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A series of substituted imidazolidones and imidazolines were synthesized as potential model compounds for the 
coenzyme, biotin. The syntheses and mass, infrared, ' H  NMR, and I 'C NMR spectral properties for these sub- 
strates are described. The 'H NMR spectra for the acetyl substituted imidazolidones and imidazolidinethiones ex- 
hibited a characteristic downfield shift for the acetyl methyl proton (ca. 6 2.50 and 2.80, respectively). Surprisingly, 
the 'H NMR spectra for the acyl substituted thioimidazolines consistently showed a singlet for the ethylene unit 
rather than the expected AA'BB' pattern. Verification of this unusual accidental equivalence in the 'H NMR spec- 
tra was accomplished by the use of 'C NMR. The ] 'C NMR spectra for these compounds exhibited two distinct 
resonances which were attributed to the different ring carbon atoms. 

Substituted imidazolidones (1) and imidazolines (2) are 
compounds of considerable current interest both as model 

U u 
l(X-0,S) 2 (X = 0,s) 

substrates for biological proce~sesl-~ and as chemotherapeutic 
agenk8-10 As part of a current project dealing with the 
mechanism of biotin catalysis,l we synthesized a series of 
imidazolidones (1) and imidazolines (2) as model substrates. 
Compounds of types 1 and 2 possess many of the unique 
structural features found in biotin (3).11 

0 

.. 
J 

Many of the simple members of these classes of compounds 
have not been prepared. In this paper, we report the syntheses 
and characterization of these substrates, as well as a com- 
parison of their properties to those of previously reported 
congeners.12J3 Although the acyl substituted thioimidazolines 
prepared gave satisfactory elemental analyses, mass, and in- 
frared spectral data, the surprising simplicity of their 'H NMR 
necessitated a 13C NMR study of these compounds. We also 
examined the 13C NMR spectra of their counterparts, the 
substituted imidazolidones. The importance of I3C NMR in 
clarifying the structural assignment of these heterocyclic 
molecules is outlined. In a subsequent paper, the chemistry 
of some of these compounds will be described.14 

Synthesis. Tables I and I1 list the substrates we have pre- 
pared and pertinent infrared and lH NMR data. The majority 
of these substrates are new. They were prepared by a variety 

of synthetic routes. All new compounds gave the appropriate 
parent peak in the mass spectrum and satisfactory elemental 
analysis or high-resolution mass spectral characterization. 
Most of the compounds reported herein were crystalline,Is 
with only the dialkyl substituted imidazolines generally being 
liquids. 

Two general synthetic methods were adopted for the 
preparation of the new acyl-substituted imidazolidones and 
imidazolidinethiones. The imidazolidones (9,10,12, and 13) 
were synthesized by the prior formation of the corresponding 
imidazolidone anion, followed by the addition of the acylating 

e 0 0  

2. R ' k l  

agent. By comparison, in the sulfur series (16, 18, 19,20,21, 
and 22), the acylating agent was introduced to a solution 
containing both the imidazolidinethione and pyridine. Al- 
though the method of choice for the preparation of the sub- 
stituted imidazolidones was the initial formation of the anion, 
these substrates could be prepared in lower yields by a method 
analogous to that used for the imidazolidinethiones. The re- 

U pyridine 

duced reactivity observed in the oxygen series appears to stem 
from the decreased nucleophilicity of the imidazolidone's ring 
carbonyl group as compared to the thione group in the im- 
idazolidinethiones.16 In an experiment to verify this reactivity 
pattern, procedures comparable to those employed in the 
syntheses of 18 and 21 (CHZC12, reflux) were adopted for the 
preparation of 8 and 12. Even though the reaction times were 
doubled in the imidazolidone series, considerably lower yields 
were observed for these r ea~ t i0ns . l~  

The molecular structure assigned by us for each of these 
acyl substrates was the N,N'-disubstituted products rather 
than the isomeric N,O- or N,S-substituted imidazolines. 
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Support for this assignment stems from a variety of sources, 
the foremost being (1) literature p r e ~ e d e n t , ' , ~ J ~ J " % ~ ~  (2) the 
correlation of spectral absorptions with structure, (3) the 
synthesis and characterization of alternate isomers (cf. 8 vs. 
27,9 vs. 28,18 vs. 32, and 19 vs. 37), and (4) the subsequent 
derivatization of some of these substrates.l,l4 Additional 
chemical support for N,N' disubstitution pattern stems from 
the syntheses of 12 and 21. In these cases, the diacylated 
compounds (12 and 21) could be easily prepared from the 
corresponding N-acetyl (5  and 15) or the N-carbomethoxy (6  
and 16) derivatives. 
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Although no mechanistic studies were conducted, analogy 

with previous work suggests two likely po~sibilities.~ l L  l i  

One involves the initial formation of the oxygen or sulfur 
bound imidazoline, followed by a Chapman-type rearrange- 
ment16Ja22 to the N,N'-disubstituted product, while the other 
involves direct acylation of one of the ring nitrogen atoms of 
the imidazolidone or imidazolidinethione. Of these two 
mechanisms, the former has enjoyed the widest sup- 

