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ABSTRACT

The photocyclisation of the title compounds leag®ru direct irradiation ah = 366 nm in
dichloromethane solution to racemis-2,3,4a,9b-tetrahydroH-dibenzofuran-4-ones (nine
examples, 37-74% yield). Since it was found thatghbstrates show a significant bathochromic
absorption shift upon treatment with EtAJClit was attempted to perform the reactions
enantioselectively in the presence of a chiral Iseagid. A complex of Cu(CIgy-6 HO and a
bisoxazoline ligand gave the best enantioseless/i{fup to 60%ee). Two procedures are
reported for the enantioselective photocyclisatidine first protocol is based on a direct
irradiation atA = 368 nm (LED) with a catalyst loading of 50 mo##d it delivered the products
in 26-76% vyield with 22-40%ee. The second protocol is applicable to electrorh riz-
aryloxycyclohex-2-enones (31-62% vyield, 29-468pand relies on sensitization by thioxanthone

(50 mol%) atA = 419 nm.
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Conditions: hv (A = 368 nm) or hv (A = 419 nm), 50 mol% thioxanthone

Introduction

In 1975, Schultz and Lucci reported on the firsbtpleyclisation reaction of 2-aryloxycyclohex-
2-enones.Upon irradiation of substratie for 23 hours in a solvent mixture of benzene,
methanol, and acidic acid, dihydrofunaat-3awas formed (Scheme 1) and the compound was

isolated after re-crystallization in analyticallyne form (80% vyield). The photolysis was



performed in pyrex glass which served as filtecutoff short wavelength irradiation below=
280 nm. Still, a further conversion of the prodweis notable upon prolonged irradiation and
minor side products were isolated. The reaction exgored with a variety of different

substrates in the context of natural product sysighas it promised an efficient access to the

morphine skeletof?

ScHEME 1. Proposed reaction pathway for the photocyatisaif 2-phenyloxycyclohex-2-enone

lato productrac-3a

Jeo ===l o]

Mechanistic evidence suggested that the photoeyis proceeds via a carbonyl ylide, eag-

2a, which is the formal product of a conrotatory ricigsure. Dittami et al. trapped intermediates
of this type by an intramolecular 1,3-dipolar cyaddition and established the relative
configuration of the producfsTo account for the relativés-configuration of the
photocyclisation products (afac-3a), it was assumed that protonation of the carbghgés
occurs by the solvent and this notion was suppdiedeuteration experimertsFlash

photolysis studies by Wolff revealed that the rescproceeds via the excited triplet state of the
aryloxyenone 1a*) but it was not possible to resolve the adiab@action step from this state to
the triplet state of the carbonyl ylideAdditional evidence for the intermediacy of triple

aryloxyenones was obtained from sensitization erparts and oxygen quenching studies.



We became interested in the formatijiphotocyclisatioft” of 2-aryloxycyclohex-2-enon&n
the context of our workon Lewis-acid catalyzed enantioselective photodbaimeactions? It
was found that Lewis acid coordinattono cyclic alkenones leads to a bathochromic stfithe
intense ¢ 015000 M* cmi™*) o absorption. Due to this shift, the strong absionpof the Lewis
acid complex overlaps the weak<(100 M™* cmi%) nrt* absorption of the non-coordinated
enone, which is responsible for the [2+2] photoogddition chemistry of this class of
compounds. If irradiated at a suitable wavelengitity the Lewis acid complex is
photochemically excited due to its higher absorptimoss-section and subsequent reactions can
proceed enantioselectively if a chiral Lewis asidised? We speculated that compounds like
aryloxyenonela might show a similar behavior and might potenyialthdergo enantioselective
photocyclisation reactions in the presence of sathiewis acid® Preliminary UV-Vis spectra
(Figure 1) suggested that the plan could be viableompounda exhibited a significant

bathochromic shift upon addition of EtAKAs the Lewis acid.
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FIGURE 1. UV-Vis spectra of compourithin the presence of various amounts of EtAICI

The strong absorption with maximadat 223 nm ¢ = 11450 M* cm™®) and at\ = 241 nm § =

10460 M* cm™) vanished upon Lewis acid addition and a new pmkared with a maximum



atA = 292 nm € = 10840 M* cm™). The strong band stretches into a wavelengtioregn
which the weak 1 absorption of the uncomplexed endr@occurs § = 320 nmg = 114 M™*
cm™). Based on this result we started to search felating chiral Lewis acids which would

enable an enantioselective photocyclisation reaaf®-aryloxycyclohex-2-enones. The results

of our experiments are summarized in this report.

RESULTS

Preparation of the starting materials and photocyclisation to racemic products. The synthesis of
the photochemical substrates was performed in gpatothe procedure of Schultz and co-
workers??|sophorone oxideréc-4)'* served as the starting material and underwentasgiom
hydride-assisted ring opening/elimination sequeAcgipolar aprotic solvent additive is required
in this step andl,N-dimethylpropyleneurea (DMPU) was found to be aahle alternative to the
toxic hexamethylphosphoramide. In addition, we fbtllat DMSO was a superior solvent as
compared to THF, in particular if electron-defidigmenols (HOAr) were used as oxygen
nucleophiles (Table 1, entries 5-7). Yields werefoaher optimized as sufficient starting
material for the subsequent photochemical reactouid be readily secured.

Since we planned to perform all catalytic experitaeén dichloromethane solution, the racemic
reactions were also run in this solvent. Employlaogrescent lamp$: we found an optimum
yield at a wavelength of = 366 nm for the reactioba— rac-3a(Table 1, entry 1). Ak = 300

nm and\ = 350 nm, the yields were lower (35% and 68%,aeBpely) while no reaction was

observed ak = 419 nm'®



Table 1.Formation of substratesby epoxide ring opening/elimination from isophoeaxide (ac-4) and
subsequent photocyclisation to racemic produsxts3

HOAr, KH (0.1 eq.)

O
DMPU (0.8 eq.) O\Ar
100 °C ( DMSO)

rac-4 1

hv (A = 366 nm)

c=10mM

rt. (CHoClp) 103
entry Ar 1 yiell®  rac-3 t[h]® yield®

(0] (0]

1 © la 72 rac-3a 24 72
2 ©\ 1b 77 rac-3b 24 54
3 ©\’Bu 1c 83 rac-3c 22 54
4 ©\0Me d 3¢ rac:3d 9 50
5 \O\COMe le 80 rac-3e 14 44
6 O\COOMe 1f 37 rac-3f 12 37
7 ©\CN 19 61 rac:3g 5 40
8 \©\Br ih 87 rac-3h 4 49
9 \ 1i 80 rac-3i 15 57

2Yield of isolated product. ® Reaction time until full conversion was reachfedield of isolated produatac-3a. “ The reaction was performed in
THF as the solventThe yield was 81% at= 20 mM.

The high yield achieved for produgc-3a could not be reproduced for all other substrates b
again it was not attempted to optimize the procedur general, reactions were performed at a

concentration of = 10 mM under deaerated conditions and were stbjp® starting material



could be detected by TLC. The relative configumatad the productsac-3 was assigned based
on the reported NMR shift data of known compounfdhis class. The constitution of product
rac-3i (C-C bond formation at carbon atom C1 of the nlagllene) had been previously
establishedand was confirmed.

ScHEME 2. Influence of the water content of the solvemtite relative configuration of

photocyclisation products from substrate

hv (L = 368 nm) 0
c=10mM Mo
I’t CH2C|2
- » rac3a + -
rac-5a
¢ (H20) < 20 ppm 10% 44%

¢ (Hp0) > 50 ppm 61% —

As mentioned above, thaes configuration is assumed to be the result ofiti@molecular
protonation of the intermediate carbonyl ylide. &dle 2 illustrates the results obtained by
irradiation with a light-emitting diode (LED) at= 368 nni’ in dichloromethane solutions with
varying water contents. If distilled dichlorometleanas used which was not further dried the
only product wasis-productrac-3a. Under strictly anhydrous conditiortsans-diastereoisomer
rac-5awas obtained as the major product that was cordtgunally stable upon chromatography.
Its formation can be explained by iastramolecular suprafacial 1,4-hydrogen shift to oceur i
carbonyl yliderac-2a (cf. Scheme 1)When treated with base (e.g.®0; in wet CHCI,),

compoundac-5awas quantitatively transformed intts-diastereoisomerac-3a.

