
ELSEVIER Journal of Organometallic Chemistry 524 ( ! 996) ! ! 5-123 

of•umal ,... m~a~ic 
~nemistry 

Carbonylation-decarbonylation reactions of the 
carbome oxymethylcobalt complexes C H  3 0 2 C C H R C o ( C O )  3 L 

(R = H, CH CO CH3; L = CO, PPh 3) and their acyl derivatives 

Istvfin Kovfics a, Gfibor Szalontai b, Ferenc Ungvfiry c.. 
a Research Group tilt Petrochemistry of the lhmgurian Academy of Sciences, Univer,~'ity of Vc,~zl~r¢;m. PO Box 158. Ve,~:4~r¢:m 8201. Hungury 

b NMR Laborau~ry. University of Veszpr~m. PO Box 158. V(,,~zpr~;m 8201. Hungary 
c Department of Organic Chemistry. UniverMty of Veszprt~m. PO Box 158. V(,,~zl~r~m 8201. Hungary 

Received 27 February 1996 

Abstract 

The primary and secondary alkyl- and acylcobal| carbonyl complexes CH302CCltRCo(CO)3L and CH~O2CCHRC(O)Co(CO)~L 
(R ,~ H or CH,CO~CH ,; L ,~ CO, PPh0 (I-8) have been prepared and studied by a variety of IR and IH, 13Cirri}, 31P{IH} and 170{JH} 
NMR spectroscopic me~hods. Unlike their primary analogues, all the secondary complexes readily undergo a reversible carbonylation-de- 
carbonylation reaction The new alkyl complex trans-CH302CCH2Co(CO)3PPh.~ (3) was characterized in solution, and exhibited 
remarkably different properties from the well-known homologue trans-CH3CH2OzCCH2Co(CO).~PPh3, i.e. it re:~dily decoml~o>ses to 
[Co(CO)~PPh~]~, suggesting homolytic dissociation of the carbon-cobalt bond, and its IR spectrum exhibits an organic v(CO) 
absorbance at an unusually low frequency, pointing to an oxygen-cobalt interaction. The corresponding acyl complex trans- 
CIt ~O,CCH:,C(O)Co(CO)~PPh~ (4) was isolated as a stable solid, but smoothly decarbonylatcd in solution to 3. Multinuclear NMR 
spectroscopic monitoring of this reaction suggested the intermediate formation of cisoCH:~O2CCH~Co(CO)~PPh~, providing the first 
divot evidence Ik~r alkyl migration in cobalt carbonyl complexes. 

h'cyu'~u'd,~: AIkyl; Acyl; C~ld~o,lyl,tion; Dt'carbonylnlion; Cobalt; Carhonyl 

i. Introduction 

Non-fluorinated alkyl~ and acylcobalt carbonyl com- 
plexes and their CO insertion and deinsertion re,lctions 
(Eq. (I)) have attracted considerable interest in the last 
15 years [! ] due to their relevance to many practically 
important homogeneous catalytic processes [2]. 

RCo(CO).aL + CO z - - ' - - - - - - - - - ~  RC(O)Co(CO).~L 
L ~ CO. phosphines 

(!) 

As a result, a great number of both types of compound 
has been made and the general factors influencing the 
equilibrium in Eq. (I) have been established. Most 
recently, a kinetic study of the equilibrium between 
methyl- and acetylcobalt tetracarbonyl was reported [3]. 

In spite of the spectacular development of this field, 
however, some aspects of the preparation and character- 
ization of aikyl- and acylcobalt carbonyls ate relatively 
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unexplored, i:or example, very little is known about tile 
complexes where R is a secondary alkyl group. Further° 
more, until recently infl'ared spectroscopy was used as 
the primary tool tor structural characterization, but 
h~gh-field~lmultinuclear NMR spectroscopy (particularly 
"C and" P) can provide additional and more precise 

information about the structure and electronic properties 
of the compounds in Eq. (!). There is also limited 
information available about the characteristics of homo- 
Iogues of alkyl- and acylcobalt complexes. Recent syso 
ternatic studies of alkyl- and acylmanganese pentacaro 
bonyls, for instance, have shown that the length of the 
alkyl chain has a dramatic influence on their stability 
and the rate of CO insertion-deinsertion [4]. Finally, 
fi'om a mechanistic point of view, it is widely accepted 
that both CO insertion and deinsertion proceed via a 
1,2-alkyl-migration, which was proved by studies on 
complexes of metals other than cobalt [ Ic,5]. Thus, in 
the particular case of RCo(CO)~PR~ and RC(O)o 
Co(CO)3PR.~, where the alkyl or acyl group and the 
phosphine ligand occupy mutually t r a n s  positions, the 
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primary products of both processes should have a cis 
geometry, which has never been verified probably due 
to a fast rearrangement to the corresponding trans 
isomers [ lk]. 

Recently, we have reported the preparation and char- 
acterization of the first stable sec-alkylcobalt tetracar- 
bonyl CH 3OzCCH zCH(COzCH 3)C0(CO)4 [ 1 l,m], and 
reversible carbonylation-decarbonylation of the PPh3- 
substituted derivatives CH302CCHzCH(COzCH3)Co- 
(CO)sPPh ~ and CH302CCH2CH(COzCH3)C(O)Co- 
(CO)~PPh~ [lm]. These results prompted us to attempt 
carbonylation of CH ~OzCCH zCH(COzCH 3)C0(CO)4 in 
order to complete this series of compounds, as well as 
to study the primary analogues CH ~OzCCH zCo(CO)~L 
and CH~OzCCHzC(O)Co(CO)~L ( L - C O ,  PPh~) for 
comparative purposes. The latter compounds are homo- 
logues of the previously studied (ethoxycarbonyl)methyl 
and -acetyl derivatives [la.k]. Here we report the~repa- 
ration and IR and tH. t~C{tH}. ~P{~H} and ~ O{'H} 
NMR investigations of the complexes listed below (Eq. 
(2)). 

