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四丁基溴化铵介导的 N-甲基苯胺和色氨酸衍生物的 

环化芳香化合成 β-咔啉 

王  震†,a    张  玲†,b    张富赓*,b    王  彬*,a 
(a南开大学药学院  天津 300353) 

(b南开大学附属环湖医院  天津 300350 ) 

摘要  描述了一种四丁基溴化铵介导的环化芳香化反应用于 β-咔啉的合成, 反应物使用容易得到的色氨酸和 N-甲基苯

胺. 这种不使用金属催化剂的策略是现存 β-咔啉合成方法的有益补充.  
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Synthesis of β-Carbolines through Tetra-n-butylammonium Bromide-
Mediated Cycloaromatization Reaction of N-Methylaniline with  

Tryptophan Derivatives 

Wang, Zhen†,a    Zhang, Ling†,b    Zhang, Fugeng*,b    Wang, Bin*,a 
(a College of Pharmacy, Nankai University, Tianjin 300353) 

(b Department of Pharmacy, Affiliated Huanhu Hospital of Nankai University, Tianjin 300350) 

Abstract  A mild and efficient nBu4NBr-mediated oxidative cycloaromatization to prepare β-carbolines from readily available 
tryptophans and N-methylaniline is described. The present metal free protocol is complementary to the existing methods for the 
synthesis of aromatic β-carbolines.  
Keywords  β-carboline; tetra-n-butylammonium bromide; N-methylaniline; cycloaromatization 

 

1  Introduction 

Aromatic β-carbolines represent one of the most im-
portant classes of heterocycles that display important bio-
logical activity.[1] They are involved in the treatment of 
malaria,[2] cancer,[3] acquired immune deficiency syndrome 
(AIDS),[4] and other diseases.[5] In addition, some 
β-carboline derivatives displayed interesting optical prop-
erties and acted as photosensitizers in material science.[6] 
Generally, syntheses of aromatic β-carbolines involve uti-
lization of traditional methods such as Pictet-Spengler re-
action[7] and Bischler-Napieralski cyclization,[8] a protic or 
Lewis acid is needed to obtain the imine intermediate and 
the reactions take place under harsh conditions. Moreover, 
a subsequent oxidation step is required to form the desired 
aromatic β-carbolines.[9] More recently, intense efforts are 

directed towards to synthesize β-carbolines skeleton by use 
of transition-metal catalyzed oxidative cycloaromatization 
reactions, including Pd,[10] Cu,[11] Ru,[12] Rh,[13] Au,[14] and 
bimetallic Cu/Rh.[15] Although these reported protocols 
were successfully applied to syntheses of β-carboline de-
rivatives, most of the reactions occurred in the presence of 
expensive metal catalysts, and in certain cases the starting 
materials were not easily accessible. In view of the im-
portance of the β-carbolines, particularly in medicinal 
chemistry, the metal-free and mild methods for the prepa-
ration of these compounds are desirable. Recently, an em-
inent contribution independent of metal- and ac-
id-catalyzed reaction has emerged.[16] In 2012, we[17] have 
reported an efficient nBu4NI-catalyzed C(3)-formylation of 
indoles using N-methylaniline as the carbonyl source 
(Scheme 1). As a part of major project aimed at developing 
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halide-catalyzed cross-dehydrogenative coupling (CDC) 
reactions[18] we herein design a new synthetic strategy for 
the construction of β-carboline skeleton through the reac-
tion of tryptophan ester with N-methylaniline (Scheme 1). 
We envisioned that this metal free protocol is complemen-
tary to the existing methods.  
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Scheme 1  N-methylaniline acts as carbon source 

