
Journal ofOrganomet;lllic Ckmirtry 532 (1997) 01-70 

Synthesis, characterisation and reactivity of the first 
heptamethylindenyl-molybdenum complexes: crystal structures of 

[Mo( CO)( q”-MeC=CMe) 2( q5-C,Me,)]BF, and 
[Md CO) 2( q3-C3H5)( $-&Me,)] 

Abstract 

The symhesis and chanclenrstion of the tint (~5-heptamelhylindenyl)molybdenum complexes are reported. Reaction of Li[C&e,l 
with MdCO), in retluxing THF readily farms Li[MdCO),(~‘C,Me,)l. which is shown to be a useful precursor in the form&on of 
~carbonylX~s-hspwmethyii~~n~I~molybdenum complexes. The compamds [MoI~CO),~~~C,M~,~I 3, IMdMeXCO~,($C,Me.,)I 4 
and [MdC0)2(q’-C,H5NqS-C,Me,)] 5 have ten prepared from this intermediate ad charaxrised. Treatment of 3 widn AgBF, and 
MeC-CMr affords [MdCOXMeC~CMe),(rlS-C,Me,)]BF, 6% for this and rhe indenyl anatogue. a new mute to carbonyl- 
bis(alky”~)-molybdrnum derivatives is demonnnted. Reaclion of 3 wirh TlPF, in MeCN fom~~ !he complex [MdMeCN),CCO)2($~ 
C,Me,)lPF, 1. Promnation of 5 in Ihe presence of MeC=CMe, or reaction of 1 with the same acetylene, also yietds 6 with appnpziate 
counter anions. Single crysml X-my diftixtiun studies of compounds 5 and 6a are reported. 

Keword.~: Molybdenum: Indenyl: Heptametbylindenyl: Pemwthylindenyk Alkyne: Carbenyl: Crystal amcture 

1. Introduction 

Transition metal alkyne complexes have for some 
time been of considerable theoretical and synthetic in- 
terest [l-4]; the former arising from the ligand’s elec- 
tronic flexibility and the development of appropriate 
bonding principles (51. and the latter from their utility 
both as synthetic intermediates [2,4,6] and a precursors 
to species in which carbon-carbon coupling takes place 
within the coordination sphere [7,8]. We and others 
have studied extensively tht chemistry of alkynes at 
metal cenms of the type ((q’-C,H,)Mo), and have 
found that much of this chemistry is paralleled in 
analogues where the cyclopentadienyl group is replaced 
by other q’-ligands such as pentamethylcyclopentadi- 
enyl or indenyl. However, this has been complemented 

Comspmding audm. 
’ Present z&tars: Schwl uf Chemiary. Univeaity uf Leeds. 

Leeds. LSZ 9JT. 

by many examples of complexes in which the differing 
steric and/or electronic properties of the q5-bamd 
moiety have produced notable variations in behavioor, 
and often entirely different products [91. 

The recent publication [IO] of a straigbtfoward syn- 
thesis of heptamethylindene, tintn which there is ready 
access to tbe ($-~ptametbylindeoyl (Ind’) ligaod 
has been fc!lowed by reports of various heptamethyEi& 
deny1 complexes, iochtding metallocene analogous [I 11 
and cornpoor& coot&dog Kqi-C,Me,)M) fragments 
&I = Zr, Ti [121; hi = Rh [lji). As part of otrcc&imt- 
ing programme to expaod the alkyne chemistry of com- 
pounds related to the above {($-C,H,IMoLcontairdogg 
parents, we have ioitiated a study of K$-C&+e,1Mol 
species, in anticipation chat the (now considerable) elec- 
tmnic and steric differences a.wx:ated with tbe hep 
tametbylindenyl ligand will result in unusual stmctore 
and chemistry. This paper describes tbe fmt (I$- 
heptametbylindenylhlybdenum complexes. in which 
these enhanced effects are already evident In the course 
of these preliminaty studies, we have developed a oew 
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mote by which complexes oi the type KL)Mo(rt’-al- 
kyoe),(CO)]+ (L = $-C,H,, &J,Me,. etc.) may be 
Prepared. 

2. Discussion 

A central aim ar the outset of this work was the 
sz,mthesis of cationic molybdenum-alkyne complexes of 
the type [MdcoX~l-alkynel,(~s-C,Me,~l+, prior to 
(future) conversion of these to other ($-heptamethy- 
lindeayl)molybdenum species. We generally mepare 
these bis(alkynekarbony1 complexes by protonation 
(HBF, OEtz) of species such as [MdMeHCO),($ 
C,H,)], followed by addition of the alkyne [14], or by 
the action of AgBF, upon dimetic precursors such as 
[MdCO),($-C,H,& in the presence of the appropri- 
ate alkyne [15]; indeed, the intermediate 
[MdM~N),(CO),(~‘-C,H,)]BF, can be isolated by 
reaction of this dimer with AgBF, in M&N, and subse- 
qurntly treated with the alkyne [15]. 

However, our preiiminary studies indicated that in 
the present system the molybdenum dimer 
“[MdCO),(rl’-C,Me,)]2” (compound 8. see Section 
4) could not readily be obtained in good yield or purity; 
and that, moreover, the alternative precursct 
[MdMeXCO),(~5C,Me,)] was rather unstable in com- 
parison with its cyclopentadienyl or indenyl relatives. 
Although these difficulties are far from insurmountalb e 
(and, indeed, we see no reason why these two shouh 
not ultimately become viable synthetic intermedir?ti./, 
we sought an alternative route co the alive target 
bis(alkyne) complexes. 

