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Abstract

The synthesis of polysubstituted naphthalenes ugiagriflimide-catalyzed benzannulation of
arylacetaldehydes with alkynes at room temperasidescribed. This method demonstrates a
high functional group tolerance and, in the cas@adbgen substituted naphthalenes, opens the
route for further functionalization by palladiumtalyzed cross-coupling reactions. With an
analogous organocatalytic strategy, arylepoxide-arylacetal derivatives are also suitable
partners in the related benzannulation reactiotis ariyl-alkynes.
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Introduction

Substituted naphthalene derivatives are importéiarmpacophores in many biologically active
compounds which possess anti-inflammatory, antdvadt antimicrobial and anticancer
activities® Additionally, this particular aromatic structurarcbe found in numerous optical and
electronic material§™? and constitutes the backbone of many chiral ligdhdNafacillin,**
suramin:>*®which play a vital role in the control of microbiafection, are typical examples of
drugs that present a naphthalene moiety (Figurerfigrefore, the development of new and
efficient methods for the synthesis of naphthalgtedetons has been a subject of great interest in
recent year$’™? Most of the traditional approaches toward naplethalderivatives involve the
stepwise introduction of a substituent through tetghilic substitution or coupling reactiohs®

Construction of the second aromatic ring of thehtlaglene corevia a formal [4+2] process
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under various catalytic conditions is definitelyeonf the most direct and efficient methddé?
In particular, TiC} or FeC} in stoichiometric quantities as well as cataly@®aCk or
AuCl3/AgSbF; systems were found to promote the benzannulagaation of arylacetaldehydes
with alkynes?®**? Boron trifluoride etherate complex was also desttitas an appropriate
catalyst for this transformation, in the specifise of terminal arylacetylen&s.
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Figure 1. Two representative naphthalene containing drugs.

In this field, we recently discovered that triflse (HNTE)***’is also an efficient catalyst for
the benzannulation of arylacetaldehyde derivativith alkynes®® This organocatalytic metal-
free reaction proceeds under mild reaction conustiat room temperature and leads to a variety
of substituted naphthalene compounds with, in thest vmajority of cases, perfect
regioselectivity. We report herein a more detaséady of this benzannulation reaction for the
synthesis of a larger number of naphthalene dévestdisplaying various useful functionalities.
Additionally, this strategy could be applied to #mealogous benzannulation of arylepoxides and
arylacetals. The further functionalization of them®matic scaffolds by palladium-catalyzed
cross-coupling reactions is also presented.

Results and Discussion

Initial optimization studies allowed us to determinhat the benzannulation reactions of
phenylacetaldehydes with 1.5 equivalents of alkymesDCE at room temperature were
efficiently catalyzed by 15 mol % HNZf® Accordingly, these reaction conditions were amplie
for the synthesis of a wide variety of naphthaleinesrder to evaluate the scope and limitations
of this novel protocol. At first, various 2-methghenylacetaldehydelsa-h were reacted with 1-
phenyl-1-propyne to assess the influence of the aromatic substiiuti the aldehyde partner
over benzannulation efficiency (Table 1 & SchemeTh)s reaction gave almost similar yields
(62-70%) when the aryl group was not substitutedR = H) or when it bears an electron-
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donating substitueritb-c (R = Me, OMe) on 4-position of the aromatic ririgable 1, entries 1-
3). In the specific case of 2-(3,5-dimethoxyphemybpionaldehydeld, a degradation of the
reaction mixture was observed so that naphthaBehevas isolated in a low yield of 8% as a
probable consequence of the increased electronasshof this substrate (Table 1, entry 4). With
1e which presents a nitro group at theea position of its aromatic moiety, a slightly dinshied
yield of 46% was obtained which is in good coriielatwith the deactivating effect of such

group in electrophilic aromatic substitutions (Teall entry 5).

Table 1. Influence of electronic factors induced by theditbtion of the aldehyde aromatic ring

Me Ph
Z : _ HNTF, (15 mol%) N Me
R | + Ph—Me R—I
X o DCE, 1t
la-e 2 (1.5 equiv.) 3a-e \Me
Entry Aldehyde Product t(h) Yield (%)
Te § Me
' I OO 3 13 70
o]
Me
Ph
Me Ve e
2 yyr Qs w w
o]
Me I
Ph
I MeO Me
s oy O w0 e
o]
MeO I
Me OMe Ph
MeO. Mo
: PENG Sur T
MeO
OMe Me
Me Ph
O2N Me
s orye T 2w
o]

O,N

Me

4solated yield.

We were pleased to observe a relatively smaluarfte of the steric effect induced by the
substitution of the aromatic ring. Indeed, th¢ho-, meta- or para-bromo phenylacetaldehydes
1f-h afforded the corresponding naphthalergésh in almost identical yields (Scheme 1).
Whereas3f and3h were obtained as single regiosiomers in 59% and giéld respectively, the
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benzannulation of 3-bromo phenylacetaldehyide led to a 1:1 regioisomeric mixture of
naphthalene8g and3g’ in 63% vyield.

Me
2-Br(1f), 13n

59% yleld
Ph——=——Me
Me 2 (1.5 equiv.) Br
g)m HNTf, (15 mol%) | 3-Br (1g), 13h OO Me OO Me
Br—-
N o) DCE, 1t 63% yield
1f-h 39 Me 39" Me
Br Me
| 4Br(1h) 16h_ OO
66% yield

Scheme 1.Influence of steric factors induced by the substin of the aldehyde aromatic ring.

