Stereoselective Ring Opening Reactions
of meso-Oxabicyclic Alkenes
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Oxabicyclic Alkenes in Enantioselective Synthesis

Q O ~OH ) . L
0] HO Use of optically active oxabicyclic compounds
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Ring Opening Reactions with Nucleophiles: Overview

- Type of nucleophiles: hydride, carbon nucleophiles, heteroatom nucleophiles

- Selectivity: chemoselectivity, regioselectivity, enantioselectivity

0 Nu ~OH
2 Sy ey O
—// Nu

syn anti SN2

- Catalysis by transition metal (Ni, Pd, Rh, Fe, etc.)

- Chiral ligands for asymmetric ring opening reactions

1

Lautens, M.; Fagnou, K.; Hiebert, S. Acc. Chem. Res. 2003, 36, 48.



Ring Opening Reactions Using Alkyl Lithium

Caples (1971):

H
3

HO
4

Conditions: 1.1 - 3 eq. of RLi in Et,0
rtfor 15 min. - 1 hr
Lautens (1990):
Me oH
o] _ ~3-R
Me RLi ‘ . niMe
| -
M pentane/Ether
© O OOC R OH

R = n-Bu (73%); £Bu (78%)

4

R =t-Bu; quant.

R =n-Bu; 85 - 90% w/ formation of double addition
- cis relationship established by NMR coupling
constant (J = ~5 Hz)

- Prior coordination of Li to oxygen proposed

Table I. Organolithium Opening of

Oxabicyelo[3.2.1]octenes
oxabicyclo[3.2.1]- )
entry octenes product yield,* %
1 H Ho, 4/B 85
ot ~ A
OM
3
4 Bu
M RO, M
°‘le$ y sWJ A
OR OH
-3
2 (@68R=H 7, R=H R =Bu 92
(b); R=H 8$; R=H,R =Me 72t
(c)9; R = TBDMS 10;R = TBDMS, R’ = Bu 79
o) Ho_ H
V5
1 Q"‘
R
3  (a) 12; R = ¢{-Bu 82
(b) 13; R = n-Bu 88
4 W HO, Me 74
o\ﬂé‘ e o
OH

14 Bu

*Isolated yields of analytically pure material. *1:1 ether/TME-

DA were required as solvent before reaction occurred.

Caples, R.; Chen, G. M. S.; Nelson, J. D. J. Org. Chem. 1971, 36, 2874.

Lautens, M. et. al. J. Org. Chem. 1990, 55, 5305.



Ring Opening Reactions Using Alkyl Cuprate

- [3,2,1]-system gives anti product. -[2,2,1]-system gives syn product.

Q
2 Q i o OH
éﬁ T R o+ e R OTBS
i ' (o} OH Rut OH 7 OTBS —_———
i : 4 Ss-d OH H

' Gad I Hy Ta-d OTBS OTBS
Sn2 Sn2 R
Enry RLi Copper Source Conditions Product(s) Yield! RLi Cu solvent vield
1 MeLi CuCN Et;0, -23°C 10:1:0 Sa:6a:7a 55%2 MeLi CuCN THF NR
IR0, o " on 3 .

2 Meli CuCN En0,-78°C 1:0:0 20% n-BULI CUCN THF NR
3 Mel CuCN Et20,0°Ctort  1:150 * = 66% Li CuCN THE o
4  Buli CuCN Et0,0°Ctort.  1:19:10 5b:6b<7b 60% s-Bu LU - 78%
5  Buli CuCN THF,0°Ctort.  1:150 ™ " 2% t-BuLi CuCN THF 85%
6  Buli CuCN THF :EtO (1:1), 1:30 " 70%

0*Ctore n-BuLi none ether 73%
7 . Buli CuCN MesS,0°Ctort.  1:1.6:58" * 57% ) .
8 Buli Cul THF, 0 °Co r.t. - -BuLi none ether  complex mix.
9  Buli CuBrMe;S THF,0°Ctort. 0131 " %
10 s.BuLi CuCN THF,0°Ctort.  0:81 Sc:6ete 8%
11 ¢Buli CuCN THF,0°Ctort.  G:1:0 5d:6d:7d 37%4
12 vinyllithium CuCN THF:EpO (2:1)  1:2:2.5 Se:6e:Te 76%

0°Ctor.t.

1. Combined yicld of all isomers. 2. 33% recovered starting material, 3. 60% recovered starting material, 4, Unoptimized yield.

