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Boron in Synthesis
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> Reductions using electrophil borane and nucleophilic borohydrides
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H' , SMe, o HY oH oH
OH
‘o THF -10C )j\ eOH, 0 °C )\
1 4 5 ,
» Hydroboration
9 2 NaOOH
A » H —_— /\/OH
)\/B
8 10 12
> Allylations and Crotylations co.ipr W. R. Roush et al ., J. Am. Chem. Soc. 1985, 107, 8186-8190.
VY2
BDiPT S
o ~ H 0/>— i OH
B
R™ H 4 AMS H_ ¢ work up R/\:/\
toluene, -78 °C =
16
13 15 >90% de
. 60-90% ee
> Cross- C()uphng N. Miyaura, K. Yamada, A. Suzuki, Tetrahedron Lett. 1979, 20, 3437-3440.
I —_—
Br RZ/\/B\O NaOEt, benzene R1/\/\"
17

reflux
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The 1,2-Boronate Rearrangement

» Matteson 1963

O"Bu n
0"B 0"Bu
" Nal ! NaO"Bu

[ O ® B
B n — C|3C/YB\OHBU _— ClC (B~O"Bu + Na ———>» C|3C/Y
CI3C/Y 0"Bu Aceton, 84% 90% 3 C "0"Bu
Br

~ 70 times as fast I |

as AllylBr
20 21 22
» Only strong nucleophiles can compete with the butoxy ligand
O"Bu S"Bu ?"Bu
é\ NaS"Bu ('l@ n @ Bl n
CI?’C/\r O'Bu ———>»> CL.C B-0"Bu + Na —>» C|3C/\r O"Bu
3 “0"Bu 76% 8B
Br Br u
20 24 25
» Bornic esters 0"Bu
O”Bu é\
nBUOH @ C|3C O"Bu
CI3C/Y + K TO/F
cho:s aqg.) ‘O"Bu °
ELO, RT C'3C/Y 0"Bu
28 26 27
H*/H,0
I <-40 (I)"Bu
O"Bu B
é PhMgBr Cl;C O"Bu
+ M Br — >
CI3C/\( ~0"Bu 78 oc O"Bu 98" =T 22n
Cl C
Br 3 O"Bu
Br
20 26 27

(I)"Bu

~0"Bu
O"Bu

23

D. S. Matteson, R. W. H. Mah, J. Org Chem. 1963, 28, 2171-2174.; D. S. Matteson, R. W. H. Mah, J. Am. Chem. Soc. 1963, 85 2599 2603
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Substrate Control: Matteson Chemuistry

0304, Et3NO

pyridine, ‘BuOH,
H50, reflux

(+)-a-pinene (29) (+)-pinanediol (30)

B@o H

cQo

33
H yle
OH
',3_0 NaBO;
(0]
37
36 Yield: 94%
ee: 93,7%

D. S. Matteson, R. Ray, J. Am. Chem. Soc. 1980, 102, 7590-7591.

Cl
, Q.. A
PhB(OH), B—O i
ﬁ

MeMgBr

—~ ¥
i ﬁ e

l
0

31

CQO RT

35

» The attack of the carbon nucleophile approaches
from the convex side of the molecule 31

» The rearrangement requires anti- periplanar
standing of the migrating- and the leaving group

R. Ray, D. S. Matteson, Tetrahedron Lett. 1980, 21, 449-450.
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Homologation

F(I:II:\/CI K\\

:I',' B“O warm up to RT ci
————— Huz B ! 73 ————
| THF/EEZO, ] -100 °C Ll A over night BO,pinane
0] -100 °C cl O Y,
repulsion X | Y 41
-
CI=™"~ci Yield: 89%, ee: 99%
- - without ZnCl,:
38 40 Yield: 30%, ee: 88%

D. S. Matteson, K. M. Sadhu, J. Am. Chem. Soc. 1983, 105, 2077-2078.
E. J. Corey, D. Barnes-Seeman, T. W. Lee, Tetrahedron: Asymmetry 1997, 8,
3711-3713.

