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Abstract:A highly regioselective hydrocarbonylation of plrtetylene with thiols and alcohols was
developed using metal carbonyls/ diazabicyclo[2az2ane (DABCO) system at 100 °C in DMF. The use
of Mo(CO) and thiols in the presence of DABCO was appliedaasefficient Pd-free method for
hydrothiocarbonylation of phenylacetylene ittans-a,B-cinamyl thioesters in excellent yields (88-98%).
Similar reaction using Fe(C@ROH/DABCO system resulted into high yield syntksesi trans-a,f-
cinamyl esters (87-98%). These reactions were adadwnder mild reaction conditions without thedhee
to use gaseous CO or any phosphine ligand anddpatiecatalyst.

Keywords: Hydroalkoxycarbonylation;Hydrothiocarbonylation; Phenylacetylene;Fe(C§))
Mo(CO)s;diazabicyclo[2.2.2]octane (DABCO)

1. Introduction

Transition-metal catalyzed carbonylation is widetgognized as an important and attractive route for
carbonyl-forming reactions in organic synthesisthis regards, the oxidative carbonylation of terahi
acetylenes is considered a practical approachyiathesis ofa,p-unsaturated carboxylic acids and their
derivatives [1,2]. Synthesis of cinnamic acid atsdeisters as important intermediates for the prialuof
pharmaceuticals, fragrances, light-sensitive aedtetally conductive materials and agrochemicsilstill
an important research subject [3]. For the finsteti Reppe [4] reported the carbonylation of alkyaed
alkenes in the presence of Ni(GQp produce unsaturated and saturated carboxylits aand esters
respectively. These reactions were performed usdeer operating conditions (472-573 K and 10-100
MPa pressure) using reactor setup and the uselafile and unstable material as catalyst. Aftet,th
various protocols for hydroesterification of alkymere developed using CO as source of the carbonyl
group in the presence of different catalytic systersuch as Pd(OAgPPh/p-TsOH [5],
Pd(OAc)/pyridine-2-carboxylic acid/PRH5], Pd(OAcY/dppb/H [6], Pd(OAc)/dppb/BSA [7]. Recently,
Mathur and co-workers [8] have reported the higHdysynthesis o#,p-vinylester by the photochemical
reaction of terminal acetylene with alcohols andegais carbon monoxide in the presence of iron
pentacarbonyl as catalyst.

In comparison with hydroalkoxycarbonylation of nénal acetylenes with alcohols catalyzed by
transition metals to give,- unsaturated esters, the reports on this reautitime presence of thiols to give
a,B- unsaturated thioesters are considerably lesspiidtdem with this reaction in the presence oflthis
the poisoning of transition metal catalysts witlgarosulfure compounds. In this regard, a series of
transition metal-catalyzed carbonylation—additieaations of thiols to acetylenes in the presenc€©f
leading toa,B-unsaturated thioesters has been developed [9+&P¢r works on thiocarbonylation of
acetylens have been performed using gaseous CO#t,@t high pressure of 3MPa to 600 psi at 110-120
°C [10, 11a, 12]. Apart from high pressure, thesdrbgarbonylation reactions of alkynes, suffer from
limitation of the use of CO as a highly lethal gath a main concern of its handling [13]. In contation
of our recent work on the use of metal carbonylsuisble source of CO gas in carbonylation reafii,



we now report an efficient Pd and phosphine-fre¢hotk for the preparation of esters and thioestérs o
cinnamate from the reaction of phenylacetylene \aittohols and thiols using Fe(G3nd Mo(CQOjy as
source of carbonyl group respectively.

2. Resultsand discussion

As mentioned above, the regioselective synthesigeot or trans-o,-unsaturated esters have been
achieved by direct carbonylation of phenylacetylevith alcohols in the presence of large amounts of
gaseous carbon monoxide, catalyzed by transitidalsim the presence of suitable ligands [1a].rboteoto
avoid using gaseous carbon monoxide, we decidstutly the possibility of using metal carbonyls sash
Fe(CO}, W(CO), Cr(CO), and Mo(COy for this important transformation. Initially, weelscted iron
pentacarbonyl as source of CO in the reaction witlenylacetylene as a model reaction. For the
optimization of the reaction conditions, we firsterfprmed the hydroalkoxycarbonylation of
phenylacetylene with ethanol in the presence ofCBP3{ and the effect of different parameters were
studied. In order to make easier and increasedhsilflity of CO releasing from Fe(C§{we added some
nitrogen compounds such as diazabicyclo[2.2.2]ectdDABCO), 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU) andn-Pr3N. Initially, DBU was utilized to replace the COogip to form the DBU-iron carbonyl
complex. The reaction was carried out at 100 °OM¥F as solvent and the desired product was obtdamed
moderate yield (Table 1, entry 1). Then DBU wasstituted by DABCO anah-PrsN. The best result was
obtained when we used DABCO as the complexing ad#streasing the amount of DABCO from three
equimolar to two and one equimolar amount incredsedeaction time from 0.5 h (Table 1, entry 3) to
2.5h and 6h respectively and also led to the priimlu®f side products (Table 1, entries 6,7). le th
absence of DABCO, the performance of the reactias mot good and only 10% of the corresponding ester
was obtained after 24h. We also studied the effédlifferent amount of alcohol on the progressha t
reaction and observed that when the amount of ethaas decreased from 4 to 2 and 1 equimolar, the
reactions did not complete even after 12 h (Tablentries 3, 8, 9). The effect of other solventshsas
diglyme, DMSO, xylene and toluene was also studoed,none of them were found to be as suitable as
DMF. From this study, the result of entry 3 wasrfduo be the optimum condition for this reactioheT
effect of using catalytic amounts of Fe(G@®Jas also investigated and observed that the ceawatas not
completed if its amount was reduced from 1.0 tod@jGivalent and nearly half of the starting matesias
recovered unchanged (Table 1, entry 14). Increabimgeaction temperature from 100 °C to 120°Cnditd
have significant effect on the progress of thetieac

