Journal of

Photochdemistry

PhotoT)iology

A:Chemistry

ELSEVIER Journal of Photochemistry and Photobiology A: Chemistry 133 (2000) 135-146
www.elsevier.nl/locate/jphotochem

Intramoleculaiortho andmetaphotocycloadditions of 4-phenoxybut-1-enes
substituted in the arene residue with carbomethoxy, carbomethoxymethyl, and
2-carbomethoxyethyl groups

Kristof VizvarditP, Suzanne Toppét Georges J. HoornaértDenis De Keukeleirg Péter Baké,

Erik Van der EyckefR*

a Department of Organic Chemical Technology, Technical University of Budapest, P.O. Box 91, H-1521 Budapest, Hungary
b Laboratory for Organic Synthesis, Department of Chemistry, K.U. Leuven, Celestijnenlaan 200F, B-3001 Heverlee, Belgium
¢ Faculty of Pharmaceutical Sciences, University of Gent, Harelbekestraat 72, B-9000 Gent, Belgium

Received 16 November 1999; received in revised form 19 January 2000; accepted 20 January 2000

Abstract

On irradiation of 4-phenoxybut-1-enes substituted with a carbomethoxy group in the arene, oamtththeompoundl led to no-
table ortho photocycloaddition, while thenetaregioisomer2 furnishedmetaand ortho photocycloadducts albeit in low yield, and the
para-substituted compound resulted only in intractable polymers. On irradiation of the carboxymethyl- and 2-carboxyethyl homo-
logues4-9, the photoreactivity altered dramatically. The highest yieldmefaphotocycloadducts were observed on irradiation of the
ortho-substituted compoundsand7. Due to steric hindrance, only one of the two possible regioisoh@end 19, respectively, was
formed. Thametasubstituted compoundsand8 gave significant amounts afetaphotocycloadducts as mixtures of regioisonmE3s 16
and 14417, respectively. The intramoleculanetaphotocycloaddition was directed exclusively to tHgg2positions of the arene and
only 1,5-bridged dihydrosemibullvalenes were formed. On irradiation obttie- and para-substituted compoundsand?, and6 and
9, respectively, considerable amounts of reaction products derived from onitied photocycloaddition were detected. © 2000 Elsevier
Science S.A. All rights reserved.
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1. Introduction The intramoleculametaphotocycloaddition of 4-pheno-
xybut-1-enes is directed by the alkoxy tether to the arene
Arene-alkene bichromophores such as 4-phenylbut-1-enes?’,6 -positions as a result of maximized stabilization by the
and 4-phenoxybut-1-enes|)( undergo intramolecular  alkoxy group of the positive charge developing at position
meta and ortho photocycloadditions on UV-irradiation 1’ in the photoexcited benzene ring on approach of the
[1-6] (Scheme 1)Meta photocycloadductsl, having a addends [9-11]. However, the presence of’anthoxy
2-oxatetracyclo[5.4.03%.0°1Jundec-9-ene structure with ~ group inhibits themetaprocess, and onlprtho photocy-
5 contiguous asymmetric centers, are fairly stable under cloaddition is observed [11rtho photocycloadductdll
the irradiation conditions and they can be readily isolated. with a 2-oxatricyclo[5.4.0.b°]undeca-8,10-diene struc-
This intriguing one-step photochemical reaction, accompa- ture usually undergo further transformations in situ lead-
nied by a dramatic increase in molecular complexity, has ing to 2-oxatricyclo[7.2.0.6°Jundeca-7,10-diene¥ and
attracted considerable interest for its potential as a conve-4-oxatricyclo[7.2.0.8 "Jundeca-2,10-dienesvl. A reac-
nient and versatile key step in the synthesis of complex tion cascade initiated by disrotatory ring opening of
polycyclic molecules [7,8]. cyclohexa-1,3-dieneidl leads to isomeric dienes andVI
via photoinduced (22)-electrocyclization of conjugated
cycloocta-1,3,5-trienely/ [12,13].
"+ Corresponding author. Telt32-16-32-74-06; fax:32-16-32-79-90. It has been advocated that the photoreactivity of
E-mail addresserik.vandereycken@chem.kuleuven.ac.be (E. Van der Ey- 4-Phenoxybut-1-enes is strongly influenced by the presence
cken) and the position of electron-withdrawing substituents on the
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Scheme 1.

arene moiety [14]. A cyano group in thé 2r 4-positions (25) and to the corresponding dimethyl acetal when the
promotesortho photocycloaddition leading predominantly reaction was carried out in methanol (Table 2). The
to formation of compounds of the typ¥l, while the para-substituted isomer3 only led to polymeric de-
3-cyano isomer reacts inefficiently. It was, furthermore, composition. A comparison of the photoreactivity of
observed that only the’2somer in the carbomethoxy se- carbomethoxy-substituted 4-phenoxybut-1-enes with the
ries underwentortho photocycloaddition. Since we wish cyano analogues studied by Al-Qaradawi, Cosstick, and
to exploit the carbomethoxy group as a versatile handle Gilbert [14] shows that only for thpara compounds differ-
for enantioselective photocycloadditions and in view of the ences are apparent. Indeed, 4-(4-cyanophenoxy)but-1-ene
results reported by Gilbert et al. for 4-phenoxybut-1-enes clearly furnished a photostable isomer of the tyge
containing electron-withdrawing aromatic substituents [14], (Scheme 1). As noted previously for the cyano analogue
we were interested in delineating the photoreactivity of ho- [14], it is surprising that 4-(3-carbomethoxy)phenoxybut-1-
mologues, in which the carbomethoxy and arene residuesene @) does not undergo efficient intramoleculareta
are separated by one or two methylene groups. In the photocycloaddition as thé€,B'-directing effect of the alkoxy
present paper, we present full details of our study. group should be reinforced by an electron-withdrawing

substituent irmetaposition.

Carbomethoxymethyl and 2-carbomethoxyethyl groups

2 Results and discussion were attached at the-, m- and p-positio_ns of the aromatic

ring (compounds4—6 and 7-9, respectively) (Scheme 2).

Irradiations were performed in various solvents at 300 nm
within the main absorption band of the arenes. Initially,

we repeated the irradiation of the carbomethoxy-substituted X o\/\/1
compounds1-3 (Scheme 2), originally carried out by | 2
the group of Prof. Gilbert at Reading, UK, [14] and //

achieved essentially the same results. We could isolate

small amounts ofmeta photocycloadductsl?2 and 15
(Table 1) on irradiation of themetasubstituted com-

pound 2, together withortho-derived photocycloadducts 1:R=0-COMe 6 : R = p-CH,CO:Me
22 (Table 2) and28 (Table 3). However, unreacted start- 2 :R=m-COMe 7: Rjo-(CHz)z(é(é)zl\fde
ing material was largely recovered [14]. We confirmed 3:R=p-COMe giﬁ:m-(gglb)zco ZM:
that the ortho-substituted compoundl. underwent ex- 4 :R=0-CH,CO-Me : R=p-(CH2).CO;

5 : R=m-CH,CO,Me

clusively ortho photocycloaddition to the photostable
9-carbomethoxy-4-oxatricyclo[7.2.G:6lundeca-2,10-diene Scheme 2.
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Table 1
Meta photocycloadducts

R® R’

R® o

R1O

n R%=(CH,), CO:Me, RE=(CH,),CO;Me, R0=(CH,),CO;Me, R'=(CHy)ycO:Me,
R8=RI0=R"=H RO=R=R’=H RE=R°=R’=H RE=R°=R!=H

0 - 12 (6, 3, 1) 15(2, 1, 0) -
1 10 (12, 10, 13) 13 (12, 16, 14) 16 (12, 16, 14) 18 (46, 48, 14)
2 11 (19, 15, 25) 14 (17, 19, 19) 17 (14, 15, 13) 19 (26, 23, 29)

2Numbers in parentheses are for isolated yields (%) for photoreactions in cyclohexane, acetonitrile, and methanol, respectively.

; ; ; Table 3
As_e_xpecr:ed frgrr:j eleCtr.OHI”C clon3|ﬁleratlons, the phc?ltore Oxatricyclo[7.2.0.6:°Jundeca-7,10-dienes derived from ortho
act|V|ty Change ramatical y. In a casapetaas we photocycloadducts

as ortho photocycloadducts were formed. Intramolecular

metaphotocycloaddition of the ethene occurred exclusively

at the 2,6'-positions of the arene [9], while, furthermore

only 1,5-bridged dihydrosemibullvalenes were formed, as |

generally observed for molecules with a tether consisting

of three linearly linked atoms [15]. R
As the para-substituted compound8 and 9 possess a

plain of symmetry, regiodifferentiation is obsolete thereby n R%=(CH),COMe R’=H R’=(CH),COMe R'%=H

resulting inmetaphotocycloadduct&0 and11, respectively 0 28 (6, 4, 3) _

(Table 1). In contrast, the presence of a substituent at the1 29(7, 7, 4) 30(0, 0, 3)

2'-position of the arene (compoundsand?) leads to two 2 - 31(6,9,0)

possible orientations for approach of the ethene to the aro-  anumbers in parentheses are for isolated yields (%) of the photore-

matic ring (Fig. 1). Obviously, steric interactions arising actions in cyclohexane, acetonitrile, and methanol, respectively.

from the carbomethoxyalkyl side chain dictate a preferred

orientation in the precursor conformer and, in each case, only The cleanliness of the reaction mixtures suffered from

onemetaphotocycloadduct]8 and 19, respectively (Table  cascade reactions of the initially formeaitho photocy-

1), was formed in reasonable yields. For thetasubstituted cloadducts [12,13], and we were able to isolate and identify

compounds and8, steric influences should be minor and, stable photoadducts of typ&sandVI (Scheme 1). Irradia-

as a result, the photocycloaddition proceeded from both tion of theortho-substituted compourtiafforded26 (Table

conformations with similar efficiency, affordint3+16 and 2) and30 (Table 3), while compound led to a mixture of

