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Abstract 

The reaction between a new (q’hrtttrs- I .2- CY. /kmsaturated diketone-Fe(U)), complex derived from trms- I .2_diben~oylethylene or 
the corresponding (q’ I-Fe(CO), cumplex with MrLi under a CO atmo>phert: lea& to the thrmation of an (rl‘l)-a-pyrone-Fe(CO), 
complex 3 via the respccrive (q’)-ketcne-Ft: (0) complex. The aucture of the complex was determined by mass spectrometry. IR, ‘H 

and “C NMR spcctroscopies and was confirmed by X-ray diffraction studies. 0 1997 Elwvier Science S.A. 

1. Introduction 

We are currently interested in preparing vinylketene- 
Fe (0) complexes which are readily uvailnble as stable 
yet reactive starting materials, due mainly to the investi- 
gations of Richards and Thomas [I], Hill et al. [?I. 
Srtberi and Thomas [3], Benyunes and Gibson [d], Mor- 
ris et al. [5,6], Saberi et al. [7,8] and Alcock et al. [9,10] 
related to the reactions of alkyllithium with iron tricar- 
bony1 complexes of vinylketones under a carbon 
monoxide atmosphere. 

In our previous work concerning the preparation of 
novel (q’), (q’,$) and (&-Fe (0) complexes derived 
from dibenzylideneacetone [ 1 I, 121, the Thomas’ method 
has been succesfully applied to the subsequent transfor- 
mation to vinylketene-Fe (0) complexes. 

The purpose of this investigation was to prepare II 
ketene complex from the (q’ )-tr.~rzs- I Z-dibenzoylethy- 
lene-Fe (0) cotnplex II, which was reported by Andri- 
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anov et al. [ 131. While prepNil; canplex 1, a new 
complex was also isolated. namely the (~‘)-trms- I ,2- 
dibenzoylethylene-Fe (0) complex 2. Therefore our in- 
terest in these compounds was to bring to light the 
influence of the supplementary a-positioned C=O group 
on the c*ourse of the reaction. 

Here we report the results obtained in the study of 
the reactivity of the (q’) and the new (q4)-f~~~~z.s- I .I5di- 
benzoylethylene-Fe (0) complexes 1 and 2 toward MeLi 
under a CO atmosphere (Scheme I ). 

2. Results and discussion 

Twrs- I ,2-dibenzoylethylene reacts with an excess of 
Fe,(CO),, in anhydrous THF at room temperature yield- 
ing 1 and 2 after 6-h. Silica gel chromatography of the 
reaction mixture affords complexes 1 and 2 with yields 
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of 70% and 17% respectively. The structures of these 
complexes were assigned spectroscopically and, in the 
case of 2, the structure was confirmed by X-ray diffrac- 
tion studies. 

Complex 1, a yellow solid, exhibited absorption bands 
in its IR spectrum at 2 100, 2023 and 1990 cm- ’ and a 
band at rK0) 1630 cm- ’ for an a&unsaturated CO 
group. The ’ H NMR spectrum (200 MHz, CDCI,) 
showed the signals at S U-7.5 ppm for aromatic 
protons (1OH) and a singlet (2H) at S 5.1 ppm corre- 
sponding to vinylic protons. The “C NMR (50 MHL, 
CDCI J spectrum exhibited signals at S 204 ppm at- 
tributed to M-CO groups, ut S 197 ppm the peak for a 
nonmetallic CO group, at S l37- 126 ppm for the 
aromatic carbons. and at 6 38 ppm for vinylic carbons. 
The mass spectrum displayed the molecular ion at rrr/: 
404, which mutches the expected moleculur weight for 
1, and the peaks for successive loss of four CO groups. 