The 0-alkyl-N-acylimidazolines (27, 28, and 29) were 
prepared by the addition of either trimethyloxonium' or 
triethyloxonium fluoroborate24 (Meerwein salts) to a solution 
containing the starting acyl imidazolidone. When less reactive 
alkylating agents, alkyl halides, were used in place of the 
Meerwein salts, only the starting acyl imidazolidones were 
recovered (CHC13, 40 "C, 5 days).14 
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Syntheses of the corresponding substituted thioimidazol- 
ines were generally accomplished by one of two methods. 
Unlike the preparation of the acyl imidazolines, the acyl im- 
idazolidinethiones readily underwent direct S-alkylation with 
the alkyl halides, to give the desired products (32,37,38, and 
43). These results are in accord with the reactivity pattern 

I 

/ R  
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RC ' -N A,/" 1. R'X , RC-N " A N  
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previously observed for these substrates.16 Alternatively, these 
compounds (34,35,39, 40,41,42, and 43) were prepared by 
the introduction of the alkylating agent to a solution con- 
taining both the starting substrate and triethylamine. In the 
cases where both methods were utilized, the second method 
gave slightly higher y i e l d ~ . ~ $ l * , ~ j  Comparison of the experi- 
mental yields for the S-alkylation of N-acetylimidazoli- 
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dinethione vs. that for the corresponding N-carbomethoxy- 
imidazolidinethione with a variety of alkylating agents also 
showed that consistently higher yields were obtained for the 
N-carbomethoxy derivatives. Despite efforts to increase the 
conversion in the former series of compounds by increasing 
the reaction times, reaction temperatures, and the ratio of 
alkylating agent to starting material, only moderate yields 
were 0b~erved . I~  This reactivity pattern appears to be a re- 
flection of the enhanced nucleophilicity of the thione group 
in the N-carbomethoxyimidazolidinethiones vs. the thione 
group in the N-acetyl compounds. 

Mass Spectral Data. Each substituted acyl imidazolidone 
and imidazoline gave a discernible parent peak in the mass 
spectrum (ionization voltage 70 eV). Two distinct modes of 
cleavage emerge upon examination of the fragmentation 
patterns for these compounds. 

A significant feature in the breakdown patterns for the 
N-acetyl substituted imidazolidones (44, X = 0) (compound 
12) and imidazolidinethiones (44, X = S) (compounds 18,20, 
and 21) was the P - 42 peak. Similarly the N-carbomethoxy 
substituted imidazolidones (46, X = 0) (compounds 9 and 13) 
and imidazolidinethiones (46, X = S) (compounds 16,19,21, 
and 22) gave a characteristic P - 58 fragment. Both of these 

44(X = 0 . S )  

P.42 
4s 

46 (X = 0,s) 

+/H x 

+ co 
P-58 
47 

peaks can be rationalized in terms of a McLafferty type re- 
arrangement26-2T of the starting molecular ion to give 45 and 
47, respectively. 

This pattern was not observed in the N-acyl substituted 
imidazolines and thioimidazolines. Instead the N-acetyl de- 
rivatives (48) (compounds 27,32-35) gave a diagnostic peak 
at  P - 43, while the N-carbomethoxy substrates (50) (com- 

pounds 28,29,37-39) gave rise to a peak a t  P - 59. Cleavage 
of the bond adjacent to the ring with loss of O=CCH:I and 
O=COCHa, respectively, accounts for these 

4 8 ( X  = 0,s) 

P-43 
49 

R 
'x 

50 (X = 0,s) 

P-59 
51 

The composite set of mass spectral data for all newly pre- 
pared acyl substituted imidazolidones and imidazolines re- 
veals that exceptions do exist to these generalizations. The 
mass spectral data provide helpful but not conclusive evidence 
for structure. 

Infrared Spectral Data. The infrared group frequencies 
which have been reported for thioureas, ureas, and cyclic de- 
rivatives are ~ k e t c h y . ~ ~ ~ ~ ~  Furthermore, the examples which 
have been cited do not reveal an invariant set of frequencies. 
We have constructed the following table (Table 111) to sum- 
marize the literature values found in Bellamy,28,29 Nakan- 
ishi,30 and our work. We also note the number of cases ob- 
served in our study for each structural type. Even though a 
substantial number of examples agree with expectation, we 
have recorded enough exceptions that we feel these frequen- 
cies are not unique diagnostic tools. For example, 4 and 6 do 
not exhibit the expected urea carbonyl band at  ca. 1720 
cm-1,30 but instead show enolic absorptions at  1690 and 1640 
cm-l, respectively. Compounds 9 and 10 exhibit extra strong 
absorptions in the carbonyl region at  1805 and 1800 cm-', 
respectively. Compound 16 is characterized by a 1675-cm-' 
band, a feature for which we have no explanation. Finally, we 
could not confidently find the three sets of bands abscribed 
to t h i o ~ r e a s . ~ ~  In most cases the high-frequency absorption 
was easily observed, but every assignment of the lower fre- 
quency bands we attempted to make was ambiguous. 

Our experience with the interpretation of the infrared 
spectra of these 40 compounds leads us to the following gen- 
eralizations. The cyclic imine band characteristic of com- 
pounds in Table I1 exhibits a reliable infrared absorption a t  
1655-1600 cm-I (X = 0) and 1605-1560 cm-' (X = S), and 
is useful in structure elucidation. In contrast, the ring carbonyl 
and thione frequencies for the substituted imidazolidones and 
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Table 111. Summary of Selected Infrared Group Frequencies 
No. of 

Functional Lit. values, Obsd values, obser- 
group cm-' cm" vations 

1720a 

1570-1395b 
1420-1 260 
1140- 940 

1650a.C 

1740-1 69 OQ 
1736-1 700C 

16656 

1611b 

1750-1 71 2 

1530-1470 

1710-1645 

1765-1705 

1655-1600 

1605-1560 

7 

6 

14 

18 

7 

14 

a Reference 30. b Reference 29. C Reference 28. 

imidazolidinethiones are much less reliable and do not provide 
a conclusive demonstration of the absence or presence of these 
functional groups. 