» 7/nCl, and other Lewis
acids bind to the less
hindered oxygen atom
facilitate the 1,2-
rearrangement

LiCHCI,

» The order of addition
can sometimes
determine the
diastereomeric ratio

RLi

48: low diastereomeric ratio
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C2-Symmetric Boronic esters

» No preferred side of attack... /,Cl\Zn,m
/ ) \
cl PN
N ‘\0))\ Hip
c1¥ B0~ M-S )
o é R Cl O
/ ' ZnCly = 51A: favoured - RT / N
R—B = = — —3 )—B
ks Cl \

49 49 Cin ?< >‘ Clvs ‘\\\‘Oj\ 52
H HY "B=O

- 51B: disfavoured -
» ...but chiral centers in a-position can lead to side products! AF = 52,8 kJ/mol

'Y'e \609 Me
B
\@O’ ﬁMgBr \[ o~ >CT2\\\Ph

\ AT /l”', o) Ph
> \
% \\ o” "% 78 °C ' : — /B4<7
o (o] Z L-Mg-~C! o]
53 53 Cl 54 55

Me O, Me 09 /Me
/—\I /B/ \[ o B e 7 O\ ,Me
o Ph MgBr o oH 1 >‘\\\ Ph ‘ B Ph
s ! /k
- . y o

\
Ci -Mg~ Ph
i A L "
Cli Cl
steric
56 57 repulsion 58 59
Midland, M. M., J. Org. Chem. 1998, 63, 914-915. P. B. Tripathy, D. S. Matteson, Synthesis 199Q, 1990, 200i206.
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Administration 1n the Total Synthesis of (2S,3R,1‘R)-Stegobinone

1.) LICHCI,, Cy 1.) LiCHCl,, Cy LiCHCl,, Cy
Cy THF, -40 °C s THF, -40 °C s THF, -40 °C s
o s then ZnCl, 10/>— then ZnCl, OBn (,)’>- then ZnCl, Me (,)
- Cy ——» 5 Cy —> = c
B y B y B y
(o] THF/DMSO, 0°C - RT
0°C OBn Me OBn ClI
60 61 62 63
1.) MeMgCl, 0°C— RT H,0,, NaOH
2.) H,0,, NaOH, THF, phosphate
THF buffer
Me 1.) PDC, DGCM Me 1.) TBSCI, Me OBn ?
= 64% from 65 H Imidazole, DMF B R
/WOTBS - OTBS OH \/\H
2.) Pd(OH),, CaCO /\A/\r
2.) "Bu,BOTf 3,
Di)PEAUZD(C)M OH Me CyH, EtOH, Reflux OBn Me Me
’ 66 65 64
0,
45% from 60 55% from 60
fo) I\_Ile 4 fo) )
T 1.) TFA/CHCl3, Me
OTBS PDC, DCM OTBS 43% from oxidized 66) fo) | W
—
2.) MsOH, CHCl3, 84% oy
3.) TPAP/NMO, 89% 0" "Me
Me
é28,3R,1‘R)-stegobinone (7OL

D. S. Matteson, H.-W. Man, O. C. Ho, J. Am. Chem. Soc. 1996, 118, 4560-4566.
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Functionalization of Chiral Boronic Esters - Scope

81
C. Sandford, V. K. Aggarwal, Chem. Commun. 2017, 53, 5481-5494.
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Hoppe Chemustry

» (-)-Sparteine 1solated from common broom and
greater celandine and promotes abstraction of the
pro-(8) proton

» (+)-Sparteine- surrogate 1s accessible through cytisine
alcaloids from the golden chain (toxic plant of the -)-sparteine (90)
year 2012!) promotes abstraction of the pro-(R)

proton %
» The configuration of the metal organic species 1s \‘\ﬂ

stable at -78 °C

(+)-sparteine-surrogate (91)

V=
(N2
Hs SBuLi. (-)-sparteine . 1.) B(O'Pr)3, -78 °C Ph Bpin
e N - Crepanene, Ph L—N L e YT
' 2.) pinacol, pTsOH, OCb

