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THE PREPARATION OF SUBSTITUTED
3,4-DIHYDRO-1H-2-BENZOPYRAN-1-ONES FROM THE DIANIONS OF
ORTHO-TOLUIC ACIDS.

Karen C. Hildebran, Tracy L. Cordray, Kam W. Chan, and Charles F. Beam*
Department of Chemistry

College of Charleston
Charleston, South Carolina 29424

ABSTRACT: The dianions of ortho-toluic and a-phenyl-ortho-toluic acids were
prepared with lithium diisopropylamide (LDA), condensed with certain aldehydes
or ketones, and the resulting intermediates were acid-cyclized to substituted
3,4-dihydro-1H-2-benzopyran-1-ones (dihydroisocoumarins).

In a series of straight-forward and practical synthesis studies, the
preparation of the dianions of commercially available and inexpensive ortho-,
meta-, and para-toluic acids were reported’ using lithium diisopropylamide (LDA)
for the metalation of the respective carboxylic acid entry compounds. The
resulting reactive toluate dianion intermediates were readily condensed at the
carbanion center with several types of electrophilic reagents, especially alkylating
reagents such as 1-bromobutane. Only two dihydroisocoumarin (3,4-dihydro-
1H-benzopyran-1-ones) products were reported (ca., 25-30%) when o-toluic acid
dianion was condensed/cyclized with benzophenone or p-anisaldehyde. Another
2

strong-base multiple anion procedure for the preparation of a dihydroisocoumarin

involved two steps starting with the dimetalation of N-methyl-o-toluamide,
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followed by condensation of the resulting dianion intermediate with benzophenone
to afford a 8-hydroxyamide condensation product, which in a separate step was
thermally- or acid-cyclized to the dihydroisocoumarin in good yield. This
lithiation/ condensation/cyclization has been utilized by others 3-3 for the
preparation of additional dihydroisocoumarins, and related o-toluate ester anions
have been utilized for the preparation of compounds containing dihydro-
isocoumarins®. Other related syntheses have been developed 713, and the
stereochemistry of certain 3,4-disubstituted dihydroisocoumarins has been
reported!4. Also, new dihydroisocoumarins are continuously being prepared and
studied for their potential biological activity!>.

Our attention has been directed to the dilithiation of o-toluic acids, and the
possible aldol-type condensations of these dianion intermediates with aldehydes
and ketones to afford either 8-hydroxy-o-toluic acids, or substituted dihydro-
isocoumarins. In several of our recent multiple anion studies!®, we have observed
that the success of completing aldol-type condensations depends upon the
following: [1] the entry compound used; [2] the method of multiple anion
formation (e.g., base, solvent); [3] the aldehyde or ketone used; [4] the
condensation time of the multiple anion intermediate with a particular carbonyl
compound; and [5] the rapidity of acid neutralization of the solution containing the
basic condensation precyclization intermediate. We were also interested in
conveniently preparing enough new dihydroisocoumarins for biological testing,
with emphasis on their potential as insecticides, herbicides, fungicides,
bactericides, and plant growth stimulators!’.

The entry compounds we used during this investigation were o-toluic and
o-phenyl-o-toluic acids, which were metalated with lithium diisopropylamide

