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The reaction of the intermediate ketene N,Se-hemiacetal 3, prepared from cyanomethylene
derivatives 1 by treatment with Et3N and aryl isoselenocyanates 2, with bis-electrophiles 6, 7, 9, and 11 in
DMF affords tetrahydro-1H-1,3-selenazine (¼1,3-selenazinane) derivatives 8, 10, and 12 in good yield
(Scheme 2 and Tables 1 – 3). Chemical and spectroscopic evidence for the structures of the new
compounds are described. The structures of 8d and 12e are established by X-ray crystallography (Figs. 1
and 2).

1. Introduction. – It is well established that selenium is an essential trace element,
and selenium dietary supplements are commonly available, especially in countries such
as France and New Zealand, where soils are selenium-deficient. The principal role of
selenium in vivo is to prevent free-radical damage by incorporation into radical
scavengers, or indirectly by reduction of the by-products of oxidative damage. In recent
years, there has been a rapid increase of interest in organoselenium chemistry. There is
no doubt that selenium-containing organic molecules have played and continue to play
an important role in biology and medicine. The mythology surrounding the =high
toxicity> of organic selenides has largely been dispelled, and a wide range of them are
now accepted as useful antioxidants [1 – 3], anticancer [4 – 7] and anti-inflammatory
agents [8], antibiotics [9] [10], and antiviral agents [11]. Therefore, organoselenium
compounds are nowadays an important class of biologically active products [12 – 14].
The interest in selenium compounds may also be attributed to their specific chemical
properties, which fit well into the requirements of modern organic synthesis. Most of
them are well adapted to chemo-, regio-, and stereoselective reactions [15 – 18]. The
remarkable increase in interest in selenium-containing heterocycles is not only a result
of their reactivities and chemical properties [19 – 26], but also of their pharmaceutical
applications [27 – 32].

For this reason, the use of isoselenocyanates in the synthesis of selenium-containing
heterocycles became a focus of interest in our research group. Isoselenocyanates, with
their special chemical properties [33 – 35] are very useful starting materials in
heterocyclic chemistry [36] since they are easy to prepare and to store [37]. In
addition, they undergo reactions under mild conditions, which are compatible with the
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stability of a variety of unsaturated as well as multifunctional molecules in the
preparation of natural products [38].

Within the family of selenium-containing heterocycles, selenazines have gained
special importance. This heterocyclic system, with one Se- and one N-atom, is one of
the most famous in the series of six-membered ring systems, and some syntheses have
been reported [39] [40]. Several similar structures were described and are of great
pharmaceutical interest as antibacterial agents against Escherichia coli and Staph-
ylococcus aureus [41]. Thiazines, the corresponding sulfur analogues, are also described
extensively, and they are widely used as fungicides in pharmaceutical and agrochemical
products [42].

As for the reaction of isoselenocyanates with nucleophiles, it is known that N-, O-,
S-, and Se-nucleophiles add to the central C-atom [33], and that P-nucleophiles attack
either the central C-atom or the Se-atom [34] [43]. However, only a few examples have
been reported for the reaction of C-nucleophiles with isoselenocyanates [44 – 46] and,
recently, a reaction leading to 1,3-selenazoles was described [47].

As a continuation of previously published studies towards the synthesis of Se-
containing heterocycles based on isoselenocyanate chemistry [48 – 53], we recently
reported on the reaction of halogenated primary alkylamines to give selenazolidines
[54] and selenazinanes [54], as well as the first selenazepanes [55] in good to excellent
yields in a one-pot procedure. Following a similar strategy, Koketsu et al. have
published the preparation of 2-imino-1,3-selenazolidine derivatives by the reaction of
isoselenocyanates with prop-2-yn-1-amine [56]. Reactions via nucleophilic attack of
mercapto acids led to 2-selenoxo-1,3-thiazolidin-4-ones and 2-selenoxo-1,3-thiazinan-4-
ones in good yields [57]. Very recently, we published a study on the synthesis of 1,3-
selenazolidines and 1,3-selenazolidinones from active methylene compounds 1 and
isoselenocyanates 2. Therein, the intermediate ketene N,Se-hemiacetal 3 reacted with
1,2-dibromoethane or 2-haloacetates to yield 4 and 5, respectively [58] (Scheme 1). In
the present paper, the results of the investigations aimed at extending this methodology
to the synthesis of 1,3-selenazinane derivatives are reported.

2. Results and Discussion. – In the synthesis of the 1,3-selenazolidine derivatives 4
and 5 [58], the intermediates of type 3 (Scheme 1) were treated with difunctionalized

Scheme 1
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reagents, which bear two leaving groups at C(1) and C(2), i.e., in the a-position to each
other (1,2-bis-electrophiles). Therefore, the concept for the preparation of analogous
tetrahydro-1H-1,3-selenazine (¼1,3-selenazinane) derivatives was to use 1,3-bis-
electrophiles as partners in the reaction with 3.

By treatment of 1a with Et3N in DMF and addition of 2, the ketene N,Se-acetal of
type 3 was generated in situ and intercepted by addition of prop-2-enoyl chloride (6) or
3-bromopropanoyl bromide (7) at room temperature. After stirring for 4 h, the solvent
was evaporated and the solid residue was purified by column chromatography and
recrystallization to give the products of type 8 in good yield (Scheme 2, Table 1).

