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summary 

Bis(cyclopentadienyl)mercury readily undergoes Diels-Alder reactions .with 
RC-CR (R = COIM e or CF,), CF,CF= CFCF3, CF,CF= CF2, (CF&C= C(CN)*, 
C2(CN)4 and PhN-CO-N=N-CO to give stable adducts character&cl by ‘H, 
“F and * 3C NMR spectroscopy. Similar reactions of CF3CZXCF3 and 
CF&F= CFCFs with the cyclopentadiene derivatives MesMCSHS and 
(Me,M),C,H, (M = Si, Sn) are also described. 

In this paper we describe reactions of bis(cyclopentaclienyl)mercury, 5-tri- 
methylsilylcyclopentadiene, 5-trimethylstannylcyclopentadiene, 5,5-bis(tri- 
methylsilyl)cyclopentadiene and 5,5-bis(trimethylstannyl)-cyclopentadiene 
with hexafluoro-but-2-yne and some fluoro-olefins. Reactions of bis(cyclopen- 
tadieny1)mercm-y with some other dienophiles are also reported. 

Following the discovery.of Hg(C;H&, Wilkinson and Piper [l] observed that 
the compound formed an adduct with maleic anhydride. Recently others [il. 
have reported a reaction between the mercury compound and p-ben&oquinone. 
Although Diels-Alder reactions of bis(cyclopentadienyl)mercuryhave not. 
been studied extensively, numerous papers have described such reactions of the 
cyclopentadiene derivatives C5H5MMe3 (M = Si, Ge, Sn) [3’--11]. 

The reactions of bis(cyclopentadienyl)mercury studied by us are outlined in : 
Scheme 1, The fluorosrganic compounds employed are known [12] to be highly 
reactive dienophiles in l&addition reactions, as are tetracyanoethylene and 4- 
phenyl-1,2,4-triazoline-3,5dione. Reactions occurred readiiy to afford in high 
yield bicycle 12.2~1.Ihepta-2,5diene (I, II), bicyclo[2.2.i]hept-5-ene:(III-VI), 
and 5,8~ihy~o~5,8~methano-~-[l.2.4]triazolo[1.2a]pyri~zine-2~ph~nyl-1,3-~~ ~. 
-dione (VII) derivatives of mercury. ..: 

In other studies involving the. cyclopentadiene-sibyl-and -&annyl.~derivatives I. : 
-. 

CsHSMMe3 and CsI&(MMes)2 (&I = Si; Sn), ieactions.readily-occurred ‘with hexa: __. 
. . . 

-. 

*.I&itute of~Isotop& of the EIuxig& &ikny of Science&i625. Btidape& P,O.:Bo+ 7-i (H~tiYi.-l~ 
_ 

_- :_ ._.;.:- . . 
: . :. ~_ .l.__.~ -. : 



(I) R, = R, = COOCH3 (IIll R, =R,= R,= F; R4= CF3 
(II) R, = R2 = CF3 

cm) R,= R,= Fj R,=Rs=CF3 
(P) R3=Rq= CF3; Rg=R6=CN 

WI, R3-= R, = R5 = R6 = CN 

SCHEME II 

(Xl M=Sn 

(XII)M=Si 

.- 



-Hg --A 
,Hg . 

-h 

tXSZU (_) - -, .. 

fluoro-but-Z-yneand with octafluoro-but-2-eneto givetheproductsshox+nin 

Scheme 2. 
The new compounds were characterised by elemental analysis and mass s&x- 

tra, and by ‘H NMR spectroscopy (Tables 1 and 2). The LH spectra are in accord. ’ 
with the. compounds-being bicyclo[2.2.1]hepta-2,Eidiene and bicyclo[2.2.1] - 
hept-5-ene derivatives substituted in the 7-position [4]. .Additional structural 
information was obtained from their lgF (see Experimental) and 13C (Table 3) 
NMR spectr&and is discussed below. 

