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Homologation

Homologation: Method for one carbon elongation

Lithiation and borylation process

O
. Ra< Ra<
X Li 3>B(OR), 3&B(OR)2 Rs
. —_— —_— , T
RZ'J\ODG Lithiation  <2! }\ODG Borylation RZ'}%DG Rearrangement i jS\B(OR)

R4 R4 R4 R 2

ODG = OCb or OTIB Lithium Boronate Homologated
X =Hor SnRj carbenoid complex product

OExcellent stereocontrol
QOUtilized in iterative reaction

https://www.chm.bris.ac.uk/org/aggarwal/research.php#li-b
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Matteson reaction

Reaction discovery of Matteson homologation

- B“ -
onBY - R-MgBr @ OnBu QnBv
~ ~ e .
C|3c/\B( OnBu Etzo,THF’CI?,C/?g@R CI3C/\R( OnBu
r =1 :1 r

1-,2-metalate migrati-on

D. S. Matteson, et al. J. Am. Chem. Soc. 1963, 85, 2599.

a-Chlorol alkyl lithium reagents for homologation
CIYLi ] _
RO

jo, \_/ R 0
R-B :l oo CI\FB\@ > g ]

0 THF Cer © c’ o

-100°C to 25°C -
1,2-metalate migration

D. S. Matteson, et al. J. Am. Chem. Soc. 1980, 102, 7588.
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Matteson reaction

Homologation of boronic acid pinacol esters with high level of diastereoselectivity

1 LICHC|2 i C 7 1

o—R" “Zhe, Cl{"5_ R’ )_ O--R

R—Bbl 1 - A - Bo]\
R R° \O R1 R1

Chiral 1,2-metalate migration Chiral

RZ-MgBr | R O_.R

H@( — Z—B 1

Chiral

1,2-meta|ate mlgratlon

D. S. Matteson, et al. J. Am. Chem. Soc. 1980, 102, 7590.
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Matteson reaction

The reason for high stereocontrol

Cl Cl
i Cl----ZnCl, Z| R Z| R
R . Hi.. Hi.. N n. _ : n. _ 3
O LiCHCI - 0 ZnCl _ o) -7NT0 -7NT0
RI-B l o cl’ “p=0-_2R — 2, |ca’ g=02R| = a G 5- R 9 clg- R
ko) THF, -78°C ' \ r.t. ! \ ) -0 o =0
R ’ R R R R H— &1 o= &
Cl H
1 2 3 3 4
Favoured Disfavoured
X
j”\ Cl-----MX, ! R R o R
l,, _ O H"» \ _ \_\\\ > AN
. N 2
R? R ||Qz \R H ézo R 7R
R1
5 6 7 7 8

vV 2-5: ZnCl, promotes the migration of R! by interaction.
—a-chloroboronic ester 5: High level of diastereroselectiyity
vV 7-8: Migration group and leaving group: anti-periplanar

—Homologation product 8: High level of diastereroselectiyity
V. K. Aggarwal, et al. Chemical Record. 2009, 9§ 24.



Matteson reaction

Problems
- .
J % M'g\ \’/
MeMgBr o /X 3
>'<\ — s é Cl é\\‘ /2 0
-B Oo— n -B
\‘/\Ph C-migration Ma) 0"~ ph
H Me
37 38 39
Desired homologation
MeMgBr | O-migration
Mg----- ¢l \/ x=Mg ) O.5-Me
: § X Hs = o H N 1
}\ g Ph
i Me i Me
40 41

Thermodynamic pathway

V. K. Aggarwal, et al. Chemical Record. 2009, 9, 24.
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Matteson reaction

Problems

« To obtain opposite stereocisomers, 3 steps are required for changing of

boronic ester stereochemistry.

BnO
Cya_0 Me 3 steps Cy.._o
T s~ - [ =
Cy\" (o) OBn Cy O
79%, >20:1 dr
A
Y CY'J:OH
CV\EOH O Me 7 OH Cy.. 0 Me
+ B > J: Py
cy* OH HO ©OBn cy” © OBn

59%, >20:1 dr

V. K. Aggarwal, et al. Chemical Record. 2009, 9, 24.

9



Hoppe’s approach

Hoppe’s approach : Alternative homologation of boronic esters

Chiral ligand
BuLi . B(OiPr) w
_ 3
~ (-)-sparteine I;" then pinacol 0“B'0
R">0Cb > R oCh on :
Lithiation Borylation R >0OCb
o Chiral j
i N Chiral
OCb = ]
r’r\O/U\N(II-PI')z %
R'-MgBr 090 R’
> R1-B e
Y R* Bpein
R "OCb
i | Chiral

1,2-metalate migration

v/ This lithiated carbamates homologates boronic ester with high stereocontrol.

