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SYNTHETIC COMMUNICATIONS, 26(9). 1763-1774 (19%) 

THE PREPARATION OF SUBSTITUTED 1 (2H)-ISOQUINOLINONES FROM 
POLYLITHIATED 2-(2-METHYLPHENYL)HYDRAZINECARBOXYLIC 

ACID ESTERS 

Madlene U. Koller, A. Cameron Church, Cynthia L. (Mazat) Gnffith, Margaret A. 
Hines, Rene J. Lachicotte, Richard A. Taylor, and Charles F. Beam* 

Department of Chemistry and Biochemistry 
College of Charleston 

Charleston, South Carolina 29424 

ABSTRACT: 2-(2-Methylphenyl)hydrazinecarboxylic acid esters were metalated 
with excess lithium diisopropylamide, and the resulting polyanion-type 
intermediates were condensed with aromatic esters followed by acid cyclization to 
the 3-substituted- 1 (2H)-isoquinolinones (isocarbostyrils). 

Our attention has been focused on several reports dealing with the metalation/ 

cundensatiodcyclization of ortho-toluamides for the preparation of new and 

potentially useful products'". For example, the isolable 6-hydroxyamides [e.g., 

2-(2-hydroxy- 2,2-diphenylethyl)-benzanilide], made by condensing the dianion- 

type intermediates with ketones, were cyclized to what first appeared to be 

4,5dihydro- 1 (2H)-isoq~inolinones'~ (dihydroisocarbostyrils) but were later shown 

to be mainly 3,4-dihydro- 1H-benzopyran- l-imines4. Our only earlier involvement 

with this project was with the readily reproducible preparation of 6-hydroxyamides 

and related materials5. Of special interest to this investigation was the metalation 

of N,2-dimethylbenzamide with n-butyllithium followed by condensation/ 

*To whom correspondence should be addressed. 
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1764 KOLLER ET AL. 

cyclization with N,N-dimethylamides3 to yield 1(2H)-isoquinolinones, which also 

have been prepared and extensively studied by others6. Reports concerning the 

treatment of lH-2-benzopyran- 1 -ones (isocoumarins) with acetylhydrazine or 

hydrazine for the preparation of new l(W)-isoquinolinones with potential 

biological a ~ t i v i t y ~ . ~  have resulted in our continued studies concerning strong-base 

synthesis of similar 1 (2H)-isoquinolinones 1-12 (Table). 

Each of the entry compounds is new. Two of the 2-(2-methylphenyl)- 

hydrazinecarboxylic acid esters 15 (ethyl) and 16 (r-butyl)(bottom of Table) were 

prepared by the Schotten-Baumann condensation of orrho-toluoyl chloride with 

ethyl carbazate (for 15) or fen-butyl carbazate9 (for 16). This technique did not 

work well for the condensation of the acid chloride with methyl carbazate. 

Compound 14 was prepared by the simple modification of another procedure10 

[ 1 : 1: 1 - acid chloride:carbazate:pyridine]. The 2-(2-Methylphenyl)-hydrazine- 

carboxylic acid esters (14-16) were then metalated with excess lithium 

diisopropylamide (LDA) to presumed trianion-type intermediates" [subst. 

hydrazine:LDA:ester - 1:4:1 (for aromatic esters) or 1 5 1  (for phenolic esters)]. 

The polylithiated intermediates underwent a condensation with a variety of esters, 

followed by acid-cyclization to the l(W)-isoquinolinones 1-12 (Table). When a 

lesser amount of LDA was used for this procedure [subst. hydrazine:LDA:ester - 
1:3:1], other products of minor interest were isolated insteadI2. 

All of the 1(2H)-isoquinolinones, 1-12, prepared by this strong-base procedure 

are new and were characterized by absorption spectra'3 F - I R ,  'H nmr] along 

with support from combustion analysis (for C, H, and N)I4. The infrared spectra of 

the products displayed N-carboalkoxy absorptions from 1720 - 1749 cm". The 

lactam-type carbonyl absorptions for each material were noted from 1638 - 1681 

cm-'. Proton nuclear magnetic resonance for each compound displayed a 
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SUBSTITUTED 1(2H)-ISOQUINOLINONES 1765 

distinctive vinyl absorption at C-4 (s). 6 6.44 - 6.55 ppm and aromatic absorptions 

were usually noted in two sets of distinct multiplets ranging between 6 6.70 - 7.88 

and 8.13 - 8.65 ppm. Pendant group absorptions were noted for the ethoxy group 

in 1,4,5,9 and 11 ranging between 6 4.10 - 4.16 ppm (q) for -OCH2- and 1.10 - 
1.20 pprn (t) for CH3-; for -OC(CH3)3 in 3,6,8,10, and 12 ranging between 6 

