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What can you synthesise using Lithiation— Borylation?
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Lithiation—Borylation Products

What Can You Synthesise Using Lithiation—Borylation?
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Notes on use of color

H sec-BuLi/(-)-sp H sec-BuLi/(+)-sp Lie(+)-sp In reactions that do not use sparteine an analogous coloring
(=)-speLitm: - —_—— system is used:
—)- p.L|II|u . Hum - Hun RS .
= OLG Lithiation = OLG Lithiation OLG Like (-)-sp had Li Like (+)-sp had

S been used are

been used are Limm
RL oLG denoted by ©

(+)-sparteine ((+)-sp) will be denoted by O denoted by © R-
(-)-sparteine ((-)-sp) will be denoted by O

Stereocenters generated using OLG

Lithiation-Borylation with:

In enantiodivergent processes, stereo-retentive/-invertive

Methylene units derived from a (o) products will be colored differently
one carbon homolgation with a N . N J B(R3)2 Stereoinvertive Li Stereoretentive B(R3)2
halomethyl lithium reagent will ~ : 1 - —_—

/ | R» R R? wmR1

be denoted by 0 S Sp2
CIALi Arl = A Ocb Ar
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The Lithiation—Borylation Reaction

The Lithiation—Borylation Reaction

Anatomy of The Lithiation—Borylation Reaction ©
% R3
X Li B(OR); B(OR), stereospecific B(OR),
R2l|J\ T Rzn — Rzuk\ 4IIIR2
R OLG Lijthiation R OLG Borylation R OLG 1,2-metallate R3 R
rearrangement
OLG = Carbamate Lithium Boron-ate Homologated
or Benzoate carbenoid complex product
. s
H sec-BuLi, (-)-sp (-)-speLi R3 R% rOLG R2 \\Rs
H""J\ Hun _» R( C==RL
Rl OLG  Eto _78°C Ri OLG [— g Rz’ ¢ B(R3)2 - B(R3),
Asymmetric Deprotonation Stereoinvertive Borylatlon Homologated
Slides .... Slides .... stereospecific product
1,2-metallate
. rearrangement
R;Sn n-BulLi Li R3 R2 © 3 -
RS, —» RS# é QB(R )2 B(R3)2
LY OLG Et,0,-78°C OLG Bipgsg ™ RS RS
R 2 Lye-| R R 4 SoLG > 4’"5
Stereospecific Tin-Lithium Exchange R R
Slides .... Stereoretentive Borylation Homologated
All other slides product
H sec-BuLi, TMEDA Li :
RS —> &S DL Pr
rY OLG Et0 -78°c gf OLG L J\ ,s(
Stereospecific Deprotonation OCb OTIB :
Slides .... 'Pr 'Pr

Key Features: Lithiation: Three methods of generating lithium carbenoid; The organolithium is chemically and

configurationally stable at cryogenic temperatures. Borylation: Very rapid and occurs stereospecifically, with either

retention or inversion of stereochemistry. 1,2-Rearrangement: Completely stereospecific due to requirement for

antiperiplanar arrangement of migrating group and leaving group
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Homologation of Boronic Esters with Lithiated Carbamates

Secondary Boronic Esters and Derivatives

R' = Ph(CH,),,
M820=CH(CH2)2,
TBSO(CH,),C(Me),
CH,, 'Pr and Me
R, = Et, n-Hex, 'Pr,
Ph

H

OH NHBnN
AHIIR1 or A||IR1
RZ 4 RZ 4

50 — 94%, >95:5 e.r.

sec-BulLi, (-)-sp

R1')\
H OCb Et,0,-78°C,5h

Lithiation

then H,O,/NaOH
or BCl3, then BnN3

e e

AR
H

_B(R%;
Lie(— )-sp rR2” B(R3)2
R1l# R1u
H Ocb (then MgBr,) OCb
Borylation
Stereoretentive

warm to rt for R® = 9-BBN

3
B(R")2  or35°C, 16 h for R® = Bpin

ph/\/"’\/ /\/5\|/ )\/\/A\/ TBSO/\></5\/

91%, 98:2 e.r.

Secondary Boronic
Esters and Derivatives

81%, 97:3 e.r.

NHBn

Ph
63%, 98:2 e.r.

90%, 97:3 e.r.

67%, 95:5 e.r.

2 OH
Ph/\/s‘ Ph \r&Ph

0, .
94%, 97:3 e.r. 70%, 95:5 e.r.

Two sequential homologations*
HO__ : HO__

Ph/\l/ Ph/\J "y

64% (two steps) 48% (two steps)
>98:2 e.r., 96:4 d.r. >98:2 e.r., 94:6 d.r.

..........................................................

49% (two steps)
>98:2 e.r., 94:6 d.r.

¢ 47% (two steps)
: >98:2 e.r.,, 90:10 d.r.

*(+)-sparteine surrogate was used in
place of (+)-sparteine since the latter
was not commercially available.

H
= N

(+)-sparteine surrogate

Notes and Key Features: synthesis of secondary boronic esters; stereoretentive borylation; when using Ph-9BBN
MgBr, is necessary to prevent loss of e.r., which is caused by sparteine being present in the reaction mixture (or can
be overcome by using the corresponding stannane); —40 °C is sufficient for borane migration; refluxing Et,O in the
presence of MgBr, is required for the migration of pinacol boronic esters; ‘iterative’ homologations possible by
isolating the intermediate boronic ester; no match/mis-match effects observed when generating diastereomers.

