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A simple and practical useful synthetic method of 1,3-

fluorescent and photochromfccompounds. Therefore, diverse
synthetic methods have been developéd.

As for the selenium analogues, many selenium-containing
heterocycle’ including nonfused 1,3-selenazdl@spossess
biological activities and some 1,3-benzoselenazole derivatives
are utilized as cyanine dy@sThus, 1,3-benzoselenazoles are
expected to have promising importance, but the chemistry of
benzoselenazole still remains much less explored in comparison
to that of benzothiazole. This may be attributed to the lack of
convenient and practical methods for the synthesis of 2-substi-
tuted benzoselenazol&sFor example, the most commonly
employed approach to the construction of the benzoselenazole
ring may be the reaction of zinc bes@minophenylselenoate)
with acid chlorides! however, this method cannot be applied
to the synthesis of the 2-heteroatom-substituted benzoselena-
zoles. Here we describe a highly efficient method for the

(3) Costa, S. P. G,; Ferreira, J. A,; Kirsch, G.; Oliveira-Campos, A. M.
F.J. Chem Res 1997, 314-315.

(4) Heynderickx, A.; Guglielmetti, R.; Dubest, R.; Aubard, J.; Samat,
A. Synthesi®003 1112-1116.

(5) For very recent examples: (a) Kawashita, Y.; Ueba, C.; Hayashi,
M. Tetrahedron Lett2006 47, 4231-4233. (b) Heo, Y.; Song, Y. S.; Kim,
B. T.; Heo, J.-NTetrahedron Lett2006 47, 3091-3094. (c) Li, Y.; Wang,
Y.-L.; Wang, J.-Y.Chem Lett 2006 35, 460-461. (d) Evinder, G.; Batey,

benzoselenazoles having a heteroatom substituent such a§ A. J. Org. Chem 2006 71, 1802-1808. (e) Joyce, L. L.; Evindar, G.;

NRR, OR, and SR groups at the 2-position was developed

by the copper(l)-catalyzed reaction of 2-bromophedyf
2-iodophenyl 2) isocyanides with selenium and heteroatom
nucleophiles. In addition, the synthesis of 2-amino-1,3-
benzotellurazoles is also described.

Recently 1,3-benzothiazoles have attracted much attention noty, .

only in synthetic chemistry but also in medicinal and industrial
fields. The benzothiazole ring is an important framework of
pharmacologically active compountisgyanine dyeg, and
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TABLE 1. Synthesis of 2-Amino-1,3-benzoselenazofes SCHEME 1. Possible Reaction Pathway
NC N
Cul (1 mol %) @[ \ ' NC N
+ Se + RRNH ——— NRR! . Cul, DBU N '
©i DBU, THF, rt sz_ ©: *+Se + RRNH ———— @[ D—NRR
X X Se
; %z IBr 3 1or2 3
run 1or2 NuH time product yield® ’

N _
1 1 NH 12h @E\)—N 3a 99% =N .
€ & > >—NRR cut
Se
" X
N. _NRR' 6
2 1 Et,NH 12h (:[S\Z—NEQ 3b  99% @[ N Ccul or

Se )
X N\\rNRR
) N ) 5 Se 7
31 'Pro,NH 12h S—NPr, 3¢ 99% cu
Se

in 71% yield although prolonged reaction time was needed (run

4 1 EtPhNH 12h @N%Nlaph 3d 97% 7). Imidazole also gave benzoselenazéfen excellent yield
Se (run 8).
N To shed light on the mechanism we performed the following
5 1 BuNH, 12h @ Y—NHBu 3e 0% experiments. At first1l was allowed to react with piperidine
Se and selenium without Cul under the same conditions as run 1.
After aqueous workup, selenouréavas obtained in 97% yield,;
6 2 <:/\NH 30 min 3a 99% however 3awas not detected at all (eq ®Then we conducted
the same reaction in 1,4-dioxane at T@for 12 h and found
72 BuNH, 37h 3e 1% that3awas formed in 44% yield along with 37% yield 4f(eq
3). When2 was employed instead @fin THF, 3awas obtained
8 2 N%\NH 15h ©:N\>_N/\j\l 3 97% in 99% vyield without Cul at room temperature after 12 h (eq
l/ Se = 4).
aReagents and conditionst or 2 (1.0 mmol), Se (1.0 mmol), amine
(1.2 mmol), DBU (1.0 mmol), Cul (1 mol %), THF (3 mL), rt, time shown H
in the table? Isolated yield. NC DBU N\"/'O
@ +Se +<:/\NH -_— )
Br THF, rt, 12 h B 5¢
synthesis of 1,3-benzoselenazoles having a heteroatom sub- 4 97%
stituent such as NRROR, and SR groups at the 2-position by
the copper(l)-catalyzed reaction of 2-bromopheryldr 2-io- 1+ s DBU
dophenyl R) isocyanides with selenium and heteroatom nu- e NH 1,4-dioxane 3a + 4 ®)
cleophiles (eq 1). In addition, conversion of prepared 2-arylthio- 100°C,12h  44% 37%
1,3-benzoselenazole to 2-phenyl-1,3-benzoselenazole and the NC
synthesis of 2-amino-1,3-benzotellurazoles are also described. +Se +<:/\NH _bBU ., 3, @)
| THF, 1t, 12 h 00%
C:NC cul @[N\ 2
+Se + NUH ——— » S>—Nu (1)
X DBU, THF, Se These results suggest that selenolaten Scheme 1 is a
Lgapr NuH = RR'NH, ROH, RSH precursor of benzoselenaz@a&nd Cul accelerates cyclization