Table 1. Optimization of different parameters for hydroatioarbonylation of phenylacetylefie.

=
\ /\
+ Ethanok Fe(CO) _Base, Solvent o
Temp.

Entry Base Solvent Temp. (° C) Time (h) Yield %)
1 DBU DMF 100 2 47
2 n-PrsN DMF 100 10 56
3 DABCO DMF 100 0.5 95
4 n-PrN TBAB 110 3 52
5 DABCO TBAB 110 3 70
6° DABCO DMF 100 2.5 75
7° DABCO DMF 100 6 65
8¢ DABCO DMF 100 12 25
9¢ DABCO DMF 100 12 40




10 KCO;5 DMFE 100 2 60

11 NaOH DMF 100 2 61
12 CsCOs DMF 100 4 72

13 DABCO DMSO 100 6 27
14 DABCO diglyme 100 25 48
15 DABCO toluene Reflux 12 36
16 None DMF 100 24 10
17 DABCO xylene 100 24 Trace
18 DABCO DMF 100 10 10
19 DABCO DMF 120 0.3 98

# Reaction conditions: 1.0 mmol of phenylacetylen@,rimol of Fe(CQ) ethanol (4 mmol), Base (3 mmol), 2 mL of solvent.
b .
Isolated yield.
“The amount of DABCO are 2.0 and 1.0 mmol for eniend 7 respectively.
%The amount of ethanol are 1.0 and 2.0 mmol forien8 and 9 respectively .
€ The reaction was performed using 0.5 equivalefegCO}.

After optimizing the conditions for the reaction mienylacetylene and ethanol with Fe(g@)e then
replaced Fe(CQ)with other metal carbonyls such as W(gMo(CO) and Cr(COy. The results of this
study are shown in Table 2 (Entries 1-4). Accordimghese results, the reaction in the presenceeatél
carbonyls other than Fe(C£Jlid not give the desired carbonylated product This reaction in the
presence of M(CQ)[M=Cr, Mo, W] led to the formation of 1,5-diphenr$|4-pentadiyn-3-one (Table 2,
product Il) and when Cr(C@was used as CO source, small amounts of cinnamaldevas also formed.
Moreover, when we investigated the hydroalkoxycaytetion reaction of phenylacetylene in the presenc
of Pd(ll), it was observed that the added catadlgstsn't have significant effect on the reactionetiamd
yield% of the obtained product(Table 2, entry 5).

Table 2. Reaction of phenylacetylene with with ethanalhia presence of different metal carboriyls.

o)
gz O
= DABCO, M(CO), 2h NJ\ AN o)
Ethanol .
T AT O MF, Base, 100C P oY N PNJ\H

) (1) ()

Entry M(CO), Catalyst/ Base Isolated yield (%)
1 Fe(CO) None/DABCO 95%of |
2 Mo(CO) None/DABCO 50% of Il
3 W(CO) None/DABCO - 35% of Il
4 Cr(CO) None/DABCO 55% of 11+30% of Il
5 Fe(CO) Pd(OACYDABCO 94% of |

& Reaction conditions: 1.0 mmol of phenylacetylen@,rimol of M(CO), 1.0 mmol of ethanol, 3.0 mmol of DABCO, 1.0 mmobafse and 2
mL of DMF at 100 °C.
® The reaction time is 30 min.

Having the optimized conditions, we then used d#ffiée alcohols in the esterification reaction of
phenylacetylene (Table 3). A wide range of alcohntduding primary and secondary aliphatic alcohols
reacted to give the desired product in high to Bswtyields. The reaction of phenylacetylene ahdrml
derivatives did not proceed well to give the cqomesding ester while the reaction with benzyl aldodrod
4-chlorobenzyl alcohol was performed completely bath reactions led to their corresponding vicmgt
vinylesters in excellent yields. The results of taebonylation of phenylacetylene with differentaiols
are summarized in Table 3. The obtained resultbyofoalkoxycarbonylation of phenylacetylene with
different alcohols showed excellent control of thregioselectivity for all of the products



Table 3. Reaction of alcohols with phenylacetylene in thespnce of iron pentacarboryl.

