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Meldrum’s Acid in Organic Synthesis. V. Versatile One-pot Synthesis of
Indolepropionic Esters via Simultaneous Condensation of Three
Different Carbon Components, Indole, Aldehydes

and Meldrum’s Acid" '
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When an acetonitrile solution of Meldrum’s acid (1), indole (5), and an aliphatic or
aromatic aldehyde (8) in the presence of a small amount of proline (except in the case of
acetaldehyde) was allowed to stand at 30°C, a simultaneous condensation of three different
carbon components occurred readily to give a 5-(1H-indol-3-ylalkyl)-2,2-dimethyl-1,3-
dioxane-4,6-dione (11) in high yield. The reaction proceeded regardless of the nature
of the aldehyde. An ethanolysis of 11 with loss of acetone and carbon dioxide took place
smoothly in boiling ethanol-pyridine (1: 10) containing a small amount of copper powder
to give an ethyl f-alkylindolepropionate (2). These two reactions, the condensation and
the ethanolysis, were combined in a one-pot procedure, which may provide an efficient
and convenient synthetic method for various ethyl indolepropionates (2).

Keywords Meldrum’s acid; indole; aldehyde; condensation of three different
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Until recently, Meldrum’s acid, 2,2-dimethyl-1,3-dioxane-4,6-dione (1),%® has received
little attention, except for its use as a substitute for acyclic malonic esters. However, 1 is now
known to be very versatile because of its unusual reactivities due to its great acidity (pK, 4.97)%
compared with usual acyclic malonic esters (pK, 18.7 for ethyl malonate), steric rigidity, and.
marked tendency to regenerate acetone. ‘

Recently, several reports have described advantages of some derivatives of 1 over their
acyclic analogs. Dauben® reported an efficient and simple synthesis of d-damascone based
on the use of isopropylidene Meldrum’s acid as a dienophile. Trost® and Bloch? showed
that bromo Meldrum’s acids are useful as mild brominating agents. Danishefsky® synthesized
~ a highly activated cyclopropane derivative of 1. We reported a general and versatile synthesis

of f-keto esters from 1 via acyl Meldrum’s acids.” 1In the present paper, we report another
remarkable example, a versatile and efficient one-pot synthesis of various ethyl indolepro-
pionates (2), of the synthetic usefulness of 1, which is readily accessible from malonic acid
and acetone on a relatively large scale.?’ :

During the course of our synthetic work on an antitumor indole alkaloid, ellipticine (3),
and its analogs, the need for an efficient synthetic method for indolepropionic esters (2) substi-
tuted at the g-position became evident. Indolepropionic acid (4) and its esters are readily
prepared by the condensation of indole (35) and acrylic acid (6),1 but crotonic acid and meth-
acrylic acid gave no condensation products with indole. So far, there is no general and practi-
cal method for the synthesis of 2.. Recently; we synthesized ethyl p-methyl-1H-indole-3-
propionate (2a) from a Mannich base (7) of indole and ethyl malonate, but the yield was still
unsatisfactory.!? ‘ :

Since the a-protons of 1 are extraordinarily acidic, it is expected that 1 can react with an
electrophile even in the absence of a strong base. Actually, various aldehydes (8) react with 1
to give 9,51 and in some cases a further reaction takes place, namely the Michael addition of a
second molecule of 1 as a nucleophile with 9 occurs in the presence!® and absence!? of a weak

_base to give 10. If another appropriate nucleophile is present in this reaction system, it may
react with 9 in place of the second molecule of 1.
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When an acetonitrile solution of a mixture of 1, acetaldehyde (8a), and indole (5) (1:2: 1
eq) was allowed to stand at 30°C for 7 h, a new simultaneous condensation of three different
carbon components occurred quite smoothly. After evaporation of the solvent, the resulting
crystals were washed with hexane to give 11a in a nearly pure state almost quantitatively.'®
Acyclic malonic esters instead of 1 were completely unreactive under similar conditions.
Since this condensation was accelerated by addition of a small amount of proline, various
aliphatic aldehydes (8b—h; 2 eq) with straight and branched chains and aromatic aldehydes
(8i—1; 1 eq) with electron-donating and electron-withdrawing substituents were condensed
with 1 and 5 (1 eq each) in the presence of proline (0.05 eq). The reaction proceeded quite
smoothly regardless of the nature of the aldehyde to give various condensation products (11)
in 80—969, yields.'®  The crude products were pure enough for the next reaction, but
recrystallization for the solid products (11a, g—I) and chromatography for the oily products
(11b—f) were employed in order to obtain pure 11.

