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The reaction of mono- and dilithiated ethyl thioglycolate with 1,2-diimidoyl-1,2-dichloroethanes, aza-
analogues of oxalyl chloride, afforded (depending on the reaction conditions) 3-imino-1,2-dithia-3
cyclopent-4-enes, 3-amino-2-thioxo-Bifpyrrol-5-ones, and 2,3-diamino-4-thioxd+4hiopyrans. The
reaction of the dianion of ethyl hippurate with 1,2-diimidoyl-1,2-dichloroethanes afforded 6-irilno-6
1,3-oxazines.

Introduction S

1,2-Dithiacyclopent-4-ene-3-thiones represent an important N | s
class of anticarcinogenes, which selectively induce the cellu- [ = S
lar production of chemoprotective phase Il detoxification N"

enzymesad For example, synthetic oltipraz (Figure 1) pos-
FIGURE 1. Oltipraz.
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(1) Kim, W.; Gates, K. S.Chem. Res. Toxicoll997 10, 296 and vegetables (e.g., broccoli and cauliflower) and exhibit anticar-

references therein. gal)ar'fy'ins:]e“ 1. W., Groopman, J. D.; Roebuck. B. D.; cinogenic activity!**2Low molecular weight 1,2-dithiacyclo-
urpnhey, I.J. 00 ochemicails ror Cancer lon;Auang, M.- . . . .

T., Osawa, T., Ho, C.-T., Rosen, R. T., Eds.; ACS Symposium Series 546; pentan-3-o'ne 1-0X|de§ also QXthIt ant'tumor activity based on
American Chemical Society: Washington, DC, 1994; Vol. I, p 154. (b) DNA-cleaving propertied? their heterocyclic core structure is
Egner, P. A.; Kensler, T. W.; Prestera, T.; Talalay, P.; Libby, A. H.; Joyner, present, for example, in the antitumor natural product leinamycin

H. H.; Curphey, T. JCarcinogenesid994 15, 177. (c) Wattenberg, L. ; 3 [P ;
W.: Bueding, E.Carcinogenesisiost 7. 1379. (d) Kensler, T. W.: (Figure 2)? which is produced btreptomyces atroalaceous
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FIGURE 2. Leinamycin.

S-14083b¢ 1,2-Dithia-3H-cyclopent-4-enes are also found in
nature, e.g., in the antibiotic natural product thiolutine.
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opening-ring-closing reactions of 2-alkylidene-4-oxothiazo-
lidines with Lawesson’s reagent has been repoft@lAmino-
2-thioxopyrrol-5-ones and 3-aminopyrrol-2,5-dithiones have
been prepared by transformation of the carbonyl groups of
3-aminopyrrol-2,5-diones into thiocarbonyl grodpd.o the best

of our knowledge, 2,3-diamino-4-thioxd44thiopyrans have not
yet been prepared. Synthetic approaches to 2-amino-4-thioxo-
4H-thiopyrans have only scarcely been reported in the litera-
ture1213 The reactions reported herein are useful, due to their
operational simplicity. In addition, the starting materials are
readily available.

Therefore, the synthesis of unsaturated 1,2-dithiacyclopentaneResults and Discussion

derivatives is attractive from both a synthetic and medicinal
standpoint. 1,5-Dihydropyrrol-2-ones also represent important
synthetic building blocks which are found in a wide range of
natural compounds with different biological activitiedzor
example, synthetic imrecoxib (also known as BAP-909) repre-
sents inhibitory effects on cyclooxygenase 1 and 2, and its
antiinflammatory effect in vivo has been descril§ed.
1,2-Dimidoyl-1,2-dichloroethanésepresent useful £ouild-
ing blocks in cyclization reactiofsvith various dinucleophiles.

Some years ago, we reported the synthesis of a 2,3-diiminothi-

etane and of 1,2-dithiak8 3-iminocyclopent-4-enes by cycliza-
tion of dilithiated ethyl thioglycolate with 1,2-diimidoyl-1,2-
dichloroethane&.Herein, we wish to report full details and
studies related to the scope. With regard to our preliminary
communication, the scope was significantly extended; in addi-
tion, it was found that the reaction conditions (amount of base,
stoichiometry, concentration) have a dramatic influence on the
course of the reaction and on the product distribution. In fact,
the reaction of ethyl thioglycolate with 1,2-diimidoyl-1,2-
dichloroethanes afforded (depending on the conditions) 3-imino-
1,2-dithia-3H-cyclopent-4-enes, 3-amino-2-thioxo-Bpyrrol-
5-ones, or 2,3-diamino-4-thioxd-#thiopyrans. Recently, the
synthesis of 3-imino-1,2-dithiacyclopent-4-enes based on ring-

(3) (a) Gates, K. SChem. Res. ToxicoR00Q 13, 953. (b) Hara, M.;
Yoshida, M.; Asano, K.; Kawamoto, |.; Morimoto, M.; Nakano, Bl.
Antibiot. 1989 42, 333. (c) Hara, M.; Asano, K.; Kawamoto, |.; Takiguchi,
T.; Katsumata, S.; Takahashi, K.-I.; Nakano,JHAntibiot.1989 42, 1768.
(d) Hirayama, N.; Matsuzawa, E. Ehem. Lett1993 1957. (e) Nakano,
H.; Tamaoki, T.Proc. Int. Biotechnol. Symp. Expos. 94t892 72. (f) Hara,
M.; Saitoh, Y.; Nakano, HBiochemistry199Q 29, 5676. (g) Kanda, Y.;
Fukuyama, TJ. Am. Chem. S0d993 115 8451. (h) Chatterji, T.; Kizil,
M.; Keerthi, K.; Chowdhury, G.; Possil, T.; Gates, K. SJ. Am. Chem.
S0c.2003 125, 4996.

(4) Stachel, H.-D.; Zeiler, KLiebigs Ann.1995 2011.

