ORGANIC
LETTERS

Origin of the Diastereoselection in the ol ee

Indium-Mediated Addition of Haloallylic 14591462
Sulfones to Aldehydes

Jae-Hong Min, T Se-Young Jung, T Bo Wu, T Jung Taek Oh, T Myoung Soo Lah, ¥ and
Sangho Koo* 't

Department of Chemistry, Myong Ji University, Yongin, Kyunggi-Do, 449-728, Korea,
and Department of Chemistry, College of Science, Hanyang University, Ansan,
Kyunggi-Do, 425-791, Korea

sangkoo@mju.ac.kr

Received February 3, 2006
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The R; substituents at C(2) of the haloallylic sulfones 1 play a pivotal role in controlling the diastereoselectivity of the indium-mediated

addition reaction to benzaldehyde to produce the homoallylic alcohols 3. The R 1 Me group of 1 prefers the chair form in the In-coordinated
six-membered cyclic transition state to give  anti-3a, and the Ry Ph group of 1 favors the twist boat form to give  syn-3n, both in a high 13:1
selectivity.

The metal-mediated addition reaction of allylic halides to moiety by the normay-additior®*might be useful building
carbonyl compounds is an efficient method of producing blocks in organic synthesis (Scheme 1). High diastereose-
homoallylic alcohols. Sn, Zn, and Al as well as Mg have
been utilized as a mediating metal. Recently, indium has bee
increasingly used in this Barbier-type reaction for the reason ~ Scheme 1. Indium-Mediated Addition of Chloroallylic

that diverse functional groups are compatible in environ- Sulfone (E)-1lato Aldehydes2

mentally benign aqueous solutiohslhe selectivity and R-CHO CH OH
mildness of the In-mediated Barbier reaction led us to devise Kl\/\C[ [2 R&\{LH + R/'\:%H
the reaction of the allylic halide&)-1a® containing an allylic SO,Ph " < \—80,Ph < \=S0,Ph
sulfone unit and aldehydeg, in which the expected (E}-1a ant-3 syn-3

homoallylic alcohols3 containing a homoallylic sulfone

lectivity and regioselectivity along with a high reaction yield

* To whom correspondence should be addressed. Pher2){31-330- i ; ; _ ;
6185. Fax: (+82).31-335.7248. for anti 3a(OH vs SQPh) were obtained in the In med|aFed
T Myong Ji University. reaction of E)-la and benzaldehyde (2a). The detailed
zll;?:nyang_UmverSIty- @Y 0. Y+ Asao. Ghem. Rev1993 studies on the In-mediated reaction of diverse allylic halides
or reviews, see: (a) Yamamoto, Y.; Asao, em. Rev , . . .
93, 2207-2293. (b) Chan, T-H.; Li, C.-J.; Lee, M. C.; Wei, z.gan. . 1 @nd various aldehydes, especially on the origin of the
Chem.1994,72, 1181—1192. (c) Li, C.-JTetrahedron1996,52, 5643— unusually high diastereoselection, are disclosed in this

5668. (d) Denmark, S. E.; Fu, Chem. Re»2003,103, 2763—2793.
(2) For reviews, see: (a) Li, C.-J.; Chan, T.-Fetrahedron1999,55,
11149-11176. (b) Ranu, B. &ur. J. Org. Chem2000, 2347—2356. (c)

communication.

Podlech, J.; Maier, T. CSynthesi2003, 633—655. (4) (a) Araki, S.; Ito, H.; Butsugan, Yd. Org. Chem1988,53, 1833—
(3) Min, J.-H.; Lee, J.-S.; Yang, J.-D.; Koo, $.0rg. Chem2003,68, 1835. (b) Isaac, M. B.; Chan, T.-Hetrahedron Lett1995, 36, 8957—
7925—7927. 8960.
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Optimization of the reaction condition for the In-mediated unusually high diastereoselection. Steric and electronic
addition of the chloroallylic sulfone (E)-1® benzaldehyde  effects of aldehydes on the diastereoselectivity have been
(2a, R =Phin Scheme 1) has been studied first. Anhydrous evaluated first and were summarized in Table 1. The same
THF and CHCI, were not able to solvate indium, and the
reaction did not proceed at all in these solvents even at reflux._
Bﬁ/ﬁgn}%osmon. .Of the reagents Xvas O.bserved in refluxing Table 1. In-Mediated Addition of the Chloroallylic Sulfone

