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Some of the most common

Questions | hope to answer toda
P v boron compounds in the literature

- Why so many boron compounds?

- How do we make them?

- What are their properties?

- Why are they useful?

- Is boron useful in biology?

- What are some of the cool things boron can do?

What we will NOT discuss in detail today
- Allylboration, hydroboration, Suzuki-Miyaura, CBS, etc.

R
Purpose of this group meeting
- To gain a better undestanding of the organoboron
compounds in the literature. Entire group meetings
could be dedicated to allylation, borylation,
Suzuki-Miura, etc. "
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If there's anything you get out of today, let it be this...
Boron isn't boring!
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Natural product with boron incorporation

- Strongly lewis acidic
- Generally decompose under air
- Not heavily discussed in today's talk
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- Highly popularized due to Suzuki-Miyaura coupling

- Still useful FGs even without Suzuki-Miyaura

- More stable than most other organometallic reagents
- Generally considered environmentally benign

- Mild acid
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Boronic esters Molander's Salts

K+
Chem. Soc. Rev., 2014 43, 412
. R F - KF F + KOH RF
P Me S ome | R R BF B on
i-Pr e
o~ o—kMe 0% kK *KF - KOH
B. _i-Pr ' Me B’
R™ 07 r-B~0" Me R0
; ; +KF | |- KF
. . tri-coordinate
acyclic cyclic Boronate Ester
Primary advantages of boronic esters _
- Stability oH *KE R OH KOH i
- Reduced lewis acidity R’B\OH R/B\OH R/B\OH
- Soely monomeric Me - KF . + KOH
Me
(l)/géme - Acid or base hydrolysis can cause decomposition to
B- Me boronic acid, but it has also been shown that glass can
|o "0 ?H cause decomposition to the boronic acid
5 mol% PA AN - Boronic acid is typically (but not always) considered the
. active species in coupling reactions
Toluene, - 30°C 99% vyield P pling

- Slow release reagent in most cases

99% ee

Chem. Soc. Rev., 2014 43, 412
JACS, 2010, 732, 11884

BF3;K Br
Br / BF30Et, MeO
e o o o
OH | | 98%
= BrBinol o
OH Meoﬁ) 0°C Ph
g C Br OMe JACS, 2009, 131, 18057

H _Me 1% t-BugPPd-G2

H
\B N\ ,Me
—_— B
g, C$2C03, CPME/H,0 O/\/L

15 mol% BrBinol

5 Br MeCN, 1h

o) .
A BOFPr) 60 °C, Ph-BF 3K oy N
Me > 98 A)
PhMe/PhCF3, JOC, 2014, 79, 6663
-35°C ) BF.K [Ir] 2 mol%
JACS, 2006, 128, 12660 gg:ﬁo yield ¥ Ni(coD), 3 mol%
o €€ dtbbpy 3 mol% ‘/\‘O O
+ —_—
Li* 3 mol% Pd(OAc), Br Acetone/MeOH
3.3 mol% BIPHEP 2,6 Lutidine,26 W CFL 89%
OPB_,O 30 mol% CuCl ~ Me Me
Ve Ve D4>MF oo MeO O O Science,2014, 345, 433
F
Br ||_1
N Lqrtn,.q .onl
1.5 eq. MeO 95% |_1 = | A L= bpy L/ir\L
OO Synlett, 2011 1769 ~ F Tl
FsC
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MIDA Boronates
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- Protected boronic acid
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- Blocked coordination to p orbital on boron without

activating the C-B bond

- Generally cleaved under basic conditions
Chem. Soc. Rev., 2014 43, 412
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MCPBA

0-rt, 12h
DCM

JACS, 2011, 133, 13774

10% XPhos
Pd-G2

C32003
DMSO
R-B(pin)
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N NaHCO;

/ Pinacol
—_—

NN
Me Me

Asnipyrone B

O MeOH, 45°Cc R
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Ph/l>\“B ;XL

91% vyield
>20:1 dr
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Nature Chemistry, 2014, 6, 484

Boronamides

-
HN. _NH HN. N~/
B B
R R
(dan)
t1/2 >60d t1/2 4 min
DMSO/H,0 DMSO/H,0
10:1 10:1

Ph-B(pin) --> t;,,= 78 h
Ph-B(MIDA) —> t;, = 140 h

- Protected boronic acid

Chem. Soc. Rev., 2014 43, 412
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- Lone pair donation to boron p orbital greatly reduces
lewis acidity and thus, boron's reactivity

