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Summary: Starting from cycloheptatriene, 3,5-cycloheptadienol (1) has been prepared and elaborated to meso-
6-(z-butyldimethylsilyloxy)-2-cycloheptene-1,4-diols (3 and 6). Enzymatic asymmetrization of these diols with
Pseudomonas cepacia lipase in isopropenyl acetate provides optically pure skipped triol derivatives 4a and 7a.

Enzymes are becoming increasingly important tools of the organic chemist for the synthesis of optically
pure compounds.}-6 Traditionally enzymes have been used to resolve racemic mixtures in aqueous media, a
process that is limited by the insolubility of many organic substrates. Klibanov has shown that enzymatic
reactions can be carried out in organic solvents;6.7 lipases, in particular, are useful under non-aqueous
transesterification conditions and are especially effective with enol esters as acylating reagents.8 This opens the
door to a plethora of substrates that proved to be unsuitable in the past due to poor solubility in aqueous media.
The synthetic potential of enzymes is fully realized in asymmetrization of meso substrates which can be
completely processed to a single enantiomer.?
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a) TBSCI, imidazole, DMF, 90%; b) 1..0s, tetraphenylporphyrin, MeOH/CHCl7, hv, 80% 2. Zn, HOAc, CH;Cly, 93%; c)
Amano P-30 lipase, isopropenyl acetate, 50 °C, 24 h, 95%:; d) 1. PhCOCI, pyridine, DMAP, CH,Cla, 96% 2. nBuyNF, THF,
86% 3. PCC, 4 A molecular sieves, CHoClp, 90%; €) 1. Pd(OAc)y, LiOAc, MnOj, p-benzoquinone, HOAC, 75% 2. TBSCI,
imidazole, DMF, 82%: f) KOH, MeOH; g) Amano P-30 lipase, isopropenyl acetate, 50 °C 5 days, 95%; h) 1. PhCOC!, pyridine,
DMAP, CH,Cly, 96% 2. nBugNF, THF, 86% 3. PCC, 4 A molecular sieves, CH;Cly, 90%;
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Several studies in our laboratories have utilized enzymatic asymmetrization of meso-diacetates in the
synthesis of natural products.10.11 Herein we would like to report two new enzymatic asymmetrizations,
carried out on meso-diols in organic media, which produce useful intermediates for enantioselective syntheses.

Dienol 112 was first protected as its -buyldimethylsilyl (TBS) ether 2. The latter was subjected to 10
at 0 °C to form a 5:1 mixture of peroxide diastereoisomers (the all syn oxygen isomer being predominant) which
were separated by column chromatography (95:5 petroleum ether:ethyl acetate, silica gel). The selectivity for
this reaction can be explained by using the conformational model depicted in Figure 1. It is believed that the
proton geminal to the TBSO group hinders approach to the a face of the diene thereby resulting in a reaction
from the [ face resulting in the all syn product.13:14 Zinc and acetic acid reduction of the peroxide provided diol
3, which was then treated with lipase from Pseudomonas cepacia (Amano P-30) in isopropenyl acetate at 50 ©C
for 24 h. The enzyme was then filtered off and the solvent was removed in vacuo to provide the mono acetate
4a (95% yield, >95% ee). Silylation of 4a lead to the diTBS product 4b, which was identical with a
compound which previously had been correlated with the absolute stereochemistry of a compactin analog.!!
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Figure 1. Conformation of 2. Figure 2. Model of alcohol in lipase active site.

The diastereomeric series is approached via palladium chemistry. When diene 1 is subjected to the
Bickvall conditions!3 it is believed that the palladium(IT) coordinates to the diene on the less hindered B face.
The acetate then displaces the palladium complex from the o face to form a w-allyl palladium complex which in
turn is attacked by another acetate to form diacetate 5. Silylation and subsequent removal of the acetates with
KOH/MeOH afforded diol 6. The latter was subjected to Amano lipase P-30 in isopropenyl acetate at 50°C for
5 days to produce enantiomerically pure 7a. Alcohol 7a was converted to its Mosher ester which appeared to
be a single diastereoisomer by 'H, 13C, and 19F NMR spectroscopy.16

As noted above, the absolute configuration of 4a was determined by comparison to an earlier sample
which had been prepared in our laboratory in a sequence involving acetylcholinesterase-catalyzed hydrolysis of a
related diacetate. The benzoate sector rule has been promoted by Nakanishil7 for the determination of the
absolute configuration of cyclic secondary alcohols. Benzoate 4¢, prepared from 4a, exhibited a positive
Cotton effect in its CD determined in methanol. This observation points to an absolute stereochemistry of R at
the benzoyloxy substituted carbon in 4¢ (see benzoate sector diagram, Figure 3a). Bonds in the positive and
negative sectors of the diagram make positive and negative contributions to the Cotton effect. The contribution
of the more polarizable flanking carbon carbon double bond is greater than that of the carbon carbon single bond
and the sector containing the former will dominate the Cotton effect. The absolute stereochemical assignment
made in this way is consistent with that noted above. Benzoate 7b also exhibited a positive Cotton effect and,
according to the sector diagram (Figure 3b), can be assigned with R stereochemistry at the benzoyloxy carbon.
The stereochemical outcome of the above lipase reactions, as well as others which we will detail on another
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occasion, suggest that the simple presence of some substituent Z (Figure 2)!8 is more important than the
stereochemical orientation of that substituent. Presumably this provides for superior differentiation of the ring
sectors flanking the carbon bearing the oxygen which is being acylated or deacylated by the lipase.
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Figure 3. (a) Sector diagram of benzoate 4c¢. (b) Sector diagram of benzoate 7b.

