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Abstract

An unexpected C-C bond cleavage in ynones in tesgoice of catalytic amounts of Sc(QTih)
methanol under microwave irradiation has been dsed. The effect of substituent on the
regioselectivity of C-C bond cleavage has carefodgn addressed by employing various ynones
derivatives. The mechanism has been proposeddastiberved regioselectivity.
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Introduction

The transition-metal-catalyzed selective cleavaQ€-€ bonds is of fundamental interest and
plays a great role in the chemical industfyThese types of reactions are often unpredictaite a
in large part originated with serendipitous obsgors>* As a result, the development of
reactions involving cleavage of C-C bonds is veffatilt to realise and pose serious challenge
to synthetic organic chemists. Literature scrutieyealed that significant progress has been
made in the field of this research; however, thiemnistry has been mainly limited to ring-
strained molecul&d® and specially designed model compoutidé Herein, we report Sc(OT)
catalysed C-C bond cleavage in ynones that leaggnhesis of ketones that from ynones would
have poor atom economy of ketones.

Results and Discussion

We recently, reported Pt(IV)/Au(l)-catalysed hydromation-triggered cyclization strategy to
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access biologically interestiniy-containing heterocycles from aminoaromatics andredls
under conventional heating as well as under micvewassisted conditiortd*® During these
studies, we had occasion to examine the reacti@rhgtiroxyalkynonesA with 2-aminophenyl
pyrrole B in MeOH under microwave conditions (Scheme 1). fiimmation of polyheterocycté

C was expected based on the assumption ¢hdb-cyclization might favour over taexo-
cyclization due to the ring strain of incipient imgeneoxetane. The hypothesis was, in part,
supported by the assumption that appropriate cdtalyay bias thexo- and endo-cyclization
mode. WhemA andB reacted under the standard microwave assisted temms]ithe producD
was obtained in 15% yield and none of the expepteductC was observed. The formation of
D was very surprizing to us and indicated in sitoegation of acetophenone through cleavage of
C(sp)-C(sp) bond imA. As a natural phenomenon, our efforts were ditedte understand
mechanistic paths by which acetophenone was geaerat

yZ Ph @\ 5 mol%
. NHz  PhsPAUOTY N L NH
N > N N Ph
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& Ph

OH W MeOH, 1 h, S e
MW, 150 °C

[ D
never
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Scheme 1Unexpected observation in hydroamination-hydraaiyh cascade.

Table 1 Catalysts screenifig
0} 0}

0 = Ph)LMe +”Pr)I\OMe
Ph S 5 mol% Cat. 2a 2a'
1a "Pr MeOH, 1°h, 0 (0]
MW 1507 —’Ph)J\OMeMPr)LMe
3a 3a’

Entry Cat. Yield (%) 2a)° Ratio Ra:3a)°
1 PRPAUOTf 20 15:1
2 PhRPAUNTf 10 14:1
3 Cu(OTfy 60 18:1
4 Zn(OTf) 20 20:1
5 Yb(OTf) 75 22:1
6 In(OTf) 35 16:1
7 Sc(OTfy 87 23:1
8 Bi(OTf)s 40 15:1
9 Sc(OTf) - -
10 HCI 9Ff -
11 - 85 -

®Reactions were performed in methanol (2 mL) udiag0.58 mmol) and 5 mol% of catalysts at
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150 °C for 1 h under microwave irradiation. (Bgea Initiator Eight, single-mode reactor).
Plsolated yield *Ratio determined byH NMR of a crude mixture’Reaction was performed by
conventional heating at 150 °€.2 ml (6 N HCI) was use&Product4b was obtained®Product
4awas obtained. Note: Prodwza’ and3a’ are volatile and therefore were not isolated.

