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A TWO-STEP SYNTHlESIS OF ALLENES FROM OLEFZNS 

W. VON E. DOERING and P. M. LAP- 
sterling 4zhe&q I&oratozy, Yale university 

(Rm?ived 28 Jwre 1957) 

&l&W&-t--In B two-stsl, CosqUCWC, Of Which th0 first Step iUVOkCS &ditiOIl of dim t0 89 
old.ln and the 8ccond involvcr 1uIctiQI1 of the resulting 8UbstitUtOd l,bdko~c~ with 
ma@Um or sodium, alknca am obtained. The o~etall structural change invohrss the irwrtion of 
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a single carbon atom between the two of the original double bond and tlwmfore represents a novel 
wayofkrca8ingcarbonchainlength8byomatom. 

1, ~-D~HALoc~~Z~PR~P~ are conveniently available in one ste$ through the recently 
discovered reaction of Doering and HofBnann in which an ok&n is treated with 
haloform and a&oxide ion.l** Theoretical examination of the mechanistic possi- 
bilities leads to the prediction that reduction of these 1,ldihalocyclopropanes by 
active metals may produce allenes. As depicted below, the accepting of two electrons, 
either in two steps dr one, may lead to elimination of both halogen atoms as halide 
ion and cleavage of the c-&propane ring to an allene. 
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1 W. von E. Doering and A. K. HotTmann J. Amer. Chem. Sot. 76,6162 (1954). 
* Scvcxal examples giving additional support to tbs BensrpLity of the xwction have been carried out by 

P. S. Skoll and 0. Y. Gamer J. Amer. Chrm. Sot. 78, 5430 (1956). 
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TheohaneeofreaMtgthehypothetisalreaotionwiththedi&oroderivatlves 
seems remote on the basis of the work of C3ustavsona who has found l,ldiohloro- 
cycZopreqane to be stable to sodium metal at 1480. Consistently, l,lditMoro-2,2,3- 
trimethylcycZopropane liberates no chloride ion on treatment with sodium metal at 
l&O”, alone, in &(2=ethoxyethyl)ether and on ahnnina in the high surface form. 
Neither does lithium nor magnesium under a variety of conditions remove any 
halogen. 

With dibromocycZopropane derivatives, however, it is possible to realize the 
reaction. Roth and sodium are oapable of converting substituted dibmmo- 
cyc~~~cs to txllunes in varying yield. Thus, with magnesium in ether c&-1,1- 
dibromo-2,3dimethylcycZopropane (from cis-butene and bromofor&) is eonvetted 
to 2,3_pentadiene in low yield (16 per cent of theory). The identification follows 
from the presence in the i.r. of the 506 p band characteristic of alkness and the 
coincidence of physical properties with those reported.6 By.vapor phase ehromato- 
graphic (v.P.c.) analysis this sample was found to be comaminated with 3 per cent 
of 2-pentyne. Reaction of l,l-dibromo-2-n-propylcycZopropane with magnesium in 
ether yields 1,2-hexadiene (62 per cent of theory), identified by i.r. (!$O p), oom- 
parison of physical properties with those reported7 and oxidation to butyrie acid. 
From l , ldibromo-2,2,34rimethylcycZopropane in tetrahydrofuran, magnesium gives 
2-methyl-2,3-pentadiene. 

In our bands sodium reacts best in the form of its high surface dispersion on 
alumina. Under reduced pressure without solvent, l,l-dibromo-2-+propylcycZo- 
propane is converted in excellent yield (% per cent of theory) to a mixture of C& 
hydrocarbons. Separation by v.p.c. gives three components, the major one (64 per 
cent) being 1,ahexadiene and the two minor ones apparently being acetylenes. The 
more reactive metal has thus effected the allene-acetylene interconversion, a reaction 
well recognized as the result of the action of strong bases.!” No extensive effort has 
been made to defbie the conditions necessary to minimize the isomerixation. 

No choice between the modes of cleavage formulated above can be made with 
assurance. The first scheme depicts the opening of an intermediate cycZopropy1 
radical to the corresponding ally1 radical. Although this kind of change occurs 
at higher temperature, it does not occur in the low-temperature photoehemical 
chlorination of cyclopropanes to cycZopropy1 chloride. Accordingly, the radical 
scheme does not seem particularly attractive. The second scheme, involving cleavage 
of the cyclopropyl carbanion to the ally1 carbanion, also seems unlikely, in view 
of the failure of cyclopropyl earbanion itself to isomerize.**1o It becomes far more 
attractive if ring opening and loss of halide ion be assumed to occur simuZtmeousZy. 

The earbene mechanism will be tested partially by examining the irradiation of 
diaxocycZopropane. The necessary condition that l,l-dihalides and active metals 

* G. Gustavson J. Prukt. Chem. [2] 42,496 (1890); [2] 43,396 (1891). 
4 W. von E. Doering and P. M. LaFlamme J. Amer. Chem. Sot. 78,5441(1956). 