An appealing alternative was treatment of a halide 
derivative of (MdCO),($-C,Me,)l with (for example) 
AgBF, in the presence of the appropriate alklne. Ac- 
cordingly, we have prepared the knowo [16-181 com- 
pound [MOI(CO),($-c,H,)] 1, and contii-med that it 
can be conversd to the ‘desired’ product [MdCO)(q’- 
~“feCicICMe)z(~5-C,H,)]BF~ 2 [15] as proposed. 

Reaction (refluxing THF, 18h) of Li[C,Me,] with 
MdCO), affords Li[MdCO),($-C,Me,)l; the progress 
of the reaction may be monitored by the disappearance 
of u[MdCO),] in the CO stretching region. The latter 
lithium salt is very readily converted (at ambient tem- 
perature) to a variety of MO complexes: with II, 
[MoI(CO),(qs-&Me,)] 3 is formed in good yield 
(66%): whilst with Mel or CH, =CHCH,Cl, 
[MO(M~WCO),($-C,M~,)] 4 or [MO(CO),($- 
C,H,Xps-C,Me,)] 5 (74%) respectively are obt&ed. 
Compound 3 is a brick-red solid, stable in air for 
several days, which may bo stored under I$ at - 30 “C 
for many months. We note that the rot tes to the com- 
pounds 1 and 3 here are rather more straightforward 
[from MdCO),] than that originally reported for 1. 

namely the axidative addition of I1 to [Mo(CO),($- 
C,H,$ [16,17]. 

The MO-methyl compound 4 is an orange-yellow 
solid. To date we have not fully character&d this 
species. as it decomposes rather significantly over just a 
fewh at loom temperature; solutions of 4 are particu- 
larly susceptible. In contrast. compound 5 is a bright- 
yellow solid, which is moderately air stable and, like 3, 
may be stored unchanged for some time at -3O’C 
under Nz. (Crystals of 5 survive at mom temperature in 
air for several days.) In solution, 5 is perhaps rather less 
robust than 3. 

We have observed that 5 is formed via an q’-C,H, 
intermediate: this has been seen only by infrared spec- 
troscopy; we have not attempted to isolate any such 
species. Although such a stepwise coordination of the 
elements of the ally1 moiety is well-precedented [19], 
we note that in the present system the smoothness and 
facility with which the increase in ally1 hapticity occurs 
is at least as great as that [16] for the indecyl analogue: 
the displacement of CO by the alkene residue proceeds 
to completion at room temperature ovet just a few h, 
accompanied by lightening of the reaction mixture and 
gentle effervescence. It is likely that the Ind’ moiety 
undergoes an rt5 + q3 ‘slip’, which affords a coordina- 
tion site for the pendant alkene residue; a subsequent 
$ --) 7’ movement causes CO loss. This may addition- 
?Iiy be aided by the electronic influence of the Ind’ 
ligand: since this causes the MO centre to become 
relatively electron-rich. the MO + (CO) cr (bonding) 
donation must decrease, weakening this attachment and 



rendering the CO ligand more susceptible i3 displace- 
ment. [A similar effect presumably weakens the MO t 
Me bonding, destabilising compound 4: the latter, more- 
over, has no possibility (cf. ‘q’-allyl’ precursor to 5) of 
gaining stability via internal reorganisation.] 

In solution, 5 exists as a mixture of exe- and endo- 
isomers in an approximate ratio of 5:l (by ‘H NMK 
spec~oscopy,y), typical [20] for such a system. A single 
crystal X-ray diffraction study (see below) of 5 has 
confimted the anticipated gross structure: in this deter- 
mination, it is the exe-isomer that is also observed in 
the crystalline state. 

When a CH,CI, solution of 3 is treated 125°C) with 
AgBF, in the presence of excess but-2-yne, the iodo 
compound is converted to [Mo(CO)($- 
MeC-CMe)l(r15-C,Me,)]BF, 6a in very good yield 
(> 84%b): in our experience this reaction appears to 
occttf more cleanly than does that between 
[Mo(Me)(CO),(qs-ligand)] and HBF, OEtJ 
MeC-CMe, and the product also appears more easily 
purified. The salt 6a is also formed in similar yields, by 
protonation (-78°C. HBF, . OEtl) of 5. followed by 
addition of excess but-Zyne. [We assume that this 
proceeds via [Mo(CO)+$-CH, =CHCH J($- 
C,Me,l]BF,, stabilized by MO H &eractions at the 
propene methyl group.] Here, again, the crude product 
obtained on evaporation of the reaction mixture is puti- 
tied by simple pentatte washing. We are not aware of 
any previous use of this last mute to obtain (his-alkyne) 
complexes of this typo. 

