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The cations [hf(CXl),(cod)j (I4 = MI or Re; cod = cycle-octa-l,S-diene) 

have been isolated as their tetrafluoroborate salts. The manganese 

caqxnmd reacts with sodkn tetrahydroborate to afford initially 

(1,4-5-n-cyclo~tenyl)(tetracarbonyl)lcanganese which iscmerises to 

(1-3-n-cyclo+&nyl)octeny1)tetraca&m yl)manganese. Both complexes react 

with tripbenylphosphine or trimethylphosphite to give the caqounds 

cfac~(cO)g(L)(1,4-5-~C$Il~)J (L = Ph3P or (ME!O)~P). Reaction of 

@4GO)4(cod)]tBF4] withmethoxide,azide,cyanideoriodideionsj and 

with 1,8-bis(dimetbylamino)naphtbalene are also described. 

-ION. 

Transition metal complexes containing cyclo-octa-l,S~iene(cod) 

as aligandareexceedinglymnnerous andinclude, for example, the 

species [M(CO)4(cod)] w = Cr [l]. MO or W [l-3]), ~1(CO),(cod)] @i = 

Fe 6r flu [4-6]), [M(cod)(ns-C5Hg)] (M = Co [7-g], Rb [lO,ll] or Ir [12]), 

and ~M(cO~,~] (M = Ni [131, Pd [14,X] or Pt [_14,16]). Many of these 
-. 

~a.rGmportantprealr sors in organometallic synthesis, and 

intbiscontextitis suqx5singthatno cyclo-octa-1,54ienecanplexes 

of manganese or rhenium seem to have been reported. Herein we describe 

the-te~l(cyclo-octa-l,S-diene)-manganese and -rhenium salts 



chldrp(&&*~i]agngrmes e or..._&&& -. . 

~+e%T’~- :_ - ~..; %fichloride,andethylene-mderpressure,itseemed 
likely thG the c&ionC[~(~)4(&]]+ (M~='~~~&~~F&z)~coui~ bi s+&rly 

preparea*ing-: Y cycl&&-&~,5_di--~ pl& of-etlijrlene; $& prave;l 

to be the ‘case a& the two catim~were isolated in about 801 yield.& 

theirtetrafluoroboratesalts. 

=+ccmpolmds pii(cz0),(~od))[~~4~ (I; M = ~fi 0r rk) were 

~&&~b~‘&alysis,‘aiwi v--their $pktroscxpic pope&i&,. 'ilms 

the manganese 'carq?l~&owed'fourc&bonylstretihi.ngbandsinits 

zd specaum-at 2 liZmi_2 056sh, 2 039s and 2 024sh Car', typical- 

ofacis-M(CO)4~.~iies'anZwith~high.wave.~~ &aracteristic 

of a.cationic carbonyl co&l& [18]L ilk 33 n.m.r. s+ctn& of 

[~(CO)4(cod)J'[BF4j .(I&) shaWea_two -tiplets of relative intensity x2 

at 't 4.82 (:0X)-and 7.35 (CH2jj tyliical of those obsenied in-the spectra 

uf cyclo-octa-i,S-diene-c&plexes [6, 141. 

ReacticHlsbetween~tiaPliccyclicpolyolefir;~lexesof.transition 
.- . 

I&&L~~~ r&eop&les, especially hydride ion, have been extensively 

seed r&19, 201. previouswork [q] basshow.~thattheisuneric, 

c+ionic (1~3,Sd-rlsyclo-octadi~~~)-i~ and -*thenium cqlexes 

(II) behave.* a_tjif&entmann~rkhen treatedwith sodiuqtetrah~te. 
; _ 

Whereas the irun canpoundyiel~ two complexes (III) and (IVa), fhe.. 
. . 

zmthfaiuncatiom~~ (IVb)exclusiv+y. Cuuplexesq5ntaiqingthe 
- I.. 

