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Abstract: The direct conversion of primary alcohols into methyl
esters and amides using manganese dioxide and sodium cyanide
with methanol or the appropriate amine is reported. These transfor-
mations, which proceed viaanin situ four step, double oxidation se-
quence, have been applied to a range of benzylic, heterocyclic,
allylic and propargylic alcohals.
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As part of aprogramme to design synthetically useful tan-
dem oxidation processes, we have developed one-pot
manganese dioxide-mediated transformations of primary
alcohols giving alkenes,*? imines,® amines,® oximes,* and
nitriles.> In 1968, Corey, Gilman and Ganem reported a
one-pot conversion of aromatic and unsaturated alde-
hydes into their corresponding methyl esters using man-
ganese dioxide, acetic acid and sodium cyanide in
methanol (Equation 1).6 In 1971, Gilman extended this
protocol to prepare amides from aromatic aldehydes and
cinnamaldehyde (Equation 1).” In this Letter we report
that activated al cohols can be directly transformed into es-
ter or amidesin aone pot, four step sequence (Equation 2),
thereby extending the versatility of this methodology.
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Our initial experiments involved the conversion of cin-
namyl alcohol into methyl cinnamate (Table 1). We were
delighted to find that the original conditions® gave the de-
sired transformation, albeit rather sowly (84%, 2 d). We
also established that the presence of acetic acid was not
essential, although it did accelerate the process. We then
explored the use of mixed solvents (containing 5 equiva-
lents of methanol) and found that THF-MeOH produced
a70% yield after only 5 hours at reflux, and that the yield
remained constant providing 15 equivalents of manganese
dioxide and one equivalent of sodium cyanide were em-
ployed.? It isworth noting that the reaction still proceeded
with as little as 0.2 equivalents of sodium cyanide, al-
though the yield was reduced to 52%.°

Attempts to replace the methanol by other alcohols gave
limited success; ethyl cinnamate was produced in 49%
yield whereastheiso-propyl analoguewasisolated in only
10% yield.

Following these preliminary studies, the optimum condi-
tions (A and B in Table 1) were utilised with arange of ac-
tivated alcohols (Table 2).1° Conditions B were studied
first as they gave the fastest transformation, and as can be
seen, the procedure was successful with a range of aro-
matic, heterocyclic, akynyl and alkenyl examples. Al-

Table1l In Situ Oxidation-Esterification Reactions

excess MnO,
N on NaCN o COR
(solvent, AcOH)
Conditions Time  Yield
20 MnO,, 5 NaCN, 1.5 AcOH, MeOH, r.t. 2d 84% (B)
20 MnO,, 5 NaCN, MeOH, r.t. 3d 78%
20 MnO,, 5 NaCN, CH,Cl,—MeOH, A 17h 2%
20 MnO,, 5 NaCN, Et,0-MeOH, A 16 h 68%
20 MnO,, 5 NaCN, THF-MeOH, A 5h 70%
15MnO,, 1 NaCN, THF-MeOH, A 5h 70% (A)
15MnO,, 0.2 NaCN, THF-MeOH, A 5h 52%
20 MnO,, 5 NaCN, 1.5 AcOH, EtOH, r.t. 7d 49%
20 MnO,, 5 NaCN, 1.5 AcOH, iPrOH, r.t. 7d 10%
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most all of the reactions went cleanly giving the product
methy| ester in spectroscopically pure form without the
need for chromatographic purification (i.e. after simple
filtration and agueous work-up). The isolated yields
ranged from 46-70% but repeating those reactions with
yields lower than 50% using conditions B greatly im-
proved the efficiency, athough, as expected, reaction
times were increased (Table 2, entriesiii and v).

Attempts to extend this methodol ogy to unactivated alco-
hols such as decanol*® were unsuccessful (Method A, 99%
recovered decanol after reflux for 20 hours).

Table2 In Situ Oxidation-Esterification Reactions®

Product Isolated

Yield®®

Entry  Alcohol
"o
(i) /O/\
e)
Br
ol
N

CO,Me A:53% (18 h)

¥

coMe A:57% (15h)

Q

M

<

e0
- 46% (15 h)
: 80% (3 d)

CO,Me

w >

H
OH
(iii) /@/\OH
Br
(iv) | X H - C0Me A: 64% (2 h)
P |
OH
OH

Q

N/
v) I [\ A: 41% (20 h)©
- 770
Qv Q\COZME B: 77% (7 d)
(vi) Ph—=——co,Me A:66% (18 h)
ph——" e
wiy AN oy COMe  A170% (5 h)

aConditions A:15 MnO,, 1 NaCN, THF-MeOH, A;®

Conditions B: 20 MnO,, 5 NaCN, 1.5 AcOH, MeOH, r.t.

b Yields refer to material isolated after filtration and solvent evapora-
tion and shown to be essentialy pure by NMR spectroscopy: after
chromatographic purification isolated yields are 1-2% lower.

°NMR yield quoted as atrace of starting a cohol remained.

