to aromatic carbons

IR and UV-—vis spectroscopic analysis of the polyethers adjacent to alkoxy groups.
P1.1a-P4.3aand their thermally cured derivatives revealed very A broad resonance observed @& 4.3 ppm in'H NMR
similar spectra and changes in the structure of the polyethersspectra was assigned to methine protons adjacent to two
occurring after thermal treatment were not detected. The absenceéromatic groups, such as those formed via alkylation of
of absorptions in the range 206@100 cn1?! indicated that carbocation® with the ortho and para aromatic carbons of
diazoalkane residues were not in evidence after photolytic or phenolic molecule®’ A double-doublet resonanced 5.7 ppm
thermal treatment of the monomelfs-4. IR spectroscopic IS characteristic of a geminal proton of styrene and as a result
analysis of polyethe®1.1a—P1.3arevealed several absorptions was assigned to styrenic end groups present in the polymer. In
at ca 3330, 2980, 1600, and 1250 chcorresponding to ©H, addition, broad multiplets at cay 9.3 and 9.5 ppm were also
C—H, aromatic G-C, and C-O bonds, respectively. Similarly,  observed that corresponded to the proton resonances of phenolic
IR spectra of polyetherB2.1a—P4.3afeatured absorptions at  groups in deuterated DMSQ){ 9.60 ppm) and thus were
ca 3330, 1600, and 1250 cmh corresponding to ©H, assigned to phenolic alcohol chain ends within the polymeric
aromatic G-C, and G-O bonds, respectively. In addition, strong  structureH NMR spectroscopic analysis of the thermally cured
absorptions at cd 160 cnT?! corresponding to €F bonds were polyether P1.2b (Figure 4) revealed resonances at identical
also present. The IR spectra obtained for the polymers arechemical shifts to those observed for its precurfdr.2g
consistent with a polyether-type structure, in which the alcoholic although the majority of resonances were less well resolved.

DMSO
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Figure 5. MALDI-ToF mass spectrometric analysis of polyetifdr.1b
consisting of several series of peaks originating from polymer chains
with different end-group functionalization.
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Figure 6. *H NMR spectra §s-DMSO) of polyetherd®2.3aproduced
via photochemical polymerization (top) af®.3b post-thermal treat-
ment (bottom).
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The NMR spectroscopic data of the polyetheisla-P1.3a
and P1.1b-P1.3bindicated that these polymers are disperse
not only in terms of molecular weight characteristics but also
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Figure 7. Structures of predicted linkages and the approxiniéte
NMR trifluoromethyl group chemical shift values in CDCI

precursord?2.1a—P2.33 respectively, although broadening of
the resonances was observed.

IH NMR spectroscopic analysis of the polyeth&@3.1a-
P3.3a and their thermally cured derivativeB3.1b—P3.3h
respectively, revealed multiplet resonances betwig®.1—

5.6, 5.8-7.0, and 8.8-10.0 ppm, corresponding to methine
protons adjacent to two aromatic substituents and methine
protons adjacent to a phenolic oxygen combined with aromatic
protons and hydroxyl protons, respectively. The low molecular
weight of the polyetheP3.1laobtained from bulk reaction was
also indicated by'H NMR spectroscopic analysis, which
revealed well-defined resonances that are indicative of the
presence of small oligomers. Howevéi, NMR spectroscopic
analysis of the thermally treated derivatif8.1b was more
consistent with the analysis obtained for the polyetiR32a

and P3.3aand implied that photolytic decomposition of the
diazirinyl moieties inP3.1awas incompletelH NMR spec-
troscopic analysis of the polyethd?d.1a—P4.3arevealed broad
resonances at cay 4.5, 5.3, and 7.4 ppm. The resonance at
ca dy 4.5 ppm was comprised of two overlapping resonances
corresponding to methylene protons and methine protons
adjacent to alkyl groups. Resonances observedl;&.3 and

7.4 ppm corresponded to methine protons adjacent to alkoxy
groups and aromatic protons, respectively.

The presence of trifluoromethyl groups throughout the
architecture of polyethers synthesized from 3-(trifluoromethyl)-
diazirine monomers2—4 enabled %F NMR spectroscopic

via the different covalent linkages found, thus leading ultimately analysis to be employed to determine and quantify the various
to hyperbranched architectures. The majority of the material types of linkages formed in the polymerization process. To assist
produced was composed of the desired ether linkages, with athe determination of the structure of polymers synthesized from
small proportion of 1,1-diphenylethane-type linkages resulting 3-(trifluoromethyl)diazirine monomers, a databasé%fNMR

in branch points and hydroxyl functionalities throughout the shifts and coupling constants based on previously synthesized
polymer backbone. The end-group functionality present in

polyetherP1.1bwas determined by MALDI-ToF mass spec-

compounds was compiléd.Use of this spectroscopic data
enabled the prediction of the different types of linkages that

trometric analysis (Figure 5), which revealed several series of maybe formed during the polymerization of the monongerd

peaks with a repeat pattern every 1@ corresponding to the
monomer unit and a combination of styrene, kettfhand
diazirine/diazoalkane terminal groups. Unfortunately, MALDI-

and thus the variety ofF NMR resonances expected for
trifluoromethyl groups adjacent to those linkages (Figure 7). It
should be noted that the chemical shift values'%f nuclei