OCb Et,0, -78 °C o}

Y DCM, MgSO,
i)
N'Pr, 94
92 93 90% yield

>95% ee

D. Hoppe, T. Hense, Angew. Chem. Int. Ed. 1997, 36, 2282-2316.
https://upload.wikimedia.org/wikipedia/commons/8/88/Laburnum_anagyroides_flowering.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/9/9a/Cytisus_scoparius_Habitus_2009 April26_SierraMadrona Jpg/8OOpx—
Cytisus_scoparius_Habitus_2009 April26_SierraMadrona.jpg

E. Beckmann, V. Desai, D. Hoppe, Synlett 2004, 2004, 2275-2280.
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Protodeboronation and Homologation

» Protodeboronation

Bpin Bpin ‘1 w H
!/ CSF H20 Ui "IEt TBAF.3H20 IIIEt ! 0\@/0’ |
Et Et r F’B/'M’o
dioxane, 30 °C pentane, 45 °C )%Et
Cl Cl ;

| Ph

. 97 Yleld. 99%, 29
95 Y'S'S%QQS”" 99% os o

» Homologation Lis(-)}-sp

. Bpin /\ HO ‘\\\\
Bpin B Br OCb /\J
J é - .
Ph&”Et "BuLi, THF, Ph '/ Et 1 /\/\OCb §-109 '///
-78 °C to RT | .
101 106 110: 64% vyield,
er >98:2, dr = 96:4
100 83% yield SBuLi, (+)-sps Bpin
>99% es o
NaBO; x* 0y
/ > X 108: 75% yield,
Boin o1 el cl_Bpin Ph” N er >993
/:\ Cc (o] - : 104: 93% yield, 89% es | EtBpin o)
n ; +)-sps
Ph BulLi, ZnCly, N o OH le Y
THF, -100 °C to RT NaCIO, X ; : /L
102 103 \—> z 1 /\/I":(ﬂ's'” OCb HO
PR\ | ocb R-109 oy
105: 87% yield, >99% es | 107 “
b
} 111: 63% yield,
S. Nave, R. P. Sonawane, T. G. Elford, V. K. Aggarwal, J. Am. Chem. Soc. 2010, 132, 17096-17098.

er >98:2, dr = 90:10
J. Hesse Matthew, P. Butts Craig, L. Willis Christine, K. Aggarwal Varinder, Angew. Chem. Int. Ed. 2012, 51, 12444-12448.
A. Chen, L. Ren, C. M. Crudden, J. Org. Chem. 1999, 64, 9704-9710.

Aggarwal et al., Angew. Chem. Int. Ed. 2011, 50, 3760-3763.
S. P.Thomas, R. M. French, V. Jheengut, V. K. Aggarwal, The Chemical Record 2009, 9, 24-39.
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Building Block Synthesis

(o}
A~ ‘BuLi, (-)-sparteine, Lis(-)-sparteine o sncy SnMe;  ngyLj, Li Li
© /H 2 'y — > A'H and '\
Et,0, -78 °C, 5h TIBO™ e TIBO™ Yo 78°c,ih  TBO" e TIBO™ %
\ ) (S)-113 (S)-114: 55% yield, (8)-115 (R)-115
91.0:9.0 e.r.
TIB recryst 1w 99.9:0.1 e.r.
112 Li
/A{HH
TIBO” S, o (2/0 ( Bpin
Bpin Jﬁ)&» =0
78°C,30min o Mot RT, 1h
e
Ph H (_PTIB
116 17 (S)-118
* cycle
A A A A A
'H 'H 'H 'H 'H
T":jsonglIe leonéwe TIBsO11LVIe TIBsonglIe TIBsO11éVIe
Bpin 115, NG gy (SV115 _yp (SV115 3 )
Li ~aq. work-up }L{ /E }Iil
Ph /'H 'H 'H /'H Ph
116 TIBO Me TIBO Me TIBO Me TIBO Me
(8)-115 (S)-115 (S)-115 (S)-115 119, 58% yield
aq. work-up
Li Li Li Li Li
TIBOA|'_|M9 TIBOA;_lMe TIBOA(_IM‘* TIBOA;_lMe TIBOA;_lME
Bpin
. (R)-115 . . . R)-115
Bpin (R) . (RIS . (RIS _p (RIS LN
Li ~aq. work-up Li Li Li
Ph TiIBO” % H TiIBO” % H TIBOA'H TIBOA,(AH Ph _
116 e e Me e 120, 44% yield
(8)-115 (S)-115 (S)-115 (8)-115
aq. work-up
M. Burns, S. p. Essafi, J. R. Bame, S. P. Bull, M. P. Webster, S. b. Balieu, J. W. Dale, C. P. Butts, J. N. Harvey, V. K. Aggarwal, Nature 2014, 513, 183.
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Application 1n the Synthesis of the Mycolactone Core