4a ! 4b

O OMe! O O
ph)J\/l\nPrE Ph)J\/U\”Pr

Next, we started our investigation using ynotess the model substrate (Table 1). The 1-
phenylhex-2-yn-1-onelj was subjected BRAUOTT catalysis under the standard conditions, in
the absence oB. Indeed, the acetophenone was obtained in 20% yeitry 1). The use of
PhPAUNTf, catalyst also shows somewhat similar results ye2r Next, various Lewis acids
catalysts such as Cu(OZf)Zn(OTf), Yb(OTf); In(OTf)s;, Sc(OTfy and Bi(OTf} has been
investigated (entries 3-8)he best result was obtained with 5 mol% of Sc{@ifif MeOH that
afforded2a/3ain 87% yield with good regioselectivity (23:1) {gn7). Theproducts oR2a’ and
3a were not isolated due to their volatile naturenigirly, when reaction was carried out under
conventional heating at 150 °C in pressure tube, dfarting material was remain unreacted
(entry 9). Interestingly, when HCI was used in @@metric amount, the 1,3-diketodé was
obtained as a sole product (entry ¥ojs can be judged from entries 11 that the onlyHd
addition producttawas obtaineéh absence of any catalyst.

Encouraged by these findings and with the optichizenditions in hand (Table 1, entry 7),
we turned our attention to explore the generalityttos reaction and the results of this
investigation are summarized in Table 2. The reacthanifests a broad substrate scope as can
be judged from entries 1-12 that various substtaién R and R reacts well giving C-C bond
cleavage products in good yields (entries 1-12¢ halo groups such as bromo, iodo (entries 1
and 2) and electron withdrawing groups (entry 3}tmnaryl moiety of carbonyls were tolerated
well under the optimized reaction condition withodoyields and high regioselectivity. The
cinnamyl substituent on the carbonyls also workedl wnder the standard reaction conditions
with high regioselectivity (entry 4). The electrdanating groups such as mono and disubstituted
methoxy groups on meta-position (entries 5 andn@l) sterically bulkier groups (entry 7) gave
higher ratio of2:3. In case of symmetrical ynones (entry 10) the pebavas obtained in good
yield with equal ratio oR:3. Interestingly, hetero groups on the carbonyls t@nachinal alkynes
gave a single regioisomer (entries 8-9). Even tiphatic substituent on the terminal acetylene
such asHex and cyclopropyl could be smoothly transformeto the desired products with high
yields and excellent regioselectivity (entries P)-1n case of symmetrical ynones only one set
of carbon-carbon bond cleavage produ@s &nd 2a’) are possible. On the other hand,
unsymmetrical ynones might give rise upon C-C bodedvage products in two set of products
such a2a/2a’ and 3a/3a’, but experimental result showed only few cases taio @f products
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were obtained.

Extensive literature study reveals that theretexiste a few reports catalytic cleavage of
C(sp)-C(sp) bonds of unactivated alkyi&&* However, such kind of C(sp)-C(sp) bond cleavage
in ynones are remains uncomrdrsimilarly, it should be noted that the such kafctleavage
in 1,3-diketon&?’ has literature precedence; however, the use ofch&K,**>? amineg® or
strong basé§>° are necessary and the reactions are low yieffiBgspite these precedents, the
catalytic cleavage of C-C bond in 1,3-diketones, hasdate, not evolved into a synthetically
useful methodology.

Table 2 Scope with ynonés

(0] (0]
o) = R1112\Me * R2J];OMe
1 5 mol% Cat. '
§ i\RZ MeOH, 1°h, 0 0
ML 1907C L R1JI\OMe + RZlLMe
3 3
Entry Substrate Yield (%) Yield Ratio
(%)°
1 R! R? 2 3 (2:3)°
1 1b 4-Br-CgHa "Pr 79 d 8:1
2 1c 4-1-CgHy4 "Pr 40 5% 1:1.4
3 1d R'=4-NO-CgH, "Pr 65 d 4.2:1
4 1le Cinnamyl "Pr 83 d 8.1:1
5 1f  3-OMe-GHq "Pr 87 g 9:1
6 1g 3,5-OMe-GHs "Pr 21 7% 1:3
7 1h 2-Naphthyl "Pr 81 g 9.6:1
8 1i 2-thienyl "Pr 78 g 1:0
9 1] 2-Furyl "Pr 85 d 1:0
10 1k Ph Ph 65 3¢ 1.5:1
11 1l Ph "Hex 67 g 27:1
12 1m Ph Cyclopropyl 62 35 1.7:1