We next moved our attention toward the influenéehe a-substitution of the aldehyde
partner and the evaluation of the reactivity of fikstones (Table 2). Switching from a methyl
group to phenyl, ethyl or cyclohexytsubstituents had a limited impact over the efficie of
the benzannulation process since compouidswere obtained in good 69-78% yields (Table
2, entries 1-3). Unsubstituted phenylacetaldetiydeacted with somewhat lower efficiency to
give the naphthalene addwBitin 49% yield (Table 2, entry 4), which tended tgpgort thato-
substitution of the aldehyde group may prove itbelheficial to achieve better yields. On the
other hand, ketonem-o were tested. However, only 2-phenylcyclohexanboeesulted in the
formation of the desired benzannulation prodBetn low 25% vyield (Table 2, entry 7), thus
suggesting that this HN7Fatalyzed benzannulation process is poorly efficigth ketones.

To further determine the scope of our organocagalyzenzannulation reaction, we investigated
the reactivity of different alkyne partners wittpBenylpropionaldehydga (Table 3 & Table 4).
We began our studies by performing some reactidtis phenylacetylenes possessing various
alkyl groups and we were pleased to observe thatethction of alkyneda, 4b and4c R* =

and R = Et, nPr, nBu) afforded the corresponding naphthalebes in 66-70% yields (Table 3,
entries 1-3). We then decided to examine the infteeof the aromatic substitution of the aryl-
alkyne partner. Accordingly, the 4-chloro-, 4-bromand 4-methyl- substituted alkyndsl-f
were submitted to reaction and gave access toedigsioduct$d-f with comparable satisfactory
results (Table 3, entries 4-6). In the case of radsylg and 4h, which are bearing electron-
withdrawing/donating 4-trifluoromethyl and 4-metlyogroups, a reduced reaction efficiency
could however be noticed (Table 3, entries 7-8}taNly, the reaction of the electron rich alkyne
4h was faster and the aldehyda was converted tdbh in 44% vyield along with some
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unidentified by-products (Table 3, entry 8). Diasyibstituted alkynes were also prone to react
under these catalytic conditions. The reaction wihrsetrical alkynes4i and 4j led to
naphthalene compounds and5j in 46 and 49% yields respectively (Table 3, est@el0). On
the other hand the unsymmetrical alkyfie generated a 1:1 mixture of the two regioisomers
5k/5k" in 39% vyield (Table 3, entry 11). TrimethylsilylHsstituted phenylacetyler¢ gave only
degradation of starting materials (Table 3, en2y 1

Table 2. Influence ofa-substitution of the aldehyde partner and evaluabioketones

Rl Ph
@)\[(RZ HNTf, (15 mol%) Me
+ Ph—=Me >
(6] DCE, 1t R2
li-o 2 (1.5 equiv.) 3i-0 Rl
Entry Aldehyde Product t(h) Yield (%)
Ph o Me
Loy DT s e
o}
Ph
Ph
Et Me
2 @ 1j OO 3j 13 78
o}
Et
Ph
Cy Me
3 Tk 3k 14 69
o}
Cy
Ph
4 m 1 Me s 13 49
o LI
Ph
Ph Me
5 Me 4m ‘O m 60 )
(0] Me
Ph
o Ph
o T v e -
Ph
Ph
Me
7 w (1T = e 25
§ 9

4solated yield.
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Table 3.Benzannulation scope for di-substituted aryl-adg/n

Me R! R
©)Yo |‘| HNTf, (15 mol%) OO R?
H iz DCEtt
1a 4a-l (1.5 equiv.) 5a-1 Me
Entry  Alkyne Product t(h) Yield (%)
Ph
Ph Et
1 I 4a OO 5a 15 69
Et Me
Ph
Ph nPr
2 Il ab OO 5b 15 66
nPr Me
Ph
ph nBu
3 Il 4c OO 5c 15 70
nBu Me
o Cl
4 nBu 15 69
| O
nBu Me
Br Br
5 . 15 68
E e
nBu Me
Me Me
6 . . 15 62
| DO
nBu

=
®
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Table 3 (continued)

Entry  Alkyne Product t(h) Yield (%)
CF, CFs

7 15 36
?49 DO
Me Me
OMe OMe

8 ? ooyt "
Me

Ph

Me
Ph
_ Ph g
o° I‘I 4 OO | 48 46

P

Me
10l 4 ‘ Ve 48 49
s
O Me

Me

(0]

11° 48 39

h
|
4k
e
h

C
|
P
Ph Ph
SIMeg
12 Il a 5| 13 -
SiMes

?|solated yield” 1.5:1 aldehyde:alkyne ratib1:1 mixture of regioisomers.

