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A convenient method for the synthesis of isopropenyloxirane by dehydrohalogena- 
tion of halohydrins obtained by isomerizatlon of l-halo-3-methyl-2,3-epoxybut- 
anes was developed. The reactions of isopropenyloxirane with alcohols, water, 
secondary amines, hydrogen halides, dichlorocarbene, acetic acid anhydrides, 
and Grignard reagents were studied. 

The existing methods for the preparation of isopropenyloxirane (I) are based on the use 
of trimethylsulfonium iodide [i], phenylthiomethyllithium [2], ylids [3], and some other re- 
agents [4, 5] and are not sufficiently convenient for the preparation of oxirane I. 

Meanwhile, increased interest in oxiran~ I has been manifested in recent years, since it, 
owing to the peculiarities of its structure, along with 2-methyl-2-vinyloxirane, may serve as 
a convenient synthone for the introduction of an isoprenoid Cs fragment into various mole- 
cules, including those of natural origin [2, 6]. 

In this respect, we have obtained interesting data in the course of a study of some 
aspects of the chemistry of l-halo-3-methyl-2,3-epoxybutanes II. Taking into account the 
concepts of the p effect of the=neighboring group [7], we were able to isomerlze l-halo-3- 
methyl-2,3-epoxybutanes (II) to 3-hydroxy-4-halo,2-methyl-l-butenes (III) by the action of p- 
toluenesulfonic acid. As in many other cases [7], the intermediate carbonium ion generated 
by opening of the oxide ring of II under the influence of an acid is deprotonated primarily 
in nonconformity with the Zaitsev (Saytzeff) rule to give unsaturated halohydrins III; halo- 
methyl isopropyl ketones are formed only as side products. When the time of contact with the 
catalyst is increased, III are converted completely and in high yields to halomethyl ketches 
IV [8], whereas under the influence of a base they are converted to isopropenyloxirane (I) in 
74-79% yields [9]. 
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Having at our disposal an accessible methodfor the preparation of oxirane I, we sub- 
jected it to a systematic study of its chemical properties. 

We demonstrated that oxirane I, like methylvinyloxirane [10], in an alkallne medium re- 
acts with alcohols to give a mixture of alcohol esters in which the compound with an allylic 
alcohol function (Va) preponderates. This ratio increases on passing from methanol to ethanol 
and isopropyl alcohol [44:56, 18:82, and 7:93, respectively, gas-liquid chromatography (GLC)]. 
In the presence of acidic catalysts the additionof alcohols leads exclusively to homoallyllc 
alcohols Vb-d, derivatives of which are also formed in the reactionlof oxirane I with water, 
acetyl chloride, and acetic anhydride (Ve-g, Table 1). The reaction of oxirane I with acet- 
one in the presence of catalytic amounts of BFs*OEt2 gives 2,2-dlmethyl-4-isopropenyl-l,3- 
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V a R=OC3HT-i; b - e , g , m  R=OH; f. g R=OAc; h R=N(CFI3)2; i R=N(C~Hs)2; 
j R=N(CH2)40; kR=N(CH2)~;a.e,h.-k R~=OH;b R~=OCH3; c R~=OC2H~; d RI= 

=OC3H7-i ,f~l R j=CI; g R ~=OAc;mR ~=Br 

d i o x o l a n e  (VI) ( T a b l e  1 ) .  D i c h l o r o c a r b e n e ,  g e n e r a t e d  u n d e r ~ i n t e r p h a s e - c a t a l y s i s  c o n d i t i o n s ,  
a f f e c t s  o n l y  t h e  d o u b l e  bond t o  g i v e  ( 2 , 2 - d i c h l o r o - l - m e t h y l ) c y c l o p r o p y l o x i r a n e  (VI I )  (T ab l e  1 ) .  

Opening o f  t h e  o x i d e  r i n g  o c c u r s  w i t h  s e c o n d a r y  amines  upon h e a t i n g  to  70"C ( i n  a s e a l e d  
ampul  f o r  l ower  a m i n e s ) ,  and amino a l c o h o l s  Vh-k a r e  formed in  good y i e l d s  ( T a b l e  1 ) .  The 
reaction of bromohydrin III with secondary amines leads to the same amines. The addition of 
hydrogen chloride, as in the hydrogenation reaction, leads only to homoallylic alcohols Vl, m. 

Oxirane I also reacts with a Grignard reagent. According to a single report [2], this 
reagent, in the presence of 5% Cu(1)l in tetrahydrofuran (THF) and dimethyl sulfoxide (DMSO) 
(20:1 ratio of the latter two solvents), reacts with oxirane I to give only a carbinol of the 
X type in 95% yield. Our more detailed studies of the reaction of oxide I with the Grignard 
reagent showed that one almost always observes the formation of a mixture of alcohols VIII-X, 
the ratio of which changes over a broad range, depending on the experimental conditions and 
the character of the radical in the organomagnesium compounds. 

