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In this study, a one-pot two-step reductive couplietween acetyl naphthalene derivati
tosylhydrazide, and arylboronic acids, affordingstituted 1(or 2)-(Iehenylethyl)naphthalen
in moderate-t@xcellent yields, was reported. Notably, solverdayptl a crucial role in tl
coupling of 1-acetyl naphthalene derivatives (tokjeor 2-acetyl naphthalene derivatives (1,4-

materials. Meanwhile, the scop this onepot coupling reaction w.

extended to 1(or 2yaphthaldehyde substrates. Particularly, the systes also suitable
synthesize 1(or 2)-(1-
synthesis of naphthylmethyl substituted carbazobyhpounds.

phenylethyl)naphthalenes anuiti-gram scale, and was applied in

2009 Elsevier Ltd. All rights reserved

1. Introduction .

Diarylalkanes and their derivatives are
intermediates for the preparation of drugs andaresematerials
in medical chemistry, especially antiallergic drugxhibiting
physiological and pharmacological activities. Thevelopment
of diarylalkane derivatives as medicines demoresratvide
applicability. In particular, naphthyl-substitutsttuctural motifs
are highly valuable intermediates in organic sysite For
instance, these moieties are common pharmacophfimes
multiple classes of drugs, such as potent cell dgraamd tubulin
polymerization inhibitors A" anti-breast-cancer agents B and
c, ltetd anti-dyinPidemic agent BY and potent calcimimetic
agent cinacalcét® (Scheme L
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Scheme 1Several kinds of naphthyl-substituted structural
motifs.

For these reasons, the environmentally benign Gapling
of arenes for the synthesis of diarylalkanes isngportant topic

important;,, organometallic chemistry and catalysis. In 20Digguezet al.

had reported the application of a new type of ligéodthe Ir-
catalyzed asymmetric hydrogenation of unfuncticealialkenes.
They found that the introduction of a biaryl phois@hmoiety in
the ligand design is hi?hly adventitious for bottatytic activity
and substrate versatilit§ [Method 1]. Zhouet al. had reported
the iridium-catalyzed carboxy-group-mediated hyeration of
1,1-diarylethenes and 1,1-dialkylethenes with ercell
enantioselectivity®! [Method 2]. Watsonet al. had reported the
stereospecific cross coupling of benzylic pivalatesth
arylboroxines in the presence of a simple nickel{@jalyst,
affording a wide variety of diarylalkanes and triamgthanes in
high yield ™ [Method 3]. Jarvoet al. had envisioned the direct
synthesis of enantioenriched diarylethanes via tliekel-
catalyzed cross-coupling of readily available diagthanols,
affording good vyields of diarylalkanes, as well agghh
stereochemical integrity’! [Method 4]. Shi et al. had reported
the direct methylation of anisole and its derivasivwith
MeMgBr via Kumada coupling. In their study, the ya#ition of
benzyl was reported for the first time for constingtsp C—-C
bonds by Kumada coupling via highly selective Niatgted
benzylic sp C—O activationMethod 5].°! Takahashkt al. had
reported the early-transition-metal-catalyzed croespling of
phenethylmagnesium chloride with aryl fluorides, aopanied
by the rearrangement of the phenethyl grBLifMethod 6]. By
used the [{Ir(cod)Cl}]J/PPh catalytic system, then the formyl
groups on the hydroarylation products were remoYeshikai et
al. synthesized corresponding 1,1-diarylethanes in mateleto
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good yields; although this route reflects subsbtutpatterns
that are not accessible by Friedel-Crafts-type latlon, the
reaction temperature employed is very high (14QM&thod 7].
B |n 2011, Lingaiahet al. had reported the synthesis of
diarylalkanes using tin-exchanged 12-tungstophasphacid
catalysts with varying Sn content, which were tested the
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Table 1.Optimized reaction conditiolis

benzylation of arenes with benzyl alcoffdl[Method 8]. The

synthetic protocol proposed herein will not only igate the
disadvantages reported fidiethods 1-8 but will also effectively
decrease the loading of the catalyst needed tomper§ynthesis.
Most of the established protocols areffered from various
disadvantages, including the use of toxic chemijcdlarsh
conditions, high catalyst loadings as well as legient and
expensive catalytic systems. Conversely, efficacesses that
do not require a metal catalyst are of equally higterest
(Scheme 2

>~Ar Method 1: [Ir(cod)(L)], Hp, BArF
| ~ Method 2: Ir, Ha, Et;N, MeOH
Z

F

Method 6: ArMgCI
‘ TaCls, THF, 50 °C

HsC.__O HsC Ph
TsNHNH, PhB(OH),
(1.5 equiv.) (0.75 mmol)
OO Solvent (3 mL) Base
T1(°C)Y2(h) T, (°C)tp (h)
1a 2a
Entry Base Solvent °C) T(°C)/t(h) Yield (%)
1 K,CO; Dioxane 80 110/5 26
2 Ko,CO;  Toluene 80 110/5 85
3 K.COs DMF 80 110/5 trace
4 Ko,CO;  CH3CN 80 110/5 trace
5 KoCOs THF 65 65/5 trace
6 KsPQy  Toluene 80 110/5 43
7 NaCO; Toluene 80 110/5 27
8 NaOH Toluene 80 110/5 31
9 KOH Toluene 80 110/5 62
10 CsCO; Toluene 80 110/5 8
11 K:CO;  Toluene 80 110/6 76
12 K,CO;  Toluene 80 110/7 75

Method 7: <Method 7: [Ir(cod)Cl],
PPhs, dioxane, 140 °C

@

}opw Method 3:ABO); A
@ Ni(cod),, NaOMe, Phie

OMe  Method 4: MeMgl
Ar Ni(cod),, DPEphos, PhMe
OO Method 5: ArMgBr
NiCly(dppf), toluene
Our work:
one pot, metal free

Method 8: Ar
[sn], 120 °c

Method 9:
TsNHNH,, dioxane or toluene
KoCO3, ArB(OH),

(A

Scheme 2. Synthetic methods of substituted

phenylethyl)naphthalenes.

(1-

Aggarwal et al. have introduced the use of tosylhzaina
salts for the generation of metal-carbene complaxestalytic
processe§?. Recently, a series of transformation reactiorts wi
tosylhydrazones have been repofféd?. In 2009, Valdés et al.
have reported a new metal-free C—C bond formatiactien
between N-tosylhydrazones and boronic acid derigafiwhich
proved to be suitable for preparing biarylmethan&d”
Subsequently, their group and several other grobpse
significantly extended the scope of this transfdramaby using
different substrates and coupling reagéfits.Nevertheless,
almost none of these groups have used acetyl raphth
derivatives as substrates, and tosylhydrazones taging
materials must be prepared by the reaction of hgslyhzide with
a corresponding ketone or aldehyde. Herein we demaiasan
efficient tosylhydrazide-mediated synthesis of gceaiphthalene
derivatives with arylboronic acids via C-C bond fation with
broad functional group tolerance, which provides impte,
general approach for constructing substituted 1@)f(1-
phenylethyl)naphthalenes in moderate-to-good yieldsder
metal-free, one-pot conditions.

