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ABSTRACT: The CpTiCl-catalyzed SET reduction of aliphatie,3-conjugated, and aromatic aldehydes generates
reactivea-titanoxy radicals which add readily to styrene and initiate a radical polymerization. The linear dependence
of molecular weight on conversion in conjunction with the relatively narrow molecular weight distributions and
linear kinetics support the living character of the process which is mediated by the reversible termination of the
growing chains with CgTiCl. Investigations of the reaction variables reveal a living polymerization in all cases,
but with progressively narrower molecular weight distributiokk,/M, ~ 1.2) and larger initiator efficiencies
(0.7-0.9) with increasing the GpiCl,/aldehyde, aldehyde/styrene, and Zrn/Ggl, ratios at 76-90 °C for a

wide variety of aldehyde structures. Aldehydes are thus introduced as a new class of initiators for living radical
polymerizations and may also provide novel avenues for the synthesis of block and graft copolymers.

Introduction transition metal catalyzed organometalflitiving radical po-

Over the past decade, living radical polymerization (LRP) lyé?g;:éii%g 'Ic')r:eStglzfeer;?sIglftlﬁ;idnd%/ﬁipggﬂ?:inzﬁfgz;tg

has undergone remarkable progress and has become one of thie! ~ 4
most efficient and robust synthetic methods in modern polymer SCIvents and additivé® as well as reagent ratios and temper-
chemistry The precise synthesis of complex macromolecular auré were also investigated. This study has revealed the
structures has greatly benefited from the ability of LRP to Superiority of sandwich metallocenes over alkoxide and half-
control molecular weight and polydispersity. Accordingly, the sandwich ligands as well as the relatively weak influence of
extensive applications of LRP have incited extensive efforts in the Cp substituents. Gratifyingly, the most promising catalyst
the development of novel initiators and catalytic systems. (Cp:TiClz) was also the least expensive di&Furthermore,

Detailed investigations have established #MaandM,/M, can Ti alkoxides generated in situ by epoxide RRO catalyze the
be controlled by the reversible termination of growing chains living ring-opening polymerization of cyclic estet¥.
with persistent radicatsor degenerative transfer (DT) agefts. Typical LRP initiators are based either on redox systems

Mechanistically, LRP occurs by atom transfer (ATRP), dis- inyolving late transition metal complexes and activated alkyl
sociatior-combination (DC), or degenerative transfer (BT)  pajides or on thermal initiatofsHence, a wider assortment of
Processes. ATRP3'4S catalyzed by late transition metal (Cu, Ru,jnitiator functionalities and the availability of multifunctional
Ni, Fe Mo, etc)* hahdes. In conjunction with Ilgands qnd catalysts would greatly augment the synthetic ability of mac-
%ddnwes. The DC mgchanlsm@s mgd|ated by organic (nitrox- romolecular chemistry. Aldehydes are known to initiate the
ides} or organometallic (CO'.M )pers_l_stent rad|cal_s, while DT cationic polymerization of vinyl ethe?® and the aldol group
employs sulfur-based reversible additicfragmentation transfer transfer polvmerization of silvl vinvl ethefd® While ketyl
(RAFT)” agents as well as iodirfeTe  and SB” derivatives. radicals geri):/ed from ketone r):aduct?lons withls%ﬁand Bu?-

Currer_nly,_ in addition to application_s MOIeﬁn coordinatiqn SnH5b or constitutionally isomeric acyl radicals obtained by H
polymerlza_tlonéo ar_ld organo_metalllc r(_eacnoﬁé_,there 1S abstraction from aldehyd&sadd to double bonds, no applica-
increased interest in the radical organic chemistry of early . . o ’

tions in radical polymerizations were ever reported. Moreover,

transition metald?2 One of the most successful examples, the dehvd woicall d hain © P .
paramagnetic Gi(ll1)CI 13 complex, is inexpensively available aldehydes are typically used as chain transfer agér@an-

