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Scheme 1. Synthesis of [Ln(BH4)3(THF),] [Ln = La, n = 4 (1); Ln = Ce, n = 3.5].
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THF
+NaBH,—— » (MeOCH,CH,C,H,),LnBH, + NaCl

rt/48 h

Ln=Y(1) 8%, La(2) 81% (1)

3 (MeOCH,CH,C,H,),LnCl
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N3onpeH
1 CoR,INd/Mg] (2, 3, 4) Nd(BH,)s(thf)s / 2 HCPR / 1 BEM (2, 3a', 4a)
/1 BEM / isoprene \ /1 BEM / isoprene
CH  CHy
(2
CH, (|) n
CHs

trans-1,4-polyisoprene

Runf® Precatalyst  Yield rrans-14 34 M, (exp.)x 10~ PDIHI
(o] [Vo]™ [7] [gmol ']
1 2 18 90.0 9.0 21.3 1.80
2 2! 27 81.2 8.0 15.0 1.40
3 3a 72 92.5 6.5 99 2.12
4 3a’ 83 93.1 5.9 12.1 1.76
5 4a 83 85.2 14.5 8.4 1.73
6 4a’ 82 84.9 14.3 17.5 1.57

[a] Experimental conditions: F(isoprene) = F(toluene) = 1 mL,
[isoprene]/[Nd] = 1000, [BEMJ/[Nd] = 1, T'= 50°C, t = 72 h. [b]
Determined by 'H and '*C NMR spectroscopy, residual proportion
= cis-1,4 defects. [c] Determined by size exclusion chromatography
(SEC), with a correction factor of 0.5.33 [d] Polydispersity index
M, IM,.

10.1002/ejic.201000184
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Table 3. Polymerization of rac- and (S,5)-lactide with complexes 1-3.[#

j-l Entry M Complex  [M]/[Ln] Solvent  Timel™ [min] Conv. [mol-%] M, [g/mol] M, [ [g/mol] M, /M
a KTM |D| 1 rac-LA 1 100 toluene 17 =98 14100 16500 1.98
2 rac-LA 1 200 toluene 10 62 17900 20800 1.68
3 rac-LA 1 200 toluene 30 =98 25900 26300 1.51
1 Ln(BH4)3(THF), + 2[(Me3Si);NC(N-Cy)]Li 4 rac-LA 1 400 toluene 60 =08 51800 52000 1.09
5 rac-LA 1 100 THF 60 97 8400 6500 2.16
Ln = Nd, Sm, Yb , X 0 0}'” 6 (5.5)-LA 1 200 THF 20 30 8600 6000 1.44
O " 7 (S,5)-LA 1 200 THF 60 98 28200 17300 1.63
N - S,5)-lactide R,R)-lactide ) 8 rac-LA 2 100 toluene 300 95 13700 9100 1.50
Wl 60170 | LIy 581 nm—ymi-' ’ alactic PLA 9 rac-LA 2 200 toluene 430 9% 27600 23500 116
rac-lactide [Guan];Ln(BH, );Li(THF ;] 10 rac-LA 2 400 toluene 1000 95 54700 20100 273
- = 11 (5.5)-LA 2 200 THF 60 12 3400 2200 1.56
(Me3Si)sN r 0w O 0 o 12 rac-LA 2 200 THF 1000 98 28200 9400 2.99
N o 13 rac-LA 3 100 toluene 150 95 13700 11100 1.24
)A /J/iOf X%S’O O}’H 14 rac-LA 3 200 toluene 270 95 27400 15500 1.77
%‘ i 0 v n 15 rac-LA 3 400 toluene 1000 94 54100 25000 2.17
/BH4\ (S, S)actide isolactic PLA [a] General conditions: [LA] = 0.5 mol/L, 7' = 20 °C. [b] Reaction time was not necessarily optimized. [c] Conversion of monomer M as
N(/\ BH,~— Li(THF), determined by 'H NMR spectroscopy. [d] M, value calculated assuming one polymer chain per metal center, from the relation:
M 144 X conv X [M]/[Ln]. [e] Experimental (corrected; see Exp. Sect.) M, and M, /M, values determined by GPC in THF vs. polystyrene
standards.
(Me:;Sl

