l d ‘ ;h Universidad Autonoma de Madrid I Faculty of Science
l ) EM

Department of Organic Chemistry

Nucleophilic Boron: New Opportunities for

Carbon-Boron Bond Formation

Mariola Tortosa

f“

International School of Organometallic Chemistry

ISOC 2017

University of Camerino
San Benedetto del Tronto 2-6 September 2017



Boronic Esters in Synthetic Chemistry

OR
R—B:

O\OR

Boronic Ester

Hall, D. In Boronic Acids: Preparation and Applications in Organic Synthesis and Medicine; Wiley-VCH:
Weinheim, 2011.



Boronic Esters in Synthetic Chemistry

4 )
w
R— B‘\ Boranes

R
- J

OR
R—B:

O\OR

Boronic Ester

Hall, D. In Boronic Acids: Preparation and Applications in Organic Synthesis and Medicine; Wiley-VCH:
Weinheim, 2011.



Boronic Esters in Synthetic Chemistry

4 ) o
U :
R—B{ Boranes -
R v' Mild organic Lewis acids
_J/
> v’ Mitigated reactivity profile
\OR v’ Stability, easy of handling
R—B.

O\OR

Boronic Ester

Hall, D. In Boronic Acids: Preparation and Applications in Organic Synthesis and Medicine; Wiley-VCH:
Weinheim, 2011.



Boronic Esters in Synthetic Chemistry

4 ) o
U :
R—B{ Boranes -
(R v Mild organic Lewis acids
_J/
> v’ Mitigated reactivity profile
\OR v’ Stability, easy of handling
R—B.

O\OR N
(') > v' Low toxicity

Boronic Ester

v' Degradation into boric acid

v’ “Green” compounds

Hall, D. In Boronic Acids: Preparation and Applications in Organic Synthesis and Medicine; Wiley-VCH:
Weinheim, 2011.



Boronic Esters in Synthetic Chemistry

4 ) o
U :
R—B{ Boranes -
R v' Mild organic Lewis acids
_J/
> v’ Mitigated reactivity profile
\OR v’ Stability, easy of handling
R—B.

v ,
0 R N W,

- > v' Low toxicity

Boronic Ester

v' Degradation into boric acid

v’ “Green” compounds

Attractive class of synthetic intermediates

Hall, D. In Boronic Acids: Preparation and Applications in Organic Synthesis and Medicine; Wiley-VCH:
Weinheim, 2011.



Boronic Esters in Synthetic Chemistry

Versatile Intermediates

R-OH

A

) or
R—B_

R-CH,OH -g---- — ----3» R-NR,

O\OR



Boronic Esters in Synthetic Chemistry

Versatile Intermediates

R-OH
A
() or
R-CH,0H -g---- R—B ----p» R-NR,
O OR
4 \ )
Ho—o'—\\O Ho!
«OR Q .OR OR H.0
R—B, —> B —> R-0-B, ——>» R-OH
O OR R OR OR




Boronic Esters in Synthetic Chemistry

Suzuki- Miyaura Coupling

4 )
Pd catalyst
R'-B(OR), + R2-X » R'—R?
X = halogen, triflate
. y, ,
Nobel Prize 2010
N’N Cl
s ®
i’ O TR
N\[ ~UN COH
SRR
Cozaar® Me Pageant® Dolobid®

(Merck) (BASF) (Merck)



Catalysis for the Preparation of Boronic Esters

-

iper

O 1) s-BuLi, TMEDA, -78°C
2) B(OMe);

3) 5% aq. HCI

iPer

C;o
’
B
N
OH

80%

OH Snieckus et al. Tefrahedron Lett. 1985, 49, 5997

~N

J




Catalysis for the Preparation of Boronic Esters

( iPer iPer \
O 1) s-BuLi, TMEDA, -78°C o
2) B(OMe)s OH  Snieckus et al. Tetrahedron Lett. 1985, 49, 5997
> B
3) 5% aq. HCI ‘OH
L 80% J
/ i NHCb Bzpins i NHCb A/O‘B B'O\L \
z PdCl,(dppf) (3 mol%) z B-
MeO KOAc, DMSO, 80°C  MeO ~0 o\
B2opin,
OMe OMe
| 95% Bpin

a) Miyaura et al. J. Org. Chem. 1995, 60, 7508
\ b) Danishefsky et al. Angew. Chem. Int. Ed. 2001, 40, 1967




