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A comparative study on the allylation of a benzoyl hydrazone with allyl trichlorosilane using monosulfoxides, methylene-bridged C,-symmetric

bissulfoxides, and ethylene-bridged  C,-symmetric bissulfoxides shows that the enantioselectivity of the process is highly dependent on the
spacer between the two sulfinyl sulfurs and the concentration of the reaction.

The last decades have witnessed an increased interest toward5% of the total of drugs or drug candidates, their preparation
the preparation of chiral sulfinyl derivatives in relation with has been a standing area of interest in the last de€atlbie

their application in asymmetric synthesighis interestwas  chiral sulfinamides have demonstrated themselves as uni-
mainly directed toward the preparation of chiral sulfoxides versal intermediates in the stechiometric asymmetric syn-
as a consequence of their high efficiency and wide ap- thesis of chiral amines, efficient catalytic approximations are
plicability as chiral controllers in asymmetric carbecarbon still lacking.” Among the methods developed recently, the

and carbon-heteroatom bonds formatidriRecent interesting
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use of chiral Lewis base to promote the allylation of [ NG

glectrophilip imine;ipresents thg advantages of higher Stat_)il'TabIe 1. Enantioselective Allylation ofl with Use of
ity to aerobic conditions, the ability to be anchored on a solid g jfoxides4—63
support, and less environmental impact than their metal-based

. . . ) H H d
catalytic processes.Following the pioneering work of Ny s L Bz N NH Bz VN
Kobayashf we and others have recently shown that chiral o LH + C'/?:i[ P Pr,)\/\ AN

. . . ! 2Ll
sulfoxides are excellent organocatalysts in the allylation of -78°C 5)3 13
aldehyde and hydrazones with trichloroally! silén&ccord- 2
ingly, excellent enantioselectivities were obtained in the 0 o 9 © /©/
allylation of benzoyl hydrazones by using simple sulfoxides, S /@/S\/S\@\ /@(S\/\s
though up to 3 equiv of the organocatalysts was necessary" /© o}

Since the exact mechanism of the reaction is still missing, 4 5 8
the only manner to enhance the enantioselectivity and to [L#] reaction yield
rgduce the catalyst loading relies on the empirical modifica- cpirye  ligand equiv. (M)  time (h) (%)  (R)-3:(S)-3°
tion of the promoter. Nevertheless, Denmark’s group has
. . 1 4 3.0 046 0.5 95 96:4

recently reported that the allylation of aldehydes using 9 4 20 048 18 60 973
phosphoramides as organocatalysts takes place by activation 4 4 2'0 0’16 18 59 9127
of the allylsilane by two phosphoramide moleculé3n the 4 4 1.0 046 18 60 88:12
basis of these findings, in the present study we report our 5 5 30 046 18 30 65:35
results on the allylation of benzoyl hydrazorie with 6 5 10 02 18 10 61:39
trichloroallyl silane2, using enantiomerically pure methyl- 7 5 15 008 18 60 58:49
ene- and ethylene-bridge@,-symmetric bissulfoxides as 8 6 15 046 0.95 81 91:9
chiral promoters (Figure 1, Table 1). 9 6 10 0.46 15 60 02:8

10 6 05 046 18 52 80:20

12 6 05 005 18 45 59:41

',:} H a Reactions were conducted in the presence of 0.5 equiv of 2-methyl-
Bz” N Clag L Bz” "NH 2-butene to suppress ligand racemizatirsolated yield.c Enantiomeric
) | + C[,§l ol ’/K/\ excesses were determined by chiral HPLC analysis, using Daicel chiralpack
Pri” H Cl o, Pl Pro 7S AD-column.
o o ¢ 9 . . .

- ]/S\/é\ o RN of lithiomethyl p-tolyl sulfoxide, followmg a method devel-

pe poe R" = Alkyl. aryl oped some 30 years ago by MisldiAs already observed

Figure 1. Structure ofC,-symmetric bissulfoxides used as chiral
promoters in allylation of benzoyl hydrazone.

Among the best sulfoxides found so far for the enantio-
selective allylation of benzoylhydrazones with allyl trichlo-
rosilane was the Anderseisolladié reagent (R)-methyl
p-tolyl sulfoxide, which afforded the allylated product with
up to 97% ee and 98% yiefkdSo, as a first comparative
study we conducted the allylation of hydrazofhewith
trichloroallylsilane2 using sulfoxide4, together with R,R)-
bis-(p-tolylsulfinyl)methaneb and R R)-bis-(p-tolylsulfinyl)-
ethane6. Bissulfoxide5 was obtained by condensation of
lithiomethyl p-tolyl sulfoxide with &)-menthylp-toluene-
sulfinate, as pioneered by KuneitfaOn the other hand,
bissulfoxide6 was obtained by Cu(l)-catalyzed dimerization

(7) (a) Ellman, J. A.; Owens, T. D.; Tang, T. Rcc. Chem. Re2002,
35, 984. (b) Zhou, P.; Chen, B. C.; Davis, F. Betrahedron2004, 60,
8003.

