
3704 J .  Org. Chem., Vol. 42, No. 23,1977 DeKimpe, Verhe, De Buyck, Schamp, Declercq, Germain, and Van Meersche 

(3) M. S. Gordon and H. Fischer, J. Am. Chem. Soc., 90, 2471 (1968). 
(4) R. W. Layer and C. J. Carman, Tetrahedron Lett., 1285 (1968). 
(5) R. H. Hasek, E. U. Elam, and J. C. Martin, J. Org. Chem., 26, 4340 

(1961). 
(6) J. J. Worman and E. A. Schmidt, J. Org. Chem., 35, 2463 (1970). 
(7) H. Weingarten, J. P. Chupp, and W. A. White, J. Org. Chem., 32, 3246 

(1967); I. Moretti and G. Torre, Synthesis, 141 (1970). 
(8) J. Bjergo, D. R. Boyd, C. G. Watson, and W. B. Jennings, J. Chem. SOC., 

Perkin Trans. 2, 757 (1974). 
(9) W. B. Jennings, S. AI-Showiman, D. R. Boyd, and R. M. Campbell, J. Chem. 

SOC., Perkin Trans. 2, 1501 (1976). 
(10) The coalescence temperature in I d  would be expected to be reasonably 

close to that determined for the mnoimlne 4 (84.5 'C). 
(1 1) The dipole-dipole repulsion was calculated using the equations cited by 

J. M. Lehn and G. Ourisson, Bull. SOC. Chlm. Fr., 1113 (1963). Coplanar 
geometry and standard bond lengths and angles were used. The resulting 
value of 17 MI mol-' would correspond to <1% change in the isomer 
distribution at 35 'C. The lone-pair moment is not directly included in this 
estimation. However, even if this moment Is assumed to be ca. 1.0 D, the 
dipole repulsion would still only exert a minimal effect on the EZratio. 

(12) 0. Exner, Dipole Moments in Organic Chemistry", Thieme, Stuttgart, 
1975, p 33. 

(13) J. Bjgrgo, D. R. Boyd, C. G. Watson, W. 8. Jennings, andD. M. Jerina, J. 

Chem. Soc., Perkin Trans. 2, 1081 (1974). 
(14) W. B. Jennings, S. AI-Showiman, and M. S. Tolley, Org. Magn. Reson., 

9, in press (1977). 
(15) P. H. Friedlander and J. M. Robertson. J. Chem. Soc., 3083 (1956); C. D. 

Shlrrell and D. E. Williams, Acta Ctysta//ogr., Sect 6, 30, 245 (1974). 
(16) C. Y. Chen and R. J. W. Le FBvre, Aust. J. Chem., 18, 1293 (1965), and 

references therein. 
(17) A referee has suggested that 13C assignments for the ring methyls may 

be the reverse due to a deshielding 6 effect, cf., H. Pearson, Chem. Com- 
mun., 912 (1975). 

(18) 0. E. Hawkes, K. Herwig, and J. D. Roberts, J. Org. Chem., 39, 1017 
(1974). 

(19) N. Nauiet, M. L. Filleux, G. J. Martin, and J. Pornet, Org. Magn. Reson., 
7,326 (1975). 

(20) J. Burdon, J. C. Hotchkiss, and W. B. Jennings, J. Chem. Soc., Perkin 
Trans. 2, 1052 (1976). 

(21) J. M. Lehn, Fortschr. Chem. Forsch., 15, 311 (1970). 
(22) H. 0. Kalinowski and H. Kessler, Top. Stereochem., 7, 295 (1973). 
(23) W. B. Jennings and D. R. Boyd, J. Am. Chem. Soc., 94, 7187 (1972). 
(24) W. B. Jennings, S. AI-Showiman, M. S. Tolley, and D. R. Boyd, J. Chem. 

(25) M. Raban, Chem. Commun., 1415 (1970); M. Raban and E. Carlson, J. 
Soc., Perkin Trans. 2, 1535 (1975). 

Am. Chem. SOC., 93,685 (1971). 

