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Some new stable organocoppel derlvatlves of the allphatlc senes were 
prepared by reactlon of aryl copper compounds with bls(dlphenylphosphmo- 
sulphlde)methane or malononitrile. A new kind of synthesis for Cu’BL, com- 
plexes [B = conjugated base of acet:ilacetone, ethyl acetoacetate, dlethyl 
malonate, ethyl cyanoacetate, L = trlphenylphosphme, L-L = bls(dlphenyl- 
phosphmo)methane or 1,2-bIs(dlphenylphosphmo)ethane] startmg from 
organocopper derivatives 1s also reported. 

Alkylcopper compounds are usually unstable [ 11. Recently, however, 
we isolated a copper derivative of bls(dlphenylphosphmo)methane (dpm), 
which, though containing the metal u-bonded to sp3 carbon atoms, was stable 
at room temperature m an inert atmosphere and moderately stable also m zur 
[21- 

Apart from the perfluoroderivatwes [3], there are only a few other fau-ly 

stable organocopper compounds with the metal atom bonded to an aliphatlc 
carbon (some a-cuprio-benzylideneamines [4], tetrakis(tnmethyMymethyl- 
copper (1))[5]and a tnmethylmethylenephosphorane denvatlve [S]). 4s the 
dpm derlvatlve was produced by reactlon between arylcopper compounds 
and dpm by a quantltatlve exchange reactlon of the metal with an active 
hydrogen of the methylene group of the hgand, we tried to extend this kind 
of reaction to other active hydrogen compounds. 

Results and discussion 

Among the numerous compounds that were treated lvlth organocopper 
denvatlves only bls(dlphenylphosphmosulphide)met.hane (dpms,) and malono- 
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mtie (mn) gave rsolable stable products. Both denvatlves have conslderable 
thermal stablhty and can be kept unchanged for months m an mert atmosphere 
and for many hours in U. The reactlons occur with quantitahve formation of 
the arene correspondmg to the organometalhc compound, followmg eqn. 1. 

(ARCu), + n HB +nArH+(CuB) 
n 

(B = conJugated base of the active hydrogen compound) 

(1) 

(A) Reactron of ArCit wrth dpmsz 

The reactlon between phenyl- or tolyl-copper and dpms, m toluene gwes 
an ivory dlamagnetlc powder of formula Cu(dpms, -H).1/2 toluene (I). The 
solvent cannot be completely removed m high vacuum. I IS markedly soluble In 
common solvents, except ether and Ilgrom, but evidently reacts with many of 
them, such as chlorinated solvents or carbon dxulphide. Hydrolysis with 
aqueous hydrochlonc acid gwes a product of formula CuCl -dpms?, approximately 
dimenc in dlchloroethane (DCE). a- 

On the basis of molecular weight, I IS tetramerlc UI toluene, from which It 
can be recrystized unchsnged. Smce the coordinatmg posltlon of the phos- 
phme IS blocked by sulphur, the polymerlzatlon 1s probably due to the latter 
element. Coordmlntlon between sulphur and copper IS very common and re- 
cently structures of copper complexes wtth tnmethy!phosphme sulphlde have 
been reported [7]. 

The IR spectrum of I IS completely different from that of the hgand 
(Fig. 1). In particular, the regon of phenyl absorption IS highly sunphfled, 
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Pig 1. IR spectra ID NUIOI < - - - m Hortaflon) of (a) dpms2. @) Cu (dpme-H) ‘112 toluene. 
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while the bands of P = S stretchmg, near 600 cm-‘, are shlfted towards lower 
frequencies, in agreement with the expected behawour of a P = S group bonded 
directly to the metal [S]. 

(BJ Reactlo,z of ArCu with mn 
The reaction between phenyl- or tolyl-copper and mn m toluene gves a 

compound of approximate formula [Cu(mn-H)], (II), which always contams 
low percentages of the reactlon solvent. IT is assumed to be polymertc on the 
basis of its high thermal stabMy and its low solublllty In most organic solvents 
In pyndlne, however, the compound dissolves easily. From the orange solution 
ether preclpltates a light brown powder of compositron [Cu(mn-H)], pyl, 
scarcely stable at room temperature even in an mert atmosphere. 

