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contraction being of the same order of magnitude as 
those found in the other heteroaromatics.10 The phos
phorus d orbitals may be involved in this situation. 
The C—C and C = C bonds in the phosphole ring have 
similar lengths to those of the other heteroaromatics, 
although the average C=C distance of 1-benzyl-
phosphole is closer to the ethylene value11 (1.334 A) 
and not significantly different from it (1.5<r). The 
ring angles are very similar to those in thiophene. 

Microwave spectral studies have indicated that furan, 
pyrrole, and thiophene are planar species and that the 
nitrogen proton in pyrrole is in the plane of the ring.10b 

Significant differences of the phosphole ring are a slight 
puckering of the ring and retention of pyramidal con
figuration at phosphorus. The latter feature is con
sistent with the conclusion of other workers12 based on 
nmr studies of the barrier to inversion about phosphorus 
in l-isopropyl-2-methyl-5-phenylphosphole. The phos
phorus and C6 are displaced by 0.21 and 1.36 A, respec
tively, to opposite sides of the least-squares plane 
through C2-C6 which are accurately planar (root-
mean-square deviation 0.0018 A). The significant in
crease in the PC6C7 angle to 116.4 (±0.4°) from tetra-
hedral (109° 28') may be ascribed to intramolecular 
van der Waals repulsions between the phosphole and 
phenyl rings. The puckering at phosphorus may re
sult, at least in part, from this interaction. The dif
ference between the phosphole and pyrrole systems with 
regard to the noncoplanarity of the hetero substituent 
with the ring atoms in the former may be associated with 
the configurational stability of phosphorus, whereas 
nitrogen inverts rapidly. Clearly, quantitative treat
ment of the bonding in the phosphole system would be 
desirable. 

(10) See, for example (a) G. M. Badger, "Aromatic Character and 
Aromaticity," Cambridge University Press, Cambridge, England, 1969, 
pp 30-39; (b) R. M. Acheson, "Introduction to the Chemistry of 
Heterocyclic Compounds," 2nd ed, Interscience, New York, N. Y., 
1967, Chapter 3, and references cited therein. 

(11) L. S. Bartell and R. A. Bonham, / . Chem. Phys., 27, 1414 (1957). 
(12) W. Egan, R. Tang, G. Zon, and K. Mislow,/. Amer, Chem. Soc, 

92, 1442 (1970). 
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methylenecyclopropanes across carbon-carbon double 
bonds under the influence of nickel(O) catalyst. 

A solution of methylenecyclopropane (la)3 (10 mmol) 
in excess methyl acrylate (15 ml) in the presence of 
bis(acrylonitrile)nickel(0)4 (0.3 mmol) was heated in a 
sealed tube at 60° for 48 hr under a nitrogen atmo
sphere. The usual work-up and distillation gave the 
1:1 adduct, methyl 3-methylenecyclopentanecarboxyl-
ate (2a), in 82% yield.6,6 The spectral data were in 

R1 R 

2a, Z = COOCH3 

b, Z = COCH3 

c,Z = CN 

Ia1R1 = R2 = H 
B1R1 = HsR2=CH3 

CR 1 =CH^R 2 = H 

accord with the assigned structure: mass m/e 140 
(M+); ir (neat) 1735 (C=O) and 880 cm-1 (exocyclic 
methylene); nmr (CCl4, TMS) 5 1.7-2.9 (m, 7 H, 
> CH and >CH2), 3.67 (s, 3 H, COOCH3), and 4.90 
(m, 2 H, =CH 2 ) . Ozonolysis of 2a afforded known 
methyl 3-oxocyclopentanecarboxylate (3).7 Ni(CH2= 
CHCN)2[P(C6H6)3]n (« = 1 or 2)4 also effects the 
cycloaddition, but in lower yield. No reactions were 
observed in the absence of the nickel catalysts even at 
100°. Employing methyl vinyl ketone6 or acrylonitrile 
as substrates gave rise to the corresponding methylene-
cyclopentanes 2b and 2c in moderate yields. Both 
2b and 2c were identified by converting to 3 using or
dinary procedures. 

The fixation of trimethylenemethane, a highly re
active bond isomer of la, on transition metals is well 
known,8 and treatment of methylenecyclopropane 
derivatives with diiron nonacarbonyl produces the 
corresponding trimethylenemethaneiron tricarbonyl 
complexes.9 Recently photolysis of trimethylenemeth
aneiron tricarbonyl in cyclopentene was reported to 
afford 3-methylenebicyclo[3.3.0]octane though in poor 
yield.10 These facts led us to consider as a mechanism 
for this cycloaddition the intervention of the nickel(O) 
complex 4 (L = CH2=CHZ) in which the trimethy
lenemethane ligand has a C3v symmetry.11 This 
possibility, however, was ruled out by the following 
experiments. Reaction of 2,2-dimethylmethylenecyclo-
propane (lb)12 with methyl acrylate afforded the adduct 

Nickel(0)-Catalyzed Reaction of 
Methylenecyclopropanes with Olefins. 
A Novel [„2 + T2] Cycloaddition 

Sir: 

The [2 + 2] cycloaddition reaction is not readily 
attainable in noncatalyzed, ground-state reactions,1 

and few examples of the addition of cyclopropane to 
olefins to form carbocyclic five-membered rings are 
known.2 We wish to report a novel cycloaddition of 
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5 in 60% yield: mass m/e 168 (M+); ir (neat) 1735 

(3) J. T. Gragson, K. W. Greenlee, J. M. Derfer, and C. E. Boord, 
ibid., 75, 3344(1953). 

