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This work reported an efficient and novel methogtepare branched 1, 3-enynes via Pd(ll)-
catalyzed decarboxylative coupling of arylalkynyriooxylic acids with allylic ethersinde
mild conditions. Various arylalkynyl carboxylic asi and allylic ethers couldarticipate in th
reaction, regioselectively affording the desiredrimhed 1, 3-enynes in moderate to good yields.
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1. Introduction

The 1, 3-enyne moiety attracted much interest owngts
existence in many naturally occurring and pharmiacaily
active compoundSFor example, terbinafine, containing the 1, 3-
enyne moiety, exhibited strong antimycotic activapd was
used currently for the treatment of skin mycdsés.3-Enynes
were also versatile building blocks for the synthesif
aphthalened heterocyclic compounds conjugated alkenésand
so on. Therefore, much attention had been paiti¢ssynthesis
of 1, 3-enynes’ Among various approaches available for 1,3-
enynes, by far the most common and convenient rdethidely
used was Sonogashira coupling reaction of termikghas with
vinyl halides using palladium-coppémpalladium® copper® or
iron °as catalysts. However, these reactions were depeadent
preactivation of alkene with halide to form vinyllida, which
required several extra synthetic steps and genmkrasste. Pd-
catalyzed coupling reaction of organometallic akkyiCu, Mg,
Si, Zn, Sn}*with alkene and the alkynylation of alkenylmetals
(Al, B, Cu, Mg, Zr)? afforded alternative two methods, but
suffered from some intrinsic shortcomings, inclgdidifficult
preparation of organometallic alkyne or alkene, rpmmctional
group compatibility, undesired by-products and lovelds.
Therefore, it was deserved to seek for more ecorangnd
convenient methodologies to provide 1, 3-enynes.

Over the past decade, decarboxylative coupling icector
the alkynyl carboxylic acid substrates had beencesgfully
applied to construct the C€C-N** or C-P* bonds in organic
synthesis. These transformations were attractingatiee usage
of much cheap and available alkynyl carboxylic asdcoupling
partner, the release of harmless ,Cand the avoidance of
homocoupling productS.As part of our ongoing efforts devoted
to the synthesis of 1, 3-enyn€swe wished to report the Pd-
catalyzed decarboxylative coupling protocol for #yathesis of
1, 3-enyne using alkynyl carboxylic acid and unattd allyl
ether as the coupling partner. The reaction coudd¢ged under

mild conditions, giving the branched 1, 3-enynesnioderate to
good yields. Moreover, Owas used as the sole oxidant and
therefore only C@and water were formed as the by-products in
the reaction, which is a green and environmentakiyidn
procedure. Herein, we reported the results in detail.

2. Results and discussion

We chose phenylpropiolic acifla) and allyl phenyl ether
(2a) as the model substrates to optimize suitable ¢iondiusing
Pd(OAc) as catalyst, DPPP as ligand at 80 °C undefTdble
1). It was found that solvent, catalyst, ligand, @xid and
reaction temperature critically affected the deoayative
coupling reaction efficiency. Solvents such as HOAdDC
HOAc, MeCN, DMSO and A®© were less effective than
HOAc/MeCN (entries 2-6), whereas the desired pro@uatas
obtained in 39 % vyield when using a mixed solvent of
HOAc/MeCN (entry 1). Three commonly used catalyst
precursors, such as Pd(RBRhPd(dba}y and Pd(CECOO),
(entries 7-9) were next surveyed to give worse restiian
Pd(OAc) (entry 1). Among the ligands screened, 1,3-
bis(diphenylphosphino)propan®RPP) turned out to be the

best, while 2,2’-bipyridyl Bpy), 1,1-
bis(diphenylphosphino)ferrocene DRPF),
bis(diphenylphosphino)ethane (DPPE),
bis(diphenylphosphino)butane  (DPPB), triphenylphasph

(PPh) and 1,10-phenanthroline were not that effectivaries
11-16). Notably, only trace of decarboxylative prodoan be
detected in the absence of ligand (entry 10), shgwhe ligand
played an indispensable role in the reaction. Sylesaly, the
reaction was tried to proceed under air ang &fording the
decarboxylative coupling produ® in 42 and 67 % yields,
respectively (entries 17, 18). Encouraged by thessults,
reaction temperatures were evaluated to obtain hiEmal
conditions (entries 19-21) and it was interestingjrid the yield
of decarboxylative product could be dramaticallgréased to 72



% when the reaction was performed at 30 °C by commpanivith
80, 120 and 0°C. To our delight, the reaction also
regioselectively afforded the branched ((2-methgidn
phenylbut-3-yn-1-yl)oxy)benzene  3)(*' Unfortunately,
decreasing the amount of allyl phenyl etf2a) to 0.3 mmol (1
equiv) as well as shortening the reaction time td2dsulted in
lower vyields (entries 22, 23). Thus the optimal dbod was
identified as followings: phenylpropiolic acid (1e@uiv), allylic
ether (2 equiv), Pd(OAg) (10 mol%), DPPP (20 mol%),
HOAc/MeCN (v/v = 1:3), 30C, 48 h under @