Catalysis for the Preparation of Boronic Esters

[ iPer iPer \
O 1)s-BuLi, TMEDA, -78°C (o)
2) B(OMe)s LOH Snieckus et al. Tetrahedron Lett. 1985, 49, 5997
>
3) 5% aq. HCI B\OH

\_ 80% )

/ i NHCb D2hin2 i NHCb A/O‘B B'O\L \
z PdCl,(dppf) (3 mol%) z B-B,
WeO KOAc, DMSO, 80°Cc _ MeO /0 o<
> B2opin,
OMe OMe
| 95% Bpin
a) Miyaura et al. J. Org. Chem. 1995, 60, 7508
\ b) Danishefsky et al. Angew. Chem. Int. Ed. 2001, 40, 1967 /

4 . )

B2pin; : B2pin;
MeO 1/2 [IrCI(COD)/bpy  M€C. ! OMe Ni(COD), (10 mol%) Bpin
(3 mol%) o PCys3 (20 mol%)
> Bpin . ©:ff0tBu > ©;(ofsu
CeHs, 80 °C, 16 h : HCO,Na (3 equiv)
Br Br : o) Toluene, 95-120 °C (0]

Hartwig et. al. J. Am. Chem. Soc. 2002, 124, 390 Martin et al. J. Am. Chem. Soc. 2015, 137, 6754




Boronic Esters in Biomedicine and Materials

New Drugs

j)L g( i som

Velcade®

NDC B30030-040-31




Boronic Esters in Biomedicine and Materials

New Drugs Covalent Organic Frameworks

j)L g( i som

Velcade®

Radiotherapy

Boron neutron capture




Boronic Esters in Biomedicine and Materials

New Drugs Covalent Organic Frameworks

j)L jﬁ( i som

Velcade®

OH
! = &
B :a po
\ ?A = ey
/@/ ° | | Bond
" .
Kerydin . = Formation
v .Ii”
NACOR"

AAAAAAAAAAAAAAAA

Boron neutron capture




Carbon-Boron Bond Formation
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Nucleophilic Boron: Boryllithium
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Nozaki, K. et al. Science 2006, 3714, 113
Nozaki, K. et al. J. Am. Chem. Soc. 2008, 130, 16069
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Nucleophilic Boron: Copper-Catalysis
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Nucleophilic Boron: Copper-Catalysis
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J. Am. Chem. Soc. 2006, 128, 11036
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Nucleophilic Boron: Copper-Catalysis
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Nucleophilic Boron: Copper-Catalysis
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Yun, J. et al. Chem. Commun. 2011, 47, 2943
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Nucleophilic Boron: Copper-Catalysis

0]
CuCl (3 mol%), L* (4 mol%)
- o)
MeA)LOEt NaO#-Bu (3 mol%) -

B2pin;
MeOH ( 2 equiv)

Yun, J. et al. Angew. Chem. Int. Ed. 2008, 47, 145

pi
Me

nB o

OEt
94%, 90% ee

(

L*

PCy2
PhoP” Fe “iMe

S "

\

L (R)-(S)-Josiphos )




Nucleophilic Boron: Copper-Catalysis

(0

Me/\)LOEt

Yun, J. et al. Angew. Chem. Int. Ed. 2008, 47, 145

Me/\L

0CO,Me

CuCl (3 mol%), L* (4 mol%)
NaO#-Bu (3 mol%)

MeOH ( 2 equiv)

CuOt-Bu/L* (5 mol%)
v ot

THF, 0°C, 48 h

pinB (o)

Me OEt
94%, 90% ee

Bpin
MEM
75%, 95% ee

Ito, H.; Sawamura, M. et al. J. Am. Chem. Soc. 2007, 129, 14856

e
L*

PCy2
PhoP” Fe “iMe

S "

(R)-(S)-Josiphos )

~

~ L*
N P
N
L X
N 4P"
t-Bu Me
L (R,R)-QuinoxP*

\
Me, .t-Bu

J




Nucleophilic Boron: Copper-Catalysis

(0

Me/\)LOEt

Yun, J. et al. Angew. Chem. Int. Ed. 2008, 47, 145

Me/\L

0CO,Me

CuCl (3 mol%), L* (4 mol%)
NaO#-Bu (3 mol%)

