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REACTIONS OF METAL CARBONYL COMPLEXES 

V”. REACTIONS OF Mn(CO)gX (X = Br, I) WITH HEXAPHENYL-1,4,7,10- 
TETRAPHOSPHADECANE 

KS. BUTLER** and N.J. COVILLE*** 

Department of Chemistry, McGill Universify, P.O. Box 6070, MonireaZ 102. Quebec (Canada) 

(Received June 22nd, 197 3) 

The reactions of the potentially tetradentate l&and Tetraphos, 
[Phz PCH, CHz P(E’h)CHz ] z , with Mn(CO)SX (X = Br, I) are described. The main 
products of these reactions are fat-Mn(CO), (Tetraphos)Br (two isomers), 
cis-Mn(CO),(Tetraphos)X and [Mn(CO)sBrlz(Tetraphos). These products were 
characterized by elemental analyses, molecular weight determinations, IR spec- 
tra and chemical reactions. The possibility that the two isomers of 
fac-Mn(C0)3(Tetraphos)Br contain the meso form of the Tetraphos ligand is 
discussed. 

Introduction 

In previous papers [2,3], we have reported on the reactions of Mn (Co), X 
(X = Cl, Br, I) with the linear triphospbine ligand bis(2cliphenylphosphinoethyl)- 
phenylphosphine (Triphos), to form fat-Mn(CO),(Triphos)X (two isomers).and 
cis-Mn(CO)#riphos)X. Recently, we have become interested in the coordina- 
tion properties of tetraphosphine ligands. Only four such ligands are currently 
km+n: P(C&L+PPh& 141, P(CH&HzPPh& 151, (Ph2PCH&C [6] and 
[Ph, PCH, CH, P(Ph)CHz ] 2 (Tetraphos) 153 and little work has been reported 

‘on the reactions of these ligands with metal carbonyls [4;7 - 121. 
In the present paper, we describe the reactions of Mn(C0)5X (X = Br, I) with 

Tetraphos to form complexes in which the polyphosphine acts & a monometal- 
lit-bidentate, monometallic-tridentate, bimetallic-tridentate and bimetallic- 

* For Part IV. see Ref. 1. 
** TO whom correspondence shouId be addressed. 

*** Be-t address: Department of Chemistry, Harvard Univer&. Cambridge; Maskhusetts. 02139. 
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tetradentate ligand. Prior to this study, Tetraphos had not been observed to act 
in the latter fashion. 

In addition, our previous success in separating the two diastereomers of 
fat-Mn(CO)J’I%phos)X (X = Cl, Br, I) [2,3] and the recent resolution of the 
diastereomers of an analogous tetraarsine ligand, MezAs(CHZ)3As(Ph)CH2- 
CH&(Ph)(CH&AsMe, [13], by reaction with a cobalt salt, led us to hope 
that the diastereomers of Tetraphos could be similarly separated. However, 
we have since learned that this would be impossible because commercially avail- 
able Tetraphos is in fact either the pure dl or meso diastereomer but it is not 
known which 1141. We believe that our study enables us to identify the com- 
mercial Tetraphos as the meso form and this aspect of the work is also described 
here. 

Experimental 

The tetraphosphine ligand, hexaphenyl-1,4,7 ,lO-tetraphosphadecane (Tetra- 
phos), was used as purchased without further purification (Strem Chemicals). 
(nor-C,H,)Mo(C0)4 1151, Mn(CO&,X (X = Br, I) [16] and CSH5Mn(C0)&H14 
[17] were prepared by the literature methods indicated. 

All reactions were carried out under an atmosphere of nitrogen. The IR spec- 
tra were recorded as described previously [18] . 

Analytical and IR data for the new complexes are given in Tables 1 and 2, re- 

spectively. 

Reaction of Mn(CO)S Br and Tetraphos 
A chloroform solution (20 ml) containing Mn(C0)5Br (0.3 mmol) and Tetra- 

phos (0.33 mmol) was refluxed with stirring, until the IX, spectrum (CO stretch- 
ing region) showed no further changes (- 30 min). The solvent was removed 
under reduced pressure and the crude product was elutecl with benzene on silica 
gel preparative TLC plates. Three major products were isolated. The first two 
of these were the CU,LY isomer (largest R, value) and p,fl isomer of fac-Mn(CO),- 
(Tetraphos)Br. The third product, with the smallest R, value, was the bimetallic 
complex [Mn(C0)3Br] ,(Tetraphos). [This bimetallic complex could be pre- 
pared in higher yield (68%) with little monometallic product formation, if the 
above reaction was repeated using a 2/l Mn(CO)SBr/Tetraphos ratio.] The 
products were crystallized from chloroform/n-hexane mixtures. 

ck-Mn(CO), (Tetraphos)X (X = Br, I) 
A xylene solution (40 ml) containing MAID X (1 mmol) and Tetraphos 

