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ABSTRACT

An efficient and green approach for the synthe$isazm dyes has been developed via the
Brgnsted acidic ionic liquid (IL) promoted diazo ugding reaction of naphthols with
aryltriazenes. The reaction was carried out with #nyltriazenes as diazotizing agents, the
Bragnsted acidic ionic liquids as the promoter, aader as the green solvent at room temperature
under air and metal-free conditions. Notably, ttieaative advantages of the process include
mild conditions with excellent yields, simple pratusolation process, large-scale experiment,
late-stage modification of pharmaceutical and rkdyiity of the promoter. In addition, the

UV-vis spectral characteristics of the azo-dyesewevestigated in DMSO.

1. Introduction



Azo compounds are attractive targets for organmtissis methodology due to their
widespread applications in many areas of technolagg medicine [1]. Particularly

attractive are azo dyes, which are utilized asdmgj blocks for dyeing textile fibers [2,

3], pharmaceuticals [4, 5], organic synthesis [5,a8d optic/photoelectric materials [7,
8]. Because of their value in dyes, pigments anchaced materials, the construction of
azo dye compounds has attracted considerable stgele 9-15]. Most of these protocols,
however, involve harsh reaction conditions, sucloastemperature, use of instability of
aryl diazonium salts and toxic solvents as welbaserate low yields and require long

reaction times [16].

From a sustainable and green chemistry viewpdnat,use of the combination of water
and ionic liquids in organic synthesis has attrdcteich attention in recent years [17-20].
As a green, inexpensive, non-flammable and nontsgieent, water has been widely
used as an alternative to traditional organic stlvén organic transformations due to its
fascinating advantages of low cost, environmentanidgnity, inherent safety,

biocompatibility, unique physical and chemical pedpes [21-25]. On the other hand,
ionic liquids (ILs) features many fascinating adweages over traditional reaction media or
catalyst such as their unique physical and chenpoaperties of nonvolatility, thermal

stability, recyclability, and tunable chemistry {28]. Furthermore, acidic functionalized
ionic liquids have been recognized as acceptaldetioen catalysts or media, which
combined the catalytic advantages of Brgnsted aattdunique properties of ionic liquids

[29-31].

Aryltriazenes, as a very useful and versatile ctdssompounds with intriguing structural
and chemical properties, have been extensivelyoexglin organic synthesis due to their
superior stability and reactivity [32-36]. Amongete transformations, the diazotization

reaction with aryltriazenes represents atom-ecoaastrategy for C—N bond formation



[20, 37-43], compared with that utilized in arytati reaction [44-65]. However, in

general, most of those reactions involving traositimetal catalyst, harsh reaction
conditions, volatile acid promoter and organic salv Recently, we developed a novel
and green combination of water/ionic liquids/aigitenes for the synthesis of azo
compounds [20]. In continuation of our interestiimzene chemistry and green organic
synthesis with ionic liquilds [20, 36, 43], we esigned that azo dyes could be
synthesized by diazo coupling reaction of aryleme with naphthol in aqueous media

under metal-free and mild conditions.
2. Results and discussion
2.1 Optimization of the reaction conditions

We commenced our study using 1-phenyltriazér@ &nd 1-naphthol2a) as model substrates
(Table 1). Initially, we examined the influencetbé& promoter Brgnsted acidic ionic liquisth
different counter cations and aniofi&@blel, entries 1-9). The results show th#t with
moderate acidity was superior to the others (Tahleentry 9), as the desired product
(E)-4-(phenyldiazenyl)naphthalen-1-0Bd) was produced in 97% isolated yield. Since ionic
liquids not only act as promoter but also as a @hsfer catalyst in this reaction. As IL9 has a
4-methylbenzenesulfonate anion, it helps to enhémesolubility of the substrate. Furthermore,
increasing and reducing the amount of IL9 led telatively lower yield. Because the increase in
the amount of promoter will lead to poor selecyivand some by-products, reducing the amount
of promoter will also reduce the reaction efficign&urther study showed that only a trace
amount of product was formed under solvent-freeditmms, which might be due to the
insolubility of the substrates and promoter (eritB). By further screening the amount of
triazene (entry 13), water (entry 14) and the tieactime (entries 15, 16), the optimum

reaction conditions were obtainethe optimal reaction conditions are therefore dlows:



1-phenyltriazene (0.2 mmol), 1-naphthol (0.2 mmptpmoteriL9 (0.2 mmol) in water (1 mL)

at room temperature under air with a reaction triné hours.

