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finger (refluxing Et,0) affords pure [®Li}ethyllithium in 20-80%
(typically 50-60%) isolated yields. For optimal results, the
[®Li)ethyilithium should be freshly sublimed before each use:
I5C{IHJNMR (17.6 °C, CeDy) & 11.67 and 0.51; 'H NMR (17.6 °C,
CeDg) 6 1.24 (t,3 H, Jyy = 7.9 Hz),-0.99 (q, 2 H, Jyyiy = 7.9 Hz).
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N-(1-Benzotriazol-1-ylalkyl)amides 2, easily prepared from an amide and an aldehyde with benzotriazole, 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 access 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 8-amino acids,?® 8-amino ketones,’
B-lactams,® and porphyrins.® Intramolecular amido-
alkylations have received much attention in new ap-
proaches to alkaloid synthesis.!?

¢
R'-C-N-CH -X

8

1
X = OH, OR, OCOR, Halogen, NHCOR, NR,

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 R? 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 1 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-
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(4) Zaugg, H. E. Synthesis 1984, 85, 181.
(5) Ben-Ishai, D.; Sataty, I.; Bernstein, Z. Tetrahedron 1976, 32, 1571.
(6) Bott, K. Tetrahedron Lete. 1970, 4185, 4301.
19 s(g)zl,)agxghefsky, S.; Guingant, A,; Pmbylla, M. Tetrahedron Lett.
(8) Yoshioka T.; Takita, T.; Umezawa, H.; Nakamura, H.; litoka, Y.
Nippon Kagaku Kauh; 1981, 860 (Chem. Abstr 1981, 95, 150285)
2% 39) Ufer, G.; Tjoa, S. S,; MacDonald S. F. Can. J. Chem. 1978, 56,

(10) Speckamp, W. Recl. J. R. Neth. Chem. Soc. 1981, 100, 345.

alkyl)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.? Thus, several attempts to amidomethylate
malonic ester with N-(hydroxymethyl)benzamide or N-
(hydroxymethyl)phthalimide in sulfuric acid failed,!*2 and
the amidoalkylation of aliphatic nitro compounds gave low
yields (20-33%).1* In addition, the application of reagents
with X = OH appears to be limited to cases where R% =
COzEt, COgH, Cc_la, 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 acids and alcohols!® or by other inconvenient
routes.'® Furthermore, the ethers and esters of N-(a-
hydroxyalkyl)amides employed for the c-amidoalkylation
of active CH compounds have mostly heen 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.%!” 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
amidoalkylations!’® 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 acid?®® 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, 8. R. J. Am. Chem. Soc. 1947, 69, 254.

(12) Hellmann, H.; Aichinger, G.; Wiedemann, H.-P. Ann. 1989, 626,
35.

(13) Parker, C. O.; Emmons, W. D.; Pagano, A. S.; Rolewicz, H. A.;
McCallum, K. S. Tetrahedron 1962, 17, 89.

(14) Nyberg, K. Acta Chem. Scand., Ser. B 1974, 28, 825.

(15) Nyberg, K.; Servin, R. Acta Chem. Scand., Ser. B 1976, 30, 840.

(;g) Schollkopf, U.; Beckhaus, H. Angew. Chem., Int. Ed. Engl. 1976,
15, 293.

(17) Ratts, K. W.; Chupp, J. P. J. Org. Chem. 1974, 39, 3745.

(18) Ikeda, K.; Morimoto, T.; Sekiya, M. Chem. Pharm. Bull. 1980, 28,
1178,

(19) Bohme, H.; Bomke, U.; Denis, J.-P. Arch. Pharm. 1982, 315, 40.

