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triturated with methylene chloride. Evaporation of the methylene 
chloride left a residue of 1.34 g. This was heated at  170' until ces- 
sation of gas evolution (-30 min). The crude mixture of amino 
monoacids (1.0 g) was dissolved in 10 ml of absolute ethanol, satu- 
rated with HCl, and heated under reflux overnight. Neutralization 
with aqueous KOH followed by extraction with ether gave 0.70 g 
(62%) of amino ester mixture 5 and 6. 

Chromatography of 250 mg of this mixture on 10 g of Florisil 
gave 27 mg of essentially pure 5 (eluted with 1:l ether-hexane): X 
(CC14) 3.58, 5.78, 8.50, 9.66 p;  T (CC14) 5.97 (2 H, q, J = 7 Hz), 
7.3-9.4 (21 H, m, containing t at 8.77, J = 7 Hz); mle  213 (parent), 
84 (base peak). 

Further elution with ether provided 63 mg of pure 6, whose in- 
frared, nmr, and mass spectra were identical with those of the 
same compound when obtained from pure 8 (see below). 

Preparation of Pure  Amino Diester 8 by Hydrogenation of 
9. A solution of 1.003 g (3.53 mmol) of 98,9 in ethanol was hydroge- 
nated at atmospheric pressure with an uptake of 88 ml of gas (the- 
oretical, 82 ml) in 1 hr. Filtration and removal of the solvent at re- 
duced pressure gave 0.992 g of 8 distilling at 80' (0.005 mm): X 
(CC14) 3.55,5.71, 5.76 p;  7 (CCl4) 5.87 (4 H, q, J = 7 Hz), 6.57 (1 H, 
t, J = 7 Hz), 7.2-9.3 (22 H, m, containing t a t  8.77, J = 7 Hz); mle  
285 (parent), 112 (base peak). 

Anal. (of picrate, mp 63-64') Calcd for C21H30N4011: C, 49.02; 
H, 5.88; N, 10.89. Found: C, 49.10; H, 6.03; N, 10.75. 

Conversion of 8 to 6. A solution of 460 mg (1.62 mmol) of 8 in 2 
ml of 20% aqueous HCl was heated under reflux for 20 hr. The res- 
idue remaining after removal of the water in vacuo was heated at 
170° until cessation of gas evolution. This residue of crude amino 
monoacid was dissolved in absolute ethanol. The solution was sat- 
urated with anhydrous HCl and heated under reflux overnight. 
The ethanol solution was neutralized with 20% aqueous KOH. Ex- 
traction with methylene chloride followed by evaporation afforded 
a residue of 161 mg of crude amino ester. Distillation in vacuo at  
100-llOo (0.005 mm) gave 80 mg (24%) of 6: X (CCL) 3.59, 5.79, 
8.51 p; T (CC14) 5.95 (2 H, q, J = 7 Hz), 7.3-9.3 (21 H, m, contain- 
ing q at 8.84, J = 7 Hz); mle  213 (parent), 112 (base peak). 

Preparation of Diethyl 2,2-Dimethycyclopropane-l,l-di- 
carboxylate (2). To a 150-ml quartz immersion type photolysis 
cell, equipped with a Vycor filter and a Dry Ice condenser, was 
added 125 ml of isobutylene (bp -6') and 3.6 g (0.0193 mmol) of 
diethyl diazomalonate. The system was purged with nitrogen and 
attached to a bubble counter. The solution was maintained at  15' 
(circulating pump using ethanol coolant cooled by Dry Ice-acetone 
bath) and irradiated with a Hanovia 500-W high-pressure mercury 
immersion lamp until cessation of gas evolution (ca. 5 hr). The so- 
lution was concentrated by warming to room temperature and the 
residue was vacuum distilled to give 3.0 g (0.014 mol, 72%) of 2 col- 
lected at  46' (0.005 mm): X (CCq) 5.79, 8.1, 9.1 p; 7 (CC14) 5.88 (4 
H, J = 7 Hz), 8.71 (3 H, s), 8.79 (11 H, sand  t, J = 7 Hz); mle  214 
(parent), 122 (base peak). 

Anal. Calcd for C11Hle04: C, 61.66; H, 8.74. Found: C, 61.84; H, 
8.34. 

