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summary 

Perfluoronorbomadiene reacts with the compounds [M(PPh,),] (M = Pt, Pd) 
and [IrCl(CO)(PMePh&] to give the adducts [(C7F8)M(PPh3)J and [(&F,)- 
IrC1(CO)(PMePh2)2J m which one of the double bonds is coordinated to the 
metal atom. The platmum complex reacts further with [Pt(PPh&] to give 
[ (C7F8) (Pt(PPh,)J 2] havmg both double bonds coordmated to a Pt atom. The 
carbonylmetal anions [M-l react to form the mono-substltutron products 
[(C@7)M! (M = Mn(COL WCOb, WCOMPPh&, Rh(COMPPhM, 
but the use of an excess of [I Fe(CO),(q-C5H6)] - leads to substitution of one 
fluorme atom on each of the double bonds The complex havmg M = Mn(CO)s 
reacts unth [Pt(PPh3)4] to afford the derivative [(C7F7){Mn(CO)4PPh3))- 
{Pt(PPh,)&] , and the compound where M = Ir(C0)2(PPh3)2 undergoes an oxi- 
dative addrtron reaction with acetyl chloride. Oxldative coupling products have 
been isolated on UV irradiation of a mixture of perfluoronorbornadiene and 
[Fe(q4-CH2=CRCH=CH,)(CO)3] (R = H, Me), and under similar conditions the 
reaction with Fe(CO)s affords [(C7Fs)Fe(CO),] m very low yield. 

Introduction 

The stramed, blcyclic dlene, norbomadlene, has been of interest to orgamc 
and organometallic chemists for many years. It is well known that the proxlm- 
ity of the non-coqugated double bonds leads to rearrangement products via 
non-classical carbocation and nortricyclyl radical mtermedlates on reaction 

* For part XVIII see ref. 20. 
** Author to whom enqunes should be addressed 
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with electrophlles and radicals respectively [1,2]. Also, it behaves as a biden- 
tale ligand capable of stabllismg many low valent tram&ion metal Ions [ 3]_ A 
few years ago the synthesis of the fluorinated analogne, perfluoronorborna- 
diene, was achieved m this Department [4]. It has been of mterest to explore 
the chemistry of this compound to see if this is also capable of behavmg as a 
bidentate hgand, and whether, like the hydrocarbon analogue, it can form rear- 
rangement pro&J&s. We now describe some of rts reactions with low valent 
transition metal complexes_ 

Results and discussion 

Perfluoronorbomadiene reacts with the complexes [M(PPh,),] (M = Pt, Pd) 
at room temperature to give the compounds 1 and 2. The palladium complex 1s 
not stable m benzene and the colourless solution rapidly turns orange. A molec- 
ular weight determination (Table 1) suggests that there is appreciable dissocia- 
tion, similar to that noted previously for the bis(triphenylphosphme)palladmm 
denvatlve of hexafluoroblcyclo [ 2_2_0]hexa-2,5-diene [ 5]_ For this reason the 
“F NMR spectrum was not obtained and the compound was charactensed by 
microanalysis (Table 1) and IR spectroscopy (Table 2) only. The platmum 
complex 1 does not dissociate m benzene solution, and the “F NMR spectrum 
(Table 2) confirms that only one of the CF=CF bonds of the diene has coordi- 
nated to the platinum atom. The large, through-space, Pt-F8 couplmg mdlcates 
that the Pt(PPh& moiety is exo to the CF* bridge. The non-coordmated 
CF=CF bond in 1 is still sufficiently electrophilic to react with a further mole- 
cule of [Pt(PPh,)J over 24 h at room temperature to give 3 m 86% yreld, Tl-ns 
is expected to have the exo,exo structure shown, but this could not be con- 
fizmed by a “F NMR spectrum as it is almost msoluble m all common solvents. 
The IR spectrum of 3 confirms the disappearance of the band at 1740 cm-’ 

TABLE 1 

MELTINGPOINT.ANALYTICAL(~)ANDMOLECULARWEIGHTDATAFORTHEPERFLUORO- 
NORBORNADIENEDERIVATIVES 

Compound MP(OC> Analyss(Found(cakd)<=%)) MoLwt." 