The reaction of equimolar amounts of 1 and benzaldehyde (8i) is known to give the 2: 1
product (10i) in 939, yield.’® The addition of 5 (1 eq) as presented here, however, changed
the product completely from 10i to 11i, clearly indicating that 5 is much more reactive than 1

in the Michael reaction with 9.

0 112 (,,) EtOH, pyridine I$
>—0 AN MeCN AN Ao Cud A
C oK wmemo + (T —— [T Xox ——— (LT
o> ) NN 3¢ NN 0707 N N/ CO:Et
|
1 H H H
5 11 2
a: R=CH;, g: R=CH,(CH,),
b: R=CH,CH, h: R=CH,(CH,),
¢: R=CH,(CH,), i: R=C.H,
d: R=(CH,),CH j: R=2,5-(CH,0),C.H,
e: R=CH,(CH,), k: R=3,4-(OCH,0)C.H,
f: R=(CH,),CHCH, I: R=3-O,NC.H,
Chart 3
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The direct ethanolysis of 11 to 2 was next examined. Meldrum’s acid (1) and its monoalkyl
derivatives are labile in acidic solution,'” and when heated with phenols and cyclohexanols, 1
gave malonic acid monoesters in good yields.® = On the other hand, they are rather stable in
alkaline solution because their enolate anions resist the nucleophilic attack of hydroxide anion.?

In fact, compounds 11 were almost inert to ethanolysis in the presence and absence of a
strong base such as sodium ethoxide, potassium hydroxide, and potassium cyanide, while in the
presence of a strong acid such as p-toluenesulfonic acid and sulfuric acid 11 disappeared rather
rapidly, but gave only a complex product mixture. ~After several unsuccessful attempts, the
most satisfactory results were obtained by ethanolysis in pyridine.

When 11 was heated in ethanol-pyridine (1: 10), the ethanolysis took place quite smoothly
with liberation of acetone followed by gradual decarboxylation to give 2in a high yield. Addi-

‘tion of a small amount of copper powder accelerated this decarboxylation.

Fmally, an efficient and convenient one-pot synthetic method for ethyl indolepropionates
(2) was established, and a typical example (the synthesis of 2a) is as follows: an acetonitrile
solution of 1, 8a and 5 (1: 2: 1) was allowed to stand at 30°C for 7 h, and then the solvent was
evaporated off 1% vacuo to leave a solid, which, without further purification, was dissolved in
ethanol-pyridine (1: 10) containing a small amount of copper powder and heated under reflux
for 3h. After removal of the solvent and the copper, the residue was distilled under reduced
pressure to give ethyl f-methyl-1/H-indole-3-propionate (2a) in 80%, yield.

Similarly, various ethyl indolepropionates (2b—g, i—1) were synthesized in 62—87%
overall yields.  Purification of undistillable products (2i—l) derived from aromatic aldehydes
(8i—1) was carried out by column chromatography on silica gel.1?

In summary, the Meldrum’s acid procedure presented here may provide an efficient and
versatile method for the synthesis of various indolepropionic esters as well as a remarkable
example of the novel Mannich-type condensation of three different carbon components.

Experimental

General Procedures for the Preparation of 5-(1H-Indol-3-ylmethyl)-2,2-dimethyl-1,3-dioxane-4,6-diones
(11) a) . For 1la: An MeCN solution (4 ml) of indole (5; 234 mg; 2 mmol), acetaldehyde (8a: 176 mg;
4 mmol), and 2,2-dimethyl-1,3-dioxane-4,6-dione (1: 288 mg; 2 mmol) was allowed to stand at 28—30°C

_for 7h. After evaporation of the solvent, the residual colorless crystals were washed with hexane to give
almost pure 1la, ,

b) For 11b—f: An MeCN solutlon (4 ml) of 5 (234 mg; 2 mmol), an aldehyde (8b—f: 4 mmol), 1
(288 mg; 2 mmol), and ‘L-proline (12 mg; 0.1 mmol) was stirred at 28—30°C for 24—28h. After evaporation
of the solvent, the residue was passed through a short column of silica gel to give almost pure 11b—f.

c) For 11g—j: An MeCN solution (4 ml) of 8g, h (4. mmol) or 8i, j (2 mmol), 5 (2 mmol), 1 (2 mmol),
and proline (12 mg; 0.1 mmol) was treated as described above. After 18—28 h, the solvent was evaporated
off in vacuo, and the residue was crystallized by addition of EtOH. and collected by filtration to give almost
pure 11g—j.

d) For11k,1: 8k,1 (2 mmol) was treated as described above. Colorless crystals precipitated from the
reaction mixture were collected by filtration and washed with a small amount of EtOH to give almost pure
11k, 1. : '

- Yields and physmal data are as follows.

