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1. Introduction advantages such as moisture/air-stable hydrazomesaatants,
good functional group compatibility, no waste mesalts or
halides and only nitrogen and water as the theaifetic
byproductd®? On the basis of the environmental concern of
i e S C ! . organic solvents, aqueous organic reactions havee nggeat
widely apz_“s?d in the addition reaction for constmig various  nrogresd? However, there is no report on transition metal

molecule_. Different from enolized or enar_ninized carbon catalyzed reactions of carbonyl compounds maskedsaft’
nucleophiles, organometallic reagents are chaiaeteiby polar alkyl carbanionsia hydrazone in aqueous medf3.
umpolung transformations of positively charged oarkatoms

into negatively Charged Carb(ﬁ]]_s Polar transformation can A. Traditional organometallic-reagent-based conjugate additions!?]

The nucleophilic addition reaction plays an impotteole in
carbon-carbon bond formatiolts.Grignard reagents and other
organometallic reagents serving as nucleophilese hbeen

construct a backbone that is difficult to achievehwion-polar 1., _stoichiometric M 1yt 2

: R-X ——— =~ ", RM RRAews R
transformation methos Although enormous progress has been ]—, EWG
made for classical organometallic reactions, thare still R-M(OR?), cat. M? R

obvious shortcomings in view of chemical sustairigbilFirst, M1 =Li, Mg, Zn, ete.; M2 = B or S M = Cu, Ru, Ni, etc.
the pre-preparation of metal organic reagents adeaphiles R" = alkyl, aryl, vinyl, rarely benzyl

requires the production of equivalent amounts oftevagetals. A

large amount of scrap metal is both costly to thieimg industry B. "Umpolung" addition with hydrazones in organic solvents!57] .

and very unfriendly to the environment. In additipne-selective N N2 ﬁ cat. [Ru] R1NR/XH
preparation of organometallic reagents often reguisome RH‘ ¥ RPOR®  base, organic solvents R
halogenated hydrocarbons as feedstock. After thieopiile is
introduced into the reaction, equivalent halogewiscarded as
waste. Furthermore, due to the sensitivity of orgaetallic C. "Umpolung" addition with hydrazones in water (this work)
reagents towards proton, it is often necessary ¢caustrictly dry

X=0, NR, C-EWG

organic solvent and tedious anhydrous operation. m*““ﬂ X cat. [Ru] / ligand R1NR;XH
) R?Z "R3 base, H,O
Recently, the metal-catalyzed umpolung chemistmpubh R ’ R®
hydrazone intermediates using aldehydes and ketoaes X=0,NR, C-EWG

carbanion equivalents has attracted much atteritionrganic

synthesis”” Comparing with organometallic reactions for Scheme 1. Carbon nucleophiles used in conjugate additions.
carbon-carbon bond formations, this strategy edibiunique
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) the
nucleophilic additions ot hydrazones to unsaturabemds In  ligand (lable 1, entries 1-2). When the reaction easied out
water. The Michael-type addition of hydrazones witlalcones in water in the presence of TBAC as a phase trarstelyst,
could be carried out in pure water without using agghtransfer only very low yield of3a was obtained (entry 3). After screening
catalyst or surfactant. Moreover, the addition glitazones to different ligands, triphenylphosphine was found tovide the
carbonyls and imines in water could also provide thlated highest yield (53%) (entries 4-7). Increasing theaction
alkylation products in the presence of catalyticoant of temperature from 78 to 100C, the yield was improved slightly
tetrabutylammonium chloride. There are no waste Insatiss or  and the reaction did not require the addition gfhase transfer

halides generation, with nitrogen as the sole bypcod catalyst (entries 8-9). Furthermore, by removirg ddditive CsF,
. . the reaction gave3a in the optimum yield (71%) (entry 10).
2. Resultsand discussion When KPO, was changed to other inorganic or organic bases,

The reaction of hydrazone derived from benzeldef&d}s with tlhle 1r§)a Ci[ll_?lg ?g;\ggce)g irﬁl?/t;ie(%slogvrzgzliildsso|(\)/2§tasoﬁséesm?is.
chaleoneZa was _chosen_ as the nwpdel reaction. |n|t|a||)f Ip cvdm)%ﬁ'pie(ﬂ DNP, DM$_and. toluene could generdae but tt,we
reaction was carried out in orgaic solvent withshgie reaction ool asin water (18-62%, entrdea7). In
conditions as literaturé Then reacﬂon provides; then admmnsa%waddmvm qon) f?@e Ao fted i ’ 6% ; Id
product 3a in 36-40% yields it THF under the cataly5|s (. Seven c3n ns resulted in oM§% yie

[Ru(p-cymene)Cfl; and  1.2-bis(di phospﬁ’fho) ethane (entry 18). Ph L —PPh;
Table 1: Optimization of reactmr‘i’co t Ph” \/\Eh o P\/\/P\Ph &Pth
dmpe dppe dppp dppf

entry ligand base additive PTC temiC)X solvent yield (%4%
1 dmpe kPO, CsF - 50 THF 40
2! dppp KPQ, CsF - 50 THF 36
3w dmpe kPO, CsF TBAC 70 HO 9
4! dppe kPO, CsF TBAC 70 HO 37
5 dppp KPQ, CsF TBAC 70 HO 30
6 dppf KsPOy CsF TBAC 70 HO 40
7 PPh KsPQ, CsF TBAC 70 HO 53
8 PPh KsPQy CsF TBAC 100 KO 56
9 PPh KsPQ, CsF - 100 HO 59
10 PPh KsPQ, - - 100 HO 71
11 PPh KoCO3 - - 100 HO 64
12 PPh NaOH - - 100 HO 52
13 PPh Et:N - - 100 HO 68
14 PPh KsPQy - - 100 1,4-Dioxane 58
15 PPh KsPQ, - - 100 DMF 49
16 PPh KsPQ, - - 100 DMSO 18
17 PPh KsPQy - - 100 Toluene 62
184 PPh KsPQ, - - 100 none 46

ElGeneral reaction condition$a (0.25 mmol, 2.5 equiv.pa (0.1 mmol, 1.0 equiv.), [Rpécymene)Gl], (1.5 mol %), ligand (6 mol %), base (0.8 equiv.),
additive (1.0 equiv.), PTC (0.2 equiv.), solvens(fnL) under Ar atmospher8Yields were determined by crulld NMR using 1,3,5-trimethoxybenzene as an
internal standardLigand (3 mol %)™“[Ru(p-cymene)Ci], (10 mol %), PPf(40 mol %) [Ru(p-cymene)Cl], (0.75 mol %), ligand (3 mol %), base (0.25
equiv.), additive (1.0 equiv.) , THF (0.15 mL) unde atmosphere.

With the optimized reaction conditions in Hathe scope of reaction demonstrated good functional groups coilifiat,
Micheal receptor was explored with benzaldehyde-édriv including aryl halides3b-e), aryl nitrile 3f) and trifluoromethyls
hydrazone 1a) in H,O at 100°C under the catalysis of Ru/PPh (3g). Heteroaromatic substituteg-unsaturated ketonedp, 3q
with K;PO, as a base (Scheme 2). A wide rangeagf and 3y could be also used in this reaction. Steric hincean
unsaturated ketones were coupled with hydradent® give the affected catalytic reactivity, with lower yields bgiobtained for
corresponding 1,4-addition products in moderatgdod yields the ortho-substituted chalcone derivativ@s and 3i compared
(Scheme 2). No carbonyl addition product was obser¥&is  with the para-substituted Michael acceptadd and3l. Electronic



3
effe lition
substituted substrates electron-donating groups such as OMe product3r.
and Ph on2 gave higher yields than 4'-CN, 4-Cknd 4'-Br
substituted substrates (Scheme3R,3n vs 3d-g). Conjugated

NH, o [Ru(p-cymene)Cl,], (1.5 mol%) Ph o
N . P PPhs (6 mol%) . \J\/U\
Ph)\H RT™" "R? K3PO, (0.8 equiv.), H,0O R R2
1a 2a-y Ar, 100 °C, 6 h 3a-y
cl O O cl ‘ Br O
3a (71%) 3b (49%) 3c (50%) 3d (63%) 3e (59%)
0 0
T O O O O O O "
NC FsC OMe O
3f (59%) 3g (53%) 3h (44% 3i (60% 3j (44%)
S o
O 0 O 0 0 0
O O MeO MeO Ph O
3k (54%) 3| (73%) 3m (54%) 3n (76%) 30 (66%)
o]
O O O "
® O O o O
3p (68%) 3q (47%) 3r (46%) 3s (46%) 3t (56%
Me OMe
3u (55%) 3v (53%) 3w (83%) 3% (71%) 3y (66%)

Scheme 2. Scope of Michael recepto?s

the corresponding addition products in 48-66% yédBicheme 3,
4a-1).  Surprisingly, 2-substituted benzaldehyde derived
hydrazones have good reactivities (Scheméodj). In general,
compared tometa and ortho position, the para-substituted
aromatic hydrazones gave relatively low yieldg ys 4c and4e;

4h vs 4d and4f). It may attribute to the competing dimerization
of the hydrazones which is faster in the case ofdabkg sterically
hindered para-substituted substréfes.

Having established the scope of varioug-unsaturated
ketones, we turned our attention to nucleophilictrpas. A
number of substituted benzaldehyde derived hydeszomere
used as the substrates. The electronic effect ludtituents orl
did not affect the reaction significantly. Both el®n-donating
and electron-withdrawing group substituted hydrazgmesided
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Ns PPh3 (6 mol%) - u
A + R1VJ\R2 > R R2

K3POy4 (0.8 equiv.), H,O

[o]
1b-l 2a, 2I, 2n Ar,100°C, 6 h dav
2p, 2w
F O MeO,C O Me O OMe
0) : ] O 0) : ] 0)
4a (59%) 4b (48%) 4c¢ (69%) 4d (59%)
Me OMe
g (] “Q g
O O 0) O
4e (66%) 4f (62%) 49 (53%) 4h (53%)

e
4m (59%) 4n (73%) 40 (76%) 4p (70%)
Me OMe
C C O "
0 o) o \::l\)?\‘\
‘ oM ‘ ‘ oM ‘ ‘ oM ‘ ‘ oM
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SO I
® ® S
|
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Scheme 3. Scope of hydrazone and conjugate addition products.
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carbonyl compounds In water were Investigated (Schéjne
Different from the addition to Michael acceptorsg tieaction of
hydrazone with benzaldehyde-derived imfand acetophenone
6 required the participation of a phase transfealgat in order
to get satisfying yields. With the reaction coratis optimized
earlier, the reactions of hydrazobe with imine 5 and ketone
6a in water provided the corresponding produisand8a in 33%
and 46% vyields, respectively (see the Supportifigrimation for
more details). Decreasing the reaction temperatam fLOCC
to 70°C increased the yield to 43% féa and 59% for8a (see
the Supporting Information for more details). Aftee addition
of TBAC (0.2 equiv.), both7a and 8a were obtained in 71%
yield. Compared with imine, ketone showed lower redgtin
the addition reaction with hydrazone in water, whiceded a
longer reaction time. 2- 3- or 4-Substituted acetophenones
could gave the corresponding products in modera&dsy
(Scheme 48b-€).

