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1,2-Migration Enabled Borylation of Benzylic Quaternary Ammonium
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Abstract A transition metal-free borylation of quaternary ammonium salts has been reported via a 1,2-boronate migrations
using benzyl quaternary ammonium salts as substrates and base (potassium bis(trimethylsilyl)amide, KHMDS) with steric
hinderance as hydrogen abstractor, Bzpinz as the boron source. In this transformation, benzylic monoboronate esters and ben-
zylic 1,1-diboronate esters can be obtained by different quenching methods. This transformation showed a favorable tolerance

for benzylic quaternary ammonium with different functional groups. A gram scale synthesis was performed.
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Scheme 1 1,2-Migration transformation of tetracoordinate boron using tertiary amines as leaving groups
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Table 1 Substrate scope of benzylboronic esters

+ _ B,pin; (1.2 equiv.), KHMDS (1.1 equiv.) Bpin

| toluene, 0 °C, 3 h

e N
Ar Bpin or
P Ar)\Bpin

2 3
Methanol quenching

Monoborylation:

Bpin Bpin Bpin Bpin ) /@ABP“‘ /@ABPIH
Bpin
F Cl

2a, 63% 2b, 73% 2c¢, 65%
F
Bpin Bpin
Bpin
Br |
2h, 77% 2i, 78% 2j, 81%

2d, 73%

Ph e} o

2e, 80% 2f, 57% 29, 72%

2k, 79% 21, 55% 2m, 60 %

~ F
-0 Bpin 7 Bpin ‘ Bpi i : :
\EjA i @ABpin o . : Bpin Bpin

2n, 54% 20, 85% 2p, 83%
gem-Diborylation:
Bpin Bpin Bpin
@/\Bpin E/QABpin é/kBpm
3a, 68% 3b, 58% 3e, 65%

2q, 81% 2r, 47% 2s, trace

Bpin o~ Bpin

Q/\Bpin ij/kBpin
[

3i, 40% 30, 76%

4Reactions were performed with 1 (0.5 mmol), Bopin, (0.6 mmol) and KHMDS (0.55 mmol) in toluene (4.0 mL).
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DL REZERE Th (10.0 mmol)HHT UK SELG, /r B9 3
FIHMNEREE 2h (2.2 g, 74%), R AT DR LT M3tk 47 S w7
J K (Scheme 2).
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Scheme 2 Gram scale synthesis of benzylboronic esters
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T AL, S ) FR A 2 5 S IRk A & 0, szas
122 7 Ak KHMDS (1.0 mol/L solution in THF). Adamas
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32 WK
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(0.6 mmol, 1.2 equiv.)FIEZ& (4.0 mL), AJE47E
HE, WHTFEEM, BT 0 CHRUKBhHiEE 10 min, %

Chin. J. Org. Chem. 2023, 43, 1868~1874

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

PO, BERES =G, EEEART, MAX (A
Ffkhe ) &I KHMDS (0.55 mL, 1.1 equiv.), R#E$T
KEE, 0 CRHEEE 3 h M SEEIE, 40 H sk F
PR BEAT VR KN, B PR e P e 2 A 75 IR o oz 2
BB B FEE .

PRV K R B S, 80 B 253 771, T sp ) R P A
ENT o BT LR L ER/AThEE, VL V=50 :
DREF=Y) 2; X T4L&Y) 3a, 3b, 3e, 30, FERVE KN
J&, WERREER, MR ZEHE, REMA=
R UL Bt RE 30 min, FRRUBIERR EVEF, #4
W HR T R E AT 4 B AL R 2R LTS/ A i T,
ViV=50:1~25: DFE=Y; X THED 31, FiR
PR JE, JREFRERR, TR0 PR 3k A7 4 2 b (ke
o B CEE/ A WMBE, Vi v=20:1), RIFHETHE
(125 °C, 0.0005 MPa)if— 4ty [HERRE, f
oy SRR A PGE A, HRE R T T R A

2-753-4.4,5,5- DY B 3E-1,3 2- Bl E(2a) 50 Tofh
ORI, 68.7 mg, F*F 63%. 'H NMR (400 MHz,
CDCls) d: 7.25~7.09 (m, 5H), 2.29 (s, 2H), 1.23 (s, 12H);
13C NMR (101 MHz, CDCly) d: 138.6, 128.9, 128.2, 124.8,
83.4,24.7; "B NMR (128 MHz, CDCl;) 8: 33.1.