C H F 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

205-206b 
170 
- 
- 
38-39 
60-61 
98-995 
85-87 

150 

230-232b 
140 

166167 

54 2<540) 
59 2(59 5) 

569(566) 
46 2<45 8) 
352(350) 
266(265) 
537(542) 
57 4(57 4) 
45 2(44 8) 
555(571) 
540<53 2) 
390(391> 
406(40 6) 

3 3(3 2) 
3_4(3 5) 

36(36) 
31(29) 

29(30) 
3 6(34) 
2 0(1.8) 
3 5(3 4) 
31(3 2) 
1.4(1_4) 
18(18) 

15 5(15 6) 944(955)C 
17 O(17 5) 444(866)C 

89(91) 
16 7<171) 
324<32 3) 
25 5(24 5) 

11 2<11 5) 
142(147) 
207(200) 540(552)= 

8 4(%7) 
12 8(12 2) 
350(35 3) 
33 6(341) 

= Calculatedflguresareglvenmparentheses. bW~thdecompon~on_cInCHC13 
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(v(CF=CF)) observed m the spectrum of 1. No reaction occurred between per- 
fluoronorbomadiene and [IrCI(CO)(PPh,),] either at room temperature over 
3 days or on heatmg at 50°C for 4 h However, the more nucleophllic iridi- 
urn(I) complex [IrC1(CO)(PMePhs),] reacted to give 4 even at room tempera- 
ture. The IR spectrum of 4 confirmed the presence of an uncomplexed CF=CF 

(1) M =Pt 

(2) M = Pd 

IrCl(CO)(PMePh2), 

group, and also showed the expected smgle metal carbonyl absorption at 2050 
cm-‘. There was no evidence m the ‘H NMR spectrum for virtual couplmg 
between the 3 ‘P nuclei of the two phosphme hgands mdlcanng that they 
occupy czs-sites 161. No reaction occurred between perfhroronorbomadlene 
and [PdC12(PhCN)2J, [Rh(CO)&lJ2, [Rh(C2H&(acac)J (acac = acetylace- 
tonate) or [Rh(q-CsMes)(cod)] (cod = cycloocta-1,5-diene) at room tempera- 
ture_ 

The carbonyhnetal anions [Mn(CO)J -, [Re(C0)5] -, [Ir(CO)Z(PPh&] - and 
[Rh(C0)2(PPh3)2] - react with perfluoronorbomadiene to give the com- 
pounds 5-8. The best yields were obtained by addition of a solution of the 
amon m tetrahydrofuran to an excess of the dlene m the same solvent, the 
weak nucleophlle [Co(CO),]- [7,S] did not react under similar conditions. The 
IR spectra of these products (Table 2) all show a strong band m the regron of 
1750-1759 cm-’ for an uncoordinated CF=CF bond, and a new, strong band 
m the region of 1612-1615 cm -’ for the CF=C[metal] bond. In addrtlon, the 
spectra of 5 and 6 show five metal carbonyl absorptions at 2076s, 2045vs, 
2025s, 2012m, and 2000m cm-’ (compound 5) and 2072s, 204Ovs, 2023s, 

(51 M = Mn(CO>, 

(6 1 M = ReKO15 

(7 1 M = Ir(CO),(PPh& 

(8) M = Rh(CO),(PPh& 



T
A

B
L

E
 

2 

IR
(c

m
’1

) 
A

N
D

 
I p

F
 N

M
R

 n
l 

* 
(p

pm
 u

pf
lo

ld
 f

ro
m

 
tr

rf
lu

or
on

cu
ti

c 
n

ci
d)

 O
F

 T
II

E
 C

O
M

P
L

E
X

E
S

 
O

F
 P

E
R

P
f,

U
O

R
O

N
O

IL
B

O
R

N
A

D
l~

N
~

 

C
om

po
u

n
d 

v(
C

li
‘ 

=
 C

P
) 

v(
C

F
 =

 C
m

et
al

) 
P

I 
F

2 
P

 3
 

P
4 

F
S

 
I?

