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summary 

1,2,3,4,7,7-Hexafluorobicyclo[2 2 l] heptadiene (1) and 2,3-bis(trimethyl- 
tm)-1,4,5,6,7,7-hesafluorobicyclo[2 2_l]hepta-2,5-diene (2) react with 
[M(Ph,P),] (M = Pt, Pd) to afford air-stable adducts 2,3-Dichloro-1,4,5,6,7,7- 
hexafluorobnzyclo[2_2_1]hepta-2,5-diene (3) gives only [PtCl,(PPh,),] with 
[Pt(Ph,P),], but a low yield of an adduct was obtained with [Pd(PPh,),] The 
diene 1 also reacts with Fe(CO), to form the complex [(C,H,F,)Fe(CO),], and 
with [Rh(C2H4)2 (acac)] to give [(C,H,F,)Rh(acac)] in which the diene acts as 
a bide&ate ligand. Slmllar products could not be isolated from the reactions of 
2 and 3. A stable adduct, believed to be [I C,F,(SnMe,),) Rh(CO),(p-Cl),- 
Rh(CO),] has been isolated from the reaction between 2 and [Rh(CO)zC1]2 _ 
This adduct reacts with PPhJ to give the bndgecleavage product [ (C7F6- 
(SnMe,),) RhCl(CO)(PPh,),]. R eaction of 1 with [Rh(CO),Cl], gwes an un- 
stable adduct which could not be isolated, and 2 does not react at room tem- 
perature_ The chloro derivative 3 reacts with [PdCl,(PhCN),] to give the adduct 
[(C,F&l,)PdCl(PhCN)], but 1 and 2 do not react under similar conditions 
Stable substitution products [(C,F,R,)M] (R = H, M = Fe(C0)2(q-C5H5), R = 
SnMe,, M = Fe(CO)z(q-CSHS), Mn(CO&, Ir(C0)2(PPh3)2, Rh(C0)2(PPh&; 
R = Cl, M = Ir(C0)2(PPh3)2, Rh(CO),(PPh,),) have been isolated from the reac- 
tions of the drenes with carbonylmetal anions. Insertion of the CH=CH bond 
occurs when 1 is heated with [MnMe(CO)S] to give [ fC,F,H,C(O)Me~Mn(CO)J, 

* For part XIX see ref. 1. 
** Author to whom enqmnes should be addressed 
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and this, on reaction with either PPhX or [Pt(PPh,),], gives [(C,F6H,COMe)Mn- 
(CO),PPh,] - 

Introduction 

As a continuation of our studies of the organometallic chemistry of fluorm- 
ated norbornadienes [l] we have investigated some reactions of the 2,3-disub- 
stltuted hexafluorobrcyclo[2 2-l] hepta-2,5&enes (l-3), which are mtermedi- 
ates in the multi-stage synthesis of perfluoronorbomadiene from hexafluoro- 
cyclopentadiene [2]_ We now report their reactions with a number of low valent 
platinum, palladium, and rhodium complexes, pentacarbonyln-on, carbonyl- 
metal anions and [MnMe(CO),] _ 

Results and discussion 

Dienes 1 and 2 react readily with [M(PPh,),] (M = Pt, I’d) m benzene at room 
temperature to afford the adducts 4-7 m good yields The compounds were 
charactensed by elemental analysis (Table l), and IR spectroscopy. Reaction 
occurs at the fluormated double bond m all cases, as evidenced by the dlsap- 
pearance of the characteristic v(CF=CF) bands at 1761 and 1750 cm-’ present 
m the IR spectra of 1 and 2, respectively The platmum complex 6 was so 
msoluble m common solvents that an NMR spectrum could not be obtained. 
A weak, poorly-resolved “F NMR spectrum was obtained for 4 (Table 2), and 

TABLE 1 

MELTING POINT ANALITICAL (2) AND MOLECULAR WEIGHT DATA FOR THE NEW 
COMPLEXES 

Compound 

4 
5 
6 
7 
8 
9 

10 
11 

12 

14 
15 

16 
17 
18 
19 

21 

22 

M P (“C, Analyn~ (Foundlcalcd 1 (%I moL \\t a 

C H F / 

17ob 
14ob 
2-m-241b 

125b 
- 

- 
- 
- 
- 
- 
- 
- 
163 
142 
152 

80 b 
- 

58 5(565) 3 9(3 5) 10 4(12 5) 
61 8(621) 3 7<3 8) 13 3(13 7) 
47 9(47_2) 4_1<3 9) 8 9(9 2) 
511<509) 44<42) 9 8<9 13) 684(1156) = 
56 7<57 3) 41<3 8) 117(119) 310(889) = 

