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Abstract 

A series of file novd M~L.~cumplexed alkynyl-suhslitu|ed ClOoanthrone derivatives were prepared and fully characlerieed. 
lhlr|hetmote, the Xoray molecular structures of flu'ee complexes bdonging to this family were determined with the general formula 
[M~I.,.( #,I/'~.*/~-R:C~C~C(OR I XCI ~H,O))], M~L~ ~ Co~(CO)~. R I ~ CH ~. R ~ ~ H 5; M:L~ ~ MoCoCp(CO)~. R I ~ CH ~. R: ~ 14 7 
,~uld M~L,. ~ Co,(CO)., R* ~ CH ~, R :~ ~ C~,H~ 8, Addition of HBI~ to 1he compounds [MoCoCp(CO)~(/~,~/:.~I~oHC~C= 
C(OR I }(C I~H ,O)i], R I ~ I°1 6; R I ~ CH ~ 7, produced tile Cll t ionic  co|uiterpllrl [MoCoCtgCO)~(/x, 0 2 ,) 2=HC ~C =C(C .~ H ,O))1' BF4 9. 
The charge ~tahili~aliou iu this uov¢l carhenium ion possesSillg an autllroue Iragmeut wa,~ investigated 1111d ,~howed lhLtl the dinuclcar 
cluster alleviales Ih¢ positive charge ul the C I0 carbon ceuter. Furfller, the reactivity of these carbeniunl ion towards nucleophiles was 
also examined, © 1997 Elsevier Science S.A, 

I. Introduction 

The alkynylation of quinones was early described 
and reviewed by Ried [1,2]. Mono- and di-condensation 
of phenyl acetylene on the anthraquinone was studied 
by Rio [3], Ried and Schmidt [4]. Chodkiewicz and 
coworkers [5-7] have determined the stereochemistry of 
the alkynylation of anthraquinone. Other groups have 
studied ,,he reactivity of anthraquinone towards alkyla- 
tion [8-i0] or reduction [I 1,12] of aathrone derivatives 
where an acetylenic and hydroxyl or ethereal functions 
were grafted at CIO of the anthrone molecule (Fig. I). 

The particular nature of the fused unsaturated rings 
renders possible a large electronic delocalization through 
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the whole system of such an anflu'one derivative. Thus 
Cognacq and Chodkiewicz [13] have postulated the 
formation of a delocalized carbenium ion as intermedi- 
ate in the mechanism of transannular transposition 
showed in Scheme 1. 

o 

t~ 2 
Rt ~, R2,~ i ]1  
R I ~ C H ~ , R 2 ~  H2  
Rt ~' Cli~, R2 '~ C611~ 3 

Fig. I. Acetylenic anlhrone derivatives. 



210 H. El Hafa et al. / Journal ,ff Organomet.!ih" Chemistry 542 { 1997) 209-218 

" /  F "c / 

I _ 

II 
C---OH 
t 

\/--o. 
H20, .W" ~ 

X,c/ 

I 
C ~ O  
i 

Scheme I. Transannular transposition in free acetylenic carbenium ion. 

This chemistry is of interest partly because it allows 
the obtainment of cumulene derivatives [14] and partly 
their importance resides in the capacity of anthracene 
conjugat~ rings to act as an electronic reservoir. 

The electronic properties of such anthrone species 
(Fig, I) can be better tuned by attaching a dinuclear 
cluster to the alkyne unit at el0.  These species can be 
protonated to $iv¢ the corresponding carbenium com- 
plexes (see Scheme 2). 

At this stage, the stabilization of the ea~nium 
center can be achieved either (a) by an interaction with 
the metal center (A) or (b) through delocalization over 

~tO ~ tL~ 

A 

, tL~ 

I ~L~ 

Or 

~ 2, Charg¢ ~abili~ation in cationic anthronyl-substituted 

the anthronyi fragment (B) (Scheme 2). One of the 
is:.ues under investigation here is how the carbenium 
center (C*) in this system is stabilized'? 

Carbenium ions stabilized by a dinuclear cluster in 
the a-position have been widely investigated by our 
group and others [13-17]. Nicholas and coworkers 
[15.16] have shown that propargyl cations stabilized by 
coordination to the dicobalt hexacarbonyl group 
'Co;(CO)~' can serve as electmphilic pmpargyl syn- 
thons because of their react iv i ty towards a variety of 
heteroo a,d carbon°centered nucleophiles. The more 
stable less ~active Cp~M:(CO)4 derivatives, M ~ Mo, 
W, provide a lot of impmlant information concerning 
the stabilization of the~ carbenium centers. In these 
cases more structuol studies by X-ray diffraction were 
reported [ 18], 

0 

R~Cm'M2L~ 

Rt ~ R~ ~ H ; MIL~ ~ M~L3 ~ Co(COb ~I 

R! B R 2 u H ; MIL~ w MoC~CO)2, M2L3 ~ Co(CO)3 i 

Ri = Ctt~. R2 = H ; MIL3 = MoCp(CO)2, MzL3 = Co(COb 2 
RI = CH3. R= = %Hs ; M,L~ = M2L~ = Co(CO)~ 

Fig. 2. Complex~l C%(CO).. Co(CO)~-MoCp(CO): acelyleni¢ an- 
throne dcrivaliv¢,~, 
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In this paper we describe the synthesis, identification 
and X-ray structures of neutral homo [Co.,(CO)(~] and 
hetero [MoCoCp(CO)s] bimetallic acetylenic clusters 
possessing an anthrone fragment [Co,(CO)~,( p., )t -" , )I -'- 
R-'C-C-C(OR~XCL~HsO))] (R) = R ~- = H 4; R ~ = 
C H  3, R-" = H 5; R t = CH 3, R-" = Ct, H s 8) and 
[MoCoCp(CO)5(/,t,'t/-~,~)"-R" C--C-C(OR~ )(C ~ 3 H sO))] 
(R t = R-' = H 6; R ~ = CH 3, R2 = H 7) (Fig. 2) and the 
formation of the corresponding stabilized carbenium ion 
[MoCoCp(CO)5(/x,.t/2,)/3-HC---C-CC)3H80)] + BFf  9. 