2. Results and Discussion
2.1.Optimization of the reaction conditions

The exploratory experiments were initiated by sciregernhe
reaction conditions using l-acetyl naphthaleneyllysrazide
and phenylboronic acid in the presence of potassiarbonate
(K»,CO,) at 80 °C for 2 h and another 110 °C for 5 h. 6o
yield of the product 1-(1-phenylethyl)naphthaler®a was
obtained with 1, 4-dioxane as solvent (Table 1,yediy. If
toluene was used as solvent, the reaction affordedcoupling
product in 85% yield (Table 1, entry 2). DMF, §EN and THF
were not effective in the one-pot two-step reactjoeiding trace

[a] Reaction conditions: (i) 0.5 mmol 1-acetyl h#mlene,
0.75 mmol tosylhydrazide, 3 mL solvent, 80 °C, 2(ii§; 0.75
mmol phenylboronic acid, 2.0 equivalents base,°Cl(%-7 h.

[b] Isolated yield.

product (Table 1, entries 3-5). Subsequently, thftueénce of
base on the reaction was investigated; the basésasu&PO,,
NaCO,;, NaOH and KOH were used, no clear improvement was
observed (Table 1, entries 6-9). When@@3; was used as base,
only 8% vyield was obtained (Table 1, entry 10). Mehife, the
reaction time was found to be another crucial patamehe
product yield decreased from 85% to 75% with theuctde
reaction time ¢) increased from 5 h to 7 h (Table 1, entries 11,
12). In summary, the combination of 1-acetyl naplthe (0.5
mmol), tosylhydrazide (1.5 equivalents), phenyllmico acid
(0.75 mmol), KCO; (2.0 equivalents) at;E 80 °C (f = 2 hours)
and T, = 110 °C (} = 5 hours) in toluene (3 mL) were found to be
the optimized reaction conditions.

2.2.Scope and limitations of substrates

With the optimized reaction conditions in hand, Hoepe of
this coupling reaction of arylboronic acids with degyl
naphthalene derivatives was investigated and thaltsesire
summarized inTable 2 The arylboronic acids bearing an
electron-withdrawing group or an electron-donatingugr were
all well tolerated and could be transformed to theresponding
products2b-2gin moderate to good yields. When m-tolylboronic
acid and o-tolylboronic acid were treated with 1-glcet
naphthalene and tosylhydrazide under the same toomsli the
products 2h and 2i were obtained in 70% and 65% yields,
respectively. Thiophen-3-ylboronic acid showed lowactevity
and gave the produ@ with 41% vyield. In addition, the [1, 1'-
biphenyl]-4-ylboronic acid and naphthalene-2-ylboeo acid
were also suitable substrates to furnish the degreducts2k
and 2| with 70% and 52% vyields, respectively. Thedpct @l)
may find potential applications in medicinal chetmyis*!
Remarkably, the synthesis of substituted carbazmyhpounds
has attracted considerable interest due to the riapce of this
compound in numerous photo devices, electrolumargsc
devices and photorefractive material¥”. Therefore, we
attempted this method to be applied for the symghafsnaphthyl-
substituted carbazolyl compounds. The reaction edcétyl
naphthalene with [4-(9H-carbazol-9-yl)phenyl]bororicid, [9-
phenyl-9H-carbazol-3-yl]boronic acid and [3-(9H-zarol-9-yI)-
phenyllboronic acid took place smoothly to affordhet
corresponding productdm-20, which were isolated in 71-84%



yields. In contrast, a lower reactivity was obserirethe case of
(4-benzhydrylphenyl)boronic acid substrate and gheduct2p

was obtained in 53% vyield. Finally, we found thatrimas

substituted 1-acetyl naphthalene reacted with [3-¢@Hbazol-9-
yhphenyllboronic acid could be transformed to th&rget
products2g-2tin 44-79% yields.

Table 2. One-pot, two-step reaction of 1l-acetyl naphthalen
derivative, TsNHNI—2| with arylboronic aci.

HC HaC._Ar
TsNHNH, Ar-B(OH),
OO (1.5 equiv) (0.75 mmol) OO
Toluene (3 ML)  K,CO3 (2.0 equiv.)
80°C/2 h 110°C/5 h

2d,R=C3H7, 77% |
2e,R=OMe, 64% !
2f R=CF3, 50% :

‘ R 2bR=Me, 68% |
I HsC
; OO 2g,R=F, 70%

26,R=CsHy, 51%!

2h, 70% 2i,65% 2j, 41%

P"

2k, 70% 21, 52% 2m, 75% 71%

.;‘\©

2p, 53%

2q,R'=OMe, 79%
2rR'=Me, 44% |
25 R'=F, 75%
2t R'=Br, 62%

20,84%  2p,53% Rl

[a] Reaction conditions: (i) 0.5 mmol 1-acetyl ndpiiene
derivative, 0.75 mmol tosylhydrazide, 3 mL tolueB8,°C, 2 h;
(ii) 0.75 mmol arylboronic acid, 2.0 equivalentsdQOs, 110 °C,
5 h. The yields of isolated products are given.

After 1l-acetyl naphthalene derivatives were succégsfu
coupled with various arylboronic acids, we turned atiention
to other substrates, 2-acetyl naphthalene derestithe above
toluene protocol is not optimal for reductive caogl of the
substituted 2-acetyl naphthalene as under thosdittrms the
yield for the reaction of 2-acetyl naphthalene iiByd66%, but
pleasingly when 1,4-dioxane was used as solvent aallert
yield of 91% was achieve®¢heme 3.

0
TsNHNH2 PhB(OH),
CHs (1.5 equiv.) (0.75 mmol)
Solvent (3 mL)  K,COj3 (2.0 equiv)
80°C/2h 110°C/5 h

Toluene 66%

1b, 0.5 mmol
Dloxane 91%

Scheme 3.The effect of solvent on the reductive coupling

reaction of 2-acetyl naphthalene, TsNHN\Hwvith arylboronic
acid.