ToF mass spectrometric analysis of the fluorinated polyethers resonances of the trifluoromethyl groups were subject to subtle

synthesized from monomegs 3, and4 was unsuccessful.
IH NMR spectroscopic analysis of the polyethé&2.1a—

changes in the chemical shift values when the analyses were
conducted in different solvents. For example, #iE€ NMR

P2.3a(for example, Figure 6) revealed broad resonances.at ca chemical shift values for trifluoroacetophenone and trifluoro-
01 5.2, 6.2, 7.0, and 9.6 ppm, corresponding to methine protonsacetophenone azine groups in Cp@ere observed atr —72.1
adjacent to two aromatic substituents, methine protons adjacentand —67.6 ppm, whereas ide-DMSO these resonances were

to a phenolic oxygen, aromatic protons, and hydroxyl protons,
respectively. The thermally treated polyethé2.1b—P2.3b
were found to possess simildH NMR spectra to their

evident downfield abr —71.5 and—66.8 ppm, respectively.
197 NMR spectroscopic analysis of the polyethegs2aand
P2.2b(Figure 8) revealed four major sets of resonances ranging
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difference can be explained by consideration of the steric
interactions caused by aromatic substituents. For example, the
monomer2 consists of a central benzene core complete with
two substituents at th€-1 andC-3 positions; thus, alkylation
at theC-4 or C-6 position (relative to the hydroxy substituent)
was favored. In contrast, the monon&consists of a central
benzene core complete with three substituents a€CtheC-3,
and C-5 positions; thus, alkylation at th€-2, C-4, or C-6
position (relative to the hydroxy substituent) led to a large
increase in steric congestion around the benzene unit and was,
therefore, disfavored®F NMR spectroscopic analysis of the
polyetherP3.1larevealed a singlet resonancedgt —65 ppm
that accounted for ca20% of the total resonances and
corresponded to trifluoromethyl groups adjacent to diazirine
e 20 25 a0 moieties, thu§ confir_ming that photolysi_sfbf_n the neat pha_s_e
8 ppm for 24 h was insufficient for the total activation of the diazirine

Figure 8. °F NMR spectrads-DMSO) of polyetherd®2.2aproduced functionality. The increase' in molecular weight (Table 2) of
via photochemical polymerization (top) aR2.2b post-thermal treat- the thermally cured derivative3.1b (compared td3.19 can

ment (bottom). be rationalized by thermal activation of the unreacted diazirine
moieties to afford ether linkages as indicated ¥ NMR

from 6 —62 to —63, —64 to —65, —66 to —68, and—75 to spectroscopic analysis, which revealed the disappearance of the

—77 ppm, which were assigned to trifluoromethyl groups in trifluoromethyl group resonance corresponding to the diazirine

the environments provided by linkag2s, 27, 28/29, and31, moieties and an increase in the resonances of trifluoromethyl

respectively. The presence of low-intensity resonances.at ca groups adjacent to ether linkage$F NMR spectroscopic
Or —71 and—83 ppm in the'F NMR spectrum of polyether  analysis of the polyether84.1a—P4.3arevealed four major
P2.2acould not be determined; however, upon thermal treatment resonances at car —64, —67, —74, and—76 ppm, corre-
these resonances were not observed, thus implying that theysponding to trifluoromethyl groups adjacent to linkagés28/
arose from trifluoromethyl groups adjacent to thermally unstable 29, 30, and 31, respectively%F NMR spectroscopic analysis
linkages/groups. The inclusion of 1,1-diphenylethane linkages of the polyetherP4.2a revealed that its structure consisted
(27) in the polyethers gives rise to hydroxyl functionalities and predominantly of ether linkage31 (72%), alkyl linkages26
thus branch points along the polymer backbone, ultimately (179%), and aziridine28 and azine linkage®9 (7%). The
resulting in hyperbranched architectures. In common with presence of alkyl linkages in the polyether structure affords
studies of other hyperbranched polymers reported in the pranching units, and thus the polymers synthesized from
literature?? the degree of branching of these polymers proved monomer4 are also hyperbranched in nature.

difficult to ascertain given the structural diversity of the linear

and branching units within the polyether architecture. Conclusions

As aresult of integration of the groups of resonances observed g study has shown that it is possible to generate func-

in the 1% NMR spectra of the polyethei82.1a-P4.3a and  ji5najized hyperbranched polyethers via carbenes photogenerated
P2.1b-P3.3h it was possible to estimate the percentage of the , giazirines that feature either phenolic or benzyl alcohol
different types of linkage from which the polymers were . ieties. Detailed spectroscopic analysis revealed that the
comprised (‘_rable 5). For example, Integration of teNMR . hyperbranched polyethers featured a range of polymeric linkages
spectra obtained for polyethB®.2a(Figure 8) revealed that it 5¢ arose from carbene insertion into the desireeHCbonds
contained linkage®6, 27, 2829, and31in relative amounts of and C-alkylation processes. In all of the polyethers thus

3,28, 2, and 55%, respectively. It was evident fr#iANMR o64,ced, the desired carbene insertion process was predomi-
spectroscopic analysis that the most abundant linkage type inpant Fyrther studies to explore the general applicability of this
the polyethers was the desired ether linkaje (37—-81%) polymerization method are currently under investigation.
formed via carbene insertion into alcoholic—® bonds.

