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Abstract —The domino metathesis sequence ROM-RCM-CMD achieved on
conveniently substituted 7-oxabicyclo[2.2.1]hept-5-ene  (7-oxanorbornene)
derivatives is reported. Experimental conditions in order to carry out this tandem

metathetical sequence in a chemoselective fashion is also established.

The use of olefin metathesis' in domino or cascade reactions” is a well established synthetic methodology
which may be considered within the more general concept of “Concurrent Tandem Catalysis (CTC)”.?
These reactions sequences may consist in the combination of different modes of olefin metathesis* or in
the combination of a metathesis step followed by a non-metathesis reaction catalyzed by the same
catalitically active specie.” In the case of strained cycloolefins such as norbornene derivatives® and
considering only metathesis domino reactions the sequences ring-opening metathesis (ROM)-cross
metathesis (CM)’, ROM-ring-closing metathesis (RCM)® (Scheme 1)’ and ring-opening metathesis
dimerization (ROMD)-CM' (Scheme 2) have been previously reported. Many synthetic applications of

these procedures were also published."!

X, Z, W =CHjy, N, O, CO
Y =CHy, N
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In a previous report'” we have accounted for the sequence ROM-CM-RCM reactions in 7-oxanorbornene
derivatives la-C using pre-catalyst 5 and in presence of allyl acetate to give, in good yields and after
catalytic hydrogenation, substituted 2,6-dioxabicyclo[4.3.0]nonane derivatives 2a-C (Scheme 3). In the
case of compounds 1b and 1c bicyclic derivatives 3b and 3¢ were also isolated in minor amounts whereas
starting from la dimer 4a was also obtained in 10% isolated yield as 1:1 mixture E-Z diastereomers.
Obviously this product arises from the non-isolated intermediate 3a via CM dimerization (CMD)"
reaction. On the other hand the presence of compound 4a in the reaction mixture makes evident that the
sequence ROM-RCM-CMD is operative in this case. This sequence has, to the best of our knowledge, not

optimized so far."*
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Considering that the 2,6-dioxabicyclo[4.3.0Jnonane skeleton appears widely distributed in nature'> and
that the dimeric derivatives such as 4a have, to the best of our knowledge, never been synthesized being
also potentially useful derivatives of the parent compound, we decided to explore the search for
experimental conditions in order to obtain chemoselectively bicyclic compounds 3 or dimeric derivatives
4 starting from a common oxanorbornene precursor and using tandem metathesis reaction sequences. For
this purpose we reasoned that the modification of experimental conditions (in particular reaction time)
and nature and concentration of the precatalyst can direct chemoselectively the reaction toward the

monomeric or the dimeric bicyclic compound.
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In a preliminary experiment we have observed (‘'H-NMR) that compound 1a in absence of any external
alkene (including ethylene) and in the presence of precatalyst 5 (5% mol) was transformed after 30 min.
in compound 3a. Prolongation of the reaction time resulted in the evolution of 3a to other compound
showing 'H-NMR signals assignable to 4a. After this first experiment we decided to carry out the
appropriate synthetic study using compounds 1a and 1d as starting materials. The results are summarized

in Table 1.

Table 1. Chemoselective synthesis of monomeric and dimeric 2, 6-dioxabicyclo[4.3.0]non-4-ene

derivatives.
Q
,,,, Q
i\b precatalyst ( \\\\ D \ o N
y M/CHCl, X '
: o 2
&\X/O 3a, 6 aa. 7 °
la,d

NGl o

Cl PCy Ph

8 4<9

Entry | X Compound | Precat. (%) | Time (h.) | Isolated Yield"
1 CH, | 1a 5(5) 1 3a (87%); 4a (11%)
2 CH; | la 5(5) 12 4a (88% and 91%)"
3 CO |1d 8(2) 180 6 (85%)
4 CO | 1d 8(5) 1.5 6 (93%)
5 CO |1d 8 (10) overnight | 6 (20%); 7 (43%)°
6 CO |1d 9(2) 3 6 (80%)
7 CO | 1d 9(5) 2 6 (87%)

a) Compound 4a was isolated as 1:1 mixture of E-Z diastereomers. b) Two independent experiments. ¢)

See text.