The structures of the 2-(3-aryl-4-oxo-1,3-selenazinan-2-ylidene)propanedinitriles 8
were established on the basis of their spectroscopic data, which correspond reasonably
well with those of the previously described 1,3-selenazolidines of type 5 [58]. Again,
some data are quite unusual and need an explanation. For example, 8d shows two C�N
absorptions in the IR spectrum (KBr) at 2209 and 2202 cm�1 and two signals in the
13C-NMR spectrum (CDCl3) at d 110.8 and 115.4. Most remarkable are the IR
absorption at 1714 cm�1 for C¼O and the 13C-NMR signal at d 62.5 for C(2) of the
propanedinitrile (¼malononitrile) moiety (¼C(CN)2). The 13C-NMR absorptions of
C¼O and C(2) of the heterocycle appear at d 168.7 and 171.3. These data indicate that a
highly dipolar character, i.e., a zwitterion with the positive charge at the ring N-atom
and the negative charge at C(CN)2, has to be considered. Therefore, the structure of 8d
was determined by X-ray crystallography (Fig. 1).
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In the crystal structure of 8d, the heterocyclic ring has a screw-boat conformation.
The two CN groups are coplanar with the atoms Se(1), C(2), N(3), and C(7). The bond
angles within the ¼C(CN)2 group are worth mentioning: whereas the angles
C(2)�C(7)�C(9) and C(8)�C(7)�C(9) are small (117.8(3) and 113.7(3)8, resp.),
the angle C(2)�C(7)�C(8) is 128.4(4)8, i.e., the CN group is tilted away from the 4-
bromophenyl residue. In turn, the latter is twisted out of the above mentioned plane by
ca. 818. In addition, the CN group pointing towards the aromatic residue is slightly bent
away from this ring (N(8)�C(8)�C(7)¼ 172.9(4)8), whereas the other CN group is
linear (N(9)�C(9)�C(7)¼ 178.8(5)8). The C(2)�C(7) bond is longer (1.380(5) J)
than a normal C¼C bond and, on the other hand, the formal single bonds C(7)�C(8)
and C(7)�C(9) are short (1.433(5) and 1.434(6) J, resp.) as well as the N(3)�C(2) and
Se(1)�C(2) bonds (1.376(5) and 1.900(4) J, resp.). Furthermore, the C(4)�O(4) bond
is short (1.202(5) J), indicating that there is no =amide conjugation> with the lone pair
of the N(3) atom. This is in accordance with the IR absorption at 1714 cm�1, which is
typical for non conjugated carbonyl groups.
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Table 1. Preparation of Selenazinan-4-ones 8a – e from Isoselenocyanates 2a – e and 1a

Product R1 Y Yield [%]

8a Ph CN 75a)
55b)

8b 4-MeOC6H4 CN 65a)
45b)

8c 4-MeC6H4 CN 62a)
50b)

8d 4-BrC6H4 CN 71a)
44b)

8e 4-ClC6H4 CN 78a)
57b)

a) Use of 3-bromopropanoyl bromide. b) Use of prop-2-enoyl chloride.



Under analogous reaction conditions, 1a, 2, and 1,3-dichloropropane-2-one (9) led
to the 5-oxo-1,3-selenazinane derivatives 10a – c (Scheme 2, Table 2). The characteristic
spectroscopic data, e.g., for 10a, are the IR absorptions at 2211, 2196, and 1724 cm�1 for
the two C�N and the C¼O groups. In the 13C-NMR spectrum, the signals for the C�N
groups appear at d 111.6 and 117.7, and for C(2) and C¼O at d 172.2 and 198.0,
respectively. A similar reaction was observed by using ethyl cyanoacetate (1b) or 3-oxo-
3-phenylpropanenitrile (1c) instead of 1a. It is worth mentioning that in both cases,
only one isomer was formed, 10d and 10e, respectively. In analogy to the results
discussed in [58], we propose that the larger group, namely CO2Et and COPh,
respectively, is oriented anti to PhN(3), i.e., the products being the (Z)-isomers.

The third bis-electrophile used was 1,3-dibromopropane (11). Under the usual
conditions, the intermediate ketene N,Se-hemiacetal 3, which was generated either with
1a or 1b, was trapped with 11 to yield 3-aryl-1,3-selenazinane derivatives of type 12
(Scheme 2, Table 3). Again, only one isomer was formed in the reactions with 1b. The
structure of 12e was established by X-ray crystallography (Fig. 2).

In the crystal structure of 12e, the heterocyclic ring is disordered over two
differently puckered conformations, and the ester Et group is also disordered over two
conformations. The overall structure of 12e is rather similar to that of 8d. Again, the Ph
ring is twisted out of the plane defined by the atoms Se(1), C(2), N(3), and C(7) by ca.
698. The C(2)�C(7) bond is longer (1.403(6) J) than a normal C¼C bond, whereas the
formal single bond C(2)�N(3) is very short (1.357(5) J). Furthermore, the
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Fig. 1. ORTEP Plot [59] of the molecular structure of 8d. Arbitrary atom numbering; 50% probability
ellipsoids.



C(7)�C(8) and the C(7)�C(10) bonds are significantly shorter (1.428(6) and
1.460(6) J, resp.) than normal C�C single bonds. On the other hand, in contrast to
8d, the bond angles at C(7) are much less different: C(2)�C(7)�C(8) 121.2(4)8,
C(2)�C(7)�C(10) 121.3(4), and C(8)�C(7)�C(10) 117.3(4)8.

The mechanistic interpretation of the formation of the 1,3-selenazinane derivatives
10 and 12 is depicted in Scheme 3 : the carbanion generated from 1 and Et3N in DMF
reacts with isoselenocyanates 2 to give the intermediate ketene N,Se-hemiacetals 3. The
latter react with the halogenated compounds 9 or 11, respectively, via an SN2
substitution to give another intermediate of type 13, which then undergoes the
cyclization to give the 6-membered ring via a second SN2 reaction or lactam formation.
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Table 2. Preparation of Selenazinan-5-ones 10a – e from Isoselenocyanates 2a,c,e and 1a – c

Product R1 Y Yield [%]

