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N-(l-Benzotriazol-l-ylalkyl)amides 2, easily prepared from an amide and an aldehyde with bnzotriazole, react 
smoothly with CH acids under mild conditions to give the a-amidoalkylation products in good yields. Benzotriazole 
aminals also react with CH acids in the presence of methyl iodide. 

Introduction 
Amidoalkylations have found versatile applications in 

organic synthesis as a valuable alternative to the Mannich 
reaction.' In addition to providing ready acceas to primary 
and secondary amines, amidoalkylation (for reviews, see 
refs 2-4) is applicable to a considerably broader spectrum 
of reactivity than the Mannich reaction and has been used 
in syntheses of a- and @-amino acidsPs 0-amino ketones,' 
O-lactams,s and porphyrins? Intramolecular amido- 
alkylations have received much attention in new ap- 
proaches to alkaloid synthesis.l0 

0 R3 
II I 

R'-C-N-CH -x 
I 
R2 

1 

X = OH, OR, OCOR, Halogen, NHCOR, NR2 

Numerous amidoalkylation reactions have been reported 
in the last two decades." In most cases, the electrophilic 
amidoalkylation reagents can be represented by the 
structure 1,' where X is one of the leaving groups indicated 
and R2 may be a hydrogen, alkyl, or second acyl group. 
Compounds sufficiently nucleophilic to undergo reaction 
with these amidoalkylating agents include carbanions 
derived from active methylene compounds, activated 
aromatic and heteroaromatic compounds, olefins, and 
acetylenes. However, previous methods for amido- 
alkylation using the presently available reagents l with the 
leaving groups X listed all possess limitations and/or 
disadvantages: 

(a) X = OH. The most frequently used amidoalkylation 
reagents in recent reports have been N-(a-hydroxy- 

(1) Tramontini, M. Synthesis 1978,703. 
(2) Zaugg, H. E.; Martin, W. B. Org. React. 1966,14, 52. 
(3) Zaugg, H. E. Synthecria 1970,49. 
(4) Zaugg, H. E. Syntheclia 1984,86,181. 
(5) Ben-Ishai, D.; Sataty, I.; Bembin, 2 Tetrahedron 1976,32,1671. 
(6) Bott, K. Tetrahedron Lett. 1970, 4186,4301. 
(7) Daniahefsky, 5.; Guingant, A.; Prbbylla, M. Tetrahedron Lett. 

1980,21,2033. 
(8) Yoehioka, T.; Takita, T.; Umezawa, H.; Nakamura, H.; Iitoka, Y. 

Nippon Kagaku Koiahi 1081,860 (Chem. Abrtr. 1981,95,150285). 
(9) Ufer, G.; Tjoa, S. S.; MacDonald, S. F. Can. J. Chem. 1978,56, 

2437. 
(10) Speckamp, W. Red.  J .  R. Neth. Chem. SOC. 1981,100, 346. 

alky1)amides. However, the strongly acidic reaction con- 
ditions usually employed, e.g., concentrated sulfuric acid, 
can produce byproducts or completely divert the course 
of the reaction.2 Thus, several attempts to amidomethylate 
malonic ester with N-(hydroxymethy1)benzamide or N- 
(hydroxymethy1)phthalimide in sulfuric acid failed:l*u and 
the amidoalkylation of aliphatic nitro compounds gave low 
yields (20-33%).13 In addition, the application of reagenta 
with X = OH appears to be limited to cases where R3 = 
C02Et, C02H, CC13, or H. 

(b) X = OR or OCOR. These amidoalkylating agents, 
which are ethers and esters of N-(a-hydroxyalkyl)amides, 
have generally required preparation by electrochemical 
methods: anodic oxidation of N-alkylated amides in or- 
ganic acids14 and alcohols16 or by other inconvenient 
routes.l8 Furthermore, the ethers and esters of N-(a- 
hydroxyalky1)amides employed for the a-amidoalkylation 
of active CH compounds have mostly been limited to those 
of cyclic amides! 

(c) X = halogen. These reagents are so reactive that it 
is often difficult to prepare, isolate, purify, and store 
them.4J7 They are frequently prepared in situ from N- 
a-hydroxyalkyl precursors and immediately treated with 
substrate and catalyst, but this often results in low-yield 
amido alkylation^^^-^^ and to side product formation.' 

(d) X = NHCOR. Although the reagents are easily 
accessible, the amidoalkylating conditions are usually se- 
vere, e.g., concentrated sulfuric acidm or hot poly- 
phosphoric acid:' under which side reactions are to be 
expected, especially for active methylene compounds. Only 
half a molar equivalent of the amide is utilized, and the 
leaving group is also an amide, which could be inconvenient 
during purification of amidoalkylated products. 

(11) Buc, S. R. J.  Am. Chem. SOC. 1947,69,254. 
(12) Hellmann, H.; Aichinger, G.; Wiedemann, H.-P. Ann. 19S9, 636, 

35. 
(13) Parker, C. 0.; Emmons, W. D.; Pagano, A. S.; Rolewia, H. A.; 

(14) Nyberg, K. Acta Chem. Scand., Ser. B 1974,!28,8%. 
(16) Nyberg, K.; Servin, R. Acta CheM. Scand., Ser. B 1976,90,640. 
(16) Schollkopf, U.; Beckhaus, H. Angew. Chem., Int. Ed. Engl. 1976, 

(17) Ratts, K. W.; Chupp, J. P. J.  Org. Chem. 1974,99,3745. 
(18) Ikeda, K.; Morimoto, T.; Sekiya, M. Chem. Pharm. Bull. 1980,28, 

(19) Bohme, H.; Bomke, U.; Denie, J.-P. Arch. Pharm. 1982,916,40. 
(20) Ben-Iehai, D.; Sataty, I.; Berler, Z. J. Chem. Soc., Chem. Com- 

(21) Guise, G.; Buhler, A. Text. Rea. J.  1977,47,496. 

