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Abstract: Intermolecular 12421 nhotocvcloaddition of a variety of alken- and alkvn-3-pls with 34§ 6-
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tetrahydrophthalic anhydride (THPA) and the related imide (THPT) gave the corresponding cyciobutanes and
cyclobutenes in high yield Irradiation times were relaxively short and stereoselectivities as high as 10/1 for
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As part of a program direcied towards the total synthesis of cyclooctan

PP SR ST Sy

contaming naiur: i Y
1
i=

prodiicis we have
-5 Of particular interest was ithe
observation that the intermolecular [2+2] photocycloaddition between 3,4,5,6-tetrahydrophthalic anhydride
(THPA) 1 and allyl alcohol proceeded smoothly to give a mixture of hydroxy-anhydride 2 and acid-lactone 3

(5.7/1) in essentially quantitative yield (Scheme 1).1 The lactone 3 is formed as a result of the initial endo

been mvestlgatmg a vanety of [.H—l] phOtOCyClO&GOIIIOH reactions.

adduct 4 undergoing spontaneous ring closure. Conversely, the proposed intramolecular [2+2]
photocycloaddition of acid-ester 5 to form 3 failed under a variety of conditions. The formation of 2/3

represents an unexpectedly efficient, intermole cular photochemical process in terms of vield and
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confirms the intermolecular nature of the photocycloaddition.
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Alkenes and Alkeneols: Intrigued by these results we set out Lo explore the generality of the intermolecular
[2+2] photocycloaddition of THPA with a variety of alkenols, the results of which are summarised in Table 1.
In general the cycloadditions were both efficient and rapid giving the corresponding cyclobutanes in high
yield, with excellent stereoselectivity, using only 1.5 equivalents of the alkenols in all cases. In most examples
exo-addition, with respect to the alkenol substituent and the anhydride moiety, was favoured resulting in the
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predominant formation of cyclobutane-anhydrides. In the alkenol examples the initially formed endo adducts
underwent spontaneous cyclisation to give lactone products. Particularly noteworthy is the reaction of THPA

with (Z)-2-butene-1,4-diol (entry b) which gave the cyclobutane-lactone 6 as the sole product, in excelient
yield, after only 4 h irradiation. Similarly, reaction of THPA with the isomeric 2-hydroxymethyl-2-propen-1-
ol gave an almost quantitative yield of the lactone 7 (entry d), but (Z)-4-benzyloxy-2-buten-1-ol (entry ¢)
gave, as expected, a 1/1 mixture of the lactone and anhydride. Excellent results were also obtained with simple
alkenes such as 1-hexene, although a relatively moderate 2/1 stereoselectivity was observed (vide infra).
Interestingly, the photo clnat_i_d!t_ggq also proceeded well with both ethyl acrvlate and ethvl Vanl ether,

o clo pr 11
complete indifference to electronic extremes (entries f and g). Irradiation of a mixture of allyl
1

Table 1: Photocycloaddition of various alkenes with THPA
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and the N-methyl derivative 9 as substrates. The results of these experiments proved to be particularly
interesting with respect to the nature of the alkenol derivative used as reaction partner. For example, irradiation
of 8 in the presence of allyl alcohol or the corresponding ethyl ether (entries a and b) gave the expected
products in similar, high yields and in almost identical reaction times with almost complete selectivity for the
exo isomer 10a. When 9 was employed, longer reaction times were required (for the same scale) but the
yields and degree of stereoselectivity were again very similar for both the free alcohol and the ether. Given that
the ratio of stereoisomers obtained from reaction of 8 and 9 were broadly the same for both alkenols and the
cnn‘es:mndmg ethers, nhkelv that the hmh QIPI‘(‘OQP]P(‘IIV![y of these nhnmovvlnaddmme is controlled by

hydrogen bonding of either the alkenol OH or the imide NH (vide infra). Reaction of maleimide with allyl
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stereoselectivity. The relative stereochemistry present in a number of the cycloadducts of THPA and THPI

was confirmed through various nOe experiments as detailed in Fig. 1.

Table 2: Photocycloaddition of alkenes with Imides
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The efficiency of THPA and the corresponding imides as chromophores in [2+2] photocycloadditions can be
explained by the fact that the UV spectrum of THPA shows a Apax(MeCN) = 301 nm (€ = 84), which
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coincides with a strong emission at 302 nm from the 125 W medium-pressure mercury vapour iamp used in
this study. The fact that 5 failed to give any cycloaddition products with either allyl or propargyl alcohol even
after prolonged irradiation is consistent with the finding that 5 shows a Amax at approximately 220 nm which
is beyond the cut off point for the pyrex filtered UV source used in this study.

Alkynes and Alkynols: We also found that THPA underwent very efficient [2+2] photocycloaddition with
propargyl alcohol, under the same conditions, to give the cyclobutene anhydride 11 in good yield.1:3 In

addition to this, a minor by-product was formed which we initi

10t characterise. When we repeated the

SRR ZFNSe PV RERAE VIS EWS

~
(=9
=
(=%
=1
=]

ranntinm An o laraar anala oy,

reaction on a larger scale, w
the cyclohexene-anhydride 12, which we propose is formed from the triplet-biradical 13 via a transannular
1,5-hydrogen abstraction® (Scheme 2). We are confident that formation of 12 signifies a distinct, minor
reaction pathway and is not a secondary photo-product derived from 11, because a separate experiment
showed that there was no formation of 12 upon prolonged irradiation (24 h) of 11. Furthermore, there was
no significant change in product ratio when the reaction was run with different starting material
stoichiometries.
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Table 3 summarises the results of [2+2] photocycloadditions using a variety of alkynes and alkynols as

reaction partners. The cyclobutenes were formed rapidly and in good to excellent yield in all cases. With both
THPA and THPI the cyclobutenes predominated and the 1,5-hydrogen abstraction products were formed only
as minor components (10-15%). The interesting spirocyclic lactone 14, formed by irradiation of 2-butyne-
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proved useful in the synthesis of substituted cyclobutenes. In some cases it appeared (tlc) that minor, 1,5-
abstraction, products were formed, but it was not possibie to purify and characterise them (entries b and d).
Not surprisingly, maleimide (entry i) gave only the cyclobutene adduct because, 1,5-hydrogen abstraction
would be impossible. The lower homologue of THPA, 1-cyclopentene-1,2-dicarboxylic anhydride, 15 gave
only the [2+2] photocycloadduct 16 when irradiated with propargyl alcohol. Although, in all cases, the
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cyciobutene-anhydrides formed were stable to column chromatography, they were found to be iabiie with
respect to polymerisation upon standing at room temperature for extended periods of time. They couild,
however, be stored indefinitely in the freezer without significant decomposition.