2. Results and discussion 

Starting from IO-alkinyl-substituted 9-anthrones 1, 2 
and 3, we have synthesized the dicobalt hexacarbonyl 
alkyne complexes 4, $ and 8 respectively, in the usual 
way, namely by reaction of stoichiometric amounts of 
Co_,(CO) s and alkyne in ethereal solution [19]. The 
heterobimetallic isolobal complexes 6 and 7 were ob- 
tained by exchanging one Co(CO) 3 vertex with the 
isolobal 'MoCp(COL.' unit; this reaction was achieved 
by addition of NaMoCp(CO)a to the complexes 4 or $ 
in THF solution at room temperature [20]. 

Treatment of the Co:(CO)t,-complexed phenylethynyl 

anthrone 8 with one equivalent of NaMoCp(CO).~ did 
not produce the congener ic  heterobinuclear  
MoCoCp(CO)s species. Further prolongation of the re- 
action period for 2days under reflux resulted in the 
decomposition of the starting material 8. We interpret 
the failure of replacing one Co(CO)3 vertex by 
MoCp(CO) 2 in 8 to the steric factors generated by the 
anthrone fragment at C 10, the phenyl substituent at C 12 
and the incoming organometallic NaMoCp(CO) 3 unit. 

The complexes 4, 5, 6, 7 and 8 were identified by 
elemental analysis, infrared, ~H and ~3C NMR spec- 
troscopy. Furthermore, the structures of [Co2(CO)~, 
(~,rI2,r/-%HC---C-C(OCH3)(C~3H~O))] 5, [MoCp 
(CO) ~-Co(CO).a(/.t. r/2, rl " -HC-C-C(OCH 3)(C ).a H ~O))] 
7 a n d  [Co2(CO)6(/~,~2,r/2-C6HsC~-C-C(OCH3) 
(CI3HsO))] 8 were determined. 

2.1. X-ray crystal structures of 5, 7 and 8 

Suitable crystals for crystallographic studies were 
obtained for compounds 5, 7 and 8 by slow evaporation 
of an ethereal solution at room temperature. Crystallo- 
graphic data, selected distances and angles are listed in 
Tables 1-4. The unit cell is monoclinic for each com- 
pound 5, 7, and 8. For 8, there are two independent 

Table I 
Crystal and ret'inement data for $, ? and 8 

Formula C: 3tl, :()sCo: $ C ,7 H t~O7 MoCo 7 C ,,) H ic,()~Co ~ 8 

Fw 534.2 61)8.3 01 O. 3 
Unit cell Monoclinic Monoclinic Monodinic 
Sp.c~ ~m.l) ('2/~' C2/c C2/c 
a (.,~) 29,1~ I()(7) 13,902(2) 40.03 I(18) 

t, CA) ! !,(,02(5) IO,3(xx2) I t),748(7) 

(, (,~() 14,737(7) 17.414(4) I 7,074(9) 
(~ ((le~) 90 90 qO 
/J (deg) 119,13(3) 100,25(2) 110.4(5) 
y (de~) 90 90 qO 

V ( ,~)  4475(73) 2394( I I ) 10728 
Z 8 4 I0 
p. (cm i ) 15.23 12.5 12,8 
p(calc) (g cm~ ~) 1.58 1.69 1.51 
l)iffractometer Ennlf-Nonius CAD4 Enraf-Nonius CAD4 Philips PWI I00 

Radiation Mo K c~ ( h - 0.71069 ,~) Mo K c~ ( h ~ 0.7106 t}/~) Mo K (~ ( h -~ 1).710f~9 A) 

T (°C) 20 20 21) 
S¢~I11 l|1Otl¢ to= 2 0 co= 2 0 w= 2 0 
Scan width (deg) C).8 + 0.345 tan 0 0,8 + 0,345 tan 0 1,20 + 0,345 (a. 0 
20 limit (des) 1-25 I=25 2=25 
No. data collected 3926 4207 8083 
Unique data used m final ref 1635 (/'~,)" '> 3or( I'i,): 1(")14 ( F,,): > 3cr( F,,): 3780 ( F,,): > 2,5tr( i'i,): 
R(int) O,()370 0,04()2 0.0464 
g = ~111':,1 ~ I:~.II/~LI I,:,l o.o552 o.036¢') 0.0492 

.. ~= I)-/~.,I,~; ] ° 0.0010 . ' ~  1.0 0,0406 . ' ~  I,O = 1,0 R,, I~.'(IF,,I IF,, . . . .  )" 0,0403., 
Correction I)II:ABS Cram O,51~, max 1.25) I)IFAI)S (ram O.")3, max 1.04) I)II:AIIS (mi:, 0.85. max I.()9) 
Extinction pm'ameter m)ne ,one 265 
Final iio. of variables 3(X) 320 706 

Apmin (e ' / ~  " ~) - 0.58 - 0.31 - 0.31 

Apmax (e- /~ -~) 0.71 0.32 0.29 
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molecules (811 and Sb) in the asymmetric unit; 8b can 
deduced ~ m  ga by a rotation around the C(10)- 

C(! I) bond, CAMEaON views are shown in Figs. 3-5 
respectively. 

For the [Co,] complexes $ and 8. we have compared 
the geometry of the cluster core with that of the 
[Co2(CO)s(p.~'.'rl:-2-endo-propynylfenchol] 11 [21]. 
Corresponding distances and angles are very similar to 
each other. The structure of the [Mo-Co] complex 7 is 

first hete~bimetallic alkyne cluster of this type 
~ b e d  in the literature. The metal-metal bond dis- 
tahoe for "/ dMo=Co ,= 2 .69,g .  averages that of the 
dCo=Co ,.47 A for $ and that of the dMo-Mo 
2,980,g, in [Mo~Cp2(CO)4(/z,~/2.~'-HC'=CH)] [22] 
(Table 5). 

