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C(=0)-C Coupling
[Ketonitriles

1. Introduction intermediaté’ we attempted to develop the synthetic methods

o 13 10 . usingB-ketonitriles andr, S-alkynones from esters under ambient
BKetonitriles® and a,B-alkynone§™® are useful synthetic .onditions.

intermediate. They have also been used as key ialatéor the

synthesis of various heterocycfés®** Several methods for the 2. Resultsand discussion

synthesis of Bketonitriles and a,falkynones have been )
reported > However, these methods suffer from one or more I order to evaluate the acyl sources under theralitre
disadvantages such as the requirement of harshtiaeac conditions;” we flr_st ca_rrled _out_the C(=0)-C coupling reaction
conditions and metal catalysts and/or expensiveitiaddl ~ Of Seven carboxylic acid derivatives, namely, etighzoatea),
reagents. Therefore, significant academic effarésumderway to  Methyl benzoate 2§, phenyl benzoate3], benzoic acid 4),

develop more efficient and facile method using line-priced ~ P€nzoyl chloride §), benzoic anhydride6} and benzamide7)
starting materials. with benzyl cyanide 8a). Fortunately, we found that the ethyl

_ _ o ester provided the corresponding 3-oxo-2,3-diphmeyganoate
Esters are a very stable and inexpensive chemmeties. (9a) at the best yield among the seven (Scheme 1)r&sBethe
They are used for a variety of purposes in synghédthough the  penzamide7) did not convert t®a. Thus, we selected the ethyl

ester function is an acyl source, the esters areised generally  esters for theert-butoxide-assisted C(=0)-C coupling reactions.
as the acylating agents due to their low reactivitherefore,

significant effort is ongoing in order to find mocenvenient and o} i) 2 KO'Bu o] O
effective methods for the preparation of the cqroesling acyl ©)LY ii) PnCH,CN(8a)

radlcals_ or ions. qu_research goal is the devedpnof a THF(tech )., in air O cN

convenient and efficient method for the synthesk ® 1a-7 9%

ketonitriles and a,alkynones using C(=0)-C (i.e., acyl-C) 12 2 3 4 5 6 7

coupling of the esters under metal-free ambientditimms. Y= OEt OMe OPh OH Cl OCPh NH,

Herein we firstly describe a synthesis ®ketonitriles anda, 5 9a(%)’ 97 63 28 11 21 17

alkynones bytert-butoxide-assisted C(=0)-C coupling of esters 2lsolated yields. Average of two runs.

with benzyl (or alkyl) cyanides and acetylenes unmansition Scheme 1. tert-Butoxide-assisted C(=0)-C coupling of

metal-free ambient condition. Inspired by recentr@port of the  carboxylic acid derivative$-7 with benzyl cyanide8a).
tert-butoxide-assisted amidation of estevsa acyl radical
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In addition, we attempted to evaluate the effecttloé
solvent for the reaction of ester with benzyl cgenand phenyl
acetylene. Tetrahydrofuran showed the best resultdoth
reactions (Entry 5, Table 1; Entry 6, Table 2). &hon the

literature descripticfiand the results of solvent screening (Table

1 and 2), we selected the followings as an optithizenditions:
ester (1 equiv.) / KOtBu (2 equiv.) / cyanide ortgtene (1
equiv.) / air / THF(tech.) / ambient temperatursten.

Table 1. Screening of solvents for the coupling of ethyl
benzoate with benzyl cyanide and 180 in air at ambient
temperaturg

i g
OEt . ©/\0N KO'Bu
solvent O CN g,

1a 8a

Time

Entry Solvent (minute) 9%a(%)°
1 n-hexane 40 20

2 cyclohexane 40 26

3 benzene 40 23

4 diethyl ether 40 39

5 tetrahydrofuran 30 97

6 dimethylformamide 40 10

7 dimethylsulfoxide 40 7

8 1,4-dioxane 40 8

2KO'Bu (2 equiv., 95%), Solvent (tech. involving ab&.2%
H,0), la (1 equiv.) and8a (1 equiv.) in air at ambient

Tetrahedron

In order to compare the yields of our reaction witte
Dieckmann-type reactio®f, we also performed two C(=0)-C
couplings under the different conditions (Scheme 2)

First, C(=0)-C coupling ofla with 8a under our conditions
via benzoyl radical intermedidfe afforded 3-oxo-2,3-
diphenylpropionitrile 9a) at 97% vyield, whereas the Dieckmann-
type reactiorvia cyanophenyl methanide ga®a at 10% vyield
(Scheme 2). On the other hand, the reactiohaokith 8a using
KO'Amyl instead of KCBu according to the literatufeunder
same conditions gav@a in 51% yield. In the coupling of ethyl
acetate 1b) with phenyl acetylenelQa) to give 4-phenylbut-3-
yn-2-one (1a), the yield of our process was also higher tha th
of the Dieckmann-type process. In the C(=0)-C cimgpbf the
ester under our conditions, the radical path may nbare
favorable than the anion path.

o

8a (30min;
2 o G o 0
R™7OEt _ 2KO'Bu Ph—C-* 10a (5min) |:,'_I,C\(Ph H C’C\C
or =~ or N
1a,R=Ph Method A Ph—CC* Method A cN 3 Con
1b, R= CH3 9a (97%) 11a (83%)

1a (2h)
or
1b (20min)
Method B

Q o

_C Ph
PRI Vor H3C/C Cs,
cN c

9a (10%)

Ph—C-CN
PhCH,CN (8a) 2 KO'Bu S}

or — "% or
PhCCH (10a) ~Method B Ph—cc® “Ph
11a (67%)

Method A: THF (tech.) at ambient temperature in air.
Method B: THF(dry) at ambient temperature in Argon.