(20) Ben-Ishai, D.; Sataty, L; Berler, Z. J. Chem. Soc., Chem. Com-
mun. 1975, 349,

(21) Guise, G.; Buhler, A. Text. Res. J. 1977, 47, 496.
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Table 1. Preparation of Amidoalkylation Reagents N-(1-Benzotriazol-1-ylalkyl)amides 2

caled found
no. R! R? yield (%) mp (°C) lit. mp®* (°C) solvent C H N C H N
2a Ph Ph 60 188-190 188-190 MeOH
2b Ph 4-CH,0C,H, 63 172-174 MeOH 70.38 5.06 15.63 70.20 5.06 15.58
2c Ph PhCHCH;, 51 230232 EtOH 74.14 5.66 15.72 73.83 5.61 15.70
2d Ph PhCH, 65 180-182° EtOH 73.67 5.30 16.36 73.69 5.25 16.49
2e Ph 1-naphthyl 49 212-214 toluene
2f Ph 4-NO,CeH, 81 219-221 CH,Cl, 64.30 4,05 18.76 64.11 3.92 18.81
2g CH, Ph 48 173-176 174-177 benzene
2h CHg 4-CH;0C.H, 54 183-185 EtOH 64.84 5.44 18.91 64.94 5.48 18.94
Table II. Products of Amidoalkylation of Diethyl Alkylmalonates
molecular caled® found?

no. R! R? R3 yield (%) mp*® (°C) formula C . H N C H N
38 Ph Ph Me 65 77-79 CxHizNO, 6891 657 365 6886 650 3.84
3b Ph Ph Et 58 81-83 CyHgyNO; 69.50 6.85 3.52 69.60 6.82 3.72
3c Ph 4-CH4,0C.H, Me 69 oil CysHyNO, 413.1838 413.1843
3d Ph 4-CH;0C.H, Et 63 oil CyHzoNOg 4282073 M + 1) 428.2068 M + 1)
3e Ph PhCH, Me 72 129-131 CysHyNO; 69.50 6.85 3.52 69.62 6.88 3.44
3f Ph PhCH, Et 67 99-100 CyHyyNOg 70.05 7.10 3.40 70.07 7.14 3.38
3 Ph 1-naphthyl Me 60 111-112 CxHyNOg 72.04 6.28 3.23 71.98 6.26 3.30
3h Ph 1-naphthyl Et 55 125-127 CyuHgeNOg 72.46 6.53 3.13 72,756 6.62 3.22
3i Ph 4-NO,C¢H, Me 67 69-71 CygHo N0, 61.68 5.65 6.54 61.32 5.53 6.62
3 Ph  4-NO,CH, Et 74 109-110 uHeN;O; 6243 592 633 6220 592 627
8k Me Ph Me 59 oil CyHuNOs  321.1576 321.1573
31 Me Ph Et 56 oil C1sHysNO; 336.1811 (M + 1) 336.1813 (M + 1)
Sm Me  4-CH;OCH, Me 62 79-81 CisHyuNO,  351.1682 351.1694
3n Me 4-CH;0C¢H, Et 57 oil C1eHg7NOg 365.1838 365.1842

¢Solvent for recrystallization: ethanol except for 3a (methanol). * HRMS for liquid compounds.

A few other amidoalkylating reagents, e.g., enamides Scheme I
(RCONHCH=CHR) and N-acylimines have been re- N . N S
ported; however, protonation of enamides by strong acid ©:\,N e, N o RSOGO,
is generally needed to afford an electrophile capable of N e R
amidoalkylation.2 Moreover, enamides and N-acylimines RmoneR
have apparently only been used for the amidoalkylation " 3a-3n
of aromatic compounds.?-24 2a-h

Recent work in our group has demonstrated the versa- / o
tility of benzotriazole as a synthetic auxiliary. N-(a- Gran 2 OO oraCOHs %m’,
Aminoalkyl)benzotriazoles have been utilized advanta- ffor 2y 0 “;:'C;CHa (for 2g)
geously as intermediates in the alkylation of amines® and
hydrazines? and in the preparation of amino esters,?’ P Poeom " o ¥
amino ketones,?® and other polyfunctional amino com- PRENHOHC S coch, phi?,.uu.cu.é £COiCHs cm-g:-NH-C'H-C oo
pounds.?® Other benzotriazole derivatives are used in GOz O oo
the synthesis of ethers! and esters.?? N-(1-Benzo- "

ab ac

triazolylalkyl)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 amides®® and thioamides.3

(22) Bal'on, Y. G.; Smirnov, V. A. Zh. Org. Khim. 1981, 17, 442 (Chem.
Abstr. 1981, 95, 97299).

