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Deconstructive di-functionalization of unstrained, benzo cyclic 
amines by C-N bond cleavage using a recyclable tungsten catalyst
Yujing Zhang,a,b Shuai Sun,b Yijin Su,*a Jian Zhao,b Yong-Hong Li,b Bo Han,a,b Feng Shi*a 

With H2WO4 as catalyst and H2O2 as oxidant, we herein report a 
deconstructive difunctionalization of C-N bond in unstrained, benzo 
cyclic amines to generate ester group and nitro group 
simulateously. The preliminary mechanistic studies suggested that 
the corresponding hydroxamic acid is the key intermediate for this 
transformation. Importantly, with the utilization of this 
transformation, we achieved an interesting approach for the ring 
contraction of quinoline to indole, an example of scaffold hopping 
in hetero-aromatic system. 

Skeletal diversification of bioactive molecules is a robust tool for 
synthetic chemists in pharmaceutical industry.1 Recently, a 
powerful synthetic strategy, deconstructive functionalization of 
saturated cyclic amine2, has been developed to achieve some 
interesting skeletal diversification reactions3 (Fig. 1). 
Importantly, the formation of hemi-aminal are the key step for 
these transformations. First, the oxidative cleavage of C(sp3)–
C(sp3) single bond of hemi-aminal and sequential 
decarboxylative functionalization could install fluorine atom 
(Fig. 1a). Second, C-O bond, C-N bond, C-Cl bond and C-Br bond 
could be formed through the cleavage of C(sp3)–N single bond 
of hemi-aminal by White, Sarpong and other groups (Fig. 1b). 
Notably, on the basis of deconstructive diversification reaction, 
the ring contraction of piperidines to pyrrolidines could be 
accomplished efficiently by the Sarpong and co-workers3f (Fig. 
1c), which is an example of scaffold hopping in medicinal 
chemistry4. Inspired by this work, we wondered if this synthetic 
strategy could be extended to aromatic system for achieving the 
ring contraction of quinoline5 to indole6 (Fig. 1d). The scaffold 
hopping between Pitavastatin and Fluvastatin is one of the most 
famous examples for drug discovery. 

The reduction of quinolines could efficiently provide 1,2,3,4-
tetrahydroquinolines,7 which is an important moiety in modern 

organic synthesis and widely exists in natural products and 
bioactive molecules8 (Fig. 2A). On the basis of our recent studies 
for selective oxidation of amines9, we envisioned the 
deconstructive diversification of 1, 2, 3, 4-tetrahydro-
quninolines with C-N bond cleavage could provide an 
opportunity to achieve the ring contraction of quinolines to 
indoles (Fig. 2B). The deconstructive functionalization of 1, 2, 3, 
4-tetrahydroquinolines through the formation of hemi-aminal 
should be much more challenging than that of piperidines 
because of the following reasons: 1) tetrahydroisoquinoline-
derived hemi-aminal gave lower concentration of the reactive 
aldehyde10; 2) the undesired aromatization pathway to 
generate thermally stable quinolines.11 In order to conquer the 
these challenges, a new activation mode is needed.

Figure 1. Reported deconstructive mono-functionalization of piperidine and 
further ring contraction. 

With the formation of electrophilic tungsten peroxides from 
H2O2 and Na2WO4, Marahashi and co-workers reported the 
oxidation of 1, 2, 3, 4-tetrahydroquinolines to generate cyclic 
hydroxamic acids.12 Inspired by their work, we believed that the 
usage of tungsten catalyst possessing proper structure ([W]) 
could not only avoid the aromatization pathway, but also 
further activate the C-N bond of hydroxamic acids13 to generate 
ester and nitro group simultaneously (Fig. 2B). Moreover, this 
newly formed 6 could be further transformed into indoles using 
known methods including Baeyer-Emmerling indole synthesis.14
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Figure 2. Hypothetic deconstructive di-functionalization of 1, 2, 3, 4-
tetrahydroquinolines and further ring contraction.

We began our investigation by establishing the conditions for 
the desired transformation using 1, 2, 3, 4-tetrahydroquinolines 
and methanol as the starting materials. In preliminary 
experiment, the desired product 6aa was obtained in 9% yield 
altogether with the undesired aromatization products 
(quinoline 3a in 31% yield and quinoline N-oxide 9a in 24% 
yield), when Na2WO4 was used as catalyst and H2O2 (50%, w/w) 
was used as oxidant (entry 1). 

