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chloroformate in the presence of HBFJ (L = PPh3, PMerPh, or P(OPh)s) [S]; (v) 
arene displacement from [M(CO)s(arene)]’ e.g. [Mn(CO),(v-triars)]’ from [Mn- 
(CO)J(mesitylene)]’ (v-triars = (Me,AsCH,),CMe) 171. 

Displacement of acetonitrile from [Mn(CO),(NCMe)]PFB by a number of 
ligands leads to (LMn(CO)sL]PF, complexes (L = PR3 with R = Ph, OPh or p-tol; 
unidentate dppe or py). Use of longer reaction times and excess of ligands re- 
sults in the formation of the tricarbonyl cations [Mn(C0)3(NCMe)sJ’, [Mn(CO)s- 
(p~)~]’ and [Mn(CO),(py)2(NCMe)]’ by loss of both carbon monoxide and 
acetonitriie [6,8]. A range of phosphine and phosphite complexes of the types 
fac-[Mn(CO)XL(NCMe)2]‘, fat-[Mn(CO)&(NCMe)]*, cis-[Mn(C0)2L2(NCMe)2]’ 
and mer,cis-[Mn(CO)zL,(NCMe)]’ (L = e.g. PMe,Ph, P(OMe),, or P(OMe),Ph) 
have also been prepared from fuc-[Mn(CO),(NCMe),]PF,. Such cations may al- 
so be formed by treating [Mn(CO),_,L,Br] (X = l-3) with Ag’PF,-in acetoni- 
trile [9]_ The only other tricarbonyl cations containing ligands other than phos- 
phorus donors that have been reported are fat-[ Mn( CO)#rNH,)s 1’ &d fac- 
[Mn(CO),(SEt2)(NCMe)2]’ [ 31 and fat-[Mn(CO)a(bipy)L]N03 (L = py or PPh& 
the Iatter compleses resulting from reactions of Mn(CO)a(bipy)(ONOr) [lo]. 

Apart from fat- [ Re( CO)J(NCMe),]‘, and our preliminary communication 
[ 111 on the “P NMR coordination shifts of fuc-[ Re(CO)3L2(NCMe)]’ (L, = dppm, 
dppe, or 2 PPh,) no rhenium tricarbonyl cations have been reported. We describe 
here the synthesis and spectroscopic properties of a wider variety of manganese 
tricarbonyl cations than hitherto reported, as well as an extensive range of 
rhenium analogues. The complexes have been prepared by substitution of 
acetonitrile ligands from fac-[M(CO),(NCMe)Li]C1O1 using nitrogen, phosphorus, 
arsenic and sulphur donor Iigands. The ease of substitution of acetonitrile ligands 
is well established in metal carbonyl chemistry [ 121. 

Experimental 

All reactions were performed unde: dry nitrogen using anhydrous, deoxy- 
genated, solvents. Ligands were used as received although acetonitrile was dis- 
tilled several times from phosphorus pentoxide before use. Tri-2-pyridylamine 
[ 13 ] and E-pyrichne-2carbaldehyde-2’-pyridylhydrazone [ 141 were prepared by 
literature methods. 

Melting points were taken in open capillary tubes and are uncorrected. Rou- 
tine infrared spectra were recorded’on a Perkin-Elmer 735 spectrophotometer. 
More accurate (21 cm-‘) spectra, which were subsequently used for CO stretching 
parameter calculations, .were recorded from acetonitrile’solutions using a Perkin- 
Elmer 577 spectrophotometer with abscissas&e expansion and use of an external 
recorder. Gaseous carbon monoxide and polystyrene were used for frequeucy 
standardisation. This instrument was also used to obkin mid-infrared spectra, 
the far-infrared spectra of samples dispersed in poly.thene being obtained on a. 
R.I.I.C. FS 720 int.eiferomet,er.~‘H~and ‘rP_NMR spectra were recorded&g a 
Jeol PSlOO spectrometer_ For__the “P_spectra, ~e~spec~trome~r w&&~&tedat_-- 
40 MHz with proton no&e decoupling. ~T_he.chemical.&ftk are reported’& ppm- ...:-. 
relative to anexterm+ 85% phosphoric acjd &mdard ~la~ea-ih_-c.~gir~~~~~l~~ 
tube within the NMR t&e.. C&j&~ce-mea&emen~‘& !&@j:R.w&e!@&d .T.: .T:;: 
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out in acetonitrile using a Wayne-Kerr autobalance universal bridge ;md a dip- 
type cell with platinum electrodes. 

Preparations * 

fac-fl~~(CO)~(~C~~e)~/CIO~ [I, M = Mn; II, M = Re). A solution of the appro-. 
priate M(CO)sBr (4 mmol), and AgC104 (4 mmol) in acetonitrile (20 cm3) was 
heated under reflux for 16 h. AgBr was filtered off and the filtrate evsporated 
to dryness to give the required product which was then recrystallised from 
acetonitrile/ether, (I: yellow, 83% yield; II: colourless, 92% yield). 

These compounds (0.50 mmol in each reaction) were subsequently used in 
displacement reactions, the abbreviated details of which are listed in Table 1. 
The manganese products were yellow and the rhenium products colourless, apart 
from the two E-paphy complexes which were red-brown in colour. The prcducts 
were normally washed with an appropriate solvent to remove any excess ligand 
and dried in vacua before analysis. Analytical data are given in Table 2. 

Results and discussion 

The complexes fac-[M(CO)3(NCMe),]CI0, (I, M = Mn; II, M = Re) have been 
prepared by minor modifications of literature methods [ 9,15], and subsequent- 
ly the substitution of one or more nitrile ligands accomplished by treatment 
with a variety of Group V and VI donor hgands. The products formed, and the 
preparative methods, are given in Table 1 and good to excellent yields were ob- 
tained_ As espected, the rate of substitution of nitrile ligands was markedly 
slower for II than for I. The terdentate ligands tripyam, dien, and Gpaphy 
proved to be capable of replacing all three nitrile groups to produce [M(CO),- 
(terdentate)]’ cations and no examples were found where the maximum coordi- 
nation potential of these ligands was not achieved. The reactions of equimolar 
proportions of I or II and bidentate ligands resulted in the formation of [M(CO),- 
(bidentat.e)(NCMe)]’ cations (bide&ate = bipy, dipyam, dppm, dppe, arphos, or 
dpae). There was, however, some variation in the products of the reactions of I 
or II with monodentate ligands. Using an excess of pyridine only two nitrile 
groups were displaced from I, whereas all three nitrile groups were displaced 
from II. Using even a four-fold excess of (C,H,)&s, only one nitrile group was 
replaced on treatment with either I or II. Since all other ligands used easily re- 
placed more than one nitrile group, it appears that the inability of the arsine to 
replace more than one nitrile group must be attributed to steric rather than elec- 
tronic factors. An excess of ethylenethiourea, (Zimidazolidinethione), forces 
replacement of all nitrile ligands of both I and II. The substitution reactions 
u&g an &cess of (C,I&),P show a significant difference in reactivities between 
I and II, With II, two nitrile groups are replaced- to afford the. tricarbonyl cation 
-XIV, where% with I only one nitrile group is replaced but one carbonyl @and 
_is also-lost tbaffc@d the dicarbonyl cation XIII. Similar dicarbonyl cations are 
products of~the reactions of I with other monotertiary phosphines and phos- 
phit&[S]_. -;-- -. __. _ ._ 

-:‘ _:. r’-‘_ .- .I_ -, -.,_ -.- 
. . 

