Pseudourea-mediated dehydration of tertiary and benzylic alcohols
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Tertiary and benzylic alcohols readily form pseudoureas, which
eliminate in good yield either at room temperature or upon
gentle warming. In contrast, the dehydration of primary and
secondary alcohols via this procedure requires elevated tem-
peratures and gave low yields.

The final step in our synthesis of faveline methyl ether (2) was
the dehydration of alcohol 1 at 140°C using KHSO,.!
However, the formation of byproducts under these acidic con-
ditions led us to consider other methods for elimination.?
While carbamates®® and acetates3” typically eliminate in good
yield at 375-480°C and 200-250 °C, respectively, the elimi-
nation of xanthates requires temperatures between 100 and
250°C.3¢ We were curious whether the pseudourea,**? gener-
ated in situ by treating alcohol 1 with a carbodiimide (Scheme
1), would dehydrate through an E; mechanism (i.e., i — ii — 2),
typlcal of pyrolytic eliminations, or an E; mechanism (i.e.,
i — iii — iv — 2).*“* We found that treatment of 1 with a cata-
lytic quantity of CuCl and dicyclohexylcarbodiimide (DCC) in
THF generated the pseudourea in situ; heating the crude
pseudourea at 90°C for 4 h gave 2 in 76% yield, along with
1,3-dicyclohexylurea (DCU).® This prompted us to investigate
the generality of this dehydration procedure.®

Eight benzylic alcohols were studied (Chart 1). The dehy-
dration of tertiary benzylic alcohols 4 and 7 occurred in a
single operation and at lower temperatures than required for
the dehydration of secondary alcohols 3 and 6. While the for-
mation of a styrenyl double bond is generally favored, in the
cases of secondary alcohol 9 and tertiary alcohol 10 only ether
formation occurred. These results are best accounted for by an
E, process.

The pseudourea-mediated dehydration of tertiary alcohols
12 and 13 gave mixtures of the di- and trisubstituted olefins
(Chart 2). Here the pseudourea moiety functions as an easily
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ionized leaving group, thereby favoring an E; mechanism.
Carrying out the reaction in polar aprotic solvents, such as
DMF, THF, acetonitrile or acetone, had little influence on the
elimination yield.

The elimination of the pseudourea derived from simple
primary and secondary alcohols requires higher reaction tem-
peratures than those needed for benzylic or tertiary alcohols.
For example, hexanol was converted to 1-hexane in <5%
yield when the crude pseudourea was heated at 260—290 °C for
6 h (Chart 3). Like hexanol, 2-methylheptan-3-ol (15) and
cyclohexanol (16) readily formed the corresponding pseudo-
ureas; however, the elimination of these intermediates pro-
ceeded in poor yield. In contrast, the formation of a
conjugated double bond facilitates elimination (cf. entries 11
and 17). This observation led us to examine the dehydration
of allylic alcohols. Three allylic alcohols were dehydrated to
generate conjugated dienes (Chart 4). While the elimination of
diene 18 was straightforward, not all of these eliminations
were regiospecific. For example, the dehydration of geraniol
produced 3,7-dimethyl-1,3,6-octatriene as a 1:1 mixture of E
and Z isomers. In contrast, alcohol 20 produced ureas 20a
and 20b, as a result of a [3,3]-sigmatropic rearrangement.’

In summary, we have found mild conditions suitable for the
efficient dehydration of many tertiary and benzylic alcohols.
This method also permits the dehydration of secondary and
allylic alcohols.
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