- Generally cleaved under acidic conditions

- Have been shown to be directing groups
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JACS, 2007, 129, 758

5 eq Norbornene

5eq HS|Et3,
PhMe, 135 °C

@ 6 % RuH,(CO)(PPhs)s
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JACS, 2009, 131, 7502 & OL, 2011, 13, 2662

w



Baran Lab Group Meeting Boron Marcus Farmer

BPin . 5 mol% Pt(dba), _
\ o NHPiv
! NTMS 6 mol% (S,S)-1
' [E— - .
. P B(pin
R , Ph™ H Ba(pin)y, rt (Pin)
Binacol | Tol/THF, 14h 81% yield
inaco ! JACS, 2013, 135, 9252 90% ee
E s-Bu 1.2 % CuSOy, s-Bu
: S 1.2 % P(t-Bu)3HBF, _Sa
X 0.5 % [Pd(0)] |HO~g-OH Ar N S0 5 % BN, HN" S0
B2(OH) Ar-X ! R)\H . R” Y B(pin)
R — _ ' B, (pin),, rt P
KOAc, EtOH K,CO3 . R = Alkyl, Aryl Tol/H,0, 24h )
80 °C R R : 58-86% yield
X =Br, Cl 1 JOC, 2014, 79, 3671 >94:6 dr
KHF2 E 3% CUCI,
BFK 6 % NaOt-Bu B(pin)
JACS. 2012, 134, 11667 L 5% (RR,S,S)-
' ©/§ Tangphos
| >
47 - 99% yield R I HB(pin) 86% vyield
_____________________________________________________ Toluene 92% ee
Me ' Angew Chem. 2009, 48, 6062
: 5 % CuCOs,
M S B(P !
e i—B(Pin) B(Pin) : ©/§ 3.5% dppbz B(pin)
i-Pr. i-P KOMe i-Pr i-Pr E 82 p|n 92% vyield
DME, 30 °C 1h E H,0 App. Organomet.
' Chem. 2013, 27, 159
i-Pr i-Pr e
JACS, 2012, 134, 19997 82% E &
_____________________________________________________ j 10 mol% PBu; Et, O
: B - o« B
: /_/ 80 °C, THF
30% Cs,CO;4 OH ' PH E0,C—=—Ph Ph
2 eq. By(Pin), | JACS, 2014, 136, 10605 99% yield
ph/Y\/ ——— L e e ey LT
OH 17 eq. MeOH OH OH Ts
THF, 70 °C, 12h 4% vield NN
b yie
H,0, workup 131 dr pln B(pin)
JACS, 2014, 136, 9264 B(pin)
A15% CorCO B(pin) 110°C 4h P
H o LSy 3 .
B(pin Toluene
A CgHiy X B:15 mol% NaOt-Bu CgHys (pin) OL 2014, 16, 448 _ 86% yield

,NH 2 eq. NaOMe
2 eq MeOH

|
O/\) 110°C, 120 B(pin)
Toluene 49% vyield

Angew. Chem. 2012, 51, 2943

or —_— or
5 eq. MeOH THF,

< - MeC ~B(pin)
5 O/\C§ é-\ 7005, 6h O/\[
145 °C, 20h B(pin)

Angew. Chem. 2011, 50, 7158

1.1 eq. Bo(Pin), %
76% !




Baran Lab Group Meeting

Marcus Farmer

L
- Ba(pin)2 |_1/,,,I B(pin)
I —_— \
L | ~B(pin)
B(pin)
+L
Reductive Elimination
HB(pin) Ar-H
L o w\ B
1//| 'Blpin) Oxidative
L” | “B(pin) Addition
B(pin)
CommonlyProposed
Catalytic Cycle
(pinB_ B(pin) ety H Ar
L1//,\/ wH L1///,,\, /‘.\\B(pin)
I N
L | B(pin) L” | “B(pin)
B(pin) B(pin)
Oxidative Latros, i H Reductive
Additi Elimination
Iiton L /l \B(pm)
B(pin)
Ba(pin)
2 2 Ar-B(pin)
Et 1% [I(COD)OMe], Et
N 2% MesPhen  (pin)B
| y B
N7 N 1.5 eq By(pin), NT N
THF, 80°C '
JACS, 2014, 136, 4287 85% yield
R 1% [I(COD)OMe], R
2% Me4Phen B(pin)
R
. _H
sit 15eqBy(pin), Si
Mé Me  THF,80°C Me Me
JACS, 2013, 135, 8157
CO,Me CO,Me
B(pin)
1% [Ir(COD)OMel],
2% Si-SMAP
—_— R
. XN
| X B, (pin), m
_N THF, 60 °C =N B(pin)