Lis(+)-sp Lis(+)-sp N
Li” cl oCb ™BS0” """0cb och
| —— 5 OCb —=2 >
OCb Bpin Et0,-95°C -78 °C, 2 h, 2.) NaOH/H,0, THF, TBSO o,
Bpin  then40°C, 16h Boin” " 0°C, 2 h, 77%, 94:6 d.r. “
pin 3.) TBSCI, imidazole, OTBS
121 123 125 DMF, 25 °C, 16 h, 84%
2 steps, 72% . \_ 127 )
901 7/ 99% 83%, 97:3 e.r.
Lie(+)-sp
4 N\
Li” cl oCb «
122 .
NS 124 SBuLi, (-)-sparteine
. ) —> _— ’
Bpin Et,0, -95°C _ -78°C, 2 h, TBSO  OTBS -78°C, 2h,
TBSO  OTBS Bpin TBSO  OTBS  pen4o°c, 16h Bpin then 40 °C, 16 h
128
5 steps, 44% 129
99:1 e.r., 99:1 d.r. 99%
99:1 E/Z

-
S
(o) e
IIIII OH )
OMW OTBS
o OH OH mycolacton((‘eI :;:;))re structure 8123;0
mycolactone A/B (133) 08s: 38%

A. Brown Christopher, K. Aggarwal Varinder, Chem. Eur. J. 2015, 21, 13900-13903.
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Synthesis of Secondary Alcohols

Hg Hs SBuLi, (-)-sparteine warm up B(R3)2 H,0, OH
1 3 2 nllR1 zk”R']
R OCb Et,0, -78 °C ) LA Cb R LR R R
137 138

» 9-BBN does not migrate
contrast to other alkyl

; substituents
E h( _ r,,9-BB e A » Using 9-BBN, MgBr, increases
- Ph(CH,); "Hex ,9-BBN“ = . . 81 . ee (not for other boranes)
,,P_h(CHZ)i : R .'!_9'B§N“. L Wi 09 » Boranates rearrange already at
5 o A . -40 °C, boronates only with
st S MgBr, in ether reflux

~Pinacol

» Stereochemistry is retained in
the borylation step

Pinacol = Mg

J. L. Stymiest, G. Dutheuil, A. Mahmood, V. K. Aggarwal, Angew. Chem. 2007, 119, 7635-7638.
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Synthesis of Tertiary Alcohols

?/g< | ]

B o) in, ©

e VAN Pr i
R 141 %/é;/ ~Bpin A Pr

ipr [ox]

- - Li~<__ - > >
Retention Pr o Meit MewJ\B . Me1: OH
Mer: J\ _ ph? COCb Ph pin Ph
ph?’" O N'Pr,
H By Li - 142 - 143 144 (R)-145
Me")\ —_— Mel')J\
Ph OCb Et,0, -78°C Ph OCb
139 B "

140
\ ">-0 Me
‘ I Ph~F”— OCb M L
. Mel ) e Me
Inversion Ph OJ\N’Prz CB A B [ox] Ph& -OH

. _»Ph =
B—R U— r
146

- 147 - 148 149 (S)-145

S : 7 (R)-145
J. L. Stymiest, V. Bagutski, R. M. French, V. K. Aggarwal, Nature 2008, 456, 778.
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Inversion of configuration by S 2inv pathway