Search for an appropriate chiral Lewis acid. Substratd.a exhibits two Lewis basic oxygen atoms
which could potentially form a five-membered chelabmplex with an appropriate Lewis acid.
Consequently, the use of a chiral chelating Lewid aith aC,-symmetric ligand seemed to be a
good starting point to identify suitable catalystgromote the reaction @b to product3a

enantioselectively.



Table 2.Ratio of enantiomers as observed in the Cu(&dfymoted photocyclisatioba — 3a/ent-3a: Influence of
the chiral ligand

hv (= 366 nm)

50 mol% Cu(OTf), 4
60 mol% ligand 0
rt. (CH,Cly)
12 — 5
3a ent-3a
) ildh[o . ee’
entry' ligand yield [%)] e.r! (%]

Oﬁo
1 %/N \ \) 44 55/45 10
6a 'Bu

By
O%O
2 N1 52 4357 14
N Ne
Ph g Ph
0%0
D
3 N N 47 60/40 20
Bn Bn
6¢c
o Mg
\ |
4 NN 52 56/44 12
PBB g PBB
|\
0 NZ O
0 |
5 <r” NJ 20 5050 O
Bn 6e Bn
o o
Co—< .
6 Bn" N N~>Bn 35 50/50 O
6f
0
7 oSN N= 44 50/50 O
Bu
69

3 The reaction was run to completion (20-24 h readtime) unless indicated otherwei%¥ield of isolated producf.The enantiomric ratio (e.r.)
was determined by chiral HPLC analy$i§he enantiomeric exces=e] was calculated from the e.$50% conversion after 24165%
conversion after 24 h.



The ligand screen was performed with Cu(@®fand chiral oxazoline ligantfsin deaerated
dichloromethane solution and a few selected resptsummarized in Table 2. As expected from
previous work the presence of a Lewis acid did not lead to@aateleration but rather did the
reaction rate decrease. The only meaningful enselBativities were recorded with bidentate
bisoxazoline (boxf ligands6a-6d derived from 2,2-dimethylmalonic acid (entries)1-4n
asymmetric induction by the other ligarks6g (entries 5-7) could not be detected and racemic
productrac-3awas obtained. Among the box ligands, the respedibenzylated liganfic was

the superior choice although the enantioselectivig far from optimal (20%e, entry 3). A

more electron rich benzyl group (PBB = para-benaylbenzyl, ligandd, entry 4) delivered a
lower enantiomeric excesegj. Although the absolute configuration at the sigemic centers of
ligands6b and6c were identical the preference for one product Boarer was opposite (entries

2 and 3yideinfra).

With box ligand6c providing the highest enantioselectivity in theesning, this ligand was used
in combination with different metal salts (see Sepgentary Material). Typical conditions (see
Table 2) included the use of 0.5 equiv. of the sl and 0.6 equiv. of ligargt in CH,Cl,
solution € = 10 mM,A = 366 nm¢{ = 24 h). Among the various metal salts, there wdg a

single beneficial effect to be observed when Cu(zl® HO was employed as the source of the
copper ion. Although the conversion was even slq@&% yield after 24 h) than with Cu(OZf)
the enantiomeric excess doubled to 48/Since these reactions were performed at room
temperature it was hoped that a lower reaction &atpre might lead to an improved
enantioselectivity. Disappointingly, the photocgalion did not proceed a65 °C and was
sluggish at 0 °C. A lower catalyst loading led tdezreased enantioselectivity if the reaction was
performed at ambient temperature. If the amou@(CIOy),- 6 HO was increased from 0.5 to

1.0 equivalents, the yield increased but the easelkectivity decreased (53%, 3&#). If the



ligand loading was increased to 1.0 equiv. anddading of Cu(ClQ),- 6 H,O was kept at 0.5
equiv. there was a significant increase in enaeksasivity but the yield did not improve (34%,

60%¢s).

Screening with various substrates and absolute configuration. Two light sources which emit at
366 and 368 nm, respectively, were evaluated tfioparthe enantioselective reactions with all
available substrates (Table 3). The 366 nm light@®consists of a set of 16 fluorescent lamps
with a broad emission spectrum and with a signifideeat evolutior® The 368 nm light source
is a LED with a narrow emission spectrum, whichnismersed in a flagk and which evolves no
heat. Reactions with the latter light source turoetito be more reproducible at ambient
temperature. In addition, the reaction with pasertistratdla was faster and higher yielding with
the LED than with the fluorescent lamp. Under stadctonditions (Table 2, entry 1), the yield
was 53% as compared to 31% while the enantioseligatemained identical (40%e). Donor
substitution inpara-position of the aryl group was inconsequentiahi® enantioselectivity
(entries 2-4) while acceptor substitution led tearease in enantioselectivity (entries 5-7). The
relatively high yields in the reactions of composid, 1g, andlh (entries 5, 7, 8) indicate that
racemic background reactions which occur upon tleecitation are significant. The
naphthyloxy-substituted substrdtiegave produc8i in a modest yield and with low
enantioselectivity (entry 9). In general, there wassubstratéb-1i which showed a better
performance than parent compoutal Yields of isolated produc&remained on average
moderate and varied between 26-76%. The enantaiséte was also variable ansk values
between 22% and 40%& were recorded. All products were levorotatory aading that their

absolute configuration was identical irrespectiféhe aromatic substituent.
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Table 3. Cu-Mediated enantioselective photocyclisation-air@oxy-cyclohex-2-enonekto products3 upon direct
irradiation ath = 368 nm

hv (A = 368 nm) 0
50 mol% Cu(ClOy4), 6 H,O H

60 mol% 6¢ ©
rt. (CHoCly) X s
A
entry? product t[hP® rs.m® vyield ee®
[%] [%]  [%]
(@] H o
1 20 0 53 40
3a
(e} H o
2 20 0 45 39
3b
(@] H o
3 24 17 32 39
1
3¢ Bu
(0] H o
4 24 17 26 39
3d OMe
(@] H o
5 17 O 76 22
3e COMe
O H o
6 24 23 51 27
3t COOMe
(e} H o
7 23 0 52 30
39 CN
(0} H o
8 23 0 65 26

24 O 36 28

2 All reactions were performed on a scale of 0.1 irfwo 10 mM) with a LED lamp (3 W power outptitas the light sourcé.Irradiation time®
Yield of recovered starting materidlYield of isolated product. The enantiomeric excesse) was determined by chiral HPLC analysis.



The absolute configuration of the major enantiomehe reactiorih — 3h could be elucidated
by anomalous X-ray diffraction (Figure 2). In orderobtain a configurationally homogenous
sample these of the compound was enriched by chiral semiprépa&lPLC to >99%. The
identity of the enantiomer, of which the crystaisture was determined, was confirmed by

subsequent HPLC analysis.

FIGURE 2. Absolute configuration of produgh as determined by anomalous X-ray diffraction.

As in the solid-state reaction of 2-arylthiocyclat2enone$, the enantioface differentiation in
the current photocyclisation reaction is likely daea helical conformation. In the present case
the helicity must be induced by the chiral Cu casmpAttack at th@-carbon atom of the enone

occurs from the respecti\re face as depicted for substrdtein Figure 3.

129 o 1~ 12®
0 Bn Bu (o)
b 0 /Cu\ 2’Cu\ R
> 9 N= HO N=
Ph gpo o] gy 80
O
1a' 2ClO,4 2 SbF6e

FIGURE 3. Twisted conformatiofhia’ of substratd.a, possible coordination dfato the Cu

bisoxazoline complex Cu(Cip-6c, and structure of Cu@®),(Sbk),-6a

12



Coordination of compountia to the Ctl bisoxazoline complex is expected to occur in agvar
less square-planar fashion with the two Lewis-bagigen atoms of the substrate binding to the
central metal atom. However, it is known that tkggen atoms and the nitrogen atoms of the
bisoxazoline ligand are not located in a singleplbut that the square planar arrangement is
somewhat distortetf. X-Ray crystallographic data for the complex Cy@(SbF),-6a for
example revealed that there is a positive diheafigle between the marked atoms@-N'-C*

of ca. +30 ®?*A similar dihedral angle is observed fof-Ou-N*-C?leading to a twist in the
coordination of the water atoms with one water roagle positioned below but the other
positioned above the plane. If one assumes thabtygen atoms of compouric follow the

same binding pattern as the oxygen atoms of therwadlecules, it can be readily explained why
conformationla’ is preferred and why enantiont&a is the major product of the
photocyclisation. Moreover, the hypothesis alsdarp the reversal of enantioselectivity with
ligand6b. In the Cu(HO),(SbR),-6b the above-mentioned dihedral angles are nedafithe
inducing a twist of substratiain the opposite direction with tt& face now being more readily
accessible. Another aspect deserves to be mentitireete assumes an initial coordination as
shown in Figure 3, the ether oxygen atom of thesate will progressively decomplex from the
copper center when approaching the transition soettee ylide intermediata (Scheme 1).
Among other factorsv{de supra), the insufficient chelation may be a reason fer anly

moderate enantioselectivity of the photocyclisation

Reaction mechanism and visible-light induced photocyclisation in the presence of a sensitizer.
Although it was established earlier that the phptbsation of substrates proceeds via a triplet
intermediate, it was not clear whether the Cu-catalyzed reaatias also a triplet process.

