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STEREOSELECTIVE ACETYLATION OF IRON CARBONYL COMPLEXES 
OF 5,6,7,8-TEFRAKIS(METHYLENE)BICYCLO[2.2.2]0CT-2-ENE. 
DIENE-HETEROTRIENE TRICARBONYLIRON COORDINATION 
EQUILIBRIUM IN SOLUTION AND CRYSTAL STRUCTURE OF 

(C12H1LCOCH3)FeZ(CO)6 

R. ROULET *, E. TAGLIAFERRI, P. VOGEL * and G. CHAPUIS 

lttstitute of Inorganic and Analytical Chemistry, Place du Chdteau 3. Institute of Organic 
Chemistry, rue de la Barre 2, and Institute of Crystallogmphy, &HP Dorigny, Universify of 
Lausanne (Switzerland) 

(Received September 22nd, 1980) 

The stereospecific monoacetylation of the pentaene 5,6,7,&tetrakis(methyl- 
ene)bicyclo[2.2.2]oct-2-ene (C1,H12; I) was achieved by treating its diiron com- 
plex (q4 : q4-CIzH,,)Fe2(CO), (endo,ezo) (II) with CH&OC~/AlcI, in dichloro- 
methane. Addition of the electrophile CH,CO+ occurred exclusively at one ter- 
minal diene carbon atom bonded to the Fe(CO), group in the endo position 
with respect to the roof-shaped ligand. An X-ray crystal structure determina- 
tion of the kinetically favoured product (q4 : ~4-C12H,,COCHJ)Fe,(CO), (HI) 
showed that the exe-fz.eka.haptotricarbonyliron group is bonded to one s-cis- 
butadiene system while the endo-Fe(CO), group is coordinated to one C-C 
double bond of the second diene system and to the oxygen atom of the 
(.Z)-acetyl substituent in a trigonal bipyramidal arrangement. III isomerises in 
solution to the thermodynamicaliy more stable isomer IV in which each tetra- 
haptoticarbonyliron group is now bonded to a diene system. The thermody- 
namic and kinetic parameters of this coordination equilibrium were measured 
by UV spectrophotometry (H -4.0 & 0.2 kcal/mol, AS -4 + 1 e-u, AW 
22.0 * 0.7 kcal/mol, AS’ -5 f 2 e.u). The (2) =+ (E) isomerisation of the 
acetylated complex was observed as a subsequent step when IV was heated un- 
der argon. 

* authors to whom correspondence should be addressed. 
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J&roduction 

We recently reported the synthesis and spectroscopic properties of various 
Fe, Ru, MO and W carbonyl complexes of the pentaene 5,6,7,&t.etrakis(methyl- 
ene)bicyclo[2.2.2Joct-2-ene (C12H12, I), as well as the crystal structure of 
(C,,H,,)Fe(CO),(exo) and a kinetic study of the cycloaddition of a dienophile 
to the monometallic complexes of the title ligand [ 1,2]. One of the bimetallic 
complexes, i.e. the endo,exo-bis(tetrahaptotricarbonyliron) isomer (C,,H,2)Fe,- 
(CO), (II, Scheme 1) appears to be a useful synthon, since it can be substituted 
stereospecifically, thus the asymmetric positions of the two Fe(CO)3 groups 
with respect to the roof-shaped organic skeleton have been used to achieve ster- 
eospecific hydroboration and deuteration of the uncoordinated endocyclic 
double bond by electrophiles, and to protonate regioselectively one of the two 
coordinated s-c&-butadiene systems of the pentaene [Z]. We report here on the 
stereospecific acetylation of II as well as an X-ray crystal strclcture determina- 
tion of (CI,HIICOCH3)Fe,(CO)6. We’shall show that Friedel-Crafts acetylation 
occurs preferentially at the endo-(diene)Fe(CO),, whereas protonation occurs 
exclusively at the era-(diene)Fe(CO), of II. 