10a Ph CN 55

10b 4-MeC6H4 CN 61

10c 4-ClC6H4 CN 55

10d Ph CO2Et 49

10e Ph COPh 48



We carried out the experiments with 6 and 7 with the aim of preparing 6-oxo-1,3-
selenazinane derivatives 15 (Scheme 4), which are the third type of isomers in the series
of compounds 8 and 10. We expected that 3-bromopropanoyl bromide (7) would react
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Table 3. Preparation of Selenazinanes 12a – h from Isoselenocyanates 2a – f and 1a,b

Product R1 Y Yield [%]

12a Ph CN 66

12b 4-MeOC6H4 CN 63

12c 4-ClC6H4 CN 50

12d 2,6-Me2C6H3 CN 50

12e Ph CO2Et 35

12f 4-MeOC6H4 CO2Et 35

12g 4-MeC6H4 CO2Et 34

12h 4-BrC6H4 CO2Et 69



with intermediate 3 preferentially at the more electrophilic acid bromide group to give
the second intermediate 14 (Scheme 4). The latter should undergo cyclization via an
SN2 reaction of the N-atom at the halogenated C-atom to give 15. After several
attempts, we never obtained these derivatives, but always the 4-oxo isomers 8. Similar
to the analogous reaction in the 5-membered ring series [58], we rationalize this
observation by a 1,3-acyl shift in the intermediate 14 to give 16. Cyclization of the latter
then yields the isolated product 8. An analogous reaction mechanism can be proposed
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Fig. 2. ORTEP Plot [59] of the molecular structure of one of the two disordered conformations of 12e.
Arbitrary atom numbering; 50% probability ellipsoids.

Scheme 3



for the reaction with prop-2-enoyl chloride (6), but an initialMichael addition by attack
of the Se-atom followed by cyclization to give the lactam is also conceivable2).

Another goal of this study was the synthesis of analogous 1,3-selenazinane-4,5-
diones. A literature search led to the idea of using propanedioyl dichloride in the
reaction with 3. Its use in the synthesis of 6-hydroxy-1,3-selenazin-4-ones from
selenourea has been described by Koketsu et al. [60]. Furthermore, Mironova et al.
have reported the preparation of 1,3-thiazine from thiourea and propanedioyl
dichloride [61]. All attempts to use propanedioyl dichloride in the reaction with 3
were in vain. Furthermore, the experiments with diethyl propanedioate and a recently
described propanedioic acid monoethyl ester were also unsuccessful.

In summary, we have shown that cyanomethylene derivatives 1 react with
isoselenocyanates 2 in basic media to give an intermediate, which with some 1,3-bis-
electrophiles undergo a ring formation to give 1,3-selenazinanes and 1,3-selenazina-
nones in good yields. Thus, variously substituted 5- [58] and 6-membered selenium-
containing heterocycles can easily be synthesized in a one-pot procedure starting from
cyanomethylene derivatives and isoselenocyanates.

We thank the analytical units of our institute for spectra and analyses. Financial support of this work
by the Dr. Helmut Legerlotz-Foundation and F. Hoffmann-La Roche AG, Basel, is gratefully
acknowledged.
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Scheme 4

2) No cyclized products were obtained by using ethyl 3-bromopropanoate or ethyl prop-2-enoate as
bis-electrophiles.



Experimental Part

1. General. See [51] [52]. TLC: silica gel 60 F254 plates (0.25 mm; Merck). Column chromatography
(CC): silica gel 60 (0.040 – 0.063 mesh; Merck). M.p.: B3chi-B-540 apparatus in capillaries; uncorrected.
1H- (300 MHz) and 13C-NMR (75.5 MHz) Spectra: Bruker-ARX-300 instrument; in CDCl3 unless
otherwise specified; chemical shifts in ppm, J in Hz. EI-MS and CI-MS: Finnigan-SSQ-700 or -MAT-90
instrument; EI mode: 70 eV; CI mode: NH3 as carrier gas.

2. Starting Materials. Propanedinitrile (¼malononitrile) and all halogenated compounds are
commercially available (Fluka). Isoselenocyanates were prepared according to Barton>s procedure
starting from formamides [37]. Formanilide is commercially available (Fluka, Aldrich), N-(4-
chlorophenyl)-, N-(4-bromophenyl)-, N-(4-methylphenyl)-, N-(2,6-dimethylphenyl)-, and N-(4-methoxy-
phenyl)formamide were prepared from the corresponding commercial anilines and 95% HCOOH [62].
The soln. was heated to reflux for 30 min and concentrated. The residue was dissolved in Et2O and
washed with 5% AcOH soln., H2O, and 5% NaHCO3 soln. The aq. phase was extracted with Et2O, and
the combined org. extract dried (MgSO4) and concentrated. The crude products were purified by
recrystallization in H2O.

3. General Procedure for the Preparation of Selenazinane Derivatives. To a soln. of propanedinitrile
(1a) or ethyl cyanoacetate (1b ; 73 mg and 111 mg, resp., 1.1 mmol) in DMF (10 ml), Et3N (0.15 ml,
1.1 mmol) was added, and the mixture was stirred for 30 min at r.t. The corresponding isoselenocyanate 2
(1.1 mmol) was added, and the mixture was stirred for 1 h at r.t. Then, the halogenated compound
(1.1 mmol) was added dropwise, the mixture stirred for 4 h and then concentrated, and the crude product
purified by CC (hexane/AcOEt 100 :0 to 1 :1).

2-(4-Oxo-3-phenyl-1,3-selenazinan-2-ylidene)propanedinitrile (8a). From 1a, 2a, and 6 or 7: 183 –
250 mg (55 – 75%) of 8a. Yellowish crystals. M.p. 188 – 1908 (AcOEt). IR (KBr): 2209s, 2198s, 1714s,
1593w, 1476s, 1434w, 1344m, 1317m, 1249s, 1186w, 1169w, 1141m, 1030w, 1002w, 950w, 861w, 797w, 748w,
693m. 1H-NMR: 3.32 – 3.42 (m, 2 CH2); 7.21 – 7.27 (m, 2 arom. H); 7.47 – 7.55 (m, 3 arom. H). 13C-NMR:
17.1 (CH2); 35.8 (CH2); 77.1 (C(CN)2); 109.7, 114.1 (2 CN); 128.8 (2 arom. CH); 129.7 (2 arom. CH);
130.4 (1 arom. CH); 137.4 (1 arom. C); 167.4, 171.9 (CO, C(2)). CI-MS: 321 (100, [MþNH4]þ), 304 (8,
[Mþ 1]þ). Anal. calc. for C13H9N3OSe (302.19): C 51.67, H 3.00, N 13.91; found: C 51.61, H 2.92; N 14.01.

