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Despite the usefulness and widespread use of palladium-
catalyzed arylation and alkenylation of olefins (Heck reaction),

successful examples of asymmetric Heck reactions are scarce and
have been reported only in the past few years, mainly using enan-

tiopure chelating diphosphines such as BINAP or (phosphinoaryl)-
oxazolines as chiral ligands.On the other hand, although
sulfoxides have proved to be efficient chiral auxiliaries in
asymmetric synthesfsgespecially in other crucial €C bond
forming reactions such as Dieté\lder cycloadditions or nucleo-
phile additions, very little is known about their use in asymmetric
transition-metal-catalyzed reactiohsTo the best of our knowl-
edge we report here the first examples of asymmetric Heck

reactions using sulfoxides as chiral auxiliaries and how the sense

of the stereoselection can be controlled by appropriate choice of
the substitution at the sulfinyl moiety.
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Table 1. Heck Reactions of—5 with lodoarenes
Ar! ? (*)
LA g Ar!
1 CgHs SOAr S\= r S\: r
e ) e LG
3 1-Naphthyl Pd(OAC)
0 2 ~O7 AR o~ "AR
4 0-(MeO)CeH, Ag,CO;,
5 0-(Me,N)CgH, A, (2R*SR*) B, (25*.SRY
Entry Substrate Ar-| A :B ratio (%)" Yield (%)°
1 1 6A:6B = 77:23 68
2 2 7A:7B = 78:22 80
3 3 @—l 8A:8B = 71:29 43
4 4 9A:9B = 75:25 47
- 5. 10A:108 = 6:94 80
6 1 Meo©_, 11A:118 = 69:31 70
I S A 12A:12B = 14:36 55
8 1 meo(( )1 13A13B=75:25 60
9 5 " 14A:14B = 15:85 86
e
R 1 MeO o_©_| 15A:15B = 71:29 61
M5 ’ 16A16B=793 45"
12 1 o N—©—< 17A:17B = 67:33 59
13 5 i 18A:18B = 6:94 64

3Reaction conditions : 1-5, Ar*-I (3 equiv), Pd(OAc), (10 mot %), Ag,COs
(2 equiv), dppp (10 mol %), DMF, 100° C, 2-24 h. "Determined by 'H-
NMR on the crude mixtures. °In isolated products after chromatography.
%In converted product (50% of 5 was recovered).

2,3-Dihydrofuran has been the most frequently used substrateihe dependence of the stereoselectivity with the substitution at

in intermolecular asymmetric Heck reactions due to its cyclic
structure and good reactivify.In Table 1 are summarized the
results obtained in the palladium-catalyzed arylations of the readily
available ¢)-4-arylsulfinyl-2,3-dihydrofurand—5.”

After some experimentation, we found that the reactions
proceeded cleanly in the presence of,8@s as base. Typical
experimental conditions are as follows: Arl (3 equiv), Pd(GACc)
(20 mol %), and AgCO; (2 equiv) in DMF at 100°C for a few
hours. These reactions took place similarly both in the absence
and in the presence of phosphine ligands @&ppp? or dppf),
although in the latter case the processes were faster, giving in
satisfactory yields a mixture of 2-aryl-3-sulfinyl-2,5-dihydrofurans
A and B,? which in many cases could be separated by flash
chromatography. However, the most interesting result concerns
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the sulfoxide. Thus, regardless the electronic character of the
substitution at the aryl iodide, sulfoxidés-4 lead predominantly
to the isomer#\ with moderate stereoselectivity (diastereomeric
excess (deF 34—56%), while theo-dimethylamino sulfoxidé
affords the isomerB with a remarkable stereocontrol (70—
88%0) 10

Although from these preliminary results it is not possible to
establish a precise mechanistic explanation about the opposite
stereochemical outcome obtained from substrate$and5b, we
speculate that this different behavior could be attributed to either
a steric or a chelation control in the insertion step, respectively.
After oxidative addition, the coordination of the cationic arylpal-
ladium specié's [ArPdL,]" with the double bond of vinyl
sulfoxides 1—4 in their s-trans conformation$' would occur
preferably from the least hindered face, that opposite to the Ar
group, to give the compleg!? (Figure 1). Further insertion on
the double bond an@-hydrogen elimination steps would lead to
the isomerA. In contrast, due to the excellent ability of the
palladium atom to coordinate amino groups, it can be assumed
that the initial coordination of [PhPd]" to the NMe unit of 5

