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Abstract: Intramolecular 1,2-arenc-alkenc photocycloaddition of 2-alkenyl-4-chromanones gave complex
multicyclic oxatetracyclotetradecanediones which on intermal photo- and microwave induced thermal

rearrangements provided a diverse array of compounds with [3.3.0]bicyciooctane carbon frame work. The stereo-
and regiochemical aspects as well as desymmetrization of alkenyl chromanones due to intramolecular 1 2-arenc-

alkene photocycloaddition have also been discussed. © 1999 Elsevier Science Lid. All rights reserved.
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INTRODUCTION

Arene-alkene photocycloadditions, leading to non-aromatics from aromatics, provide elegant routes to
a plethora of natural and synthetic compounds with multicyclic structures of exotic molecular architecture.'
Compared to the intermolecular reactions, intramolecular arene-alkene photocyclisation with suitably selected
alkene tethers not only enhances their scope but aiso improves the efficiency of the reaction. They are
generally attended with high stereo- and regioseiectivity The internal sirain of many of the photoadducts offer
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the fonnauon of 1,2-arene-alkene photocycloadduct, its photochemxcal md microwave induced them\al
secondary transformations and desymmetrization of judiciously modified prochiral substrate, are presented in
this paper.

expected to contribute towards stereo- and regioselectivities.

L Intramolecular Rearrangements of 2-Alkenyl-4-Chromanones
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catalysed rearrangement to 6 which thermally (or with microwave irradiation) rearranged to 7. Thus, complex
multicyclic compounds 4-7 could be generated from the easily accessible chromanones as described below
0\/J Q "
] 13 2 1 o n 0o
RO /\10\2/ 0.8t 2 1 0.3 " l\\/,'\’{ ol 2. Mf o 2 V\,
hv ™. ¥z Al W [P 4 it A 1713 it
l Py - ul o’ Y . \ Q0 /* H ' )10 pw AT
o~ Tr 7 6 ‘4' 3 4 3 3\ 3 o b Y — »> ¢ )
4] H H S 7 8 H 7 T s A 7“, ®
H s"w H H H
= T s L]
i. R= H
2 D= Mia 4 5 6 7
e I\ wriy
3. R=C2H5

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)01134-X



3210 G. P. Kalena et al. / Tetrahedron 55 (1999) 32093218

L1. Phototransformation of 1 to (IR,4S ,6R,11R’)-1,5,5-trimethyl-14-oxatetracyclo{8.3.1.0"".0** }tetra
deca-9-ene-8,12-dione (4).
In a preliminary communication we reported’ the photolysis of 1 in C¢Hg with near UV irradiation
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300 nm) or suniight, when a crystalune proauct {Ci6H203, M’ 260) 4 was obtained in 25% yieid. From the
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of the proton bearing carbons and the attached protons were made from the DEPT and 'H-"C HETCOR
spectra. These data almm with deuterium exchange experiment and the COLOC snectra establiched the
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structure  as 1,2-arcnc—glkene photocycloadduct, (1R"48° 6R" 11R)-1,5,5-trimethyl- 14-oxatetracyclo
[8.3.1.0.*".0%"{tetradeca-9-ene-8,12-dione(4). The stereochemistry of H-6 and H-4 in 4 were derived from
the NOESY spectra. X-ray crystallography* also confirmed the structure 4 (Fig. 1). It was interesting to note
that photolysis of both 2 and 3 in C¢Hs containing p-toluene sulphonic acid (PTS) yielded the same
photoproduct 4 in 25% and 30% yields respectively. An enol ether intermediate was postulated for the

phototransformation. This was supported by deuterium labelling experiment.®

L2 Photorcaﬂangement af 1 to (IS.,ZR',5S‘, 7S',10S‘,13R')6,6,M—trimdhyl—ll-axapentacyda
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As descnoea above, photolysis of 1 in C¢Hs yields 4. However, using CH;OH as a solvent, a different
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Photoproduct § was isomeric to 4 as revealed by GC-MS. The structure of § was derived by extensive use of
multidimencional NMR cnp:-frnennnv 6 The NOESY spectn of & recorded in C. N chowed nQe hetween H-
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§ and ox- methvl protons at 8071 whergas H-7 chnwed nQe with ,f'_l-mgthvl group at 8 0.40 of the gem-
dimethyl moiety at C-6. This indicated that inversion had taken place during the rearrangement. The
resonances of the protonated carbons were assigned by 'H-"C HETCOR and DEPT experiments. The
information on long range couplings derived from COLOC spectra was very useful in the characterisation of
5. The structure was confirmed as (IS ,2R,55,75",108", 13R)-6,6,10-trimethyl-14-oxapentacyclo
[8.3.1.0%7.0*" 0% tetradeca-3,12-dione’ (5) based on NMR data and X-ray crystallography.® The perspective
view of the molecular plot of § is shown in Fig. 2. Thus, it appears that meta cycloaddition is preferred in
CH;O0H while in CsHss ortho addition took place. This unusual observation required a closer investigation. A
careful monitoring of photolysis of 1 in CH;OH showed that 5 was the secondary photolytic rearrangement of
4 and not formed directiy by a mefa cycioaddition. This was further supported by the phototransformation of 4
in CH30H toS (63%) in an independent expenment ThlS transformatmn proceeded ina h:ghly stereoselective
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Fig. 1 X-ray crystal structure of 4 Fig. 2 X-ray crystal structure of §