from the reduction of C4Ti(IV)Cl » with Zn.4 The lime-green  Versely, the C&=Cu*or Mn**® catalyzed oxidation gf-CH,
Cp.TiCl is a very mild one-electron-transfer agent which 9roups of ketones, the aldehyde H-transfer to acryR&testhe
catalyzes a variety of radical reactiofsncluding the radical ~ Photolysis and sensitizing effé&%of aromatic ketones can
ring-opening (RRO) of epoxidé® and the single electron be employed in initiating radical polymerizations. Polymers
transfer (SETY reduction of carbonyls to carbon-centered derived from pinacol radical polycondensations are also avail-
radicals which subsequently dimerize to the corresponding 1,2-able! As aldehydes generate ketyl radicals via theis Bpl-
diols (i.e., pinacol couplingy® This reaction can occur enantio- ~ catalyzed SET reduction, it is reasonable to assume that such
selectively® even under aqueous conditi@hsand proceeds  radicals should add to the double bonds of vinyl monomers.
readily with aromatic,a,S-unsaturated, and aliphatic alde- However, this reaction was never applied to the initiation of a
hydes!8-22 radical chain polymerization. We have thus decided to explore
We have recently extended the use of,Ugl to polymer the scope and limitations of this novel initiating methodology,
chemistry and demonstrated the first examples of an early and we are describing herein the (jCl-catalyzed living
radical polymerization of styrene initiated by SET reduction
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Experimental Section Scheme 1. Mechanism of the CTiCI-Catalyzed LRP of
. . Styrene Initiated from Aldehydes
Materials. Benzaldehyde (BA, 99.5%), 3,4,5-trimethoxybenzal-

dehyde (TMBA, 98%), 4-benzyloxybenzaldehyde (4-BBA, 95%), 2ChTi0V)Cl, + m Rl ocpfiamer + zcy ()
4-hydroxybenzaldehyde (4-HBA, 96%), terephthaldicaboxaldehyde 1 2 3 4

(TDCA, 99%), 2-nitrobenzaldehyde (2-NBA, 98%), 4-nitrobenzal- o Y k. .

dehyde (4-NBA, 98%), and 5-norbormnene-2-carboxaldehdye (5- “P"{""“ + S ~ RACOTCHA @
NCA, 95%) (all from Aldrich), 4-chlorobenzaldehyde (4-CBA, H

985%) and 2-meth0xyben2a|dehyde (Z'MBA, 98%) (Janssen R-Hé-OTiszcl kPi"an (szClTiO-CHR)Z (3)
Chimica), 2-thiophenecarboxaldehyde (TCA, 98%) anahethyl- 6 7
cinnamaldehyde (MCA, 98%), (Acrosjp-butyraldehyde (BTA,

98%) and citral (CT, 98%) (Chem Service), Zn (nanosize activated r-u¢-0Ticp,cl + Cp, TN kat Cp,CITiO-CHR-TiCp,Cl )
powder>99%, Aldrich), and 2-methyl-3-(2-furyl) propenal (MFP, 6 3 kar 8

Avocado Research, 97%) were all used as received. Bis(cyclopen- N

tadienyl)titanium dichloride (GFiCl,, Acros, 97%) was recrystal- NCH=CHPh ~—2—= ~Py ©)
lized from methylene chloride. Styrene (Aldrich,-8%) was dried 9 10

over calcium hydride overnight and passed through a basi©sAl . Ky

chromatographic column. 1,4-Dioxane (Fisher, 99.7%) was distilled k;Pf\:/I + Cp, Ti(IICI - ~P,-Ti(IV)Cp,Cl (6)
over Na/benzophenone. . 3 ; 11

Techniques.*H NMR (500 MHz) spectra were recorded on a i Key i <
Bruker DRX-500 at 24C in CDCk (Aldrich; 1% v/v tetrameth- o P TAVICp LI === P TiAV)CpoCL + @ @
ylsilane (TMS) as internal standard). FTIR spectra (KBr) were b b z
recorded FT-IR using a Nicolet Magna-IR 560. GPC analyses were

