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Synthesis of Hybrid Natural Product Analogues with Anti-tumour
Properties

Stephania ChristoUAlyn C. Edwards,Robin G. Pritchard Peter Quaylé&,Yiwei Song® lan
J. Stratford’, Katharine F. William$,Roger C. Whitehe&d

8chool of Chemistry, University of Manchester, Oxford Road, Manchester, M13 9PL, UK
bManchester Pharmacy School, University of Manchester, Oxford Road, Manchester, M13 9PL, UK

High yielding and diastereoselective conjugate t@altireactions of a (-)-quinic acid derived enoraé
provided access to a small library of hybrid anakxyof the anti-tumour natural products anthemindne
and COTC. The novel compounds were assessed fomatitgroliferative activities towards the A549mo
small-cell lung cancer cell line revealing somefulstructure-activity relationships.
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1. Introduction

The a-oxyalkylcyclohex-2-enone moiety is a common stuak feature of many natural products including
poly-oxygenated metabolites.§. COTC1),! carvotacetone derivatives such2asaind terpenoid derivatives
exemplified by phorbasin B)® and antheminone A4.* A number of these compounds have been found to
display notable biological activities: for exampb®th1 and4 show significant toxicity towards a variety of

different cancer cell line%®
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Figure 1 Natural products containing tlieoxyalkylcyclohex-2-enone moiety.

During the course of our investigations into th&-&umour properties of a variety ofoxyalkylcyclohex-2-
enones, we had cause to focus our attention on @angs bearing a carbon-linked substituent at IG5 (
analogues o, 3, and4).® We describe, herein, a synthetic approach to comg® of this type (general
structure5), which utilises {)-quinic acid 6) as starting materiaFF{gure 2). The results of assays of the
anti-proliferative activities of the novel analoguewards the A549 non-small-cell lung cancer lved are

also provided.

* Corresponding author. Tel: +44-161-275-7856; Fabd-161-275-4939; e-mail: roger.whitehead @manchestek

1



RO HO, COH

HO™ > ~oH
OH
(-)-quinic acid
6

HO ™
5

Figure 2 Generic structure of target compounds and thetsire of (-)-quinic acid.

2. Resultsand Discussion

A number of previous literature reports have déscticonjugate addition reactions to the isopropyle
protected dioxygenated cyclohexenafjesome of which report poor to average yields dueart, to the
lability of enone7 and/or adduct8 towards the reaction conditionScheme 1).”® Brase and co-workers, for
example, reported that treatment7ofvith Ph,CuMgBr.S(CH), in THF furnished addu@ (R = Ph) in just
27% vyield, while reactionwith (2-propyl)CuMgBr.S(CH), furnished no isolable quantities of the
corresponding conjugate addudt R = 2-propyl)®
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Scheme 1
It was envisaged that a compound possessing theiduoality of enone7 would represent a versatile
intermediate for the synthesis afoxyalkylcyclohexenones bearing a carbon-linkedssitdeent at C5 and an
anti-stereochemical relationship between substitueht€4 and C5, as proposed for the structure of
antheminone A. An investigation was carried ougréifore, into the use of cyclohexendhas a Michael
acceptor with a variety of organometallic reage@@mpound, which can be prepared expediently and on
a preparative scale from (-)-quinic acB),{® possesses a cyclohexylidene ketal moiety whichpredicted
to offer greater resilience to the reaction coodsi for conjugate addition than its isopropylidene
counterpart7. Gratifyingly, exposure of enon@ to a range of organometallic reagents under either
stoichiometric or catalytic conditions, resultedformation of adductd0a-f in good to excellent yields
(Scheme 2 andTable 1).
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Entry Reaction Conditions Product  Yield /%

1 2-propylMgBr (3 eq.), ZnGITMEDA (1 eq.), (CH)3SICl (3.3 eq.), 10a 82
THF, =50°C

2 PhMgBr (2 eq.), Cul (1 eq.), THF,°C 10b 73

3 PhB(OH), [RhCl(cod)} (5 mol%), 1,4-dioxane:water (10:1),38¢ rt 10b 93

4 4-(CH;0)PhB(OH), [Rh(u-OH)(cod)k (5 mol%), 1,4-dioxane:water ~ 10c 93
(10:1), E¢N, rt

5 4-(Br)PhB(OH}), [RhCl(cod)} (5 mol%), 1,4-dioxane:water (10:1), 10d 87
EtN, rt

6 2-naphthylB(OH), [RhCl(cod)} (5 mol%), 1,4-dioxane:water (10:1), 10e 83
EtN, rt

7 4-biphenylB(OH), [Rh(-OH)(cod)} (5 mol%), 1,4-dioxane:water 10f 78

(10:1), E$N, rt

Table 1 Isolated yields of conjugate addition reactionsnone9.
Thus, use of the appropriate tri-organozincateepetgllowed access to 2-propyl substituted compdiad
(entry 1§ whereas aryl substituents could be readily inteeduusing Gilman cuprates derived from the
corresponding Grignard reagents and Cul (entryr Z2)ternatively using rhodium catalysis ([RhCl(claayr
[Rh(u-OH)(cod)} and the appropriate arylboronic acid (entries I)tY?P In the latter case, 5 mol % of
transition metal catalyst was routinely employedveeer loadings as low as 2 mol % were also used
successfully without significant detrimental efféctisolated yields or reaction times.
Only a single diastereoisomer was obtained fronh edahese reactions which, in the first instaneas
presumed to have arisen from addition of the orgeetallic reagent to the sterically more accessible
“convex” face of enon®. Initial evidence to support this conjecture \las observation of nOe’s between
C(4)H of 10e and both C(1)H and C(3)H of the naphthalene sitibsht: analogous enhancements were
also observed for the biphenyl add@6t. In both cases, there was no observable trankammDe between
C(3)H and C(5)H. Unambiguous structural confirmatwas ultimately made possible by X-ray analysis o

a crystalline sample of the biphenyl addi@f (Figure 2).**

10f

Figure 2 Crystal structure of biphenyl adduifif with ellipsoids at 50% probability

Studies carried out recently on an enantiomerieesesf a-oxyalkylcyclohex-2-enones indicated that an
aromatic substituent at C5 was an important requere for good anti-proliferative activity towardsniy

cancer cell line&® Efforts were focussed, therefore, on the prepamatf a range of aryl-substituted hybrid
3



analogues of antheminone A and COTC (generic streibt R = aryl) using the synthetic approach outlined

in'Scheme 3.
o o (e}
eliminative reprotection
R deprotection 3
Y R : R 7 R
o OH b = brotect oP
protecting
10 1 group 12

Morita-Baylis-

Hillman
reaction
deprotechon R'O hydroxyl
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5 14 13
Scheme 3

In a first generation approach, attention was fedusn the phenyl addu&éfb which could be prepared in
excellent yield from enon@ via the rhodium catalysed conjugate addition of pheorgnic acid. The first
goal was the development of efficient and high direy conditions for eliminative removal of the
cyclohexylidene moiety of10b followed by reprotection of the resulting allyliclcahol (-
hydroxycyclohexenones of this type are known toeungd quite facile base-catalysed tautomerism to
cyclohexan-1,4-diones making this a non-trivialngfmrmation). In this context, Danishefsky and co-
workers previously reported that acetonide-proteci@mpoundl5 could be converted tg-silyloxy-enone
18 by reaction with 1,8-diazabicyclo[5.4.0]lundec-Ee(DBU) in the presence of TBSCI at elevated
temperature§cheme 4).*2 In our hands, and under similar reaction conditjayclohexylidene ketdl6 also
underwent clean conversion 8 in comparable yiel@® Unfortunately, exposure of phenyl-substituted
cyclohexanonelOb to these reaction conditions met with little sieszehowever replacement of the silyl
trapping reagent with TBSOTf and conducting thectiea at room temperature ultimately allowed isiolat

of the desired produd® in an acceptable yields¢heme 5).
o

o) o)
ij DBU, TBSCI, b b
SN CeHe, reflux _ §

DBU, TBSOTH,

o CHzclz, rt
/AYO OH OTBS 54%
<o 17 18
---"15 (acetonide): 87%
16 (cyclohexylidene): 80%
Scheme 4 Scheme5

Incorporation of a hydroxymethyl group at C2 of Bed9 was accomplished in moderate yield using an
imidazole-catalysed Morita-Baylis-Hillman reactioto give primary alcohol 20.%° Subsequent

esterification with crotonic anhydride gave crotien2l1, which after partial purification by silica
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chromatography, was subjected to acid-mediatedotisgiron conditions to give the hybrid analodiib.

Similar deprotection of hydroxymethyl compou2@igave antheminone A analog2@b (Scheme 6).

H,C=0, imidazole, HO
1M aq. NaHCO,,
THF, 40 °C
48%

crotonic anhydride,
pyridine, DMAP,
CH2C|2, rt

20 21

TFAH,0 (7:1),
it
45%

TFAMH,0 (7:1),
rt
25% from 20

Scheme 6
Although successful for the preparation22b and23b, the approach outlined above proved unreliable for
the synthesis of target compounds bearing altemmaiomatic substituents, particularly with regardhe
eliminative deprotection/reprotection sequence #rel Morita-Baylis-Hillman reaction. A more robust
‘second generation’ approach was developed, thexeffor the preparation of the remaining target
compounds wherein the deprotection/reprotectionuesece was carried out in two discrete synthetic
operations.
Accordingly, exposure of the conjugate addulfis-f to either DBU in dichloromethane or a catalytic
guantity of aqueous sodium hydroxide in THF (fo# hours) furnished thehydroxycyclohexenoneklc-f
in good to excellent yield¥. Subsequent reprotection of the liberated C4-hygrgroup as its triethylsilyl
(TES) ether proved to be surprisingly problematie dnostly to competitive silylenol ether formatidrnis
difficulty was ultimately overcome, however, by prexing TES-triflate and 2,6-lutidine in
dichloromethane (to neutralise residual triflicdgprior to stirring very briefly with the substeaat -78°C.
Under these conditions, TES eth24s-f were obtained in yields greater than 7(8¢héme 7).

o) o) o) o} o o)
i) @ i) b\ i) HO ﬁ /\)L o ﬁ
o Y TR < R < R < R < R
0 OH OTES OTES OTES
10c-f 11c-f 24c-f 25c¢-f 26¢-f

c: R = 4-methoxyphenyl l l
d: R = 4-bromophenyl o o o
e: R = 2-naphthyl
f: R = 4-biphenyl
HO /\@ /\)J\ O /\@
: R : :
OH OH
23c-f 22c-

Reagents and Conditions: i) DBU, CH,Cl,, rt, 2 h or 0.5M aq NaOH (cat.), THF, 4 h, 67-84B6TESOTT, 2,6-lutidine, CKCl,,
-78 °C, 10 min. 75-89%; iii) DMAP, formaldehyde (37% I0O), sodium dodecyl sulfate, rt, 22 h, 30-75%; cngtation and
deprotection conditions as 8theme 6.