L3 Acid catalysed rearrangement of 5 to (15,6R,8S,11R)-7,7,1 1-trimethyl-14-oxatetracyclo
[9.2.1.0"°.0"Jtetradeca-2-ene-4,13-dione (6).

Compound 5 is a pentacyclic molecule with a cyclopropane ring. Therefore, it was not surprising that §
underwent acid catalysed rearrangement. A highly crystalline product 6 was obtained in quantitative yield
when § was refluxed with trifluoroacetic acid (TFA) or PTS in CsHg (Scheme- 3). The molecular formula,

C16H2003 (M” 260), remained unchanged. A comparative analysis of °C NMR and ">C DEPT spectra revealed
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that both 5 and 6 had the same number of carbonyl, quaternary, methine, memylenc and muhyi carbons.
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and 'H NMR spectra (Fig. 3) as well as IR data, the structure 6 was assigned to the rearranged product. It was
confirmed as (1§ ,6R' 8S" ]]R -7,7,11-trimethyl-14-oxatetracyclo[9.2.1 oM 0”&&[;(1@:_:;—2—;;1@-4 13-dione
by X-ray crystallography® ( Flg. 5). Mechanistically, the formation of the intermediate bridgehead carbonium
ion at C-1 (in 5) could be postulated by the acid catalysed enolisation of the carbonyl group at C-12 with

synchronous 1,2-acyl shift.
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L4 Microwave irradiation induced thermal rearrangement of 5 to (IR*,ZR!,8S!,1 IR)- 7,7,11-trimethyl-14-
oxatetracyclof9.2.1.0"%. 0" Jtetradeca-5-ene-4,13-dione (7).

Compound 5 remained unchanged on heating up to 100 °C for 4 h. However, when it was supported
on Florisil and heated to 100 °C for five h, in addition to 6 (60%), another compound 7 (40%) was also
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are accelerated bv the microwave irradiation '’ Indeed, the transformation of § to 7 could be affected in mﬂv
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quantitative yield on exposure to microwave for 10 min. Compound 7 has the unchanged molecular waght
(M’ 260). The UV data of 7 (232 nm) were considerably different than those of 6 (241 nm). The NMR data
are depscted in Flg 4. These data along with X-ray crystallography (Fig. 6) confirmed the structure
(15" 2R" 85", 11R)-7,7,11-trimethyl-14-oxatetracyclo[9.2.1.0**.0*Jtetradeca-S-ene-4, 13-dione (7) (Scheme-
3). The mechanism of this rearrangement is under investigation.
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Fig. 5§ X-ray crystal structure of 6 Fig. 6 X-ray crystal structure of 7
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Becker er al."! have established the involvement of 1,4-diradical intermediates in the 2+2 alkene cycloaddition
in enones. Similar type of mechanism could be operative for the transformation of 2-alkenyl chromanones. To
study the regxospemﬁcxty, E- (10) and Z- ( 11) isomers with double bonds at 3' and 7' positions were chosen
as model substrates. Directed aldol condensation of 4-0O-methylresacetophenone with a mixture of frans-6,10-
dimethyl-5,9-undecadien-2-one (geranylacetone, 8, 65%) and cis-6,10-dimethyl-5,9-undecadien-2-one
(nerylacetone, 9, 35%) gave condensation products in 70% yield (Scheme- 4). Cyclodehydration of the aldol
products with HMPT yielded a mixture of two chromanones viz. 2-[(3'E)- 4',8'-dimethyl-nona-3',7'-dienyl]-7-
methoxy-2-methyl-4-chromanone (10, 55%) and 2-[(3'Z)- 4'8'-dimethyl-nona-3',7"-dienyl}-7-methoxy-2-
methyl-4-chromanone (11, 45%) in 65 % overall yield.’ The E- and Z-isomers were conveniently separated by
AgNO, impregnated SiO; preparative TLC. Compound 11 could be identified as the Z isomer on the basis of

/TT AN 1.1 1 an . 13~ n, 0~

the nOe between tne onenmc prom {1-3) and the aajacem memyl group (MM) The ~C chemical shifis of
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to & 31.8 due to Z-shielding'? (Fig. 7). Photolysis of 10 gave a mixture of two epimers 12 (28%) and 13