2-[3-(4-Methoxyphenyl)-4-oxo-1,3-selenazinan-2-ylidene]propanedinitrile (8b). From 1a, 2b, and 6
or 7: 165 – 238 mg (45 – 65%) of 8b. Yellowish crystals. M.p. 185 – 1878 (AcOEt). IR (KBr): 2211s, 2202s,
1725s, 1602w, 1587w, 1506s, 1475s, 1345m, 1317w, 1301w, 1252s, 1180w, 1168w, 1139m, 1108w, 1033w,
1019w, 969w, 825w, 764w, 672w. 1H-NMR: 3.43 – 3.53 (m, 2 CH2); 4.00 (s, MeO); 7.14, 7.29 (AA’BB’, J¼
8.2, 4 arom. H). 13C-NMR: 17.1 (CH2); 35.7 (CH2); 55.5 (MeO); 60.3 (C(CN)2); 110.2, 114.6 (2 CN);
114.8 (2 arom. CH); 129.8 (1 arom. C); 130.1 (2 arom. CH); 160.9 (1 arom. C); 167.9, 168.0 (CO, C(2)).
CI-MS: 351 (22, [MþNH4]þ), 334 (100, [Mþ 1]þ). Anal. calc. for C14H11N3O2Se (332.22): C 50.61, H
3.34, N 12.65; found: C 50.87, H 3.48, N 12.46.

2-[3-(4-Methylphenyl)-4-oxo-1,3-selenazinan-2-ylidene]propanedinitrile (8c). From 1a, 2c, and 6 or
7: 174 – 216 mg (50 – 62%) of 8c. Yellowish crystals. M.p. 212 – 2148 (AcOEt). IR (KBr): 2205s, 2198s,
1733s, 1717s, 1504m, 1475s, 1346m, 1315w, 1247s, 1183w, 1167w, 1126s, 1029w, 971w, 815w, 762w, 707w,
678w, 626w, 606w. 1H-NMR: 2.35 (s, Me); 3.30 – 3.35 (m, 2 CH2); 7.05, 7.22 (AA’BB’, J¼ 8.2, 4 arom. H).
13C-NMR: 17.2 (CH2); 21.2 (Me); 35.7 (CH2); 67.5 (C(CN)2); 110.0, 114.4 (2 CN); 128.5 (2 arom. CH);
130.1 (2 arom. CH); 134.8, 140.5 (2 arom. C); 167.8, 168.1 (CO, C(2)). CI-MS: 335 (10, [MþNH4]þ), 318
(100, [Mþ 1]þ). Anal. calc. for C14H11N3OSe (316.22): C 53.18, H 3.51, N 13.29; found: C 53.46, H 3.73, N
13.15.

2-[3-(4-Bromophenyl)-4-oxo-1,3-selenazinan-2-ylidene]propanedinitrile (8d). From 1a, 2d, and 6 or
7: 184 – 298 mg (44 – 71%) of 8d. Yellowish crystals. M.p. 208 – 2108 (AcOEt). IR (KBr): 2209s, 2202s,
1714s, 1584w, 1476s, 1402w, 1344m, 1312m, 1253s, 1180w, 1168w, 1135s, 1069w, 1028w, 1011w, 868w, 822w,
806w, 793m, 708w, 659w, 600w. 1H-NMR: 3.30 (t-like, J¼ 7.2, 2 H); 3.46 (t-like, J¼ 7.2, 2 H); 7.32, 7.65
(AA’BB’, J¼ 8.2, 4 arom. H). 13C-NMR: 18.0 (CH2); 35.0 (CH2); 62.5 (C(CN)2); 110.8, 115.4 (2 CN);
123.1 (1 arom. C); 131.7 (2 arom. CH); 132.0 (2 arom. CH); 136.9 (1 arom. C); 168.7, 171.3 (CO, C(2)).
CI-MS: 399 (24, [MþNH4]þ), 382 (100, [Mþ 1]þ). Anal. calc. for C13H8BrN3OSe (381.09): C 40.97, H
2.12, N 11.03; found: C 41.03, H 1.98, N 11.07.
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Suitable crystals for an X-ray crystal-structure determination were obtained from CH2Cl2 by slow
evaporation of the solvent.

2-[3-(4-Chlorophenyl)-4-oxo-1,3-selenazinan-2-ylidene]propanedinitrile (8e). From 1a, 2e, and 6 or
7: 211 – 289 mg (57 – 78%) of 8e. Yellowish crystals. M.p. 191 – 1938 (AcOEt). IR (KBr): 2209s, 2206s,
1716s, 1475s, 1407w, 1345m, 1314m, 1253s, 1182w, 1168w, 1136s, 1088w, 1027w, 1015w, 972w, 839w, 821w,
809w, 715w, 669w. 1H-NMR: 3.25 – 3.31 (m, 2 CH2); 7.12, 7.41 (AA’BB’, J¼ 8.2, 4 arom. H). 13C-NMR:
17.2 (CH2); 35.8 (CH2); 61.8 (C(CN)2); 110.0, 113.9 (2 CN); 129.9 (2 arom. CH); 130.1 (2 arom. CH);
135.8, 136.4 (2 arom. C); 167.5, 167.7 (CO, C(2)). CI-MS: 355 (18, [MþNH4]þ), 338 (100, [Mþ 1]þ).
Anal. calc. for C13H8ClN3OSe (336.63): C 46.38, H 2.40, N 12.48; found: C 46.65, H 2.46, N 12.48.