B2pin;

MeOH ( 2 equiv)

CuOt-Bu/L* (5 mol%)
v ot

B2pin;

THF, 0°C, 48 h

pinB (o)

Me OEt
94%, 90% ee

Bpin
MEM
75%, 95% ee

Ito, H.; Sawamura, M. et al. J. Am. Chem. Soc. 2007, 129, 14856

Me%

CuClI/L* (7.5 mol%)
NaOt-Bu (80 mol%)

Ph

Hoveyda, A. H. et al. Angew. Chem. Int. Ed. 2011, 50, 7079 \

B2pin;
MeOH (2 equiv)
-50°C, 48 h

e
L*

PCy2
PhoP” Fe “iMe

S "

(R)-(S)-Josiphos )

~

~ L*
N P
N
L X
N 4P"
t-Bu Me
L (R,R)-QuinoxP*

\
Me, .t-Bu

J

Me
I:,h/k/Bpin

95%, 88% ee




Copper-Catalyzed Borylations
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Our Contribution
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Where it all began
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Diastereoselective Synthesis of 1,4-Diols

Symmetric Diols
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Formal Stereocontrolled Hydrolysis of Vinyl Oxiranes

(1,4-diols in Nature J
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First Experiments

CuCl /xantphos (10 mol%) Bpin OH
,\?>\E/\ NaOt-Bu (30% mol), B,pin, “ -P KHCOs4 9
BnO Me ) o BnO/Y\/\Me T» BnO/Y\/\Me
(t) trans THF, -20°C OH 2m2 () OH .
anti
(" pPhH PPh. unstable 78% dr = 94:6
2 2
COC
_ xantphos )
o) oH 0 R?
R = R ; Z .
(trans, E) NRZ - ‘/V\Rz S P\) (cis, 2)
= OH anti R
anti  LCu—Bpin
addition
0) o o) R?
, 1 1
(cis, E) N\Rz REEL RNRZ -€---- RN (trans, Z)
R OH syn

Angew. Chem. Int. Ed. 2011, 50, 3950



Scope of the Addition
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Scope of the Addition
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Silyloxy Boronates and Orthogonally Protected Diols

stable!
1y CuCl (10 mol%)/ligand (10 mol%) (
/\?M NaO¢-Bu (30% mol), 1.2 equiv B,pin, B(pin)
-20 °C, THF, 3 h :
BnO Me > BnOWMe
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e A
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NaO¢-Bu (30% mol), 1.2 equiv B,pin, OH
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) ) \
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(o]
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Proposed Mechanism

LCuCl + NaOt-Bu —» LCuOt-Bu
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R - N R4
pinBO" R2
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(" e
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R1 \
X7 R
LCuO R2
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R S
Y R
R2 CuL

Angew. Chem. Int. Ed. 2011, 50, 3950



Trisubstituted Methyl-Branched Alkenes

Me Me Me
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o e \ \ \
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Synthesis of Cis Methyl-Branched Vinyl Boronates

1) PdCp(allyl), PCy;
N'Pr, Me-ZrCp,Cl

1 1 Bpin
é , toluene, 110 °C R\ R' TP Me

o° “cl__R > W\/

R // 2) pinacol, Ac,0 HO N )

R? . pyridine, DMAP R

Daini, M.; Yamamoto, A.; Suginome, M. J. Am. Chem. Soc. 2008, 130, 2918
M Me_ M Me Me
e M e e Me_ Me

e .
N _Z  Cp,ziCly, AMe, AN | @) Buli XA _B(OH),
| > ——
]
Me then I, Me b) B(OPr )3 Me

Uenishi, J.; Matsui, K.; Wada, A. Tetrahedron Lett. 2003, 44, 3093
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Copper-Catalyzed Hydro- and Carboboration of Alkynes

Alkyne Hydroboration

CuCl + NaOt-Bu—p CuOt-Bu

(0.2-0.3 equiv .
) Bapin, pinBOt-Bu
pinBOMe LCu—Bpin \R1 — R2

B,pin,
LCu—Bpin
LCuOMe R'I—=—R?
H Bpin LCu Bpin
MeOH| >
R1 R2 R1 R2

Hoveyda et al J. Am. Chem. Soc. 2011, 133, 7859
Yun et al Chem. Comm. 2011, 47, 2943
Sawamura et al Angew. Chem. Int. Ed. 2011, 50, 2778
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Alkyne Carboboration
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Copper-Catalyzed Hydro- and Carboboration of Alkynes