10.1002/ejic.200700123

Ln = Nd (1), Sm (2), Yb(3)

Table 2. Polymerization of rac-lactide with complexes 3-6.12]

Ne  Cat Mi/lLnly Hmin Mgy X102 Mox10° MM P,
1 3 100:1 70 144 287 16 053
2 3 250:1 140 360 333 14 053
3 3 500:1 270 720 76.0 17 054
4 5 100:1 15 144 121 25 053
5 5 250:1 25 360 314 19 052
?ut Q' 2 6 5 500:1 35 720 649 21 053
2 N’/C\‘N 1.LnCly THF, 25 °C 1 (o) O/@ 7 3/PrOH 100‘:1 60 144 78 22 053
, ® 2. NaN(SiMe),, THF, 25 °C Y N\c o 8 3PrOH 2501 120 360 147 17 052
O/ ‘\o _2KCI \N___.--" \ u 9 3PFOH  500:1 240 720 301 17 053
| T ~NaCl 5 \ —o@ 10 3BUWOH 2501 150 360 68 35 053
2 @f ~N 11 3/PhOH  250:1 180 360 144 29 052
. 12 4 100:1 60 144 150 22 054
Me;si  SiMes 13 4 250:1 90 360 482 14 053
Y (3, 78%), Nd (4, 72%) 14 4 500:1 150 720 689 19 054
15 6 100:1 10 144 82 19 053
16 6 25001 15 360 229 24 052
= ] 17 6 500:1 20 720 522 14 053
Bu! i 18 4&/PrOH 1001 40 144 89 20 053
T o @ 19 4PPOH 2501 60 360 149 16 052
PN THF.60°C _ M- \ /0, N\ 20 4PIOH 5001 120 720 393 14 053
NTN ————= Bu'-¢[ Ln T Se-sut

2 /'K“'--H. -2 KBHy N-"" [a] General conditions: toluene, [M] = 1.0 mol/L, T = 25 °C. [b] The conversion
|O (lj o. BH., @ of the monomer M was determined by "H NMR spectroscopy and is quantita-

tive in all experiments. [c] Reactions times were not optimized. [d] Experi- .

+ Ln(BH.)s(THF); mental (corrected; see Experimental Section) M, and M, /M, values deter- 101002/eJ|C201900897
mined by GPC in THF vs. PS standards and corrected with a factor of 0.58.
Y (5, 75%), Nd (6, 69%) M, value calculated by assuming one polymer chain per metal center with 7

the relationship: 144.14 x conversion x [M]/[Ln].
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Table 3. Polymerization of e-caprolactone with complexes 3-6.12°!

e Cat [M](J"f[ L“]a HS[E] Iﬂ""’ncalc IM‘ne}(p IF""’u'\uf'ﬁ'ﬁn[d]
x107* %107
1 3 100:1 30 11.4 584 26
2 3 250:1 60 28.5 85.0 24
3 3 500:1 120 571 2438 2.1
4 5 100:1 60 11.4 84 1.7
5 5 250:1 150 285 26.1 20
6 5 500:1 400 57.1 48.0 2.0
7 3/Pr'OH 100:1 10 1.4 7.5 24
8 3/Pr'OH 250:1 30 285 18.5 2.1
9 3/Pr'OH 500:1 60 57.1 26.8 16
10 3/Bu'OH 500:1 25 57.1 36.0 3.2
11 3/PhOH 500:1 120 57.1 8.8 2.6
12 4 100:1 20 1.4 783 22
13 4 2501 30 285 2335 1.7
14 4 500:1 60 571 271.5 1.6
15 6 100:1 20 1.4 10.7 1.5
16 6 250:1 30 28.5 29.5 1.8
17 6 500:1 40 571 533 1.6
18 4/Pr'OH 100:1 10 11.4 34.1 1.7
19 4/Pr'OH 250:1 25 285 44.7 13
20 4/Pr'OH 500:1 50 57.1 54.9 14