of selenolates to form 3. Thus, we propose a reaction pathway

L . including the SNAr mechanism shown in Schenié The first
When piperidine (1.2 mmol) was allowed to réact with gion of the process is selenoimidoylation of amines with

selenium (1.0 mmol) and 2-bromopheny! isocyanitigl.1 selenium and isocyanides or 2 yielding selenolatess.

mmol) in THF (3 mL) in the presence of DBU (1.0 mmol) and  gpsequent intramolecular nucleophilic aromatic substitution via
1 mol % of Cul at room temperature for 12 h, the corresponding g affords selenazoled The role of Cul is not clear, but cuti)

2-amino-1,3-benzoselenazda was formed in 99% isolated  may stabilize intermediate complé&and/or facilitate elimina-

yield (Table 1, run 1). The results obtained by using several tjon of the halogen atom fror. The copper-catalyzed cross-
amines are summarized in Table 1. The present transformation

proceeded almost quantitatively when aliphatic and aromatic (1) |socyanides are known to react with selenium and secondary amines
secondary amines were used (rurs42, whereas when buty-  inthe presence of a base to give selenoureas: (a) Bulka, E.; Ahlers, K. D.;

; ; ; in Tucek, E.Chem Ber. 1967, 100, 1367-1372. (b) Sonoda, N.; Yamamoto,
lamine as a primary amine was employed, the corresponding ;-3¢ < oep S op et S 0 o 1072 45, 2937-2938. See also:
product3e was not obtained at all (run 5). The reaction took (c) Fujiwara, S.: Matsuya, T.; Maeda, H. Shin-ike, T.; Kambe, N.: Sonoda,

place and proceeded very rapidly when 2-iodophenyl isocyanide N. Synlett1999 75-76. _ _

(2) was employed instead df For example3a was obtained (13) The radical cyclization mechanism may be ruled out since when
antitatively within 30 min (run 6). It is also notable that even we performed the reaction in the presence of TEMPO, radical scavenger,

qu y : no radical species were trapped with TEMPO aBd was formed

when butylamine was employed, the prodBetwas obtained quantitatively.

8088 J. Org. Chem.Vol. 72, No. 21, 2007
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TABLE 2. Synthesis of 2-Substituted-1,3-benzoselenazdles PhMgBr (1.5 eq)
NC N NiCl(dppe)
Cul N 3 mol %) N
+ Se + RYH ©: \>—YR @[ \ ( o @[ \
[ :I SAr Ph
| o THF, rt Se SZ_ THF, 1, 14 h SZ_
2 e 8:Y=0 9a: Ar = 4-MeCgHy 10a, 87%
9:Y=S
run RYH time product yield® for 2-amino-1,3-benzoselenazoles failed, resulting in the forma-

tion of adductl1 of piperidine onto isocyanid2 (eq 6).

N
1° BuOH 12h @ »—0Bu 8a 83%
Se Te, {  NH (2 equiv)
N NC cui 1 %), DB
2¢ BnOH 12h »—0Bn 8b 87% Cul (3 mol %), DBU Y
Se | THF.rt,14h
N
X—QOH @[ \>—o~©—x 2 11, 93%
Se

Since we already developed tellurium-assisted carbonyldtion
37 X=Me 12h 8c: X =Me 89% and imidoylatio”® of amines with carbon monoxide and
isocyanides, respectively, starting from lithium amides, we
examined the reaction using lithium amides instead of amines.
59 X =CO,Me 35h 8e: X = COMe 48% Lithium piperidide, generated from piperidine aneBuLi in
N the presence of HMPA at 78 °C, was allowed to react with
X_Q_SH ©: \>—s—©—x tellurium and then isocyanidzand Cul (5 mol %) were added
Se at room temperature. 1,3-Benzotellurazbawas obtained in
6 X =Me 2h 9a: X = Me 98% 75% vyield in 12 h (Table 3, run #. Results employing other
secondary amines are summarized in Table 3. In contrast to

