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FIRST EXAMPLES, C=C l\1ETATHESIS IN l\1ETAL
COORDINATION SPHERES
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SOME EARLYEXAMPLES, C=C METATHESIS IN METAL
COORDINATION SPHERES
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TOWARDS a RATIONAL DEVELOPMENT 01 the FIELD:
CONCEPTUAL TVPES 01 C=C METATHESIS in

METAL COORDINATION SPHERES

charged/neutral complexes; coordinatively saturated/unsaturated complexes; octahedral/square planar/etc. complexes
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E: Polvcvclizations Involvinq Two cis Liqands
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J OINING TWO COMPLEXES; CYCLIZATIONWITHIN A LIGAND
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CYCLIZATION WITHIN ONE LIGAND - LARGE RINGS

---+ - BF4- CL..,fCY3..",Ph --- +- - BF4-

~~ Ru=C ~ vON!' ~P'Ph \,; Cl' kY3 'H . ON-è-P'Ph
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useful structural criterion:

13C-NMR: QHz-CH=
trans: Ò'" 32.3lcis: Ò'" 29.6
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Hz (60 psig)

172%1

0.00125-0.00070 M
(e.g., 0.064 gin 150 mL of CH2Cfiz)



CYCLIZATION BETWEEN TWO cis-LIGANDS
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CYCLIZATION WITHIN TWO cis-LIGANDS;
SQUARE PLANAR PLATINAMACROCYCLES
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MACROCYCLlZATIONS: KEY CONFORMATIONS and POSSIBLE "DRIVING FORCE"

Equilibrium in monophosphine complexes
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Representativeequilibrium in cis-bis(phosphine) complexes
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VII
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CYCLIZATION BETWEEN TWO trans-LIGANDS
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Germinal Dialkyl Effect
or

Thorpe-Ingold Effect

5-7 mol% [Ru=C] \ 5 atm H2

Ph'LVh,

CH2CI2 10 mol%
reflux Wilkinson's

CI Catalyst
o



aHPt-P-C-C conformations gauche; aHP-C-C-C conformations anti
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five, three, five, and fourC-C-C-C gauchesegments

EFFECT OF MACROCYCLE RING SIZE

OFS
1Omol%

OFS OFSGrubbs'
\ catalyst \. Pd/C \

Ph2P-Pt-PPh2 . Ph2P-Pt-PPh2 . Ph2P-Pt-PPh2

\1 (1n-3

CH2CI2

In

H2

ln-3reflux

3 )
5 6

(+ other metathesis products)

n = 4, a, 95% n = 4, a, 70%
6, b, 96% 6, b, 72%
8, c, 90% 8, c, 59%,
9, d, 85% 9, d, 50%

n Number of 31p Yield, major Yield, ali Yield, major Yield, ali Yield of 6 after

NMR signals signal metathesis signal hydrogenation purification (%)
(crude) (crude, %) products (%) (purified, %) products (%)

4 5 84 95 80 87 70

6 2 87 96 88 94 72

8 5 67 90 67 86 59
9 5 48 85 54 76 50



EXCHANGE OF DIASTEREOTOPIC GROUPS REQUIRES
ROTATION ofMACROCYCLE over a Pt-XLIGAND

Hc. /Hd
C
I
R

CI!"""""".. ~ \hdI Hpt

Hb'-C/ d ~
1/ ~ C6Fsp\

Ph( Pha

Hc /Hd

C6F~'"", ~ ~\
h"""'", Phc P dHpt

~ Hb'-C/ ~ ~
l/) "CIp\

Ph( Pha

Il

enantiotopic: Ha and Hd; Hb and He; Pha and Phd; Phb and Phe
diastereotopic: Ha with Hb and He; Hb with Ha and Hd; He with Ha and Hd; Hd with He and Hb;

phenyl graups analogous

the rotation I --+Il exchanges diastereotopic groups Hb and Hd. and Ha and He. and analogous phenyl groups