CH ~O~CCHRCo(CO) ~L + CO 

....... CH.,O,CCHRC(O)Co(CO)~L (2) 

R L 

I H CO 2 
3 H PPh~ ,t 
$ CH,CO~CH ~ CO 6 
"1 CH ~ CO~CH =~ PPh :~ 8 

2. Results and discussion 

2.1. Prelmration and properties of complexes I ~8 

The parent primary complex CH~O~CCH~Co(CO)~ 
(I) was isolated as a volatile oil at room temperature in 
good yield from the heterogeneous reaction of solid 
NaCo(CO)a and methyl malonyl chloride in pentane 
(Fal, (3)), The reaction took place similarly in THF, but 
the product did not tolerate complete removal of the 
solvent, 

CH ~O~CCH :C(O)CI + NaCo(CO) a 

• ~ CH,aO:CCH:Co(CO),I + CO + NaCI (3) 

Compound I has also been prepared recently from 
methyl bromoacetate and NaCo(CO)., [6], and the re- 
ported s~troscopic data agree well with those obtained 
previously, supporting its formulation as 1. I has been 
demonstrated to be a key intermediate in the 
NaCo(CO)a-catalyzed carbonylation of methyl 
chloroacetate to dimethyl malonate by methyl formate 
[6a], and could also be utilized as a catalyst for the 
carbonylation of aryl halides [6b]. In our hands, how- 

ever, the reaction of NaCo(CO) 4 with methyl chloroac- 
etate is not a viable preparative route to 1 (no reaction 
occurred under ambient conditions), probably due to the 
weak nucleophilicity of [Co(CO)4]- [7]. 

The corresponding acyl complex CH302- 
CCH2C(O)Co(CO) 4 (2), an intermediate of reaction (3), 
could not be isolated even at low temperatures due to a 
rapid CO loss resulting in the formation of 1. Com- 
pound 2 could only be detected in situ in small amounts 
by t H NMR spectroscopy when reaction (3) was carried 
out in CDC! 3 at -20°C, but its extreme instability 
prevented further characterization. The rapid decarbony- 
lation of 2 is consistent with the postulate that the 
acyl-alkyl equilibrium is far on the alkyl side if the 
alkyl moiety contains an electron-withdrawing group 
[l c]. Small quantities of HCo(CO)4 were also detected 
in this reaction mixture since the CH-acidic methyl 
malonyl chloride protonated some of the tetracarbonyi- 
cobaltate anion [8]. 

The PPh~-substituted counterpart of 1, CH302- 
CCH2Co(CO)~PPh~ (3), was obtained in two indepen- 
dent ways: (i) the reaction of methyl chloroacetate with 
NaCo(CO)3PPh ~ due to its increased nucleophilic power 
compared with NaCo(CO)4 [10], and (ii) the thermal 
decarbonylation of CH 302CCH 2C(O)Co(CO)3PPh 3 (4). 
However, 3 could not be isolated [r either case since it 
readily decomposed to [Co(CO)~PPh.~]~, during the reac- 
tion and work up procedures. Nevertheless, it was char- 
actedzed in solution by spectroscopic mean~, s and the 
data arc consistent with the formulation. 

The spontaneous decomposition of 3 to [Co° 
(CO)~PPh~]~ is similar to the behaviour of 
CH~CIi~CHCH(CH~)C(O)Co(CO)~PPh~ [1 I1 and 
EIOCH(CH~)Co(CO)tPPh~ [In], mid suggests 11o° 
molytic ccu bon~cobalt bond dissociation ix~sulting in the 
formation of a geminate radical pair. However, com- 
pound 3 is unique in that the absence of [3-hydrogens 
eliminates the possibility of an alternative decomposi- 
tion mechanism, the l~-hydride elimination reaction. 
The instability of 3 is also interesting because the next 
homologue EIO~CCH.,Co(CO)~PPh 3, and several other 
compounds differing only in the substituents of the ester 
group, were found to be much more stable under identi- 
cal conditions [la]. 

in contrast, complex 4, the PPhrsubstituted counter- 
part of 2, could easily be obtained as a yellow micro- 
crystalline solid by adding PPha to a solution of 1 at 
low temperature (Eq. (4)). 

CH ~O~CCH~Co(CO),a + PPh~ 

--~ CH ,~O~ CCH ~ C( O)Co( CO ) 3PPh 3 (4) 

Note that the next homologue, EtO,CCH2C(O)Co- 
(CO)~PPh 3, was previously reported to appear as an 
oily substance even below room temperature [lk]. Al- 
though 4 was stable in the solid state for prolonged 



i. Kovdcs et al . /  Journal of Organometcdlic Chemistry 524 (1996) 115-123 117 

times, it smoothly transformed in solution into 3 by 
losing one molecule of CO. 

The secondm3, alkylcobalt complexes CH.aO?.CCH a- 
CH(CO_~CH3)Co(CO)4 (5) and CH302CCH,CH 
(CO2CH3)Co(CO)aPPh3 (7) were not available through 
halide/anion reactions since both NaCo(CO)4 and 
NaCo(CO)aPPh 3 gave only mixtures of dimethyl fu- 
marate, dimethyl succinate and the corresponding cobalt 
carbonyl dimers when treated with dimethyl chlorosuc- 
cinate [I I]. However, HCo(CO) 4 and dimethyl fumarate 
did afford 5 as a yellow crystalline material (Eq. (5)) 
ill,m]. 

trans-CH ~O2CCH = CHCOaCH.~ + HCo(CO) 4 

.----~ CH 302CCH 2CH(CO2CH a) Co(CO),, (5) 

The reaction outlined in Eq. (5) is reversible, and thus 5 
was found to decompose at room temperature via 13-hy- 
dride elimination to HCo(CO)4 [12]. At low tempera- 
tures, however, no decomposition but CO insertion took 
place (Eq. (6)) and the new acyl complex 6 could be 
identified by NMR spectroscopy. 

CH .~O2CCH 2CH( CO2CH 3 )Co(CO) 4 + CO 

CH 302CCH 2ca(  CO2Ca ~ )C( O)Co(CO) 4 
(6) 

On the basis of t H NMR spectra, 10% of 5 transformed 
into 6 at - 20°C and under i atm CO, while 30% of the 
starting alkyl complex was present in the form of 6 at 
~ 3  ° .0  C and under 3.5 atm CO pressure. 

