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Summary 

The reaction of the epoxydiene 6,‘i-dimethylene-eso-3-oxatricyclo- 
[3.2.1.0’~4] octane (I) with iron and ruthenium carbonyls in various solvents 
yields the (q4-1,3-diene)tiI(C0)3 eso isomers (II, k1 = Fe; IV, Iv1 = Ru). The endo- 
Fe(CO), isomer (III) was obtained only in small yield from the reaction of I 
with Fe2(CO)., or Fe(CO), in n-pentane. The exo configuration of II was ascer- 
tained by an X-ray crystal structure determination. It reacts cleanly and rapidly 
with HCI in ether giving the e_~o-2-chloro-5,6-dimethylene-syn-7-norbornanol- 
e&o-iron tricarbonyl complex (V), while the endo isomer III does not react to 
any significant extent under the same conditions. A simple Wagner-Meerwein 
rearrangement can explain the formation of V from II + HCl, although participa- 
tion of the (diene)Fe(CO), moiety cannot be excluded_ When treated with 
HSO,F/SO,ClF/CD,Cl,, II furnished a stable cationic complex whose ‘H and I’C 
NMR spectra suggest delocalisation of the homoconjugated positive charge by 
the (diene)Fe(CO), function. Quenching of the cation with methanol yielded the 
e.t-o-2-methosy-5,6-dimethylene-syn-7-norbor~ianol-endo-iron tricarbonyl com- 
plex (X) whose structure was established by single crystal X-ray diffraction. 

* Present address: Facoltd di Chimica Industriak. University of Venice (Italy). 

** Authors to whom correspondence should be addressed. 
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Over the past several years the chemistry of clic~ilt~iron tricarhonyl compleses 

has received considerable attention and has prov~cl to he useful in organic syn- 
thesis [ 1,2 I_ \\‘tk haw hwn i!lt.erestcd in thca effects on the physical and chrmical 

properties of an organic function ho!noconjr!~:utt~cl to ;! coordinatf~d ligand [ 31. 

\Ve repoi-t some results of acid additions to an c!posicle ring lio!iioco!~j~!,a~ttecl to 
a (dienc)Fe(CO), function held in a rigid geo!i!ttry by the bicyclo[ 2.2.1 ]heptanc 
skeleton. \i’e will dG?IllOilStf~ltf~ that the proton promoted osiran opening in 
these systenis leads to a stereospecific t!ctcIition-rcarra~l~ellie~~t reaction only 
when the Fe(CO), group is i!i the e_tcc~ position, the elzdo isomer being unreactive 

under t.he same conditions. 
The high cleg!wt of stahilisutiotl of a c;!rt)t~!liu!n ion at to an organometallic 

substitucnt has been recognized for so!nca tinirh [ 4 I_ Lit.tle is known, ho\vcver, 

about the effect of an orga!io!iietallic substitucnt on the stability of a J-carbeni- 
urn ion. Depending upon the geometry of the system investigatrdt an arenechro- 
mium tricarbonyl group has been Lo‘ound to accelerate [ 5,6] or retard [ ‘71 S,l 
solvolyses of rr-complexed /k!rylalkyl esters. The hydrolysis of 7-norbornndienyl 
tosylate is drastically retarded upon complesation of t.he l,&diene by an e~clo- 
Fe(CO), group [!%I, even though the iron t.ricarbonyl fragment is considered to 
be an electron-donating group [S]. 

Results and discussion 

6,7-Dimethylene-exe-3-osatricyclo[ 3_2_1_0’*‘]octane (I) [ 10.1 yielded the 
eso-?I’-( 1,3-diene)iron tricarbonyl complex II (major product) and its eizdo iso- 
mer III (minor product) when treated ,with Fe,(CO)., or Fe(CO),. Conditions 

(I) (lx) CIC) Kiz) 

were found in which only II was formed in good yield (71%). When treated with 
(cod)Ru(CO)x [ll] (cod = 1,5-cyclooctadiene) (benzene, reflus, 15 h), I yielded 
the exe-Ru(CO), comples IV (15%); no trace of the endo iso!ner was detected. 
The ‘H and I3 C NMR spectral data of ligand I and its Fe and Ru complexes are 
reported in Table 1 and their IR, UV and mass spectral data in the experimental 
part- In the case of the iron tricarbonyl complexes of 2,3-dimethylenenorbor- 
nane, Steiner et al. [ 121 distinguished between the e.xo and endo isomers by 
comparing the corresponding values of A6 = G(ligand) - G(comples) for the 
methylene bridge protons and carbon atom. They attributed the exe configura- 
tion to the complex showing higher A6’s for the H(7),,,,, and H(7),,,i protons 

and the greater deshielding of C(7). In the present case, A6 for the methylene 
bridge proton H(U) is smaller for II than for III (-0.28 vs. -0.45 ppm) while 
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‘II ASD ‘.‘C SNR SPECTRAL DATA OF Fe AND Ru CXRBONYLS OF I = 

I 11 III IV 

fitI ). H(5) 
H(2). H(4) 

H(8E) 

H(8%> 

fI(9E). II(IOE) 

H(9%).H(lO%) 

C(l).C(5) 

CC”!. C(4) 
C(6). C(7) 

C(8) 

C(9).C(lO) 

CO 

2.95bs' 2.95bs 2.43m “.81bs 

3.11bs 3.75s 3.90m 3.67s 

0.99d-m: 1oc 152m; 10 1.4&m: 10 1.24d; 9 
1.55d-m 1.83m 2.0m 1.72d 

4.92bs; <0.6= 1.93d:2.1 1.67d:2.4 1.98d:3.0 

5.2Sbs 0.30d 0.20d 0.68d 

J5.E.d ': 148’ I331 42.4d: 153 13.Bd; 150 42.4d; 157 
50.9d: 192d 52.24: 19.3 5O.ld: 192 57.7d: 193 