C8H13+ligandcan&rgo simil~prptanshifts. .lllustherhqdiumcation 

r.w f+_byprot&Gm of L++&&J -. _ withtrifluoroacetic 

acid ux$ergoes pro~&r+z shifts to yield "I) ?@ (VI) [2lJ. In 

viewof.theseresultswithil(HI.Ntheniumandrfrodium~l~it-~ -. 

ufinteresttoexamim iheeffectof hydrideaddition~them&anese 

m (Ia)- 
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(Ia,M = Mn) 

<I'b,M = Re) 
(ll.M = Fe or Ru) tm> 

WZa,M = Fe) 

(lXb,M = Ru) 

1+ 1+ 

Rh Rh 

Treammnt of (Ia) with sodiwn tetrahydroborate in acetone at -SO°C 

followed by warming to roomtemperature afforded a caq~lex (VIII), the 

kfrared spectrum of which showed bands at 2 06lm, 1985m, 1969vs and 

1949s an-1 indicative of a cis-tetracarbonyl species. The shift to 

lower frequency of these bands, cqared with those in (Ia), clearly 

corresponded to thefoxmationofaneutralspecies. Cauplar OrIIl) 

proved to be very air-sensitive but it was possible to record its mass 

spectnnn, which showed a parent ion (m/e 276) followd.by successive 

loss of four carbonyl gl-oups. lhe +-I n.m.r. spectrum of (VIII) showed 

resonances at T 5.33 (m, 1 H, S-I), 6.12 (m, 1 H, Al-l) and 8.4 (m br, 11 H, 

SCHg + W), similar to those of the C&-l13 ring in (V) 1211 except that 

the S-I signals in (VIII) resolve into separate peaks. Accordingly, on 

the basis oftbesedata arnplex (VIII) is formulated as (1,4-S-n-qclo- 

atenyl)(tetracarbcmyl)ntanganese. 

If complex (VIII), dissolved in hexane, is allclwed to stand at room 

temperature,naucarbonylstrerching~redbandsappearinthespectrum 
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txm,R = C&e) 
(XDZ,R = N3) 

at 1 975 and 1 959 an-'. The band at 1 949 an-' - ln the spectrum of (VIII) 

iscorr&pondinglyreducedinintensity. Afteronetotwohours the 

sp&trumi$ttie carbonylregionshowedthat (‘VIII) hadccuwertedinto 

an&her cis-tetracarbonylmanganese species with bands at 2 03.~1, 1%&n, 

1969vs and 1 959s cm-'. ?he process is accompanied by the initial 

appearance and subsequent disappearance of the band at1 975 an-'. 

Thenewproduct(IX)wasaisoe xtremely air-sensitive but the 

mass qxctrun @arent ion at@ 276, followed by peals corresponding 

to l&s of farr CO ligands) revealed that it was an isomer of (VTII)_ 

~massjpectnrmalsosh~dapeakat~l~corresponding tothk 

f=iT=t q-$+y ldii n.m.r. spectnan of (IX) had resonances at 

r-6.37 Cm, 3 H, CX-X) and 8.20 6, 10 H, CX2), these chemical shifts being 

virtuallyidt~ticalwiththe~~~andthe~ protansobservedinthe 

c7-cql= ~wO),~~-GC$H~~)~ r22ji 
.- 2 

accaqlexuhkhis also ofvery 

limitedstability. Ch thebasis ~ftheavailab~e&idence,~d~ 
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Although ismrisation of (VIII) to (IX) could be observedby infrared 

kpectrosq attempts to follow the prototrcspic shift by n.m.r. failed 

be&se of line-broadening as a result of ckxaupositicn. Conversion 

of @III) into (IX) is similartothetransfolmationof 6 into (VII) 

andpresunablyoccursviaasimilarpatIzway. In this eventtheinfrared 

band at 1 975 an-' initiallyobservedin theisanerisationmaybedue 

to a species ~~~(cO)4(ld.3-4-ri-C~13)] Q, corresponding in metal-ring - 

bondingmodeto(VI). It was observed that addition of acid to a 

solution of (VIII) did not effect the rate of iscrnerisation, indicating 

an inmlecular pathway involving 1,2-proton shifts. 