Lithiated Carbamates: Chiral Carbenoids for Iterative Homologation of Boranes and Boronic Esters, J. L. Stymiest,
G. Dutheuil, A. Mahmood and V. K. Aggarwal, Angew. Chem. Int. Ed. 2007, 46, 7491. DOI: 10.1002/anie.200702146



http://onlinelibrary.wiley.com/doi/10.1002/anie.200702146/abstract

Homologation of Boronic Esters with Lithiated Carbamates

Tertiary Benzylic Boronic Esters

R r 2 ,B(R3)2 : B(OR )2
2 L_OCb R Li sec-BuLi, Et,O sec-Buli, Et,O Li (OR3)
Ar"|, < = e N £ (114 )\ —— o z
R'n A
( B(R3), Borane OCb _78°C, 20 min OCb  _78°C, 20 min ad OCb Boron/c Ester
© Lithiation Lithiation Borylation
Stereoinvertive OH z OH Stereoretentive
1 g
3 T 2 mR1 3
r,2h B(R%):2 then H,0,/NaOH R gz i z"‘l\"R then H,0,/NaOH  B(R%)2 2p
3» R A Ar I kmlw <
2 —» . ‘— 2
Aafd R 60-91% : 69-95% R® M\r
>95:5er. i >95:5e.r.

" §OH — OH _4{ OH L OH — OH n-Hex‘ ~\0H Ar = Ph, pCICgH,4, pMeOCgH,
B Ph}{\ i % Ph}'k PhA i) i R' = Me, CH,CH, and

: . CH,CH,CH,

91%, 1:99 e.r.  95%, 99:1 eur. 80%, 96:4 e.r.  85%,97:3 e.r. 75%, 98:2 e.r. 60%, 2:98 e.r. R2 = Et, /Pr, n-Hex, cPr, vinyl,
Cl a”yl, pClCGH4, mCF3CGH4,
R pMeOC4Hg, 2-furyl, and Ph
z %o R ¥ Ph on N
OH 0 on e Z
x % /©/ Tertiary Benzylic Boronic
Ph Ph cl eO Esters and Derivatives
97%, 99:1 e.r.  94%, 98:2 e.r. 92%, 96:4 e.r. 87%,4:96 e.r.  69%, 99:1 e.r. 90%, 5:95 e.r.

Notes and Key Features: synthesis of tertiary benzylic boronic esters; stereoretentive borylation with boronic
esters; stereoinvertive borylation with boranes; TMEDA required for lithiation of pMeOC4H6, indanyl and
tetrahydronapthyl carbamates; aryl boranes lead to protodeboronation products, so should not be used; indanyl
carbamate leads to stereoretentive products with both borane and carbamates; add BHT and THF to ensure
complete and enantiospecific oxidation

Enantiodivergent Conversion of Chiral Secondary Alcohols into Tertiary Alcohols, J. L. Stymiest, V. Bagutski, R. M.
French and V. K. Aggarwal, Nature 2008, 456, 778. DOI: 10.1038/nature07592



http://www.nature.com/nature/journal/v456/n7223/full/nature07592.html
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[ ] [ ]
1,2- and 1,3-Diols and 1,2,4-Triols
LTMP, THF Bpin )
-30°C, 2h Bt 0y © Bpin  then H,0,/NaOH OH
—_— _> wmBpin | ——3 Et —_—— A
Et/<' /<<5....L. Et/<6>:'_3'°'" ~ e Bt e
Lithiation Borylation | =
Et %o OH
. Et A syn 1,2-diol
J3-diol Et \/"\ozo"' L= Bpin TESOTf 70%, 99:1 e.r.
90%, 99:1 e.r. Y B, SE— Et\)\ rt, 16 h >95:5 d.r.
>95:5 d.r. H then — Y Et
OTES H,0,/NaOH S
OTES :
0 57%,99:1er. OH QH :
Et OH . : 5 H :
1,3,4-triol 2 Et/\k 2985 dr BUGLANpn  TBSON Et : E
35%, >99:1 e.r. Et\)\AEt <—LI : (§)H Cg)H syn 1,2-Diols | :
>98:2 d.r. é é then :.................................: E
: 57%, >95:5d.r.  54%, >95:5 d.r. :
TESO OH HONBOH | 8 r A :
: OH OH OH OH
134 g o [i Sz Bu
,3,4-triol : N NN, BN AN -
45%, >99:1 e.r. EEN Et Et/<$--u|_i 5 Y B & Y Et :
>98:2 d.r. TEsc§> o 1 OH OH OH OH
then ! 38%,>95:5d.r.  47%,>95:55d.r.  73%, >95:5 d.r. 83%, >95:5 d.r.
H>02/NaOH  rrmommmOm000m0EEAEEMNEEEEEAAAMNNINENECOEEEOANNNNNEEECOCEO00s £
s-BuLi, TMEDA . R'-Bneo O TES T R! OH
/<? : L, o R'CE Coty > on A _ortes
Ph o -} .
Et,O, —115 °C, 10 min Ph -110 °C, 1 then H,0O,/NaOH
2 0°C.10min | Ph 2-2 63 — 87%, >94:6 e.r.

