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The paper deals with the dehydration of certain di-primary and primary-secondary diols
(ethylene glycol, propylene glycol, 1,3-propanediol, 1,3-butanediol, 1,4-butanediol, 1,4-pentane-
diol, 1,5-pentanediol and 1,6-hexanediol) on the action of copper catalysts The rates of dehydra-
tion of the 1,3-, 1,4-, 1,5- and 1,6-diols are significantly higher than those of the 1,2-diols. Under
the experimental conditions used, the 1,3-diols are dehydrated to oxo compounds containing the
same number of carbon atoms, and the 1,4-, 1,5- and 1,6-diols are dehydrated to cyclic ethers.

In this paper an account is given of the results obtained in a study of the trans- -
formations of diols on copper catalysts. The dehydration of certain 1,3- and 1,4-diols
on the action of metal catalysts was reported earlier [1-—6]. The present work
deals with the dehydration of some 1,2-, 1,5- and 1,6-diols in the presence of
‘Cu/Al and Cu/SiO, catalysts; the main aim of this work was to study the regularities of
the copper-catalyzed dehydration of the diols under the same experimental con-
ditions as a function of the relative positions of the two hydroxy groups.

" To begin with, the more important regularities established in connection with
the dehydration of diols are summarized below on the basis of the literature data. -

In. the presence of various dehydratmg agents, 1,2-diols in either liquid or
gas phase are converted (with accompanyrng rearrangement) mamly to oxo com-
pounds [7 8]: [ . ) '

| .

—C—C~ g —C—C—

[ ] 1l
OH OH o)

Since the discovery of the reaction [9, 10], a considerable amount of experimental
work by various research groups has shown conclusively that the above process
is a widespread reaction of general validity for vicinal diols,.i.e. it is one of their
characteristic reactions. This finding, which today requires certain amendments,
is to be found in various textbooks, reference-books and menographs [7, 11—15,

* Part XXXIV F. Notheisz, M. ‘Bartok, V. Remport Acta Phys et Chem. Szeged 18, 197
(1972).
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etc.]. Our results to date show that the study of the exactness of the above regularity
and its further generalization has proved to be a useful research programme. Under
certain conditions 1,3-diols, too, are converted to oxo compounds with the same
number of carbon atoms [1, 6]. Although similar observations were also made
at the turn of the century [16, 17], no special attention was devoted to this theoretically
important question. ‘

1,4-, 1,5- and 1,6-diols are dehydrated to cychc ethers, dienes and unsaturated
alcohols [7, 18, 19], while on copper catalysts they are converted to lactones [20]:
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Of course, the extent of the individual reactions is significantly affected, and
in some cases even determined, by the number of methylene groups n, by the order
of the carbon atoms bonded to the hydroxy groups, and by the nature of the ca-
talyst.

‘ Of the lelS the dehydrations of mainly 1,4-butanediol, 1,3- butanedlol and
3-methyl-1,3-butanediol have been dealt with, and the results are collécted in some
monographs [7, 18, 21]). The aim of the investigations was the preparation of 1,3-
butadiene and isoprene. The most suitable catalysts for these purposes proved to
be phosphoric acid and various morgamc phosphates. The dehydration of diols
on metal catalysts has been dealt with in only one or two publications. Of these,
mention should be made of the paper by PINEs and STEINGASZNER [22] describing

"the dehydration of 1,4-butanediol and 1,5-pentanediol accompamed by the forma-

tion of cyclic ethers.
In our study of the dehydration of 1,3- and 1,4-diols on Cu/Al and Cu/SiO,

Acatalysts, it was found that in the case of 1,3-diols three main reactions take place,

depending on the structures of the 1,3-diols [3]: the formation of oxo compounds

‘containing the same number of carbon atoms as the diols, 1,2-elimination and

fragmentation processes. Under similar experimental conditions 1,4-diols are de-
hydrated with the formation of tetrahydrofuran homologues [2].
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In the present paper we report the experimental results of the dehydration,
under identical experimental conditions, of the following model compounds*:

CH,—(CH,),—CH;  CH,—(CH,),—CH—CH,

| | | I ‘

OH . OH OH OH
n=0,1,2,3,4 n=0,1,2

The investigations were carried out in the apparatus already described in detail
[1], on Cu/Al and Cu/SiO, catalysts between 150 and 300 °C in a continuous system,
with a flow-rate of 0.1—1 hr~%. The description of the experimental method and
the preparation of the catalysts can also be found in earlier papers [1, 5]. The ex--
perimental results can be summarized as follows:

Examination of the conversion with different temperatures showed that the
1,2-glycols are very stable on both catalysts. On a Cu/Al catalyst at 300°C the-
propylene glycol conversion was only 34%, whereas the conversions of 1,3-, 1,4- and
1,5-diols attained 100% even at low temperature.

