Asymmetric synthesis from terminal
alkenes by cascades of diboration and
cross-coupling

Scott N. Mlynarski, Christopher H. Schuster & James P. Morken
Nature, 2014, 505, 386-390

1% Pt(dba)g 1% Pd(OAc),,

Al B0 TR o
R/\ > R B(pin) - B R
B,(pin), 3 eq KOH
THF, 60 °C THF/H,0, 70°C R = aryl, viny!

then NaOH, H,0,
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Previous studies — cat. diboration

Morken @ University of North Caroline at Chapel Hill

o) O

s

~ d o
N By(cat),

0.5%  PhyP ! I

B(cat) H,0, OH

0.5% (ndb)Rh(acac) NaOH
butyl butyl a butyl
butyl/\/ W+ By(cat), butyl ay butyl 1y
THF, room temp. B(cat) OH
y 69%
dr 15:1
ee 98.8%

Poor enantioselectivity with trisubstituted-cyclic, cis-acyclic and terminal alkenes !

0 salisallisn
4 =

R XN .OH ~OH OH N OH OH
N g CO=C0™ CO™ O™
OH = Me =

ee 93-99% ee 93% ee 88% ee 49% ee 49% ee 49% ee 46% ee 33%

Morgan, J. B.; Miller, S. P.; Morken, J. P. J. Am. Chem. Soc. 2003, 125, 8702-8703
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Previous studies — quinap/B,(cat),

Morken @ University of North Caroline at Chapel Hill | N

~N

o PPh, O o0
oxidation OO BB
5% (nbd)Rh(acac) B(cat) OH 0 o)
R/><\ 5% (S)-quinap R/%/ B(cat) H,0,/NaOH, R/><'\/OH quinap By(cat),
> _—

B,(cat), 6 h

y 47-82% R =H, n-Pr, p-Tol, OBn
ee 93-96%
3 equiv of Cs,COg3,
2 equiv of aryl halide,
Suzuki/ 10 mol% (dppf)PdCl,,
oxidation THF/H,0, 80 °C, 18 h.

then H,0,/NaOH, 6 h

/

OH (P R'=CHO,NO,, OMe
R \\F{' 3- and 4-pyridine tolerated

y 48-77%
R = H, p-Tol, OBn 60 02-96%

Poor enantioselectivity with more useful substrates

' oH OH
(RN X H
©/\ O/\ octy — > Ej)\/ O/k/ octyl/'\/o
=
ee 33% ee 59% ee 62%

Miller, S. P.,, Morgan, J. B., Nepveux, F. J., Morken, J. P. Org. Lett. 2004, 6, 131-133
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Previous studies — NHC/B,(pin),

Hoveyda @ Boston College

, 5% NHC : _
Cla_~_"XB(pin) Cl._~_~_-B(pin)
5% CUC', 20% NaO1Bu y 88% iPr _038
1.1 eq By(pin),, 3.0 eq MeOH ce 88%
THF, -15°C, 24 h NHC
B(pin) %e_g’
B(pin B-B
5% NHC : BB
Cl~_Z ° Cle_~_~_B(pin) o o
5% CuCl, 20% NaOBu
2.1 eq B,(pin),, 3.0 eq MeOH y 90% B,(pin
THF, -15°C, 24 h ee 90% 2(Pin)z
5% NHC B(pin)
/ . .
w7 N
5% CuCl, 20% NaO1Bu
2.1 eq B,(pin),, 3.0 eq MeOH y 60-93% -OtBu, -NHBoc tolerated
THF, -15°C, 24 h ee 87-95%
10% Pd(dppf)Cly CH,Cl, O
:B(pin) 0 3eq CSQCO§, OH
>(o\/'\/ B(pin) /@< 10:1 THF/H,0, 80°C, 14h 0L
Br then NaBO3-4H,0 .
ee 93% 1:1 THF/H,0, rt, 1 h Y e

Lee, Y.; Jang, H.; Hoveyda, A. H. J. Am. Chem. Soc. 2009, 131, 18234-18235
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Previous studies — TADDOLPPh/B,(pin),

