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In Fin Res... (aka Gouldian 1.ogic)

Problem #1: Devise a short, enantioselective synthesis for the following molecule

OMe



Alkene-Transition Metal Interactions: Primer 1

* Historical Perspective: Ziese, 1830
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Rovis T., Johnson, J., ACIE, 2008, 47, 840-871



Resolution of Racemic Dienes using Transition Metals
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Olefin Binding Constants with Nickel

Fl’(o-ToI)3
_Ni_ + alkene
(o-Tol}sP P(o-Tol)s

Keq (0-Tol)P, R

INi—W + P(o-Tol)s
(o-Tol);P

Binding affinity K

O N
Ovo> ZCN > ZPh > < “nBu >HSC/\

nPr
4.0x10° 4.0x 10* 1.0 x 101 5x 10" 2.3x 103
6.2 x 1072 26x 1072 2.3x1072 3.5x 104

Scheme 4. Binding affinities of substituted and cyclic olefins to a Ni°
complex. o-Tol = ortho-tolyl.

Tolman, C. A. JACS, 1974, 96, 2780
Tolman, C. A. Organometallics, 1983, 2, 614



Palladium Dibenzylideneacetone Dertvatives

. , PHi L. Ph
[Pd%dba)L,] = [Pd’L,] + dba —— Pd
I
MeO OMe MeO H F
MeO—(E §> > (E E) > <£ E) > (E E)
R R R R

O

R= /EW\AF

Scheme 11. Relative reaction rate for oxidative addition of substituted
[Pd(dba),] complexes. L= PPh;,.

Mace, Y.,Kapdi, Y., Fairlamb, I. J. S., Jutand, A Organometallics, 2006, 25,1795



Selected Examples of Olefin Ligands in T.M. Catalysis

. C
CO,Et [Co(acac),] (7.5 mol%)
+ PhCu(CN)MgCl  DME/THF/DMPU (6:3:2) CO,Et
Bu,NI (4 equiv), 80 °C O
0

o tve: o
. (10 mol%) _ Additive: none 21 h, 42% conv.
+ [{PivO(CH Z >
BUMI [{PivO(CH,)5},Zn] THF/NMP. 35 °C Bu)L(\/)OPlv

82 83 6
F.,C N 84 76% /©/‘\ 15 min, 100% conv., 77% yield
m 20 mol% F 20 mol%
|
. Pd(OAc), (10 mol%) nBu
K,CO,, DMF, RT

nBul =
+ _ \ CO,Me
o (1 equiv) nBU

88, 93%
ﬁj\OMe

[Ni{acac),]

Rovis T., Johnson, J., ACIE, 2008, 47, 840-871



Rh-catalyzed 1,4-Addition Reaction

O

acac-H [Rh]—Ph \8

slow

O

e [Rh]—)
[Rh] ) path a path b

PR

O
fast
H,O H,O
[Rh]—OH 0

acac-H

Ph
[Rh] = Rh((S)-binap) U

PhB(OH),

“It should be noted that the enantioselectivity is significantly lower
with the rhodium catalyst generated in situ by mixing [Rh(OH)(cod)]2
with binap ligand, because the exchange between cod and binap is
not fast enoughand [Rh(OH)(cod)]2 possesses catalytic activity
toward the 1,4-addition reaction.”

Hayashi, T. et al JACS 2002 124, 5052-5058



Chiral Dienes 1: Hayashi

Ph
P = |

(R,R)-1

Ph

Ph

RB(OH)2  [RhCICH ) o/( RR)-1
. 3m-q (3 mol% Rh, 1/Rh = 1.1)
! | + or = '

’

(RBO) KOH (50 mol%) P
am-q dioxane/H,0 (10/1) -7 R
2ae 20-50 °C 5
O 0 0O 0 -
/L Conditions:
| © | 2 eq Boron Reagent
- 2 2 2d 2e Yield >85 % most cases

“R = Ph (m), 3-MeOCeH, (), 4-MeOC4H, (0), 4-MeCqlL; (p). 3-CICeHL e.r. > 16/1 all cases, most 49/1 R/S
(q), 4-CF3CeHy (1), 4-FCeHy (s), 2-naphthyl (t), (£)-n-CsHj1CH=CH (u).