p-MeOC6H4Li MeO @ O] I

Bpin K ({ 1
S — B=0 — :
B"\/K THF, -78 °C Bn\)\ 0°C Bn A
152
150 151 80% yield
97% es
F3C iPro,c_ N )
Bpi (CF3)2CeHsL TN cogPr iPro,c. _N
pin m,m- i r P .
B — > @»°%< — = 2N cogPr
n\/k THF, -78 °C B=Q RT Bn\/:\
F3C Bn\/k
155
150 153 74% vyield
@ =) 66% es
F3C ” BF,
Bpin  m,m-(CF5),CeHali 0.0 O 157 OH
A > -
B“\/k THF, -78 °C B=0—\ RT, then Zn, Bn "~
F.C Bn\/'\ AcOH THF/H,0, 70 °C
3 158
150 156 64% yield
©) 70% es
N S)
Bpin 4N\7 2BF,
i o F
L» Ph\g)‘; N F 161 =
THF, 0 °C to RT /\/'\ Styrene Ar/\/\
Meo Ar MeCN, -10 °C
162
159 160 83% yield
>99% es

R. Larouche-Gauthier, T. G. Elford, V. K. Aggarwal, J. Am. Chem. Soc. 2011, 133, 16794-16797.
C. Sandford, R. Rasappan, V. K. Aggarwal, J. Am. Chem. Soc. 2015, 137, 10100-10103.

\

0]

o)
R
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Zweillel Olelination

R R | ' 7 o
HBR32 R I I, NaOH R! R® "Bu
e s LErrral | x
B/ THF, H;0 |2 NaOH |

R2 H BThex .
R? R* 164 165 | | \L THF, H,0
| 2 |
163 up to 83% Yield
I gH and 99% Z "Bu "Bu "Bu
2 OH 168 170 171
© 52 48
HO R3 R3
1 B R' |
R,, Bl ; 12-rear R?, <
@f)r\]/e 5 "'\ oH
\ 2 1) 2
R2 H R4\ H $
H 2
166 167 | M] R2Bpin u/gp'" l, NaOH [R
» Vinyl boranes or boronic esters R R THF, H,0 R
form cis- substituted olefins in ‘ 172 173 174
basic 10dine solution | Z-olefin
) X .. I cant- - Ry aoH
» A 1odonium 1on is formed and the elimination )
hydroxide 10ns trigger the 1,2- R? 28 3
1 oranate pin
boronate Shlft ):l( %S)m rearrangemens -/‘E
. .o .. "R1
» Organic moleties have similar @ Y
tendency to migrate 175 176
- Modification by Matteson using G. Zweifel, H. Arzoumanian, C. C. Whitney, J. Am. Chem. Soc. 1967, 89, 3652-3653.
1 1thi 1 G. Zweifel, N. L. Polston, C. C. Whitney, J. Am. Chem. Soc. 1968, 90, 6243-6245.
vinyl lithium units
) D. S. Matteson, P. K. Jesthi, J. Organomet. Chem. 1976, 110, 25-37.
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Zweillel Olelination

RZ

I | HBR32 é BrCN, DCM R?
— “R2 —_— | G. Zweifel, R. P. Fisher, J. T. Snow, C. C. Whitney, J. Am. Chem. Soc.
R! /r then NaOH aq. R 1972, 94, 6560-6561.
R 179

177 178 E-olefin

iBr—CN T

syn-
elimination
R R2

1,2-Boranate

I
)i(/, B@\CN rearrangemen H_jg) CN
@ o

180 181

—_— or R
)VIR solvent IR
R” YR R)“ﬁ R R THF/MeOH R™ °%

182 183 184 185

increasing steric hinderance

. ©
Bpin /\[M] /\Bpin /\g//i I, then NaOMe N
/IR
R

Bpin Bpin )B\pln . Bpin Bpin | Bpin
ArBpin ' A"’ /k’ ! A’
' R IR 'R
R) R)\Me R\ /R : R R Ar R : Ar AT
| W— ' '
: . 4. 1 4 eq VinyIMgCI; ! 2 eq VinylLi;
1.2 eq VinyIMgCl; Solvent: 1:1 THF/DMSO ' Solvent: THF ! Solvent: THF

R. J. Armstrong, W. Niwetmarin, V. K. Aggarwal, Org. Lett. 2017, 19, 2762-2765.
Aggarwal et al., Angew. Chem. Int. Ed. 2011, 50, 3760-3763.