McCallum, K. S .  Tetruhedron 1962,17,89. 

15, 293. 

1178. 

mun. 1976,349. 
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Table I. Prenaration of Amidoalkylation Reartents N-(l-Benzotriarol-l-ylalkyl)unider 2 

no. 
2a 
2b 
2c 
2d 
28 
21 
2e 
2h 

- R' 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
CHa 
CHS 

R2 yield (W) mp ("C) 
Ph 60 188-190 
4-CHaOC6H4 63 172-174 
PhCHCHa 51 230-232 

1-naphthyl 49 212-214 

Ph 48 173-176 
4-CHsOC&4 54 183-185 

PhCHz 65 180-182' 

4-NOzC&4 81 219-221 

calcd 
lit. mp*h ("C) solvent C H N 

188-190 MeOH 
MeOH 70.38 5.06 15.63 
EtOH 74.14 5.66 15.72 
EtOH 73.67 5.30 16.36 
toluene 

174-177 benzene 
CHZCl, 64.30 4.05 18.76 

EtOH 64.84 5.44 18.91 

found 
C H N -  

70.20 5.05 15.58 
73.83 5.61 15.70 
73.69 5.25 16.49 

64.11 3.92 18.81 

64.94 5.48 18.94 

Table 11. Products of Amidoalkylation of Diethyl Alkylmalonates 

no. R' R2 

calcdb foundo molecular 
R3 vield (5%) m d  (OC) formula C H N C H N 

3a Ph Ph Me 65 77-79 
3b Ph Ph Et 58 81-83 
3c Ph 4-CH30C6H4 Me 69 oil 
3d Ph 4-CH@&4 Et 63 oil 
3e Ph PhCHz Me 72 129-131 
3f Ph PhCHi Et 67 9!+100 
3g Ph 1-naphthyl Me 60 111-112 
3h Ph 1-naphthyl Et 55 125-127 
3i Ph 4-NOzC6H4 Me 67 64-71 
3j Ph 4-NO&& Et 74 109-110 
3k Me Ph Me 59 oil 
31 Me Ph Et 56 Oil 
3m Me 4-CHaOC6H4 Me 62 79-81 
3n Me 4-CHaOC6H4 Et 57 oil 

'Solvent for recrystallization: ethanol except for 3a (methanol). 

A few other amidoalkylating reagents, e.g., enamides 
(RCONHCH-CHR) and N-acylimines have been re- 
ported; however, protonation of enamides by strong acid 
is generally needed to afford an electrophile capable of 
amidoalkylation.22 Moreover, enamides and N-acylimines 
have apparently only been used for the amidoalkylation 
of aromatic  compound^.^^*^' 

Rscent work in our group has demonstrated the versa- 
tility of benzotriazole as a synthetic auxiliary. N-(a- 
Aminoalky1)benzotriazoles have been utilized advanta- 
geously as intermediates in the alkylation of amines% and 
hydrazines% and in the preparation of amino esters,n 
amino ketones,28 and other polyfunctional amino com- 
pounds.29@' Other benzotriazole derivatives are used in 
the synthesis of ethersg1 and estems2 N-(1-Benzo- 
triazolylalky1)amides and -thioamides (easily prepared by 
the condensation of benzotriazole, an aldehyde, and an 
amide or a thioamide) are important synthetic interme- 
diates in the N-alkylation of amidesu and thioamideseM 

(22) Bal'on, Y. G.; Smirnov, V. A Zh. Org. Khim. 1981,27,442 (Chem. 

(23) Bocchi, V.; Gnrdini, G. P. Org. Prep. Proced. Znt. 1969, I, 271. 
(24) Bocchi, V.; Chierici, L.; Gardini, 0. P. Tetrahedron 1970,26,4073. 
(26) (a) Katritzky, A. R.; Rachwal, 9.; Rnchwal, B. J. Chem. SOC., 

Perkrn ItYIns. I 1987,805. (b) Kahtzky, A. R.; Yannakopoulou, K.; Lue, 
P.; Rae&, D.; Urogdi, L. J. Chem. Soc., Perkin Tiom. I 1989, 225. 

(26) Katritzky, A. R.; Rao, M. S.  C .  J .  Chem. SOC., Perkin Trans. I 
1989,2297. 

(27) (a) Kntritzky, A. R; Urogdi, L.; Mayence, A Syntheeie 1989,323. 
(b) Katritzky, A. R.; Yannakopoulou, K. Syntheeie 1989,747. 

(28) Katritzky, A. R.; Harris, P. A. Tetrahedron 1990,46,987. 
(29) Katritzky, A. R.; Fan, W. Q.; Fu, C .  J. Org. Chem. 1990, 65,3209. 
(30) (a) Kntritzky, A. R.; Gnllm, J. K.; Yannakopoulou, K. Syntheeie 

1989,31. (b) Knritzky, A. R.; Borowiecka, J.; Fan, W .  Q. syntheeie 1990, 
1173. 

