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Progress in the Syntheses of a-Boryl Carbonyl Compounds
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Abstract a-Boryl carbonyl compounds have traditionally been considered thermodynamically unstable and prone to undergo
1,3-boron migration. In recent years, with the development and understanding of sp3-hybridized boron or tetra-coordinated
boron, methods for synthesizing stable and separable a-boryl carbonyl compounds have been actively developed. These meth-
ods include the insertion reaction of borane with diazo esters, sulfur ylides and other carbene precursors, the free-radical
borylation reaction of a,f-unsaturated carbonyl compounds, and late-stage structural modification reactions of boron-contain-
ing compounds. The recent advances in the synthesis of a-boryl carbonyl compounds are reviewed based on different reaction

types, and the existing challenges and future research directions are discussed.
Keywords carbene precursor; insertion reaction of borane; radical borylation reaction; a,f-unsaturated carbonyl compound;

boronate; functionalized alkyne
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AW T 4R & RIX A SN HTT %, 2010 £ELLRT, K
THRE WG R AAFEMRE, H oA voo Hit
177 RGP Gk, BEEXT sp AR AW TE, F2
SE S AT B a-BHUACBIREE AL S IR & BT 12080
WORE, AT RE B—H i, BBEMEL. &
VERIBI IR G (0 AL 5, A D AT P S FH i A
BEPTT . AL RKE N a-TIBARIE AL &
VO & ROTIE BT T 4534,

1 ETFEXMEM&EYWE B—H BARNE
Bl a-TEAR R E XL S

) FH 2 BRI AT I b i & 0 i) B—H 84T 4
NI o-BITEHURIREE P2 W) 2 — 2 B2 R 7 .
WRITEW LB F i T AR R 2R . 2013 44
FOMR B R0 2R~ A R A BYR A B 0 4 1 A 77 DA S T
PR A4, SI2IL T B 60 IR P R B 6 - 400 B AN 0k R
B—H i, RMHEAE G LRGSR 1R
Fi(Scheme 2a). Vilotijevic BN 1Z 75T T K
J&, ¥z SR T AL R IR SRR b, taE DU
T ()77 22 3R A9 AH L= ) (Scheme 2b).

a) Zhou and Zhu's work
Cu(MeCN)4PFg

R1_R? _ R! R?
\n/ + RsP—=BH, BOX Ligand 1, NaBArg \_/
N DCM, 25 °C HB <
R'=H, alkyl, Ar PR,
R2 = COMe, COOR' 66% ~ 93% yields
Of ~ 0,
R = H, alkyl 4% ~ 94% ee

BOX Ligand 1

b) Vilotijevic's work

RS Cu(MeCN),PFg 1

) R2
R3 R® BOX Ligand 2, NaBAr
%‘/ + BusP—BHs; 9 F Y
CHCI3, 60 °C HB

4
R™ N, PBuU,
o) o
&MJ

N N—/
Ph Ph

0 ~ 92% yields
BOX Ligand 2

RS, R® = alkyl, Ar
R* = H, alkyl
R® = COMe, COOR'

B 2 A E B B RS AR R B—H S N SR
Scheme 2 Copper-catalyzed asymmetric B—H bond insertion
of diazo compounds into boranes
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B o-FEARRIER WA DI, TR ZIR T H R
FRlis. B, EEEALE, W RAE RN, HXFAHE
) 2% BA R T (NHO)- B It 1 58 A A % 1 2% R (Scheme
3a). A DM, TR R B M s A
B EE AT, ST UGS e B—H BE
PN A AR Rt PSR vivk = AN S T P s 5
o-TITHUR LA S A B, 2T IER A RS =
R A BAFROR, ERIER o 112 K752 (Scheme
3b). XE MR R RIEE N T 2 28 X—H
RN R ST, oA — e 7 32, 0 4 A AL b o
R =4 B—H 8 R S AP ARIE, W Curran BREZ
(8195 FE& P R4 e TR G ) TR s v T 4k 5 B RC R I S 1,
AR AU H S L EE SRR R 5 NHC-#Ie ) B—H Bdd
JZ N (Scheme 4a). Arnol @ ZH I 2 F) F A= 40 1k Y 1 g
SEPL T NHC Wik 5 B R S = 5 H 5 U & 1)
KRR B—H SN N, B A2 5w AR R X i 48
PEA REA3 2 £/ B (Scheme 4b).

