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The Reaction of a-Diazo-B-hydroxy Esters with Boron Trifluoride

Roberto Pellicciari,* Benedetto Natalini, Bahman M. Sadeghpour, Giovanni C. Rosato and Antonella Ursini
Istituto di Chimica Farmaceutica e Tecnica Farmaceutica, Universita degli Studi, Perugia, Italy

Exposure of a cyclic «-diazo-3-hydroxy ester to different concentrations of boron trifluoride in various solvents affords

an interesting variety of products.

Diazo-hydroxy-acylmethanes 3a,b, easily prepared by aldol-
type condensation of lithio-diazo-acylmethanes 2 with alde-
hydes and ketones 1a,b, are valuable synthetic intermediates
able to undergo a range of transformations.!-16 It was shown,
for example, that 3a,b rearrange by proton acid catalysis or
thermolysis with carbon or hydrogen migration.24:5 The
subsequent discovery that the transformation can be achieved
smoothly in almost quantitative yield by exposing 3a,b to
catalytic amounts of dirhodium(u) tetraacetate® has been
exploited to obtain synthetic intermediates which are difficult

to obtain by other means.17-20 The possibility that 3a,b may be
smoothly converted into the corresponding (-hydroxycar-
bonyl compounds by catalytic hydrogenation (Pd/C) has also
been exploited synthetically.!® The little studied Lewis-acid
catalysed decomposition of o«-diazo-p-hydroxy ketones or
esters has been reported to follow a different path. Thus,
when exposed to boron trifluoride-diethyl ether in a polar
solvent such as acetonitrile, the acyclic compounds 3a (R’ =
H) give the corresponding acylacetylenes 6 as major products
along with minor amounts of migration products.3.7.9.14 The
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Table 1
Conditions®® Yield, (%)
Entry BF3/8 Solv. T/°C #min 9 10 1 12 13 14
1 0.05 MeNO;, 0 90 60) 14 3 (12) — —
2 1.5 MeNO, 0 20 — — — 81(100) — —
3 0.05 MeCN 0 90 62y @15 — — — (10)
4 1.5 MeCN 0 20 13.6 5.7 — 29 — 43
5 0.05 C¢He 5 90 63) (14 @ @) 3) —
6 1.5 C¢Hs 5 20 — — 7 21 574 —
7 0.05 Pentane 0 90 48 — W) 19) — —
8 1.5 Pentane 0 20 48 — (3.4) 75(83) — —