(31) Katritzky, A R; Rnchwal, S.; Rachwal, B. J. Org. Chem. 1989,64, 
6022. 

(32) Katritzky, A. R.; Rnchwal, S.; Rachwal, B. Syntheeie 1991, 69. 
(33) (a) Kntritzky, A. R.; Drewniak, M. J. Chem. Soc., Perkin Trans. 

I 1988,2339. (b) Katritzky, A. R.; Drewniak, M.; Lue, P. J. Org. Chem. 
1988,69,6854. 
(34) Katritzky, A. R.; Drewniak, M. Tetrahedron Lett. 1988,29,1766. 

A k t r .  1981, W, 97299). 

68.91 6.57 3.65 
69.50 6.85 3.52 
413.1838 
428.2073 (M + 1) 
69.50 6.85 3.52 
70.05 7.10 3.40 
72.04 6.28 3.23 
72.46 6.53 3.13 
61.68 5.65 6.54 
62.43 5.92 6.33 
321.1576 
336.1811 (M + 1) 
351.1682 
365.1838 

68.86 6.50 3.84 
69.60 6.82 3.72 
413.1843 
428.2068 (M + 1) 
69.62 6.88 3.44 
70.07 7.14 3.38 
71.98 6.26 3.30 
72.75 6.52 3.22 
61.32 5.53 6.62 
62.20 5.92 6.27 
321.1573 
336.1813 (M + 1) 
351.1694 
365.1842 

* HRMS for liquid compounds. 

Scheme I 

H I II 
R~-CH-N.C.R' 

I 
3a-3n 

2a-h 

4 1  
4b 4c 

The benzotriazolate anion is a good leaving group and 
can be used in place of a halogen or other substituent in 
many transformations. The benzotriazolyl group has the 
advantage that many a-benzotriazole derivatives are easily 
prepared and are more stable than the corresponding 
a-chloro or a-bromo analogues. In view of our previous 
results and the value of benzotriazole as a leaving group, 
we anticipated that the use of N-(a-benzotriazol-1-yl- 
alky1)amide analogues 2 of the frequently used amido- 
alkylation reagents l could provide an attractive alterna- 
tive method for a-amidoalkylation. 

We now report that N-(a-amidoalkyl)benzotriazoles, 
easily available from condensations of benzotriazole with 
amides and aldehydes, are indeed excellent reagents for 
the amidoalkylation of malonic ester and other CH acids. 
We also describe the reactions of benzotriazole aminals 
with some CH acids in the presence of methyl iodide, 
which produce novel products. 

Results and Discussion 
Preparation of the Amidoalkylation Reagents 2. 

The amidoalkylation reagents employed, N-( l-benzotri- 
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Table 111. 'H NMR Spectral Data of Amidoalkylation Products 3a-3na 
no. NH(d) CH COgEt R' R2 R3 
3a 8.61 5.66 (d) 4.30-4.12 (m), 1.24 7.81 (d, 2 H), 7.50-7.36 1.43 (8, CHS) 

3b 

30 

3d 

3e 

3f 

3g 

3h 

3i 

3j 

3k 

31 

3m 

3n 

8.57 

8.62 

8.53 

8.15 

8.02 

8.84 

8.76 

8.88 

8.73 

8.35 

8.12 

8.25 

8.07 

5.72 (d) 

5.91 (d) 

5.69 (d) 

5.03 (t) 

4.89 (t) 

6.88 (d) 

6.78 (d) 

6.14 (d) 

5.93 (d) 

5.82 (d) 

5.60 (d) 

5.76 (d) 

5.53 (d) 

(t), 1.20 (t) 

1.21 (t), 1.11 (t) 
4.11 (9, 4 H), 1.12 

(t, 6 H) 
4.24 (q), 4.15 (q), 
1.23 (t), 1.13 (t) 

4.25 (m), 4.00 (m), 
1.23 (t), 1.09 (t) 

4.24 (q), 4.17 (q), 
1.25 (t), 1.21 (t) 

4.22 (q), 3.90 (m), 
1.19 (t), 0.97 (t) 

4.28 (m), 4.12 (q), 
1.22 (t), 1.08 (t) 

4.15 (q, 4 H), 1.15 
(t, 6 H) 

4.23 (q), 4.18 (m), 
1.22 (t), 1.13 (t) 

4.17-4.05 (m, 4 H), 
1.16 (t), 1.13 (t) 

4.19-4.03 (m, 4 H), 
1.20-1.10 (m, 6 H) 

4.15-4.02 (m, 4 H), 
1.17 (m, 6 H) 

4.18-4.03 (m, 4 H), 
1.17 (t), 1.13 (t) 

4.22 w, 4.13 (q), 

(m, 5 H), 7.33-7.25 

7.74 (d, 2 HI, 7.50-7.30 

7.70 (d, 2 HI, 7.52 (m, 3 H) 

7.75 (d, 2 H), 7.53 (m, 3 H) 

7.63 (d, 2 HI, 7.50-7.40 (m) 

7.65 (d, 2 H), 7.53-7.44 (m) 

7.75 (d, 2 H), 7.58-7.45 (m) 

(m, 3 

(m, 8 HIb 

7.75 (d, 2 H), 7.30 (m, 3 H) 

7.75 (d, 2 H), 7.60-7.49 (m) 

7.80 (d, 2 H), 7.55 (m, 3 H) 