Magnetic Resonance Data. 'H NMR. We routinely re- 
corded lH NMR spectra of all the compounds in this study, 
in order to characterize the structure unambiguously. Un- 
fortunately, this expectation was not realized. The chemical 
shift for the protons of the substituted imidazolidones and 
imidazolidinethiones are recorded in Table I. The N-methyl, 
the N-carbomethoxymethyl, and the ring ethylene protons 
all exhibited chemical shifts in regions previously assigned.31132 
The ethylene pattern was an AA'BB' spin system for the 
asymmetric substituted compounds and was an Ad singlet for 
the symmetric substituted compounds. In three instances 
(compounds 4, 12, and 21) the near equivalence of the sub- 
stitution on the two nitrogens gave rise to accidental equiva- 
lence of the ring ethylene protons. 

The consistent appearance of the N-acetyl methyl group 
at  ca. 6 2.50 in the substituted imidazolidones and ca. 6 2.80 
in the sulfur analogues was a t  lower field than we antici- 

Greenhalgh and Weinberger13 have noted down- 
field shifts in a related series of compounds, and have ex- 
plained the observations in terms of anisotropy and of selec- 
tive population of a particular conformer. Whatever the cause, 
we note that the N-acetyl imidazolidones exhibit a diagonistic 
peak at  6 2.40-2.52, and the N-acetyl imidazolidinethiones at  
6 2.75-2.85.":' 

The chemical shifts of N-substituted imidazolines and 
thioimidazolines can be identified by correlation c h a r t ~ , ~ l J ~  
Indeed the N-methyl, N-carbomethoxymethyl, and even the 
N-acetyl methyl resonances occur a t  the expected values. 

The chemical shifts of the ethylene protons agree well with 
previous correlation ~ h a r t s . ~ ~ , ~ ~  As expected, the oxygenated 
compounds of Table I1 exhibited the AA'BB' spectra that are 
required by their symmetry. Thus we were astonished by the 
simple single absorption for the ring ethylene protons that was 

invariably observed for the N-acetyl- and N-carbomethoxy- 
thioimidazolines. The highly asymmetric substitution pat- 
terns for these compounds cannot be easily reconciled with 
accidental degenerate -CH&H2- resonances. The use of a 
variety of solvents (CDCl3, CDsCN, CsH5N02) did not lift the 
degeneracy. In one case (compound 37) the effect of ben- 
zene-& caused the singlet to become a perceptibly more 
complicated pattern [6 3.25-3.53 (m, 4 H)]. Varying the tem- 
perature of the NMR sample of compound 37 between -40 
and 30 "C did not lift the degeneracy. 

Our inability to alter the -CH&H2- singlet resonance in 
these classes of compounds (12 substrates) led us to consider 
alternative structures and/or kinetic processes which inter- 
convert alternative structures, as well as to question the cor- 
rectness of the topological description of this whole class of 
compounds. 13C NMR, however, provides an immediate in- 
dication of whether the IH spectra require a special explana- 
tion. 

NMR 
spectrumq5 of six of the N-acyl substituted thioimadozolines 
(32,36-38,40, and 43) of Table I1 gave the expected number 
of signals for carbons bound to hydrogens. In a few cases the 
low intensity of the quaternary carbons precluded the confi- 
dent assignment of these atoms. The key observation is the 
consistent appearance of two resonances in the indicated shift 
range, separated by ca. 6 ppm for the two carbons in the ring 
ethylene bridge. The identity of these two carbons was assured 

13C NMR. Examination of the proton decoupled 

L/ 
538- 47.0- 
545 48.6 

by observing triplets, J = 144 and 142 Hz, for the resonances 
at  6 48.1 and 53.8 in the proton coupled spectra of compound 
32. Additionally, triplets, J = 150 and 145 Hz, occurred at  6 
47.9 and 54.2 in the spectrum of compound 43. Using these 
chemical shifts as references we made consistent assignments 
to the ethylene resonances in the remaining compounds. 
Under ordinary 13C NMR conditions, there is no convenient 
observation to assign the two resonances separately, so we 
assign them as a set. The values recorded for the carbons of 
the ethylene bridge may be reversed, but the pattern of shifts 
makes the paired assignment certain. The consistent ap- 
pearance of two 13C NMR signals for the ethylene bridge 
verifies the structure and assures that the 'H NMR results 
from accidental equivalence. The remaining resonances were 
assigned from proton coupling constants, correlation 
 chart^,"^-^^ and internal consistency. 

Model compounds have been reported by Jackman and 
Jen.36 Their 13C NMR assignments accord well with ours with 
a single exception. We suggest that the resonances recorded 
as C-4 and C-6 in their Table VI11 should be reversed. 

The 13C NMR spectra35 of eight of the imidazolidones (4, 
9,13,16-19, and 22) which appear in Table I were recorded. 
In those cases where the substituents a t  the two nitrogen 
atoms differed, two resonances for the ring ethylene carbons 
were noted. The assignments were made as before. We find 
nothing unusual in these shifts and present them without 
comment. 

