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ABSTRACT

1 2
R ' R? Pdcl, TBAB R?
>_{ r -/ ﬁ Rl.— 7/

| NayCOj3, Ha
H 80 0c Yield - 65-82%
R'= aryl, alkyl R? = CO,Me/Bu, E isomer- 100%
R2= CO,Me, CO,Bu, CN R? = CN, Z isomer- 80-95%

An efficient procedure for the stereoselective synthesis of ( E)- and (2)-2-alkene-4-ynoates and -nitriles by a simple reaction of  vic-diiodo-( E)-
alkenes with acrylic esters and nitriles catalyzed by in situ prepared Pd(0) nanoparticles in water has been developed. Addition of acrylic

esters leads to ( E)-isomers exclusively, whereas (  Z)-isomers are obtained in high stereoselectivity from reactions of acrylonitrile. The aqueous

slurry of Pd nanoparticles is recycled. A probable mechanism has been suggested.

The 1,3-enyne unit is of considerable interest in organic also been demonstrated to produce enyh&sAnother
synthesis as these moieties are present in many naturallyalternative approach involved copper-catalyzed coupling of
occurring and biologically active compouddsuch as alkynes or alkyne derivatives with vinyl iodidésiowever,
terbinafine? a potent drug for superficial fungal infections, these methods suffer from some limitations such as prepara-
and calichemiciny,,® an effective antitumor antibiotic. The tion of an organometallic alkyne and stereodefined vinyl
enynoates are also very useful synthetic intermedfates. halide through lengthy procedures, poor functional group
Only a limited number of procedures for the synthesis of tolerance, and undesired side products resulting in low
conjugated enynes have been developed. One of the mosyields3®7 We now report a new route involving a simple
prevalent protocols was PdCu-catalyzed coupling between reaction of vic-diiodoalkenes with an activated alkene
an alkyne or an organometallic alkyne and a vinyl haffle. catalyzed by Pd(0) nanoparticles in water (Scheme 1). The
Palladium-catalyzed oxidative alkynylation of alkenes has use of metal nanoparticles in reactions generating carbon
carbon bonds has attracted considerable attention in recent
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s in situ from this reagent systeth.The formation of Pd

Scheme 1 nanoparticles was also detected by us from analysis of the
R? reaction mixture by transmission electron microscopy (TEM)
R! I R? PdCly, TBAB Rl /”N and Energy Dispersive X-ray spectroscopy (EDS). The TEM
I>=<H + = Na;CO3, H0 T image and EDS showed the palladium nanoparticles with a
800c size of 2-6 nm (Figures 1 and 2). The slurry of palladium
R'= ayl,alkyl

R2= CO ,Me, CO,BuU, ON

To identify a suitable catalyst and standardize the reaction
condition the reaction ofic-(E)-diiodostyrene with methyl
acrylate was studied with a variety of Pd catalysts at varied
experimental conditions. These include Pd(GAeBu,NBr/
Na&COs, PACL/TBAB/Na,CO4/H,0, PdCl/sodium dodecyl
sulfate (SDS)/NgCOs/H,0O, PACHTBAI/Na,COs, and Pd-
(dba)/P(o-tol)s/EtsN/CH3;CN. The results were summarized
in Table 1. As evident from the results, the PITBAB/

Table 1. Standarization of Catalyst

Ph | CO,Me COoMe
/e catalyst | o __ /
| H
yield
entry catalytic system time, condition (%) . i . . .
Figure 1. TEM image of Pd nanoparticle formed in the reaction
1 Pd(OAc);, TBAB, Nay;COs3 24 h (rt) mixture
2 Pd(OAc);, TBAB, Nay;COs3 microwave, 20 ’
1 min (run time),
1 min (hold time), ) ) )
5 PdOAe, TBAB. NayCO . hl(%% °°%)100 w o nanoparticles in water was recycled for two runs without
by Az any loss of efficiency. After two runs the reactivity decreases.
4 PdCl;, TBAB, NayCOs in water 6 h (80 °C) 82
6 PdCl,, TBAI, NayCO3 in water 12 h (80 °C) 10
7 Pds(dba)s, P(o-tol)s, EtsN 24 h (reflux) 25
in CH;CN Specan 1

Pd

NaCOs/H,0 system was found to produce the best results
in terms of reaction time and yield and thus this reagent o
system is selected to be used for all the reactions.

