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SIMMARY

The cations [M(CO) 4(cod)]" (M = Mn or Re; cod = cyclo-octa-1,5-diene)
have been isolated as their tetrafluoroborate salts. The mmlganese
canpound reacts with sodium tetrahydroborate to afford initially
(1,4-5-n-cyclo-octenyl) (tetracarbonyl)manganese which isamerises to
(1-3-n—cyclo-octenyl) (tetracarbonyl)manganese. Both complexes react
with triphenylphosphine or trimethylphosphite to give the compounds
[fac-Mn(00) 5 (L) (1,4-5-n-CgH; 2)] (L = Ph;P or (Me0),P). Reaction of
[Mn(CO) 4(cod)] [BF4] with methoxide, azide, cyanide or iodide ions, and
with 1,8-bis(dimethylamino)naphthalene are also described.

-

INTRODUCTION.
Transition metal complexes containing cyclo-octa-1,5-diene(cod)
as a ligand are exceedingly mumercus and include, for example, the
species [M(CO),(cod)] (M = Cr [1], Mo or W [1-3]), [M(CO);(cod)] (1 =
Fe. or Ru [4-6]), [M(cod) (nS-CSHSJ] M = Co [7-9], Rh [10,11] or Ir [12]),
and [M(cod),] =i [23], Pd [14,15] or Pt [14,16]). Many of these
campounds are jmportant precursors in organometallic synthesis, and
in this context :i_.t is surprising that no cyclo-octa-1,5-diene complexes
of manganese or rhenium seem to have been reported. Herein we describe

the~tetracarbmy1(cy¢10-octa-1,$—diené) —ménganese and -thenium salts
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In' i_i';ew offtrié' synthoas [17] of the catlons [m(oo) S(c2|14)] and
[Re((D) 4(C2H4)2] from chlom(pentacaxbmyl)-mngame or -rhemmn B
ccxnple:n&s, alxmmm tr1d110r1de and ethylene ‘under pressm'e, it seened
'mcely f.nai: ‘the catlons [M((:())4(cod)] o™= M or “Re)’ could be smuarly -
prepared using’ cyclo—ocm-l S-diene in plaoe of ethyleme '!hls proved
-to be the mse and the two cations were 1solated in about 80% y1e1d as

their tetraﬂwroborate salts.

The two campounds [M(co) 4(cod)] [BF,] (I; M = M or Re) were
dla:ractensgd_»by» analys:s, and by’ their spect:oscopm properuoﬁ.. Thus
the manganese camplex showed four cirbonyl stretching bands in its
infrared spectrum at 2 11zm; 2 056sh, 2 039s and Z O24sh an™ ', typical
of a cis-M(00) L, Species and with the high wave mmbers characteristic
of a.cationic carbonyl complex [18]. - The 14 n.m.r. spectrum of
[un(co) 4(cod)]f[r;x-~4] (1) shma‘m rultiplets of relative intensity 1:2
at T 4.82 (:C() 'and .7.35 ((HZ), typ1calofthoseobserved1nﬂ1espectra »
of cyclo-octa-i,5-diene ‘camplexes [6, 14]. ’

A Reactions between catienic cyclic polyblefiki compléxes of transition
metals and mxcleophlles, espec1a11y hyd:nde mn, have been exte.ns:wely
studied [6 19, 20]. Prev:v.ous work [6] has shown that the isameric
cat:.omc (1-3 S-6-n—cyclo;6ctadierxfliim) -iron and -1;uthenimn complexes
(II) behave in a dlfferent mammer when treated with sodum tetrahydroborate.
Whereas the iron campound y1e1ds two ccxrplexes (III) and (IVa), the. ‘
ruthenium cat:l.m g:w'es (IVb) exclusrvely. Canplexes contammg the o
C8HIS 11gand can undergo smllar proton shJ:Ets. Thus the rhodum catlon
(V) formed by protcnatum of [Rh(cod) (ns-csns)] with mﬂmroaceuc |
acid tmdergoes pro..otroplc slu_fts to y1e1d (VII) via (VI) [21] In
view of these results with 1mn, ruthemum and rhodmm canplms it was