(LDA) (acid:LDA - 1:2, or 1:3 for dihydroisocoumarin 11), followed by
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condensation with certain aldehydes or ketones (e.g., benzophenone,
2-aminobenzophenone, 4-methoxyacetophenone, 3,4-dichlorobenzaldehyde), rapid
neutralization and cyclization with hydrochloric acid, and after work-up,
recrystallization of heterocyclic products from routine solvents. In a typical
experiment, a three-necked, round-bottomed flask, equipped with a stir bar,
nitrogen inlet tube, and side-armed addition funnel (e.g., 125 mL), was cooled in
an ice-water bath and charged with 0.042 mol. (0.063 mol. for 11) of
n-butyllithium, which was followed by an equivalent amount (0.042 mol. or 0.063
mol. for 11) of diisopropylamine dissolved in 35-45 mL of dry tetrahydrofuran
(THF) [fast dropwise rate - 5 min.]. The resulting solution of LDA was stirred for
20 min., and then the toluic acid (0.020 mol.), dissolved in 45-50 mL of THF, was
added from the addition funnel during a 5 min. period. The purple solution was
stirred (0°, N,) for 60 min., which was followed by the addition of 0.021 mol. of
aldehyde or ketone dissolved in 40-50 mL of dry THF. The fast dropwise addition
of the electrophilic reagent (5 min.) was followed by condensation times that
varied for the type of aldehyde or ketone. Generally!?, ketones such as
benzophenone (unsubstituted aromatic ketone) required a 15-20 min. condensation
time; aldehydes such as 3,4,5-trimethoxybenzaldehyde or ketones such as
4-methoxyacetophenone (moderate electron donating group in 4-position) required
a 60-75 min. condensation time; and 2-aminobenzophenone (strong electron
donating group in 2-position) or 2-hydroxyacetophenone (as lithiated 2-hydroxy-
acetophenone...and strong electron donating group) required a 2 hr. condensation
time. At the conclusion of the condensation period, the solution was poured into
100-125 mL of 3N hydrochloric acid (inverse neutralization), returned to the
round-bottomed flask, and the two-phase mixture was stirred and heated under

reflux for 30 min. The hot mixture was then poured into a large flask (2 L)
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containing ice (ca., 500 g.), which was followed by ether (ca., 100 mL),
neutralization with solid sodium bicarbonate, extraction with ether (2 x 75 mL),
and evaporation of the combined organic solventsfextracts. The solid or oil that

resulted was taken up in alcohol and recrystallized (see footnote of Table - next

page).
0
COOH
o)
—_
R3
CH, Ry’
H Ry
| 1-12
Ry o
R4 = substituted phenyl or phenyl o)
R3’=H, CHj, or phenyl
R, = H or phenyl
4 pheny CeHs
H 13

The melting point of dihydroisocoumarin 1, mp 142-44°, prepared by this
strong-base procedure, had good agreement with the reported value (Lit.! mp,
144-45%). Diastereomeric dihydroisocoumarins 4 (1:1) had a tight melting point
range, and diastereomeric dihydroisocoumarins 12 (1:4) had a broad melting point
range, which did not remain constant upon repeated recrystallization. The mixture
(1:4) gave satisfactory combustion analysis results!?. All dihydroisocoumarins
1-13 were characterized by absorption spectra?® with support from combustion
analysis19 (for 2-13 C, H, and C, H, N for 5). Only dihydroisocoumarin 1isa

single stereoisomer, dihydroisocoumarins 2 and 5 would be expected to be
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TABLE - 3,4-Dihydro-1H-2-Benzopyran-1 -ones®?

783

Mol. Formula? %Yield/Mp °C°¢

[Dihydroisocoumarins]
Compd. R3/Rj’ Ry
No.
1 CeHs/CeHs H CyH; 0,8
2 CeHs/CgHs CeHs CarHy005°
3 4-CIC¢H,/CgHs C¢Hs C,7H,4ClO,f
4 3,4-(C1),CgHy/H CgHs CyH;,CLO,°
5 2-H,NC¢H,/C4Hs H CyH;7NO,?
6 2,3,4-(CH;0);C¢H,/H C¢Hs CyyHyyO5d
7 3,4,5-(CH;0);C¢Hy/H C¢Hs C,4H,,04°
8 3,4-(CH;0),C¢Ha/H C¢Hs CyHygO48
9 4-CH,0CgH,/CH, C¢Hs CpH,051
10  4-CIC{H,/CH; CeHs C,H;7ClO¢
11  2-HOC¢H,/CH, C¢Hs C,,H;505%0
12 3,4-(CH;0),C¢H,/CH, C¢Hs CpsHp048
13  CH,C¢H,CH,CH, CeHs CoHy00f

60/142-44
30/266-68
89/213-15
44/198-2008
67/211-215
25/189-91
47/168-69
63/150-51
44/180-82
55/149-51
50/188-90
45/162-941
48/ 150-54

*Combustion analysis data for C, H,and N (for 5), see ref. 19. PIR and 'H NMR
data, see ref. 20. “Melting points were obtained in a Mel Temp melting point

apparatus in open capillary tubes and are uncorrected. 9Recryst. from ethanol.

