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Concerning the Synthesis of [1.1.1]Propellane
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The reaction of 1,1-dibromo-2,2-bis{chloromethyl)cyclopropane
(2) with methyllithium in ether led to a solution of {1.1.13}-
propellane (1) in a yield of 70%. 1 could also be prepared free of
solvent by reaction of 2 with lithium powder in triglyme/n-decane
at 73°C.

Our recent report on the facile one-pot synthesis of [1.1.1]-
propellane (1) from 1,1-dibromo-2,2-bis(chloromethyi)cyclopro-
pane (2) and two equivalents of n-butyllithium or methyllithium in
ether has been used by others®¥ and by us® as a convenient access
to the bicyclo[1.1.1]pentane system. However, our procedure fur-
nished 1 only as a solution in ether. In typical runs, the content of
1 amounted to 3%. Attempts to concentrate 1 by fractional distil-
lation were not successful. Although pure 1 could be obtained by
preparative gas chromatography”, a modification of our original
procedurc aimed at the synthesis of solvent-free 1 seemed highly
desirable, especially in relation to polymerization reactions of {1.1.1]-
propellanes discovered recently ®.

We have now found that 2 is also converted into 1 by reduction
with finely dispersed lithium, which contained one percent of so-
dium. The reaction was carried out at 73°C in vacuo in triglyme/
n-decane (4:1) under intensive stirring. The volatile material which
developed during this reaction was condensed in a dry-ice trap.
Besides 1 the trap contained bicyclo{1.1.1]pentane (3), methylene-
cyclobutane (4), ethenyl methy! ether (5), and some 6 together with
n-decane, as determined by preparative gas chromatography. NMR
spectroscopy, and GC-coupled mass spectrometry. Purification of
the condensed liquid was achieved by fractional condensation from
a bath kept at —20 to — 5°C at 22 Torr. The first fraction contained
almost exclusively ethenyl methyl ether and bicyclo[1.1.1]pentane.
The second fraction consisted mainly of 1 (70—75%) with 57 as
minor and 3% and 4 as major impurities. The total yield of purified
1 based on 2 was 25—38%. The purity of the material was sufficient
for most addition reactions to 1'%,
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Experimental

1. Starting Materials: 3-Chloro-2-(chloromethyl)-1-propene was
purchased from Aldrich Chemical Co. and used without further
purification. Methyllithium was prepared from lithium and bro-
momethane in ether according to standard procedures.

Preparation of a Lithium Dispersion: In a three-necked 250-ml
flask equipped with nitrogen inlet and an Ultra-Turrax stirrer a
rod of 16.0 g (2.31 mol) of lithium (99.9%) and 0.500 g (21.7 mmol)
of sodium was heated under nitrogen in 60 g of paraffin wax to
200°C. At this temperature the content of the flask was stirred by
the Ultra-Turrax stirrer for about 30 s furnishing highly dispersed
lithium in paraffin. The material was allowed to cool and was then
immediately used for the preparation of [1.1.1]propellane.

2. 1,1-Dibromo-2,2-bis( chloromethyl )cyclopropane (2): In a three-
necked 4-1 flask equipped with a dropping funnel, a reflux con-
denser, and a mechanical stirrer 3-chloro-2-(chloromethyl)-1-pro-
pene (400 g, 3.20 mol) in 800 ml of dichloromethane was mixed
with bromoform (285 mi, 3.26 mol), trimethylphenylammonium
chloride (8.00 g, 46.6 mmol), and ethanol (8.0 ml). To this mixture
aqueous NaOH (800 ml, 50% w/w) was added through the drop-
ping funnel within 2 h under vigorous stirring. Stirring was contin-
ued for 40 h at room temp., before the reaction mixture was poured
into a large beaker containing 41 of water and 2 1 of rert-butyl
methyl ether. The organic layer was separated, the aqueous layer
was washed three times with 500 ml of ether, and the combined
organic phases were washed twice with 500 ml of water. The solvent
was removed in vacuo, and the remaining dark residue was distilled
at 107? Torr. The forerun consisted mainly of bromoform and 3-
chloro-2-(chloromethyl)-1-propene. The main fraction boiling at
52—60°C gave 350 g (37%) of 2 as a pale yellow solid, which was
further purified by crystallization from ether affording colorless
crystals of m.p. 45-46°C. — 'H NMR (CDCl;): 8 = 1.80 (s, 2H),
3.91 (s, 4H). — '*C NMR (CDCly): 8 = 32.02 (s), 33.89 (t), 35.20
(s), 47.58 (t). — MS (70 eV): m/z (%) = 296, 294 (1) [M "], 247 (90),
217 (40), 186 (27), 137, 135 (100), 100 (45), 75 (35), 65 (30), 51 (25).