2-(4-(RUT 3) 5 3E)-4.4,5,5- D0 B FE-1,3,2- STl ke
(2b)1"%): FTEEE A, 100.0 mg, 753 73%. m.p. 38 C; 'H
NMR (400 MHz, CDCl3) 6: 7.25 (d, J=8.0 Hz, 2H), 7.11
(d, J=8.0 Hz, 2H), 2.26 (s, 2H), 1.29 (s, 9H), 1.24 (s,
12H); *C NMR (101 MHz, CDCls) 6: 147.4, 135.3, 128.6,
125.1, 83.3, 34.2, 31.4, 24.7; "B NMR (128 MHz, CDCl5)
: 33.0.

4,4,5,5- VU H 3 -2-(4- B B % 56 )-1,3,2- = S W &
(2¢)!0): Tt PR AR, 75.4 mg, FEFE 65%. 'H NMR
(400 MHz, CDCl3) &: 7.24~7.03 (m, 4H), 2.29 (s, 3H),
2.25 (s, 2H), 1.23 (s, 12H); '3C NMR (101 MHz, CDCl3) 6:
135.3, 134.1, 128.9, 128.8, 83.3, 24.7, 20.9; "B NMR (128
MHz, CDCl3) d: 33.2.

4,4,5,5- P4 H 2 2-(3- FF 2 AR 2 )-1,3,2- A W ke
QA TEaHPIRA, 84.7 mg, FEE 73%. 'H NMR
(400 MHz, CDCl3) 8: 7.12 (t, J=7.6 Hz, 1H), 6.99~6.92
(m, 3H), 2.30 (s, 3H), 2.25 (s, 2H), 1.23 (s, 12H); 3C
NMR (101 MHz, CDCly) d: 138.4, 137.7, 129.8, 128.1,
125.9, 125.6, 83.3, 24.7, 21.4; "B NMR (128 MHz,
CDCls) 6: 33.1.

4,4,5,5- VU F 3& -2-(2- F 3 % 26 )-1,3,2- — & e
(2e)B%: FEEIHIRIBAE, 92.8 mg, =K 80%. 'H NMR
(400 MHz, CDCly) &: 7.14~7.01 (m, 4H), 2.27 (s, 3H),
2.25 (s, 2H), 1.22 (s, 12H); 3C NMR (101 MHz, CDCl5) §:
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137.5, 135.9, 129.7, 129.4, 125.8, 125.1, 83.3, 24.7, 20.0;
"B NMR (128 MHz, CDCls) d: 33.2.

2-(4-T R FE)-4,4,5,5- DU FEJE-1,3,2- AUl e (20150
T HPIRIBEAE, 67.3 mg, 7% 57%. '"H NMR (400 MHz,
CDCls) 8: 7.15~7.10 (m, 2H), 6.94~6.88 (m, 2H), 2.25
(s, 2H), 1.23 (s, 12H); 3C NMR (101 MHz, CDCL) ¢:
160.8 (d, J=242.4 Hz), 134.1 (d, J=3.0 Hz), 130.1 (d,
J=7.1 Hz), 114.9 (d, J=21.2 Hz), 83.5, 24.7; "B NMR
(128 MHz, CDCl3) d: 33.0; '°F NMR (376 MHz, CDCl;) §:
—119.4.

2-(4-5NHE)-4,4,5,5- DU k- 1,3, 2- S e ()
H Ak, 90.7 mg, 773 72%. m.p. 42~43 C; 'H NMR
(400 MHz, CDCL3) 8: 7.19 (d, J=8.4 Hz, 2H), 7.10 (d, J=
8.4 Hz, 2H), 2.25 (s, 2H), 1.23 (s, 12H).; 1.23 (s, 12H); 1*C
NMR (101 MHz, CDCL) d: 137.1, 130.5, 130.3, 128.3,
83.5,24.7; "B NMR (128 MHz, CDCl;) J: 32.8.