1.35 - 1.42 ppm (s); for -OCH3 in 2 and 7,6 3.70 - 3.72 ppm(s); for ArCH3 in 4,6 

2.38 ppm (s); for ArOCH3 in 10,6 3.80 ppm (s); for ArOCH3in 11 and 12 ranging 

between 6 3.88 - 3.92 ppm (s); and for Ar-C(CH& in 5 and 7,6 1.33 and 1.37 

ppm (s), respectively. 

The yields of 1(2H)-isoquinolinones 1 - 12 ranged from 36-90%, which 

indicates that the general experimental procedure is usually satisfactory for the 

expedient preparation of 0.5-1.0 gram quantities of the desired products that can be 

purified by recrystallization from routine solvents. This may not necessarily 

represent the optimum conditions for the preparation of an individual compound. 

Acid hydrolysis of the carbo-rert-butoxy group did not occur in 1(2H)-iso- 
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1766 KOLLER ET AL. 

quinolinones 3,6,8,10, and 12, and this may indicate that the carboxy oxygen was 

not as readily protonated as initially expected. This is in contrast to previous 

projects, in which oxime and benzoylhydrazone functional groups in other 

molecules were readily hydrolyzed under similar  condition^'^.'^. 

0 

&-NH-NH- c II - OR ~ &-NH-c4% :: 
0 

R3 CH2- C- Rj 

8 1-12 o-phenacyl benzoic acid carboalkoxyhydrazide 

2.3-benzodiazepin- 1 -ones 

The C-acylated precyclization intermediate, ortho-phenacylbenzoic acid carbo- 

methoxyhydrazide 13, resulting from condensation of the polyanion-type 

intermediate (from 14) with methyl benzoate was isolated. Usually these 

intermediates were acid cyclized directly to the heterocyclic products in a two-step 

single-pot reaction. The ortho-phenacylbenzoic acid carboalkoxyhydrazide 

intermediates may have the opportunity to undergo cyclodehydration to either the 

1(2H)-isoquinolinone or the 2,3-benzodiazepin- 1-0ne~9'~. There is preference for 

the formation of the six-membered ring 1 (2H)-isoquinolinone over the seven 

membered ring 2,3-benzodiazepin- l-one, and literature  report^^**.'^ indicated 

preferential formation of the 1 (2H)-isoquinolinones. Under the acid cyclization 

conditions in this study, 2,3-benzodiazepin-l-ones if formed would have 

undergone rearrangement to the 1 (2H)-isoq~inolinones'~. Specifically, 

isocoumarins were treated with acetylhydrazine or hydrazine7vs to give similar 

precyclization intermediates, ortho-phenacylbenzoic acid acetylhydrazides or 
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SUBSTITUTED 1(2H)-ISOQUINOLINONES 1767 

ortho-phenacylbenzoic acid hydrazides, that underwent cyclodehydration to the 

1 (2H)-isoquinolinones. ortho-Phenacylbenzoic acid carboalkoxyhydrazides are 

similar intermediates, and they underwent cyclization in an analogous manner to 

the l(2H)-isoquinolinone. Related 2,3-benzodiazpin-l-ones are prepared by 

condensation of ortho-phenacylbenzoic acids with hydra~ines'~~. The position of 

the double bond (N-3, (2-4) in the seven-membered ring for these compounds is 

different from 2,3-benzodiazepin-l-ones indicated as potential products (C-4, C-5) 

from cyclizations of the C-acylated intermediate precursors (i.e., 13) for 

compounds prepared during this investigation. Under acid conditions, these 

compounds also undergo rearrangement to 1 (2H)-i~oquinolinones'~~. 