Compound 5 also reacted with synthesis gas at room 
teml~rature and under pressure and resulted in the sole 
formation of dimethyl formylsuccinate, which was iden- 
tiffed by NMR spectroscopy as a 47'53 equilibrium 
mixture with its enol tautomer CH:~O:,CCItzCo 

(CO2CH3)=CHOH. This experiment confirmed that the 
equilibrium in Eq. (6) can be shifted completely to 
either side under appropriate conditions, and both 5 and 
6 are true intermediates of the cobalt-catalyzed hydro- 
fo~.-'mylation of dimethyl fumarate [ 13]. 

The PPh3-substituted derivatives of 5 and 6, i.e. 7 
and 8 respectively, were prepared according to Eq. (4) 
and by subsequent decarbonylation of the acyl complex 
[lm]. Both 7 and 8 were thermally stable in the solid 
state and could be stored at room temperature for 
several months without significant degradation. Al- 
though 7, unlike the primary analogue 3, was reason- 
ably thermally stable in solution and under argon, the 
acyi complex 8 (like 4) was prone to CO loss under 
such conditions. When 100 atm of CO pressure was 
applied, this reaction was reversible [lm] (Eq. (7)). 

CH 302 CH 2CH( CO2CH 3 )C( O)Co(CO) 3PPh ~ 

CH 302 CCH ~ CH (CO 2 CH 3 ) Co(CO) 3PPh 3 

+ CO (7) 

2.2. Spectroscopic characterization of complexes 1-8 

All complexes except 2 and 6 were characterized by 
IR spectroscopy (Table 1). These data generally support 
a local Ca, ' symmetry typical for both the alkyl- and 
acyicobalt complexes, tetracarbonyls and phosphine- 
substituted derivatives, having a trigonal bipyramidal 
structure [Ic,k]. In the substituted compounds 3, 4 and 
7, 8, the PPh 3 ligand and the alkyl or acyl group always 
occupy the bis-axial (mutually trans) positions. The 
frequencies and relative intensities of absorbances char° 
acteristic of the CO iigands also correspond to the 
values anticipated for cobalt(i) complexes containing a 
carbalkoxymethyl group (Table I). 

Table I 
IR spectroscopic data of carbalkoxymethyl° and acetylcobalt carbonyl complexes in the v(CO) region 

R v(C~O) (cm- i ) v(C=O) (cm- i) "acyl"  v(C=O) Solvent Lit. 
(cm ~l) 

Rc,,tco~, 
CH.~O2CCH 2- (I) a 
CH ~CH :,O2CCH 2- 
CH 302CCH 2CH(CO2CH a)- (5) 
CH ~Ci't 202CCH(CH ~)- 
RCo( CO ).~ PPh.~ 
CH.~O2CCH 2 = (3) 2056 
CH 3CH 202CCH 2- 2049 
CH 302CCH 2CH(CO2CH ~)- (7) 2043 
CH 3CH 2OzCCH(CH.~)- 2042 
RC( O )Co( CO ).; PPt 0 
CH ~O2CCH 2- (4) 205 I 
CH 302CCH 2CH(CO2CH .~)- (8) 2050 
CH aCH 202CCH 2- 2053 
CH 3C1ol 202CCH(CH .~)- 2052 

2110 m, 2045 s, 2035 vs, 2026 vs 1721 w pent~e thi,; work 
2111 m, 2046 s, 2036 vs, 2027 vs 1720 m hexane [la] t, 
21 ! I m-s, 2046 s, 2036 vs, 2026 vs 1744 m-w, 1720 w hexane [Im] 
2107 m, 2041 s, 2031 vs, 2021 vs 1716 w hexane [If] 

vw, 1988 vs, 1977 vs 1657 m THF this work 
vw, 1985 s, ! 974 s 1709 m hexane [ I a] t, 
vw, 1980 vs, 1967 vs 1729 s, 1696 m KBr [lm] 
w, 1974 vs, 1964 vs 1698 w benzene [14] 

w, 1991 s, 1960 vs 1743 m 1654 m KBr this work 
w, 1984 s, 1966 vs 1736 s 1665 m KBr [Ira] 
w, 1987 s, 1969 s 1747 m 1680 m hexane Ilk] 
w, 1988 vs, 1966 vs 1748 w 1672 w, br heptane [14] 

~' Literature data: 2115 m, 2045 s, sh, 2030 vs, 1737 m [6a]. b IR spectra of other (alkoxycarbonyl)methylcobalt carbonyl complexes containing 
the ester substituents Et, Bz, 'Bu, (S)-(-)-2-MeBu and (IR,3R,4S)-(-)-Ment exhibit v(C=O) absorbances in the range 1712-1722 cm-J for 

tetracarbonyls and 1699-1712 cm-~ for PPhrsubstituted derivatives. 
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Table 2 
Selected t H NMR spectroscopic data of primary carbalkoxymethyl-and acetylcobalt complexes 

Compound 8(CH 2 ) (ppm) a Lit. 

CH ~O~CCH zCdCO)~ (1) 
CH ~O,CCH 2Co(C0)~ PPh a (3) 

CH ~CH ,OzCCH zCo(CO)~ PMePh 
CH ~OzCCH zC(O)Co(CO),= (2) 
CH ~OzCCH zC(O)Co(CO).~ PPh ~ (4) 
CH ~CH 202CCH 2C(O)C0(CO)3 PMePh 2 

2. ! 6 this work 
2.18 d this work 
(JPa = 3 Hz) 
2.08-2.14 m b [ld] 
3.98 c this work 
4.09 this work 
4.04 [tall 

Recorded in CDCls relative to TMS. t, Overlap with 8(PMe) and both resonances expected to couple to phosphorus, c The corresponding 
re~nance of CH ~OzCCH,C(O)C! was observed at 8 3.85. 

Changes of the organic v(CO) '~bsorbances brought 
about by phosphine substitution merit further comment. 

