PAPER

www.rsc.org/obc | Organic & Biomolecular Chemistry

The synthesis of 1-thia-6-oxa-6a)*-seleno-3-azapentalene and a

3H-1,2,4-dithiazolet

Mamoru Koketsu,** Toshihiro Otsuka,? Dale Swenson‘ and Hideharu Ishihara*”

Received 22nd November 2006, Accepted 18th December 2006

First published as an Advance Article on the web 12th January 2007

DOI: 10.1039/b617097h

The reaction of thiocarbamoyl isoselenocyanate with a carbanion gave 1-thia-6-oxa-6ai*-seleno-3-
azapentalene, which has a hypervalent selenium, as the major product. The by-products 3-diacylmethyl-
idene-5-dimethylamino-3H-1,2,4-dithiazole and thiocarbamate thioanhydride were also formed.

Introduction

A number of hypervalent organosulfur compounds, sulfuranes,
have been reported.! In contrast, much less is known about
hypervalent organoselenium compounds.? The chemistry of hyper-
valent organoselenium compounds has attracted much attention
because of their unusual electronic structure.®* Organo-chalcogen
derivatives with intramolecular interactions are remarkable, pro-
viding novel hypervalent, stable organo-selenium* or tellurium?®
species with enhanced thermal and hydrolytic stability. However,
hypervalent organoselenium compounds of the type C-O-Se—S—
C=N have not been investigated and characterized to date, due
to difficulties involved in their synthesis.® A detailed method
for preparation of seleno-3-azapentalene derivatives has not
been reported. We have now found that the one-pot reactions
of thiocarbamoyl isoselenocyanates with B-diketones afford the
corresponding 1-thia-6-oxa-6a\*-seleno-3-azapentalene skeleton
containing a hypervalent coordinate selenium atom. This is the
first example of heterocyclic compounds containing the C—-O-Se—
S—-C=N moiety. We have also confirmed that a rare selenium-—
sulfur exchange occurs as part of the formation of these com-
pounds.

Results and discussion

Recently, isoselenocyanates have been used as starting mate-
rials in the synthesis of selenium-containing compounds such
as 1,3-selenazoles, 1,3-selenazolidines, 2-phenyl-6 H-[5,1,3]benzo-
selenadiazocines, perhydro-1,3-selenazines, 1H-5-selena-1,3,6-
triazaaceanthrylene and pyrido[1,2-a]pyrazines.” In order to pre-
pare the 1-thia-6-oxa-6al*-seleno-3-azapentalene skeleton con-
taining a hypervalent selenium atom, we chose thiocarbamoyl
isoselenocyanate derivatives (which have C=S and N=C=Se
unsaturation), moiety 1, and carbanion 2 (Scheme 1). Because
compound 1 decomposed during silica gel column chromatog-
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raphy, the reaction of carbanion 2 with 1 was carried without
purifying 1 by silica gel chromatography.

The reaction of 1 with 2 gave 1-thia-6-oxa-6al\’-seleno-3-
azapentalene 3 as the major product. 3-Diacylmethylidene-5-
dimethylamino-3H-1,2,4-dithiazole 4 and thiocarbamate thioan-
hydride 5 were obtained as by-products (Scheme 2).
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The structures of compounds 3, 4 and 5 were fully characterized
by IR, 'H, *C and "7Se NMR spectroscopy, COSY, HMQC and
HMBC spectroscopy, and MS and X-ray analysis. To gain more
detailed insight into the structural properties of products 3, 4 and
5, the compound was subjected to a single crystal X-ray diffraction
analysis (Fig. 1).%

The bond distances and angles of 3a fall within the normal
range except those involving O5, Sel and S1, which indicate an
attractive interaction between OS5 and Sel. A search of the CCDC
database (Nov. 2005 version) for structures with the S-Se-C—
N(or C)-C cyclic moiety (sp? hybridization for the non-chalcogen
atoms) yielded four structures with the following average geome-
tries: Se-S = 2.21(2) A, Se-C = 1.89(2) A, S-C = 1.78(1) A;
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Fig. 1 Thermal ellipsoid plot (35% thermal ellipsoids) of com-
pound 3a. Selected bond lengths and angles: Se(1)-C(3) 1.9182(17),
Se(1)-0(5) 2.1647(13), Se(1)-S(1) 2.3097(6), S(1)-C(1) 1.7348(18) A;
C(3)-Se(1)-O(5) 80.28(6), C(3)-Se(1)-S(1) 86.46(5), O(5)-Se(1)-S(1)
166.70(4), C(1)-S(1)-Se(1) 93.25(6), C(5)-O(5)-Se(1) 110.58(11)°.

C-Se-S = 90.3(9)°, C-S-Se = 96(2)°. Evidence for the O-Se
interaction is clear, as the Se1-S1 bond distance is ca. five esd units
greater that the average value and the S1-Sel1-C3 angle is ca. four
esd units less than the average value. Also, the Se1-C3-C4, C3-C4-
C5 and C4-C5-05 angles are compressed, and the C5-O5 bond is
lengthened slightly to accommodate the O5-Sel interaction. We
also note that the O5-Sel distance (2.1647(13) A) is significantly
shorter than the corresponding O5-S2 distance (2.1968(12) A)
in4.

