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In  the reaction sequence 2,3-epoxvbutane -, 2-butanol + 2-bromobutnne + butane, a deuterium atom can be introduced 
etcreospecifically a t  the first or last step by mcans of rcduction with lithium aluminum deuteride. The anticipated inversion 
which should accompany these two steps has been further verified by the behavior of both erylhro- and threo-2-bromobutane- 
3-d in  a typical trans-elimination reaction. The translcis ratio of products from the dghydrobromination of halides were: 
tlireo-deuterohnlide from :tctivo epoxidc, 5.3; erylhro-dcuterohalide from meso epoxide, 1.2; undeuteriitcd 2-bromobutane, 
3.1. Mass spectral data are given for reaction products. Samples of monodeuterobutencs wcre wepared b y  three independent 
methods. 

It has been demonstrated2 that t,he lithium 
aluminum deuteride reduction of 2-broniobutane, 
2,3-epoxybutane, and 2-meth:~nesulfoi~oxybutane 
all show the same stereochemwal result, namely, 
inversion of configuration if analogy is drawn to a 
comparable opening of bicyclic epoxides. Each 
reduction can lead directly or indirectly to optically 
active butane-24 which exhibits a sign of rotation 
of the plane of polarized light in agreement with 
that calculated for this simplest monodeutero- 
alkane.4 However, further confirmation of the con- 
figuration of butane-24 has been obtained here by 
the observation of the distribution of isomeric 
butenes resulting from elimination reactions of 
2-bromobutane-3-d, Thus the lcvorotatory butanc- 
2-d has the D configuration. 

Two enantiomorphic monodeuterated 2-bromo- 
butane derivatives were prepared from meso- 
and n-2,3-epoxybutane by reduction to 2-butanol- 
3 4  with lithium aluminum deuteride followed by 
conversion to 2-bromobutane-3d with PBr3.S 
With inversion accompanying each reaction the 
products were respectively the dl-erythro (I) and 
threo (11) isomers. The dl-isomers of both I and I1 
were obtained by Skell6 in a study of addition 
reactions, and, as in this instance, the structure 

Br H I 
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determination was based on elimination reactions 
comparable to those applied by Curtin and Kel- 
l0m7 to diastereomeric forms of 1,2-diphcnyl- 
ethanol-24. 

Elimination reactions. The elimination of hy- 
drogen bromide from 2-bromobutanc with alcoholic 
potassium hydroxide under conditions favorable 
for an E, reaction leads to a mixture of 1-butene 
and cis- and trans-2-butene. If the halide contained 
a deuterium atom situated trans with respect to 
the bromine atom, as in I, an elimination reaction 
under identical conditions should lead to a product 
containing a smaller percentage of the trans- 
isomer because of the higher energy requirements 
in the transition state in which the C-D bond is 
brokcn. Also, in the absence of isomerization during 
or aftcr thc reaction, the trans-isomer should be 
free of deuterium. Conversely, the threo-isomer, 11, 
should give a higher percentage of trans-2-butene 
and this should retain deuterium. 

The results of elimination reactions carried out 
in 17.5y0 ethanolic potassium hydroxide a t  65" are 
given in Table I. In each instance the distribution 
of isomers indicated an isotope effect which was in 
accord with a pattern of inversion during epoxide 
openinp. Under the conditions of the reaction, no 
isomerization of butenes was found to occur. 

TABLE I 
PRODUCTS OF ELIMINATION REACTIONS OF ZBROMOBUTANE 

KOH 
A N D  DEUTERATED 2-BROJIOBUTANES WITH 17.5% ETHANOLIC 

Butene Distributions, % trans/ 

Isomer 1- 2- 2- Ratio 
cis- trans- cis 

2-Bromobutane 23 19 58 3 . 1  
erythro-2-Bromo- 35 29 36 1 . 2  

threo-%Bromo- 24 12 64 5 . 3  
butane-3-d ( I )  

butane-3-d 
(11) 

