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Abstract: Electrophilic dienes from o,8-unsaturated ketones readily undergo the Ru(ll)-benzylidene initiated
RCM reaction. Cyclohexenone spirane formation was faster than cycloheptenone spirane formation. The
products were pure stercoisomers. The products after hydrolysis were o, -unsaturated oxo derivatives of
cyclic a-amino acids. © 1998 Elsevier Science Ltd. All rights reserved.

Recent reviews highlight the importance and wide applicability of ring closing metathesis (RCM) in the
construction of cyclic structures.1-4 It is desirable to elucidate further the chemistry of such cyclization

reactions in order to gain a better understanding of electronic as well as of steric influences which may act to
promote, retard or even prevent ring formation 3.6
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substrates undergoing ring closure.l:4 The catalyst most tolerant to functional groups appears to be a
benzylidene derivative PhCH=RuCi2(PCy3)2. The mgn compaubmty, however, is reflected in a somewhat
reduced activity as compared with other members of the ruthenium alkylidene family of catalysts in initiating
the reaction. Grubbs, in a recent study of substituent effects in dienes on the RCM, concluded that steric effects
of an alkyl substituent up to an isopropyl group were allowed on the inner carbon of the terminal olefinic bond.

Dienes with an electron-withdrawing group on the inner olefinic carbon failed to undergo RCM at a significant
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rate. The failure was, in part, ascribed to the steric bulk of the electron-withdrawing group, but the emphasis
was on the deactivation caused by electron withdrawal.” The steric effects can be significantly reduced when a
carbonyl group is inserted into the chain to form an a,B-unsaturated amide, ester or ketone. A ketone has
generally the most electrophilic double-bond. The literature describes a case where two olefinic chains were
tethered to an amino nitrogen with one of the chains attached as an acrylamide; the RCM reaction proceeded
well under appropriate conditions.® Additional and related examples of RCM reactions of a,B-unsaturated

carbony! compounds exist for the stronger alkylidene ruthenium catalysts, 1-%-
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unsaturated ketones thereby providing a strongly electrophilic double-bond with low steric effects. The olefinic
chains were tethered in a stereoselective manner to the C-5 carbon in the bislactim ether 1. Conformational
preferences for the diene chains are likely to be influenced by the tethering system used. In Grubbs studies of
electronic effects on the RCM reaction, the malonate carbon was the common point of attachment of the diene
chains.”?

The keto substrates 3 were prepared by a Swern oxidation of the allylic alcohols 2, which were
available from previous work.10,13,14 Swern oxidation was also a good reaction for oxidation of the

cycloheptenol spirane 5. The product was the cycloheptenone spirane 4b. The latter was also formed in the
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1zylidene ruthenium dichloride
{Ru(Ii)], was used as the catalyst precursor.l-' The reactions were effected in 1,2-dichioroethane (DCE). The
cyclohexenone spirane 4a was isolated in a 69% yield after running the reaction at 40 °C for 4 hours. Higher
temperature and a longer reaction time was required for the RCM reaction yielding the cycloheptenone spirane
4b. The latter was isolated in only a 28% yield after 22 hours at 80 ©C. The electronic influence from the keto
group on the double-bond is likely to be very similar in both substrates. Therefore, the difference in yields and
rates is related to conformational preferences in the two substrates.

It seems relevant to compare the above metathetic reactions with RCM reactions of the parent allylic

2a and its epimeric alcohol. Analogous RCM reactions for the preparation of seven-membered ring products
ngC a ca. 60% ylel(.l, somewhat aepenaem on the S[CI'COCHCmIS[ry at me alCOl’lOl caroon 10 lne cycioneptenol
spirane 5 was one of the isomers from the latter reaction. In another series, with the allylic hydroxyl group and
its double-bond moved one carbon unit away from the spirane center, six-membered ring formation proceeded
readily whereas the RCM reaction failed completely for formation of the seven-membered ring.11 Prior
esterification of the hydroxyl group in the latter case, however, changed the seven-membered ring formation

from a zero percentage to a high 95% yield reaction. In a related B-substituted acrolein diene substrate, six-

membered ring formation has been effected by the RCM reaction despite the electrophilic state of the double-
bond.12 All these findings are best rationalized in terms of rates controlled by conformational populations
biased for cyclization. The conformational factor, rather than the electronic state of the double-bond, seems

more important for the control of the rate of the RCM reaction. Furthermore, it seems most likely that the RCM
reaction is initiated by attack from the carbenoid catalyst on the more electron rich double-bond, or for steric
reasons sometimes on the less substituted double-bond. Once the initial adduct has been formed, the electronic
state of the second double-bond becomes less important. The main factor for the catalyst in the the metathetic
operation will be the conformational accessibility of the second double-bond.
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The cycloalkenone spiranes 4 were cleaved under mild acidic conditions to form unique cycloalkenone
a-amino acid esters 6.16 The latter are exceptionally constrained o-amino acids, potentially useful as
conformational probes and bioactive agents.l7 Previously we have prepared their reduced analoques, the
corresponding allylic alcohols. 10

In conclusion we have shown that electrophilic dienes from o,B-unsaturated ketones readily undergo
Ru(II)-benzylidene ated RCM reaction to form six- and seven-membered rin
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Representative procedure for the RCM reactions (4). Bis(tricyciohexylphosphine)benzylidene
ruthenium dichloride (0.022 mmol, 2 mol% ) in dry degassed 1,2-dichloroethane (1 ml) was added to a
solution of the reactant 3a (1.072 mmol) in dry degassed 1,2-dichlorethane (15 ml). The reaction
mixture was stirred at 40 OC for 4 h before the solvent was evaporated and the residual material
subjected to flash chromatography (hexane:EtOAc 4:1 or 9:1). The product was a colourless oil.
Spectroscopic data for product 4a. [a]D= -21.7° (¢ = 0.70, CHCI3). |H NMR (200 MHz): 8 0.62 (d,

J 7 Hz, 3H, CH3), 1.05 (d, J 7 Hz, 3H, CH3), 1.90-2.63 (m, 5H, 2 x CH2, CH), 3.60 (s, 3H, CH30),
3.67 (s, 3H, OCH3), 4.30 (d, J 3 Hz, 1H, c_.), 5.90 (m, 1H, CH=), 6.99-7.06 (m, 1H, CH=). 13C NMR
(50 MHz): § 16.61 (CH3), 19.30 (CH3), 22.40 (CH2), 30.57 (CH), 34.20 (CH2) , 52.47 (CH30), 52.55
(CH30), 60.70 (C-2), 65.01 (C-5), 127.56 (CH=), 151.41 (CH=), 161.06 (C), 164.47 (C), 193.63

(C=0). MS(EI): 264 (8, M), 221 (100), 193 (17), 153 (35), 80 (29).

Representative procedure for the preparation of cyclic a-amino acid esters (6). The spirane 4
(0.758 mmol) was added to a solution of trifluoracetic acid (38 ml, 0.2 M) in acetonitrile (38 ml) and
the reaction mixture stirred at ambient temperature for 5 d. The reaction mixture was worked up
according to our standard procedure,?-10 and the product isolated after flash chromatography using 3%

methanol in dichloromethane.

172.48 (C=0), 194.77
Goodman, M.; Shao, H. Pure Appl‘ Chem. 1996, 68, 1303—1308 and references thereln.
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