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ml. of water and almost enough silver nitrate, then rapidly 
titrated to the coagulation end-point. 

Table I I I gives second-order rate constants calculated 
from initial slopes (not over 60% reaction) since curvature 
appeared later in the runs with high concentration of acetate 

ion due to competition by acetate ion for the epichlorohydrin. 
The increased rate with the highest concentration of buffer 
must be due to a medium effect on equilibrium or rate con
stants, rather than to general acid catalysis. 
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The preparation of 3,3-dichloro-2-methylpropenal by oxidation of the corresponding alcohol is described. This aldehyde 
undergoes normal reactions with carbonyl reagents but gives interesting and unexpected reactions with piperidine and with 
chlorobenzene in the presence of sulfuric acid. 

The chemistry of /3,/9-dichloro-a-substituted acro
leins has received very limited study. Previous 
work has been concerned primarily with the syn
thesis of /3,/3-dichloroacrolein1 and u-(p-to\y\)-J3,l3-
dichloroacrolein.2 The methods for obtaining these 
two aldehydes, however, differ essentially from the 
methods used in the present work, which was initi
ated as a study of the reactivity of the chlorine sub-
stituents in such a conjugated system as 3,3-di-
chloro-2-methyl-2-propenal (II). This unsaturated 
aldehyde was prepared in good yields (54-60%) by 
the oxidation of the corresponding alcohol I with 
either nitric or chromic acids. The stability of the 
aldehyde to further oxidation by these reagents is 
remarkable. The route used for the preparation 
of II is 

SOCl2 

Cl3CC(OH)(CHs)2 > 
quinoline 

2 .V NaOH 
Cl3CC(CHs)=CH2 

Cl2C=C(CH3)CH2OH 

I 

HNO 3 

or 
H2Cr2O7 

-> Cl 2 C=C(CH 8 )CHO 

II 

There were trace amounts of nitrogenous impuri
ties in the distilled samples of II when nitric acid 
was used in the oxidation. When chromic acid was 
used, a small amount (8-10%) of the aldehyde II 
was converted to the acetal Cl2C=C (CH3) CH(O-
CH2C(CH3)=CC12)2 by reaction with the alcohol I. 

The literature contains no examples of formation 
of aliphatic aldehydes from the use of nitric acid on 
alcohols. Helferich, et al.,3 have reported the oxi
dation of o- and ^-nitrobenzyl alcohol to the corre
sponding aldehydes by this reagent. 

Compound II gave normal derivatives with hy
droxy lamine and with p-nitro- and 2,4-dinitrophen-
ylhydrazine and formed acetals and thioacetals 
readily. 

C*) This paper is abstracted from a doctoral dissertation of Gene 
Franklin Morris presented for the degree of Doctor of Philosophy in 
Chemistry at Kansas State College. 
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Direct reaction of a large molar excess of piperi
dine with the aldehyde II gave in addition to the 
theoretical amount of piperidine hydrochloride 1-
(2 - methyl - 3 - (1 -piperidyl) -propenoyl) -piperidine 
(III) in 49% yield. 

Cl 2 C=C(CH 3 ICH=O H- H N C H 1 0 -
II 

C5H10NH 

{o\~ ^ NCH11, 
Cl -C-^CH 

x x ^ ci-

on 
I 

0!.C=CCHNC5H1,, 
I 

CH3 

J-H + 

C1 ^ Q ) / N C H , 

CIh 
1 

0 

C H 1 1 1 N C C = C H N C O H 1 1 

-C 
1 
CH 

C H 1 0 N . 

