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Chemistry. - "On the Conclensation of F01'maldehyde with S0111,8 

Unsaturated Compounds." By H. J. PRINS. (Communirated by 

Prof. J. BÖESEKEN). 

(Communicated in the meeting of May 3, 1919). 

Some time ago 1) tbe author discussed the mutual condenf'latioll of 
unsaturated compounds, examining the condensatlOJl of formaldehyde 
with styrol, anethol, isosafl'ol, pinene, d. limonene, ramphene and 
cedrene. The condensation was effected either by wal'ming the compo
nents In acetic acid Soilltion, Ol' by snlphuric acid in an aqueons Ol' 
acetie acid solution. For the aqueous solutions we availed ourselves 
of the 40% solution as sllpplied by the trade, tlle acetic acid soilltion 
was obtained by warming tl'ioxymethylene in acetic acid wlth Ol' 

withont the pl'esence of sulphlll'ic acid. 
The aqueous and ace tIc acid solntions of sulphur1c acid and fOl'malde

hyde behave differently as regards certain compounds, styrol, cam
phene and cedrene reacL but extl'emely slowly Ol not at all with 
tlle aqueous solution whel'eas anethol and isasofrol do react. 

Oontl'ary to isosafrol saft'ol does not affect an aqueous solution. 
It many be assllmed, that the reaction begins with an addition of 

the 00 group to the 0 = C group, so that primarily a four-l'mg 
is formed. 

R . H .0= C . H . R + H200 = R . H . 0-0 . H . R 
I I 

HO-O , 
The four-ring can now: 
1. abs orb water and form a 1.3 glycol: R". H. C-OHOH. R 

I 
H200H 

2. absol'b formaldehyde and form a methylel1e ether: 

R.Hü-OH. R 
I I 

Hl} 0 

1) Chem. Weekbl. 10, 1003 (1913). 
ibid. 14, 932. (1917). 

1 I 
O-OH, 

4* 
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3, either dll'ectly by isomerisation, or indirectly via the glycol, 
pass into an unsaturated prlmal'y alcohol: R, 0 = OH , R 

I 
OHsOH 

If acetic acid is also preRent, acetates may be fOl'med either of 
the glycol, or of the unsatul'ated primary alcohol. 

In an aqueous solution we find with anethol and isosafl'ol a pretty 
exclusive and almost quantitative fOl'mation of the methylene ether, 

In an acetic solution in the pt'esence of snlphllric acid botb a 
diacetate and a methylene ether are fOI'med, cedl'ene and camphene 
yield in these circumstances an acetate of an unsatnrated, primary 
alcohol. 

Oamphene, d. limonene and pinene Jield in an acetic solution at 
the boiling-point of ace tic acid likewise an acetate of an unsaturated 
alcohol besides otlter compounds with a higher boiling-point, 

The mntnal reaction of fOI'maldehyde. pin ene and limonene cansing 
the fOl'mation of an unsaturated primal'y alcohol has ah'eady be~n 
observed b,v KRIEWITZ I), who bronght about a reaction of the com
ponents by heating them in the presence of alcohol at a high 
tempel'ature, 

Ptior to this, the formation of a pl'imary, nusaturated alcohol has 
been ascertained by LADENBURG in Ihe reaction bet ween formaldehyde 
and a tetrahydl'opyndine-del'Î\'ate, 

Ex.cept with the terpen es the condensation affords good results, 
ranging from 70% to 90%' of those theoretically possible; with the 
terpenes val'iou& pt'oducts come into existence probably because the 
resnIting unsaturated alcohol once more absOl'bs formaldehyde, 
The tel'pelles, containing more than one 0 = 0 gl'OUp, thel'e is besides 
a pl'ior possibility of UbsOl'bing more than one molecule of fonnaldehyde, 

The authol'likewise observed the setting in of sllchlike reactions with 
amylene, citl'onellol, methylheplenon, citronellal, undecylenic acid, 
aethy l-cinnamate. 

Expel'Ïmental part. 
Styl'ol and formaldehyde, 
To a mlxtUl'e of 33 gr, tl'Îoxymethylene and 320 gl', glacial ace tic 

acid 32 gr. strong sulphUl'ic acid was added, the tt'ioxymelbylene 
being solved by means of heating, then it was cooled down to 40° 
and while the mixture was shaken and occasionally l'efrig'el'aled 104 gr, 
styrol was added in small quantities, Ir the tempemture is allowed 
to J'lse beyond 50°, polymerization of Ihe styrol sets in. The 