Afterwards, we turned our attention toward a widsrge of aromatic alkynes and aliphatic
alkynes (Table 4). In the case of terminal aromalignes, the benzannulation process proved to
be more challenging so that, for this particulaass| the alkyne-loading was increased to 3
equivalents. Under the corresponding reaction d¢mmdi, phenylacetylenédm yielded the
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desired 1,4-disubstituted naphthal&mein 41% vyield (Table 4, entry 1). The substitutidritze
phenylacetylene aromatic core with 4-fluoro or 4vho moiety did not affect the outcome of the
benzannulation and produced the expected compdamdsd5o with similar results (Table 4,
entries 2-3).Conversely, electron-richer 4-methyl and 4-methtewyninal alkynesAp and 4q
provided complex mixtures of products from whicHyaime naphthalenbp could be isolated in
low 11% vyield (Table 4, entries 4-5). Interestinglye keto- and ester-substituted naphthalenes
5r and5s were obtained in 46% and 35% yields respectivelggualkynes4r and4s bearing
electron-withdrawing groups (Table 4, entries 6-Vhis method could also be extended to
halogen-substituted phenylacetylenes. Indeed, dhesponding alkyneét-v were converted to
2-chloro-, 2-bromo- substituted naphthalene comde@t and 5u with useful 43% and 42%
yields respectively (Table 4, entries 8-9), anth® 2-iodonaphthalertes with 34% yield (Table

4, entry 10). When opposed to diphenylacetaldeliyderomo-alkynedu led to naphthalen@in
37% vyield (Table 4, entry 11). Then, terminal anteinal aliphatic alkynedw and 4x were
tested but reacted much more sluggishly than tamil-alkyne counterparts resulting in the
limited formation of the naphthalenBss and5x in 21% and 11% respectively (Table 4, entries
12-13).

Table 4. Benzannulation scope for terminal aryl-alkynespoaalkynes, halogeno alkynes and
aliphatic alkynes

R R? R'
©)\]¢0+ || HNTE (15 moi%) OO R?
H R2 DCE, rt
1a R=Me 4m-x (1.5 equiv.) 5m-x R
1i R=Ph 6
Entry  Alkyne Product t(h) Yield (%)

|| Ph

1b 4m 5m 21 41
Me
F
L. C

! 9

Me

5n 21 42
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Table 4 (continued)

Entry Alkyne

t(h) Yield (%)

10

Product
Br
50
Me
Me
5p
Me
OMe
5q
Me
Ph
COMe
(s
Me
Ph
CO,Me
L) =
Me
Ph
Cl
DO
Me
Ph
Br
DO
Me
Ph
|
5v

&

=
@

15

21

13

14

20

20

20

41

11

46

35

43

42

34
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Table 4 (continued)

Entry  Alkyne Product t(h) Yield (%)

Br Ph

Br
11 6 20 37

Ph
nBu

w36 21

Me
nPr

nPr
13 I‘I ax s 20 11

P
nrr Me

[
N
S ——
o)
< &
3

3|solated yield”3 equiv. of alkyne.

Considering literature precedefts’ we envisioned that this Brensted acid catalyzed
benzannulation reaction could be extended to teeotispoxides or acetals. Pleasingly, epoxides
7a-c reacted with 1-phenyl-1-propyrzin the presence of 15 mol% HNTih DCE at room
temperature to provide the corresponding naphtkal@a 3i and 3l in 12-61% vyields. On the
other hand, acetaBa-¢ under the same reaction conditiohsnished the desired produ@s,
3i and3l with slightly better efficiency (Scheme 2).

Me
Ph
OO Me 8a OMe Ph: 7a OO
HNTf, (15 mol %) HNT, (15 mol %)
3a DCE, t, 36h DCE, 1, 24h 48% yleld
55% yield M
o Ph
Ve Ph)\(OMe Ph /Q/
SOl M e oo
HNTf, (15 mol %) ~ HNTf, (15 mol %)
3i DCE, rt, 36h Me \ DCE, 1, 72h ph 61% yleld
60% yield * 2
i 0
Ph Ph/\/OMe (1.5 equiv.)

Me 8c OMe pn’ 7c
OO HNTf, (15 mol %) HNTf, (15 mol %) OO 12% yleld

3] DCE, it, 13h DCE, rt, 20h
40% vyield

Scheme 2Scope of epoxides and acetals for the synthesiamithalene derivatives.
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To further demonstrate the usefulness of this otktbf access to polyfunctionalized
naphthalene derivatives, we then studied the nepcof the iodonapthalendv in palladium
catalyzed Sonogashira and Suzuki-Miyaura crossimmsp (Scheme 3°° Satisfyingly,
compound5v reacted well with various aryl and aliphatic alkgnto give the corresponding
alkynyl-naphthalenes 9a-e in 51-81% vyields and when engaged with 4-
(trifluoromethyl)phenylboronic acid allowed to oltahe polyaromatid 0 in good 76% yield.

Ph R /A
R—= FZ Ph Ph Ph Ph
= OMe
(1.5 equiv.) OO F i =
0 = O O o
Ph R = Ph, cyclopropyl, CH,OMe, Me
(CH2)3Cl, (CH2)20H Me Me Me

9a-e

l 9a, 65% yield 9b, 51% vyield 9c, 55% yield
\ CF3 Ph (CHy)5CI Ph OH
HO),B CF, Ph 23
L\ 0 - -
: e Oy | O CO
(if)

Me Me_ Me
10, 76% yield | 9d, 56% yield 9e, 81% yield

Reagents and conditions: (i) Pd(PPh3),Cl, (5 mol%), Cul (5 mol%), DMF/NEt; (7:3), rt, 13h. (i) Pd(OAc), (5 mol%),
dppf (5 mol%), K,COs (3 equiv.), DMF, 80 °C, 13h.

Scheme 3Pd-catalyzed cross-coupling reactions.

