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Various alkoxy(N-tert-butylamino)(methyl)sulfonium tri-
flates are prepared by selective O-alkylation of N-tert-butyl-
methanesulfinamide (4c) with primary akyl trifluoromethane-
sulfonates (triflates). Successive treatment of thus formed
akoxyaminosulfonium salts with DBU smoothly affords the
corresponding aldehydes in good yields. The sequentia combi-
nation of the two reactions provides a new method for oxidation
of primary akyl triflates to aldehydes, and the present study
suggests the existence of alkoxysulfilimines as intermediates of
the previously-reported direct oxidation of alcohols by using N-
tert-butylphenylsulfinimidoyl chloride (1a) and DBU.

Recently, a new method for oxidation of primary and sec-
ondary alcohols to the corresponding aldehydes and ketones by
using N-tert-butylphenylsulfinimidoyl chloride (1a) in the co-
existence of DBU or zinc oxide was reported.! For example,
octanol was smoothly oxidized to octana in 98% yield by the
combined use of 1a and DBU.12 The oxidation was assumed to
proceed via octyloxysulfilimine (2a) which was formed by the
reaction between la and octanol in the presence of DBU and
was in turn converted to octanal and N-tert-butylbenzenesulfen-
amide by an intramolecular proton transfer through a five-mem-
bered transition state (Scheme 1). In order to prove the exis-
tence of akoxysulfilimines in the acohol-oxidation using la
and to investigate further the proton transfer step in the pro-
posed mechanism of the oxidation, two kinds of octyl-
oxyaminosulfonium salts (3) were prepared and their structural
reguirements for the oxidation were studied. Namely, one kind
of 3 was octyloxy(N-monoalkylamino)sufonium salts (3a—g)
and octyloxy(N,N-diethylamino)sulfonium salts (3h,i) were the
others. It was considered that 2 would be readily formed and
oxidation would take place by treating the former with an
appropriate base. In this communication, we would like to
present new findings concerning the mechanism of the direct
oxidation of alcohols using 1a, together with a new method for
oxidation of primary alky! triflates to the corresponding aldehy-
des by using N-tert-butylmethanesul finamide (4c).

As N,N-dialkylsulfinamides were already reported to be
selectively O-alkylated by using hard alkylating agents such as
methyl triflate?<€ or triethyloxonium tetrafluoroborate, sev-
eral octyloxyaminosufonium salts? were prepared by O-alkyla-
tion of sulfinamides with octyl triflate (Table 1). In the first
place, three types of benzenesulfinamides (4a,b,h)3 were O-
alkylated with octyl triflate in refluxing CH,Cl,. N-tert-Butyl-
and N-isopropylamino(octyloxy)(phenyl)sulfonium triflates (3a
and 3b) were obtained only in low yields although N,N-diethyl-
aminosulfonium salt (3h) was formed in 91% yield (Table 1,
entries 1, 2, and 8). Therefore, methane- or isopropylsulfin-
amides® were employed in O-octylation reaction since they
were supposed to be more nucleophilic than benzenesulfi-
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namides. Expectedly, the O-octylation reactions proceeded at
lower temperatures (room temperature), and 3c and 3i were
obtained from 4c and 4i, respectively, in over 90% yields. It
was also found that N-tert-butylalkylsulfinamides (4c and 4f)
and N,N-diethylsulfinamides (4h and 4i) were more smoothly
O-octylated than other sulfinamides were. Because al of these
octyloxyaminosulfonium triflates (3) except 3a and 3g were
oily substances and were difficult to be purified, yields of 3a—i
were estimated by H NMR analysis after washing crude sulfo-
nium salts with petroleum ether (vide infra).

As the second step, the formation of octyloxysulfilimines
(2) was carried out by treating the above-mentioned 3 with a
base. When neutralization of 3 was conducted by using 1.1
equiv of DBU as the base in toluene, it was found that all of
octyloxy-N-monoal kylaminosulfonium triflates (3b—f) were
converted to octanal, while N,N-diethylaminosulfonium salts
(3h,i) were not (Table 1). This result implied that octyloxysul-
filimines (2) were readily formed from 3b—f by treating them
with DBU, and oxidation took place to afford octanal immedi-
ately after the formation of 2. Further, the results that oxidation
did not take place in the case of N,N-diethylaminosulfonium
salts (3h,i) suggested that DBU did not take part in a-proton-
abstraction at the proton-transfer step of the oxidation reaction
and the proton-transfer proceeded via the intramolecular five-
membered transition state. In fact, when 3h was treated with
DBU, no desired octanal was detected at all, while added DBU
was octylated with 3h to form a quaternary ammonium salt in
34% yield along with the formation of N,N-diethyl benzenesul-
finamide (41%) and the recovery of 3h (37%). Instead of oxi-
dation, nucleophilic replacement of 3h with DBU apparently
took place.
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Because N-tert-butylmethanesulfinamide (4c) gave the best
results concerning both O-alkylation and oxidation among sulfi-
namides examined, 4c has been used in the oxidation of alkyl
triflates since then. On the other hand, when O-alkylation of
dimethyl sulfoxide with octyl triflate was tried, the correspon-
ding dimethyl (octyloxy)sulfonium triflate was obtained in a
lower yield and a lower purity (70% yield, 73% purity). This
result indicated that O-alkylation of 4c proceeded more effi-
ciently than that of dimethyl sulfoxide. It was also advanta-
geous that the present oxidation proceeded smoothly at room
temperature, considering the fact that higher temperatures such
that ranging from 100 to 150 °C were required in the similar
oxidation by Kornblum using dimethyl sulfoxide.*
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Table 1. Oxidation of octyl triflate to octanal (5) via formation
of octyloxyaminosulfonium triflates (3a—i)