+

performed at 34°C on a Waters 150-C Plus gel permeation ) Kred2 o 8
chromatograph equipped with a Waters 410 differential refracto- > FPwTidV)CpCl + - Zn —Zs  PpZn + 20pTiAC @)
meter, a Waters 2487 dual wavelength absorbance \i§/detector n 2 2 3

set at 254 nm, a Polymer Laboratories PL-ELS 1000 evaporative

light scattering (ELS) detector, and a Jordi Gel DVB 105 A, a PL ~PpZn Ak, oy 4 Zn ©)
Gel 104 A, a Jordi Gel DVB 100 A, and a Waters Ultrastyragel 12 10 2

500 A column setup. Tetrahydrofuran (Fisher; 99.9% HPLC grade)
was used as an eluent at a flow rate of 3 mL/min. Number-average reversible termination is outlined (vide infra) in eqs 8 ar®d®.
(M,) and weight-average molecular weight4,) were determined The structures of the aldehydes investigated are presented in
from calibration plots constructed with polystyrene standards. Chart 1 and include substituted aromatic, conjugateg;
Polymerizations.Cp,TiCl (86.9 mg, 0.35 mmol), Zn (45.6 mg,  unsaturated, and linear aliphatic substrates.

0.70 mmol), Caid (<10 mg as trace moisture scavenger), and  The NMR spectrum of a PSt sample initiated from 3,4,5-
dioxane (1 mL) were added to a 25 mL Schienk tube. The tube imethoxybenzaldehyde (TMBA) is shown in Figure 1. This
was degassed by several freepemp-thaw cycles and was filled 40y de \was selected since it provides NMR signals which do
with Ar. The reduction occurred in less than 10 min and was .

not overlap with polystyrene resonances. The presence of the

accompanied by the characteristic lime-green color ofT@pl)- . .
Cl. The tube was then cooled t678°C in an acetone/dry ice bath. 1 MBA fragment on the PSt chain end is supported by the strong

Styrene (1 mL, 8.7 mmol) and benzaldehyde ¢890.087 mmol)y ~ Methoxy resonances (kGO)sPh—, 6 = 3.4-3.8 ppm). Their
were injected through the sidearm, and the mixture was redegassedntegration vs the main chain affords a reasonable correlation
by several freezepump-thaw cycles and was heated at9Din of the molecular weight obtained by NMR and GR@Z,{MR =
an oil bath. Samples were taken under Ar using an airtight syringe 3890 g/molM,°P¢= 3660 g/mol). As expected, the distinctive
and were used for conversion alt} determination by NMR and ~CHO aldehyde peak)(= 9.87 ppm) is absent. Benzyl alcohol
respectively by GPC. ((CH30)3Ph—CH(OH)~) resonances can also be observed at
= 4.2-4.4 ppm. However, during workup, some of the
benzyloxy Ti derivative eliminates GEICIOH.33 The dehydra-
The proposed polymerization mechanism is outlined in tion is driven by the formation of an unsaturation conjugated
Scheme 1. Zn reduction of GR(IV)Cl, to CTi(ll)ClI is with the initiator phenyl ring ((CHO);Ph—CH=CH-CHPh~)
conveniently carried out in situ (eq 1) and occurs readily at and is partially visible ad = 5.8—6.2 ppm. FTIR investigations
room temperature, as evidenced by a characteristic red to greer{Figure S1 in Supporting Information) are consistent with the
color change. Injection of excess aldehyde (e.g. benzaldehyde NMR results and support the aldehyde initiation as well. Thus,
BA) into a green CpriCl solution leads to the fast appearance the characteristic carbonyl signal at 1682 énis absent from
of the yellow-orange color of the Ti(IV) alkoxide (ZpiCIOR), the TMBA-initiated PSt, indicating complete aldehyde con-
indicating the occurrence of carbonyl reduction (eq 2). Similarly sumption, while typical aryl alkyl ether resonances at 1258
to epoxides? aldehydes may also be activated toward reduction 1235 and 11311024 cnt! (asymmetrical and symmetrical
by ZnCk. In the absence of a substrate for addition, and without C—O—C stretching}* as well as a broad OH peak (3668300
excess CgliCl over aldehyde, conventional pinacol coupling cm™1) confirm the presence of the initiator fragment on the chain
occurs (eq 3% However, excess GpiCl may reversibly trap end.
the aldehyde-derived radical and suppress the pinacol coupling The effect of temperature and of the aldehydef@pl,, Cpy-
via the persistent radical efféoteq 4). In the presence of an  TiCl,/Zn, and St/aldehyde ratios was subsequently investigated
unsaturated substrate, the nucleophilititanoxyketyl radical using benzaldehyde (BA) as a model initiator and is outlined
adds to the double bond, thus initiating the polymerization (eq in Tables 1 and 2 and in Figures—Z. The effect of the
5) which is mediated in a living fashion by the reversible end- aldehyde/CgTiCl; ratio is presented in Figure 2 and Table 1,
capping of the propagating radical with a second equivalent of experiments +4. According to the proposed mechanism (vide
CpeTiCl.23 The reversible homolysis of the-Ti bond occurs supra), one CfICl equivalent is required for the carbonyl
via a combination of the DC and DT mechanisms (egs 6 and reduction, while a second GRCI equivalent mediates the
7). The possible involvement of Zn in the catalysis of the reversible termination of the growing chains. Indeed, while U%IE%/