Table 1. Modification of the Typical Reaction Conditiohs

Ph—==COOH + ~~_OPh _Catalst
= = Ph
Ligand, Solvent \—OPh
1a 2a 3
Entry Catalyst Ligand Solvefit T(°C) Y'e'E’(%)
1 Pd(OAc) DPPP HOAc/MeCN 80 39
2 Pd(OAc) DPPP HOACc/DCE 80 NR
3 Pd(OAc) DPPP HOAc 80 20
4 Pd(OAc) DPPP MeCN 80 trace
5 Pd(OAc) DPPP DMSO 80 NR
6 Pd(OAc) DPPP AgO 80 NR
7 Pd(PPH) DPPP HOAc/MeCN 80 NR
8 Pd(dba) DPPP HOAc/MeCN 80 25
9 Pd(CRCOO) DPPP HOAc/MeCN 80 22
10 Pd(OAc) - HOAc/MeCN 80 trace
11 Pd(OAc) bpy HOAc/MeCN 80 NR
12 Pd(OAc) DPPF HOAc/MeCN 80 15
13 Pd(OAc) DPPE HOAc/MeCN 80 31
14 Pd(OAc) DPPB HOAc/MeCN 80 53
15 Pd(OAc) PPh HOAc/MeCN 80 11
16 Pd(OAC) L10-  Hoac/MecN 80 NR
phenanthroline
17 Pd(OAc) DPPP HOAc/MeCN 80 42
18 Pd(OAc) DPPP HOAc/MeCN 80 67
19 Pd(OAc) DPPP HOAc/MeCN 120 30
20° Pd(OAc), DPPP HOAc/MeCN 30 72
21° Pd(OAc) DPPP HOAc/MeCN 0 trace
2 Pd(OAc) DPPP HOAc/MeCN 30 43
23 Pd(OAc) DPPP HOAc/MeCN 30 50

% Reaction conditions: phenylpropiolic acid (0.3 mjnaillyl
phenyl ether (0.6 mmol), catalyst (10 mol %), lidg@0 mol %),
solvent (2 mL), 80 °C, 48 h, undes Nnless otherwise noteliv
/v=1:3}Isolated yields‘.j The reaction was carried out under
air. ® The reaction was carried out undex @he amount of allyl
phenyl ether was 0.3 mmdIShorten the reaction to 24 h.

With the optimized conditions in hand, the scope of
arylalkynyl carboxylic acids was initially explorgd able 2).
The results showed that several functional grouptherphenyl
moiety, including methyl, methoxyl, fluoro, chlorbromo, and
acetyl groups were tolerated in this decarboxylateepling
procedure. Generally, the electron-donating sulesttas were
beneficial for the transformation, whereas the ebest
withdrawing groups decreased the efficiency. For etam
methyl substituted arylalkynyl carboxylic acids yided
products 4-7 in more than 63 % yields, while 3-(4-
methoxyphenyl)propiolic acid gave its correspondamgduct9
in 70 % vyield. Meanwhile, chloride and bromide produ(1

and 12) were obtained in 60 % and 63 % yields, respectively.

Products10 and 13 bearing fluoride and acetyl groups were
isolated in 35% and 40 % yields, respectively. He tatalytic
decarboxylative coupling reaction, steric hindraaffected the
efficiency slightly. o, m, p -Methyl and 3,4-dimethyl
phenylpropiolic acids afforded their correspondimm@ducts in
the similar yields except the relatively low yiellammpounds.

Gratifyingly, the bulky 3-(naphthalene-1-yl)propoli acid
underwent the decarboxylative coupling reaction witlyl
phenyl ether smoothly, giving 1-(3-(phenoxymethyt}y3-en-1-
ynyl)naphthalenel4 in 48 % vyield. It was notable that the
coupling reaction of phenylpropiolic acids with &llghenyl
sulfide can also proceed well when the reaction teatpe was
raised to 8GC, providing the 1, 3-enyne produdfs and16 with
sulfur atoms in acceptable yields. Unfortunatelye #liphatic
carboxylic acid, such as propiolic acid or 2-bufignacid, was
intolerant to the catalytic system.

Table 2. Pd-Catalyzed Decarboxylative Coupling of Alkynyl
Carboxylic Acids with Allyl Phenyl Ether (Sulfid&f

Pd(OAC), (10 mol %)
DPPP (20 mol %)

HOAc/MeCN
30 °C, 0y, 48 h

wO—=-,,,

4(75 %)

=

7(74%)

~O—=<..