In extensions of this work, we have relied extensively upon 
the assignments of the chemical shift values observed in this 
study to provide positive identification of other analogues. 
The complete data set and two histograms which summarize 
all of the I3C NMR data appear in the microfilm edition of this 
journal. 
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Experimental Section 

General. Melting points were determined with a Thomas-Hoover 
melting point apparatus and are uncorrected. Infrared spectra (IR) 
were run on Perkin-Elmer Model 700 and 237B spectrometers and 
calibrated against the 1601-cm-' band of polystyrene. Proton nuclear 
magnetic resonance ( ' H  NMR) spectra were recorded on Varian As- 
sociates Model T-60 and EM-390 instruments. Carbon-13 nuclear 
magnetic resonance ( ' , 'C NMR) spectra were determined on Bruker 
Models HFX-90 and WH-90, JEOL Model FXGOH, and Varian As- 
sociates Models CFT-20 and XL-100-15 spectrometers. The XL-100 
was equipped with a Nicolet Technology Corp. TT-100 data sys- 
tem. 

Chemical shifts are expressed in parts per million relative to Me& 
and coupling constants ( J  values) in hertz. Spin multiplicities are 
indicated by the symbols s (singlet), d (doublet), t (triplet), q (quar- 
tet), 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. High-resolution mass spectra were performed by 
Dr. James Hudson at the Department of Chemistry, Rice University, 
on a CEC21-11OB double focusing magnetic sector spectrometer at  
70 e\'. Exact masses were determined by peak matching. Elemental 
analyses were obtained a t  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. 
\$Then dry solvents were required, CH?Cl? was distilled from P?O;, 
benzene was distilled and then stored over sodium, dimethylform- 
amide was stored over sodium sulfate and then distilled from CaH?, 
and anhydrous ether was stored over sodium metal. All reactions were 
run under nitrogen, and all glassware dried before use. 

Materials. All previously reported substrates were synthesized by 
their literature procedures unless otherwise indicated. The physical 
and spectral properties observed for these compounds were generally 
in good agreement with the reported values. 
N-Carbomethoxy-N'-methylimidazolidone (9). NaH (50% 

mineral oil dispersion) (2.75 g. 0.05 mol) was washed with benzene ( 3  
x 60 ml) and then an additional 50 ml of benzene was added. A ben- 
zene solution (250 ml) of44" (4.00 g. 0.04 mol) was slowly added (5 h),  
followed by 4.4 ml (0.05 mol) of methyl chloroformate. The solution 
was stirred for 18 h at room temperature. filtered, and evaporated in 
vacuo. Fractional recrystallization from Et20 gave 3.93 g (62%) of the 
desired product: selected 'C NMR (CDC1,O 40.6,43.2 ppm (CHjCHd; 
hlS m / e  Irelo&) 158 (loo),  138 (l:]), 113 (17), 100 (36),99 ( 3 3 ) ,  98 (35), 
7 0  09). 

Anal. Calcd for C6;H,,,N?OI: C,  45.56: H,  6.37; N, 17.71, Found: C, 
45.68; H,  6.27; N, 17.69. 
N-Carboethoxy-N'-methylimidazolidone (10). The preceding 

reaction was repeated using 1.44 g (0.03 mol) of NaH (50% mineral 
oil dispersion). 2.00 g (0.02 mol) of 4:" and 2.9 ml (0.03 mol) of ethyl 
chloroformate. Distillation gave 4.58 g (67%) of a white semisolid: MS 
m/r  (re1 %) 172 (42) ,  128 (121. 99 (1001, 70 (21).  56 (24) .  

Anal. Calcd for C - H I ~ N ~ O ~ :  C. 48.83; H,  7.03: N, 16.27. Found: C, 
48.90; H. 7.04; N, 15.81. 

N-Acetyl-N'-carbomethoxyimidazolidone (12). Method A. 
This compound was synthesized in 55% yield (1.02 g) from 0.62 g 
(0.013 mol) of NaH (50% mineral oil dispersion), 1.28 g (0.01 mol) of 
5 , ) ;  and 1.0 ml(0.013 mol) of methyl chloroformate using the method 
described for the preparation of 9. Reprecipitation of the white solid 
from chloroform-hrxanes gave the purified product: MS m / e  (re1 %) 
186 (261. lt58 (401, 144 (38) .  88 (loo), 59 (26), 56 (26). 

Anal. Calcd for C;HjON2O.j: C, 45.16; H,  5.42: N. 15.05. Found: C, 
45.12: H. 5.32; N. 1,5.10. 

N-Acetyl-N'-carbomethoxyimidazolidone (12). Method B. 
Acetyl chloride (0.4 ml, 0.007 mol) was added to a stirred CH?CI:! 
suspension (25 mli of 64 (0.72 g, 0.005 mol) and pyridine (0.4 ml, 0.005 
mol). The mixture was refluxed for 48 h. The resulting solution was 
washed with H2O (2  X 30 ml), dried (Na?SOJ, and evaporated in 
vacuo. Reprecipitation of the white solid from chloroform-hexanes 
gave purified product. yield 0.37 g (40%). 

