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SUMMARY

3'

A number of carbene complexes of formulas
Y ] 1 —
C13Ger1n (CO) 4C (OR')R and C5H5Mo (CO)Z(GeC13)C(OR )CH3 (R CH
C6H5;'R' = CH3, 2 5) have been prepared by the reaction of
[N(C2H5)4]GeC13 with CHBHn(CO)S, C Mn (CO)S, or C5 Srlo (co) CH3

followed by alkylation of the resulting trichiorogermyl—

acylcarbonylmetallate ion. The compound C Mo (CO) , (GeCl13) -

S 5
| poynr—
COCI—IZCHZCH2 has been prepared directly by t_he reaction of

(C H )épeCl with CSHSMO(CO)3(CH2)3Br.

INTRODUCTION

In accordance with our recent interest in the scmetimes

unusual properties of transition-metal carbene complexes con-—

taining Group IVB ligahds,l’2

we have recently undertaken the
. preparation of trichlorogermyi metal-carbene complexes. We
report here the synthesis of carbene complexes of manganese

and mdlybdenum containing the trichlorogermyl group.

+Present address: Department of Chemistry, Emory University,
Atlanta, Georgla 30322 USA



,course, a spec1a1 case of the well—known nucleophlle pronoted

carbonylatlon reactlon in metal alkyl comolexes- The resultlng
acylcarbonylﬂetallate ion is then alkylated at the -oxygen ‘atom’
of the acY? group to yleld the de51red carbene complek.

Some precedents exist for this sort of react;on. Flrst the
complexrmnz(CO)QC(OCH3)CH3_has been prgéared by the reaction

of CH3I-‘In(CO)5 with Hn(CO)g_ follo&cd by methylation w1th

(CcH OBF 3 "Also, a number of alkyl—métal carbonyl,complexes

3)3
have been reacted with cyanide ion to yield acyl(cyano)
carbonylmetallate ions;4 although these ions undergo only
N—-alkylation to give acyl (carbonyvl) metal isocyanide complexes,5
: CH,CH, h V

2 H2 5 has been
5_10(C0) (cH )3Br with cvanide

the cyclic carbene complex Ho(CO)2(CN)COCH

CsHsg
prepared by the reaction of C5
ion. Presumably this reaction proceeds viag an analogous acyl-
metal anion, in which the acyl ligand cyclizes with loss . of

bromide ion to givé the observed product.5 Finally, stablé hydroxy—
carbene complexes Mn(CO)4(X)C(OH)CH3 (X = Br, I) have’been
prepared by the reaction of halide ions with CH3Mn’ O)5 -followed
by protonatlon.6
This sort of reactlon scheme seemed 1deally suited
to the‘preparetlon of trlchlorogermyl -metal carbene complexes;
Salts of the GeCl anion are'well known and ea51lv prepared,
and the anion is. known to exhlblt nucleophlllc propertles.7
Moreover, it was ant1c1oa;ed that the acyl(trlchlorogermyl)—

carbonylme;allate ion 1ntermea1ates would not be acce551ble by



- the more usual route of reacting trichlorogermyl metal carbonyls
'with,ofganolithium or Grignard reagents, due to the expected
tendéncy for these reagents to attack the trichlorogermyl group

rathér'than a carbonyl-ligaﬂd.

RESULTS AND DISCUSSION

Analytical, infrared and NMR data on all compounds
I, IX, and IIIX.

The compound [M(C,H_)41G901- reactoed with Cn3mn(co)5,
CGHSMH(CO?S'uand CSHSMO(CO)3CH3, to produce the salts
[N(C2H5)4][C13GeMn(CO)4C(O)CH3], [N(C2H5)4][C13GeMn(CO)4C(O)C6H5]
and [N(C2H5)4][CSHSMO(CO)2(GEC13)C(O)CH3], respecﬁively,
in gddd yield. These ionic compounds could be isolated, and
would react further with trialkyloxonium salts to yield the

desired carbene complexes:

[N (C2H5)4]GeCl3 + RMn(CO)5 + [N (C2H5)4] [Cl3Ge!~1n(CO)4C(O)R] (1a)