V. K. Aggarwal, et al. Acc. Chem. Res. 2014, 47, 3174.
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Aggarwal’s approach

Aggarwal’s approach : Improve Hoppe’'s homologation of boronic esters

Good point
Hoppe’s approach: per one homologation
Li B(OiPr); Bpin R'-MgBr R’
N A > Ao
R™ "OCb then pinacol R~ ~OCb R™ 'Bpin
Aggarwal’s approach: per one homologation
Li R1-Bpin R
A >
R™ "OCb R” Bpin

V. K. Aggarwal, et al. Chemical Record. 2009, 9, 24.
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Aggarwal’s approach

Good point

« Stereocontrol of the homologated product
Matteson’s reaction: Substrate control

* * 2 *

OR LiCHCI, Cl OR R2M R® OR
R'B > ¥B - B
OR’ 1 OR’ R" OR

Vv

Aggarwal’s approach: Reagent control

M
OR 'S R OR

RZ‘B, R1 LG y >*_IB\
OR R' OR

Aqggarwal’s approach are easy to obtain the opposite stereoisomers.

V. K. Aggarwal, et al. Chemical Record. 2009, 9, 24.
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Short summary

Homologation of boronic esters with high stereocontrol was developed

in various ways.
A) Matteson: stepwise substrate-controlled approach

4
,O ,\\R L'CHClz CI ,O .“R1 RZ—MQBI' va ,O .

. —_— ,

R-E B, l sl l

B) Hoppe: stepwise reagent-controlled approach

Li B(O/-Pr)s B(pin) R2-MgBr R2
y ?
R “OCb then pinacol R/\OCb RE S B(pin)

C) Lithiation—Borylation: iterative reagent-controlled approach
Li

2
Li R2-B(pin) R R3J\OCb 5 B(pin)
° - H P
R”>NOCb R B(pin) R/\";

not isolated

V. K. Aggarwal, et al. Acc. Chem. Res. 2014, 47, 3174.
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Aggarwal’s iterative homologation

Aggarwal developed iterative homologation process.

b M
M = metal /{,,
LG = leaving group LG H -
Me Q -_R
et

(0]

. B
b
LG
‘ ‘)Me
Mimicking nature:
0 chemical synthesis
B through iterative
R™ O chain extension
A
Re-entry into
iterative cycle =0

R B
or \
: — 0}
expulsion of
boronic ester

(0]
J\)\/U\/'\/B'
R : : : g : "o

V. K. Aggarwal, et al. Nature 2014, 513, 183.
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Aggarwal’s iterative homologation

Challenges

« Full stereocontrol to obtain pure product.
—Improving e.r. of the reagent (lithiated carbamates)

b
o)
o\ s-Bui ()-sparteine Li-(-)-sparteine
-
, H
Et,0,-78 °C, 5 h
, TBO” b
3 (5)-4
A ~ J 95.0:5.0e.r.
TIB
Me;SnCl
Li n-BuLi SnMe,
T|Bo/J\'"H B Et.0,-78°C, 1 h T|Bo/J\'"H
Me 2~ T ’ Me
(S)-6 (S)-5
99.9:0.1 e.r. 55%

91.0:9.0e.r.
Rectyst E 99.9: 0.1 ::
V. K. Aggarwal, et al. Nature 2014, 513, 183.
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Aggarwal’s iterative homologation

Challenges

« Control of reactivity (over reaction)
—I|t was solved by temperature control during reaction.

c Li
(1.3 equiv.)
miBo” M'H I >o
(i) Me Oé _/ R .
B Li
6
, "H ""H
| ~78 °C, 30 min TIBO™ M TBO™ M
8 6
R/Bpin (i) RT, 1 h (i) -42°C,1h
7
Re-entry into Bpin Decomposition of
iterative cycle ’ excess carbenoid
1
7
Me
9

V. K. Aggarwal, et al. Nature 2014, 513, 183.
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Aggarwal’s iterative homologation

Apply to iterative reaction

a Li Li

Li Li Li
/& A /&"" H /k"" H /&"'r H
TIBO TIBO Me TIBO Me TIBO Me TIBO Me
Bpin - . > Ag/W - - »| AW - - .
Li Li Li
Ph Ph

Bpin

(R)-10 TIBOA 'H TIBO/‘%‘"H TIBO/%'"H TIBO/i\;I”H " 9-mer: 10-mer : 11-mer

e e e 58% (over 9 steps)
99.3:0.7 e.r. 1 5 i8h o 2

(2 steps, via alcohol)

O One pot
O High stereocontrol

V. K. Aggarwal, et al. Nature 2014, 513, 183.
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Aggarwal’s iterative homologation

Similarly, alternative stereocisomer of boronic ester could be obtained.

