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Abstract: The iodocyclization of 3-allyl-2-(substituted amino)-5-(unsubstituted)- and -5-(monosubstituted)-l-
imidazolin-4-ones, which are suggested to be sensitive under such oxidative conditions, was examined; the 5-exo 
cyclization products, imidazo[l,2-a]imidazoles, were formed similarly to that of 5,5-dimethyl-l-imidazolin-4-
ones. The scope and limitations of these cyclization were also discussed. 

In previous papers, 1»- we reported a novel synthetic route to bicyclic guanidines, imidazo[l,2-a]-
imidazole and imidazo[l,2-a]pyrimidine, some derivatives of which showed a hypoglycemic activity.^ The 
guanidines was formed by the iodocyclization of 3-(alk-2-enyl)-2-(substituted amino)- l-imidazolin-4-ones. The 
regiochemistry of the iodocyclization was predicted by the frontier electron densities for nucleophile [fr(N)] of the 
LUMOs of the corresponding iodonium ion intermediates. The stereochemistry of the guanidines was 
interpreted in terms of the stereoselective formation of the iodonium ion and its successive opening by the 
intramolecular nitrogen nucleophile in an Sn 2 mode.- We report here the iodocylization of some 5-
(unsubstituted)- and 5-(monosubstituted)-3-alkenyl-2-(substituted amino)-l-imidazolin-4-ones, which are 
suggested to be sensitive to such oxidative conditions. The scopes and limitations of these cyclizations will be 
also discussed. 

Iodocyclizaion of 3-AIlyI-5-(unsubstituted)- (13) and 3-AUyl-5-(monosubstituted)-2-
(substituted amino)-l-imidazolin-4-ones (14) and (15) 

The imidazolin-4-ones 13-15 were obtained according to the reported procedures in fair to good yields 
(Scheme 1 )2 ,4 The reaction of 3-allyl-2-anilino-l-imidazolin-4-one (13a) with iodine (3.0 equiv.) in 
dimethoxyethane (DME) at room temperature gave 5-exo cyclization product, 2-iodomethyl-l-phenyl-23-
dihydro- lH-imidazo[l,2-a]imidazol-5(6/i)-one (16a), in 47% yield. Utilizing potassium carbonate (K2CO3) as 
a scavenger of hydrogen iodide afforded an improvement of its yield up to 75%. The structure of 16a was 
established on the basis of its spectroscopic data in comparison with those of the related compounds previously 
r e p o r t e d . 5 Similar reaction of 3-allyl-2-anilino-5-methyl- (14a) and 3-allyl-5-methyl-2-(tosylamino)-l-
imidazolin-4-ones (14b) with iodine gave also 5-exo cyclization products 17a,b in good yields. 
Imidazoimidazoles 17a,b were obtained as mixtures of two diastereomers, respectively. The stereoselectivity of 
the cyclization was not so high as expected. Product 17a was not so stable and the treatment of 17a with DBU 
(2.0 equiv.) in refluxing toluene gave 6-methyl-2-methylene-1 -phenyl-2,3-dihydro-l//-imidazo[ 1,2-a]imidazol-
5(6//)-one (18) in 86% yield. Similar results were obtained in the reaction of 3-allyl-2-amlino-5-phenyl-1-
imidazolin-4-ones (15a) with iodine; imidazoimidazole 19a was formed as a 1:2 mixture of two diastereomers. 
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Table 1 . Reaction of 3-Allyl-2-(substituted amino)-5-(unsubstituted)- (13) and -5-(monosubstituted)-l-
imidazolin-4-ones (14,15) with Iodine. 

Product Ratio of 
Entry Substrate R Rl K2CO3 (equiv.) Time (h) (Yield; %)a diastereomersb 

1 13a Η Ph none 48 16a (47) 
2 13a Η Ph 2.0 2 16a (75) 
3 14a Me Ph none 4 17a (51) (1:1) 

4 14a Me Ph 2.0 4 17a (84) (1:1) 
5 14b Me Ts none 24 17b (66) (1:1) 
6 15a Ph Ph none 24 19a (88) (1:2) 
7 15b Ph Ts none 18 20 (24)c 

a Based on the isolated products, b Determined by NMR spectra of the crude products. 
c Unidentified products were also obtained. 

The reaction of 2-tosylamino substrate 15b with iodine gave a mixture of unidentified products together with 4-
(hydroxymethyl)-l-(phenyloxalyl)-3-tosylimidazolidin-2-one (20) (Scheme 2). These results suggest that the 
iodocyclization of 5-(unsubstituted)- and 5-(monosubstituted) substrates 13-15 proceeds similarly to that of 5,5-
dimethyl substrates and that some of the cyclization products are not so stable under the reaction conditions and/or 
purification procedures. 
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Scheme 2-2. 
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Scopes and Limitation of the Iodocyclization of 2-Alkenyl-5,5-dimethyI-
2-(substituted amino)- l-imidazolin-4-ones 

Our next concern was focused on the scopes of the iodocyclization of l-imidazolin-4-ones; 3-(but-3-enyl)-

l-imidazolin-4-ones 22a-c were also prepared by the reaction of ethyl 2-methyl-2-(7V'-substituted carbodiimido)-

propionate- with (but-3-enyl)amine (21). The similar iodocyclization of 2 2 gave 6-exo cyclization products, 

imidazo[l,2-a]pyrimidines 23, in good yields and in the reaction of l-imidazolin-4-ones 22a and 22c, utilizing 

K2CO3 as a scavenger of hydrogen iodide afforded an improvement of the yields (Scheme 3). The structures of 

imidazopyrimidines 2 3 were also confirmed by the conversion to the 7-exo methylene compounds 2 4 by the 

elimination of hydrogen iodide (Scheme 3). The regiochemistry of the iodocyclization was also consistent with 

the fr(N) obtained from the PM3 method; the values of fr(N) in the 6-exo cyclization were larger than those in the 

Ί-endo cyclization in the corresponding iodonium ions 2 5 and 2 6 (Flg. 1). 