Notes and Key Features: synthesis of 1,2- and 1,3-diols, and 1,2,4-triols; lithiation and borylation are performed in
situ; use of PhBpin leads to boron-Wittig-type elimination; use of pinacol boronic esters in reaction with styrene

oxides leads to products with poor e.r.
Homologation of Boronic Esters with Lithiated Epoxides for the Stereocontrolled Synthesis of 1,2- and 1,3-Diols
and 1,2,4-Triols, E. Vedrenne, O. A. Wallner, M. Vitale, F. Schmidt and V. K. Aggarwal, Org. Lett. 2008, 11, 165. DOI:

10.1021/01802651b



http://pubs.acs.org/doi/abs/10.1021/ol802651b?journalCode=orlef7&quickLinkVolume=11&quickLinkPage=165&selectedTab=citation&volume=11
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B-Amino Alcohols

LTMP, THF NB OH
~NBoc 78 °C, 90 min N Ph BPin SNBoC 1 then HzOz/NaOH i-Pr
e N — 3 -Pr i Pr/\% Ph
Lithiation Li Borylatlon plnB Ph oC 3h NHBoc
syn B-Amino OH
90%, >99:1 e.r.
Ph Ph ,
\/SU OH OH OH OH OH >95:5 d.r.
: - : i-Pr i-Pr. Z i-Pr.
i-Pr . . i-Pr y \HV \I)\Ph ﬁ)\/ \l)\i-Pr
BocNH  Et BocNH  Et NHBoc NHBoc NHBoc NHBoc
72%, >99:1 e.r. 68%, >99:1 e.r. 79% 86% 93% 75% St [Pl (1]
>95:5 d.r. >95:5 d.r. >95:5d.r. >95:5 d.r. >95:5 d.r. >95:5 d.r.
i ; R! OH
n-BuLi, TMEDA : R'-Bpin O 50 then H,0,/NaOH s
~NBus > L +NBus —>p R1_B‘,CNBus —»2 : bl
ph”” N ) 9&1 Ph
Et,0, —78 °C, 15 min Ph Ph .
Lithiation Borylation - o, Meur.
OH
Ph H e \
YA\R1 Ph NHBoc QH \_>’\\2H/ n-Bu \\OH
‘< _NHBus %« _NHBus ‘. _NHBus
NHBoc <5 _23% Ph Ph Ph)’\/
= o .
S >99:1 e.r. 84%, >99:1 e.r. 87%, >99:1 e.r. 80%, >99:1 e.r.
>99:1 e.r.

Notes and Key Features: synthesis of syn B-amino alcohols; performed at maximum practical concentration with 3
eq. boronic ester to prevent rearrangement of lithiated aziridine; lithiating N-Boc phenylaziridine only gives
rearranged product, so N-Bus used instead; lithiating with LTMP gives mixture of secondary/tertiary alcohol
products; using a less hindered base gave exclusive benzylic lithiation and thus only tertiary alcohol products

Stereocontrolled Synthesis of B-Amino Alcohols from Lithiated Aziridines and Boronic Esters, F. Schmidt, F. Keller,
E. Vedrenne and V. K. Aggarwal, Angew. Chem. Int. Ed. 2009, 48, 1149. DOI: 10.1002/anie.200805272



http://onlinelibrary.wiley.com/doi/10.1002/anie.200805272/pdf
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Total Synthesis: (+)-Faranal

AlEts, [CpQZrCIZ] /\/
DCM, I, t-BuLi, ZnBr, EtZO KzCO

72% [Pd(PPhs),] 97%
MeO
H
AIEts, [CpoZrCl,)]
S D . 3 pYALYY)
)\/\/l\/\Bpin c1” > Bpin DCM, I,
Also performed on N N Bpin -« N | =«
this substrate t-BuLi, Et;0, hexane
53% 62% (2 steps)
i 3 j\A)\/\Q/L/\
. . . S S
~och Aoch L 9-BBN, THF . OH
S S ) . r > =
BPIN B0, 78°C Et,O,~78°C  THF,-78°C  thenH;0)/NaOH 579, 94:6 d.r., >98:2 e.r. (stepwise)
then 40 °C, 14 h then 40 °C, 14 h  then |l,, MeONa 40%, 94:6 d.r., >98:2 e.r. (no
MeOH intermediate purifications)

PDC, DCM
"\ S  —— ~N ~N 6 purifications
OH N :

O 7% overall yield from propyne
(+)-Faranal: 76%

Notes and Key Features: total synthesis of (+)-Faranal; excess carbamate used found to decompose at —=20 °C; one-
pot, triple-homologation sequence demonstrated; one-pot, quadruple-homologation possible (starting from
second vinyl iodide); MgBr, was found to be unnecessary, but did give greater yields for the homologations

Stereocontrolled Synthesis of Carbon Chains Bearing Contiguous Methyl Groups by Iterative Boronic Ester
Homologations: Application to the Total Synthesis of (+)-Faranal, G. Dutheuil, M. P. Webster, P. A. Worthington and
V. K. Aggarwal, Angew. Chem. Int. Ed. 2009, 48, 6317. DOI: 10.1002/anie.200901194



http://onlinelibrary.wiley.com/doi/10.1002/anie.200901194/abstract;jsessionid=492D406DB6915F53DF2E2F50A801FBDA.f03t02
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Allylic Boronic Esters (and Homoallylic Alcohols)

(Z2)-anti-isomer:

R2 | T R3 o QH
_BuLi. (—)- . 9-BBN < g
S BULI, ( ) Sp |=-|-(—)-Sp 9 BBN / 9 BBN N » R3W
ocb ——— > 2 | AR
Et,O0,-78°C,5h R!'" Socb -78 °C 30 min OCb in situ -78°Ctort., 15h RZ R!
Lithiation Borylation then H,O,/NaOH 54 — 91%, >95:5 e.r.
>99:1 d.r.
(E)-syn-isomer: (\Bpm - - . oH
R2 o B R3 O
~ s-BuLi, (-)-sp Li.(-)-sp 2 Bpln MgBr, pin N~ 3JY\/R1
ocb —— ——» 3 —> N RZMR ; » | R A
Et;0,-78°C,5h R >0oCcb -78°C, 30 min R ~OCb —-78°Ctort, 15h R2
Lithiation Borylation ) } ; = then H,0,/NaOH 46 — 59%, 99:1 e.r.
>99:1 d.r.
(E)-anti-isomer: 5 c 3 -
R2 ~ 2 ) 3 _o OH
s-BuLi, (-)-sp Lisp 7 98BN [RU»Eneo |BF,.0E! Bneo R 1
Li.(-)-sp B 3 2 N _R
Soco ——— @ i ——> iq [ RZMm > | R
Et,0,-78°C,5h R1 " S0oCb -78°C, 30 min R" ~oOCb —-78°Ctort., 15h R2
Lithiation Borylation . : ) then HO,/NaOH | 51 _ 7%, >95:5 e.r.
>99:1 d.r.
OH OH OH
= = N Oh
o3 )\A/
Ph Y
TMSO g
73%, 98:2 e.r., >99:1 d.r. 54%, 96:4 e.r., >99:1 d.r. 46%, 99:1 e.r., >99:1 d.r. 51%, 95:5 e.r., >99:1 d.r. 67%, 99:1 e.r., >99:1 d.r.

Notes and Key Features: synthesis of allylic boronic esters and in situ conversion to homoallylic alcohols via
aldehyde allylation; adding the aldehyde to the 9-BBN ate-complex prevents isomerisation; diamine free (from
stannane) was required for some 9-BBN substrates.

Application of the Lithiation—Borylation Reaction to the Preparation of Enantioenriched Allylic Boron Reagents
and Subsequent In Situ Conversion into 1,2,4-Trisubstitued Homoallylic Alcohols with Complete Control over All

Elements of Stereochemistry, M. Althaus, A. Mahmood, J. R. Suarez, S. P. Thomas and V. K. Aggarwal, J. Am. Chem.
Soc. 2010, 132, 4025. DOI: 10.1021/ja910593w



http://pubs.acs.org/doi/abs/10.1021/ja910593w
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B-Hydroxy Allylsilanes

X= SnMe3
. or SnBu; X=H Me.Si. 2
Me,Si Me33|\¢\9'BBN n-BuLi, Et,O s-BuLi, (-)-sp ; TINF"o.8BN Me,Si
3 %\Q-BBN | . » Ely —> IE_L(_)-SP - 3 \4\9-BBN
in o ~78°C,15min  —78° _78° 1N 78 °C, 15 min o
R™Nocb . i 7.8 .C,.1 h Et20., .78. C,5h R OCb . i R”™Nocb
Borylation Lithiation Lithiation Borylation
(stereoinvertive)
in situ in situ
OH OH
R%2 .0 : £ R2 -0
9-BBN] = NRZ LN R = 9-BBN
X - = I/Y\ - -
Me3Si/\)\R1 J -78°Ctor.t., 1h R!  SiMe, : R!' SiMe; -78°Ctort., 1h I-MeSSi/\/é\R1
then H,O,/NaOH : then H,O,/NaOH
74 — 96%, >94:6 e.r. ;: 64 — 67%, >93:7 e.r.
>25:1 d.r. : >25:1 d.r.
Me;Si OBn O OH
\EAZ/WLOMe ~ 3
OSEM OH SiMe,
0, . .
S S G, >25.1.d..r. 65%, 93:7 e.r., >25:1 d.r. 64%, 93:7 e.r., >25:1 d.r. 95%, 94:6 e.r., 81%, 98:2 e.r., >25:1 d.r.
(towards (-)-descarestrictine) >25:1 d.r

Notes and Key Features: synthesis of B-hydroxyl allylsilanes; (addition of) bulky diamines leads to stereoinvertive
borylation.

Asymmetric Synthesis of Allylsilanes by the Borylation of Lithiated Carbamates: Formal Total Synthesis of (-)-
Decarestrictine D, M. Binanzer, G. Y. Fang and V. K. Aggarwal, Angew. Chem. Int. Ed. 2010, 49, 4264. DOI:
10.1002/anie.201001223



http://onlinelibrary.wiley.com/doi/10.1002/anie.201001223/abstract;jsessionid=BBA3FA7144906D855F7A46CC6C2FD1D0.f04t02
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Tertiary Benzylic Boronic Esters

3 — .

_B(ORY), (OR”); = Bpin OH
H sec-BuLi, Et,0 Li B(OR3)2 MgBr,/MeOH, r.t., 16 h B(R3), ’Q""R1

o T Voo | AR | W
Al b _78°C,20min , ¢ "OCb OCb | =Bneo Ar then HyOo/NaOH 48 — 98%
Lithiation Borylation r.t, 16 h >96:4 e.r.

Stereoretentive
Ph _/
—,,/ OH _\\—,, OH —/ OH % PN Ar = Ph, pCICgH4, oMeOCgHy,

82%, >99:1 e.r. 65%, >99:1 e.r.

