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Summary 

The crystal structures of the compounds cis-[Mn(CO),(dppm-PP’),]Br .1/3H,O 
and trans-[Mn(CO),(dppm-PP’),][ClO,] . iCH,Cl, have been determined. The salt 
cis-[Mn(CO),(dppm-PP’),1[C104] was shown to react with KCN in the presence of 
the crown-ether 18-Crown-6 in refluxing acetone to give the neutral complex 
cis,mer-[Mn(CN)(CO),(dppm-PP’)(dppm-P)]. This compound, its thiocyanate ana- 
logue cis,mer-[Mn(NCS)(C0)2(dppm-PP’)(dppm-P)], and the unstable cationic di- 
carbonyl cis,mer-[Mn(NCMe)(CO),(dppm-PP’)(dppm-P)] [ClO,] were prepared in 
good yield from cis,mer-[MnBr(CO),(dppm-PP’)(dppm-P)] and TlX (X = CN or 
NCS) or TlClOJMeCN, while the iodo derivative cis,mer-[MnI(CO),(dppm- 
PP’)(dppm-P)] was made from MnI(CO), and dppm in refluxing toluene. Both cis- 

and truns-[Mn(CO),(dppm-PP’),I[C104] reacted under UV irradiation at low tem- 
perature with KX (X = Cl, Br, I, CN, NCS) in the presence of 18-Crown-6 to give 
the neutral monocarbonyls truns-[MnX(CO)(dppm-PP’),I, and with NCMe to give 
trans-[Mn(NCMe)(CO)(dppm-PP’),][ClO,]. A qualitative study of the latter reac- 
tions showed that, in the case of the cis-dicarbonyl, the cation truns- 
[Mn(CO),(dppm-PP’),][ClO,] and/or the neutral species cis,mer-[MnX(CO),- 
(dppm-PP’)(dppm-P)], depending on X, were formed as intermediates. 

Introduction 

We previously described the preparation of several salts of the dicarbonyl cations 
cis- and trans-[Mn(C0)2(dppm-PP’),]+ (dppm = bis(diphenylphosphinomethane)) 
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and noted that the former reacted photochemicailq ivith Rr In giw rri~~l.s- 

[MnBr(CO)(dppm-PP’ )2] in low yield [I]. In order to explore further 111~ chemistr? 
of these two dicarbonyls we have determined their S-m> crystal ‘>truc‘ture and 
studied their reactions with several nucleophiles such 3s Cl . Hr . I C‘N . SC‘N 
or NC-Me. Thi5 has led to the preparation in good yield oi‘ several c:c~~npleue~ of the 

types c,is.rlzrr-[MnXt C’O) .(dppm-PP’ )(dppm-.I’)] and ?~o~~.\-i~~n?i(i’O)(~lppnr-Pi” ): J. 

Results and discussion 

The molecular structure.s of the cations ci.s- and ~rmz,v-[Mn(C’O),~,dppm-PP’)l 1 ’ 
(1 and II respectively). detcrminzd in the salts c,i.c-[Mri(CO),(dpprn-f'P'),]Br 
1/3H,O * and rlans-lMn(C‘O),(tfpprn-Pf”),]C’fO, iC’H,CI >. arc hwx in Figs. 1 
to 4. The relevant data arc presented in Tables 1 10 6. 

In both cations the Mn atom has a distorted octahtzdr;~l cocwdln:ltion. In I (the 
c,is complex) the P(4) atom is 0.333(6) A from th e mean ptsne 0C Lln. P( 1 j. P(Zj, 

C(S1 ). and P(2) is 0.104(h) A from the mean plane of Mn. f+?)~ P(4). (‘(61 ): thcx 

C(324; 
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Fig. 2. A schematic view of I. 