[a] General conditions: toluene, [M] = 1.0 mol/L, T = 25 °C. [b] The conversion
of the monomer M was determined by "H NMR spectroscopy and is quantita-
tive in all experiments. [c] Reactions times were not optimized. [d] Experi-
mental (corrected; see Experimental Section) M, and M,,/M,, values deter-
mined by GPC in THF vs. PS standards and corrected with a factor of 0.56.
M,, value calculated by assuming one polymer chain per metal center with
the relationship: 114.14 x conversion x [M]/[Ln].

10.1002/ejic.201900897
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Ln = Sm(3a), Nd(3b)
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Tacticity? (%)

Entry Cat. Co-cat. Solvent T(°C) t (min) Conv.” (%) M, © (x10%) My/My© mm-mr-rr
1 3a — — 20 10 79.2 1.23 2.35 24-41-35
2 3b —_ — 20 10 58.0 1.33 3.12 51-28-21
3 3a — Tol 20 240 9.3 1.03 1.87 51-35-14
4 3a — Tol 0 240 34.5 1.77 2.79 51-31-18
3 3b —_ Tol 20 240 3.7 1.06 1.78 60-31-9
6 3b — Tol 0 240 28.4 2.00 3.96 56-32-12
7 3a —_ THF 20 30 69.6 3.30 2.03 6-32-62
8 3b —_ THF 20 240 77.6 1.36 1.79 6-34-60
9° 3b — THF 20 240 72.6 1.54 1.84 7-38-55
10/ 3b —_ THF 20 240 57.4 1.61 1.77 12-39-48
11 3a "BuLi Tol 20 30 13.1 1.02 1.73 60-32-8
12 3a "BuLi THF 20 30 71.4 1.11 1.82 6-36-58
13 3a "BulLi THF 0 30 60.0 2.93 1.94 6-31-63
14 3a "BuLi THF =20 15 73.1 4.99 1.86 3-26-71
15 3a "BuLi THF =40 3 76.3 7.52 2.44 3-24-73
16 3b "BulLi THF 20 90 61.2 1.24 1.75 7-36-57
17 3b "BuLi THF 0 60 81.8 2.42 1.83 6-32-62
18 3b "BulLi THF =20 30 72.7 3.34 3.56 4-29-67
19 3b "BuLi THF —40 30 77.8 5.75 2.14 4-28-68
20 3a Me,SiCH,Li THF 20 30 70.6 1.22 1.88 7-32-61
21 3a MelLi THF 20 30 71.8 1.13 1.93 3-35-60
22 3a '‘PrMgBr THF 20 30 70.2 1.28 2.01 3-34-61
23 3a "BulLi Et,O 20 30 62.6 1.26 1.70 8-37-55
24 3a "BuLi Dioxane 20 30 71.1 1.29 1.86 6-34-60

“ Conditions: Cat. (10 pmol), solvent (1 mL), [MMA][Cat.] = 500, ["BuLi}/[Cat.] = 3. * Conversion = weight of polymer obtained/weight of monomer
used. “ Determined by GPC calibrated with the standard polystyrene samples. 4 Determined by 'H NMR spectroscopy in CDCl, (mm: isotactic

triad rate; mr: atactic triad rate; and rr: syndiotactic triad rate). ° [MMA]/[Cat.] = 800./ [MMA]/[Cat.] = 1000.
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10.1039/c0nj00274g
Cononnmepusauma

A [Na]
byTagneH-aTUNEH [”d‘ "[Nd]gHz y ; [Ndltg ?:i
IHSEﬂIDr'I d]
K56, 2D 2"
F%a rECk o sF'l 2 KN(SMey); | R,