[Ru(p-cymene)Clz], (1.5 mol%)

N X PPhs (6 mol%) 3 X
R
3J\ + )L . . XR“
R H Ar R K3POy4 (0.75 equiv.) Ar
x sor6 TBAC (0.2 equiv.), H20, A, 70°C 7. x = NPh
8:X=0

5 (X =NPh, Ar = Ph, R* = H)ldl
6 (X =0, R*=Me)

¥ m;@m”@ L

7a (71%) 7b (47%) 7c (49%) 8a (71%)!

MeO.
F Br Me'

8b (42%)l] 8¢ (57%)4 8d (50%)4 8e (41%)d

Scheme 4. Scope of imine and carbonyl compounds.
B15hM3h995hM 18,

Further transformation of the addition product
demonstrated in SchembB. The alkylation productdi of
hydrazone with chalcone provided a naphthalene ali&raQa in
68% vyield together with a small amount of aromatipedduct
9b via an intramolecular Friedel-Crafts reaction undbe

promotion of AICE.
OMe OMe
MeO. O ‘ OMe
MeO o O OMe
4i 9b (12%)

Scheme 5. Intramolecular Friedel-Crafts reaction of the
addition producth.

e

OM:
O OMe
OMe
o0

9a (68%)

ACI3 (9 equiv.)
- =
MeCN, 60 °C, 12h

As shown in Fig. 1, a plausible mechanism is prop§&ethe
ruthenium compleXA generated from [Rpfcymene)CJ], with
PPh is coordinated by the Michael accepfto form complex
B. Then, after deprotonation in the presence of aseb
hydrazones 1 ligates to complexB and generates the
nucleophilic addition product3 via a six-membered-ring
transition state (comple®), by the release of Nunder the base
deprotonation.

was

Aéu n PPh,
Ar' Ar? L L o]
3 Ru(ll) Ar“va'Q
A 2
- N2
base L
L
L \
N— LR L-r("
L A
1 §
H Ar Ar? Ar! Ar?
c

N
D)

N NH2
1 + base

AT 4

Fig. 1. Proposed mechanism.

3. Conclusion

In summary, we have developed a ruthenium(ll)-catdy
“umpolung” nucleophilic additions of hydrazonesulsaturated
bonds in water. Carbon-carbon bonds can be consttintan
environmentally friendly manner by the additiontyfdrazones
to chalcones, carbonyls and imines in pure watee flated
alkylation products were obtained in moderate todggields.
There are no stoichiometric waste metal salts (exttep base
additive which can be further optimized in future) halide
generation, with dinitrogen as the sole stoichiomédtyproduct.
Further transformation of the addition product gfitazone with
chalcone provided a naphthalene derivative viangmarinolecular
Friedel-Crafts reaction.

4, Experimental section
4.1. General exprimental information

The'H NMR and™C NMR spectra were recorded on Bruker
Avance 300'H, 300 MHz), Bruker Avance 400H, 400 MHz;
¥C, 101 MHz) and Bruker Avance Ill HD 500MHZH, 500
MHz; °C, 126 MHz). All chemical shifts (d) were given in ppm
Data were reported as follows: chemical shift, intégra
multiplicity (s = single, d = doublet, t = triplet, = quartet, m =
multiplet) and coupling constants (Hz). Flash column
chromatography was performed using H silica gel.tRor-layer
chromatography (TLC), silica gel plates (HSGF 254jemesed
and compounds were visualized by irradiation with W@t. IR
spectra were recorded on Nicolet 6700 instrument.hHig
resolution mass spectra (HRMS) were recorded by anihe
Fisher Scientific Exactive Orbitrap mass spectromete

4.2. General procedure for the synthesis of compounds 3 and 4

A Schlenk tube (10 mL) equipped with a magnetic lsér
was charged with [Rpfcymene)Ci], (0.9 mg, 0.0015 mmol,
1.5 mol%), PPk(1.6 mg, 0.006 mmol, 6 mol%),;R0, (17 mg,
0.08 mmol, 0.8 equiv.)y,pB-unsaturated ketone (0.1 mmol, 1.0
equiv.). The reaction system was then protected afithargon
atmosphere. After that, THF (5(L) was added to the reaction
system. After stirring for 10 minutes at room tengbere,
hydrazone (0.25 mmol, 2.5 equiv.) was added to tsteBs.
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Tt

distilled water (0.5 mL) was added to the reactiossee and
heated to 106C. The reaction system was stirred at 30Gor 6

h and then diluted with 3 mL water. After cooling toom
temperature, 2 mL HCI solution (3 M) was added tordaetion
system, and the mixture was extracted with ethylaaee3x5
mL). The combined organic layers was washed with waterL)
and then dried over N8O, The organic layers were
concentrated and the resulting residue was purifiad
preparative TLC on silica gel to afford the product

4.2.1. 1,3,4-triphenylbutan-1-one (3a)

White solid (21.3 mg, yield 71%);:R 0.25 (petroleum ether
/ acetone = 40/1); mp. 114-136; '"H NMR (300MHz, CDC}) &
7.88-7.80 (m, 2H), 7.56-7.48 (m, 1H), 7.44-7.36 (iH),27.24-
7.13 (m, 8H), 7.07 (dd] = 9.9, 3.3 Hz, 2H), 3.74-3.59 (m, 1H),
3.39-3.21 (m, 2H), 3.06-2.88 (m, 2HYC NMR (126MHz,
CDCl) 6 199.0, 144.3, 140.0, 137.3, 133.1, 129.4, 12&88,5,
128.3, 128.1, 127.8, 126.5, 126.2, 44.3, 43.2, ;4BIRMS
(APCI, m/z), calcd for GH,,0" [M+H]*, 301.1587; found,
301.1588.

4.2.2. 3-(2-chlorophenyl)-1,4-diphenylbutan-1-one
(3b)

Yellow solid (16.4 mg, yield 49%); mp. 104-168; R =
0.31 (petroleum ether / acetone = 20/1); FT-IR tpr8359,
2921, 2360, 1685, 1448, 753, 69 NMR (300 MHz, CDCJ)
8 7.85 (dJ= 7.5 Hz, 2H), 7.52 (s, 1H), 7.42 (@= 7.8 Hz, 2H),

7.32 (dd,J = 7.7, 1.3 Hz, 1H), 7.24-7.05 (m, 8H), 4.29 (s, 1H),

3.34 (dd,J = 15.0, 7.0 Hz, 2H), 3.00 (dd,= 21.6, 7.4 Hz, 2H);
3¢ NMR (126 MHz, CDGJ) 5 198.6, 141.3, 139.5, 137.1, 134.2,
133.1, 130.0, 129.4, 128.7, 128.4, 128.2, 128.7,.6,2126.9,
126.4, 42.6, 41.3, 39.1; HRMS (E®W2), calcd for G,H;sOCI
[M-H]", 333.1052; found, 333.1045.

4.2.3. 3-(3-chlorophenyl)-1,4-diphenylbutan-1-one
(3c)

Colorless solid (16.7 mg, yield 50%); mp. 108-709 R =
0.39 (petroleum ether / acetone = 10/1); FT-IR tpra922,
2361, 1685, 1079, 695, 613 NMR (300MHz, CDCJ) § 7.90-
7.80 (m, 2H), 7.52 (d] = 7.4 Hz, 1H), 7.42 (1) = 7.5 Hz, 2H),
7.27-7.21 (m, 2H), 7.19 (d, = 4.9 Hz, 3H), 7.14 (dd) = 7.8,
5.4 Hz, 4H), 7.10-6.99 (m, 4H), 3.66 (s, 1H), 3.29 (¥4, 6.9,
3.1 Hz, 2H), 2.96 (dd] = 9.4, 7.6 Hz, 2H)**C NMR (101 MHz,
CDCl) 6 198.5, 146.4, 139.5, 137.1, 134.3, 133.2, 1299,4,
128.7, 128.4, 128.1, 127.8, 126.8, 126.4, 126.3),443.0, 42.8;
HRMS (ESI, m/z), calcd for GH;gOCI [M-H]", 333.1052;
found, 333.1055.

4.2.4. 3-(4-chlorophenyl)-1,4-diphenylbutan-1-one
(3d)

White solid (21.1 mg, yield 63%); mp. 169-171; R = 0.39
(petroleum ether / acetone = 10/3); NMR (500 MHz, CDCJ)
8 7.89-7.80 (m, 2H), 7.53 (dd,= 13.2, 5.9 Hz, 1H), 7.41 (dd,
= 14.6, 7.0 Hz, 2H), 7.23-7.14 (m, 5H), 7.13-7.07 (iH),27.04
(dd,J= 9.9, 4.3 Hz, 2H), 3.65 (@,= 7.2 Hz, 1H), 3.35-3.23 (m,
2H), 3.03-2.86 (m, 2H)**C NMR (126 MHz, CDGJ)) & 198.6,
142.7, 139.5, 137.1, 133.2, 132.1, 129.4, 129.8.712128.6,
128.4, 128.1, 126.4, 44.1, 43.1, 42.5; HRMS (ESY), calcd
for C22H180CI[M-H]", 333.1052; found, 333.1049.