2-(4- B L )-4,4,55- D9 HF R -1,3,2- A A
h)!I: O E K, 1140 mg, 77E 77%. mp. 54~
55 °C; '"H NMR (400 MHz, CDCls) d: 7.34 (d, J=8.4 Hz,
2H), 7.05 (d, J=8.4 Hz, 2H), 2.23 (s, 2H), 1.22 (s, 12H);
13C NMR (101 MHz, CDCLy) 8: 137.7, 131.2, 130.7, 118.5,
83.5,24.7; "B NMR (128 MHz, CDCl;) d: 32.9.

2-(4-TKN5E)-4,4,5,5- DU I EE-1,3,2- S e 20>
HEEA, 1342 mg, 725 78%. mp. 63 C; 'H NMR
(400 MHz, CDCl3) 6: 7.53 (d, J=8.4 Hz, 2H), 6.93 (d, J=
8.4 Hz, 2H), 2.22 (s, 2H), 1.22 (s, 12H); '3C NMR (101
MHz, CDCls) &: 138.4, 137.2, 131.1, 89.7, 83.5, 24.7; "B
NMR (128 MHz, CDCl) §: 32.9.

2-(2-F R 5k )-4,4,5,5- DU H 3k -1,3,2- ARl e (2)154):
TEHPRIBAE, 95.6 mg, 2% 81%. 'H NMR (400 MHz,
CDCl;) d: 720~7.16 (m, 1H), 7.12~7.06 (m, 1H),
7.02~6.94 (m, 2H), 2.25 (s, 2H), 1.23 (s, 12H); 3C NMR
(101 MHz, CDCLy) 6: 161.0 (d, J=244.4 Hz), 131.2 (d,
J=4.0 Hz), 126.6 (d, J=8.0 Hz), 126.0 (d, J/=17.2 Hz),
123.8 (d, J=3.0 Hz), 114.8 (d, J=22.2 Hz) 83.5, 24.6; ''B
NMR (128 MHz, CDCl;) 6: 33.1; '9F NMR (376 MHz,
CDCls) 6: -116.8.

2-(4-ZK LA IE)-4,4,5,5- I F JE-1,3,2- SR 5t (2K):
R, 116.1 mg, 7% 79%. mp. 61 ~62 C
(Ref'5*] 57~59 ‘C); 'H NMR (400 MHz, CDCl;) o
7.58~7.55 (m, 2H), 7.49~7.46 (m, 2H), 7.42~7.37 (m,
2H), 7.31~7.24 (m, 3H), 2.33 (s, 2H), 1.24 (s, 12H); 13C
NMR (101 MHz, CDCL) §: 141.2, 137.8, 137.7, 129.4,
128.6, 127.0, 126.9, 126.8, 83.4, 24.7; "B NMR (128
MHz, CDCl;) : 33.2.
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2-(ARFE[1,3]- AR A -5-F F AL )-4.4,5,5- U -
1,3,2- BT DU R, 72.1 mg, FEE
55%. '"H NMR (400 MHz, CDCls) &: 6.69~6.68 (m, 2H),
6.61 (d, J=8.0 Hz, 1H), 5.88 (s, 2H), 2.21 (s, 2H), 1.23 (s,
12H); 3C NMR (101 MHz, CDCl) J: 147.4, 144.9, 132.1,
121.4, 109.6, 108.1, 100.5, 83.4, 24.7; "B NMR (128
MHz, CDCl) d: 33.0.

2-(4- PR FE R 3E)-4,4,5,5- DY R L 21,32 — S )t
m)!: TEEGHLIRAE, 74.4 mg, 77 60%. 'H NMR
(400 MHz, CDCl3) 6: 7.09 (d, J=8.4 Hz, 2H), 6.79 (d, J=
8.4 Hz, 2H), 3.76 (s, 3H), 2.22 (s, 2H), 1.23 (s, 12H); 1*C
NMR (101 MHz, CDCLy) d: 157.1, 130.5, 129.8, 113.7,
83.3,55.2,24.7; "B NMR (128 MHz, CDCl) d: 33.2.