Table 3: Photocycloaddition of various alkynes with anhydride and imide chromophores

Entry | THPA /Imide Alkyne Time| Yield Products
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high stereoselectivity in favour of the exo-isomer. Obviously this is not a result of hydrogen bonding as this
would favour the endo-isomer and ultimately the lactone in the case of THPA. Furthermore, use of alkenyl
ethers, where hydrogen bonding would be impossible, does not significantly alter the exo/endo ratios. A
plausible explanation centres around the argument that photocycloaddition of THPA (or THPI) with an alkenol
forms an initial 1,4-biradical adduct which could exist as two conformers 17a and 17b. On the reaction
timescale it would be reasonable to expect that 17a and 17b would be interconvertible by free rotation prior to
ring closure to the cyclobutane. Electrostatic repulsion of the oxygen lone pairs in 17b would favour
equilibration to conformer 17a and hence formation of the major exo-isomer 18a. This is partially
substantiated by the fact that the [2+2] photocycloaddition between |-hexene and THPA (entry e, Table 1)
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adduct that would be formed with 1-hexene the butyl side chain does not suffer any electrostatic repulsion and
therefore the exo/endo ratio is governed by steric effects and tends towards unity as observed. Further
evidence of the stepwise nature of these cycloadditions, and the indermediacy of a 1,4-biradical, is also clearly
demonstrated in the reaction of THPA with (Z)-2-butene-1,4-diol (entry b, Table 1) in which the cis-

hydroxymethylene groups of the starting diol end up mutually trans in the product,
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EXPERIMENTAL SECTION: Photochemical reactions were carried out in a 100 mL pyrex immersion
well phototeactor. The reaction mixture was initially degassed by passage of oxygen free nitrogen through the
solution for 15 min and then irradiated under an atmosphere of nitrogen for the time stated. The UV source
oled, 125 W medium pressure mercury discharge
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Biass i s rod and removi ig i€ imercury lump from inside ny cuuing i€ two copper electrodes as close to the
screw thread as possible. These were then used as normal with a standard 125 W power supply obtained from
Photochemical Reactors Ltd, Reading. Lamps prepared in this way were inexpensive and, on average, had a
lifetime in excess of 200 h. NMR spectra were obtained in deuterochloroform (unless otherwise stated), with
chemical shifts measured down-field from TMS ('H) or referenced to the residual solvent resonance (13C)
using a Jeol EX 270 FT or a Bruker AC 300 spectrometer. Infrared spectra were recorded on a Perkin-Elmer
1720 X FT spectrometer using sodium chloride plates. Low resolution, electron impact mass spectra (Kratos
MS25) and elemental microanalyses (Carlo Erba EA 1108) were carried out at the University of East Anglia.

Hi nh resolution mass snectra were run at the University of Manchester on a Kratos Concent 1.8 incstrument
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Flash chromatography was carried out u either Matrex silica 60 (70-200 wm) or Merck silica 60 (40-63

um) eluting with the solvents stated. TIc analvses efnremand 2iola Cammlobh mnluoeaa® QT AATY
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plastic backed plates (0.25 mm layer of silica) and were visualised using UV (254 nm), alkaline potassium
manganate(VII) solution or acidic cerium(IV) sulfate solution. Melting points were obtained using a Kopfler
hot stage apparatus and are uncorrected. Acetonitrile was distilled from calcium hydride. Petroleum ether (PE)

refers to the fraction boiling between 40-60 C.

10-Hydroxymethyl-8-oxatricyclo[4.3.2.01,%]Jundecane-7,9-dione 2:

A solution of THPA 1 (1.0 g, 6.58 mmol) and allyl alcohol (0.57 g, 9.87 mmol) in acetonitrile (100 mL) was
irradiated for 2 h after which time all the THPA had been consumed. The solvent was removed under reduced
pressure to give a mixture of the title compound and 4a-carboxy-2-oxatricyclo{4.3.1]undecan-1-one 3 as a
white crystalline solid (1.38 g, ~100%). 1H NMR showed the ratio of 2/3 to be 5.7/1. Recrystallisation from

diethylether gave the pure title compound as a moisture sensitive colourless solid (1.11 g, 80%); (Found: C,
62.63; H, 679; C Q4 requires: C, 62.85; H, 6.71%); vmax/cm-! 3397 (OH), 1849 (C=0) and 1778

3 \
£ 3 ’
, unresolved ABX, -CH20H), 2.66-2.78 (lH m, cyclobutane CH), 2.32-

> oo~ —~ A . o caTw

2.43 ( iH, dd, J 8.3 Hz , J 12.1 Hz, 1H of cyclobutane CHj), 2.04-2.22 (2H, m), 1.79-1.96 (2H,m), 1.48-
1.77 (3H,m), 1.28-1.47 (1H, m), 0.98-1.21 (1H, m); 8C: 177.46 (Q), 175.98 (Q), 61.53 (CH,), 48.42 (Q),
44.15 (Q), 41.31 (CH), 28.56 (CH,), 27.50 (CH,), 20.98 (CH,), 20.61 (CH,), 20.01 (CH,). Evaporation of
the remaining mother liquors gave a mixture of 2/3 as a pale yellow viscous oil. Full experimental details for
the preparation of pure 3 by an alternative method can be found in Ref. 1.

IO-Hydroxyeth_yl—8-oxatricyclo[4.3.2.01’61undecane-7,9-dione'

irradiated for 7 h. The solvent was removed under reduced nressure and the residue onurifi hv flag

irradiated 1or / 1€ SOOIV W e €C preéssure ang ¢ residue purily Oy 11ash
Ahenmntageanhe: AN LN THOMWA ADDY tA viald nm incamarahla maivhiea Af titla anmmanind and 1_Aaws antaheden
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2-oxa-cyclobuta[1,2:1,4]dibenzene-5a-carboxylic acid as a colourless oil (1.25g, 85%) in tio of 4.25/1.
(Rg 0.16, 40% EtOAC/PE); MS: m/z 224 (M*, 13%), 206 (30%), 178 (17%), 153 (100%), 91

(49%). Concentration of the first few fractions gave semi-pure title compound: Vmax/cm-1 3407, 1852 and
1776; 8H: 0.85-2.89 (13H, m), 3.61 (2H, t, J 6.3Hz); 8C: 20.34 (CH,), 20.79 (CH,), 21.12 (CH,), 27.73
(CH,), 31.66 (CH,), 33.41 (CH,), 38.06 (CH), 44.35 (Q), 49.22 (Q), 59.98 (CH,), 175.18 (Q), 177.05
(Q). Concentration of the end fractions gave semi-pure 1-oxo-octahydro-2-oxa-cyclobuta{1,2:1,4]dibenzene-

5a-carboxylic acid; vmax/cm-! 1731; 6H: 0.85-2.89 (13H, m), 4.26 (1H, ddd, J 5.0Hz, J 7.3Hz, J 11.9Hz),
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452 (1 ddd 7 A43Hz JSOH7 J 11 2HZzY 8C- 1828 (CH Y 1876 (CH A 2629 (CH ) 20 A2 (CH )
O NAER3y WU, & TeJRiLy 7 JeSRALy VL A.LRR0)y UNes 1ULLU (Wil AU TV \(r1) )y LVl T \\.4112}, o T NI T \L—llz),
AN 1N (Y 2T LVT LT Y 21 QL (LI AL TE (O AQ VT /W L7 91 (LT Y 1718 &1 7YY 1770 WMy Fwy
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4-Hydroxymethyl-1-oxo-hexahydro-2-oxa-cyclopenta[1,4]cyclobuta[1,2]benzene-4a-

carboxylic acid 6:

A solution of THPA (1.0 g, 6.58 mmol) and 2-butene-1,4-diol (0.81 mL, 9.87 mmol) in acetonitrile (100 mL)
was irradiated for 4 h. Concentration under reduced pressure and washing with hot diethyl ether (3 x 20 mL)
afforded the pure title compound as a colourless solid (1.2 g, 87%); (R; 0.13, 40% EtOAc / PE); mp 183-
186°C; (Found: C, 59.84; H, 6.76. C,,H505 requires: C, 59.98; H, 6.72%); Vmax/cm-1 3359, 1757 and
1695; 8H (CD30OD): 1.35-1.48 (1H, m), 1.63-1.87 (6H, m), 2.00-2.09 (1H, m), 2.78-2.92 (2H, m), 3.64

(1H, dd, J 11.6Hz, J 7.3Hz), 3.72 (1H, dd, J 11.2Hz, J 6.9Hz), 4.23 (1H, dd, J 9.6Hz, J 1.0Hz), 4.27
(1 A4 FO&H> 7 1 &H») &C (COD-ONY: 22 06 (CHEH Y 2208 (CH Y 27 18 IPH Y 27700 (T Y 10 N4
Ui, GG, 4 J.01034, 4 J3.0514), UL (LU )0 446.VU0 \WTy ), £4.00 (X1, £1.09 (D), £7.9U LIy ), J57.40
(CH), 44.51 (CH), 47.78 (Q), 50.62 (Q), 61.26 (CH,), 71.51 (CHZ), 176.65 (Q), 182.64 (Q); MS: m/z 240
(M+, 14%), 222 (25%), 153 (13%), 125 (14%), 91 (15%), 74 (56%), 58 (100%), 45 (51%), 31 (75%).
4-Benzyloxymethyl-1-oxo-hexahydro-2-oxa-cyclopenta[1,4]cyclobuta[1,2]benzene-4a-

carboxylic acid:

A solution of THPA (1.0 g, 6.58 mmol) and (Z)-4-benzyloxy-2-butene-1-o0l (1.2 g, 6.58 mmol) in acetonitrile
(100 mL) was irradiated for 6 h. The solvent was removed under reduced pressure and the residue was stirred
in THF/water (30 mL/20 mL) for 18 h. The solvents were again removed under reduced pressure and the

residue subiected to flash chromatography (20-99% EtOAc/PE). Recrystallisation (EtQAc/PE) of the first
raction furnished the title comnonnd as a colourless solid (0.75 ¢, 35%); (R-0.32, 40% EtQAc/PE): mn 1

ir n furnished the tle compound as a colouness soud (V.75 g, 30%); (x4 U.32, U% BIUAC/PE); mp 10U
163°C; (Found: C, 68.88; H, 6.72. CyHyO5 requires: C, 69.06; H, 6. 72%) Vmax/cm-! 3000, 1756 and
1reva, Sxn, ~ 1T 1t 1YY — 1 f1 1 oN /LYY N 1N 1TY U} n‘ 1YY ¥ D NDYY__ "l""l’_\
10Y4; oIl 1 £3-1.91 ({11, m), 1.01-1.67 (0On, m), {:UD &, 14 (15K, Im), 6 \in, Uu, J J3.011Z, J 8.0I1Z),

3.02 (1H, ddd, J 6.9Hz, J 6.9Hz, J 6.9Hz), 3.54 (1H, dd, J 6.9Hz, J 9.9Hz), 3.63 (1H, dd, J 6.9Hz, J
9.9Hz), 4.16-4.25 (2H, m) ; 4.51 (2H, s), 7.27-7.39 (5H, m); 8C: 20.66 (CH,), 22.01 (CH,), 26.25 (CH,),
26.99 (CH;), 38.18 (CH), 40.63 (CH), 46.50 (Q), 49.49 (Q), 68.10 (CH,), 70.13 (CH;), 73.10 (CH,),
127.64 (2 x CH), 127.74 (CH), 128.44 (2 x CH), 137.91 (Q), 177.75 (Q), 179.87 (Q); MS: m/z 330 (M*,
2%), 206 (8%), 178 (8%), 154 (8%), 133 (8%), 91 (100%), 44 (39%). Further elution gave 1-
benzyloxymethyl-2-hydroxymethyl-2a,6a-dicarboxybicyclo[4.2.0.]oct-1-ene as a colourless solid (0.89g,

39%); (R; 0.10, 40% EtOAC/PE); mp 79-82°C; vpax/om-1 3200 and 1697; 8H: 1.37-2.04 (8H, m), 2.46-
MEE LT =Y 212290 (10T Y 2 A1 71K dd 7Q7M0» J QLI 289 (1T A4 F7QQLI, 7 & SH1-\ 1 £%5
L. DD (1X1, 1), D.1070.44 (111, 111}, J.91 111, U, J O.7114, J O./114}, J.J& \111y, UU, J O.711L, 4 J.JLLL)s IV
(iH, dd, J 10.9Hz, J 6.9Hz), 3.75 (iH, dd, J 10.6Hz, J 7.9Hz), 4.40 (iH, d, J 12.2Hz), 4.47 (iH, d, J

3794
11.5Hz), 7.24-7.40 (5H, m); 8C: 21.24 (CH,), 22.48 (CH,), 28.43 (CH,), 28.93 (CH;), 39.89 (CH),
45,33 (CH), 49.16 (Q), 52.38 (Q), 62.03 (CH,), 71.80 (CH,), 74.37 (CHy), 128.66 (CH), 128.78 (2 x
CH), 129.36 (2 x CH), 139.51 (Q), 177.64 (Q), 180.37 (Q); MS: m/z 330 ({M-18}*, 7%), 302 (8%), 232
(1%), 196 (4%), 153 (15%), 91 (100%).
3a-Hydroxymethyl-1-oxo-hexahydro-2-oxa-cyclopenta[1,4]cyclobuta[1,2]benzene-4a-
carboxylic acid 7:
A solution of 2-(hydrox -.cl.hyl)-z-propen~l-ol (0.89

solid, which was washed with u1t:u"1yi e

o~

(1.54 g, 97%); mp 160-162°C; (Found C, 59.85;
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Vmax/em-! (nujol) 3306 (br. OH), 1749 (C=0 lactone), 1695 (C=0 acid); dH (CD3G y: 427 (1H, d, J
9.2Hz), 4.14 (1H, d, J 9.2Hz), 4.01-3.92 (2H, dd, J 11.3, 14.0Hz), 2.66 (1H, d, J 12.5Hz), 1.89 (1H, d, J

12.5Hz), 1.78-1.49 (8H, m); 8C (CD30D): 183.1 (Q), 177.2 (Q), 75.9 (CH,), 64.2 (CHZ), 52.4 (Q), 47.3

(Q), 45.1 (Q), 38.0 (CH,), 34.2 (CH,), 30.7 (CH,), 25.9 (CH,), 21.9 (CH,); MS: m/z 222 (M+, 2.2%), 57

(100%).

