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Figure 1. NMR spectra of TTF 1, SMe peak: (a) 0.6 g of 1
dissolved in boiling commercial CDClg with 10 drops of CsD;N
added, spectra recorded before any precipitation; (b) remaining
filtrate after removal of the precipitate formed upon ice bath
cooling (2 cis-rich solution), observed only if the spectra is im-
mediately recorded; (c) peak observed for the precipitate in a CCl,
solution (1 trans isomer).

cipitation of the trans isomer.

The thiomethyl group in 1 exhibits a particularly
well-resolved singlet at 2.25 ppm in either CCl,, C¢D,
CsD;N, or basic alumina CDCl, purified. However, two
signals were observed when these solvents were slightly
acidified by gaseous HCl or when commercially available
CDClI; was used without further purification.

These results can be explained by an isomerization of
the trans TTF 1 catalyzed by H*.

TTF 1 (trans) == [TTF]H* == TTF 2 (cis)

In agreement with such equilibria two signals were ob-
served when TTF 1 (trans) was first dissolved in com-
mercial CDCl; (rapid isomerization) and then pyridine
added, while only one signal was present when the TTF
1 (trans) was dissolved into a previously prepared mixture
of CDCl; and pyridine. However, after a few minutes the
second signal appeared, showing that the rate of isomer-
ization was slowed by addition of pyridine but not elim-
inated.

The second methyl peak does not arise from the pro-
tonated intermediate because when the isomerization was
achieved, the relative intensity of the two methyl peaks
was independent of the acidity of the medium. For in-
stance, the two methyl peaks observed in a weakly acidic
CDCl,; solution of TTF 1 were not modified by further
addition of pyridine, even after 1 h.

Another noteworthy feature of the TTF solutions is the
selective precipitation of the trans isomer from saturated
solutions. It was not possible to isolate the cis isomer even
when pyridine was added after isomerization of the trans
isomer (Figure 1a); cooling the solution afforded a pre-
cipitate of pure solid trans isomer 1 (Figure 1c) and a
solution in which the cis isomer was the major compound
(Figure 1b). However, the cis-trans equilibrium was too
rapidly established to permit isolation of the cis TTF 2.
After concentration of the solution, the trans isomer 1 was
quantitatively recovered and identified on the basis of
identical melting points as well as IR and NMR spectra.

Experimental Section

TTF 1 was selected because the thiomethyl group exhibits a
well-resolved 'H NMR signal. It was prepared according to the
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published procedure, and its physical data were as expected.! 'H
NMR spectra were recorded at 80 MHz on a Britker WP 80
spectrometer. An expanded scale was used (2 Hz/cm™), and
Me,Si was the internal standard. The thiomethyl group signal
is shifted upfield by about 5 X 10~% ppm (Figure 1). Each ex-
periment was repeated at least three times in order to avoid
artifacts.

To show that isomerization was linked to the acidity of the
medium, two final solutions were prepared in two different ways:

(a) A 0.5-g portion of 1 was first dissolved in 0.5 mL of com-
mercially available CDC]; followed by addition of 10 drops of
C;H;N; two methyl peaks were observed.

(b) A 0.5-g portion of 1 was dissolved in a previously prepared
mixture of 0.5 mL of commercial CDCl; and 10 drops of C;H;N.

A single methyl peak was observed when the spectrum was
immediately recorded, but two peaks appeared after a few minutes
and equilibrium was reached after 40 min (identical spectra for
a and b solutions).

The configuration of TTF 1 in the solid state was determined
by an X-ray single-crystal structure determination. A reddish
needle-shaped crystal (0.40 X 0.12 X 0.04 mm) was mounted on
a Nonius CAD4 automatic diffractometer (graphite-mono-
chromated Mo Ko radiation, 6-28 scan technique). Data:
monoclinic; space group P2,/n; a = 8.994 (4), b = 25.343 (7), ¢
= 4.8%1 (3) A;8=98.70 (5)°, V= 1086 A3, Z = 2, dyyoq = 1.583
g-cm™,

A total of 2780 independant reflections were collected up to
6 = 28° of which 961 with I > 34(I) were considered observed and
included in the refinement. The structure was solved by direct
methods and difference Fourier synthesis. Full-matrix least-
squares refinement with anisotropic temperature factors for all
non-hydrogen atoms (with the hydrogen atoms included in fixed
calculated positions) converged to R = 0.064 and R,, = 0.070. The
asymmetric unit consists of a half molecule located on a center
of symmetty. Accordingly, the thiomethyl groups are trans to
each other as verified by the full-structure determination.
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During the course of our study on selenium-assisted
carbonylation with carbon monoxide,! we have found that
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the selenol carbamate 1 is readily formed by the reaction
of amine, carbon monoxide, and selenium (eq 1).

base 9
RyNCSe H"base (1}

!

