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Introduction

Allyl boron reagents

* Important tool in the synthesis of natural products
« Allyl addition of organoboron reagents to carbonyl compounds are highly

diastereoselective
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« A number of reagents for enatioselective allylation were developed with chiral ligands at

the boron center
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 Few protocols were developed in which the chiral center is a structural component of the

allylic unit
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V. Aggarwal, G. Y. Feng, A. T. Schmidt, J. Am. Chem. Soc. 2005, 127, 1642-1643

Y. Yamamoto, N. Asao, Chem. Rev. 1993, 93, 2207-2293
Stephan Elzner @ Wipf Group 2 1/14/2007



Allylboration of Imines

- Enantioselective allylation of cyclic imines

5 toluene
-78°Ctort

CFs Proposed transition state
entry imine product yield“ (%)  ee (%)°

1 la (Rl _R H) 929: 95 — '__.7:'7 e
2 1b (R' =R*=OMe) 78 98 i
3 Le (R', R? = OCH;0) 3c 86 98 e
4 1d (R'=R*=CI) 88 95¢ B
5 le (R' = H, R? = NO») 90 99 TS, ifavored) TSg (disfavored)

N N

R
6 1f (R=H) 80 94
7 1g (R=Ts) Jg 84 94
8 0’ 1h yre L e 91

NB

9 i CW i o 92 T.R. Wu, J. M. Chong, J. Am. Chem. Soc. 2006, 128, 9646-9647
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Application:

Coniine
Neurotoxin found in poison hemlock

2h
O‘ toluene/THF, -78 °C~rt Cf;tfl\
then Ho/Pd, HCI
1h 5: coniine’HCI

81% yield, 91% ee

Crispine A
Alkaloid with antitumor activity

(1) 9-BBN then
H;0,/NaOH

57% in 2 steps 4: crispine A

™ MeO

{2) PPhs, DEAD %J

Synthesis of Alkaloids

 ent-Corynantheidol

'NH
C[\ L) Ec CH(Br}CH{,Hg
N
Ts

COOEt
3g (94% ee)

8 HG
9: ent-corynantheidol

@ Reaction conditions: (a) (£)-HO>CCH(Br)CH2CHs, DCC. CHxCla: (b)
0s0y4, NalOy, 2.6-lutidine, 1.4-dioxane/H,0: (¢) PhyP=CHCOOEt, CH,Cl,.
82% for 3 steps: (d) n-BuLi (1.2 equiv), THF, 63%: (e) LAH (15 equiv).
THF. 79%

T. R. Wu, J. M. Chong, J. Am. Chem. Soc. 2006, 128, 9646-9647
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Examples for Enantioselective Allylboration in total synthesis

- (+)-13-Deoxytedanolide
F,DF"I'u'IE aPMB
r OH Me Me
Ae 1) 080, NMO o OH
/j\/[ E}NaID., )\/ Y\/‘\
P — O OMe O
cower” ~F Me Me Me ¢ Me Z ™ Me
DEIPSG 'G cowPr  DEIPSO W!\/LTI/\'/ “Me

()-8 (68%, 3 staps) (-)-10 OH 0O R O

H = H 13-deoxytedanolide (2)

A. B. Smith, C. M. Adams, S. A. Lodise, A. P. Degnan, A. B. Smith, J. Am. Chem. Soc. 2003, 125, 350-
351

- (+)-Brasilenyne

Et,0, -95 to -100 °C,2 h, . m—

then ethanolamine, 89%
OPMB OPMB

NECURN O
J;r J

S. E. Denmark, S.-M. Yang, J. Am. Chem. Soc. 2004, 126, 12432-12440
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1,3-Disubstituted Allylboronate

Aldol addition to chiral a-substituted allyl boronate compounds

Ph

Ph
OMe
0 OMe

R\‘/\/é\o lﬁhph

OH

MeC(OEt)s
cat. EtCO,H

135°C

MeC(OEt);
cat. EtCO,H

135°C, 48%

R\ _B*
g/\;/ R ~"co,Et
Y 2
OEt B*

single diastereomer

Johnson rearrangement R:Mﬁ ggz//"
. 0
OH
R "coEt  PhCHO - X
B CH,Cly, rt =
o o Ph Ncoet
PhPh F,hPh 84%, 91%ee

J. Pietruska, N. Schone, Chem. Eur. J. 2004, 5011-5019
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OH
PhCHO
Ph” Y
CH20|2, rt F_)h
R=Me : 95%
Ph : 65%

CO,Et

>98% ee
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a-Substituted Allylboronates

- One-pot double allylboration with a 1,3-bifunctionalized boron reagent for the diastereo- and

enantioselective synthesis of anti-1,5-diols

OB(‘Ipc), |

Ph
Ph R'CHO R2CHO OH o o
Ph ?3 e _Bp0) (0.82 equiv.) RS (1.7 eqiv.) OH R, ro
PH 07N 2 CH,Cl,, -78°C oo rt, 24h RS NF Ph |

Ph 1 Ph’ “"B\ R\

P Bhpn 0=

a-substituted allylboronate

R, R? = Ph, Ph(CH,),, (CH3),CH, CgHj

72 -95%, 91 - 95%ee

- Application: Synthesis of C(43)-C(67) fragment of Amphidinol 3

Ph 0

Ph B 7T 4 OH 43

Ph>zLo‘ O 0B(pc) O 0O OH
o ~B~_B(Ipc) < 2 o) O 0

PR~ OO T 2 : 50 -
TBDPSOA CHO TBDPSO%\ TBDPSOA _— o*
Y CHzclz, -78°C (] /B\ CHQClz, rt e)
o o o
Ph 70 - 80%, dr 9:1
L P e pn

protected C(43)-C(67)
fragment 1 of AM3

E. M.
J.D.
7

Flamme, W. R. Roush, J. Am. Chem. Soc. 2002, 124, 13644-13645

Hicks, E. M. Flamme, W. R. Roush, Roush, Org. Lett. 2005, 7, 5509-5512
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Aggarwal: Preliminary work