147.0s 113.1s 109.4s 116.4s 

26_2t:138d 35.31:140 21.0t: 139 37.0t:140 

103.3t:15Sd 31.9t: 160 32.lt.z 159 27.f5t; 159 . 
- 210.7s' 211&f 195.2(2C) 

200.3 (1C) 

c In CDC13 at room temperature: 13C XMR spectrum width 3750 Hz, 4096 points. b Chemical shifts in 
ppm. T&IS as internal standard; s: singlet, bs: broad singlet. d: doublet, t: triplet. m: multiplet. c ‘J(%E) 5 

0.3 Hz. d ‘J(CH) _i 2 Hz. e CO exchange blocked at -4O’C: S(C0) 207.1 (2C) and 212.6 ppm (1C). f CO 
exchange blocked at -3O^C: 6(CO) 209.5 (2C) and 214.7 ppm (1C). 

that for C(S) is greater for II than for III (-9.1 vs. +2.2 ppm) (the numbering 
scheme is indicated in Fig. 1). Moreover, we have found in analogous systems 
[ 131 that the comparison of Ah’s does not permit any distinction between the 
two isomers. As neither the IR nor the UV and mass spectral data are helpful, 
we have confirmed the e_xo configuration for comples II by the determination 
of its crystal structure (see below). 

The rapid addition of gaseous HCI (ether, 0°C) to the exe complex II gener- 
ated the stereospecifically rearranged adduct V (85%). The half-time of addition 
at 30°C was 2.0 2 0.4 min (deutero-ether, molar ratio HCl/complex 2/l). In con- 
trast, the endo isomer III did not react under the same conditions (t,,z > 8000 
mm) and slowly decomposed at 30°C with formation of the chlorohydrins VI 

F&t013 
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and VII arising from HCI addition to the ancompksed ligand I LlObj. DC1 addi- 
tion to II sho\vecl that the methylene protons H(9,lO) of the dieneiron tricar- 
bony1 groups of II (and V) did not eschange under the reaction conditions [14]. 

The structure of the I-ICI adduct V (a polycrystalline material) was deduced 
in the following way. Cerium(IV) oxidation of V yielded the known ligand VI 
(90%) [lob] while Collins oxidation [ 151 gave the complesed ketone VIII in low 

yield (5.5%). The erzcfo configuration of the Fe(CO), group in VIII was then 
dcmonstratecl by a partially resolved crystal structure (see below). We assume 
the exe = eizdo-Fe(CO), complex isomerisation does not occur under the condi- 

tions of the Collins osidation because the eso comples was not detected in the 

reaction mixture, although it might be expected on steric grounds to be at. least 

a5 stable as its erzdo isomer. The NMR parameters for V and VIII are given in 
Table 2, but cannot be relied upon when assigning the exe vs. erzdo conf@ra- 
tion as in the case of complexes II and III. 

The formation of the adduct V from II + HCl may be explained by a simple 

\vagner--Meerwein rearrangement, although participation of the (diene)Fe(CO), 

moiety cannot be escluded. When treated with HSOZF/SO,CIF/CDZC1,, II fur- 
nished a cationic species stable up to -20°C. No hydrido spedies could be 
detected down to -95”C, thus if protonation of the iron or methylene carbons 
of the (diene)Fe(CO), occurred, it did not lead to stable ionized Fe-H species. 

The ‘H and 13C NMR spectral data (Table 3) suggest the structure IX ++ IX’ c-” 
IX”. These data are consistent with a highly delocalised cationic species involv- 
ing the (diene)Fe(CO), funct.ion as shown by the downfield shifts obsewed for 



TAULL-: 3 

‘H AND *-?C SUEi E’..\E~AhlI-:‘I‘I-:EtS C)I- ‘i‘blE C..~TIOS IS IX IISO_~FiS02CII:!CI).C12 AT --55C ” 
__. 

h(M) h(C) ‘.I(CII) 

(PlJlIlf b 
(mm) (HI.)” 

___- -----__ 

II(l) “.cims C(1) 13.l’ri Ii5 
If(‘)) 3.18bS C(2) -13.ld 164 

HC.7 )‘.Z,, 2.58bs C(3) 5ti.ot I-I? 

~f(~k.,,‘l,, 3.09m-d c C(4) 45.8<1 162 

H(1) 3.96m-d = C(5) I-ia.“s 

?I(?) 5.“5bS C(6) 81.5 

‘EI(8k.7 4.iOdd C(ii R1.8d lti8 

11(8X) 3.31d C(8) 78.7t 176 

fI(91:‘) .?.25d d C(S)) 48.“t 168 

11(I)%) 1.98d CO “00.4s (1’C) 

~---~x:-- 
.., 

“oO.lS (IC) 

= [HSOjFl/[IIl = lo;[S02Cl~1/[CD~C121 = 1.5:~ m~.b Internal refcrttnce: A(CHDCI~) 5.25 ppm; assign- 

ments were confirmed by selective dec<Bup!ing experiments. c ‘5 1 EIz. d 2.J(%E) 4 Hz. <’ Internal reference: 

li(CD~Cl~1 53.6 Pam. 

the diene c&bons and hydrogens compared to V and X (see below) and by the 
relatively large ‘J(CH) coupling constants for C(3) and C(9)_ The 6(CO) 200.1 
and 200.4 ppm are similar to the 6(CO) in dienyliron tricarbonyl cations [4cl 

and protonated dieneiron tricarbonyl complexes [l-2]. The doublet at 6(C) 

13.2 ppm (‘J(CH) 175 Hz) strongly suggests a nortricyclane structure [ 161. The 
assignments given in Table 3 are tentative; they were made with the help of selec- 
tive proton decoupling of the 13C NMR spectrum [ 171. Further experiments 
(labelling, etc.) would be necessary to make them definitive_ 

Quenching by methanol and NaHCO, of a HSO,F/SO,ClF solution of IX 
yielded the endo-q’-dieneiron tricarbonyl complex X whose structure was 

established by X-ray crystallography (see below). Cerium(IV) oxidation of X 
yielded 5,6-dimethylene-e.z-o-2-methoxy-syn-7-norbornanol (XI)_ The spectro- 

HO\ 

scopic data of X (Table 2) are quite similar to those of the complexed chloro- 
hydrin V, thus confirming this latter structure. 

