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Summary: The acetone-sensitized irradiation of two series of oxime acetates has been studied.
The first group, oxime acetates of 4-ethoxycarbonyl-, 4-cyano-, 4-methoxymethyl-, and 4-
acstoxymethyl-2,2-dimethylbut-3-enal, undergoes E-Zisomerization of the C=C bond. The second
group of compounds, oxime acetates of 4-ethoxycarbonyl-, 4-cyano-, and 4-acetoxymethyi-2,2-
dimethylpent-3-enai, rearranges by the aza-di-n-methane reaction to afford cyclopropane
derivatives.

The cyclopropane moiety is one of the key structural features in the pyrethrin insecticides.!
These insecticides are important in agriculture because of low mammalian toxicity and
biodegradability making them ecologically valuable pesticides.2 There are many methods for the
synthesis of cyclopropane derivatives.3 However, our interest has been focussed on the
photochemical paths and among these the di-n-methane rearrangement of 1,4-dienes is a
reasonable route for cyclopropane synthesis.4 This reaction has been studied in great detail and is
very general. However, the di-n-methane process is not applicable to molecules where the double
bonds in the compound do not absorb above 220 nm. This situation would not permit direct
irradiation and population of the excited singlet state, the condition under which most di-n-methane
reactions take place in an acyclic 1,4-diene.4 There are ways around this problem. One method
available is the conjugation of one of the double bonds with a chromophore which will move the
absorption into the accessible spectral region. This method has been used to etfect in the ester
(1)5:6 and the enone (2)7 which photochemically rearrange to (3) and (4) respectively.
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Another method available is the replacement of a double bond by a carbonyl group and
moiecuies of this type can rearrange by the oxa-di-n-methane pathway.8 While this can be a usefui
approach there are many exceptions to the generality of the reaction such as the failure of all but
one aldehyde® to rearrange and often decarbonylation is the major photochemical reaction path.8
On the other hand acyclic g,y-unsaturated enones are rather unpredictable in their photochemical
reactivity. Many such compounds undergo 1,3-acyl migrations on direct irradiation but many of
them fail to undergo triplet state oxa-di-n-methane rearrangement.8

in the last few years we have described the aza-di-n-methane cyclization of imines10 and
oxime acetates!! as a route to variously substituted cyclopropanes. The reaction is more general
than the oxa-di-n-methane process and has the added advantage of overcoming the failure of most
gyunsaturated aldehydes to undergo this rearrangement.2 Therefore the principal advantage of
the aza-di-n-methane reaction is that it permits the photochemical transformation of these
compounds via stable C=N derivatives into cyclopropyl compounds in an efficient manner using a
cyclization which is regiospecific, as outlined in Scheme 1.11 As a result of our success we have
sought to use the aza-di-n-methane rearrangement as a synthetic path to cyclopropanes related to
pyrethroids.! To this end we have described already the application of our method to the synthesis
of the oxime acetate of 2,2,3,3-tetramethylcyclopropanecarboxaidehyde.’2 This can be converted
into the corresponding carboxylic acid which is the cyclopropane moiety in the pyrethroid
terallethrin.
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Reagent (a) (1) NHOH.HCL, (2) MeCOCI, pyridine; (b) hv, PhCOCHj sens.; {c) HpO-EtOH-HCI

Scheme |

So far our studies on the aza-di-n-methane rearrangement have always involved the use of
5,5-disubstitution on the 1-aza-1,4-diene.19.11 Furthermore the cyclopropane derivatives obtained
have only one functional group. However, many of the pyrethroids described in the literature have
a greater variety of substituents on the cyclopropane ring and usuaily two functional groups are
present.! The aim of this work was to study the reactivity of 1-aza-1,4-dlenes with varying
substitution at C-5 and to develop a photochemical path to cyclopropanes where two functional
groups were included. The syntheses of the oxime acetates (5) and (6) on which this study is
based have been reportad elsewhere.13

