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Abstract Rare-earth metal complexes-catalyzed dehydropolymerization of amine-borane was achieved. Rare-earth metallo-
cene alkyl complexes [(CsMesR)LnR', R=Me, H; Ln=Sc¢, Y; R'=CH2SiMe3, CH(SiMes)2] were found to be active catalysts
for the dehydropolymerization of methylamine-borane (MAB), generating corresponding boron-nitrogen polymer [(MeN-
HBH2),, PMAB]. The results showed that the polymerization activity would decrease with the increase of ion radius of the
metal center or the decrease of the steric hindrance of the supporting ligands. In the mechanistic study, a f-B-agostic-type
scandium amidoborane complex was successfully isolated through the stoichiometric reaction of Sc complex with MAB.
Moreover, the control experiment confirmed the existence of scandium hydride species, which may be the catalytic active in-
termediate.
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2008 4F, Manners J H: [R] FPaHRIE | H B[ ZL 00 b
(MeNH2*BH;, MAB)BLE R A S bL. AT i 4
TR B AR R AR AL TTI(A), R4S T = 2 TR
WG, 12 0.3 mol% MM FIHET, 4 &En L
IEF] 160 kg/mol. )5, Schneider. Beweries il Weller
SR EHRIE TR = 1UF PNP BCAATIET (R, BR(Fe)®l,
B (Co) Bk (Ir) BH 25 1 UOTEC & 40 (B) 1E {14 Jrie S Bl ot 2R
B SRS AT R I SR A R AR B B ) M
s, AR ERTLMIKE 0.01 mol%, R M
E(TON) =k 8300. b4k, Weller HEZHMIE Kk e T
— B (Rh) FH B T B AL RI(C), FFAE TR & SR AR 3
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B = EYE, BN A R, Mtk T, B
TR b 5 1 A0 I U 4 B AL AR R AT A BRI,
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(Ti) F 25 i 4 ) (D) AR (Ti) U e & 0 1k &, DA K
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Representative examples of pre-catalysts
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Scheme 1 Dehydropolymerization of amine-boranes and the
representative examples of pre-catalysts

TERTEATAE R, FRATR IR M &R e B &
) Cp*2ScCH,SiMe; (1, Cp*=CsMes) 1] LA it —
FH 3 2 3 B B8 (Me,NH+BH3, DMAB) i & e Bi, ke #%
P Hb 73 K 1 5 2R 4L & ) ((MeoN-BH ). 3 — 25
(RRFEFE R B, A I T UL TR R e () 21
) I AR I S B, SEBRL T RN 464 R S e R &4
A RS, FEA TAEH, FRATHE RELEL T M L& a8 i &
YIEALT MAB BEER G N, 45A AL a4 4 25
FIRAE, TRIT T AT RERI SR A R BHLEE.

1 &R511R

B, PL—RANKER LR A A~ 1E N
e, g2 T IR (MAB) I SR A 8. =
RN, fENEARR(THR)E®R T, A 5 mol%H) Cp*Sc-
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CHoSiMes (D)ATZR AT THIP 5 (GR 1, Entry 1).
LIMANMEATG, RN E SRR g, AL
RN FE PR A AR Sha, R SRGREE R
B K ARG LA K R B, B 5 8 A AT 45
#r. "B NMR 70 H1 B] MAB .4 58 4864k, B —HiAE Rl
WM T 6 —5.9 LrIHLEY, ik 5 CEREdExT
b, W€ 7= o ik B2 3R & W (MeNH-BH3) .,
PMAB). {HfFERME, RMNRRFEAEWER N T
WARBEE =TT . R SR IS &1 IE O
b, PRI i B AT RI AT BASr B A5 3 ok AR IR %
bR G, BIRBIEOE S HT(GPCO)RIY, IR
G5B (M)A 3010, 7> F B A(D)N 1.4 (Entry
1). WG, ke80T LA ) oh b s 51 R B
NEIFEI. FIRL A 2 kRS [CH(SiMes )] LA B K
s AR, RIHE 1 B fEATE Y (Entry 2). #
T & BB TR R /MEE X R B R B R
el TEAH[E AT, BAEKE T2
Cp*,YCH(SiMe3), (3) 75 %2 24 h A Reft ffhk 52 564k, F
I AR A G Y (Entry 3). oAb, BRATKIIM + 4
JETC A 47 5 R T A7 1) 22 V) A BEL 0 A9 S5 4 A S 2 1) ¥
PEEA E B, (EARAE RN ST, 2 A BN 1)
VY H LA IR AR FEBTL A4 Cp'.ScCH(SiMes), (4, Cp'=
CsMesH)Z I H A XK & VE(Entry 4). FEAGAEALTH
B2 FEU NG ERK, RN 5120 B & (Entry
R EHLEEEER ST MAB BiE R & N

