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The syntheses of b o t h  N-acety l -  (5) and N-carbomethoxy-5,6-dihydroimidazo[2,l~b]thiazolium fluoroborate (6)  
f rom the corresponding N - a c y l  substi tuted thioimidazolines (7 and 8) are described. T h e  reactivi ty of each of these 
salts w i t h  base? has been evaluated. Treatment  of b o t h  5 and 6 w i t h  methoxide yielded the known deacylated 3- 
phenyl-5,~i-dihydroimidazo[2,1-b]thiazole (14). Addit ion, however, o f  tr iethylamine t o  nitromethane solutions con- 
ta in ing 5 and 6 gave yellow, crystalline solids, 15 and 17, respectively. Spectral analysis indicated tha t  the products 
obtained were 1:l addu'cts o f  the salts and the solvent. Substi tut ion of nitroethane for nitromethane in each of these 
reactions yielded the expected homologous adducts (16 ad 18). T h e  structure of one of these adducts, 15, was deter -  
m ined by x-ray crystallography. Format ion of 15-18 is believed t o  occur b y  the in i t ia l  nucleophilic addi t ion o f  the 
conjugate base of the solvent t o  the  thiazol ium r i n g  of the salt t o  generate a tetrahedral intermediate. Fragmenta- 
t ion  o f  thk intermediate in the subsequent step leads to  the observed adducts. 

Although thiazoles (1) and thiazolium salts (2) are stable, 
isolable aromatic compounds, they readily undergo a variety 
of interesting reactions with nucleophiles.1~2 The alkylated 
salts (2) are substantially more reactive toward nucleophilic 
agents than are theii- neutral precursors ( l).*,2 2 



N-Acyl Substituted I)ihydroimidazo[2,1-b] thiazolium Salts J .  Org. Chem., Vol. 42, No. 1, 1977 73 

Three general pathiways have been observed for the inter- 
action of nucleophiles with thiazolium salts (2). Typically, the 
nucleophile adds directly to the aromatic nucleus 2.1-4 Addi- 
tion occurs a t  C-2 unless this position is sterically hindered, 
to give the tetrahedral intermediate 3. Fragmentation of the 
ring (3) usually occurs in a subsequent step. Alternatively, the 
nucleophilic species can abstract one of the thiazolium ring 
protons to generate a ~ w i t t e r i o n . ~ , ~  In the parent salt (2), the 
C-2 hydrogen is the most acidic. Deprotonation in this case 
yields the zwitterion 4. This last process has been proposed 
for the initial step in the numerous enzymatic reactions ob- 
served for thiamin (vitamin B1) with a-keto  acid^.^,^ In ad- 
dition to these two types of reactions, the N-alkyl substituent 
in 2 can be attacked by the incoming nucleophile to displace 
the parent thiazole ( 

R_*xCU N 

3 4 

In light of this diverse group of reactions it was of interest 
to us to examine the reactivity of two recently prepared 5,6- 
dihydroimidazo[2,1-b~]thiazolium salts 5 and 6. Both of these 

Ph &L N-COCH, ph&'N-CCH, 0 II u 0 II 
5 BF,- 6 BF,- 

substrates also contain an activated carbonyl system, thereby 
further increasing the potential number of sites for nucleo- 
philic attack. These salts were initially synthesized as po- 
tential model substrates for a current study dealing with the 
mechanism of biotin catalysis.s 

In this communication we would like to report both the 
syntheses and reactivity of these thiazolium compounds as 
well as their neutral precursors. Of particular interest here is 
the reactivity of these substrates with various nucleopiles. In 
a number of cases studied, these reactions led to the isolation 
of stable crystalline adducts possessing many of the structural 
features that have been proposed for the active intermediate 
in the decarboxylation and condensation reactions of a-keto 
acids by vitamin B1.t),6 

Results and Discussion 
The thiazolium salts (5  and 6) were synthesized directly 

from the neutral percursors 7 and 8. In turn, the substituted 
thioimidazolines (7 and 8) could be prepared in two steps from 
the commercially available irnidazolidinethi~ne.~~~ Although 
most of the physical and chemical properties for 7 and 8 were 
consistent with their (close similarity in structure, the rectivity 
of each of these substrates toward methoxide ion was mark- 
edly different. 