of interest to acam:me the effect of hydnde addltlcm an the mzmganese

canpound (Ia) -
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Treatment of (Ia) with sodium tetrahydroborate in acetone at -80°C

followed by warming to room temperature afforded a complex (VIII), the
infrared spectrum of which showed bands at 2 06lm, 1 985m, 1 969vs and
1 949s am 1 indicative of a cis-tetracarbonyl species. The shift to

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

corresponded to the formation of a neutral species.

Camplex (VIII)

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

spectrum, which showed a parent ion (m/e 276) followed by successive

loss of four carbonyl groups.

The 1 n.m.r. spectrnum of {VIII) showed

resanances at T 5.33 (m, 1 H, :CH), 6.12 (m, 1 H, :G) and 8.4 (m br, 11 H,
5Gi, + an), similar to those of .the CgHy5 ring in (V) [21] except that

the :(H signals in (VIII)resolve intoseparate peaks. Accordingly, on

the basis of these data complex (VIII) is fornmlated as (1,4-5-n-cyclo-

octenyl) (tetrgc;arbdxlyl) manganese.

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

temperature, new carbonyl stretching infrared bands appear in the spectrum



(o),

(IX)

()

/

Mn
(CO),

(X, R =OMe) (x9) xa1)
(XTZ,R = Na3) '

at 1 975 and 1 959 an™t.

The band at 1 949 cm™ in the spectrum of (VIII)
is correspondingly reduced in intensity. After ane to two hours the
spectrum in thé‘carbmyl region showed that (VIII) had converted into
another _cis_-tétrécarbmxylnﬁngmese species with bands at 2 06Im, 1 985m,
1 96%vs and 1 959s an™!. The process is accompanied by the initial
appearance and subsequent disappearance of the band at 1 975 an 1.

The new preduct (IX) was also extremely air-semsitive but the
mass spectrum (parent ion at m/e 276, followed by peals‘ corresponding
to loss of four (D 11gands) revealed that it was an 1somer of (VIII)-
The: mass spectrum also showﬂd a peak at m/e 109 corresponding to the
fmgment (:8H:l3 - The Iy n.m.r. spectrum of (IX) had resmances at .
©.6.37 (», 3H, QD and 8.20 (m, 10 H, i), these chemical shifts being
virtually identical with the n’-Qi and ‘the G, protans cbserved in the
C‘.,-cqnplex [MI(OZ)) 4(1—3-11-(27.!-!:'3.):[ [22] a camplex which is also of very
limited stablh.ty. . n the basis of the available evIdencg, canpound o
(10 is fbfmlatad as (1-3-n—éyc10—octenil) (tetrl“acé‘fbdtyl)mngme's"er.‘ 7
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Although isomerisation of (VIII) to (IX) could be observed by infrared
'spectrosoopy attempt# to follow the prototropic shift by n.m.r. failed
because of 1line-broadening as a result of decamposition. Conversion .
of (VIII) into (IX) is similar to the transformation of (V) into (VII)
and presumably occurs via a similar pathway. In this event the infrared
band at 1 975 an™ 1 initially observed in the isomerisation may be due

to a species [Mn(C0),(1-0,3-4-n-CgH;z)}] (X), corresponding in metal-ring
bonding mode to (VI). It was observed that addition of acid to a
solution of (VIII) did not effect the rate of isamerisation, indicating
an intramolecular pathway involving 1,2-proton shifts.