=
+ ROH+ Fe(CO)

DABCO, DMF
—_—

(0]

100 °C, 30 min
Entry Alcohol Product Yield (98)
O
1 (CHs),CHOH ©/\)Loj\ 98
(1a)
(0]
2 CH,OH ©/\)J\O/ 96
(1b)
(0]
3 CH,CH,OH ©/\)J\O/\ o5
o) (1c)
(e}
4 EtO(CH,),OH ©/\)‘\o/\/ B o
(1d)
(o]
(le)
LD
6 (CH,),CHOH ©/\)\O 90
(1f)
L (O
7 (CH,)sCHOH ©/\)Lo 90
(19)
(0]
N
(o]
8 4-biphenyl CHOH ©/\)‘\ 89
‘ (1h)
(o]
9 CHy(CHy)CH,OH NN NN 96
(1i)
(o]
N
10 4-CIPhCHOH WO/\Q\ a7
cl (1))
(0]
11 PhCHOH 90

O/\)‘\O/\©
(1k)

#Reaction conditions: 1.0 mmol of phenylacetylen®, imol of Fe(CQ) 4.0 mmol of alcohol, 2.0 mmol of DABCO, and 2 rof. DMF at

100 °C.
b |solated yield.

In continuation,

we extended

the applicability ofist method for

one-pot

regioselective

hydrothiocarbonylation of phenylacetylene. For thispose, we selected the reaction of phenylagetyle



and benzyl mercaptan as a model reaction and stildeseffect of different parameters such as tipe ty
and the amount of metal carbonyl, as well as thee lzes complexing agent, solvent and also temperatur
The obtained results are shown in Table 4. Ourrgbtien showed that, the best result was obtainleeiw
the reaction was done with Mo(C£3jnd DABCO in DMF at 100 °C.

Table 4. Optimization of different parameters for hydrottaobonylation reaction of phenylacetyléhe.

(e}
—
= X
SH Base,Sovent SCH,Ph
+ +  Mo(COjp—————
Temp.

Entry Base (mmol) Solvent Temp. (° C) Time (h) dhe(%)
1 DBU DMF 100 4 55
2 NBD DMF 100 0.5 82
3 DABCO DMF 100 15 min 92
4 n-PrN TBAB 100 8 52
5 DABCO TBAB 100 6 70
6° DABCO DMF 100 45 min 92
7° DABCO DMF 100 2 60
gl DABCO DMF 100 2 45
9 DABCO DMSO 100 6 35
10 DABCO diglyme 100 3 45
11 DABCO xylene 100 24 Trace
12 DABCO toluene reflux 24 Trace
13 DABCO DMF 100 12 15
14 DABCO DMF 120 10 min 95

 Reaction conditions: 1.0 mmol of phenylacetylen®,mmol of Mo(COy, benzyl mercaptan (2.0 mmol), base (3.0 mmol)  2ofrsolvent.
®|solated yield.

“The amount of DABCO are 2.0 and 1.0 mmol for estfieand 7 respectively.

“The amount of benzyl mercaptan is 1.0 mmol foriests.

© The reaction was performed using 0.5 equivalehiafCO);.

As the obtained results show, similar reactionhi@ presence of other metal carbonyls, M(E®) =
Cr, W), and Fe(CQ)gave the desired product in lower yield (Table€EBtries 2-4). For comparison, we
also synthesized Mo(CEDABCO complex and reacted it (one equimolar) widnbyl mercaptan under
the optimized condition. The corresponding thioegtas isolated in excellent yield (Table 5, EntjyBhis
experiment shows that this complex can also be asednother solid source of generating CO for this
transformation.

Table 5. Effect of different metal carbonyl in the reactiof phenylacetylene with benzyl mercaptan under dptimized
condition?
o}

= DABCO, M(CO),, 2h §
SH SCHPh
* ©/\ DMF,100°C
Entry M(CO), Isolated Yield(%)
1 Mo(CO) 92
2 Fe(COy Trace
3 W(CO); 45
4 Cr(CO) 35
5 Mo(COXDABCO or

®Reaction conditions: 1.0 mmol of phenylacetylen®, hmol of M(CO), 2.0 mmol of benzyl mercaptan, 3.0 mmol of DABC@ & mL of
DMF at 100 °C.

®The reaction time is 15 min.

¢ The reaction time is 60 min.

The optimized conditions were then applied for ttiecarbonylation of phenylacetylene with different
alkyl- and aryl thiols. The results are summariredable 6. Hydrothiocarbonylation of phenylacehde
with alkyl thiols was found to be very fast and qoeted after 5 min. However, similar reaction of
phenylacetylene with benzyl mercaptan and thiopheece completed after 15 min.



Table 6.Hydrothiocarbonylation of phenylacetylene with difnt thiols in the presence of Mo(GO)

(e}
=
™
DABCO, DMF SR
+ RSH+ Mo(COp———mM
100°C, 5-15 min

Entry Thiol Product Yield (9%)

[@)
1 (CHy),CHSH ©/\)ksj\ 95
(2a)
(0]
2 CH,CH,SH @N‘\s/\ 08
(2b)

(o}

3 CHy(CH,):CH,SH ©/\)\s/\/\/ 95
(2c)
O
4 CHy(CH,)¢CH,SH ©/\)J\s/\/\/\/\ 95
(2d)

(0]

5 PhSH ©/\)\s/© 8eF
(2e)
6 PhCHSH w5© 92
(2f)
/\/\

o]
AN
(0]
7 CHy(CH,),CH,SH ©/\)J\s 08
(29)
4 Reaction conditions: 1.0 mmol of phenylacetyleh®,mmol of Mo(COy, thiol (2.0 mmol), DABCO (2mmol), 2 mL of DMF.

