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Summary

Reactions of (NC),C=C(C1)Mn(CO); with trivalent phosphorus ligands or t-
butyl isocyanide in boiling benzene do not result in the formation of dicyano-
vinylidene complexes but instead in the substitution of two CO groups to give
the corresponding fac-(NC),C=C(Cl)Mn(CO),L, derivatives (L = (RO);P (R =
CH, and C,H;) and (CH,),CNC or L, = (C,H;),PCH,CH,PR’, (R’ = C;Hj;,
(CH,).N and CH,0)). The ditertiary phosphine (CH,),PCH,CH,P(CH,). reacts
with (NC),C=C(Cl)Mn(CO); even at room temperature with loss of the cyano-
carbon residue to give fac-[ (CH,),PCH,CH,P(CH,),IMn(CO);Cl. Reaction of
NaRe(CO); with C1,C=C(CN), gives the expected (NC).C=C(Cl)Re(CO); but only
in mediocre yield (~11%).

The thermal reactions of the 1-chloro-2,2-dicyanoviny! derivatives (NC),C=
C(C)M(CO),CsH; (M = Mo and W) with trivalent phosphorus ligands have been
shown [2,3] to result in the replacement of three carbonyl groups with two
trivalent phosphorus ligands to give terminal dicyanovinylidene complexes of
molybdenum and tungsten of the general type C;H;M(PR;),[C=C(CN),]CL In
an attempt to prepare similar terminal dicyanovinylidene complexes of manga-
nese we have now investigated analogous reactions of the manganese complex
[4] (NC),C=C(C1)Mn(CO); with related trivalent phosphorus ligands.

Reactions of (NC),C=C(C1)Mn(CO); with either the monodentate phosphorus
ligands PR (R = OCH, and OC,H;) or the bidentate phosphorus ligands (CeHs),-

* For part ITI see ref. 1. Portions of this work were presented at the 173rd National Meeting of the
American Chemical Society, New Orleans, Louisiana, March, 1977: paper INOR 121 in abstracts.



“9 ito -arbonyl groups mth two. tnvalent phosphorus atoms to 've »
e complexes w1th the general formula (N C)ZC—C(CI)Mn(CO)sL (Table 1) A corre-
- spondmg reaction of (NC),C-C(CI)Mn(CO) s with triphenylphosphine failed to -
. givea correspondmg (N C)ZC—C(Cl)Mn(CO) 3L2 derivative in significant quantl-
“ties but instead. led to extensive decomposition.’ Reaction of (NC),C=C(C}H- -
: —’Mn(CO)s mth excess: (C HS)ZPCH-.CHZP(C,,HS). or- (CH:,O)3P in boiling toluene
' failed to g1ve further carbonyl substitution beyond the cis<(NC) ,C—C(Cl)Mn
(CO),L, stage but instead led to extensive decomposﬁaon Heating (NC)-,C—-_ :
_C(Cl)Mn(CO)s in boﬂmg benzene either alone or in the presence of1 ,3-cyclo~
' heptadlene, norbornadiene; or cycloheptatnene also led bo extenswe decompo-
sition without:the isolation of identifiable products. - o
- “The specu'oscoplc properties of the (NC)2C—C(CI)Mn(C0)3L denvatlves
(Table 2) are in accord with their formulations as the facial isomers I in which
the trivalent phosphorus ligands are trans to CO groups. All of the (NC),C=C-
(Cl)Mn(CO);,Lz derivatives exhibit in their infrared spectra two strong y(CO)
frequencies with the lower one always broadened. This is in accord with formula-
tions as fac-L,L'M(CO); derivatives [5,6] where the L and L’ ligands are nearly
equivalent electronically. Furthermore, the phosphorus-31 NMR spectrum of
the complex (NC),C=C(CI)Mn(CO);[(C.H;).,PCH,CH,P(C;H;),] exhibits only
a single resonance indicating that both phosphorus atoms of the symmetrical -
ditertiary phosphine are in identical environments. Since the ethane bridge of
this ditertiary phosphine forces the phosphorus-atoms to be in mutually cis
posxtlons in-the manganese octahedron, the only possibility consistent with
this single phosphorus-31 resonance is I (2L = (C.H;),PCH,CH,P(C.H;).) with -
both phosphorus atoms trans to carbonyl groups. The trialkyl phosphite com-
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plexes (NC).,C=C(C)Mn(CO);[P(OR),], also exhibit only a single phosphorus-31
resonance suggesting that both phosphite ligands are in equivalent environments.

. The methyl ditertiary phosphine (CH,)ZPCH,CHZP(CH:,)Z, presumably because
of the high basicity and low steric reqmrements of the two phosphorus atoms,
reacts . with (NC).C=C{CI)Mn(CO); in benzene or tetrahydrofuran solution -even
at room temperature in contrast to the elevated temperatures required for the
other ditertiary phosphines. The product, however is not the expected’ fac—(N C)»
C=C(ChHMn(CO);L, derivative since its mfrared spectrum exhibits no.»(CN)
frequencies: On the basis of its infrared spectrum in the ¥(CO) region'this.
product was identified as fac-[(CH1)1PCH2CH2P(CH3)2]Mn(CO);.,Cl The reactmn
between (NC),C=C(C!)Mn(CO); and (CH,), -PCH,CH,P(CH,), to give- fac-[(CH3),
PCH,CH-,P(CH,),]Mn(CO});Cl . with chlorine transfer, from carbon to. manganese.
and- complete loss of the cyanoca.rbon unit-is completely analogous tothe.

