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Department of Medicinal and Applied Chemistry, Ksiahg Medical University Hospital, Kaohsiung Medithiversity,
Kaohsiung 807, Taiwan

Abstract — BIi(OTf)3 catalyzed disproportionation reaction

of cinnaralgdohols provides chalcones and benzyl styrenes.

The use of various metal triflates is investigatedein for facile and efficient redox transformati@ plausible mechanism

has been proposed.

Introduction

The classical redox disproportionation reactiontvab
non-enolizable arylaldehydes involving the key st
hydrogen transfer was first reported by CannizZaho.
1906, Tishchenko developed a disproportionatiorierda

Ir¥*-Srf* (Roy work)®® and the other is B&Zhou work)®
Inspired by the above two catalytic systems, welcerg
the synthetic scope for the disproportionation iohamyl
alcohols by the use of various metal triflatesshewn in
Scheme 1. In our ongoing research interests isyhthetic
applications of metal triflatesye turned the synthetic aim
to the chemoselective disproportionation from cimgh

ester products from two aldehyde molecules via an alcohols to chalcones and benzyl styrenes.

intramolecular 1,3-hydride shttAbout 20 years later, Al
catalysis of the hydride shift from tlecarbon of alcohols
to carbonyls had been demonstrated by Meertfein,
Ponndorf® and Verle§° (MPV) via a six-membered
transition state. The reversible nature of this MPV
reduction had been realized by Oppenduétowever,
different promoter mediated disproportionation teEars
have been regarded, such as metal ions, basesvas L
acids, despite over a century of resedrdh.therefore
remained a challenge to develop an alternativelytita
system for the potential redox disproportionatimong a
number of disproportionation routes, the novel retpe

of alcohols represents an efficient and versatieversion
for the formation of hydrocarbons and carbonyls.

Scheme 1Disproportionation Reaction of Alcohols

OH (0]

promoters
Ar /K/A Ar Ar M Ar +

AN
o Ir3*-sn** (Roy work) 8@ o Fe®* (zhou work) ©°

o M(OTf)p (this work)
Therefore, in comparison with the reported works on

establishing the disproportionation of allylic ahads, we
found that only two promoters are documerft@he is

Keywords: Disproportionation; Cannizzaro; TishchenkPV reduction;
Oppenauer; Metal Triflate.
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Results and discussion

According to the previous synthetic procBssalcones
3 were easily prepared in nearly quantitative yiells
NaOH-mediated aldol condensation of acetophendhes
and arylaldehydeg (Ar = Ph, 4-MeOGH,, 4-FGH,, 3,4-
CH,0,CgHs, 4-MeGH,4, 2-naphthyl, 3,4,5-(MeQE¢H,, 4-
CICsH4, 3-MeOGH,4, 4-PhGH,, 2-furyl, 2,4-(MeO)C¢Hs,
3,4-CLCgHy) in refluxing MeOH. With skeletoB in hand,
we employed3a (Ar = Ph) as the model substrate to
examine the disproportionation. First, NaBidediated 1,2-
reduction of3a provided 4a in an excellent conversion
yield (~100%) in the co-solvent of THF and MeOHw(w
1/1) at 0°C for 10 min’ For the purification procedure on
silica gel, some impurity was isolated. Furthermdgewas
slowly deteriorated in a CDgbolution (monitored byH
NMR and TLC). To avoid the decomposition problemd a
increase the purity ofa, we decided to use cruda as the
starting material to treat with metal triflates, st®own in
Table 1. Next, controlling the reaction conditiqns 5 mL
of CH.Cl,, 1 h), Bi(OTfx (2 mol %) was chosen as the
optimal catalyst for the disproportionation4d among the
various screened commercially available 13 meiftes,
which included Bi(OTH), In(OTf)s, Sn(OTf), Ga(OTf},
Sc(OTfy, Fe(OTfy, AgOTf, Zn(OTfp, Yb(OTf)s,
Sm(OTfk, Ni(OTf),, Ln(OTf);, and Cu(OTH); we found
that only Bi(OTfy provided better reactivity within 1 h
(entry 1). For the disproportionation reaction 48,
In(OTf); Sn(OTf), Ga(OTf, and Sc(OTH provided the
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transformation fronta to 5a and3a within 1 h (entries 2-
5). For an elongated time 20 h), the conversion was
also achieved and similar yields2d and5a with a ratio of
1:1 were observed. For entries 1-5, the dispropaation
reaction ofda provided the redox producBa and5a with a
ratio of 1 : 1 and no isolation of diallylic ethéa was
detected. Although entries 1 and 5 gave comparaisigts
for the distributed yields o8a and 5a in initial screening
experiments, Bi(OTf) possessed a relatively inexpensive
and low-toxic Lewis acid than Sc(OTff When the
reaction was treated with Fe(O7ft rt for 1 h (entry 6),
25% of 3a and 22% of5a were formed, along with a
dimerized producba (15%). For elongated time (20 h), the
yields with similar ratios (1 : 1 : 1) were incredsslightly.

Table 1 Reaction Conditiori®

o}

PhMPh
Ph X Ph
Phj’%P NaBH, Phj’”wph]womn . OW

3a THF: MeoH sa (100 | HeCl2 PhMPh

P ph a
5a

entry catalysts (mol %) 3a(%)° 5a(%)° 6a(%)
1 Bi(OTf); (2) 48 (46f 45 (45§ ND
2 In(OTf); (2) 40 (428 37 (36§ ND
3 Sn(OTH, (2) 34 (35§ 36(38) ND
4 Ga(OTfy (2) 36 (37§ 36 (40 ND
5 Sc(OTf) (2) 40 (40§ 41 (40 ND

6 Fe(OTf) (2) 26 (30§ 2531} 20 (24}
7 AgOTf (2) ND ND 65
8 Zn(OTf), (2) ND ND 70
9 Yb(OTf); (2) ND ND 72
10  Sm(OTfy (2) ND ND 70
11 Ni(OTf), (2) ND ND 72
12 La(OTf;(2) ND ND 69
13 Cu(OTf), (2) ND ND 73
14  BIi(OTf); (10) 43 44 ND
15  BIi(OTf); (2) 45 42 ND
16  Bi(OTf; (2) 35 32 ND
17  BIi(OTf); (2)° 38 34 ND
18  BI(TFA); (2) 22 26 ND
19  BIi(OAC); (2) 10 11 ND
20  TfOH (2) ND ND 10"
21 Bi(OTfH; (2) 30 28 ND
22  Bi(OTf; (2) ND ND ND

®The reactions were run on a 1.0 mmol scale @dth
NaBH, (35 mg, 1.0 mmol), THF/MeOH (3 mL/3 mL),°C,
10 min."The reactions were run on a resulting crdde
CH,Cl, (5 mL), rt, 1 hllsolated yields®20 h.°CH,CI, (20
mL). 'MeNO, (5 mL). *Reflux."Major complex mixture
was isolated TfOH (2 mol %).TfOH (100 mol %).