Table 1. Optimization of reaction conditions.
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Entry®  Triazene ILs/mmol Time/h Solvent Yield/®s
1 0.2 mmol  IL1 (0.2) 4 H,0 79
> 0.2 mmol L2 (0.2) 4 H0 81
3 0.2 mmol L3 (0.2) 4 H,0 83
4 0.2 mmol  IL4 (0.2) 4 H,0 80
5 0.2 mmol  IL5 (0.2) 4 H,0 67
6 0.2 mmol  IL6 (0.2) 4 H,0 73
7 0.2 mmol  IL7 (0.2) 4 H,0 76
8 0.2 mmol  IL8 (0.2) 4 H,0 70
9 0.2 mmol  IL9 (0.2) 4 H,0 97




10 0.2 mmol IL9 (0.22) 4 H,O 94
11 0.2 mmol  IL9 (0.16) 4 H,O 90
12 0.2 mmol IL9 (0.2) 4 - Trace
13 0.22 mmol IL9 (0.2) 4 HO 94
14 0.2 mmol  IL9 (0.2) 4 H.0 0.5 mL 95
15 0.2 mmol IL9 (0.2) 3 H,O 91
16 0.2 mmol  IL9 (0.2) 5 H,O 98

[a] Conditions:1a (0.2 mmol),2a (0.2 mmol),IL (0.2 mmol), HO (1 mL), at room temperature, 4 h; [b]

Isolated yields.

2.2 Optimization of N-substituted 1-aryltriazenes

Under the optimized conditions, we firstly optindzethe N-substituted groups of
1-phenyltriazenes (Table 2). For acyclic substiutithe substrates with various linear and
branched chains, such as diethyl-, dimethyl-, methoethyl-, dipropyl-, diisopropyl- and
dibutyl-amino groups, could produce the desireddpod in good vyields (entries 1-7).
Furthermore, both free alcohol (entry 7) and diMed reactive groups (entries 8, 9) were
tolerated adN-substituents in this transformation. Besides acysilbstituents, cyclic ones were
also scrutinized (entries 10-13) and found that timg size exhibited almost no obvious
influence on the reaction efficiency (entries 1@).1The cyclicN-morpholinyl group, which
containing an additional heteroatom, also providegood vyield (entry 12). What’s more, the
compound with two separate cyclohexyl rings onriteogen atom was efficient as well (entry
13). Besides the &pubstituent groups, the spnes could also afforded the desired product in
good vyield (entry 14). Consequentl¥){1-(phenyldiazenyl)pyrrolidine2@) was chosen as the

optimal as diazotizing agents with pyrrolidinyllaaving group.

Table 2. Optimization dN-substituted 1-pheyltriazenes.
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1a Triazene, 2 3a
Entrylel Triazene yield®!  Entryta Triazene yield[!
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[a] Conditions:1la (0.2 mmol),2 (0.2 mmol),IL9 (0.2 mmol), HO (1 mL), at room temperature, 4 h; [b]

Isolated yields.

2.3 Substrate scope of naphthol and 1-aryltriazenes

Once differeniN-substituted groups of 1-pheyltriazenes were syatieally investigated,
we moved to examine the substrate scope of naphtioll-aryltriazenes with different
aryl substitutions (Table 3)irst, different naphthols were testeBoth 1-naphthol and
2-naphthol could afford theorresponding azo dyes in excellent yiel@&ubsequently,
2-naphthollb was then selected as ideal coupling partnershicoupling reactions with
various aryltriazenes. 1-Aryltriazenes bearing @adrrange of differerdrtho, meta, and
para substituents were all compatible under the op&dhizonditions to afford the

corresponding azo products in good to excelledtgielrhe nature of the substituents on



the benzene rings of aryltriazenes had no obviffests on the effciency of the reaction.
A series of functional groups, such as mett®d @f, 3h), methoxy 8d, 3k), iso-propyl
(3n), tert-butyl (3i), trifluoromethyl 8n), fluoro Be 3l), chloro Bg), and carboxyl acid
(30) were tolerated under the optimal reaction coad#j and the desired products were
obtained in 83-99% vyields. Bearing a strong electithdrawing group like
trifluoromethyl @n), and carboxyl acid3p) gave lower yields than othpara-substituted
compounds under modified reaction conditions. Wwath mentioning that the substrates
with halogen substitutions at different positiorigpbenyl ring of triazenes could be well
transformed 3e 3l, 3g, 3m), which showed that this method has great poteintiarther
transformation. In addition, the compound contagnam active hydrogen group, such as
carboxyl acid 80), also performed well, which is a big challengglemmany common
coupling reactions. Polysubstituted triazene caallsb afford desired producB8g) in
good vyield, which shown that the steric hindrancaveh seldom effect. Besides
mono-substituted  naphthols, multi-substituted nlapht was also studied,
5-amino-1-naphthol can be reacted with 2 equivalenphenyl triazene to afforded
5-amino-4,8-bis@)-phenyldiazenyl)naphthalen-1-ol with 33% isolatgdld (4a). The
UV-visible absorption spectra of these dyes werasueed by a UV-vis spectrometer in
DMSO at a concentration of 1xfOmolL™" (Table 3, SI). As expected, these
arylazo-substituted naphthols all have strong lighsorptivity in visible range. The
maximum absorption band of each dyes appeares 0F6@0 nm with a large molar
absorption coefficiente(> 10" Lmol*cm™) at the corresponding peaks, which is fully
matches the reported results in the literature.[66]