Fig. 3. Structure of trans-[Mn(CO),(dppm-PP’),]+ (II), with atomic numbering. 

dihedral angle between these two planes is 91.0(2)‘. In II (the trans complex) the 
Mn and the four phosphorus atoms are almost coplanar with a deviation from the 
mean plane of -0.010(4) (Mn), 0.036(4) (P(l)), -0.031(4) (P(2)), 0.036(4) (P(3)) 

Fig. 4. A schematic view of II. 
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TABLE 1 (continued) 

Atom x Y z B e” 

C(423) 

C(424) 

C(425) 

C(426) 

C(51) 

O(51) 

C(61) 

O(61) 
Br 

Br 

0, 

3774(17) 

3257(21) 

2704(15) 

2627(10) 

2195(S) 

2175(E) 

1535(9) 

1177(7) 

5266(3) 

407(3) 

O(0) 

- 3244(26) 

- 4023(24) 

- 3883(20) 

- 2888(17) 

466(15) 

660(11) 

- 753(16) 

- 1423(12) 

394(5) 

2466(5) 

4994(34) 

1729(9) 

1582(9) 

1309(9) 

1147(7) 

529(6) 

21 O(4) 

793(6) 

672(4) 

6765(2) 

2132(2) 

2500(O) 

10.70(231) 

9.82(221) 

9.27(183) 

7.28(137) 

4.59(101) 

7.67(97) 

5.01(116) 

7.22(91) 

10.26(41) 

11.80(47) 

11.67(67) 

and -0.031(4) (P(4)) A. The average P-Mn-P and P-C-P angles of the dppm 
ligands for the cis isomer (70.5 and 94.4”) and for the tram isomer (73.2, 94.7 “) 
are well within the range encountered in complexes with other chelated dppm [2-41, 
but, whereas in the cis isomer the two MnP,C rings are not coplanar, with dihedral 
angles between the planes MnP, and CP, of ca. 15 o (P(2)-Mn-P(l)-C(12) - 13.9 O, 
P(4)-Mn-P(3)-C(34) -16.3”) one of the rings in the tram has a very similar 
dihedral angle (P(4)-Mn-P(3)-C(34) -14.2”) and the other is closer to planar 
(P(2)-Mn-P(l)-C(12) 4.9”). It is likely that this effect is caused by packing forces. 

The Mn-P distances in both isomers are similar to those observed in other 
manganese-phosphine complexes [5], but in I there are significant variations as a 

function of the ligand truns to the phosphorus atom. Thus, when the trans ligand is 

TABLE 2 

MAIN BOND LENGTHS (A) FOR cis-[Mn(CO),(dppm-PP’)2]Br.1/3H20 

P(l)-Mn 2.387(6) 

P(2)-Mn 2.306(6) 

P(3)-Mn 2.370(5) 

P(4)-Mn 2.308(6) 

C(Sl)-Mn 1.750(21) 

C(61)-Mn 1.749(19) 

C(lll)-P(1) 1.756(19) 

C(121)-P(1) 1.849(22) 

C(12)-P( 1) 1.869(20) 

P(2)-C(12) 1.845(22) 

C(211)-P(2) 1.798(22) 

C(221)-P(2) 1.831(22) 

C(311)-P(3) 1.801(22) 

C(321)-P(3) 1 X01(21) 

C(34)-P(3) 1.835(17) 

P(4)-C(34) 1.824(17) 

C(411)-P(4) 1.813(23) 

C(421)-P(4) 1.807(22) 

0(51)-C(51) 1.198(26) 

0(61)-C(61) 1.185(26) 
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TABLE 4 

FINAL ATOMIC COORDINATES (x10’ FOR Mn; ~10~ FOR OTHER ATOMS) AND THER- 

MAL PARAMETERS FOR trans-[Mn(CO) z(dppm-PP’) ,]ClO,’ i CH,Cl z 

Atom 

Mn 

P(1) 

P(2) 
C(101) 

C(102) 

C(103) 

C(104) 

C(105) 

C(106) 

C(111) 

C(112) 

C(113) 

C(114) 

C(115) 

C(116) 

CU2) 
C(201) 

C(202) 

C(203) 

C(204) 

C(205) 

C(206) 

C(211) 

C(212) 

C(213) 

C(214) 

C(215) 

C(216) 

P(3) 

P(4) 
C(301) 

C(302) 

C(303) 

C(304) 

C(305) 

C(306) 

C(311) 

C(312) 

C(313) 

C(314) 

C(315) 

C(316) 

C(34) 
C(401) 