357<358) 23(2 3) 28 8(28 4) 
230(22 3) 2 3<20) 899(915) d 
49 3<49 5) 3 8<39) 9 2(9 4) 
331<32 7) 1 l<l 0) 21 4122 2) 

471<47 2) 195(20) 26 6<26 4) 
339<345) 29<33) 13 6(13 9) 
29 9(30 5) 2 8(2 5) 13 O(13 5) 720(702) d 
47 8(47 8) 40(3.7) 7 6<7.4> 
518<515) 43(40) 8 l(7 9) 
521<52 8) 27<29) 9_0(9 3) 

38 2(38-O) 1 l<l 2) 27 3(27 8) 
556(559) 3X31) 17_8(17 7) 

a Calculated fzgures are grven III parentheses b with decompontlon. C in &chloromethane. d In chloro- 
form 
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shows bands at 58,110, and 121 ppm to high field of trifluoroacetic acid m the 
mtensity ratlo of l/l/l The bands at 58 and 121 ppm are assigned to the 
bndgmg fluorine atoms (F’ ‘) and fluorine atoms (F’ 4, respectively by analogy 

wrth the spectrum of 1 The band at 110 ppm IS therefore assrgned to the fluo- 
rme atoms F5 6 which have been shifted upfield by 30 ppm upon coordmation 
to the platinum atom. Shifts of a smular magnitude have been noted prevrously 
[1,3]. Details of coupling constants could not be determmed from the spec- 
trum, but by analogy with products from perfluoronorbornadiene these com- 
pounds are expected to have the exo-structure shown [ 11. Colourless solutions 
of the palladium complexes 5 and 7 1x-i various solvents under an atmosphere of 
nitrogen rapidly turned orange. A molecular weight determmation on a dichloro- 
methane solution of 7 clearly shows that appreciable drssociation is occurring 
(Table 1) as found for analogous palladium derivatives of perfluoronorborna- 
diene [l] and hexafluoroblcyclo[2.2 0] hexa-2,5&ene [ 33 _ For this reason “F 
NMR spectra of compounds 5 and 7 were not obtained. The immediate develop- 
ment of a deep red colour was observed on addition of the dichloro-compound 
3 to [Pt(PPh,),] in benzene at room temperature, and the only product which 
could be isolated was czs-[PtCl, (PPh&] . A similar result was obtamed when 
this reaction was repeated at O”C, and special care was taken to exclude an at all 
stages of the reaction and subsequent work-up. Reaction between 3 and the 
palladmm complex, [Pd(PPh&] , gave a low yield of the adduct 8. This, hke the 

(1) R=H 
(2) R = SnMe3 

(3) R = CL 

(4) M=Pt R=H 
(5) M=Pd,R=H 
(6) M = Pt, R= SnMe3 
(7) M = Pd R = SnMe, 

(8) M= Pd, R=Cl 

other palladmm derivatives, was unstable in solution, and it was characterlsed 
by elemental analysis and IR spectroscopy only One possible explanation for 
these results is that m the reaction of 3 there is competition between attack at 
the CF=CF and CCl=CCl bonds. It 1s well known that chloro- or bromo-substr- 
tuted olefms coordmated to palladium or platinum readily rearrange to o-vinyl 
derivatives [4,5], and, perhaps, the sequence of reactions shown m Scheme 1 
could account for the formation of czs-[PtCl,(PPh,),] and the low yield of 
adduct from the palladium reaction. Due to the small scale employed we have 
so far been unable to isolate any orgamc product from thus reaction which 
might confirm this mechamsm. 

Neither 2 nor 3 reacted with [Nr{ P(OEt),) 4] at room temperature over 
several hours, and 1 failed to react with [IrCl(CO)(PPh,),] after 8 h in boiling 
toluene. There was no reactron between 3 and [Rh(C2H4)2(acac)] at room tem- 
perature, and in this respect this drene behaves hke perfluoronorbomadlene [l]. 
An intense red colour developed upon mixing 2 and [Rh(C,H,),(acac)] at 
-25°C m drchloromethane. When thus reactron m CDCls was monitored by ‘H 
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NMR it was observed that addition of one equivalent of 2 caused the mtensity 

SCHEME 1 

F2 

(M= Pd) 