(23) Bocchi, V.; Gardini, G. P. Org. Prep, Proced. Int. 1969, 1, 271.

(24) Bocchi, V.; Chierici, L.; Gardini, G. P. Tetrahedron 1970, 26, 4073.

(25) (a) Katritzky, A. R.; Rachwal, S.; Rachwal, B. J. Chem. Soc.,
Perkin Trans. 1 1987, 805. (b) Katritzky, A. R.; Yannakopoulou, K.; Lue,
P.; Rasala, D.; Urogdi, L. J. Chem. Soc., Perkin Trans. 1 1989, 225.

(26) Katritzky, A. R.; Rao, M. 8. C. J. Chem. Soc., Perkin Trans. 1
1989, 2297.

(27) (a) Katritzky, A. R.; Urogdi, L.; Mayence, A, Synthesis 1989, 323.
(b) Katritzky, A. R.; Yannakopoulou, K. Synthesis 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, 55, 3209.

(30) (a) Katritzky, A. R.; Gallos, J. K.; Yannakopoulou, K. Synthesis
;?gg, 31. (b) Katritzky, A. R.; Borowiecka, J.; Fan, W. Q. Synthesis 1990,
60 2(2.?1) Katritzky, A. R.; Rachwal, S.; Rachwal, B. J. Org. Chem. 1989, 54,

(32) Katritzky, A. R.; Rachwal, S.; Rachwal, B. Synthesis 1991, 69.

(33) (a) Katritzky, A. R.; Drewniak, M. J. Chem. Soc., Perkin Trans.
11988, 2339. (b) Katritzky, A. R.; Drewniak, M.; Lue, P. J. Org. Chem.
1988, 53, 5854.

(34) Katritzky, A. R.; Drewniak, M. Tetrahedron Lett. 1988, 29, 1755,

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-
alkyl)amide analogues 2 of the frequently used amido-
alkylation reagents 1 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-(1-benzotri-
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Table III. 'H NMR Spectral Data of Amidoalkylation Products 3a-3n°

no. NH (@) CH CO.Et R! R? R®

3a 8.61 566 (d) 4.30-4.12 (m), 1.24 7.81 (d, 2 H), 7.50-7.36 1.43 (s, CHy)
(t), 1.20 (t) (m, 5 H), 7.33-7.25

(m, 3 H)®

3b 857  572(d) 4.22(q), 4.13 (q), 7.74 (d, 2 H), 7.50-7.30 1.80 (q), 0.84 (t)
1.21 (t), 1.11 (t) (m, 8 H)?

3¢ 862  591(d) 4.11(q 4 H), 112 7.70 (4, 2 H), 7.52 (m, 3H)  7.31 (d, 2 H), 6.87 (d, 2 H), 1.38 (s, CHy)
(t, 6 H) 3.73 (s, OCHy)

3d 853 569 (d) 4.24 (q), 415 (q), 7.75(d, 2 H), 7.53 (m, 3H) 7.35(d,2H),690(d, 2H), 1.1 (q),0.85(t)
1.28 (t), 1.13 (t) 3.75 (s, OCHy)

3e 815  503(t) 425 (m), 4.00 (m), 7.68 (d, 2 H), 7.50-7.40 (m)  7.30-7.13 (m, 5 H) 1.50 (s, CHy)
1.23 (1), 1.09 (t)

3 802  4.89(t) 4.24 (q), 417 (q), 7.65 (d, 2 H), 7.53-7.44 (m)  7.30-7.14 (m, 5 H) 1.95 (1), 0.92 (t)
1.25 (1), 1.21 (t)

3g 884  6.88(d) 4.22 (q), 3.90 (m), 7.75 (d, 2 H), 7.58-7.45 (m) 8.41(d, 1 H),7.94(d, 1 H), 148 (s, CHyp)
1.19 (t), 0.97 (t) 7.89 (d, 1 H), 7.57 (t, 1 H),

7.52-7.20 (m, 3 H)