Alkyne Hydroboration Alkyne Carboboration

CuCl + NaOt-Bu—pe CuOt-Bu

B2pi"2k pinBOt-Bu
pinBOt-Bu
LCu—Bpin
R'——R?
o, y \

CuCl + NaOt-Bu—p CuOt-Bu

(0.2-0.3 equiv) )
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pinBOMe LCu—Bpin \R1 — —R?

szinz LCuO¢-Bu _ .
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: 1__— 2
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NaOt-Bu
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H Bpin LCu Bpin Me Bpin LCu Bpin
MeOH — — —
R1 R2 R R2 R1 R2 Mel R1 R2

Hoveyda et al J. Am. Chem. Soc. 2011, 133, 7859
Yun et al Chem. Comm. 2011, 47, 2943
Sawamura et al Angew. Chem. Int. Ed. 2011, 50, 2778



Copper-Catalyzed Carboboration of Alkynes

Ph H . )
Ph——_h CuCl /xantphos (10 mol %) o _ Single regio-
o NaOt-Bu (1.1 equiv) Ve Bpin and stereoisomer
B,pin, (1.1 equiv) 74%

Mel (4.0 equiv), THF



Copper-Catalyzed Carboboration of Alkynes

Ph H . )
p— CuCl /xantphos (10 mol %) o _ Single regio-
o NaOt-Bu (1.1 equiv) Me Bpin and stereoisomer
B,pin, (1.1 equiv) 74%

Mel (4.0 equiv), THF

8, R 8 Ny

Me Bpin Me Bpin Me Bpin Me Bpin Me Bpin
(68%) (81%) (72%) (72%) (70%)
OMe
Q—( C/%;H q—< C%—( "
Me Bpin Me Bpin Me Bpin Me Bpin
(76%) (80%) (83%) P(p-tolyl); toluene
60 °C, 50%
F,;C
3 CF,
CF; —
Me F5;C —
F5;C —
Me Bpin Me Bpin CFs
P(p-tolyl); toluene P(p-tolyl); toluene No reaction

60 °C, 50% 60 °C, 70%



Copper-Catalyzed Carboboration of Alkynes

Alkyl———

n-Bu—— MeO — H
. Me Bpin
No reaction
(59%)
R1V
RZ
Me
wspin
Me (62%)
Ph Ph
/—)_<Bpin
7 so0

J. Am. Chem. Soc. 2012, 134, 15165

OMe MeO
MeO H e
— (L
Me Bpin Bpin
(56%) (57%)
Me Me

WBN" @)%Bpi"
Me Et 65%) (77%)

Ph Ph
Ph—)_<Bpin

60%



Synthesis of Trisubstituted Alkenes

Me Pd(PPhs)4 (10 mol %)
: NaOH, p-MeO,C-CgHsl

X X _BPin . >
\ 3 dioxane, 100 °C, 3 h

1) CuCl/xantphos (10 mol %)

OH

Namirotene
S (67%) derivative

' Me
NaOt-Bu, B,pin,, Mel
R1 — H 2PINo - 1 _Ph
2) Pd(PPh3)4 (10 mol %), NaOH, R
RI, THF, 16 h, 70 °C
One-pot

¢ ¢
\ \
O (65%) O (58%)
F

J. Am. Chem. Soc. 2012, 134, 15165
Yoshida et al. Org. Lett. 2013, 15, 952
Cazin et al. ACS Catal. 2014, 4, 1564
Kanai et al. J. Am. Chem. Soc. 2016, 138, 7528



Cyclopropanes in Drugs

S o
o I |
(0]
F . |
Effient X

oj);ﬂ)@\

F,c’

<

Efavirenz

Cl

AL

Ph"" NH,

Tranylcypromine

Ph Iy,
Et,N NH;

(0

Milnacipran



Cyclopropanes in Drugs

S 0
0
_<o A

F Ph* NH,

7

Effient X

=

Efavirenz

Tranylcypromine

P h Iy,

Et,N NH;
o)