A general ob~rvation concerns the conformation at 
the disubstituted CI0 which appears clearly to bear the 
[CzM.,] cluster in the axial position while the hydroxyl 
or methoxy group points in the equatorial position. This 
result confirms the hypothesis formulated by Cadiot and 
coworkers [6] based on ~H NMR data. The authors 
investigated the diamagnetic anisotropy of aromatic 
rings in mono- and di-tertiary-anthr~quinols and con- 
eluded that the more bulky group adopts the axial 
position, while the minor one is equatorial. Thus. in a 
10-alkynyl=10omethyl= (or ethyl=) substituted anthrone, 
the acetylenic group occupies the equatorial position. 

Table 2 
Matfl l,lefalomi¢ dl~lat~¢¢~ (/~) nod bo~d an~l¢,, (d¢~) for 

CO( I ~Co(2 ) 2,47lX 2) 
Co( I )=C( I I ) 1,95( I ) 
Co( I )=O 12 ) 1,18( I ) 
(XO)=C(9) 1,22(I ) 

I 0)=~'(13) IA~( I ) 
O I I )=~ 12) 1,37(2) 

Co(2)=CO(I)=-C(I I) 51.5(3) 
~1 I)=Co(I)=C(12) 40,~5) 
C(I I)=CO(I)=C(14) 105.1(5) 
Co(2)=Co(I )=C(15) 150,1(4) 
C(I 2)=Co(I)=C(15) 1~),1(5) 
Co(2)=CO(I )=C(I~) 9~,4(~) 
~ 12)=CO(I )=~1~) 102,~?) 
C(15)=Co(I)=C(15) 100.4(?) 
CO( I )=C*~2)=C(I 2) 51.6(3) 
Co(I)=Co(2)=C( I 7) 9?.0(4) 
C(12)=Co(2)=C(I 7) 143.5(5) 
~I I)=Co(2)=C(18) 97,(X$1 

O I I )~CO(2)=C( 191 13~),4((~) 
~ I?)=Co(2)=~ 19) It~,9(~) 
C(10)=(X 10)=C(I 3) 115,~8) 
C ( , h ) ~  10¥~C(I 1 ) I0~,219) 
C i l ~ ) = ~ l O ) = ~ l  l)  110,0(9) 
Co(l)=~(I I)oC(III) 137,7l~) 
Col I)~811)=812) 71,l}1,7} 
~llll:(~(l I)=~I~} 138,8li0) 

CO(2)=C( I 11 1,91~( 1 ) 
CO(~ toC( 121 1.91~( 1 ) 

10)-=C(10) 1,44(1 ) 
IO)=C( I I ) I ,~(:X I ) 

CO(2)=CO(I )=C(I 2) ~1,3(4) 
CO(2)=Co(I )--C(141 102,3(4) 
C(12)=CO(I)=~ 14) 144,1(6) 
C(I I)=CO(I)=C(15) 102,3(5) 
C(14)=CO(I )=C(I,~) 98,3(~) 
C( I I i-Co( I ) - ~  Ib) 139,i~) 
C( 14)=CO(I)=C(Ib) 103,8(7) 
Co(I )-CO(2)-C(I I) ,~0,~(3) 
C(i I )=Co(2)=C(12) 40,6($) 
C(I I)=CO(2)=C(17) 107,~)  
Co(i)=CO(2)=~ 18) 147,3(4) 
C(12)=CO(2)=~ I~) 10X0(6) 
C~g ! )=Co(2)--C~(19) I03,~(5) 
('( ! 2)-:CO(2)=C( I~l l,),-tt ?, 

18)-Co(2)=C(19) 100,3(~) 
C(4~J=C(IO)=O(|O) 109.9(8) 
~X IO)=~ IO)oc, I I ) IOX18) 
Co(i )~f:(l I)-C~2) 78,0(4) 
Co(2)oC(I i)=C(lO) 133,3(8) 
Ct~2)=~ I l)-C(12) 69,8(7) 
Co( I )=C(12)=CO(2) 77.1(4) 
CO(2)-~ 12)=C(I I) 69,~'t) 

Table 3 
Main interatomic distances (,~) and bond angles (deg) for 
C 27 H I:O:CoMo ('?) 

MO(1)-CO(1) 2.691(2) CO(1)-C(I I) 1.984(8) 
MO(1)-C(I I) 2.13(I) CO(I)-C(12) 1.94(I) 
Mo(I)-C(12) 2.156(9) Co( ! i-C(14) 1.79(I ) 
Mo(1)-C(17) 1.97(I) CO(1)-C(I 5) 1.77(I) 
Mo(! )-C(18) 1.99(!) Co(!)-C(16) !.80(!) 
Mo(l)-C(19) 2,34(!) C(IO)-C(I !) 1.54(!) 
Mo(I)-C(20) 2.30(!) C(I I)-C(12) 1.33(!) 
Mo(I)-C(21) 2.31(i) 
Mo(I)-C(22) 2.33(I) 
Moll )-(2(23) 2.38( 1 ) 

Co(I)-Mo(i)-C(I  !) 46.8(2) 
Co(I ) -Mo( I ) -C( !  2) 45,6(3) 
C(I I)-Mo(I)-C(12) 36.3(3) 
Co(l)=Mo( ! )-C(! 75 85.8(3) 
C(I i)=Mo(l)=C(IG) 112.2(4) 
C(! 2) -MO(I ) -C( I  7) 76,.3(4) 
Co(I )-MOll )=C(I 8) 126,9(4) 
C(i !)-MO(15-C(185 90.1(4) 
C(12)=Mo( I )-C(18) 81,4(4) 
C(17)-MO(!)=C(18) 85,0(5) 
Co(! )=Mo(I)-C(19) ! 18,1(4) 
C(! i )=Mo(I)=C(I9)  150.2(4) 
C(12)=MO(!)=C(19) 157.7(4) 
0 17)=Mi~ I)~C(19) 88.4(5) 
C(18)=Mo(I)-C(19) 113.8(5) 
Co( I )=Mot I )=C(20) 149.7(4) 
C( ! I )=MOt I )=(?(20) 1433(4) 
C(12)=MO(I)~C(20) 164.5(4) 
OI7)oMO(I)oC(20) 102.7(5) 
Co(I)oMO(I)oC(21 ) 130.~4) 
C( I I )=MO(I )=C(21 ) 108.7(4) 
C( I~)=Mo( I )=C(211 14=~.(~4) 
C(I?)=M~II=C(211 I;18ol(~t 
C(II~)=Mt¢ I)=C(21 ) 8,1,9(~t 
C~I 11=Mo( I)=2(2=~1 98,i101 
C(II)=MO(I)-C(2= ~) 9,t,1(4t 
C( I ~)~Mo( I ):C(=~)I.]i),I(41 
C( 17)=Mo(l )=C(22) 144A(~) 
C(18)=MO(I)=C(22) I 18.~(=~) 
CO(I)=Mo(I )=~23) 91.8(3) 
C(I I)=MO(I)=C(23) I IS4(4) 
C(I 2)=Moll )=C(23) 137.2(4) 
C(17)=MO(I)=C(23) 109.9(5) 
C(I8):MO(i)=G(23) 141L 1(5) 

