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The regiochemistry of the reaction of diethyl 2-(prop-2-yn-1-yl)malonate with various
nucleophiles in the presence of mercury(ll) acetate has been investigated. The derivative of
cyclopentadiene and unsaturated ketoesters were isolated depending on the nature of the dicarbonyl
compound and the conditions for the reduction of the organomercury intermediates.

References 6

Earlier, based on the reaction of solvomercuration-demercuration of the
terminal triple bond, methods for one-step functionalization were developed and the
reasons for obtaining both furan derivatives and the linear products of vinylation
were identified [1-4].

Extending the research in this area, diethyl 2-(prop-2-yn-1-yl)malonate 2
synthesized from malonic ester 1 with various CH- and NH-nucleophiles was
involved as the substrate in the mercuration-demerculation reaction. The substrate
optimally combined model terminal acetylene and dicarbonyl fragments that can
influence regiochemistry of the studied reaction.

It turned out that the interaction of diethyl 2-(prop-2-yn-1-yl)malonate 2 with
sodium acetylacetonate in the presence of mercury(ll) acetate in dioxane, followed
by demerculation of intermediates 3 and 4 with sodium borohydride, in contrast to
alkyl acetylenes, propargyl ethers and proparyl acetate, affords a mixture of diethyl-
3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6 and diethyl 2-(3-
acetyl-4-hydroxy-2-methylenepent-3-enyl)malonate 5.
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It should be noted that the formation of cyclopentadienyl derivative 6 is a
consequence of the prototropic migration of the exomethylene double bond, further
dehydration and cyclization according to the following Scheme:
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The mixture of linear 5 and cyclopentadienyl 6 derivatives was separated into
the individual components by column chromatography.

In this work, we attempted to alkylate diethyl 2-(prop-2-yn-1-yl)malonate 2
with an equilibrium system obtained by condensation of acetylacetone and aniline
[5] containing Schiff base 8 and its tautomeric form 9 in a 50: 50 ratio, as per *H
NMR. A characteristic test for the presence of the imine-enamine mixture of 8 and 9
was the ratio of hydrogen atoms of enol 8 (12.4 ppm) and aniline 9 (5.1 ppm).

Similar to the data obtained earlier in [3], after solvolysis with sodium
borohydride, products of N-alkylation of the terminal triple bond of diethyl 2-(prop-
2- yn-1-yl)malonate were not isolated. It is likely that the reaction proceeded
through the intermediate formation of unsaturated amines 10 and 11, which under
demercuration conditions were hydrolyzed to enol 12, stabilized to diethyl 2-(2-
oxopropyl)malonate 13.
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We failed to perform direct hydration (without the participation of amine) in the
presence of mercury(ll) acetate: only the initial substrate was present in the reaction
mixture.

In conclusion, the reactions of diethyl 2-(prop-2-yn-1-yl)malonate with
acetylacetone and its derivatives in the presence of mercury(ll) acetate have been
studied and derivatives of cyclopentadiene and ketoesters were formed.

Experimental Part

'H and **C NMR spectra (300.07 and 75.46 MHz respectively) of the solutions
in DMSO-d6-CCI4 (1:3) were recorded on a Varian “Mercury-300 VX”
spectrometer at 303 K relative to internal TMS. The reaction progress was
monitored by TLC using Silufol UV-254 plates, developing with KMnO, and iodine
vapor. GLC analysis was performed using a LHM-80MD instrument (model 3)
(1.5 m column, AW-NMDC sorbent soaked with 10% Carbovax-20M, rate of carrier
gas 40 mL/min, detector temperature 200°C, evaporator temperature 250°C).
Diethyl-2-(prop-2-ynyl)malonate was obtained by reacting sodium malonic ester
with propargyl bromide as described in [6].