0 0 
II 

SCHZCPh 
II 

SCH,CPh 

N/ A N-CCH, N/ A N-COCH? 
L-J II Ll II 

0 0 
7 8 

Reactivity of 7 and 8 toward Methoxide Ion. Treatment 
of 7 in CHzClz with 1 equiv of 0.5 M sodium methoxide- 
methanol solution gave a 91% yield of the known deacylated 
2-phenacylthioimidazoline (9).l0 However, when 8 was treated 
with 1 equiv of sodium methoxide under the identical condi- 
tions used for 7, the (deacylated thioimidazoline (9) was not 

0 
I1 

SCH,CPh 

A N/ N-H 
L t  

Ph 
\ 

9 10 

obtained. Instead the bicyclic 2-benzoyl-3-hydroxy-5,6-di- 
hydroimidazo[2,1-b]thiazole (10) was isolated in 71% yield.8 

Formation of the bicyclic adduct (10) can be envisioned to 
occur by initial nucleophilic attack of the carbomethoxy car- 
bonyl group by the enolate anion of 8. Substitution in this case 
proceeds with the expulsion of methoxide ion to give the bi- 
cyclic adduct (10) rather than the release of a thioimidazoline 
anion. 

Syntheses of 5 and 6. Methylation of 7 in nitromethane 
with 1.3 equiv of trimethyloxonium fluoroboratell gave the 
thiazolium salt ( 5 )  in 46% purified yield along with at  least two 
other products (NMR analysis). N-Acetyl-3-phenyl-5,6- 
dihydroimidazo[2,1-b]thiazolium fluoroborate ( 5 )  was isolated 
by the selective extraction of the unidentified compounds 
from the product mixture with chloroform. Similarly, when 
8 was treated with 1.5 equiv of trimethyloxonium fluorobo- 
rate" N-carbornethoxy-3-phenyl-5,6-dihydroimidazo[2,1- 
blthiazolium fluoroborate (6) as well as the N-alkylated 
N-methyl-N'-carbomethoxy-2-phenacylthioimidazolinium 
fluoroborate (1 1) were isolated in 27 and 61% yields, respec- 
tively.8 In this case again, 6 could be isolated by trituration 
of the product mixture with chloroform. 

0 
II 

SCH,CPh 
I 

CH +A 
"N' N-COCH, 

I1 
BF,- 

11 

The formation of both 5 and 6 can be envisioned to occur 
by the initial tautomerism of 7 and 8, respectively, to give the 
isomeric N-substituted 3-oxido-3-phenyl-2,3,5,6-tetrahy- 
droimidazo[2,1-b]thiazolium salts (12 and 13). Subsequent 
methylation at  oxygen followed by rearomatization by loss of 
methanol would give the bicyclic thiazolium salts, 5 and 6. 
Analogously, it  has been reported that treatment of N -  
methyl-2-phenacylthioimidazoline with hydrobromic acid 
gave the corresponding N-methyl-3-phenyl-5,6-dihydroim- 
idazo[2,1-b] thiazolium bromide.I2 

12; R CH, 
13; R = OCH, 

Reactivity of 5 and 6 with Bases. The structural assign- 
ments of 5 and 6 are supported by the reaction of these salts 
with methoxide ion. In both cases, methanolysis gave the 
known 3-phenyl-5,6-dihydroimidazo[2,1-b]thiazole ( 14)9J0 
in 56 and 72%s yields, respectively. 

Ph AiN 
u 

14 

Treatment of thiazolium salts 5 and 6 with triethylamine 
in nitromethane, however, did not lead to the deacylated 
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Figure 1. Stereoscopic representation of 15, showing the atoms numbering scheme used in the presentation and discussion of crystallographic 
results. 

product 14 observed in the sodium methoxide reactions. In- 
stead, a brilliant yellow crystalline material (15) was isolated 
from the reaction of 5 with 1 equiv of the amine in nitro- 
methane. Mass spectrometry showed a molecular ion a t  mle 
305. The infrared spectrum showed a strong band a t  1675 
cm-1 and the absorption was tentatively assigned to an acet- 
amide carbonyl group.13 This assignment, however, was jeo- 
pardized by the corresponding 1H NMR spectrum. The 
MezSO-d6 NMR sample did not show a peak in the 6 2.0 region 
typically observed for acetamide methyl pr0t0ns.l~ Instead 
a sharp singlet was obtained a t  6 1.62, a position which is 
considerably higher field than previously reported for acet- 
amide methyl protons.14 Examination of the proton decoupled 
13C NMR spectrum, om the other hand, revealed three carbon 
resonances (22.4,36.2,46.9 ppm) in the 20-50-ppm region. In 
a selective decoupling experiment (irradiation at 6 7.121, one 
of these peaks (22.4 ppm) gave rise to a residual quartet pat- 
tern. Unlike the 1H NMR data, comparison of this chemical 
shift position to 13C NMR correlation tabled5 suggested that 
the resonance a t  22.4 ppm was due to an acetamide methyl 
group. 