Mo(1)-CO(1)-C(I I) 51,5(3) 
MO(1)-Co(1)-C(12) .'i2,513) 
C( I I )-Co( I )-C(12) 39,7(4) 
Mot ! )-Co( I )~C(14) 98,3(4) 
C(I I)-Co(I)-C(14) 105.1(4) 
C(12)=CO(I)-C(14) 142,4(4) 
Mo(i)-CO(I)-C(15) 146.8(4) 
C(I I )-Co( I )-C(15) 98,5(5) 
C(I 2)-CO(I)-C(15) 96,1(5) 
C(14)-CO(I )-C(15) 104.1(5) 
Mo(1)-Co(1)-C(16) 99,4(4) 
C(I I)=CO(I)-C(16) 143,9(5) 
C(12)=CO(I)-C(16) 107,7(5) 
C(14)=CO( I )-C(16) 99,5(5) 
C(15)=CO(I)~C(16) 100.7(5) 
Mo(I)=C(I I)=Co(I) 81.6(3) 
MO(i)=C(I I)~C(IO) 139,8(6) 
Co(I)=C(I I)-C(IO) 131,9(7) 
M~I)~C(I l)=C(12) ?2,9(6) 
CO( I )=C( I I )=C(12) 68..%S) 
C(IO)~C(I I)=C(12) 133.8(9) 
Ml~ I)=C(I ~b:Co(I) 81,9(4) 
MO(I )=C( I .~)~C( I i ) ?0,8(~) 
Co(I)=C(I~)=C(I I) ?1,ti(6) 

The complexation of the alkyne unit by a bimetallic 
fragment renders the complexedoalkyn¢ unit as the bulky 
group which would change its relative conformation by 
occupying the axial position (see Fig, 6), 

The geometry of the conjugated rings is very similar 
¢o that found for the free 9,10=dihydroanthracene ligand 
1231, 

2,2, Prepar.thm mid ('horacwri:atiml of the din,cleor. 
stabilized cod)chiton i on  [ M o C o C ] ~ C O J r S (  ~t. T l ' , r l  ° . 

HC~C=CC~HsO)]+ BFa ° 9 

Addition of HBF4-Et;O to an ethereal solution of the 
complexes 6 and ? leads to the corresponding tetrafluo- 
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Table 4 
Main interatomic distances (~°X) and bond angles (deg) for C,~H ~,OsCo ., ilia and 8b) 

8a 
Co( I )-Co(2) 2.464(2) 
Co( I )-C( I I ) 1.945(81 Co{D-C( I I ) 
Co( I ) - C (  ! 2) ! .9(M}(8) C o ( 2 ) - C ( 1 2 )  
Co( ! )-C(20) 1.79( I ) Co(2)-C(23) 
CO( I )-C(2 i ) i.78( I ) Co(2)-C(24) 
CO(I)-C(22) 1.83(I) CO(2)-C(25) 
C(IO)-C(I I) 1.53(I) C(! I ) -C(i  2) 

C( 121-C(13) 1.46( 1 ) 
CO(2)-CO(I )-C( I I ) 50.7(2) Co(2)-CO( 1 )-C(12) 
C( I I )-Co( i )-{2(12) 39.8(3) CO(2)-CO( 1 )-C(20) 
C( I I )-Co( ! )-C120) 142.4(41 C( 12)-CO( I )-C1201 
Co(21-Co( I )-C(21 ) ! 49.8(4) C( I I )-Co( ! )-C(21 ) 
(2( 12)-CO( I )-C121 ) 99.2(5) C(20)-Co( I )-C(21 ) 
CO(2)-CO( I )-C(221 101.6(4) C( I I )-CO( I )-C(22) 
C( 12)-Co( I )-C(22) 142,6(4) C(20)-Co( I )-C(22) 
C(21 )-CO( I )-C(22) 99.9(5) Co( I )-CO(2)-C( I ! ) 
Co( I )-Co(2)-C(12) 50.9(2) C( I I )-Co(2)-C(12) 
CO( I )-CO12)-C(23) I02.3(31 C( I I )-Co(21-C(23) 
C(I 2)-Co(2)-C123) 100.014) Cot I )-CO121-C(241 
C( I I )-Co(2)-C(241 99.9(4) C(121-Co(2)-C(24) 
C(231-Co(2)-C(24) 97.314) Co( I )-CO12)-C(251 
C( I I )-Co12)-C(25) 108.5(4) C(12)-Co(2)-C(25) 
C(23)-Co(2)-C(25) 105.1(4) C(24)-Co(2)~C(25) 
Co( I )~C( I I )-Co(2) 78,6(3) Co( I )~C( I I )-C(I()) 
Co(2}=C( I I )=C(10) 155.0(6) Co( I )-C( ! I )-C(12) 
Co{2)~C( I I )~C(12) 71.5(5) C( 10)-C( I I )-C(12) 
Co( I )-C(12)=Co(2) 77.5(3) Co( I )-C( 12)-C( I ! ) 
C(~2)=C( 12)=C( I I ) 08.9(5) Cot I )-C( 12)-C(13) 
Co( 2)~C( 12)~C(13) 130.5(6) C( I I )-C( 12)-C(13) 

lib 
Cot I01 )=Col 102) 2,471(2) 
Co{ I01 b e t  i I I) 1,949(8) 
Col I01 )~C(112) I ,q74(8) 
{'t~ I0 !  ),J."(121l) 1,78(I) 
Ctd It)! )=C(121) 1,81(I) 
Ct~ 101 )o~C(122) 1,83( I ) 
C( I IIt)~oC( I I I) 1,5411 ) 
C{ 112)=C(115) 1,48( I ) 