® |solated yield.
¢ The reaction was completed after 15 min.

The proposed mechanism was shown in Scheme 1.Wgestuthat a transient molybdenum carbonyl
complex (A) can be resulted from the complexation of 1,4-disizgelo[2.2.2]octane (DABCO) with
Mo(CO) with rapid releasing of one CO. Then, the comeis formed in the presence of nucleophile.
Transfer of sulfide group to CO can then occur wiltle addition of phenylacetylene to give the
intermediateD. In the next step, metal to ligand migration cawdpce the intermediat&. High
regioselectivity of this method depends greatlyths step in which metal migrates to the terminal
acetylenic carbon which is much less hindered.IFing is protonated through the reaction with B =
DABCO) to generate the desired product.

% N CO| sHR
L= [NNJ + Mo(CO), % [l‘\lj -co \|

Mo(CO)x  RSH /"|"°\
co CcO
(A) co
(B)
2|9
€] @D @
L 819
Cco o 1@ £ o}
L \\ / _ co\‘ Cs e
M = L
o 0 d Lepaeco AN < = || s
RS Ph ‘
H co Vi % AN
o, ® COPh/ co| ~co
3 co
g_? (D) (©)
o 9



Scheme 1.Mechanism of hydrothiocarbonylationof phenylacetgia the presence ofMo(Cgand DABCO

The obtained results from the reaction of Mo(€DABCO complex with benzyl mercatptan (Table 5,
Entry 5) can be considered as a support for thmdton of the proposed intermediate complex (Athis
mechanism.

In conclusion, we introduced an efficient methodtfee carbonylation of phenylacetylene with alcshol
and thiols in the presence of Fe(GIDABCO and Mo(COyDABCO system respectively. This method
allows access to a wide rangeogff-cinamylesters and thioesters in excellent yieldfout the need for
using any external gaseous CO. Overall, the hykoagl and hydrothiocarbonylation reactions were
occurred under atmospheric pressure at relatively reaction temperature and relatively short resct
times. The absence of any Pd catalyst and phosjigared can be considered as other advantagessof th
method.

3. Experimental
3.1. General

FTIR spectra were run on a Shimadzu FTIR-8300 spelcotometetH and C NMR spectra were
recorded on a Brucker Avance DPX-250 spectrometgrguetramethylsilane (TMS) as internal standard
in pure deuterated solvents. Chemical shifts arergin thed scale in parts per million (ppm) and coupling
constants (J) in hertz. Singlet (s), doublet (dpldét (t) and multiplet (m) are recorded. The teat
monitoring was carried out on silica gel analytisakets or by GC analysis using a 3-m length column
packed with DC-200 stationary phase. Column chrography was carried out on a column of silica gel
60 Merck (230-240 mesh) in glass columns (2 or 3deameter) using 15-20 g of silica gel per 1 glad t
crude mixture.

3.2. General procedure for hydroesterification of phenylacetylene with alcohols in the presence of
Fe(CO)s

A mixture of Fe(CQy (1.0 mmol), phenylacetylene (1.0 mmol), alcohaD(#hmol) and DABCO (3.0
mmol) in DMF (3 mL) was heated at 100. After completion of the reaction within 10-45 mmithe
reaction mixture was cooled down to room tempeeatWater was then added and extracted with ethyl
acetate (3 x 20 mL). Organic layer was dried ovdrydrous NgSO,. The crude organic mixture was then
purified by column chromatography over silica geing petroleum ether/ ethyl acetate = 20:1 to oltae
desired productin 85-98% (Table 3).

3.2.1. (E)-3-Phenyl-acrylic acid isopropy! estea)(]8]

'H NMR (250 MHz, CDCJ) 8= 7.68 (d, J= 16.2 Hz, 1H), 7.34-7.51(m, 5H), §@2J= 16.2 Hz, 1H), 5.10
(m, 1H), 1.97 (d, J= 6.5 Hz, 6HYIC NMR (62.9 MHz, CDGJ) 6= 171.2, 144.3, 118.8, 134.5, 130.1,
128.8, 128.0, 67.87, 22.05.Anal.Calcd fapi€i.02:C, 75.76; H, 7.42. Found: C, 75.88; H, 7.30.

3.2.2. (E)-3-Phenyl-acrylic acid methyl ester ([15]

IH NMR (250 MHz, CDCY) = 7.71 (d, J= 16.0 Hz, 1H), 7.21-7.43 (m, 5H), §d5J= 16.0 Hz, 1H), 3.42
(s, 3H);13C NMR (62.9 MHz, CDQJ) 6= 171.2, 144.3, 134.5, 130.1, 128.8, 118.8, 51.adl&alcd for
CloH]_oC)z: C, 7406, H, 6.21. Found: C, 74.13; H, 6.18.