10 (35 %)

Ar Ar

L

= COOH + _~~_XPh
XPh

1a 3-16

Ph%<
OPh

3(72%)

D=

6 (63 %)

MeO—< :)—4:
OPh

9 (70 %)

Br@%-{; H3000©%<
OPh OPh

13 (40 %) 14

Ph%
SPh

15 (45 %) ©

2a X=0,S

o
e
=

5 (70 %)

OPh

f

8 (50 %)

f

OPh
11 (60 %)

OPh
12 (63 %)

;OPh

0%

(48 %)

SPh
16 (40 %) °

#Reaction conditions: alkynyl carboxylic acids (@nBnol), allyl
phenyl ethers (0.6 mmol), Pd(OAdLO mol %), DPPP (20 mol
%), solvent (2 mL, v / v = 1:3), 30 °C, 48 h, unaeygen.”
Isolated yields: The reaction was carried under 80 °C.

Subsequently, phenylpropiolic acids were examinec wit
respect to various allyl aryl ethers to afford l.er8nes
derivatives(Table 3). The results demonstrated that allyl aryl
ethers having electron-donating groups favored the
decarboxylative coupling reaction than those witlecebn-
withdrawing groups. Methyl, ethyl, methoxy or benzyle@thers
provided 1, 3-enyne&7-22 in 63 %-82 % yields. Meanwhile,
fluoride, chloride and bromide ethers afford2®26 in 40 %-
57 % vyields. And trace of desired product could Iaimed
when  1-(allyloxy)-4-nitrobenzene  was reacted  with
phenylpropiolic acid. To our delight, phenyl honlglid ether
such as (but-3-en-1-yloxy)benzene could smoothigengo the
coupling reaction, giving the aimed produdt in good vyield.
But only 30 % vyield of (3-(methoxymethyl)but-3-enyt-1-
yl)benzene28 could be isolated when allyl methyl ether was
reacted with phenylpropiolic acid, which showed thhe
optimal reaction condition was more compatible t® #iomatic
ether.

A possible mechanism for the present palladium (l)-
catalyzed decarboxylative coupling of phenylproigielcid with
allyl phenyl ether is proposed in Scheme 1. Fire, reaction of



Pd(OAc) with phenylpropiolic acid by releasing HOAc and £LO
affords an arylpalladium (I1) species.'® The insertion of the
double bond of allyl phenyl ether o generates intermediaBs
which would be followed bys-H elimination to produce the
desired product 1,3-enyr&and Pd (0) with loss of a molecule
of HOAc. The resulting Pd (0) is then oxidized by @
regenerate the Pd (Il) catalyst.

Table 3.
Phenylpropiolic Acids with Allyl Aryl Ethef®
Pd(OAc), (10 mol %)
DPPP (20 mol %)

HOAc/MeCN
30°C, 0,48 h

Ph

Ph%<
OAr

17-28

= COOH + _~~_OAr

Et

e

19 (67 %)

Ph—< Q Ph% Q

17 (69 %)

ph%Q ph—/gQ

20 (82 %) 21 (66 %)

P P

23 (40 %)

18(63%) OCH,Ph
2

vy

22 (76 %)

(R

25 (50 %)

Br NO,
Ph%< Q Ph%< Q Ph%/<_/OPh Ph%<
o o OMe

26 (51 %)

24 (57 %)

0% 27 (59 %) 28 (30 %)

# Reaction conditions: phenylpropiolic acids (0.3 nfynallyl
aryl ether (0.6 mmol), Pd(OA£)10 mol %), DPPP (20 mol %),
solvent (2 mL, v /v = 1:3), 30 °C, 48 h, under gay.” Isolated
yields.

Scheme 1 Plausible mechanism pathway
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3. Conclusions

In conclusion, we had developed an efficient antd mi

protocol to synthesize 1, 3-enyne compounds at lo

temperature (30 °C) via Pd(OAc)-catalyzed direct
decarboxylative coupling of alkynyl carboxylic asiavith
unactived allyl ether. This method did not requite
preactivation of alkene with halide to form vinydlide and
exemplified the ideals of atom and step econavtgreover,
the procedure was also green and environmentallausec

only CO, and water were formed as the by-produ¥arious
alkynyl carboxylic acids could participate in theaction,
regioselectively affording the desired branche®-gnynes
in moderate to good yield. The proposed mechaniss w
described.

4, Experimental Section

Pd-Catalyzed Decarboxylative Coupling of 4.1General

Chemicals were either purchased or purified by stehd
techniques'H NMR and**C NMR spectra were measured on a
500 MHz spectrometeftf at 500 MHz,°C at 125 MHz), using
CDCl; as the solvent with tetramethylsilane (TMS) asraernal
standard at room temperature. Chemical shifts arengin &
relative to TMS, and the coupling constaditare given in hertz.
High-resolution mass spectra were recorded on anQEBOF
mass spectrometer. All reactions under oxygen atherspwere
conducted using standard Schlenk techniques. Meltioints
were measured on X4 melting point apparatus (Beijiegh.
Instrument) and uncorrected. Column chromatograpias
performed using EM silica gel 60 (300-400 mesh).