2, DME, υ DBU, toluene, υ 

r t - 1 d M e ^ T - N ^ r e , l u x ' 1 h M e ^ K j ^ 
M e - X J 7 1 Me-K J 7 l 

(K2CO3) .HI N ^ ^ c H a 
R1 R1 

22a : R1= Ph 23a (Y. 98% with K2CO3) 2 4 a : r 1 = P h (Y- 8 8 % ) 
22b : R1= Ts 23b (Y. 95%) 24b : R1= Ts (Y. 95%) 
22c : R1= 1-Naphthy 2 3 c ( Y ' 8 9 % w i t h Κ 2°°3 ) 24c : R1= 1-Naphthyl (Y. 88%) 

Fig. 1. The fr(N) values and energy levels of frontier orbitals of iodonium ions 2 5 and 26. 
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25: R1= Ph 
26 : R1=Ts 
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The scope of the cyclization were further examined using the 2-tosylamino substrates, which are expected 

to be less reactive under the iodocyclization conditions. The iodocyclization of 3-(cyclohex-2-enyl)-5,5-

dimethyl-2-tosylamino-l-imidazolin-4-one (27) gave 5-exo cyclization product 28 and 6-endo one 29 in 21% 

and 77% yields, respectively. The structure of major product 29 was confirmed by X-ray crystallographic 

study^ and that of minor 28 was assigned by its spectroscopic data. These suggested that the formation of the 

lodonium ion 30 and its opening by the intramolecular tosylamino nitrogen proceeded in a highly stereoselective 

manner. The similar reaction of 3-(3-methylbut-2-enyl) substrate 31 with iodine gave the unreacted 31 in 

recovery of 78%. The PM3 MO calculations of the iodonium ion 32 suggested the predominant formation of 6-

endo cyclization product, although the energy difference between the frontier Orbitals (4E= 6.475 eV) of the 

iodonium ion 32 was somewhat larger than those of 3-allyl substrate (4E= 5.720 eV) - and 3-(but-3-enyl) 

substrate 26 (ΔΕ= 5.620 eV). The similar reaction of 31 in the presence of water gave iodohydrin 33 in 78% 

yield and the regiochemistry of the addition of hypoiodide was consistent with the PM3 calculation results. The 

treatment of 33 with DBU gave epoxide 34 in 75% yield. These results suggest that iodonium ion 32 is 

expected to form and that the successive nucleophilic attack of the amino nitrogen to the ion 32 is blocked 

probably due to a serious steric interaction between both reaction sites.^ 
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Experimental 

General. For the general details of apparatuses and procedures, see the previous paper.- ^H and 
NMR spectra were measured on JEOL EX-270 spectrometer (at 270 MHz for 1 h and 68 MHz for 1 3 C ) in 
deuteriochloroform (CDCI3) solution, unless otherwise stated. Assignment of the NMR spectra of products was 
accomplished by ΐΗ-^Η and ^H-^C COSY spectra. Overlapping splitting patterns in ! h NMR spectra are 
indicated as ov. Ethyl azidoacetate (4) was obtained quantitatively by the reaction of ethyl bromoacetate with 
sodium azide (2.0 equiv.) in 20%-aqueous methanol at r.t. for 1 d; colorless oil, IR cm"1: 2100 (N3), 1740 
(CO); lH NMR δ= 1.30 (3 Η, t, 7= 6.7 Hz, OCH2CJF/3), 3.85 (2 H, s, -CH2-), 4.24 (2 H, q, 7= 6.7 Hz, 

OC//9CH3). Ethyl 2-azidopropionate (5): colorless oil; IR cm"1: 2110 (N3), 1740 (CO); JH NMR δ= 1.21-
1.50 (6 Η, ov, OCH2C//3 and >CH-C#3), 3.76 (1 H, q, 7= 7.0 Hz, >CH-CH3), 4.05 (2 H, q, 7= 6.8 Hz, 

OC//2CH3). Ethyl 2-azido-2-phenylacetate (6): colorless oil; IR cm"1: 2100 (N3), 1740 (CO); NMR δ= 
1.29 (3 Η, t, 7= 7.0 Hz, OCH2C//3), 4.20 (2 H, q, 7= 7.0 Hz, OCH2CH3), 5.12 (1 Η, s, >CH-Ph), 7.64 (5 
H, ov, Ph). (But-3-enyl)amine (21), (cyclohex-2-enyl)amine, (3-methylbut-2-enyl)amine were generated in situ 
by the treatment of the corresponding h y d r o c h o l o r i d e s & 9 with an excess of triethylamine, respectively. 

Preparation of l-Imidazolin-4-ones 13, 14, 15, 22, 27, and 31. General Procedures: 
To a solution of azide 4 (0.129 g, 1.0 mmol) in dry dioxane (5 ml) heated at 50 °C under nitrogen atmosphere 
was added triphenylphosphine (0.262 g, 1.0 mmol) in dioxane (3 ml) and immediately nitrogen was extruded. 
The reaction mixture was stirred at the same temperature for 4 h and cooled down to room temperature. Phenyl 
isocyanate (0.108 ml, 1.0 mmol) was added and stirred for 1 h. Allylamine (0.075 ml, 1.0 mmol) was added to 
the reaction mixture and stirred at room temperature for 24 h. The solvent was evaporated to dryness, which 
was extracted with dichloromethane (3 χ 15 ml). The dichloromethane was evaporated and the residue was 
subjected to column chromatography on silica gel [hexane-ethyl acetate (2/1)] to give imidazolinone 13a (0.159 
g, 74%). Similarly, other l-imidazolin-4-ones 14, IS, 22 , 2 7 , and 3 1 were prepared and their structures were 
fully confirmed by the analytical and spectroscopic data. The selected data are summarized as follows: 

3-Allyl-2-anilino-1 -imidazolin^1-one (13a): colorless needles (hexane-benzene); mp 68-70 °C; iH NMR 
Ö= 3.92 (2 Η, s, 5-H), 4.31 (2 Η, d, 7= 5.6 Hz, >N-CH2-), 4.62 (1 H, br s, NH), 5.23 (1 H, d, 7= 10.2 Hz, 
=CHH), 5.31 (1 H, d, 7= 17.2 Hz, =CHtf), 5.96 (1 H, m, -CH=), 6.95-7.33 (5 H, ov, Ph). Anal. Found: 
C, 66.79; H, 6.02; N, 19.31%. Calcd. for C12H13N3O: C, 66.95; H, 6.09; N, 19.52%. 

3-Allyl-2-anilino-5-methyl-l-imidazolin-4-one (14a): colorless viscous oil; IR cm"1: 3330 (NH), 1730 

(CO), 1670 (C=N); ! H NMR δ= 1.35 (3 Η, d, 7= 6.9 Hz, 5-Me), 3.97 (1 H, q, 7= 6.9 Hz, 5-H), 4.23 (2 H, d, 

7= 5.6 Hz, >N-CH2-), 4.94 (1 H, br s, NH), 5.20 (1 H, dd, J= 9.6, 1.0 Hz, =CHH), 5.23 (1 H, dd, 7= 16.2, 

I.0 Hz, =CH/i), 5.92 (1 H, m, -CH=), 6.98,7.03,7.30 (total 5 H, Ph); 1 3 C NMR δ= 18.5 (4-Me), 41.5 
(>N-CH2-), 53.6 (5-C), 117.5 (=CH2), 122.7, 123.5, 129.8, 148.0 (Ph-C), 131.8 (-CH=), 149.4 (2-C), 
174.5 (4-C). This compound did not give satisfactory analytical data (Found: C, 67.64; H, 6.55; N, 17.75%. 
Calcd for C13H15N3O: C, 68.10; H, 6.59; N, 18.33%). 