Several factors can be invoked to rationalise the remarkable difference in reac- 

tivity towards HCl between II and III. In the latter case, The Fe(CO), group may 
retard the epoxide heterolysis because of its inductive effect [9] and/or its steric 
effect. The latter is probably important. Indeed, when examining the structure 

of X (which is also an endo complex like III), several short interatomic contacts 

are observed, e.g. C!(U).--H(2) of 2.59 a which is close to the sum of Van der 
Waals radii [18]. Assistance by solvation of the positive charge during the epox- 

ide heterolysis should thus be more difficult in the endo than the exo case. 
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Further tsperiments are required to establish the esact role played by the 
dieneiron tricarbonyl function in II when generating a homoconjugated carbo- 

cationic intermediate. For the moment we recognise the importance of the stero- 
chemisky of the Fe(CO), group for the-stabilisation of a fl-carbenium ion. 
Finally, our results must be compared with the acid promoted rearrangement of 

eposides of norhornadienes XII. In this case, the hypothetical hydroxynortricy- 
clyl cationic int.ermediates XIII undergo Grob fragmentations [ 191 more rapidly 
than nucleophile quenchin g. The bicyclic aldehydes XIV thus formed m.ay then 
equilibrate with the bicyclic ethers XV via [ 3,3]-sigmatropic rearrangements 

[20]. Our results suggest that an intermediate of type XIII or the conjugate 
base of IX’ generated by protonation of II does not undergo the Grob fragmenta- 
tion probably because the positive charge is highly delocalised by the Fe(C0)3 
group (cont.ribution of limit structure IX)_ 

Crystal and molecular structures of (C9H,,0)Fe(C0)3 (II), (C9H9C10)Fe(C0)3 
(VIII) and (C,0H1_,01)Fe(C0)3 (X) 

X-ray measurements were carried out with a Syntex P2, automatic four-circle 
diffractometer. The crystal data and the method used are summarised in Table 4. 

The crystal forms were accurately measured as before [ 131 and used to correct 
the intensities for absorption. The computer programs used for the data reduc- 

tion and structure analyses of II and X were taken from the “X-RAY 72” pro- 
gram system [21]. Scattering factors for the neutral non-hydrogen atoms were 
taken from Cromer and Mann [22], for hydrogen atoms from Stewart et al. [23], 

and anomalous dispersion coefficients for Fe from Cromer [24]. The structures 
of II and X were solved by Patterson and Fourier methods and that of VIII by 

direct methods (program SULTAN [ 261). 
Comples II: during the measurements, the intensities of the check reflections 

decreased to 40% of their initial values and were corrected accordingly. However 

the number of observed reflect.ions and the quality of the collected data did not 
allow the determination of the hydrogen atom positions. The unit cell contains 

two crystallographically non-equivalent molecules which are referred to as A . 
and B in subsequent tables. The final positional and thermal parameters are listed 

in Table 5 *, calculated bond lengths and angles in Tables 7 and 8 and the equa- 

tions for several least-squares planes and some dihedral angles in Table 9. A view 
of the molecular structure is given in Fig. 1. 

Complex VIII: Crystallisation from n-hexane (or other hydrocarbons) gave 
crystals of poor quality. Despite this fact, a crystal structure determination was 

* Lists of observed and calculated structure factcrs are available on request. 
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Radiation 

p (cm-t 1 
Scan method 
Bnckfxound from 

(sin 0 /Antas) 
Data collected 
Kumber of uniqur reflections 

Xumber of reflections < 30 
Xumber of observations,/ 
Xumber of variables 
Structure solution 

Refinement method 

Function minimised 
ul 
R 

R 

G&iness of fit 

attempted. Solution of the structure by direct methods allows us to confirm 
that the iron tricarbonyl group is in the endo position with respect to the roof- 
shaped iigand and that the Cl atom is in the exe position (Fig. 2). The poor 
quality of the measurements led us to abandon further refinement at R = O-OS1 
when we were sure of the configuration. For this reason the molecular dimen- 
sions will not be discussed in detail. 

Complex X: All hydrogen atoms were found from a difference synthesis after 
preliminary refinement to R = 0.051. The final positional and thermal para- 
meters are listed in Table 6, calculated bond lengths and angles in Tables 10 and 
11 and the equations for several least-squares planes and some dihedral angles 
in Table 12. A view of the molecular structure prepared by the program ORTEP 
[27] is given in Fig. 3. All numbering schemes of the ligands are identical with 
those used for nomenclature purposes. 
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.‘\toms Distance (.\) 

Fe-C(G) 

Fe-C(i) 
Fe-C(S) 

Fe-C(IO) 
Fr-c(ll) 
Fe--C{1 2) 

Fc-C(13) 

c(11)-0(1) 
C(12)--O(2) 
C(13)-O(4) 

cc1 )-c(2) 
C(1 )-C(i) 
C(1 )-C(8) 
C(2)-C(1) 
C(-%)-C(5) 
C(5)-C(6) 
C(5)-+(8) 

C(6PC(i) 
C(6)-C(lO) 
C(i)-C(S) 

C(2)--0(3) 
C(4)-O(3) 

2.08(l) 
3-.07(l) 

2.1-%(l) 
2.15(l) 
1.77(l) 

1.75(l) 

1.79(l) 

1.16(2) 
l.li(2) 
1.13(2) 
1.57(2) 

1.55(l) 
1.56(2) 
1.45(2) 
1.56(2) 
1.52(l) 

1.57(Z) 
1.41(l) 
l-14(2) 
1.43(2? 

