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The preparation and the CD spectra of optically pure (+)-trans-u-[(1R,45,55,6 R, 7TR,85)-C.5,6,C-n :C,7.8,C-
7-(5,6,7,8-tetramethylidene-2-bicyclo[2.2.2}octanone)]bis(tricarbonyliron) ((+)-7) and (+)-tricarbonyl[(15,45.5S,
6R)-C-5,6,C-n-(5,6,7.8-tetramethylidene-2-bicyclo[2.2.2]octanone)liron {(+)-8), and of its 3-deuterated deriva-
tives (+)-trans-u-[(1R,3R,48,55,6R,7R,85)-C,5,6,C- :C,7,8,C-n-(5,6,7,8-tetramethylidene(3-D)-2-bicyclof2.2.2]-
octanone)]bis(tricarbonyliron) ((+)-11) and (+)-tricarbonyl[(1S,3R.45,55,6R)-C-5,6,C-n-(5,6,7,8-tetrameth-
ylidene(3-D)-2-bicyclo[2.2.2]octanone)]iron ((+)-12) are reported. The chirality in (+)-7 and (+)-8 is due to the
Fe(CO), moieties uniquely. The signs of the Cotton eflects observed for (+)-7 and (+)-8 obey the octant rule
(ketone n—>n g transition). Optically pure (—)-(3R)-5,6,7,8-tetramethylidene(3-D)-2-bicyclo[2.2.2]octanone ((—)-
10) was prepared. Its CD spectrum showed an ‘anti-octant’ behaviour for the ketone n—»ngq transition of the
deuterium substituent. The CD spectra of the alcoholic derivatives (—)-trans-u-[(1 R,2R,45,55,6R,7R,8S)-C,5,6,C-
7:C,7,8,C-n-(5,6,7,8-tetramethylidene-2-bicyclo[2.2.2]octanol)bis(tricarbonyliron) ((—)-2) and (~—)-tricarbonyl-
[(185,2R,45,58,6R)-C.5,6,C-n~(5,6,7,8-tetramethylidene-2-bicyclo[2.2.2]octanol)]iron ((—)-3) and of the 3-deute-
rated derivatives (—)-5 and (—)-6 are also reported. The CD spectra of the complexes (—)-2, (—)-3, (+)-7, and (+)-8
were solvent and temperature dependent. The ‘endo’-configuration of the Fe(CO), moiety in (£)-8 was established
by single-crystal X-ray diffraction.

Introduction. — There are only a few examples of optically pure, chiral tricarbonyl-
(diene)iron complexes reported in the literature [1] [2]. Reports on their circular-dichro-
ism (CD) spectra are even more scarce [1b, d] [2]. We have shown (3] that 5,6,7 8-tetra-
methylidene-2-bicyclo[2.2.2]octanol and its mono- and dicomplexes 2 and 3 can be
prepared easily. The corresponding ketones 7 and 8 [3] and the deuterated derivatives 5, 6,
11, and 12 are also readily available {4]. In a preliminary communication [5], we reported
on the optical resolution of these systems. The establishment of their absolute configura-
tion has also been presented [6]. We describe here the CD spectra of these molecules. In
the bicyclo[2.2.2]octanones 7 and 8, the chirality is due exclusively to the Fe(CO), groups.
We have found that the octant rule [7] [8] can be applied to predict the sign of the Cotton
effect of the n—ny,, transition of the ketone chromophore in the monocomplex 8 and the
dicomplex 7. The Fe(CO), moiety in 8 is anti to the C(2) centre (‘endo’-complex), as
demonstrated by X-ray crystallography. We report also the preparation and the CD
spectrum of the optically pure monodeuterated ketone (—)-10.
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M = Fe(CO),
The signs given with each compound number corresponds to the [x]g values measured for the configurations
drawn here.

Results and Discussion. — Hydroboration followed by oxidative workup of the readily
available dicomplex 1 gave the racemic mixture of alcohols (£)-2 whose optical resolution
was achieved in better than 98 % optical purity by Gerlach’s technique [6] [9].

Treatment of (—)-2 (or (+)-2) with an excess of Me,NO in anh. acetone (25°, 50 min)
led to selective removal of the ‘exo’-Fe(CO), moiety (syn to C(2)) giving the monocom-
plex (=)-3 (or (+)-3) in 78% yield {3]. The doubly complexed tetraenone (+)-7 was
obtained in 64 % yield by oxidation of alcohol (—)-2 with CrO,/pyridine in CH,Cl, (20°,
6-8 min). On treatment with Me,NO, (+)-7 afforded the monocomplexed tetraenone
(+)-8 in 50% yield together with the uncomplexed tetracnone (31%). The ketone (+)-8
was also obtained by Collins’ oxidation of alcohol (—)-3 in 65% yield. The relative
configuration of the Fe(CO), moiety in (+)-8 was given by the crystal structure of (£)-8
described below.