5-[1-(1H-Indol-3-yl)ethyl]-2,2-dimethyl-1,3-dioxane-4,6-dione  (11a): Yield 98%, mp 119—120°C
(dec.) (EtOH). IR »Xue' cm~': 3400, 1770, 1735. NMR (CDCL;) é: 1.82 (3H, s), 1.59 (3H, s), 1.65 (3H, d,
J=17Hz), 3.28 (1H, d, /=3 Hz), 4.18—4.52 (1H, m). A4nal. Calcd for C;¢H,;;NO,: C, 66.88; H, 5.96; N,

4.88. Found: C, 67.48; H, 6.13; N, 4.69. ’
5-[1-(1H-Indol-3-yl)propyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (11b): Yield 88%, viscous oil. IR
it cm—1: 3400, 1770, 1735.  MS mle: 301 (M), 199, 170, 158, 149, 84 (base). NMR (CDCl,) é: 1.62 (3H, s),

3.80 (1H, d, /=3 Hz), 3.92—4.30 (1H, m), 7.1—7.5 (4H, m), 7.6—7.85 (1H, m), 8.2 (1H, s).

5-[1-(1H-Indol-3-yl)butyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (11c): Yield 93%, viscous oil IR
w2 cm-1: 3400, 1770, 1735. MS mle: 315 (M+), 213, 170 (base), 156. NMR (CDCl,) 6: 0.94 (3H, t, J=
6 Hz), 1.21 (3H, s), 1.61 (3H, s), 3.77 (1H d, J=3 Hz), 4.02—4.21 (1H, m), 7.0—7.45 (4H, m), 7.6—7.9
(1H, m), 8.5 (1H, s). ‘
5-[1~(1H-Indol-3~y1)-2- methylpropyl] -2,2-dimethyl- 1 ,3-dioxane-4,6-dione (11d): Yield 96%, viscous oil.
IR 2% cm~—1: 3400, 1770, 1735. MS mfe: 315 (M*), 213 170 (base) NMR (CDCl;) 4: 0.84 (3H,d, J=
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6 Hz), 1.09 (3H, s, 1.21 (8H, d, J=6 Hz), 1.60 (3H, s), 3.70 (1H, d, /=3 Hz), 3.92 (1H, d, /=3 Hz), 7.05—
7.45 (4H, m), 7.6—7.9 (1H, m), 8.25 (1H, s).

5-[1-(1H-Indol-3-yl)pentyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (11le): Yield 83%, viscous oil. IR
vCECL cm—1: 3450, 1770 (sh), 1740. NMR (CDCl,) 6: 0.85 (3H, t, /=6 Hz), 1.15 (3H, s), 1.66 (3H, s), 3.79
(14, 4, /=38 Hz), 3.9—4.3 (1H, m), 7.1—7.4 (4H, m), 7.6—7.8 (1H, m), 8.50 (1H, s).

5-[1-(1H-Indol-3-y1)-3-methylbutyl]-2,2-dimethyl-1,3-dioxane-4,6-dione  (11f): Yield 909, viscous
oil. IR »SESh: cm—1: 3450, 1770 (sh), 1740. NMR (CDCl,) 6: 0.93 (6H, d, /=6 Hz), 1.17 (3H, s), 1.59 (3H,s),
3.75 (1H, 4, /=3 Hz), 3.9—4.4 (1H, m), 7.1—7.4 (4H, m), 7.6—7.85 (1H, m), 8.40 (1H, s).

5-[1-(1H-Indol-3-yl)hexyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (11g): Yield 809, mp 98—100°C (EtOH).
IR »88% cm~!: 3400, 1780, 1740. NMR (CDCL,) é: 0.85 (3H, t, /=6 Hz), 1.19 (3H, s), 1.60 (3H, s), 3.77
(1H, d, J=3 Hz), 4.00—4.38 (1H, dt, /=3, 9 Hz), 7.1—7.45 (4H, m), 7.6-—7.85 (1H, m), 8.30 (1H,s). Anal.
Caled for CyHyNO,: C, 69.95; H, 7.33; N, 4.88. Found: C, 70.04; H, 7.30; N, 4.12.