1.43(l) 
1.4X2) 

“.06(l) 

LOS(l) 

2.17(l) 

2.14(l) 

1.78(l) 
1.75(l) 
l.i9(1) 

1.15(2) 
l-18(2) 
1.12(2) 

1.55(2) 
1.5.5(l) 
1.59(l) 
l.-&.%(2) 
156(l) 
1.66(l) 

1 ..Z(l) 
1.12(l) 
1.32(2) 
1.13(l) 

1.45(l) 
1.11(l) 

a A and B are the two crystallographically non-equivalent molecules. 

Fig. 2. A perspective view of the molecular structure of (CgHgCIO)Fe(C0)3 (VIII). 
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C(ll)-I=o--C(I2) 

C(ll)-Fe-C(l3) 

C(12)-Fe--C(13) 

Fc+z(ll)-O(l) 

E=e<(l?)--O(Z) 

Fe-c(13)--O(4) . 

C(2)-C(l)--C(i) 

C(Bb-C(l+C(8) 

c(7b-c(l)-C(x) 

C(l)EC(2b-c(4) 

C(2)<(1)-C(5) 

C(4)--c(5)--c(6) 

C(4PC(5PC(8) 

C(6eC(5)-C(8) 
C(5+C(G)-C(7) 

C(5)-C(6)<(9) 

c(7)-c(6eC(9) 

C(l+C(i)-C(6) 

c(l+c(s)--c(Io) 

C(6)-C(i)-C(lO) 

C(l)+C(8)-C(5) 

C(lPC(2)-O(3) 

C(4)-c(2)-O(3) 

cG+-C(1)-0(3) 

C(5)-C<4)-O(3) 

C(2)-0(3)--c(4) 

C(7+FeX(lO) 

C(6)-Fe-C<71 

C(6)-Fe--t(9) 

lOO.O(li) 

102.‘)(6) 

91.3(G) 

li9.1(12) 

li8.1(12) 

li7.5(12) 

99..Z(9) 

100.-l(t)) 

101.1?(9) 

105.63(51) 

105X(9) 

99.5(8) 

100.5(9) 

lOl.i(!l) 

107.1(1)) 

132.7(10) 

120.1(10) 

106.5(B) 

132.5(10) 

121.0(10) 

9-L-5(8) 

115.2(9) 

60.2(B) 

59.2(7) 

115.0(S) 

60.X8) 

39.7(a) 

39.7(a) 

39.6(1) . 

101.-a(6) 

101.8((i) 

91.2(6) 

liIJ.4(12) 

1~7.3(13) 

17S.5(11) 

100.2(X) 

101.3(8) 

100.6(8) 

106.0(8) 

105.X(:1) 

98.6(i) 

102.1(i) 

100.8(7) 

lOci.',(tf) 

1X3.9(9) 

119.8(10) 

106.5(9) 

1X3.6(9) 

119.9(10) 

94.1(Y) 

115.4(9) 

59.6(i) 

60.6(i) 

113.8(9) 

59.8(T) 

39.3(d) 

40.0(4) 

39.6(a) 

Fig.3. Aperspectiveviewofthemolecularstructure of <C 1fl1qO~)Fe(CO)j. 
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Ikcussion 

The structures are composed of discrete monomeric molecules and all inter- 
molecular contacts are equal to or greater than the sum of normal Van der 

\Vaals radii. 

(C.,H,,,O)Fe(CO), (II): t.here is essent.ially mirror symmetry for the whole 
molecule, Lvith mirror plane I (Table 9) passing through the Fe atom, one CO 
~I-OLI~J, C(S) a11c1 O(3). The Fe(CO), group is in-the exe position position and the 

epcside ring has the same eso configuration as in the free ligand, the latter 

being based on NhIR arguments [lo]. Apart. from the cis-but.adiene system, 

coordination to Fe does not significantly affect the rest of the carbon skeleton 
as the plane defined by C(l), C(5) and C(S) bisects the dihedral angle between 

planes III mid IV (Table 9). 

(C;,J3i10,)Fe(CO), (S): t.he most interesting result for this derivative of II is 

I O(1). all). Fe. C(8). O(3) A. b 4.1595 + 10.4982- + 6.529% = -1.523 

B. -z_3?,8S L 10.119 1. + -8.273% = 0.779 

II C(7). C(6). C(9). alo) .A . 3.33iS - 8.621 lm + 14.103% = 2.880 

B. 3.186X t 1.8721- + 19.421% = 1.011 

111 C(1). C(5). C(G). C(7) A. O.l5OS- 0.62.&Y + 0.898% = 1.013 
ix. O.d19_Y + 0.1341- + 0.898% = 1.015 

IV C(1). C(2). C(4). C(5) _.I. -0.540s + 0.0521’ + 0.840% = 1.882 
B. +.57-15 i 0.679 Y + 0.-%58% = -2.511 

1’ 111. 1x’. C(12). C(13) :\. -5.22OS + 3.3521- + 11.856% = 3.256 
B. -5.411s + 9.351Y-F 4.G39% = -0.802 

Displacrment of it~ozns from mean plane (.-1) 

x B A B 

plant 1 

plane III 

plane v 

Fe -0.028 -0.018 plane II C(7) -0.002 +0.001 

C(llf 10.003 +0.00-I C(6) +0.002 -0.001 

O(3) +0.012 iO.006 C(9) -0.001 0.000 

C(8) +0.01-1 +0.009 alo) +n.o01 0.000 

O(l) -0.002 io.001 

C(1) 0.000 -0.002 plane IV C(1) +0.001 +0.006 

C(7) d.001 io.002 C(2) 4.001 -0.006 

C(6) io.001 4.001 C(1) 10.001 io.009 

C(5) 0.000 io.001 C(5) -0.002 -0.009 

m +0.001 -0.012 

nz’ -0.001 +0.012 

cc121 +0.001 +0.009 

C(13) -O.OOl -0.009 

Dihedral angle between planes. deg. 