R - ~'CHO 

OH 
YIII 

R 

R ~ 0 H  

X 

R 

XI  

VIII--Xa R=C2Hs; b R=i-C3HT; c R=i-CsI-tH;d R=C6I-Is; e R=C~I-I~C~C 

Thus, under normal reaction conditions (Table 2), one observes primarily (R = C2Hs, iso- 
CsHT, iso-CsHll) or almost exclusively (R = Ph, C~C--Ph) the formation of carbinols IX, which 
were identified from the presence in their PMR spectra of characteristic peaks from the pro- 
tons of the isopropenyl fragment (Table 2), as well as from splitting of the signal of the 
primary hydroxy proton into a triplet in DMSO [ii]. Carbinols of the XI type, which could be 
formed after prior isomerization of oxide I to give an unsaturatedaldehyde, as was observed 
in the case of another isopropene oxide [12], were not detected in our experiments. 

The addition of 5% Cu(1)l to the reaction mixture changes the direction of attack by the 
Grignard reagent and leads primarily (when R = CaHs, iso-CsHT, iso-CsH11) to alcohols of the 
X type. However, in the case of phenyl- and phenylethynylmagnesium bromides the effect of 
Cu(1)l is barely noticeable (Table 2). A similar pattern is also observed in the case of an 
equimolar ratio of the Grignard reagent and Cu(1)l: Alcohols X are formed exclusively in the 
form of cis-trans isomers with preponderance of the trans isomer (assignment in analogy with 
[2], P}IR) only in the a and c cases. However, when ether is replaced by THF in the presence 
of 5% Cu(1)l, one observes the formation of alcohols VIII; these products (Villa-c; for 
Vllld,e see Table 2) are the dominant ones. The structure of VIII was proved by alternative 
synthesis from u-methylacrolein and the corresponding Grignard reagent (for Villa,b) with sub- 
sequent identification of the samples by gas-liquid chromatography (GLC) and PMR spectroscopy. 
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EXPERIMENTAL 

The PMR spectra of solutions of the compounds in CCIa and DaO were obtained with a Perkin- 
Elmer R-12spectrometer (60 MHz) with hexamethyldisiloxane as the internal standard. The pur- 
ity of the synthesized products was determined by means of GLC with an LKhM-8MD chromatograph 
with a catharometer with columns with lengths of 2 and 3 m packed with 10% PEG-20M on AW- 
HMDS Iner~on and 5% SE-30 on N-AW-HMDS Chromaton; the carrier-gas (helium) flow rate was 40- 
60 ml/min, and the temperature was 120-230~ 

The characteristics of compounds V-VII are presented in Table l, and the characteristics 
of VIII-X are presented in Table 2. 

Isopropenyloxirane (I). A 16.8-g (0.3 mole) sample of KOH was placed in a flask equipped 
with a stirrer and a descending condenser, and 16.5 g (0.i mole) of halohydride IIIb was added 
slowly dropwise. A temperature of 80~ was maintained due to the exothermie reaction, after 
which the mixture was heated for another 30 min until the evolution of oxide I ceased. The 
oxide was removed by distillation, dried with MgSOa, and fractionated to give 6.7 g (80%) of 
oxide I with bp 80-82~ (650 mm) [9]. The yield from halohydrin IIIa was 70%. 

Reaction of Oxide I with Grignard Reagents. A) A 4.2-g (0.05 mole) sample of oxide I in 
30 ml of ether was added to a Grignard reagent obtained from 2.4 g (0.1 mole) of magnesium 
and 0.I mole of the halide in 100 ml of absolute ether, after which the mixture was heated at 
35~ for 1 h. It was then cooled to 0~ and decomposed with a saturated solution of ammonium 
chloride. The resulting mixture was allowed to stand for another 3 h, after which the ether 
solution was decanted to separate it from the precipitate and fractionated ~n vaduo (Table 2). 

B) The Grignard reagent similarly obtained from 0.i mole of magnesium was cooled to --70 
to --80~ 19.1 g (0.1 mole) of Cu(I)I was added, and the mixture was stirred for 30 min. The 
temperature was then raised to O~ and 4.2 g (0.05 mole) of oxide I was added slowly dropwise. 
The resulting mixture was then allowed to stand overnight, after which it was poured over ice. 
The aqueous mixture was stirred, ammonium chloride was added, and the organic layer was separ- 
ated. The aqueous layer was extracted with ether, and the ether extracts were combined, dried 
with MgSOa, and distilled (Table 2). 

C) The experiment was carried out as in method B with the exception that the temperature 
was --20~ and 5% Cu(1)I was used (Table 2). 

D) The experiment was carried out as in method C, but the reaction was carried out in ab- 
solute THF (Table 2). 

2-Methyl-4-dialkylamino-l-buten-3-ols (Vh-k). A) A mixture of 6.3 g (0.075 mole) of 
oxide I and 0.075 mole of a secondary amine in 20 ml of benzene was stirred at 75~ for 20 h, 
after which it was fractionated ~n uacuo to give amino alcohols Vj, k. 

B) A mixture of 4.7 g (0.056 mole) of oxide I, and 0.07 mole of the amine was heated in 
an ampul (bath temperature 80~ for 30 h, after which it was fractionated ~n uaeuo to give 
Vh,i. IR spectrum: 3430 (OH) and 3080 cm-* (=CH2). 