- Enantioselective synthesis of secondary alcohols and amines using chiral organoboranes

generated from sulfonium ylides

BF,

S+/\©\ 1.2 eq. LIHMDS
dioxane, THF, 5°C
R? e}

O,
Mechanism
X [ Bu Bu
HY ,
H- X H H
<\ N - "\,\\'ﬁ‘/l&ﬁjeu
2 ANLE BBu, /1 /S Ph H BBu,

L \ .y >\

o Si face Ph Bu
= O=
inaccessible )

BR, : ~k
R1

8

BR;  H,0, NaOH

70 -87%, 95- 96%ee

NH,0SO3H R' = Et, nBu, Ph

R =H, Me, ClI

68-72%, 96-97 %ee

V. Aggarwal, G. Y. Feng, A. T. Schmidt, J. Am. Chem. Soc. 2005, 127, 1642-1643
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Main article: Synthesis and application of a-substituted allyl boranes
- Synthesis of the sulfonium salt

BF,
1) PPh, . .
i / BnBr o~
:’jelcf)l)lj?(nglg/zoo hv @ 1) PdS/C, H, NaBF, (aq.) S Ph
O 2)PhcOCH,CI 0 \ ©°| "% © 2) ecryst. o CHCly o
SOLl " k,Co,, 82% S—>7Ph b

o endo/exo 20:1
- Aldol addition to a-substituted allyl boranes

48% overall

BF,
1) LIHMDS, -78°C .
S* > Ph THF/CH,Cl, PhY\/R OH » Excellent enantio- and
30 min PhCHO : . ..
B (\‘/\ph diastereoselectivity
0 \ -100°
2) 100°C bn R . -
* High Z selectivity
\
B\L 9 « Chiral sulfide recovered (>90%)
-100°C g « Side reaction (< 20%):
OH
Entry R Yield (9)  Z/EP dor [%])P9 ee[34] Ph
(%)
1 nBu a 79 15:1 =95 - 99 HO
2 Me b 81 40:1 ~95 > 99
3 Hc 61¢! ~40:1 95 ~99
4 TMSOCH M d 6104 ~40:1 95 ~99
5 AcOCH,CH,e 721 ~40:1 =95 ~99

V. Aggarwal et al, Angew. Chem. Int. Ed. 2001, 40, 1430-1433

V. Aggarwal, G. Y. Feng, A. T. Schmidt, Angew. Chem. Int. Ed. 2007, 46, 359-362
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Mechanism
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Aggarwal, Angew. Chem. Int. Ed. 2007, 719, 363-366
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Expansion of Methodology

- Other enatiomer acessible via borane-isomerisation/aldol sequence

BF, . .
N 1) LIHMDS, -78°C

Ph THF/CH,Cl,

1
‘%p,.g"ﬂii _____ N ~R" phcHO
ot 3 Ph BR, -78°C
R !
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Ph\(\/R
30 min

Phz~_R' PhcHo

8 g

Ph R OH
\/\( PhCHO :
- B Ph/Y\

4 78°C
-100°C to 0°C ﬁ R Ph

15

Entry R Yield (15)  Z/EM dr [28])P9 ee [36]
[%6]"

1 nBu a 31 10:1 =95 =99

2 Me b 76 30:1 =95 =99

3 TMSOCH, d 4914 =>30:1  >95 =99

4 AcOCH,CH,e 56l 13:1 =95 =99

OH

Ph™

V. Aggarwal, G. Y. Feng, A. T. Schmidt, Angew. Chem. Int. Ed. 2007, 46, 359-362
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Application: Total synthesis and structural confirmation of
(+)-iso-agatharesinol
(+)-1so-agatharesinol: Nor-lignane, isolated from asparagus gobicus (2004)

Confirmation of relative stereochemistry (racemic)
1) LIHMDS, -78°C

BFs THF/CH,Cl, .
C + 30 min 1) LiBH,4
2) 2) TBAF — matched NMR data
\B \
OPiv | OPiv OTBS
0,
-100°C 78%
OTBS
3) TBSOCH,CHO 1) DEAD, PPhs
p-N02C5H4COZH
2) LiBH,
3) TBAF

Asymmetric total synthesis

1) LIHMDS, -78°C

S* THF/CH,CI,
30 min
OPiv

OPiv OTBS
100°C 72%, > 99%ee

OTBS
3) TBSOCH,CHO V. Aggarwal, G. Y. Feng, A. T. Schmidt, Angew. Chem. Int. Ed. 2007, 46, 359-362
C.-X. Yang, S.-S.-Huang, X.-P. Jang, Z.-J. jia, Planta Med. 2004, 70, 446-451
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Conclusion

A stereocontrolled synthesis of a-substituted allyl boranes was
developed

Subsequent aldol reaction yielded Z-configured homoallylic
alcohols in excellent enantio- and stereoselectivity

The methodology was expanded via 1,3-borotropic
rearrangement and subsequent aldol reaction

Applied to the first total synthesis of (+)-iso-agatharesinol
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