(5) (a) Mattern, R.-HTetrahedron Lett1996 37, 291. (b) Merino, P.;
Castillo, E.; Franco, S.: Merchan, F. L.; Tejero,TEtrahedron: Asymmetry
1998 9, 1759. (c) Dittami, J. P.; Xu, F.; Qi, H.; Martin, M. WW.etrahedron
Lett. 1995 36, 4201. (d) Miller, S. L.; Tinto, W. F.; Yang, J.-P.; McLean,
S.; Reynolds, W. FTetrahedron Lett1995 36, 5851. (e) Boger, D. L.;
Baldino, C. M.J. Org. Chem.199], 56, 6942. (f) Wasserman, H. H..;
Frechette, R.; Rotello, V. MTetrahedron Lett.1991 32, 7571. (Q)
Wasserman, H. H.; DeSimone, R. W.; Boger, D. L.; Baldino, CJMAM.
Chem. Socl1993 115, 8457. (h) Boger, D. L.; Baldino, C. M. Am. Chem.
So0c.1993 115 11418. (i) Decicco, C. P.; Grover, B. Org. Chem1997,
62, 3534. (j) Andrus, M. B.; Li, W.; Keyes, R. H. Org. Chem1997, 62,
5542. (k) Benbow, J. W.; McClure, K. F.; Danishefsky, SJ.JAm. Chem.
Soc.1993 115 12305.

(6) Chen, X.-H.; Bai, J.-Y.; Shen, F.; Bai, A.-P.; Guo, Z.-R.; Cheng,
G.-F. Acta Pharmacol. Sin2004 25, 927.

(7) For a review of oxaldiimidoyl! dichlorides, see: Langer, P:riDg,
M. Eur. J. Org. Chem2002 221.

(8) For a review of cyclization reactions of dianions, see: Langer, P.;
Freiberg, W.Chem. Re. 2004 104, 4125.

(9) Langer, P.; Ddng, M. Chem. Commuril999 2439.

Treatment of 1,2-diimidoyl-1,2-dichloroetha2a with dil-
ithiated benzyl mercaptanel){* gave a complex reaction
mixture from which 1,2-dithian& was isolated in low yield
(Scheme 1). The formation & can be explained by initial
condensation o2a with 2 equiv of1 and subsequent oxidative
cyclization. The yield of3 was improved by employment of 2
rather than only 1 equiv of the dianion. However, a change of
the reaction conditions (slow addition of the dianior2&) and
of the workup procedure (filtration under inert atmosphere rather
than aqueous workup) did not provide the expected 1:1
cyclization product. The reaction of the dianion of allyl
mercaptane witl2a gave a complex mixture.

SCHEME 1. Synthesis of 1,2-Dithiane 3
Ph.__SH
~N S-S
1 i, di, i Ph Ph
Cl NTol E——
TolN NTol
TolN ¢l
2a 3 (50%)
) HS SH
{ Ph su} H20, air Ph
YU —
L TolN'  NTol
A c
\ LiS  SLi /
Ph Ph
TolN"  'NTol

aKey: (i) 1 (2.0 equiv), THF; (ii)n-BuLi (4.4 equiv),—78°C, 4 h; (iii)
addition to2a (1.0 equiv), THF,—78°C, =78 — +20°C, 14 h, then at 20
°C, 2 h.

Synthesis of 3-Imino-1,2-dithia-3-cyclopent-4-enesThe
reaction of 1,2-diimidoyl-1,2-dichloroetha2a with the dianion
of ethyl thioglycolate 4), generated according to a literature
proceduré? resulted in formation of 3-imino-1,2-dithia-B
cyclopent-4-en&a (23%) and of side produéia (9%) (Scheme
2, Table 1). The reaction was carried out by addition of the

(10) Markovic, R.; Baranac, M.; Jovetic, etrahedron Lett2003 44,
7087.

(11) Augustin, M.; Kdnler, M.; Kazandji, STetrahedronl984 40, 3499.

(12) Dibo, A.; Stavaux, M.; Lozac’h, NBull. Soc. Chim. Fr198Q 539.

(13) Goerlitzer, K.; Hoelscher, DArch. Pharm. (Weinheim)986 319,
120.

(14) Geiss, K. H.; Seebach, D.; SeuringGhem. Ber1977 110, 1833.

(15) Tanaka, K.; Yamagishi, N.; Tanikaga, R.; Kaji, Bhem. Lett1977,
471.
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SCHEME 2. Cyclization of Lithiated Ethyl Thioglycolate with Oxaldiimidoyl Dichlorides
rocedure _ OE R
o) o nR o EO” S - NHR s-S t 0
: YV o} S
co S * . () NPV
RN Cl HO NHR N-H =
4 2a-h  see Table 1 s R NHR
l 7a-f (procedure 3) 5a-g (procedure 1) 6a-h (procedure 2)
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TABLE 1. Product and Yields (path A), proton shift (intermediat€), cyclization with extrusion
yield (%) B)*  yield (%) €)* yield (%) (7)2 of lithiated ethyl acetate a_nd subse_quent prot(_)natior_1 during t_he
56,7 R procedure i  procedure2 procedure 3 aqueous workup. Alternatively, a direct formation of intermedi-
a  4-MeGH. 2% 419 79 ateD by addition ofA ontoB is possible (path B) However,
b Ph 32 40 62 path A is supported by the fact that the 2,3-diiminothietane
c  2-MeGHy 28f 55 78 (intermediateC, R = p-Tol, 30%) rather tharba could be
d  2-(MeQ)GH, 0 % 46 isolated when the reaction mixture was warmed t6@@vithin
e  4(MeO)GHs 30 38 69 15 min (rather than 14 h), stirred for 2 h trated, and
f 1-naphthyl 28 63 54 S min (ra. er than ), stirred for » concentrated, an
g 2,4-MexCgH3 27 40 - directly purified by chromatography. Due to their ring strain,
h 3,5-MeCeH3 - 52 - four-membered ring lactams and lactones readily undergo ring-

aYields of isolated product®.Procedure 1: (i) (1) LDA (2.3 equiv),
TMEDA, 4 (1.0-1.2 equiv), THF,—40— 0 °C, 1 h, (2) 0°C, 1 h; (ii)
addition to2 (1.0 equiv, in THF),—78°C, =78 — +20°C, 14 h, then 20
°C, 2 h.¢Procedure 2: (i) (1) LDA (5.65.5 equiv), TMEDA4 (2.0-2.2
equiv), THF,—40— 0°C, 1 h, (2) 0°C, 1 h; (ii) addition to2 (1.0 equiv,
in THF), —=78°C, —78 — +20°C, 14 h, then 20C, 24 h. Procedure 3:
(i) (1) LDA (6.0—9.0 equiv), TMEDA,4 (5.0~7.0 equiv), THF,—40— 0
°C, 1 h, (2) 0°C, 1 h; (ii) addition to2 (1.0 equiv, in THF),—78°C, —78
— +20°C, 14 h, then 20C, 48 h.®Besidesbad (structure given below)
was isolated (9%). Only 5d' was isolated (31%) Productsawas isolated
as a side product (24%).

o) o\© 0
5a’ 5d'

dianion (1.2 equiv) to a THF solution @a (1.0 equiv) at-78
°C, warming of the reaction mixture to 2€ within 14 h, and
finally, addition of hydrochloric acid (10%) (procedure 1). The
formation of5a can be explained by nucleophilic attack of the
sulfur atom of the dianion (intermediai®) onto 2 to give
intermediateB, cyclization to give 2,3-diiminothietan@, ring
opening by attack of a second moleculedofintermediateD)

2334 J. Org. Chem.Vol. 71, No. 6, 2006

expansion or -opening reactidfid’” and the synthesis of
iminothietanes has been previously repoffet.Side product
5d was presumably formed by fragmentation of intermediate
B by extrusion of lithiated ethyl acetate and hydrolysis of the
imidoy! chloride upon aqueous workup.