ClBGeMn(co)‘}C(OR')R {Ib)

) I -
[N(C2H5,4]GeCl3 + C HSMO(CO)3CH -+ [N(C2H5)4][CSHSJO(CO)Z(GeCl3)

5 3

C(O)CH3] (Iiza)

C5H5MO(CO)2(GeCl3)C(OR')CH3 (IIb)<

(R = CH C_H_; R' = CH3, C2H5)

3’ 765’

All these compounds were characterized by analysis

“and by the usual spectroscopic techniqgues. Their structures
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'*'werefeétéblished7byiiﬂfrared'spectroscopy as follows:

-]
~1

the

- manganese compounds all show four peaks in the carbonvl

stretching region of the infrared spectrum, characteristic of a

cis—disubstitutgd octahedral complex.

pounds are assigncd the structures shown below:

o

Cl_ Ge C—R
N/

OC—Mn—CO

Cl_Ge

./

C—

Rl

—R

OC——Mn——CO

Accordingly these com-—

/1
oCc C oCc C
0 o
- 1a Ib
TABLE 1IX
INFRARED DATA
-1
Compound c=0 M
(N (C,Hg) ,1[CLl,GeMn (CO) ,C(O)CH,1 2058 s, 1981 s, 1960 vs, 1943 s
C13GeMn(CO)AC(OCH3)CH3b 2090 s, 2028 s, 2008 vs, 1999 s
C13GeMn(CO)4C(OC2H5)CH3b 2096 s, 2030 s, 2010 vs, 2002 s
[N(C,HL) 41 [CLl;GeMn (CO) ,C(0)C H 1o 2065 s, 1988 s, 1968 vs, 1945 s
C1,GeMn (CO) ,C (OCH,) CH.P 2092 s, 2030 s, 2018 vs, 2001 s
C13GeMn (CO) ,C(OC,H)CeH Sb 2091 s, 2029 s, 2017 vs, 1999 s
[N(C,Hg) 1 [C H Mo (CO), (GeCl )C(O)CH3 1935 s, 1857 vs
b
CgHgMo (CO) , (GeCl,)C (OCH ;) CH, 1987 s, 1914 vs
: . b
CSHSMO(CO)z(GeCl3)C(OC H )CH3 1986 s, 1912 vs
CgHHO (CO) , (GeCl 3) COCH,, CH,CH, 1983 s, 1911 vs

facetone solution
b -
heptane solution

cchloroform'solution
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(Tc—csgg);064C§ée¢H3);iﬁ_;f" -
'[ﬁ(gzﬂsj4]icléceMn(éoféc(O)CH3jf‘  : 7.48'. | e >;ﬁ., ...
c13Geﬁn(c0)4c;ocné)CH3, Ag-Sz 5.45 . _'};5 i
'c13cc;h(co)4cgoc2ﬁ5)cn3 6.éo~7' (5.26) - 8.24 e
[x(czﬁs)ql{c;3sémh(c0)4c(b)csns]f (2.85) ... R ‘e
Cl3Getin (CO) 4C(OCH3) CHig (2.65) 5.68 ... .-
C1,Gen (CO) ,C(OC,H.)C H, (2.65) (5.48) 8.37 .-
[N (C,Hg) 41 [CgH MO (CO) , (GeCl ) C (0)CH41E 7.58 .-- ceo 4.87
CSHSMO(CO)2(GeCl3)C(OCH3)CH3 6.96 5.55 .- 4.40
C_HgMo(CO), (GeCl4)C(OC,H )CH, 6.93 (5.41) 8.39 4.43
o | wcH, () tcm, (y)t zcH, (8)d
c535mb(cb)2(gec13)COCHZCHZCH29 6.25 5.12 7.99 4.44
aCDCIB' é;)lution, except CSHSMO(CO)Z(GeCl3)C(OC2HS)CH3, CD2C12 solution
bsinglet