G
 

F
7 

6 
C

 
C

ou
pl

in
g 

co
n

st
an

t3
 

(1
-b

) 

. 
C

7F
a 

d 
17

k
a 

- 
19

9,
l 

74
 2

 
74

 2
 

13
9 

1 
74

 2
 

74
 2

 
53

 

1 
17

40
 

- 
13

2 
11

0 
11

0 
13

2 
72

 
72

 
53

 
J(

P
--

FZ
. 

3)
30

, 
J(

F
7-

P
8)

l 
B

G
, J

(l
’t

-F
e)

23
3 

2 
17

41
 

- 
4 

17
G

O
s 

- 
6 

17
69

3 
IG

lG
s 

11
4 

- 
48

 
19

6 
82

 
13

 
55

 
J(

P
7-

b 
H

)l
G

4 
6 

17
66

s 
16

13
3 

11
1 

- 
46

 
19

3 
80

 
71

 
84

 
J(

P
7-

19
 

8)
lh

‘) 
I 

17
60

9 
16

12
3 

11
3 

- 
46

 
12

‘) 
A

0 
72

 
S

S
 

J(
F

7-
F

n
)l

52
 

a 
17

G
23

 
16

13
3 

11
2 

- 
46

 
13

1 
81

 
70

 
56

 
J(

P
 ‘

-F
8)

1G
4 

9 
16

13
9 

11
2 

- 
52

 
11

2 
- 

b2
 

G
5 

J(
F

 ‘I
-F

~
)l

’jB
 

10
 

16
G

O
s 

11
 

17
60

9 
lG

l2
s 

12
 

17
68

s 
- 

14
8 

10
9 

10
8 

13
4 

86
 

99
 

66
 

J(
P

7-
@

)I
60

 
13

 
17

G
O

s 
- 

14
0 

10
9 

10
4 

13
4 

R
4 

97
 

65
 

J(
P

7-
F

a)
lG

O
 

a 
In

 t
h

e 
m

sj
or

rt
y 

of
 c

es
es

 s
pc

ct
ro

 
w

er
e 

w
cn

lc
 o

n
d

 p
oo

rl
y 

rc
so

lv
cc

l,
 o

 I
n

 C
D

C
l~

 
c 

C
cn

tr
c 

of
 G

n
 A

a 
W

ar
te

t 
cl

 F
ro

m
 r

ef
 

4 



293 

2009m, and 1995m cm-’ (compound 6), respectively_ The iridium and rhodl- 
urn complexes show only one strong band m this region at 2010 and 2015 
cm-’ respectively, suggestmg a tram arrangement for the carbonyl hgands as 
found previously for snnilar complexes [9,10]. The reaction with Na[Fe(CO)T 
(q-C5H5)] was camed out usmg an excess of amon over perfluoronorboma- 
dlene and gave a low yreld of a product 9 which showed three bands at 2035s, 
1998s and 1930s cm-’ m the metal carbonyl region of the IR spectrum, a 
strong band at 1613 cm-’ (v(CF=C metal)) and no band m the reeon expected 
for a CF=CF bond. The “F NMR spectrum (Table 2) showed only three bands 
m the intensity ratio l/l/l suggestmg a compound havmg the structure shown, 
and this was confirmed by elemental analysis and molecular weight determma- 
tion (Table 1). The mechanism of nucleophllic attack on fluoro olefins is we& 
established [ 111, and the lone pan of electrons on the developmg carbamon 
centre are an tz to the incommg nucleophlie to mmimlse electron-pair repulsion. 
Inversion at the carbanion centre must take place before F- elimmatlon can 
occur so that the lone pan electrons are antz to the leaving group. This 1s shown 
in Scheme 1 assuming that exo attack by the nucleophlle on the perfluoro- 
norbornadlene is preferred. It seemed possible that the carbamon mtermedlate 

[Ml- 
/ 
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shown might rearrange to give a tncyclane product m a sun&r way to rear- 
rangement of the norbornenyl catlon and radical. Tricyclane products have not 
been detected in the reactions with carbonylmetal anions, or, mdeed, any reac- 
tions of nucleophrles with perfluoronorbomadiene mvestigated to date. Pos- 
sibly the tetrahedral geometry of the sp3-hybndrsed carbamon centre prevents 
overlap with the second CF=CF bond. Overlap will be less favourable than that 
between an sp’-hybridised carbocatlon or radical centre and a CH=CH bond. 