From the inspection of Table 1 could be deduced that the chemoselective synthesis of 4a may easily be
achieved using Grubb’s precatalyst 5 by prolongation of the reaction time regarding the synthesis of 3a.
No other precatalysts nor reaction conditions were tested. In the case of compounds 6 and 7 monomeric
bicyclic derivative 6 was obtained in excellent yields using precatalysts 8 and 9 under different

experimental conditions whereas dimeric derivative 7 was only obtained in the presence of precatalyst 8
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in 10% mol. and overnight (approximate 12h). In contrast with 4a the synthesis of 7 was only possible by
modification of both precatalyst concentration and reaction time. On the other hand it should be pointed
out that, under the experimental conditions described in Table 1, entry 5, the reaction took place with
100% conversion of the starting material 1d. Nevertheless compound 7 was only isolated in 43% yield
exclusively as Z-diastereomer (63% overall yield in pure, isolated products). The E-diastereomer of 7 did
not obtain from the crude reaction mixture.

In summary, in this report we have described a new metathesis tandem sequence ROM-RCM-CMD
starting from conveniently substituted 7-oxanorbornene derivatives. The experimental conditions in order
to carry out ROM-RCM- or ROM-RCM-CMD cascades in a chemoselective fashion have also been
established.

EXPERIMENTAL

General Methods

All reactions were carried out under an argon atmosphere employing techniques in handling materials. All
solvents were reagents grade. Dichloromethane was freshly distilled from calcium hydride. All other
reagents and solvents were used as supplied. Flash chromatography was performed on silica gel columns
(Keselgel 60, 230-400 mesh). Yields refer to chromatographically and spectroscopically pure compounds.
Melting points were determined on a Gallenkamp apparatus and are uncorrected. 'HNMR and *CNMR
spectra were recorded on a Bruker AM-300 and Bruker AM-500 at room temperature in CDCl; as solvent.
Coupling constants are given in Hz and chemical shift are expressed in & values (ppm). IR spectra were
recorded on a Perkin-Elmer 781 apparatus in solution of dichloromethane (compound 3a, 4a, 6 and 7).
Elemental analyses were carried out Perkin Elmer 2400 CHN apparatus at the Complutense University,

Faculty of Pharmacy, Madrid.

Experimental procedure for metathesis reactions of compounds l1a and 1d: to a solution of 1.0 eq.
oxanorbornene derivative in CH,Cl, (22 mL/mmol) under Ar, catalysts 5, 7 or 8 was added in CH,Cl, (55
mL/mmol). After the appropriate reaction time the solvent was removed at atmospheric pressure in the
case of la or at vacuo for 1d. The reaction crude was purified by column chromatography (SiO,
hexane-EtOAc 4:1. Compounds 6 and 7 were also separated using a mixture pentane-Et,O 7:3).

Spectroscopic and analytical data for compounds 3a, 4a, 6 and 7.

Compound 3a.
Colourless oil. IR: vimax (CH,Cly) 3041, 2939, 2875, 1155, 1089. Anal. Calcd for CgH1,0, (152.08): C,
71.03, H, 7.95. Found: C, 71.11, H, 7.80. "H-NMR (CDCl3, 500 MHz): 6 6.11 (dd, 1H,J=10.3, 3.45 Hz,
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H-), 6.07 (m, 1H, Hg), 6.00 (ddd, 1H,J = 17.10, 10.30, 7.40 Hz, -CH = CH,), 5.26 (dm, 1H,J = 17.10 Hz,
~CH = CHatrans), 5.13 (dm, 1H,J = 10.30 Hz, -CH = CHagis), 4.33 (q, 1H,J = 7.40 Hz, H,), 4.24 (dd, 1H,J
= 16.60, 3.45 Hz, Hs), 4.09 (m, 1H, Hsa), 4.06 (dq, 1H,J = 16.80, 3.45 Hz, Hs"), 3.84 (q, 1H,J = 3.40 Hz,
Hza), 2.51 (ddd, 1H,J = 13.90, 8.00, 6.90 Hz, Hs), 1.83 (ddd, 1H, J = 13.90,7.40, 1.88 Hz, Hz), ppm.
3C-NMR (CDCls, 75 MHz): § 138.87 (-CH = CHa), 131.61 (Cy), 122.71 (Cq), 116.64 (-CH = CH,),
79.93 (C,), 76.39 (Caa), 73.42 (Cra), 64.52 (Cs), 39.89 (C3) ppm.