SUnresolved multiplet

dQua:tet, J

Ten,-cug T 7.0 Hz

3

B(C,H.),T: ‘T., = 6.48 (quartet); T = 8.58 (triplet); J
_ Hy © CH, 8 » )
9100 iz NMR spectrum

Triplet, J

cn, (a) - cr, (2) = 7-5 Hz

inlet,” ) : = ;
Triplet, JCH,(B) _ CHZ(T) :775 Hz

Jouintet’

CH 4CH3

7.0 =k



ki
?hé hObedénum éomééﬁnds'all exhibit two carbonyl
stretching'peaks, és'ekpéctedifér either a eis or a trans geometry;
fih.thiércaSé the geometry isrdetermined on the basis of the
'reiativévintenSities’of;the preaks. The £fact that the lower-—-
fréqﬁenCy éeak (asymmetric stretch) is more intense than the
higher—fréquenéy peak {(symmetric stretch) strongly indicates that

8-10

the two carbonyls are trans to one another, as shown below:

Mo
Cl3Qe-- __.j\ftgo
S o
™~ CH,
ITa 7 ITb
The geometries of these trichlorocgecrmyl complexces «re

thus the same as those reported for other carbene derivatives

of manganese and molybdenum containing the triphenylgermyl group. ’

O 1
MO(CO)Z(GeCl3)COCH2CH2CH2

with

The cyclic carbene complex C

sHg

was prepared directly-by the reaction of [N(C 1GeCl

2 5)4 3

Mo(CO)3(CH2)3Br. In this case the intermediate acylcarbonyl-

CsHg
metallate anion was not isolated:

[N(C2H5)4]GeCl3 + CSHSMO(CO)3(CH2)3Br —]/

Br

o ~ :
CH
CcHo (C1 Ge) (OC) Mo — 7 P 2] [N(C_H.) 1
[ >33 2 ~ch,—cH) 2574

IiTa
{(not isolated)

- ' _0 ~CH, _ I
(Cl Ge)(oc) Mo —c” . \~ IIib
N ,

CH, —CH,

5 5
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'This reactlon proceeded much more rapldly than that,
—ibetween [N(C ]GeCl3 and C5 5l‘lo(CO) CH3 The product was
shown by 1nfrared spectroscopy to have the same'»rars geometry
. as the other molybdenum'complexes. 7 ; :
It is worth noting thet no trace of any'iqterﬁediate treosr
'”isomer’ofiIe or of any intermeaiatejgis isomer of ITa was seen
‘whileﬁfollowing these reactions- In particular, the GeCl3— -
CgHg JolCO)ZCH3 reaction was carefully followed (in CHC13 solu-
tion) by both infrared and nmr spectroscopy; only peaks due_to
the final product, the thermodynamically'stable trans isomerltl

of [CSHSMO(CO)2(GeC13)C(O)CH3]_, were seen. Presumably in this

system, unlike several others where intermediate cis acyl
5,10

species are stable enough to have been observed , the rearrange-

ment to the trans isomer occurs very rapidly.

The product isomers of the acyl anions naturally give rise
to the corresponding isomers of the carbene complexes. In the
‘case of the oxacyclopentylidene complex (IITb), the guestion
arises whether the cyclization occurs primarily before or after
rearrangement to the trans configuration. When this reaction
“(in acetone) was followed in the infrared, only the peaks due
to the final trans product were observed. Although he broadhess
of the peaks in this solvent might allow the possibility that
peaks due to e cis carbene intermediate might be,unresolVed} it
‘was observed that the intensity ratio of the observed peaks
eppeared to be characteristic of the trans isoﬁer (vide supra)
throughout the course of the reaction. .It may thus be concluded
that in this reaction the rearrangement to the trans acyl anion
‘is at least substantially complete before cyclization‘of the:’

ligand occurs.
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j_rit;waé hoped that the synthesis'bf the complex
Iﬁ(CéH5)4](C13GeMn(CO)4C(O)CH3] might'prbvide a convenient route
to a dichloro analogue of the recently-reported compounds
chgﬁﬁ?EETZETB)CH3, in which the carbene and germyl ligands appear
to he connccted bg' an-cuvgen bridge.  Thie route envisaged
abstraction of a chloride icn by Ag+, followed by cyclization.
However, in fact the cnlyv product observed in tﬁis reaction was
C13GeMn(C0)5, obtained in 75% yield. The mechanism by which
this product is formed is not understood at present.