If the reduction of (Ia) with sodium tetrahydroborate in acetone
at -80°C is followed by addition of triphenylphosphine or trimethyl-
phosphite to the mixture the yellow crystalline compounds
[fac-Mn(C0) 5(L) (1,4-5-n-CgH; 3)] [L = PhP (XI) or (MeO);P (XII)] are
formed. The n.m.r. spectra of these complexes revealed a chemical shift
pattern corresponding to a o,m attachment of the CgHyz ligand as in (VIII).
Surprisingly compounds (XI) and (XII) were also formed by reacting pure
(IX) with triphenylphosphine and trimethylphosphite, respectively.

It is interesting that the 1-3-n-CgH,-metal bonding mode is preferred
for the m(m)_,, group but not for the Mn(CO) oL moiety.

Reactions between the salt (Ia) and methoxide or azide ions produced
the campounds (XIII) and (XIV), not obtained in a pure state due to their
extreme air- and therml—:instabilitiy. They are formuiated anly on the
basis of their mass and infrared spectra, and by analogy with earlier
studies involving attack of these nucleophiles on [Fe(m)3(1-3,6-7-n-C8H11)]
[23]. Reaction of (Ia) with jodide ion affords [MnI(C0),],. Removal

+

of an organic group with this re¢agent has been previously observed

[19, 21, 24]. - '_ , '
The campound 1,8-bis(dimeﬂ1§’1mnino)naphﬂnalene is re:mrka_bly basic,

and is a very effeétive "proton spange" in certain organic reactions [25].

Moreover, it has been shown [26] that 1,8-bis(dimethylamino)naphthalene

pramotes attack of weak nucléophiles such as C,FNH, or C.F.SH an the



;(R":' c Fsm or: c61=ss)'. dimeth
fmnnnaphthalme az ctmpcumd (Ia) vas of mtemt. A In aoetme at. 0°C
the mfrared spectnm of t.he reactun mxun:e uuually shmed carbouyl
stretdung b@ds at 2 O61m 1 985m 1 960vs and 1 960s. cn md:.mt.we
ofthepresenceof an m(a)_)4,om:p1ex.- l'hurever, after -ten nnmxtes B
"these bands were replaced by cthers at 2 Ol3s, 1 935s and 1 929s a1, -
ccrrespmdmgtomm(m)s ‘complex; Worktq)ofﬂaereactimnﬁxun'e :
afforded the known -[22] compound [m(oo)3(1-3 s-s-n—csﬂu)] OV), identified
by its 14 n.m.r. spectrnum. . It is suggested, ‘therefore, that initially.
bis-1,8-dimethylaminonaphthaléne removes a proton fram (Ia) to give

(XVI) which releases (0 to give (XV). As expected, carbanyl bands in

the infrared assigned to the former transient species are virtually
identical to those fomnd in the spectrum of (IX).. Interestingly,
carpound (XV) is also the final product of the reaction of (Ia) with
cyanide ion. Initially at 0°C in acetone a véry air sensitive complex

is formed;believed to be [Mn(CD) en s-s—n-csﬂlz-z-av)] (XVII) [v 2 065m,
1 996m, 1 973vs and 1 961s an 1]. Although the mass spectrum of (XVII)
showed a weak parent ion (/e 301) the major peaks corresponded to those
of (XV). On warming (XVII} in hexane it converts to (XV) presumbly

by release of C0 and HQN. - Two pathways are possible. Loss of H(N from
the ring could give a, tetracarbonyl complex [Ma(CD) 4(1,5-6-n-CgH; )1,
containing an unco-ordinated double bond which would bond to the metal,
following loss of (0, to yield (XV). Alternatively, migration of the
ﬁﬁg'-attadiéd N group to the metal [28] could 1ead to-loss of (O giving
M (QY) (00 g(cod)]. .Elimination of HON from the latter would then
produce (XV).  Removal of ring hydrogen in this way has precedent in

the loss of trimethylgermane from tﬁe cy(;.io-octa-l S-diene canplex
[Ru(Geder) Z(CO) 2{cod)] to give the tetrahydropentalenyl campound
[mca»hscoo)z(csug)] [27] ' :
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. A11 ‘reactions were carried out under an atmosphere of dried,