Scheme7
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The ambiphilic nature of intermediat@dc-f prompted an investigation of surfactant conditidois the
problematic Morita-Baylis-Hillman reaction and mazgly, using the SDS-mediated procedure reported b
Williams and co-worker$> hydroxymethyl compoundse-f could be prepared in yields generally in excess
of 60% (with the exception of a disappointingly lomeld of 30% for biphenyl compoungsf). These
adducts were then converted to hybrid analogZes and antheminone A analogu23c-f using similar
conditions to those described above 28 and23b.

Analogues 22b-f and 23b-f were initially selected as synthetic targets asytlpossess variable
hydrophobicities (as indicated by their predicteg” (miLogP®) values) and assessment of their bioactivity
was expected to provide useful structure activafptronship information. A549 non-small-cell lungncer
cells were exposed, therefore, to varying concéotra of each of the compounds for 96 h and their a

proliferative activities were assessed using theTNd$say Table 2).%

Compound ICso (M)  miLogP'®  Compound  [Cg(uM)  miLogP*
22b 2.3x0.8 2.25 23b 90+48 0.86
22c 3.2+0.2 2.31 23c 75+11 0.92
22d 3.0£0.2 3.06 23d 16.5+1.6 1.67
22e 2.520.3 3.44 23e 15.3+0.2 2.04
22f 3.3x0.4 4.05 23f 28.0£2.5 2.66

Table 2 Predicted log P (miLog® values and values of §g(the concentration required to reduce proliferatiy 50%) of
hybrid analogues of antheminone A and COTC towas-small-cell lung cancer cell line A549. Toxicixperiments were
repeated in triplicate and data within individuaperiments were derived from four separate obskmsit average values are
given in the table.

The biological mode of action of COTC and relatechpounds is generally accepted to be mediatedéy th
detoxification enzymelutathione transferase (GST) and requires a ‘reasonable leaving grougached to
the methylene side-chain which undergoes conjudetelacement by the tri-peptide glutathione (GSH)
(27>28529) (Scheme 8). The ensuing highly reactive exocyclic enazfeis then believed to alkylate
DNAvital proteins, or deplete intracellular sto&sGSH, leading to cell deatfi.

RoN

DNA } io
or
R(CO)O R(CO)O proty'
30
o GSH/GST as OH -RCO,H GS o
=~ spontaneous

27 28 29 G&A as as
_A\_0 _GSH _ as 0
31 32

Scheme 8
To a degree, the cytotoxicity dataTrable 2 are in accord with this proposal as compou22is-g, which
possess a carboxylate leaving group, are all motenp than their non-esterified counterp&b-g. It is
noteworthy, however, that the moderate toxicitysoime of the less polar diols (e2gc and23d) indicates
that the requirement for a ‘reasonable leaving groa not absolute. In order to throw some light tors

observation, three of thehydroxyenone intermediatdd.c-e, which are simple Michael acceptors and are
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unable to generate an exocyclic enone, were s@oidotMTT assays. These compounds can be viewed a
analogues of the plant-derived cyclohexenone (tyyelone 85)*° which has previously been shown to
demonstrate weak toxicity towards the A549 celéliiCso = 16.2+0.8pug/mL / 105+5uM).%° All three
enones displayed significantly better antiprolifef@ activities than the corresponding digBc-e as well as

the natural producB5. Furthermore, the 2-naphthyl substituted compoiitelshowed slightly improved
potency compared witlll of the crotonylated compoun@gb-f (Table 3).

¢: R = 4-methoxyphenyl o™ P
d: R = 4-bromophenyl
e R = 2-naphthyl 11c-e ()-rengyolone

Compound ICso (uM)  miLogP*¢

1lc 7.0+£0.3 161
11d 5.5+£0.5 2.37
1le 1.9+0.4 2.74

Table 3 Predicted log P (miLog® values and values of g(the concentration required to reduce proliferaty 50%) ofy-
hydroxyenoned1c-e towards non-small-cell lung cancer cell line A5Z@xicity experiments were repeated in triplicatel aata
within individual experiments were derived from fagparate observations: average values are givée itable.

These findings raise some questions as to the mioaletiproliferative activity of the COTC/anthemims A
analogues described herein and some doubt as talidéy of the assumption that they operate sirailar
manner to COTC. This is further emphasised by ithdirfg that phenyl substituted compou2b is very
similar in potency to its optical antipoden{-22b: 1Cso = 1.3 +02uM)®® which is surprising for an enzyme
mediated mode of biological activity. Investigatoare now underway in our laboratories to elucidiaée

most likely mechanism(s) of action, the findingsadfich will be reported in due course.
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4. Experimental Section

4.1 General

All reagents were purchased from Sigma-Aldrich,aMesar or Fisher Scientific. Dichloromethane was
dried over and distilled from calcium hydride undar atmosphere of nitrogen. THF was distilled from
sodium-benzophenone ketyl under an atmospheretfgen. All other solvents were used as supplied.
Flash chromatography was performed using techgjcale silica gel (pore size 60A 230-240, mesh 40-63

pm). IR spectra were recorded on an AT1-Mattson Gisrfgeries FTIR spectrometer or a Bruker Alpha FT-
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IR spectrometer or a Thermo Scientific Nicolet ISB-IR spectrophotometetH, **C and**F spectra were
recorded on Bruker Avance 300 MHz, Bruker Avande400 MHz or Bruker Avance I+ 500 MHz
spectrometers. Chemical shifts are referencedeadabidual solvent peak. Mass spectra were recaded
Waters SQD2 (electrospray) spectrometer. Meltingntsowere recorded using a Sanyo Gallenkamp
MPD350 heater and are uncorrected. Optical rotatwere recorded using an automatic AA-10 polarimete
with sodium D light (=589 nm) and values are given in*deg g* cn¥.

4.2 Atom numbering
For simplicity and consistency the numbering systdatiustrated below have been employed for the

assignment of NMR spectroscopic data.

4.3 Procedures and Analytical Data

(3a54S7aR)-4-isopropyltetrahydrospiro[benzafj[1,3]dioxole-2,1'-cyclohexan]-6(3#)-one (L0a)

To a solution of ZnGITMEDA (564 mg, 2.23 mmol) in THF (9 mL) was added-propylmagnesium
chloride (2M in diethyl ether, 2.8 mL, 5.6 mmol) @°C under an atmosphere of.N'he solution was
stirred at 0 °C for 15 min, cooled to —50 °C andouwttrimethylsilane (0.8 mL, 6.3 mmol) was added
followed by a solution of enore (387 mg, 1.86 mmol) in THF (16 mL). The reactmixture was stirred at
-50 °C for 2 h when it was quenched by the additiba saturated agueous ammonium chloride/ammonium
hydroxide solution (9:1, 30 mL) and allowed to watonroom temperature over 45 min. The organic
material was extracted into ethyl acetate (2 x &) and the combined organic extracts were washeld wi
water (50 mL), dried (MgS£) and concentrateth vacuo to give an orange liquid. This liquid was re-
dissolved in THF (4 mL), a 1M aqueous solution wéitochloric acid (0.2 mL) was added and the sotutio
was stirred at room temperature for 15 min. Theitsmh was neutralised by the addition of a satarate
aqueous solution of sodium bicarbonate (4 mL) aftéy dilution with water (10 mL), organic matenahs
extracted into ethyl acetate (2 x 10 mL). The comd organic extracts were dried (Mg§Cand
concentratedn vacuo to give the crude product as an orange oil whics wurified by flash silica
chromatography (ethyl acetate:40-60 petroleum gfh8) to yield10a as a colourless oil (386 mg, 82%). R
(ethyl acetate:40-60 petroleum ether, 1:9) 0.32]p%f -67.1 €0.98 in CHCL); vma(film)/cm™ 2934s
(C-H), 2867m (C-H), 1716s (C=0Ojj; (400 MHz; CDC}) 0.90 (3H, dJ 6.7, CH(CH)), 1.00 (3H, dJ 6.7,
CH(CHy)), 1.38-1.67 (10H, m, 5 x GhHbf cyclohexane), 1.79 (1H, octét6.7, CH(CH),), 1.89 (1H, dtd,)
10.2, 6.7, 3.9, C(5)H), 2.02 (1H, d#i17.1, 10.2, C(6)K), 2.42 (1H, ddJ 17.1, 3.9, C(6)K}), 2.62 (2H, ~d,
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J 5.8, C(2)H), 4.25 (1H, ~tJ 6.7, C(4)H), 4.47 (1H, dt) 6.7, 5.8, C(3)H)dc (100 MHz; CDC}) 18.7
(CH(CHz)), 20.9 (CH(CH)), 23.6, 24.0 & 25.1 (3 x CHbf cyclohexane), 28.3 (CH(GM), 34.0 & 37.2 (2
x CH, of cyclohexane), 37.8 (C(6)H 42.6 (C(2)H), 43.3 (C(5)H), 72.0 (C(3)H), 74.7 (C(4)H), 109k2tal
C), 209.8 (C=0)m/z (+ES) 275 ([M+Na], 100%); (Found 275.1613,:£,,NaQ; ([M+Na]*) requires
275.1623).

(3a5,4S 7aR)-4-phenyltetrahydrospiro[benzij[1,3]dioxole-2,1'-cyclohexan]-6(34)-one (Ob).

To a stirred suspension of copper(l) iodide (100, ®$3 mmol) in THF (1 mL) at 0 °C, was added
phenylmagnesium bromide (3M in.EX) (0.35 mL, 1.06 mmol) and the reaction mixtures\wgtirred for 1 h
at 0 °C under an atmosphere of. R solution of enon® (100 mg, 0.48 mmol) in THF (5 mL) was added
dropwise and the reaction mixture was stirred & @or 2 h. The reaction was quenched by the aafdibf a
saturated agueous ammonium chloride/ammonium higosolution (9:1, 10 mL). The two layers were
separated and the agueous layer was extractedligtthyl ether (3 x 15 mL). The combined organiaasts
were washed with brine (30 mL), dried over MgS&hd concentrateth vacuo. The crude residue was
purified by flash silica chromatography (ethyl atet40-60 petroleum ether, 1:9) to give the tidenpound
10b as a pale yellow oil (98 mg, 73%); Rethyl acetate:40-60 petroleum ether, 1:9) 0.18]5° -42.8 €
1.0, CHCLL); vmax (film)/lcm™ 2934w (C-H), 2883w (C-H), 1712s (C=Q); (400MHz; CDC}) 1.37-1.76
(10H, m, 5 x CH of cyclohexane), 2.60-2.66 (2H, m, one of C(2&one of C(6)H), 2.73 (1H, dd,] 16.7,
4.4, one of C(2)h), 2.79 (1H, ddJ 17.6, 4.8, one of C(6)) 3.44 (1H, d~tJ 8.5, 4.8, C(5)H), 4.57-4.68
(2H, m, C(3)H and C(4)H), 7.23-7.28 (3H, m, 3 xld#y, 7.33-7.37 (2H, m, 2 x aryl-H)}c (100MHz;
CDCl;) 23.6, 24.0, 25.1, 33.7 & 36.9 (5 x cyclohexane;CH0.7 (C(6)H), 42.3 (C(5)H), 42.7_(C(2)h),
72.2 (C(3)H or C(4)H), 76.7 (C(3)H or C(4)H), 109ketal C), 127.0, 127.5 & 128.8 (aryl-CH), 140a2\(-
C), 208.9 (C=0)m/z (+ES) 309 ([M+Na], 100%); (Found 309.1461,£,-,NaQ; ([M+Na]*) requires
309.1467).