Reaction of Compound 2 with Pyrrolidine. Formation of 11. 
To a 100-ml glass pressure flask was added 3.0 g (14.1 mmol) of 2 
and 1.0 g (14.1 mmol) of pyrrolidine. The vessel was purged with 
nitrogen, sealed, and heated at 120' for 40 hr. The solution was di- 
luted with ether and extracted with 5% aqueous HCl. The organic 
fraction was dried and concentrated in vacuo to give 1.82 g (60%) 
of recovered 2. The aqueous fraction was carefully made basic with 
solid Na2C03 and extracted with ether. The ether fraction was 
dried and concentrated i n  vacuo. The residue was distilled at 80- 
87' (0.005 mm) to give 0.47 g (1.65 mmol, 13%) of 11: X (Cc4) 3.53, 
5.72, 5.78 p; T (cc14) 5.95 (4 H, q, J = 7 Hz), 6.40 (1 H, t, J = 6 
Hz), 7.3-7.8 (4 H, m), 8.0-8.9 (12 H, m, containing t, J = 7 Hz at  
8.9),9.04 (6 H, s); mle  285 (parent), 112 (base peak). 

Anal. (of methiodide, mp 92-94') Calcd for C ~ G H ~ N O ~ I :  C, 
44.97; H, 7.07. Found: C, 44.68; H, 7.31. 

Formation of Diethyl Tetramethylcyclopropane-1,l-dicar- 
boxylate (3). To a 150-ml quartz immersion type photolysis cell, 
equipped with a reflux condenser, was added 125 ml of tetrameth- 
ylethylene and 2.0 g (10.7 mmol) of diethyl diazomalonate. The 
system was purged with nitrogen and attached to a bubble coun- 
ter. The solution was maintained at 18' (tap water) and irradiated 
until cessation of gas evolution (6 hr) with a Hanovia 500-W high- 
pressure mercury immersion lamp. The solution was concentrated 
under reduced pressure and distilled to give 1.9 g (7.75 mmol, 73%) 
of 3: bp 64' (0.02 mm); X (CC14) 5.79,8.15 p; T (CC14) 5.91 (4 H, q, J 
= 7 Hz), 8.78 (t, J = 7 Hz), and 8.79 (s) (total = 18 H; m / e  242 
(parent), 227 (base peak). 

Anal. Calcd for C13H2204: C, 64.44; H, 9.15. Found: C, 64.84; H, 
9.26. 
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In an extension of some previous work it was felt that the 
mixed carbonic anhydrates of cis- (1) and t rans -  2-benzoyl- 
cyclopropanecarboxylic acid (2)l could be used to prepare 
the benzoylcyclopropane isocyanates, 5 and 6. These latter 
materials were required as intermediates in the synthesis of 
the benzoylcyclopropylamines which were to serve as mod- 
els for the preparation of a series of azabicyclic compounds. 

The anhydrides, 1 and 2, were smoothly converted to the 
isomeric carboxazides, 3 and 4, respectively, by reaction 
with sodium azide. These carboxazides rearranged to give 
the isomeric isocyanates, 5 and 6, on refluxing in toluene. 
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Reduction of either 5 or 6 with lithium aluminum hydride 
gave the same amino alcohol as shown by chromatographic 
and spectral comparisons of the two reduction products. 
The nmr spectrum of the diacetate of this compound was 
consistent with structure 7, which was confirmed by direct 
synthesis. Reaction of phenylbutyrolactone (9) with methyl 
amine gave a hydroxyamide which on reduction with lithi- 
um aluminum hydride gave an amino alcohol, 8, identical 
with that obtained on reduction of either 5 or 6. Treatment 
of 8 with acetic anhydride gave 7. This ring opening of 5 or 
6 by lithium aluminum hydride was not unexpected since it 
had been shown previously that reaction of phenylcyclo- 
propylamines with either lithium aluminum hydrideQ or 
base3 caused ring cleavage. It was thought, though, that a 
phenyl substituent must be present on the cyclopropane 
ring in order for these reactions to occur. 
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However, ring opening did not occur when either 2-phe- 
nowycyclopropyl isocyanate4 or 2-(2',3'-methylenedioxy- 
phenyl)cyclopropyl carboxazide5 were converted to the 
corresponding carbamates on heating in alcohol. It was 
considered, then, that a similar reaction should be success- 
ful in converting either the carboxazide, 3 and 4, or the iso- 
cyanates, 5 and 6, into the corresponding cyclopropyl car- 
bamates. When the carboxazide, 3, was refluxed in ethanol 
a carbamate was obtained but the elemental analysis indi- 
cated that two molecules of alcohol were incorporated into 
the product. The nmr spectrum of this carbamate showed 
that the cyclopropane ring was no longer present but rather 
that the product was 10. This was verified by lithium alu- 
minum hydride reduction to the amino alcohol 8. 10 was 
also obtained when either 4,5, or 6 was refluxed in ethanol. 
The propyloxy carbamate, 11, was obtained when the 
azides, 3 or 4, or the isocyanates, 5 or 6, were refluxed in n- 
propyl alcohol. 