10-Butyl-8-oxatricyclo[4.3.2.01’G]undecane-7,9-dione:

A solution of THPA (1.0 g, 6.58 mmol) and hex-1-ene (1.2 mL, 9.87
e a

irradiated for S h. The solvent was removed under reduced nre:

mol) in acetonitrile (100 mL) was

=

irr e and the residue w

tngranhy (1N0L RNA~DEN tn |un ﬂnn f;tlt_\ comnnnnd (i
[@LY) (&) IR

72t %

.16-2.62 (3H, m); dC ( a]or mastereomcr) i3. 84 (Lﬂ ), 20.38 (Chz), 20.

Q), 177.25 (Q), (Mmor dlastcreomer). 13.84 (CH3), 20.38 (CHz), 21.37 (CHZ), 22.46 (CHZ), 27.57 (CHZ),
28.12 (CH,), 28.99 (CH,), 31.75 (CH,), 36.66 (CH,), 37.23 (CH), 42.95 (Q), 49.58 (Q), 174.68 (Q),
175.54 (Q); MS: m/z 236 (M*, 8%), 208 (6%), 191 (8%), 164 (19%), 153 (100%), 135 (23%), 121 (51%) ,

.
Exg-10-Ethoxy-8-oxatricycle[4.3.2,01:6]undecane-7,9-dione
A solution of THPA (1.0 g, 6.58 mmol) and ethoxyethene (0.95 mL, in acetonitrile

£ by o W A ol

was irradiated for 6 h. The solveni was removed under reduced pressurc &
flash chromatography (5-10% EtOAc/PE) furnishing the title compound as a cream solid (0.16 g, 11%);
(R{=0.49, 20% EtOAc/PE); mp 87-92°C; (Found: C, 64.51; H, 7.20. C;,H¢04requires: C, 64.26; H,
7.20%); Vmax/cm-! 1847 and 1785; 8H: 0.96-1.11 (1H, m), 1.20 (3H, t, J 7.3Hz), 1.25-1.51 (2H, m), 1.71-
2.03 (2H, m), 2.15-2.22 (1H, m), 2.36 (1H, dd, J 8.6Hz, J 12.2Hz), 2.62 (1H, dd, J 7.3Hz, J 12.2Hz),
3.40 (2H, dq, J 1.7Hz, J 7.3Hz), 3.99 (1H, dd, J 7.3Hz, J 8.6Hz); 3C: 14.84 (CH,), 18.20 (CH,), 19.96
(CH,), 21.13 (CH,), 27.24 (CH,), 33.28 (CH,), 40.20 (Q), 53.57 (Q), 65.86 (CH,), 74.59 (CH), 174.06

(Q), 176.30 (Q); MS: m/z 196 ({M-28}*, 3%), 168 (19%), 150 (7%), 136 (13%), 122 (4%), 108 (5%), 95

LRI LV A0 127 ERRAY 0 L1 1Ll 20 LJ

(7%), 72 (100%) Further elution gave endo-10-ethoxy-8-oxatricyclo[4.3.2.01.6Jundecane-7,9-dione as a
1 o

L

yellow oil (1.1 g, 5%), (R 0.37, 20% EtQAc/PE); (Found: C, 64.03; H, 7.27. C;;H;¢04 requires: C, 64.26;
i 7.20%) Vmax/cm-! 1838 and 17 H: 1.19 (3H, t, J 6.9Hz), 1.20-1.35 (1H, m), 1.47-1.68 (4H, m),

i .
1.91-2.08 (2H, m), 2.16-2.25 (1H, m), 2.36 (1H, dd, J 5.6Hz, J 13.2Hz), 2.62 (1H, dd, J 7.6Hz, J
13.2Hz), 3.47 (1H, dq, J 6.9Hz, J 8.9Hz), 3.67 (1H, dq, J 6.9Hz, J 8.9Hz), 4.10 (1H, dd, J 5.6Hz, J
7.6Hz); 8C: 15.06 (CHj;), 20.86 (CH,), 20.92 (CH,), 27.35 (CH,), 27.49 (CH,), 37.63 (CH,), 40.47 (Q),
52.83 (Q), 65.55 (CH,), 74.45 (CH), 172.50 (Q), 175.58 (Q); MS: m/z 196 ({M - 28}*, 3%), 168 (20%),
153 (9%), 136 (8%) 122 (6%), 108 (4%), 95 (7%), 72 (100%).
Exo/endo-7-ethoxycarbonylbicyclo[4.2.0.]octane-1,6-dicarboxylic acid:

PRI T o
irradiated for 8 h.
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£7€ N LY ) cacieace £ KT TIE LT £ VG« Inma-1 7076 172€ 204 1701, 81I. 1 10 1 2€ /LY &+ ¥
0.75. UyangUg TEQUIICS. , J7.75; 11, O.71270); Vmax/CIM™" L7235, 1/3J &Rd 1/vUl, Or1l 1.17, 1.L0 o0, L, 4
7.1Hz), 1.39-2.31 (8H, m), 2.18-2.35 (1.4H, m), 2.48 (0.4H, dd, J 10.8Hz, J 8.6Hz), 3.11-3.28 (iH, m),

3.90-4.24 (3H, m); 8C: 13.89 (CH;), 14.27 (CHj), 19.73 (CH,), 20.25 (CH,), 20.51 (CHy), 20.79 (CH,),
26.22 (CH,), 26.63 (CHy), 27.33 (CH,), 28.52 (CH;), 33.55 (CH), 34.97 (CH), 37.56 (CH), 41.80 (CH),
44.31 (Q), 47.35 (Q), 50.12 (Q), 53.73 (Q), 60.67 (2 x CHy), 171.97 (Q), 172.06 (Q), 181.62 (Q), 181.67
(Q), 182.49 (Q), 183.27 (Q); MS: m/z 270 (M*, 2%), 252 (8%), 225 (15%), 207 (17%), 180 (78%), 152
(100%), 134 (39%), 107 (43%), 79 (47%).
Exo-7-hydroxymethylbicyclo[4.2.0]octane-1,6-dicarboximide 10a (R, R' = H):

A solution of THPI (8) (1.0 g, 6.62 mmol) and allyl alcohol (0.68 mL, 9.93 mmol) in acetonitrile (100 mL)
wac irradiated far 70 min ftnr which tha enlvent wac ramavad nndar radnced nreconre and tha racidna nurifiad
VY Qg it \-l-l ANJR FN\J ARARAX M3 TYARIVIL WIS W" ll‘, FY QO LWVILIV VLAS ULIUWL T UuiUNvAAS leoulv CGLIN UV LOUDOIU WA Pu‘ul‘du

by flash chromatography (50% EtOAc/PE). The first product eluted was the title compound as a colourless oil
which slowly solidified to a colouriess solid (1.07 g, 77%); (R 0.11, 509 cwn), mp (EtOAc) 113.5-
115 OC; (Found: C, 62.92; H, 7.12; N, 6.56. C11H15NO3 requires: C, 63.16; H, 7.18; N, 6.70%); Vaxfcm-
I (neat): 3458 (br. OH), 3229 (NH), 1768 and 1700 (CONHCO); §H: 9.30 (IH, s, br.,, NH), 3.83-3.52
(2H, m, CH20H), 2.72 (1H, br., OH), 2.61 (1H, m, CHCH20OH), 2.30 (1H, m), 2.10 (1H, m), 1.92 (1H,
m), 1.85-1.30 (7H, m); 8C: 183.56 (Q), 182.96 (Q), 62.36 (CHjy), 49.08 (Q), 44.17 (Q), 41.66 (CH),
28.59 (CHa), 27.91 (CHj), 20.83 (CHy), 20.34 (CH3), 20.29 (CHp); MS: m/z 209 M, 1.07%), 152