The experimental procedure is very conveni€t.simple
reaction ofvic-diiodoalkene and conjugated alkene in the
presence of the PAZTBAB/Na,COs/H,0 system provided I
the product. The palladium(0) nanoparticles were produced

(10) Representative Experimental Procedure for Enyne Synthesis

(entry 4, Table 2).To a stirred mixture of tetrabutylammonium bromide Cu
(323 mg, 1 mmol) and Pde(3.5 mg, 0.02 mmol) in water (3 mL) were

added 1-(1,2-diiodovinyl)-4-methylbenzene (370 mg, 1 mmol), methyl e
acrylate (344 mg, 4 mmol; excess amount was used to avoid any loss during

reflux), and NaCO;s (424 mg, 4 mmol). The mixture was then heated at 80 vy

°C (oil bath) fa 6 h (TLC). After being cooled the reaction mixture was
extracted with BEXO (3 x 10 mL). The ether extract was washed with water
and brine and dried (N&Os). The solvent was evaporated under reduced
pressure to leave a crude product that was purified by column chromatog- Fi 2 E di ive X t ith fac id
raphy over silica gel (ethethexane 5:95) to afford the pure productpb- lguré 2. Energy dispersive A-ray spectra with use of a Lu-grid.
tolylpent-2-en-4-ynoic acid methyl ester (156 mg, 78%) as a yellow solid:
mp 72-73 °C; IR (KBr) 2852, 2193, 1718, 1622 criy 'H NMR (300 ) o
z\gHz, CDCk) & 2.33)(3, 3H)(,(S-788(s, 3H),26-$8 (g,=(%15.7 I;Z, 1H),26-€;8 Several structurally diversgc-diiodoalkenes underwent
,J=15.7 Hz, 1H), 7.15 (dJ = 8.1 Hz, 2H), 7.37 (dJ = 8.1 Hz, 2H); ; ; ; ;
132 NMR (CDCh, 78 Hz) 0 21.7, 51.9. 86.0, 99.0, 119.2, 125.7. 129.1, reactions with conjugated alkenes such as acrylic ester and
129.3 (2C), 132.0 (2C), 139.8, 166.6. Anal. Calcd fagHi 02 C, 77.98;
H, 6.04. Found: C, 77.88; H, 5.99. The combined aqueous layer and extract (11) Zhang, Z.; Zha, Z.; Gan, C.; Pan, C.; Zhou, Y.; Wang, Z.; Zhou,
was concentrated under reduced pressure and was used for the next reactiod.-M. J. Org. Chem2006 71, 4339.
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nitriles catalyzed by in situ prepared Pd(0) nanoparticles in

The mechanism of this reaction has also been investigated.

water to produce the corresponding 1,3-enyne esters andTwo alternative routes (a and b) as outlined in Scheme 2

nitriles in good yields. The results are summarized in Table
2. The substituents on the aromatic ring of the diiodoalkenes

Table 2. Cross-Coupling Reaction of Diiodo Compounds with

Activated Alkenes
2

R1 | R R2
/. _/ PdCl TBAB ya
Na2CO3, H20
entry R? R2 time (h) vield (%) EZ  ref
1 CeH5 COoMe 6 82 100:00 7b
2 CeHs5 CO2Bu 7 78 100:00 7b
3 CeHs CN 65 72 10:90 5a
4  p-MeCgH4 COoMe 6 78 100:00
5 p-MeCgH4s CN 6 72 20:80
6 pCl-CeHa COoMe 65 72 100:00
7  pClCeHa CN 7 70 5:95
8 mBrCeH4 COoMe 12 682 100:00
9 m-MeO-CgH4 CO2Me 6.5 80 100:00
10 COpMe 65 78  100:00
11 COBu 7 74 100:00
Br
12 CooMe 95 652 100:00
o)
0
13 n-C4Hg CO2Me 26 78 100:00
14 n-CgH13 CO2Bu 24 72 100:00 7c

aYields refer to those of purified products characterized by*HR,and
13C NMR spectroscopic datd Reaction was carried out under sonication.