(a) Curran's work

2 _BH3 R1 R2
R! R2 N’\< ) Rhy(esp), h
\n/ + ,K/N\R:i DCM HzB
Ny oo \.
S )
N 26% ~ 96% yields
R' = H, alkyl, Ar, COOR N
R2 = COR, CONR,, COOR | @ = ,g/N\ -
R? = alkyl, Ar il
(b) Xu's work 4
Ar\/R

Rh[(C2H4)2Cl]2

Ar\n/R“ CN/ e |
+ - - " T .
N, gy, ohiral ligand, DCM ‘\D

R*=COR, COOR CF
3 48% ~ 96% yields
O 93% ~ 99% ee
A7,
Ph chiral ligand

B3 s EAN O B—H #4E A
Scheme 3 Rhodium-catalyzed B—H bond insertion of diazo
compounds into boranes

LABR P SZAEAE N R SEATAR, SKIUN B—H #iEATd
N ARt i A fRIE L 1% 28 s 7 o i - S7 4 AR AR A
WHIEIER T B % DMSO, 74 7R E Pk, XR/
AL M e T I N, ROSE RE AL, R E
7, JEEEEAAB TS (Scheme 5a). A HAMRAIA 57 IR IR
R, MRENY) 5o LR R AT, &
MEALTR AR T 6 = B e S B Be st AT 4 A, %05
FEA TS BRI E R RIS SoE, B
JERAISEFHVE R, R e K% 1 (Scheme 5b).
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(a) Curran's work
. 1 2
R!_CO,R? H33\ o 1% RNOOR
E Y RN DCM HzB\.
R, RZ=alkyl, Ar  R3=alkyl 20% ~ 71% yields
Mechanism
2@—>BH; + |2
2
\“/COZRZ COzR
IHZB
N2 \.X \.
R20,C
N 2
BHI
(b) Arnold's work
H3B Me._R*

Me\n/R4 I N/RS enzymatic platform Wi
+ RO—N% —————— H,
N, HRG \.
R

R*= COOR, CF; R®=alkyl

R® = H, alkyl, Cl

B4 HARKAE E Y0 NHC-0I 400 B—H 8fi N &
Scheme 4 B—H bond insertion reactions of diazo compounds
into NHC-borane using other methods

(a) Sulfoxonium ylides

NMe3
j\/\s‘o . TMes [I(COD)CI],
R BH,  KHoPO,/CUF,, PhC J\/BH2
R = alkyl, Ar

(b) Terminal alkynes

X NMe L1A NTF o NMe3
3 u
1// * Nt + 42» )J\/+
R N BH,  DCMrt g ~BH2

Pr O
46% ~ 94% yields

R' = alkyl, alkenyl, Ar

BRI 5 i SLAE s A g SR A B e 4 A S Rz
Scheme 5 B—H insertion reaction using sulfoxonium ylides/
terminal alkynes as carbene precursors
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Be M SRR o-BAL OB, 1B AR — 57 T G (AIBN)fE
HNEBREEGUR, WEE RSB AER, PR
a PI5I N NHC-ifi(Scheme 6a). ZfblHh, Xij/N2Z5013]
S G B B B NIRY), REEAE AR, 15 20/ 0 iz
HR AR K R SRR G R o-T S B 72 9 (Scheme  6b). 5k
SCAN Curran ZEUIRD G A SEIL TIX KRB 2 R
7R, BRI R HIAESREE o A7 5] NFIEEA], T RN
PeEm, WFERRIEE B A7 5] ANH2E ] (Scheme 6¢).

