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PREFACE 

Volume II describes 17 additional functional groups and presents a critical 
review of their available methods of synthesis with preparative examples of 
each. Attention is especially paid to presenting specific laboratory directions 
for the many name reactions used in describing the synthesis of these functional 
groups. 

The unique features of this work, as in Volume I, are that each chapter deals 
with the preparation of a given functional group by various reaction types 
(condensation, elimination, oxidation, reduction) and a variety of starting 
materials. In many cases the available data are summarized in tables to make 
them more useful to the reader. The literature has been checked up to 1970 and 
each chapter abounds with references. 

The procedures for inclusion in this text, as in Volume I, had to meet the 
following requirements : 

1. The laboratory operations should be safe and free from the danger of 
explosion. 

2. The procedures should afford the highest yield possible of compounds of 
reliable structure. 

3. The procedures should be relatively uncomplicated. 
4. The procedures should be generally useful for a wide range of organic 

structures. 

In several cases the preparations have been repeated in our laboratories, and 
supplementary information is given. As a general rule it is recommended that 
the purity of the products should be checked by gas chromatography especially 
if the procedure was originally described prior to 1960. 

Some of the functional groups (ynamines, enamines, aliènes, etc.) described 
in this volume have only of recent date been the subject of intensive investiga­
tion. For example, this volume contains the first preparative review of ynam­
ines with synthesis procedures from the recent literature. In some chapters 
where reliable procedures for some compound types still do not exist, it is 
hoped that the reader will be stimulated to undertake research in these problem 
areas and report upon them. 

ix 
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1. INTRODUCTION 

Reports on the synthesis of aliènes by various methods have been increasing 
in the past few years. The synthesis of aliènes involves some methods different 
from those described for the synthesis of olefins in Volume I, Chapter 2. 

Aliènes have the 1,2-diene structure (I), where R1, R2, R3, R4 = H, alkyl, 
aryl, halogen, heterocyclic, ether, etc. Since the terminal méthylène groups lie 

R 2 ' :c=c=c: 
(i) 

. R 3 

R4 

in mutually perpendicular planes, optical isomers are possible. 
Aliene is the generally accepted class name for all such compounds. How­

ever, the systematic name of 1,2-diene is also used as described for (II) and (III). 

C H 2 = C = C H 2 

(II) Aliene (Propadiene) 
CH 3 —CH=C=CH— CH3 

(III) 1,3-Dimethylallene (2,3-Pentadiene) 

The first synthesis of aliene was reported in 1887-1888 [la-c]. Recently 
aliènes have been screened for industrial applications in polymers [2,a b], anti-
oxidants [3a, b], drugs [3a], dyes [3b], and fibers [4]. Aliènes have also been 

SCHEME 1 

R—C—CH=CR 
I 

OH 
R', R", and R = aryl N . AI2O3 

' V 
X X 
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found to occur in the structure of compounds derived from natural organisms 
[5]. 

Aliènes have been reviewed recently by Taylor [6], and earlier reviews 
[7a-e] are worth consulting. 

Aliènes are generally prepared by elimination of halogens, hydrogen halides, 
or water from adjacent carbon atoms, the dehalogenation of gem-dihalocyclo-
propanes, rearrangement of acetylenes, and the 1,4-addition to vinylacetylenes. 

Richey [8], and then Pittman and Olah [9], observed the NMR spectra of 
acidic solutions of tertiary ethynyl carbinols, and their data support the idea 
that allenyl carbonium ions contribute significantly to the following ion struc­
ture: 

;c—G=C— <—> r=c=c- ICT^C==CT (1) 

Secondary ethynyl alcohols gave poor spectra because of the production of 
large amounts of by-products. 

The structure of the propargyl-allenyl anion is still uncertain but by analogy 
to the carbonium ion above it may be that shown in Eq. (2). 

;c—o=c— <—> ^c=c=c- X v r i C ^ C ^ (2) 

2. ELIMINATION REACTIONS 

The elimination reactions involving dehalogenation, dehydrohalogenation, 
and dehydration are often laborious compared to the more recent techniques 
involving dehalogenation of gem-dihalocyclopropanes [10a, b]. However, the 
availability of the starting materials is the deciding factor. 