If the reducticm of (Ia) with sodium tetrahydroborate in acetone 

at -8OOC is followed by addition of triphenylphosphine or trimethyl- 

phosphite to themixture theyellowcrystalline compounds 

Ifac-Eh(cO)3[L)(1,4-5-n-C~13~] [L = Ph3P (XI) or 0kO13P (XIIIJ are 

formed. ?he n.m.r. spectra of these ccanplexes revealed a chemical shift 

pattern corresponding to a 0,~ attachment of the C8H13 ligand as in @III). 

Surprisinglycoqxnmds (XI) and (XII)were also formedbyreactingpure 

(IX) with triphenylphosphine and trimethylphosphite. respectively. 

It is interestingthatthe I-3-~-C8?L13-metalbondingrmdeispreferred 

for the &h(O)3 graq but not for the WC0)2L~~iety. 

Reactions be- the salt (Ia) and methoxide-or azide ions produced 

the caupounds (XIII) and (XIV),notobtainedin apurestatedueto their 

extreme air-and thermal-instability. They are formulated only on the 

basis of their mass and infrared spectra, and by analogy with earlier 

studies involving attack of these nucleophiies on [Fe(oO)3(1-3,6-7-~-C8Hll)]+ 

WJ* Reacti= of (Ia) with iodide ion affords [MI(CQ)4]2. Removal 

ofanorganicgmxpwith this reagenthas beenpreviouslyobserved 

[19, 21, 241. 
h 

The canpound 1,8-bis(dinx%h~lamino)naphthalene is remarkably basic, 

and is a very effective 'proton sponge" in certain organic reactions LX]. 

Mxeover, it has been shcx+n [26] that 1,8dis(dimethylamino)naphtalene 

praaotes attack of weak nucl5ophiles such as C6FSEH2 or C6F5SH on the 



byreleaseoftDandH0L -lko patbays are possible. LossofHCNfrun 

thy ring could give a.tetraca~l cauplex [M&0)4(1,5-6-n-C@ll~~, 

antainingan~coardinateddouble~~ch~dband~to~~~tal, 

following l&s of 00, to yield (XV). Alternatively, migz=ation of the 

ring-atta&edCN~graqtotbemetal [24]caKldleadtoloss ofCOgi_g 

[~(CX)(cOj,(cod)]. .Elimi.natia ofHCN from the latter-d then 

Fod=eCW. RfznWalof~ringhydrogezlinthiswayhasprecedentin 

tbelosSOftrimethylge~ frcinthecydlo-octa-1,5~cauplex 

IW~312(W,rMa>l to W -ve*te&*tal~#. 

[~GeMe3b92qp97 C27]-- 

. 

. -_ . 
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.Allreactionswere carriedouttmderanatxmsphereofdried, 

axygen-freellitrogexlgas. Infrared.spectraweremeasuredwitha 

Fe&in-E-r 257 spectropbotameter. Gubcrrylbandsxzerecordedin 

dicbloranzthane or in hexane solution. ?I n.m.r. spectra (C!X13 solution) 

wererecordedaraVarianHAlOO spectrcxrreter,andmassspectra,used 

to establ~molearlar~ights,weremeasuredwithan API&S902 

spectrosmter operating at 70 eV. Allsolventsw&re freshlydistilled 

priortouse. 
w 

Formation of the salts ~M(cO),(cod)~ [BF4] (M = Mn or Re). 

