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First Homologation of Boronic Esters

ip i
je 1) LiCHCI, CI MeMgBr -~ O ~Pr
Pr—B )—B — 8 :L
O iPr ZI'IC|2 Pr Pr O iPr

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

(i) TSNHNH,, Dioxane
80°C,1.5h

(0] (ii) RS_B(OH)z, K,CO3, 110 °C H><R3
Carbene R1 R2 - R1 R2
. \ 3
Insertion
‘TSNHNHZ NNHTs R3-B(OH),
g R)LRz
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Peng, C.; Zhang, W.,; Yan, G.; Wang, J. Org. Lett. 2009, 11, 1667.
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BF
ek 1.2 eq. LIHMDS
s/\©\ dioxane/THF, 5 °C X
+ BR -
From 5 R' Ar” R
Carbene
To yilde 9aR'=H 2mR="Bu X = BRz)(
9bR'=Me 2nR =Et (||<)( OH
9¢cR'=Cl 20R=Ph X = NH, 13
(i) HyO,, NaOH, (ii) NH,0SO4H
entry R Ar X product yield®/ee® (%)
1 "Bu Ph OH 12am 70/95
2 "By Ph NH, 13am 72/974
3 Et Ph OH 12an 73/96
4 Et Ph NH, 13an 68/974
5 Ph 4-MeCgH, OH 12bo 87/95
6 Ph 4-CIC¢Ha NH, 13co 68/96%

V. K Aggarwal, G. Yu Fang, A. Schmidt, J. Am. Chem. Soc., 2005, 127, 1642-1643.
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. s—<."Bu l
Mechanism _C+_<ph | &8 , oH
Containing Ph)\("su—-»Ph "By
- Ph
1,_2 me_tallate ot i
Migration 11% yield
" Bu By
H HI[H H-1/"g
ySd AIET™
S \Ph +BBu, S, "Ph H BBu,
e Si face 0O Ph : Bu
inaccessible

V. K Aggarwal, G. Yu Fang, A. Schmidt, J. Am. Chem. Soc., 2005, 127, 1642-1643.
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Selectivity of
Asymmetric
Borate for
1,2-metallate
Migration

~ Et

+
p-Tol/\SQ | :B—Ph _a |
Et

3 2 —

A~
p-Tol D 1}8_% ab
p-Tol
3 4

Conditions: a) THF, -100°C to 0°C; b) H,0O,, NaOH.

S—Me
stabilizing
electrostatic
interaction
R=H 0 kcal/mol
Ph 0 kcal/mol

N

65% 24% 14

HO
OH

Ph OH

Me

antiperiplanar

5.1 kecal/mol
3.6 kcal/mol

R. Robiette, G. Y. Fang, J. N. Harvey, V. K. Aggarwal, Chem. Commun., 2006, 741-743.
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2+1 reaction : From vinyl Nuc to allyl Nuc

procedure A

~ 1)LiN(SiMe3), Ph X NBu
BFs CHLCl, T prcHo o
+ _78 0 B —-100 °C
(3 Tee2n S
Ph 2) 2a,-100°C 96% yield, Ph nBu 53
1 anti/syn >25:1
3a ZIE 16:1
R
_\\_B® 0°C
2(2a: R=nBu
( ) Ph\/Y OH
PhCHO :

B

78 °C Ph/\l/\
Ph  nBu
& 79% vyield, 6
antilsyn >25:1 a2
ZIE 10:1

procedure B

G. Y. Fang, V. K. Aggarwal, Angew. Chem. Int. Ed., 2007, 46, 359-362..
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1,3 Asymmetric Crotylation

1) LiIN(SiMes),
BF4  THF/CH,CI,
+ Ph R
s~ >ph -78°C X OH S

30 min PhCHO_ I/\l/'\ph
+
O Q\ 8 -100°c Ph R ©

7 2a-e \||\ 9 10

-100°C ~g
Entry R Yield 9)  z/EM d.r. [%]>9  ee [%]“
%]

1 nBu a 79 15:1 >95 > 99

2 Me b 81 40:1 >95 > 99

3 Hc 611 >40:1 >95 >99

4 TMSOCH,d 61! >40:1  >95 > 99

5 AcOCH,CH,e 720 >40:1  >95 >99

G. Y. Fang, V. K. Aggarwal, Angew. Chem. Int. Ed., 2007, 46, 359-362..
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1,1 Asymmetric Crotylation

_ 1) LiN(SiMe;),
BF, THF/CH,CI,

&~pp —78°C Ph \/\r R OH
30 min PhCHO ;

- L g
O -78 °C Ph R
2)
B
2a—e \I
15
LR

7 -100 °C
3)0°C
Entry R Yield (15)  Z/E®'  dur. [%])™9  ee [%]¢
(%]
1 nBu a &1 10:1 >95 >99
2 Me b 76 30:1 >95 >99
3 TMSOCH, d 491l >30:1  >95 >99
4 AcOCH,CH,e 56 13:1 >95 > 99

G. Y. Fang, V. K. Aggarwal, Angew. Chem. Int. Ed., 2007, 46, 359-362..
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Diastereoselectivity Model
Asymmetric Crotylation

H M QH H LA
BT\
+ A +9 R
S” Ph S ‘F{\/ QQL OH
> ., H B " B--o=—Ph — Ph/'\/\
0 0 PH™ 7 R EH b i R Ph
11 8 12

G. Y. Fang, V. K. Aggarwal, Angew. Chem. Int. Ed., 2007, 46, 359-362..
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Selectivity of 9-BBN Borate for 1,2-metallate Migration

Py BF, 1)-78°C/LIHMDS OH OH
\ + ] . :
ST\ 2)-100 °C - r.t ,O%LP“ " PR
" Ph  pR.g.BBN HO
1faor1b 3) NaOH / HzOz 6 2
entry sulfonium salt B-R-9-BBN yield of 6 yield of 2
1 1b Hexyl (7a) 56% 41% (2e)
2 1b Allyl (7b) 51% 39% (2f)
3 1b Benzyl (7¢) 51% 35% (2g)
4 1b i-Pr (7d) trace 77% (2h)
5 1b Cyclopropyl (7e) 89% trace
6 1b Ph (71) trace 949%“
7 1b I-Hexenyl (7g) trace 21%? (2i)
8 1b I-Hexynyl (7h) 92% trace
9 1a i-Pr (7d) - 97%° (2h)
10 1a I-Hexynyl (7h) 90% -

G. Y. Fang, O. A. Wallner, N. Di Blasio, X Ginesta, J. N. Harvey, V, K. Aggarwal, J. Am. Chem.

Soc., 2007, 129, 14632-14639.



THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

From Sulfur Yilde to Chiral Lithium Carbamate

R%

Hey Hs sBulLi \ RBR?Y), | (BR);

. - N .,’ - = R1“»-

1 o - - -
R OCb Et0,-78°C a1 2)LA. HY LOCb
2a-e (-)-sparteine e 07 NP, 4
B 1a-e -
2a R' = Ph(CH,), I
2b R' = Me,C=CH(CH,),
2¢ R' = TBSO(CH,),C(Me),CH, R? R?
2d R = iPr R")\OH Jwarm RV s
2e R' = Me Hz 2)H,0, |HS BRY:
3 aj
Entry  Carbenoid R’ (R%), Lewis  Yield[%]  e.rl
precursor acid (product)

1 2a Et Et - 91 (3a)  98:2
2 nHex 9-BBN - 90 (3b)  98:2
3 iPr 9-BBN - 81 (3¢c)  98:2
4 Ph 9-BBN - 85 (3d)  88:12
5 Ph 9-BBN  MgBr, 94 (3d)  97:3
6 Et pinacol  MgBr, 90 (3a) 98:2

J. L. Stymiest, G. Dutheuil, A. Mahmood, V. K. Aggarwal, Angew. Chem. Int. Ed., 2007, 46, 7491-
7494,
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(S)-8 + (S)-1e and HO

Ph ~ Ph

ks (+)-9

Stereodivergent ratio of 9/10 = 1:1

Synth esis: Li-TMEDA , HO
)\OCb ] th\L

(S)-8 + (R)-1e and

(t)-1e Il A . Y . F ) T (i)_10
H
Ph”>""0Cb Ph” >""0Cb
2a Me—N N 2a
sBulLi sBuLi
(-)-sparteine (+)-11
(-)-Sparteine 12 (+)-Sparteine (+)-sparteine surrogate 11
L2 Lit(+)-11
Ph/\;/\OCb Li-12 Li-12 Ph oCb
a : : ent-1a
~>0Cb HO_ .+ /io) ~ocb
l EtB(pin) fe o o y fe I EtB(pin)
(-)-sparteine (-)-sparteine
) 9, 82% ent-10, 64% _
B(pin) (er.>98:2, dr. = 96:4) (er.>98:2, d.r. =94:6) B(pin)
Ph — Li*(+)-11 Li*(+)-11— Ph o,
8 /LOCb HO HO /'\OCb ent-8
(78%, e.r. = 98:2) ont-1e /\L /\/\I/ ont-1e (75%, e.r. = 97:3)
T - 0 ~—
(+)-11 Ph Ph ()11
10, 63% ent-9, 63%
(er.>98:2,d.r. =94:6) (e.r.>98:2 d.r. = 90:10)

J. L. Stymiest, G. Dutheuil, A. Mahmood, V. K. Aggarwal, Angew. Chem. Int. Ed., 2007, 46, 7491-
7494,
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From Chiral Carbamate to Chiral Boronate

R.-
B(OR) R H;0,
RB(OR), (7 )\ NaOH R PH
Me'' ' " Me''y - A
| i : Ar
- Retention Ar OCb Al B(OR),
H SBuLl Li
= Mev'y —_— M L/l\
Ar ¢ OCb  -78°C "¢ “oco
20 min H,0, R OH
Inversion Me, (Coco A Me, By NaOH s
Arm( —_— Ar;.‘/ 2 - )\
RB(R), (' Ar
BR) R
R ~ = 2
Entry Carbamate (er.) Migrating group, R Borane/boronic ester component Product Yield (%) (er., 5:R)
OCb Et. OH
1 /!\ (99:1) Et _§_B Et, )\ 91 (99:1)
Ph Ph
OCb Et OH
2 /!\ (99:1) Et /A 95 (1:99)
Ph Ph
OCb OH
3 /!\ (99:1) iPr R 91 (98:2)*
Ph Ph
OCb

4 /[\ (99:1) iPr ;ﬂ" 80 (4:96)
Ph on

J. L. Stymiest, V. Bagutski, R. M. French, V. K. Aggarwal,Nature, 2008, 456, 778-782.
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Explanation for Retention and Inversion

R’\
Q @)
AN Re_
Ve s o B(OR')
7o) L 0 2
RO 4 Q l Retention )\
R —_— .
Mel!
Meli: )J\
'/8\ 0 NiPr, A OCb
Ar
Li----0
Inversion A:\A € . OCb
Me 1 o NP
iPr |
Ar 2 ,
{ o~ BR:
RB(R),
RB(R’)E R
. -—
Li----0 or B(R"),
S, = L
H \'\ ' g . — H 'l Ry
AlK O NiPr, Retention AlK OCb