10 methylene groups (13-membered ring): ~G:I: >17.4 kcal/mol (95°C)
14 methylene groups (17-membered ring): tlG:I: <8.4 kcallmol (-90°C)

distance fram platinum to remote carbon of macracycle: 5.62 Aand 7.83 A
subtractvan der Waals radiusof carbon:3.92 Aand 6.13 A

platinum-carbon bond length: 2.36 A
add van der Waals radius of chlorine: 4.14 A

CONTROL EXPERIMENTS and LITERATURE PRECEDENT
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[Pt(~-CI)(C6F s)(SR2)h
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..
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~15% by 31p NMR
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~
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(t-BuhP CI (t-BuhP CI
~

trans-Pt(CIh(NCPhh

(t-BuhP(CH2)gP( t-BU)2

15% 62%

analogous PPh2
compound gives

only oligomer
(also with (CH2ho
or (CH2)12bridges

shortest known trans-spanning Hgand
(nine methylene groups,
twelve-membered ring)

Shaw, J. Am. Chem. Soc. 1975
and J. Chem. Soc. Dalton 1976



CYCLIZATION BETWEEN TWO trans-LIGANDS,
Each With Two Alkenes
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1) BuLi (2 equv.)
PhPH2

2)~Br

1. 10 mol%
Grubbs'
catalyst
CH2CI2,
reflux 1Cff\

I Ph{\\ }~h

I~

~F5
V

bID"O I ~~\-tJV CI

.
2. 1 atm H2

10 mol%
Pd/C

PhlPh =a, syn (31%)
b, anti (7%)

not detected

mass spectrometry of the
crude reaction mixture shows

some diplatinum product

INDEPENDENT SYNTHESIS cf
ALTERNATIVE MACROCYCLIZATION PRODUCT

O-P~ O-I~BH3. Me2S

(1 equv)

77%

Grubbs'
catalyst

64%

metathesis reactions of

alkene-containing phosphines
virtually unknown

precedent: Gouverneur, V.
Org. Biomo!. Chem.

2003, 1,3820.

OFS

o \ {'~\PO
24% (two steps)

1) HNEt2

2)[ Pt - (I! -C I) (C6F s) (S R2)]2

H3B"

OVR H2(1atm)

H3B

OO> I

10 mol% Pd/C

77% 76%

(mass spectrum
indicates some
intermolecular

metathesis)



CRYSTAL STRUCTURE OF SYN ISOMER

d1o1~cu;l~liiasideà1iz€d~zv symmetry
(homotopic PPh groups; seven CH2 l3C NMR signals)

macrQcydecon,form,ç!1tioR sìmi.lar io rnonQ-Qiidged,~pecies

CRYSTAL STRUCTURE OF ANTIISOMER

J

mol~cqle has idealiz~d <21symmet:ry
(diastereotopic PPh groups with disiinct NMR signà1s;

Upto 28 Cllz l:?CNMR signà1s)
macrocyde conformation very different from syn isomer

(one anti Pt-P-C-C segment, six ~auche C-C-C-C segments)



OTHERDICYCLIZATION REACTIONS
two and three methylene groups
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(CHzb;; (CHzb

\ \ /
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(C~zb \ (CHzb

ì CI \

Grubbs'
catalyst

higher
dilution

.. polymers

trans-spanning diphosphine
would be eleven membered ring(0.0033 M)

OFS
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CI

64%
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DlMACROCYCLIZATION TO DOUBLYTRANS-SP ANNING DIPHOSPHINE

four methylene groups
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W
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CH2Clz
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R ..,CI i
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20 mol%
(0.0027 M)
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rfs
P""'PhPt-Ph"."

l})P \
CI

95%

(op 16.2} X-ray

2 Cf'"
Grubbs' Cts Pd/C
catalyst

G-\-.f)
Hz

.h-Mçr

.

(14 mol%)
(7 mol% per CI
newC=C) 86%
CHzClz

(op 10.7 reflux (op15.8

(0.0093 M)



DIMACROCYCLIZATION TO DOUBLYTRANS-SP ANNING DIPHOSPHINE
five and eight methylene groups

2) 10% Pd/C

1 alm H2.