2  Results and discussion 

To validate our hypothesis in Scheme 1, an initial ex-
periment was performed under our previous formylation 
conditions using the readily available tryptophan methyl 
ester hydrochloride (1a) and N-methylaniline (2) as the 
model substrates. Unfortunately, the reactants failed to 
undergo cyclization to the corresponding β-carboline under 
our reported conditions[17a] (Table 1, Entry 1). Attempts to 
perform the cyclization using other iodine mediators such 
as I2 or KI led to the formation of substantial amounts of 
side products and only trace of desired 3a was detected 
(Entries 2 and 3). The reaction was then conducted with 
the combination of nBu4NBr/tert-butyl peroxybenzoate 
(TBPB) in 1,4-dioxane in the absence of PivOH. The result 
indicated that the desired product 3a was obtained in 37% 
yield (Entry 4). When tert-butyl hydroperoxide (TBHP) 
was used instead of TBPB, a higher yield of 3a was ob-
served (Entry 5). In contrast, the use of H2O2 led to no 
conversion (Entry 6). It was found that additives Ph3P, 
isatoic anhydride (IA) and perylenetetracarboxylic dianhy-
dride (PTCDA) promoted the cycloaromatization effi-
ciently to afford β-carboline 3a in 52%, 63% and 61% 
yields, respectively (Entries 7～9). The satisfactory yields 
were observed using the combination of Ph3Ph/IA or 
Ph3Ph/PTCDA (Entries 10 and 11). 

With the optimal conditions in hand (Table 1, Entry 10), 
the scope of this transformation was next examined and 
various tryptophans were subjected to the optimized condi-
tions. As illustrated in Table 2, both ethyl and benzyl esters 
of tryptophan were tolerated (3b and 3c). The substrates 
with halide groups afforded the corresponding products 
3d～3f in 33%～41% yields. The cyclization underwent 
smoothly with N-methyl, N-benzyl and allyl substrates to 
yield the desired products 3h～3j in 67%, 45% and 65% 

Table 1  Optimization of the reaction conditionsa 

 

Entry Halide Oxidant Additive Solvent Yield/%

1 nBu4NI TBPB PivOH DMSO Trace
2 I2 TBPB PivOH DMSO Trace
3 KI TBPB PivOH DMSO Trace
4 nBu4NBr TBPB — 1,4-Dioxane 37 
5 nBu4NBr TBHP — 1,4-Dioxane 42 
6 nBu4NBr H2O2 — 1,4-Dioxane 0 
7 nBu4NBr TBHP Ph3P 1,4-Dioxane 52 
8 nBu4NBr TBHP IA 1,4-Dioxane 63 
9 nBu4NBr TBHP PTCDA 1,4-Dioxane 61 

10b nBu4NBr TBHP Ph3P/IA 1,4-Dioxane 85 
11b nBu4NBr TBHP Ph3P/PTCDA 1,4-Dioxane 79 

a Reaction conditions: 1a (0.25 mmol), 2 (0.50 mmol), halide (1.0 equiv.), 
oxidant (3.5 equiv.), additive (1.0 equiv.), solvent (2.0 mL) under air; isolated 
yields. b Ph3P (1.0 equiv.), IA (isatoic anhydride, 1.0 equiv.), PTCDA (peryl-
enetetracarboxylic dianhydride, 1.0 equiv.), TBPB (tert-butyl peroxybenzoate), 
TBHP (tert-butyl hydroperoxide). 

Table 2  Scope of the substratesa 
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yields, respectively. However, when N,N-dimethylamine as 
carbon source was subjected to the present conditions, the 
desired product was not obtained, and a side product 
4,4ꞌ-methylenebis (N,N-dimethylaniline) through the ho-
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mocoupling of N,N-dimethyl- amine was observed. The 
similar result has been reported by us in a previous 
work.[17a] Unfortunately, tryptophans with 6-hydroxy, 
6-cyano, N-acetyl or N-benzoyl groups failed to give the 
corresponding products under the present conditions. 

To explore the reaction mechanism, the radical inhibi-
tion experiments were carried out. We found that the pre-
sent reaction was completely suppressed by use of 2,2,6,6- 
tetramethyl-1-piperidinyloxy (TEMPO) or butylated hy-
droxytoluene (BHT). Based on our previous report[17a] and 
this result, a plausible reaction pathway is shown in 
Scheme 2. First, the reaction of Br－ with TBHP produces 
tBuO• via a SET pathway. Then tBuO• abstract H atom 
from methyl group of N-methylaniline 2 that further yields 
imine ion A by oxidation. Second, the addition reaction of 
A with 1a takes place to yield intermediate B, followed by 
the oxidation producing intermediate C. Third, intermedi-
ate C undergoes an intramolecular cyclization to provide D 
that further gives intermediate E by deprotonation. Finally, 
Cope elimination of E and the followed oxidation afford 
the final product 3a. At this stage, the precise role of addi-
tives is unknown. We speculate that the cationic bromo-
nium complex Ph3PBr＋ may be formed in the transfor-
mation.[19] It acts as a Lewis acid to promote cyclization 
just as Lewis acid catalyzed Pictet-Spengler reaction.[7] As 
for the additives IA and PTCDA, they might promote the 
deamination of E, like dehydrating agents in Bisch-
ler-Napieralski cyclization.[8] 

