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ABSTRACT

Methanol-C+% has been converted to formaldehyde—cll+ in yields

of about 60%.

Scheme of Preparation

acetylation: CM4H30H 4 CH300C1 —P» CH3CO0CT4H3 + HC1
Chlorination: CH3C00C14H3 ¥ Cly; — = CH3C00CI4HACL + HCL
Hydrolysis: CH3000C™4HaCl + HpO —y» CI4H50 4+ CHACOOH + HCL
Methanol--cll+ was acetylated with acetyl chloride. The methyl-
¢l acetate was monochlorinated and the crude product hydrolyzed with
water. The hydrolysis mixture was diluted with carrier formalin solution,
neutralized and distilled to dryness, producing a neutral aqueous solution

of formaldehyde-clho



SYNTHESIS OF FORMALDEHYDE-GLH

A. R, Jones and W, J. Skraba

INTRODUCTION

The production of formaldehyde-—C11‘L by air oxidation of methanol-

clh(l) and by pyrolytic decomposition of triphenylmethyl carbinol~Clh(2)

(1) M. Calvin, et. al., Isotopic Carbon, John Wiley & Sons, New York,
194G, p. 166,

(2) Private communication, C. Heidelberger to W. W. Miller and T. D. Price,
Nucleonics, 1, No. 3, 21 (1947).

has been reported to be unsatisfactory.
, A simple procedure for the conversion of methanol-Cl% to for-
maldehyde—Clh has now been developed. The present method is an adaptation

of the formaldehyde synthesis of Henry(B) and of Michael(h) to vacuum line

(3) L. Henry, Ber., 6, 739 (1873).
(4) A. Michael, Am, Chem. J. 1, 418 (1879).

technique,
DISCUSSION

Acetylation and Chlorination

Methyl-ClA acetate was prepared by allowing a frozen equimolar

mixture of methanol=clh(5) and acetyl chloride to warm to room temperature

(5) R. Nystrom, W. Yanko, and W. G, Brown, J. Am., Chem. Soc., 70, 44l (1948) .

in an evacuated bulb, It was found that the overall yield of formaldehyde

from methanol was not improved when the acetylation was carried out at
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atmospheric pressure under reflux. The presence of a mole of pyridine to
react with the hydrogen chloride produced during the esterification lowered
the overall yield considerably.

The monochlorination of methyl acetate to produce chloromethyl
acetate, indicated by Henry to be favored by moderate temperatures, was
performed in the present case by allowing a frozen mixture of chlorine and
methyl-cl‘t\t acetate to warm to room temperature in an evacuated bulb.

The overall yields of formaldehyde were found to be better when
a slightly less than molar proportion of chlorine was used. The explanation
of the less than theoretical yield of formaldehyde on hydrolysis of the
chlorination product lies probably in the possibility of two additional re-
actions in the chlorination step: (1) further chlorination of the alcoholic
methyl group to give products not yielding formaldehyde on hydrolysis, and
(2) chlorination of the methyl group of the acid residue. That the hydrolysis
step does not contribute to the reduction of the yield is proved by the fact

that the hydrolysis of carefully purified chloromethyl acetate prepared by

the method of Descude(é) gave a quantitative yield of formaldehyde. Chlori-

(6) Descude, Compt. rend., 132, 1568 (1901).

nation of methyl acetate with two moles of chlorine gave a 25% yield of for-
maldehyde. If chlorination in the acid radical were the only competing re-
action, one would expect the yield to be improved under these conditions;
if only polychlorination of the methanol radical were involved, then the

yield might be expected to be lower than 25%. When chlorination was carried
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out in the presence of strong artificial light, or when the nipple of the
bulb was immersed in a 60°C. bath, or alternatively, in a -20°C. bath, the
yield of formaldehyde from methyl acetate was decreased.

To avoid the competing chlorination of the acid methyl group,
other methyl esters were chlorinated in the hope that a better yield of
formaldehyde might be secured:

Methyl chloroacetate gave approximately the same yield as
methyl acetate,

Dimethyl oxalate chlorinated readily, but the yield of for-
maldehyde was low.

Methyl trichloroacetate chlorinated rapidly but the hydrolysis
was unsatisfactory.

Methyl tosylate and methyl benzoate were difficult to /-
chlorinate.