Co( 102)=C~d I01 )=C( I I I ) 
C(I I I)°Co{IOI)=C(112) 
C( I I i )=Co( I01 )=C(120) 
Co( 102)~Co( I01 )=C( 121 ) 
C(112)=Co(!01)~C(121) 
Co( 102 )~Co( 101 )-C(122) 
C( I 12)~Cu( 101 )=C(122) 
C( 121 )=Co( I01 )-C( 1221 
Co( 101 ).-Co( 102)~C(112) 
Co( 101 )~CtX 102)=C(125) 
C( I 12)~Co1102)=C(123) 
C( I I I )=Co( I02)=C(124) 
C( 123 )-Co( I02)~C(124) 
C( I I I )~Co( 102)~C(125) 
C( 123)=Co( 102)~C(125) 
Co( 101 )~C( I I I )~Co(102) 
Co( 102)~C( I I I)~C( i 10) 
Co( 102)~C( I I I )~C(112) 
Co( I01 )=C( I 12)oCo(102) 
Co( 102)-C( I 12)~C( I I I ) 
Co( I021-C( I 12)-C( I 13) 

50,7(2) 
59,f~(3) 
9t),0(4) 
99.1(31 
143,4(4) 
101.2(31 
1112,4(4) 
I{15,8(51 
51,4(2) 

102.4(31 
142.8(41 
102,8(4) 
I(X),8(4) 
142.2(4) 
102,7(51 
78,6(3) 

134,9(6) 
70.(X5) 
78,1(3) 
70.I(51 

155.9(6) 

Co( I021,,~C( I I I) 
Co( 102L C( 1121 
Cu( 102)=C(123) 
Co(102LC(124) 
Co( I(12)=-C(125) 
0.111)-Cl112) 

Col I(12)=Co( 101 )=C( 1121 
Co( I02)oo Co( I01 )=C( 12111 
C( I 121-Co( 101 )=C( 12111 
C(I I I)=Co(101)=C(121) 
C( 120)=CO( 101 )=C( 121 ) 
C( I i I ) - C o ( l O I  )~C( 1221 
C( 120)-Co( I01 )-C(122) 
Co( 101 )-Co( 102)-C( I ! I) 
C( I I I )=Co( 102)ooC(112) 
¢( I I I )=Co( I02 )~C(  1231 
Co( I01 )=Co( 102)=C(124) 
C( I 12)~Co( 102)=C(124) 
Co( 101 )-Co( 102)=C(125) 
C(I 12)-Co( 102)-C(125) 
C( 124)-Co( 102)-C(125) 
Co( IOI )-C( I I I )=C( I !0) 
Co(IOI)=C(! I I)=C(112) 
C(I IO)=C(I I I)=C(112) 
Co( 101 )=C( I 121~C( I I I ) 
Co( 101 )ooC( I 12)=C( 1131 
C(I I I)~C(112)=C(113) 

i.945(8) 
!.977(8) 
!.80(!) 
1.80(1) 
1.81(I) 
! .33( ! ) 

51.6(21 
98.1(3) 

106.5(4) 
103.4(4) 
97.6(5) 

104.2(4) 
102.4(5) 
50.7(2) 
39.6(3) 

138.8(4) 
149.8(3) 
I03.2(4) 
97.3(3) 

143.4(4) 
99.614) 
136. I(6) 
70,7(5) 

137.5(81 
69.5(5) 

130.4(7) 
145.(X81 

1,951(8) 
1,95(X8) 
1,82( I ) 
1,81(I) 
I,SIX I ) 
I, ~3( I ) 

14g.IX3) 
I{X),6(4) 
107,4141 
I(X).4(5) 
140,0(4) 
98.5(5) 
50,7(21 
39.8(3) 

104.2141 
148,4131 
97.7(4) 
97,7(3) 

10~.4(41 
97.7(5) 

135.3(6) 
71.2(5) 

139.1(8) 
69.2(5) 

130,6(6) 
144.5(9) 
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(a) 
~tS) 

<:4) 

(1~) ~;:~ + ' 0 0 2 2 1  

~0~1 ++++ "+ ...... ~l++mal 

Fig, el, (~A,~|iI~ON dram'rag of the two confo+rm+r+,, tim and lib, 

robomte salt [ Mt, Cp< CO ), Co( CO)+,{ " '+ + # ,  r; °,  ~ - t tC  m C -  
C¢, , t t~O)]+[BF+]  + 9, This carbenium ion is a 
yellow.brown solid, insoluble in ether and sparingly 
soluble in CH+~CI++. Attempts to obtain suitable crystals 
of compound 9 ibr an X-ray study have so far been 
unsuccessful. 

Treatment of cation 9 with H,O led to the c o ~ -  
=+ 

sponding complexed alcohol 6, Furthermore ,it ~acts 
with NaBH +, to p~mtuce the reduced pn+duct I0 (Scheme 

Theme results c onfim~ the previous observation [18] 
whe~by t ~  nucleophilic reagent attacks exclusively the 
ca~n ium center hmatcxl in the t~-position of the cluster 
CO~, 

A comparison of the +,(CO) wavelengths of the 
neutral acetylenic complex '7 and the carbenium ion 9 is 
shown in Table 6. 

@? o<,., 

o , , , ,  I ]+:: , , , , , ,  
::~--~ corn / 

~ c ~  ) , ~ '  co~) 

CO) - "+ 

:+ 

¢(;i: 

cm ...... ".+.. ~: 'c(m 

Fig, 4. c',x~u:mo~ drawing of 5. 

All tile frequencies tbr the Metal-CO vibrators are 
shifted by a value of 50-60cm -~, which is very close 
to those found [21] in the tertiary [MoCoCp(CO)~] 
propynylium ion 12 relative to its neutral precursor 13. 
Generally the +,(CO) wavelengths of the complexed 
carbenium ions are g(x+d indications for charge delocal- 
ization onto tile cluster core. Interestingly. tile +,(CO) 
t~r the ketonic C9 fimctiou is m~t significantly shifted 
( + 2 cm :~ ' ), ind ica t ing  ~ very weak del~alitation of the 
positive ¢llarge onto the anthi~me skeleton. 