However, with the use of AgOTf, Zn(O%f)Yb(OTf)s
Sm(OTfi, Ni(OTf),, Ln(OTf);, and Cu(OTf), only
diallylic ether6a was isolated in entries 7-13. The plausible
mechanism for the formation 6f should be generated by
the dehydrative dimerization of 2 equivalentsdaf The
phenomenon is similar to R¥yand zhof® reports.
Furthermore, after controlling the Bi(OTfas the catalyst,
the factors of equivalency, concentration and stlveere
studied next. When using 10 mol % of Bi(Offthe
isolated yields was similar to that of 2 mol % ¢gnt4).
No obvious change occurred after decreasing thetiosa
concentration (5 mk> 20 mL), as shown in entry 15. After
changing the solvents (from GEl, to MeNG,), the yields
of 3a and5a were decreased to 35% and 32%, respectively
(entry 16). Compared with room temperature conditio
(entry 1),3a and5a provided poorer yields (38% and 34%)
by elevating the temperature & reflux, entry 17). With
the results in hand, we commenced the study wélother
Bi(lll) salts, Bi(TFA); and Bi(OAc}, in CHCI, (5 mL) as
the medium at rt for 1 h. However, none of themvjuted
higher yields than Bi(OT$) (entries 18-19). By the
involvement of 2 mol % TfOH (entry 20), onlga was
isolated in low vyield (10%). For the combination of
Bi(OTf)3 and TfOH with the catalytic amounts (2 mol %),
the result (entry 21) was better than entry 20, Bien the
reaction was treated with the combination of caialy
Bi(OTf)3(2 mol %) and stoichiometric TFOH (100 mol %),
complex mixture was detected. According to theltsswe
envisioned that 2 mol % of Bi(OTACH,CI, (5 mL)/rt/1 h
condition would be an optimal combination for the
disproportionation oga.'*

Table 2. Synthesis 08 and5*®

ArMAr
e NaBH, OH BI(OTN3 3
ArMAr THF, MeOH Ar MN ] CH-CI
3 ' 4 ze Ar/\/\Ar
(100% conversion yields) 5
entry 3, Ar = 4% 3% 5 %
1 3aPh 43,100 3a, 48 b5a, 45
2  3b, 4-MeOGH, 4b, 100 3b, 46 5b, 39
3 3¢ 4-FGH, 4c, 100 3c, 41 5¢, 39
4  3d, 3,4-CHO,C¢H;  4d, 100 3d, 44 5d, 38
5 3¢ 4-MeGH, 4e, 100 3e 42 5e 37
6  3f, 2-naphthyl 4f, 100 3f, 43 5f, 40
7 3g 3,4,5-(MeOjC¢H, 4g, 100 3g, 41 5g, 39
8 3h, 4-CIGH, 4h, 100 3h, 44 5h, 38
9  3i,3-MeOGH, 4i,100 3i,41 5i, 38
10 3}, 4-PhGH, 4j,100 3j,42 5j,35
11 3k, 2,4-(MeO)CgH; 4k, 100 3k, 21 5k —°
12 31, 2-furyl 41,100 31,12 5,-¢

*The reactions were run on a 1.0 mmol scale @ath,
NaBH, (35 mg, 1.0 mmol), THF/MeOH (3 mL/3 mL),°C,
10 min.’The reactions were run on a resulting crde,
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Bi(OTf)3 (13 mg, 2 mol%)CH,CI, (5 mL), rt, 1 h.
‘Conversion yields (by TLC analysi§)solated yields.
“Complex mixture.

With the optimal condition (Table 1, entry 1), wether
explored the substrate scope of the disproportiomat
reaction; the results are shown in Table 2 andemnf-12.
For the two-step route (NaBHmediated reduction with
100% conversion yields and Bi(Offtatalyzed reaction),
different diversified and well-tolerated aryl (Agyoups of
chalcones3a;j (entries 1-10) performed similar distributed
ratios @5 = 1/1) and isolated vyields 3/6 =
38%~48%/35%~45%), including electron-donating aryl
groups 4-MeO@H,, 3,4-CHO,C¢Hs, 3,4,5-(MeO)CeH,,
4-CICH,4, 3-MeOGH,), electron-neutral aryl group (Ph,
Tol, 2-naphthyl, biphenyl), and an electron-withaliiag
aryl group (4-FGH,). In entry 12, however, the optimal
condition was inappropriate for the 2-furyl groupedto31
being provided in a 12% vyield. Among the complex
product mixture, only trace amountssk-| were detected.
From the results, we found that 2,4-(MeQH; and2-
furyl group were unstable in converting into a cdemp
mixture via intramolecular annulation under Bi(GsTf)
catalyzed conditions. With the above results, weused
next on the two-step route of asymmetric chalcdhes#
ArY), as shown in Table 3. By NaBHnediated reduction
(100% conversion yields) and Bi(O%fgatalyzed reaction
protocol, chalcone8m-r (Ar or Ar' = Ph, 4-MeGH,, 4-
FCsH,, 4-MeOGH,) obeyed the above-mentioned reaction
behaviour to afford sol8m-r (38~42%) and two pairs of
inseparated5m-o and 5m’-0’ (35~40%, entries 1-6).
Interestingly,3’ was not detected. On the basis of NMR
spectrums, the ratios 6im-o0 and5m’-0’ were determined
as 1/1~4/1. When Arwas changed to bicyclic 2-naphthyl
(39), 41% of3swas isolated and the ratios B#5s’ (33%)

Table 3. Synthesis 08 and5-5*"

was maintained as 3/1 (entry 7). For tricyclic Shaancyl
group with the bulky steric hindrance, only 22 %3bfand
20% of 5t/5t" (3/1) were observed (entry 8). For the two-
step route of asymmetric oxygenated chalcoBesv], the
afforded yields of3u and5u/5u’ (3/1) were similar tBv
and 5v/5v’ (1/1) (entries 9-10). According to the above
experimental results (Tables 1-3), a possible ttep-s
reaction mechanism is shown in Scheme 2. The linitia
reduction of 3 yields 4 by NaBH, By the Bi(OTf}
catalyzed complexation of two molecules4pfA1/A2 and
B1/B2 could be generated via paths a and b. On baskeeof t
eight-membered conformation (path &, and 5 are
provided via an intramolecular 1,8-hydride shiftinfp
circle) on A1 or A2 and the removal of Bi(O)OTf and
TfOH (2 equiv). In path b, intramolecular 1,6-hyt¥ishift
(green circle) could trigger the transformationnfr&1 or
B2 to 3 and5 and release the Bi(O)OTf and TfOH via the
six-membered conformation. Subsequently, Bi(QTi®
regenerated by complexation of Bi(O)OTf and TfOltbrh
the experimental results, we envisioned that thesqmt
plausible mechanism provided the reasonable exjiena
for no generation 08’ via the intramolecular hydride shift
of four plausible intermediates1/A2 andB1/B2. Among
the inseparated mixture &6fand5’, the isolated ratio 0%
was better tharb’ due toB1l/B2 with a six-membered
conformation being orientated and formed more galsdn
A1/A2 with an eight-membered conformation. Following a
successful two-step protocol, we further explordd t
conversion of other substrate scopes; the restdtstzown

in Scheme 3. By the above protocol, enedighavas
transformed into 2,5-diphenyltetrahydrofur@nin a 71%
yield via the 1,4- and 1,2-reduction followed by(®Tf)s-
catalyzed ring-closure. However, when diendhewas
treated by a two-step strategy, a complex mixtuees w
afforded.

it NaBH,4 oH Bi(OTf)5 . )%Arl o /\s/ﬂArl
ArMArl THF, MeOH {Ar)wml o hand g
3 ' 4 CreClz ArlMAr AN
(100% conversion yields) 3' (not detected) i 5
entry 3, Ar=, Ar'= 4%  3,%  5+5, %ratio
1 3m, Ph, 4-MeGH, 4m, 100 3m, 38 5m/5m’, 38, 4:1
2  3n,Ph, 4-FGH, 4n, 100 3n,40 5n/5n’, 40, 1:1
3 30, Ph, 4-MeOGH, 40,100 30,42 50/50', 40, 3:1
4  3p, 4-MeGH,, Ph 4p, 100 3p,41 5m/s5m’, 38, 5:2
5 3q, 4-FGH,, Ph 49, 100 3qg,39 5n/5n’, 36, 1:1
6 3r,4-MeOGH,, Ph, 4r,100 3r,40 50/50, 35, 3:1
7  3s Ph, 2-naphthyl 45 100 3541 595s,33,3:1
8 3t, Ph, 9-anthracyl 4t,100 3t,22  5t/5t, 20, 3:1
9  3u, Ph, 3,4-CHO,C¢H3 4u, 100 3u,30 5u/bu’, 32,31
10 3v, Ph, 3,45-(MeQCeH, 4v, 100 3v,33 5v/5v, 33, 1:1
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*The reactions were run on a 1.0 mmol scale @itiav, NaBH, (35 mg, 1.0 mmol), THF/MeOH
(3 mL/3 mL), 0°C, 10 min°The reactions were run on a resulting crddev, Bi(OTf); (13 mg,
2 mol%),CH,Cl, (5 mL), rt, 1 hConversion yields (by TLC analysid)solated yields.