J. L. Stymiest, V. Bagutski, R. M. French, V. K. Aggarwal, Nature, 2008, 456, 778-782.
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TESO TESO
0 __1)LTMP . H20;
/<|+EtB(p|n) —_— B(pin) —— OH
Et 2) TESOTY Et/'\’ E‘)\'/
Et
>08:2 dr, 99:1 er
1) LTMP, Q__ 1) LTMP, <,
) . 2) H,0, 2) H;0,
Chiral Lithium
TESO OH TESO OH
Generated E Et
From £t OH Et OH
Chiral EpOXide >08:2 dr, >99:1 er >98:2 dr, >99:1 er
.
o SBuLi, TMEDA Li, o RB(OR"), -?R )2
L et o T o R0
Ph solvent, temp’ PH temp? AN
8 10 min 10 min Ph
¢TESOTf
1
Ph OH 2)H,0, [ Ph :@(OR% 1) warm _(B R )2/TES
R OTES R OTES /Q
9a-f

E. Vedrenne, O. A. Wallner, M. Vitale, F. Schmidt, V. K. Aggarwal,Org. Lett. 2009, 11, 165-168.
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N o puwe By op
iPr, N+ PhB(pin) - \
2) NaOH B ph
H202
_ o (S)-1a 2h 90%, 99% ee
Chiral Lithium (S,S)-6h
Generated
From Boc  (pin)B . /Ph DLTMP PNH  OH
' iPrs,, ;& ¥ - c}_<_/_ Ph
Chiral ~ Ef 2)NaOH  jPr )
Azaridine | H20; Et
(S)>-1a (S)r2 68%
(S,S,S)-6m
Boc.
Boc NH OH
i (pin)B Ph  1)LTMP {
iPr” Et¢ 2) NaOH iPr g
H20; Et
(R)>-1a (S)-2) 72%
(R,R,S)-6m

F. Schmidt, F. Keller, E. Vedrenne, V. K. Aggarwal, Angew. Chem. Int. Ed., 2009, 48, 1149-1152.
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H Floriol'™l PG proposed Me
Y sBull \ base, R%B(pin) Ph?)H - O\\S)<M
Ph.r_.. = Ph'nﬂ - N/ \ €
Boc” PG = Boc PG = Bus R2 HNBus \,/V O
10 1e: PG = Boc 9
8: PG = Bus
nBuLi, TVEDA 1) RZ-B(pin) (2)
NS Et0,-78°C Bus ~ _7g°CtoRT Ph, OH
Ph., NN - ph, N - 7
B 15 min LI;& 2) NBOH, H202 R2 HN Bus
8 RT,2h 9
Entry R? (boronic ester 2) Yield [%]®! e.r.d
1 Cy (2 84 (9d) >99:1
2 allyl (2j) 87 (9i) >99:1
3 nBu (2k) 80 (9k) >99:1

F. Schmidt, F. Keller, E. Vedrenne, V. K. Aggarwal, Angew. Chem. Int. Ed., 2009, 48, 1149-1152.
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_ K+ CHO

[{RhCl(cod)},] HO
BF3 (2.5 mol%)
>'\ + - >\ X
Ar- R 1,4-dioxane/H,0 6:1  Ar” 'R
15eq. X 60-80°C 114,
3d-g 4d-g, X= NO, 7g, X=Cl
5e-g, X= CN, 8g, X=H
Rh(l) catalyzed e
Ste reOSpeCifiC Entry Trifluoroborate salt X T t Yield  Stereoret.
(3d-g) Ca e o)
Transfer to Ar R
Form ] Ph pCICH, NO, 60 6  4d 84 >99
Quaternary 2 Ph p-CIC(H, NO, 80 2 4d, 68 >99
3 p-MeOC,H, Ph NO, 60 6 4e,82 >99
Carbon 4 p-MeOCH, Ph CN 60 6 5e76 >99
5 p-MeOC,H, p-CIC;H, NO, 60 20 4f 8 >99
6 p-MeOCH, p-CICH, CN 60 24 5f71 >99
7 Ph Et NO, 80 2 4g, 87 >99
8 Ph Et CN 8 2 5g,90 >99
9 Ph Et cl 60 15¢ 7g 44 >099
10 Ph Et H 60 15 8g 35 99k

A. Ros, V. K. Aggarwal,Angew. Chem. Int. Ed., 2009, 48, 6289-6292.
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Total Synthesis of (+)-Faranal*

JOUSA e |

X X 1

OH C/gj (-)spLi O
L

Pa-|
87% | Bypin,, c=5 <07 NiPr,
1,4-dioxane 7 3
. vinyllithium / THF
/]\/\/L/\ 3/EL,0/-78°C /L/\, 3/Et,0/-78°C -78°C W 9-BBN / THF ,L/\/'\/\
= " Bpin R X -Bpin = RTNTNBpin R ; R™ X OH
then MgBr, then MgBr; : then |,/ MeONa g NaOH / H,0, :
8 40°C 40°C MeOH / RT
9 10 11 76% (2 steps) 12
78%, 96:4 e.r. 52%,>982eur.
94:6 d.r.
One-pot reaction 60%, 94:6 d.r.
R= M
P ™S {BuLi / Et,O i
| = hexane Scheme 3
—_—
_ AIEt,/[Cp,ZrCly 18 ™S = X" Bpin = NN OH
DCM/ 1, {BuLi / ZnBr, _
18 Et,O / [Pd(PPh3),] 20 53% with MgBr, : 69%, 94.6 d.r.
72% without MgBr, : 57%, 94:6 d.r.
a97%, From 21 without MgBr, : 40%, 94:6 d.r.
K,CO;/ MeOH j\/\/, AlMe; / [Cp,ZrCly) PDC / DCM
- = N S| “ “
- \
DCM /1, : (o}
6 21 76% =
62%, 2 Steps (+)-faranal (1)

G. Dutheuil, M. P. Webster, P. A. Worthington, V. K. Aggarwal,Angew. Chem. Int. Ed., 2009, 48,
6317-6319.



THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

Stereodivergent Crotylation

Class | OH Class Il OH Class IlI (%)H

1 OH —  OH . OH
+ R2CHO Rz’k/\\/R1 2 R2 RN 2/'\/\\
+ RZ2CHO R + R2CHO iRl
5 7

M. Althaus, A. Mahmood, J. Ramén Suarez, S. P. Thomas, V. K. Aggarwal,J.
Am.Chem.Soc., 2010, 132, 4025-4028.
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1) s-BulLi (1.4 equiv)
(-)-sparteine (1.4 equiv)
Et,O, -78 °C, 5h

2 >
) Renc~ g ggn) 11

: . : CH OH
R1'A"“o(3b {1;5 equiv), ?E‘-. C, 30 min N Ra% . Rs"\_A‘/W

3) R%CHO (2 equn:), 78 °C —rt., 15h R2 R R2

Class | 10 4) H,0,, NaOH, 0° C —r.t . .
Crotylation ey R’ R? RS yield4 (%) er(d)  dr (455
1 Ph(CH,), Me Cy 84 06:4 >00:1
2 Ph(CH,), Me Ph 82 97:3 >00:1
3 Ph(CH»); Bu Ph 01 08:2 >99:1
4 Ph(CH;)» Bu Cy 78 08:2 >99:1
5 Ph(CHg)z CH,0OS1Me; Ph 73 08:2 >00:1
6 Ph(CH,), Me Bu 80 08:2 >00:1
7 i-Pr Me Ph 58 08:2 >09:1
8 i-Pr Me Cy 54 06:4 >99:1
9 i-Pr Bu Ph 60 95:5 08:2
10 Me Me Ph 38 60:40 >99:1
11 Me Me Cy 65 88:12  >99:1

M. Althaus, A. Mahmood, J. Ramén Suarez, S. P. Thomas, V. K. Aggarwal,J.
Am.Chem.Soc., 2010, 132, 4025-4028.
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1) s-BuLi (1.4 equiv)
(-)-sparteine (1.4 equiv)
Et,0, -78°C, 5h

2 A Bpin) 43

RE
OH OH
-~ (1.5 equiv), -78°C — r.t., 30 min ,H/_\\\/m !
- 3 3
Rboch 3) MgBryOEt; (2 equiv), r.t., 30 min R ) v R /\52/;11
Class Il 0 4) R’CHO (2 equiv), r.t,, 15 h 2‘ s
Cr otyl ation 5) H,0,, NaOH, 0 °C —r.t.
entry R! R? R? yield 6 (%) er (6) dr (6/7)
1 Ph(CH»), Bu Ph 54 99:1 >09:1
2 Ph(CH,), Me Ph 46 99:1 >99:1
3 Ph(CH>)» Me Cy 59 99:1 >09:1
4 Me Me Ph 56 99:1 >99:1
54 Me Me Cy 46 99:1 >99:1

“ Four equivalents of MgBr,*OEt, used.

M. Althaus, A. Mahmood, J. Ramén Suarez, S. P. Thomas, V. K. Aggarwal,J.
Am.Chem.Soc., 2010, 132, 4025-4028.
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1) s-BuLi (1.4 equiv)
(-)-sparteine (1.4 equiv)
Etzo. -78°C, 5h

2) R2 O
)R%B\}< 14
0

OH OH
1.5 equiv), -78°C — r.t., 30 mi :
R.IAOCD ( Squiv) ' mn - RSM/ R + RS’W
Class Il 3) Et;0 — CH,Cl,, 1, R2 R
. BF3'OEt; (4 equiv), r.t., 30 min
Crotylation 10 4) R3CHO (2 equiv), -78°C, 2-15 h 8 °
5) H,0,, NaOH, -78°C —» r.t.
entry R' R2 R® yield 8 (%) er (8) dr (8/9)
1 Ph(CH,), Me Ph 67 08:2 >09:1
2 Ph(CH,) Me  Cy 60 98:2  >99:1
3 Ph(CH,)» Bu Ph 58 99:1 >09:1
4 Ph(CH,), Bu  Cy 67 99:1  >99:1
5 Me Me Ph 51 95:5 >00:1
6 Me Me Cy 58 99:1 >09:1

M. Althaus, A. Mahmood, J. Ramén Suarez, S. P. Thomas, V. K. Aggarwal,J.
Am.Chem.Soc., 2010, 132, 4025-4028.
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M. Binanzer, G. Y. Fang, V. K. Aggarwal,Angew. Chem. Int. Ed., 2010, 49, 4264-4268.

WHAT STARTS HERE CHANGES THE WORLD

Unusual Inversion during 1,2 metallate migration

Me-Sn

12
855 er

o
,H\Nf

O
Y
Cbx
1) nBuli
2) additive (1.3 equiv)
3) borane 3
_ H -
HJC‘&I/DCbX
or B

4) PhCHO
5) H,0,, NaOH

ar

Me,Si %@F
ent-4'

Entry Additive Stereochemical Jajent-7a Yield
outcome [%6]
1 none retention 94:6 95
2 TMEDAF! retention 91:9 78
3 O"\/‘“U retention 92:8 87
. N
4 N . inversion 8:92 83
H
N
5 N inversion 35:65 50
H ‘Me
6 -'P'_N: g N—iPr inversion 35:65 94
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Unusual Inversion during 1,2 metallate migration

T S - 1lea1] D':C'HF'_; |;'H
o sBuli, |- j-spartaina H,yCr i
™ - [ Fh
oo, s R " L
&Ruli, o _ i
parie Phicke B4 % yield, 95T e.r
-)a ne l Mg e B
Ma.SnCi Rt oH

Snhe, - = 7 —
e ABuLi I'-‘h:nJSlx__#‘-acp::J:-j ""=\:’"L""'
3 OCONR;  (diarmine frie) Eibe,

i i H ‘?’L‘
FiE B L 3‘?_' OCONRE; Qﬁ'ﬁﬁm. E-dar

. ' Li O
H:C7 ™07 “Nipr,
" 7‘?'%'30“ r.:r)l\rxupr2
A H
high selectivity B
retention high selectivity
inversion

M. Binanzer, G. Y. Fang, V. K. Aggarwal,Angew. Chem. Int. Ed., 2010, 49, 4264-4268.
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3

. B~ MesSi

RJ—'\ 1 SiMe, TL_B 78 °Cto RT
u? OCb \

R/>och
H \

Cb = C(O)N(/Pr),

OH OH
R'CHO B 1. mCPBA I

Total Synthesis of ; RN 2aon RTIYT

Monsi N MesSi R MeOH OH
|
Solandelactone E: ° 75-96% yield >80% yield
>06:4 e.r., >25:1 d.r. > 20:1 d.r.