Hayashi, T. et al. JACS, 2003, 725, 11508-11509



Structure

FIGURE 1. ORTEP illustration of [RhCI((R,R)-Ph-nbd*)], (5¢) with
thermal ellipsoids at the 50% probability level (shown as a monomer
for clarity). Selected bond distances (A) and angles (°): Rh(1)—ClI(2),
2.4001(6); Rh(1)—C(1), 2.080(2); Rh(1)—C(2), 2.127(2); C(1)—C(2),
1.407(3); C(4)—C(5), 1.414(3); C(2)—Rh(1)—C(5), 81.94(8); C(1)—
Rh(1)-C(4), 81.19(9); C(2)—Rh(1)—C(4), 67.64(9); C(1)—C(2)—C4)—
C(5), 1.1(2); C(1)—C(2)—C(14)—C(19), —179.7(2); C(4)—C(5)—C(8)—
C(9), 166.4(2).




Hayashi Diene Synthesis

1) HSIiCl;, APC
R-MeO-MOP
(1 mol % Pd), 0°C

4

b) H,O,, KHF,
THF/MeOH

5) a) LDA, THF

0 b) TfoNpy-2
\J:ﬁ (81%)
0
<, 6) PhCHZMgBr/EtZO
O PdCl,(dppf)
(1 moI %)

(97%) (76 mg PTLC)

MeO l i
L-k

- (R)-MeO-MOP

O
2) a) MeOH, Et3N

3) Me,S0, (COCl),

Et;N, CH,Cl,

N

4) HOCH,CH,OH

TsOH

- o

7) dil HCI/THF
(94%)
) LDA, THF
szpr -2

(70%) \/@/\Ph
> Ph
9) PhCH,MgBr/Et,0

PdCl,(dppf)
(1 mol %)
(45%) (24 mg PTLC)



Rationale for Selectivity
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Bicyclo-[2.2.2]-octadiene Chiral Diene Ligands

45620 a) /ﬁ@*OTf b) &R

O TfO R

(R,R)-diketone (1) (R,R)-ditriflate (2) R = PhCHy: (R,R)-Bn-bod*
R = Ph: (R,R)-Ph-bod*

[RhCI(CoHyg)olo/L"

N/TS , (3 mol % Rh) HN/TS 3a: —Ar’ =@—C|
Y + (Ar2BO)g 54

H KOH/H,0 Ar

3a-h am-p dioxane, 60 °C, 6 h 5 e A =©

~—

\/

yield (%)? % ee’

entry imine3  boroxine 4 ligand of amine of amine?
1 3a 4m (R,R)-Ph-bod* 96 (Sam) 98 (9)
2 3a 4m (R,R)-Bn-bod* 98 (Sam) 94 (5)
3 3a 4m (R,R)-Bn-nbd* 98 (5am) 92 ()
4 3a 4m (R)-binap 28 (5am) 31 (S)
5 3a 4m (R)-segphos 30 (5am) 70 (S5)
6 3a 4m (S)-phosphoramidite 44 (Sam) 6 ()

Hayashi, T. et al. JACS, 2004, 126, 13584-13585



Cyclization Chemistry

[RhCI(C2Hy)2)2
L (7 mol % Rh) Me
BnOTMG + PHBIOH ligand (7.5 Mol %)  gnO
B0 CHO OH2 —6h (0.3 equiv) o
dioxane/H,O (10/1) BnO OH
1a 3.5 equiv 60 °C, 4 h 2a
[RhCI(C2Hy)o]2
o (7 mol % Rh) R
—R (S,5)-4 (7.5 mol %) ‘
+ -
( ABOH): = 5103 equiv) Ar (1
\O dioxane/H,O (10/1) OH
3.5 equiv 60°C,4h up to 89% yield

B up to 96% ee

[Rh]—Ar\ / [Rh]—OH
R H,O

Ar R
m— L%
A o-[Rh]
/ Ph pPh Q _ 0] _
Ph Ph

Hayashi, T. et al. JACS, 2005, 127, 54-55




Effect of COD

[RhCI(C2Ha)2lo [Rh(OH)(cod)]> R

. (7 mol % Rh) o
BnO — Me ligand (7.5 mol %) + PhB(OH) (7mol % Rh) oh
+ PhB(OH), KOH (0.3 equiv) - 2 dioxane/H,O (1 0/1)
BnO CHO BnO 60 °C, 4 h

dioxane/H,0O (10/1)
1a 3.5 equiv 60 °02 4h 3.5 equiv OH
M Et M
entry ligand yield (%)? e e
BnO Ph BnO Bh Ph