Scheme 2Proposed Mechanism

Ar Ar 1
TIO. O~ To._Oof! AT
Bi) Bi)
! -l = - ( 1 RS 1
) \Of\ Arl O~ /Ar Ar Ar
Ar
Ar a1 AT a2 5
path a
TfoO__ .0
Bi +
it NaBH4 P Ar N Ar?
NEN e BOTD3 |+md  + Y
o
3 4 H20 ' 2 TfOH 3
path b *
Ar S Arl Ar o Art
oZ_/H — O YH
L0 N PR o - u
TIO 0 IT"Aarr 107 0 T art B -
Ar Ar Ar Ar
B1 B2 5
Scheme 3Reactions of and9
(0]
1) NaBH,, THF, MeOH
PO LD SN
Ph Ph” 0" "Ph
o) 2) Bi(OTf) 3, CHyCl,
7 8 (71%)
/\)‘v 1) NaBH,, THF, MeOH
_— _ > complex mixture
PR Ph P

o 2) Bi(OTf) 3 CH,Cl,

Scheme 4 Synthesis ol1

QMe MeO OMe
MeO
)Ov NaBH, then mCPBA 7N
_ - . - N
Ph Ph Br,OEt .
3 2 then Bi(OT!
veratrole Ph > ph ©T) 5 Ph” N7 >ph

3a

10 (79%) 11 (91%)

Scheme 5Control Deuterated Experiments

o NaBD,4 OH -
PhMPh (99% D) PhMPh Bi(OTN 5 3a + 5w / 5x
0, . 0,
THF, MeOH D CH,Cl, (41%) © (4:5, 34%)
3a 4a-1
D
Tio. 0% Ph D
\Bij w ‘ Ph>l/\/Ph
‘O'j C + 94%{?
p Ph B
Ph/wph deuterium 11O Oﬂph Ph
| transfer I
SN2 SN2
D D o) D D
| |
PN )74
Ph” N ph PhMPh Ph/\/\Ph
5w 3a 5x

To explore the two-step synthetic application, itidene
skeleton was examined (Scheme 4). By the involvémgn
veratrole®® 10 with the 1,1,3-triarylpropene skeleton was
isolated in a 79% vyield via reduction and Frieded&
alkylation. Furthermore, by the oxidation df0 with

mMCPBA and intramolecular annulation of the resulting
epoxide with Bi(OTf}, 11 was generated in a 91% yield.
The present (3+2) annulation strategy provided @ ne
synthetic method for the formation of 1,3-diarykme:
skeleton. In order to find further insight for tB&(OTf);
mediated disproportionation procedgs-1 (prepared from
NaBD, mediated reduction o88a@) was chosen as the
deuterated model substrate (Scheme 5). When thitiaea
of in-situ generateda-1 was treated with Bi(OT£) 3a and

a mixture of di-deuterate®w and 5x (ratio, 4:5) were
obtained in 41% and 34% yields, respectively. The
expected results of the redox procedure demondtiits
hydride of benzylic position on and Il triggered the
formation of two structural framework8 and 5 via
intramolecular §2’- or §y2-type deuterium transfer.

Conclusion

In summary, we have developed a Bi(QTc¢pntalyzed
disproportionation from cinnamyl alcohols to chales
and benzyl styrenes in GEI, at rt. The use of various
metal triflates was well-investigated for a faalenversion.

A plausible mechanism has been proposed. Further
investigations regarding the synthetic applicatidrmetal
triflates are on-going in our laboratory.

Experimental section

General. All reagents and solvents were obtained from
commercial sources and used without further puation.
Reactions were routinely carried out under an aphese of
air with magnetic stirring. Products in organicv&oits were
dried with anhydrous magnesium sulfate before cotnaton

in vacuo. Melting points were determined with a SMP
melting apparatusH and™3C NMR spectra were recorded on
a Varian INOVA-400 spectrometer operating at 40@ an
100 MHz, respectively. High resolution mass spe@t@MS)
were measured with a mass spectrometer Finniganfiche
Quest MAT 95XL.

A representative synthetic procedure of skele®asnd5

is as follows:NaBH, (68 mg, 2.0 mmol) was added to a
solution of chalcone8 (1.0 mmol) in the co-solvent of
MeOH (3 mL) and THF (3 mL) at rt. The reaction roibe
was stirred at rt for 30 min and the solvent was
concentrated. The residue was diluted with wat@rr(lL)
and the mixture was extracted with EtOAc (3 x 20)mL
The combined organic layers were washed with brine,
dried, filtered and evaporated to afford crude pmtd
Without further purification, Bi(OT#H (13 mg, 0.02 mmol)
was added to a solution of resulting crudlen CH,Cl, (5
mL) at rt. The reaction mixture was stirred atort £ h and
the solvent was concentrated. The residue wasedilwith
water (10 mL) and the mixture was extracted wittd At

(3 x 20 mL). The combined organic layers were weshe
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with brine, dried, filtered and evaporated to affarude
product. Purification on silica gel (hexanes/EtOAc
10/1~6/1) afforded skeletoi®sand5.

1,3-Diphenylpropenone3§).*? Yield = 48% (100 mg);
Colorless solid; mp = 38-40C (recrystallized from
hexanes and EtOAc); HRMS (ESI, “ML) calcd for
C1sH150 209.0961, found 209.09681 NMR (400 MHz,
CDCly): & 8.05-8.02 (m, 2H), 7.83 (d} = 15.6 Hz, 1H),
7.67-7.61 (m, 2H), 7.60-7.49 (m, 4H), 7.44-7.40 @H);
13C NMR (100 MHz, CDGJ)): & 190.44, 144.75, 138.11,
134.79, 132.72, 130.47, 128.88 (2x), 128.55 (228.43
(2x), 128.38 (2x), 121.99.

1,3-Bis-(4-methoxyphenyl)propenongb)( Yield = 46%

(123 mg); Colorless solid; mp = 80-82 (recrystallized
from hexanes and EtOAc); HRMS (ESI,"M) calcd for
Cy17H1705 269.1178, found 269.11744 NMR (400 MHz,

CDCly): 6 8.02 (d,J = 8.8 Hz, 2H), 7.76 (d] = 15.2 Hz,

1H), 7.57 (d,J = 8.8 Hz, 2H), 7.41 (d) = 15.2 Hz, 1H),
6.95 (d,J = 8.8 Hz, 2H), 6.91 (d] = 8.8 Hz, 2H), 3.85 (s,
3H), 3.82 (s, 3H)**C NMR (100 MHz, CDGJ): & 188.59,

163.16, 161.40, 143.66, 131.22, 130.57 (2x), 12929,

127.68, 119.41, 114.27 (2x), 113.67 (2x), 55.34265

1,3-Bis-(4-fluorophenyl)propenonedd).** Yield = 41%
(100 mg); Colorless solid; mp = 105-187 (recrystallized
from hexanes and EtOAc); HRMS (ESI,"M) calcd for
CisH11F,0 245.0778, found 245.07784 NMR (400 MHz,
CDCly): 5 8.06-8.02 (m, 2H), 7.77 (dl = 15.6 Hz, 1H),
7.64-7.60 (m, 2H), 7.42 (d,= 15.6 Hz, 1H), 7.19-7.08 (m,
4H); °C NMR (100 MHz, CDG)):  188.51, 165.59 (d]
= 252.5 Hz), 164.07 (d = 250.9 Hz), 143.64, 134.41 (@,
= 3.0 Hz), 131.02 (dJ = 9.1 Hz, 2x), 130.75 (d] = 3.1
Hz), 130.33 (dJ) = 8.4 Hz, 2x), 121.25, 116.11 (@= 22.0
Hz, 2x), 115.72 (d) = 22.0 Hz, 2x).