The 1,2-dithia-Bi-cyclopent-4-ene$b—d were prepared,
according to the procedure as given &, from 1,2-diimid-
oyl-1,2-dichloroethane®2b—d. The reaction of2e with 4
gave N-(2-methoxyphenyl)-2-(2-methoxyphenylamino)-2-thi-

(16) (@) Pono, J. A.; Schreiber, S. L. I8omprehensie Organic
SynthesisTrost, B. M., Ed.; Pergamon Press: Oxford, 1991; Vol. 5, p 151.
(b) Mattay, J.; Conrads, R.; Hoffmann, R. Kouben-Weyl 4th ed.;
Helmchen, G., Hoffmann, R. W., Mulzer, J., Schaumann, E., Eds.;
Thieme: Stuttgart, 1995; Vol. E21c, p 3133.

(17) (a) Paquette, L. A.; Rothhaar, R. R.; Isaac, M.; Rogers, L. M.;
Rogers, R. DJ. Org. Chem1998 63, 5463. (b) Buynak, J. D.; Borate, H.
B.; Lamb, G. W.; Khasnis, D. D.; Husting, C.; Isom, H.; Siriwardane, U.
J. Org. Chem1993 58, 1325.

(18) For 2,3-diiminooxetane, see: H.-J. Kabhagew. Cheml968 80,
406; Angew. Chem., Int. Ed. Endl968 7, 389.

(19) For 2-iminothietanes, see: (a) Dondoni, A.; Batagha, A.; Giorgianni,
P.; Gilli, G.; Sacerdoti, MJ. Chem. Soc., Chem. Commu®77, 43. (b)
Mulzer, J.; Kerkmann, TAngew. Chem198Q 92, 470; Angew. Chem.,
Int. Ed. Engl.198Q 19, 466. (c) Schaumann, E.; Mer, M.; Adiwidjaja,

G. Chem. Ber.1988 121, 689. (d) Sakamoto, M.; Ishida, T.; Fujita, T;
Watanabe, SJ. Org. Chem.1992 57, 2419. For the preparation of a
triiminothietane: (e) L'abbeG.; Huybrechts, LJ. Chem. Soc., Chem.
Commun1979 161. For 2,4-diiminothietanes: (f) L'abp&.; Dekerk, J.-
P.Tetrahedron Lett1979 3213. (g) Bestmann, H. Angew. Cheml977,
89, 370; Angew. Chem., Int. Ed. Engl977, 16, 358.
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oxoacetamide 5¢) rather than the expected 1,2-dithib-3 SCHEME 3. Synthesis of 6-Imino-61-1,3-oxazines 9a,b

cyclopent-4-ene5g). The reaction of 1,2-diimidoyl-1,2-dichlo- Cl NR R

roethane2f,g with 4 afforded the 1,2-dithia43-cyclopent-4- H Ph. O. N

enes5f,g. Unfortunately, the isolated yields 6&—g were rather o RN CI 1

low, due to incomplete conversion of the starting materials. In Eto)J\/N Ph 2ab N AR

fact, significant amounts of diaryloxalamides (formed by \g/ i i H

hydrolysis of2 during the aqueous workup) were isolated. In B0 0

addition, the formation of side products of the typesaf was 8 9a (R = Tol; 41%)

observed in all reactions. 9b (R = Ph; 38%)
Synthesis of 3-Amino-2-thioxo-2,Bl-pyrrol-5-ones. Studies aKey: (i) (1) LDA (2.3 equiv), TMEDA,8 (1.0 equiv), THF,—40 —

related to the optimization of the cyclization of ethyl thiogly- 0°C, 1 h, (2) 0°C, 1 h; (i) added int® (in THF), =78 °C, =78 — +20
colate @) with 1,2-diimidoyl-1,2-dichloroethanexrevealed that ~ °C. 14 h, then at 20C, 24 h.

the reaction conditions (concentration, reaction time, stoichi-

ometry) and the substituents of the 1,2-diimidoyl-1,2-dichloro- Philicity of the oxygen compared to the sulfur atom. In contrast,
ethanes have a major influence on the mechanism and the courséhe reaction o2ab with the dianion of ethyl hippurates)*®

of the reaction. In fact, the employment of a 2-fold excess of afforded the 6-imino-B-1,3-oxazines9a,b by regioselective
ethyl thioglycolate (procedure 2) resulted in the formation of a Cyclization via the carbon and the oxygen atom of the dianion
new type of product rather than an increase of the yield of 1,2- (Scheme 3). A four-membered ring was not formed. Notably,
dithia-3H-cyclopent-4-ene5. The reaction of dilithiated ethyl & Dimroth rearrangement of the iminoether into an amide group
thioglycolate (2.6-2.2 equiv) with 1,2-diimidoyl-1,2-dichloro- ~ Was not observed.

ethane2a (1.0 equiv) afforded the 3-amino-2-thioxo-B{5 The structure oBawas independently confirmed by crystal
pyrrol-5-one6a (41%) and 1,2-dithiaH3-cyclopent-4-enéa structure analysis (see the Supporting Information). Two out
(24%) (Scheme 2, Table 1). Likewise, the 3-amino-2-thioxo- Of three aryl groups are in plane with the heterocyclic core
2,5H-pyrrol-5-onessb—h were prepared by reaction dfwith structure. The ester and the amino group are involved in an
1,2-diimidoyl-1,2-dichloroethaneb—h. In these reactions the  intramolecular hydrogen bond-fH---O.

respective 1,2-dithiat3-cyclopent-4-ene§b—h were formed In conclusion, the reaction of mono- and dilithiated ethyl