2-(5-Oxo-3-phenyl-1,3-selenazinan-2-ylidene)propanedinitrile (10a). From 1a, 2a, and 9 : 183 mg
(55%) of 10a. Yellowish crystals. M.p. 181 – 1838 (AcOEt). IR (KBr): 2211s, 2196s, 1724m, 1589w, 1505s,
1453w, 1421w, 1371w, 1345w, 1295w, 1256w, 1209w, 1144w, 1065w, 1029w, 1015w, 943w, 904w, 812w, 763w,
750w, 712w, 693m, 638w. 1H-NMR: 3.69 (s, CH2); 4.55 (s, CH2); 7.33 – 7.49 (m, 5 arom. H). 13C-NMR: 32.2
(CH2); 47.0 (C(CN)2); 63.4 (CH2); 111.6, 117.7 (2 CN); 125.9 (1 arom. CH); 128.4 (2 arom. CH); 130.3 (2
arom. CH); 135.5 (1 arom. C); 172.7 (C(2)); 198.0 (CO). CI-MS: 321 (32, [MþNH4]þ), 304 (100, [Mþ
1]þ). Anal. calc. for C13H9N3OSe (302.19): C 51.67, H 3.00, N 13.91; found: C 51.55, H 2.76, N 14.10.

2-[3-(4-Methylphenyl)-5-oxo-1,3-selenazinan-2-ylidene)propanedinitrile (10b). From 1a, 2c, and 9 :
213 mg (61%) of 10b. White crystals. M.p. 190 – 1928 (AcOEt). IR (KBr): 2212s, 2192s, 1733m, 1516s,
1427w, 1408w, 1348w, 1285w, 1212w, 1167w, 1074w, 1026w, 1016w, 968w, 836w, 828w, 798w, 778w, 759w,
710w, 654w, 624w. 1H-NMR: 2.38 (s, Me); 3.68 (s, CH2); 4.54 (s, CH2); 7.08, 7.23 (AA’BB’, J¼ 8.1, 4 arom.
H). 13C-NMR: 21.4 (Me); 31.6 (CH2); 46.4 (C(CN)2); 61.8 (CH2); 111.3, 117.7 (2 CN); 125.0 (1 arom. C);
129.6 (2 arom. CH); 130.1 (2 arom. CH); 141.7 (2 arom. C); 172.8 (C(2)); 197.8 (CO). CI-MS: 335 (28,
[MþNH4]þ), 318 (100, [Mþ 1]þ). Anal. calc. for C14H11N3OSe (316.22): C 53.18, H 3.51, N 13.29; found:
C 53.08, H 3.46, N 13.60.

2-[3-(4-Chlorophenyl)-5-oxo-1,3-selenazinan-2-ylidene]propanedinitrile (10c). From 1a, 2e, and 9 :
204 mg (55%) 10c. White crystals. M.p. 238 – 2408 (AcOEt). IR (KBr): 2207s, 2198s, 1728s, 1502s, 1488s,
1415m, 1406w, 1372w, 1306w, 1297w, 1247w, 1199w, 1179w, 1108w, 1086w, 1058w, 1011w, 949w, 863w, 840w,
830w, 714w, 621w. 1H-NMR: 3.70 (s, CH2); 4.51 (s, CH2); 7.12, 7.41 (AA’BB’, J¼ 8.1, 4 arom. H).
13C-NMR: 32.1 (CH2); 57.1 (C(CN)2); 63.2 (CH2); 112.5, 117.7 (2 CN); 128.0 (2 arom. CH); 129.4 (2
arom. CH); 132.8 (1 arom. C); 142.6 (1 arom. C); 172.5 (C(2)); 198.0 (CO). CI-MS: 355 (56, [Mþ
NH4]þ), 338 (100, [Mþ 1]þ). Anal. calc. for C13H8ClN3OSe (336.63): C 46.38, H 2.40, N 12.48; found:
C 46.20, H 2.46, N 12.60.

Ethyl 2-Cyano-2-(5-oxo-3-phenyl-1,3-selenazinan-2-ylidene)acetate (10d). From 1b, 2a, and 9 :
189 mg (49%) of 10d. Yellow oil. IR (film): 2207s, 1747m, 1678s, 1583w, 1552w, 1485s, 1421w, 1397w,
1368m, 1284s, 1258m, 1176w, 1129m, 1118m, 1067m, 1012m, 967w, 844w, 781w, 767w, 726w, 697w, 646w.
1H-NMR: 1.34 (t, J¼ 7.2, Me); 3.77 (s, CH2); 4.26 (q, J¼ 7.2, CH2O); 4.43 (s, CH2); 7.15 (d-like, J¼ 8.1, 2
arom. H); 7.42 – 7.52 (m, 3 arom. H). 13C-NMR: 14.2 (Me); 29.6 (CH2); 46.5 (CH2); 61.5 (CH2); 61.6
(C(CN)); 114.0 (CN); 126.7 (1 arom. CH); 131.6 (2 arom. CH); 132.7 (2 arom. CH); 133.1 (1 arom. C);
162.4 (CO2Et); 172.8 (C(2)); 198.1 (CO). CI-MS: 368 (44, [MþNH4]þ), 351 (100, [Mþ 1]þ). Anal. calc.
for C15H14N2O3Se (349.25): C 51.59, H 4.04, N 8.02; found: C 51.72, H 3.95, N 7.88.