Li Li Li

b

(R)-10 TIBO/‘%'”H Tlso/%l';“ Tlso/%;’* ﬂBo/%"H 13

99.3:0.7 er. 9 e 44% (over 9 steps)

Li Li Li

T|Bo/‘!\"""'e TIBO/‘L\”“H TIBO/‘L\'"’MG

H Me H
Bpin
Li Li Li

(R)-16 Tlso/!\;:Me TBo” M 'H TIBo/&;Me TB0” MM 17
98.7:1.3 eur. e e 45% (over 9 steps)

Li Li
/&”Me /%"Me /&"Me /%"Me /&”Me
TIBO H TIBO H TIBO H TIBO H TIBO H Boin
Bpin > > > Ag/W > > »| Ag/W > > >
Li Li Li Li
Ph Ph

9-mer: 10-mer :11-mer
1 94 5

9-mer: 10-mer :11-mer
0 : 97 3

V. K. Aggarwal, et al. Nature 2014, 513, 183.
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Using silyl groups for iterative homologation

Aggarwal applied their iterative homologation to 1,3-polyol synthesis.
a b

Li Li O/\PM‘? “"""OMe

. : N---o N---o f

Tlso/l)\ 'H TIBO/& Me ;N E |
H g Nl

Me

o (S)-1 (R)1 2 7, H 2\ ¢
| (S.9)-3 (RR)-3
B~y N N N N N = _ R Bpin

[ Iterative stereoconirolled homologation

Y

R1

z o) ) ,
: i) Bpin — R
\ N\\,/WN | A LRpn=
: | : E : : i) Oxidation
. L Post-FGI
(+)-Kalkitoxin <
: OH OH
HO c/k/w/l\/!\(%”“ R\;/!\/A\_/R
£ i
(+)-Hydroxyphthioceranic acid OH (+)-Zincophorin )
Previous work This work

Apply to 1,3-polyols synthesis

v/ Masking the hydroxy group as a silyl group
V. K. Aggarwal, et al. Nat. Chem. 201271, 9, 896.




Using silyl groups for iterative homologation

The reason of using organosilyl lithiated reagents for iterative homologation

a PGO OPG

%i~(—)sp _ _ 1,2-migration M

A Jﬁ; o T RT Y7 TBpin

| WA (a7 - homologation
Bpin 2~ _B OTIB
R™ % R™ Yoo~
= pinB._ _OTIB

L OPG - R/\/ + s

B-elimination PGO H

® Undesired reaction could happen by application of Aggarwal’'s homologation.
—v/Masking the hydroxy group as a silyl groups

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

ldentifying a suitable organosilyl lithiated reagent for the homologation

» Direct application of conventional Aggarwal’s homologation

H 1
Li R'-Bpin R
R“ oCh > R Bpin
1 -
TMSxLi R'-Bpin _ TMs_R!
R” >OCb R” “Bpin
racemic

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

ldentifying a suitable organosilyl lithiated reagent for the homologation

« Chen’s lithiated benzyl silane bearing chiral pyrrolidinomethyl

d
OMe [Y\OMe
N 2 N

A - Li Mel Me
i T e K

Si Ph i i Si Ph
P \ Sg2 inversion 7 \
(R,S)-10 (S,S)-11

86%, >95% d.e. O
@ Apply to the homologation

OMe
EY\,OMe Bn” “Bpin O/\ B
N ' N n

N--- L 6a . -/

: : -78°Ctort >3

e o Si Bpin
Si OTIB Sg2 retention 7 N\ P

8a
80%, >95:5 d.r. O

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

« Improve Chen’s lithiated benzyl silane bearing chiral pyrrolidinomethyl

[}VOMe DS/OMe
N . j N Li’

