
BULLETIN
OF THE

KOREAN CHEMICAL SOCIETY
ISSN 0253-2964      BKCSDE 20(6) 625-760
Volume 20, Number 6 June 20, 1999

Communication

The Reaction of [1.1.1]Propellane with Methylene

 Woo Bung Lee* and Dong Won Oh

 Department of Chemistry, Kyungpook National University, Taegu 702-701, Korea 
Received December 24, 1998

d
e of
try.
re

reas
is
nd
 if

n-
he
der

d-
om
r-
ar
ght
d-
en
a-
as

S
n-

as
The chemistry of [1.1.1]propellane has received signifi-
cant attention during the last few years.1-4 [1.1.1]Propellane
has an unusual structure with inverted geometry of the
bridgehead carbon atom,5,6(a) and mainly reacts with electro-
philes.6-9 Especially, the reactions with carbenes are of con-
siderable interest. In recent communications,10,11 we have
reported the reaction of [1.1.1]propellane with carbenoid and
singlet dihalocarbenes. Here we wish to report our results on
the addition of methylene to [1.1.1]propellane. 

We have examined the direct photolysis of [1.1.1]propel-
lane with diazomethane. [1.1.1]Propellane was prepared
from 1,1-dihalo-2,2-bis(cyclomethyl)cyclopropane and meth-
yllithium as described previously.8 A solution of [1.1.1]pro-
pellane 1 (1.59 g, 24.0 mmol) and diazomethane9 (1.26 g,
30.0 mmol) in dry diethyl ether was purged with nitrogen
and irradiated through Pyrex filter for 20 minutes with a
medium pressure mercury lamp at -70 oC. The solvent was
removed and the residue was purified by preparative GC and
characterized by GC/MS and NMR spectra. The observed
products were 1,3-dimethylenecyclobutane 2 (49%),
[1.1.1.1]paddlane 3 (7.0%) and unidentified products.

[1.1.1.1]Paddlane is a new compound and a truly remark-
able carbocyclic four-membered ring compound that has a
highly symmetrical structure with D4h point group. In 1874,
Le Bel and Van’t Hoff proposed that the carbon atom was at
the center of regular tetrahedron, the bonds being directed
towards the corners. The intervalency angles thus defined
are 109.28o, which is comparable to those measured in satu-
rated hydrocarbons (Le Bel model).12 [1.1.1.1]Paddlane is an
unusual model of distortion at the bridgehead carbons by a

pyramid folding operation, which is a good example of anti
Le Bel model. All four groups attached to the bridgehea
carbon atoms of [1.1.1.1]paddlane are placed on one sid
a plane. It shows a perfect inverted tetrahedral geome
The carbocyclic compounds with four-membered rings a
in any case highly strained and are often unstable, whe
[1.1.1.1]paddlane is a slightly stable compound. In th
work, we found that [1.1.1.1]paddlane is a stable compou
that could be stored in a refrigerator for several months
shielded from light. The structure of 3 has four carbon atoms
of CH2 group that are equivalent in symmetry and two ce
tral carbon atoms that are equivalent in symmetry. T
detailed properties of [1.1.1.1]paddlane are currently un
investigation.

In a recent paper,11 we have suggested that [1.1.1.1]pa
dlane derivatives would be formed as the intermediate fr
the reaction of [1.1.1]propellane with singlet dihaloca
benes.14 It is expected that [1.1.1.1]paddlane is thermally f
more stable than [1.1.1.1]paddlane derivatives. This mi
be attributable to the higher strain energy of [1.1.1.1]pa
dlane derivatives due to the steric effect by bulky halog
atoms. In our work, we found that [1.1.1.1]paddlane deriv
tives were quickly converted into other products, where
decomposition of [1.1.1.1]paddlane was slow.

Formation of [1.1.1.1]paddlane was identified by GC/M
spectrum and various NMR spectra; GC/MS m/e (rel. inte
sity) 80 (M+, 100), 79 (64), 76 (26), 73 (8), 66 (3), 53 (6); 1H
NMR (600 MHz, C6D6) δ 1.79 (s, 8H); 13C NMR (150.9
MHz, C6D6, rel. intensity) δ 66.6 (CH2, 2.0), -3.16 (quater-
nary carbon, 1.0); DEPT-NMR (150.9 MHz, C6D6) δ 66.6
(CH2). We have also identified by the HMBC spectrum 
shown in Figure 1. The 13C NMR spectrum without 1H
decoupling of 3 showed a triplet at δ 66.6 ppm correspond-
ing to the direct coupling between 13C and 1H with JCH =
152.6 Hz. This spectrum showed also a multiplet at δ -3.14
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ppm corresponding to the geminal coupling between the
central carbon atom and the adjacent CH2 group with JCH =
4.39 Hz. In addition, this spectrum showed a septet at δ 67.7,
66.6, 65.59, respectively. These peaks correspond to the long
range coupling between the carbon atom of CH2 group and
protons of the adjacent CH2 group with JCH = 6.76 Hz. The
quantitative analysis of 13C NMR spectrum showed also an
exact ratio (rel. intensity = 2 : 1) between four carbon atoms
of the equivalent CH2 group and the equivalent two central
carbon atoms.