(100%). Further elution gave a colourless oil (O 17 g) which was shown by analysis to be a mixture of the title

nd the endo-isomer (10b; R, R' = H). Inte

<
-

\ tr] .
L=
C> g

chnwad tha tatal viald af tha t:tla famnonnd 112 5(QQ10L\ o 2 - N 11 o5 7007\

SHOWEG tiC 10tdl ¥iCiG O1 6 dul COMpOUNnG was 1.13 g161/0) aila ui€ erao -180Imci v.11 (070,
- AR B T A A MY a____ . AL B E 1) s » ) ray of mt T\

nxo--l-emoxyme y DICYCioj4.4.U|0CLane-1,0- dicarboximide 10a (R =UEtl, K = H)!

A solution of THPI (8) (1.0 g, 6.62 mmol) and 1-ethoxyprop-2-ene (1.12 mL, 9.93 mmol) in acetonitrile
(100 mL) was irradiated for 75 min after which the solvent was removed under reduced pressure and the
residue purified by flash chromatography (50% EtOAc/PE) to give the title compound as a colourless oil (0.94
g, 60%); (Rf 0.39, 50% EtOAC/PE); viax/cm-1 (neat): 3218 (NH), 1770 and 1704 (CONHCO); 8H: 9.71
(1H, br., NH), 3.61-3.44 (4H, m, CH3CH,OCH3), 2.70 (1H, m, CHCH7OEt), 2.35 (1H, dd, J 3.6Hz, J
8.6Hz), 2.06 (2H, m), 1.89-1.44 (7H, m), 1.19 (3H, t, J 6.9Hz, CH3); 8C: 183.6 (Q), 182.7 (Q), 69.65
(CH»j), 66.02 (CH»), 48.72 (Q), 44.19 (Q), 38.78 (CH), 29.20 (CH»2), 27.57 (CH3), 20.58 (CH3), 20.32

(CH»), 20.07 (CH3), 14.77 (CH3); MS: m/z 237 (M, 0.5%), 152 (100%); HRMS: m/z (CI, NH3) Found:
238. 14«!4, \.131‘119nu5 U.u + H* ) u:quuca 238.1443. Further elution gavc a colourless oil (0 50 g)v‘vhich
was shown by analysis to be a mixture of the title compound and the endo-isomer (ilib; R = OEt, R' = H).
Integration of the appropriate signals in the 1H NMR showed the total yield of the title compound was 1.28 g

(82%) and the endo -isomer 0.16 g (10%).

Exo-7-hydroxymethylbicyclo[4.2.0]octane-1,6-(N-methyl)dicarboximide 10a (R =H,R' = Me)
A solution of N-methyl-3,4,5,6-tetrahydrophthalimide (9) (1.0 g, 6.06 mmol) and allyl aicohol (0.62 mL,
9.09 mmol) in acetonitrile (100 mL) was irradiated for 4.5 h after which the solvent was removed under
reduced pressure and the residue purified by flash chromatography (50-80% EtOACc/PE) to give the title
compound as a colourless oil (0.86 g, 64%); (R¢ 0.11, 50% EtOAC/PE); Vmax/cm-! (neat): 3450 (OH), 1767
and 1698 (CON(CH3)COQ); 8H: 3.87-3.70 (2H, m, CH,OH), 3.39 (1H, br., OH), 3.07 (3H, s, NCH3)

QLW LVZU (W JLN\Maig airj, Uik, \&iiy 123y SoX2/N\F5R) NAddy Videy MRA)y TV \JAiy Oy AVNR23),

2.50 (1H, m, CHCH20H), 2.29 (1H, dd, J 3.6Hz, J 8.6Hz), 2.15-1.64 (7H, m), 1.49 (2H, m); 6C: 182.5

(Q), 182.0 (Q), 61.94 (CHy), 47.33 (Q), 42.62 (Q), 41.06 (CH), 28.74 (CHy), 27.68 (CH2), 24.89 (CHjy),
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AN A (CLIY M 19 (LI 10 Q1 (LT NG s/ 3072 /NA+ 2 NOLN 1(( nma‘_\. LIDNC. o/ (VY TU,\\
&US4 \(CX1D ), £V.10 \\oX1 ), 1771 \\ K1), IS /T £25 i’ , J.U /0, 10U \1VW A J, TINIVAD, VY \\ 1, IN[13)
Found: 224.1288, C1oH17NO3 (M + H) requires: 224.1287. Further elution gave a colouriess oil (0.18 g)

which was shown by analysis to be a mixture of the title compound and the endo isomer (10b; R=H,R' =
Me). Integration of the appropriate signals in the 'H NMR spectrum showed the total yield of the title
compound was 0.91 g (67%) and the endo -isomer 0.13 g (10%).
Exo-7-ethoxymethylbicyclo{4.2.0]octane-1,6-(N-methyl)dicarboximide 10a (R = OEt, R' =
Me): A solution of N-methyl-3,4,5,6-tetrahydrophthalimide (9) (0.84 g, 5.09 mmol) and 1-ethoxyprop-2-ene
(0.86 mL, 7.64 mmol) in acetonitrile (85 mL) was irradiated for 5.5 h after which the solvent was removed
under reduced pressure and the residue purified by flash chromatography ( (50% EtOAc/PE) to gwe the title
cernpeupd as a colourless oil (0.74 g, 58%); (Rf 0.49, 50% EtOAC/PE); Vax/cm-! (neat): 1770 and 1704
(CON(CH3)CO); 8H: 3.58-3.43 (4H, m), 51 m), 2.25 (1H, m), 2.11-1.99

~YTY 1 KL 7rEYY
{2H, m), 1.97-1.56 (5H, m), i.44 (2H, m),

(

W
e
~
w
jen
U)
Z
O
oL
M

OI O 74N\ 101t 1 £V L0 AN
181.8 (), 181.1 (Q), 69. 29

(CH3), 65.55 (CHp), 47.05 (Q), 42.52 (QQ), 38.49 (CH) 28.86 (CHz) 27.32 (CHp), 24.44 (CHj), 20.16
(CHby), 20.06 (CH3), 19.70 (CHp), 14.48 (CHj3); MS: m/z 251 (M, 0.82%), 166 (100%); HRMS: m/z (C],
NH3) Found: 252.1595, C14H21NO3 (M + Ht) requires: 252.1599. Further elution gave a colourless oil

(0.28 g) which was shown to be a mixture of the title compound and the endo isomer (10b; R = OEt, R' =

H,
0{:.

Me). Integration of the appropriate signals in the IH NMR spectrum showed the total yield of the title
compound to be (.88 g (69%) and the endo -isomer 0.14 g (11%).