RyNH+ CO+ Se

The selenol carbamate group (NCOSe") has not only an
electrophilic site at the carbonyl carbon!®? but also a nu-
cleophilic site at selenium.'® Therefore, it can be expected
that a nucleophilic reaction of the selenol carbamate may
proceed intramolecularly to give a new class of selenium-
containing heterocycles when anilines that carry a sub-
stituent having an electrophilic center at the ortho position
are employed in this reaction system.

We report here that the reactions of o-cyanoaniline (2)
and o-aminoacetophenone (8) with carbon monoxide and
selenium give new selenium-containing heterocycles, i.e.,
selenoxoquinazolinone (6) and benzoselenazinone (12),
respectively. Although the sulfur analogues? of quinazo-
linedione® and benzoxazinone® have already been syn-
thesized for pharmacological interest, synthetic methods
to prepare the corresponding selenium-containing com-
pounds 6 and 12 have not been reported.

o-Aminobenzonitrile (2a) was treated with excess
amounts of selenium and carbon monoxide (30 kg/cm?)
in the presence of N-methylpyrrolidine (NMP) at 100 °C
to give 4-selenoxo-3,4-dihydroquinazolin-2(1H)-one (6a)
in 75% yield. 2-Cyano-4-chloroaniline (2b) and 2-cyano-
4-methoxyaniline (2¢) also reacted in the same manner to
yield selenoxoquinazolinone derivatives 6b (48%) and 6¢
(64%), respectively.

A plausible reaction mechanism?® is shown in Scheme
I. This reaction may involve the initial formation of
selenol carbamate 3 by the reaction of the aromatic amino
group with selenium and carbon monoxide. Intramolecular

(2) Synthetic methods are classified as follows. For thloqumazolmone
derivatives: (a) direct displacement of oxygen by sulfur using P,S,,;® (b)
cyclization of o-aminothiobenzamide with CICO,Et;? (c) reaction of aro-
matic o-amino nitrile with carbon disulfide* or carbonyl sulfide.® For
benzothiazinone derivatives: (a) reaction of anthranilic acid derivatives
with 2,4-bis(alkoxycarbonylcyanomethylene)-1,3-dithioetane;® (b) hy-
drolysis of benzothiazinethione.’
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Chem. 1981, 46, 3941.

5) Taylor E. C.; McKillop, A.; Warrener, R. N. Tetrahedron 1967, 23,
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(7 (a) Umio, S.; Kariyone, K.; Kishimoto, K. Japan Kokai 6 927 032;
Chem. Abstr. 1970, 72, 79068w. (b) Wenner, W.; Uskokovic, M. R. U.S.
Patent 3463774; Chem. Abstr. 1972, 72, 67005k.

(8) (a) Maillard, J.; Vincent, M.; Benard, M.; Vo-Van-Tri; Jolly, R.;
Morin, R..; Menillet, C.; Benharkate, M. Chim. Ther. 1968, 3, 100. (b)
Glaser, T.; Traber, J. Agents Actions 1984, 15, 341. (c) Nakagawa, A.;
Hachiya, T.; Ide, H, Japan Kokai 75140470; Chem. Abstr. 1976, 85,
21427q.

(9) Narr, B.; Nick], J.; Mueller, E.; Roch, J.; Haarmann, W.; Weisen-
werger, J. M. Ger. Offen. DE 3217012; Chem. Abstr. 1984, 100, 139125w.

(10) This mechanism of the ring-closure reaction is similar to that
proposed for the reaction of 0-amino nitrile with carbon disulfide by E.
C. Taylor.®
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addition of the SeH moiety of 3 to the cyano group might
occur to form cyclic intermediate 4, followed by a ring-
opening, ring-closure sequence to yield 6a-c.

These products, 6a—c, showed spectral data (1*C NMR,
'H NMR, IR, MS) reasonable for the assigned structures.!!
The structure of 6a was also confirmed by reduction with
Raney nickel (activity W-5), leading to 7 in 82% yield
(Scheme I).

o-Aminoacetophenone (8) also reacted with carbon
monoxide and selenium under similar reaction conditions
to afford 4-methyl-3,4-dihydro-3,1-benzoselenazin-2-
(1H)-one'? (12) in 58% yield. This reaction may also
proceed via selenol carbamate intermediate 9. Subsequent
cyclization giving rise to 10, followed by reduction!® via 11,
may afford 12 (Scheme II).