Scheme 2. Reaction of ethyl benzoatéa) or ethyl acetatelp)
with benzyl cyanide 8) or phenyl acetylenelQa) under our
conditions and the Dieckmann-type reaction coodgi

To illustrate the versatility of thetert-butoxide-assisted
C(=0)-C coupling of esters, the C(=0)-C couplingatiphatic
and aromatic esters with aryl (or alkyl) cyanidesaoetylenes

temperature® All yields were isolated, pure material. Average of was examined (Tables 3 and 4). The coupling of atinesters

two runs.

Table 2. Screening of solvents for the coupling of ethyl
acetate with phenyl acetylene and'B@in air at ambient
temperaturé

[0}
Lo = O—=
HsC”™ “OEt

10a

2 KOtBu 0,
solvent >\ - < >
H,C

Time

Entry Solvent (minute) 9a(%)"

1 n-hexane 10 2

2 toluene 10 5

3 benzene 10 no reaction
4 diethyl ether 10 4

5 methylene chloride 10 6

6 tetrahydrofuran 5 76

7 chloroform 10 no reaction
8 ethyl acetate 10 6

9 dimethyl formamide 10 50

10 1,4-dioxane 10 no reaction

*KO'Bu (2 equiv., 95%), Solvent (tech. involving ab&2%
H,0), 1b (1 equiv.) and10a (1 equiv.) in air at ambient
temperature” All yields were isolated, pure material. Averade o
two runs.

1 and aliphatic esters with acetonitrile or butytold under the
above conditions afforded the correspondiketonitriles9b-9f
at 79 — 91% vyields (Entries 1-5, Table 3). Alipbathd aromatic
esters were treated with benzyl cyanid@a)(under the same
conditions to afford the correspondingketonitriles 9h-9j in
good yields except for ethyl acetate (Entries 7,-T&ble 3).
Ethyl acetate 1b) was allowed to react witBa under the same
conditions to afford the correspondigketonitriles 9g (26%)
and ethyl 3-oxobutanoate (21%) as the by-producttr{E6,
Table 3).

In addition, the aliphatic esters such as ethytaeg ethyl 2-
methylpropanoate, and ethyl 3-phenylpropanoate a#oe/ed to
react with phenyl acetylenel@a) or 1-ethynylcyclohex-1-ene
(10b) to afford the corresponding,B-alkynoneslla-c and11d
in 60 - 76% yields (Entries 1 — 3, and 5, Table I4)contrast
C(=0)-C coupling of the aromatic esters such agl dtenzoate,
ethyl 4-pyrydinecarboxylate, and ethyl 4-cyanobeteowith 2
equiv. of phenyl acetylend@) under the same condition gave
the corresponding aryl bis(phenylethynyl)carbind®a-12d as
over addition product instead af,alkynones at 23 - 86%
yields (Entries 6 — 9, Table 4). On the other haviaen ethyl 2-
methylpropanoate was allowed to react with 2 eqafwphenyl
acetylene 10a) under the same conditions, the corresponding
alkynone (36%), the carbinol (3%) and unknown prisl{Entry
4, Table 4) were formed. These give evidence thatcarbinol
was producedvia the alkynone intermediate. When ethyl
benzoates and ethyl 4-pyridinecarboxlate were n@adeact with
1 equiv. of phenyl acetylenel(a), we did not detect the
correspondingr,f-alkynones. Under our conditions, the
aliphatic esters underwent the substitution, whretha aromatic
esters undergo the addition of acyl radical aftaitial
substitution. These results may be due to thereiftereactivity
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Table 3. Synthesis of3-ketonitriles bytert-butoxide-assisted of carbonyls in the twar,S-alkynones. On the other hand, we
C(=0)-C coupling of esters with nitriles and 8D in determined the structure 42b according to the IR and NMR
THF(tech.) in air at ambient temperattire spectral data, and X-ray crystallographic datayfédL).

o o}

i) 2KOBu_ii) R'CH,CN (8) R
R OEt THF(tech.), in air R
CN

1 9
Entry R R Time 9 (%)’
1 Ph H 30min 9 (90)
2 Ph CHCH, 30min 9c (82)
3 p-CIPh H 30min 9d (91)
4 p-CIPh CHCH, 2h 9% (79)
5 i-Pr H 30min of (92)
6 CH; Ph 7h 9g (26)
7 i-Pr Ph 8h %h (75)
8 Ph(CH), Ph 1h 9 (81 Figure 1. ORTEP diagram af2b (CCDC 949963)
9 4-pyridyl Ph 1lh 9 (90)

a \i . 0 i -
KOBu (2 equiv., 95%), THF (tech. involving about 0.2940), We first carried out theert-butoxide-assisted C(=0)-C coupling

ester (1 e%uw.) .and cyan.lde (1 equiv.) in glr anbient of the esters with benzyl (or alkyl) cyanides oetgtenes to
temperature: All yields were isolated, pure material. Average 0 afiord the corresponding-ketonitriles, a,3-alkynones and aryl
two runs.°Ethyl 3-oxobutanoate as by-product was formed %021 bis(phenylethynyl)carbinols. Although metal-catadgizC(=0)-C
yield. coupling of thioesters have been repofted,transition metal-
free C(=0)-C coupling of the esters with benzyl rige and
phenyl acetylene had not been yet achieved. Thatioea in the