1) Bel'. d. dentsch. chem. Ges. 31, 57. (1899). 
ibid, 32. 288, 2699 (1898). 
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mixture is allowed to remain overnight, then it is poured into 
water, taken up in ether and washed with a soda-solulion. Af ter 
drying and evaporating the ether, the diaretate amount I can be 
detel'mined by saponitiration. This proved to be 40 0 /Q' Then the oil 
is saponified with rathel' more than the theoretieal quantity of al eo
holie potassinm and distilled in vaCl1um. By fl'actionation we can 
separate into: 

Methylene-ether of 2.phenylpl·opylglycol. 1.3. 
OoloUl'Iess oil, boiling-point 128°--130°, pressnre 13 mmo D.14~0 = 

180 

1,1111. N d = 1,53063. 
Mol. refr. 45.64 (fOl'mIlIa of LORENZ-LoRENTZ). Oalculated 45 87 

(atom refl'. arcording fo EISENLOHR 1). 

The moleeulal' weight determination in benzene gave: 162 and 156. 
Oalculated for OIO HI2O, : 164 . 

. Analysis: % 0 detel'ffi. 71.6 and 71.1 Oalc. for U10Hu O, 73.2. 
0/0 H determ. 8.3 and 7.9 Oalc. 7.3. 

2. Phenylpropylglycol. 1.3. 
Colourless, \'Ïsrous liquid, boiling-point 176° pressure, 13 mmo 

D~~o = 1.1161. N lào = 1.54267. Mol. refl·. 42.92. Oalc. 43.21. 

It yields quantitatively a diacetate boiling-point 162°-164° pres
sure 13 mmo (chemically bound acetic acid determined by saponifi
cation with alcohol ic potussium). lVlolec. weight of the glycol. in 
benzene 257 and 189. Oalcu!. 152. Rence it is very str'ongly aSRoci
ated in this solvent; in a weak solution a normal moiecularweight 
is obtained ') 

Analysis: found % 0 70,6 and 70,9, Oaic. Og Hu 0, 71,0. 
%-H 9,2 and 8,9,Oaic. 7,9. 

Both methylene ether and ,glycol are saturated as regards a solu
tion of brornine in COl., but while the methylene ether does not 
reaet with a solution of ethylmagnesiumbl'omide in ethel' at a nOl'rnal 
temperatIlre, the glycol immediately reacts. lf toluol is added, raising 
the temperahu'e 10 100°, the methylene ether reacts exceedingly 
violently with ~the GRIGNARD soilltion. The fact that the glycol 
yields a diacetate when boiled with acetic acidanhydride and sodiuru
acetate is a -proof of its two pl'Ïmal'y alcoholgl'ol1ps, the isomel'Ïc
glycol, w hich might arise fl'om' the reaction between fOl'maldehyde find 
the 0 = O-g'l'oup of the styrol, wonld be a secondal'y-prirual'y glycol 
with the phenylgl'oup attached to the secondary carbon atom and 
in the above-mentioned cil'cumstances it would certainly lose water 

1) Zeitschr. f. phys. Ohem. 75, 585. (1910). 
!) Chem. Weekblad 16, 929. (1919). 
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and yield the acetate of cinnamic alcohol. The latter could not be 
found. 

Anethql and formaldehyde. 
One gl·ammol. anethol IS stirl'ed wtth a Soilltion of two grammol. 

formaldehyde in 30 oio sulphuric aCid for -tlu'ee days, the product 
sepamted in the usual way yields, whell distilled in vaCllum: 

lVlethy lene ether of p. methoxypheny lbll ty 19lycol. 
A colourless, viscous hqUld, boiling-point 168°-170° pressUl'e 

13 mmo l D14600 = 1.1197, N~o = 1.53438. Mol. refl·. 57.78 Oal. 56,74· 

It does not react wlth a GRTGNARD-soilltion at a nOl'mal temperature 
a"Î1d does not decolorlze a bromine-solution. 

Various efforts made to saponify the methylene ether to the cor
respondent glycol failed, resinificatlOll always set in or the ether 
remained unaltel'ed. By leaving the ether for a fortnight 10 contact 
with 85 010 formic acid, an oil was obtained, in which such an 
amount of formw aCld was chemically bOllnd as cOl'responded to 
35 G/o di-fol'mlatej saponificatioll and distJllation however, Ylelded all 
inconstantly boiling liqUld. 

Oxydation of the methylene ether. 
In ordel' to demollstrate, that wtth the anethol the formaldehyde 

had really reacted with the C =C group from the slde-chain, the methy
lene ether was oxydlzed with potassium-permanganate. An acid was 
obtained wlth a melt1Ogpoint of 182°-183°, and WhlCh revealed no 
depression when mixed wIth anisic acid. 