Results and discussion 

Stereospecific tnonoacetylation of II 
Electrophilic substitution of (1,3diene)Fe(CO), complexes was first 

described by Ecke who reported the acetylation of (s-c&butadiene)Fe(C0)3 to 
give I- and 2-acetyl derivatives [ 3]_ Subsequent work showed in fact that elec- 
trophilic attack occurs exclusively at the terminal carbon atoms of the diene 
[4,5] under the conditions of Friedel-Crafts acylation. Knox et al. were able to 
isolate the ((Z)-l-acetylbutadienyl)Fe(CO), cationic intermediate prior to 
quenching [6]_ Lillya et al. showed that the Z/E ratio of acetylated products is 
highly dependent on the method of quenching [ 71 and found optimum acetyla- 
tion conditions for the synthesis of a wide variety of (dienone)Fe(CO), com- 
plexes [ 7,3] _ 

In the present case, the pentaene ligand I has a rigid carbon skeleton bearing 
two exocyclic s&s-butadiene systems and an endocyclic C-C double bond. 
Complex II, a product of the reaction of I with Fe,(CO), [1,2], has two t&a- 
haptotricarbonyliron groups coordinated in trans positions to the two diene 
systems. It may act as a model for following the steric course of an acetylation 
reaction, since the possible sites of attack C(2), C(5), C(7), C(9) and C(ll) 
(Scheme 1) by an electrophile are distingnishable. 

Acetylation of II proceeds cleanly in dichloromethane only when CH,COCl/ 
AlCl, is added in stoichiometric amounts (higher ratios CH,COCl/II lead to the 
partial decomposition of the starting complex). Attempts to isolate the cationic 
intermediate of the reaction as a tetrachloroaluminate salt were unsuccessful. 
Quenching with saturated aqueous NaHCO,/CH,OH followed by extraction 
and chromatography revealed a single product III, which crystalhsed as red 
needles from n-hexane (57.5%). The analytical data (Experimental) for III 
correspond to those of a monoace@lated derivative of II. Its *H and 13C NMR 
data (Table 1) were assigned by comparison of AS’s (= G(ligand) - G(complex)) 
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I) CH~COQ,AK13ICH2Cl2 

2) NaHC03/ H20 

(OC)7Fe, A (OChFe. J 4 cHL, 

- $?---%‘“k, - b-----lcH3; +---y” 
=+----+~co’3 =c- ye(c;)3 

III -IV 

SCHEME 1 

V WCO)3 

TABLE1 

IHandI3CNMRSPECTRALDATAOFACETYLATIONPRODUCTS= 

mb IV V 

H(1.4) c 
H(2.3) 

H(9) 
H(lOE) 
H(10.2) 
H(11.12E) 
H(ll.122) 

H(14) 
C(l.4) 

C(2.3) 
C(5) 
C(6) 
C(7.8) 
C(9) 
C(l0) 
C(ll.12) 

C(l3) 
C(14) 
co 

4.20.3.33 ddd 
6.98.6.56 ddd 

612s 
3.67 de 
0.92d 
2.17.2.02d f 

0.67.0.64 d 
1.93s(3H) 
63.1.52-2 dF 
140.3.131.7 db 
178.2s 
73.6s 
111.8.106.4 s 
113.2 di 
49.8ti 
40.1.39.9 ti 
194.5s 
28.4qk 

214.2.214.0s. 
209.8s 

4.24m 4.27.5.32 dd 
6.98m 6.96m 

3.60s 1.10s 
2_55d= 2.29de 
1.66 d 0.87d 
2.18 d f 2.43.2.14 d f 

0.56 d 0.66.0.54d 

2_05,(3H) 2.i7s(3H) 
49.7.49.0dp 61.7.48.4 dg 
139.3.138.4d 140.3.139.0 d 

119.5s 111.4s 
114.2s 107.50 
110.9s.110.0s 113.2.113.0s 
56.3d 44.3d 
43.2ti 38.ltj 
40.3. 39.5 ti 40.9.40.3tf 
197.9s 203.7 s 
28.7sk 30.2 pk 
209.8.206.4s 210.4bs 

aIn CDCI3;at-51°C torII& room temperatureforIVandV: I3C NMR~pectnun wIdtb3750IEz.4096 
POints. b NumkdngscbemeonFigure 1. = Chemical shift in ppmreIatIveto TMS:s.sinzIet.d:doubIet. 
t: tiplet. q: quertet. m: muItfpIet. dJ(H(l).H(2)) 6 Hz.J(H(l).H(3)) CR. 1.4 Hz,J(H(2).H(4)) <l Hz. 
J(H(3),H(4)) 6IIz. J(H(2).H(3)) 6.6 Hz. eJ(E.Z) 2.4 Hz for III, 3.2 Hz for IV and V. f J(E,Z) 3Hz.8 
1J(C,H)150 +l Hz.~ 'J(C.H) 176 EB far III snd V.178 IIzforIV.i1J(C.~)160 t2IIzforIlIandV. 
153 HzforIV_~'J(C.H)160 i 2Hz.k IJ(C,H)128 -c2 Hz. 
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TABLE4 