Table 4. Synthesis ofy,#alkynones or present study are the first example (to our knogégdof tert-
bis(phenylethnyl)carbinols by thert-butoxide-assisted C(=0)-C Putoxide-assisted C(=0)-C coupling of esters wityres and
couplings of esters with acetylefies cyanomethylenesia the radical intermediate. The structures of

all synthetic compounds were established by IR, NAh& X-ray

o) K .
RJ\OEt b 2 KO'BU i) RI-C=CH(10) R—g—czc—R‘ . R—cc')lzczc—w)z for 12b, also m/z of the molecular ion were obtained byM$R
1 THF(tech.), a.. in air " 12
3. Conclusion
En Isolated Yield (%)
R R Time In conclusion, we developed a metal-free C(=0)-Qptiag
try (min) 11 12 reaction of esters with benzyl (or alkyl) cyanid@sacetylenes
under ambient conditions to give the correspondifg
1 CH, Ph 5 11a (76) _ ketonitriles, a,3-alkynones, and aryl bis(phenylethynyl)carbinols.
These are novel C(=0)-C coupling reactioa the acyl radical
2 CHs -Gt 6 11b (73) _ intermediate derived from ester underteat-butoxide-assisted
processes and ambient conditions. Interestingly,e th
3 i-Pr Ph 5 11c (60) — decarbonylation reaction, which generates a netvocacentered
radical and carbon monoxide, was not observed uruler
4 i-Pr Ph 30 11c(36) 3 reaction conditions. This synthetic method is ramidnvenient,
and effective for a broad range of C(=0)-C coupliegctions of
5  Ph(CH), Ph 5 11d(66) — esters. More importantly, this process can be aedieunder
6 122 (86 metal-free conditions in air using technical graztdvent. We
Ph Ph 3 — a(86) believe that the assisted C(=0)-C coupling wouldabplicable
in synthetic, medicinal, and industrial chemisfurther work on
7 4-pyridyl Ph 3 — 12b (73) the theoretical study and the exploration of themendous
potential of esters and internal alkynes is undey vin our
8 4-NCPh Ph 3 _ 12c (40) laboratory.
9 PhCH=CH Ph 10 — 12d (23)

4. Experimental section

Acetylene (1 equiv. for aliphatic esters, 2 eqtior. aromatic
esters) in air at ambient temperatLﬂe\Il yields were isolated, 4.1. General
pure material. Average of two rurfsl-Cyclohexenyl® 2 equiv.

of phenyl acetylene was used. We also detected amkn  NMR spectra were run in CDCbr DMSO-d on a 300MHz
products. instrument and recorded at the following frequesicgoton tH,
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300MHz), carbonfC, 75MHz). Chemical shifts are expressed column (3 x 10 cmp-hexane : ethyl acetate = 3 : 1, v/v) to give

in parts per million related to internal TMS andipbng constant
(J) are in hertz. Infrared specta were recorded oRoarier
transform spectrometer. Mass spectra were recongeder
electron ionization (El). Melting points were deténed in open
glass capillaries and are uncorrected.
Chromatography (TLC) analyses were performed
precoated silica gel plates. Column chromatographgs
performed with silica gel 60 as the stationary phas
Crystallographic data for compound2 (CCDC 949963) can
be obtained free of charge from Cambridge Crysgadiphic
Data Centre. X-ray diffraction data were obtainesing a
diffractometer equipped with a graphite monochr@adaMoK

a (A= 0.71073 A) radiation source and a scintilatiorurger
detector.

4.2. Reaction of benzoic acid derivatives with benzyl cyanide

Benzoic acid derivativel(7, 6.65 mmol) was dissolved in
THF (30 mL, technical grade involving 0.2% watetijhastirring
about 230 rpm) at room temperature for 5 minutegagsium
tert-butoxide (1.57 g, 14.0 mmol, 95%) was added imiatety
to the above THF solution. After stirring enougk flask, benzyl

Thin-Layer
usin

purellain 67% (0.94 g) yields.

4.5. Typical procedure for reaction of esters with cyanidesto -
ketonitilres 9 under the optimized conditions

Ethyl esterl (6.65 mmol, 1 equiv.) was dissolved in THF (30
L, technical grade involving 0.2% water) with gtig (about
230 rpm) at ambient temperature for 5 minutes. $3atantert-
butoxide (1.57 g, 14.0 mmol, 95%, 2 equiv.) was eadd
immediately to the above THF solution. After stigienough the
flask, the corresponding cyani@€6.65 mmol, 1 equiv) was then
added. The resulting mixture was stirred at ambiemperature.
The reaction mixture was quenched by addition aewg0 mL)
and then stirred for 5 minutes. After adding etigétate (40 mL)
and then HCI solution (1 mL, 12 M), the organic daywas
separated and dried over anhydrous magnesium eulfdte
solvent was evaporated under reduced pressurgharrésulting
residue was applied to the top of an open-bedasgiel column
(for 9a - 9e, 99 - 9 : 3 x 15 cm,n-hexane : ethyl acetate (3:1,

viv); for of : 3.5 x 8 cm, CHCI,). Fractions containing the

product were combined and evaporated under reduesdure to
give the correspondingrketonitriles.