Preliminary experiments withA{&as putative quencher of a triplet intermediateatsd that the

13



photocyclisation ofia was indeed slower than under exclusion of oxygee Supplementary

Data) but the rate decrease was less significantdbserved for the non-catalyzed reaction.

When irradiating a substrate with options for cotimgepathways, i.e. photocyclisation vs. [2+2]

photocycloaddition, it had been previously fotfrttiat the photocycloaddition which is a fast
triplet proces® prevails. In the present study, 2-phenyloxyenahegre compared under the
conditions of the Cu-catalyzed process and it wasd that substraféa (R = Me) expectedly
yields the photocyclisation produg8{Scheme 3). The enantioselectivity determinatidfesed
from insufficient baseline separation but the dataedee was in the range which was
previously observed for produ@sProduct8 was also levorotatory. Substrate (R = pent-4-
enyl) gave upon irradiation under the Cu-catalyzeaditions almost exclusively the [2+2]
photocycloaddition productc-9. The same observation has been previously made dipect
excitation of7b.*® The results illustrate that the [2+2] photocycldiéidn is significantly faster
than the photocyclisation and it adds another peé@vidence that also the Cu-promoted

reaction proceeds via the aryloxyenone tripleestat

ScHEME 3. Photocyclisation vs. [2+2] photocycloadditiortihe reaction of substratés

7a R=Me ijg@

hV (A =368 nm) 8 (69%, 20% ee)
50 mol% Cu(ClOy4),6 H,O
60 mol% 6¢
I’t CH2C|2) :|E

TbR= .~ \/
9 (68%)

In a final set of experiments it was probed whetherexcitation of enondscould be achieved

by sensitization. Thioxanthone (TXT) seemed a bletaensitizer which would allow the

14



reaction to be performed with visible light. Gragtifgly, it was found that the addition of 50

mol% of the sensitizer enabled a conversion of rstweibstrates upon irradiationlat 419 nm

for 24 hours (Table 4). Complete reactions werafblor substrate$a, 1d, 1h, andli (39-62%
yield, entries 1, 4, 8, and 9). Aryloxyenorigslg with an electron deficient aryl group showed a
very slow conversion (entries 5-7). The reactiahrbt proceed or remained incomplete after 24
h. Presumably, the triplet energy of the sensftidertoo low to promote these substrates into the
excited state. Notable enantioselectivites (46%4i¥dee) were observed in two cases (entries 3

and 6).

Table 4. Cu-Mediated enantioselective photocyclisation-af@oxy-cyclohex-2-enonekto products3 upon
sensitized excitation at= 419 nm

hv (& = 419 nm) 0
50 mol% Cu(ClO,),6 H,0 Mo
60 mol% 6c¢, 50 mol% TXT

r.t. (CH.Clp)

entry? product rs.m. yield ee'[%)]

[%] [%]

1 3a O 57 30
2 3b 19 31 35
3 3¢ 32 32 46
4 3d O 62 29
5 3e 23 11 27
6 3f 66 17 47
7 3g 75 o¢ O

8 3h O 39 30
9 3i O 57 9

2 All reactions were performed on a scale of 0.1 infwe 10 mM) with a set of fluorescence lamps (RPR-4496" as the light source. The
reaction time was in all cases 24 hofid§ield of recovered starting materialYield of isolated product. The enantiomeric excessef was
determined by chiral HPLC analysfdNo reaction product could be isolated.

15



CONCLUSION

In summary, we have discovered the first enantsasigle photocyclisation reactions of 2-
aryloxycyclohex-2-enones in solution and we hawen that a chiral Lewis acid approach is
applicable to this reaction class. A complex of @Q@Y),-6 HO and bisoxazoline ligangc was
employed as the Lewis acid in most of the repoiaasformations. Evidence was collected that
the Cu-promoted reactions follow — like the uncatall reactions — a triplet mechanism. In the
dynamic catalyst-substrate system there is anibguih between the non-complexed substrate
and the substrate in the complex. For the non-cexepl substrate excitation occurs at long
wavelength via its weakiti absorption, e.g. fotaatA = 320 nm ¢ = 114 M* cmi™%). The long-
wavelength absorption of the Lewis acid compleximascharacter. Upon direct excitation, the
fact that population of thart* triplet state can only occur via thet singlet state hampers the
catalysis because intersystem crossing (ISC) éyliklow?® This issue was already discussed in
the context of enantioselective Lewis-acid promdge®] photocycloaddition reactio& The
uncatalyzed reaction can proceed via rapid ISC ftwent* singlet state and thus acts as a
significant racemic background reactfdrupon sensitization, the chosen triplet sensitizer
apparently does not allow for a perfect discrimimrabetween complexed and non-complexed
substrate. As a result, the racemic backgroundioaemains viable and dilutes the asymmetric
induction of the chiral Lewis acid. Based on tmglgsis, it should be possible to further improve
the enantioselectivity by judicious choice of tleasitizer. Promising results along these lines
have been recently achieved by the Yoon grouperctmtext of [2+2] photocycloaddition

reactions-2°

16



EXPERIMENTAL SECTION

General Methods:

All reactions sensitive to air or moisture wererigat out in flame-dried glassware under a
positive pressure of argon using standaatdenk techniques. Dry tetrahydrofuran (THF) and
dichloromethane (C¥Cl,) were obtained from aMBRAUN MB-SPS 800 solvent purification
system. Other dry solvents and chemicals were rdxdairom commercial suppliers in the highest
purity available and were used without further ficaition. Technical solvents used for aqueous
workup and for column chromatographygentane (pentane), ethyl acetate (EtOAc), diethyl
ether (E4O), dichloromethane (Ci€l,), methanol (MeOH)] were distilled prior to use.€Th
following compounds were prepared according to ishet proceduresac-4,'* 6a,*26b,?® 6¢,%°
6e>° Photochemical experimentsiat 366 nm and. = 419 nmwere performed iDuran tubes
(volume 10 mL) in an RPR-100 photochemical rea(dmuthern New England Ultra Violet
Company, Branford, CT, USA) equipped with fluoresmelampsX = 366 nmj = 419 nm)*>
Photochemical experiments using a LED=(368 nmj’ were carried out in a Schlenk tube
(diameter = 1 cm) with a polished quartz rod asgiical light guide, which was roughened by
sandblasting at one eAtiThe roughed end has to be completely submerggtisolvent during
the reaction, in order to guarantee optimal andodyrcible irradiation conditions. Prior to
irradiation, the dichloromethane was deoxygenatepurging with argon in an ultrasonicating
bath for 15 minutes. Column chromatography wasoperéd on silica gel 60 (Merck, 230-240
mesh) with the eluent mixtures given for the cquoesling procedures. Thin-layer
Chromatography (TLC) was performed on silica-coafieds plates (silica gel 60 F 254).
Compounds were detected by UV 254 nm, 366 nm), KMn©and CAM solution (cerium
ammonium molybdate). Analytical HPLC was perfornisthg a chiral stationary phadeafcel

ChiralCell, Chemical Industries, flow rate: 1.0 miin, type and eluent is given for the