_ . . __ .:- 
; ._: 

I-: tiiji+ ~~brwiati~~:u_sciiStlii&ho~t arc-q&i& in iable 1. 

(eonhrd fJn p: 79) 
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TABLE2 

ANALYTICALMELTlNGtiOINTANDCONDUCTIVITYRESULTS 

Complex Mm- e C) Conduc- ~,&ysik_(Fo~d(caIcdJ)(~~ 

tivity a 
(R-1 cm2 c- H N Other 

UloI-') 

146-14a 

104expL 

125-127 

la?--109 de=. 

19Odec_ 

249-251dec. 

130erpl. 

242de.z. 

25Odec. 

168 

142dcc. 

lf6-178dcc. 

14Odec. 

106-108 

148-150 

116-117 

164-166 

167 

162 

1-56 

151 

161 

162 

171 

147 

174 

145 

152 

109 

146 

155 

140 ~_ 

140 

135 

132 

135 

167 

.145 

29.4 

(29.9) 
21.3 

(21.4) 

41.0 

(41.2) 
34.4 

(36.6) 
41.0 

(41.3) 
30.6 
(31.8) 
40.2 

(40.0) 
31.1 

<31-o> 
44-l 

(44.4) 
25.3 

(24.6) 
381 

(39.5) 

29.7 

<29.6) 
62.2 

(61-8) 

52-O 

(52-6) 
54.5 

: (54-3) 
47.2 

.<46.5) 
55.6 
(5k.9) 

.47.7 

(47.1). 
45.1 

(43.6) 

<-xJ 

: 40.3 
: i39.6) 

2.88 11.2 
(2.51) (11.6) 

1.89 8.30 

(1.84) (8.53) 
3.23 9.63 

(3.00) (9.60) 
241 6-86 

(2.49) (6.92) 
256 9.35 
(2.54) (9.65) 
206 7.46 
(1.96) (7.41) 
2.80 12.2 

(2.68) (12.4) 
2.59 9.28 

(208) (9.63) 
2.62 11.2 

(2.49) (11.5) 

4.37 12.6 

(3.84) (12.3) 
3.10 133 

(2.81) (12.8) 
217 10.0 

(1.77) (9.87) 
4.55 3.22 

(4.44) (3.43) 
3.65 1.37 

C3.56) cr.so, 
4.12 2.19 
(3.79) e-11) 
3.75 -1.45 6.42 

(3.66) (1.64) (7-26) * 

4.31 1.84 9.59 

(4.01) .(2.07) : (9.14)5 

3.91 1.49 6.6? 
(3.84) (1.62) (7.14) * 
3.69 1.15 
(3.19) (i.64) 
3.40 4.45 

(3.38) (4117) .-. : 
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The complexes XVI and XVIII were. isolated as acetone solvates, as sh&vn by 
infrared and NMR spectroscopy_ All other complexes were formed without sol- 
vent of crystallisation. 

The molar conductivities of the complexes, measured aS lo-3 M sohitions in 
acetonitrile at 298 K, fall within the rather wide range lOSl74 ohm-’ cm* 
mol-‘_ In this solvent, values as low as 92 and-as high aS 199 ohm-’ cm* mol-’ 
have been claimed [ 161 to characterise 1 : 1 electrolytes. 

Infrared spectra 
The presence of ionic perchlorate in each complex is further confirmed by 

the detection (Table 4) of only the fz OClO bending mode at ~a-630 cm-’ and.. 
the t2 Cl0 stretching mode at ca. 1095 cm-‘, neither showing significant splitting. 
Lack of perchlorate coordination is also indicated 1171 by the absence of the in- 
frared inactive ol (CIO) stretching mode at its normal position of ca 935 cm-‘. 
The data of Table 4 also show that for those complexes retaining some coordi- 
nated acetonitrile v(CN) is ca. 40 cm-’ higher in frequency than in the-free 
ligand, such an increase being characteristic of a nitrile bonded.through the nitro- 
gen lone pair electrons [18]. A further band some 25 cm-’ higher than Y(CN) 
arises from a combination of the symmetric CH3 deformation and the symmetric 
CC stretching modes of the coordinated nitrile. Both bands amof low intensity 
and for a few of the complexes they are so weak as to make their accurate posi- 
tions uncertain. The low intensity of these bands in the infrared has been noted 

TABLE 3 

Compler v<co;= 

A, or A' Ear A'+A" 

Stretehingparameters(mdynelA) 

horkl b2 Q ki 

Ib 2064 1975 16.24 0:4a 
II 5 2053 1951 15.92 0.55 

III b 2050 1955 16.95 0.51 
Ivb 2037 1928 15.59 0.58 
v5 15.96 2051 1956 -0.51 

vrb 2040 1935 15.68 

vu6 
: 0.56 

2047 1950 15.88 0.52 
vmb 2051 1951 15.91 0.54. 

IX= 2030 1941 
xb 2035. -1923 15.53 . : p.60. 

XId : 2050 1958 
X11-d. 2040 1935 . : 

xlvb. -: --- '2052 1969 1947 15.78 .'I 16.41 ,.:: ~. 0.47 
,XVC ,. -- :: -2030 - 
xvr. :. 

._ 1972 1938 
2052 .: .. 

_~b I_. .-‘. .204i . . . 
y.: 

1975 1952; 
.1972 1953: -’ 15.79 

--k_b:- ;__ - 1968-1949 -.I .: 3045 .-15.78 .. .16.& -16.31 .I . . .0.39 0;44 : : 
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before [19] and on occasions (201 u(CN) could not be observed at all. The com- 
plexes containing coordinated nitrile also exhibit a CCN deformation of some- 
what greater intensity at ca. 420 cm-‘, this band often being split into two com- 
ponents. This mode is found at 365 cm-’ for free acetonitrile. 