For the new complex 2, obtained us an orange solid, 
the IH spectrum showed three absorption bands u(CO) 
ut 2070, 2010 and 1998 cm - ’ and at 1642 cm - ’ t’or it 
nonmetallic CO group. The ‘H NMR spectrum (200 

MHz, CDCI,) revealed at 6 8.2-7.4 ppm the signals 
for aromatic protons ( lOH), at S 6.9 ppm a doublet 
( 1 H, J = 7.7 Hz) and at S 3.5 ppm another doublet 
(1 H, J = 7.7 Hz) corresponding to the vinylic protons. 
The “C NMR (50 MHz. CDCl,) spectrum displayed 
signals at 6 209.1-202.5 ppm for the carbons of M-CO 
groups, at S 196 ppm for nonmetallic CO groups, at S 
145- 127 ppm for aromatic carbons, and at S 74 and 52 
ppm for vinylic carbons. The mass spectrum showed a 
molecular ion with rrz/z of 376, and the peaks for 
successive loss of three CO groups. 

The structure of complex 2 was finally determined 
by X-ray diffraction. Its ORTEP project@ appears in 
Fig. 1, some selected bond distances (A) and bond 
angles (degrees) are listed in Table 1. 

The asymmetric unit consists of two crystallographic 
independent molecules. The l’ragments C( 1 )-C(2)- 
C(3)-C(4) alid C(2 I )-C(22)-C(23L-C(24) are fairly 
planar (0.04 A) in both molecules. The bond distance 
between C( 1 )-C(2) [ 1.485( 11) A] is larger than C(3)- 
C(4) [ 1.427( 11) A], indicating the coordination to iron. 
The phenyl groups [C(5)-C( IO) and C( I 1 )-C( 1611 form 

Fig. I. The moleculx structure ad atom numbering scheme for 2. 



an angle of 1 I .8” and 13.5” respectively, with the 
former and phenyl groups [C(25)-C(M) and C(3 I )- 
C(36)] making an angle of I 1.7” and 14.3” with the 
second moiety. This compound can be described by a 

Table I 
Selected bond lengths (A) and bond angles 0 for compound 2 
Fe{ , )-C( I A) I .809(Y) Fe(Z)-C( I B I I .822(X) 
Fe( I LC(2A) I .7Y8( I I) Fe(Z)-C(2B) 1.X12(10) 
Fe( I I--C(3A) I .772(g) FeW-C(3B) I .77X(7) 
Fe( I )-O(2) 2.015(S) Fe(Z)-O(22) 2.0 I 2(-c) 
Fe( I )-Ct 2) XY7(7) Fe(I)-C(2) 2.0X9(7) 
Fe( I )-C(3) 2.045(h) FeEI!)-C(23) 2.0-W(6) 
Fe( I )-C(J) 2. I I l(6) Fe(Z)-C(23) 2. I IY(6) 
O(IA)-C(IA) l.l37(ll) O(IB)-C(IB) l.,-,4(10~ 
OfZA)-C(2A) l.l-,5(11) O(2BHXB) l.l42(13) 
0(3Ak-WA) I. 136(Y) 0(3B)-C(3B) l.l-lS(Y~ 
0(1)-C(l) I .2%(Y) O(2 I )--cc I ) I .233(X) 
O(2)-a-1) 1.2YXY) 0(22)-m-!) 1.313(7) 
a I )-C(2) I 4X5( I I) a21 )-Uq’) 

IiYi I I ) a21 ,-C(G) 
I .-l63( IO) 