1 (S)-binap 24

2 dppp 23 BnO OH  BnO OH OH

3 dppb 20 2a: 76% vyield 2b: 93% yield 2¢: 76% yield

4 dppf 27 " -

5 PPhs 20 MeO,G

6¢ cod 73 MeO,C Ph TsN Ph

]
7 cod 76 o on

2d: 75% yield 2e: 64% yield®



Cyclization Scope

[l(:{7hC|(|Cf/H|4q)ﬁ%2 R
- mol %
BnO — R ligand (7.5 mol %)  BnO Ar
R +  ArB(OH), - ]
BnO KOH (0.3 equiv) BnO iR
dioxane/H,O (10/1) OH
O 3.5 equiv 60 °C,4h 2
1a: R=Me, R'=H
1b: R=Et, R'=H
1f: R =Me, R' = Me
yield ee
entry  substrate Ar ligand product (%)2 (%)P
1 1a Ph (S)-binap 2a 24 76 (5)¢
2 1a Ph (R.R)-3 2a 76 94 (R)¢
3 1a Ph (5.,9)-4 2a 78 95 (8)°
4 1b Ph (5,5)-4 2b 89 94
5 1a 4-MeOCgHy (5,54 2a-MeO 71 93
6 1a 4-FCe¢Hy (5,5)-4 2a-F 77 93
7 1a 3-ClCeH4 (5,5)-4 2a-Cl 71 96
8 la 2-naphthyl (5,9)-4 2a-Np 78 96
9 1f Ph (5,5)-4 2f 89 75




A Very Interesting Extension (?)

Et
MeO,C — Ft [Rh(OH)(cod)]> Ph
Me (7 mol % Rh)
+ PhB(OH), —
MeO,C dioxane/H,O (10/1) MeOxC Me
70°C,5h
5 3.5 equiv .
6: 88% yield

Propose a mechanism for this transformation, and then why is this
transformation/product potentially (& unrecognizedly) important?

(2)



With Unsaturation...

R
MeO,C — R MeO,C Ph
+ PhB(OH), — »
MeO.C \ (3.5 equiv) MeO,C x> EWG
1 EWG 5
Entry Substrate R; EWG Yield [%]® ee [%6]9  [a]? (in CHCIy)
1 Ta Et; CO,Me 93 99 —65.8 (¢=0.97)
2 1b Me; CO,Me 86 99 67.0 (¢=0.97)
3 1c Et: COEt 89 99 73.5 (c=1.02)
4 1d Et; COPh 87 90 —90.2 (c=1.45)

[a] Conditions:  [{RhCI(C,H,),}]

(6 mol%  Rh), (S,5)-Bn-bod*
(6.5 mol %), KOH (0.3 equiv), dioxane/H,O (10:1), 60°C, 4 h. [b] Con-

taminated with up to 10% of 3 and 4 (& 1:1) in all cases. [c] ee values
were determined by HPLC on a chiralpak AD-H column.

= §

H
Et MeOQ,C —=Et
MeOzc&Ph MEOEC e 2 Ph
MeO.C
MeO,C COMe  MeO,C o \—CO,Me
2a CO,Me 4a
3a

(S)-binap 23 (95% ee) 22 45
dppf 3 9 32
(S,S)-Bn-bod* 83 (99% ee) 5 5
cod 72 3 8

Hayashi, T. et al. ACIE, 2005, 44, 3909-3912



Formal “[4+2]-like” Cyclization

[{RhCl(ligand)},]

Ph
MeO.C —Ph (5 mol% Rh)
ez >< AgSbF, (10 mol%)  MeO,C : fj'\"e
Ph
CH.,Cl,, 25°C,1h
MeO.C N/ Me 2Ll MeO,C : Me
H X
1a 2a L
H ﬁ/ Rh
Ph reductive
Ph‘@* \ Bh ﬁQ elimination
ph PN Ph
(S,S)-Ph-bod* (S,S)-Bn-bod* (S,S)-Ph-bnd*
87% vield. 94% ee 86% vield 5% ee 58% vield. 35% ee : Ph
H
1 = B x 4—/
- n . .
1,3-allylic X Rh oxidative
migration H - cyclization
0.8 suprafacial =
(sup ) A “\

Me

Rh = [Rh((S,S )-Ph-bod*)]SbF,
X = C(CO-Me).