3h 876  6.78(d) 4.28 (m), 4.12 (q), 775 (d, 2 H), 7.30 (m, 3H) 846 (d, 1 H),7.96 (d,1H),  1.80 (m, 1 H),

1.22 (1), 1.08 (t) 7.80 (d, 1 H), 7.57 (t, 1 H), 1.65 (m), 0.82
7.30-6.98 (m, 3 H) (t)

3i 8.88 6.14 (d) 4.15(q,4 H), 1.15 7.75 (d, 2 H), 7.60-7.49 (m) 8.22(d,2H),7.83(d, 2H) 1.45 (s, CH,)
(t, 6 H)

3j 8.73 593 (d) 4.23 (q), 4.18 (m), 7.80(d, 2 H), 755 (m,3 H) 8.21(d, 2 H), 7.78 (d, 2 H) 1.91 (m), 0.84 (t)
1.22 (t), 1.13 (t)

3k 8.35 5.82 (d) 4.17-4.05 (m, 4 H), 1.86 (s, CH3CO) 7.40-7.26 (m, 5 H) 1.32 (s, CH,)
1.16 (1), 1.13 (t)

31 812  5.60(d) 4.19-4.03(m,4H), 1.87 (s, CH,CO) 7.36-7.24 (m, 5 H) 1.80 (m), 0.77 (t)
1.20-1.10 (m, 6 H)

3m 8.25 5.76 (d) 4.15-4.02 (m, 4 H), 1.85 (s, CH,CO) 7.28 (d, 2 H), 6.85 (d, 2 H), 1.31 (s, CHj)
1.17 (m, 6 H) 3.74 (s, OCHy)

3n 807  553(d) 4.18-4.03 (m,4H),  1.86 (s, CH,CO) 7.24 d,2H),684 (d, 2H), 178 (m), 0.77 (t)

1.17 (t), 1.13 (t)
3Solvent: DMSO-dg. ®R! and R? signals are overlapped.

3.72 (s, OCHj)

Table IV. 3C NMR Spectral Data of Aminoalkylation Products 3a-3n

no. co CONH C CH OC.H,

1658 62.0 58.0
166.2 62.6 559
1659 614 55.0
166.1 62.7 55.0
166.2 57.0 52.8
166,56 62.3 53.2
1659 585 50.0

3a 1714,1713
3b 169.6, 169.3
3c 169.9, 169.8
3d 169.8, 169.4
3e 1704, 170.2
3f 169.9, 169.4
3g 170.2, 170.0

61.9, 61.5, 13.9, 13.8
61.5, 61.2, 13.8, 13.7
61.3, 13.8

61.5, 61.1, 13.9, 13.8
61.1, 61.0, 13.8, 13.6
61.1, 61.0, 13.9
61.6, 61.4, 13.7, 13.6

134.7, 131.5, 128.1, 126.8
136.0, 131.1, 128.2, 126.8
134.3, 131.5, 128.4, 126.2

R! R? R?
134.3, 131.4, 128.3, 126.9 137.5, 128.5, 128.4, 127.9 20.2 (CHy)
134.3, 131.6, 128.2, 126.9 137.9, 128.6, 128.1, 127.8 26.2, 9.40
134.6, 131.3, 128.3, 127.3  158.6, 130.2, 129.9, 113.2, 54.8  17.0 (CHj)
134.4, 131.5, 128.6, 126.9 158.8, 129.9, 129.4, 113.4, 55.5  26.3, 9.41

138.8, 128.9, 128.0, 127.2, 36.1 16.4
139.4, 128.9, 128.0, 126.0, 36.8  25.2, 9.46
135.0, 138.1, 131.4, 128.6, 128.2 17.9
127.3, 126.0, 125.6, 126.1, 123.5