All products tend to retain water during a usual workup.
In order to obtain an anhydrous sample, careful workup
under dry conditions is recommended. The selenium-
containing products are relatively stable in air, at least for
a few days, and can be stored for several months at am-
bient temperature under nitrogen in a flask wrapped with
aluminum foil.

Experimental Section

Apparatus. Melting points were determined under Ny on a
Yanagimoto hot-stage microscope apparatus HP-S2 and were
uncorrected. 'H and *C NMR spectra were recorded on a JEOL
JNM-PS-100 and a JEOL FX-60s with Me,Si as an internal
standard. Infrared spectra were obtained on a Shimadzu IR-400.
Mass spectra were recorded on a Hitachi Model RMU-6E. El-
emental analyses were performed on a Yanagimoto CHN-Corder
MT-2.

Materials. THF was freshly distilled from sodium/benzo-
phenone prior to use. N-Methylpyrrolidine was distilled from
CaH,. Pentane was distilled from sodium. Metallic selenium
(99.9%) and carbon monoxide were purchased from Nakarai
Chemicals Ltd. and Seitetsu Chemical Co., respectively. 2-
Cyano-4-methoxyaniline (2¢) was prepared by a procedure re-
ported previously.!* All other starting materials were obtained
from commercial sources and purified by distillation or recrys-
tallization.

Isolation and purification of the reaction products 6a—c and
12 were carried out by recrystallization from appropriate solvents
given below. Attempted purification by column chromatography
has resulted in the decomposition of the products.

(11) The signals for *C=Se carbons of the selenocarbonyl compounds
(e.g., selenoamide or selenoketone) appear far downfield (approximately
6 200 relative to Me,Si as internal standard), so their assignments pose
few problems: (a) Cullen, E. R.; Buziec, F. G., Jr.; Murphy, C. J.; Wong,
T. C.; Andersen, K. K. J. Chem. Soc., Perkin Trans. 2 1982, 473. (b) Rae,
1. D. Aust. J. Chem. 1979, 32, 567.

(12) In contrast, o-hydroxyacetophenone reacted with selenium and
carbon monoxide in the presence of 1,8-diazabicyclo[5.4.0Jundec-7-ene
(DBU) to afford only 4-hydroxycoumarin, and a selenium-containing
heterocyclic compound was not obtained: Ogawa, A.; Kondo, K.; Murai,
S.; Sonoda, N. J. Chem. Soc., Chem. Commun. 1982, 1283,

(13) The reducing agent, H,Se, was presumably formed by the reaction
of selenium, carbon monoxide, and water under similar reaction condi-
tions: Sonoda, N.; Kondo, K.; Nagano, K.; Kambe, N.; Morimoto, F.
Angew. Chem., Int. Ed. Engl. 1980, 19, 308.

(14) Norris, R. K,; Sternhell, S. Aust. J. Chem. 1972, 25, 2621.



dJ. Org. Chem. 1987, 52, 16131615 1613

4-Selenoxo-3,4-dihydroquinazolin-2(1 H)-one. o-Amino-
benzonitrile (2a; 296 mg, 2.5 mmol), selenium (592 mg, 7.5 mmol),
N-methylpyrrolidine (0.79 mL, 7.5 mmol), and THF (10 mL) were
placed in a 50-mL stainless steel autoclave. The reaction mixture
was stirred under carbon monoxide pressure (30 kg/cm?) at 100
°C for 20 h. After the evacuation of excess carbon monoxide at
room temperature, the deposited selenium was filtered off, and
the solvent was evaporated in vacuo. The residual solid was
recrystallized from THF/pentane to yield 422 mg of 6a (73%).
The sample seemed to contain a small amount of water: pale
yellow plates, mp 233-234 °C dec, 13C NMR (Me,SO-d;/Me,Si)
5 195.82, 146.97, 137.09, 135.79, 133.32, 123.72, 123.32, 116.04; 'H
NMR (Me,S0-dg/Me,Si) 6 13.48 (brs, 1 H, NH), 11.79 (br s, 1
H, NH), 8.37 (d, J = 8.9 Hz, 1 H, aromatic), 7.75 (t, J = 8.9 Hz,
1 H, aromatic), 7.21 (t, J = 7.7 Hz, 1 H, aromatic), 7.13 (d, J =
7.7 Hz, 1 H, aromatic), 3.27 (s, H,0); IR (KBr) 3350-2760, 1710,
765, 753 cm™; MS m/e 226 (M*). Anal. Caled for
CgHN,0Se!/ H0: C, 41.85; H, 2.85; N, 12.20. Found: C, 41.69;
H, 2.99; N, 12.09. 'H NMR and IR spectra and elemental analysis
showed that 6a contained !/, H,0 as a hydrate or 1.95 wt % H,0
as moisture.