Conclusions

We have developed a practical and easy protocattess naphthalene derivatives from readily
available starting materials through the trifimigeINTf;) organocatalyzed benzannulation
reactions of arylacetaldehyde, arylepoxide andaapgthl derivatives with alkynes. Attractive
features of these organocatalytic transformatiow®lve the mild reaction conditions and the
wide substrate scope allowing the straightforwaneas to highly substituted naphthalenes with,
in most cases, perfect regioselectivity. We coudd @emonstrate that this method may lead to
valuable platforms such as iodonapthalenes whichbeafurther functionalizedia palladium-
catalyzed cross-coupling reactions.
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Experimental Section

General. All reactions were performed under argon atmosphdr2-Dichloroethane was
distilled from CaH. All products were purified by flash chromatogrgplsing silica gel (230-
400 mesh).!H-NMR and *C-NMR were recorded in CDglwith chemical shifts reported
relative to residual CHGlpeak for'H NMR (7.26 ppm) or the central peak of CR®r °C
NMR (77.16 ppm). HRMS data for new compounds web¢éaioed using an atmospheric
pressure photo ionization source (AAPI) coupledataTQ-Orbitrap high resolution detector.
Unless otherwise noted, all the reagents were eddend used without further purification.
Starting materials were prepared according toditee (see supplementary information for more
details). Naphthalene derivativ@a-c¢ 3e-f, 3h-l and5a-f, 5i-j, 5m-o, 5r, 5t-u have already been
described in our previous repdft.

Procedure for the benzannulation reaction:ln a screw cap vial under argon atmosphere were
sequentially added the arylaldehyter arylepoxides/ or 2-arylacetaB (1 mmol, 1 equiv.), the
alkyne2 or 4 (1.5 mmol, 1.5 equiv.), 1,2-dichloroethane (1 mhyl&NTf, (42 mg, 0.15 mmol,
0.15 equiv.). The resulting mixture was stirreda@m temperature until TLC analysis showed
completion of the reaction. The reaction mixturesulaen diluted with dichloromethane (5 mL)
and water (15 mL) and transferred to a separatingdl. The aqueous phase was extracted with
dichloromethane (3 x 15 mL) and the combined omantracts washed by water (2 x 40 mL)
and brine (40 mL) before being dried over MgS@fter filtration and evaporation of the
solvents under reduced pressure, the crude matevesd purified by flash column
chromatography on silica gel to afford the desimaghthalen®& or 5. In specific cases, this first
purification step was followed by a bulb to bullstdiation under reduced pressure in order to
remove residual alkyne.

6,8-Dimethoxy-2,4-dimethyl-1-phenylnaphthalene (3d)  Starting from 2-(3,5-
dimethoxyphenyl)-propanald (194 mg, 1.0 mmol) and 1-phenyl-1-propyRg174 mg, 1.5
mmol) and following the general procedure, the ermdaterial was purified by flash column
chromatography on silica gel using cyclohexaneletuoetate (98:2) as eluent. The desired
naphthalene3d was obtained as a pale yellow oil (22 mg, 8% Yielti NMR (300 MHz,
CDCl) 0 7.38 — 7.33 (m, 2H), 7.31 — 7.27 (m, 1H), 7.241@3), 7.17 — 7.12 (m, 2H), 6.85 (d,
2.4 Hz, 1H), 6.42 (dJ 2.4 Hz, 1H), 3.94 (s, 3H), 3.32 (s, 3H), 2.64Jd.7 Hz, 3H), 2.05 (s,
3H); 1*C NMR (75 MHz, CDC}) ¢ 158.4, 157.3, 144.9, 135.3, 133.7, 131.9, 13136,8, 128.7,
127.2, 125.3, 120.6, 99.2, 95.5, 55.6, 55.4, 22M4; HRMS (APPI)myz. [M]** calcd for
CaoH200, 292.1458, found: 292.1461.

6-Bromo-2,4-dimethyl-1-phenylnaphthalene (3g) and -8romo-2,4-dimethyl-1-phenyl-
naphthalene (3g').Starting from 2-(3-bromophenyl)-propartad (209 mg, 0.98 mmol) and 1-
phenyl-1-propyne2 (171 mg, 1.47 mmol) and following the general paae, the crude
material was purified by flash column chromatogsaph silica gel using cyclohexane as eluent.
The desired naphthalenggand3g' (1:1 mixture) were obtained as a colorless oiP(ir8y, 63%
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yield). '"H NMR (300 MHz, CDCY) 6 8.21 (d,J 1.9 Hz, 1H), 8.08 (dd] 8.4, 1.2 Hz, 1H), 7.83
(dd,J 7.4, 1.2 Hz, 1H), 7.61 — 7.43 (m, 7H), 7.36Jd,.5 Hz, 3H), 7.33 — 7.24 (m, 5H), 2.77 (s,
3H), 2.74 (s, 3H), 2.25 (s, 3H), 2.19 (s, 3t NMR (75 MHz, CDCJ) ¢ 141.6, 139.5, 136.7,
136.4, 136.2, 134.2, 134.0, 133.7, 133.4, 132.8,51.3131.7, 131.3, 130.6, 130.5, 130.4, 130.3,
128.8 (2C), 128.6, 127.9, 127.3, 127.0, 126.4,0,2R24.6, 120.5, 119.2, 22.1, 20.8, 20.4, 19.4,
HRMS (APPI)m/z [M]™* calcd for GgH1sBr 310.0352, found: 310.0357.
10-Methyl-9-phenyl-1,2,3,4-tetrahydrophenanthrene  30). Starting from 2-phenyl-
cyclohexanon€lo (174 mg, 1.0 mmol) and 1-phenyl-1-propy2e(174 mg, 1.5 mmol) and
following the general procedure, the crude matenaghs purified by flash column
chromatography on silica gel using cyclohexane laené The desired naphthaleBe was
obtained as a white low melting solid (68 mg, 25&d). 'H NMR (300 MHz, CDC}) 6 8.04 (d,