0.6

conv.

04

0.2

t/ min

Figure 1. A plot of conversion versus time for the reaction of 1a (initia
concentration: 0.10m) in CH,Cl, (3.0 mL) in the presence of a

rhodium catalyst (2.0 mm Rh) and AgSbF; (3.9 mm) at 25°C. Hayashi, T. et al. ACIE, 2007, 46, 7277-7280



Stereochemical Rationale (Methyl center)

D% H
e | —
k ; 4 M\
l;::'.'.l X b Me
A (3S4R) M€ H
Ph
Me
o3
¥
(3R,6S)-2a

(X = C(CO,Me).,)




A Little More Synthesis

R*NHNHS,,
cat NaOAc
cat AcOH 1) 20% H,SO4

@)
© EtOH, reflux /N“NHR* reflux
> *RHN. 2 , -
) Rx from MeOH N 2) Rx'd from EtOH O

(12%) (4.5% from rac)
1)LDA, THF RMgBr
2) TfoNPy-2 OTf R
)RRy PdCly(dppf) _
0 TfO (59-78%) R

Hayashi JOC, 2005, 70, 2503-250:



Grutzmacher’s Resolution

O O
OO Me,SiC=N, O.O
_—
1 2 3
s . CCo
CeCl, / RMgBr [Rh,(u-C1),(CO).] AaX .
] ) @ R4ab enc . MeCN _NCMe I™ X
thf R “: - - > 2 ’,Rh\
~Rh ,,R NCMe
3a-¢ b
5a,b R-6a,b

S-6a,b

a b
S-4a,b "7
I | I XEOT S
MeO

R R
- O

R-4a-c¢ S-4a-c¢

(3]

Grutzmacher, H. Organometallics, 2005, 24 2997



Grutzmacher’s Resolution, cont’d

NH
Q Ot a0
NCMel"OTf ™ 5 1) 40
!'Rh\
’ﬂ pr, NCMe CH,Cl,
R-6a R-[R-(+)]-11a
S-6a

S-[R-(+)]-11a

EtOH / n-hexane

+ _
T OTf
rore- 5 (1)
/,NCM] OTf -—N2
N
NCwe U0
R-[R-(+)]-11a
FPhB(OH). @] @]
1 mol% R-6a ij\
- [ ] +
KOH .""rph Ph
16 dioxane _
81% R-17 19% S-17  (62% ee)
oM O
0 Rh



Hayashi’s 1,5-Diphenyl-1,5-COD Ligands

Br Ph
PhMgBr (4 equiv) [RhCI(C2Hy)olo
PdCl,(dppf) (2 mol %) (1.2 equiv)
Et,O, reflux benzene
90% yield 99% vyield
o y oh > yie
Ph-cod (1)
Ph

(R)-4 (1.0 equiv)
[Rh(Ph-cod)((R)-4)]BF 4

S Rh))( \(Rh\\

[F{hCI(Ph-cod)]g (dl-2)

AgBF, (1.1 equiv)
CH,Cl,
>99% vyield

a mixture of
diastereoisomers (3)

-4: (R)-1,1-binaphthyl-2,2'-diamine

PhH
recrystallization conc HCI
4 8 N ‘ ' BF,
THF-benzene \/ MeCN
29% (58%) yield 96% yield
[Rh( 1R5R) Ph-cod 4)1BF4

(R,R)-3 (>99% de)

Ph
AgBF, +
- 7 NeMel o
\ Rh>)( (1.2 equiv) R \\Rh/\ BF,
// MeCN /7 "NCMe
>99% yield Ph

>99% ee) (R)-5 (>99% ee)

Irl-
-, I

3 o,
= 1) | "'}'1'52:-3,
N, - 27 'E '«._El
T )
Cal_, —
T {rn{ |
|
| _.-'a Rh o ,.fl'-
( T .
P &) .
| S 4