C(402) 

C(403) 

C(404) 

C(405) 

C(406) 

C(411) 

C(412) 

x 

4069(2) 

3720(2) 

3880(6) 

3955(7) 

3771(7) 

33296(g) 

3503(g) 

3451(g) 

3602(g) 

4774(5) 

5317(6) 

5851(6) 

5831(7) 

5301(l) 

4798(6) 

4223(6) 

3228(5) 

3043(6) 

2595(10) 

2341(9) 

2522(7) 

2964(7) 

4191(5) 

4137(6) 

4509(g) 

4908(7) 

4954(g) 

4603(6) 

2609(2) 

2919(2) 

X375(6) 

1356(7) 

817(7) 

770(9) 

1252(g) 

1813(6) 

2745(6) 

2573(7) 

2718(7) 

8053(S) 

8231(S) 

3066(l) 

2539(6) 

2324(6) 

1874(6) 

1440(g) 

1449(7) 

1913(7) 

2332(7) 

3359(7) 

3441(8) 

- 354(2) 

Y 

838(2) 

-1249(g) 

- 1742(8) 

-2416(g) 

- 2568(8) 

- 2090(9) 

3670(O) 

- 1434(9) 

- 409(7) 

- 469(8) 

- 489(8) 

- 502(8) 

- 460(8) 

- 422(8) 

126(7) 

951(8) 

389(10) 

490(13) 

1124(13) 

1680(10) 

1600(8) 

1616(7) 

2107(g) 

2709(9) 

2800(10) 

2307(10) 

1710(9) 

1122(2) 

- 107(2) 

1151(7) 

1261(9) 

1359(10) 

1332(10) 

1208(10) 

1127(g) 

2043(7) 

2516(g) 

3213(9) 

3406(10) 

2973(9) 

2261(9) 

723(7) 

- 753(7) 

-753(8) 

- 1257(9) 

-1742(g) 

-1747(g) 

-1274(g) 

- 430(9) 

- 1157(10) 

8024(3) 

9076(3) 

t 

8391(13) 

7567(16) 

7751(15) 

8828(17) 

9677(16) 

74198(17) 

9458(15) 

7263(12) 

7887(13) 

7290(15) 

6061(17) 

5434(14) 

6011(13) 

9389(12) 

10336(11) 

11014(11) 

11852(15) 

11985(17) 

11313(16) 

10490(14) 

9120(11) 

8311(15) 

8326(16) 

9225(16) 

10038(17) 

10021(13) 

6766(3) 

5775(3) 

7396(12) 

6701(16) 

7213(18) 

8404(18) 

9096(17) 

8589(12) 

6512(12) 

7369(13) 

7224(17) 

8726(17) 

9562(18) 

5577(15) 

5307(12) 

5875(13) 

5064(13) 

5130(17) 

5973(17) 

6767(17) 

6717(13) 

4550(12) 

4393(17) 

2.97ili) 

3.09(14) 

3.40(66) 

B 

4.75(78) 

4.96(81) 

eq 

5.39(92) 

5.78(97) 

5.05(87) 

2.67(l) 

3.43(62) 

4.13(71) 

4.59(77) 

5.59(90) 

4.54(77) 

4.23(73) 

3.75(67) 

3.32(61) 

4.54(70) 

6.88(116) 

6.88(113) 

5.79(92) 

4.84(80) 

3.18(59) 

3.89(75) 

5.32(92) 

5.13(89) 

5.64(95) 

4.76(81) 

2.87(14) 

2.99(15) 

3.37(61) 

5.04(86) 

5.72(99) 

6.04(106) 

5.47(93) 

3.73(67) 

3.04(60) 

4.36(73) 

5.76(94) 

5.62(98) 

5.69(96) 

4.94(85) 

3.43(64) 

3.33(65) 

3.96(72) 

5.81(98) 

5.20(87) 

4.92(83) 

3.95(71) 

4.50(74) 

6.08(103) 



20X 

T4HL.E 4 (ccmtmued) 

\ 

3860( 12) 

57X3(9) 

5X8(X) 

3687(R) 

3X67(6) 