3-Allyl-5-methyl-2-tosylamino-l-imidazolin-4-one (14b): colorless prisms (hexane-benzene); mp 92-93 
°C; iH NMR &= 1.49 (3 Η, d, 7= 6.9 Hz, 5-Me), 2.42 (3 H, s, Me), 4.12 (2 H, d, 7= 5.9 Hz, >N-CH2-), 4.18 
(1 H, q, 7= 6.9 Hz, 5-H), 5 . 1 5 (1 H, dd, 7= 16.2, 1.0 Hz, =CHH), 5 . 1 7 (1 H, dd, 7= 8.6, 1.0 Hz, = C H H ) , 
5.74 (1 H, m, -CH=), 7.28 ( 2 H , b r d , 7= 8.6 Hz, aromatic-H), 7.70 (1 H, br s, NH), 7.80 (2 H, d, 7= 8.3 Hz, 
aromatic-H). Anal. Found: C, 54.99; H, 5.40; N, 13.56%. Calcd. for C14H17N3O3S: C, 54.72; H, 5.58; 
N, 13.68%. 

3-Allyl-2-anilino-5-phenyl-l-imidazolin-4-one (15a): colorless prisms (hexane-benzene); mp 128-129 °C; 
^ NMR δ= 4 3 2 (2H, d, 7= 5.3 Hz, >N-CH>), 4.98 (1 H, s, 5-H), 5.06 (1 H, br s, NH), 5.22 (1 H, d, 7= 
10.2 Hz, =CHH), 5.30 (1 H, d, 7= 17.2 Hz, =CHH), 5.96 (1 H, m, -CH=), 7.02-7.42 (10 H, ov, Ph). Anal. 
Found: C, 74.52; H, 5.92; N, 14.38%. Calcd. for C18H17N3O: C, 74.20; H, 5.88; N, 14.42%. 

3-AllyI-5-phenyl-2-tosylamino-l-imidazolin-4-one (15b): colorless prisms (MeOH); mp 168-170 °C; 

NMR δ= 2.44 (3 Η, s, Me), 4.16 (2 Η, d, 7= 7.0 Hz, >N-CH2-), 5.13 (1 H, s, 5-H), 5.14 (1 H, dtd, 7= 7.6, 

1.3, 1.0 Hz, =CHH), 5 .17 (1 H, dd, 7= 14.2, 1.0 Hz, =CUH), 5 .74(1 H, m,-CH=), 7.26-7.43, 7.84 (total 9 
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H, aromatic-H), 7.98 (1 H, br s, NH). Anal. Found: C, 61.59; H, 5.05; N, 11.42%. Calcd. for 
C19H19N3O3S: C, 61.77; H, 5.18; N, 1138%. 

2-Amlino-3-(but-3-enyl)-5,5-dimethyl-l-imidazolin^-one (22a): yield 54%; colorless prisms (hexane); 
mp 90 °C; NMR 6= 1.34 (6 Η, s, 5-Meo), 2.52 (2 Η, q, 7= 6.9 Hz, -CHo-CH=), 3.74 (2 H, t, 7= 6.9 Hz, 
>N-CH2-), 4.65 (1 H, br, NH), 5.05 (1 H, d, 7= 9.9 Hz, =CHH), 5.10 (1 H, d, 7= 16.2 Hz, =CHH), 5.84 (1 
H, ddt, 7= 16.2, 9.9, 6.9 Hz, -CH=), 6.96, 7.04, 7.32 (total 5 H, Ph). Anal. Found: C, 69.92; H, 7.47; N, 
16.20%. Calcd. for C15H19N3O: C, 70.00; H, 7.44; N, 16.33%. 

3-(But-3-enyl)-5,5-dimethyl-2-tosylamino-l-imidazolin-4-one (22b): yield 83%; colorless needles 
(EtOH); mp 115-116 °C; *H NMR 6=1.40 (6 Η, s, 5-Mei), 230 (2 H, q, 7= 6.8 Hz, -Ctf2"CH=), 2.43 (3 H, 
s, Me), 3.60 (2 H, t, 7= 6.8 Hz, >N-CH?-), 4.80 (1 H, dd, 7= 19.0, 2.0 Hz, =CHH), 4.83 (1 H, dd, 7= 10.3, 
2.0 Hz, =CH//), 5.57 (1 H, ddt, 7= 19.0, 10.3, 6.8 Hz, -CH=), 7.30, 7.84 (each 2 H, each d, 7= 8 3 Hz, 
aromatic-H), 7.98 (1 H, br s, NH). Anal. Found: C, 57.30; H, 6.28; N, 12.51%. Calcd. for 
C16H21N3O3S: C, 57.29; H, 631; N, 12.53%. 

3-(But-3-enyl)-5,5-dimethyl-2-(l-naphthyl)amino-l-imidazolin-4-one (22c): yield 40%; colorless plates 
(hexane-benzene); mp 158-159 °C; ^H NMR 6= 1.29 (6 Η, s, 5-Meo), 2.63 (2 H, q, 7= 6.9 Hz, -CH2"CH=), 
3.88 (2 H, t, 7= 6.9 Hz, >N-CH2-), 4.58 (1 H, br s, NH), 5.11 (1 H, dd, 7= 9.9, 1.7 Hz, =CHH), 5.18 (1 H, 
dd, 7= 17.2, 1.7 Hz, =CH/7), 7.01, 7.37-7.48, 7.57, 7.82, 8.03 (total 7 H, naphthyl-H). Anal. Found: C, 
74.10; H, 6.66; N, 13.90%. Calcd. for C19H21N3O: C, 74.24; H, 6.89; N, 13.67%.n 

3-(Cyclohex-2-enyl)-5,5-dimethyl-2-tosylamido-l-imidazolin-4-one (27): yield 60%; colorless needles 
(propan-2-ol); mp 164-165 °C; l H NMR 6= 1.41 (6 Η, s, 5-Me2), 1.58-2.18 (6 H, ov, -CH2-), 2.42 (3 H, s, 
Me), 4.74 (1 H, m, >N-CH<), 5.38 (2 H, ov, -CH=CH-), 7.29, 7.82 (each 2 H, each d, 7= 8.2 Hz, aromatic-
H), 7.93 (1 H, br s, NH). Anal. Found: C, 59.79; H, 6.51; N, 11.50%. Calcd. for C18H23N3O3S: C, 
59.81; H, 6.41; N, 11.62%. 