Generally, the relative amounts of the ether linkegfein Experimental Section
polyethersP2.1b—P2.3bandP3.2b—P3.3bobtained by thermal

treatment were similar to the amount observed in their precur- e
. : yl-3-(3-(tetrahydro-®i-pyran-2-yloxy)phenyl)diazirin& (9.13 g,

SOrs, P2._1a—P2.3a and P3.2a-P3.3a An exception fo this 39.4 mmol) and hydroxylamine hydrochloride (5 mol %, 0.135 g,
observation was the polyethEB.1a Thermal treatment of the 1 95 mmol) were dissolved in ethanol (120 mL), and the mixture
polyetherP3.1ato yield the polyetheP3.1bwas accompanied  was stirred under argon in the dark for 18 h. The mixture was
by an increase in the relative amounts of the ether linkdge  concentrated in vacuo, and the resulting residue was dissolved in
from 37 to 61%. The increase in ether linka&gfeobserved upon diethyl ether (200 mL). The organic solution was washed with water
thermal treatment results from activation of diazirine moieties (2 x 150 mL), dried (MgS@), filtered, and concentrated in vacuo
still present after the initial photochemical polymerization. to afford a pale pink oil. Purification via column chromatography

The second most abundant type of linkage in polyethers (3:1 hexanediethyl ether) afforded 3-(3-hydroxyphenyl)-3-meth-
P2.1a-P3.3aand P2.1b-P3.3b was the 1,1-diphenylethane Y!diazirine 1 as a white solid, 5.30 g (92%); mp 445 °C. 'H
linkage 27 (5—36%) formed via the production of cationic NMR (250 MHz, CDC, TMS): 0y 1.49 & 3H, CHg), 4.95 &

: . . e 1H, OH), 6.36-6.36 (m, 1H, ArH), 6.48-6.52 (n, 1H, ArH),
species capable of alkylating phenolic derivatives. However, ¢ 2, « 7o M, 1H, ArH), 7.20 ¢, J = 7.9 Hz, 1H, AH) ppm.13C

the relative amounts of 1,1-diphenylethane linkage present in (R (62.5 MHz, CDCH): dc 18.0 CHa), 26.5 CN>), 113.0
the polyethers synthesized from the mono@€0—36%) was (ArCH), 114.9 (ACH), 118.5 (ACH), 129.9 (ACH), 142.2
considerably more than that observed for the polyethers (ArCC), 156.0 (A€O) ppm. IRvma/cm 2 (thin film): 1208, 1307,
synthesized from the monome& (5—12%). The observed 1388, 1453, 1585, 1605, 3352. UVis (MeOH): 1 = 374.2 (N=

Synthesis of 3-(3-Hydroxyphenyl)-3-methyldiazirine 13-Meth-
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Table 5. Relative Percentages of Covalent Linkage Types 26, 27, 28/29, 30, and 31 Present in the Polyethers PP4&8a and P2.1b-P3.3b

linkage/%6
polymer conditions solvent 26 2P 2829 30 310 unidentified
P2.1a hv neat 0 31 14 0 55 0
P2.1b hvl/A neat 0 34 10 0 56 0
P2.2a hv CeFed 3 28 2 0 55 12
P2.2b hv/A CelF6® 6 41 3 0 50 0
P2.3a hv CsFsN 2 20 1 0 69 8
P2.3b hv/A CsFsN 4 32 3 0 60 7
P3.1a hv neat 2 4 30 0 37 27
P3.1b hv/A neat 5 5 18 0 61 11
P3.2a hv CsFs 3 7 5 0 68 17
P3.2b hv/A CeFs 3 10 5 0 72 10
P3.3a hv CsFsN 6 12 6 0 72 4
P3.3b hv/A CsFsN 5 12 5 0 73 5
P4.1a hv neat 15 N/A 20 5 54 6
P4.2a hv CeFs 17 N/A 7 1 72 3
P4.3a hv CsFsN 8 N/A 7 1 81 3

aRelative amount of linkage compared to sum of all linkages as determinedfFoMMR spectroscopic analysigSee Figure 6 for linkage structures.
¢ Resonances that could not be assigned to linkage t§pésxafluorobenzene.Perfluoropyridine! N/A = not applicabled Predominantly diazirine.