Ph
74%, >99:1 e.r.

<:> 64%, >99:1 e.r.
Z OH

\\‘\\
l
W\ =
(©)
I

89%, >99:1 e.r.

/@A Numbers from (OR3), = Bpin only
F

69%, >99:1 e.r.

oMeCgHy, pFCgH4 and oFC4Hg
R'= Me and Et
R? = Et, iPr, c-Hex, cinnamyl,
pBrCgH4 and Ph

Tertiary Benzylic Boronic
Esters and Derivatives

Notes and Key Features: synthesis of tertiary benzylic boronic esters and derivatives; reversible ate-complex

identified as causing reduction in ee of products; two-electrophile test developed; MgBr, is required to increase
rate of 1,2-migration; MeOH is required to quench any products of reversible ate-complexes; Bneo ate-complexes
are less reversible than Bpin so MgBr,/MeOH was not required; incomplete oxidation overcome by using THF as
solvent

Full Chirality Transfer in the Conversion of Secondary Alcohols into Tertiary Boronic Esters and Alcohols Using
Lithiation—Borylation Reactions, V. Bagutski, R. M. French and V. K. Aggarwal, Angew. Chem. Int. Ed. 2010, 49,
5142. DOI: 10.1002/anie.201001371



http://onlinelibrary.wiley.com/wol1/doi/10.1002/anie.201001371/abstract
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o-Silyl Boronic Esters (and Allyl Silanes)

Homologation of Boronic Esters with Lithiated Carbamates

3
Bpin 2 . R
PhMe.Si ~” "LilMgBr
sec-BulLi, (-)-sp Li.(-)-sp PhMe,SiBpin 231> Bpin RNSiMe.Ph R3 2 “R?
A~ H = —_— ALY [ .
R OCb A o
Et,O, -78°C,5h R OCb Borylation R LOCb rt, 18 h 68 — 69% then 1,/MeOH R SiMe,Ph
s >96:4 e.r.
Lithiation 60 — 94%
>96:
Bpin Bpin 7z = /\f\ 96:4 e.r.
\|AS|Me2Ph Ph SiMe,Ph SiMe,Ph Ph SiMe,Ph Ph SiMe,Ph Secondary a-Silyl Boronic
68% 69% 60% 94% 84% Esters and Allyl Silanes
96:4 e.r. 97:3 e.r. 96:4 e.r. 97:3 e.r. 97:3 e.r.
Bpin
2 > O N
j'\ sec-BuLi, TMEDA Li.TMEDA "“*Bpin R~Bpin 35°C, 16 h RZQmSi AL 1“"&
S, —> Sim . gk —_— R? —>» | Rr2
Sium R1
R OCb Et,0, —78 °C, 5h R? Cb Borylation R (VOCb or MgBr,, 16 h 52 — 84% | then |,/MeOH
o,
Si = SiMe,Ph  Lithiation >97:3 e.r. 60 — 93%
>97:3 e.r.
Bpin

Tertiary a-Silyl Boronic
Esters and Allyl Silanes

I X
NN il S i S
Ph

93%, 97:3 e.r. 80%, 97:3 e.r.

Bpin
M-Si

84%, 97:3 e.r.

i S
Ph/\/K

81%, 97:3 e.r.

Notes and Key Features: synthesis of a-silyl boronic esters, and allyl silanes; lithiated a-silyl carbamates are
configurationally unstable, unless they are secondary; more hindered a-silyl carbamates could not be

deprotonated.

Asymmetric Synthesis of Tertiary and Quaternary Allyl- and Crotylsilanes via the Borylation of Lithiated
Carbamates, V. K. Aggarwal, M. Binanzer, M. C. de Ceglie, M. Gallanti, B. W. Glasspoole, S. J. F. Kendrick, R. P.
Sonawane, A. Vazquez-Romero and M. P. Webster, Org. Lett. 2011, 13, 1490. DOI: 10.1021/0l200177f



http://pubs.acs.org/doi/abs/10.1021/ol200177f?journalCode=orlef7&quickLinkVolume=13&quickLinkPage=1490&selectedTab=citation&volume=13
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Secondary Boronic Esters

_Bpin OH
H sec-BulLi, (-)-sp Lie(— )-sp R2 B(R3)2 B(R3)2 ,%..R1
R1|)\ , R1|| R1% II"R1 é R2 H
W OTIB Et,0,-78°C,5h OTIB oTIB| 35 °C 2or16h R? 'y then Hy0x/NaOH | 4 geor
Lithiation Borylation >96:4 e.r.
Stereoretentive
OH OH ol ol OH OH Secondary
/\/5\ /\/5\/ Ph/\/% Ptho - /\/5\/\ /\/t'k Boronic
Ph Ph 2BU CN Ph Ph Esters and
Derivatives
76%, 96:4 e.r. 84%, 96:4 e.r. 86%, 96:4 e.r. 63%, 96:4 e.r. 46%, 97:3 e.r. 79%, 96:4 e.r.

Notes and Key Features: synthesis of secondary boronic esters and derivatives; allows facile migration of
challenging groups (Me, Ph, (CH2)2COOtBu and (CH2)2CN); slightly lower e.r. compared to corresponding
carbamate; migration times are significantly shorter compared to carbamates.