The-“F NMR spectrum of IV showed two sets of signals corresponding to-’ -.. 
two .possible configurations (IVa and IVb)_ of the:bicyclo[i;2.1]hept-5-ene ring:._ . . . 
system, although three isomers of IV are-possible as-the. molecukscontam:!.t~o i 
bicyclo[2._2_i]hept-5-ene systems; The-CF; group 'with' the lowe~~_fiel;d’chemicai,.~~.: 

: shift. xi-as assigned’the exo&ructure (IVa), since.one of the a&@&d flu&i&. :.:. -‘. 
: si&nak .(F~~~m~this case).showed no coupling:other than to I&and $(F.etik@%.‘- _.j, 1’. 1 
F +o) is~l@wn--[13]..to be zero..iri.xI~:~_~ere~.~(F &iofiF e;;;> %~-2~5:~~7in’- : 

_.-__ f_.< .:. - -- -:-. : :. 
..,. -~ . . . ::. :.. - -. fAAiin*lPR nm'h.. :77l..C . . 
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XV. Ccmsistent assignments of all peaks in the I?& spectra were then possible on 
the basis that fluorine atoms in exo-positions had higher shifts than those in 
endo-positions. 

In the case of compounds III, XII and XIII their “F spectra r&&led the 
presence of three isomers, the major component (-85%) .of each isomeric mix- 
ture having a trans arrangement .of CF3 groups as in IIIa. I. 

As expected this configuration gives rise to two. signals for the exo- and endo- 
CFs groups and two signals for the exo- and endo-F atoms, which are tissigned : 
on the basis of the correlation established for IV. The remaining signals are. 
attributed to the two possible &-configurations for the substituents in the bi- 
cyclo[2_2_l]hept-5-ene rings, viz. IIIb and 111~ for the mercury compound. The -, 
more intense of these two sets of signals (-10% of the product for III) was as- 
signed, on the basis of a relatively lower field CF3 signal and higher field F signal, 
a configuration in which the two CF3 groups are both in exo-configurations at 
the 2- and 3-positions of the bicyclic system (viz. IIIh for the mercury com- 
pound). The presence of ah three configurations is consistent with a &s-addition 
mechanism for the Diels-Alder process, as the perfluorobut-2-ene used was 
shown by “F NMR studies to be a mixture of tram- (70%) and cis- (30%) 
isomers. Separation of the isomers was not possible in any of these cases. 

.The “C NMR spectra for several of the compounds were recorded and results 
are summarised in Table 3, together with those for the two compounds XVI and 
XVII unsubstituted at the 7-position [14], included for comparison purposes. 

Assignment of all peaks was generally straightforward, except for the ambiguities 
mentioned in the footnotes to Table 3. Most of the trends observed are compara- 
ble with those observed for other bicyclo[2.2.1] hepta-2,5-diene and bicyclo- 
[2.2.l]hept-5ene derivatives 1153. Thus the C(7) resonance in the bicyclo[2.2.1]- 
hepta-2,5-diene derivatives is at much lower field than in the bicyclo[2.2.l]hept- 
5-ene derivatives, but there is an additional low field shift of this resonance ob- 
served for the mercury compounds. While a downfield shift is also observed on 
substitution of silicon and tin in the ‘I-position (VIII, IX, XI and XVI), the mag- 
nitude of the shift is much greater on substitution by mercury. Similar down- 
field shifts are observed for straight-chain alkylmercury derivatives 116-j. The 
other shifts observed on substitution at the 7-position are less remarkable, and 
are generally paralleled by the proton shifts. _- 

As might be expected, the infrared spectrum of compound I shows strong car- 
bony1 bands (at 172.7 and 1710 cm’). A corresponding band in the spectrum of 
VII was measured at 1725 cm? _ In the spectra of compdunds II--V, and VIII- 
XIII very strong bands were observed between 1000 and 1350 cm’ typical of 
the presence of carbon-fluorine bonds. In V and VI bands at 2210,211O and 
2210,213O cm’, respectively, are assigned to the cyano-group vibrations_ In X 
strong bands at 550 and 530 cm’ are assigned to v(SnC); the corresponding ab- 
so&ions in the spectrum of XIbeing observed at -545 and 528 cm’ _ Infrared 
data for the various compoimds is given inthe Experimental section. : 

The mercury compounds (Table 1) are a.U solids which tend to decompose on- 
ly after several months storage at ambient temI.jerature inday light. The silicon 
arid.tin compounds are colourless liquids, miscible~with~ most-organic-solvents. . . 

Formation of the 5,7-bis(trimethylsilylyl); and- 5,7-bis(t&nethjrlst-annyl) deriv& 
&es (IX,. XI and XIII) from compounds CS&(MMeJ j2 (M-=‘Si, Sn) prepared as c -. 