41Oh( 5 I 

.x92( 6 I 

245% 5 ) 

757(Z) 

348(X) 

l(JSl(Il)~ 

116X(91 

4X6(17) 

90?()(4) 

9X46(5, 

976X( 141 

____ 
P( l )-~54n 

P(2) Mn 

P(3)- hln 

PC 4 )--&I II 

C‘( I ,-- Mn 
C‘(2) -Mn 
C’(lOl)~~P(l) 

C‘I11 I) P(1) 

C(12)-P(i) 

Cl l2)-~1’(;3) 

C‘(201 )- I’(2) 

(‘(21 l)bP(Z, 

C(301)--P(3) 

(‘(31 I, P(3) 
C(?J)- P(i) 

(‘(34)-P(4) 

c’(401 j -P(4) 
(‘(41 I) -P(4) 

(>(I)-<‘( I) 

0(2)--C’(2) 

1.27!1) 

L?ilX((?) 

2V(1, 

i.P?4(14) 

1.84ir Ill 
1.X44( Ii! 

I.xlxcl:~) 
l.S.i’(!-l) 

I X")(!-ti 

1.X3.5(1?, 

i.R'314) 

i.li(Jx(i?) 

!.X45(I7) 

i .85i( 13) 
l.Ylil( 14) 

1.X44( 14) 

i.X?l(li) 

1.158(18) 

1 14”(1S) 
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TABLE 6 

MAIN BOND ANGLES (“) FOR tram-[Mn(CO),(dppm-PP’)2]C10d. $CH,Cl, 

P(2)-Mn-P(1) 73.4(l) 

P(3)-Mn-P(1) 177.7(l) 
P(3)-Mn-P(2) 106.5(l) 
P(4)-Mn-P(1) 107.2(l) 

P(4)-Mn-P(2) 17X.8(2) 

P(4)-Mn-P(3) 73.0(l) 

C(l)-Mn-P(1) 89.3(5) 

C(l)-Mn-P(2) 90.9(4) 

C(l)-Mn-P(3) 88.4(5) 
C(l)-Mn-P(4) 90.1(4) 

C(2)-Mn-P(1) 90.9(5) 

C(2)-Mn-P(2) 87.8(5) 
C(2)-Mn-P(3) 91.4(5) 
C(2)-Mn-P(4) 91.2(5) 

C(2)-Mn-C(1) 178.6(7) 

C(12)-P(l)-Mn 94.7(4) 

C(12)-P(2)-Mn 95.6(5) 

P(2)-C(12)-P(1) 95.8(6) 
C(34)-P(3)-Mn 94.9(5) 

C(34)-P(4)-Mn 94.1(4) 

P(4)-C(34)-P(3) 93.6(6) 

O(l)-C(l)-Mn 179.6(10) 

O(2)-C(2)-Mn 179.4(12) 

The difference between the two types of Mn-P bonds in I suggested that under 
nucleophilic attack the PPh, groups of the dppm ligand with the longer Mn-P 
distance might be displaced. In keeping with this, the reaction of the salt cis- 
[Mn(CO),(dppm-PP’)2][C104] with KCN in refluxing acetone, in the presence of 
the crown-ether 1%Crown-6 (see reaction iia in Scheme 1) gave a good yield of the 
neutral species cis,mer-[Mn(CN)(CO),(dppm-PP’)(dppm-P)] (IIIa) in which one 
dppm is monodentate. The structure proposed for IIIa is consistent with the 
analytical and spectroscopic data (Tables 8 and 9). Further support came from its 
synthesis (also in good yield) from the previously known cis,mer- 
[MnBr(CO),(dppm-PP’)(dppm-P)] [l] which has the structure shown in Scheme 1) 

TABLE 7 

STEREOCHEMICAL PARAMETERS FOR THE CATIONS ris- AND trans-[Mn(C0)2(dppm-PP’)~]+ 

@A GB @E flA OB 

cis-Isomer (I) 

Exp. 99 134 45 5 -64 

Calc. u 95 134 43 0 -67 

trans.Isomer (II) 

Exp. 54 127 89 

Calc. b 54 127 91 

u Calculated from the data in ref. 9, using the experimentally determined normalized bite, b 1.15 A. 
’ idem with b 1.19 A. 
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salt of I (iib in Scheme 1). In contrast, the thiocyanate dcrrivati\‘e lllh rcmaincd 
unchanged, and a complex decomposition took place for X = I. 

