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Abstract: Contrary to earlier observations, N-methyl-N-phenylaminotriphenylphosphonium iodide 1
(the Murahasln reagent) does not react with alcohols and prlmary or secondary amines under mild
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performed at higher temperatures. A mechanistic scheme implying initial amine exchange between 1
and the added amine leading to the N,N-dimethyl analog 5 is suggested. An improved synthesis
where the reactive intermediate 5 is formed in situ from triphenylphosphine, carbon tetrachloride and
HNR’R® is described. © 1998 Elsevier Science Ltd. All rights reserved.

The conversion of an alcohol to the corresponding alkyl or arylamine is an important
reaction in synthetic chemistry. Numerous methods[1] have been applied, some direct, others
indirect in order to achieve this conversion, but not many combine high yields with convenience.
Of the newer methods more frequently cited are the Mitsunobu reaction [2,3], the method of
Castro and Selve [4], the procedure of Tanigawa et al.[5], of Okada et al[6], and, very lately,
the interesting method of Hendrickson et al.{7].

At . £ nalanhale al
COnveEnicrit Ul.le-pOL amination of alcohols aiong a ‘fexated pathwa", where the alcohol is mix
with triphenylphosphine and NBS at low temperature, followed by addition of the amine to

In the present study we revisit the Tamgawa amination [5]. This method has been widely
cited in literature for over two decades and is still appreciated by reviewers of amine forming
reactions for its combination of convenience with hlgh yields under mild conditions. Ongmall_y
we intended to investigate the feasibility of using N-methyl-N-phenylaminotriphenyl-
phosphonium iodide 1 (the Murahashi reagent) for more sophisticated purposes than so far
reported, that is as a means of transforming alcohols containing various sensitive functional
groups to the corresponding amines, without the destruction of these groups.

In our initial model study, applying triethylamine rather than sodium hydride as a base, we
found, however, that treatment of plperonyl alcohol w1th 1 and dJethylamme under Tanigawa

conditions (DMF, 80°, 1-2 h) did not ylela the expected ,N-diethyl-piperonylamine
uespue this negauve result our interest in the Lamga va reaction was not curtailed, particularly
so since the mechanism suggested [5] (vide infra), seemed highly improbable and has as its

1
sole justification the fact that it apparently does account for the products.
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(R!=Me, R2=Ph)
If the proposea intermediate 2 could be realized it would lead exclusively io N-methyl- N-phenyl
substxtuted arnmes ThlS is an obvious consequence of the egatwely charged mu'ogen of
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seemed called for.

In a series of control experiments we allowed 1-butanol to react with sodium hydride, 1 and
diethylamine in DMF under the same conditions as above; thereafter corresponding experiments
were performed with benzylamine in place of diethylamine. Both reactions yielded after dilute
HCI/NaOH treatments followed by extraction into pentane small amounts of N-butyl-N-methyl
aniline in addition to N-methylaniline. Neither N-butyl-N,N-diethylamine or N-benzyl-N-
butylamine were isolated from or detected in the reaction mixtures.

Finally benzyl alcohol was caused to react with 1 and diethylamine, under Tanigawa conditions
as above in DMF as well as in benzene. The reactions afforded in both cases minor yields of

fixrm arainas anlos Ao smatholanilin AN
(WO amines oniy: 1v-1uc€u_y laniline and N- —benz‘y'}-N -methylamlme N- B“BZ}’I—]‘J N- &ethylamme
+.

congistentlv negative regults. the Tanicawa reaction anneared suspect (‘nnh‘ﬂry
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to the mechanism suggested by Tanigawa et al. [5], our results indicate a pathway via the
pentacoordinated intermediate 3, implying that the product is independent of the amine applied

r a

as nucleophile:

® o NRIR2
e NRR
RONa + Ph3P—NR1R21 —_— Ph3P ,} —» RNRI!R2 + Ph,PO
. 1 O-R
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An attractive explanation for the positive results reported [5] is that the aminations were
performed at temperatures higher than those stated by the authors. At elevated temperatures 3
could presurnably, at least partly, be transformed by HNR’R* into the more reactive intermediate
4, which under the 01rcumstances aecornposes immediately into triphenyiphosphine oxide and
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the GXPCCICG RNR’R" as shown below.