F2 

t 

[MCL2L21 

of the band at 6 2.96 ppm for the ethylemc protons of [Rh(C,H,&(acac)] to 
decrease to one half of its origmal value suggesting that [ { C7F,(SnMe,),) (C&H,)- 
Rh(acac)] had been formed. When a further equivalent of the diene was added 
the band at 6 2 96 ppm disappeared consistent with the formation of [ {C7F6- 
(SnMe&) .Rh(acac)] _ These adducts appear to be very unstable and attempts 
to isolate them have resulted only m recovery of 2 and an m&&able brown 
solid. In contrast, the drhydro derivative 1 reacts with [Rh(C,H,),(acac)] to 
give the adduct 9 as an am stable yellow solid. The IR spectrum of 9 shows no 
evidence of a v(CF=CF) band at 1761 cm-’ or v(CH=CH) band at 1541 cm-’ 
present in the spectrum of 1. The olefinic protons appear in the ‘H NMR spec- 
trum at 6 4.21 ppm, i.e. an upfield shift of 2.54 ppm from the olefmic protons 
m the spectrum of the free drene (6 6.75 ppm). The “F NMR spectrum (Table 
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TABLE 2 

‘9F NMR SPECTRA OF THE COMPLEXES OF 1 2 3 4 ‘7 7-HEXAFLUOROBICYCLOC2 I lIHEPTA- 
DIENE (ppm to hxgh held of tnfluoroacehc aced) 

Compound F1 F4 F6 F? 8 (I CouPling 
constants (Hz) 

1 

2: 

13f 

14d 

22c 

13142 131 42 80 0 80 0 57 51 

121 123 38 123 121 38 110 128 6 110 128 6 58 706 

12735 12735 1483 1483 741 

104 125 54 - 56 
136 136 85 85 -65 

J<F’-F8) 147 

J(F'-F8)166 

J(Rh-FS 6)19 
J(F7-Fs)li6 

a Centre of an AB quartet * Neat llquld c In dlmethylfocmamide at 100°C d In CDC13 e In CHC13 

2) also shows quite clearly that the vmyhc fluorme atoms have been shifted up- 
field by 48 6 ppm as a result of coordination to the rhodmm atom. In this 
complex the diene IS behavmg as a bidentate hgand with both double bonds 
coordmated to the rhodium atom, and it resembles the complex ]Rh(C,H,)- 
(C2P4)(acac)] first isolated by Cramer and Parshall [6] Tetrafluoroethylene 

[ 61 and hexafluoroblcyclo [ 2.2.01 hexa- ,fi-dlene [ 3,7] displace Only one 
ethylene molecule on reaction with [Rh(C2H4)2(acac)] and the remaimng 
ethylene hgand IS not displaced even on prolonged treatment Our results 
show that by havmg a fluoro-olefm and a comparatively electron-nch olefm m 
the same molecule both ethylene hgands can be displaced, although steric fac- 
tors also play an important role m these reactions as noted previously [S]. This 
might explam the mstabllity of the complexes from 2, and also, perhaps, the 
failure of perfluoronorbornadiene and 3 to form stable mono-substitution com- 
plexes with ] Rh( CZH4& (acac)] _ 

When the reaction between 1 and [Rh(CO),Cl], m tetrahydrofuran at room 
temperature was monitored by IR spectroscopy over 24 h the v(CF=CF) band 
at 1761 cm-’ was seen to decrease in intensity and a new band at 1725 cm-’ 
developed until it was approxnnately as intense as that at 1761 cm-‘. During 
this period there was no obvious change m the intensity of the metal carbonyl 
bands at 2040 and 2095 cm-‘, and a 19F NMR spectrum taken over the same 
time period showed no obvious changes. The ‘H NMR spectrum, however, 
showed the development of a new band at S 5.2 ppm m addition to the band at 
6 6.24 ppm for the diene_ The evidence suggests that some complex is formed, 
but all attempts to isolate it have resulted only in failure. Addition of triphenyl- 
phosphme to-the mixture gave only [ RhCl(CO)(PPh,),]. Under sun&r condi- 
tions diene 2 reacted with [Rh(CO),C112 m benzene to give a brown crystallme 
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product, which analysed for structure 10 The molecular weight is consistent 
with a dnner rather than a monomer of type [(diene)RhC1(C0)3], and the IR 
spectrum shows bands at 360 and 310 cm-’ indicative of bndging chlorines [9]. 
The analytical and molecular weight data do not dlstmguish between the struc- 
ture shown and one having only 3 or even 2 carbonyl ligands. The IR spectrum 
was not very helpful on this point. It showed only two bands at 205O(sh) and 
2130s cm-’ in the metal carbonyl region, but the band at 2130 cm-’ was very 
broad and probably consisted of two or more overlappmg bands. Addition of 
an excess of triphenylphosphine to a solution of 10 m acetone caused the evo- 
lution of approximately 2 mols of carbon monoxide per mol of 10 and gave the 
chlorine bridge-cleavage product 11 together with [RhCI(CO)(PPh,),]. This con- 
firms that 10 must have had four carbonyl hgands as shown. The chloro com- 
pound 3 did not react with [Rh(CO)&l], at room temperature over 24 h, and 
on heatmg to 60°C decomposition occurred to give a black mtractable sohd. 