Be T. L. Jacobs, R. Akawie and R. G. Cooper J. Amer. Chem. Sot. 72.1272 (1950). 
6D J. H. Wotiz J. Amer. Chem. Sot. 73,692,5503 (1951); 74,186O (1952); J. Organ. Chem. 22,207 (1957). 
e Americau Petrolew~ Institute Reaearcb Project 44 Selected Values of Properties of Hj&naw&ne axd 

Related Compounds Table lla (Part I) Carnegie Institute of Tschnology, Departmesrt of Ckmistry. 
Pittsburgh, Penn. (1952). 

7 G. F. Hennion and J. J. Sheehan J. Amer. Chem. Sot. 71,1964 (1949). 
8 J. D. Roberts and P. W. Dir&w J. Amer. Chem. Sot. 67, 1281 (1945). 
*J. D. Roberts and V. C. chambers J. Amer. Chem. Sot. 73,3176 (1951). 

10 V. A. Slabey J. Amer. Chem. Sot. 74,4928 (1952). 



should give carbenes appears to be fuhihed. In unpub%hed work; methylene iodide 
and finely divided zinccopper couple react with & aud Mrnr-butene to give cis- 
l,2-dimethylcycZopropane, c&r-pentene and 2-meth$-2-buDsat and trmrp- 1,2dimethyl- 
cycZcpropane, trun~~pentene and 2-methyl-2-butene respMively. These reactions are 
oomparabk to that of diazoglethsne wit& c&r- and tranrctwtrae.’ 

Tothepreviourlyknowaconvarsionsofthe~~boad~thel,l-dibramo- 
cyclcpropane group to a methyl etbane grouj? and to a cydapropane r&l*’ this 
reactionadds~convcrsiontoanaflerreinonlytwosUpsby~inaertion.ofa 
singleearbonatombetweenthetwooftheoriginal&&¶. ThasetransformaWrsof 
the l,ldibromocyc@ropanes are potentiahy useful in synthesis and are summari& 
below: 

Examination of the behavior of some bioyelie dibromocyc&propanes obtain& 
from bromoform and oyelie o&fins is in progmss and will be report& Irrtrr. This 
investigation has been supported since its inception in the fall of 1954 by a much 
appreciated grant from the Reseamh Corporation, New York City. 

EXPERIMENTAL* 

Preparation of aikvtes j+om 1, bdibo~c~opro~s 

(1) WM magnesium 

(a) 2,3-Pentadienefk9m eis-1,l -2,~thy~~apro~. cis-Dikomo- 
2,3 (456 g, 020 mole) in 100 ml of anhydrous ether was added 
dropwisetoastirmdnGxtureof24*3g(1M)gatom)ofmagnesiumand2OOmlof 
ether in a SOO-n.& Zneoked IIask equipped with me&a&al stirrer, dry-ice eondenser 
andAsearitedryingtube. Thereaotionstartedeasilyonwarmingandwasessentiahy 
complete after 2 hr under gentle reiiux. A magnesium bromide-ether phase separated 

midway through the addition. The reaotion mixture was carefully hydrolyzed with 
&-water. The ether phase was separated and later united with three 25 ml portions 
of ether used to extract the aqueous phase. Following addition of a trace .of hydro- 
quinone, the dried (magnesium sul&te) ether solution was ~fraotionated through a 
10 in. helix-paeked column giving (1) b.p. 40-46”; 1.80 g; (2) b.p. 46@-48*0’=; 060 g 
and (3) b.p. 4849.0”; 160 g. The i&a-red spectrum of (3’) showed a very strong 

Avenue, Woodside 77, New York. 
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peak at 5.06 p. Redistillation afforded 2,fpentadiene; b.p. 48-48*5”/771 mm; 
e l-4202, @ 0.7020 (reported6 b.p. 48.27”/760 mm, PZ~ 1.4251); MR,: found : 
24.38; c&d: 23-302l (Found: C, 88-O; H, 12-O. C,Hs requires C, 88.2; H, 11.8 per 
cent). 

Examination of the crude material by means of v.p.c. at 10 lb of He and 25” 
indicated 96.9 per cent, 2,3-pentadiene and 3.1 per cent of 2-pentyne, having an 
i&a-red spectrum identical to that of an authentic sample obtained from the Far&an 
Research Laboratories, Cleveland, Ohio. Bromine in carbon tetrachloride was 
standardized against pure 2-methyl-2-butene. The allene (112.85 mg) in a sealed 
ampoule was crushed under carbon tetrachloride and titrated against a blank. The 
sample absorbed 5.250 ml of O-282 + 0.011 M bromine solution, or 0.89 mole of 
bromine,per mole of hydrocarbon, This result agrees with that of Acree and La 
Forgers who found that the same compound under similar conditions absorbed 
0.85 mole of bromine. 