On the basis of reaction conditions, we examinectiupling
of substituted 2-acetyl naphthalene and arylborawids to test
the scope of the reactiorifgble 3). A wide variety of 4-
substituted arylboronic acids, bearing electronatiog or -
withdrawing substituents, could be effectively comedrto the
desired products 3p-3f) with good vyields, whereas [4-
(trifluoromethyl)phenyl]boronic acid were found toe bpoor
substrate 3g). To our delight, 4-OH and 4-NHgroups
substituted arylboronic acids are compatible witls tsystem,
and reacted with 2-acetyl naphthalene to give thepling

3

product 3h and 3i in 68% and 87% yield, respectively. In
addition to 3-Me or 2-Me substituted arylboronicidac were
compatible substrates for this transformation i@dhe products

3j and 3k in 89% and 74% yields, respectively. Multi-fluoro-
substituted arylboronic acids such as (3,4,5-
trifluorophenyl)boronic acid, (2, 3-difluorophenyronic acid
and (2,4-difluorophenyl)boronic acid resulted ie flormation of
She corresponding product3l-3n in low yields of 22-54%,
respectively. Naphthalene-2-ylboronic acid was alseduas a
coupling partner to provide the prodt in 82% yield. To our
delight, substituted carbazolyl boronic acids weegried out
efficiently to provide the desired produ@g-3r were in good
yields. Furthermore, [4-(diphenylamino)phenyl]bamnacid
reacted with 2-acetyl naphthalene to afford the toggproduct
3sin 75% vyield. Similarly, thiophen-3-ylboronic acghowed a
good reactivity towards conversion into the prod8ttin 81%
yield, While [1, 1'-biphenyl]-4-ylboronic acid call be
transformed into the desired produ@u in 91% yield.
Noteworthy, the reductive coupling is not restricted aryl
boronic acids. Butylboronic acid, as an exampleaaf alkyl
boronic acid, was also successfully coupled to gee product
3v in 64% yield. Finally, 1-(6-methoxynaphthalen-3eyhan-1-
one could be wused in this process reacted with
propylphenyl)boronic acid, and the proddst was obtained in
excellent yield.

Table 3.0ne-pot, two-step reaction of 2-acetyl naphthalene

derivative, TSNHNH, with arylboronic aci.

0 Ar

TsNHNH, Ar-B(OH),
(0 B CHs (1.5 equiv.) (0.75 mmol) R'f‘\ CHs
i Dioxane (3 mL) K,CO, (2.0 equiv.) L~
80°C/2h o
1b, R'=H 110°C/5 h s
¢, R'=6-OMe

3b,R?=Me, 89%
3¢,R?=OMe, 85% :
3d,R?=C;Hy, 93%
3e,R?=CgHy4, 88%
3f,R2=F, 76%
3g,R?=CF3, 49%
3h,R?=0OH, 68%
3i,R2=NH,, 87%

31, 54% 3m, 22%

&

3p, 88%

CHs
: cH3

31 89% 3k, 74%

L, O
co o

3n,31% 30, 82%

CsH7

3t, 81% 3u,91% 3v, 64% 3w, 91%

[a] Reaction conditions: (i) 0.5 mmol 2-acetyl ntyiene, 0.75 mmol
tosylhydrazide, 3 mL 1,4-dioxane, 80 °C, 2 h; @iif5 mmol arylboronic acid,
2.0 equivalents ¥CO;, 110 °C, 5 h. The yields of isolated productsgaven.

Next, utilizing above both protocols, we examined the
substrate scope with respect to the naphthaldehiydbleg 4).
Under the standard conditions the coupling reactifforded to
the corresponding producta-4h in moderate to good yields.
The results clearly indicated that the reactivitf @-
naphthaldehyde is significantly higher than that af
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naphthaldehyde, and the arylboronic acids with strelectron-
withdrawing groups are suitable for coupling reactajrthe 1-
naphthaldehyde. Meanwhile, we observed that thelyief the
reaction for 1-naphthaldehyde were greatly influenog the

presence of electron-donating or electron-withdravgr@ups on
the arylboronic acid substrates.

Table 4.0ne-pot, two-step reaction of naphthaldehyde,
TsNHNH,, with arylboronic acif’.

X i) TSNHNH, (i) Ar-B(OH XN A
N cho () o (i) (OH), N/
% Solvent K,CO4 %
1d 80°C/2h 110 °C/5 h 4
C3H7

5

1-naph 4d, 63%
2-naph 4h, 82%

¢ g

N=1-naph 4a, 65%
2-naph 4e, 87%

@

1-naph 4c, 53%
2-naph 49, 74%

1-naph 4b, 50%
2-naph 4f, 69%

[a] Reaction conditions: (i) 0.5 mmol naphthaldesyd.75 mmol
tosylhydrazide, 3 mL toluene or 1,4-dioxane, 80 2Ch; (ii) 0.75 mmol
phenylboronic acid, 2.0 equivalents,G0O;, 110 °C, 5 h. The yields of
isolated products are given.

For further investigating the range of substratest tan be
used in this process, acetophenone derivatives eeseined

by 'H NMR spectroscopy. The result showed that the solvent
played a critical role for this coupling reactiorf acetyl
naphthaleneScheme §, for 1-acetyl naphthalene the toluene
was found to be the most suitable solvent; for 2yhce
naphthalene the 1, 4-dioxane as solvent proveeé gubcessful.

C

o

HaC_Ph
TsNHNH, (1.5 mmol)  PhB(OH), (0.5 mmol)

Solvent (5 mL) KoCO3 (2.0 equiv)

1a, 0.5 mmol 80°C/i2h 110 °C/5 h 2a oh
(i) Toluene, 81%(2a:3a = 1:1.2) *

+ O
CHs | |(ii) Dioxane, 89%(2a:3a = 1:14) CHs
(iii) Toluene/Dioxane = 1:1, 95%(2a:3a= 1:5)

1b, 0.5 mmol 3a

Scheme 6Intramolecular competition experiments.

3. Conclusions

In summary, an efficient protocol for the one-pattat-free
reductive coupling of acetyl naphthalene derivajve
tosylhydrazide, and arylboronic acids was describéus
protocol constitutes a novel strategy for synthingiZ(or 2)-(1-
phenylethyl)naphthalenes. Notably, toluene was Seitédr 1-
acetyl naphthalene derivatives, while 1,4-dioxaneved to be
successful for 2-acetyl naphthalene derivativegoirtantly, the
system has the wide substrate scope and the higranak to
various functional groups. Moreover, the 1(or 2)-(1

(Scheme 4. The result showed that the reductive couplingphenylethyl)naphthalene compounds were also obtaorech

reaction of acetophenone and phenylboronic acitl4rdioxane
were satisfactory, and the corresponding pro8aatas obtained
in 81% vyield. In contrast, 4-acetylbiphenyl reactedth
phenylboronic acid in toluene, affording the desdiproduct5b
in 95% excellent yield.