Scheme 2. Possible Mechanism of the Coupling Reaction

CO,M
. oh COMe 2ve
L= ph < 2% '\ / = . Pn Pd
Pd(0) H Pd(0) -
route a route b I H
Pd(0) CO,Me 1
base | —
PdI COMe _ foMe
CO,Me Ph Ph >_/_/
Ph—— / z ):)J - =( PdHI
| H | H
2
l —HI co,me
Ph\N\ Ph —
S CO,Me
| Pd-1 ERTEEN
l syn elimination
base
CO,Me Pd(),
I — CO,Me
E-2 elimination jo 2
>=/_/—> Ph—= /
Ph H Pd(0), base
B 3
Ph | Pd(0) -
}::( No elimination product (6 h) --- (1)
| H base (no alkene)
_—COzMe
o COMe Pd(0) /J o
/=" hme ~ PN @
80 °C

have been considered. In route a tl®-diiodoalkene is
proposed to undergo elimination of HI to form iodoalkyne,
which then couples with conjugated alkene in Heck fashion
catalyzed by Pd(0) to form the enyne. Route b proposes the
initial formation of an iodopalladium complek via Heck
coupling with conjugated alkene followed PByelimination

to form the hydridopalladium halide complex2, which
may give rise to two isomer& andB by hydridopalladium
halide elimination3 Now, isomerA may lead to the product
by syn elimination of HI, and on the other harl,may
produce the enyne through E-2 type elimination. On theoreti-
cal calculation it was found thét is energetically favorable
by 0.3 kcal/mol compared t8.14 Thus, the formation of
product through intermediat is predicted.

(12) Beletskaya, I. P.; Cheprakov, A. Chem. Re. 2000 100 3009.

(13) Shi, M,; Liu, L.-P.; Tang, JJ. Org. Chem2005 70, 10420.

(14) The ground state structural calculations for the intermediate products
such ascis and trans ester were computed by using Hartdeock (HF/
STo-3G) levels with GAUSSIAN software: Frisch, M. J.; Trucks, G. W.;
Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R,
Montgomery, J. A., Jr.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J.
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diiodoalkenes produced relatively low yields (380%). This

method is compatible with a variety of substituents such as

OMe, ClI, Br, and methylenedioxy. Significantly, coupling
with acrylic esters always provide&)-isomers exclusively,

Cross, J. B.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.;
Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala,
P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.;
Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.;
Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J.
V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.;

whereas acrylonitriles pushed the reaction to give (Z)-alkenesy i, G. Liashenko, A.; Piskorz, P.; Komaromi, |.; Martin, R. L.; Fox, D.

in high selectivity. This type of high selectivity with GR

compared to the relatively small CN group is well addressed

in Heck couplingt?
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To check the feasibility of route a, a blank experiment this strategy for the stereoselective synthesis of conjugated
with the starting diiodoalkene under identical experimental enynoates and nitriles from diiodoalkenes involving pal-
conditions without conjugated alkene was carried out, and ladium nanoparticles is novel and not reported earlier.
significantly, no iodoalkyne as predicted in route a was
obtained (eq 1). Thus, route a was eliminated. On the other Acknowledgment. We are pleased to acknowledge the
hand, a reaction otis-diiodostyrene with the same conju- financial support from CSIR, New Delhi [Grant No. 01(1936)/
gated alkene under identical reaction conditions produced04] for this investigation. K.C. is thankful to CSIR for his
the Corresponding 1'3_diene (eq 2) This Certain'y Supportsfellowship. We also thank Dr. N. Guchhait of Calcutta
route b. University for his help in theoretical calculations.

In conclusion, the present protocol using in situ prepared
palladium(0) nanoparticles provides a very convenient and

efficient method for a one-pot synthesis of conjugated enyne . . . .
pot sy -~ y for the new compounds reported in Table 2 (listed in entries

compounds fromiic-diiodoalkenes. The significant improve- .
ments offered by this procedure are operational simplicity, .4_12 and 14) and*C NMR spectra of all compounds listed

excellent stereoselectivity, general applicability, high isolated :ntTabltta 2t r-::[ ?'?l /mal;enal is available free of charge via the
yields of products, and reaction in aqueous medium avoiding nternet at hitp-//pubs.acs.org.
hazardous organic solvents. To the best of our knowledgeoL0708121
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