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Summary 

The phosphine Ph,PCH,CH,Cl reacts with fuc-[XMn(CO),(dppm)] (X = Cl or 
Br) in refluxing toluene to give the complexes cis,cis-[XMn(CO),(dppm)- 
(Ph,PCH,CH,Cl)] (I). Treatment of those species with Na amalgam in THF leads 
to the alkyl complex [Ph,PCH,CH,Mn(CO),(dppm)] (II), which does not react 
with CO under normal conditions but can be converted into cis,cis-[ClMn(CO),- 
(dppm)(PPh,Et)] by reacting with HCl (g) in ether. If the reduction of I with 
Na/Hg is carried out in the presence of CO the compound cis-[Ph,PCH,CH,(O)- 
Gn(CO),(dppm)] (III) is obtained. The latter has also been prepared directly from 
fuc-[BrMn(CO),(dppm)], Ph,PCH,CH,Cl, and Na/Hg in THF, and characterized 
by X-ray crystallography. The crystals are monoclinic, space group P2,/n; refine- 
ment gave R = 0.053 for 2593 reflections with I >, 2.5cr( I). The reaction of the 
complex fuc-[O,ClOMn(CO),(dppm)] with Ph2PCH,CH,Cl in Cl,CH2 gives the 
salt fuc-[Mn(CO),(dppm)(Ph,PCH,CH,Cl)]ClO, which isomerizes to mer- 

[Mn(CO),(dppm)(Ph,PCH,CH,CI)ICIO, in boiling butanol. Both cationic carbonyl 
complexes give the acyl species III upon reduction with Na amalgam. 

Introduction 

The tertiary phosphine Ph,PCH,CH,Cl [l] is an interesting ligand because of its 
potential bifunctional character. Recently, Lindner et al. have studied the use of the 
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its ‘H NMR spectrum which shows two signals centered at 0.73 ppm (dt, 3H, CH,, 
J(‘H-3’P) 14, J(‘H-‘H) 7 Hz) and 2.26 ppm (dq, 2H. CH?, J(‘H-“‘P) 38 
J( ‘H-‘H) 7 Hz) indicating the presence of the ethyl group. Moreover, when this 
compound was treated with TIPF, and CO in Cl?CH, it gave the salt mer- 

[Mn(CO),(dppm)(PEtPh,)IPF,, the IR spectrum of which in the v(C0) region 
(bands at 2041~ and 1961s cm-‘) is very close to that reported for the analogous 
mer-tricarbonyl cations [ll]. 

It is clear that reaction ii is analogous to the reductive cycloelimination reaction 
of cis-[BrMn(CO),(Ph,CH,CH,Cl)] with Na/Hg [2]. However, in contrast with the 
formation of an acyl complex in the reaction of cis-[Ph,PCH,CH,Mn(CO),] and 
CO (g) at 50°C in hexane [3], compound II did not react with CO at atmospheric 
pressure in THF at room or reflux temperature or under UV irradiation. 

It was, however, found that treatment of the complexes Ia or Ib with Na amalgam 
in THF under CO(g) (1 atm.) at room temperature gave the yellow crystalline 
compound [Ph,PCH,CH,(O)CMn(CO),(dppm)] (III) (reaction iii in Scheme 1) 
data for which are given in Tables 1 and 2. The presence of the acyl group was 
indicated by an absorption at 1567 cm _ ’ in the IR spectrum and this was confirmed 
by the ‘“C{ ‘H} NMR spectrum, which showed an unresolved signal at 299 ppm 
assignable to the acyl carbon [12]. Other peaks in the ‘jC NMR were 230 (m, br, 
CO), 128-133 (C,H,), 57.2 (d, CH,CO, J(‘3C-3’P) 15.4 Hz). 41.8 (m. CH>(PPh,),) 
and 23.4 ppm (d, CH,PPh,, J(“C-3’P) 19.8 Hz). The ‘lP{ ‘H} NMR spectrum of 
III, taken at room temperature in CDCl,, showed three groups of sharp signals 
corresponding approximately to an AMX system. The assignments shown in Table 2 
are based on the structure indicated in Scheme 1 for III taking account of the fact 

that the ring current in the five-membered ring should result in deshielding of the 
P(c) atom (Fig. 1) by about + 30-40 ppm [lo] as compared with, e.g., compound I. 

In order to establish the stereochemistry of compound III unambiguously, it was 
structurally characterized by X-ray diffraction study. The results are summarized in 
Tables 3-5 and the structure is shown in Fig. 2 along with the atomic numbering 
scheme. 