- Two possible mechanism proposed:

~~~
Ly

Sor7 @

- Addition to C=0 minimized with cuprate

- SN2’ selectivity dependent on:
temperature, solvent and size of alkyl

- [2,2,1] system is less reactive

- change in selectivity may be explained by

coordination of Cu

Lautens, M.; Smith, A. C.; Abd-El-Aziz, A. S.; Huboux, A. H. Tetrahedron Lett. 1990, 31, 3253.

Lautens, M.; Di Felice, C.; Huboux, A. Tetrahedron Lett. 1989, 30, 6817.



First Asymmetric Ring Opening Reaction

Lautens (1993): Alkyl lithium/Sparteine
OTBS OTBS
n-BulLi

O Me Me, <_ Me
ngand ’ \
4 Me  Solvent R H
M OH N MeoN NMe, N\
OTBS C@O — MeN ™ e
A Ph Ph Ph)\
2 3 Ph

1: (-)-sparteine

entry temp. Lig./RLi/Subst. ee% yiéld

- reaction in ether (*) is fést, but unselective

1 Rt 5/5/1 26 77

- reaction in pentane, 24 — 48 hrs 2 0 5/5/1 35 79

- Ligands 2 (4%ee) and 3 (20%ee) are not selective 3 -40 5/5/1 40 52

4 -78 5/5/1 20 36

- Sparteine loading can be lowered to 15 mol % 5 78 25/5/1 59 69
result: 52%ee, 60% yield f

6 -78 0.15/5/1 52 60

- Precomplexation of RLi and Ligand necessary 7 -78 0.03/5/1 30 60

Lautens, M.; Gajda, C.; Chiu, P. J. Chem. Soc. Chem. Commun. 1993, 1193.



Transition Metal Catalyzed Ring Opening Reactions-Ni/RMgX

Table 1. (PPh;),NiCl,-Catalyzed Ring Opening of 1 Table 2. Catalyst and Solvent Effect in the Reaction of
MeMgBr with 1
Q 5.0 equiv. AMgX OMe on
M OMo  PPhNCRLTHE R OMe , OMe OMe .
] 1 me
Entty RMgX ?mproducl Temperature Time Yl(q’g’ OH 2 OH & ie
1 MoMgdr 26 2 rt 23h 70 Enfry  Catalyst? Solvent Yieldof 2° Yield of 5+8% ¢
2 MeMgBr 0 2 refkx 48h <5 1 THF 70%
3 PhMgBr 25 3 tt.  Sh 67 2 NCOD), B0 do%t
4 PHCHMGCl 60 4 refx  3h 18 8 EtzOHMPA S0%.
, . . . 4 THF 70%
?Isolated yield of analytically pure material. 5  (PPhoNICh  THEHMPA® 5%
) ) ) 6 Et,O/HMPA® 5%
- Previously unreactive substrate reacted w/ Ni-cat. 7 HE o
- Clean Sy2’ can be achieved w/ syn selectivity 8  (dpPpINIC,  ELO/HMPA® 95%
tbutyl methyl other
o ) S MHMPA® 84%
- Solvent effect: significantly change product ratio 10 tolueneHMPA® 80%
- antl'prOdUCt can be obtained but low SClCCthIty #Conditions: 2 mol % to 10 mol % catalyst, 5.0 equiv of
(5/6 = 1.4/1 ~ 1/28) MeMgBr, 22 °C. ? Isolated yield. ¢ Ratio of 5:6, see ref 6a. @28 mol

% Ni(COD);, at reflux temperature. ¢ Solvent/HMPA is 15:1.
! Starting material recovered.

- intermediacy of w-allyl nickel:

s Ni
0 Lo, gMMe tn %e
i e e
Ni(0) + MOMG
OMe o 0
trans complex 19 cis complex 20

Lautens, M.; Ma, S. J. Org. Chem. 1996, 61, 7246.



Transition Metal Catalyzed Ring Opening Reactions-Ni/RX/Zn

‘ Ni (PPh ) Clo. Z 1 Ni(PPhg)oClo
+ W)t 20 Znl(OH
O Rl —CHaCN, 70 °G 2 “’ "‘ ) o

H,0 ZnCly
XZn
la X=0 2a-2m R Ni(PPha)y RI
1b X =NCO.Me 3a-3e
VeSS Jen
O‘ O‘ XNi(FPha)gl

1.2 hr, 80% 1.2 hr, 88% [Phap—Ni-PPha]

OH OH
cl : &
2.5 hr, 78% 1.5 hr, 99%