S — Rzl i —_— R2‘ 1 ) L K . i . 1 . 141
LFEJ THF, toluene Run  Compd. Butadiene in feed (mol%)  n(Nd) (umol)  Yield (g  Time (min) M, (PDI) (g mol™)  Activity (kg mol™ h™)
RT H @
2K 1* 4 30 20.0 7.5 180 33300 (1.68) 123.0
pl_p?_ ol B2 2 3a 30 20.0 7.19 180 32000 (1.8) 1198
::a; §1 _22_':9 2a:R =R =Me 3 3b 30 19.5 6.43 173 24200 (1.86) 1144
b: T t 2b: F"‘1 = R2 = Et 4 3¢ 30 18.7 5.67 171 21400 (3.44) 106.4
1¢:R'=R“=(CHz)3  2e:R'=R?=(CHy); 5 3d 30 21.0 6.33 180 33100 (1.82) 100.5
1d: R'=Ph,R?=Me  2d:R'=Ph, R?=Me 6 3b 15 16.8 8.84 180 25900 (1.65) 1754
7 3c 15 22.0 7.27 114 36700 (4.10) 1739
8 3d 15 19.6 7.87 180 20100 (1.73) 133.8
9 3d 60 19.5 242 180 11400 (3.88) 41.4
(&3]
% THF “ Polymerisation conditions : toluene (200 mL), BoMag 0.2 mmol ([Mg]/[Nd] = 10), 80 “C, 4 bar. b According to ref. 7. © M, : number-average
R1"S' Nd(BH,4)a(THF);  R! i Nd{’ -H molecular weight; PDI: polydispersity index.
I - v
Rz’ THF Rz HpB
H H
2K
2a: R'=R?=Me 3a:R'=R*=Me
2b: R'= R’ = Et 3b:R'=R?=Et
2c: R'=R%=(CHy); 3c: R'=R?=(CH,)3
2d: R'=Ph, R? = Me 3d: R'=Ph, R?=Me

{(Me,SiFlu)Nd(p-BH)[(1-BH)LI(THF)]}, (4)
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Ctupon

Ln(OoNY(BHg)(THF), / Mg("Bu)(Et) o

-

toluene, 50 °C

Atfactic polystyrene

Run Complex Time Yield (%)? M, (SEC) M, (theo) a be
8 1-Sm 90 min 6 5200 3280 1.81
'BU 'Bu 9 2-Sm 90 min 88 30700 48100 1.73
L 10 3-Sm 90 min 88 22200 48100 1.81
Sm(ON™)(BH,)(THF) (1-Sm) L= &Zi‘f&“&ﬁ?ﬁﬂg&m Sm(O,N")(BHg)(THF); (4-Sm) e 4-Sm 90 min £ 34800 47500 158
12 1-Nd 20 h 13 3400 7100 1.77
13 2-Nd 20 h 79 6650 43200 2.08
14 3-Nd 20 h 56 9100 30620 1.75
BH, Bu 4 Experimental conditions: T = 50 °C; [Mg]/[Ln] = 1; [ST}/[Ln] = 1050, n[Ln] = 6.2x10° mol ; V(ST) = 0.75 ml;
‘ BY solvent = toluene with V(toluene) = 0.25 mL. * Isolated yield. ¢ Determined by SEC in THF at 40°C against
LﬁNd'iTHF polystyrene standards, B = M,, / M,. ¢ Calculated M, = [ST]/[Ln] % 104.15 x isolated yield, calculated for two
B 0/ Nd(OoNY)(BH,)(THF) growing chains per Mg. “[ST]/[Ln] = 1250.
UY_/A—N L = OMe (2-Nd) or NMe, (3-Nd)
B 'Bu

Nd(OoNPY)(BH,4)(THF) (1-Nd)

10.1039/C5DT00252D
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10.1039/b801030g
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Sm(4)

Scheme 1 Formation of [Ln{BH,)-(thf):]*[BPh,]". Conditions: 25°C, 2 h.
Yields: 85% (1), 67% (2), 81% (3), 84% (4).
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