cyanide Ba, 0.78 g, 6.65 mmol) was then added. The resultingy 5.1. 3-0x0-2,3-diphenylpropanenitrile (9a)

mixture was stirred for 30 minute at room tempemturhe
reaction mixture was quenched by addition of wgeérmL) and
then stirred for 5 minutes. After adding ethyl atet(40 mL) and
then HCI solution (1 mL, 12 M), the organic layeasnseparated
and dried over anhydrous magnesium sulfate. Theesblwas
evaporated under reduced pressure, and the restdsidue was
applied to the top of an open-bed silica gel colu®mx 15 cm).
The column was eluted with-hexane : ethyl acetate (3:1, v/v).
Fractions containing the product were combined evaporated
under reduced pressure to gBee

4.3. Dieckmann-type reaction of ethyl benzoate with benzyl
cyanide

A mixture of benzyl cyanide8f, 0.985 mL, 8.536 mmol),
KO'Bu (1.915g, 17.07mmol) and dry THF (30 mL) wasrstr
for 30 minutes at room temperature in argon atmesphAfter
adding compounda (1.225 mL, 8.536 mmol), the mixture was
stirred for 2 hours at room temperature. Waterr(iQ and ethyl
acetate (30 mL) were added into the reaction mixtwith
stirring. The organic layer was separated usingrsging funnel
and dried over anhydrous magnesium sulfate. Theesblwas
evaporated under reduced pressure, and the restdsidue was
applied to the top of an open-bed silica gel colthn 15 cmn-
hexane/ethyl acetate (3:1, v/v)). Fractions coimaithe product
were combined and evaporated under reduced pressgiee9a
in 10% (0.15 g) yields.

4.4. Dieckmann-type reaction of ethyl acetate with phenyl
acetylene

A mixture of phenyl acetylenel@a, 1.24 mL, 11.34 mmol),
KO'Bu (1.34 g, 11.34 mmol) and dry THF (30 mL) wasret
for 20 minutes at room temperature under argon spimere.
After adding compoundb (1 g, 11.34 mmol), the mixture was
stirred for 20 minutes at room temperature. Thectiea was
quenched by addition of cold water (20 mL). The toni@ was
poured into mixture of ethyl acetate (80 mL). Thgamic layer
was separated and dried over anhydrous magnesilawesThe
solvent was evaporated under reduced pressuré’@ttgfow to

Yield 97% (1.43 g), Yellow solid, mp 93-9€. (lit.® mp 93-
94.5 °C), TLC (n-hexane : EtOAc, 3:1 (v/v)),eR= 0.33, IR
(KBr): 3062, 3030, 2924, 2250, 1689, 1595, 158018141228,
939, 763, 750 cfh 'H NMR (300 MHz, CDCJ): § 5.66 (s, 1H),
7.34-7.58 (m, 8H), 7.93 (d, 2H,= 7.7 Hz),"*C NMR (75 MHz,
CDCly): & 46.6, 116.8, 128.3, 129.1, 129.2, 129.3, 129.0,4,3
133.6, 134.5, 189.1, HRMS(Ehvz [M]" calcd for GsHi:NO
221.0841; found, 221.0843.

4.5.2. 3-Oxo-3-phenyl propanenitrile (9b)

Yield 90% (0.87 g), Yellow solid, mp 78-7€. (lit.* 79-81
°C), TLC (CHCl,): R- = 0.51, IR (KBr): 3362, 3076, 2953, 2922,
2262, 2254, 1691, 1651, 1596, 1582, 1450, 1393]1,13219,
756 cm', "H NMR (300 MHz, CDCJ): 8 4.13 (s, 2H), 7.44 (t, 2H,
J = 7.8 Hz), 7.56-7.61 (m, 1H), 7.84 (d, 2H= 8.0 Hz),°C
NMR (75 MHz, CDCL): 5 29.7, 114.5, 128.5, 129.1, 134.2,
134.7, 188.0, HRMS(EI) m/z: [M]+ calcd fors8;NO 145.0528;
found, 145.0529.

4.5.3. 2-Ethyl-3-oxo-3-phenyl propanenitrile (9c)

Yield 82% (0.94 g), Clear liquid, TLCnfhexane: ethyl
acetate = 3:1(v/v)): R= 0.51, IR (KBr): 3070, 2973, 2942, 2682,
2553, 2086, 1689, 1600, 1454, 1421, 1326, 12904,12780,
1126, 933, 806, 707 ¢ch'H NMR (300 MHz, CDCJ): & 1.38 (t,
3H,J = 7.44 Hz), 1.93- 2.12 (m, 2H), 4.43-4.47 (m, 1A}7-
7.52 (m, 2H), 7.60-7.65 (m, 1H), 7.93-7.96 (m, 2K NMR
(75 MHz, CDC}): 6 11.37, 23.68, 41.56, 117.4, 128.7, 129.1,
133.9, 134.4, 191.2, HRMS(Evz [M]" caled for G;H;;NO
173.0841; found, 173.0842.

4.5.4. 3-Oxo-3-(p-chlorophenyl)propanenitrile (9d)

Yield 91% (0.96 g), Light yellow solid, mp 124-126. (lit.*
126-128 °C), TLC (CHCl,): R- = 0.75, IR (KBr): 3088, 2951,
2920, 1686, 1589, 1401, 1327, 1219, 1095, 1004,8a1 'H
NMR (300 MHz, CDC)): 5 4.08 (s, 2H), 7.51 — 7.54 (m, 2H),
7.87 — 7.90 (m, 2H)*C NMR (75 MHz, CDCJ): § 29.41, 113.5,
129.6, 129.9, 132.6, 141.5, 186.0, HRMS(EI) m/z] Tehalcd for
CyHsCINO 179.0138; found, 179.0135.

