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Abstract: The protonation of prochiral exocyclic double bonds in cyclohexa-2,4-dieneiron(0)
complexes introduces a chiral centre adjacent to the emergent 1>-cyclohexadienyliron(1+) portion of
the product. This reaction has been shown to be fully diastereoselective. The stereochemical course of
the reaction has been elucidated by X-ray crystallography and correlated with a complementary
procedure starting from dienol complexes. © 1998 Elsevier Science Ltd. All rights reserved.
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the control of more than one step, and this necessitates the inclusion of a reactivation procedure in the
synthesis. There are a number of different strategies to achieve this, including hydride abstraction,*
dealkoxylation,’ acid-induced rearrangement of a-hydroxyalkyl complexesé and the protonation of exocyclic
double bonds.” The first two methods, whilst being stereoselective,® do not in themselves produce new chiral
centres. The diastereoselectivety of the acid-induced rearrangement strategy, which has been examined®
within our research group, has been shown to be very dependent on conditions and substrate, exhibiting
modest d.e. values in most cases and in only one example giving complete stereocontrol. It has also been
demonstrated that the protonation of an adjacent alkene by strong acid reforms cationic dienyl systems. This
has been pertormea on an exocycuc double bond in me cycwnexamenyl senes but me stereochemical
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double bonds in 4-6 contain a prochiral centre, these now easily accessible compounds provide the
opportunity to study the stereochemistry of protonation at the end of the double bond remote from the iron.
The results are presented in this Lemter. The protonation reactions!? were performed at 0°C under an inert
atmosphere with HPFg as the acid, and dichloromethane as the solvent (for details see Scheme 2 and Table 1).
Entries 1, 2 and 3 show that the reaction is completely stereoselective, as demonstrated by *C nmr spectra in
which only one set of lines could be detected for each of the products 8, 9 and 10, indicating the presence of
one diastereoisomer in each case.
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Scheme 2
Starting material Product
Entry No. R! R? No. Yield % de. %
1 4 OMe Me ] 72 >99
2 5 OMe Bu 9 66 >99
3 o Me Ph i0 63 >99
4 7 Me 11 77 >99
Table 1. Resuits for the protonation of exocyclic trienes.

The chlral centres introduced in this reaction are at the same position relauve to the
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The conjugate addition reaction with 14 proceeded in the normal stereocontrolled manner to afford 7
with a single geometry about the exocyclic double bond. This was characterised by an n.O.e. enhancement of
5% between the methyl group and the hydrogen at C-2. Protonation afforded a single diastereoisomer of the
cyclohexadienyliron complex (Table 1, entry 4) and the product 11 had nmr spectral characteristics identical
to the major diastereoisomer obtained in a 3 : 1 ratio by the use of HPFg with the alcohol 12.°

The compiete stereoseiectivity may be accounied for in iwo ways Either the metal mediates the
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reaction pathway by initial protonation at the iron centre followed by the delivery of the proton in an M-endo



sense across the same face of the molecule (Figure 1: pathway 1), or the protonation may proceed directly in
an antiperiplanar fashion leading to addition at the M-exo face of the working ligand (Figurel: pathway 2).
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’ Figure 1

This issue can be addressed by X-ray crystallography as the pathways predict opposite
diastereoisomers. We attempted to grow X-ray quality crystals of all the salts (8 - 11) but with no success, so it
was decided to further functionalise one of the salts by the addition of dimethyl malonate (Scheme 4). To
compare the two reactions shown in Scheme 2, compound 11 was chosen for elaboration by reaction with the
sodium salt of the enolate of the malonate diester. The expected product 16 corresponding to alkylation at the
unsubstituted terminus of the dienyl systtem was obtained and this was converted into its
dicarbonyltriphenylphosphine analogue 17, since within our experience these compounds tend to be more
crystalline. Good quality crystals were successfully grown and a structure was obtained!?® (Figure 2) which
showed that protonation to form the salt 11 had taken place from the M-exo face of the molecule, supporting
pathway 2 (Figure 1).
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Figure 2. X-ray structure of 17 (phenyl rings have been omitted for clarity).