4.2 Typical experimental procedure for the Pd(OAC),-
catalyzed direct decarboxylative coupling of alkynyl
carboxylic acidswith allyl ethers

Arylalkynyl carboxylic acids (0.3 mmol), allyl etrer(0.6
mmol), Pd(OAc) (10 mol %), and DPPP (20 mol %) were added
to a two necked flask, and then a mixed solvent ld§GN (1.5
mL) and HOAc (0.5 mL) was added. The mixture was then
stirred at 30 °C for 48 h under oxygen. After thact®on was
complete, the mixture was washed with saturated agueou
NaHCG; solution and extracted with GEI, three times. The
combined organic layer was dried with anhydrousSa and
evaporated in vacuum. The resulting crude produst puaified
by flash chromatography on silica gel using hexame
hexane/ethyl acetate (150:1) as the eluent to tine pure
products.

4.3. Characterization data

431 ((2-Methylene-4-phenylbut-3-yn-1-yl)oxy)benzene  (3)."
Yellow oil, 72% yield (50.6 mg)*H NMR (500 MHz, CDC}) &
7.48-7.47 (m, 2H), 7.34-7.29 (m, 5H), 6.99-6.98 (1H),35.71
(s, 1H), 5.68 (s, 1H), 4.65 (s, 2HC{*H} NMR (125 MHz,
CDCl,) 5 158.5, 131.8, 129.6, 128.7, 128.5, 127.3, 1229,2,
121.3, 115.1, 90.9, 87.1, 69.7. LRMS (El, 70 eV) i§#): 234
(M*, 51), 191 (16), 141 (23), 115 (100), 77 (17).

4.3.2 1-Methyl-4-(3-phenoxymethyl-but-3-en-1-ynyl)benzene (4).
"Yellow oil, 75% yield (55.8 mg)‘*H NMR (500 MHz, CDCJ)
8 7.38 (d,J = 8.0 Hz, 2H), 7.34-7.30 (m, 2H), 7.15 @®= 8.0
Hz, 2H), 7.02-6.97 (m, 3H), 5.70 (s, 1H), 5.67 (s, 146 (s,
2H), 2.38 (s, 3H)“C{*H} NMR (125 MHz, CDC}) & 158.6,
138.8, 131.7, 129.6, 129.2, 127.5, 121.7, 121.83,9,1115.2,
91.1, 86.5, 69.8, 21.6. LRMS (El, 70 eV) m/z (%)82MM",
100), 233 (40), 153 (83), 139 (55), 129 (63).

433 1-Methy|-2-(3-phenoxymethy|-but-3-en-1-yny|)benzene 5).
Yellow oil, 70% yield (52.1 mg)*H NMR (500 MHz, CDC)) &
7.43 (d,J = 7.5 Hz, 1H), 7.32-7.29 (m, 2H), 7.24-7.19 (m, 2H),

W7.17-7.13 (m, 1H), 7.00-6.97 (m, 3H), 5.70 Jds 1.0 Hz, 1H),

5.67 (s, 1H), 4.66 (s, 2H), 2.46 (s, 3HJC{'H} NMR (125
MHz, CDCL) & 158.6, 140.4, 132.1, 129.62, 129.61, 128.7,
127.6, 125.7, 122.8, 121.8, 121.3, 115.2, 91.09,880.9, 20.8.
HRMS (ESI): calcd for GH,;0 " ([M + H]") 249.1274, Found:
249.1277.



434  1-Methyl-3-(3-phenoxymethyl-but-3-en-1-ynyl)-benzene
(6): *" Yellow oil, 63 % yield (46.9 mg)'H NMR (500 MHz,
CDCly) 8 7.32-7.25 (m, 4H), 7.21 @,= 7.5 Hz, 1H), 7.14 (d] =
7.5 Hz, 1H), 6.99-6.96 (m, 3H), 5.69 (b= 1.5 Hz, 1H), 5.66 (d,
J = 1.5 Hz, 1H), 4.63 (s, 2H), 2.33 (s, 3HC{'"H} NMR (125
MHz, CDCL) & 158.6, 138.2, 132.4, 129.61, 129.55, 128.9,
128.4, 127.4, 122.8, 122.0, 121.3, 115.2, 91.18,880.8, 21.3.
LRMS (El, 70 eV) m/z (%): 248 (K 100), 153 (76), 152 (45),
139 (49), 129 (60).

4.3.5 1,2-Dimethyl-4-(3-phenoxymethyl-but-3-en-1-ynyl)benzene
(7). Colourless oil, 74 % yield (58.2 mgH NMR (500 MHz,
CDCly) 8 7.32-7.29 (m, 2H), 7.26 (s, 1H), 7.22 (U= 8.0 Hz,
1H), 7.09 (d,J = 8.0 Hz, 1H), 6.99 (d] = 7.0 Hz, 3H), 5.68 (s,
1H), 5.65 (s, 1H), 4.64 (s, 2H), 2.27 (s, 3H), 2.25 3H).
¥C{*H} NMR (125 MHz, CDC}) & 158.5, 137.6, 136.8, 132.9,
129.8, 129.6, 129.3, 127.5, 121.6, 121.3, 120.5.2,1191.3,
86.2, 69.7, 19.9, 19.7. HRMS (ESI): calcd fort O “ (M +
H]") 263.1430, Found: 263.1438.