As with perfluoronorbomadlene there was no reactlon between the dlenes 1 
and 2 and [PdCl,(PhCN)+] at room temperature over several hours, and on 
heating decomposition occurred to grve palladmm metal A low yield of small 
purple crystals, which analysed for [(C,F,Cl,)PdCl(PhCN)] (12), were isolated 
from the reaction between 3 and [PdCl,(PhCN),] at room temperature after 
2 days. The IR spectrum showed a band at 2280 cm-’ (v(C=N) of benzo- 
nitrlle ligand) and one broad band at 330-360 cm-’ (v(Pd--C1) j. The absence 
of a band at 1745 cm-’ (v(CF=CF) of diene 3) suggests that reaction has 
occurred at the fluorinated double bond The complex was too msoluble for 
NMR spectroscopy or molecular weight determination, and without such mfor- 
mation any structure would be highly speculative. Displacement of the benzo- 
nitnle hgands of [PdCl,(PhCN),] by electron-nch olehns 1s wellestabhshed 
[lo], but displacement by a fluoro-olefin is unusual. 

F-2 

F 
(11) (13) 

Ithasbeenreportedpreviously [l] that UVirradiatron ofa mixture of per- 
fluoronorbomadiene with [ Fe(CO),] over several days gives a very low yield 
of a product believed to be [Fe($-C,F,)(CO),]. It 1s now reported that under 
similar comhtrons 1 reacts with ]Fe( CO),] to give a low yield of 13. There was 
msufficient pure material for elemental analysrs, but the IR spectrum shows 
the expected four metal carbonyl absorptions at 2140m, 2130m, 2075vs, and 
2020~s cm-‘. The 19F NMR spectrum shows only three bands in the intensity 
rabo of l/l/l ronslstent w&h the structure assigned (Table 2). The Al3 quartet 
at 70.6 ppm can be clearly assigned to the bridging fluorines (F’*‘) and the 
multiplet at 127-35 ppm is slightly downfield of the chemical shrft of the 
fluorines (F’ 4 ) in the spectrum of 1. Prevrous work has shown [7,11] that 
coordination of an Fe(CO), moiety to a fluormated double bond causes a 
marked upfield shift of the olefimc fluonne atoms and usually a shght down- 
field shift of the f3_f?uormes i.e. those on carbon atoms adJacent to the olefinic 
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fluormes. On this basis the multiplet at 148.3 ppm is tentatively assigned to 
FS 6; an upfield shift of 68 ppm from that of FS 6 m the spectrum of 1. Analo- 
gous products could not be isolated from the reactions of 2 and 3 with 
Fe(CO)S under similar con&ions 

The dlhydro derivative 1 chd not react readily with carbonylmetal anions, 
and no substitution product could be isolated from the reaction with Na[Mn- 
(CO),] after 48 h at room temperature The stronger nucleophile [Fe(CO),- 
(q-C,H,)]- 1121 gave only a low yield of 14. The yields of the substitution 
products 15 and 16 obtamed from the reaction of 2 with Na[Fe(C0)2(q-C5H5)] 
and Na[Mn(CO),], respectively, were also low, but the products were easily 
isolated The IR spectra of the iron complexes 14 and 15 showed two metal 
carbonyl absorptions at 2038~s and 1975vs cm-’ (compound 14) and 2050~s 
and 200~s cm-’ (compound 15). There was no absorption m the region of 
1750-1760 cm-’ (v(CF=CF)), but mstead a new band of medmm mtensity at 
1614 cm-’ (compound 14) and 1615 cm-’ (compound 15) for Y(CF=Cmetal) 

was present. The IR spectrum of 16 showed bands at 207Os, 204Ovs, 2023s, 
2009m, and 1990m m the metal carbonyl region, and a band at 1614m cm-’ 
for the CF=CMn bond. The solubmty of complexes 15 and 16 was too low 
for the determination of ‘H and “F NMR spectra. Weak spectra were ob- 
tamed for compound 14, and the ‘H NMR spectrum clearly shows the olefimc 