J 8.5 Hz, 1H), 7.55 — 7.40 (m, 4H), 7.37 — 7.24 {4id), 3.23 (t,J 5.2 Hz, 2H), 2.85 (1) 5.2 Hz,
2H), 2.12 (s, 3H), 2.05 — 1.90 (m, 4H3C€ NMR (75 MHz, CDC}) 6 141.0, 136.6, 134.1, 133.0,
131.4, 131.3, 131.0, 130.6, 128.4, 127.1, 126.8,91224.8, 122.7, 28.4, 26.7, 23.4, 23.0, 17.6.
These analytical data are in accordance with titieed?
2,4-Dimethyl-1-(4-(trifluoromethyl)-phenyl)-naphthalene (5g). Starting from 2-phenyl-
propionaldehydela (134 mg, 1.0 mmol) and 1-(prop-1-ynyl)-4-(trifluonethyl)benzenetg
(276 mg, 1.5 mmol) and following the general praged the crude material was purified by
flash column chromatography on silica gel usinggletim ether as eluent followed by bulb to
bulb distillation of residual alkyne at 100°C/0.8rT during 1 hour. The desired naphthalége
was obtained as a white solid (108 mg, 36% yiet).121-123C; *H NMR (300 MHz, CDC})
08.07 (dJ 8.4, 1H), 7.85 - 7.78 (m, 2H), 7.57 — 7.49 (m, THA8 — 7.38 (m, 4H), 7.34 (s, 1H),
2.78 (d,J 1.0 Hz, 3H), 2.24 (s, 3H)’C NMR (75 MHz, CDC}) § 144.1, 135.1, 134.2, 132.8,
132.8, 131.2, 131.0, 129.5, 129.4 {5 ¢ 32.2 Hz), 126.4, 126.0, 125.5 (e 3.8 Hz), 125.0,
124.5 (q,%3c.F 271.5 Hz), 124.2, 20.7, 19.5%F NMR (282 MHz, CDGJ) ¢ -63.2 (s); HRMS
(APPI)m/z: [M]™* calcd for GgH1sF5 300.1120, found: 300.1124.
1-(4-Methoxyphenyl)-2,4-dimethylnaphthalene (5h)Starting from 2-phenylpropionaldehyde
la (134 mg, 1.0 mmol) and 1-methoxy-4-(prop-1-ynyl)beme4h (219 mg, 1.5 mmol) and
following the general procedure, the crude matenaghs purified by flash column
chromatography on silica gel using petroleum ethsreluent followed by bulb to bulb
distillation of residual alkyne at 100°C/0.3 Towmrohg 1 hour. The desired naphthaldewas
obtained as a white solid (114 mg, 44% yield). rOB-105°C; *H NMR (300 MHz, CDC}) §
7.99 (dt,J 8.1, 1.0 Hz, 1H), 7.50 — 7.40 (m, 2H), 7.38 — 730 1H), 7.28 (bs, 1H), 7.22 — 7.14
(m, 2H), 7.07 — 7.00 (m, 2H), 3.91 (s, 3H), 2.72Jd..0 Hz, 3H), 2.22 (s, 3H}*C NMR (75
MHz, CDCk) ¢ 158.7, 136.3, 133.6, 133.3, 133.2, 132.3, 1313.2, 129.6, 126.9, 125.6,
124.7, 124.0, 113.9, 55.4, 20.9, 19.5; HRMS (ARRL: [M]™* calcd for GgH150 262.1352,
found: 262.1354.

1-(4-Chlorophenyl)-4-methyl-2-phenylnaphthalene (5kand 2-(4-chlorophenyl)-4-methyl-1-
phenylnaphthalene (5k’). Starting from 2-phenylpropionaldehydea (201 mg, 1.5 mmol) and
1-chloro-4-(phenylethynyl)benzedd (212 mg, 1.0 mmol) and following the general prhae,
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the crude material was purified by flash columnochatography on silica gel using petroleum
ether as eluent. The desired naphthal&kesnd5k’ (1:1 mixture) were obtained as a white low
melting solid (128 mg, 39% yieldjH NMR (300 MHz, CDC}) ¢ 8.14 — 8.03 (m, 2H), 7.71 —
7.60 (m, 2H), 7.59 — 7.51 (m, 2H), 7.47 — 7.37 4M), 7.33 — 7.24 (m, 6H), 7.22 — 7.04 (m,
12H), 2.79 (s, 6H)*C NMR (75 MHz, CDCJ) ¢ 141.9, 140.7, 139.0, 138.3, 137.9, 136.8,
136.2, 134.7, 134.3, 134.1, 133.1, 132.9, 132.2,613132.3, 132.1, 132.0, 131.7, 131.5, 130.2,
129.2, 128.8, 128.6, 128.2, 128.1, 127.9, 127.6,22126.9, 126.5, 126.2 (2C), 125.9, 125.8,
124.3, 124.2, 19.7 (2C); HRMS (APPiyz [M]™* calcd for GsH;,Cl 328.1013, found:
328.1013.