C( I )-C( I I ) I.-w( 12) 
C(2)-C(3) l.-,l6( I I) C(22MX3) 1.415(10) 
c(3La-c) I .-c27( I I ) C(23KQ4) I .422( IO) 
C(4)-C(S) I .-,7Y( I I) C(24)-C(25) I .173( I I ) 
C( I A)-,% I kC(2A) lOl.Y(-1) C(lB)-Fe(Z)--C(2B) 103.6(3) 
C( I AL-M I K(3A) Y7.5(3) C( IBJ-Fe(ZkC(3B) Y7.3(3) 
C(2AkFe( I K(3A) X9.0(-&) C(2BkFeW-C(3B) 88.5(-I) 
C( ,A)-,+( I )--O(2) 100.6(3) C( I B)-Fe(ZkO(22) YKX(3) 
C(2ALFe( I )-O(2) YI.S(3) C(7Bk-k(2)-OK) Y2.2(3) 
C(3A)-Fe, I )-O(2) 161.2(3) C(3BkMD--O(E) 163.2(2) _ 
C( IA)-Fe( I )--C(2) Y-I.,(3) C(IB)-FeU-C(E) Y4 S(3) . _ 
WA)-Fe( I )-C(2) I62.6(3) C(‘B)-Fd2)-C(22) I60 X(i) 
C(3ALl-d I )-c’(2) YS.7(3) C(3B)-FetI!)-C~22) YSi3-i 
O(2)-Fe( I )-C(2) 7H.-,(2) K!3~-Fe(2K(21)) 7X.7(2) 
C( IA)-l-d I )-C(3) 133.-,(-I) C( IB)-Fe(ZL-C(13) 133..$(3) 
C(?A)-Fl!( I )--(‘(.I) 123.0(-l) C’(2B)--Fe(2)-C(23) INY(3) 
C(3A)-l+( I )-C(3) YS.X.3) . C(3,3)--FL’(‘)--C‘(‘_J) Oh (l( 3) 
O(2)-,+A I L-C(3) 6H.7(‘) __ : ,-. : : o(‘~)-l+(‘)--C(‘J) 6X 7(‘) 
Cc!L-I;&!( I )-C(3) -w,(3) C(22b-Ftd2J-C(23) Wl(3) 
C(IAH’e(I)-C’(4) 135.2(3) C( I B)-FL’(‘)-C(V) I34 -‘( 3) 
C(2ALM I )-C(J) 93.6(-c) C(2BMki-1) Yi.ik 
C(3AkFr( I )-C(4) I X.X(3) C(3BM-k(2)--C(2-,) ,X2(3) 
om-,-a I )-U-i) w,(2) Oc!2)-,+(2kC(X) 36.9(Z) 
C(2)-Fe( I ,--C(3) 6Y.Y(3) C(33)-Fe(2)-C(34) 70 J(3) 
C(3)-Fe( I I--U-C) -10.1(3) cG-Few-c(~4) 39%) 
Fe( I I-C( IA)-O( IA) 176.0(Y) Fe(Z)-C( IBI-Of IB) 177.-l(X) 
Fe( I I-C(2ALO(2A) 17Y.S(7) FLU-C(2BHWB) 177.9(h) 
Fe( I )-C(3A)-O(3A) 177.6(X) ,-k(2)-C(3B)--O(3B) l77.Y(7) 
Fe( I )-0(2)-U-I) 75.X(3) Fe(Z)-0(X!)-C(2-C) 7S.Y(3) 
O( I I-C( I )-cc) I20.3(7) (~(21 I-CXZI kc(“) I IY.Yi7) _- 
O( I )-C( I I-C( I I ) I lY.S(7) O(2l)-c(2l&-C(3I) 118.X(7) 
C(ZkC( I I-U I I) I20.2(6) C(X)-C(2l I-c’f.31) 121.2(h) 
Fe( I Lcw-c( I ) I IY.X(-c) Ft!(2)-C(“)-C(21~ 1’0 l(5) a_ _. _ 
Fe( I )-C(2)-C(3) 6X. I(-,) k(3)-C(X)-C(2.3) 6X.,(-i) 
C( I )-C(‘kC(3) I ,Y.6(6) C(?, )-C(??)-C(?3) ,2().5(s) 
Fe( I )-C(3)--C(L, 72.0(3) Fe12LC(31)-C(33) 71 X(-C) __ 
Fe( I LC(3kU-I) 72.-,(-c) Fe(I)-C(%)-C(2-l) 73:Of-l) 
Cw-C(3&-CI4) I I6.0(6) c(22)-c(23)-cG!4) I I7 d(5) 
Fe( I I--C(JLO(2) 67.7(3) Fe(2)-C(XLO(22) 67.1’(3; 
l-d I )-C(4&-C(3) 67.-N-I) Fe(2&-CmMx!3) 67.Of.7) 
0(2)-C(-i)-C(3) Il3.8(7) O(X!L-C(2$&-C(23) I 13.4(h) 
Fe( I I-C(4)-C’(S) 132.7(S) Fe(2L-C(24)-C(25) 133.Y(S) 
Ow-C(3M(5) 12,.7(h) O(2)-C(24Hx!S) 120.4(h) 
C(3)-C(4)-C(S) ,23.4(h) C(23&-C(XL-C(25) 126.2(S) 