Pentacarbonyl(chloro)manganese (2.0 g, 8.6 xmnol), altiun'trichloride 

(2.0 g, 15 smol) and cyclo-octa-l,S-diene (6 an3) in cyclohexane (100 an3, 

xere refluxed for 2 h. lhe mixture was cooled (O°C),distilled water 

(30 an') added, and the solution stirred for a further 2 h. The water 

layerwas thenremoved,washedwithtoluene (SOan3) andlightpetrokum 

(sOa?.l3; 30-40°C b.pt-), and cooled (OOC). The mixture was acidified 

with H8F4 (15 a3, 30% solution) and the precipitate removed and washed 

with diethyl ether. After drying over P205 overnight, the product was 

recrystallised~acetone_diethyletherasyellowcrystdLs of 

[&(CO)4(cod)][~~4] (Ia) (2.64 g, 84%). Analysis: Found: c, 39.2; 

H, 3.6. C12H12BF4M04 calcd.: C, 39.8; H, 3.3%. For spectroscopic 

properties see Results and Discussion. 

The rheniun ccmpowd (Ib) was similarly prepared (75% yield,magnolia 

crystals fran acetone-diethyl ether). Andlysis: Found: C, 28.6; H, 2.7. 

C12H12BF404Re calcd.: C, 29.2; H, 2.4%. 

LTfraredspectrum:vC&ax) 2128~11, 206Osh, 2048san.d2016mcm-l. 

?-I n.m.r. spectrunr T, 4.70 (m, 4 H, S3-I) and 7.30 (m, 8 H, CH2). 

Reactions of the sdlt [m(cD),(c:rod)] [BF~] (Ia). 

Cal m4. CCqxnmd (la) (0.5 g, 1.4 nrnol) has dissolved in acetone 

(25 an3,G the solution cooled to -8OOC. Sodim tetrahydroborate 

(0.1 g. 2.6 mn01) was added and the mixture stirred for 10 min. After 
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~,proautt--_W~!3,,, ._.’ ._I:, _y -_I __ ..- *~~~~~_~-Ico”a.* &&f&&d fran ‘the_ ~~&el-b~: 

.:g&. i~t~~~~s~~~~y:.(see::Renrits :+ $&+&., _ ..:_ . . 
-: . 

p&&~II).r-*:~.~.&-li -- or5inin;ordiss&edinthis- .: _..~..- 

~l~t_~~_~t9o-~_at~-tempe~~,~itiscomrertedinto 
:- 

ejizri&+ kystalsof.(E$whichisalsove~airsensitiveard 

atxmally llus%bli, 

(b) NaQX‘ ~' l% salt (Ia) (b-25 g, O-68 mnol) in m%hanol (25 an3) 

was tretited uith N&Me (0.05 g, 0.94 -1) an&the mixture stirred for 

1Ominatroontemperature. solventwas+Wedinvaalo andthe 

residue -tedwi&?xane~1oan3). Filtration and rewval ofsolvent 

gave yellarmicro-crystals of [~~(~)4(1,5-6-rl-c~2-2-(Ele)] (XIII). 

Amass~slnwedaparenti~atmfeZO6. Infl%redspectn.lmz 

vco[mipEt 203%,1973vs and1961s an . 
_r 

Cc) q. 'Ihe salt (Ia) CO.25 g. 0.68 15~1) was treated with NaN3 
-. 

(0.125 g, 1.7 mnol) in acetone (25 an3) at rwn-tempezxture for 1 h. 

-solventwasramnredinMcuo andtheresidue extractedwithhexane (10an3). 

Evapurationofhexane gWeorangexWroIlystalsof 

[~(CO)4(l,S-6-+C&2-Z~~)] (XV), identified frcrn its mass qxtrun 

Cpknt ian ai m/e 317) and infrared spectrun [vC&nax) 2 OS9m, 1 987m, 

I. 969s and 1950s an-']. Tbisextremelyai&sensitivecauplex decomposed 

even5nvaam. 

cd) Bis-1,8-diGthylaminonaphthake_ Caqxnmd (Ia) (0.2s g, 0.68 ml) 

in acetone (25 a& at Cfk was stirred with bi&1~8-dimethylaminonaphthalene 

CO.+5 g, 0.68 nmol) for 30 min, so1ventWasranoved ZXlMcllOandthe 

residue extxXct&i with hex&-(25 cm3). czuxmato~ycnral&gave 

col~less crystals of [Eh(CO)3(l-3,5-6-n-C8Hll)] oN)22 (0.105 g, 62%). 