Several additional points are noted: [l] 1(2H)-Isoquinolinones 1 - 3 resulted 

from the condensation of polyanion-type intermediates with a lithiated hydroxy- 

in which the phenoxide ion is in a position to diminish the 

electrophilicity of the carboethoxy carbon and therefore its reactivity towards a 

Claisen-type condensation. [2] The experimental procedure is straightforward SO 

that someone not necessarily familiar with strong-base procedures can be 

successful with the reactions. [3] Since the synthesis is regioselective, and 

essentially a single product results, the final product is readily purified by simple 

recrystallization from routine solvents. 

General Experimental Procedure for Preparation of 2-(2-Methylphenyl)hydrazine 

Carboxvlic Acid Esters: The molar ratio of o-toluoyl chloride to hydrazine- 

carboxylic ester was l:29*10. Approximately 30 mL of 10% sodium hydroxide 

solution was added to 0.1 mol. of tert-butyl or ethyl carbazate, and enough ethanol 

was added to effect almost complete solution, ca. 10-30 mL (some turbidity). 

Then 0.05 mol of acid chloride was slowly added to the stirred solution (room 

temperature) at a slow dropwise rate. After the acid chloride was added, the 
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1768 KOLLER ET AL. 

Compd. R, 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

%Yiel@MpC 
(OC) 

55/227-30d 

50/260-62d 

90/249-52d 

76/158-60d 

7711 7 8-7gd 

48/185-86d 

40/207-09d 

45/158-5gd 

36/174-75d 

70L212-13' 

48/204-06d 

88/195-97d 

Tombustion analysis data; ref. 14. bSpecual data; ref. 13. CMelting points were 
obtained with a Me1 Temp melting point apparatus in open capillary tubes and are 
uncorrected. dRecryst. from ethanol or ethanollwater; see ref. 18. eRecryst. from 
ethanobenzene. 

Intermediate 13 resulting from condensation of polymetalated 14 with methyl 
benzoate; C17H16N204, mp 107-09O (55% - MeOH). Compds: 14, 2-(2-methyl- 
pheny1)hydramecarboxylic acid, methyl ester, Cl@l2N2O3, mp 149-52O (44% - 
MeOH); 15,2-(2-methylphenyl)-hydrazinecarboxyhc acid, ethyl ester 
CllHl4NZO3, mp 149-52O (64% - EtOH); 16, C13H1SN203, 2-(2-methyl- 
pheny1)hydrazinecarboxylic acid, r-butyl ester, mp 124-26' (67% - MeOH). 
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SUBSTITUTED 1(2H)-ISOQUINOLINONJ2S 1769 

mixture was stirred for several hours or stored overnight. It was then filtered 

through a Buchner funnel, washed with 50 mL of ice water, and dried. The 

products were recrystallized from either ethanol or methanol. The procedure for 

condensation of benzoyl chloride with alkyl carbazate was followed for the 

condensation of o-toluoyl chloride with methyl carbazate (1:l:l - acid 

ch1oride:carbazate:pyridine). Reagent grade tetrahydrofuran (THF) was used 

instead of methylene chloride, which permitted the use of a magnetic stirrer in 

place of a mechanical stirrer'Ob. 

General Experimental Procedure for Preparation of 1(2H~-Isoquinolinones: 

In a typical preparation, n-b~tyllithium'~ (0.079 mol. for condensation with 

ethyl 4-hydroxybenwate for preparation of 1-3 or 0.063 mol. for preparation of 

4-12) was added to a three-necked round-bottomed flask (ca., 500 mL) with a 

syringe. The flask was also fitted with a side-arm addition funnel (cu., 125 mL) 

and nitrogen inlet tube. After cooling the flask in an ice water bath, a sample of 

diisopropylamine (0.079 mol. for 1-3 or 0.063 mol. for 4-12) dissolved in 25 mL of 

dry THF (sodium - benzophenonellcetyl) was added to the stirred n-butyllithium at 

a fast dropwise rate (5-7 min.). The resulting LDA was stirred at 0' for an 

additional 20 min. before adding, during 5-7 min.. a 0.015 mol. sample of 

2-(2-methylphenyl)hydrazine carboxylic acid ester dissolved in 30-40 mL of dry 

THF. 

The metalation time was 90 min. (00, N2), followed by condensation with a 

0.0158 mol. sample of ester dissolved in 30-40 mL of dry THF, during 5 min. The 

condensation time varied (1-2 hr-) depending on the ester used (e.g., methyl 

benzoate, 60 min.; methyl 3,4,5-trimethoxybenzoate, 75-90 min.; and methyl 

4-hydroxybenzoate, 120 min.). If precipitation occurred, the ice bath was 

removed, and the mixture was stirred at mom temperature. 
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1770 KOLLER ET AL. 