Representative procedure for the rhodium catalysed conjugate addition of an arylboronic acid to enone 9.

(385,45 7aR)-4-(4-methoxyphenyl)tetrahydrospiro[benzo  [d][1,3]dioxole-2,1'-cyclohexan]-6(3§-one
(20c)

To a solution of enone® (365 mg, 1.75 mmol) in dioxane:water (10:1, 4.0 )mkas added 4-
methoxyphenylboronic acid (800 mg, 5.26 mmol) aRt({i-OH)(cod)L (44 mg, 5 mol%), followed by
EtN (0.23 mL, 1.75 mmol). The reaction mixture wasretl under an atmosphere of nitrogen at room
temperature for 6.5 h when the solvents were reghaoveacuo to give an orange residue. This residue was
dissolved in CHCI, (10 mL) and washed with brine (10 mL). Removathef CHCI, in vacuo gave a crude
product which was purified by flash silica chrongtaphy (ethyl acetate:40-60 petroleum ether, 1t&?2)

give the adductlOc as a pale yellow solid (516 mg, 93%). mp 109.8-11°C; R (ethyl acetate:40-60
9



petroleum ether, 1:5) 0.25]p*’ -60.3 € 0.50 in CHCL); vmax(film)/cm™ 2935s (C-H), 2856s (C-H), 1718s
(C=0); 64 (400MHz; CDC§) 1.35-1.75 (10H, m, 5 x CHof cyclohexane), 2.59 (1H, dd, 17.5, 8.4,
C(6)Hs), 2.62 (1H, ddJ 17.2, 4.6, one of C(2))4 2.73 (1H, dd)) 17.2, 4.6, one of C(2)8} 2.75 (1H, dd)
17.5, 4.6, C(6)kt), 3.38 (1H, dt, J 8.4, 4.6, C(5)H), 3.80 (3H, s, OGH 4.54-4.60 (1H, m, C(3)H and
C(4)H), 6.88 (2H, dJ 8.6, aryl-H), 7.16 (2H, d] 8.6, aryl-H);5c (L0OOMHz; CDC}) 23.6, 23.9, 25.1, 33.7 &
36.9 (5 x cyclohexane Gl 40.9 (C(2)H), 41.8 (C(5)H), 42.3 (C(6)h), 55.2 (OCH), 72.1 (C(3)H or
C(4)H), 77.4 (C(3)H or_C(4)H), 109.3 (ketal C), 114& 128.4 (aryl-CH), 132.0 & 158.4 (aryl-C), 209.0
(C=0); m/z (+ES) 339 ([M+Nal], 100%); (Found 339.1584 1H,,NaQ, ([M+Na]*) requires 339.1572).

(3a54S 7aR)-4-(4-bromophenyl)tetrahydrospiro[benzo[d][1,3bxible-2,1'-cyclohexan]-6(34-one (@0d)
Using a similar procedure to that described aboepldcing [Rhi-OH)(cod)} with [RhCl(cod)}), enoned
(370 mg, 1.78 mmol) was converted to addifit (a viscous white oil, 567 mg, 87%) Rethyl acetate:40-
60 petroleum ether, 1:5) 0.245]§%° -77.0 € 1.00 in CHCL); vmax (film)/cm™ 2931s (C-H), 2857m (C-H),
1715s (C=0)5y (400 MHz; CDC}) 1.28-1.75 (10H, m, 5 x GHbf cyclohexane), 2.55 (1H, dd17.1, 9.6,
C(6)Hxy), 2.62-2.69 (2H, m, C(6)}d & C(2)Hay, 2.75 (1H, dd,J 16.9, 5.1, C(2)H,), 3.35 (1H, ddd, 9.6,
6.7, 4.5, C(5)H), 4.50 (1H, §,6.7, C(4)H), 4.57 (1H, d~8,6.7, 5.1, C(3)H), 7.12 (2H, d,8.9, aryl-H), 7.47
(2H, d, J 8.9, aryl-H)sc (100 MHz; CDC}) 23.6, 24.0, 25.1, 33.9 & 37.1 (5 x ¢Hf cyclohexane), 41.0
(C(2)Hy), 41.2 (C(5)H), 42.5 (C(6)}), 72.1 (C(3)H), 77.4 (C(4)H), 109.7 (ketal C), 1@1aryl-C), 129.2
(C(3)H & C(5)H), 131.9 (C(2)H & C(6')H), 139.34ryl-C), 208.2 (C=0)m/z (+ES) 389 ([M{'Br)+Na]’,
50%), 387 (IM(°Br)+Na]’, 50%), 367 ([M{'Br)+H]", 50%), 365 ([M(°Br)+H]*, 50%), 160 (100%); (Found
387.0566, GH21"°BrNaO; ([M+Na]*) requires 387.0572).

(38545 7aR)-4-(naphthalen-2-yl)tetrahydrospiro [benzo [d][|1d8oxole-2,1'-cyclohexan]-6(3#)-one (0e)
Using a similar procedure to that described abosgldcing [Rhi-OH)(cod)} with [RhCl(cod)}), enoned
(100 mg, 0.48 mmol) was converted to addl@ (a colourless crystalline solid, 134 mg, 83%). n3x38
85.3 °C; R (ethyl acetate:40-60 petroleum ether, 1:5) 0.8Rs*f -74.4 € 1.00 in CHCL); vmax (film)/cm™
3047w (C-H), 3017w (C-H), 2933s (C-H), 2861s (C-HY18s (C=0);04 (400MHz; CDC}) 1.35-1.80
(10H, m, 5 x CH of cyclohexane), 2.68 (1H, dd,17.2, 5.1, one of C(2})f 2.76 (1H, ddJ 17.6, 8.0,
C(6)Hx), 2.77 (1H, ddJ 17.2, 5.1, one of C(2)) 2.87 (1H, dd)J 17.7, 5.1, C(6)&), 3.60 (1H, dtJ 8.0,
5.1, C(5)H), 4.64 (1H, dt] 6.5, 5.1, C(3)H), 4.75 (1H, ~3,6.0, C(4)H), 7.43 (1H, dd] 8.7, 1.9, C(3)H),
7.46-7.53 (2H, m, C(6))H and C(7°)H), 7.62 (1HC¢1)H), 7.78-7.86 (3H, m, C(4)H, C(5")H & C(8)H)
dc (LOOMHz; CDC§) 23.6, 23.9, 25.1, 33.7 & 36.9 (5 x cyclohexane;CH0.6 (C(2)H), 42.3 (C(6)H),
42.8 (C(5)H), 72.2_(C(3)H), 77.1 (C(4)H), 109.3%KeC), 125.8, 125.9, 126.0, 126.4, 127.6, 127.828.6
(aryl-CH), 132.3, 133.4 & 137.6 (aryl-C), 208.8 @); m/z (+ES) 359 ([M+Na], 100%); (Found 359.1616,
C2oH240sNa ([M+Na]') requires 359.1623).
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(385 7aR)-4-([1,1'-biphenyl]-4-yl)tetrahydrospiro[benzo[d]B]dioxole-2,1'-cyclohexan]-6(8§-one (0f)

Using a similar procedure to that described abewene9 (0.250 g, 1.20 mmol) was converted to adduct
10f (an off-white solid, 0.340 g, 78 %). m.p. 103.410°C; []p*® -70.8 € 1.3 in CHCL,); vmax(film)/cm™
2943s (C-H), 2900s (C-H), 1716s (C=0); (400 MHz; GDs) 1.48-1.77 (10H, m, 5 x CHcyclohexane),
2.26 (1H, ddJ 17.3, 10.1, C(6)K), 2.36 (1H, ddJ 16.9, 5.3, one of C(2H 2.56 (1H, ddJ 17.3, 4.6,
C(6)Hey), 2.61 (1H, ddJ 16.9, 5.3, one of C(2) 3.15 (1H, dddJ 10.1, 6.7, 4.6, C(5)H), 4.02 (1H, dX,
6.7, 5.3, C(3)H), 4.15 (1H, §,6.7, C(4)H), 7.02-7.50 (9H, m, aryl-H): (100 MHz; GDg) 24.3, 24.7, 25.9,
34.7 & 37.9 (5 x cyclohexane GH 41.6 (C(2)H), 43.0 (C(6)H), 43.3 (C(5)H), 72.9 (C(3)H), 78.2 (C(4)H),
109.6 (ketal C), 127.7, 128.0, 128.3, 128.5 & 429ryl-CH) 140.5, 140.6 & 141.6 (aryl-C), 206.5H0);

m/z (+ES) 385 ([M+Nal], 100 %); (Found 385.1770,4F,Na0; ([M+Na]") requires, 385.1780).

First generation synthesis

(1S,6R)-6-((tert-butyldimethylsilyl)oxy)-1,6-dihydro-[1,1'-biphenlyB(2H)-one (9)

TBSOTf (50pL mL, 0.22 mmol) and DBU (4@L, 0.27 mmol) were added sequentially to a solubén
conjugate adduciOb (57 mg, 0.199 mmol) in dichloromethane (2.2 mLj @&he reaction mixture was
stirred at room temperature under an atmosphei @br 4.5 h. A second portion of DBU (34, 0.067
mmol) was then added and the reaction mixture wiaed for a further 1 h at room temperature. The
reaction mixture was diluted with dichloromethat® (ML) and washed sequentially with water (10 nalL),
1M aqueous solution of hydrochloric acid (10 mLaurated aqueous solution of sodium bicarboridie (
mL) and brine (10 mL). The organic phase was d{dSO,) and concentrateish vacuo to give the crude
product as a yellow oil (92 mg). Purification bgagh silica chromatography (ethyl acetate:40-60opaim
ether, 1:19) gave the title compound as a yelloystatline solid (33 mg, 54%). {Rethyl acetate:40-60
petroleum ether, 1:19) 0.13; m.p. 75.2-76.7 °C.[hitp. 74-75 °C]; ¢]o>®-132.0 € 0.85 in CHCI,) [Lit.
[a]p?°-158 € 0.5 in CHCY)]; vmax (film)/cm™ 3031w (C-H), 2951m (C-H), 2928m (C-H), 2894w (C-H)
2854m (C-H), 2817m (C-H), 1681s (C=Q); (400 MHz; CDC}) -0.50 (3H, s, Si(CH), -0.13 (3H, s,
Si(CHs)), 0.76 (9H, s, SiC(Cks), 2.67 (1H, dddJ] 16.4, 4.3, 1.4, C(6)), 2.78 (1H, ddJ 16.4, 13.7,
C(6)H.y, 3.27 (1H, ddd) 13.7, 9.4, 4.3, C(5)H), 4.53 (1H, d3t9.4, 2.0, C(4)H), 6.03 (1H, ddd,10.4,
2.0, 1.4, C(2)H), 6.85 (1H, dd,10.4, 2.0, C(3)H), 7.24-7.36 (5H, m, aryl-H); (100 MHz; CDC}) -5.9
(Si(CHy)), -5.2 (SI(CHY)), 17.9 (SIC(CH)3), 25.6 (SIC(CH)3), 42.6 (C(6)H), 50.7 (C(5)H), 73.0_(C(4)H),
127.3, 128.2, 128.4 & 128.5 (aryl-CH & C(2)H), 1dQaryl-C), 153.9 (C(3)H), 198.5 (C=Qy)yz (+ES) 357
([M+Na+CHzOH]", 100%), 325 ([M+Nad], 85); (Found 325.1591, 1¢H,NaO:Si ([M+Na]) requires
325.1600).