R’

l F

H

14417, respectively, albeit in low yields (Table 1). 27 (Table 2) and31 (Table 3). For themetasubstituteds,
Table 2
4-Oxatricyclo[7.2.0.87]undeca-2,10-dienes derived froomtho photocycloadducts
R11 R1
|0
10 l
R R® H
n R1=(CH,),CO;Me RL=(CHy),CO;Me R%=(CH,),CO,Me R°=(CH,),COMe
R1:R9:R10:H R9:R10:R11:H R1:R9:R11:H R1:R10:R11:H
0 - 22(4,3,2) - 25 (36, 42, 31; 26)
1 20 (10, 2, 0; &) - - 26 (15, 28, 0; 8)
2 21 (19, 9, 0; 19) 23 (2, 4, 2) 24 (6, 3, 0) 27(18,7,5; %)

@Numbers in parentheses are for isolated yields (%) for photoreactions in cyclohexane, acetonitrile, and methanol, respectively.
b Photocycloadduct isolated as the corresponding methyl acetal on irradiation in methanol.
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Rayonet Photochemical Reactor, type RS, Southern New
England Ultraviolet, Middletown, CT, USA) were carried
out in 0.2% w/v carefully degassed {Mand ultrasonica-
tion) solutions of the substituted 4-phenoxybut-1-enes in
cyclohexane, acetonitrile or methanol (p.a. solvents from
Labscan, Dublin, Ireland, Acros, Geel, Belgium, and Bio-
solve, Valkenswaard, The Netherlands, respectively). The
Fig. 1. R=(CH;),COOMe (=1 or 2). irradiations were monitored by TLC (Merck, Darmstadt,
Germany; silica gel 60 F-254) using varying ratios of
) hexane and ethyl acetate as the eluent. Separations and
traces of29 (Table 3) were detected, while f8 only very  jifications of the photocycloadducts were achieved by
small amounts o?.3anq24(TabIe 2) were found. On |rrad|— column chromatography using 70-230 mesh silica gel
ation of thepara-substituted compoundSandQ, formation (Merck) and by preparative HPLC (hexanelethyl acetate)
of 20 and21 (Table 2), respectively, was apparent. using a Waters apparatus equipped with a Waters 600E
We could not discern dramatic solvent effects on gystem controller and a Waters 410 RI detector instrument,
the photoreactions studied, with only a few exceptions and fitted with a Bio-Sil D90-10, 25010 mm column
(e.g. decreased yield 018 in methanol). For the car- (BioRad Laboratories, Nazareth, BelgiuriHNMR (400

bomethoxymethyl as well as for 2-carbomethoxyethyl 4,4 250 MHZ) spectra were recorded using a Bruker AMX
derivatives, varyingmeta and ortho-photocycloadducts 400 instrument and a Bruker WM 250 instrument at@5

were formed depending on the substitution site. Further- i, tetramethylsilane as internal referend8C NMR
more, results are fairly comparable for both homologous (100 MHz) spectra were obtained on a Bruker AMX 400
series. Only_theortho-supstltuted compoundd and 7 instrument operating at 100 MHz at @5 with the sol-
gave good yields of a singleneta photocycloadduct re-  yent as internal referencd. values are indicated in Hz.
sulting from steric hindrance in the respective transition go. R spectra, a Perkin—Elmer 1600 Series FTIR spec-
states. This selectivity was observed in a previous study yrophotometer was used. Mass spectra (chemical ionization:
for 4-(2-methylphenoxy)but-1-ene [11]. From a synthetic ethane) were obtained using a Hewlett—Packard 5989A
viewpoint, irradiation of themetasubstituted compounds MS. UV spectra were recorded on a Perkin—Elmer Lambda

and8 was less interesting, since mixtures of two isomeric >q yy_y|s spectrophotometer. Methyl 3-hydroxybenzoate
meta photocycloadducts and of cascade reaction products g methyl 3-(4-hydroxyphenyl)propanoate were pur-

derived frqm ortho photocycloadQucts were found. The  nhased from Sigma-Aldrich (Bornem, Belgium); methyl
para-substituted substrat&and9 yleldgd one smg.leneta 2-hydroxybenzoate, methyl 4-hydroxybenzoate, 2-hydroxy-
photocyc_loaddugt, next tg aartho-derived phot0|somer_, phenylacetic acid, and 3-hydroxyphenylacetic acid were
however in low yields. While 4-phenoxybut-1-enes carrying purchased from Acros; methyl 4-hydroxyphenyl acetate,

a methyl group in the benzene ring showed marked chemo-g_coumaric acid andr-coumaric acid were purchased from
and regioselectivity, i.e. formation of ,B-meta photocy- Fluka (Bornem, Belgium).

cloadducts [11], the carbomethoxyalkyl compounds gave

both ortho and meta photocycloadditions. Moreover, the

efficiencies were much lower than for the methyl deriva- 3 2 Photosubstrates

tives, thus indicating a rather significant perturbing influ-

ence of the carbomethoxy group, even when present at the  ppgtosubstrated—9 were synthesized by reaction of

B-position of the alkyl side chain. - but-3-en-1-ol and the appropriately substituted phenol

In all cases, the intramoleculanetaphotocycloaddition (methyl 4-hydroxybenzoate, methyl 3-hydroxybenzoate,

occurred regioselectively at the&-positions of the arene to methyl 2-hydroxybenzoate, methyl 4-hydroxyphenyl ac-

afford exclusively 1,5-bridged dihydrosemibullvalenes. This etate, methyl 3-hydroxyphenyl acetate, methyl 2-hydroxy-

selectivity, as noted in particular for trertho-compounds phenyl acetate, methyl 3-(4-hydroxyphenyl)propanoate,

4 and7, offers promising prospects for further work, aimed methyl 3-(3-hydroxyphenyl)propanoate and methyl 3-(2-

at using quified ester§ for applications in enantioselective hydroxyphenyl)propanoate, respectively) according to the

photochemical synthesis. procedure of Mitsunobu [16]. General protocol: the cor-
responding phenol (8 mmol) and but-3-en-1-ol (636 mg,
8.8 mmol) were added to a solution of triphenylphosphine

3. Experimental details (2.938g, 11.2 mmol) in dry THF (40 ml). The solution was
cooled to OC, diethyl azodicarboxylate (2ml, 12.6 mmol)
3.1. Photochemical and analytical methods was added dropwise, and stirring was continued at room

temperature for 6 h. The reaction was monitored by TLC
Preparative irradiations (8h; ca. 80% substrate con- (hexane:ethyl acetate 80:20). After completion, the reaction
version) using low pressure mercury arc lamps (300 nm, mixture was added to water (240 ml) and extracted with
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diethyl ether. The organic phase was washed with brine,
dried over MgSQ, and evaporated under reduced pressure.

139

1H, 3Jrans=17.1, 2J=1.6, *J=1.4, CHCH;r4;), 5.11
(dm, 1H, 3J.;;=10.3, CHCH,;,), 4.06 (t, 2H,37=6.8,

Column chromatography of the residue on silica gel using OCHy), 3.88 (s, 3H, OCH), 2.56 (qt, 2H,3/=6.7 and
varying ratios of hexane:ethylacetate as eluent gave the6.8,4/=1.4, OCHCH,):; 23C NMR (100 MHz, CDC}) &

desired photosubstrate.

3.2.1. 4-(2-Carbomethoxy)phenoxybut-1-efie (
Purification was carried out by column chromatography
with hexane:ethyl acetate 95:5 on silica gel. Yield: 52%;
pale yellow oil; UV, Amax (cyclohexane, nm): 232, 237, 292;
IR, vmax (NaCl, cnt1): 3077, 2949, 1728, 1643, 16014
NMR (400 MHz, CDC}) § (ppm): 7.77 (dd, 1H3J3 4=7.6,
4J35=1.8, ArH-3), 7.43 (td, 1H3J5 6=2J5 4=8,%4J53=1.8,
ArH-5), 6.93—-7.00 (m, 2H, ArH-4 and ArH-6), 5.94 (ddt, 1H,
3T trans=17.1, 37 .;s=10.3,3J=6.7, CH=CH,), 5.18 (dq,
1H, 3Jrans=17.1,2J=1.6, 4*J=1.4, CH-CH;,4s), 5.11
(dm, 1H, 3J.,=10.3, CH-CH.;,), 4.08 (t, 2H,3J/=6.8,
OCH,), 3.88 (s, 3H, OCH), 2.59 (qt, 2H,2J/=6.7 and 6.8,
4J=1.4, OCHCH,); 13C NMR (100 MHz, CDC}) § (ppm):
166.9 (COO0), 158.3 (ArC), 134.H=CHy), 133.3 (ArC),
131.6 (ArC), 120.7 (ArC), 120.3 (ArC), 117.1 (Gi&H,),
113.4 (ArC), 68.4 (OCHi), 51.9 (OCH), 33.7 (OCHCH>);
MS, m/z 207 [Mt+1] (100), 175 (11), 165 (3); HRMS:
exact mass for GH1403: 206.0943; found: 206.0947.

3.2.2. 4-(3-Carbomethoxy)phenoxybut-1-e2e (

Purification was carried out by column chromatography
with hexane:ethyl acetate 97:3 on silica gel. Yield: 62%;
colorless oil; UV, Amax (cyclohexane, nm): 231, 294; IR,
vmax (NaCl, cnml): 3078, 2950, 1724, 1642*H NMR
(400 MHz, CDCh) 8 (ppm): 7.62 (dt; 1H,3J45=7.7,
4J46=1.0, 4 42=1.5, ArH-4), 7.56 (dd, 1H*J,6=2.6,
4J24=15, ArH-2), 7.33 (t, 1H,3J54=7.7, 3J56=8.2,
ArH-5), 7.09 (ddd, 1H2Js5=8.2,%J52=2.6,%J64=1.0,
ArH-6), 5.91 (ddt, 1H3J,4,s=17.1,%7 .;s=10.3,%7=6.7,
CH=CH,), 5.18 (dq, 1H.3J runs=17.1,%2J=1.6,%J=1.4,
CH=CH;rans), 5.11 (dm, 1H,3J.,=10.3, CHCH,;),
4.06 (t, 2H,3J=6.8, OCH), 3.91 (s, 3H, OCH), 2.56
(qt, 2H, 3J=6.7 and 6.8,4/=1.4, OCHCH,); 13C
NMR (100 MHz, CDCj) § (ppm): 167.0 (COO), 158.9
(ArC), 134.2 CH=CHy), 131.4 (ArC), 129.3 (ArC), 122.0
(ArC), 120.0 (ArC), 117.1 (CHCH,), 114.8 (ArC), 67.4
(OCHp), 52.1 (OCH), 33.5 (OCHCHy); MS, m/z 207
[MT+41](100), 175 (10), 165 (11); HRMS: exact mass for
C12H1403: 206.0943; found: 206.0944.