The irradiation of the (£ )-oxime acetate (5a) for 1 h, using acetone as sensitizer, yields
exclusively a 2:1 mixture of the (£)- and (Z)-isomers (Scheme Il) respectively as determined by H
n.m.r. spectroscopy of the photolysate. Longer irradiation of (5a) up to 7 h gives the same resuit
indicating that this was the photostationary state composition. Direct irradiation of the oxime acetate
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(5a) at 254 nm also brought about £-Z-isomerization affording a separable mixture of the isomers
in a ratio of 1.25:1. A similar result was obtained from the acetone-sensitized irradiation of the (£)-
oxime acetate (5b) where a 2.5:1 mixture of the (E)- and (Z)-isomers was formed. These isomers
proved almost impossible to separate on column chromatography. However, a sample was
obtained which was almost pure (Z)-isomer (5bZ ) and from this the identity of the compound was
established conclusively.
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The faliure of these two oxime acetates (5a) and (5b) to undergo cyclization was considered
to be due either to a deactivation of the excited triplet state by a free rotor effect,4 as has been
observed frequently in the di-n-methane rearrangement, or to an alternative deactivation path via
single electron transfer (S.E.T.) from the nitrogen Ione pair to the alkene moiety. The latter would
bring about the formation of an Intermediate such as (7) that would allow the isomerization to take
place before going back to the starting material. Previously we have postulated that such a process
is responsible for the lack of the di-n-methane reactivity in g,-unsaturated oximes.11 However, this
electron transfer can be minimized or even suppressed by increasing the ionization potential of the
nitrogen by forming the corresponding oxime acetate.1! In the present cases the presence of an
electron withdrawing group conjugated with the alkene molety could make the electron transfer
process possible again. To establish the feasibility of this hypothesis the oxime acetates (5c¢) and
{5d) where the electron withdrawing groups have been replaced by an acetoxymethyl or by a
methoxymethyl group were studied. This should decrease the electron affinity of the C=C and
therefore make the S.E.T. process more difficult. However, irradiation of (6cE) and (5d E') again
brings about £-Z -isomerization exclusively. The ratio of isomers obtained in these cases were
3.5:1 for (6c¢) and 3.7:1 for (5d). These results clearly demonstrate that S.E.T. is not responsible for
the absence of di-n-methane reactivity in these oxime acetates.

In order to determine if the free rotor effect was responsible for the suppression of the
cyclization the photochemical reactivity of the series of oxime acetates (8) was studied. Irradiation
of the (£ )-oxime acetate (6a) by acetone-sensitization for 1.5 h also brings about £-2-
isomerlzation In a ratio 2.5:1 established by 'H n.m.r. spectroscopy. In addition new products were
detected. The mixture was separated by column chromatography and gave the E-Zisomers (72%
total yield) and the new products as an inseparable mixture (28%). Spectroscopic analysis and
mass spectroscopy showed that this was a 1:1 mixture of compounds which were isomeric with
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starting material. The TH n.m.r. of the mixture showed that the new compounds wers the isomeric
cyclopropanes {8a) (Schems IH). The principal features of this spectrum are the vinyl H as doublets
at 3 8.0 and 3 7.5 and the solitary ring proton at 3 2.8 and 3 1.8 again as doublets with a coupling
constant of 9Hz. The structures are confirmed by the 13C n.m.r. spectrum. The (£)-oxime acetate
(6b) behaves in a similar manner. Acetone-sensitized Irradiation ylelds a photolysate composed of
a 1.3:1 mixture of E-Z-isomers and a 54% yield of a mixture of cyclopropanes (8b) in a ratio of
4.4:1. Under similar conditions the (£)-oxime acetate (6¢) affords £-Z-isomers (ratio of 2:1) and the
cyclopropanes (8¢, ratio of 1.3:1). In this instance an NOE experiment showed that the principal
isomer had the trans-arrangement as shown in (9). Irradiation of the Z-isomer (6¢Z ) was also
carried out and afforded the same result that was obtained from the corresponding (£)-isomer.
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The success of the acetone-sensitized irradiative cyclization of the C-5 disubstituted oxime
acetates (8) lends support to the free rotor deactivation path in the mono-substituted series (5).
However, it Is surprising that the Introduction of a methyl group should have such a profound effect.
In many of the di-n-methane rearrangements the free rotor effect is still present even with diphenyl
substitution on the terminal carbon as in (10).4
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Even although the studies with mono-substitution at C-5 in the 1-aza-1,4-diene system (5)
were unsuccessful the cyclization of the C-5 disubstituted derivatives (8) has opened a new
photochemical route to cyclopropanes with two functional groups. The cyclopropanes synthesized
by this route couid be readily converted into derivatives which have already been demonstrated to
have insecticidal activity such as (11).! The research described above aiso provides further
information on the scope and reactivity of 1-aza-1,4-dienes in the aza-di-n-methane
rearrangement.
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Experimental