49% yield 
CH3 III 

- C - C H 
I 

C H s HIa 

NC5H1 

Its structural assignment is based on its composi
tion, its molecular weight and its hydrolysis with 
dilute sodium hydroxide to two equivalents of pi
peridine and an amorphous waxy white solid, prob
ably an aldol polymer of propionaldehyde, derived 
from the primary hydrolysis product HOOCCH-
(CH3)CHO by decarboxylation and polymeriza
tion. Presumably the dipolar structure IHa 
makes a substantial contribution to the structure of 
III, since its water solubility is unusually high 
(about 9%) and its infrared carbonyl stretching fre-

—N— 
I I 

quency occurs at 6.22 /i. The structure RCOC=C— 
is known4 to cause a shift in the carbonyl frequency 
of 20-80 cm. -1 , attributed to the contribution of an 
ionic resonance form analogous to HIa. The shift 
of the carbonyl frequency for the amide structure of 
III in our case is a shift of 22-62 cm. - 1 and thus is in 
qualitative agreement with the results observed for 
/3-amino-a,/3-unsaturated ketones.4'5 In the case at 
hand, the contribution of HIa should be somewhat 
less than that of the dipolar forms of /3-amino-a,/3-

(4) L. J. Bellamy, "The Infrared Spectra of Complex Molecules," 
Methuen and Co., Ltd., London, 1956, Ch. 9, pp. 125-126. 

(6) N. H. Cromwell, F. A. Miller, A. R. Johnson, R. L. Frank and 
D. J. Wallace, T H I S JOUSMAL, 71, 3337 (1949). 
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unsaturated ketones. The carbonyl absorption of 
the substance, 6.22 y,, is thus considered to be com
patible with structure III . 

Attempts to isolate the product of the reaction of 
II and di-«-butylamine were unsuccessful, although 
the theoretical amount of di-ra-butylamine hydro
chloride was isolated. An oil was obtained which 
decomposed upon attempted distillation. 

An unusual reaction took place when the alde
hyde II was treated with a mixture of chloroben-
zene and concentrated sulfuric acid. The product 
formed was ira«s-3-(£-chlorophenyl)-2-methyl-2-
propenoic acid (IV), identical with the acid ob
tained from the Perkin reaction of p-chlorobenzal-
dehyde with propionic anhydride in the presence of 
sodium propionate. The formation of IV from II 
can be rationalized as 
C l 2 C = C ( C H 3 ) C H = O 

4- OH 

+ Ht-H2O 
Cl 2 C=C(CH 3 )CH=O ^ I 

We discovered that l,l,3-trichloro-2-methyl-l-
propene can be hydrolyzed directly in 78% yield 
with boiling 2 N sodium hydroxide to 3,3-dichloro-2-
methyl-2-propen-l-ol. The unrearranged 3,3,3-
trichloro-2-methyl-l-propene can also be hydro
lyzed with dilute sodium hydroxide to I in 69% 
yield, and thus any mixture of the two trichloro iso
mers can be hydrolyzed successfully to the 3,3-di-
chloro-2-methyl-2-propen-1-ol. 

Experimental6 

3,3-Dichloro-2-methyl-2-propen-l-ol (I) by Direct Hy
drolysis.—A mixture of 810 g. (5.1 moles) of 1,1,3-trichloro-
2-methyl-l-propene7 and 212 g. (5.3 moles) of sodium hy
droxide in 2500 ml. of water was stirred at high speed at 
reflux for 8 hours. This amount of time was found to be 
the minimum necessary for the neutralization of the sodium 
hydroxide. Cooling the product to room temperature, 
separation of the organic layer, and drying over magnesium 
sulfate afforded 670 g. of a brown viscous oil. Distillation 
of this oil at reduced pressure yielded 550 g. (78.4%) of 3,3-
dichloro-2-methyl-2-propen-l-ol (I), b.p. 91-92° (16 mm.), 
M20D 1.4998, and 96.5 g. (7.3%) of bis-(3,3-dichloro-2-
methyl-2-propen)-ether, b .p . 77-78° (0.17 mm.), nwD 
1.5116-1.5120, for a total conversion of 93%-

3,3-Dichloro-2-methyl-2-propenol (I) by Hydrolysis of 
3,3,3-Trichloro-2-methyl-l-propene.—A stirred mixture con
taining 160 g. (1.0 mole) of 3,3,3-trichloro-2-methyl-l-pro-
pene and 40 g. (1.0 mole) of sodium hydroxide in 500 ml. of 
water was heated to reflux for 38 hours, the time necessary 
for neutralization of the sodium hydroxide. Separation 
of the organic layer after cooling, drying with sodium sulfate 

(G) Melting points and boiling points are uncorrected. 
(7) D. G. Kundiger, Huey Pledger and L. E. Ott, THIS JOURNAL, 77, 

66S9 (1955). 

and distillation yielded 97 g. (69%) of 3,3-dichloro-2-methyl-
2-propenol (I), b .p . 83-85° at 12 mm., W20D 1.4995, and 
13.2 g. (5%) of the bis-ether, b .p . 138-141° a t 12 mm., 
w2cD 1.5120. 