(’7’)%\ (estimated by GLC and NMR). Similar results (20/80 mixture of 12 and 13) were also obtained on the
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nhnmlvsn of 11 (Scheme- 4). The spectral characteristics of 12 and 13 showed close resemblance with 4
except that 12 and 13 had additional resonances at 8 1.58 and 1.66 (two singlets), a triplet at & 5.09 for the 4'-
methyl-3'-pentenyl moiety and a singlet for methyl at C-5. The BC NMR and MS (M" 328) were also in
agreement with the structures 12 and 13. The stereochemistry of the photoproducts was investigated by

NOESY as was done for 4. The methyl group at C-5 in 12 appeared at & 1.14 while 13 had the same at §
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1.05. The overlapping proton signal for H-6 could be resolved when the spectrum was recorded in the solvent
mixture of CD;0D and CDCli; (1:3). In compound 12, methyl at § 1.14 had the nOe interactions with the
protons H-6 and H-4 whxle in the isomer 13 methyl group at § 1.05 did not show nOe with H-4 and H-6.
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Thus it was establlshed that the photocycloaddltlon ccurred regioselectively at C-3' double bond and the
diastereoselectivity was not much influenced by the geometry of the reactive alkene double bond. Steric
factors were mainly responsible for the observed stereoselection. It was important to note that the recovered
substrates after both the photoreaction were found to be a 1:1 mixture of 18 and 11 as revealed by GLC and
NMR. This suggested that £ — Z and Z — F isomerisation around the 3'-double bond occurred during the
photoreactions. It was concluded from the above observations that the triplet ketone initiated 1,2-arene-alkene
photocycloaddition of the 2-alkenyl chromanones (10 and 11) proceeded in a regioselective manner via

common 1,4-diradical intermediates (Scheme - 5).
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IIL Intramolecular Desymmetrization via Arene-alkene Photocycloaddition

Desymmetrization of molecules with plane of symmetry provides a potentially powerful route for
asymmetric synthesis."® As described above, during the stereo-tuned phototransformation of 1-3 to 4, three
new ﬁefeﬁgéﬁic centres are generated at the photo reactive sites in highly diasiereoseiective fashion. This
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prochiral centre at C-2 . The cycloaddition of one of the 4'-methyl-3'-pentenyl groups with the arene in 19
would generate three asymmetric centres by 2+2 cvglga,c_idmgn while the fourth is generated due to the
desymmetrization at C-2. For the synthesis of 19, the required ketone 18 was obtained by the alkylation of 6-
methyl-5-hepten-2-one (14) with prenyl bromide using LDA under kinetically controlled conditions. This led
to a mixture of two isomeric products, 15 being the major component™ (65%, GLC) and 16 as a minor
component (35%). Attempts to separate 15 in pure state were not successful. Therefore, the condensation of
the lithicenolate of 4-O-methylresacetophenone (17) was carried out with the mixture of 15and 16 at 0 to -5
%C. From the reaction mixture, the condensation product (18) was isolated in pure state in 55% yield by
column chromatography. The cyclodehydration of 18 was affected by HMPT leading to the chromanone 19 in
73% yield.}
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NL1 Phototransformation of 19 to (IR',4S,6R' 11R')-5,5-dimethyl-1-(4'-methyl-3'-pentenyl)-14-
o o w 1 £11x. PN

axatetracyclo[8.3.1.0°". 0*" Jtetradeca-9-ene-8,12-dione (20).
The photolysis of 19 in CsHs in the presence of PTS gave a colourless crystalline photocycloadduct 20
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olefinic protons and two singlets at  1.04 and 1.09 for gem-dimethyl group at C-5 were similar to those of 4.
In addition the presence of the 4'-methyl-3"-pentenyl group was inferred from the two singlets at 5 1.62 and
1.69 for gem-dimethyl on double bond and a triplet at & 5.09 (1H, 6Hz) for olefinic proton. The singlet for
methyl at C-1 (in 4) was absent in 20. The *C NMR and MS (M" 328) of the product were also in agreement
with the structure 20. Thus, 20 was characterised as (1R",4S",6R"11R")-5,5-dimethyl-1-(4"-methyl-3'-
pentenyl)-14-oxatetracyclo[8.3.1.0*'".0%" Jtetradeca-9-ene-8,12-dione. It was obtained as a single isomer and
thus, the desymmetrization of the prochiral chromanone 19 occurred with high diastereoselection (Scheme-6).

II1.2 Stereoselectivity.