5-[1-(1H-Indol-3-yl)nonyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (11h): Yield 83%,, mp 95—99°C (EtOH).
Anal. Calcd for C,3Hy NO,: C, 71.66; H, 8.11; N, 3.63. Found: C, 71.71; H, 8.11; N, 3.44.

5-[1H-Indol-3-yl(phenyl)methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (11i): Yield 929%, mp 141—143°C
(dec.) (EtOH). Anal. Caled for C,,H; \NO,: C, 72.19; H, 5.48; N, 4.01. Found: C, 72.02; H, 5.43; N, 4.11.

5-[(2,5-Dimethoxyphenyl)-1H-indol-3-ylmethyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (11j): Yield 889,
mp 138—139°C (dec.) (EtOH). Awnal. Caled for C,3H,3NO4: C, 67.46; H, 5.66; N, 3.42. Found: C, 67.54;
H, 5.70; N, 3.36.

5-[(1,3-Benzodioxol-5-yl)-1H-indol-3-ylmethyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (11k): - Yield 92%,
mp 159—162°C (dec.) (EtOH). Awnal. Calcd for C,,H,;,NO4: C, 67.17; H, 4.87; N, 3.56. Found: C, 66.97,;
H, 4.89; N, 3.40.

5-[1H-Indol-3-yl-(3-nitrophenyl)methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (111): Yield 879, mp 174
°C (dec.) (EtOH). Anal. Calcd for C,HgN,Oq: C, 63.95; H, 4.60; N, 7.10. Found: C, 63.74; H, 4.54; N,
6.84.

One-pot Synthesis of Ethyl f-Methyl-1H-indole-3-propionate (2a) An MeCN solution (120 ml) of 5
(11.7 g; 0.1 mol), 8a (8.8 g; 0.2 mol), and 1 (14.4 g; 0.1 mol) was allowed to stand at 25—30°C for 4.5—7 h.
Removal of the solvent by evaporation iz vacuo left crystals of 11a, which were dissolved in pyridine (200 ml).
Ethanol (20 ml) and copper powder (2.5 g) were added to the solution, and the mixture was heated under
reflux for 3 h. After removal of the solvent in vacuo, the residual oil was dissolved in ether and separated
from the copper powder by decantation. The ether solution was washed with 2 x HCI and H,O, dried over
Na,SO,, and concentrated to leave an oil, which was subjected to vacuum distillation to give a colorless oil,
2a (18.5g; 80%),") bp 179—181°C (2 Torr). IR »¥Hcm—1: 3400, 1720. NMR (CDCly) 4: 1.30 (3H, t,
J=17Hz), 1.40 (3H, d, J=6 Hz), 2.30—3.05 [2H, octet (AB portion of ABX), Jap=15Hz, Jax=8Hz, Jpx=
6 Hz), 3.35—3.95 (1H, m}, 4.10 (2H, q, /=7 Hz), 6.9—7.45 (4H, m), 7.5—7.8 (1H, m), 8.0 (1H, s).

The following ethyl indolepropionates were synthesized in a similar manner.

Ethyl p-Ethyl-1H-indole-3-propionate (2b): Yield 659%, bp 166—169°C (0.6 Torr). MS m/e relative
intensity (%): 245 (M+, 30), 216 (40), 174 (15), 158 (100), 143 (30), 130 (15).

Ethyl p-Propyl-1H-indole-3-propionate (2¢): Yield 629%,, bp 160—162°C (0.4 Torr). MS m/e relative
intensity (%): 259 (M+, 45), 216 (60), 172 (100), 143 (40), 130 (60).

Ethyl g-(1-Methylethyl)-1H-indole-3-propionate (2d): Yield 649, bp 160—164°C (0.3 Torr). MS m/e
relative intensity (%): 259 (M*, 25), 216 (100), 174 (25), 172 (30), 143 (40), 130 (15).

Ethyl p-Butyl-1H-indole-3-propionate (2e): Yield 68%,, bp 1656—170°C (0.3 Torr). MS m/e relative
intensity (%): 273 (M+, 50), 216 (85), 186 (100), 143 (40), 130 (70). ‘

Ethyl g-(2-Methylpropyl)-1H-indole-3-propionate (2f): Yield 68%, bp 174—177°C (0.3 Torr). MS
mle relative intensity (%): 273 (M*, 50), 216 (65), 186 (75), 143 (45), 130 (100).