(1S,6R)-6-((tert-butyldimethylsilyl)oxy)-4-(hydroxymethyl)-1,6-ditgro-[1,1'-biphenyl]-3(&)-one @O0)
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Formaldehyde (37%) (2QAL, 0.27 mmol) and imidazole (1.4 mg, 0.02 mmol) &vadded to a solution of
enonel9 (61 mg, 0.20 mmol) in a mixture of THF (1.2 mL)dabM aqueous sodium bicarbonate (0.6 mL).
After stirring at room temperature undes fdr 5 days, further portions of formaldehyde (37%®% pL, 0.20
mmol) and imidazole (1.4 mg, 0.02 mmol) were addéfier a further 3 days, additional formaldehyde
(37%) (15uL, 0.20 mmol) and imidazole (1.4 mg, 0.02 mmol) evadded. After a total reaction time of 12
days, the reaction was quenched with a 1M aquedlusian of hydrochloric acid (1 mL) and diluted Wit
water (10 mL). The organic material was extractatb idichloromethane (3 x 10 mL) then washed
sequentially with brine (15 mL) and a saturatedeagis solution of sodium bicarbonate (15 mL). The
combined organic extracts were dried (Mgp@nd concentrateth vacuo to give the crude product as a
pink oil (84 mg). This residue was purified by flasilica chromatography (ethyl acetate:40-60 petnol
ether, 1:5) to give the title compound as a cokssloil (32 mg, 48%). {Rethyl acetate:40-60 petroleum
ether, 1:5) 0.19;f]p>° -126.7 € 0.55 in CHCL,); vmax (film)/cm™ 3436br (O-H), 2954m (C-H), 2928m (C-
H), 2890w (C-H), 2855m (C-H), 1675s (C=@); (400 MHz; CDC}) -0.51 (3H, s, Si(Ch)), -0.12 (3H, s,
Si(CHs)), 0.76 (9H, s, SiC(CH)s), 2.39 (1H, ~tJ 6.4, CHOH), 2.71 (1H, dd) 16.5, 4.3, C(6)kl), 2.81
(1H, dd,J 16.5, 13.6, C(6)H), 3.26 (1H, dddJ 13.6, 9.5, 4.3, C(5)H), 4.28 (1H, br d#l,13.5, 6.4,
C(7)HHb), 4.39 (1H, br ddJ 13.5, 6.4, C(7)Hy), 4.56 (1H, d~qJ 9.5, 1.5, C(4)H), 6.77 (1H, dni,1.5,
C(3)H), 7.24-7.26 (5H, m, aryl-H}ic (100 MHz; CDC}) -5.9 (Si(CH)), -5.1 (Si(CH)), 17.8 (SiC(CH)3),
25.6 (SIC(CH)3), 42.9 (C(6)H), 50.8 (C(5)H), 61.3_(C(7)}), 73.0 (C(4)H), 127.4, 128.2 & 128.5 (aryl-
CH), 136.9 (C(2)), 140.4 (aryl-C), 149.7 (C(3)HR912 (C=0);m/z (+ES) 355 ([M+Na], 100%); (Found
355.1711, GH2eNaGsSi ([M+Na]") requires 355.1705).

((1S6R)-6-hydroxy-3-o0x0-1,2,3,6-tetrahydro-[1,1'-biphejpgtyl)methyl (E)-but-2-enoatea2b)

Crotonic anhydride (7QL, 0.47 mmol), DMAP (2.8 mg, 0.02 mmol) and pyridigl60pL, 1.98 mmol)
were added sequentially to a solution of hydroxymletcompound20 (76 mg, 0.23 mmol) in
dichloromethane (1.3 mL) under an atmosphere,ofllNe reaction mixture was stirred at room tempeeat
for 45 min when it was quenched by the additioa shturated aqueous solution of sodium bicarbdisbe
mL). Water (10 mL) was added and the organic maitevas extracted into dichloromethane (3 x 10 mL).
The combined organic extracts were washed withtaratad aqueous solution of sodium bicarbonate (15
mL), dried (MgSQ) and concentrateth vacuo to give the crude product as a brown oil (171 nid)is
residue was partially purified by flash silica chmatography (ethyl acetate:40-60 petroleum ethd)lto
give a colourless oil (59 mgj, (400 MHz; CDC}) -0.46 (3H, s, Si(CH)), -0.14 (3H, s, Si(Ck)), 0.76 (9H,

s, SiIC(CH)3), 1.91 (3H, ddJ 7.0, 1.6, CH=CHCH), 2.72 (1H, dd) 16.4, 4.3, C(6)k}), 2.82 (1H, dd]
16.4, 13.6, C(6)H), 3.28 (1H, dddJ 13.6, 9.4, 4.3, C(5)H), 4.58 (1H, d~19.4, 1.5, C(4)H), 4.84 (1H, dm,
J 14.0, C(7)HHy), 4.91 (1H, d~tJ 14.0, 1.5, C(7)HHp), 5.91 (1H, dg,) 15.6, 1.6, CH=CHC}J, 6.80 (1H,
~q,J 1.5, C(3)H), 7.05 (1H, d¢} 15.6, 7.0, CH=CHCEJ, 7.24-7.36 (5H, m, aryl-H}jc (100 MHz; CDC})
-5.8 (Si(CH)), -5.3 (Si(CH)), 17.9 (SiC(CH)3), 18.0 (CH=CHCH), 25.6 (SiC(CH)3), 42.8 (C(6)H), 50.7
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(C(5)H), 60.3 (C(7)H), 70.0 (C(4)H), 122.2 (CH=CHGCH 127.4, 128.1 & 128.5 (aryl-CH), 133.4, 140.4
(aryl-C & C(2)), 145.4 (CH=CHCEJ, 150.2 (C(3)H), 165.9 (C=0, ester), 196.8 (C=apre).

Partially purified este2l (59 mg) was stirred in TFAAD (7:1) (1.6 mL) under an atmosphere @fati0 °C
for 45 min and the solution was then concentratexhcuo to give a brown oil (32 mg). This residue was
partially purified by flash silica chromatographgti{yl acetate:40-60 petroleum ether, 1:5) to give a
colourless oil (30 mg) which was further purifieg freparative HPLC (ethyl acetate:hexane, 2:3)ietd
the title compound as a colourless oil (16 mg, Z88m 20). Ry (ethyl acetate:40-60 petroleum ether, 1:2)
0.24; [u]p® -71.7 €0.82 in CHCL,); vmax (film)/cm™ 3445br (O-H), 3060w (C-H), 3029w (C-H), 2956w
(C-H), 1718s (C=0, ester), 1676s (C=0, enong);(400 MHz; CDC}) 1.91 (3H, dd,J6.9, 1.7,
CH=CHCH), 2.03 (1H, br s, OH), 2.71-2.80 (2H, m, C(6)H3.22-3.29 (1H, m, C(5)H), 4.72 (1H, brd,
9.8, C(4)H), 4.86 (1H, d~8 14.3, 1.7, C(7)EHy), 4.91 (1H, ddd) 14.3, 2.2, 1.7, C(7)}Hy), 5.91 (1H, dg,)
15.5, 1.7, CH=CHC}), 6.96 (1H, ~g,) 1.7, C(3)H), 7.05 (1H, dg} 15.5, 6.9, CH=CHCEH}, 7.29-7.36 (3H,
m, aryl-H), 7.39-7.43 (2H, m, aryl-H¥c (100 MHz; CDC}) 18.1 (CH=CHCH), 43.2 (C(6)H), 50.6
(C(5)H), 60.2 (C(7)H), 71.9 (C(4)H), 122.1_ (CH=CHGJ{ 127.7, 128.0 & 129.2 (aryl-CH), 134.2, 139.2
(aryl-C & C(2)), 145.7 (CH=CHCEJ, 148.1 (C(3)H), 165.9 (C=0, ester), 196.3 (C=0oree);m/z (+ES)
595 ([2M+Na], 100%), 309 ([M+Na], 40), 287 ([M+HJ, 20); (Found 309.1087,:¢H:sNaQ, ([M+Na]")
requires 309.1098).

(1S,6R)-6-hydroxy-4-(hydroxymethyl)-1,6-dihydro-[1,1'-thipnyl]-3(2H)-one @3b)

Hydroxymethyl compoun@0 (27 mg, 0.081 mmol) was stirred in a mixture ofAT&nd HO (7:1, 0.8 mL)
at 0 °C under an atmosphere of Mfter 5 h the reaction mixture was allowed to mao room temperature
when it was concentratad vacuo to give a brown oil (26 mg). The residue was pedifby flash silica
chromatography (ethyl acetate:40-60 petroleum etBel) to yield the title compound as a colourless
crystalline solid (7.9 mg, 45%). (Found: C, 71.2;8b. G3H1403 requires C, 71.5; H, 6.5%); m.p. 103.1-
104.4 °C; R (ethyl acetate:40-60 petroleum ether, 2:1) 0.288°F -93.6 € 1.2 in CHCL); vimax (film)/cm™
3375br (O-H), 2959w (C-H), 2916m (C-H), 2845w (C-H$H68s (C=0)Hy (400 MHz; CDCH) 1.96 (1H, d,

J 3.9, C(4)QH), 2.35 (1H, ~8 6.2, CHOH), 2.72 (1H, ddJ 16.9, 6.6, C(6)&), 2.77 (1H, ddJ 16.9, 11.5,
C(6)H.y, 3.26 (1H, ddd) 11.5, 9.9, 6.6, C(5)H), 4.32 (1H, ddth13.7, 6.2, C(7)EHy), 4.39 (1H, ddm,)
13.7, 6.2, C(7)EHy), 4.73 (1H, dd~qJ 9.9, 3.9, 1.7, C(4)H), 6.96 (1H, d,1.7, C(3)H), 7.30-7.37 (3H, m,
aryl-H), 7.40-7.44 (2H, m, aryl-Hjc (100 MHz; CDC}) 43.3 (C(6)H), 50.8 (C(5)H), 61.2 (C(7)H, 71.8
(C(4)H), 127.7, 128.0 & 129.2 (aryl-CH), 137.7 &3 (aryl-C & C(2)), 147.7_(C(3)H), 198.5 (C=0Wyz
(+ES) 241 ([M+Na], 100%), 219 ([M+H], 55%); (Found 241.0824,¢4:,NaQ; ([M+Na]") requires
241.0836).