The photoadduct 4 from the chromanones 1-3 and 20 from 19 were obtained exclusively as single
isomers. This high diastereoselectivity can be rationalized from the molecular modelling of the 2-alkenyl-4-
chromanones. Extensive overlap of the arene with the alkene double bond is possible only when the alkenyl
tether has axial conformation. However, in the case of 19 both the alkenyl tethers at the prochiral centre at C-2
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CONCLUSION

This triplet ketone initiated intramolecular 1,2-arene-alkene photocycloaddition in the 2-alkenyl
chromanones proceeds via 1,4-diradical intermediates. The resulting photoadducts undergo further photolytic
and microwave induced thermal rearrangements to furnish a variety of fused multicyclic bridged compounds
such as oxatetracyclodecadiones and oxapentacyclodecadiones. The strategy has the flexibility and we
amlclpate that using appropriate substrates, these reactions wiil find use in the synthesis of many compiex
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functionalised taxoids skeleton led to a rare intramolecular 1.4- arene-alke PRI Py ..4.1.,.,;..15 16 it sl
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be reported elsewhere.

EXPERIMENTAL

General. Melting points were recorded on Fisher-Jones melting point apparatus and are uncorrected. The IR
spectra were measured as KBr pellets or thin films on NaCl plates using a Perkin-Elmer spectrophotometer
Model 783. The UV spectra were recorded on a Shimadzu UV-240 spectrophotometer. Mass spectra were
obtained using a Shimadzu GCMS-QP1000A spectrometer with 70eV. The 'H and *C NMR spectra were

recorded on a Bruker AC-200 spectrometer at 200.13 MHz and 50.33 MHz respectweiy with SiMe, as
mtemal rererence The pnomcnemlcal reacuons Wwere cameu out in purmeo SOIVC!YIS lne SOIVCHIS were
degassed by passing O,-free argon (IOLAR) prior to use. The Hanovia immersion well was used for the
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1] IJIUA AMLNE S auuu&n; wao

L4
2% QV-17 at 240 or 250 °C for isothermal

radiation source. The GLC an arried out with OV-17 at 240 sothermal
monitoring or with appropriate temperature programming. Microwave wradiation was r.nrned out in a

domestic microwave oven (Batliboi EDDY) generating a microwave frequency of 2450 MHz (980 W)
equipped with twin table and was used with full power. Photolyses using sunlight as a source, were carried
out by the exposure of the reaction solutions in Coming® glass vessels between 10,00 to 16.00 Hr. in the
months of Feb. to June with clear sky. Column chromatography was carried out on silica gel (Merck 70-230
mesh). Commercial sample of geranyl acetone containing 35% neryl acetone (Aldrich® Chemicals) was used
after distilling from CaH,.

Tesnstnad sessinnndiswme €rne Sl n v lo ndnlisoston A llbad 2dle nac A 1 moed wnlmbrd nvosann e aeFe
lml“ p UL EUM, U_[Ur "C”".’l' ly ¢ UJ Winy: cincery J 1anaree (7 & AN
T e %luﬁun of ’7=rhet oxv all-any] nhrnmannnnc N 100 n\ C M . 100 1\ hnn-nn PTC 77 ma) in
iR il % £ r L2 AR J ull\\.dl]l WIL VIV Y \v AWV 5 WI. \‘-U\l % ’ vw 6 N S ) \' lll&l i1
a conical flask (500 ml) was exposed to sunlight (S h). NaHCO, (25 mg) was added to the reaction mixture

and stirred (5 min). The sol ition was filtered and evaporated under reduced pressure. The reaction products

111388 2. -t AL LIVt

were isolated by preparative TLC (pet. ether/EtOAc, 8: ) colourless sohda.

D~ o atho 1 Y 740 athel ‘2
4 "U‘“l’)lb vs l-‘lllclll’l"b"‘" “HICLH Y=

-pe
(0.100 g) in C¢Hs (200 ml) was irradiated ( ) Hanovia immersion Well using mercury medium pressure
educ

lamn. The solvent was removed nndpr essure and the nroduct 4 was isolated bv nreparative TLC

n
amp. 1h€ golvent was removeq unaer recu PI anda the proguct was 1soiated oy preparall 13 V. O
3

(pet. ether/EtOAc; 4:1) as a colourless sohd g (38%); m.p. 215 °C (C¢Hy) 2

by

A da I T harellaen ahaen 1) e MK . Tha anhitine ~AF
L =11 18

T ~f 1
Hyaio y--'-uu CIARONC \1; in Celg: 1n€ SOiUtion of 1

TR Nt A AL B A A ___al_1 PPN Y 25 W T N N ALt MM NEF. TLo Lol O
rRov SIS O LMY I-4~(4 ~HICULY -9 ~peinenyi)- I-llyu Ly*‘!-tlll‘ﬂlﬂll‘lﬂuc l ) VgL, 110 S01UtOn 01X
1 (0.100 g) in MeOH (200 ml) was irradiated (5 h) as de scnbed above. The solvent was removed under
radiicrad nracenra and the nradnect & wae ienlatad hy nranara ﬂ '® fnd sthar/FtNA~ 4'1) ac a calairlace