. The addition producBa (R = Ph in Scheme 1) was (E)-1ato Diverse Aldehyde?
obtained in 55% and 62% yields under refluxing EtOH and
H,0, respectively. The yields were improved in a mixed t yield chemical
solvent of HO and an organic solvent at reflux temperatures. eotry Rincompd2 (v 3 (%) dr° shifte
The best result was obtained in a 4:1 volumetric mixture of 1

a: Ph 25 3a 98 13:1 5.95(6.29)
H,O and THF at reflux for 2.5 h, in which the homoallylic 2 b: 2MeOC¢Hy 5 3b 86 13:1 5.96(6.09)
alcohol3awas obtained in 98% yield with a 13:1 (anti/syn) 3 ¢ 4MeOCeHs 3 3¢ 80 131 5.94(6.25)
diastereomeric ratio. The reaction was sluggish at@5 4 d: 4HOGH, 25 3d 93 131 594(6.24)
and a lower yield (68%) was obtained even after 24 h. When ?s : :gfgfgj“ 3 g: gg 121 g'gg Eg'gﬁ
6 equiv of HO (based on mdll_Jm) was added to TFlEhe_ _ 7 g 4(CN)CeHs 4 8g 80 131 591(6.39)
reaction proceeded, but the yield (50%) and the selectivity g h. 4.NO,CcH, 14 3h 0
(dr = 3:1) were much lower than those of the optimized 9 i furan-3-yl 35 3 72 6:1 6.02(6.25)
condition. 10  j: furan-2-yl 4 3j 67 4:1 5.95(6.12)
The efficacy of indium in the Barbier reaction dE)-1a 11 k: l-pentenyl 2 3k 77 21 5.93(6.05)
12 1 2-HOCsH, 3 31 82 1:3  5.95(6.31)

and benzaldehyde (2a) was confirmed at this point by
comparison with the reactions mediated by other metal aThe stoichiometric ratio offf)-1a/2/In was 1.0:1.2:1.1 in 0.3 MA®/
species, such as Mg, Zn, and Sn. The Mg-mediated reaction]H (4:1) solution at “Tﬂgx? The diastereomeric ratio affit /syn3.” The
of (E)-1laand2adid not produce3aat all, which manifested chemical shift of the olefinic methine proton for taetl-3 (syn-3) In ppm.
that the allylic sulfone unit served as a good leaving group
in the allyl Grignard reagent. The Zn- or Sn-mediated Barbier
reaction of E)-la and 2a under the above optimized
condition (the 4:1 mixed solvent of & and THF at reflux
for 2.5 h) produced3a in only 20% vyield with 6:1
anti-diastereoselectivity.

Exclusive y-addition of the chloroallylic sulfoneH)-1a
to benzaldehyde2@) was observed in the In-mediated

Barbier reacFior*i?‘v4 Stereochemistry of the major prqduc;t 6.29 ppm forsyn-3a).o-Salicylaldehyde (21), which would
3a was confirmed by X-ray crystallographic analysis, in coordinate to indium as a bidentate ligand by placing the

which the hydroxyl and the benzenesulfonyl groups were 2-hydroxyphenyl group into an axial position in the chair

anti-disposed. The Zimmermatiraxler pericyclic transition 5 qjtion-state model contrary to the other benzaldehydes
state model has been the central dogma in the prediction ofi|,ding o-anisaldehyde (2b), converted the anti-stereose-
the diastereoselectivity of the a!dol re_actmmh|ch_3|mllgrly lectivity to syn-selectivity (anti/syr= 1:3, entry 12§ The
correlated the C=C bond configuration of allylic halides to yields of the indium-mediated addition oE)-la to the

the diastereochemistry of the adducts in the Barbier reactionsy,,,«+itited benzaldehydes were generally high (80~98%)
(E to anti andZ to syn). The major producanti-3a was '