3.2.3.(E)-3-Phenyl acrylic acid ethyl ester (18][1



'H NMR (250 MHz, CDC}) & (ppm)= 7.59 (d, J= 16.2 Hz, 1H), 7.31-7.46 (m, 56{B4 (d, J= 16.2 Hz,
1H), 4.16 (g, 2H), 1.28 (t, J= 7.0 Hz, 3HJC NMR (62.9 MHz, CDGJ) 6= 167.1, 144.7, 134.5, 130.1,
128.8, 126.6, 118.4, 60.6, 14.4. Anal.Calcd feiHG,0,: C, 74.98; H, 6.86. Found: C, 74.91; H, 6.94.

3.2.4. (E)-3-Phenyl-acrylic acid 2-ethoxy-ethylezstld)

'H NMR (250 MHz, CDCJ) § = 7.64 (d, J= 16.0 Hz, 1H),7.29-7.47 (m, 5H), 6.42)&l 16.0Hz, 1H), 4.27-

4.31 (t, J= 4.5 Hz,’3 5.0 Hz, 2H), 3.61-3.65(t, J= 5.0 Hz, 2H), 3.4563(q, 2H), 1.16 (t, J=7.0 Hz, 3H).
13C NMR (CDCE) & = 165.0, 142.8, 117.6, 134.9, 128.4, 127.7, 189, 67.5, 62.7, 14.7.Anal.Calcd for
Ci3H1603: C, 70.89; H, 7.32. Found: C, 70.74; H, 7.45.

3.2.5. (E)-3-Phenyl-acrylic acid pentyl ester ([[4)

'H NMR (250 MHz, CDCY) & = 7.61 (d, J= 16.0 Hz, 1H), 7.18-7.47 (m, 5H), 6@&7J= 16.0Hz, 1H), 4.12
(t, J= 6.8 Hz, 2H), 1.58-1.66 (m, 2H), 1.25-1.34 @hl), 1.18 (m,2H), 0.85 (t, J=7.0 Hz, 3HJC NMR
(CDCls) 8 = 167.2, 144.8, 134.5, 130.1, 128.8, 118.4, 7307, 24.0, 21.8, 15.9.Anal.Calcd foy,8:50,:
C, 77.03; H, 8.31. Found: C, 77.14; H, 8.26.

3.2.6. (E)-3-Phenyl-acrylic acid cyclopentyl eqtH)[17]

'H NMR (250 MHz, CDCY) § = 7.67 (d, J= 16.0 Hz, 1H), 7.26-7.55(m, 5H), 6(d4J= 16.0 Hz, 1H),
4.84-4.93 (5H, m), 1.30-2.17 ( m, 12H3C NMR (CDC}) & = 166.5, 144.2, 118.9, 134.5, 130.1, 128.8,
128.0, 72.7, 31.0, 21.0. Anal. Calcd fois8:60,: C, 77.75; H, 7.46. Found: C, 77.84; H, 7.40.

3.2.7. (E)-3-Phenyl-acrylic acid cycloheptyl eqtby) [18]

'H NMR (250 MHz, CDCY) § = 7.67 (d, J= 16.0 Hz, 1H), 7.26-7.55(m, 5H), 6(d4J= 16.0 Hz, 1H),
4.84-4.93 (5H, m ), 1.30-2.17 ('m, 12H3C NMR (CDC) § = 166.5, 144.2, 118.9, 134.5, 130.1, 128.8,
128.0, 72.7, 31.7, 23.8, 23.7.Anal. Calcd fegHBoO»: C, 78.65; H, 8.25. Found: C, 78.42; H, 8.36.

3.2.8.(E)-3-Phenyl-acrylic acid biphenyl-4-ylmethegter (1h)

'H NMR (250 MHz, CDCJ) § = 7.46 (d, J= 16.0 Hz, 1H), 7.27-7.39 (m, 14H%26(d, J= 16.0 Hz, 1H),
5.21 (s, 2H)°C NMR (CDCh) § = 168.0, 145.4, 140.4, 139.6, 138.3, 135.8, 12028,0, 128.9, 128.4,
128.3, 128.0, 127.2, 117.1, 66.5.Anal.Calcd feiHzOz: C, 83.98; H, 5.37. Found: C, 84.05; H, 5.25.

3.2.9. (E)-3-Phenyl-acrylic acid octyl ester(1i8]1

'H NMR (250 MHz, CDCY) 6 = 7.60 (d, J= 16.0 Hz, 1H), 7.25-7.47 (m, 5H), 6&1J= 16.0Hz, 1H), 4.10
(t, J= 6.8 Hz, 2H), 1.58-1.64 (m, 2H), 1.40-1.45 @H), 1.25-1.34 (m, 6H), 1.20 (m,2H), 0.88 (t, B-Az,
3H). 13Cc NMR (CDCh) 6 = 167.1, 1445, 134.5, 130.2, 128.8, 128.0, 118487, 31.8, 29.2, 29.1,
28.7,25.9, 22.6, 14.0.Anal.Calcd forA,40,: C, 78.42; H, 9.29. Found: C, 78.63; H, 9.30.