N) nm. CI-MS ([M]*—N,) calculated for @HgO: 120.0575; (3.57 g, 21.0 mmol) was added. The mixture was stirred in the
found: 120.0575. Anal. Calcd forg8gN,O: C, 64.85; H, 5.44; dark for 24 h and then filtered through a pad of Celite. The filtrate
N, 18.90. Found: C, 64.96; H, 5.57; N, 18.92. was concentrated in vacuo, and the resulting residue was purified
Synthesis of 3-(3,5-Dihydroxylphenyl)-3-(trifluoromethyl)- via column chromatography (4:1 hexane:dichloromethane) to afford
diazirine 3.43 3-(Trifluoromethyl)-3-(3,5-dimethoxyphenyl)diazirine ~ 3-(3-(hydroxymethyl)phenyl)-3-(trifluoromethyl)diaziring as a
23(9.61 g, 39.0 mmol) was dissolved in anhydrous dichloromethane clear oil, 2.14 g (71%)*H NMR (250 MHz, CDC}, TMS): oy
(180 mL). Boron tribromide (10.9 g, 115 mmol) was added 1.82 ¢ J = 5.7 Hz, 1H, (H), 4.71 @, J = 5.7 Hz, 2H, ¢1,),
dropwise over 30 min, and the mixture was stirred in the dark under 7.14-7.17 (n, 2H, 2AH), 7.39-7.45 (n, 2H, 2AH) ppm. 13C
argon for 32 h. Water (30 mL) was added carefully followed by NMR (62.5 MHz, CDC}): ¢ 28.8 @4, J = 40.4 Hz,CNy), 64.7
dichloromethane (100 mL) and water (200 mL). Afte h the (OCHy), 1225 @, J = 274.6 Hz,CF3), 125.0 (ACH), 126.0
organic phase was removed, and the aqueous phase washed wittArCH), 128.4 (ACH), 129.4 (ACH), 129.7 (ACC), 142.1
diethyl ether (5x 100 mL). The combined organic extracts were (ArCC) ppm.*F NMR (235 MHz, CDC}, CFCL): d¢ —65.6 6,
dried (MgSQ), filtered, and concentrated in vacuo at4bto afford CF3) ppm. IRvma/cm2 (thin film): 1046, 1153, 1198, 1249, 1340,
a pale yellow solid. Purification via column chromatography (1:1 1439, 1609, 2879, 3324. UWis (MeOH): 1 = 356.1 (N=N) nm.
hexane:diethyl ether) afforded 3-(3,5-dihydroxylphenyl)-3-(trifluo- CI-MS ([M]*—N,) calculated for GH/F;O: 188.0449; found:
romethyl)diazirine3 as a white crystalline solid, 8.30 g (97% 188.0440. Anal. Calcd for ¢Bi,F3N20O: C, 50.01; H, 3.26; N, 12.95.

= 112 °C. 'H NMR (250 MHz, d:-DMSO): 6y 6.02-6.03 [, Found: C, 49.69; H, 3.34; N, 13.13.
2H, 2AH), 6.34 ¢, J = 2.1 Hz, 1H, AH), 9.76 §, 2H, 2CH) Synthesis of 3-Methyl-3-(3-(tetrahydro--pyran-2-yloxy)-
ppm;*3C NMR (62.5 MHz, CDCJ) 6¢ 29.8 @, J = 40.0 Hz,CNy), phenyl)diazirine 6. 1-[3-(Tetrahydropyran-2-yloxy)-phenylletha-
105.5 (AICH), 106.1 (2ACH), 124.0 ¢, J = 273.8 HzCF3), 132.4  none5 (7.01 g, 31.9 mmol), benzylamine (3.50 mL, 32.1 mmol),
(ArCC), 160.9 (2ACO) ppm. %F NMR (235 MHz, CRXOD, and ZnC} (2 mol %, 88.1 mg, 0.646 mmol) were added to toluene
CFCh): 0f —63.1 6, CF3) ppm. IRvma/cm™t (thin film): 1151, (120 mL) and heated under reflux using a De&tark trap. After
1201, 1296, 1508, 1541, 1601, 1617, 3335.-tNs (MeOH): 4 36 h the mixture was cooled and filtered through Celite, and the
= 356.6 (N=N) nm. CI-MS ([M]*) calculated for @HsFsN,O,: filtrate was concentrated in vacuo to afford the crude imine, phenyl-
218.0303; found: 218.0300. Anal. Calcd fasHeFsNO,: C, 44.05; N-(1-(3-(tetrahydro-Bi-pyran-2-yloxy)phenyl)ethylidene)metha-
H, 2.31; N, 12.84. Found: C, 43.94; H, 2.38; N, 12.17. namine.’H NMR (250 MHz, CDC}, TMS): 6y 1.50-1.60 (n,
Synthesis of 3-(3-(Hydroxymethyl)phenyl)-3-(trifluorometh- 3H, CH, + CHH), 1.76-1.82 (m, 2H, 2CHH), 1.85-1.99 (m, 1H,

yl)diazirine 4. 3-(Trifluoromethyl)-3-(3-methylphenyl)diazirin24 CHH), 2.23 §, 3H, CH3), 3.50-3.55 (n, 1H, CHH), 3.78-3.85
(2.80 g, 14.0 mmol) and NBS (2.49 g, 14.0 mmol) were dissolved (m, 1H, CHH), 4.65 §, 2H, CH,), 5.39 ¢, J = 3.2, 1H, O®#),

in anhydrous dichloromethane (50 mL) under argon and heated to7.04-7.49 (n, 9H, 9AH) ppm. 2*C NMR (62.5 MHz, CDC}):

and maintained under reflux. A solution of tdzobis(cyclohex- 0c 16.4 (CH3), 19.2 CHy), 25.6 CHy), 30.8 CHy), 56.1 (NCHy),
ane-carbonitrile) (2.5 mol %, 70.0 mg, 0.287 mmol) in anhydrous 62.5 (OCH,), 96.8 (OCH), 115.6 (AICH), 117.9 (AICH), 120.6
dichloromethane (1 mL) was added, and the mixture was heated at(ArCH), 125.7 (AICC), 127.5 (ACH), 128.1 (2ACH), 128.8