Table 2 
Selecred bond lengths(~) and bond angles(“) tim conmound 3 

Fe(l)-C(IA) l.801(7) Fe(2MXIB) 1.7Y3(7) 
Fe( I )-WA) 1.777(7) k(2)-C(2B) I .7YO(7) 
Ftd I kC(3A) I .808(8) FeW-C(3B) I X3(8) 
Fe( I )-a I ) 2.122(7) k(2)-C(21) 2.1 l5(7) 
Ft!( I )-C(2) 2.07X(h) FeQLC(22) X59(7) 
Fe( I )-C(3) 2.067(h) FeQkC(23) X57(7) 
Fd I )-C(1) 2. I26(6) Fe(Z)--C(X) 2. I33(6) 
O(IA)--C(IA) 1.140(Y) O(,B)--C(lB) l.l32(8) 
C(2ALO(2A) I. 144(Y) 0(2B)-C(2B) 1.136(Y) 
C(3A)-O(3A) l.146(1 I) O(3BkC(3B) 1.131(,0) 
O( I I-C( I) l.414(8) 0(21)-C(21) I .330(7 1 
O( I )-C(S) 1.371(Y) 0(21k-cm) I .377(6) 
0(2)-C(S) 1.215(Y) Oc!2)-cm) I .206(X) 
C( I )-C(Z) I .327( IO) C(2l )-C(E) I .333(Y) 
C’(I)-C(l2) I .3YO( IO) C(2 I kC(32) I .37X(X) 
C(ZkC(3) I .3Y5( I I ) Cc!2)--C(23) I .37X(7) 
C(3)-C(4) I .I-Ch(Y I C(23 )-C(24) I .449(X) 
C(J)-C(S) I .-,6X( I I ) C(24)-C(2S) I .JSY,(Y) 
C(I)-C(6) 1 .SW( 10) C(X)-C(26) I .4X2(7) 
C( IA)-Fe( I )-WA) Y6.1(3) C( I BLFe(2kWB) Y6.23) 
C( I A)-Fet I LC(3A) Y I .S(3) C( IB)-Fe(Z)-C’3B) Y I .3(3) 
C(lA)-Fc( I )-C(3A) 101.-F(3) CQBMWkC(3B) IOI .X3) 
C(lA)-Fe(I)-C(I) YX.4(3) C( IBI-FeW-WI) 96.X(3) 
C(2A )-Fe( I I-C( I ) 8&I(3) C(2BLFe(Z)-C(2l) Y?.,(3) 
C(3A)-Fe( I )-C(I) l65.3(3) C(3BLFe(Z)-C(2l) 163.3(3) 
C( IA)-Fe( I )-C(2) 9X.0(3) C( I B)-Fe(Z)-C(E) 97 O( 3 1 
C(2AkFe( I )-C(2) 127.6(3) C(2B)-Fe(2)-C(22) 13 I :6(i) 
C(3A)-Fe(IHX) 12X.2(3) C(3B)-Fe(2)--C(22) 1’4 4(J) -. _ 
C( I )-Fe( I )-cc I 3Y.7& C(21 )--Fe(2HX2) 40 l(2) 
C( IA)--Fe( I )-C(3) 1X3(3) C( IBLFe(2)-C(23) &J(3) 
C(2AkFe( I )-C(3) 133X3) C(2BkFe(ZkC(23) 135.3(3) 
C(3AH+( 1 )-C(3) Y6.3(3) C(3BkFe(Z)-C(23) Y3.8(3) 
C( I k-,-d I )--C(3) 6Y.l(3) a21 )-,+(2K(23) hY.6(3) 
C(2)-Fe( I )-C(3) 39.3(j) C(22)--Fe(2k-C(33) 3Y. I(2) 
C( IA)-,+ I )-U-l) 166.N.3) C(IB)-Fc(3X‘(‘d) 165 6(j) _ _ 
C(2ALFd I )-C(1) Y6.1(3) C(2B)-I-d2)-C(24) 9(1:7(i) 
C(3A)-Fe( I )-C(4) Yl.Y(3) C(3B)--Fr(2)-C(24i Y2.5(3) 
C( I )-,-a I I-U-1) 76.0(3) C(‘, )-Ft?(‘)-C(ql) 76 J(2) 
C(2)-Fe( I )-C(4) 6Y.M2) C(kG)-C(2‘U 6Yi2) 
C(3)-,% I )-C(-k) -w.3~2) C(23H-k(2)-C(24) -U-N2) 
l-d I I-C( I A)-O( I A) 1756(h) F,:(2)-C( IBI-O( I B) 178.7(7) 
Fe( I )-CQAkO(2A) 17.5.0(7) ,XZ)-C(2B)-0(2B) 177.0(X) 
ld I )-C(3A)-O(3A) 175.3(7) ,+(2)-C(3B)-O(1B) 17X I(6) 
C( I I-0( I Mxi) ,15.3(S) c(‘I)-o;‘lm’5) ll3:Y(s) 
Fc( I )-C( I I-0( I I 107.I(-c) Fe(Z)-C(2I )-WI) IOX.?.(3) 
Fd I )-C( I )-C(2) 6&5(-C) _ _ Fe(‘)-C(‘I )-C(E) 67.X(3) 
O( I )-C( I )-C(2) I lh.Y(S) O(2, )-C(‘l K(22) I 15.6(5) 
Fe(lLC(ILC(I2) 121.X(-I) Fe(l)-C(il K(32) 177.7(i) 
O( I )-a I )--C( 12) I I I .5(h) O(2, )-C(2l I-C(32) I 10.6(S) 
c(2)-c(l)-c(l2) ,23.X(6) C(22)-a21 LC(32) 125.1(S) 
Fe( I I-cc LC( I ) 7,.X(3) Fe(2)-C(22)--C(21) 72.U-1) 
Fr( I L-C(2L-C(3I 6Y.Y(.3) Few-Cc!K(23) 70.3f-1) 
C( I K(2k-C(3) I I-,.6(6) C(2, )-C(2)-C(23) 1 ,5.7(S) 
Fe( I I-C(3)-C(2) 7w3 ) Fe(3)-C(‘3)-C(22) 70 5(-i) ._ 
Fd I &C(3)-C(4) 72.1(3) Fe(‘)-C(&W) 72.6(-I) 