3,3-Dichloro-2-methyl-2-propenal (II) by Nitric Acid Oxida
tion of 3,3-Dichloro-2-methyl-2-propenol (I).—3,3-Di-
chloro-2-methyl-2-propenol (I, 141 g., 1.0 mole) was 
added dropwise over a 2-hour period to a stirred amount 
of 130 g. (2.0 moles) of concentrated nitric acid cooled to 
— 3° . The temperature was maintained at 0-10° for one 
hour after addition, then allowed to warm to room tem
perature and stand overnight. During the addition, 
brown fumes were evolved continuously from the solution 
and it remained a brownish-green in color. After removal 
of these gases by bubbling nitrogen through the solution, 
it took on a soft blue appearance. Separation of the organic 
layer and repeated washings with 25-ml. portions of 10% 
sodium bicarbonate left a yellow oil which was dried over 
magnesium sulfate and distilled to yield 85 g. (60%) of 3,3-
dichloro-2-methyl-2-propenal (II), b .p . 47-49° at 15 mm., 
nlaD 1.5052-1.5056. Twenty grams of a white solid residue 
remained in the distilling flask. This residue contained 
nitrogen, but attempts to isolate any single component were 
unsuccessful. 

Anal. Calcd. for C4H4Cl2O (II) : C, 34.54; H, 2.88. 
Found: C, 34.04; H, 2.80. 

A nitrogen-containing impurity was present in II pre
pared in this manner and attempts to remove it were un
successful. However, it did not influence the preparation 
of derivatives as they were equally well prepared from alde
hyde II obtained by nitric acid oxidation or from II ob
tained by chromic acid oxidation. 

3,3-Dichloro-2-methyl-2-propenal (II) from Dichromate-
Sulfuric Acid Oxidation of I.—One mole (141 g.) of 3,3-di-
chloro-2-methyl-2-propen-l-ol was heated to 57° under a 
pressure of 30 mm. and a solution of 84 g. (0.35 mole) of 
ammonium dichromate and 134 g. (1.35 moles) of concen
trated sulfuric acid in 400 ml. of water was added dropwise 
with rapid stirring. The resulting steam distillation re
moved the aldehyde as it formed and it was condensed into 
a flask immersed in ice. After the addition was complete, 
the solution was heated to 80° for 10 minutes. The dis
tillate was separated and the water layer extracted with two 
25-ml. portions of carbon tetrachloride, which were com
bined with the organic fraction. The combined extracts 
were dried over magnesium sulfate and distilled to yield 
74.8 g. (54%) of 3,3-dichloro-2-methvl-2-propenal (II), 
b.p. 65-66° (50 mm.), n™D 1.5045, and 31.0 g. (8%) of the 
acetal of the aldehyde, viz., bis-(3',3'-dichloro-2'-methyl-2'-
propenoxy)-l,l-dichloro-2-methyl-l-propene, b.p. 122-123° 
at 0.015 nun., K20D 1.5226. The reaction also can be carried 
out at atmospheric pressure and 140°, yield 4 1 % of I I . 

Anal. Calcd. for C1H4CLO (II): C, 34.54; H, 2.88; 
Cl, 51.01. Found: C, 34.00; H, 2.93; Cl, 50.51. For the 
acetal of I and I I : Calcd. for Ci2H14Cl6O2: C, 35.80; H, 3.50; 
Cl, 52.85. Found: C, 35.84; H, 3.56; Cl, 50.32. 