The blood-red microcrystalline solid 6 is similar in 
air and temperature stability to 3 and 5. Compound 6a 
has been fully character&d spectroscopically. and by a 
single crystal X-ray diffraction study (see later). As was 
expected. the “C chemical shifts of the alkyne contact 
carbon atoms (mean 159ppm) confirm the two but-2-yne 
ligands both to be (on average) 3-elecnon donors [3,21]; 
likewise. other spectroscopic features are not unusuaL 

The bis-acetonitrile compound cis- 
[MdMeCN),(CO),(lls-C,Me,)lPF, 7 was obtained in 
very good yield (ca. S5%) by treatment of 3 with TIPF, 
in MeCN. Compound 7 is a dark orange solid, similiar 

in stability to 3. 5 and 6, and to analogues such as tbe 
h$-C,Me,) and I$-C,H,) derivatives. To our knowl- 
edge, this ready route to such ~s(~~~~~)- 
dicarbonyl complexes of molybdenum has not previ- 
ously been exploited. We have shown that 7 may be 
converted to the PF, salt of 6 (i.e. 6b) by teactiott with 
MeC-CMe. However, we note that, in contrast to tk 
indenyl analogw of 7, which readily forms 2 [IS1 the 
7 --t 6b transformation appears to be accompanied by 
some decomposition. (At present we are unable fully to 
account for this.) 

As a complement to our synthetic shtdies, we have 
alsodeterminedthesolidstatesrmchlresof5ilad~by 
single crystal X-ray diffraction methods with a view to 
exatniniog any effects arising from the presence of the 
heptametbylindenyl ligand_ Perspective views of 5 aad 
of the cation in (j, are shown in Figs. 1 and 2 respec- 
tively. lo Tables 1 and 2 are listed se&ted interawtnic 



Fig. 2. Perspective view of a whole cation of 6a klrawn with the 
same conventiom as in Fig. I). Atoms labelled with a terminal ‘A 
are generated by .r. I - .‘. z: heptametbylindmyl carban atoms are 
numbered C(n)/C(nO) or C(nA)iC(nOA) as in Fig. I. 

distances and interbond angles for 5 and 6a respec- 
tively. 

As Fig. 1 shows, molecules of 5 have approximate 
mkor symmetry, with the two carbonyl ligands lying 
tmm to the ring junction of the &Me, group; the 
overall arrangement is broadly similar to that in 

[M~(co)~(~~~-I’-M~-c~H~~~~-c,H,)] A 1221. in de- 
tail, the structure determined for 5 differs little from that 
of A: the C-O distances in 5 are numerically shorter 
than the corresponding distances in the above indenyl 
analogue. but not significantly so; and the MO-CO 
separations are essentially identical to those in A. The 
MO-C-O angles deviate slightly more from linearity 
than previously, but again this is not to any significant 
extent. The internal geometry of the ($I-C,H,) ligand, 
and the distances and angles fmm this to MO(~), sin& 
laxly do not differ significantly from those in A, with 
the possible exception of the C(21)-C(22) and C(22)- 
C(23) separations, at 1.359(10) and 1.337(11)A respec- 
tively, which are perhaps slightly shorter than *the corre- 
spending distances [1.373(g) and l.359(8)A] in the 
indenyl relative. Finally, the dihedral angle between the 
plane of the ally1 carbon atoms and that of the C, 
residue of $-C,Me, in 5 is 30.3” (cf. 31.9” in A), 
perhaps as a consequence of the spatial demands of the 
Ind’ ligand. 

As has been noted [22] in a variety of indenyl, and 
indeed heptamethylindenyl, complexes, the formally 
penta-hapto residue of the Ind’ ligand in 5 departs 
fmm a locally symmetrical MO-K,) arrangement. This 
genemily occurs such that the MO atom ‘slips’ away 
from the two cvbon atoms at the ring junction {cf. Figs. 
I and 3). resul$ng in a A value [22] of 0.129A similar 
to that (0.144A) in A, and is accompanied by a ‘fold- 

Table I 
Selected bond lengths t.k) and interband angles 0 far compound 5 

MD(I)-C(I) 2.338(S) C(2)-cm I .40X(9) 
Mdl)-C(2) 2.307(h) co-C(4) l.438(7) 
MdlWJ3) 2.334(6) C(41-C(5) 1.432(X) 
Mdl)-C(4) 2.414(5) C(4)-C(9) I.421(7) 
Mdl)kcx9) 2.429i5) C(S)--C(6) 1.354(11) 
Mdl)-C(ZI) 2.337(6) m-c(7) I .379( 12) 
Mdl)-c(22) 2.2W63 C(7)-C(8) 1.373(11) 
Mdl)-ff23) 2.322(6) C(S)-C(9) L45S(E) 
Mdl)-C(31) I .947(6) C(ZIHx22) 1.35%10) 
Mdl)-C(4l) I .938(6) c(22)_C(23) 1.337(1 I) 
a I )-c(2) I .427(g) C(30-o(3l) 1.1540) 
a I )-c(9) I .427(S) C(41)-o(4l) 1.1520) 
C02)-Mdl)-C(2I) 34.60) C(9)-C(4)-C(S) l2O.M5) 
C(22-MO(l)-C(23) 34.2(3) C(6)-c(5)-CW Il8.5(7) 
C(23)-Mdl)-C(2t) 62.7(3) CL+C(6)-C(7) 121.9(7) 
c(41)-Mdl)_c(31) 78.5(2) C(S)-C(7LC(6) 122.9m 
CI31)-,Mdl~-o-c(21) Il6.1(3) C(7LC@-C(9j !17.7(6) 
c(1l)-MO(l)-Cc211 75.2(3) C(4LCWCw 108.X5) 
C(31)-Mdl)-C(22) 107si3) C(I)-C(9)-c(8) 133.4(6) 
Cf?I)-Md I )-C(22) 106.2(3) C(4)-C(9)-c(8) ,1X.3(5) 
c(31)-Mdl)-c(23) 76.3(3) cc2 I)-C(22~-C(23) 127.H9) 
(?(-llLMdl)-C(23) 112.60) C(X)-C(22LMdl) 77 Y(4) 
C(9)-c(I)-c(2) 107.MS) C(22)-C(23)-Mdl) 68.3(4) 
C(3&C(2)-cx I ) lG9.6(5) C(22)_C(2l)-Mdl) 67.5(4) 
C(2)-W-C(4) 107.M5) CW-CW-Ma(l) 77.5(4) 
C(S)-C(4)-C(3) l31.2(6) 0(3l)-c(31)-Mdl) I77.7(61 
tx-C(4)-C(3) 108.X5) 0(41)-c(41)-MO(l) 176.X6) 