- Works well for variety of aryl iodides NI—PPha

except for OH, NH,, NO,, Ac subtituted
- Ar-Br (poor); Ar-Cl (no rxn)

- Solvent: MeCN optimal
THF, MeOH, DMF, DMSO, PhMe, CH,Cl, not
suitable

- excess PPh; inhibits catalytic cycle Feng, C.-C.; Nandi, M.; Sambaiah, T.; Cheng, C.-H. J. Org. Chem. 1999, 64, 3538,



Transition Metal Catalyzed Ring Opening Reactions-Ni/Alkyne/Zn

" R HX R®
X . 2 =
2 . s [NiCly(dppe)l, Zn R OO
- — Cly, toluene, 90 ° i
3 ZnCly. toluene, 20°C _, Proposed catalytic cycle:

R . R*

R

) 2 3 Scheme 4

HEl 2e Zn01,+ H,
OH Ph OH n-Bu OH TMS HCl OQ P -
4 4 4 3 R e 2 R—=—H
oznCl R AL )
o O e /e o
R
16 hrs, 86% 30 hrs, 59% 24 hrs, 41%
ZnCl, R
~r
e N

- Variety of reaction pathways envisioned under #ncl. 1a
these conditions. ([2+2+2], [24+2])
R
. .. e . = ZnCly
- Extensive condition optimization carried out. C zjm{ ©
- chelating phosphine ligand minimizes the side . o%
processes ' P _C
¥ NI

- Polar solvents promote [2+2+2] process C PN -

P 2o

. . R

- Broad substrate scope, but long reaction time. 6 Zct,

Rayabarapu, D. K.; Chiou, C.-F.: Cheng, C.-H. Org. Lett. 2002, 4, 1679.



Transition Metal Catalyzed Ring Opening Reactions-Pd/RX/Zn

R! R!' XH - Clean S\2’ product, syn addition
R
Pd(PPh,),Cl . .
+ RI 7 2A A, X (1) - No reaction without Zn(0)
R2 : )
R! ZnCl,(50 mol %) Rt g2 - Without ZnCl,, Et,N, low yields
1:X=0,R'=R?=H Et,N (8 eq.), THF 5
2:X=O.R'=OCH3,R2=B 6
3:X=0,R'= OCHB’R CH3 7 Proposed mechanism:
4: X = NCO,Me, R! = 8

Me Pd(PPh3),Cl
OH (PPh3)oCl,
“’Ph Product l Zn
Zn

/K/ Pd(ll) — pd(0) R
H@

4 hr, 86% 9 hr, 83% OPdI
R
OH S N OH ' R—Pd-I
oo \ g
37 hr, 71% 11 hr, 99% %
w/o EtzN w/o EtzN

Cheng, C.-H.; Duan, J.-P. Tetrahedron Lett. 1993, 34, 4019.
Cheng, C.-H.; Duan, J.-P. Organometallics 1995, 14, 1608.



Transition Metal Catalyzed Ring Opening Reactions-Pd/R,Zn

OH
¢L Ra2Zn (1.5 equiv.), CHxClp R
Pd(dppf)Cia (5 mol%), r.t. OQ
a

- Exclusive syn selectivity for various

R yield“ (%) de® (%) organozinc reagents
g{e gg zgg - R,Zn reacts slowly with 1a to form
-Bu 79 >08 mixture of products
vinyl 55 >98
TMSCH, 67 >98 - Chelating ligand provide better results
“ Isolated yield. * Determined by 'H NMR than (PPh,),PdCl,

P-Pd-P, Cl-Pd-Cl angles
Table 2. Addition to Other Oxabicycles

- Ni(II) catalyst was not effective
{
Pd(dopf)Ciz (5 moi%)
Rﬁb + RaZn Cquzzrt-

R1
entry R substrate R! R? yield® (%)
1 Me 1b H F i 73
2 Me 1c Me Br 71
3 Me 1d Me H 65
4 Me le H O(CH,)O quant.
5 Et 1b H F 89
6 Et le H O(CH»)O 83

“ Isolated yield.
Lautens, M.; Renaud, J.-L.; Hiebert, S. J. Am. Chem. Soc. 2000, 122, 1804.



Mechanistic Study on Pd-catalyzed Ring Opening Reaction

carbopalladation pathway

. P - Two proposed pathways
>..__> @B} ﬁ,) R - Evidence against mt-allyl intermediate
5 mlysf 2R Pd(0) is not catalytically active
n-allyl pathway

0Q = o) =

Scheme 3

H
C(S’R /——- —