N LLAN yl VAIUVL o YYTOU IoVIGLWVG UJ ylvy“l “l B Ai s ‘ WA RR T ARSI LAy 'Y. l} GO G VIV VOO

2
%4

750, 1630 cm: UV (MeOH): 236 nm;

A PR NATAWRIIL. &I 1250, YRS

- 1
(', '"HN (, 3H, 6"-CH,), 0.90 (s, 3H, 10'-CHy), 1.10
and 131 (AB, m, Jap = 14.8 Hz, 2H 9-CH3) 1 46 and 1. 56 (AB, m, Jas = 15.7 Hz, 2H, 8-CH,), 1.86 and
2.08 (AB quartet, 2H, J,p = 14.4 Hz, 11-CHy), 2.04 (t, J = 2.9 Hz, 1H, 7-CH), 1.98 and 2.13 (ABX, Jap =
16.9, Jax = 7.6 and Jax = 1.4 Hz, 4-CH,), 2.70 (dd, 1H, /= 7.6 and 1.4 Hz, 5-CH), 2.81 (s, 1H, 2-CH). (For

BC NMR, 'H-*C HETCOR, COLOC data see table in reference 6).
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Photorearrangement of 4 to 5 : A solution of 4 (0.100 g) in MeOH (100 mil) was irradiated with medium
pressure lamp in Hanovia immersion well. After the completion of the reaction (GLC), § was isolated by
preparative TLC (pet. Ether/EtOAc; 4:1) as a colourless solid, 0.063 g (63%).

Acid catalysed rearrangement 5 to 6: Compound 5 (0.100 g) was dissolved in TFA (10 ml) and the mixture
was refluxed till completion of the reaction (10 min). The solvent was evaporated under reduced pressure and
6 was isolated by TLC (pet. Ether/EtOAc; 4 1) as a colourless solid, 0.095 g (95%); m. P 146 °C (CeHs); IR
(KBr): 2960, 1736, 1702, 1632, 1090 cm ; UV (MeOH): 241 nm; MS: (m/z) 260 [M']; '"H NMR (C¢Dg),

134 are ey 7 3 T A

C NMR (CDCl;) and important 'H-"*C L,ULUC interactions are given in the Fig. 3.

Microwave induced rearrangement 5 to 7: Florisil (1.0 g) was added to a solution of compound 5 (0.030
g) in CHCL (1 ml). The solvent was removed under reduced pressure. The solid was dried in vacuum and
exposed to microwave irradiation for 10 min in a microwave oven. The product was isolated by elution with
CHCl, and purified by TLC (pet. Ether/EtOAc; 4:1) as a colourless solid, 0.028 g (93%); m.p. 152-153 °C

rws rwrT ~e ey PN PP . [ N I Ty

(emermexane), IR (KBr): 2936, 1740, 1698, 1620, 1458, 1085, 867 cm™; UV(MeOH): 232 nm; MS: (m/z)

’l‘n I"I‘ l

OU M |, H NMR (\46U5} and b NMR (L,UL,I:;} are glven in me l'lg 4

7-Methoxy-2-methyl-2-(4',8'-dimethyl-nona-3',7'-dienyl)-4-chromanones (10 and 11): Aldol
condensation of 6,10-dimethyl-5,9-undecadien-2-one (£, 8 and Z, 9; 65:35; 1.9 g, 10 mmol) with 4-O-
methylresacetophenone (17, 1.6 g, 10 mmol) was carried out as described earlier’; 1.9 g (70%). The
cyciodehydration® of this product (1.0 g) with HMPT gave a mixture of cyclised products (10 and 11; 45:55),
0.61 g (65%). 10 and 11 were separated by preparative TLC with AgNO; impregnated SiO, as thick pale

crallmess 1 Asbnenein 4o shtnio; 10 nnd 1 amainennesnlidinal [P R PP PP - |

ycnuw’ uqi.nua ALLGIHPLY 1O Dutiaill 1V aliv ll lll uuuuaumyuual puul.y WETre ot SUCCTssIuL.

(E)-7-Methoxy-2-methyl-2-(4',8'-dimethyl-nona-3',7'-dienyl)-4-chromanene (10): IR (film): 2930, 1695,
1625, 1590, 1450, 1270, 1165 cm™; UV (MeOH): 272, 312 nm; MS: (m/z) 342 [M']; '"H NMR (CDCL): 6