Second generation synthesis
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Representative procedure for eliminative deprotection using DBU

(4R,59-4-hydroxy-5-(naphthalen-2-yl)cyclohex-2-enoniéd«)

To a stirred solution ofi0e (70 mg, 0.21 mmol) in dichloromethane (4 mL), unde atmosphere of
nitrogen, was added DBU (3, 0.23 mmol). The reaction mixture was stirredadm temperature for 2 h
45 mins when it was quenched by the addition cdtarated aqueous solution of MEH (5 mL). The two
layers were separated and the aqueous phase wastedtwith dichloromethane (3 x 5 mL). The comHbine
organic extracts were washed with brine (10 mLgdlover MgSQ@ and concentrateish vacuo to give the
crude product as a brown gum. Purification by flagita chromatography (ethyl acetate:40-60 petnole
ether, 1:2) gave the title compound as a viscoug3@img, 75%). R(ethyl acetate:40-60 petroleum ether,
1:5) 0.04; fi]p*® -88.5 € 0.40 in CHCI,); vmax (film)/cm™ 3393br (O-H), 3051w (C-H), 2962w (C-H),
2931w (C-H), 2901w (C-H), 2874w (C-H), 1667s (C=6); (400MHz; CDC}) 1.95 (1H, d,J 3.8, QH),
2.77 (1H, ddd) 16.8, 4.8, 1.2, C(6)4), 2.85 (1H, ddJ 16.8, 13.4, C(6)H), 3.44 (1H, dddJ 13.4, 9.7, 4.8,
C(5)H), 4.83 (1H, ddt) 9.7, 3.8, 2.2, C(4)H), 6.12 (1H, dd#10.3, 2.2, 1.2, C(2)H), 7.05 (1H, d#i10.3,
2.2, C(3)H), 7.45 (1H, dd] 8.4, 1.9, C(3")H), 7.49-7.56 (2H, m, C(6")H andQH), 7.77 (1H, s, C(1)H),
7.84-7.88 (2H, m, C(5)H and C(8)H), 7.91 (1H,Jd8.4 C(4")H);dc (100 MHz; CDC}) 43.1 (C(6)H),
50.9 (C(5)H), 71.8 (C(4)H), 125.0, 126.3, 126.77.02& 127.8 (aryl-CH), 129.1 (C(2)H), 129.2 (aryHE
132.9, 133.5 & 136.7 (aryl-C), 152.0 (C(3)H), 1918=0); vz (-ES) 237 ([M-H], 100%); (Found
237.0916, GH130, ([M-H]") requires 237.0916).

(1S,6R)-6-hydroxy-4'-methoxy-1,6-dihydro-[1,1'-bipheny]2H)-one (L1c)

Using a similar method to that described abovenreifc (508 mg, 1.61 mmol) was converted to enbbe
(a white solid, 236 mg, 67%). mp. 119.3-121.7 °c(dthyl acetate:40-60 petroleum ether, 1:5) 0.6R;°f
-134 € 0.9, CHCL); vmax (film)/cm™ 3494br (O-H), 2961w (C-H), 2895w (C-H), 1665s (Q=@650s
(C=C); 84 (400MHz; CDC}) 2.62-2.73 (2H, m, C(6)4), 3.20 (1H, td,J 10.0, 7.8, C(5)H), 3.83 (3H, s,
OCH), 4.62 (1H, dtJ 10.0, 2.1, C(4)H), 6.06 (1H, dd,10.3, 2.1, C(2)H), 6.94 (2H, d,8.6, 2 x aryl-H),
7.01 (1H, ddJ 10.3, 2.1, C(3)H), 7.23 (2H, d,8.6, 2 x aryl-H);5c (L00MHz; CDC}) 43.3 (C(6)H), 50.0
(C(5)H), 55.4 (OCH), 72.1 (C(4)H), 114.6 & 128.7 (aryl-CH), 129.0 X)), 131.3 (aryl-C), 152.1
(C(3)H), 159.2 (aryl-C), 198.2 (C=Ojwz (+ES) 241 ([M+Na], 100%); (Found 241.0836,,81140sNa
(IM+Na]") requires 241.0841).

Representative procedure for eliminative deprotection using sodium hydroxide
(1S 6R)-6-hydroxy-1,6-dihydro-[1,1":4',1"-terphenyl]-342-one (1f)
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A stirred solution of keton&0f (100 mg, 0.28 mmol) in THF (4 mL) at O °C was teshwith four aliquots
of'a 0.5 M aqueous sodium hydroxide solution 800.015 mmol) at equally spaced intervals oveeaqul

of 4 h. The reaction was quenched by the additiasaturated aqueous solution of ammonium chiqfi8e
mL) and extracted with ethyl acetate (3 x 15 mlt)eTcombined organic extracts were washed with {&ine
x 15 mL), dried over MgS©and concentrateh vacuo to yield the crude product which was purified by
flash silica chromatography (ethyl acetate:40-6@&rgbeum ether, 1:1) to give the title compound as
colourless crystals (58 mg, 79%). m.p. 108.6-10€2 [¢]p>* -106.5 € 1.3 in CHCL); vmax (film)/cm™
3423br (O-H), 3028m (C-H), 2932s (C-H), 2855s (G-HH82s (C=0)d4 (300 MHz; CDC}) 2.05 (1H, br s,
OH), 2.69-2.81 (2H, m, C(6)) 3.31 (1H, tdJ 10.1, 7.4, C(5)H), 4.72 (1H, dd,10.1, 2.0, C(4)H), 6.09
(1H, dd,J 10.1, 2.0, C(2)H), 7.03 (1H, dd,10.1, 2.0, C(3)H), 7.35-7.64 (9H, m, 9 x aryl-ld}; (75 MHz;
CDCl) 43.0 (C(6)H), 50.4 (C(5)H), 71.9 (C(4)H), 127.0, 127.5, 1271.98.1, 128.9 & 129.0 (aryl-CH and
C(2)H), 138.4, 140.4 & 140.9 (aryl-C), 152.1 (C(3)H97.9 (C=0); m/z (-ES) 301 ([M£'CI]’, 7 %), 299
(IM+3CI]", 20 %).

(1S 6R)-4'-bromo-6-hydroxy-1,6-dihydro-[1,1'-biphenyl]34)-one (1d)

Using a similar method to that described above owet#tetonel0d (567 mg, 1.55 mmol) was converted to
enonelld (a viscous oil, 358 mg, 87%); Rethyl acetate:40-60 petroleum ether, 1:5) 0.6%°f -105.1 ¢
0.50 in CHOH); vmax (film)/cm™ 3388br (O-H), 2953w (C-H), 2846w (C-H), 1665s (C=&) (400 MHz;
CDCl3) 1.96 (1H, s, OH), 2.67 (2H, 4,9.3, C(6)H), 3.23 (1H, gJ 9.3, C(5)H), 4.65 (1H, dt] 9.3, 2.0,
C(4)H), 6.08 (1H, ddJ 10.2, 2.0, C(2)H), 6.99 (1H, dd,10.2, 2.0, C(3)H), 7.20 (2H, 4,8.4, aryl-H), 7.53
(2H, d, J 8.4, aryl-H);5c (100 MHz; CDC}) 42.8 (C(6)H), 50.1 (C(5)H), 71.7_(C(4)H), 121.8 (aryl-C),
129.1 & 129.4 (aryl-CH), 132.3 (C(2)H), 138.5 (a@), 151.9 (C(3)H), 197.5_(C=0O)yvz (+ES) 291
(IM(®'Br)+NaJ", 100%), 289 (IM{°*Br)+Na]’, 100%); (Found 288.9843, 11,"°BrNa0, ([M+Na]")
requires 288.9840).

Representative procedure for preparation of TES-ethers

(4R,59-5-(naphthalen-2-yl)-4-((triethylsilyl)oxy)cyclole2-enone 24e)

To a solution of 2,6-lutidine (0.24 mL, 2.09 mmat) dry dichloromethane (5 mL), at -78 °C under an
atmosphere of nitrogen, was added TESOTf (0.44 @4 mmol) followed, a few minutes later, by
dropwise addition of a solution of alcohtile (170 mg, 0.71 mmol) in dry dichloromethane (2 mLhe
reaction mixture was stirred at -78 °C for 35 mihen it was quenched by the addition of a saturated
agueous solution of N)&I (5 mL) and allowed to warm to room temperatdige two layers were separated
and the aqueous layer was extracted with dichlotibame (3 x 5 mL). The combined organic extractsewer
washed with brine (10 mL), dried over Mg$Sénd concentrateish vacuo. The residue was purified by flash

silica chromatography (ethyl acetate:40-60 petmol@ther, 1:19) to give the title compound as aousooil

15



(224 mg, 89%). R(ethyl acetate:40-60 petroleum ether, 1:5) 0.6f;°f -82.4 € 0.50 in CHCL); Vimax
(filmylem® 2955w (C-H), 2877s (C-H), 1683s (C=OJ. (400MHz: CDC}) 0.16-0.38 (6H, m,
Si(CH.CHz)), 0.69 (9H, tJ 8.1, SI(CHCHs)s), 2.77 (LH, dddy) 16.6, 4.1, 1.2, C(6)&), 2.88 (1H, dd,]
16.6, 13.6, C(6)k), 3.45 (1H, dddJ 13.6, 9.3, 4.1, C(5)H), 4.64 (1H, d3t9.3, 2.0, C(4)H), 6.07 (1H, d~t,
110.3, 2.0, C(2)H), 6.89 (1H, dd,10.3, 2.0, C(3)H), 7.41 (1H, dd.8.6, 1.8, C(3)H), 7.45-7.52 (2H, m,
C(6")H and C(7")H), 7.70 (1H, s, C(1')H), 7.80-7.&8H, m, C(4)H, C(5)H & C(8")H)ic (L0OMHZ;
CDCL) 4.4 (Si(CHCHa)s), 6.5 (Si(CHCHs)s), 42.8 (C(6)H), 50.8 (C(5)H), 72.6 (C(4)H), 125.7, 126.2,
127.1, 127.6, 127.7 & 128.2 (aryl-CH), 128.5 (C(R)EB2.7, 133.4 & 138.0 (aryl-C), 153.8 (C(3)H) 810
(C=0); m/z (+ES) 375 ([M+Na], 100%); (Found 353.1947 »&,d0,Si ([M+H]") requires 353.1937).