JACS, 2008, 1317, 5058

OH
4% AICI5 B
1.5 eq BClg X O
®

70°C, 6h
JOC, 2004, 69, 5147

/©/B(pin)
MezN

86%

X
X = OMe, OH, NH,

Me2N
O} Et \©
B N+ =
o ‘Et

2) pinacol

AICIy yield
{ \ 1) 90% TrBAr,
N* 20 °C
Ji BH5 g//
2) Buy,NBH
Me Me ) Bu 4 82%
Me
Chem. Rev. 2012, 112, 4246
/_\
=\ LiNaphthalide ~ Dip~N+5-N~Dip
 N. Nepq — % Me-q_
Di ~r” " Di O~y
8" "% pME, 45°C Li--
Br O\\\g 2
Me
Solid
- BnBr N_N
Dip— N+ /N\Dlp or > Dip™""~g~" "~ Dip
I |
Li n-BuBr Br
100%
Dip/N\I?/N\Dip
— BnCl Cl 79%
e
Dip~N-g-N=Dip i
I.
Li Dip/N\I?/N\Dip
Bn
13%
— n-BuCl —
. —_— —_—
Dip~N-g-N~Dip Dip~N+5-N~Dip
| |
Li Bu
78%

JACS, 2008, 130, 16069
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B(pin) LiTMP 5 Me Me 1% vield
pin R'-Br i i : B(pin
(PiN)B_ B(pin) : (pin)
B(pin)  0°C, THF R™OR : MeONH,
15 min 82-88% ! Me n- BUL'
) 0
: B(pin) - 78 °C to 60 °C NHBoc
(pin)B B(pin) (pin)B E THF; -
NaOt Bu ! ©/\Me Boc,O (optional) Me
: 85% yield
| 83% ee 83% ee
76% yield | JACS, 2012, 134, 16449
7:1dr '
! Os_CF3
NaOt-Bu : Et ' SiCla Y
B(pin) R'-Br B(pin) E ‘\BF3K BnN3 )\NBH
. : R™ Me o R™ Me
R™ “B(pin) THF R™OR ' ii) TEAA
! 98% ee 84% yield
JACS, 2014, 136, 10581 74-97% ' JACS, 2013, 135, 16054 98 % ee
_____________________________________________________ e
B(OH)z R._ _CO,Et
B(OH), NHCI R._CO,Et
Et NH > Y
o = 40-98%
PhMe, H,0 Ph 4 A
H20 80 °C o “ph NaNO,, 50 °C yield
o Angew. Chem. 2014, Early View
92% ) B(pin)
Chem. Euro. J., 2009, 1859 B(pin)  LiCH,CI /\/[
Ph Me CF,4 Ph Me
OTMS
NEt, 1)
O'V'e CO:Me B(pin) Li CF, E
0. 2 eq piperidone Me Me Ph M Ph/\/:\M
o, e + e
O\B/NEtz NMP,rt, 3h 88% 2)E
o JACS, 2004, 126, 13196 E" = NIS, TCCA, DBAD

(i-Pr),NOC .

O  1)n-BuLi, -78°C Me. B(pin)
/,'
Ph R o) MeBpin) P R
B(pln) o Ph . H
TBAF, H :
Toluene 30 min N “OMe . Li |O o~
B(pin) /- 78°C
B(pin) 1) n-Buli, -78°C Ph/\/v\Me >  Ph Me
- 2) NBS, -78 °C
Ph Me 2)Mn(OAc); Ph~ > “Me 1h
TBAC, DCE
80 °C
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0 )