Rearrangement of a-Chloroaldimines: Synthesis of 2-Imidaz~lidinethiones~ 

Norbert De Kimpe,*2 Roland Verhe, Laurent De Buyck, and Niceas Schamp 

Laboratory of Organic Chemistry, Faculty of Agricultural Sciences, 
State University of Gent, Coupure 533, B-9000 Gent, Belgium 

J. P. Declercq,2 G. Germain, and M. Van Meersche 

Laboratory of Physical Chemistry and Crystallography, University of Louvain, 
B-1348 Louvain-La-Neuue, Belgium 

Received April 4, 1977 

1-Substituted 4-methoxy-5,5-dimethyl-2-imidazolidinethiones have been prepared by reaction of N-l-(2-chloro- 
2-methylpropy1idene)amines with potassium thiocyanate in methanol under reflux. The 1-substituted 4-methoxy- 
5,5-dimethyl-2-imidazolidinethiones were conveniently converted into the corresponding 1-substituted 5,5-di- 
methyl-2-imidazolidinethiones by lithium aluminum hydride treatment in ethereal medium. The structure eluci- 
dation was based on NMR, IR, and mass spectrometry next to x-ray crystallographic analysis. The formation of the 
heterocyclic five-membered rings was explained by a mechanism involving an aziridine intermediate, which under- 
went competitive opening. 

N- 1 -(2-Chloro-2-methylpropylidene)amines (11, easily 
obtained from isobutyraldimines and N-chlorosuccinimide, 
are a new class of simple bifunctional compounds which have 
been used recently as synthetic blocks in organic ~ynthesis.3,~ 
An entry into the heterocyclic chemistry is presented here. 

Results and Discussion 
In continuation of work on the reactivity of a-halogenated 

imino compounds, the reaction of a-chloroaldimines 1 with 
KSCN in methanol has been found to provide a convenient 
preparation of 1-substituted 4-methoxy-5,5-dimethyl-2- 
imidazolidinethiones (2) (Table I). 

Treatment of compounds 2 with methyl iodide in dry ace- 
tone afforded imidazoline hydriodides 4, which were converted 
into the 2-methylthioimidazolines 6 by alkali treatment 
(Scheme I). The structure of these products, which involved 
rearrangement of the imino nitrogen, was established by x-ray 
crystallographic analysis of l-cyclohexyl-4-methoxy-5,5- 
dimethyl-2-methylthioimidazoline hydriodide (4b). 

The molecular structure of compound 4b as determined by 
the x-ray analysis is shown in Figure 1 together with the atom 
labeling system used. The  final coordinates, standard devia- 
tions, and bond distances are listed in Tables I1 and 111, in- 
cluded in the microfilm edition of this journal. The experi- 
mental conditions for the x-ray crystallographic analysis are 
further given in the Experimental Section. 

A further support of the presence of a CH30CHN moiety 
in the heterocycles described here was provided by the con- 
version of 2 into the nonmethoxylated compounds 3, i.e., 1- 
substituted 5,5-dimethyl-2-imidaolidinethiones, by reaction 

Scheme I 

CHJ acetone i cH31 acetone I 
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Table I. Synthesis and Spectrometric Properties of 1-Substituted 4-Methoxy-5,5-dimethyl-2-imidazolidinethiones 2 , l -  
Substituted 5,5-Dimethyl-2-imidazolidinethiones 3, and 1-Substituted 4-Alkoxy-5,5-dimethyl-2-imidazolidinethiones 24 

Mass spec- 
vlR, 8 (CDCL) IR (KBr),C trum.dse m/e 'field, Mp, NI 

CompdO R % "C ~ ( c H ~ ) ~  ~ N C H O  A N C H ~  ~ O C H ~  ~ N H ~  8R cm-1 (re1 intensity) 

2a 

2b 

2c 

2d 

2e 

3a 

3b 

3c 

3d 

3e 

24b (R' = 
Et) 

24a (R' 
= Et) 

24a (R' 
= i-Pr) 

t -Bu 

Cyclo- 
hexyl 

n-Bu 

i-Pr 

CH2- 
C6H5 

t -Bu 

Cyclo- 
hexyl 

n-Bu 

i-Pr 

CH2- 
C6H5 

Cyclo- 
hexyl 

t -Bu 

t -Bu 

50 

78 

22 

73 

64 

75 

89 

85 

91 

86 

85 

34 

50 

176 1.44 
(s, 3) 
1.51 
(s, 3) 