M. Shimizu, Angew. Chem. Int. Ed. 2011, 50, 5998-6000.

G. J. Lovinger, M. D. Aparece, J. P. Morken, J. Am. Chem. Soc. 2017, 139, 3153-3160.
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Zweillel Olelination

MeO © B -
“Bpin

R

R 1 R
X /\ R!__R? SePhR 191
Bpin R R3 G). ~~

» Stereodivergent Olefination

187 B PhSeCl 190 up to 95% yield
J\ \4 pin —>» R3 anti- elimination and >99% es
R1” O R2 ) J\ , \|/\Bpin
186 R R SePh
188 189 R{__R? Rl _R?
| mcPeA ; ©
vu Bp Z
Phée 7 R3
193
. . 192 up to 83% vyield
> ZWCIfCl Alkynylatlon syn- elimination and >99% es
"By r\)l BR2
1.) "BuLi, THF X~ R l, |"Bu 1 2 NaOMe "Bu
/\/\\\ 3 R gaR —— % R %
SF THF/Et,0 SR R
2.)RsB R oB "By
R
194 195 196 197 198
"Bu "Bu S "Bu
"Bu Cy Ph

199 200 201
96% 99% 98%

J. Armstrong Roly, C. Garcia-Ruiz, L. Myers Eddie, K. Aggarwal Varinder, Angew. Chem. Int. Ed. 2016, 56, 786-790.
R. J. Armstrong, C. Sandford, C. Garcia-Ruiz, V. K. Aggarwal, Chem. Commun. 2017, 53, 4922-4925.
A. Suzuki, N. Miyaura, S. Abiko, M. Itoh, H. C. Brown, J. A. Sinclair, M. M. Midland, J. Am. Chem. Soc. 1973, 95, 3080-3081.
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Retentive and Invertive Coupling

» Retention

203
— >
Pdj(dba)s, PPhg

Ag,0, THF, 70 °C O

204: 62% vyield
202 91% es

Pd(PPh3), K,COg3

Ag,0, Et,0,60°C MeO O O

206: 83% yield
205 98% es

» Inversion

OTf
Bu

Ph 208

> ¢ g MSO’P|d-NH2
MeO Pd(OAc),, PCys K,COs, Bu Ph PBu,P
e toluene/H,0, 60 °C BF3;K PhCI, 211 Ph
l‘BU x /\A
MeO Ph” "N K,CO3 benzene/H,0, 60 °C Ph
210 212: 64% yield
207 209: 50% yield 94% es

Imao, B. W. Glasspoole, V. S. Laberge, C. M. Crudden, J. Am. Chem. Soc. 2009, 131, 5024-5025.

ou, P. Cao, T. Jia, Y. Zhang, M. Wang, J. Liao, Angew. Chem. Intf. Ed. 2015, 54, 12134-12138.

D.

S. C. Matthew, B. W. Glasspoole, P. Eisenberger, C. M. Crudden, J. Am. Chem. Soc. 2014, 136, 5828-5831.
Y.L

L.

Li, S. Zhao, A. Joshi-Pangu, M. Diane, M. R. Biscoe, J. Am. Chem. Soc. 2014, 136, 14027-14030.
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Conclusion
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‘Thank you for your
kind attention!

Questions?

5

Boron is a metalloid. Boron is produced
entirely by cosmic ray spallation and not by stellar
nucleosynthesis. Because of its distinctive green fiame,
amorphous boron is used in pyrotechnic flares.
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Additional Sources and Reviews

» Review on the Matteson Chemustry
D. S. Matteson, Chem. Rev. 1989, 89, 1535-1551.

» Hoppe’s stereoselective deprotonation
D. Hoppe, T. Hense, Angew. Chem. Int. Ed. 1997, 30, 2282-2316.
D. Hoppe, T. Hense, Angew. Chem. 1997, 109, 2376-2410.

» Homologation
S. P. Thomas, R. M. French, V. Jheengut, V. K. Aggarwal, The Chemical Record 2009, 9, 24-39.

» Transformation of chiral Boronic ester

C. Sandford, V. K. Aggarwal, Chem. Commun. 2017, 53, 5481-5494.

» Zwellel Olefination
R.]J. Armstrong, V. K. Aggarwal, Synthesis 2017, 49, 3323-3336.
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