Oxidative deuteroboration (NaBD,/BF, - Et,O) of 1 gave alcohols (£)-5 whose optical
resolution was accomplished by using Gerlach’s technique [5] [6] (—(—)-4). Collins’
oxidation [10] of (—)-5 gave (+)-11. The product (+)-11 was obtained on treating (£)-7
with K,CO, (1%} in anh. CD,0D/CDCI, 1:1 (40°, 1 h) {4]. Prolonged heating of (+)-7 in
CD,OD saturated with K,CO; or containing 5-10% of CD,ONa did not exchange the
second H-atom at C(3) before decomposition of ()-7 (40°, 2-4 days). The high diastereo-
selectivity of the base-catalyzed monodeuteration (+)-7—(£)-11 can be attributed to a
steric factor, i.e. protonation of the enolate intermediate occurs preferentially from its less
hindered face. Oxidation of (+)-11 with Me;NO in acetone gave (+)-12 (50%) and (—)-10
(31%). Me,NO oxidation of (—)-5 (selective removal of the ‘exo’-Fe(CO), moiety) gave
{(—)-6 which was then oxidized [10] to ketone (+)-12. These results demonstrated that the
‘endo’-Fe(CO), moiety in (—)-3 and (+)-8 did not migrate from one diene to the other
during the oxidation reactions, thus confirming the absolute configurations given in the
Formulae.

The ‘endo’-complex (+)-8 also gave the monodeuterated ketone (+)-12 when treated
in CD,OD/CDCI, 1:1 containing K,CO, or CD,0ONa. The exchange of the second
H-atom at C(3) was also observed; at 35°, it occurred ca. 100 times more slowly than
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reaction (£)-8 —(=4)-12. On treating (+)-12 with an excess of Me,NO in anh. acetone, the
monodeuterated tetraenone (—)-10 was obtained. The latter was also prepared in the
following way. The camphanate (—)-4 was oxidized with a large excess of Me,NO
(acetone, 25°, 20 h) and then saponified (CH,Cl,, THF, H,0, KOH) to give (—)-9. The
latter was oxidized [10] to give (—)-10 (45 % isolated yield from (—)-4).

The CD and UV/VIS spectrum of (—)-2 and (—)-3 are shown in Figs. I (polar solvent)
and 2 (non-polar solvent). The CD spectra were solvent and temperature dependent, thus
indicating the importance of solvation and aggregation phenomena on the chiroptical
properties of these molecules. This was not unexpected because of the alcoholic function
[11]. At this time, we can say little about these spectra. It should be noted, however, that
the two Corton effects observed above 270 nm for (—)-2 and (—)-3 are significantly weaker
than those observed for tricarbonyl(2,4-hexadienoic)iron [1b] and related complexes [1d].
The general shapes of the CD spectra of (—)-2 and (—)-3 are similar, although there are
some differences in the positions of the maxima and minima. The latter also depend on
solvent and temperature. If a through-space interaction between the two diene Fe(CO),
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Fig. 1. UV/VIS (—-) spectra of 2 and 3 in 95% EtOH. Fig.2. CD spectra of (—)-2 ( ) and
CD spectra of (—)-2 ( Yand (—)-3 (- ) in Et,0/ (—)»-3 (——--) in (isopentane/methyl-

isopentanc/EtOH 5:5:2 cyclohexane 4:1
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chromophores [12] in (—)-2 exists, little evidence for it is obtained from the comparison of
the CD spectra of (—)-2 and (—)-3.

The CD spectra of the monocomplexed tetracnone (+)-8 and doubly complexed
tetraenone (+)-7 are given in Figs.3 (polar solvent) and 4 (non-polar solvent). The
comparison of these spectra with those shown in Figs.! and 2 for the corresponding
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Fig.3. UVjVIS (—--) spectra of T and 8 in 95%
EtOH. CD spectra of (+)-7 (——) and (+)-8
(--—+-)in Et,0/isopentane/ EtOH 5:5:2
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Fig.4. CD spectra of (+)-7 (— —) and (+)-8
(~+—--) in isapentane|methylcyclohexane 4 : 1 AE
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Fig.5. CD spectra a) of (+)-10 in Et,0/isopenta-
ne/EtOH 5:5:2 and b) of (—)-10 in isopentane/
methyleyclohexane 4:1 at various temperatures.
(+)-10 was prepared in the same fashion as (—)-
10 using the diastereoisomer (+)-4’ prepared
from (—)-camphanic acid and (£)-5 [6].