- ” However, na3h was obtained for 4-nitrobenzaldehydhj
presumably formed through the chairlike transition state, with a stoichiometric indium reagent (entry 8), in which
where the bulky phenyl group of the aldehyde was prefer- indium presumably operated as a reducing agent for the nitro

entially disposed to the equatorial position (Scheme 2). group? There was a significant size effect of aldehydes on

the stereoselectivit{f. The diastereomeric ratio was decreased

Scheme 2. Chairlike Transition State Model for the (5) No reaction has been observed for the chloroallylic sulfdjeléa

. ; P ~ ; . and benzaldehyde2&) when 6 equiv of HO was added to Cil, as a
Indium-Mediated Addition of)-1ato 2a Leading toanti-3a solvent. Then-addition of crotyl bromide to cyclohexanecarbaldehyde has

13:1 ratio was obtained for the benzaldehy@és-g with
substituents of a different electronic nature (entries/R

The stereochemistry of the major products was deduced to
be anti for3b—k by comparison of théH NMR spectra
with that of 3a.” The chemical shifts of the olefinic methine
protons are upfield shifted for the anti products compared
to those of the syn products (e.g., 5.95 ppmdati-3avs

L H H been reported under this condition. For references, see: (a) Loh, T.-P.; Tan,

|_/H N\ P K.-T.; Yang, J.-Y.; Xiang, C.-LTetrahedron Lett2001,42, 8701—8703.
L"”\O/A SO.Ph — HO/ SO,Ph (b) Loh, T.-P.; Tan, K.-T.; Hu, Q.-YTetrahedron Lett2001,42, 8705—

PhCH3 PreH, 8708. (c) Tan, K.-T.; Chng, S.-S.; Cheng, H.-S.; Loh, T3PAm. Chem.

Soc.2003,125, 2958—2963.

(6) Zimmerman, H. E.; Traxler, M. DJ. Am. Chem. Sod957, 79,
1920—-1923.

(7) (a) Paquette, L. A.; Rothhaar, R. R.Org. Chem1999,64, 217—
. . . . . 224. Bernarda, L.; Cere, V.; Femoni, C.; Pollicino, S.; Ricci rg.
Considering the little or no (2:33:2) diastereoselection Chengl?%ooeg’s%fjggzlgfégll emoni, C.; Pollicino, S.; Riccl,JAOrg

reported in the In-mediated addition of crotyl bromide to 88((J%Z) ((%)) l;aquettg, (L: /:|.; I\S/Iitzel},(T\.(NLE. r(‘)rg. ghelmlfggéséég?%z
4 . . . . lana, S.-C. H.; Sim, K.-Y.; Loh, T.-Bynlett: s - .
benzaldehydé;“the above 13:1 ratio was very surprising. (c) Hirashita, T.; Kamei, T.; Satake, M.; Horie, T.; Shimizu, H.; Araki, S.

We wanted to know the generality and the origin of this Org. Biomol. Chem2003,1, 3799—3803.

anti-3a
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as the size of R in aldehyd@swvas reduced from phenyl to
furyl (entries 9 and 10). A marginal selectivity of 2:1 was
obtained for the acyclic aldehydk (entry 11).