The Mn atom displays distorted octahedral coordination. with Mn, P(l), P(2), 
P(3) and C(4) in the best plane (the largest deviation from the mean plane is 
-0.112(2) A in Mn atom). The carbon atom of the acyl group (C(33)) is cis to all 
the phosphorus atoms and tram to one CO, and the Ph,P group of the phospha- 

(Conrinued on p. 200) 

TABLE 3 

MAIN BOND LENGTHS (A) FOR COMPOUND 111 

P(l)-Mn 2.352(2) C(211)-P(2) 

P(2;-Mn 2.267(2) 

P(3)-Mn 2.260(2) 

C(33)-Mn 2.207(6) 

C(4)-Mn 1.759(6) 

C(S)-Mn 1.767(9) 

C(lZ)-P(I) 1.813(7) 

C(lll)-P(1) 1.831(7) 

C(121)-P(1) 1X45(8) 

P(2)-C( 12) 1.852(6) 

C(221)-P(2) 

C(311)-P(3) 

C(321)-P(3) 

C(31)-P(3) 

C(32)-C(31) 

C(33)-C(32) 

0(34)-C(33) 

0(4)-C(4) 

0(5)-C(5) 

1.830(g) 

1.812(8) 

1.831(6) 

1.819(7) 

1.X69(10) 

1.468( 15) 

1.338(13) 

1.272(8) 

1.152(8) 

1.175(11) 



;. 314 
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TABLE 5 

FINAL ATOMIC COORDINATES (x 10”) AND THERMAL PARAMETERS FOR COMPOUND 

III 

Mtl 

P(1) 

C(72) 

P(2) 
C(111) 

C(112) 

C(113) 

C(114) 

C(115) 

C(116) 

C(121) 

C(122) 

C(123) 

C(124) 

C(125) 

C(125) 

C(211) 

C(212) 

C(213) 

C(214) 

C(215) 

C(216) 

C(221) 

C(222) 

C(223) 

C(224) 

C(225) 

C(226) 

P(3) 
C(311) 

C(312) 

C(313) 

C(314) 

C(315) 

C(316) 

C(321) 

C(322) 

C(323) 

C(324) 

C( 325) 

C(326) 

C(31) 

C(32) 

C(33) 

O(34) 

C(4) 

D(4) 

C(5) 

O(5) 

9700( 1) 

7738(l) 

8032(5) 

9682( 1) 

7106(h) 

6136(h) 

5673(X) 

6215(10) 

7177(9) 

7612(X) 

6390(6) 

6143(6) 

5142(X) 

4396(S) 

4657(X) 

5663(6) 

10195(6) 

9449(6) 

9893(X) 

11049(10) 

11784(9) 

11337(7) 

10290(5) 

9766(7) 

10209(9) 

11143(9) 

11669(9) 

11251(8) 

9309(l) 

10533(6) 

10559(8) 

11468(10) 

12428(X) 

12441(7) 

11517(X) 

8205(j) 

7237(6) 

6383(7) 

6513(7) 

7482(8) 

8317(7) 

8652(X) 

9105(13) 

9289(4) 

8953(5) 

11202(6) 

12206(4) 

10207(6) 

10646(5) 

1593(O) 

1597(l) 

2162(3) 

2105(l) 

1079(3) 

1213(4) 

X50(5) 

336(6) 

170(4) 

563(4) 

1779(4) 

2308(4) 

2423(4) 

1986(7) 

1467(6) 

1354(4) 

1775(3) 

1432(4) 

1165(4) 

1219(5) 

1557(4) 

1839(4) 

2794( 3 ) 

3158(4) 

3680(5) 

3854(4) 

3508(5) 

2983(4) 

1174(l) 

891(4) 

371(5) 

177(4) 

528(5) 

1040(5) 

1224(4) 

622(3) 

633(4) 

220(4) 

- 206(4) 

~ 242(4) 

180(4) 

1734(4) 

2266(4) 

2326(2) 

2757(3) 

1756(3) 

1853(3) 

980(4) 

589(3) 

588X(l) 

4740( 1 ) 

3Y62(5) 

4463( 1) 

372X(5) 

2X98(5) 

2072(6) 

2109(7) 

2926(X) 

?731(7) 

5113(5) 

531X(6) 

5649(7) 

5736(7) 

5546( 8) 

5230(6) 

3443(5) 

26X6(6) 

1491(7) 

2002( 8 ) 

2719(11) 

3451(7) 

4475(5) 

3674(7) 

3649(9) 

4430( 9) 

5218(7) 

5250(6) 

7261(l) 

8333(5) 

X720(8) 

9595(8) 

10006(7) 

9659(6) 

X825(6) 

7013(5) 

73X2(6) 

7127(7) 

6524( 7) 

6173(7) 

6417(6) 

7X81(7) 

7632(7) 

66Y7(4) 

6142(4) 

6541(5) 

6X94(4) 

5439(5) 

5186(4) 

3.06(5) 

3.34(9) 

3.61(34) 

3.36(9) 

3.44(39) 

4.81(40) 

6.57(57) 

7.02(63) 

7.32(61) 

5.76(52) 

3.64(38) 

4.6X(46) 

7.04(56) 

7.94(70) 

7.66(65) 

5.62(46) 

3.95(3X) 

5.72(45) 

7.30(55) 

7.42(67) 

X.37(75) 

6.13(49) 

3.93(37) 

6.04( 52) 

7.21(63) 

6.28(62) 

7.61(61) 

6.67(53) 

3.62(9) 