I-II 89.1(A) 88.9(B) I-III 89.1(_4) 89.5(B) I-IV 88.2(A) 89.2(B) 
I-V 89.5(A) 89.8(B) II-III 1.0(A) 0.3(B) II-V 90.0(A) 89.0(B) 
III-IV 105.3(A) 105.2(B) III-VI = 129.3(A) 126.9(B) IV-VI 125.4(A) 128.1(B) 

=‘m and m’ are the midpoints of the C(2)--C(9) and C(3)--C(S) bonds. respectively. b A and B are the two 
crystaIlographicaUy non-equivalent molecules. c Plane VI is defined by atoms C(1). C(8) and C(5). 



F<-<(5) “.lOl(“) 

Fe-C(G) 2.101(3) 
FeX(8) 2.10.5(3) 

Fe--C(S) 2.115(3j 
Fe-c(ll) l.i83(2) 
Fe-C(l2j 1.788(3) 
Fe-C(l3) 1.780(3) 

C(l)%(2) 1.552(3) 

C(l)-C(Gj 1.552(-l) 

C(l)<(i) 1.5-a(3) 

C(2)-C(3j l-539(3) 
C(2j-o(2j 1.433(3) 
C(3j-C~4> 1.537(3j 
C(1Pa5) 1.515(3) 

C(-l)-C(ij 1.551(1) 
C(SbC(Lij 1.411(3) 

C(ShC(8) 1.418(4) 

C(6j-C(9j 1.416(3) 
C(7k-O<1) l-410(3) 
C(ll)---H(2) 2.59(2j 

cc I o)*(2) 

C(llj-O(3) 
C(12)--0(-l) 

C(13k-o(5j 
C(l)-H(l) 
C(2)-H(2) 
C(3)-If(3S) 
C(3)-H(3.Y) 

C(I)--H(4) 
C(7)--H(i) 

C(S)--II 
C(8)-H(S%j 
C(9)-H(9Ej 
C(9)-II(9%) 

c(1oj-H(1ooj 
c(10j-H(101) 
C(lOj-H(102) 
O(l)-H(10) 
O(2)---II 
C(12).**EI(3S) 

1.417(3) 

1.1-&Y(3) 
1.143(3) 

l.la2c.3) 
0.95(2) 
0.97(2) 
&9-i(2) 
O-93(3) 
0.95,(2) 
0.93(P) 

U.97(3) 
0.91(3) 
0.97(2) 
0.97(2) 

0.97(3) 
0.99(3j 
O-92(3) 
0.75(2) 
2.16(l) 
2.63(2) 

TABLE11 

BOND ANGLES FOR (CIOHIJO~)F~(CO)~ (s) 

_4toms Angle co) Atoms Angle (=) 

C(5)-Fe-G(6) 
C(5)-Fe+(S) 
C(6)-Fe-C(9) 
C(ll)-Fe--C(12) 
C(llj-Fe-C(l3j 
C(12)-Fed(13) 
C<2j--cU)+Z<6j 
c(2j-aij-w7j 
C<6j--C(lj~(7j 
C<l)--C(2)<(3) 
C<lj-C<2j--o(2j 
C(3kC(2)--0(2) 
C(2j-C(3)--c(4) 
C<3Pc<4)~(5) 
C(3j-C(4j<(7) 

c<5j-C<4j*<7j 
a4j-a5j+<f5j 
C(4k-C<5)~(8) 

C(6)-C(5)--c(8) 
C(lPC<6hC(5) 
C(lj-C(6)~<9j 
C(5)-C(6)--c(9) 
C(lkC<7kcx4j 

c(1)-C(7)--0(1) 
C<4j-c<7j+x1) 
Fe--C<llj~(3j 
Fe-C(l.2)-0<4) 

Fe-C(13)-0(5) 
C(2&0<2)~<1Oj 
0(2).**H(10)--0(1) 

39.2(l) 
39.4(l) 
39.3(l) 
90.6(1j 
97.9(l) 
99.1(l) 

110.5<2) 
lOO.S(lj 
97.6(l) 

103.0(l) 
111_9(2j 
107.5(2) 
104.0(2) 
111.1(2) 
100.1<2) 

98.1<2) 
106.3(2) 
134.8(2) 
118.9(2) 
106.3(2) 
133.9(2) 
119.7(2) 

93.7(2) 

116.6(2j 
115.7(2) 
176.7<3? 
178.2(3) 

178.7(3) 
113_4(2j 

14x3) 

H(lj<(lj-C(2j 
H(lj-C(l)--C(Gj 
H(lj-C(l)-C(ij 
H(2j-C(2)--C<lj 
H(2j-C<2)d(3) 
H(2+C(2)-O(2) 
H(3Xj-C<3)-C(2j 
H(3XPC<3)--C(4) 
H(~X)-C(~)--H(~IV~ 
H(3W-C<3)--C<2) 
H(3~j--C(3j-C(-Ij 

H(4j-C(4PC(3) 
H(4j-C<4j-C<5) 
H(4)-C<4)<<7) 
H(7)-C(7)d(lj 

H<7j-C<7j--C(4) 
H(7P-C(7)--0(1) 
H(SE)--C(S)-H(8Z) 

H(8E)-C(8)-C(5) 
H(8Z)--C(8js(5j 
H(9Ej-C(9)-H(9%j 
H(9EPC(9)*(6) 

