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One-pot cross-metathesis/tandem carbonyl ylide formation—
intramolecular cycloaddition of an unsaturated 2-diazo-3,6-diketoester
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Dicarbonyl-stabilised diazo functionality is tolerated during
alkene cross-metathesis using Grubbs’ catalyst, but undergoes
subsequent tandem carbonyl ylide formation—intramolecular
1,3-dipolar cycloaddition on addition of catalytic Rh,(OAc), in
a one-pot operation.

We recently reported that Grubbs’ 2nd-generation ruthenium
carbene catalyst 2 induces stereoselective homocoupling (dimerisa-
tion) of a-diazoacetates 3 to maleates 1. Metathetical activity was
retained in the presence of additional alkene functionality, which
allows one-pot homocoupling/ring-closing metathesis to give
dienyl dilactones 4 (Scheme 1).
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On exploring the tolerance of differently substituted o-diazo
compounds to metathesis catalysts, we found that the diazo
derivative of ethyl acetoacetate (ethyl 2-diazo-3-oxobutanoate) was
stable to catalyst 2. This suggested that alkene metathesis might
proceed in the presence of such (more substituted) diazo
functionality. If viable, this would provide a way to rapidly
diversify unsaturated diazo compounds (for example, by alkene
cross-metathesis).> The retained diazo functionality could then be
used to facilitate a range of (different) transition metal-catalysed
carbene transfer reactions (e.g. cyclopropanation, C-H insertion,
ylide chemistry),” typically involving the newly elaborated olefin.
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Transition metal-catalysed tandem carbonyl ylide formation—1,3-
dipolar cycloadditions of a-diazocarbonyl compounds constitute
powerful methodology for the concise synthesis of oxapolycycles*
(e.g. Scheme 2).° In the present paper, we communicate the
viability of directly coupling this latter process with chemoselective
alkene cross-metathesis of an unsaturated diazo compound.

The ability to carry out cross-metathesis in the presence of
dicarbonyl-stabilised diazo functionality was first studied. Thus,
cross-metathesis of unsaturated 2-diazo-3,6-diketoester 5 with
various monosubstituted olefins (2-10 equiv.) was examined using
catalyst 2 (5 mol%) in CH,Cl, at reflux for 14-18 h (Scheme 3,
Table 1). Pleasingly, cross-metathesis proceeded smoothly in good
yields and with high control of stereoselectivity for most of the 1,2-
disubstituted olefins 6. Styrene and substituted styrenes generally
underwent efficient cross-metathesis (entries 3, 4, 6-9). However,
4-methoxystyrene was a reluctant partner in the process (entry 5);
even with a large excess (10-15 equiv.) the reaction failed to reach
completion after 48 h at reflux.
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Table 1 Cross-metathesis and cycloaddition using ester 5

6 Yield % 7 Yield Yield over Yield
Entry R (E:2) (%) 2-steps (%) One-pot (%)
1 CO,Me 74 (E-only) 89 66 69
2 Cy 78 (85:15) 78 61 63
3 Ph 81 (E-only) 84 68 73
4 4-MeCgH, 69 (94:6) 86 59 77
5 4-MeOC¢H, 46 (E-only)” quant. 46 43
6 4-CIC¢Hy 76 (E-only) 82 62 68
7 4-FCgHy 76 (96 : 4) 87 66 75
8 4-NO,C¢Hy 79 (E-only) quant. 79 76
9 2-CIC¢H,4 89(96:4) 78 69 80

“74% based on recovered 5.

The disubstituted olefins 6 underwent efficient tandem carbonyl
ylide formation-intramolecular cycloaddition catalysed by
Rhy(0OAc), (2 mol%) in CH,Cl, at rt for 3-4 h to give cycloadducts
7 (78%—quant. yields). These results expand the range of
substituted alkene dipolarophiles that can be used in this
(intramolecular) cycloaddition chemistry.®
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We also studied one-pot cross-metathesis/intramolecular carbo-
nyl ylide cycloaddition reactions, to see if the spent Ru catalyst
following metathesis would affect the subsequent Rh(1r)-catalysed
cycloaddition.” The one-pot cross-metathesis/carbonyl ylide
cycloadditions were carried out using catalyst 2 (5 mol%) in
CH,(Cl, at reflux for 14-18 h, followed by addition of Rh,(OAc),
(2 mol%) after cooling to rt.i This sequential process proceeded
smoothly to yield the desired cycloadducts 7 in good to excellent
yields, compared to the yields over 2 steps (Table 1).
a,B-Unsaturated ester intermediate 6 (R = CO,Me) yielded the
desired cycloadduct 7 (R = CO,Me) in good yield in one-pot. No
competing intermolecular 1,3-dipolar cycloaddition® was observed
with the excess of unreacted methyl acrylate present from the
cross-metathesis reaction (entry 1).