*Recryst. from benzene/ethanol. Recryst. from methanol. 81:1 mixture of
diastereomers, "Cy,H;305.1/2 CH;CH,OH, solvated product, see ref. 19 and 20.
11:4 mixture of diastereomers. Jllustration on previous page.

enantiomeric mixtures, and other products would be enantiomeric and

diasteromeric mixtures. The infrared spectra of all heterocyclic products displayed

a lactone carbony! absorption between 1684 (solvated product 11) and 1734 cm'!,
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Usually the products displayed two carboxyl absorptions or a carboxyl absorption
with a shoulder. 'H NMR spectra were useful in determining if mixtures of
diastereomers of other products had resulted. The spectra indicated that a single
diastereomer occurred or predominated (>90%) in products 6-11 and 13, whereas
mixtures of diasteroisomers were observed in products 4 (1:1) and 12 (1:4). H
NMR spectra for the following displayed singlets for C,-H, 8 ppm: 1 (3.85), 2
(5.10), 3 (5.10), 9 (4.35), 10 (4.35), 11 (5.68), and 12 (4.32 and 4.68; ratio of
diastereomers, 4:1), and 13 (4.87). Due to solubility difficulties, the methylene
signal for 5 was displayed as either a broad singlet (4.05) [CF;COOH/DMSO-d,]
or a poorly displayed doublet (3.79) [DMSO-d¢J?!. Coupling constants, J = 4 cps,
were assigned to doublets! for cis diastereomer for C-C, protons, 8 ppm: 4 (4.42
and 5.93), 6 (4.50 and 6.17), 7 (4.32 and 5.87), and 8 (4.25 and 5.84); trans
doublet, J = 12 cps, & ppm (4.42 and 5.62) was also displayed in
dihydroisocoumarin 4.

The yields of dihydroisocoumarins 1-13 ranged from 25-89%, which
indicates that the general experimental procedure is satisfactory for the expedient
preparation of gram quantities of desired products; but it may not necessarily
represent the optimum conditions for the preparation of an individual compound.
The fact that the toluic acids are relatively inexpensive and commercially
available, and that they can be utilized directly for the preparation of dihydro-
isocoumarin products is an attractive feature of this synthetic procedure. Several
additional points are presented: (1) dihydroisocoumarins 9-12%2 resulted from the
condensation of the toluic acid dianion with substituted acetophenones, and in the
past, we have experienced only limited success or no success from the
condensation of other polyanions with aliphatic ketones, especially acetophenones;

>

also, dihydroisocoumarin 13 resulted from condensation of toluate dianion with
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1-tetralone; (2) dihydroisocoumarins 5 and 11 resulted from the condensation of
the carbanion of the carboxylate dianion where the carbonyl carbon of
electrophiles has diminished reactivity, resulting from the location of an electron
donating potential of an o-amino group (for §) or an o-phenoxide group (for 11)!8;
and (3) the preparation of dihydroisocoumarins 3, 4, and 6-12 have the potential of
affording mixtures of diastereomers, which was observed (\H NMR) in 4 and 12,
while 3, 6-11, and 13 were predominantly or exclusively a single diastereomer.
The latter compounds indicate a high degree of stereoselectivity for the syntheses

presented using straight-forward entry compounds, base, and solvents.