The IR spectrum of II shows clearly that the reactlon occurred on the 
methylene group, as all the bands asslgned to this group in the free hgand (91 
have d Isappeared ( Fig. 2). The CN group 1s also mvolved m the bond, probably 
as bidentate nitrile-z-system, because its stretchmg occurs at reduced frequencres 
[lo]. Bands around the free nltrlle frequency are absent. Considerable spectral 
slmpllflcatlon occurs upon formatlon of the complex with respect to both the 
free ligand and its bromo denvative, which we used as a model for comparison. 
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Ftg. 2. 1R rpectra m Nulol (- - - UI Hoslafloo) of (a) mn. [Cu(mn-H)jn. (c) CNCliBrCN (KBr plates). 
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The CN absorption region, however, besides a marked iincrease m extmction coeffi- 
cient, shows several splittings, as in the case of copper denvatives of tncyanometban 
Ill]- Furthermore, bands in the spectrum of the complex are broad, as If they 
were envelopes of bands very near in absorption. In the possible regon of Cu-C 
stretching absorption only three bands are present (70&s, 6OOs, 515w cm- ’ ). 
However, +here are very few data available in literature, and those there are 
concermng a var?ety of compounds and conditions [6,12,13], do not pernut 
the assignment of the frequency of the metal-carbon bond. We are now trying 
to get some theoretical mformatlon on this pomt. 

The IR spectrum of the comples imth pyncime shows a CN-stretching 
band at an even higher frequency than the free Ilgand, which could be evl- 
dence of linear CuNC bonds [14]. As for the Cu-C stretching, there are two 
new bands at 534s and 447m cm-‘, which are tentatively assigned to this 
mode. 

II 1s scarely reactive towards the usua.i small molecules. Unlike the copper 
complex of dpm, it does not react with carbon dlsulphlde, sulphur &oxide or 
alkyl hahdes. Acetyl chloride reacts m part, but the carbony! group IS not mtro- 
duced into the molecule. Wth I-ICI, IL undergoes hydrolysis, followed by the 
formation of the chlorinated complex CuCI- mm, ldentlcal with the reaction 
product from copper chlonde and mn [ 151. As espected, the IR spectrum of 
this complex agam shows the fundamental structure of mn. 

II reacts with tnphenylphosphme to gve a white stable comples, of sto!chio- 
metry Cu(mn-H)(PPh,), , which can also be obtamed from the organometalhc 
denvatlve by the sunuItaneous addltlon of mn and tnphenylphosphme m the 
appropnate ratlo. The IR spectrum of this compound keeps the charactenstlcs 
of the startmg compound II WI the CN regon (with an even large shdt to lower 
frequencies), whfle at 600--’ the bands are mamly those of the phosphine. 
The 600 cm- ’ band of II disappears, probably shlfted to the 540-480 cm-’ 
region, rvhlch IS very cornpleA_ 

Attempts to obtam SLlbstltuted dmnltnles by reaction of Cu(mn-H) (PPh3)* 
with alkyl halides were unsuccessful. 

(C) Reactron of ArCu u&h actwe hydrogen compounds to glue rnfermediate 
reactive species 

Some other active hydrogen compounds, namely acetylacetone (acac), 
ethyl acetoacetate (eaa), dlethyl malonate (dem), ethyl cyanoacetate (eta)* 
reacted with arylcopper compounds, but gave detlvatlves unstable m the ex- 
permental conditions. These unstable moieties could be f!xed with mono or 
bldentate tertiary phospbmes, to give Cu’BL, compleses (eqn. 2). 

CUR + BH + 2L - CuBL, + RH (2)’ * 

l Pheoyl aceromfnle. N.N-dlmelbylbenzylamme. chJoromelbylsuJfone and bls(dlpbenylaruoosulp~de)- 
melbane Id not react We could noL Solare defuure compounds from the reacflon wath brs(dl- 
phenylphosp~oxlde)rneLhane 

* * The polymenc nalt.u_ of tie compounds LS not h&en mLo JCCOUIIL In benzene Lhe tnpbenylpbor 
phlno denvatlres are monomenc. the dpm complexes dunenc. 
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[B = conJugated base of acac, eaa, dem; L = 1 equivalent of trlphenylphosphme, 
dpm or 1,2-bis(dJphenylphosphmo)etharle(dpe)]. 