BONDLENGTHS<&INIII 

FeW-O(l) 
J+(l)-w3 
Fe<l)--CtlO) 
Fe(l)--c<l5~ 
~e'e(iW(lG> 
Fe<l)-C(l?) 
Fe<2.)-C<7) 

Fe<2I-C@) 
Fe(2)-C(ll) 

Fe(2kC(12) 
Fe(2)--c<18) 
Fe(2)--c<19) 
Fe(2)--C(20) 
O(l+C<13) 
0(2W(l5) 
0(3)-a16) 

1.997<2) 
2.110<3) 
2_030(5) 
l-732(3) 
1.800(3) 
1.801(5) 
2.068(3) 

2.076(3) 
2.113<4) 

2.117(4) 
l-765(4) 
l-769(4) 
l-784(5) 
1.251(4) 
1.163(4) 
1.146<4) 

0(4k-C(17) 
O(W-C<18) 
0<6)--c(19) 
0<7)-~(20) 
C<XW(Z) 
C(a-a3~ 
C<3k-C<4) 
a4Pa5> 
C(5PC(6) 
C(l)--c<6) 
C<lP'X6) 
C<4)-C(7~ 
C<5)-aS) 
C(6)-C(10) 

C<7)--c(8) 
C<7)-all) 

l-147(6) 
l-162(5) 
l-149(5) 
1.143(5) 
1.520(5) 
1.307(5) 
1.509<5) 
1.538<4) 
l-451(4) 
l-557(4) 
1.518<5) 
1.530(5) 
1.3544) 
l-416(5) 
l-406(4) 
l-415(6) 

Additional distances 
Fe<l)...C(5) 2.887(3) Fe(2)...C(3) 3.405(3) 
Fe<l)...C(S) 3.269(4) c<l9).._c(3) 3.234<5) 
Fe(l)_..C<13) 2_939(4) Fe(l)...H(lOEJ Z-66(4) 

The e_s.d. of the kit significant digit is given in parentheses. 

C<SPC<12) 
C<9PC<l3) 
C(13)--c(14) 
C(l)_H(l) 
c(2)--H(2) 
c(3)_-H(3) 
c(4)_W4) 
C<9)--RW 
C(lO)-H(lOEJ 
C(lO)_H(lOZ~ 
C<l1)-H<llE) 
C(n)-H<llZ) 
C(12)-H(12E) 
C(12)_H(12Z) 
C(14)-H(l41) 
C(14)-H(l42) 
C(14)-H(143) 

Fe(l)...H<lOZ) 
Fe<2)...H(llE) 
Fe<O)...H(llZ) 

1.420(5) 
l-420(4) 
1.507<5) 

O-97(2) 
0.95(3) 
0.96(3) 
O-97(2) 
0.93(2) 
l-01(3) 
0.86<3) 
O.SO(3) 
O-97(3) 

0.92(3) 
l-07(4) 
1.00<3) 
1.01<3) 
0.89(4) 

2.40<3) 
2.70<3) 
2.55(3) 

et al. [13]. Anomalous dispersion coefficients of Fe were taken from Cromer 
[143. AII hydrogen atoms were found on a difference Fourier synthesis after 
preliminary anisotropic refinement to R = 0.053. Final refinement to R = 

TABLE5 

BONDANGLES<O)INIII 

C(l5jFe<ljC<16) 
C<15)-Fe<l)-C(l7) 

C(l6)-Fe<l)-C(l7) 
C(lS)-Fe(l)-O(l) 
C<lG)-Fe(l)-_o(l) 
C<17)_Fe'e<1)-0<1) 

C(G)-Fe((l)--c(17) 
C(lo)-Fe(l~lC(l6~ 

C(6)_Fe(l)-O(l) 
C<1OjFe<l)--o<1) 
Fe(lk-C(15&0(2) 
Fe(lk-C(l6)--0(3) 
Fe(lW(l7)_-0(4) 
C(7)-Fe(2)<<8) 

C<7)_Fe(2)--c(ll) 
C(S)-Fe(2)-C<l2) 
C(ll)-Fe(2)-C(l2) 
C(18)--Fe(2f--c(19) 
C<lS)-Fe(2j-C(20) 
C(l9)_Fe(2)-C(20) 