Aldehyde II was characterized by formation of these deriv
atives: 

The 2,4-dinitrophenyl hydrazone was recrystallized three 
times from 9 5 % ethanol and was obtained as orange needles, 
m.p. 194.5-195°. Anal. Calcd. for C10H8Cl2N4O4: Cl, 
22.18; N, 17.56. Found: Cl, 22.03; N, 16.84. 

The p-nitrophenyl hydrazone was obtained as yellow-
orange needles by recrystallization twice from a 5:2 mix
ture of absolute ethanol-carbon tetrachloride, m.p. 228-229° 
dec. Anal. Calcd. for Ci0H9Cl2N3O2: Cl, 25.82; N, 15.33. 
Found: Cl, 25.85; N, 14.79. 

The acetal, 3,3-bis-(3',3'-dichloro-2'-methyl-2'-propen-
oxy)-l, l-dichloro-2-methyl-l-propene, was characterized 
by hydrolysis with 5 % hydrochloric acid and preparation 
of the 2,4-dinitrophenyl hydrazone, m.p. 194.5-195° (no 
depression when admixed with the 2,4-dinitrophenylhydra-
zone of the parent aldehyde II). 

l-(2-Methyl-3-(l-piperidyl)-propenoyl)-piperidine (III) 
from Reaction of 3,3-Dichloro-2-methyI-2-propenaI and 
Piperidine.—To a stirred solution of 23.8 g. (0.28 mole) of 
piperidine in 200 ml. of anhydrous ether cooled in an ice-
bath, 5.6 g. (0.04 mole) of 3,3-dichloro-2-methyl-2-pro-
penal in 100 ml. of anhydrous ether was added dropwise 
over a period of one hour. The solution was allowed to 
stand for 48 hours with the contents warming to room tem
perature and the formation of a copious precipitate of piperi-
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dine hydrochloride. The solution was stirred vigorously, 
then filtered to yield 9.7 g. (100%) of piperidine hydrochlo
ride. The ether was removed, 100 ml. of purified ligroin 
(b.p. 70°) was added, and the resulting solution was cooled 
to room temperature. The resulting pale yellow solid 
(4.82 g.), l-(2-methyl-3-(l-piperidyl)-propenoyl)-piperidine 
(III), was extracted in a Soxhlet extractor, using purified 
ligroin (b.p. 70°) as solvent. The ether solution was 
treated with Norite, concentrated, and the resulting solid 
was recrystallized twice from ligroin (70°). Further re-
crystallization of this solid (4.6 g., 49% yield) did not 
change the melting point (129-131°) of I I I . Its infrared 
spectrum in Nujol mull showed strong bands at 3.45, 3.55, 
6.2, 6.55, 7.0, 7.7, 9.77 and 10.86 ju,_plus a number of bands 
characteristic of the spectrum of piperidine. No X - H or 
- O - H bands were present. At 25°, 6.82 ml. of water is 
required to dissolve 0.6097 g. of I I I , corresponding to a 
solubility of 9 g. per 100 cc. of water. 

Anal. Calcd. for Ci4H24K2O: C, 71.19; H, 10.26; X, 
11.86; mol. wt. , 236. Found: C, 71.16; H, 10.31; X, 
11.51; mol. wt., 245, 234 (Rast method). 

I-(2-Methyl-3-(l-piperidyl)-propenoyl)-piperidine (III) or 
Piperidyl-3-(N-piperidyl)-2-methyl-2-propenamide and 3 % 
Sodium Hydroxide .—Treatment of 0.3624 g. (1.53 mmoles) of 
the above amide with 15 ml. of 3 % sodium hydroxide solution 
for 24 hours at 92° resulted in hydrolysis to piperidine and 
a waxy substance that appeared polymeric and was found 
intractable. The piperidine was distilled into a receiver 
containing 10 ml. of 10% hydrochloric acid. Evaporation 
resulted in 0.3345 g. (2.78 mmoles, 9 1 % of two equivalents) 
of piperidine hydrochloride, m.p. 240-242°; mixture melt
ing point with authentic sample was not depressed. 