Table 2 
Selected bond lengths (A) and interbond angles (‘I for compound 6s ’ 

Mdl)--C(I) 2.3Wll) C(3)-C(2) 1.44%10) 
Mdl)-C(2) 2.356(S) C(3)-C(3AI I .43(2) 
Mdl)-C(3) 2.457(7) C(3)_C14) 1.43801) 
MdlPZ22) 2.081(S) m-c(5) 1.361(13) 
Mdl)-C(23) 2.129(S) C(S)_C(SA) I .W2) 
Mdl)-C(30) 2.cw 12) C(21)_C(22) 1.491(11) 
a3O)-c(30) 1.113(13) C(23)_C(22) l.274tll) 
cc I )-C(Z) 1.412(10) C(24IkCf23) 1.497(11) 

C(30)-Md I X(22) lG9.9(3) C(3A)_CU-C(4) 12o.Ow 
C(22)-Md I )-C(22A) 91.5(5) cwc~4)_C(3) I185(8) 
C(3W-Md I )-C(U) 75.113) C(4)-Ct5)-C(5A) IZl.Mb) 
C(22kMd I )-C0.3) 35.2(33 C(20-CW-Mdl) 139.N7) 
C(22)-Md I )-C(23A) 108.1(3) CQ3-c(22)-Md I ) 74.4(5) 
C(U)-Mdl)-C(23A) 103.8(4) c(23)-C(22)_C(21) 146.5(9) 
C(2)-C(IkC(2A) lG9.9(9) C(22)-C(23)_Md I ) 70.4(S) 
C(I)-C(2)-CO) 107.1(7) C(24)_CW)_Md I ) 143_U6) 
C(4)-C(3)-C(2) 132.1(S) C(22)_C(23)-C(24) 146.1(S) 
C(3A)-C(3)-C(2) 107.7w 0(30)-CGO-Mdl) 178.8(9) 

ing’ of the ligating C, ring with 0 = 3.0” 1221, identical 
to that in the analogue A. The C, and C, rings of the 
C,Me, iigand are almost coplanar, having an interpla- 
Dar angle of only 2. I”. 

The influence of intramolecular crowding due to the 
Ind’ ligand is somewhat more pronounced in the stmc- 
ture determined for the cation 6 in the BF, salt 6a. The 
cation has crystallographically imposed C, symmetry 
and. as may be seen in Fig. 2, the two acetylenic 
moieties lie nearly parallel to each other and to the 
carbony ligand. This mirrors the situation in the $- 
C,H, analogue B [23], and in other related species 
[M~(xX~~-RC~CR)~(~~-C,H,)I ‘I+ (R = Me, X = 
NCMe, n = 1 C [23]; R = Me, X = I, n = 0 D [S]; 
R = Ph, X = CO, n = 1 E [24D. Likewise, the Mdl)- 
C(30)-o(u)) angle is not far from 180”; and the 
M&l)-C(30) and C(30)-o(30) distances are not far 
from those in the cyclopentadienyl relative B. As was 
noted above for 5, the MO atom suffers ‘slippage’ $waj 
from the CJC, ring junction, having A = 0.115 A. 

The most serious distortion in 6s. which is almost 
certainly a consequence of the presence of the bulky 
Ind’ ligand, is a depression in the ‘tilt angle’ of the 

acetylenes. Generally. the dihedral angle between the 
c, plane of the qs-tigand and the plane de.&& by the 
four acetylenic carbon atoms is ca. 2.5”: for the four 
analogues of 6 listed above it is, respectively, 29.7 (B), 
22.7 (C), 26.6 (D) and 26.4” (E). In 6, this i&q&e 
angle is only 17.3”. some 11 less than in B, the most 
comparable analogue. In addition, the C, and C, 
of the C,Me, tigand are inclined at 6” to each 
There is, moreover, a huger folding of the 
C, ringin~(12=6.6”)thaoin5.Perhaps~whrcr 
surprisingly, these effects are not accompanied by imy 
significant “pression in the C-C-Me angk+s, nor by 
any change m the Ma-C,,, or acetylenic C-C dis- 
tances, altbottgh the above noted changes in interplaaar 
angles may be sufficient to accomm&ite the W 
congestion. 

