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839. Acetals and Oliguacetala. Part 112 Acetals from Chloral, 
and their Co-oliguacetals with Formaldehyde. 

By R. I?. WEBB and A. J. DUKE. 
Acetals have been prepared by reaction of chloral and alcohols under 

azeotropic conditions with perchloric acid as catalyst. They undergo normal 
alkyl-exchange. Co-oligoacetals incorporating chloral and formaldehyde 
have also been prepared, and the position of the equilibrium between these 
compounds and simple oligof ormals has been established. 

ACETALS (I) from chloral have generally been obtained by conversion of chloral hemi- 
acetals into alkyl 1,2,2,2-tetrachloroethyl ethers, and condensation of the latter with 
alkoxides to give the acetak2y3 Compounds containing two hydroxyl groups give cyclic 
acetals (I1 a or b) or cyclic diacetals (IIc) on reaction with chloral and sulphuric acid 
(or zinc chloride &). However, similar treatment of mixtures of chloral and monohydric 
alcohols usually produces only the chloral hemia~etals,~~4 although a 26% yield of the 
diethyl acetal (Ib) has been obtained in this way.& 

C I&CH (OR)*O R’ 
(I) a: R = R’ = P P  

b: R =  R’= Et  
c: R = R’ = CH2Bun 
d: R = CH2Bun, R’ = P P  
e:  R - CH,*CH,*OEt, R’ = P P  
f: R = R’ = CH,*CH,*OEt 

(11) a: x = I ,  y = I 
b: X =  l , y = 2  
c: x = 2 , y =  I 

The difficulty encountered in the direct production of acetals from chloral is considered 
to be due to destabilisation of the required intermediate ion (IVa) by the trichloromethyl 
group, which renders its formation from the protonated hemiacetal (111) harder than 
formation of an alkyl-substituted orunsubstituted carbonium-oxonium ion (IV b or c). Since 
ions of type (IV) are also intermediates in the hydrolysis of acetals,6 and probably also 
in their pyroly~es,~ and since the usual route for pyrolytic degradation of acetals, 

+ - 
(111) R’CH-OR R’CH-OR (IV) a: R’ = CI,C 

b: R’= Alkyl. C: R”= H 
H,b+ 

involving elimination to give vinyl  ether^,^ is not possible from a compound of structure 
(I), acetals from chloral were expected to be particularly stable, which would be of interest 
in the synthesis of polymers of high thermal stability. The introduction of the three 
chlorine atoms might also provide a novel approach to flame-resistant polymers. 

We have found that acetals can be obtained directly from chloral and saturated mono- 
hydric primary alcohols by the use of perchloric acid 8s catalyst and azeotropic removal of 
the water formed. By this procedure 1,1,1-trichloro-2,2-dipropoxyethane (Ia) has been 
obtained in 58% yield. Ethyl alcohol does not give the corresponding acetal (Ib) under 
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similar conditions, probably because the equilibrium state of the system does not contain 
sufficient water to  cause separation of a second phase in the water entrainer. Under 
similar conditions, the condensation is also catalysed by sulphuric acid, but its use results 
in a slower reaction; hydrochloric, fluoroboric, and toluene-p-sulphonic acid are not 
useful as catalysts. 

Chloral acetals undergo normal alkyl exchange in the presence of perchloric acid. 
Heating the acetal (Ia) with pentyl alcohol and perchloric acid in xylene, so that the 
propanol liberated distils off, gives a mixture of l,l,l-trichloro-2,2-dipentyloxyethane (Ic) 
and the mixed acetal (Id). 

Compound (Ia) is stable at its boiling point (233') under atmospheric pressure, but 
when refluxed in the presence of sulphuric acid it is slowly cleaved in the opposite 
direction to that observed with acetals of unchlorinated aldehydes,' giving chloral n-propyl 
hemiacetal and an unsaturated gas, presumably propene. 

Attempts to produce polymer systems incorporating the chloral acetal grouping have 
not been successful. The drastic conditions involved in both the direct synthesis and the 
alkyl exchange result in polymerisation of the unsaturated alcohols, allyl alcohol and 
1,2,3,6-tetrahydrobenzyl alcohol, in formation of polybenzyl from benzyl alcohol, and in 
dehydration of butane-l,4-diol to tetrahydrofuran. Diethylene glycol does not give a 
linear polymer, possibly owing to dehydration to vinyl ethers since an attempted alkyl 
exchange between compound (Ia) and 2-ethoxyethanol gave only low yields of the crude 
acetals (Ie) and (If), accompanied by some chloral propyl hemiacetal. 