3h 169.8,169.4 1653 63.4 50.4 61.6, 61.3, 13.8 13.7 134.1, 131.6, 1284, 127.0 134.8, 133.1, 131.5, 128.7, 128.6 26.4, 9.67
126.4, 125.7, 125.4, 125.3, 123.3
3i 169.6,169.2 1665 ©58.1 54.8 61.7,13.7 134.2, 131.1, 128.3, 127.5 146.9, 146.0, 130.2, 123.0 16.5
3j 169.2,1689 1659 62.3 552 61.7,61.4,13.8, 13.7 134.0, 131.7, 1285, 127.2 147.0, 145.8, 129.9, 123.1 25.9, 9.33
3k 169.6,169.4 1684 583 b54.5 61.2 13.7 22.6 (CHy) 138.7, 128.5, 127.7, 127.3 16.3
31 169.3,169.2 1683 625 54.9 61.0,608, 13.7 22.7 (CHy) 138.7, 128.3, 127.7, 127.4 26.1, 9.36
3m 169.7,169.5 1682 584 549 611,608, 13.8 22.6 (CH,) 158.4, 130.6, 129.7, 113.1, 563.9  16.3
3n 169.4,169.3 1682 626 55.0 60.8,61.0,13.8 22.8 (CHp) 158.5, 130.6, 129.5, 113.1, 54.5  26.1, 9.41

azol-1-ylalkyl)amides 2a—-2h, were easily prepared by the
previously described reaction of benzotriazole, 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 *C NMR spectra and
by elemental analyses for new compounds (Table I). The
1H and 3C NMR spectra of these N-(a-amidoalkyl)-
benzotriazoles confirmed that the crystalline products
2a-2k are all benzotriazol-1-y! 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.?
Amidoalkylation of Active Methylene Compounds.
The N-(a-amidoalkyl)benzotriazoles 2a-2h reacted

smoothly with diethyl methylmalonate or with diethyl
ethylmalonate on refluxing in CH,Cl, in the presence of
aluminum chloride (Scheme I). The desired products
3a-3n were obtained in 55-74% yields (Table II), even
when steric hindrance was expected, e.g., 3h, R! = Ph, R?
= 1-naphthyl, R® = 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-
talysis,337 N-(a-amidoalkyl)benzotriazoles react in rela-
tively mild conditions with good yields. The byproduct
benzotriazole formed during the reaction dissolved in dilute
alkali and was easily separated by extraction, making the
whole procedure very simple.

(35) (a) Lindsay Smith, J. R.; Sadd, J. 8. J. Chem. Soc., Perkin Trans.
2 1976, 741. (b) Katritzky, A. R.; Yannakopoulou, K.; Kuzmierkiewcz,
W.; Aurrecoechea, J. M.,; Palenik, G. J.; Koziol, A. E.; Szczesniak, M.;
Skarjune, R. J. Chem. Soc., Perkin Trans. 1 1987, 2673.

;36) 782hono, T.; Matsumura, Y.; Tsubata, K. J. Am. Chem. Soc. 1981,
108, 1172.

(37) Ivanov, C.; Dobrev, A.; Nechev, L.; Nikiforov, T. Synth. Commun.
1989, 19, 297.
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Table V. Preparation of Benzotriazole Derivatives 7
molecular caled found

no. R! R? R? yield (%) mp (°C) formula C H N C H N
7a Ph CH;CO CH,CO 81 91~-93 C1sH17N30, 70.34 5.58 13.76 70.26 5.55 13.75
7b  Ph CH,CO  CO,Et 69 107-109  CyH,N;0, 67.64 568 1245 67.37 564  12.43
7c Ph CO,Et CO.Et 76 129-131 CyoHy N3O, 65.38 5.76 11.44 65.41 5.77 11.46
7d Ph H N02 60 oil CuHuN‘Og
7 CHy CH, CH,CO 19 oil CyoH Ny 245.1164° 24511550

sHRMS data for oil products.