184 1.30 
(s, 3) 
1.36 
(s, 3 

110 1.22 
(s,3) 
1.30 
(s, 3) 

126 1.30 
(s, 3) 
1.35 
(s, 3) 

126 1.08 
(s, 3) 
1.17 
(s, 3) 

(s, 6) 

(s, 6) 

(s,6) 

180 1.50 

164 1.37 

70 1.30 

4.25 
(d, J = 1.0 

Hz ) 

4.38 
( d , J  = 1.0 

Hz) 

4.41 
(d, J = 1.0 

Hz) 

4.36 
(d, J = 1.0 

Hz) 

4.46 
(d, J = 0.8 

Hz) 

128 1.16 
(s, 6) 

124 1.30 4.46 
(s,3) ( d , J  = 1 
1.34 Hz) 
(s,3) 

1.40 4.26 
(s,3) ( d , J  = 1 
1.47 Hz) 
(s, 3) 
1.40 4.33 
(s, 6) ( d , J  = 1 

Hz) 

3.40 (s) 7.50 1.76 (s, 9, t-Bu) 

3.38 (s) 7.65 1-2 [m, 10, 
(CH2)51;2.5 
(m, 1, NCH) 

1.1-2 [m, 4, 
(CHdzI; 3.4 
(m, 2, NCHd 

6, (CH~)PI;  4.13 
(septet, J = 7 
Hz, 1, CHMe2) 

3.35 (s) 7.97 4.77 and 4.87 
(AB, J = 15.6 

7.1-7.6 (m, 

3.36 ( s )  7.78 0.94 (t, 3, CH3) 

3.36 (s) 7.69 1.52 [d, J = 7 Hz, 

Hz, NCH2); 

5, C6H5) 
3.23 6.65 1.76 (s, 9, t-Bu) 

(d, 1.0 
Hz) 
3.35 7.08 1-2 [m, 10, 

(d, 0.8 (CHd51; 2.6 
Hz) (m, 1, NCH) 
3.35 7.23 0.95 (t, 3, 

Hz) b, 4, (CHhI ;  
(d, 1.0 CH3); 1.2-1.9 

3.4 (covered, 
NCHd 

3.33 6.85 1.56 [d, J = 7 Hz, 
(d, 1.0 6, (CH3)zI; 
Hz) 4.04 (1, H, 

septet, 
1, CHMe2) 

3.33 see 8~ 4.77 (s br, 
(d, 1.0 2, NCHd; 
Hz) 6.9 (m, 6, 

C6H5 t NH) 
6 0 ~ t  7.86 1-2 [m,10, 

(see 8~ (CHd51; -2.5 
entry) (m, 1, NCH); 

1.19 (t, J = 7 
Hz, 3 CH3CO); 
3.2-4 (m, 2, 
OCHd 

1.19 (t, J = 7 

3.5 (m,2,OCH2) 

d o ~ t  7.50 1.75 ( s ,  9, t-Bu); 
(see 8~ 
entry) Hz, 3, CH3CO); 

8o.,.pr 7.80 1.71 (s, 9, t-Bu); 
(see A R  1.15 and 1.22 
entry) (2 d, J = 6 Hz, 

6 H, Me2CO); 
3.80 (m, 
1, CHO) 

3220 (v") 216 (M+, 24); 184 
(M+ - MeOH, 
48); 60 (100) 

3220 (u") 242 (M+, 27); 210 
(M+ - MeOH, 
60); 86 (100) 

3220 (u") 216 (M+, 27); 184 
(M+ - MeOH, 
53); 86 (100) 

3220 (u") 202 (M+, 19); 170 
(M+ - MeOH, 
15); 86 (100) 

250 (M+, 26); 218 
(M+ - MeOH, 
20); 86 (100) 

3220 (v") 

3180 (u") 186 (M+, 3); 41 
(100) 

3220 (100) 
(VNH)  

3100- 212 (M+, 78); 55 

3260 (Y") 186 (M+, 100) 