alcohols (—)-3 and (—)-2, respectively, suggests that the CD spectra of (+)-7 and (+)-8
correspond to the superposition of the relatively weak Cotton effects due to the
Fe(diene)(CO), chromophores and of those, much more intense, due to the n—ng,
transition of the ketone carbonyl groups. The position of the Cotton effects between 300
and 330 nm (n—n{,) in (+)-7 and (+)-8 is nearly the same as that observed for the
monodeuterated, uncomplexed tetraenone (—)-10 (see Fig.5). The positive Cotton effect
observed for the latter ketone corresponds to an ‘anti-octant’ behaviour of the deuterium
substituent, as expected [13]. Due to instrumental limitation, the CD spectrum of (—)-10
below 280 nm could not be recorded. The apparent dependence of this spectrum on
temperature is too small to allow one to attribute it to a possible equilibrium of con-
formers. This tetraenone might well be a molecule belonging to a single minimum energy
hypersurface as found for 7-deuterium- and 7-methyl-substituted 2,3,5,6-tetramethyl-
idenebicyclo[2.2.2]octanes [5]. The temperature dependence observed for the CD spec-
trum of (+)-10 (and (-)-10, Fig.5) could be due to instrumental inaccuracy or/and to
solvation and aggregation phenomena [14].

There is an apparent hypsochromic shift of about 7 nm for the maximum of the
Cotton effect of (+)-7 compared with that of (+)-8. Among the numerous explanations
that can be proposed, one could invoke a steric repulsion between the CO groups of the
‘exo’-Fe(CO), moiety and the ketone function in (+)-7. It is interesting to note that the
influence of solvent and temperature on the Cotron effects of the ketone carbonyl
chromophores of (+)-7 and (+)-8 is smaller than found for the Cotton effects attributed to
the tricarbonyl(diene)iron chromophores.

The chirality of ketones (+)-7 and (+)-8 is due uniquely to coordination to Fe(CO),
moieties. Projections of these molecules in a plane perpendicular to the ketone C=0 axis
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b)

Fig. 6. Application of the octant rule a) to (+)-8 and b) to (+)-7. Crystalline structures of (£)-8 and of trans-u-
[C,5,6,C-:C,7.8.C-n-(5,6,7,8-tetramethylidenebicyclo[2.2.2]oct-2-ene)]bis(tricarbonyliron) [22] were used for
these projections perpendicular to the C=0 axis.

are shown in Fig.6. According to the octant rule [7] [8], a positive Cotton effect is
predicted for the ketone n—n,, transition of (4)-8 due to the ‘endo’-Fe(CO), moiety, as
observed. In the case of the dicomplex (+)-7, the contribution by the ‘exo’-Fe(CO),
moiety (syn to C(2)) to the Cotton effect of the ketone is expected to be small since the
Fe-atom lies almost in the *vertical’ nodal plane of the CO chromophore. Furthermore,
the positive contribution of one of the CO ligand (basal ligand) is expected to be
compensated by the negative contributions of the two other CO ligands (one basal and
the apical ligands), in agreement with our observations (see Figs.3 and 4).

Crystal Structure of (£)-8. - The ketone (+)-8 crystallizes as tiny irregular orange plates from EtOH. The
crystal used for data collection was the largest singlc crystal found. X-Ray intensity data collection was carried out
at room temperature with an Enraf-Nonius CAD-4 automatic diffractometer. The crystal data, intensity collection,
structure solution, and refinement methods are summarized in Tuble 1. The measured intensities were not corrected
for absorption due to loss of the crystal. The variances of the intensities were derived from counting statistics and
the fluctuations of three periodically measured check reflections. The computer programs used for data reduction
and structure solution were taken from the “XRAY-72" program system [15]. The scattering factors for the neutral
non-H-atoms were taken from Cromer and Mann [16], and for the H-atoms from Stewart et al. [17]. Anomalous
dispersion coefficients were taken from Cromer and Liberman {18). The structure was sofved in the centric space
group C2/¢ by Patterson and Fourier methods. Refincment by full matrix least squares to R = 0.103 followed by a
difference Fourier synthesis revealed all the H-atoms and refinement was continued to R = 0.054. In the last cycles
the non-H-atoms were refined anisotropically and H-atoms of the same type constrained to have the same isotropic
temperature factor. Although the other H-atoms refined correctly, H(2) and H(3) refined to unreasonable positions
and were hence constrained to ideal positions on C(2) at a distance of 0.97 A. The final atomic coordinates are
reported in Table 2. Calculated bond lengths, bond angles, and torsion angles are reported in Table 3. A perspective
drawing of the molecule prepared by the program ORTEP [19] is shown in Fig. 7 and angles between planes, in
Fig.8. The H-atoms are drawn with an artificial temperature factor of 0.004 A2 for clarity. A list of observed and
calculated structure factors as well as tables of temperature factors are available as supplementary material.
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Table 1. Summary of Crystal Data for (£)-8, Intensity Measurements, Structure Solution, and Refinement

Formula CsH | FeO, AlA] 0.56087

Molecular weight 312.1 wfem™ 5.7

Crystal system Monoclinic Scan method 20-0

alA] 30.759(4) (SIn0/7 max 0.60

bA] 7.872(2) No. of unique reflections 2700

c[Al 12.274(2) No. of reflections < 3¢ 1775

Bl 107.39(1) No. of observations (No. of variables) 12.6(8.1)%)

UAY 2836.1 Structure solution Puatterson and Fourier
VA 8 Refinement method Full matrix least squares
dyp [g-cm™] 1.43 Function minimized Sw(lF,| — |FJ)?

dye [2-cm™Y 1.46 w 1/a*

Fooo 1280 R 0.054

Space group C2le R, 0.028

Radiation Ag-Ko Goodness of fit 1.26

*)  Only those retlections with I < 3¢ with |F,| > |F,| werc included in the refincment.