oxyggn—fmé nitrogen gas. Infrared spectra were measured with a
Perkin-Elner 257 spectrophotometer. Carbonyl bands were reco.r_ded in
dichloramethane or in hexane solution. 1H n.m.r. spectra (C]II13 solutiaon)
were recorded an a Varian HAl(n spectrometer, and mass spectra, used
to establish molecular weights, were measured with an AEI MS 902
spectrometer operating at 70 eV.  All solvents were freshly distilled
prior to use. _

»-
Formation of the salts [M(CD),(cod)][BF,] M = Mn or Re).

Pentacarbonyl (chloro)manganese (2.0 g, 8.6 mmol), aluminium trichloride
(2.0 g, 15 mol) and cyclo-octa-1,5-diene (6 am>) in cyclohexane (100 amd)
were refluxed for 2 h. The mixture was cooled (0°C), distilled water
(30 cms) added, and the solution stirred for a further 2 h. The water
layer was then removed, washed with toluene (50 cm3) and light petroleum
(50 an’; 30-40°C b.pt.), and cooled (0°C). The mixture was acidified
with HBF, (15 an®, 30% solution) and the precipitate removed and washed
with diethyl ether. After drying over P,0; overnight, the product was
Tecrystallised from acetone-diethyl ether as yellow crystals of
[lh(m)4(cod)][BF4] (1a) (2.64 g, 84%). Analysis: Found: C, 39.2;

H, 3.6. (112H1213F4l-ho4 calcd.: C, 39.8; H, 3.3%. For spectroscopic
properties see Results and Discussion.

The rhenium campound (Ib) was similarly prepared (75% yield , magnolia
crystais fram acetone-diethyl ether). Analysis: Found: C, 28.6; H, 2.7.
ClelzBF404Re calcd.: C, 29.2; H, 2.4%.

Infrared spectrum: vg,(max) 2 128m, 2 060sh, 2 048s and 2 o16m cn”l.
M n.m.r. spectrum: 1, 4.70 (m, 4 H, :GI) and 7.30 (m, 8 H, aiy).

Reactions of the salt [Mn(C0),(cod)][BF,] (Ia).

(a) NaHi,. (Ia) (0.5 g, 1.4 mmol) was dissolved in acetone
g

(25 cns) and the solution cooled to -80°C. Sodium tetrahydroborate

(0.1 g, 2.6 mmol) was added and the mixture stirred for 10 min. After



" 0°C solvent }:as' ‘1n vacuo and the, red-orange sohd =
‘proax:t ((VI recbvered fran;the resﬂue by extracnm mth hexme (0 C).
'It was 1dent1ﬁed spectroscop:.cally (see Results and mscthsmn). SRR

B When(VIII) uwa:mdmhmueforSmm,ordlssolvedmt}us s

solvent forr about 90 mm at roan temperature, it is corverted into’
orange—redcrystalsof (IX) tdnch:salsoveryalrsen51t1veand
themally unstable. .

(b) NaMe.  The salt (Ia) (0.25 g, 0.68 mnol) in methanol A(_zs an)

was treated with Na(Me (0.05 g, 0.94 mmol) and the mixture stirred for

10 min at roon temperature. Solvent was removed in vacuo and the
residue extracted with hexae (10 cn®). Filtration and removal of solvent
gave yellow _micro-cxystals' of [M?p(co) 4(1,5-6-n-csnlz-z—ué)] (x11I).
Amss spectrun showed apaﬁnt ion at m/e 306. Infrared spectnin:

Voo@ax) 2 035m, 1 973vs and 1 961s an .