Ethyl p-Pentyl-1H-indole-3-propionate (2g): Yield 63%, bp 182—186°C (0.2 Torr). MS m/e relative
intensity (%): 287 (M*, 50), 216 (95), 200 (100), 174 (20), 143 (45), 130 (80). ‘

Ethyl g-Phenyl-1H-indole-3-propionate (21): Yield 859%, mp 96—98°C (65% EtOH). Anal. Calcd
for C,gH,,NO,: C, 77.79; H, 6.53; N, 4.77. Found: C, 77.69; H, 6.51; N, 4.75.

Ethyl g-(2,5-Dimethoxyphenyl)-1H-indole-3-propionate (2j): Yield 869, hard oil. MS m/e relative
intensity (%): 353 (M, 40), 266 (100), 130 (80). The corresponding carboxylic acid, f-(2,5-dimethoxyphenyl)-
1H-indole-3-propanoic acid, mp 186—187°C (456%, EtOH). Anal. Calcd for C,,H,,NO,: C, 70.14; H, 5.89;
N, 4.31. Found: C, 70.03; H, 5.91; N, 4.27.

Ethyl g-(1,3-Benzodioxol-5-yl)-1H-indole-3-propionate (2k): Yield 869,, hard oil. The corresponding
carboxylic acid, p-1,3-benzodioxol-5-yl-1H-indole-3-propanoic acid, mp 167—168°C (30% EtOH). Anal.
Caled for C,iH;;NO,: C, 69.89; H, 4.89; N, 4.53. Found: C, 69.80; H, 4.84; N, 4.48.

Ethyl B-(3-Nitrophenyl)-1H-indole-3-propionate (21): Yield 709%, mp 138—139°C (EtOH). Anal.
Caled for C,gH;gN,0,: C, 67.44; H, 5.36; N, 8.28. Found: C, 67.46; H, 5.27; N, 8.23.

References and Notes

1) Preliminary communication: Y. Oikawa, H. Hirasawa, and O. Yonemitsu, Tetrahedron Lett., 1978, 1759.

NII-Electronic Library Service



3096 Vol. 30 (1982)

2) A.N. Meldrum J. Chem. Soc., 93, 598 (1908) D. Davidson and S.A. Bernhardt, J. Am. Clzem Soc., 70,
3426 (1948)

" 8) For a review see, H. NcNab, Chem. Soc. Rev., 7, 345 (1978).

4) K. Pihlaja and M. Seilo, dcta Chem. Scand., 23, 3003 (1969).

5) W.G. Dauben, A.P. Kozikowski, and W.T. Zimmermann, Teirahedron Leit., 1975, 515.

6) B.M. Trost and L.S. Melun, Jr., j. Am. Chem. Soc., 98, 1204 (1976).

7) R. Bloch, Synthesis, 1978, 140
8) S. Damshefsky and R.K. S1ngh J. Am. Chem. Soc. , 97, 3239 (1975).

9) Y. Oikawa, K. Sugano, and O. Yonemitsu, J. Org. Chem 43, 2087 (1978); Y. Oikawa, T. Yoshjoka, K.
Sugano, and O. Yonemitsu, ““Organic Syntheses ” in press.

10) H.E. Johnson and D.G. Crosby, J- Org. Chem., 25, 569 (1960).

11) Y. Oikawa and O. Yonemitsu, J. Org. Chem., 41 1118 (1976).

12) E.J. Corey, J. Am. Chem. Soc., 74, 5897 (1952) P Schuster, O.E. Polansky, and F. Wessely, Monatsh.

‘ Chem., 95, 53 (1964).

13) S.1. Zav yalov, Izv. Akad. Nauk. SSSR Otd. Khim. Nauk., 1961, 2185 [Chem Abstr., 57, 123445 (1962)].

14) J.A. Hedge, C.W. Kruse, and H.R. Snyder, J. Org. Chem. 26 3166 (1961).

15) This reaction can be explained as an extension of the Mannich reaction in terms of a condensation of three
different components. The use of 1 (carbanion) instead of amines in usual Mannich reactions led to a
facile condensation of three different carbon components.

16) Attempts to obtain the simplest condensation product (11: R=H)® from 1, 5, and paraformaldehyde
or gaseous formialdehyde were unsuccessful. ‘ :

17) K. Pihlaja and M. Seilo, Acta Chem. Scand., 22, 3053 (1968).

18) H. Junek, E. Ziegler, U. Herzog, and H. Kroboth Synthesis, 1976, 332.

19) When isolated condensation products (11i—1) were subjected to decarboxylatlve ethanolysis, nearly pure
2i—1 were isolated without chromatographic purification.

NII-Electronic Library Service