Use of 2,4,6-triisopropylbenzoates in the asymmetric homologation of challenging boronic esters, R. Larouche-
Gautier, C. J. Fletcher, I. Couto and V. K. Aggarwal, Chem. Commun. 2011, 47, 12592. DOI: 10.1039/C1CC14469C



http://pubs.rsc.org/en/content/articlelanding/2011/cc/c1cc14469c
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Tertiary Allylic Boronic Esters

. RY (S) Boi OH
H Bpin pin 3
R sec-BuLi, TMEDA Li.TMEDA R4/ (Bpin rt.,6h wR3 then H,O,/NaOH R iR
( ~OCb > R3 — RPA och —>» R* —_— —
o\ Et0,-78°C, 15min ¢ "OCb  pgoryiation —{ (¢ (MgBr,.MeOH) Rz R R? R!
Lithiation R!' R? R' R? 72 - 92%
>98:2 e.r.
OH OH OH
OH OH OH ; ;
{11} i 9 Tertlary A."yllc
i /\ i ] — — Boronic
n-Bu — Ph o 7 e Esters and
72% Derivatives
75%, 98:2 e.r. 92%, 98:2 e.r. 77%, 98:2 e.r. 76%, 99:1 e.r. 84%, 98:2 e.r. 98:2 e.r.
r- from standard lithiation—borylation /L\/
i mll M /
. . % ~ plnB
91%, 94:6 d.r. pinB * 86%, 94:6 d.r.
81%, 94:6 e.r. 83%, 99:1 e.r.

Notes and Key Features: synthesis of tertiary allylic boronic esters; secondary dialkyl carbamates cannot be
deprotonated; some issues with a/y selectivity; addition on MgBr2.MeOH prevents racemization due to ate-
complex reversibility; standard Zweifel olefination conditions cannot be used for tertiary allylic substrates.

Synthesis of Enantioenriched Tertiary Boronic Esters from Secondary Allylic Carbamates. Application to the
Synthesis of C30 Botryococcene, A. P. Pulis and V. K. Aggarwal, J. Am. Chem. Soc. 2012, 134, 7570. DOI:
10.1021/ja303022d



http://pubs.acs.org/doi/abs/10.1021/ja303022d
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Tertiary Propargylic Boronic Esters

H ~
1 . Li.TMEDA /Bgly Bgly Bgly OH
R ocCb n-BuLi, TMEDA R R4 R ) R then H,O,/NaOH R? mR1
/ > och —> (vOCb —_—- R —— \
/4 Et,O, ~78 °C, 20 min // ek // rt, 16 h \\
Bu Lithiation 1 42 - 58% Mg,
'Bu Bu Bu >95:5 e.r.
OH OH OH OH OH
Ph Ph Ph Ph
i il il il il
~ Tertiary Propargylic Boronic
\\ \\ \\ \\ \\ Esters and Derivatives
Bu Bu Bu Bu Bu
48%, 98:2 e.r. 58%, 98:2 e.r. 54%, 98:2 e.r. 44%, 96:4 e.r. 48%, 96:4 e.r.

Notes and Key Features: synthesis of tertiary propargylic boronic esters; terminal tBu is essential for
configurational stability; ethylene glycol boronic esters are required for complete enantiospecificity;
protodeboronation leads to chiral allenes in with e.r.; Suzuki cross-coupling leads to all-carbon tetrasubstituted
allenes with high e.r..

Enantioselective Synthesis and Cross-Coupling of Tertiary Propargylic Boronic Esters Using Lithiation—Borylation
of Propargylic Carbamates, B. M. Partridge, L. Chausset-Boissarie, M. Burns, A. P. Pulis and V. K. Aggarwal, Angew.
Chem. Int. Ed. 2012, 51, 11795. DOI: 10.1002/anie.201203198
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Tertiary Alkyl Boronic Esters

= R:_© OH
; neo
bl s-BuLi, TMEDA PoER 2 e Bneo then HyO,/NaOH 34...R1
R1'71\0T|B > R‘n})\OTIB — > |Rpvoe | T > AR > "R
2 CPME, 60°C,2h g2 Borylation | Rz ™ 50°C,16h RV, 35 _ 80%
Lithiation >97:3 e.r.
F OH /—ph
Ph Ph OH ]
"m/ "'“ m"/ "“"/ Ph N™ Tertiary Alkyl Boronic
Ph I ~ Esters and Derivatives
80%, 99:1 e.r. 74%, 99:1 e.r. 73%, 99:1 e.r. 71%, 99:1 e.r. 73%, 99:1 e.r.

OTHP Bpi

35%, 98:2 e.r.

72%, 99:1 e.r. 93%, 98:2 e.r. 78%, 99:1 e.r.

Notes and Key Features: synthesis of tertiary alkyl boronic esters; lithiation conditions optimized for secondary
dialkyl benzoates; Bneo is essential to obtain complete stereospecificity; addition of MeOH or TMSCI required to
good yield and e.r. for some substrates; ‘directing’ groups are required to ensure good lithiation.