3  Conclusions 

In summary, an efficient method for the synthesis of 
aromatic β-carbolines from readily available starting mate-
rials under mild conditions was developed. This protocol is 
the useful complementary to the known methods for the 
synthesis of aromatic β-carbolines. 

4  Experimental section 

4.1  General remarks 
1H NMR and 13C NMR spectra were recorded on a 

Bruker AVANCE AV400 (400 MHz for 1H NMR  and 
101 MHz for 13C NMR). All NMR chemical shifts were 
referenced to residual solvent peaks or to Si(CH3)4 as an 
internal standard. NMR spectra recorded in CDCl3 were 
referenced to residual CHCl3 at δ 7.26 for 1H NMR or 77.0 
for 13C NMR. NMR spectra recorded in DMSO-d6 were 
referenced to residual DMSO at δ 2.49 and 3.33 for 1H 
NMR or 39.6 for 13C NMR. HRMS were measured using a 
Q-TOF LC-MS and a ESI-FTICR technique. Reactions 
were monitored by thin-layer chromatography (TLC) on 
0.25 mm silica gel glass plates coated with 60 F254. Col-
umn chromatography was performed on silica gel (200～
300 mesh) using a mixture of dichloromethane and ethyl 
acetate as eluant. Commercially available reagents 1a～1c 
were used as received without further purification. Raw 
materials 1d～1j were prepared by the known methods[20] 
and analytical data matched literature values.[21] 

4.2  General procedure for the preparation of product 
3a 

Methyl 2-amino-3-(1H-indol-3-yl)propanoate hydro-
chloride (1a, 0.25 mmol, 63.7 mg, 1.0 equiv.) was added to 
a mixture of TBAB (0.25 mmol, 81.4 mg, 1.0 equiv.), PPh3 
(0.25 mmol, 65.5 mg, 1.0 equiv.), isatoic anhydride (0.25 
mmol, 42 mg, 1.0 equiv.) and N-methylaniline (0.5 mmol, 
55 μL, 2.0 equiv.) under air, and then tert-butyl hydroper-
oxide (0.875 mmol, 120 μL, 3.5 equiv.) and 1,4-dioxane (2 
mL) were added. After the mixture was stirred at 70 ℃ 
for 20 h, the residue was mixed with silica gel and concen-
trated. The resulting mixture was purified by silica gel 
column chromatography on silica gel with dichloro- 
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Scheme 2  Plausible reaction pathway 
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methane/ethyl acetate (V∶V＝3∶1) as eluent to give the 
desired product 3a. 

Methyl 9H-pyrido[3,4-b]indole-3-carboxylate (3a):[22] 
White solid (48.1 mg, 85%). m.p. 242～244 ℃; 1H NMR 
(400 MHz, DMSO-d6) δ: 12.10 (s, 1H), 8.99 (s, 1H), 8.94 
(s, 1H), 8.42 (d, J＝7.7 Hz, 1H), 7.68 (d, J＝8.1 Hz, 1H), 
7.61 (t, J＝7.4 Hz, 1H), 7.32 (t, J＝7.2 Hz, 1H), 3.92 (s, 
3H); 13C NMR (101 MHz, DMSO) δ: 166.5, 141.4, 137.9, 
136.9, 134.2, 129.2, 127.9, 122.7, 121.3, 120.7, 118.1, 
112.9, 52.4; HRMS (ESI) calcd for C13H11N2O2 [M＋H]＋ 
227.0815, found 227.0811. 

