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An efficient and solvent -free approach for regiesgve. thiocyanation of various substituted amifinand indoles is
described. The reaction performed both on and fef dlumina surface under microwave conditions. Miave irradiation
reactions under solvent-free conditions resulted ifgreen-chemistry” procedure, by which thiocyémratwas achieved. In
comparison to other reported methods for regiotigie¢hiocyanation of anilines and indoles on tleus of reaction times,

yields and usage of oxidizing agents, the presethod shows considerable advantages.
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INTRODUCTION

transformed into other sulfur bearing functiona#ti [2c].
These functionalities are mainly helpful for theastruction of

In recent years, the use of expensive and hazardosulfur containing heterocyclics such as thiozoled thiazines

reagents and organic solvents. was' being avoidedhby
increasing applications of. eco-friendly reagentsljdsstate
procedures, solvent-free reactions and microwansgli@tion
techniques. Microwave assisted solid supported quioe
offers several advantages over the traditionalihgasuch as
accelerating the rate "of reaction and high seligtiin

products [1]. Because of these properties, micrenassisted
solid supported reactions are playing significaoterin

industrial sector.

The thiocyano anilines and indoles
increasingly imperative role in the sulfur contaigichemistry
[2a]. Thiocyanation approach is a most beneficralcpss for
direct induction of sulfur atom into the organiclewules [2b].
The thiocyanate group in organic moleculeswillingly
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[3]. In addition, the thiocyanate group shows angigant
functionality in several anticancer agents [4].f8n limited
number of protocols have been reported for thicgss such
as N-thiocyanatosuccinimide [5a], Ferric(lll) chlte [5b],
DDQ [5c¢], Mn(OAc) [6a], Ceric ammonium nitrate [6b],
montK10 clay [6c], oxone (oxidant) [7a], brominefassium
thiocyanate [7b] and iodine/methanol [7c]. Howevese of
solvents, presence of oxidizing agents, expenstegtirsg
materials, toxicity of thiocyanate source reagenssd

are playingrelatively long reaction times strongly indicate tthemand to

develop convenient methods with absence of solveigt
yields and shorter reactiontn order to overcome these
disadvantages, we used a microwave assisted sggbsted
reaction for thiocyanation of aniline and indoles.

In continuation of our investigation on the solisee
synthesis of organic compounds [8], we would like report



Murthy et al.

, . Rz\ /Rl (Al,0Os, acidic, 2.0 g ms) were grinded with mortar anstlpi
R\N/R N and then irradiated under a microwave (Panasonierter,
N 200 W, 3 min). After completion of the reactionetfeaction
X + NH,SCN — Acidic Alumina__ | S Y mixture was diluted with water and then extractedhw
R Microwave(100 - 300W) ™\~ dichloromethane. The combined organic layer wasdddver
SCN anhydrous Nz50, and concentrated under reduced pressure.
Scheme 1 The obtained crude product was purified by column

chromatography onssilica gel, yieldéh in 90% (Table 1,

entry 1). The . above procedure was repeated witlibat
here an efficient, solvent-free and microwave-prtedcsolid  zjumina, yielde®a.in 60% (Table 1, entry 1).

supported procedure for regioselective thiocyamatiof
substituted anilines and indoles. Using anilined ialoles as  General Procedure for the Preparation of 1H-Indol-
substrates, the reaction gave unigaea thiocyno substituted 3-yl Thiocyanate 4a

anilines (Scheme 1) and 3-thio-cyano substitutedoles In a‘typical experimental procedure, a mixturénalole 3a
(Scheme 2), respectively. (1 mmol),s/ammonium thiocyanate (1.2 mmol) and ahani
(Al,O5, acidic, 2.0 g ms) were grinded with mortar anstlpi
EXPERIMENTAL and then irradiated under a microwave (Panasonierier,
200 W, 5 min). After completion of the reactione tfeaction
Chemicals and Apparatus mixture was diluted with water and then extractedhw

All the chemicals used in the present study are otlichloromethane. The combined organic layer wasdddver
analytical grade and were obtained from local seppl anhydrous Nz50Q, and concentrated under reduced pressure.
Melting points were recorded on Kumar capillary timgf The obtained crude product was purified by column
point apparatus and are uncorrected. The IR Speetr® chromatography on silica gel, yielded in 85% (Table 1,
recorded from KBr discs on Shimadzu IR Affinity-1 entry 12), whereas same procedure was repeatecbuwith
spectrophotometer. The NMR spectra were recordedoeh alumina, yieldedlain 57% (Table 1, entry 12).