Only in small quantities_ The formation oda—h can be tthg|yCO|ate with l,2-d|lmld0y|-1,2-dICh|0roethanes afforded,

explained by formation of intermedia® reductive ring opening ~ depending on the reaction conditions, 3-imino-1,2-ditt&-3
(to give intermediat&), protonation-deprotonation (intermedi-  cyclopent-4-enes, 3-amino-2-thioxo-B§yrrol-5-ones, and 2,3-

ate G), and subsequent cyclization by attack of the nitrogen diamino-4-thioxo-#-thiopyrans. The reaction of the dianion
atom onto the ester group. of ethyl hippurate with bis(imidoyl)dichlorides afforded 6-imino-

An independent and unambiguous proof of the structure was 6H-1,3-oxazines.

established by crystal structure analysi$g{see supplementary

information). All 3-amino-2-thioxo-2 8-pyrrol-5-oneséa—h Experimental Section

showed characteristitC NMR resonances for ©C in the Synthesis of 4,5-Bis[(4-methylphenyl)imino]-3,6-diphenyl-1,2-

range ofd 173.5-174.0 and for SC in the range 0b 194.5- dithiane (3). To a THF (20 mL) solution of benzyl mercaptarig (

195.7. (0.72 mL, 6.0 mmol) was addedBulLi (8.25 mL, 13.2 mmol, 1.6
Synthesis of 2,3-Diamino-4-thioxo-#-thiopyrans. During M in n-hexane) at—78 °C, stirred for 4 h, and subsequently

- . - . transferred into a THF (80 mL) solution of oxaldi(4-tolylimidoyl)
the variation of the reaction conditions, it was observed that dichloride @a) (0.90 g, 3.0 mmol) at-78 °C. The temperature

th_e employment .Of a mono-_rather than a dianion (.)f ethyl was allowed to rise to 20C over 14 h, and the mixture was stirred
thioglycolate again resulted in the formation of a different i 59°c for 2 h. To the reaction mixture was added an aqueous

product. The reaction of a high excess of thenanion of ethyl solution of HCI (10%, 100 mL) and extracted with diethyl ether
thioglycolate (5.6-7.0 equiv) with2a (procedure 3) afforded (5 x 100 mL). The combined organic extracts were dried,3Ga)

the 3-hydroxy-5,6-di(arylamino)-4-thioxa-#thiopyran-2-car- and filtered, and the filtrate was concentrated in vacuo. The resi-
boxylate7a (Scheme 2, Table 1). Likewise, heterocyclds-f due was purified by column chromatography (silica gel, petroleum
were prepared by reaction of lithiated ethyl thioglycolate with ether/EfO = 10:1— 3:1) to give3 as a slightly brownish solid
1,2-diimidoyl-1,2-dichloroethaneézb—c,e—g. The formationof ~ (0.717 g, 50%)*H NMR (THF-ds, 200 MHz): 6 2.29 (s, 6 H, 2
7a—f can be explained by formation of the open-chained X CHs) 5.24 (s, 2H, 2< CH-S), 6.86-7.25 (m, 18 H, 18< CH).

; ; At ; i B3C NMR (THF-ds, 50 MHz): 6¢ 20.9, 54.5, 120.7, 128.6, 129.0,
intermediateA and subsequent cyclization. During the optimiza 129.6, 130.1, 138.1, 147.8, 156.8, 162.9. IR (KBr,-ct 7 —

tion, the use _of an excess of monolithiated ethyl thioglycolate 3027 (), 2921 (W), 1590 (s), 1502 (s), 1408 (m), 1218 (m),

(5.0—7.0 equiv) proved to be important. 1205 (m), 1114 (m), 824 (m). MS (CI,40): mz479 (M + 1]*,
The structure of7c was unambiguously and independently 100).

confirmed by crystal structure analysis (see the Supporting Synthesis of Ethyl 2,3-Bisf-tolylimino)thietane-4-carboxy-

Information). The $=C and the hydroxy group are involved in  late. A THF solution of LDA was prepared by addition ofBuLi

an intramolecular hydrogen bond-®1---S. Characteristi¢3C (9.4 mL, 15.0 mmol, 1.6 M im-hexane) to a THF (15 mL) solution

NMR resonances in the range®174.9-176.7 were observed \?Jecigsggéce’zy%_a’\;né%i(%élsmn']-l’_ 115500mmmn?2l)a§r% Z&trl]i;ﬁ)mluii;%rrate
for the C—§ group c_>f all 4—th|oxo-¥H.—thIOpyra_nS7a—f- (4) (0.54 mL, 6.0 mmol) at—£10 °C. The solution v)\:as stigrr)(/ed at
Synthesis of 6-Imino-61-1,3-oxazinesThe influence of the ¢ °C for 2 h and subsequently transferred into a THF (80 mL)
heteroatoms of the 1,2-dianion on the regiochemistry of cy- solution of oxaldi(4-tolylimidoyl) dichlorideZa) (1.80 g, 6.0 mmol)
clization was next studied. No cyclization could be induced in at —78 °C. The temperature was allowed to rise to ZDwithin
the reaction of 1,2-diimidoyl-1,2-dichloroetha2a with the
dianion of ethyl lactate, presumably due to the lower nucleo-  (20) Krapcho, A. P.; Dundulis, E. ATetrahedron Lett1976 2205.
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15 min, and the mixture was stirred at 20 for 2 h. The solvent

Bellur et al.

cml): 3249 (m), 2966 (), 2940 (w), 2839 (), 1684 (s), 1600

was removed in vacuo, and the residue was purified by column (m), 1533 (s), 1529 (s), 1480 (s), 1464 (s), 1437 (m), 1397 (w),

chromatography (silica gel, petroleum ethesEt= 10:1 — 3:1)
to give the product as a yellowish solid (0.634 g, 30%). #MA10
°C dec.*H NMR (CDCl;, 200 MHz): 6 0.98 (t,J = 7.2 Hz, 3 H,
OCH,CHg), 2.32 (s, 3 H, CH), 2.34 (s, 3 H, CH), 4.94 (m, 2 H,
OCHp), 5.33 (s, 1 H, GICO,Et) 6.95-7.25 (m, 8 H, 8x CH). *C
NMR (CDCls, 50 MHz): o¢ 13.6, 21.0, 21.2, 54.5, 62.2, 121.4,

1322 (w), 1294 (w), 1253 (s), 1113 (m), 1054 (w), 1043 (w), 1024
(m), 813 (w), 755 (s), 740 (m), 514 (w). MS (El, 70 e\)¥z 316
(M+, 21), 285 (23), 252 (35), 148 (100), 134 (35), 123 (76), 107
(52), 77 (21), 72 (22). HRMS (ESI): calcd forn16N203S [M*]
316.08816, found 316.08681.