Milnacipran

A on )
AL N A

B(OR),
\ A/NHz
R
o

\
A,
_ AN/ \A{r

Chiral Cyclopropylboronates: Deng et al Angew. Chem. Int. Ed. 1998, 37, 2845
Gevorgyan et al, J. Am. Chem. Soc. 2003, 125, 7198;
Ito et al, J. Am. Chem. Soc. 2010, 132, 11440

/




Copper-Catalyzed Desymmetrization

Non-coordinating groups

rF N
R1 R2 * . R1 R2
A LCu—Bpin = Diastereoselectivity?
y sl
? pinB Enantioselectivity?

(a) Liu, X.; Fox, J. M. J. Am. Chem. Soc. 2006, 128, 5600. (b) Simaan, S.; Masarwa, A.; Bertus, P.; Marek, |. Angew.
Chem. Int. Ed. 2006, 45, 3963. (c) Yang, Z.; Xie, X.; Fox, J. M. Angew. Chem. Int. Ed. 2006, 45, 3960. (d) Masarwa, A.;
Stanger, A.; Marek, |I. Angew. Chem, Int. Ed. 2007, 46, 8039. (e) Tarwade, V.; Liu, X.; Yan, N.; Fox, J. M. J. Am. Chem.
Soc. 2009, 131, 5382. (f) Simaan, S.; Masarwa, A.; Zahor, E.; Stanger, A.; Bertus, P.; Marek, |. Chem. Eur. J. 2009, 15,
8449.



Copper-Catalyzed Desymmetrization

Non-coordinating groups

r
R! R?2 LCu—Bpin R! R? Diastereoselectivity?
A T Enantioselectivity?
? pinB
R! R?
Challenges: R! R2 /
K CuX
—>
compatible? \
R' R?
/\ R1 R2
cat CuCl, Ligand %, R! R? R! R2
B,pin, t-BuONa % RO" %
MeOH >
OR

(a) Liu, X.; Fox, J. M. J. Am. Chem. Soc. 2006, 728, 5600. (b) Simaan, S.; Masarwa, A.; Bertus, P.; Marek, I.
Angew. Chem. Int. Ed. 2006, 45, 3963. (c) Yang, Z.; Xie, X.; Fox, J. M. Angew. Chem. Int. Ed. 2006, 45, 3960. (d)
Masarwa, A.; Stanger, A.; Marek, |. Angew. Chem, Int. Ed. 2007, 46, 8039. (e) Tarwade, V.; Liu, X.; Yan, N.; Fox,
J. M. J. Am. Chem. Soc. 2009, 131, 5382. (f) Simaan, S.; Masarwa, A.; Zahor, E.; Stanger, A.; Bertus, P.; Marek,
I. Chem. Eur. J. 2009, 15, 8449.



First Problem: Dimer Formation

M Ph Me Ph Me
Ph e

cat CuCl /ligand Ph, Me
- / + +

NaOt-Bu, B,pin, )
MeOH , THF pinB PH Me
30-50% yielda ~ PhMe
dr = 20:1



First Problem: Dimer Formation

Ph Me
Ph Me
cat CuCl /ligand Ph Me
g / +
NaOt¢-Bu, Bypin, _
MeOH , THF pinB
30-50% yield ~ Ph Me
dr = 20:1
Ph Me Ph Me
% CuCl /xantphos (10 mol %) /
>
NaOt-Bu (0.5 equiv) pinB
B,pin, (1.1 equiv) 90% vyield
MeOH (4.0 equiv), THF dr > 98:2
-78 °C then -20°C
t-Bu
PPh PPh \
20 2 P—t-Bu Fl’h F@\Pphz PPh2
P e
Ph” “Ph PhyP
LD OO > CL.
dr 98:2 dr = 86:14 dr = 85:15 dr 98:2 dr = 75:25