1.86 (a, CHSCO) 

1.87 (8, CHSCO) 

1.85 (8, CHSCO) 

1.86 (8, CHSCO) 

7.31 (d, 2 H), 6.87 (d, 2 H), 
3.73 (e, OCHJ 

7.35 (d, 2 H), 6.90 (d, 2 H), 
3.75 (8, OCHA 

7.30-7.13 (m, 5 H )  

7.30-7.14 (m, 5 H) 

8.41 (d, 1 H), 7.94 (d, 1 H), 
7.89 (d, 1 H), 7.57 (t, 1 H), 
7.52-7.20 (m, 3 H) 

7.80 (d, 1 H), 7.57 (t, 1 H), 
7.30-6.98 (m, 3 H) 

8.46 (d, 1 H), 7.96 (d, 1 H), 

8.22 (d, 2 H), 7.83 (d, 2 H) 

8.21 (d, 2 H), 7.78 (d, 2 H) 

7.40-7.26 (m, 5 H) 

7.36-7.24 (m, 5 H) 

7.28 (d, 2 H), 6.85 (d, 2 H), 
3.74 (e, OCHJ 

7.24 (d, 2 H), 6.84 (d, 2 H), 
3.72 (a, OCH,) 

1.80 (q), 0.84 (t) 

1.38 (a, CHS) 

1.81 (q), 0.85 (t) 

1.50 (8 ,  CH3) 

1.95 (l), 0.92 (t) 

1.48 (s, CH3) 

1.80 (m, 1 H), 
1.65 (m). 0.82 . .. 
(t) 

1.45 (a, CH3) 

1.91 (m), 0.84 (t) 

1.32 (s, CH3) 

1.80 (m), 0.77 (t) 

1.31 (8, CHS) 

1.78 (m), 0.77 (t) 

a Solvent: DMSO-dB. * R1 and R2 signals are overlapped. 

Table IV. *"c NMR Spectral Data of Aminoalkylation Products 38-311 
no. CO CONH C CH OC.H, R' R2 RS 
38 
3b 
30 
3d 
38 
3f 
3g 

3h 

si  
33 
3k 
31 
3m 
3n 

171.4, 171.3 
169.6, 169.3 
169.9, 169.8 
169.8, 169.4 
170.4, 170.2 
169.9, 169.4 
170.2, 170.0 

169.8, 169.4 

169.6, 169.2 
169.2, 168.9 
169.6, 169.4 
169.3, 169.2 
169.7, 169.5 
169.4, 169.3 

165.8 
165.2 
165.9 
165.1 
166.2 
166.5 
165.9 

165.3 

166.5 
165.9 
168.4 
168.3 
168.2 
168.2 

62.0 58.0 61.9, 61.5, 13.9, 13.8 134.3, 131.4, 128.3, 126.9 
62.6 55.9 61.5, 61.2, 13.8, 13.7 134.3, 131.6, 128.2, 126.9 
61.4 55.0 61.3, 13.8 134.6, 131.3, 128.3, 127.3 
62.7 55.0 61.5, 61.1, 13.9, 13.8 134.4, 131.5, 128.6, 126.9 
57.0 52.8 61.1, 61.0, 13.8, 13.6 134.7, 131.5, 128.1, 126.8 
62.3 53.2 61.1, 61.0, 13.9 135.0, 131.1, 128.2, 126.8 
58.5 50.0 61.6, 61.4, 13.7, 13.5 134.3, 131.5, 128.4, 126.2 

63.4 50.4 61.6, 61.3, 13.8, 13.7 134.1, 131.6, 128.4, 127.0 

58.1 54.8 61.7, 13.7 134.2, 131.1, 128.3, 127.5 
62.3 55.2 61.7, 61.4, 13.8, 13.7 134.0, 131.7, 128.5, 127.2 
58.3 54.5 61.2, 13.7 22.6 (CH3) 
62.5 54.9 61.0, 60.8, 13.7 22.7 (CH,) 
58.4 54.9 61.1, 60.8, 13.8 22.6 (CHI) 
62.6 55.0 60.8, 61.0, 13.8 22.8 (CH3) 

azol-1-ylalky1)amides 2a-2h, were easily prepared by the 
previously described reaction of benmtriazole, an aldehyde, 
and an amide in refluxing toluene with azotropic removal 
of the water.= Both aliphatic and aromatic aldehydes gave 
stable products 2 in good yields (Scheme I), which were 
fully characterized by their 'H and 13C NMR spectra and 
by elemental analyses for new compounds (Table I). The 
'H and NMR spectra of these N-(a-amidoalkyl)- 
benzotriazoles confirmed that the crystalline products 
2a-2k are all benzotriazol-1-yl isomers and no isomeriza- 
tion to benzotriazol-2-yl derivatives occurred in dimethyl 
sulfoxide at room temperature, in contrast to the situation 
usually found for N-(a-aminoalkyl)benzotriazoles.B 