V. Bagutski, R. M. French, V. K. Aggarwal,Angew. Chem. Int. Ed., 2010, 49, 5142-5145.
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2) R?Bpin (2) or . R.-9)
Me 2 Me Li B-O
3 1) sBuLi R*Bneop (3) - IJ\ . )\
“Nocb 78°C -78°C, K, . Ar” ocb T M2¥Soch T Me'roch
1 20 min 30 min 1 L|-1 4. or 5'
k4 /\/Br
kg>ky 15 min| -78 °C
ks>>ky
Ar”>0Cb Mes~ocbks Li ks Ar” SOCb
El'-1 L| 1 ent-Li-1 El2-1

1) sBuli, Et,0,-78 °C
oCb 2) R?Bpin (2; 1.5 equiv)

~78°C, 1h R Bpin
R 3) 1M MgBr,/MeOH N R
R—:/ -78°toRT,16h R—:/
Improved 4
0 . 1 (99% ee)
100 /0 Charlty Entry Substrate R?Bpin Yield of 4 [%]!
Transfer L . fee DAY
1 la H Me 2c iPr 4ac 2 (99)
2 la H Me 2d cHex 4ad 87 (99)
3 1b H Et 2a Me 4ba 1(99)
4 1b H Et 2c iPr 4bc 74 (99)
5 1b H Et 2d  cHex 4bd 61 (99)
6 1b H Et 2e cinnamyl 4be 91 (99)¢
7 1b H Et  2f 4-BrCH, 4bf 82 (99)¢

V. Bagutski, R. M. French, V. K. Aggarwal,Angew. Chem. Int. Ed., 2010, 49, 5142-5145.
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Stereospecific Proto-deboranlation

Cb , 1. sBuLi (pin)B, R I H R® 2
R® TMEDA R CsF (1.5eq.), H,O (1.1 eq.), 1,4-Dioxane (cond. &) ’O*/R
R 2. R%B(pin) R! or TBAF'3H,0 (1.5 eq.), n-pentane, (cond. B)  R!
4 5 6
Entry R R’ Sk o R’ 5" Conditions* o
carbamate yield e.r. yield e.r. % es
1 H H 4a 99.9:0.1 p-CICsHy 5a 89% 99.7:0.3 A, 30 °C 6a 82% 97.3:2.7 98%
2 OMe H 4b 99.5:0.5 Ph 5b 85% 98.3:1.7 A, 65 °C 6b 99% 98.1:1.9 99%
3 H H 4a 99.9:0.1 2-furyl 5¢ 79% 99.0:1.0 A, 35°C 6¢ 99% 97.9:2.1 98%
4 H Me 4¢ 99.9:0.1 p-CICsHy 5d 71% 99.4:0.6 A, 30 °C 6d 91% 98.7:1.3 99%
5 H H 4a 99.9:0.1 Et Se 68% 99.7:0.3 B, 45 °C 6e 97% 98.8:1.2 99%
6 Cl H 4d 99.6:0.4 Et 5f 83% 99.4.0.6 B, 45 °C 6f 99% 98.9:1.1 99%
7 OMe H 4b 99.9:0.1 Et 5¢g 88% 99.9:0.1 B, 45 °C 6g 90% 99.8:0.2 99%
8 H H 4a 99.5:0.5 'Pr 5h 98% 99.5:0.5 B, 45 °C 6h 96% 99.2:0.8 99%
9 H H 4e rac Vinyl 5i 57% rac B, 30°C 791% E:Z>20:1¢ -
10 H H 4a 99.9:0.1 Allyl 5j 91% 99.6:0.4 B, 45 °C 6j 98% 99.5:0.5 99%
11 H Me 4¢ 99.9:0.1 Allyl 5k 59% 99.9:0.1 B, 30 °C 6k 79% 99.9:0.1 99%

S. Nave, R. P. Sonawane, T. G. Elford, V. K. Aggarwal.J. Am. Chem. Soc., 2010, 132, 17096-17098
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Stereospecific Proto-deboranlation

BPin CsF (1.5eq.)
: D,0 (1.1 eq.) |)sBuL| (p.n)a, TBAF-3H,0 H
O ‘ 1,4-Dioxane TMEDA M
Cl 28°C,16h Cl ii) AllyIB (pin) / 76% (2 steps) X
5d 6d-D 10 1 99:1 eur. 12
er.994:06 97%, e.r. 97.4:2.6
BPin TBAF'3D,0
¢ (15 eq.) 2 )\/MgBr
X > X __ Nalo, CHO THF
zépfgtaznﬁ dloxaneszo 2. PDC, DCM
5§ ' 6j-D re% 61% (2 steps) (S)-turmerone
er.996:.04 88%, e.r. 99.5:0.5
WTBAF'SIjle Q\o' H M
O\ KO (15 equw.) \O
B > OHB‘;‘ IA| T ”E‘I O, O O ,.
THF F']7H Ph B
Ph ”Et Ph ’i'Et F HO 0
- 8 N 9
& =32.5 ppm & =7.3 ppm 6 =3.9 ppm

S. Nave, R. P. Sonawane, T. G. Elford, V. K. Aggarwal.J. Am. Chem. Soc., 2010, 132, 17096-17098
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2
:BF3K 1) SiCl,, DCE, RT _:NHR
o X R! 2)R2N;(4),70°C,1h iy S R
N 3) 2 M aq NaOH, THF N
3

5
Entry 30 R R! 4 R? 5 Yield [%]
. (ee [9%])©
Chiral
. 1 a H Et a Bn aa 94 (99)
Amine 2 a H Et b PMB ab 73 (99)
3 a H Et ¢ c¢PrCH, ac 89 (99)
FrOm 4 b H cHex a Bn ba 78 (99)
h- I 5 c 4-Cl  iPr a Bn ca 76 (99)
C ira 6 d 2-F cHex a Bn da 47 (99)
7 e H 4-CIC(H, a Bn ea 74 (99)
Boron 8 f H 3-MeOCH, a Bn fa 69 (99)
5 ab \ OCb
(HOB P —— g ™18+ Ph/‘\
1a

N
(99% ee) H Me
11 10

V. Bagutski, T. G. Elford, V. K. Aggarwal. Angew. Chem. Int. Ed., 2011, 50, 1080-1083
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Li R'Me,SiBpin Bpin
R”0Ch A~ R RTS
R'Me,Si” "R U :
2 \f\"' R'Me,Si” "R
1 CISiMe,R’ R . >964er
SiMEQRI SBuLi Bpln then IEIIIMEDH "‘i
: e 1 =1 1
. R“och — T R2 &SIMGER r27\SiMe;R
Using P R ,
_ o =973 er
Zweifel Y _ y
a) sBuli 1 b) sBulLi
0 0 H'/>~ocp (-)-sparteine R'Me,;Si''/™~ncp
Olefination ¢ e P
PH R'Me,SiCl PH
TO WOI’k u p 5a 14aR' = Me: 76% (er > 97:3)
14b R = Ph: 85% (er > 97:3)
TMED/}.‘L_i R?Bpin Fa?‘gl:vin o
R'Me;Si*/~och 16 R1M923i“‘<(\.00b -[OCb]
Ph 15 pl 17
Bpin ~
R2\'SMe;R'  ©) ZLi LoaAisiMeR!
l,, MeOH
Ph Ph
18 19

V. K. Aggarwal, M. Binanzer, M. Carolina de Ceglie, M. Gallanti, B. W. Glasspoole, S. J. F.
Kendrick, R. P. Sonawane, A. Vazquez-Romero, M. P. Webster. Org. Lett., 2011, 13, 1490-1493
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In-situ Cascade to form Quaternary Carbon

B e S
- #~ 0
/(Bpm L B--CJ.{< B=0 KB,O
Ph” N\ Et F'h)\Et J\Et ph/kEt
6

5
d =32 ppm C migration O migration o = 489 ppm

_ a) LICH,Cl or LICH,Br oH
/T” THF, =78 °C to RT J; OH
\Et - y ' JVE‘
Ph b) H,0,, NaOH Ph” \Et Ph
2a 4

Ja

Entry Reagent Equiv Yield 3a % O migration

1 LICH,CI 2.2 1% 20%
2  LICH,CI 4.0 63% 20%
3  LiCH,Br 2.2 83% 5%

R. P. Sonawane, V. Jheengut, C. Rabalakos, R. Larouche-Gauthier, H. K. Scott, V. K. Aggarwal,
Angew. Chem. Int. Ed., 2011, 50, 3760-3763.
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In-situ Cascade to form Quaternary Carbon

Bpin @) CH2Bry, nBuLi

wg2 _THF. -78°CtoRT
R = b) H,O,, NaOH
~

2
Boronic ester Product
Entry R R* e.r. Yield [26]”  e.r
1 2a H Et >99:1 3a 83 >99:1
2 2b pCl Et > 99:1 3b 88 >99:1
3 2c pMeO  Et >99:1 3¢ 62 99:1
4 2d H allyl  >99:1 3d 82 >99:1
5 29 H iPr >99:1 3e 37 >99:1
6 2f pMeO  Ph 98:2 3f 41 98:2
Bpin Z " MgBr
ANR2 ) THERT
R
= b) lo; NaOMe
MeQH, -78 °C
2 1

R. P. Sonawane, V. Jheengut, C. Rabalakos, R. Larouche-Gauthier, H. K. Scott, V. K. Aggarwal,
Angew. Chem. Int. Ed., 2011, 50, 3760-3763.
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a) nBuLi, CH-,Cl, H. O
THF, -100°C 12, 68%, >99:1 er.
Bpin b) NaOH, Ph~ \Et
H20:
PhNEL
2a a) 7 “OEt, tBuLi o
>99:1 e.r. THF, -78 °C
- . 13, Eﬁn,{], >99:1e.r.
b) I,; NaOMe, Ph~ \Et
c) aq. NH4ClI
. cl N Boin
" |
L — \‘"“I\B%in —_— |
NN .
N u RonNE Ph™ \E!
R Bpin o 14a (R = H)
o LDA, -118°C “fast or NGE 14b (R = Me)
R THF/Et,O/ 2a R
. n-pentane . Cl
4 equiv 44:1) >99:1 er.