a) Wang, Zhou and Fu's work
HsB

_Me ' R?
AR Me—N%\N ABN,RSH gt
) MeCN, 80 °C H.B
2 \.
R' = alkyl, alkenyl, Ar

R? = COOR, CONR, COR R' = alkyl, Ar 5% ~ 96% yields

b) Liu's work
_ o}
N3 HsB ) gz
2 BuSH, Cs,CO
N e oS CoCOy @ o
\7[ 1-butanol, 60 °C
RS = alkyl 41% ~ 67% yields
c) Dai and Curran's work
HsB RS
5 4-DPAIPN R*
R4/\/R + )/\N/Me - . /H\é/
Me—N\+/, blue LEDs 2 e
= MeCN, r.t.
R* = Ar 8% ~ 99% yields

5= COOR, CONR, COR, CN
Bx6 HHENT o f-NERFRIEEMT a-TH1L N

Scheme 6 Radical-mediated a-borylation reaction of a,f-un-
saturated carbonyl compounds

Curran PRAHISIE 2019 FEARIE T AR HE = 50
PR B A N ) B R A SR FERR T e E R T,
PR SRR A REES TR, AR
AN NHC e B E 7 —ANEJEF, AR E
BN AU REAT I, 75T i AR BRE 1 9K 3K 3l /)
T, =5 PN B L — A R AR, A =
BEmE, $eS 5B T —AMER T RE, 53] o5
Fid 7= #)(Scheme 7). 1% /% B id FH T 5 3 228 DL K ik 2
5 a - ANBREREEAER KD, r= k2 5.

EERBHI AR A EEA, WRET —
B B EA R . TESEHE AR A A = 980 S EUAR
IR 2 — A — R EH A R B Bl
AERFES ). NHC FIEEH0R 5 G R AL, 7
A B R RIS RS O AR X A 2 B
WJE, 500 A B A R, SRR Rk
NGRS B SR = P (Scheme 8a). 1Z4A R ik vl LAS H
P RIEERRER ) B e LA N b, tHEEIRTT oI HAC Bk
FEFEW(Scheme 8b)101, XKz A1 X1 /N 21 L 4H 32
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Curran's work

oTf Me
N DIPEA o ?
R& * [ )—BHy ————  _Bh,
N+ o R
\ THF, 66 °C
R = Ar. COOAr Me 50% ~ 81% vyields
Mechanism
_BH
o ? Me\
N Me
b,
80: CF4H
HzB
CF. _M
(| ° Me—Nf N
0,8 —/
o ?
R~ BH2 oTf
R

B 7 e =5 TR IR R B e R 1 S

Scheme 7 Radical-mediated borylation of alkenyl triflates

(a)

Me CF,
CF3 N+ Ir(ppy)s, KF R'
)\/F\” * [ \>—BH3 (ePY)s - Ar
Ar N blue LEDs H.B
\ 2
DMF.30 °C Y

. Me
= COOR, CONR 329% ~ 90% yields

(b)
CN Me
A N Ir(ppy)s, KF
_ 5
W e
CO,Et N DMF, blue LEDs
CN Me 30°C
Ar
H,B
NC 2

e

40% ~ 68% yields

B 8 AR B eh I S AL/ 5T AL S
Scheme 8 Photoredox radical defluoroborylation/arylborylation
reaction

F AR AT FA B BE A
o SR,

TR RN 2 R e R A S e T AR B ER 2
I FH oS- AR BRI RSV SN S . R 2 4F
SEUOME F B A AR, RE T & S R=ATEDT
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Ak B B ST 25 A= A I R AR AR 1, 53 H bR
) a-IALF=#)(Scheme 9). Michael 2520 F il {14 1 5
AN AR G L SE I a,B- A VL RD R B 0 B A R
(Scheme 10).
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Me e}

/\)L [+ ArSH/(AS),, solvent R/\)LR'
[ >—BH3 rt, blue LEDs
HZB\.
Me
Mechanism
ArSSAr H Q
o B
Arl H,B
\S \.
? Ar- Ar-
BH3 SH \S
Hs A

B9 JufiEfbtii B N TH a-BL SR
Scheme 9 Photo-induced sulfur radical-catalyzed a-borylation
reaction

Me (0]
o) +
/\)J\ " [N\>__BH 1%, > R/\)J\ORI
R OR' N 3 CHCls H,B
M e
e
R = alkyl, Ar 37% ~ 73% yields
Mechanism
@>BH; + I,
0]
(0] R/\)J\OR'
/\)J\ , IH,B
R OR e HzB\.
CO.R
R 2 H3B\.
IHB\.