3180 (v") 172 (M+, 100) 

3100- 220 (M+, 96); 91 
3200 (100) 
~ N H )  

3200 ~ N H )  

3200 (u") no M+; 184 
(M+ - EtOH, 
70); 57 (100) 

3200 (u") 244 (M+, 33); 184 
(M+ - i-PrOH, 
20); 91 (100) 

Elemental analyses of compounds 2 and 3 are tabulated in the microfilm edition (Tables IV and V). Broad signal. Full IR data 
will appear in the microfilm edition of this journal (Table VI). Mass spectra of compounds 2 were recorded with a A.E.I. MS 30 mass 
spectrometer, while mass spectra of compounds 3 were measured with a A.E.I. MS 20 mass spectrometer coupled with a gas chroma- 
tograph (GC-MS). @ Full mass spectral data will appear in the microfilm edition of this journal (Table VI). 

with mixed metal hydrides, such as lithium aluminum hydride anol did not react. Physical and spectrometrical data of 
in diethyl ether (for R = t-Bu, cyclohexyl, n-Bu, i-Pr, benzyl), compounds 3 are given in Table I. 
and sodium bis(2-methoxyethoxy)aluminum hydride in This nucleophilic substitution by hydride is analogous to  
benzene (for R = cyclohexyl). Sodium borohydride in meth- the reactions of mixed metal hydrides with N-(a-alkoxy- 
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Figure 1. Structure of compound 4b, showing the crystallographic 
numbering system. 

benzyl)acetanilide, 2,3-diphenyl-Z-ethoxyaziridine, and 2- 
methoxy-3,4,5,6-tetrahydropyridine, which gave respectively 
N-ethyl-N-phenylben~ylamine,~ 2,3-diphenylaziridine,6 and 
~ i p e r i d i n e . ~  

Treatment of 2-imidazolidinethiones 3 with methyl iodide 
in dry acetone gave rise to hydriodides 5, from which the free 
bases 7 were liberated on alkali treatment (Scheme I). A sur- 
vey of the synthesis and spectrometric data of imidazoline 
hydriodides 5 and imidazolines 7 is given in Tables VI1 and 
VIII, included in the microfilm edition of this journal. 

Our attempts to  synthesize l-alkyl-5,5-dimethyl-2-imida- 
zolidinethiones 3 were unsuccessful because no appropriate 
1,2-diamine, i.e.> l-amino-2-alkylamino-2-methylpropane (9), 
could be prepared. The  preparation of these diamines was 
necessary in order to  be condensed with carbon disul- 
fide.83.10 

RNHCMe2CN RNHCMe2CH2NH2 (1) 

8 9 

The reduction of 2-(N-alkylamino)-2-methylpropionitrile 
(8) with various reducing agents such as LiAlH4 in diethyl 
ether, NaBH4 in ethanol and catalytic hydrogenation on a 
palladium-carbon catalyst in methanol or acetic acid (both 
a t  60 psi) did not give rise to diamines 9 (eq 1). Only decom- 
position products, e.g., primary alkylamines RNH2, were de- 
tected in the reaction mixture. These results are in accordance 
with earlier reports concerning the preparation of 1,2-di- 
amines with general structure RNHCMezCH2NH2. These 
diamines were not accessible by the reductive methods 
schedules above.11-12 

However, the isomeric 1,2-diamines 11, with the geminal 
dimethyl function in the a position of the unsubstituted ni- 
trogen atom, were readily available by condensation of 2- 
nitropropane with formaldehyde and an appropriate primary 
amine (here described for isopropylamine), the resulting 
N-isopropyl-2-methyl-2-nitropropylamine ( 10) being reduced 
by catalytic hydrogenation to 2-amino-1-isopropylamino- 
2-methylpropane (ll).13 The 1,2-diamine 11 was then 
subjected to condensation with carbon disulfide, after which 
the intermediate dithiocarbamate was cyclized by pyrolysis 
to l-isopropyl-4,4-dimethyl-2-imidazolidinethione (12) (eq 
2). Compound 12 was found to be unidentical with the product 
(3d) obtained from a-chloroaldimine Id (R = i-Pr), a con- 
clusion which was drawn on the basis of spectrometric data 
(NMR, IR, MS) and the melting point. Analogously, com- 