Synthesis of Enantioenriched Tertiary Boronic Esters by the Lithiation/Borylation of Secondary Alkyl Benzoates,
A. P. Pulis, D. J. Blair, E. Torres and V. K. Aggarwal, J. Am. Chem. Soc. 2013, 135, 16054. DOI: 10.1021/ja409100y



http://pubs.acs.org/doi/abs/10.1021/ja409100y?journalCode=jacsat&quickLinkVolume=135&quickLinkPage=16054&selectedTab=citation&volume=135

Homologation of Boronic Esters with Lithiated Benzoates
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(AL %RIS”IEOi
Contiguous, Methyl Bearing Stereocenters
I=_i

Bpin

Li Li
)\OTIB AOTIB AOTIB

Bpin

Li
_ Aot Aot
Bpin T I T T T T - - T
Li Li Li Li
Ph z z z z Ph
_ 58% (9 st
SEREANG G Aot Aome Aome Ao Sl
Li Li Li Li Li
_ )\ons )*onB /S\OTIB /&‘ons /&‘ons Bpin
Eeln e
Li Li Li Li
Ph ) H H H H Ph 44% (9 steps)
99.3:0.7 e.r. Aot Aoms Aot ANoms
i Li

Li Li Li Li
)\OTlB AOTlB /&OTlB )\OT|B )\OT|B
Bpin v v o )= v s v )= v
Li

45% (9 steps)

n I_

1] I-

Li

98.7:1.3 e.r. /&OTIB )\OTIB )\OTIB /O\OTIB

Notes and Key Features: synthesis of contiguous, methyl bearing stereocenters; aqueous work-up required
between every three homologations; care must be taken over equivalents and conditions to ensure high

conversion; each isomer adopts a different 3D structure
Assemly-Line synthesis of organic molecules with tailored shapes, M. Burns, S. Essafi, S. P. Bull, M. P. Webster, S
Balieu, J. W. Dale, C. P. Butts, J. N. Harvey and V. K. Aggarwal, Nature 2014, 513, 183. DOI: 10.1038/nature13711



http://www.nature.com/nature/journal/v513/n7517/full/nature13711.html
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Homologation of Boronic Esters with Lithiated Benzoates

Contiguous Quaternary Stereocenters

H sec-BuLi, Et,0 Li R
(T —> muﬁ\
¢ OCb 78°C,20min  af OCP -—g6°C
Lithiation
Ph $
HO_ S HO_ §

e
“ad

Li
e Ar
% Cocb BMe, 5 OCb HO
Ar-(-l —_— mn..l\ . - y gt
LBMe; |t 1h  Af R ~96 °C then H,O,/NaOH A
thenr.t.,1h
32 — 85%, >95:5 d.r.
>99:1 e.r.
S MeMgBr er
or |||||J\R1
Ar
Ph
OMe
Ph Ph ?H
L Ph
HO\ §\ HO\ s— HO\ \\— ||||n) ~ b\—
HO. & - | Ph
o\ §— IIIIIIII “I"} Y W\ ““"}
| \|/ Ph \|< Ph Al j

>99:1 e.r.

64%, 99:1 d.r. |

i
prl \|/

56%, 99:1 d.r.
>99:1 e.r.

Contiguous Quaternary
Stereocenters

TN

Illm)
“ad
64%, 99:1 d.r.
>99:1 e.r.

lmu}

“ad
62%, 99:1 d.r.

>99:1 e.r.

52%, 98:2 d.r.
>99:1 e.r.

85%, 95:5 d.r.
>99:1 e.r.

56%, 98:2 d.r.

>99:1 e.r.

Ph

51%, 99:1 d.r.
99:1 e.r.

Notes and Key Features: synthesis of contiguous quaternary stereocenters; boranes were essential for ate-complex
formations and 1,2-migration; Me acts as a non-migrating group; transesterification must be done from Bneo and
not Bpin (in the case of enantioenriched boronic esters); primary substituents do not migrate preferentially over

Me.

Construction of Multiple, Contiguous Quaternary Stereocenters in Acyclic Molecules by Lithiation—-Borylation, C.
G. Watson, A. Balanta, T. G. Elford, S. Essafi, J. N. Harvey and V. K. Aggarwal, J. Am. Chem. Soc. 2014, 136, 17370.

DOI: 10.1021/ja509029h
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Homologation of Boronic Esters with Azetidinium Ylides

Acyclic y-Dimethylamino Tertiary Boronic Esters

I
109 @

Bpln
in sttu

LDA THF
—78°C,1h

Bpm

fOe
@A\7 -

I
T10© (N®

(Bpln

R Bpin

Ph N
44 — 75%

Ph N

Acyclic y-Dimethylamino
Tertiary Boronic Esters

Notes and Key Features: synthesis acyclic y-dimethylamino tertiary boronic esters; some boronic ester products
underwent protodeboronation, so had to be isolated as the corresponding alcohol; azetidinium ylides are
configurationally and chemically unstable.

Synthesis of 3-Aryl-1-aminopropane Derivatives: Lithiation—-Borylation—Ring-Opening of Azetidinium lons, G.
Casoni, E. L. Myers and V. K. Aggarwal, Synthesis 2016, 48, 3241. DOI: 10.1055/s-0035-1562447
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Secondary-Secondary/Tertiary 1,3-Bis(Boronic Esters)

Bpin
Bpin Bpin © OH OH
R? H s-BuLi, (+)-sp, Et,O  RZ Li.(+)-sp R3)\/ Bpin 35°C, 16 h )\/&
1100 R ’J\QCb . 3 R® WwR2 >
R b -78°C,3h -78°C,1h R Coch then Hy05/NaOH | 42 940/ 595:5 d.r
Lithiation Borylation 99::] e.r.. o
ool oy OHESOH OH OH  T1BpPSO OH OH OH OH OH OH
: ‘\‘\\/ N N /E\/\/&\\“\\ : 5 ; 5
Ph Ph Ph W\/\PMP ~pPmP
5 5 5 5 . 5
80%, >95:5 d.r. 66%, >95:5 d.r. 73%, >95:5 d.r. il s el 73%, >95:5 d.r., >99:1 e.r. | 65%, >95:5 d.r., >99:1 e.r.
1,3-Bis(Boronic Esters) and Derivatives @ /\)Oiji/\ OH OH OH OH
on 7 "N OTBS PMP \H)\/A\/\PMP
= Ph—NH )= 54%, >95:5 d.r. 5 5
WwOH  Sch725674 66%, >95:5 d.r., >99:1 er. i 72%, >95:5 d.r., >99:1 e.r.