Li
'\Si)\ L
/\

OTIB Si Ci
Small and better leaving ability

OBroader substrate scope

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

Substrate scope

O“\
N OMe s-BuLi, Et,0

cl / H 5 z

""" Li R-Bpin, Et,0

OMe
A=
R-90 -78°Ctort N R
_ . :

. -78°C,1h . ; -78 °C
/Sl\/@ /S'\/\@

(S)-12 (S,9)-3

T .
S/Si‘;')tm /SI\ Bpin

8a 8b 8c
92% 87% 71%
97:3d.r.t 96:4 d.r.¥ >08:2 d.r.¥
Ph
T
; Bpin
8e 8f
80% 63%

>98:2 d.r.¥

>98:2d.r.

Bpin t-BuO,C Bpin
Bn
syn-8i anti-8i syn-8j
70% 68% 7%
>98:2 d.r. >98:2d.r. 95:5d.r.

8d D\/OMG

60% N

96:4 d.r.t kSi/ﬁl“
A\

©) (9)-ligand

€) (Ry-ligand

8g 8h
79% 71%
92:8dr 91:9dr.

t-BuO,C

anti-8j syn-8k anti-8k
79% 68% 85%
95:5d.r. 85:15 d.r. 97:3d.r.¥

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

Subsequent homologation

N L-l

Li :
TIBO*ﬁMe Me,Si” N I\Si)\CI oI 3

H OMe Bn :
Bn H Bn . B / \ > .
N“"Bpin - qu \/Y\Bpln

Coo}'dination

61%, >95:5 d.r.

PreventL the homologation

v/ Need to remove amino qgroup of the organosilyl lithiated reagents

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

Using photoredox catalysis for removing amino group from the product

e o i , OMe
o O

< T / N H, Bn
) :tB | / e Ir(I11)" | 4l

A, | N . Blue LEDs Si” “Bpin
F N ! 7\
N™ ! ent-8a

|
N X !
S tBu Ir(111) @
| oL oF, : L/+>""/0Me
'\ (If[dF(CF3)ppyla(dtbpy)PFg (15) N H, Bn
S Ir(l) k-
S| Bpin

OMe OMe

K:T7Ju/ W (N“e H
. o Q A CoMe O 5 jMeOH

& ¥ %
~ Bn
CO,Me ” Co,Me 22 MeO. [

Bpin
24 23
14

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

Subsequent homologation

After photoredox cleavage (removing amino group),
the subsequent homologation reaction could proceed.

OMe
Me,Si~
@ 2 mol% photocat. 15 Bn ?\
Bn A, . > e Bpin
Bpin 16, MeOH, MeCN 14
ent-8a Blue LEDs
79%
Li
ON\'O Me T|Bo/ék"Me
; H
e (R)-1
oM Ao oM
i e
~si” ©) /S'\ Cl Me,Si”
: : (R,R)-3 Bn._ _“_ _Bpin
( \T/ \Bpin = e Y
Bn
18a 17a
80%, 94:6 d.r. 86%, >95:5 d.r.

OGood yield and d. r.

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

1,3-polyol motif synthesis

s

L] WA
/Si\/%l'“' T|Bo/(k"""e I i
17a  __(RR)3 @ R \i/\r P
LEDs 19a

59%, >95:5 d.r.

i 1 |

OH OH i)
Bn \/T =
\T/ \r§ l,, NaOMe
-
||) Urea-Hzoz, KF
KHCO3, THF, MeOH

92%, >95:5d.r.

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

Triol with four different stereoisomer could be obtained.