(1 mmol) was stirred at 60” for 1 h and then at 130” until the IR spectrum 
[v(CO)] remained constant (- 10 h). Solvent was removed under reduced pres- 
sure and the crude product was eluted on a silica gel preparative TLC plate with 
a l/l acetone/n-hexane mixture. The Product was crystallized from a chloroform/ 
n-hexane mixture. 

cis-Mn(CO)2 (Tetraphos=O)X (X = Br, I) 
cz&Mn(C0)2(Tetraphos)X (0.1 mmol) w&s dissolved in dichloromethane (20 
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Fig. 1. Diastereomers of fat-Mk(CO)3(Tetraphos)X (X = Br). All methylene and phenyl groups have been 
omitted for the sake of clarity. A represents the orientation of a phenyl ring pointing in the same direction 
as the habgea @-isomer); w ia the opposite direction. Note that a@-rat and &X-MC are enantiomers. 

: 

The three major products were separated by preparative thin layer chroma- 
tography. Elemental analyses, the presence of three strong CO absorptions in 
the IR and chemical reactions (see la@%) showed that the.two complexes with 
the.larger J& values are of the type fuc-Mn(CU)3(Tetraphos)Br*. The.third 
product with the smallest R, value was the bimetallic complex- [+(C0)3 Br] 2.- 
(Teeaphos). 
: Seven diastereom&s; < which adjacent P &torus bond to the met& a&pos- 

sible ‘for fa~-Mn(C0)~ (Tetraphos)Br. The likelihood of isomer formation in. I 

.. I ., ,’ . . . :_ ‘. . ._. 

* T& &npleX with tl.ie~large5t.k~ s-al&e u&l be c&led &~&.&fs&&x td d&&&&it &pm & 
-other timer. to be salted the &&isomer. The reasdn for this nomendatW. arill become de= as .. 

the text proweds. : : : 
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been reported previously 171. A similar reaction to that above, with Mn(CO)S I, 
gave the analogous monomettiic complex cis-Mn(CO)z(Tekaphos)I. These COm- 
plexes are thought to be similar to the corresponding Triphos complexes in, 
which one CO group is trurzs to the Br atom (Fig. 2, stticture II). 

The dicarbonyl Tekaphos complexes should still contain one “dangling” P 
atom. This was confirmed by reaction of the dicarbonyls with ozone to give 
cis-Mn(CU),(Tetraphos=O)X (X = Br, L)(Fig. 2, structure III). These new phos- 
phine oxide complexes exhibit two strong bands in the v(C0) stretching region 
suggesting that the original stereochemistrg is unaffected by the ozone reactions. 
The presence of the phosphine oxide was indicated by a skong absorption in the 
IRat- 1180 cm-’ [v(P=O)] and other characteristic absorptions in the 1600- 
400 cm-’ region 1223 (see footnotes c and d to Table 2). These phosphine oxide 
complexes were also obtained as side-products in the reactions of Mn(COj5 X 
with Tekaphos, presumably as a result of air oxidation. 

The presence of one uncoordinated P atom in cis-Mn(CO),(Tetraphos)Br was 
also confirmed by its reaction with C5 3% Mn(CO), C8 H14. Only one isomer of 
the product Br(C0)2Mn(Tetraphos)Mn(C&){CO), was obtained. Its IR 
spectrum showed only two strong CO bands, presumably due to the superposition 
of the two sets of bands for both metal carbonyl moieties. 

A variety of other complexes were also obtained from the reaction of 
Mn(CO)5 Br and Tetraphos but in very low yield. From their position on thin 
Layer plates and their IR spectra, the products are most likely fat-Mn(CO),(Tetra- 
phos=O), Br (n = 1,2) i.e., products of the type shown in Fig. 1. with either one 
or two of the P atoms oxidized to a phosphine oxide. 

Tetraphos contains two chiral P atoms. So, it was hoped that separation of the 
meso and racemic isomers might be possible when the ligand underwent reaction 
with Mn(CO), Br. However, as mentioned in the Introduction, this should not 
have really been expected because commercially available Tetraphos is apparent- 
ly either the pure racemic or the pure meso ligand but it is not known which [ILL]. 
Nevertheless, two isomers of fac-Mn(C0)3(Tetraphos)Br could be separated and 
these isomers are considered to be Type A isomers (Fig. 1). Such a situation 
could only occur if the original Tekaphos ligand was the meso form. J?rom our 
previous study 121 on the reaction of Mn(CO)5 Br with Triphos, the product with 
the largest R, value, the cy isomer, had the phenyl group on the central I? atom 
tram to the Br atom. Thus, it is tentatively suggested that both or,&- and @$-fac- 
Mn(CO)s (Tetraphos)Br contain the meso-Tekaphos ligand with the former 
having the two phenyl groups on the coordinated P atoms t-ram to the Br atom, 
while ln the latter they are both cis to the Br atom. Confirmation of this sugges- 
tion must await single crystal X-ray diffraction studies on these two complexes. 
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