Ethyl 4-(4-Methoxyphenylamino)-3-(4-methoxyphenylimino)-

122.4,129.8, 130.0, 136.7, 137.3, 143.0, 143.3, 157.0, 159.0, 167.41,2-dithia-3H-cyclopent-4-ene-5-carboxylate (5e)Starting with

IR (KBr, cm—1): #2980 (w), 1738 (s), 1655 (m), 1641 (m), 1505
(s), 1268 (s), 1235 (m), 1125 (m), 1030 (m), 823 (m). MS
(Cl, H0): m/z 353 ([M + 1]%), 236 ([M + 1]* — ToIN=C), 203
(IM + 1]* — ToIN=C=S). Anal. Calcd for GoHoN,O,S
(352.450): C, 68.16; H, 5.72; N, 7.94. Found: C, 68.51; H, 5.79;
N, 8.07.

General Procedure for the Synthesis of 3-Imino-1,2-dithia-
3H-cyclopent-4-enes (5)A THF solution of LDA was prepared
by addition ofn-BuLi (2.5—3.0 equiv) to a THF (5 mL/mmol of
6) solution of diisopropylamine (2:53.0 equiv) at 0°C. To this
solution were added TMEDA (2-53.0 equiv) and ethyl thiogly-
colate 6) (1.0-1.2 equiv) at—=40°C. The solution was warmed to
0°C during 1 h, stirred at 0C for 1 h, and subsequently transferred
into a THF (20 mL/mmol oR) solution of oxaldiimidoy! dichloride
2 (1.0 equiv) at—78 °C. The temperature was allowed to rise to
ambient over 14 h, and the mixture was stirred at’@0for 2 h.

ethyl thioglycolate 4) (0.54 mL, 6.0 mmol), diisopropylamine (2.1
mL, 15.0 mmol),n-BuLi (9.4 mL, 15.0 mmol, 1.6 M im-hexane),
TMEDA (2.3 mL, 15.0 mmol), and\,N'-bis(4-methoxyphenyl)-
ethane-bis(imidoyl) dichloride ge) (2.02 g, 6.0 mmol) in THF
(30 + 100 mL),5ewas isolated after chromatography (silica gel,
n-hexane/EtOAc 100:1— 5:1) as a yellowish oil (0.748 g, 30%).
IH NMR (CDCls, 250 MHz): 6 1.16 (t,J = 7.2 Hz, 3 H,
OCH,CH3), 3.76 (s, 3 H, OCH), 3.80 (s, 3 H, OCHh), 4.15 (q,J
=7.2Hz,2H, OCH), 6.78 (d,J= 11 Hz, 2 H, 2x CH), 6.90 (d,
J=11Hz, 2 H, 2x CH), 6.98 (dJ = 11 Hz, 2 H, 2x CH), 7.12
(d,J =11 Hz, 2 H, 2x CH), 7.95 (broad s, 1 H, NH}3C NMR
(CDCl, 75 MHz):6¢ 13.4, 55.37, 55.41, 61.8, 113.7, 114.5, 121.5,
121.9, 124.2, 134.8, 141.1, 142.1, 155.7, 157.3, 161.0, 162.1. IR
(KBr, cm—1): % 3360 (w), 2980 (w), 2928 (w), 1702 (s), 1638 (s),
1605 (s), 1532 (s), 1232 (s), 1130 (m), 1075 (s), 1043 (m). MS
(El, 70 eV): m'z416 (M, 100). The exact molecular mas¥z =

To the reaction mixture was added an aqueous solution of HCI 416.0864+ 2 ppm [M*'] for CyH20N204S; was confirmed by

(20%, 25 mL/mmol) and the mixture extracted with diethyl ether
(5 x 25 mL/mmol). The combined organic extracts were dried{Na

HRMS (El, 70 eV).
General Procedure for the Synthesis of 3-Amino-2-thioxo-

SOy and filtered, and the filtrate was concentrated in vacuo. The 2,5H-pyrrol-5-ones (6).A THF solution of LDA was prepared by

residue was purified by column chromatography (silica gel,
n-hexane/EtOAC) to givé.

Ethyl 4-(o-Tolylamino)-3-(o-tolylimino)-1,2-dithia-3H-cyclo-
pent-4-ene-5-carboxylate (5c)Starting with ethyl thioglycolate
(4) (0.22 mL, 1.97 mmol), diisopropylamine (0.70 mL, 4.92 mmol),
n-BuLi (2.0 mL, 4.92 mmol, 2.5 M im-hexane), TMEDA (0.74
mL, 4.92 mmol), andN,N'-bis(2-methylphenyl)ethanrebis(imidoyl)
dichloride @c) (0.500 g, 1.64 mmol) in THF (£635 mL), 5c was
isolated after chromatography (silica gelhexane/EtOAc 100:1
— 3:1) as a brownish oil (0.178 g, 28%F+ NMR (CDCls, 300
MHz): 6 1.15 (t,J = 7.2 Hz, 3 H, OCHCHj3), 2.07 (s, 3 H, Ch),
2.37 (s, 3 H, CH), 415 (9, = 7.2 Hz, 2 H, OCH), 6.94-7.09
(m, 4 H, 4x CH), 7.16-7.31 (m, 4 H, 4x CH), 7.86 (broad s, 1
H, NH). 3C NMR (CDCk, 75 MHz): 6¢ 13.8, 17.7, 18.0, 61.9,

addition ofn-BuLi (5.0—5.5 equiv) to a THF (10 mL/mmol of)
solution of diisopropylamine (5:05.5 equiv) at 0°C. To this
solution were added TMEDA (5:65.5 equiv) and ethyl thiogly-
colate @) (2.0—2.2 equiv) at=40°C. The solution was warmed to
0°C during 1 h, stirred at 0C for 1 h, and subsequently transferred
into a THF (20 mL/mmol oR) solution of theN,N'-diarylethane-
bis(imidoyl) dichloride2 (1.0 equiv) at—78 °C. The temperature
was allowed to rise to ambient over 14 h, and the mixture was
stirred at 20°C for 24 h. To the reaction mixture was added an
aqueous solution of HCI (10%, 30 mL/mmol), and the mixture was
extracted with diethyl ether (2 30 mL/mmol) and then dichlo-
romethane (4 30 mL/mmol). The combined organic extracts were
dried (NaSQ,) and filtered, and the filtrate was concentrated in
vacuo. The residue was purified by column chromatography (silica

115.8,117.4,120.5,123.7, 125.4, 125.8, 126.8, 129.7, 129.9, 130.4gel, n-hexane/EtOAc) to givé.