QMe OMe OMe
Ssi” >8i"™—-Si— Bpin OH OH OH
t . T aat -CPBA
o~ Bn Bpin @») B _ mereA
1 Bn”~ Bpin @@ \/!\f P @\'D@ " KHF,, DMF on
6a LEDs - LEDs - ’ : i
ent-17a 25a 26a
70%, >95:5d.r. 58%, 94:6 d.r. 66%, >95:5 d.r.
OMe OMe OMe
Nad. o Na.” A o
Py . Si Py - Si —Si— Bpin Urea-H,0, OH OH OH
AN B Bpi
2 BB 900~ J\i’ OO0~ * — o
a LEDs LEDs 2 <
17b 25b WlF, W Eelt 26b
64%, >95:5d.r. 59%, >95:5 d.r. 75%, >95:5d.r.
OMe OMe OMe
Na.” Na:” A o
. Si . . Si"—Si— Bpin Urea-H,0, OH OH OH
A~ 7 10 Bn._“~__Bpin @» : - :
3 Bn~ " Bpin @QF/ Y P @\[’/@ B KF, KHCO3 e
6a LEDs = LEDs 8 i H
17¢ 25¢ Uals Lol 26¢
55%, >95:5 d.r. 54%, >95:5 d.r. 52%, >95:5d.r.
gue Queove
Py " Si Py P Si —S:i— Bpin Urea-H,0, OH OH OH
Bpin Bpin : 5
¢ 000 ~ N 0000~ ~A o e
6l LEDs LEDs KF, KHCO; |
17d 25d THF, MeOH 26d
54%, >95:5 d.r. 45%, >95:5 d.r. 71%, >95:5 d.r.
OMe ~*=0OMe
Li Li N---L{ S
_ N---Lj _ Ny @
- TIBO/J‘”H = TIBOA"MG @ = i o KSiA"CI = Ls"l"'H Photoredox cleavage
Me H A\ H S\ Cl LEDs
(S)1 (R)-1 2 (S,S)-3 (R,R)-3

V. K. Aggarwal, et al. Nat. Chem. 2011, 9, 896.
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Iterative diboration and homologation

Second approach to 1,3-polyols synthesis

Iterative diboration and homologation

M]
Pt(dba)s, L* /6\/\
- Bopiny ( TIBO™ * X Iteration Oxidation
RN _— > »
R1 - >99:1 e.r. * * l
M = Mg or Li
Typically 97:3 e.r. All stereoisomers accessible

OH OH OH OH OH

o~ /O O Stereocentre set by diboration A\)\/A\/J\/A\
@ = Bpin = i—B R! = * * * * "R?
\O O Stereocentre set by homologation

Polyacetate

OHigh stereocontrol
OFewer steps per homologation

V. K. Aggarwal, et al. Nat. Chem. 2023, 15, 248.

33



Iterative diboration and homologation

Diboration of terminal alkene

:B(pin) NaOH/H,0, ?H (R,R)-L4: iPr iPr
dodecy! A~_-B(pin) " d odecyl/\,OH (1)
2 3
87% yield
1% Pt(dba)s
1.2% (R,A)-L4 B(pin) @)
A - . "
dodecyl” ™S By(pin), (1.05equiv)  dodecyl” P
THF, 60 °C 2
95% yield
OHigh vyield

OHigh enantioselectivity
OBroader substrate scope

J. P. Morken, et al. J. Am. Chem. Soc. 2013, 135, 11222.
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Iterative diboration and homologation

Homologation

b
(0]
Problems of Aggarwal’s lithiated reagents O Buli, ()-spartsine Li--sparteine
. Et,0,-78°C, 5 h TiBo” W'H
* Only the methyl substituted 3 R
. S 95.0:5.0eur.
precursors were crystalline T8
Me;SnCI
- Me;SnCl had toxic
Li n-BuLi SnMe,
TIBO/%;H - Et,0,-78 °C, 1h TIBO MeH
(S)-6 (S)-5
999:0.1eur. 55%
~ Reast . Cooiater

New lithiated reagents: a-sulfinylbutenyl benzoate

- Easy to prepare with high e.e.
- Little toxic

>N R2
R
\\J
0
RY R? TIBOA[M] R é&

X _p-Tol > 7/ "0
TIBO 2 ; & -4 @ _i
R /B\O further iterations

V. K. Aggarwal, et al. J. Am. Chem. Soc. 2017, 139, 11877.
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Iterative diboration and homologation

Homologation
Application of a-sulfinylbutenyl benzoate generated by MgCl

:Li carbenoid: reacting with both boronic esters

R R2
O
@;(Rz TIBOA[M] R Yé;&
X___p-Tol - "
TIBO™ S /& R-’-@ _i

O O
8
R ~770 further iterations
Preparation Boronic ester homologation

M = Li : high yields

high ee . . —
. - very high enantiospecificity

no sparteine require enabling for forging sterically

sensitive functional encumbered C-C bonds

groups tolerated
M = MgClI: high yields

very high enantiospecificity
high functional-group tolerance

V. K. Aggarwal, et al. J. Am. Chem. Soc. 2017, 13%,611877.



Iterative diboration and homologation

Diboration and Homologation process

: W0 ot
Diboration ?pln . ?Q e
99.2: 0.8 e.r. 60%, >99:1 d.r.
. . . K\ A SSIPAN SRR \ YA\ \
Diboration SO -UA- ge e ev o
> AN A Bpin 0 S0 2 YN
86%, 98:2d.r. 57%, 98:2 d. .