Diethyl 2-(3-acetyl-4-hydroxy-2-methylenepent-3-enyl)malonate 5, diethyl
3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6. 32 g of
mercury(Il) acetate (0.01 mol) was dissolved in 50 ml of THF, 1.98 g (0,01 mol) of
diethyl 2-(prop-2-yn-1-yl)malonate 2 was added and the mixture was stirred for 1h
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at 25 °C. Separately, from 0.23 g (0.01 mol) of sodium and 1 ml of acetylacetone in
10 ml of THF, sodium salt of acetylacetone was obtained, the complex was added
and stirred for 12 h. Demercuration was carried out by adding 0.2 g (0.026 mol) of
powdered sodium borohydride, the mixture was stirred for another 2 h, then the
water-ether mixture was added in a 2: 1 ratio, the extracts were dried over
magnesium sulfate.

After removal of the solvent, 2.0 g of residue was obtained, which was purified
by chromatography on a column containing 70 g of silica gel (40-100 zm). Elution
with CCly/ether in a 3:1 ratio yielded 0.95 g of diethyl 2-(3-acetyl-4-hydroxy-2-
methylenepent-3-enyl)malonate 5 with R 0.65 (hexane/ether 1:1) and 0.86 g of
diethyl 3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6 with R¢ 0.51
(hexane/ether 1:2).

'H NMR for 5, (300.07 MHz, DMSO-d6) &, Hz: 1.77 (t, 3H, CHz, J=7.1), 2.04
(s, 3H, COCHy), 2.71 (ddd, 2H, CH,, J=7.4, 1.5, 1.2Hz), 3.51 (t, 1H, CH, J=7,4),
4,15 (g, 2H, OCH,, J=7.1), 5.00 (dt, 2H, =CH,, J=1.5, 1.2), 5.3 (g, 2H, =CH,,
J=1.5). Found, %: C 60.79; H 7.39; Calc. for C15H»,04, %: C 60.39; H 7.43.

'H NMR for 6, (300.07 MHz, DMSO0-d6) &: 1.23 (t, 6H, CHs), 1.52 (s, 3H,
CHjy), 1.95 (s, 3H, CHjy), 2.28 (s, 3H, CH3), 4.13 (q, 4H, -CH,CH3), 5.05 (s, 1H, -
C=CH-). Found, %: C 64.71; H 7.2; Calc. for C15H»,0Os, %: C 64.27; H 7.19.

Reaction of acetylacetone with aniline. 19 g (0.2 mol) of aniline was
dissolved in 160 ml of ethanol and 22 ml of acetylacetone was added. The reaction
mixture was boiled with stirring for 15 h [5]. The ethanol was distilled in vacuo,
cooled, crystals were separated and washed with ice water, dried under vacuum,
heated in a water bath at 45°C. Distillation of the residue in vacuo gave 4 g of a
mixture of compounds 8 and 9 (the ratio by *H NMR 50:50).

'H NMR of mixtures 8 and 9, (400 MHz, DMSO-d6) &: 1.23 (t, 6H, CHj), 1.52
(s, 3H, CH3), 1.95 (s, 3H, CH3), 2.28 (s, 3H, CH3), 4.13 (q, 4H, -CH,CH3), 5.05 (s,
1H, -C=CH-).

Diethyl 2-(2-oxopropyl)malonate 13. 4.8 g (0.015 mol) of mercury(ll) acetate
was dissolved in 50 ml of THF, 3 g (0.015 mol) of diethyl 2-(prop-2-yn-1-
yl)malonate 2 was added and the mixture was stirred for 1 h at 25 °C. Separately,
from 0.345 g (0.015 mol) of sodium and 2.6 g (0.015 mol) of imine-enamine mixture
the corresponding salt was obtained, the complex was added and stirred for 15 h at
25°C. Demercuration was carried out by adding 0.3 g of powdered sodium
borohydride with stirring for another 2 h and the water/ether mixture in a 2:1 ratio
was added, the extracts were dried over magnesium sulfate. After removal of the
solvent, 2.5 g of the residue was obtained. 1 g of this residue was purified by
chromatography on a column containing 40 g of silica gel (40-100 xm). Elution with
hexane/ether in a 5:1 ratio yielded 0.8 g of diethyl 2-(2-oxopropyl)malonate 13. *H
NMR (300.07 MHz, DMSO-d6) &, Hz: 1.26 (t, 6H, CHa, J=7.1), 2.16 (s, 3H, CHy),
2.98 (d, 2H, CH,, J=7.2), 3.68 (t, 1H, CH, J=7.2), 4.14 (q, 4H, OCH,, J=7.1). ©°C
NMR 13 (75.46 MHz, DMSO-d6) &: 13.5 (CHs), 28.9(CHs), 41.1(CH,), 46.1(CH),
60.5 (OCH,), 167.6 (O-C0O), 203.2 (CO).
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NeOMUCLEPLUTLALUESE BU LAFULENDPLLELD
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L. - NALAUSUTL, L. 1.LUL3U, N. U LELUPUSUTL, L. UAULE23U,
U. L.NA4UYhU3U0L, N.LAUULGU3UL U 4 W 20LTL3UL