Cl o Bpin
y\ -------- - Bplﬂ ----- E
Li R . \Et
R Ph” \E Ph

15a (R =H)
16b (R = Me)
Yield dr. er.
(14+15) (14:15) (14)
a)R=H 73% 24:1 99:1

b)R=Me  96% 1.1 991

R. P. Sonawane, V. Jheengut, C. Rabalakos, R. Larouche-Gauthier, H. K. Scott, V. K. Aggarwal,
Angew. Chem. Int. Ed., 2011, 50, 3760-3763.
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i) *BuLi, TMEDA i) SBuLi, TMEDA
i) 'PrB(OR), ii) PrBR,
iii) TBAF-3H,0 iiif) TBAF-3H,0
(OR); =/ -~ R,=9-BBN .
pincao 2 or Me %
g OCb orglycol 7 2 4 eeh

trans-calamenene
17

. from 6: pinacol - 50:50 dr (1)
Total Synthesis of R lyeol - 800 dr §2)

(+)-Erogorg laene from 4: 9-BBN - 50:50 dr  (3)
Me -81:19dr (4)

(+)-sparteine  Bpin BMe
MeMgBr 2
surroqate > \\\\‘\/\)\—>g \\\\M]

7 78 °C
Et,0, -78 °C (1o (120

) \/\)\ 78%, 98:2 er not isolated
pinB Z

EtOCb, SBuLi

Bpin

Et,0, -78 °C
(R)-19 (R)-20
89%, 98:2 er not isolated

EtOCb, *BuLi

T. G. Elford, S. Nave, R. P. Sonawane, V. K. Aggarwal,J. Am. Chem. Soc., 2011, 133, 16798-16801
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WHAT STARTS HERE CHANGES THE WORLD

Total Synthesis of
(+)-Erogorgiaene

6 Ocb

4 5cp

i) SBuLi, TMEDA
ii) (S)-20
iii) TBAF-3H,0

14:1 dr (crude)
78% isolated yield

i) SBuLi, TMEDA
ii) (R)-20
iii) TBAF-3H,0

\J

19:1 dr (crude)
65% isolated yield

i) SBuLi, TMEDA
ii) (S)-20
iii) TBAF-3H,0

i) SBuLi, TMEDA
ii) (R)-20
iii) TBAF-3H,0

13:1 dr (crude)
73% isolated yield

o

1 erogorgiane

9:1 dr (crude)
78% isolated yield

T. G. Elford, S. Nave, R. P. Sonawane, V. K. Aggarwal,J. Am. Chem. Soc., 2011, 133, 16798-16801
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i) s-BulLi
I b Ao
. - AN 0= 16" \n®  p-MeOCgH,Li (3a)
Chiral Organometallic "~ gyl —
] ’ ii) MeBpin Ph THF, -78 °C
Type Nucleophiles for 2
. . 74%, 95.5:4.5e.r.
Asymmetric Synthesis. |
H 80%
o : il i -
o3 0°C Inversion
eg=0” = . COPr
Ph Li Qﬂ) 'PrOZC\N,NH i
rL = e.r. =56:44
Ph/\s/\ es.=13%
piaD = FrOCs#Nc o ipy Racemization
pc;;‘ar
: : pathway
A type orbital for SE2 Inservsion V R*"
Sg2 high e.r.

S B-C)&\ Inversion

= L/ s* ’L SET
c Y@Z@T@M Lyl \pm\y
ﬁ 1e”
. E
"E™ Racemization R1/\R2 ik R1}\

racemic

R. Larouche-Gauthier, T. G. Elford, V. K. Aggarwal,J. Am. Chem. Soc., 2011, 133, 16794-16797
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Bpin AL THE 78 G IPrOZC“U'N“coz‘Pr
i) ArLi, © z
e > ph” TN
2 ii) DIAD, r.t. 5
e.r.=95.5:4.5
entry Ar yield (%) er.  es. (%)
1 4-MeOCeH; (3a) 82 56:44 13
Activating group Effect. 2 +FCH, 78 sl 20
3 Ph 90 63:37 29
4 4-CFs:CeH4 85 70:30 4
5 3,5-(CF;)2CeHs (3b) 74 80:20 66
R—O\ ,elgi\ Electrophile lEE
Tee o ROS
3a 3b
boronic  electro- ) yield es. yield es.
ent roduct
v ester phile P (%) (%) (%) (%)
I b Bpin 1
Scope of electrophile L ks 9 -
Bpin 1
2 I NIS G- 80 100 85 99

3 L NBS AL S0 90 85 100

44 v" TCCA i 60 66 80 92

4MeocsH/\/'\ 4MeOCgHy

R. Larouche-Gauthier, T. G. Elford, V. K. Aggarwal,J. Am. Chem. Soc., 2011, 133, 16794-16797
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¢ Bpin B BnDQC..N.NHC'Dan 66 )
7 p|(\/|\ DBAD Ph,ﬁv;:\.\ - - 9
8s Bpin " o e 470
oGk .
°o X © O 67 93 62 100
g BE s~
10 2 @ Q 08 100 -
PR -BF, ;
. |
11 o A " 0 - 64 94
PR AN Ph’(
Me
12° i 5 0 - 44 100
PN I " BF, NN
N
13 ¥ TCCA X 52 65 S4 96
Bpin BnOEQN,NHCOEBn
14 .~ DBAD  J 8 0 80 98

R. Larouche-Gauthier, T. G. Elford, V. K. Aggarwal,J. Am. Chem. Soc., 2011, 133, 16794-16797
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OrganoLithium
From Chiral
Secondary

Allylic Carbamates

WHAT STARTS HERE CHANGES THE WORLD

PR j ~B” OCb
" ° N'Pr2/3)3\‘)8 BUM
" =
Li-1a This work ol ‘,” sl !_:a__ar
i) sBuLi (1.1 eq), Et,0,

OCb  TMEDA, -78°C, 1560 min  HO R®  OH OCb
R/\\\|/LR2 i) 2 (1.3 eq), 30 min R ‘Rz R = R2
R iii) RT,6h R
1 iv) H,Oo/NaOH, THF 4 6
#|1(r)| R [R'|R? R’ 4/ % (er)’ .%,

B HO nﬁu
1 la Me H Me el /\\\)f\ 7§2 ¢
(>99:1) 2a 4aa (98:2)
1a CH,),Ph HQ
2 H Me (CTh: /\)\ ¢
(>99:1) 2b 4ab (98 2)
la cHex HO FcHex de
3 Me H Me AN 767
(>99:1) 2¢ 4ac (99:1)
1a allyl HQ s
4 Me Me d A\)\_\ 7? 7
(>99:1) 2d 4ad (98:2)

A. P. Pulis, V. K. Aggarwal,J. Am. Chem. Soc., 2012, 134, 7570-7574
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Total Synthesis of C30 Botryococcene.

ai) Rieke Mg, /(L ¢ i) LDA, CH,Cl,
THF, -95 °C . b) (-)-sparteine-L i~ ~0Cb 0 °C to 60 °C
x ™ ———  R__B(pin) > R . - - R\/’\;o
Cl i) Br" > B(pin Et,0, -78 °C to reflux B(pin) i) H,0,/NaOH

N J (pin)

~ 8, 60%, 9, 89%, 10, 61%

R 98:2 EIZ 97:3 er

€) 1 mol% (R,R)-12, H, g i) sBuLi, TMEDA

PO(OMe), R-12,  TMEDA,
d)ﬁg/\ — R\*@( (8 atm), k,COs, 97% _ R \/&\/\U/ EL0,-78°C. g \/L/Y\R

LiCl, DIPEA o D CbCl, NaH, DMAP, OR! i) 8, 30 min (pin)E
11,74%, 97:3er  THF, reflux 13 (R' = H) iij) RT €h 15, 91%. 94:6 dr
I 14 (R' = Cb), 95%, 96:4 dr
0 NN
h
) I>\SnBu_c-, R a7

nBuli, 105 °C,

” reflux LAY o5 rz CI H2 Rz
i B(pin ”
Arz CI H
e) (S,5)-12, 92%
11 - Z R

h)
N KR~ | B XOR (R.R) 12 Ar = 3,6:(CHy);CHg
18 R = (pin)B =S R? = p-MeOCgH,4
20, 86%, 94:6 d epi- :
19 (R' = Cb), 94%, 96:4 dr ' 100017, 50% 48 or

A. P. Pulis, V. K. Aggarwal,J. Am. Chem. Soc., 2012, 134, 7570-7574
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1) nBuLi (1.1 eq)
ocb  TMEDA (1.1 eq)

Et,0, 78 °C (RO)B, JPT 3y NaOH, H,0, HO, JPr
/'\‘ - P - /\I

Z : 7 THF
I tBu Bn 2)/PrB(OR), (Xeq) tBu Bn tBu Bn
OrganoLithium (5112 ~78°C>RT 222 (5)-3aa
e.r.=982
From Chiral - -
Entry Diol [(OR),] X [equiv] Product Yield [%] e.r® e.s.[%]
Secondary
1 pinacol 2 2aa 5509 51:49 2
Propargyl 2 pinacol 3 2aa 559 5248 4
3 neopentyl 2 3aa 511 68:32 38
Carbamates 4 neopentyl 3 2aa 80! 89:11 81
5 ethylene glycol 2 3aa 48! 98:2 100
1) nBuLi -
TMEDA _ o o
QOChb Et,0, 78 °C CbhO ;L' bo i?,’g A B(pln),_\\fPr
= —_— = + S \IPr —_— P>
tBu/HBn 2) iPrB(pin) tBu/\Bn % 2 tBu/En
(SH1a -78°C,1h tBu Bn 2aa (0%)
er.=98:2 Ky
3) o~ Br 4)A
-78°C ~ iPrB(pin)
15 min K_4
7 CbO, Li tBu oCb
ChQ, « N CD;0D 41H
: - X
& = : Dzt
tBu/\Bn fBu/En MBH & bhtiu Bn
4a (0%) 5a (100%)

B. M. Partridge, L. Chausset-Boissarie, M. Burns, A. P. Pulis, V. K. Aggarwal, Angew. Chem. Int.
Ed., 2012, 51, 11795-11799.
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1) nBuLi (1.1 eq)
TMEDA (1.1 eq)

From OCb k0, -78°C (piM)B, R'  TBAFe3H,0 jj
z R - Z R Bu”
Propargy! (Bu 2)R'B(gly) (3ea) 1By 50 G 7
(SH1a—c -78°C - RT 2 He
Borate er.=98:2-99:1  3)pinacol, Et,O
To chiral allen R [Pda(dba)s] (2.5 mol%) R' R
2 liel eliEe Blpin) R PPhs (10 mol%) A Py
z R *A ~ B N et R
fBu Ag,0 (1.5 eq), DME Ve 7
100 °C, 16 h, MS Ar H
2 7 6
Entry R R' Ar Ratio Product e.s.
7:68  (%yield)® [%]
1 CH,Bna Etb Pha 100:0 7aba (83) 98
2 CH,Bna Etb pBrC,H,b 90:10 7abb (65) 98
3 CH,Bna Etb pAcCH,c 95:5  7abc (80) 98
4 CH.,Bna Etb pMeOCH,/9d 80:20 7abd (72) 98

B. M. Partridge, L. Chausset-Boissarie, M. Burns, A. P. Pulis, V. K. Aggarwal, Angew. Chem. Int.
Ed., 2012, 51, 11795-11799.
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R\)\[/L reagent, solventr,_ R § R\)%/k
d4a Bpin T, additive 5a 6a
R = CbO(CH,);

Fine tuning

Ent. Reagent Solvent T Add. 5a:6a Yield

Of a and Y °C] [%]®)

