Chinese Journal of Organic Chemistry

% 4’& {& % DOI: 10.6023/cjoc202302032
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WE R RESAHMiRE R AR, BI-10 M0-11, FEH05 19.78%H1 80.22%. H, FHEMM-10 FH =
FER T DA R BRI e S T A BN . AUk, B-10 BESb &M &R A A EE MU R E L Wikt s
WA BRI A S R G R, E2 H A l-10 8 EMamnimzae bz, kel B mi-10 Z4
W A as JRRE, 1 26 R A Bk iR SCRR 7 56 B T 10 B4R Na'°BHa, Na!®BHa SRR T & 80 A= i Z 15t ('B2He),
RIG, MRS &Fh Lewis THATRCAL, B2 T —RFIM-10 B LM Lewis FRINIE Y, L IH S0k w0 ke
(THF-'°BH3). — FZE B BETH S (DMS+1'BH3) . N,N-— FF B 2K 2B 5t (DMA-1"BH3) . & b2 (NH3+°BH3) . = FF Il e
(MesN+1"BH3), — 2R IL B 5% (PhsPe '°BH3) Fl N-Z% 38 1= S Bt [1Pre'°BH3, IPr=1,3-%(2,6- 37 P FE R I )oK e -2- TP K. 1%
TR, MR, NT-10 B LS IR A AR AL T PR .
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Synthesis of '°B-Enriched Borane Lewis Base Adducts
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Abstract In nature, boron is composed of a mixture of two stable isotopes, '°B (19.78%) and "B (80.22%). The isotopical
19B-enriched compounds play important roles in many fields, such as the nuclear industry and cancer radiate treatment. There-
fore, the syntheses of such kind of compounds is of important significance. These isotopical '°B-enriched compounds can be
prepared from '°B-enriched boranes, however, the synthetic methods of such boranes are few. Herein, the synthetic methods of
10B-enriched Na'’BH4, THF+'°BH3;, DMS+!°BH3;, DMA-«!°BH3, NH3!°BH3, Me3N+!BH3, PhsP+!°BH3, and IPre!°BH3 were
developed. Firstly, Na'BH4 was synthesized with commercially available '’B(OH); as starting material based on the modified
literature methods. Then the reaction of Na'’BH4 and 1> provided '°B2Hs, which could rapidly react with different Lewis bases
to afford corresponding L+!°BH3. Undoubtedly, these approaches provide convenient ways for the synthesis of '°B-enriched
compounds.
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Z 11 BNCT B4 M 7545 775 T AR U 1 [Rl A7 2% 1B 1%
RIRRER A T J5 KA RN 24 a BT AR 7L
%, EAVEA MR B A A AR o, e
o} R 20 B P AR BB A . BNCT 1RIT HaR R B %
B8 —200-10 ‘MR, T NaBH, FEJGE
Lewis B IH&40 & & S A AL A 90 i 2 2 J5OR]
I, B-10 ‘54 Nal'BH, FIBlI%E Lewis BibN&4 Lo1°BH;
MEREEEEMHITE . Bir, W-10 5%£1
Na'®BH, 14 B O A SCERIRIED, Talke Lewis Bms&
VI Le""BH; [ 4 B G H0E. FRATLAIE-10 & £ TR
e as JERE, I ek i SCER B R TV, E R AR T
fili-10 &% H) Na'°BH, (Scheme 1, a). Na'’BH, 5 fifll Fi iy
NAE R ZEES, ARG, 2k S8R Lewis BT
Befr, 2287 —RF-10 &L Lewis BINE&Y)
L+!°BH;, f03% THF+'°BH;. DMS+!°BH;. DMA«!BH;.
NH;+°BH; . MesN+°BH; . PhsP+!°BH; Al IPr«!°BH;
(Scheme 1, b).