4.5.5. 2-Ethyl-3-ox0-3-(p-chlorophenyl)propanenitrile (9¢)
Yield 79% (0.95 g), Clear liquid, TLC (GBI,): Re = 0.51, IR

give crudella The crude product was purified by silica gel (KBr): 3093, 2981, 2940, 2883, 1689, 1589, 1480141272,



1241, 1093, 1012, 850, 759 ¢ntH NMR (300MHz, CDCJ):
1.15 (t, 3H,J, = 7.36 Hz,J, = 7.44 Hz), 1.94 — 2.14 (m, 2H), 4.51
— 4.49 (m, 2H), 7.46 — 7.49 (m, 2H), 7.91 (d, 2t 8.48 Hz),
3C NMR (75 MHz, CDCJ): § 11.32, 23.59, 41.60, 117.3, 129.4,
130.2, 132.3, 140.9, 190.2, HRMS(Eiz [M]" calcd for
C11H1,CINO 207.0451; found, 207.0458.

4.5.6. 4-Methyl-3-oxopentanenitrile (9f)

Yield 92% (0.88 g), Clear liquid, TLC (GBl,): R- = 0.42, IR
(KBr): 2975, 2931, 2881, 2260, 1724, 1625, 14690131305,
1045, 939, 889 cih 'H NMR (300M Hz, CDCJ): § 1.11 — 1.21
(m, 6H), 2.77 — 2.82 (m, 1H), 3.68 — 3.71 (m, 28§ NMR (75
MHz, CDCL): § 17.70, 30.18, 40.47, 114.3, 201.9, HRMS(EI)
m/'z: [M]* caled for GH,NO 111.0684; found, 111.0677.

4.5.7. 3-Oxo-2-phenyl butanenitrile (99)

Yield 26% (0.479), Light yellow solid, mp 75-7C. (lit.*° 78-
79°C) , TLC (CHCl,): Re = 0.46, IR (KBr): 3133, 3069, 2962,
2921, 2215, 1636, 1593, 1496, 1388, 1363, 13343,13279,
1237, 1115, 1069, 1021, 916, 907, 76I'cti NMR (300 MHz,
CDCly): & 2.27 (s, 3H), 4.70 (s, 1H), 7.40 — 7.49 (m, 58§
NMR (75 MHz, CDC)): 5 26.94, 51.51, 116.2, 127.9, 129.3,
129.6, 129.7, 196.4, HRMS(EWVz: [M]" calcd for GoHgNO
159.0684; found, 159.0684.

4.5.8. 4-Methyl-3-oxo-2-phenylpentanenitrile (9h)

Yield 75% (0.47 g), Liquid, TLC (CKCl,): R: = 0.76, IR
(KBr): 3064, 3033, 2975, 2935, 2876, 2250, 220&5]71702,
1599, 1495, 1385, 1348, 1275, 1203, 1096, 10780,10629,
957, 754, 716 cih *H NMR (300 MHz, CDCJ): § 0.89 (d, 3H,J
= 6.6 Hz), 1.04 (d, 3H] = 6.9 Hz ), 2.77-2.84 (m, 1H), 5.00 (s,
1H), 7.28-7.39 (m, 5H)**C-NMR (75 MHz, CDC)): § 18.3,
18.7, 19.3, 38.6, 49.0, 116.8, 128.3, 128.5, 128291, 129.5,
130.2, 203.2, HRMS(E)mz [M]* calcd for G,H;sNO
187.0997; found, 187.0998.

4.5.9. 3-Oxo-2,5-diphenyl pentanenitrile (9i)

Yield 81% (0.81 g), Light yellow solid, mp 73-7& (lit.** 73-
74°C) TLC (n-hexane : EtOAc = 3:1 (v/v): R= 0.42, IR (KBr):
3086, 3062, 3029, 2934, 2251, 1729, 1716, 16036,14854,
1266, 1077, 749 c¢h 'H NMR (300 MHz, CDC)): 5 2.81-2.97
(m, 4H), 4.62 (s, 1H), 7.07 (t, 2K,= 6.6 Hz), 7.19-7.25 (m, 3H),
7.31-7.33 (m, 2H), 7.38-7.40 (m, 3HYC NMR (75 MHz,
CDCly): 8 29.6, 41.2, 51.1, 116.1, 126.4, 128.0, 128.2, 6,28.
129.3, 129.5, 129.6, 139.7, 197.9, HRMS(&x: [M] * calcd for
C17H;1sNO 249.1154; found, 249.1157.

4.5.10. 3-Oxo-2-phenyl-3-(pyridine-4-yl)propanenitrile (9j)

Yield 90% (1.32 g), Light yellow solid, mp 113-116, TLC
(EtOAc): R- = 0.13, IR (KBr): 3092, 3053, 2200, 1605, 1593,
1305, 1017, 759 ch *H NMR (300 MHz, DMSO-¢): § 7.20-
7.31 (m, 2H), 7.40-7.46 (m, 2H), 7.68 (d, 2H; 4.5 Hz), 7.79 (t,
2H,J=7.9 Hz), 8.77-8.79 (m, 2H§?C NMR (75 MHz, DMSO-
dg): 6 89.2, 120.9, 123.5, 127.5, 127.7, 128.9, 129.3,0,3150.1,
166.2, HRMS(EI) m/z: [M] calcd for G,H;oN,O 222.0793;
found, 222.0795.