The carbonyl stretching frequencies of the compounds, except XIII, are 
listed in Table 3. For many of the compounds v(C0) bands have been recorded 
in several solvents and as nujol mulls, but only one set of results is presented in 
the Table for each compound, the acetonitrile solution results being given where 
measured. Complexes of the type [M(CO),X,]’ (X = three identical donor atoms) 
display two strong VfCO) infrared bands indicative of Cs, symmetry (A, + E) and 
hence a fat-configuration is appropriate for these cations. Several other cations 
of the type [M(CO)sX2(NCMe)]’ (X, = bipy, dipyam, or 2 py), which must have 
a formal local symmetry lower than C3”, also exhibit only two v(C0) bands. The 
same feature is also observed for the cations XI and XII which must have non- 
identical (pyridyl or azomethine) donor nitrogen atoms. The bonding properties 
of the chemically different donor nitrogen atoms in these cations cannot there- 
fore he distinguished by monitoriig changes in the number of infrared active 
v(C0) bands. However for complexes of the type [M(CO)xX,(NCMe)]* (X, = 
dppm, dppe, arphos, dpae or 2 PPhs) as well as the complexes XX and XXI, 
where Xz or (&H&As are markedly different to acetonitrile, particularly in 
their r-acceptor abilities, three v(C0) bands are observed.-This implies that these 
cations either possess the alternative mer-configuration (which seems unlikely in 
view of the rearrangement of the carbonyl groups from their positions in I and 
II), or more plausibly that the cations retain the fat-configuration with C, local 
symmetry. In this case, the degeneracy of the E mode of Cx, symmetry will be 
lifted resulting in the two modes A’ + A” [Zl]. Similar features have been ob- 
served for neutral trisubstituted derivatives of MOM 122,231. 

The only dicarbonyl complex isolated, XIII; has two strong v(C0) inf*rared 
bands (1960,188O cm-‘, nujol mull; 1955,lEYiS cm-‘, MeCN solution) indica- 
tive of mutually cis carbonyi groups. Some information on the formation of 
XIII has been obtained by following v(C0) changes during the course of the re- 
action between I and a two-fold excess of the phosphine in refluxing chloroform. 
As the two v(C0) bands of I diminish in intensity, bands at 207Ow, 1977s and 
1927s cm-’ grow. These bands subsequently slowly decrease in intensity and 
finally disappear as the bands associakd with -XIIGncrease in intekit$ and final- 
ly become the only detectable v(C0) hands. The one weak and two strong Y(CO) 
band pattern of the intermediate is consistent [I] with the.formation of either 
mer,tmns- or mer,cis-fMn(CO)~tN~e)2(PPhl)]C104, but notlwith the fati- ‘. 
isomer for which three strong v(C0) bands wouldbe expected; .Thus, one nitrile 
group is initially displaced by the phosphine, but a rearrangement .of the &r- 
bony1 groups must oc+r. S&sequently one. of the mutually harrs_CarbonyI -. I: 
groups is replaced by a further phosphine molecule leaving the MO remaining ‘:. .-. 
carbonyl groups arranged mutualIy Cis_ :. -. :_:-_:- .- :: -_t; : i 

Although the v(MfZ) and s(MCO).~~qu~~~i~.of.rnany neutr&Croup~~~s&_l 
stituted metal carhonylshave.been docum&itedf 24,251;.little kk&~-oft&- _: _ 1 
corresponding modes of ~&@@$&A+~&&&&$~~;~~f: croil~-.~~t2si;:~:~~. 
only informatio&&++++ tie& mqd&z f+&&& .~~~~~~~‘~~~~~~_l:~~~~:~~~~ 
species &oecems tie. fi_a&pl .~tio~~~~~-~~~~~~~~~~~~.~~~~~~~~ 

. . . . . . _r_.._r._._,7:_:.. - __ .- .._j ./ .s.. 
:. ._..--” - ..- . I. -_ .- %. ._. -t-. ._ _ _<~.. _ . _ . ,. . .r -, .z-; z . . -. ._..: us _: _- :,. - <I-. :. : .: ..-: ;._ ;: ,.,I __,. : :,3_. : :--‘;,,-;. -;z~.;~2_;,_.. ~<.&:::~.+ >:‘;~::y,:_~ :.-:,.‘:_ _y . . ‘, ., ..-_._- 

-- .,c--,_._.. _.: .I ‘.- . ._ ” :_, -- -- .^_:.- .__ __:. ..<z_. _. ._c-_-_ :. ._-__, *- : .-e-.. -. -., . . -~.;‘-..; .- .:-. ;;:1__-;: _. :.-. _x _. .: ;___ ._-... : ., (_._;_ : : :,i_-1 _--__. ;_ ..__7: ;.;:_:2:, -:‘::7 , >- .+..::=>:,r .‘,YY?T.?~-%: ._;‘-=-s;‘-z~ _:. ..- :_: ;_:.:~Y._ “l... ‘__>.‘. .;L_i ,C< )_ _zI-- ~‘r.:~..‘-‘~ ; ( _. _. ::;:; c __ _. -3 c;;;;v ; ;.:_ ‘~__,-_~~:-‘-“.:;~~.- 2; :‘- (’ ._~~~.~~~~~~;~~;~.~i~~~~; 
____i_. .-_j i ~ ,_ _ _ _,~~~~~.c,r;.:r~.~~..~. _ ~^ _ .I’-- -:; : .-. .:y . . . . ry_;,y’r-. ~r-.-.5:-,~-.;.,~;; ..i._ ._ _;_ _,; _;_-_-_; ;_..> :I-- -.a.- :< -~1‘--‘-:~~~~.-i~;... :. -.-v.,r 

z. .: _ ; :_, :.c .: .->_. ‘1 : ;.:_.:y . ‘.<- .z .y::<e_ ?.p; ̂  ” _ _ . . .‘_._1_= .-_:_:;; T.-L’..:: “-_.T’.*.- :_c i;, ~_-_..-,.~.-~-~~~~2.~~;-- . ..-.. _. SC. -.. ___h\_ ^_.. r_‘.--L;‘F_~,,._.-_’ _ ‘i=;~. _ _ 
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TABLE 4 

MULLINFRARED SPECTROSCOPKCDATA(cm-I> 

complu Nitrikmodes PercbIor;ltcmoder Carbonylmoder 

v(CN) and B<CCN) v(cIOJb d(OcI0~5 6afCO>+U(MC~ 

6 .y,mw 
+vn,<cc)~ 

2317.2290 

2325.2290 

2310.2280 

4oow 

404m 

414w 

2310.2260 412111 

23OOvw(br) 

2313.2287 

2320.2295 

-23lOvWbr) 

2315.2290 

2310.2290 
veryweak 

vexyweak 

2335.2300 

very weak 

2317:2290- 

2320.2295 

23x0:2-0 

236+70. .: 

415m 

420~1~ 

419m 

417s403(sh) 

430mCbr) 

415rn.403&h) 

416m.4030h) 

415w 

418111.407~ 

415w<br) : 

1098 62S 

1095 626 

1098 628 

1095 627 

1095 632 

1096 

1096 

1102 
1080 

1090 

1108 
1100 

1097 

1095 

628 

626 

626 
626 

626 

626 
628 

625 

627 

1095 

1098 626 

629 

626 

626 

628 

628 

617. 