Elemental analysis (C, H, N, S) of 15 is consistent with an 
empirical formula of C ~ ~ H ~ S N ~ O ~ S ,  and in agreement with the 
earlier obtained mass spectral data. Although the precise 
structure of the adduct eluded us, the combined results of the 
elemental analysis and the mass spectral data strongly sug- 
gested that 15 was a 1:l adduct of the salt (5) with the solvent, 
nitromethane. I t  was of interest, therefore, to rerun the re- 
action in nitroethane. 

Treatment of 5 with 1 equiv of triethylamine in nitroethane 
again led to a brilliant yellow crystalline material 16 upon 
workup. Mass spectrometry showed a parent peak at  m/e 319. 
The infrared spectrum showed a potential acetamide carbonyl 
absorption a t  1660 cm-l, while the lH NMR again exhibited 
the unusually high field singlet a t  b 1.62. In addition, the 
low-field singlet (1 H) in 15 a t  6 7.82 was replaced by a sharp 
singlet (3 H)  in 16 at 6 2.53. The empirical formula of 
C1bH17N303S obtained from elemental analysis (C, H, N, S) 
was in agreement with the mass spectral data. Both 15 and 16 
then appeared to  arise from an interaction of 5 with the sol- 
vent. 

Substitution of the N-carbomethoxy-3-phenyl-5,6-dihy- 
droimidazo[2,1-b]thiazolium fluoroborates (6) for 5 in each 
of the above two reactions (nitromethane and nitroethane) 
led to the isolation of two additional yellow crystalline com- 
pounds, 17 and 18, respectively. Examination of the spectral 

data for these four compounds (15-18) (see Experimental 
Section) reinforces the conclusions that these compounds fall 
into two homologous series (15,16 and 17,18) and that these 
two series of compounds are structurally related. 

The structural identity, however, of any one of these four 
compounds still remained obscure. In order to clarify this 
problem, a single crystal x-ray structure determination of 15 
was carried out. A stereoview illustrating the molecular con- 
formation for 15 is depicted in Figure 1, which also presents 
the (arbitrary) numbering system used in the presentation and 
discussion of the crystallographic results. 

Bond distances are consistent with considerable delocali- 
zation through the sequence N( l)-C(3)-C(4)-nitro: C(3)- 
N(1), 1.352 (9); C(3)-C(4), 1.386 (11); C(4)-N(2), 1.348 (12); 
N(2)-0(1), 1.268 (8); and N(2)-0(2), 1.259 (8) A. Thus, the 
C(3)-N( 1) distance agrees well with the corresponding dis- 
tance in one other structure in which such conjugation occurs: 
1.353 (6) in 2-mercaptobenzothiazole.16 This distance is 
noticeably longer than in structures in which the bond is 
largely double in character: 1.324 (4) A in 2-(c~-hydroxy- 
ethyl)-3,4-dimethylthiazolium bromide;17 1.32 A (average, no 
esd reported) in l-phenyl-3-(thiazolin-2-yl)-2-thiourea;16 
1.280 (9) A in 2-(o-hydroxyphenyl)benzothiazole;1g 1.308 (5) 
8, in N-benzyl-4-methylthiazolium bromide;20 1.297 (3) in 
2-methylaminobenzothiazole;21 and 1.307 (2) A in 2-amino- 
4,5-dihydro-7,8-dimethyoxy[ 1 ,2 -d ] th i a~o le .~~  

The atoms S, N(1), C(1), C(2), C(3) of the five-membered 
ring are coplanar to within 0.02 A, with atom C(4) also in this 
plane to within experimental error. The nitro group is twisted 
out of this plane by only 5.6'. 

Conclusions 
After the structure for 15 was revealed by the x-ray study, 

the peak assignments in the lH NMR spectra for compounds 
15-18 were made (Table I). 

Of interest in the lH NMR spectra are the high field as- 
signment to the substituted acetamide methyl protons in 15 
and 16, and the apparent quartet observed for the high field 
methylene protons (CHzb) in 16,17, and 18. Although at  first 
surprising, this high field assignment is not unprecedented 
after the NMR solvent (MezSO-ds) used in this study is taken 
into consideration. In a control experiment, the chemical shift 
position of the acetamide methyl resonance in acetamide itself 
was determined in CDC13 and MezSO-ds. An upfield shift 
from 6 1.99 to 6 1.83 was noted in going from CDC13 to 
MenSO-d6. On the other hand, the apparent quartet patterns 
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Table 1." NMR Data for  15-18a 

15 16 17  18 

R :  H 7.82 7.78 

R L  : CH, 

Ph 7.50 7.42 7.45 7.57 
C,H 7 . 1 2  7.12 7 .12  7 . 2 3  
CH,, 3.76-4.10 ( t )b  4.13-4.40 ( t ) b  3.90-4.12 ( t ) b  4.27-4.47 ( t ) b  
CH,, 2.97-3.38 ( m )  2.75-3.13 (q)b 2.97-3.24 (q)b 2.78-3.08 (q)b  

2.53 2.54 
1 . 6 2  1 .62  

CH3 

OCH, 3.30 3.37 

7.03-7.14 (m)  NH 7.72-8.06C 7.60-7.75 (m)  6.98-7.10 (m)  

CBroad singlet. 
UNMR spectra were run in Me,SO-d, and chemical shifts are expressed in parts per million relative to Me,%. b J  - 6 Hz. 