3.2.3. 4-(4-Carbomethoxy)phenoxybut-1-edje (
Purification was carried out by column chromatogra-
phy with hexane:ethyl acetate 97:3 on silica gel. Yield:
82%; colorless oil; UV, Amax (cyclohexane, nm): 254;
IR, vmax (NaCl, cnT1): 3078, 2983, 2950, 2879, 1718,
1607; 'H NMR (400 MHz, CDCk) & (ppm): 7.98 (dd,
2H, 3J=7.0,%J=2.1, ArH-3 and ArH-5), 6.90 (dd, 2H,
3J=7.0, 4J=2.1, ArH-2 and ArH-6), 5.90 (ddt, 1H,
3T trans=17.1,3%J .;s=10.3,3J=6.7, CH=CHy), 5.18 (dq,

(ppm): 166.8 (COO), 162.7 (ArC), 134.CI=CHy), 131.5
(2 ArC), 122.6 (ArC), 117.3 (CHCH,), 114.1 (2 ArC),
67.3 (OCH), 51.8 (OCH), 33.4 (OCHCH,); MS, m/z
207 [M*+1](100), 175 (11), 165 (6); HRMS: exact mass
for C1oH1403: 206.0943; found: 206.0950.

3.2.4. 4-(2-Carbomethoxymethyl)phenoxybut-1-efe (

Purification was carried out by column chromatography
with hexane:ethyl acetate 95:5 on silica gel. Yield: 58%;
pale yellow oil; UV, Amax (cyclohexane, nm): 228, 273,
279; IR, vmax (NaCl, cntl): 3074, 2983, 2948, 2869,
1741, 1642,1600'H NMR (400 MHz, CDC%) § (ppm):
7.22 (t, 1H,3J54=7.8, %J56=8.2, ArH-5), 7.17 (d, 1H,
8J34=7.4, ArH-3), 6.90 (t, 1H,3743=7.4, 3J45=7.8,
ArH-4), 6.85 (d, 1H,3J55=8.2, ArH-6), 5.89 (ddt, 1H,
37 trans=17.1,37J .;s=10.3,3J=6.7, CH=CHy), 5.15 (dq,
1H, 3/, ans=17.1,2J=1.6, *J=1.4, CHCH,,4,;), 5.09
(dm, 1H, 8J.;=10.3, CHCH.), 4.01 (t, 2H,37=6.8,
OCH,), 3.67 (s, 3H, OCH), 3.63 (s, 2H, CHCOO),
2.51 (qt, 2H,%J=6.7 and 6.8,°J=1.4, OCHCH>); 13C
NMR (100 MHz, CDC}) § (ppm): 172.3 (COO), 156.8
(ArC), 134.5 CH=CH,), 130.8 (ArC), 128.5 (ArC), 123.3
(ArC), 120.5 (ArC), 116.9 (CHCHy), 111.3 (ArC), ), 67.3
(OCHp), 51.8 (OCH), 35.9 (CHCOO), 33.7 (OCHCH,);
MS, m/z 221 [M*+1](90), 189 (100), 179 (10), 161 (26),
135 (28); HRMS: exact mass fori6H1603: 220.1099;
found: 220.1095.

3.2.5. 4-(3-Carbomethoxymethyl)phenoxybut-1-éne (
Purification was carried out by column chromatography
with hexane:ethyl acetate 90:10 on silica gel. Yield: 61%;
colorless oil; UV,Amax (cyclohexane, nm): 229, 274, 281,
IR, vmax (NaCl, cnT1): 3076, 2950, 2879, 1740, 1642,
1602; 'H NMR (400 MHz, CDC}) § (ppm): 7.22 (t, 1H,
8J5.4=3J56=7.8, ArH-5), 6.78-6.88 (m, 3H, ArH-2, ArH-4
and ArH-6), 5.90 (ddt, 1H3J4ns=17.1, 3J.s=10.3,
3J=6.7, GH=CH,), 5.16 (dq, 1H,2J ;yans=17.1,%J=1.6,
4J=1.4, CH=CHrans), 5.10 (dm, 1H, 3J.,=10.3,
CH=CH,;,), 4.01 (t, 2H,3J=6.8, OCH), 3.69 (s, 3H,
OCHg), 3.59 (s, 2H, CHCOO), 2.53 (qt, 2H3J=6.7 and
6.8, *J=1.4, OCHCH,); *C NMR (100 MHz, CDC})
8 (ppm): 171.9 (COO), 159.1 (ArC), 135.4 (ArC), 134.4
(CH=CHy), 129.5 (ArC), 121.6 (ArC), 117.0 (CKCH)),
115.6 (ArC), 113.2 (ArC), 67.2 (OC#), 52.0 (OCH), 41.2
(CHCOO0), 33.6 (OCHCHy); MS, m/z 221 [M*+1](41),
189 (22), 179 (21), 161 (100); HRMS: exact mass for
C13H1603: 220.1099; found: 220.1103.

3.2.6. 4-(4-Carbomethoxymethyl)phenoxybut-1-éye (
Purification was carried out by column chromatography
with hexane:ethyl acetate 90:10 on silica gel. Yield: 76%;
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pale yellow oil; UV, Amax (cyclohexane, nm): 231, 277,
284; IR,vmax (NaCl, cnmt): 3075, 2950, 1739, 1641, 1613,
1584, 1513;'H NMR (400 MHz, CDC§) § (ppm): 7.18
(dd, 2H,37=6.6, 4J=2.1, ArH-3 and ArH-5), 6.85 (dd,
2H, 3J=6.6,4J=2.1, ArH-2 and ArH-6), 5.89 (ddt, 1H,
3T trans=17.1,37 .;s=10.3,3J=6.7, CH=CH,), 5.16 (dq,
1H, 3J,,ans=17.1,2J=1.6, *J=1.4, CHCH,,4,;), 5.10
(dm, 1H, %J.,=10.3, CH-CH,;,), 4.00 (t, 2H,3J/=6.8,
OCH,), 3.68 (s, 3H, OCH), 3.56 (s, 2H, CHCOO), 2.53
(qt, 2H,3J7=6.7 and 6.8J=1.4, OCHCH,); 13C NMR
(100 MHz, CDC§) § (ppm): 172.3 (COO), 158.1 (ArC),
134.4 CH=CH,), 130.3 (ArC), 130.2 (2 ArC), 126.1, 117.0
(CH=CH,), 114.7 (2 ArC), 67.3 (OCH), 51.9 (OCH), 40.3
(CH2C00), 33.6 (OCHCH,); MS, m/z 221 [M*+1](63),
189 (19), 179 (36), 161 (100); HRMS: exact mass for
C13H1603: 220.1099; found: 220.1099.

3.2.7. 4-[2-(2-Carbomethoxy)ethyl)]phenoxybut-1-efe (
Purification was carried out by column chromatography
with hexane:ethyl acetate 90:10 on silica gel. Yield: 60%;
colorless oil; UV,Amax (cyclohexane, nm): 230, 273, 280;
IR, vmax (NaCl, cm‘l): 3076, 3053, 2949, 2869, 1739, 1642,
1601;*H NMR (400 MHz, CDC}) § (ppm): 7.12—7.20 (m,
2H, ArH-3 and ArH-5), 6.86 (td, 1H3J/43=3745=7.4,
4J46=1, ArH-4), 6.82 (dd, 1H,3Js5=8, *Jg4=1,
ArH-6), 5.91 (ddt, 1H3J,4ns=17.1,37;s=10.3,37=6.7,
CH=CHy), 5.16 (dq, 1H 23/ 4ns=17.1,27=1.6,4J=1.4,
CH=CH,,an;), 5.10 (dm, 1H3J;,=10.3, CHCH,;,), 4.02
(t, 2H, 3J=6.8, OCH), 3.66 (s, 3H, OCH), 2.93 (t, 2H,
3J=8, CH,CH,COO), 2.61 (t, 2H2J=8 CH,CH,COO),
2.55 (qt, 2H,%J=6.7 and 6.8,°J=1.4, OCHCH>); 13C
NMR (100 MHz, CDC}) § (ppm): 173.2 (COO), 159.0
(ArC), 142.0 (ArC), 134.4CH=CH,), 129.4 (ArC), 120.6
(ArC), 116.9 (CH-CH,), 114.7 (ArC), 112.2 (ArC), 67.1
(OCHp), 51.5 (OCH), 35.6 (CHCOO0), 33.6 (OCHCH>),
30.9 CH2CH,COO); MS, m/z 235 [Mt+1](47), 203
(100), 193 (8), 189 (6), 161 (13), 149 (40); HRMS: exact
mass for G4H1803: 234.1256; found: 234.1258.

3.2.8. 4-[3-(2-Carbomethoxy)ethyl)]phenoxybut-1-e8e (
Purification was carried out by column chromatogra-
phy with hexane:ethyl acetate 90:10 on silica gel. Yield:
70%; pale yellow oil; UV,Amax (cyclohexane, nm): 230,
272, 278; IR,vmax (NaCl, cn1): 3074, 2946, 2874, 1739,
1642, 1597;'H NMR (400 MHz, CDCk) § (ppm): 7.18
(tm, 1H, 3J54=3J56=7.6, ArH-5), 6.70-6.80 (m, 3H,
ArH), 5.90 (ddt, 1H,3J;4ns=17.1,3J.;;,=10.3,%3J=6.7,
CH=CHy), 5.16 (dq, 1H 3/ ;4ns=17.1,27=1.6,4J=1.4,
CH=CH,an;), 5.10 (dm, 1H3J;;=10.3, CHCH,;,), 4.00
(t, 2H, 3J=6.8, OCH), 3.66 (s, 3H, OCH), 2.91 (t, 2H,
3J=8, CH,CH»CO00), 2.62 (t, 2H3J=8, CH,CH,COO0),
2.53 (qt, 2H,%J=6.7 and 6.8,°/=1.4, OCHCH,); 13C
NMR (100 MHz, CDC}) § (ppm): 173.8 (COO), 156.7
(ArC), 134.6 CH=CHy,), 130.0 (ArC), 129.0 (ArC), 127.5
(ArC), 120.4 (ArC), 117.0 (CHCH,), 111.0 (ArC), 67.0
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(OCHy), 51.4 (OCH), 34.0 (CHCOO), 33.8 (OCHCH?y),
26.2 CH,CH,COO); MS, m/z 235 [M*+1](36), 203
(100), 193 (13), 189 (6), 161 (13), 149 (8); HRMS: exact
mass for G4H1803: 234.1256; found: 234.1262.