Seletivite 1 TBAF3H,0¢ THF 45 -  >201  quant
] 2 AcOH neat 80 - nd. 42
Protonation 3 AcOH neat 120 - 51 85

Of All 4  CsFMH,0F THF 45 - — trace
y 5 KHF,1 MeOH/H,0E 23 - 1:4 95
boron 6 KHF,/f MeOH /H,O 0 - 1:55 96
7 KHF,) MeOH/H,O —30 TsOHM 1:7.5 94
8 KHF,! MeOH/H,08 —78 TsOHM 1:9 96

%o TBAF*3D,0 ﬁLo
. 0
O\/‘\)\)\ THF, 45°C. 16 h N
’ ’ D H

18 Bpin [D4]-19
dr.>20:1 91% yield
( | Z/E>20:1, d.r.>20:1
97% D incorporation

M. J. Hesse, C. P. Butts, C. L. Willis, V. K. Aggarwal,Angew. Chem. Int. Ed., 2012, 51, 12444—
12448.
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allylboration
., | Aq, strain
H O @) H
H | e H
Ao JAme QE,[EI;-;-. l‘
— gauche R SN
D R H R interaction H Y
" A, 3 strain
M Od el 15 (favored) 14 (disfavored)
protodeboronation
mediated by TBAF mediated by KHF,
0 . A4 5 strain
HO. o o A1 2 Straln X _OH
H|-F-B=g x#8% H
H R 16 gauche H H H H 17
A3 strain | interaction X = F,OH
favored disfavored

M. J. Hesse, C. P. Butts, C. L. Willis, V. K. Aggarwal,Angew. Chem. Int. Ed., 2012, 51, 12444—
12448.
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R2
for | R+ 9
a) for large ll RST%O"’B@ i ?H
\T___/___..\%H RS%
OR* migno| L MR i
WB‘ORQ i i I
1 R R ER OH
A new protocol il | TR | T UK
2 3 [0 R B
b) for small R R H
For Roush-type NN - i
Aldehyde i O’g< OF’h Ph
= B(OR2) = l/j / !)S<Ph
Allylation 2= By o L
E/Z = >99:1 30:70 <1:99

, Li® ;L{' 0><K
OLi

\\/\\_/BPin ﬁ» \?\9\5:’22 = \\/\/B\Rz
1 §1 2 ,;1 3 R
R' = alkyl 1R30H0

OH 0%(
R! ! OLi
R3)\‘/\/R1 B —— / ,’B\Rz
= ,—7'--..‘-"“_‘:‘- ’
= R3 I O
H H

Jack L.-Y. Chen, Helen K Scott, Matthew J Hesse, Christine L. Willis, Varinder K. Aggarwal.J. Am.
Chem. Soc., 2013, 135, 5316-5319
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Method A, directly mix together,
Method B, nBuLi and TFAA activation

i) nBuLi
Me -78 °C, 15 min
i) TFAA, 30 min
re_L__spin 2 -
: i) PhCHO
97:3-99:1 er R! tort, 14 h
7a-d
no. 7 R! R? cond.”
1 A
7a Me Me
2 B
A
i 7b iPr Me B
3 7 B M A
p fs iBu e B
7 7d P H A
8 e B

R2
8a-d
E/Z (8:9)

10:90
95:5
5:95
99:1
9:91
97:3
5:95
97:3

/(')i)\/
R+ _ A
PR YN F'h/\rl\,

OH
~
R2 R
9a-d

yield (8+9) er’”
88 97:3
68 97:3
87 98:2
78 98:2
96 97:3
77 97:3
80 99:1
72 99:1

L ¢R1 i | H

OTFA
R'=iPr »L{'
.~ nBuLi -0 TFAA
WBPIH . \/‘\‘98 Bu ——— \/\/
4d : 78°C 43 : 78°C g4 G
R 15 min R' 30 min R’
32 ppm 7 ppm 51 ppm

rt 1 -78 °C

PhCHOl 14 h R'=iPr PhCHO 30 min
) XK

\ OTFA

R! Q
74 fB“Bu
— — /'
S

0?0 16 o" "Bu
H 1
Ph/Y\\ /k/\\\/R
R1
21 ppm 33 ppm

Jack L.-Y. Chen, Helen K Scott, Matthew J Hesse, Christine L. Willis, Varinder K. Aggarwal.J. Am.
Chem. Soc., 2013, 135, 5316-5319



THE UNIVERSITY OF

TEXAS

—— AT AUSTIN ——

WHAT STARTS HERE CHANGES THE WORLD

A new protocol
For Ketone
Allylation
Seterodivergent
Synthesis

Low reactivity with ketones -

b} This work

ey

Z quant, 25:75 (E/Z)

HO -
_P F
Ph ? =

Enhanced reactivity with borinic esters

d.r. > 99:1
2 o =982

Ph

HO Me

Ph
Me Et

Ph

HO Me
" S
Ph™ ¥

Et' Me

2a d.r. > 99:1
er. =98:2

a) nBulLi

b) TFAA 4= xR’
2R K X \‘HBU R4 %
C) J_XL R e R R2 R3
R* "Me R3 H 48-90% yield
X=0,NH 97:3to >89:1 d.r.
-78°C to RT, 16h 94:6-98:2eur.

dr. =99:1
ent2c o - gg:2

(+)-sparteine

Ph
Z olefin (-)- Sz.l-tierftle:ne Me OH
“—\ Ph(CHg}gﬂOCb r’// Ph

PhCOMe

. pcove  Et/ e

= "Bpin
Ph
— \|qu/\ T~ Me, OH
i .
- i _ (-)-sparteine pp
Eolefn 38 R =EtL

(+)-sparteine

RZ = Me E olefin Me' 'Et

3b R’ = Me, t-2q 01> 991
R? = Et ent-ed o1 = 99:1

Jack L.-Y. Chen, Varinder K. Aggarwal. Angew. Chem. Int. Ed., 2014, 53, 10992-10996



THE UNIVERSITY OF

TEXAS

—— AT AUSTIN ——

WHAT STARTS HERE CHANGES THE WORLD

Ketone Allylation

a) sBulLi,
(+)-sparteine a) nBuLi, 78 °C
N Et0,-78°C oo RS MIn - Me OH
R"7NOCb _4or5h - BPIN b) TFAA, 30 min )-“\I/\\\/Fv
ﬁ — b 4 9
o R2 | m ¢) R“COMe, THF " R? R
R'""™Some . Y7 Bpin _ )
b) R _7gec 1p 12 78 °CRT, 16 h 2o
c) 1,2-migration(@
Entry  Li-B product Yield® Product Yield®
HO Me Ph 87%
1 _ Ph oy N >99:1d.rH
Et._~~ Bpin Ef Me 93:2 e.r.
Me (CH,),Ph 937?2%
L e
1a HO, Me Ph 80%
2 NN >99:1 d.r.M
Ef Me 2b 98:2 e.r.
HO Me Ph 83%
3 Ph e >99:1d.rl
Me Bpin me Et 2c 98-2
= e L el
R 74%
Et (CHp)oPh 982
2 er.
1b HO, Me Ph 88%
4 PR 97:3 d.r
M Et  2d 98:2 e.r.

a) nBuLi, 15 min, -78 °C, THF Ph
Me BPin b) TFAA, 30 min . 2
= - :
Et (CHj),Ph 0 3
=N /
1b 6 81%
THF, -78 °C—RT, 16 h; =991 dr.
then Ac,0 982eur.

a) nBuLi, 15 min, 78 *C, THF Ph

Me = BPin b) TFAA, 30 min .
Et (CHy),Ph c) to RT, THF — CHCly;
1b then m 7 f' 74%
N 99:1d.r.
98:2eur.

Jack L.-Y. Chen, Varinder K. Aggarwal. Angew. Chem. Int. Ed., 2014, 53, 10992-10996
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Generate the Chiral Lithium at Unactivated Position

2 R2O i
i j“\ B(pin) [_ JL'\ T
R“1 B(pin) Ru)\ORg Ar‘1 O~ "NPr,
R R1 R | SR —
This .7 T \ OCb
~work -’ _
Li Li Li
alkyl ‘“}\OTI B = ‘*“J\ OCb P Y
Previous work:
H,_OCb/OTIB Hoppe/Beak  Li_ ocbioTiB
This work:
O iPr O iPr
sBuLi, TMEDA,
Ij;f CPME, -60 °C . Li}io
R R1 . R R1 ,
iPr IPr Pr iPr
1 up to 90% lithiation, 99:1 er

Alexander P. Pulis , Daniel J. Blair , Eva Torres , and Varinder K. Aggarwal.JACS, 2013, 135,
16054-16057.
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i) OEt
5 i) Lix~_Cl
i) 12 ii) NaOH/
81%, 99:1 er| i) NaOMe H,0,
iv) NH,CI
H OTIB i) Conditions in Table 2 [ Et, B(pin)) 1) Li” Br
R ii) EtB(neo), 1 h ii) NaOH/
1a  ii)to 50 °C, 16 h H,0,
99:1 er iv) pinacol, THF, H,O  79% 99:1 er
{ KHF
R = PhCH,CH, i) SiCly
Et}iFgK BnN;
R i) TFAA
10
99%, 99:1 er)

TIBOH, i) sBuLi, TMEDA,
H OH PPhs, DIAD H OTIB  CPME, -60°C,2h
nPr nPr i) nBuB(neo), 1 h
14 used to 12 1e i) to 50 °C, 16 h
>08:2 er 77%,98:2 er jv) THF, H,0, pinacol
Need 15 steps |
nBu  B(pin) 2L nBu == Hy/Pd/C
nPr l,, NaOMe nPr nPr
Gei 13 14
35%, 98:2 er 72%, 98:2 er 65%, 98:2 er
73% brsm

Alexander P. Pulis , Daniel J. Blair , Eva Torres , and Varinder K. Aggarwal.JACS, 2013, 135,

16054-16057.

Et <OH

RO
8

68%, 99:1 er,
1:1dr

P

Et, —OH

RN
9

35%, 99:1 er

Bn @)
Et. N
R}‘\_/<CF3

11

84%, 99:1 er




THE UNIVERSITY OF

TEX_AS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

Transfer OH to Bpin

A) o . .. H® .
OCb lithiation Li H-B(pin) B(pin)  1,2-shift B(pin)
—_— R ———§ - —_— )\
R R! R OCb R™ "OCb R R!
u racemisation
, ©
Li H-B(pin) H‘B(pin) 1,2-shift B(pin)
RIaF e R1>=\ —_— ¥
R” ~NOCb R” ~OCb R™OR!
B) o g HO : _ :
OCb lithiation ik Et-B(pin) B(pin) Et, B(pin)
)\ ' M B(pin) - * + %
R” ~Me then H-B(pin) e S R”“Me R” “Me
20: R = 2-naphtyl 11 21 27
____________________________ f’?_[__‘?f{”f'?{__________________________'19!9_98.95\_'??_
C) &
H.
B(pin) inv y B(pin)  ret B(pln via I OCb
- (ST _>
R)\Me )\OCb R Me

by preliminary DFT studies

Stefan Roesner, Christopher A. Brown, Maziar M. Mohiti, Alexander P. Pulis, Ramesh Rasappan,
Daniel J. Blair, Stefanie Essafi, Daniele Leonori and Varinder K Aggarwal.
Chem.Commun., 2014, 50, 4053-4055.
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Quaternary Carbon Center formation

/Lli\oTMEDA
\/ §_  NaOH g Jaed
OCb >\/ i 3 .
Ph” ~Bpin > ph : Bpin - ph : OH ca. 523‘1% dr.
rac-1 rac-2 : H.0, z
b) : ) 1 s
%I.(_)-SP Ph Bpin b':/ éi slow OH
A Ph” gB~ 'OCb —>| pp
OCb @ ~pin [0]
2 Li 4 8§ S

_>)"\ & i /L 88:12d.r.