131.0, 140.0, 141.2, 148.7, 162.5, 162.7. IR (neat,'gmp 3293
(w), 3065 (w), 3018 (w), 2974 (m), 2961 (m), 2928 (m), 2870 (w),

1-(2-Methoxyphenyl)-3-(2-methoxyphenylamino)-2-thioxo-
2,5H-dihydropyrrol-5-one (6d). Starting with ethyl thioglycolate

1722 (m), 1686 (s), 1587 (s), 1574 (s), 1516 (s), 1497 (s), 1484 (4) (0.10 mL, 0.90 mmol), diisopropylamine (0.30 mL, 2.1 mmol),

(s), 1459 (s), 1418 (m), 1394 (m), 1378 (m), 1329 (m), 1289 (m),

n-BuLi (1.32 mL, 2.1 mmol, 15% im-hexane), TMEDA (0.32

1243 (s), 1210 (s), 1185 (s), 1114 (s), 1098 (w), 1073 (m), 1049 mL, 2.1 mmol), andN,N'-bis(2-methoxyphenyl)ethandis(imidoyl)

(s), 1010 (w), 1000 (w), 760 (s), 749 (s), 724 (m), 715 (m), 587
(wW). UV—vis (CH,Cly, nm): Amax (l0g €) 229 (4.28), 420 (3.87).
MS (El, 70 eV): Mz 385 ([M + 1]*, 5), 384 (Mf, 34), 351 (11),
311 (11), 291 (30), 284 (43), 251 (18), 193 (10), 161 (12), 148
(34), 118 (63), 91 (100), 77 (10). HRMS (ESI): calcd for
CaoH20N20,S; [M 1] 384.09662, found 384.09606.
N-(2-Methoxyphenyl)-2-(2-methoxyphenylamino)-2-thioxo-
acetamide (5d). Starting with ethyl thioglycolate4) (0.24 mL,
2.14 mmol), diisopropylamine (0.75 mL, 5.34 mmai}BuLi (2.2
mL, 5.34 mmol, 2.5 M inn-hexane), TMEDA (0.81 mL, 5.34
mmol), andN,N'-bis(2-methoxyphenyl)ethandis(imidoyl) dichlo-
ride (2d) (0.600 g, 1.78 mmol) in THF (15 35 mL), 5d' was
isolated after chromatography (silica gelhexane/EtOAec= 100:1
— 10:1) as a yellowish solid (0.173 g, 31%H NMR (CDCls,
300 MHz): ¢ 3.97 (s, 3 H, OCH), 3.98 (s, 3 H, OCh), 6.92—
7.17 (m, 5 H, 5x CH), 7.24-7.30 (m, 1 H, CH), 8.44 (dd] =
8.1, 1.8 Hz, 1 H, CH), 9.26 (dd,= 8.1, 1.8 Hz, 1 H, CH), 10.90
(broad s, 1 H, NH), 12.00 (broad s, 1 H, NHJC NMR (CDCB,

75 MHz): 6¢ 55.95, 56.00, 110.3, 110.4, 119.3, 120.3, 120.4, 120.9,

dichloride @d) (0.100 g, 0.30 mmol) in THF (16 10 mL), 6d
was isolated after chromatography (silica gehexane/EtOAG=
50:1— 1:1) as an orange solid (0.056 g, 55%). Mpl40°C. 'H
NMR (CDClz, 300 MHz): 6 3.79 (s, 3 H, OCHh), 3.95 (s, 3 H,
OCHg), 5.64 (s, 1 H, CHC), 6.94-7.14 (m, 5 H, 5x CH), 7.23~
7.31 (m, 2 H, 2x CH), 7.41-7.45 (m, 1 H, CH), 8.55 (broad s, 1
H, NH). 3C NMR (CDCk, 150 MHz): d¢ 56.0, 56.2, 84.5, 111.0,
112.5,117.2,121.0,121.3, 122.9, 124.6, 128.5, 130.3, 130.9, 144 4,
150.1, 155.7, 174.0, 195.7. IR (KBr, c): ¥ = 3274 (w), 2963
(w), 1723 (m), 1635 (s), 1596 (m), 1530 (s), 1509 (m), 1485 (w),
1463 (m), 1437 (w), 1411 (m), 1304 (m), 1280 (m), 1247 (s), 1175
(w), 1116 (w), 1052 (w), 1024 (m), 749 (m). UWis (CHCl,,
nm): Amax (I0g €) 225 (4.16), 251 (4.18), 274 (4.13), 312 (4.09),
470 (3.52). MS (EI, 70 eV):mv/z 340 (M*, 68), 309 (100), 294
(8), 92 (20), 77 (25). The exact molecular ma¥g = 340.0882+
2 ppm [M'] for C1gH16N20sS was confirmed by HRMS (El, 70
ev).

1-Naphthalen-1-yl-3-(naphthalen-1-ylamino)-2-thioxo-2,H-
dihydropyrrol-5-one (6f). Starting with ethyl thioglycolate4) (0.18

125.2, 126.6, 127.39, 127.44, 149.5, 150.2, 156.5, 180.6. IR (KBr, mL, 1.6 mmol), diisopropylamine (0.6 mL, 4.0 mmah-BuLi (2.5
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mL, 4.0 mmol, 15% im-hexane), TMEDA (0.6 mL, 4.0 mmol),
andN,N'-bis(1-naphthyl)ethanebis(imidoyl) dichloride gf) (0.300
g, 0.80 mmol) in THF (20+ 20 mL), 6f was isolated after
chromatography (silica geh-hexane/EtOAc= 100:1— 5:1) as
an orange solid (0.190 g, 63%). Mp 175°C. 'H NMR (CDCl;,
300 MHz): 6 5.63 (s, 1 H, CH=C), 7.48-7.67 (m, 9 H, 9x CH),
7.76-7.79 (m, 1 H, CH), 7.938.06 (m, 4 H, 4x CH), 8.50 (broad
s, 1 H, NH).13C NMR (CDCk, 75 MHz): 6¢ 83.9, 116.9, 120.6,

JOC Article

doyl) dichloride @e) (0.200 g, 0.59 mmol) in THF (36- 35 mL),
7ewas isolated after chromatography (silica gehexane/EtOAc
=50:1— 1:1) as a reddish solid (0.186 g, 69%H). NMR (CDCl;,
300 MHz): 6 = 1.37 (t,J = 7.2 Hz, 3 H, CH), 3.76 (s, 3 H,
OCH), 3.84 (s, 3 H, OCHh), 4.40 (q,d = 7.2 Hz, 2 H, OCH),
6.83 (d,J=8.7 Hz, 4 H, 4x CH), 6.95 (ddJ = 6.6, 2.2 Hz, 2 H,
2 x CH), 7.15 (ddJ = 6.6, 2.2 Hz, 2 H, 2x CH), 7.33 (broad s,
1 H, NH), 10.51 (broad s, 1 H, OH), 12.68 (broad s, 1 H, NA}.