(14) M = Fe(CO&(q-C5H5) R = H 

(15) M = Fe(CO),(rl-C5H5), R = SnM% 

(16) M= Mn(C015, R=SnM% 
(17) M = Ir(CO).$PPh&, R = SnM% 

(18) M = Rh(C012(PPh3& R = SnMe3 
(19) M = Ir(C012( PPhx&. , R = Cl 

(20) M = Rh(C0l.J PPh&, R = Cl 

(22) 

protons at 6 6.6 ppm while the “F NMR spectrum (Table 2) shows four bands 
with chemical shifts comparable to those found for the analogous perfluoro- 
norbomadrene derivative [l] . The chlormated diene 3 proved to be very 

reactive towards [Fe(C0)2(q-CSH5)]- and [Mn(CO)s]; but attack appears to 
take place at the CCl=CCl bond grving [ClFe(C0)2(q-CSHS)] and ]CIMn(CO)S], 
respectively. The anions [M(C0)2(PPh3)2]- (M = Rh, Ir) react with both 2 and 
3 to gwe low ylelds of the substitution products (17-20). With 3 competig 

reaction at the CCl=CCl bond also occurred as the product nurtures always 
contained trans-[MCl(CO)(PPh,)J (M = Rh or Ir) in additron to the products 
19 and 20. The IR spectra of the complexes (17-20) showed only a single 
metal carbonyl absorption m the region 2000-2020 cm-‘, consistent with a 
trots-arrangement of the carbonyl hgands [ 131, and a band of meduun mten- 
sity m the region of 1610-1611 cm-’ (Y(CF=C metal)). rgF and ‘H NMR 
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spectra could not be obtained for these compounds as they were insoluble m 
all the usual solvents 

When methylpentacarbonylmanganese was heated with 1 at 100°C for 15 h 
m tetrahydrofuran the adduct 21 was obtamed m 57% yield. The IR spectrum 
of 21 shows four bands at 2059m, 1974s, 1966vs, and 1929vs in the metal 
carbonyl region characteristic 1143 of czs-[RMn(CO),L] compounds There 
was no band at 1592 cm-’ for the CH=CH bond, but the band at 1754 cm-’ 
(+CF=CF)) was still prominent. In addition the spectrum showed a medium 
band at 1650 cm-* assigned to a keto-group coordinated to the manganese 
atom [Xl. Attempts to add [Pt(PPh,),] to the CF=CF bond of this complex 
resulted only m the formation of the triphenylphosphme derivative 22 The 
same compound was also prepared m higher yield by reaction of 21 with tri- 
phenylphosphme m tetrahydrofuran at room temperature The IR spectrum of 
22 showed metal carbonyl absorptions at 2003vs, 1921s, and 1896s cm-‘, a 
band at 1750m cm-’ (v(CF=tF)), and a band at 1720 cm-’ for the carbonyl 
stretchmg vibration of the uncoordinated acetyl group A weak “F NMR spec- 
trum obtamed m dimethylformamide (Table 2) confirms the presence of the 
vmyhc fluormes, F5 G, at 85 ppm upfield from trlfluoroacetic acid The forma- 
tion of 21 can be explained by a mechanism similar to that proposed for the 
reactions of dicyclopentadiene with methyl- and phenyl-pentacarbonylmanga- 
nese [ 15 J . There is no reaction at the CF=CF bond as msertion of fluoro 
olefms mto [ hInhie( CO), J usualiy requires UV hght and probably take place 
by a radical mechanism [16] _ 

Experimental 

IR spectra were recorded on mulls in Nujol and hexachlorobutadiene usmg a 
Perkin-Elmer model 621 spectrophotometer; metal carbonyl absorptlons were 
recorded on solutions m dichloromethane usmg expanded scale (X 10) NMR 
spectra were recorded on a Perkm-Elmer RlO instrument (‘H, 60 MHz, internal 
Me,Si reference; “F 56 46 MHz, CF,C02H external reference, positive shifts to 
high field). hlolecular weights were determmed using a Perlrm-Elmer model 115 
apparatus by the isopiestic method 2,3-Bis(trimethyltin)-1,4,5,6,7,7-hexafluoro- , 
bicyclo[2.2 l] hepta-2,5-diene [2],2,3-dmhloro-1,4,5,6,7,7-hexafluoroblcyclo- \ 
[2_2_1Jhepta-2,5-diene [21, and 1,2,3,4,7,7-hexafluorobicyclo[2 2 llheptadrene 
[17,X3] were prepared by previously reported procedures. Except where stated = 
all reactions were carried out under dry, oxygen-free nitrogen, and solvents were = 
purified and dried by standard procedures. 

Reactions of 1,2,3,4,7,7-hexafluorobrcyclo[2 2 l] heptadrene 
(a) Wzth [Pt(PPh,j,] The diene (0.1 g, 0 5 mmol) m benzene (5 cm3) was j 

added to a stirred solution of [Pt(PPh,),] (0.6 g, 0.5 mmol) in benzene (25 cm3)i 
and the mixture was stirred at room temperature for 13 h_ The volume of the _ 
solution was reduced to 10 cm3 and hght petroIeum (b-p. 30-4O”C, 30 cm3) 1’ 
was added to give white crystals of 4 (0.46 g, 0.48 mmol, 96%) (‘H NMR (CDCl$ 
6 5.4 (m, 2 H, =CH) and 7 25 (m, 30 H, C,Hs) ppm). ? 