Table 1 MAB dehydropolymerization catalyzed by rare-earth
metallocene alkyls

Cat I:i I:i
MeNH, BH; ——————— f?—l}l*)
THF, T (°C) H Me/,
_H2
PMAB
%R
\RE_ . R=Me, R"'=CH2$iMe3, RE =Sc (1)
R % R=Me, R'= CH(SiMes),, RE = Sc (2), Y (3)
..... R = H, R = CH(SiMe3),, RE = Sc (4)
Cat.

Entry Cat, C;:zg:t/ T/'C Time/h Conv./% M/ (M\:?Mn)
1 1 5 25 5 >99 3010 1.4
2 2 5 25 6 >99 5070 1.5
3 3 5 25 24 >99 3050 1.3
4 4 5 25 12 >99 2550 1.3
5 1 3 25 75 >99 2440 1.3
6 1 5 0 24 44 2670 1.3
7 1 5 60 24 >990  — —

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Conditions: polymerizations were conducted in THF with [MAB],=0.714
mol/L. Monomer conversions were determined by '"H NMR spectrum. M, and
D (M,/M,) were determined by GPC in THF relative to polystyrene standards.
b Borazane [MeHN-BH,]; was formed as product.
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5 vs. Entry 1). XA Hes2 H TR [ EK, 232
WE MRS, ERIRIIRE T O COHHTRE
RERT, Sy MR 2 K (Entry 6 vs. Entry 1), Z3F &R
FERF(60 °C), SN HIFEA MR BARRAY, ML
BT AP S ((MeHN-BH, )5, Entry 7)0'2. 247
I8 5 7 B R PR R B 1,2- R, AR NN R A,
X AT RE AL DR Dy B AAAE 3 SR 751 o 10 i PS8 AT 3
XTEESCHR TR S5 5, DUkt BEAC S L MAB AR &
SN PR AR T 1 A A5 58 5 10 o 1 B I T BRI XU
BEBC AR R, (IR K B A e Ak 72101,

9Tk TR 4 R TC A e A ) B e
ARE RPN, A TERTRAEY 15 1 equiv.
] MAB ] N.(Scheme 2). 38 i J A7 A2 i W I 51236 K
P B3 A A Y R R (SiMes) I AR K. Bifi S, %
ROEATHOR G AR BE, H7E—30 C N4, BEELL 87%
7= A BTt IR AR, Z00d B X B ERAT ST 3RALE,
i = N U &Y S(B 1), RS EoR,
BC A4 S K TH R BE A6 RIS AR B3R I I B DL TE AT
RLAEGUR 7O I EEARZE K. £ HAZ L a5 R, [NMe-
HBH;] At 7 38 i A5 X K 1 Se—N- 82 [Se(1) —N(1),
0.2206(3) nm]#! Sc—H—B agostic AH HAF FH[Sc(1)—
H(1A), 0.205(3) nm; B(1)—H(1A), 0.1120(3) nm] 547144
&, HeP N(D)—B)#K R 0.1568(5) nm, FEIET STk
HRARIE N RS R A 4 & p-B-agostic RS Fe D
EY I B—N 80T B A S H 1 Sc(1)—N(1)—
B(1)BEFH[85.99(18)°1H K T-FA 1S HIHRIE 1) B-B-agostic
TR R UL S I [Cp*2ScNMeoBHs, 82.84(11)°],
XAfe g TR 7 B Z R, thah, FARET
H(1A)—B(1)—N(1)# f/[105.1(17)°1X 53T 5 #h A~k
B A7 AR 7 H—B—N 8 £ [111.4(18)° A
112.5(16)°], ®W T Sc—H ZIAIMAIE AR, EmACHE
HXE A 5 AT EEILAR S S A, WTRALZE TH
NMR i E R 52 2% BT NHMe (6 2.45). NHMe (6
2.19)F1 Cp*HEcik 1.94 A1 1.83)INIAHE S, KMEEH
BH:(Ek ScH) M55, X BT A A2 W AN 11 DU AR Ji 58 208
PARIRGE A A ek R B, IR PRI S At R A
FUEAMB AL AP RSPl 1B NMR i 3 R 7E 6
—11.9 & —H I HEIE(ES, xF R TR AP
HEREAE. FIFBCED) 5 1R MG, TEAHF TS
mol %ML &, 25 C), HMIIEHESEAEY 1 M4
(8 h, Conv.>99%, M,=4590, PDI=1.2), iX thiF ] T fid
EY) S AT R AL SIS B