1-Methyl-4-(p-tolyl)-naphthalene (5p). Starting from 2-phenylpropionaldehyda (134 mg,
1.0 mmol) andp-tolylacetylenedp (348 mg, 3.0 mmol) and following the general pohae, the
crude material was purified by flash column chravgaaphy on silica gel using petroleum ether
as eluent. The desired naphthal&pevas obtained as a white solid (25 mg, 11% yield).9%-
97°C; 'H NMR (300 MHz, CDC}J) 6 8.11 (dd,J 8.4, 0.7 Hz, 1H), 8.01 (dd,8.4, 0.7 Hz, 1H),
7.59 (dddJ 8.4, 6.8, 1.4 Hz, 1H), 7.54 — 7.31 (m, 7H), 2.803(0.7 Hz, 3H), 2.51 (s, 3H}’C
NMR (75 MHz, CDC}) ¢ 138.8, 138.2, 136.9, 133.7, 132.9, 131.9, 13®9,11, 126.9, 126.7,
126.3, 125.7 (2C), 124.5, 21.4, 19.7; MS (EIl) fagHGe vz 232 (100) [M]**, 217 (22) [M-Me]

2-Carbomethoxy-4-methyl-1-phenylnaphthalene (5s)Starting from 2-phenylpropionaldehyde
1a (134 mg, 1.0 mmol) and methyl 3-phenylpropiolés£240 mg, 1.5 mmol) and following the
general procedure, the crude material was purbyeflash column chromatography on silica gel
using cyclohexane:ethyl acetate (98:2) as eludluwed by bulb to bulb distillation of residual
alkyne at 115°C/0.3 Torr during 1 hour. The desineghhthalenéss was obtained as a pale
yellow low melting solid (96 mg, 35% yield)H NMR (300 MHz, CDCJ) ¢ 8.10 — 8.03 (m,
1H), 7.79 (dJ 0.9 Hz, 1H), 7.65 — 7.56 (m, 2H), 7.49 — 7.39 4id), 7.33 — 7.28 (m, 2H), 3.61
(s, 3H), 2.77 (dJ 0.9 Hz, 3H);"*C NMR (75 MHz, CDC}) § 169.0, 140.0, 139.3, 134.3, 134.1,
132.8, 129.9, 128.6, 127.9, 127.7, 127.4, 127.8,312126.0, 124.2, 52.0, 19.6; HRMS (APPI)
m/z: [M]™** calcd for GoH160, 276.1145, found: 276.1150.
2-lodo-4-methyl-1-phenylnaphthalene(5v). Starting from 2-phenylpropionaldehyda (134
mg, 1.0 mmol) and 2-iodoethynylbenze#e (342 mg, 1.5 mmol) and following the general
procedure, the crude material was purified by flaslumn chromatography on silica gel using
petroleum ether as eluent. The desired naphth&emes obtained as a pale orange solid (118
mg, 34% yield). mp 108-110 °GH NMR (300 MHz, CDC}) ¢ 8.02 (dt,J 8.5, 1.0 Hz, 1H), 7.91
(d,J 1.0 Hz, 1H), 7.64 — 7.45 (m, 5H), 7.42 — 7.34 1), 7.33 — 7.26 (m, 2H), 2.72 (d,1.0
Hz, 3H); *C NMR (75 MHz, CDC}) 6 143.6, 142.9, 135.9, 135.7, 133.4, 132.2, 13(8,5,
127.9, 127.8, 126.5, 126.1, 124.3, 98.5, 19.1; HRNMPPI) m/z [M]™* calcd for
Ci/H13l 344.0056, found: 344.0058. These analytical datain accordance with literatute.
2-Bromo-1,4-diphenylnaphthalene(6). Starting from diphenylacetaldehyde (196 mg, 1.0
mmol) and 2-bromoethynylbenzeda (272 mg, 1.5 mmol) and following the general pohae,
the crude material was purified by flash columnochatography on silica gel using petroleum

Page 75 °ARKAT-USA, Inc.



ether as eluent. The desired naphtha@mes obtained as a white solid (132 mg, 37% Yyield).
mp 134-136 °C*H NMR (300 MHz, CDC{) § 8.01 — 7.93 (m, 1H), 7.78 (s, 1H), 7.64 — 7.39 (m,
13H); **C NMR (75 MHz, CDC}) ¢ 141.5, 139.8, 139.4, 139.3, 134.3, 130.8, 13036,3,
130.1, 128.5 (2C), 127.9 (2C), 127.20, 126.8, 12626.1, 121.2; HRMS (APPivz [M]**
calcd for GoH1sBr 358.0357, found: 358.0354.

1-(n-Butyl)-4-methylnaphthalene (5w). Starting from 2-phenylpropionaldehyda (134 mg,
1.0 mmol) and 1-hexyndw (123 mg, 1.5 mmol) and following the general prhge, the crude
material was purified by flash column chromatogsapim silica gel using petroleum ether as
eluent. The desired naphthalebw was obtained as a white low melting solid (42 mg%2
yield). '"H NMR (300 MHz, CDC}) 6 8.18 — 8.04 (m, 2H), 7.62 — 7.55 (m, 2H), 7.33267(m,
2H), 3.17 — 3.07 (m, 2H), 2.74 (s, 3H), 1.87 — 1(#2 2H), 1.61 — 1.45 (m, 2H), 1.04 {t,7.3
Hz, 3H); *C NMR (75 MHz, CDC}) 6 137.3, 133.1, 132.4, 132.1, 126.4, 125.7, 1255,3,
125.0, 124.6, 33.3, 32.9, 23.0, 19.6, 14.2. Thesalyacal data are in accordance with
literature?