We believe that the synthesis of acylcarbonylmetallate
ions viae reactions of anionic nucleophiles with alkyl metal
carbonyl complexes, as exemplified by the reacticns reported
here, may prove to be a useful route to carbene complexes. It
should find particular application, as in this insténce, in
those cases where the desired carbene comnlex cannot be prepared
by the more usual routes. Other possible applications of this
method, as well as reactions of the resulting complexes, are

under investigation.

EXPERIMENTAL
; ; ; - . 12 . 13
Starting materials; including CH3An(CO)S, C6H5hn(CO)5,
14 . i5 - . l6
1 M N
CSHSP_O (CO)BCH3, CSHS--O (CO)3(CH2) 3Br, anéd [ (C2115)4]GeCl3
were prepared as described in the literature. Other reagents
and solvents were reagent grade, and were used as obtained.
All reactions were ca:rried out under a nitrogcn atmosphere.
. Infrared spectra were obtained using a Perkin-Elmer
Model 337 grating infrared spectrometer with scale expansion
: . R 17 -
and were. calibrated against gaseous CO. Proton N3R data were

‘recorded on Varian A60, 56/60, or XLFT-100 instruments. NMass
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. spectra vere taPen w1th an AEI—”SQ nass spcctroneter )

analyses were performed by the University of Alberta micro—:ﬁﬁ
analytical laboratory-; Meltlng polnts were determlned u51ng a'

GallenkamD apparatus and are: uncorrected

Preparatzon of Manganese Compounds

trec,d )1 [cz3cer-fn (00)4G(0)CH3]

A 1.50 grsamﬁlecof‘CH3Mn(éO) (7.14'mmol)iwas dissolved*
in 50 ml. of acetone, and 2. 10 g of [N(C 5) ]GeCl3 (6 79 nﬂol)
were added. The reactlon was followed by monitorlng the changes
in the ihfrared spectrum and was complete after 30 min. ,fhe
acetone was removed under vacuum and the yellow solid residue Qas
freed~of_excess CH3Mh(CO)5>by washing with ether. The resulting
Vcrystalline productrwas sufficiently pure for use in further
synthetic reactions; yield, 3.20 g (6.16.mmol, 91% based on
[N(C2H5)4]GeC13). A small quantity of recrystallized material
for analysis was obtained by saturating 700 ml of ether with
the compound, filtering, reducing the volume to 100 ml.,
and chilling thersolutibn'to —20° overnight; this yielded c¢a-. 0.5 g

of fine, light yellow crystals.

[N(C2H5)4][ngqeﬁn(¢0)4¢(o)6655] was prepared in the same manner

from [N(C2H5)4] GeCi3 and_CGHSMn(CO)S. This ccmpounq was

obtained as an orahge 0il which could not he induced to crystallize.
However, the oii afﬂnﬂeia reasonablehanalysis and this, in'r
combination with the usual spectresccpic data'and its'subsequent
chemical behavior, lTo”ed ‘its unonblguous characterlzation-

Yield, 6. 17 g (10.62 mmol, 92%).
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3
'HA 1.25 g sample of [N(C2H5)4][C13GeMn(C0)4C(O)CH3]

- ?ZsGeﬁn(C?)4C(OCH3)CH

(2.41 mmol) was dissolved in 50 ml. of dichloromethane and
approximately a twofold excess (CH,) ;OPF, was added. The
reactidn was monitored by ihfrared and Qas complete in 1 hr.

The solvent was removed and the residue was extracted with ether.
The extracts were filtered and the ether was removed; the residue
was extracted with 200 ml of warm heptane. The filtered extracts
were chilled to -20°C overnight, yielding the product as fine,

off-white crystals (0.33 g, 0.82 mmol, 34%).

czsceyn(CO)ac(oczgs)cas was prepared and worked up in the same

way, using (C2H5)30BF4 as the alkylating agent. Yield, 0.47 g
(1.12 mmol, 58%) of off-white, needle-like crystals.