A. Dehalogenation of ^/n-Dihalocyclopropanes 

Doering and LaFlamme [10b] were the first to report that sodium and 
magnesium metal are capable of converting substituted gera-dibromocyclo-
propanes to aliènes in varying yield. However, it was found that sodium reacts 
best in the form of a high surface dispersion on alumina. At a later date, Moore 
and Ward [11a] and then Skattebol [12] reported that methyllithium or «-butyl-
lithium reacts with gera-dibromocyclopropanes to give aliènes in high yield. 
The related dichloro compounds were found to be inert to methyllithium but 
reacted slowly with «-butyllithium. Several examples of the preparation of 
aliènes from gem-dibromocyclopropanes are shown in Table I. 
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The gem-dibromocyclopropanes are treated with an etheral solution of 
either methyllithium or w-butyllithium at 0° to -80°C. Methyllithium is pre­
ferable to w-butyllithium because occasionally difficulties are encountered in 
completely separating the «-butyl bromide from the aliene product. 

TABLE I 
PREPARATION OF ALLENES FROM #em-DiBROMOCYCLOPROPANES 

Starting olefin 

trans-2-Butene 
1-Peritene 
2-Methyl-2-butene 

Isobutylene 
1 -Ethoxy-2-methyl-

2-propene 
1-Pentene 
2-Hexene 

1-Octene 

1-Decene 

cw-Cyclooctene 
c/s-Cyclononene 
c/s-Cyclodecene 
Styrene 
1,1 -Diphenylethylene 
Cycloocta-1,5-diene 

Product aliene 

2,3-Pentadiene 
1,2-Hexadiene 
2-Methyl-2,3-pentadiene 

3-Methyl-l ,2-butadiene 
l-Ethoxy-3-methyl-l,2-

butadiene 
1,2-Hexadiene 
2,3-Heptadiene 

1,2-Nonadiene 

1,2-Undecadiene 

1,2-Cyclononadiene 
1,2-Cyclodecadiene 
1,2-Cycloundecadiene 
1 -Phenylpropadiene 
1,1 -Diphenylpropadiene 
1,2,6-Cyclononatriene 

Dehalo-
genating 
reagent 

Na-alumina 
Na-alumina 
Mg 
CH3Li 
CH3Li 
CH3Li 

Mg 
CH3Li 
C4H9L1 
CH3Li 
C4H9L1 
CH3Li 
C4H9L1 
CH3Li 
C4H9L1 
C4H9L1 
CH3Li 
CH3Li 
CH3Li 

Yield 
(%) 

44 
64 
34 
69 
92 
71 

45 
88 
83 
81 
49 
68 
43 
81 
78 
89 
82 
43 
80 

Ref. 

10 
10 
10 
12 
12 
12 

10 
11 
11 
11 
11 
11 
11 
11 
11 
11 
12 
12 
12 

The Cg-Ci 1 cyclic allenes [1 la, b] which have been synthesized by this route 
are obtained only with difficulty by other methods [13] as mixtures with the 
corresponding acetylenic isomer (Eqs. 3). 

I CH 
Na in 

(ÇH2)8 

C—Cl 

C—Br 

H 
-Cv Br 

(ÇH2)7 

Br 

ether 

CH3L1 

ether 

(CH2)7 

(ÇH2)7 

C 
II 

-CH 

-CH 
II 

c 
II 

-CH 

(CH2)8 

-c 

-c 
(3) 
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Smaller cyclic olefins react with dibromocarbene to give the gera-dibromo-
bicyclic systems, but these have not been reported to give aliènes on reaction 
with methyl- or «-butyllithium. One possible reason may be the severe ring 
strain of cyclic aliènes with less than seven carbon atoms. For example, Moore 
and Ward [14] found that 7,7-dibromobicyclo[4.1.0]heptane reacts with 
methyllithium to give bicyclic carbene intermediates which can be trapped with 
olefins (Eq. 4). 

Br 
Br 

CH3Li 
no cyclohexene 

o (4) 

Skattebol [12], on the other hand, could not detect such carbene intermedi­
ates by their addition product (spiropentanes) to olefins using gem-dibTomo-
cyclopropanes derived from noncyclic olefins. 

In a few cases, aliènes are not always the sole product. For example, 1,1-
dibromotetramethylcyclopropane does not give tetramethylallene but a 
mixture of products which is mainly 1 -methyl- 1-isopropenyleyclopropane 
[12] (Eq. 5). 