Fe<2I-C~18)--0<5) 
Fe(2)_C(19)--0(6) 
Fe(2)--C(20)--0(7) 

88.6<2) 
93.2<2) 

106.1(2) 
174.4(3) 
86.9(3) 
91.1<3) 

107.3<2) 
106.7(2) 
91.3(3) 

861(3) 
178.6<3) 
176.9<3) 
177.3(3) 

39.7<2) 
39.6(2) 
39.6(3) 
81.2(2) 
90.4<2) 
991<2) 

100.7(2) 

178X3) 
177.7(4) 
179.5(4) 

104.7<3) 
109.2<3) 
105.1(3) 
114.3<3) 
114.4<3) 
104.8(3) 
108.8<3) 
103.7(3) 
112-O(2) 
121.0<3) 
126.8(3) 
109.9<2) 
119.3(3) 
125.3<3) 
112.3<3) 
129.1<3) 
118.6<3) 
112.0(3) 
129,9(3) 
118.1(3) 
124.7(3) 
122.0<3) 
119.6(3) 

118.2(3) 

114(2) 
109<2) 
114(Z) 

119<2) 

126(2) 
128(2) 
117(2) 
115<2) 
112(l) 
111<2) 
119(l) 
116(l) 
118(3) 
115(2) 
llS(2) 
120<3) 
115(2) 
115<2) 
117<3) 
117(2) 
121(2) 
112(2, 
111<2) 
107<3) 

Thees.d.ofthelastsignificant digitisgivenin parentheses. 
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TABLE 6 

LEAST-SQUARES PLANES IN III 

Plane Atoms defining plane o 

A C(1). C(4). C(7). C(8). C(l1). C(12) 
B C(i8). C(19). a. b 
C C(1). C(2). C(3). C(4) 
D C(1). C(4). C(5). C(6) 
E C(16). C(17). O(3). O(4). Fe(l). c 
F O(7). C(20). F-e(2). d. e. f 

Displacement of atoms from mean plane (& 
. 

Equation of mean plane 

-1.018X -I- 3.624Y i- 18.0902 = 6.032 
10.680X - 1.339Y t 0.6372 = 5.418 

8.130X + 0.458Y - 10.7462 = 9.458 
10.016X - 3.344Y - 7.8222 = 3.841 

2.252X - 5.648Y -I- 14.0062 = 6.447 
3.106X •? 8.061Y - 8.0052 = -0.070 

Plane A: C(1) 0.010 Plane E: C(16) 0.022 Plane F: O(7) 0.010 

C(4) -0.014 C(17) 0.013 C(20) 0.001 

C(7) 0.007 O(3) -0.011 Fe(2) -0.022 

C(8) 0.002 C(4) -0.005 d 0.004 

C(l1) 0.007 Fe(l) -0.023 e 0.009 

C(12) -0.012 C 0.005 f -0.001 

Plane B: C(18) 0.014 Plane c: C(1) 0.001 Piane D: C(1) +I.002 

C(19) --0_015 C(2) -0.002 C(4) 0.002 
a 0.017 C(3) 0.002 C(5) -0.003 

b -0.016 C(4) -0.001 C(6? 0.003 

Dihedral angle between planes (“) 
A-B 88.9; A-C 125.2; A-D 116.6; C-D 112.4; D-E 76.7; F-A 89.9: F-B 89.3: F-C 89.9: F-D 89.6: 
F-E 39.5; E--(Fe(l), C(6). C(10)) 5.0. 

o a. b. c. d. e &d f are the midpoints of the C(7)-C(ll). C(8)-C(12), C(S)-C(lO). C(7)--c(8). C(2)- 
C(3) and C(5)-C(6) bonds, respectively. 

0.035 gave the positional and thermal parameters listed in Table 3 *. Calculated 
bond lengths and angles are reported in Tables 4 and 5, respectively. The equa- 
tions for several least-squares planes and some dihedral angles are presented in 
Table 6 and a view of the moleculear structure, prepared by the program 
ORTEP [lS], is given in Fig. 1. 