1.41 (s, 3H, CH,), 1.58 (s, 3H, CH,;), 1.64 (s, 6H, 2 x CHj;), 2.10 (m, 4H, 2 x CH;), 1.60-1.85 (m, 4H, 2 x
LT YN M EN .2 MmTIE AT ~a ATT T __ 17 4 ANANTIY N DO 7 ATT MNNET A\ £ N0 o MY Yy £ 4 YY. ~A __
CHy), 2.59 and 2.75 (AD quartet, 211, v = 16.4, COCH,), 3.82 (s, 3, UCH;), 508 (, 2n, /=064 Hz, 2 x
MY £120 /4 11T T "D 1d> QLN A &2 /A4 11T FT=0Q neaed VD LIw A LT\ 779 /d 11X F— Q0 1Y. &
\/Il"'\./), U, 20 \u, lll., v ok 11L., 0"ﬂ}, v.JJ \uu, lll, i 0.0 allu L. & llL, U‘.lll, 1.710 \u, lll, J 0.0 % o=
H): BC NMR (CDCL): § 15.9(s. 4'- CH:). 17.7 (9-CH»). 25.7 (8"-CH.). 26.6 (2-CH.). 22.2 (1'-CH,) and
J» N ANAVRER \ASaF ). U SIND, TT NAAF ), 107 \FTERY Y, LT \U TRARL] gy LV \LTWER] ], dedede 1 SNXRF) wmara

1
23.1 (6-CH,), 39.4 (2'-CH;) an
123.1 (3 x ArC), 124.1(3'-CH=
166.2 (ArC), 191.1 (CO).

and 39.6 (5-CHy), 47.1 (COCH}), 55.5 (OCH), 81.5 (>C<), 101.1, 109.2 and
=) and 128.2 (7- CH=), 114.3 (ArC), 131.4 (C=), 135.9 (C=), 161.8 (ArC),

adbs thind Y (A @' Aieri bl oo 2 T AL A nhonmeamama {11). TD ¢/
“'r l-lvl“uvly'ﬂ-lllclllyl'"‘ﬁ ’0 -unncul.yl-nuua-a 'y '\llcllyl""" HBIVIISRUBT (11). i |

1620, 1590, 1450, 1275, 1170 cm™; UV (MeOH): 264, 312 nm; MS: (m/z) 342 [M']; '"H NMR (CDCL): &
lAO(e IH ("H.\ 1.59 {i 3H (‘FL\ 1.66 (e 6H QKFH,\ 209 (m 4" 2 x CH.) 1_55-1.35 (m 4H 2 x

~23, 2235 25, 233 SN EL RS2 8 X &V & RAA220

CH,), 2.58 and 2.73 (AB quartet, 2H, J = 164 COCH,), 3.82 (s, 3H, OCH3), 5.07 (t, 2H, /=62 Hz, 2 x
CH=C), 8.37 (d, 1H, J = 2.1 Hz, 8-H), 6.52 (dd, 1H, J = 8.8 and 2.1 Hz, 6-H), 7.78 (d, 1H, J 8.8 Hz, S-
H); "C NMR (CDCly): 8 17.8 (s, 3H, 4- CH;), 18.9 (s, 3H, 9-CH,), 25.7 (s, 3H, 8"-CHs), 26.6 (s, 3H, 2-
CH,), 22.0 (I'-CHy) and 23.1 (6-CHy), 31.8 (2'-CH,), 39.4(5-CH,), 47.1 (CO CH,), 55.5 (OCH;), 81.4
(>C<), 101.1, 109.2 and 123.2 (3 x ArC), 128.2 (3- and 7'-CH=), 114.2 (ArC), 131.7 (C=), 135.9 (C=), 161.8

(ArC), 166.3 (ArC), 191.0 (CO).

Photolysis of 10: The photolysis of the pure 10 (0.100 g) in C¢Hs as described in the typical procedure gave
mixture of epimers 12 and 13 (28/72 by GLC analysis; isothermal 250 °C) (TLC, pet. ether/EtOAc, 9:1,
multiple developments), 0.033 g (34%); m.p. 95 OC (hexane/ether); TR (KBr): 3120, 1718, 1645, 1600, cm™;
UV (MeOH): 265 nm; MS: (m/z) 328 [M']; The recovered substrate (30%) was a 1:1 mixture of 10 and 11.

Photolysis of 11: Similarly photolysis of the pure 11 (0.100 g) in C¢Hs as above provided a mixture of epimers
12 and 13 (20/80; by GLC analysis; isothermal 250 °C) (TLC, pet. ether/EtOAc, 9:1, multiple developments),
0.033 g (34%); IR (KBr): 3120, 1718, 1645, 1600 cm™; UV (MeOH): 265.5 nm; MS: (m/z) 328 [M']. The
recovered substrate (30%) was a 1.1 mixture of 10 and 11 by GLC.
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(1R" 45" ,5RS,6R’,11R")-1,5-Dimethyl-5-(4'-methyl-3'-pentenyl)-14-oxatetracyclo[8.3.1.0.4"'0% Jtetra
deca-9-ene-8,12-dione (12 and 13): 'H NMR (CDCL): 6 1.05 (s, 0.6H, 5-CH3), 1.14 (s, 2.4H, 5-CH;), 1.35-
1.55 (2H, m, CH,), 1.51 (s, 0.6H, 1-CH;), 1.54 (s, 2.4H, 1-CH,), 1.58 (s, 3H, CH,), 1.66 (s, 3H, CHy), 1.65-