The perchlorate of the rlan.~-dicarbonyl cation (11) rractcd in reflurinp acetone 
with KX in the presence of 1%Crown-6. ouly for X = c‘4 to give llla (i\ in Scheme 

1). but monitoring of the re;rctic3n by IR showed that the atiach c>t‘ 11~ c.‘N L\;IS. in 
fact, on the 1~i.r isomer I formed hy isomerization of 11. ;:s iridL.3 tc”r! for t!li- proctbs i 
in the Scheme 1. 

Under IOU, temperature L‘V irradiation the tis dicarhol~>l jR;ln((‘O).:(dpp~ii- 
PP’)J[ClO,] reacted with KX for X = Cl, Br, I, (‘N or NC’S in the presence of 
1%Crown-6 in CH,Cl, to give the neutral monocarbonyls ~/.cr,l.s-j.LlnX((‘Of(d~l)ni- 
PP’)J (IV) in 40~509 yields (reaction I in Scheme 3). SimilarI>. the rc;ictlon \iith 
NCMe gave good yields of the previousI\, reporteli [I.:] :tiiti.v-[~Lln(?\ii(‘l\l~)- 
(CO)(dppm-PP’),][ClO,]. The compounds 6’ with X 7. C‘K 01 XC’15 hx\~ bwn 
prepared pre\iously [4]. but in much poorer yield. stnrting from i hi> Itjng hnw n 
ITuIz.T-[MnRr(CO)(dppnl-I’P’ i-1 j 141. 
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0 l+ 
C 

-< 

P. 
ii ‘x. 

<P 
,’ 

Pll”kP 
> 

P 
VP-., 1 ” 

,P ,’ 

ocy ‘Mn’kP 
> -< 

P.., 1 ip 

,,““‘<, > 

“i 

6 c 
0 0 

III1 1 (IV) 

SCHEME 2. (i) hv with KX (X = Cl, Br, 1, CN, NCS)+ 18-Crown-6 in CH,Cl, (- 15O C); (ii) hu; (iii) 

As in (i); (iv) as in i; (v) hv; (vi) hv to unknown products. 

photochemical reactions, only for X = CN- is there clear evidence of attack on the 
cation I with formation of III as intermediate (reaction iv in Scheme 2) as observed 
in the thermal process. However, the data do not permit a firm conclusion 
concerning the relative contribution of the paths 1 (ii + iii) and 2 (iv + v) to reaction 
i (Scheme 2). 

Experimental 

All reactions were carried out under dry argon. The IR spectra were recorded 
with a Perkin-Elmer 298 spectrometer and calibrated with reference to the 1602 
cm-’ band of polystyrene. The NMR spectra were recorded with a Varian FT-80A. 

The compound cis-[Mn(CO),(dppm-PP’),]Br was prepared as described 
elsewhere [l], and crystals suitable for X-ray diffraction were obtained by the liquid 
diffusion method [15] using CH,Cl,/hexane. The crystals of trans-[Mn(CO),- 
(dppm-PP’),][ClO,] [l] were obtained similarly from Cl,CH,/hexane. 

The compounds [MnI(CO),] [16], cis,mer-[MnBr(CO),(dppm-PP’)(dppm-P)] [l], 
TlCN and TlNCS [17] were made as previously described. 

Preparation of cis,mer-[Mn(CN)(CO),(dppm-PP’)(dppm-P)] (IIIu) 
(a) A mixture of cis-[Mn(CO),(dppm-PP’),][ClO,] (0.153 g, 0.1596 mmol), KCN 

(0.026 g, 0.399 mmol) and 18-Crown-6 (0.2 g, 0.479 mmol), and acetone (30 ml) was 
refluxed for 6 h in the absence of light. The resulting solution was filtered (Celite), 
the volatiles were removed in vacua, and the oily residue was washed with water 
(2 X 50 ml). The solid formed was dissolved in toluene (30 ml), and the solution was 
filtered, dried over Na,SO,, and evaporated to give IIIa as a yellow solid (0.11 g, 
80%). 
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complex were no longer present in the IR spectrum of the mixture. The solvent was 
evaporated in vacua and the residue was dissolved in CH,Cl,. The solution was 
filtered, diluted with hexane (10 ml), concentrated, and cooled to - 10 o C, to give a 
red crystalline solid (0.127 g, 41%). 