3.2.9. 4-[4-(2-Carbomethoxy)ethyl)]phenoxybut-1-efle (

Purification was carried out by column chromatography
with hexane:ethyl acetate 95:5 on silica gel. Yield: 50%;
colorless oil; UV,Amax (cyclohexane, nm): 233, 278, 284;
IR, vmax (NaCl, cnt?): 3075, 2949, 2860, 1739, 1642,
1613;H NMR (400 MHz, CDC}) § (ppm): 7.09 (d, 2H,
37=8.6, ArH-3 and ArH-5), 6.82 (d, 2H,J=8.6, ArH-2 and
ArH-6), 5.90 (ddt, 1H3J4ns=17.1,3J ;,=10.3,3J=6.7,
CH=CHy), 5.16 (dq, 1H23J 1ans=17.1,2J=1.6,47=1.4,
CH=CH;4ns), 5.10 (dm, 1H2J.;;=10.3, CH-CH,;,), 3.99
(t, 2H, 3J=6.8, OCH), 3.66 (s, 3H, OCH), 2.89 (t, 2H,
3J=8, CH,CH,COO0), 2.59 (t, 2H2J=8, CH,CH,COO0),
2.52 (qt, 2H,%J=6.7 and 6.8J=1.4, OCHCH,); 13C
NMR (100 MHz, CDC}) § (ppm): 173.4 (COO), 157.4
(ArC), 134.5 CH=CHy), 132.6 (ArC), 129.2 (2 ArC), 116.9
(CH=CHy5), 114.6 (2 ArC), 67.3 (OCH), 51.5 (OCH), 36.0
(CH2COO0), 33.7 (OCHCHy), 30.1 CH2CH,COO); MS,
m/z 235 [M++1](66), 203 (74), 193 (32), 189 (19), 161
(100); HRMS: exact mass forigH1803: 234.1256; found:
234.1259.

Methyl 2-(3-hydroxyphenyl)acetate, methyl 2-(2-hydro-
xyphenyl)acetate, methyl 3-(3-hydroxyphenyl)propanoate,
and methyl 3-(2-hydroxyphenyl)propanoate were ob-
tained by esterification of the corresponding saturated
or unsaturated acids, followed by catalytic hydrogena-
tion of the double bond when unsaturated acids were
used. General protocol: the carboxylic acid (2mmol)
(3-hydroxyphenylacetic acid, 2-hydroxyphenylacetic acid,
m-coumaric acid, and-coumaric acid, respectively) was
dissolved in 2,2-dimethoxypropane (25 ml) and HCI (36%,
2ml) was added. The mixture was stirred overnight at
room temperature. After completion, the reacton mixture
was added to saturatecb®Os solution and extracted with
dietyl ether. The combined organic phases were washed
with brine, dried over MgS@ and concentrated under
reduced pressure. Column chromatography on silica gel
(hexane:ethyl acetate 80:20) gave the desired methyl ester.

3.2.10. Methyl 2-(2-hydroxyphenyl)acetate

Purification was carried out by column chromatography
with hexane:ethyl acetate 80:20 on silica gel. Yield: 99%;
pale yellow crystals; UMimax (Mmethanol, nm): 275, 214; IR,
vmax (KBr, cm~1): 3426, 3031.6, 2964, 2363, 2334, 1722,
1598;*H NMR (250 MHz, CDC}) § (ppm): 7.38 (s, broad,
1H, OH), 7.20 (t, 1H3J5 4=3J56=7.8, ArH-5), 7.11 (d, 1H,
8J34=7.3, ArH-3), 6.83-6.98 (m, 2H, ArH-4 and ArH-6),
3.75 (s, 3H, OCH), 6.60 (s, 2H, CHCOO); MS,m/z 167
[M*41](100), 135 (54), 107 (15); HRMS: exact mass for
CoH1003: 166.0630; found: 166.0639.
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3.2.11. Methyl 2-(3-hydroxyphenyl)acetate 181 [M*+1](100), 149 (96); exact mass fory§H120z3:
Purification was carried out by column chromatography 180.0786; found: 180.0793.

with hexane:ethyl acetate 80:20 on silica gel. Yield: 90%;

yellow oil; UV, Amax (methanol, nm): 275, 216; IRimax 3.2.15. Methyl 3-(3-hydroxyphenyl)propanoate

(NaCl, cnt?): 3408, 3030, 2955, 2848, 2732, 2604, 1718,  Ppuyrification was carried out by flash column chromatogra-

1596; *H NMR (250 MHz, CDC}) § (ppm): 7.17 (t, 1H,  phy with ethyl acetate on silica gel. Yield: 91%:; yellow oil;

3J5,4=3J56=7.8, ArH-5), 6.69-6.88 (M, 3H, ArH), 5.60 (S, UV, Amax (Methanol, nm): 274, 216; IRymax (KBr, cm~1):

broad, OH), 3.72 (s, 3H, OGH), 3.60 (s, 2H, CHCOO); 3410, 2950, 1734, 1594H NMR (250 MHz, CDC}) §

MS, m/z 167 [M*+1](100), 135 (46), 107 (33); HRMS:  (ppm): 7.14 (t, 1H3J5 4=3J56=8, ArH-5), 6.65-6.80 (m,

exact mass for gH1003: 166.0630; found: 166.0622. 3H, ArH), 5.85 (s, broad, 1H, OH), 3.68 (s, 3H, OgH
2.90 (t, 2H,3J=8, CHp), 2.63 (t, 2H,3J=8, CHp); MS,
3.2.12. Methyl o-coumarate m/z 181 [M*+1](13), 149 (100); exact mass for§H1203:

Purification was carried out by column chromatogra- 180.0786; found: 180.0779.
phy with hexane:ethyl acetate 80:20 on silica gel. Yield:
82%; pale yellow crystals; UVinmax (methanol, nm): 3.3. Photoreaction products
328, 275, 224, 214; IRymax (KBr, cm‘l): 3386, 1693,
1626;'H NMR (250 MHz, CDC}) § (ppm): 8.05 (d, 1H,  3.3.1. Meta photocycloadducts
3J=16, GH=CHCOO), 7.47 (dd, 1H3J3 4=7.5,4J35=1.6, 3.3.1.1. 9-Carbomethoxymethyl-2-oxatetracyclo[5.4:8.0
ArH-3), 7.25 (td, 1H3J5 4=3J5 6=7.8,%J5 3=1.6, ArH-5), 0>Mjundec-9-ene 10). IR, vmax (NaCl, cntl): 2925,
6.83-6.98 (m, 2H, ArH-4 and ArH-6), 6.75 (s, broad, 1736, 1636;'H NMR (400MHz, CDCh) § (ppm):
1H, OH), 6.65 (d, 1H,2/=16, CH-CHCOO), 3.84 (S,  5.41-5.45 (m, 1H}1011=2.8, J10.cH,=1.3x2, H-10), 4.10
3H, OCHy); MS, m/z 179 [M*+1](100), 147 (28), 137  (ddd, 1H, Jzexa3end=10.7, Jzexaexo="7-9, Jzexasends=0.7,
(12); HRMS: exact mass for 1gH1003: 178.0630; found: H-3ex0), 4.04 (ddd, 1HJzendo3exo=10.7,Jzendosex=10.7,

178.0625. Jnendosendo=4.9, H-3endo), 3.68 (s, 3H, OGH 3.18
(td, 1H, Jg7=7.5, Jos=1.9, Js10=15, H-8), 3.15 (dd,
3.2.13. Methyl m-coumarate 2H, Jch,10=1.3x2, ChHp), 2.69-2.74 (m, 1H, H-5),

Purification was carried out by column chromatogra- 2.55-2.58 (m, 1H, H-11), 1.97 (ddddd, 1¥exq4ends=13.2,
phy with hexane:ethyl acetate 80:20 on silica gel. Yield: Jaexadende=11.5, Jaexazexc=7.9, Jaexa5=3.3, Jaexa6end=
81%; white crystals; UV,Amax (methanol, nm): 315, 1.4, H-4exo), 1.78 (ddd, 1Hlgexq6ends=13.4,Jsexa7=6.4,
279, 234, 214; IRymax (KBr, cm~1): 3333, 1689, 1637, Jsexa11=2.5, H-6€x0), 1.45 (ddd, 1Hy7 8=7.5,37,6exc=6.4,
1593; 'H NMR (250 MHz, CDCk) § (ppm): 7.65 (d,  J7.6ende=2.5, H-7), 1.43-1.53 (M, 2HJsendozends=4.9,
1H, 3J=16, CH=CHCOO), 7.24 (t, 1H3J54=3J56=7.5,  Jaendos=2.6, Jaendosexs=0.7, H-4endo and H-6endo)’C
ArH-5), 7.07 (m, 1H, ArH-4), 7.05 (s, broad, 1H, OH), NMR (100MHz, CDC) é (ppm): 171.3 (COO), 134.0
6.92 (m, 1H, ArH-6), 6.66 (s, 1H, ArH-2), 6.41 (d, 1H, (C-9), 127.2 (C-10), 88.8 (C-1), 69.6 (C-3), 58.8 (C-5),
8J=16, CH=CHCOO), 3.83 (s, 3H, OCk); MS, m/z 179 53.7 (C-11), 51.8 (OCh), 49.1 (C-8), 36.8 (Ch), 32.5
[M++41](100), 147 (17), 137 (5); exact mass fofg8l100s: (C-6), 27.1 (C-4), 25.1 (C-7); MSn/z 221 [M*+1](100),
178.0630; found: 178.0632. 203 (11), 189 (15), 177 (12), 161 (13); HRMS: exact mass

