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Alkyl orthoformates react with olefin oxides in 
the presence of boron trifluoride to give compounds 
of the type HC(A,OR) (A,OR) (A,OR) , in which A 
is an olefin oxide unit and x, y, and L are any inte- 
gers including zero. If the concentration of boron 
trifluoride exceeds 0.5y0 or the temperature loo, 
the alkyl orthoformate is mostly degraded to the 
alkyl formate and the dialkyl .ether. Concentrated 
sulfuric acid, anhydrous stannic chloride, hydrated 
calcium silicate, and boron trifluoride ethereate do 
not catalyze the reaction. Heating the reagents 
without catalyst in sealed tubes caused no change 
at  110-135" and explosion at 145-147". As might 
be expected, the 1 : 1 addition was favored by keep- 
ing the orthoformate in excess. The principal dif- 
ferences between this reaction and the addition of 
acetals to olefin oxidesa are (a) the tolerance of 
higher catalyst concentration by the acetals, and 
(b) the adjacency of olefin oxide units in the acetal 
adducts, e.g., CH30(CH2CH20)2CH20CH3, but pre- 
dominant nonadjacency in the orthoester adducts, 
such as HC(OCH2CH20C2H6)3. 

EXPERIMENTAL 

Ethyl orthoformate and ethylene oxide. Boron trifluoride (1.5 
g., 0.02 mole) was dissolved in ethyl orthoformate (300 g., 2 
moles) a t  0" contained in a one-liter, three-neck flask 
equipped with an ice water-cooled reflux condenser, a power 
stirrer, and a thermometer. A solution of ethylene oxide (22 g., 
0.5 mole) in chilled ethyl orthoformate (150 g., 1 mole) was 
added to the catalyst solution at such a rate as to maintain 
the temperature between 3 and 6'. After 5 hr. more a t  0-5" 
the boron trifluoride was destroyed by stirring the mixture 
for 30 min. with potassium carbonate (25 g.) dissolved in 
about 30 ml. of water. Anhydrous sodium sulfate (50 g.) was 
stirred in during 15 min., and the mixture was allowed to 
warm to room temperature overnight. The solids were 
filtered off and washed with ethyl ether and the ether wash- 
ings combined with the filtratc. The mixture was distilled at  
atmospheric pressure to remove the ethyl ether, degradation 
products of ethyl orthoformate, and finally the excess ethyl 
orthoformate. The residue was distilled a t  reduced pressure 
through a Todd column to separate the products, which ap- 
peared in three principal fractions. 

I-Diethoxymethoxy-I-ethoxyethane ( I ) ,  b.p. 112-117' (35 
mm.), ny  1.4060, dzo 0.9254, yield 45 g. (47 %). 

Anal. Calcd. for C Q H ~ ~ O ~ :  C, 56.22; H, 10.49; MR, 50.4. 
Found: C, 56.40; H, 10.51; MR, 51.0. 

I was characterized by hydrolysis in 6 N  hydrochloric acid 
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to (a) ethanol, yielding ita 3,5-dinitrobeneoate, m.p. 92", and 
(b) .2-ethoxyethanol, also identified as the 3,5-dinitrobenzo- 
ate, m.p. 67-69'.' 

l-Diethoxymethoxy-2-(2-et?wx~ethoxy)ethane (IZ) and 
ethoxy-bis-(I-ethoxyethoxy)methane (ZZZ) were obtained as a 
mixture boiling at 156-168" (35 mm.) in 17% yield (10 g.). 
The mixture had n$ 1.4190 and d20 0.9824. 

Anal.  Calcd. for CllH2405: C, 55.90; H, 10.23; MR, 61.5. 
Found: C, 55.70; H, 10.36; MR, 60.6. 

Hydrolysis of the mixture yielded ethanol, 2-ethoxyetha- 
nol, and a little liquid boiling a t  185-195", taken to be 2-(2- 
ethoxyethoxy)ethanol. The kind and quantity of alcohols 
produced by hydrolysis indicate that I11 predominated but 
that some I1 was present also. 