The preparation and dehalogenation of gem-dibromocyclopropanes to give 
aliènes can be carried out in one step by the reaction an excess of olefins with 

H3Ck ^CH 

H3CN 

H3C-

CH3 

H3CX X H 

\ 
CH3 

Br 
Br 

CH3Li 

or /i-BuLi 
in ether, -40°C 

C-H 

-> (3 components by VPC) ; the main product is 

_̂  H3C 

(5) 

H,C 
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carbon tetrabromide and 2 equivalents of methyllithium in ether at —65°C [15]. 
Using «-butyllithium in hexane gives reduced yields, as in the two-step process 
[11, 12] (Eq. 6). (Table II lists a few cyclic aliènes prepared by this one-step 
process.) 

X = C C + C B r 4 + CH3Li 
CH3Li 

;o=o=c: (6) 

TABLE II 
ONE-STEP OLEFIN-TO-ALLENE CONVERSION USING CARBON TETRABROMIDE-

OLEFIN-LITHIUM ALKYL 

Olefin R-Li 
Temp. 
( °Q Aliene 

Yield 
(%) 

c/s-Cyclooctene 
1,5-Cyclooctadiene 

CH3 

CH3 

C4H9 

-65 1,2-Cyclononadiene 74 
-65 1,2,6-Cyclononatriene 64-71 
-65 1,2,6-Cyclononatriene 37 

2-7. Preparation of 3-Methyl-l,2~butadiene [12] 
H H 

„Br 
+ CH3L1 ether 

-30° to -40°C 

H 3 C " ^ X : H 3 

H . ^ C H 3 

/ C = C = C C (7) 
H ^ ^ C H 3

 V ' 

To a flask cooled with Dry Ice-acetone (-30° to -40°C) and containing 22.8 
gm (0.10 mole) of l,l-dibromo-2,2-dimethylcyclopropane and 25 ml of dry 
ether is added 2.2 gm (0.10 mole) of methyllithium in 80 ml of ether over a 
\ hr period. The reaction mixture is stirred for \ hr, hydrolyzed with water, the 
ether separated, washed with water, dried, and distilled to afford 6.2 gm (92 %), 
b.p. 40°C, nlA 1.4152. 

l-Phenyl-l,2-propadiene, b.p. 64°-65°C (11 mm), ng 1.5809, is obtained 
in a similar manner in 82% yield by the reaction of l,l-dibromo-2-phenyl-
cyclopropane with methyllithium at —60°C. 

2-2. Preparation of l-Ethoxy-3-methyl-l,2-butadiene [16] 

C 2 H 5 0^ / H 

H3C 

Cl n-C^HgL·! H 3 C \ / H 
c c c 

Cl ether -30°C H 3 C ^ ^ O C 2 H 5 

(8) 
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To a flask cooled to -30° to -40°C and containing 20.0 gm (0.11 mole) of 
l,l-dichloro-2-ethoxy-3,3-dimethylcyclopropane in 30 ml of dry ether is added 
dropwise 100 ml of a 1.3 M ethereal «-butyllithium solution (0.13 mole) over a 
1 hr period. The reaction mixture is then stirred for an additional \ hr while it 
is warmed to room temperature. Water is added, the ether is separated, washed 
with water, dried over sodium carbonate, and then fractionally distilled to 
afford 7.3 gm (59 %) of impure aliene, b.p. 55°-57°C (65 mm), nl51.4344. Redis­
tillation gives a pure product, b.p. 51°C (60 mm), rig 1.4400. 

2-3. One-Step Olefin-to-Allene Conversion of cis-Cyclooctene to 1,2-Cyclo-
nonadiene [16] 

+ CBr4 + CH3Li 
II 
c 

To a stirred reaction mixture consisting of 55.0 gm (0.50 mole) of cis-cyclo-
octene and 41.5 gm (0.125 mole) of carbon tetrabromide cooled to —65°C is 
added 74.0 ml (0.125 mole) of methyllithium in ether (Foote Mineral Co.) over 
a 45 min period. After stirring at -65° to -68°C for an additional \ hr, another 
80.5 ml (0.135 mole) of methyllithium is added over a ^-hour period. The re­
action mixture is stirred for another \ hr at — 68°C, warmed to 0°C, water added, 
the ether separated, washed with water until neutral, dried over sodium sulfate, 
and then fractionally distilled to afford 11.3 gm (74 %), b.p. 62°-63°C (16 mm), 
nl° 1.5060. 