Similarly it is now possible to define the relative stereochemistry in the reaction that forms 11 from 12
since the structure of 12 has been inferred from the known stereochemical course of the addition of
nucleophiles to acyl substituents at C-1 of cyclohexadieneiron complexes, which has itself been proved by
X-ray crystallography for one example.®

Nucieophile additions to cyciohexadienyiiron compiexes (eg. 11 — 16) have been exploited in organic
synihesis and are versaiile and iypically 100% diasiereoseiective. in this Letter we have shown that
protonation next to the cyclohexadiene rmg is also fully stereocontrolled, even with substituents as similar as
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necessary but stereochemlcally unproducuve step becomes much more syntheucally usefu prov1dmg
sequence of at least three consecutive stereoselective bond-forming steps.

Acknowledgements. We thank the EPSRC and Parke-Davis for financial support (to RDAH) and the EPSRC
Mass Spectrometry Centre (Swansea) for FAB and high resolution mass spectrometric measurements

References and notes.

For exampie: Kndiker, H. J.; Fréhner, W. Tetrahedron Lert., 1996, 37, 9183; Stephenson, G. R.;
Finch, H.; Owen, D. A.; Swanson, S, Tetrahedron, 1993, 49, 5649; Pearson, A. J.; O'Brien, M.

.y
P, ol ardo-s Y3 LA n | B2 WY o} ] anoa in
4y

o

A

N ML ____ 1NH0606 € ALLY. T A
Org. Chem., 1989, 54, 4663; Birch, A. J.; Kelily, L. F.; Bandara, B. M. R. /. Urg. Cnem., 1984, 49,
YAQL
P AV N
2 Birch, A. J.; Bandara, B. M. R.; Chaimberlain, K.; Chauncy, B.; Dahler, P.; Day, A. L.; Jenkins, I. D.;

. . J.; Narular, A. S.; Raverty, W. D.; Rizzardo, E.;

1, G. R ; Thompson, D. J.; Wllhamsog D. H. Tetrahedron, 1981, 37 Suppl. 1,289,

3. The working hgand is deﬁned as the portion of the complex which is destined to be stoichiometrically
incorporated into the organic target structure: Stephenson, G. R. in Advanced Asymmetric Synthesis,

Blackie: London, 1996, pg 319.

4, Fischer, E. O.; Fischer, R. D. Angew. Chem., 1960, 72, 919,

5. Birch, A. J.; Kelly, L. F.; Thompson, D. J. J. Organomet. Chem., 1985, 286, 37.

6. Birch, A. J.; Williamson, D. H. J. Chem. Soc., Perkin Trans. 1, 1973, 1892.

7. Howell, J. A. S.; Thomas, M. J.; J. Organomet. Chem., 1983, 247, C21.

8. Birch, A. J.; Chaimberlain, K.; Haas, M. A.; Thompson, D. J. J. Chem. Soc., Perkin Trans. 1, 1973,
1882.

S Anson, C. E.; Atiwood, M. R.; Raynham, T. M.; Smyih, D. G.; Siephenson, G. R. Tetrahedron Lett.,
1997, 38, 305

10. Hudson R. D. A ; Osborne, S. A.; Roberts, E.; Stephenson, G. R. Tetrahedron Len., 1997, 37, 9009.

Stephenson, G. R.; Voyle, M.; Williams, S. Tetrahedron Len., 1990, 31, 3979,

General pr ced ure for the protonation of the exocyclic double bonds in 4 - 7. The neutral complex

(1 eq.) was dissolved in dichloromethane (5 ml) at 0°C and HPFg (75% soln. in water) was added

dropwise until the IR spectrum of the mixture showed only cationic bands in the region of 2120 -

2050 cm-!. The solution was poured into diethyl ether and a dense yellow precipitate formed. This

was collected by filtration and redissolved in a minimum of acetone. Reprecipitation by addition to

diethyl ether afforded the cyclohexadienyliron compound as a yellow solid.

13.  PI;Z=2;a=11.736(2), b = 12.181(3), c = 12.840(2)A, o = 86.29(2) B = 86.48(1), y = 66.33(2)°
Refinement on F2: wR; = 0.1247, S = 0.974, R} (F > 40(F)) = 0.0426.

[
N b=