(8) Kobayashi, S.; Sugiura, M.; Ogawa, &dv. Synth. Catal2004,346,
1023.

(9) (a) Denmark, S. E.; Fu, J. Am. Chem So@000,122, 12021. (b)
Denmark, S. E.; Fu, J. Am. Chem So@001,123, 9488.

(10) (a) Kuneida, N.; Kinoshi, M.; Nokami, £hem. Lett1977, 289.
(b) Solladié, G.; Colobert, F.; Ruiz, P.; Hamdouchi, C.; Carrefio, C.; &arci
Ruano, J. LTetrahedron Lett1991,32, 3695. (c) Khiar, N.; Fernandez,
I.; Alcudia, F. Tetrahedron Lett1993,34, 123.
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by Kobayashi and by us the concentration of the ligand in
the reaction is very important, the use of 2 equividah a
0.46 M solution being the best concentration for a good
enantioselectivity. Any change in this concentration led to a
drop of the enantioselectivity (Table 1, entries 2 and 3).
Significantly, using the methylene-bridged bissulfoxiia
these optimal conditions afforded the desired prodjch
only 30% yield and 30% ee. Using fewer equivalents of the
ligands leads to a lower ee, while the dilution of the solution
afforded a mostly racemic allylated product.

On the other hand, the use of enantiomerically pure
ethylene-bridged bissulfoxidgafforded the allylated product
in excellent yield and excellent enantioselectivity (Table 1,
entry 8). The enantioselectivity is maintained when only 1
mol equiv of6 is used (Table 1, entry 9). Significantly, the
allylated produc8 is still obtained with an interesting 60%
ee, when only 0.5 mol equiv of the ligand is used.
Nevertheless, upon diluting the reaction mixture, the enan-
tioselectivity drops to 48% ee at 0.15 M and to 18% ee when
the reaction is conducted at 0.05 M concentration.

To evaluate the effect of the substituents at the sulfinyl
sulfur on the enantioselectivity of the process, various aryl
and alkyl ethylene-bridge@,-symmetric bissulfoxides were

(11) Mayarnoff, C. A.; Mayarnoff, B. E.; Tang, G.; Mislow, K. Am.
Chem. Soc1973,95, 5839.
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tested in the same reaction. For the synthesis of the require
blssquOX|d§s,_We_have applled our _methodo_logy based on Table 2. Enantioselective Allylation ofl with Use of
the dynamic kinetic resolution of sulfinyl chlorides, Scheme gfoxides10—15

1. The method named DAG-methodology is able to give both ) " H
N N.
N * Bz "NH Bz~ "NH
Bz” N Clag o~ L -
S _ + .
-78°C
Scheme 1 1 2 (513 (Ry3
g 1) LDA ?
D RMgX, toluene  ++... % L
PN . N E— S ~a-R o
Me” g “ODAG T’ R™Me 5 cucn0, R . MeO @ O ° ‘ i
o S g SN ~"s
routeaT .0 o] oL O = L 6
M | :\\: R o] e OMe o) e
DAGOH - DAGO’S\/\S.’,?DAGL R/S\/\$/\. 10 11 12
7 9 (‘) ** RMgX, Toluene 6 o o

o}
1
S

1 1 J\
o \{/S\/\Sk \rS\/\§ N S T YN

Iy

Me,C—0” i 6
z Ho/ki? 13 © 14 © 15
DAGOH: o]

O\bMez
[L*]  reaction yield
entry® ligand equiv (M) time(h) (%)? (R)3:(S)3¢
enantiomers of the final bissulfoxides with use of diacetone- 1 10 3.0 046 0.25 89 16:84
D-glucose 7 as a single chiral auxiliary following two 2 10 1.0 046 18 96 47:53
different pathways. The first approach (route a, Scheme 1) 3 11 05 002 18 30 84:16
is based on the use of DAG methanesulfin8tes the 4 12 05 014 18 58 35:65
common intermediate for the synthesis of various optically ~ 5 13 15 046 0.25 26 50:50
pure methyl sulfoxide$?2 followed by a copper catalyzed ‘73 i; ig 8-32 1225 gé gziii
oxidative coupling of the corresponding lithium anidA3he 3 15 1o o016 6 76 90:10

second approach (route b, Scheme 1) is based on the

condensation of Grignard reagents on diastereomerically pure_ *Reactions were conducted in the presence of 0.5 equiv of 2-methyl-
2-butene to suppress ligand racemizatirsolated yield.c Enantiomeric

CZ'S)'/mr'nEtr.iC DAG pissulfinate estey, .Obtai_ned by dy- excesses were determined by chiral HPLC analysis, using Daicel chiralpack
namic kinetic resolution of 1,2-ethane bissulfinyl chlortde.  AD-column.