10B(OH), 0B(0"Bu); Et;N-19BH,4 Na'’BH,
80% ~ 85%
(b)
THF THFA%BH;  75%
DMS DMS-°BH;  78%
NH
DMA DMAJOE;H3—‘"‘(9’)»N|-|3-1°BH3
2
Na1°BH4 1082H6 — 80% 78%
E Me3N 10
MegN' BH3 73%
PhsP
= PhsP-9BH;  72%

P Pr1BH,  ggo

B 1 Na'°BHa4 1 Lewis Gl e i &4 Le'"BHs & A%
Scheme 1 Synthesis of Na'’BH4 and borane lewis base adducts
L-''BH3

1 ZR51He
1.1 Na'°BHiH9& Rk

T4, AR AT B HI-10 & SRR e JERL, 8
iT B3t Hawthorne F 7 7E2 PL 80%~85% M SR &
BT B-10 ‘B 4EH) Nal®BH4 (Scheme 2). 7245 3B M
i, B8 LiAlH. Al EN I H &, 18 EtsN«'°BH; UL
TR T 83%~88%.
1.2 L'"°BH3 B4Rk

B J5, Nal®BH, 5l )i 7F 2, — 1% — H i (DME)
SRR R SAR), 2 e A A IE N B DU SR I
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W15 2] THF'"BHs, Y28 75% (Scheme 1)), i A F|

(1) '9B(OH); + "BuOH 108(0"Bu),
) 0°c
(2) 1°B(0"Bu); + LiAH; + EtN
EtsN-1°BH; + LiAI(O"Bu),
120 ~ 150 °C
(3)  Et;N19BH; + NaH —————— Na'%BH, + Et3N

B 2 Na''BH: &%

Scheme 2 Synthesis of Na'"BH4
= HUE ik (DMS) ¥ 9 H U £3 2] DMSe''BHs, i % Ry
78%%). ZHRRES M DR DME, FEEL
We SR = A B B S 2 A (S A 2, B 2s
DME. Z i< ARiE AN E N,N-— F 32K % (DMA) 1)
DME &+, ®I LAy 5153 20 -10 & £ 1) DMA-
'BH;). 1] DMA-«!"BH; [ R B A=A, 7] BA
PL 78% SR AF EIM-10 & AR Z M S NHy''BH;5PL
0 2B I N B = R 0 DO SRR R R, BT LA #
MesN«""BH,, WK 73%010. fja, [ =FFEHF 1,3-
RU(2,6- 57 P F 2R 5 ) g -2 IV 3 (IPr) ) DME ¥ HH 38
N CHEESAER, 33 72%F0 68%IKINC R 155 T PhsPe
'BH; 1 IPre!°BH;. A F=#iit 5 Ll Na'®BH, (145K}
.

HAAAFEER 2, BRI KA LLAT THE, DMS,
DMA, Me;N, PhsP LK IPr (VAR B3I N, A2 Bor
) Lewis BRIEEINEY), B2, “oMxEREENEE
W A T ) N, BT B—H 4R N—H f 22 [8] i XL
ABIEH, A RKREMEKRE “ZRKE& Mx”
([H2B(NH;)2][BH) I & T 2L &40, BT LA, NH;*BH;
HE R B SE 4 . DMASBH; [ AW, SR 5 @it
RSN, FH NH; SRERE BB &4 1 (1 DMA 5545,
A BT NHseBH; Bl 5E & 400,

1.3 #ZEGEE S

B F1 1B 1) H i T E Al 3 1 372, 5L E
EETFHCN 12 MEREAZARE, e, BA UK
5, UMt IR AE A5 BUZ M 5t PR AR B, 15 504
MR T gL, FR, BT 1°B 5 "B X AME
&, FRMREA SRR T LA ZEONEA, W
NaBH, [EGE N 0T LISME H "B 5 B &R T
20y, WL EARBL(E 1), XA HT BH, AXRRIE 5,
AN, B MAER TN 3, Bk, AR TR
Sy NLEE, BEEHCN 273 Hz. "B HHEE TN
32, ik, SEETFRR S I ENE, HEEEN 78.4
Hz. [FF£1, NaBH, IR RS 2 4 8 1) F B g (] 2)012,
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Figure 1 'H NMR spectrum of Na'®BH4 (the content of '°B is
99%)
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Figure 2 ''B NMR spectrum of Na'’BH4 (the content of '°B is
99%)