The high anti-stereoselection f8a should originate from

and1g with the R, methyl group and teyn-3rfor 1h with
the R, phenyl group were observed (entries BL). It was
noticed that the reaction was faster for allylic bromides
(entries 2 and 9) and that the geometry of thre@bond of

either the benzenesulfonyl group or the methyl group of 1 was not correlated to the stereochemistry of the addition

(E)-1a. The diverse haloallylic sulfondswith different R

product3 (entries 3—5)P

and R substituents have been prepared, and the stereose- We tentatively explain the high and opposite stereoselec-

lectivity of the In-mediated addition tda was investigated
(Table 2). It was the methyl group of (E)-1hat induced

Table 2. Stereoselectivity of the In-Mediated Addition of the
Substituted Haloallylic Sulfones to Benzaldehyde (2a)

Ri Ph- CHO OH
Xy N /\% +
PhO,S R, R SOzPh SOzPh
1 anti-3 syn 3
compd 1 yield
ent R, R: X EIZ 3 (%) drb
1 a Me H Cl E 3a 98 13:1¢
2 b H H Br E 3m 86 2:1
3 ¢ Ph H Cl E 3n 36 1:13¢
4 ¢ Ph H Cl Z 3n 45 1:13
5 ¢ Ph H Cl 1331 3n 38 1:13
6 d 4-MeOCe¢Hs H Cl 11 30 40 1:13
7 e 4-CICgHy H Cl 3:2 3p 33 0:100
8 f H Me Cl E 3q 90 2:1
9 g H Me Br E 3q 71 3:2
10 h H Ph Cl E 3r 72 1:4¢
11 h H Ph Cl 21 3r 7 1:4

aThe 1.0:1.2:1.1 mixture (stoichiometric ratio) bRa/In in 0.3 M HO/
THF (v 4:1) solution was heated at reflux for &3 h.? The diastereomeric
ratio of anti-3/syn-3.c The stereochemistry of the produasti-3a, syn-
3n, andanti-3r was determined by X-ray crystallographic analysis; see the
Supporting Information.

the high stereoselection fanti-3abecause only a 2:1 anti-
selectivity of3m was obtained for the bromoallylic sulfone
1b with no Ry substituent (R R, = H, entry 2). Even more
surprising was that the chloroallylic sulfode with the R
phenyl substituent (R= Ph, R = H) provided the opposite

tions for anti-3a and for syn-3n according to the R
substituent ofl using the model proposed by Hoffmath.
Hoffmann connected the conformation of the complex
between metal enolate and aldehyde to the stereochemistry
of the aldol product through the pericyclic transition state.
With the same notion, we speculated that the extended
conformationA of the In complex betweefh and 2 led to

the chair transition state with very little nuclear motion
thereby producingnti-3, whereas the U-shaped conforma-
tion B led to the twist boat transition state producsym-3,
where the phenyl group of benzaldehyde was placed in the
equatorial position in both cases (Scheme 3). We assumed
that theZ-configuration of the haloallylic sulfonesequili-
brated to the more stabke-configuration while indium was
being inserted. This was presumably the reason that the
geometry of the C=C bond of was not important in
controlling the stereoselectivity of the In-mediated addition
reaction. The energy difference between the conformations
A and B would thus decide the ratio @nti-3/syn-3.

There might be a very little energy difference between
the conformationsA and B for 1b (R;, R, = H),!* and a
slight 2:1 selectivity foranti-3m was obtained. The high
stereoselection dfa (R; = CHjs, R, = H) for anti-3amight
be explained by the destabilizing steric effect of the R
methyl group in the conformatioB,'? which significantly
favored the conformatior\ to lead to the chair transition
state. The opposite high stereoselectiond@fld, andle
(Ry = Ph derivatives, R= H), respectively, fosyn3n, syn-

30, andsyn3p, on the other hand, ascribed to the stabilizing
electronic effect of the Rohenyl derivatives in conformation
B by havingz—a interaction$® with the formyl group to
lead to the twist boat transition stdteThere might be only

a slight steric effect of the Rsubstituents on the diastereo-
selectivity of the addition reaction. A slight preference for

syn-stereoselection with a high 13:1 ratio regardless of the conformationA in 1f and1g with the R, methyl substituent

geometry of the &C bond (entries 35). The stereochem-
istry of the major product3n was confirmed by X-ray
crystallographic analysis. The 13:1 syn-selectivity was
maintained for the chloroallylic sulfon&d with a 4-meth-
oxyphenyl substituent at | RR; = 4-MeOGH4, R, = H,
entry 6). When the chloroallylic sulfonke with a 4-chlo-
rophenyl substituent at,RR; = 4-CICsH,, R, = H) was
used,syn-3pwas exclusively formed (entry 7). The yields
of 3n—p were somewhat low, which reflected the steric
congestion at the reaction center. Meaddition product of
the haloallylic sulfonedl was obtained in any cases. The
Barbier reaction of the haloallylic sulfoné$—h containing
an R, substituent and benzaldehyda) did not provide high
diastereoselection, but slight preferencesaini-3q for 1f