80 °C for 48 h. After cooling to room temperature the mixture was (2ArCH), 129.5 (AICH), 140.9 (ACC), 157.5 (ACO), 166.3 C=
added to saturated sodium thiosulfate (250 mL) and stirred for 2 h. O) ppm. IRvma/cm™ (thin film): 969, 1037, 1112, 1200, 1285,
The resulting solution was then extracted with dichloromethane (4 1440, 1578, 1634, 1686, 2944. CI-MS ([M H]™) calculated for

x 70 mL). The combined organic extracts were dried (MgSO  CyH23NO,: 310.1807; found: 310.1817. The crude imine was
filtered, and concentrated in vacuo to afford the crude benzyl dissolved in dichloromethane (50 mL) and added dropwise over a
bromide, 3-(3-(bromomethyl)phenyl)-3-(trifluoromethyl)diazirine  period of 30 min to liquid ammonia (200 mL) at78 °C under

25, as a pale orange oitH NMR (250 MHz, CDC}, TMS): 6y argon. The mixture was stirred vigorously for 6 h, and then a
4.38 6, 2H, CH.Br), 7.07~7.10 (n, 2H, 2AH), 7.30-7.40 (M, solution of hydroxylamineéd-sulfonic acid (5.42 g, 48.0 mmol) in
2H, 2ArH) ppm.3C NMR (62.5 MHz, CDC}): o¢c 28.7 @, J = methanol (50 mL) was added over a period of 30 min. After a
40.5 Hz,CN,), 32.6 CH.Br), 122.4 4, J= 274.8 Hz,CF3), 126.9 further 12 h the mixture was allowed to warm to room temperature;
(ArCH), 127.3 (ACH), 129.8 (AICH), 130.2 (ACC), 130.7 water (150 mL) and dichloromethane (100 mL) were then added.
(ArCH), 139.2 (ACC) ppm. % NMR (235 MHz, CDC}, The organic phase was removed, and the aqueous phase was
CFCk): 0g —65.6 &, CF3) ppm. IRvma/cm™1 (thin film): 1157, extracted with dichloromethane (4 100 mL). The combined
1198, 1253, 1343, 1493, 1608HN), 2926. U\VV-vis (MeOH): 1 organic extracts were dried (MggQfiltered, and concentrated in

= 352.8 (N=N) nm. CI-MS ([M]"—N,) calculated for GH¢BrFs: vacuo to afford a yellow oil, which was dissolved in methanol (200
249.9605; found: 249.9604. The oil was dissolved in a solution mL) in the dark. Triethylamine (13.5 mL, 96.0 mmol) was added
consisting of water (40 mL) and dioxane (40 mL), and AgNO followed by gradual addition of iodine pellets until the intense color



Macromolecules, Vol. 40, No. 4, 2007 Hyperbranched Poly(aryl ether)947
of iodine remained. The mixture was stirred for 2 h and concentrated washed with 0.25 M HCI (2« 200 mL), saturated NaHG{2 x

in vacuo, and the residue was dissolved in diethyl ether (200 mL), 200 mL), and water (200 mL), dried (MgQp filtered, and
which was then added to saturated sodium thiosulfate (100 mL) concentrated in vacuo to affor®-tosyl-2,2,2-trifluoro-1-(3,5-
and stirred for 1 h. The organic phase was removed, washed with dimethoxyphenyl)ethanone oxini& as a white solid, 15.4 g (98%);

water (3x 100 mL), dried (MgSQ), filtered, and concentrated in
vacuo to afford an orange oil. Purification via column chromatog-
raphy (3:2 dichloromethane:hexane) afforded 3-methyl-3-(3-(tet-
rahydro-H-pyran-2-yloxy)phenyl)diazirin€ as a pale yellow ail,
4.84 g (56%)*H NMR (250 MHz, CDC}, TMS): 6y 1.50 6, 3H,
CHj), 1.56-1.72 (n, 3H, CH, + CHH), 1.76-1.87 (n, 2H,
2CHH), 1.90-2.07 (n, 1H, CHH), 3.55-3.64 (n, 1H, OCHH),
3.83-3.92 (m, 1H, OCHH), 5.41 fn, 1H, OCH), 6.49-6.54 (M,

1H, 1AH), 6.61-6.62 (n, 1H, 1AH), 6.97—7.02 (m, 1H, 1AH),
7.24 ¢, J = 8.0 Hz, 1H, 1AH) ppm. 13C NMR (62.5 MHz,
CDCl): 0¢ 18.0 (CH3), 20.1 CH,), 25.8 CH>), 26.6 CNy), 31.2
(CHy), 62.9 (CCHy), 99.2 (CCH), 113.0 (ACH), 114.9 (ACH),
118.3 (AICH), 130.0 (AICH), 141.7 (ACC), 156.2 (ACO) ppm.

IR vma/cm™2 (thin film): 1036, 1073, 1125, 1202, 1305, 1455,
1489, 1583, 1601, 2946. UWis (MeOH): A = 373.9 (N=N) nm.
CI-MS ([M]™—Ny,) calculated for GH1¢02: 204.1150; found:
204.1154.