3.2.10. (E)-3-Phenyl-acrylic acid 4-chloro-benzstez (1)) [19]

'H NMR (250 MHz, CDCY) 6 = 7.74 (d, J= 16.0 Hz, 1H), 7.29-7.52 (m, 9H), 6.d8)= 16.0Hz, 1H), 5.21
(s, 2H).13C NMR (CDCk) 6 = 166.8, 145.2, 139.0, 134.9, 132.7, 129.1, 12828.4, 127.7, 126.2,
70.1.Anal.Calcd for gH130,: C, 70.46; H, 4.80. Found: C, 70.63; H, 4.87.

3.2.11. (E)-3-Phenyl-acrylic acid benzyl ester ([29)]

'H NMR (250 MHz, CDCYJ) 6 = 7.64 (d, J= 16.0 Hz, 1HY.26-7.29 (m, 10H), 6.39 (d, J= 16.0 Hz, 1H),
5.16 (s, 2H).13C NMR (CDCE) 6= 166.8, 145.2, 136.1, 134.3, 130.4, 128.9, 12828,3, 128.2, 128.1,
117.9, 66.4. Anal.Calcd for;gH140,: C, 80.65; H, 5.92. Found: C, 80.75; H, 5.98.



3.3. General procedure for hydrothioesterification of phenylacetylene with thiols in the presence of
Mo(CO)s

A flask was charged with phenylacetylene (1.0 mptbipl (2.0 mmol), DABCO (1.0 mmol), Mo(C®)
(1.0 mmol) and 3 mL of DMF. The flask was then plddn an oil bath on a heater stirrer preset at°@0
After 5-15 min, the reaction vessel was removedhftbe oil bath and allowed to cool to room temperat
After addition of water,the reaction mixture wagragted with ethyl acetate (3 x 10 mL). The orgdayer
was separated and dried by,88y. Then, the solvent was removed by rotary evapmrainder reduced
pressure. The residue was purified by using colahmomatography or preparative TLC (silica gel, atua
n-hexane/ethyl acetate 20:1) to obtain the desiredyct in 88-98% (Table 6).

3.4. Preparation of Mo(CO)sDABCO complex

A round bottom flask was charged with DABCO (5.38630 mmol), THF (30 mL) and Mo(C@}1.06
g, 4.0 mmol). The mixture was refluxed for 5 h &nen the solvent was evaporated under reducedypeess
to dryness to yield a brown solid that was purifigch-hexane. Evaporation of all volatile materials unde
reduced pressure gave yellow crystals of the Gdmpound (1.45 g; 84%fH NMR data (250 MHz,
CHCL): 8= 2.75 (t, J= 9.2 Hz, 6H), 3.04 (t, J= 9.2 Hz, 6HL NMR (CDC}) 6= 47.3, 55.2, 204.0 (CO).
IR vina/Cm*=2047, 1960, 1929 and 1895 (CO); Anal. Calc. feiHzN,OsMo: C, 37.96; H, 3.45; N, 8.05;
Found: C, 38.30%; H, 3.36%; N, 7.82%;

3.5. Typical procedure for hydrothiocarbonylation of phenylacetylene with penthane-1-thiol in the
presence of Mo(CO)sDABCO

To a round-bottom flask, phenylacetylene (1.0 mmdl02 g), penthane-1-thiol (180 mg, 2.0 mmol),
DABCO (3mmol, 0.336 g), Mo(CQ@PABCO, (1 mmol, 0.432 g) and 3 mL of DMF were addéde flask
was heated at 100 °C for 45 min and then cooledndimmwoom temperature. The product was extracted
with ethyl acetate (3 x 20 mL) from the aqueougtagnd dried over anhydrous 4$&y. Then the crude
organic mixture was purified by column chromatodmamver silica gel using petroleum ether/ ethyl
acetate = 20:1 to obtain 3-phenyl-thioacrylic &8tgentylester(0.223 g, 95%).

3.5.1. (E)-3-Phenyl-thioacrylic acid S-isopropytezg2a) [21]

H NMR (250 MHz, CDC)) 67.52 (d, J= 16.0 Hz, 1HY.31-7.40 (m, 5H); 6.38 (d, J= 16.2 Hz, 1H), 2.89
(m, 2H), 1.28 (d, J= 6.5 Hz, 6H')3.C NMR (CDCB) 6 192.0, 145.8, 132.9, 129.0, 128.4, 128.0, 12903),3
22.0.Anal.Calcd for gH140S: C, 69.86; H, 6.84. Found: C, 69.95; H, 6.80.

3.5.2. (E)-3-Phenyl-thioacrylic acid S-ethyl eql) [22]

'H-NMR (250 MHz, CDC}) 6 7.58 (d, J = 16.0 Hz,1H), 7.35-7.48 (m, 5H), 6&0J = 16.0 Hz, 1H), 2.91
(g, J =7.5Hz, 2H), 1.30 (t, J = 7.5 Hz, BFP[: NMR(CDCBE) 6 193.9, 140.1, 130.4, 128.9,128.3, 127.8,
125.0, 23.3, 14.8.Anal.Calcd for {£1,,0S: C, 68.71; H, 6.29. Found: C, 68.54; H, 6.44.