Table 2. Finul Atomic Coordinates for CsH ,0Fe

Atom?) X ¥ z

Fe 0.17702(4) 0.1965(1) 0.10006(8)
(1) 0.1060(2) 0.314(1) 0.2330(5)
C(2) 0.0709(2) 0.199(1) 0.2597(6)
C(3) 0.0489(2) 0.0682(9) 0.1698(5)
C) 0.0725(3) 0.098(1) 0.0740(7)
() 0.1233(2) 0.0694(8) 0.1307(5)
() 0.1412(2) 0.1886(9) 0.2162(5)
e 0.0819(2) 0.4013(9) 0.1216(6)
C(8) 0.0632(2) 0.278(1) 0.0288(6)
0] 0.1514(3) 0.0516(9) 0.1054(6)
C(10) 0.1878(3) 0.179(1) 0.2775(6)
C(n 0.0777(3) 0.565(1) 0.1115(7)
C(12) 0.0403(3) 0.311(1) 0.0774(6)
C(13) 0.1524(2) 0.204(1) —0.0514(5)
C(14) 0.2327(3) 0.1242(9) 0.1086(6)
c(15) 0.1867(3) 0.420(1) 0.1028(7)
o) 0.0606(2) 0.2090(7) 0.3465(4)
0Q) 0.1366(2) 0.2029(8) ~0.1472(4)
0@3) 0.2681(2) 0.0756(8) 0.1133(6)
04) 0.1934(2) 0.5606(6) 0.1024(6)
H(1) 0.122(1) 0.387(5) 0.288(3)
H(2) 0.054(2) —0.046(6) 0.200(4)
H(3) 0.016(2) 0.087(8) 0.140(5)
H@4) 0.063(2) 0.030(6) 0.021(4)
H(5) 0.141(2) —0.118(6) 0.038(4)
H(6) 0.180(2) -0.088(6) 0.177(4)
H(7) 0.201(2) 0.284(7) 0.323(4)
H(8) 0.203(2) 0.085(7) 0.304(5)
H(9) 0.086(2) 0.651(6) 0.165(4)
H(10) 0.059(2) 0.608(7) 0.056(5)
H(ID) 0.024(2) 0.220(7) ~0.139(4)
H(12) 0.036(2) 0.428(6) —0.111(4)

%) For practical reasons, the atom numbering of the centres that are not part of the bicyclo[2.2.2Joctanone
skeleton does not follow the IUPAC rules (see Fig. 7).
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Table 3. Bond Lengths (A) and Angles (°) for C;sH ;1,0 [Fe ((x)-8) with Estimated Standard Deviations in Parenthe-