4.3.6 1,3-Dimethyl-5-(3-phenoxymethyl-but-3-en-1-ynyl)benzene
(8). Yellow oil, 50 % yield (39.3 mg)'H NMR (500 MHz,
CDCly) 8 7.30 (t,J = 7.5 Hz, 2H), 7.10 (s, 2H), 6.98-6.97 (m,
4H), 5.68 (s, 1H), 5.65 (s, 1H), 4.64 (s, 2H), 2.30 q8sl).
®C{*H} NMR (125 MHz, CDC}) & 158.5, 138.0, 130.6, 129.6,
129.5, 127.4, 122.5, 121.9, 121.3, 115.1, 91.3%,880.7, 21.2.
HRMS (ESI): calcd for GH,0 " ([M + H]") 263.1430, Found:
263.1437.

4.3.7  1-Methoxy-4-(3-phenoxymethyl-but-3-en-1-ynyl)benzene
(9). ' Yellow oil, 70% vyield (55.5 mg)'H NMR (500 MHz,
CDCly) & 7.42-7.39 (m, 2H), 7.33-7.28 (m, 2H), 6.99-6.96 (m,
3H), 6.87-6.84 (m, 2H), 5.66 (dd= 3.0, 1.5 Hz, 1H), 5.63 (d,

= 1.5 Hz, 1H), 4.64 (tJ = 1.5 Hz, 2H), 3.82 (s, 3HYC{'H}
NMR (125 MHz, CDC})) 3 160.0, 158.6, 133.3, 129.6, 127.5,
121.4, 121.3, 115.2, 115.1, 114.2, 91.0, 85.8,,6863. LRMS
(El, 70 eV) miz (%): 264 (M 69), 141 (22), 128 (100), 127
(23), 102 (19).

438 1-Fluoro-4-(3-phenoxymethyl-but-3-en-1-ynyl )benzene
(10). " Yellow oil, 35% vyield (26.5 mg)*H NMR (500 MHz,
CDCly) & 7.46-7.42 (m, 2H), 7.32-7.29 (m, 2H), 7.04-6.96 (m,
5H), 5.70 (dJ = 1.5 Hz, 1H), 5.67 (d] = 1.5 Hz, 1H), 4.63 (s,
2H). ®C{'H} NMR (125 MHz, CDC}) & 162.8 (d,J = 248.8
Hz), 158.5, 133.8 (dJ = 8.75 Hz), 129.6, 127.2, 122.4, 121.4,
119.1, 115.8 (dJ = 22.5 Hz), 115.2, 89.8, 86.8, 69.7. LRMS (EI,
70 eV) m/z (%): 252 (M 54), 209 (15), 157 (20), 133 (100),
123 (12).

4.3.9 1-Chloro-4-(3-phenoxymethyl-but-3-en-1-ynyl )benzene
(11). Y Yellow oil, 60% yield (48.3 mg)'H NMR (500 MHz,
CDCl,) 5 7.38 (d,J = 8.0 Hz, 2H), 7.31-7.29 (m, 4H), 6.99-6.97
(m, 3H), 5.72 (s, 1H), 5.68 (s, 1H), 4.64 (s, ZF3{'H} NMR
(125 MHz, CDCJ) 5 158.5, 134.8, 133.1, 129.6, 128.9, 127.2,
122.7, 121.5, 121.4, 115.2, 89.8, 88.1, 69.7. LRHEB 70 eV)
m/z (%): 268 (M, 46), 205 (22), 149 (59), 139 (100), 65 (27).
4.3.10  1-Bromo-4-(3-phenoxymethyl-but-3-en-1-ynyl)benzene
(12). * Yellow solid, mp: 79-80 °C, 63% yield (59.0 mgH
NMR (500 MHz, CDC})) 5 7.46 (d,J = 8.0 Hz, 2H), 7.32-7.29
(m, 4H), 7.00-6.97 (m, 3H), 5.72 (s, 1H), 5.69 (s, 14H§4 (s,
2H). *C{'H} NMR (125 MHz, CDC}) & 158.5, 133.3, 131.8,
129.6, 127.2, 123.0, 122.8, 122.0, 121.4, 115.8,88.2, 69.7.
LRMS (El, 70 eV) m/z (%): 312 (K 29), 205 (25), 140 (98),
139 (100), 114 (20).