As confirmatory evidence of the absolute configuration of 7a, compounds 7b and 4¢ were desilylated
using nBugNF in THF and the resulting alcohols were oxidized using PCC in methylene chloride. The ketone 9
was obtained from each series.

Current investigations in our laboratories include the use of these optically pure cycloheptenetriol
derivatives in the synthesis of various skipped polyols!® and sugar derivatives.
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Spectral and Polarimetric Data:

1

4a

4b

4c

Ta

7b

IH NMR (300 MHz,CDCl3) & 5.84 (m, 2H), 5.63 (m, 2H), 4.14 (1, T = 5.3Hz, 1H), 2.50 (¢, J
= 4.9Hz, 4H).

1H NMR (300 MHz,CDCl3) § 5.81 (m, 2H), 5.67 (m, 2H), 4.06 (m, 1H), 2.47 (m, 4H), 0.90
(s, 9H), 0.07 (s, 6H).

IH NMR (300 MHz,CDCl3) 8 5.72 (s, 2H), 4.27 (m, 2H), 4.02 (m, 1H), 2.16 (d, ] = 5Hz,
2H), 2.06 (d, J = 13, 2H), 1.85 (m, 2H), 0.89 (s, 9H), 0.09 (s, 6H).

[a] 25p +36.6° (¢ 1.1, CHCl3); IH NMR (300 MHz,CDCl3) & 5.73 (br d, J = 12Hz, 1H), 5.49
(br d, J = 12Hz, 1H), 5.13 (br d, J = 10Hz, 1H), 4.21 (m, 1H), 3.89 (m, 1H), 3.14 (m, 1H),
2.00 (s, 3H), 2.00-1.92 (m, 2H), 1.72-1.57 (m, 2H), 0.81 (s, 9H), 0.02 (s, 3H), 0.01 (s,
3H).

[a] 25p +13.9° (c 1.5, CHCl3); 'H NMR (300 MHz,CDCl3) 6 5.68 (d, J = 12Hz, 1H), 5.49 (d,
J = 12Hz, 1H), 5.20 (d, J = 11Hz, 1H), 4.20 (d, J = 11Hz, 1H), 3.86 (dddd, J = J» =
10.8Hz, J3 = Jy = 3.5Hz, 1H), 2.05 (s,3H), 2.03-1.91 (m, 2H), 1.72-1.52 (m, 2H), 0.88 (s,
OH), 0.87 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H), 0.05 (s, 6H).

[o] 25p +13.20 (c 1.1, CHCI3); 'H NMR (300 MHz,CDCl3) & 8.06 (m, 2H), 7.55 (m, 1H),
7.43 (m, 2H), 5.75 (m, 2H), 5.53 (br d, J = 12Hz, 1H), 5.33 (br d, J = 11Hz, 1H), 4.06 (m,
1H), 2.24 - 2.06 (m, 2H), 2.08 (s, 3H), 1.92-1.72 (m, 2H), 0.86 (s, 9H), 0.08 (s, 3H), 0.07
(s, 3H).

TH NMR (300 MHz,CDCls) § 5.67 (br d, 2H), 5.63 (br s, 2H), 4.23 (m, 1H), 3.24 (m, 1H),
1.98 (s, 6H), 1.96-1.82 (m, 4H).

IH NMR (300 MHz,CDCl3) 8 5.66 (s, 2H), 4.65 (br d, J = 11Hz, 2H), 4.24 (br s, 1H), 1.89
(m, 2H), 1.66 (dd, I = J» = 12Hz, 2H), 0.93 (s, 9H), 0.13 {(s,6H).

[a] 25p +4.10 (¢ 1.0, CHCl3); 1H NMR (300 MHz,CDCl3) & 5.74 (m, 2H), 5.59 (m, 1H),
4.80 (br d, J = 10.5Hz, 1H), 4.24 (dddd, J; = Jp = J3 = J4 = 5Hz, 1H), 2.04 (s, 3H), 1.98-
1.86 (m, 2H), 1.82-1.72 (m, 2H), 0.91 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H).

[a] 25p +9.6° (¢ 1.1, CHCl3); 'H NMR (300 MHz,CDCl3) § 8.04 (m, 2H), 7.54 (m, 1H), 7.42
(m, 2H), 6.02 (m, 1H), 5.79 (m, 3H), 4.31 (m, 1H), 2.16-1.80 (m, 4H). 2.04 (s, 3H), 0.95
(s, 9H), 0.10 (s, 6H).

[a] 25p +42.4° (¢ 1.1, CHCl3); 'H NMR (300 MHz,CDCl3) & 8.00 (d, J = 7.5Hz, 2H), 7.56
(t, J = 7.5Hz, 1H), 7.43 (dd, J1 = Jp = 7.5Hz, 2H), 6.03 (dd, J; = 12Hz, Jp = 3.5Hz, 1H),
?.9:; ((%d, J1 = 12Hz, Jo = 3.5Hz, 1H), 5.90 (m, 1H), 5.71 (m,1H), 3.08-2.92 (m, 4H), 2.07
s, 3H).
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