JNM EX-90 FT NMR (90 MHz) spectrophotometer using

TMS as an internal standard:” The determination g t Selected Spectral Data of the Products

products purity and reaction monitoring were acclishgd by 4-Aminophenyl thiocyanate 2a (Table 1, entry 1). m.p.:

TLC on silica gel plates. 51-53 °C, IR (crit): 3414, 2935, 2064, 1616, 1589, 1297,
1174, 685 H NMR (CDCL) § (ppm): 7.3-6.2 (4H, m, §Es),

General Procedure for..the Preparation of 4- 3.2 (2H, brs, NH); **C NMR (CDCL) & (ppm): 145.6, 129.1,

Aminophenyl Thiocyanate 2a 124.8,118.8, 115.3.

In a typical experimental procedure, a mixtureaafline 4-Amino-2-methylphenyl thiocyanate 2c (Table 1, entry
1a (1 mmol), ammonium thiocyanate (1.2 mmol) andméha  3). m.p.: 82-84C, IR (cm'): 3341, 2939, 2152, 1621, 1581,

SCN
Acidic Alumina X
R D + NH,SCN — R —{] A\
N Microwave (100 - 300W) N
\
R L1

Scheme 2
R = H, -CH; -CH(CHj),, Cl, -OCH, -COOH, Br, -CN

1o 02— 1y _
R°& R“=H, -CH; 293
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Table 1. Regioselective Thiocyanation of Substituted Asirand Indoles on a Solid Surface of®Blunder Microwave
Irradiation

Entry Substrate Product Absence ofAIO; Presence of AD;
Time (m) Yield (%§ Time (m)  Yiel(%)?

O
als

la 2a 6 60 3 90
25)[101  (8§[10]
HzC._ _CHs HaC( | ~CHa
N N
2 @ 1b i; b 6 53 25 90
(20%) [10] (94) [10]
NH, NH,
3 @\ 1c (;\ 2c.. 45 60 25 |
CH, M
(20 [6a] (8%) [6a]
CH; NH, CH3 CHz NH; _CHj3
HaC CHg HaC CHs
4 1d 2d 7 55 4 86
SCN
NH, NH;
Cl Cl
5 1e 2e 6 60 4 85
Sen (20) [6a] (8% [6a]
HN/CHa HN/CH3
6 @ 1f E:j %5 55 25 :
sen (20) [64a] (89) [6a]
NH, NH,

O

19 29 7 60 45
OCHj <>\OCH3

(15)[11] (94 [11]
NH, NH;

CHs CHg
1lh 2h 6.5 55 3

(120) [6a] (89 [62]

o
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Table 1. Continued

NH, NH,
cl

o
A

1i 2i 5.5
SCN
NH, NH,
COOH COOH
10 1] 2 7
SCN
NH,
11 E::‘ 1k N.R° - - -
CHg
SCN
12 @E\> 3a ©j\g 4a 9
N
H N
SCN
A\
13 ) 3b A\ 4b 9
| N
CHs CHy
SCN
14 mcm 3¢ % 4c 7
N CHjy
H N
N
Hs tHs  son
15 @ 3d Cc\g 4d 8
N
H N
N
Br SCN
16 N 3e Br de 7
&S T
H N
H
CN
17 @E\g 3f N.R - - -
N
H

3

(210) [5b]

3.5

(1-20) [12]

5

(120) [6a]
6

(12°) [6a]

4.5

(30) [13]

4

(12°) [6a]

3.5

(12°) [6a]

80

(8%) [5b]

82

(73)[12]

85

(89 [6a]

(88) [6a]

64

(88) [13]

80

(89 [6a]

(92) [62]

3solated products’N.R = No reaction observetReported reaction time$Reported yields.
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1252, 1154, 610'H NMR (CDCk) & (ppm): 7.0-6.6 (3H, m,
CsHs), 4.2 (2H, brs, NB), 2.9 (3H, s, Ch); **C NMR (CDC})

8 (ppm): 151.5, 140.2, 127.2, 126.8, 121.8, 11508,9, 21.3.
4-Amino-2-methoxyphenyl thiocyanate 2g (Table 1,
entry 7). m.p.: 99-100C, IR (cmi'): 3344, 2966, 2150, 1625,
1584, 1298, 615'*H NMR (CDCk) & (ppm): 7.2-6.7 (3H, m,
CeHs), 4.1 (2H, brs, NB), 3.4 (3H, s, Ch); *°C NMR (CDCE)
8 (ppm): 149.8, 143.8, 130.3, 126.8, 122.5, 11819, 1, 52.1.