Preparation of trans-[Mn(NCS)(CO)(dppm-PP ‘)]I 
The complex cis,mer-[Mn(NCS)(CO),(dppm-PP’)(dppm-P)] (0.15 g, 0.156 mmol) 

was irradiated with UV light in CH,Cl, (5 ml) at - 15 a C until the IR spectrum of 
the solution no longer showed the v(C0) bands of the starting complex. The 
solution was then filtered and the filtrate evaporated in vacua. The residue was 
washed with hexane (2 X 30 ml) to leave an orange solid (0.117 g, 82%). The other 
complexes III likewise gave IV, but in yields of ca. 30%. 

Structure determination of cis-[Mn(CO),(dppm-PP’),]Br . 1 /3H20 

Crystal data: C,,H,,O,P,Mn . Br . 1/3H,O, FW = 965.7, monoclinic, a 

20.027(3), b 13.326(2), c 36.876(4) A, ,B 99.46(2)“, v 9708(4) A3, C2,‘c, D, 1.321 g 
cme3, Z = 8, F(OOO) = 3962.7, X(Mo-K,) 0.71069 A, ~(Mo-K,) 13.29 cm-‘. Room 

temperature. 
A yellow tabular crystal (0.1 X 0.2 X 0.2 mm) was selected and mounted on a 

Philips PW-1100 four circle diffractometer. The unit cell parameters were de- 
termined from 25 reflections (4 G 19 G 9”) and refined by least squares. Intensities 
were collected with graphite monochromated MO-K, radiation, using the w-scan 
technique (scan width l”, scan speed 0.03” s-l). Three intensities were measured 
each 2 h in orientation and intensity checks, and no significant variations were 
observed. 1969 intensities were measured in the range 2 < 0 < 24.5” and 1931 were 
taken as observed by application of the condition Z >, 2.5a(Z). Lorentz-polarization, 
but no absorption corrections were made. 

The structure was solved by direct methods, using the MULTAN system of 
computer programs [18]. An E-map computed from the set of phases with the 
highest combined figure of merit revealed the positions of the Mn and P atoms. The 

disordered Br atom, 22 C and the 0 atoms were located using the DIRDIF system 
[19] and the remaining atoms from successive difference synthesis. The structure was 
refined isotropically and anisotropically by full-matrix least-squares method, using 
the SHELX76 computer program [20]; f, f’ and f ” were taken from International 
Tables of X-Ray Crystallography [21]. The function minimized was w I] F, 1 - 1 F, )( 2, 
where w = (a2(F,) + 0.098 1 F, 1 2)-1. After three isotropic cycles of refinement a 
subsequent difference synthesis showed a peak which we assumed to be a water 
molecule with an occupancy factor of 0.5. After the anisotropic cycles we refined the 
occupancy factors for the disordered atoms, obtaining 0.50(l) for both Br sites and 
0.38(3) for the water molecule. The final R value was 0.072 (R, = 0.076) for all 
observed reflections. 

Structure determination of trans-[Mn(CO),(dppm-PP’),][CIO,] . iCH,C12 

Crystal data: CS2H,02P,Mn. ClO, . t CH,Cl,. FW= 1021.7, orthorhombic, a 

22.567(4), b 19.500(3), c 11.473(3) A, I/ 5049(3) A3, Pn2,a, D, 1.344 g crnmm3, 2 = 4, 

F(OOO) = 2108, h(Mo - K,) 0.71069 A, ~(Mo-K,) 5.56 cm-‘, 288 K. 
A prismatic crystal (0.1 X 0.1 X 0.15 mm) was selected and mounted on a Philips 

four-circle diffractometer. Unit-cell parameters were determined from 25 reflections 
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