( J  = 6 Hz) observed for the high field methylene protons 
(CHzb) are due to the extra coupling with a coincident J N - H  
coupling of the neighboring N-H proton. This observation 
substantiates the assignment of these peaks in the lH NMR 
spectra to the CH2b protons. 

With the identity of the structure for 15 secure, a reasonable 
mechanism for the formation of this adduct can be formulated 
(Scheme I). Under the basic conditions of the reaction, proton 
abstraction from the solvent, nitromethane (pK, = 
would give the corresponding conjugate base (19). Nucleo- 
philic attack by this carbanion (19) at the central carbon of 
the thiazolium nucleus (C-2) gives the tetrahedral interme- 
diate (20). In a subsequent step fragmentation of the ring (20) 
leads directly to 15. 

5 

+ 
-CH,NO, --t 

19 

Scheme I 

0 
20 

0 
II 

H, ,NO? 

+ 

15 

The eventual site of the nucleophilic attack in the thiazo- 
lium salts 5 and 6 is apparently a function of the structure of 
the nucleophilic species. With the carbanion (19), nucleophilic 
attack at  the thiazolium nucleus leads initially to the tetra- 
hedral intermediate (201, which subsequently fragments to 
15. Examples of the addition of nitromethide ion to quater- 
nized heteroaromatic molecules have previously been ob- 
s e r ~ e d . ~ ~ - ~ ~  On the other hand, with methoxide the product 
observed is the deacylated thioimidazoline (14). In this case 
formation of a comparable tetrahedral intermediate appar- 
ently does not lead to an isolable product. 

The structure found for 15 is reminiscent of the proposed 
active intermediate for the decarboxylation and condensation 

reactions of a-keto acids by vitamin B1.5JQ8 Breslow has 
suggested that, for example, with pyruvic acid the thiazolium 
zwitterion reacts to give, after loss of carbon dioxide, the active 
intermediate 21. Subsequent reaction of 21 with a proton 
source, a biological oxidant, or another carbonyl containing 

. .  c 
"\,As 

CH,CH,OH 
21 

compound leads to the observed enzymatic products.6 
Methylene adducts similar to those obtained in this study 
have previously been i ~ o l a t e d . ~ ~ * , ~ ~ - ~ *  In most cases, however, 
the compounds obtained were relatively unstable. 

Experimental Section 
General. Melting points were determined with a Thomas-Hoover 

melting point apparatus and are uncorrected. Infrared spectra (ir) 
were run on a Perkin-Elmer Model 700 and 237B spectrometer and 
calibrated against the 1601-cm-' band of polystyrene. Proton nuclear 
magnetic resonance (NMR) spectra were recorded on a Varian As- 
sociates Model T-60 and EM-390 instruments. Carbon-13 nuclear 
magnetic resonance (13C NMR) spectra, the corresponding 'H spectra, 
as well as a series of selective decoupling experiments were determined 
at the JEOL Co. Laboratories, Cranford, N.J., on a JEOL FX60 
spectrometer, through the courtesy of Mr. R. Omstead and Dr. K. 
Goto. Chemical shifts are expressed in parts per million relative to 
MedSi and coupling constants ( J  values) in hertz. Spin multiplicities 
are indicated by the symbols s (singlet), d (doublet), t (triplet), q 
(quartet), and m (multiplet). Mass spectral (MS) data were obtained 
at  an ionizing voltage of 70 eV on a Hitachi Perkin-Elmer Model 
RMU-6H mass spectrometer. Elemental analyses were obtained at  
Spang Microanalytical Laboratories, Ann Arbor, Mich. 

The solvents and reactants were of the best commercial grade 
available and were used without further purification unless noted. 
When dry solvents were required, dichloromethane was distilled from 
phosphorus pentoxide, dimethoxyethane was distilled from lithium 
aluminum hydride, anhydrous ether was stored over sodium metal, 
and nitromethane and nitroethane were freshly distilled. All reactions 
were run under nitrogen, and all glassware was dried before use. 