0 CH
TsNHNH, PhB(OH), s
CHs (1.5 equiv.) (0.75 mmol)
R Solvent 3mL)  K,CO4 (2.0 equiv) R
80°C/2h 110°C/5 h
0.5 mmol
5a: R =H, Toluene, 52%
Dioxane, 81%
5b: R = Ph, Toluene, 95%
Dioxane, 79%
Scheme 4. One-pot, two-step reaction of

acetophenone, TsNHNHwith phenylboronic acid.

To demonstrate the practical usefulness of thicties a
gram-scale experiment was carried out with acetyhtiggene
(Laand1b) and phenylboronic acidgsCheme %. Fortunately, the
reaction was performed usirig (7.5 mmol) andlb (5.0 mmol)
with phenylboronic acid (1.5 equiv.), and proceeaed4% and
85% vyields leading to 1.283 g and 0.980 g of therdd products
2aand3a, respectively.

C._Ph

HiC. O Ha
TsNHNH3(1.5 equiv.)  PhB(OH),(1.5 equiv.)
OO Toluene(20 mL) K>CO3(2.0 equiv.) OO
80 (°C)/5 (h) 110 (°C)/7 (h)

1a, 7.5 mmol 2a,1.283 g, 74%
0] Ph
TsNHNH(1.5 equiv.)  PhB(OH)x(1.5 equiv.)
OO CHs 1,4-dioxane(20 mL) K>CO3(2.0 equiv.) OO CHs
80 (°C)/5 (h) 110 (°C)/7 (h)
1b, 5.0 mmol 3a, 0.980 g, 85%

Scheme 5A gram-scale synthesis of produgesand3a

Finally, intramolecular competition experiments weegried
out between 1a and 1b, the crude reaction mixtureewalsiated

multi-gram scale. Particularly, this protocol cae applied to
synthesize naphthylmethyl substituted carbazolghpounds.

4. Experimental Section
4.1.Materials and instruments

Chemicals were obtained commercially and used asvet.
NMR spectra were recorded on a Bruker DPX-400 speetem
using TMS as the internal standard. El-Mass spectwas
measured on a LC/Q-TOF MS (Micromass, England) All
products were isolated by short chromatography ailica gel
(200-300 mesh) column using petroleum ether (60200
unless otherwise noted. Acetyl naphthalene and itvalwes,
and arylboronic acids were of analytical grade dquatiurchased

substituted from Adamas-beta Pharmaceuticals, Inc.

4.2.General procedure for the one-pot, two-step reactioh
acetyl naphthalene derivatives, TsNHNWith arylboronic acids

A solution of the acetyl naphthalene derivatives (Gmol)
and tosylhydrazide (0.75 mmol) in 3 mL of toluerw (, 4-
dioxane) was stirred at 80 °C for 2 h in a reactidre. Potassium
carbonate (1.5 mmol) and the appropriate arylbaeranids (0.75
mmol) were added to the reaction mixture. The systeas
refluxed at 110 °C for 5 h with stirring. When theaction was
complete, the crude mixture was allowed to reach room
temperature. Dichloromethane and a saturated solutb
NaHCQO; were added and the layers were separated. The ajueou
phase was extracted three times with dichloromethdie
combined organic layers were washed with two portiohs o
saturated solution of NaHGQone portion of brine and then
dried over MgSQ@ and filtered. The solvent was removed under
reduced pressure. The products were purified bynchrography
on silica gel.

4.3.1-(1-(4-pentylphenyl)ethyl)naphthalerize]

Colourless liquid, 51% vyield'H NMR (400 MHz, CDC)) &
8.09-8.03 (m, 1H), 7.85-7.80 (m, 1H), 7.72 (d, J6Hz, 1H),



7.48-7.38 (m, 4H), 7.09 (m, 4H), 4.89 (q, J = 7.2 H4), 2.57—
2.48 (m, 2H), 1.74 (d, J = 7.2 Hz, 3H), 1.60-1.53 2#), 1.30
(dd, 4H), 0.87 (t, J = 7.2 Hz, 3HJC NMR (101 MHz, CDCJ) &
143.85, 142.06, 140.64, 134.11, 131.86, 128.89,582827.60,
126.99, 125.94, 125.50, 124.42, 124.14, 40.25, 5353.76,
31.29, 22.71, 14.18; HRMS (ESI) m/z calcd fogH [M+H]*
303.2107, found 303.2101.

4.4.1-(1-(4-propylphenyl)ethyl)naphthalengd]

Colourless liquid, 77% vyield'H NMR (400 MHz, CDCJ) &
8.16-8.10 (m, 1H), 7.92-7.86 (m, 1H), 7.78 (d, J&Hz, 1H),
7.54-7.43 (m, 4H), 7.24-7.08 (m, 4H), 4.96 (q, 1H%92(dd,
2H), 1.81 (d, J = 7.2 Hz, 3H), 1.70-1.61 (m, 2H), Qt8I8J = 7.2,
3H); °C NMR (101 MHz, CDG)) & 142.04, 140.36, 128.88,
128.60, 128.60, 127.57, 126.99, 125.93, 125.58,4028.24.41,
124.13, 40.25, 37.77, 24.64, 22.73, 14.06; HRMS )HESIz
calcd for GyH,, [M+H]* 275.1794, found 275.1792.

4.5.1-(1-(4-(trifluoromethyl)phenyl)ethyl)naphthaler®][

Colourless liquid, 50% yieldH NMR (400 MHz, CDCJ) &
8.00-7.72 (m, 3H), 7.54-7.28 (m, 8H), 4.96 (q, J=Hz, 1H),
1.77 (d, J = 7.2 Hz, 3HJ*C NMR (101 MHz, CDG)) § 150.92,
140.55, 134.18, 131.66, 129.06, 128.04, 127.56,2B26.25.64,
125.59, 125.54, 124.54, 123.82, 40.64, 22.49; HRESI)(m/z
caled for GgHisF [M+H]* 301.1199, found 301.1192.