The above reactlon, whwh occurs raptdly and with hJgh yields (50-95%), 
offers a convenient alternatlve to the methods previously reported for the 
synthesis of some acac complexes of thrs kmd [ 161. The new complexes ob- 
tamed (Table 1) are white dlamagnetlc compounds, stable m m m sohd dry 
state, but easily orldlzable m solution. On the basis of thev Infrared character- 
lstlc patterns m the 1’700-1500 cm-’ regon (two strong absorption bands at 
about 1600 and 1500 cm-‘, due to the coupled C=O and C=C stretchmg modes) 
acac, eaa and dem are assumed to react In the enohc form, as m the known 
case of Cu(acac-H) (PPh3): [16c], but Cu(eca-H) (PPh3)? could be a true 
organometallic compound. In its Infrared spectrum the band at about 1500 
cm- ’ IS absent and the C-O stretchlng mode occurs at higher frequencies, in 
the range of those reported for Rz C=C(Cu)COOR compounds [ 17 ] or for 
the Pt-acetylacetone complehes. In which the /3-dlketone IS bonded via the 
-y-carbon atom [ 181. 

The Cu%ca complexes Lvlth dpm and dpe also differ markedly from those 
of the other series. 

The dpe derlvatlve could be Isolated only as Cu’(eca-H),(dpe)+ The 
solid complex exM,s m two modlfxatlons, which differ In theu- solublllty prop- 
ertles and m theu- sold state mfrared spectra, a.lLhough neither Lontaul solvent 
of crystaillzat,on. In DCE the eta 1~ slowly displaced to give the known 
(CuCI)z (dpe), - 2DCE [ 191. 

The reaction product from ArCu, eta and dpm m ether seems to be an im- 
pure CuBL? complex, but by repeated crystalllzatlon from benzene It< composl- 
tlon moves gradually to Cu/dpm/eca = 3/3/2. This unexpected stolchiometry 
IS supported by the isolation of the same solld by the reaction between 
[Wdpm-H)L and eta, but we c,a.nnot at present esclude the presence of a 
mluture, because the infrared spectrum shows a clear splitting of the CN- 
stretchmg m a doublet and the characterlstlcs of the product are not per- 
fectly reproducible m different preparations. In DCE the eta 1s slowly dh- 
placed, gwmg as mam compound CuCI-dpm [ 19). 

On the whole the reactivity between organocopper species and active hy- 
drogen compounds confirms the indication obtalned from the structure of the 
[Cu(dpm-H)], derivative [2], I e. that hydrogen actlvlty IS Important for Its 
exchange reaction with copper, but that the stablltzatlon of the organometalhc 
compound requrres the presence m the molecule of other atoms coordinated to 
the metal. Sun~Iar results have already been found with organocopper compounds 
of the aromatlc series [20]. 

Experimental 

General 
Arylcopper compounds were prepared and isolated as previously described 

[21]. dpms? was prepared followmg the method of Isslelb and Baldauf [22]. 
Other reagents were mdustr1a.l products, dJstllled before use. The mn was purl- 
fled by sublimation. ReactIons were carried out under nitrogen at 0°C In dry 
solvents. 
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Cu(dpms2 -H)- l/2 toluetze (I) 
dpms,, Ph? P(S)CH,(S)PPh,, (1.12 g, 2.5 mmol) wasallowed to react for 

two days \vlth a suspension of ArCu (2.5 mmol) m toluene (30 ml). The 
flltered yellow soIution was then concentrated to give an ivory powder, 
m.p. 139” (dec). (Found: C, 61.4; H, 4.55; Cu, 11.7; S, 11.7; toluene 8.0; 
mol.wt. (1% w/w) 2208. Calcd.: C, 61.4; H, 4.52; Cu, 11.41, S, 11 51; toluene, 
8.27 %; mol.wt. 557.) 

ReacClon zulth HCZ 0.2 g of I suspended m ether was treated with some 
drops of aqueous HCI (l/l) under vigorous stu-txng. The white solid formed, 
CuCl- dpms?, was filtered and washed throughly with methanol. M p. 183-184. 
The IR spectrum IS identical with that of needles obtaned from cuprous 
chloride and dpms, In l/l ratlo. (found; C, 55.6, H, 4.10; Cl, 6.4; Cu, 11.64; 
S, 11.3; mol.wt. (1.5% w/w m DCE) 981. CuCl- dpms2 caicd C, 53.84; H, 
4.05; Cl, 6 48, Cu, 11.60, S, 11.71%; mol.wt. 547.5. 

