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Ring-closure metathesis of bis O,O-alkenyl ascorbic acid derivatives affords cyclic ethers in good yields which can be further converted into polyoxacyclic structures according to a diastereoselective transannular [2+2] photocycloaddition.
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Abstract-Ring-closure metathesis of bis-O,O-alkenyl ascorbic acid derivatives affords cyclic ethers in good yields which can be further converted by irradiation at 254 nm into new polyoxacyclic structures according to a diastereoselective transannular [2+2] photocycloaddition.
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Among all photochemical processes, [2+2] cycloadditions between enones and alkenes are probably the most applied in total synthesis. 1 In particular, intramolecular reactions of substrates bearing both the chromophore and the alkenyl moiety have been widely investigated. By this way, an atom economy is guaranteed and more importantly, high regio-and/or diastereoselectivity can be generally achieved. 2 Moreover, in order to control the absolute configuration on the cyclobutane ring, diastereoselective 3 and also enantioselective 4 reactions have been recently reported. In connection with our interest in asymmetric photochemical reactions, [START_REF] Faure | [END_REF]5 we have now considered [2+2] cycloadditions of ascorbic acid derivatives. There are some precedents in the literature concerning photocycloadditions of functionnalized furanones [START_REF] Takamatsu | For intermolecular photocycloadditions of furanones[END_REF][7] . For example, Kemmler and Bach showed recently that alkenyl tetronates delivered cycloadducts in good yields but also with impressive diastereoselectivities. 8 To date, L-ascorbic acid has not been considered as a chiral scaffold for stereoselective [2+2] cycloadditions. Only Paterno-Büchi and photoreduction have been scarcely described by Kulkarni et al. . 9 In this study, we focused particularly on transannular cycloadditions of ascorbic acid derivatives, which could lead to polycyclic structures in one single step with high diastereocontrol (Scheme 1). Furthermore, these chiral cyclobutanes could be converted as potential strained ligands or catalysts for various asymmetric reactions like already mentionned in the literature for related structures. [START_REF] Massonneau | For the synthesis and applications of cyclobutane derivatives in asymmetric reactions[END_REF] To our knowledge, transannular cycloadditions have been essentially studied in Diels-Alder reactions 11 and far less for cyclobutane formation. 12 While metathesis ring closure has totally revolutionized the strategy to prepare cycloalkenes, [13][14] access to suitable substrates for transannular cycloadditions is nowadays easier. For example, Shair et al. applied the sequence metathesis / transannular Diels Alder reaction in a straigthforward and elegant synthesis of longithorone A. 15 O
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Scheme 1

Depending on the nature of the linkers X and Y, the synthesis of the required substrates was achieved with moderate yields by bis-alkylation, 16 bis-acylation with 3-butenoic acid 17 or regioselective monoalkylation / esterification of 5,6-alkylidene ascorbic acids 1a and 1b (Scheme 2 -Table 1). The Z-configuration of the new double bond was assigned for steric reasons to all products 7 and was supported by previous results reported in the literature. 18 Under the same metathesis conditions, bisester 3 was totally recovered even after a long time of reaction. This lack of reactivity could be attributed to an unfavourable conformation resulting from electronic repulsions between oxygen atoms of the carboxylic groups or also to an intramolecular complexation of the carbene with the carboxylic group and formation of non productive species. 13,19 The use of Grubbs second generation catalyst did not improve the reactivity. The transannular cycloaddition of metathesis products was next investigated (Scheme 4 -Table 3). By using the conditions already advocated by Bach, 8 the irradiation was performed at 254 nm and at 5°C, in dichloromethane or in acetonitrile and at low concentration (10 -2 M) to avoid oligomerization. The reaction was followed by TLC under total disappearance of the starting material. As in numerous intramolecular [2+2] photocycloadditions, the efficiency of the reaction was mainly due to the length of the unsaturated side chain.
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While no cycloaddition occurred with 7a which can be explained by the highly unfavourable formation of a tricyclo[2.2.0]octane, irradiation of 7b afforded in a very high yield only two diastereosiomers identified as the straight adducts 10b and 11b. 20 They were easily separated by flash-chromatography and a careful NMR study (including nOe) allowed the attribution of the relative and therefore absolute configuration for each compound. The change of the acetonide by a larger group like a cyclohexylidene seems to have a little incidence on the diastereoselectivity as noticed with 10c and 11c. By analogy, unprotected compound 7d conveniently prepared by hydrolysis of 7b, delivered two tetracyclic diols in quantitative yield which were directly converted into 10b and 11b. Interestingly, it appears that the sense of the induction can be simply inversed by protecting or not the lateral 1,2-diol subunit. In conclusion, starting from readily available substrates prepared from L-ascorbic acid, we have developed a short access to chiral polyoxacyclic compounds by a two step procedure including a RCM followed by a stereoselective transannular [2+2] photocycloadditions. Compounds 10 and 11 appear as potential candidates for application in enantioselective reactions. Work is now underway to generalize the reaction to parent substrates and to test the products as chiral ligands for enantioselective reactions.
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Table 1 .

 1 Alkylation/esterification of ascorbic acid derivatives 1.

	Scheme 2

Compounds 2a-c were respectively converted into cyclic bisethers 7a-c in the presence of catalytic amounts of Grubbs' type I catalyst 6a. (Scheme 3 -Table

2

).

Table 2 .

 2 RCM of ethers 2a-c and esters 3-4.

	Sub-	X ,Y	n	Product	Yield (%)
	strate				
	2a	CH2/CH2	0	(Z)-7a	50 a
	2b	CH2/CH2	1	(Z)-7b	66
	2c	CH2/CH2	1	(Z)-7c	55
	3	CO/CO	1	8	-
	4	CH2/CO	1	9	-
	a Reaction performed in the presence of 8.5mol % of 6a.		

Table 3 .

 3 Photocycloaddition of compounds 7a-d.

	Substrate	R', R'	n	Products 10 / 11	Overall
				(ratio)	Yield (%)
	7a	isopropylidene	0	-	0
	7b	isopropylidene	1	10b/11b (47/53)	98
	7c	cyclohexylidene	1	10c/11c	80
				(59/41)	
	7d a	H, H	1	10d/11d	
				(32/68) b	

a Prepared by careful hydrolysis of 7b.b Ratio determined after derivatisation into 10b/11b. In order to enhance the diastereoselectivities and to determine the role of the lateral subunit, the reaction was also performed starting from D-(-)isoascorbic acid derivative 2b', an epimer of the parent compound 2a. Ring-closing metathesis occurred with a similar efficiency and irradiation delivered the polycyclic structures 10b'/11b' in good yield and exactly the same level of induction (57/43) (Scheme 5). Therefore, it appears that the selectivity of the photocycloaddition is essentially controlled by the stereogenic center C4 contiguous to the C=C bond of the butenolide framework.