C(2k-C(3k-(‘(-t) I ,S.7(7) c(22)-c(23L-ct2-,) 115.5(S) 
Fe( I )-C(-l)-C(3) 67.7(3) ,-&)-C(24)-C(23) 67.0(3) 

Fe( I I--C(3)-C(S) 103.0(4) Fe(Z)-C(24)-C(25) 104.5(3) 
C(3)-C(4)-C(5) Il6.6(6) C(23)-C(24)-C(25) IlS.2(5) 

Fe( I )-C(3)-C(6) I lY.l(-c) Fe(z)-C(X)-C(26) IX. I (S I 

C(3)-C(-!)-C(6) l20.1(7) C(23)-C(24)-C(26) ,21.2(S) 

C(S)-a-,)-C(h) I IH.3(6) C(2S)-C(24)-C(26) 117.5(S) 

O( I )-c(sk-o(2) I I &S(7) 0(3,)-C(?)-O(X) Il3.4(6) 

Of I M-x)-C(4) ll5.6(6) O(;,)-C(‘iCW I lh.Y(S) 

O(2)-C(SLC(4) ,25.‘)(7) 0(22)-c(35)-3cw)12x.7(5) 



Fig. 2. That moicculx structure and atom numherin~ ~hrme for 3. The plots were niti& at -10% probability. 

distorted trigonal bipyramidal if we consider C(2)-C(3) 
and C(4)-O(2) bonds as being one site of coordination, 
so that the metal atom is five coordinated. This is 
consistent with a #-coordination of the 0(2)-C(4)- 
C(3)-C(2) fragment of the dibenzoylethylene ligand t2 
u Fe(CO),. The bond distance for C( 1 )0-0( I) is 1.228 A 
whereas that for C(4)-O(2) is 1.293 A. confirming the 
coordination of the latter CO group. 