Melting points were determined on a Buchi 510D apparatus in open capiliaries and are
uncorrected. infrared spectra were recorded on a Perkin-Eimer 256 spectrophotometer and band
positions are reported in wavenumbers. NMR spectra were recorded on a Varian T-60A and a
Bruker WM-250 spectrometer for protons and on a Bruker WP 60FT for carbon with chemical shifts
(3) expressed in ppm downfield from internal Me4Si. UV spectra were recorded in methylene
chioride solutions using a Perkin-Eimer 550 spectrometer. The mass spectra were run by Dr. P.
Bladon at the University of Strathclyde using an AE! (Kratos) MS 9 mass spectrometer fitted with a
Mass Spectrometry Services Solid State Console and a GEC 905 computer. All the photolyses
were carried out in an immersion-well apparatus with a Pyrex filter and a 400 watt medium
pressure Hg arc lamp. Solutions of the oxime acetates in anhydrous acetone (350 ml) were purged
for 1 h with deoxygenated nitrogen and irradiated under a positive pressure of nitrogen. After
completion of the irradiation the solvent was removed under reduced pressure and the products
were separated by chromatography on silica gel. Thin layer chromatography was carried out on
Merck DC-Plastikfolien Kieselgel 60 Fos4.

Irradiation of oxime acetate (5a). Compound (5a) (300 mg, 1.32 mmol) was Irradiated for periods
trom 1 hto 7 h. The 'H n.m.r. of the crude photolysate showed in all cases a mixture of the (Z)-and
(E )-isomers in a ratio (1:2). In a typical experiment, after 1 h irradiation, chromatography of the
crude photolysate using diethyl ether-hexane (5:95) afforded: pure (Z)-isomer {5a) (72 mg, 24%), a
mixture of the (Z)-and (£)-isomers (51 mg, 17%) (ratio 1:2.5) and pure (E)-isomer (136 mg, 45%).
The (Z )-oxime acetate (5a) was obtained as an oll; vmax (liq. film) 1 770, 1 715, 1 830 cm-1; 34
(CDCig) 8.0 (1H, s, CH=N), 6.1 (1H, d, J 14 Hz, CH=CHCO3Et), 68 (1H, d, J 14 Hz,
CH=CHCO2EY), 4.2 (2H, q, CHJ), 2.1 (3H, 8, CH3CO), 1.5 (6H, s, 2CH3), 1.3 (3H, t, CH2CHs); 8¢
(CDCl3) 168.8 (COCH3), 184.1 (COOEt), 156.0 (C=N), 150.5 {CH=CHCOEt), 1211
(CH=CHCO2E), 60.5 (CH20), 39.0 (quaternary carbon), 24.7 (2CHg), 29.6 (CH3CO), 14.1 (CH2C
Ha); mz 227 (M*, 1%), 185 (70), 168 (35), 140 (91), 122 (92), 117 (30), 112 (46), 96 (34), 67 (20),
and 43 {100). (Found: M*, 227.1158. C11H17NO4 requires M*, 227.1157).