The manganese complex 5 reacts with [Pt(PPh&] at room temperature to 
sve a low yield of a compound believed to have structure lo_ Elemental anal- 
ysis indicates that it is slightly impure, but it was almost msoluble m all com- 
mon solvents and could not be recrystalbsed, for the same reasons a “F NMR 
spectrum could not be obtained_ The IR spectrum shows four bands at 2070m, 
2026w, 1995sh and 1970s m the metal carbonyl regzon for a compound of type 

(10) (11) 

czs-MnL’L’(C0)4 [12]: a strong band at 1650 cm-’ (v(CF=C metal)), but no 
band in the region of 1750-1760 cm-‘_ A second product from this reaction 
was [Pt(CO)(PPh,),], and rt would appear that a PPhs molecule from dlssocla- 
tion of [Pt(PPhs)J substitutes a car-bony1 hgand of the Mn(C0)5 group, but It 
IS not known whether this occurs pnor to or after reactron of 5 with 
[Pt(PPh,),] It has not proved possible to prepare 10 by the alternative reactlon 
between 1 and [Mn(CO)S] -. A complex product mixture was obtamed from 
this reaction, and a similar complex reaction occurred on treatment of 1 with 
IRe( -- 

Acetyl chloride adds to the mdmm(1) complex 7 at room temperature to 
give a 55% yreld of 11. The IR spectrum of this adduct shows a smgle, strong 
metal carbonyl absorption at 2075 cm-‘, and a band at 1570m cm-’ (Y(C=O) 
of COMe group), m addrtron to bands due to v(CF=CF) and v(CF=C metal) 
(Table 2). A colour change from colourless to yellow m CDC4, and a ‘H NMR 
band at 6 123 ppm m addition to the expected bands at 6 2.1 (COCH3) and 
7.4 ppm (C,H,) suggests that 12 may decarbonylate to [&F,IrMeCl(CO)- 
(PPh3)J m solution. There was no reaction between 7 and rodomethane at 
room temperature, but at 60°C trifluoroacetrc acid reacted to give a low yreld 
of [IrH(O,CCF,),(CO)(PPh,),l. This possibly arises by oxidative-addrhon to 
give [C7F&H(O,CCF,)(CO)(PPh,),l followed by reductive ehmmation to form 
C7F7H and [Ir(O,CCF,)(CO)(PPh,),I; thus last compound wrth more acid 
would give the observed product. 

Oxidatnre-couplmg reactrons between fluormated olefms and [ Fe(q4-drene)- 
(CO),] are well-known [13,14]. It has now been shown that UV rrradiatron of 
mixture of norbomadlene and the compounds [Fe(q4-CH,=CRCH=CH,)(C03)1 
CR = H, Me) gives the compounds 12 and 13. These are stable at room tempera- 
ture and the IR spectra show the expected three strong metal carbonyl vrbra- 
tions at 2090,2049, and 2018 ( compound 12) and 2080,2040, and 2012 
cm-’ (compound 13), and a band in the regron of 1750-1760 cm-’ for a free 
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(14) 

(12) R = H 
(13) R = Me 

CF=CF group. The ‘H NMR spectra were very srmrlar to those reported for the 
products of reaction between CZF4 and [ Fe(q4-CH,=CRCH=CH,)(CO),] [ 14]_ 
Tentative assignments of the bands observed m the “F NMR spectra are given 
m Table 2 It IS known from other work [14,15] that the fluoro olefm m these 
reactions probably coordmates to the n-on atom first and forms an endo link 
with the butadiene hgand Intuitively It might be expected on this basis that 
the complexes 12 and 13 will have the stereochemistry shown, but wrthout 
X-ray crystallography this cannot be confirmed Irradiation of a mixture of 
perfluoronorbornadrene and [Fe(C0)5] gave 1% yield of a yellow sohd thought 
to be 14. There was msufficrent sample for elemental analysts or NMR spec- 
troscopy The IR spectrum shows four strong bands at 2149,2099,2060 and 
2049 cm-’ m the metal carbonyl regron, and a band at 1760 cm-’ (p(CF=CF)). 
The mass spectrum did not give a molecular ion, but gave an intense ion at m/e 
376 [C7F8Fe(C0)3]‘, and peaks at m/e 168 [Fe(CO),]f, 140 [Fe(CO),lt, 112 
[Fe(CO)z]f and 84 [Fe(CO)]r_ 