Synthesis of 2,2,2-Trifluoro-1-(3,5-dimethoxyphenyl)ethanone
11 1-Bromo-3,5-dimethoxybenzene (9.99 g, 46.0 mmol) was
dissolved in anhydrous THF (150 mL) and cooled+68 °C under
argon. 1.6 Mn-butyl lithium in hexanes (28.7 mL, 46.0 mmol)

mp 113-114°C. *H NMR (250 MHz, CDC}, TMS): 6y 2.48 6,

3H, CH3y), 3.79 6, 6H, 20(H3), 6.45 @, J = 2.1 Hz, 2H, 2AH),

6.58 ¢, J = 2.1 Hz, 1H, 1AH), 7.37-7.40 AAXX system2H,

2ArH), 7.86-7.90 AAXX system2H, 2AH) ppm.13C NMR (62.5
MHz, CDCh): d¢c 22.2 (CH3), 55.9 (2GCH3), 103.7 (ACH), 106.7
(2ArCH), 119.9 @, J = 277.5 Hz,CF3), 126.4 (ACC), 129.7
(2ArCH), 130.3 (2ACH), 131.6 (AICC), 146.6 (ACS), 154.5¢,

J = 33.7 Hz,CO), 161.3 (2AC0O) ppm.°F NMR (235 MHz,
CDCly): O —67.5 6, CF3) ppm. IRvma/cm? (thin film): 1160,
1181, 1196, 1292, 1388, 1457, 1595. CI-MS ([Wtalculated for
Ci/H16F3sNOsS: 403.0701; found: 403.0709.

Synthesis of 3-(3,5-Dimethoxyphenyl)-3-(trifluoromethyl)-
diaziridine 20. O-Tosyl-2,2,2-trifluoro-1-(3,5-dimethoxyphenyl)-
ethanone oximd7 (15.4 g, 38.2 mmol) was dissolved in dichlo-
romethane (80 mL) and added dropwise over a period of 30 min
to liquid ammonia (200 mL) at-78 °C under argon. After 12 h
the mixture was warmed to room temperature. Water (200 mL)
and dichloromethane (100 mL) were added, and the mixture was
stirred for 1 h. The organic phase was removed, and the aqueous
phase was extracted with dichloromethanex(4150 mL). The
combined organic extracts were dried (MggOfiltered, and

was added over a period of 5 min, and the mixture was stirred for concentrated in vacuo to afford 3-(3,5-dimethoxyphenyl)-3-(trif-

a further 5 minN,N-Diethyltrifluoroacetamide (7.77 g, 46.0 mmol)

luoromethyl)diaziridine20 as a colorless solid, 9.40 g (99%); mp

was then added over a period of 5 min, and the mixture was stirred 97—98 °C. 'H NMR (250 MHz, CDC}, TMS): dy 2.24 @, J =

for 2 h. The mixture was then poured into a saturatedGIH300
mL) solution and stirred rapidly for an hour before extraction with
diethyl ether (4x 150 mL). The combined organic extracts were
dried (MgSQ), filtered, and concentrated in vacuo, and the resulting
residue was purified via column chromatography (7:3 hexane:
dichloromethane) to afford the 2,2,2-trifluoro-1-(3,5-dimethoxyphe-
nyl)ethanonell as a crystalline solid, 9.91 g (92%); mp 228
°C.'H NMR (250 MHz, CDC}, TMS): dy 3.85 5, 6H, 20CH3),
6.77 ¢, J= 2.3 Hz, 1H, AH), 7.19 (n, 2H, 2AH) ppm.13C NMR
(62.5 MHz, CDC}): 6c 56.1 (2GCH3), 107.8 (AICH), 108.4
(2ArCH), 117.0 ¢, J = 291.3 Hz,CFs), 131.8 (ACC), 161.4
(2ArCO), 180.7 ¢, J = 34.9 Hz,CO) ppm.*°F NMR (235 MHz,
CDCl): 6 —71.5 6, CF3) ppm. IRvma/cmt (thin film): 1004,

8.5 Hz, 1H, NH), 2.76 @, J = 8.5 Hz, 1H, NH), 3.80 §, 6H,
20CH3), 6.51 ¢, J = 2.3 Hz, 1H, AH), 6.76 @, J = 2.3 Hz, 2H,
2ArH) ppm.*3C NMR (62.5 MHz, CDCJ): d¢ 55.9 (2QCHj3), 58.5
(g, J=36.0 Hz,CNy), 102.5 (AICH), 106.5 (2ACH), 123.8 ¢, J
= 278.3 Hz,CF3), 134.0 (AICC), 161.3 (2ACO) ppm.1% NMR
(235 MHz, CDC}): 0 —75.9 6, CF3) ppm. IR vma/cmt (thin
film): 1065, 1158, 1208, 1429, 1462, 1600, 3257. CI-MS ([M]
calculated for GgH11F3sNO,: 248.0773; found: 248.0771.
Synthesis of 3-(3,5-Dimethoxyphenyl)-3-(trifluoromethyl)-
diazirine 23. 3-(Trifluoromethyl)-3-(3,5-dimethoxyphenyl)diaziri-
dine 20 (9.40 g, 37.9 mmol) was dissolved in diethyl ether (150
mL), and AgO (11.6 g, 49.8 mmol) was added. The mixture was
then stirred vigorously in the dark under argon for 48 h. The