3-Oxo-2-(5-oxo-3-phenyl-1,3-selenazinan-2-ylidene)-3-phenylpropanenitrile (10e). From 1c, 2a, and
9 : 202 mg (48%) of 10e. White crystals. M.p. 222 – 2248 (AcOEt). IR (KBr): 2200s, 1668m, 1600s, 1571m,
1485m, 1447s, 1399w, 1322m, 1305m, 1288m, 1214w, 1166w, 1102w, 1070m, 1011m, 961m, 937w, 912w,
841w, 826w, 778w, 725m, 698m, 646w. 1H-NMR: 3.69 (s, CH2); 4.45 (s, CH2); 7.51 (d-like, J¼ 8.1, 2 arom.
H); 7.62 – 7.95 (m, 8 arom. H). 13C-NMR: 29.1 (CH2); 60.4 (CH2); 61.7 (C(CN)); 116.7 (CN); 124.7 (1
arom. CH); 128.0 (2 arom. CH); 131.5 (2 arom. CH); 131.9 (2 arom. CH); 132.3 (2 arom. CH); 133.1 (1
arom. CH); 136.0 (1 arom. C); 137.8 (1 arom. C); 176.0 (C(2)); 190.9, 193.2 (2 CO). CI-MS: 400 (54,
[MþNH4]þ), 383 (100, [Mþ 1]þ). Anal. calc. for C19H14N2O2Se (381.23): C 59.85, H 3.70, N 7.35; found:
C 60.02, H 3.60, N 7.28.

2-(3-Phenyl-1,3-selenazinan-2-ylidene)propanedinitrile (12a). From 1a, 2a, and 11: 210 mg (66%) of
12a. Yellowish crystals. M.p. 182 – 1848 (AcOEt). IR (KBr): 2200s, 2176s, 1593w, 1506s, 1447m, 1389m,
1326m, 1223w, 1179w, 1081w, 1034w, 760m, 693m, 613w. 1H-NMR: 2.24 – 2.32 (m, 2 H); 3.28 (t-like, J¼
7.1, 2 H); 3.84 (t-like, J¼ 5.4, 2 H); 7.25 (d-like, J¼ 6.8, 2 arom. H); 7.40 – 7.51 (m, 3 arom. H). 13C-NMR:
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14.3 (CH2); 19.9 (CH2); 61.2 (CH2); 73.1 (C(CN)2); 112.3, 114.5 (2 CN); 116.7 (2 arom. CH); 122.4
(1 arom. CH); 128.4 (2 arom. CH); 137.2 (1 arom. C); 171.9 (C(2)). CI-MS: 307 (100, [MþNH4]þ), 290
(43, [Mþ 1]þ). Anal. calc. for C13H11N3Se (288.13): C 54.18, H 3.85, N 14.58; found: C 54.53, H 4.03, N
14.59.

2-[3-(4-Methoxyphenyl)-1,3-selenazinan-2-ylidene]propanedinitrile (12b). From 1a, 2b, and 11:
221 mg (63%) of 12b. Yellowish crystals. M.p. 166 – 1688 (AcOEt). IR (KBr): 2196s, 2175s, 1606m, 1584w,
1503s, 1462m, 1449m, 1385m, 1319w, 1258s, 1226w, 1179w, 1169w, 1106w, 1083w, 1033m, 968w, 901w,
835m, 811w, 746w, 720w, 642w, 618w. 1H-NMR: 2.17 – 2.25 (m, 2 H); 3.19 (t-like, J¼ 7.1, 2 H); 3.73 (t-like,
J¼ 5.4, 2 H); 3.76 (s, MeO); 6.88, 7.08 (AA’BB’, J ¼ 8.0, 4 arom. H). 13C-NMR: 22.6 (CH2); 23.8 (CH2);
55.5 (CH2); 57.4 (MeO); 74.8 (C(CN)2); 112.0, 114.5 (2 CN); 115.2 (2 arom. CH); 127.5 (2 arom. CH);
137.3, 160.2 (2 arom. C); 172.3 (C(2)). CI-MS: 336 (100, [MþNH4]þ), 320 (8, [Mþ 1]þ). Anal. calc. for
C14H13N3OSe (318.23): C 52.84, H 4.12, N 13.20; found: C 52.68, H 4.19, N 13.25.

2-[3-(4-Chlorophenyl)-1,3-selenazinan-2-ylidene]propanedinitrile (12c). From 1a, 2e, and 11: 178 mg
(50%) of 12c. Yellowish crystals. M.p. 202 – 2048 (AcOEt). IR (KBr): 2202s, 1591w, 1505s, 1487s, 1449w,
1439m, 1388m, 1353w, 1326w, 1267w, 1226w, 1174w, 1161w, 1091m, 1077w, 1014m, 963w, 898w, 840m,
791w, 715w, 674w, 615w. 1H-NMR: 2.23 – 2.31 (m, 2 H); 3.28 (t-like, J¼ 7.2, 2 H); 3.81 (t-like, J¼ 7.2, 2 H);
7.20, 7.46 (AA’BB’, J¼ 8.1, 4 arom. H). 13C-NMR: 22.4 (CH2); 24.0 (CH2); 54.5 (CH2); 77.2 (C(CN)2);
112.2, 114.5 (2 CN); 128.2 (2 arom. CH); 128.7 (2 arom. CH); 133.1 (1 arom. C); 141.8 (1 arom. C); 170.2
(C(2)). CI-MS: 340 (100, [MþNH4]þ), 324 (5, [Mþ 1]þ). Anal. calc. for C13H10ClN3Se (322.65): C 48.39,
H 3.12, N 13.02; found: C 48.67, H 3.21, N 12.93.