3.5.3. (E)-3-Phenyl-thioacrylic acid S-pentyl egtr)

'H NMR (250 MHz, CDCY) & = 7.53 (d, J= 16.0 Hz, 1H), 7.23-7.47 (m, 5H), 664J= 16.0Hz, 1H), 2.93
(t, J= 7.5 Hz, 2H), 1.45-1.59 (m, 2H), 1.18-1.30, @), 0.86 (t, J=7.0 Hz, 3H}’C NMR (CDCE) &
190.0, 140.1, 130.4, 128.8, 128.4, 128.0, 125.19,319.2, 28.3, 22.2, 13.9.Anal.Calcd for/8:s0S: C,
71.75; H, 7.74. Found: C, 71.59; H, 7.90.

3.5.4. (E)-3-Phenyl-thioacrylic acid S-octyl egtad) [23]



'H NMR (250 MHz, CDCI3) = 7.60 (d, J= 16.0 Hz, 1H), 7.30-7.47 (m, 5H), §d8J= 16.0Hz, 1H), 2.98
(t, J= 7.5 Hz, 2H), 1.86-1.98 (m, 2H), 1.26-1.38, (tOH), 0.92 (t, J=7.0 Hz, 3H}°C NMR (CDCE) &
194.0, 148.8, 134.9, 128.4, 128.0, 127.8,125.16,320.9, 29.0, 28.9, 28.8, 22.9, 14.0.Anal.Calcd fo
C17H240S: C, 73.86; H, 8.75. Found: C, 73.93; H, 8.56.

3.5.5.(E)- 3-Phenyl-thioacrylic acid S-phenyl egize) [24]

'H NMR (250 MHz, CDC) 5 7.50 (d, J= 16.0 Hz, 1HY.30-7.42 (m, 10H),6.41 (d, J= 16.0 Hz, 1Hr
NMR (CDCl) 5=194.2, 145.2, 136.0, 134.9, 129.5, 129.4, 12284, 127.7,127.1, 124.9. Anal.Calcd for
C1sH1,0S: C,74.97; H, 5.03. Found: C, 74.75; H, 4.86.

3.5.6. (E)-3-Phenyl-thioacrylic acid S-benzyl e&8r[25]

'H NMR (250 MHz, CDCY) & 7.54 (d, J= 16.0 Hz, 1HY.26-7.36 (m, 10H), 6.39 (d, J= 16.0 Hz, 1H), 4.13
(s, 2H).13C NMR (CDCE) 6= 194.2, 145.2, 136.1, 134.3, 130.4, 129.4, 12R28.6, 128.3, 128.2, 128.1,
37.4.Anal.Calcd for gH140S: C, 75.55; H, 5.55. Found: C, 75.37; H, 5.64.

3.5.7. (E)-3-Phenyl-thioacrylic acid S-butyl est2g) [26]

'H NMR (250 MHz, CDCI3) = 7.53 (d, J= 16.0 Hz, 1H), 7.23-7.47 (m, 5H), §64J= 16.0Hz, 1H), 2.93
(t, J= 7.5 Hz, 2H), 1.45-1.59 (m, 2H), 1.18-1.30, @h{), 0.86 (t, J=7.0 Hz, 3H}’C NMR (CDC}) 5
194.0, 148.8, 134.9, 128.4, 127.7, 125.6, 32.(8,301.0, 15.9.Anal.Calcd for,gH,60S: C, 70.87; H, 7.32.
Found: C, 70.63; H, 7.50.
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Table 1. Optimization of different parameters for. hydroatikoarbonylation of phenylacetylefie.
o]

& A
©/+Ethanol+ Fe(co) _Base, Solvent o
Temp.

Entry Base Solvent Temp. (° C) Time (h) Yield Po6)
1 DBU DMF 100 2 47
2 n-PrN DMF 100 10 56
3 DABCO DMF 100 0.5 95
4 n-PrN TBAB 110 3 52
5 DABCO TBAB 110 3 70
6° DABCO DMF 100 2.5 75
7° DABCO DMF 100 6 65
8! DABCO DMF 100 12 25
o DABCO DMF 100 12 40
10 KoCOq DMF 100 2 60
11 NaOH DMF 100 2 61
12 CsCOs DMF 100 4 72
13 DABCO DMSO 100 6 27
14 DABCO diglyme 100 25 48
15 DABCO toluene Reflux 12 36
16 None DMF 100 24 10
17 DABCO xylene 100 24 Trace
18 DABCO DMF 100 10 10
19 DABCO DMF 120 0.3 98

@ Reaction conditions: 1.0 mmol of phenylacetylen®,mmol of Fe(CG) ethanol (4 mmol), Base (3 mmol), 2 mL of solvent.
b .
Isolated yield.
“The amount of DABCO are 2.0 and 1.0 mmol for estfieand 7 respectively.
9The amount of ethanol are 1.0 and 2.0 mmol foriesn® and 9 respectively.
€ The reaction was performed using 0.5 equivaleifitedCO}.

