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[(SiMe;),NC(NiPr),|:Ln(pu-Me), L{TMEDA) (Ln = Nd, Yb) as
Effective Single-compounent [nitiators for Styrene Polymerization

Yunjie Luo. Yingming Yao. Qt Shen®

Department of Chemistry and Chemical Engineering. Suzhou University, Suzhou
2150006. People’s Republic of China

General Procedures and Materials. All manipulations. were pcrformcd under
pure argon with rigorous exclusion of air and moisture “using standard Schlenk
'leclilxiqdes. THF. l:olucn'c..'El;O and hexane were analvtically pure .('Shicmghai chemical -
reagent co.. Lid). and were Aislillccl from purple Na‘benzophenone ketvl prior 1o use.
[(SiMC;)zNC(NiPK‘)g]}Ln(}.l'-Cl)gLi(THF.)g (Ln =Nd. Yh) were prepared acédrding to the
: litérature.' Sl_\-'re‘n-ei(anal'\-'liéally purc.‘-SAhahghéi.chemical reagent co.. Lid) was dried by
_ l G a - Aéliifr_i'ng with CIaH; for 48h. then distilled under réduced pressure. Méllihg points were
f—‘dde_rrﬁiqed i.h argqn-ﬁllcd capillary tubes and are uncorrected. Lanthanide metal -
: énalyséskvere carried otit by complexometric titration. The cbhténl of lbi[hium' was
"détenﬁinied on a Hitachi ISO-SO pdlarizéd Zeeman atomic absorption s.p..cctropholomefter.'r
.Carbon.. hydrogen, and ni-‘lmgc:nv analvses were performed by direct combustion on a
Carlo-Erba EA-1110 instrument. The [R spectra were recorded on a Nicolet Magna-IR

550 spectrometer. 'H NMR spectra were measured on a Unity Inova-400 spectrometer

TeNa b e . et 2 s b 4 b

in CDCl; at 23 °C. Molecular weight and molecular weight distributions were ;
deternmned agcminst poiystvrene standard by gel permeation chromatography (GPCyon a
Waters P33 apparatus equipped with o set of Waters Stvragel HR columns (HR-1.

HR-2 and HR-4 columns. eflfecuve molecular-weight range. 100 o 3.000. 300 w©o
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20.000. and 3.000 to 300.000. respectivelyv). THI was used as an cluent at a low rate of
1.0 mL/min a1 50 °C.
Svathesis of [(SiMe;):NC(NiPr):|Li (a). To a hexane (30 mlb) solution of N,

N -diisopropvicarbodiimide (1.6 ml.. 10 mmol) was added dropwise LiN(SiMe:) (1.7

-
=

a. 10 mmol) in 30 ml. of hexane at room temperature. The resulting reaction mixture
was stirred for half an hour o aive @ clear pale-vellow solution. After removal of the

reaction solvent under reduced pressure. crude a was isolated as white powder (2.9 g,

9.8 mmol. 98%). Anal. Caled for CisHoLiNsSis: C. 53.19: H, [101: N, 1432, Found:
-C. 517_9:‘ H. 11.24; N. 13.82. "H NMR (benzene-d,: ppm): 3.78 (m. 2 H. CHMe,). 1.17
(d. II2H. CH(CH;)). 035 (s. lSH.-—Si(CH,;‘);). “C NMR (benzene-de. ppm): 164.36
(e ‘46_.17 (('.'HMe:)._ 28.19 ((C'H;‘L»CH).__}.(_);. (CN(SI(CH;)5)2). IR (KBr pellets.
, :.ci’n_'i-):' 3449 (s). 2963 (m). 1636 (s). I-HO (_m‘). 1389 (m). 1327 (m), 1258 (m)..] 173 (m_’).‘,_, '
- :_104,9' (h&),’,9573(11;), 841 (5) 686 (m). L

Synthesis of [(SiMes)sNC(NiPr)a]sYb(u-CI);Li(THF),. ‘A hexane (50 ‘mL)

‘solution of a (3.9 g, 13.3 mmol) was added into a slurry of YbCl; (1.9 ¢. 6.6 mmol) in
30 mL of THF. The reaction mixture was stirred for 24h at room temperature and the
' solvems'were_ stripped off in vacuo. The residue yellow powder was extracted with

dielhyl.eﬂler (100- mL)- and LiCl was separaled by centrifugation. The vellow

~ supernatant was then concentrated to 20 mL and cooled 10 -15 °C overnight to give -
bright-yvellow crystals. Yield: 4.9 ¢ (3.1 mmol. 76%). M.p.165-168 *C. Anal. Caled for

CiiHgoCLLINGONSi Yb: C. 4217 Ho 8.34: NU8.68: Ybo 17.87: Li. 0.72. Found: C.