5,5-Dimethyl-3-(3-methylbut-2-enyl)-2-(tosylamino)-l-imidazolin-4-one (31): yield 51%; colorless 
needles (hexane-benzene); mp 111-112 °C; ! h NMR 6= 1.42 (6 Η, s, 5-Me2), 1.63, 1.66 (each 3 H, each s, 
=CMe2), 2.42 (3 H, s, Me), 4.07 (2 H, d, 7= 7.3 Hz, >N-CH2-) 5.09 (1 H, t, 7= 7.3 Hz, -CH=), 7.29, 7.82 
(each 2 H, each d, 7= 8.3 Hz, aromatic-H), 7.93 (1 H, br s, NH). Anal. Found: C, 58.35; H, 6.62; N, 
11.90%. Calcd. for C17H23N3O3S: C, 58.43; H, 6.63; N, 12.02%. 

Iodocyclization of l-Imidazolin-4-ones 13a, 14, 15, 22, 27 and 31. General 
Procedures: To a solution of imidazolinone 13a (0.0431 g, 0.2 mmol) and K2CO3 (0.0553 g, 0.4 mmol) in 
DME (2 ml) was added iodine (0.152 g, 0.6 mmol) and the reaction mixture was stinred at room temperature for 2 
h. The solvent was evaporated, the residue was treated with 5% sodium thiosulfate to decompose the excess of 
iodine, and extracted with ethyl acetate (3 χ 10 ml). The organic layer was washed with water, dried over 
anhydrous magnesium sulfate, and evaporated to dryness. The residue was subjected to column 
chromatography on silica gel [hexane-ethyl acetate (1/1)] to afford S-exo cyclization product 16a (0.0512 g, 
75%). 

2-Iodomethyl-l-phenyl-23-dihydro-l//-imidazo[l,2-a]imidazol-5(6/f)-one (16a): colorless plates 
(hexane-benzene); mp 152-154 °C; IR cm"1: 1730 (CO), 1650 (C=N); lH NMR 6= 3 3 3 (1 Η, dd, 7= 10.6, 8.6 
Hz, -C//HI), 3.48 (1 H, dd, 7= 10.6, 2.3 Hz, -CHM), 3.75 (1 H, dd, 7= 11.2, 3.3 Hz, 3-H), 3.97 (1 H, dd, 
7= 11.2, 8.6 Hz, 3-H), 4.37, 4.48 (each 1 H, each d, 7= 21.4 Hz, 6-H), 4.92 (1 H, m, 2-H), 7.13-7.58 (5 H, 
ov, Ph); 13C NMR 6= 6.7 (-CH2D, 43.1 (3-C), 62.5 (2-C), 64.1 (6-C), 119.0, 124.3, 129.6, 136.5 (Ph-C), 
158.3 (7a-C), 175.5 (5-C). Anal. Found: C, 41.97; H, 3.52; N, 12.10%. Calcd. for C12H12IN3O: C, 
42.25; H, 3.55; N, 12.32%. 

Similarly, the iodocyclization of 14a gave 5-exo cyclization product 17a (in 84% yield) as a mixture of 
two diastereomers (1.1 : 1), which could not be separata! completely. Product 17a was not so stable and 
gradually decomposed. The treatment of 17a with DBU (2.0 equiv.) in refluxing toluene for 2 h followed by 
usual work-up gave 2-exo methylene 18 in 86% yield. 

2-Iodomethyl-6-methyl-l-phenyl-23-dihydro-l//-imidazo[12-a]midazol-5(6//)-one (17a): pale yellow 
viscous oil; IR cm" 1730 (CO); 1660 (C=N). Compound 17a did not give satisfactory analytical data owing to 
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its instability (Found: C, 44.60; H, 4.41; N, 11.70%. Calcd for C13H14IN3O: C, 43.94; H, 3.94; N, 
11.83%). Product 17a consisted of two diastereomers and their ^H and NMR spectra are shown. Major: 
*H NMR δ= 1.45 (3 Η, d, 7= 7.6 Hz, 6-Me), 3.28-3.49 (2 Η, ov , -CH">I), 3.68 (1 H, dd, 5-H, 7= 11.2, 3.7 
Hz, 5-H), 3.98 (1 H, dd, 7= 11.2, 3.0 Hz, 5-H), 4.49 (1 H, q, 7= 7.6 Hz. 6-H), 4.89 (1 H, m. 2-H), 7.14, 
7.39, 7.58 (total 5 H, Ph); 1 3C NMR δ= 6.8 (CH2I), 17.6 (6-Me), 42.9 (3-C), 62.1 (2-C), 70.1 (6-C), 119.2, 
124.2, 129.5, 136.5 (Ph-C), 156.7 (7a-C), 178.4 (5-C). Minor: NMR δ= 1.52 (3 Η, d, 7= 73 Hz, 6-
Me), 3.28-3.49 (2 H,ov,-CH2l), 3-71 (1 H, dd. 7= 11.2, 3.7 Hz, 3-H), 3.94 (1 H, dd, 7= 11.2, 2.6 Hz, 3-
H), 4.45(1 H, q, 7= 7.3 Hz, 6-H), 7.23, 7.42, 7.55 (total 5 H, Ph); 1 3C NMR 6= 7.2 (CHoI), 17.6 (6-Me), 
42.9 (3-C), 61.9 (2-C), 70.4 (6-C), 118.9, 124.0, 129.5, 136.4 (Ph-C), 156.7 (7a-C), 178.4 (5-C). 

6-Methyl-2-methylene-l-phenyl-23-dihydro-l//-imidazo[l,2-a]imidazol-5(6/i)-one (18): pale yellow 
prisms (hexane-benzene); mp 114-115 °C; IR cm"1: 1730 (CO), 1640 (C=N); ! H NMR δ= 1.46 (3 H, d, 7= 7.3 
Hz, 6-Me), 4.27 (1 H, dt, 7= 2.6, 2.0 Hz, =C/iH), 4.40-4.47 (3 H, ov, 5-H and =CHH), 4.42 (1 H, q, 7= 7.3 
Hz, 6-H), 7.33-7.53 (5 H, ov, Ph); 1 3C NMR δ= 17.5 (6-Me), 42.7 (3-C), 69.6 (6-C), 84.8 (=CH~>), 126.5, 
128.0, 129.8, 133.7 (Ph-C), 145.3 (2-C), 157.9 (7a-C), 177.9 (5-C). Anal. Found: C, 68.91; H, 5.73; N, 
18.31%. Calcd. for C13H13N3O: C, 68.70; H, 5.77; N, 18.49%. 