625 

630 
627 

1092 

1098 

1097 

1098 

1097 

1095 

llO0 

1086 

1098 

683a.533s.464s.435~1. 

423w 
592s.543r.486s.438~0. 

357s 

686s.532s.466m.45lw. 
437m 

603w.53Svs.48& 
44Im.354m 

692m.611m.534~. 
474m,458m.422m. 

3831x1 
588~.543~.488~,467m. 
424m.344~~ 
687s.533s.4ilm.45Om. 

441w 
539s.49os.442m.337w 
687s.532s.471m.461m. 

447w 

691s.531.%.501w.482\0. 
463a 

688w.532w.516~ 
594m.M7m.493m. 
349m 
689~,677m.577~.461m, 
383w.291m 

603s.57Svs.53Ovs. 
484~.4651~.367~.276m 

603m.574~. 537~s. 
514vs.371m 

668~. 586sh.552~. 

536vs.476m.432m 
604m.576s.54449Om. 

479w.46Ow.370m 
602m.578s.537s.486m. 

465m.371m 
637vs.537~~525m. 

497m.443w 
603m.578vs.54Os.' 

527s.514k-43Ow.366s 

665vs.641s.578m.. 
558m.543m.526r389m 
601m.586~.534~ 

515m.497w.392m~ 

682s.Sl1m.3Ww 
528~. 506~. 4961x1.. 
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study of [Re(CO)J’ [27] has shown v(ReC) frequencies of ‘441; 426.and.356.. ‘: 
cm-l with S(ReC0) bands at 584,522; ‘486, akd 354 cm-‘_.The analogous.. beds : 
of [Mn(CO),)’ have been as&ne&[28] to absorptions at 412,390 and 384cm-’ ‘. 
[y(MnC)] and 636,500 (accidental degeneracy of two modes) and 347 cm-’ ‘- 
[&(MnCO)]. With ,this information in mind, attempts have been made to. assign 
v(MC) &d GfMCO) bands (Table.4) for the substituted carbonyl cations. Al- 
though force constant calculations performed [29],orLvarious..metal carbonyls 
have indicated that v(MC) modesusually occur at lower frequencies than &MCO) 
modes, the above results for the hexacarbonyl cations show that there is some 
overlap of the rang& Indeed, coupling between the various vibrations of the 
same symmetry can be espected, SO no attempts have been made for the.present 
compoundstd distinguish between Y(MC) and QMCO) modes. The major dif- 
ficulty inassigning bands to these modes is the presence of bands in the mid- 
infrared spectra due to vibrations of ligands other than carbonyl groups. Many 
can be eliminated from consideration without undue difficulty e.g. G(CCN) of 
coordinated acetonitrile, and the X-sensitive modes of phosphine and amine 
ligancls, as well as 3(dClO) of the perchlorak anions. Comparison of the spectra 
with those of the free ligands in this region has also been of considerable assis- 
tance, but caution is needed as ligand frequencies often shift significantly on 
coordination to ai metal. For some compduncls we have found that the number 
of bands which &an be assigriecl to Y(MC) or 6(MCO) with some degree of con- 
fidence is not consistent with theoretical expectations_ This is a situation found 
previously [24,30],for substitutea Group VI met&l carbonyls and may be due to 
accidental degeneracies or very low intensities of some bands. For those cations 
of CB;local symmetry two v(MC) and-three -6(MCO) bands are predicted and for 
most of the~examples five’hands can be so assigned; although for XXIV and XXV. 
the number of bandsobserved is particularly Iow:Three Y(MC).and six S(MC0) 
bands are predicted for t&cations of Ci local symmetry but.only’up to’ seven 
bands can be soassigned. It.is particulaily.noticeable~that for those cations ; o. 
whose local symmetry is C, but whose effective local symmetryis C,,;.on the. ~:-. 
basis of the number of observed Y(CO) b&Is, more than the five v(MC) + s(MC0) 
bands expected of CSv local symmetry are found... For exam&, complexes: V 
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witi tbe’corresponding frequencies. of the isoelectronic,neutraZ:droup VI. corn-. 
phx+t& [M(COjJNCMe)J (M 7 Cr arid W) [31] &xinits ti..s+dy of t-216 effect of .: 
the positive charge on.the-metal_ The s(MCO) and Y(MC) bands of.the GIUUP VI 
.complexes are fourid at higher frequencies than thdse of the ~Gr&Gp.VII cations, 
in line with the reverse trend of suh&antially high& v(Cg) freqFencies:for @e 
cations when compared with the neutral Group VI &nalo&es; I&retied M ‘* C 
back-bonding and a conc6mmitant~increased C-O bond order for the cations 
compared with the neutral Group Vr comple&s rationalises these spectroscopic 
features. _ ‘._ ..:. 

This type of reasoning can be amplified by a consideration of energy-factored 
approximate force constant values. We have calculated Cotton-Kraibanzel~ag ” 
proximateCO.force constants [ 321 (better described as stretching parameters f331j ‘, 
for a selection of the cations whose v(C0) frequencies have.been. accurately (2.1’ 
cm-‘) measured (Table 3)...The Y(CO) frequencies used inthe calculations’were 
all obtained from .acetonitriie solution spectra, thereby eliminating solvent .shift 
effects. Using the results of references 27 and 28 we have also calculated:’ _ 
Cotton-Kraihanzel stretching parameters for the hexacarbonyl cations. 