Amidoalkylation of Active Methylene Compounds. 
The N-(a-amidoalkyl) benzotriazoles 2a-2h reacted 

~~~~~~~~ ~~ 

(36) (a) Lindauy Smith, J. R.; Sadd, J. S. J. Chem. SOC., Perkin ?'ram. 
2 1976,741. (b) Katritzky, A. R.; Yannakopoulou, K.; Kuzmierkiewcz, 
W.; Aurrecowhea, J. M.; Palenik, G. J.; Koziol, A. E.; Szczesniak, M.; 
SLarjune, R. J.  Chem. Soc., Perkin Tram. I 1987,2673. 

137.5, 128.5, 128.4, 127.9 
137.9, 128.6, 128.1, 127.8 
158.6, 130.2, 129.9, 113.2, 54.8 
158.8, 129.9, 129.4, 113.4, 55.5 
138.8, 128.9, 128.0, 127.2, 36.1 
139.4, 128.9, 128.0, 126.0, 36.8 
135.0, 133.1, 131.4, 128.6, 128.2 
127.3, 126.0, 125.6, 125.1, 123.5 
134.8, 133.1, 131.5, 128.7, 128.6 
126.4, 125.7, 125.4, 125.3, 123.3 
146.9, 146.0, 130.2, 123.0 
147.0, 145.8, 129.9, 123.1 
138.7, 128.5, 127.7, 127.3 
138.7, 128.3, 127.7, 127.4 
158.4, 130.6, 129.7, 113.1, 53.9 
158.5, 130.6, 129.5, 113.1, 54.5 

20.2 (CHS) 

17.0 (CH3) 
26.2, 9.40 

26.3, 9.41 
16.4 
25.2, 9.46 
17.9 

26.4, 9.67 

16.5 
25.9, 9.33 
16.3 
26.1, 9.36 
16.3 
26.1, 9.41 

smoothly with diethyl methylmalonate or with diethyl 
ethylmalonate on refluxing in CH2C12 in the presence of 
aluminum chloride (Scheme I). The desired products 
3a-3n were obtained in 55-7479 yields (Table 11), even 
when steric hindrance was expected, e.g., 3h, R' = Ph, R2 
= 1-naphthyl, R9 = ethyl (55%) .  Generally, the amido- 
alkylations of diethyl methylmalonate gave slightly higher 
yields than those of diethyl ethylmalonate presumably due 
to the slightly greater steric effect. Unlike other often used 
amidoalkylation reagents, which require acid or base ca- 
t a lys i~ ,~ .~ '  N-(a-amidoalky1)benzotriazoles react in rela- 
tively mild conditions with good yields. The byproduct 
benzotriazole formed during the reaction dissolved in diluta 
alkali and was easily separated by extraction, making the 
whole procedure very simple. 

(36) Shono, T.; Mataumura, Y.; Taubate, K. J.  Am. Chem. SOC. 1981, 

(37) Ivanov, C.; Dobrev, A.; Nechev, L.; NWorov, T. Synth. Commun. 
103,1172. 

1989, 19, 297. 
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Table V. Preparation of Beneotriazole Derivativer 7 

no. R1 RZ Rs vield (%) mD ("C) formula C H N C H N 
calcd found molecular 

. .  . .  I 

78 Ph CHSCO CHSCO 81 91-93 C1JI17N302 70.34 5.58 13.76 70.26 5.55 13.75 
7b Ph CHSCO CO2Et 69 107-109 Cl&lflsOs 67.64 5.68 12.45 67.37 5.64 12.43 
7~ Ph COzEt C02Et 76 124-131 C&1NSO( 65.38 5.76 11.44 65.41 5.77 11.46 
7d Ph H NO2 
70 CHS CHS CHSCO 

60 oil C14H12N40Z 
19 oil ClzHl5NS0 245.1164' 245.1155" 

HRMS data for oil products. 

Table VI. 'H NMR Spectral Data of Beneotriaeole Derivatives 7" 
no. benzotriazole R' CHa CHB R2 Rs 
7a 8.0 (d, 1 H), 7.50-7.25 (m, 3 H) 7.50-7.25 (m, 5 H) 6.45 (d, J = 11.4) 5.75 (d, J = 11.4) 2.10 (8, 3 H) 2.30 (t) 
7b 8.0 (d, 1 H), 7.50-7.25 (m, 3 H) 7.50-7.27 (m, 5 H) 6.45 (d, J = 11.4) 5.45 (d, J = 11.4) 2.40 (8, 3 H) 4.05 (q), 1.05 

7c 8.0 (d, 1 H), 7.60-7.26 (m, 3 H) 7.55-7.30 (m, 5 H) 6.40 (d, J = 11.4) 5.20 (d, J = 11.4) 4.03 (q), 1.02 (t) 4.07 (q), 1.06 

7d 7.60-7.20 (m, 4 H) 7.50-7.20 (m, 5 H) 6.66 (dd, J = 10, 5.93 (dd, J = 14.8, 5.18 (dd, J = 14.8, 

7e 7.95 (d, 1 H), 7.60 (d, 1 H), 7.45 1.55 (d, 3 H) 5.60 (m) 5.10 (d) 2.02 (8 )  2.40 (8) 

(t) 

(t, 3 H) 
4.6) 10) 4.6) 

(dd, 1 H), 7.30 (dd, 1 H) 
Solvent: CDCl,; J values in hertz. 

The structures of our a-amidoalkylation products were 
confirmed by their elemental analyses (Table 11) and by 
spectral methods. The *H and lac NMR chemical shifts 
and their assignments are listed in Tables I11 and IV. 
Because the malonic ester function is attached to a chiral 
center, in most cases the two ethoxycarbonyl groups are 
nonidentical in both the 'H and '9c NMR spectra Typical 