While both routes are able to give both enantiomers of the
final sulfoxides with high ee, the former one is preferred

when the R groups of bissulfoxides have no acidic proton, group (Table 2, entries-58). Bis(isopropylsulfinyl)ethane

as in the case of bissulfoxide$ and 10—13. The later 14 afforded the allylated product with excellent yield but
approach, which is more convergent and general, is the onlyomy a 30% ee (Table 2, entry 6), confirming our previous

approximation able to give simple dialkyl bissulfoxides, such regits that in terms of steric hindrance, the isopropy! sulfiny!

asl4and15. . . . . group is a good compromise between tag-butyl and the
The results obtained in the allylation df with Cs- p-tolyl sulfinyl groups. Interestingly, the use of the smaller

symmetric bissulfoxides0—15are summarized in Table 2. pisqyifoxide, bis(ethylsulfinyl)ethanss, afforded the best

Bisaryl sulfoxides10 and 11 give the allylated product in - reqyits in terms of enantioselectivity (Table 2, entries 7 and

good yields and lower ee values than pisglylsulfinyl)- 8). An interesting 90:10 enantiomeric ratio®{R):3-(S) was
ethanes (Table 2, entries 13), even though an interesting  spained, using only 1 equiv of the neutral ligand in a 0.16
68% ee was obtained with only 0.5 equividf On the other M solution (Table 2, entry 8).

hand, the steric hindrance of the sulfinyl sulfur has a  taken all together, the results obtained so far can give
prominent influence on the enantioselectivity and the reactiv- some insights on the mechanism of the organocatalytic

ity of the process. Very hindered sulfoxides such as bis- gy jation of hydrazones with neutral sulfoxides, unknown

(mesitylsulfinyl)ethanel2 and bis(tert-butylsulfinyl)ethane o1 the moment. First, the erosion of the enantioselectivity
13 afforded the allylated produdin low yield and low ee. 545 reducing the catalyst loading and upon diluting the
Significantly, the product is obtained in only 26% yield in o5 ction medium suggests the possibility that the reaction
racemic form, though 15 equiv of bis(tjl?utylsulflnyl)f could proceed through two operating pathways.

ethanel3 was used in the optimal conditions determined  The first one is an effective and highly enantioselective

befor(_a (T_able 2, entr_y 5)'_ . pathway involving two sulfoxide molecules bound to the
Relieving the steric hindrance of the sulfoxide has a cporosilane (transition state B, Figure 2), along with a less
beneficial effect, as is shown from the results obtained, when ggactive pathway involving only one catalyst molecule
(12) Fernandez, I.; Khiar, N.; Llera, J. M.; Alcudia, ¥. Org. Chem. (transition StaFe A, Figure 2?' The proposition Of. a duz.il
199257, 6789. T ’ ' ' pathway permits the explanation of the results obtained with
(13) Khiar, N.; Aradjo, C. S.; Alcudia, F.; Fernandez,J1.0rg. Chem. mono- and bissulfoxides. The good results obtained with 1
2002 87, 345. equiv of R,R)-bis(p-tolylsulfinyl)ethan®, and which are

(14) Khiar, N.; Alcudia, F.; Espartero, J.-L.; Rodriguez, L.; Fernandez, . . . .
I. J. Am. Chem. So@000,122, 7598. equivalent to those obtained with 2 mol equiv of the

moving from atert-butyl group to an isopropyl or an ethyl
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Figure 2. Possible transition states for the organocatalytic allylation
of hydrazones with sulfoxides.

monosulfoxide4, can be ascribed to an increase of the

effective catalysts through space approximation (Figure 2,

with bis(p-tolylsulfinyl)methanes is a consequence of the
short tether link between the two sulfinyl oxygens, forcing
the ligand to actuate as sterically hindered monosulfoxides,
which are known to be less selective catalysts.

In summary, we have demonstrated that ethylene-bridged
bissulfoxides are effective organocatalysts for the allylation
of benzoyl hydrazone with allyl trichlorosilane. Studies on
the exact mechanism in order to rationally design chiral
bissulfoxides to further enhance the enantioselectivity and
lower the catalyst loading are already in progress.
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