(7) D. Y .  Curtin and D. B. Kellom, J. Am. Chem. Soc., 
75, 6011 (1953). 
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The component fractions of products of all elimi- 
nation reactions were isolated by gas chromato- 
graphic methods for mass spectra determinations. 
In  instances where deuterium should have been 
retained, such as the cis-2-butene from the erythro- 
isomer or the trans-2-butene from the threo-isomer, 
a major change was observed in the mass spectral 
pattern in the m/e region corresponding to 41 and 
40 for undeuterated 2-butene. The 40/41 relative 
peak intensity for trans-2-butene was about 0.06 
but the corresponding 41/42 ratio for deuterated 
analogs was never below 0.58. Several of these 
intensity values, along with those from the products 
of 2-bromobutane-2d, 111, are given in Table 11. 

TABIJE I1 
RELATIVE PEAK INTENSITIES FOR MASS SPECTRA OF 

PRODUCTS O F  ELIMINATION REACTIONS 

Isomer and Relative Peak 
Source Intensitiesa 

41/42 40/41 
cis, I 0 58 
trans, I 0.09 
cis, I1 0.20 
trans, I1 0.68 
cis, I11 0.60 
trans, I11 0.54  

a Consolidated Mass Spectrometer Model 21-620, ionizing 
current 20 microamperes. 

The high 41/42 ratios can be accounted for by 
assuming isomerization, contamination with un- 
deuterated alkene, or hydrogen migration in the 
mass spectrometer. The first was eliminated because 
neither cis-nor trans-2-butene showed measureable 
isomerization under the conditions of the reaction. 
The second and third could not be distinguished 
completely from one another, but deuterobutenes 
were prepared by independent methods for com- 
parison of spectra. 

The synthesis of a stereospecific isomer of 2- 
butene-2d was carried out by two methods other 
than through the elimination reactions of deuter- 
ohalides. 

The successive treatment of cis-2-bromo-2- 
butene with lithium metal (in ethyl ether) and 
DzO according to the method of Curtin and 
Crump,B yielded a mixture of cis- and trans-2- 
butene-2-d (predominately cis) free of more than a 
trace of I-butene. The 41/42 ratio of peak intensities 
was 0.56 for the total sample, and slightly higher 
for chromatographed samples. 

The tiglic acid procedure for the preparation of 
trans-2-buteneYs 10 applied to the synthesis of trans- 
2-butene-2d yielded a product which contained 
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no 1-butene and less than o.5yO cis-2-butene. The 
41/42 ratio was 0.48 ,the lowest value encountered 
for any monodeuterobutene. Infrared analysis 
indicated less than 2% trans-2-butene was present, 
and the strong 960 cm.-' band was replaced by 
another strong band a t  about 875 cm. -l 

Although further work is being carried out on the 
mass and infrared spectra of deuterated butenes 
and precise analyses of deuterium contents will be 
deferred, a tentative assignment of deuterium 
content of isomers, based on the assumption of 
98% isomeric purity of the tiglic acid butene, is 
given in Table 111. 

TABLE I11 
DEUTERITIM CONTENT OF VARIOUS ISOMERS OF %BUTENE 

FRACTION OF MOLE(-ULES COKTAINISG I) 

Sample Source cas trans 

1)ehydrobrominntion of I 0 90 0 14 

lhhydrobromination of I11 0 90 0 95 
Vinyl lithium procedure 0 94 0 93 

I)eh~drobromination of I1 0 43 0 86 

Tiglic acid procedure 0 98' 

a Determined from infrared spectrum; a11 others from 
mass spectra based on this isomer. 

Since the deuteroalcohols, IV and V, showed 0.95 
atom of deuterium per molecule, the lower deuter- 
ium contents of the cis-2-butene from I or the trans- 
2-butene from I1 indicate that racemization had 2H; cpf 

HO H v IV 

taken place in the reaction sequence from epoxide 
to  halide. In  the case of the optically active series 
(involving deuterohalide 11) this racemization 
could account for only a small part of the dis- 
crepancy in optical rotatory power between cal- 
culated4 and experimental6 values. 