! : -
o \ L O -
Ph)\ Li Ph)lé B-’CLOCb T et o | Ph>VOH
@ Pin [O] g :
Li .
SnMe; a) (+)-sps, 9 a) (-)-sp, SnMe;
__sBulLi P )‘I\ sBulLi :
OCbx = 0" N" %9 ~>0Cbx
9b b) SnMe;CI ,)\/ b) SnMesCl o,
946 er N Recryst. . y y Recryst. — 95:5 er
97:3 er = (MeOH) OCbx (MeOH) = 98:2 er

Daniel J. Blair, Catherine J. Fletcher, Katherine M. P. Wheelhouse, Varinder K. Aggarwal.Angew.
Chem. Int. Ed., 2014, 53, 5552-5555
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DN
del)sp LieELO l:'39-1 eBrP " _X/B in  NaoH _>{/0H
- . ter o pin "~ o |

~Nocb < NOChbx :

then quench E H,0, 5 :
2 °" 108 _78°Creflux
98:2er. 98:2er.
Entry Carbamate Quench d.rP e.r.” Yield [%]
1 2 88:12 (5/8) >99:1 n.d.
21! 2 88:12(5/8) n.d. n.d.
3 2 MeOH 98:2 (5/ent-8) >99:1 28
4 2 MgBr,/  98:2(5/ent-8) >99:1 22
MeOH

5 2 Ally|Br 98:2 (5/ent-8) >99:1 43
6 ent-2° AllylBr 1:99 (5/ent-8)  >99:1 321
7 10a Ally|Br 98:2 (5/ent-8) >99:1 73

Daniel J. Blair, Catherine J. Fletcher, Katherine M. P. Wheelhouse, Varinder K. Aggarwal.Angew.
Chem. Int. Ed., 2014, 53, 5552-5555
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10a : S S 10b :
b OCb
OCbx, o M OH L B OH x

Li. OCb then allylBr 5 : 8 : then allylBr cho, L
ph))\ ) 73% 98:2d.r. 76% >99:1 d.r. ))\_
~Bpin = pp~" “Bpin —] — Ph”" “Bpin <2 gpin
>99:1 err. 10a/ii:Et20 . - 1 Ob/ii:EtzO >99:1 err.
1 ocbx_ X oH Ph)i"\TOH 3 OCbx .
then allylBr ent-8 ent-5 then allyIBr
78% 99:1 d.r. 70% 97:3 d.r.
Br
a)Zn Br 10a LisEt,0 _>=
b) CuCNe2LiClI . PN ~ a)tBuli
pinB/\Br 0 5 - PInB/\‘/& 13 OCbx : Bpin b) I,, MeOH
r 15 5991 er. then allylBr 97% >
Br A\ 81% 5% o "
12 |
Br a) tBuLi 98:2d.r, >99:1 e.r.
f b) I, MeOH
O OCb . 63%
: a) sBulLi £
3 steps b) 15 : . ( 1. TFA
Ref. [2d /CE\ 60%
OH ef. E ] o c) MgBr/ (2 steps)
63% MeOH 2 Br
14 13 ) . e
78% 17 —)-filif =_ 9
>99:1 er. ’ >99:1 eur. >99:1 err. (-)Aiiformin [a], = 20| 85% 3-hydroxylaurene
Ref." [a] = -20 11

Daniel J. Blair, Catherine J. Fletcher, Katherine M. P. Wheelhouse, Varinder K. Aggarwal.Angew.
Chem. Int. Ed., 2014, 53, 5552-5555
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1,1 di-substituted allyl Bpin in the crotylation

)SBULI EtZO OH RZ OH R2

OCb -78 °C, 15 min R? RCHO, THF : Bh
. 3 R S
A 1 R2 o R = Ph ; R
Ph” "R -78 °C—RT, 16h R3 R
b RS\/LB' 78 °C, 1h Bpin
2a-b ) pin, - ' 1a-e 3 4
c) A—reflux, 16 h
Entry R R? R? Yield [%]®  1a—e Yield [%]®  d.r. 3:4)F  e.rl

99 >99:1 >99:1
99 >99:1 >99:1
98 >99:1 >99:1

1 Me Me H 85 Ph 3aa
2 _ - - - "\Ph Cy 3ab

3 - - - - 1a  Bpin Me 3ac

4 Me Me Me 87 (85)1 Ph 3ba J\)\( 99 (99) >99:1 >99:1

5 - - - - Z . ph Cy 3bb 99 >99:1 99:1
6 - - - - 1b  Bpin Me 3 be 98 99:1 >99:1
/P
9 Me H Me 90 Ph 3e 98 14:86 >99:1
1e  Bpin
Me i B )
-~|.--Bpin
-=|.y- -Bpin % h,' O
Bpi =

H Ph H Ph e 2 F‘)[nﬁ =

TS-laRe TS'IbRe Ph/\O

favored by disfavored by H =~ Me E——

2.3 kcal.mol™’ TS-aSi 0.4 kcal.mol™ TS-IbSi CH‘Q;: 45 °

Matthew J. Hesse, Stéphanie Essafi, Charlotte G. Watson, Jeremy N. Harvey, David Hirst, Christine
L. Willis, Varinder Aggarwal. Angew. Chem. Int. Ed., 2014, 53, 6145-6149
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Quaternary Carbon Center formation

n-BuLi, THF,-78 °Ctort., 1h
0 (O,

NBS, —78 °C, 1 h i R® o
- gy,

(3§

R1

B(pin)
o then (pin)B, R® ,~78 °C o
>, R1/<R2
R’ R?
4 \5% / \ 14 \3”‘“‘ ( 14 \3%
(0] (0] (o] 0
CO,-t-Bu Ph 9
Ph Ph
2a 2c 2d 2e 2f 2g
91% 92% 90% 93% 68% 82%
er. 98:2 e.r.97:3 e.r. 96:4 er. 93.7 77%
100% e.s. 100% e.s. 100% e.s. 100% e.s. (gram scale, T = 0°C)
Br
B /) ) ® B
/ \ iy, / \ ) / \ U / \ T, iy,
(0] (0] (0] (o] 0
N Ph Ph Ph
Boc
Ph
72:1':/ N ) 2k 2| 2m 2n
or 937 H i 89% 83% 76% 53%
96% 0.5 S 78% e.r. >99:1 e.r. >99:1 e.r. >99:1 er. 98:2
05 100% e.s. 100% e.s. 100% e.s. 99% e.s.

Amadeu Bonet, Marcin Odachowski, Daniele Leonori, Stephanie Essafi, Varinder Aggarwal.
Nat. Chem., 2014, 6, 584-589
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Quaternary Carbon Center formation

Lithiation (see SI) =y NBS A R
Ar—H/Br (pin)E, R* ;{
then (pin}B, R* _78°C P /{. R —T8*C R R2
R'" "R
t-BuC.C COa-f-Bu
MaD Okla
- Co-
B = N
Ph H
/A (4] \ :
PN
g Ph Ph Ph
ad 4a sd Fh 6a* 7at
B5% 52% B6% BE%Y% B3%
ar. 964 ar 982 er. B4 er. 98:2 e.r. B8:2
100% a.s. 100% a.5. 100% e.s. 100% e.5. 100% a.s.

FHM PHM P

Mal
8a* ga’ 10a’ 11b
65% T2% B0% B3%
er. B8:2 ar. 882 e.r. 882 ar. 86:4 E
100% a.s. 100°% e.5. 100% a.s. 100% a.5. Ar

e & |- B 0n

Bj* Ti¢ Bj*
Tkt 7t 1okt 1kt R=TB3 R=H R=TB3
TEY B3% 75% B6% 5% 1% Ga%
er. 991 ar. =891 er. 991 a.r. 98:2 )
100% e.s5. 100% a.5. 100% e.s. 100% &.5.

Amadeu Bonet, Marcin Odachowski, Daniele Leonori, Stephanie Essafi, Varinder Aggarwal.
Nat. Chem., 2014, 6, 584-589
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Mechanism for Quaternary Carbon Center formation

(i) R
Br
- A,
Bl =~ R S A ¥ -
- SEAr R A\B(pin]
—_— -
Fast -
R ) PR TN
B(pin)
Ph/\/‘?\
B B: Sg2inv Br
B T -
Slow Ph
12
(ii) +
MeO
MeO A: SgAr m .
____________ > B \E(pm)
Slo -
_ v Ph” TN
Bl </a B(pin)
Ph/\/?\
B .
B: Sg2inv Br
[Br'] _ /\/]\
Fast Ph
12

—_—

Br e Nu
o B(pin)
R % Elimination

/_/_ Ph NN
Ph
R R! Solvent A:B*
MeO MeO THF 87:13
MeO MeO MeOH 99:1
MeO H THF 1:99
MeO H MeOH 99:1
Me Me THF 1:99
Me Me MeOH 99:1
Me H THF 1:99
Me H MeOH 28:72
H H THF 1:99
H H MeOH 1:99

Amadeu Bonet, Marcin Odachowski, Daniele Leonori, Stephanie Essafi, Varinder Aggarwal.
Nat. Chem., 2014, 6, 584-589



THE UNIVERSITY OF

TEXAS

—— AT AUSTIN ——

WHAT STARTS HERE CHANGES THE WORLD

Remove the unactivate Bpin

1y n,, (o]
H
- O =2 OH
H A

C

- (@B Do
LBP :':) 5
i //?O L pinB’Q\/@
@ . B 0.0 0 o
LN +
\ co. B

/—> Q\/OCb
&S >—[QY® »cav@ ER [QVW] — 3.8.0.0

N— @— Bpin i o
Entry Nu Oxidant Time (h) 8:9 Yield (%)"

Bein Nue—  M°* " 6a - 62 100:0 55

s Bpin 2F 6a - 40 92:8 72(65)

o on—78°C.1h | PN 3 6b _ 40 95:5 85(78)
5a - 4t 6b Air 40 69:31 40

TBC (5 equiv.), 5 6b CU(OAC)Q 18 100:0 96(87)
[Nu _ 6a= PMeOPhLi; 6b = 1,3-(MeO),PhLi J oxidant (1 equiv.), & 6b Mn(OAC)3 18 100:0 %
R i DCE, Ar, 80 °C 751 6b Cu(OAC), 72 88:12 71

- 8 6¢ Cu(OAc), 12 100:0 97(95)

e /@ oxot /\)X\/\ 9 6; Mn(OAc;3 12 100:0 98(97)
- 10 6 Mn(OAC); 12 100:0 94
tBu OH ~ 9X=OH pn Ph 1l 6e  Cu(OAQ), 12 100:0 72

12/l 6e Mn(OACQ); 8h 100:0 98(97)

Ramesh Rasappan, Varinder Aggarwal.