4.6.1-(1-(4-fluorophenyl)ethyl)naphthalengd]
Light yellow solid, 70% vyield, M.p. 92.1-92.5 °Gt NMR

5
HRMS (ESI) m/z calcd for GH.,S [M+H]" 239.0889, found
239.0889.

4.10.1-(1-([1,1'-biphenyl]-4-yl)ethyl)naphthalenK]

White solid, 70% vyield, M.p. 122.7-122.9 °&4 NMR (400
MHz, CDCL) & 8.08 (dd, J = 6.2, 3.7 Hz, 1H), 7.86 (dd, J = 6.4,
3.4 Hz, 1H), 7.77 (dd, J = 6.4 Hz, 1H), 7.57-7.37 (9H)]
7.34-7.28 (m, 3H), 4.98 (q, J = 7.2 Hz, 1H), 1.81)(d, 7.2 Hz,
3H); °C NMR (101 MHz, CDGCJ) & 148.02, 145.74, 142.01,
141.07, 134.12, 129.26, 128.95, 128.51, 127.05,9725.25.63,
125.46, 124.42, 124.29, 124.12, 122.59, 40.02, 122HHRMS
(ESI) m/z calcd for H,, [M+H] " 309.1638, found 309.1631.

4.11.1-(1-(naphthalen-2-yl)ethyl)naphthalen®]

Light yellow solid, 52% vyield, M.p. 88.4-89.2 °Gt{ NMR
(400 MHz, CDC}) & 8.19-8.06 (m, 1H), 7.87 (dd, J = 6.4, 3.4 Hz,
1H), 7.82-7.69 (m, 5H), 7.54-7.33 (m, 7H), 5.11 (g, 0.2 Hz,
1H), 1.87 (dd, J = 7.2 Hz, 3H}*C NMR (101 MHz, CDG)) &
144.28, 141.63, 134.15, 133.72, 132.22, 128.94,172827.85,
127.70, 127.21, 126.95, 126.06, 126.02, 125.66,612525.49,
125.46, 124.74, 124.09, 40.83; 22.56; HRMS (ESI) caled for
C,Hyig [M+H] " 283.1481, found 283.1482.

4.12.9-(4-(1-(naphthalen-1-yl)ethyl)phenyl)-9H-carbaz k]

White solid, 75% yield, M.p. 166.7-167.1 °4 NMR (400
MHz, CDCL) 4 8.15-8.10 (m, 3H), 7.89 (dd, J = 6.4, 3.1 Hz, 1H),
7.83-7.77 (m, 1H), 7.55-7.22 (m, 14H), 5.06 (g, J2=Hz, 1H),
1.87 (d, J = 7.2 Hz, 3H},3C NMR (101 MHz, CDG)) § 146.08,

(400 MHz, CDC}) 5 8.04—7.97 (m, 1H), 7.90—-7.73 (m, 2H), 7.44 141.32, 141.04, 135.61, 134.22, 131.84, 129.09,402727.16,

(dt, J = 8.8 Hz, 4H), 7.23-7.14 (m, 2H), 6.95 (t, 8.8 Hz, 2H),
4.91 (q, J = 7.2 Hz, 1H), 1.76 (d, J = 7.2 Hz, 3f0;:NMR (101

126.20, 125.95, 125.65, 124.56, 124.03, 123.39,362(119.90,
109.99, 40.43, 22.79; HRMS (ESI) m/z calcd fogHzsN

MHz, CDCl) § 161.35, 141.43, 129.14, 129.06, 128.98, 125.53[M+H] * 398.1903, found 398.1903.

124.37, 123.98, 115.41, 115.20, 40.00, 22.79; HRESI)(m/z
calcd for GgHysF [M+H]" 251.1230, found 251.1226.

4.7.1-(1-(m-tolyl)ethyl)naphthaleneh]

Colourless liquid, 70% vyield"H NMR (400 MHz, CDC)) &
8.05 (dd, J = 6.4, 3.5 Hz, 1H), 7.86—7.70 (m, 2H)9%7436 (m,
4H), 7.14 (t, J = 7.6 Hz, 1H), 7.07-6.93 (m, 3H), 488J = 7.2
Hz, 1H), 2.27 (s, 3H), 1.74 (d, J = 7.2 Hz, 3K NMR (101

4.13.3-(1-(naphthalen-1-yl)ethyl)-9-phenyl-9H-carbazpka]

Gray solid, 71% yield, M.p.120.1-120.6 °@4 NMR (400
MHz, CDCL) & 8.20 (d, J = 9.8 Hz, 1H), 8.14-8.03 (m, 2H),
7.91-7.85 (m, 1H), 7.79 (dd, J = 7.2, 2.1 Hz, 1H)67H, J =
14.4, 9.5, 7.0 Hz, 6H), 7.50-7.43 (m, 3H), 7.42-7.87 2H),
7.31 (dd, J = 4.2, 1.1 Hz, 2H), 7.28 (s, 2H), 5.17)(g, 7.2 Hz,
1H), 1.92 (d, J = 7.2 Hz, 3H}’C NMR (101 MHz, CDCJ) &

MHz, CDCk) § 146.71, 141.83, 138.06, 134.11, 131.88, 128.88142.41, 141.25, 139.58, 138.65, 137.95, 134.18,9131129.92,

128.48, 126.97, 125.98, 125.50, 124.81, 124.45,122410.63,
22.76, 21.65; HRMS (ESI) m/z calcd for,g8;s [M+H]*
247.1481, found 247.1482.

4.8.1-(1-(o-tolyl)ethyl)naphthalene?[]

Colourless liquid, 65% yield®H NMR (400 MHz, CDC)) &
8.02-7.97 (m, 1H), 7.84 (dd, J = 7.6, 2.1 Hz, 1H)Q{d J = 8.4
Hz, 1H), 7.48-7.41 (m, 2H), 7.40-7.35 (m, 1H), 7.2307(,
5H), 5.02 (g, J = 7.2 Hz, 1H), 2.26 (s, 3H), 1.69 (& 7.2 Hz,
3H); C NMR (101 MHz, CDG) & 144.54, 142.25, 135.84,
134.06, 131.70, 130.60, 129.03, 126.90, 126.86,2126.26.22,
126.13, 125.65, 125.46, 124.34, 123.52, 36.98, ¥113.69;
HRMS (ESI) m/z calcd for GH;s [M+H]" 247.1481, found
247.1479.

4.9.3-(1-(naphthalen-1-yl)ethyl)thiophen&]

Colourless liquid, 41% vyield'H NMR (400 MHz, CDC)) &
8.16-8.11 (m, 1H), 7.92—7.87 (m, 1H), 7.76 (d, J4 1z, 1H),
7.52-7.42 (m, 3H), 7.33 (d, J = 6.8 Hz, 1H), 7.25 (dd,5.2, 3.1
Hz, 1H), 7.02-6.99 (m, 1H), 6.92 (dd, J = 5.2 Hz, 1H)15q, J
= 7.2 Hz, 1H), 1.80 (d, J = 7.2 Hz, 3HJC NMR (101 MHz,
CDCly) 6 147.32, 142.15, 134.10, 131.55, 129.01, 128.12,012
126.02, 125.72, 125.49, 124.37, 123.69, 120.40373622.20;

128.90, 127.40, 127.08, 126.20, 125.95, 125.63,4P28.24.53,
124.28, 123.50, 120.41, 119.86, 119.02, 109.877{H4023.32;
HRMS (ESI) m/z calcd for gHoN [M+H]* 398.1903, found
398.1903.