Table VI. 'H NMR Spectral Data of Benzotriazole Derivatives 7°

no. benzotriazole R! CHa CHg R? R®

7a 8.0(d,1H), 7.50-7.25 (m, 3 H) 7.50~7.25 (m,5H) 645(d,J =114) 575(d,J =11.4) 2.10(s, 3 H) 2.30 (t)

7b 8.0 (d, 1H), 7.50-7.25 (m, 3 H) 7.50-7.27 (m,5H) 645(d,J =114) 545(d,J=114) 2.40(s, 3 H) 4.0(5 (q), 1.05

t)
7¢ 8.0(d,1H), 7.60-7.26 (m, 3 H) 7.55-7.30 (m,5H) 640(d,J =114) 520(d,J=114) 4.03(q), 1.02 (t) 4.07 (q), 1.06
t,3H)
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,
4.6) 10) 4.6)
7e 17.95(d,1H),760(d,1H), 7456 1.55(d, 3 H) 5.60 (m) 5.10 (d) 2.02 (s) 2.40 (s)
(dd, 1 H), 7.30 (dd, 1 H) :

¢Solvent: CDClg; J values in hertz.

The structures of our a-amidoalkylation products were Scheme I1
confirmed by their elemental analyses (Table II) and by N N M o CHe
spectral methods. The 'H and *C NMR chemical shifts @: N . O o @[ SWooow
and their assignments are listed in Tables III and IV. Nar.t i‘ E j [

R~ -C—

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 13C NMR spectra. Typical
downfield 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 (amidoalkyl)benzotriazoles
2f or 2g under the same conditions (AICl;/CH,Cl,) to give
amidoalkylated derivatives 4a—4c in 43-55% yields. As
expected, two diastereoisomers were formed for 4b and 4e,
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 'H spectra as 2:1
for 4b and 3:2 for 4¢. 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-1-ylnaphth-1-ylmethyl)-
benzamide (2e) under similar conditions, N-[a-(ethoxy-
naphth-1-ylmethyl)benzamide 5 was produced (25%, the
only isolated product); the expected amidoalkylation of the
acetoacetate was presumably sterically inhibited. Com-
pound § was characterized by its H and *C NMR spectra
and by elemental analysis.

ol
[]
Ph-C-NH-CH-OC,Hs

Reaction of Benzotriazole Aminals with Some CH
Acids in the Presence 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

a variety of nucleophiles. Quaternization of the non-
benzotriazole 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 II and Table V). The morpholine salt
was always a byproduct. Presumably, the quaternized
derivative of 6 dissociated and reaction occurred via the
resulting Eschenmoser salt. The 'H and 1*C 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 CH, appear as AB sys-
tems with coupling constant 11.4 Hz for 7a-7¢ and as an
ABX pattern for 7d. On the basis of their 13C NMR
spectra, they are all benzotriazol-1-yl derivatives; no signal
for any 2-isomer is observed.

Ins , an alternative approach has been developed
for the amidoalkylation of active methylene compounds
by using N-(benzotriazolylalkyl)amides. When our system
is compared with other amidoalkylation reagents, such as
N-(a-hydroxyalkyl)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-
triazolylalkyl)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 IT have been
previously reported.

(38) Katritzky, A. R.; Yannakopoulou, K. Heterocycles 1989, 28, 1121.
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Table VII. 3C NMR Spectral Data of Benzotriazole Derivatives 7

no. benzotriazole R!

Ta 146.0, 132.7, 127.6, 124.2, 119.8, 109.7
7> 146.0, 132.7, 127.5, 124.2, 119.7, 109.8
Te 146.0, 132.9, 127.5, 124.1, 119.8, 109.6
7d 146.0, 132.5, 127.8, 124.4, 119.9, 109.3

Te 145.4, 132.3, 127.5, 124.0, 119.5, 109.5  19.5 (CHy)

Further extensions of our novel amidoalkylation 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. !3C NMR spectra
were recorded on the same instrument referenced to solvent (§
DMSO0-dg 39.5 or CDC); 77.0). ‘The mass spectra were measured
on an AEI MS 30 mass spectrometer with an electron beam energy
of 70 eV. Elemental analyses were carried out in this department.
Compounds 6 were prepared as previously reported.®

Preparation of N-[(Acylamino)alkyl]benzotriazoles 2.
Typical Procedure. A mixture of benzotriazole (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
°C/(30 mmHg)) and the residue poured into diethyl ether (200
mL). The resulting solid was collected and recrystallized from
the appropriate solvent (Table I).