Table 1. Selected optimization experiments a,b

Entry [W]
Yield 
(6aa)

Yield 
(3a)

Yield 
(9a)

1 Na2WO4 9% 31% 24%
2 H4[SiO4(W3O9)]• x H2O 4% 50% 29%
3 Na3PO4•12WO3• x H2O 39% 12% 24%
4 Na2H5[P (W2O7)6] 40% 14% 12%
5 H3PO4•12 WO3• x H2O 33% 14% 31%
6 WO3 11% 23% 14%
7 H2WO4 75% 9% 10%
8 H3PO4 trace 48% 17%
9c H2WO4 46% 28% 15%
10d H2WO4 83% 3% 2%
11d,e H2WO4 94%f 3% 2%
12g H2WO4 31% 23% 23%
13h H2WO4 65% 14% 15%
14i H2WO4 - - -

aReaction conditions: 0.2 mmol (W, Mo, P) catalyst, (entries 1-3, 0.2mmol W), 0.5 
mmol 1,2,3,4-tetrahydroquinoline, 5 mmol H2O2 (50%, w/w), 2 mL CH3OH, 65 oC, 
500 rps, 11 h. bThe yields were determined by GC-FID with external standard 
method. c0.1 mmol catalyst. d0.4 mmol catalyst. e24 hours. fIsolated yield = 83%. 
g50 oC. h3 mmol H2O2. iWithout H2O2.

The evaluation of tungsten catalysts showed that H2WO4 
catalyzed the target transformation efficiently and 6aa was 
obtained in 75% yield (entries 2-7). The good performance of 
H2WO4 might be attributed to the in-situ generation of 
H2[WO(O2)2(OH)2] in the presence of H2O2.15 Only trace amount 
of 6aa were given, while H3PO4 was used as catalyst instead of 
H2WO4 (entry 8). With 20 mol % loading of H2WO4 (entry 9), the 

yield of 6aa decreased to 46%. We identified the optimized 
conditions shown in entries 10 and 11, which used 80 mol % 
loading of H2WO4 at 65°C for 24 hours. The high loading of 
H2WO4 (80 mol%) should be needed to generate high enough 
concentration of H2[WO(O2)2(OH)2] for the selective formation 
of 6aa. Both reaction temperature and the amount of H2O2 
were crucial to the efficiency of this reaction (entries 13 and 14).

The recovery experiments were proceeded with several 
steps using a NEt3-HNO3 method16 (for more details, please see 
SI). The catalyst was reused for five times with 6aa as substrate 
and the yields of the product were obtained in 94%, 91%, 83%, 
81%, 82% respectively (Scheme 1). 
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Scheme 1. Recyclability of H2WO4

With optimal conditions in hand, we examined the substrate 
scope of alcohols in Table 2. Methanol, ethanol and propan-1-
ol were competitive partners for this deconstructive difunction-
alization reaction and provided 6aa in 82% yield, 6ab in 82% 
yield and 6ac in 62% yield, respectively. Interestingly, when tert-
butanol was used, acid 6ad was obtained in 74% yield instead 
of the corresponding ester. The product 6ad might be 
generated from the further hydrolysis of the corresponding 
tert-butyl ester in acidic conditions17. 

Table 2. Substrate scope of alcohols a

aReaction conditions: 0.4 mmol (W) catalyst, 0.5 mmol 1,2,3,4-
tetrahydroquinoline, 5 mmol H2O2 (50%, w/w), 2 ml CH3OH, 65 oC, 500 rps, 24h, 
isolated yields. b1.5 mmol H2WO4 and 15 ml tBuOH were used.

The data in Table 3 outlined the effects of varying the 
structure of 1, 2, 3, 4-tetrahydroquinolines. First of all, the 
potentially reactive CAr-Br bonds in different positions of 
benzene ring were tolerated in this tungsten-catalyzed 
deconstructive difunctionalization reaction, thus providing a 
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handle for the derivatization of 6ba, 6ca and 6da. Moreover, the 
substitution of fluorine atom and trifluoromethyl group, which 
plays a very important role in drug industry18, carried out the 
desired reaction effectively (6ea and 6fa). A variety of 
electronically modified 1,2,3,4-tetrahydroquinolines still 
reacted efficiently (6ga, 6ha, and 6ia). Importantly, 4-methyl-
1,2,3,4-tetrahydroquinolines carried out this transformation 
smoothly (6ja-6ka). 

