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The propensity of suitably activated cyclopropanes to
suffer ring opening upon reaction with nucleophiles has
been recognized since the studies of Bone and Perkin.la-d
Ordinarily, this type of reaction requires two geminal acti-
vating groups.2-4

To our knowledge, there has been no systematic study of
the effect of alkyl substitution on the direction or rate of
opening of activated cyclopropanes. Such information
could be of importance in extending this reaction to more
complex synthetic objectives. Accordingly, we have pre-
pared compounds 1, 2, and 3 and investigated their reac-
tions with pyrrolidine.
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Compound 1 was prepared by catalytic reduction (Ho,
Pd/C) of diethyl 2-vinyleyclopropane-1,l-dicarboxylate
(4).5 Competing hydrogenolysis was not a problem with
ethyl acetate as the solvent.5f Compounds 2 and 3 were
prepared by photochemically induced reactions of diethyl
diazomalonate with isobutylene and tetramethylethylene,
respectively, according to the procedure of Jones.”

Reaction of 1 with pyrrolidine at 110° for 50 hr gave a
40% yield of a mixture of four basic products. Starting 1
was recovered to the extent of 46%. The acid-soluble prod-
ucts, obtained in a ratio of 1:1.5:10:14.7 (analytical glc),
were identified as 5, 6, 7, and 8, respectively. It seems rea-
sonable that the decarbethoxylation reaction leading to 5
and 6 occurs after ring opening.?

Authentic 8 was prepared by catalytic hydrogenation of
the known 9,89 obtained from the reaction of pyrrolidine
with 4, Hydrolysis, decarboxylation and reesterification
converted 8 into authentic 6. Compound 7 was obtained in
pure form by regeneration from its picrate derivative, mp
113-113.5°, which was prepared by fractional crystalliza-
tion from the mixture of amine picrates.

Since the mixture of 5, 6, 7, and 8 was not amenable to
preparative separation, the total basic fraction was subject-
ed to hydrolysis-decarboxylation—reesterification. The re-
sulting two-component mixture of 5 and 6 was separable by
column chromatography on Florisil. Final purification of 5
was effected by preparative gle.

Notes

For the case of pyrrolidine as the nucleophile, there is a
striking difference in the responses of the two cyclopro-
panes 1 and 4. Thus, the vinyl compound, 4, reacts with
pyrrolidine to give exclusive substitution at the secondary
carbon. No products corresponding to 10 were observed by
two groups of workers.8? Compound 1, under the same cir-
cumstances, gives a 3:2 ratio of secondary (6 + 8); primary
(5 + 7) modes of attack. These results can be construed as
reflecting substantial dipolar character!® in the ring open-
ing of such activated cyclopropanes. Vinyl substitution
would be expected to exert a considerably stronger direct-
ing influence due to allylic delocalization of the incipient
positive charge. The finding that the rate of ring opening
with pyrrolidine is very much faster!! for 4 than for'1 is
in accord with such a formulation.

Reaction of 2 with pyrrolidine occurred quite slowly.
After 40 hr at 120°, a 13% yield of adduct 11 was obtained.
Starting 3 was recovered to the extent of 60%. The prefer-
ential attack at the tertiary center is again consistent with
carbonium ion character!® in the transition state for ring
opening. However, the overall reaction at both the primary
and tertiary centers is substantially retarded relative to 1,
presumably for reasons involving steric hindrance to at-
tack. Another factory could be the general stabilization of
ring structures with increasing substitution (Thorpe-In-
gold effect).12

Either or both of these factors may be involved in the
nonreaction of 3 with pyrrolidine. After the two compo-
nents were heated at 120° for 42 hr, the recovery of 3 was
76%. No basic products were detected.

Further studies into nucleophilic opening of activated
cyclopropanes are in progress.

Experimental Section!3

Diethyl 2-Ethylcyclopropane-1,1-dicarboxylate (1). This
compound was prepared in quantitative yield by catalytic (10%
Pd/C) hydrogenation of 482 in ethyl acetate. Compound 1 was ob-
tained as a free-flowing oil: bp 58-60° (0.025 mm); A (CCl,) 5.79,
8.30, 8.85, 9.62, 9.82 u; 7 (CCly) 5.86 (2 H, q, J = 7 Hz), 5.88 (2 H,
q,J =7 Hz), 7.8-9.3 (14 H, m, containing t at 8.75,J = 7 Hz); m/e
214 (parent), 122 (base peak).

Anal. Caled for C11H1804: C, 61.68; H, 8.40. Found: C, 61.94; H,
8.60.