ses®)
Distances
Fe—C(5) 2.059%(7) C(3)—-C4) 1.57(1)
Fe—C(6) 2.047(7) C4)—C(5) 1.53(1)
Fe—C(9) 2.115(8) C(4)—C(8) 1.52(1)
Fe—C(10) 2.107(7) C(5)-C(6) 1.393(9)
Fe—C(13) 1.786(6) C(5)—C©) 1.38(1)
Fe—C(14) 1.779(9) C(6)—C(10) 1.409(9)
Fe—C(15) 1.781(8) C(71)—C(8) 1.47(1)
C(1)--C(2) 1.52(1) C(NH—-C11) 1.30(1)
C(H)—C(6) 1.53(1) C(8)—C(12) 1.310(9)
C(H—-C(7) 1.511(9) C(13)-0(2) 1.130(7)
C(2)-C(3) 1.51(1) C(14)—0(3) 1.14(1)
C(2)-0(1) 1.202(9) C(15)-0(4) 1.127(9)
Angles
C(2)-C(1)—-C(6) 102.7(6) C(5)—Fe—C(9) 38.6(3)
C(2)-C(H)—C() 106.2(5) C(5)—Fe—C(10) 70.6(3)
C(6)—C(1)~-C(7) 110.3(6) C(5)—Fe—C(13) 95.3(3)
C(H—C(2)—C(3) 116.3(6) C(5)—Fe—C(14) 130.2(3)
C(1)-C(2)—0O(1) 123.0(7) C(5)—Fe—C(15) 127.9(4)
C(3)—C(2)~-0(1) 120.7(7) C(6)—Fe—C(9) 70.6(3)
C(2)—C(3)—C(4 103.6(6) C(6)—Fe—C(10) 39.6(3)
C(3)—-C(4)—C(5) 106.0(6) C(6)~Fe—C(13) 125.2(3)
C(3)-C(4)—C(8) 109.5(7) C(6)—Fe—C(14) 131.3(3)
C(5)—-C(4)—C(8) 111.1(6) C(6)—Fe—C(15) 98.0(4)
C(4)—C(5)—-C(6) 111.3(6) C(9)~Fe—C(10) 81.5(3)
C(4)—C(5)—CY) 128.5(6) C(9)—Fe—C(13) 91.0(3)
C(6)—C(5)—C(9) 120.2(6) C(9)—Fe—C(14) 93.7(3)
C(5)—C(6)—C(1) 113.8(5) C(9)—Fe—C(15) 166.5(4)
C(5)—C(6)—C(10) 118.4(7) C(10)—Fe—C(13) 164.7(3)
C(H—-C(6)—C(10) 127.8(6) C(10)—Fe—C(14) 93.8(3)
C(H—C(7)—C(®) 112.0(6) C(10)~Fe—C(15) 94.1(3)
C(1H)—-C(7)—C(1) 122.9(6) C(13)-Fe—C(14) 100.0(3)
CR)-C(TH)-C(11) 125.0(6) C(13)-Fe—-C(15) 90.2(4)
C(7)—C(8)—C(4) 110.1(6) C(14)—Fe—C(15) 99.3(4)
C(1)—C(8)—C(12) 127.5(7) Fe—C(13)-0(2) 177.6(7)
C(4)—C(8)~C(12) 122.3(7) Fe—~C(14)—0(3) 178.9(7)
C(5)—Fe—C(6) 39.6(3) Fe—C(15)—0(4) 178.3(9)
Torsion angles
C(8)—C4)—C(1)-C(7) 1.0(9) C(5)~C(4)—C(1)-C(6) 0.5(9)
C(3)-C(4)—-C(1H—-C(2) 0.6(9) C(4—C(3)—-C(2)-0(1) -179.2(9)

) See Foornote ain Table 2.

The crystal structure of (+)-8 does not provide us with an explanation based on
ground-state properties of this molecule for the stereoselectivity of the H/D exchange
8—12[11] and the stercoselective hydride reductions of (4)-8 [20]. Our results suggest in
fact that the face of the ketone function syn to the complexed diene moiety is less available
on steric grounds than the other face. This is shown by the angles between average planes
reported in Fig. 8. These data confirm that electronic factors may well play a dominant
role in controlling the stereoselectivity of reaction 812, If a dipole/dipole interaction
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Fig. 7. ORTEP representations of { 1)-8. a) Perspective view. b) Projection onto plane C(1),C(4),C(5),C(6).

TC(2,3)

2.7
Ct e < .

Fe CO,10)
Fig.8. Angles hetween least-squares planes in (£)-8

between the carbonyl groups of the ketone function at C(2) and the Fe(CO), moiety in
(£)-8 exists, it is not manifested by a significant deformation (see Fig.7b) of the tricar-
bonyl(diene)iron (e.g.. twist of the Fe(CQ), tripod, deformation of the diene Fe(CO),
moiety into an allyl(alkyl)Fe(CO), structure [2]).

We thank the Swiss National Science Foundation, Hoffmann-La Roche & Co. AG, Basel, and the Fondation
Herbette, Lausanne, for generous financial support. We are grateful to Prof. B. Testa, Ecole de Pharmacie,
Université de Lausanne, for use of this Roussel-Jouan dichrograph.

Experimental Part

General. See [21]. Optical resolution of alcohol (£)-2, see [6]. [«]p: thermostated Perkin-Elmer-141 po-
larimeter. CD spectra (A (4e)): Roussel-Jouan (Jobin-Yvon) Dichrographc III instrument, cquipped with an
Oxford-Instruments-DN704 cryostat and an Oxford-Instruments-DTC2 temperature controller. CD solvents: iso-
pentane/methylcyclohexane 4:1 (4); Et,O/isopentanc/EtOH 5:5:2 (B).