ACKNOWLEDGEMENTS: We wish to thank the Donors of the Petroleum

Research Fund, Administered by the American Chemical Society, along with the
Agricultural Chemical Laboratories of Dow-Elanco for support. We are
appreciative of the initial technical assistance rendered by Margaret A. Hines and
Cynthia L. (Mazat) Griffith. We also appreciate the assistance of Tina S. Guion

during the preparation of this manuscript.

REFERENCES AND NOTES:

1. a. Creger, P. L., J. Amer. Chem. Soc., 1967, 89, 2500; b. Ibid., 1970, 92,
1396 and 1397. The preparation and reactions of dilithio-a-phenyl-o-toluic
acid have not been reported.

2. a. Vaulx, R. L., Puterbaugh, W. H., and Hauser, C. R., J. Org. Chem., 1964,
29, 3514. b. Mao, C.-L., and Hauser, C. R., Ibid., 1970, 35, 3704.

3. Brahmbhatt, D. L., J. Indian Chem. Soc., 1989, 66, 481.

Watanabe, M., Sahara, M., Furukawa, S., Billedeau, R. J., and Sniekus, V.,
J. Org. Chem., 1984, 49, 742; Tetrahedron Lett., 1982, 23, 1647.

5.  Comins, D. L., and Brown, J. D., J. Org. Chem., 1986, 51, 3566.

6. Regan, A. C,, and Staunton, J. Chem. Soc., Chem. Commun., 1987, 520;
Ibid., 1983, 764.

7. Kessar, S. V., Singh, P., Vohra, R., Kaur, N. P., and Vcnuéopal, D., J. Org.
Chem., 1992, 57, 6716.



Downloaded by [Moskow State Univ Bibliote] at 04:42 28 January 2014

786

10.
11.
12.
13.

14.

15.

16.

HILDEBRAN ET AL.

Shishido, K., Hiroya, K., Yamashita, A., Tokunaga, Y., and Fukumoto, K.,
Heterocycles, 1990, 30, 253.

Singh, H. N, and Singh, R. P., J. Indian Chem. Soc., 1988, 65, 685.

Mayer, K. K., Prior, S., and Wiegrebe, W., Monatsh. Chem., 1986, 117, 511.
Singh, R. P., and Sirivastava, J. N., J. Indian Chem. Soc., 1983, 60, 964.
Bellinger, G. C. A., Campbell, W. E,, Giles, R. G. F., and Tobias, J. D., J.
Chem. Soc., Perkin Trans. I, 1982, 2819.

Fu, P. P., Unruh, L. E., Miller, D. W,, Huang, L. W, and Yang, D. T. C,, J.
Org. Chem., 1985, 50, 1259.

a. Crenshaw, L., Khanapure, S. P., Siriwardane, U., and Bieh], E. R.,
Tetrahedron Lett., 1988, 29, 3777. b. Siriwardane, U., Crenshaw, L.,
Khanapure, S. P, and Biehl, E. R., Acta Crystallogr., Sect. C: Cryst. Struct.
Commun., 1989, C45, 1239.

a. Linnell, W, H., and Said, F., J. Pharm. Pharmacol., 1949, 1, 148; b. Uena,
S., Sugihara, K., Hirayama, H., and Ichino, M., Japan Kokai, 76, 122, 075
(1976); c. Yamada, M., Tsuda, Y., Kawai, K., and Nakajima, S., Chem.
Pharm. Bull,, 1981, 29, 2491; d. Tan, Z., Yin, B., and Jiong, G., Gaodung
Xuexiao Hauxue Xuebao, 1984, 5, 493; e. Kam, C. M., Fujikawa, K., and
Pawens, J. C., Biochemistry, 1988, 27, 2547; f. Okazaki, T., Jpn Kokai
Tokkyo Koho JP 63 51,318 (1988); g. Vlasak, R., Muster, T., Lauro, A. M.,
Powers, J. C., and Palese, P., J. Virol., 1989, 63, 2056; h. Barry, R. D.,
Chem. Rev., 1964, 64, 229;i. Hepworth, J. D., "Comprehensive
Heterocyclic Chemistry”; j. Livingstone, R., "Rodd’s Chemistry of Carbon
Compounds”, ed. board, Katritzsky, A. R., and Rees, C. W., Pergamon Press,
New York, 1984, Vol. 3, Part 2B, pages 834, 842, 857-859.

