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REGIOSELECTIVITY IN THE
INTERMOLECULAR PAUSON-KHAND
REACTION

ACETYLENE COMPONENT: STERIC AND ELECTRONIC EFFECTS
O
R
(CO)gCO - RL
| o
/
(CO)SCO R
) RS
O

(CO)SCOE: "
——
(CQ)aCJ)/ )

Ep

ALKENE COMPONENT

002(00)6

C4Hg C4Hg

/_,

95-100°C
C6H13/\ toluene
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e o

Cog( CeHi3

O
CGH13 C4H9\¢

CgH1a
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INTERMOLECULAR NORBORNADIENE
PAUSON-KHAND ADDUCTS: VERSATILE
SYNTHETIC INTERMEDIATES FOR
CYCLOPENTANONES

STEREOQCONTROLLED
ADDITION

THERMODYNAMIC

0 '/\ CONTROL
R4

/”\\ -

Pl
z RETRO
P DIELS-ALDER
STEREQCONTROLLED
ADDITION
Y
O
R+



ENANTIOSELECTIVE SYNTHESIS OF (+)-BREFELDIN A

=, (CO)s

o Co
(3 steps from (+)-trans-2-phenyl \ \/
cyclohexanol, 62% vyield) w
b Co(CO),

H A 3

isooctane, 60-65°C, 18 h

O,
58% yield
(from a 2.5:1 mixture) Ph OM
é/ M
‘ H

OTBDMS
IM 2.' Sm[ ) THF, MeOH
= - (89%)

nBuLi, Et,0; Cul; BF5.Et,0 58%




ENANTIOSELECTIVE SYNTHESIS OF (+)-BREFELDIN A

O
1 eq Me,AICI H
’- o]
maleic anhydride, s
1,2-DCE, 55°C "'\
66%
OTBDMS
'FMH
OnC4Hg
92 %

OTBDMS, LiCIO,

(> 98% ee)

OTBDMS
””l‘H “HH

(+)-BREFELDIN A



ASYMMETRIC PAUSON-KHAND REACTIONS OF
ELECTRON-DEFFICIENT ALKYNES: AN ENANTIOSELECTIVE
ENTRY TO FUNCTIONALIZED CYCLOPENTENONES

SARCOMYCIN




e—=—4

OR*

78% yield, 3.7:1 d.r.
{toluene, 40°C, 18 h)

Me

J

OR*

Ph

|
/

60% vyield, 1.3:1 d.r.
{toluene, 40°C, 30 h)

Me

Conclusions:

- Electronic effects control the regioselectivity of the process
- Diastereoselectivity levels are rather low

J

SUBSTITUTE ESTERS BY AMIDES



INTER- AND INTRAMOLECULAR PAUSON-KHAND
REACTIONS OF CHIRAL 2-ALKYNAMIDES

O

Ph—=— 41

95% yield, 4:1 d.r

M
AR N OCH
toluene, 60°C. 5 h 3
(toluene ) E)uun/

OCH3

% O
N 1.1 eq. Cox(CO)g,

10 eq DMSO, toluene 75°C, 6 h

O

71% yield, 1:1 d.r.
14% vieid

NaBH,, CeCl,,
MeOH, r.t., 30 min
(80% yield)

Xq
0.2 eq pTsOH, O
benzene, r.t.,
(73% yield)
g OH
H

A NEW SYNTHESIS OF CHIRAL CYCLOPENTADIENES




INTER- AND INTRAMOLECULAR PAUSON-KHAND
REACTIONS OF CHIRAL 2-ALKYNYL-1,3-OXAZOLINES

1.1 eq NHS, 1.1 eq DCCI /O
_ — 4 OH
HoN OH HN

2
%

‘, 2 [

84-93% yield

THF, r.t.

R = Ph, CHg, Si(CHg)4 1.2 eq TsCl, 1.2 eq NEt5,
cat. 4-DMAP, {CICHy),, reflux

1.2 eq Co5(CQO)g, toluene, r.t.;
10 eq norbornadieng,
10 eq DMSO, 80°C

75-100% vyield, up to 1.4:1 d.r. 0-6% yield

THE INTERMOLECULAR PAUSON-KHAND REACTIONS TAKE PLACE WITH
GOOD YIELDS AND REGIOSELECTIVITY, BUT WITH LOW
DIASTEREOSELECTIVITY



PREPARATION OF N-(2-ALKYNOYL)OXAZOLIDINONES AND

SULTAMS
FROM 2-ALKYNOIC ACIDS:
Me,CCOCI, NEt,, THF,
//O 378°C 10 0°C 1h: //O
R——  A—=—4
OH LiXq, -78°Ctort., 9h N

60 - 90 % O)\O

MesCCOCI, NEt,, THF,

(R = SIMGS) _2000! oh:
sultam, LiCl, -20°C to r.t., 2 h
+ Me Me
MeSSi ——— // 82% yield
N
N\
0,5