Rh-C1 =3.03 A, Rh-Cat = 2.14 A, Rh-CB = 2.09 A
£C1-Rh-C1' = 149°, £Cu-Rh-Ca' = 93°
£Cp-Rh-Cp' =93°, £Ca-Cp/Ca'-Cp' =9.4°

bite angle of the diene coordination = 89°

Hayashi, Org. Lett. 2005, 7 5889-5892



Addition of Phenylzinc Chloride to Cyclic Enones

O O

(R)-Ph-cod/Rh (3 mol % Rh)
Me3SiCl (1.5 equiv) H*
’@ + PhznCl & - X
(1.4 equiv) THF, 0 °C, 20 min ‘

Ph

6a-d (R)-7a-d
O 'e) 0O O
Do Ve T
6a 6b 6¢c 6d
catalyst

entry substrate (3 mol % of Rh) yield (%) of 7° % eec
1 6a (R)-2 89 81 (R)
2 6b (R)-2 89 87 (R)
3 6b (R,R)-3 92 90 (R)
4 6b (R)-5 80 90 (R)
5 6b (R,R)-3/(S,R)-3 (1/1) 91 14 (R)
64 6c (R,R)-3 86 96 (R)

7 6d (R,R)-3 99 98 (R)



Catalyst comparisons

1,5-cyclooctadiene framework

Ph Ph-bnd* Ph Ph-bdd*

Figure 1. Chiral dienes.

Rh-C1=3.13A, Rh-Co. = 2.19A , Rh-CB = 2.09 A
/C1-Rh-C1' = 137°, /Co-Rh-Co' = 87°, ZCB-Rh-Cj' = 103°
ZCa-CP/Ca'-CR' = 23°, bite angle of the diene coordination = 89°

[RhCI((R,R)-Ph-bnd")]»

N \ (3 mol % Rh) N
Ar1)LH + (ArBO) KOH/H,0 Ar1)\Ar2
dioxane, 60 °C, 6 h 95-99% ee

—end N\ nn >94% yield

Rh-C1=3.05A, Rh-Ca.=2.13 A, Rh-CB=2.10 A
Z/C1-Rh-C1' = 132°, LCu-Rh-Co' = 81°, ZCB-Rh-Cf' = 80°
ZCa-Cp/Ca'-Cp' = 1°, bite angle of the diene coordination = 72°

Figure 5. Selected bond distances and angles for [RhCl(Tol-bnd* 2b)],

(upper) and [RhCI(Ph-bod®), (lower). Hayashi, T. Org. Lett. 2005, 7, 307-310

Hayashi, T. Tet. Asymm. 2005, 1673-1679



1 more application...

Ar2B(OH), (1.5 equiv)

2
[RhCI(C,H,)2l5 (3 mol % Rh) Ar Ph J\
Arw/ycogr\ne (RR)-Ph-bod” (3.3 mol %) ArverOzMe Me N
CN KOH (20 mol %), H,O (1 equiv to B) CN OH )\
dioxane, 20 °C, 1 h _
>90% yield 96~99% ee (R)-Tolterodine

Hayashi, T. Org. Lett. 2008, 589-592



Carreira’s Diene

Me OMe
/4
Me 1 Ar
OCOMe IrCI(COE OCO-Me OPh
)\/ [IrCI( )2]2 - /\/ . )\///
R 0 0.5 eq PhOH R (R)2 R 3
R =aryl, alkyl CH2Cl, 1t up to >98% ee  45-92% ee
Me Me OMe Me OMe
1. NBS, 1. LDA, PhNTf;
MeOH 7 2. ArZnCl, cat Pd /i
—_— o
o 2 tBuOK, ~ Me g Me
{-BUOH 8 1a-1d Q
Me + diastereomer
(-) carvone
1aR=H,1b R =FPh, 1c R = OPh, 1d R ={Bu R

Carreira, E. JACS, 2004, 126, 1628-1629



Ph
OCO,Me

(S)-carbonate

Fast¢

Model For Selectivity

H

OCOsMe
(R)-carbonate

Slow ¢
R

Ph




HsC

H3;C

Me

Me

87%
95% ee

Carreira Diene: Generation 11

[Rh(C5H4)-Cl]» (1.5 mol %)
# (3.3 mol %)
KOH (0.5 equiv)
dioxane/H,O
25°C

OMe Me OMe
.ﬁ‘/\‘

91%
88% ee

PhB(OH),
2 equiv

Me OMe

/
J",

63%
93% ee

@)
Ph
Me OMe
b /
Me
91%
91% ee



Complementary Synthesis

1. R®MgBr, Et,0

_ _ 1. NBS, CH,Cly,
or j-BulLi IVIeOH

X /:\
9a R3=j-Bu 52 %

L-(-)-carvone (8) 9b R3=Ph 77 %

. 1. LINEt,, PhNTf,, THF
OMe 5 pd(OAc),, PhsP, HCOLH, D

- 3 OMe
2. PCC, CH,CLR O 2 £BuOK, THF ?