4.3.11 1-[4-(3-Phenoxymethyl-but-3-en-1-ynyl)-phenyl] ethanone
(13). Yellow oil, 40% vyield (33.1 mg)'H NMR (500 MHz,
CDCly) 8 7.91 (d,J = 8.5 Hz, 2H), 7.53 (d] = 8.5 Hz, 2H), 7.32-
7.29 (m, 2H), 7.00-6.97 (m, 3H), 5.76 M= 1.5 Hz, 1H), 5.73

(d, J = 1.5 Hz, 1H), 4.65 (s, 2H), 2.60 (s, 3HAC{'*H} NMR
(125 MHz, CDC})) 8 197.3, 158.5, 136.7, 132.0, 129.7, 128.4,
127.8, 127.2, 123.5, 121.5, 115.2, 90.3, 90.1,,68667. HRMS
(ESI): calcd for GH70, © (M + H]") 277.1223, Found:
277.1236.

4.3.12 1-(3-Phenoxymethyl-but-3-en-1-ynyl)-naphthalene (14).
Yellow oil, 48 % yield (40.9 mg)'H NMR (500 MHz, CDCY)) &
8.35 (d,J = 8.5 Hz, 1H), 7.86 (t] = 8.0 Hz, 2H), 7.71 (d] = 7.0
Hz, 1H), 7.59-7.52 (m, 2H), 7.45 @,= 8.0 Hz, 1H), 7.36-7.31
(m, 2H), 7.05-6.99 (m, 3H), 5.81 (s, 1H), 5.79 Jds 1.0 Hz,
1H), 4.77 (s, 2H)*C{*H} NMR (125 MHz, CDC}) & 158.6,
133.4, 133.3, 130.7, 129.7, 129.2, 128.4, 127.7.0,2126.6,
126.3, 125.3, 122.4, 121 .4, 120.6, 115.2, 92.@®,80.9. HRMS
(ESI): caled for GH;O * (M + H]) 285.1274, Found:
285.1264.

4.3.13 (2-methylene-4-phenylbut-3-yn-1-yl)(phenyl)sulfane (15).
Yellow oil, 45 % vyield (33.8 mgfH NMR (500 MHz, CDC)) &
7.45-7.42 (m, 4H), 7.33-7.31 (m, 3H), 7.29-7.28 (H),27.22
(d, J = 7.0 Hz, 1H), 5.49 (s, 1H), 5.41 (s, 1H), 3.71 (s).2H
¥C{*H} NMR (125 MHz, CDC}) & 136.0, 131.9, 130.6, 129.0,
128.5,128.4, 128.3, 126.7, 123.3, 123.1, 90.4,88.9. HRMS
(ESI): caled for GHisS * (M + H]") 251.0889, Found:
251.0894.

4.3.14 1-(3-Phenylsulfanylmethyl-but-3-en-1-ynyl)naphthalene
(16). Yellow oil, 40 % yield (36.0 mg)*H NMR (500 MHz,
CDCly) 6 8.40 (d,J = 8.0 Hz, 1H), 7.84 () = 9.0 Hz, 2H), 7.69-
7.67 (m, 1H), 7.60-7.56 (m, 1H), 7.55-7.51 (m, 1H}%977.43
(m, 3H), 7.30 (tJ = 7.5 Hz, 2H), 7.24-7.21 (m, 1H), 5.60 (s,
1H), 5.47 (dJ = 1.0 Hz, 1H), 3.82 (s, 2H)’C{"H} NMR (125
MHz, CDCk) 6 135.8, 133.5, 133.4, 130.8, 130.7, 129.1, 129.0,
128.4, 128.0, 127.0, 126.8, 126.6, 126.5, 125.3.5,2120.8,
93.6, 88.6, 41.2. HRMS (ESI): calcd fopH,S* ((M + H]")
301.1045, Found: 301.1048.

4.3.15 1-Methyl-4-(2-methylene-4-phenyl-but-3-ynyloxy)benzene
(17). Yellow oil, 69 % yield (51.4 mg)*H NMR (500 MHz,
CDCl) & 7.49-7.45 (m, 2H), 7.35-7.33 (m, 3H), 7.11-7.10 (m,
2H), 6.91-6.85 (m, 2H), 5.70 (d,= 1.5 Hz, 1H), 5.67 (] = 1.5
Hz, 1H), 4.62 (tJ = 1.5 Hz, 2H), 2.31 (s, 3HY’C{'H} NMR
(125 MHz, CDC}) 6 156.5, 131.9, 130.6, 130.1, 128.6, 128.5,
127.5, 123.0, 122.1, 115.1, 90.9, 87.2, 70.0, A0S (EI, 70
eV) miz (%): 248 (M, 29), 233 (28), 205 (18), 141 (26), 115
(100). HRMS (ESI): calcd for gH,;0 " (M + H]") 249.1274,
Found: 249.1270.