Although calculation’of k and ki for the cations of real-or appare& Ci; local .’ 
symmetry (as based.on the number of obsenred Y(CO)_bands) is straightforward’ 
with the Al fundamental necessarily being of highest frequency so that kilis 
positive, some explanation of the V(C0) assignments for the f’c-[M(CO)iX,Y]‘:.. 
cations is required_ The Y(CO) assignments and subsequent calculations are’based 
on the approach and secular equations of Cotton [34] for fuc-[Mn(CO),BrL,] 
complexes, as corrected by Houk and Dobsori 132 1. For the cations [M(CO);-- 
(NCMe)XJ:(X, = 2 PPhS;dppe; and dpae) stretching and interaction par&- 
eters have beencalculated using model A with the reasonable assumption’ that 

x 

-NCMe (Al 

. 
CO(2f CO(2)., 



which make less demand for metal d, elections. For the complexes of Ca, lo& 
symmetry a variation of ca, 0.7 mdynes/A in h is found within the group of tri- 

carbonyl cations for a particular metal, but the variation in ki is small being ~a.. 
0-f mdynes/A. 

Differences in+r and ki within a closely related series of compounds should be 
significant and we are able to make some comments on the values obtained for 
the Group VII cations and point to comparisons with isoelectronic neutral cbro- 
mium and tungsten carbonyl compounds_ As expected, k and ki show little, if 
any, significant variation in complexes which contain ligands of similar bonding 
abilities, e.g. III, and V or XVII and XXII. Within the series [Mn(CO)~NJ’ 
(N = nitrogen donor ligand) the stretching parameter order is I > III Z= V z VII 
> X_ Diethylenetriamlne is an excellent o-donor ligand but is not a Ir-acceptor 
of metal electrons; so presumably there is a relative strengthening of the n-M+ 
bonds and a weakening of the a-C-0 bonds, leading to a low k value. The 
heterocychc nitrogen ligands can form R-M-N bonds to some extent, the or-C-O 
bonds not being weakened as much as in X, the k value thereby being greater. 
The high k value of I, and similarly that of II compared with IV must be a con- 
sequence of the low ability of acetonitrile to act as a udonor, placing relatively 
little electron density on the metal. Cotton [34] has pointed out that aceto- 
nitrile may possess some ability to act as a Ir-acceptor ligand in competition with 
carbonyl groups_ A similar trend in CO stretching parameters for [MAIM- 
WCWI’ and CMn(CC)5(~~)l’ (k, = 17.05 and 16.97 respectively and k2 = 17.83 
and 17.67, respectively) has been noted [S]. It is unlikely, however, that a nitrile 
is a significantly better s-acceptor ligand than a heterocyclic nitrogen &and, so 
the weak u-donor ability of acetonitrile will be the major factor in determining 
the high k values for acetonitrile_carbonyI complexes_ Indeed, this work shows 
that. acetonitrile is easily displaced by other more effective o_donor ligands. Com- 
plex XXV has exceptionally low v(C0) frequencies and a very low k value. Al- 
though ethylenethiourea is likely to be a good o-donor in this complex, it may 
also act as a s-donor @and, as had been suggested by Cotton [34] for formamide- 
type ligands. 

The Cotton-Kraihanzel approach has been applied to a number.of fa~-[M(C0)~- 

TABLE S 

CO STRETCHING PARAMETERS OF ISOELECTRONIC CARBONYIS 

Compound k (mdyne.lA) . ‘-. . 

Cw20)6 16.49 
?dllCC0)6- 12.22 : 

16.41 
18_18 

crtco)3cNc~fc)3 

I ~SnCCOljCPJCRWj f 

W<CO)3<NCMc)3 
iRe<CG)3<NCMc)31* 

MCOh(diea) - 
(Mn<~O,3<diienn- 

.^ __ 

-.13_45 
16.24 

-13.30 
15.~9’2 : 

i3.10~ 
15.53’ _. 

0.22 32 
0.22 26 

0.29 32 
0.26 27. 

0.64 36 -. 
0.48 Thi!bukiTk 

0.53 . 36.. L _i- 
0.55 _p$ Qr+li 

0.70 
0;64 .: 

is ,- i;’ 
mis Is&k - _ _ ,:. . - . -. -. _ 



X,Y] complexes where M 2 Group VI element but with only limited sucCess, 
since quite often where X or Y are good sr-acceptor hgands, such asphosphine~ 
or an&es, real roots are not obtained [22]. No such problems were encountered 
in the present w&k for cations of C, local symmetry, perhaps be&use the v(CU) 
frequencies are ea. 150 cm-’ higher than for the Group VI complexes_ Metal-. 
ligand and metal-carbon n-bonding is thus likely to be much weaker for the 
Group VII cations. In the method used it is assumed that the two kinds of cis 
interact.ion parameters (a) &xx,, the coupling of the two carbonyls each tram 
to X in model A or tram to acetonitrile in model B, and (b) kicXY,, the coupling 
of a carbonyl tmns to X with one trans to acetonitrile in model A, or a carbonyl 
tram !m acetonitrile with one tmns to the arsine in model B, are identical. The 
failure to be able to calculate kl and k2 for the Group VI complexes is probably . 
due to an appreciable difference in ki<_v_> and kicXY,, but this difference will be 
much less significant for the Group VII cations, and the caicuktions~are success- 
fully accomplished. The k, values for the cations containing phosphine or amine 
ligands are somewhat lower than those of the nitrogen-donor compIexes, since 
the better the 7r-acceptor ability of the ligand the more it is able to compete 
with carbonyl ligands for metal &-electrons, thus reducing the carbonyl mterac- 
tion effects. 

The ir values obtained for the cations may be compared with those calculated 
for isoelectronic neutral substituted Group VI metal carbonyls as an illustration 
of the effect of the positive charge on the metal. It is to be expected that the 
stretching parameters of the cations will be greater than those of. the neutral 
complexes since the M-C x-bonding will be lower, with the CO bond order sig- 
nificantly higher_ The selection of results shown in Table 5 clearly illustrates this 
feature, the differences in k values between isoelectronic hexacarbonyls being 
significantly less than those between isoelectronic trisubstituted carbonyls. 

Other infrared bands associated primarily with ligand vibrations show features 
well established for coordinated ligands and do not merit much comment in the 
present context. The &quency and intensity of the v(NH) bands of coordinated 
paphy (3230m for XI; 3190m for Xl.& show that the l&and is coordinated in 
.the E-isomeric form so that it is able to act as a terdentate ligand. This ligand is 
known [37] to react with other metal carbonyls by isomerisation to the Z-isomer 
which can act only as a bidentate &and. The v(NH) frequency, 3310 cm”, of 
both di-2pyridylamine complexes, VH and VIII, is virtually unchanged from 
that. of the free ligand indicating the non-coordination of this amino-nitrogen 
atom.. 