It must be pointed out that when complex 1 is 
rcfluxed in THF during 1 h. the complex 2 is obtained 
with a yield of 17% along with 52% of cln organic 
compound, isolated us white crystals, which was charac- 
terized us 1,2-dibcnzoylethurrt: according to its physical 
constants and spectroscopic data. 

Treatment of complex 1 or 2 with methyllithium 
under II carbon monoxide atmosphere led to a new 
complex 3. The complex 3, isolated as L\ dark-red solid 

in 20% yield, proved to be the (q’)-3.6diphenyl-g-py- 
rone-Fe(CO), complex, based on its spectroscopic data. 
In addition the structure was confirmed by an X-ray 
diffraction study. The IR spectrum displayed absorption 
bands v(C0) at 2055, 2000 and 1985 and at 1732 for a 
(CO) lslctonic group. The ’ H NMR spectrum (200 MHz, 
CDCl J) showed, besides those signals for two phenyl 
groups at S 7.6-7.2 (IOH), signals at S 6.9 and 6.2 
ppm (2H. .I = 6.0 Hz) as two doublets arising from the 
protons of the coordinated dienic system. The “C NMR 
(SO MHz, CDCI,) spectrum revealed a signal arising 
from u CO group at c‘i 169.1 ppm. III addition the 
aromatic carbons can be observed at S 136.3- 123.1 
ppm as well as four signals at S 101.9, 86.7, 7 1.7 and 
67.1 ppm which correspond to the dienic system. 

The structure of this complex was finally confirmed 
by an X-ray diffraction study. Fig. 2 represents an 
ORTEPDprojection of the complex. Selected bond dis- 
tances (A) and angles (degrees) are listed in Table 2. As 
in complex (I), the asymmetric unit consists of two 
crystallographic independent molecules. 

The six-membered ring of the U-P, y-&unsaturated 

Ph 

L 

Ph 
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Scheme 2. 



lactone can be considered as in a quasi-boat conforma- 
tion. The coordination fragment C( 1 )-C(2)-C( 3)-C(4) 
is fairly planar and makes an angle of 39.5(S)” with the 
moiety 0( 1 I-C( 1 I-C(S)-C(4) in one molecule while 
the angle in the other molecule [C(21)-C(22)-C(23)- 
C(24) with C(2 1 I-0(2 I )--C(25)-C(24)] is 41.2( 1 Y. This 
compound can be described as a distorted trigonal 
bipyramidal which is consistent with an q’-coordination 
of the C( 1 )-C(2)-C(3)-C(4) moiety ligand to a Fe(C0): 
fragment. By the same token C( 1 )-C(2) [ 1.427( 10) A], 
C(3)-C(4) [ 1.446(9) A] and C(21 I-C(22) [ 1.433(9) A], 
C(23)-C(24) [1.449(S) A] bonds are larger than a nor- 
mal C=C double bond (I 33 A) owing to the coordina- 
tion with the Fe(CO), fragment. 

A mechanism which would account for the formation 
of complex 3 is given in Scheme 2. 

It is well known that treatment of q’-complexes of 
cw,@tnsaturated ketones with MeLi/CO leads to stable 
q’-vinylketene complexes [ 121. In this case, the ketene A 
intermediate could not be isolated and possibly via< 
simple six electron electrocyclic ring closure [ 141 af- 
forded the q’-cu-pyrone-Fe(CO), complex 3. 

3. Conclusion 

We report for the first time the formation of a new 
(qJ )-cw-pyrone-Fe(CO), complex 3 from a ring-closure 
reaction of a likewise new (q’-ttms- 1.2~ur.P-un- 
saturated diketone-Fe(CO), complex or the correspond- 
ing ($ )-Fe(CO), complex with MeLi under a CO 
atmosphere. Ketene intermediates are suggested for these 
ring closures. Iron complexes similar to 3 have been 
already synthesized by other methods [ 1 S]. 