'"H NMR spectra of single crystals 3a showed four methyl
groups. In the "C NMR spectra of single crystals of 3a, 3b and
3d, five carbons (four ring carbons and one carbonyl carbon) are
observed in the 0 99-201 range. Furthermore, in the ”Se NMR
spectra of 3, 7’Se signals are observed in the d 976.7 + 60.9 range,
similar to signals from tetravalent selenium compounds (RSeOOH
or R,Se0) (6 850-1230).° These are at lower field than "’Se signals
of divalent selenenyl sulfides (RSeSR) (0 410-660).' The data for
single crystals of 4 are similar to those for the single crystals of 3,
except for differences in molecular weight, melting points and the
lack of the selenium signal in the 7Se NMR spectrum of 4. Spectra
from single crystals of 5 show a mixture of three compounds. In
the 7Se NMR spectra of 5, there are signals at 6 840.8, 912.9 and
916.4. The intensities of the three ’Se signals are consistent with
the results from the S—Se substitutional disorder refinement of the
X-ray diffraction structure of 5.

A plausible mechanism for the formation of 3 is initiation
by nucleophilic addition of the carbon of the carbanion 2 to
the central carbon of the isoselenocyanate 1, yielding 3 via
intermediate 6 (Scheme 3). Intermolecular exchange of Se for S in
intermediate 6 under reflux conditions would yield compound 4.

The formation of 5 is explained by the generation of small
amounts of thiocarbamoyl selenocyante during the reflux step
of the reaction of thiocarbamoyl chloride with potassium seleno-
cyanate to give thiocarbamoyl isoselenocyanate 1. The thiocar-
bamoyl selenocyanate transforms into thioselenocarbamate 7, and
the nucleophilic addition of both sulfur and selenium atoms of the
anion 7 to the carbonyl carbon of thiocarbamoyl selenocyanate
yields 5, with a mixture of selenium and sulfur isomers (Scheme 4).

The chalcogenide exchange reaction of diselenide and trisulfide
was studied in solution. Because of the low activation barrier of the
selenium exchange reaction, formation of all possible selenium-
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and sulfur-containing trichalcogenide isomers (—SeSS—, —SSeS-,
—SeSeS—, —SeSSe— and —SeSeSe-) were observed.' Mixed isomers
also form in biological systems in the presence of diselenides
and higher sulfides. For example, mixed isomers are formed
from cystine (having S-S bonding) and selenocystine having
Se-Se bonding.”? A second example is the exchange of S for Se
in the thermolysis of a diselenolatocobalt(ii1) complex and Sg.*
In the present reaction, the interesting selenium-sulfur exchange
reaction occurs under reflux conditions during the formation of
the products.

Conclusions

In conclusion, we have developed a synthesis of the novel 1-thia-
6-oxa-6a)'-seleno-3-azapentalene skeleton, containing a hyperva-
lent selenium atom.

Experimental
General

The 7Se NMR (95 MHz) spectra were obtained using a JEOL
ECAS00 spectrometer, and 7’Se chemical shifts are expressed in
ppm downfield of Me,Se in CDCl;.

General procedures for the synthesis of compounds 3a, 4a and 5

To a solution of potassium selenocyanate (0.29 g, 2.0 mmol) in an-
hydrous THF (10 mL) was added thiocarbamoyl chloride (0.25 g,
2.0 mmol) at room temperature under an argon atmosphere. The
reaction mixture was stirred at room temperature for 1 h. This
solution was added to a solution of (CH;CO),CH™ Na* (1.0 mmol)
in THF (1.0 mmol, 10 mL), prepared by the reaction of sodium
hydride (0.024 g, 1.0 mmol) with acetyl acetone (0.068 g, 1.0 mmol)
in dry THF (10 mL) at 0 °C for 0.5 h under an argon atmosphere.
The reaction mixture was refluxed for 2 h. The mixture was
extracted with diethyl ether and washed with water. The organic
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layer was dried over sodium sulfate and evaporated to dryness.
The residue was purified by flash chromatography on silica gel
with diethyl ether—n-hexane (1 : 1) to yield 0.28 g of 3a (38%), as
well as 4a (10%) and 5 (6%), by flash chromatography on silica gel
as yellow crystals.

5-Methyl-2-dimethylamino-4-methylcarbonyl-1-thia-6-oxa-6al.*-
seleno-3-azapentalene (3a). Mp: 134.9-137.0 °C; IR (KBr):
1387, 1518, 1641 cm™'; 'H NMR (500 MHz, CDCl;): § 2.55
(3H, s), 2.74 (3H, s), 3.37 (3H, s), 3.48 (3H, s) ppm; “C NMR
(125 MHz, CDCL): 6 25.7, 32.4, 41.7, 41.9, 120.5, 182.9, 185.4,
192.1, 197.1 ppm; "Se NMR (95 MHz, CDCl;): 6 1009.3 ppm;
MS (CI): m/z =293 [M* + 1].

