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A NEW SYNTHETIC METHOD FOR ortho-SUBSTITUTED BENZANILIDEST

Alan R. Katritzky* and Wei-Qiang Fan
Department of Chemistry, University of Florida
Gainesville, FL 32611
A number of alternative methods have been developed for the regio-
specific synthesis of 1,2-disubstituted aromatic molecules. The sequence
involving ortho-metallation, followed by reaction with an electrophile is
now recognized as an efficient route for the regiospecific synthesis of a

wide wvariety of 1,2-disubstituted aromatic compounds, including ortho-

substituted aromatic amides. There are many contributions from the groups
of Beak,1 Snieckus,2 Gschwend? and others to the directed lithiation of
tertiary amides of aromatic acids and the resulting lithiated inter-
mediates have been reacted successfully with a wide variety of electro-

philes. However, the preparative ortho-lithiation and substitution of
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secondary benzamides has received less attention. Hauser® reported the

condensation with ketones and aldehydes at the ortho-position of benzani-
lide and N-methylbenzamide by means of excess n-butyllithium.

Recently, our novel one-pot synthetic sequence using carbon dioxide
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as an easily removed protecting group5 has been applied to the conversion

5¢

of N-alkylanilines into ortho-substituted N-alkylanilines. We have now

successfully extended this methodology to lithiation followed by carbon-

carbon bond formation at the ortho-position of benzanilide. The novel

one-pot synthetic sequence 1 to 6 that we have used for the regiospecific

ortho-functionalization of benzanilide is shown in scheme. The sequence

is composed of four operations:

(1) Protection via conversion of benzanilide 1 into the corresponding
N-lithium carboxylate 3 by the treatment with n-butyllithium in
tetrahydrofuran and 5% (v/v) HMPA (1 to 2), followed by quenching
with carbon dioxide (2 to 3).

(ii) Lithiation of this N-lithium carboxylate 3 to give 4 was accom-
plished by reaction with 1.2 equivalents of ¢t-butyllithium in
tetrahydrofuran at ca -20°C.

(iii) Carbon-carbon bond formation to intermediate 5 by the reaction of 4
with the corresponding electrophile at -70°C and then allowing the
reaction mixture temperature to rise to 25°C over a few hours.

(iv) Deprotection and work-up by the slow addition of aqueous 2N hydro-
chloric acid to the reaction mixture at 0°C converted 5 into 6,
which was collected and recrystallized.

The results shown in Table 1 demonstrate that a wide range of
electrophiles may be employed: alkyl halides (both iodides and bromides)
react readily to give o-alkylbenzanilides, aldehydes afford the expected
secondary alcohol derivatives, isocyanates as electrophiles give phthalic
acid diamides, esters and carbon dioxide give respectively o-acyl and o-
carboxyl derivatives, and deuteration also takes place at the ortho-
position. The reaction of intermediate 4 with benzophenone, gives the
lactone 8 by cyclization of the benzanilide intermediate 7. The yields

ranged from 73 to 91%.
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TABLE 1. Preparation of ortho-Substituted Benzanilides

Entry Electrophile ortho- Yield? mp . lit. mp.
substituent (%) (Gd*))] (°c)
1 D,0 D 91¢(100)f  161-163  162-164
2 Mel Me 76 121-123P 1256
3 Etl Et 90 138-140P  141-142.57
4 n-BuBr n-Bu 73 72-73b ...
5 PhyCO lactone(8) 74 116-118°  116.116.58
6 p-MeCgH,,CHO CH(OH)CgH,Me-p 82 145-147¢ ...
7 p-MeOCgH, CHO CH(OH)CgH,OMe-p 78 150-1519  147-148%b
8 t-BuNCO CONHtBu 76 244-246®  ------
9 PhNCO CONHPh 80 230-2329  230-2319
10 €0y COH 80 160-162¢  155-15810
11 p-MeCgH,COoEt  COCgH,Me-p 78 208-2109  --.-..

a) Isolated yield in all cases. b) Recrystallized from CHCl3-hexane.
c) Recrystallized from ether-hexane. d) Recrystallized from ethanol.
e) Recrystallized from ethanol-CHCl3. f) 100% Deuterated.