Under the experimental conditions used propylen glycol i is converted to the fol-
lowing products :

——CHZ——CHO + CH3——C0——CH3 + CH;=—=CH—CHO
o]
OH OH CH —CHOH~CHO+4HQ CO—CH;OH

. For example, the composition of the product obtained in the experiment at
300 °C on a Cu/Al catalyst was: propionaldehyde 7%, allyl alcohol+ propyl alcohol
16%, acrolein 37%, acetone 23%. Thus, the amount of the products formed by
the elimination of the secondary hydroxyl group (55%) is significantly larger than
the amount of product (acetone) formed by the elimination of the primary hydroxyl
group (23%). In addition to the above products, as a consequence of the high
temperatures, also various decomposition processes of primary and secondary
origin occur. Under experrmental conditions (relatively low temperature and higher
flow-rates) when the conversion of propylene glycol was only 25%, the formation
of 2-hydroxypropionaldehyde could be observed wrth very high selectivity on the
Cu/Al catalyst.

Under similar experimental conditions l,3-propanedrol is converted to pro-
pionaldehyde, and 1,3-butanediol to methyl ethyl ketone and butyraldehyde [1, 3, 6].

On a Cu/Al catalyst the 1,4-, 1,5- and 1,6-diols are converted to cyclic ethers
of corresponding ring size. In the above temperature range, with flow rates of
0.1—1 hr~1, the conversion attains 100%, independently of the structure of the diol.

In the case of 1,4- and 1,5-diols the conversion is accompanied by the forma-
tion of the tetrahydrofuran and tetrahydropyran homologues, and is- selective. In

! The selected model compounds were commercial products.
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addition to oxa-cycloheptane as main product (ca. 40%) from hexamethylene gly-
col the formation of other so far unidentified compounds is also observed:

(C H2)‘n

RN L
-~ CH2 CH_R+H20

_(CH2)n_(|:H —R 200—. 300°C

OH OH .. 0
n=234, R=H, CH,

In the low-conversion transformation of 1,4-diols, oxy-oxo compounds and other
so far unidentified products are also formed; the further study of these may provide
useful information for elucidating the mechamsm of dehydratlon of diols on metal
catalysts.

. Our experimental results therefore indicate that the studied diols are dehydrated
on Cu/Al and Cu/SiO, catalysts in accordance with the following scheme:

—(CHZ),,—CH—R (R—H, CH,)
I |

OH : OH . ' -
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The mechamsms of the observed processes w1ll be dealt with in a later paper,
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XUMHUYECKHUE TIPEBPAUIEHVA JUOJIOB
U LUKIJIMYECKUX DOUPOB. XXXV.
I[EFI/IIIPATAI.II/I}I AUOJIOB HA MEJHBIX KATAJ'II/I3ATOPAX

M. Bapmok, A. Moanap u ®. Homeiic

I/IccneuonaHa nervmparaupm HEKOTOPBIX MAU-TIEPBHYHBIX - U OCPBHYHO-BTOPHYHBIX AHONOB
(3THJICHITIMKOJIb, TNPONWIEHrMKOIb, 1,3-nponanauon, 1,3-6yranauon, 1,4-6ytannuon, 1,4-meH-
TaHauon, 1,5-nenrauauon, 1,6-reKcaHaAoN) HA MEAHBIX KaTanu3aTtopax. CKOpoCTh AeruapaTanud
1,3-, 1,4-, 1,5- u 1,6-n1u0onoB 3HAYMTENBHO OOJIbLIE CKOPOCTH AeruapaTtauud 1,2-nuomnos. Ilpu
HCCJICAOBAHHBIX HAMM 3KCIIEPUMEHTAJIBHBIX YCIIOBHAX 1,3-AHOJBI MPEBPAILAIOTCA B OKCOCOSIMHEHUS
C OAMHAKOBBIM YMCIIOM YIJIEpOAHBIX aTOMOB, a 1,4-, 1,5- u 1,6-a10b! nernupampy}oTCﬂ B COOT-
BETCTBYIOLINE OPraHHYeCKHE OKUCH.