CICH2CH2CV

elhanol

Phf~:Sp
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-PI

\ .\. ~"""Ph

~
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LJ
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14%

) OFs (
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\ \ /
PhP-PI-R

\
Ph

/ \
(CH2)n CI (CH2)n

) \

1) 21-26 mol%

Grubbs' calalysl
CH2CI2' reflux.

n= 5,
0.0019 M;

n =8,
0.0033 M

15-membered

macrocycles
21-membered

macrocycles

4~ f\ 9-N N ~
similar resultsto date with - I ;j

FRu"""CI
Ph I 'CI

PCY3

NEXf GENERATION TARGET: A "MOLECULAR GYROSCOPE"

. ~
~J

(l
(vq" (L I

: ) (CH2)n
P-PI-P ~

(CH2)n( ~I )

j (C/2)n (C\2)n

?

work in progress: M. A. Garcia-Garibay, UCLA
(JACS,2002. 124,2398)



SPECIAL FEATURES OF TARGET MOLECULES

0f\..
~

rate of rotation or "gyroscope spinning" can be probed by dynamic NMR

x r X

C~CH2H2

A

X CH2

- H,AcH, -
X

B

,.!ìx ~ etc.

H2C~CH2
X

c

removal of metal would selective give difficult-to-obtain in-in isomer of bridgehead diphosphine

INITIALEXPERlMENTS ARE DISASTERS

( ~ F )
(C

(H2)nq 5 (CH2)n ), ) (CH2)n
" p-pt-p ------

(CH2)n ( b, )

\, (Ct)n (CH2)n
\ )

n=4, 6, 8

Grubbs'
catalyst . some dimeric products ?

rJ -M [) 'O-
C-)

NO
?

" in-in" Isomer " QuI-QuI" Isomer



SECOND GENERATION APPROACH TO ORGANOMETALLIC GYROSCOPES

P«CH2)4CH=CH2b Grubbs'
OC,. I catalyst

Fe-CO
Oc' I (13 mol%)

P({CH2)4CH=CH2b (4 mol% per new c=c)
CH2CI2. reflux [t3J

60% after workup
(all-trans isomer)

76% with IMes
"su per Grubbs"

ffi

oeY1Yeo "Staggered" conformation between R and CO

FR~ "Eclipsed"conformationbetween R and R
eo

HYDROGENATION PROCEEDS SMOOTHLYIN A STEPWISE MANNER

the methy/ene bridge /ength may be increased:

P{{CH2)nCH=CH2b

Oc,..Je-co
oc"l

P{{CH2)nCH=CH2b

Grubbs'

catalyst . 2
P

3Oc..'

, Oc...r-CO f

CIRh{PPh3b--
H2 @

C,..13-CO

Oc...,
P-

n = 5, 6, 8 n = 5, 73%,

n = 6, 81% or 79% (super Grubbs)
n = 8, 63%

(mixtures of EIZ C=C isomers)

n = 5 = {CH2)12, 86%

n = 6 = {CH2)14, 79%

n = 8 = (CH2ha, 80%

o
Ph

PR3
Phr xl

PR3 OC"e-CO 68-75%Fe(CO)s . O Fe-CO - '1hv c'I
OC PR3O CO

P{{CH2)4CH=CH2b P Grubbs'

P3

Grubbs'

@OC'F'e-CO
Grubbs'

ocJ oc'J.OC'I OC'I'/ OC'I!IVP{{CH2)4CH=CH2b P P

(op64.2 ì (op67.9 ì (op75.0ì (op84.7 ì

@3 CIRh(PPhr' @3 @3 @3\ Oc'" I j f 5 atm H2 \ OC'" ,j \ Oc..., Oc...,
p toluene p p P

80 CC

[op 84.7) [op 81.1 , [op 78.1 , [op 75.5 )
84% after workup



FIRST CRYSTAL STRUCTURE OF GYROSCOPE-TYPE COMPLEX

Sideview Top view

crystalpackingof gyroscope type complex

(rotator axes are aligned)

View from b axis
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RELATED MACROCYCLIZATIONS

PPh«CH2)4CH=CH2)z
oc...1

COFe-
OC" I

PPh((CH2)4CH=CH2)2

Grubbs'

catalyst .
Ph-P

3OC")e-co },

oC"-I~.P
Ph/

13C NMR spectrum shows
two CO signals (2:1)