Table 3. Substrate scope of the Brgnsted acidic lauid promoted diazenylation of
naphthol with various substituted aryltriazenes.
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[a] Reaction condition: 0.2 mmol dfand 0.2 mmol o2 in the presence ¢£9 (0.2 mmol) in HO (1 mL)

at room temperature for 4 h.
2.4 Pharmaceutical derivatives late-stage diazenylatioreaction

To determine the practical utility of this protocale undertook a late-stage diazenylation
reaction of drug molecule for the purposes of priegapharmaceutical derivatives (Scheme 1).
As a useful bacteriostatic antibiotic, sulfamettmta was smoothly converted into the
corresponding K)-N-(5-methylisoxazol-3-yl)-4-(pyrrolidin-1-yldiazenydenzenesulfonamid2q

in quantitative yield. Upon subject this triazeraséd drug to our diazenylation protocol,
(E)-4-((2-hydroxynaphthalen-1-yl)diazenylH5-methylisoxazol-3-yl)benzenesulfonamide&q

was obtained in 68% vyield. This synthetic methodndestrates the applicability of this

diazenylation protocol for efficient preparationledd compounds.

Sulfamethoxazole

99% |1) HCI, NaNO,

2) KOH, Pyrrolidine OH O N-0
N/K)\Me
N N H
O™ NH N

/@ 5 H20(1 mL) O

Me o3y 60°C, 12 h

2q 3q, 68%
Amax, abs = 530

Scheme 1. Pharmaceutical derivatives late-stagelyéation reaction.

2.5Gram scale experiment

In order to further demonstrate the practicabibifythis direct diazenylation protocol,
gram-scale operation was carried out under modifieaction conditions. When the
reaction of naphthalen-2-@b and phenyl triazen2a was enlarged to 7.0 mmol scale, the

desired azo dysb was obtained in quantitative yield under these mraad easily



handled reaction conditions, in which 50 mol% a&f gromotedL9 and 10 mL water was

sufficient (Scheme 2).

Ph
OH O - N
Ns _N IL9 (50 molo) N
+ N OH
H,0 (10 mL), rt, 12 h OO

1b (1.01g9, 7 mmol) 2a(1.23g, 7 mmol) 3b (Quantitative)

Scheme 2. Gram scale experiment for the synthé$i)-d. -(phenyldiazenyl)naphthalen-2-ol.

2.6 Recycling of IL9 in the synthesis azo dye 3b

Stability and recyclability are crucial features fany ILs as a recyclable catalyst and
media. In addition to the obvious environmentalheridly advantages, the use of
recyclable ILs can considerably facilitate prodymtrification. As shown in the
diazenylation of 2-naphthol, our green promadted is highly stable and is conveniently
recycled and reused for at least six times witlamyt significant loss of activity (Figure 1).
Following each cycle, the product was isolated Ined filtration, and thelL9 was
recovered from the aqueous layer and reused fonélerun after drying in vacuo. For
the first cycle, the activity ofL9 remained the same. In the subsequent cycles, the
desired products could be obtained with high yidbglsextension of the reaction time

from 4 to 6, 8 and 12 h. After that, slight deceeatactivity is observed.

100% -

80% -

60% -

40% -

20% -

0% T T T T T

1C



Figure 1. Recycling o9 in the synthesiazo dye3b.

2.7Proposed reaction mechanism

According to our previous work [20, 43], a plausihleaction pathway is proposed
(Scheme 4). Initially, triazena was activated by Brgnsted acidic9 to afford
ammonium saltA. Subsequently, intermediate was then transformed into saluble
N-electrophilic,IL anion/phenyldiazonium cation ion pd by the release of pyrrolidine.
This species could react with nucleophilic naphtierlivatives to provide intermediate
Finally, product3b was generated by the deprotonationGyfand promotedlL9 was

regenerated at same time.