10a R3 = j-Bu 54 %
10b R3=Ph 68 %
LDA, THF

R4 Bror
n-Prl



15

none boronic acid yield'[%] ee [%]
(0]

O,
@ [ —pn 83 96 (S)

Q

(HO)zB\©\
OMe 85° 96" (R)
14

(HO),B

MeO 93° 94 (S)
o 5

(HO),B 96 97 (S)

(HO),B
94° 97 (S)

F

0
é PhB(OH), 91 94" (R)
(PhBO), 95 97 (S)
(HO),B cl

i \©/ 08° 95°(R)
(HO)zB\/\Ph 97 9O|>(R)

Scope

Ph,N

PhB(OH),

PhB(OH),

PhB(OH),

14

15
PhB(OH),
PhB(OH),

81

30

43

68

78

93

95" (R)

90 (S)

98 ()

90 (S)
89 (R)
93 (R)
88 (R)



Synthesis of 3,3-Diarylpropanals

3.3% diene ligand

1.5% [Rh(C,H,4),Cl], Ar2
KOH
A X ~CHO + Ar2B(OHY), - Ar1J\/CHO
1 2 3 (89-93% ee)
MeO.__Me MeO.__Me
R 6; R = allyl R 8; R = allyl
7 7; R = benzyl / 9; R = benzyl
Me Ph Me ~Bu
ligand (3.3 mol%) OMe

[Rh(C5H,4),Cl], (1.5 mol%)
4-MeOCgH4B(OH), (2.0 equiv)
KOH (0.5 equiv)

solvent CHO
50 °C, 75 min Ph
10
entry ligand solvent yield (%)? ee (%)°

1 6 dioxane/H,0 (10:1) 43 47

2 7 dioxane/H»O (10:1) 45 60

> 3 8 dioxane/H,O (10:1) 50 83

1,4-addition Ar? 1,2-addition Ar” OH 4 9 dioxane/H,0 (10:1) 43 92

a | Ar CHO > A Ar2 5 9 EtOH/H,0 (10:1) 68 92

6 9 MeOH/H,O (10:1) 80 92

1 3 5 7 phosphoramiditec ~ MeOH/H,O (10:1) 19 56
8

b OH ) . . (R)-BINAP MeOH/H;0 (10:1) 33 —89
/\/I\ a vs b; regioselectivity

1 2 a vs ¢; chemoselectivit
1.2-addition A Ar y

: Carreira, E. M. JACS, 2005, 727, 10850-10851



Addition to Conjugated Esters

MeC._ _Me
(3.3 mol%)
Ph / Me
Me Me
[Rh(CzH4)20|]2 (1 D mol%) Ar2
KOH (0.5 equiv
AI’1 /WCOQFBU + AI’2B(OH)2 ( 9 ) - Ar1 J\/COQFBU
MeOH/H-0 (10:1)
(1.5-3 equiv) 50 °C 89-93% ee

Carreira, Org. Lett. 2005, 7, 3821-3824



IL.aschat’s Dienes

Ph Bn |

H  pp H B
(3aR,6aR)-10a (50%)  (3aR,6aR)-10b (75%)
(3aS,6aS)-10a (62%)  (3aS,6aS)-10b (76%)

1)5% Pd(OAc), 12 H
Pb(OAC),, 70%
T
2) Dowex 1x8,
MeOH, quant. -
a H  ©BH
rac-5

4
Z0Ac
lipase Amano PS

AcO

lMTBE

H

HO

6a @
5 +
:
C H OAc

H BH
(1S,3aR,4S,6aR)-5 (1R,3aS,4R,6aS)-6
19% 46%




Laschat’s [3.3.0] octa-2,5-diene ligands

@, 3
. '%,' 115° bite ang|
- %“ & deotwist
L N\C1
A cs X ;9 TL,A‘
C7 “}/, ,,§\ 2 cio
= o
C6 ./3' ) ('//// )
e, (é;//// c4 (§// C2 Ph
//C5 o3 H
@

[ )
€20 fom/—~ c16 /

oo &/ c17 H Ph

C18




Tetrahydropentalenes as New Chiral Diene Ligands...