(b) 1,Zhexadiene from l,l-dibromo-2-n-propylcyclopropune. From l-pentene, 
bromoform and potassium t-butylate, 1, I-dibromo-2-n-propylcyclopropane (b.p. 72”/ 
12 mm; ng 1.5023) was prepared in 55 per cent of the theoretical yield through the 
kindness of Mr. Wm. A. Henderson, Jr. of this laboratory. A solution of 24.2 g 
(O-10 mole) of this dibromide in 25 ml of ether was added slowly to 2.67 g (O-1 1 atom) 
of magnesium in 25 ml of ether. The reaction was worked up as before giving 2.65 g 
(45 per cent) of material, b.p. 74-75”, and 11.23 g of recovered starting material. 
The yield based on unrecovered starting material was 62 per cent of theory. Analysis 
by v.p.c. of the crude material indicated it to be 92 per cent 1,2-hexadiene. A pure 
sample obtained by v.p.c. possessed a very strong peak in the i&a-red at 5.09 p; 
b.p. 75”; &’ 1.4276 (unreported7 b.p. 746-748”; $1.4282) (Found: C, 87.6; H, 12.0. 
C,H,, requires C, 87.7; H, 12.3). Using the procedure of Hennion and Sheehan’ 
0.25 g of the diene was oxidized with alkaline permanganate to an acid from which 
a p-bromophenacyl ester was prepared, m.p. 61-62” ; mixed m.p. with an authentic 
sample of p-bromophenacyl-butyrate was 62-63’. 

(c) 2-Methyl-2,3-pentadiene from l,l-dibromo-2,2,3-trimethylcyclopropune. From 
powdered potassium t-butylate (1 mole), bromoform (1 mole) and 300 g of 2-methyl- 
2-butene, 1,1-dibromo-2,2,3-trimethylcyclopropane (b.p. 63-66”/15 mm) was prepared 
in 53 per cent yield by the usual reaction. A solution of 24.2 g (O-1 mole) of this 
dibromide in 50 ml of tetrahydrofuran (dried by distillation from Grignard) was 
treated with 486 g (O-2 g atom) of,magnesium in dry tetrahydrofuran. Hydrolysis 
with water caused separation of a hydrocarbon phase which was washed repeatedly 
with water and dried over magnesium sulfate. Distillation gave 1.72 g of starting 
material and 2.75 g (34 per cent) of 2-methyE2,3-pentudiene; b.p. 72.5” (repor&P 
b.p. 71.5-72.5”); rr$’ 1.4350; showing a weak peak at 5.09 ,u. (Found: C, 87.9; 
N, 12-O. C,H,, requires C, 87.7; H, 12.3 per cent). The qualitative test for allenes 
described by Bouisl* in which the allene is added to an ethanolic mercuric chloride 
solution was positive, a copious white precipitate being formed. 

l1 Using the value 044 for the system C=C=C given by T. L. Jacobs and W. F. Brill J. Amer. Chem. Sot. 
75, 1316 (1953). 

I* F. Acree and F. B. La Forge J. Organ. Chem. 5,430 (1940). 
1s S. Lebedew and B. Mereschkowski J. Russ. Phyx. Chem. Sot. 45, 1249 (1913); Chem. Zetttr. 1, 1409 

(1914); Chem. Absrr. 8, 3204 (1914). 
I’ M. Bouis C. R. Acad. Sci., Paris 182, 788 (1925). 
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(b) 1 ,ZHexadicnfioom l,l-dibromo-2-n-propylcvclopropane. High-surface sodium 
on alumina was prepamd as follows. chromatographic alumina (W-200 me& 103 g) 
was dried at MO” for 15 hr, cooled and phu& in a 3-necked, 500 ml flask where it 
was further dried at 200” for 2 hr at 1 mm with stirring. The flask was cooled to HO’! 
and, under nitrogen, l4.0 g (061 g atom) of sodium was added. Stirring was con- 
tinued until :a dark gray. dispersion formed. An additional funnel and an exit 
tube connected to a trap at -78’ were attached. At 5 mm, 24.2 g (0.1 mole) of 
l,l-dibromo-2-n-propylcyclopropane was added dropwise with stirring at room 
temperature. The reaction was moderated by intermittent cooling to avoid the 
distillation of $arting material. After the addition had been completed, pumping 
and stirring were continued one more hour. The crude product (764 g, 95.6 per cent) 
was examined by v.p.c. and appeared to be a mixture of 1,2-hex&= (63.5 per cent) 
and two other components (26.5 and l@O per cent respectively) which had infra- 
red peaks at 4.5 ,U and were probably l-hexyne and 2-hexyne. 

(b) 2,3-Pentudienefrom trans-l,l-&ronto-2,3-&&#cyclo~ro~. A suspension 
of 14.0 g’ (O-61 g atom) of sodium on 70 g of alumina was prepared as above. Into 
the same apparatus, 100 ml of c&decahn (dried by distillation from sodium-on- 
alumina) was put. Thereupon, a solution of 57.0 g (O-25 mole) of trmrs-l,ldibromo- 
2,3dimethylc+propane in 50 ml of cis-decalin was added dropwise with stirring 
over a period of 2.5 hr at.25 mm and room temperature. The exothermic reaction 
was cooled intermittently to inaintain the contents at 35”. After an’additional hour, 
the trap had collected 17~6 g of liquid, from which 746 g (44 per cent) of nearly pure 
2,3-pentadiene b.p. 48G48~5°, was obtained by distillation. 