General protocol for catalytic hydrogenation (syn- for CizsHieOz: 220.1099; found: 220.1105.
thesis of methyl 3-(3-hydroxyphenyl)propanoate and
methyl 3-(2-hydroxyphenyl)propanoate). The coumarate 333 5 g.(2-Carbomethoxyethyl)-2-oxatetracyclo[5.4.0.
(9.6 mmol) was dissolved in me_thanol (20 mI_), Pd/C (10.%, 0-8.05undec-9-enell). IR, vmax(NaCl, cnil): 2918,

50 mg) was added, and the mixture was §t|rred overnight 1739: IH NMR (400 MHz, CDCh) § (ppm): 5.22-5.25
u.nder hydrpgen atmosphere. After completion, the Suspen-im 1, J1011=2.5, Ji08=1.5, Jig.cr,=1.4, H-10), 4.09
sion was filtered on Celite, concentrated, and flash chro- (ddd, 1H,Jsexaends=10.7, Jaexaexc=8.0, Jaexasende=0.9,

matographed on silica gel (ethyl acetate) resulting in the H-3exo), 4.02 (ddd, 1HJzendosexc=11.7, Jzendozexo=10.7,

desired methyl 3-(2 or 3-hydroxyphenyl)propanoate. Jsendodends=4-9, H-3endo), 3.67 (s, 3H, OGH 3.06 (ddd,
1H, Jg7=7.4, Jg5=1.8, Jg 10=1.5, H-8), 2.65-2.69 (m,
3.2.14. Methyl 3-(2-hydroxyphenyl)propanoate 1H, H-5), 2.51-2.54 (m, 1H, H-11), 2.40-2.50 (m, 4H, 2

Purification was carried out by flash column chromatog- CHpy), 1.96 (ddddd, 1HJ4exq4ende=13.6, Jaexazende=11.7,
raphy with ethyl acetate on silica gel. Yield: 97%; slightly  Jaexq3exc=8.0, Jaexa5=3.4, Jaexa6ende=1.4, H-4exo), 1.75
pink oil; UV, Amax (methanol, nm): 274, 214; IRymax (ddd, 1H, Jsexaeendi=13.7, Jeexa7=6.6, Jsexa11=2.5,
(KBr, cm™1): 3406, 2952, 2364, 1714, 159*H NMR H-6ex0), 1.46 (M, 1HJ4endodexo =13.6, Jaendozends=4-9,
(250 MHz, CDC}) 8 (ppm): 7.04—7.18 (m, 3H, 2ArH and  Jsendo3exc=0.9, J4endg5=2.6, H-4endo), 1.38-1.45 (m,
OH), 6.81-6.93 (m, 2H, ArH), 3.68 (s, 3H, OGH 2.92 2H, Jsendosexa=13.7, J7.8=7.4, J7.6exc=6.6, Jsendo7=2.5,
(t, 2H, 3J=7, CHp), 2.71 (t, 2H,3J=7, CHp); MS, m/z Jsendodexo=1.4, H-6endo and H-7)}3C NMR (100 MHz,
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CDClg) § (ppm): 173.5 (COO), 140.6 (C-9), 123.2 (C-10),
88.5 (C-1), 69.5 (C-3), 58.6 (C-5), 53.5 (C-11), 51.5
(OCHg), 49.0 (C-8), 32.5 (2ChH), 26.4 (C-6), 27.1 (C-4),
25.0 (C-7); MS,m/z 235 [M++1](100), 217 (12), 203
(10), 191 (17), 161 (15); HRMS: exact mass fauB150s3:
234.1256; found: 234.1256.

3.3.1.3. 8-Carbomethoxy-2-oxatetracyclo[5.43¢ @>11]-
undec-9-enel2). IR, vmax(NaCl, cnrl): 2954, 17191H
NMR (400 MHz, CDC}) 8 (ppm): 5.90 (d, 1HJg 10=6.2,
H-9), 5.66 (dd, 1H,J=6.2, 2.6, H-10), 4.20 (m, 1H,
H-3exo), 4.16 (m, 1HJ3exq3endo:10-81J3endo4ex0=10-81
Jzendodends=4.7, H-3endo), 3.76 (s, 3H, OGH 2.68-2.73
(m, 2H, H-5 and H-11), 2.31 (dd, 1HJ7.6ex0=6.5,
J7.6endo=2.5, H-7), 1.97-2.08 (m, 1H, H-4exo), 1.86 (ddd,
1H, JGexq6endo:14-1y \]6exq7=6-5a \]Gequl=2-7' H-GGXO),
1.58-1.66 (m, 1H, H-6endo), 1.49-1.57 (m, 1H, H-4endo);
MS, m/z 207 [M*t+1](100), 191 (39), 175 (78), 163
(10); HRMS: exact mass for 1gH1403: 206.0943; found:
206.0948.

3.3.1.4. 8-Carbomethoxymethyl-2-oxatetracyclo[5.4:8.0
0>Mundec-9-ene 13). IR, vmax (NaCl, cnt1): 2921,
1741, IH NMR (400MHz, CDC}g) 8 (ppm): 5.70 (d,
1H, Jg.10=6.2, H-9), 5.63 (dd, 1HJ109=6.2, J10,11=2.6,
H-10), 4.12 (ddd, 1H,J3exq3ende=10.8, Jzexasexa=7-8,
Jzexasende=0.5, H-3exo), 4.02 (ddd, 1Hlzendgaexo=11.7,
Jzendo3exc=10.8, Jzendosends=5.0, H-3endo), 3.70 (s, 3H,
OCHg), 2.83 (d, 1H, Jch,, cHyp=15.7, ChH), 2.78 (d,
1H, JcH,, cHyp=15.7, Ch), 2.67-2.71 (m, 1H, H-5),
2.60-2.63 (m, 1H, H-11), 1.98 (ddddd, 1Hexq4end=13.6,
J4exq:<")endo::|-:|--7y ~]4exq3exo=7-8a J4exq5=3-31 J4exq6endo:
1.5, H-4exo0), 1.79 (ddd, 1Hlgexq6ende=13.6,J6exa7=6.4,
Jeexa11=2.6, H-6ex0), 1.48-1.55 (M, 1Hgendosexo=13.6,
Jeendo7=2.6, Jeendodexa=1.5, H-6endo), 1.44-1.52 (dddd,
1H, J4endo4e><o=1‘?>-6' J4end03end0:5-0, J4endc)5:2-7y
J4endoSexo=0-5y H-4endo), 1.31 (dd, 1H,J7,63XO=6.4,
J7.6ende=2.6, H-7);23C NMR (100 MHz, CDC}) 5§ (ppm):
172.2 (COO), 130.8 (C-10), 129.6 (C-9), 90.2 (C-1), 69.8
(C-3), 59.4 (C-5), 54.2 (C-8), 52.5 (C-11), 51.7 (OgH
35.0 (Ch), 32.6 (C-6), 31.3 (C-7), 27.6 (C-4); M®/z
221 [M++1](100), 203 (10), 189 (10), 161 (13); HRMS:
exact mass for GH1603: 220.1099; found: 220.1092.

3.3.1.5. 8-(2-Carbomethoxyethyl)-2-oxatetracyclo[5.4.0.
018.0°>1undec-9-ene 14). UV, Aimax (methanol, nm):
202; IR, vmax (NaCl, cntl): 2920, 1738;'H NMR
(400 MHz, CDCk) § (ppm): 5.62 (dd, 1H,J1009=6.2,
J1011=2.6, H-10), 5.55 (d, 1H,J910=6.2, H-9), 4.10
(ddd' 1H'J3exq3end0:10-8,JSexq4ex0=7-81 -]3exq4endo:O-5y
H-3exo), 401 (ddd, 1|'U3endo4ex0=11-7yJ3endo3ex0:10-81
Jzendodende=5.0, H-3endo), 3.66 (s, 3H, G} 2.64-2.69
(m, 1H, H-5), 2.56-2.60 (m, 1H, H-11), 2.42-2.52 (m,
2H, CH,COOCH), 2.20-2.29 (m, 1H,J=14.4, 7.8,
CHyp), 2.02-2.12 (m, 1HJ=14.4, 7.8, CH), 1.97 (ddddd,
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1H, J4exq4endo:13-6. J4exc;3endo:11-7. J4ex03exo=7-8,
Jaexa5=3.3, Jsexaeendi=1.5, H-4exo), 1.75 (ddd, 1H,
Jeexabends=13.5, Jsexa7=6.4, Jsexa11=2.5, H-6exo),
1.46-1.53 (m, 1H1J4endo4ex0=13-61 J4endo3endo:5-oa
Jaendo5=2.6, Jaendozexc=0.5, H-4endo), 1.42-1.50 (m, 1H,
Jeendosexo=13.5, Jgendg7=2.6, Jsendodexc=1.5, H-6endo),
1.23 (dd, 1H,J76ex=6.4, J7.6ende=2.6, H-7); 13C NMR
(100 MHz, CDC§) 6 (ppm): 173.7 (COO), 130.6 (C-10),
130.0 (C-9), 90.7 (C-1), 69.5 (C-3), 59.6 (C-5), 58.3 (C-8),
52.5 (C-11), 51.5 (OCF), 32.6 (C-6), 32.5CH,COO0), 31.4
(C-7), 27.5 (C-4), 25.5 (Ch); MS, m/z 235 [M+-+1](100),
217 (25), 203 (19), 191 (16), 175 (10), 161 (13 HRMS:
exact mass for GH1g03: 234.1256; found: 234.1261.