4.14.9-(3-(1-(naphthalen-1-yl)ethyl)phenyl)-9H-carbaz fde)

Colourless liquid, 84% yield'H NMR (400 MHz, CDCJ) &
8.13-8.03 (m, 3H), 7.87 (dd, J = 6.0, 3.4 Hz, 1H)6{d J = 7.6
Hz, 1H), 7.53-7.43 (m, 5H), 7.29 (m, 9H), 5.02 (q, 3.2 Hz,
1H), 1.85 (d, J = 7.2 Hz, 3H}*C NMR (101 MHz, CDCJ) &
149.01, 140.97, 140.80, 137.83, 134.26, 129.94,0829.27.47,
126.74, 126.31, 126.14, 125.96, 125.64, 125.56,4724.24.45,
124.10, 123.42, 120.34, 119.92, 109.88, 40.70, 122-IRMS
(ESI) m/z calcd for GH,N [M+H]" 398.1903, found 398.1902.

4.15.4-(1-(naphthalen-1-yl)ethyl)-N,N-diphenylanilin2p]

Colourless liquid, 53% yieldH NMR (400 MHz, CDC)) &
8.09 (d, J = 9.7 Hz, 1H), 7.88-7.81 (m, 1H), 7.74)(¢, 7.9 Hz,
1H), 7.52-7.38 (m, 4H), 7.24-7.17 (m, 4H), 7.02 (NH)L04.88
(@, J = 7.2 Hz, 1H), 1.75 (d, J = 7.2 Hz, 35 NMR (101 MHz,
CDCl,) 6 145.90, 141.62, 141.09, 138.99, 134.15, 128.98.82
128.17, 127.30, 127.19, 127.16, 127.12, 126.06,6229.25.50,
124,50, 124.11, 40.38, 22.69; HRMS (ESI) m/z calcd f
CagHosN [M+H] " 400.2059, found 400.2056.
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4.16.9-(3-(1-(4-methoxynaphthalen-1-yl)ethyl)phenyl)-9H-
carbazole Pq]

White solid, 79% yield, M.p. 92.2-93.2 °CH NMR (400

MHz, CDCk) & 8.33 (d, J = 9.6 Hz, 1H), 8.09 (d, J = 7.6 Hz, 2H),

7.98 (d, J = 9.6 Hz, 1H), 7.52-7.14 (m, 15H), 6.80LK), 4.95—
4.87 (m, 1H), 3.98 (s, 3H), 1.82 (d, J = 7.2 Hz, 383 NMR

(101 MHz, CDC}) 6 154.63, 149.51, 140.82, 137.76, 132.78,

132.56, 129.88, 126.67, 126.27, 125.96, 124.93,3524.23.96,
123.40, 122.85, 120.32, 119.89, 109.92, 103.35605540.35,
22.64; HRMS (ESI) m/z calcd foryE1,sNO [M+H]* 428.2009,
found 428.2003.

4.17.9-(3-(1-(4-methylnaphthalen-1-yl)ethyl)phenyl)-9H-
carbazole pr]

Yellow solid, 44% yield, M.p. 89.1-90.2 °CH NMR (400

Tetrahedron

125.43, 44.63, 35.66, 31.74, 31.33, 22.70, 21.472Qt HRMS
(ESI) m/z calcd for GHos [M+H] " 303.2107, found 303.2107.

4.22.2-(1-(m-tolyl)ethyl)naphthalenej]

Colourless liquid, 89% vyield'H NMR (400 MHz, CDC)) &
7.73 (m, 4H), 7.40 (m, 2H), 7.29 (dd, J = 8.4, 1.7 H4), 7.18—
7.13 (m, 1H), 7.07-6.95 (m, 3H), 4.25 (q, J = 7.2 H4), 2.28 (s,
3H), 1.70 (d, J = 7.2, 3H}’C NMR (101 MHz, CDG)) & 146.29,
144.00, 138.03, 133.66, 132.21, 128.70, 128.41,062827.85,
127.68, 127.00, 126.02, 125.43, 124.88, 44.93, 212 .63;
HRMS (ESI) m/z calcd for GH,s [M+H]" 247.1481, found
247.1471.

4.23.2-(1-(3,4,5-trifluorophenyl)ethyl)naphthaleng]
Colourless liquid, 54% yieldH NMR (400 MHz, CDCJ) &

MHz, CDCL) 5 8.14-8.00 (m, 4H), 7.55-7.45 (m, 3H), 7.42-7.297-82-7.73 (m, 3H), 7.63 (s, 1H), 7.50-7.41 (m, 2HY4+47.19

(m, 7H), 7.22 (dd, J = 7.6 Hz, 3H), 5.01 (q, J = 7.2 H1), 2.69
(s, 3H), 1.83 (d, J = 7.2 Hz, 3HJC NMR (101 MHz, CDCJ) §
149.29, 140.82, 139.08, 137.78, 133.39, 133.35,7731129.91,
126.74, 126.43, 126.30, 125.94, 125.76, 125.41,12258.24.64,
124.40, 124.15, 123.41, 120.33, 119.90, 109.91604022.59,
19.68; HRMS (ESI) m/z calcd for ;¢H,sN [M+H]" 412.20509,
found 412.2052.

4.18.9-(3-(1-(4-fluoronaphthalen-1-yl)ethyl)phenyl)-9H-
carbazole B9

Gray solid, 75% yield, M.p. 66.7-67.5 °&j NMR (400 MHz,

(m, 1H), 6.86-6.79 (m, 2H), 4.20 (g, J = 7.2 Hz, 1KB61(d, J =
7.2, 3H);"*C NMR (101 MHz, CDGJ) 6 151.29, 142.72, 142.10,
139.51, 137.03, 133.61, 132.45, 129.28, 128.56,8P27126.36,
125.95, 125.64, 111.27, 44.34, 21.61; HRMS (ESI) caled for
C18H13F3 [M+H] 287.1042, found 287.1046.