2-Iodomethyl-6-methyl-l-tosyl-23-dihydro-l//-imidazo[l,2-a]imidazol-5(6/i)-one (17b): colorless 
needles (hexane-propan-2-ol); mp 146-148 °C; IR cnr1 : 1730 (CO), 1660 (C=N), 1360, 1160 (SO->). Anal. 
Found: 38.75; H, 3.76; N, 9.62%. Calcd. for C14H16INO3S: C, 38.81; H, 3.72; N, 9.70%. Compound 
17b consisted of two diastereomers (1.1 : 1) and their ^H and ^3C spectral data are shown. Major: ^H NMR 
δ= 1.47 (3 Η, d, 7= 7.6 Hz, 6-Me), 2.47 (3 H, s, Me), 3.50 (1 H, dd, 7= 10.9, 4.3 Hz, 3-H), 2.51 (1 H, dd, 
7= 10.6, 3.9 Hz, -CMfl) , 3.69 (1 H, dd, 7= 10.9, 5.6 Hz, 5-H), 3.74 (1 H, dd, 7= 10.6, 3.3 Hz, -CHM), 
4.43 (1 H, q, 7= 7.6 Hz, 6-H), 4.69 (1 H, m, 2-H), 7.38, 7.99 (each 2 H, each d, 8.2 Hz, aromatic-H); 1 3C 
NMR δ= 8.8 (-CH2I), 17.0 (6-Me), 21.7 (Me), 43.8 (3-C), 63.6 (2-C), 71.4 (6-C), 127.9, 130.1, 134.8, 
145.9 (aromatic-C), 154.8 (7a-C), 178.1 (5-C). Minor: !h NMR b= 1.38 (3 H, d, 7= 7.6 Hz, 6-Me), 2.47 (3 
H, s, Me), 3.42-3.54 (2 H, ov, 3-H and -CHHI), 3.60-3.78 (2 H, ov, 3-H and -CHM), 4.43 (1 H, q, 7= 7.6 
Hz, 6-H), 7.38, 7.99 (each 2 H, each d, 7= 8.2 Hz, aromatic-H); 1 3C NMR δ= 8.8 (-CH2I), 17.0 (6-Me), 21.8 
(Me), 43.8 (3-C), 63.6 (2-C), 71.4 (6-C), 127.9,130.1, 134.8, 145.9 (aromatic-C), 154.8 (7a-C), 178.1 (5-C). 

2-Iodomethyl-l,6-diphenyl-23-dihydro-l//-imidazo[l,2-a]imidazol-5(6f/)-one (19a): colorless crystals; 
mp 74-76 °C (without recrystallization due to its thermal instability); IR cm"1: 1730 (CO), 1660 (C=N). Anal. 
Found: C, 52.23; H, 4.10; N, 9.65%. Calcd. for Ci8Hi6lN30:'C, 51.82; H, 3.87; N, 10.07%. Compound 
19a consisted of two diastereomers (1.1: 1) and their ^H and ^3C NMR spectral data are shown. Major: lH 
NMR δ= 3.37-3.54 (2 Η, ov, -CH2D, 3.78 (1 Η, dd, 7= 11.2, 3.3 Hz, 3-H), 3.92 (1 Η, dd, 7= 11.2, 8.3 Hz, 
3-H), 4.93 (1 Η, m, 2-H), 5.54 (1 Η, s, 6-H), 7.14-7.69 (10 H, ov, Ph); 1 3C NMR δ= 6.8 (-CH2I), 43.3 (3-
C), 62.5 (2-C), 77.1 (6-C), 119.2, 1243, 126.8, 127.9, 128.6, 129.7, 1366.2, 136.5 (Ph-C), 157.6 (7a-C), 
175.8 (5-C). Minor: lH NMR δ= 3.33-3.49 (2 Η, ov, -CH2I), 3.70 (1 Η, dd, 7= 11.2, 3.0 Hz, 3-H), 4.00 (1 
Η, dd, 7= 11.2, 8.2 Hz, 3-H), 4.93 (1 Η, m, 2-H), 5.48 (1 Η, s, 6-H), 7.14-7.69 (10 H, ov, Ph); 1 3C NMR 
δ= 7.4 (-CH2I), 43.2 (5-C), 61.9 (6-C), 77.5 (2-C), 119.4, 124.4, 126.9, 128.0, 128.5, 129.7, 136.4, 136.7 
(Ph-C), 157.8 (7a-C), 175.6 (5-C). 

4-Iodomethyl-l-phenyloxalyl-3-tosylimidazolidin-2-one (20): This compound was obtained as colorless 
needles (hexane-benzene) and revealed to be a 1:1 molecular complex of product 20 and benzene; mp 105-106 
"QIRcnr 1 : 1750 (CO), 1680 (C=N); *H NMR δ= 2.44 (3 Η, s, Me), 3.55-3.61 (1 Η, dd, 7= 11.6, 6.5 Hz, 
-CMH), 3.64(1 H, dd, 7= 11.9, 3.0 Hz, 4-H), 3.83 (1 H, dd, 7= 11.6, 3.3 Hz, -CHM), 4.05 (1 H, dd, 7= 
11.9, 9.2 Hz, 4-H), 4.55 (1 H, m, 5-H), 7.26-7.89 (9 H, ov, aromatic-H), 7.36 (6 H, s, benzene-Η); 1 3C 
NMR δ= 9.2 (CH2I), 21.7 (Me), 45.4 (4-C), 54.1 (5-C), 128.3-134.8, 146.1 (aromatic-C), 128.7 (benzene-C), 
149.4 (2-C), 166.f(-CO-CO-N<), 187.3 (Ph-CO-). Anal. Found: C, 50.41; H, 3.89; N, 4.53%. Calcd. for 
Ci9Hi7lN<>05S»C6H6: C, 50.86; H, 3.93; N, 4.74%. 
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7-Iodomethyl-2,2-dimethyl-8-phenyl-5,67,8-tetrahydroimidazo[l,2-a]pynmidin-3(2//)-one (23a): 
colorless prisms (hexane-benzene); mp 134-135 °C; IRcm'1 : 1725 (CO), 1630 (C=N); lH NMR δ= 1.28, 1.33 
(each 3 Η, each s, 2-Me2), 2.19, 2.26 (each 1 H, each m, 6-H), 3.13 (1 H, dd, 7= 10.9, 10.6 Hz, -CHHI), 
3.36 (1 H, dd, 7= 10.6, 3.6 Hz, -CH//I), 3.57 (1 H, ddd, 7= 13.2, 11.9, 4.6 Hz, 5-H), 3.84 (1 H, ddd, J= 
13.2, 5.6, 3.3 Hz, 5-H), 4.09 (1 H, m, 7-H), 7.25-7.50(5 H, ov, Ph); 13c NMR δ= 4.0 (OHbl), 24.5 (6-C), 
24.9, 25.0 (2-Me2), 34.3 (5-C), 58.2 (7-C), 65.6 (2-C), 127.0, 127.3, 129.8, 140.4 (Ph-C), 150.2 (8a-C), 
184.4 (3-C); MS m/z: 383 (M+), 368 (M+ - Me), 355 (M+ - CO), 256 (M+ - I). Anal. Found: C, 47.10; H, 
4.69; N, 10.84%. Calcd. for C15H18IN3O: C, 47.01; H, 4.73; N, 10.97% 