1069, 1159, 1210, 1284, 1348, 1462, 1593, 1716, 2944. CI-MS insoluble silver residues were removed by filtration though a

(IM] ) calculated for GoHoF3O3: 234.0504; found: 234.0505.
Synthesis of 2,2,2-Trifluoro-1-(3,5-dimethoxyphenyl)ethanone
oxime 14 2,2,2-Trifluoro-1-(3,5-dimethoxyphenyl)ethanoriedl

MgSQOy/Celite layered sinter bed and the filtrate was concentrated
in vacuo to afford 3-(3,5-dimethoxyphenyl)-3-(trifluoromethyl)-
diazirine23 as a very pale yellow oil, 9.28 g (99%3 NMR (250

(9.60 g, 41.0 mmol) and hydroxylamine hydrochloride (5.70 g, 82.0 MHz, CDCk, TMS): 64 3.78 6, 6H, 20CH3), 6.28-6.29 (m, 2H,
mmol) were dissolved in ethanol (200 mL) and heated under reflux 2ArH), 6.48 ¢, J = 2.2 Hz, 1H, AH) ppm.13C NMR (62.5 MHz,
for 2 h. The mixture was neutralized Wi M NaOH, maintained CDCl): o6c 28.9 @, J = 40.3 Hz, Ny), 55.8 (2GCH3), 101.9
under reflux for a further 2 h, and then stirred at room temperature (ArCH), 105.1 (2ACH), 122.4 ¢, J = 274.7 Hz,CF3), 131.5
for 8 h. The mixture was concentrated in vacuo, and the resulting (ArCC), 161.5 (2A€0) ppm.% NMR (235 MHz, CDC}): d¢
residue was dissolved in water (250 mL) and extracted with diethyl —65.5 §, CF3) ppm. IRvma/cm ™t (thin film): 1000, 1159, 1209,
ether (5x 100 mL). The combined organic extracts were washed 1294, 1460, 1598, 1610, 2943. BWis (MeOH): 1 = 353.9 (N=

with 0.25 M HCI (200 mL) and water (200 mL), dried (Mg®Q®
filtered, and concentrated in vacuo to afford 2,2,2-trifluoro-1-(3,5-
dimethoxyphenyl) ethanone oxim&4 as a white solid, 9.70 g
(95%); mp 105-106 °C. *H NMR (250 MHz, CDC}, TMS): oy
3.82 6, 6H, 20Hy), 6.57 ¢, J= 2.1 Hz, 1H, AH), 6.61 @, J =
2.1 Hz, 2H, 2AH), 8.65 pr s, 1H, OH) ppm. 3C NMR (62.5
MHz, CDCk): d¢ 55.9 (2GCH3), 103.0 (AICH), 107.0 (2ACH),
120.8 @, J = 275.2 Hz,CF3), 127.8 (ACC), 148.0 ¢, J = 32.6
Hz, CO), 161.2 (2ACO) ppm.1°F NMR (235 MHz, CDC}): of
—67.4 6, CF3) ppm. IRvma/cmt (thin film): 974, 1127, 1157,
1212, 1426, 1461, 1595, 3357. CI-MS ([W] calculated for
Ci0H10F3NOs: 249.0613; found: 249.0605.

Synthesis ofO-Tosyl-2,2,2-Trifluoro-1-(3,5-dimethoxyphenyl)-
ethanone oxime 172,2,2-Trifluoro-1-(3,5-dimethoxyphenyl)etha-
none oximel4 (9.70 g, 38.9 mmol), triethylamine (8.20 mL, 58.4
mmol), p-(N,N-dimethylamino)pyridine (DMAP) (96.1 mg, 0.788
mmol), andp-toluenesulfonyl chloride (TsClI) (7.42 g, 38.9 mmol)

N) nm. CI-MS ([M]") calculated for GoHoFsN,O,: 246.0616;
found: 246.0609.

General Procedure for the Synthesis of PolyethersPhoto-
chemical PolymerizatianThe diazirine was weighed into a dry
screw-top vial (3 mL), and for solution-phase polymerizations the
required amount of anhydrous solvent and a stirrer bar were added.
The vials were flushed with argon, sealed, and then placed 2 cm
away from a 125 W high-pressure mercury lamp equipped with a
water cooling jacket and irradiated for 24 h. After photolysis the
solvent was removed from solution-phase polymerization mixtures,
and the residue was dried in vacuo (0.1 mbar) atG@or 12 h to
yield the desired polymers. The polymers were analyzed using IR,
UV—vis, and NMR spectroscopic analyses, and the molecular
weight characteristics were determined using GPC coupled with
RI detection.