4.3.16 1-Methyl-2-(2-methylene-4-phenyl-but-3-ynyloxy)benzene
(18). Yellow oil, 63 % yield (46.9 mg)'H NMR (500 MHz,
CDCl) & 7.49-7.47 (m, 2H), 7.34-7.33 (m, 3H), 7.18-7.15 (m,
2H), 6.92-6.86 (m, 2H), 5.74 (d,= 1.5 Hz, 1H), 5.69 (s, 1H),
4.65 (s, 2H), 2.32 (s, 3H))C{*H} NMR (125 MHz, CDCL) &
156.6, 131.8, 130.9, 128.6, 128.5, 127.7, 127.8%.92123.1,
121.8, 121.0, 111.9, 90.8, 87.2, 69.8, 16.4. HRMSI)Ecalcd
for CigH:-0 " ([M + H]") 249.1274, Found: 249.1266.

4.3.17 1-Ethyl-4-(2-methylene-4-phenyl-but-3-ynyloxy)benzene
(19). Yellow oil, 67 % yield (52.7 mg)'H NMR (500 MHz,
CDCL) § 7.49-7.47 (m, 2H), 7.34-7.33 (m, 3H), 7.14 Jd; 8.5
Hz, 2H), 6.91 (dJ = 8.5 Hz, 2H), 5.71 (d] = 1 Hz, 1H), 5.68 (s,
1H), 4.63 (s, 2H), 2.61 (¢} = 7.5 Hz, 2H), 1.23 (t) = 7.5 Hz,
3H). “C{'H} NMR (125 MHz, CDC}) & 156.6, 137.1, 131.9,
128.9, 128.6, 128.5, 127.6, 123.1, 122.1, 115.19,K¥.2, 70.0,
28.1, 15.9. HRMS (ESI): calcd for ;1,0 * (M + H]Y)
263.1430, Found: 263.1438.

4318 1,2-Dimethyl-4-(2-methyl ene-4-phenyl-but-3-
ynyloxy)benzene (20). Yellow oil, 82 % yield (64.5 mg)‘H
NMR (500 MHz, CDC}) § 7.50-7.48 (m, 2H), 7.35-7.34 (m,



3H), 7.06 (dJ = 8.5 Hz, 1H), 6.82-6.81 (m, 1H), 6.75-6.73 (m,
1H), 5.72 (dJ = 1.5 Hz, 1H), 5.68 (d] = 1.5 Hz, 1H), 4.63 (s,
2H), 2.26 (s, 3H), 2.22 (s, 3H}C{*H} NMR (125 MHz,
CDCly) 6 156.7, 137.9, 131.8, 130.5, 129.3, 128.6, 128%3,6]
123.1, 122.0, 116.8, 112.1, 90.8, 87.2, 69.9, 20819. HRMS
(ESI): caled for GH;gO0 * (M + H]") 263.1430, Found:
263.1436.

4.3.19 1-Methoxy-4-(2-methylene-4-phenyl-but-3-
ynyloxy)benzene (21). Yellow oil, 66 % yield (52.3 mg)‘H
NMR (500 MHz, CDC)) & 7.48-7.45 (m, 2H), 7.34-7.32 (m,
3H), 6.94-6.91 (m, 2H), 6.87-6.83 (m, 2H), 5.69 Jc; 1.5 Hz,
1H), 5.67 (s, 1H), 4.60 (s, 2H), 3.78 (s, 3HE{"H} NMR (125
MHz, CDCk) 6 154.4, 152.7, 131.8, 128.6, 128.5, 127.6, 123.0
122.2, 116.3, 114.8, 90.9, 87.2, 70.7, 55.9. LRM§ {0 eV)
miz (%): 264 (M, 48), 178 (22), 139 (12), 123 (100), 115 (54).
4.3.20 1-Benzyl oxy-4-(2-methylene-4-phenyl -but-3-
ynyloxy)benzene (22). Yellow solid, mp: 88-89 °C, 76 % yield
(77.6 mg)."*H NMR (500 MHz, CDCJ) & 7.49-7.47 (m, 2H),
7.45-7.43 (m, 2H), 7.41-7.38 (m, 2H), 7.34-7.33 (1H),46.93
(s, 4H), 5.70 (dJ = 1.5 Hz, 1H), 5.68 (d] = 1.5 Hz, 1H), 5.03
(s, 2H), 4.60 (s, 2HJC{"H} NMR (125 MHz, CDCL) & 153.6,
152.9, 137.5, 131.8, 128.7, 128.6, 128.47, 128128,0, 127.6,
123.0, 122.2, 116.2, 116.0, 90.9, 87.2, 70.9, ARBIS (EI, 70
eV) m/z (%): 340 (M, 35), 249 (17), 221 (14), 178 (15), 91
(100).