IR4
Ph.P NR R? HNR3R* (excess) > ph P/N"&R » RNRZR Ph.PO
——-———’ ) - +
P \ -HNRIR? 3 ,\(ﬁ! ?
3 &

When the reaction is performed with a weaker base than sodium hydride, e.g., with excess
trlethylamme present in the reaction mixture, it would appear that the amination might proceed
via a mechanism where the added amines HNR’R* react with the Murahashi reagent in an
amine exchange reaction forming the required reactant 5 in a first step:
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This exchanged Murahashi reagent might subsequentiy afford the expected amine directly
A R

via 4, or, perhaps more likely in view of the large excess of solvent (DMF), react as shown
below via the formamidinium salt 6, a plausible precursor of RNR’R*.
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In a control experiment the Murahashi reagent 1 was caused to react with excess dimethylamine
in DMF. After 15 - 20 h at 90° the reaction afforded after wo_k~up a quantitative yield of
methylaniline. When the reaction was performed under identical conditions without any dime-

thylamine added to the reaction mixture, no reaction ensued. Even prolonged heating at higher
temperature (120°, 24 h) with and without catalyst (N-methyl-N-phenylammonium bromide)
added, failed to produce any changes in 1 detectable by 'H or *C NMR spectroscopy.

Thus it is indicated that the added, more nucleophilic amine, is effectmg exchange of the
amino group in the Murahashi reagent, and that the reaction when performed in DMF proceeds
via the modified reagent 5. The reagent in question, N,N-dimethylaminotriphenylphosphonium
iodide, can not be isolated under the abovementioned conditions since it reacts immediately
with DMF (see below).

In order to shed further light on the reaction mechanism we prepared the bromine ana
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5 in a separate synthesis. We opted for the bromide rather than the iodide, as this made for an
nnnnnnnnnn thats~ e and th 1 171 1
easier synthetic route and the anion presumably does not influence the reactivity of §. Reaction
of a solution of triphenylphosphine with tetrabromomethane in the presence of an excess of

dimethylamine at room temperature gave N,N - dim thylammotrlphenylphosphomum bromide
as a stable, crystalline product, m.p. 237°. When heated in a NMR tube w1th DMF-d, as
solvent, this analo,q of 5 afforded after 2 hat 112°a quantitative yield of 6 (R’ = R* = Me). The
progress of the reaction was followed with 'H and *C NMR and the clean conversion of 5 into
6 and triphenylphosphine oxide was observed intermittently until the reaction was completed.

When formamidinium salts react with alkoxides, aminalesters 7 are produced as already
shown in 1967 by Bredereck et al. [9]. Aminalesters rearrange easily to the corresponding,
somewhat less reactive [10] amidacetals [9, 10] 8 which are known [11] to react even with
very weak amino nucleophiles, i.e., imines to yield the corresponding aikylimines.

By analogy, the present reagents lead to amines via the following reaction path:

o NMez NMe2 NR3R4
[R'RINCHNMe,| 1 @a—» RO—?H > RO—?H + MeZNJEH
NR3R* OR NR3R*
6 7 8
iHNR3R4
RNR3R4

Thus, it has been established that alcohols ROH can be converted to amines RNR’R* by the
action of HNR’R* and 1, but only under forcing conditions and not via the intermediate 2 as
suggested [5].
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Our present observations are supported by the fact that despite numerous references to the

Tanigawa reaction [5] in reviews and textbooks, there has been no report by any worker in the
field that has actually made any amine by this particular method since the work was published
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In view of the high temperature/long reaction times needed to bring about the Tanigawa
amination, it was of interest to improve the synthesis, specifically by introducing the essential

intermediate§ in a more efficient way, avoiding drawbacks such as strong bases, high temperature
and expensive reagents like 1.

Our main interest focused upon the Ph,P/CCl, system. Despite one early report[12] detailing
the preparation of aziridines from 2-amino alcohols, its potentlal use for the preparation of
amines has not been explored. This is rather surprising in view of the simplicity and mild
conditions of the method and might indicate that efforts in this direction has met with difficulties.

Regardiess of these initial misgivings we made an attempt to extend the Ph,P/CCi, method-
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ology to orcunary amines. Thus, in an initial experlment we mixed mpnenylpnospmne ]
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mmou, with t DCDZYI alcohol \.‘) IIlIIlUl) in acetonitrile \0 lIu}, added Lucuxymuuuc L1V iiifion )
followed by tetrachloromethane (1.5 equlvalents) The temperature of the reaction mixture
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The reaction mixture was thereafter heated Leﬂux for 1 h. Subsequent addition of water

=]
=
o

followed by 1C1/Na tr n int pentane yielded after drying
(MgSO,) the expected p oduct, N- benzyl-N N—dlethylamme as lourless, virtually pure oil
in about 84 % yield.

Under the same experimental conditions piperonyl alcohol was transformed cleanly into
N-diethyl-N-piperonylamine. In this case the acid/base treatment was omitted, however. The
amine was purified by flash chromatography on Merck No. 9385 silica gel 60, using ethyl
acetate/hexane as eluent. Yield: 75%.

€
followed bv dilu

Contrary to the experience with 2-amino alcohols, where goo i to excellent yields of the
corresponcung aziridines are obtained at or below room tempera ‘e {12] the present amination
is too slow to be of much value when performed under the abovementioned mild conditions

A
u
[12] Benzy] alcohol, for example, afforded only about 32 % yield of N-benzyl-N,N-
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