Thermal TreatmentThe polymer was weighted into a dry vial
(3 mL) that was placed in a drying tube surrounded by a heating

were dissolved in anhydrous dichloromethane (150 mL) in the dark jacket. The vials were then heated at T4Din vacuo (0.1 mbar)

under argon. After stirring for 12 h, the resulting mixture was

for 12 h to afford glassy solids. The resulting polymeric materials
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were analyzed using IR, UWis, and NMR spectroscopic analyses,
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1266, 1354, 1450, 1612, 2878, 3402. Yvis (MeOH): 1 = 209,

and the molecular weight characteristics were determined using246 nm. GPC (0.05 M LiBr in DMF, 60C): M,, = 14.3 kDa,M,

GPC coupled with RI detection.

Characterization of Poly(aryl ether) P1.2a.The analytical data
presented are for the poly(aryl eth&).2aand are representative
of the all the poly(aryl ether)s synthesized from the AB-type
phenolic monomedl. The poly(aryl etherP1.2awas obtained as
a yellow/brown solid in a yield of 96%¢H NMR (250 MHz, ds-
DMSO): 6y 1.23-1.59 ), 4.06-4.69 (n), 5.05-5.57 (M), 5.66—
5.79 (), 6.31-6.39 (), 6.39-7.49 (M), 9.13-9.59 (M) ppm.13C
NMR (62.8 MHz, ds-DMSO): dc 25.0-25.5 (), 31.4 §), 38.8
(8), 77.0-77.7 (), 113.8-120.8 (n), 129.9-131.2 (), 138.6-
138.7 (), 145.0 6), 145.7 §), 146.3-147.5 (), 159.0-159.3 (1),
159.8-160.2 M) ppm. IRvma/cm™ (thin film): 1019, 1071, 11509,
1252, 1371, 1449, 1487, 1597, 2870, 2976, 3335.-Wi
(MeOH): 4 = 201, 275 nm. GPC (0.05 M LiBr in DMF, 6€C):
My = 1.6 kDa,M, = 0.7 kDa, PDI= 2.3.

Characterization of Poly(aryl ether) P2.3a.The analytical data
presented are for the poly(aryl eth&2.3aand are representative
of the all the poly(aryl ether)s synthesized from the AB-type
phenolic monomeR. The poly(aryl etherP2.3awas obtained as
a yellow/brown solid in a yield of 98%¢H NMR (250 MHz, ds-
DMSO): 6y 4.92-5.62 (), 5.92-6.42 (n), 6.49-7.89 (M), 9.30—
10.4 () ppm;13C NMR (62.8 MHz,ds-DMSO) ¢ 30.8 §), 34.8
(s),71.06), 114.8-115.3 (1), 115.9-116.4 (m), 116.9-117.4 (v),
118.2-119.1 ¢n), 128.7130.6 (), 137.6 §), 157.4-158.0 (n)
ppm. 1% NMR (235 MHz,ds-DMSO): 6 —62.9 to—62.5 (M),
—65.9 to—64.0 (), —67.1 to—66.6 (M), —67.9 to—67.4 (M),
—68.2 t0o—68.1 (), —70.9 ), —71.0 §), —71.1 §), —74.9 6),
—75.4 {d), —76.4 to—75.5 (m), —77.4 to—77.0 m), —78.1 to
—78.0 (m), —83.3 t0 —83.1 (M) ppm. IR vma/cm2 (thin film):
1070, 1141, 1165, 1252, 1455, 1593, 2980, 3320.-Wk
(MeOH): 4 = 201, 278 nm. GPC (0.05 M LiBr in DMF, 6€C):
My = 11.0 kDa,M, = 3.7 kDa, PDI= 3.0.

Characterization of Poly(aryl ether) P3.3a.The analytical data
presented are for the poly(aryl eth&3.3aand are representative
of the all the poly(aryl ether)s synthesized from the JAfpe
phenolic monomeB. The poly(aryl etherP3.3awas obtained as
a yellow/brown solid in a yield of 99%¢H NMR (250 MHz, ds-
DMSO): 6y 4.15 pr s), 4.57 @), 4.91 @), 5.05-5.63 (r s), 5.68—
7.03 (m), 7.25-7.51 (n), 7.58-7.76 (M), 8.85-10.2 (), 10.2 pr
S) ppm. 3C NMR (62.8 MHz,ds-DMSO): 6¢ 30.8 6), 34.2 6),
34.86),71.06),103.1 ¢), 102.3 §), 106.1-106.3 (n), 138.1 6),
140.8 §), 158.1 ), 158.5 6), 158.9-159.1 (). 1%F NMR (235
MHz, ds-DMSO): o —61.6 to—61.2 (M), —62.7 to —62.6 (M),
—65.0 to—64.2 (M), —67.1 to—66.4 (M), —67.9 to—67.8 (),
—70.8 §), —74.7 to—74.5 (n), —76.1 to —75.2 (m), —77.1 to
—76.9 (), —77.9t0—78.2 (M), —83.3 t0—83.1 (M) ppm. IRVma

cm? (thin film): 1011, 1159, 1266, 1347, 1462, 1607, 2981, 3345.

UV —vis (MeOH): 1 = 202, 282 nm. GPC (0.05 M LiBr in DMF,

60 °C): My, = 6.1 kDa,M, = 3.0 kDa, PDI= 2.0.
Characterization of Poly(benzyl ether) P4.2aThe analytical

data presented are for the poly(benzyl ethBd.2a and are

= 3.7 kDa, PDI= 3.9.
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