Reaction of N-Acetyl-2-phenacylthioimidazoline (7) with 
Sodium Methoxide. Preparat ion of 2-Phenacylthioimidazoline 
(9). To a stirred CHzClz solution (25 ml) containing 79 (0.79 g, 3 
mmol), 6 ml of 0.5 M sodium methoxide in methanol (3 mmol) was 
added. The solution was stirred for 4 h at  room temperature and then 
aqueous 5% NaHC09 (15 ml) added. The addition of the bicarbonate 
solution resulted in the immediate precipitation of a white solid. The 

/% 
CH, 
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Table 11. Experimental  Summary 

A .  Crystal Data for 15 a t  -35 " C  

_____-___ 

C,'lHl,N,O,S Crystal system: monoclinic 
Formula weight 305.36 Space group:  P 2 , / c  ( n o .  1 4 )  
a = 11 .994  (3 )  A Z = 4;  F ( 0 0 0 )  = 640  e 
b = 8 .791  (3 )  A dcalcd = 1 . 4 6  g 
c = 1 3 . 2 3 0  (4) A dobsd ( room temperature,  f lota- 
p = 92 .85  (3)"  t ion in aqueous ZnCI,) = 1.40 
V = 1393 .2  A 3  g ~ r n - ~  

B. Data Collection a t  -35 "C  

Radiation: Mo  K&, = 0.71069 A 
Mode:  ci scan 
Scan range: symmetrically over 1 .O" abou t  KLY, ,~ maximum 
Background: offset 1.0" in w f rom Ka , , ,  max imum,  each 

Scan r a t e :  variable, 1 .O t o  4.0" min-l 
Check reflections: four  remeasured after every 9 6  reflec- 

28 range: 4.0" to 50.0" 
Reflections measured: 2458 
Reflections accepted for  structure analysis and refinement:  

1 4 6 7  with I o  >2.0tr(10) 
Absorption coefficient (Mo KC):  7 .2  c m - ' ;  n o  absorpt ion 

correction applied 

counted for t ime equal to the  scan t ime 

tions 

precipitate was filtered from the HzO-CHZC12 mixture, and then 
triturated with cold CHC19 and dried in vacuo, yield 0.24 g of 9. The 
H20-CH2C12 mixture was then separated and the organic layer dried 
(NazSOd), concentrated in vacuo, triturated with cold CHC13, and 
dried in vacuo to give an additional 0.36 g of 9, total recovered yield 
0.60 g (91%), mp 143-145 "C (lit.Io mp 145-146 "C): ir (KBr) 1590 
cm-'; NMR (MezSO-dGl 6 2.974.15 (m, 7 H), 6.70 (s, 1 H),  7.30-7.70 
(m, 5 H). 

Preparat ion of N-Acetyl-3-phenyl-5,6-dihydroimidazo[2,1- 
blthiazolium Fluoroborate (5). Trimethyloxonium fluoroborate" 
(5.77 g, 39 mmol) in freshly distilled nitromethane (40 ml) was added 
dropwise to a stirred slurry containing 79 (7.86 g, 30 mmol) in nitro- 
methane (250 ml). The :solution was allowed to stir a t  room temper- 
ature overnight and the products isolated by precipitation with EtzO. 
The residue was dried in vacuo, and then triturated with CHC13. The 
remaining CHCll insoluble, white solid was further purified by 
reprecipitation with Et20 from a 1:l nitromethane-dichloromethane 
solution: yield 4.60 g (46%); mp 204205 "C; ir (KBr) 1675, 1515, 1415, 
1315, 1125-1025 cm-'; NMR (CDsN02) d 2.38 (5, 3 H), 4.97 (s, 4 H),  
7.30 (s, 1 HI,  7.58 (s, 5 w. 

Anal. Calcd for C17HlriN~OSBF,i: C. 47.01: H. 3.95: N. 8.44. Found: _.l .I, - . ,  , ,  , ,  

C, 47.~16; H, 3.92; N, 8.4'7. 
Reaction of N-Acetyl-3-phenyl-5,6-dihydroimidazo[2,1- b] - 

thiazolium Fluoroborate (5) with Sodium Methoxide. Prepa-  
ration of 3-Phenyl-5,6-dihydroimidazo[2,1- blthiazole (14). 5 (1.33 
g, 4 mmol) was added to 8 ml (4 mmol) of 0.5 M sodium methoxide 
in methanol and the solution allowed to stand overnight. The solution 
was then adjusted to pH 9 by the gradual addition of aqueous 5% HC1, 
and then concentrated iin vacuo. The residue was added to aqueous 
5% NaHC0:j (20 ml) and then extracted with CHzClz (2 X 20 ml). The 
combined organic layer extracts were washed with HzO (20 ml), dried 
(Na2S04), and evaporated in vacuo to give 0.45 g (56% yield) of 14: mp 
109-112.5 "C (lit.9 mp 112-113 "C); ir (KBr) 1600 cm-'; NMR 
(CDC13) 6 3.52-4.40 (m, 4 H), 5.64 (9, 1 HI, 7.37 (s, 5 H); MS mle (re1 
intensity) 202 (loo), 201 (69), 147 (121,142 (22), 105 (95), 102 (47), 100 
(44), 99 (501, 77 (18). 