1- Diethoxymethoxy-2- [ 2-( 2-ethozyethozy)ethozyl ethane (Z V )  , 
1- [ethoxy-( I- ethoxyethoxy )methoxy] - 2 -(I- ethozyethoxy )ethane 
( V )  and tris-(I-ethoxyethozy)methne (VI) were obtained a8 
a mixture boiling at 184-187" (35 mm.), n y  1.4208, dzo 
0.9887, yield 7 g.<15%). 

Found: C. 55.84: H, 10.36: MR, 71.8. 
Anal.  Calcd. for C18H28O6: C, 55.69; H, 10.06; MR, 72.5. 

Hydrolysis of 'the mixture yielded ethanol, 2-ethoxyetha- 
nol, a liquid boiling at 194-197" (ny 1.4237), evidently 2-(2- 
ethoxyethoxy)ethanol, and some still higher-boiling mate- 
rial, Since only a very little liquid boiling above 197" was 
obtained, no direct identification was made. However, its 
mode of formation and its high boiling point indicate that it 
was 2- [2-( 2-ethoxyethoxy)ethoxy]ethanol. The kind and 
quantity of alcohols formed by hydrolysis products indicate 
that VI predominated in the mixture. 

Methyl orthoformate and ethylene oxide. Methyl ortho- 
formate (318 g., 3 moles), ethylene oxide (50 ml., 1 mole) 
and boron trifluoride (1.5 g., 0.02 mole) were caused to react 
as before. After the ethyl ether, methyl orthoformate deg- 
radation products, and excess methyl orthoformate were 
removed, 30 g. (20%) of 1-dimethoxymethoxy-2-methoxy- 
ethane (VII) was obtained, b.p. 172-174" (743 mm.), n? 

Anal .  Calcd. for C6H1404: C, 47.99; H, 9.39; MR, 36.4. 
Found: C, 48.09; H, 9.41; MR, 36.5.6 

VI1 was characterized by hydrolysis in 6N hydrochloric 
acid to (a) methanol, yielding the a-naphthylurethan, 
m.p. 118.5-119.5", and (b) 2-methoxyethanol, also char- 
acterized as the or-naphthylurethan, m.p. 112-113".' 

The residue from VI1 distilled with decomposition even 
at reduced pressure. 

Ethyl orthoformate and propylene oxide. Ethyl orthofor- 
mate (450 g., 3 moles), propylene oxide (30 g., 0.5 mole) 
and boron trifluoride (1.5 g., 0.02 mole) were caused to react 
as before. After the preliminary fractions had been removed, 
further distillation at reduced pressure through a Todd 
column gave three principal portions. 

Fraction 1, consisting of the isomeric 1 : l  adducts of 
propylene oxide and ethyl orthoformate, boiled a t  113- 
119" (36 mm.) nz: 1.4040, dl 0.9123, yield 39 g. (37%). 
No attempt was made to separate or characterize the in- 
dividual isomers. 

Anal .  Calcd. for Cl~H2z04: C, 58.22; H, 10.75; MR, 55.0. 
Found: C, 57.99; H, 11.12; MR, 55.3. 

Fraction 2, consisting of the isomeric 2 propylene oxide: 
1 ethyl orthoformate adducts, had b.p. 151-153' (36 mm.) 
nz: 1.4169, dm 0.9411, yield 26 g. (20%). Again no attempt 
was made to separate or characterize isomers. 

Ana2. Calcd. for C~H2806: C, 59.05; H, 10.67; MR, 70.7. 
Found: C, 58.40; H, 10.71; MR, 70.6. 

Fraction 3, consisting of the isomeric 3 propylene oxide: 
1 ethyl orthoformate adducts, boiled at 172-174" (36 mm.), 
nz: 1.4211, d20 0.9572, yield 18 g. ( l l y o ) .  