- I  Most interesting is the absorbance of 3 at 1657 cm 
attributable to the carbomethoxy group, which exhibits 
a very significant (approximately 50 cm -~) shift to 
lower frequency in comparison with the available data 
for similar alkyl complexes (Table I ). In fact, it is in the 
range of " acy l "  v(CO) absorbances of PPh :subst i tuted 
acylcobalt carbonyls where such a decrease in the C = O  
bond order of the metal-bound acyi group is due to the 
effect of electron back-donation from cobalt to phos- 
phorus. For example, in compound 4 the v(CO) ab- 
sorbance assigned to the same carbomethoxy group 
appears at 1743 cm ° ' .  and that of the acyl group at 
1654 cm ~ ~ (or slightly higher taking into account sol- 
vent effects), both being typical values for this type of 
complex (Table I). However, such an electronic influo 
ence is unlikely in 3 where the acyl group is at three 
bonds distance from the phosphine ligand, and indeed 
was not observed in any of the previously known 
RO:CCH~Co(CO)~L complexes [la.k]. includin8 the 
next homologue where R ~ Et. So far there has been 

only one example where a similar deviation occun'ed; 
the v(CO) absorbance of the ester carbonyl group of 
EtO2CCH~Co(CO):(PBu~) ~ appeared at 1609 cm =t, 
which was explained by the possibility of an outer- 
sphere type chelating interaction between the carbonyl 
oxygen and the cobalt centre [Ik]. We believe that the 
same type of interaction may also be responsible for the 
anomalous IR spectroscopic behaviour of 3. 

Complexes 1-8  were also characterized by 'H, 
13C{IH} (except 2) and 31p{IH} NMR (where accessi- 
ble) spectroscopy, and the results are fully consistent 
with the formulations. Although the quadrupole moment 
(in fact the medium to fast quadrupolar relaxation) of 
tie 5°Co nucleus was previously invoked as a reason for 
difficulties in acquiring the NMR spectra of similar 
cobalt(l) carbonyl compounds [I k], we had no problems 
with the I~C{IH} and .~l p{iH} obselwations, while the 
proton resonances were occasionally broad probably 
due to traces of p.uoanlagnetic impurities (Co ~' ' ). 

The It! NMR st~Cll'll in Tables 2 and 3, though they 
help to identify the complexes, do llot provide substall: 

t i l l (  I m a t i o n  about the e lec t ron i c  elTects gcner l i led 

Table 3 
Selected 'H NMR ~pcctro.~eopic data of ,~ec catbalko~ymethylo 

M L .  8(CH ~ ) ( ppm ) 

and acetyl¢obah complexes '~ 

fi(CH t~) (ppm) 8 (CH '  ) (ppm) Lit. 

CHIO:CCti ~H bCtl ~¢CO:Clls )=ML~ 
Co(CO)a (~) 3, I ! dd 2.56 dd 

Co(CO)~PPh~ (1) 3,2 dd 2,7 dd 
(J,n ~' 12 ttz. ,14~ ~ 17 ltz) (Jl~, < 5 H~, J~ ~ 17 H~) 

C(O)Co(CO)~ (6) 2,70 dd 2,91 dd 
(Ja, ~ 7 Hz, J,,~ ~ 18 Hz) (J~,  ~ 7 Hz, J~h ~ 18 t lz) 

C(OiCo(CO)~PPh ~ (It 2.79 dd 2,91 dd 
( Jat " 8 Hz, Jat, ~ 17H~) ( Ji,,  ~ 6 Ht.. .#~, '~ I? tl#..) 

Ctti O: CC71 ~iJC'tt ~ fCO:Ctlt ~=ML. 
Co(CO)~ ($d I t 3,09 d 2.54 ~' 

(Ja, ~ 12 l.le) 
Co(CO)tPPh ~ ('/-ii I ) 3,Z0 dd 2,66 ~ 

( 74, ~. 12 ltz), ( Jim ~ 3 I'1~) 
C(O)CO(COia (6411 ) 2,¢,)8 d (n,o,) i~ 

(small .I.n ) 
C(OICo(CO)aPPh ~ (#~ l  i ) 2,77 d 2.84 t, 

(.#<,, ~ 9 H~) 

3,33 dd 
(J,~ ~, 12 lh~. I i ,  , ~ 3 l t t }  
3.3 dd 
(J~, ~ 12 llz, It,, < 5 II~,} 
4,56 dd 

(Ja, ~ 7 th~. Jr,, ~ 7 Hz) 
4,75 dd 

3.33 d 

,~,3R dd 
( J~, ~ ! 2 itzL { JPit 
4,55 d 
(J,,, ~ 6 Itz) 
4,74 d 
(J~, ~ 9 Hz) 

4 Hz) 

(Im] 

lind 

this work 

l i ra] 

[12l 

this work 

this work 

this work 

Recorded in CDCl~ relative to TMS, t, 'H NMR data, 
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Table 4 
Selected LaC NMR spectroscopic data of primary, carbaikoxymethyl- and acetylcobait complexes ~ 

i19 

Compound 8(CH _, ) (ppm) 5(CO., ) (ppm) 8(C= O) (ppm) 5(C-=O) (ppm) Lit. 

CH 30 z CCH z Co(CO) 4 (I) 
CH 3CH 2OzCCH z Co(CO)4 
PhCH zOzCCH 2Co(CO)4 
CH.~O, CCH ,Co(CO).~ PPh 3 (3) 

CH 3 CH zO, CCH zCo(CO)3 PMePh z 

PhCH zOzCCH 2Co(CO)3 pph 3 

PhCH 202CCH 2C0(CO)3 AsPh.a b 
CH 3OzCCH zC(O)Co(CO)3PPh 3 (4) 