pound 12 (R = i-Pr) was derivatized to l-isopropyl-4,4-di- 
methyl-2-methylthioimidazoline (13) according to the reaction 
sequence outlined in Scheme I. A comparison between the 
NMR spectra (CDC13) of the 5,5-dimethylimidazoline 7d (R 
= i-Pr) and the 4,4-dimethylimidazoline 13 indicated again 

p-43 
NfiN'( N& 

6 3 .  3 8 q -  6 1 . 1 8  61. *35-/63.06 

- 7d 13 

the correct structural assignments. As expected, the chemical 
shifts of the methylene function and the geminal dimethyl 
protons, both in the a position of the sp2-hybridized nitrogen 
atom, were higher than those for similar protons in the p po- 
sition. 

Discussion of the Mechanism. From the mechanistic 
point of view the formation of 1-substituted 4-methoxy- 
5,5-dimethyl-2-imidazolidinethiones 2 from a-chloroald- 
imines 1 and KSCN in methanol can be interpreted in terms 
of the initial attack of methanol at the carbon-nitrogen double 
bond, followed by intramolecular nucleophilic attack of the 
chlorinated carbon atom, producing an intermediate 1- 
alkyl-2-methoxy-3,3-dimethylaziridine 14. The extreme form 
of the polarization of this functionalized aziridine is repre- 
sented as the zwitterionic species 15 - 16 (Scheme 11). The 
energy barrier for opening the three-membered ring at  the 
N-C2 bond is lowered by the methoxy substitutent, which 
enables delocalization (see 15). The dipolarophilic thiocyanate 
anion approaches now the dipole and forms the five-mem- 
bered heterocycle. 

That  indeed a-haloimines are apt  to undergo nucleophilic 
addition a t  the C=N bond and subsequent ring closure to 
aziridines has been shown r e ~ e n t l y . l , ~ J ~ . l ~ J ~  For instance, 
N-l-(2-chloro-2-methylpropylidene)amines 1 reacted with 
methanol to  produce a-amino acetal (under hydrochloride 
form) 15, which was explained via the methoxyaziridine 
14.3 

The methoxyaziridine 14, when attacked by methanol, 
produced rearranged compound 18, while with the dipolaro- 
philic thiocyanate anion the 2-imidazolidinethiones 2 were 
formed. I t  is noteworthy that compounds 2 are practically 
always accompanied by small amounts of rearranged products 
18, which can be easily separated from heterocycles 2 .(see 
Experimental Section). 

The proposed mechanism described above is comparable 
to the reaction of 2-isopropoxy-2-phenyl-3,3-dimethylaziri- 
dine (19) with acetonitrile in the presence of anhydrous per- 
chloric acid.l7 In this case, the opening of the alkoxyaziridine 
is facilitated by protonation and concordant SNl-type opening 
of the ring, but the dipolarophilic cyanide moiety behaves 

Scheme I1 
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analogously, as was proposed for the thiocyanate anion. As 
shown in eq 3 aziridine 19 and CH&N/HClOd gave rise to  

imidazolinium perchlorate 21. Less activated aziridines such 
as 1,1,2,2-tetramethylaziridinium perchlorate reacted in 
similar manner to imidazolinium salts,ls while the corre- 
sponding oxygen analogues, i.e., epoxides, showed comparable 
ring expansions to  oxazolinium salts with ni t r i le~.19~*~ 

Therefore we carried out the reaction of la with KSCN/ 
CHBOH in the presence of acetonitrile in order to trap the 
intermediate methoxyaziridine 14. The exclusive product, 
however, was l-tert-butyl-4-methoxy-5,5-dimethyl-2-im- 
idazolidinethione (2a). 