5,54sqmers clearly involves a metallotropic migration. These rearrangements 
occur at elevated temperatures in the cyclopentadiene derivatives and have been 
well studied [6-11,173. In the present study we are unable to say at which stage 
migration of Me,Si or Me,§n groups occur. 

We are uncertain of the stereochemistry at the 7-position in the products_ Our 
N’IMR studies reveal that only one configuration is present, and we have chosen 
to assume that the substituent (Hg or MMe,) is in an anti-configuration with 
respect to the added dienophile. 

In contrast to the results with CF&CCF,, C,(CO,Me),, and the other di- 
enophiles shown in Table 1, bis(cyclopentadienyl)mercury did not undergo 
Diels--Alder additions with PhECH or CF3eCH. Instead the following reactions 
occurred to give the known compounds XVIII and XIX [18:20] in low yield 
(<5%): 

PhC=CH, 

--I 

Hg(C=CPh)* + Hg + CloHlz 
Hg(GH,), 

cxvIm 

cF3’=cT Hg(C=CCF3)2 + Hg + CIOHIZ 
(XIX> 

Ekperimental 

Infrared spectra were recorded using a Perkin-Elmer 457 instrument, and 
NMR spectra with Varian HA100 and JEOL PFTlOO spectrometers. NMR spec- 
tra were measured in CDC13, and 6 for 13C shifts is measured relative to Me&%. 
xgF chemical shifts are relative to CC13F (0.00 ppm), positive values indicating 
a shift to high field. Mass spectra, for molecular weight determinations, were ob- 
tained using an AEI MS902 mass spectrometer operating at 70 eV. 

The compounds Hg(CsH5)2 [23], CsH5MMe3, and C5H4(MMe& (M = Si, Sn) 
[9,10,21,22] were prepared by published methods. ‘H NMR studies revealed 
that as prepared the silicon and tin compounds were the 5- and 5,5-isomers. 
Solvents were dried and freshly distilled before use. 

Reactions of bis(cyclopentadienyl)mercury 
(a) With dimethyl acetylenedicarboxylate. Bis(cyclopentadienyl)mercury 

(331 mg, 1 mmol) and C,(CO,Me), (284 mg, 2 mmol) were refluxed in tetra- 
hydrofuran (20 ml) for 140 h. The clear pale yellow solution so produced was 
evaporated under vacunm and 50 ml of n-hexane was added. The solution was re- 
frigerated for 48 h and the white solid obtained was filtered off and washed 
twice with a diethyl ether/tetrah&rofura (1 : 1) mixture. Recrystahisation from 
methylene chloride afforded compound I (328 mg, 53%). 

In CH,cL,, infrared bands were observed at 305Ow, 3OOOw, 296Ow, 2910(sh), 
-285Ovw, 1727vs, 1710vs,.l625m, 1555vw, 1437s, 1425(sh), 1315s, 1255vs, 
1245s;1225m, 12OOs, 1140m, 1096s, 1050m, 953w, 92Ovw, 9OOs, 870(sh), 
845~~; 755vs, 7lOvs cm-‘. 

(b) With hexafluorobut-2-yne. ~is(cyclopentadienyl)n&cury (662 mg, 2 mmol) 
&id 20 ml of t&rahydrofuGn were placed in a Carius tube which was attached 
th zi high vacuum system. HexafIuorob-at-2-yne (648 mg, 4 mmol) was condensed 
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into the tube which was sealed and heated (lOO”C, 40 b). The tube was opened, 
solvent removed in vacua, and the white solid recrystaIl.ised from dichloromethane 
to give II (1.18 g, 90%). In other experiments it was found that the Diels-Alder 
addition of CF,C,CF, to Hg(C,H,), occurs at room temperature over a period of 
four days to give II in 86% yield. 

The infrared spectrum of II in CHzClz showed bands at 30lOw(br),-2890w(br), 
168Os, 1559vw, 134Ovs, 1295vs, 1262(sh), 1245s, 1232vs, 1205vs, 1178vs, 
1135~~ 109Os, lOOls, 985m, 934w, 892w, 839w, 811~ cm-‘. The “F NMR spec- 
trum showed a sharp signai at 61.8 ppm. 

(c) With octafluorobut-2-em. As described in b, bis(cyclopentadieny1)mercur-y 
(662 mg, 2 mmol) and.octafluorobut-2-ene (800 mg, 4 mmol) in tetrahydrofuran 
(20 ml) were reacted in a sealed tube at 100°C for 40 h. The resultant brown 
solid was isolated from methylene chloride and gave compound III (780 mg, 
53%). 