In summary, our one-pot synthetic sequence for the ortho-functionali-
zation of benzanilide offers advantages over other existing methods in
that the protecting group can be introduced and removed very easily, the
procedure is simple, a wide range of electrophiles can be used, and the
yields are high. The method should be applicable to other secondary

anilides. In particular, unlike the dilithiation method,5 there is no

danger of the electrophile reacting at the nitrogen atom.
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EXPERIMENTAL SECTION

1y R spectra were taken with a Varian EM 360L, 3¢ mmr spectra were
recorded on a JEOL JNM FX 100 spectrometer. Infrared spectra were
obtained on a Perkin-Elmer 283B spectrophotometer. Melting points were
determined with a Thomas-Hoover capillary apparatus and are uncorrected.
Elemental analyses were carried out under the supervision of Dr. R. King
of this department. p-Butyllithium and t-butyllithium (Aldrich) were used
without further purification. Tetrahydrofuran was dried by refluxing with
calcium hydride and used directly after distillation under dry argon.
Carbon dioxide (Matheson) was wused after drying by passage through
anhydrous calcium sulfate. Processes (i)-(iii) were carried out under a
dry argon atmosphere.

Preparation of ortho-Substituted Benzanilides.- A solution of benzanilide
(0.01 mole, 1,97 g in 28.5 ml THF and 1.5 ml HMPA) in a Schlenk type
reactor under an argon atmosphere was cooled to -70°C and n-butyllithium
(4.0 ml of 2.5 M n-hexane solution) was slowly added dropwise. The
resulting solution was kept at -70°C for a few minutes, and the tempera-
ture then allowed to rise to 25°C. Carbon dioxide gas was passed through
the solution for 5 min. The solvent was removed under reduced pressure to
give the lithium benzanilide-N-carboxylate. The atmosphere was replaced
with argon and THF (30 ml) was added. Then, the solution was cooled to ca
-70°C and t-butyllithium (6.5 ml of 1.7 M n-pentane solution) was added
slowly. The cooling bath was changed to ice-salt, and the solution was
kept at -20°C for 30 min. The whole was then cooled to -70°C and the
electrophile (0.0l mole) in 5 ml THF was added. The reaction mixture was
allowed to return to 25°C and stirred at that temperature for a few hours.
The solvent was removed and aqueous hydrochloric acid (2N) was added at
0°C. The resulting precipitate was collected, and recrystallized from a
suitable solvent to give the pure ortho-substituted benzanilide (see Table
1.

2-Deuteriobenzanilide 1y e (DMSO-d6): 6§ 7.0-7.6 (m, 6H, Ar-H), 7.65-
8.10 (3H, Ar-H), 9.65 (br s, 1H, CONH).

2-Methylbenzanilide Iy NMrR (CDCl3): 6 2.25 (s, 3H, CH3), 6.95-7.85 (m,
9H, Ar-H), 8.18 (brs, 1H CONH); 3¢ NMR: & 168.4 (C=0), 138.0, 136.2,
135.9, 130.8, 129.8, 128.7, 126.6, 125.5, 124.2, 120.0, 19.6 (CH3).
2-Ethylbenzanilide 1y NMR (CDClg3): & 1.23 (t, 3H, CHyp CH3), 2.79 (q, 2H,
CHyCH3), 7.0-8.1 (m, 10H, Ar-H and CONH); 13 NMR: 6§ 168.4 (C-0), 142.4,
138.0, 130.2, 129.5, 128.5, 126.6, 125.7, 124.4, 120.0, 26.3 (CHp), 15.8
(CH3).