Ethyl 9H-pyrido[3,4-b]indole-3-carboxylate (3b):[23] 
White solid (49.9 mg, 83%). m.p. 225～227 ℃; 1H NMR 
(400 MHz, DMSO-d6) δ: 12.07 (s, 1H), 8.98 (s, 1H), 8.93 
(s, 1H), 8.42 (d, J＝8.0 Hz, 1H), 7.68 (d, J＝8.4 Hz, 1H), 
7.61 (t, J＝7.8 Hz, 1H), 7.33 (t, J＝7.6 Hz, 1H), 4.38 (tt,  
J＝7.1, 4.5 Hz, 2H), 1.38 (td, J＝7.2, 2.3 Hz, 3H); 13C 
NMR (101 MHz, DMSO-d6) δ: 166.0, 141.4, 137.9, 137.2, 
134.1, 129.1, 127.9, 122.7, 121.3, 120.7, 118.0, 112.8, 
61.0, 14.8. HRMS (ESI) calcd for C14H13N2O2 [M＋H]＋ 
241.0972, found 241.0968. 

Benzyl 9H-pyrido[3,4-b]indole-3-carboxylate (3c): 
White solid (44.6 mg, 59%). m.p. 233～234 ℃; 1H NMR 
(400 MHz, DMSO-d6) δ: 12.11 (s, 1H), 8.98 (d, J＝4.5 Hz, 
2H), 8.43 (d, J＝7.8 Hz, 1H), 7.71～7.66 (m, 1H), 7.63 (d, 
J＝7.0 Hz, 1H), 7.54 (d, J＝7.2 Hz, 2H), 7.43 (d, J＝7.5 
Hz, 2H), 7.41～7.37 (m, 1H), 7.32 (d, J＝7.6 Hz, 1H), 
5.43 (s, 2H); HRMS (ESI) calcd for C19H15N2O2 [M＋H]＋ 
303.1128, found 303.1132. 

Methyl 6-chloro-9H-pyrido[3,4-b]indole-3-carboxylate 
(3d):[24] White solid (26.7 mg, 41%). m.p. 275～277 ℃; 
1H NMR (400 MHz, DMSO-d6) δ: 12.20 (s, 1H), 8.99 (s, 
1H), 8.94 (s, 1H), 8.43 (d, J＝8.4 Hz, 1H), 7.73 (s, 1H), 
7.33 (d, J＝8.4 Hz, 1H), 3.95～3.89 (m, 3H); 13C NMR 
(101 MHz, DMSO) δ: 165.8, 141.4, 137.6, 136.8, 133.9, 
132.9, 126.9, 123.7, 120.5, 119.7, 117.6, 112.0, 51.9; 
HRMS (ESI) calcd for C13H10ClN2O2 [M＋H]＋ 261.0425, 
found 261.0429. 

Methyl 7-chloro-9H-pyrido[3,4-b]indole-3-carboxylate 
(3e): White solid (26.1 mg, 40%). m.p. 288～289 ℃; 1H 
NMR (400 MHz, DMSO-d6) δ: 12.18 (s, 1H), 8.99 (s, 1H), 
8.94 (s, 1H), 8.44 (d, J＝8.4 Hz, 1H), 7.73 (s, 1H), 7.34 (d, 
J＝8.4 Hz, 1H), 3.92 (s, 3H); 13C NMR (101 MHz, 
DMSO) δ: 166.4, 142.0, 138.2, 137.5, 134.5, 133.5, 127.5, 
124.3, 121.0, 120.3, 118.2, 112.6, 52.5; HRMS (ESI) calcd 
for C13H10ClN2O2 [M＋H]＋ 261.0425, found 261.0426. 

Methyl 6-bromo-9H-pyrido[3,4-b]indole-3-carboxylate 
(3f):[25] White solid (25.2 mg, 33%). m.p. 278～280 ℃; 
1H NMR (400 MHz, DMSO-d6) δ: 12.25 (s, 1H), 9.00 (s, 
2H), 8.71 (d, J＝2.0 Hz, 1H), 7.73 (dd, J＝8.6, 2.0 Hz, 
1H), 7.65 (d, J＝8.8 Hz, 1H), 3.92 (s, 3H); 13C NMR (101 
MHz, DMSO) δ: 166.4, 140.1, 138.1, 137.2, 134.6, 131.7, 
127.0, 125.4, 123.2, 118.7, 114.9, 112.8, 52.5; HRMS 
(ESI) calcd for C13H10BrN2O2 [M ＋ H] ＋  304.9920, 
306.9905, 305.9959, 307.9939, found 304.9918, 306.9902, 
305.9953, 307.9937. 