(4) G. N. Schrauzer, Chem. Ber., 94, 642 (1961). 
(5) AU new compounds gave satisfactory elemental analyses. 
(6) A trace amount of the acrylonitrile adduct 2c was obtained. 
(7) D. S. Noyce and J. S. Fessenden, J. Org. Chem., 24, 715 (1959). 
(8) G. F. Emerson, K. Ehrlich, W. P. Giering, and P. C. Lauterbur, 

/ . Amer. Chem. Soc, 88, 3172 (1966). 
(9) R. Noyori, T. Nishimura, and H. Takaya, Chem. Commim., 89 

(1969). 
(10) A. C. Day and J. T. Powell, ibid., 1241 (1968). 
(11) (a) M. R. Churchill and K. Gold, ibid., 693 (1968); (b) A. 

Almenningen, A. Haaland, and K. Wahl, ibid., 1027 (1968). 
(12) W. Rahman and H. G. Kuivila, / . Org. Chem., 31, 772 (1966). 

Journal of the American Chemical Society / 92:19 / September 23, 1970 



5781 

( C = O ) and 883 c m - 1 ( = C H 2 ) ; n m r (CCl4) S 1.00 and 
1.10 (s, 3 H each, C(CH 1)O, 1-6-2.9 (m, 5 H , > C H and 
> C H 2 ) , 3.58 (s, 3 H , C O O C H 3 ) , and 4.74 (m, 2 H , 
= C H 2 ) . Ozonolysis gave the previously reported methyl 
3,3-dimethyl-4-oxocyclopentanecarboxylate.1 3 Similar 
cycloaddition using isopropylidenecyclopropane (Ic)14 

furnished the isomeric adduct 6 (61%), which upon 
ozonolysis gave 3: mass m\e 168 (M+); ir (neat) 1735 
cm-1 (C=O); nmr (CCl4) S 1.60 (s, 6 H, =C(CH3)2), 
1.7-3.0 (m, 7 H, > C H and >CH2), and 3.60 (s, 3 H, 
COOCH3). If a trimethylenemethane complex such 
as 4 were involved as the intermediate, these two 
reactions should give the same adduct or an identical 
mixture of isomers. The lack of crossover of the 
products suggests that methylenecyclopropanes enter 
into the cycloaddition with olefins at C-2 and C-3 or 
C-I and C-3.15 

Thus the present reaction, which would formally be 
analyzed as a [a2 + T2] process, serves as a single-step 
synthesis of methylenecyclopentane derivatives starting 
with readily available materials.16 Further studies on 
the scope and the detailed mechanism including the 
stereochemistry of the addition will be published at a 
later time. 
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Rearrangement of Pyruvates to Malonates1 

Sir: 
Although a-ketocarboxylic acids are known to 

react with periodate to give carbon dioxide and the 
carboxylic acid with one less carbon,2 the reaction of 
a-keto acyl derivatives with periodate has not been 
reported. We have synthesized the pyruvyl derivatives 
1 and 2a-c3 - 5 and now report their reaction with 
periodate which leads to skeletal rearrangement. 

«0 
0 0 

R—C—C—X 

2a, R = CH3CH2; X = OC2H5 

b, R = CHjCH,; X = N(CH3), 
c, R = CH5(CH,),; X = NH2 

P0 
CH, 
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l-Methyl-2,3-piperidinedione (1) was synthesized 
as shown in Scheme I. Nicotinic acid (3) was catalyt-
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ically (PtO2) hydrogenated to nipecotic acid (4) which 
was reductively methylated to give iV-methyl derivative 
5 (100%).6 Reaction of 5 in refluxing acetic anhydride 
for 3 hr gave l-methyl-3-methylene-2-piperidone (6) in 
93% yield.7 Ozonolysis of 6 at - 7 8 ° followed by 
addition of trimethoxyphosphine8 or dimethyl sulfide9 

and chromatography gave the piperidinedione 1 in 
65% yield. Alternately, 6 was epoxidized (m-chloro-
perbenzoic acid) to 7 (88 %), epoxide 7 was hydrolyzed 
with 6% HClO4 to 8,10 and glycol 8 was oxidized with 
NaIO4 in dilute HCl, giving 1 (83 %).'> 

Although reaction of glycol 8 with excess periodate 
at pH 2 gave piperidinedione 1 and formaldehyde, the 
reaction (Scheme II) of either 8 or 1 with 6 equiv of 
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N a I O 4 a t p H 7 or 9 for 10 hr gave 3-carboxy-l-methyl-
2-pyrrol idinone (9) in 8 0 % yield. Heat ing 9 at 150° 
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