Nat. Chem., 2014, 6, 810-814
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i. iProNCOCI, \/'\)\/ PryNCOCI \/‘\/‘\/
4‘-
EtsN, 98% N HO OTBDPS EGN, 97% CbO OTBDPS
AcO OH MOMO oc
5g 16

i. KsCO3, 98%
15 iii. MOMCI, 13 6 .
DIPEA, 99% g “Bull,
TMEDA,
i. TBDPS-CI, 98% PinBH, 72%
EtOCb, SBuli.

ii. K,CO4, 98%

pinB

Et,0, -78to 50 °C,

\)\)\/ Fnces \/k/'\/
—_— y
HO OTBDPS EtsN, 97% CbO OTBDPS 12h 17 69
8g 14

oe 16 99:1d.r., 92%
(a), (b), one pot, 63%
/‘!\/l\/L/OR () *BuLi, TMEDA, (b?)E;.° gu:_|l,1THF,
" v 2e0 TR, ovo OTBDPS ——————> MOMO\/L/L/L/‘!\/L/OTBDPS
ii. TBC, Mn(OAG),,
19

+
MOMO\/L\/!\/OCI: drtn e Bpin 18 59 DCE, 80°C, 68%
i. TBAF, 94%
ii. ProaNCOCI, EtsN,

13
(c), (d), one pot, 54%
* | CH,Clo, 97%
(d) i. MeLi, (c) 14, “BuLi
Et;0, =78 °C
MOMO otBPDS <2 " “MoMo oTeDPs | MEDA. Et20 omo\/l\/'x\/:!\/c!\/!\/oc:b
8 ii. Mn(OAc);, —78to0 50 °C, 20 2
g
22 TBC, DCE, 49 Bpin dr. 1:1, 85%
LY o
i. TBAF, 99% 80°C,61%
ii. Pr,NCOCI, EtzN, PitB -~ 24
toluene, 96% 14
i. *BulLi, (+)-sparteine,
TBME, =78 to 60 °C
ii. HaO,, NaOH,
12 .
e THF, rt., 88% 25 dr.>955 or

i. conc. HCI, 92%

ii. TEMPO, NaOCl,
NaCiOs, bufter HOMWAN\M/
e —
CCly:CHACN (1:3), i,

65°C, 12 h, 90% ° 10

Ramesh Rasappan, Varinder Aggarwal. Nat. Chem., 2014, 6, 810-814



THE UNIVERSITY OF

TEXAS

—— AT AUSTIN ——

b M
M = metal 4, N /E\
LG = leaving grou LG -
g group e I
Om BY
am
LG
‘ JMe
Mimicking nature:
o] chemical synthesis
,E';_\ through iterative
R™ O chain extension
Re-entry into /l\
iterative cycle _0

R B
or |
expulsion of 0
boronic ester

~o
d Resulting equilibrium mixture
SnMe, SnMe,
. . + H
Starting mixture T8O 1807
(8)-5 (R)-5
Li SnMe, 4.75% 0.25%
/"\ + : —
TIBO B0~ U
(s)-6 (R)-5 + H
9% 5% TIBO TIB0” N
(excess from -6 (R)-6
first homologation) 90.25% 4.75%

WHAT STARTS HERE CHANGES THE WORLD

Auto-synthesis

o
0" s-Buli, (-sparteine Li-(-)-sparteine
_ El v''H
Et,0,-78 °C,5h TIBO™ M
3 (s)-4
— 95.0:5.0 er.
TIB
Me,SnCl
Li n-Buli SnMe;
ﬂBO/ﬁ;H Et,0,-78°C,1h ﬂBO’Jh‘;H
(s)-6 (8)-5
99.9:0.1 e.r. 55%
Recryst_ E 91.0:90eur.
99.9:0.1e.r.
c Li
(1.3 equiv.)
TiBO” W H -
i) Me Q ~_R
O~p~ Li
6
°C, 30 mi - TlsoA\“"H ’ 1150/%"”
=78 °C, 30 min Me Me
8 6
R,Bpin (i) RT, 1 h (i) -42°C,1h
7
Re-entry into Bpin Decomposition of
iterative cycle excess carbenoid
Hus
e
Me
9

Matthew Burns, Stéphanie Essafi, Jessica R. Bame, Stephanie P. Bull, Matthew P. Webster, Sébastien Balieu,
James W. Dale, Craig P. Butts, Jeremy N. Harvey, Varinder K. Aggarwal. Nature, 2014, 513, 183-188
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Only three example in the paper

a Li Li Li L
/&qu /!kruH /%"H /&'frH /J‘-rrH
TIBO Me TIBO Me TIBO Me TIBO Me TIBO Me Boin
Bpin Ag/W - = = Ag/W : i i
Li Li Li Li = : = = =
: A ) SR T S
H L H 'H H 11 : ;
N TIBO TIBO TIBO TIBO 9-mer: 10-mer : 11-mer
(R)-10 Me Me Me Me 58% (over 9 steps)
99.3:0.7 e.r. 1 - a7 - o
e
b Li Li Li Li Li
TIEOJ\:M& TIBO/J‘WME TIEI:O/‘%:ME nao"k Me 'rlEs-::r"k""“e
. Bpin
Bpin Ag/W - = = Ag/W
Li Li L Li
. A ) D PR T
‘rllH I‘"H 1'H’H 'rﬂH 13 N N
-10 TIBO TIBO TIBO TIBO S-mer: 10- 11-me
ggﬂ_? e Me Me Me Me 449 (over 9 steps) e '
1 a4 5
!
c _ _
Li Li
ﬂBo"!‘:ME Tleo’Jﬁ;H TIBO)("ME
Bpin = = = Ag/W | - - ‘*II ||
L Li Li i
(R)-16 1130’%"'“9 TIBO/‘!‘WH TIBO/%HME TIBO/%”H 17 : .
98.7:1.3 er. H Me H Me 45% (over 9 steps) 9-mer: 10-mer : 11-mer
o : a7 3

v & A

Matthew Burns, Stéphanie Essafi, Jessica R. Bame, Stephanie P. Bull, Matthew P. Webster, Sébastien Balieu,
James W. Dale, Craig P. Butts, Jeremy N. Harvey, Varinder K. Aggarwal. Nature, 2014, 513, 183-188
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Vicinal Quaternary Carbon Center formation

- O/Sé _/ F _/ oMe  /
son ¢ QP -78°C_ >Ic ~0" 78°CtoRT A/ B pin % 4 L o
pin )\u JN Ph” X PR Ph X
Ph \\.Ph oCb 1,2-migrationph HO < OH < OH
5d

Li-1a

MeMgBr EtO .
2 equiv| RT. >89 er 64% yield 62% yield 39% yield
20m 99:1 dr, >99:1 er 99:1 dr, >99:1 er 99:1dr, 99:1 er
¥ AV N/
/&L' NaOH/H.0, HC / /
§_ Me2B, — . - Ph i Ph
THF, RT,1h 3 & N
Li-1a Ph 83%, 9.1 er s o
2 5¢g 5h
51% vyield 52% yield 32% yield
99:1 dr, 99:1 er 98:2 dr, >99:1 er 98:2 dr, >99.1er
A
R—BMe, L[
sBuli 0.5M Et,0 Ar R R
OCb 1.2 equiv OCb | 1.2 equiv R 2.0 equiv % AP NaOH/H,0, 7
W — ){Li Ar” X W T A
Ar Et,0 ~|Ar Et,0, BMe, E7t§9'c ThRT1H < me, [ 40°Ct00°C.1h ¥
1 -78°C, 20 min Li-1 -96 °C 30 min 2 - ' :
1.0 equiv RT1h 4 5 64% yield

99:1 dr, >99:1 er

Li .
){001-, ent-Li-1
Ar

R
2.0 equiv ’}({‘( - NaOH/H,0, Ar/‘((Ar'
o A 3 40°Ct00°C,1h 3
Et,0,-78°C1h,RT1h Me,B HO

5 56% yield
4 99:1 dr, >99:1 er

Oor

Charlotte G. Watson, Angelica Balanta, Tim G. Elford, Stéphanie Essafi, Jeremy N. Harvey, Varinder K.
Aggarwal.J. Am. Chem. Soc., 2014, 136, 17370-17373
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Cb :
wLi |Li-1a R
R/,(Bne()p MeMgBr R BMe; Ph 1.0 equiv Ar% Ph
AL o Ar Et,0, -96 °C to RT < OH
then [O] 5
Ar= ‘72"
ar 'y ent-Li-1a R
+OCb : 5
MeO Ph’a\ 1.0 equiv A )((Ph
R
Et,0, -96 °C to RT, then [O] H‘:
“ A - 2 \\— 2
4 Ph 4 Ph & Ph ; /4{
o Ao Ao A A
< OH < OH HO < oH :
5i 5j 5k 51 5m
56% yield 70% yield 71% yield 85% yield  74% yield
83:17 dr 98:2 dr, 97:3 dr, 95:5 dr, 955 dr,
>99:1 er >99:1 er >99:1 er >99:1 er
R = Et = yHQ
| Ar” X TPh
Cb Ph
R, Equ y 8j
Ph  Ph A i Ph 6% 98:2d
Ar X rog L 56% 98:2 dr
? z 3 B_C{T-‘\ >99:1 er
BMGZ Li-1a /,_/‘ oCb
R = Et, 4j 7 —{ Ph
R = iPr, 4a | PR N Ph, x
R = iPr < OH OH
5a55%  10%

Charlotte G. Watson, Angelica Balanta, Tim G. Elford, Stéphanie Essafi, Jeremy N. Harvey, Varinder K.

Aggarwal.J. Am. Chem. Soc., 2014, 136, 17370-17373



THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

C2/C4- alkylation of pyridine

Stereospecific arylations of chiral boronic esters:
A) Couplings with electron rich aromatics (previous work)

B(pin) @‘U - ? « fully stereospecific
R R1

* high yields
R™ "R’ then NBS = amenable to tertiary boronic esters

[Br*]-;\ome Bry OMe
via @\@ @\ Nu]
B( B( pln B{

pln)
R "L“ R1
1 2
SeAr 1,2-migration ehmrnatmn

B) Couplings with N-heterocycles (this work)

B(pin) @_Li * N-Ar—Li easy to make

Py : > « amenable at C-4 and C-2 position
R™ "R' thenN-activator ~ R” “R' . fully stereospecific

Proposed solution:
o]

C‘
Cl%R
NN J%
B(p'”}_"’ kB‘p'"’_*%mpm) (E

R
4

N-activation 1,2-m;grahon oxida t.lonfh ydrolysis
and elimination

Josep Llaveria, Daniele Leonori, Varinder K. Aggarwal.J. Am. Chem. Soc., 2015, 137, 10958-10961
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A) C-4 coupling Li

| = R @
N7 B(pin) Li Troc-Cl, THF R
_ 27 L —78 °Cort o F
R-B(pin) ——=——= | —_— ||
THF, 78 °C N? then NZ
HzOz, NSOH, rt 28-35 = = lBO'C
Bh Ph Ph AI‘W Nf N, N
S S NF N 88 81% b
I N-‘ I N7 I N’ I N" N er Qﬁn:d Ar er 98:2 dr311ga'1
100% es 100% es 100% d
28 29 (R)-18 -
82% 96% 95% Ph A
ero7:3 rW ( :N"E!
100% es ) = e
X B3 :
) o S
X N N B
Ph Boc ~ w 43 44 N
\/\.<\ j 82% 70% 45
S F er 97:3 er 96:4 62%
| | | 100% es 100% es er98:2
N N N 100% es
32 33 34
84% 69% 72% N I
er 99:1 er 98:2 dr100:0 er 100:0 >“ =
100% es 100% es 100% ds 100% ds N
\-\_ -
- i -
B) C-2 coupling N Ph
B 47 48
| Troc-Cl, THF il 73% 51%
NZL N, Li®] -78ec-n | = 199’9%' dr 100:0 er 97:3
R-B(pin) —— ||| o —_— i 100% ds 100% es
THF, =78 °C N’ B(pin) then N
. H,0,, NaOH, rt
R 22z N8 (R)-23 36
68% 81%
er 97:3 er 98:2
100% es 100% es