3,3-Dichloro-2-methyl-2-propenal (II) with Di-K-butyl-
amine.—A mixture of 5.6 g. (0.04 mole) of 3,3-dichloro-2-
methyl-2-propenal (II), 36.2 g. (0.28 mole) of di-re-butyl-
amine and 100 ml. of anhydrous diethyl ether was allowed to 
stand at room temperature for 4 days. The solution was 
filtered and 12.1 g. (93%) of di-re-butylamine hydrochloride, 
m.p. 284-286°, no depression of m.p. on admixture with an 
authentic sample, was obtained. Removal of the excess 
di-»-butylamine was accomplished under reduced pressure 
and left a dark viscous oil containing a small quantity of the 
hydrochloride. This oil was washed with water, with 
sodium bicarbonate solution, with water, and then taken 
up in ligroin and dried over magnesium sulfate. Attempted 
crystallizations did not succeed, so distillation at 0.05 mm. 
was attempted. The mixture decomposed to black tar . 
Xo material would steam distil out of this tar. 

3-G&-Chlorophenyl)-2-methylpropenoic Acid (IV).—To a 
well stirred solution of 14 g. (0.10 mole) of 3,3-dichloro-2-
methylpropenal in 14 g. (0.13 mole) of chlorobenzene, 25 
g. (0.25 mole) of coned, sulfuric acid was added over a 
period of one hour at room temperature. The mixture was 
stirred vigorously for 16 hours and then was heated to 80° 
for 24 hours. During this latter time one equivalent (titra
tion) of hydrogen chloride was liberated. The solution 
was cooled to room temperature and poured over 100 g. of 
cracked ice; 3 g. (15%,)» m.p . 167-169°, of 3-(£-chlorophen-
yl)-2-methyl-2-propenoic acid was obtained by filtration. 
Steam distillation of the filtrate to remove excess chloro
benzene left a dark brown crystalline residue which was 
taken up in ethanol, Xorited and crystallized twice from 
9 5 % ethanol to yield an additional 5 g. (25%) of the same 
acid, as fine white needles, m.p. 168-169°. Xo other or
ganic products were obtained. 

Anal. Calcd. for C10H9ClO2: C, 61.05; H, 4.58; Cl, 
18.07; neut. equiv., 196.5. Found: C, 60.67; H, 4.54; 
Cl, 18.16; neut. equiv., 197. 

Oxidation of 0.1970 g. (1.0 mmole) of the acid with 1.105 
g. (7.0 mmoles) of potassium permanganate in 25 ml. of 
water at room temperature, destruction of excess perman
ganate with sodium bisulfite and acidification with sulfuric 
acid precipitated 0.141 g. of p-chlorobenzoic acid, m.p. 
245-246°; admixture with authentic sample of ^-chloro-
benzoic acid gave no depression. 

/raK5-3-(^-Chlorophenyl)-2-methyl-2-propenoic Acid (IV) 
by Perkin Synthesis.—A mixture of 7.5 g. (0.053 mole) of 
p-chlorobenzaldehyde, 5.1 g. (0.055 mole) of sodium pro
pionate and 13.2 g. (0.10 mole) of propionic anhydride was 
heated at 135° for 18 hours. The warm mixture was 

poured into 150 ml. of water, stirred thoroughly and neu
tralized with sodium carbonate. After removal of 2.1 g. 
(28%) of unchanged ^-chlorobenzaldehyde by ether extrac
tion, the basic solution was poured, with stirring, into an 
excess of concentrated hydrochloric acid mixed with cracked 
ice. Filtration and drying of the solid gave 6.2 g. (60%) 
of <roras-3-(£>-chlorophenyl)-2-methyl-2-propenoic acid (IV), 
m.p. 167-169°. Admixture of a sample prepared in this 
manner with that prepared from chlorobenzene and II 
caused no depression of the melting point. 