3-Diacetylmethylidene-5-dimethylamino-3H -1,2,4-dithiazole
(4a). Mp: 109.0-110.5 °C; IR (KBr): 1389, 1534, 1636 cm™'; 'H
NMR (500 MHz, CDCl;): 6 2.53 (3H, s), 2.69 (3H, s), 3.29 (3H,
s), 3.45 (3H, s) ppm; “C NMR (125 MHz, CDCl;): 6 25.8, 32.4,
41.3,41.9,118.7, 180.5, 183.9, 192.8, 197.1 ppm; MS (CI): m/z =
247 [M* + 1].

Thiocarbamate thioanhydride (5). Mp: 109.0-110.5 °C; IR
(KBr): 1389, 1534, 1636 cm™'; '"H NMR (500 MHz, CDCl,): 6
3.37,3.41,3.42,3.45,3.508, 3.513, 3.53, 3.59, 3.60 ppm; *C NMR
(125 MHz, CDCl;): 0 43.6,44.4,44.8,45.1,45.3,45.8,47.8, 48.1,
48.8, 186.7, 186.91, 186.95 ppm; "Se NMR (95 MHz, CDCl,): 6
840.8, 912.9, 916.4 ppm.

5-Ethyl-4-ethylcarbonyl-2-dimethylamino-1-thia-6-oxa-6ak*-
seleno-3-azapentalene (3b). Mp: 121.2-123.3 °C; IR (KBr):
1640cm~'; "HNMR (500 MHz, CDCl;):0 1.17 (3H, t,J = 7.5 Hz),
1.22 3H, t, J = 7.5 Hz), 291 (2H, q, J = 7.5 Hz), 3.16 (2H, q,
J =7.5Hz),3.36 (3H, s), 3.46 (3H, s) ppm; *C NMR (125 MHz,
CDCl,): 0 8.98, 9.96, 30.9, 36.6, 41.5, 41.8, 119.7, 182.6, 184.5,
195.1, 201.2 ppm; "Se NMR (95 MHz, CDCl;): 6 1005.0 ppm;
MS (CI): m/z =320 [M* + 1].

4-Benzoyl-2-dimethylamino-5-phenyl-1-thia-6-oxa-6al\*-seleno-
3-azapentalene (3¢). Mp: 156.0-157.3 °C, IR (KBr): 1376, 1501,
1641 cm™'; "TH NMR (500 MHz, CDCl,): 6 2.80 (3H, s), 3.16 (3H,
s), 7.28 2H, t, J = 7.44 Hz), 7.34 (1H, t, J = 7.44 Hz), 7.38 (2H,
t,J = 7.44 Hz, Ar), 747 (1H, t, J = 7.44 Hz), 7.59 2H, d, J =
7.44 Hz), 7.87 (2H, d, J = 7.44 Hz) ppm; “C NMR (125 MHz,
CDCl;):640.5,41.3,118.0 128.1, 128.2, 128.3, 129.5, 130.6, 132.2,
136.4, 139.2, 182.0, 183.4, 184.9, 195.1 ppm; "Se NMR (95 MHz,
CDCl;): 0 1007.1 ppm; MS (CI): m/z =416 [M* + 1].

3-Dibenzoylmethylene -5 - dimethylamino -3H -1, 2,4 - dithiazole
(4c). Mp: 127.0-128.3 °C, IR (KBr): 1638 cm™'; '"H NMR
(500 MHz, CDClL;): 6 2.86 (3H, s), 3.22 (3H, s), 7.29 2H, t, J =
8.01 Hz), 7.37 (1H, t, J/ = 8.01 Hz), 7.39 (2H, t, J = 8.01 Hz, Ar),
7.48 (1H, t, J = 8.01 Hz), 7.60 (2H, d, J = 8.01 Hz), 7.88 (2H, d,
J =28.01 Hz, Ar) ppm; "C NMR (125 MHz, CDCl;): 6 40.7, 41.4,
118.2,128.2, 128.4,129.7, 130.7, 132.3, 136.5, 139.3, 182.2, 183.6,
185.1, 195.2 ppm; MS (CI): m/z = 371 [M* + 1].

5-Methoxy-4-methoxycarbonyl-2-dimethylamino-1-thia-6-oxa-
6al)*-seleno-3-azapentalene (3d). Mp: 108.8-110.2 °C; IR (KBr):
1710 cm™'; "H NMR (500 MHz, CDCl;): 6 3.28 (3H, s), 3.46 (3H,
s), 3.85 (3H, s), 3.89 (3H, s) ppm; “C NMR (125 MHz, CDCl,):
0 40.8, 42.0, 51.7, 52.8, 99.0, 165.8, 171.8, 180.1, 180.4 ppm;

"Se NMR (95 MHz, CDCl,): ¢ 885.3 ppm; MS (CI): m/z = 324
M* + 1].
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