Irradiation of oxime acetate (5b). Compound (5b) (300 mg, 1.66 mmol) was irradiated for 105 min.
Chromatography of the crude photolysate using ethyl acetate-hexane (5:95) afforded a mixture of
the (Z)- and (£)-isomers (200 mg, 67%) (ratio 1:2.5). After several chromatographies of this mixture
of isomers, a pure fraction (25 mg) of the (Z)-oxime acetate (5b) was obtained as an oil; vmax. (liq.
tilm) 2 220, 1 750, 1 850 cnv1; 3y (CDCl3) 7.8 (1H, s, CH=N), 6.6 (1H, d, J 10 Hz, CH=CHCN), 5.5
(1H, d, J 10 Hz, CH=CHCN), 2.1 (3H, s, CH3CO), 1.5 (6H, 8, 2CH3); 3¢ (CDCl3) 168.0 (C=0),
161.4 (C=N), 156.0 (CH=CHCN), 116.0 (C=N), 98.5 (CH=CH CN), 40.5 (qQuaternary carbon), 24.9
(2CHaj), 19.1 {(CH3CO); m/z 186 (M*-14, 1%), 138 (100), 110 (11), 95 (51), and 67 (14). (Found:
M*-14, 166.0857. CgH12N202 requires M*-14, 168.0868).
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Irradiation of oxime acetate (5¢). Compound (6¢) (300 mg, 1.5 mmol) was irradiated for 120 min.
The 'H n.m.r. of the crude photoiysate showed the presence of a mixture of the (Z)- and (£)-
isomers in a ratio (1:3.7). Chromatography of the crude reaction mixture using ethyl acetate-hexane
(5:95) afforded a mixture of the (Z)- and (£ )-isomers (108 mg, 36%) (ratio 1:1.6) and pure (£)-
isomer (5¢) (85 mg, 28%). The first fraction was rechromatographed using ethyl acetate-hexane
{2:98) and afforded 30 mg of pure (Z)-oxime acetate (5c) as an oil; vmax. (llq. film) 1 760, 1 740,
1 620 cnr1; 3y (CDClg) 7.7 (1H, 8, CH=N), 5.5 (2H, m, vinyl-H), 4.0 (2H, d, CHJ), 3.3 (3H, s, CH30),
2.1 (3H, s, CHaCO), 1.3 (BH, s, 2CHg); 8¢ (CDClg) 168.6 (C=0), 184.0 (C=N), 136.3 (CH=CHCHy),
128.2 (CH=CH CHy), 67.9 (CH2), 58.0 (CHa0), 39.0 (quaternary carbon), 25.8 (2CHg), 19.4 (2C
H3CO); m/z 198 (M*-1, 8%), 156 (21), 123 (15), 112 (56), 97 (40), 83 (44), 73 (59), 57 (74), and 43
(100). (Found: M*-1, 198,11302. C19H1eNOg3 requires M*-1, 198.11302).