In contrast to the previous reports of ring stability dur- 
ing the reactions of cyclopropyl isocyanates5 and carboxa- 
zides4 with alcohol, this facile ring cleavage is due to the 
stabilization of the ring-opened anion by the carbonyl 
group as shown in Scheme I. 

Scheme I 

C,H,OH 
5 -  

0- 
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Experimental Section 
All melting points are uncorrected. The infrared spectra were re- 

corded using a Beckman IR-10 spectrophotometer and the nmr 
spectra were obtained using a Varian A-60A spectrometer with 
TMS as an internal standard. 

cis -1-Benzoyl-2-cyclopropane Isocyanate (5). cis -1-Benzoyl- 
2-cyclopropanecarboxylic ethylcarbonic anhydride (1)  was pre- 
pared as previously described' from 4.08 g of cis -1-benzoyl-2-cy- 
clopropanecarboxylic acid, 2.55 g of triethylamine, and 3.0 g of 
ethyl chloroformate in 75 ml of acetone. 1 was not isolated but was 
treated directly at  0' with a solution of 2.1 g of sodium azide in 8 
ml of water. The resulting suspension was stirred for 1 hr at  0' and 
1 hr a t  room- temperature and then poured into cold water and ex- 
tracted with ether. The dried ethereal solution (MgS04) was con- 
centrated under reduced pressure to give cis -1-benzoyl-2-cyclo- 
propane carboxazide, (3), as an oily residue: ir (toluene) 2140 
cm-l (CON3). 

A toluene solution of 3, previously dried over MgS04, was slowly 
added to a flask heated on a steam bath. Decomposition was noted 
immediately with nitrogen being profusely evolved. The solution 
was heated until gas evolution ceased and then the toluene was re- 
moved under reduced pressure to give about 4 g of a red oil shown 
to be primarily 5 by its spectral properties: ir (neat) 2285 
(N=C=O) and 1675 cm-I (PhCO); no other carbonyl bands pres- 
ent. 

trans -1-Benzoy1-2-cyc1opropane isocyanate (6) was pre- 
pared in very good yield from trans -l-benzoyl-2-cyclopropanecar- 
boxylic ethylcarbonic anhydride (2) l  using the procedure de- 
scribed for the preparation of the cis isomer, 5: ir of 4 (toluene) 
2140 cm-I (CONS). 

The oil obtained from the decomposition of the carboxazide, 4, 
was distilled and the product, 6, collected a t  103' (0.1 mm). Exten- 
sive decomposition occurred during the distillation. This distillate 
had an infrared spectrum identical with that of the crude material 
before distillation and was different from that of the cis isomer, 5: 
ir (neat) 2280 cm-l (N=C=O); nmr (CDC13) aromatic CH at 6 
7.92 (m, 2) and 7.45 (m, 3) cyclopropyl CH at 3.28 (m, l), 2.83 (m, 
I), and 1.40 (m, 1). 

N -Methyl-4-hydroxy-4-phenylbutylamine (8). Method A. A 
solution of 17.0 g (0.073 mol) of 10 in 175 ml of tetrahydrofuran 
was added dropwise under an atmosphere of nitrogen to a suspen- 
sion of 5.7 g (0.15 mol) of powdered lithium aluminum hydride in 
300 ml of anhydrous ether at  0'. The reaction mixture was allowed 
to stir a t  room temperature overnight and for 3 hr at  reflux. 
Twenty-five milliliters of water was then added dropwise and the 
resulting suspension was stirred for 0.5 hr and filtered. The filtrate 
was concentrated to an oil under reduced pressure, and the oil was 
dissolved in ether, dried (MgSOd), and distilled to give 7.4 g 
(57.2%) of 8: br, 99-108' (0.02 mm); ir (film) 3300 cm-I (broad) 
(NH and OH). 