3.3.1.6. 10-Carbomethoxy-2-oxatetracyclo[5.41¢.0°>11]-
undec-9-ene 15). IR, vmax (NaCl, cnt1): 2938, 2355,
1717, 1606;'H NMR (400 MHz, CDC§) & (ppm): 6.71
(d, 1H, J98=3.0, H-9), 4.17 (dd, 1HJ3exa3end=10.8,
Jzexasexc=7-9, H-3ex0), 4.07 (ddd, 1HJ)zendosexo=11.8,
J3endo3exc=10.8, Jzendodends=5.1, H-3endo), 3.72 (s, 3H,
OCHz), 3.27 (ddd, 1H,Js7=7.6, Jg9=3.0, Jg5=1.8,
H-8), 2.91-2.96 (m, 1H, H-5), 2.83-2.88 (m, 1H, H-11),
2.10 (m, 1H, H-4exo), 1.83 (ddd, 1Hlgexq6end=14.0,
J6exq7=6-5,~]6equl=2-8, H-GEXO), 1.65 (ddd, 1H7,8=7.6,
‘J7,66X0:6-41J7,6end0:2-31 H-7), 1.46-1.59 (m, 2H, H-4endo
and H-6endo); MSm/z 207 [M*T+1](100), 175 (46), 147
(24); HRMS: exact mass for 1GH1403: 206.0943; found:
206.0935.

3.3.1.7. 10-Carbomethoxymethyl-2-oxatetracyclo[5.4:8.0
0>Jundec-9-ene 16). IR, vmax (NaCl, cnml): 2921,
1739; 'TH NMR (400MHz, CDCk) & (ppm): 5.57
(ddd, 1H, Jg9g=2.8, JgcH,=1.3x2, H-9), 4.13 (ddd,
1H, J3ex03endo:10-7, J3exq4exo=8-01 J3exq4endo=0-7,
H-3exo), 4.06 (ddd, 1HJzendodexo=11.7,J3endo3exo=10.7,
Jzendodendi=4.9, H-3endo), 3.67(s, 3H, OGH 3.14 (ddd,
1H, J8’7=7.5, Jg’g=2.8, J3,5=2.0, H-8), 3.07 (S, 2H,
JcH,,0=1.3x2, CHp), 2.75-2.79 (m, 1H, H-5), 2.56-2.59
(m, 1H, H-11), 2.00 (ddddd, 1H,Jsexq4end=13.6,
J4er3endo:11-7' Jaexa3exa=8.0, J4ex05=3-3: J4ex06endo:
1.5, H-4exo0), 1.76 (ddd, 1Hlsexq6endi=13.6,J6exq7=6.5,
Jeexq11=2.6, H-6ex0), 1.50-1.57 (M, 1Hgendosexo=13.6,
Jeendo7=2.5, Jeendo5=1.6, Jsendosexc=1.5, H-6endo),
1.46-1.53 (m, 1H, Jsendosexc=13.6, Jsendogzende=4.9,
Jaendo5=2.7, Jaendo3exc=0.7, H-4endo), 1.43 (ddd, 1H,
J7.8=7.5, J7.6exc=6.5, J7.6ends=2.5, H-7); 3C NMR
(100 MHz, CDC§) 8 (ppm): 171.6 (COO), 136.4 (C-10),
126.1.0 (C-9), 89.3 (C-1), 69.8 (C-3), 60.5 (C-5), 52.8
(C-11), 51.8 (OCH), 45.7 (C-8), 35.3 (CH), 32.5 (C-6),
26.8 (C-4), 25.8 (C-7); MSm/z 221 [M*+1](100), 203
(29), 189 (24), 161 (22); HRMS: exact mass forB1603:
220.1099; found: 220.1105.

3.3.1.8. 10-(2-Carbomethoxyethyl)-2-oxatetracyclo[5.4.0.
01-8.0>Jundec-9-ene 17). IR, vmax (NaCl, cntl):
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3032, 2919, 2850, 173%H NMR (400 MHz, CDC§) $
(ppm): 5.34 (td, 1HJg=2.7, Jo.ch,=1.6x2, H-9), 4.12
(ddd' 1H'J3ex03end0:10-7,J3exq4exo=8-oy J3exq4endo:0-7y
H-3exo), 4.05 (ddd, 1|'U3endo4ex0=11-7yJ3€ndo3ex0:10-7y
Jzendodend=4.9, H-3endo), 3.67 (s, 3H, OGH 3.11
(ddd, Jg 7=7.4, Jg.9=2.7, Jg5=2.0, 1H, H-8), 2.75-2.80
(m, 1H, H-5), 2.42-2.52 (m, broad, 3H, GEOOCH;
and H-11), 2.29-2.41 (m, 2H, G) 1.90-2.04 (ddddd,
1H, J4exq4endo:13-6y J4exq3endo::|-:|--7y J4exq3exo=8-0y
Jaexa5=3.3, Jsexaeends=1.5, H-4exo), 1.75 (ddd, 1H,
Jeexabends=13.5, Jeexa7=6.5, Jeexq11=2.5, H-6exo0),
1.46-1.53 (M, 1H, Jsendosexc=13.6, Jaendosend=4.9,
Jaendos=2.6, Jaendozexoc=0.7, H-4endo), 1.42—1.50 (m, 1H,
Jeendosexo=13.5, Jsendg7=2.5, Jsendosexc=1.5, H-6endo),
1.39 (ddd, 1H,J7y8=7.4, J?,Gex0:6-5: J7,6€ndo:2-51 H-7);
13C NMR (100 MHz, CDC$) § (ppm): 173.6 (COO0), 143.1
(C-10), 121.5 (C-9), 89.0 (C-1), 69.8 (C-3), 60.5 (C-5), 52.8
(C-11), 51.6 (OCH), 45.7 (C-8), 33.1 CH,COO), 32.6
(C-6), 26.7 (C-4), 25.7 (C-7), 24.4 (G MS, m/z 235
[M*++1](100), 217 (34), 203 (14), 191 (9), 175 (6), 161
(6); HRMS: exact mass for gH1503: 234.1256; found:
234.1258.

3.3.1.9. 7-Carbomethoxymethyl-2-oxatetracyclo[5.4:8.0
0>undec-9-ene 18). IR, vmax (NaCl, cntl): 3059,
2922, 1739;H NMR (400MHz, CDChk) & (ppm):
5.75 (dd, 1H, Jg10=6.0, J9g=2.7, H-9), 5.62 (ddd,
1H, J109=6.0, J1011=2.5, J108=1.2, H-10), 4.12 (ddd,
1H, J3exq3endo:11-1y JSexo4ex0=8-4a -]3exq4endo:2-5y
H-3exo), 3.94 (ddd, 1H~J3end03exo=11-1,JSendo4exo=9-9,
Jzendodend=6.2, H-3endo), 3.68 (s, 3H, OGH 2.98
(m, 1H, Jgo=2.7, Jg5=2.0, Jg10=1.2 H-8), 2.78 (d,
1H, JcH,,cH,=15.3, Ch), 2.74-2.78 (m, 1H, H-11),
2.62-2.67 (m, 1H, H-5), 2.09 (ddddd, 1Bhexq4ende=13.8,
J4exq3endo:9-91J4exq3exo=8-4yJ4exq5=4-5,J4exq6endo=1-1a
H-4exo), 1.76 (ddd, 1HJsendosexo=13.8, Jeendos=3.0,
Jeendodexc=1.1, H-6endo), 1.63 (dd, 1Hexq6end=13.8,
Jeexa11=2.8, H-6ex0), 1.58-1.64 (M, 1H4endosexoc=13.8,
Jaendosends=6.2, Jaendo3exc=2.5, Jaendos=2.2, H-4endo)
2.44 (d, 1H,JcHycH,=15.3, Ch); 13C NMR (100 MHz,
CDClz) 8 (ppm): 173.4 (COO), 129.9 (C-9 or C-10),
128.9 (C-10 or C-9), 92.0 (C-1), 68.4 (C-3), 59.2 (C-5),
51.6 (OCH), 51.1 (C-11), 50.0 (C-8), 38.1 (G 33.9
(C-6), 32.4 (C-4), 30.9 (C-7); MSn/z 221 [M*+1](100),
203(25), 191 (42), 177 (25), 161 (22); HRMS: exact mass
for C13H1603: 220.1099; found: 220.1091.

3.3.1.10. 7-(2-Carbomethoxyethyl)-2-oxatetracyclo[5.4.0.
018.0>undec-9-ene 19). IR, vmax (NaCl, cnrl):
3054, 2921, 1738'H NMR (400 MHz, CDC}) § (ppm):
5.68 (dd, 1H,Jg10=6.0, Jog=2.7, H-9), 5.58 (ddd, 1H,
J10,0=6.0, J10,11=2.6, Jips=1.2, H-10), 4.06-4.12 (m,
2H, H-3exo and H-3endo), 3.67 (s, 3H, O&H 2.76
(m, 1H, Jg9=2.7, Jg5=2.2, Jg10=1.2, H-8), 2.70-2.74
(m, 1H, H-11), 2.59-2.65 (m, 1H, H-5), 2.30-2.43
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(m, 2H, CHCOO), 2.18 (ddd, 1H,J=13.8, 7.6<2,
CHy), 2.08 (ddddd, 1HJsexqaends=13.6, Jaexq3exc=9-3,
Jaexazends=9.3, Jaexa5=4.3, Jsexqéends=1, H-4exo),
1.77 (ddd, 1H,J=13.8, 9.0, 6.7, Ch), 1.63 (ddd, 1H,
Jeendosexo=13.4, Jeendo5=3.2, Jsendodexc=1, H-6endo),
1.55-1.70 (m, 1H, H-4endo), 1.52 (dd, 1}exasend=13.4,
Joexq11=2.8, H-6ex0);3C NMR (100MHz, CDC}) &
(ppm): 173.9 (COO0), 129.7 (C-9 or C-10), 128.8 (C-10
or C-9), 92.7 (C-1), 68.5 (C-3), 59.7 (C-5), 51.5 (OgH
51.0 (C-11), 49.4 (C-8), 34.22H,CO0), 34.2 (C-7), 33.3
(C-6), 32.4 (C-4), 28.9 (Ch); MS, m/z 235 [M++1](100),
217; HRMS: exact mass for1gH1803: 234.1256; found:
234.1261.

