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ABSTRACT
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A novel modification of the classical Julia ~ —Lythgoe olefination, using sulfoxides instead of sulfones, affords, after in situ benzoylation and
Sml,/HMPA- or DMPU-mediated reductive elimination, 1,2-di-, tri-, and tetrasubstituted olefins in moderate to excellent yields and ElZ selectivity.
The conditions are mild, and the procedure is broadly applicable.

The formation of olefins from sulfones and carbony! [

compounds, known as the Juliythgoe olefination, is one Scheme 1. Julia-Lythgoe Olefination

of the most powerful tools of modern organic chemistry. o ox

The initial reductive elimination of the intermedigfehy- PhO,S._ _R? J\ base PhOZS)kRS

droxysulfones using NaHg has been gradually superseded Y TR R . R*

by mild, more selective, and less toxic reducing agents such R'R?

as Smy2 or Mg? (Scheme 1). X=H,Ms, Ac, Ts, Bz
Disappointingly, this widely used method still suffers from oX Reductive

several drawbacks. One of them is the relatively high stability PhOZS)/J(RS bt R! B R3

of the sulfonyl anion which limits its reactivity. For example, " R - R2>_<R4

if an additional electron-withdrawing substituent is present R?
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Scheme 2. Sulfoxide Version of the JuliaLythgoe

Olefination
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aldehydesg® Moreover, in the case of the reaction of nonsta-
bilized sulfones with some aldehydes and with ketones, the
position of the equilibrium between the starting carbonyl
compound and the sulfone anion is shifted toward the starting
materials. The desired adduct (tertiary alkoxide) is therefore
present in the reaction mixture as a minor component. Trap-
ping this intermediate in situ with several electrophiles, such
as benzoyl chloride, mesyl chloride, or acyl chloride, is a com-
mon trick employed to shift the equilibrium toward the pro-
ducts. It is interesting to note that theg@cyloxy, benzoy-
loxy, and mesyloxy sulfone derivatives undergo smoother
reductive elimination than the parefithydroxy sulfones.

Table 1. Optimization of Reductive Elimination Step Using
Smb

OBz
(0] (o] . Ph
N"Sph H Ph S
Z°N
1a 2a Y Ph 34
i Ph
" ph/\/\/

4a
i) (a) LDA (1.1 eq), THF, -78°C; (b) BzCl (1.5 eq),

-78°C to r.t. (c) Me;NCH,CH,CH,OH (1.55 €q)
ii) Sml, (3.5 eq), THF, -78°C, additive

entry additive equiv to Smls yield® (%) E/zb
1 - - - na
2 HMPA 0.25 25 >95:1
3 HMPA 0.5 34 >95:1
4 HMPA 0.75 43 >95:1
5 HMPA 1.0 67 >95:1
6 HMPA 2.0 64 >95:1
7¢ DMPU 15.0 12 na
8d DMPU 15.0 32 >95:1
9e DMPU 15.0 48 >95:1
107 DMPU 15.0 10 na

aQverall yields refer to pure, isolated product®etermined by capillary
GC. ¢ Reaction carried out at50 °C. 9 Reaction carried out at25 °C.
e Reaction carried out at ¥C. f Reaction carried out at rt.

Nevertheless, such modifications are useless when the

generated sulfonyl anion is so stable that it does not add to

(7) Marko, I. E.; Murphy, F.; Kumps, L.; Ates, A.; Touillaux, R.; Craig,
D.; Carballaresb, S.; Dolan, $etrahedron2001, 57, 2609.
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Table 2. Synthesis of 1,2-Disubstituted Olefins
1) LDA (1.2 eq)

2
1 Q 2) R%CHO (1.05 eq) - _f
R Spn TR
3) BzCI (1.5 eq) R
1a,R'=Ph  4) Me,NCH,CH,CH,OH (1.55 eq) 4
1b, R'=i-Pr  5) Sml, (3.5 eq), HMPA (3.5 eq)
i a0,
entry 1 R2CHO product y'i:k; éf’ )
Ph Ph
1 1a OHC/\/ Ph/\/\/
4a 67%, >95:1
fo) Ph
2 a | /=/ REI
Ph Ph 4b
Ph
(0] J—
~ 70%
3 b | y 76:24
kPh i-Pr 4c
4 b o™ ™Y
4ad 69%, 94:6
5 18 onc”NoBz P Y oB:
4e 71%, >95:1
6 12 ocNoac P oac
4f 68%, >95:1
7 1a ouc™Notes P YY" NoTss
49 70%, >95:1

aQverall yields refer to pure, isolated produdt®etermined byH NMR
spectroscopy.

the carbonyl compound. Recently, Satoh et al. reintroduced
sulfoxides as a sulfone equivalent in the Jdligithgoe
olefination® As an advantage, the carbanion generated

the sulfoxide group is far less stabiliZatian in the case of
the corresponding sulfone and the addition reaction, leading
to the formation of the €C bond, is favored even in the
case of ketones. The reductive elimination was carried out
via sulfoxide/lithium exchange, followed by elimination of
the S-mesyloxy or acyloxy group (Scheme 2).