The Complexity. of the. spectra have generally. inhibited attempts to assign 
metal-ligand,stret&ing frequen&ss. However, bands at 249m and 242m cm-' 
foi III bd.222s tid %15sh &m-r for IV are likely, to be ~sssociatedwitb vibra- 
tia :nS that ~~~l~e.co;i~~~~b~e.m~~pyridine.nitiogen. stretching character. 
.%e tivo. jo:y frequency ring vibrations of pyridine found at 604 and -405 cm-’ 
for the freeli&nd show the usual. [38] shifts .to higher frequencies_ on coordina- 
tion.of.the_)ipand.t6 a_.met& v&z, .635sand421Wcm_-~. for” and 645s and 

‘;434~.~~_‘.f~r~~~,_cither,~~~~~rs:,[30,39] have documented v(MP) bands for trl- 
~phe&l&&phine substi_$uted ,me$aJ carbon@; -and, after- eliminating from -con- 
,~d~~o~~~~se~~~~‘Ligan4.m;qdes; b&&j: at..$63&~ &ni. for X!II and lSl_m and 
:~@jm~~&~~ fof+XIV may: @$.te;rit&ivelj; ass&ed -to _thistyue .of.vibration.- Since . . . ,_ .-. 
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TABLE 6 

*H NMR RESULTS = 

-a 
COmpkS S0lW%lt CH3CN Other protons 

vrotons 

I 
II 

III 

IV 

V 

VI 

VII 

vm 

IX 

-XI 

XII 

XIII 

XIV 
XV 
XVI 

XVII 

XVIII 

XIX 

XX 

-XXI 

XXX1 

XXIII 

XXIV 

XXV 

(CD3),CO 7.47s 

(CD3)zCO 7.33s 

(CD3)2C0 7.24s 

(CD3)zSO 

(CD3)zCO 7.77s 

cD3)~SO 7.66s 

(CD3)$0 7.68s 

(“D3)2CO 7.40s 

CD3CN 

CDC13 

CDCI3 

(CD3)tSD 7.99s 

CDCl3 8.105 

CDCIJ K56.5 

CDClj 8.44s 

CDC13 8.44s 

CDCI3 8.32s 

CDC13 8.28s 

CDCI3 7.89s 

CDC13 7.75s 

CDCI3 8.4% 

CDCl3 8.23s 

(CD3)ZSO 

(CD3)2CO 

2.33m (H3. HS): 1_88t (H4): 1.43d and 1.31d (H’. ~5): 

J5.5 ‘J2.3 = 5.5 

230 overlapping triplets (H ‘. H5); 1.78t (H4j: 1.36d (H*l+): 
J5.6 = 5x.3 = 5.5 

2.12m (Ifs): 1.64t (H*): 1.35dd (H3): 0.68dd (H”); J5.a 5.0: 
J4.5 2.5: J3.4 8.5: J4 3 7.5 

2_1Om <Hs): 1.51t (H-*): LlOdd (H3>: 0.88dd <H% Js.6 6.0: 

J4.s 7.5: J3.4 8.0: J4.5 1.5: J3_5 3.0 

272m (H3. Hs): 2.02t (H4): l.afdd (H6): Js.6 4.5: J3_4 8.0: 

J4.s 7-5 
2.66m (Hs): 232dd (H3): 1.85t (H4); 1.22dd (H6): J5.g 5.5; 

J4.5 1.5:Jj.e 6.5:+5 :-5:J3.4 1.5 

2.62dd (H4): 2.12m (H3. I#): 1.12d (~6): Jj.6 5.0: J3.4 8.0: J4.5 6.0 

L.6m (He’): 1.2m (H6); O_Ibr <NH) 

1.3lm (H6’): 1.12m (H4): 0.19d (NW 

2.64~1 (Ph) 

2.68m (PI0 
2.62m (Pb): 5.40 and 4.54 (AB of CH2) 

2.581~1 (Ph): 5.28 and 3.72 (AB of CH2): 7.87s (MetCO). 

250m :Pb): 6-96 v_br_.m <C2H.q) 

2.521~1 (Ph); 6.95 v.br.m (CzH4); 7.86s WqCO) 

2.50~1 (Pb): 7.10 v_br.m <CzHs) 

2.53m (Pb) 

2461x1 (Ph) 

2.54m (Pb): 7.17 and 8.69 (CzH4) 

249m (Pb): 1.41 and 6.82 (CtH4) 

6.32s (C2H4): 2.0& (NH) 

6.04s <C$&+ 1.98s (NH) 

only one such band is observed for XIII, the phosphine ligands may be mutually 
trans in this dicarbonyl cation as would be sterically preferred_ 

NiWZ spectra 
‘H and 3*P NMR results are listed in Tables 6 and 7, respectively. Relative 

peaks areas are not given, but are in good agreement with expectations_ The 
bands of the spectra of the manganese complexes are broader than those of the 
rhenium complexes_ Both metals have nuclei withlarge spins (SSMn, loo%, I 
= 5/2; ‘%e, 37%; I = 512: ?l.e, 63%, I = 5/ 2) and quadrupole moments. The 
resulting coupling and relaxation effects introduce some line-broadening effects 
and from the quality of the spectra obtained it is evident that these effects are’ 
more significant for manganese than-for rhenium. 

(i) *H&WI& The observation of a si.n&_e res&ance for ‘the methyi p*otons%oi‘ 
I and II is further evidehce supporting afnc~onfiguration. The presence-of Co+ 
ordinated acetonitrile in m&y of the hations prepared is cl&arl~sho~~ by ‘H-- .: 
NMR although a.s:previously~no,t 191 theA$s:a hrge:vkriati++ thegositi& 
of the nitrile pro~n.r~nances,~~~ap~.‘d~~el~~_rrom &&of-the free’;. ; 
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ligand for the nitrogen-donor complexes, whereas for the phosphine or arsine 
donor complexes the resonance position is either essentially unchanged or is 
shifted upfield of the free ligand position. It has been found [9] for some related 
acetonitrile complexes that doublet, triplet, or quartet patterns are found when 
phosphine or phosphite ligands are also present, the splitting being related to 
the number of such ligands. No such J(P-H) coupling is observed for the phos- 
phine-nitrile complexes reported here. 

The methyl protons of the acetone of crystallisation in XVI and XVIII are ob- 
served as singlets. 