We next moved on to study amide formation. Preliminary
studies were carried out using benzy! alcohol with iso-bu-
tylamine, and the optimum conditions developed (Equa-
tion 3).1* Efficient conversion was achieved in THF
(dichloromethane could also be used; 84% yield with 5
equiv amine), and yields were higher when the reaction
was carried out at room temperature rather than reflux (at
higher temperatures the corresponding imine® tended to
predominate).

30 MnO;,
1 NaCN s
i 1.5 equiv. 'BUNH;: 67%
_— ! .
PhCH,OH X 'BUNH, PhCONHBU 5 equiv. 'BUNH,: 86%
THF, r.t.

Equation 3

These conditionswere applied to arange of substratesand
amines (Table3).1® With benzyl alcohol (entry i),
benzamide'? and its N-methyl, N-iso-butyl and N,N-dime-
thyl derivatives were made in good to excellent yieldsvia
this one pot procedure. The use of diethylamine proved
less satisfactory (25%), whereas pyrrolidine gave a 62%
yield of the corresponding amide. Thisresult suggests that
the transformation is sensitive to steric hindrance, a hy-
pothesis reinforced by the observation that the yield with
tert-butylamine was less than 5%.

The process also worked well with electron rich and elec-
tron poor benzylic alcohols (entries ii and iii), and with
pyridine, thiophene and furan examples (entriesiv—vi). To
date, we have not obtained practical yieldswith allylic and
propargylic alcohols, in part due to apparent Michael ad-
dition of cyanide,*® but success was achieved with an un-
activated alcohoal, tetrahydrofurfuryl alcohol (entry vii).

In conclusion, we have successfully developed straight-
forward one-pot procedures for the conversion of activat-
ed primary acohols into methyl esters and amides. The
procedure is mild and practically straightforward, does
not require anhydrous conditions, and affords good to ex-
cellent yields of the products after a simple filtration-
aqueous work-up. We are currently optimising and ex-
tending these processes, and looking at applications in
natural product synthesis.
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Table3 In Situ Oxidation-Amide Formation®
Entry Alcohol Amine Product Isolated Yield?P
@i) o NH, PhCONH, 53%
(4 equiv)
MeNH, PhCONHMe 69%
(2 equiv)
iBUNH, PhCONHBU 86%
(5 equiv)
MeNH PhCONMe, 73%
(5 equiv)
62%
HNG PhCONG
(i) oH iBUNH, CONHBUI 81%
MeO MeO'
(III) OH |BUNH2 CONHBU T7%°
02N OzN
(iv) N o iBUNH, CONHBU 65%
| ; (5 equiv) [
N~z N
(v) @\/ iBUNH, 64%
\ 5 equiv I\
s o (5 equiv) s CONHBU
(vi) oH iBuNH, CONHBU 59%
w\ (5 equiv) U
Y (¢)
(vii) iBUNH, 4591
O\/OH (5 equiv) O\ .
o o) CONHBU

230 MnO,, 1 NaCN, THF, r.t., 23-26 h.11

b |solated yields after chromatographic purification.
€17h (73%for 5 h).

4 Using 40 equiv MnO, for 2 d.

©)

(10)

(11)

crystals, which was pure according to *H NMR
spectroscopy, mp 35 °C; lit.*2 mp 35-36 °C. (b) Ethyl
acetate, methyl acetate, acetonitrile and dimethyl formamide
were also investigated as co-solvents without leading to
improved yields.

Alternativesto NaCN have also been investigated (e.g.
KCN, LiCN, NaCl,O, Nal, NaSCN, NaSCOMe, KOCN
(using 2 equiv in each case). Only KCN (64%), LiCN (56%)
and KOCN (6%) afforded methyl cinnamate.

Most of the esters and amides are known compounds and
wereidentified by comparison of their *H NMR spectrawith
published data. Novel compounds were fully characterised.
A mixture of benzyl acohol (108 mg, 1 mmoal), iso-
butylamine (0.5 ml, 5 mmol), sodium cyanide (49 mg, 1
mmol) and activated manganese dioxide (1.31 g, 15 mmol)
was stirred in THF (15 mL) at r.t., After 30 min, a second
batch of activated manganese dioxide (1.31 g, 15 mmol) was
added and the reaction stirred for afurther 23.5 h. The
resulting mixture was then filtered through Celite® with

(12)

(13)

(14)

additional dichloromethane being used to wash the Celite®.
The combined organicswere washed with water (2 x 20 mL)
and then dried over magnesium sulfate. Filtration, removal
of solvent invacuo and chromatography on silica(petroleum
ether—ether, 2:3) gave N-iso-butylbenzamide (153 mg,
86%), as awhite solid, which was pure according to

IH NMR spectroscopy; mp 55.8-56.1 °C (lit.** mp

54-56 °C).

For an alternative manganese dioxide route to a limited
range of carboxamides, which does not use sodium cyanide,
seeref.s

Preliminary studiesindicate that improved yields can be
obtained with alylic alcoholsif low temperatures (0 °C) are
employed; the use of hexane as solvent can also improve
yieldsin some cases. Further studies are being carried out
which will beincluded in afull paper.

(a) Kendall, J.; Booge, J. E. J. Am. Chem. Soc. 1916, 38,
1712. (b) Gajda, T.; Zwierzak, A. Synthesis 1981, 1005.
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