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such that W-0(1)=1792) &, 0s(3)-0(1)=2.13(2) &, and <W-
0(1)-0s(3)=95.9(7)°, which reveals the typical unsymmetrical
edge-bridging oxe ligand. The presence of analogous W=0:
—>0s bonding has been found previously in p-oro tungsten
complexes [W=0(av)=179 A and 0s-O(av)=2.16 A] such
as CpWOsy(COM(p-O)pa-CCH,Tol),"!  anti-CpWOs(CON(p-0)
(u-CHCH:To)(u-H),? CpWOsH(CO)e(p-0)(p-C = CHTol}u-H),?
CpWOs;(COX(n-0)(pa-n*-CzHo)(n-H),"* CpWOss(COM(p-O)(u-
CHCH,Tol)(u-Ci),"* CpWOss(CO)s(PPh,Me)(u-O)ps-CCH; Tol),®
and CpWOs(COolp-OXpus-CCH;Tol),®

The p-alkylidene ligand bridges the W-Os(1) edge, with
W-C(1)=2.05(3) 3 0s(1)-C(1)=2.20(2) &, and <W-C(1)-0s()
=83.2(9)°. The configuration of C(1) is such that the C(1)-
C(2) vector is oriented toward the p-oxe ligand and the tria-
ngular W-0s(1)-Os(3) face. This configuration positions the
Tol group syn to the W-Os(1)-Os(3) triangular face which
is associated with three edge-bridging groups. The syn confi-
guration of 2 adopted by the p-alkylidene ligand places the
bulky Cp and Tol moieties apart and avoids their steric co-
ngestion.’

Al} other features of the molecular geometry are within
the expected range. Individual Os-CO distances range from
1.74(5) through 1.95(3) A, C-0 bond lengths range from 1.09
(3) through 1.28(5) A and <Qs-C-O angles are in the range
169(3)-180(1)°. Tungsten-carbon (Cp) distances vary from 2.29
(3) through 246(3) A and carbon-carbon (Cp) distances are
in the range 131(7}-146(7) A

In conclusion, the reaction of 1 with dihydrogen produces
an unexpected hydrido-oxe-alkylidene complex CpWOs;(CO)
(1-O)u-CHTol)(u-H) of syn-isomer as shown in Eq. (1). The
source of the oxo ligand is not known at the moment. The

cp Tol w_ F
/w\.\\‘i/ /! \\\c\:‘rol
conor— —/7\0s(c0), 2 (comaﬁl Sostcon (1)
Os ——H
{COh (83);
1 2

oxo ligand may be derived from a CO ligand by C-O bend
scission or from other possible sources (0., H,O, etc.). Note,
however, that oxo-alkyne complexes CpWOs»(CO)s(u-O)ps-n?-
C:Ro)(n-H) (R=H, Ph, Tol) were also produced by initial
decarbonylation of the alkyne complexes CpWOss(CO)solusn?-
CR)(p-H) followed by thermelysis at 110C .7

Acknowledgment. This work is supported by Korea
Science and Engineering Foundation (KOSEF) and partial
support by KOSEP for 1.-H. Suh through the Science Resea-
rch Center (SRC) of Excellence program is gratefully ackno-
wledged.

Supplementary Materlal Available. Details of the cr-
ystallographic study of 2 are available from the authors (I-
H. S.).

References

1. (@) Muetterties, E. L.; Rhodin, T. N.; Band, E.; Brucker,
C. F.; Pretzer, R. Chem. Rev. 1979, 79, 91; (b) Muetter-
ties, E. L.; Stein, J. Chem. Rev. 1979, 79, 479; (c) Shapley,
J. R; Park, J. T.; Churchill, M. R; Ziller, J. W.; Beanan,
L. R. J Am. Chem. Soc. 1984, 106, 1144; (d) Beanan,