In order to obtain an anhydrous sample of 6a, the sample was
dissolved in THF (50 mL) and dried over Na,SO, under nitrogen
atmosphere. The solvent was evaporated in vacuo to obtain
anhydrous 6a in 70% (396 mg) yield: pale yellow powder, mp
233-234 °C dec. Anal. Caled for CgHgN,OSe: C, 42.67; H, 2.68;
N, 12.44. Found: C, 42.27; H, 2.56; N, 12.30.

6-Chloro-4-selenoxo-3,4-dihydroquinazolin-2(1 H)-one (6b).
4-Chloro-6-cyanoaniline (2b; 381 mg, 2.5 mmol) was reacted under
the same conditions, and similar workup as described for the
preparation of 6a gave 334 mg (50%) of 6b: pale yellow plates;
mp 289-290 °C dec; 13C NMR (Me,SO-ds/Me,Si) § 194.45, 146.72,
135.94, 135.14, 131.71, 127.59, 124.34, 118.38; 'H NMR (Me,SO-
dg/Me,Si) 6 13.40 (br, 2 H, NH), 8.37 (d, J = 2.9 Hz, 1 H, aro-
matic), 7.89 (dd, J = 9.6, 2.9 Hz, 1 H, aromatic), 7.21 (d, J = 9.6
Hz, 1 H, aromatic), 4.28 (s, H,0); IR (KBr) 3240-2900, 1705, 1000,
809 cm™!; MS m/e 262 (M*). Anal. Caled for CgHzN,Cl0Se-!/
H,0: C,36.39; H, 2.10; N, 10.60. Found: C, 36.44; H, 2.27; N,
10.24.

In a similar manner as described above was obtained anhydrous
6b in 48% (271 mg) yield: pale yellow powder, mp 289-290 °C
dec. Anal. Caled for CsgHzN,ClOSe: C, 37.02; H, 1.94; N, 10.79.
Found: C, 37.00; H, 2.27; N, 10.42.

6-Methoxy-4-selenoxo-3,4-dihydroquinazolin-2(1 H)-one
(6¢). 2-Cyano-4-methoxyaniline (2¢; 370 mg, 2.5 mmol) was
reacted under the same conditions. A similar workup as described
for the preparation of anhydrous 6a under dry conditions gave
409 mg (64%) of anhydrous 6c: pale yellow powder, mp
273.5-274.5 °C dec; 13C NMR (Me,SO-dg/Me,Si) & 194.58, 155.36,
146.81, 131.47, 125.13, 123.70, 117.63, 113.71, 55.49; 'H NMR
(Me,S0O-dg/Me,Si) 6 12.86 (br, 2 H, NH), 7.93 (d,J = 28 Hz, 1
H, aromatic), 7.52 (dd, J = 9.2, 2.8 Hz, 1 H, aromatic), 7.21 (d,
J = 9.2 Hz, 1 H, aromatic), 3.87 (s, 3 H, OCH;); IR (KBr)
3400-3020, 1703, 818, 865 cm™; MS m/e 256 (M*). Anal. Calcd
for CoHgN,O,Se: C, 42.37; H, 3.16; N, 10.97. Found: C, 42.10;
H, 3.30; N, 10.55.

4-Methyl-3,4-dihydro-3,1-benzoselenazin-2(1 H)-one (12).
Reaction of o-aminoacetophenone (8; 337 mg, 2.5 mmol) with
selenium (592 mg, 7.5 mmol) in the presence of N-methyl-
pyrrolidine (0.79 mL, 7.5 mmol) in THF (10 mL) under carbon
monoxide pressure (30 kg/cm?) at 100° C for 20 h, followed by
a similar workup, gave 352 mg (60%) of 12: yellow needles, mp
135-136 °C dec; 3C NMR (Me,S0-dg/Me,Si) 6 166.07, 140.21,
137.49, 129.04, 127.09, 124.75, 119.42, 36.26, 25.21; 'H NMR
(Me,S0-dg/Me,Si) § 10.70 (br s, 1 H, NH), 6.95-7.61 (m, 4 H,
aromatic), 4.55 (q, J = 7.6 Hz, 1L H,CH), 1.75 (d, J = 7.6 Hz, 3
H, CH,), 3.28 (s, H,0); IR (KBr) 32803150, 1614, 822, 757 cm™;
MS m/e 227 (M*). Anal. Caled for CoHoNOSe !/, H,0: C, 45.97;
H, 4.28; N, 5.95. Found: C, 46.22; H, 4.31; N, 6.24.