90% 41% 43% 14% 29%

Ph Me

Ph Me

dr = 82:18
18%



Screening Chiral Ligands

Cu(CH3;CN)4PFg/L* (10 mol%)
M Me
Ph e NaO#-Bu (0.5 equiv) Ph,
B,pin, (1.1 equiv)
MeOH (4.0 equiv) pinB
-20 °C, THF 74%,
L* = (R)-DTBM-Segphos dr =97:3
er =95:5

o)
< Ar
P{ (R)-DTBM-Segphos

Ar t-Bu

0] Ar
< P{ g—@— OMe
(o) Ar t-Bu

J. Am. Chem. Soc. 2014, 136, 15833



Scope of the Reaction

pinB pinB

68% 61%
dr 298:2, er =95:5 dr =97:3, er =96:4

pinB pinB

43% 52%
dr 298:2, er =92:8 dr 298:2, er =97:3

@' Me @ Me
A — D
D

D D" Bpin

73%

dr=98:2,er=91:9

Cl

%Me %Me G:ZMe

pinB pinB pinB

62% 53% 70%
dr=97:3,er=95:5 dr=98:2, er=96:4 dr =95:5, er=93:7

Ph—, Me

N, .. ‘%

pinB pinB pinB

60% 54% 50%
dr 298:2,er=92:8 dr=81:19,er=96:4 dr=80:20, er =98:2

56%
dr=98:2, er =93:7



Functionalization of the C-B bond

J. Am. Chem. Soc. 2014, 136, 15833



Functionalization of the C-B bond

(of CI

@ Me 1) [O]

pinB
O,N
Ph, Me Pd(dba), (5 mol%) Ph, Me
/A SPhos (10 mol%), Phl -
pinB t-BuOK/t-BuOH Ph
dr=97:3 DME, 60 °C dr > 98:2
er = 95:5 75% er = 95:5

J. Am. Chem. Soc. 2014, 136, 15833



Cyclopropyl Amino-Boronic Esters

Ph Me
1 .

L,Cu-Bpin pinB

Ph

E+
_>

pinB E

@' Me

CUL2

CuCl/ L (10 mol%)
t-BuOLi (3 equiv)
B,(pin), (1.1 equiv)

OBz
1.5 equiv
PPh, PPh,
o ©:Pphz Ph
P
O O PPh, Ph” “Ph
xantphos dppbz
dr = 88:12 dr = 52:48 dr =76:24

J. Am. Chem. Soc. 2014, 136, 15833

THF, rt pinB

0

-
Cy P(t-Bu), S PPh,
Ph,P
Johnphos dppf
dr =76:24 dr = 64:36 dr =97:3




Cyclopropyl Amino-Boronic Esters

CuCl/ dppf (5 mol%)
t-BuOLi (3 equiv)

Ar, Me R! R2 Ar, Me
y N ‘[;1’ B,(pin), (1.1 equiv) y
1
OBz THF, rt pinB NN
1.5 equiv R2

Ph, Me Ph, Me Ph% Me Ph, Me
pinB D pinB hC@ pinB” ‘N/H pinB” \N/\
I\/O I\/NBoc

65%, dr 98:2 46%, dr = 97:3 58%, dr = 95:5 53%, dr 98:2

Br
Ph, Me Ph, Me @ Me @Me @ Me
A Et A A Et AN’Et pinB N

pinB N pinB N(allyl),  pinB N” pinB \ :
Et Et Et Et
70%, dr = 97:3 77%, dr = 95:5 65%, dr 98:2 61%, dr 98:2 69%, dr = 97:3

J. Am. Chem. Soc. 2014, 136, 15833



Cyclobutyl Boronates

* Novel desymmetrization
* First catalytic approach

« Synthetic handle for derivatization



Cyclobutyl Boronates

"Bpin

* Novel desymmetrization
* First catalytic approach

« Synthetic handle for derivatization

Matteson et al, Org. Lett. 1999, 1, 379 Bach, T. et al J. Am. Chem. Soc. 2013,7135, 14948
. O
. NH
CN v o pinB
' N
Y\/k \Z R X N 2.5 equiv -
LDA B~ E NH Boin
MgBr @) O ' P hv
)/'»,Cy 0 | 10 equiv



Cyclobutyl Boronates

/ Template for Drug Discovery \
L
R R 9u-Bpin R R NHzo MeO S N/\>
L Me
_ L. /Pt | _ N
) %, ., (o)
¢ Bpin “—NH, o MeO o
Lobaplatin Procoralan
* Novel desymmetrization
; : HO OH
* First catalytic approach .
y PP |,,’ o rigid sp3 scaffold