@ Q\ only product
1 observed
OH

Evidence for the carbopalladation pathway:

- trapping the intermediate with electrophiles - reaction with Pd-alkyl species
Scheme 8
'{(M —» noreactionafter _ZN(CTNz /QO

{ OH
Y 200 CICH;CH,CL, ’@ 2.1;0r D0 :@ 14 n 15
r.t. »
» M :
(0] P‘I h
- ZaR X % + e ’{QNG ~—. o reaction after Zn(OTf)Z
5 4bX =1 é—ﬁp'Me CDCl; 1hr.atrt CDCI3,2hr.

4¢X=D Ph OH
12

Lautens, M. et. al. J. Am. Chem. Soc. 2001, 123, 6834.



Mechanistic Study on Pd-catalyzed Ring Opening Reaction

Effect of Zinc Salt: Formation of cationic palladium species
Scheme 11
QTIPS Pr“/Ph
- AN PL_ Me CDCj
. T v
@rj i
Nen
h
2 13
oTIPS
no reaction ZMOTfz or NaB(ArF)Y, % A~
after 30 min. 4 hrs., rt. HOQ
3
Mechanism:
C, P~ Ryzn R P R2Zn + substrate 0 P 1F RaZnX”
AN ) bﬁ’%
¢’ b X P e R’
i X=RorCl il
carpopalladation
NN =y
ZnX :b’R P
R o~
|, OPdL2X i
can compete with
ring opening in some
Pd(") substrates
slow E* ?

At e

Cp ring signals methy] signal
D
— _..J'LL - - — . JL L
° |
N\ . 1 J\ L h‘
B
N\, A

UL o

T T 7 ————————
s . 3 2 1 e

Figure 1. 'H NMR of Pd(dppf)MeCl ( A). Pd(dppf)MeCl 4 Zn(OTT),
(B), Pd(dppf)MeCl + AgOTf (C), and Pd(dppf)MeCl + NaB(ArF),
(D).

- Coalescence of Cp signals upon addition
of metal salts indicative of removal of
chloride from Pd-alkyl complex

Lautens, M. et. al. J. Am. Chem. Soc. 2001, 123, 6834.



Ring Opening Reaction with Catalytic Amount of Cu/RMgX

OH

RMgX (1.5 equiv)
CuC! (10 mol%) -“R . sy
PPh3 (10 mol%)
toluene, rt anti-1
entry X R product t (h) anti/syn® yield®
1 Br Me la 6 >08:<2 92
2 Br Et 1b 03 973 76
3 Br Et 1b 0.3 955 83
4 Br iBu 1c 3 >98:<2 89
5 Cl  decyl 1d 4 90:10 66
6 Cl Cy le 2 >98:<2 51
7« Cl Cy le 1 >08:<2 64
8 Br Bn 1f 12 >98:<2 474
9 Br Ph 1g 2 >98:<2 90
16¢ Br Ph 1g 4 >98:<2 84
11¢ Br (p-OMe)CsHy 1h 12 >08:<2 92¢
12 Br (p-F)CgHy 1i 1.5 >98:<2 94

¢ Determined by 'H NMR. * Yield (%) of anti product after chromatog-
raphy. © 10 mol % of CuTC (copper thiophene-2-carboxylate) was used
instead of CuCl. ¥ Yield in converted product (10% of starting material was
recovered); 35% of naphthalene was also obtained. ¢ Yield of converted
product (15% of starting material was recovered).
¥

- exclusive anti selectivity

- T-allyl Copper intermediate to rationalize
the observed stereochemistry

o

Mo
MeQ 4

RMgX

OH

CuCl (10 mol%) Me R
PPhj (10 mol%) Me

toluene, rt

7 8
(anti'syn=>98:<2)"
entry X R product time (h) yield” (%)
1 Br Me 8a 72 69
2¢ Br Me 8a 12 74
3 Br Et 8b 0.5 614
4 Br 1-Bu 8c 24 77¢
5 Br decyl 8d 24 78
B¢ Cl Cy 8e 12 424
7¢ Br Ph 8g 12 79

“ The syn diastereomer was not detected by 'H NMR in the crude reaction
mixture. ? Yield after chromatographic purification. ¢ Reaction carried out
at 60 °C. 4 Diene 9 (see ref 25) was also isolated. ¢ Yield in converted
product (13% of starting 7 was recovered).