1H-Indol-3-yl thiocyanate 4a (Table 1, entry 12). m.p.:

3C NMR chemical shift ranging betweel16-113 ppm
indicated that the thiocyano group is present & phoducts
obtained by the microwave assisted solid suppogadtion.
We examined the role of acidic alumina for conimrf
anilines or indoles to corresponding thiocyano puis.
Therefore, we carried out reaction in presenceabsnce of
acidic alumina under solvent-free microwave irréidia Here
we observed in-absence of acidic alumina, the i@act
required longer times and gave low yields, compdcethe

103-105°C, IR (cm'): 3333, 3001, 2145, 1548, 1519, 1274, presence of acidic alumina reactions. The resuédisted in

641;*H NMR (CDCkL) & (ppm):11.4 (1H, brs, NH), 7.68-6.51
(5H, m, GHsN); **C NMR (CDCE) & (ppm): 139.4, 131.6,
125.1, 124.0, 122.5, 117.0, 113.1, 100.7.
2-Methyl-1H-indol-3-yl thiocyanate 4c (Table 1, entry
14). m.p.: 100-101°C, IR (cm'): 3341, 3010, 2140, 1580,
1519, 1281, 632*H NMR (CDCL) & (ppm): 11.1(1H, brs,
NH), 7.9-7.2 (4H, m, @4sN), 2.4 (3H, s, Ch); *C NMR

(CDCly) & (ppm): 142.4, 139.5, 129.1, 124.0, 121.8, 118.2show any significant change.

113.4, 105.6, 91.4, 15.4.

4-Methyl-1H-indol-3-yl thiocyanate 4d (Table 1, entry
15). m.p.: 127-128 °C, 3324, 3012, 2146, 1519,1108; &5
NMR (CDCI3) § (ppm): 11.2 (1H, brs, NH), 7.4-6.9 (4H, m,
CgHsN), 2.8 (3H, s, Ch); *C NMR (CDCE) § (ppm): 140.1,
139.5, 129.1, 125.0, 124.5, 119.1, 113.2, 110.8{,92.9.

RESULTSAND DISCUSSION

Our preliminary studies. were focused on the reacti
conditions for the synthesis of thiocyano aniliaesl indoles.
A variety of anilines or_indoles; ammonium thiocgéa and
acidic alumina were mixed and placed in a microwaven
for the time specified ‘in the Table 1. The reactiwas
monitored by TLC and complete disappearance oftading
material was observed during this period. Elutioh tloe
mixture with dichloromethane followed by evaporatiof
solvent furnished the crude product, which was fiadiby

Table 1. These findings showed acidic alumina eoédrthe
rate of.the reaction and yield of products.

In the reactions performed on the solid surfacelomina
under microwave conditions, the yields of mono-tyenated
desired products were excellent. The comparisoryiefls
between para and meta substituted anilines or methyl-
substituted and unsubstituted amino groups inraslidid not
In case of indoles, 2-
methylindole 3c reacts with ammonium thiocyanate to give
yield with 64% of4c (Table 1, entry 14). As expected, a steric
factor was pronounced to lower yield in this c&aa-methyl
aniline 1k and 3-cyanoindol8f did not react with ammonium
thiocyanate (Table 1, entry 11 and 17), which confothe
-SCN group attacks regioselective to anilines auiblies.

On the basis of the mechanism proposed by A.-N.eKo
al. for the alumina supported selective N-alkylatadranilines
[9], we suggest that the possible mechanism farcgf@nation
of anilines and indoles occurred by the formatibfotowing
intermediates (1) and (I1), respectively. Howewvier,establish
the mechanism for this thiocyanation needs further
investigation.

column chromatography. The obtained products were

characterized by comparing their melting pointsalitl NMR
spectroscopic data with those reported in litegtur

The occurrence of thiocyanation in anilines andolas
was examined by IR and NMR studies. The formatib8@N
group in the product was confirmed by IR peaks ioleth
between 2064-2150 ¢(-SCN) and 632-748 ¢in(-C-S-).
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CONCLUSIONS

Acidic alumina effectively promotes the iesglective
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thiocyanation of anilines and indoles under sohlfezg [4]
conditions. The notable advantages of this proedue: (a)
reasonably good yields; (b) shorter reaction tin{e¥;mild
reaction conditions; (d) no need of oxidizing ager(e) in [5]
tune with green synthesis avoiding toxic reagentssolvents.

We believe our procedure will play an importanterah the
preparation of sulfur containing heterocyclic datives.
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