1.4012, dz 1.001. 
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Anal. Calcd. for CLBHJ406: C, 59.59; H, 10.62; MR, 86.4. 
Found: C, 59.71; H, 10.94; MR, 85.4. 
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The ionic addition of hydrogen bromide to a,llyl 
chloride would appear to be a rather simple reac- 
tion, which should follow Markownikoff's rule. 
However, conflicting reports have appeared in the 
literature. Shostakovskii2 reported an unusual de- 
pendence of orientation on temperature; the addi- 
tion reaction yielded l-chloro-2-bromopropane ex- 
clusively at  18", 1-chloro-3-bromopropane a t  - 19", 
and equal amounts of the two isomers a t  0". That 
same year An ~ S U S , ~  referring to Shostakovskii's 
work, claimed that the orientation is independent 
of temperature (- 19" to 18') and that in all cases 
he obtained only 1-chloro-2-bromopropane. Al- 
though the earlier paper has been quoted in a recent 
re vie^,^ Antsus' work appears to have been over- 
looked. 

Because an actual temperature dependence such 
as was elaimed2 would be theoretically significant, 
we have reexamined the ionic addition of hydrogen 
bromide to allyl chloride with particular attention 
to olefin p~rification,~ exclusion of air and light,5 
and possibilit,ies of product isomerization. The pro- 
cedures previously described2r3 were followed 
closely. Products were identified by comparison of 
physical and spectral properties with those of au- 
thentic samples independently synthesized. 

Contrary to both previous r e p ~ r t s , ~ , ~  mixtures of 
isomers Ti-ere obtained in all experiments. Except 
in those experiments in which we failed to exclude 
air completely, t'he product distribution was virtu- 
ally inva,riable with Markownikofl orientation pre- 
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dominating (90 f 2%). The orientation Was inde- 
pendent of temperature (-18" to 18"), of the use 
of acetic acid solvent, and of reaction time. When 
air was admitted, the peroxide-effect6 led to greatly 
altered product distributions. No isomerization 
could be detected when either of the two isomeric 
products (l-chloro-2-bromopropane and l-chloro- 
3-bromopropane) was treated with hydrogen bro- 
mide under the same conditions used in the addi- 
tion reactions. This observation precludes the pos- 
sibility that either chlorobromopropane is an in- 
termediate in the formation of the other. That is, 
they are formed independently in the reaction 
mixture, probably from two different intermediates 
or transition states. 

Based on the report6 that some migration of 
chlorine occurs in the addition of hypochlorous acid 
to  C136-labeled allyl chloride, an attempt was made 
to detect 1-bromo-2-chloropropane in the product 
mixture. Infrared spectral analysis' did indeed 
suggest the presence of very small amounts of this 
isomer mixed with the l-chloro-2-bromopropane 
fraction, but conclusive evidence was not obtained. 

 EXPERIMENTAL^ 

Independent synthesis of the chlorobromopropanes. l-Chloro- 
2-bromopropane and l-chloro-3-bromopropane were pre- 
pared from phosphorus tribromide (0.27 mole) and the ap- 
propriate chloropropanol (0.53 mole). After the initial 
addition of phosphorus tribromide a t  O " ,  the mixture was 
allowed to warm to room temperature and was stirred for 10 
hr. longer. The l-chloro-2-bromopropaneg was obtained in 
777, yield; b.p. 118-120°, n*: 1.4776, d:' 1.537. The 1- 
chloro-3-bromopropaneg was obtained in 75% yield; b.p. 
140-142', n': 1.4866, d:' 1.592. The infrared spectra of the 
two isomers were similar but were readily distinguished by 
the following non-common bands ( 9  and m refer to strong- 
and medium-intensity absorption, respectively; numbers 
refer to wavelength in microns) : for l-chloro-2-bromopro- 
pane, 7.25 (s), 8.90 (m), 9.00 (m), 9.95 (s), 11.05 ( 8 ) ;  for 1- 
chloro-3-bromopropane, 7.56 (s), 10.50 (s), 11.65 (s), 11.90 
(SI. 

A small amount of l-bromo-2-chloropropane~b was pre- 
pared in poor yield from thionyl chloride and l-bromo-2- 
propanol (b.p. 67-70"/40 mm., n'g 1.4760, d:" 1.542; ob- 
tained in 62% yield by the reaction of 48% hydrobromic 
acid with propylene oxidelo). In the one preparation at- 
tempted, the amount of l-bromo-2-chloropropane obtained 
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