®Reactions were performed in methanol (2 mL) udir{®.58 mmol) and 5 mol% of catalysts at
150 °C for 1 h under microwave irradiatiStsolated yield“Ratio was determined by NMR
spectrum of a crude mixtur8roduct was obtained in negligible amount and fhezeproved
difficult to isolate.®Product were formed in significant amount and tfreewe could isolate.
Note: Produc®' and3' are volatile and therefore we were unable taaisol

While precise reaction mechanism requires furtbieidies, the plausible mechanism is

outlined in Scheme 2. Firstly, the coordinationaofnonesla to Scandium would take place
which triggers the nucleophilic attack of two metbkamolecules on to a triple bond to from
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intermediatel. The intermediaté, as shown by arrows, would undergo carbon-carbmm b
cleavage to give acetophenofBla and aliphatic esteRa’ with a regeneration of the metal
catalyst. In some cases, the intermedibte@ould be generated due to the addition of methanol
on carbonyl group (via intermediat¢. The resulted intermediaié would undergo carbon-
carbon bond cleavage to give aromatic e3¢sand ketone8a'.

§an
OH ©OMe

(-~ I
Ph/+\v/k;OMe
OMe "Pr Me,O
Il
MeOH

MeOH
$c|rn
0 OMe

|
Ph)\h/@o'\/'e
|

"Pr

MeZO

Scheme 2The plausible mechanism.

Conclusions

We realized an unexpected Sc(QTéatalysed C-C bond cleavage in ynones under MW
irradiation in methanol. The detailed investigation the electronic/steric effects of the
substituent on ynones for obtaining high regiogeatiéyg will be investigated in the future.
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Experimental Section

General. Ynones1a,*" 1f ¥ 1k,* 11,3 and1m®® are literature known compounds. Ynorigs|
were not known in the literature and therefore areg from corresponding benzoyl chlorides
(method A) or benzaldehyde (method B) as showrnvbéBcheme 1 and 2).

Preparation of ynones; Method A.To a solution of the alkyne (2 mmol) and acid cider(3
mmol) in dry THF (4 ml), under a nitrogen atmosghevas added PdgPPh), (1 mol%) and
Cul (3 mol%). After 5 min of stirring, BN (2.5 mmol) was added and the reaction left tofeti

1 hr at RT. During this time EY.HCI precipitated out of the solution and the $olu became
dark orange/brown in color. The reaction was théatetl with ethyl acetate (30 mL) and
washed with HO (30 mL). The aqueous layer was then extracted ethyl acetate (3 x 30 mL)
and all organics combined and dried £§8@;). The suspension was then filtered, concentrated
and purified by flash chromatography(silica gel -BI® mesh) using ethyl acetate and pet ether
solvent system.

Method B. To a solution ofBuLi in hexane (1.32 mL, 1.6 M, 3.3 mmol) termimdikynes (0.36
mL, 3.3 mmol) in dry THF (6 mL) was added at —78@ler nitrogen atmosphere. The mixture
was stirred for 1 h at —78 °C then benzaldehydg0@®mL, 3.0 mmol) was added. The reaction
mixture was warmed to room temperature and stifoedl h and quenched with a saturated
aqueous NELCI solution. The aqueous solution was extractetl eihyl acetate (2 15 mL), and
the combined organic layers were washed with b2@emL). After the organic layer was dried
with NaSQ, the solvent was removed under reduced pressheetesidue was purified by silica
gel chromatography witthexane/EtOActo afford propargylic alcoholsActivated MnQ (10
equiv.) was added to the solution pfopargylic alcohol in DCM (5 mL) and stirred at room
temperature for 12 h. Upon completion of reacttbe, suspension was filtered through celite and the
filtrate was concentrated. The crude product wasfipd by column chromatography using
hexane/EtOAc as eluent to afford ynone.

