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Abstract: The direct conversion of primary alcoholsinto nitrilesis
reported (RCH,OH into RCN) using manganese dioxide and am-
monia in 2-propanol-THF, containing magnesium sulfate at room
temperature. This transformation, which proceeds viaan in situ ox-
idati on-imination-aldimine oxidation sequence, has been applied to
arange of benzylic, heterocyclic, alylic and propargylic alcohoals.
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As part of a programme to investigate tandem manganese
dioxide-mediated alcohol oxidation followed by in situ
trapping of the resulting aldehydes, we have studied the
use of stabilised phosphoranes,! non-stabilised phospho-
ranes,? stabilised phosphonate anions’> and amines® as
trapping agents.* By including a polymer-supported re-
ducing agent in the amine trapping process, the sequence
was extended so that the intermediate imine was reduced
in situ: this oxidation-imination-reduction sequence thus
provides a one-pot route from alcohols to amines (Equa-
tion 1).2 Inspired by arecent publication by Lai et al.,> we
decided to investigate the related oxidation-imination-ox-
idation sequence shown in Equation 2.

MnO, 1 [H] 1
AICH,0H — £ [ArcHO — ArCH=NRY| > AICHANHR
2

PCSBH

PCSBH = polymer supported cyanoborohydride

Equation 1

MnO,

[O]
RCH,0OH ? RCHO —> RCH=NH [ —> RC=N
3

Equation 2

Lai’ sgroup showed that aromatic a dehydes could be con-
verted into the corresponding nitriles by treatment with
ammonia in 2-propanol (IPA) and THF containing mag-
nesium sulfate and manganese dioxide at room tempera-
ture (rt) for 16-22 hours® This transformation
presumably involves conversion of the aldehyde into the
corresponding aldimine followed by in situ oxidation by
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the manganese dioxide. We hoped to illustrate that this
transformation could be carried out directly from primary
alcohols (Equation 2).

Initial studieswere carried out using 4-bromobenzyl alco-
hol under Lai’s conditions (Equation 3).° To our delight
the procedure gave the corresponding benzonitrile in 81%
isolated yield.5”

. N
NHg-IPA &

/©/\OH MgSO, /©/ 81%
Br MnO, Br

THF, r.t, 18 h

Equation 3

We therefore investigated the in situ oxidation-nitrile for-
mation reaction with a range of benzylic alcohols under
these conditions (Table 1). They all underwent smooth
transformation to give the corresponding nitriles in good
yields. The reaction was compatible with electron with-
drawing or donating substituents (entries i—ii), and effi-
cientty  converted 1,4-benzenedi methanol into
terephthalonitrile (entry iv). One naphthalene example
was studied and proceeded smoothly (entry v), as did the
conversion of indole-3-methanol into 3-cyanocindole (en-
try vi). In the last exampleit is noteworthy that N-protec-
tion was not required.

We next looked at similar reactionswith alylic and prop-
argylic alcohols (Table 2). Both E- and Z-non-2-en-1-ol
underwent efficient conversion into the corresponding un-
saturated nitriles (entries i and ii), although in the latter
exampletherewasasmall amount of alkeneisomerisation
(Z:E =5:1). Propargy! alcohols were also studied (entries
iii and iv): both non-2-yn-1-ol and 3-phenylprop-2-yn-1-
ol gavethe corresponding nitrilesin good yields, the latter
reaction taking only 2 hours.

If the reaction with 3-phenylprop-2-yn-1-ol was left for
longer than 2 hours, increasing amounts of phenylpropar-
gylamide were observed, presumably by nitrile hydration
occurring in situ.® A similar result was obtained with py-
ridine-2-methanol (Equation 4).8° A fair yield (30%) of
the nitrile was obtained under the standard (18 h) condi-
tions, but the main product was the corresponding carbox-
amide.

Attempts to extend this methodol ogy to unactivated alco-
hols such as decanol*® were unsuccessful.
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Tablel In Situ Oxidation-Imination-Oxidation Giving Nitriles:® NHa-1PA
Aromatic Examples | A MgSO4 | AN | AN
7 OH MnO, (j\ " (j\
Entry  Alcohol Product Product N THE, 1t 18 N s N~ >ConH,
(isolated N
yield) 30% 60%

i _N 81%

0] /@/\OH & 0
: o

(i) N 81%
ON

O,N
.
(iii) @E\OH N 87%
- L
OH
i 0,
(iv) oH N 78%
HO.
- C
N/
(v) OH m 82%
“ :
(vi) OH N 7%
&
oy
N N
H
N
H

aUsing ammoniain IPA, MgSO,, manganese dioxide (15 equiv) in
THF at r.t. for 18 h;” 30 equiv of MNnO, was used in example (iv).

Table2 In Situ Oxidation-Imination-Oxidation Giving Nitriles: Al-
lylic and Propargylic Examples?

Entry  Alcohol Product Product
(isolated
yield)

0 PN N 82% (24

CeHig™ X OH 2
6113 ey 3/\/C h)
(i) CeH1z ZN 82% (24
S—""on G .C7 h) Z:E=5:1

iii OH CiHi—=—-—C=N 87% (18

(i CeHig——— o h) (

. _ 0 "

(iv) o OH Ph—=—C=N 82% (2 h)

aUsing ammoniain IPA, MgSO,, manganese dioxide (15 equiv.) in
THF at r.t. for the time indicated.

b When the reaction wasleft for 3 h, some phenylpropargylamide was
observed by TLC. If the reaction was left for 24 h, phenylpropargy!-
amide was the only product (62%).

In conclusion, we have successfully developed a one-pot
procedure for the conversion of activated primary alco-
holsinto nitrileswhich isextremely easy to perform asthe

Equation 4

oxidant is heterogenous and can be removed by simplefil-
tration, evaporation of the solvent then giving the product.
Given the importance of nitriles for the synthesis of fine
chemicals, pharmaceuticals and agrochemicals,*® we feel
that this new methodology will be of general interest.
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