Diboration: Pt(dba)s, ligand, B,pin,, THF, 60 °C, 16 h

o
p—‘°‘~C§>'°

/\)\ i-PrMgCI-LiCl, DCE
z OTIB

-35°C, 1 hthen 85 °C,1-3 h

V. K. Aggarwal, et al. Nat. Chem. 2023, 15, 248.
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Iterative diboration and homologation

All 8 diastereomer can be formed.

Pt(dba),, (R,R)-L*
B,pin,, THF
60°C, 16 h
—_—

Pt(dba)s, (S,S)-L*
B,pin,, THF
60 °C, 16 h

>< ”\C :P—Ph

Ar Ar

(R.A)-L*
Ar = 3,5-diisopropylphenyl

Q0

p-Tol_* ,O
~g4

N\oma

2 (>99:1e.r)
i-PrMgCI-LiCl, DCE
=35 °C, 1 hthen
85°C,1-3h

p-ToI\;,O_
/\\"'koms

3(>99:1er)
i-PrMgCI-LiCl, DCE
-35°C, 1 hthen
85°C,1-3h

@O
e VN

5
58%, >99:1 d.r.

o

® ® @ @
/O\Q/.\/. R 57% ;g:Zd.r. b
[ ®

1"
51%, 98:2d.r.

® ® @ 6
[ 29909

13
57%, 99:1 d.r.

r PPP P

R Q Q \

. @000
R/o\/o\/o\/o\/\

15
51%, 96:4 d.r.

® @
% R 54% :)::4d.r. )
[ :

17
49%, 96:4 d.r.

86%, 982dr

82%, 991dr

39\3@

76%, 964dr

76%, 964dr

V. K. Aggarwal, et al. Nat. Chem. 2023, 1@,8248.



Iterative diboration and homologation

Total synthesis of bahamaolide A

OH OH OH OH OH OH OH

Stereocentre set by:

Bahamaolide A (18) 19
O diboration
)':, OTES ™ OTBS O homologation
O allylation
o OoTIB OTIB
' A 22
23 A
. "

IR E Y N

C,-symmetric octaboronic ester

:@Sﬁz%‘:‘bﬁw

Diboration Homologation Diboration

V. K. Aggarwal, et al. Nat. Chem. 2023, 15, 248.
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3. Summary
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Summary

Matteson’s reaction: Homologation of chiral boronic esters

* * 2 *

OR LiCHCI, Cl OR R2M R:, OR
R'B > B —— B
OR’ R' OR' R" OR

Aggarwal’s approach

Iteration :
OR R1J<LG R? OR Carbon elongation
R2B » B ———> _ application to 1,3-polyol etc

\ 1 )
OR Reagents control R OR

High stereocontrol
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Appendix



Chiral boronic ester

Chiral boronic eater
. Significant utility in asymmetric synthesis
« Various ranges of stereospecific transformations into functional groups

« Easy to purify (especially; boronic acid pinacol esters)

R/ N
/R 4
D L0 ey
/Z R"R R H ”
\ w - o ® B R Alcohol Alcohol v \NH R! \
R/ Transition-Metal-Free (retentive) (invertive) B :
i Coupli /4 NH N—
/,/4 plings (Secondary) R R R1'N i
R H Amine 1 R)<H
Invertive R H
Coupling Amine Derivatives
i (Secondary) (Secondary)
R/
=) R H
5 Halide
Ph H (e.g. Chloride)
Retentive (Secondary)
Coupling /( F
(Secondary/ o /‘(
Benzylic) R H

Fluoride

1
R\ (Secondary)

N
§\>\ R? Phi_'R'

Protodeboronation

B - - (Benzylic)
Addition to rOH HO
f B’
Iminium lons P / =
(Secondary/ Ph R' /<
Benzylic)  pqdition to / : ™ —O o B R
Aldeldes R - R' = w8 1 P \ /'27 Matteson
(Benzylic) Akyne R /4;‘7’ R’ )R / R” >R Homologation
Olefination R™ "R ,_‘\\ Carbonyl
Lithiation— /{
Borylation R R'