a. Beam, C. F., Hines, M. A., Mazat, C. L., Duncan, D. C., Beckmann, D.
D., Lachicotte, R. J., Tummons, R. C., and Heindel, N. D., Chem. and Indust.
(London), 1989, 727; b. Park, D. J., Fulmer, T. D., and Beam, C. F., J.
Heterocycl. Chem., 1981, 18, 649; c. Beam, C. F,, Shealy, K. D., Risinger,
S. A., Brown, J., Sides, K. L., Hanberry, C. R., Pavlakovich, K. P., and
Davis, S. E., Can. J. Chem., 1978, 56, 5272; d. Beam, C. F., Park, C. A.,
Reames, D. C.,, Miller, S. A, and Hauser, C. A, J. Chem. and Eng. Data,
1978, 23, 183; e. Davis, S. E., Shealy, N. L., Shealy, K. D., Shaffer, L. M.,
and Beam, C. F., Can. J. Chem., 1978, 56, 1236; f. Park, C. A, Beam, C. F,,
Kaiser, E. M., Kaufmann, R. J., Henoch, F. E., and Hauser, C.R., J.



Downloaded by [Moskow State Univ Bibliote] at 04:42 28 January 2014

ORTHO-TOLUIC ACIDS

17.

18.

19.

20.

Heterocycl. Chem., 1976, 13, 449; g. Beam, C. F., Bissell, R. L., Park, C.
A., Hauser, C. R., Chem. and Indust. (London), 1976, 789; h. Reames, D.
C., Harris, C. E., Dasher, L. W., Sandifer, R. M., Hollinger, W. M., and
Beam, C. F., J. Heterocycl. Chem., 1975, 12, 779.

a. Rani, B. S. U,, and Darbarwar, M., Indian J. Chem., 1986, 25B, 619; b.
Kaji, H., Yamada, M., Kawai, K.,and Nakajima, S., Org. Prep. Proced. Int.,
1986, 18, 253; c. Quinn, J. M. and Yang, S. F., Plant Physiol., 1989, 91, 669.
Unsubstituted and halogenated ketones or aldehydes for 1-4, 15-20 min.; for
ketones with amino or phenoxide groups for 5 and 11, 2 hours were required
because the 0-amino or o-phenoxide ion is in a resonance deactivation
position to the electrophilic carbonyl carbon; the methoxy groups for 6-9 and
12 are in a resonance position; but they are somewhat less deactivating than
phenoxide and required a condensation time of 1-1.25 hr.; the ketone for the
preparation of 10 required condensation time of 1 hr. possibly because it was
4-chloroacetophenone; and the ketone, a-tetralone, for the preparation of 13
required 1 hr.
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73.83; H, 5.86. Found: C, 73.79; H, 5.56. Calcd. for 7: C, 73.83; H, 5.86.
Found: C, 73.76; H, 5.54. Calcd. for 8: C, 76.65; H, 5.59. Found: C,
76.49; H, 5.53. Calcd. for 9: C, 80.21; H, 5.85. Found: C, 79.81; H, 5.68.
Calcd. for 10: C, 75.75; H, 4.91. Found: C, 75.53; H, 4.76. Calcd. for 11:
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5.92. Found: C,76.91; H, 5.81. Calcd. for 13: C, 84.68; H, 5.92. Found:
C, 84.52; H, 5.90.