FROM 1-CHLORO-2-PHENYLACETYLENE:

(CO)3
Co
C0,{CO)g / Cl
FPh — ClI >  (OC)Co—
toluene, 0°C
Ph r.t. +CO

(CO (CO)3
L|N /COYO
(OC) 300——— (0C);Cd—}—7—°CI
028 K,COs

Ph

45% yield



INTERMOLECULAR PAUSON-KHAND REACTIONS OF
CHIRAL N-(2-ALKYNOYL)OXAZOLIDINONES

88 % vieid, 3.6:1 d.r.
(NMO, O,, CHoCl,, r.t., 14 h)

Ph

H N
o~ Yo
O

96 % vyield, 5.2:1 d.r.
{toluene, r.t., 21 h)

97 % vyield, 14:1 d.r.
(toluene, r.t., 21 h)

62 % yield, 7.9:1 d.r.
(NMO, CH,Cl,, -20°C, 18 h)

O
O

Xq

Me
(38% yield, 1:1 d.r.)




DETERMINATION OF THE ABSOLUTE CONFIGURATION OF

THE ADDUCTS
O
SiM 1.- Hy, Pd-C,
Mes EtOH, r1. O
O
s
COOH
H N Ph 2. LiOH, H,0,, .
THF, 0°C H
O=< "”H M H

THIS KETO ACID SHOWED TWO NEGATIVE COTTON EFFECTS AT 219 AND 300 NM

WHAT IS THE ORIGIN OF THE ASYMMETRIC INDUCTION?

J

THE CHIRAL OXAZOLIDINONE MOIETY RENDERS ONE OF THE Co(CO); GROUPS
LESS ACCESSIBLE TO THE OLEFIN




2,5=

I

-9 T

300 350 40 4500 00 550

2 (nm)

Co¥

A > 300 nm

Me

major adduct
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THE ORIGIN OF ASYMMETRIC INDUCTION IN THE
INTERMOLECULAR PAUSON-KHAND REACTIONS OF
N-{2-ALKYNOYL)SULTAMS

(+90) edpn
Me._Me o, co
HXq = (+6.9) axg OC-"":COH' 11 C_OS‘CO {(+8.1) axg
HN m.,-‘§ "/
f Ll N
0,8 | A

CALCULATED RELATIVE DISSOCIATION ENERGIES (PMs(tm), kcal mol™') OF THE CO
LIGANDS IN COMPLEX 5b: DEMONSTRATION OF A trans EFFECT

R R
labilized
L CO |Igand \T/
‘oc\?fg’ OG, £
OC_dO u,?@ i OC—=Co H;”V/’“
z .ﬂ\\CO —_— Co.ﬂ\\
Cot R
e \ CO
” 0 CO
=D B
R R "
O §
R b iy - - OC-—'CO\%,’ o
”CO"“\CO
=D \‘CO
CO

O
ED



THE ORIGIN OF ASYMMETRIC INDUCTION IN THE
INTERMOLECULAR PAUSON-KHAND REACTIONS OF
N+2-ALKYNOYL)SULTAMS

1.999 A '

25 keal mol

Intermediate 7-I Intermediate 7-1I
-1
E,e = +6.7 kcal mol’ Erel = 0.0 keal mol

Complex B, gsyn Complex 8 ganti
Erel = 0.0 keal mal™! (PM3(tm)) Eret = +5.2 keal mol™! (PM3(tm))
0.0 keal mol™" (PM3(tm)/DFT) +4.4 kcal mol™! (PM3(tm)/DF T)



THE MOLYBDENUM-MEDIATED PAUSON-KHAND REACTION

Cp(CO):Mo(W) is isoelectronic with Co{CO)3

Ph. H
O—Mo \Mo O -
(CO), (CO)p

toluene, 70°C

C. Mukai, 1992

toluene, 70°C

o 69%
S. D. R. Christie, 1998

‘\MO
4 ’f

THE SUBSTITUTION OF Co BY Mo {OR W)
OUGHT TO STABILIZE THE CHELATED COMPLEX




SYNTHESIS OF HETEROBIMETALLIC (Co—Mo AND Co-W)
ALKYNE COMPLEXES

R R,
R 92 THF, reflux
N\
- Mo Co(CO
(OC) 3Co Co CO)4 i 10 (COy (COs
1.1 6q Go5(CO) | NaD 50-65% yield
THF, r.t. Mo (CO)q
) ) Ry R
Ry — R 2 ; ‘
NaCp O WEboco
THF, reflux (CO)
54-97% yield
MG{CO),
temperature; Mo complex; W compiex;
R, Ry reaction time (W) % yield % yield
n-Bu H rt:24h 61 69
Ph H reflux; 1.5 h 58 84
Ph Ph reflux; 1.5 h B85 97
Q o)
/J]\NJ( Me reflux; 15 min 49 54
O
Me¥ =
Me