4.2.5. 3-(4-bromophenyl)-1,4-diphenylbutan-1-one
(3e)

White solid (22.3 mg, yield 59%); mp. 174-17G; R = 0.40
(petroleum ether / acetone = 10/1); FT-IR (§n3027, 2922,
2361, 1685, 1584, 6994 NMR (500 MHz, CDCJ) & 7.86-7.81
(m, 2H), 7.53 (ddJ = 13.1, 5.7 Hz, 1H), 7.41 (1 = 7.7 Hz,
2H), 7.34 (tJ = 6.4 Hz, 2H), 7.24-7.18 (m, 2H), 7.18-7.13 (m,

1H),
3.34-3.23 (m, 2H), 3.03-2.86 (m, 2H))C NMR (126 MHz,
CDCly) 5 198.6, 142.7, 139.5, 137.1, 133.2, 132.1, 1299,2,
128.7, 128.6, 128.4, 128.1, 126.4, 44.1, 43.1,;42MS (ESI,
m/z), calcd for G,H1OBr [M-H] ", 377.0547; found, 377.0541.

4.2.6. 4-(4-o0xo0-1,4-diphenylbutan-2-yl)benzonitrile
(3f)

Yellow solid (19.1 mg, yield 59%); mp. 168-16€; R =
0.15 (petroleum ether / acetone = 10/H; NMR (500 MHz,
CDCly) 6 7.89-7.81 (m, 2H), 7.55-7.50 (m, 2H), 7.43X& 7.7
Hz, 2H), 7.38-7.25 (m, 3H), 7.22 @,= 7.2 Hz, 2H), 7.20-7.13
(m, 1H), 7.05 (tJ= 11.6 Hz, 2H), 3.74 (1 = 6.4 Hz, 1H), 3.41-
3.29 (m, 2H), 3.08-2.87 (m, 2H)’C NMR (126 MHz, CDGC)) &
198.1, 149.9, 138.9, 136.9, 133.4, 132.3, 129.8.8,2128.7,
128.5, 128.1, 126.6, 119.1, 110.4, 43.7, 43.2,;4288MS (ESI,
m/z), calcd for GsH;gNO™ [M-H]", 324.1394; found, 324.1387.

4.2.7. 3-(4-(trifluoromethyl)phenyl)-1,4-
diphenylbutan-1-one (39)

White solid (19.5 mg, yield 53%); mp. 153-1%2; R = 0.25
(petroleum ether / acetone = 40/1); FT-IR (§n2924, 2358,
1679, 1326, 1129, 6964 NMR (300 MHz, CDCJ) § 7.89-7.80
(m, 2H), 7.58-7.49 (m, 2H), 7.49-7.37 (m, 4H), 7.29X¢& 8.0
Hz, 2H), 7.20 (ddJ = 7.3, 4.5 Hz, 2H), 7.11-7.01 (m, 2H), 3.82-
3.68 (m, 1H), 3.34 (dd] = 6.9, 3.5 Hz, 2H), 2.98 (dd,= 12.6,
7.5 Hz, 2H);"*C NMR (101 MHz, CDGJ) § 198.4, 148.4, 139.3,
137.1, 133.3, 129.3, 128.8, 128.5, 128.2, 128.85.512125.5,
125.4, 43.9, 42.94, 42.90, 1.2; HRMS (AP@Gi¥z), calcd for
CoaH,oF0" [M+H]", 369.1461; found, 369.1464.

4.2.8. 1,4-diphenyl-3-o-tolylbutan-1-one (3h)

Light yellow oil (13.8 mg, vield 44%); R 0.36 (petroleum
ether / acetone = 20/1); FT-IR ('61)n2921, 2360, 1684, 1492,
1450, 751, 698*H NMR (300 MHz, CDC)) 46 7.85 (d,J= 7.7
Hz, 2H), 7.51 (dJ = 6.9 Hz, 1H), 7.40 (t) = 7.7 Hz, 2H), 7.25
(d,J= 4.2 Hz, 1H), 7.17 (t) = 7.9 Hz, 4H), 7.05 (d] = 5.2 Hz,
4H), 4.02-3.86 (m, 1H), 3.33 (dd,= 16.1, 7.0 Hz, 2H), 3.01-
2.81 (m, 2H), 2.16 (s, 3H}?C NMR (101 MHz, CDGCJ) 6 199.1,
142.6, 140.0, 137.3, 136.4, 133.0, 130.4, 129.4.61,2128.3,
128.1, 126.23, 126.19, 126.15, 125.9, 44.2, 43729,319.7;
HRMS (ESI,nvV2), calcd for GsH,,0 [M-H]", 313.1598; found,
313.1598.

4.2.9. 3-(2-methoxyphenyl)-1,4-diphenylbutan-1-
one (3i)

Light yellow solid (19.8 mg, yield 60%); mp. 119-120; R
= 0.47 (petroleum ether / acetone = 20/1); FT-IR{£ 2919,
2359, 1683, 1492, 1241, 1110, 749, 614;NMR (300 MHz,
CDCl) & 7.84 (d,J = 7.5 Hz, 2H), 7.50 (s, 1H), 7.39 &= 7.6
Hz, 2H), 7.18 (dJ = 7.3 Hz, 2H), 7.12 (dd) = 10.7, 4.6 Hz,
5H), 6.88-6.77 (m, 2H), 4.02 (s, 1H), 3.74 (s, 3H)23@&d,J =
18.1, 7.0 Hz, 2H), 3.10-2.91 (m, 2HYC NMR (101 MHz,
CDCly) 6 199.5, 157.4, 140.6, 137.4, 132.8, 132.1, 1298,5],
128.4, 128.17, 128.15, 127.5, 126.0, 120.6, 118554, 42.8,
41.0, 37.7; HRMS (ESIm2), calcd for GH»O, [M-HJ,
329.1547; found, 329.1548.

4.2.10. 1,4-diphenyl-3-m-tolylbutan-1-one (3j)

Light yellow oil (13.7 mg, yield 44%); R 0.47 (petroleum
ether / acetone = 10/1); FT-IR ('010712921, 2361, 1684, 1449,
1076, 700, 612'H NMR (300 MHz, CDC})) & 7.90-7.78 (m,
2H), 7.51 (s, 1H), 7.41 (d, = 7.7 Hz, 2H), 7.18 (dd] = 13.5,
7.1 Hz, 3H), 7.11-7.05 (m, 3H), 6.97 &+ 9.9 Hz, 3H), 3.63 (s,
1H), 3.40-3.17 (m, 2H), 2.96 (d,= 7.4 Hz, 2H), 2.29 (s, 3H);
¥C NMR (101 MHz, CDGCJ) 5 199.1, 144.3, 140.1, 138.0, 137.4,
133.0, 130.8, 130.7, 129.4, 128.6, 128.3, 128.7,.312126.2,
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CoH0 [M-H] , 313.1598; tound, 313.1600.

4.2.11. 3-(3-methoxyphenyl)-1,4-diphenylbutan-1-
one (3k)

Light yellow oil (17.8 mg, vield 54%); R 0.31 (petroleum
ether / acetone = 10/1); FT-IR (€)n2922, 1684, 1599, 1451,
1260, 699;"H NMR (300 MHz, CDCJ) & 7.89-7.80 (m, 2H),
7.52 (s, 1H), 7.42 (d] = 7.7 Hz, 2H), 7.22-7.13 (m, 4H), 7.11-
7.05 (m, 2H), 6.78 (d] = 7.7 Hz, 1H), 6.70 (d] = 6.5 Hz, 2H),
3.73 (s, 2H), 3.65 (s, 1H), 3.29 (dds 10.2, 7.0 Hz, 2H), 3.03-
2.91 (m, 2H);**C NMR (101 MHz, CDG)) 5 199.0, 159.6,
146.0, 139.9, 137.3, 133.1, 130.8, 129.4, 128.8.3,2128.1,
126.2, 120.1, 113.8, 111.7, 55.3, 44.2, 43.2, 4aRMS (ESI,
m/z), calcd for G3H,,O, [M-H] ", 329.1547; found, 329.1551.

4.2.12. 3-(4-methoxyphenyl)-1,4-diphenylbutan-1-
one (3l)

Colorless solid (24.1 mg, yield 73%); mp. 146-€7 R =
0.47 (petroleum ether / ethyl acetate = 5/HNMR (300 MHz,
CDCl) 6 7.83 (d,J = 7.3 Hz, 2H), 7.51 (tJ = 7.3 Hz, 1H), 7.39
(t, J= 7.5 Hz, 2H), 7.23-7.14 (m, 3H), 7.07 (dds 7.4, 5.4 Hz,
4H), 6.77 (dJ = 8.6 Hz, 2H), 3.74 (s, 3H), 3.61 (H= 7.2 Hz,
1H), 3.35-3.17 (m, 2H), 3.03-2.85 (m, 2HJC NMR (101 MHz,
CDCly) 6 199.2, 158.2, 140.1, 137.3, 136.3, 133.0, 1228,7,
128.6, 128.3, 128.1, 126.2, 113.9, 55.3, 44.5,,4823%; HRMS
(ESI, m/2), calcd for GsH,;O, [M-H], 329.1547; found,
329.1540.

4.2.13. 3-(3,4-dimethoxyphenyl)-1,4-diphenylbutan-
1-one (3m)

Yellow solid (19.4 mg, yield 54%); mp. 86-88; R= 0.25
(petroleum ether / acetone = 5/1); FT-IR (§nB360, 2923,
1683, 1516, 1450, 1261, 1028, 648;NMR (300 MHz, CDCJ)

8 7.91-7.78 (m, 2H), 7.51 (d,= 7.3 Hz, 1H), 741 () = 7.5
Hz, 2H), 7.18 (ddJ = 12.6, 7.1 Hz, 3H), 7.10-7.04 (m, 2H), 6.73
(d,J= 2.6 Hz, 2H), 6.61 (s, 1H), 3.82 (s, 3H), 3.77 (s, 3HL
(s, 1H), 3.29 (tJ = 7.3 Hz, 2H), 2.95 (dd] = 12.5, 7.4 Hz, 2H);
*C NMR (101 MHz, CDGC)) § 199.2, 148.7, 147.6, 140.0, 137.4,
136.8, 133.1, 129.5, 128.7, 128.3, 128.1, 126.3.31111.5,
111.2, 55.9, 44.4, 43.3, 42.9; HRMS (E®Wz), calcd for
C,oH,:05" [M+H]", 361.1798; found, 361.1797.