~C NMR data ot+~ i*~corded i. CD,CI, solutio. 
su+~est al.~o +1 +ittnificanl deloc,lh/al| n oF tile positive 

~ " ' l l lm  m 

O0~l 

¢O;P~ 

• o 004 )  

¢00) 

C('tS) 

%,. oO~l 

Fig. 5, ('AXU~ON drawing of 7. 
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Table 5 
Comparison of the metal-metal and metal-carbon dislances in the 
lelrahedrai clusters 5. 7, 8 and I I 

Table 6 
Comparison of the Vco frequencies for neutral and charged bimetal- 
lic [Mo-Co] alkyne complexes 

~. 2. L 11 

CoCo Co-Mo Co,Co CoCo 

d M-M(A) 2.47 2.69 2.46 2.34 
Ci1-Cl2 1.37 1.33 !.33 1.32 
(210.4211 1.50 1.54 1.53 1.50 
CI1-M! 1.95 2.13 !,94 2.01 
CI i'M2 ! .98 1.98 1,94 2.00 
CI2"MI 1,98 1,94 1.96 1,98 
CI2"M2 1,98 2.15 1.98 1,97 

charge onto the cluster core. These results are listed in 
Table 7. 

For instance the cyclopentadienyl ligand in the carbe- 
nium complex 9 is shifted by 7.3 ppm downfield rela- 
tive to that of the neutral compound 7. The metal-CO 
ligands for 7 appear at 225.6, 220.4 and 203.6ppm 
while those of 9 appear at 216.9, 209.4, 198.8ppm. 
Similar results were obtained for the heterobimetallic 
[MoCoCp(CO)s]-alkynylium ions and their alcohol-pre- 
cursors [24]. The (C=O) function of the anthrone ligand 

O~( l 
' : x c % c "  [\OMo 

o 

2053 - 2007 
1987 - 1946 

- -  CO)s )2 
, 

It 
Z 

o 

~ ~ ( c o  210(I - 2069 2054 - 2029 

~C]olCO) s )2 
1t / " 

2 

~ M ~ l  2034- 1986 
1959. i 927 c ~  ~ . ~ \ ~  MoCp(CO): 189.'5 

Me 
LI  

f ~ ,  Me 
, , 2034 ° 2021) 

Me 

J,,l 

v ~ - c O )  vcg--O re f, 
(cma) (era- b 

1666 This work 

1668 This work 

18 

l~e© lis~)d M~L~ ~complexed lisand 

MzL~, ~ Co~(C0)6 ; MoCoCp(COb 

Fig. 6. Conformational change by complexalion of the triple bond in 
acetylenic anlhrone derivatives. 

O O 

R, cili,?i[l...F  11114 

Rt ~ R2 ~ H [1 
Rt ,~ CIh, R2 ~ II 2 

Scheme 3. Reduction of hetemdinuclear alkyne ct)mplexes 6 and 7 
by acidic treatment followed by hydride reduction. 

Table il 
~'C NMR data ft)r the neutral 7 and charged 0 bimetallic ~)lkyn¢ 
compIexes [*/5, ppm] 

. . . . . . . . . . . . . . . . .  • c9  . _ _ ' C o  : c ~ 1 3 ~ _ _  

225,6 
1!]4,3 220.4 90,0 81,8 

203,6 

h 
11/ ~. 

~ ~ ' 0  216'(} 190.9 209,4 96,6 t 30,9 
). 198,8 
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tree imiamm Co2(COkrcomplexed iminium 

Fig. 7. Free and Co2(CO)t,-complexed iminium. 

in the m~ulral complex ~ and its cationic counterpart 9 
appear at 184.3 ppm and 190.9 ppm respectively; while 

quaternary C lO signal appears at 81.gppm in the 
neutral compound 7, it shifts to 139.9 ppm in the corre- 
sponding catbenium complex 9. This chemical shift is 
consistent with t h ~  attributed to meml-stabili~d ter- 
tint), carbenium centers [25]. The infrared and the t~C 
NMR data obtained for the parent alcohol-complex 7 
and its corresponding carbenium species 9 suggest that 
the positive charge is most likely stabilized by the 
cluster core and not by the conjugated anthronyl-frag- 
meat. The~ results contrtt, a with tho~ reported by 
Maas et al. [26] or, the free iminium-alkyne and its 
complexed counterpart (Fig. 7). 

The authors have investigated the charge dispersal in 
these systems and found that the ligand appears to 
~mbilize the charge density and not the dinuclear cluster 
Co,_(CO). unit. The X-ray molecular strt~cture~ of the 
free and complexed !igand~ were determined and tbund 
~imil~ in term~ of stabilization, where no anchimenc 
a~i~tance from the neutral center to the c ~ n i u m  ion 
wa~ observed. 

3. Co, d u a o ,  

In this paper we have described some homo° 
[Co~(CO),] arid betero, [ M ~ I g C O ) ~ ]  IO-alkynyl ano 
thto~ cluster X-ray structures which provide informa- 
tion about the conformation at the CIO carbon whereby 
the bulky cluster group a&)pts an axial position while 
t ~  hydroxyl or melhoxy substituent is in the equatorial 
one. Treatment of complexes 6 and ? with HBF~--Et :O 
produce the corresponding carbenium ion 9. IR and 
NMR spectro~opic studies allow one to postulate a 
significant interaction between the cluster unit 
[MoCoC#CO)~] and the catbenium ion. This internee 
tion overcomes the charge del~alization ability of the 
conjugated flags of the ,nthrone iigand, 

4. Experimental ~ t i o n  

~fivatives I, ~ and 3 were obtained as described 
previously by Cht~tkiewicz and coworkers [5-7]. All 
reactions were carried out under argon atmosp~re us- 

ing standard Schlenk techniques. Solvents were purified 
and dried before use by conventional distillation tech- 
niques under argon. 

a H and ~aC NMR data were recorded on Brucker AC 
200 and AM 250 spectrometers using a 5 mm dual 
frequency ~H-laC probe. Chemical shifts values are 
indicated in parts per million using TMS as reference. 
Infrared spectra were recorded in CHzC! " , on an F.T. 
Bomem Michelson 100 instrument. The adsorbent used 
for thin layer chromatography was silica-gel 60GF.,~ 4. 
Elemental analyses were performed by the regional 
microanalysis service (Universit6 P.M. Curie). 