Scheme 1. Mechanistic Proposal for the Cu-Catalyzed
Ring-Opening of Oxabicyclic Alkenes with Grignard Reagents.

(o]
Iniw
OMgX

“"CURz
I

OMgXx OMgX

[RZCu]_ .‘\\Cu R2 ‘\\R
MgX, -
1l
0f MgX OMgX

(:JuRz
i {not observed)

Arrayas, R. G.; Cabrera, S.; Carretero, J. Org. Lett. 2003, 5, 1333.



Transition Metal Catalyzed Ring Opening Reactions-Fe/RMgX

Table 1. Effect of TMEDA on the Iron-Catalyzed
Ring-Opening Reaction of 1¢

catalyst OH
0 PhMgBr (2.0 eq) Ph
MOM‘E TMEDA OMe
. OMe
OMe THF
1 2
entry catalyst TMEDA  temp time yield?
1 FeCl3 (5 mol%) none 25°C 8h 65%
2 FeCl3 (5 mol%) 3.0 equiv  25°C 3h 74%
3 none 3.0equiv 25°C 10h 0%

“ Reaction was performed by the addition of a THF solution of FeCl;
(5 mol %) to a mixture of the oxabicyclic alkene 1 and phenylmagnesium
bromide (2.0 equiv) in THF in the presence or absence of TMEDA 3.0
equiv). ? Isolated yield.

O OH OH I OH
OMe OMe OMe
Me OMe OMe OMe

65°C, 1hr. 75% 65°C, 13hr, 41% 25°C, 1hr, 24% + side pdts
from vinyl-MgBr from ethyll-MgBr
OH OH
n-CqzHzg OMe OMe
OMe OMe
2500, 1h|’, 54% 2500, 1h|’, 92%

from n-Cq4H29-MgBr from i-Pr-MgBr

Table 3. Reaction of Various Oxabicyclic Alkenes with
Phenylmagnesium Bromide”

entry substrate temp. time product (yield)?
H
1 5 Me 25°C  3h Me
Me Me
10 11 (80%)

2 / 65 °C 9h

3 3 Q 25°C  2h?

14 16 (54%)°

“ Reaction was performed with FeCl; (5 mol %), PhMgBr (2.0 equiv),
and TMEDA (3.0 equiv) in THF. ? Isolated yield. < Starting alkene 12 was
obtained in 9% yield. ¢ Reaction was performed at 0 °C for 1 h and at 25
°C for 2 h. ¢ Naphthalene was obtained in 28% yield as a side product.

- Mechanism of the reaction not clear:
carbometallation or 7t-allyl Fe (?)

Nakamura, E. et. al. Org. Lett. 2003, 5, 1373.



Transition Metal Catalyzed Ring Opening Reactions-Rh/RB (ORH),

3mol% 6 mol%

[Rh(cod)Cl, * P(OEY,
Yoo
NaHCO; ( 2.0 equiv) Ph
MeOH, reflux, 15 min OH (1)
3a 86%
Entry ArB(OH), ) 3 Yield (%) - The cis isomers were formed exclusively

2a 3b 86 - Only small excess of boronic acid required
(1.1 eq. for most cases)

2 3¢90 - Choice of base, phosphorous ligand

as
Me 1¢c
. B 2a 3d 83 Proposed mechanism:
LaRhX 2a LaRh
Me 1d PhB(OH),  ———= PhRH,, — ao
1a 4 Ph
MeO@—B

2a 3e 745 ' 5

ring-opening

4 with B-oxygen ‘O 2)
elimination
'——> 3 RhX
2a 375 " e Pk

ORth

1f
6 Bu'/ B 2a 3f 70¢
ig

Murakami, M. ez. al. Chem. Commun. 2002, 390.



Catalytic Enantioselective Ring Opening Reaction: Pd/BINAP

o OH
e O Oy
PhX > + .
o 7 NaOOCH, DMF
1 X=1 OTf 2 3
Table: Hydrophenylation of 1,4-Dihydro-1,4-epoxynaphthalene 1
X Ln* (Pd/Ln*) temp. ratio€ of 2:3 2 3
°C, hrs (yieldd %) % eet % eet
[ (R)-BINAP (1:2) 55(16) 60:40 (85) 0 0
I (§.5)-BDPP2 (1:1) 55 (60) 52:48 (87) 3(4) 0
I (5,5)-Chiraphos (1:1) 55(72) 100:0 (26) 9(+) -
I (R.R)-Norphos (1:2.1) 55(72) 73:27 (72) 7(+) 0
OTf  (R,R)-Norphos (1:1) 35 (89) 16:84 (68) 43 (-) 28
