: & S ERUNY i
: 20212007032 BARA: 10759

AFFKREF

A
\u@&
JL
[1040]
%, <

621

RERFHTHBIME S BERE R NAYEN

IR IR 5%
o F A ESS
B & %I K% HH
HF F LT R E A BEEHL
FH. T g K %
ey AL A R
Ffroo&E % I HEA T F R

TEHE-EAT
2024 % 6 f



¥ % W A
B H
T £ R
2N
G R
ok ¥ K

&R EFHTEVNHES 5 ERE R ML
AMIBILI

kR

"R HZE

BEHRL

¥

ANAE R

HENT ¥

TEHEBAT
2024 % 6 A



Experimental and theoretical research on free radical reactions

involving organic boron under metal-free conditions.

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Master of Natural Science

Jinbo Yang

(Organic chemistry)

Dissertation Supervisor:Prof. Liang Xu

June,2024



AT REE AL SO B 1 7 B 2 A5 P 1R AL B

ALY SO B 1 ]

AN 2 AZ AL SR AL IR 5 T #EAT K7 LA RS RIRT FUR - 3
RN, BROCh CEM S A RSN, AR SOV & AR N C 4 Rk R B S i it
TR o REASCHIBT T EE TR NS, 8 AR SO 1 B 1 A R

> =
W

WREES: {1 4 IR . 2024 4E 5 A 16 H

5 FH A 1

ANGEE T RAT T R AAT KRR A AR SO e, SR BUIR B A AR S
I 160 [ 2 A P8 D s S WLAADE A28 SR LT RRORAR it o A3 UK A7 18 SCAE 22 A 1R S
TEORAF T SCVFRCE 1A . A A B AT BOVF AT AR AR 22 18 ST N S8R SR B A R IR S5
AU AT Ve SC AR B AT 478 B G A PR 55 1) S AR SR i 3 A L

BE A 244 - Vo 4R . 2024 & 5 A 16 H
M4 {ff,/,/ NFE): 2024 05 A 16 H



me

PEREE Sr L A B IR, AR R AR R A BRI B E . Bl AT A 1R DL R4
MfesE M2 2] TAET AN BT 2 ki . AR S S E R IR /AL, AEe R IR R R
VAN E R Y/bvik o A D WA /b B w1 KL e e N S v 1 P A - IR PR bk SO | 3
ALK R BON T AT S E T 1A

T =B 5 B S p BUE, RER=RAA PUIR R I — % 1% 5 MR ik, x$2R
) s S KA BE ). R, i ) B-B B B—Si #ERIMTR, R RAAE RN RIZEAL B
EHSHRBL, MBS . o, —H I SYIE T CIEJ e IhREM B 0
RIS, Tz BTG R VIR . SOCIRENSE DT . HURCAA NI &
PR FOCHEAL A NSRS, S B thm] DLCR Y kb e i, AT 4k 5 8 et 2 a4
T, ARCEERR T EERAMF TANZ 518 ik

AW IE A R B U R = AR5

(1) AT TARRXI B A PN RS R 2 0O [3. 11 B peiX — seda if e AT Bg 11 5F
AR TEH R ML . B ARSI A R AR A L, NS 2 B EEE (DFT) XZ R MALEEHEAT IR AR
TCs FERE B RE A AT BEAFAE Y 58 S SN [P AUREAT 18 THELR LML E -] H 12 (PyBpine) /&
SRR A R ORBEMEALTR I HAZ R MBI B RS, [20 + 20108 AR AT - A2 A0 2 i
X = AR AR AT SERXUA[3.1. 11 PERe ) & Bl

(2) A& LA AR BTt B 2L AT A S 516 Smiles HEHES N TT o 12 S HI 1
JERARR RS RE H 5 T 345 AR SRR B r A vkt B i 3E0R, R TC e Jm sk 1 T RERS L SR 1 P R 3R AS
RS (TG 7= ity o RS 2 SR M A 2 1 08 I Smiles FEHF SR SEIUM I (00 R e L (Rt B0 AN 05 5t
(ORI