3.4. Reaction products derived from ortho
photocycloadducts

3.4.1. 11-Carbomethoxymethyl-4-oxatricyclo[7.2%0P
undeca-2,10-diene2()

1H NMR (400 MHz, CDC§) § (ppm): 5.85 (s, broad,
1H, H-10), 4.87 (dd, 1HJ;1=6.4, J, 7=2.5, H-2), 4.17
(t, 1H, Jsexa5ende=8.5, Jsexaexc=8.-4, H-5exo0), 3.93 (ddd,
1H, JSendo5exo=8-51 JSendoGexo=11-8a JSendoeendo:5-5,
H-5endo), 3.68 (s, 3H, OCG), 3.32-3.40 (m, 1H, H-9),
2.97-3.10 (m, broad, 3H, CHand H-1), 2.30-2.53
(m, broad, 1H, H-7), 2.08-2.53 (m, 2H, H-6endo and
H-8end0), 1.67 (ddd, 1H]6exq6end0:121 JGequendozll-S-
Jeexasexa=8.4, H-6exo), 1.11 (ddd, 1HJgexqasend=12.9,
Jgexq7:11.7,Jgexq9:5.3, H-8€XO).

3.4.2. 3-Methoxy-11-carbomethoxymethyl-4-oxatricyclo-
[7.2.0.0*"Jundec-10-ene (methyl acetal 20)

1H NMR (400 MHz, CDC}) § (ppm): 5.89 (s, broad,
1H, H-10), 3.82 (ddd, 1HJs5exq5endc=8.5, Jsexa6exc=8-4,
Jsexasends=2.6, H-5ex0), 3.70 (s, 3H, COOGH3.64 (ddd,
1H, JSendoﬁexFlo-Oy JSendo5exo=8-5y JSendoGendo:G-6a
H-5endo), 3.20 (s, 3H, OG4), 3.14 (d, 1H, CH), 3.05
(d, 1H, Ch), 2.88-2.94 (m, 1H, H-1), 2.83-2.88 (m, 1H,
H-9), 2.29-2.39 (m, 1H, H-7), 2.11 (dd, 1Hg52,=14.9,
Ja1=5.6, H-2a), 2.06-2.15 (m, 1H, H-6endo), 1.81
(dd, 1H, Jop2s=14.9, Jop1=5.1, H-2b), 1.74 (dt, 1H,
Jgendogexo=14.2, Jgendo7=5.3, Jgendo9=5.3, H-8endo),
1.46-1.60 (m, 2H, H-6exo and H-8exo).

3.4.3. 11-(2-Carbomethoxyethyl)-4-oxatricyclo[7.2%P
undeca-2,10-diene2()

'H NMR (400 MHz, CDC%) & (ppm): 5.64 (s, broad,
1H, H-10), 4.87 (dd, 1HJ,1=6.3, J».7=2.5, H-2), 4.17
(t, 1H, Jsexq5ende=8.4, Jsexasexa=38.5, H-5exo0), 3.92 (ddd,
1H, JSendoSexo=8-4y J5end06exo=11-8, J5endo6endo=5-5a
H-5endo), 3.66 (s, 3H, OGH, 3.20-3.30 (m, 1H, H-9),
2.92-3.02 (m, broad, 1H, H-1), 2.00-2.50 (m, broad,
7TH, Jgendo7=5.2, Jgendoo=1.5, H-6endo, H-7, H-8endo
and CHCH,COO), 1.65 (ddd, 1H, Jsexasends=12,
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Jeexq5end0:11.5,JGerSeXOIS.S, H-GeXO), 107 (ddd, 1H,
J8exq89ndo:12.9,JSeXQ7=11.4,J8exq9:5.4, H-8€X0)

3.4.4. 3-Methoxy-11-(2-carbomethoxyethyl)-4-oxatricyclo-

[7.2.0.0*"Jundec-10-ene (methyl acetal 21)

IH NMR (400 MHz, CDC%) & (ppm): 5.70 (s, broad,
1H, H-10), 3.82 (dt, 1HJsexq5end=8.5, Jsexabexc=8.4,
Jsexabends=2.5, H-5ex0), 3.69 (s, 3H, COOGH3.64 (ddd,
1H, J5end06exo=:|-0-1y JSendoSexo:8-5y J5end06endo:6-6y
H-5endo), 3.20 (s, 3H, O&), 2.73-2.84 (m, 2H, H-1
and H-9), 2.25-2.53 (m, 5H, H-7 and GEH,), 2.03
(dd, 1H, Joa2pb=15, J251=5.8, H-2a), 1.98-2.18 (m,
1H, seendosexo=12, H-6endo), 1.83 (dd, 1HJop2.=15,
Jop1=5.0, H-2b), 1.62-1.77 (dt, 1HJgendogexc=14,
Jgendo7=5.2, Jgendoo=5.2, H-8endo), 1.43-1.62 (m, 2H,
H-6exo and H-8exo).

3.4.5. 1-Carbomethoxy-4-oxatricyclo[7.2.8Qundeca-
2,10-diene 22)

IH NMR (400 MHz, CDCk) § (ppm): 6.22 (d, 1H,
J1011=2.9, H-10 or H-11), 6.00 (d, 1HJ1011=2.9,
H-11 or H-10), 5.02 (d, 1H,J27=2.4, H-2), 4.27 (t,
1H, Jsexas5endi=8-8, Jsexasexc=8.6, H-5exo), 3.99 (ddd,
1H, J5end(),5exo=8-81 J5end06ex0211-6, J5end06endo:5-6,
H-5endo), 3.71 (s, 3H, OC}), 3.35-3.42 (m, 1H, H-9),
2.09-2.48 (m, broad, 3Hlgendge=1.5, H-6endo, H-7 and
H-8endo), 1.69 (ddd, 1Hlsexasendi=12, Jsexasends=11.6,
Jsexasexo=8.6, H-6ex0), 1.26 (ddd, 1HJgexagends=12.8,
Jgexq7=11.2,Jgqu9=5.1, H-88XO).

3.4.6. 1-(2-Carbomethoxyethyl)-4-oxatricyclo-
[7.2.0.0*"Jundeca-2,10-diene23)

IH NMR (400 MHz, CDCk) § (ppm): 6.02 (d, 1H,
J10,11=2.8, H-10 or H-ll), 5.92 (d, 1H,J10’11=2.8,
H-11 or H-10), 4.63 (d, 1H,J27=2.2, H-2), 4.19 (t,
1H, Jsexas5end=8.6, Jsexasexc=8.2, H-5exo), 3.95 (ddd,
1H, J5end06tax0=:|-1-8' J5end05exo=8-6- JBendo6endo=5-6,
H-5endo), 3.65 (s, 3H, OGH, 2.65-2.67 (m, 1H, H-9),
2.20-2.50 (m, 4H, CBCHy), 2.06-2.50 (m, 3H, H-6endo,
H-7 and H-8endo), 1.58-1.78 (M, 1Hlsexa6ends=12,
Jeexasend=11.8, Jeexasexc=8.2, H-6exo) 1.00-1.20 (m,
1H, H-8exo).

3.4.7. 10-(2-Carbomethoxyethyl)-4-oxatricyclo[7.2%P
undeca-2,10-diene2¥)

IH NMR (400 MHz, CDCg) § (ppm): 5.67 (m, 1H,
H-11), 4.90 (dd, 1H,J21=6.3, J»7=2.0, H-2), 4.16
(dt, 1H, JSequendO:S-Ga JSequexo=8-5, J5exq6c-3ndo:1,
H-5ex0), 3.94 (ddd, 1HJs5endosexo=11.7, Jsendosexa=3-6,
Jsendosends=5.5, H-5endo), 3.67 (s, 3H, OGN 3.21 (m,
1H, H-9), 3.08 (m, 1H, H-1), 2.10-2.53 (m, 7H, H-6endo,
H-7 and H-8endo and CKH,), 1.58-1.75 (m, 1H,
Jeexabende=12, Jeexasendo=11.7, Jeexasexo=8.5, H-6€X0),
1.08-1.19 (m, 1H, H-8exo).

K. Vizvardi et al./Journal of Photochemistry and Photobiology A: Chemistry 133 (2000) 135-146

3.4.8. 9-Carbomethoxy-4-oxatricyclo[7.2.8 Qundeca-
2,10-diene 25)

1H NMR (400 MHz, CDCh) § (ppm): 6.04—6.07 (m,
2H, H-10 and H-11), 4.87 (dd, 1HJ]1=6.6, Jp7=2.5,
H-2), 4.22 (dt, 1H, Jsexa5end=8.5, Jsexa6exc=8.6,
Jsexqeend(,:l.o, H-56XO), 3.97 (ddd, 1H~J5end05ex0:8-51
Jsendosexa=11.7, Jsendosends=5.6, H-5endo), 3.69 (s,
3H, OCH), 3.59 (dd, 1H,J;2=6.6, J1.11=0.6, H-1),
2.50 (dddd, 1H,378ex=11.9, J7.6ende=7-9, J7.8end=5.2,
J72=2.5, H-7), 2.32 (dd, 1Hlgendosexc=12.9,Jsendo7=5.2,
H-8end0), 2.22 (dddd, 1l_ﬂﬁend06eXO:11'8v‘Jﬁend07=7'91
Jeendosends=5-6, Jeendosexo—=1.0, H-6endo), 1.76 (ddd, 1H,
Jsexabendo=11.8,J6exa5endo=11.7,J6exa5exc=8.6, H-6€X0),
1.56 (dd, 1HJgexasendi=12.9,Jgexa7=11.9, H-8ex0).

3.4.9. 3-Methoxy-9-carbomethoxy-4-oxatricyclo-
[7.2.0.%"Jundec-10-ene (methylacetal 25)

IH NMR (400MHz, CDC}) § (ppm): 6.30 (dd, 1H,
J11.10=2.8, J11,1=0.8, H-11), 6.00 (d, 1H,J1011=2.8,
H-lO), 384 (ddd, 1H,J59xq5end0:8.5, JSerGexo:8.3,
Jsexa6ende=3.0, H-5exo0), 3.69 (s, 3H, COOGH 3.67
(ddd, 1H,J5endosexc=9-4, Jsendgsexc=38.5, Jsendgeends=6.8,
H-5endo), 3.16 (s, 3H, OGH, 2.30-2.42 (m, 1H, H-7),
2.38 (dd, 1H,J2420=15.2, Joq1=3.3, H-2a), 2.19 (dddd,
1H, JGendo6ex0=12-1y J6endo7=9-3y JGendoSendo:6-8a
J6endo5ex0=3.0, H-6€nd0), 202 (dd, 1|_u8end086)(0=13.9,
Jgendo7:51, H-89nd0), 175 (dd, 1H-J89)(Qgend0:139,
JBGXQ7:13'81 H-8€XO) 174 (dd, 1H|2b,2a=152,~]2b,1=43,
H'Zb)1 1.52 (dddd, 1HJ6exq6endo=12-1yJ6exq5endo=9-4a
JGequex0=8-3, J6exq7=6.0, H-BeXO), 144—160 (m, 1H,
H-1).