4-Methyl-1,2-di-(n-propyl-naphthalene (5x). Starting from 2-phenylpropionaldehyda (134
mg, 1 mmol) and 4-octyndx (165 mg, 1.5 mmol) and following the general phge, the
crude material was purified by flash column chravgaaphy on silica gel using petroleum ether
as eluent. The desired naphthal8ravas obtained as colorless oil (25 mg, 11% yi¢ld)NMR
(300 MHz, CDC}) ¢ 8.09 — 8.03 (m, 1H), 8.02 — 7.95 (m, 1H), 7.554271m, 2H), 7.18 (s, 1H),
3.10 — 2.99 (m, 2H), 2.85 — 2.70 (m, 2H), 2.673(d), 1.78 — 1.61 (m, 4H), 1.12 @,7.3 Hz,
3H), 1.05 (t,J 7.3 Hz, 3H);**C NMR (75 MHz, CDC}) 6 137.3, 133.7, 132.6, 131.9, 131.8,
129.5, 125.5, 124.7 (2C), 124.5, 35.9, 30.5, 207, 19.6, 14.9, 14.6. These analytical data are
in accordance with literatufg.

General procedure for the Sonogashira reactioniodonaphthalene derivativev (50 mg,
0.145 mmol), Pd(PRRClI, (5 mg, 0.007 mmol, 5 mol%) and Cul (1.4 mg, 0.6@%ol, 5 mol%)
were weighed out to a round bottom flask equippé@t & magnetic stir bar and fitted with a
rubber septa. The flask was purged with argon aktF 0.5 mL) followed by triethylamine
(0.25 mL) and the corresponding alkyne (0.217 mrh&,eq.) were added to the mixture and the
reaction was stirred overnight at room temperatAfeer completion and hydrolysis (&, 10
mL) the reaction mixture was transferred to a sspay funnel. The aqueous phase was
extracted with ethyl acetate (3 x 15 mL) and thealsimed organic extracts washed by water (4 x
40 mL) and brine (40 mL) before being dried overS@y. After filtration and evaporation of the
solvents under reduced pressure, the crude matevaed purified by flash column
chromatography on silica gel to afford the desinegbhthalened. In specific cases, this first
purification step was followed by a bulb to bullstdiation under reduced pressure in order to
remove residual alkyne.

4-Methyl-1-phenyl-2-(phenylethynyl)-naphthalene (9a). Starting from iodonaphthalene
derivative5v (50 mg, 0.145 mmol) and phenylacetylene (22.2 @217 mmol) and following
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the general procedure, the crude material wasiedrdy flash column chromatography on silica
gel using cyclohexane:ethyl acetate (500:1) asnéldéne desired naphthaleBa was obtained
as a white low melting solid (30 mg, 65% yield). ®®-98 °C*H NMR (300 MHz, CDC}) ¢
7.95 (d,J 8.0 Hz, 1H), 7.61 (dd] 8.4, 0.8 Hz, 1H), 7.53 — 7.32 (m, 8H), 7.22 — 7(88 5H),
2.66 (d,J 0.8 Hz, 3H);"*C NMR (75 MHz, CDC}) ¢ 141.7, 139.3, 133.9, 132.6, 132.5, 131.5,
131.0, 128.9, 128.3, 128.1 (2C), 127.5 (2C), 126242, 124.3, 123.7, 119.9, 93.1, 90.3, 19.5;
MS (EI) for GsHi1gm/z 318.19 (100) [M]ﬂ
2-(Cyclopropylethynyl)-4-methyl-1-phenylnaphthalene (9b). Starting from iodonaphthalene
derivative 5v (50 mg, 0.145 mmol) and ethynylcyclopropane (18, 0.217 mmol) and
following the general procedure, the crude matenehs purified by flash column
chromatography on silica gel using cyclohexaneletivgtate (500:1) as eluent. The desired
naphthalen®b was obtained as a yellow colored low melting s¢@tl mg, 51% yield)*H NMR
(300 MHz, CDC}) ¢ 8.02 — 7.90 (m, 1H), 7.55 — 7.65 (m, 1H), 7.54.327(m, 8H), 2.70 (d)