7-Icdomethyl-2,2-dimethyl-8-tosylimino-5,6,7,8-tetrahydroimidazo[l,2-a]pynmidin-3(2//)-one (23b): 
colorless prisms (EtOH); mp 165-166 °C; IR cm"1: 1720 (CO), 1620 (C=N), 1360, 1160 (SOo); JH NMR δ= 
1.11, 1.32 (each 3 Η, each s, 2-Me->), 1.95 (1 H, m, 6-H), 2.43 (3 H, s, Me), 2.66 (1 H, m, 6J f ) , 3.17 (1 H, 
dd, 7= 11.6, 10.6 Hz, -C/ΛΠ), 3.31 (1 H, td, 7= 13.2, 4.6 Hz, 5-H), 3.54-3.66 (2 H, ov, 5-H and -CHM), 
4.87 (1 H, m, 7-H), 7.29, 7.98 (each 2 H, each d, 7= 8.3 Hz, aromatic-H); 1 3C NMR δ= 3.4 (CH2l), 21.6 
(Me), 24.1 (6-C), 24.2, 24.4 (2-Me2), 54.4(7-C),66.6(2-C), 128.8, 129.2, 135.4, 145.1 (aromatic-C), 145.5 
(8a-C), 183.7 (3-C); MS m/z: 461 (M+), 446 (M+ - Me), 397 (M+ - SO->). Anal. Found: 41.62; H, 4.35; N, 
9.11%. Calcd. for C16H20IN3O3S: C, 41.66; H, 4.37; N, 9.11%. 

7-Iodomethyl-2,2-dimethyl-8-(l-naphthyl)-5,6,7,8-tetrahydroimidazo[l,2-a]pyrimidin-3(2/i)-one (23c): 
colorless crystals; mp 171-173 °C (without recrystallization); IR cm'1: 1720 (CO), 1630 (C=N); MS m/z: 433 
(M+), 418 (M+ - Me), 405 (M+ - CO), 306 (M+ -1). Anal. Found: C, 52.50; H, 4.65; N, 9.56%. Calcd. for 
C19H20IN3O: C, 52.67; H, 4.65; N, 9.70%. The lH and 13C NMR spectra of compound 23c showed that it 
existed in the CDCI3 solution as a 2:1 mixture of atropisomers. Major: ΪΗ NMR δ= 1.19, 1.31 (each 3 Η, 
each s, 2-Me2), 2.46-2.56 (1 H, ov, 6-H), 2.67-2.78 (1 H, ov, 6-H), 3.25 (1 H, dd, 7= 10.2, 8.3 Hz, -CHHI), 
3.48 (1 H, dd, 7= 10.2, 2.6 Hz, -CHfll), 3.57-3.68 (1 H, ov, 5-H), 3.82-4.00 (2 H, ov, 5- and 7-H), 7.45-
7.94 (7 H, ov, naphthyl-H); 1 3C NMR δ= 4.3 (CH2l), 24.6 (6-C), 24.9, 25.0 (2-Me2), 34.3 (5-C), 57.3 (7-
C), 65.6 (2-C), 121.2, 125.7, 126.4 χ 2, 127.1, 128.4, 129.1, 129.6, 135.3, 135.5 (naphthyl-C), 150.4 (8a-
C), 184.6 (3-C). Minor: lH NMR δ= 1.22, 1.23 (each 3 Η, each s, 2-Me2), 2.46-2.56 (1 H, ov, 6-H), 2.67-
2.78 (1 H, ov, 6-H), 3.07 (1 H, dd, 7= 10.2,3.3 Hz, -CHUT), 3.17 (1 H, dd, 7= 10.2, 7.9 Hz, -CHWI), 3.57-
3.68 (1 H, ov, 5-H), 3.82-4.00 (2 H, ov, 5-H), 4.15 (1 H, m, 7-H), 7.4S7.94 (7 H, ov, naphthyl-H); 1 3C 
NMR δ= 4.5 (CH2D, 24.7 (6-C), 25.1, 25.6 (2-Me2), 34.4 (5-C), 60.6 (7-C), 65.9 (2-C), 123.2, 125.6, 126.1 
χ 2, 126.7, 128.8, 129.3, 131.1, 134.7, 137.4 (naphthyl-C), 150.4 (8a-C), 184.4 (3-C). 

2,2-Dimethyl-7-methylene-8-phenyl-5,6,7,8-tetrahydroimidazo[12-a]pyrimidin-3(2/i)-one (24a): 
colorless needles (EtOH); mp 138-140 °C; IR cm"1: 1730 (CO), 1630 (C=N); NMR δ= 1.30 (6 Η, s, 2-
Me2), 2.78 (2 Η, t, 7= 6.3 Hz, 6-H), 3.70 (2 H, t, J= 6.3 Hz, 5-H), 3.79 (1 H, s, =CHH), 4.16 (1 H, s, 
=CH/7), 7.16-7.68 (5 H, ov, Ph); 1 3C NMR δ= 24.7 (2-Me2), 28.9 (6-C), 37.2 (5-C), 66.6 (2-C), 93.2 
(=CH2), 128.2, 129.0, 129.8, 138.4 (Ph-Q, 142.7 (7-C), 150.1 (8a-C), 184.1 (3-C). Anal. Found: C, 
67.83; H, 6.82; N, 15.74%. Calcd. for C15H17N3OI/2H2O: C, 68.18; H, 6.81: N, 15.90%. 