Vapor phase dehydrohalogen ation over calcium 
oxide. Samples of various 2-bromobutanes were 
passed over calcium oxide a t  elevated temperatures 
during the search for an elimination reaction which 
would yield stereospecific isomers with complete 
loss or retention of deuterium. This reaction yielded 
predominately cis-2-butene when carried out just 
above the minimum temperature for reaction, and 
as the temperature increased the cis-trans ratio 
dropped. These ratios, given in Table IV, are due 
in part to an increased rate of isomerization a t  
elevated temperatures. Also, the ratios were de- 
pendent on the length of time a packing was in use. 

In  the reaction of a series of compounds including 
2-bromobutane1 erythro-2-bromobutane-3d, and 
threo-2-bromobutane-34, the respective ratios of 
l-butene/cis-2-butene/trans-2-butene at 200' were 
11/56/33, 17/51/32 and 21/40/39, Deuterium 
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'I'ABT,I<: IV 

DEHYDROHALOGENATION OF ZBROMOBUTANE 
EFFECT OF TEMPERATURE O N  VAPOR PHASE 

OVER C h I X I W M  OXIDE 

Cornnosition of I'rodircts. 0:) 
'r, 1- czs-2- trnns-2- 
"C. I%u t w c  Butene Ihltr*ne 

150 11 61 28 
200 13 50 37 
250 10 45 39 
300 18 32 41 

analyses on the products are given in Table V. 
It is of interest to note that the threo-isomer showed 
the major isotope effect and the deuterium re- 
tention was lowest. Although this might bc a cis- 
elimination the equal distribution of deuterium 
between cis- and trans-2-butenes rules out any 
straightforward interpretation. Hydride shifts must 
be involved because tlhe I-butene from the threo, 
deuterohnlide contained only 60?& as much deu- 
terium as that obtained through dehydrobromina- 
tion with alcoholic potassium hydroxide. The 1- 
butene from the erythro-isomer contained 90% of 
the maximum observed deuterium. 

J)euterium 
13ritc'ne :rnd Retention, 

Soiirci, 0 ' 

czs, From I (crythro) 02 
trans, From I 63 
a s ,  From 11 ( t h o )  51 
t7nns, From I1 51 

EXPERIMENTAL 

D( - )-2,$-Butnnedrol was prepared from the fermentation 
of "Karo" corn syrup hy Aerohacillus polymymli by a 
method adapted from that of Rose and King.l* The observed 
rotation of the diol, a': -12.90' (Iit.,l8 a': -13.08"), wits 
somewhat loner than previous values because no attempt 
was made to remove the last trxres of water from the com- 
pound. The cbritcarion of optical purity was the b2-butanol 
prepared according to the method of Imoux  and L11cas1~; 
[a]': - 13.50' (Iit.,l4 - 13.51'). 

D( +)-2,S-Epoxybutane, D( - )-erythro-S-l~utanol-24, I,( +)- 
thrcd-bronbobutane-24. These compounds wcrr products 
from previously reported syntheses.6 The deuterobutanol 
contained 0.95 atom of deuterium per molecule. 

2-Butanol-24. This was prepared according to the pro- 
cedure given for 2-propanol-2-dlS; b.p. 98-99' (740 mm.); 
ny 1.3944. 

2-Bromohutane-2-d. The PBr3 method for other deutero- 
halide syntheses6 was used to prepare this from the alcohol: 
b.p. 89.5-90.0°; ny 1.4335. 

ci4'-Butene-&d via the organolithiuin reagent. With the 
exception of the reduction step, this reaction sequence is 
analogous to that  used by Hoff, Grecnlee, and BoordiE for 
the quantitative inversion of the configuration about the 
carbon-carbon double bond in normal alkenes. trans-2- 
Butene was converted to the dibromide with Br2 in CC14 
at -5'1'3 and the product was dehydrobromiriatcd with 10 
molar KOH in ethylene glycol at 150": crudc yield from 
butene, 93 c;;1. Fractional distillation yielded 2-bromo-2- 
butene: b.p. 90.6-91.6' (737 mm.); n g , 3  1.4631 (lit.,l7 for 
cis-isomer: b.p. 93.9"; nl,B.' 1.4631). The lithium derivativc 
was prepared from 13.5 g. (0.10 mole) of halide and 1.4 g. 
(0.20 g. atom) of lithium in 50 mt. of ether according to the 
method of Curtin and Crump.8 The gases formed on addi- 
tion of D20 were fractionally distilled through a 25 cm. 
helices column; b.p. 0' * 0.5' (735 nim.); yield 3.3 g., 58%. 