B. Dehalogenation of Vicinal Dihalo Compounds 

The use of zinc in ethanol to dehalogenate haloallyl halides to aliènes was 
reported earlier by Gustavson and Demjanoff [17a, b]. This method is still a 
useful one and has been applied when the starting dihalides are available. 
Recently chromous sulfate has also been shown to be an effective reagent at 
room temperature [17c] (Eq. 10). 

CH2=C—CH2—Cl Zn > CH2=C=CH2 + CH2=C—CH3 + ZnCl2 
I ethanol I 

Cl Cl 
(77%) (3%) (!()) 

C ^ > CH2=C=CH2 + CH2=C—CH3 + CH2=CH—CH3 

Cl 
(81%) (15%) (4%) 



1. Aliènes 

The main drawback to the dehalogenation method is that the haloallyl 
halides are usually difficult to obtain. Some of the available methods of syn­
thesis of haloallyl halides are the following. 

(1) Thermal rearrangement of gem-dihalocyclopropanes [17d]: 

:C=CC + CHX3 + KO-i-Bu > ^C—CC ^ ^ / C % ^ C ^ (11) 

X c\ * 
X X X 

(2) Reaction of allyl alcohols [7a] : 

R—CH—CH=CH2 - ^ l i ^ R—CH—CH=CH2 - ^ - ^ 

OH Br 
R—CH—CH—CH2 - ^ ^ > R—CH—C=CH2 

I I I I I 
Br Br Br Br Br 

(3) Reaction of vinylacetylene with HBr [18]: 

R R 

CH2=C—teCH + HBr > CH3—C=C—CH2 (13) 
-10°C | | V ' 

Br Br 

(4) Free radical reaction of alkenes with tetrahalomethanes [19]: 

CH2=CH2 + CF2Br2
 peroxide > CF 2 -CH 2 -CH 2 ™*+ 

Br Br 

CF2—CH=CH2 - ^ " > CF2—CH—CH2 - ^ ϋ > CF2—C=CH2 (14) 
I hv I I I I I 
Br Br Br Br Br Br 

(12) 

(5) Free radical addition of trifluoroiodomethane with propargyl halides 
[20]: 

R—CH—GEEECH + CF3I — ^ R—CH—C=CH—CF3 (15) 

X X I 
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(6) Free radical addition of trifluoroiodomethane with propargyl alcohols 
[20]: 

OH 

OH i a i 

2-4. Preparation of 1,1-Difluoroallene [19] 

CF2Br—CBr=CH2 + Zn - CF2=C=CH2 + ZnBr2 (17) 

To a flask equipped with stirrer, condenser, and dropping funnel is added 
40.0 gm (0.61 gm-atom) of zinc dust in 40 ml of absolute ethanol. After the 
condenser outlet is connected to a series of Dry Ice-acetone traps cooled to 
-80° to -70°C, the mixture is heated to gentle reflux while 20.3 gm (0.0852 
mole) of l,2-dibromo-l,l-difluoropropene in 30 ml of 95% ethanol is added 
dropwise over a 2 hr period. The reaction mixture is heated for an additional 
hour, and then the gaseous products which are condensed in the Dry Ice traps 
are purified by several vaporization distillations to afford 3.6 gm (56%) b.p. 

-21° to -20°C (thermocouple immersion), ir 4.95 μ ^ c = C = C C ^ ) and no 

absorption at 4.6 μ (—C=C—). The addition of bromine at —80°C yields the 
starting material. At room temperature under pressure in the absence of oxygen 
the product aliene slowly polymerizes to a water-white viscous liquid. 

Aliene has been prepared recently [17b] in a similar manner by adding 260 gm 
(2.34 moles) of 2,3-dichloropropene dropwise over a 2-3 hr period to a refluxing 
mixture of 400 ml of 95 % ethanol, 80 ml of water, and 300 gm (4.6 gm-atoms) of 
zinc dust. The aliene is trapped and purified in a manner similar to 1,1-difluoro-
allene. 

Sodium metal in ether has also been used to dehalogenate cyclic 1,2-dihalo-
alkenes to cyclic aliènes with some cyclic alkyne as a by-product [13]. 

2-5. Preparation of 1,2-Cyclodecadiene [13] 

(ÇH2)8 

C—Cl , CH 
Nain I % > (CH2)7 yZ + (ÇH2), ether ^™2» S 

-C—Br I CH 
(18) 