2,2-Dimethyl-7-methylene-8-tosyl-5,6,7,8-tetrahydroimidazo[l^-a]pyrimidin-3(2/i)-one (24b): 
colorless plates (EtOH); mp 182-183 °C; IR cm"1: 1730 (CO), 1620 (C=N), 1360, 1170 (SO?); *H NMR δ= 
1.22 (6 Η, s, 2 - M o ) , 2.41 (2 Η, t, 7= 6.2 Hz, 6-H), 2.43 (3 H, s, Me), 3.47 (2 H, t, J= 6.2 Hz, 5-H), 5.27 (1 
H, d, 7= 1.1 Hz, =CHH), 5.45 (1 H, d, J= 1.1 Hz, =CHH), 7.29, 7.92 (each 2 H, each d, J= 8.4 Hz, aromatic-
H); 13c NMR δ= 22.0 (Me), 24.7 (2-Me2), 29.2 (6-C), 39.8 (5-C), 67.4 (2-C), 113.7 (=CH2), 129.1, 129.7, 
135.9, 145.6 (aromatic-C), 137.2 (7-C), 147.3 (8a-C), 184.1 (3-C); MS m/z: 333 (M+), 318 (M+ - Me), 269 
(M+ - SO?). Anal. Found: C, 57.68; H, 5.76; N, 12.59%. Calcd. for C16H19N3O3S: C, 57.64; H, 5.74; 
N, 12.60%. 

2,2-Dimethyl-7-methylene-8-( l-naphthyl)-5,6,7,8-tetrahydroimidazo[ 1,2-a]pyrimidin-3(2H)-one (24c): 
colorless plates (hexane-benzene); mp 147-148 °C; IR cm"l: 1730 (CO), 1620 (C=N); JH NMR δ= 1.21, 1.29 
(each 3 Η, each s, 2-Meo), 2.86 (1 H, ddd, J= 15.2, 6.6, 5.9 Hz, 6-H), 2.91 (1 H, ddd, 7= 15.2, 6.6, 5.9 Hz, 
6-H), 3.57 (1 H, s, =CHH), 3.78 (1 H, ddd, 7= 13.5, 6.6, 5.9 Hz, 5 H ) , 3.84 (1 H, ddd, 7= 13.5, 6.6, 5.9 
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Hz, 5-H), 4.09 (1 H, s, = C H # ) , 7.46-7.91 (7 H, ov, naphthyl-H); 1 3C NMR δ= 24.6, 24.9 (2-Meo), 28.9 (6-
C), 37.4 (5-C), 66.8 (2-C), 93.3 (=CH2>, 122.3, 126.0, 126.3, 126.8, 127.8, 128.7, 129.3, 129.8, 134.6, 
135.0 (naphthyl-C), 142.2 (6-C), 150.1 (8a-C), 184.1 (3-C); MS mlz: 305 (M+), 290 (M+ - Me), 277 (M+ -
CO). Anal. Found: C, 74.75; H, 6.38; N, 13.75%. Calcd. for C19H19N3O: C, 74.73; H, 6.27; 13.76%. 

(4a/?*,8/?*,8a5*)-8-Iodo-2,2-dimethyl-9-tosyl-5,6,7,8,8a,9-hexahydro-4a//-imidazo[l^-a]benz-
imidazol-3(2i/)-one (28): colorless plates (propan-2-ol); mp 143-144 °C; IR cm'1 : 1730 (CO); 1660 (C=N), 
1370, 1170 (SO2); NMR δ= 1.27, 1.42 (each 3 Η, each s, 2-Me2), 2.46 (3 H, s, Me) , 1.68-2.43 (total 6 H, 
ov, 5-, 6- and 7-H), 2.46 (3 H, s, Me), 4.18 (1 H, dd, J= 7.6, 6 3 Hz, 8-H), 4.38 (1 H, m, 4a-H), 5.34 (1H, 

m, 8a-H), 7.37, 7.93 (each 2 H, each d, J= 8.6 Hz, aromatic-H); 1 3C NMR δ= 18.8 (8-C), 21.7 (Me ) , 24.3, 
24.5 (2-Me2), 26.0, 26.8, 29.4(5-, 6-, and 7-C), 48.7 (8a-C), 69.5 (4a-C), 76.1 (2-C), 128.5, 129.9, 132.2, 
146.1 (aromaic-C), 144.3 (9a-C), 180.6 (3-C). Anal. Found: C, 44.30; H, 4.57; N, 8.54%. Calcd. for 
C18H22IN3O3S: C, 44.36; H, 4.55; N, 8.62%. 

(5/?*,6/?*,7S*)-6-Iodo-2,2-dimethyl-8-tosyl-5,6,7,8-tetrahydrCH5,7-trimethyleneimidazo[l,2-a]-
pynmidin-3(2H)-one (29): colorless prisms (hexane-benzene); mp 176-177 °C; IR cm"1: 1730 (CO), 1620 
(C=N) , 1380, 1170 (SO->); ^H NMR δ= 1.21, 1.28 (each 3 Η, each s, 2-Me), 1.03-2.67 (6 H, ov, 9-, 10-, and 
11-H), 2.43 (3 H, ov, Me) , 4.17 (1 H, d, /= 13 Hz, 5-H), 4.21 (1 H, dd, J= 2.0, 1.3 Hz, 6-H), 4.82 (1 H, d, 
J= 2.0 Hz, 7-H), 7.27, 7.99 (each 2 H, each d, J= 8.3 Hz, aromatic-H); 1 3C NMR δ= 15.5 (6-C), 19.8 (10-C), 
21.6 (Me) , 24.0,24.5 (2-Me2), 24.4, 25.9 (9- and 11-C), 50.0, 56.2 (5- and 7-C), 67.3 (2-C), 128.8, 129.1, 
135.4, 145.0 (aromatic-C), 146.7 (8a-C), 182.3 (3-C); MS mlz: 488 (M+ + H), 487 (M+) , 423 ( M + - SO2), 
332 (M+ - Ts). Anal. Found: C, 44.46; H, 4.58; N, 8.58%. Calcd. for C18H22IN3O3S: C, 44.36; H, 4.55; 
N, 8.62%. The structure of compound 29 was also confirmed by X-ray structure analysis.^ 