The heterocyclic nitrogen donor complexes generally show well separated in- 
dividual resonances for the pyridine ring protons [40]. Protons in the 3 and 5 
positions to nitrogen are invariably upfield of protons in the 2 (if present) and 6 
positions_ H3 and HS of III, IV, VII and IX form composite absorptions, but 
these signals are well separated in V and VI with H’ protons appearing at an in- 
termediate resonance frequency. For IX, H4 is found upfield of H3 and HS. For 
a number of the complexes the assignments have been further justified by double 
resonance experiments. For VI, double irradiation at the H6 protons causes the 
multiplet assigned to HS to collapse to a doublet whereas the 1 I 2 : 1 triplet as- 
signed to H4 (J3.* = J,, 5) is unchanged. The coupling constants listed in Table 6 
are then obtained_ Similarly for VIII, double irradiation of H6 protons causes 
the H” multiplet to collapse to a doublet of doublets with J4 5 and J3.s being ob- 
tained whereas the resonances associated with H4 (1 I 2 : 1 triplet; J3.* z JJ_5) 
and H3 (doublet of doublets, Jss4 > J3,s) are unchanged. 

The ditertiary phosphine and amine complexes show some interesting methylene 
resonance features_ The phenyl resonances occur as a broad complex band be- 
tween T 2 and 3 ppm and have not been analysed., Whereas heteronuclear 
coupling with 3’P is evident in the spectra of the.phosphine complexes no 
coupling with “As (10070, I = 3/2) is observed for the amine complexes. .The di- 
tertiary amine complexes XXII and XXIII show two regions of absorption, uA 
and va, associated with the methylene protons, the centres of absorption being 
at r 7.17 and 6.69 ppm for XXII and r 7.41 and 6.82 ppm for XXIII. Clearly 
the protons are magnetically inequivalent with non-equivalent e&ronments up- 
on formation of the che1at.e rings. Within each absorption area-v, or va, splitting 
gives eight lines for XXIII and seven lines for XXII, the-line positions and inten- 
sities being symmetric with respect to the centre of the spectra.(i(Y, + ~a) = 6.93 
ppm for XXII and 7.12 ppm for XXIII), the B lines beingmirrorimages of the A 
lines. The general appearance of the spectrum of.XXII is somewhat different 
from that of XXIII but thisis to be expected since the appeamqce of the spectra 
will depend on .the~relative magnitudes of the various couplings involved. The. 
methylene protons are best described.as constituting AA’BBT spin systems. Anal- 
ysis 1413 shows that su&asystem will lead to 12A and 12B~kansitions, the 24 
lines being symmetric withrespect to the centre of the spectrum, the 12B lines 
being..mirr& images .of tbe..l2A lines. The lower ntim&r of lines +erved-iti then 
-present examples is probably relatid to poor resolution owing. to.quadrupole 
line_broadening..effe& mentioned earlier. The spectra cannot therefore .be fur- 
tj&~&ys&.::,;-i.__~ ,-.._,.,,:; :, _:_f I::, ., ~..',-..i, ; . 

-_~emethy~~~~.~~nance'of~~~dIj;pe ~~~i_e&&&Iy &mpk triplet’[&],me. 
:I;ectialofIthe-dp~-~~~~~~ ]dd~p~~e~~XViKand’XJTIIi ax%-,e&ri &SC-w~Kr&olved 
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TABLE 7 

3’1’ .N&SR DATA FOR SO?.lEdp~m AND d&we COMPLEXES =. 

Compound Solvent 6(P) (ppm) J(P) mpm) A(P) dime Ref. 

-NJ-‘) dPpm 
--- ~-- 

dppm CHCI3 +22_7 This work 

dppe CHC13 +x3-2 This work 

Cr(COh<dpxxnl CHZCIZ -25.4 -49.0 48 
42.9 CtiCOb(dDPe) CH#z -79.4 -91.9 48 

?.fa(COJs(dppm) CH~CIZ 0.0 -23.6 
CHzC12 -54.7 -67.2 43.6 

48 

Mo(COh(dsm=> 48 

U-cCO)a(drwm) CH+I= +23.6 0.0 

U-UXUatdppe) CH2CX2 --so_1 -52.6 52.6 
48 

48 

Mn<CO)~)Br(dpDrn) CH~CI2 -10.9 -33.6 
47.2 

This work 
MniC0>3Br(dpDe> CHzCI2 47.6 -80.8 This work 

XV CHClj -13.7 -36.4 

XVII CHzat -73.5 -a6.7 50.3 
Thii work 
This work 

Rc(CO)pBr(dmm> CHC& +38.5 +15-S This work 

Re(C!O)aRrfdDpe> CHCl3 -30.0 A.2 59.0 This wo* 

XVI CHzCI2 +35.0 +I.23 This work 
XWXI (CH3)2CO -38.0 -51.2 63.5 Thii work 

PtMez(dDpm) CH$lz +40.4 +17.4 45 
PtMe~(dpDe) C6R6 45-4 -59.7 

77.1 
45 

PtCl2(dDpm) CH$12 +64.3 +41.3 
99.1 

45 
PtC12(dppc> CHzC!I= -45.3 -57.8 45 
--- _--___-__.- 

4 Rdative to 85% HsPO4; A(P) = d(complex) --6(liband) 

than those of the dpae compleses mentioned above owing to further coupling 
with the phosphorus nuclei. It is apparent from the general appearance of the 
spectra that XAA’BB’X or XAA’BB’X’ spin systems are present. “P coupling 
and relaxation effects rest& in considerable overlap of the VA and va portions Of 
the spectra so only the centres of absorption, i(vn + va), are listed in Table 6. 
The overall widths of the methylene absorption areas are ca. 1.4 ppm. For com- 
parative purposes we have also examined the spectra of fMn(CO),Br(dppe)] and 
[ Re(CO),CI( dppe)] and these complexes show similar features to the cations 
with broad methylene absorptions centred at T 7.10 and 7.20 ppm respectively- 

The methylene resonance of free dppm is a 1 : 2 : 1 triplet (7 7.23 ppm; 
‘J(P-H) 1.5 Hz) 1421. For the two dppm chelate complexes XV and XVI the 
appropriate spin system is one of the simpler XABX or XABX’ systems de- 
pending on the equivalence or otherwise of the phosphorus nuclei. Well Separated 
vA and in absorptions are evident in the spectra (vA - vg = 0.86 ppm; 
f (v_& + va) = 4.87 ppm for Xv; vA - vg = 1.56 ppm; $(vA + va) = 4.50 ppm for 
i?NI]. The two protons wiII be non-equivalent by virtue of the different groups 
above and below the MP2 plane and atso puckering of the cheiate rings may weU 
play a significant role. The nuclear spins of the methylene protons wiIl interact 
to give an AB quartet, each of the-four IineS being split into a 1 :-2 : 1 tripIet js 
the two phosphorus nuclei are equivalent_ Two tightly different J(P-H)coiplir;g’ . 
constants will be expected for the interaction of non-equivalent protons’with~‘- 
equivalent phosphorus nuclei_ Aithough the spectrum of XV is-b_. bro&ieruA: ? 
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to allow successful analysis, approximate coupling constant values of JAB 17 Hz, 
JAk 11 Hz; and Jm 10 Hz can be obtained for XVI. The spectrum of [Re(CO)oBr- 
(dppm)] has also been recorded and is similar except that the methylene protons 
appear to be less environmentally inequivalent in this compound with vA and 
v, centred at T 524 and 4.57 ppm, respectively_ Approximate coupling const& 

values are JAB 15 Hz, JAp 11 Hz and JpB 8 Hz_ These values are similar to those 
found 143) for [CH$ZOMn(CO)a(dppm)] and [CH,Mn(CO)x(dppm)]. 