Preparat ion of (2%)-3-(2'-Acetylaminoethyl)-2-nitrometh- 
ylene-4-phenyl-2,3-dihyrothiazole (15). To a stirred nitromethane 
solution (30 ml) containing 0.76 g (2.3 mmol) of 5,0.23 g 2.3 mmol) 
of Et.lN was added. The solution was stirred for 48 h a t  room tem- 
perature during which time a yellow crystalline material separated. 
The solid was collected, dried (0.49 g), and then recrystallized from 
deionized H20: yield 0.30 g (43%); mp 237-238 "C; ir (KBr) 3320,3110, 
2930, 1675, 1520, 1490 cm-'; NMR (MeZSO-ds) 8 1.62 (s, 3 H), 
2.97-3.38 (m, 2 H),  3.28 (s, HOD), 3.76-4.10 (t,  J = 6 Hz, 2 H), 7.12 
(s, 1 H), 7.50 (s, 5 H), 7.72-8.06 (broad s, 1 H), 7.82 (s, 1 H). Upon 
addition of DzO to the NMR sample the broad singlet at  d 7.72-8.06 
disappears and the muhiplet a t  6 2.97-3.38. broadens. Addition of 1 
N NaOD-D& (>! drops) to the sample results in the rapid exchange 
of the peaks a t  6 7.12 and 7.82. Of the two, the higher field peak ex- 
changes the most rapidly. The rest of the spectrum remains relatively 

unchanged upon the addition of base. '"C NMR (MezSO-ds) 22.4, 
36.2, 46.9, 107.4, 110.2, 128.8, 129.3, 129.8, 143.7, 161.3, 169.6 ppm. 
Irradiation of the protons a t  6 3.76-4.10,7.12, and 7.82 in successive 
selective proton decoupling experiments identified the corresponding 
carbon resonances at  46.9,110.2, and 107.4 ppm, respectively. MS m/e 
(re1 intensity) 305 (231,245 (51,221 (53), 220 (23), 204 (17), 176 (22), 
175 (73), 174 (711,135 (171, 134 (1001, 102 (44), 86 (96), 85 (35), 77 
(21). 

Anal. Calcd for CMH~~N&$:  C, 55.07; H, 4.95; N, 13.76; S, 10.50. 
Found: C, 55.05; H, 5.00; N, 13.72; S, 10.54. 

X-Ray S t ruc tu re  Analysis. Crystals of 15 obtained by slow 
evaporation of a methanol solution were yellow plates. All x-ray work 
was carried out on a Syntex P21 autodiffractometer equipped with 
graphite monochromator and a Syntex LT-1 inert gas (N2) low tem- 
perature (-35 "C) delivery system. Cell parameters were determined 
by least-squares analysis of 45 carefully centered reflections, 14" 5 
20 5 23'. Details of crystal data and intensity data collection appear 
in Table 11. 

Data reduction and assignment of standard deviations (with p = 
0.02) to the measured intensities were carried out as previously de- 
scribed.32 Analysis of the 29 sets of check reflections revealed a mild 
fall-off of intensity with time. This fall-off was described,':' by the 
equation X = 1 + At + Et2 ,  where t is exposure time inhours, and the 
least-squares values of A and B ,  respectively, were 0.000278 f 
0.000165 and -0.000006 f 0.000002. A multiplicative correction, 1/X, 
applied to the intensity data, ranged from 0.997 to 1.018. No correction 
for absorption was applied. 

The structure was solved by application of direct methods, imple- 
mented by the program package MULTAN:14a and refined by full- 
matrix least-squares  method^."^ During the early stages of structure 
refinement, all nonhydrogen atoms (except sulfur) were assigned 
carbon atom scattering factors. Consideration of resulting E values 
and distances and angles soon verified the identity of the N and 0 
atoms. After a few cycles of anisotropic refinement, a difference map 
revealed the positions of most hydrogen atoms. However, when these 
failed to refine satisfactorily, hydrogen atoms were included in the 
refinement in calculated ideal positions. Refinement then proceeded 
smoothly with all nonhydrogen atoms treated anisotropically and all 
hydrogen atoms isotropically. 