3. conchtsion 

We have &scribed the synthesis and char&erisatiMl 
of a variety of new molybdenum comptelres. the fti to 
be reported containing the qss-C,Me, Iigaad_ and have 
demonshated facile interconversions behveen these 
species; a number of these mutes may timl wider appli- 
cation as synthetic approaches in organomo IybaenUrn 
chemistry. lo future studies we intend to inveui 
more fully the reaction chemistry of 4 and of &her 
heptamethylindenyl-molybdemnn species reported 
herein, with some emphasis on electmftic effects aml 
the anisouopic steric requirements of the Ind’ tigand. 
The present work, and other preIiminary studies WI, 
suggest this area to have considerable potentiai. 



4. Experimental details 

4.1. Synthesis and ck7racterisation 

All manipulations were performed under a” atmo- 
sphere of dry, oxygen-free N2 “sing standard Schlenk 
line techniques. C,Me,H was prepared by literature 
methods [lo]; all other reagents were used as received. 

4.1.1. Preparation of hUoltCOJ,(~s-C, H, )I fZJ 
A solution of Freshly-distilled indene (I.Ocm’, l.Og, 

8.62mmol) in THF (50cm’) was cooled to 0°C and 
“BuLi (5.5cn1’ of 1.6M solution in hexane, 8.8mmol) 
add@ the stirred (0 + 25” C) solution rapidly became 
yellow. After 30 min. MdCO), (1 .91)g, 7.20 mm00 was 
added and the mixture heated to reflux temperahwe for 
18 h. Tbe resulting dark red-brown solution of 
LJMdCO),(qs-C,H,)] was cooled and a solution of I, 
(2.09, 7.87mmol) in THF (IOcm’) added, producing a 
very dark red solution which was stirred for a further 
2b. Removal of volatiles in vawo afforded a dark, 
viscous oil which was subjected to column chromatog- 
raphy Wlorisila, Et20:CH,CII 3:2): a bmad red band 
was collected, evaporated in vacua, and washed with 
pentme (3 X 25 cm’, 0°C) to afford essentially pure 1 
as a brick-red solid. Yield 2.16g, 5.1 I mmol, 71.0%. 

Anal. Found: C, 34.7; H, 1.86. C,ZH,IMoO, Calc: 
C, 34.2; H. 1.67%. IR KH2CIz): vK0) 2041 and 
l972cm-‘. ‘H NMR (CD,C12): 6 7.53 (dd, 2H, ben- 
zenoid H on C,H,; 3JHH 6.3, ‘JJH,, 3.OHz), 7.31 (dd, 
2K benzenoid H on C9H7). 6.03 (d. 2H. H on C, ring 
of C,H,; ‘J”” 2.9Hz). 5.45 (t, IH, unique H on C, 
ring of C,H,) ppm. ‘“C(lH] NMR (CD&): 6 238.1 
(CO), 220.2 (2CO). 128.7 (benzenoid CH on C,H,). 
127.2 (benzenoid CH on C,H,). 114.7 (C, ring junction 
of C,H,), 91.3 (unique CH on C, ring of C,H,), 82.4 
?2? ;n Cg tit~$$ C,;,’ ppm. FAB MS: “1/z+ 424 

C,? H, - I MO O,), 396 (M-CO) ,340 (M 
-2&O)+, 115 (“C:H7)+; m/z- 127 (“‘I-). 

4.1.2. Reaction of 1 with AgBF, in the presence of 
MeC~CMe: formation of iMo(CO)IMeC-CMeJ~fr IS- 
C, H, JIBF, ftl 

A solution of 1 (O.IOg, 0.24mmol) in CHzClz 
(20cm3) was cooled to -78°C. Solid AgBF, (0.046g. 
0.24mmol) and MeC-CMe (74 ~1, 51 mg, 0.9mmol) 
were added; the mixture was allowed to warm and was 
stirred for 18 h. The resultant was filtered (Celite” ) and 
evaporated in vacua to give a yellow solid, which was 
wasbed with pentme (3 X 15cm’). Tbe product was 
confirmed to be 2 by comparison of IR and ‘H NMR 
spectra with those published 1151. 

IR (CH&): v(CO) 2053cm-‘. ‘H NMR 
(CD,CI,): 6 7.49 &I, 2H. H on C, ring of C,H,: ‘&,, 
6.5,-“1, 3.1Hz). 7.21 (dd, 2H. H on C, ring of 
C,H,). 6.62 td. 2H, H on C, ring of C,H,; .I,, 

3.2 Hz), 5.89 (t, IH, unique H on C, ring of C,H,), 
3.04 (br, 6H, =CCH,), 2.50 (br, 6H, -CCH,) ppm. 

4.13. Prqmration of IM~I~CO~,~~J~-C, Me,)] (3) 
In a manner analogous to that by which 1 was 

obtained, a” intense red solution of Li[C,Me,] in THF 
~50cm3)wasformedfmmC,Me,H(1.30g.6.06mmol) 
and “BuLi (3.8cm’ of 1.6M solution, 6.08mmol). 
MdCO), ( 1.601 g, 6.06 mmol) was added, the mixture 
refluxed for ISb, and I? (1.55g. 6.11 mmol in 10cm’ 
THF) added dropwise at room temperature to the dark 
red-brown Li[MdCO)&q’-C,Me,)] solution. Evapora- 
tion, then column chromatography (Florisil”, 
Et20:CH,C12 l:l) and evaporation of the resulting 
(collected) deep red band afforded crude 3 as a brick-red 
solid. A second, carbonyl-containing contaminant (“r,- 
identified) was removed from the product by washing 
with pentane (3 X 20cm3, O”C), to give essentially pure 
3. Yield 1.98g, 4.02mmol. 66.4%. 