1-Benzotriazol-1-yl-N-benzoyl-1-(4-methoxyphenyl)-
methylamine (2b): 'H NMR (DMSO-dg) §10.22 (d,1H,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 (s, 3 H, OCHy); *C NMR 5 167.3 (CO),
160.0, 145.8, 133.5, 132.4, 129.1, 128.9, 128.7, 128.6, 128.4, 127.9,
124.6, 119.7, 114.4, 111.7, 75.6 (CH), 66.4 (OCH,).

1-Benzotriazol-1-yl-N-benzoyl-2-phenylpropylamine (2¢):
'H NMR (DMSO0-d,) 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,); 3C NMR ¢ 167.5
(CO), 144.8, 141.8, 133.5, 132.8, 132.4, 128.9, 128.5, 128.1, 127.7,
127.4, 127.0, 124.0, 119.1, 111.4, 68.7 (C1), 43.3 (C2), 19.7 (CH,).

1-Benzotriazol-1-yl-N-benzoyl-2-phenylethylamine (2d):
'H NMR (DMSO0-d,) 6 9.97 (d, 1 H, NH), 8.10 (d, 1 H), 8.05 (d,
1H), 7.90 (d, 2 H), 7.60-7.33 (m, 7 H), 7.23 (t, 2H), 7.16 (t,2 H),
3.90-3.78 (m, 2 H, CH,); 3C NMR 5 166.6 (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 (CHy).

N-[Benzotriazol-1-yl(4-nitrophenyl)methyl]benzamide
(20): 'H NMR (DMSO-d,) 6 10.42 (d, 1 H, J = 8 Hz, NH), 8.46
(d, 1 H, J = 8 Hz, CH), 8.34 (d, 2 H), 8.16 (d, 1 H), 8.02 (m, 3
H), 7.75 (4, 2 H), 7.85-7.45 (m, 5 H); *C NMR 45 167.0 (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-[Benzotriazol-1-yl(4-methoxyphenyl)methyl]acetamide
(2h): 'H NMR (DMSO-d,) 6 9.75 (d, 1 H, NH), 8.08 (d, 1 H),
7.90 (d, 1 H), 7.86 (d, 1 H), 7.55 (t, 1 H), 7.42 (t, 1 H), 7.35 (d,
2 H), 6.97 (d, 2 H), 3.74 (s, 3 H, OCHj), 1.98 (s, 3 H, CH,); 13C
NMR ¢ 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.

Amidosalkylation of Active Methylene Compounds, Typ-
ical Procedure. A mixture of the N-(1-benzotriazol-1-yl-
alkyl)amide (0.01 mol), diethyl alkylmalonate (0.012 mol), and
aluminum chloride (2.66 g, 0.02 mol) in dry CH,Cl, (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 MgSO, (10 g). The solvent was evaporated
and the residue recrystallized from alcohol or purified by column

135.8, 129.1, 129.0, 1276  71.7 615
1356.8, 128.9, 1288, 127.8 640 608
135.3,129.1, 1288, 1279 6156  57.1
133.8,129.4,129.2,126.7 763 59.6

Ca C8 R? R?
198.8, 30.6 199.6, 31.8
199.1, 30.2 165.4, 62.0, 13.7
166.1, 61.9,13.6  166.2, 62.1, 13.7
724 532  199.8, 30.7 199.7, 30.5

chromatography on silica gel using CHCl; as the eluant. The data
for products of general formula 3 are summarized in Tables II-IV.

Ethyl 2-methyl-2-[(benzoylamino)(4-nitrophenyl)-
methyl]-3-oxobutyrate (4a): prisms (EtOH); 556%; mp 151-153
°C; 'H NMR (DMSO-dy) § 8.82 (d, J = 9.6 Hz, 1 H, NH), 8.22
(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, CH), 418 (q, 2 H,
OCH,), 2.21 (s, 3 H, COCH,), 1.43 (s, 3 H, CHj), 1.16 (t, 3 H,
CH,CH,); *C NMR § 204.0 (CO), 171.1 (CO,), 166.2 (CONH),
146.8, 146.2, 134.1, 131.7, 130.2, 128.5, 127.4, 123.0, 64.1 (C), 61.8
(OCH,), 54.4 (CH), 26.1, 16.6, 13.8. Anal. Calcd for Cy HygNoOg:
C, 63.31; H, 557; N, 7.03. Found: C, 63.29; H, 5.55; N, 7.01.