Condensation was followed by neutralization and cyclodehydration. 

Acidification was accomplished by directly adding 100 mL of 3N hydrochloric 

acid, followed by heating the well stirred two-phased mixture under reflux for 

30-45 min. At the end of the reflux period, the mixture was poured into a large 

flask (1L) containing ice (ca., 100 gm.). This was followed by addition of 100 mL 

of solvent grade ether, and the resulting mixture was neutralized with sodium 

bicarbonate (pH paper to pH 4 for 1-3), which was followed by separation of 

organic and aqueous phases. The aqueous layer was extracted with ether (2 x 75 

d), and the organic solutions were combined, dried (MgSOJ, filtered, and 

evaporated. The oil or solid residue was recrystallized from the solvent or mixture 

of solvents noted in the foomote of the Table. 

ACKNOWLEDGMENTS: We wish to thank the Donors of the Petroleum 

Research Fund, administered by the American Chemical Society and the Research 

Corporation for support. Dr. Shannon Studer Martinez assisted with the 

preparation of the manuscript and was involved in numerous discussions. 
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(DMSOd6) 6 1.17 (t, CH3), 4.11 (q, -OCH2-), 6.68 (s, C4-H), 6.77 - 7.88 

Ar-C(CH3)3), 4.16 (Q, -0CH2-), 6.52 (s, C4-H), a d  7.25 - 7.77 and 8.33 - 
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(NH), 1749 (C=O), 1653 (Ar and N-C=O); nmr (CDCI,) 6 1.20 (t. CH3-). 

and 8.30 - 8.63 (m. ArH). Compd. 12; ir, 3288 (NH), 1745 (C=O), and 1670 
(N-C=O) cm-l; nmr (CDCI,) 6 1.42 (s, -oc(CH3),), 3.88 and 3.90 (s, 
ArOCH,), 6.53 (s, C4-H), and 6.77 - 7.80 and 8.37 - 8.57 (m, ArH). Compd. 
13; ir, 3178 (NH), 1726 (C=O), and 1681 (Ar and N-C=O); nmr (CDCI,) 6 
3.70 (s, OCH3), 6.55 (s-br. CH=C, enol), and 7.17 - 7.77 and 8.37 - 8.57 (m, 
ArH). Compd. 14; ir, 3242 broad (NH), 1737 (C=O-0), and 1662 cm-' 
(C=O-N and Ar); nmr @MSO-d6) S 2.28 (s, ArCH,), 3.65 (s, -OCH,), and 
7.18 - 7.55 (m, ArH). Compd. 15; ir, 3321 and 3233 (NH), 1732 (C=O-0), 
and 1663 (C=O-N and Ar); nmr (CDCI@MSO-d6) 6 1.25 (t, -CH3), 2.42 (s, 

ArCH,), 4.16 (9, -OCH2-), and 7.13 - 7.68 (m, ArH). Compd 16; ir, 3330 
and 3244 (NH), 1722 (C=O-0). and 1660 (C=O-N and Ar); nmr (CDCI,) 6 
1.43 (s, -OC(CH& 2.43 (s, ArH) and 7.12 - 7.68 (m, ArH). 