P((CH2)nCH=CH2h

OC"~u-CO
oc"l

P((CH2)nCH=CH2h

prepared tram Ru(CO)s but impossible to purify to date
(separation tram unreacted phosphine ligand)

Crystal Structure of Doubly-BridgedComplex

Distance from iron to remote carbon of macrocycles: 5.40 and 5.54 A
Subtract van der Waals radius of carbon: 3.84 and 3.71 A

Fe-C-O bond length: 2.93 A
Add van der Waals radius of oxigen: 4.45 A



REACTIONS OF GYROSCOPE MOLECULES

P~I+

I~
~~C/!:0CF3S03-

p~
~~~;1:j

CF3S03H-

NMR spectra:
two sets of CH=CH
protons and carbons
(2:1, RT and 80 CC)

NO+ BF4--
BF4-

n = 4 (ten methylene groups)
13CNMR spectrum shows two bridges (2:1)

n = 5 (twelve methylene groups)
13CNMR spectrum shows two bridges (2:1)

n = 6 (fourteen methylene groups)
13CNMR spectrum shows one bridge

THIRD GENERATION APPROACH TO ORGANO METALLI C GYROSCOPES
square planar complexes with two smallligands

P((CH2)6CH=CH2h
I

OC-Rh-CI

I
P((CH2)6CH=CH2h

Grubbs'
cat.

El:JJ
CIRh(PPh3h--

H2 6:Jì
promising preliminary data with (CHV4 and iridium analogs

14% overall;

1H and 13C NMR spectra

show only one bridge

(rt and -80 CC)

~((CH2)6CH=CH2h super
CI-Pd-CI Grubbs' 0:

p/'

I cat. I
P((CH2)6CH=CH2 ) 10

. ~ CI-Pd:)CI

3 mol% I I li

4"T"~ P
FRu--.CI 70%

Ph I 'CI o
PCY3

CIRh(PPh3h-
H2 G:JJ

53%

1H and 13C NMR spectra

show only one bridge

(rt and -80 CC)



CRYSTAL STRUCTURE of PdBr2GYROSCOPE

TOW ARDS OTHER ARCHITECTURALL Y SOPHISTICA TED TARGETS

F F Ph2*P(CH2)6CH=CH2
- I

F ~ /; ,t-CI
P(CH2)6CH=CH2

F F Ph2

required in metathesis ring closure strategy:

F F Ph2*P(CH2)6CH=M
- I

F ~ /; ,t-X
P(CH2)6CH=CH2

F F Ph2

H-C=:C-C=C-H

Cui, HNEt2

F F Ph2*P(CH2)6CH=CH2
- I

F ~ /; ,t-C=C-C C-H
P(CH2)6CH=CH2

F F Ph2(92%)

CuCI, TMEDA jAcetone
O2 (85%)

F F Ph2 Ph2 F F*P(CH2)6CH=CH2 H2C=CH(CH2)6P*- I I -

F ~ /; ,t-C=:C-C C-C:::::C-C:::::C-,t ~ /; F
P(CH2)6CH=CH2H2C=CH(CH2)6P

F F Ph2 Ph2 F F



CARBON CHAIN COrvIPLEXES FROMtrans-SPANNING PHOSPHINE COrvIPLEX;
synthesis ofan authentic sample ofa possible by-product

Cui, HNEt2

(87%)
*F. F P~2

- I
F ~ J ~t-C=C-C:I:C-H

p.
F F Ph;

NMR spectra
show diastereotopic

phenyl groups

Ph2*F. Fr
F ~ J ~t-CI

P,
F F Ph2

H-C=C-C=C-H

CuCI, TMEDA

l

Acetone
O2 (84%)

*F. F P~2

- I
F ~ J ~t-C=C-CI=C-

P
F F Ph;

~h

*

2F. F
I -

=c-c=c--r ~ J F
Ph2F F



l\1ET ATHES 1S o f D1P LA TINUM TETRAO LEFIN

F. F Ph2 , ,", Ph2 F. F*P(CH2)6CH=CH2 H"C=CH(CH2)6P*- I I -

F \ j ~-c=c-c=c-c=c-c=c-~t \ j F
F F P(CH2)6C~kCH2H2C=CH(CH2)6P F F