©/N\\N/ HN@

AN ,COO_
Etw, /., -COOH Et~n I
N\:/N TsO~ coo \—=/TsO N,—Ph
BN INTT B
\—/ TsO

I?h
N
< OH
! ) 0
}-}'O+H 1o

5 0

(o

Scheme 4. Proposed reaction mechanism

3. Experimental Section

3.1 Typical reaction procedure for the synthesis aézo dyes
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A mixture of Brgnstedcidic ionic liquid (0.20 mmol), naphthol (0.20 minaryltriazene (0.20
mmol) and HO (1 mL) was added to a tube (25 mL), and thenntitrdure stirred at room
temperature, some substragaring stronglectron-withdrawing group need elevate temperature
and prolong reaction time to improve yield. Reattwwas monitored by TLC plate. After the
reaction was complete, the resulting yellow preaipi isolated by filtration, the damp solid was
washed with water (5 mL x 3) and cold ethanol (2 nlhe filter cake was dried in vacuo, and
then the desired product azo dyes were obtainettielproduct was oil, after the reaction was
complete, water (5 mL) was added to the mixture,rtixture was extracted with EtOAc (5 mL

x 3). The combined organic layer was dried ovelydrntus MgSQ, then filtrated through celite,
washed with EtOAc (2 mL xx 3), the mixture was emaped under vacuum and purified by

flash column chromatography (petroleum ether/edlogtate) to afford the desired product.

3.2 Pharmaceutical derivatives late-stage diazenylan reaction

A mixture ofIL9 (62.6 mg, 0.20 mmol}Lb (28.8 mg, 0.20 mmolRq (66.7 mg, 0.20 mmol) and
H,O (1 mL) was added to a tube (25 mL), and themthaure stirred at 66C for 8 h. After the
reaction was complete, the resulting precipitatéated by filtration, the damp solid was washed
with water (5 mL x 3) and ethanol (5 mL x 3) redpesdy, after drying in vacuo afford the
desired product
(E)-4-((1-hydroxynaphthalen-2-yl)diazeny+5-methylisoxazol-3-yl)benzenesulfonamidaq:

red solid (yield: 68%).

3.3Gram scale reaction

12



(d) Reaction mixture (after reaction); (e) The pradsolated by direct filtration; (f) The
recoveredL9 in aqueous.

To a 25 mL round-bottom flask was addé® (1.10 g, 3.5 mmol)1b (1. 01 g, 7.0 mmol)2a
(1. 23 g, 7.0 mmol) and @ (10 mL) sequentially, then the mixture was stir@ room
temperature for 12 h. After the reaction was comepl¢he resulting precipitate isolated by
filtration, the damp solid was recrystallized frdftOH to afford the corresponding product in

guantitative yield.

3.4Recycling experiments

A mixture of IL9 (62.6 mg, 0.20 mmol)1b (28.8 mg, 0.20 mmolRa (35.0 mg, 0.20 mmaol),
and HO (1 mL) was added to a tube (25 mL), and themihaure stirred at room temperature
for 1 h. After the reaction was complete, watem(5) was added to the mixture, the mixture was

extracted with EtOAc (5 mLx3), and then the semaltdt9 from the water layer was reused for

13



the next reaction after drying in vacuo. The comMbimrganic layer was dried over anhydrous
MgSQ,, then filtrated through celite, washed with EtOA2 mL x 3), the mixture was
evaporated under vacuum and purified by flash colehromatography (petroleum ether/ethyl

acetate 20:1) to afford the desired prodilct
3.5UV-visible absorption spectra

The UV-visible absorption spectra (200-800 nm) oy dyes was measured by a UV-5300PC

spectrophotometer in DMSO at concentratiot of 10° mol- L* at 25°C.

4. Conclusions

In summary, we have developed an efficient andrgneethod for the synthesis of azo dyes from
aryltriazene and naphthol. The reaction was caoigdvith aryltriazenes as azo source, warer as
green solvent, and Brgnsted acidic ionic liquidexs/clable promoter at room temperature under
mild conditions. Notably, Late-stage diazenylatiohdrugs and gram-scale operations were
systematically established under mild conditionarttfermore, the promoteil9 could be
conveniently recycled and reused with the saffficaeies for at least five cycles. The simple
preparation of the starting material, a novel agoree, a cheap catalyst and the fairly mild
reaction conditions without volatile organic solt&make this process effective and convenient

for organic synthesis and industrial applications.
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Highlights
® |onic liquid promoted diazo coupling reaction for the synthesis of azo dyes

® Thisgreen method featuring mild conditions, high yields and simple isolation process

® Drug modification and scale-up process demonstrate the practicability of the protocol