Using this method, stilbene derivatives could be prepared
via this Julia-Lythgoe modification for the first time, though
with rather modesE/Z selectivity. On the other hand, the
use of an excess (4 equiv) of a strong bas8(Li) can be
rather inconvenient in the case of functionalized substrates.

For some time, we have been interested in various
modifications of the JuliaLythgoe reactioff” and have
recently introduced the SmHMPA-mediated reductive
elimination of3-benzoyloxysulfones, formed by the addition
of a-sulfone anions to ketones, as an efficient and stereo-
selective route toward trisubstituted olefins.

Based upon our previous results, we envisaged that the
Smk-mediated reductive-elimination @f-benzoyloxy sul-
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Table 3. Preparation of Trisubstitted Olefins Table 4. Preparation of Tetrasubstituted Olefins
1) LDA (1.2 eq) 1) LDA (1.2 eq)

0 R2
o 2) R?R3C=0 (1.05 eq) - € 2)R'R%C=0 (1.05eq) »
~S~pn - =~ Sepp -

3) BzCI (1.5 eq) R’ R® 3) BzCl (1.5 eq) =\,
1a, R: =Ph  4) Me;NCH,CH,CH,OH (1.55 eq) 5 6 4) Me,NCH,CH,CH,0H (1.55 eq) 7 R
1b,R" = i-Pr  5) Sml, (3.5 eq), HMPA (3.5 eq) 5) Sml, (3.5 eq), HMPA (3.5 eq)
2R30e yield*(%) 2R3C= yield™(%)
entry 1 R°R°C=0 product £/ 7 entry R°R°C=0 product E/ b
Ph
Q 51%
1 1a )J\ — 76:24
Ph PH sa ' 1 (e} 7a 33%
e} i-Pr

57%
2 1a )]\ /=< 91:9
i-Pr Ph 0
0/
» I o3
0 Ph i-Pr

64% §
3 b )J\ ~ 74:26 +Pr
Ph i-Pr

5c
3 2 7¢ 2%
; )J\/\ ¢ 919
i-Pr Ph - Ph E
— 64%
88:12
5d
aQverall yields refer to pure, isolated produdt®etermined byH NMR
Q Ph spectroscopy.
5 1b )I\/\ i_Pr/\r\/
Ph 5e 63%, 68:32
adding more of this cosolvent did not increase the yield of
aQverall yields refer to pure, isolated produdt®etermined byH NMR the reaction (Table 1, entries 5 and 6).
spectroscopy-. DMPU was explored as an alternative, nontoxic HMPA
equivalent. However, under all reaction conditions tested,

the yields remained lower than with HMPA (Table 1, entries
foxides might produce the desired olefins in high yield and 7—10). Moreover, a large excess of DMPU and higher

o

with good E/Z selectivity. temperature (OC to rt) had to be employed (Table 1, entries
To test our hypothesis, the coupling of sulfoxiti@with 9 and 10).
aldehyde2a was carried out (Table £)In the first step of Having devised suitable reaction conditions to effect this

this reaction, a new €C bond is formed. As a consequence, sulfoxide variant of the JuliaLythgoe olefination, we

two new stereogenic centers are created which, added to thexxplored its scope and limitations. A selection of pertinent
one present in the sulfoxide moiety, leads to four different results are collected in Tables 2 and 3.
diastereoisomers &a. To avoid their tedious separation, it The phenyl bearing sulfoxidka gave, upon reaction with
was decided to use the mixture of addBatn the subsequent  ary| and alkyl aldehydes, the corresponding disubstituted
reductive elimination step.Some pertinent results are glefins 4a and4b in good vyields. Only the thermodynami-
collected in Table 1. cally more stable K)-double bond isomer was observed
As can be seen in Table 1, Snilself does not promote  (Table 2, entries 1 and 2). Thiso-propyl substituted
the reaction (Table 1, entry 1). HMPA and DMPU were then sylfoxide 1b afforded, upon reaction with dihydrocinnama-
tested as additives in order to increase the reduction powerdehyde, the desired disubstituted olefid in good yield
of Smk.1° Gratifyingly, the presence of small amounts of and a respectable 94BZ ratio (Table 2, entry 4). To our
HMPA already resulted in olefin formation, thOUgh the rate Surprise, whenlb was reacted with benza|dehyde7 the
of the reaction was rather slow (Table 1, entry 2). The use resulting productic was obtained with a mode&/Z ratio
of one equivalent of HMPA was found to be optimal, and of 76:24 (Table 2, entry 3). Whelawas reacted with methyl
isopropyl ketone, th&-isomer5b was formed as the major
product in a 91:9 ratio (Table 3, entry 2). Moreover, we were

(8) All the reactions presented in Table 1 are carried out on the mixture
of adduct3a.