17



corresponding compounds) and UV detectior 10 nm or 254 nm) at 20 °C. IR spectra were
recorded on dASCO IR-4100 (ATR) or &Perkin EImer Frontier IR-FTR spectrometer by ATR
technique. The signal intensity is assigned udiegdllowing abbreviations: s (strong), m
(medium), w (weak). MS and HRMS measurements werpned on &hermo Scientific DFS
instrument (El) or &hermo Scientific LTQ-FT Ultra (ESI).*H and**C spectra were recorded at
300 K either on 8ruker AV-360, aBruker AVHD-400, or aBruker AVHD-500 spectrometer.
Chemical shifts are reported as parts per millfn{) relative to chloroformd[(*H) = 7.26 ppm,
§ (**C) = 77.16 ppm]. All coupling constant3) @re reported in Hertz (Hz). The relative
configuration of chiral products and the multiptjcof the**C-NMR signals were determined by
two-dimensional NMR experiments (COSY, NOESY, HS®®BC). X-ray crystallography
was performed on Bruker D8 Venture Duo IMS system equipped with a Helipsm®
monochromator and a Mo IMS microsourae=(0.71073 A). The data was analyzed using a
Bruker SAINT software package using a narrow-frame atbaori UV/Vis spectra were recorded
on aPerkin Elmer Lambda 35 UV/Vis spektometer usingdalma precision cell made of quartz
SUPRASIL® with a pathway of 1 mm. Optical rotations wereetietined using a

Bellingham+Stanley ADP440+ polarimeter.

General procedure for the synthesis of the irradidabn precursor. To a solution of the
appropriate phenol (1.0 equiv.) in dry DMSO (0.3/mmol), KH in mineral oil (30%,

0.1 equiv.) was added and the mixture was stirtedan temperature for 10 min. After addition
of isophorone oxidé (rac-4, 1.05 equiv.), DMPU (0.82 equiv.) was added. Téwction mixture
was stirred at 100 °C for 24 h. After cooling t@motemperature, the solution was extracted

three times with BEO (5 mL/mmol). The combined organic layers werelvealswith brine (10

18



mL/mmol), dried over Ng&5O, and filtered. After evaporation the crude matenak purified by

column chromatography.

2-(4+ert-Butylphenoxy)-3,5,5-trimethyl-2-cyclohexen-1-on€lc). According to the general
procedure, compountt was synthesized starting fromett-butylphenol (925 mg, 6.16 mmol,
1.0 equiv.). Purification by column chromatogragpgntane/B0 10:1, UV, CAM) gave the
product as a light yellow solid (1.46 g, 5.10 mn88%). m.p.: 98 °C. TLCR= 0.54
(pentane/BO 2:1) [UV, CAM]. IR (ATR):v (cmi?) = 2954 (m, C-H), 1676 (C=0), 1508 (s),
1230 (s), 1181 (s), 835 (s), 827 ($).NMR (400 MHz, CDCJ): 5 (ppm) = 1.14 [s, 6H,
C(CHs)2], 1.28 [s, 9H, C(Ch)g], 1.89 (s, 3H, Ch), 2.41 (s, 2H, H-6), 2.42 (s, 2H, H-4), 6.74-
6.77 (M, 2H, H), 7.24-7.27 (m, 2H, k). *C {*H} NMR (101 MHz, CDC}): & (ppm) = 18.3 (q,
CHa), 28.6 [q, CCHa)2], 31.7 [, CCHa)al, 33.4 (s, C-5), 34.2 [€(CHa)], 45.8 (t, C-4), 52.1 (t,
C-6), 114.3 (d, ), 126.5 (d, @), 143.9 (sC'Bu), 144.4 (s, C=C), 145.9 (s, C=C), 155.5 (§),C
193.2 (s, C-1). MS (El, 70 EV)jn/'z (%) = 150 (16), 135 (100), 107 (28). HRMS (El,&\):

Calculated for GH20, [M*] = 286.1927. Found = 286.1925.

2-(4-Cyanophenoxy)-3,5,5-trimethyl-2-cyclohexen-1a® (1g). According to the general
procedure, compounty was synthesized starting from 4-cyanophenol (7846116 mmol,

1.0 equiv.) Purification by column chromatograppgr{tane/E0 3:2, UV, CAM) gave the
product as a light yellow solid (965 mg, 3.78 mn&il%). m.p.: 62 °C. TLCR = 0.60
(pentane/BO 1:2) [UV, CAMY]. IR (ATR):v (cmi?) = 3270 (m), 2957 (w, C-H), 2231 (s, CN),
1674 (s, C=0), 1602 (s, C=C), 1505 (s), 1239 (361(s), 836 (s, C-HfH NMR (360 MHz,
CDCl3): 6 (ppm) = 1.15 [s, 6H, C(C4t], 1.89 (s, 3H, Ch), 2.42 (s, 2H, H-6), 2.45 (s, 2H, H-4),

6.88 (d,J = 8.1 Hz, 2H, H), 7.56 (dJ = 8.1 Hz, 2H, H).*C {*H} NMR (90 MHz, CDCk): 5
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(ppm) = 18.2 [q, C(CH)], 28.6 (q, CH), 33.4 (s, C-5), 45.7 (t, C-4), 51.8 (t, C-6), WG, G),
115.9 (d, G), 119.1 (s, CN), 134.3 (d, 143.1 (s, C=C), 146.7 (s, C=C), 161.1 (§),092.1
(s, C-1). MS (El, 70 eV)nz (%) = 256 (100) [M], 240 (13) [(M-CHy)], 227 (28), 199 (35),
143 (24), 130 (36), 109 (35), 69 (84). HRMS (Elzi€ilated for GeH;/NO,[M*] = 255.1258.

Found = 255.1254.

2-(4-Bromophenoxy)-3,5,5-trimethyl-2-cyclohexen-1+ee (1h). According to the general
procedure, compounth was synthesized starting from 4-bromophenol (583 3r08 mmol, 1.0
equiv.). Purification by column chromatography (fzee/EO 10:1, UV, CAM) gave the
product as a yellow solid (832 mg, 2.69 mmol, 87&t)p.: 46 °C. TLCR;= 0.60 (pentane/ED
2:1) [UV, CAMY]. IR (ATR): v (cm®) = 2957 (m, C-H), 1668 (s, C=C), 1479 (s), 1227883 (s).
H NMR (400 MHz, CDCJ): & (ppm) = 1.14 [s, 6H, C(CHh], 1.88 (s, 3H, Ch), 2.40 (s, 2H, H-
6), 2.43 (s, 2H, H-4), 6.67-6.73 (M, 2HaH7.31-7.35 (m,2H, k). *°C {*H} NMR (101 MHz,
CDCL): & (ppm) = 18.2 (g, Ch), 28.6 [q, CCH3)], 33.4 (s, C-5), 45.8 (t, C-4), 51.9 (t, C-6),
114.1 (s, C-10), 116.8 (d, C-8), 132.5 (d, C-98.64s, C=C), 146.3 (s, C=C), 156.9 (s, C-7),
192.7 (s, C-1). MS (El, 70 eViwz (%) = 308 (46) [M], 280 (8), 183 (15), 172 (100), 93 (31),
62 (20). HRMS (EI, 70 eV): Calculated ford170,"°Br [M*] = 308.0414. Found = 308.0406.

Calculated for GH170.*'Br [M*] = 310.0386. Found = 310.0393.

2-(2-Naphthoxy)-3,5,5-trimethyl-2-cyclohexen-1-onéli). According to the general procedure,
compoundLi was synthesized starting from 2-naphthol (444 n@g 8mol, 1.0 equiv.).
Purification by column chromatography (pentangZEtO:1, UV, CAM) gave the product as a
light yellow solid (695 mg, 2.48 mmol, 80%). m.87 °C. TLC (pentane/ED 2:1):R:= 0.40

[UV, CAM]. IR (ATR): v (cmi®) = 2956 (m, C-H), 1678 (s, C=0), 1629 (C=C), 1291179



(s), 807 (s)'H NMR (400 MHz, CDCJ): & (ppm) = 1.19 [s, 6H, C(Chb], 1.92 (s, 3H, CH),

2.47 (s, 2H, H-6), 2.49 (s, 2H, H-4), 6.99Jd; 2.5 Hz, 1H, H), 7.22 (ddJ = 2.5 Hz,J = 9.0

Hz, 1H, Hy), 7.30-7.35 (m, 1H, k), 7.38-7.43 (m, 1H, k), 7.63-7.65 (m, 1H, k), 7.75-7.78

(m, 2H, Hy). 2C {*H} NMR (101 MHz, CDCE): & (ppm) = 18.3 (g, CH}, 28.6 [q, CCH2)],

33.5 (s, C-5), 45.9 (t, C-4), 52.1 (t, C-6), 10@18C,), 117.8 (d, @), 124.1 (d, &), 126.5 (d,

Ca), 127.0 (d, @), 127.8 (d, ), 129.7 (d, G), 129.9 (s, §), 134.4 (s, §), 143.9 (s, G), 146.2
(s, C=C), 155.7 (s, C=C), 192.9 (s, C-1). MS (BI,EN): mz (%) = 280 (6) [M], 237 (1)
[(C16H1302)"], 205 (12), 144 (35) [(GH-0)'], 115 (50), 82 (13). HRMS (EI, 70 eV): Calculated

for CioH2002 [M +] = 280.1458. Found = 280.1453.