(—}=-Tricarbonylf (1S,2R,48,5S,6 R )-C,5,6,C-5-(5,6,7,8-tetramethylidene-2-hicyclof2.2.2 Joctanol ) Jiron
((—)-3). Freshly distilled Me;NO (2.7 g, 36 mmol) was added portionwise to a stirred soln. of (—)-2 (0.8 g, 1.76
mmol) in anh. acetone (100 ml). After stirring at 25° for 50 min, the mixture was filtered. CH,Cl, (300 ml) and H,0O
(100 ml) were added. The org. phase was washed with H,O (100 ml, 3 times). The aq. layers were extracted with
CH,Cl, (850 ml). The org. extracts were united and dried (MgSO,). After solvent evaporation, the residue was
purified by column chromatography on silica gel (25 g, AcOEt/hexane 1:1). The crude (—)-3 was recrystallized
from CH,Cl, yielding 430 mg (78 %) of yellow crystals, m.p. 91.-92°. Spectral data were the same as those for (+)-3
Bl [a]y = —2.2°, [ ]2y = 4.3, [a]de = —4.9°, [x])336 = —8.6°, [@)3ds = —9.5° (¢ =2, CHCly). CD (¢ = 0.0072, 4,
25°; see Fig. 2): 400 (0), 337 (—0.17), 283 (—0.66), 270 (0), 251 (+3.5), 233 (0). CD (¢ = 0.0062, B, 25°; see Fig.I):
400 (0), 327 (—0.30), 283 (—0.66), 270 (0), 252 (+3.5), 220 (0). Anal. calc. for CsH;FeO, (314.12): C 57.38, H 4.49;
found: C 57.42, H 4.55.
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(—)-2: CD (¢ = 0.0076, 4, 25°): 390 (0), 323 (—0.48), 277 (—0.36), 260 (0), 227 (+2.8). CD (¢ = 0.0084, B, 25°):
400 (0), 321 (—0.75), 290 (—0.26, sh), 266 (0), 227 {(+3.7; see Fig. I).

trans-p-/{/RS,2RS,3RS,4SR,5SR,6RS,7RS 8SR )-C,5.6,C-n:C,7,8,Cn-(5,6,7 8-Tetramethylidene( 3-D )-
2-bicyclof2.2.2Joctanol) Jbis( tricarbonyliron) ((£)-5). BF3;-Et,O (2 g, 14 mmol) was added dropwise to a vigor-
ously stirred suspension of NaBD, (800 mg, 21 mol) in anh. THF (30 ml) containing 1 (3 g) at 0°. After stirring at
20° for 3 h, the mixture was cooled to 0° and H,O was added dropwise (1.6 g, 89 mmol), then 38 aq. KOH soln. (1.6
g), and H,0 (3 g, 89 mmol). After stirring at 20° for 16 h, the mixture was extracted with CH,Cl, (20 ml, 3 times).
After drying (MgSOy) the org. extract, the solvent was evaporated and the residue purified by column chromatog-
raphy on silica gel (90 g, CH,Cl,). The crude (+)-5 was recrystallized from CH,Cl, yielding 2.2 g (70%) of yellow
crystals, m.p. 157-158°. IR (CHCls): 3610, 3420, 3050, 3000, 2960, 2040, 1985, 1460, 1450, 1290, 1140, 1080, 1020,
935,905, 855. 'H-NMR (CDCl;): 4.62 (ddd, J = 8,6,3, H-C(2)); 3.49 (d,J = 3, H—C(1)); 3.42 (d,J = 3, H-C(4)):
2.61(dd,J = 8,3, H-C(3)): 1.94(d, J = 6, OH); 2.14, 2.09, 1.90, 1.81,0.67,0.61,0.37,0.31 (&84, J/ = 3). MS (70¢V):
455 (1), 427 (12),399 (31), 371 (24), 343 (10), 315 (96), 287 (100). Anal. calc. for C3gH;DFe,0, (455.01): C 47.52,
H + D 3.32; found: C 47.66, H + D 3.28.

Optical Resolution of (£)-5. Same procedure as for the optical rcsolution of (&)-2 [6]. The diastereoisomeric
camphanate with the largest Ry is (+)-4’, m.p. 197-198°. [a]F = +74°, [¢]5, = +78°, [ F33s = +90°, [a]33¢ = +12°
(¢ =2, CHCLy).

Data for (—)-4 (smaller Rp): m.p. 198-199°. [x]F = —80°, [a]8; = —84°, [ )33 = —98°, [x]336 = —15° (¢ = 2,
CHCly).

To a soln. of 100 mg (0.16 mmol) of (—)-4 in 5 ml of MeOH/CH,Cl,/THF 3:1:1, 1.58 KOH (3 ml) was added
and the mixture stirred at 20°. The mixture was extracted with CH,Cl; (3 ml, 3 times) and the extracts washed with
H,O (5 ml, 3 times). After drying (MgSQO,), the solvent was evaporated and the crude (—)-5 recrystallized from
CHCly/hexane 1:1 yielding 61 mg (85 %) of yellow crystals.

Selective oxidation of the ‘exo’-Fe(CO); moicty in (—)-5 following the procedure given above for the
preparation ol (—)-3 afforded the alcohol (—)-6.