The structure consists of discrete monomeric (C12H,,COCH,)Fe,(CO). mole- 
cules. The two Fe(CO), groups are in trans positions with.respect to the roof- 
shaped organic skeleton as in II. The acetylated s-cis-butadiene system of the 
ligand is bonded to Fe(l) through one C-C double bond and the oxygen-atom 
of the (Z)-acetyl substituent. The arrangement of ligands about Fe( 1) is 
trigonal bipyramidal. The three equatorial sites are occupied by 2 C-O and the 
midpoint of C(6)--C(iO) (plane E, Table 5) and the C-C double bond makes 
an angle of 5” with the equatorial piane. The apical sites are occupied by one 
CO and O(1). The equatorial angles are 127,127 and 106”, the small angle 
being that subtended by two Fe-CO bonds. The apical angles are close to 90” 
(Table 5). H(1G.Z) deviates from the diene plane (plane D, Table 6) away from 
the metal by 29” and H(1OE) towards the metal by 25”. The Fe-O( 1) bond 
has a length of 1.997(2) d, in excellent agreement with the corresponding dis- 
tance of l-999(5) J% reported by Sii et al. [17] for the (1-3-r)-hexene-5-one)- 
tricarbonyliron cation. This distance is indicative of an essentially single bond. 

* Lists of observed and calculated structure factors are available on request from R.R. 
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Fig. 1. A perspective view of the molecular structure of (C12H11COCH3)Fe2(CO)6 (III). 

The Fe-C(l5) bond trans to the oxygen ligand O(1) is significantly shorter 
(l-732(3) I%) than the Fe-C(l6) and Fe-C(l7) bonds “trans” to the 71*-C(6)- 
C(10) ligand (l-800(3) and 1.801(5) A). This is also in agreement with a neg- 
ligible back-donation of charge to the oxygen atom O(1). The C(13)-0(1) dis- 
tance of l-251(4) A is longer than the corresponding distance reported by Sim 
et al. [171 and the mean CO distance of 1X5(5) A reported for ketones and 
aldehydes [18]. Thus, the acyl CO bond order appears to be affected by the 
formation of the Fe-O(l) bond. This is in agreement with the Y(CO) at 1590 
cm-‘, whereas normal ketone absorption is at ea. 1710 cm-‘, and brings further 
support to the right limit structure presented in Scheme 2. 

The arrangement of ligands about Fe(2) is approximately tetragonal pyrami- 
dal. Four coordination sites are occupied by 2 CO and the midpoints a and b of 
the exo C-C bonds of one s-cis-butadiene system, a-b-C( 18)-C( 19) defining 
the basal plane (plane B, Table 6). The apex-to-base angles are 100” for the car- 
bony1 groups and 115’ for the C--C bond midpoints. The basal angles are 95, 
86 and 69”, the small angle being that subtended by the two outer C-C bonds 
of the diene. The diene is perpendicular to the basal plane, the distance Fe(l)- 
plane is 0.53 A.. The three C-C bond lengths of the diene are equal within 
experimental errors. The sum of angles at the “inner” carbon atoms C(7) and 
C(8) is 360.0( 3)“. In contrast, H(Z) atoms deviate from the diene plane 
(plane A, Table 6) away from Fe(2) by 40” and H(E) atoms deviate towards 
the metal by 10”. These values are in agreement with the mean deviations 
found from a comparison of other (1,3diene)Fe(CO), structures [ 191. 

Diene-heterotriene tricarbonyliron coordination equilibrium in solution 
The red crystals of III turn yellow-orange on melting. A solution of III in 
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degassed CD&l, experiences the same color change upon standing a few hours 
at 40” C. Its ‘H NMR spectrum showed a gradual decrease in the intensities of 
three signals characteristic of III (the H(9) singlet at 6.12 ppm, and the two 
H(lOE) and H(1O.Z) doublets at 3.67 and 0.92 ppm), and a corresponding 
increase in the intensities of three new signals, i.e. a singlet and two doublets at 
3.60, 2.55 and 1.66 ppm respectively. The geminal coupling constant J(E-2) 
increased from 2.4 to 3.2 Hz for the doublets of the new species. The latter 
value is the same as that found for II [l] and suggests the same tetmhapto 

mode of bonding for C(5,6,9,10) as in II. Chromatography of the yellom- 
orange solution gave III (red, 2%) and complex IV (yellow, 98%) whose analyti- 
cal data (Experimental) are in agreement with those of an isomer of III. The 
NMR data of IV (Table 1) indicate that H(9) and C(9) are much more shielded 
than in III while the C( 5-8) chemical shifts are quite similar to those of II. The 
two tetrahaptoticarbonyliron’groups are now bonded to the two cis-butadiene 
systems as in II, leaving the keto group uncoordinated (Scheme 1). One coordi- 
nation site of Fe(l) has thus shifted from the keto group to the second exo- 
cyclic double bond C( 5)X( 9) of the acetylated butadiene system. 