’JCJ)\ Me reflux; 20 min 64 62
N (1.2:1 d.r.)
0,5




HETEROBIMETALLIC PAUSON-KHAND REACTIONS OF
N-(2-ALKYNOYL)SULTAM

Me
Me
O
Me—:—(
AN
0,8

-

Co,(CQ)g, tol.;
norbornadiene,
45°C, 12 h

55% yield, 1 diastereomer

O
Me

O
Xq

24% yield, 1.7:1 d.r.

O Xq
Co,(CO)g, THF; O
Cph{CQO)5 Na™,
reflux, 90 min (Mo); 20 min (W) Me
CcO e
I ? Xa
M
O
/ \\ N \
oC
Co » Me
(CO)3 0,8 ‘
norbornadiene 18% yield (Mo);
r—————> 13% yield (W);
Me Me toluene, 90°C 1 diastereomer
Me
O
(OC)SCO v ’
\\ N‘ O
By
\>Co 055 X
CcO
Me O

1.2:1 diastereomer mixture

36% yield (Mao);
30% yield (W);
1 diastereomer

ONLY ONE DIASTEREOMER REACTS!

ENDO 1,3-ADDUCT



HETEROBIMETALLIC PAUSON-KHAND REACTIONS OF
N-2-ALKYNOYL)OXAZOLIDINONES

0O
Me
56% yield
O Me =0
Me%( wMe - OX
N
Co,(CQ)g, tol; O Ox
)\ norbornadiene,
70°C, 3 h

of © j o

Co,(CO)g, THF;
CpM(CO); Na”,
reflux, 90 min (Mo); 20 min (W)

Me O
: cl:o .
Ox
M Me \\\Me norbornadiene
/ —_—
0C \}30 N

toluene, 90°C Me ©
(CO)3 g

O 80% yield (Mo):
49-54% 65% yield (W)
STRUCTURE DETERMINED BY X-RAY ENDO 1,3-ADDUCT

DIFFRACTION ANALYSIS

Figure 1. ORTEP drawing of 9 with thermal ellipsoids drawn at
the 50% probability level. For clarity, the hydrogen atoms are
umitted.




QC— Co

Me' Me OC oqd:;;:>

@J‘N{

COoc

i

1,3-endo adduct

Mo "CO

A MECHANISTIC HYPOTHESIS FOR THE
HETEROBIMETALLIC INTERMOLECULAR PAUSON-KHAND
REACTIONS OF N{2-ALKYNOYL)SULTAMS

8]
Me
1; - H Y=o
H N Me
OQS%ME
H O
Me
-CO I‘I\l
—_— il
!&,\OC\ I o /CO
O Y5k E\é.’? CO'
d "o
Me Me oG

stabilized by chelation at the pro-AMc;
squatorial positions blocked

if’iaf ri E"J H

7761\
co

""‘Mo > :

A7co
co

the clefin coordinates from the endo face
to an axial site



HETEROBIMETALLIC PAUSON-KHAND REACTIONS OF
N-(2-ALKYNOYL)OXAZOLIDINONES: USE OF CHIRAL
CYCLOPENTADIENES

NaH or nBulLi, THF

o

Mo{CQ),, reflux

\\ . THF, reflux, 12 h

THESE TWO DIASTEREOMER COMPLEXES SHOULD LEAD TO ENANTIOMER ADDUCTS




HETEROBIMETALLIC PAUSON-KHAND REACTIONS OF
N-(2-ALKYNOYL)OXAZOLIDINONES: USE OF CHIRAL

CYCLOPENTADIENES
O Me
Me M Mo g Ho Noag
» O
N N - N\<
Ot y
CpioC)Mo CO(CO):)-O toluene, 90°C O
O
Me O
Me Me complex {yieid, d.r.) PK adduct (yield, e.e.)
56%, 1.1:1, n.s. 40% , 0% ee
Me
Me
H oL n.
Me 53%, 2:1, n.s. 23% ,21% ee
Me

o)
Me>< 75%, 1:1. n.s. 84% 12% ee
f;‘,f”

53 G 75%, 100% 8¢ (major)
saparable B0%, » -80% e& {minon
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