Reaction of 1 with Pyrrolidine. Formation of 5, 6,7, and 8. A
solution of compound 1 (2.0 g, 9.33 mmol) and pyrrolidine (1.34 g,
18.9 mmol) was heated in a Fisher borosilicate pressure bottle at
110° for 50 hr. The product was diluted with ether and extracted
with 5% aqueous HCI. Evaporation of the organic fraction gave
0.92 g of essentially pure 1.

The acidic aqueous fraction was neutralized (cautious addition
of solid sodium carbonate) and extracted with ether. Evaporation
gave a residue of 0.92 g of basic material. Analytical glc (5 ft, 3%
SE-30 column at 160°) indicated the presence of 5, 6, 7, and 8 in a
ratio of 1:1.5:10:14.7 using authentic samples as described below.

The total amine mixture was dissolved in 95% ethanol and treat-
ed with a saturated solution of picric acid. After heating and slow
cooling, platelets were collected which were purified by recrystalli-
zation from absolute ethanol. Regeneration of amine 7 from this
picrate (see below) indicated the crystals to be the ammonium pic-
rate corresponding to 7.

Anal. (for picrate) Caled for C2;HgoN4O11: C, 49.02; H, 5.88; N,
10.89. Found: C, 48.76; 5.81; N, 10.80.

! A suspension of this picrate in ether was shaken with dilute
aqueous sodium acetate. The ether solution was dried and concen-
trated in vacuo to afford a residue of pure 7: A (CCly) 3.56, 5.71 (sh),

-5.77 u; 7 (CCly) 5.87 (2 H, q,J = THz), 5.89 (2H, q,J = 7 Hz), 6.58

(1H,d,J = 17Hz),7.2-9.2 (14 H, m, containing t at 8.75, J = 7 Hz);
m /e 285 (parent), 112 (base peak).

Purification 5 and 6. To 5 ml of 10% aqueous HC] was added
1.55 g of the crude amine mixture described above. The solution

-was heated under reflux for 8 hr and maintained at room tempera-

ture overnight. The solution was neutralized with aqueous KOH
and the water removed in vacuo. The residue was thoroughly
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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 HCI, 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 1:1 ether-hexane): A
(CCly) 3.58, 5.78, 8.50, 9.66 u;  (CCly) 5.97 (2 H, q, J = 7 Hz),
7.3-9.4 (21 H, m, containing t at 8.77, J = 7 Hz); m/e 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 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): A
(CCly) 8.55, 5.71, 5.76 u; 7 (CCly) 5.87 (4 H, q,J = 7Hz),6.57 (1 H,
t,J =7 Hz), 7.2-9.3 (22 H, m, containing t at 8.77, J = 7 Hz); m/e
285 (parent), 112 (base peak).

Anal. (of picrate, mp 63-64°) Calcd for Co;H3oN40O1:1: 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 HC1 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
100-110° (0.005 mm) gave 80 mg (24%) of 6: A (CCL) 3.59, 5.79,
8.51 u; 7 (CCly) 5.95 (2 H, q,J = 7 Hz), 7.3-9.3 (21 H, m, contain-
ing q at 8.84,J = 7 Hz); m/e 213 (parent), 112 (base peak).

Preparation of Diethyl 2,2-Dimethycyclopropane-1,1-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. £5°
(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): A (CCly) 5.79, 8.1, 9.1 u; 7 (CCly) 5.88 (4
H,J =7Hz),871(83H,s),879 (11 H,s and t,J = 7 Hz); m/e 214
(parent), 122 (base peak).

Anal. Caled for C{;H504: 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-m] 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 NasCO3 and extracted with ether. The ether fraction was
dried and concentrated in vacuo. The residue was distilled at 80—
87° (0.005 mm) to give 0.47 g (1.65 mmol, 13%) of 11: A (CCly) 3.53,
5.72, 5.78 u; 7 (CCly) 595 (4 H, q,J = 7THz),640 (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); m/e 285 (parent), 112 (base peak).

Anal. (of methiodide, mp 92-94°) Caled for C;gHsNO4I: C,
44.97; H, 7.07. Found: C, 44.68; H, 7.31.

Formation of Diethyl Tetramethylcyclopropane-1,1-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); A (CCly) 5.79, 8.15 »; 7 (CCly) 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).
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Anal. Caled for C13H2004 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 trans- 2-benzoyl-
cyclopropanecarboxylic acid (2)! could be used to prepare
the benzoylcyclopropane isocyanates, 5 and 6. These latter
materials were required as intermediates in the synthesis of
the benzoyleyclopropylamines 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.