4.2.14. 3-(4-phenyl)-1,4-diphenylbutan-1-one (3n)
White solid (28.5 mg, yield 76%); mp. 160-162, R = 0.28
(petroleum ether / acetone = 10/1); FT-IR (§n3027, 2922,
2360, 1683, 1488, 1261, 1022, 6%4;NMR (300 MHz, CDCJ)
8 7.90-7.80 (m, 2H), 7.54 (8 = 6.5 Hz, 3H), 7.48 (dJ = 8.3
Hz, 3H), 7.41 (tJ = 7.9 Hz, 5H), 7.32 (d) = 7.3 Hz, 1H), 7.19
(d,J = 6.4 Hz, 2H), 7.11 (d] = 6.7 Hz, 3H), 3.79-3.65 (m, 1H),
3.34 (dd,J = 9.0, 7.0 Hz, 2H), 3.01 (d] = 7.8 Hz, 2H);"*C
NMR (101 MHz, CDC}J) 6 199.0, 143.4, 141.1, 139.9, 139.3,
137.3, 133.1, 129.5, 128.8, 128.7, 128.4, 128.28,15, 127.2,
127.1, 126.3, 44.2, 43.1, 42.8; HRMS (AP@l2), calcd for
CygH,30" [M-H] ', 375.1754; found, 375.1747.

4.2.15. 3-(naphthalen-2-yl)-1,4-diphenylbutan-1-
one (30)

Yellow solid (23.1 mg, yield 66%); mp. 200-202; R.= 0.32
(petroleum ether / acetone = 10/1); FT-IR (§n3734, 3057,
2360, 1683, 744, 698H NMR (500 MHz, CDCJ) § 7.90-7.81
(m, 2H), 7.79-7.69 (m, 3H), 7.59 (s, 1H), 7.51)t 7.4 Hz,
1H), 7.40 (qdJ = 8.9, 3.4 Hz, 5H), 7.19 (8= 7.2 Hz, 2H), 7.14
(d, J = 7.1 Hz, 1H), 7.09 (d) = 7.0 Hz, 2H), 3.85 (pJ = 7.2
Hz, 1H), 3.40 (ddd) = 23.3, 16.8, 6.9 Hz, 2H), 3.13-3.01 (m,
2H); *C NMR (126 MHz, CDGJ)) 5 198.9, 141.8, 139.9, 137.3,
133.6, 133.1, 132.5, 129.4, 128.7, 128.4, 128.8.112127.8,
127.7, 126.30, 126.29, 126.27, 126.0, 125.5, 44332, 43.0;

7
'43;
tound, 351.1/741.

4.2.16. 1,4-diphenyl-3-(thiophen-2-yl)butan-1-one
(3p)

Yellow oil (20.8 mg, yield 68%); R 0.41 (petroleum ether /
acetone = 10/1); FT-IR (c'rla 2922, 2360, 1684, 1448, 1216,
746, 695;'H NMR (500 MHz, CDCJ) & 7.93-7.82 (m, 2H), 7.53
(dd, J = 10.5, 4.3 Hz, 1H), 7.42 (§ = 7.7 Hz, 2H), 7.25-7.21
(m, 2H), 7.17 (dgJ = 9.5, 4.8 Hz, 1H), 7.12 (d,= 7.2 Hz, 2H),
7.09 (dd,J = 5.1, 0.9 Hz, 1H), 6.84 (dfj = 7.1, 3.5 Hz, 1H),
6.73 (t,J = 6.0 Hz, 1H), 4.03 (pJ = 7.2 Hz, 1H), 3.32 (ddd} =
23.2,16.9, 6.8 Hz, 2H), 3.09-2.97 (m, ZIL?)’;‘ NMR (126 MHz,
CDCl;) 5 198.5, 148.1, 139.5, 137.2, 133.2, 129.4, 12838,4,
128.2, 126.7, 126.4, 124.3, 123.2, 45.2, 43.9,;38RMS (ESI,
m/z), calcd for GoH4,0S [M-H] ", 305.1006; found, 305.0999.

4.2.17. 3-(benzofuran-2-yl)-1,4-diphenylbutan-1-
one (3q)

Yellow solid (15.9 mg, yield 47%); mp. 106-168; R =
0.34 (petroleum ether / acetone = 20/1); FT-IR tpr8358,
2922, 2360, 1685, 1453, 1253, 747, 647;NMR (300 MHz,
CDCl) & 7.89 (s, 2H), 7.52 (d] = 7.4 Hz, 1H), 7.42 (dd) =
5.1, 3.6 Hz, 4H), 7.19 (dd,= 8.8, 4.5 Hz, 4H), 7.13 (d,= 1.6
Hz, 3H), 6.32 (s, 1H), 3.95 (s, 1H), 3.38 (dds 37.3, 6.8 Hz,
2H), 3.13 (dd,J = 18.3, 7.2 Hz, 2H);*C NMR (126 MHz,
CDCl) 6 198.2, 159.9, 154.7, 139.2, 137.0, 133.3, 1228,7,
128.5, 128.2, 126.5, 123.5, 122.6, 120.7, 111.(.11041.5,
39.9, 36.9; HRMS (ESIm/z), calcd for GHiO, [M-H],
339.1391; found, 339.1382.

4.2.18. 3-benzyl-1,5-diphenylpent-4-en-1-one (3r)
White solid (14.8 mg, yield 46%); mp. 169-17Q; R= 0.49
(petroleum ether / acetone = 10/3); NMR (300 MHz, CDCJ)
8 7.87 (d,J = 7.1 Hz, 2H), 7.53 (s, 1H), 7.42 (s, 2H), 7.25 (s,
10H), 6.33 (dJ = 16.0 Hz, 1H), 6.16 (ddl = 15.9, 7.9 Hz, 1H),
3.27 (dg,J = 14.2, 7.1 Hz, 1H), 3.14-2.99 (m, 2H), 2.84Jt
8.1 Hz, 2H);"*C NMR (126 MHz, CDGJ) § 199.3, 139.7, 137.5,
137.4, 133.1, 132.8, 130.4, 129.6, 128.7, 128.8.5,2128.2,
127.2, 126.34, 126.28, 43.0, 41.5, 40.5; HRMS (B#), calcd
for C,4H,0 [M-H], 325.1598; found, 325.1593.

4.2.19. 1-(4-chlorophenyl)-3,4-diphenylbutan-1-one
(39)

Yellow solid (15.4 mg, yield 46%); mp. 158-180; R.= 0.44
(petroleum ether / acetone = 10/1); FT-IR (§n3027, 2923,
2360, 1685, 699'*H NMR (500 MHz, CDCJ) 6 7.75 (d,J = 8.6
Hz, 2H), 7.36 (dJ) = 8.6 Hz, 2H), 7.27-7.19 (m, 4H), 7.19-7.12
(m, 4H), 7.06 (tJ = 7.2 Hz, 2H), 3.64 (pJ = 7.3 Hz, 1H), 3.26
(qd, J = 16.7, 6.9 Hz, 2H), 3.02-2.92 (m, 2H}’C NMR
(126MHz, CDC}) 6 197.8, 144.0, 139.8, 139.5, 135.6, 129.6,
129.4, 129.0, 128.6, 128.4, 127.7, 126.7, 126.2,4/8.3, 43.1;
HRMS (ESI, m/z), calcd for GH;gOCI [M-H]’, 335.1052;
found, 333.1050.

4.2.20. 3,4-diphenyl-1-m-tolylbutan-1-one (3t)

Yellow solid (17.5 mg, yield 56%); mp. 103-106; R=0.34
(petroleum ether / acetone = 20/1); FT-IR {¥n8027, 2360,
1683, 1102, 615H NMR (300 MHz, CDCJ) 5 7.64 (d,J = 5.3
Hz, 2H), 7.37-7.27 (m, 2H), 7.28-7.23 (m, 2H), 7.21, (tid 4.0,
2.3 Hz, 2H), 7.19-7.11 (m, 4H), 7.11-7.04 (m, 2H), 33788 (m,
1H), 3.29 (ddJ = 6.9, 3.5 Hz, 2H), 2.98 (§,= 6.9 Hz, 2H), 2.36
(s, 3H); °C NMR (126 MHz, CDG)) & 199.2, 144.3, 140.0,
138.4, 137.3, 133.8, 129.4, 128.7, 128.51, 1281238,3, 127.8,
126.5, 126.2, 125.3, 44.4, 43.2, 43.1, 21.5; HRMSI(BV2),
calcd for G3H,,0 [M-H]", 313.1598; found, 313.1591.
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one (3U)

Colorless oil (18.1 mg, yield 55%); R 0.23 (petroleum ether
/ acetone = 20/1); FT-IR (ch 3027, 2360, 1683, 1453, 1256,
699; 'H NMR (300 MHz, CDCJ) & 7.42 (d,J = 7.7 Hz, 1H),
7.37 (d,J= 2.3 Hz, 1H), 7.32 (dJ = 8.0 Hz, 1H), 7.24-7.20 (m,
3H), 7.19-7.15 (m, 5H), 7.09-7.03 (m, 3H), 3.81 (s,,3465 (d,
J = 7.2 Hz, 1H), 3.41-3.18 (m, 2H), 3.07-2.90 (m, 2HC
NMR (126 MHz, CDCJ) 6 198.9, 159.9, 144.2, 140.0, 138.7,
129.6, 129.4, 128.5, 128.3, 127.8, 126.6, 126.2.8,2119.6,
112.3, 55.6, 44.4, 43.2, 43.1; HRMS (ES$Wz), calcd for
Cy3H,10, [M-H] 7, 329.1547; found, 329.1539.

4.2.22. 3,4-diphenyl-1-p-tolylbutan-1-one (3v)
White solid (16.6 mg, yield 53%); mp. 176-178; R= 0.41
(petroleum ether / acetone = 10/ NMR (500 MHz, CDC))

§ 7.75 (d,J = 8.2 Hz, 2H), 7.26-7.11 (m, 10H), 7.09-7.04 (m,

2H), 3.66 (p,J = 7.2 Hz, 1H), 3.28 (qd) = 16.6, 7.0 Hz, 2H),
2.97 (ddd,J = 31.4, 13.5, 7.4 Hz, 2H), 2.38 (s, 3HIC NMR

3.73-
3.58 (m, 1H), 3.34 (ddl = 6.9, 4.8 Hz, 2H), 2.98 (ddd,= 21.7,
13.4, 7.3 Hz, 2H)**C NMR (101 MHz, CDGJ) § 198.9, 162.7,
160.3, 143.9, 137.3, 135.6, 133.2, 130.8, 130.B.7,2128.5,
128.1, 127.8, 126.6, 115.1, 44.3, 43.3, 42.2; HRESI(m/2),
calcd for G,H,gFO [M-H]", 317.1347; found, 317.1344.