Experimental 

Perfluoronorbomadiene was prepared by a modification of the method 
descrrbed in the literature [4] _ Products were identified by elemental analysts 
and by IR (Perkm-Elmer spectrophotometer model 621), NMR (Perkm- 
Elmer RlO) instrument operating at 60 Mi-Iz for ‘H (mt Me& reference) and 
56.46 MHz for “F (ext. CF,CO,H reference, posrtwe shrfts to high field) spec- 
troscopy- Molecular weights were determined usmg a Perkin-Elmer model 115 
apparatus by the isoprestrc method. Except where stated all reactrons were car- 
ned out under dry, oxygen-free nitrogen, and solvents were purrfred and dried 
by standard procedures. 

Reaction wz th [Pt(PPhJJ 
Perfluoronorbomadiene (0.46 g, 1.99 mmol) was added to a solution of 

freshly-prepared [Pt(PPhs)4] (2.40 g, 1.93 mmol) m benzene (100 cm3) and the 
mrxture was stirred at room temperature for 3 days durmg which time triphen- 
ylphosphine (0.12 g, 0.43 mmol) precipitated. This was removed by filtratron, 
and the volume of the filtrate was reduced to ca. 10 cm3 before addition of 
cold ethanol (10 cm3) whrch precipitated unreacted platinum complex (0.23 g, 
0.17 mmol)_ This was filtered off and the solvent was removed from the fil- 
trate to grve compound 1 (0.5 g, 0.53 mmol, 26%) as a white solid. 



Reactron wt th [Pd(PPh,)d 
Under similar conditions reaction between perfluoronorbornadiene (0.47 g, 

1 99 mmol) and a suspension of the palladmm complex (2.3 g, 1.98 mmol) m 
benzene (40 cm3) gave whrte crystals of compound 2 (1.2 g, 1.39 mmol, 71%) 
whrch were washed w&h hot ethanol (10 cm3) and dried m vacua. 

Reac tron wz th [IrCl(CO)(PMePh& 
When a solutron of perfluoronorbomadlene (0 8 g, 3 38 mmol) and the uidl- 

urn complex (0.6 g, 0.92 mmol) in benzene (30 cm3) was stirred at room tem- 
perature, then, after 24 h, the solvent was removed, a yellow orl was obtained_ 
This was dissolved m the mmrmum amount of dichloromethane and methanol 
was added to give pale yellow crystals of compound 4 (0 55 g, 0.62 mmol, 
68%)_ (‘H NMR (CD&) 6 2 09 (d, 3 H, CH3, &P-H) 5 Hz) and 7 6 (m, 10 H, 
C6HS)) 

Reactron between compound 1 and [Pt(PPh3)J 
A solution of 1 (0.1 g, 0.1 mmol) m benzene (10 cm3) was added dropwlse 

to a stured solution of [Pt(PPh,),] (0 14 g, 0.11 mmol) m the same solvent, 
and after 24 h the orange solution was reduced to half volume before addition 
of ethanol (10 cm3). Over several days small white crystals of compound 3 
(0 15 g, 0.09 mmol, 86%) formed, and these were filtered, washed w&h etha- 
nol, and ether, and finally dried in vauo. 

Reaction wrth Na[Mn(CO)J 
Decacarbonyldunanganese (1 0 g, 2 55 mmol) was converted into its sodium 

salt by sturmg m dry tetrahydrofuran (50 cm3) with dilute sodmm amalgam for 
3 h according to a reported procedure [16]_ After removmg the excess of amal- 
gam, this solutron was added dropwlse to a stirred solutron of perfluoronor- 
bomadlene (2.0 g, 8.5 mmol) m tetrahydrofuran at room temperature. The 
mrxture was starred for 60 h, the solvent was then removed, and the residue was 
chromatographed (florisrl (100-200 mesh), petroleum ether (b-p. 3040°C) 
eluant) to gwe small white crystals of compound 5 (0.82 g, 1.9 mmol, 80%) 

Reaction with Na[Rti(CO)J 
Using a snmlar procedure reactron between Na[Re(CQ&] (1.5 mmol) and 

perfluoronorbomadiene (1.4 g, 5 9 n-m-101) m tetrahydrofumn at room tempera- 
ture gave, after chromatography, whrte crystals of 6 (0.25 g, 0.46 mmol, 31%). 