The III 4 IV process corresponds to the isomerisation of a trigonal bipyrami- 
dal (heterotriene)Fe(CO), to a tetragonal pyramidal (1,3-diene)Fe(CO), sys- 
tem. This process is reversible since the same 1 H NMR spectrum was observed 
when equilibrating III or IV in CD,Cl, at the same temperature. The thermody- 
namic and kinetic parameters of equilibrium III G+ IV in dichloromethane were 
determined by UV spectrophotometry (Experimental) and are presented in Ta- 
ble 7. The III + IV process is exothermic, thus III is the kinetically favoured 
product of the Friedel-C-rafts acetylation of II and IV the thermodynamically 
stable isomer. III most probably arises by proton loss from the expected allyl- 
Fe(CO), cationic intermediate i which is analogous to the (l-acetylbutadienyl)- 
tricarbonyliron cation reported by Knox et al. [6] (Scheme 3). 

The isomerisation goes by an intramolecular mechanism since the rate of 
approach to equilibrium (k, + k-,) is independent of the concentration of the 

TABLE 7 

THERMODYNAMIC AND KINETIC PARAMETERS FOR THE EQUILIBRIUM III = IV IN DICHLO- 
ROMETHANE 

ATstudiedo K293 b AG293 AHC md 

(K) (kcal/mol) (kcal/mol) <e.u.) 

283-313 

ATstudieda 

(K) 

10122 

kl X 10Se 

(S-1) 

-2.7 + 0.1 

AG)il f 
(kCZ%l/lIlOl) 

-4.0 i 0.2 

AH&g 
(kcal/mol) 

283-313 2.0 f 0.1 23.42 0.1 22.0 to-7 -5f2 

= +OS K; b K= [IVl/fIIil = kllk_l: C Calculated from the slope of h Kvs.T-l (6 points.alignment 
coefficient bb'=0_9988);dSlopeof RThKvs.T <bb'=0.998);~At293K:cakulatedfromthe +lOPe of 
h(At-A_,) M. t <h= 526 nm, bb; = 0.9999) and K2g3, - fat 293 K; AG* = Lln(kg/k) -h(k/T)IRT: g 

CalculatedfromthesloPeofhn(k~/T)v%T -1 (8 points. bb'=O.9989).The measurementsare: <T°C. (kl+ 
k_l)X 106 s-1. K) (10. 4.91 f 0.04. 1302 3) (20. 20.91f O-04.102? 4) (31. 88.7 +0.3. 80 i 3) (40, 
259t6.66f2)<45.481~2.59t2><48.614f15.56f2)<54.1070~ 20.50+1)<58.1768t7.46-f 

1). 
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starting complex. Since both AS* k 1 and AS k are close to zero, the main con- 

tribution to the AG*‘s is enthalpic (e.g. 2’ ASi: contributes only 6% to AGfk, 
at 293 K). Several factors contribute to A.EP k L. Of these, the enthalpy of activa- 

tion required for the fluxional change between a tetragonal pyramidal and a t&-i- 
gonad hipyramidal geometry is probably minor, since the intramolecular CO 
exchange in IV was found by 13C NMR to be blocked at ca. -40°C. A full dis- 
cussion of the contribution of other factors (e.g. the m of solvation) must 
await other examples of such a coordination equilibrium. 

The Z/E isomerisation of IV requires a much higher energy of activation. It 
was observed only upon heating crystals of ZV under argon at 170°C for 5 min. 
Chromatography of the product brought down III (2%) and compIex V (98%) 
(Scheme 1) which is an isomer of IV (Experimental). Its NMR data (Table 1) 



show unambiguously a H(9) signal in the H(Z) region (highfield shift of 2.50 
ppm with respect to IV), the acetyl substituent being thus in the E-position. 
The keto group (v(C=O) 1667 cm-‘) is uncoordinated since the C(5,6,9,10) 
chemical shifts and J(H(lOE),H( 102)) are typical of a 1,3-diene coordinated to 
a tetrahaptotricarbonyliron group_ 