CH 3CH zOzCCH zC"(O)Co(CO).a PMePh 2 

7.0 ! 78.7 196. I 
6.8 163.7 195.7 
7.6 ! 77.2 ! 96.1 
4.7 d 181.6 198.6 d 

( J ~  = 17 Hz) ( J e c =  26 Hz) 
4.6 d 181.1 198.4 d 

(J~. = 16 Hz) (Jec = 21 Hz) 
5.6 d 179.8 ! 99.5 d 

( J ~  = 17 Hz) (Jac = 22 Hz) 
5.9 180.6 200.3 

67. I d ! 66.7 232 d 198.3 d 
(Jrc = 25 Hz) (Jpc = 38 Hz) (Jpc = 21 Hz) 
66.7 d 165.3 233.5 d 196.5 d 
( J ~  = 23 Hz) (Jpc = 33 Hz) (Jpc ---- 22 Hz) 

this work 
lid] 
[Ikl 
this work 

[ldl 

[Ikl 

ilk] 
this work 

lid] 

Recorded in CDCI~ unless noted otherwise, b in C~,Dt,. 

by changes in the ligand sphere. For example, the 
a-methylene (or methine) proton resonances are indica- 
tive of the presence (low-field signal) or absence (high- 
field signal) of an electron-withdrawing acyl C=O group 
in the acyl and alkyl complexes respectively, but are not 
sensitive to phosphine substitution or changes of the 
basicity of the phosphine. Obviously, the tH NMR 
behaviour of the secondary complexes 5 - 8  is more 
interesting due to the presence of diastereotopic methy- 
lene protons (H a and H b in A), which give rise to an 
ABX spin--spin coupling system with the methine pro- 
ton (H ~ in A), 

C02Mo 

H x ~ ~  CO, Me 

H b / ' , , , ~ . / ' " ~  Ha 

Co(COhL 

A 

In order to attribute correctly the resulting dd panerns to 
the three different protons, t H and 2H NMR spectra of 
the monodeuterated derivatives of 5-8 .  i.e. 5-dt-8-d t, 

were also recorded, thus reducing the complexity of the 
spin system. For the alkyi complexes 5 and 7, where the 
rotation around the -CHzCH- axis is hindered, these 
results ate consistent with the assignments shown in 
Table 3 and structure A, which were established previ- 
ously on the basis of the characteristic coupling con- 
stants and crystal structure of 7 Jim]. In the case of 
7-dr, we were also able to observe a D-H coupling 
(J = 3 Hz) between the geminate hydrogen and deu- 
terium nuclei. For the acyl complexes 6 and 8, however, 
the J,,~ and Jb~ values are practically uniform and the 
average (around 8 Hz) of those of 5 and 7, suggesting 
fi'ee rotation around the - C t i , C H -  axis. Thus, the 
assignments for these complexes were made by taking 
into account that CO insertion should take place with 
retention of the configuration at carbon [5]. Conse- 
quently, the shielding of geminate protons in 6 and 8 is 
opposite to that in $ and 7. 

As eXl~cted, the ~'C{ ~ H} NMR spectra (Tables 4 and 
5) revealed subtle electronic claanges along tile molecule 
"'backbones" generated by subslit~ent effects both in 
the ligand spllere and on the alkyl chain, and m~de 
possible mote extensive comparisons with the literature 
data than the proton spectra due to negligible :,olvent 
effects. On the basis of comparisons it is evidem that all 
the carbon resonances and JPc coupling constants of 
the new compounds have typical values. In general, 

Table 5 
Selected t~C{ I H} NMR spectroscopic data of scc-carbalkoxymethyl- and acetylcobalt complexes a 

ML. 8(CFI) (ppm) 8(CH 1 ) (ppm) 8(CO z ) (pprn) 8(C= O) (ppm) 8(C~ O) (ppm) Lit. 

Ctl.~ 02 CCil 2 (HI(CO: Cll.~ )- ML, 
Co(CO)4 (5) 20.0 39.6 17/.6, 169.9 194. I [! m] 
Co{CO)~PPIh (7) 17.0 d 40.2 179.8, 170.9 d 197.1 d [Im] 

(J),c = 20 Hz) (Jvc = 6 Hz) (Jpc = 23 Hz) 
C(O)Co(CO)4 (6) 69.3 31.7 165.6, 169.1 222 193.4 this work 
C(O)Co(CO)3PPh~ (8) 69.6 d 31. I 166.7, 169.8 236 d 196.9 d [I m] 

(J=,c = 23 Hz) (JPc = 39 Hz) (,Ipc = 22 Hz) 

a Recorded in CDCI ~ relative to TMS. 
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substitution of a CO ligand in the tetracarbonyl deriva- 
tives of both the alkyl and acyl complexes results in 
desifidding of all types of CO carbon, consistent with a 
decrease in the bond order indicated by the IR spectra. 
However, upon CO insertion into the alkyl complexes 
the ester carbonyl carbon resonance shifts upfield, which 
is also in accord with the IR spectra. There is no 
indication of the irregular frequency decrease of the 
organic v(CO) absorbance of 3 in the ~C{~H} NMR 
spectrum. P-C couplings between the coordinated phos- 
phine and CO ligands are very similar (J0c ~ 22 Hz) in 
both the substituted alkyl and acyl complexes, indicat- 
ing identical (trans) structures where these particular 
ligands occupy mutually cis positions, consistent again 
with the IR spectra. 

Interestingly. the chemical shift of the C ~ (methyl- 
ene) carbon is changing in contrast to that of the C '~ 
(methine) carbon in the secondary complexes 5-8  (Ta- 
ble 5), which seems to be inconsistent with a dominant 
inductive electronic effect of X anticipated for a satu- 
rated =C~H2C"HX - system. Fortunately, ~3C{~H} 
NMR data of a great number of substituted dimethyl 
suecinates have been analyzed in order to derive sub- 
stituent effects [15], and it was concluded that the 
shielding effects were strongly dependent upon steric 
and conformational differences in addition to normal 
electronic influences of the substituents. We described 
the dependence of the mutual changes of 8(CH~) and 
8(¢H) on vtu'ious substituents in dimethyi succinates, 
and found a direct ton'elation between these resonances 
for substituents which seem to have primarily an induce 
tire con;ribution (Fig. I). Other substituents, like 
Co(CO)~L and C(O)Co{CO)~L as well as I oMePr, 2o 
MePr. ~Bu and CHO, result in an inverse correlation 
and probably have a substantial steric and/or confonnao 
tional contribution as well, In the case of cobalt com- 
plexes ($4) ,  a "heavy atom" effect [16] may also be 
considered. 
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Fig, i, Correlations between the chemical shifts of the methylene and 
melhine carbons of ~atious substituted dimethyl succinates. 