Anal. Calcd for Cl,H1,NO: C, 73.70: H, 9.56; N, 7.81. Found: C, 
73.56; H, 9.50; N, 7.64. - '  

8 was also obtained when 5, 6, or 11 was reduced with lithium 
aluminum hydride as described above. 

Method B. Phenylbutyrolactone (9) was prepared according to 
the procedure described by Julia,G bp 97-98' (0.02-0.03 mm [lit,6 
bp 122' (0.1 mm)! ir (Nujol), 1780 cm-' (lactone C=O). A solution 
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of 3.6 g (0.02 mol) of 9 in 50 ml of dry ether was saturated with gas- 
eous methylamine in a pressure bottle and the stoppered bottle 
was kept a t  room temperature for 5 days. The solvent was removed 
under reduced pressure and the oily residue was dissolved in chlo- 
roform, washed with dilute hydrochloric acid and water, and then 
dried (MgS04). Removal of the solvent under reduced pressure left 
3.0 g (67%) of N-methyl-4-hydroxy-4-phenylbutyramide (12) as an 
oily residue: ir (neat) 3300 (broad) (NH and OH), 1640 (amide 
C=O), and 1510 cm-I (amide 11). 

A solution of 3.0 g (0.015 mol) of 12 in 50 ml of tetrahydrofuran 
was slowly added to a suspension of 3.8 g (0.01 mol) of powdered 
lithium aluminum hydride in 85 ml of tetrahydrofuran under an 
atmosphere of nitrogen. The reaction mixture was refluxed for 20 
hr and then treated cautiously with 16 ml of water. The suspension 
was filtered and the filtrate was concentrated in vacuo to give an 
oily residue which was then dissolved in ether and extracted with 
dilute hydrochloric acid, and the acid solution was made basic with 
aqueous sodium bicarbonate. Extraction with ether followed by 
drying and removal of the solvent left an oily residue which gave 
an infrared spectrum and glpc identical in every respect with 8 
prepared by method A. 
N-(4-Acetoxy-4-phenylbutyl)-N-methylacetamide (7). A so- 

lution of 7.0 g (0.04 mol) of 8 in 20 ml of pyridine and 25 ml of ace- 
tic anhydride was heated on a steam bath overnight. The reaction 
mixture was poured into water and extracted with ether. The ether 
solution was washed with dilute hydrochloric acid, aqueous sodium 
bicarbonate, and water and then dried (MgS04). Removal of the 
ether under reduced pressure left 5.8 g (56%) of an oily residue: ir 
(neat) 1740 (ester C=O) and 1645 cm-I (amide C=O); nmr 
(CDC13), 6 7.28 (s, 5, ArH), 5.77 (t, 1, Ph-CH), 3.28 (9, 2, CH2-N), 
2.83 (d, 3, NHCH3), 2.02 (s, 3, COCH3), 1.98 (s, 3, COCH3), and 
1.70 (m, 4,O-C-CHzCHz). 
3-Benzoyl-l-ethoxypropylurethane, (10). A solution of 300 g 

of 3 was refluxed overnight in 100 ml of absolute ethanol and the 
excess ethanol was removed under reduced pressure. The red oily 
residue was extracted with three 250-ml portions of petroleum 
ether (30-60') and the combined extracts were cooled in a Dry Ice- 
acetone bath to give the product as a pale yellow solid in 43% yield. 
Recrystallization from petroleum ether (60-110') gave 10 as a 
white solid melting at 105-105.5': ir (CHC13) 3440 and 3360 cm-l 
(NH), 1720 (carbamate C=O), and 1688 (ketonic C=O); nmr 
(CDC13) 6 7.92 (m, 2, ArH), 7.62 (m, 3, ArH), 4.10 (9, 2, 0- 
CHZCH~), 3.58 (m, 2, O-CH2CH3), 3.08 (t, 2, COCHz), 2.08 (4, 2, 
CH2), 1.20 (t, 3, O--CHzCH3), and 1.15 (t, 3,O-CH2CH3). 