N,N'-Dicarbomethoxyimidazolidone (13). NaH (50% mineral 
oil dispersion) (4.80 g, 0.1 mol) was washed with DMF (3 X 75 ml) and 
an additional 20 ml of DMF was added. Imidazolidone (2.15 g, 0.025 
mol) in DMF (50 ml) was then slowly added (5 h), followed by 7.0 ml 
(0.1 mol) of methyl chloroformate. The reaction was exothermic, and 
the mixture was allowed to stir at  room temperature for 18 h. The 
mixture was filtered and the filtrate evaporated in vacuo. The yel- 
low-brown residue was taken up in HgO (50 ml) and continuously 
extracted (48 h)  with CHnCl?. The cH2C1.1 was dried (Na?SOJ) and 
evaporated in vacuo. The yellow-white solid was chromatographed 

on a neutral alumina column (I5 X 2.3 cm) using CHC1.j as the eluent. 
The first eluted material was the desired product. The title compound 
was further purified by reprecipitation from chloroform-hexanes: 
yield 1.28 g (25%); selected NMR (CDC1:J 39.9 ppm (CHPCH?); 
MS mle (re1 %) 202 (29), 158 (loo), 144 (37), 113 (17). 

Anal. Calcd for C;HloN20;: C, 41.59; H ,  4.99: N, 13.86. Found: C, 

N-Acetyl-N'-methylimidazolidinethione (18). To a stirred 
CH2C12 solution (100 ml) containing 1441 (4.64 g, 0.04 mol) and pyri- 
dine (3.16 g, 0.04 mol), acetyl chloride (2.8 ml, 0.04 mol) was slowly 
added. The solution was refluxed overnight and then washed with 
HAO ( 2  X 60 mi), dried (NazSOJ, and evaporated in vacuo. Purifi- 
cation of the desired compound was accomplished by reprecipitation 
from carbon tetrachloride-hexanes: yield 4.35 g (69%); selected ].'C 
NMR (CDC1:J 44.3,47.5 ppm (CHzCH?); MS m / e  (re1 %) 158 (loo), 

41.27; H, 4.85; N, 14.09. 

116 ( 5 o ) , i i 5  ( 2 7 ~  72 ( i4 j . -  
Anal. Calcd for C,,HIIINJOS: C. 45.54: H. 6.37: N. 17.71. Found: C. . -  

45.61; H,  6.40; N, 17.76. 
N-Carbomethoxy-N'-methylimidazolidinethione (19). The 

preceding reaction was repeated using 4.64 g (0.04 mol) of 14,3' 6.32 
g (0.08 mol) of pyridine, and 60.0 ml (0.78 mol) of methyl chlorofor- 
mate. The exothermic reaction was kept under control (moderate 
CH2C12 reflux) by adjusting the rate of addition of methyl chloro- 
formate. Recrystallization from CC14 afforded 3.75 g (54%) of the 
desired product: selected ].'C NMR (CDC1.J 44.5.48.5 ppm (CHzCH?); 
MS m/e (re1 %) 174 (loo), 116 (481, 115 (24), 72 (32). 

Anal. Calcd for CljHIIIN202S: C,  41.36: H. 6.79: N, 16.08. Found: C, 

N-Acetyl-N'-carbomethoxyimidazolidinethione (21). Method 
A. Using the method described for the preparation of 18, 21 was 
synthesized from 4.00 g (0.025 mol) of 16,l 1.98 g (0.025 mol) of pyri- 
dine, and 2.5 ml (0.035 mol) of acetyl chloride. Purification of 21 was 
accomplished by reprecipitation from chloroform-hexanes: yield 4.1 1 
g (81%); MS mle (re1 %) 202 (661,160 (1001,144 (871,102 (95), 88 (35), 
74 (341, 72 (66). 

Anal. Calcd for C;HloN20$3: C, 41.57; H, 4.98; N. 13.85. Found: C. 

N-Acetyl-N'-carbomethoxyimidazolidinethione (21). Method 
B. Using the method described for the preparation of 18, 21 was 
synthesized from 0.86 g (0.006 mol) of 15," 0.95 g (0.012 mol) of pyr- 
idine, and 7.2 ml(O.093 mol) of methyl chloroformate. The exothermic 
reaction was kept under control (moderate CH2CI2 reflux) by ad- 
justing the rate of addition of methyl chloroformate. The solution was 
refluxed for 72 h. Purification of 21 was accomplished by reprecipi- 
tation from chloroform-hexanes; yield 0.75 g (60%). 
N,N'-Dicarbomethoxyimidazolidinethione (22). Compound 

22 was synthesized in 33% yield (1.45 g) from 2.04 g (0.02 mol) of im- 
idazolidinethione, 4.74 g (0.06 mol) of pyridine, and 23.3 ml (0.30 mol) 
of methyl chloroformate using the method described for the prepa- 
ration of 18. The exothermic reaction was kept under control (mod- 
erate CHzCI:! reflux) by adjusting the rate of addition of methyl 
chloroformate. Reprecipitation from chloroform-hexanes gave pu- 
rified 22: selected ':'C NMR (CDC1:1) 44.7 ppm (CHyCHn); MS mle 
(re1 %) 218 (loo), 160 (661, 102 (23),88 (521, 72 (69). 