4 X =0OMe 12h 8d: X = OMe 98%

! X =OMe th 9b: X = OMe 96% 1,3-benzoselenazole synthesis, this reaction was affected by

8 X=Cl 1h 9¢: X = Cl 93% bulkier substituents on the nitrogen of amines employed. For
N example, when diethylamine was usé@p was formed only

9 C12Ho5SH 1h @[ H—8"C1oHos 9d 92% in 31% vyield (run 2) and diisopropylamine did not give
Se benzotellurazole. Aromatic secondary amines such as ethyl

aReagents and condition (1.0 mmol), Se (1.0 mmol), RYH (1.2 Phenylamine and diphenylamine afforded the expected products
mmol), DBU (1.0 mmol), Cul (1 mol %), THF (3 mL), rt, time shown in  in moderate yields (runs 3 and 4).

the table " Isolated yield Cul (2 mol %).? ROH (2.0 mmol). In summary, we have developed simple and practical useful
methods for the synthesis of 1,3-benzoselenazoles and 1,3-

coupling reaction through oxidative addition intermediateay benzotellurazoles having heteroatom functionality at the 2-posi-

also be possibl& tion. Since only a few classical preparative methods are available

for such compound® the reactions described herein would
provide new convenient routes to these chalcogen-containing
heterocycles.

Reactions of alcohols witi2 and selenium were then
examined since there is no example of the synthesis of 2-oxy-
1,3-benzoselenazoles. Aliphatic alcohols and aromatic alcohols
with an electron-donating substituent at the para position in the (15) For earlier work on nickel-catalyzed coupling of vinyl sulfides with
phenyl ring gave the desired products in high yields (Table 2, Grignard reagents: Okamura, H.; Miura, M.; Takei, Fetrahedron Lett.

runs +-4). When a carbomethoxy group was introduced at the 1979 43-46.
) h y Ig P db | | (16) For the synthesis of the related 2-aryl-1,3-benzothiazoles: (a) Bose,
para pOS|t|0n, the reaction was slow an enzoselend@mle Idrees, M.J. Org. Chem 2006 71, 8261-8263. (b) Ben-Alloum,

was obtained only in 48% yield even by prolonging the reaction A Bakkas S.; Soufiaoui, MTetrahedron Lett1997, 38, 6395-6396. (c)

i i i i i Shl D.-F.; Bradshaw T. D.; Wrigley, S.; McCall, C. J.; Lelieveld, P.;

t|me tq 35 h (run 5). Reactions _of thiols, either a_romat|c or Fichtner 1.: Stevens, M. F. G. Med Chem 1996 30, 43753384,

aliphatic, proceeded smoothly to give the corresponding products " (17) preiffer, w.-D. InScience of Synthesidetarenes and Related Ring

9 in very high yields (runs 69). Systems. Rie-Membered Hetarenes with One Chalcogen and One Ad-
Th i . f thus-f d2 ithio-1 3-b ditional HeteroatomSchaumann, E., Ed.; George Thieme Verlag: Stuttgart,

e coupling reaction of thus-formed 2-arylthio-1,3-benzose- Germany, 2002; Vol. 11, pp 1085.020.
lenazole 9a with PhMgBr was carried out aiming at the (18) Usagawa, Y.; Sakamoto, H.; Yamashita,Jn Kokai Tokkyo Koho

conversion to 2-phenyl-1,3-benzoselenazole. Treatme®tof 19’(317’9)1?500uheemTA_b|5vt|212§17{ 1?9 ZKgang?tZé N Oawa. A- Sonoda. N
with 1.5 equiv of PhMgBr in the presence of 3 mol % of NiCl  {yetergatom (’:he'[’nlggg 4, 471-474. gawa, A Y

(dppe}® at room temperature for 14 h resulted in the formation  (20) Maeda, H.; Matsuya, T.; Kambe, N.; Sonoda, N.; Fujiwara, S.; Shin-
_ 1 2 in hi i 6 ike, T. Tetrahedron1997, 53, 12159-12166.
of 2-phenyl-1,3-benzoselenazd@ain high yield (eq 5)1 (21) The present transformation is not affected by the amounts of Cul
Then, we attempted the construction of 1,3-benzotellurazole and additive very much. When the reactions were carried out by using 3
ringst’ since some 2-thio- and 2-amino-1,3-benzotellurazoles mol % of Cul or without HMPA 12awas obtained in 69% and 70% NMR
18 yields, respectively.
are reported to be utilized as photographic fog inhibitsGur (22) For 2-amino-1,3-benzoselenazoles, see: (a) Lok, R.; Leone, R. E.;
first trial employing tellurium under similar reaction conditions  Williams, A. J.J. Org. Chem 1996 61, 3289-3297. (b) Duddeck, H.;
Bradenahl, R.; Stefaniak, L.; Jazwinski, J.; KamienskiMagn Reson
Chem 2001, 39, 709-713. For 2-thio-1,3-benzoselenazoles: (e}s€r, Z.;
(14) The oxidative addition mechanism was proposed in 2-aminothiazole Leban, I.; Mafehal, A. M.-L.; Lorcy, D.J. Chem Soc, Perkin Trans2002
synthesis by copper- and palladium-catalyzed intramolecular coupling 1, 1568-1573. 2-Amino-1,3-tellurazoles were prepared by the reaction of
reaction ofo-haloarylthioureas, see ref 5e. TeCly with aromatic ureas, see ref 18.
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TABLE 3. Synthesis of 2-Amino-1,3-benzotellurazolés