4.2.27. methyl 4-(4-oxo0-2,4-diphenylbutyl)benzoate
(4b)

Yellow solid (17.1 mg, yield 48%); mp. 210-21@; R=0.20
(petroleum ether / acetone = 10/1); FT-IR {@n2922, 2358,
1717, 1508, 1104, 61%4 NMR (300 MHz, CDCJ) & 7.94-7.78
(m, 4H), 7.52 (ddJ = 4.9, 3.7 Hz, 1H), 7.42 (dd,= 10.4, 4.6
Hz, 2H), 7.25-7.19 (m, 2H), 7.19-7.05 (m, 5H), 3.87 3sl),
3.74-3.63 (m, 1H), 3.33 (§,= 6.6 Hz, 2H), 3.03 (ddd} = 21.9,
13.3, 7.4 Hz, 2H)"C NMR (101 MHz, CDG)) § 198.7, 167.3,
145.5, 143.6, 137.2, 133.2, 129.6, 129.4, 128.8.6,2128.2,
128.1, 127.8, 126.7, 52.1, 44.4, 43.0, 42.9; HRMSI(&v2),
calcd for GH,505" [M+H] ", 359.1642; found, 359.1638.

(126 MHz, CDC) 5 198.7, 144.3, 143.8, 140.0, 134.9, 1204, 4 5 55 1 3_diphenyl-4-o-tolylbutan-1-one (4c)

129.3, 128.5, 128.28, 128.27, 127.8, 126.5, 124422, 43.2,
43.1, 21.7; HRMS (ESIz), calcd for GH,dO" [M+H]",
315.1743; found, 315.1740.

4.2.23. 1-(4-methoxyphenyl)-3,4-diphenylbutan-1-
one (3w)

Orange solid (27.4 mg, yield 83%); mp. 158-269 R = 0.53
(petroleum ether / ethyl acetate = 5/i NMR (300 MHz,
CDCly) 3 7.83 (d,J = 8.9 Hz, 2H), 7.24-7.10 (m, 8H), 7.10-7.02
(m, 2H), 6.87 (dJ = 8.9 Hz, 2H), 3.84 (s, 3H), 3.72-3.58 (m,
1H), 3.35-3.16 (m, 2H), 3.06-2.88 (m, 2HJC NMR (101 MHz,

CDCly) & 197.6, 163.5, 144.4, 140.0, 130.43, 130.41, 129.4

128.5, 128.3, 127.8, 126.5, 126.2, 113.8, 55.69,483.3, 43.1;
HRMS (ESI,m2), calcd for GsHnO, [M-H]', 329.1547; found,
329.1540.

4.2.24. 1-(naphthalen-1-yl)-3,4-diphenylbutan-1-
one (3x)

Yellow oil (24.8 mg, yield 71%); R 0.25 (petroleum ether /
acetone = 20/1)*H NMR (300 MHz, CDC}) 6 8.21-8.11 (m,
1H), 7.92 (dJ = 8.2 Hz, 1H), 7.87-7.76 (m, 1H), 7.60 (dbs
7.2, 1.0 Hz, 1H), 7.53-7.32 (m, 3H), 7.29-7.11 (m, 8H}1-
7.03 (m, 2H), 3.70 (pJ = 7.3 Hz, 1H), 3.47-3.28 (m, 2H), 3.01
(d,J= 7.5 Hz, 2H);C NMR (126 MHz, CDGJ) § 203.7, 144.0,
139.9, 136.8, 134.0, 132.4, 130.1, 129.4, 128.8.4,2127.9,
127.8, 127.0, 126.6, 126.5, 126.3, 125.8, 124.4),483.8, 43.2;
HRMS (APCI, mVz), calcd for GgH,3O™ [M+H]", 351.1743;
found, 351.1746.

4.2.25. 3,4-diphenyl-1-(thiophen-2-yl)butan-1-one
(3y)

Yellow solid (20.2 mg, yield 66%); mp. 142-12@; R.= 0.25
(petroleum ether / acetone = 20/1); FT-IR (§n3026, 2359,
1655, 1451, 1068, 613H NMR (300 MHz, CDCJ) 5 7.57 (dd,
J=17.0, 2.1 Hz, 2H), 7.27-7.11 (m, 8H), 7.10-7.02 (m, 34
(dd,J = 14.5, 7.2 Hz, 1H), 3.32-3.14 (m, 2H), 3.07-2.89 (i);2
®C NMR (126 MHz, CDGCJ) 5 191.9, 144.7, 143.9, 139.8, 133.6,
131.9, 129.4, 128.5, 128.3, 128.1, 127.8, 126.6.3,245.1,
43.5, 42.9; HRMS (APCIm/z), calcd for GgH,40S™ [M+H]",
307.1151; found, 307.1151.

4.2.26. 4-(4-fluorophenyl)-1,3-diphenylbutan-1-one
(4a)

Colorless solid (18.7 mg, yield 59%); mp. 122-T%4 R =
0.47 (petroleum ether / acetone = 5/1); FT-IR &858, 2923,
1684, 1508, 1220, 747, 698 NMR (300 MHz, CDC}) 5 7.94-
7.84 (m, 2H), 7.56 (dd) = 10.4, 4.2 Hz, 1H), 745 @ = 7.5
Hz, 2H), 7.27 (ddJ = 9.2, 4.9 Hz, 2H), 7.22-7.13 (m, 3H), 7.01

White solid (21.6 mg, yield 69%); mp. 164-185; R= 0.40
(petroleum ether / acetone = 20/1); FT-IR (§n3357, 2923,
2360, 1682, 1451, 1261, 750, 698, NMR (300 MHz, CDCJ)

3 7.83 (s, 2H), 7.51 (d) = 7.4 Hz, 1H), 7.40 (s, 2H), 7.21 (s,
2H), 7.18 (s, 3H), 7.13-6.91 (m, 4H), 3.70-3.55 (m, 1435 (t,
J= 6.5 Hz, 2H), 2.96 (ddd] = 34.1, 13.6, 7.5 Hz, 2H), 2.25 (s,
3H); *C NMR (101 MHz, CDG)) § 199.0, 144.5, 138.2, 137.3,
136.6, 133.0, 130.4, 130.3, 128.6, 128.5, 128.7,.7.2126.6,
126.4, 125.7, 44.3, 42.0, 40.7, 19.6; HRMS (ESE), calcd for
CyH,30" [M+H]", 315.1743; found, 315.1737.

'4.2.29. 4-(2-methoxyphenyl)-1,3-diphenylbutan-1-

one (4d)

White solid (19.5 mg, yield 59%); mp. 145-147; R= 0.27
(petroleum ether / acetone = 20/ NMR (300 MHz, CDC))
§7.81 (dJ= 7.3 Hz, 2H), 7.50 (J = 7.3 Hz, 1H), 7.39 (s, 2H),
7.22 (d,J = 6.6 Hz, 4H), 7.18-7.08 (m, 2H), 7.00-6.91 (m, 1H),
6.84-6.71 (m, 2H), 3.72 (d,= 14.0 Hz, 4H), 3.29 (ddl = 10.6,
7.1 Hz, 2H), 3.06-2.91 (m, 2H}*C NMR (101 MHz, CDG)) &
199.2, 157.8, 144.9, 137.4, 132.8, 131.2, 128.8.3,2128.3,
128.1, 127.7, 127.6, 126.3, 120.3, 110.4, 55.31,441.6, 37.5;
HRMS (ESI, m/z), calcd for G3H,0," [M+H]", 331.1693;
found, 331.1690.

4.2.30.1,3-diphenyl-4-m-tolylbutan-1-one (4e)

Colorless oil (20.7 mg, yield 66%); R 0.39 (petroleum ether
/ acetone = 20/1); FT-IR (Ch 3359, 2921, 1684, 1449, 748,
697; 'H NMR (300 MHz, CDCJ) & 7.83 (d,J = 7.5 Hz, 2H),
7.50 (d,J = 7.4 Hz, 1H), 7.40 (t) = 7.6 Hz, 2H), 7.28-7.14 (m,
5H), 7.10 (tJ = 7.6 Hz, 1H), 7.01-6.81 (m, 3H), 3.65 (5 7.2
Hz, 1H), 3.29 (tJ = 6.4 Hz, 2H), 2.94 (d] = 7.4 Hz, 2H), 2.26
(s, 3H); ®*C NMR (101 MHz, CDGCJ)) & 199.1, 144.4, 139.9,
137.9, 137.4, 133.0, 130.2, 128.6, 128.5, 128.83.112127.8,
127.0, 126.5, 126.4, 44.2, 43.1, 43.1, 21.5; HRMSQhRV2),
calcd for GgH,s0" [M+H] ", 315.1743; found, 315.1746.

4.2.31. 4-(3-methoxyphenyl)-1,3-diphenylbutan-1-
one (4f)

Yellow solid (20.4 mg, yield 62%); mp. 137-139; R= 0.24
(petroleum ether / acetone = 20/ NMR (300 MHz, CDC))
8 7.91-7.78 (m, 2H), 7.56-7.46 (m, 1H), 7.45-7.34 Bid), 7.30-
7.08 (m, 6H), 6.75-6.63 (m, 2H), 6.58 (= 1.8 Hz, 1H), 3.75-
3.58 (m, 4H), 3.40-3.20 (m, 2H), 3.05-2.87 (m, 2HE NMR
(126 MHz, CDC})) 8 199.0, 159.6, 144.3, 141.5, 137.3, 133.1,
129.3, 128.7, 128.5, 128.1, 127.8, 126.6, 121.9.9,1111.9,
55.2, 44.2, 43.2, 43.0; HRMS (APGtY2), calcd for GgH,0,"
[M+H]", 331.1693; found, 331.1695.
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Light yellow solid (16.6 mg, yield 53%); mp. 145-1946; R
= 0.38 (petroleum ether / acetone = 20/H;NMR (300 MHz,
CDCly) 6 7.88-7.77 (m, 2H), 7.51 (s, 1H), 7.41 ®= 7.7 Hz,
2H), 7.27-7.14 (m, 5H), 6.99 (d,= 8.0 Hz, 4H), 3.65 (s, 1H),
3.29 (t,J = 6.8 Hz, 2H), 2.94 (dJ = 7.4 Hz, 2H), 2.27 (s, 3H);
*C NMR (126 MHz, CDGCJ) 5 199.1, 144.4, 137.3, 136.8, 135.7,
133.0, 129.3, 129.0, 128.6, 128.5, 128.1, 127.%.5,244.2,
43.2, 42.7, 21.2; HRMS (ESiV2), calcd for GH»,O [M-H],
313.1598; found, 313.1591.