Anal. Calcd for C;Hl0N2O4S: C, 38.52; H,  4.62; N, 12.84. Found: C, 

N-Methyl-2-methoxyimidazoline (25). A methanolic solution 
(20 ml) containing N-methyl-2-methylthioimidazolinium hydrio- 
didel' (5.10 g, 0.02 mol) was added to 20 ml of a freshly prepared 2.5 
N NaOMe-MeOH (0.05 mol) solution. The solution was refluxed for 
24 h and filtered and then 20 ml of H20 added. The solution was 
continuously extracted with CH2C12 for 18 h, and the organic layer 
dried (Na:!S04) and evaporated in vacuo. Bulb-to-bulb distillation 
at 55 "C (0.45 mm) gave 0.78 g (34%) of the desired compound. a clear 
liquid: MS mle (re1 %) 114 (56), 113 (42), 99 (35). 84 (12), 71 (26), 56 
(100); mol wt 114.0791 (calcd for C5HloN20, 114.0793). 
N-Methyl-2-ethoxyimidazoline (26). The preceding reaction 

was repeated using an ethanolic solution (50 ml) containing 5.10 g 
(0.02 mol) of N-methyl-2-methylthioimidazolinium hydriodide4! and 
20 ml(O.05 mol) of 2.5 N NaOEt-EtOH solution. Distillation gave 1.64 
g (64%) of the desired compound, a clear liquid: selected ',"C NMR 
(CDCI:?) 48.9.53.6 m m  (CH2CH2); MS m/e (re1 %) 128 (100). 114 (12). 

41.34; H, 5.66; N, 16.08. 

41.68; H, 4.97; N, 13.82. 

38.70; H, 4.68; N, 12.84. 

- .  _ _  
99 (711, a7 (25). 

Anal. Calcd for CRHIVNVO: C. 56.22: H. 9.44: N. 21.86. Found: C. 
, I  I ,  

56.25; H,  9.51; N,  21:84:- 
N-Acetyl-2-methoxyimidazoline (27). To 0.64 g (0.005 mol) of 

5,17 1.11 g (0.0075 mol) of trimethyloxonium fluoroborate"' in 
CH:iNOr (7 ml) was slowly added. The solution was heated at  35 OC 
for 18 h, and then Et20 (20 ml) added causing the separation of an oil. 
The supernatant layer was decanted off, and the remaining oil dried 

' 



Substituted Iinidazolidones and Imidazolines J .  Org. Chem., Vol. 42, No. 6, 1977 947 

in vacuo. CH&l:! (10 ml) was then added, and the mixture neutralized 
with aqueous 5% NaHCO2 (10 ml). The organic layer was dried 
(NaZS04) and evaporated in vacuo. The desired product was further 
purified by sublimation (40 "C, 0.1 mm) to yield 0.81 g (29%) of white 
crystals; MS mle (re1 %) 142 (2), 113 (39), 99 (36), 56 (100). 

Anal. Calcd for CeHloNzOa: C, 50.69: H, 7.09; N,  19.71. Found: C, 
50.55; H, 7.15; N, 19.57. 
N-Carbomethoxy-2-methoxyimidazoline (28). The preceding 

reaction was repeated using 1.44 g (0.01 mol) of 6"and 2.96 g (9.02 mol) 
of trimethyloxonium fluoroborate.'" After the addition of aqueous 
5% NaHC0:j (20 ml) the CH?C12-H20 mixture was continuously ex- 
tracted (48 h) with CH2C12. The organic layer was then dried (Na'SOJ 
and evaporated in vacuo. and the title compound further purified by 
two successive sublimations (30 "C, 0.05 mm) to give 0.36 g (11%) of 
white crystals: selected l;'C NMR (CDC1:J 47.6,47.7 ppm (CH2CHn); 
MS mle (re1 O h )  158 (SO), 143 (IO), 127 (IS) ,  99 (19), 71 (43), 56 
(100). 

Anal. Calcd for CsHIIINjO:;: C, 45.56; H,  6.37; N, 17.71. Found: C,  
45.58: H, 6.44; N ,  17.57. 
N-Carbomethoxy-2-ethoxyimidazoline (29). To 0.72 g (0.005 

mol) of 6,4 1.90 g (0.01 mol) of triethyloxonium fluoroborateg4 in 
CHPC12 (50 mlj was slowly added. The solution was refluxed for 18 
h, then washed with aqueous 5% NaHCO:< (2  X 20 ml) and HzO (20 
ml). The CHZCI? solution was dried (Na'SO4) and evaporated in 
vacuo. The desired compound was purified by sublimation (35 "C, 
0.05 mm) to  yield 0.48 g (78%) of white crystals: MS m/e (re1 O h )  172 
(44) ,  144 (72), 143 (26), 113 (39), 88 (100). 

Anal. Calcd for C;HliN& C, 48.83; H,  7.03: N, 16.27. Found: C, 
48.74; H,  7.10; N,  16.27. 
N-Acetyl-2-methylthioimidazoline (32). The preceding reaction 

was repeated using 5.76 g (0.04 mol) of 1512 and 5.0 ml (0.08 mol) of 
MeI. The reaction solution was refluxed for 72 h, during which time 
the N-acetyl-2-methylthioimidazolinium hydriodide salt precipitated 
out. The salt was collected and then neutralized using the procedure 
described above. Purification was accomplished by reprecipitation 
from carbon tetrachloride-hexanes: yield 2.43 g (38%); selected '.'C 
NMR (CDC1:j) 48.1 (t, JI 3 < : - ~  = 144 Hz), 53.8 ppm (t, JI i(..H = 142 Hz) 
(CH2CHJ; MS mle (re1 %) 158 (47), 143 (98), 116 (821, 115 (561, 87 
iiooj, 72(47) .  

Anal. Calcd for CBH1,)NgOS: C, 45.54; H, 6.37; N, 17.71, Found: C, 
45.55: H. 6.28: N. 17.59. 