1-(4-Bromophenyl)hex-2-yn-1-one (1b)CompoundLlb (pale yellow liquid, 78%) was prepared
following the general procedure method A;@R60 (hexane/EtOAc 90/10% NMR (500 MHz,
CDCl): 6 8.01-7.97 (m, 2H), 7.63-7.60 (m, 2H), 2.48X%.01 Hz, 2H), 1.17 (sexd, 7.32 Hz,
2H), 1.08 (t,J 7.47 Hz, 3H);"*C NMR (75 MHz, CDCJ): 5 175.8, 134.9, 131.0, 130.1, 128.4,
96.4, 78.7, 20.7, 20.3, 12.9; IR (film)mx 2940, 2932, 2860, 2209, 1663, 1469, 1366, 1167,
735, 701 cm MS (ESI):mVz 251 (M" + H); HRMS calcd for @H1.BrO (M* + H) 251.0066,
found 251.0067.

1-(4-lodophenyl)hex-2-yn-1-one (1c).Compoundlc (pale yellow thick liquid, 57%) was
prepared following the general procedure methodRAQ.50 (hexane/EtOAc 90/10JH NMR
(300 MHz, CDC}¥): 6 8.12-8.01 (m, 1H), 7.70-7.98 (m, 2H), 7.45 -7.6%5 (H), 2.45 (tJ 7.01

Hz, 2H), 1.55 — 1.80 (m, 2H), 1.10 (,7.15 Hz, 3H);**C NMR (75 MHz, CDC}): § 177.1,
137.6, 131.5, 130.5, 102.2, 97.2, 79.3, 21.1, 2BY; IR (film): vmax 2960, 2928, 2815, 2201,

Page 228 °ARKAT-USA, Inc.



1645, 1612, 1425, 1170, 735, 715¢nMS (ESI):m/z 298 (M* + H); HRMS calcd for GH;110
(M*+ H) 298.9927, found 298.9924.

1-(4-Nitrophenyl)hex-2-yn-1-one (1d).Compoundld (pale yellow liquid, 65%) was prepared
following the general procedure method Rf;0.35 (hexane/EtOAc 90/10% NMR (500 MHz,
CDCly): & 8.38-8.24 (m, 4H), 2.53 (3,7.01, 2H), 1.80-1.69 (m, 2H), 1.10 Jt7.47 Hz, 3H)C
NMR (125 MHz, CDCY): 6 175.9, 150.6, 140.9, 130.3, 128.4, 128.1, 123%61,979.4, 21.2,
21.1, 13.5; IR (neatynax 2965, 2935, 2223, 2842, 1665, 1545, 1511, 13854,14366, 1167,
739, 701 cm’; MS (ESI):m/z 218 (M" + H); HRMS calcd for GH1:NO; (M* + H) 218.0812,
found 218.0811.

(E)-1-Phenyloct-1-en-4-yn-3-one (leCompoundle (pale yellow liquid, 86%) was prepared
following the general procedure method B;(R60 (hexane/EtOAc 90/10% NMR (500 MHz,
CDCl): 6 7.81 (d,J 16.05 Hz, 1H), 7.56 (dd] 2.0, 6.0 Hz, 2H), 7.46-7.38 (m, 3H), 6.77 {d,
16.2 Hz, 1H), 2.45 (1) 7.0 Hz, 2H), 1.75 — 1.60 (m, 2H), 1.08Jt7.3 Hz, 3H);"*C NMR (125
MHz, CDCk): 6 178.6, 148.1, 134.0, 128.9, 128.5, 130.9, 13328,2, 94.9, 79.3, 21.0, 21.3,
13.5.;IR (Film): vimax 2995, 2870, 2215, 1655, 1625, 1433, 715, 701;ckiS (ESI): m/z 199
(M* + H); HRMS calcd for @H140 (M* + H) 199.1117, found 199.1116.
1-(3,5-Dimethoxyphenyl)hex-2-yn-1-one (1glCompoundlg (colorless thick liquid, 71%) was
prepared following the general procedure methodRAQ.40 (hexane/EtOAc 90/10JH NMR
(500 MHz, CDC}): 6 7.30 (d,J 2.2 Hz, 2H), 6.68 (tJ) 2.2 Hz, 2H), 3.84 (s, 6H), 2.47 ¢,7.0
Hz, 2H), 1.74 — 1.67 (m, 2H), 1.09 (,7.3 Hz, 3H);"*C NMR (125 MHz, CDG): § 177.4,
160.5, 138.6, 106.2, 106.8, 96.1, 79.6, 55.3, 550, 21.1, 13.3; IR (film)vmx 2929, 2920,
2832, 2215, 1631, 1525, 1423, 1347, 1165, 738ci0t, MS (ESI):m/z 233 (M" + H); HRMS
calcd for G4H1603(M™ + H) 233.1172, found 233.1173.