The infrared spectrum of III in CH2C12 showed bands at 308Ovw, 3OOOvw, 
298O(sh), 2870vw(br), 1344m, 133Os, 131Os, 1290m, 127O(sh), 1195vs, 1175(sh), 
1114w, 1085w, 107Ow, 1050m, 1018s, 990m, 965vw, 948m, 926m, 882vw, 
815m, 78Ovw cm-‘. The “F NMR spectrum showed peaks corresponding to the 
presence of three isomers (see earlier) at 73.1 (CF3 exo), 74.0 (CFa endo), 165.5 
(F exe) and 162.9 (F endo) ppm for IIIa; at 71.0 (CF,) and 158.4 (F) ppm for 
IIIb; and at 72.4 (CF,) and 156.7 (F) ppm for IIIc. 

(d) With hexafluoropropene. In a similar procedure to that followed in b 
above, bis(cyclopentadienyl)mercury (662 mg, 2 mmol) and hexafluoropropene 
(600 mg, 4 mmol) in tetrahydrofuran (20 ml) at 100°C for 40 h gave compound 
IV (258 mg, 28%), crystahised from methylene chloride. 

The infrared spectrum of IV in CH2C12 showed bands at 307Ovw, 2960(sh), 
293Ow, 2860(sh), 1715w(br), 1605w(br), 1550vw(br), 1464(sh), 144O(sh), 
1425s, 138O(sh), 133Os, 1307s, 1267vs, 1235s, 12OOvs, 1138m, llOOm, 1075m, 
1065m, 1048m, 1005(sh), 995m, 970m, 959m, 930m, 9OOs, 86Ow, SlOm, 735vs cm- 
The lgF NMR spectrum showed peaks corresponding to the presence of two 
isomers (see earlier). The relative intensity of the bands indicated an isomer d’s- 
tribution of 40% for IVa and 60% for IL%. Assignments were as follows: Isomer 
IVa: 73.5 (CF,), 107.3 (F& 103.1 (Fb) and 162.0 (F,) ppm; J(F,F,,) 235, J(Fzb) 
= J(F&F,) = 0 Hz. Isomer IVb: 74.6 (CF,), 105.9 (Fa, 103.7 (F,.,) and 166.0 (FJ 
ppm; J(CF3Fa = 0, J(CF,F,.,) = 10, J(CF,F,) = 4, J(F,F,-,) = 232 and J(F,FJ = 
12.5 Hz. 

(e) With l,l-dicyano-2,2-bis(tifiuoromethyl)ethylene. Bis(cyclopentadienyl)- 
mercury (662 mg, 2 mmol), l,l-dicyano-2,2-bis(trifIuoromethyl)ethylene (856 mg, 
4 mmol) and tetrahydrofuran (50 ml) were placed in a flask and stirred at room 
temperature over night. A pale brown solid was filtered off and crystahised from 
pyridine to give V (461 mg, 30%). 

The infrared spectrum of compound V (Nujol mull) showed bands at 2385 vw, 
221Os, 211Ovs, 1722w(br), 1650w(br), 1575vw(br), 1310(sh), 1275s, 126Os, 
123Os, 1205s, 1195s, 1145m, lllOw, 1055w, 1032vw, 992w, 980(sh), 965m, 
948(sh), 932w, 918(sh), 852m, 845w, 838m, 755m, 745(sh), 705~~; 65Ovw, 
6OOvw, 582vw(br),-565vw(br), 555vw(br), 508~ cm-‘. 

(f) With tetracyanoethylene. Reaction occurred immediately when a soIution 
of bis(cyclopentacIienyl)mercury (662 mg, 2 mmol) in tetrahydrofurqn (10 ml) 



CompoundIX: 

CompoundX: 

CompoundXI: 

CompoundXII: 

(b) lgF NMR Chemical shifts (ppm) and coupling constants {Hz). 

CompoundVIIIt 
comp0urMi1X: 
CompoundX: 
CompoundXI: 
CompoundXIIr 

CompoundXIII: 

61.6 
60.0azd 62.1.J(CF3--CF3)8.8 
61.8 
61.20and 61_15_J(CF~--CF3) 2.4 
IsomerZIa.73.4 (CF3 exo),74.3(CF3endo).166.4(Fexo)and165.5(F endo). 
J(CF3-CF3)2.4,J(CF3 endo-F endo) 14.4andJ(CF3 endo-Fexo)7.6. 
IsomerXIIb.71.2 <CF3)and153.3(F). 