We found that under proper conditions, 1,3-dimethylene-
cyclobutane 2 can be obtained in a synthetically useful way
by the reaction of [1.1.1]propellane with diazomethane. 1,3-
Dimethylenecyclobutane 2 had been synthesized previously
by F. F. Caserio and co-workers.13 The early method was
complex and used too many reagents and took a longer time.
However, our method takes short reaction time and is sim-
ple. Although yield (three steps, 37% overall yield) has not
significantly increased, it is more simple and efficient than
the earlier synthesis (six steps, 35% overall yield). This
product was separated by preparative GC and characterized

by GC/MS, 1H NMR, and 13C NMR; GC/MS m/e (rel. inten-
sity) 80 (M+, 32), 79 (100), 76 (30), 52 (17), 39 (55); 1H
NMR (CDCl3) δ 3.46 (quintet, 4H ), 5.03 (quintet, 4H); 13C
NMR (CDCl3) δ  40.95 (CH2), 106.6 (CH2), 143.9.

In summary, we have obtained the highly symmetric
[1.1.1.1]paddlane by the reaction of [1.1.1]propellane w
singlet methylene that were prepared from photolysis of d
zomethane. We have also developed a more simple and 
cient method than the earlier synthesis for preparation
1,3-dimethylenecyclobutane 2. 

Acknowledgment. We are grateful for the financial sup
port from Dong-ll Research Foundation (1998-382) and p
tially by the Kyungpook National University Researc
Foundation (1998, 1999). We thank Dr. C. J. Cheong, Ko
Basic Science Institute, for the exchange of information a
spectral data. W. B. L would also like to acknowledge t
helpful discussions with Dipl.-lng. B. Stuedlein (Bauer Co
sult) as this work progressed.

References

  1. Wiberg, K. B.; Walker, S. T.; Rosenberg, R. E. J. Am.
Chem. Soc. 1990, 112, 2184.

  2. Jackson, J. E.; Allen, L. C. J. Am. Chem. Soc. 1984, 106,
591.

  3. Feller, D.; Davidson, E. R. J. Am. Chem. Soc. 1987, 109,
4132.

  4. Mcgarry, P. F.; Johnsoton, L. J.; Scaiano, J. C. J. Org.
Chem. 1989, 54, 6113.

  5. Wiberg, K. B. Acc. Chem. Res. 1984, 17, 379.
  6. (a) Wiberg, K. B. Chem. Rev. 1989, 89, 975. (b) Wiberg,

K. B.; Walker, H. J. Am. Chem. Soc. 1982, 104, 5239. (c)
Wiberg, K. B.; Waddell, T.; Laidig, K. Tetrahedron Lett.
1987, 28, 151. (d) Wiberg, K. B.; Walker, S. T. J. Am.
Chem. Soc. 1990, 112, 2194.

  7. (a) McGarry, P. F.; Scaiano, J. C. Tetrahedron. Lett. 1992,
1243. (b) McGarry, P. F.; Johnston, L. J.; Scaiano, J. C J.
Am. Chem. Soc. 1989, 111, 3750. 

  8. Semmler, K.; Szeimies, G.; Belzner, J.; Bunz, U.; Opi
K.; Schluter, A. D. Chem. Ber. 1989, 122, 397. 

  9. Igau, A.; Grutzmacher, H.; Baceiredo, A.; Bertrand, G.J.
Am. Chem. Soc. 1988, 110, 6463.

10. Lee, W. B.; Park, M. S.; Oh, D. W. J. Korean. Chem. Soc.
1995, 39, 230.

11. Lee, W. B.; Oh, D. W.; Park, M. S.; Kim, C. H. Bull.
Korean Chem. Soc. 1998, 19, 367.

12. Natta, G.; Farina, M. Struktur und Verhalten von Moleku-
lene in Raum; Verlag Chemie: Weinhein, 1976.

13. Caserio, F. F.; Parker, S. H.; Piccolini, R.; Roberts, J. DJ.
Am. Chem. Soc. 1958, 80, 5507.

14. (a) Giese, B.; Lee, W. B.; Meister, J. Liebigs Ann. Chem.
1980, 725. (b) Giese, B.; Lee, W. B. Angew. Chem. 1980,
92, 725. (c) Giese, B.; Lee, W. B. Angew. Chem. Int. Ed.
Engl. 1980, 19, 835.

Figure 1. HMBC spectrum of [1.1.1.1]paddlane 3 in C6D6. (a) 13C
spectrum, (b) 1H spectrum, (c) 13C-1H 2D-Correlated spectrum.