Methyl chlorocarbonate chlorinated easily but a poor yield of
formaldehyde was obtained upon hydrolysis.

Methyl acetate did not react with bromine under the conditions
used for chlorination. A mixture of methyl bromoacetate and bromine was
decolorized after standing two days at room temperature, but hydrolysis
of the product yielded only a small amount of formaldehyde.

Hydrolysis and Distillation

The hydrolysis of the crude chlorination product was accomplished
by heating it with excess water in a sealed evacuated bulb. By this method,
pure chloromethyl acetate yielded formaldehyde quantitatively.

In all preliminary investigations, the hydrolysis solution was
analyzed for formaldehyde directly by precipitation of the dimedon derivative
of formaldehyde, identified by melting point and mixed melting point. For

the hot runs, however, the hydrolysis solution before analysis was diluted
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with carrier formalin; neutralized with potassium hydroxide pellets, and
made just acid to phenolphthalein with acetic acid; then distilled at
atmospheric pressure, It was necessary to dilute with inert formalin
solution, not only to provide a carrier for the transfers, but to insure
the stability of the product. The acids obtained on hydrolysis of the
chlorination product: hydrochloric, acetic, and probably formic and
chloroacetic, were removed by neutralization of the solution before dis-
tillation,

Paraformaldehyde was prepared by treating chloromethyl acetate
with sufficient commercial formalin solution to furnish the water for
hydrolysis. This procedure produced a paste which left a residue of dry
polymeric formaldehyde when the volatile material was removed under high
vacuun.

In the preliminary experiments, the assay for formaldehyde was
performed by diluting the solution and treating an aliquot with dimedon
reagent which quantitatively precipitated the formaldehyde derivative in
24 hours. For the assay of radioactive formaldehyde, a 10 microliter
aliquot of the neutral distillate was diluted with inert formalin solution
and portions were treated with dimedon reagent. The derivative was isolated
after twenty-four hours and samples were oxidized to radiocactive carbon
dioxide;, the activity of which was determined by means of a vibrating reed

(8)

electrometer(?). Both the wet combustion and dry combustion over copper

(7) H. Palevsky, R. K. Swank, and R. Grenchik, Rev. Sci, Inst., 18, 298

(1947) .
(8) 0. K. Neville, J. Am. Chem. Soc. 70, 3499 (1948).

oxide gave consistent yields,



Investigation of Solid Derivatives

In attempts to prepare an isolable solid derivative from which
formaldehyde would be easily recoverable, formaldehyde oxime, hexamethylene-
tetramine and the methylol derivatives of saccharin and phthalimide were
investigated. None gave sufficiently high yields of derivative from re-
action with aqueous formaldehyde.

Direct oxidation of dilute methanol to formaldehyde with potassium

persulfate(9) was attempted as a preparative method, but was not found

(9) P, D. Bartlett and J. D, Cotman, J. Am. Chem. Soc., 71, 1419 (1949).

feasible because of the difficulty of recovering formaldehyde from the
dilute aqueous solution necessary for reaction to take place.

With regard to the apparatus, it may be mentioned that several
inches of sulfuric acid suffice to protect the mercury in the.manometer
from attack by chlorine. Dow-Corning Silicone vacuum grease was used to
lubricate all stopcocks and joints. After a number of runs, the reaction
bulb contained a white non-volatile material and the over-all yields of for-

maldehyde from methanol decreased. Replacement of the bulb corrected the

situation,

EXPERIMENTAL

Scheme of Preparation

Acetylation: CLLH30H + CH300C1 — g ClAH3000CHS + HCL
Chlorinations Cth3OOCCH3 + Clp ____4p-ClCleQOOCCH3 + HC1
Hydrolysis: C1CL4H,00CCH3 + Hx0 —— g CLAHL0 + KOl 4 CH3CO0H

The vacuum manifold is shown in Figure 1.