(+)-trans-p-{ (/R 4S,5S6R,7R,8S)-C,5,6,C-n:C,7.8,C-n-(5,6,7 8-Tetramethylidene-2-bicyclof2.2.2]oct-
anone ) [bis( tricarbonvliron) ((+)-7). Same procedure as that reported for the preparation of (£)-7, starting with
(—)-2 Bl [2lB = +313°, [a]Fg = +331°, [0]3, = +404°, [a)B = +18°, [@]3s=+17" (¢ =2, CHCly). CD
(¢ = 0.0059, 4, 25°): 410 (0), 355 (+2.0, sh), 321 (+15.2), 310 (+19.6), 299 (+14.4), 290 (+7.4, sh), 276 (0), 269
(—1.4), 261 (0), 241 (8.4), 228 (0; sce Fig.4). CD (¢ = 0.0054, B): 410 (0), 355 (+2.0, sh), 321 (+14.6), 309 (+17.9),
301 (+13.2, sh), 290 (+6.7, sh), 276 (0), 268 (—1.0), 261 (0), 241 (+6.5), 229 (0; see Fig.3). Anal. calc. for
CsH|;Fe0,(451.99): C 47.83, H 2.68; found: C 47.93, H 2.62.

(+)-Tricarbonyl{ (1S,4S,5S5,6R}-C,5,6.C-n-(5,6,7.8-tetramethylidenc-2-bicyclof 2.2.2 Joctanone) Jiron ((+)-
8). Same procedure as that reported [or the preparation of (4)-8, starting with (+)-7; m.p. 118-119°. [a ] = +435°,
(]85 = +438°, (@125, = +£536°, [a]33, = +1240°, [x}3s = +24° (¢ = 0.5, CHC;). CD (¢ = 0.006, 4, 25°): 400 (0),
330(13.1), 317 (15.3), 307 (9.3, sh), 295 (4.6, sh), 282 (3.7), 270 (4.4), 259 (0), 240 (—6.0, sh), 225 (—10.1), 212 (0; see
Fig.4). CD (¢ = 0.0063, B, 25°): 400 (0), 329 (+12.7), 317 (14.7), 308 (9.6, sh), 295 (+4.9, sh), 274 (4.4), 263 (0), 239
(—9.2, sh), 227 (—12.4), 213 (0; sce Fig. 3). Anal. calc. for C(sH,FeO,(312.11): C 57.73, H 3.88; found: C 57.61, H
3.74.

(—)-(3R)-5,6,7 8- Tetramethylidene( 3-D )-2-bicyclof 2.2.2 Joctanone ((—)-10). A mixture of camphanate (—)-4
(400 mg, 0.63 mmol), Me;NO (2 g, 27 mmot), and anh. acetone (200 mi) was stirred at 25° for 20 h. After fiitration,
the solvent was evaporated and H,O (50 ml) added. The mixture was extracted with CH,Cl, (50 ml, 3 times) and the
extract dried (MgSOy) and concentrated in vacuo. The residue was purified by column chromatography onssilica gel
(5 g, CH,Cl,) yielding 180 mg of colourless oil. The latter was dissolved in 9 m! of MeOH/CH,Cl,/THF 5:2:2, 1.5N
KOH (3 m!) was added and the mixture stirred at 25° for 1 h. The mixture was extracted with CH,Cl, (5 ml, 3 times)
and the org. phase washed with H,O (5 ml, 3 times), dried (MgSO,), and evaporated. The residue was purified by
column chromatography on silica gel (10 g, CH,Cl,) yielding 75 mg of (—)-9, colourless crystals. CrO; (343 mg,
3.43 mmol) was added in small portions to a stirred mixture of anh. pyridine (531 mg, 6.72 mmol) and anh. CH,Cl,
(6 ml) at 0" and under N,. After stirring at 20° for 10 min, (—)-9 (75 mg, 0.43 mmol) in anh. CH,Cl, (0.5 ml) was
added dropwise. After stirring at 20° for 8 min, the mixture was filtered through silica gel (2 g), the silica gel washed
with anh. CH,C}, (5 ml), and the filtrate concentrated in vacuo. The crude oil was purified by column chromatog-
raphy on silica gel (1.5 g, CH,Cly/hexane 1:1) yielding 49 mg (45%) of (—)-10, colourless crystals, m.p. 55-56°.
"H-NMR (360 MHz, CDCly): 5.38 (5, 2 H); 5.32 (s, 2 H); 4.98 (5, 4 H); 3.75 (s, H-C(1)); 3.40 (d, J = 3, H=C(4));
2.40 (m, H—C(3)). Degree of monodeuteration: > 95%. MS (70 eV): 173 (80, M ©), 149 (74), 131 (42), 130 (100),
129 (96), 127 (62). (25 = —7.1°, [a]Bg = —7.3°, [a ]33 = —9.3°, [2153¢ = —26.7°, [a]33s = —9.2 (¢ = 2, CHCL;). CD
(¢ = 0.017, 4,25°):390(0), 330 (+0.13), 316 (+0.12), 304 (+0.07), 294 (+0.03), 285 (+0.02). CD (¢ = 0.016, B,25°):
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410 (0), 328 (+0.14), 316 (+0.13), 304 (+0.06, sh), 293 (+0.03), 285 (+0.03; see Fig.5). Anal. calc. for C,;H[; DO
(173.24): C 83.20, H + D 7.56; found: C 83.15, H + D 7.30.