6-Hydroxymethyl- 3.azahicvclo{3.2.0]he ptang-z.d-dinng;

)3 223 ena ¥y 8T = Femiaa2

Lh<
3?
3

_Z Cye
femalaimido (O § 1
1 HIOIUC \U.J J.1

i
~ 1.‘ P T T o o T v A A
was quuldwu r £ ﬂ lﬂC bUlVCIlI. was removed undacr reaucc

ine ciihiprtadd

esiduc was suujuwu to
flash chromatography (EtOAc) affording the title compound as an inseparable mixture of exo/endo isomers
(82/18) (0.57 g, 72%); (R¢ 0.27, EtOAc); (Found: C, 54.49; H, 5.91; N, 9.09. C7HoNOj3 requires: C, 54.19;
H, 5.81; N, 9.03%); Vmax/cm-! 3429(0OH), 3246 (NH), 1765 (C=0) and 1700 (C=0); 8H (d5DMSO0): 11.82
(1H, br, NH), 4.86 (0.82H, br. t, exo-OH), 4.58 ( 0.18H, br. t, endo-OH), 3.56- 3.41 (2H, exo/endo
-CH70H), 3.30-2.92 (2H, m, exo/endo cyclobutane CHs), 2.51-2.38 (1H, m, exo/endo cyclobutane CH),
2.32-1.80 (2H, m, exo/endo cyclobutane -CHa-); MS: m/z 155.1 (M*, 30.47%).
2-(3'-Hydroxy-1'-propenyl)-2,3,.4,5-tetrahydrophthalic anhydride 12:

erar’ PR A A Y bl Lol hd S el yudlv

A solution of THPA (3.0 g, 19.7 mmol) and propargyl alcohol (1 7 mL, 29.6 mmol) in acetonitrile (100 mL)

sAintad Fan £k Tha o~ e e

T Teraemt zxzno o s A Ane vadiinnd meaconiera mnAd flach ~rhen
was l 1dUldiCd 101 VIl 11 SO1vent was removea unac uce i
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residue (20-60% EtOAc/PE) afforded pure 2a,6a-anhydro-1-hydroxymethylbicyclof4.2.0joci-1-ene 1
yellow oil (2.8 g, 68%) which was identical to the same material reported in Ref 1. Further elution gave the
title compound 12 as a colourless solid (0.6 g, 15%); (Rg=0.17, 40% EtOAc/PE); mp 59-62°C; (Found: C,
63.06; H, 5.75. C,1H 20, requires: C, 63.44; H, 5.81%); vmax/cm-! 3430, 1854, 1776 and 1676; 6H: 1.60-
1.91 (3H, m), 2.15-2.20 (1H, m), 2.22-2.52 (2H, m), 4.21 (2H, d, J 3.0Hz), 5.71 (1H, dd, J 15.5Hz, J
3.6Hz), 5.78 (1H, d, J 15.8Hz), 7.15 (1H, t, J 3.6Hz); 8C: 16.33 (CH;), 25.21 (CH,), 27.24 (CH,), 50.03
(Q), 62.25 (CH,), 128.12 (CH), 128.35 (Q), 135.51 (CH), 142.10 (CH), 163.32 (Q), 171.88 (Q).
t

&
g:
o &
o

hromatography of the
Yo/ A Ean

"101 AN
1%); (R¢ 0.34, 40%

5885
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124N 1QAA 1779 1 1£2A4. SLT. 1 AA 1770 (ALY o 1 099 25 (ALY oo\ DAY LY &2 T LA T

Vmax/CmM™ OHIL, 1094, 1/ 74 ATl 1054, OIl1. 1.44-1./V \"411, 11}, L.J474.00 \S10, 111), £,92 (201, W, J V2014, 4
sATY ¥ s ATY ¥ A NATY N\ £ -~ 1vy ' 4 N I ¥al 1N AL MY T N\ 1M 41 LYY N\ N A N

ZUHZ), 3.80 <1, dit, 7 6.3 Z,J 4.UKZ), 0.21 (1, L, J THz )s 0L 1Y.20 (L ), 15.41 (LI,), £4.

(CH,), 25.11 (CH,), 31.32 (CH,), 51.05 (Q), 54.65 (Q), 58.96 (CH,), 134.91 (CH), 153.62 (Q), 172.42
(Q), 172.54 (Q); MS: m/z 222 M+, 1%), 192 (45%), 164 (20%), 150 (100%), 119 (64%), 91 (72%).
Further elution gave 2-(3'-hydroxy-1'-butenyl)-2,3,4,5-tetrahydrophthalic anhydride as a yellow oil (0.35 g,
12%); (Rg 0.20, 40% EtOAC/PE); vmax/cm-1 3388, 1854, 1775 and 1675; MS: m/z 222 (M*, 8%), 192

(30%), 178 (53%), 160 (76%), 147 (66%), 117 (52%), 91 (100%), 79 (59%).
10-Hydroxymethyl-11-methyl-8-oxatricyclo[4.3.2.01-6Jundec-10-ene-7,9-dione:

A solution of THPA (2.0 g, 13.2 mmol) and 2-butyn-1-ol (1.5 mL, 19.7 mmol) in acetonitrile (100 mL) was
irradiated for 6 h. The solvent was removed under reduced pressure and flash chromatography of the residue
(20-60% EtOAc/PE) afforded the title compoun a colourless solid (2.1 g, 72%); (R¢ 0.33, 40%

) V)

7%l a AN Ty L4 08 YT

EtOAC/PE); mp 66-70°C; (Found: C, 64.91; H, 6.32. C;pH,40, requires: C, 64.84; H, 6.35%); Vpax/cm!
3435, 1843 and 1760; 8H: 1.46-1.68 (4H, m), 1.83 (3H, t, J 1.2Hz), 1.86-2.09 (4H, m), 4.25 (2H, d, J
1.0Hz); &C 11.07 (CH,), 19.53 (CH,;), 19.59 (CH,), 23.49 (CH,), 24.28 (CH,), 52.00 (Q), 52.97 (Q),
56.73 (CH,), 144.18 (Q), 145.19 (Q), 172.09 (Q), 172.94 (Q); MS: m/z 222 (M*, 4%), 178 (10%), 150
(100%), 135 (31%), 122 (63%), 107 (43%), 91 (26%), 79 (23%).
10-(1-Hydroxyethyl)-8-oxatricyclo[4.3.2.016Jundec-10-ene-7,9-dione:

A solution of THPA (2.0 g, 13.2 mmol) and 3-butyn-2-ol (1.4 mL, 19.7 mmol) in acetonitrile (100 mL) was
A cid

readiatad for A The enlvent wae ramaved under reduced nrecanre and flach chraomatooranhvu af the mecidus
ILIAVUIAWMALR EUE 77 k. R IR% ODUEYWILIL VWA EVIIIUVU VWU UIWWIE Lwvuuwvww l.ll\./aoulv SALA RACATAL WAALUJLRA “Dvél“yl‘} WA WAW RWAOIAN WU
AN ON TrAMA DI OVl by 1280 i snmniisad Fan a sntwrtizin AL Alactnesanimnawco)l no n 2rallace, A1 71 7 ~ £O07N
(LU-oU70 CUUJALUNL) TOIUCU UIC LIUC CULLTIPDUUIIU \dd d ITUALULIC U] U1IAICICUILLICID ) dd> d YULIVUW ULl L./ ¥, JO/0),
MY N AN Tla s A TN, ST LA AN IT £ 2L N IT Ny . Y LA OATT £ 207\ 2 [ |
{R¢ 0.33, 40% EtGAC/PE); (Found: C, 64.42; H, 6.36. C;oH,40, requires: C, 64.84; H, 6.35%); Vmax/cm