4.02(40) 

7.55(57) 

9.05(67) 

6.84(56) 

6.67(53) 

6.42(47) 

3.53(35) 

5.79(46) 

6.57(56) 

6.01(52) 

6.59(54) 

5.43(47) 

6.32(54) 

11.31(75) 

1.34(27) 

6.24( 34) 

4.48( 37) 

X.X0(37) 

4,2X(39) 

6.65(37) 
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then reacts with CO to give the tricarbonyl anion [Mn(CO),(dppm)]- and free 
Ph,PCH,CH,Cl; the interaction of these two products, would then give III, as in 
path iv. We confirmed the plausibility of the first step, i.e., replacement of the 
phosphine by the CO in the dicarbonyl anion, by treating cis,cis-[Cl- 
Mn(CO),(dppm)(PPh,Et)] with Na/Hg in the presence of CO, and obtaining, after 

hydrolysis, the known complex fac-[HMn(CO)Y(dppm)] [15]. Several attempts to 
decarbonylate the acyl complex III led mostly to decomposition, but when the 
reaction was carried out with UV irradiation in THF at - 10°C some of the alkyl 
complex II was found in the final residue, as evidenced by its two v(C0) bands in 
the IR spectrum. 

As expected, the ligand Ph,PCH,CH,Cl replaced the coordinated 0,ClO ligand 
in the fat-[O,ClOMn(CO),(dppm)] [20] to give the salt fuc-[Mn(CO),(dppm)- 
(Ph,PCH,CH,Cl)]ClO, (IV). The IR spectrum in the v(C0) region (Table 1) and 
the “P{ ‘H} NMR spectrum (two broad signals in a l/2 ratio centered at 34 and 
10.5 ppm) were consistent with the formulation indicated. Again as expected [20], 
compound IV isomerized in boiling butanol to the mer-[Mn(CO),(dppm)- 
(Ph,PCH,CH,Cl)]ClO, isomer (V). The IR and “P{‘H} NMR spectra (Tables 1 
and 2) were consistent with those observed for the closely related species mer- 

[Mn(CO)3(4w421C1Q [61. 
Interestingly, both of the cationic carbonyl complexes IV and V gave the acyl 

complex III when reduced with Na/Hg in THF. Apparently in those cases also the 
reaction is between the anion [Mn(CO),(dppm)]- and the free ligand 
Ph,PCH,CH,Cl, formed in situ in the reduction of the carbonyl cations. This 
explanation was supported by the observation that reduction of the salt mer- 

[Mn(CO),(dppm)(Ph2PEt)]C10, with Na/Hg in THF, followed by hydrolysis, gave 
the known hydride fuc-[HMn(CO),(dppm)] [15]. 

Experimental 

All reactions were carried out under dry argon. The ligand Ph,PCH,CH,Cl [l] 
and the complexes fuc-[BrMn(CO),(dppm)] and fuc-[O,ClOMn(CO),(dppm)] [20], 
were prepared by published methods. IR spectra were recorded using a Perkin-Elmer 
298 spectrophotometer and calibrated against the 1601.4 cm-’ polystyrene absorp- 
tion. NMR spectra were recorded on a JEOL FX 90Q instrument. 

Structure determination of compound [Ph,PCH,CH,(O)CMn(CO),(dppm)] 

Crysral data. C,,H,,03P3Mn, Fw. 736.6, monoclinic, a 11.715(3), b 24.212(6), c 
13.366(2) A, p 107.40(2)“, V 3618(2) A”, P2,/n, D, = 1.35 g cmp3, Z = 4, F(OOO) 
= 1528, X(Mo-K,) 0.71069 A, IJ.(Mo-K,) 5.56 cm-‘. Room temperature. 

A yellow prismatic crystal (0.1 X 0.1 x 0.2 mm) was selected and mounted on an 
Enraf-Nonius CAD4 diffractometer. Unit-cell parameters were determined from 23 

reflections (3 < 6’ < 18”). Intensities were collected with graphite monochromatized 
MO-K, radiation, using the w/26’ scan technique. Three reflections were measured 
each 2 h as orientation and intensity control, significant variations were not 
observed. 4631 intensities were collected in the range 2 < 19 < 25”, and 2593 of these 
were treated as observed using the criterion Z > 2.5a(I). Lorentz-polarization effects 
were taken into account but no absorption corrections were made. 
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solution no longer showed the v(C0) bands due to the starting material. The 
volatiles were removed in vacua and the residue was washed several times with 
diethyl ether to give yellow IV (1.1 g, 84%). 

mer-[Mn(CO)_,(dppm)(Ph, PCH,CH,CI)]CIO, (V) 
The salt IV (0.4 g, 0.46 mmol) was heated in refluxing n-butanol (25 ml) for 7 h. 

The solvent was removed in vacua and the residue was dissolved in CH,Cl, (50 ml) 
and the solution filtered. The filtrate was concentrated to 0.5 ml and sufficient 
diethyl ether was added to precipitate the yellow compound V (0.35 g, 88%). 
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