B 10 U a - A EFERERIY o-TIAL RS
Scheme 10 I»-catalyzed a-borylation reaction of a,f-unsatu-
rated esters

3 FMUSVNEMREBIEZETRNYE o
IR E LAY

DL EAN AR o-TBURBR RS SR 7152
S R BRI B R S, AR, AT AR SR
T Ja B B M 7 vk, WO AU R e it 18
JHLK 21

2011 4E, Burke®2/f1 Yudin #EZH 23 J1~F-1E [A])—
[H) 438 T PR OB RR B8 BT RS 3R S B A T AE
HHE8PE K B Lewis B IR MIFF IR LL RN 1,2 1T
2, w153 o-MEREE =4 (Scheme 11). W HA =
Hmy, VLR, PR E AR DA T
e
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(a) Burke's work

)

NS\ Mg(Ciog), XL P 9
* XO o 0 |pCN/'B H
B0 DCM, 0 °C to 23 °C
~7 Ph
Ph™ _
84% vyield
d.r. >20:1
(b) Yudin's work
o)
MeN Q
{1:0 BF3-Et,0 ‘50 0

B<Q 0 o o ‘é
e o DCM, -30°Ct0 0°C  pjeN—" j)LH
o}
R

R = Ar, alkyl 76% ~ 98% yields
B 11 R IR (BT AS R

Scheme 11 Boryl-migrative ring-opening reaction of epoxy
vinyl boronates

Yudin VR P2 FAE MR TR S T I R
N-HI L — ZFRES[B(MIDA)] ] Wacker 4L M. 78
SR, e TR RS R M A T Bk 4R R A
TER], SO AN RAZHE T, BBt e AL AL R B 1)
B AL THEMYHE ST o MBI EAEH, 1584
SRR RE AN T 53— 1A K (Scheme 12).

MeN Pd(quinox)Cl, MeN

p; TBHP (70% aq.) oy l
J\/B\\O' 0
R NG

B-A-
R O AgSbFe, DCM, rt

B(MIDA) 26% ~ 90% yields
R =H, alkyl, Ar — _
\ IS
<y
N\ I 1] /tBU
o o I:Dd\,(TO
0 VO\‘B/*\'
A R
L NMe _

B 12 iSO ) Wacker S0 R
Scheme 12 Wacker oxidation reaction of alkenylboronates

2016 4, F VAR UREH PRIE 107 O 2
B(MIDA) AU E BERI SN, [ MAMLAETR IR G 4 fir
SINT BRIk, S a i 5N R =T IS, fE
PAR S5 ISCRRAT - 4. A HL S A s AL S R,
KK BMIDA)K A B i T4, HS MR IER T4
APAENALIE R T, BOKREBUE AR R F A
WAL IS ) BAT RCRAZAL R AT T %5 A 2 A R
RESF RN, B TRAE RN A, TAEH A =9 T
SAC SN, = 8 R R B S R A e A ) =
FEE BRI 206 B(MIDA) L, 72 A2 1R AL E H
EHEASE, RAER =5 P IR o0 5 W
(Scheme 13a). Grygorenko PR PR JE T £ )% B(MI-
DA)IE I P25 S S SEIUE REHIML 5%, HRERR 2] a-

1710 http://sioc-journal.cn/

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

- a-E . S MiSE ] N-IRAKTT B A% (NBS)
AN 7K UG A2 A2 TN B B2, FFA] Dess-Martin 48 46711
(DMP)fFe R BRI, PID T R i mlis 94%, ik
VIR AIVER T, B3 p a8 24075 (Scheme 13b).