(1S,6R)-4'-methoxy-6-((triethylsilyl)oxy)-1,6-dihydro-[1;-biphenyl]-3(2H)-one @4c)

Using a similar method to that described aboveghadtl1lc (80 mg, 0.37 mmol) was converted to TES-
ether24c (a yellow oil, 105 mg, 86%). (Rethyl acetate:40-60 petroleum ether, 1:5) 0.68;°F -149.6 €
0.50, CHCL); vmax (film)/cm™ 2957m (C-H), 2908m (C-H), 2874m (C-H), 1684s (C=&) (400MHz;
CDCls) 0.25-0.44 (6H, m, Si(C¥Hs)s), 0.79 (9H, tJ 8.1, Si(CHCHs)3), 2.66 (1H, ddd, 16.4, 4.8, 1.0,
C(6)Heg), 2.73 (1H, dd,J 16.4, 13.4, C(6)H), 3.21 (1H, ddd) 13.4, 9.7, 4.8, C(5)H), 3.82 (3H, s, OgH
4.51 (1H, dtJ 9.7, 1.9, C(4)H), 6.02 (1H, ddd,10.2, 1.9, 1.0, C(2)H), 6.84 (1H, d#l,10.2, 1.9, C(3)H),
6.88 (2H, dJ 8.6, 2 x aryl-H), 7.17 (2H, d} 8.6, 2 x aryl-H);6c (100MHz; CDC}) 4.4 (Si(CHCHs)3), 6.6
(SI(CH.CHj3)3), 43.0 (C(6)H), 49.8 (C(5)H), 55.4 (OC¥), 72.9 (C(4)H), 113.8 (aryl-CH), 128.4 (C(2)H),
128.9 (aryl-CH), 132.9 (aryl-C), 153.9 (C(3)H), 18garyl-C), 198.7 (C=0)z (+ES) 355 ([M+Nal],
100%); (Found 355.1692,6H,50sNaSi ([M+Na]) requires 355.1705).

(1S,6R)-4'-bromo-6-((triethylsilyl)oxy)-1,6-dihydro-[1,-Biphenyl]-3(H)-one @4d)

Using a similar method to that described aboveyhaitl1ld (133 mg, 0.50 mmol) was converted to TES-
ether24d (a pale yellow oil, 190 mg, 81%) Rethyl acetate:40-60 petroleum ether, 1:5) 0.6}s°f -91.7
(c 0.50 in CHOH); vmax (film)/cm™ 3040w (ArC-H), 2953m (C-H), 2910w (C-H), 2873m KJ; 1685s
(C=0); 64 (500 MHz; CDC}) 0.20-0.36 (6H, m, Si(CHHs)s), 0.79 (9H, tJ 8.0, Si(CHCHs)3), 2.63 (1H,
ddd,J 17.0, 4.6, 1.0, C(6)4), 2.70 (1H, dd,) 17.0. 13.1, C(6)K}), 3.23 (1H, ddd) 13.1, 9.2, 4.6, C(5)H),
4.52 (1H, dtJ 9.2, 2.0, C(4)H), 6.04 (1H, ddd,10.1, 2.0, 1.0, C(2)H), 6.83 (1H, d#l,10.1, 2.0, C(3)H),
7.14 (2H, dJ 8.3, 2 x aryl-H), 7.47 (2H, d 8.3, 2 x aryl-H);6c (100 MHz; CDC}) 4.5 (Si(CHCHzy)3), 6.6
(SI(CH.CHj3)3), 42.5 (C(6)H), 50.1 (C(5)H), 72.6 (C(4)H), 121.1 (aryl-C), 128C(2)H), 129.7 & 131.5
(aryl-CH), 139.7 (aryl-C), 153.6_(C(3)H), 197.9 (Gr mvz (+ES) 405 ([MP'Br)+Na]’, 100%), 403
(IM("°Br)+NaJ", 100%): (Found, 403.0706,£,5 "BrNaQ, ([M+Na]") requires 403.0705).

(1S,6R)-6-((triethylsilyl)oxy)-1,6-dihydro-[1,1":4",1"eérphenyl]-3(2)-one @4f)
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Using a similar method to that described aboveytadt11f (100 mg, 0.39 mmol) was converted to TES-
ether24f (a yellow oil, 110 mg, 75 %)o]p>* -109.3 € 0.6 in CHCL); vinax(film)/cm™ 3028m (C-H), 2954s
(C-H), 2874s (C-H), 1691s (C=0%j (300 MHz; CDC}) 0.24-0.46 (6H, m, Si(CKCHs)s), 0.78 (9H, t,J
7.9, Si(CHCHs)s), 2.73 (1H, dddJ 16.7, 4.9, 0.8, C(6)&), 2.80 (1H, ddJ 16.7, 13.5, C(6)H), 3.32 (1H,
ddd,J 13.5, 9.4, 4.9, C(5)H), 4.60 (1H, dt9.4, 1.6 C(4)H), 6.05 (1H, di,10.3, 1.6 C(2)H), 6.87 (1H, di,
10.3, 1.6 C(3)H), 7.27-7.61 (9H, m, 9 X aryl-Hd}c (75 MHz; CDC}) 4.5 (Si(CHCHs)s), 6.6
(Si(CH,CHs)s), 42.7 (C(6)H), 50.3 (C(5)H), 72.8 (C(4)H), 127.1, 127.2, 1271.38.4 & 128.8 (aryl-CH &
C(2)H), 139.8, 140.4 & 140.9 (aryl-C), 153.8 (C(3)#98.4 (C=0)z (+ES) 401 ([M+Na], 100 %).

Representative procedure for surfactant mediated Morita-Baylis-Hillman reactions

(4R,59)-2-(hydroxymethyl)-5-(naphthalen-2-yl)-4-((trietisityl)oxy)cyclohex-2-enone2be)

To a suspension of compou2de (50 mg, 0.14 mmol) in water (0.4 mL) was added SD& mg, 0.04
mmol) and DMAP (17 mg, 0.14 mmol). The reaction tmig was stirred for 5 min at room temperature and
then formaldehyde 37% (0.19 mL, 1.96 mmol) was dddée resulting mixture was stirred at room
temperature for 22 h. The reaction was quenchethdéyddition of brine (2 mL) and extracted withykth
acetate (2 x 5 mL). The combined organic extracesewvashed with brine (5 mL), dried over MgSnd
concentratedn vacuo to give a waxy solid which was purified by flashica chromatography (ethyl
acetate:40-60 petroleum ether, 1:6) to furnish tygimethyl compound®5e as an oil (35 mg, 64 %).tR
(ethyl acetate:40-60 petroleum ether, 1:5) 0.&Rs5%f -103.3 € 1.2 in CHCL); vmax(film)/cm™ 3420br (O-
H), 2955s (C-H), 2910s (C-H), 2874s (C-H), 1672s=Q} &4 (400MHz; CDC}) 0.16-0.37 (6H,
m, Si(CHCHz)s), 0.69 (9H, tJ 7.6, Si(CHCHs)s), 2.78 (1H, dd)) 16.4, 4.2, C(6)&), 2.91 (1H, ddJ) 16.4,
13.6, C(6)H,), 3.44 (1H, dddJ 13.6, 9.5, 4.2, C(5)H), 4.30 (1H, #13.6, C(7)HHy), 4.42 (1H, dJ 13.6,
C(7)HHyp), 4.73 (1H, ddJ 9.5, 0.8, C(4)H), 6.82 (1H, s, C(3)H), 7.40 (11, 8.8, 1.5, C(3")H), 7.45-7.51
(2H, m, C(6")H & C(7)H), 7.70 (1H, s, C(1)H), Dg.85 (3H, m, C(4)H, C(5)H & C(8)H)dc
(100MHz; CDC§) 4.4 (Si(CHCHg)3), 6.5 (Si(CHCHg)s), 43.1 (C(6)H), 50.9 (C(5)H), 61.3 (C(7)H),
72.6 (C(4)H), 125.7, 125.8, 126.2, 127.1, 127.6,.62& 128.2 (aryl-CH), 132.7, 133.3, 136.8 & 137aryl-

C & C(2)), 149.8 (C(3)H), 199.2 (C=0Ovz (+ES) 383 ([M+H], 100%); (Found 383.2048,,£310:Si
([M+H]") requires 383.2042).

(1S,6R)-4-(hydroxymethyl)-4'-methoxy-6-((triethylsilyl)gy-1,6-dihydro-[1,1'-biphenyl]-3(&)-one @5c)

Using a similar method to that described above, -€&#®r24c (177 mg, 0.53 mmol) was converted to
hydroxymethyl compouné5c (a colourless oil, 146 mg, 75 %); thyl acetate:40-60 petroleum ether, 1:5)
0.11; []p?®-91.2 € 0.50, CHCl,); vimax (film)/cm™ 3423br (O-H), 2955s (C-H), 2911m (C-H), 2876m (C-
H), 1674s (C=0)dy (400MHz; CDC}) 0.25-0.44 (6H, m, Si(C¥CH3)3), 0.79 (9H, tJ 7.8, Si(CHCHy)s),
2.68 (1H, ddJ 16.7, 4.8, C(6)k}), 2.75 (1H, ddJ 16.7, 13.4, C(6)K), 3.20 (1H, ddd,J 13.4, 9.3, 4.8,

C(5)H), 3.81 (3H, s, OCH), 4.25 (1H, dtJ 13.5, 1.4, C(7)kHy), 4.38 (1H, dtJ 13.5, 1.4, C(7)kHy), 4.54
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(1H, dg,d 9.3, 1.4, C(4)H), 6.76 (1H, d,1.4, C(3)H), 6.88 (2H, d] 8.6, 2 x aryl-H), 7.17 (2H, d} 8.6, 2 X

aryl-H): 8¢ (L00OMHz; CDCh) 6.4 (Si(CHCH:)3), 6.8 (SI(CHCHs)s), 43.5 (C(6)H), 50.0 (C(5)H), 55.3
(OCHs), 61.2 (C(7)H), 72.0 (C(4)H), 114.5 (aryl-CH), 128.7 (aryl-CH)31.0 & 137.6 (aryl-C & C(2)),
147.8 (C(3)H), 159.2 (aryl-C), 198.8 (C=Ojz (+ES) 385 ([M+Na], 100%): (Found 363.1989,
Co0H3104Si ([M+H]") requires 363.1992).

(1S,6R)-4'-bromo-4-(hydroxymethyl)-6-((triethylsilyl)oxy},6-dihydro-[1,1'-biphenyl]-3(@)-one @5d)

Using a similar method to that described above, -€&#®r24d (195 mg, 0.513 mmol) was converted to
hydroxymethyl compoun@é5d (a colourless oil, 120 mg, 55%); fthyl acetate:40-60 petroleum ether, 1:5)
0.11; [u]p>° -74.7 € 0.50 in CHOH); vmax (film)/cm™ 3341br (O-H), 2959m (C-H), 2907m (C-H), 2871m
(C-H), 1675s (C=0);8y (400 MHz; CDC}) 0.25-0.46 (6H, m, Si(C¥CHs)s), 0.79 (9H, t,J 8.0,
Si(CH,CHs)3), 2.32 (1H, t,J 6.0, QH), 2.65 (1H, ddJ 16.2, 5.1, C(6)&), 2.73 (1H, ddJ 16.2, 13.0,
C(6)Hx), 3.22 (1H, ddd) 13.0, 9.5, 5.1, C(5)H), 4.26 (1H, dB13.9, 6.0, C(7)EHy), 4.38 (1H, dd) 13.9,
6.0, C(7)HHb), 4.55 (1H, ddJ 9.5, 1.6, C(4)H), 6.77 (1H, d,1.6, C(3)H), 7.14 (2H, d] 8.4, 2 x aryl-H),
7.48 (2H, dJ 8.4, 2 x aryl-H);5¢ (100 MHz; CDC}) 4.5 (Si(CHCHs)s), 6.6 (Si(CHCHs)s), 42.8 (C(6)H),
50.2 (C(5)H), 61.2 (C(7)b), 72.6 (C(4)H), 121.2 (aryl-C), 129.7 & 131.6 (aBH), 137.1 & 139.5 (aryl-C
& C(2)), 149.2 (C(3)H), 198.6 (C=0jwz (+ES) 435 ([M{'Br)+Na]’, 100%), 433 ([M{*Br)+Na]J’, 100%);
(Found 433.0825, g8H,s "BrNaO; ([M+Na]") requires 433.0811).