Anal. Found: C, 44.8; H, 4.27. C,,H2,1Mo0, Calc: 
C, 43.9; H, 4.07%. IR KH,CI,): v(CO) 2027 and 
1954cm-‘. ‘H NMR (CD&I,): 6 2.62 (6H, C,Me,), 
2.49 (6H, C,Me,), 2.28 (6H, C&G,), 2.02 (3H, 
C&e,) ppm. “C{‘Hl NMR (CD&): 6 241.5 (CO), 
222.7 (CO), 137.4 (C,Me,), 130.8 (C,Me,), 113.8 
(C,Me,). 111.5(C,Me,),95.7(C,M2,), 17.4(C,Me,), 
16.9 (C,Me,), 14.5 V&W+), 11.5 ‘C+e~Qpm. FAB 
MS: m/z+ 494 [(M-CO)+, ‘ZC,8’HZ, I Moi60,], 
438 (M - 3CO)+, 213 (“C;,H2,); m/z- 127 (“71-). 

4.1.4. Preparation of IMoCM~~CCO),C~~-C, Me, )I (4) 
A solution of Li[MdCO),($-C,Me,)] in THF 

(25cm’) was prepared as before (3) from C,Me,H 
(0.5g, 2.33mmo0, “BuLi (1.5~1 oi 1.6M solution, 
2.40mmol) and MdCO), (0.61 g, 2.31 mmol). To this 
was added dropwise (0°C) a solution of Me1 (0.15 cm3, 
0.355g, 2.36mmol) in THF (1Ocm’). After 3 h, the 
solution was evaporated in vawo, and the resulting 
yellow-brow” solid applied to a chmmatographic col- 
““I” (alumina, CH,Cl?). A single mobile orange-yel- 
low band was collected, evaporated in vacua, and crys- 
tallised from pentane at -30°C to give 4 as a” 
orange-yellow powder. Yield 0.38 g, 0.93 mmol, 40.2%. 

The product appeared rather unstable and no satisfac- 
tory microanalysis could be obtained. IR (CH$&): 
vtC0) 2004, 192lcm-‘. ‘H NMR (CDzCII): S 2.65 
(6H, C,Me,), 2.37 (6H, C,Me,), 2.32 (3H, C,Me, or 
MO&), 2.20 (6H. C,Me,), 2.14 (3H, C,Me, or 
MoMe) rpm. FAB MS: m/z+ 410 CM+. 
“CvOIH,,Y Mo”O ) 382 (M -CO)+ 
3Cd)f. i13 PC,6GZl)+. 

, 326 (M - 

4.1.5. Prepmatim of IMo~CO),(I)~-C~ H5)(~‘-C, Me, )I 
(5) 

A THF solution of Li[MdCO),(r15-C,Me,)] was 
prepared as for 3 above from C,Me,H (0.5 g, 



2.33 mmol), “BuLi (1.5 cm3 of 1.6 IM solution, 
2.4Omtuol) and MdCO), (0.61 g. 2.31 mmol). To this 
was added dropwise (0 “C) a solution of 
CH, =CHCH,C1(0.19cm3, 0.182g. 2.38mmol) in THF 
(IOcm’). during which the colour of the reaction mix- 
ture lightened slightly. IR spectroscopy of the solution 
showed two peaks, at 2002 and 1923cm-‘. The molyb- 
denum complex formed initially in solution is almost 
certainly [Mdrl’-C,H,XCO),(q’-C,Me,)]. As stirring 
of the reaction mixture continued, the colour lightened 
further and a gas (CO?) was evolved. Monitoring of 
reaction progress during this time by IR spectroscopy 
confirmed the loss of a carbonyl ligand and the pre- 
sumed q’ + 9’ conversion of the ally1 ligand. After 3 h, 
the solution was evaporated in vactto, and the resulting 
yellow-brown solid applied to a chromatographic col- 
umn (alumina/pentatte). The column was first eluted 
with 3:1 pentane/Et*O to remove organic residues. 
Upon switching to CH,Cl, as ehtant, a single. mobile, 
bright yellow band was collected; this was evaporated 
in vacua, and crystallised from pentane at -30°C to 
give yellow crystals of pure 5. Yield 0.7Og, 1.72 mmol, 
74.5%. 

Anal. Found: C, 61.7; H, 6.45. C,,H,,Mo02 Calc: 
C, 62.1; H. 6.45%. IR (CH,t&): v(CO) 1933 and 
1846Cm-‘. 

‘H NMR (CD,Cl,): 8 [exe-isomer] 2.64 (6H, 
C&e,), 2.36 (6H. C&e,). 2.19 GH, C,hfe,). ca. 
2.17 (2H, H,, partly obscured), 2.13 (3H, C,Me,), 1.80 
(2H. H,, ‘J, = 11.1 Hz), 0.29 (IH. HJ [‘J, and ‘J,. < 
0.4H2, not resolved]: [endo-isomer] 3.34 (2H. H,), 2.67 
(6H. C,Me,), ca. 2.6 (IH. HJ. 2.37 (6H. C,Me,), 
2.32 (6H. C,Me,), 2.22 (3H, C,Me,), -0.94(2H, H,, 
3J, = 10.6Hz) [‘I, and ‘J,, < 0.4Hz. not resolved] 
ppm. “C(‘H) NMR (CD,C12): 8 [exe-isomer] 240.7 
(CO), 132.1 (C,Me,), 127.5 (C,Me,), 109.4 (C,Me,), 
107.9 (C,Me,), 90.5 (C,Me,), 83.7 (CH,CHCH,), 
46.9 (CH,CHCHJ 16.7 (C,Me,). 16.4 (C,Me,f. 14.8 
(C&e,). 12.5 (C,Me,) ppm. [Resonances due to the 
e&o-isomer could not be resolved.] FAB MS: m/z’ 
408 CM+, “C,,‘H,,~‘MO’~O,). 380 (M-CO)+, 365 
(M - C,H,)+, 352 (M - 2COj +, 324 (M - 3CO)+, 322 
(hi - CO-C,HS)+, 213 (“C;,H2,). 