3-C Homologation

V. K. Aggarwal, et al. Chem. Commun. 2017, 53, 5481.
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Chiral base

(-)-Sparteine

+ sBulv 1

ks/kR=50:1

2 EIX H
S D - ¥
0 N Hg A OCby
retention
)\o ent-97

H E ! EIX
s OCby

-

>95% ee 1031 epi-103-1
configurationally stable

D. Hoppe, et al. Angew. Chem. Int. Ed. Engl. 1997, 36, 2282
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Aggarwal’s approach

Aggarwal’s approach : Improve Hoppe’s homologation of boronic esters

sec-BuLis(-)-sp
AN >
Ph ODG Etzo, _78 oC

1: DG=Cb 3
2: DG=TIB er 98:2

(=)-speLi=---O R'-B(R?),
Ph/\/\o

X

81 H202 R1

conditions Ph—\ SJ\ (R?),
NaOH Ph/\/\B(RS) Y \QDG o iPr
6 5

oTIB ="r‘o)§<>\
R1@ i-Pr i-Pr
/\}\( )2/BBN /\}\pln A}\pln)
TIB

OCb =
—40 °C—>rt MgBr2 reflux, 2—>16h ":‘OJ\
reflux, 16h

N(i-Pr),

vV Improved leaving groups (OTIB)

—|n fewer times under reflux without the need for Lewis acid(MgBr,).

V. K. Aggarwal, et al. Acc. Chem. Res. 2014, 47,1%1 74.



Aggarwal’s approach

Aggarwal’s improvement

sec-BuLis(-)-sp (-)-speLi=---0 R'-B(R2),

PA""0DG g0 78°c | PhTNANO” X
1: DG=Cb 3
2:DG=TIB er 98:2
R1©
?1 H20, 51 conditions Ph—\ QB(RZ)z
Ph/\G/\OH v Ph/\/s\B(R3)2 X H Xoos
Rl(:é)(RUz/BBN Rl(__g(pin) Ri(é)(pin)
Ph/\}\\(ng Ph/\}\\QCb Ph"-"X0TIB
—40 °C-rt MgBr, reflux, 2—16h
reflux, 16h
entry ODG R! B(R?), T (°C), time (h) Lewis acid yield (%) er
1 OCB Et BEt, —40 — rt 91 98:2
2 OCb i-Pr BBN —40 — rt 81 98:2
3 OCb Ph BBN —40 — rt 85 88:12
4 OCb Ph BBN —40 — rt MgBr, 94 97:3
S OCb Ph B(pin) reflux, 16 MgBr, 90 98:2
6 OCb Et B(pin) reflux, 16 75 97:3
7 OCb Me B(pin) reflux, 16 MgBr, 50 95:5
8 OTIB Me B(pin) reflux, 2 76 96:4
9 OCb (CH,),CN B(pin) reflux, 16 MgBr, 0
10 OTIB (CH,),CN B(pin) reflux, 2 46 97:3

V. K. Aggarwal, et al. Acc. Chem. Res. 2014, 47, 3174.
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Aggarwal’s approach

Application

They applied this approach to synthesis of natural products.
> (+)-faranal challenges: Its carbon chain containing adjacent methyl groups
—only 6 steps.

O
:‘E’: o DO HO ,/\ “"OH

(+)-faranal
[ref. 17] (—)-decarestrictine
[ref. 18]
CoH R OAc
St \=/\[:’\—: T

solandelactone E (R = OH; R'= H) [ref. 19]

solandelactone F (R = H; R'= OH) [ref. 20] calfiomianiced

scale pheromone

[ref. 21]
C14H29\/W/\/\ /\/\)\/Q
+)-giganin
[ref 22]

V. K. Aggarwal, et al. Acc. Chem. Res. 2014, 47, 271 74.



Aggarwal’s iterative homologation

Decomposition of lithiated carbenoid

Minor decomposition pathway:
Protonation under reaction conditions

O SnMe; O Li
i)nBuLi (1.0 e )RT,1h
oA DrBuLi(1.0eq) _ O)\
Et,0,-78C,1h
10/

(x)-5 (+)-6
Major decomposition \
pathway: a-elimination

H” >CHs

V. K. Aggarwal, et al. Nature 2014, 513, 18

3.
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1,3-polyols

1,3-polyols are common structure in polyketides.

Me e
Me OH OH
AN

N CO.H OH

PhHN =
Ry e o
F Me Me Me
Atorvastain (+)-Zincophorin

Roxaticin

Polyketides are top-selling of small molecule drugs and have strong drug activity.