(1S 6R)-4-(hydroxymethyl)-6-((triethylsilyl)oxy)-1,6-dilgro-[1,1":4",1"-terphenyl]-3(2)-one @5f)

Using a similar method to that described above, -€&E®r 24f (100 mg, 0.26 mmol) was converted to
hydroxymethyl compoun@5f (a yellow oil, 25 mg, 30 %Nmax (film)/cm™ 3435br (O-H), 2954m (C-H),
2908m (C-H), 2875m (C-H), 1664s (C=@); (300 MHz; CDC}) 0.24-0.46 (6H, m, Si(C¥CHa)s), 0.78
(9H, t,J 7.9, Si(CHCHs)3), 2.18 (1H, br, C(7)bDH), 2.74 (1H, ddJ 16.6, 4.9, C(6)Heq), 2.83 (1H, dd,
16.6, 13.4, C(6)H), 3.30 (1H, ddd)] 13.4, 9.4, 4.9, C(5)H), 4.04 (1H, d13.3, C(7)HH), 4.17 (1H, dJ
13.3, C(7)HHb), 4.63 (1H, dd,] 9.4, 1.4, C(4)H), 6.80 (1H, s, C(3)H), 7.27-7.8H( m, aryl-H); 3¢ (75
MHz; CDCL) 4.5 (Si(CHCHs)s), 6.6 (Si(CHCHs)s), 43.0 (C(6)H), 50.5 (C(5)H), 61.3 (C(7)p), 72.8
(C(4)H), 127.1, 127.2, 127.3, 128.5 & 128.8 (aryhC137.0, 139.5, 140.5 & 140.9 (aryl-C & C(2)),918
(C(3)H), 199.1 (C=0)z (+ES) 839 ([2M+Nal, 100 %), 431 ([M+Nal], 12 %); (Found (-ES) 407.2057,
CosH3105Si ([M-H]Y) requires 407.2042).

Representative procedure for TES deprotection of Morita-Baylis-Hillman adducts

(4R,59-4-hydroxy-2-(hydroxymethyl)-5-(naphthalen-2-yjatohex-2-enone23e)

A solution of hydroxymethyl compouritbe (25 mg, 0.07 mmol) in TFA:RD (7:1, 0.56 mL) was stirred at

room temperature for 30 min. The solvents were r&sd vacuo to give a yellow gum which was purified
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by flash silica chromatography (ethyl acetate:40p&@roleum ether, 1:2) to furnish the di23e as a
colourless oil (18 mg, 93 %).;Rethyl acetate:40-60 petroleum ether, 1:1) 0.24°f -96.4 € 0.50,
CH:Cly); vimax (film)/cm™ 3368br (O-H), 3047w (C-H), 3014w (C-H), 2953w (§;12919w (C-H), 2898w
(C-H), 2864w (C-H), 1663s (C=0yi; (400MHz; CDC}) 2.78 (1H, ddJ) 16.7, 4.8, C(6)&), 2.87 (1H, ddJ
16.7, 13.2, C(6)H), 3.42 (1H, dddJ 13.2, 9.8, 4.8, C(5)H), 4.34 (1H, 813.6, C(7)HH,), 4.40 (1H, dJ
13.6, C(7)HHy), 4.83 (1H, ddJ 9.8, 0.9, C(4)H), 6.99 (1H, s, C(3)H), 7.43 (1HJ®.6, C(3")H), 7.49-7.56
(2H, m, C(6")H and C(7)H), 7.76 (1H, s, C(1)H)84-7.88 (2H, m, C(5))H and C(8")H), 7.90 (1H,d,
8.6, C(4")H);6c (100MHz; CDC}) 43.3 (C(6)H), 50.9 (C(5)H), 61.1_(C(7)4), 71.7 (C(4)H), 124.9, 126.3,
126.6, 127.0, 127.7, 127.8 & 129.1 (aryl-CH), 132.33.4, 136.5 & 137.7 (aryl-C & C(2)), 147.8 (Of3)
198.5 (C=0);m/z (+ES) 291 ([M+Na], 100%); (Found 291.0997, ;#10sNa ([M+Na]) requires
291.0997).

(1S,6R)-6-hydroxy-4-(hydroxymethyl)-4'-methoxy-1,6-dihydf1,1'-biphenyl]-3(2)-one @3c)

Using a similar procedure to that described abbydroxymethyl compoun@5c (40 mg, 0.11 mmol) was
converted into dioR3c (a white solid, 18 mg, 66 %). mp. 108.7-110.9 Rg(ethyl acetate:40-60 petroleum
ether, 1:1) 0.14;d]p*® -97.5 € 0.45, CHCL); vmax (film)/cm™ 3367br (O-H), 2926w (C-H), 2901w (C-H),
1668s (C=0)dy (400 MHz; CDC}) 1.97 (1H, s, OH), 2.32 (1H, br s, OH), 2.71 (2, J 9.9, C(6)H),
3.21 (1H, q,J 9.9, C(5)H), 3.83 (3H, s, OGN 4.31 (1H, d,J 13.5, C(7)HH), 4.39 (1H, d,J13.5,
C(7)HHp), 4.66 (1H, dJ 9.9, C(4)H), 6.93-6.95 (3H, m, C(3)H and 2 x ayl-7.22-7.24 (2H, m, aryl-H);
dc (LOOMHz; CDC}) 43.5 (C(6)H), 50.0 (C(5)H), 55.3 (OCH), 61.2 (C(7)H), 72.0 (C(4)H), 114.6 &
128.7 (aryl-CH), 131.0 & 137.6 (aryl-C and C(2)%718 (C(3)H), 192.0_(C=0yz (+ES) 287 ([M+KT,
30%), 271 ([M+Nal, 60%), 129 (100%); (Found 271.0939.:¢0,Na ([M+NaJ’), requires 271.0941).

(4R, 59)-4-hydroxy-2-(hydroxymethyl)-5-(4-bromophenyl)-dghex-2-enone43d)

Using a similar procedure to that described abbydroxymethyl compoun@5d (96 mg, 0.23 mmol) was
converted into dioR3d (off-white wax, 39 mg, 56%). {Rethyl acetate:40-60 petroleum ether, 1:5) 0.03;
[a]p?® -86.4 € 0.50 in CHOH); vinax (film)/cm™ 3368br (O-H), 2953w (C-H), 2923w (C-H), 2901w (G;H
2865w (C-H), 1664s (C=0py (400 MHz; CDC}) 2.59 (2H, dJ 9.2, C(6)H), 3.12 (1H, gqJ 9.2, C(5)H),
4.18-4.28 (2H, m, C(7)4), 4.56 (1H, dJ 9.2, C(4)H), 6.84br (1H, s, C(3)H), 7.10 (2H,Jd8.3, aryl-H),
7.44 (2H, dJ 8.3, aryl-H);5¢ (100 MHz; CDC) 43.2 (C(6)H), 50.0 (C(5)H), 60.5 (C(7)8), 71.6 (C(4)H),
121.7 (aryl-C), 129.4 & 132.2 (aryl-CH), 137.7 &88 (aryl-C & C(2)), 148.0 (C(3)H), 198.2 (C=Qyz
(+ES) 321 (M{'Br)+Na]’, 100%), 319 ([M{°Br)+Na]’, 100%); (Found 318.9954, ;{5 °BrNaO;
([M+Na]") requires 318.9946).

(1S,6R)-6-hydroxy-4-(hydroxymethyl)-1,6-dihydro-[1,1":4"-terphenyl]-3(21)-one @3f)
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Using a similar procedure to that described abbydroxymethyl compoun@5f (25 mg, 0.09 mmol) was
converted into dioR3f (a white powder, 6 mg, 23 %)nax (film)/cm™ 3414br (O-H), 2965w (C-H), 2958m
(C-H), 2880w (C-H), 1673s (C=Opy (300 MHz; CROD) 2.54 (1H, dd, 16.3, 3.9, C(6)k}), 2.83 (1H,
dd,J 16.3, 13.9, C(6)K), 3.21 (1H, dddJ 13.9, 9.9, 3.9, C(5)H), 4.22 (2H,X1.8 C(7)H), 4.71 (1H, dqg,
9.9, 1.8 C(4)H), 6.96 (1H, d,1.8 C(3)H), 7.28 (1H, t] 7.5, aryl-H), 7.36-7.42 (4H, m, aryl-H,), 7.57 (4H
d, J 7.5, aryl-H);5¢ (75 MHz; CROD) 45.2 (C(6)H), 51.8 (C(5)H), 59.6 (C(7)8), 72.4 (C(4)H), 128.0,
128.3, 128.4, 129.6 & 130.0 (aryl-CH), 139.2, 141.51.7 & 142.3 (aryl-C & C(2)), 150.2 (C(3)H), 199
(C=0);m/z (+ES) 317 ([M+Na], 100 %); (Found 317.1137 21:50sNa ([M+Na]') requires 317.1148).

General two-step procedure for the preparation of hybrid analogues

((3R, 49-3-hydroxy-4-(naphthalen-2-yl)-6-oxocyclohex-1-gryl)methyl E)-but-2-enoatea2e)