Table 2. Reaction of phenylacetylene with with ethandlia presence of different metal carboriyls.

o
gz 0
= DABCO, M(CO),, 2h /\)j\ P “ Q
+ Ethanol 5 N+ + /\)J\
DMF, Base, 100Cc PN O p 7N ph  PH H

0} an D)

Entry M(CO), Catalyst/ Base Isolated yield (%)
1 Fe(COy None/DABCO 95%of |
2 Mo(CO) None/DABCO 50% of Il
3 W(CO) None/DABCO - 35% of Il
4 Cr(COy) None/DABCO 55% of 11+30% of llI
5 Fe(CO) Pd(OAC)YDABCO 94% of |

# Reaction conditions: 1.0 mmol of phenylacetyleh®,mmol of M(CO), 1.0 mmol of ethanol, 3.0 mmol of DABCO, 1.0 mmébase and 2
mL of DMF at 100 °C.
® The reaction time is 30 min.
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Table 3. Reaction of alcohols with phenylacetylene in thespnce of iron pentacarboryl.

O
= .
OR
+ ROH* Fe(coy DABCO. DMF
100 °C, 30 min

Entry Alcohol Product Yield (98)

(@]
1 (CHy),CHOH (1a) ©/\)\oj\ 98
(2a)
(o]
2 CH,OH (1b) ©/\)J\O/ 96
(2b)

3 CH,CH,OH (1c) ©/\)J\o/\ 95
o (2¢c)
4 EtO(CH),0H (1e) ©/\)‘\o/\/ °% 94
(2d)

(o]
5 CHy(CH,)sCH,OH (1f) ©/\)\o/\/\/ 95
(2e)
(0]

6 (CH,),CHOH (1h) ©/\)\O 90

(2f)

(o]

7 (CH,)sCHOH (1i) ©/\)LO 90

(20)

A o]
8 4-biphenylCHOH (1)) O 89

9 CHy(CH,)sCH,OH (1K) NN TN 96
(2i)

(@]
N
10 4-CIPhCHOH (11) WO/\Q\ 87
cl (2))
(@]
11 PhCHOH (1m) O/\)‘\o/@ 90
(2k)

#Reaction conditions: 1.0 mmol of phenylacetylen®, mmol of Fe(CQ) 4.0 mmol of alcohol, 2.0 mmol of DABCO, and 2 mf. DMF at
100 °C.
® |solated yield.
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Table 4. Optimization of different parameters for hydrottasbonylation reaction of phenylacetyléne.

(e}

©/// ©/\)‘\
©/\SH Base,Sovent SCH,Ph
+ +  Mo(COp————
Temp.

Entry Base (mmol) Solvent Temp. (° C) Time (h) dfe(%6)
1 DBU DMF 100 4 55

2 NBD DMF 100 0.5 82

3 DABCO DMF 100 15 min 92

4 n-PrN TBAB 100 8 52

5 DABCO TBAB 100 6 70

6° DABCO DMF 100 45 min 92
7° DABCO DMF 100 2 60
8! DABCO DMF 100 2 45

9 DABCO DMSO 100 6 35
10 DABCO diglyme 100 3 45
11 DABCO xylene 100 24 Trace
12 DABCO Toluene reflux 24 Trace
13 DABCO DMF 100 12 15
14 DABCO DMF 120 10 min 95

@ Reaction conditions: 1.0 mmol of phenylacetyleh®,mmol of Mo(COy, benzyl mercaptan (2.0 mmol), base (3.0 mmol),
2 mL of solvent.

® |solated yield.

“The amount of DABCO are 2.0 and 1.0 mmol for esteand 7 respectively.

9The amount of benzyl mercaptane is 1.0 mmol forien8.

® The reaction was performed using 0.5 equivalehka{CO)s.

Table 5. Effect of different metal carbonyl in the reactiof phenylacetylene with benzyl mercaptan under th
optimized conditiori.

Entry M(CO), Isolated Yield(%)
1 Mo(CO) 929
2 Fe(CO) trace
3 W(CO) 45%
4 Cr(CO), 35
5 Mo(COXDABCO 919%

& Reaction conditions: 1.0 mmol of phenylacetyleh® mmol of M(CO), 2.0 mmol of benzyl mercaptan, 3.0 mmol of
DABCO and 2 mL of DMF at 100 °C.

®The reaction time is 15 min.

¢ The reaction time is 60 min.

Table 6.Hydrothiocarbonylation of phenylacetylene with difnt thiols in the presence of Mo(GO)

(e}
=
™
DABCO, DMF SR
+ RSH+ Mo(COp—M—— — "
100°C, 5-15 min

Entry Thiol Product Yield (9)
[@)
1 (CHy),CHSH QMSJ\ 95
(29)
(@]
2 CH,CH,SH NN N 98
(2b)
(@]

3 CHy(CH,)sCH,SH ©/\)J\s/\/\/ o5
(2¢)
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/\/\/\/\
4 CHy(CH,)6CH,SH ©/\)\s 95
(2d)

(@]
5 PhSH D 8g°
(2e)
(e}
6 PhCHSH ©M5A© 9%
(2f)
O
A NN
7 CHy(CH;),CH,SH s 98
(29)

& Reaction conditions: 1.0 mmol of phenylacetyleh mmol of Mo(CQ), benzyl mercaptan (2.0 mmol), DABCO
(2mmol), 2 mL of DMF.

® |solated yield.

¢ The reaction was completed after 15 min.
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Research highlight

» The carbonylation of alkyne was performed by using metal carbonyl/DABCO system.
> a,B-Cinamylesters and thioesters was obtained in excellent yields.
» These reactions were carried out in the absence of Pd catalyst and phosphine ligand.