C) An 8.2-g (0.05 mole) sample of 4-bromo-2-methyl-l-buten-3-ol Vm was added dropwise to 
a mixture of 0.01 mole of the amine and 30 ml of benzene, and the mixture was stirred at 75~ 
for 10 h. It was then filtered to remove the precipitated salt and washed with ether. Frac- 
tionation gave amino alcohols identical to Vh-k.  IR spectrum: 3442 (OH), 3080 (=CH=), and 
1648 cm-* (C----C). 

Reaction of Oxide I with Alcohols. A) A mixture of 4.2 g (0.05 mole) of oxide I, 0.1 
mole of alcohol, and 0.2 g of p-toluenesulfonic acid was refluxed for 1-2 h, after which 
fractionation ~n vacuo gave Vb-d. 

B) From 1.2 g of sodium and 25-30 ml of alcohol we obtained the alkoxide, to which we 
added 4.2 g (0.05 mole) of oxide I and heated the mixture to the boiling point for 15-18 h. 
The excess alcohol was removed by distillation, 15 ml of water was added, and the aqueous 
mixture was extracted with ether. The extract was dried over MgSO~ and fractionated.~n vacuo 
to give only alcohol Va in pure form. IR spectrum: 3460 (OH), 3078 (=CH2), and 1652 cm-* 
(C--C). 

2~2-Dimethyl-5-isopropenyl-l,3-dioxolane (VI). A 6.3-g (0.075 mole) sample of oxide I 
was added dropwise with stirring to a mixture of 20 ml of acetone and a drop of BF3.0Et2. 
After the exothermic reaction was complete, the mixture was stirred for another 6 h, neutral- 
ized with Na2CO~, and fractionated. IR spectrum: 1652 (C---C) and 3082 cm -~ (=CH2). 
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3-Chloro-4-acetoxy-2-methyl-l-butene (Vf). A 6.3-g (0.075 mole) sample of oxide I was 
added dropwise with stirring at --10~ to a mixture of 6.9 g (0.08 mole) of acetyl chloride, 
45 ml of methylene chloride, and 0.3 ml of SnCI~, after which the mixture was stirred for i 
h and allowed to stand overnight. A l-ml sample of triethylamine was added, and the mixture 
was filtered to remove the precipitated salt and fractionated. IR spectrum: 3082 (=CH2), 
1447 (C=O), and 1650 cm -~ (C----C). 

3,4-Diacetoxy-2-methyl-l-butene (Vg). A 6.3-g (0.075 mole) sample of oxide I was added 
dropwise at 20~ to 10.2 g (0.i mole) of acetic anhydride in the presence of 0.3 g of p- 
toluenesulfonic acid, after which the mixture was stirred at 40-50~ for 8-10 h and then 
neutralized with sodium carbonate. It was then filtered, and the filtrate was fractionated. 
IR spectrum: 1747 (C--O), 1652 (C=C), and 3100 cm-* (=CH=). 

(2,2-Dichloro-l-methyl-l-cyclopr0pyl)oxirane (VII). A 0.l-mole sample of chloroform was 
added with stirring, while maintaining the temperature of the reaction mixture at 30-35~ to 
a mixture of 4.2 g (0.05 mole) of oxide I, 24 ml of a 50% solution of NaOH, and catalytic 
amounts of triethylbenzylammonium chloride (TEBAC), after which the mixture was stirred for 
2 h, cooled, and extracted with ether. The ether extract was dried with MgSO~ and fraction- 
ated to give VII. 

3-Chloro-2-methyl-l-buten-4-ol (Vl). A 22-g sample of the HCI-OEt= complex was added 
dropwise at 0~ to 15.1 g (0.18 mole) of oxide I, after which the mixture was stirred for 
another 2 h. The ether was removed by distillation, and the residue was fractionated ~n vacuo. 
IR spectrum: 3300-3452 (OH), 1652 (C--C), and 3086 cm-* (=CH=). 

2-Methyl-3,4-dihydroxy-l-butene (Ve). A 6 g (0.071 mole) Sample of oxide I was added 
dropwise to 15 ml of 5% sulfuric acid, after which the mixture was stirred at 400C for i0 h. 
It was then neutralized with sodium carbonate and fractionated ~n va~o. IR spectrum: 3320- 
3500 (OH), 3080 (=CH2), and 1652 cm-* (C=C). 

3-Bromo-2-methyl-l-buten-4-ol (Vm). A) A mixture of 8.4 g (0.i mole) of oxide I, 20.3 g 
(0.12 mole) of 48% hydrobromic acid, 11.9 g (0.i mole) of KBr, and 20 ml of benzene was stir- 
red at 0~ for 2 h, after which it was decanted, and the decantate was neutralized with sodium 
carbonate, dried with MgSO~, and fractionated ~n 0ac~/o to give Vm. 

B) A mixture of 8.4 g (0.i mole) of oxide I and 30 ml of CCI~ was cooled to 0~ and 
gaseous hydrobromic acid (obtained from 0.33 mmole of PBr3 and 3 ml of 48% hydrobromic acid) 
was passed through the mixture. It was then stirred at 16~ for i h and fractionated to give 
Vm. 
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