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Abstract: Terminal alkynes reacted with acid chlorides in the presence of cuprous iodide as a catalyst in EtN
at room temperature y(eldmg a number of o, B-acetylenic ketones in good to excellent yields. © 1999 Elsevier Science Ltd.
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Organic synthesis has benefited enormously as a result of commendable discoveries in the field of
transition metal catalysed organic transformations. Among the transition metals, copper(l) has been utilised
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specta u!ar advances in the domain of this p_amc_:ula_r t_:msiugn metal cata!yscd. synthesis, we embarked upon

acetylemc ketones efﬁmenlly.

w.B-Acctylenic ketones are of considerable interest because of their widespread occurrence among
natural products and their physiological properties.” Recently, uracil I and its corresponding nucleosides H

and ill substituted at C-5 position by an acetylemc ketone functionality displayed promxsmg cytolcmc
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I'hese compounds were also shown to be inhibitors of thymidylate synthase , an essential enzyme needed for
cellular multiplication processes. In some cases they showed pharmacological activity similar to S-
fluorouracil, a classical drug that has found application in clinical cancer chemotherapy.® Other acctylcm'c
compounds have been used in the synthesis of various types of biologically important C-nucleosides” and in
various carboannulation® and heteroannulation processes.
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il R =-CHp-O-(CHp)p-OH
Because of their occurrence in nature and their promising biological activity, various classical
methods have been developed for the synthesns of a . -acetylenic ketones.~ Recent progress has been made

through me development of methods which involved pailadium cataiysed reactions of (a) 1-alkynes with acyi
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alkynyl zincs * and alkynyl stannanes' ¢ with acyl chlorides. However, all of these reactions involve either
costly palladium catalyst or the metal salts derived from zinc, tin or s111c0n which are dxfﬁcult to be prepared
and cause some times side reactions. Recently, Zanina and co- workers'” have reported a method for the
synthesis of «, P-acetylenic ketones from terminal alkynes and acid chlorides using cuprous iodide as a
catalyst. However the reaction was carried out in toluene as a solvent at elevated temperature and only OHE

alkyne e.g. phenyl acetylene was studied. Later the reaction was adopted by Brown and co-workers.'
e as a solvent, we found Zanina’s method to be
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inadequate for the synthesis of a number of acetylenic ketones we needed for our biological studies. We found
that the use of triethylamine as a solvent and also as a base obviated many of the difficulties and the reactions
could be carried out at room temperature successfully. This paper describes a detailed procedure for the
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synthesis of o,f -acetylenic ketones, by using cuprous iodide as a catalyst.
Results and Discussion

Recently ~we have studied palladium catalysed heleroannulation reactions  where
bis( triphenylphosphine)palladium chloride was used as a catalyst with cuprous iodide as co-catalyst.'® We
now report that acylation of terminal au(ynes can be effected in the presence of copper(l) 10dide (5 mol%o)
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e without LIL HUCU IVl aly p xauluut \fdlal_ybt Hl LllCUlyldqulC as a SO1IvVeEnL as b”UWll lll DL“C“IE 1

Scheme 1
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The reactions were generally carried oul at room temperature for 30 h. while the use of higher
temperature did not lead to any improvement in yields. Alkynes used in this synthetic protocol were either
purchased or synthesmed B I:thynyl -2 4-d1mcth0xypyr1m1dme (1d) was syntheswed according to the known
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Copper(I) 10d|de (5 ol%) was found to be the optimum amount of catalyst (see Table 1, entry | &
2). Other copper halides e.g. Cu()Cl, or Cu(l)Br showed less reactivity in their product yields (20-40%).
Amongst  various bdscs (dicthylamine, triethylamine, pyrrolidine, butylamine, potassium
carbonate/tetrabutylammonium chloride) triethylamine was found to be most effective and it was used as a
base as well as a solvent. Yields were found generally good to excellent (except entry 5). The products are
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exposure to heat and light. However, it could be stored in the dark at low temperature.
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Both alkyl, aryl or heteroaryl substituted acetylenic compounds have been utilised successfully for the
svnthesis of «.f3-acetvlenic ketones. As can be seen from Table I, aryl acetylenes gave better yields than alkyl
acetylenes (Table-I, entry 2 vs. 11). The reaction was found to be tolerant of other functional groups [e.g.
hydroxy (entry 11), methoxy (entry 9) and silyl (entry 10)]. The reaction could be carried out with a variety of
aromatic and aliphatic acid chiorides (entries 2 vs. 5, Table - I). However, straight chain aliphatic acid
~rhlarmdac neatyvyl nranianygl nd hiuturul chlarmdsa) Aid nat waoarlk aindar anr raantinn ~ananditian Wa
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observed that when straight chain aliphatic acid chlorides were added to the reaction mixture, an exothermic
reaction took place and the whole reaction mixture was converted into a black tar immediately. It is
noteworthy that acid chlorides having electron withdrawing and donating group (see entries 2 and 4, Table - [)
are equally effective for this reaction. However, when 2-chloro-5-nitrobenzoyl chloride was employed, no
desired product 3 could be isolated presumbly due to steric factor.
By tle, the acetylenic ketones were slower moving than the correspondm% starting materials. All of the