Ethanol-1,142. A h e c k ,  one-liter flask equipped with a 
mechanical stirrer, Friedrichs condenser, and dropping fun- 
nel was flame-dried and flushed wit,h dry nitrogen. After 
the addition of 10 g. (0.24 mole) of lithium aluminum deu- 
teride, allout 300 ml. of ether was distillcd into the a p  
parat.us from a 500-ml. flask containing lithium aluminum 
hydride. Ovcr a period of 2 hr., 40 g. (0.183 mole) of tri- 
acetin in 60 ml. of dry ether was added; then the mixture 
was refluxed for 2 hr. and allowed to stand overnight. This 
was hydrolyzed with dilute sulfuric acid, dried with K2CO3, 
and distilled. The fraction boiling from 75-80' was col- 
lected. This contained 21.7 g. (0.45 mole, 82yo) of ethanol- 
1,1-d2, calciilated from the refractive index. No further 
purification was made. 

Ethanal-I-d. The procedure for oxidat,ion of ethanol as 
described by Wertheiml8 was modified by omission of nitric 
acid from the oxidizing mixture. When nitric acid was pres- 
ent the ethanal contained a contaminant which inhibited 
initiation of the Rubsequent Reformatsky reaction. The 
ethanal-14-was collected in benzcne then dried over MgSO,. 
This dry solut,ion was used directly in t,he Reformatsky 
reaction. The yields in preliminary runs using ethanol were 
4G50 %. 

Ethyl 2-methyl-3-hydroxybz~tanoate-34 and ethyl 2-methyl- 
3-acnfoxyb~~tonoate-3-d. Using a gcnerrtl Reformatsky reac- 
tion as described in "Organic Itcactions,"l9 the deuteroestcr 
was prepared from 16.7 g. (0.26 g. atoms) mossy zinc, 7.3 
g. (0.16 mole) rthanal-1-d, and 36 g. (0.20 mole) ethyl 2- 
bromopropanoatc. The hydroxyester was not isolated but 
was converted directly int,o the acctoxycster with ketene: 
b.p. 84" (10 nim.); yield 20.4 g., SOYo from ethanal-14 
(lib." b.p. 9i.5' at 15 mm.). 

Il 'iglic acid-3-d. Pyrolysis of ethyl 2-methyl-3-acetoxy- 
butanoatc-3-d at 50OoZ1 yielded a mixture of methyl: utenoic 
acids with a major portion unconjugated according to 
infrared spectra: b . ; ~  88-91" (14 mm.); yield 3.3 g., 34yG. 
This mixt.ure was refluxed for 5 hr. with 4 g. XaOH in 20 
ml. of water-ethanol. The reaction mixture was acidified 

meso-2,3-Epoxybzitnne, ~~ threo -~-bu ta~zo l -2 -d ,  DL-erythro- 
$-bronmhulane-bd, Ttlis series of cornpo1lnds was prepared 
from recrystallized nzcso-2,3-t~ut.anediol, m.p. 33.5-34.0', by 
t he same sequence of react,ions used for t,he active isomers.& 
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and the organic material was extracted with ether, dried, tiglic acid hyhiodide intermediate melted a t  86-87.5" 
and distilled. This isomerization yielded some angelic acid (lit.,lO 86.2-86.3'). Treatment of the hydriodidc with 
but principally tiglic acid: b.p. 195-200'; m.p. 62-64' (lit., aqueous sodium carbonate a t  75' yielded trans-2-butene-2-d 
b.p. 198.5°22; m.p. 63.5-64.Ool0). in 67% yield. The product was at least 99.5% pure accord- 

trans-2-Butene-24. Tiglic acid-3-d was converted to the ing to chromatographic alfalysis. The major contaminant 
alkene by the method of Young, Dillon, and I~ucas.*o The was a trace of cis-2-butene-2-d. 