Methylene proton inequivalence is not observed for XXIV and XXV, the sig- 
nals being singlets. The NH proton resonances are also singlets but are broad due 
to the influence of the neighbouring 14N nuclei. 

(ii) 31P-{ ‘I-f) NMR. Recent 31P NMR studies [44] of complexes containing 
monotertiary phosphine ligancls have indicated the existence of a good empirical 
linear relationship between the chemical shift of the free phosphine, s(ligand), 
and the change in chemical shift upon coordination to a metal, A(P). With a 
downfield shift defmed as negative, A(P) is defined by: 

A(P) = &complex) - b(ligand) (1) 

For several series of transition metal complexes invol-v&g monotertiary phos- 
phines e.g. cis-PtCltL2 or fac-M0(C0)~L~ [44,453 sufficient examples are avail- 
able to show that the relationship between A(P) and s(ligand) is of the form 
A(P) = AG(ligand) + B, with A and B being constants. 

The “P chemical shifts of a number of ditertiary phosphine chelate com- 
pl.exes are anomalous in that they do not fit the above relationship_ Prior to this 
work the complexes examined contained Group VI [46--481 or Group VIII (Ni 
and Pt) f 45,491 metals. Representative examples involving dppm or dppe ligands 
are listed in Table 7, along with our-results [ll] on the cations XV-XVIII and. 
ako for comparison results on [M(CO)3Br(dppm)] and [M(CO)3Br(dppe)] 
(M = Mn and Re)_ The results show that the anomalous chemical shift behaviour 
of ditertiary phosphine chelate compleses extends to Group VII compounds. 
Although three different solvents and solutions of various concentrations were 
employed to obtain the spectra, concentration and solvent effects were minimal 
(>l ppm) and do not affect in any significant way any of the features to be dis- 
cussed. The resonances appeared as broad singlets owing.to coupling and relaxa- . 
tion effects mentioned earlier. A(P) decreases in the expected order Mn > Re, 
ihe decrease being significantly greater for the dppm complexes than for the 
dppe complexes. The Mn-Re differences are remarkably constant when con- 
sidering pairs of complexes involving the same ditertiary phosphine- Thus 
A(P)Mn - A(P)Re for the [M(CO),Br(dppm)] pair is 49.4 ppm and that for’ 
XV-XVI is 487 ppm_ The use of chelating dppe changes the A(P)Mn - A(P)Re 
differences-to 37.6 ppm for the [M(C0)3Br(dppe)] pair and 35.5 ppm for .’ 
XVII~XVIII. The values listed in Table 7 show that A(P) decreases in the simi- 
lar order Cr > Mo > W for the Group VI examples. : 

._:The+e anomalous chemical shiftsare certainly related in some way to chelate 
xix& formation since when’acting-as bridging ligande the itie dit.&iarj phcs- 
phines’ exhibit chemi&l shift& of the same magnitude as those of similar mono- 1 
terti&: phosphines [~ll,47]:. Garrou- [ 501 has expresserj the..anomalous behtiiour 
in t&i& .of:.anextra .%irig_~o&ib,ution~’ to the~coordination _cbemical shifts. 
:-v&&k.&&. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ wi& &e 6 and A(p$~&&ni& &if&& 
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of related monotetiiaryphosphine compleses, it is apparent that the chemical 
shift is further downfield than expected for-chelating dppe (five-membered 
ring}, whereas for chelating dppm (four-membered ring) it is further upfleld 
than expected. This feature is also illustrated in Table 7 by listing [A(P) dppe 
complex - A(p)dppm.complex] for pairs of complexes, the differences being 
between 40 and 100 ppm_ The chemical shift differences are particularly striking 
for the platinum [45] and rhenium compounds listed, since 6(complex) for the 
dppm complexes are upfield of G(ligand) leading to A(P) values of opposite sign 
to those of the other complexes_ As an example of a Group VII monotertiary 
phosphine complex, the lixP spectrum of XIV in dfmethyl sulphoxide has been 
recorded and G(complex) and A(P) found to be -8.9 and -14.2 ppm, respec- 
tively. The G(complex) value is, as expected, intermediate between the upfield 
value of the analogous dppm complex XVI and the downfield value of the anal- 
ogous dppe complex XVIII. The “ring contribution” to the chemical shift [ 501 
is therefore a deshieldlng contribution for dppe chelate complexes and a shielding 
contribution for dppm chelate complexes_ 

This pronounced ditertiary phosphine chelate effect was tirst attributed [46] 
in the five-membered ring complexes [M(C0).@letPCHtCH2PMe2)1 (M = Cr, 
MO, or .W) to ring strain and it seems reasonable to suggest that reduction of the 
P-M-P and P-C-P or.P-C-C angles from their usual values in the small 
chelate rings will pfay an important role in influencing chemical shift values. 
However such an explanation fails to account for the greater extent of de- 
shielding for fiv&membered ring systems over the more highly strained four- 
membered ring systems. Indeed, we have already noted that the A(P) shifts for 
the four-membered ring systems are substantially less than even those of related 
monotertiary phosphine complexes. Although we are .unable to explain the 
anomalous chemical shift, behaviour of ‘the ditertiary phosphine chelate com- 
plexes, it is possible that.variable changes in bond.angles in forming the com- 
plexes resulting in l&rge rehybridization effects; as well as changes in, the extent 
of both o(P -+ M) and sr(M + P) bonding compared with analogous monotertiary 
phosphine complexes, may all.play a part in determining chemical-shift values. 
The observation of these unusual chemical shifts can be a useful method for 
characterizing chelate behaviour and eliminating the possibilities of bridging or 
monodentate modes of bonding for ditertiary phosphines. 
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