N-Acetyl-2-ethylthioimidazoline (33). Using the method de- 
scribed for the preparation of 29,33 was synthesized from 1.44 g (0.01 
mol) of 1s12 and '2.09 g (0.011 mol) of triethyloxonium fluoroborate.'l 
The reaction mixture was allowed to stand at  room temperature 
overnight. The desired compound was purified by reprecipitation 
from chloroform--hexanes: yield 1.51 g (88%): MS mle (re1 %) 172 (17), 
157 ( 7 ) ,  144 (72 ) ,  143 (291,129 (331,102 (loo), 101 (19), 97 (48),72 (41), 
70 ( 3 3 ) .  

Anal. Calcd for C:H12NiOS: C, 48.81; H,  7.02; N, 16.27. Found: C,  
48.63: H, 6.93; N, 16.13. 

N-Carbomethoxy-2-methylthioimidazoline (37). Compound 
37 was synthesized in 61°6 yield (5.32 g) from 8.00 g (0.05 mol) of 16' 
and 6.3 ml (0.1Ci mol) of Me1 using the method described for the 
preparation of 29. The reaction mixture was refluxed for 72 h. The 
desired product was purified by reprecipitation from carbon tetra- 
chloride-hexanes: NMR (CDC1.I) 6 2.40 (s, 3 H), 3.77 (s, 3 H),  3.88 (s, 
4 H) (the three peaks remained singlets at  -40 "C); (CD,ICN) 6 2.32 

7 H): (CODf;) d 2.32 (s, 3 H). 3.25-3.53 (m, 4 H), 3.42 (s, 3 H); selected 
"C NMR (CDCI.<) 47.7. 54.1 ppm (CHyCHr); MS m / e  (re1 "6) I74 
( loo) ,  115 (66). E7 (47). 72 (641. 

Anal. Calcd for Ct;HI<INs02S: C,  41.36; H,  5.79; N, 16.08. Found: C, 
41.33; H, 5.76; N, 16.10. 
N-Carbomethoxy-2-ethylthioimidazoline (38). Using the 

method described for the preparation of 29,38 was synthesized from 
4.80 g (0.03 mol) of 16) and 4.8 ml (0.06 mol) of EtI. The reaction was 
refluxed for 72 h .  The product was purified by sublimation (55 "C, 
1.0 mm) to yield 3.24 g (57%) of product: selected '.'C NMR (CDCl;,) 
47.0, 53.9 ppm (CH2CHr); MS m/e (re1 %) 188 (17), 160 (loo), 15s (30), 
129 (431,102 (421. 72 (571,70 (43), 59 (30).  

Anal. Calcd foi C;H12N209S: C, 44.66; H, 6.43; N,  14.88. Found: C ,  
44.45; H, 6.26; N, 14.79. 
N-Methyl-2-methylthioimidazoline (31 j. iV-Methyl-2-meth- 

ylthioimidazolinium hydriodide4' (3.00 g, 0.012 mol) was dissolved 
in 50 ml of an aqueous 1 _1' NaOH (0.05 mol) solution and immediately 
extracted with CH2C12 (5 X 20 ml). The organic layer was dried 
(NaiSOd), evaporated in vacuo, and distilled to give a clear liquid, 
yield 0.63 g (40%): MS m/a (re1 O h )  130 (loo), 105 (28), 100 (18), 87 (77),  
72 (97), 56 ( T O ) ;  mol wt 130.0562 (calcd for C:H~I,N.S, 130.0565). 

(s, 3 H). 3.68 (s, I! H) ,  3.80 (s, 4 H);  (CI;H;NOz) d 2.43 (s, 3 H),  3.84 (s, 

N-Acetyl-2-allylthioimidazoline (34). To a stirred CH2C12 so- 
lution containing 1512 (2.88 g, 0.02 mol) and Et:IN (8.08 g, 0.08 mol), 
7.0 ml(O.08 mol) of allyl bromide was slowly added. The solution was 
gently refluxed for 330 h, then consecutively washed with aqueous 
5% NaHC0:j (2 X 50 ml) and H20 (50 ml) and dried (NasSO4). The 
CH2Clr layer was evaporated in vacuo, leaving an approximate 50:50 
ratio of starting material to product. The mixture was triturated with 
hexanes (100 ml) and then filtered. The remaining residue was placed 
in a Soxhlet extractor and extracted with hexanes. The hexanes layer 
was filtered, combined with the initial hexanes layer, and evaporated 
in vacuo to give 1.66 g (45%) of the desired compound. The product 
was further purified by distillation: MS mle (re1 Oh) 184 ( 3 7 ) ,  182 (36), 
169 (41). 141 (1001, 70 (35). 

Anal. Calcd for CxHI?NnOS: C, 52.14: H ,  6.57: N. 15.21. Found: C,  
52.19: H,  6.56; N, 15.23. 
N-Acetyl-2-p-fluorobenzylthioimidazoline (35). The preceding 

reaction was repeated using 2.88 g (0.02 mol) of l5, ' l  8.08 g (0.08 mol) 
of Et.jN, and 9.0 ml(O.075 mol) of 4-fluorobenzyl chloride. The residue 
was triturated with hexanes (100 ml) and then the remaining solid 
was recrystallized from hot hexanes: yield 2.52  g (50%); MS mle (re1 
%) 252 (loo),  210 (61), 209 (SO), 177 (221,144 (61). 70 (21). 