CsH¢Br,Cl, (296.8) Caled. C 20.25 H 2.04
Found C 20.68 H 2.27

In several preparations of 2 at a smaller scale [10.0 g, 80.0 mmol,
of 3-chloro-2-(chloromethyl)-1-propene, 20.0 g, 80.0 mmol, of
bromoform] the yields of 2 were consistently around 40%.

3. Preparation of [ 1.1.1]Propellane (1) from 2 and Methyllithium:
A solution of methyllithium (14.22 mmol) in 8 ml of ether was added
dropwise to a solution of 2.01 g (6.77 mmol) of 2 in 14 ml of ether,
which was kept at —30°C under stirring. The mixture was stirred
for 1 h at room temp., then the formation of a white precipitate
was complete. The solvent and the volatile products were distilled
at 14 Torr from a 20°C bath into a Schlenk flask which was kept
at —78°C. 'H-NMR analysis of the condensate showed besides
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ether the signals of bromomethane and 1. The yield of 1 was de-
termined to be 70% (by 'H-NMR integration of the methylene
proton signals at 8 = 2.57 with added benzene as an integration
standard).

The reaction of 2 with methyllithium was performed several times
with 2 ranging from 2.00 to 40.0 g in concentrations up to three
times higher than described above, affording essentially the same
yields of 1 in all experiments.

If the same procedure was carried out with n-butyllithium instead
of methyllithium, the ether solution of 1 contained 1-bromobutane,
which could be removed by repeated bulb-to-bulb distillation of
the volatile material from a 0°C bath at 14 Torr. After three cycles
the condensate was essentially free of 1-bromobutane. The yield of
1 was 50%.

4. Preparation of 1 from 2 and Lithium: 16.0 g (2.31 mol) of dis-
persed lithium and 0.500 g (21.7 mmol) of sodium, prepared as
described above, were transferred under nitrogen using 90 ml of n-
decane into a 2-1 three-necked flask, equipped with nitrogen inlet,
dropping funnel, and reflux condenser, the top of which was con-
nected by a dry ice trap to an aspirator. The flask was charged with
80 ml of triglyme and 20 ml of n-decane. At 14 Torr the mixture
was heated to reflux (73°C) under vigorous magnetic stirring, and
a solution of 2 (50.0 g, 168 mmol) in 60 ml of triglyme and 20 ml
of n-decane was added dropwise within 1 h. Vacuum was main-
tained for additional 30 min. During the process, 8 —10 g of a col-
orless, partially solidified product was condensed in the dry ice trap.

Purification of the condensed material was achieved by fractional
distillation at 22 Torr over a short column equipped with a cooling
jacket. At a bath temp. of —20°C and a temp. of the cooling jacket
of —30°C a forerun of 2.0—3.0 g of a colorless liquid was collected,
which consisted mainly of ethenyl methyl ether (5) and bicyclo-
[1.1.1]pentane (3). The main fraction (4.0—6.0 g, bath temp. —5°C,
jacket temp. —15°C) consisted mainly (according to 'H-NMR spec-
troscopy, 70—75%) of 1, which was a solid at —78°C and melted
above —20°C. The total yield of 1 in the main fraction was
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25—38%. Besides a small portion of 1 the residue contained meth-
ylenecyclobutane (4), n-decane, and some ethenyl 2-methoxyethyl
ether (6). In order to determine the nature of the impurities in the
main product, the mixture was separated by preparative GC (Var-
ian Aerograph 1400, 6 m x 1 cm column, packed with 20% of
Carbowax 20 M on Kieselghur) and the fractions were investigated
by 'H- and '>C-NMR spectroscopy. In addition, the mixture was
analyzed by GC-coupled mass spectrometry. The main impurities
were determined as 3 and methylenecyclobutane (4) (ratio 1:3);
traces of 5 were also present.

CAS Registry Numbers

1: 35634-10-7 / 2: 98577-44-7 / 3:311-75-1 / 4: 1120-56-5 / 5: 107-
25-5 / 6: 1663-35-0 / 3-chloro-2-(chloromethyl)-1-propene: 1871-57-4

" First synthesis of 1: ' K. B. Wiberg, F. H. Walker, J. Am. Chem.
Soc. 104 (1982) 5239. — "W K. B. Wiberg, W. P. Dailey, F. H.
Walker, S. T. Waddell, L. S. Crocker, M. Newton, J. Am. Chem.
Soc. 107 (1985) 7247.

3 K. Semmler, G. Szeimies, J. Belzner, J. Am. Chem. Soc. 107 (1985)
6410.

3 K. B. Wiberg, S. T. Waddell, K. Laidig, Tetrahedron Lett. 1986,
1553.

4 P, Kaszynski, J. Michl, J. Am. Chem. Soc. 110 (1988) 5225.

% U. Bunz, K. Polborn, H.-U. Wagner, G. Szeimies, Chem. Ber.
121 (1988) 1785.