To a solution of alcohd?5e (88 mg, 0.23 mmol) in dichloromethane (1.8 mLjyaim temperature under an
atmosphere of nitrogen, was added crotonic anhgdfd8 mL, 0.51 mmol), followed by DMAP (3 mg,
0.023 mmol) and pyridine (0.16 mL, 2.02 mmol). Thaction mixture was stirred at room temperature3fo
h when it was quenched by the addition of a satdragueous solution of NaHGQ mL). The mixture
was diluted with water (2 mL) and organic matenes extracted into dichloromethane (3 x 4 mL). The
combined organic extracts were washed with a datii@queous solution of NaHG x 5 mL), dried over
MgSQ,, and concentratedn vacuo. The resulting residue was partially purified blash silica
chromatography (ethyl acetate:40-60 petroleum ethd8) to give a mixture o26e and an unknown
impurity (60 mg). TFA:HO (7:1, 1.20 mL) was added to the mixture at roempgerature and the resulting
solution was stirred for 1 h when the solvents weraovedn vacuo to give a brown oil. This material was
purified by flash silica chromatography (ethyl atet40-60 petroleum ether, 2:7) to give the tidenpound
as a white waxy solid (37 mg, 48% frazBe). R; (ethyl acetate:40-60 petroleum ether, 1:5) 0.6 -
57.0 € 0.4 in CHCL); vmax (film)/cm™ 3426br (O-H), 2962m (C-H), 2915w (C-H), 1722s (C=3ter),
1682s (C=0, ketonepy (400MHz; CDCH$) 1.92 (3H, ddJ 7.0, 1.8, CH=CHCB), 2.81 (1H, ddJ 16.6, 5.0,
C(6)Heq), 2.88 (1H, ddJ 16.6, 12.9, C(6)K), 3.44 (1H, ddd)J 12.9, 9.8, 5.0, C(5)H), 4.83-4.86 (1H, m,
C(4)H), 4.87 (1H, dt) 14.4, 1.8, C(7)kHy), 4.97 (1H, dtJ 14.4, 1.8, C(7)kHy), 5.92 (1H, dqg,) 15.5, 1.8,
CH=CHCH), 7.00 (1H, qJ 1.8, C(3)H), 7.07 (1H, dg] 15.5, 7.0, CH=CHCE}, 7.43 (1H, dd,) 8.4, 2.0,
C(3")H), 7.50-7.56 (2H, m, C(6)H and C(7)H), 7.7®”H, s, C(1)H), 7.84-7.88 (2H, m, C(5")H and
C(8)H), 7.91 (1H, dJ 8.4, C(4")H);dc (100MHz; CDC}) 18.1 (CH=CHCH), 43.2 (C(6)H), 50.8 (C(5)H),
60.2 (C(7)H), 71.8 (C(4)H), 122.2_(CH=CHGC} 125.0, 126.3, 126.7, 127.0, 127.7 & 129.2 (&),
133.0, 133.5, 134.3, 136.5 (aryl-C & C(2)), 145CHECHCH;), 148.0 (C(3)H), 165.9 (C=0, ester), 196.7
(C=0, ketone);m/z (+ES) 359 ([M+Na], 100%); (Found 359.1259, ,{,0NaQ, ([M+Na]") requires
359.1259).

((1S6R)-6-hydroxy-4'-methoxy-3-0x0-1,2,3,6-tetrahydroq1hiphenyl]-4-yl)methyl E)-but-2-enoate42c)
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Using a similar procedure to that described abbydroxymethyl compoun@5c (72 mg, 0.198 mmol) was
converted to hybrid analogu2c (a pale yellow solid, 19 mg, 30 % fro@bc). mp. 99101 C; R (ethyl
acetate:40-60 petroleum ether, 1:5) 0.08p7 -83.5 € 0.33, CHCL); vmax (film)/cm™ 3415br (O-H),
2922w (C-H), 2901w (C-H), 1717s (C=0, ester), 16@3s0, ketone)dy (400MHz; CDC}) 1.91 (3H, dd)
6.8, 1.6, CH=CHCHh), 2.72 (2H, ~dJ 9.3, C(6)H), 3.21 (1H, gqJ 9.3, C(5)H), 3.82 (3H, s, OGH4.66
(1H, dqg,J 9.3, 1.8, C(4)H), 4.87 (1H, di,14.4, 1.8, C(7)kHy), 4.91 (1H, dtJ 14.4, 1.8, C(7)kHy), 5.90
(1H, dqg,J 15.5, 1.6, CH=CHCEJ, 6.93 (2H, dJ 8.5, aryl-H), 6.96 (1H, gJ 1.8, C(3)H), 7.05 (1H, dq]
15.5, 6.8, CH=CHCH), 7.22 (2H, d,) 8.5, aryl-H);5c (L00MHz; CDC}) 18.1 (CH=CHCH), 43.4 (C(6)H),
49.9 (C(5)H), 55.3 (CHKD), 60.2 (C(7)H), 72.1 (C(4)H), 114.6 (aryl-CH), 122.1 (CH=CHgH128.7 (aryl-
CH), 131.0 & 134.2 (aryl-C & C(2)), 145.7 (CH=CH@H148.1 (C(3)H), 159.2 (aryl-C), 165.9 (C=0,
ester), 196.5 (C=0, ketonejvz (+ES) 339 ([M+Na], 100%); (Found 317.1384, 1,105 ([M+H]")
requires 317.1389).

((1S,6R)-4'-bromo-6-hydroxy-3-ox0-1,2,3,6-tetrahydro-[1biphenyl]-4-yl)methyl E)-but-2-enoate42d)
Using a similar procedure to that described abbydroxymethyl compouné5d (135 mg, 0.33 mmol) was
converted to hybrid analogug2d (an off-white oil, 50 mg, 39% fron25d). R: (ethyl acetate:40-60
petroleum ether, 1:5) 0.05¢]p> -44.0 € 0.53 in CHOH); vmax (film)/cm™ 3432br (O-H), 2975w (C-H),
2932w (C-H), 2917w (C-H), 2877w (C-H), 1717s (C=3ter), 1677s (C=0, ketone); (400 MHz; CDC})
1.91 (3H, ddJ 7.0, 1.7, CH=CHCEH), 2.69-2.73 (2H, m, C(6)#), 3.24 (1H, td,) 9.6, 8.1, C(5)H), 4.68 (1H,
dg,J 9.6, 1.7, C(4)H), 4.82 (1H, df,14.5, 1.7, C(7)kHy), 4.91 (1H, dtJ 14.5, 1.7, C(7)kHy), 5.90 (1H,
dg,J 15.6, 1.7, CH=CHCH}, 6.93 (1H, dJ 1.7, C(3)H), 7.05 (1H, dd), 15.6, 7.0, CH=CHCEH), 7.19 (2H, d,
J 8.3, aryl-H), 7.54 (2H, dJ 8.3, aryl-H); ¢ (100 MHz; CDC}) 18.1 (C(11)H), 42.9 (C(6)H), 50.0
(C(5)H), 60.1 (C(7)H), 71.7 (C(4)H), 121.8 (aryl-C), 122.0 (CH=CH@H129.4 & 132.3 (aryl-CH), 134.3
& 138.2 (aryl-C & C2), 145.9 (CH=CHGH| 147.9 (C(3)H), 165.9 (C=0, ester), 195.9 (C=€xoke);nm'z
(+ES) 389 ([M{'Br)+Na]’, 100%), 387 (IM{°Br)+Na]’, 100%); (Found, 387.0206 &, BrNaO,
([M+Na]") requires 387.0208).

((1S6R)-3-0x0-6-((triethylsilyl)oxy)-1,2,3,6-tetrahydrd:[1":4",1"-terphenyl]-4-yl)methyl H)-but-2-enoate
(26f)

To a stirred solution of alcoh@5f (34 mg, 0.08 mmol) in dichloromethane (0.6 mLyam temperature
under an atmosphere of nitrogen, was added crotohigdride (3QuL, 0.18 mmol) followed by DMAP (1
mg, 0.08 mmol) and pyridine (6L, 0.73 mmol). The reaction mixture was stirredam temperature for
2.5 h when it was quenched by the addition of arated aqueous solution of NaHEQ mL). The mixture
was diluted with water (8 mL) and organic matenels extracted into dichloromethane (3 x 8 mL). The
combined organic extracts were washed with brine< (20 mL), dried over magnesium sulphate and

concentratedn vacuo. The resulting solid was purified by flash silicaromatography (ethyl acetate:40-60
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petroleum ether, 1:3) to give crotonate e&&fras a sticky white solid (26 mg, 60 %)]4** -47.9 € 1.0 in
CH:Clo); vmax (film)/em™ 3029w (C-H), 2953s (C-H), 2909s (C-H), 2875s (G-H)23s (C=0, ester), 1680s
(C=0, ketone)dy (500 MHz; CDC}) 0.28-0.46 (6H, m, Si(C¥CHs)s), 0.78 (9H, t,J 8.2 Si(CHCHz)s),
1.91 (3H, dd,J 6.9, 1.7, CH=CHCH), 2.78 (1H, ddJ 16.4, 4.6, C(6)k), 2.79 (1H, ddJ 16.4, 13.6,
C(6)H.y), 3.32 (1H, dddJ 13.6, 9.3, 4.6, C(5)H), 4.63 (1H, d#9.3, 1.8, C(4)H), 4.84 (1H, di,14.2, 1.8,
C(7)HHyp), 4.92 (1H, dtJ 14.2, 1.8 C(7)EHy), 5.90 (1H, dg,) 15.4, 1.7, CH=CHCE}J, 6.80 (1H, qJ 1.8,
C(3)H), 7.05 (1H, dgJ 15.4, 6.9, CH=CHCEJ, 7.32-7.60 (9H, m, aryl-H)dc (125 MHz; CDC}) 4.4
(SI(CH:CHj3)3), 6.6 (Si(CHCHs3)3), 18.0 (CH=CHCH), 42.8 (C(6)H), 50.3_(C(5)H), 60.3 (C(7) 72.8
(C(4)H), 122.2 (CH=CHCEH), 127.1, 127.2, 127.3, 128.4, 128.8 & 133.5 (&M; aryl-C & C(2) (some
signals coincident)), 145.4 (CH=CHGH 150.0 (C(3)H), 165.9 (C=0, ester), 196.7 (C=@toke);nm/z
(+ES) 499 ([M+Na], 100%); (Found 499.2283,815c0,NaSi ((M+Na]) requires 499.2281).

((1S6R)-6-hydroxy-3-ox0-1,2,3,6-tetrahydro-[1,1":4', Bphenyl]-4-yl)methyl E)-but-2-enoateZ2f)

A solution of crotonate esté?6f (26 mg, 0.09 mmol) in TFAHD (7:1, 0.5 mL) was stirred at room
temperature for 30 minutes. The solvents were rehbvvacuo to give a colourless oil which was purified
by flash silica chromatography (ethyl acetate:4@é0oleum ether, 1:3), to furnish hybrid analoggkeas a
white film (10 mg, 53%). d]p** -38.5 € 0.6 in CHCL); vmax (film)/cm™ 3407 br (O-H), 3020w (C-H),
2958s (C-H), 1720s (C=0, ester), 1685s (C=0, kétahe (500 MHz; CDC}) 1.92 (3H, ddJ 6.9, 1.8,
CH=CHCH), 2.76-2.83 (2H, m, C(6)) 3.31 (1H, tdJ 10.1, 7.9, C(5)H), 4.76 (1H, br 4,10.1, C(4)H),
4.88 (1H, dt,J 14.4, 1.7, C(7)EHp), 4.94 (1H, dt,J 14.4, 1.7, CkHyp), 5.92 (1H, dq,J 15.4, 1.8,
CH=CHCH), 6.98 (1H, g, 1.7, C(3)H), 7.06 (1H, dg}, 15.4, 6.9, CH=CHCE¥), 7.27-7.32 (3H, m, aryl-H),
7.38 (2H, t,J 7.9, aryl-H), 7.50-7.58 (4H, m, aryl-Hyc (125 MHz; CDC}) 18.1 (CH=CHCH), 43.2
(C(6)H), 50.3 (C(5)H), 60.2_(C(NH, 71.9 (C(4)H), 122.2_(CH=CHGJ 127.1, 127.5, 127.9, 128.1 &
128.9 (aryl-CH), 134.3, 138.2, 140.4 & 141.0 (a&ybnd_C(2)), 145.7 (CH=CHGJ} 148.1 (C(3)H), 165.9
(C=0, ester), 196.2 (C=0, ketonajyz (+ES) 385 ([M+Na], 100 %).
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