General procedure for racemic photoreactionsThe irradiation precursdr(0.10 mmol) was
transferred into ®uran tube and was dissolved in 10 mL deaerated dichietbane. The

mixture was irradiated at room temperaturg at366 nm until no starting material was detected
by TLC. The solvent was removed under reduced presand the crude product was purified by

column chromatography.

General procedure for enantioselective photoreactits ati= 368 nm.Cu(CIQy),- 6H,0 (18.5
mg, 50.0umol, 0.50 equiv.) and bisoxazoline ligaéd(21.8 mg, 60.Qumol, 0.60 equiv.) were
dissolved in 2 mL deaerated dichloromethane amgdtat room temperature for three hours.
The irradiation precursdr (0.10 mmol, 1.00 equiv.) was dissolved in 5 mL detssl
dichloromethane and transferred by syringe intalde®k tube. The catalyst solution was
transferred by syringe into the same Schlenk tulgetlae residual catalyst was washed with 2 x
1.5 mL of deaerated dichloromethane into the tlibe.reaction mixture was irradiated at room

temperature for the indicated period of time. Té&ction mixture was diluted with 10 mL
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dichloromethane and washed with 20 mL ethylenediateiraacetic acid (EDTA) solution. The
aqueous phase was extracted with dichlorometharel@BmL), dried over N&Qy, filtered and
the solvent was removed under reduced pressurecrile product was purified by column
chromatography to afford the corresponding photli&gtion product. If starting material was

recovered the yield of recovered starting matérialm.) is provided.

General procedure for sensitized enantioselectivenptoreactions ath = 419 nm.
Cu(ClQy),- 6H:0 (18.5 mg, 50.@mol, 0.5 equiv.) and the bisoxazoline ligegw(21.8 mg, 6.00
umol, 0.6 equiv.) were dissolved in 2 mL deaeratetildromethane and stirred at room
temperature for three hours. The irradiation preaut (0.10 mmol, 1.0 equiv.) and thioxanthone
(10.6 mg, 50.@umol, 0.5 equiv.) was dissolved in 5 mL deaeratetildromethane and
transferred by syringe intouran tube. The catalyst solution was transferred bynggrinto the
sameDuran tube and the residual catalyst was washed witid 5L of deaerated
dichloromethane into the tube. The reaction mixtsas irradiated at room temperature for 24
hours. The reaction mixture was diluted with 10 dithloromethane and washed with 20 mL
EDTA solution. The aqueous phase was extracteddigtiioromethane (3 x 15 mL), dried over
NaSQ,, filtered and the solvent was removed under redipcessure. The crude product was
purified by column chromatography to afford theresponding photocyclisation product. If

starting material was recovered the yield of recedestarting material (r.s.m.) is provided.

2,2,9b-Trimethyl-2,3,4a,9b-tetrahydro-H-dibenzofuran-4-one(rac-3a). According to the

general procedure, compouhd (23.0 mg, 10@mol) was irradiated (irradiation time: 22 h).

Purification by column chromatography (pentanglE8:1, CAM) gave the product as a colorless
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oil (16.6 mg, 72umol, 72%). TLC:R; = 0.37 (P/E{O 2:1) [CAM]. The spectroscopic data
matched the literature valu#s.

The enantioselective reactionkat 368 nm was performed with 1@@nol 1a (irradiation time
20 h) and gave produ8t (12.2 mg) in 53% yield with 40%e. [0]p*° = -66.7 € = 0.51, CHCI.)
[40% e€]. Chiral HPLC (OJ-RH, 158 4.6 mm,MeCN (A)/H,O = 20% (A)— 100% (A), 1
mL/min, X = 210 nm, 254 nm}i [racemate] = 13.8 mirB4), 16.3 min ént-3a). The
enantioselective reaction at= 419 nm was performed with 1@@nol 1a and gave produ@a

(13.2 mg) in 57% vyield with 30%e.

2,3,4a,9b-Tetrahydro-2,2,8,9b-tetramethyl-H-dibenzofuran-4-one(rac-3b). According to

the general procedure, compoutinl(24.4 mg, 10@mol) was irradiated (irradiation time: 24 h).
Purification by column chromatography (pentanglEs:1, CAM) gave the product as a colorless
oil (13.2 mg, 541mol, 54%). TLC:R; = 0.33 (P/E{O 2:1) [CAM]. The spectroscopic data
matched the literature valu&s.

The enantioselective reactionkat 368 nm was performed with 1@@nol 1b (irradiation time:

20 h) and gave produgb (11.0 mg) in 45% yield with 39%e. [¢]p?° = -35.4 € = 0.57,

CH,Cl,) [39%e€]. Chiral HPLC (OJ-RH, 156 4.6 mm,MeCN (A)/H,0 = 20% (A)— 100%

(A), 1 mL/min,A = 210 nm, 254 nm}i [racemate] = 14.0 mir8p), 15.1 min ént-3b). The
enantioselective reaction at= 419 nm was performed with 1@@nol 1b and gave produ@b

(7.5 mg) in 31% vyield with 35%e, 19% r.s.m.

8-tert-Butyl-2,2,9b-trimethyl-2,3,4a,9b-tetrahydro-1H-dibenzofuran-4-one(rac-3c).
According to the general procedure, compoio?8.6 mg 10Gumol) was irradiated (irradiation

time: 22 h). Purification by column chromatogragpgntane/EO 8:1, CAM) gave the product
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as an orange oil (15.5 mg, f#hol, 54%). TLC:R; = 0.33 (P/E{O 2:1) [CAM]. IR (ATR):v (cmi
) = 2956 (m, C-H), 1727 (C=0), 1485 (s), 1026 &4)7 (s).H NMR (400 MHz, CDCY): &
(ppm) = 0.5§5, 3H, C-2(CH)], 1.11 [s, 3H, C-2(CH)], 1.27 [s, 9H, C(Chk)3], 1.40 [s, 3H, C-
9b(CHs)], 1.94 (d,J = 14.6 Hz, 1H, €IH-1), 2.20 (ddJ = 12.8 HzJ = 2.3 Hz, 1H, GiH-3), 2.26
(dd,J = 14.6 Hz,J = 2.3 Hz, 1H, CH#-1), 2.36 (d,J = 12.8 Hz, 1H, CHi-3), 4.50 (s, 1H, H-4a),
6.86 (d,J= 8.4 Hz, 1H, H), 7.03 (dJ= 2.1 Hz, 1H, H), 7.14 (ddJ = 8.4 Hz,J= 2.1 Hz, 1H,

Ha). 2*C {*H} NMR (101 MHz, CDC}):  (ppm) = 27.2 [q, C-ZtH5)], 31.8 [q, CCHs)s], 32.2

[, C-9bCH3)], 32.5 [q, C-2CHa)], 34.5 [s,C(CHs)3], 36.1 [s, C-2], 46.1 (t, C-1), 49.6 (s, C-9b),

51.9 (t, C-3), 91.1 (d, C-4a), 109.8 (d,)C118.8 (d, G), 125.1 (d, @), 133.8 (s, &), 144.6 (s,
Ca), 155.7 (s, @), 208.7 (s, C-4). MS (EI, 70 eViVz (%) = 286 (23) [M], 271 (100)
[(C1gH2402)"], 173 (24), 153 (53), 57 (48). HRMS (EI, 70 eVl€ulated for GHoc0, [M ] =
286.1927. Found = 286.1923.