.eduus 3 were well characterised hv qpm‘tral evidences (TR uv, IH and "C NMR, mass Qpe{‘_ra) and
elememal analyses. In IR spectra, acetvlemc ketones exhlblted strong absorption at 210() 2210 em™ ( for
carbon-carbon triple bond) and 1600-1650 cm’ ' (for ketone). In 'H NMR, typically for product 3j, the two
methyl protons appeared as singlet at around & 1.68 and the other methyl group attached with the benzene
ring appeared as another singlet at around & 2.4. A broad singlet appeared at 6 3.04 due to the -OH group.
The ortho protons of the benzene ring appeared as clean doublets (J=8 Hz) around & 8.06 and 67.26
respectiveiy.
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Table 1. Symhesxs of a, B-acetylenic ketones through copper(I) catalysed acylation of terminal
aikynes”
Entry Acetylenes 1 Acid Chlorides2  Product 3 yields (%)
R R

I Phenyl C.HMe-p 3a 0
la 2a

2 Phenyl CeHsMe-p 3a 83
ia Za

3 Phenyl Phenyl 3b 78
la 2b

4. Phenyl CH,NO,p 3c 82
1a 2¢

5. Phenyl (CH,),CH 3d 48
Ia 2d

6 Phenyl CICOCH,COCH 3e 61
la 2e

7 n-butyl 2e 3f 63
Ib

8 1-naphthyl CyH,Cl-p 3g 62
Ic 21

9. 2.4-dimethoxy C,HMe-p 3h 65
pyrimidine-5-yl
1d 2a

10.  SiMe, 2a 3i 79
le

11.  (CH,),C(OH) 2a 3j 71
11

‘Reactions were carried out in dry Et;N with terminal alkynes (3 mmol), copper(I) iodide (0.15 mmol) and acid chloride (3.75
mmol) at room temperature for 30 h.

Yields were determined based on terminal alkynes after the isolation of spectroscopicaily pure products using column
chromatoeranhy

chromatography.

“Entry 1 was carried out without copper(]) iodide.

Mechanistically this reaction could be envisaged to involve the following steps (Scheme - 2).

Scheme 2

Cu(1)X

' . +EL,N
ROmC—C—R ~ =1 orCl \ s RO=CH + Et,

N nr,:_,_ggu/ T~ Eti\lH

2 AN
4

(i) The copper salts (4) of the alkynes are formed from the terminal alkynes in the presence of cuprous
iodide'® and triethylamine (base), (it) The reaction of copper acetylides with the acid chlorides lead to the
formation of the acetyienic ketones 3 and copper(l) chioride which could participate in the catalytic cycle

nnde whie ara

f“\ﬂ acetylen: no h
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dz,dm It should be puuucu out that this plU\.bbb is free from dimers of the acetylenic con

usually formed in palladium catalysed reactions'’ of terminal alkynes.
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his method has also been applied for the synthesis of a uracil derivative 5 containing the a,p-
acetylenic ketone moiety (Scheme- 3) which is of potential biological importance.
Scheme 3
OMe OM@
A C=CH )\/ - _( N
) I - cz—tc (N cpp Cu)l (5 moi%) N R C=C—CH, )-CH,
O ~\ TR
MeO"SN 3 TEGN, , 300 MeC

2a 3h

1d
Ref. 4

i =0 fCi)'—<:—>—CH
A \N/ 2
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Thus we have described a very simple but an efficient method for the synthesis of o ,B -acetylenic

ketones from readily available starting materials. Although, a similar type of method was reported by Zanina

and co-workers, however, the reaction was limited duc to use of toluene as a solvent at elevated temperature.
Our method differs significantly in the use of triethylamine as base as well as solvent at room temperature
using a spectrum of alkynes and acid chlorides establishing its versatility. We have also carried out the study
n fullcr]wdc[taxh Moreover, it ls)ﬁertamly superior to the r&ethod% which involve the use of metal salts of
atky " oor mexr bllyldl © or stannyl derivatives. ~ We believe the method will find significant
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Experimental