(9) The excess of benzoyl chloride was reacted WN-dimethyl-3- delighted to observe that even acetophenone did react under
aminopropanol and the amines was removed upon acidic workup. iti i e 0

(10) (a) Shabangi, M.; Sealy, J. M.; Fuchs, J. R.; Flowers, R. A., Il. these COﬂdIt[IOﬂS and aff_orded the desired 9I5ﬁnn °1%
Tetrahedron Lett1998 39, 4429. (b) Shabangi, M.; Flowers, R. A, Il.  Yield and with anE/Z ratio of 76:24. Essentially the same
Ttatrahcledron Lett1997, g&D 1lh’o|’7- (Z) _H:fegawa, E,; Curraln, D-Pfgrg- ratio of isomers was observed whebhwas condensed with
(2:032"'339333 58, 5008. (d) Dalen, A.; Hilmersson, @ur. J. Inorg. Chem. 5 -t hhenone. Olefic was formed in 64% yield and a 74:

(11) Screttas, C. G.; Micha-Screttas, 81.0rg. Chem1979 44, 713. 26 E/Z ratio (Table 3, entry 3). The reactionlds with other
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dialkyl substituted ketones (Table 3, entries 4 and 5) gave sterically hindered sulfoxides.'* We were delighted to
olefins 5d and 5e in a respectable 88:12 and a reasonable observe that the expected olefiTswere formed in an
68:32E/Z ratio, respectively. excellentE/Z ratio and still acceptable yields (Table 4).
Finally, to test the robustness of our method, the prepara- In summary, we have developed a novel, highly stereo-
tion of tetrasubstituted alkenes was attempted, using theselective method for the synthesis of 1,2-di-, tri-, and
tetrasubstituted olefin®. Under our conditions, sterically

(12) Typical Experimental Procedure. Coupling Step.A solution of hindered sulfoxide anion (such as the one derived from
sulfoxide (1.0 mmol) in dry THF (10 mL, 0.1 M solution) was cooled to

—78°C and LDA (550uL, 1.1 mmol) was added dropwise. The color of sulfoxide 6) and l_Jnreactlve ketones (e.g., acetophf_anone)
the mixture changed from slightly yellow to orange/red. After the mixture could be coupled in good to acceptable yields. A variety of
was stirred at—78 °C for 30 min, the aldehyde/ketone (1.05 mmol), ; ;

dissolved in dry THF (0.5 mL), was added dropwise, and the mixture was funqtlons and protecting groups are also tolerated (Table 2,
stirred for an additiona h at—78 °C. Benzoyl chloride (1.5 mmol) in dry entries 5-7).

THF (0.5 mL) was then added, the resulting mixture was stirred for 30 Further studies are now directed toward optimizing these
min at—78°C and then allowed to warm to rt over 1 h. After an additional

30 min at rt, MeN(CH2)s0H (1.55 mmol) was added and the resulting conditions, broadening the scope of this method and applying
suspension was stirred for 10 min at rt. The suspension was then dilutedit to relevant natural product synthesis.
with EO/H,0 = 1:1 (10 mL), and the layers were separated. The aqueous

layer was extracted with ED (3 x 10 mL), and the combined organic . . . L
layers were washed with 1.0 M aq HCI (10 mL),® (10 mL), and brine Acknowledgment. Financial support by the Universite

(r1]0 mL)d drieddover MESE and eva%oratt;d undggI reducled prfessure to ga/e Catholigue de Louvain, Rhodia Ltd. (studentship to J.P) and
the crude product, which was used without additional purification in the _ ; ;

subsequent stefireductive Elimination. To a solution of Sml (35 mL, Socrates-Erasmus program (studentship tO.T'P') is gratefully
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dry THF (0.5 mL) was added dropwise, and the resulting mixture was stirred odia Outstand 9 ard.

at —78 °C for an additional 30 min. Then, aqueous satd,;8H20 mL) . . . .

was added, and the whole was allowed to warm to rt. The layers were ~ Supporting Information Available: Experimental pro-

separated, and the aqueous phase was extracted with(&tx 20 mL). cedures, characterization of new compounds, and references
The pooled organic layers were washed with 10% ag@s (20 mL), ' P ’

HZO (20 mL)‘ and brine (20 mL)’ dried over Mgsmnd evaporated under tO knOWﬂ Compounds. ThIS materlal |S a.Va.'Iable free Of
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