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A general, one-pot process has been established to prepare ketones from aldehydes using N-tert-butylphenylsulfinimidoy! chloride. By employing
the developed protocol, a range of unsymmetrical ketones has been prepared in good yields from aldehydes in one simple synthetic operation.

The broad reactivity profile of carbonyl compounds and their The umpolung method of alkylation of dithiarfeand
ready conversion to other functional groups make them a subsequent unmasking of the carbonyl is often used but this
cornerstone of organic chemistryn this regard, the avail-  overall procedure is less direct and requires a series of
ability of both aldehydes and ketones is crucial to the individual transformations. In contrast, the Stetter reaction
preparative chemist. With respect to synthetic flexibility, the offers a complementary and more practically direct umpol-
preparation of a ketone from an aldehyde is a synthetic ung-type approachwhile methods exist for the conversion
transformation that often requires two steps, an alkylation of acid chloride$,nitriles,° and Weinreb amidékto ketones,
followed by an oxidation, with rather few direct methods these methods generally require the preparation of these
existing. The synthetic technologies known to carry out this substrates and involve an overall change in oxidation level.
valuable transformation include the use of organovanadium
reagent@,magnesium-mediated addition/Oppenauer oxida- (6) (@) For a recent example using Rh catalysis, see: Pucheault, M.;
ion2and ab Witti ddn additi hvd |ati Darses, S.; Genet, J.-B.Am. Chem. So2004,126,15356. (b) using Pd,
tion,” and a boron-Wittig procesdn addition, hydroacylation  see: satoh, T.; Miura, M.; Nomura, Mhem. Lett1996 25,823. (c) using
of alkene8 and transition metal-catalyzed cross-cougling Ni, see: Huang, ¥-C.; Majumdar, K. K.; Cheng, C.-HJ. Org. Chem.
: 002,67, 1682.

a_1t elevated temper_atures are useful in sc_)mg c_ases_, but thesé, (7) See, Smith, A. B., IIl; Pitram, S. M.: Boldi, A. M.; Gaunt, M. J.:
like the aforementioned methods, remain limited in scope. Sfouggatakis, C.; Moser, W. H. Am. Chem. So@003,125, 14435 and
references therein.
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of Strathclyde. Ed.; Wiley: New York, 1991; Vol. 40, p 407. (b) Enders, D.; Breuer, K,;
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(1) (a) Otera, J., EdModern Carbonyl Chemistry; Wiley-VCH: Wein- Alaniz, J.; Rovis, T.J. Am. Chem. SoQ005,127,6284 and references
heim, 2000. (b) Larock, R. CComprehensive Organic Transformations; therein.
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In 2000, Mukaiyama and co-workers reportedtert-
butylphenylsulfinimidoyl chloridé? 1, as a versatile oxida-
tion reagent for use in organic synthesisn particular, this
reagent can be employed in the oxidation of alcohols, amines,

Our first attempt at this one-pot transformation used
benzaldehyd® with methylmagnesium chloride serving as
the nucleophile (Scheme 2). The Grignard reagent was

and hydroxylamin€g”c and in the dehydrogenation of _

ketones to enones under mild reaction conditidiigecently,
the Nicolaou group have applied this species in a dehydro-
genation of a structurally complex ketone to an enone in
their total synthesis of azaspiracid®LAdditionally, Mu-
kaiyama and co-workers have themselves employed their
alcohol oxidation methodology with in efforts toward the
syntheses of taxané$.

In attempts to expand the utility of the sulfinimidoyl
chloride,1, recent work from our own laboratdand from
Matsuo and co-worketshas, independently, shown how this

Scheme 2. Initial One-Pot Aldehyde to Ketone
Transformations; Preparation of Acetophendnand
Valerophenone from Benzaldehyd®
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reagent can be employed in the formationsesubstituted
enones from unsubstituted enones in a single, practical
operation. Based on this, we envisaged that this same
commercially availabfé reagent could be applied within a
novel and general one-pot process to allow the expedient

allowed to react witts, over 0.5 h at-78°C, before addition
of 1. Following another 0.5 h at78 °C, no desired product
formation was observed. Undaunted, we made a second

synthesis of ketones from aldehydes. This concept is depictedattempt with slight variations in procedure. In this case, the

in Scheme 1. Specifically, we believed that the alkox3jle

Scheme 1. Concept for a One-Pot Transformation from
Aldehyde to Ketone, via Reaction between Intermediate
Alkoxide 3 and 1
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derived from nucleophilic addition of an organometallic
reagent to an aldehyd could react withl directly to afford
the desired ketoné, via sulfinimidate intermediat®.
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recent and practically-utilizable preparation, see: Matsuo, J.; lida, D.; Tatani,
K.; Mukaiyama, T.Bull. Chem. Soc. Jpr2002,75, 223.
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reaction was allowed to warm to room temperature with the
reaction time, following addition of, extended to 20 h. This
minor change resulted in a 70% yield of acetophendne
and supported our initial reaction concept. At this stage we
went on to apply an alkyllithium reagent, with the view that
the resultant lithium alkoxide could react even more readily
with sulfinimidoyl chloride,1.2° In this casen-butyllithium

was added to benzaldehyde, followedhyand afte5 h at
—78 °C a 12% yield of valerophenon®, was obtained.
Analysis of the product mixture showed that 68% of
1-phenylpentan-1-ol had also been formed, indicating that
alkylation had indeed occurred, and suggesting that the
second stage of our reaction process was slow at low
temperatures. To our delight, simply performing the reaction
under the same conditions, but this time allowing the mixture
to warm slowly to ambient temperature, afforded 88% of
the desired ketone product.