P~ P~

6mol%
PCY3

CI" I "Ph
"Ru="""

CI" I
PCY3

F. F ~~ (CH2)6 (CH2)6 ~h2 F. F

F*~~~I*F
F F Ph2 (CH2)6 (CH2)6 ~h2 F F

~ ~
(H2C)6 *PPh2 Ph2P '>=< ~CH2)6

+ il F \ j ~t-C=C-C=C-C=C-C=C-ft~F li

(H2C~Ph2 Ph2P~CH2)6

96% yield of "analytically pure" mixture
31p NMR shows five major peaks (64:11:8:9:8)

FIRST SYNTHES1S OF TARGET MOLECULE

F. F ~~ (CH2)6 (CH2)6 ~h2 F. F

F*~~~*F ,
F F Ph2 (CH2)6 (CH2)6 ~h2F F

~ ~
(H2C)6 *PPh2 Ph2P '>=< ~CH2)6

il F \ j ~t-C=C-C=C-C=C-C=C-~~F li
(H2C~Ph2 Ph2P~CH2)6

j
10% Pd/C
1 atm H2
14 days

F F ~~ (CH2h (CH2h ~h2 F. F

F*t~~t*F
F F Ph2 (CH2h (CH2h Ph2 F F

~ ~
(H2Ch *~Ph2 Ph2~ '>=< (CH2h

+ I F \ j ~t-C=C-C=C-C=C-C=C-~t~F I

(H2d~Ph2 Ph2P~CH2)7

93% overall yield for two steps;

mass spectra show only expected molecular ion but
31P NMR spectra sometimes show more than two peaks;

preparative TLC gives the "protected chain" complex in 32% yield



VIEWS OF THE PPh2BASED DOUBLE HELIX



INTRODUCTION ofGEJ'v1INAL DIMETHYL GROUPS

~~route 1

*F. F ~h2 ~h*2 F. F

- I I -
F ~ j ~t-C=C-C=C-C=C-C=C-~t ~ j F

F d~ V-~h,F F

< /

11. (Clh(PCY3hRu(=CHPh), 92%

+2.10% Pd/C, 1 atm H2' 82%

route1: 31P NMR shows 41 :6:53

this product:constitutional isomer:other
14-25% isolated; crystallization not successful

route 2

F. F F. F*P(P-tolb (p-tolbP*- 1 I -

F ~ j ~t-C=C-C=C-C=C-C=C-~t ~ j F
F F P(p-tolb (p-tolbP F F

+

Ph2P~PPh2

t

F. F Ph2 V Ph2 F. F*P P*- I '\ I -

F \ j jt-C~ ;;'~~r \ j F
F F Ph2 X X "-Ph2 F F

route 2: only above isomer detected;

70% isolated (small portion does not redissolve)
crystallization not successful

PtC12Pt SERIES: OLEFIN METATHESIS APPROACH TO DOUBLE HELIX

F ';"~~"'F ,*1 ('>=<
F ~ J ~t"'c=c-c=c-c=c-c=c"'-c=c'-c=C"-\~F

, '~~~"

1

1. metathesis

(Grubbs cat.)
2, hydrogenation

(10% Pd/C,
1 atm H2, 7 d)

F F

Ph~

2 ee
(CH2)1O (CH2)1O

~h2 F F

- ~~. I -

F*r-C=C- ccc-c=c~r*F
F F Ph2 (CH2)1O (CH2)1O Ph2F F

~~h2 ~~

+~~:6~:~F*it-c=c-cccc-c=c-c=c-c=c-c=c-it*F ~6~:~;~

~h2 ~~
(minor product)(major product)

attempted synthesis
by substitution
gave oligomer

overall yield: 40%



ALKYNE METATHESIS in METAL COORDINATION SPHERES

Cf
Ph2~-P\PPh2

CI

(t-BuOhW(==C-t-Bu)
15 mol%

~

C6HsCI, 80°C
(90% conversion)

OFS

\.

59% after workup

10% PdlC
..

1 atm H2

Cf

87%

@;
I

"Ru"
Ph pII' , CI

2. I
PPh2

(t-BuOhW(==C-t-Bu)
10 mol% .

C6HsCI, 80°C
(70% conversion)

~
I

Ph2P""'lu,,-c,
PPh2

52% after workup

ALKYNE METATHESIS in METAL COORDINATION SPHERES
effect ofcatalyst

Br