AndLysist Fcxnxir C. 54.1; ti, 4,6X; 11~1.w-t. 246, C&illl&Opkd.: 

C, 53.7; H, 4.5%; mol.wt. 246. IMrar&spectiinn: u&mz) 2 013s, -- 

1 93% and-1 929&m-1. iii n.m.r. spec?x~ T:, 5.46 cd of d, 1 H, 
-. 



J 9.6 Hz), 

6.9~S.l‘(m 

(e) K&. 
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5.91 (m, lH), 6.05 (t, 1 H, J 9 Hz), 6.43 (m br, 1H) and 

br, 7 H). 

'Ccqound (Ia) (0.5 g, 1.36 nmol) and KCN (0.1 g, 1.53 nmol) 

were stirred in acetone (50 an3) for 1 h at O'C. Ffemoval of solvent 

in vacua, follmed by extraction with cold hexane (20 an32 gave, after 

evaporation of solvent,orange crystalscb[,(CO)4(1,5-6-n-C&2-Z-CN)] (XVII) 

identified by infrared (see Discussion) and mass spectrum, the latter 

showing_ a parent ion at& 301. 

Reactions of canplexes (VIII) and (IX) with triphenylphosphine and 

trimethylpho*te. 

(a) The salt (Ia) (0.5 g, 1.4 nrnol) in acetone (25 an3) at -8OOC was 

treated with NaEH4 (0.1 g, 2.1 rmnol), stirred (10 min) and warmed to 0°C. 

Solvent was removed and the residue extracted with cold hexane (25 an3) 

and the hexane solution treated with Fh3P (0.54 g, 2.0 mnol) with 

stirring for 2 h. Chromatography on alma and elution with hexane 

gave unreacted Ph3P (0.25 g). Elution with 10% OrCl, - 90% hexane 

gave yellow crystals of ~kr(CO)3(Ph3P)(l,4-5-n-C8H13)] (XI) (0.12 g, 19%). 

Analy!Ss: F~uT& C, 68.2; H, 5.8. C29H23M03P calcd.: C, 68.2; H, 5.5%. 

Infraredspectrun: v&u@ 1 993s, 1923s and 1 906s an-l. +i n.m.r. 

spectrum: T, 2.55 (m, 15 H, Ph), 6.00 (m, 1 H), 6.70 (m, 1 H) and 7.80, 

8.20 and 8.65 _(br m, 1lH). 

Ihesame caqxxmd (XI)was obtainedbyreactingtriphenylphosphine 

with (IX), the latter being prepared (spectroscopically pure) fran (VIII). 

cb) The abovereactionwas repeatedusing (M~zO)~P (1an3) insteadof 

Ph3P. Chromatograpbyonaluninagave, onelutingwith CH2C12-hexane, 

yellow crystals of [~(~>3r~)3P}(l,4-5-~-C$I13)3 (XII) (0.15 g, 30%). 

Analysis: Found: C,:45.4; H, 6.2%; mol.wt. 372. C14H22E'h06P calqd.: 

C, 45.2; H, 5.9%; mol.wt. 372. Infraredspectrum: v&WC]-2cxXs, 

1937s and 1 911s an-l. +-i n.m.r. spectrum: T, 5.60 (m, 1 H), 6.44 

(m, 1 H), 6.61 (d, 9 H, J 11 Hz) and 7.82, 8.28 and 8.60 (m br, 1lH). 
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