@ General procedure. A solution of 8 (0.943 mmol) in the selected solvent (1 ml) was added dropwise during 20 min to a magnetically
stirred solution of freshly distilled boron trifluoride—diethyl ether (1.415 mmol) in the same solvent (1 ml) under nitrogen at 0 °C (5 °C for
benzene). After the reaction was completed (monitored by TLC), usual workup and flash chromatography gave the pure products. # All products
gave satisfactory elemental analysis and/or 'H NMR, 13C NMR, 9F NMR, mass and IR spectra. Selected spectroscopic data for new compounds:
9: 'H NMR (200 MHz, CDCl3) & 1.25 and 1.30 3 H, 2 t, J 7 Hz, CH,CH3;), 1.00-2.70 (10 H, m, 5 X CHy), 3.50 (0.65 H, 2 d, J 4 Hz,
CHCO,Et), 4.16 (2 H, 2 q, J 7 Hz, CH,CH3) and 12.40 (0.35 H, s, OH); MS, m/z 184(22%), 156(43) and 139(55); IR, vicm~! (CHCl3)
1740 and 1705. For 13: 'H NMR (200 MHz, CDCl;) & 1.23 (3 H, t, J 7 Hz, CH,CH3), 1.40-1.74 (4 H, m, 4- and 5-CH,), 1.93-2.15 2 H,
m, 3-CH,), 2.20-2.46 (2 H, m, 6-CH,), 3.70 (2 H, s, PhCH,), 4.17 (2 H, q, J 7 Hz, CH,CH3) and 7.13 (5 H, m, ArH); MS miz
244(80%), 199(100) and 170(100); IR v/cm—! (CHCl;) 1686 and 1610. For 14: 'TH NMR (200 MHz, CDCl;) 6 1.25 (3 H, t, J 7 Hz,
CH,CH3;), 1.40-1.70 (4 H, m, 4- and 5-CH,), 2.00 (3 H, s, CH3CO), 2.10-2.30 (4 H, m, 3- and 6-CH), 3.95 (2 H, d, J 6.5 Hz,
NHCH>), 4.15 (2 H, q, J 7 Hz, CH,CH3) and 6.20 (1 H, br s, NH); 13C NMR (CDCl;) § 14.17, 20.00, 21.83, 23.27, 26.09, 30.94, 42.33,
65.75, 127.90, 147.12, 168.60 and 169.75; MS, m/z 225 (16%), 179(75) and 151(87). ¢ GC yields are in parentheses [SPT™-2250, 30 m,
0.25 mm ID, 0.20 pm film thickness, 45(3')/290 °C, 10 °C min—!, FID].
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l 0 7,416 chosen as the substrate for a model study under a variety
R'— = —< (b) of conditions. The results (Table 1) clearly indicate that the
6 R reaction proceeds along competing paths resulting in a very
different product distribution according to the concentration
o N, of boron trifluoride employed. Thus, the ‘catalytic reaction’
HO (BF3-Et,0, 0.05 equiv.; Table 1, entries 1, 3, 5, 7) affords
Li-C{NCO,E CO,Et mainly the cycloheptane 9,416 independent of the solvent
ot 16 o) employed, along with minor amounts of some of products
10-12. With benzene or acetonitrile as solvents, compounds
7 8 13 and 14 were also present in 3 and 10% yield, respectively.
Scheme 1 In the ‘stoichiometric reaction’ (BF3;-Et,0, 1.5 equiv.; Table

1, entries 2, 4, 6, 8) on the other hand, the solvent plays a
dominant role. Thus, treatment of 8 in acetonitrile (Table 1,
entry 4) provides (after crude product separation by flash
formation of 6 has been rationalized as involving the initial chromatography) 14 (43%) along with 12 (29%) and minor
formation of the oxonium ion 4 and its conversion to the amounts of the homologation product 9. The structure of 14
alkenyldiazonium salt § which is deprotonated to liberate was proved by its conversion (6 mol dm—3 HCI, reflux, 2 h)
molecular nitrogen thus affording 6 [Scheme 1(b)]. Hitherto into the known 2,3,4,5,6,7-hexahydroisoindol-1-one.22 When
unreported, the behaviour towards boron trifluoride of 8 was exposed to BF;-Et,0 in nitromethane (Table 1, entry 2)
a-diazo-B-hydroxycarbonyl compounds 3b obtained from it was converted quantitatively into lactone 12. On a prepara-
ketonic substrates is of interest, since in these compounds the tive scale, this product was isolated in 81% yield. The lactone
hydrogen atom o« to the diazo moiety, crucial for the 12 was also the main product (83% yield) when 8 was

conversion 3a — 6, is missing.2! decomposed in pentane, accompanying small amounts of 9
With the aim to explore this aspect of the general reactivity and of the 2-fluoroalkenoate 11 (Table 1, entry 8). Finally,
of 3a,b, we have studied the reaction with boron trifluoride- exposure of 8 to BF;-Et,O in benzene (Table 1, entry 6)

diethyl ether of the cyclohexane derivative 8, prepared by the resulted in the conversion into 13 (57%) and with minor
reaction of ethyl diazo(lithio)acetate with cyclohexanone amounts of 11 and 12. The structure of 13 was proved by
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converting it into the previously reported cis-2-benzyl-
cyclohexanecarboxylic acid.?3

The formation of such a variety of products in the reaction
of 8 with boron trifluoride requires the occurrence of general
reaction pathways. Thus, compounds 10 and 11 may be
derived from the alkenyldiazonium salt 15 as intermediate.
The three compounds 12-14, on the other hand, are clearly
derived from a different species arising from a 1: 1 complex of
8 with boron trifluoride. The most likely intermediate is the
vinylogous a-diazoester 16. The proof of its intermediacy, the
mechanism of its formation from 8 as well as its own chemistry
would have to await further experimentation.
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