A single crystal of 5 suitable for X-ray di 
analysis was obtained by cooling a pen_ so 
- 3O’C for several days. 

4.1.6. Reaction of 3 with Agei;, in the presnce of 
MeC= Chfe: formarion of IMdCOXMeC= CMe),f$- 
C,Me,llsF, &a) 

By a mute analogous to that by which 2 was 
above, reaction between 3 (l.OOg, 1.92mmo0, 
(0.38g, 1.95mmol) and MeC=CMe (IOcttt’, 6.91 g, 
128tnntol~ in CH,Cl, (20cm3), and similar w&-up, 
afforded 6a as a blood-red solid. Yield 0.86g, 
1.62 mm01 84.4%. 

Anal. Found: C, 56.4; H, 6.12. C,H,,BF,bfoOCalcz 
C, 56.4; H, 6.25%. IR (CH,Cl,): u(C0) 2033cm-“. 
‘H NMR (CD,Cl& 6 2.61 (6H, Me), 2.55 (12H. 
2.54 (6H, Me), 2.26 (6H, MeMe), 1.87 (3H. C,.+#e,) 
“CI’H} NMR (CD&I,): 6 224.3 (CO), 168.7 (=CC). 
149.1 (-CC), 137.9 (C,Me,), 126.9 (C&e,), 118.8 
(C,Me,), 116.6(C,Me,), lOO.O(C,Me,), 36.3 (-CC), 
17.2 (-CC or C@e,), 16.8 (=CC or C,Me,c,), 15.0 
(=CC or C&e,). 14.2 (=CC orC,&fe,), 11.2 (=CC 
or C!,Me,) ppm FAB MS (M+BF; ): m/z’ 447 &I’, 
‘*C’ H”Mo”O) 419 (M - CO)+: 25 31 (“B’9F )- * 

m/z- 87 

Crystal; of 6a suitable for au X-ray diftiactiott study 
were obtained by slow diffusion of hexane into a cow 
centrated CH,Cl, solution at -30% 

41.7. Reaction of 5 nit:; HBF, . OEr, and subsequem 
addition of MeC=CMe: altemadve route fo &T 

A CH,Cl, (25 cm’) solution of 5 10.35Og. 
0.87mmol) was cooled to -78°C attd HBF,.oEt, 
(182 ~1 of 85% solution, 155 mg, 0.95 tttmo0 added, 
producing a rapid yellow + burgundy &our change. 
After 15min. but-2-yue (0.25cm’, 0.173& 3.2mmolI 
was added aud the mixture allowed to warm slowly to 
roomtemperahue.AtIer2hinfmredspeceoscoWmn- 
firmed the reaction to be mmplete. Voladles were 
removed in vactto to yield a sticlty red solid. Wasbbtg 
with pamane (3 X 20cm3) afforded essetktiaRy pure 63, 
identitied by infixed and ‘H NMR spectrmeopr and 
micmaaalysis. Yield 386mg, 0.73 mmol, 83.4% 

4.1.8. Prepararion of [Mo~M~CN)~(CO)~(~~- 
C,Me,h’PF6 (7) 

Compound 3 (l.OOg, 1.92 mmol) and TIPF, (O-70& 
2.OOmmol) were suspended in MeCN (3Oct& attd 
stirted at - tentpaature. A yellow precipitate (TlI) 
rapidly fmmed: tnouitorittg of the reaction by JR spec- 
troscopy revealed gradual formation of the tiMeCN> 
product, with no evidence of a atowwCNrsub_ 
stituted species. When the rea&nt was deemed corn-- 
plete (16h). volatiles were removed in vactto and the 
orange residue extracted with CHJI, (2 X 3Ocm-‘): the 
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Table 4 
Fractional cuurdioXetes (X IO’) and equivnlent isotropic thermal pa- 
rameters ( x IO’k’) for compound 5 

,4mm 1 ! Q 

Mdl) 242Kl) 7987f I ) ‘WI) 42(l) 
C(I) 428lf4) 7261(6) 9244) 61f2) 
cc?, 
C(3) 
cc-l1 
C(S) 
C(6) 
C(7) 
C(X) 
C(Y) 
CfIU) 
CQU) 
COO) 
cc501 
Ct60) 
ct7m 
am 
WI) 
cc?) 
Cc+) 
C(3l) 
001) 
CWl ) 
o(II) 

286%) 
29X9(4) 
2383f5) 
2689W 
3569f8) 
4166f6) 
38614) 
X63(6) 
3959(S) 
2184(B) 
144lC7) 

203ti IO) 
3914(11) 
5 10X8) 
2285(7) 
l629i7) 
765(6) 