2-[3-(2,6-Dimethylphenyl)-1,3-selenazinan-2-ylidene]propanedinitrile (12d). From 1a, 2f, and 11:
204 mg (50%) of 12d. Yellowish crystals. M.p. 193 – 1958 (AcOEt). IR (KBr): 2197s, 2176s, 1670w, 1593w,
1515s, 1455w, 1434m, 1383s, 1353w, 1318m, 1270w, 1222w, 1196w, 1183w, 1168w, 1101w, 1016w, 962w, 904w,
838w, 783m, 621w. 1H-NMR: 2.57 (s, 2 Me); 2.64 – 2.72 (m, 2 H); 3.57 (t-like, J¼ 7.2, 2 H); 3.95 (t-like, J¼
5.5, 2 H); 7.43 (d, J¼ 7.6, 2 arom. H); 7.55 – 7.60 (m, 3 arom. H). 13C-NMR: 17.8 (2 Me); 22.3 (CH2); 24.2
(CH2); 52.2 (C(CN)2); 55.1 (CH2); 112.3, 117.1 (2 CN); 129.0 (2 arom. CH); 130.2 (2 arom. C); 135.1 (1
arom. CH); 141.9 (1 arom. C); 170.9 (C(2)). CI-MS: 335 (100, [MþNH4]þ), 318 (28, [Mþ 1]þ). Anal.
calc. for C15H15N3Se (316.27): C 56.97, H 4.78, N 13.29; found: C 57.14, H 4.56, N 13.19.

Ethyl 2-Cyano-2-(3-phenyl-1,3-selenazinan-2-ylidene)acetate (12e). From 1b, 2a, and 11: 129 mg
(35%) of 12e. Yellowish crystals. M.p. 162 – 1648 (AcOEt). IR (KBr): 2194s, 1671s, 1591w, 1484s, 1471m,
1449m, 1433m, 1385m, 1364w, 1284s, 1214w, 1168w, 1128s, 1021w, 1011w, 887w, 816w, 767m, 697m, 623w.
1H-NMR: 1.23 (t, J¼ 7.2, Me); 2.20 – 2.28 (m, 2 H); 3.04 (t-like, J¼ 7.2, 2 H); 3.85 (t-like, J¼ 5.5, 2 H);
4.14 (q, J¼ 7.2, CH2O); 7.21 – 7.30 (m, 3 arom. H); 7.43 (d-like, J¼ 8.1, 2 arom. H). 13C-NMR: 14.2 (Me);
22.1 (CH2); 23.1 (CH2); 55.9 (CH2); 60.6 (CH2); 78.4 (C(CN)); 114.3 (CN); 125.3 (2 arom. CH); 127.0 (1
arom. CH); 129.8 (2 arom. CH); 147.3 (1 arom. C); 171.2 (C(2)). CI-MS: 354 (100, [MþNH4]þ), 337 (34,
[Mþ 1]þ). Anal. calc. for C15H16N2O2Se (335.27): C 53.74, H 4.81, N 8.36; found: C 53.62, H 4.96, N 8.33.

Suitable crystals for an X-ray crystal-structure determination were obtained from AcOEt by slow
evaporation of the solvent.

Ethyl 2-Cyano-2-[3-(4-methoxyphenyl)-1,3-selenazinan-2-ylidene]acetate (12f). From 1b, 2b, and 11:
314 mg (35%) of 12f. Yellowish crystals. M.p. 108 – 1108 (AcOEt). IR (KBr): 2190s, 1666w, 1607w,
1585w, 1509s, 1479m, 1443m, 1377m, 1298w, 1270s, 1247s, 1212w, 1172w, 1128s, 1082w, 1028m, 911w, 831w,
763w, 723w. 1H-NMR: 1.24 (t, J¼ 7.1, Me); 2.20 – 2.28 (m, 2 H); 3.05 (t-like, J¼ 7.2, 2 H); 3.78 (t-like, J¼
7.1, 2 H); 3.82 (s, MeO); 4.14 (q, J¼ 7.2, CH2O); 6.93, 7.16 (AA’BB’, J¼ 8.1, 4 arom. H). 13C-NMR: 14.2
(Me); 22.2 (CH2); 23.1 (CH2); 55.4 (MeO); 56.6 (CH2); 60.4 (CH2); 79.5 (C(CN)); 114.9 (2 arom. CH);
116.5 (CN); 126.8 (2 arom. CH); 140.4, 158.4 (2 arom. C); 167.1 (CO2Et); 173.9 (C(2)). CI-MS: 384 (49,
[MþNH4]þ), 367 (100, [Mþ 1]þ). Anal. calc. for C16H18N2O3Se (365.29): C 52.61, H 4.97, N 7.67; found:
C 52.78, H 4.90, N 7.76.

Ethyl 2-Cyano-2-[3-(4-methylphenyl)-1,3-selenazinan-2-ylidene)acetate (12g). From 1b, 2c, and 11:
131 mg (34%) of 12g. Yellowish crystals. M.p. 127 – 1298 (AcOEt). IR (KBr): 2194s, 1671s, 1583w, 1509w,
1476s, 1437s, 1381m, 1322w, 1277s, 1171w, 1136s, 1029w, 886w, 818w, 764w, 712w, 618w. 1H-NMR: 1.30 (t,
J¼ 7.1,MeCH2); 2.25 – 2.33 (m, 2 H); 2.43 (s, Me); 3.11 (t-like, J¼ 7.2, 2 H); 3.89 (t-like, J¼ 7.1, 2 H); 4.21
(q, J¼ 7.2, CH2O); 7.19, 7.29 (AA’BB’, J¼ 8.1, 4 arom. H). 13C-NMR: 14.2 (MeCH2); 21.0 (Me); 22.2
(CH2); 23.0 (CH2); 56.2 (CH2); 60.5 (CH2); 80.4 (C(CN)); 116.5 (CN); 125.2 (2 arom. CH); 130.4 (2
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arom. CH); 137.0, 145.0 (2 arom. C); 167.2 (CO2Et); 174.3 (C(2)). CI-MS: 368 (34, [MþNH4]þ), 351
(100, [Mþ 1]þ). Anal. calc. for C16H18N2O2Se (349.29): C 55.02, H 5.19, N 8.02; found: C 55.00, H 5.01, N
8.06.