H(9Z)-C(9)--C(6) 
H(100)~(10j--0(2j 
HI<lOlj--C(lOj~(2j 
H(102j-C<lOj-O(2j 
H(100)-C(10)-H(101) 

H(lOO)+Z(lO)-HU02) 
H(lOlj-C<lOj-H(102j 

H(lO+O(l)-C(7) 

111(l) 
114(l) 
118(l) 
11311) 
113(l) 
108(l) 
109(l) 
110(l) 

llO(2j 
110(l) 
114(l) 
114(l) 
117(2) 
114(2) 
113(l) 
110(l) 
lOi(1) 
115(2) 

121(l) 
117(2j 
115(2j 
118(l) 
119(l) 

115(l) 
109(2j 
104(l) 

102(3) 

114(3) 
113(3) 
134(2) 
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I Fe. C(7). C(1.7). O(5). n 0.7505 - 0.822Y + 11.291% = 2.711 

Ii C(ll). C(12). ,n. 111’ -6.381s + 8.5631- i 1.018% = 5.005 
III C(5). C(6). C(8). C(9) 6.OiZS + 9.0661- - 2.2702 = 6.982 
IV cc1 ). C(1). C(S). C(6) 6.006S i 9.1111* - 1'.279Y = 7.008 

v H(1). Cc1 ). C(7). C(4). II(I) -2.i31S f 11.1801- + 2.127% = 5.701 
- 

Dispkxrment of atoms from IIXKMI plane (.A) 

Plane I Plane II 0 I’lanr I\’ Plane \’ 
-- 

k-c 4.001 C(ll) 0.001 C(l) *.002 II(l) 0.007 
C(i) -0.008 C(12) 4.001 C(4) 0.002 C(l) 4.007 

C(l3) 0.002 I?! 0.001 C(5) --0.003 C(7) -4.01)3 

O(5) -0.005 n1’ 4.001 C(6) G.003 CC-r) 0.002 

,I 0.012 H(4) 0.002 

Dihedral nnglc betwrcn p!ancs ( ‘) ’ 

i--Ii 88.0 II-III 86.0 III-IS 45 v-x 121 .2 

I-III 8R.8 III--IV 0.6 I\‘--v 121.1 v--x I 122.4 

I-IV 89.0 III--VI 13 IV--s 117.4 S-XI 1.2 
I-V 88.6 III--VII 42 IV--S1 116.3 

I -_s 89 III-\‘111 11 

I-XI 89 

On. rn and m’ are the midpoints of the bonds C(5)-C(6), C(5)<(8) and C(6)FCW). respectively. * Plane 

III: same di.sI~locenlents. c Plane VI is defined by C(5). C(8). Il(8E); \‘I1 by C(5). C(8). H(8%); VIII by 

C(6). C(9). H(SE): IS bv C(6). C(9). H(9%); S by C(2). C(3), C(4): SI by C(1). C(2), C(3). 

that the Fe(CO), group is now in the erzdo position with respect to the roof- 
shaped ligand. The methosy group is in the eso position and is linked intra- 
molecular-!y to the hydroxyl group, the 0(2)*.*H(lO) distance of 2.16(l) a being 
typical for a hydrogen bond [ 283. The cis-butadiene carbon chain is planar but 
H(‘i) atoms deviate from the diene plane away from the metal by 42 and 45” 
(for H(U) and H(92), respectively), whereas H(E) atoms deviate by 11 and 13” 
towards the metal. Similar deviations have been found and discussed elsewhere 
[ 291 for several e-z-o-1,3-dieneiron tricarbonyl complexes. 

The following features are common to the three structures: the arrangement 
of ligands about the iron atom is approximately tetragonal pyramidal_ Four 
coordinat.ion sites are occupied by 2 CO and the midpoints of the outer C-C 
bonds of t.he cis-butadiene system. The apes-to-base angles are ca. 100” for the 
carbonyl groups and 111’ for the C-C bond midpoints. The basal angles are 92, 
94 and 64”, the small angie being that subtended by the two outer C-C bonds 
of the diene. The diene plane is perpendicular to the basal plane and the Fe atom 
lies 0.5 a over it. The apical Fe-CO bond makes an angle of 8” with the normal 
to the basal plane. The sum of angles at each inner carbon atom of the bonded 
diene is 360-O(5)” and the difference A, between the average of the outer C-C 
distances and the inner C-C distance is not significantly greater than zero 
(O-006(4) ,J% for II and X). We have shown recently [13] from a comparison of 
A, values extended to 42 (1,3-diene)Fe(C0)3 structures that, on the average, 
the three C-C distances have indeed to be considered as equal. 



Rcncticm of I with it-ojz atzcl r-rrtlzerzir~rn carOoriyis. (:L) I;e,(CO).. (13 g. 3s.‘i 

mmol) and I (3.2 g, 23-S mmol) were heated unclt~r reflus in ‘1‘~IF/1141t~>x11e (l/l. 

230 ml) for 2:i h. :kid alumina, nctivitv (rradc I was then adclcd to cIccon~l~ose _ h 
the Fe,(CO),: formed. _-\fter filt.ration and removal of solvent. the residue was 
taken up in THF and clironirtto~~,?-apl~~cl on a SO X 2 cm column pacli~tcl xvith 
Florisil using ‘I’HF/n-hesane (l/l) as eluent. The first fraction of ctluate con- 
tained Fe( CO), and the second yielded comples II after recrystallisation From 

n-pentane at -25°C (4.1 g; 15 mmol). Yield 63%. The same reaction in metha- 

nol gave Ii with a better yield (71%). 
II: Yellow air stable ciystds. Single crystals suitable for X-ray diffraction 

studies were obtained by slow evaporation of an n-hesane solution at. 0°C under 
argon. M.p. 102-103°C. Anal. Found: C, 52.49; H, 3.76. CL2HI(,01Fe calcd.: C, 
52.59; H, 3.67%. blass spectrum: 274 (1.5;M), 246 (12;dl’-CO), 21s (27; 
M’ - 2 CO), 190 (37; AI’ - 3 CO), 160 (17), 134 (15; I’), 105 (1Lt)l91 (21), S4 

(26), 56 (100%; Fe+). IR spectrum: v(C0) 2060 (A’(a)), 1983 (A’(2)), 1971 cm-’ 

(A”) (assigned according to Adams [31]), Y(C-O-C) 551 cm-‘. UV spectrum, 
A,,, in nm (E in 1 mol-’ cm-‘): 259 (2405), 220 (14700). 