122.5,125.3,125.5, 125.9, 126.5, 126.8, 126.9, 127.1, 127.1, 128.6 NMR (CDCl;, 75 MHz): 6c = 14.3, 55.5, 55.6, 62.5, 99.2, 114.8,
128.8, 128.9, 129.9, 130.1, 130.7, 133.8, 134.30, 134.33, 146.0,115.4, 118.8, 121.9, 127.2, 132.6, 134.3, 135.1, 153.3, 155.48,

173.8, 195.5. IR (KBr, cmt): # 3285 (w), 2983 (w), 1738 (s),
1635 (s), 1596 (w), 1576 (w), 1549 (w), 1503 (s), 1468 (w), 1444
(w),1420 (m), 1393 (w), 1370 (w), 1347 (w), 1288 (s), 1207 (w),
1183 (w), 1161 (m), 1124 (w), 1107 (w), 1028 (m), 1012 (w), 806
(w), 781 (m), 765 (m), 602 (w). UMvis (CHCl,, nm): Amax (09

€) 228 (4.67), 305 (4.31), 475 (3.53). MS (El, 70 e\jvz 380
(M*, 100), 252 (11), 210 (12), 194 (51), 166 (55), 154 (35), 143
(24), 127 (82), 77 (12). The exact molecular ma¥zs= 380.0983

+ 2 ppm [MT] for Co4H16N,OS was confirmed by HRMS (El, 70
evV).

General Procedure for the Synthesis of 2,3-Diamino-4-thioxo-
4H-thiopyrans (7). A THF solution of LDA was prepared by
addition ofn-BuLi (6.0—9.0 equiv) to a THF (5 mL/mmol of)
solution of diisopropylamine (6-09.0 equiv) at 0°C. To this
solution were added TMEDA (6-09.0 equiv) and ethyl thiogly-
colate @) (5.0—-7.0 equiv) at— 40 °C. The solution was warmed
to 0 °C during 1 h, stirred at OC for 1 h, and subsequently
transferred into a THF (50 mL/mmol a2) solution of N,N'-
diarylethane-bis(imidoyl) dichloride ) (1.0 equiv) at— 78 °C.

155.53, 164.1, 174.9. IR (neat, erf): ¥ = 3447 (w), 3441 (w),
3274 (w), 2977 (w), 1726 (w), 1677 (w), 1509 (s), 1464 (w), 1440
(w), 1420 (w), 1407 (w), 1369 (m), 1349 (m), 1298 (m), 1244 (s),
1186 (m), 1113 (w), 1031 (m). UVVis (CH.Cly, nm): Amax (log

€) = 229 (4.26), 381 (3.97), 456 (3.96). MS (El, 70 e\Mjvz 458
(M*, 22), 428 (29), 386 (8), 353 (17), 340 (73), 324 (13), 279 (14),
222 (9), 208 (37), 192 (22), 174 (74), 160 (20), 146 (44), 134 (100),
121 (82), 107 (62), 92 (34). The exact molecular mags =
458.09704+ 2 ppm [M"] for CH2oN,OsS, was confirmed by
HRMS (El, 70 eV).

General Procedure for the Synthesis of 6-Imino-Bl-1,3-
oxazines (9) A THF solution of LDA was prepared by addition of
n-BuLi (2.5 equiv) to a THF (3 mL/mmol of8) solution of
diisopropylamine (2.5 equiv) at . To this solution were added
TMEDA (2.5 equiv) and ethyl hippurate8) (1.0 equiv) at— 40
°C. The solution was warmed to“@ during 1 h, stirred at OC
for 1 h, and subsequently transferred into a THF (13 mL/mmol of
2) solution of N,N'-diarylethane-bis(imidoyl) dichloride ) (1.0
equiv) at— 78°C. The temperature was allowed to rise to ambient

The temperature was allowed to rise to ambient over 14 h, and theover 14 h, and the mixture was stirred at 20 for 2 h. To the

mixture was stirred at 2€C for 48 h. To the reaction mixture was
added an aqueous solution of HCI (10%, 30 mL/mmol), and the
mixture was extracted with diethyl ether ¢ 50 mL/mmol) and
then dichloromethane (4 50 mL/mmol). The combined organic
extracts were dried (N&QO,) and filtered, and the filtrate was
concentrated in vacuo. The residue was purified by column
chromatography (silica geh-hexane/EtOAc) to give.

Ethyl 5-Hydroxy-4-thioxo-2,3-di(o-tolylamino)-4H-thiopyran-
6-carboxylate (7c).Starting with ethyl thioglycolate4] (0.88 mL,
8.0 mmol), diisopropylamine (1.41 mL, 10 mmahyBulLi (6.3 mL,
10.0 mmol, 15% im-hexane), TMEDA (1.5 mL, 10.0 mmol), and
N,N'-bis(2-methylphenyl)ethanebis(imidoyl) dichloride 2¢) (0.500
g, 1.64 mmol) in THF (30+ 70 mL), 7c was isolated after
chromatography (silica geh-hexane/EtOAc= 100:1— EtOAc)
as a dark reddish solid (0.542 g, 78%). Mp151 °C. 'H NMR
(CDCls, 300 MHz): ¢ 1.37 (t,J = 7.2 Hz, 3 H, CH), 2.17 (s, 3
H, CHs), 2.48 (s, 3 H, Ch), 4.39 (q,J = 7.2 Hz, 2 H, OCH),
6.51 (d,J = 8.1 Hz, 1 H, CH), 6.65 (broad s, 1 H, NH), 6.91 (dt,
J=17.5,0.6 Hz, 1 H, CH), 7.08 (dj = 7.5, 0.9 Hz, 1 H, CH),
7.19 (broad s, 1 H, NH), 7.22 (d,= 7.2 Hz, 1 H, CH), 7.27
7.32 (m, 4 H, 4x CH), 10.53 (broad s, 1 H, OH}3C NMR (CDCl,
75 MHz): o6c 14.2, 17.7, 17.9, 62.5, 99.7, 114.1, 122.1, 126.7,

reaction mixture was added an aqueous solution of HCI (10%, 20
mL/mmol of 8) and the mixture extracted with diethyl ether x5
20 mL/mmol). The combined organic extracts were dried,{Na
SOy and filtered, and the filtrate was concentrated in vacuo. The
residue was purified by column chromatography (silica gel,
petroleum ether/ED) to give9.