4.6. General procedure for reaction of esters and acetylenes to
a,[alkynones 11.

Potassiuntert-butoxide (2.68 g, 23.89 mmol, 95%, 2 equiv)
was dissolved in THF (30mL, technical grade invodvi0.2%
water) and the THF solution of ethyl esteand acetylendO,
which was dissolved est&r(11.34 mmol, 1 equiv) and acetylene
10 (11.34 mmol, 1 equiv) in THF (10 mL), was dropped
immediately for 1 minute in above solution at ambie
temperature (forlla-11c) or -15C icebath (for11ld). After
stirring at ambient temperature, the reaction mixtuvas

5
guenched by addition of water (20 mL). The mixtweas
poured into mixture of ethyl acetate (60 mL) arel powder (25-
30 g). The organic layer was separated and dried avhydrous
magnesium sulfate. The solvent was evaporated uredierced
pressure at 8C (for 11a, 11b) or 46C (for 11c, 11d) below and
the resulting residue was applied to the top obpen-bed silica
gel column (forlla-11c: 3 x 8 cmn-hexane : ethyl acetate (3:1,
v/v); 11d : 3 x 5 cm,n-hexane : ethyl acetate (10:1, v/v).
Fractions containing the product were combined evaporated
under reduced pressure to give the correspongjfidilkynones.

4.6.1. 4-Phenylbut-3-yn-2-one (11a)

Yield 76% (1.24 g), Yellow liquid, TLCrthexane : EtOAc,
3:1 (viv)): R = 0.62, IR (KBr): 3060, 2978, 2201, 1673, 1488,
1442, 1358, 1280, 1156, 976, 757 tmH-NMR (300 MHz,
DMSO-d;): & 2.41 (s, 3H), 7.41-7.61 (m, 5HY)C-NMR (75
MHz, DMSO-4d,): 5 33.0, 88.6, 89.6, 119.6, 129.3, 131.4, 133.2,
184.3, HRMS(EI) m/z: [M]+ calcd for gHsO 144.0575; found,
144.0577.

4.6.2. 4-Cyclohexenylbut-3-yn-2-one (11b).

Yield 73% (0.62 @), Liquid, TLC rthexane : EtOAc, 3:1
(vIV)): Re = 0.74, IR (KBr): 3008, 2990, 2941, 2913, 2867821
1759, 1727, 1700, 1677, 1662, 1645, 1568, 15418,13875,
1260, 1175, 1133, 1047, 1018, 981, 961, 922, 883, 749 cri,
'H NMR (300 MHz, CDC}), § 1.58-1.71 (m, 4H), 2.14-2.19 (m,
4H), 2.36 (s, 3H), 6.44-6.47 (m, 1H}°C NMR (75 MHz,
CDCly): & 21.1, 21.9, 26.1, 28.3, 32.7, 86.6, 92.9, 11842.4,
184.8, HRMS(E)m/z [M] " calcd for GoHy,O 148.0888; found,
148.0874.

4.6.3. 1-Phenyl-4-methylpent-1-yn-3-one (11c)

Yield: 60% (0.89 g), Liquid, TLC rchexane : EtOAc, 3:1
(viv)): Re = 0.58, IR (KBr): 3320, 3058, 2972, 2933, 2872021
1667, 1597, 1573, 1488, 1465, 1444, 1384, 1337012857,
1179, 1158, 1124, 1054, 996, 961, 920, 891, 814, 788 cn.

'H NMR (300 MHz, CDCJ): & 1.24-1.34 (m, 6H), 2.70-2.79 (m,
1H), 7.34-7.43 (m, 3H), 7.54-7.57 (m, 2 NMR (75 MHz,
CDCly): & 18.0, 43.1, 86.8, 91.6, 120.1, 128.6, 130.6, 132.5
132.9, 192.0, HRMS(Eljvz [M] " calcd for G,H;,0 172.0888;
found, 172.0885.

4.6.4. 1,5-Diphenylpent-1-yn-3-one (11d)

Yield 66% (0.86g),Colorless liquid, TLGw+hexane : EtOAc,
10:1 (v/v)): R = 0.39, IR (KBr): 3060, 3027, 3005, 2988, 2925,
2202, 1699, 1670, 1490, 1454, 1362, 1276, 12622,10071,
912, 747, 700 cih *H NMR (300 MHz, CDCJ): § 3.01-3.10 (m,
4H), 7.20-7.25 (m, 2H), 7.26-7.48 (m, 6H), 7.5607(8, 2H),
¥C NMR (75 MHz, CDCJ): § 30.0, 47.0, 87.8, 91.2, 120.0,
126.3, 128.3, 128.5, 128.6, 130.7, 133.0, 140.26.8,8
HRMS(El) mz [M]" calcd for G,H.,O 234.1045; found,
234.1044.

4.7. General procedure for reaction of esters and acetylenes to
biscarbinols 12.

Ethyl ester {, 6.65 mmol) was dissolved in cold THF (30 mL,
technical grade involving 0.2% water, cooling i® ibath for 5
minute). Potassiuntert-butoxide (1.57 g, 14.0 mmol, 95%) and
acetylene 10, 13.3 mmol) were added immediately. After the
reaction was quenched by addition of water (20 mvays then
added. The reaction mixture was poured into theunxof ethyl
acetate (60 mL)/ice powder (25-30 g). The orgaaiget was
separated and dried over anhydrous magnesium eulfdter
evaporating the solvent under reduced pressuré® &€ Gelow,
the residue was applied to the top of an open-hléch el
column (for12a,12c, 12d: 4.5 x 15 cmp-hexane : ethyl acetate
(3:1, v/v)) or washed with-hexane (50 mL, fot2b) to givel2
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4.7.1. 1,3,5-Triphenylpenta-1,4-diyn-3-ol (12a)