Convergence was reached a t R  = ZllF,,I - lFcli/ZIFJ = 0.067 and 
R w  = [Zw(IFol  - lFcl)2/ZwIFc,12]1/2 = 0.079. In the final cycle of 
least-squares refinement, all shifts in nonhydrogen positional pa- 
rameters were less than 20% of a corresponding estimated standard 
deviation (esd). No shift in an anisotropic thermal parameter ex- 
ceeded 30% of its esd in this final cycle. All hydrogen position shifts 
were less than 30% of an esd and no hydrogen temperature factor 
shifted by more than 75% of an esd. The function minimized in re- 
finement was Zw(lF,,I - lF,1)2, where the weight u: of each reflection 
was taken as the reciprocal square of the standard deviation of I F,,I. 
Neutral atom scattering factors for S, 0, N, C,:'" and H,'" were used; 
the real and imaginary corrections due to anomalous dispersion were 
applied to the S atom scattering factor?' A final difference map 
showed only random features, not exceeding 0.4 eA-:'. 

Final fractional coordinates for the nonhydrogen atoms appear in 
Table 111. Supplementary data consisting of tables of final thermal 
parameters for nonhydrogen atoms, coordinates and thermal pa- 
rameters for hydrogen atoms, bond lengths and angles, torsion angles, 
and selected least-squares planes will be found in the microfilm edi- 
tion of this journal.sa 

Preparat ion of (2Z)-3-(2'-Acetylaminoethyl)-2-nitroethyli- 
dene-4-phenyl-2,3-dihydrothiazole (16). Et:{N (0.23 g, 2.3 mmol) 
was added to a stirred solution of 5 (0.76 g, 2.3 mmol) in 25 ml of ni- 
troethane. The solution was heated at  40 "C for 24 h and the product 
isolated by precipitation with ether (450 ml). Purification of 16 was 
accomplished by dissolving the crude precipitate in CH2C1' (200 ml) 
and washing with H20 (2 X 50 ml). The organic layer was dried 
(Na2S04), concentrated in vacuo, and reprecipitated from chloro- 
form-ether: yield 0.18 g (25%); mp 208-211 "C; ir  (KBr) 3280,1660, 
1540,1350, 1325 cm-I; NMR (MeaSO-dB) 6 1.62 (s, 3 H),  2.53 (s, 3 H), 
2.75-3,12 (4, J = 6 Hz, 2 H), 3.27 (s, HOD), 4.13-4.40 (t ,  J = 6 Hz, 2 
H),  7.12 (s, 1 H), 7.42 (s, 5 H), 7.60-7.75 (m, 1 H); MS m/e (re1 inten- 
sity) 319 (101,245 (91,235 (251,218 (7), 203 (8), 190 (IO),  189 (33), 188 
(loo), 135 (71, 134 (171,102 (12), 91 (8), 86 (24). 

Anal. Calcd for CljH17N303S: C, 56.41; H, 5.37; N, 13.16; S, 10.04. 
Found: C, 56.30; H, 5.37; N, 13.07; S, 9.97. 

Preparation of (22)-3-(2'-Carbomethoxyaminoethyl)-2-ni- 
tromethylene-4-phenyl-2,3-dihydrothiazole (17). To a stirred 
nitromethane solution (35 ml) containing 1.28 g (3.7 mmol) of 6,8 0.37 
g (3.7 mmol) of Et3N was added. The solution was stirred for 48 h a t  
room temperature during which time a yellow crystalline material 



N-Acyl Substituted Dihydroimidazo[2,1 -b]thiazolium Salts 

T a b l e  111 F r a c t i o n a l  Coord ina tes  for 
N o n h y d r o g e n  Atoms of 15a 

I_ __ ____- 
X Y 2 

-0.0690 (1) 0 .7509 ( 2 )  0.1169 (1) 
4 . 1 4 1 7  ( 4 )  0 .4750 (6) 0 .1242 ( 4 )  
-0.0517 ( 4 )  0.2592 ( 6 )  0 .1408  ( 4 )  

0 .1405 ( 4 )  0 .7196 ( 6 )  0 .1054 ( 4 )  
-0.0506 ( 5 )  0.4018 ( 7 )  0.1304 ( 5 )  

0 .3052 ( 5 )  0 .7698 ( 7 )  0 .2810 ( 5 )  
0 .0119  ( 6 )  0 .9100 ( 9 )  0.1088 ( 6 )  