(9) Pitts, M. R.; Harrison, J. R.; Moody, C. J. Chem. Soc., Perkin
Trans. 12001, 955—977.

Org. Lett., Vol. 8, No. 7, 2006

(anti/lsyn= 2:1 and 3:2, respectively) was reversed to the

(10) Hoffmann, R. W.; Ditrich, K.; Froech, S.; Cremer, Detrahedron
1985,41, 5517-5524.

(11) There are many reports that the chair and the twist boat transition
states have similar energies for theenolates of some metals such as Sn,
Zr, Ti, and B. For references, see: (a) Li, Y.; Paddon-Row, M. N.; Houk,
K. N. J. Am. Chem. S0d.988,110, 3684—3686. (b) Li, Y.; Paddon-Row,
M. N.; Houk, K. N.J. Org. Chem1990,55, 481—493. (c) Bernardi, A,;
Capelli, A. M.; Gennari, C.; Goodman, J. M.; Paterson].|Org. Chem.
1990, 55, 3576—3581. (d) Goodman, J. M.; Kahn, S. D.; Patersod, |.
Org. Chem.1990,55, 3295—3303.

(12) Hoffmann, R. W.Chem. Rev1989,89, 1841—1860.

(13) Jones, G. BTetrahedron2001,57, 7999—8016.

(14) (a) Nakamura, E.; Kuwajima, Tetrahedron Lett1983,24, 3343—
3346. (b) Gennari, C.; Cardani, S.; Colombo, L.; Scolasticd,éxahedron
Lett. 1984,25, 2283—2286. (c) Gennari, C.; Colombo, L.; Scolastico, C.;
Todeschini, R.Tetrahedron1984, 40, 4051—4058. (d) Kuwajima, I.;
Nakamura, EAcc. Chem. Resl985,18, 181—-187. (e) Pridgen, L. N,;
Abdel-Magid, A. F.; Lantos, |.; Shilcrat, S.; Eggleston, DJSOrg. Chem.
1993,58, 5107-5117. (f) Nerz-Stormes, M.; Thornton, E. R.Org. Chem.
1991,56, 2489—2498.

1461



Scheme 3. ConformationsA (Extended) and (U-Shaped) Leading to Each of tlati-3 and syn-3Diastereomers, Respectively,
through the Chair and the Twist Boat Transition States Based on the NatureanidRR Substituents

L L Ra L R, Ro
i T HG H
0 T OSOPh —— L/'n\o/A $0Ph — = 7 SO,Ph
P
Ph) Ri i "k,
A Chair anti-3
i Rk R
-
0 Phozs\H/\k IncL uoL
IR, m—— P — = PhOs/
Ph Z "R, Ph” O OH
R, Ph Ry
PhO,S" g Twist Boat syn-3
preference for conformatioB in 1h with the bigger R (chair or twist boat) according to the conformational analysis

phenyl group (anti/syr 1:4), which presumably destabilized of the reagent complexes.
the conformatior by the steric interactions with the ligands
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homoallylic alcohols3 containing a homoallylic sulfone

moiety, which are useful building blocks in organic synthesis.
This reaction is highly anti-stereoselective (13:1) when the
R: substituent at C(2) of the haloallylic sulforfeis Me.
High syn-stereoselectivity (13:1) in the opposite sense can
be obtained for the RPh-substituted haloallylic sulfonke
These substituent-controlled diastereoselectivities can be
explained on the basis of the different transition state modelsOL060297R

Supporting Information Available: The crystallographic
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