1277(5) 
62X4) 

27680) 
.?WMS) 

6732f7) 
5772t6) 
se43153 
482ti7) 
4898f9) 
5719i9) 
6564f7) 
654,X5) 
8226(9) 
7064cll) 
487x9) 
3905tll) 
4108fl2) 
5685fl3) 
749X 10) 
9502w 
8349t111) 
7963t9) 
8lX‘X6) 
8290(6) 

1074t31 
238f3) 

-453f5) 
- I l7W) 
- 1264(4) 

- 638(5) 
152f3) 

Il75f7) 
2414(J) 
1505f5) 

- 3617) 
- 1952f6) 
-2078m 

- 7ca7) 
- 638f4) 
- 84u4) 
-5SIf4) 
I(MM4) 
1480(3) 

9822(6) Y87W 
ltlR83w 1318fI) 

655(:) 
57(l) 
46(l) 
712) 
87W 
8%2) 
73(2) 
47(l) 

II5131 
12H4) 
lOl(3) 
13014) 
161(6) 
169(6) 
134(4) 
83W 
92(3) 
%X2) 
59(l) 
X7(2) 
6lX2) 
YA2) 

distances and interbond angles, hydrogen atom coordi- 
nates. anisotropic thermal parameters, and tables of 
observed and calculated structure factors have been 
deposited at the Cambridge Crystallographic Data Cen- 
tre. In addition to the programs noted below. some 
additional geometric calculations were performed using 

Table 5 
Fractional roord@cr (X IO’) and equwalent istropic ~kmul pa- 
rsme,en (X IO’K’) for C”rnpn”“d 6a 

A,am I ?’ ri.! 

Mdl) 7Otsul) I/? 53oMI) 41(I) - 
C(I) 6975(6) l/2 2108(15) 57(3) 
CC?) 7369(j) 5655W 297% IO) ax21 
C(3) 807x4) 54Ow) 43w9, ‘II(Z) 
C(J) X732(5) 5813W 5387111) 5H2) 
C(5) 934N4) 54uy(6) 6418(111) W3) 
CC101 624fW l/2 40?(17) 84(6) 
C(X) 7lOlC6) 645M6) 2377(!6) BM3) 
WI) 
CC) 
CC231 

81 IM5) MMMX) 
7424(J) 5a.w) 
6732t.t) 59.5a.5) 

888lNl4) 9x4) 
734all) 53(2) 
6528(10) u(2) 

C(X) 6OX2W 64X6) 642.u 14, hM2) 
cm) 596U6) I,? 415115) 48t3) 
o(30) 5348W I,? 34X11) SR(2) 
Cf40) 874XfXI 666Mh) 53wfl9) 97(J) 
CMO) IM)35(61 5813tIo) 750% 15) I l3W 
B I,2 70919) 0 Mw4) 
RI) 5235w 664&h) 156lf12) Iu(4) 
t-w 557X4) 751ti4) -27f13) I IN?) 

CALC [26] and molecular geometry figures wet-e drawn 
using SHE~_XTI_-PT [27]. 

4.2. I. ~MotCO?,i$-C, Hs H$-C, Me, Jlf.5) 
An irregular yellow block of approximate dimensions 

0.4 x 0.4 x 0.2 mm’ was chosen for data collection. 
The structure was solved (MO, 0 and most C atoms) 
without difficulty by direct methods (SHELXS-86 [28D 
and retined (SHELXL-93 [29D on F’ by full-m&ix 
least-squares methods; the remaining C atoms were 
readily located in the tint difference Fourier synthesis. 
Although some of the H atoms could k found in 
subsequent difference Fourier maps, “‘,’ were set riding 
in ca@tlated positions [C-Ho= 0.98 A (CH of allyI), 
0.97A (CH2 of allyl). O.%A tCHH,)] with i 
thermal parameters calculated as 1.2 (C,H,) 
(CH,) times the correspwding (equivalent) isotropic 
thermal parameter for the parent C atom. Following 
isotropic convergence. all non-H atoms were s 
fully allowed anisotropic thermal motion. The 
readily converged and no major residual electron den- 
sity peaks occur in the final difference map. 

A dark brick-red plate of approximate dimensions 
OS X 0.25 X 0. I5 mm3 was chosen for data collection. 
The position of the MO atom was determined by inspec- 
tion of the Patterson function 1sHEt.x~66 [28D; the 
remaining non-H atoms were readily located in the fuw 
difference Fotnier map. The stmctttre was refined at 
F’ by full-matrix least-squares using SHELXL-93 [29]. h 
subsequent difference Fourier maps, the position of 
most of the H atoms was apparent: however, all H 
atoms in methyl groups lying off the crystallogmphic 
mirror plane were treated as for those in 5 above; 
H(IOA) and H( IOB) [bound to C(lO)] were allowed 
positional and isotropic thermal retinement. All non-H 
atoms were refined with an&tropic thermal pammeters 
in the latter stqes of refim-ment. Both the tnolybde- 
nom-containing cation and the BF; counter attiott Iii 
across crystallographic mitmr planes. In the former 
case, the atoms Ma( 1). C(30). o(30). C( 1) and C( 10) tie 
in the plane, and the mirror image half of the ion is 
genented by .r_ I -?‘. ;. The B atom lies on another 
mirror plane, through which the remaining two F atoms 
are generated by I - .v. r. 1. 
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