The scope of the reaction of a-chloroaldimines with KSCN 
is limited to the a-chloroisobutyraldimines 1 (or 22; R1 = RZ 
= CH3), since higher substituted derivatives 22 (R1, Rz # 
CH3) yielded no heterocyclic compounds. In this manner, 
N-l-(2-chloro-2-ethylbutylidene)-tert-butylamine (22, R1 
= R2 = Et) reacted with KSCN in methanol for 48 h under 
reflux to afford a reaction mixture from which only 19% N- 
tert-butyl-2-ethyl-2-thiocyanobutanamide (23; R1 = Rz = Et) 
was isolated by crystallization (mp 126-127 "C) (eq 4). Ac- 

k 
1 K S C N i M e O H  

2 3  - 2 2  - 
cordingly, no 2-imidazolidinethione was formed by reaction 
of N-( 1'-chlorocyclohexylmethy1idene)-tert- butylamine [22; 
R1, R2 = (CH2)5] with KSCN in methanol. Even carefully 
dried and purified reagents did not afford any five-membered 
ring. These limitations are in accordance with the observation 
that the reaction of higher substituted compounds 22 (R1, Rz 
# CH3) with methanol produced only a minor amount of the 
rearranged P-amino acetals besides the corresponding N -  
alkyl-a-chloroamides. However, an extension of the reaction 
outlined in Scheme I was the use of other alcohols than 
methanol. I t  was possible to obtain l-alky1-4-alkoxy-5,5- 
dimethyl-2-imidazolidinethiones 24 by carrying out the re- 
action of 1 with KSCN in ethanol or 2-propanol (eq 5). 

R 2 

The reaction with ethanol proceeded readily, while several 
days of reflux were required for the reactions with 2-propanol. 
The reaction in 2-methyl-2-propanol did not give heterocycles 
a t  all. In conclusion, the reaction of a-chloroisobutyraldimines 
1 with KSCN in alcoholic medium presents a versatile one- 
step synthesis of functionalized and otherwise not accessible 
2-imidazolidinethiones 2. The final products were formed by 
a rearrangement of the a-chloroaldimines 1 involving an az- 
iridine intermediate. 

Experimental Section 
Nuclear magnetic resonance spectra were recorded with a Varian 

T-60 NMR spectrometer. Infrared spectra were measured with a 
Perkin-Elmer Model 267 spectrophotometer. Mass spectra were ob- 
tained from A.E.I. MS 20 or A.E.I. MS 30 mass spectrometers (70 eV). 
Melting points were measured with a Kofler hot stage and are un- 
corrected. 
N-l-(2-chloro-2-methylpropylidene)amines 1 were prepared by 

condensing isobutyralclehyde with a primary amine, followed by 
chlorination of the resulting aldimine with N-chlorosuccinimide ac- 
cording to a method described p rev i~us ly .~  

Preparat ion of 1-Substituted 4-Methoxy-5,5-dimethyl-2- 
imidazolidinethiones (2). In a typical experiment, 15.0 g (0.080 mol) 
of N-l-(2-chloro-2-methylpropylidene)cyclohexylamine ( l b )  was 
dissolved in 150 mL of dry methanol and treated with 23.3 g (0.24 mol) 
of KSCN. The mixture was refluxed overnight, half evaporated, and 
poured into 500 mL of vigorously stirred distilled water. The resulting 
precipitate was collected by filtration and washed with cold metha- 
nol/water, 25/75. l-Cyclohexyl-4-methoxy-5,5-dimethyl-2-imidazo- 
lidinethione (2b) was dried in the desiccator, yield 15.1 g (78%), mp 
184 "C. The product could be recrystallized from diethyl ether. 
Physical and spectral data of compounds 2 are given in Table I. 

When other alcohols than methanol and ethanol were used, the 
following isolation procedure was applied as illustrated for l- tert-  
butyl-4-isopropoxy-5,5-dimethyl-2-imidazolidinethione (24a; R' = 
i-Pr). The reaction mixture, obtained as above, was poured into dis- 
tilled water. The liquid which separated was taken up in ether, and 
the water layer was extracted twice with ether. After drying (MgS04), 
evaporation of the solvent left an oil which was purified by passing 
it through a silica gel column (elution with ether). Compound 24a (R' 
= i-Pr) was sufficiently pure (>95% as revealed by NMR), but the 
purity could not be checked by gas chromatography due to decom- 
position, probably in the injector (see data in Table I). 