2 g

i L PR, DAR T 43 Hm-10 w5 SR RO R an
JEURL, 81 2k Hawthorne 73, B 6 & T 1ll-10 &
4E 1 Na''BHa, Na!'°BH, 5 5L S5 W 2B B Lk, 200
Feilt— 2 58 M Lewis BN, W AFE]— R 515H-10
SR bE Lewis BUIN&Y). 2T ERIENL, H-10 &
LAY S G RO T 5 .

3 SRS
3.1 UBEE5RF

W48 Bruker 400 MHz #% WL 4R I 3 52,
Pl CDCl;» DMSO-ds« THF-ds. CD;CN N7, TMS
NFR. B S AE ARG SGW X-4B A s A
SE. SEEGHTH 2G5 A K H 22 75 B R R
o], Ho 10-BER I B L 7 =k 2 T A R A
7, BN 95.8%F1 99%.
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3.2 Na'"BH«sHI&ERK

7E 300 mL MG MARE T 10-81112(0.20
mol, 12.17 g)F11E T E#(1.30 mol, 119 mL), KM &
YITER SR P INAE B, FURRE N 110 °C, B jE4%
STHRZE 150 CZM, HEAHAMRE. ERSR
Bl N, 150 60E A 1'B(O"Bu)s, Y 99%.

£ 300 mL B IARE T+ LiAlH4 (0.10
mol, 3.80 g).80 mL Jo/K Bk, HiHEARRIEFR, A
Je7K EtN (0.12 mol, 16.7 mL). ¥ i f5E & ¥1E VKK
rRAHD, IR R 221830 1°B(0"Bu)s (0.10 mol, 22.90 g).
WhnsEEe, BRAuoKE, TEIR TEEEHE 1L ZMN
gil)E, A FdIEyiE, APk, rfRiE
WFx2 DCM, FHEEEMELEN =2k, 526
{635 WA EtNe1"BH,, WK 88%.

£ 100 mL B A AT NaH (0.05 mol,
120 g) AR+ kel #H LK HEZEQS mL)M
Et;N+'BH; (0.055 mol, 6.27 g), k5% A
ME 120 C, HEI=LHEITIRZEM K. 2 h NEHE TR
£ 150 C, HEANHAMARH. ERTRE AR
GV, BESEEMR I IR 2 ROV, FEHJCKIE e gk
DUVE. MERBRT TR, BEAGEAE Nal®BH,, Ik
99%. MAFEM, mp.>320°C; 'H NMR (DMSO-ds, 400
MHz) 6: —0.34 (septet, J=27.3 Hz, 4H); 'H{'°B} NMR
(DMSO-ds, 400 MHz) 6: —0.34 (s, 4H); B NMR
(DMSO-ds, 43 MHz) 6: —35.71 (quintet, J=27.3 Hz);
OB{'H} NMR (DMSO-ds, 43 MHz) §: —35.73 (s).
3.3 Tk Lewis BN & 489 E AR