In the 3~p{IH} NMR spectra, singlet resonances ap- 
peared at ~i 60.8, 49.9, 58.2 and 48.9 for the PPh3-sub- 
stituted complexes 3, 4, 7 and 8 respectively. Most of 
these data agree well with those of other PPh3-sub- 
stituted alkyl- and acylcobalt carbonyls [Ij,n], and con- 
firm the trans configuration. For 3, however, the reso- 
nance at ~ 60.8 appears about 4 ppm downfield from 
the average value, but there is no sufficient information 
to make a connection between the spectroscopic data 
and the unusual reactivity of this compound. 

Attempts were also made to record tTO{tH} NMR 
spectra of the title compounds, but with little success. 
For example, in the spectrum of 4 only one resonance 
was observed at ~i 322, which was attributed to the 
coordinated CO ligands. However, the tTO{IH} NMR 
spectrum of methyl malonyi chloride containing similar 
oxygen environments to those in the organic moiety of 
4 exhibited three resonances at ~i 525 (s, IO, C(=O)CI), 
370 (s, IO, C(=O)O) and !50 (s, 10, OCH3). The lack 
of organic oxygen resonances in 4 (and other cobalt(1) 
complexes) may result from traces of Co z+ which 
might coordinate to the oxygens having free electron 
pairs (not available at the coordinated CO ligands), and 
thus cause significant line broadening. 

2.3. Dec'arbonylation of  trans-CH:OzCCH:C(O)Co- 
(CO) 3 PPh s (4) 

To our surprise, when decarbonylation of 4 was 
monitored by ~u p{s H} NMR specu'oscopy, a new reso- 
nance could be observed at ~ 55.4 in addition to those 
of the starting material and 3 at t~ 49.9 and 60.8 
respectively. It was also evident that the new rcsona|lce 
indicated the presence of a relatively stable intermediate 
of the reaction, which appeared prior to the Ibrmation of 
3 and accumulated in significant concentrations until the 
conversion of 4 was complete (around 6 h) (Fig. 2). 
Switching back and forth between the "~ P{llol} and ~H 
detections, a singlet methylene proton resonance at 
2.15 could be attributed to this species. As the reaction 
proceeded, a strong doublet evolved at ~ 2,18 (J~,. ~ 3 
Hz) along with a methyl signal at B 3.64, both being 
characteristic of 3 (the methyl resonance of the intermeo 
diate was overlapped with that of 4 at 8 3.68). In the 
t~C[IH] NMR spectrum of the reaction mixture only 
weak resonances could be observed at B 193.6 (CO,) 
and 53.4 (CH~), in addition to those of 3. A very weak 
doublet was also apparent at B -2.1 ( J ~ - -  12 Hz). 
suggesting a metal-bound methylene carbon, but no 
CO~ resonance could be distinguished. Thus. on the 
basis of a substantial amount of NMR data, we propose 
that the intermediate might be cis-CH~O2CCH2Co- 
(CO)~PPh~, a plausible but never detected intermediate 
of the 1,2-alkyl-migration process of alkyl- or acyl- 
cobalt carbonyls, resulting in CO insertion and deinser- 
tion respectively in/from the carbon-cobalt bond. Note 
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Fig. 2. "a~P{~H] NMR spectroscopic monitoring of the spontaneous 
decarbonylation of CH .~O,CCH ,C(O)C~CO)~ PPh.~ (4): (a) recorded 
immediately after the dissolution of 4; (b) recorded after 6 h standing 
at room temperature. 

that the only cis-RCo(CO)aL type complex reported so 
far is cis-CF, =CFCFzCo(CO)aPPha [17] which, how- 
ever, has no relevance to the alkyl migration process; 
the lack of a,p and ~C NMR data also prevents any 
further comparison. 

3. Experhnen|al section 

All manipulations involving the air~.sensitive cobalt 
carbonyl coml)lext~, were carried out under CO using 
standard Schlenk techniques [18] with deoxygenated, 
dry solvents and gases. !nfi'ared spectra were recorded 
on a Sl~cord IR 75 (Carl Zeiss, Jena) spectrometer in 
CaF~ cells (for solutions) and KBr pellets, and were 
calibrated against benzene (1959.6 cm -~) and 
polystyrene ( 1601.4 cm- i ). i H (300.0 MHz), z H (46.0 
MHz), 13C{'H} (75.4 MHz), ~tP{IH} (121.4 MHz) and 
170{I H} (40.7 MHz) NMR investigations were carried 
out on a Varian Unity 300 spectrometer in CDCI.a 
solutions of a[~,roximately 10 mg m l :  ~ concentratio,~ 
for ~t-! and ' P NMR measurements and 80-150 
mg ml- '  concentrations for the other nuclei. The chem- 
ical shifts were referenced to external ;MS :~,-,,-,' 35% 
H~PO4 (3ip). IR and selected II:! and "aC{'H} NMR 
spectroscopic data are compiled in Tables i :5 .  Corn- 
plexes CH.~OzCCH 2CH(CO2CH ~)Co(CO)4 (5) Ill,m], 
CH~OzCCH2CH(CO2CH~)Co(CO).~PPh.~ (7) [lml. 
CH302CCHzCH(COzCI-13)C(O)Co(CO).~PPh 3 (8) [lm] 
~md CH3OzCCHDCH(COzCH.~)Co(CO)4 (5-dl) [12] 
were prepared according to literature methods. 