Melting points were determined on Reichert (285980), Austria melting point apparatus and were
uncorrected. All catalyst and co-catalyst used were commerciaiiy available. Solvents and reagents were
purified by conventional methods. The petroleum ether used is the fraction boiling at 60-80°C. Ether refers to
diethyl ether. Silica gel TLC was performed on 60F-254 precoated sheets. Column chromatography was
carried out on silica gel (60-120 mesh). The acid chlorides were synthesised from the corresponding acids
using phosphorous pentachloride or thionyl chloride. Acetylenic compounds were either commercially
available or. synthesised according to the known literature procedures.

The UV spectrd were recorded in spectrophotometric grade ethanol (Baker). The IR spectra were

taken as KBr plates. 'H NMR in CDCl; solutions were recorded at 60 MHz or 100 MHz or 300 MHz. "'C
NMDR cnectra were rpr\nrr{ﬂﬂ at 78 NAH -

PNIVLIN Spiviiind Wl ituuiulu ac /1 avini L.

General method for the synthesis of o ,p -acetylenic ketones 3. To a well-stirred mixture of acetylenic
compound 1 (3 mmol) and copper(l) todide (0.15 mmol) in Et;N (9 ml) was added the acid chloride 2 (3.75
mmol). The whole reaction mixture was stirred at room temperature for 30 h under an oxygen free argon
atmOSp'here At the end of the reaction, tricthylamine was removed under reduced pressure and the residue

ot LA.. 1 PP S T i wrtmn At

<zs Py an PROES e a1 PR A
wdd LiCd CU WlLIl metnanoi O ut 1) Aﬁ.cl tne removai l lllUllldIlUl, UIC WNoIE reaciion IUIXLUIC was extracied
w

ith chloroform (3x75 ml). The combined extracts were washed with water (2x50 ml). The solvent was

1). The
removed under vacuum and the crude product 3 was purified by column chromatography on silica gel.

%-Phenyl-l-(p-mlyl)-z-propyn-l-one (3a) : yield 83%; m.p. 86- 88°C (petroleum ether); IR (KBr) : v .
05. 1640, 1605 cm '; UV (EtOH) : &, 289 (loge 4.2); 'H NMR (60 MHz, CCl,) 6 2 46 (s, 3H, -CH,),

( 7.83 (m, 7H, Ar-H), 8.13 (d, ] = 8 Hz, 2H, Ar-H); Anal. Calcd. for C, H,;O : C, 87.25; H, 5.49. Found :
C 87.56: H. 5.73.
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1,3- Dlphenyl-l-propyn— -one (3b) : yield 7810, colourless thick oil (lit. Eal oil); IR (neat) v 2200 1640,

1600 cm™; UV (EtOH) : A, 289 (log £ 4.16); 'H NMR (60 MHz, CCl,) & 7.33-7.92 (m, 8H, Ar-H), 8.15-
8.26 (m, 2H Ar-H).
_1-\ NitronreharwId 2 cmbhosee] P smwemzezrae § e 72\ & (2213 7Q0/) oo 127 1720~ 41 125 pm 1 20~ 13202 74 2 PR
1\ p-NitFopneiiyi)-S>-pRenyi-2-propyn-i-one (5¢) : yieia (82%), mp 102-105 U (11l 104-103 U )] IK {KBrj
1650, 1600 1520 em’ ' IV (RO AR A (oo 4 18Y 271 flas ¢ A 1Y INE (g o A 14y 11
max LYV BUIU, BV, B LY VIR, UV LLAIER)  Aemgy JUDLU UWUEG 410, 271 \IDE & S.L1 ), £UD \lUgb *.00), 11
NMR (60 MHz, CDCl;) & 7.49-7.86 (m, SH, Ar-H), 8.49 (s, 4H, Ar-H).

4-Methyl-1 -phenyl—l -pentyn-3-one (3d) : colourless hqmd yield (48%) (lit" oil), IR (neat) v ,, 2200,
1650, 1600 cm™; UV (EtOH) : Amax 284.6 (log € 4.14); 'H NMR (60 MHz, CCl,) 81.23 (d, J = 6 Hz, 6H, -
2CH,), 2.66 (m, 1H CH(CH,);), 7.33-7.73 (m, SH, Ar-H).