4. !. X-ray co:;tal structure detenninations.~)r 5, 7 and 
8 

Accurate cell dimensions and orientation matrices 
were obtained by least squares refinements of 25 accu- 
rately centered reflections. No significant variations were 
ob~rved in the intensities of two checked reflections 
during data collections. Complete crystallographic data 
and collection parameters are listed in Table I. The data 
were corrected for Lorentz and polarization effects. 
Computations were performed by using the PC version 
of CRYSTALS [27]. Scattering factors and corrections for 
anomalous absorption were taken t~m "International 
Tables for X-ray Crystallography' [281. The structures 
were solved by using. ItI~loXS [29] and refined by full- 
matrix least squares with anisotmpic thermal parame- 
ters. Hydrogen atoms were introduced in calculated 
positions in the last refinement, and only an overall 
i~otfopic Illennal parameter was ~fined. For compound 
8. the asymn|eidc unit contains independen| molecules. 
The two moleeule~ of comt~mnd It ate ,~hown in Fi~. 3; 
compounds $ and 7 are shown in Figs. 4 and 5 ~spec~ 
tively. Selected bond lengths and band aa#es m~e listed 
in Tables 2-4. Tables of atomic c~x~rdinates, thermal 
parameters, bond lengths and bond angles are deposited 
as supplementary material. 

4.2. l ¢ C~ :( CO J~( t,t. tl :, ,l :o l O.eth yn yl. l Oohydroxy.9.wi. 
throneH 4 

To I g (4.27ml) of 10,~elhynyl-10,ohydroxy.9-an- 
throne in 20 ml of THF are added at r~om tem~ratur~ 
1.459g of Co~(CO)~ in 10ml THF. The mixture is 
allowed to react under stirring for I h. then filtered 
through silica~gel; the crude product is chromate. 
graphed on preparative plates using a mixture of pen- 
lane-ether (90/10) as eluem. After removing the sol~ 
vent 1.554g of a red solid a~ obtained in 70% yield. 
The material decomposes at 170 °C. 

~H NMR(C~I~): 8.15 (dd. J ~ 7.6. 1.2 Hz, 2H:1,8); 
8.00 (dd, J -- 7.6, 1.2 Hz. 2H:4,5); 7.64 (dr, J ~ 7.6, 
1.2 Hz, 2H:3,6); 7.47 (dr, J = 7.6, 1.2 Hz, 2H:2.7); 5.82 
(s, IH:I2). 
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'3C NMR (CDCla): 198.5 (Co-CO); 184,2 (C9); 
148.5 (C4a C5a); 133.5 (C3 C6); 130.5 (Cla C8a); 
128.8 (C2 C7); 127.4 (CI C8); 125.2 (C4 C5); 109.8 
(CI 1); 73.7 (CI0); 73.4 (C12). 

IR (CH:CI.,): ~'co = 2096, 2059, 2030, 1669cm -~. 
Anal. Calcd. for C.,.,H~oCo_~Os: C, 50.80; H, 1.95; 
found: C, 48.71; H, 2.11. 

4.3. [Co,.(CO)~( #, rl", ~q"-lO-ethynyl-lO-methoa3'-9-an- 
throne)! 5 

The complex $ was prepared in 75% yield using the 
same method as described for 4. The material decom- 
poses at 150 *C. 

i H NMR (CDCi3): 8.29 (dr, J -- 8.0, 1.3 Hz, 2H:1.8); 
7.90 (rid, J = 8.0, 1.3Hz, 2H:4,5); 7.70 (dt, J =  8.0, 
1.8 Hz, 2H:3,6); 7.51 (dt, J = 8.0, 1.8 Hz, 2H:2,7); 6.01 
is, IH:I2); 3.18 is, 3H:OCH3). 

~3C NMR (CDCI.~): 198.5 (Co-CO); 183.1 (C9); 
144.9 (C4a C5a); 133.6 (C3 C6); 132.0 (Cla C8a); 
128.8 (C2 C7); 127.7 (CI C8); 126.6 (C4 C5); 108.2 
(CI 1); 78.8 (CI0); 75.3 (C12); 53.7 (OCH3). 

IR (CH,Ci ~): ~'co = 2095, 2059, 2030, 1666 cm- i. 
Anal. Calcd. for C,~Ht.,Co_,Os: C, 52.0; H, 2.26; found: 
C, 51.86; H, 2.20. 

4.4. IMoCoCpfCO)fl p,  ~ ', rl"-iO-ethynyl- IO-hydroa y- 
9.amhrone)l 6 

To an amalgam 5% (Na-Hg) in THF is added a 
solution of Mo,Cp,(CO), 1.2g (2.44 retool) in 20ml 
THF, The mixtu~ is stirred until it turns yellow-brown. 
Then the solution is filtered under argon and added to 
10ml THF solution o1'4 (I.274g, 2.44mmo!). This 
mixture is rel'luxed until the reaction is a~:hieved. The 
t:rude product is chromatographed on silica plates asing 
i~ntane-ether as eluent i85/15). 0.890g of a ,~olid 
orange product 6 is isolated in 60% yield. Decomposes 
at 134°C. 

~H NMR (CDCla): 8.14 (d, J =  7.5Hz, IH:I); 8.10 
(d, J =  7.5Hz, IH:8); 7.89 (d, J = 7.SHz, IH:4); 7.81 
(d, J = 7.5 Hz, IH:5); 7.61 it, J = 7.5 Hz, 2H:3,6); 7.45 
(q, J~7 .5Hz,  2H:2,7); 5.52 (s, IH:I2); 5.13 (s, 
5H:CsH~). 

iac NMR (CDCI.~): 225.2-220.1 (Mo-CO); 203.6 
(Co-CO); 185.0 (C9); 149.6-149.1 (C4a C5a); 133.4= 
132.6 (C3 C6); 130.6 (Cla CSa); 128.2 (C2 C7); 127.0 
(C! C8); 125.8=125.1 (C4 C5); 100.9 (CII); 90.0 
(CsH~); 83.3 (C!2), 76.2 (CI0). 