We also examined the one-pot strategy with trisubstituted
olefins generated by cross-metathesis of a-diazo-fB-ketoester 5 with
amylene and methacrolein (Scheme 4). The cross-metathesis
reactions proceeded smoothly to generate the corresponding
trisubstituted olefins [t-butyl 2-diazo-11-methyl-3,6-dioxododec-
10-enoate and (E)-t-butyl 2-diazo-11-methyl-3,6,12-trioxododec-
10-enoate] in good yields (77% and 83%, respectively). Subsequent
carbonyl ylide cycloadditions gave the cycloadducts 8 and 9/10 in
74% and 77% yield, respectively. The cycloadduct 9 from
methacrolein was isolated as a 1 : 1 mixture with its cyclic hydrate
10.° The one-pot protocol yielded the cycloadducts 8 and 9/10 in
higher yield (79% from amylene and 86% from methacrolein) than
the combined yield over the two individual steps (cross-metathesis
and cycloaddition), 57% and 64% respectively.
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In summary, Grubbs’ 2nd generation ruthenium carbene
complex 2 undergoes stereoselective cross-metathesis in the
presence of diazo functionality (when the latter is flanked by two
carbonyl groups). The spent ruthenium catalyst allows added
Rh,(OAc), to catalyse carbonyl ylide cycloadditions, thus estab-
lishing the compatibility of these two late transition metal
complexes sequentially catalysing different carbene transfer reac-
tions. The scope of one-pot metathesis followed by other

transformations of pre-existing diazo functionality is under
investigation.
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Notes and references

i Typical procedure for one-pot cross-metathesislcycloaddition: Grubbs’ 2nd-
generation catalyst 2 (21 mg, 0.025 mmol) was added to a solution of
2-diazo-3,6-diketoester 5° (147 mg, 0.50 mmol) and styrene (0.23 cm’,
2.0 mmol) in CH,Cl, (5 em®) and the reaction mixture was heated to reflux
for 14 h. After cooling to rt, Rhy(OAc), (5 mg, 0.01 mmol) was added and
the reaction mixture was stirred at room temperature for 3 h. The mixture
was then concentrated under reduced pressure and purified by flash
chromatography (SiO,, 30% Et,O in petrol) to afford a pale yellow oil,
cycloadduct 7 (R = Ph) (125 mg, 73%); Ry = 0.41 (50% Et;O in petrol);
Vmax(neat)em ! 3421br, 3019s, 2959s, 2872s, 2400s, 2253s, 1734s, 1438s,
1370w, 1217s and 1158w; 01(400 MHz; CDCl3) 7.32-7.20 (5H, m, Ph),
3.40 (1H, d, J 8, CHPh), 2.88-2.68 (2H, m, CHCH, and CH of CH,), 2.62—
248 (2H, m, CH,), 2.17 (1H, dd, J 6 and 8, CH of CH,), 2.12-1.82 3H, m,
CH, and CH of CH,), 1.82-1.50 (2H, m, CH,), 1.58-1.44 (1H, m, CH of
CH,) and 1.46 (9H, s, CMes); 6c(100 MHz; CDCl;) 203.7 (CO), 166.2
(CO»), 1374 (ipso), 128.6, 128.1 and 126.9 (3 x Ar), 93.5 and 91.8 (COC,
quat.), 82.6 (CMes), 60.5 (CHPh), 53.9 (CHCH,), 37.2, 36.2, 33.5, 33.1 and
24.5(5 x CH,) and 27.8 (CMe3); miz (CI) 360 (M + NH,", 62%) and 304
(100); Found M + NH, 360.2167. C5H30O4N requires M 360.2169.
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