I RSAAE: BT 100 mL 77 Schlenk 32 [
HIPIFGE, FiRbE R 2ok, EFER D, M LR
SR IN B F- A1 Na'®BH, (10 mmol, 368.30 mg), #F
RNRE L ER B FEM, TN DME (5 mL). 5H—
25 mL Schlenk Jffi, [FJEFIIARE T M5 mmol,
1.27 g)f1 DME (5 mL), $fiFFEfEE . SR e irds
&, Hr, MRy Nal’BHs A1 DME IR &
W, P SR B e AR s R S, TR SE A O
DME ¥k, A EE, FH—60 CHR: NELA &t
W BEJEERE—A 25 mL Schlenk i /E 4 Lewis B 5 42 %
) BoHe AU S N8 B, FRROE T VKK H, Schlenk
ME B, REZRTEEE, N HURE N S 18
No, PRUEEEA R B 7AW Ny, BRI A s dsh—
Fb— A0, 358 N, 2 min. 6] BoHe 044 5B i in
ANAHRL[) Lewis B, FTH1E R0 -2, #inmm)
DME &, #EHIIEE A —F—. Wi sEE, ®R
FF N 488200 2 min, MZEH, B f5 < ] Schlenk SV
2 .
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THF<'"BHs: [A] BoHe U SR A AT 1K) THF
(10 mL), Jx B2 &5 3, Jif 1 B 49 J6 8 3% B Ak N
THF+'BH;, {(*%¥ 75%. '"H NMR (THF-ds, 400 MHz) J:
2.06~2.87 (m, 3H); '"H{'°B} NMR (THF-ds, 400 MHz) ¢:
2.46 (s, 3H); '°B NMR (THF-ds, 43 MHz) §: —0.58 (q,
J=35.6 Hz); '"B{'"H} NMR (THF-ds, 43 MHz) §: —0.52
(s).

DMS*!BHs: 1] BoHe A S S im N T ) 1)
DMS (1 mL), KM 25, A Frfs o g ik
DMS-'"°BH;, Y# 78%. 'H NMR (CDCl;, 400 MHz) o:
1.19~1.81 (m, 3H), 2.24 (s, 6H); 'H{'°B} NMR (CDCl,
400 MHz) d: 1.51 (s, 3H), 2.24 (s, 6H); '’B NMR (CDCl,
43 MHz) 6: —20.43 (q, J=35.1 Hz); ""B{'H} NMR
(CDCls, 43 MHz) §:—20.43 (s).

DMA-'""BH3: [f] BoHe SRR S H A DMA (10
mmol, 1.3 mL), %RJ5 I\ DME (2 mL), <455 )5
B I BRI R DME, I BT 1538t 3E AN
DMA-'"BH;, % 80%. '"H NMR (CDCls, 400 MHz) ¢:
1.79~2.37 (m, 3H), 3.12 (s, 6H), 7.29 (t, J=7.4 Hz, 1H),
7.40 (t, J=8.1 Hz, 2H), 7.67 (d, J=8.1 Hz, 2H); 'H{'°B}
NMR (CDCls, 400 MHz) 6: 2.08 (s, 3H), 3.12 (s, 6H), 7.29
(t, J=7.4 Hz, 1H), 7.40 (t, J=8.1 Hz, 2H), 7.67 (d, J=38.1
Hz, 2H); B NMR (CDCls, 43 MHz) 6: —6.22 (q, J=
29.9 Hz); '°B{'H} NMR (CDCls, 43 MHz) §: —6.24 (s);
3C NMR (CDCl;, 101 MHz) J: 150.94, 129.10, 127.14,
120.77, 54.73.

NH;!'BH3: [F] BoHe AR MIREFIIA DMA (10
mmol, 1.3 mL), ZAJ5MATKF ARG mL), £ DMA
(2RI, NS5, 193] DMA-"BH; 1 F ORIV,
EZETHEE, ZALLL) 10 Les ! MERIBNREW A,
SEED AR A AUTTE. HRYE 1°B NMR 3 Wil DMA'°BH;
SEAFA NHy'"BH; J&, SHESPIEH T, FIK
IE O EHDIE, MERT TR, 530 6EERN
NH;+'BH;, 7% 78%. m.p. 113~114 C; 'H NMR
(CD;CN, 400 MHz) d: 1.00~1.65 (m, 3H), 3.54 (t, J=
48.0 Hz, 3H); 'H{!’B} NMR (CD;CN, 400 MHz) J: 1.32
(s, 3H), 3.55 (t, J=48.0 Hz, 3H); '°B NMR (CD;CN, 43
MHz) 0: —22.78 (q, J=31.8 Hz); °B{'H} NMR (CDs-
CN, 43 MHz) 6: —22.78 (s).