(bj With [Pd(PPh,j,] Under similar conditions reaction between the dlene id I 

(0.86 g, 4.30 mmol) and [Pd(PPh,),] (5.0 g, 4 30 mmol) in tetrahydrofuran (55ij 



309 

cm3) gave whrte crystals of 5 (1 9 g, 2 24 mmol, 52%) whrch were recrystalhsed 
from a mixture of drchloromethane and light petroleum (b-p 40-60” C) (*H 
NMR (CD&) 6 6 22 (m, 2 H, =CH) and 6 9 (m, 30 H, C,H,) ppm). 

(c) Wzth Na[Fe(CO)Z (~-CSH,)] The sodmm salt, prepared from [ Fe(CO)?- 
(q-CSHS)], (0.89 g, 2 5 mmol) and 1% sodmm amalgam m tetrahydrofuran (20 
cm3), was added dropwrse wrth sturmg to the dlene (1 0 g, 5 0 mmol) in the 
same solvent The mixture was s&red at room temperature for 13 h, before 
removal of the solvent and chromatography (flonsrl; hght petroleum (b p_ 40- 
60°C) eluant) to give yellow crystals of 14 (0 25 g, 0 65 mmol, 13%) (‘H NMR 
(CDC13) 6 5 0 (s, 5 H, C,H,) and 6.6 (m, 2 H, =CH) ppm) 

(d) Wzth [Fe(CO)J. A mixture of the drene (4.3 g, 21.5 mmol) and penta- 
carbonyhron (4 3 g, 22.0 mmol) sealed under vacuum m a Pyrex tube (250 cm3 
capacity) was lrradrated (500 W Hanovra UV iamp) for 6 days Removal of un- 
changed startmg matenals and addition of chloroform gave deep yellow plate- 
lets of nonacarbonyldnron (0 63 g), whrch were removed by filtration. The 
solvent was removed from the filtrate and the residue was chromatographed 
(srhca; hght petroleum (b p_ 40-6O”C) eluant) to grve a yellow oil thought to 
be 13 (0.25 g, 0.65 mmol, 3%)_ 

(e) Wzth [Rh(C,H&(acac)] A solutron of the diene (0.78 g, 3.9 mmol) m 
tetrahydrofuran (5 cm3) was added to a stured solutron of the rhodium com- 
plex (1.0 g, 3 9 mmol) m the same solvent at 0°C and the mixture was then 
starred at room temperature for 13 h Removal of the solvent and recrystalhsa- 
tlon of the resrdue from hght petroleum (b p_ 30-40°C) gave yellow crystals 
of 9 (1 35 g, 3 35 mmol, 86%) (‘H NMR (CDC13) 6 2 00 (s, 6 H, 2 X CH3), 
4 21 (m, 2 H, =CH) and 5.47 (s, 1 H, CH) ppm). 

(f) Wzth [MnMe(CO), J. A mrxture of the Irene (0.6 g, 3 0 mmol), penta- 
carbonylmethylmanganese (0 6 g, 2.9 mmol) and tetrahydrofuran (10 cm3) 
was heated at 100°C for 15 h m a Pyrex tube sealed under vacuum The solvent 
was removed, and the residue was extracted with light petroleum (b p 30- 
40°C 50 cm3) to grve yellow crystals of 21 (0 69 g, 165 mmol, 57%), which 
were recrystalhsed from drchloromethane/hght petroleum at -78” C. 

Reactzons of 1,2,3,4,7,7-hexaflztorobzcyclo[2 2_l]hept-2-ene-5-acetyltetra- 
carbonylmanganese 

(a) Wzth [Pt(PPh,),] A solutron of 21 (0 31 g, 0 75 mmol) m tetrahydro- 
furan (10 cm3) was added dropwise wrth strrrmg to the platinum complex 
(1 29 g, 1.13 mmol) m tetrahydrofuran (50 cm3), and the mrxture was stirred 
at room temperature for 24 h. The solvent was removed and the residue was 
chromatographed to give yellow crystals of 22 (0 2 g, 0 29 mmol, 40%), 
recrystalhsed from hght petroleum 

(b) With trzphenylphosphzne. Additron of a solution of 21 (0.97 g, 2.4 mmol) 
m tetrahydrofuran (30 cm3) to trrphenylphosphme (0.66 g, 2 5 mmol) m the 
same solvent, and strrrmg at room temperature for 13 h gave 22 (0 88 g, 1 31 
mmol, 55%). 