Lrmagmunfby & b3 fy-2- (wyprmg-2-rlfy) dwsgrisssnf spofugubgmefdyncbip mupuplng [
TclylinBpylbipl Sk uligplyfy (11) wglimnnfs SkpluynGyudp: Molpuppobppogpl dpuogn:e-
[yt b dpQustelyny dpragnefFyniiilpp fbpudpighdwl phig Gy Qupufwd omogdk; B
$lmnligumd flnniilibp b ghlynublunughbif wdubguhbp:

O PEATMPOBAHHNU ITPOITAPTHJIIMAJIOHATA C HYKJIEO®PNJITIAMHA
BIIPUCYTCTBUU ALETATA PTYTH (II)

H. ' OBOCsH, K. B. BAJISIH, P. C. HEPCUCSIH, JI. M. TAJIEYSIH,
C. A. OBAKHUMISIH, A. B. CAPI'CSIH u K. A. YHOBAHAH

HccnenoBana perMoXvuMusi B3aUMOJCHCTBUS JUATHI-2-(TIPOI-2-MHUI)MaIOHATa C
pasnuuHbIMEH HyKIeouiamu B mpucyrctBud anerara (I) pryru. B 3aBucumoctu ot
MPUPOJIBI TUKAPOOHWIILHOTO COEIMHEHUs M YCIOBUH BOCCTAHOBIICHHUS IPOMEXKYTOYHBIX
PTYTBOPraHUYECKUX COCIUHEHUI BBIIEICHBI HENPEICNBHBIC KETOHBI U IPOU3BOJHOE
LUKIIONICHTAJUCHA.

REFERENCES

[1] Boee B.HU., Mockanenko A.HU., Foes A.M. // Ycuexu xumun, 1997, 1. 66, c. 874 [Russ. Chem.
Rev., 1997, 66, 789].

[2] Baoanan LI.O., Yobanan XK.A., Tupaxan M.P., Januensn A.O. // XT'C, 1998, 1. 34, c. 904
[Chem. Heterocycl. Compd., 1998, 34, 781].

[3] Obocan H.I., Fanan K.B., Hepcucsin P.C., Capecan A.F., Yob6ansn JK.A. I/ KXOX, 2016, 1. 86,
€ 746 [Russ. J. Gen. Chem., 2016, 86, 1011].

[4] Bansn K.B., I'enoxcosin JLM., Axonsin B.B., Obocsin H.I., Yob6ansn JK.A. [l KOX, 2014, T. 84,
c. 1800 [Russ. J. Gen. Chem, 2014, 84, 2098].

[5] Adnan dib. // Int. J. Chem. Tech. Res., 2013, v. 5, p. 204.

[6] Weygand-Hilgetag  Organisch-Chemische Experimentierkunst 3. Neubearbeitete Auflage,
Johann Ambrosius Barth /Verlag/Leipzig, 1964, p. 944.

613


https://www.researchgate.net/journal/1573-8353_Chemistry_of_Heterocyclic_Compounds
http://link.springer.com/journal/11176
http://link.springer.com/journal/11176/86/5/page/1
http://link.springer.com/journal/11176