Results and Discussion
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Chart 1. Structures of the Aldehyde Initiators
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MFP CA BTA

a slight excess of Zn over GpICl, (Ti/Zn = 1/2), even a BA/ a continuous increase in the initiator efficiency (£0.7) and

Cp.TiCl, = 1/1 ratio already provides a linear dependence of a satisfactory decrease of polydispersi;(M, ~ 1.15), while
linear kinetics are observed in all cases. The decreadé,in

molecular weight on conversion. However, the initiator ef-
ficiency (IE) is very low (IE= 0.08), and the molecular weight M, is the result of the increase in the rate of initiation, while

distribution is broad. Increasing the amount of catalyst from the increase in IE follows the suppression of pinacol coupling

BA/Cp,TiCl, = 1/2 to BA/CpTiCl, = 1/3 and 1/4 allows for with increasing the persistent radical concentrafi®his is also
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Figure 1. 500 MHz*H NMR spectrum of polystyrene initiated from 3,4,5-trimethoxybenzaldehyde.
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Table 1. Cp;TiCl-Catalyzed Styrene Polymerizations Initiated from 16,000
Benzaldehyde 14,000 § :ggﬂgﬁ;'s a @ 1.501 ®)
temp M, M./ op :z,xz_ A 10011309 i) .
expt [S/BAVT/[Zn] (°C) (g/molp M2 (b IE s 5,000 . ’
1 100/1/1/2 90 68357 1.72 0.079 0.08 6,000 3 1.007
2 100/1/2/4 90 14662 1.35 0.238 0.36 4000] ® =
3 100/1/3/6 90 7400 119 0358 0.70 2.000] g 078 d
4 100/1/4/8 90 7180 1.11 0.223 0.73 ° 20 ~ 0.50-
5 100/1/3/1.5 90 9692 1.34 0.139 0.54 1.8 ’ ]
6 100/1/3/9 90 6266 1.17 0.392 0.88 :}25 0.25
7 50/1/3/6 90 3632 1.14 0394 0.72 (12
8 200/1/3/6 90 15890 1.31 0.241 0.66 T T T T 1.0 0.00 T T T
9 400/1/3/6 90 38420 133 0.206 0.54 00 02 04 06 08 1.0 2 4 6 8
10 100/1/3/6 70 7079 113 0094 074 Conversion o Time (h)
11 100/1/3/6 110 10304 127 00987 051 Figure 3. Effect of the CpTiClz/Zn ratio in the CpTiCl-catalyzed
12 100/1/3/6 130 11166 1.32 1.313 0.47 styrene polymerization initiated from BA: (a) dependencéviafand
. Mw/M, on conversion; (b) first-order kinetics. [St])/[BAJ/[GPiCl3]/
@At 50% conversion. [zn] = 100/1/3/1.5 W), 100/1/3/6 @), and 100/1/3/94); T = 90 °C.
Table 2. Cp,TiCl-Catalyzed Polymerization of Styrene Initiated from 45,000
Aldehydes 40,000 (@) X ;ggﬂ%g