In a similar manner as described above, anhydrous 12 was
obtained in 58% (342 mg) yield: yellow powder, mp 135136 °C.
Anal. Caled for CgHNOSe: C, 47.80; H, 4.01; N, 6.19. Found:
C, 47.90; H, 4.10; N, 6.24.

Reductive Deselenation of 6a with Raney Nickel. In a
100-mL round-bottomed flask fitted with a reflux condenser were
placed anhydrous 6a (130 mg, 0.58 mmol), 2 g of Raney nickel
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(activity W-5), and ethyl alcohol (30 mL). The mixture was
refluxed for 2 h with stirring. After cooling to room temperature,
the reaction mixture was filtered, and the solvent was evaporated
in vacuo. The residual solid was purified by recrystallization from
THF /hexane to give 71 mg (82%) of 3,4-dihydroquinazolin-2-
(1H)one (7): white needles, mp 241-242 °C;’®* 1H NMR
(MeySO-dg) 6 9.08 (br s, 1 H, NH), 7.50-6.80 (m, 5 H, aromatic
and NH), 4.40 (s, 2 H, CH,); IR (KBr) 3240, 1720, 1264, 740 cm™;
MS m/e 148 (M*). Anal. Calcd for CgHgN,O: C, 64.85; H, 5.44;
N, 18.92. Found: C, 64.60; H, 5.20; N, 18.95.
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(15) A melting point of 229-231 °C was reported for a sample obtained
by recrystallization from ethyl alcohol: Kempter, G.; Ziegner, H.-J ;
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While there is an increasing number of reports on syn-
thetic enzyme analogs,? little attention has been paid so
far to the use of host compounds as inhibitors. Rate re-
tardation by complexation of substrates in suitable mac-
romolecular cavities is of interest not only for biological
systems but also for potential synthetic applications, e.g.,
with multifunctional compounds or with parallel reactions
that could be made more selective by addition of suitable
blocking reagents. It must be noted, however, that in-
hibition of reactions, which should not be confused with
the more common inhibition of catalysts such as enzymes,
places much more stringent requirements than catalysis.
Whereas even small catalytic effects can be easily recog-
nized, a corresponding rate retardation requires a complex
formation which is strong enough to compete with the
reaction outside a cavity, or, in other words, a competition
between ground-state and—usually much larger—
transition-state energy effects. This is likely to be the
reason why saturation kinetics for rate retardations with
organic substrates to our knowledge have been barely re-
ported.

Recently we have demonstrated® that the electrostatic
interaction between four negative charges of a macrocyclic
polyphenolate H and trimethylammonium derivatives can
lead to almost micromolar dissociation constants K in
water which partially exceed corresponding constants in
biological systems. The present paper describes how the
delocalized negative charge in the cyclic cavity not only

(1) Host-Guest Chemistry, Part 9. Part 8: Schneider, H.-J.; Sangwan,
N. K. J. Chem. Soc. Chem. Comm. 1986, 1787.

(2) For recent reviews, see (a) Breslow, R. Science (Washington, D. C.)
1982, 218, 5632. (b) Cram, D. J.; Trueblood, K. N. Top. Curr. Chem. 1981,
98, 43. (c) Lehn, J.-M. In Biomimetic Chemistry, Yoshida, Z.-1., Ise, N,
Eds.; Kodansha: Tokyo 1983; Vol. 115, pp 1, 163. (d) Tabushi, I. In
IUPAC—Frontiers of Chemistry; Laidler, K. J.; Ed.; Pergamon: Oxford,
1982; p 275. (e) Vogtle, F.; Léhr, H.-G.; Franke, J.; Worsch, D. Angew.
Chem. 1985, 97, 721, Angew. Chem. Int. Ed. Engl. 1985, 24, 727. For an
earlier example of inhibition, see: (f) Tabushi, [.; Yamamura, K.; Fujita,
K.; Kawakubo, H. J. Am. Chem. Soc. 1979, 101, 1019.

(3) Schneider, H.-J.; Giittes, D.; Schneider, U. Angew. Chem. 1986, 98,
635; Angew. Chem., Int. Ed. Engl. 1986, 25, 647.
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