HA p-B-agostic LHIIBLE D) S 7T AEA N B-H
TH R R A Z Wi SRR R (A4, SRTIIAE =il N I 33A ML
B AR A E BT AR, T —
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Scheme 2 Stoichiometric reaction of scandocene alkyl complex
1 with MAB

- Sc—CH,SiMe,+ MeNH,BH;

B1 EEYS T4

Figure 1 Molecular structure of complex §

Hydrogen atoms (except for N—H and B—H) are omitted for clarity, and
displacement ellipsoids are drawn at the 30% probability level. Selected
bond lengths (nm) and angles (°): Sc(1)—N(1), 0.2206(3); Sc(1)—H(1A),
0.205(3); N(1)—B(1), 0.1568(5); N(1)—H(2), 0.100(4); B(1)—H(1A),
0.112(3); B(1)—H(1B), 0.109(4); B(1)—H(1C), 0.114(4); N(1)—Sc(1)—
H(1A), 60.6(8); Sc(1)—N(1)—B(1), 86.0(2); H(1A)—B(1)—N(1), 105.1
a7

A B-H R AR PR i R R T A T A R A
RS2 S BE R IIANE LN 5, DUEEX —id 8.
EERT, BEW 5 5 1 equiv. i 4- - F B ng
(DMAP) S 193 T HERELR A C—H BB R =)
6, [N Al RE H A0S (Scheme 3). FEVATRA, MEREER
EREJE T 'HNMR # BT 0723, 6.95 A1 5.95 472
T SR TR 1 RETIE, B NMR B EIFE 6 —
10.0 4b L T # A0 = FE I (J=105.5 Hz), ;N BH, I CH)
FHEE 5. i 5 g0 X AT AE T RE A4 6 71
SER(E 2), ARG R ORI E 2y g R AU O
RAE T AR EEAL SN, TERORTY) C(sp?)—B ##[B(1)—
C(21), 0.1611(9) nm]. Sc—N ##7E Jx M J5 #K 28 Tr B
[Sc(1)—N(2), 0.2205(17) nm], H{JE T 5 ke 1) &R
TECAZ[Sc(1)—N(1), 0.2245(4) nm], AT TLocHg:
Fy. FENERC &Y 6 WL G A2 S, 5 B 5 &L p-H T ER
SN RS Ak, OB RDE AL 1 RES
B C(sp?)—H HEIFREH Z 2L [t e QB8 Jm AL i)
WEL I 5 [ 5 Bt 5 R VL ) e R e 1 TR BB K C—B
.
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Scheme 3  Stoichiometric reaction of complex 5 with DMAP

B2 WA 615 T4iH

Figure 2 Molecular structure of complex 6
Hydrogen atoms (except for N—H and B—H) are omitted for clarity, and
displacement ellipsoids are drawn at the 30% probability level. Selected
bond lengths (nm) and angles (°): Sc(1)—N(1), 0.2245(4); Sc(1)—N(2),
0.2205(17); N(2)—B(1), 0.1574(11); B(1)—C(21), 0.1611(9); N(1)—
C(21), 0.1364(7); B(1)—H(1A), 0.111(8); B(1)— H(IB), 0.120(8);
N(1)—Sc(1)—N(2), 78.5(4); Sc(1)—N(2)—B(1), 114.8(10); N(2)—B(1)
—C(21), 109.6(8); N(1)—C(21)—B(1), 118.3(4); Sc(1)—N(1)—C(21),
116.9(3)