The enantioselective reactioniat 368 nm was performed with 1@@nol 1c (irradiation time:
24 h) and gave produ8t (9.1 mg) in 32% vield with 39%e, 17% r.s.m.{]p°° = —7.4 ¢ = 0.55,
CH,Cl,) [46%e€]. Chiral HPLC (AS-RH, 156 4.6 mm,MeCN (A)/H,O = 20% (A)— 100%
(A), 1 mL/min,A = 210 nm, 254 nm}i [racemate] = 16.9 miret-3c), 18.2 min 8¢).

The enantioselective reactiondat 419 nm was performed with 1@@nol 1c and gave product

3¢ (9.2 mg) in 32% vyield with 46%se, 32% r.s.m.

8-Methoxy-2,2,9b-trimethyl-2,3,4a,9b-tetrahydro-H-dibenzofuran-4-one(rac-3d).
According to the general procedure, compolidd26.0 mg, 10@umol) was irradiated
(irradiation time: 9 h). Purification by column dmatography (pentanefex 8:1, CAM) gave
the product as a yellow solid (13.0 mg,50ol, 50%). TLC:R; = 0.21 (P/E{O 2:1) [CAM]. The

spectroscopic data matched the literature vafues.
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The enantioselective reactiondat 368 nm was performed with 1@@nol 1d (irradiation time:
24 h) and gave produgd (6.0 mg) in 26% yield with 34%e, 17% r.s.m.{]p*°=-19.0 ¢ =
0.53, CHCL) [34%e€]. Chiral HPLC (AS-RH, 156 4.6 mm,MeCN (A)/H,0 = 20% (A)—
100% (A), 1 mL/min) = 210 nm, 254 nm}i [racemate] = 12.7 miret-3d), 14.3 min 8d).
The enantioselective reactiondat 419 nm was performed with 1@@nol 1d and gave product

3d (16.0 mg) in 62% yield with 29%e.

8-Acetyl-2,2,9b-trimethyl-2,3,4a,9b-tetrahydro- H-dibenzofuran-4-one(rac-3€). According
to the general procedure, compou(27.2 mg, 10Qumol) was irradiated (irradiation time: 14
h). Purification by column chromatography (pent&t€ 2:1, CAM) gave the product as a
colorless oil (12.0 mg, 4dmol, 44%). TLC:R; = 0.34 (P/E{O 1:2) [CAM]. The spectroscopic
data matched the literature vald@s.

The enantioselective reactiondat 368 nm was performed with 1@@nol 1e (irradiation time:
17 h) and gave produBe (20.7 mg) in 76% vyield with 22%e. [o]p?° = —20.7 (c = 0.87, CHCl,)
[27% e€]. Chiral HPLC (AD-H, 250x 4.6 mm,n-heptang/PrOH = 90:10, 1 mL/min} = 210
nm, 254 nm)tg [racemate] = 11.9 mire(t-3€), 14.3 min Be). The enantioselective reaction at
A =419 nm was performed with 1@@nol 1eand gave produ@e (3.0 mg) in 11% yield with

27%ee, 23% r.s.m.

8-Carbomethoxy-2,2,9b-trimethyl-2,3,4a,9b-tetrahydo-1H-dibenzofuran-4-one(rac-3f).
According to the general procedure, compoih(®28.8 mg, 10@umol) was irradiated (irradiation
time: 12 h). Purification by column chromatogragpgntane/BO 2:1, CAM) gave the product
as a colorless oil (10.7 mg, @ol, 37%). TLC:R = 0.31 (P/EO 1:2) [CAM]. The

spectroscopic data matched the literature vafues.



The enantioselective reactiondat 368 nm was performed with 1@@nol 1f (irradiation time:
24 h) and gave produsf (14.6 mg) in 51% yield with 27%e, 23% r.s.m.]p*°=-31.0 € =
0.65, CHCIy) [27%e¢]. Chiral HPLC (AD-H, 250x 4.6 mm,n-heptang/PrOH = 90:10, 1
mL/min, X = 210 nm, 254 nm}i [racemate] = 9.0 mire(t-3f), 10.2 min 8f). The
enantioselective reaction &t= 419 nm was performed with 1@@nol 1f and gave produ@f

(5.0 mg) in 17% vyield with 47%e, 66% r.s.m.

8-Cyano-2,2,9b-trimethyl-2,3,4a,9b-tetrahydro-H-dibenzofuran-4-one(rac-3g). According
to the general procedure, compou(25.5 mg, 10@umol) was irradiated (irradiation time: 5
h). Purification by column chromatography (pent&t€ 3:2, CAM) gave the product as a white
solid (10.3 mg, 4@umol, 40%). m.p.: 121 °C. TLQR; = 0.33 (P/EO 1:2) [CAM].*H NMR (400
MHz, CDCk): 6 (ppm) = 0.57 [s, 3H, C-2(CHl, 1.13 [s, 3H, C-2(CH)], 1.41 [s, 3H C-
9b(CH)], 2.00 (d,J = 14.9 Hz, 1H, €IH-1), 2.22-2.26 (m, 2H, CH-1, CHH-3), 2.40 (d,
J=13.1 Hz, 1H, CHi-3), 4.65 (s, 1H, H-4a), 7.02 (@= 8.2 Hz, 1H, H), 7.31 (s, 1H, k), 7.48
(d,J=8.2 Hz, 1H, H). *C {*H} NMR (101 MHz, CDC}): & (ppm) = 27.0 [q, C-Z{H3)], 32.4
[g, C-2(CH3)], 32.6 [g, C-9bCH3)], 36.1 (s, C-2), 45.9 (t, C-1), 49.1 (s, C-9H),&(t, C-3), 91.5
(d, C-4a), 105.1 (s, 43, 111.8 (d, @), 119.3 (s, CN), 126.1 (d,. 134.0 (d, @), 136.3 (S, @),
161.4 (s, G), 206.2 (s, C-4). MS (El, 70 ez (%) = 255 (61) [M], 240 (34) [(GsH1aNO,)],
198 (46), 156 (100), 83 (78). HRMS (EI, 70 eV): Gaated for (GeH1/NO,) [M*] = 255.1254.
Found = 255.1272. The enantioselective reaction=aB68 nm was performed with 1@énol 1g
(irradiation time: 23 h) and gave prod@cgf(13.3 mg) in 52% vyield with 30%e. [o]p?° = -25.9
(c =0.54, CHCI,) [30%eg]. Chiral HPLC (AD-H, 250x 4.6 mm,n-heptana/PrOH = 90:10, 1
mL/min, X = 210 nm, 254 nm} [racemate] = 13.7 mire(t-3g), 16.7 min 8g). The

enantioselective reaction at= 419 nm was performed with 1@@nol 1g and gave no product.
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8-Bromo-2,2,9b-trimethyl-2,3,4a,9b-tetrahydro-H-dibenzofuran-4-one(rac-3h). According
to the general procedure, compourd(30.9 mg, 10@mol) was irradiated (irradiation time: 4
h). Purification by column chromatography (pent&t€ 8:1, CAM) gave the product as a
colorless solid (15.0 mg, 48nol, 49%). m.p.: 86 °C. TL(% = 0.33 (P/ELO 2:1) [CAM].IR
(ATR): v (cm™) = 2958 (m, C-H), 1722 (s, C=0), 1456 (s), 118018617 (s), 809 (s), 641 (SH
NMR (400 MHz, CDCY): & (ppm) = 0.60 [s, 3H, C-2(C, 1.12 [s, 3H, C-2(CH)], 1.40 (s, 3H,
C-9b(CHy)], 1.94 (d,J = 14.8 Hz, 1H, €H-1), 2.20-2.24 (m, 2H, CH-1, CHH-3), 2.37 (d,
J=12.7 Hz, 1H, CH-3), 4.54 (s, 1H, H-4a), 6.83 (@= 8.5 Hz, 1H, H), 7.13 (dJ= 2.1 Hz,
1H, Ha), 7.24 (ddJ = 8.5 Hz,J = 2.1 Hz, 1H, H), *C {*H} NMR (101 MHz, CDC}): & (ppm)
= 27.1[q, C-2CH3)], 32.4 [q, C-2CH3)], 32.4 [q, C-9bCHa)], 36.1 (s, C-2), 46.0 (t, C-1), 49.6
(s, C-9b), 51.8 (t, C-3), 91.1 (d, C-4a), 112.4Qg), 113.5 (s, @), 125.1 (d, @), 131.4 (d, @),
136.9 (s, G), 157.0 (s, @), 207.2 (s, C-4). MS (EI, 70 eV): m/z (%) = 304 M'], 293 (31)
[(C1aH14BrO,)*], 251 (22), 210 (96), 83 (100). HRMS (EI, 70 e@plculated for (GH17 °BrO,)
[M*] = 308.0406. Found = 308.0404. Calculated fogiz;"'BrO,) [M*] = 310.0386. Found =
310.0383. The enantioselective reactioh at368 nm was performed with 1@énol 1h
(irradiation time: 23 h) and gave prod@tt(20.1 mg) in 65% yield with 26%e. [a]p*° = -15.7
(c=0.51, CHCI,) [30%ee€]. Chiral HPLC (AD-H, 250x 4.6 mm,n-heptana/PrOH = 90:10, 1
mL/min, X = 210 nm, 254 nm}i [racemate] = 10.3 mire(t-3h), 13.2 min 8h). The
enantioselective reaction at= 419 nm was performed with 1@@nol 1h and gave produ@&h