Morken @ Boston College

4

1% Pt(dba)s OH
1.2% (R,R)-L1 B OH (0] e
R : R B-B
B,(pin), (1.05 eq) o] @)
THF, 60 °C y 53-85%
then NaOH/H202 ee 78-96% .
Ba(pin);
R = aryl, alkyl
OH OH OH OH
n-hexyl/\/OH OH OH Ph/\/\/OH
y 81% y 81% y 53% y 78% y 78% y 85%
ee 92% ee 92% ee 86% ee 96% ee 92% ee 94%
OH OH OH OH OH
. - H TBDPS. - H - H M - H  Me,N : H
TBDPS O ~_0 S o/\/\/o MO GOMO €2 MO
y 85% y 91% o y 53% O vy 78% O vy 73%
ee 80% ee 90% ee 88% ee 92% ee 92%
OH QH QH OH OH OH OH
©/'VOH s OH \@/'VOH Me0\©/’VOH /@/’\/OH F3C\©/’VOH /@/'VOH
MeO FsC
y 83% y 79% y 82% y 70% y 72% y 63% y 76%
ee 88% ee 78% ee 88% ee 84% ee 90% ee 80% ee 80%

Miller, S. P.,, Coombs, J. R., Haefner, F., Kliman, L. T., Morken, J. P. . Am. Chem. Soc. 2013, 135, 11222-11231
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Scope of the reaction

Diastereoselectivity:

(R,R)-L1
Me OH
Me)\/\/\(\/OH

Yy 67%
dr12:1

Me Me OH
)\/\/\/\/OH

Yy 82%
dr >20:1

Me

TBDPSOWOH
= - 6 :

y 98%
de >95%

Minnard et al.
Total synthesis of diacylated
sulfoglycolipid Ac,SGL

Chem. Sci., 2013, 4, 709
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(S,9)-L1
Me OH
NN OH

y 70%
dr 20:1

Me Me OH
X : /K/OH

y 76%
dr >20:1

OH

/\)\/OH
o :
O vy 51%
dr 20:1

TBDP
S\O OH

Ao

y 70-90%
dr 12:1

Shindo et al.
Total synthesis of Xantathin

Tetrahedron, 2013, 69, 1043
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Scope of the reaction

4

Unreactive substrate:

“;b S

(poison)

TBDP /\/\)
S. 0 Z

HO\/\/\/\
(hydroboration)

Sharpless vs. Morken:

1% Pt(dba)s
1.2% (R,R)-L1

Ny

Me Ba(pin); (1.05 eq)
then NaOH/H202

(DHQD)-PHAL

K3FG(CN)6
Y\/\
Me
TBDPSO™ Y X
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OH
Me
y 83%
ee 94%

HO > "™
HO Me
* OH
Y\)\/OH
Me
y 42%
5:1 mixture
OH
TBOPSO™ >y

Sharpless: y 79%, de 70%
Morken: y 75%, de >95%
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Alkyl pinacol boronates — Suzuki coupling

X'/
=
=
=
N
7

Alkyl-B(pin) + | O
y-B(pin) toluene/H,0 10:1 _\ T/
3 eq NaOBu R B(pin)

8000, 24 h, Ar RuPhos

Br 0 O
2% Pd,(dba)s $-B PC
4% RuPhos ko) o y2

O.N
(j/\/\/\ 2 \©/\/\ /@/\M CN
Z 92% 91% >N 80%
|
~ Ph CN CN
/@/\/\/ CN oh ©/\/\/\ ©/\/\/\
FoC 82% F o 90% 72% 68%

Yang, C.-T.; Zhang, Z.-Q.; Tajuddin, H.; Wu, C.-C.; Liang, J.; Liu, J.-L.; Fu, Y.; Czyzewska, M.; Steel, P. G.; Marder, T. B.; Liu, L.
Angew. Chem. Int. Ed. 2012, 51, 528-532
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This work: DCC (diboration cross-coupling cascade)

° B - 1% Pd(OAC),,
112{; Tﬁdﬁ? )f’1 : B(pin) i 1% RuPhos OH
.70 \M,N)- ' H . i 1.5 eq X-R' = '
R/\ - R/\/ B(pin) : q _ R/\/R
B(pin), | | 3 6q KOH
THF, 60 °C | | THF/H,0, 70°C ) _
- _! then NaOH, H,0, R = aryl, vinyl
Ar_ Ar
O O o 0 oo
>< P—Ph B-B o . Yo
o O O O Y = \‘/
AT Ar “ |
(R.R)-L1 B,(pin); RuPhos
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Diboration / aryl bromide coupling