OAc 10%
AcO 0 Ph. ph

*HNB
AcOL S 2 I\;O HOO
. Br AcO HO
o OM

Do
> Z
- -

94% ee Other stable BN heterocycles

JOC, 1996, 61, 4196

. (0]
OTBS  Ag,0, MeCN, . !
HO %, AcOACO E
HO 99% yield !
OMe |
JACS, 2011, 133, 13926 E
= R
_____________________________________________________ L R
oy 8 i
F B(OH), , ! P
e ;i >
| R R
10 % {H :
9 | -
OH Dean Stark NHBn Increasing Stability
NH,Bn !
98% ee 95% yield '

------------------------------------ | ‘J‘ @U”
Ts i
e @ J
10% B(CGCstcer)z E
[) THF, H, (4 bar) 99% LAY \ B / R

Angew. Chem. 2014, Early View

NMGQ

Benzene, 120 °C

uant.
Nature Chem. 2013, 5, 718 q

10% ST TTTTTTTTTmTmmmmommomm oo
B(Cer)z AN 7 S Et Et
= Z “NH
H2 (30 bar) Bu = NH Raney Raney ,
i x

Frustrated Lewis Pairs
H- CGFS
*Lb—H “B~cyFs
CeFs

Lb = Lewis Base = Phosphine, Amine, THF, etc Angew. Chem. 2012, 51, 6074
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1) n-BuLi

2) Mes-B(OMe),

Br, —Hex
MelLi

Pd/C, 300 °C
—_—

i)

Angew. Chem. 2012, 51, 6074

L

. 2% RuH(CO)(PPhs),

reflux PhH
92%
1) n-BuLi
)
(é:l-78 oc
Z 7 Ni-Pr,
78%
H Me
N 10% Grubbs I Ny
) e e
? 52% B/\
|
R Angew Chem., 2014, 53,6795  N(i-Pr),
Bu, Bu
BUZSnHZ S’ ™S
ToI Reflux 66%
BCly
H
AN Ng
| Cl
= B
/ / T™MS
Tol, Reflux
0,
OL, 2007, 9, 1395 70%

Allylamine
TMSCI
EEE—
MeCN

Reflux
57%

="""NH
|

/\/B\u/m

3% Schrock
Catalyst
94%

o~ BFaK

1) n-BuOH

2) 10% Pd/C

CNH
=N
X On-Bu
80 °C H

JACS, 2013, 135,12908  47% yield

Me 1) n-HexylLi, N, -Me
I ~-SnBu THF )N
3 ——————»
/\||3/C' Ni-Pr,
Ni-Pry
1) TfOH
67% 2) Grubbs
3) DBU
47%
.Me
SyMe 5 % Pd/C E\N
L ==
B 120 °C, PhH -
Ni-Pr, ~65 % 2
JACS, 2011, 133, 20152
t-Bu
~t-Bu [{(I-F’rsF’)thCl}z]
= [ j
t-Bu” 2 HC=CH
t—Bu

Angew. Chem. 2012, 51, 10034
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Et\Nj
|
.B
X =

€ Ethylbenzene Me

M
Dehydrogenase
E—— OH

X-M
Br. -Bu
R\Nj 2 t-Bu [}] BN
| —_—
B~
CI/B & cr” Me  Ethylbenzene
Br ) Dehydrogenase
Mol. Bi t. 2009, 5, 1303 ~ 'Tl NR
ol. Biosyst. , 5,
R-M v ~_BH
Et\N N
Org, Lett. 2007, 9, 4905 B Angew. Chem. 2013, 52, 2599

R

i Med
H\'Tl N 1) 2 eq. n-BuLi l}l AN
=

B
y B 2) Mel n-Bu”
Angew. Chem. 2011, 50, 8157

2.5% [Rh(C3H,4),Cll,

Et< Et
X 5 % BIPHEP ~
E °—> '}l:j Bortezomib
HoN7 THF, 100°C phB~F
2 eq. PhSnMe
d 3 T7% L
Angew. Chem. 2014, 67, 521.
Me. \(+ X 1) PivOH Me
= — | j
kl?r 2) Nu-M kB-/
. [
N(i-Pr)z good yields Nu
Angew. Chem. 2013, 52, 7527 Me,N
Z N Cr =
GAN™ 5
™ ~N // NN ~N
Teqh H
q 0.5eq detected
+ B +
NMez
on :
N N
H H
Teq not detected

JACS, 2010, 132, 16340