Compound 4a.

Colourless oil. IR: v, (CH,Cly) 3040, 2939, 2876, 1087, 1049. Anal. Calcd for Ci16H2004 (276.14): C,
69.54, H, 7.30. Found: C, 69.69, H, 7.51. "H-NMR (CDCls, 300 MHz): & 6.13- 6.00 (m, 4H, He, H7), 5.86
(dd, 1H, J = 4.00, 2.00 Hz, -CHs = CH), 5.83 (dd, 1H, J = 5.00, 2.50 Hz, -CHyans = CH), 4.32 (m, 2H,
H,), 4.18 (dm, 2H,J = 16.20 Hz, Hs), 4.05 (m, 2H, H3,), 4.02 (dm, 2H, J = 16.20 Hz, Hs'), 3.80 (q, 2H, J
= 3.20 Hz, Hza), 2.49 (dt, 2H, J = 14.00, 7.40 Hz, H3), 1.81 (m, 2H, Hz)) ppm. C-NMR (CDCl;, 75
MHz): 6 132.05 (-CHyrans = CH), 131.05 (-CH,is = CH), 130.03 and 129.93 (Cy), 121.02 and 120.95 (Cg),
77.36 and 76.97 (C,), 74.76 and 74.65 (Csa), 71.73 and 71.61 (C7a), 62.86 and 62.81 (Cs), 38.31 and
38.13 (C3) ppm.

Compound 6.

Colourless oil. IR: v, (CH,Cly) 3080, 3024, 2924, 2928, 1725, 1253, 1057. Anal. Calcd for CoH1003
(166.06): C, 65.05, H, 6.07. Found: C, 65.20, H, 6.18. '"H-NMR (CDCls, 300 MHz): § 6.91 (dd, 1H,J =
9.90, 5.00 Hz, Hy), 6.18 (d, 1H, J = 5.00 Hz, Hg), 5.90 (ddd, 1H,J = 17.10, 10.30, 7.40 Hz, -CH = CH,),
5.29 (dm, 1H,J = 17.10 Hz, -CH = CHagans), 5.18 (dm, 1H,J = 10.30 Hz, -CH = CHagis), 5.07 (m, 1H,
Hsa), 4.47 (q, 1H,J = 7.40 Hz, H>), 4.27 (t, 1H, J = 5.00 Hz, H7a), 2.66 (dt, 1H,J = 14.20, 7.40, 6.60 Hz,
Hs), 2.18 (ddd, 1H,J = 14.20, 6.60, 3.00 Hz, Hz) ppm. *C-NMR (CDCl;, 75 MHz): & 162.00 (CO),
140.63 (Cy), 137.73 (-CH = CHa), 123.93 (Cs), 117.72 (-CH = CHa), 80.69 (C3a), 79.99 (C>), 70.40 (C7a),
40.20 (Cs3) ppm.

Compound 7.

Colourless oil. IR: v, (CH,Cly) 2923, 2853, 1724, 1256, 1050. Anal. Caled for C16H1606 (304.09): C,
63.15, H, 5.30. Found: C, 63.26, H, 5.50. '"H-NMR (CDCls, 300 MHz): & 6.83 (dt, 2H, J = 9.90, 4.00 Hz,
H), 6.11 (dd, 2H, J = 9.90, 6.90 Hz, He), 5.70 (ddd, 2H,J = 4.38, 2.10, 0.8 Hz, -CH = CH-), 4.98 (m, 2H,
Hsa), 4.42 (m, 2H, Hy), 4.17 (td, 2H, J = 4.80, 2.10 Hz, H7,), 2.55 (m, 2H, Hs), 2.10 (m, 2H, Hz’) ppm. 3
160.88 (CO), 140.60 and 140.412 (Cy), 132.93 and 132.58 (-CH = CH), 124.15 and 123.95 (Cs), 80.79
and 80.69 (Cz,), 78.95 and 78.72 (Cy), 70.28 and 70.16 (Cz,), 40.23 (C3) ppm.
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