—1,3-polyols synthesis is important.
A. M. P. Koskinen, et al. Chem. Soc. Rev. 2005, 34, 677.
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1,3-polyols

Conventional 1,3-polyols synthesis

Aldol reaction and allylation

b
) /\O(H) OH Ol:i ot+ Ol:i 0|:| R g
Allylation e 2 Aldol
B i OTMS
/\/ML* Polyacetate )\ TiL*
M=Borlr OMe
OH (i) Protection OPG O(H) lteration lteration OPG O (i) Protection OH O
R! (i) O (NaBH,) R R (ii) Reduction R OMe

X Require protection and deprotection

—Take multiple steps for carbon unit elongation and much waste.

V. K. Aggarwal, et al. Nat. Chem. 2023, 15, 248.
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Using silyl groups for iterative homologation

Identifying a suitable organosilyl lithiated reagent for the homologation

« Blackmore’s silylmethyllithium carbenoid bearing chiral ligand
(chiral ligand: isopropyl-substituted bis(oxazoline)(BOX)ligand)

b
Bn Bn” “Bpin /\
= ] 4 N. N
N a 0 2%
Ph : - G
\Si\/\Bpin 95°Ctort .
si1”” oTis
7 4

69(%, 57% e.e.

N N = (S,S)-i-Pr BOX

X Moderate e. e. & yields

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

Generating Chen’s lithiated benzyl silane bearing chiral pyrrolidinomethyl

13,14

4.1 Synthesis of (5)-2-(methoxymethyl)pyrrolidine

iii) NaH, THF 43
O\(o i) LIAIH,, THF O\/OH then Mel ' [32\/0,\,,6
- : N 7/

N . N
H OH ii) methyl formate )\ iv) KOH, H,O H e
L-proline 1) H

4.2 Synthesis of chiral a-silyl benzoate ester (32)

O\/OMe O_JOMG
N

N
H
anh. K,CO
e si” oTiB
MeCN, 80 °C,12 h 7\
(0] anh. K2CO3 78%
(1.1 eq)) PPN 32
HO . 17 sy ——— 757 ot
/ \ MeCN, 83 °C 7

80% 31 OM
{ 3o, e OMe
I/ O-lll/

(1eq.) (4 eq.) N
H
L - N
Nal, acetone anh. K,CO3 k A~
qLe;:Ir:jt)i(tézCe MeCN, 80 °C,12 h Ao
CI/\Si/\CI 74%
/\ ent-32

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

lithiation-borylation homologation didn’t proceed
with the more hindered boronic ester under the same conditions.
—Additives Mg(CIO,), in CF;CH,OH promote the reaction.

c i-Pr—Bpin i &4 ] E}/\OMQ

6b /k O . Mg(ClOy),

oM iS N

e % in CRCHAOH N
Y f 78°Ctort si”
e ¢ | B Vs
/SI oTIB H Ar \

i
O>—cu
)=o

5 9
96%, >95:5 d.r.

V. K. Aggarwal, et al. Nat. Chem. 2017, 9, 896.
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Using silyl groups for iterative homologation

(a) Zweifel Olefination - mechanism
(pin) (Pln)

gv/u @B(pin). R! 8@ &B@

1.2-metallate
rearrangement

R’ base B(pin) bond @ B(pin)

| = j/ rota(lon R!
anti |
elimination

R', R? = aryl/alkyl

V. K. Aggarwal, et al. Org. Lett. 2017, 19, 10, 2762
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Iterative diboration and homologation

Diboration of terminal alkene

Scheme 4
Bz(pin)z IB(pin)
L,Pt(0) R L,Pt—B(pin)
A fast B
(pin)B\_/B<pin>4 1[ _

JBlpin) B(pin)
L,Pt B(pin) LnPlt—B(pln)

D C

J. P. Morken, et al. . Am. Chem. Soc. 2013, 135, 11222.
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Iterative diboration and homologation

Preparation of a-sulfinylbutenyl benzoate

i) s-BuLi (1.2 equiv), TMEDA (1.2 equiv), \©\ - \©\ -
Et,0,-78°C, 1h g0 O 540 0

ii) MgBr,*OEt, (1.5 equiv), ~78 °C, 2 h ‘

i) (+)-Andersen's sulfinate (1.5 equiv),
35 THF, -78°C, 1 hthen rt, 16 h

3, 38% 2, 35%

V. K. Aggarwal, et al. Nat. Chem. 2023, 15, 248.
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