Methyl 6-methyl-9H-pyrido[3,4-b]indole-3-carboxylate 

(3g): White solid (37.2 mg, 62%). m.p. 283～284 ℃; 1H 
NMR (400 MHz, DMSO-d6) δ: 11.97 (s, 1H), 8.94 (s, 1H), 
8.88 (s, 1H), 8.19 (s, 1H), 7.57 (d, J＝8.2 Hz, 1H), 7.44 (d, 
J＝8.4 Hz, 1H), 2.50 (s, 3H); 13C NMR (101 MHz, 
DMSO) δ: 166.5, 139.7, 138.1, 136.7, 134.1, 130.6, 129.6, 
127.6, 122.2, 121.5, 118.0, 112.6, 52.4, 21.5; HRMS (ESI) 
calcd for C14H13N2O2 [M ＋ H] ＋  241.0972, found 
241.0975. 

Methyl 9-methyl-9H-pyrido[3,4-b]indole-3-carboxylate 
(3h):[26] White solid (40.2 mg, 67%). m.p. 215～216 ℃;  

1H NMR (400 MHz, DMSO-d6) δ: 9.12 (s, 1H), 8.93 (s, 
1H), 8.44 (d, J＝7.9 Hz, 1H), 7.77 (d, J＝8.3 Hz, 1H), 7.69 
(t, J＝7.7 Hz, 1H), 7.37 (t, J＝7.5 Hz, 1H), 4.05 (s, 3H), 
3.93 (s, 3H); 13C NMR (101 MHz, DMSO) δ: 166.4, 142.3, 
138.3, 137.0, 132.9, 129.3, 127.5, 122.8, 121.0, 120.9, 
117.8, 111.0, 52.5, 30.1; HRMS (ESI) calcd for 
C14H13N2O2 [M＋H]＋ 241.0972, found 241.0975. 

Methyl 9-benzyl-9H-pyrido[3,4-b]indole-3-carboxylate 
(3i):[26] White solid (32.4 mg, 41%). m.p. 187～188 ℃; 
1H NMR (400 MHz, DMSO-d6) δ: 9.20 (s, 1H), 8.98 (s, 
1H), 8.48 (d, J＝7.9 Hz, 1H), 7.82 (d, J＝8.4 Hz, 1H), 7.66 
(t,  J＝7.7 Hz, 1H), 7.37 (t, J＝7.5 Hz, 1H), 7.27 (dt, J＝
23.3, 7.5 Hz, 5H), 5.87 (s, 2H), 3.92 (s, 3H); 13C NMR 
(101 MHz, DMSO) δ: 166.4, 141.8, 138.0, 137.5, 133.2, 
129.5, 129.2, 128.1, 128.0, 127.3, 123.0, 121.3, 121.2, 
118.0, 111.4, 52.5, 46.6; HRMS (ESI) calcd for 
C20H17N2O2 [M＋H]＋ 317.1285, found 317.1290. 

Methyl 9-allyl-9H-pyrido[3,4-b]indole-3-carboxylate 
(3j): White solid (43.3 mg, 65%). m.p. 209～211 ℃; 1H 
NMR (400 MHz, DMSO-d6) δ: 9.11 (s, 1H), 8.97 (s, 1H), 
8.47 (d, J＝7.9 Hz, 1H), 7.77 (d, J＝8.3 Hz, 1H), 7.67 (t,  
J＝7.7 Hz, 1H), 7.37 (t, J＝7.5 Hz, 1H), 6.06 (ddt, J＝
15.8, 10.2, 5.1 Hz, 1H), 5.25 (d, J＝5.1 Hz, 2H), 5.16 (d,  
J＝10.3 Hz, 1H), 5.01 (d, J＝17.1 Hz, 1H), 3.93 (s, 3H); 
HRMS (ESI) calcd for C16H15N2O2 [M＋H]＋ 267.1128, 
found 267.1133. 

 
Supporting Information  1H NMR, 13C NMR and HRMS 
spectra of compounds 3a～3j. The Supporting Information 
is available free of charge via the Internet at 
http://sioc-journal.cn. 
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