OTf  (§,5)-BDPPa (}:1) 60 (57) 50:50 (77) 30 64
OTf  (R)-BINAP (1:2.1) 55 (166) 15:85 (83) 96 (+)f 64
OTf  (5.5)-Chiraphos (1:2) 55(96) 29:71 (60) 14 (-) 16
OTf __ (S)-BINAP (1:2.1)b 55 (66) 100:0 (41) 54 (-) -

¢
A BDPP stands for 2.4-Bis(diphenylphosphino)pentane. b ZoCl2 (2 equiv.) were added. ¢ Determined by gas chromatography.
4 Isolated yield. © Determined by HPLC using a chiral siationary phase column (Chiralcel OD-H). { (o]p28 +10 (¢ 1.2, ethanol)

- The ratio of 2/3 dependent on phosphine: bulky phosphines favour 2 (88% with PPh,)
- Addition of Zn-salt lead to exclusive formation of 2

Fiaud, J.-C.; Moinet, C. Tetrahedron. Lett. 1995, 36, 2051.



Catalytic Enantioselective Ring Opening Reaction- Pd/phosphines

Scheme 8

R! R' OH

o}
; PA(CHACN),Clp /L* (5 mol%) R2 R
R®  ReZn(1.5 equiv.), CH,Cla, rit. 2 OQ

R1

P

>

Bu-POX /F

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

R? R

Ssogihves

80% vield, 87% ee  94% yield, 97% ee 93% yield, 96% ee

OO P(tol),

Tol- BINAP

98% yvield, 97% ee  89% yield, 92% ee  81% yield, 92% ee

Q

Scheme 9

MeyZn, dichiorethane, reflux

PACI,(CH;CN), / ¢-Bu-DIPOF OPME
MOPMB (5 mol%) OPMB
OPMB

OH
40 87% vyield, 91%es 41
@( j OTBDPS ~OTBDPS
PP “2 OTBDPS #, _OTBDPS
OH
"B“ DIPOF 90% yield, 98%ee a% yield, 98%ee

- Variety of chiral phosphines are effective

in inducing asymmetry, but each system
requires optimization

- Reaction at lower tempeature leads to rate
deceleration but no significant improvement

in enantioselectivity

- DIPOF is also good for [3,2,1]-system.

Lautens, M. et. al. J. Am. Chem. Soc. 2000, 122, 1804.
Lautens, M. et. al. Org. Lett. 2000, 2, 1971.



Catalytic Enantioselective Ring Opening Reaction: Zr/Nimind

- Low valent metalocene can effect the ring opening reaction

0 - 8% (nimind)zrClo “OMe
Mem 26q. EtaAl 1S
“..Sﬁ /4 Me T ’\\‘ T : ul
wSi /\T|CI2 7 l‘N’Tic'z TiClp 90°C, PhMe OH OMe
i “%H <& 6 (1R,25,35,6R)-7
Cp*ATICI, IndA*TiCl, CpaTiCl2 64% yield, 96% ee

Proposed mechanism: .

LnM
N—
CH
oY . aCHs

® Ya, I \ 2
Gl '2 Y=H,D ﬁb
(nmind)2ZrCl, (nimind)2zrCl2 _—

S

2rCl,
Lan
Figure 1. Structures of catalyst precursors.
Q, Z
(nM M'Xn Ys,
- Zr-nimind catalyst is the only selective EtM'Xn Y=H,D ~ CHs OY
transmetallation
catalyst, but only for 6. - 4
: . . L
Opening of [3,2,1]-bicycle gave 17% ee ) M"_‘Oy
[ CH3 O‘M'Xn le

alkoxy
limination

M'Xn transmetallation
\L 2A
H

Millward, D. B.; Sammis, G.; Waymouth, R. M. J. Org. Chem. 2000, 65, 3902.

- Deuterium exchange experiments consistent
with the proposed mechanism
o, EtMXn
LnM .



Catalytic Enantioselective Ring Opening Reaction-Cu/Phosphoramidite

RR3
- 1
Rg

Rz HO

R: Ry
syn

.\\R'l R
1

R, R R
R 2 ™ R,Zn - zHO‘\\R1
POLE" S e @)
Zn(OTH),
Rs L toluene, r.t. R3
2 1 R R
0, o "
o. /Fh
L= P-N

anti/syn up to 99/1
ee (ant) up to 99%

- chiral monodentate ligand effective