1,3-Bis-benzo[1,3]dioxol-5-ylpropenongd. Yield = 44%
(130 mg); Colorless solid; mp = 174-178 (recrystallized
from hexanes and EtOAc); HRMS (ESI,"M) calcd for
C17H1405 297.0763, found 297.076&4 NMR (400 MHz,
CDCly): 6 7.71 (d,J = 15.6 Hz, 1H), 7.62 (ddl = 1.6, 8.0
Hz, 1H), 7.51 (dJ = 1.6 Hz, 1H), 7.31 (dJ = 15.6 Hz,
1H), 7.14 (d,J = 1.6 Hz, 1H), 7.10 (dd] = 1.6, 8.0 Hz,
1H), 6.88 (d,J = 8.0 Hz, 1H), 6.83 (dJ = 8.0 Hz, 1H),
6.05 (s, 2H), 6.01 (s, 2H}’C NMR (100 MHz, CDG)): &
188.07, 151.55, 149.76, 148.36, 148.23, 144.03,1B33
129.43, 125.01, 124.46, 119.71, 108.61, 108.37,88)7
106.59, 101.80, 101.58.

1,3-Di-p-tolylpropenone 3).2* Yield = 42% (99 mg);
Colorless solid; mp = 127-128C (recrystallized from
hexanes and EtOAc); HRMS (ESI, "Ml) calcd for
CiH1,0 237.1280, found 237.12854 NMR (400 MHz,
CDCL): 5 7.95 (d,J = 8.4 Hz, 2H), 7.80 (dJ = 15.2 Hz,
1H), 7.53 (d,J = 8.4 Hz, 2H), 7.50 (dJ = 15.2 Hz, 1H),
7.29 (d,J = 8.0 Hz, 2H), 7.21 (d] = 8.0 Hz, 2H), 2.42 (s,
3H), 2.37 (s, 3H)**C NMR (100 MHz, CDGJ): & 189.80,
144.25, 143.31, 140.74, 135.60, 132.09, 129.52,(2x)
129.13 (2x), 128.45 (2x), 128.28 (2x), 120.85, 8121.35.

1,3-Dinaphthalen-2-ylpropenon&ff.*** Yield = 43% (132
mg); Colorless solid; mp = 197-198 (recrystallized from
hexanes and EtOAc); HRMS (ESI, “ML) calcd for
C,aH170 309.1280, found 309.128%4 NMR (400 MHz,
CDCly): 6 8.59 (s, 1H), 8.15 (dd] = 1.6, 8.8 Hz, 1H),
8.07-7.79 (m, 10 H), 7.65-7.52 (m, 4HJC NMR (100
MHz, CDCkL): § 190.27, 144.87, 135.66, 135.51, 134.41,
133.41, 132.61, 132.47, 130.67, 129.93, 129.54,7828
128.66, 128.59, 128.38, 127.84, 127.81, 127.38,7826
(2x), 124.54, 123.74, 122.23.

1,3-Bis-(3,4,5-trimethoxyphenyl)propenongg)( Yield =
41% (159 mg); Colorless solid; mp = 130-13¢
(recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) calcd for GH,s0; 389.1600, found 389.1602H
NMR (400 MHz, CDC)): 6 7.69 (ddJ = 1.6, 15.6 Hz, 1H),
7.32 (dd,J = 0.8, 15.6 Hz, 1H), 7.24 (d,= 1.2 Hz, 2H),
6.84 (d,J = 1.6 Hz, 2H), 3.93 (s, 3H), 3.92 (s, 3H), 3.91 (s
3H), 3.90 (br s, 6H), 3.88 (s, 3HYC NMR (100 MHz,
CDCls): 6 189.35, 153.43 (2x), 153.09 (2x), 144.88, 142.52,
140.49, 133.52, 130.30, 121.25, 106.24 (2x), 10%2%3,
60.91, 60.88, 56.41 (2x), 56.21 (2x).

1,3-Bis-(4-chlorophenyl)propenon&h).*® Yield = 44%
(121 mg); Colorless solid; mp = 156-1%8 (recrystallized
from hexanes and EtOAc); HRMS (ESI,"M) calcd for
CisH1,Cl,O 277.0187, found 277.0186H NMR (400
MHz, CDCk): & 7.94 (d,J = 8.4 Hz, 2H), 7.74 (d] = 15.6
Hz, 1H), 7.55 (dJ = 8.4 Hz, 2H), 7.46 (d] = 8.4 Hz, 2H),
7.43 (d,J = 15.6 Hz, 1H), 7.37 (d] = 8.4 Hz, 2H);"*C
NMR (100 MHz, CDC)): & 188.70, 143.68, 139.30,
136.57, 136.24, 133.13, 129.82 (2x), 129.57 (22p.21
(2x), 128.91 (2x), 121.79.

1,3-Bis-(3-methoxyphenyl)propenongi)( Yield = 41%
(110 mg); Colorless oil; HRMS (ESI, M1) calcd for
Ci1/H1705 269.1178, found 269.118 NMR (400 MHz,
CDCly): & 7.76 (d,J = 16.0 Hz, 1H), 7.60-7.58 (m, 1H),
7.54-7.53 (m, 1H), 7.48 (d, = 16.0 Hz, 1H), 7.39 () =
8.0 Hz, 1H), 7.32 () = 8.0 Hz, 1H), 7.22 (dJ = 8.0 Hz,
1H), 7.15-7.10 (m, 2H), 6.96-6.93 (m, 1H), 3.86 3sl),
3.83 (s, 3H);**C NMR (100 MHz, CDG): & 190.05,
159.85, 159.80, 144.62, 139.45, 136.15, 129.83,4629
122.28, 121.00, 120.94, 119.15, 116.21, 113.36,8212
55.34, 55.21.

1,3-Bis-biphenyl-4-ylpropenong;j}.**® Yield = 42% (151
mg); Colorless solid; mp = 199-26C (recrystallized from
hexanes and EtOAc); HRMS (ESI, “ML) calcd for
CoH,,0 361.1593, found 361.15984 NMR (400 MHz,
CDCly): 6 8.14 (d,J = 8.0 Hz, 2H), 7.91 (d] = 15.6 Hz,
1H), 7.75 (dJ = 8.0 Hz, 4H), 7.69-7.61 (m, 7H), 7.52-7.38
(m, 6H); **C NMR (100 MHz, CDGJ)): & 189.83, 145.50,
144.26, 143.28, 140.11, 139.92, 136.95, 133.88,1029
(2x), 128.97 (2x), 128.93 (2x), 128.90 (2x), 128.187.88,
127.58 (2x), 127.27 (4x), 127.03 (2x), 121.82.

1,3-Bis-(2,4-dimethoxyphenyl)propenon&k)( Yield =
21% (69 mg); Colorless solid; mp = 126-12&
(recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) calcd for GoH»;0s 329.1389, found 329.138%H
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NMR (400 MHz, CDC}): § 7.93 (d,J = 15.6 Hz, 1H), 7.70
(d, J = 8.4 Hz, 1H), 7.52 (d] = 8.8 Hz, 1H), 7.45 (d] =
16.0 Hz, 1H), 6.55-6.43 (m, 4H), 3.87 (s, 3H), 3(853H),
3.84 (s, 3H), 3.82 (s, 3H}*C NMR (100 MHz, CDG)): &
191.17, 163.63, 162.55, 160.05, 160.01, 137.80,5082
130.11, 125.33, 122.71, 117.46, 105.28, 104.956098.
98.27, 55.59, 55.39, 55.37, 55.34.