3430, 1847 and 1775; 8H: 1.36 (1.5H, d, J 6.6Hz), 1.38 (1.5H, d, J 6.6Hz), 1.40-1.74 (4H, m), 1.81-2.18

(5H, m), 4.40-4.48 (1H, m), 6.26-6.27 (1H, m); 3C: 18.76 (CH,), 19.01 (CH,), 19.08 (CH,), 19.17
(CH,), 20.68 (CH,), 20.81 (CH,), 24.65 (CHy), 24.71 (CH,), 24.96 (CH;), 25.00 (CH,), 50.75 (Q), 50.85
(Q), 54.21 (Q), 54.36 (Q), 64.47 (CH), 64.76 (CH), 132.72 (CH), 132.97 (CH), 157.61 (Q), 157.77 (Q),
172.02 (Q), 172.11 (Q), 172.11 (Q), 172.22(Q); MS: m/z 222 (M*, 1%), 194 (3%), 178 (19%), 149 (42%),
135 (56%), 122 (100%), 107 (69%), 91 (38%), 79 (73%). Further elution gave 2-(3'-hydroxy-1'-butenyl)-
2,3,4 5-tetrahydrophthalic anhydride (as a mixture of diastercomers) as a yellow oil (0.46 g, 16%); (R¢ 0.22,

40% EtOAC/PE); Vmax/cm-! 3415, 1850, 1778 and 1674; 8H: 1.26 (1.5H, d, J 6.6Hz), 1.27 (1.5H, d, J

£ LYT N 1 EN 1 ON MIT Y ANE N EY FTATT v A2 A A1 71T .\ £ £ MELI 31 TANLI. 7T 1€ LI\
0.011Z), 1.JU-1.%U (O, M), £.UD-4.04 (411, M), 4.34-4.41 (in, i), J3.0< (v.on, 44, v 2.UnZ, J 1J.011Z),
- A /N YT NYT T I EXX_\N =M Yy 1 b 4 oYY\ " 14 r1YT T Y LIT.N\, S 1L MA 7TF N\
2. (V.o URZ, J 10.012Z), J./4 a, J 1D.611Z), /.14 (1N, 1, J 2.0z}, OL: i10.44 (L1, ),

)
)
>

. i
8 (CH,), 27.22 (CH,), 49.85 (Q), 67.56 (CHy), 67.60 (CH,), 127.01 (CH), 128.21 (Q©),
128.25 (Q), 140.27 (CH), 140.36 (CH), 142.24 (CH), 142.28 (CH), 163.36 (Q), 172.02 (Q); MS: m/z 220
({M-2}*, 1%), 178 (1%), 163 (2%), 149 2%), 134 (100%), 117 (9%), 105 (8%), 91 (17%), 719 (10%).
10-Hydroxymethyl-11-trimethylsilyl-8-oxatricyclo[4.3.2.016Jundec-10-ene-7,9-dione:
A solution of THPA (1.2 g, 7.89 mmol) and 3-trimethylsilyl-2-butyn-1-0l (1.5 g, 11.8 mmol) in acetonitrile

=
3
&
s
vl

iated for 3 h. The solvent was removed under reduced pressure and the residue was

\ =R RS ._-‘I L2 =52 %2 4l

subiected to flash chromatogranhy (10-20% EtQACc/PE) affording the title compound as a vellow oil (1.5 g,
Al WA VW B JAGEOER WA \Jlll“w& ullll} WAV &V /U AT L ANV A A LAV S b CAINS WE VAN W N Drv" e BT e J r

§89%): (R 0.40, 409% EBEtQAc/PE): (Found: C, 5964: H 7 223 C..H..0.81 reamirec: C. 50 QR H 7 2009\

VO /U J, \l\t VT, TTU /0 SSNITAN L L jy (A UWIIU. oy J70UTy L3y ek W [JrAFNTGUI8 AW BILWOS . Sy S el Uy BRy T U

vmax/cm-1 3539, 1845, 1773, 1615 and 846; 8H: 0.20 (9H, s), 1.45-1.76 (4H, m), 1.88-2.23 (4H, m), 4.30

(2H, 8); 8C: 1.00 (3 x CH3), 19.18 (CHy), 19.45 (CHjy), 24.50 (CH;), 25.76 (CH,), 52.66 (Q), 55.06 (Q),
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59.05 (CH,), 154.16 (Q), 162.38 (Q), 172.76 (Q), 172.83 (Q); MS: m/z 265 ({M-CH3}*, 39%) 208
(47%), 193 (37%), 164 (13%) 134 (29%), 117 (16%), 91 (12%), 73 (100%)

10-Butyl-8-oxatricyclo[4.3.2.01:]undec-10-ene-7,9-dione:

A solution of THPA (1.0 g, 6.58 mmol) and 1-hexyne (1.1 mL, 9.87 mmol) in acetonitrile (100 mL) was
irradiated for 3 h. The solvent was removed under reduced pressure and the residue subjected to flash
chromatography (5% EtOAC/PE) affording the title compound as a yellow solid (1.1 g, 71%); (R¢ 0.61, 20%
EtOAc/PE); (Found: C, 72.05; H, 7.69. C,,H;30; requires: C, 71.76; H, 7.75%); Vmax/cm-1 1844, 1773 and
1635; 8H: 0.91 (3H, t, J 6.9Hz), 1.30-1.70 (8H, m), 1.90-2.15 (6H, m), 6.07 (1H, t, J 1.6Hz); 8C: 13.66
(CH3), 19.45 (CH,), 19.54 (CH,), 22.32 (CH,), 24.12 (CH,), 25.25 (CH,), 27.39 (CH,), 27.68 (CH,),

50.68 (Q) 54.56 (Q), 132.72 (CH), 156.95 (Q), 172.06 (Q), 172.81 (Q); MS: m/z 234 (M*, 1%) , 190 (6%)