NOT CLASSIFIED
DWG. 7621

TO HIGH ﬁ
VACUUM

()

FIG. |
FORMALDEHYDE VACUUM MANIFOLD




Acetylation
Methanol—clh, 332 mg.; 10.4 mmoles (2.06 microcuries/mmole) and

acetyl chloride, 816 mg., 10.4 mmoles, were consecutively distilled from A
into the ligquid nitrogen cooled nipple of the one-liter bulb, B. The re-
action vessel was isolated from the manifold and the frozen reagents were
warmed to l+0-500 for forty-five minutes with a heat lamp, ‘The contents
of B were frozen into the nipple by immersing the latter‘in’liquid nitrogen,
To remove a part of the hydrogen chloride, the nipple was warmed to -80°
(Dry-Ice and trichloroethylene) and the bulb was evacuated to 10-4 mm,

Chlorination .

The Dry-Ice trichloroethylene bath was replaced by liguid nitrogen
and 1400 ml., (27°C. and 12.9 cm of mercury), 9.6 mmoles, of commercial
chlorine gas,; from which impurities non-condensable with ligquid nitrogen
had been removed, was distilled from C into the reaction bulb. The pressure
of chlorine was determined with a manometer in which the mercury was pro-
tected by a layer of sulfuric acid. The bulb was isclated from the manifold
and the contents were allowed to warm to room temperature in subdued light.
lLoss of the chlorine color began while the reactants were still quite cold.
The contents of the bulb were recondensed and allowed to return to room
temperature several times to insure thorough mixing. When all trace of
chlorine color had disappeared, one to two hours, part of the hydrogen
chloride was removed as described above,

Hydrolysis
A 25 ml. hydrolysis bulb (Figure 2) containing 3 ml., of dis-

tilled water and equipped with a spring-loaded 4 mm. straight-bore stopcock
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FIG. 2
HYDROLYSIS FLASK
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was attached at A, immersed in liquid nitrogen, and evacuated. After the
crude chloromethyl—Clh acetate was transferred to the hydrolysis bulb, the
stopcock was closed and the vessel was removed from the vacuum line, and
immersed to the stopcock in boiling water for thirty minutes to allow

hydrolysis to take place®. The flask was cooled to room temperature and

#There has been no failure of either bulb or stopcock observed in more
than thirty hydrolyses.

with the aid of a file mark on the stem, the stopcock was removed and the
contents of the bulb were transferred to a small pear-shaped flask. Five
milliliters of 37% commercial formalin solution containing approximately
60 mmoles of formaldehyde was used to rinse the hydrolysis bulb and complete
the transfer. The mixture was made slightly basic with potassium hydroxide
pellets, and then barely acidified to phenolphthalein with acetic acid. A
neutral formalin solution which weighed 9.027 g. was obtained by distillation
to dryness at athospheric pressure (Figure 3).
Analysis

A 75 microliter aliquot (78 mg.) of this solution was added to
a solution of 0.40 g. of dimedon reagent in 100 ml. of water. After standing
for twenty-four hours at room temperature, the dimedon derivative of for-
maldehyde was filtered off, washed with water and dried. In this way,
159 mg. of dimedon-formaldehyde was obtained. .

The dry combustion of a 22.6 mg. sample of the derivative gave
181 ml. of carbon dioxide (28,50 and 13.7 cm. pressure) which produced an

ion current of 6.80 x 10~ 14 amperes when the radioactivity assay was made
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FIG. 3
DISTILLATION AND ALIQUOTING APPARATUS
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with a dynamic condenser electrometer. The factors: 1.17 x 10-16 amperes
per disintegration per second and 3.7 x 10k disintegrations per second

per microcurie were used to convert the ion current to microcuries. The
total activity of the formaldehyde in the neutral distillate was calculated
to be 12.9 micpocuries; a radiochemical yield of 60.5%.

To show that no isotopic dilution had occurred, a run was made
starting with 258 mgs. of methanol-clh (sp. act. 12.00 microcuries per
millimole). A 0,295 g. aliquot of the acid hydrolysis solution (3.755 g.
total weight) gave 100 mg. of formaldehyde~-dimedon derivative (sp. act,
12,18 microcuries per millimole). From these figures both the radio-
chemical yield (54.8%) and the chemical yield (54.1) can be calculated.

For the analysis of production runs, a small aliquot of the
neutral distillate was diluted with carrier formaldehyde solution and
aliquots of this mixture were analyzed radiochemically by the method
given above.,

By this procedure, 30 millicuries of form.aldehyde-ClAL with a
specific activity of 250 microcuries/mmole has been prepared. This material
was aliquoted with the apparatus shown in Figure 3 into ampoules for dis-

tribution,
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