3-(Hydroxy-2-iodo-3-methylbutyl)-5,5-dimethyl-2-(tosylamino)-l-imidazolin^l-one (33): colorless 
prisms (hexane-benzene); mp 141-142 °C; IR cm'1: 3400 (OH), 3320 (NH) , 1750 (CO), 1620 (C=N) , 1390, 
1140 (SO2); JH N M R δ= 1.39, 1.41 (each 3 Η, each s, -C(OH)Meo) ), 1.46, 1.49 (each 3 H, each s, 5-Me2>, 
2.04 (1 H, s, OH) , 2.42 (3 H, s, Me), 3.73 (1 H, dd, J= 14.5, 4.3 Hz, >N-CH2-) , 4.11 (1 H, dd, 7= 14.5, 
10.9 Hz, >N-CH2-), 4.62 (1 H, dd, J= 10.9, 4.3 Hz, -CHI-), 7.32, 7.84 (each 2 H, each d, J= 8 3 Hz, 

aromatic-H), 8.03 (1 H, br s, NH) ; 1 3C NMR δ= 21.5 (Me) , 24.6, 24.7 (C(OH)Af«2), 27.7, 28.0 (5-Me), 
43.3, 45.9 (>N-CH2-CHI-) , 60.4 (5-C), 71.7 (C(OH)Me2), 126.2, 129.5, 139.1, 143.3 (aromatic-C), 154.3 
(2-C), 175.7 (4-C); MS mlz: 493 (M+), 476 (M+ - OH), 435 (M+ - Me2CO), 366 (M+ - I). Anal. Found: C, 
41.37; H, 4.88; N, 8.47%. Calcd. for C17H24IN3O4S: C, 41.39: H, 4.90; N , 8.52%. 

5,5-Dimethyl-3-(3-methyl-23-epoxybutyl)-2-tosylamino-l-imidazolin-4-one (34): colorless prisms 
(hexane-benzene); mp 141-142 °C; IR cm"1: 1750 (CO), 1630 (C=N), 1380, 1130 (SO?); *H NMR δ= 1.22, 
1.30 (each 3 Η, each s, >CMe->), 1.44, 1.46 (each 3 H, each s, 5-Meo), 2.42 (3 H, s, Me) , 2.89 (1 H, dd, J= 

5.6, 5.9 Hz, -CH<) , 3.58 (1 H, dd, J= 14.5, 5.6 Hz, >N-Cf lH- ) , 3.77 (1 H, dd, J= 14.5, 5.9 Hz, >N-CH//-), 
7.28, 7.78 (each 2 H, each d, J= 7.3 Hz, aromatic-H), 8.15 (1 H, br s, NH) ; 1 3 C NMR δ= 18.8 χ 2 (>CMe2), 
21.4 (Me) , 24.1, 24.5 (5-Me2), 38.5 (>N-CH2-). 59.2, 59.7 (bridgehead carbons of the epoxide), 60.4 (5-C), 
126.1, 129.4, 139.1, 143.2 (aromatic-C), 154.5 (2-C), 175.9 (4-C); MS mlz: 365 (M + ) , 210 ( M + - Ts). Anal. 
Found: C, 55.91; H, 6.34; N, 11.54%. Calcd. for C17H23N3O4S: C, 55.87; H, 632; N, 11.50%. 

Computational Procedures: All iodonium ion intermediates 25, 26, and 32 were created and 
roughly optimized by using MM2 force field calculations in MacroModel (version 3.5a). 10 MO calculations 
were earned out with PM3 method^ 1 using MOPAC program (version 6.0). 1 - All iodonium ion intermediates 
were fully optimized unless otherwise indicated. 

References and Notes 

(1) (a) Preparation of Heterocycles Using Functionalized Heterocumulenes. Part 6. (b) Part 5. in this series: 
Noguchi, M.; Okada, H.; Watanabe, M.; Okuda, K.; Nakamura, O. Tetrahedron 1996, 52, 6581. 

369 



Vol. 2 No. 4, 1996 Preparation ofBicyclic Guanidines by the Iodocyclization of 

(2) Watanabe, M.; Okada, H.; Teshima, T.; Noguchi, M.; Kakehi, A. Tetrahedron 1996, 52, 2827. 

(3) Kosasayama, Α.; Konno, T.; Higashi, K.; Ishikawa, F. Chem. Pharm. Bull. 1979, 27, 841. Also see 
references cited therein. 

(4) For recent reviews on the svnthetic utilities of carbodiimides: Molina, P.; Vilaplana, M. J. Synthesis 1994, 
1197; Eguchi, S.; Matsushita, Y.; Yamashita, K. Org. Prep. Proced. Int. 1992, 24, 209; Gololobov, Y . 
G.; Kasukhin, L. F. Tetrahedron 1992, 48, 1353. 

(5) For recent reviews on the iodocvclizations: Boivin, T. L. B. Tetrahedron 1987, 43, 3309; Cardillo, G.; 
Orena, M. Ibid. 1990, 46, 332f. 

(6) The authors have deposited atomic coordinates for this structure with the Cambridge Crystallographic Data 
Centre. The coordinates can be obtained on request from the Director, Cambridge Crystallographic Data 
Centre, University Chemical Laboratory, Lensfield Road, Cambridge CB21EW, U.K. 

(7) The reversibility of the three-membered halonium ion formation (containing iodonium ion) has been 
detailed. As recent papers: Reitz, A. B.; Nortey, S. O.; Maryanoff, B. E.; Liotta, D.; Momahan, R. ΠΙ. J. 
Org. Chem. 1987, 52,4191; Labell, M.; Guindon, Y. J. Am. Chem. Soc. 1989, 111, 2204; Brown, R. 
S.; Slebocka-Tilk, H.; Bennet, A. J.; Bellucci, G.; Bianchini, R.; Ambrosetti, R. Ibid. 1990, 112, 6310; 
Brown, R. S.; Nagorski, R. W.; Bennet, A. J.; McClung, R. E. D.; Aarts, G. H. M.; Klobukowski, M.; 
McDonald, R.; Santarsiero, B. D. Ibid. 1994, 116,2448. Also see the references cited therein. 

(8) Koziara, Α.; Osowska-Pacewicka, K.; Zawadzki, S.; Zwierzak, A. Synthesis 1985, 202. 

(9) Roberts, J. D.; Mazur, R. H. J. Am. Chem. Soc. 1951, 73, 2509; Semenow, D. C.-H. Shin, Young, W. 
G. Ibid. 1958, 80, 5472. 

(10) Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskamp, R.; Lipton, M.; Caufield, C.; Chang, G.; 
Hendnkson, T.; Still, W. C. J. Comput. Chem. 1990, 11, 221. 

(11) Stewart, J. J>J. Comput. Chem. 1989, 10, 209. 

(12) "MOPAC program version 6, QCPE No. 455," 
Bloomington, IN 47405. 

Received May 17, 1996 

1990, Department of Chemistry, Indiana University, 

370 