Anal. Calcd for CI?HI IFN~OS:  C, 57.12: H. 5.19; N, 11.10. Found: 
C,  57.01; H, 5.23: N, 11.18. 
N-Carbomethoxy-2-allylthioimidazoline (39). Using the 

method described for the preparation vf 34,39 was synthesized from 
3.20 g (0.02 mol) of 16,l 4.04 g (0.04 mol) of Et ;N, and :3.5 ml (0.04 mol) 
of allyl bromide. The solution was refluxed for 168 h. The remaining 
oil was distilled to yield 3.00 g (75%) of 39: MS m/e  (re1 4)) 200 (59). 
185 (loo), 141 (19), 72 (561. 

Anal. Calcd for C ~ H I ? N ~ O &  C, 47.98: H. 6.04: N. 13.99. Found: C, 
47.92; H ,  6.16: N. 14.01. 

2-(  l'-Carbomethoxy-2'-imidazoline-2'-thiyl)ethyl Aceta te  
(41). Compound 41 was synthesized in 22% yield (2.15 g) from 6.40 
g (0.04 mol) of 16,l 8.08 g (0.08 mol) of Et.&, and 5.3 ml (0.048 mol) 
of ethyl chloroacetate using the method described for the preparation 
of 34. The solution was refluxed for 72 h. Recrystallization rf I t h e re -  
maining oil with hexanes (1000 ml) gave purified 41: MS m!e (re1 O/O) 

246 (631, 201 (46), 173 (541, 160 (loo),  113 (24) ,  102 (431, 72 (96). 70 
( 7 3 ) ,  59 (63), 56 (,59). 

Anal. Calcd for C!IHIJN~OIS: C, 43.89: H. 5.7 
43.98; H,  5.64; N, 11.41. 
N-Carbomethoxy-2-p-fluorobenzylthioimidazoline (42). Using 

the method described for the preparation of 34,42 was synthesized 
from 3.20 g (0.02 mol) of 16,' 4.04 g (0.04 mol) of E t  J ,  and 4.5 ml 
(0.0375 mol) of 4-fluorobenzyl chloride. The solution was gently re- 
fluxed for 72 h. The crude product was recrystallized from hot hexane: 
yield 3.75 g (70%); MS m/e (re1 "6) 268 (1001. 235 (141, 180 (10). 63 
(25). 

Anal. Calcd for C I ~ H I , ~ F N ~ O & :  C, 53.72; H. 4.88: N, 10.14. Found: 
C, 53.81: H,  4.79; N. 10.44. 

1-( l'-Carbomethoxy-2'-imidazoline-2'-thiyl)-2-propanone 
(40). To a stirred CH?Cl? solution (250 ml) containing 16' (4.96 g. 
0.031 mol) and Et.;N (6.57 g, 0.065 mol), 4.8 ml of distilled chloro- 
acetone (0.06 mol) was added all at  once. The solution was allowed 
to stand at  room temperature for 72 h, and then washed with aqueous 
5% NaHC0.j ( 2  X 100 ml) and HrO (100 ml), and dried (Na2S0,i .  An 
additional 100 ml of CHzCl? was added to the organic layer and the 
whole solution was diluted to 1000 ml with hexanes. The solution was 
then concentrated in vacuo to 200 ml, causing a red-brown oil to 
rapidly drop out of solution. The oil was separated and the remaining 
solution was refrigerated overnight, resulting in the precipitation of 
2.45 g (37%) of the desired product. A sample for elemental anaylsis 
was prepared by sublimation (60 " C ,  0.2 mm): selected 'C NMR 
(CDC1.3) 47.8 (t ,  J I ~ ~ . H  = 155 Hz),  54.0 ppm (t. J.I(, H = 140 H z )  
(CHrCHg); MS mle (rel%) 216 (29), 201 (98), 199 (loo),  115 (541.72 
(63), 70 (48). 

Anal. Calcd for C ~ H , ~ N . I O . ~ S :  C, 44.43; H, 5.59: N, 12.96. Found: C. 
44.41; H, 5.60; N, 13.00. 
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Various pyrazino[ 1,2-~:4,5'-a']diindoles have been synthesized corresponding in structure t o  the diketopiperaz- 
ine type dimers o f  indole- and indoline-2-carboxylic acids. 7,14-Dihydroxy-6H,13H-pyrazino[l,2-a:4,5-~']diindole- 
6,13-dione reacted w i t h  sulfur monochloride and pyr id ine to  give epid i th io  and epi t r i th io  derivatives. These are 
aromatic analogues o f  the aranotins. T h e  structure o f  the epi t r i th io  derivative was veri f ied by single-crystal x- ray 
crystallography. T h e  space group is P?,P21Pz, w i t h  per t inent  cell data as follows: a = 9.199 (4),  b = 13.846 (4), c = 
13.248 (3) A, and 2 = 4. 

The aranotins are a small group of sulfur-bridged diketo- 
piperazines produced by the fungal species Arachnidus QU- 
reus and Aspergillus terreus. The compounds have elicited 
attention from chemotherapists because of their antiviral 
activity which is observed in both in vivo and in vitro test- 
ing.? 

Aranotin (1) and acetylaranotin (2, also known as LL-S88,,) 
are naturally occurring members of the group. Compounds 
3 and 4 are partially synthetic members obtained by chemical 
modifications of a~e ty la ranot in .~  Since the dihydrooxepin 
rings may not be crucial to the biological activity of this series: 
a synthesis of some aromatic analogues was initiated and led 