1,3-Difuran-2-ylpropenone3().** Yield = 12% (23 mg);
Colorless oil;, HRMS (ESI, M1) calcd for GHgO;
189.0552, found 189.055%4 NMR (400 MHz, CDC)): &
7.61 (d,J= 1.6 Hz, 1H), 7.59 (d] = 16.0 Hz, 1H), 7.49 (d,

J = 1.6 Hz, 1H), 7.30-7.27 (m, 2H), 6.68 M= 3.2 Hz,
1H), 6.55-6.53 (m, 1H), 6.47-6.46 (m, 1H5C NMR (100
MHz, CDCk): 8 177.58, 153.58, 151.43, 146.44, 144.93,
129.71, 118.74, 117.29, 116.23, 112.58, 112.36.

1-Phenyl-3-p-tolylpropenone3in).”* Yield = 38% (84
mg); Colorless solid; mp = 88-9 (recrystallized from
hexanes and EtOAc); HRMS (ESI, "Ml) calcd for
CigH1s0 223.1123, found 223.112%:4 NMR (400 MHz,
CDCly): & 8.03-8.01 (m, 2H), 7.80 (d} = 15.2 Hz, 1H),
7.60-7.48 (m, 6H), 7.23 (d, = 7.6 Hz, 2H), 2.40 (s, 3H);
3¥Cc NMR (100 MHz, CDGJ): 8 190.63, 144.91, 141.06,
138.35, 132.62, 132.14, 129.68 (2x), 128.55 (228.43
(4x), 121.10, 21.49.

3-(4-Fluorophenyl)-1-phenylpropenoned3nj.** Yield =
40% (90 mg); Colorless solid; mp = 79-8iC
(recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) calcd for GsHq,FO 227.0872, found 227.087H
NMR (400 MHz, CDC}): & 8.01 (d,J = 8.4 Hz, 2H), 7.77
(d,J=15.6 Hz, 1H), 7.66-7.60 (m, 2H), 7.59-7.57 ()1
7.51 (d,J = 8.0 Hz, 2H), 7.46 (d] = 15.6 Hz, 1H), 7.13-
7.08 (m, 2H):*C NMR (100 MHz, CDG)): § 190.24,
164.02 (d,J = 250.9 Hz), 143.44, 138.10, 132.79, 131.12
(d, J = 3.1 Hz), 130.30 (dJ = 9.1 Hz, 2x), 128.61 (2x),
128.43 (2x), 121.76 (dl= 2.3 Hz), 116.08 (d] = 22.0 Hz,
2x).

3-(4-Methoxyphenyl)-1-phenylpropenongo)(*** Yield =
42% (100 mg); Colorless oil; HRMS (ESI, ML) calcd for
CieH150, 239.1072, found 239.10784 NMR (400 MHz,
CDCl): 6 7.99 (d,J = 8.4 Hz, 2H), 7.76 (d) = 15.6 Hz,
1H), 7.54 (d,J = 8.4 Hz, 2H), 7.45 (dJ = 7.6 Hz, 2H),
7.39 (d,J = 15.6 Hz, 2H), 6.87 (dl = 8.8 Hz, 2H), 3.76 (s,
3H); °C NMR (100 MHz, CDGCJ): & 190.07, 161.42,
144.34, 138.20, 132.29, 129.98 (2x), 128.29 (228.14
(2x), 127.27, 119.38, 114.15 (2x), 55.06.

3-Phenyl-1-p-tolylpropenondg).”*? Yield = 41% (91 mg);
Colorless oil; HRMS (ESI, M+1) calcd for GgHis0
223.1123, found 223.11244 NMR (400 MHz, CDCJ): &
7.95 (d,J = 8.0 Hz, 2H), 7.82 (d) = 15.6 Hz, 1H), 7.63-
7.61 (m, 2H), 7.54 (d] = 15.6 Hz, 1H), 7.40-7.38 (m, 3H),
7.28 (d,J = 8.0 Hz, 2H), 2.40 (s, 3H}C NMR (100 MHz,
CDCly): 5 189.63, 144.09, 143.38, 135.40, 134.76, 130.18,
129.11 (2x), 128.70 (2x), 128.44 (2x), 128.19 (291.82,
21.41.

1-(4-Fluorophenyl)-3-phenylpropenone3af.*® Yield =
39% (88 mg); Colorless solid; mp = 75-77C
(recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) calcd for GsHi,FO 227.0872, found 227.087H
NMR (400 MHz, CDC}): 6 8.07-8.02 (m, 2H), 7.80 (d,=
15.6 Hz, 1H), 7.64-7.60 (m, 2H), 7.49 (& 15.6 Hz, 1H),
7.42-7.37 (m, 3H), 7.18-7.12 (m, 2HJC NMR (100 MHz,
CDCly): 6 188.58, 165.46 (dl = 252.4 Hz), 144.86, 134.64,
134.40 (dJ = 3.0 Hz), 130.97 (d] = 9.1 Hz, 2x), 130.51,
128.85 (2x), 128.35 (2x), 121.43, 115.58 Jd; 21.9 Hz,
2x).

1-(4-Methoxyphenyl)-3-phenylpropenongr) (¢ Yield =
40% (95 mg); Colorless solid; mp = 105-10C
(recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) calcd for GeH;50, 239.1072, found 239.1072H
NMR (400 MHz, CDC}): & 8.04 (d,J = 9.2 Hz, 2H), 7.80
(d, J = 16.0 Hz, 1H), 7.65-7.61 (m, 2H), 7.54 (W5 16.0
Hz, 1H), 7.43-7.38 (m, 3H), 6.97 (d= 8.8 Hz, 2H), 3.86
(s, 3H); **C NMR (100 MHz, CDGJ): § 188.53, 163.33,
143.79, 134.98, 130.98, 130.70 (2x), 130.21, 12824,
128.24 (2x), 121.78, 113.74 (2x), 55.35.

3-Naphthalen-2-yl-1-phenylpropenone3s*™*" Yield =
41% (106 mg); Colorless solid; mp 155-15T
(recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) caled for GoHsO 259.1123, found 259.1136
NMR (400 MHz, CDC}): 6 8.09-8.06 (m, 2H), 7.98 (d,=
15.6 Hz, 2H), 7.88-7.82 (m, 2H), 7.80 (s, 1H), 7(961H),
7.64 (d,J = 15.6 Hz, 1H), 7.61-7.58 (m, 1H), 7.54-7.50 (m,
4H); °C NMR (100 MHz, CDGCJ): § 190.37, 144.80 (2x),
138.20, 134.29, 133.26, 132.68, 132.28, 130.54,6R28
128.55 (2x), 128.44 (2x), 127.71, 127.27, 126.23.39,
122.10.

3-Anthracen-9-yl-1-phenylpropenon&t)( Yield = 22%
(68 mg); Colorless solid; mp = 132-188 (recrystallized
from hexanes and EtOAc); HRMS (ESI,"M) calcd for
C,aH170 309.1280, found 309.12884 NMR (400 MHz,
CDCL): & 8.30 (s, 1H), 8.11-8.09 (m, 2H), 7.94-7.88 (m,
3H), 7.61-7.58 (m, 2H), 7.47-7.39 (m, 5H), 7.2737 (n,
1H), 7.09-7.05 (m, 2H)**C NMR (100 MHz, CDG)): &
192.56, 139.24 (2x), 137.51, 132.33 (2x), 131.0%),(2
130.75 (2x), 128.70 (2x), 128.04 (2x), 127.75 (287.18,
125.80 (2x), 125.41 (2x), 125.04 (2x).