Ethyl 2-Phenyl-5-(p-tolylamino)-6-(p-tolylimino)-6 H-1,3-oxa-
zine-4-carboxylate (9a) Starting with ethyl hippuratesj (1.24 g,
6.0 mmol), diisopropylamine (2.1 mL, 15.0 mmoi);BuLi (9.4
mL, 15.0 mmol, 1.6 M im-hexane), TMEDA (2.3 mL, 15.0 mmol),
andN,N'-bis(4-methylphenyl)etharebis(imidoyl) dichloride 2a)
(1.80 g, 6.0 mmol) in THF (15+ 80 mL), 9a was isolated after
chromatography (silica gel, petroleum ethefEt= 10:1 — 3:1)
as a yellowish solid (1.08 g, 419} NMR (THF-dg, 200 MHz):
01.10 (t,J= 7.2 Hz, 3 H, OCHCH3), 2.26 (s, 3 H, Ch), 2.32 (s,
3 H, CHy), 3.92 (q,J = 7.2 Hz, 2 H, OCH), 6.95-7.45 (m, 11 H,
11 x CH), 7.95 (m, 2 H, 2x CH), 8.60 (broad s, 1 H, NH}*C
NMR (THF-dg, 50 MHz): 6c 14.4, 20.9, 21.1, 61.2, 119.1, 122.0,
123.6,127.5,129.2,129.7, 130.0, 131.6, 131.7, 132.0, 133.4, 134.8,
140.1, 143.0, 144.9, 148.7, 166.2. IR (KBr, th ¥ 3335 (m,
br), 2980 (w), 1703 (s), 1680 (s), 1612 (w), 1512 (s), 1482 (m),
1380 (m), 1337 (m), 1100 (m), 1028 (m), 818 (m). MS (C}H:

126.8,127.2, 127.7,129.2, 131.0, 131.9, 131.9, 134.5, 135.3, 139.9m/z 441 ([M+2]*, 100), 440 ([M+ 1]+, 47). Anal. Calcd for

153.4, 155.5, 164.0, 175.8. IR (KBr, c®): 7 = 3438 (m), 3267
(w), 3228 (), 3193 (W), 2978 (W), 1729 (w), 1675 (s), 1581 (m),

Co7/H2sN303 (439.506): C, 73.79; H, 5.73; N, 9.56. Found: C,
71.92; H, 6.33; N, 8.95. The structure was confirmed by X-ray

1498 (s), 1476 (s), 1461 (s), 1442 (m), 1377 (m), 1365 (s), 1349 crystallography.

(s), 1301 (m), 1290 (m), 1249 (s), 1232 (m), 1211 (s), 1186 (m),
1161 (w), 1130 (w), 1117 (m), 1094 (w), 1063 (m), 921 (w), 755
(m), 745 (m). UV=vis (CH,Cl,, nm): Amax (l0g €) = 269 (4.14),
317 (4.02), 381 (3.89), 442 (3.91). MS (El, 70 e\Mjvz 426 (M*,
100), 352 (15), 319 (17), 91 (27). The exact molecular mags=
426.1072+ 2 ppm [M] for CyH2N.03S, was confirmed by
HRMS (El, 70 eV). The structure was confirmed by X-ray
crystallography.

Ethyl 5-Hydroxy-2,3-di(4-methoxyphenylamino)-4-thioxo-4H-
thiopyran-6-carboxylate (7e).Starting with ethyl thioglycolated)
(0.45 mL, 4.15 mmol), diisopropylamine (0.75 mL, 5.34 mmol),
n-BuLi (3.4 mL, 5.34 mmol, 15% im-hexane), TMEDA (0.81
mL, 5.34 mmol), and\,N'-bis(4-methoxyphenyl)ethandis(imi-

Ethyl 2-Phenyl-5-phenylamino-6-phenylimino-61-1,3-oxazine-
4-carboxylate (9b).Starting with ethyl hippurate8]j (1.24 g, 6.0
mmol), diisopropylamine (2.1 mL, 15.0 mmob;BuLi (9.4 mL,
15.0 mmol, 1.6 M inn-hexane), TMEDA (2.3 mL, 15.0 mmol),
andN,N'-diphenylethane bis(imidoyl) dichloride 2b) (1.67 g, 6.0
mmol) in THF (15+ 80 mL),9b was isolated after chromatography
(silica gel, petroleum ether/Ed = 10:1— 3:1) as a yellowish solid
(0.937 g, 38%)H NMR (DMSO-ds, 200 MHz): 6 0.98 (t,J =
7.2 Hz, 3 H, OCHCHs), 3.78 (9, = 7.2 Hz, 2 H, OCH), 6.95~
7.55 (m, 13 H, 13x CH), 7.82 (m, 2 H, 2x CH), 8.72 (broad s,
1 H, NH). 13C NMR (DMSO-ds, 50 MHz): ¢ 13.7, 60.6, 119.4,
119.9, 120.4, 122.29, 122.30, 124.5, 126.3, 128.5, 128.8, 131.4,
129.5, 130.0, 141.8, 144.8, 145.1, 148.2, 164.8. IR (KBr-&mn
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7 3307 (w), 3060 (w), 2980 (w), 1740 (m), 1668 (s), 1590 (s), Wirkstoffe und Screeningverfahren”), and from the Deutsche

1570 (s), 1520 (s), 1495 (m); 1450 (m); 1269 (s), 1210 (s), 1196 Forschungsgemeinschaft is gratefully acknowledged.

(m), 1138 (m), 1028 (m). MS (FAB)Wz 412 ([M + 1]*, 100).

Anal. Calcd for GsH21N3O3 (411.453): C, 72.98; H, 5.14; N, 10.21. Supporting Information Available: Copies of the NMR

Found: C, 72.52; H, 5.48; N, 9.90. spectra, experimental procedures, and details of the crystal structure
determinations. This material is available free of charge via the
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