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Stereocontrolled Functionalization of Cycloheptatrieneiron Complexes. Synthesis of 
Polyhydroxylated Cycloheptane Derivatives 
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Osmylation and hydroboration of q4-~ycloheptatriene-Fe(CO)~L complexes [L = CO or P(OPh)3] proceeds with 
excellent regio- and stereo-selectivity, owing to  the profound directing effects of the Fe(CO)*L group. 

In recent years we have reported1 methods for stereo- stereocontrolled hydroxylation of cycloheptatriene deriva- 
controlled attachment of carbon substituents to cyclohepta- tives, which we anticipate will be useful for the construction of 
diene via nucleophile addition to cycloheptadienyl-Fe(C0)2L a variety of heptitol and aminoheptitol derivatives.3 
cations [e.g., L = P(OPh),]. This has resulted in syntheses of I t  has been shown previously that a diene-Fe(CO)_? system 
the Prelog-Djerassi lactone in optically pure form, as well as is stable during hydroboration and stoichiometric osmylation 
intermediates for synthesis of the macrolide antibiotics reactions of an attached alkene group."s We have now found 
carbomycin B and tylosin.2 We present herein methods for that these reactions may be carried out on substituted 
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Scheme 1 Reagents and conditions: i, NaBH4, CeC13.7H20, MeOH, 
0 "C; ii, ButMe7SiOS02CF3, pyridine, 4-N,N-dimethylaminopyridine 
(DMAP) catalyst, CH2C12; iii,  Os04 (1 equiv.), pyridine, tetrahydro- 
furan (THF), then NaHS03, H20 ;  iv, Os04 (catalyst), Bu'OOH, 
Et,NOAc, acetone; v,  NaBH4, MeOH; vi, CSA (catalyst), 
Me2C(OMe)*, acetone, 0 "C; vii, BH3-THF. H202, NaOH, H20 

+cycloheptatriene-Fe(CO)*L complexes with complete 
stereo- and regio-selectivity , attributable to  the directing 
effects of the diene-metal moiety.6 Thus, the protected 
alcohol 3, readily prepared in high yield from the known 
tropone-Fe(C0)3 complex 1, was converted to  a single diol4 
in 99% yield on osmylation under stoichiometric conditi0ns.t 

1- All new compounds were obtained as racemic mixtures, were 
purified by preparative TLC or flash chromatography, and were fully 
characterized by 200 MHz *H NMR and IR spectroscopy. Elemental 
composition was confirmed by combustion analysis and/or high 
resolution mass spectrometry. 
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Scheme 2. Reagents and conditions: i ,  Et,N, CH2C12; ii, BH3.THF, 
NaOH, H202, H20 ;  iii, Os04 (catalyst), ButOOH, Et4NOAc, 
acetone; iv, NaBH,; v,  Me3N0, MeCONMe2, 0 "C, 4 h; vi, CuClz, 
EtOH; vii, Cr03.2 pyridine, CH2C12 

Scheme 3 

Catalytic osmylation, using the method of Sharpless,7 also 
gave 4, but this was usually contaminated by the ketol5, the 
ratio being dependent on reaction time. Thus, a shorter 
reaction time (6 h) gives a 4 : 1 mixture in favour of 4, while a 
longer reaction time (overnight) give greater amounts of 5 .  
The regioselectivity during the overoxidation is interesting 
and potentially valuable, and the use of catalytic conditions is 
especially noteworthy in view of the usual sensitivity of 
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diene-Fe(C0)3 complexes to, e.g., alkaline hydroperoxides.8 
While complexes 4 and 5 are chromatographically insepar- 
able, reduction with NaBH4 gave a mixture of 4 and 6 which 
were readily separated. Treatment of 4 with a catalytic amount 
of camphorsulphonic (CSA) acid-methanol under anhydrous 
conditions afforded exclusively the symmetrically substituted 
complex 7, easily recognized by its 1H NMR spectrum.$ 

Hydroboration of 3 was also completely stereo- and 
regio-selective, giving complex 8 as the only product. In all 
these functionalization reactions, the stereodirecting power of 
the Fe(C0)3 group is reinforced by the tert-butyldimethylsilyl- 
oxy substituent, and the regiochemistry of hydroboration is 
controlled by both the neighbouring diene-Fe(C0)3 groups 
and the ether.9 A more stringent test of the directing power of 
the organometallic system was therefore sought. Deprotona- 
tion of the methyl-substituted dienyl complex 9 afforded 10 in 
56% yield. Hydroboration of 10 afforded a single complex 11 
in 96% yield, the structure of which was confirmed by 
comparison with an authentic sample.10 Osmylation of 10, 
under catalytic conditions, afforded exclusively the ketol 12. 
Formation of ketol in the latter transformation is consistent 
with the observation that osmylation of 10 is much slower than 
osmylation of 3, as expected, so that competing oxidation of 
the initially formed diol cannot be prevented. Borohydride 
reduction of 12 afforded a single diol 13. These functionaliza- 
tions of the uncomplexed double bond of 10 demonstrate the 
profound stereo- and regio-control that may be expected from 
the Fe(CO)*L unit, and contrast with effects observed during 
reactions of conformationally less rigid cycloheptadienone 
complexes discussed in the accompanying communication. 1" 

Decomplexation of the products of these reactions provides 
access to a range of cycloheptadiene derivatives, such as 14,15 
and 16. Functionalization of the diene, using methods 

$ A plausible mechanism for this transformation is shown in Scheme 
3. The interesting selectivity observed suggests that this type of 
procedure can be used in a stepwise fashion to introduce substituents 
other than methoxy. 
Q Stabilization of a partial positive charge (x to a diene-Fe(C0)3 group 
accounts for the regiochemistry of hydroboration. See also ref. 10. 

established during our earlier studies,' coupled with ring 
cleavage is expected to give a range of stereochemically 
defined heptitols, and this is currently under investigation in 
our laboratory. 
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