4.2.33. 4-(4-methoxyphenyl)-1,3-diphenylbutan-1-
one (4h)

White solid (17.4 mg, yield 53%); mp. 135-136; R= 0.23
(petroleum ether / acetone = 20/ NMR (300 MHz, CDC))
8 7.84 (d,J = 7.8 Hz, 2H), 7.50 (d) = 7.4 Hz, 1H), 7.40 (1) =
7.5 Hz, 2H), 7.29-7.12 (m, 5H), 6.97 @= 8.5 Hz, 2H), 6.74
(d,J = 8.5 Hz, 2H), 3.75 (s, 3H), 3.62 (s, 1H), 3.29 (44, 6.9,
3.8 Hz, 2H), 2.92 (dd] = 7.2, 2.7 Hz, 2H)**C NMR (101 MHz,
CDCly) 6 199.1, 158.1, 144.4, 137.3, 133.0, 132.0, 13(®8,6],
128.5, 128.1, 127.8, 126.5, 113.7, 55.3, 44.2,,422; HRMS
(ESI, m/z), calcd for GzH,,0O, [M-H],, 329.1547; found,
329.1551.

4.2.34. 4-(3,4,5-trimethoxyphenyl)-1,3-
diphenylbutan-1-one (4i)

Orange solid (25.3 mg, yield 65%); mp. 138-2@) R=0.45
(petroleum ether / acetone = 2/1); FT-IR (§n2934, 2356,
1683, 1589, 1454, 1239, 1125, 750, 614;NMR (300 MHz,
CDCl) 8 7.87 (ddJ = 5.2, 3.3 Hz, 2H), 7.58-7.49 (m, 1H), 7.42
(dd,J = 10.3, 4.6 Hz, 2H), 7.26 (dd,= 9.1, 5.4 Hz, 2H), 7.22-
7.11 (m, 3H), 6.18 (s, 2H), 3.78 (@~ 3.8 Hz, 3H), 3.72-3.58
(m, 6H), 3.33 (dJ = 6.9 Hz, 2H), 3.01-2.82 (m, 2H)*C NMR
(126 MHz, CDC}) 4 199.0, 152.9, 144.2, 137.3, 136.4, 135.4,
133.1, 128.7, 128.5, 128.1, 127.9, 126.6, 106.4),686.0, 44.0,
43.4, 43.0; HRMS (ESIm2), calcd for GgH,;0," [M+H]",
391.1904; found, 391.1903.

4.2.35. 4-(naphthalen-1-yl)-1,3-diphenylbutan-1-
one (4j)

Colorless solid (28.4 mg, yield 81%); mp. 127-29 R =
0.23 (petroleum ether / acetone = 20/H; NMR (300 MHz,
CDCl) & 8.23 (d,J = 8.4 Hz, 1H), 7.89-7.77 (m, 3H), 7.65 (s,
1H), 7.58-7.43 (m, 3H), 7.39 (d,= 7.7 Hz, 2H), 7.27-7.19 (m,
3H), 7.16 (d,J = 7.2 Hz, 3H), 7.05 (s, 1H), 3.86 (s, 1H), 3.61-
3.21 (m, 4H);**C NMR (101 MHz, CDG)) 5 199.1, 144.5,
137.3, 136.0, 134.0, 133.1, 132.3, 128.8, 128.6.5,2128.1,
127.7, 127.1, 126.6, 126.1, 125.6, 125.2, 124.8,42.1, 40.6;
HRMS (APCI, mVz), calcd for GgH0' [M+H]", 351.1743;
found, 351.1746.

4.2.36. 1,3-diphenyl-4-(thiophen-2-yl)butan-1-one
(4k)

Yellow solidl (14.9 mg, yield 49%); mp. 93-98; R= 0.33
(petroleum ether / acetone = 20/1); FT-IR (¥n8359, 2921,
1684, 1449, 1215, 6984 NMR (300 MHz, CDCJ) § 7.92-7.81
(m, 2H), 7.52 (s, 2H), 7.42 (d,= 7.5 Hz, 2H), 7.31-7.16 (m,
5H), 7.07 (ddJ = 5.1, 1.0 Hz, 1H), 6.84 (s, 1H), 6.68 (& 3.3
Hz, 1H), 3.68 (dJ = 7.2 Hz, 1H), 3.34 (dd] = 6.9, 1.0 Hz, 2H),
3.31-3.12 (m, 2H)**C NMR (101 MHz, CDGCJ) § 198.7, 143.8,
142.3, 137.2, 133.1, 128.8, 128.7, 128.6, 128.7,.8,2126.8,
125.8, 123.8, 44.3, 43.3, 36.8; HRMS (E&i/2), calcd for
C,H1,0S [M-H] ", 305.1006 ; found, 305.1008.

4.2.37. 3-(4-methoxyphenyl)-4-(naphthalen-1-yl)-1-
phenylbutan-1-one (4l)

Yellow oil (20.1 mg, yield 53%); R 0.19 (petroleum ether /
acetone = 10/1); FT-IR (cfy 3359, 2924, 1673, 1600, 1259,
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LH),
7.83(d,J = 8.8 Hz, 3H), 7.65 (s, 1H), 7.53 (S, 3H), 7.24-7.09 (m,
5H), 7.06-6.99 (m, 1H), 6.86 (d,= 8.9 Hz, 2H), 3.87 (dJ =
15.7 Hz, 4H), 3.64-3.19 (m, 4HYC NMR (101 MHz, CDG)) &
197.6, 163.5, 144.6, 136.1, 134.0, 132.3, 130.30,3b, 128.8,
128.5, 127.68, 127.65, 127.0, 126.5, 126.1, 12B26,2, 124.3,
113.8, 55.6, 44.4, 42.3, 40.5; HRMS (E®W/z), calcd for
C,7H,:0," [M+H] ", 381.1849; found, 381.1846.

4.2.38. 3-(4-phenyl)-4-(naphthalen-1-yl)-1-
phenylbutan-1-one (4m)

Yellow oil (25.1 mg, yield 59%); R 0.25 (petroleum ether /
acetone = 10/1); FT-IR (cfy 3359, 2922, 1680, 1508, 1099,
777, 612;"H NMR (300 MHz, CDC)) § 8.29-8.10 (m, 2H),
7.96-7.89 (m, 1H), 7.84 (s, 2H), 7.73-7.64 (m, 1H377(s, 1H),
7.48 (dd,J = 6.6, 3.0 Hz, 5H), 7.38-7.31 (m, 1H), 7.25 (s, 7H),
7.10-7.02 (m, 1H), 3.96-3.83 (m, 1H), 3.47 Jds 1.5 Hz, 4H);
¥C NMR (101 MHz, CDG) & 203.7, 144.2, 136.6, 135.9,
134.04, 133.99, 132.4, 132.2, 130.1, 128.9, 1228,4, 127.82,
127.75, 127.69, 127.2, 127.1, 126.7, 126.5, 12825,8, 125.6,
125.3, 124.4, 124.2, 48.5, 42.8, 40.6; HRMS (AR®GY), calcd
for C5H,,0" [M+H] ", 427.2056; found, 427.2053.

4.2.39. 4-(naphthalen-1-yl)-1-phenyl-3-(thiophen-
2-yl)butan-1-one (4n)

Yellow oil (26.1 mg, yield 73%); R 0.23 (petroleum ether /
acetone = 10/1); FT-IR (ch) 2924, 1659, 1415, 1235, 72'H
NMR (300 MHz, CDC)) & 8.27-8.16 (m, 1H), 7.88-7.77 (m,
1H), 7.72-7.61 (m, 1H), 7.58 (d,= 4.4 Hz, 4H), 7.29-7.18 (m,
4H), 7.17 (s, 2H), 7.04 (s, 2H), 3.92-3.76 (m, 1H)338,J =
6.8 Hz, 4H);"*C NMR (101 MHz, CDG)) § 191.9, 144.6, 144.2,
135.9, 134.0, 133.6, 132.2, 131.9, 128.8, 128.8.112127.7,
127.1,126.7, 126.2, 125.6, 125.2, 124.2, 45.5,,41.4; HRMS
(ESI, m/z), caled for GH,,0S [M+H]®, 357.1308; found,
357.1304.

4.2.40. 1-(4-methoxyphenyl)-3-phenyl-4-o-
tolylbutan-1-one (40)

Yellow solid (26.2 mg, yield 76%); mp. 121-123; R=0.39
(petroleum ether / acetone = 5/1); FT-IR (§nR932, 1675,
1600, 1259, 1170, 1029, 834, 708, NMR (300 MHz, CDCJ)
87.84 (dJ= 8.9 Hz, 2H), 7.22 (d) = 7.0 Hz, 2H), 7.16 (d] =
7.1 Hz, 3H), 7.11-6.92 (m, 4H), 6.88 (I 8.9 Hz, 2H), 3.85 (s,
3H), 3.62 (s, 1H), 3.41-3.20 (m, 2H), 2.95 (d&; 25.1, 7.5 Hz,
2H), 2.24 (s, 3H)*C NMR (101 MHz, CDCJ)  197.6, 163.5,
144.6, 138.2, 136.6, 130.40, 130.35, 130.27, 1223,7, 126.5,
126.3, 125.7, 113.8, 55.6, 43.9, 42.2, 40.6, 1BIBMS (ESI,
m/z), calcd for GH,:0," [M+H] ", 345.1849; found, 345.1842.

4.2.41. 4-(2-methoxyphenyl)-1-(4-methoxyphenyl)-
3-phenylbutan-1-one (4p)

Colorless solid (25.1 mg, yield 70%); mp. 138-789 R =
0.31 (petroleum ether / acetone = 5/1); FT-IR {p2922, 1675,
1600, 1493, 1245, 1171, 1029, 754, 789;NMR (300 MHz,
CDCly) 6 7.81 (d,J = 8.9 Hz, 2H), 7.25-7.07 (m, 6H), 6.95 (s,
1H), 6.86 (d,J = 8.9 Hz, 2H), 6.79 (dd) = 7.4, 2.6 Hz, 2H),
3.84 (s, 3H), 3.70 (m, 4H), 3.24 (dilF 12.1, 7.1 Hz, 2H), 2.98
(d,J= 7.3 Hz, 2H);C NMR (101 MHz, CDGJ) § 197.8, 163.3,
157.8, 145.0, 131.1, 130.5, 130.4, 128.4, 128.3,7,2127.5,
126.2, 120.3, 113.6, 110.3, 55.5, 55.3, 43.8, 43784; HRMS
(ESI, m/z), calcd for GH,0;" [M+H]", 361.1798; found,
361.1790.