1-(Naphthalen-2-yl)hex-2-yn-1-one (1h).Compound 1h (pale yellow liquid, 81%) was
prepared following the general procedure methodrRB0.70 (hexane/EtOAc 90/103H NMR
(300 MHz, CDC}): 6 8.70 (s, 1H), 8.14 (dd, 1.6, 8.6 Hz, 1H), 8.00 (d,7.7 Hz, 1H), 7.88 (d)
8.6 Hz, 1H), 7.63-7.59 (m, 1H), 7.58-7.54 (m, 1RK4 (t,J 7.0, Hz, 2H), 1.79-1.17 (m, Hz,
2H), 1.13 (t,J 7.4 Hz, 3H);"*C NMR (75 MHz, CDC}): § 178.0, 135.9, 132.2, 127.7, 123.8,
126.7, 128.2, 128.7, 129.6, 128.1, 128.4, 132.4,3136.4, 79.8, 21.1, 21.3, 13.5; IR (neat)x
3067, 2921, 2822, 1659, 1628, 1422, 1346, 725cii2 MS (ESI):m/z 223 (M" + H); HRMS
calcd for GeH140 (M* + H) 223.1117, found 223.1119.

1-(Thiophen-2-yl)hex-2-yn-1-one (1i).Compoundli (pale yellow liquid, 68%) was prepared
following the general procedure method B;0R60 (hexane/EtOAc 90/10% NMR (300 MHz,
CDCl): 6 7.90 (d,J 3.7 Hz, 1H), 7.68 (d] 6.0 Hz, 1H), 7.15 (tJ 4.5 Hz, 1H), 2.46 () 7.5 Hz,
2H), 1.70 (sext] 7.5 Hz, 2H), 1.08 (tJ 7.5 Hz, 3H);**C NMR (125 MHz, CDGCJ): 5 169.9,
144.8, 134.8, 128.0, 128.4, 95.1, 79.2, 20.9, 21314; IR (film): vmax 2925, 2928, 2196, 1640,
1622, 1513, 1469, 1132, 728, 711 ¢mMS (ESI): miz 201 (M" + Na); HRMS calcd for
C10H100S (M" + H) 179.0525, found 179.0524.

1-(Furan-2-yl)hex-2-yn-1-one (1j). Compoundlj (pale yellow liquid, 78%) was prepared
following the general procedure method B;(R60 (hexane/EtOAc 90/10% NMR (300 MHz,
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CDCl): 6 7.64 (ddJ 1.0, 1.5 Hz, 1H), 7.32 (dd,0.7, 3.5 Hz, 1H), 6.56 (dd,1.6, 3.5 Hz, 1H),
2.44 (t,J 7.0 Hz, 2H), 1.68 (sext] 7.2 Hz, 2H), 1.07 (&) 7.0 Hz, 3H);**C NMR (75 MHz,
CDCI3): 6 164.7, 152.9, 147.6, 120.6, 112.3, 95.1, 78.87,201.0, 13.2JR (film): vmax, 2998,
2865, 2165, 1623, 1435, 1325, 1160, 739, 701-dS (ESI):m/z 163 (M + H); HRMS calcd
for CroH1002 (M* + H) 163.0754, found 163.0753.

General procedure for C-C bond cleavage. A solution of ynones and (0.58 mmol) and
Sc(OTfx (5 mol%) in MeOH (2 mL) was sealed under nitrogereaction vials and irradiated in
a microwave reactor (Biotage initiator 8, singledmaeactor) at 150 °C for 1 h. On cooling of
the reaction mixture to ambient temperature, tHeesd was removed under reduced pressure
and the residue was purified by column chromatdgyagsing hexane/EtOAc as eluent to afford
products.
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