Josep Llaveria, Daniele Leonori, Varinder K. Aggarwal.J. Am. Chem. Soc., 2015, 137, 10958-10961
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Chiral fluorine compound synthesis

4a Bpin —
PNy of. \ é{“\
Al __PMP E/ \ e 0
PMP
6a

(1-3) R g=0
THF, —78 °C, 30 min : 8a | MeCN,0°C, 30min
then rt, 30 min PMP™
solvent switch to MeCN

Selectfluor (7-8, 2 eq),
Additive (1.3 eq),

Christopher Sandford, Ramesh Rasappan, Varinder K. Aggarwal. J. Am. Chem. Soc., 2015, 137, 10100-10103

ArLi:
R! U 4.R'=H,R2=H i — :
@ e, L) wl amn St
entry ArLi Selectfluor additive yield” (%) es“ (%)
1 1 Selectfluor I none 78 37
2 2 Selectfluor I none 61 47
3 3 Selectfluor 1 none 61 59
1 1 Selectfluor 1 styrene 81 89
5 1 Selectfluor 1 4-MeO styrene >99 74
6 1 Selectfluor I 4-CF; styrene 78 87
7 1 Selectfluor I 4-tert-butyl catechol” 67 24
8 1 Selectfluor I l-octene >99 78
9 1 Selectfluor 1 toluene 72 46
10 1 Selectfluor I n-octane >99 33
11 1 Selectfluor I styrene® 89 89
12 1 Selectfluor I styrene® 72 94
13/ 1 Selectfluor I styrene® 83% 100
14 1 Selectfluor II none 728 80
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3 Selectfluor 1l (8, 1.3 eq),
Bpin PhLi o 0 Styrene (0.5 eq), 9
1

— B=0
2
R" "R®  THF, 0°C, 30 min i 3 AMS, MeCN,
4 RIR2 6 Method A: ~10 °C, 2 h 6

Method B: -30 °C, 16 h
solvent switch to MeCN oo 30°C, 16

PMP/\Q PMP/\Q/ Ph PMP/\Q/l\ Ph/\ﬁﬁ’)’\N3 Ph/\i’)/s\oTBs Ph Z

6a 6b 6c 6d 6e 6f 6g
A: 83% yield A: 97% yield A: 91% yield A: 70% yield A: 68% yield A: 73% yield A: 80% yield
100% es 81% es 78% es 55% es 84% es 82% es 93% es
B: 76% yield B: 53% yield B: 45% yield B: 54% yield B: 57% yield B: 73% yield
99% es 95% es 87% es 98% es 97% es 99% es
. U . SN . 5 '
=
Ph CO,'Bu Ph Ph Ph
6h 6, 6k 6l
A: 60% yield® A: 90% yiekd A: 57% yield A: 61% yield 67% yield® R A: 58% yield®
88% es stokers 125 ea e A: 44% yield >99:1 dr
B: 71% yield B: 59% yield B: 51% yield : v :
92% es 92% es 97:3dr 0% es
6
Racemization 9 R?
1 2
R R‘J\/.\Ph . Selectfiuor Il (8, 1.3 eq),
Radical 13 Bpin PhLi % & Additive (0.5 eq), Ph ol
@ONR NR; Comination PR Ph/vw THF, 0°C, 30 min | o 3AMS, MeCN PN |
Phe g _ +PhBpin Styrene = an /\ﬁ Ph
“Bpin \ , @ Radical Trap solvent switch to MeCN "
R"\R2 RIR? RITR ; )
SET 10 1 R temp/°C yield” ratio® B
a n - -
@NR3 Soivent Cage . ; & entry (time) additive (%) 6n:9n es” (6n) (%)
Propagation
e Cycle ;‘Ra 1 25 (1 h) none 62 95:5 52
NRs
+ PhBpin Ph.O = 2 25 (1h) styrene 69 >99:1 56
“Bpin _/geT > “NR, 9 )
g RZ P $5 RIPR2 3 30 (16 h) none 52 97:3 56
6 5 6 —_ .
R, - . e B 30 (16 h) styrene 74 >99:1 64

Christopher Sandford, Ramesh Rasappan, Varinder K. Aggarwal. J. Am. Chem. Soc., 2015, 137, 10100-10103
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R
1) CH,Cly, LDA, 3) /L
THF, -78°C, MgBr R
30 min - ~78°C, 30 min
i — = |Ph > Ph
Ph™ Bpin 2)RT, 1h 4)RT, 1h Bpin

Pd-catalyzed 7 o & ReH s 150)
F I 10: R=Me, 77% (1.7 g
orma
Li Pd(OAC), (2.5 mol%
Th ree Carbon 1 o )\CI Boin Na(zHPC})4((2,6equiv))

) Bapinz (1.5 equiv)
R-Bpin ——— A~ - RTN"Bpin

Logation of 2 P " cuct s s

. A RT, 16h B
Boronic Esters
Oro Substrate Yield of Yield of E/Z®  Product
A% B[%]"
ph/LBpin 86 79 >95:5 Al ~_Bpin

Bpin
O/ 77 72 >95:5 CL/\/BDM
Ph/\/LBpin 86 84 >95:5 Ph/\)\/\/ Bpin
é SN gpin

.Bpin
é' 72 50 >95:5

tBuOf::L fBuOi(O\/\/
Ph Bpin 65 64 >95:5 Ph = Bpin

P Bpin 86 76 95:5  Pho~ o Boin
ph: inin 73 79 >95:5 ;X/\/Bpin

Phillip J. Unsworth, Dr. Daniele Leonori, Varinder K. Aggarwal.Angew. Chem. Int. Ed., 2014, 53, 9846-9850
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2CuCl pinB-Bpin base
PdX,

2CuCl, base—Bpin
oxidation transmetalation

pdY

me Pd'-x
reductive
14 elimination coordination
/l\/iT\
Ph T me BP"‘I

13 Pd"-Bpin Pd"

transmetalation R=HorMe
- Bpln
i)(asr? : LI:JEZII-CI:ILO‘; or OAc C
base—Bpin
Pd(OAc), (2.5 mol%) CD;
D:C—-CO_  O~f-cCb, Na,HPO, (2.6 equiv) (o]
o S S5 ] )\?\/é
8 Bpin od © % p, CuCh@Bequv  Ph 0 b
: . THF, RT, 16h [Dg]-11
(1equiv) (1.5 equiv) 49% yield

90% D incorporation

Phillip J. Unsworth, Dr. Daniele Leonori, Varinder K. Aggarwal.Angew. Chem. Int. Ed., 2014, 53, 9846-9850
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B 1 2.metallate shift to sp® centers c electrophile-induced
1,2-metallate shift to sp? centers
Lo v L E*
- L-..?_;A _9.,, E’b\ o ;;’L\{ L,B "'._I E“
Merging the R X A LB -
. "ate" complex A=C,N,O R
Metal catalysis
An d 1 ’ 2 -m et a.l I a.t e D meta!-fnduc;f:,z-metaﬂate rearrangement
. . t, ( - ':'.. MLn
Migration Ge=< - B
R
Er e s
Ar-X P a7 Bo

=
o LE
Pd @ O
P X \,M X
I P Ar

trans-
C ‘Pd conjunctive coupling P%Ar R metalfatran( p' d F{

cycle p’ \/,,-KBG T Tt
" Ly C F' Ar !
;\ P ’Ar BL2 _/ :
( metal-induced ¥
\/j\ metallate —
Ar rearrangement r=
R g or Suzuki-Miyaura
conjunctive products
coupling Ar

L. Zhang, G. J. Lovinger, E. K. Edelstein, A. A. Szymaniak, M. P. Chierchia and J. P. Morken, Science, 2016, 351, 70.
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Me
L® Me Me 1o pd(0Ac), = _ph
0...0 1.2% (S,S,)-L1 MeO P Fe

B|\ 000 R2OTI OH - 2 QQNMEE Me
£ >_' F“'BK THF, 60 °C,14 h R' Me P P OMe
RY-Li X then NaOH, H,0, (S,SH1  NMe, )

Me

OH OH OH OH OH

Ph : ‘_ _Ph ‘_ _Ph Me;Si_ _~_ _Ph
Ph" ipr PR n-Bu” hexyl” >~ eI

1: 83% yield 2: 66% yield 3: 77% yield 4: 74% yield 5% 48% yield
97:3er 93:7 er 98:2 er 98:2 er 88:12 er
oM F. Me M
Ph Ph Ph Ph Ph
6: 68% yield 7: 84% yield 8:51%vyield 9%:51%vyield Me 10" 44% yielda Me
97:3er 97:3er 946 er 96:4 er 70:30 er
OMe CHO
oM
Ph O pn OMe Ph Ph Ph

11: 49% vyield 12: 83% vyield 13: 68% yield 147 73% yield 15" 86% yield
98:2 er 98:2 er 96:4 er 95:5 er 97:3er
b 1% Pd(OAc)z ;

L 1.2%(5,S,)-L1
: '“\\ IO OH :
] B(pin) b m x\E j |
©/ THF, 60 °C,14 h D H !
: then NaOH, Hz02 34: 57%yield !
' 82:18 er, =20:1 dr :
' Z>paL, - (PnB :
; ) T P .
; D., — D H :
' H  B(pin) B :
' A Ph :

L. Zhang, G. J. Lovinger, E. K. Edelstein, A. A. Szymaniak, M. P. Chierchia and J. P. Morken, Science, 2016, 351, 70.
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01{4
Z  R==0

Ph/j\Et

Expected

o = 5-8 ppm
Not observed

B

lff’/"

Ratio of 8 : 2a

n=1 30:70

n=4 100:0

[ Yield of 11a
n=1 26%

n=4 66%

~ MeONa

Ph” \Et MeOH
11a

Ph

\Et

10

—

o
Z > MgBr

ﬁ,
?
Mg ~0

Preferential
migration

of tertiary
alkyl group

O °
g
Ph)\Et

——13 ppm

-78 °C| I3

@1 @ \\

Ph

- 9

« Et
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F
Et, BFsK  TMsCl Et BF2  4c DCE_| Fu ReN.
M DCE X 70°C,5h SBNON
Ph °C, Ph
Sl-2 EM

F F 1Maq.
\ ® R ®,R
© —H* F““\I\BE) N NaOH,

F~B=—NH T NaG Et O
—_— —_—

R = ¢PrCHs- 72% vyield
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Class | oH
HoH @ —
\/'T \""ﬁ.’:} RZ&/\
g 1O z

+
)
N
QO a
T
o
I""";"
Py
M
\ [ -
O
O
]
: ++
v
1)
X
O
I
g/—
A

Class Il = 1

+
o)
%]
(@]
T
O
I
‘\
7/§ i
s,
@]
e}
-~
¥
A
:j
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Class Il

R? — TS5
3 . i,
! 1
2 : O OH
+ R2CHO ! HoWg ZJ\/\\
[V =g
ﬂRE | O - R
i R’ | 9