14. Microanalysis for C, H, and N were performed by Quantitative Technologies, 
Inc., P.O. Box 470, Salem Industrial Park, Bldg. 5, Whitehouse, NJ 08888 
and Robertsons Laboratory, 8 Samson Avenue, Madison, NJ 07940. 
[Compd. No. from Table] Calcd. for 1: C, 66.66; H, 4.97; N, 8.64. Found: 
C, 66.90; H, 5.13; N. 8.37. Calcd. for 2: C, 65.80; H, 4.55; N, 9.03. Found: 
C, 65.74; H, 4.80; N, 8.74. Calcd. for 3: C, 68.17; H, 5.72; N, 7.95. Found 
C, 68.16; H, 5.79; N, 7.96 Calcd. for 4: C, 70.79; H, 5.63; N, 8.69. Found 
C, 70.49; H, 5.65; N, 8.65. Calcd. for 5: C, 72.51; H, 6.64; N, 7.69. Found: 
C, 72.54; H, 6.50; N, 7.69. Calcd. for 6: C, 71.41; H, 5.99; N, 8.33. Found: 
C, 71.40; H, 6.05; H, 8.25. Calcd. for 7: C, 71.98; H, 6.33; N, 7.99. Found: 
C, 72.04; H, 6.47; N, 7.88. Calcd. for 8: C, 64.78; H, 5.16; N, 7.55. Found 
C, 664.93; H, 5.13; N, 7.58. Calcd. for 9: C, 63.07; H, 4.41; N, 8.17. 
Found C, 63.15; H, 4.55; N, 8.07. Calcd. for 10: C, 68.84; H, 6.05; N, 
7.64. Found: C. 68.88; H, 6.09; N, 7.56. Calcd. for 11: C, 63.31; H, 5.57; 
N, 7.03. Found C, 63.22; H, 5.74; N, 6.88. Calcd. for 12: C, 64.78; H, 
6.14; N, 6.57. Found C, 64.69; H, 6.21; N. 6.66. Calcd. for 13: C, 65.38; 
H, 5.16; N. 8.96. Found C, 65.34; H, 5.28; N, 8.85. Calcd. for 14: C, 
57.69; H, 5.81; N, 13.45. Found C, 57.77; H, 5.86; N, 13.49. Calcd. for 15: 
C, 59.45; H, 6.35; N, 12.60. Found: C, 59.38; H, 6.44, N, 12.46. Calcd. for 
16: C, 62.38; H, 7.25; N, 11.19. Found: C, 62.43; H, 6.99; N, 11.19. 

4.16 (q, -0CH2-), 3.88 and 3.92 (s, ArOCH,), 6.53 (s, Cd-H), and 7.43 - 7.87 
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1774 KOLLER ET AL. 

15. Brown, J., Sides, K.L., Fulmer. T.D., and Beam, C.F., J. Heterocycl. Chem., 

16. Mack, H.M., Davis, E.A., Kadkhodayan, B., Taylor, R.A., Duncan, D.C., and 

17. There are numerous reports concerning the preparation of 2.3-benzodiazepin- 

1979,16, 1669. 

Beam, C.F., J. Heterocycl. Chem., 1987.24, 1733. 

l-ones, and in each case the double bond is between N-3 and C-4, and not 
between C-4 and C-5. The latter location of the double bond would be in the 
2,3-benzodiazepin-l-ones, if formed during the cyclization, prior to 
rearrangement to the 1(2H)-isoquinolinone (a) Ames, D.A., and Dodds, J .  
Chern. SOC., Perkin Trans. 1,1972,705; (b) Wolbling, H., Ber., 1905,38, 
3846. (c) Wolbling, H., Ber., 1905,2845. (d) Flammang, M., C R .  Hebd. 
Seances Acad. Sci. Ser. C ,  1978,286,671; Chem. Abstr., l978,89,146878b. 
(e) Flammang, M., and Wermuth. C.G., Eur. J .  Med. Chem.-Chim. Ther., 
1977,12,121. ( f )  Flammang, M. and Wermuth, C.G., CR. Hebd. Seances 
Acad. Sci. Ser. C, 1980,290,361; Chem. Abstr., l980,93,203556d. (g) 
Rose, A., and Buu-Hoi, N.P., J .  Chem. Soc., 1968, C, 2205. (h) Vorozhtov, 
N.N., and Petuchkova, A.T., J .  Gen Chem. USSR (Engl. Trans.), 1957,27, 
2342. (i) Somei, M., Karasawa, Y., Shoda, T., and Kaneko, C., Chem. 
Pharm. Bull., Japan., 1981,29,249. (i) Grogan, F., O'Brian, A.E., Philbin, 
E.M., O'Conner, N.S., Tommoney, R.F., and Wheeler, T.S., Tetrahedron. 
1958,3, 140. Q Legrand, L. and Lozac'h, N., Bull. SOC. Chim. Fr., 1970, 
2237 and 2240. 

18. Initially 95% ethanol was used. If crystals did not form in several hours or 
overnight (refrigerator), a few drops of water or a few ice crystals were 
added. 

19. A 1.6 M solution in hexanes was obtained from Aldrich Chemical Co. This 
material is satisfactory enough to effect metalation and dilute enough to 
permit expedient and safe handling. 

(Received i n  the USA 24  October 1995) 
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