Yield 86% (1.72 g) ,Orange liquid, TL@+hexane : EtOAc,
3:1 (viv)): Re = 0.51, IR (KBr): 3534, 3401, 3080, 3060, 3032,
2925, 2852, 2228, 1954, 1884, 1809, 1689, 15979,12849,
1265, 1176, 1051, 1029, 940, 917, 775'ctl NMR (300 MHz,
DMSO-d): 8 7.32 (bs, OH, BO exchangeable), 7.37-7.52 (m,
13H), 7.82-7.85 (m, 2H}’C NMR (75 MHz, DMSO¢): 5 64.7,
83.8, 91.3, 121.9, 126.0, 128.6, 128.8, 129.2,5,2%81.9, 143.6,
HRMS(EI) m/z. [M-H]" calcd. for GsH,;s0 307.1123; found,
307.1124

4.7.2. 1,5-Diphenyl-3-(pyridine-4-yl)penta-1,4-
diyn-3-ol (12b)

Yield 73% (1.48 g), White solid, mp 195-186, TLC (-
hexane : EtOAc, 3:1 (v/v)): {R= 0.38, IR (KBr): 3092, 3054,
2786, 2655, 2437, 2226, 1603, 1566, 1487, 14414,14321,
1263, 1220, 1190, 1098, 1058, 1008, 998, 963, 821, 767,
750 cm', 'H NMR (300 MHz, DMSO-d6)d 7.39-7.43 (m, 6H),
7.50-7.53 (m, 4H), 7.65 (bs, OH,® exchangeable), 7.78-7.80
(m, 2H), 8.67-8.69 (m, 2H)’C NMR (75 MHz, DMSO-g): 5
64.0, 84.5, 90.0, 120.8, 121.5, 129.2, 129.8, 13150.5, 151.9,
HRMS(EI) m'z [M-H]* calcd for G,H,,NO 308.1075; found,
308.1070.

4.7.3. 1-Cyanophenyl-3,5-diphenylpenta-1,4-diyn-3-
ol (12c)

Yield 40% (0.78 g), Light ivory solid, mp 132134°C. TLC
(n-hexane : EtOAc, 3:1 (viv)): &= 0.51, IR (KBr): 3411, 3097,
3079, 3057, 3022, 2990, 2816, 2229, 1598, 15739,14843,
1402, 1265, 1186, 1167, 1069, 1035, 1019, 997, 843, 755
cm?, '"H NMR (300 MHz, DMSO-g): & 7.37-7.44 (m, 6H),
7.46-7.53(m, 4H), 7.65 (bs, OH,O exchangeable), 7.92-8.02
(m, 4H), **C NMR (75 MHz, DMSO-¢): & 64.4, 84.6, 90.2,
111.6, 119.0, 121.5, 127.0, 129.2, 129.8, 131.].113148.6,
HRMS(EI) miz. [M] " for C,,H:sNO 333.1154; found, 333.1153.

4.7.4. 1,5-Diphenyl-3-(phenylethynyl)pent-1-en-4-
yn-3-ol (12d)

Yield 23% (0.43 @), Liquid, TLC rthexane : EtOAc, 3:1
(VIV)): Re = 0.44, IR (KBr, CHCI,): 3418, 2226, 1642, 1601,
1489, 1444, 1366, 1272, 1099, 1031, 991, 963, 783, ¢H
NMR (300 MHz, CDCJ): 6 3.08 (bs, 1H, BD exchangeable),
6.53 (d, 1HJ = 15.6 Hz), 7.15 (d, 2H] = 15.6 Hz), 7.26 — 7.34
(m, 9H), 7.44-7.47 (m, 2H), 7.50-7.53(m, 4HJC NMR (75
MHz, CDCL): § 64.27, 85.22, 87.87, 122.0, 127.2, 128.4, 128.7,
128.9, 129.6, 131.0, 132.0, 135.8, HRMS (Efg: [M-H]" for
CxsHy70 333.1279; found, 333.1281.
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1. Spectral data for compounds 9, 11 and 12
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Figure 1. *H(top) and **C NMR(bottom) spectrain CDClsof compound 9a.
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Figure 2. *H(top) and **C NMR(bottom) spectrain CDClsof compound 9b.
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Figure 3. *H(top) and *C NMR(bottom) spectrain CDCl;of compound 9c.



_—4.087184
TS—4.083003

Ao
10l J
. ‘
\ \ I\
. Fol il 5
H 2 |8 3
g = 8
5 o u o
S — i ‘
g 8 5 3 2 1
o o ~ =
S & & 8>3 3
& 5 @ 8 a8
= g g 2 goE =
= @© = - ) ~ r~ @
8 SR = RRE &
‘ \ \\/

Figure 4. *H(top) and *C NMR(bottom) spectrain CDCl3of compound 9d
7%



000000 0——

IBLLLY v\
05r96y "1

IPSEdp "L~
§98r9r »W
Crilbr L

882506 [~
795666 L~

udd

CH,

CN
9e

Cl

l#!l’lL _ €E9'E

e 96E6°1

N

I
[ —

—_— 00002
5

JCBRERI

—

Gpee’ 1] ——

8665 E2

2L08" Ty ——

9618794 —

PLvE LL
GaLl Lt

W

G9eE L1 ——

EVBE 521

“
7907 081 ——=
962 2EI—"

18/8°Crl

EEVS 0Bl ——

%)
I
O

P4
O

o

<]
»

|

N

80

200

ppm

Figure 5. *H(top) and *C NMR(bottom) spectrain CDCl;of compound 9e.