1% Pt(dba)s
1.2% (R,R)-L1
R _
Ba(pin),
THF, 60 °C

1% Pd(OAC),,

1% RuPhos OH
1.5 eq Br-Ar R
R/\/ Ar
3 eq KOH

THF/H,0, 70°C

then NaOH, H,0,

Je
n-hexyl/\

y 96%
ee 94%

OH )ij/ome
: |
n-hexyl/\ X

y 91%
ee 94%

U y 93%

ee 98%
Me OH
“ -
y 97%
dr 20:1

n-hexyl

Yy 949%
ee 90%

Raffaele Colombo @ Wipf Group

Yy 82%
ee 88%

w

96%
dr 20:1

n-hexyl /\Q

86%
ee 94%

OH
TIDSO\/\

Ar: 3,5-diisopropylphenyl
Ar. Ar

AT Ar
(R,R)-L1 B,(pin), RuPhos
CF
n-hexyl - f-hexyl
y 85% y 80% Me
ee 94% ee 88%
TIPSO/\/\/©
97%
ee 90%
TBS.
88% y 94%
dr 20:1 dr17:1

OH OH =
;\ﬂ : AN O
n-hexyl o) n-hexyl

Yy 79% Yy 63%
ee 92% ee 92%
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Diboration / chloroalkene coupling

1% Pd(OAC)Q,

Ar: 3,5-diisopropylphenyl

e Filabas 1% RuPhos OH Ar. Ar
2% (R,R)-L1 chloroalkene P /R 0 0 0 0
n-hexyl” ™ . mrhexyl” S 4 'P—Ph ‘B-B PCy2
B,(pin), 3 eq KOH § ; ; \ o o
° o 0 (0] 0]
THF, 60 °C THF/H,0, 70°C \( j/
then NaOH, H,0, Ar A
(R,R)-L1 B,(pin), RuPhos
OH OH OH OH
T _ T . -h I N
n—hexyl/\/\/ n-decyl n—hexyl/\/\( Me n-hexyl” " \/n Xy n-hexyl/\/\
y 92% y 92% Me y 90% y 89% Me
ee 94% ee 94% ee 94% ee 94%
3 oY
n-hexyl/\ n-hexyl/\
y 90% y 83%
ee 94% ee 92%
4
OH
: y 90%
nrhexyl” X ee 92%
2.5% Pd(OAC),,
1% Pt(dba)g 2.5% RuPhos .
1.2% (R,R)-L1 o ~C! E;(pm) NaOH, H,0,
n-hexyl” X ) n-hexyl” >
B,(pin), 6 eq KOtBu LINHOMe, *
THF, 60 °C THF/H,0, 70°C CbzCl
NH-CBz
: 69%
n—hexyl/\/\ ge 920/2

* For stereospecific amination of alkyl and aryl pinacol boronates see: Morken et al. J. Am. Chem. Soc. 2012, 134, 16449-16451
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Mechanism considerations

1% PA(OAG),, O
1% RuPhos
1.5 eq Ph-Br PCy,
Substrate Product

3 eq KOH \(O o\(
THF/H,0, 70°C

then NaOH, H,0,

B(pin)

n-hexyl B(pin)

n-hexyl/\/ B(pin)

n-hexyl \l/\/ B(pin)

B(pin)

B(pin)

n-hexyl B(pin)

n—hexyl/\/ B(pin)

1.0eq
+

B(pin)
B(pin)
1.0 eq

n-hexyl
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n-hexyl/\/ Ph

OH
Ph
n-hexyl )\/

RuPhos

91%

<5%

<5%

9%

2%

96%
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Effect of vicinal bis-boronate