3.1. (Metha~ycarbonylkmethylcobalt tetracarbonyi (1) 

NaCo(CO),1 (I.94 g, 10 mmol) was placed in a 
Schlenk tube under CO and 20 ml of pentane was 
added. The suspension was cooled to 0°C with vigorous 
stirring, and 1.05 ml (10 mmoi) of methyl malonyl 
chloride (Fiuka) was injected, resulting in instant gas 
evolution. When the gas evolution had ceased (after 
about 30 min), the mixture was allowed to warm. to 
room temperature under continuous stirring. After 1 h, 
stirring was stopped and a brown solid settled. At this 
point, an IR spectrum of the clear yellow solution 
indicated practically pure MeO2CCH.,Co(CO) 4. The so- 
lution was then decanted and the remaining solid washed 
with 5 X 5 ml of pentane or until a colourless solution 
was obtained. The combined solutions were evaporated 
to dryness to obtain 1 as a volatile brown oil (approxi- 
mately 90% yield). Its purity was judged by spectro- 
scopic methods. Heating or keeping at room tempera- 
ture under vacuum caused complete decomposition of 1 
to an unidentified, insoluble brown mass. 'I-I NMR 
(CDCI3): ~ 2.16 (s, 2H, CH.,), 3.62 (s, 3H, CH.~) ppm. 
(Lit.: (THF-ds) 5 2.2 (CH,), 3.56 (CI-I~) ppm [6a].) 
t3C{tH} NMR (CDCi3): ~ 7.0 (s, CH2), 51.5 (s, CH~), 
178.7 (s, CO2), 196.1 (s, CO) ppm. (Lit.: (THF-ds) 
7.6 (CH2), 51.6 (CH3), 178.8 (CO,), 197.6 (CO) ppm 
[6a].) 

3.2. (Methoxycarbonyl)acetylcobah tetracarbt,nyl (2) 

NaC~XCO)., (0.07 g, 0.36 retool) and !.() mi of 
CDCI~ were placed under CO atmosphere in an NMR 
tube and cooled to = 20°C. Methyl malonyl chloride 
(38 Ixl, 0.35 retool) was injected into this mixture which 
was shaken occasionally, but no pcreel~tiblc gas cw~lu- 
tion was observed. A ~It NMR spectrum of fl~c yellow, 
decanted solution containing 2 was recorded at ...... 2(FC 
shortly after. Fairly broad resonances attril~utable to a 
mixture of acyl (2) and alkyl ( | )  complexes were obo 
served. Upon diluting or beating this sample to room 
temperature, gas evolution occurred. '1t NMR (CDCI ~): 
8 3.71 (s, 3H, CH~), 3.98 (s, 211, CH ,)l)pm. 

3.3. (Methoxycarbonylhnethylcobah tricarbonyi triph° 
enylphosl~hine (3) 

Method A. To a stirred TIIF solution ot' 
NaCo(CO)3PPh3 (13 ml, 0.2 M), I).32 ml (3 mmoi) of 
rnethyl ehloroacetate was added dropwise at room tem- 
perature under argon. After an initial perlod of 15 rain, 
NaC! began to precipitate, and the reaction was como 
plete in around I I1. However, a considerable amount of 
[Co(CO).~PPh.~] z also precipitated by this time. An IR 
spectrum of the resulting orange solution confirmed 
formation of the expected alkyl complex 3. This soluo 
tion was evaporated to dryness and the remaining red- 
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brown solid extracted with pentane-CH2Cl2, but no 
cobalt complex was detected in the extract by spectro- 
scopic methods, while the solid was identified as pure 
[Co(CO)~PPh~],. Allowing the original reaction mix- 
ture to stand at room temperature for a few days also 
resulted in the complete precipitation of 
[Co(CO)~PPh3]z. 

Method B. MeO2CCH zC(O)Co(CO)3 PPh 3 (4) (0.91 
g. 1.8 retool) was dissolved in 10 ml of CH2CI 2 under 
argon and stirred at room temperature to complete 
decarbonylation. However. continuous precipitation of 
insoluble [Co(CO)~PPh3]2 again took place and no 
cobalt complex was detected in the solution by IR 
spectroscopy. Performing a similar experiment in the 
NMR probe at 24°C with 20-60 mg of 4 dissolved in 
0.7 ml of CDCI.a under CO atmosphere revealed that 3 
had a lifetime under such conditions long enough to 
record tH. ~'~C{tH} ~md 3~P{tH} NMR spectra, tH NMR 
(CDCI~): 5 2.18 (d. 3Jr, H = 3 Hz. 2H, CH,). 3.64 (s, 
3H. CH~)ppm. LaC{tH} NMR (CDCi~): 8 4.7 (d. 
'J~, = 17 Hz. CH2). 50.9 (s. CH~). 128.8 (d. 3 J e t -  
10.7 Hz. m-Ph). 131.0 (d. 4jp,, = 2.6 Hz. p-Ph). 133.0 
(d. 'Jtw = 10.7 Hz. o-Ph), 133.2 (d. J~,c =47 Hz. 
ipsooPh). 181.6 (s. CO,). 198.6 (d. 2Jr. c = 26 Hz. CO) 
ppm. ~tP{tH} NMR (CbCI~): ~ 60.8 ppm. 

3,4. (Methoxycarbonyi)acetyicobait tricarbonyl triph- 
enylphosphine (4 

10 ml of a cold ( = 20°C) pentane solution (0.2 M) of 
I wits injected into PPh~ (0.47 g, 1.8 retool) dissolved 
in a minimum amount of ether. A voluminous yellow 
crystalline precipitate appeared instantly, but the mix° 
ture was stirred and allowed to warm towards room 

temperatttre to ensure complete reaction. The htx)wn 
solution was decanted after around 30 rain, and the 
crystals were washed with 3 × 3 ml of pentane at 
= 20°C and dried under reduced pressure. Complex 4 
was obtained in nearly quantitative yield, and was pure 
on the basis of NMR spectra, it was stable in the solid 
state at ~ 20°C for at least several months. ~I~! NMR 
(CDCI ~): B 3.68 (s, 3H, CH ~), 4.09 (s, 2H, f i t ,  ) ppm. 
t tC{tH) NMR (CDCia): B 51.9 is, CH~), 67.1 id, 
~J~ ~ 25 Hz, CH, ), i 28.9 (d, ~JPc = I 0. I Hz, m-Ph), 
130.9 (d, aJi, c = !.:7 Hz, p-Ph), 132.7 (d, Jt,c = 44 Hz, 
ipso-Ph), 133.0 (d, -'JPc = !1.4 Hz, o-Ph), 166.7 is, 
CO:), 198.3 (d, 'Ja" = 21 Hz, CO), 232 (d, :JPc" = 38 
Hz, C(O)Cit~)ppm. ~tP{tH} NMR iCDCi~}: 8 49.9 
ppm, 