(22) R. Fittig and H. Kopp, Ann., 195, 81 (1879). RIVERSIDE, CALIF. 
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Support is given for the mechanism of the Michaelis-Arbuzov reaction in terms of the formation of a quwiphosphoniiim 
0 
t 

salt intermediate. The production of olefin and &alkyl phosphonnte, (RO)ZP-H, is shown to be a general phenomenon 
when an alpha-haloslkane which has an activating group on the beta carbon is trestcd with ii  trialkyl phosphite. The forrna- 
tion of these products is explained in terms of an intramolecular beta-climination involving the qunsiphosphonium e d t  inter- 
mediate. 

Introduction. During the preparation of diethyl 
6-bromoethylphosphonate (I) by the Michaelis- 
Arbuzov Reaction (1) using triethyl phosphite and 
1,2-dibromoethane (2), it  was found through the 

0 
t 

R 'X  + (R0)a-P + R'-P--(OR)z + R X  (1) 
Br-CH2-CHz-Br + ( C2H6O),P + 

~r-CHz-CH2--P-(OC2H6)z + 
0 
T 

(1) 
0 
T 

CzIIa--P-(OC2H& + CZH6Br + 
(11) (111) 

0 0 
T T 

(IV) 
(CZH~O)Z--P-CH~-CH~-P--(OC~H~)? (2) 

uc.e of infrared spectroscopy and vapor phase 
chromatography that diethyl vinylphosphonate 
(V) and diethyl phosphonate (VI) are formed. 
In addition, diethyl p-bromoethylphosphonate (I), 
diethyl ethylphosphonate (II), ethyl bromide (III), 
and tetraethyl ethylenediphosphonate (IV) are 
found as reported previously by Ford-Moore and 
Williams'" and Kosolapoff .Ib The most obvious 

0 0 
T T 

(C~~I:,O)~~P-C€I~-CH~-I'-(OC~H~)z -/* 
211 

0 0 
T T 

(C&O)Z-PCH=CHz + (C2HsO)z--P-H (3) 
(V) (VI)  

(1) (a) A. €I. Ford-Moore and J.  W. Williams, J. Chem. 
SOC., 1467 (1945). (b) G. M. Kosolapoff,.J. Am. Chem. Soc., 

explanation for the formation of these products is 
that  the tetraethyl ethylenediphosphonate (IV) 
decomposes under the conditions of the reaction. 
This decomposition, however, has been shown not 
to take place. The diphosphonate (IV) is stable a t  
211" over a period of 5 hr., and the initial reaction 
was run at 150" to 170". 

The following reactions were run to determine the 
generality of this reaction as an olefin-forming 

0 
t 

(CzH60)3P + Br-CH2-CHz-P-(OCPH6)z + 
(1) 

0 
T 

C2H6-p-(0C2~I,)2 + CnH5Br + 
(11) (111) 
0 0 
T T 

~ C ~ ~ I ~ O ~ ~ - ~ ~ - C A ~ - - C H ~ - - ~ ~ - ~ O C ~ H ~ ~ ~  + 
(IW 

0 0 
t T 

(V) (VI) 
CH2=CH--P-(OCzH~)z + €I-P-(OC,H,h (4) 

0 
I 

(CzHs0)3P + Rr-CHz--CIII-~-OC?II, + 
0 
t 

C2Hs--P-( OC,H& + C&Br + 
0 0 0 
1' I1 T 

(C~H~O)~-l'-CH~-C€~p-C-OCzHa + H--P-(OCz€I6)2 
(VII) (VI) 

(11) (111) 

0 

+ CH-CH- e -OC& + polyethyl acrylate ( 5 )  
66, 109 (1944). (VIII)  