Methyl 2-[(benzoylamino)(4-nitrophenyl)methyl]-3-oxo-
butyrate (4b): microcrystals (EtOH); 43%; mp 142-144 °C; 'H
NMR (DMSO-dg) § (major diastereoisomer) 9.08 (d, J = 8.4 Hz,
NH), 8.24 (d, 2 H), 7.82-7.73 (m, 4 H), 7.68-7.45 (m, 3 H), 5.83
(dd, J = 8.4 Hz, 11.5, CHNH), 4.56 (d, J = 11.56 Hz, CH), 3.51
(s, CO,CHj), 2.36 (8, COCHy) (minor diastereoisomer) 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),
4.67 (9d, J = 10.5 Hz, CH), 3.70 (s, CO,CHj,), 2.15 (s, COCHjy);
13C NMR 6 200.8 and 200.1 (CO), 167.3 and 166.6 (COy), 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 C,gH,sN;Og C, 61.62; H, 4.90; N, 7.56.
Found: C, 61.40; H, 4.90; N, 7.47.

Ethyl 3-(acetylamino)-2-nitro-3-phenylpropionate (4c):
prisms (EtOH); 50%; mp 143-146 °C; 'H NMR (DMSO-d,) &
(major diastereoisomer) 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 = 9.8, 8.4 Hz, CHNH),
4.06 (q, 2 H, OCHy,), 1.90 (s, CHy), 0.99 (t, CHy) (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, OCH),), 1.86 (s, CHy), 1.19 (t, CHy);
13C NMR 5 (major diastereoisomer) 169.1 (CO,), 162.6 (CONH),
136.6, 128.6, 128.2, 127.3, 90.4 (CHNO,), 62.8 (OCH,), 62.2 (CH-
NH), 22.5 (CHy), 13.4 (CHy) (minor diasterecisomer) 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 C;gHgNoOs: C, 55.71; H, 5.75; N, 9.99. Found: 55.85; H, 5.70;
N, 9.87.

N-(a-Ethoxynaphth-1-ylmethyl)benzamide (5): prisms;
25%; mp 166-168 °C; TH NMR (DMSO0-d,) 6 9.34 (d, J = 8.0 Hz,
NH), 8.10-7.88 (m, 6 H), 7.60~7.44 (m, 6 H), 7.04 (d, J = 8.0 Hz,
1H, CH), 3.88-3.67 (m, 2 H, OCH,), 1.28 (t, 3 H, CHj); *C NMR
6 167.0 (CONH), 135.6, 134.0, 133.7, 132.1, 130.8, 129.0, 128.9, 1287,
128.2, 126.8, 126.1, 125.6, 124.2, 123.5, 78.0 (CH), 63.5 (CH,), 15.6
(CHy). Anal. Calcd for CooH(oNO,: C, 78.66; H, 7.27; N, 4.59.
Found: C, 78.23; H, 6.31; N, 4.56.

Preparation of 3-(Benzotriazol-1-ylphenylmethyl)pen-
tane-2,4-dione (7a). To a solution of 1-(morpholinophenyl-
methyl)benzotriazole 6 (2.94 g, 0.01 mol) and 2,4-pentanedione
(5 g, 0.05 mol) in THF (30 mL) was added dropwise under nitrogen
methyl iodide (1.56 g, 0.011 mol) in THF (56 mL). The reaction
mixture was stirred at rcom temperature for 12 h and then diluted
with 30 mL of diethyl ether. The N-methylmorpholinium iodide
that precipitated was separated by filtration, and the filtrate was
evaporated to dryness under reduced pressure. The oily residue
was chromatographed on silica gel using CHCl; as the eluant and
recg)stallized from benzene-petroleum ether to give 7a (2.4 g,
81%).

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