Reaction w&h Na(Ir(CO),(PPh,)J 
Carbon monoxide was bubbled through a stirred solutron of [IrCl(CO)- 

(PPh3)J (1.0 g, 1.28 mmol) in tetrahydrofuran (100 cm”) to gwe a pale yellow 
precipitate of [IrC1(C0)2(PPh3)2] (1 0 g, 1.24 mmol, 97%) This was treated 
with dilute sodrum amalgam (sodmm (2 g): mercury (25 cm3)) for 4 h under a 
slow stream of carbon monoxide. The excess of amalgam was then removed, 
and the solution of the sodium salt was added dropwrse over 1 h under an 
atmosphere of carbon monoxide to a stirred solution of perfluoronorboma- 
dlene (1.25 g, 5.16 mmol) in tetrahydrofuran (25 cm3). The mixture was 
stirred for a further 48 h before removal of the solvent, and chromatography 
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(Flonsll; SO/20 mixture of petroleum ether (b p 60-80°C). dlchloromethane 
as eluant) to gwe yellow crystals of compound 7 (0 5 g, 5.05 mmol, 39%) 
recrystallised from dlchloromethane/methanol. Further elution with acetone 
gave [IrCl(CO)(PPh,),] (0 3 g). 

W&h Na[Rh(CO),(PPh,)J 
Hexadecacarbonylhexarhodmm (0.46 g, 0 44 mmol) [ 171 tnphenylphos- 

phine (0.40 g, 5.3 mmol) and benzene (20 cm3) were stared at 45”C, while a 
stream of carbon monoxide was passed through the solution After 2 h the yel- 
low [Rh(CO)(PPh&]2 (1 2 g, 0.84 mmol) was dned m a stream of carbon 
monoxide. This was converted mto Its sodmm salt by stlmng with dilute 
sodmm amalgam (sodmm (3 g), mercury (30 cm3)) m tetrahydrofuran at room 
temperature for 3 h under a slow stream of carbon monoxide. After removal of 
the excess of amalgam and filtration, this solution was added dropwise under 
an atmosphere of carbon mono_mde to a stirred solution of perfluoronor- 
bomadlene (1.3 g, 9 2 mmol) over 45 mm. The murture was then stirred at 
room temperature for 2 days and a wine-red colour developed The mLvture 
was filtered, and the volume of the filtrate was reduced to 10 cm3 before addl- 
tlon of light petroleum (10 cm3) to preclpltate a brown sohd (0.5 g) which was 
removed by filtration Cold methanol (20 cm3) was added to the filtrate to give 
yellow crystals of compound 8 (0.10 g, 0 11 mmol, 16’S), which were washed 
unth bght petroleum and dried m vacua. Chromatography of a brown residue 
(0.5 g) usmg acetone as eluant gave [RhCl(CO)(PPh,),] (0 3 g, 0 44 mmol) 

Wrth Na[Fe(CO)2(n-CJIS)] 
A solution of Na[Fe(CO),(q-&H,)] m tetrahydrofuran (100 cm3), prepared 

from [Fe(C0)2(q-C5H,)], (2 0 g, 5 65 mmol) and sodium amalgam, was added 
dropwise over 1 h to a stn-red solution of perfluoronorbornadlene (1.2 g, 120 
mmol) m tetrahydrofuran at room temperature. The murture was stirred for 
18 h and a brown sohd decomposltlon product which preclpltated was ftitered 
off The solvent was then removed from the filtrate and the residual maroon 011 
was dissolved m the mmnnum amount of ethanol before add&Ion of hght 
petroleum ether (b p. 30-40°C) to sve yellow crystals of compound 9 (0 61 g, 
1.7 mmol, 21%). 

