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F or more than 30 years, photoinitiated polymerization has
been widely used in industry for several applications, ranging
from coatings, adhesives, inks, optical waveguides, micro-
electronics."! More recently, the development of high-tech
materials, such as laser videodiscs, curing of acrylate dental
fillings, and the manufacture of 3D objects has been possible
also thanks to the discoveries of novel photoinitiators
endowed with tailored properties, such as fast polymerization
rates, high activity at room or lower temperatures, biological
compatibility, and the possibility to use solar light instead of
UV light to produce radicals in high quantum yields. This last
issue is important for application on humans (dentistry, bone
replacement), where UV light is known to cause damage to
healthy tissues.”! Of particular interest for industrial applica-
tions is also the possibility to use radiation curing of clear
coatings, for example where a high degree of whiteness is
required. One of the issues that needed to be solved is the
shelf-life of these lacquering agents as no yellowing of the
cured film is tolerated especially in the finished article and
after prolonged exposure to solar light.[¥

A class of photoinitiators responding to most of the
above-mentioned requirements is represented by monoacyl-
phosphine oxides (MAPOs) and even more by the bis(acyl)
analogues (BAPOs). These phosphorus-based compounds
(Scheme 1) easily generate an acyl and a phosphinoyl radical
by light irradiation, according to a Norrish type I cleavage
mechanism, that is, the photochemical cleavage of aldehydes
and ketones into two free radical intermediates. In this type of
reaction, the carbonyl group accepts a photon and is excited
to a photochemical singlet then triplet state through spin
crossing. On cleavage of the oa-carbon-carbon bond from
either state, two radical fragments are obtained. BAPOs show
superior efficiencies as photoinitiators as their molar extinc-
tion coefficients at 400 nm are usually higher than those of the
corresponding MAPOs. Some of the most well-known
BAPOs are solids, such as bis(2,4,6-trimethylbenzoyl)phenyl-
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Scheme 1. Radical cleavage pathways of a MAPO (left) and a BAPO
(right).

phosphine oxide, commercialized by Ciba (now BASF) with
the trade name IRGACURE 819.1 This class of compounds
is characterized by the presence of bulky substituents in
ortho position, which is necessary to increase the solvolytic
stability by shielding the carbonyl group from nucleophilic
attack. Some examples of BAPOs based on this concept are
shown in Scheme 2. The issues related to solubility, crystal-
lization, or fine dust hazards have been solved either by
introduction of alkyl groups directly onto the P atom, as in the
case of bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentyl-
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Scheme 2. Examples of BAPO structures.
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phosphine oxide and derivatives (Scheme 2),”! or by using
alkoxy groups with long alkyl chains, such as for bis(2,4,6-
trimethylbenzoyl)-n-butoxyphosphine oxide or moving to
superior analogues where the n-butyl group is replaced by
R = C¢—C4 alkyl chains.”

For the reasons explained above, a cheap, easy, and widely
applicable synthetic pathway to a library of substituted
BAPOs would be highly desirable.

The groups of Griitzmacher and Levalois-Griitzmacher
have been interested in the chemistry of phosphorus deriv-
atives and in coating technology during the last few years.” In
their recent contribution,® a novel synthetic route to BAPOs
is disclosed, together with examples of application of such
compounds to stain-resistant fabrics and photopolymeriza-
tion. The common approach requires the reaction of either
a primary phosphine RPH, or the corresponding metalated
derivative RPH,_,M, with an acyl chloride; this approach has
inherent safety problems and a low functional-group compat-
ibility. Instead, it was shown that a useful phosphorus synthon
such as NaPH,(NaOrBu), (1, x=2.4-2.8) can be easily
obtained by reaction of elemental phosphorus, sodium, and
tert-butanol and can be used without prior isolation to react
with mesitoyl chloride to give sodium bis(mesitoyl)phosphide
(2) in high yields and purity as a crystalline solid. In
a following step, 2 is reacted with a series of alkyl halides
carrying suitable functional groups (FG) to give the inter-
mediates FG-(CH,),-P(COMes),, which are finally converted
in very good yields to the corresponding BAPOs by oxidation
with aqueous hydrogen peroxide (Scheme 3).

Examples of BAPOs so obtained include 2-[bis(2,4,6-
trimethylbenzoyl)phosphoryl]acetic ~ acid  (BAPO-AA),
bis(2,4,6-trimethylbenzoyl)-{[2-(2-methoxyethoxy)ethoxy]-
ethyl}phosphine  oxide = (BAPO-PEG, water-soluble),
bis(2,4,6-trimethylbenzoyl)-[3-tri(methoxysilyl)propyl]phos-
phine oxide (BAPO-TMESI) and bis(2,4,6-trimethylbenzo-
yl)-(rac-5norbornen-2-butyl)phosphine oxide (BAPO-NOR).
Interesting examples of the versatility of such new BAPOs
were also described. For example, BAPO-TMESI was grafted
to cotton textile, then allowed to stand in an n-hexane
solution of 1H,1H,2H 2H-perfluorodecylacrylate and irradi-
ated for one hour, after which the stain-proof white cotton

Na, 10 mol% C10H8
tBuOH

Pred —_— NaPH,(NaOtBu),
dimethoxyethane (1,x=2.4-2.8)
2 MesCOCI

.l 2. Hy0,
FG x
2

(0]
e
N

FG = COOH, (CH,OCH,),CH,0OCH3 (CH,),Si(OMe);,
(CHy)3-rac-bicyclo[3.1.1]hept-2-ene

Mes P. Mes
1. FG-(CHp),X \rfe\\(
- 5 %% (soV)p
“Na*

Scheme 3. A novel synthetic route to functionalized BAPOs X =halo-
gen, solv=solvent.
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fabric so obtained showed hydrophobic and lipophobic
properties, stable for more than half a year. In a second
example, BAPO-NOR was used in a ring-opening metathesis
polymerization (ROMP)-type polymerization reaction using
a Grubbs catalyst, and a film-forming photoactive polymer
was obtained. This compound is endowed of further reactivity
upon irradiation, as it would be expected. By reacting
a droplet of a solution of such material with ethyl acrylate
(EA) on a silicon wafer and protecting the thin film with
a copper grid, by SEM it was possible to demonstrate that
radical EA polymerization occurred only where the light hit
the film, in the form of cubic polymer blocks of about 100 um
width (Scheme 4).
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Scheme 4. Drawing of a photoactive branched polymer obtained by
ROMP polymerization of BAPO-TMESI and EA at room temperature in
the presence of Grubbs’ catalysts [RuCl,(PCys),(CHPh)] (1 mol %).

These results open the way to a new class of BAPO-type
photoinitiators bearing functional groups, which can be
chosen for many different applications, as photoactive
polymers and surfaces. The mildness of the applied synthetic
method and the choice of widely available starting materials,
which are safe and easy to handle, as well as the fact that
purification or isolation of unstable reaction intermediates
can be avoided, make this method highly competitive for use
in the production of commodities on both small and large
scale.
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