9 steps LLS
27% overall yield OH OH
>200 mg prepared O OH OI-\!\\
: H 8 OMOM
~ <
87%, >95:5 d.r. 77%, >95:5 d.r. 43%, >95:5 d.r.

Notes and Key Features: synthesis of secondary/secondary and secondary/tertiary 1,3-bis(boronic esters); total
synthesis of Sch725674; good-excellent selectivity for primary boronic ester; only sparteine-ligated carbenoids lead
to good selectivity; excess 1,2-bis(boronic ester) required for primary selectivity; or (with TIB esters) an excess of
carbenoid can be used but a MeOH quench is required.

Regio- and Stereoselective Homologation of 1,2-Bis(Boronic Esters): Stereocontrolled Synthesis of 1,3-Diols and
Sch725674, A. Fawcett, D. Nitsch, M. Ali, J. M. Bateman and V. K. Aggarwal, Angew. Chem. Int. Ed. 2016, 55, 14663.
DOI: 10.1002/anie.201608406



http://onlinelibrary.wiley.com/wol1/doi/10.1002/anie.201608406/abstract

-Vé Univers f
0| 4] Bﬁfé’ﬁi Total Synthesis of (+)-Kalkitoxin and (+)-Hydroxyphthioceranic Acid

Total Synthesis: (+)-Kalkitoxin and (+)-Hydroxyphthioceranic Acid

E 5 AN . )\ A A
/@/\Bpln /O\OTIB /o\onB c1” L otB CI” “Li ¢1” L Bpin
MeO > > > > > e £ notisolated
All'in Et,0, —78 °C, 1 h, then either heated at 40 °C for 2 h or stirred atr.t. for1-2h €

A T [y

3.

MeO

52% from benzyl boronic ester THF/MeCN 2h
>95:5d.r.,, >99:1 e.r. NH
, Bns” Y 2
1) n-BuLi, THF = (o) ;\ H E o
~78 °C, then Mel 84% = RN A
; N
2) RuCl; (10 mol%), NalO, o ¢ | TBTU, Et3N, z o ¢ '
CCl4/MeCN,H,0, 1.5 h 60% THF/MeCN, 2 h 65%
£ o i) Na/NH5, THF, -78 °C
(+)-Kalkitoxin N 30 min
7 steps LLS (Assembly-Line = 1) S 0 N -
12% overall yield /4 s = | ii) TiCl,, DCM, r.t., 16 h
69% (two steps)

Notes and Key Features: total synthesis of (+)-kalkitoxin; assembly-line process, including amination and amide
coupling only required a single purification; assembling-line process only takes 4 days.

Toward Ideality: The Synthesis of (+)-Kalkitoxin and (+)-Hydroxyphthioceranic Acid by Assembly-Line Synthesis, S.
Balieu, G. E. Hallett, M. Burns, T. Bootwicha, J. Studley and V. K. Aggarwal, J. Am. Chem. Soc. 2015, 137, 4398. DOI:

10.1021/ja512875¢
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Total Synthesis: (+)-Kalkitoxin and (+)-Hydroxyphthioceranic Acid

1] I-

1} l_
]} I_
n I_

)\OTIB ClALI /O\OTIB CIA

15lteratlons Bpin /G\OTIB CIALl /O\OTIB a”™
79% r > >
J\O/W\/!\/!\,M /°‘oru3 S /O‘OTIB o ™u /°‘0T|B i /°\om3
Ar Bpin € - - @4 - - - !

71% (31% from aryl Bpin
o ( ° ryl Bpin) All in Et,0, —78 °C, 1 h, then either heated at 40 °C for 2 h or stirred atr.t. for1 — 2 h

n I-

1] l-
1] I-
n I_

oD CisHyy  TBSOTf RuCls, NalO, TBAF
o y o

Ci5H3q A
r

l;

then H,0,/NaOH 85%, >95:5 d.r. OH 99% 57% 84%

(+)-Hydroxyphthioceranic acid
8 steps LLS (Assembly-Line = 4) HO CysH3q |
OH

12% overall yield o

Notes and Key Features: total synthesis of (+)-hydroxyphthioceranic acid; 15 consecutive homologations with
column-chromatography after every four homologations; long chain carbamate required alternative conditions for

its use due to poor solubility;

Toward Ideality: The Synthesis of (+)-Kalkitoxin and (+)-Hydroxyphthioceranic Acid by Assembly-Line Synthesis, S.
Balieu, G. E. Hallett, M. Burns, T. Bootwicha, J. Studley and V. K. Aggarwal, J. Am. Chem. Soc. 2015, 137, 4398. DOI:

10.1021/ja512875¢
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