Ethyl 2-[3-(4-Bromophenyl)-1,3-selenazinan-2-ylidene]-2-cyanoacetate (12h). From 1b, 2d, and 11:
314 mg (69%) of 12h. Yellowish crystals. M.p. 138 – 1408 (AcOEt). IR (KBr): 2200s, 1663s, 1481s, 1447m,
1428s, 1386m, 1326w, 1277s, 1218w, 1181w, 1135m, 1068m, 1028m, 1005m, 907w, 889w, 837m, 767m, 710w,
629w, 609w. 1H-NMR: 1.40 (t, J¼ 7.1, Me); 2.35 – 2.43 (m, 2 H); 3.21 (t-like, J¼ 7.2, 2 H); 3.98 (t-like, J¼
7.1, 2 H); 4.30 (q, J¼ 7.2, 2 H); 7.28, 7.68 (AA’BB’, J¼ 8.9, 4 arom. H). 13C-NMR: 14.2 (Me); 22.2 (CH2);
22.9 (CH2); 55.6 (CH2); 60.7 (CH2); 82.0 (C(CN)); 116.3 (CN); 120.1 (1 arom. C); 126.7 (2 arom. CH);
132.9 (2 arom. CH); 146.3 (1 arom. C); 162.4 (CO2Et); 175.0 (C(2)). CI-MS: 432 (82, [MþNH4]þ), 415
(100, [Mþ 1]þ). Anal. calc. for C15H15BrN2O2Se (414.17): C 43.50, H 3.65, N 6.76; found: C 43.57, H 3.51,
N 6.75.
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Table 4. Crystallographic Data for Compounds 8d and 12e

8d 12e

Crystallized from CH2Cl2 AcOEt
Empirical formula C13H8BrN3OSe C15H16N2O2Se
Mr 381.03 335.20
Crystal color, habit colorless, needle orange, prism
Crystal dimensions [mm] 0.05 � 0.10 � 0.30 0.10 � 0.12 � 0.17
Temperature [K] 160(1) 273(1)
Crystal system monoclinic orthorhombic
Space group P21/c P212121
Z 4 4
Reflections for cell determination 28461 13769
2q range for cell determination [8] 4 – 50 4 – 50
Unit cell parameters:

a [J] 10.9085(4) 9.2368(5)
b [J] 18.3762(8) 10.6208(6)
c [J] 6.7674(2) 14.916(1)
b [8] 100.272(3) 90
V [J3] 1334.83(9) 1463.3(2)

Dx [g cm�3] 1.896 1.521
m(MoKa) [mm�1] 5.808 2.567
Scan type w w

2q(max) [8] 50 50
Transmission factors [min; max] 0.517; 0.755 0.623; 0.779
Total reflections measured 16260 13994
Symmetry-independent reflections 2341 2578
Reflections with I> 2s(I) 2039 1937
Reflections used in refinement 2341 2578
Parameters refined; restraints 173; 0 222; 77
Final R(F) (I> 2s (I) reflections) 0.0345 0.0371

wR(F 2) (all data) 0.0838 0.0829
Weighting parameters [a ; b]a) 0.0315; 3.7663 0.0347; 0.1447
Goodness of fit 1.072 1.050
Secondary extinction coefficient 0.0035(5) 0.007(1)
Final Dmax/s 0.002 0.001
D1 (max; min) [e J�3] 0.79; � 0.55 0.25; � 0.32

a)w�1¼ s 2(F2
o )þ (aP)2þ bP where P¼ (F2

o þ 2F2
c )/3.



X-Ray Crystal-Structure Determination of 8d and 12e (see Table 4 and Figs. 1 and 2)3). All
measurements were made with a Nonius-KappaCCD diffractometer [63], graphite-monochromated
MoKa radiation (l 0.71073 J), and an Oxford-Cryosystems-Cryostream-700 cooler. Data reduction was
performed with HKL Denzo and Scalepack [64]. The intensities were corrected for Lorentz and
polarization effects, and absorption corrections based on the multiscan method [65] were applied.
Equivalent reflections, other than the Friedel pairs of 12e, were merged. Data collection and refinement
parameters are given in Table 4, and views of the molecules are shown in the Figs. 1 and 2. The structures
were solved by direct methods with SIR92 [66], which revealed the positions of all non-H-atoms. In the
case of 12e, the heterocyclic ring and the ester Et group are disordered. Two sets of positions were
defined for two CH2 groups in the heterocyclic ring and for the atoms of the ester Et group. The site-
occupation factors of the major conformations of these disordered groups refined to 0.557(8) and
0.67(2), resp. Similarity restraints were applied to the chemically equivalent bond lengths and angles
involving all disordered C-atoms, while neighboring atoms within and between each conformation of the
disordered groups were restrained to have similar atomic displacement parameters. For both structures,
the non-H-atoms were refined anisotropically. All of the H-atoms were placed in geometrically
calculated positions and refined by using a riding model where each H-atom was assigned a fixed
isotropic displacement parameter with a value equal to 1.2 Ueq of its parent C-atom (1.5 Ueq for the Me
groups of 12e). The refinement of each structure was carried out on F 2 using by full-matrix least-squares
procedures, which minimized the function Sw(F2

o �F2
c )2. Corrections for secondary extinction were

applied. Although 12e is achiral, it crystallized in a non-centrosymmetric space group. Refinement of the
absolute structure parameter [67] yielded a value of � 0.01(1), which confidently confirms that the
refined coordinates, represent the true absolute structure. Neutral-atom scattering factors for non-H-
atoms were taken from [68a], and the scattering factors for H-atoms were taken from [69]. Anomalous
dispersion effects were included in Fc [70]; the values for f ’ and f ’’ were those of [68b]. The values of the
mass attenuation coefficients are those of [68c]. All calculations were performed with the SHELXL97
[71] program.
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