A further brief program of optimization showed that the
complete reaction sequence could be performed within 1 h:
the nucleophile is added to the aldehyde in THF&8 °C
and the mixture stirred for 20 min, before addition of the
electrophilic oxidantl (1.5 equiv); after a further 20 min at
—78°C, the reaction is allowed to warm over 20 min before
final workup. Monitoring of the internal reaction temperature
showed that this reached approximately’@over this latter
time period.

Using benzaldehydé as the substrate with PhLi as the
nucleophile, we also investigated changing the reaction
solvent to diethyl ether or benzene. It was thus demonstrated
that the reactions could also be performed in these alternative
solvents, although THF appeared to provide the optimal
results (Table 1, entries—13) and, more specifically, an
excellent 93% vyield of benzophenon@, Additionally, a
comparison study of the organometallic species used was

(20) (a) Schlosser, M. I©rganometallics in SynthesiSchlosser, M.,
Ed.; Wiley: New York, 2002; Chapter 1. (b) Wakefield, B.Qrgano-
magnesium Methods in Organic Synthgsisademic Press: London, 1994.
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Table 1. Development of a One-Pot Process for Preparation of Table 2. Synthesis of Butyl-Substituted Ketones from Various
Ketones from Aldehydés Aldehydes by Reaction with-Butyllithium and Subsequent in
situ Oxidation with1?

entry R'M product solvent z(}/‘;l)f,[
o entry substrate product }(/;Z l)([}
1 PhLi THF 93 o o
9 1 @H Q)KN 88
2 PhLi 9 Et;O 42 6 8
3 PhLi 9 PhHC 66 0O 0
4 PhMgCl 9 THF 57 2 M H / 80°
11
5 PhMgBr 9 THF 66
aReactions were conducted with benzaldehgden a 2.0 mmol scale o 9 o 0
in 12 mL of solvent, under N ® Yield refers to isolated yield of purified 3 U)J\H 76°
products® Reaction performed from 0 to &C. \ 12 \/ 13
o] O
. . . 4 H 81
performed, evaluating PhMgCl and PhMgBr in addition to 1 s
PhLi (Table 1). The results obtained indicated that the lithium
reagent, rather than the corresponding magnesium compound, 0 7
. . . . 5 /\/\)J\H /\/\)I\/\/ 49
is more effective in these systems (yield of 93% vs-57 15 P
66% obtained with the Grignard reagents; Table 1, entries o o
1, 4, 5). On the basis of these investigations, two conclusions
. o . 6 H 99
could be drawn. First, it is clear that these reactions are oo s 19
. e
indeed fast (1 h), but only at temperatures abev8 °C, MeO
0

and second the readily available organolithium compounds o it o
exhibited the best profile as the nucleophile in terms of 7 \©)LH W 70°
overall reaction efficiency. Armed with these important 2 2

pieces of information, we proceeded to investigate the * Reactions were conducted on a 2.0 mmol scale in 12 mL of solvent,
under N. All products exhibited satisfactory spectroscopic and physical

generality of this facile, one-pot transformation. properties? Yield refers to isolated yield of purified products1.0 equiv
As shown in Table 2, this sulfimidoyl chloride-mediated " PMPU added.

oxidative process appears to be quite general to a range of
substrates. Using-butyllithium, this process was success-
fully applied to a range of aldehydes, including various
(substituted) aromatic substrates (Table 2, entries 1, 6, 7), Table 3. Synthesis of Phenyl-Substituted Ketones from
as well asao,B-unsaturated (trans-cinnamaldehyd&0), Various Aldehydes by Addition of Phenyllithium and
heteroaromatic (furfurall2), and primary and secondary Subsequent in situ Oxidation witt?

aliphatic (entries 4 and 5) aldehydes. In each case the product

was obtained in a good to excellent yield {489% isolated entry substrate product fl/il)g
yield) 22?2 The lowest yield obtained was with the enolizable 0 0
primary aliphatic substrate hexana6, whereas the second- 1 @)LH ‘)\‘ 03
ary (cyclohexyl) aliphatic substrate gave 81% of the desired 6 O 9 O
ketone, 15. Both electron-rich and electron-deficient aryl o o
aldehydes gave the expected products in high yield (entries 5 Q / a7
6 and 7). In a few examples the addition of DMPU as ©—//_1:<H 22 O
cosolvent proved to be beneficial (see, for example, Table
2, entry 3: no additive - 69%; 0.5 equiv of DMPU - 73%; o Q o 9 _
1 equiv of DMPU - 76%) with the increased Lewis basicity 3 MH @)J\Q 92
of DMPU presumably facilitating the reaction of the alkox- 12 3
ides with 1. It is important to note that all reactions were 0