Irradiation of oxime acetate (5d). Compound (5d) (300 mg, 1.32 mmol) was irradiated for periods
from 1 hto 7 h. The 'H n.m.r. of the crude photolysate showed in all cases a mixture of the (Z)- and
(E)-Isomers in a ratio (1:3.5). In a typical experiment, after 90 min. irradiation, chromatography of
the crude photolysate using diethy! ether-hexane (5.95) afforded: pure (Z)-isomer (5d) (48 mg,
18%), a mixture of the (Z)- and (£)-isomers (20 mg, 7%) (ratio 1:1) and pure (£)-isomer (5d) (180
mg, 60%). The (Z)-oxime acetate (5d) was obtained as an oll; vmex (lig. flm) 1 760, 1 730, 1 620
cm-1; 34 (CDCl3) 7.8 (1H, s, CH=N), 5.6 (2H, m, vinyl-H), 4.7 (2H, d, CH3), 2.1 and 2.0 (3H, s,
2CH3CO), 1.3 (6H, s, 2CH3); 3¢ (CDCl3) 170.9 and 168.7 (C=0Q), 163.7 (C=N), 137.5
{C H=CHCH3), 126.6 (CH=CHCHg), 680.3 (CH2), 39.1 (quaternary carbon), 26.6 (2CH3), 21.0 and
19.0 (2CH3CO); m/z 185 (M*-42, 2%), 152 (27), 110 (22), 98 (22), 83 (25), 67 (13), and 43 (100).
(Found: M*-42, 185.1052. CgHsNOg requires M*-42, 185.1052).

Irradiation of oxime acetate (6a). Compound (6a) (300 mg, 1.24 mmol) was irradiated for 90 min.
Chromatography of the crude photolysate using sthyl acetate-hexane (1:9) afforded a mixture of the
(Z)- and (E )-isomers (192 mg, 64%) (ratio 4:1), pure (£)-isomer (6a) (20 mg, 7%) and a mixture of
the cyclopropanes (8a) (84 mg, 28%). The first fraction was rechromatographed using ethyl
acetate-hexane (5:95) and afforded 40 mg of pure (Z)-oxime acetate (6a) as an oil; vmax (Ilq. film)
1760, 1 710, 1 650, 1 620 cm-1; 84 (CDCl3) 7.8 {1H, s, CH=N), 5.7 (1H, s, vinyl-H), 4.2 (2H, q,
CHoCH3), 2.1 (8H, s, CH3CO), 1.9 (3H, 5, CH3C=C), 1.4 (6H, s, 2CH3), 1.3 (3H, t, CH2CHs); 8¢

(CDCl3) 168.6 and 168.0 (C=0), 164.1 (C=N), 140.2 (CH=C), 130.0 (CH=C), 60.8 (CH2), 38.9
(quaternary carbon), 26.8 (2CHaj), 21.8 (CH3CO), 19.5 (CH3C=C), 13.9 (CHj); mZ 199 (M*-42,
3%), 172 (45), 154 (52), 131 (17), 128 (60), 103 (45), 98 (74), 85 (54), 74 (82), 70 (100), 56 (92),
and 43 (72). (Found: M*-42, 199.1208. C19H17NO3 requires M*-42, 199.1208). Cyclopropanes
(8a) were obtained as an oily, inseparable mixture of diasterecisomers (a and b) (ratio 1:1); vmax.
(liq. film) 1 760, 1 715, 1 610 cm-1; 84 (CDCl3) 8.0 (isomer a) and 7.5 (Isomer b) (1H, d, J 9 Hz,
CH=N), 4.2 (2H, q, C+LCHa), 2.6 (isomer b) and 1.8 (isomer a) (1H, d, J 9 Hz, ring CH}), 2.14 and
2.12 (3H, s, CH3CO), 1.4 (3H, s, CH3), 1.2 (SH, m, 3CH3); 8¢ (CDCl3) 172.0 and 169.0 (C=0), 158.8
and 156.8 (C=N), 61.1 (CHjp), 36.9, 36.1, 35.5, 30.9, 29.9, 29.6 (ring C), 22.2 (2CHj on C-3), 19.4,
18.3, 17.8, 17.2, (CH3 on C-2 and CH3C0), 14.3 (CH3CH2); m/z241 (M*, 1%), 199 (27), 181 (64),
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153 (68), 136 (92), 126 (86), 112 (61), 108 (100), 84 (30), 81 (75), 68 (22), 59 (60), and 43 (26).
{Found: M*, 241.1284, C12H1gNO4 requires M*, 241.1314).