Synthesis of 1-Substi tuted 5,5-Dimethyl-2-imidazoli- 
dinethiones 3. (A) Reaction of 2 with LiAlH4 in Diethyl Ether. 
In a typical experiment, a suspension of 380 mg (0.01 mol) of lithium 
aluminum hydride and 10 mL of dry diethyl ether (distilled over 
lithium aluminum hydride) was cooled in an ice bath. A solution of 
1.21 g (0.005 mol) of l-cyclohexyl-4-methoxy-5,5-dimethyl-2-im- 
idazolidinethione (2b) in 30 mL of dry diethyl ether was added 
dropwise over a period of 15 min. The suspension was further stirred 
for 1 h and then poured into a vigorously stirred mixture of ether and 
water. The ether layer was separated and the water layer was ex- 
tracted twice with ether. The combined extracts were dried (MgS04), 
and evaporation of the solvent in vacuo yielded 890 mg of pure 1- 
cyclohexyl-4,4-dimethyl-2-imidazolidinethione (3b) as white crystals, 
yield 80%. Recrystallization was performed with ethedpentane. 

(B) Reaction of Na(CH30CHzCHz0)2AlHz in Benzene. To a 
solution of 1.0 g (0.0041 mol) of l-cyclohexyl-4-methoxy-5,5-di- 
methyl-2-imidazolidinethione (2b) in 20 cm3 of dry benzene was 
added dropwise with stirring 2.37 mL of a 70% solution of sodium 
bis(2-methoxyethoxy)aluminium hydride in benzene (=  Red-AI, 
purchased from the Aldrich Chemical Co.). After stirring for 2 h at  
ambient temperature, the homogenous yellow benzene solution was 
treated with moistened ether and poured into a mixture of ether and 
water. The ether layer was separated and the water layer twice ex- 
tracted with ether. After drying the combined extracts (MgSOd), 
evaporation of the solvent yielded 780 mg of pure 1-cyclohexyl-5,5- 
dimethyl-2-imidazolidinethione (3b), yield 8%. Physical and spectral 
data of compounds 3 are given in Table I. 

The structural assignment of compounds 3 was also supported by 
the *T NMR spectrum (Varian XL-100). The 6 values (ppm) of 1- 
isopropyl-5,5-dimethyl-2-imidazolidinethione (3d) in CDC13 solution 
are given below (noise decoupled): 21.1 (q), 26.3 (q), 47.1 (d), 56.5 (t), 
65.5 (s). The signal corresponding with the thione function was not 
visible. The multiplicities are derived from the partially decoupled 
spectrum. 

Synthesis of 2-Amino-1-isopropylamino-2-methylpropane 
(1 1). Condensation of isopropylamine, formaldehyde, and 2-nitro- 
propane afforded N-isopropyl-2-methyl-2-nitropropylamine ( lo) ,  
which was reduced by catalytic hydrogenation to 2-amino-1-isopro- 
pylamino-2-methylpropane (1 1) as previously described.' 

P repa ra t ion  of l-Isopropyl-4,4-dimethyl-2-imidazoli- 
dinethione (12). A solution of 13.0 g (0.1 mol) of 2-amino-1-isopro- 
pylamino-2-methylpropane (11) in 20 mL of HzO and 20 mL of 95% 
ethanol was thoroughly stirred and treated dropwise with 8.4 g (0.11 
mol) of carbon disulfide over a period of 15 min. The reaction mixture 
was then heated under reflux in an oil bath (110 "C). After cooling in 
the refrigerator for 1 h, the solid material was collected by filtration, 
washed with a little cold acetone and dried, yielding 11.2 g of l-iso- 
propyl-4,4-dimethyl-2-imidazolidinethione (12): mp 192 "C; yield, 
73%; NMR (CDC13) 6 1.17 [d, J = 7 Hz, 6. (CH3)2CH], 1.33 [s, 6, 
(CH&], 3.31 (s, 2, CHzN), 4.83 (septet, J = 7 Hz, 1, NCHMeZ), 6.80 
(s br, 1, NH); IR (KBr) 3200 (u"), 151CL1450 (br, strong), 1370,1320, 
1286, 1235, 1195, 1165, 1129, 1063 cm-'; mass spectrum m/e (re1 
abundance) 172 (M, 78), 171 (12),  157 (12),  139 (4). 130 (4), 129 (4), 
115 (181,112 (7), 100 (8), 98 (12), 83 (41), 72 (30), 58 (loo), 57 (26), 56 
(12), 55 (17), 43 (15), 42 (25), 41 (21). 