no.  aldehydes My(g/molP  MuMpP  KP(hY)  IE zf;ggg = 100ririe
1 NCA 9366 1.17 0.198 0.56 £ 25,000
2 BTA 5891 1.25 0.241 0.88 20,000+
3 CT 5592 1.16 0.326 0.90 15,000
4 MCA 6465 1.13 0.334 0.91 10,000
5 MFP 5313 1.35 0.299 0.95 5,000+
6 4-HBA 7740 1.38 0.091 04
7 4-NBA 15049 1.43 0.223
8 2-NBA 7455 1.44 0.174
9 TDCA 6135 1.16 0.379 0.85 Fq°
10 TCA 7025 1.10 0.191 0.75 00 02 04 06 08 1.0 o 2 4 6 8
11 4-CBA 5725 1.12 0.423 0.88 Conversion Time (h)
12 4-BBA 5475 1.22 0.365 0.95 Figure 4. Effect of SUBA ratio in the CgTiCl-catalyzed styrene
13 2-MBA 5122 113 0.443 0.98 polymerization initiated from BA: (a) dependenceMf and M,,/M,
14 TMBA 5158 1.16 0.444 098 on conversion; (b) first-order kinetics. [StJ/[BA/[GBICIo)/[Zn] = 50/
15 BA 7180 111 0223 073 1/3/6 @), 100/1/3/6 W), 200/1/3/6 &), and 400/1/3/6%¢); T = 90°C.

a[Sty]/[Ald])/[Ti]/[zn] = 100/1/4/8,T = 90 °C. " At 50% conversion.

an,nnn

below 1.2. While these trends reflect the heterogeneous nature

M 10011172 124 (b) o ) o .
50,000 @ M 133/1/2/4 of the metal, they also indicate that Zn is a vital ingredient for
® 100/1/3/6 1.0 the realization of low polydispersity and polymerization liv-
40,000 polydisp y poly
e A 100/1/4/8 . . . .
H ingness. We thus speculate that Zn is involved in the catalysis
30,000 0.8 . . . . .
g of the reversible termination sté@?36 This could most likely
20,0004 S 08 be achieved (Scheme 1, egs 8 and 9) by Zn transmetalation of
10,000 = the Ti end-capped dormant chainsR,—Cp,TiCl) to regenerate

o
P

01

Eot

CpTi(lINCl and form a transient dibenzyl-like organozinc
speciesy~PZn. Subsequent homolysis fP,Zn regenerates
Zn(0) and liberates the propagating radical which adds more

Aaaaan
ovho®o
PDI
o
N

00 02 04 06 08 10 0.0 - monomer units until it is trapped again by l)CI.
Conversion Time (h) Therefore, both CfiCl and Zn are involved in the reversible
Figure 2. Effect of the BA/TICpCI ratio in the CpTiCl-catalyzed termination catalytic cycle. The effect of the styrene/aldehyde
styrene polymerization initiated from BA: (a) dependencavigfand ratio is presented in Figure 4 and Table 1, experiments 3 and
Mw/Mn on conversion; (b) first-order kinetics. [SU/[BAVIGRICI Y 7—9. Alinear dependence ®, on conversion and a reasonable
[zn] = 100/4/1/2 §). 100/1/2/4 W), 100/1/3/6 ®). and 100/L/4/84):  scaling ofMy with DPy, = [Stl[BA] is observed over a wide