3-Benzo[1,3]dioxol-5-yl-1-phenylpropenongu).** Yield

= 30% (76 mg); Colorless solid; mp = 106-168
(recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) calcd for GgH1505 253.0865, found 253.0866
NMR (400 MHz, CDC}): 6 8.02-7.99 (m, 2H), 7.73 (d,=
15.6 Hz, 1H), 7.59-7.55 (m, 1H), 7.52-7.47 (m, 236
(d,J=15.6 Hz, 1H), 7.16 (d, = 1.2 Hz, 1H), 7.12 (ddl =
1.6, 8.0 Hz, 1H), 6.84 (d, = 8.0 Hz, 1H), 6.02 (s, 2H}*C
NMR (100 MHz, CDC)): & 190.36, 149.89, 148.39,
144.63, 138.38, 132.59, 129.34, 128.54 (2x), 128237,
125.17, 120.10, 108.63, 106.63, 101.59.

1-Phenyl-3-(3,4,5-trimethoxyphenyl)propenoie) ( Yield
= 33% (98 mg); Colorless solid; mp = 141-14¢
(recrystallized from hexanes and EtOAc); HRMS (ESI,
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M*+1) calcd for GgH;40, 299.1283, found 299.1282H
NMR (400 MHz, CDC}): § 7.99-7.97 (m, 2H), 7.68 (d,=
15.6 Hz, 1H), 7.56-7.51 (m, 1H), 7.48-7.43 (m, 2AB9
(d, J = 15.6 Hz, 1H), 6.82 (s, 2H), 3.87 (s, 6H), 3.86 (
3H); *C NMR (100 MHz, CDGJ): & 190.24, 153.25,
144.78 (2x), 140.21, 138.05, 132.53, 130.15, 12824,
128.27 (2x), 121.19, 105.48 (2x), 60.76, 55.99 (2x)

Cinnamylbenzene5§).2*? Yield = 45% (87 mg); Colorless
oil; HRMS (ESI, M+1) calcd for GsHy5 195.1174, found
195.1180;'H NMR (400 MHz, CDC)): & 7.40-7.20 (m,
10H), 6.49 (dJ = 16.0 Hz, 1H), 6.38 (df] = 3.2, 16.0 Hz,
1H), 3.58 (d,J = 6.8 Hz, 2H);**C NMR (100 MHz,
CDCly): & 140.14, 137.45, 131.04, 129.20, 128.65 (2x),
128.47 (4x), 127.08, 126.16, 126.10 (2x), 39.33.

(E)-1-Methoxy-4-(3-(4-methoxyphenyl)allyl)benzene
(5b).2*2 Yield = 39% (99 mg); Colorless oil; HRMS (ESI,
M*+1) calcd for GH1s0, 255.1385, found 255.1386H
NMR (400 MHz, CDC)): § 7.31 (d,J = 8.8 Hz, 2H), 7.17
(d,J = 8.4 Hz, 2H), 6.89-6.83 (m, 4H), 6.40 (ds 15.6 Hz,
1H), 6.22 (dtJ = 6.8, 15.6 Hz, 1H), 3.81 (br s, 6H), 3.49
(d, J = 6.8 Hz, 2H);®*C NMR (100 MHz, CDGJ)): 6 158.79,
158.00, 132.45, 130.35, 130.08, 129.53 (2x), 127.48
127.17 (2x), 113.89 (2x), 113.85 (2x), 55.24 (3§,39.

(E)-1-Fluoro-4-(3-(4-fluorophenyl)allyl)benzene 5q.**°
Yield = 39% (90 mg); Colorless oil; HRMS (ESI, ML)
calcd for GsHyaF, 231.0985, found 231.0986H NMR
(400 MHz, CDCJ): & 7.36-7.31 (m, 2H), 7.23-7.19 (m,
2H), 7.06-6.98 (m, 4H), 6.42 (d,= 15.6 Hz, 1H), 6.26 (dt,
J = 6.8, 15.6 Hz, 1H), 3.53 (d,= 6.8 Hz, 2H);*C NMR
(100 MHz, CDCY): § 162.08 (dJ = 244.1 Hz), 161.51 (d,
J = 243.3 Hz), 135.61 (dl = 3.0 Hz), 133.48 (dJ = 3.8
Hz), 130.00, 129.99 (d] = 8.4 Hz, 2x), 128.76, 128.74,
127.76 (dJ = 7.5 Hz), 115.36 (d] = 21.2 Hz, 2x), 115.23
(d,J =21.2 Hz, 2x), 38.37.

(E)-1,2-Methylenedioxy-4-(3-(3,4-
methylenedioxyphenyl)allyl)lbenzengd)( Yield = 38%
(107 mg); Colorless oil; HRMS (ESI, M1) calcd for
C17H150, 283.0970, found 283.09734 NMR (400 MHz,
CDCly): 6 6.90 (d,J = 1.6 Hz, 1H), 6.80-6.66 (m, 5H), 6.34
(d,J =16.0 Hz, 1H), 6.14 (dtj = 7.2, 16.0 Hz, 1H), 5.93
(s, 2H), 5.92 (s, 2H), 3.43 (d,= 6.8 Hz, 2H);"*C NMR
(100 MHz, CDC}): & 147.95, 147.68, 146.82, 145.89,
138.82, 134.07, 131.96, 130.51, 127.62, 121.33,5R20
109.13, 108.21, 105.54, 100.94, 100.81, 38.89.

(E)-4-Methyl-1-(3-(4-methylphenyl)allyl)benzene 5¢)(**°
Yield = 37% (82 mg); Colorless oil; HRMS (ESI, ML)
calcd for GsHe 223.1487, found 223.1488%4 NMR (400
MHz, CDCL): § 7.47 (d,J = 8.0 Hz, 2H), 7.37-7.33 (m,
4H), 7.31 (d,J = 8.0 Hz, 2H), 6.64 (d) = 16.0 Hz, 1H),
6.51 (dt,J = 6.8, 16.0 Hz, 1H), 3.71 (d,= 6.4 Hz, 2H),
2.55 (s, 3H), 2.53 (s, 3HJ’C NMR (100 MHz, CDG)): &
137.16, 136.60, 135.45, 134.73, 130.67, 129.11,(2x)
129.09 (2x), 128.49 (2x), 128.37, 125.97 (2x), B8AL.06,
20.94.

(E)-2-(3-(2-Naphthyhallyl)naphthalenéf]. Yield = 40%
(118 mg); Colorless solid; mp = 134-136 (recrystallized
from hexanes and EtOAc); HRMS (ESI,"M) calcd for
CoHio 295.1487, found 295.1488H NMR (400 MHz,
CDCly): & 7.86-7.78 (m, 6H), 7.74 (br s, 2H), 7.63 (dd;
1.6, 8.8 Hz, 1H), 7.52-7.42 (m, 5H), 6.69 {d+ 15.6 Hz,
1H), 6.59 (dt,J = 6.4, 15.6 Hz, 1H), 3.79 (d,= 6.4 Hz,
2H); °C NMR (100 MHz, CDGCJ): & 137.60, 134.91,
133.68, 133.64, 132.78, 132.19, 131.39, 129.55,0828
128.07, 127.86, 127.64, 127.61, 127.50, 127.47.7826
126.16, 125.99, 125.77, 125.60, 125.34, 123.55639.

(E)-1,2,3-Trimethoxy-5-(3-(3,4,5-
trimethoxyphenyl)allyl)benzen&g).** Yield = 39% (146
mg); Colorless oil; HRMS (ESI, (1) calcd for G;H,704
375.1808, found 375.180844 NMR (400 MHz, CDC)): &
6.59 (br s, 2H), 6.46 (br s, 2H), 6.40-6.35 (m, 161P8-
6.21 (m, 1H), 3.86 (br s, 6H), 3.85 (br s, 6H),33(8r s,
6H), 3.48 (d,J = 6.4 Hz, 2H);**C NMR (100 MHz,
CDCly): 6 153.29 (2x), 153.25 (2x), 135.76, 133.09, 130.96
(2x), 128.50 (2x), 105.67 (2x), 103.27 (2x), 60.88,81,
56.09 (2x), 56.06 (2x), 39.61.