4.24.2-(1-(2,3-difluorophenyl)ethyl)naphthalengnf]

Colourless liquid, 22% vyield"H NMR (400 MHz, CDC)) &
7.83-7.70 (m, 4H), 7.50-7.42 (m, 2H), 7.34 (dd, 1H)676.94
(m, 3H), 4.67 (q, J = 7.2 Hz, 1H), 1.74 (d, J = 7.2 BH); °C
NMR (101 MHz, CDCJ) & 151.01, 148.55, 141.86, 135.84,

CDCL) & 8.21-8.00 (m, 4H). 7.52 (m. 3H). 7.42-7.29 (m, 6H),133.60, 132.37, 128.24, 127.81, 126.61, 126.22,682524.00,

7.27-7.16 (m, 4H), 7.16=7.09 (m, 1H), 4.95 (d, JZ=Hz, 1H),
1.83 (d, J = 7.2 Hz, 3HJ’C NMR (101 MHz, CDG)) 5 148.84,
140.78, 137.90, 130.02, 126.63, 126.22, 125.98,92258.25.90,
124.59, 124.20, 124.18, 124.16, 124.12, 123.44,5021121.45,
120.38, 119.98, 109.81, 40.48, 22.59; HRMS (ESI) caled for
CaH2FN [M+H]" 416.1809, found 416.1804.

4.19.9-(3-(1-(4-bromonaphthalen-1-yl)ethyl)phenyl)-9H-
carbazole Bt

Yellow solid, 62% yield, M.p. 75.1-76.0 °CH NMR (400

123.43, 115.03, 37.79, 20.73; HRMS (ESI) m/z calcd f
CigH14F> [M+H]" 269.1136, found 269.1139.

4.25.2-(1-(2,4-difluorophenyl)ethyl)naphthalen@n]

Colourless liquid, 31% vyield®H NMR (400 MHz, CDC)) &
7.85-7.76 (m, 3H), 7.71 (s, 1H), 7.52-7.42 (m, 2H347dd, J =
8.4 Hz, 1H), 7.17 (dd, J = 8.4 Hz, 1H), 6.87-6.75 (), 2.62
(9, J=7.2 Hz, 1H), 1.73 (d, J = 7.2 Hz, 3HE NMR (101 MHz,
CDCls) 4 162.35, 159.85, 142.28, 133.62, 132.34, 129.38,212
127.80, 126.65, 126.20, 125.69, 125.45, 111.18,8B037.40,

MHz, CDCL) & 8.36-8.31 (m, 1H), 8.10 (t, J = 7.6 Hz, 3H), 7.7920.85; HRMS (ESI) m/z calcd for @H;,F, [M+H]" 269.1136,

(d, J = 7.6 Hz, 1H), 7.63-7.47 (m, 3H), 7.36 (m, 6H2977.18
(m, 6H), 4.99 (q, J = 7.2 Hz, 1H), 1.85 (d, J = 7.2 BH); °C
NMR (101 MHz, CDC)) & 148.45, 141.14, 140.77, 137.96,
132.99, 132.46, 130.08, 129.74, 128.29, 126.99,6R26.26.23,
126.00, 125.02, 124.61, 123.45, 122.12, 120.39,0120.09.80,
40.63, 22.48; HRMS (ESI) m/z calcd forg8,,BrN [M+H]"
476.1008, found 476.1005.

4.20.2-(1-(4-propylphenyl)ethyl)naphthalengd]

Colourless liquid, 93% vyield'H NMR (400 MHz, CDC)) &
7.78-7.66 (m, 4H), 7.39 (td, J = 7.6, 1.4 Hz, 2H)97&d, J =
8.4, 1.6 Hz, 1H), 7.11 (dd, J = 8.4 Hz, 4H), 4.25 (g,7.2 Hz,
1H), 2.56-2.48 (m, 2H), 1.69 (d, J = 7.2 Hz, 3H), 1161 2H),
0.91 (t, J = 7.2 Hz, 3H)"C NMR (101 MHz, CDGJ) 5 144.19,
143.56, 140.55, 133.67, 132.22, 128.58, 127.81,0027126.02,
125.43, 44.64, 37.79, 24.69, 21.98, 14.07; HRMS BBz
calcd for GyH,, [M+H] " 275.1794, found 275.1798.

4.21.2-(1-(4-pentylphenyl)ethyl)naphthaler@e]

Colourless liquid, 88% vyield®H NMR (400 MHz, CDC)) &
8.03-7.85 (m, 4H), 7.65-7.46 (m, 3H), 7.32 (m, 4H%54(m,
1H), 2.75 (g, 2H), 1.94-1.73 (m, 5H), 1.52 (dd, 4H)},2%1.04
(m, 3H); °C NMR (101 MHz, CDGJ) § 144.17, 143.50, 140.76,
133.68, 132.22, 128.51, 128.03, 127.84, 127.69,9826.26.00,

found 269.1141.
4.26.2,2'-(ethane-1,1-diyl)dinaphthalen8d]

White solid, 82% yield, M.p. 97.9-98.5 °CH NMR (400
MHz, CDCk) & 7.86—7.74 (m, 8H), 7.53—-7.42 (m, 4H), 7.37 (dd,
2H), 4.50 (q, J = 7.2 Hz, 1H), 1.86 (d, J = 7.2 Hz, 3f0;NMR
(101 MHz, CDCJ) & 143.77, 133.68, 132.27, 128.13, 127.80,
127.07, 126.10, 125.61, 45.07, 21.83; HRMS (ESI) caled for
C22H18 [M+H] 283.1481, found 283.1482.

4.27.9-(4-(1-(naphthalen-2-yl)ethyl)phenyl)-9H-carbaz {Bp]

White solid, 88% vyield, M.p. 120.7-121.1 °& NMR (400
MHz, CDCL) 6 8.14 (m, J = 7.6, 1.0 Hz, 2H), 7.89-7.78 (m, 4H),
7.51-7.39 (m, 10H), 7.30-7.26 (m, 3H), 4.45 (q, J2=Hz, 1H),
1.85 (d, J = 7.2 Hz, 3HJ?C NMR (101 MHz, CDGCJ) & 145.70,
143.45, 141.06, 135.73, 133.71, 132.36, 129.22,3R2827.84,
127.13, 126.87, 126.25, 125.97, 125.68, 123.41,3820119.92,
109.99, 44.84, 21.98; HRMS (ESI) m/z calcd fogHzaN
[M+H]* 398.1903, found 398.1903.

4.28.3-(1-(naphthalen-2-yl)ethyl)-9-phenyl-9H-carbazpe]

Yellow solid, 88% yield, M.p. 62.1-63.0 °CH NMR (400
MHz, CDCL) & 8.06 (dd, 2H), 7.82-7.70 (m, 4H), 7.58-7.51 (m,
4H), 7.46-7.21 (m, 10H), 4.51 (q, J = 7.2 Hz, 1H), 1(@5J =
7.2 Hz, 3H);"*C NMR (101 MHz, CDG)) & 144.71, 141.28,



138.18, 137.95, 133.71, 129.95, 128.05, 127.89,71271.27.43,
127.17, 127.13, 126.42, 126.03, 125.95, 125.43,382920.42,
119.91, 119.07, 109.88, 109.85, 44.97, 22.51; HRESI)(m/z
calcd for GH,aN [M+H] ™ 398.1903, found 398.1902.