41.63: H.8.26: N.8.41: Yb. 18.32: Li. 0.81. '"H NMR (benzene-d,. ppm): 4.15.5.84 (m.
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4 H.CHMe»). 3.64 (mu S H THEF-a-CH . 1LAT (ol S L THE-R-CHL). 135 1.09 (d. 24
H. CH(CH; 1. (),ZSI (s, 36 HLSiCINa. IR (KBr pellets. em™y: 3283 (m). 3182 (m).
3966 (m). 1633 (s). HHO06 (muy. TISS (my. 1321 (n). 1233 (50, TH72 (m). 1037 (s). 932
{m). 841 (s). 756 (m). 686 (m). 0

Svnthesis of [(SiMe;)sNC(NPr)|sNd(u-Cl).Li(THF)>. Followed a procedure

similar to the svathesis of [(SiMe:)aNC(NiPr)2 [ Yb(u-Ch>Li(THF),. using 11.3 mmol

of a.l.d g of NdCl; (3.6 mmol). and 60 ml of THF. Recrvstallization from toluene

“vielded blue-purple cubic crystals 4.3 ¢ (4.6 l.umol. 82%).. M.p.176-178 °C. Anal. Calced
| for C‘;;HgoClzLiNdN,,();SiJ: C. 4'3.46; H. 8.60: N. 8.95: Nd. 13.35: Li. 0.74. Found: C. |
42.76: H. 8.78: N. 8.34: Nd. 13.72: Li. 0.71. 'H NMR (benzene-dq. ppm): 4.13.3.85 (m.
l HH, C_HMe;.). 361 (. § H. THF-a-CHx). l_.'#s (m. 8 H. THF-B-CHy): 133, 1.09 (d. 24
- g '_ _ - -H,V'Cvi-'l(_C‘,Hs):)... O.éS {s. 56 H. Si(éH)}). IR (KBr pcllcts,. em’); 3_:296 (m), 2071 (1>n)_-'.‘ R
= 1636.5), 1466 (m, 1375 (m. 1327 (. 12»8 (s), 1172 (m). 1057»(5), 041 (5. 853 ().

. 756 (). 686 (m).

Synthesis of {(SiMe;);NC(NiPi):;Nd(1-Me);LITMEDA) (1). A Schlenk bottle
was charged with [(Sii\‘lc;)gNC(NiPI’);I:Nd“l-CI)gLi(THF)g (5.3 '¢. 3.6 mmol) and 100

“mL of hexane. The solution was cooled to =78 °C. and MelLi (7.6 mL. 11.3 mmol) was

-added by syringe. The reaction mixtire was kept at =78 °C for one hour, then slowly

P ‘ warmed 0 room temperature and stirred overnight. Afier removal of volatiles under
vacuum. the vellow residue was extracted with toluene and LiCt was removed by

centrifugation. The supernatant was again dried in vacuo. and 20 mi. of THF containing

F'mb of TMEDA wus added. Cooling o =15 °C ovemight gave 1 as blue-purple cubic
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covstads, Yield, 3.8 ¢ (43 mmol 6% Mop IR-1200 "C0 Anal. Caled  for
Cagaslan sobaNGSENA: CO 48260 T 003 N 12420 NdL 1399 1. 0.77. Found: C.
47.86: M. 9.90: N TES3: Nd13.86: Li, 075 IR (KB pellets. em™ )z 3442 (m). 2963 (s).
1636 (s). 1466 ¢m). FI73 ¢ 1327 ek 1238 ¢s00 FESO am. 1049 (). 957 (5). 918 (m).
841 (s). 756 (m). 68() (m).

Syathesis  of JSIMe;NCINPeR LY D(p-Me):LI(TMEDA)  (2). Followed a

_procedure similar 0 the svathesis of 1. This complex was svathesized using

L(SiMes NN Ybu-ClLCTTTEY: (8.2 a. $5 mmol). 100. mL of hexane and
MeLi (11.4 mL. 17.0 mmol). Afler workup und cooling to -13°C ovcrﬁighl vive 2 as
i»bArighl vellow cubic crysla_ls.. Yield. 6.1 ¢ (6.1 mmol. 72%). M.p.100-102 °C. Anal. -.
A‘Calcjdvvl'o-i' CiiasHop soLiNgSLYD: C. 44.18': H. 9.82: N. '12.04;.- Yb. 18.59; Li. 0.75. " .
'.:F;)ilﬂdi C.43.81: H. 9534 N 11.98: Yb, 18.32: Li. ()A.7l. IR (KBrv [;éllets; em™y: 344§
41}}1_:'>_1:‘.T.knﬂ,2963(§x1636(5),(466(nﬂ.IRSI(nﬂ.1327(nu.l258($¥1180<nnff049(nﬁ? .

"+ 957(s). 918 (m). 841 (5). 756 (m). 686 (mi).