Reactzons of 2,3-b~(tnmethyitzn)-1,4,5,6,7,7-hexafluorobzcyclo[2.2.l]hepta- 
2,5diene 

(a) With [Pt(PPh,),] A solutron of the tm complex (5.3 g, 1.0 mmol) m 
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benzene (30 cm3) was added to a solution of [Pt(PPh,),] (1 2 g, 1.0 mmol) m 
benzene (40 cm3), and the murture was stirred at room temperature for 3 days 
Partial removal of the solvent and addition of hexane (10 cm3) gave white 
crystals of 6 (0.95 g, 0.76 mmol, 79%), whrch were washed with hot ethanol, 
and dned under vacuum. 

(b) Wr th [Pd(PPh,),] Following a slmrlar procedure reactron between the 
tm compound (0.5 g, 0 95 mmol) and [Pd(PPh&] (1.0 g, 0 88 mmol) in tolu- 
ene (45 cm3) at room temperature for 5 h gave white crystals of 7 (0.91 g, 
0.79 mmol, 88%) recrystailised from a mixture of drchloromethane and hexane 

(c) Wrth Na[Fe(CO),(q-C=$Is)] A solution of the tm complex (1 5 g, 2 85 
mmol) m tetrahydrofuran (15 cm3) was added dropwise to a starred solution 
of the sodmm salt prepared from [Fe(CO),(r)-C,H,)], (0.9 g, 2 54 mmol) and 
sodium amalgam (Na, 3 g, Hg, 30 cm3) m tetrahydrofuran (50 cm3). The mix- 
ture was then stirred at room temperature for 16 h before removal of the 
solvent, and chromatography (alumina, light petroleum eluant) of the residue 
to give yellow crystals of 15 (0 2 g, 2 93 mmol, 15%) Further elutron with 
drchloromethane gave [Fe(CO),(q-C,H,)], (0 4 g, 1.13 mmol) 

(d) Wrth Na[Mn(CO),] Addrtlon of a solutron of the tm derivative (4 0 g, 
EL71 mmol) in tetrahydrofuran (20 cm3) to a solution of the sodium salt from 
[Mnz(CO)lo] (2.0 g, 5.5 mmol) and sodium amalgam (Na, 2 g; Hg, 25 cm3) m 
tetrahydrofuran (75 cm3), followed by stirrmg for 12 11 at room temperature, 
gave, after chromatography (alumma, l/l light petroluem/CH,Cl, eluant) gave 
yellow crystals of 16 (0 8 g, 1.14 mmol, 22%) and [Mn,(CO),,J (0 5 g, 1.28 
mmol) _ 

(e) Wzth Na[lr(CO),(PPh3)Z 1. A solution of the sodmm salt prepared from 
[IrCl(CO)(PPh3),] (2 0 g, 2 48 mmol) and sodium amalgam (Na, 2 g; Hg, 25 
cm’) m tetrahydrofuran under 1 atm carbon monoxide was added to a stirred 
solution of the tin compound (1.0 g, 1.94 mmol) in the same solvent. After 

1 

24 h at room temperature the mrxture was filtered, and most of the solvent 
was removed from the filtrate before additron of ethanol precipitated pale 
yellow crystals of 17 (0.5 g, 3 9 mmol, 25%) (Y(CO) 2020s; v(CF=CIr) 1610 
cm-’ )_ t 

(f) Wzth Na[Rh(C0)Z(PPh3)2] _ Reaction between the sodium salt (1 0 g, 
0.73 mmol) and the tm compound (1.5 g, 2.85 mmol) m tetrahydrofuran (25 
cm3) at room temperature for 48 h under a slow stream of carbon monoxide 
gave, after chromatography (flonsrl; light petroleum eluant) , tnphenylphosphme 
(0.5 g, 1.90 mmol). l&&on with ethanol gave yellow cryst& of 18 (0.3 g, - 
0 25 mmol, 34%) (v(C0) 2000s; V(CF=CRh) 1611m cm-‘)_ 

(g) Wzth [Rh(CO),CZ]2. Reactron between the tin compound (0.3 g, 0.57 
mmol) and bis(y-chlorodicarbonylrhodmm) (0.25 g, 0.64 mmol) 111 benzene 
(45 cm3) at room temperature gave a hght brown solution, from which light 
brown crystals of 10 (0 25 g, 0 27 mmol, 48%) precipitated on ad&tlon of a 
l/l mixture of hexane and drethyl ether, and were recrystalhsed from a mix- 
ture of dichloromethane and hexane. 