~ 1 rOYY . a Fal & g YT A YT L m e n A sare a2

2.1 (8H, m, 4 x CH; and a CH), 1.92 and 2.18 (2H, AB muitipiet, CHy), 2.15 (iH, m, CH), 235 (21, d, J =
272 13 MNIT N Y NE e d N LY LAY ek _— 10" IT.\ 2 AL 11X a T 2 73 LT FIT\ 4 N /N DYY a Yy . .r r
3.3 Hz, CHy), 2.75 and 2.63 (AB quartet, Jap = 15.2 , 3.0 (I, t, /=33 Nz CH), 497 (08H, t,s=55
Hz CH=) S00(02H ¢t J=55 Hz CH=C §$68 {5 1H _COCH=) Beo wvm roncLy § 1580 (=

12, LarT ), .UV (V. 1, v J.J K1Z, LEITUS ), J.U0 \§, Ird, SUURATT ), U TUVER (L3 jl U K5V (T

CHa), 17.67 (=C-CHy), 21.98 (CHy), 22.67 (CHp), 24.11 (CHy), 25.66 (=C-CHj), 28.69 (CHs), 31.05 (CHy),
32.37 (CH}) 33.17 (CH—‘;\ 34.75 (CH_\ 36.42 (CH\ 37.86 (CHz) 38.07 {CH';\ 4576 (C(_)CHA 49 97
(COCH;), 52.43 (CH), 52.99 (>C<), 53.4 (>C<), 79.16 (>C<), 107.12 (CH=), 123.78 (CH=), 124.15 (CH=),
131.92 (C=), 171.4 (-C), 197.8 (CO), 200.4 (CO); 200.7 (CO). (Microanalysis of the mixture of epimers

Found: C, 76.55; H, 8.47, C;;H;305: requires C,76.78; H,8.60).

Allrylation of 6-methyl-S-hepten-2-one (14): To a stirred solution of LDA (30 mmol) in THF (50 m!) was
0 .
added a solution of 6-m thyl—S-h nten-2-one (14_, 30 mmol, 3.78 g) in THF (50 mi )at -78 C. After 30 min_a

solution of 2-methyl-4-bromo-2-butene (32 mmol, 4.47 g) in THF was added to it and stirring continued for
an additional 3 h. The reaction was worked up by adding saturated aqueous solution of NH,4CIl. The aqueous
layer was extracted with ether. The ethereal extract was dried over anhydrous Na;SO,4. On removal of solvent
at room temperature under reduced pressure, an orange liquid (5.0 g) was obtained which was distilled under
reduced pressure to give a pale yellow liquid; 1.2 g (21%); b.p. 100-110 °C/10 mm, containing a mixture of 15
and 16 in the ratio of 65:30 [GLC (OV-17; temp. program; 4 °C/min, 100-150 C)]. Attempts to separate 15
and 16 from the mixture were not successful and therefore, the mixture was used as such for the next step of
condensation with 17.
Preparation of 7-methoxy-2,2-di(4'-methyl-3'-pentenyl)-4-chromanone (19): To a stirred solution of
LDA (10 mmol) in THF (30 ml), was added a solution of 17 (5 mmol, 0.830 g) in THF (50 ml ) at -25 C.
After 30 min, a mlxture of 15 and 16 (5 mmol, 1.0 g) in THF (20 ml) was added and stirring continued for
an additional 3 h at -5 'C. The reaction was worked up as above and the condensation product 18 was isolated
from the mixture as a pale yeliow tmck liquid by column chromatography (SiO,, pet. ether/EtOAc, 98:2), 1 g
(55%); IR (film): 3480, 1645 cm™; UV (MeOH): 276, 319 nm; MS: (m/z) 360 [M']; 'H NMR (CDCh): 5
1.65 (s, 6H, 2 x CH3), 1.59 (s, 6H,2xCH3) 1.62 (m, 4H, 2 x - CH,), 2.02 (m, 4H,2xCH2) 3.05 (s, 2H,
s AA FAd 1T