3.4.10. 9-Carbomethoxymethyl-4-oxatricyclo[7.230
undeca-2,10-diene26)

IH NMR (400 MHz, CDC§) § (ppm): 6.15 (d, 1H,
J1011=2.7, H-10), 5.89 (dd, 1HJ1110=2.7, J11.1=0.5,
H-11), 4.83 (dd, 1H,J21=6.6, J27=2.4, H-2), 4.19 (t,
1H, Jsexa5end=8.5, Jsexacexc=8.6, H-5exo), 3.94 (ddd,
1H, JSendoBexozs-sy JSendoGexo:]-l-Ba JSendoGendo:5-6a
H-5endo), 3.66 (s, 3H, OG), 3.10 (dd, 1H,J;2=6.6,
J1.11=0.6, H-1), 2.55 (s, 2H, CHCOO0), 2.40-2.53 (m,
1H, H-7), 2.19 (dd, 1H,Jgendosexc=12.7, Jgendg7=5.1,
H-8endo), 2.13-2.23 (m, 1H, H-6endo), 1.71 (ddd, 1H,
Jeexabende=12, Jeexasends=11.6, Jeexasexo=8.6, H-6€X0),
1.06 (t, 1H,Jgexa8ende=12.7,Jgexa7=12, H-8exo0).

3.4.11. 3-Methoxy-9-carbomethoxymethyl-4-oxatricyclo-
[7.2.0.0%"Jundec-10-ene(methyl acetal 26)

'H NMR (400MHz, CDC}) & (ppm): 6.15 (dd, 1H,
J1110=3.0, J111=1, H-11), 6.04 (d, 1H,J1011=3.0,
H-lO), 3.82 (dt, 1H, J5exc16exo=8-5y J56XQ5end0:8-41
Jsexabende=2.8, H-5ex0), 3.67 (s, 3H, COOGH 3.64
(ddd, 1Hv~35endo6ex0=9-8aJSendoSex0=8-4aJSendo6endo:6-8a
H-5endo), 3.16 (s, 3H, OG), 2.72 (dd, 1H,J1 2p=4.4,
J1.2a=3.1,H-1),2.51 (s, 2H, C}) 2.40 (dd, 1HJ25 2,=15.0,
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J2a1=3.1, H-2a), 2.16 (dddd, 1Hsendosexc=12, Jsendo7=
9.5, Jsendosends=56.8, Jsendosexo—=2.8, H-6endo), 2.00-2.50
(m, 1H, H-7), 1.80 (dd, 1HJgendosexo=13.6,Jgendo7=5.1,
H-8endo), 1.66 (dd, 1HJ2p22=15.0, Jop1=4.4, H-2D),
1.40-1.60 (m, 1H, H-6ex0), 1.32 (t, 1Hgexa8end=13.6,
Jgexa7=13.6, H-8exo).

3.4.12. 9-(2-Carbomethoxyethyl)-4-oxatricyclo-
[7.2.0.0*"Jundeca-2,10-diene2?)

1H NMR (400MHz, CDC§) § (ppm): 5.99 (d, 1H,
J1110=2.8, H-11), 5.89 (d, 1H}1011=2.8, H-10), 4.82 (dd,
1H, J21=6.6, J2,7=2.3, H-2), 4.19 (t, 1HJsexq5end=8.4,
Jsexab6exc=8.5, H-5ex0), 3.94 (ddd, 1HJsendosexc—=8.4,
Jsendosexo=11.7, Jsendoeends=5.5, H-5endo), 3.66 (s,
3H, OCH), 2.96 (d, 1H,J;2=6.6, H-1), 2.33 (t, 2H,
J=7.7, CH,COO), 2.30-2.50 (m, 1H, H-7), 2.03 (dd, 1H,
J8end08exo=12-81~]8endo7=5-1, H-8endo), 2.14-2.23 (m, 1H,
Jeendoeexozlz, JGendoSendozs-S, H—6endo), 1.80-1.95 (m,
2H, CHz), 1.69 (ddd. 1HJ6exq6endo:121J6ex05endo:11-7.
Jsexasexo=8.5, H-6ex0), 1.00 (t, 1H,Jgexagends=12.8,
Jgexq7:12, H-8€XO).
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Jg.0=4.5, Jgep=2.5, H-8), 4.07 (ddd, 1H,J354,=9.4,
J3a36=8.5, J334a=2.2, H-3a), 3.99 (td, 1HJ3p35=8.5,
J30,4b=8.5, Jzpnaa=7.1, H-3b), 3.69 (s, 3H, OC}j, 3.46
(d, broad, 1H,J98=4.5, H-9), 3.06 (m, 2H, CHCOO),
2.25-2.35 (m, 1HJ6a,6b=12-5yJ6a,5=2, H-Ga), 1.90-1.98
(m, 1H, Jsq4p=12, H-4a), 1.74-1.90 (m, 2H, H-5 and
H-6b), 1.60-1.74 (m, 1H, H-4b).

3.4.16. 7-Carbomethoxymethyl-2-oxatricyclo[7.2}p
undeca-7,10-diene3()

'H NMR (400MHz, CDCk) 8 (ppm): 6.20 (d, 1H,
J11.10=3.0, H-11), 6.15 (dd, 1HJ1011=3.0, J109=0.8,
H-10), 5.65 (m, 1HJg 0=4.6, H-8), 4.08 (dt, 1HJ)334v=9.0,
J3a30=8.7, J3245=2.0, H-3a), 3.90-4.15 (m, 1H, H-3b),
3.67 (s, 3H, OCH), 3.45 (d, broad,1HJg g=4.6, H-9), 3.05
(s, 2H, CHCOO0), 2.13-2.31 (M, 1HJea6b=12, Jsa5=7,
H-6a), 1.60-2.00 (m, 4H, H-4a, H4b, H-5 and H-6b).

3.4.17. 7-(2-Carbomethoxyethyl)-2-oxatricyclo[7.21PP
undeca-7,10-diene3()

1H NMR (400 MHz, CDCk) § (ppm): 6.16 (d, 1H,
Ji1110=3.4, H-11), 6.11 (dd, 1HJ1011=3.4, J100=0.7,

3.4.13. 3-Methoxy-9-(2-carbomethoxyethyl)-4-oxatricyclo- H-10), 5.51 (m, 1H, Jg9=4.7, H-8), 4.10 (dt, 1H,

[7.2.0.%"Jundec-10-ene (methyl acetal 27)

IH NMR (400MHz, CDCh) § (ppm): 6.14 (dd, 1H,
J1110=2.8, J11,1=0.8, H-11), 5.91 (d, 1H,J1011=2.8,
H-lO), 381 (dt, 1H, J5exqﬁexo:8.4, J5er59ndo:8.4,
Jsexaeends=2.9, H-5exo0), 3.66 (s, 3H, COOGH 3.64
(ddd' 1H'J5endo6exo=9-6,JSendoSexo:8-4,JSendo6endo:6-8y
H-5endo), 3.16 (s, 3H, OC#), 2.53 (dd, 1H,J1 2p=4.3,
J12a=3.0, H-1), 2.30-2.37 (m, 2H, Gi€£0OO0), 2.37
(dd, 1H, Joa2p=15.0, Jpa1=3.0, H-2a), 2.17 (dddd,
1H, Jeendoeexo=12-0, J6end07=9-5, JﬁendoSendo:G-S,
Jeendosexo=2.9, H-6endo), 2.27—2.40 (m, 1H, H-7), 1.70 (dd,
1H, \]Sendosexo:13.7, J8end07:5.1, H-8end0), 175—190
(m, 2H, CHCH,COO), 1.56 (dd, 1H,Jp24=15.0,
J2b,1=4'31 H‘Zb), 1.46 (dddd, 1H,J6exq6endo=12.o,
J6exq5end0:9.6, J69xq5e)(0=8.4, J6€XQ7=5'81 H-66X0), 123
(t, 1H, JsequQndo:ls.7,J8exq7=13.7, H'8eXO)

3.4.14. 10-Carbomethoxy-2-oxatricyclo-
[7.2.0.05]undeca-7,10-diene28)

IH NMR (400 MHz, CDC}) § (ppm): 6.77 (s, broad,
1H, H-11), 5.94 (ddd, 1HJ78=9.8, J;.6a=7.4, J7.6p=1.7,
H-7), 5.75 (ddd, 1H,Jg7=9.8, Jg 9=4.4, Jg sp=2.6, H-8),
3.85-4.00 (m, 2H, H-3a and H-3b), 3.74 (s, 3H, OH
3.27 (d, broad, 1HJgg=4.3, H-9), 2.36-2.45 (m, 1H,

H-6a), 2.12-2.19 (m, 1H, H-6b), 1.86-2.07 (m, 2H, H-4a

and H-4b), 1.78-2.10 (m, 1H, H-5).

3.4.15. 10-Carbomethoxymethyl-2-oxatricyclo-
[7.2.0.0~%Jundeca-7,10-diene29)

H NMR (400 MHz, CDCg) § (ppm): 6.07 (m, 1H,
Ji1.cH,=1.4, Ji10=1, H-11), 5.87 (ddd, 1HJ75=9.8,
J76a=7.0, J76p=1.7, H-7), 5.80 (ddd, 1H,Jg7=9.8,

Jaaap=9.1, J3a3=8.5, Jaasa=2.1, H-3a), 4.00 (td, 1H,
Jab4p=8.6, Jap3a=8.5, Japsa=7.1, H-3b), 3.66 (s, 3H,
OCHg), 3.40 (d, broad,1HJg g=4.7, H-9), 2.30-2.44 (m,

4H, CH,CH,COO0), 2.30-2.44 (m, 1H, H-6a), 1.88-1.97

(m, 1H, H-4a), 1.78-1.85 (m, 1H, H-5), 1.63-1.78 (m, 2H,
H-4b and H-6b).
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