4.29.9-(3-(1-(naphthalen-2-yl)ethyl)phenyl)-9H-carbaz {iBe]

Yellow solid, 87% yield, M.p. 60.0-60.5 °GH NMR (400
MHz, CDCL) § 7.85-7.65 (m, 4H), 7.48-7.38 (m, 2H), 7.34 (d, J
= 8.4 Hz, 1H), 7.24-7.18 (m, 5H), 7.12 (d, J = 8.4 BH), 7.06
(d, 4H), 6.97 (dd, 4H), 4.25 (g, J = 7.2 Hz, 1H), 1d1J = 7.2
Hz, 3H);°C NMR (101 MHz, CDGJ) § 148.52, 143.35, 140.90
137.87, 133.69, 132.34, 129.93, 128.34, 127.80,9126.26.71,
126.32, 126.01, 125.65, 124.74, 123.46, 120.40,9719.09.93,
44.99, 21.82; HRMS (ESI) m/z calcd forgH,N [M+H]"
398.1903, found 398.1902.

4.30.3-(1-(naphthalen-2-yl)ethyl)thiophenat]

Colourless liquid, 81% vyield'H NMR (400 MHz, CDC)) &
7.91-7.81 (m, 3H), 7.74 (d, 1H), 7.52 (m, J = 8.4 BH), 7.40
(dd, J = 8.4 Hz, 1H), 7.30 (dd, J = 2.8 Hz, 1H), 788 = 2.8
Hz, 1H), 7.01-6.96 (m, 1H), 4.40 (q, J = 7.2 Hz, 1H801d, J =
7.2 Hz, 3H);*C NMR (101 MHz, CDG)) & 147.18, 143.79,
133.68, 132.33, 128.11, 127.76, 126.46, 126.07,5029.20.16,
120.15, 41.01, 22.23; HRMS (ESI) m/z calcd for C16814
[M+H]+ 239.0889, found 239.0887.

4.31.2-(1-([1,1'-biphenyl]-4-yl)ethyl)naphthalen&y]

Yellow solid, 71% yield, M.p. 91.4-91.9 °CH NMR (400
MHz, CDCE) 6 7.93-7.74 (m, 4H), 7.65-7.54 (m, 4H), 7.48 (dt, J
=12.0, 6.3 Hz, 4H), 7.42-7.34 (m, 4H), 4.40 (q, 1ZHz, 1H),
1.82 (d, J = 7.2 Hz, 3HJ’C NMR (101 MHz, CDG)) 5 145.40,
143.71, 141.01, 139.07, 133.60, 132.20, 128.76,1412827.72,
127.06, 126.03, 125.46, 44.61, 21.84; HRMS (ESI) calzd for
CoiHz0 [M+H]* 309.1637, found 309.1637.

4.32.4-(1-(naphthalen-2-yl)ethyl)-N,N-diphenylanilings]

Colourless liquid, 75% yieldH NMR (400 MHz, CDCJ) &
7.78 (m, 3H), 7.70 (d, J = 0.8 Hz, 1H), 7.43 (m, 2HR47(dd,
1H), 7.24-7.17 (m, 5H), 7.15-7.10 (m, 2H), 7.09-7:102 4H),
7.02-6.93 (m, 4H), 4.25 (q, J = 7.2 Hz, 1H), 1.71)(d, 7.2 Hz,
3H); °C NMR (101 MHz, CDG)) & 148.02, 145.88, 144.11,
140.75, 133.67, 132.24, 129.27, 128.54, 128.08,7127126.91,
126.08, 125.47, 124.31, 124.10, 122.60, 44.50, 21HRMS
(ESI) m/z calcd for GH,eN [M+H]* 400.2059, found 400.2055.

4.33.2-methoxy-6-(1-(4-propylphenyl)ethyl)naphthalede][

White solid, 91% vyield, M.p. 60.0-61.0 °&1 NMR (400
MHz, CDCk) & 7.67 (dd, 3H), 7.32-7.26 (m, 2H), 7.18-7.13 (m,
2H), 7.12-7.08 (m, 3H), 4.29-4.22 (m, 1H), 3.91 (d,,3H59—
2.50 (m, 2H), 1.71 (dd, J = 7.2 Hz, 3H), 1.67-1.57 Zht), 0.94
(d, J = 7.2 Hz, 3H)*C NMR (101 MHz, CDGJ)) & 157.43,
143.81, 141.92, 140.47, 133.21, 129.33, 129.11,562827.56,
126.92, 125.31, 118.74, 105.78, 55.44, 44.44, 32290, 22.06,
14.07; HRMS (ESI) m/z calcd for ,¢4,,0 [M+H]" 305.1899,
found 305.1899.

4.34.1-(4-propylbenzyl)naphthalendd]

Colourless liquid, 53% vyield'H NMR (400 MHz, CDC)) &
8.07-8.01 (m, 1H), 7.92-7.86 (m, 1H), 7.78 (d, 1H5277.41
(m, 3H), 7.35-7.29 (M, 1H), 7.13 (m, J = 7.2 Hz, 4H}54(s,
2H), 2.60-2.54 (m, 2H), 1.69-1.59 (m, 2H), 0.96 ( 3.2 Hz,
3H); C NMR (101 MHz, CDCJ))  140.52, 137.91, 137.05,
134.06, 132.31, 128.77, 1 28.71, 128.68, 127.38,1172 126.05,
125.67, 124.46, 38.77, 37.80, 24.72, 14.03; HRMSI)(B8z
caled for GgHyo[M+H]* 261.1638, found 261.1635.

7
4.35.2-(4-propylbenzyl)naphthalendd]

Colourless liquid, 74% vyield'H NMR (400 MHz, CDC)) &
7.77-7.69. (m, 3H), 7.60 (s, 1H), 7.44—7.34 (m, 2H), 7.29 (dd,
1H), 7.14-7.06 (m, 4H), 4.07 (s, 2H), 2.59-2.47 (m,,ZHH7—
1.54 (m, 2H), 0.92 (t, 3H}*C NMR (101 MHz, CDG}) § 140.59,
138.98, 138.30, 133.75, 132.21, 128.96, 128.70,1528.27.81,
127.74, 127.67, 127.16, 126.04, 125.40, 41.85, B7281.73,
14.03; HRMS (ESI) m/z calcd for ,H,, [M+H]" 261.1638,
found 261.1635.
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