This study provides a route to 2 or E monoacetylated derivatives of the 
pentaene I by stereospecific Friedel-Crafts acylation of an unsymmetrically 
bimetallated complex. The preference of the Friedel-Crafts electrophile (AcCl/ 
AlC13) for the attack onto the endo-(diene)Fe(CO), contrasts strikingly with 
the stereoselective protonation of the exo-(diene)Fe(CO), of II by HCI/AlCI,. 
We had shown [Z] that the endocyclic double bond in II coordinates to the 
(allyl)Fe(CO) 3 cation generated upon protonation. Obviously, this is possible 
only for the protonated e3co-(diene)Fe(CO), system. The present work demon- 
strates that the intervention oil the endocyclic double bond is not required in 
the case of the Friedel-Crafts acetylation of II, since the (acetylmethyl)allylFe- 
(CO), cation generated upon addition of CH&O+AlCl,- is coordinatively satu- 
rated by the dative CH,CO---Fe bond (cf. i)_ This does not explain? yet why the 
acetylation of the exe-(diene)Fe(CO), of II is not competitive. We propose the 
following interpretation. 

The Fe( CO), group plays the role of a -I substituent [ 201. This was con- 
firmed by the study of S,,J solvolyses of esters remotely perturbed by (diene)- 
Fe(CO), groups [4]. We have reported 1211 that the acid-promoted epoxide ring 
opening of the exo complex VI is much faster than that of its endo isomer VII 
(Scheme 3) under the same conditions, probably because the -I effect of the 
endo-Fe(CO), destablizes more the cationic intermediate IX than the exe-Fe- 
(CO), group in VIII. The stereoselectivity of the acetylation of II is probably 
governed by the relative stability of the cationic intermediates i and ii. Simi- 
larly to VIII and IX, i is expected to be more stable than ii because of a smaller 
destabilizing effect by the exo-(diene)Fe(CO), in i than by the endo-Fe(CO), 
group in ii (the possible participation of the endocyclic double bond to the 
positive charge delocalization 1221 is not expected to be significant because i 
and ii are already strongly delocalized cations) _ 

Experimental 

All reactions were carried out under argon and the solvents were purified, 
dried and degassed by standard methods [23]. Mass spectra at 70 eV were mea- 
sured with a Hewlett-Packard GC-MS 5980; IR spectra in n-hexane and in KBr 
pellets with a Perkin-Elmer 577 spectrophotometer; UV spectra in n-heptane 
with a Beckman Acta V spectrophotometer; ‘H NMR spectra with a Bruker 
WP-80 and a Bruker WP-60 spectrometer in the CW and the FT modes, respec- 
tively; 13C NMR spectra with a BLuker WP-60 instrument (15.08 MHz) in the 
FT mode and using a deuterkam lock. The melting points (uncorrected) were 
measured with a Tottoli apparatus. E. Manzer (Mikrolabor, ETH, Ziirich) 
carried out the microanalyses. The preparations of I and II have been described 
elsewhere [24,1]. 
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Freparationofcornplexes 
a) A mixture of freshly sublimed AICI, (0.155 g; 1.16 mmol) and CH,COCl 

(0.091 g; 1.16 mmol) in dichloromethane (2 ml) was added dropwise to a 
stirred solution of complex II (0.5 g; 1.147 mmol) in dichloromethane (30 ml) 
at 0” C. After 5 min the red solution was quenched at 0” C by vigorous stirring 
in saturated aqueous NaHCOJMeOH (1 : 1) (200 ml). The mixture was 
extracted with dicNoromethane (100 ml) and the organic phase dried over 
MgS04 and chromatographed on a 30 X 2 cm column packed with silica gel. 
Elution with CH,Cl,/n-hexane (1 : 1) gave a single red band (TLC Rf -0.8) 
which yielded complex III (0.315 g; 0.659 mmol; 57.5%) * after recrystahisa- 
tion from n-hexane at -25°C. 

III: red crystals (single crystals for the X-ray measurements were obtained by 
slow cooling to -25°C of a saturated solution in n-hexane), m-p. 115-116°C 
(melting is accompanied with isomerisation to complex IV). Analysis. Found: 
C, 50.73; H, 3-04. C,&,,07Fez calcd.: C, 50.25; H, 2.95%. Mass spectrum, 
m/e: 478 (M’; <O-l), 450 (23), 422 (54),394 (49), 366 (12), 338 (22), 310 
(100) (successive losses of 6 CO), 284 (24), 198 (47), 184 (47), 155 (56), 56 
(Fe>. IR (n-hexane): v(C0) 2060,1982,1973 and 1965 cm-‘; Y(C=O) 1590 
cm-’ (in KBr). UV spectrum, h,,, in nm (E in M-’ cm-‘): 475 (1460), 336(sh) 
(5810), 300(sh) (10 800), 278 (15 200). 