3.3. (2,3oBisfmethoxycarbonyl)propam~yl)cobalt tc- 
trat't~rbo~tyl (6) and f2,3.Bistmethavyt'arbonyl)lwopan- 
oyl.3.d~ )cobalt tetrat'arbonyl ta-dl 

About 5 mg (0.02 retool) of 5 was dissolved in 0.7 
ml of CDCI~ at -20°C in an NMR tube under Ia tm 

CO. The t H NMR spectrum recorded at -20°C (Table 
3) clearly exhibited a 9: I molar mixture of 5 and the 
corresponding acyl complex 6. When the CO pressure 
was increased to 3.5 atm in the NMR tube and the 
spectrum was recorded at -30°C, a 7:3 molar mixture 
of the two compounds was present. These conditions 
allowed the t3C{tH} NMR spectrum of 6 to be obtained 
in a more concentrated sample. I H NMR (CDCI3): 
2.70 (dd, J~ = 7 Hz, Jab = 18 Hz, IH, CH"), 2.91 (dd, 
Jb, = 7 Hz, J.,t, = 18 Hz, IH, CHb), 3.69 (s, 3H, CH3), 
3.78 (s, 3H, CH ~), 4.56 (dd, J~, = 7 Hz, Jr,, = 7 Hz, 

" I ~ - - i  IH, CH x) ppm. C{H}  NMR (CDCI3): ~ 31.7 (s, 
CH2), 50.4 (s, CH3), 51.1 (s, CH3), 69.3 (s, CH), 165.6 
(s, CO:), 169.1 (s, CO:), 193.4 (s, CO), 222 (s, 
C(O)CH,) ppm. CH 302CCHDCH(CO:CH 3)C(O)Co- 
(CO),, (6-d t) was prepared similarly fi'om 5-d t under 
CO and characterized in situ by t H NMR spectroscopy. 
Unfortunately, no 2H NMR spectrum could be obtained. 
tH NMR (CDCI3): ~ 2.68 (d, small JHH, IH, CHD), 
3.69 (s, 3H, CH3), 3.78 (s, 3H, CH3), 4.55 (d, JHu = 6 
Hz. I H, CH) ppm. 

3.6. (2.3.Bis(methoxycarbonyl)propanoyl-3-d I )cobalt 
tricarbonyl triphenylphosphine (8-d I ) 

This compound was prepared similar to 8, starting 
from a 28 ml pentane-CH2CI2 (13:1 v/v)  solution of 
5 (I.27 g, 4 retool) and PPh~ (I.07 g, 4 retool). Yield 
i.37 g (2.4 retool, 60%). tel NMR (CDCI~): ,5 2.77 (d, 
Jtm ~ 9 Hz, IH. CHD). 3.67 (s, 3H, CIt ~), 3.73 (s, 3H, 
CH~). 4.74 (d, Juu ~ 9  Hz, IIt. CH) ppm. ~1t NMR 
(CDCI ~): 8 2.1,t4 ppm. The I~('{~l=l} NMR spectrum was 
identical to that of the petprotio congener [1 a~], 

3.7. ( l.2oBi.~(mcthoxycarbonylk'thyl°2°d I )cobalt trh'aro 
bonyl triphenyiphowhine (7-d I ) 

This compound was prepared similar to 7, starting 
from 5 [Ira]. aH NMR (CDCI~): ,~ 3.20 (dd, Jmi = 12 
Hz, J,t,  = 3 Hz, IH, CHD), 3.31 (dd, Jml = 12 Hz, 
~Jt, u = 4 Hz, IH, CH), 3.65 (s, 3H, CH L), 3.70 (s, 31t, 
CH~) ppm, ~'H NMR iCDCI~): B 2.66 ppm. 

3.8. Recction of 5 with synthesis gas 

0.18 g (0.56 mmol) of CIt~O~CCH:Ctt(CO:CHr~)- 
Co(CO)`* was d; solved in 2 ml of CDC! ~ at - 20°C and 
transfciTed into a 10 ml test-tube autoclave under CO 
atmosphere. The autoclave was pressurised to 55 atm by 
applying a gas mixture of H, (53 reel%) and CO (47 
reel%), and was allowed to stand for three days at room 
temperature. The reaction mixture was analysed by IR 
and NMR spectroscopy, which showed complete con- 
version of the starting material into Co:(CO) 8 as the 
sole cobalt-containing product and an equilibrium mix- 
ture of the aldo-enol tautomers of dimethyl formylsuc- 
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cinate. Data for CH 30.,CCH_,CH(CHO)CO2CH 3 are as 
follows: 'H NMR (CDCI3): ~ 2.93 (m, 3H, CH,CH), 
3.69 (s, 3H, CHa), 3.77 (s, 3H, CH~), 9.91 (s, IH, 

,~clc CHO) pprn. H} NMR (CDCl3): ~ 32.6 (s, CH.,), 
51.7 (s, CH3) ,  52.8 (s, CH.~), 53.9 (s, CH), 168.4 (s, 
CO.,), 171.9 (s, CO,), 195.4 (s, CHO) ppm. Data for 
CH302CCH,C(=CHOH)CO,CH 3 are as follows: I H 
NMR (CDCI3): ~i 3.07 (s, 2H, CH~), 3.70 (s, 3H, 
CH3), 3.82 (s, 3H, CH3), 7.09 (d, J =  13 Hz, IH, 
=CH), 11.48 (d, J =  13 ttz, IH, OH) ppm. 13C{tH} 
NMR (CDCI3): 8 29.6 (s, CH:), 52.1 (s, CH3), 51.9 (s, 
CH3), 98.9 (s, =CH), 162.9 (s, CHOH), 171.4 (s, 
CO2), 171.7 (s, CO,) ppm. 
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