() NaN;.  The salt (fa) (0-25 g, 0.68 mol) was treated with NaN,
(0.125 g, 1.7 miol) in acetome (25 cn’) at Tom temperature for 1 h.
~Solvent was removed in vacuo and the residue extracted with hexane (10 cmd).
anmﬁm of hexanergaire orange ma-o—crystals of

[Ma(CO) 4 (1,5-6-n-Cghly ,-2-N)] (XIV), identified from its mass spectrum
(parent ion at m/e 317) and infrared spectrum [vco(max) 2 059m, 1 987m,

1 969s and 1 950s anl].  This extremely air-sensitive camplex decomposed
even in vacuo. 7

(d) Bis-1,8-dimethylaminonaphthalene.  Compound (¥a) (0.25 g, 0.68 mmol)
in acetone (25 an®) ‘at 0°C was stirred with bis-1,8-dimethylanincnaphthalene

(0.145 g, 0.68 muol) for 30 min. Solvent was removed in vacuo and the
residue extracted with hexane (25 an’). "axromatog;aphy cn alumina gave -
colourless crystals of [M(C0);(1-3,5-6-n-CgH;;)] G0Z2 (0.105 g, 62%).
Analysis: Fawd: C. 54.1; H, 4.61; mol.wt. 246. C3Hy Mi0; calcd.: - |
C, 53.7; H, 4.5%; mol.wt. 26, In.frared spectiim: V@) 2 013s, |

-

1935s and’'1 '92'9’srncm- . ]‘H n.m.r. spectrun T, 5 46 (d of d 1H,
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J 9.6 Hz), 5.91 (m, 1H), 6.05 (t, 1 H, J 9 Hz), 6.43 (m br, 1 H) and
6.:9'-787.v1 ‘@ br, 7 H).

(e) ﬂ. Ccmpound (Ia) (0.5 g, 1.36 mmol) and KCN (0.1 g, 1.53 mmol)
were stirred in acetone (50 cm3) for 1 h at 0°C. Removal of solvent

in vacuo, followed by extraction with cold hexane (20 cms-) gave, after _
evaporation of solvent,orange crystals of [M(C0),(1,5-6-n-CgH, ,-2-CN)] (XVII)
identified by infrared (see Discussion) and mass spectrum, the latter
showing  a parent ion at m/e 301.

Reactions of complexes (VIII) and (IX) with triphenylphosphine and
trimethylphosphite.
(a) The salt (Ia) (0.5 g, 1.4 mol) in acetone (25 cms) at -80°C was

treated with NaB, (0.1 g, 2.1 mwol), stirred (10 min) and warmed to 0°C.
Solvent was removed and the residue extracted with cold hexane (25 ans)
and the hexane solution treated with PhsP (0.54 g, 2.0 mmol) with
stirring for 2 h. Chromatography on alumina and elution with hexane
gave unreacted PhzP (0.25 g). Elution with 10% (GiC1; - 90% hexane
gave yellow crystals of [Mn(CO);(PhsP) (1,4—5—ﬁ—C8H13)] (XI) (0.12 g, 19%).
Analysis: Found: C, 68.2; H, 5.8. C29H28M103P calcd.: C, 68.2; H, 5.5%.
Infrared spectrun: vg(max) 1 993s, 1 923s and 1 906s en L.  H 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, 11 H).

The same campound (XI) was obtained by reacting triphenylphosphine
with (IX), the latter being pre.pared (spectroscopically pure) from (VIII).

(b) The above reactian was repeated using (MeO)zP (1 cm’) instead of
PhzP. Chromatography on alumina gave, on eluting with (Hz(_‘lz-hexane,
yellow crystals of [Mn(CO)5{(MeO)3PH(1,4-5-n-CgH;5)] (XII) (0.15 g, 30%).
Analysis: Found: C,.45.4; H, 6.2%; mol.wt. 372. Cj,H,MiOP calcd.:
C, 45.2; H, 5.9%; mol.wt. 372. Infrared spectrum: vco(max)-z 003s,

1 937s and 1 911s an Y. M 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, 11 H).
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