Infrared spectra (Nujol) were obtained from a Mattson Polaris FT-Infrared
Spectrometer. 'H nmr were obtained from a Varian Associates, EM 360L
Nuclear Magnetic Resonance Spectrometer, and chemical shifts are recorded
in 6 ppm downfield from an internal tetramethylsilane (TMS) standard. 1,
IR: 1700 and 1718 cm’! (C=0); NMR (CDCly): 3.85 (s, -CH,-) and
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7.12-7.72 and 8.08-8.32 (m, ArH); 2, IR: 1720 cm! (sh)(C=0); NMR
(CDCly): 5.10 (s, -CH-), and 6.58-8.18 (m, ArH}); 3, IR: 1724 em! (sh)
(C=0); NMR (CDCl3): 5.10 (s, -CH-), and 6.60-8.20 (m, ArH and NH,); 4,
IR: 1706 and 1717 cm’! (C=0); NMR (CDCl1,/DMSO-dg, several drops):
4.36 (d, -CH-, J =3 cps), 4.42 (s, -CH-, J = 12 ¢cps), 5.62 (d, -CH-, J = 12
cps), and 5.93 (s, -CH-, J = 3 cps), and 6.55-7.78 and 8.12-8.55 (m, ArH); §,
IR: 1700 cm! (sh) (C=0), 3368 and 3489 cm™! (NH,); NMR (solubility
difficulties) (CDCl3/DMSO-dg):  3.79 (d, -CH,-) and 6.40-8.27 (m, ArH and
NH,); (DMSO-d¢/CF;COOH): 4.05 (s, broad, -CH,-); (DMSO-dg): 3.89 (d,
-CH,-); 6, IR: 1734 cm™! (sh) (C=0); NMR (CDCly): 4.50 (d, -CH-, T = 4
cps), 6.17 (4, -CH-, J = 4 cps), and 6.43-7.77 and 8.27-8.53 (m, ArH); 7, IR:
1717 em! (sh) (C=0); NMR (CDCl5): 3.65 (s, OCHj3), 3.98 (s, OCHy), 4.32
(d, -CH-, J = 4 cps), 5.87 (d, -CH-, J = 4 cps), and 6.57-7.75 and 8.27-8.50
(m, ArH); 8, IR: 1721 em! (sh) (C=0); NMR (CDCly): 3.52 (s, OCHay), 4.02
(s, OCHy), 4.25 (d, -CH-, I = 4 cps), 5.84 (d, -CH-, ] = 4 ¢ps), 6.20-7.70 and
8.20-8.45 (m, ArH); 9, IR: 1700 and 1713 cm™! (C=0); NMR (CDCl): 1.82
(s, CHy), 3.73 (s, OCHy), 4.35 (s, -CH-), and 6.47-7.63 and 8.23-8.45; 10, IR:
1713 -1 (sh) (C=0); NMR (CDCl,): 1.85 (s, CHy), 4.35 (s, -CH-), and
6.63-7.62, and 8.22-8.42 (m, ArH); 11, IR: 3207 and 3400 cm™! (broad, OH)
and 1684 cm! (sh) (C=0); NMR (CDCly/DMSO-d¢): 1.18 (t, CHy), 1.53 (s,
CHa), 3.67 (q, -OCH,-), 5.68 (s, -CH-), 6.53-7.47, and 8.02-8.28 (m, ArH);
12, IR: 1715 cm’! (C=0); NMR (CDCly): 1.47 (80%) and 1.85(20%) (s,
CHy), 3.65 (s, OCH3), 3.83 (s, OCHjy), 4.32 (80%) and 4.68 (20%) (s, -CH-),
and 6.63-7.67 and 8.27-8.48 (m, ArH); 13, IR: 1700 cm™! (sh) (C=0); NMR
(CDCly): 1.55-3.03 (m, -CH,CH,CH,-), 4.87 (s, -CH-), and 7.02-7.67 and
8.18-8.43 (m, ArH).

We attribute the differences in observed chemical shifts resulting from a
protonated and an unprotonated 2-anilino nitrogen in the 3-position.

Avad, W. 1, El-Newaihy, M. F., Abdel-Hamid, H. A., Egypt. J. Chem.,

1972, 297.
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