4. Experimental section 

The ‘H NMR and “C NMR spectra were recorded 
on a Varian 300s spectrometer and IR spectra were 
recorded on a Perkin-Elmer 283 B or 1420 spectrome- 
ter. The electronic impact (EI) ionization mass spectra 
were acquired on a JEOL JMS-AX505 HA mass spec- 
trometer operated in the positive ion mode. The acquisi- 
tion conditions were ion source temperature 23OOC. 
ionization energy 70 eV, emission current 0.14 C_LA and 
ionization current 100 PA. Melting points were mea- 
sured using a Me:-Temp II apparatus and are uncor- 
rected. Co!umn chromatography was performed with 
Merck silica gel (70-230 mesh) using ethyl 
acetate:hexane in different ratios as cluent. All reagents 
were obtained from commercial suppliers and used as 
received. Reactions were performed under nitrogen at- 

mosphere in carefully dried glassware. THF was dis- 
tilled from sodium-benzophenone under an argon atmo- 
sphere. 

4. I. 1. Swthesis of the (77’ )-ttms- 1.2-dihetlzc,~?ctlt~- 
lew--Fef COI, cotttplex I md (qJ)-rmtt.s- 1,2-&e&- 
_vleth$etw- Ft4CO!, cornpl~_u 2 of qJ, ~~-1 

A solution of tratrs-1.2-dibenzoylethylene (3.78 g, 
16 mmol) in anhydrous THF was treated with Fe,(CO), 
(8.74 g, 24 mmol) un d er reflux for 6 h. After reaction 
was completed, the solvent was evaporated under vac- 
uum and the mixture reaction chromatographed on silica 
eel. Elution with hexane/ethyl acetate in a 98:2 ratio 
iave 1 (70%) and 2 ( 17C/o). 

Complex 1: mp, 117°C; IR (KBr): v(C0) 2070, 
201% 19% cm-‘, v(C0) 1630 cm-‘. ‘H NMR (200 
MHz, CDC13): S 8.18-8.05 (m. 4H, At-). 7.54-7.01 
(m, 6H, Ar), 5.06 (s, 2H. vinylic Hs); ‘? NMR (SO 
MHz, CDCI,): S 204.5 (M-CO). 196.6 (CO), 137.1, 
133.1. :29.1, 128.8, 128.6, 128.0, 127.1 (Ar), 48.6 
(vinylic Csl; El-MS. 404 (M+). 376 (M’-CO). 348 
(M +-2CO), 320 (M +-X0), 292 CM+-4CO). 

Complex 2: mp, 125°C; IR (KBr1: v(CO) 2 100. 
2030, 2000 cm-‘, Y(CO) 1642 cm-‘. ‘H NMR (200 
MHz, CDC13): S 8.15 (d, 2H, J = 6.4 Hz. Ar), 8.03 (d. 
2H. J = 6.4 Hz, Ar), 7.64-7.50 (m, 6H, At-), 6.88 (d, 
1 H. J = 7.7 Hz, vinylic H). 3.48 (d, 1H. J = 7.7 Hz, 
vinylic H): ‘? NMR (SO MHz, CDC13): S 209.1. 
205.4 (M-CO), 195.8 (CO). 144.5, 137.2, 133.2. 132.5, 
129.1. 128.8. 127.5, 127.2 (Ar), 73.4, 5 1.8 (vinylic Cs). 
El-MS, 376(M+), 348 (M+-CO). 320 (M+-2CO). 292 
(M +-3CW 

A solution of complex I or 2 (I g. 2.7 mmol) was 
treated with metl~yllithium under a carbon monoxide 
atmosphere at -78°C during 1 h, and then allowed to 
warm at room temperature with stirring for 18 h. The 
solvent was removed under reduced pressure and the 
residue was chromatographed on silica gel giving 3 in 
20% yield. 