irradiation of oxime acetate (6b). Compound {6b} (220 mg, 1.13 mmol) was irradiated for 45 min.
Chromatography of the crude photolysate using ethyl acetate-hexane (1:9) afforded a mixture of the
(Z)- and (E )-isomers (8D} (100 mg, 45%) (ratio 1:1.3) and a mixture of the cyclopropanes (8b)
atforded 30 mg of pure (Z)-oxime acetate (Bb) as an oil; vmax {lig. film} 2 200 cm-1; 3 {CDClg) 7.8
{1H, s, CH=N}, 6.3 {1H, s, vinyi-H}, 2.1 (3H, s, CH3CO}, 2.0 (3H, s, CH3C=C), 1.5 (6H, s, 2CHa); 5¢
{CDCla) 167.9 {C=0), 182.0 (C=N), 156.0 {CH=C), 118.0 {CH=_), 108.0 (CsN), 38.8 (quaternary
carbon), 25.8 (2CHg), 19.8 (CH3COj, 16.2 {CH3C=C), 13.9 {CHa); miz 152 (M*42, 100%), 135
(25), 122 (27, 107 (19), 92 (12), and 70 (12). (Found: M*-42, 152.0850. C1gH14N202 requires M*-
42, 152.0950). Cyclopropanes (Ba) were obtained as an oily, inseparable mixture of
diastereocisomers (a and b} (ratio 4.4:1); vmax, (fiq. film} 2 230, 1 760, 1 620 cm-1; 3 (COCla) 7.6
{isomer a) and 7.5 {isomer b} (1H, d, 4 9 Hz, CH=N), 2.5 (isomer b) and 1.9 (isomer a) (1H,d, J 9
Hz, ring CH), 2.1 (8H, s, CHaCO), 1.5, 1.4, and 1.2 {9H, s, 3CHj3); 3¢ {CDClg) 168.0 (C=0), 155.8
{C=N, isomer a), 153.9 (C=N, isomer b}, 121.5 (C=N, isomer b), 120.1 (C=N, isomer a), 35.2, 33.1,
29.8, 28.7, 22.6, 22.3 {ring C}, 21.3, 21.1, 19.8, 16.9, 16.7, 14.3, 14.1 ({CHg)}; m/Zz 135 {M*-59, 4%),
119 (100}, 107 (35), and 92 (34). (Found: M*-58, 135.0911. CgH{1N2 requires M*-58, 135.0812).

Irradiation of oxime acetats (8¢). Compound (8¢) (400 mg, 1.868 mmol) was irradiated for 150 min.
Chromatography of the crude photolysate using ethyl acetate-hexane (7:93) afforded a mixture of
the (Z)- and {E)-isomers (254 mg, 63%) (ratio 1:2) and a mixture of the cyclopropanes (8¢) (84 mg,
21%). The spectroscopic data of the (Z)-isomer (8¢} in the mixture were identical 1o those of a pure
sample synthesized independently.!3 Cyclopropanes (8¢) were obtained as an olly, Inseparable
mixture of diasterecisomers (a and b) {ratio 1:1.3); vemax. (liq. film) 1 750, 1 730, 1 810 cm-1; 3y
(CDCla) 7.51 {isomer a) and 7.50 {isomer b} {iH, d, J 9 Hz, CH=N}, 4.1 (2H, m, CH2}, 2.10 and
2.05 (3H, s, 2CH3CO), 1.64 (isomer b) and 1.57 (isomer &) (1H, d, J 9 Hz, ring CH), 1.2 (9H, s,
3CHg); 8¢ (CDCla) 171.3 and 168.5 {C=0}, 158.2 (C=N), 69.8 and 66.2 (CHp), 33.7 and 31.1 {CH},
29.9, 28.7, 28.3, and 27.1 {ring C}, 23.2, 22.8, 20.9, 19.4, 18.8, and 17.6 {CH3}; m/z 185 (M*-56,
3%), 124 (33}, 109 (65}, 99 (52), 82 (36), 73 {11), 59 (14), and 43 (100). (Found: MF-56, 185.1174.
CioH1703 requires M*-56, 185.1178).