1,4-Bis(3-phenylprop-2-ynoyhbenzene (3e) : light yellow solid (ether/petroleum ether); yield 54%; m.p.
188-190"C; IR (KBr) : v, 2200, 1630, 1590 cm"; 'H NMR (300 MHz, CDCl,)8 7.28-7.53 (m, 6H, Ar-H),

7.73 (d. ] = 6 Hz, 4H. Ar-H), 8.36 (s, 4H, Ar-H); "C NMR (CDCl,, 75 Mhz) O, 87.23,94.95, 120.14, 129.21,
130,07, 131.60. 133.64, 140.91, 177.49; Anal. Caled. for C,4H 4,0, : €, 86.20; H, 4.22. Found : C, 86.12; H.
394

1,4- Bis(hept-2-ynoyl)benzene (3f) : colourless liquid; yield 50%; IR (neat) v, 2200, 1640 cm™; '"H NMR
(CDCl;, 300 Mhz) 8y, 0.90 (1, J = 6 Hz, 6H, -CH3) 1.34-1.50 (m, 4H, -CH,), 1.56-1.65 (m, 4H, -CHZ) 2.46
(t, ] = 6 Hz, 4H, -CH,-C-), 8.14 (s, 4H, Ar-H); "C NMR (CDCl,, 75 MHz) & 13.90, 19.37, 22.49, 30.16,
80.06, 98.74, 129.90, 140.78, 177.75. Anal. Calcd. for C,oH,0, : C, 81.59; H, 7.53. Found : C, 81.37; H,
7.46.

i-(p-Chiorophenyi)-3-naphihyl-2-propyn-i-one (3g) : yield 62%; white solid, m.p. 115-116
ether); IR (KBr) : vy, 2200, 1640, 1600 cm L uv (EtOH) Amax 351.6 (loge 4.2), 273 ( g€
£ 4.74); 'H NMR (60 MHz, CCly) & 7.33-8 5 (m, 11H, Ar-H); MS m/e (rel. intn.) 291 n\ "
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262(30), 239(30), 226(30). Anal. Calud. for (‘!QH“OCI C 78.48; H, 3.81. Found : C, 78.35; H, 4 2.
3-(2,4-Dimethoxypyrimidin-5-yl)-1-(p-tolyl)-2-propyn-1-one (3h) : yield 65%; light yellow solid; m.p.
138-140°C (lit* 140-141°C); IR (KBr) : Ve 2950, 2200, 1635, 1595 cm™; UV (EtOH) 2, 322 (log € 4.39);
'H NMR (100 MHz, CDCly) § 2.44 (s, 3H, Ar-CH,), 4.04 (s, 3H, -OCH), 4.12 (s, 3H, -OCH,), 7.32 (d. 2H. ]
=8 Hz, Ar-H), 8.13 (d, 2H, J = 8.0 Hz, Ar-H), 8.56 (s, 1H, -C¢-H of pyrimidine ring).

i (p-loivi)—3 -trimethyisiltyi)-Z-propyn-i-one (3i) : colouriess oil; yicid 79%; IR (neat) : v, 2190, 1640,
1600 cm™; UV (EtOH) : 2, /nm 276 (loge 4.27), 221.9 (loge 4.10), 207 (loge 4.12); 'H NMR (60 MHz,

CCIYS 03 (s. QH, .SiMe- ). 2.43 (s. 3H. Ar-CHD. 725 (d. =8 Hz. 2H Ar-H) 80«(d. ] =8 Hz. 2H. Ar-H)

CCl,) 8 0.3 (s, 9H, -SiMe,), 2.43 (s, 3H, Ar-CH;), 7.25 (d, J = 8 Hz, 2H, Ar-H), 8.0 (d, J = 8 Hz, 2H, Ar-H).
Anal. Caled. for C,.H,.0Si:C, 72.16; H, 7.45. Found : C, 72.11; H, 7.39,

4- Hvdroxv-4—methvl—] -(p-tolyl)- 2—pentvn 1-one (3j) : colourless liquid; yield 71%,; IR (neat) : k,,m 3420,
2200, 1640, 1600 em’'; UV (EtOH) : A ./nm 274 (log 4.04), 221.0 (loge 3.93), 204 (loge 4.0); 'H NMR
(100 MHz, CDCl;) 8 1.6 (s, 6H, 2CH,), 2.4 (s, 3H, Ar-CHj;), 3.64 (brd, 1H, -OH), 7.26 (d, J = 8 Hz, 2H, Ar-
H), 8.04 (d, ] = 8 Hz, 2H, Ar-H); Anal. Caled. for C,;H,,0,: C, 77.20; H, 6.97. Found : C, 77.15; H, 6.91.
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