3,3-Dichloro-2-methyl-2-propenaldoxime.—A mixture 
of 11 g. (0.08 mole) of 3,3-dichloro-2-methyl-2-propenal, 
13.8 g. (0.2 mole) of hydroxylamine hydrochloride and 27.6 
g. (0.26 mole) of sodium carbonate in 100 ml. of ethanol 
was refluxed for 15 hours, filtered while hot, poured into 250 
ml. of water and allowed to crystallize. Recrystallization 
of the product from 50% ethanol yielded 11.0 g. (90%) of 
3,3-dichloro-2-methyl-2-propenaldoxime, m.p. 84.5-85.5°. 
The infrared spectrum in Xujol mull showed the following 
bands: hydroxyl at 3.07 /*, C-C double bond at 6.29 /J., an 
intense band at 10.19 M due to the X-O stretching, and 
C-Cl stretching frequencies at 10.9, 11.01 and 14.6 p.. 

Anal. Calcd. for C4H0CIoXO: C, 31.20; II , 3.25; Cl, 
46.05; X, 9.10. Found: C, 31.25; H, 3.00; Cl, 46.66; 
X, 8.71. 

3,3-Bis-ethoxy-l,l-dichloro-2-methyl-l-propene.—3,3-
Dichloro-2-methyl-2-propenal (70 g., 0.5 mole) and 100 ml. 
of absolute ethanol were mixed and allowed to stand for 1.5 
hours with a spontaneous temperature rise from 25 to 33°. 
The solution was then refluxed for 0.5 hour and allowed to 
cool overnight. Anhydrous hydrogen chloride was bubbled 
in for 12 hours, with the solution warming to 35° spontane
ously. On cooling the product to room temperature, two 
lavers separated and the upper layer was distilled to yield 
37.6 g. (35%) of 3,3-bis-ethoxy-l,l-dichloro-2-methvl-l-
propene, b .p . 98° (24 mm.) , re20D 1.4530-1.4540, (1^1 1.042. 
An undetermined amount of this product codistillcd with 
the starting aldehyde, and attempts to separate this mixture 
by fractional distillation proved unsuccessful. Infrared 
analysis indicated about 2 % of the starting aldehyde to be 
present in the analytical sample. The infrared spectrum was 
compatible with the assigned structure. 

Anal. Calcd. for C8H14O1Cl2: C, 45.09; H, 6.62. 
Found: C, 43.98; H, 6.13. 

1, l-Bis-(p-chlorothiophenyl)-3,3-dichloro-2-methyl-2-pro-
pene.—Anhvdrous hvdrogen chloride was bubbled through 
a solution of 25.8 g. (0.185 mole) of 3,3-dichloro-2-methyl-2-
propenal and 58 g. (0.4 mole) of ^-chlorobenzenethiol in 
purified ligroin (b.p. 70°) for three hours. The solution 
spontaneously warmed from 25° to 40° during the first 0.5 
hour. Removal of the solvent from the mixture (and re-
crystallization from ligroin) yielded 60 g. (75%) of 1,1-bis-
(p - chlorophenylthio) - 3,3 - dichloro - 2-methyl-2-propene as 
white platelets, m.p. 65-67°. 

Anal. Calcd. for C16H12Cl4S2: S, 15.63; Cl, 34.57. 
Found: S, 15.53; Cl, 34.03. 

1,1 -Bis- (4 ' ,4 ' '-dimethylthiophenyl) -3,3-dichloro-2-meth-
yl-2-propene.—Anhydrous hydrogen chloride was bubbled 
through a solution of 37 g. (0.267 mole) of 3,3-dichloro-2-
methyl-2-propenal and 62 g. (0.5 mole) of ^-thiocresol in 
purified ligroin (b.p. 70°) for three hours. During the 
first 30 minutes, the temperature rose from 20 to 45° and 
then cooled slowly to room temperature. Cooling to 0° 
caused precipitation of 70 g. (75%) l,l-bis-(4' ,4"-dimethyl-
thiophenyl)- 3,3 - dichloro-2-methy!-2-propeue. Concentra
tion of the mother liquor and chilling resulted in an addi
tional 5 g. of this product. Recrystallization of the com
bined product from purified ligroin (b.p. 70°) yielded 70 g. 
(75%) of product, analvtically pure, as white platelets, 
m.p . 51-52°. 

Anal. Calcd. for C18Hi8CLS2: Cl, 19.20; S, 17.36. 
Found: Cl, 19.28; S, 17.67. 
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