Styrenc polvmerization. Polvmerizations were carried out in-a previously flanied
" and argon-purged glass reactor. and a tvpical polymerization reaction is given below
“(entry 3. Table 1), In 2 10 ml. reactor. initiator 1 (20 mg. 22 zanol) and toluene (1.0 mL)

were added at room temperature. Afier the reactor had been kept at 70 °C with vigorous

stirring for hall an hour. styrene (1.0 ml.) was charged via a syringe. The color of
reaction mixture quichly became dark and the magneue surring was ceased within a

few minutes due 1o the viscosity, Atter 3 nune b ol cthanol containing 3 % HCl was’

added into the reactor to termunte the pobvmenzation. then the reaction mixture was
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poured 1o o large eveess of cthanot (100 ml) o precipitate the pol_vmcr.The polymer
was collected by filuation. washed with cthanol. and dried under vacuum o constant
weight (0.83 ¢. 92%0.

Crvstallographic Data for 1. Covsallographic data for the structural analyvsis have
been deposited with the Cambridee ('r_\'slullugmpljié Data Center. CCDC no. 192648 -
for complex 1. Copics of this information may be obtained free of charge from The

- Director.. CCDC. 12 tigen Road. Combridge CB2 1EZ. UK (Fax: +44:1223-3360353: -

e-mail: deposit e cede camite uk or wavaws hups-Asaeweede. cam.ac.uk).
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GPC profiles of polystyvrences
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| Oistaoation | EW4O § gy rdsted ] Mo we | o M i
-Name olume {min} . {Daltons) | (Dattons) | (Dattons) | (Datons) (Dattons) | - 4 ¥ :
. - i {mt) - {min) g ) t . e A [
1 2 17.007| 17907 | 17907 23274 37242 43682| s6945|  1.600183
2l 3 17250 17.250| 17.250| <1864 se4r3} 6322 94014 ] ~  1.395303
3| 4 17.817 |17 817]  17.817| 20196 37325)  4587¢ 661791 < 1.848139 :
« p 16441 16.441| 16461 «0760| 820001 107491} " 170334 2.011807
5 { 18.457 | 18.457 18.457] t1269) - 278a2{ wsr| 42681 1.600712 |
6 5 18.100| 18000 18100} 22688 | 33205] 37624 | seos8| T 14s3es
7 ? 16.303] 16.303 16.303 58614 | 106412 114447 . 260954 1.806213
|- @ 16.6331 16631 16633 387m| 73727  B97F? 158374 1.901582
9] . q 16633 16633 16633 4vies| 77510 92930)| 163905 (:  1.882007 i
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GPC Results
i un MMy | Mze 1MW (d)ljg) alpha J:&Ei:cy :ucf:‘;c'. % Arca ";‘\!;:“ % Hewght Inlergr::dn g:;:s ;‘c{z:-sm:eak
{
. 2 1 | 1.286919{ 1.529031 792154 | 100.00] 5562| 10000)88 541
: 3 | 2] 1288825 1 609459 611366 | 10000] «39¢| :0000]e8 106 467
A |3 ]rasse |z as2577] 10000] 2427 10000{ B8 108 557
g e[ ]20me s15559] 1wa00f 3210] 0co0]BV 537
1| 5[ 279801 v 5eacss 842207 | 1co00| se3s} 00.00|3e 602
G | 6]1.207524] 1655130 981554 | 10000] 6702 100.c0{ B8 578
o = 17 {1.605772 | 2.452301 1015707 { 100.00| 6208| 100.00§88 ) 500
L @ | 8 f1.542680 | 2.148118 1574256} 10C.00 1 11701 100.00 | Bb 560
o} 9 | 1.524957 | 2. 114522 1332163 { 10090] 8190 100.00/ 88 556
' (0‘ 10] 1.553708 | 2.201172 1527343 | 10000 s218{ 100.00{88 . 505
‘GPC Results
N tminy | iy | miny - | mim wvisecl )
; 7 a |7 | 1567 20883| 15867] 24¢83] < 983679052 | 1137224000 | : - FRA
! 3 {2 |reas3{22683| 1as83| 2253 2<00435e-003 | -2.557265¢-001
P 4 [3]15633)2¢933| 15633 24.933] 1.811942e:002 | -2.364585¢-001 |
. ' 6 « |1a733]23683] 14.733] 23683 | 8.140610e-003 | -1.246192¢-001
-y | 3| 6000]26.050] 16.000] 26050 | 4.191807¢-003 | -9.515402e-002
b 16 |15250|24900] 15250] 24.900f-1.391743e-002 | 2463531e-001 ;
- . 7. 7 [warf22467]  1ani7| 22467 7.287552e-003 | -1.637270e-001 )
’ - o g8 wser|or] wser) 23517 1.992378e-602 | -3.941343¢-001
- 9| 10667 (23933 14667| 23.933] 2.525639e-003 | -1.353406e-001
: '(‘ 10{14:300[24.233]  14300] 2¢.233] 3.110096¢-002 | -5.243181e-001
i
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