B0} e T e 5 A S R AR R G KL, BT B ATIER
T 2R BT - RS B ) A T A
N FESLEEE K, @it B-H-M o-BL &0 K A -4
NIRRT G, JRAERAE v B R 7>
BUHEAL 52 IS SR A% S B 3 K A B, R S 45
R, G A SRR TE 21, JATTHED 1 805 B F £ e
BB AN MAB KA A S A O LI (Scheme
4), oM IIEIER AV 1 equiv.i] MAB N AR
p-B-agostic BUACAEY); Bl J5 R AE B-H i BRAE Rl i 1 1
i LA IAA[LRE-H], FHRH 2 1) MeHN=
BH, ffk. —7J51H, M LEMyhiEET LS MAB K
MREER, FHFFIRIER p-B-agostic L&Y, SLHME
EEZY %—7‘5@ [LRE-H]5 MeHN=BH, il {iifi—3¢
W S Rk FE SR A 1 KB 4B PMAB I i 4R
[LRE-H].

2 g
LE%TAE, eIl T B+ 4 B IE A WAL, (0 e L 00
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LRE—R

Rw\ MeNH,*BH3

MeNH,BH; MeNH=BH,
LRE-H MeNH=BH
2
4-8 N-b T
H Me H_ B/
LRE ;
P-MAB ~H™ N—H
H ¥9T A Me
NN
—N+B-N
LREL /l13 |+| |—)-n MeNH=BH,
H H H Me

B4 WPl S MAB I A 7T RE 1 S ST
Scheme 4 A plausible mechanism for MAB dehydropolymeri-
zation catalyzed by rare-earth metal alkyl complexes

TR A N, BRI, USSR 3Ll A 4T LA
R IR PR M AL B LS e B A R A N, £33 5
FEIL 5070 [ 5 FEE G LI ot B AR R, BEE M T4
J& B 242 3 K B R A T AR L AR SR A BE 98D,
RERMNFEME S REFRR. T 32— 20 10 R N ATLEE,
BAFIAPUEIERC AP S 1 equiv. i) FF 3L FE e i
N, 7R3 T p-B-agostic FUILILM e &4, Zib &
IR IN R R B-H H BRI FE MR 4G Ak, TR S
DMAP N, N4/53] g-H 14K G KT Sy i 7~
V). IX SN A SR B BTSN A A p-H TE RS
TV 15 B e S A A b TR AR FE A A S B b e 2 22 00 L (1)
YER. B2 % TAE B BT A — L85 BR %, 91 an 75 21 1)
RBEWyFEIBDN, ARAKENRESE. N5
P T B A AR, SR R BE A e e R
ARG, RBEARMHMENE-ER S

3 SCIEEe

31 X5

Mg B, i '"H NMR, 3C NMR, "B NMR, 'H-'H
GCOSY NMR, 'H-"*C GHSQC NMR 1 'H-13C GHMBC
NMR %5 f] Bruker 400 MHz 5§, Bruker 600 MHz 1% i 3t %
BEVEACI E, AR BT DU AR 7515k R 1 (CoDe,
6 7.16; CDCls, § 7.26)455E, 2D NMR A T4l B HifE 5
HAJE; JICEHTAE Carlo-Erba EA-1110 41X %% FIl5E;
B X SR AT 4 AT i BRUKER SMART 1000 U
RS CMAR; 45 siE i SGW-630 44 5540 5E .
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AT FTA P R F 1 4 B LS ) 1 S5 AR 33
FEME PSR E S I Schlenk $4F 22 488 78 T U< 1)
FEM AT, S0 A B A A SRR 7 B AR ok 1
B AR N T S A7), WA G FAE . R (s
STARIE ) 75 8 FH 1 75 1B AT 7™ B TR A 2818, # b0t
A Cp*ScCHLSiMe; (1), Cp*,ScCH(SiMe;),
(2)1, Cp*,YCH(SiMe3), (3)124, Cp'2ScCH,SiMe; (4)1412
FRAE SCHRHRIE 1) 770 R,