(12.0 mg) in 39% vyield with 30%e.

10,10,11a-Trimethyl-9,10,11,11a-tetrahydronaphtho[2-b]benzofuran-8(7aH)-ongrac-3i).

According to the general procedure, compoling@8.0 mg, 10@umol) was irradiated (irradiation
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time: 15 h). Purification by column chromatogragphgntane/EO 8:1, CAM) gave the product
as an orange solid (16.0 mg, @nol, 57%). m.p.: 119-121 °C. TL& = 0.41 (P/ELO 2:1)
[CAM]. IR (ATR): v (cm?) = 2924 (m, C-H), 1715 (s, C=0), 1263 (m), 102864 (s), 744
(m).*H NMR (400 MHz, CDCJ): § (ppm) = 0.64 [s, 3 H, C-10(G}], 1.17 [s, 3H, C-10(CH)],
1.67 [s, 3H, C-11a(C#), 2.15 (d,J = 14.8 Hz, 1H, €IH-9), 2.31 (dd,]J = 13.6 HzJ= 1.8 Hz
1H, CHH-11), 2.39 (d,J = 13.6 Hz, 1H, CH-11), 2.78 (ddJ = 14.8 Hz,J= 1.8 Hz, 1H, CHt-
9), 4.59 (s, 1H, H-7a), 7.23 (= 8.8 Hz, 1H, H), 7.31 (dddJ) = 8.1,J=6.9,J= 1.1 Hz, 1H,
Hay), 7.47 (ddd) = 8.4,J=6.9,J= 1.4 Hz, 1H, H), 7.69 (dJ = 8.8 Hz, 1H, H,), 7.80-7.82 (m,
1H, Ha), 7.92-7.95 (m, 1H, k). *C {*H} NMR (101 MHz, CDC}): § (ppm) = 27.0 [q, C-
10(CHs)], 30.4 [q, C-11aCHs3)], 32.1 [q, C-10CH3)], 35.6 (s, C-10), 46.6 (t, C-11), 51.3 (s, C-
11a), 51.5 (t, C-9), 91.2 (d, C-7a), 113.0 (&),d21.6 (d, &), 123.1 (d, &), 124.6 (s, &),
126.8 (d, &), 129.8 (d, @), 130.1 (s, &), 130.3 (d, @), 130.6 (s, &), 156.0 (s, &), 208.2 (s,
C-8). MS (El, 70 eV): m/z (%) = 280 (39) [} 265 (36) [(GsH1702)"], 237 (3) [(GeH1302)],
220 (25), 205 (100), 182 (60), 153 (25), 83 (25rME (El, 70 eV): Calculated for ¢gH2¢05)
[M*] = 280.1458. Found = 280.1456. The enantioselectaction ak = 368 nm was performed
with 100pumol 1i (irradiation time: 24 h) and gave prod3c{10.0 mg) in 36% yield with 28%
ee. [0]p2° = -43.1 € = 0.51, CHCI,) [9% e€]. Chiral HPLC (OJ-RH, 158 4.6 mm,MeCN
(A)/H20 = 20% (A)— 100% (A), 1 mL/min)\ = 210 nm 254 nm):itr [racemate] = 16.0 min
(3i), 16.5 min ént-3i). The enantioselective reactiomat 419 nm was performed with 1@énol

1i and gave produd@i (16.0 mg) in 57% yield with 9%e.

trans-2,2,9b-Trimethyl-2,3,4a,9b-tetrahydro-H-dibenzofuran-4-one(rac-5a). According to
the general procedure, compoutal(23.0 mg, 10Qumol) was irradiated (irradiation time: 22 h)

in dry CHCl,. Purification by column chromatography (pentangdE®:1, CAM) gaveis-



productrac-3a as a colorless oil (2.3 mg, 1@nol, 10%) andrans-productrac-5a as a colorless
oil (10.1 mg, 44mol, 44%). TLC:R: = 0.61 (P/E{O 2:1) [CAM]. IR (ATR):v (cm?) = 2928 (m,
C-H), 1738 (s, C=0), 1459 (s), 1203 (s), 1044748 (s)*H NMR (500 MHz, CDCJ): & (ppm)
=1.14 (s, 3H, C-9b(CH), 1.27 [s, 3H, C-2(CH)], 1.28 [s, 3H, C-2(CH)], 2.21-2.27 (m, 2H, H-
3), 2.46 (ddJ = 18.1 Hz,J = 1.0 Hz, 1H, ®&H-1), 2.55 (d,J = 18.1 Hz, 1H, €IH-1), 4.94 (s,
1H, H-4a), 6.94-6.97 (m, 2H,4), 7.08-7.10 (m, 1H, k), 7.14-7.18 (m, 2H, K). °C {*H}

NMR (126 MHz, CDCY): & (ppm) = 23.0 (q, Ch), 34.6 [q, C-2CHa)], 34.7 (s, C-2), 36.3 [q, C-
2(CHg)], 46.1 (t, C-3), 48.4 (s, C-9b), 53.0 (t, C-12,B(d, C-4a), 111.8 (d,, 121.7 (d, @),
122.3 (d, G), 128.5 (d, G), 138.0 (s, §), 158.4 (s, G), 203.4 (s, C-4). MS (EIl, 70 eV): m/z
(%) = 230 (43) [M], 215 (66) [(G4H1502)"], 173 (42) [(G1H102)*], 145 (40), 131 (99), 83

(100). HRMS (El, 70 eV): Calculated for {§£:50,) [M*] = 230.1301. Found: 230.1296.

2,2'-(Propane-2,2-diyl)bis[4-(4-(benzyloxy)benzyl#,5-dihydrooxazole](6d). To a solution of
2,2-dimethylmalononitrile (128 mg, 1.36 mmol, 1€§uiv.) in dry toluene was added Zn(G;Tf)
(989 mg, 2.72 mmol, 2.00 equiv.). The solution wtsed for 5 min at room temperature and
(9-2-amino-3-(4-benzyloxyphenyl)-1-propafo{700 mg, 2.72 mmol, 2.00 equiv.) was added.
The solution was heated under reflux for 72 h. Af@oling to room temperature, the solution
was washed with saturated NaH&$»lution and brine, dried over P80, and filtered. After
evaporation of the solvent, the crude material pragfied by column chromatography (EtOAc).
The product was obtained as a white solid (3660r&% mmol, 47%). m.p.: 67 °C. TLC:

R = 0.18 (EtOAC) [KMnQ]. IR (ATR): v (cm®) = 2894 (w, C-H), 1650 (s, C=N), 1510 (s), 1240
(s), 730 (s)'H NMR (400 MHz, CDCY): & (ppm) = 1.45 [s, 6H, (C#h], 2.61 (dd,J = 13.8 Hz,
J=8.4 Hz, 2H, 2 x 6HPh), 3.01 (ddJ = 13.8 Hz,J = 4.7 Hz, 2H, 2 x CHPh), 3.99 (dd,

J=8.4Hz,J=6.9 Hz, 2H, 2 x OBH), 4.16 (dd,J = 9.2 Hz,J = 8.4 Hz, 2H, 2 x OCH), 4.32-
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4.40 (m, 2H, 2 x CH), 5.03 (s, 4H, 2 x @¢Ph), 6.88-6.91 (m, 4H, 4, 7.09-7.13 (m, 4H, k),
7.29-7.34 (m, 2H, H), 7.36-7.43 (m, 8H, ). °C {*H} NMR (101 MHz, CDC}): 5 (ppm) =
24.4 (q, [CCH3)], 38.7 [s,C(CHa)2], 40.5 (t,CH,Ph), 67.3 (d, CH), 70.2 (t,@H,Ph), 72.1 (t,
OCH,), 115.0 (d, @), 127.6 (d, @), 128.1 (d, @), 128.7 (d, @), 130.2 (s, &), 130.6 (d, @),
137.3 (s, @), 157.7 (s, &), 165.5 (s, NCO). HRMS (ESI): Calculated fog#83gN204 [(M+H)"]

= 575.2865. Found = 575.2908.

