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Abstract: Thedirect conversion of primary a coholsinto oximesis
reported using manganese dioxide and alkoxylamines/hydroxyl-
amine as their hydrochloride salts or supported on Amberlyst 15.
This transformation has been applied to arange of benzylic, dlylic
and propargylic alcohols and utilised to prepare the natural product
citaldoxime.
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We have recently designed a range of transformations
based on the manganese dioxide-mediated oxidation of
primary alcoholsfollowed by in situ trapping of the result-
ing adehydes*™* This one-pot, tandem methodology
avoids the need to isolate the intermediate adehydes,
which isparticularly useful inthe case of volatile, toxic or
highly reactive examples. We first employed stabilised
phosphoranes,* non-stabilised phosphoranes? and stabi-
lised phosphonate anions as trapping agents.? We then
went on to extend this concept by incorporating amines as
the nucleophilic trapping agent (Equation 1).2 In this way
alcohols can be converted into imines in a one-pot pro-
cess.># In this paper we report that O-alkoxylamines (and
in certain cases, hydroxylamine itself) can also be em-
ployed as trapping agentsin a similar sequence (Equation
2). We also describe the use of this methodology for the
preparation of the antifungal natural product citaldoxime.
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RN, ] ——>  RCH=NR!
RCHO

CH,Cl,

AcOH
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R = aryl, alkenyl, alkynyl; R!=alkyl

Equation 1
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Initial studieswere carried out using benzyl alcohol, man-
ganese dioxide, molecular sieves and methoxylamine hy-
drochloride in dichloromethane as shown in Equation 3.
To our delight the procedure gave the corresponding O-
methyl oxime 1 in 62% isolated yield with NMR data in
accord with the literature.® It should be noted that when
amine baseswere added to thismixturein an attempt toin-
crease the rate of reaction by releasing free methoxy-
lamine, the yield of adduct 1 decreased dramatically. We
assume that the hydrochloride salt is stable to the oxida
tive conditions, whereas free methoxylamine is probably

oxidised by manganese dioxide.®
OM
OH MnO, ©/\N/ e
MeONH,ECl
CH,Cly, A 1,62%

4A mol. sieves
(EZz=12:1)

Equation 3

We went on to investigate the in situ oxidation-oxime for-
mation reaction with a range of benzylic alcohols under
these conditions (Table 1).”8 They all underwent smooth
transformation to give the corresponding O-methyl
oximes in good yields. The reaction was compatible with
electron withdrawing or donating substituents (entries ii
and iii), and 1,4-benzenedimethanol was efficiently con-
verted into the corresponding di-oxime (entry iv). Other
alkoxylaminesweretried with less success (entries v—vii).
Thus, treatment of benzyl acohol under the standard con-
ditions with O-tert-butoxylamine hydrochloride or O-al-
loxylamine hydrochloride gave only trace amounts of the
desired oximes (entry v). With benzoxylamine hydrochlo-
ride and 4-methoxybenzyl acohol a reasonable yield of
the corresponding O-benzyl oxime was obtained (entry vi,
68%), but al attempts to utilise hydroxylamine hydro-
chloride in this sequence to produce the parent oximes
were disappointing, the best result being shown in entry
vii (ca. 16% with benzyl acohal).

We next looked at similar reactions with allylic, propar-
gylic and related alcohols (Table 2). Cinnamy! acohol, E-
non-2-en-1-ol and non-2-yn-1-ol reacted smoothly under
the standard conditions to give the corresponding O-me-
thyl oximes (Table 2 entriesi, ii and iv). With Z-non-2-en-
1-ol, however, there was a significant amount of alkene
isomerisation (entry iii, Z_.E = 2.4:1). This procedure
was also successful with an a-hydroxy ketone,® hydroxy-
acetophenone giving the corresponding O-methyl oxime
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Tablel In Situ Oxidation-Oxime Formation:? Benzylic Examples

Entry Alcohol Alkoxylamine Product (isolated yield)
(l) ©/\OH MeONHzHcl ©AN/OM9
62% (E:Z=12:1)
(ii) MeONH,-HCl X _OMe
O,N ON
85% (E:Z=13:1)
(iii) /©/\OH MeONH,-HClI @N/OMG
MeO' MeO
88% (E:Z=8:1)
@iv) v©/\OH MeONH,-HCI VQAN +~OMe
HO.
Meo” X
84%P
'BUONH,-HCI

) ©/\OH

(vi) /@/\OH
MeO

(vii) ©/\OH

PhCH,ONH,-HCl

HONH,-HCI

©A\ N/OBU[

trace®
J@A\N/OCHZW

MeO

68% (E:Z=7:1)

@NOH

ca. 16%¢

2 Using manganese dioxide (5-20 equiv.) and 4A molecular sievesin CH,Cl, at reflux for overnight.?
b 30 equiv of manganese dioxide were used in this example; the product was obtained as a separable mixture of isomers (E,Z.E,E:Z,Z =

2.7:1.7:1).

¢ AllylONH,-HCI also gave only trace amounts of the expected product.

d Crude yield based on NMR integration.

and parent oxime in just over 40% yield for each (entries
v and vi).