IR (CH:CI,): Vco = 21)53, 201)8, 1987, 1953. 
1665 cm~ i. Anal. Calcd. for C,,H 15CoMoO7: C, 52.55; 
H, 2.54; tbund: C, 53.50; H, 2.70. 

4.5. IMoCoCp(CO)~( IX, tl :. 71 :o IOoethynyl- lO.methoxy- 
9.anthrone)] 7 

7 is prepared in the same way as that described tbr 6 
and was obtained in 65% yield. Decomposes at 165 °C. 

~H NMR (CDCI3): 8,26 (dd, J = 7.7, 1.2Hz, IH:I): 
8,18 (dd, J=7.7 ,  1.2Hz, I H:8); 7.80 (dd, J =  7.7, 
0.6Hz, I H:4); 7.66 (m, 3H:3,5,6); 7.50 (m, 2H:2,7); 
5.70 (s, IH:I2); 4.88 (s, 5H:CsHs); 3.13 (s, 3H:OCH3). 

13C NMR (CDCI3): 225.6-220.4 (Mo-CO); 203.6 
(Co-CO); 184.3 (C9); 146.1-145.9 (C4a C5a); 133.6- 
132.8 (C3 C6); 132.1-131.8 (Cla C8a); 128.2 (C2 C7); 
127.2 (CI C8); 127.1-126.4 (C4 C5); 99.4 (CI1); 90.0 
(CsHs); 84.9 (C12); 81.8 (CIO); 53.7 (OCH3). 

IR (CH2C!2): ~,co=2053, 2007, 1987, 1946, 
1666 cm- ~. Anal. Calcd. for C,~7 H ,7 CoMoO7: C, 53.31; 
H, 2.82; found: C, 52.97; H, 2.89. 

4.6. [Co,. (CO) 6 ( #. ~ z. "0 :" lO-methoxy- 10-phenylethynyl- 
9-anthrone)] 8 

The complex 8 was prepared in the same way as 
described for 4, in 80% yield. Melting point 138 oC. 

I H NMR (CDCI3): 8.28 (dd, J = 7.5, 1.3 Hz, 2H:1,8); 
7.83 (dd, J = 7.5, 1.3 Hz, 2H:4,5); 7.52 (m, 
4H:3,6,14,18); 7.47 (dd, J = 7.5, 1.3Hz, 2H:2,7); 7.30 
(m, 3H:15,16,17); 3.28 (s, 3H:OCH~). 

IaC NMR (CDCi.~): 198.5 (Co-CO); 183.2 (C9); 
144.6 (C4a C5a); 138.7 (C13); 133.4 (C3 C6); 132.2 
(Cla C8a); 129.4 (C2 C7); 128.8-128.6 (C14,15,17,18); 
127.7 (CI C8); 126.9 (C4 C5); 127.5 (CI6): 109.4 
(CI 1); 95.7 (C12); 80.4 (CI0); 54.0 (OCH3). 

IR (CH~CI2): Vco = 2092, 2059, 2032cm ~m. Anal. 
Calcd. for C:~H,~Co,~O,: C, 57.07; H, 2.64; found: C, 
56.98', H, 2.74. 

4.7. IMoCoCpt CO)~( tx. ,1 °. 71 ~+o lO-ethynyl- 10(9H)o 
oxoanthracen-9.ylium)] ~ BFf  9 

To 0.3g (0.5 mmtrl) of 6 al~d 7 in 10mi ether were 
added 0.25 ml of HBF4-Et :O complex at room tempera° 
ture. After the lbrmation of a yellowobrown precipitate, 
ether was removed all(l the solid washed five times with 
ether, then dried under vac~unl. 0.22g of 9 were obo 
tained in 78% yield. 

~H NMR (CD,CI,): 8.32 (dd, J = 7.5, 1.5 Hz. IH:I); 
8.19 (dd. J=7.5.  1.5Hz, IH:8); 8.12 (dd. J=7.5.  
1.5Hz, IH:4); 7.82-7.64 (m, 5H:2,3,5,0,7): 7.52 (s. 
IH'I2); 5.14 (s, 5H:CsH~). 

I~C NMR (CD:Ci:): 216.9=209.4 (Mo=CO); 198.8 
(Co-CO, broad); 190.9 (C9); 143.5 (C4a C5a); 139.9 
(Cl()); 134.3. 133.0, 132.6, 131.6 (C:2,3.6.7); 128.3= 
128.0(CIC8); '~' - 1,4.1 122.8(C4C5); !!6.4(C!1): 96.6 
(CsH~); 89.1 (C!2). 

IR (CH2CI,): vco = 2100. 2069, 2054. 1668cm 

') ? 

4.8. IMoCoCp( CO)~( #. tl °, '1"" IO°ethynyl.9.anthrone)] 
!0 

To a solution of 0.13g (0.2 x 10 -• tool) ot'9 in 5ml 
CH2CI ., were added 0.1 g NaBH4. The solution turned 
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Afi~ hydrolysis the organic phase was extracted by 
then washed and dried on magnesium sulfate and 

chromalographed on silica plates using pentane as elu- 
ent. 0.08 g of a solid red product was obtained in 72% 
yield, 

tH NMR (CDCI 0: 8.26 (dd, J=8.5, I Hz, l}[k 
8.12 ( ~  J=8.5, I Hz, IH); 7.51 (m, 6H); 5.87 (s, 
IH:I2); 5.30 (s, IH:I0); 4.77 (s, 5H:CSHS). 

IR (CH2CI,): vco=2051, 2004, 1984, 1946, 
1662cm- t. 

4.9. Supporting information 

For $. 7 and $ tables of atomic coordinates, all bond 
&stances and angles, and anisotropic thermal parame- 
ters (42 pages) are available. 
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