0 .0471 ( 5 )  0 .6361  (8) 0.1157 ( 5 )  
0 .0458  ( 6 )  0 .4792 ( 9 )  0 .1251 ( 6 )  
0 .2538 ( 6 )  0 .6524  ( 9 )  0 .1139 ( 6 )  
0.2894 ( 7 )  0 .6291 ( 9 )  0.2252 ( 6 )  
0 .3991 ( 6 )  0 .8533 ( 9 )  0 .2763 ( 6 )  
0 .4057 ( 7 )  0 .9873 (11) 0 .3464  ( 7 )  
0 .2104 ( 6 )  0.9866 (8) 0 .0780 ( 5 )  
0 .2338  ( 6 )  1 .1082  ( 9 )  0 .1408 ( 6 )  
0.31788 (8)  1 .2108  (10) 0.1189 ( 7 )  
0.374Cl (8)  1 .1946  (11) 0 . 0 3 2 3  ( 7 )  
0 .3513 (8 )  1 0 7 5 8  ( 1 2 )  -0.0315 ( 7 )  
0 269B ( 6 )  0 .9698  ( 9 )  -0.0103 (6 )  

0.4747 ( 4 )  0 .8198  ( 6 )  0 .2220  (4) 

0 .1210  ( 6 )  0 .8771  (8)  0.1000 ( 5 )  

aSee F i g u r e  1 for i d e n t i t y  of t h e  a toms.  N u m b e r s  in paren-  
theses are t h e  es t imated  s tandard  dev ia t ions  in t h e  las t  sig- 
n i f i c a n t  d ig i t .  

separated out. T h e  sol id was collected, t r i turated w i t h  Et20, and 
reprecipitated f rom dichloromethane-hexanes: yield 1.03 g (87%); mp 
233.5-235.5 "C; ir (KBr )  3290,3100,2960,1710,1510,1420,1350 cm-'; 
NMR (MegSO-&) 6 2.9'7-3.24 (q,J = 6 Hz,2 H),3.30 (s ,3  H),3.43 (s, 
HOD~,3.90-4.12(t,J=~6Hz,2H),6.98-7.10(m,1H),7.12(s,1H), 
7.45 (s, 5 H), 7.78 (s, 1 H). Addit ion of  D20 to  the NMR sample results 
in the disappearance of the mul t ip le t  a t  6 6.98-7.10 and the broad- 
ening of  the quartet a t  6 2.97-3.24. M s  mle (re1 intensity) 321 (4), 221 
(lo),  204 (lo),  186 (12), I75 (30), 174 (lOO),  134 (71), 102 (44), 101 (261, 
89 (16), 77 (19). 

Anal. Calcd for C ~ ~ H ~ S N ~ O ~ S :  C, 52.32; H, 4.71; N, 13.08; S, 9.98. 
Found: C, 52.35; H, 4.6'7; N, 13.08; S, 10.09. 

P r e p a r a t i o n  of (2~t)-3-(2'-Carbomethoxyaminoethyl)-2-ni- 
troethylidene-4-phenyl-2,3-dihydrothiazole (18). EtsN (0.10 g, 
1 mmol) was added t o  a st irred solution o f  68 (0.35 g, 1 rnmol) in 10 ml 
o f  nitroethane. The solution was allowed t o  st ir  a t  room temperature 
for 72 h, dur ing which t ime a yellow sol id separated. T h e  precipitate 
was collected, washed w i t h  EtzO, and reprecipitated f rom dichloro- 
methane-hexanes: yield 0.27 g (81%); mp 199.5-201.5 "C; ir ( K B r )  
3290,3080, 2945, 1695, 1525, 1400, 1325 cm-'; NMR ( M e ~ S o - d s )  6 
2.54 (s,3 H),2.78-3.08 ( q , J  = 6 Hz,2 H),3.37 (s,3 H),3.43 (s,HOD), 
4.27-4.47 ( t , J  -. 6Hz, :2 H), 7.03-7.14 (m, 1 H), 7.23 (s, 1 H),  7.57 (s, 
5 H). Addi t ion  of  D20 to the NMR sample results in the disappear- 
ance of the mul t ip le t  a t  6 7.03-7.14 and the broadening of  the quartet 
a t  6 2.73-3.08. MS mle (re1 intensity) 335 (9), 261 (5), 235 (18), 218 
(6), 202 ( lo) ,  189 (32), .I88 (loo), 134 (191, 102 (22),84 (13). 

Anal. Calcd for C&X17N:jO*S: C, 53.72; H, 5.11; N, 12.53; S, 9.56. 
Found: C, 53.66; H, 5.03; Pi, 12.40; S, 9.56. 
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Supp lementary  M a t e r i a l  Avai lab le.  Tables of  f ina l  thermal  
parameters for nonhydrogen atoms, coordinates and thermal  pa- 
rameters for hydrogen atoms, bond lengths and angles, torsion angles, 
and least-squares planes (8 pages). Ordering in format ion is given o n  
any current masthead page. 
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