: : ‘ {contmued onp. 307)
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reported [3] reaction of (NC),C=C(Cl)W(CO),C;H; with triphenylphosphine
to give C;H,W(CO),P(C,H;),Cl.

The reaction between (NC),C=C(Cl)Mo(CO),C;H; and t-butyl isocyanide
has been found [7] to result in isobutylene elimination to give two stereoisomers
of the tricyanoethylene derivative CsHsMo[ CNC(CH,),1,[(NC),C=CHCN]CI. The
reaction between (NC),C=C(CI)Mn(CO); and t-butyl isocyanide under similar
conditions proceeds with simple carbony! substitution to give fac-(NC),C=C(Cl)-
Mn(CO);]CNC(CH;);]., (I: L = (CH;);CNC). The equivalence of the two t-butyl
isocyanide ligands in this complex is suggested by the observation of a smgle
methyl proton resonance.

In an attempt to extend this chemistry to rhenium, the required (NC),C=C(Cl)-
Re(CO);, a new compound, was prepared from the reaction of NaRe(CO);s with
C1,C=C(CN),. However, the yields of (NC),C=C(Cl)Re(CO); are only ~11%
based en Re,(CO), ;. This and the high cost of rhenium discouraged us from
investigating reactions of (NC).C=C(Cl)Re(CO); with Lewis base ligands. The
much lower yields of (NC),C=C(Cl)Re(CO); relative to its manganese analogue
when prepared from NaM(CO); and Cl,C=C(CN), can be attributed to the much
higher nucleophilicity [8] of NaRe(CO); relative to NaMn(CO);. This can lead
to unwanted side reactions including reaction of the second chlorine atom,
which, in the case of the Re(CO); derivative, apparently results in decomposi-
tion rather than formation of a bridging dicyanovinylidene derivative [4] as in
the case of the reaction between Cl,C=C(CN), and NaFe(CO),C;H;.

Experimental

Microanalyses (Table 1) were performed by Atlantic Microanalytical Labora-
tory, Atlanta, Georgia. Melting points (Table 1) were taken in capillaries and
are uncorrected. Infrared spectra (Table 2) were taken in the indicated media
(generally dichloromethane for »(CO) and v(CN) frequencies and KBr pellets
for ¥(C=C) frequencies) and recorded on a Perkin—Elmer Model 621 spectro-
meter with grating optics using the 1601 cm™ band of polystyrene film for
calibrating each spectrum. Proton NMR. spectra (Table 2) were recorded on a
Varian T-60 spectrometer at 60 MHz using CDCl; solutions. Phosphorus-31
NMR spectra (Table 2) were taken in CH,Cl, solutions and recorded at 40.3
MHz on a Jeolco PFT-100 spectrometer operating in the pulsed Fourier trans-
form mode with proton noise decoupling and a deuterium lock. Phosphorus-31
NMR chemical shifts are reported in ppm above external 85% phosphoric acid.

A nitrogen atmosphere was always provided for the following three opera-
tions: (a) cairying out reactions; (b) handling filtered solutions of organometallic
compounds; (c) filling evacuated vessels containing organometallic compounds.
Alumina (80 to 200 mesh) and silica gel for chromatography were used as
received from Fisher Scientific. Tetrahydrofuran was redistilled over LiAlH .

The manganese derivative (NC),C=C(C1)Mn(CO) ; was prepared by a combina-
tion of published procedures [4,9—11] using commercial CH;C;H;Mn(CO),
(Ethyl Corporation, New York, New York) and malononitrile (Kay—Fries Chemicals
Inc., New York) as raw materials. The ligands (C,H;),PCH.CH,P[N(CH,),].

[12] (abbreviated as P{-Pnm), (C,H;).,PCH,CH,P(OCH,;), [12] (abbreviated as
Pf-Pom), and (CH,),PCH,CH,P(CH,), [13] (abbreviated as Pm-Pm) were prepared



f 'Reactrons of (NC)ZG=C(CI)Mn(CO)5 wzth tnualent phosphorus lzgands to gwe
- :fac-(NC)zc:C( C)Mn(. CO)3L2 derivatives. - .
* -.'Stoichiometric. quantities of (NC) ,G—C(Cl)Mn(CO)s and the tnvalent phos-

' p‘lorus ligand (4 to 12 :mmol depending on the desired scale of the preparation).
‘were boiled under reflux in 100 to 150 ml of benzene for the time indicated in-
- Table 1. Solvent was then removed from the reaction mixture at 25°C/25 mmHg.
The residue was: chromatographed on an alumina column in dichloromethane -
solution. The yellow band of the product was eluted with dichloromethane.
Evaporatlon of the eluate followed by crystallization from pentane in the cases
of the trialkyl phosphite complexes or from mixtures of dichloromethane and
hexane in the cases of the ditertiary phosphine complexes gave the fac-(NC) C=
C(C1)Mn(CO),L, derivatives in the yields indicated in Table 1.