Sulfinamide (4)  O-Alkylation Yield/%
Entry R! R?2 R3 Conditions 3 sb
1 Ph ‘BuH da reflux,12h 3a —¢ —d
2 Ph iPr H 4b reflux, 1 h 3b 44 (65) 52
3 MeBuH 4c¢ rt,42 h 3¢95 (>99) 88
4 MeiPr H 4d rt,24 h 3d 44 (65) 52
5 MeMeH d4de rt,44 h 3e 84 (90) 23
6 Pr BuH d4f rt, 40 h 3t 87 (93) 93
7 MePh H 4g r,24h g —¢ —d
8 Ph Et Et 4h reflux,12h  3h 91(94) 0O
9 Me Et Et 4i rt,44 h 3Ji 95(96) 1

8Determined by 'H NMR analysis using Ph,CH as an internal standard.
The number in parenthesis is wt% purity of 3. PYield based on 3 was
determined by GC-analysis using an internal standard. °Complex mixture.
dThe experiment was not carried out,

Oxidation of various primary alkyl triflates to the corre-
sponding aldehydes was performed in two reactions, i. e. the
initial formation of alkoxy(N-tert-butylamino)(methyl)sulfoni-
um salts by the reaction of 4c, and the successive oxidation step
by using DBU (Table 2). In the cases of simple primary alkyl
triflates, the above oxidation proceeded very smoothly, and
akyl triflates bearing chloro or ester functionality were also
oxidized in good yields by the present method (entries 2-6).
Thus, alkoxy(N-tert-butylamino)(methyl)sulfonium salts would
be regarded as stable precursors of the corresponding adehy-
des. In the case of B-branched primary alkyl triflate, higher
temperature and longer reaction time (reflux, 3 h) were required
for the formation of sulfonium salt (entry 7). Also, acomplicat-
ed mixture resulted when applied to phenacyl triflate (entry 8).

Typical experimental procedure is as follows (Table 1,
entry 3): to astirred solution of N-tert-butylmethanesulfinamide
(4c, 2.99 g, 11.4 mmol) in CH,CI, (10 mL) was added a solu-
tion of octyl triflate (1.54 g, 11.4 mmol) in CH,CI, (15 mL) at
room temperature. After the reaction mixture was stirred for 42
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Table 2. Oxidation of primary alkyl triflates to the
corresponding aldehydes using 4c and DBU via formation of
alkoxy(N-tert-butylamino)(methyl)sulfonium triflates?

Yield/%

Primary Alkyl Alkylation

Entry Triflate time/h Alkoxyamino- Aldehyde®
sulfonium salt
1 MeOTf 16 91 (91) -
2 ot 36 96 (97) 95
3 P "ot 41 95 (97) 82
4 O ~eory 38 93 (94) 61
5 O ~e~—"0o7f 40 90 (95) 84
6 POy o 39 90 (95) 714
7 O/\OT' 3 62 (76) 73
o complex
8 ph)J\/OTf 3 84 (83) mixture

2Reaction conditions: see Table 1. PDetermined by "H NMR analysis by
using an internal standard. The Number in parenthesis is the caluculated
purity (wt%). °Yield based on the sulfonium salt was determined by
GC-analysis using an internal standard. %Isolated yield. “The O-alkylation
was carried out in refluxing CH,Cl,.

h at room temperature, the solvent was removed, and the
residue was washed with petroleum ether (5 mL x 5) and dried
in vacuo to afford 3c® as a colorless oil (4.31 g). Purity of the
obtained 3c (99.8 wt% purity) was checked by 'H NMR analy-
sis using triphenylmethane as an internal standard and its yield
was estimated to be 95%.

To a stirred suspension of 3c (99.8% purity, 205 mg, 0.51
mmol) in toluene (1.5 mL) was added a solution of DBU (86
mg, 0.57 mmol) in toluene (2 mL) at room temperature and the
reaction mixture was stirred for 1 h at the same temperature.
Then, it was quenched with 1% agueous HCI solution and the
resulting mixture was extracted with CH,Cl,. The yield of
octana (5, 0.45 mmol, 88%) was determined by GC analysis
using an internal standard.
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