(E)-1-Chloro-4-(3-(4-chlorophenyl)allyl)benzene 5hj.**°
Yield = 38% (100 mg); Colorless oil; HRMS (ESI, ML)
calcd for GsH1:Cl, 263.0394, found 263.0392H NMR
(400 MHz, CDC}): 6 7.30 (d,J = 8.4 Hz, 2H), 7.28 (br s,
4H), 7.17 (dJ = 8.4 Hz, 2H), 6.42-6.37 (m, 1H), 6.30 (dt,
J=6.8, 15.6 Hz, 1H), 3.52 (d,= 6.4 Hz, 2H)*C NMR
(100 MHz, CDC}): & 138.24, 135.71, 132.80, 132.03,
130.21, 129.97 (2x), 129.29, 128.64 (2x), 128.59),(2
127.30 (2x), 38.52.

(E)-1-Methoxy-3-(3-(3-methoxyphenyl)allyl)benzene
(5i)."! Yield = 38% (97 mg); Colorless oil; HRMS (ESI,
M*+1) calcd for GH1s0, 255.1385, found 255.13806H
NMR (400 MHz, CDC}): § 7.25 (d,J = 8.0 Hz, 1H), 7.21
(d, J = 8.0 Hz, 1H), 6.98-6.77 (m, 6H), 6.47-6.32 (m,)2H
3.81 (s, 6H), 3.53 (d] = 6.4 Hz, 2H);*C NMR (100 MHz,
CDCly): & 159.77, 141.71, 138.92, 131.04, 129.43 (2x),
129.34, 121.05, 118.83, 114.39, 112.86 (2x), 111.54
111.36, 55.17, 55.15, 39.31.

(E)-1-Phenyl-4-(3-(4-biphenyl)allyl)benzensj)(**° Yield

= 35% (121 mg); Colorless solid; mp = 141-14G
(recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) calcd for GH,; 347.1800, found 347.1802H
NMR (400 MHz, CDC)): 8 7.64-7.57 (m, 8H), 7.49-7.45
(m, 6H), 7.38-7.35 (m, 4H), 6.62-6.43 (m, 2H), 3(65J =
6.4 Hz, 2H);®*C NMR (100 MHz, CDG)): & 141.00,
140.77, 139.90, 139.22, 136.50, 131.84, 130.76,2129
129.09 (2x), 128.74 (2x), 128.72 (2x), 127.24 (297.19
(2x), 127.08, 127.02 (2x), 126.88 (2x), 126.74,.5862x),
39.02.

(E)-4-Cinnamyl-1-methylbenzene5nf) and (E)-3-(4-
methylphenyl)allyl)benzen@m’).**® Two isomers, ratio =
4:1; Yield = 38% (79 mg); Colorless oil; HRMS (ESI,
M*+1) calcd for GgH;; 209.1330, found 209.133GH
NMR (400 MHz, CDC}): 8 7.62-7.35 (m, 9H), 6.73-6.53
(m, 2H), 3.80-3.76 (m, 2H), 2.59 (s, 3H).
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(E)-4-Cinnamyl-1-fluorobenzene 5r) and (E)-3-(4-
fluorophenyl)allyl)benzenésn’).** Two isomers, ratio =
1:1; Yield = 40% (85 mg); Colorless oil; HRMS (ESI,
M*+1) calcd for GsHi/F 213.1079, found 213.1082H
NMR (400 MHz, CDC}): 8 7.45-7.23 (m, 7H), 7.10-7.02
(m, 2H), 6.54-6.31 (m, 3H), 3.62-3.57 (m, 2H).

(E)-4-Cinnamyl-1-methoxybenzenesol and (E)-3-(4-
methoxyphenyl)allyl)benzeii®o’).**® Two isomers, ratio =
3:1; Yield = 40% (90 mg); Colorless oil; HRMS (ESI,
M*+1) calcd for GgH,;O 225.1280, found 225.127%4
NMR (400 MHz, CDC}): 8 7.39-7.17 (m, 7H), 6.90-6.84
(m, 2H), 6.48-6.21 (m, 2H), 3.82 (s, 3H), 3.58-3(54,
2H).

(E)-2-Cinnamylnaphthalene  5¢) and (E)-2-(3-
phenyl)allyl)naphthalenés’).**® Two isomers, ratio = 1:1;
Yield = 33% (81 mg); Colorless oil; HRMS (ESI, ML)
calcd for GgH,7 245.1330, found 245.133%4 NMR (400
MHz, CDCk): & 7.87-7.61 (m, 4H), 7.52-7.23 (m, 8H),
6.68-6.44 (m, 2H), 3.76-3.64 (m, 2H).

(E)-9-Cinnamylanthracene  5f) and (E)-9-(3-
phenyl)allyl)anthraceng5t’). Two isomers, ratio = 1:1;
Yield = 20% (59 mg); Colorless oil; HRMS (ESI, ML)
calcd for GgHe 295.1487, found 295.14884 NMR (400
MHz, CDCk): 8 8.31 (s, 1H), 7.94-7.90 (m, 4H), 7.58-7.52
(m, 1H), 7.45-7.28 (m, 7H), 7.15 (d,= 16.0 Hz, 1H),
7.07-7.04 (m, 2H), 6.57-6.51 (m, 1H), 4.42 Jd5 8.0 Hz,
1H).

(E)-4-Cinnamyl-1,2-methylenedioxybenzeba) (and (E)-
3-(3,4-methylenedioxyphenyl)allyl)benze(®u').**® Two

isomers, ratio = 3:1; Yield = 32% (76 mg); Colodesil;

HRMS (ESI, M+1) calcd for GgH1:0, 239.1072, found
239.1077;*H NMR (400 MHz, CDCJ): § 7.39-7.20 (m,
5H), 6.79-6.70 (m, 3H), 6.47-6.29 (m, 2H), 5.94 Z8l),

3.48 (d,J = 6.4 Hz, 2H).

(E)-5-Cinnamyl-1,2,3trimethoxybenzengév)( and (E)-3-
(3,4,5-trimethyloxyphenyl)allyl)benzene 5v).**"  Two
isomers, ratio = 1:1; Yield = 33% (94 mg); Colodeil;
HRMS (ESI, M+1) calcd for GgH,,05 285.1490, found
285.1493*H NMR (400 MHz, CDCJ): § 7.40 (d,J = 8.0
Hz, 2H), 7.34-7.31 (m, 2H), 7.25-7.21 (m, 1H), 6(80J =
15.6 Hz, 1H), 6.49 (br s, 2H), 6.41-6.34 (m, IHRB(br s,
9H), 3.52 (d,J = 6.4 Hz, 2H);"*C NMR (100 MHz,
CDCly): 8 153.13 (2x), 137.25, 136.32, 135.76, 131.01,
128.83, 128.39 (2x), 127.05 (2x), 126.01 (2x), 265.
60.69, 55.93 (2x), 39.56.

((1E,1'E)-oxybis(prop-1-ene-3,1,3-triyl))tetrabenee

(6a)."° NaBH, (68 mg, 2.0 mmol) was added to a solution
of 3a (208 mg, 1.0 mmol) in the co-solvent of MeOH (3
mL) and THF (3 mL) at rt. The reaction mixture was
stirred at rt for 30 min and the solvent was cotretad.
The residue was diluted with water (10 mL) and the
mixture was extracted with EtOAc (3 x 20 mL). The
combined organic layers were washed with brineedjri
filtered and evaporated to afford crude productihédit
further purification, AQOTf (5 mg, 0.02 mmol; forable 1,

entry 7) was added to a solution of resulting crdden
CH,CI; (5 mL) at rt. The reaction mixture was stirredtat
for 1 h and the solvent was concentrated. The weswhas
diluted with water (10 mL) and the mixture was exted
with EtOAc (3 x 20 mL). The combined organic layers
were washed with brine, dried, filtered and evagsatao
afford crude product. Purification on silica gel
(hexanes/EtOAc = 10/1~6/1) afford&dh Two isomers,
ratio = 1:1; Yield = 65% (131 mg); Colorless oilRMS
(ESI, M"+1) calcd for GgH,;0 403.2062, found 403.2066;
'H NMR (400 MHz, CDC)): § 7.56-7.28 (m, 20H), 6.71
(dd,J = 3.2, 15.6 Hz, 2H), 6.51-6.40 (m, 2H), 5.21)(t
8.0 Hz, 2H);®*C NMR (100 MHz, CDG)): & 141.23,
141.15, 136.60 (2x), 131.53, 131.33, 130.46, 130.29
128.51 (4x), 128.48 (2x), 127.70 (2x), 127.68 (297.65
(2x), 127.05 (4x), 126.60 (2x), 126.58 (2x), 79.23,09.