(b) The reaction of Fe,(CO), (5 g, 13.7 mmol) and I (O-S5 g, 6.3 mmol) in 
n-pentane (250 ml, room temperature, 3 days) yielded after chromatography 
and fractional cryst.allisation the compleses II (eso) and III (eizdo-isomer). Yields 
8 and 1%. 

III: Pale yellow air stable crystals_ &I-p. 124-125°C. Anal. FOUIIC~: C, 52.48: 
H, 3.79. CLIH,,,O,Fe calcd.: C, 52.59; H, 3.67%. Nass spectrum: 273 (S; Al’), 
246 (61; M’ - CO), 21s (100; M’ - 2 CO), 190 (II, M+- 3 CO), 164 (99), 91 

(62), 56 (26%; Fe’). IR: v(C0) 2059 (A’(l)), 19SO (A’(2)), 1968 cm-’ (A”). UV: 
287 (2280), 220 (15400). 

Irradiation (high pressure Hg lamp HPK 125; pyres vessel) of I (16.4 mmol) 
and Fe(CO), (82 mmol) in n-pentane (200 ml) at -70°C resulted mainly in the 
polymerisation of the ligand. The reaction of I with Fe(CO),(hza) 1321 was un- 
successful as the diene did not displace benzalacetone (bza) from the complex 
to any significant extent. 

(c) (cod)Ru(CO), [ll] (0.55 g, 1.87 mmol; cod = 1,5-cyclooctadiene) and I 

(0.5 g, 3.7 mmol) were heated under reflus in benzene (250 ml) for 15 h. After 

filtration and removal of solvent, I;he residue was taken up in diethyl ether and 
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~ll1.01113tO~r;1l~2~~‘Cl on a 40 x 2 cm column pack~cl lvith Florisil using n-hesanc/ 
cktll(>r (10/l) as c~luent.“l‘hc~ first fraction of yellow eluattt contained a small 
amount of’ an uniclcntified product ancl the second fraction yic~lclc~cl comples IV 

after rttcrystalli~;ation from n-pctntane at --25’C (0.1s gi. 0.56 niniol). Yield 15%. 

IV: Pale yellow crystals. 31.1,. 105-106’C. .\nal. Found: C, -IZ.lS; N, 3.19. 

C, ,I-i,,,O,Iiu c~alccl.: C, -15.1-I: l-1, 3.1i5Z. AI:ss spectrum (peaks corresponding to 

i”lIiu): 320 (7: a-), 292 (6,: x- - co !, 26-l (37; x+ - 2 CO). 236 (100; dl’ - 

3 CO), 204 (is). 102 (22; fiu-). IR: r~(C0) 2076, 1995, 19S2 cm-‘. UV: 272 

(2’706), 2:10 (sh) (4130), 220 (6500). 
The reaction of I \vitll Ru <(CO): I in rcflusin~ tOlXC?Ile gave 21 lower yield Of 

comples IV. 
Remtiorz of II zuith acids. (a) Gaseous HCl was bubbled for 5 min t.hrougb a 

solution of II (0-S g, 2.92. rnniol) in diethvl ether (200 ml) at 0-C. The solution 
\vas then flushed lvith argon, neutralised with aqueous NaHC03 and the product 

extracted with &ethyl c:t.her. The est.ract. was dried over hIgSOl and chromat.o- 
graphed on a 40 X B cm column packed ivith Florisil. Elution with n-hesane/ 
ether (10/l) brought. do~vn a sing!e yellow band which yielded complex (0.77 g, 
2.48 mmol) after recrystallisation in n-pentane at -25°C. Yield S5% _ !~h3~ 

carrying out. the same reaction in clichloromethane, fxstensive decomposition \VaS 

observed with format.ion of VI. 

V: Pale vellow needles. h1.p. 103-104’C. &al. Found: C, 46.52; I-I, 3.4’7; Cl, 
11.42. C,,kI,CIOAFe calcd.: C, -16.41; H, 3.57; Cl, 11.41%. XIass spectrum: 310 
(Sr dl’), 2s2 (72; 112’ - CO), 254 (100; dl’ - 2 CO), 226 (62; 112’ - 3 CO), 190 
(21), 162 (lS), 56 (45%: Fe’). IR: v(C0) 2063 (A’(l)), 1987 (,\‘(2)), 1972, cm-’ 
(X”); v(0I-I) 3555 cm-’ (in Ccl,). UV: 304 (lSW), 220 (13000). 

Eliminat.ion of the metal was obtained by oxidation of comples V (0.3 g, 
0.97 mmol) in acetone (60 ml) with ammonium hesanitratocerate(IV) (1.9s 
mmol) for 30 min at room temperature. After removal of solvent, the ether 
estracts yielded ligand VI as a colorless oil. Its cha_racteristics were identical to 

those reported by Vogel et. al. [lob] for eso-2-chloro-5,6-dimethylene-s_vlz-7- 
norbornanol (see Table 2 for its ‘H and “C NMR parameters in CDCl,). 