Ad&tion of tnphenylphosphine (5.72 g, 3.64 mmol) in dry acetone to a 
solution of 10 (0.44 g, 0.48 mmol) m dry acetone contained m a flask con- 
nected to a gas burette caused evolution of carbon monoxide (0.79 mmol), 
and formation of a deep yellow precipitate of 11 (0.2 g, 0.16 mmol, 340/o), 
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which was filtered off and washed with acetone. The solvent was removed 
from the filtrate and tne residue was chromatographed (Floristi; light 
petroleum b.p 60-80°C eluant) to give trrphenylphosphme (2 5 g, 0 96 
mmol), and further elution with drchloromethane gave chlorocarbonylbrs- 
(tnphenylphosphme)rhodmm (O-24 g, 0.35 mmol, 73%)_ 
Reactrons of 2,3-drchloro-1,4,5,6,7,7-hexafluoroblcyclo[Z 2 l] hepta-2,5-dlene 

(a) Wzth [Pd(PPh,),]_ Addrtron of the diene (0.27 g, 1.0 mmol) to a solutron 
of [Pd(PPh,),] (1.15 g, 10 mmol) m toluene (30 cm’) at room temperature, 
followed by strrrmg for 6 h gave an orange solutron The volume was then 
reduced to 10 cm3 before addrtron of drethyl ether to grve small orange crystals 
of 8 (0 25 g, 0 28 mmol, 28%). 

(b) Wzth Na[Fe(CO),(q-C,H,)] The dlene (1.05 g, 3 85 mmol) was added to 
Na[Fe(C0)2(q-C5H5)] (3.96 mmol) m tetrahydrofuran (75 cm3) at room tem- 
perature and the mixture was stn-red for 18 h. Chromatography (Florrsrl, hexane 
eluant) of the resrdue after removal of the solvent gave a deep yellow sohd (80 
mg, 0 38 mmol, 9%) rdentrfred as [FeCl(CO),(q-CSH,)] Further elutron wrth 
hght petroleum and drchloromethane gave [Fe(CO), (~LC~H~]~ (0 2 g, 0.56 mmol). 

(c) Wzth Na[Mn(CO),] Under slmllar condrtrons reactron between the drene 
(1.0 g, 3 72 mmol) and Na[Mn(CO),] (2 55 mmol) m tetrahydrofuran (50 cm3) 
gave [MnCl(CO),] (0.46 g, 2.0 mmol, 78%) 

(d) With Na[Ir(CO)t (PPh3)? J A solutron of the sodium salt m tetrahydrofuran 
(100 cm3), prepared from [IiCl(CO),(PPh&] (2.0 g, 2.48 mmol) and sodmm 
amalgam under an atmosphere of carbon monoxide, was added to a stured solu- 
tron of the diene (1.2 g, 2 11 mmol) in tetrahydrofuran (20 cm3) and the mrx- 
ture was stu-red at room temperature for 18 h The insoluble material was 
removed by filtration, and the volume of the filtrate was reduced to ca. 10 cm3 
before addrtron of drethyl ether to precrprtate pale yellow crystals of [IrCl(CO)- 
(PPh,),] (0 62 g, 8 0 mmol, 60%). After filtratron, removal of the remammg sol- 
vent gave a residue whrch was recrystallised from drchloromethane and ethanol 
to afford yellow crystals of 19 (0.2 g, 7.0%). Triphenylphosphme (0.8 g, 3 05 
mmol) was also rsolated from the resrdue 

(e) Wrth Na[Rh(CO),(PPh,),]. Th e d lene (l-01 g, 4.4 mmol) was added to a 
strrred solution of the sodium salt, prepared by reactron of [Rh(CO)(PPh,),], 
(0 6 g, 4.4 mmol) with sodmm amalgam under carbon monoxrde, and the mrx- 
ture was stirred for 18 h at room temperature. Chromatography (Flonsrl, light 
petroleum eluant) gave [RhCl(CO)(PPh3)2] (0 21 g, 3 0 mmol, 70%). Further 
elution with ethanol gave small yellow-green crystals of 20 (80 mg, 0.08 mmol, 
20%), followed by triphenylphosphine (0.39 g, 1 47 mmol). 

(f) With [PdCZ,(PhCN), J. A mixture of the diene (0.5 g, 1.86 mmol), 
[PdCI,(PhCN),] (0 5 g, 1.31 mmol) and benzene (10 cm3) were sealed m vacua 
in a Pyrex tube (100 cm3 capacity), and the tube was shaken at room tempera- 
ture for 2 days. After filtration, hexane (10 cm3) was added to the filtrate to 
give small purple crystals of 12 (0 2 g, 0.42 mmol, 32%). 
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