3-Methyl-2-phenoxy-2-cyclohexen-1-oné/a, R = M@. To a solution of phenol (709 mg, 7.53
mmol, 0.95 equiv.) in dry THF (20 mL) was added KHnineral oil (30%, 106 mg, 0.79 mmol,
0.1 equiv.) and stirred at room temperature foml@. After addition of 2,3-epoxy-3-
methylcyclohexanorté (1.00 g, 7.93 mmol, 1.00 equiv.), DMPU (786, 6.50 mmol,

0.82 equiv.) was added. The reaction mixture wiaedtat reflux for 24 h. After cooling to room
temperature, the solvent was removed under reduesgure. The residue was dissolved in
CH,CI, and water. After separation of the layers, theeags phase was extracted three times
with CH,CI, (15 mL). The combined organic phases were wash#dhsine (60 mL), dried over
NaSO, and filtered. After evaporation the crude mateniak purified by column
chromatography (pentaneex5:1, CAM). The product (537 mg, 2.66 mmol, 33%)id be
isolated as a yellow oil, which crystallized updargling. m.p.: 39 °C. TLC (pentane/Bt2:1):
R=0.29 [UV, CAM]. IR (ATR):v (cm?) = 2953 (w, C-H), 2923 (w, C-H), 1667 (s, C=0)406
(s, C=C), 1589 (s), 1491 (s), 1220 (s), 1128 (&%, (&, C-H), 741 (s, C-H), 650 (s, C-HM

NMR (400 MHz, CDCY): & (ppm) = 1.93 (s, 3H, CH}, 2.07-2.13 (m, 2H, C}), 2.55-2.58 (m,
4H, 2 x CH), 6.85-6.87 (m, 2H, k), 6.97-7.00 (m, 1H, &), 7.25-7.29 (m, 2H, K). *°C {*H}
NMR (101 MHz, CDCY): § (ppm) = 18.1 (g, Ch), 22.2 (t, CH), 31.8 (t, CH), 38.5 (t, CH),

114.8 (d, G), 121.8 (d, @), 129.6 (d, G), 144.3 (s, §), 148.8 (s, C-2), 157.7 (s, C-3), 193.1 (s,
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C-1). MS (El, 70 EV)mz (%) = 202 (100) [M], 187 (11) [(M-CH)*], 174 (21) [(GiH102)'],
159 (13) [(GoH+02)"], 145 (20) [(GHsO2)'], 77 (15) [ (GHs)']. HRMS (EI, 70 eV): Calculated

for C13H140, [M] = 202.0988. Found = 202.0983.

3-(4-Pentenyl)-2-phenoxy-2-cyclohexen-l-o n&b, R = 4-pentenyl)To a solution of phenol
(326 mg, 3.47 mmol, 1.00 equiv.) in dry DMSO (10)mtas added KH in mineral oil (30%, 46
mg, 0.35 mmol, 0.10 equiv.) and stirred at roomperature for 10 min. After addition of 6-(4-
pentenyl)-7-oxabicyclo[4.].0]heptan-2-0ti¢664 mg, 3.64 mmol, 1.05 equiv.), DMPU (344,
2.85 mmol, 0.82 equiv.) was added. The reactiorturéxwas stirred at 100 °C for 24 h. After
cooling to room temperature, the solution was ex¢cwith EtO (3 x 10 mL). The combined
organic layers were washed with brine (35 mL),dlioger NaSO, and filtered. After
evaporation the crude material was purified by swlichromatography (pentane/8t10:1, UV,
CAM) gave the product as a yellow oil (618 mg, 2mol, 69%). TLCR = 0.48 (P/ELO 1:1)

[UV, CAM]. The spectroscopic data matched the ditere values®

9b-Methyl-2,3,4a,9b-tetrahydro-1H-dibenzofuran-4-or (rac-8). According to the general
procedure, compounta (20.2 mg, 10@umol) was irradiated (irradiation time: 24 h). Piagtion
by column chromatography (pentane®&8:1, CAM) gave the product as a yellow solid (12.
mg, 59umol, 59%). m.p.: 71 °C. TLQR; = 0.41 (P/EO 2:1) [CAMY]. IR (ATR):v (cnmi?) = 2965
(w, C-H), 2929 (w, C-H), 1719 (m, C=0), 1472 (m359 (m), 1027 (m), 740 (s), 752 (S
NMR (400 MHz, CDC}): § (ppm) = 1.44 (s, 3H, CHl, 1.63-1.73 (m, 1H, BH-2), 1.83 (t,
J=13.3 Hz, 1H, €H-1), 1.86-1.96 (m, 1H, CH-2), 2.03-2.06 (m, 1H, CH-1), 2.32-2.40 (m,
1H, CHH-3), 2.54-2.58 (m, 1H, CH-3), 4.46 (s, 1H, H-9b), 6.91-6.95 (M, 2H,)}¥.05 (d,

J=7.2Hz, 1H, H), 7.17 (tJ = 7.6 Hz, 1H, H). *C {*H} NMR (101 MHz, CDC}): § (ppm) =
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20.8 (t, C-2), 28.2 (g, CH}, 34.6 (t, C-1), 38.4 (t, C-3), 50.2 (s, C-9b),®(d, C-4a), 110.5 (d,
Ca), 121.8 (d, G), 122.1 (d, G), 128.8 (d, G), 133.6 (S, G), 159.1 (s, ), 208.6 (S, C-4). MS
(El, 70 eV): m/z (%) = 202 (87) [N, 187 (38) [(G2H1105)], 159 (24) [(GoH70,)], 145 (95)
[(CoHs02)™], 131 (100), 77 (18) [(EHs)']. HRMS (EI, 70 eV): Calculated for ¢gH140,) [M*] =
202.0988. Found: 202.0985.

The enantioselective reactionkat 368 nm was performed with 1@@nol 7a (irradiation time:
24h) and gave produBt(13.9 mg) in 69% yield with 20%e. [0]p*° = -9.9 € = 0.41, CHCIl,)
[20% e€]. Chiral HPLC (AS-RH, 156 4.6 mm,MeCN (A)/H,O = 20% (A)— 100% (A), 1

mL/min, X = 210 nm, 254 nm}i [racemate] = 11.9 mire(t-8), 12.6 min 8).

6-Phenoxy-[6.3.0.6%undecan-5-one(rac-9). According to the general procedure, compotind
(25.6 mg, 10Qumol) was irradiated (irradiation time: 10 h). Pigdftion by column
chromatography (pentaneex10:1, CAM) gave the product as a yellow oil (2@, 78umol,
78%). TLC:R: = 0.66 (P/ELO 2:1) [UV, CAM]. The spectroscopic data matcheglliterature
values?®

An enantioselective reactionat 368 nm was attempted with 1ol 7b (irradiation time: 19
h) but productac-9 (63% yield) showed nee. Chiral HPLC (OJ-RH, 158 4.6 mm,MeCN
(A)/H20 = 20% (A)— 100% (A), 1 mL/min) = 210 nm, 254 nm}i [racemate] = 19.6 min,

20.4 min.
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SUPPLEMENTARY MATERIAL
Additional UV/Vis data for Lewis acid coordinatiothe G quenching studyH- and**C-NMR
spectra of all compounds reported in the Experialeé®ection, HPLC traces of enantioenriched

products3, X-ray data for the crystal structure of compo@hgdemission spectra of the LED.
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