Ph2P'11,., I "",'IPPh2
'Re'

OC~ I"'co
co

I

(t-BuOhW(=C-t-Bu)
15 mol%

n
Ph2Pt,II", I ",,\\PPh2

'Re'

OC~ I"'co
co

fac; 47% after workup

13C NMR spectrum shows

two sets 01 signals lor

diastereotopic phenyl groups;

IR spectrum shows characteristic

Vco pattern 01 fae isomer

Br
Ph2P,II", I ",\,\PPh2

'Re"

OC~ I "'co
co

..
CsHsCI, 80°C

(75% conversion)

15 mol%

Mo(CO)s
100 mol%

4-chlorophenol.
CsHsCI, 140°C

(92% conversion)

Br
Ph2P,II"" I ",\ICO

'Re"

OC~ I"'P-
CO Ph2

mer; 44% after workup
(plus 7% of fac isomer)

13C NMR spectrum shows one

set 01 signals lor phenyl groups;

IR spectrum shows characteristic

Vco pattern 01 mer isomer;

31p NMR spectrum shows

one signal (mer,trans)



TRIPLE MACROCYCLIZATION to

TRIPHOSPHINE, DIPHOSPHINE, and tris(MONOPHOSPHINE) CO:MPLEXES

5::L
'P, '::~vtv

14 possible stereoiso
(phosphorus stereocent

~co;(
~P, ' ;P~..w,

ac"" """ca

/Jh\

PCy
CL. I 3,Ph

Ru=C'
cl' I ~H

PCY3

Gph" çO &JPh ~
P" ;P

..w,
ac"" """ca

Ò
4 possible stereoisomers

NMR and mass spectra show no remaining =CH2
stili a multitude of isomers atter hydrogenation (94%)

mass spectra show ali three types of ligands (P 3, P2, P 1)

li16 possible stereoì§orTJi[~""tlll

(ph~~~reo~c~n~i~~!)"i;

Ph"""" ~ """"PheP""""ir ~
""'\P'

OC~~'CO

~ r .h
Ph

ì
':J,

anti, anti, antt

Pb''', ~ ,".'PbeP""""'ir~
""'\P

OC~~'CO
~ P .h

j
Ph

.,<l'..r:~
<..;~.l.:><'" \>

£ n~Jj
~\i,j ("N~

'I~,,-.

rl!

"')..>.,(,"> .'\{Ìò-.0 '" .)t'"
~"V'ii. ~ WJ.'

'f)
Il
So

\ji/ ,
,

syn, anti, antt

Hydrogenation (H2 (90 psi) / (Ph3PhRhCl / toluene) leads to a
mixture of isomers in 94% yield



CONCLUSION: ALKENE (ANO ALKYNE) METATHESIS OFFERS
INCREOIBLE OPPORTUNITIES FOR THE SYNTHESIS OF

ARCHITECTURALL YNOVEL ORGANOMETALLIC COMPOUNOS

1\

M ...NyN"' M
es I es

CI/'Ru~
CI~ l') Ph

ptY3 ..

~IJ
~ J ~

~ PFS-
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POSSIBLE ROUTE to a DIRHENIUM"SINGLE HELIX'

* * *
Re Re Re

ONsJ' t "t.,PPh2 ONsJ' I "I.tp
ON sJ' t "I.a P . ,c

111 111 Ph2 111 Ph2
C C c
I I I
c

Grubbs' C Wilkinson's C
111 111 catalyst 111

C catalyst C and others C
I ... I .. I

C 77-84% C
sensitive C

111 111 111

C C toscale; C
I I synthesis I

C C of small C
111

Ph2
quantities

Ph2C NO successful
Ph2P"I,..I P, I r-NO P, I r-NOResS" Re Re

-ì$\- -ì$\- -ì$\-
racemic

one 31p NMR signal three 31p NMR signals



CRYSTAL STRUCTURES OF THE RHENAMACROCYCLES

\\?,J'

~\- t'l'

\:;~;/'t"

~<:}~;;