- The ditertiary phosphine complexes fac-(N C),C=C(C1)Mn(CO),(P£-P£) and
fac-(NC),C=C(C1)Mn(CO),(Pf-Pom) formed crystalline 1/1 adducts with chloro-
form (identified by correct C, H, N and Cl analyses) when chloroform rather -
than dichloromethane was used in the above preparations. '

Reaction of (NC),C=C(Cl)Mn(CO}s with (CH;),PCH,CH,P(CH ),

A mixture of 0.61 g (2 mmol) of (NC),C=C(Cl)Mn(CO)s;, 0.6 g (4 mmol) of
(CH,),PCH,CH,P(CH,),, and 40 ml of tetrahydrofuran was stirred for 36 h.
Solvent was removed from the deep green reaction mixture at 25°C/25 mmHg.
A concentrated dichloromethane solution of the residue was chromatographed
on-an alamina column. The yellow band was eluted with dichloromethane. Eva-
poration of the dichloromethane eluate followed by crystallization of the yellow

residue from a mixture of dichloromethane and pentane at —20°C gave 0.13 g
(20% yield) of fac—(Pm-Pm)Mn(CO)3C1 m.p. 147—149°C, V(CO) in CH,Cl,;

- 2030s, 19485, and 1900s cm™* (iit. [14] »(CO) for fac-(Pm-Pm)Mn(CO);Cl in
CH.Cl,: 2021s, 1950s, and 1908s cm™).

Reaction of (NC),C=C(C1)Mn(CO); with (CH,).PCH, CH ,P(CH,), at room
temperature in benzene rather than tetrahydrofuran solution also gave fac-
{Pm-Pm)Mn(CO);Cl but only in ~10% yield. .

An authentic sample of fac-(Pm-Pm)Mn(CO),Cl (»(CO) in CH2012 2030s,
1949s and 1901s cm ') was also prepared in 35% yield by reaction between
0.46 g (2 mmol) of Mn(CO);Cl and 0.31 g (2 mmol) of (CH,),PCH,CH,P(CH,),
in 30 ml of tetrahydrofuran for 10 minutes at room temperature followed by
crystallization of the resultmg rellow solid from a mixture of dlchloromctha.ne
and hexa.ne at —20°C. : - :

Reactzon of (NC);C—C( Cl)Mn( CO)s with ( CH3)3CNC

A mixture of 1.22 g (4 mmol) of (NC),C=C(CI)Mn(CO),, 1. 0 ml (0 7g 84
mmol) of t-butyl isocyanide, anid 60 ml of benzene was boiled under reflux for-

4 h. Solvent was removed at 25°C/25 mmHg. Recrystalhzatmn of the residue
from a mlxture of dlchloromethane and hexane gave a total of 1. 08 g-of fac- -
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(NC),C=C(Cl)Mn(CO);[CNC(CH,);1. (65% yield), collected in two crops. The
analytical samples were purified by a further crystallization from a mixture of
dichloromethane and hexane.

Attempts to chromatograph this compound on alumina or Florisil columns
in dichloromethane solution led to decomposition.

Preparation of (NC),C=C(Cl)Re(CO);

A solution of ~10 mmol of NaRe(CO); was prepared by stirring 3.26 g (5
mmol) of Re.(CO),, in 90 ml of tetrahydrofuran for 8 h at room temperature
with 12 mmol of sodium as 1% sodium amalgam. After removal of the excess
mercury the NaRe(CO); solution was cooled to —78°C and then treated drop-
wise with a solution of 1.46 g (10 mmol) of 1,1-dichloro-2,2-dicyanoethylene
in 20 ml of tetrahydrofuran. The red-brown reaction mixture was stirred at
—78°C for 2 h, and then at room temperature for 4 h. Solvent was then removed
from the reaction mixture at 25°C/30 mmHg. The residue was extracted with
400 ml of dichloromethane in three portions. These extracts were filtered
through Celite. The filtrate was evaporated at 25°C/25 mmHg. The residue was
chromatographed on a silica gel column prepared in hexane. The yellow band
was eluted with 1/1 dichloromethane/hexane. Concentration of the eluate to
~15 ml gave 0.47 g (11% yield) of yellow crystalline (NC).C=C(CHRe(CO);,
m.p. 136—1837°C (dec.); infrared spectrum: v(CN) in CH,Cl,: 2285w cm™!;
v(CO) in CH,Cl,: 2165m and 2055s cm™'; #(C=C) in KBr: 1480w cm™'. Anal.
Found: C, 24.5; H, 0.0; N, 6.4; Cl, 8.1. C,CIN.O;Re calcd.: C, 24.7; H, 0.0; N,
6.4;Cl, 8.1%.
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