The disappointing yields with oximes other than methox-
ylamine encouraged usto look at alternative systems. The
earlier discovery that hydrochloride salts were preferable
to the free amines, and the presumption that this was due
to their low solubility preventing oxidative degradation,
prompted usto look at other heterogeneous systems. Suc-
cess was achieved when the oximes were supported on
Amberlyst 15 resin (Table 3).1° Thus, benzyl alcohol re-
acted with supported methoxylamine in 59% yield (entry
i), which was about the same as using MeONH,-HCI.
However, with benzyl alcohol and supported alloxyl-
amine and tert-butoxylamine, fair yields of the corre-
sponding O-alkyl oxime adducts were obtained (entriesii
and iii); this contrasts to the reactions using the hydro-
chloride salts which failed. We have aso shown that sup-
ported benzoxylamine is compatible with this procedure
(entry iv), that 4-nitrobenzyl alcohol gives a good yield
with supported alyloxylamine (entry v), and that hy-

droxyacetophenone can be employed with supported hy-
droxylamine (entry vi).

We next went on to apply this new methodology. Cital-
doxime5isan antifungal natural product first obtained as
aradiation-induced stress metabolite of Citrus sinensis,*!
and later isolated from the roots of several different citrus
plants.*? Citaldoxime was conveniently prepared using
the in situ oxidation-oxime formation procedure as shown
in Scheme 1. Bromination-acetoxylation-hydrolysis of
methyl ketone 2 gave al cohol 32 which on alkylation with
prenyl bromide produced the key a-hydroxy ketone pre-
cursor 4. Oxidation-oxime formation using Amberlyst-
supported hydroxylamine proceeded in 43% yield in di-
ethyl ether'4 producing citaldoxime 5 in aone step process
(mp 104-105 °C; lit.** mp 104-105 °C).

We aso prepared the novel citaldoxime analogue 6 as
shown in Scheme 1. Thus, oxidation-oxime formation
of a-hydroxy ketone 4 using Amberlyst-supported meth-
oxylamine gave a 49% yield of O-methyl citaldoxime 6
which was fully characterised.
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Table2 In Situ Oxidation-Oxime Formation:2 Allylic, Propargylic and Related Examples

Entry Alcohol Alkoxylamine Product (isolated yield)
@ Ph/\/\OH MeONH,-HCI PhMN,,OMe
91% (E,E:E,Z=5:4)
ii MeONH,-HClI >N OM
(i) CGng/\/\OH 2 CGHB/\/\Nw e
61% (E,E:E,Z=1:1.4)
iii — OH MeONH,-HCI — N
" i) cHg” ’ cas” T "ome
87% (Z,E:Z,Z.E,E:E,Z=2.9:2.4:1:1.2)
(iv) OH MeONH,-HCI N~+OMe
Cei—" csng—?/
71% (E:Z=3:10)
v) o MeONH,-HCl o
H N
©)J\/ o ©)J\¢ “OMe
45% (E:Z=2:1)
(vi) o) HONH,-HCI o

©)JVOH

©)J\¢NOH

24%°

2 Using manganese dioxide (5-20 equiv.) and 4A molecular sievesin CH,Cl, at reflux for overnight.
b E,E and E,Z indicates the configuration of the alkene followed by the configuration of the oxime.
¢ This reaction was only successful when THF was used as solvent (no product observed in dichloromethane).

i.Bry
ii. ACOH, Et3N OH iv. NaH
—_—
iii. ag. NaOH
MeOH HO )\/\
Br

o} 0}
MnO, NOH
%\/Q)J\/OH Et,0,rt.,26h (i@)k?
O O

(P SOsHMIH,0H

4, 22% over 4 steps Citaldoxime 5 (43%)

o}
MnO, N
THF,A,24h (7~ N
o

(P SOsHMH,OMe

4 6, O-Methy! citaldoxime
(49%; E:Z = 11:1)

Scheme 1

In conclusion, we have successfully developed a simple
one-pot procedure using MnO,—~NH,OMe-HCI for the
conversion of activated primary alcohols into O-methyl
oximes. We have also developed a variant using Am-
berlyst 15-supported akoxylamines, which can be em-
ployed to prepare other types of O-alkyl oximesaswell as

the parent hydroxylamines. This|latter procedure has been
used as the cornerstone of an efficient synthesis of the
antifungal natural product citaldoxime.
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Table3 In Situ Oxidation-Oxime Formation Using Amberlyst 15-Supported Alkoxylamines®
MnO,
SOzHMH,0R? 1
T (B SOgHmH, R&N/OR
4A mol. sieves
CH,Cly, A
Entry Alcohol Alkoxylamine Product (isolated yield)
0] @/\OH (P SOsHINH,OMe C PO N/OMe
59% (E:Z=11:1)
(i) ©/\0H (P SOgHMIH,Oallyl ©A\N/Oallyl
69% (E:Z=13:1)
(i) | SN oH (P)SO:HMIH,0BU! N N/osut
) o
44% (E:Z=17:1)
(iv) /@/\OH (B) SOSHINH,0CH,Ph /@AN/OCHZ%
MeO MeO
83% (E:Z=9:1)
(v) /@/\OH (B> SOsHMH,Oallyl /@/%N/Oallyl
O,N o
87% (>97% E)
(vi) 0 (P SOsHINH,OH 0
©)J\/OH ©)J\¢NOH
60%°

2 Using manganese dioxide (5-10 equiv), supported oxime (2-5 equiv.), and 4A molecular sievesin CH,CI, at reflux overnight.
b Using THF as solvent (32% in dichloromethane).

9)
(10)
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reaction mixture was filtered through Celite®, washing well
with dichloromethane. The combined organic fractionswere
concentrated in vacuo and the resulting product purified by
column chromatography on silica. Elution with petroleum
ether—ethy| acetate (4:1) gave 4-nitrobenzal dehyde O-
methyl oxime (0.154 g, 85%; E:Z = 13.1) as ayellow solid,
mp 97.6-98.0 °C (lit.* mp for E-isomer, 102-104 °C) which
displayed spectroscopic data consistent with those
published.®
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(11)

(12)
(13)
(14)

(15
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