range of ratios, from St/BA= 50 to St/BA = 400. Lower
polydispersity and higher IE valuesi{/M, ~ 1.2, IE~ 0.7)
consistent with the beneficial effect of the slight excess o Cp are obtained at lower St/BA ratios while larger St/BA ratios
TiCl over the initiator, which we have observed for epoxiéfes. are accompanied by slightly higher polydispersit.(M, =
However, while a large excess of gpCl may also lead to 1.3—1.4) and slightly lower initiator efficiencies (IE& 0.5—
epoxide deoxygenatiéh and lower IE, this reaction is not  0.6).
possible for aldehydes, and thus initiator efficiency increases The effect of temperature is presented in Figure 5 and Table

with Cp,TiCl concentration. 1, experiments 3 and 2. A linear increase iM,, with
The effect of the Ti/Zn ratio is presented in Figure 3 and conversion occurs at all temperatures in the-T80°C range.
Table 1, experiments 3, 5, and 6, using a BA/OGI = 1/3 The |IE decreases with increasing temperature frony IE7 at

ratio. A stoichiometric CprliCl,/Zn = 3/1.5 ratio already 70—90°Cto IE~ 0.5 at 116-130°C. The larger polydispersity
provides a linear dependence Mf, on conversion, but the IE ~ observed at 110 and 13T is the result of the shift the

is only 0.5 and the polydispersity is1.4. However, upon dissociation equilibrium of the €Ti bond toward the active
increasing the amount of Zn to €fiCl,/Zn = 3/6 and 3/9, the specieg? The polymerization kinetics are linear in all cases,
IE increases to 0-70.8 while the polydispersity decreases to and the rate increases with temperature as expected. An optErB\r}l
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16,000 o @ 20 ®) 3.2 ®)
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Figure 5. Effect of temperature in the GPiCl-catalyzed styrene g re 7. Cp,TiCl-catalyzed styrene polymerizations initiated from
polymerization initiated from BAT = 70 (a), 90 (@), 110 @), and ar%matic aldgzhydes: (a{depen)éencw%fa)adMW/Mn on conversion;
130°C (v), [SWIBAV[Cp-TICI>}/[Zn] = 100/1/4/8. Inset. selected GPC (b first-order kinetic plots: TDCA (right-pointing), TCA (¥), 4-CBA
traces of the polymerization carried out at Z0. (), 2-MBA (®), 4-BBA (<), TMBA (left-pointing a), and BA ().
[Sty)/[AI)/[Cp,TiClJ/[Zn] = 100/1/4/8,T = 90 °C.

28000 25
O NCAA 4HBA ()
24000 B 4-NBA . . .
20000 Z or v 2NBA 20] catalyst in the early stages of the polymerization, and thus not
< 160001 o MoP ' all initiating radicals are efficiently trapped by ERCI.
= 120001 g sl However, all other substituted benzaldehydes (Figure 7) provide
80001 g high initiator efficiency (IE= 0.8—0.9) and afford narrow
40001 3 40 molecular weight distributiondy/Mp ~ 1.2—1.35).
0 1.8
X v, 16 0.5 Conclusion
TS < 1.4 =
//’/‘7"51'5:‘5}%.—6”"":‘ [12 g The CpTiCl-catalyzed SET reduction af 5-conjugated or
00 02 04 05 08 10 Ot s 1o aromatic aldehydes generates allylic or benzylic captodafiely
Conversion Time (h) stabilizeda-titanoxy radicals which add readily to styrene and

Figure 6. Cp.TiCl-catalyzed styrene polymerizations initiated from initiate a radical polymerization. The linear dependence of

alphagtli/,lal,ﬁ-conjugated, and E':lbf)o?a:lc %'deEydet_Si (la)t deﬁ%‘g;me of molecular weight on conversion in conjunction with the
nan w/IVIn ON conversion; Irst-oraer Kinetic plots: s : H : : : ~