(a) Wang's work

MeN
MeN halo source

O ¥/ l
¥ l NaSO,CF BeotNo
- B0 0 ’ O
0 Ny~  SIBXIBX, H,0 i o)
additive, 70 °C

CH4CN X =F, Cl, Br, CFs
19% ~ 75% yields

Mechanism of oxidative halogenation reaction

&t halo source X
AR[B] [B]
Ar radical abstraction Ar/\x/
(0]

OH /

(9) H,O

Ar)J\([Bl o Ar)\/[B] 2
X

X

(6]
A [Bl_[O]

Mechanism of oxidative trifluoromethylation reactions

)
SO,CF; CFy4

S0,

[O] . Ar/\/ [B] Ar : [B]
CF,

(0]
0 o° 2
Ar)l\([sl - Ar)\([m

CFs X

(b) Grygorenko's work
MeN

MeN R._OH
B/ l NBS /\( DMP O '( 1\\\
N e~ B:o
RN OO THE-H,0 g 5 CHCN RJ\( NP
Br

o)

R = alkyl, Ar 0% ~ 94% yields

B 13 AR RE L SR K o- Bl FE
Scheme 13 Synthesis of a-boryl-ketones via oxidative difunc-
tionalization reaction

1 FH I B AT AR WD A R 2 38 ) SR A 3 o B S A 45
MRHGER 2, H— RV 7. 18 e
FRY I8 5 I 5 N B e 9, — I v 28R ) N BB (1) 7 V.
Srebnik 27 F Schwartz 150715 B0 BR 8 /& 26 Ik
SN, P55 R ) 55 FRR OB, AT ZERITIRBE ) o 25
¥k (Scheme 14). Albarghouti 25281 3 i LU 7
EERT a-MEEBILEY). 2RI KRR NS
hF5, LLESZR. X284 Xt 5 A O i BB 2 B 1
PGS AR I R () o7 Bk B, RV R AR SR S5
o DERR T RSB IR RE. 1% W] B B 3k 1) 75 3 N AT O

Bribz 4b, i e i K G SR — RO 4
HIBINIRIE I 77, ARG K G RN % F 3l — e 4 & i
iz 4. 45, SR HIRRIER, ks EsE, %
PR TRIZL, B pTs g, 2t AR 2023 45,
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R—— Schwartz's reagent R

H ZrCp,Cl

B 14 BT RGN0 o-0HEER G AR
Scheme 14 Synthesis of a-boryl-ketones from alkynyl boro-
nates

(a) Hydration reaction
o MeN
MiNl AcCl, H,0 B/\OE
.— = B:&L o HFIP, rt. or 60 °C @ 0Ny
6}
21% ~ 96% yields
(b) Oxidative carbon deletion

MeN MeN

p; IL mCPBA 0 J 1
/\ B:o- EtOAc, 60 °C B\OL
< (e} C, R N O
R 00 90
R = alkyl, Ar S-boron effect 41% ~ 75% yields
mCPBA mCPBA
0 H 1,2-alkyl
R iaration O
[B] P, migration -,
[\#f\ — R ww - W E
(0] N R
favored disfavored

B 15 AMIKE RN o-ilzE-BIL &
Scheme 15 Synthesis of a-boryl-ketones via oxidative/hydra-
tion reactions

TR PR B B T 2 S/ 7K AE 7S 9 TN B (HFIP)
HSEILUE K G ROSLIAR R, %R BEAE RRSRA iR
M, gt s, ST R a7 LEE S5
#J(Scheme 15a). 7E[F—ATAEH, H—RKE o5
] 77 A7 1R Joke TR 5 A A P 1 S A 5k S v e il Je
J7 3t 2 H e T R B 5 4 ) Ui 260K R (mCPBA) 48
NI LI TR, 325 B B v ke L e As e 7E FH (8-
A0 RE)BOL, 3X — e [a) 44 1] 5 ) B HEN R 3%, B S R A
BAREE 1,2-187%%, 133 1)) BE o (a4 74 mCPBA &
AR 2GR BR B =, REE T R AR 2 B[R4 231 S50
WU B Atk. SRRV T 05 B Be e AR B N B Pk A
b, 772 H 5% R IF(Scheme 15b).

4 MEERE
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