, 162 (100%) , 133 (21%) , 91 (40%). Further elution gave 2-(1'-hexenyl)-2,3,4,5-tetrahydrophthalic
anhydride as a colouriess oil (0.11 g, 7%); (Rf 0.51, 20% EtOAc/PE); (Found: C, 71.56; H, 7.65. CjxH,504
requires: C, 71.76; H, 7.75%); Vmax/cm-1 1856, 1780 and 1676; 8H: 0.88 (3H, t, J iz), 1.20-1 (7TH

m), 2.00-2.20 (3H, m), 2.20-2.50 (2H, m), 5.44 (1H, d, J 15.5Hz), 5.55 (1H, dt, J 15.5Hz, J 6.3Hz), 7
(1H, t, J 3.6Hz); 8C: 13.77 (CHa), 16.26 (CH,), 22.09 (CH,), 25.12 (CH,), 27.26 (CH,), 30.86 (CHZ),
31.88 (CH,), 50.19 (Q) ,127.48 (CH), 128.72 (Q), 137.41 (CH), 141.35 (CH), 163.53 (Q), 172.22 (Q);
MS: m/z 190 ({(M—44}+, 17%), 162 (15%), 134 (100%), 119 (14%), 105 (21%), 91 (40%).
10,11-Bis(hydroxymethyl)-8-oxatricyclo[4.3.2.01, 6]undec 10-ene-7,9-dione:

residue (20-99% EtOAclPE) afforded the tltle compound as a colourless solid
mp 109-112°C; (Found: C, 60.41; H, 5.94. C,,H,40s requires: C, 60.48; H, 5.9357 ¥; Vmax
and 1765; 8H: 1.49-1.68 (4H, m), 1.93-2.12 (4H, m), 4.28 (4H, s); 6C: 20.08 (CH,), 24.74 (CH,), 53.40
(Q), 57.16 (CH,), 147.33 (Q), 173.53 (Q); MS: m/z 220 ({M-H,01}*, 13%), 192 (25%), 166 (27%), 148
(66%), 120 (94%), 105 (53%), 91 (100%), 79 (45%). Further elution gave 3-carboxy-8-(2'-hydroxyethyl)-2-
0x0-5,6,7 9-tetrahydro- 1-oxa-2a-spirobicyclodecatriene as a colourless solid (0.13 g, 8%); (R¢ 0.19, EtOAc),
mp 145-151°C; Vmax/cm-1 3342, 1747 and 1703; 6H: 1.51-1.91 (4H, m), 2.30-2.38 (2H, m), 4.07 2H, d, J

6.3Hz), 5.01-5.16 (2H, m), 5.34 (1H, t, J 2.3Hz, J 5.9Hz), 7.39 (1H, dd, J 3.3Hz, J 4.6Hz); 8C: 16.96

(CH,), 25.91 (CH,), 34.05 (CH,), 49.22 (Q), 59.49 (CH,), 70.19 (CH,), 123.64 (CH), 130.94 (Q), 142.03
(Q), 145.87 (CH), 168.33 (Q), 182.71 (Q); MS: m/z 220 ({M-H,0}*, 4%), 192 (3%), 148 (5%), 120 (5%),
105 (6%), 84 (100%), 49 (715%).

9-Hydroxymethyl-7-oxatricyclo[3.3.2.0!;5]dec-9-ene-6,8-dione 16:

A solution of 1-cyclopentene-1,2-dicarboxylic anhydride (1.0 g, 7.24 mmol) and propargyl alcohol (0.63 mL,
10.9 mmol) in acetonitrile (100 mL) was irradiated for 6 h. The solvent was removed under reduced pressure
and flash chromatography of the residue (20-40% EtOAc/PE) afforded the title compound as a colourless solid
(1.1 g, 78%); (R¢ 0.25, 40% EtOAC/PE); mp 96-100°C; Found: C, 61.56; H, 5.08. CyoH 00, requires: C,
61.84; H, 5.19%; Vmax/cm-! 3316, 1851, 1789 and 1646; 6H: 1.72-2.26 (7H, m), 4.28 (2H, d, J 1.7Hz),
6.28 (1H, t, J 1.7Hz); 8C: 24.62 (CH;), 25.18 (CH,), 28.32 (CH,), 58.40 (CH,), 60.99 (Q), 63.81 (Q),
130.35 (CH), 150.67 (Q), 169.70 (Q), 170.01 (Q); MS: m/z 194 (M*, 1%), 150 (34%), 122 (51%), 107

(28%), 94 (100%), 79 (25%).
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1y ymeth c [4.2. ne-1, ximi
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mL) was irradiated for 2 h, after which time all the THPI had been consumed (tlc control). The lamp was
switched off and the solvent removed under reduced pressure to Icave an oily solid (1.37 g). This was
subjected to flash chromatography (60% EtOAc/PE) and two components were eluted. The first was the title
compound as a colourless solid (0.74 g, 58%); (R 0.18, 50% EtOAc/PE); mp (EtOAc) 137-139 °C; (Found:
C, 63.61; H, 6.28; N, 6.74. C11H13NO3 requires: C, 63.77; H, 6.28; N, 6.76%); Vmax/cm-1 (DCM thin
film): 3419 (br. OH), 3192 (NH), 1764 and 1700 (CONHCO); 8H (CDCI3/d6DMS0): 10.77 (1H, br. NH),
6.18 (1H, t, J 1.8Hz), 4.89 (1H, t, J 5.6Hz, OH), 3.99 (2H, m), 1.91-1.82 (4H, m), 1.59-1.51 (2H, m),
1.50-1.37 (2H, m); &6C: 179.5 (Q), 178.3 (Q), 155.2 (Q), 132.0 (CH), 57.07 (CH), 54.30 (Q), 51.36 (Q),
Q

24 SR (CHAY 2?2710 (CHs)Y 1021 (i 2 1910 ¢ ~)- s mle 207 (M1 100%Y 208 (12 6EY 1§82
T U \NeRA ]y wde iV \WEBLJy ATk \NAAL )y LS, U \N-237 ), IVAS. W& &7 \IVA 4, LUV D), LU0 \1J.UNj, 1J4&
FONCEY Euaretbhae alictinm affacvdad tha 1 & ahotrantionn mandicat ao a nalaalana A1 /M 10 5 1A MD_N 123 &NA.
\77/0)., ruluKci Giuuuvil TUIUCU UG 1,07dUSUdULIVIL PLOUUULL dad a LULVULITYD W.17 g, 190}, \IKf V.13, X
. A FTAEYL
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6-Hydroxymethyl-3-azabicyclo[3.2.0]hept-6-ene-2,4-dione:

A solution of maleimide (0.5 g, 5.15 mmol) and propargy! alcohol (0.45 mL,, 7.73 mmaol) in acetonitrile (100
mL) was irradiated for 1 h. The solvent was removed under reduced pressure and flash chromatography of the
residue (EtOAc) afforded the title compound as a colourless solid (0.63 g, 79%); mp 106-108°C (EtOAc);
(Found: C, 54.91; H, 4.45; N, 9.01. C7H7NO3 requires: C, 54.90; H, 4.61 ; N, 9.15%); Vmax/cm-! 3418
(OH), 3256 (NH), 1762 (C=0) and 1717 (C=0); dH (d6DM°.O) 10.86 (1H, br.;, NH), 6.21 (1H, s, vinyl),

.02 (1H, br, OH), 3.95 (2H, br., CH20H), 3.66 (lH, d, J 3.0Hz, cyclobutene CH), 3.56 (1H, br,

nlr\l\ 1tana I gl" 174 Q
19.0

ou TS AS /N 182 20 /Y 109Q NA (I &7 QK (LI AQ §A ((MUI\ AL
Lyuiv CUEHC i), i 1.9 7

OJ (Y 152.89 \Js La7.Uar (Ui, J/1.70 \L11d), 40.04 (L11), 4.
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