Rence it appears, th at 111 these clrcumstances formaldehyde does 
not react wlth the benzene nucleus. 

Analysis of the methy Jene ether: 
Found Oio C 70,1, 68,2 and 69,2. (Jalc. for CuHuOa 69,2. 

°10 H 7,4, 7,8 Calc. 7,7. 
Mol. weight in benzene: found 203 and 208. Calc. as 012H1808: 208. 
lsosafrol and formaldehyde. , 
The condensation is effected in the same way as with the anethol. 
Tt glves' 
Methylene ether of 3,4 dioxymethylenephenylbutylglycol. 
CoJollrless, viscous liquid, bolling-point 182°-184° pressure 13 mmo 

D1: oO - 1,2272. N~70 = 1,54078. 

Mo\.refr. 56,84. Calc. 56,18. 
Mol.weight in benzene: found 220 and 213. Ualc. for CU H140 4 • 222. 
Analysls: 

Found °10 C 64,5 and 64,8. Calc. as CaH1404~ 64,8. 
°10 H 6,9 and 7,7. Calc. 6,3. 
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Camphene and formaldehyde. 
A mixtul'e of 30 gr~ tnoxymethylene, 130 gr, camphene and 136 

gr. glacial acotic acid is bOlled for three days, the oil sepal'ated by 
means of water, is dl'Ïed, whel'eupon it is converted into an aeetate 
by bolling it with an eqnal weight of acetic anbydl'ide, whieh is 
called homo-camphenoI aeetate owing to its being derived from a 
homo-ramphene' 

Homo-eamphenolaeetate. 
Colourless oil, bOlllOg-point 124°-128° pl'essure, 13 mmo 

D190 
- 1 0013 N 19

0 
- 1 48209 40 - , d -, . 

Mol.l'efr, 59.23. Calc. for a snbstance 013H,OO, with one 0 = 0 
group: 59.02. 

Homo-pinenol. 
By botlll1g pinene "dth tryoxymethy lene and acetic aCId in the way 

as indieated fOl' eamphene, an ot! IS obtained eontalDlDg lUnch ehemically 
bound aeefie acid, yielding aftel' sapolllfication ttnd fl'aClionatlOn: 

Coloul'less oil, - boilmg-point 113°_116° m vacuo, preS&Ule 13 mmo 

D~~o = 0.9720. ~"1dO = 1~.:1:8616. 

Mol.refl'. 49,05. Oale. for 01lH1SO wlth one 0 = 0 group 49,66, for 
0 11 H1SO Wltl! two C = 0 gl'oups' 51,39. 

Mol. welght III henzene' fOllnd 188 and 190. Oale. 166. 
Homo-hmonenol. 
Lirnonene is brollght mto reachon with formaldehyde in the marmer 

as descl'ibed for eampliene, and the alcohol is separated as illdicated 
for the pinene. 

Colourless liquid bOlling-point 122° -126° in vaeuo, pressure 

13 mmo D~o = 0,9757, N1!0 = 1.50261. 

Mol. refr. 50,26. Oaie. for CllHIBO wIth two C=C-gI'OUpS 51, 39. 
Analysis. 

Found % C 78,1 and 77,7. Cale. fol' Cll H180 Oio U 79,5. 
0/0 H 11.6 and 11,7. Calc. 0/0 H 10,9, 

These resllits agree wlth those of KRlEWITZ, l.c. 
Cedl'ene and fOl'maldehyde. 
A mixture of cedl'ene with the equivalent qnantity of formal

dehyde 111 a 15 Oio solution of sulplll1l'le acid in aeetic acid, is stit'l'ed 
for three days, Tbe reaction product is saponified and distilled in 
vacuum. 

Besldes olher prodllets with a eonslderably highet' boiling-point 
th ere is obtained· Homo-cedrenol. 



- 7 -

56 

Colourless viscous liquid boiling-point 1680 -1710 in vacuo, pressUl'e 

13 mm, D~o = j ,0270, N~ = 1,!'>1826, 

Mol. refr. 69,08. Oalc. fol' 0 16 H26 0 with one 0 = O-gl'onp 70,55. 
As an alcohol it immedlately reacts with GRIGNARD-Solution and 

wIth acetylchloride, it discolol'izes a bromme-solution. 
Analysis. 

Found % 081,6 and 80,7. Oale. for 0 16 H26 0 G/o 0 82,0. 
% H 12,0 and 11,3. % H 11,1. 

The pl'ineipal aim of thIS investigatlOn was: to demonstt'ate that 
formaldehyde l'eacts witb a 0 = O·group in the way as indjrated 
in the authol"S general seheme for the reaetions between unsaturated 
eompounds. 

Hilversum, April 1919. 