2,5-Diphenyltetrahydrofuran 8§.*° NaBH, (68 mg, 2.0
mmol) was added to a solution of enedi@n@36 mg, 1.0
mmol) in the co-solvent of MeOH (3 mL) and THF (8)m
at rt. The reaction mixture was stirred at rt forrin and
the solvent was concentrated. The residue wasedilwith
water (10 mL) and the mixture was extracted wittD At

(3 x 20 mL). The combined organic layers were wdshe
with brine, dried, filtered and evaporated to affarude
product. Without further purification, Bi(OTf)(13 mg,
0.02 mmol) was added to a solution of resultinglerdiol

in CH,CI, (5 mL) at rt. The reaction mixture was stirred at
rt for 1 h and the solvent was concentrated. Tisidve
was diluted with water (10 mL) and the mixture was
extracted with EtOAc (3 x 20 mL). The combined ariga
layers were washed with brine, dried, filtered and
evaporated to afford crude product. Purification silica
gel (hexanes/EtOAc = 10/1~6/1) affordgdYield = 71%
(159 mg); Colorless oil; HRMS (ESI, M1) calcd for
CieH170 225.1280, found 225.128%4 NMR (400 MHz,
CDCly): & 7.53 (d,J = 7.6 Hz, 2H), 7.49 (d) = 7.2 Hz,
2H), 7.45-7.41 (m, 4H), 7.37-7.32 (m, 2H), 5.34J(% 6.0
Hz, 1H), 5.12 (tJ = 5.2 Hz, 1H), 2.58-2.43 (m, 2H), 2.12-
2.00 (m, 2H);*®*C NMR (100 MHz, CDG)): & 143.59,
142.87, 128.28 (2x), 128.26 (2x), 127.21, 127.175.91
(2x), 125.50 (2x), 81.24, 81.14, 35.49, 34.29.

3-(3,4-Dimethoxyphenyl)-1,3-Diphenylprop-1-enel0)
NaBH, (68 mg, 2.0 mmol) was added to a solutiorBaf
(208 mg, 1.0 mmol) in the co-solvent of MeOH (3 nalnd
THF (3 mL) at rt. The reaction mixture was stiriegdt for

30 min and the solvent was concentrated. The resichs
diluted with water (10 mL) and the mixture was exted
with EtOAc (3 x 20 mL). The combined organic layers
were washed with brine, dried, filtered and evagsatao
afford crude product. Without further purificatioBFs-
OEt (285 mg, 2.0 mmol) was added to a solution of
resulting crudeda and veratrole (280 mg, 2.0 mmol) in
CH,CI; (5 mL) at rt. The reaction mixture was stirredtat
for 20 h and the solvent was concentrated. Theluesivas
diluted with water (10 mL) and the mixture was exted
with EtOAc (3 x 20 mL). The combined organic layers
were washed with brine, dried, filtered and evagsatao
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afford crude product. Purification on silica gel
(hexanes/EtOAc = 10/1~6/1) afforddd. Yield = 79%
(261 mg); Colorless solid; mp = 80-8C (recrystallized
from hexanes and EtOAc); HRMS (ESI,"M) calcd for
C,aH,30, 331.1698, found 331.169% NMR (400 MHz,
CDCly): 6 7.48 (d,J = 7.2 Hz, 2H), 7.45-7.28 (m, 8H), 6.91
(s, 1H), 6.90 (dJ = 9.2 Hz, 2H), 6.80 (dd] = 7.2, 16.0 Hz,
1H), 6.48 (d,J = 16.0 Hz, 1H), 4.97 (d] = 7.2 Hz, 1H),
3.93 (s, 3H), 3.90 (s, 3HJ’C NMR (100 MHz, CDG)): &
148.70, 147.42, 143.39, 137.00, 135.79, 132.49,0131
128.34 (2x), 128.27 (2x), 128.21 (2x), 127.47, 1926.
126.04 (2x), 120.40, 111.82, 110.92, 55.56, 555345.

5,6-Dimethoxy-1,3-diphenyl-1H-indene 11J. mCPBA
(70%, 172 mg, 0.7 mmol) was added to a solutiol ®f
(165 mg, 0.5 mmol) in the G&l, (3 mL). The reaction
mixture was stirred at rt for 4 h and the solverdasw
concentrated. The residue was diluted with watérr(ilL)
and the mixture was extracted with EtOAc (3 x 20)mL

The combined organic layers were washed with brine, (4

dried, filtered and evaporated to afford crude pitd
Without further purification, Bi(OT#H (13 mg, 0.02 mmol)
was added to a solution of resulting crude dioCid,Cl,
(5 mL) at rt. The reaction mixture was stirred tator 1 h
and the solvent was concentrated. The residue kaedl
with water (10 mL) and the mixture was extractedhwi

EtOAc (3 x 20 mL). The combined organic layers were

washed with brine, dried, filtered and evaporatedfford
crude product. Purification on silica gel (hexaB¢&/Ac =
10/1~6/1) affordedll. Yield = 91% (149 mg); Colorless
solid; mp = 141-142C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M+1) calcd for GiH,,0, 329.1542,
found 329.1544'H NMR (400 MHz, CDC)): § 7.47-7.44
(m, 2H), 7.27-7.12 (m, 9H), 6.98 (s, 1H), 6.751(d), 4.90
(s, 1H), 3.92 (s, 3H), 3.79 (s, 3HC NMR (100 MHz,

CDCly): 6 149.00, 148.66, 147.77, 142.09, 140.30, 135.83,

135.20, 128.87 (2x), 128.40 (2x), 127.82 (2x), 687.
126.87, 126.63, 126.23 (2x), 107.91, 104.58, 5658718,
56.12.

Synthesis of deuteratéslv and 5x: NaBD, (68 mg, 2.0
mmol) was added to a solution 8 (208 mg, 1.0 mmol)
in the co-solvent of MeOH (3 mL) and THF (3 mL)rat
The reaction mixture was stirred at rt for 30 mird g&he
solvent was concentrated. The residue was dilutgll w
water (10 mL) and the mixture was extracted wittd At

(3 x 20 mL). The combined organic layers were wdshe

with brine, dried, filtered and evaporated to affarude
product. Without further purification, Bi(OTf)(13 mg,
0.02 mmol) was added to a solution of resultingleda-1

in CH,CI, (5 mL) at rt. The reaction mixture was stirred at

rt for 1 h and the solvent was concentrated. Thadoe

was diluted with water (10 mL) and the mixture was

extracted with EtOAc (3 x 20 mL). The combined ariga
layers were washed with brine, dried,
evaporated to afford crude product. Purification siiica
gel (hexanes/EtOAc = 10/1~6/1) affordgéaland a mixture
of 5w and5x. For3a, Yield = 41% (85 mg); For a mixture
of 5w and5x (7:10), Yield = 34% (67 mg); Colorless oil;

filtered and

HRMS (FAB, M) calcd for GsHi,D, 196.1219, found
196.1228;'H NMR (400 MHz, CDC)): § 7.45-7.27 (m,
10H), 6.54 (d,) = 16.0 Hz, 5/9H fobx), 6.46-6.40 (m, 1H,
for 5Sw+5x), 3.58 (br s, 4/9H, fobw).
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