BTA (v), CT (right-pointing), MCA (left-pointing 4), MEP (1) relat|yely narrow molecular Welght_dlstrlbutlori*jsl\(,/Mn 1.2)

4-HBA (a), 4-NBA (m), and 2-NBA (). [St]/[Ald]/[Cp2TiCl;)/[Zn] and linear kinetics support the living character of the process

= 100/1/4/8,T = 90 °C. which is mediated by the reversible termination of the growing

chains with CpTiCl. The investigation of the effect of the
reaction variables carried out with benzaldehyde as initiator
reveals a living polymerization in all cases. However, progres-
sively narrower molecular weight distributionsl(/M, ~ 1.2)

and larger initiator efficiencies (IE 0.7—0.9) are obtained with

in terms of IE and PDI is observed at700 °C. An example
of GPC traces of the St polymerization initiated from BA at 70
°C is also included in Figure 5 and shows that the peaks are

symmetric and move continuously to higher mplecula_r W?‘ight- increasing the G iCl,/aldehyde, aldehyde/styrene, and Zn/
The linear dependence bf,, on conversion, the linear kinetics, Cp,TiCl, ratios and with decreasing temperature. Thus, an

and the low polydispersity values in conjunction with the ~ 00 is observed for [St/[BAJ[CIC/[Zn] = 100/1/
presence of the initiator fragment on the polymer chain end R o o
) . A 4/8 at 70-90 °C. Qualitatively, based on a combination of
converge to support the living nature of this polymerization as . .. . . ) .
initiator efficiency and polydispersity of the resulting polymers,

e dependence of the molecular weight and polydispersi 112 aldeiydes rank as 4-NBA 2-NBA~ 4-HBA < NCA <
p 9 POYAISPEISIY g~ TCA ~ MFP ~ BTA ~ TDCA < CT ~ 4-BBA ~

on conversion and the corresponding kinetics of the polymeriza- A-CBA ~ MCA = TMBA ~ 2-MBA. Thus, aldehydes are

tions initiated from various aliphatica.f-conjugated, and introduced as a new class of initiators for living radical

aromatic aldehydes are presented in Figures 6 and 7 and o L ; .
summarized in Table 2. The aldehydes were compared using apolymerlzatlons. Carbonyl groups are ubiquitous in organic

[St/[AI]/[Cp,TiClJ/[Zn] = 100/1/4/8 ratio at 99C. With the chemistry and thus available with a wide variety of structures
exception of NCA which may undergo an intramolecular suitable as polymerization initiators and as sites for graft or block

cyclization to decrease the initiator efficiency to about 0.5, all CoPOlymerization. Similarly to our previously reported Ticl/

other aliphatic and,5-conjugated aldehydes such as CT, MCA, epoxide syster® aldehydes also provide chain ends which can

and MFP provide a high initiator efficiency (€ 0.9), alinear ~ € utilized in ‘further derivatization and block copolymer
dependence of molecular weight on conversion, linear kinetics, SYnthesis. In addition, as they do not undergo deoxygenation,

and polydispersities of about £2.35 (Figure 6). In the case aldehydes allow for larger initiator efficiencies. Accordingly,
of substituted benzaldehyde derivatives (Table 2, experimentsthe Ti alkoxide generated in situ can be exploited in the catalysis

6—15, Figures 6 and 7), while a linear dependencd/gfon of the ring-opening polymerizations of cyclic esters. Research
conversion occurs again in all cases, two distinct behaviors are@long these lines is in progress in our laboratory and will be
observed. First, a highdul, intercept at low conversiorv, ~ reported soon.

4000 g/mol, Figure 6) and polydispersities of tU46 are

obtained in the polymerizations initiated from 4-HBA, 4-NBA, Acknowledgment. Financial support from the National

and 2-NBA. In these cases, reaction of,Ci| with either the Science Foundation (CHEM-0518247) and the University of
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