4.2.42. 1-(4-methoxyphenyl)-3-phenyl-4-m-
tolylbutan-1-one (4q)

Yellow solid (24.4 mg, yield 71%); mp. 134-136; R= 0.36
(petroleum ether / acetone = 5/1); FT-IR (§nB360, 2921,
1675, 1601, 1259, 1170, 700, 632;NMR (300 MHz, CDC)) &
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)
(dd,J = 10.8, 3.9 Hz, 5H), 3.85 (s, 3H), 3.64 (s, 1H), 3.24)(d
= 1.2 Hz, 2H), 2.93 (d) = 7.4 Hz, 2H), 2.26 (s, 3H}’C NMR

Tetrahedron

), 7.11
(dd,J = 12.2, 7.9 Hz, 2H), 6.82 (dd,= 5.0, 3.5 Hz, 1H), 6.67
(d, J = 3.0 Hz, 1H), 4.31-4.12 (m, 1H), 3.42 (db= 10.2, 6.8

(101 MHz, CDC})) 6 197.6, 163.4, 144.5, 139.9, 137.8, 130.5, Hz, 4H); "°C NMR (101 MHz, CDC)) 5 198.6, 148.1, 137.1,

130.4, 130.2, 128.4, 128.1, 127.8, 126.9, 126.8.71155.6,
43.8, 43.3, 43.1, 21.5; HRMS (EStyz), calcd for GH,0,"
[M+H] ", 345.1849; found, 345.1840.

4.2.43. 4-(3-methoxyphenyl)-1-(4-methoxyphenyl)-
3-phenylbutan-1-one (4r)

Yellow solid (24.8 mg, yield 69%); mp. 129-131; R=0.28
(petroleum ether / acetone = 5/1); FT-IR (§nR934, 1674,
1600, 1259, 1169, 1031, 833, 698 NMR (300 MHz, CDCJ)
5 7.84 (d,J = 8.9 Hz, 2H), 7.20 (dJ = 7.9 Hz, 6H), 6.88 (d] =
8.9 Hz, 2H), 6.73-6.64 (m, 2H), 6.61-6.54 (m, 1H), I853H),
3.70 (m, 4H), 3.25 (s, 2H), 3.04-2.86 (m, 2HC NMR (101

MHz, CDCk) § 197.5, 163.5, 159.5, 144.4, 141.6, 130.4, 129.

128.5, 127.8, 126.5, 121.8, 114.9, 113.8, 111.%,55.2, 43.9,
43.2, 43.1; HRMS (ESlj/z), calcd for GH,05" [M+H]",
361.1798; found, 361.1791.

4.2.44. 1-(4-methoxyphenyl)-3-phenyl-4-p-
tolylbutan-1-one (4s)

Yellow solid (23.4 mg, yield 68%); mp. 145-142; R.= 0.35
(petroleum ether / acetone = 5/1); FT-IR (§nR922, 1675,
1600, 1259, 1170, 1028, 7084 NMR (300 MHz, CDC)) &
7.83 (d,J = 8.9 Hz, 2H), 7.22 (dJ = 21.7 Hz, 6H), 6.98 (d] =
9.0 Hz, 3H), 6.89 (s, 2H), 3.85 (s, 3H), 3.63 (s, 1H)33s, 2H),
2.93 (d,J = 6.7 Hz, 2H), 2.27 (s, 3H)’*C NMR (101 MHz,
CDCly) 6 197.6, 163.4, 144.5, 136.9, 135.6, 130.5, 1329,3,
129.0, 128.4, 127.8, 126.4, 113.7, 55.6, 43.9,,48237, 21.1;
HRMS (ESI,m/z), calcd for GH,:0" [M+H]", 345.1849; found,
345.1841.

4.2.45. 1,4-bis(4-methoxyphenyl)-3-phenylbutan-1-
one (4t)

Yellow solid (21.5 mg, yield 60%); mp. 174-176; R.= 0.28
(petroleum ether / acetone = 5/1); FT-IR {n2930, 1674,
1602, 1510, 1250, 1170, 1031, 6189;NMR (300 MHz, CDCJ)
5 7.84 (d,J= 8.9 Hz, 2H), 7.19 (dd] = 18.6, 7.2 Hz, 4H), 6.96
(d,J = 8.5 Hz, 3H), 6.88 (dJ = 8.8 Hz, 2H), 6.74 (d) = 8.6
Hz, 2H), 3.86 (s, 3H), 3.75 (s, 3H), 3.67-3.54 (m, 13434-3.14
(m, 2H), 3.00-2.81 (m, 2H)**C NMR (101 MHz, CDG)
197.7, 163.5, 161.2, 158.0, 144.5, 130.4, 130.8.412127.8,
126.4, 114.4, 113.74, 113.66, 55.6, 55.3, 43.8,4R2.2; HRMS
(ESI, m/z), calcd for GH,0;" [M+H]", 361.1798; found,
361.1791.

4.2.46. 1-(4-methoxyphenyl)-4-(naphthalen-1-yl)-3-
phenylbutan-1-one (4u)
Yellow oil (26.5 mg, yield 70%); R 0.18 (petroleum ether /

135.6, 134.0, 133.2, 132.2, 128.9, 128.7, 128.7,7,2127.3,
126.7, 126.3, 125.7, 125.3, 124.4, 124.1, 123.8,48..4, 37.6;
HRMS (ESI,m/2), calcd for GH10S [M-H] ", 355.1162; found,
355.1162.

4.3. General procedure for the synthesis of compounds 7

A Schlenk tube (10 mL) equipped with a magnetic Isér
was charged with [Rpfcymene)CJ], (1.8 mg, 0.003 mmol, 1.5
mol%), PPh (3.1 mg, 0.012 mmol, 6 mol%),;R0, (31.8 mg,
0.15 mmol, 0.75 equiv.), TBAC (11.1 mg, 0.04 mmol2 0
equiv.) and N-benzylideneaniline (0.2 mmol, 1.0 gquiThe

2 reaction system was then protected with an argon sthese.
' After that, THF (50uL) was added and the reaction system was
placed at room temperature. After stirring for 10 iydrazone
(0.3 mmol, 1.5 equiv.) was added to the system. WHs
removedin vacuo and argon was filled into the reaction system.
Then, distilled water (0.2 mL) was added to the ieacsystem
and heated to 7{C. After stirring at 70C for 1.5 h, 3 mL water
was added. After cooling to room temperature, 2 mLI HC
solution (3 M) was added to the reaction system. iidure
was extracted with ethyl acetate (3x5 mL). The comtin
organic layers was washed with water (5 mL) and thésddr
over NaSQ, The organic layers were concentrated and the
resulting residue was purified by preparative TLCsdica gel to
afford the product.

4.3.1. 1,2-diphenylethyl)benzenamine (7a)

Colorless solid (38.7 mg, yield 71%); mp. 58°60 R = 0.54
(petroleum ether / dichloromethane = 2/H;NMR (300 MHz,
CDCly) 8 7.35-7.26 (m, 5H), 7.25-7.19 (m, 3H), 7.12J& 6.4
Hz, 2H), 7.03 (dJ = 8.4 Hz, 2H), 6.66-6.56 (m, 1H), 6.45 (H,
= 7.7 Hz, 2H), 4.65-4.50 (m, 1H), 4.24-3.99 (m, 1H)33dd,J
= 14.0, 5.7 Hz, 1H), 3.00 (dd,= 14.0, 8.2 Hz, 1H)"*C NMR
(101 MHz, CDC}) & 147.4, 143.6, 137.8, 129.4, 129.2, 128.71,
128.68, 127.2, 126.9, 126.6, 117.6, 113.8, 59.43;4BRMS
(ESI, m/2), calcd for GgHxN™ [M+H]*, 274.1590; found,
274.1587.

4.3.2. N-(2-(2-methoxyphenyl)-1-
phenylethyl)benzenamine (7b)

Colorless solid (28.4 mg, yield 47%); mp. 133-788 R =
0.45 (petroleum ether / dichloromethane = 1/1);IRTcmY)
3405, 2921, 2361, 1601, 1494, 1242, 749, 687NMR (300
MHz, CDCk) é 7.38 (d,J = 7.2 Hz, 2H), 7.30 (tJ = 7.3 Hz,
2H), 7.24 (s, 2H), 7.01 (§ = 7.8 Hz, 3H), 6.92-6.80 (m, 2H),
6.57 (t,J = 7.3 Hz, 1H), 6.40 (d) = 7.7 Hz, 2H), 4.71 (s, 1H),

acetone = 10/1); FT-IR (G 2930, 2360, 1682, 1511, 1248, 778; 4.54 (dd,J = 8.7, 4.9 Hz, 1H), 3.88 (s, 3H), 3.10 (dds 13.7,

'H NMR (300 MHz, CDCJ) 5 8.28-8.14 (m, 1H), 7.86-7.77 (m,
3H), 7.66 (s, 1H), 7.50 (dd,= 11.6, 7.7 Hz, 3H), 7.40 (d,=
7.7 Hz, 2H), 7.25 (s, 2H), 7.07 (@= 8.8 Hz, 2H), 6.76 (d] =
8.7 Hz, 2H), 3.80 (dJ = 33.2 Hz, 4H), 3.36 (d] = 6.7 Hz, 4H);

8.8 Hz, 1H), 3.01 (ddJ = 13.8, 4.9 Hz, 1H)**C NMR (101
MHz, CDCE) & 157.7, 147.9, 144.4, 131.2, 129.1, 128.6, 128.1,
127.04, 126.99, 126.5, 120.9, 116.9, 113.4, 118%6, 55.5,
40.1; HRMS (ESIn2), calcd for GiH,,NO' [M+H]", 304.1696;

¥C NMR (101 MHz, CDGCJ) 5 199.3, 158.2, 137.3, 136.6, 136.1, found, 304.1702.