100000°
ceL100"
LB10T0°
0LLPTY”
cheBSh”
£8269Y”
cBETBT”
TiEeBl”
GeGere’
Blvéer’
L196EY”

PLLOLLT
clEns8L”
0ELEBL”

182€08
609818

18¢9¢8 ¢

£08789

0€£989"

164804

wdd

CN

of

.

N

=

e

- @

T
ppm

4

£B96 " 10—

20

e s e

il

120

CN

of
Figure 6. *H(top) and *C NMR(bottom) spectrain CDCl;of compound 9f.

T

S
200

SN

pom



pLEBLR E——
JEI0LE S —

2629047

00007 £~
96/50v NJ/

regtiv N.b/

vL882Y N\A%
\

EVSERY L
6/98y7 L——F=
SvEyGr L)
ear1 )
LELESY L \Q
/

iva.\L\
14978F RL\
168867 L~

udd

HsC

CN
99

= TER0E

- =

— 0000 ¥

— s

) ==

JCBLERYS

e R i e e B I R

R i e ol e

Le

i
ppm

8BEE" 88 ——

0616715 ——

289" 9z
g
9160 4L ——=

GSLPTLL \\I

9161 9T —

6/et
GE 'BET—
9'621—
L'6eh

S0LF 961 —

wdd

H3C

CN
9

4

180

Figure 7. *H(top) and **C NMR(bottom) spectrain CDCl; of compound 9g.

S7



PirS8a’ 0
E0BB06 0
0OECED "B
L9SEGD T
EGLEDT'T
LLEGLL'T
LT A

N\

EBBALL 2
BLLBBL 2
G8Gecd ¢
LEEGME C

)\

285100°5
PHBGBE "L
LEBBBE 'L
CO/p0E h/
LBEOTE L
0BGIEE £
arpicE L
GRIVPE L
96PVEE "L
dd

HsC

CH5; CN

%h

—BOfA 2

—_FOrTE

280" 1

———

— 00001

resbauy

L LR s

]

1 rr—r

6662°91
GeeL 81 V

sozel —

WI9'8E ——

- 2000 6F ——

L0V 2L
BPES LL W
PESR 2L

6868 911 ——

. FPBE 82—
B5ES mmﬁ/u
r0L6° 821

2081 'Bel
mmnm.mmﬁ\

2 G21e ey

Br0g E0e—

ppm

wdd

H;C

CH; CN

%h

60

80

-
100

T
180

ppm

Figure 8. *H(top) and *C NMR(bottom) spectrain CDCl3of compound Sh.



0BS2SS

VESSIE”

L166E8
BRYS5R
PEGZ98
A==t
G£B8E8
E0Lc0B
cherle
FEreca
GBIISE
FGEGEE
LBE6L6

61029

FBSESD”

FIGEL0

152080°

EEVERT
CEpFiE

FBIEEE”

82EBES
0BLBSE

LBECIE L

MLECE
GBEQEE
EEBEBE
rBSEEE
ZBrEBE
SErEDr
98030r

alnloadoed

o

CN

9i

redbiagu]

—
2

T
3

L e e
5

&

T
T

7

L i e

—
ppm

2E9S 6

BOZE Iy ———

183071 ——

6885 9L

e LL
PEER LL

2100 91—~
TBER 921
EL96" L2}

LE22 B2l

GEES 821

19z 6el
€087 621
mmmw.mmq|\\\i

B00L°BER

prB8 L6l ——

udd

T
160

T ¥
200

ppm

in CDCl3of compound 9i.

Figure 9. *H(top) and *C NMR(bottom) spectra



Pr2005°2
g51508 e

28802 L~
BG9vGE L ”
86892 L /
mwmmmm.N\/é
6PV IE N//

6680V L\

05G2Er " £ W
250887 " L~ \E
28108y L=
89(5/9 [~y

398089 L~ =
erosar 17
ahasl L

mvmmmm.mu\
88/r56 8—
Sr969C B
8rG1LL B
/|

8169447
mmmmmu.muw\
CECIBL 8

wdd

CN

7 N\

—Z

JCNGERIE

P

10

ppm

cbET BE
VLIYUBE
7569 °6E
GEL6 BE
rice oy
G6eG OF
0808 0

-

L\\:\\\zéﬁ
N

05GT

@
@
|

arEs 02}
5767 £21—
1957 23
idd 4 v\mﬁV
Eqm.m&\
»oo«,mmﬁlx\\|

GEBE '2ET

cBr0 06T

£502°99F——

wdd

CN

7 N\

—Z

9

18C

Figure 10. *H(top) and **C NMR(bottom) spectrain CDCl3of compound 9j.
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Figure 12. *H(top) and *C NMR(bottom) spectrain CDCl3of compound 11b.
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Figure 13. *H(top) and **C NMR(bottom) spectrain CDClsof compound 11c.
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Figure 14. *H(top) and *C NMR(bottom) spectrain CDClsof compound 11d.
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Figure 15. H(top) and **C NMR(bottom) spectrain DM SO-ds of compound 12a.
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Figure 16. *H(top) and **C NMR(bottom) spectrain DM SO-ds of compound 12b.
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Figure 17. *H(top) and *C NMR(bottom) spectrain DM SO-ds of compound 12c.
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Figure 18. *H(top) and *C NMR(bottom) spectrain DM SO-dg of compound 12d.
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