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CYCLIZATION WITHIN TWO cis-LIGANDS
PLATINUM-THIOETHERMACROCYCLES

Cl,,,..
P

,,, CI
, t"

RS""- "SR

\J
PCY3

CL." I ".0Ph
Ru=C'

Cl; I 'H
PCY3

Cl "'" P ""...CI
't"

RS""- "SR

V +

R R

Cl :" \ ,. "," S', Cl
"./ ~'v "-/

Pt Pt
/ "" ~ / ~

Cl S~s Cl
li 'R

R = C(CH3h: 72% < 4% dimer

C2Hs: 54% + 23% dimer

(after column
chromatography)

D
Re-Br [À] 2.6614(14)
Re-CO(39) 1.899(10)
Re-CO(40) 1.912(11)
Re-CO(41) 1.901(8)

Ph2P, , I .' PPh2 C7=C8 1.23(2)'Re'
P1-Re-P2 [°] 97.48(7)OC"'" I -CO

CO

D
Re-Br [À] 2.6540(12)
Re-CO(39) 1.949(11)
Re-CO(40) 2.054(13)
Re-CO(41) 1.936(10)

Ph2P,, I "PPh2 C7-C8 1.50(2)
'Re'

OC"'" I -CO P1-Re-P2 [°] 97.97(8)
CO



Scheme 6. Selected conformational equilibria.

(A) Representative equilibria in cis-bis(phosphine) complex 12

"" Ph Ph /"

~C~H H~CH,

Ph~ ~Ph
H Pt H

Phi Ph /"

H~~H, H~CH,

Ph~ ~Ph
H pt H

Ph t t Ph

H~~H, H,~~H

Ph~ ~Ph
H Pt H

- -

anti/anti

111

less productive
Ior macrocyclization

gauchelanti
IV

more productive

Ior macrocyclization

gauchelgauche
V

very productive

Ior macrocyclization

(8) Representative equilibria in trans-bis(phosphine) complexes 3a-e.

~c~~c~
H,_V-! n ::;y H,

Ph H H Ph

i
Ph CH, H Ph

H-Qrt-@-~~ ~
Ph H H Ph

t t
H~t~HPh H H Ph

-

anti/anti

VII

less productive
Ior macrocyclization

gauchelanti
VIII

more productive
for macrocyclization

gauchelgauche
IX

very productive
Ior macrocyclization

(C) Equilibria for trans-bis(phosphine) complexes 3a-e with CsHslCsFslCsHs stacks.

n
rolate

Ph ==="'" .,;?
Ph fronl

phosphorus

XI XII

- H~H H~H
Ph~ ~Ph

CH, Pt CH,

!gauchelgauche !
VI

very productive

Ior macrocyclization

-
t

H~--eH
Ph H H,C Ph

~

gauchelgauche

X

unproductive
for macrocyclization

MACROCYCLIZATION ofa SUBSTRATE with
GEMINAL DlMETHYL GROUPS

~BrBr
~MgBr .

cat. Li2CuCI4
40%

Br~
KPPh2

~ ~
Ph2P 62-41%

Ph2P-Pt-~Ph2
\
CI

(+ other metathesis products)

j

[Pt(/l-CI)(CsF 5)(SR2)h

CH2CI2, rt

Q
FS

~ #

63%

OFS OFs
10 mol%

# # Grubbsr
Pd/C s.. catalyst

0h'

I( Ph2P-Pt-PPh2 I(
1 atm H2

0 CH,CI"

CI CI reflux

54% 78%



CRYSTAL STRUCTURE ofTRANS-SPANNING
PHOSPHINE COMPLEX

THE FIRST CH=CH2/CH=CH2 METATHESIS SETS
THE SYN/ANTlMANIFOLD

~
Ph{~\}.Phu

\ I ~"Y: I /
~

CH2 CH2 H2C H2C

H P t~H

Ph H ~
Ph/Ph =8, syn (31%)

b, anti (7%)

mass spectrometry of the
crude reaction mixture shows

some diplatinum product

a

I

~ anti

I\ c.

~CH2 CH2 H2~

H P t~H

Ph H H H,C\
a

the anti manifold may be
more oligomerization prone