Complex 3: mp, 155°C: IR (KBr): rr(CO) 205% 
2000, 1985 cm-‘, v(lactonic CO) 1732 cm- ’ . ’ H NMR 
(200 MHZ. CDC13): 7.6-7.5 (m, 10H. At-), 6.9 (d, 1H. 
J = 6 Hz, vinylic HI, 6.2 (d, 1 H, J = 6 Hz. vinylic l-0: 
“C NMR (SO MHz, CDC13): S 169.1 (CO). 136.3. 
135.6, 128.9. 128.6, 128.4. 128.0, 123. I (At-), 71.7. 67.1 
(vinylic Cs). 

The single crystals of complex 2 were grown by siow 
evaporation from a hexane:dichloromethane solution to 
0°C as orange regular crystals. For 3. crystals were 
grown by slow evaporation from ;I hexanle:dichloro- 
methane solution to 0°C as dark-red prismatic crystals. 



Tublc 3 
Cr?lstill d;itu und refinement detail5 for compounds 2 and 3 

Formula 

M\, 
Cryad system 
Space _rroup 

II (ii, 

I? Lib 

(’ (Ii) 
(Y (“) 
p (“1 
y (“) 

\’ (2, 
z 
DL (g/cm’) 
p(cm-‘) 
F (004)) 
Diffractometer 
Radiation 
Scan type 0 

Compound 2 Compound 3 

C,,,H,+,Fc C,,,H,,O,Fe 
752.3 388. I 
Triclinic Triclinic 
P-l P-l 

7.-lhl( I) 6.614 I) 

15.13~2) 13.547(2) 

16.261(3) 20.34x) 
109.91( I) IOX.81( I) 
90.74 I ) 91.523(l) 
91.48(2) 1 MMM I ) 
1717.9(S) I hX6.9(5) 
4 4 
I .-G-l I .S28 
9.03 9.2 
76X 792 
Siemenh P-I Siemens p-l 
MoKu Mo K u 
ctk2H l+ZH 

Scan runge (A) I .s 5 H c ‘5 - -- I .5 I H I 2s 
Data collected 6369 63X7 
Dutu used (cri:erion) 3057 ( F 2 -l.Otr( F 1) 3.354 ( F 2 -I.Otr( F )I 
RW,JW 6.3 I (6.50) s.42 (5.06) 
I.s. parameters 352 3.36 
GOF I ” .__ I.17 

A crystal summary is given in Table 3. The crystal 
dimensions were 0.38 X 0.38 X 0.20 mm for 2 and 0.40 
X 0.30 X 0.14 mm for 3. Both compounds were col- 
lected at room temperature and all data were corrected 
for usual Lorentz and polarizations effects [ 161. Absorp- 
tion corrections were applied using semi-empirical 
method based on psi-scan collection, the max./min. 
transmissions factors were 0.7.345/0.8745 and 
0.78267/0.9254 for 2 and 3 respectively. The structures 
were solved by direct methods [ 171 to the first atoms 
and the expansion structures were by Fourier map dif- 
ference and refined by block-matrix least-squares [ 171. 
All non-hydrogens atoms were refined anisotropically. 
The hydrogen atoms were located on the Fourier map 
difference oand refined fixed isotropic thermal factor 
U = 0.06 A. The minimized functions were CW( c, - 
F,)‘. with w = [a’(&) + O.OOICXQ’] and w = 
[fr ‘( 4,) + 0.0002( ~,I’] for 2 and 3 respectively. Scat- 
tering factors were taken from International Tables for 
X-ray Crystallography ( 1974, Vol. IV). 

A?. Strppletnetmt~ mctter’ich ctt~aildde 

Tables giving all bond lengths (Tables S4. 4a). a11 
bond angles (Tables S5. Sal. fractional coordinates (Ta- 

bles S6. S6a), anisotropic thermal parameters (Tables 
S7, S7a). hydrogen atoms parameters (Tables SS) and 
structure factors for 2. Tables giving all bond lengths 
(Tables S9. 9a). all bond angles (Tables S IO. I Oa) 
fractional coordinates (Tables S 11, S I 1 a), anisotropic 
thermal parameters (Tables S 12. S i2a). hydrogen atoms 
parameters (Tables S 13) and structure factors for 3. 
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