CZ?GeMn(CO)‘C(OCH3)CSH5 (light yellow crystals; yield, 19%)

and CZEGeMn(CO)AC(chHg)CGHs (light yellow needles; yield 31%)

a imi r £ .
were also prepared similarly from [N(C2H5)4][C13Geun(CO)4C(O)C6H5].

Preparation of Molybdenum Compounds.

‘[H(CZHS)gl[CSHSMO(COJ2{GECZS)C(OJCH3].

A 3.50 g portion of.CSHSMo(CO)3CH3 (13.5 mmol) was
dissolved in 100 ml of acetone, and 3.96 g of [N(C,Hg) ,lGeCl,
(12.8 mmol) were added. The reaction was monitored by infrared
and was complete after 23 hr. The solvent was rcmoved and the
product was freed of excess CSHSHO(CO)3CH3 by washing with hexane.
The product was then recrystallized by slow addition of ether

to an acetone solution of the product; yield, 3.27 g (5.75 mmol,

744.8% based on [N(C2H5)4]GeCl3)-
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G H HMo(C0) 5 (GeCL )C(OCH )CHy

| A1.23 g sample of [N(CyTy) 4] [C4llgNo(CO) , (6eCL;)C (0)CH, )
(2.16 mmol) was dissolved in 50 ml. of dichloromethane and
excess>(CH3)3obF6 wa§Aadded, Aftef 1 hr.. the iﬁffé#éd'spectrum;;
shdwed that theyréaction wésAcomplete. The_édlvgnt was fqmbved,
and the residue was extracted with ether. The extracts wéie V
filtered and the ether was removed; .the resulting product was
recrystallized from dichloromethane-heptane. Yield;>0;38 g

(0.83 mmol, 38%) of yellow—green crystals.

CSHSHO(CO)Z(GeCZs)C(OCZHsicH3 was prepared and worked up

similarly, using (C2H5)3OBF4 as the alkylating agent. Yield,

0.49 g (1.05 mmol, 54%) of yellongreen crystals.

T
CSHsho(CO)Z(GeCZs)COCHZCHZCHZ

A 2.00 g sample of CSHSMO(CO)3(CH2)3Br (5-45‘mmol)
was stirred in 50 ml of acetone with 1.68 g of [N(C,H) 41GeCly
(5.45 mmol). The reaction was monitored by infrared. A
precipitate of [N(CZH5)4]Br formed quickly and the reaction was’
complete in 3.hr. The solution was filtered, the =olvent was
removed under vacuum, and the residue was récrystallized from

Jdichloromethane by the slow addition of heptane, yielding the produc

as bright'yellow,ciyétals. Yield, 0.65 g (1.39 mmol, 26%).

Rzaction of [H(02H5)4][CZSGeMn(CO)4C(0)CH3] with AgBF4:

A 1.56 g sample of [N(C2H5)4][C13GeMn(CO)4C(O)CH3] (3.01 mmql)
was dissolved in 5 mi of acetone and a solution of 0.585 g of
AgBF, (3.01 mmol) in iO_ml ofiacetone was a&ded. A‘white,
precipiﬁate was -obtained at once, andrwaé filtered off}.;his/

apparently consisted of AgCl as it was insoluble in water or
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jééétdﬁe bﬁtAsolubie in aquéous ammonia; The solvent was removed
“from the filtrate under Qacuﬁm and the residue was extracted
with 50 ml of ether, and:thé extracts were filtered leaving a
second white, acetone—soluble‘pretipitate, appaiently
[N(C2H5)4]BF4. The filtrate was evaporated, leaving the product,
which was identified as C13GeMn(CO)5 by its infraredl® and mass
spectra. The produét was purified by sublimation at 42°/0.04

torr. Yield, 0.85 g (2.3 mmol, 75% based on HMn ).
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