dodie ld  doublets were observed for the amide NH group 
coupled with the adjacent CH. Proton and carbon signals 
were assigned by the attached proton test and by com- 
parison with other benzotriazole derivatives. 

Following these successful results, we examined similar 
reactions with other active methylene compounds. Ethyl 
2-methylacetoacetate, methyl acetoacetate, and ethyl 
nitroacetate each reacted with (amidoalky1)benzotriazoles 
2f or 2g under the same conditions (AlCla/CH,C1J to give 
amidoalkylated derivatives 4a-4c in 43-5590 yields. As 
expected, two diastereoisomers were formed for 4b and 4c, 
but surprisingly only one form was seen for 4a. This is 
clearly indicated in their NMR spectra, in which each 
proton and each carbon gives two signals (see Experimental 
Section). The diastereoisomeric ratios were determined 
from their relative integral values in the lH spectra as 2:l 
for 4b and 3:2 for 4c. No attempt was made to separate 
the diastereoisomers. 

Although the reaction seems to be general, we did en- 
counter one failure: when ethyl 2-methylacetoacetate was 
treated with N-(benzotriazol-l-ylnaphth-l-ylmethy1)- 
benzamide (28) under similar conditions, N-[a-(ethoxy- 
naphth-l-ylmethy1)benzamide 5 was produced (25%, the 
only isolated product); the expectsd amidoalkylation of the 
acetoacetate was presumably sterically inhibited. Com- 
pound 6 was characterized by its 'H and '8c NMR spectra 
and by elemental analysis. 

0 
Y 

5 

Reaction of Benzotriazole Aminale with Some CH 
Acids in the Preeence of Methyl Iodide. As described 
previously, benzotriazole derivatives with aldehydes and 
primary or secondary amines are valuable synthetic in- 
termediates, as the benzotriazole moiety is replaceable by 

Scheme I1 

I 
!a3 

6 7 

a variety of nucleophiles. Quaternization of the non- 
benmtriazole nitrogen of such Mannich bases should create 
potentially superior leaving groups. 

The morpholine derivative 6 (R' = Ph)% was treated 
with methyl iodide and then allowed to react in situ with 
a variety of CH acids to give benzotriazole derivatives 
7a-7d in excellent yield. Only reaction between 6 (R' = 
Me) and butanone gave a low yield (19%) of the required 
product (Scheme I1 and Table V). The morpholine salt 
was always a byproduct. Presumably, the quaternized 
derivative of 6 dissociated and reaction occurred via the 
resulting Eechenmoser salt. The lH and 'SC NMR spectra 
of these novel benzotriazole derivatives 7a-7e are sum- 
marized in Tables VI and VII. The proton NMR spectra 
are easily assigned; the CH, and CHB appear as AB sys- 
tems with coupling constant 11.4 Hz for 7a-7c and as an 
ABX pattern for 7d. On the basis of their NMR 
spectra, they are all benzotriazol-l-yl derivatives; no signal 
for any 2-isomer is observed. 

In summary, an alternative approach has been developed 
for the amidoalkylation of active methylene compounds 
by using N-(ben&riamlylalkyl)amidea. When our system 
is compared with other amidoalkylation reagents, such as 
N-(a-hydroxyalky1)amide and N-(a-chloroalkyl)amide? it 
is apparent that the method gives similar yields but the 
conditions are milder, which is particularly important for 
compounds that are sensitive to acidic or basic media. 
Moreover, the easily prepared and stable N-(benzo- 
triazolylalky1)amides available from a wide range of al- 
dehydes and the simple workup procedure offer consid- 
erable advantages over previous amidoalkylation reagents. 
Significantly, none of the compounds of Table 11 have been 
previously reported. 

(38) Katritzky, A. R.; Yannnkopodou, K. Heterocych 1989,28,1121. 
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Table VII. l42 NMR Spectral Data of Bensotriasole Derivative8 7 
no. benzotriazole R' c u  CB RS R3 