2-n-Butylbenzanilide h mmr (CDC1l3): & 0.88 (t, 3H, CH3), 1.1-1.9 (m,
4H, CHpCHpCHpCH3), 2.80 (t, CHyCHyCHpCH3), 7.0-7.8 (m, 9H, Ar-H), 8.12 (s,
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1H, CONH); 13c NMR: s 168.4, 140.8, 138.0, 136.2, 129.8, 128.7, 126.6,
125.5, 124.2, 120.0, 33.5 (Ar-CHp), 32.6 (CHpCHyCH3), 22.4 (CH,CH3), 13.8
(CH3) .
Anal. Calcd for Cy;H1gNO: C, 80.63; H, 7.51; N, 5.53

Found: C, 80.91; H, 7.68; N, 5.25
3,3-Diphenylphthalide(8) lH NMR (CDCl3): 6§ 7.1-8.3 (m, Ar-H); 13c NMR: §
169.5 (c=0), 151.8, 140.1, 134.0, 129.2, 128.4, 126.9, 125.8, 125,3,
124.0, 111.6, 91.5 (CPhy).
2-(a-Hydroxy-4-methylbenzyl)benzanjilide 1y R (DMSO-dg): 6 2.32 (s, 3H,
CH3), 5.80 (d, 1H, OH), 6.19 (d, 1H, CHOH), 7.0-7.9 (m, 13H, Ar-H), 10.20
(s, 1H, CONH); 13¢c NMR: § 167.9 (C-0), 143.8, 142.3, 139.0, 135.7, 129.8,
128.5, 127.1, 126.4, 123.7, 119.9, 106.7, 70.0 (CHOH), 20.7 (CH3); IR
(CHBr3): 3400, 1660 (C=0), 1600, 1540 cm™1l.
Anal. Caled for CyqHigNOy: C, 79.50; H, 5.99; N, 4.42

Found: C, 79.32; H, 6.25; N, 4.32
2-(a-Hydroxy-4-methoxybenzyl)benzanilide 14 »r (CDCl3): & 3.87 (s, 4R,
OCH3 and OH), 6.47 (s, 1H, CHOH), 6.88-8.20 (m, 14H, Ar-H and coNH; 13¢c
NMR: § 170.4 (C=0), 160.2, 149.6, 136.2, 134.1, 129.9, 128.6, 128.0,
127.6, 126.2, 125.6, 125.2, 122.8, 120.4, 114.1, 82.6 (CHOH), 55.1 (OCHs3).
N-tert-Butyl-N'-phenylphthalic Diamide 1y R (CDC13/DMSO-dg): & 1.37
(s, 9H, CMe3y), 7.15-7.95 (m, 10H, Ar-H), 10.40 (brs, 2H, CONH); 13c MMR: &
166.3, 165.5, 137.7, 135.5, 134.5, 133.6, 126.9, 126.0, 125.4, 121.8,
117.8, 49.4 (CMe3), 26.8 (CH3); IR (CHBrj): 3250 (CONH), 1660 (C=0), 1625
(C=0), 1595, 1500 cm~l.
Anal. Calcd for CygHooNoOp: C, 72.87; H, 6.76; N, 9.46

Found: C, 72.47; H, 6.98; N, 9.27

N.N’-Diphenylphthalic Diamide 1y R (DMSO-dg): 6§ 6.9-7.9 (m, 1l4H, Ar-
H), 10.3 (s, 2H, CONH); 13c NMR: § 166.9, 139.4, 136.7, 134.7, 129.7,
128.8, 128.5, 123.4.
Phthalic Acid Monocanilide 1H NMR (DMSO-dg): 6 6.75-7.95 (m, 9H, Ar-H),
10.25 (s, 1H, COoH), 12.9 (brs, 1H, CONH).
2- (p-Methylbenzoyl)benzanilide Iy R (CDC13/DMSO-dg): 6§ 2.32 (s, 3H,
CH3), 6.90-8.10 (m, 14H, Ar-H, CONH); 13¢ NMR: & 166.3 (CONH), 149.5,
147.1, 136.8, 136.4, 132.5, 129.7, 128.5, 127.8, 126.7, 125.6, 125.2,
122.2, 92.2, 20.5 (CHy).
Anal. Calcd for CpjHyyNO: C, 80.00; H, 5.40; N, 4.44

Found: C, 80.25; H, 5.27; N, 4.61
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