1% Pd(OAC),,
1% RuPhos

PCy2

1.5 eq Ph-Br
Substrate Product o o
3 eq KOH \( Y
THF/H,0, 70°C
then NaOH, H,0,
RuPhos
B(pin) OH
n-hexyl B(pin) n-hexyl )\/ Ph 91%
n-hexyl” >~ B(pin) n-hexyl” >~ Ph <5%
n-hexyl B(pin) n-hexyl \l/\/ Ph <5%
B(pin) OH
B(pin) OH
n-hexyl B(pin) n-hexyl)\/\/ Ph 9%
B(pi Ph %o
n—hexyl/\/ (pin) n-hexyl/\/ 2%
1.0 eq
+ +
B(pin) OH
. Ph 96%
n-hexyl B(pin) n-hexyl)\/
1.0 eq

Raffaele Colombo @ Wipf Group
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Internal Lewis base donation

internal Lewis acid activation

H
>0 (pinB O
: -5 in
(pin)B™ 5- P [
A Blpin) R B0
A B
(outer-sphere path) (inner-sphere path)
inversion retention
1% Pd(OAC)Q,
B(pi 1% RuPhos
Ph ?(pm)B(pin) chloroisobutylene Ph (;JH
>~ 3 eq KOH VYY
D THF/H,0, 70°C D

then NaOH, H,0,

R1-R2
L,Pd
R
v
L,Pd L,Pd
\R2 AN

R1-X
1 1
R + MOH /R
L,Pd
AN
X -MX OH

R2-BY, or R2-BY,

neutral

Z
anionic
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Applications: N-Boc-(S)-amphetamine & (S)-fenpropimorph

N-Boc-(S)-amphetamine

1% Pd(OACc),, MeONH,
e P(t,gdg?_)& B(pin) 1% RuPhos B(pin)  t-BuLi, THF, NHBoc
e -2% (R, E . 1.1 eq Ph-Br . _Ph -78°Cto60°C ~_ _Ph
Me™ X . Me/\/B(pm) Me/\/ Me/\/
B,(pin), 3 eq KOH then Boc,0O
THF, 60 °C y 98% THF/HQO, 70°C 83% y 74%
o (60% over 3 steps)
ee 92% 66 929
(S)-Fenpropimorph
1% Pd(OAc , i
1 2% (AR B(pin) 1% Ruphos (s ool R -
P /0 = , 1.1 eq 4-tBuPh-Br : -78°Ctort :
Me” X A~_-B(pin) Me™ ™ Me
B : Me
2(pin) 3 eq KOH
THF, 60 °C y 98% THF/HQO, 70°C 95%
ee 92% Organometallics, 1985, 4, 1687-1689

Me Me

then HO Bu cl Bu
NaOH, H,0, ~ /@/ NCS, PhgP :_\Q/ HN\)\MG Me)\/N\_ Bu
Me™ ™ Me DMF, 120°C Mo

85% 75% 82%
(52% over 5 steps)

Fungicide (40000 tons/year)
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Applications: lignan precursor & (S)-pregabalin

Lignan Lactone Precursor

2.5% Pd(OAc)

2.5% RuPhos

1% Pt(dba),
1.2% (S,8)-L1

SOUN

CI/\( <O B(pin)

Tﬁé(%‘é"zc 3 eq KOH O X
, 60 ° THF/H,0, 70°C %
Safrole 2 ge 8202
then O3, NaOH,
CH20|2, MeOH

NaOH, H,0, ¢ D\/(/

(S)-(+)-Pregabalin Hydrochloride

2.5% Pd(OAc)
2.5% RuPhos

c/ﬁ/

3 eq KOH
THF/H,0, 70°C

1% Pt(dba)s

Me
1.2% (R,R)-L1
Me)\/\

Ba(pin),
THF, 60 °C

Raffaele Colombo @ Wipf Group

T

53% (over two steps)
50% (from safrole)

Me B D Me
X
2) MeONH, M°
o +-BuLi, THF,
Y oL -78°C o 60°C,

then Boc,0, 60°C
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CI-CH,-Li
-78°C to rt

IBOC

N
<~ “Boc

N

1) 5% RuCl
NalO,, rt, _~NHsCl

Me -
CHZCN/CCl,/H,0 :
Me/K/\/COOH

2)HCI, MeOH
35% (over 5 steps)

Lyrica, Nervalin: anticonvulsant drug
used for neuropathic pain
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Potential applications