(3) AE TN &R &N Al WA T A WU AL R b & B RE ) S BRI T o 122 SR A P
PR A UL S YVE G REAL T, BRI E AR FRE, R TC R m A1 T LA =
RIGRERE, 77 R By ] LABIIE 95%. S HEAT 10 sk, RRRMAISEITE . HLERWFE R,
RN B S 5 R
REER: A el AmEE Te)E



Abstract

Along with the emergence of green chemistry, metal-free catalytic systems have received extensive
attention from chemical researchers due to their low toxicity, good environmental compatibility and good
stability. However, compared with traditional metal catalytic systems, metal-free catalytic systems still have
a big gap in reactivity, product selectivity and substrate applicability. Therefore, the development of metal-
free catalytic systems with high activity and high selectivity has become an important direction of current
research.

Since the three-coordinated boron atoms have empty p orbitals, this makes the three-coordinated
organoboron reagents exhibit a certain Lewis acidity and show an efficient activation ability for nucleophilic
reagents. Secondly, by controlling the breaking of B—B or B—Si bonds, different types of radicals can be
generated and involved in the reaction, resulting in diverse products. In addition, some organoboron
compounds can be used as optoelectronic functional materials, especially tetra-coordinated organoboron
compounds, which are widely used in photosensitive materials, bio-imaging and fluorescent probes. When
tetra-coordinated organoboron compounds are applied to photocatalytic organic reactions, the reactions can
also excite radical intermediates to continue the subsequent photochemical transformations. Based on this,
this thesis focuses on exploring the free radical reactions involving organoboron under metal-free conditions.

The research in this thesis is mainly divided into the following three parts:

(1) The work in this chapter is to carry out theoretical calculations to investigate the reaction
mechanism of an experimental study on the preparation of bicyclo[3.1.1]heptanes by a boron radical-
catalysed cycloaddition reaction. On the basis of the experimental results, density functional theory (DFT)
was applied to investigate the reaction mechanism in depth, and the problem of possible competing reactions
during the reaction is discussed. The calculations revealed that pyridine-boron radical (PyBpine) is the key
catalyst for the reaction to take place and that the reaction proceeds through three processes, namely radical
transfer, [26 + 20] cycloaddition as well as catalyst regeneration and product generation, leading to the
synthesis of bicyclo[3.1.1]heptanes.

(2) The work in this chapter is a study of the Smiles rearrangement reaction involving silicoborate
esters reagents as silyl radical precursors. This strategy uses a relatively stable and readily available
silicoborate esters reagent as a source of silyl radicals, and the corresponding amide products can be obtained
in moderate yields under metal-free conditions. This strategy is also the first difunctionalization (silylation
and arylation) of olefins by Smiles rearrangement reaction.

(3) The work in this chapter is a study of the visible light-mediated organoboron-catalyzed metal-free



synthesis of silanols from silanes. The strategy uses a novel tetra-coordinated organoboron compound as a
photocatalyst and various types of silanes as starting materials to obtain the product silanols in excellent
yields up to 95% under metal-free conditions. Subsequently, gram-scale experiments were carried out to
explore the practicality of the reaction. Mechanistic studies have shown that the reaction is one involving
superoxide radicals.

Key words: organoboron; photocatalyst; free radical; metal-free
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Figure 1-1 The reaction of potassium benzyl fluoroborate salt with TEMPO reagent
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Figure 1-2 The reaction mechanism of potassium benzyl fluoroborate salt and electron-deficient olefins
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Figure 1-5 Alkylation reaction of imines
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Figure 1-7 Reaction mechanism of alkyl radical generation via 1,2-boron migration under photooxidative-
reductive strategy
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Figure 1-8 Alkynylation reaction of alkyl boronic esters under metal-free conditions
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