Because of the difficulties in the production of simple chloral acetals suitable 
for incorporation into polymeric systems, the co-acetals (VII) of chloral and formaldehyde 
were examined. In  the formation of these compounds, chloral hemiacetals can react 
by 0-H fission {i.e., as an alcoholic component, (V) + (VI) + (VII)], which is assisted 
by the presence of the trichloromethyl group, in contrast to the hindering effect of this 

4- + 
CI ,C.CH(O R)*O H + C H 2'0fCH a.O]iR C I&-C Ha0 R 

(VI) 
+H A CH,.O.[CH,-O],*R 

+ C13C*CH(OR).0CH,*O*[CH2*O];R (VII) a: R = Prn, x = 0 

c: R = Prn, x = I 
b: R = CH,*CH:CH,, x = 0 

d: R = CH,*CH:CH,, x = I 

group on the formation of simple chloral acetals. Cyclic co-acetals of chloral with other 
aldehydes have been prepared b e f ~ r e . ~  However, reaction of propan-1-01, formaldehyde, 
and chloral in the molar ratio 2 : 1 : 1 gave maximum yields of 1,1,l-trichloro-2-propoxy- 
2-propoxymethoxyethane (VIIa) of only 36-M%, either by simultaneous reaction of 
all three components, or by reaction of a preformed mixture of dipropyl oligoformals with 
chloral propyl hemiacetal. This limited yield is due to an " equilibrium " between com- 
pounds of type (VII), oligoformals, and free chloral, since a mixture of the same com- 
position is produced from the pure product (VIIa) under similar conditions. 

The position of " equilibrium " is even less favourable with allyl alcohol, only ca. 10% 
yields of the co-acetal (VIIb) being obtained. 

The reaction of more than one mol. of formaldehyde with one of chloral and two of the 
alcohol gave mixtures in which the presence of at least the second members of the co-oligo- 
acetal series was demonstrated, but the large amounts of oligoformals also produced 
could not be separated completely from the co-oligoacetals (VIIc) and (VIId) by distill- 
ation, so the latter were not obtained pure. These products are believed to  have formula 
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(VII) rather than (VIII), both because most of the chloral is present during the reaction 
as the hemiacetal, and because the infrared spectra of the fractions of product (VIIc) in 

(VII I) RO*CH,*O.CH(CC I$*OCH,*O R PrnOCH(CC1&O*CH,~OCH(CCl~~OPrn (IX) 

the 1100-900 cm.-l region are analogous to that of a diformal; structure (VIII) would 
be expected to give rise to absorption more closely related to that of monoformals, as is 
found for compounds (VII a) and (VII b). 

The use of a propanol-formaldehyde-chloral ratio of 2 : 1 : 2 gave only product (VIIa) 
and chloral propyl hemiacetal, with no trace of the triacetal (IX). 

EXPERIMENTAL 
l,l,l-Trichloro-2,2-di~ro~oxyethane (Ia).-Chloral (1396 g.), propan-1-01 (1249 g.), benzene 

(500 ml.), and 60% aqueous perchloric acid (10 ml.) were refluxed under a Dean-Stark water 
entrainer. Only 15 ml. of water were evolved during 18 hr., so a further 20 ml. of 
60% perchloric acid were added, and refluxing was continued for 3 days. The total volume 
of aqueous phase removed was 245 ml. (calc., 170.5 ml.). The product was distilled rapidly at  
15 mm., and fractionally redistilled, giving a forerun, b. p. -40°/10 mm., nD23 1.4506 (152 g.), 
then a small fraction, and next l,l,l-trichZoro-2,2-di~ro~oxyethane, b. p. 108"/11 mm. (after 
refractionation), nD26 1.4508, 4; 1.166, spec. refraction 0-2309 (calc.,lo 0.2293) (Found : C, 38.8; 
H, 5.9; C1, 42-8. C,H,,Cl,O, requires C, 38-5; H, 6-1; C1, 42.6%) (yield: crude, 1370 g., 
58.1% ; pure, 1345 g., 57.1%). The apparent consumption of the first-added batch of catalyst 
was also observed in similar preparations. 

AZkyl Exchange by the ActtaZ (Ia).-The acetal (62.4 g., 0.25 mole), pentan-1-01 (44 g., 
0.5 mole), xylene (40 ml.), and 60% perchloric acid (2 ml.) were fractionally distilled 
until about 35 ml. had passed over, and the head-temperature had risen from 97" to ca. 120". 
Further distillate then showed no infrared hydroxyl absorption. The residue was distilled, 
and the fraction boiling in the range 105-160"/11 mm. was redistilled, giving l,l,l-trichloro-2- 
propoxy-2-pentyloxyethane (Id) (12.7 g.), b. p. 133.5"/13 mm., nD2, 1.4536, di i  1.125, spec. 
refraction 0.2397 (calc., 0.2396) (Found : C1, 38.4. CloH,,C1,O, requires C1, 38.3%). Further 
distillation afforded l,l,l-trichloro-2,2-di~entyZoxyethane (Ic) (7.4 g.), b. p. 154"/13.5 mm., n,21 
1.4543, 4: 1.086, spec. refraction 0.2496 (calc., 0.2480) (Found: C, 47.5; H, 7-6; C1, 34-3. 
C1,H,,C1,O2 requires C, 47.2; H, 7-6; C1, 34.8%). 

Pyrolysis of AcetaZ (Ia).-The acetal (61 g.) containing concentrated suIphuric acid (1 ml.) 
was distilled very slowly a t  1 atm. with partial return. An unsaturated gas was detected at  
the head of the reflux condenser, and 50.5 g. of distillate were collected during 2 days, mostly 
of b. p. 97-110". The infrared spectrum of this distillate was substantially identical with 
that of chloral propyl hemiacetal (V; R = Pr"), prepared for comparison by setting aside a 
mixture of equimolar amounts of propan-1-01 and chloral for a day and then distilling; the 
latter product had b. p. 118.5' (1it.,l1 120-122"), nD26 1.4673. 