2-(3- AR FE N 3E)-4,4,5,5- I FF 3 -1,3,2- — S0 b
2n)!%: EAHPIRA, 67.0 mg, P53 54%. 'H NMR
(400 MHz, CDCl3) 0: 7.14 (t, J=7.6 Hz, 1H), 6.78-6.74
(m, 2H), 6.67 (dd, J=8.4, 2.8 Hz, 1H), 3.77 (s, 3H), 2.27
(s, 2H), 1.23 (s, 12H); *C NMR (101 MHz, CDCl;) ¢:
159.5, 140.1, 129.1, 121.5, 114.6, 110.4, 83.4, 55.0, 24.7;
IB NMR (128 MHz, CDCls) 6: 33.0.

2-(2- AR JE AR 3E)-4,4,5,5- DY 36 -1,3,2- S B
(20)150): TEEIHARA, 105.4 mg, P53 85%. 'H NMR
(400 MHz, CDCls) 8: 7.14~7.10 (m, 2H), 6.86~6.82 (m,
1H), 6.79 (d, J=8.0 Hz, 1H), 3.79 (s, 3H), 2.18 (s, 2H),
1.23 (s, 12H); '3C NMR (101 MHz, CDCly) 6: 157.1,
130.4, 127.9, 126.2, 120.4, 109.7, 83.1, 55.0, 24.7; B
NMR (128 MHz, CDCls) 8: 33.5.

4,455 PU FF 3 - 25 -2- 3k 3k )-1,3,2- — S e
@p)': HEFE A, 1112 mg, 7% 83%. m.p. 70~
71 ‘C (Refl' 67~69 °C); 'H NMR (400 MHz, CDCl;)
8: 7.78~7.71 (m, 3H), 7.61 (s, 1H), 7.43~7.32 (m, 3H),
2.45 (s, 2H), 1.22 (s, 12H); '3C NMR (101 MHz, CDCl3) 6:
136.3, 133.8, 131.5, 1282, 127.6, 127.5, 127.2, 126.6,
125.6, 124.7, 83.5, 24.7; "B NMR (128 MHz, CDCl;) ¢:
33.2.

4,455 JU FF 3 - 25 -1- 3k 3k )-1,3,2- — S0 B e
(2q)2%): LA HPIRIA, 108.5 mg, 7% 81%. 'H NMR
(400 MHz, CDCl3) 6: 8.02~7.99 (m, 1H), 7.83~7.80 (m,
1H), 7.67~7.64 (m, 1H), 7.50~7.42 (m, 2H), 7.38~7.32
(m, 2H), 2.69 (s, 2H), 1.19 (s, 12H); '3C NMR (101 MHz,
CDCls) 6: 135.6, 133.7, 132.4, 128.5, 126.4, 125.7, 125.3,
125.3, 124.5, 83.5, 24.6; ''B NMR (128 MHz, CDCl;) ¢:
33.5.

4,4,5,5-PU 3 -2-(3-( = 380 FF 3% ) 38 )-1,3,2- — 580
Fe2r)BY: LAHIRBAR, 67.2 mg, 77% 47%. '"H NMR
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(400 MHz, CDCly) 6: 7.44 (s, 1H), 7.39~7.31 (m, 3H),
2.35 (s, 2H), 1.23 (s, 12H); 3C NMR (101 MHz, CDCl3) ¢:
139.7, 132.4, 130.4 (q, J=31.3 Hz), 128.5, 125.7 (q, J=
3.0 Hz), 124.3 (q, J=274.7 Hz), 121.8 (q, J=4.0 Hz),
83.7,24.7; "B NMR (128 MHz, CDCl;) d: 32.8; '9F NMR
(376 MHz, CDCly) 6: —62.6.