Kendomycin
antitumor macrolide antibiotic

SO,NH, o™

Me

Tamsulosin
(Flowmax)
apha1ia-selective alpha blocker used in the

symptomatic treatment of benign prostatic hyperplasia

Raffaele Colombo @ Wipf Group
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O OH O
Epothilone C
anticancer drug

HO_ _OH

O

0 J T
HO ()
S
OH O .~ 0.__0O
\H‘/O OH

o)

OH

Menisporopsin A
antimalarial, antimycobacterial,
and cytotoxic activities
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Key step procedures

Pt(dba); (1.0 mol%), (R,R)-L1 (1.2 mol%), B,(pin), (1.05 equiv.) and anhydrous THF
([substrate] = 1.0 M) are stirred together at 80 °C for 15 min. After cooling to

ambient temperature, the alkene (1.0 equiv.) is added and the reaction mixture is
stirred at 60°C for 3 h.

On cooling to ambient temperature, Pd(OAc), (1.0 mol%), followed by RuPhos
(1.0 mol%), the electrophile (1.5 equiv.), KOH (3.0 equiv.), additional THF and
deoxygenated water ([substrate] = 0.1 M; 10:1 v:v THF:H20) are added and the
reaction mixture is heated to 70°C for 12 h.

The reaction is then cooled to 0 °C and treated with 3 M agqueous NaOH and 30%
H,0,. After 4 h at ambient temperature, excess H,O, is carefully quenched with
saturated aqueous Na,S,0;, followed by extraction with ethyl acetate. The
combined organics are dried over Na,SO,, filtered and concentrated. The
resulting material is purified by flash chromatography on silica gel...
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(pin)B
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formation of diboronate

Bo(pin), B(pin)
L,Pt(0) — L,Pt—B(pin)
A fast B
B(pin) ¢
B(pin) B(pin)

/ ) - .
L.Pt B(pin L.Pt—B(pin
nPt, B(pin) o (pin)

D C
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Stereoselective amination

BL,

©/\ Me
23a

83% ee

S: _B(pin)

24a

B(pin)

hexyl N
25a
93% ee

X

___» R’ ,\‘EsL2

— X
R1 R2
MeONH2 (3 eqUiV) NHBoc
nBuLi (3 equiv) H
—_—— > Me
-78 °C t0 60 °C, 12 h;
then Boc,0O 23b
84% yield
83% ee
MeONH, (3 equiv)
nBuLi (3 equiv) ’E _NHBoc
-78 °C to 60 °C, 12 h;
then Boc,O 24b
50% yield
MeONH, (3 equiv)
nBuLi (3 equiv) r;\jHBOSh
> /\/
78°C1060°C, 12h; &V
then Boc,O 25b
78% yield
93% ee
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Outer sphere - inversion

Y g +
\ /Y LP? Y\ /Y
O BF;K  base O G)B\Y Ar Q----- B . .
)J\) e . /U\), — MCW, inversion
R2N ",ICH3 HZO R2N CH3‘— R2N i H D
(R) Y = F or OH i ('?d(AF)L_ XBY,
X
O-----Pd(Ar)L O Ar
|
RQNMCHfj } RQN/U\)\CH3
LPd(0) (S)

Sandrock, D. L., Jean-Gérard, L., Chen, C., Dreher, S. D. & Molander, G. A.
Stereospecific cross-coupling of secondary alkyl B-trifluoroboratoamides. J. Am.
Chem. Soc. 132, 17108-17110 (2010)
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Inner sphere - retention

L R’ L R
\ # \ -
Pd' -«  pd!
L \RZ |_'/ '\?.--
H
R'—X
R'—R?
1
L, .R
L—Pd®—L Pd!
R‘I_HZ L/

o
NG /
RLPA" /7N <,
R

y
H 1 1 %
' el e Spal >
N Vd \O/

t Tk
A O, /R1
PSS NN PR > LPdI{
LR Pd“\h’,B\ R

H 7’

l “_—'
A 7

R'L,Pd" /B‘\

R Matos, K. & Soderquist, J. A. Alkylboranes in the Suzuki-Miyaura coupling:
B

stereochemical and mechanistic studies. J. Org. Chem. 63, 461-470 (1998)
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