Preparation of Co-acetals (VII a and b) ,-(i) By simultaneous reaction of all three components. 
Propan-1-01 (120 g., 2 moles), chloral (147-5 g., 1 mole), paraformaldehyde (30 g., 1 mole as 
CH,O), benzene (30 ml.), and toluene-p-sulphonic acid (2 g.) were refluxed under a water 
entrainer for 20 hr., 22.0 ml. of water separating. The product was washed with 10% sodium 
hydroxide solution (2 x 200 ml.) and water (2 x 200 ml.). Benzene, dipropyl formal, and 
chloral propyl hemiacetal were removed by distillation, and further distillation then gave 
l,l,l-trichloro-2+~opoxy-2-pro$Joxymethoxyethane (VIIa) (107.5 g., 38.5%), b. p. 133- 
134'/10 mm. (after refractionation), nDZ6 1.4512, 4: 1.184, spec. refraction 0-2275 (calc., 0.2276) 
(Found: C, 39.1; H, 6.0; C1, 37-8. 

Yields of 2 2 4 0 %  (based on propanol) were obtained in similar preparations where the 
proportions of the reactants were varied. 

2-AElyloxy-2-aZlyloxymethoxy-1,1, l-trichbroethane (VIIb) (13.4 g., 4.9%) was prepared 
similarly, but with magnesium chloride (3 g.) as catalyst, twice as much benzene, and reaction 
for only 3 hr. It had b. p. 139-141"/15 mm. (after refractionation), nD26 1.4728, di: 1.213, 
spec. refraction 0-231 (calc., 0.236) (Found: C, 39.9; H, 4.9. C,Hl,C1,O, requires C, 39.2; 

C,H,,C130, requires C, 38.7; H, 6-1; C1, 38.0y0). 

lo Denbigh, Trans. Faraday SOC., 1940, 36, 936. 
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H, 4 4 % ) .  Yields of 5-10% were obtained in this case from similar reactions catalysed by 
toluene-p-sulphonic acid, iodine, or titanium tetrachloride (cf. ref. 1). 

Propan-1-01 (120 g., 2 moles), para- 
formaldehyde (60 g., 2 moles as CH,O), benzene (30 ml.), and toluene+-sulphonic acid (2 g.) 
were allowed to react as usual until 30 ml. of water had been evolved. Chloral (147.5 g., 1 mole) 
was then added, and the mixture was heated under simple reflux for 20 hr. The product was 
washed and distilled as in the preparation above, giving a product, (VIIa), b. p. 128- 
130"/10 mm., nD25 1.4510 (89-2 g., 31.9%). 

Degradation of Co-acetal (VIIa) .-The dry co-acetal(65.8 g.), benzene (20 ml.), and toluene-p- 
sulphonic acid (1 g.) were refluxed for 6 hr., sodium carbonate (3 g.) was then added, and the 
product was distilled. There were recovered 30.2 g. (46%) of the co-acetal having an infrared 
spectrum substantially identical with that of the starting material. Lower-boiling fractions 
showed peaks in the infrared spectrum characteristic of chloral, its propyl hemiacetal, and 
dipropyl monoformal. 

Co-oligoacetals (VII c and d).-Propan-1-01 (120 g., 2 moles), chloral (147.5 g., 1 mole), 
paraformaldehyde (90 g. ,  3 moles as CH,O), benzene (100 ml.), and toluene-p-sulphonic acid 
(1 g.) were caused to react as above, evolving 48 ml. of water during 3.5 hr. The product 
was washed with 0.5% aqueous sodium hydroxide (2 x 400 ml.) and distilled, removing first 
benzene and some lower dipropyl oligoformals. The material distilling in the range 85'/15 mm. 
to 220'/0-2 mm. was fractionally redistilled, giving dipropyl di- and tri-formals (14.3 g.), b. p. 
67-126"/13 mm., nD22.5 1.4128, and the co-acetal (VIIa) (18-1 g.), b. p. 90-92"/0-9 mm., 7 ~ ~ ~ 2 . 5  

1.444-1.445, contaminated by some higher dipropyl oligoformals. After a further inter- 
fraction, crude co-triacetal (VIIc) (15.0 g.) distilled; it had b. p. 100-105"/0~35 mm., n,22*5 
1.4453-1.4471, with a strong infrared band at  980 cm.-l, much weaker absorption at 1020, 
and no maximum at  1050 cm.-l. The spectrum of material (VIIa) contains strong maxima 
a t  1015 and 1050 cm.-l. 

A similar reaction gave a small fraction of crude material (VIId), b. p. 163-164"/8 mm., 
nt2,25 1.4695, with an infrared spectrum that was poorly defined in the 950-1050 cm.-l region 
owing to overlapping of the " acetal" bands with those due to the ally1 end-groups. 

(ii) From mixed preformed dipropyl oligoformals. 
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