COITIY 204 e AT ACLIY S07 0+ YT T="T0s Vv =" £47fd 10T T=" 1Is A4

CULILy j, J3.0% (8, o, vLirni3), J.VU/ \l, arly J FNZ e X-ULN=U ), 042 (G, 1IN, 0= 20 n.u.l}, 0.84 (04, 1N,
J=Q K and 2 H>» fHY 764(d TH J=R6H7 ArH) 127 (s TH ArOR) A mivture of the candeneation
w .V RIS b “‘4’ £ Llj) .y \u’ ‘ll’ o L lw’ ‘u“,, 4 o \9’ “-A’ ‘uvl"- “o ARG W Vi MilWw WATIAMAWIEONALELSER
pr edu:.t (18, 2 mmol, 0.72 g) and HMPT (2..8 mmol, 0,50 g) was heated at 155 C for 4 h. The reaction was

colourless liquid, 0.50 g (73%); IR (film): 2920, 2980, 1680, 1620 cm™; UV (MeOH_). 272, 312 nm; MS
(m/z) 342 [M']; '"H NMR (CDCL): § 1.66 (s, 6H, 2 x CH;), 1.57 (s, 6H, 2 x CH;), 1.78 (m, 4H, 2 x - CHy),
2.05 (m, 4H, 2 x - CHy), 2.63 (s, 2H, -COCHy), 3.63 (s, 3H, -OCHy), 5.05 (t, 2H, J = 6.4 Hz, 2 x -CH=C),
6.38 (d, 1H, J= 1.8 Hz, 8-H), 6.52 (dd, 1H, J=8.6and 1.8 Hz, 6-H), 7.78 (d, 1H, J = 8.6 Hz, 5-H); °C
NMR (CDCly): 6 17.6, 25.6 (4 x CHy), 22.1, 36.2 (4 x CHy), 45.2 (COCH,), 55.5 (OCH3), 83.3 (>C<), 101.1,
109.1 and 123.3 (3 x ArC), 107.6 (ArC), 128.1 (2 x CH), 132.2 (2 x C), 161.7 and 166.2 (2 x ArC), 191.1
(CO). Attempts to purify 18 and 19 to microanalytical purity were not successful.

(1R',48',6R’,11R")-5,5-Dimethyl-1-(4'-methyl-3'-pentenyl)-14-oxatetracyclo[8.3.1.0.*'' 0% Jtetradeca-9-

ene-8,12-dione (20) by Photoreaction of 19: Photolysis of 19 (0.100 g) in CsHs (200 ml) and PTS (7 mg)
was carried out in sunlight as described in the typical procedure. The photoproduct 20 was isolated by
preparative TLC (pet. ether/EtOAc, 9:1, multiple developments), 0.024 g (25%); colourless solid, m.p. 93-94
°C (hexane/ether); IR (KBr): 1720, 1640, 1600 cm™; UV (MeOH): 268.7 nm; MS: (m/z) 328 [M'], 'H
NMR (CDCls): 6 1.04 (s, 3H, CH3), 1.09 (s, 3H, CH3;), 1.69 and 1.62 (2s, 6H, C=(CHj;),), 2.05-1.6 (m, 9H, 6-
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(5-C), 43.3 (1I'-CHy), 47.7 (13-CH,), 52.9 (4-CH and 11-C), 80.7 (1-C), 106.8 (9-CH), 122.5 (3'-CH), 132.5
(4-C=), 171.0 (10-C), 197.4 (8-CO), 200.4 (12-CO); (Found: C, 76.61; H, 8.32; C;,Hy505; requires C,76.78;
H,8.60).
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The crystal data and molecular structure of 5: C;4H,,0; has been determined from single crystal X-
ray diffraction. The compound crystallizes in monoclinic centrosymmetric space gfoup P2)/c from n-

hexane. The celi parameters are @ =7.237(2) A, b= 19.977(1) A, c = 9.850(2) A, p = 107.92 (1)°, V =
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X-ray diffraction. The co pound rystallizes in triclinic space group P, Bar from CeHs. The cell
parameters are a =7 499 (I A b= 0’!0 ('ﬂ A c=10.445 (2) A a=7017 (2)° B = 8868 (l\" v=

Sle2 A% & £3, U v'-_, \Fs oy M PRV

69.69 (2)°, V' =689.1 A3, Z=2 Dc= 1,2547 Mg,/m{ F(000) =280, 4 =0.853 cm™, R = 5.34% and Ry, =
5.66%. The crystal data and molecular structure of 7: C;sHyO; has been determined from single
crystal X-ray diffraction. The compound crystallizes in triclinic, space group P; Bar from ether/n-hexane.
The cell parameters are @ =6.680(5) A, b= 10.471(1) A, ¢ = 11.272(4) A, o = 113.82 (2)°, B = 101.61
(5)°, y=91.18 (3)°, ¥="701.9 (6)A3, Z =2, Dc = 1.23 Mg/m3, F(000) = 280, = 0.811 cm"}, T = 295 °K,
R =6.55 and Ry, = 7.38. The detailed X-ray structure will be discussed elsewhere. The simulation of the
molecular plot was carried out by CS Chem3D Pro(tm), Molecular Modelling and Analysis, Cambridge
Soft Corporation, Cambridge, Massachusetts, USA.
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