[Cu( m n-I-I)] n (iI) 
mn, NCCH:CN, (0.33 g, 5 mmol) was added to a stirred suspension of 

Cu Ar (5 mmol) In toluene (30 ml). The mlt1a.l deep yellow coiour dlsappeared 
gradually over a period of hours, while the stolchlometrlc amount of ArH went 
In solution. The pale cream powder, simultaneously formed, was collected and 
rinsed thoroughly with toluene. Even though dried m high vacuum It always 
contams a small constant amount of solvent, as con flrmed by GLC. It darkens 
gradually startmg at 200”, but does not melt even at 320”. (Found: C, 28.61; 
H, 0.93; Cu, 48.95; N, 21.4; toluene, 1.7. Cu(mn) 1.5% toluene caicd.: C, 
28.98; H, 0 90; Cu, 18.67; N, 21.45; toluene 1.5%. 

The product IS plactlcally msoiuble In toluene, methylene chloride, dl- 
chloroethane, dimethosyethane, sparingly soluble m acetone, ethanol, tetrahydro 
furan, dlmethylformamlde, and decomposes in dlovane 

Reactron with pynduze 0.5 g of II were dissolved In a mlnlmum of pyrldlne. 
Addition of ether to the deep orange solution preclpltated a light brown powder, 
which was filtered and washed repeatedly with ether. The product darkens with 
time at room temperature, also in insert atmosphere, with loss of pyrldlne. 
(Found : C, 51,l; H, 3.5; Cu 25.32, N 19.6. [Cu(mn-H)]z py3 calcd - C, 51.00; 
H, 3.45, Cu, 25.70; N, 19.83%. 

The product 1s practically msoluble UI ether, ethanol and toluene, sparmg- 
Iy soluble UI acetone and methylene chloride and decomposes m dlmethoay- 
ethane and dlmethylformamlde. 

Reaction with trlphenylphosplzrne A solution of mn (0.13 g, 2 mmol) and 
PPh, (1.05 g, 4 mmol) in ether (30 ml) was dropped into a suspension of ArCu 
(2 mmol) m ether (10 ml). The white solid rapidly formed was collected and 
washed repeatedly with ether. Recrystalllzatlon was from dichloroethane and 
ether. The solvent was removed m high vacua. M.p. 216” (dec). (Folund: C, 
71.6; H, 4.70; Cu, 9.43: N, 4.31. Cu(mn-H) (PPh3)z &cd.: C, 71.71; H, 4.78; 
Cu, 9.73; N, 4.29% -) 

The compound 1s sparingly soluble at room temperature in the most com- 
mon solvents, moderately so 111 hot chlormated solvents or ethanol. 
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Reaction of ArCu with acac, eaa, dem and eta 
The reactlon between organocopper compounds and acac m ether Immediate 

ly gave a deep red-brown solution. After a few mmutes a copper muror was de- 
poslted on the walls and a black preclpltate was formed, whereas the mother 
hquor assumed a yellow-green colour. Extraction with THF of the black pre- 
clpltate gave a residue of metaihc copper and a blue solution, from which 
Cu(acac-H), crystalhzed by concentration. In a slmllar manner Cu(eaa-H), 
was obtamed U-I the correspondmg reachon but the reactlon rate was slower, 
only 42% of the CuPh reactmg after 12 h. With dem the reactlon was even 
slower, only 20% 0 f CuPh reactmg after 24 h. The product with eta seems to 
be more stable. From the reaction we Isolated a green-brown powder with a 
composltlon near to that required for Cu(eca-H), but which also evidently 
contained dlspropotionatlon products. The reactlon, whxh was complete 
m ether m 24 h, did not proceed m toluene. 

All the above reactIons occurred rapldly u-t the presence of two equlv- 
alents of phosphme. The typical procedure to cbtan the moved complexes 
(Table 1) was the followmg: a suspension In toluene (10 ml1 of CuPh (0.5 g, 
3.5 mmol) was dropped u-Jto a toluene solution (20 ml) of 3.5 meq of the 
active hydrogen compound and 7 meq of the phosphme denvatlve. White pre- 
c~p~tates were formed (reactlon tune: 1-Sh). exept m the case of eaa, whose 
very soluble compleaes required concentration and overnlght standlng to pre- 
crpltate. The complexes were recrystalhzed as specdled m Table 1, avoldmg 
prolonged heatmg. 
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