Notes

L. R; Keister, J. B. Organometallics 1985, 4, 1713; (e)
Ziller, J. W.; Bower, D. K,; Dalton, D. M.; Keister, J.
B.; Churchill, M. R. Oyganometatlics 1989, 8, 492.
2. Park, J. T.; Shapley, J. R. Bull. Korean Chem. Soc. 1990,
11, 531
3. (@) Suh, L. H;; Suh, J. M.; Ko, T. S.; Aoki, K.; Yamazaki,
H. J Appl. Cryst. 1988, 21, 521; (b) Suh, I. H.; Suh, J.
M.; Ko, T. S.; Aoki, K.; Yamazaki, H. . Appl. Cryst. 1989,
22, 183.
4. Enraf-Nonijus. Structure Determination Package. Enraf-
Nonius, Delft, The Netherlands, 1995.
5. Sheldrick, G. M. SHELX-76, Program for Crystal Struc-
ture Determination, Univ. of Cambridge, England, 1976.
6. International Tables for X-Ray Crystallography. Vol. II
(1983) and III (1985). D. Reidel Publishing Company,
Dordrecht, Holland.
7. (@) Park, J. T., Chun, K. M.;: Yun, S. S.; Kim, S. Bul.
Korean Chem. Soc. 1991, 12, 249: (b) Park, J. T.; Chung,
M.-K; Chun, K. M.; Yun, S. S.; Kim, S. Organometallics
1992, 11, 3313.
. Wade, K. Adv. Inorg. Chem. Radiochem. 1976, 18, 1.
. (a) Churchill, M. R.; DeBoer, B. G. Inorg. Chem. 1971,
16, 878; (b} Churchill, M. R. Adv. Chem. Ser. 1978, 167,
36.
10. Churchill, M. R.; Bueno, C.; Park, J. T.; Shapley, J. R.
Inorg. Chem. 1984, 23, 1017.

11, Churchill, M. R.; Ziller, J. W.; Beanan, L. R. /. Organomet.
Chem. 1988, 287, 235.

12. Churchitl, M. R,; Li, Y.-J. J Organomet. Chem. 1985, 291,
61.

13. Churchiil, M. R.; Li, Y-J. J Organomet. Chem. 1985, 294,
367.

14. Chi, Y.; Shapley, J. R. Organometailics 1987, 6, 301.

15. Chi, Y.; Shapley, J. R; Churchill, M. R.; Fettinger, J.
C. ] Organomet. Chem. 1989, 372, 273.

16. Park, J. T.; Chi, Y.; Shapley, J. R.; Churchill, M. R.; Ziller,
J. W. Organometallics 1994, 13, 813,

17. Park, J. T.; Shapley, J. R.; Bueno, C.; Ziller, J. W.; Chur-
chill, M. R. Organometallics 1988, 7, 2307.

@9

Convenient Method for the Synthesis of Unsym-
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We have heen pursuing a synthetic program aimed at the
potent H*/K*-ATPase inhibitor 1 which could have similar
mechanistic behavior in biological system to FDA approved
antiulcer agent, omeprazole 2% For the synthesis of com-



Notes

Table 1. Dibutyltin Diacetate-Stannous Chlotide Catalyzed Cou-
pling of Unreactive Amines with Isothiocyanates

Entry Compound R! X Yield, %*
1 4a Me 2-F 65
2 4b Et 2-F 58
3 4c¢ Me 3F 62
4 4d Et 3F 55
5 de - Me 4.F 61
6 4f Et 4-F 54

‘purified yield {recrystallized from ether/petroleum ether)

pound 1 we needed various thioureas 4, crucial intermedia-
tes to thienopyrimidinone 3 which serve as precursors to
1. The most practical method for the preparation of thioureas
involve the condensation of amines with corresponding iso-
thiocyanates.* However we encountered unexpected problems
to couple between amine § and aromatic isothiocyanate un-
der the normal conditions. We report herein a novel catalytic
system, BusSn{QAc),-SnCl;, which was proved to be effective
for the reaction between isothiocyanates and unreactive ami-
nes.

O
/@»X N fo) Me
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Initially we started the reaction of amine §° with 2-fluoro-
phenyl isothiocyanate at various conditions. None of desired
thiourea 4, however, was formed under the various reaction
conditions such as refluxing in toluene in the presence of
catalytic amounts of p-TsOH, Et:N, or K.CO,, presumably
due to the unreactivity of amine 52 Therefore we considered
a mean to potentiate the electrophilicity of isothiocyanate
by using Lewis acid catalyst, like stannane compounds by
virture of strong affinity between sulfur and tin. Indeed we
delighted to find that the treatment of amine § (R'=Me)
with 2-fluorophenyl isothiocyanate in the persence of cataly-
tic amount of dibutyltin diacetate and stannous chloride in
dichloroethane at 80T for 6 h afforded thioureaz 4 in 65%
recrystallized vield. When dibutyltin diacetate or stannous
chloride was used alone, the yields were dropped to 38%
and 17% respectively. Additional experiments with different

Rr—q
S
5

X CO,Et
e = =L 3
TNy
H H
6 4

acaL BupSu{QAc)y-SnCl;. dichlocoethane

COzEt

+
NH;
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substituents were carrid out to afford various thiourea 4 and
the results are summarized in Table 1.