Reaction of 2-Imidazolidinethiones 2 and 3 with Methyl Io- 
dide.21*22.23 In a typical experiment, 1.21 g (0.005 mol) of l-cyclo- 
hexyl-4-methoxy-5,5-dimethyl-2-imidazolidinethione (2b), dissolved 
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in a minimum of dry acetone, was treated with 750 mg (1.05 equiv) 
of methyl iodide. After standing overnight a t  ambient temperature 
1.8 g of colorless well-formed crystals of 4b were separated by filtra- 
tion, yield 93%. If little or no crystals were formed, the acetone was 
treated with dry diethyl ether, after which evaporation yielded hy- 
driodides 4 or 5 in pure form. The crystals were isolated by filtration 
and washed with ether (see data in the microfilm edition). 

Conversion of Hydriodides 4 and 5 into Imidazolines 6 and  7. 
T o  a mixture of 60 mL of 1 N NaOH and 50 mL of ether was added 
1.0 g of hydriodide 4b. After shaking for 2 min the ether layer was 
separated and the water layer twice extracted with ether. Drying of 
the ether (MgS04) and evaporation in vacuo left 550 mg of a colorless 
oil. The purity of l-cyclohexyl-4-methoxy-5,5-dimethyl-2-methyl- 
thioimidazoline (6b) was higher than 98% as revealed by NMR and 
VPC (see data in the microfilm edition). 

Reaction of N-l-(2-Chloro-2-ethylbutylidene)-tert-butyl- 
amine (22; R1 = R B  = Et) and  KSCN/CH30H. Compound 22 (R1 
= Rr = Et) was treated with KSCN in methanol, as described for a- 
chloroisobutyraldimines 1. After pouring the reaction mixture in 
water, extraction with ether, drying (MgSOd), and evaporation yielded 
a residue from which N-tert -butyl-2-ethyl-2-thiocyanobutanamide 
(23; R1 = Rz = Et)  was isolated as a solid compound by trituration 
with ether/hexane: mp 126-127 OC; yield 19%; NMR (CDC13) 8 0.87 
(t ,  J = 6.2 Hz, 6, 2 CHs), 1.34 (s, 9, t-Bu), 1.56 (m, 4, 2 CH2), 5.49 (s 
br, 1, NH); IR (KBr) 3305 (YNH),  2065 (SCN), 1650 cm-I (uc=o); mass 
spectrum m/e (re1 abundance) no M+, 170 (29), 156 (6), 143 (53), 142 
(lo),  128 (9), 116 (55), 100 (8),  99 (15), 87 (lo), 86 (13), 72 (12), 71 (26), 
58 (loo), 57 (86), 56 (17), 55 (9), 43 (21), 41 (15). 

Anal. Calcd: C, 57.86; H, 8.83; N, 12.27. Found: C, 57.99; H, 8.95; 
N, 12.16. 

X-Ray Crystallographic Analysis. Well-formed colorless crystals 
of 4b, obtained by recrystallization from acetone, were used for the 
x-ray work. Crystal data: C13H26N20SI, monoclinic, P21/n, Q = 20.462 
(IO), b = 8.659 (4), c = 9.847 (3) A, = 99.20 (3)O, 2 = 4. Experimental 

level 2.5; total number of independent reflections, 2167; total ob- 
served, 1892. 

The data were collected on a Syntex P21 diffractometer. The ex- 
perimental conditions during the measurement of the intensities were 
given above. The structure was determined by direct methods using 
the MULTAN 74 programz4 and refined by block-diagonal least-squares 
calculations with the programs written by Ahmed et  a1.25 A struc- 
ture-factor calculation resulted in R = ZI IFc,/ - IF,( 1/231Fc,1 = 0.078 
for all observed reflections. The scattering factors used are those given 
in the international Tables for X-Ray Crystallography.26 
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