(+)-trans-p-{ (/RS,3RS 4SR,5SR,6RS,7RS,8SR )-C,5,6,C-1:C,7,.8,C-n-(5,6,7.8-Tetramethylidene(3-D )-
2-bicyclof 2.2.2 Joctanone ) [bis( tricarbonyliron) ((£)-11). a) Same procedure as that reported for the preparation
of (£)-7, starting with (%)-5[3]. b) A mixture of (£)-7 (100 mg, 0.58 mmol), anh. K,CO, (10 mg) in CDCl; (0.5 ml),
and CD;0D (0.5 ml) was stirred for 1 h at 40°. After filtration, the soln. was evaporated and the residue dissolved
in CH,Cl, (5 ml). The CH,Cl, soln. was washed with ice-cold H,O (5 ml, 2 times) and dried (MgSO,). After solvent
evaporation, the crude (+)-11 was recrystallized from CH,Cl,/hexane yielding 95 mg (95 %) of yellow crystals, m.p.
159-160°. '"H-NMR (CDCl;): 3.88 (s, H=C(1)); 3.60 (d, J = 3, H-C(4)); 2.71 (m, H-C(3)); 2.15, 2.05, 2.04, 1.86,
0.67,0.59,0.50,0.40 (8d, J = 3). MS (70eV): 453 (1, M 7),425(8),397 (21), 369 (14), 341 (11), 314 (8), 313 (42), 286
(15), 285 (100, 282 (15), 259 (14), 258 (8), 257 (10), 229 (11), 199 (8), 149 (12), 112 (23). Anal. calc. for
Ci3H | DFe,0,(452.99): C 47.73, H + D 2.89; found: C 47.88, H 2.78.

(+)-trans-p-/ (I R,3R,4S,5S,6R,7R,8S)-C5,6,C-n:C.7.8,C-n-(5,6,7,8-Tetramethylidene (3-D )-2-bicyclo-
[2.2.2]octanone) Jbis( tricarbonyliron) ((+)-11). Same procedure as that reported for the preparation of (&)-11,
using (—)-5 [3]; m.p. 159-160°. [a]® = +285°, [a]35s = +304°, []3e = +372°, [2]36 = +875°, (¢ = 0.5, CHCl;). CD
(¢ = 0.007, 4, 25%): 410(0), 355 (+2.0, sh), 322 (+15.0), 310 (+19.5), 299 (+14.4), 290 (+7.6, sh), 277 (0), 269 (—1.3),
261 (0), 242 (+8.5), 229 (0). Anal. calc. for CgH, DFe,05 (452.99): C47.73, H + D 2.89; found: C 47.82, H + D
2.55.

(+)-Tricarbony![(1S,3R.4S,55,6R )-C,5,6,C-n-(5,6,7,8-tetramethylidene(3-D )-2-bicyclof2.2.2 Joctanone) |-
iron ((+)-12). To a soln. of anh. pyridin (810 mg, 10.2 mmol) in anh. CH,Cl, (10 ml) cooled to 0°, CrO; (515 mg, 5.1
mmol) was added portionwise under N,. After stirring at 20° for 10 min, (—)-6 (170 mg, 0.54 mmol) in anh. CH,Cl,
(2 ml) was added dropwise. the mixture filtered through silical gel (1 g), and the silica gel washed with CH,Cl; (10
ml). The solvent was evaporated and the residue purified by column chromatography on silica gel (8 g, CH,Cly/
hexane 1:1). The crude (+)-12 was recrystallized from hexane yielding 110 mg (65%) of yellow crystals, m.p.
118-119°. [y = +402°, [a]23 = +430°, [o]Z56 = +522°, (@13, = +1438°, (¢ = 0.5, CHCl;). CD (c = 0.0084, A,
25%):400 (0), 330 (+13.0), 317 (+15.2), 307 (+9.3, sh), 295 (+4.7, sh), 282 (+3.7), 271 (+4.4), 259 (0), 240 (—6.0), 225
(—10.5), 213 (0). CD (¢ = 0.0065, B, 25°): 400 (0), 329 (+12.5), 317 (+14.5), 307 (+9.3, sh), 295 (+4.8, sh), 274
(+4.6), 263 (0), 239 (=9.4, sh), 227 (—12.1), 212 (0). "H-NMR (CDCly): 5.45, 5.35, 5.01, 4.95 (4s); 3.72 (s, H-C(1));
3.45 (m, H=C(4)): 2.58 (m, H—C(3)): 1.91, 1.80,0.39,0.23 (4d, J = 3). MS (70eV): 313 (5, M T ), 285(26), 257 (64),
229 (100), 201 (10), 199 (38).
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