Table 3. Substrate scope of 1, 2, 3, 4-tetrahydroquinolinesa

aReaction conditions: 0.4 mmol H2WO4, 0.5 mmol 1, 2, 3, 4-tetrahydroquinoline, 5 
mmol H2O2 (50%, w/w), 2 ml ROH, 65 oC, 500 rps, 24h, isolated yields.

On the other hand, we explored the substrate scope of other 
unstrained, benzo cyclic amines without the competitive 
aromatization pathway in Table 4. First, the 3,4-dihydro-2H-1,4-
benzoxazines, which could not be oxidized to form stable 
aromatic rings, were also competent reaction partners, thus 
affording 6la, 6lb, 6lc, 6ma, and 6na in moderate to excellent 
yields. Second, the deconstructive difunctionalization of slightly 
strained seven-membered substrates provided 3oa and 3pa in 
good to excellent yields.

Table 4. Substrate scope of unstrained benzo cyclic amines without the 
competitive aromatization pathway a

aReaction conditions: 0.4 mmol (W) catalyst, 0.5 mmol 1, 2, 3, 4-
tetrahydroquinoline, 5 mmol (2 equiv.) H2O2 (50%, w/w), 2 ml ROH, 65 oC, 500 rps, 
24h, isolated yields. 

In order to identify the key intermediate of this 
transformation, quinoline (3a), quinoline N-oxide (9a), and 1-
hydroxy-3,4-dihydroquinolin-2-(1H)-one (5a) were used as 
starting material in standard conditions. As shown in Figure 3, 
quinoline (3a) and quinoline N-oxide (9a) could not provide the 

desired 6aa at all, while 1-hydroxy-3,4-dihydroquinolin-2-(1H)-
one (5a) yielded 6aa with 99% conversion and > 95% selectivity. 
Importantly, without the utilization of H2WO4, only 24% 
conversion was obtained, which indicated the H2WO4 could 
accelerate the ring opening process of 5a dramatically.

Figure 3. Exploring the reaction intermediates.

Furthermore, we monitored the standard reaction by GC-FID 
using external standard method. As shown in Figure 4, cyclic 
hydroxamic acid 5a was observed and formed quickly in the first 
3 hours. After 24 hours, compound 5a was totally transformed 
into the desired product 6aa. This reaction kinetic profile 
further illustrated that the cyclic hydroxamic acid 5a was the 
key intermediate of the standard reaction. 

Figure 4. Monitoring the standard reaction: (a) 1a, (b) 6aa and (c) 5a. 

Based on the above experimental results and reported 
researches10, 12, 13, 15, a plausible mechanism for this reaction 
was shown in Scheme 2. The active species H2[W(O2)2(OH)2] 
formed in situ from the reaction of H2WO4 and H2O2. The 
oxidation of 1, 2, 3, 4-tetrahydro-quinolines 1 by 
H2[W(O2)2(OH)2] yielded the key cyclic hydroxamic acids 5. 
Further oxidation of 5 gave the oxoammonium 10, which could 
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Scheme 2. Proposed Mechanism. 
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be attacked by alcohol to generate the ester 11. After further 
oxidation, the desired product 6 could be produced finally.

Ring contraction, an example of molecule editing, plays an 
important role in medicinal chemistry1, 4, 19. As shown in Scheme 
3, the ring contraction of quinolines to indoles was 
accomplished with the utilization of the reported reactions20 
and the following two new transformations: 1) the bromination 
of 6aa providing the 8aa in 73% yield; 2) Elimination of 8aa 
yielding the key olefin 9aa in the presence of base. On the other 
hand, 6aa has been reported as a versatile intermediate in 
organic chemistry21. Moreover, the newly formed nitro group 
could be further transformed into other functional groups22.

Scheme 3. Scaffold Hopping: Ring contraction of quinolines to indoles. 

In summary, we developed an unprecedented deconstructive 
difunctionalization of the C−N bond in benzo cyclic amines to 
generate ester group and nitro group, respectively. Moreover, 
intermediates identification reactions and reaction kinetic 
study indicated that generating hydroxamic acid is assumed to 
be involved as a key step. Importantly, an interesting approach 
for the ring contraction of quinoline to indole was 
accomplished. Further development of this catalytic system is 
ongoing on our laboratory.
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