Anal. Calcd for C15H21N04: C, 64.50; H, 7.58; N, 5.01. Found: C, 
64.49; H, 7.47; N, 5.22 

Substituting compounds 4, 5,  or 6 for 3 in the above reaction 
also gave 10 as the product. Yields ranged from 30 to 50%. 

Propyl 3-Benzoyl-1-propoxypropyl Carbamate, (11). A solu- 
tion of 30.0 g of 3 was refluxed overnight in 100 ml of propanol. 
The excess propanol was removed under reduced pressure at 60' 
(15 mm) leaving a red oil which crystallized on standing. The prod- 
uct was separated from an insoluble red oil by trituration with 
three 250-ml portions of petroleum ether (30-60'). The combined 
extracts were cooled in a Dry Ice-acetone bath to give a pale yellow 
solid in 20% yield which was recrystallized twice from petroleum 
ether (60-110') to give 11 as a white solid melting at  66-67': ir 
(Nujol) 3440 and 3360 (NH), 1720 (carbamate C=O), and 1688 
cm-l (keto C=O). 

Anal Calcd for C I ~ H ~ ~ N O ~ :  C, 66.45; H, 8.20; N, 4.56. Found: C, 
66.43; H, 8.09; N, 4.72. 

The same product, 11, was obtained, as evidenced by an identi- 
cal mp and ir spectrum, when 4,5, or 6 was substituted for 3 in the 
above reaction. Yields ranged from 20 to 40%. 

Registry No.-1,' 15982-16-8; 2, 15982-30-6; 3, 53166-42-0; 4, 
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Although the photochemical [2 + 21 cycloaddition reac- 
tion of ketones and aldehydes to olefins (the Paterno- 
Buchi reaction) is a general reaction for the preparation of 
oxetanes,l analogous thermal cycloadditions are relatively 
rare. An exception is the thermal cycloadditions of cumu- 
lated systems (ketenes and ketenimines) to carbonyl com- 
pounds.* A few examples of thermal cycloadditions to 
strongly polarized ketones such as hexafluor~acetone~ and 
carbonyl cyanide4 have also appeared. 

We wish to report on the thermal [2 + 21 cycloaddition of 
2-ethoxy-3-indolone (1) to 1,l-dimethoxyethene (2). When 
a deuteriochloroform solution of 1 and 2 was heated at 40' 
in the probe of an nmr spectrometer for 2 hr, new peaks 
were observed in the nmr spectrum. The nmr absorptions 
(Experimental Section) indicated that the product was a [2 
+ 21 cycloadduct of 1 and 2, either an oxetane or an azeti- 
dine. A solution containing the product and approximately 
10% residual starting materials was then examined by in- 
frared spectroscopy. The ir spectrum revealed that the 
product possessed a carbon-nitrogen double bond (1600 
cm-l) but not a carbon-oxygen double bond. Hence the 
product was assigned an oxetane structure. The regiochem- 
istry of the cycloadduct was tentatively predicted as shown 
in structure 3 from the chemical shifts of the ring methy- 
lene protons, 6 2.78 and 3.29 ppm, and the polarities of the 
carbonyl group of 1 and the double bond of 2. Although the 
cycloadduct could be separated from solvent by rotary 
evaporation, it was not stable to any standard methods of 
purification such as sublimation, glpc, or tlc. 

The regiochemistry and overall structure of 3 was subse- 
quently confirmed by a hydrolysis experiment. When a 
chloroform solution of 3 was extracted with water, methyl 
3-(2-ethoxy-3-hydroxyindoleninyl)acetate (4) was isolated 
in 40% yield. The indoleninylacetate (4) was identified 
from OH, C=O, and C=N stretching bands at  3480, 1720, 
and 1625 cm-l, respectively, in the ir spectrum, the nmr 
data reported in the Experimental Section, and a strong 
mass spectral parent ion at  m/e 249. Oxetanes with re- 
giochemistry identical with 3 from photochemical [2 + 21 
cycloaddition of ketones to 1,l-diethoxyethene are similar- 
ly unstable with respect to hydr~lysis.~ 

1 
L 

5 2 

3 4 

Symmetry considerations6 suggest that this cycloaddi- 
tion occurs via an intermediate or uia the 2s + 2a mode. 
The need for a strongly polar olefin capable of stabilizing 
charge and the regiochemistry of the cycloaddition are con- 
sistent with initial formation of a dipolar intermediate such 