Wr th [Fe(q4-CH,=CHCH=CHJ(CO)J 
A mixture of the xon complex (10 g, 8 25 mmol), perfluoronorbomadlene 

(2.0 g, 8.5 mmol) and hexane (20 cm3) sealed m vacua in a Pyrex tube (capac- 
ity 100 cm3) and irradiated with a 250 W Hanovla U.V. lamp for 48 h gave yel- 
low crystals of compound 12 (0.5 g, 1.16 mmol, 20%) (‘H NMR (CDCI,)- 
6 2 33 (m, H6), 2.47 (m, H’), 2.96 ( m, H’), 3 43 (m, H*) 4.44 (m, H4), and 5.20 
(m, H3) ppm) which were washed with hght petroleum and dned m vacua 

A repeat of this reaction usmg a 2/l and a 4/l mol ratlo of iron complex to 
norbornadiene and Ipradlation for 8 days gave 34 and 36% yield respectmely of 
compound 12. 

Wzth [Fe(q4-CN,=CMeCH=CH.J(CO),] 

Irradiation of a mixture of perfluoronorbomadiene (2.0 g, 8.5 mmol) and 
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the non complex (1.4 g, 6.73 mmol) m hexane (20 cm3) for 3 days gave yellow 
crystals of 13 (0.6 g, 1.35 mmol, 20%) (‘H NMR (CDCls). 6 2.08 (broad s, 
CH, + H6), 2.50 (m, H’), 3.00 (m, H’), 4.03 (m, HZ) and 4.43 (m, H4) ppm)_ 

Wrih [Fe(CO)J 
A solution of pentacarbonyliron (1.0 g, 5.10 mmol) m an excess of perflu- 

oronorbomalene (3 0 g, 12.7 mmol) sealed under vacuum m a silica reaction 
tube was irradiated with a 500 W Hanovla UV lamp for 5 days to give nonacar- 
bonyldnron (0.27 g, 0.81 mmol, 16%) and a brown oil, which on chromatog- 
raphy (Florisil, light petroleum (b-p. 30-40°C) as eluant) gave small, yellow 
crystals of compound 14 (10-O mg, 0.03 mmo1, I%), which were washed with 
dlethyl ether and dried in an-_ 

Reactron between compound 5 and [Pt(PPh,),] 
A solution of [Pt(PPh,),] (3 6 g, 2.89 mmol) in benzene (150 cm3) was 

added dropwrse to a stirred solution of compound 5 (1.2 g, 2.91 mmol), and 
the mixture was starred at room temperature for 24 h. During this period an 
intense red colour developed. The solvent was removed and the resrdue was 
chromatographed (Florisrl; ethanol eluant). The volume of the eluate was 
reduced to ca. 15 cm3 to give [Pt(CO)(PPh,),] (0.1 g, 0.13 mmol) m p_ 308°C 
(lit. [18] 310°C) which was removed by filtration. Addltron of light petroleum 
to the residue gave compound 10 (0.25 g, 0.18 mmol, 6%) as a pale yellow 
solid 

Reactrons of compound 7 
(a) Wrth acetyl chlorrde A mixture of compound 7 (0.26 g, 2.63 mmol) and 

acetyl chloride (0.62 g, 7.94 mmol) m dlchloromethane (20 cm3) was sealed 
under vacuum in a Pyrex reaction tube, and was allowed to stand at room tem- 
perature for 3 days. Removal of most of the solvent and addition of ethanol 
(10 cm’) and petroleum ether (b-p. 60-80°C 5 cm’) gave white crystals of 
compound ll(0 15 g, 0.014 mmol, 55%) 

(b) With trifluoroacetic aced A mrxture of compound 7 (0.26 g, 2.63 mmol), 
tnfluoroacetlc acid (1.0 g, 8.8 mmol) and dichloromethane (10 cm3) was kept 
in a sealed tube for 4 days at room temperature, and then heated at 60” C for a 
further 2 days. Removal of the solvent and add&on of ethanol gave white crys- 
tals of ]IrH(O&CF,),(CO)(PPh,)=1 (50 mg, 0.05 mol, 20%) m p. 208-213°C 
decomp. (lit_ 1193 210-215°C) (Found: C, 50.0; H, 3.2; F, 11.6. C&HZ1F605- 
I’& calcd.: C, 50.6; H, 3.2; F, 11.7%). The IR and *H NMR spectra of thus 
compound agreed vvlth those rep&ed [ 191. 
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