In summary, this note describes an effective catalytic sys-
tem, Bu:Sn(OAc)-SnCl,, for the preparation of thioureas
from isothiocyanates and unreactive amines and we believe
that this catalyst has a potential to be utilized in other reac-
tion system.

Experimental

'H-NMR spectra were taken on a JEOL at 60 MHz and
a Varian Gemini-200 at 200 MHz using TMS as internal
standard, the chemical shifts being given in & ppm down
field. Mass spectra were measured with Shimadzu QP-1000
spectrometer. IR spectra were recorded on a Shimadzu IR-
534 spectrophotometer. Dibutyltin diacetate and stannous ch-
loride were purchased from Alrich Chemical Co.

3-Carboethoxy-2-(2-fluorophenylthioureido)-5-me-
thylthiophene (4a): General Procedure. To a solution
of 2-amino-3-carboethoxy-5-methylthiopene (§, 10 g 54
mmol) in dichloroethane (10 mL) was added Bu.Sn(OAc).
(10 mg, 3.0X 10?2 mmol) and SnCL, (55 mg, 3.0X10~? mmol}
followed by 2-fluorophenylisothiocyanate (0.85 g, 5.5 mmol)
in dichloroethane (2 m{) at 20C . The resulting reaction mix-
ture was allowed to proceed for 1 h at 20C and then was
heated at 80T for 6 h. After cooling to room temperature,
the reaction mixture was poured into water and extracted
with dichloromethane (10 mLX3), The combined organic la-
yers were washed with water (5 mL), brine (15 ml), dried
over anhyrous MgSO,, and then concentrated in vacuo to
afford crude product which was recrystallized from ether
and petroleum ether (1:1) to provide pure product 4a (1.2
g 3.5 mmol, 65%) as a faint yellow shiny crystal: mp. 152-
154T; IR (KBr) 3383, 3122, 1659, 1534, 1271 cm™'; mass
spectra (EI) m/z 338 (MY, 15.7), 259 (54), 185 (64.8), 156
(7.8), 139 (100); 'H-NMR (CDCly) & 121 (t, /=65 Hz, 3H),
2.35 (s, 3H), 4.10 (q, /=6.5 Hz, 2H), 6.83 (s, 1H), 7.14-7.72
{m, 6H). By the same procedure for the preparatio of 4a,
the following compounds were obtained. 4b; mp. 141-142C;
mass spectra (EI) m/z 352 (M*); 'H-NMR (CDCl;) & 1.24
{t, J/=7.0 Hz, 6H), 268 (g, J=7.0 Hz, 2H), 421 (g, f=7¢
Hz, 2H), 690 (s, 1H), 7.14-7.72 (m, 6H). d¢: mp. 173-175C;
mass spectra (EI) m/z 338 (M*); 'H-NMR (CDCly) 8 1.27
{t, /=65 Hz, 3H), 235 (s, 3H), 4.15 (q, /=65 Hz, 2H), 6.83
(s, 1H), 7.11-7.52 (m, 4H), 7.92 (br. s, 2H). 4d: mp. 152-154C;
mass spectra (EI) m/z 352 (M*); 'H-NMR (CDCly) & 1.24
(t, J=70 Hz, 6H), 269 (g, /=70 Hz, 2H), 418 (g /=70
Hz, 2H), 6.84 (s, 1H), 7.01-7.39 (m, 5H), 8.09 (br. s, 1H).
de: mp. 49-50C : mass specira (E[) m/z 338 (M*); 'H-NMR
(CDCly) & 1.23 (t, J=7.0 Hz, 3H), 2.34 (s, 3H), 412 (q, /=70
Hz, 2H), 681 (s, 1H), 7.10-741 (m, 4H), 7.92 (br. s, 2H).
4f: mp. 178-180C ; mass spectra (EI) m/z 352 (M*); '"H-NMR
(CDCl) & 1.29 (t, /=70 Hz, 6H), 269 (g, /=70 Hz 2H),
412 (q, J=7.0 Hz, 2H), 681 (s, 1H), 7.05-7.54 (m, 5H), 8.32
(br. s, 1H).
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