134.0, 133.0, 132.3, 130.4, 128.8, 128.7, 128.88,55, 128.1,
127.7,127.0, 126.1, 125.6, 125.3, 124.3, 113.8,56.0, 41.4,
40.7; HRMS (ESIm2), calcd for GH,0, [M-H]", 379.1704;
found, 379.1703.

4.2.47. 4-(naphthalen-1-yl)-3-phenyl-1-(thiophen-
2-yl)butan-1-one (4v)
Yellow oil (26.6 mg, yield 75%); R 0.33 (petroleum ether /

4.3.3. N-(1-phenyl-2-p-tolylethyl)benzenamine (7c)
Colorless oil (28.1 mg, yield 49%); R 0.53 (petroleum ether
/ dichloromethane = 2/1)H NMR (300 MHz, CDCJ) § 7.41-
7.16 (m, 5H), 7.13-6.92 (m, 6H), 6.61 Jt= 7.3 Hz, 1H), 6.44
(d,J = 7.5 Hz, 2H), 4.65-4.44 (m, 1H), 4.10 (s, 1H), 3.09, @d
=14.0, 5.5 Hz, 1H), 2.94 (dd,= 14.0, 8.3 Hz, 1H), 2.28 (s, 3H);
¥C NMR (126 MHz, CDGC)) 5 147.5, 143.7, 136.4, 134.7, 129.4,

acetone = 10/1); FT-IR (cfh 2923, 1683, 1213, 1077, 778, 614; 129.2, 129.1, 128.7, 127.7, 126.6, 117.5, 113.8,581.9, 21.2;

'H NMR (300 MHz, CDCJ) § 8.23 (d,J = 8.4 Hz, 1H), 7.85 (dd,
J= 7.1, 5.7 Hz, 3H), 7.70 (d = 8.2 Hz, 1H), 7.52 (ddJ =

HRMS (ESI,m/z), calcd for G,H,,N" [M+H]", 288.1747; found,
288.1747.



4.4,

A Schlenk tube (10 mL) equipped with a magnetic lsér
was charged with [Rpfcymene)CJ], (1.8 mg, 0.003 mmol, 1.5
mol%), PPh (3.1 mg, 0.012 mmol, 6 mol%),;R0, (31.8 mg,
0.15 mmol, 0.75 equiv.), TBAC (11.1 mg, 0.04 mmol2 0
equiv.) and ketones (0.2 mmol, 1.0 equiv.). Thetiea system
was then protected with an argon atmosphere. After TitdF
(50 pL) was added and the reaction system was placedat ro
temperature. After stirring for 10 min, hydrazone3(thmol, 1.5
equiv.) was added. THF was removiedvacuo and argon was
filled into the reaction system. Then, distilled aaf{0.2 mL)
was added to the reaction mixture and heated t8C7QThe
reaction progress was followed by TLC and the reactime
was determined (3-18 hours). The reaction mixture diaged
with 3 mL of water. After cooling to room temperatugemL
HCI solution (3 M) was added. The reaction mixtureswa
extracted with ethyl acetate (3x5 mL). The combimedanic
layers were washed with water (5 mL) and then driedr ove
NaSQ,. The organic layers were concentrated and thetiegul
residue was purified by preparative TLC on silich tgeafford
the product.

4.4.1. 1,2-diphenylpropan-2-ol (8a)

Colorless ail (30.1 mg, yield 71%); R 0.32 (petroleum ether
/ acetone = 10/1)*H NMR (300 MHz, CDCJ) & 7.40 (dd, J =
5.4, 3.4 Hz, 2H), 7.37-7.29 (m, 2H), 7.29-7.15 (m, 5Hp6-
6.91 (m, 2H), 3.13 (dJ = 13.3 Hz, 1H), 3.02 (d) = 13.3 Hz,
1H), 1.85 (s, 1H), 1.56 (s, 3HYC NMR (101 MHz, CDG)) &
147.7, 136.9, 130.7, 128.2, 126.78, 126.77, 128416, 50.6,
29.5; HRMS (APCIW2), calcd for GsH,:O" [M-H] ¥, 211.1117;
found, 211.1116.

4.4.2. 2-(2-fluorophenyl)-1-phenylpropan-2-ol (8b)

Yellow oil (19.3 mg, yield 42%); R= 0.46 (petroleum ether /
acetone = 10/1)*H NMR (300 MHz, CDC)) & 7.32 (ddd, J =
8.2, 6.4, 1.7 Hz, 1H), 7.28-7.11 (m, 4H), 7.11-6.92 4M), 3.33
(d, J = 13.4 Hz, 1H), 3.11 (d] = 13.4 Hz, 1H), 2.11 (] = 5.2
Hz, 1H), 1.64 (s, 3H)"*C NMR (126 MHz, CDG) & 160.6,
158.7, 136.7, 134.1, 134.0, 130.6, 128.9, 128.8.3,2127.6,
127.5, 126.9, 124.13, 124.11, 116.1, 115.9, 733168, 48.14,
48.10, 28.38, 28.35; HRMS (APGHy2), calcd for GsH.,F [M-
0O-HJ", 213.1074; found, 213.1076.

4.4.3. 2-(4-bromophenyl)-1-phenylpropan-2-ol (8c)

Orange oil (33.1 mg, yield 57%); R 0.34 (petroleum ether /
acetone = 10/1)*H NMR (300 MHz, CDC})) § 7.48-7.38 (m,
2H), 7.30-7.16 (m, 5H), 7.04-6.93 (m, 2H), 3.09Jd; 13.3 Hz,
1H), 2.99 (d,J = 13.3 Hz, 1H), 1.84 (s, 1H), 1.54 (s, 3HC
NMR (126 MHz, CDC}) é 146.8, 136.4, 131.2, 130.7, 128.3,
127.1, 127.0, 120.7, 74.4, 50.5, 29.6; HRMS (AR@Y), calcd
for C;sH1,BrO [M-H]", 289.0234; found, 289.0240.

4.4.4, 2-(3-methoxyphenyl)-1-phenylpropan-2-ol
(8d)

Orange oil (24.1 mg, yield 50%);; R0.29 (petroleum ether /
acetone = 10/1)*H NMR (300 MHz, CDC)) § 7.26-7.17 (m,
4H), 7.06-6.93 (m, 4H), 6.78 (ddd, J = 8.2, 2.4,l8z9 1H), 3.78
(s, 3H), 3.12 (dJ = 13.3 Hz, 1H), 3.00 (d) = 13.3 Hz, 1H),
1.86 (s, 1H), 1.54 (s, 3H)*C NMR (126 MHz, CDG)) 5 159.6,
149.6, 136.8, 130.7, 129.2, 128.2, 126.8, 117.€.01111.2,
74.5,55.4, 50.5, 29.6; HRMS (Ely2), calcd for GH150," [M] ",
242.1307; found, 242.1306.

4.4.5. 1-phenyl-2-p-tolylpropan-2-ol (8e)

Orange oil (18.5 mg, yield 41%); R 0.38 (petroleum ether /
acetone = 10/1)'H NMR (300 MHz, CDC)) § 7.27 (t, J = 6.2
Hz, 2H), 7.25-7.18 (m, 3H), 7.14 (t, J = 8.4 Hz, 2H)476.95
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1),
2.34 (s, 3H), 1.81 (s, 1H), 1.54 (s, 3HJC NMR (126 MHz,
CDCly) 5 144.8, 137.0, 136.3, 130.8, 128.9, 128.2, 12623,0,
74.5, 50.6, 29.6, 21.1; HRMS (APQW2), calcd for GgH;" [M-
O-HJ", 209.1325; found, 209.1328.

4.5. General procedure for the synthesis of compounds 9

A Schlenk tube (10 mL) equipped with a magnetic lsér
was charged with 4-(3,4,5-trimethoxyphenyl)-1,3-dipyibutan-
1l-one &) (39 mg, 0.1 mmol), AIGI (120 mg, 0.9 mmol, 9
equiv.). After that, acetonitrile (2 mL) was addedl dreated to
60 °C. The reaction system was stirred at°60for 12 hours.
After cooling to room temperature, the reaction onigt was
diluted with 3 mL of water. 2 mL HCI solution (3 M) waslded
and the reaction mixture was extracted with ethykatee(3x5
mL). The combined organic layers were washed with wgger
mL) and then dried over N&QO, The organic layers were
concentrated and the resulting residue was purified
preparative TLC on silica gel to afford the product

4.5.1. 1,2-dihydro-5,6,7-trimethoxy-2,4-
diphenylnaphthalene (9a)

Colorless solid (25.3 mg, 68%); mp. 74-76; R = 0.22
(petroleum ether / dichloromethane = 1H;NMR (400 MHz,
CDCly) 6 7.39-7.18 (m, 10H), 6.57 (s, 1H), 6.02 {d= 3.5 Hz,
1H), 3.87 (s, 3H), 3.80 (s, 3H), 3.69 (ddds 12.3, 6.1, 3.6 Hz,
1H), 3.28 (s, 3H), 3.03-2.85 (m, 2H)*C NMR (126 MHz,
CDCl) & 152.73, 151.23, 144.61, 143.11, 141.46, 138.50,
133.60, 132.92, 128.64, 127.80, 127.69, 127.12,662826.41,
121.25, 107.26, 61.08, 60.81, 56.13, 41.63, 39.B&KMS
(APCI, m/2), calcd for GsH,s05" [M+H]", 373.1798; found,
373.1795.

4.5.2. 1,2,3-trimethoxy-6,8-diphenylnaphthalene
(9b)

Light yellow solid (4.4 mg, 12%); mp. 67-6€; R = 0.26
(petroleum ether / dichloromethane = 1:H;NMR (400 MHz,
CDCl) & 7.92 (d,J = 1.7 Hz, 1H), 7.71 (dJ = 7.3 Hz, 2H),
7.51-7.29 (m, 9H), 7.10 (s, 1H), 4.02 (s, 3H), 3.913W), 3.27
(s, 3H);*C NMR (126 MHz, CDG)) 5 153.26, 149.78, 144.53,
142.53, 140.75, 139.00, 137.38, 132.45, 129.12,952827.52,
127.42, 127.30, 127.00, 126.23, 124.49, 121.77,6B0%1.27,
60.73, 55.98; HRMS (APChvz), calcd for GsH,305" [M+H],
371.1642; found, 371.1639.
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