HO H O H
- b -
H Ar
5 6 7 4a Ar = Ph
4b Ar = p-OMe-Ph
4c Ar = 1-Naphthyl
NHTs
\N/TS+ B(OH)2 [RhCI(C,Hy) 2]2/L*
solvent, Et;N O O
MeO 550C OMe
8 9
entry? ligand solvent time (h) yield (%)° eec
1 4a acetone 2 75 98
2 4b acetone 2 79 83
3 4c acetone 48 15 83
4 4a THF 4 70 98
5 4a toluene 4 85 98
6 4a dioxane 8 75 98

Lin, G-Q JACS, 2007, 7129, 5336-5337



Other Chiral Dienes/Diene Metal complexes

O OTMS
a b,c
d, Jorn=7,5Hz O TMSO
7~ d, Jorn= 10,6 Hz (15,65)-5 (15,65)-6
d, JC-Rh= 11,3 Hz
d, JC Rh= 3,0 Hz { /CI O O N

2 d o

0 N 0

(1R.6R)-2
7

Van der Eycken, Tetrahedron, 2007, 63, 12961-12967 Trauner, Organometallics, 2005, 24, 2831-2833



Conclusions

MeO__Me Ayl H O Ph
ﬁB" ¥ | " |
4 7
-

Bn Me g, H Ayl 0

* New Ligand Set for Asymmetric AddlItion of Organometallic Reagents to Electrophilic Species
» Captures true C-2 symmetric Metal-Ligand Complex (vs BINAP-derived systems)

» Limitation at this point is in the synthesis of these compounds

» Generally requires strained diene



Hayashi- Full Scope

Table 1. Asymmetric 1,4-Addition of Organoboron Reagents
RB(OH). (3) or (RBO)s (4) to a,5-Unsaturated Ketones and Esters
2 Catalyzed by [RhCI(C2Hy)2l2/(R,R)-12

entry 2 3ord temp (°C) time (h) yield® (%) of 5 % ee¢

1 2a 3m 30 1 94 (5am) 96 (R)
2 2a  3m 20 3 85 (5am) 96 (R)
3 2a 3m 40 1 94 (5am) 95 (R)
4 2a  4n 30 1 92 (5an) 97 (R)
5 2a 4o 30 1 89 (5a0) 95 (R)
6 2a dp 30 1 88 (Sap) 96 (R)
7 2a  4q 50 1 92 (5aq) 93 (R)
8 2a 3r 50 1 90 (5ar) 99 (R)
9 2a 4s 50 1 91 (5as) 97 (R)
10 2a 4t 30 1 96 (5at) 96 (R)
11 2a 3u 50 1 73 (5au) 88 (R)
12 2b  4m 50 1 88 (5bm) 88 (R)
132 2b  3u 50 1 78 (5bu) 96 (R)
14 2¢ 3m 50 1 81 (5cm) 90 (R)
15 2d  3m 30 3 81 (5dm) 97 (R)
16 2e 4m 50 1 73 (Sem) 92 (R)

“The reaction was carried out with enone 2 (0.30 mmol), boron reagent
3 or 4 (0.60 mmol), [RhCI(C>Hy)2]> (3 mol % Rh), (R,R)-1 (1/Rh = 1.1/
1.0), and 1.5 M aq KOH (0.10 mL) in dioxane (1.0 mL). ? Isolated yield
by silica gel chromatography. ¢ Determined by HPL.C analysis with chiral
stationary phase columns: Daicel Chiralcel OD-H for Sam, San, Sar, Sat,
Scem, Sdm, and Sem; OB—H for Sbm; AD for Sao, Sap, 5aq, and Sas; and
AS for 5au and 5bu. 9 The ratio of 3m/2a is 1.3/1.0. ¢ The amount of the
rhodium catalyst is 10 mol %.