MesN«!BHs: 1] BoHg ARSI H A MesN 1)
THF ¥7(5 mL, 2 moLeL™"), JM&5IR, FIF AR
Wi THF, H25 TR 8 A AE A MesN+'BH;, 7=%
73%. m.p. 76~78 C; 'H NMR (CDCls, 400 MHz) ¢:
1.42~1.95 (m, 3H), 2.63 (s, 9H); 'H{'°B} NMR (CDCl;,
400 MHz) d: 1.70 (s, 3H), 2.63 (s, 9H); "B NMR (CDCl;,
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43 MHz) 6: —8.52 (q, J=32.7 Hz); ""B{'H} NMR
(CDCls, 43 MHz) §: —8.52 (s).

PhsP+!°BH;: [7] BoHe U NI H A PhsP (10
mmol, 2.62 g), RGN DME (10 mL), KM&EH, H
H A BB W DME, iR TS Ao E kR
PhsP<!°BH;, I E 72%. mp. 177~179 C; 'H NMR
(CDCls, 400 MHz) §: 1.02~1.49 (m, 3H), 7.41~7.61 (m,
15H); '"H{'°B} NMR (CDCl;, 400 MHz) §: 1.28 (s, 3H),
7.42~7.60 (m, 15H); '°B NMR (CDCls;, 43 MHz) §: —
37.94 (m); “B{'H} NMR (CDCls, 43 MHz) : —37.92
(br); P NMR (CDCls, 162 MHz) d: 20.64 (d, J=62.4
Hz); *C NMR (CDCls, 101 MHz) 6: 133.30 (d, J=9.8
Hz), 131.37 (d, J=2.4 Hz), 129.30 (d, J=58.2 Hz), 128.89
(d, J=10.3 Hz).

IPr~!"BHs: [r] BoHg 44 S SO H I IPr (1 mmol,
0.39 g), RN DME (3 mL), M 45K, HETSER
P71 DME, o 4% [8 & B 1E 15 e A0 — G e 5 45
4 A 4K IPre'"BH;(VE: IPre'BH; )& b B,
Na!®BH,; &~ 1.0 mmol, f#i¥ 5 F &4 0.5 mmol), YR
# 68%. m.p. 240~243 “C; 'H NMR (CDCls, 400 MHz)
5: 0.33~0.8 (m, 3H), 1.18 (d, J=6.9 Hz, 12H), 1.29 (d,
J=6.9 Hz, 12H), 2.53~2.60 (m, 4H), 7.02 (s, 2H), 7.28
(d, J=7.7 Hz, 4H), 7.46 (t, J=7.8 Hz, 2H); 'H{!’B} NMR
(CDCls, 400 MHz) d: 0.56 (s, 3H), 1.18 (d, J=6.8 Hz,
12H), 1.29 (d, J=6.8 Hz, 12H), 2.53~2.60 (m, 4H), 7.02
(s, 2H), 7.28 (d, J=7.7 Hz, 4H), 7.46 (t, J=7.7 Hz, 2H);
1'B NMR (CDCls, 43 MHz) 0: —36.47 (q, J=31.5 Hz);
YB{'H} NMR (CDCls, 43 MHz) §: —36.47 (s); 3C NMR
(CDCl;, 101 MHz) &: 145.50, 134.42, 130.05, 123.97,
121.70, 28.81, 24.67, 23.12.

$#H B#1k (Supporting Information) F=#7ff] '"H NMR.
'H{'°B} NMR. '°B NMR #il "B{'H} NMR i Xttt
BEAT DL G 2% AT 9335 (http://sioc-journal.cn/)_F R %K.
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