- minor syn products obtained were all racemic

- Syn product arise from opening by Zn(OTf),

- high anti selectivity: m-allyl copper intermediate

rac-16

entry  Substrate  time Product yield anfi ce
(h) (%) /ym (%)
- ‘a OH
E 70 . o 58 17 80
6 11
" OH
R oEt
2 R 70 65 88
R = MeO R 10
R = MeO
7 12
OH
SEt
3 6 CU ) 90 % 59
NN 1
8 13
OMe OMe OH
«Et
90/
4 48 2 o0 97
OMe OMe
9 14
, JOH
L Et
- 92/
S G o Rl
10 15

“ All reactions were run as described in the typical procedure.!® # [solated
yields of anti products.

Feringa, B. L. et. al. Org. Let. 2002, 4, 2703.



Rh-Catalyzed Ring Opening with Organoboron Compounds

N\
- ( PhyP
8. (t-Bu)zpj/@
[ j Me LT ‘ Fe
0 OH
~ [ T —
% [Rh(COD)CIl, (2.5 mol %) ’O ~
(RIH(S)-PPF-P(:-Bu); (5 mol %) 2 (R)-(S)-PPF-P'Bu,

1 THF, reflux \ J

71%, 67% ee

_ _ o - syn addition of aryl and alkenyl boronic acids
Table 2. ARO of Oxabicycle 4a with Arylboronic Acids¢

x 8 M 3 .
@‘B(OH)z (1203) . - Ferrocenyl ligand showed the best reactivity and
1 = % selectivity
dsg/ [Rh(COD)Cll, (2.5 mol %) X 7P o’
N 0~  (RHS)-PPF-PE-Bu); (5 mol %) o
42 CsC03(5M) in H20 (0.5 eq.) 5a- ~ '
TR Proposed mechanism:
Scheme 5
phenyl
entry substituent product? yield (%)¢ ee (%)< OH b AB(OH),
Conn
P

1 4-Me 5a 88 95 Ar
none 5b 91 95 H,0 X =Clor OH XB(OH),
2-Me 3¢ n.r.

4-Cl 5d 95 95 0. P~ R

3.Cl Se 73 99 "Rh ) hoAr

2-Cl Sf nr. Ar P
7e 31 5g 85 95 12

8 4-Ac 5h 71 94 A\
9 4-OMe 51 87 96 "
10 3-0Me 5§ 91 95 e

Rh

SOV W

<

¢ Reactions performed with 50 mg (0.271 mmol) of 4a. * Products are
diastereomerically pure. ° Isolated yield after column chromatography. ¢ As
determined by chiral HPLC (Chiracel OD or AD columns). ¢ Required 5

mol % of [Rh(COD)CI]; to proceed to completion. Lautens, M. et. al. Org. Lett. 2001, 3, 1311.

&



Ni-catalyzed Ring Opening Reaction with Hydride

Reaction with DIBAL-H:

o) oH
w DIBAL-H, hexane, reflux O\
OH
30 31
L&\OM 3-10 mol% Ni(COD), OMe
e -
7 OMe DIBAL-H, THF or toluene OMe
>80% OH
28 32
Use of chiral ligand:
4-14 mol% Ni(COD),
Q (R)}-BINAP (1.5 equiv. to Ni) OMe
OMe >
MMe DIBAL-H, toluene, rt OMe
97% vyield, 92-97% ee OH
28 32
OBn OMe JSOMe
OBn OMe < _OMe
OH " OH OH

96% yield, 97%ee

81% yield, 84%ee

88% yield, 91%ee

Proposed mechanism:

Scheme 2

\
N

o%/ L*Ni(COD) *LN'ST};:’ H-AIR, RzAlil}?-'
u | j [

- Slow addition of DIBAL-H is crucial for obtaining
high enantioselectivity

- Presence of phosphine necessary to obtain the
ring opening product selectively

Lautens, M. et. al. Tetrahedron, 1998, 54, 1107.
Lautens, M.; Rovis, T. J. Am. Chem. Soc. 1997, 119, 11090.



MeQ

Rh-Catalyzed Ring Opening with Heteronucleophiles

Scheme 13
!
o [Rh(COD)CI], / PPF-P'Bu, PRy,
(0.25-1.0mol% cat.)
7 Nucleophile (4-5 eq.) RO™ T PPh;
THF / 80°C (or reflux) <
PPF-P'Bu
56 2
LT
- L0 O.0C
OH - o
92% yield o Br o
>99%ee OH OH
92% yield 94% vield