7a 146.0, 132.7, 127.6, 124.2, 119.8, 109.7 135.8, 129.1, 129.0, 127.6 71.7 61.5 198.8, 30.6 199.6, 31.6 
7b 146.0, 132.7, 127.5, 124.2, 119.7, 109.8 135.8, 128.9, 128.8, 127.8 64.0 60.8 199.1, 30.2 165.4, 62.0, 13.7 
7c 146.0, 132.9, 127.5, 124.1, 119.8, 109.6 135.3, 129.1, 128.8, 127.9 61.5 57.1 166.1, 61.9, 13.6 166.2, 62.1, 13.7 
7d 146.0, 132.5, 127.8, 124.4, 119.9, 109.3 133.8, 129.4, 129.2, 126.7 76.3 59.6 
7e 145.4, 132.3, 127.5, 124.0, 119.5, 109.5 19.5 (CHJ 72.4 53.2 199.8, 30.7 199.7, 30.5 

Further extensions of our novel amidoakylation reagent 
to aromatic and heteroaromatic compounds and to olefins 
and acetylenes are under investigation. 

Experimental Section 

Melting points were determined on a Kofler hot stage apparatus 
and are uncorrected. 'H NMR spectra were obtained on a Varian 
XL 300 spectrometer with TMS as a standard. 'BC NMR spectra 
were recorded on the same instrument referenced to solvent (6 
DMSO-de 39.5 or CDCg 77.0). The mass spectra were measured 
on an AEI MS 30 maas spectrometer with an electron beam energy 
of 70 eV. Elemental anal- were carried out in this department. 
Compounds 6 were prepared as previously reported.98 

Preparation of N-[ (Acylamino)alkyl]benzotriazoles 2. 
Typical Procedure. A mixture of benzotriezole (11.9 g, 0.1 mol), 
the aldehyde (0.1 mol), and the appropriate amide (0.1 mol) was 
refluxed in dry toluene (40 mL) for 24 h. Water formed during 
the reaction was removed azeotropically by a Dean-Stark appa- 
ratus. Toluene was then removed under reduced pressure (60 
OC/(30 mmHg)) and the residue poured into diethyl ether (200 
mL). The resulting solid was collected and recrystallized from 
the appropriate solvent (Table I). 
l-Benzotriazol-l-yl-N-benzoyl-l-(4-methoxyphenyl)- 

methylamine (2b): 'H NMR (DMSO-de) b 10.22 (d, 1 H, J = 
7 Hz, NH), 8.20 (d, 1 H), 8.12 (d, 1 H), 8.05-7.96 (m, 3 H), 7.60-6.90 
(m, 7 H), 7.00 (d, 2 H), 3.77 (8, 3 H, OCHJ; 'Bc NMR 6 167.3 (CO), 
160.0,145.8, 133.5,132.4,129.1,128.9,128.7,128.6,128.4,127.9, 

l-Benzotriazol-l-yl-N-ben~yl-2-phenylp~py~ne (24: 
'H NMR (DMSO-de) 6 10.03 (d, 1 H, NH), 8.05-6.92 (m, 15 H), 
4.22-4.12 (m, 1 H, C2-H), 1.60 (d, 3 H, CH& 'SC NMR 6 167.5 
(CO), 144.8,141.8,133.5,132.8,132.4,128.9,128.5,128.1,127.7, 

1 -Benzotriazol- 1 -yl-N-benzoyl-2-phenylet hylamine (2d): 

1 H), 7.90 (d, 2 H), 7.60-7.33 (m, 7 HI, 7.23 (t, 2 H), 7.16 (t, 2 H), 
3.9lF3.78 (m, 2 H, CHJ; 'Bc NMR 6 166.6 (CO), 145.0,136.1,132.9, 
132.2, 131.9, 129.3, 128.4, 128.3,127.6,127.3,126.8,124.0,119.0, 
111.1, 64.8 (CH), 38.7 (CHJ. 
N- Benzotriazol-l-yl(4-nitrophenyl)methyl]bnzamide 

(d, 1 H, J = 8 Hz, CH), 8.34 (d, 2 H), 8.16 (d, 1 H), 8.02 (m, 3 
H), 7.75 (d, 2 H), 7.65-7.45 (m, 5 H); 'Bc NMR b 167.0 (CO), 147.7, 
145.3,143.3,132.7,132.2,128.8,128.4,128.0,127.9,124.5,123.7, 
119.5, 111.2, 65.2 (CH). 

N-[Benzotrlazol- 1-yl( &met hoxypheny l )me thy l ] adde  

7.90 (d, 1 H), 7.86 (d, 1 H), 7.55 (t, 1 H), 7.42 (t, 1 H), 7.35 (d, 

NMR 6 170.2,160.0,145.7,132.1,128.8,128.6,127.9,124.6,120.7, 
114.5, 111.5, 65.5, 55.6, 22.7. 

Amidoalkylation of Active Methylene Compounds, Typ- 
ical Procedure. A mixture of the N-(1-benzotriazol-1-yl- 
alky1)amide (0.01 mol), diethyl alkylmalonate (0.012 mol), and 
aluminum chloride (2.66 g, 0.02 mol) in dry CHzClz (40 mL) was 
refluxed for 4 h and poured into ice-water (40 mL). The organic 
layer was washed with 2 M NaOH solution (30 mL) and water 
(30 mL) and dried over Msso, (10 9). The solvent was evaporated 
and the residue recrystallized from alcohol or purified by column 

124.6, 119.7, 114.4, 111.7, 75.6 (CH), 66.4 (OCHg). 

127.4,127.0,124.0,119.1,111.4,68.7 (Cl), 43.3 (CZ), 19.7 (CHg). 

'H NMR (DMSO-dd 6 9.97 (d, 1 H, NH), 8.10 (d, 1 H), 8.05 (d, 

(20: I H NMR (DMSO-de) 6 10.42 (d, 1 H, J =  8 Hz, NH), 8.46 