4.3.21 1-Fluoro-4-(2-methylene-4-phenyl-but-3-ynyloxy)benzene
(23). Yellow oil, 40 % yield (30.3 mg)*H NMR (500 MHz,
CDCL) & 7.49-7.47 (m, 2H), 7.35-7.34 (m, 3H), 7.03-6.98 (m,
2H), 6.95-6.91 (m, 2H), 5.70 (s, 2H), 4.62 (s, 2iD{'H} NMR
(125 MHz, CDC)) $157.7 (d,J = 237.5 Hz), 154.6, 131.8,
128.7,128.5, 127.3, 122.9, 122.3, 116.3)(d,7.5 Hz), 116.0 (d,
J=23.8 Hz), 91.0, 87.0, 70.5. HRMS (ESI): calcd @H,FO
"(IM + H]") 253.1023, Found: 253.1037.

4.3.22 1-Chloro-4-(2-methylene-4-phenyl-but-3-ynyl oxy)benzene
(24). Yellow oil, 57 % yield (45.8 mg)*H NMR (500 MHz,
CDCL) & 7.47-7.45 (m, 2H), 7.34-7.32 (m, 3H), 7.26-7.24 (m,
2H), 6.90 (d,J = 8.0 Hz, 2H), 5.67 (d] = 3.0 Hz, 2H), 4.61 (s,
2H). ®C{'H} NMR (125 MHz, CDC}) & 157.1, 131.8, 129.5,
128.7, 128.5, 126.9, 126.3, 122.8, 122.4, 116.9,,96.8, 70.0.
HRMS (ESI): calcd for gH.,CIO ¥ (M + H]") 269.0728,
Found: 269.0737.

4.3.23 1-Chloro-2-(2-methylene-4-phenyl-but-3-ynyl oxy)benzene
(25). Yellow oil, 50% yield (40.2 mg)'H NMR (500 MHz,
CDCL) 6 7.49-7.47 (m, 2H), 7.40 (dd,= 8.0, 1.5 Hz, 1H), 7.35-
7.33 (m, 3H), 7.24-7.20 (m, 1H), 6.98 (dis 8.0, 1.5 Hz, 1H),
6.95-6. 91 (m, 1H), 5.79 (dd,= 3.0, 1.5 Hz, 1H), 5.70 (dd,=
3.0, 1.5 Hz, 1H), 4.72 (9 = 1.5 Hz, 2H)*C{'"H} NMR (125
MHz, CDCL) & 154.0, 131.89, 130.6, 128.7, 128.5, 127.8, 126.7
123.5,122.9, 122.2, 122.1, 114.4, 91.1, 86.8,. RIS (ESI):
caled for G/H.,ClIO™ ([M + H]") 269.0728, Found: 269.0738.
4.3.24 1-Bromo-4-(2-methylene-4-phenyl-but-3-ynyloxy)benzene
(26). Yellow oil, 51% vyield (47.7 mg)'H NMR (500 MHz,
CDCL) & 7.48-7.44 (m, 2H), 7.40-7.39 (m, 2H), 7.35-7.32 (m,
3H), 6.88-6.84 (m, 2H), 5.68 (d,= 1.0 Hz, 1H), 5.67 (] = 1.5
Hz, 1H), 4.61 (s, 2H)*C{'*H} NMR (125 MHz, CDC}) 6 157.6,
132.5, 131.8, 128.7, 128.5, 127.0, 126.8, 122.4,111113.6,
91.1, 86.8, 70.0. HRMS (ESI): calcd for/8,,BrO* (M + H]")
313.0223, Found: 313.0218.

4325 (3-Methylene-5-phenoxypent-1-yn-1-yl)benzene  (27).
Yellow oil, 59 % yield (44.0 mgfH NMR (500 MHz, CDC)) &
7.43-7.41 (m, 2H), 7.31-7.26 (m, 5H), 6.95-6.93 (iH),35.55-
5.54 (m, 1H), 5.45 (d] = 1.5 Hz, 1H), 4.21 () = 6.5 Hz, 2H),
2.73 (t,J = 6.5 Hz, 2H)C{'"H} NMR (125 MHz, CDC}) &

159.0, 131.8, 129.6, 128.4, 127.8, 123.5, 123.2.9,2114.9,
89.9, 89.2, 66.3, 37.2. HRMS (ESI): calcd foph,O " (M +
H]") 249.1274, Found: 249.1273.

4.3.26 (3-(Methoxymethyl)but-3-en-1-yn-1-yl)benzene (28). '
Yellow oil, 30 % yield (15.5 mgfH NMR (500 MHz, CDC)) &
7.47-7.45 (m, 2H), 7.32-7.31 (m, 3H), 5.62 (dd 3.0, 1.5 Hz,
1H), 5.58 (ddJ = 3.0, 1.5 Hz, 1H), 4.04 (§,= 1.5 Hz, 2H), 3.43
(s, 3H).“C{*H} NMR (125 MHz, CDC}) & 131.8, 128.52,
128.49, 128.4, 123.1, 122.1, 90.3, 87.7, 74.7,.58RMS (El,
70 eV) m/z (%): 172 (M 25), 142 (100), 127 (58), 115 (21), 77
(18).

Supporting I nfor mation:

Copies of'H and**C NMR spectra for the products.
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