H

o}

performed over only 1 h and that the reaction appears to be 4 /©)L O O 79

tolerant of different substitution patterns and steric hindrance Br 24 Br 25

OI‘.I the aldehyde. F_urthermore' smcg the el_ectrophlllc reagent  a peactions were conducted on a 2.0 mmol scale in 12 mL of solvent,

1lis added as the final component within this overall process, under N. Al prlc:jducfts exh@bitled zati_sflzct?ry s_]eegtrosgopic ar(l)d physical
- . . . properties® Yield refers to isolated yield of purified products.1.0 equiv

there is no risk of over-alkylation of the products obtained ; HyvPU added.

to give undesired tertiary alcohols.
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Following the success observed with the addition of an Having stated this, these reactions were performed using the
alkyllithium reagent, we next investigated adding a different same simple protocol as in each of the other examples, and
organolithium species, this time employing a commercially work is currently ongoing in our laboratory in attempts to
supplied solution of phenyllithium. A similar range of mildly modify the reaction conditions in order to allow these
substrates was studied (Table 3), following the same generalspecific interconversions to be performed more effectively.
reaction protocol. The expected ketone products were In this regard, it is important to note that, when using isolated
obtained in good to excellent yields (7B3% isolated yield) ~ alcohols with reagertt, Mukaiyama has obtained high yields
following purification. Overall, these results again illustrate of the corresponding carbonyl compounds, and this is the
the effectiveness of this technique in the preparation of a case even with aliphatic alcohdfsConsequently, this would
wide range of unsymmetrical ketones in one simple reaction suggest that it is, indeed, the organolithium-mediated addition
process. Despite specific examples not being shown here, itstep that is leading to the lowered yields in these cases and
is worth noting that, as previously observed, lower yields Nnot the subsequent oxidation process.
were obtained with the enolizable, aliphatic aldehydes. In conclusion, we have developed a one-pot process for

the direct transformation of aldehydes to ketones. The process

(21) Representative Procedure.To a flame-dried 25-mL round-bot- has been shown to be applicable to arange of both aldehyde
tomed flask, under nitrogen, was addednisaldehydel8 (272.3 mg, 2.0 substrates and organometallic reagents. Since the present
s e b S0 i o oo sl o feaction requies only commercial or readily avallable
2.2 M in hexanes, 2.2 mmol, 1.1 equiv) over 0.5 min. The solution was feagents, and taking into account the simple experimental
allowed to stir at=78 °C for 20 min before a solution df (647.2 mg, 3.0 protocol employed, we believe that this transformation will

mmol, 1.5 equiv) was added by syringe in THF (2 mL) over 1 min. The - . -
resultant yellow solution was stirred &8 °C for 20 min, then allowed to be of appremable use to the Synthet'c community.

warm to rt over 20 min, and then quenched by the addition of 2 M HCI (10

mL). The reaction was diluted with 9 (40 mL), the phases were separated, Acknowledgment. We thank the University of Strath-
and the organic layer was washed with 2 M HC{20 mL). The aqueous : :

layer was back-extracted with X (2 x 15 mL), and the combined organic C'Yde for fur_1d|ng (Pos_tgraduate StUdentShlp' ‘]"]'C')’ Drs. M.
phase was then washed with water (40 mL) and brine (40 mL) and then Giles, D. Gill, D. Hollinshead, and D. Lathbury (AstraZen-
dried over anhydrous N&Q; and concentrated, yielding a crude oil. —acq UK) for support of our research, and the EPSRC Mass
Purification was carried out by column chromatography on silica gel, eluting . . .

with light petroleum ether and then 20:1 petroleum ether/diethyl ether to SPectrometry Service, University of Wales, Swansea, for
yield 1-(4-methoxyphenyl)pentan-1-orié)** as a clear, colorless oil, 380.9  gnalyses.

mg, 99%. IR (film) vmax = 3071, 2958, 2872, 1676, 1601, 1576, 1509,

1464, 1311, 1258, 1170, 1031, 975, 841, 812, 759, 633'chi NMR . . . . .

(400 MHz, CDC}): ¢ 7.95 (2H, d,J = 8.9), 6.94 (2H, d] = 8.9), 3.88 Supporting Information Available: Experlmental pro-

(3H, s), 2.92 (2H, t) = 7.4), 1.72 (2H, pentet] = 7.4), 1.41 (2H, sextet, cedures, spectral details, and copied-band*NMR spectra

J = 7.4), 0.96 ppm (3H, tJ = 7.4); 3C NMR (100 MHz, CDC}): 6 s .
199.5 (C-0), 163.5, 130.5 (two signals), 113.9, 55.7, 38.2. 27.0, 22.8, 14.1 for all product compounds. Ths material is available free of

ppm. charge via the Internet at http://pubs.acs.org.
(22) Harada, T.; Ohno, T.; Kobayashi, S.; MukaiyamaSynthesid991,
1216. OL061903L
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