32 ZWHE
32,1 EA S HE K

FEIRF, BEAY 181 mg, 0.2 mmol, AT 0.5 mL
F2E) I\ £ MAB (9 mg, 0.2 mmol) ) F 25 Bt o, i
FERM 1 h. BEBREEBRG, IAECKEAE—30 C
T E AR RIR A, e E AR A I Ok
Ve, MEA2BET TERERI A AEE 5 (63 mg, 87%).
A X FERATH TR R AR —30 CHIC kiR
i 9:493). 5: 'TH NMR (400 MHz, C4Ds, 298 K) d: 3.73
(ScH:B)*, 2.45 (d, J=6.7 Hz, 3H, NMe), 2.19 (br, 1H,
NH), 1.94 (s, 15H, CsMes), 1.83 (s, 15H, CsMes); *C
NMR (101 MHz, CsDs, 298 K) 6: 120.3 (CsMes), 119.1
(CsMes), 37.7 (NMe), 12.0 (CsMes), 11.3 (CsMes); ''B
NMR (128 MHz, CeDs, 298 K) 5: —11.9 (q, J=93.0 Hz)
(*H 'H-'H GCOSY & &), Anal. caled for C,Hs;B-
NSec: C 70.20, H 10.38, N 3.90; found C 69.43, H 10.21, N
3.93. m.p. 163 C(4Hfi#).

322 BAW 6 8RR

E T, BEEY) 5 (108 mg, 0.3 mmol, #&T 1 mL
FZ) I\ F] DMAP (37 mg, 0.3 mmol, ¥ T 0.5 mL H
VRN 1 h, K4 E—30 C NELE, 12 h J5ER
s R R TG IR AR, A bk, EEBREE
7, BRI EGEER 6 (121 mg, 84%). EH X FHERATHK
FE AR ER T THARF R FEMAE] 6: 'TH NMR (400
MHz, C¢Ds, 298 K) d: 7.23 (d, J=6.5 Hz, 1H, 5-Py), 6.95
(d, J=2.9 Hz, 1H, 2-Py), 5.97~5.93 (m, 1H, 4-Py),
4.00~3.05 (m, 2H, BH)), 2.55~2.49 (m, 3H, NHMe),
2.46 (br, 1H, NHMe), 2.26 (s, 6H, NMe;), 1.97 (s, 15H,
CsMes), 1.83 (s, 15H, CsMes); '*C NMR (101 MHz, C¢Ds,
298 K) 6: 152.6 (3-Py), 145.9 (5-Py), 129.3 (1-Py) 120.1
(CsMes), 118.7 (CsMes), 110.2 (2-Py), 102.9 (4-Py), 38.2
(NMe,), 36.8 (NHMe), 12.0 (CsMes), 11.9 (CsMes); "B
NMR (128 MHz, C¢Ds, 298 K) 0: —10.1 (t, J=105.5 Hz).
Anal. calcd for CysH4sBN3Sc: C 70.14, H 9.46, N 8.76;
found C 69.66, H 9.59, N 8.59. m.p. 185 ‘C (5 fi#).
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323 RAMihA mAnkiE

EFEMT, B8Rk —E 20 LHELF0.015~
0.025 mmol)¥A fF/EPUERIE(0.2 mL)H, SRJ5 A4
MAB (0.5 mmol, 23 mg, 0.5 mL THF)f#] 25 mL 53¢ 5
WL TERERE T RN ZTE IR (]S, 8 R A R N
WG 0.1 mL #9557 ialE, JFRaEH A 0.5 mL R+
/) CDCL; K. 5l NMR fHAFEHH T 04, 13
B PARLAEAR. RETRUGE, ¥R FEM
HIHF AR OB K, RN HE AERRY =L o
WHFHRHOREROAZRRY, &M EEME
50 CHIEZSTRAETTREEE. REWMs &M
Iy T B3 (E Waters University 1515 BLU5ER o 3% 43 L)
2, 740 CH10.8 mL/min K N7, Ll THF
BRI, K TR SRR FER T B TR OE. BEH
3 ki (PMAB): 'H NMR (400 MHz, CDCls, 298 K) o:
2.85 (NH), 2.62 (Me™9), 2.25 (Me™=in), 1.72 (BH); ''B
NMR (128 MHz, CDCl;, 298 K) 6: —6.2112,

HBIA Rl (Supporting Information) &4 5. 6 FI%E
BIEPIH NMR 15 E, DU S X S EAiTit 7 i .
XA KL AT P A Bl AT B 35k (http://sioc-journal.cn/) L
TER. LS X AT S AT DL S S A P
iL» (https://www.ccde.cam.ac.uk/) 3£ 15 (CCDC 2238704,
2238705).
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