2,2'-(ZK FE P H HE) XU (4,4,5,5- DY H Fe-1,3,2- — Sl
$56)(3a)8: [k, 117.0 mg, % 68%. m.p. 88~
90 ‘C; '"H NMR (400 MHz, CDCls) 6: 7.27~7.25 (m,
2H), 7.20 (t, J=7.6 Hz, 2H), 7.07 (t, J=7.2 Hz, 1H), 2.30
(s, 1H), 1.23 (s, 12H), 1.21 (s, 12H); '*C NMR (101 MHz,
CDCls) d: 139.5, 129.1, 127.9, 124.1, 83.3, 24.7, 24.6; "B
NMR (128 MHz, CDCls) §: 33.1.

2,2'-((4-(RUT ) 2K 36 ) W2 H 3L ) XN (4,4,5,5- U FH 3 -
1,3,2- =5 EE)(3b)2: FAE A, 116.0 mg, =% 58%.
m.p. 128~130 C; 'H NMR (400 MHz, CDCls) J: 7.23~
7.17 (m, 4H), 2.28 (s, 1H), 1.28 (s, 9H), 1.23 (s, 12H), 1.22
(s, 12H); 3C NMR (101 MHz, CDCl;) d: 146.5, 136.0,
128.7, 124.9, 83.2, 34.1, 31.4, 24.7, 24.6; "B NMR (128
MHz, CDCl;) d: 33.1.

2,2'-((2-(FF 3 ) A L) I Y 3 ) XL (4,4,5,5- DY F 3E-1,3,2-
D) 3e)?: [ AE R, 116.4 mg, F7ER 65%. m.p.
55~56 ‘C; 'H NMR (400 MHz, CDCl;) 6: 7.44 (d, J=7.6
Hz, 1H), 7.11~7.07 (m, 2H), 7.01~6.97 (m, 1H), 2.39 (s,
1H), 2.24 (s, 3H), 1.23 (s, 12H), 1.22 (s, 12H); 3C NMR
(101 MHz, CDCl3) ¢: 138.1, 135.7, 129.7, 129.1, 125.7,
124.3, 83.3, 24.7, 24.6, 20.6; ''B NMR (128 MHz, CDCl5)
9:33.1.

2,2'-((4-TH A< FE) WP FFY 3 ) X1 (4,4,5,5- D0 F L -1,3,2-
A (3i): FIE{R, 94.0 mg, 77 40%. m.p. 184~
185 “C; '"H NMR (400 MHz, CDCls) &: 7.50 (d, J=8.4
Hz, 2H), 7.01 (d, J=8.4 Hz, 2H), 2.23 (s, 1H), 1.22 (s,
12H), 1.20 (s, 12H); *C NMR (101 MHz, CDCly) §:
139.4, 136.9, 131.3, 89.2, 83.5, 24.7, 24.6; "B NMR (128
MHz, CDCl;) 0: 32.1; HRMS (ESI) caled for Ci9H30B2104
[M+H]" 471.1369, found 471.1376.

2,2'-((2- H A 2 2K 2L ) T HY 2 ) XU (4,4,5,5- DY HE 2 -
1,3.2- M%) (30): AEA, 142.1 mg, =3 76%.
m.p. 110~111 ‘C; '"H NMR (400 MHz, CDCls) &: 7.41
(dd, J=7.6, 1.6 Hz, 1H), 7.08 (td, J=8.0, 1.6 Hz, 1H),
6.85 (td, J=7.6, 1.2 Hz, 1H), 6.77 (dd, J=8.0, 1.2 Hz,
1H), 3.76 (s, 3H), 2.47 (s, 1H), 1.24 (s, 12H), 1.23 (s,
12H); 3C NMR (101 MHz, CDCl3) &: 157.0, 130.0, 128.8,
125.5, 120.4, 109.9, 83.1, 55.2, 24.8, 24.6; "B NMR (128
MHz, CDCls) ¢: 33.3; HRMS (ESI) caled for Cy0H33B,05
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[M+H]" 375.2509, found 375.2519.

HBhA Rl (Supporting Information) L5472, 3 /) 'H
NMR. BC NMR. "B NMR Fl F NMR &, X Lepf k)
AT LA B 9 AT 9 3 (http://sioc-journal.cn/)_F T 3.
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