0.9 Hz, 3H), 1.31 — 1.21 (m, 1H), 0.82 — 0.61 (if),0.50 — 0.35 (m, 2H)*C NMR (75 MHz,
CDCl) 6 141.1, 139.6, 133.6, 132.5, 132.1, 130.8, 1223,9, 127.2 (2C), 126.0, 125.9, 124.2,
120.5, 97.5, 75.9, 19.4, 8.8, 0.4; MS (EI) fopiigm/z 282.17 (92) [M]™.
2-(3-Methoxyprop-1-ynyl)-4-methyl-1-phenylnaphthalee (9c). Starting from
iodonaphthalene derivativiey (50 mg, 0.145 mmol) and 3-methoxyprop-1-yne (16, 0.217
mmol) and following the general procedure, the ermdaterial was purified by flash column
chromatography on silica gel using cyclohexaneleticgtate (99.5:0.5) as eluent. The desired
naphthalen®c was obtained as a yellow colored solid (22.8 m@p38eld). mp 64-66 °C*H
NMR (300 MHz, CDC}) ¢ 8.02 (d,J 8.4 Hz, 1H), 7.61 (d) 8.4 Hz, 1H), 7.57 — 7.35 (m, 8H),
4.14 (s, 2H), 3.14 (s, 3H), 2.72 (s, 3HC NMR (75 MHz, CDC}J) § 141.6, 139.2, 133.9, 132.6,
132.4, 130.7, 129.2, 128.1, 127.5 (2C), 126.4,22624.2, 119.2, 88.4, 86.9, 60.4, 57.2, 19.4;
MS (EI) for G1H180 m/z 286.15 (85) [MT.
2-(5-Chloropent-1-ynyl)-4-methyl-1-phenylnaphthalem® (9d). Starting from iodonaphthalene
derivative 5v (50 mg, 0.145 mmol) and 5-chloropent-1-yne (22.8, 8.217 mmol) and
following the general procedure, the crude matenghs purified by flash column
chromatography on silica gel using cyclohexaneletbgtate (250:1) as eluent followed by bulb
to bulb distillation of residual alkyne at 115°CG30Corr during 1 hour. The desired naphthalene
9d was obtained as a yellow oil (26 mg, 56% vyielt#).NMR (300 MHz, CDC}) ¢ 8.08 — 7.88
(m, 1H), 7.58 (dddJ 8.4, 1.3, 0.6 Hz, 1H), 7.55 — 7.34 (m, 8H), 3.20 6.5 Hz, 2H), 2.71 (d]

0.9 Hz, 3H), 2.43 (t) 6.5 Hz, 2H), 1.76 (p] 6.5 Hz, 2H):**C NMR (75 MHz, CDC}) 6 141.3,
139.6, 133.8, 132.5, 132.2, 130.7, 129.2, 128.7,4,2127.3, 126.1 (2C), 124.2, 120.1, 91.7,
82.0, 43.5, 31.4, 19.4, 17.0; MS (EI) fos,814Cl nVz 318.10 (100) [M]".
4-(4-Methyl-1-phenylnaphthalen-2-yl)-but-3-yn-1-ol (9e). Starting from iodonaphthalene
derivative5v (50 mg, 0.145 mmol) and but-3-yn-1-ol (15.2 m@10. mmol) and following the
general procedure, the crude material was purbyeflash column chromatography on silica gel
using cyclohexane:ethyl acetate (250:1) as eluEm. desired naphthale®e was obtained as
yellow oil (33.5 mg, 81% yield)H NMR (300 MHz, CDC}) ¢ 8.01 (ddJ 8.3, 0.7 Hz, 1H), 7.66
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—7.34 (m, 9H), 3.48 (¢} 5.9 Hz, 2H), 2.72 (d] 0.9 Hz, 3H), 2.49 (1] 5.9 Hz, 2H), 1.24 () 5.9
Hz, 1H); **C NMR (75 MHz, CDCJ) § 141.4, 139.8, 133.9, 132.4, 132.3, 130.6, 1288,2
(2C), 127.6, 127.3, 126.2, 124.3, 119.8, 90.2,,83120, 24.1, 19.4; MS (EI) for £H150 m/z
286.12 (69) [M]°.

4-Methyl-1-phenyl-2-(4-(trifluoromethyl)-phenyl)-naphthalene (10). In a screw cap vial
under argon atmosphere were sequentially addedotwnaphthalene derivativev (42 mg,
0.121 mmol), Pd(OAg) (1.3 mg, 0.006 mmol, 5 mol%), .RO; (50.5 mg, 0.365 mmol, 3
equiv.), dppf (3 mg, 0.006 mmol, 5 mol%), 4-(trdhomethyl)-phenylboronic acid (46 mg,
0.243 mmol, 2 equiv.) and DMF (0.5 mL). The reactivas stirred overnight at SC. After
completion and hydrolysis @@, 10 mL) the reaction mixture was transferred teeparating
funnel. The aqueous phase was extracted with etbgtate (3 x 15 mL) and the combined
organic extracts washed by water (4 x 40 mL) andebf40 mL) before being dried over
MgSQ,. After filtration and evaporation of the solvenisder reduced pressure, the crude
material was purified by flash column chromatogsaph silica gel using cyclohexane as eluent
to afford the desired naphthaleh@ as a white solid (33.7 mg, 76% yield). mp 126-128'H
NMR (300 MHz, CDC4) ¢ 8.11 (d,J 8.4 Hz, 1H), 7.75 — 7.67 (m, 1H), 7.61-7.55 (m),1H49

— 7.39 (M, 4H), 7.35 — 7.24 (m, 5H), 7.22 — 7.14 2#), 2.81 (d,J 0.9 Hz, 3H);:**C NMR (75
MHz, CDCk) ¢ 146.0, 138.8, 136.6, 136.5, 134.3, 132.9, 13233, 7, 130.5, 128.6, 128.1,
127.7, 127.1 (2C), 126.3, 126.1, 124.7, 124.6, 2,249.7;*°F NMR (282 MHz, CDGJ) 6 -
63.34. MS (EI) for G4H17/F3m/z2362.15 (100) [M]™.
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