The ‘H NhIR spectrum of a solut.ion of II and HCl (molar ratio l/2) in deuter- 

ated ether showed t.hat the formation of V was essentially complete after 15 

min at 30 r 1°C. Under the same conditions, the endo isomer III did not react 
and slowly decomposed with formation of VI and VII [lob]. By contrast, the 
ruthenium comples IV (eso) reacted rapidly but the formed complex decom- 

posed liberating an organic product whose ‘H NMR spectrum was identical to 

that of VI. 
Renction of II zuith DCI. (b) DC1 (ca. 70 mmol) was transferred on a vacuum 

line into a frozen solution of II (1-S mmol) in diethyl ether (60 ml) and the solu- 
tion warmed to 0°C fdr 30 min. After filtration, the solvent and escess DC1 were 
pumped off and CD&l2 distilled in. The resulting solution showed an ‘H NMR 
spectrum identical to that of V (Table Z), except for the disappearance of the 

hydrosyl resonance a$ 3.3 ppm and the loss of the related coupling constant 

J(H(?), OH)_ The isolated product showed bands at 2063,1987, 1972 cm-’ 

(v(C0)) and a band at 2640 cm-’ (in CCL,) attributable to v(OD); upon standing 
in air, the band at 2640 cm-’ decreased in intensity and a broad absorption band 

appeared around 3550 cm-’ (v(OH)). After recrystallisatioh from (wet) pentane, 



106 

Rcactiolz of II with HS03F’. (c) A mixture of CD,Cl- and SO,ClF (dried over 

P,O,,,) (l/1.5 , 2 ml) was transferred on a vacuum line to a 10 mm NAIR tube 
containing comples II (0.1s g)_ Pure SO,ClF (ca. 1 ml) was then condensed into 

the upper part of the NhIR tube and HSO,F added under nitrogen ( [ HSO,F]! 
[II] ca. 10/l) in such a manner as to keep it frozen in the upper part. of the tube 
which was then sealed under vacuum. The upper part. of the tube was gently 

warmed keeping the lower part at -110°C in order to allolv slow mixing of the 

two solutions. The ‘I-I and ‘-‘C NA,IR spectra of t.he resulting carbocation are 
described in Table 3. 

The carbocation solution was vigorously mixed at -100°C with a saturated 

solution of NaHC03 in methanol. After removal of the solvent, t.he residue was 
extracted with diethyl ether/water and the ether extract washed with aqueous 

NaHCO,, then water and dried over MgSO,. After removal of solvent, t.he resi- 
due was taken up in diethyl ether and chromatographed on a 40 >( 2 cm column 

packed with Florisil. Elution with n-hesane/ether (9/l) brought clown one 
yellow band containing comples X which was recrystallised from n-pentane at 
-25°C (0.157 g, yield 75%). 

X: Pale yellow crystals; single crystals were obtained by slow evaporation WI- 

der argon of an n-hes.rzne solution at 0°C. The crystal used for t.he X-ray mea- 
surements was protected from the air by a sealed glass capillary. M-p. S5-S6”C. 

Anal. Found: C, 51.16; H, 4.61. C,,H,,O,Fe calcd.: C, 51.01; H, 4-6170. MS: 
306 (9; M+), 278 (6s; ii/l+ - CO), 250 (100; Ii/l’ - 2 CO), 222 (45; ill’ - 3 CO). 

IR: v(C0) 2060,1983,1965 cm-’ (in hesane); v(OH) 3455, v(OCH,) 1100 

cm-’ (in Ccl,). UV: 310 (2010). 
The organic ligand e.ro-2- methoxy-5,6_dimethylene-qrz-7-norbornanol (XI) 

was obtained by oxidizing complex X (0.3 g, 0.98 mmol) in acetone (60 ml) 
with (NH,),Ce(NO,)., (3.2 mmol) for 30 min at room temperature_ After 
removal of solvent, the residue was taken up in ether, washed with water, dried 

over MgSO, and filtered over Florisil. Distillation of the solvent left XI as a 

colourless oil (0.145 g)_ Yield 89%. 

XI: Anal. Found: C, 71.52; H, 7.81. C,,H,,O, calcd.: C, 72.26; H, S.49% 
mass spectrum: 166 (4;W), 148 (9), 134 (36): 117 (lo), 106 (39), 105 (91), 
91 (loo), 79 (32), 77 (31), 65 (14), 61 (20). IR (Ccl,): v(OH) 3475, t’(OCH,) 
1083 cm-‘. 

Oxidation of complex V fo a norbornanone-7 complex (VIII). A solution of 

V (0.8 g, 2.57 mmol) in dichloromethane (5 ml) was added to a solution of 00, 
(3.28 g, 33 mmol) and pyridine (5.2 g, 66 mmol) in dichloromethane (60 ml) 

and stirred for 9 days at room temperature. After removal of solvent, the resi- 

due was extracted with ether. The combined extracts were filtered, washed with 
5% HCl, aqueous NaHC03, then water, dried over MgSO, and evaporated to dry- 

ness. The oily residue was chromatographed on silica gel with n-hexane/ether 
(20/l) as eluent. The first yellow band yielded the expected complex VIII after 
recrystallisation from n-pentane at -25°C (0.044 g, yield 5.5%. 

VIII: yellow air stable crystals. M.p. 74-76°C. Anal. Found: C, 47.67; H, 
2.99; Cl, 11.20. C,2H&10AFe calcd.i C, 46.72; H, 2.94; Cl, 11.49%. Mass spec- 
trum: 305 (5;111+), 280 (58;M’ -CO), 252 (91;&1+ - 2 CO), 224 (27; Ag+ - 3 
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CO), ISS (91), 56 (100; Fe’). IR: v(C0) 2059,19SS, 1970 cm-‘; v(C=O) lSO0 

clll-l. UV: 273 (4250), 220 (10600). 
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