« Synthetic handle for derivatization

> three dimensionalit
N\ 7~NH, 4

\LubocavirL\ \ N /
N

Matteson et al, Org. Lett. 1999, 1, 379 Bach, T. et al J. Am. Chem. Soc. 2013,135, 14948
. O
. NH
CN ' 0
' N
Y\/k \2 R X N 2.5 equiv -

LDA B~ E NH Boin

MgBr o © ' P hv

)/'»,Cy 0 | 10 equiv



Cyclobutyl Boronates

Ph Me

BnO OBn

Cu(CH3CN)4PFg (10 mol%)
xantphos (11 mol%)
Bopin, (1.1 equiv)

NaOt-Bu (0.5 equiv)
MeOH (2 equiv)
-20°C, THF, 12 h

Cu(CH3CN)4PFg (10 mol%)
xantphos (11 mol%)
Bopin, (1.1 equiv)

NaOt-Bu (0.5 equiv)
MeOH (2 equiv)
0°C, THF,12h

Me, Ph

“Bpin
90%, dr > 98:2

BnO OBn

"'Bpin
39%, dr = 85:15

BnO

OBn

meso

CU(CH30N)4PF6/L* (10 mOl%)
NaOt¢-Bu (0.5 equiv)
B,pin, (2.0 equiv)

MeOH (2.0 equiv)
0°C, THF,12h

BnO OBn
"Bpin
96%
dr = >98:2

er =99:1

(0
< O P'Ar (R)-DM-Segphos
o) \
AI" Ar- _ Me
o - Ar ;_@
N
<o O Ar Me




Cyclobutyl Boronates

meso

BnO OBn

"Bpin

96%
dr =>98:2
er =99:1

H™[ |"H

"Bpin

70%
dr =>98:2
er =97:3

Cu(CH3CN)4PFg/L* (10 mol%)
NaOt¢-Bu (0.5 equiv)
B,pin, (2.0 equiv)

MeOH (2.0 equiv)

0°C, THF,12h
BnS SBn Ph Ph
"Bpin "Bpin
52% 70%
dr =>98:2 dr =>98:2
er =99:1 er=97:3
o
H“‘ .,,H H» ‘auH
"Bpin "Bpin
95% 1%
dr = >98:2 dr = >98:2
er = 96:4 er = 96:4

Angew. Chem. Int. Ed. 2016, 55, 6969

4 ™
° A
R < O p’ r (R)-DM-Segphos
o A Ar =
'o' P r
Bpin < PJ 3_@
o Ar Me
_ y,
Bn Bn n-Pr n-Pr - meo OMe
."Bpin “Bpin “Bpin
o 85% 93%
31 o . dr =>98:2 dr =>98:2
dr = >98:2 — 97:3 =973
er = 96:4 er=91: er=97:
OH 9H HO Q‘Ph
H“, ..'H H|I- ."H H“- -.'H
“Bpin “Bpin "'Bpin
73% 76% 91%
dr =>98:2 dr =>98:2 dr =>98:2
er =97:3 er =97:3 er =98:2



Cyclobutyl Boronates: Versatile Intermediates

OH

He | H

"Bpin

OTBS

H}—{"H

A\
o

H,0,
CF4CH,OH
80%

OTBS

OTBS OTBS
1) TBSCI, im, DMSO, (COCI),
CH,CI, rt EtzN, CH,CI
2Ll - A [ 3 22 A [
H» 'H 879 H» 'H
2) NaBO3;-4H,0, 0
THF/H,0, rt “OH o
87% (2 steps)
OH OPPh,
1) TBAF, THF, J. Organomet. Chem.
rt, 80% 2005, 690, 4462
>
2) NaBH,4, MeOH H»’ “H H** "'H
—78 °C, 73%
OH OPPh,
FLEXIphosO
OH H_/©/\OH
\/\/N\S
J. Med. Chem. : 0,
2011, 54, 5890 Nph
GRL-06579A
HIV-1 protease inhibitor

Angew. Chem. Int. Ed. 2016, 55, 6969



BORON INNOVATION

ﬁlovel boron containing molecul&

Bpin pinB
R —
X R? R
OTES
R R
R ../
R2
2 Bpin 0,
R P Bpin

Me R

New areas of
chemical space

Valuable synthetic
intermediates