Irradiation of Oxime Acetate.(8¢Z ). Compound (8cZ) {300mg, 1.24 mmol) was irradiated for 150
min. Chromatography of the crude photolysate using a mixture of ethyl acetate-hexane (7:93)
afforded a mixture of the (Z)- and {E )-Isomers {216 mg, 72%) (ratic 1:2) and the cyclopropanes
(8¢) (50 mg, 17%).

Direct Irradiation of Oxime Acetate (5aE ).Compound (5aE ') {(200mg, 0.88 mmol) was irradiated in
anhydrous methyiene dichloride (350 mi) for 3 h. in a quartz immersion-well apparatus using 18 W
a low pressure Hg lamp. Chromatography of the crude photolysate using a mixture of ethyl acetate-
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hexane (1:9) afforded a mixture of the (Z)- and (£)-isomers (5a) (150 mg, 75%) (ratio 1:1.25) and
unidentified polar products (70 mg).

BEFERENCES

1.-

5.-
8.-
7-
8.-
9.-

10.-

11.-
12.-

13.-

K. Naumann, Chemie der Synthetischen Pyrethroid-Insektizide, in Chemie and Planzenchutz-
und Schadlings-bekampifungsmittel, 1981, Band 7, Springer-Verlag, Berlin,

Burt, P. E.; Elliot, M.; Farnam, A. W.; Janes, N. F.; Needham, P. H.; Puiman, P. A, Pestic.
Sci, 1975, 6, 537.

Tsugi, T.; Nishida, S. In The Chemistry of the Cyclopropy! Group ; Rappoport, Z., Ed.;
Wiley: New York, 1987; Part 1, pp 307-374.

Zimmerman, H. E. In Rearrangements in Ground and Excited States, de Mayo, P., Ed.;
Academic Press: New York, 1980; Vol. 3, pp 131-166.

Baeckstrom, P. Tetrahedron, 1978, 34, 3331.

Bullivant, M. J.; Pattenden, G. J. Chem. Soc., Perkin Trans. 1, 19786, 256.

Bullivant, M. J.; Pattenden, Q. J. Chem. Soc., Perkin Trans. 1, 1976, 249.

Houk, K. N. Chem. Rev., 1976, 78 1.

Ptenninger, E.; Poel, D. E.; Berse, C.; Wehrli, H.; Schaftner, K.; Jeger, O. Halv. Chim. Acta,
1968, 571, 1362.

{(a) Armesto, D; Martin, J. F.; Perez-Ossorio, R.; Horspool, W. M. Tetrahedron Lett, 1982, 23,
2149. (b) Armesto, D.; Horspool, W. M.; Martin, J. F.; Perez-Ossorio, R. J. Chem. Res. (9),
19886, 48; (M), 19886, 831; (c) Armesto, D.; Langa, F; Martin, J. F.; Perez-Ossorio, R,;
Horspool, W. M. J. Chem. Soc., Perkin Trans. 1, 1987, 743.

Armesto, D.; Horspool, W. M.; Langa, F. J. Chem. Soc., Chem. Commun., 1987, 1874,
Armesto, D.; Horspool, W. M.,; Langa, F. Xlith IUPAC Symposium on Photochemistry, Bologna,
1988, 678-879.

Armesto, D.; Gallego, M. G.; Horspool, W. M. J. Chem. Soc., Perkin Trans. 1, sent for
publication,

Acknowledgements.

We thank the British Council and the Ministerio de Educacién y Ciencia of Spain for a Fleming
Fellowship to one of us (M. G. G.), the Direccién General de Investigacion Cientifica y Técnica
(Grant PB89/0144), and NATO (Grant 1784/89) for financial assistance.