98%ee 98%ee

OH
87% yleld
97%ee

o8

OH
70% yield
98%ee

L L T e T T Y T RS LA LA N LRI T

NC\@LO\\.- Meo\©\o\w

88% yieid

97%ee 85% yield

95%ee

Scheme 15
Activated Nitrogen Nucleophiles

[Rh-lfcat: 90% yield, 98%ee
{Rh-Cl] cat: 55% yield, 45%ee

E¥ow

[Rh-] cat:

[Rh-lfcat:  97% yield, 92%ee
[Rh-CI} cat: 92% yield, 74%ee

Malonate Nucleophiles

LT
~o o OH

(Rh-lJcat:  97% yield, 98%ee
[Rh-Cl} cat: 56% vyield, 51%ee

95% yield, 97%ee

Ammonium Carboxylate Nucleophiles

»a Qx

[Rh-I]: 95% (92%ee)

[Rh-1]: 81% (90%ee)
[Rh-Cl): 81% (61%ee)

[Rh-CI): 72% (31%ee)

- Variety of nucleophiles: alcohol, amine, carboxylate, malonate
- Exclusive anti product formation
- Addition of ammonium iodide (in situ generation of Rh-I complex)

improved reactivity and selectivity for amines

Lautens, M. et. al. J. Am. Chem. Soc. 2000, 122, 5650.



Applications in Synthesis: Ionomycin

lonomycin
Scheme 2¢
o) oTIPS OTIPS
b\fﬂ\ A \O/ B
= 95% ""OH 82% for
OTIPS ee=93-95% 3 steps OPMB
9 10 11
PMP ¢ l 85%
TIPSO © o) b TIPSO OPMB
HO™ ™YY oa% MO T Y oH
13 12
94% for
2 steps
TIPSC OPMB TIPSO  OPMB
F
07 YN A
oYY O Too% H °
14 3

“(A) 5 mol % Ni(COD),, 10 mol % (S)-BINAP, toluene, 65 °C,
1.1 equiv of DIBAL-H (added over 20 h); (B) (a) DMSO, (COCI),,
NEt;, CH.Cly, —78 °C; (b) PhMe, DIBAL-H, —78 °C; (c) THF.
KHMDS, PMBCI; (C) O3, MeOH/CH,Cl,, —78 °C then NaBH,,
tt: (D) CH,CL, DDQ, mol sieves, rt; (E) (a) TrCl, NEt;, DMAP,
CH>Ch; (b) CH,Cl,, DIBAL-H, —78 to O °C; (F) DMSO, (COCI),,
NEt;, CH,Cl,, —78 °C.

Scheme 1

0 Ar0,S
Sulfone

2 coupling

“OPMB

“OTIPS
lonomycin ——>
1

7ot 3

Olefination

wPMB 0 MeO"y
. ~egffme Al Ol mfpme- y

Z =" 10 Z =z

1,3 syn-dimethyt 4 5

vy

TIPSO OPMB

Tro’\/,\)\/\o = Ho“'O %

RO,S

OTIPS

o ¢ % OR
© i i HO CH; 8
5
7
Scheme 3¢
(_)H OPMB
s —Q P reso—Q
ee = 94% 2
15 ° steps
L 90%
‘ \{ L ro
o. .0 O 95% OH OH 090 90% z
e Y fors  TBSO OPMB
S 20 PMP 19 PMP steps 18

“(A) 5 mol % Pd[(R)-"Pr-(R)-DIPOF]Cl,, 10 mol % Zn(OTf)s,
2.5 equiv of Me.Zn, dichloroethane, reflux; (B) (a) TBDMSCI,
imidizole, DMF; (b) NaH, PMBBr, BuyNI (cat.), DMF; (C) O,,
MeOH/CH-Cl,, —78 °C then NaBH,, tt; (D) (a) CH;Cl,, DDQ,
mol sieves, 1t; (b) TBAF, THF, tt; (E) TCDI, THF, 50 °C: (F)

Lautens, M. et. al. Org. Lert. 2002, 4, 1879.



Conclusion

- Asymmetric-Ring-Opening reactions of oxabicycloalkenes provide useful synthetic
intermediates.

- Various transition metals can be used as catalysts for addition of nucleophiles in these
substrates.
Organohalides: Ni, Pd (with Zn)
Organozinc: Pd
Organomagnesium: Ni, Cu, Fe
Organoboron: Rh
Organoaluminum: Zr, Ti
Terminal acetylene: Ni (with Zn)
Hydrides: Ni
Alkohol, amine and malonate: Rh

- Two different mechanisms:
carbometallation leads to syn product

m-allyl metal intermediates lead to anti product

- Application in total synthesis demonstrated