b) A glass tube containing a solution of III (0.1 g) in dichloromethane (8 ml) 
was-sealed on a vacuum Iine and then heated at 55°C for 10 min. The red solu- 
tion turned yellow-orange and was shown by ‘H NMR to contain a mixture of 
complexes III and IV (molar ratio 2 : 98, which decreased slightly on cooling). 
Chromatography on silica gel with CH,Cl,/n-hexane (1 : 1) gave complex III, 
then elution with pure CH,Cl, brought down a single yellow band which 
yielded complex IV (TLC Rf -0.5, CH,Cl,) after crystahisation from n-hexane 
at -25°C. Yield 97%. 

IV: yellow crystals, m-p. 115°C (identical melt to that obtained with III). 
AnaIysis. Found: C, 50.80; H, 3.11. CZJI&,FeZ calcd.: C, 50.25; H, 2.95%. 
Mass spectrum: 478 (M’; 0.4), 450 (15), 422 (54), 394 (35), 366 (12), 338 
(17), 310 (100) (successive losses of 6 CO), 284 (20), 198 (15), 184 (17), 155 
(17), 128 (30), 112 (39), 84 (22), 56 (Fe+). IR (n-hexane): Y(CO) 2062,1994, 
1987 and 1976 cm-‘; Y(C=O) 1680 cm-’ (in KBr). UV spectrum: 300(sh) 
(5990), 220(sh) (41300). 

c) A glass tube containing complex IV (0.1 g) was sealed under argon (1 atm) 
and heated in an oil bath at 170°C for 5 min. After cooling, the yellow solid was 
chromatographed on a 20 X 2 cm column packed with silica gel. Elution with 
CH,Cl,/n-hexane (1 : 1) gave a red band containing traces of III, then a yeUow 
band which yielded complex V (TLC Rf -0.5, CH,CI,/n-hexane (1 : 1)) after 
crystahisation from n-hexane at -25°C. Yield 98%. 

V: yellow cry&&, m.p. 165°C. AnaIysis. Found: C, 50.91; H, 3.28. C&I14- 
O,Fe, calcd.: C, 50.25; H, 2.95%. Mass spectrum, m/e: 478 (M’; O-l), 450 (7), 
422 (44), 394 (39), 366 (6), 338 (9), 310 (100) (successive losses of 6 CO), 
284 (21), 198 (17), 184 (18), 155 (18), 128 (20), 112 (29), 84 (19), 56 (Fe’). 

* O~timisation of yields was not attempted. 
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IR (n-hexane): Y(CO) 2076,?063,2001,1986 and 1973 cm-‘; v(C=O) 1667 
cm-’ (in KBr). 

Kinetic measurements 
a) Known amounts of IV were dissolved in degassed dichloromethane (dried 

over neutral zlumina, grade I) (cIv l-3 X lo-* M) in thermostated quartz cells 
and the temperature of the solution was measured with a thermistor. The 
absorbance at 525 nm was measured at equilibrium and the equilibrium con- 
stant K = [IV]/[III] calculated by solving the simultaneous equations [III] + 
CIVI = ctv and ~111 [III] + E~~[IV] = ASz5_ At 525 nm the difference in E’S is 
greatest (eIII 1310, eIV 50 M-' cm-‘) and the contributions of both chromo- 
phores to A,,, is of the same order of magnitude (e.g. at 40°C: cIv 1.52 i< 
lo-’ M, A525 = 0.361 and eIv[IV] contributes 21% to the total absorbance). 
The results were then checked by approaching the equilibrium from the other 
side (starting with p-nre III). 

b) Thermostatted quartz celis equipped with a thermistor were filled with a 
solution of III (cIII l-5 X low4 M) in dry and degassed dichloromethane and 
hermetically closed. The absorbance was followed at 525 nm to 60-80% of the 
approach to the position of equilibrium III =+ IV. For such an equilibrium, 
-+(CIIIlt - CII&) + W311 - CW,,) = U+ + h_,)t, and the slope of ln(At - 
A,) vs. t gives (k, + k-,). Knowing K = k,/k_,, kl and km1 were calculated for 
each temperature and the activation parameters computed by the program 
RELIC1 [25] (Table 7). 
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