(2h): 'H NMR (DMSO-de) 6 9.75 (d, 1 H, NH), 8.08 (d, 1 H), 

2 H), 6.97 (d, 2 H), 3.74 (e, 3 H, OCHS), 1.98 (8, 3 H, CHg); '8c 

chromatography on silica gel using CHCls as the eluant. The data 
for products of general formula 3 are s- * in Tablea II-N. 

Ethyl 2-methyl-2-[(benzoylamino)(4-nitrophenyl)- 
methyl]-3-oxobutyrate (4a): prisms WOH); 55%; mp 151-153 

(d, J = 8.7 Hz, 2 H), 7.83 (d, J = 8.7 Hz, 2 H), 7.75 (d, 2 H), 
7.62-7.50 (m, 3 H), 6.14 (d, J = 9.6 Hz, 1 H, CHI, 4.18 (q,2 H, 

146.8,146.2,134.1,131.7,130.2,128.5,127.4,123.0,64.1 (C), 61.8 
(OCHd, 54.4 (CH), 26.1,16.6,13.8. Anal. Calcd for CzlHaNzOe: 
C, 63.31; H, 5.57; N, 7.03. Found C, 63.29; H, 5.55; N, 7.01. 

Methyl 24 (benzoylamin0)(4-nitrophenyl)methyl]-3-O~~ 
butyrate (ab): microcryetala O H ) ;  43%; mp 142-144 OC; 'H 
NMR (DMSO-dd 6 (major diaetereoisomer) 9.08 (d, J = 8.4 Hz, 
NH), 8.24 (d, 2 H), 7.82-7.73 (m, 4 H), 7.58-7.45 (m, 3 H), 5.83 
(dd, J = 8.4 Hz, 11.5, CHNH), 4.56 (d, J = 11.5 Hz, CH), 3.51 
(e, CO&HJ, 2.36 (e, CWHJ (minor dieatereoisomer) 9.06 (d, J 
= 8.7 Hz, NH), 8.22 (d, 2 H), other aromatic signals overlapped 
with major diastereoisomer 5.85 (dd, J = 8.7,10.5 Hz, CHNH), 

lac NMR 6 200.6 and 200.1 (CO), 167.3 and 166.6 (COJ, 165.9 
(CONH), 147.8,147.6,146.9,146.8,133.9,133.7,131.7,131.6,129.1, 
128.9,128.4,127.3,123.6,123.5,62.9,52.7,52.6,51.9,51.5,30.0, 
39.7. Anal. Calcd for Cl~l&pOs:  C, 61.62; H, 4.90; N, 7.56. 
Found C, 61.40; H, 4.90, N, 7.47. 

Ethyl 3-(acetylamin0)-2-nitro-S-phenylpropiona~ (40): 
prisms (EtOH); 50%; mp 143-146 OC; *H NMR (DMSO-dd 6 
(major diastareoisomer) 8.76 (d, J = 9.3 Hz, NH), 7.49-7.28 (m), 
6.14 (d, J = 8.4 Hz, CHCO), 5.84 (dd, J * 9.3,8.4 Hz, CHNH), 
4.06 (q, 2 H, OCHJ, 1.90 (8, CHs), 0.99 (t, CHJ (minor diaster- 
eoisomer) 8.56 (d, NH), 7.49-7.28 (m), 6.01 (d, CHCO), 5.80 (dd, 
1 H, CHNH), 4.22 (m, 2 H, OCHJ, 1.86 (e, CHJ, 1.19 (t, CHJ; 
'BC NMR 6 (major diastereoisomer) 169.1 (Cod, 162.6 (CONH), 

NH), 22.5 (CHJ, 13.4 (CHJ (minor diastereoisomer) 168.9,162.8, 
136.9,128.7,128.4,127.7,89.1,63.0,52.2,22.5,13.6. Anal. Calcd 
for C13H&&O~: C, 55.71; H, 5.75; N, 9.99. Found: 55.85; H, 6.70; 
N, 9.87. 
N-(a-Ethoxynaphth-I-ylmethy1)benzamide (6): prisms; 

25%; mp 166-168 OC; 'H NMR (DMS0-G 6 9.34 (d, J = 8.0 Hz, 
NH), 8.1G7.88 (m, 6 H), 7.60-7.44 (m, 6 H), 7.04 (d, J = 8.0 Hz, 
1 H, CHI, 3.88-3.67 (m, 2 H, OCHJ,l.28 (t, 3 H, CH& % NMR 
6 167.0 (CONH), 135.6,134.0,133.7,132.1,130.8,129.0,12&9,128.7, 
128.2,126.8,126.1,125.6,124.2,123.5,78.0 (CH), 63.5 (CH&,l5.6 
(CH& Anal. Calcd for C&,&02: C, 78.66; H, 7.27; N, 4.59. 
Found C, 78.23; H, 6.31; N, 4.56. 

Preparation of 3-(Benzotriazol-l-ylphenylmethyl)pen- 
tane-2,4-dione (7a). To a solution of b(morpholinopheny1- 
methy1)benzotriazole 6 (2.94 g, 0.01 mol) and 2,4-pentanedione 
(5 g, 0.05 mol) in THF (30 mL) w f ~  added dmpwiae under nitrogen 
methyl iodide (1.56 g, 0.011 mol) in THF (5 mL). The reaction 
mixture was stirred at room t e m p "  for 12 h and then diluted 
with 30 mL of diethyl ether. The N-methylmorpholinium iodide 
that precipitated wae separated by filtration, and the filtrata was 
evaporated to dryneee under reduced preaure. The oily residue 
was chromatographed on silica gel using CHCg 88 the eluant and 
recrystallized from benzenepetroleum ether to give 79 (2.4 g, 
81%). 

Compound 7b to 7e were prepared similarly except for Id  where 
the solvent THF was replaced by nitromethane. 

"C; 'H NMR (DMSO-de) 6 8.82 (d, J 9.6 Hz, 1 H, NH), 8.22 

OCHZ), 2.21 (8, 3 H, COCHJ, 1.43 (a, 3 H, CHJ, 1.16 (t, 3 H, 
CH2CHg); 'SC NMR b 204.0 (CO), 171.1 (COJ, 166.2 (CONH), 

4.67 (9d, J = 10.5 Hz, CH), 3.70 (8, CO&H& 2.15 (a, COCHg); 

136.6,128.6,128.2,127.3,90.4 (CHNOJ, 62.8 (OCHJ, 52.2 (CH- 