& 6) A _D. Schliiter, Macromolecules 21 (1988) 1208. — ' H.
Bothe, A.-D. Schiiiter, Makromol. Chem., Rapid Commun. 9
g1988) 529. — % A_-D. Schliiter, Polymer Commun., in press.

7). N. Banwell, N. Sheppard, Mol. Phys. 3 (1960} 351. — ™ A.
C. Rojas, J. K. Crandall, J. Org. Chem. 40 (1975) 2225.

8 K. B. Wiberg, D. S. Conner, J. Am. Chem. Soc. 88 (1966) 4437.

9 %) High Resolution NMR Spectra Catalogue, Varian Associates,
Palo Alto 1962. — °® S. H. Grover, J. B. Stothers, Can. J. Chem.
53 (1975) 589.

10 Professor J. Michl, University of Texas at Austin, has informed
us that he has also prepared solvent-free 1 by reaction of 2 with
n-butyllithium in tetramethylethylenediamine.

[253/88]

© VCH Verlagsgesellschaft mbH, D-6940 Weinheim, 1989 — Printed in the Federal Republic of Germany.
Verantwortlich fiir den Inhalt: Prof. Dr. Heinrich Néth, Miinchen (Teil A), Prof. Dr. Henning Hopf, Braunschweig (Teil B). Redaktion: Dr. Robert Temme, Weinheim.
VCH Verlagsgesellschaft mbH (Geschaftsfihrer: Hans Dirk Kohler), Pappelallee 3, Postfach 101161, D-6940 Weinheim.

Anzeigenleitung: R. J. Roth, Weinheim.

Die Wiedergabe von Gebrauchsnamen, Handelsnamen, Warenbezeichnungen und dgl. in dieser Zeitschrift berechtigt nicht zu der Annahme, daB solche Namen ohne weiteres von
jedermann benutzt werden diirfen. Vielmehr handelt es sich hiufig um gesetzlich geschiitzte eingetragene Warenzeichen, auch wenn sie nicht als solche gekennzeichnet sind.

Alle Rechte, insbesondere die der Ubersetzung in andere Sprachen, vorbehalten. Kein Teil dieser Zeitschrift darf ohne schriftliche Genehmigung des Verlages in irgendeiner Form —
durch Photokopie, Mikrofilm oder irgendein anderes Verfahren — reproduziert oder in eine von Maschinen, insbesondere von Datenverarbeitungsmaschinen verwendbare Sprache
iibertragen oder Gbersetzt werden. — All rights reserved (including those of translation into other languages). No part of this issue may be reproduced in any form — by photoprint,
microfilm, or any other means — nor transmitted or translated into a machine language without the permission in writing of the publishers. — Von einzelnen Beitrdgen oder Teilen
von ihnen diirfen nur einzeine Vervielfaltigungsstiicke fir den personlichen oder sonstigen eigenen Gebrauch hergestellt werden. Die Weitergabe von Vervielfaltigungen, gleichgiltig
zu welchem Zweck sic hergestellt werden, ist eine Urheberrechtsverletzung. — Der Inhalt dieses Heftes wurde sorgféltig erarbeitet. Dennoch libernehmen Autoren, Herausgeber,
Redaktion und Verlag fir die Richtigkeit von Angaben, Hinweisen und Ratschligen sowie fiir eventuelle Druckfehler keine Haftung. — This journal was carefully produced in all its
parts. Nevertheless, authors, editors and publisher do not warrant the information contained therein to be free of errors. Readers are advised to keep in mind that statements, data,
iHustrations, procedural details or other items may inadvertently be inaccurate.

Valid for users in the USA: The appearance of the code at the bottom of the first page of an article in this journal (serial) indicates the copyright owner’s consent that copies of the
article may be made for personal or internal use, or for the personal or internal use of specific clients. This consent is given on the condition, however, that the copier pay the stated
percopy fee through the Copyright Clearance Center, Inc., for copying beyond that permitted by Sections 107 or 108 of the U.S. Copyright Law. This consent does not extend to
other kinds of copying, such as copying for general distribution, for advertising or promotional purposes, for creating new collective work, or for resale. For copying from back volumes
of this journal see »Permissions to Photo-Copy: Publisher’s Fee List« of the CCC.

In der Zeitschrift werden keine Rezensionen veroffentlicht; zur Besprechung eingehende Bicher werden nicht zuriickgesandt.

Herstellung: Krebs-Gehten Druckerei, Hemsbach/BergstraBe.

Chem. Ber. 122 (1989) 397 —398