IsomerXIIc.72.6(CF3).peaksforFtoo weakandbroadtobe observed. 
IsomerXIIIa.73.4(CF3 exo).74.3<CF3 endo).166.9(Fexo~and164.7 (F endo). 
J(CF3-CF3) 2.4. J(CF3 endo-F endo) 14.2, J(CF3 endo% exe) 7.6. J(CF3 exo-F 
exo)S_landJ(CF3 exe-F endo) 13.0. 
IsomerXIIIb.72.3(CFjL 
Isomer XIIIC.~~.~(CFJ). 

For isomers XIIIb and XIIIc concentrations were too low for high field fluorine 
signals to be observed (see text). 

was added to a solution of tetracyanoethylene (512 mg, 4 mmol) in the same 
solvent (10 ml). The yellow solid which precipitated was filtered off and washed 
with diethy ether/tetrahydrofu.ran (1 : 1) to give compound VI (1.06 g, 90%). 

The infrared spectrum of VI (Nujol mull) showed bands at 236Ovw, 2265(sh), 
22TOm(br), 2130w(br), 1575w(br), 1332s, 1310m, 1275(sh), 1265m, 1255(sh); 
1208w, 1170m, 1156m, llOOvw, 1085vw, 1035vw(br), 975w(br), 935w, 915wCr, 
895vw(br), 868s;. 790m, 780s cm-‘. 

-(g) With +phenyZ-1,2,4-triazoline-3,Sdione. Bis(cyclopentadienyl)mercury 
._ 
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(331 mg, 1 mmol) and 4-@henyI-1,2,4-triazohne-3,5-diode (350 mg, 2 mmol) in 
tetrahydrofuran (50 ml) were stirred at room temperature for. 15 h. The dark red 
solution w& evaporated in vacua, and the residue was treated with petroleum 
ether (40-6O”C) from which dark red crystals of VII (450 mg, 66%) were re- 
covered. 

The infrared spectrum of, VII (CH2C12 solution) showed- bands at 292dw(br), 
2345vw, 1725s, 1700(sh), 1603w, 1507m, 1495(sh), 1430(sh), 1415m, l-385(sh), 
1370(sh), 1300vw(br), 1263vw(br), 1235m, 1165m, 1068vs, 103Ovs, 976w, 
94&w, 920sh, glow, 840vw(br), 825vw cm-‘. 

General procedure for the synthesis of the organo-silicon and -tin compounds 
VIII-XIII. 

In a representative experiment, 5trimethylsiIyIcyclopentadiene (1.38 g, 
10 mmol) was placed in a Carius tube attached to a high vacuum system. Hexa- 
fluoro-but-2-yne (1.78 g, 11 mmol) was condensed into the tube which was 
sealed, and heated at 100°C for 40 h. After cooling the tube was opened and 
the liquid removed, and distilled under reduced pressure, giving compound VIII 
(1.36 g, 45%). 

Using a similar technique the other compounds were prepared from reactants 
as follows: 
Compound IX. (3.05 g, 82%) from CFsCZCCFJ (1.78 g, 11 mmol) and (Me,S&- 
C&H4 (2.11 g, 10 mmol) at room temperature for 60 h. 
Compound X. (1.01 g, 52%) from CF3C=CCF3 (0.92 g, 6 mmol) and Me,SnC,H, 
(1.59 g, 5 mmolj at room temperature for 120 h. 
Compound XI. (1.46 g, 53%) from CF&%JCFB (0.92 g, 6 mmol) and (Me,Sn)*- 
C,H, (1.96 g, 5 mmol) at room temperature for 110 h. 
Compound XII. (2.37 g, 70%) from CF3CF=CFCFB (2.2 g, 11 mmoI) and 
Me3SiCSHS (1.38 g, 10 mmol) at 100°C for 40 h. 
Compound XIII. (1.44 g, 70%) from CF&F=CFCF3 (1.2 g, 6 mmol) and 
(MesSi)&5H4 (1.05 g, 5 mmol) at 100°C for 12 h. 

The spectroscopic properties of compounds VIII-XIII are given in Table 4. 
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