1) "BuLi, HMPA N
@[ S—NRR'
Te

THF, -78°C, 30 min

RR'NH
2)Te, -78°C, thenrt, 1 h
2 | 12h
3)2, Cul, 1t 12
run RR'NH product yield?

2a 75%

1 <:/\NH ©: \>—N

N

2 Et,NH @[\>—NEt2 12b 31%
Te
N

3 EtPhNH S—NEtPh 12¢ 53%
Te
N

4 Ph,NH S—NPh, 12d 65%
Te

aReagents and conditions: (1) R4 (1.2 mmol),"BuLi (1.2 mmol),
HMPA (3.0 mmol), THF (5 mL). (2) Te (1.0 mmol). (3 (1.1 mmol), Cul
(5 mol %).? Isolated yield.

Experimental Section

2-(1-Piperidyl)-1,3-benzoselenazole (3a): Typical Procedure
for the Synthesis of 1,3-Benzoselenazoldato a flame-dried flask
were added selenium (1.0 mmol), DBU (1.0 mmol), THF (3 mL),
2-bromophenyl isocyanidel( 1.1 mmol), piperidine (1.2 mmol),
and Cul (0.01 mmol) at room temperature, and the mixture was
stirred for 12 h. The mixture was then poured into sat. Nakl&®
and extracted with EO. After the organic phase was dried over
MgSQO, and filtered, the filtrate was concentrated in vacuo and
purified by silica gel column chromathography eluted withex-
ane-Et,O (5/1) to give 2-(1-piperidyl)-1,3-benzoselenazoBz)(

8090 J. Org. Chem.Vol. 72, No. 21, 2007

as a red solid: mp 61:662.0°C; *H NMR (400 MHz, CDC}) ¢
1.68 (br s, 6 H), 3.55 (br s, 4 H), 6.946.98 (m, 1 H), 7.247.28
(m, 1H), 7.53 (dJ = 8.1 Hz, 1H), 7.61 (dJ = 7.8 Hz, 1H);13C
NMR (100 MHz, CDC}) 6 24.3, 25.4, 50.8, 119.7, 120.8, 123.5
(Mse-c = 8.1 Hz), 125.8, 133.0, 154.4, 168.8; IR (KBr) 2936, 1593,
1532, 1446, 752 cnt; MS (El), m/z 266 (M*, 100). Anal. Calcd
for CioH1NoSe: C, 54.34; H, 5.32; N, 10.56. Found: C, 54.07; H,
5.17; N, 10.40.

2-(1-Piperidyl)-1,3-benzotellurazole (12a): Typical Procedure
for the Synthesis of 2-Amino-1,3-benzotellurazolen-BuLi (1.2
mmol) was added to a solution of piperidine (1.2 mmol), HMPA
(3 mmol), and THF (5 mL) at-78 °C. After 30 min, tellurium
(1.0 mmol) was added and the mixture was warmed to room
temperature. 2-lodophenyl isocyanide 1.1 mmol) and Cul (0.05
mmol) were added at room temperature, and the mixture was stirred
for 12 h. The mixture was then poured into sat. NaH@Q and
extracted with BO. After the organic phase was dried over MgSO
and filtered, the filtrate was concentrated in vacuo and purified by
silica gel column chromathography eluted witthexane-Et,O (5/
1) to give 2-(1-piperidyl)-1,3-benzotellurazol®2a as a white
solid: mp 74.6-76.0°C; *H NMR (400 MHz, CDC}) 6 1.67 (br
s, 6 H), 3.50 (br s, 4 H), 6.836.87 (m, 1 H), 7.23-7.27 (m, 1 H),
7.56-7.60 (m, 2 H);33C NMR (100 MHz, CDC}) 6 24.6, 25.6,
52.5,120.6, 120.8, 126.7, 127.8, 130t3{ c = 15.7 Hz), 159.8,
164.3; IR (KBr) 2931, 1515, 1436, 1199, 751 cinMS (El), m/z
316 (M, 74). Anal. Calcd for @H14N,Te: C, 45.92; H, 4.50; N,
8.93. Found: C, 45.75; H, 4.36; N, 8.81.
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