(9) The configurational assignment of stereocisomi&rand B was first
established by NMR studies. Particularly, the chemical shifts paitl H,
were found to be excellent diagnostic criteria, &ppears significantly more
deshielded in isomeis than in isomer8 (0,A—04B = 0.1-0.5 ppm, CDGJ)
whereas the opposite behavior is observedfdy (6,.B—3,A = 0.1-0.5 ppm,
CDClg). These remarkable spectroscopic effects might be explained on the
basis of the highly deshielding effect induced by the sulfinylic oxygen on its
hydrogen in 1,3-parallel relationship: sth isomersA and H in isomersB
in their presumed most stable conformations around the ®ond, those
avoiding important 1,3-parallel interactions between substituents at sulfur and
at C-2 (see figures below). For NMR effects of the sulfinyl group, see: Lett,
R.; Marquet, A.Tetrahedron1974 30, 3379.
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(10) In the absence of phosphines the stereoselectivity of the Heck reactions
of 5 was somewhat lower. For instance in the reaction with iodobenzene the
A:B ratio was 12:88 in the absence of phosphines, 8:92 in the presence of
PPhR (20 mol %), and 6:94 in the presence of dppp or dppf (10 mol %).

(11) For conformational aspects in vinyl sulfoxides, see: Arai, |.; Takayama,
H.; Koizumi, T. Tetrahedron Lett1987, 28, 3689.
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Figure 1. Proposed models for the insertion step in the Heck reaction U ‘r_/( —
of 1—4 and5. )
pr 0% 0”Ph
Table 2. Heck Reaction ofL.OB and 12B with lodoarenes (25.4R)-26 (3R:SR) 19 (R)-25

1 1

f‘\r Me,N Ar__:_.

aKey: (a) (i) LDA, ELO, —78 °C; (ii) ethylene oxide; (b) (i) LDA,
—78°C, THF; (ii) ethyl formate,—78 °C; (c) MsCl, EgN, CHxCly, 0°C;

LPd*Ar ‘3* o (d) Phl, Pd(OAc), Ag:COs, dppp, DMF, 100°C, 4 h; (e) Phl, Pd(OAg)
— O Aty Ag2CO;, dppf, DMF, 100°C, 20 h; (f) Zn, sat. NKCI, THF, rt; (g) Raney
[ ] P OQ) [ [ Ni, Ho, EtOH, 0°C
a2 PAOAS), 0 AP BT S
Ag,CO; | prepared in 44% overall yield frong)-o-(N,N-dimethylamino)-
Ar'= o-(Me,N)CaH,y phenyl methyl sulfoxid® [(S)-24] as follows: reaction of the
Entry _ Substrate A Product Yield (%)° o-sulfinyl anion of §-24 with ethylene oxide, formylation at
1 10B CeHsl 19 83 a-position with ethyl formate to give a mixture of hemiacetals
2 10B p-(MeO)CsH.l 20 69 (80)° stereoisomers, and dehydratation with MsGKE{Scheme 1).
i 123 p'(NgacisH“' i; 467(24) The Heck reaction ofR)-5 with iodobenzene under the usual
5 128 p-(MeO)CaHdl 23 70° conditions afforded a 6:94 mixture of RSR)-10A and (5 SR)-

Reaction conditions : 10B or 12B, Ar-l (3 equiv), Pd(OAc), (10 mol

10B. After flash chromatography &SR)-10B was obtained in

%), Ag,CO; (2 equiv), dppf (10 mol %), DMF, 100°C, 20h. ®In pure

77% vyield and its further desulfinylation by treatment with
product. ®Yields in parentheses are conversion yields. ddppp as ligand.

activated powdered ziftled to the known R)-2-phenyl-2,5-
dihydrofuran [R)-25, 51% yield, ee> 96%'7] whose optical
would lead to the amino comple®,'® which would direct rotation was identical to the previously reporté€dproving
intramolecularly the insertion of the aryl group @\from the otherwise the stereochemical assignments previously established
same side of theN,N-dimethylamino)phenyl moiety to afford by NMR for compoundsA andB.° In a similar manner, the
finally the isomerB. treatment of (3,SR)-10B with iodobenzene yielded BBSR)-19

Having developed a stereoselective approach to the preparatior(83%), which was cleanly transformed in one-step (90%) into
of 2-aryl-3-(arylsulfinyl)-2,5-dihydrofuransA( and B), it was enantiopure (84R)-2,4-diphenyltetrahydrofuran [§4R)-26, [a]
interesting to know if these new vinyl sulfoxides could undergo = —52.5 € = 1.40, CHC}), ee> 96%'"] by reaction with Raney
a second Heck reaction to afford diaryl substituted dihydrofurans. nickel. (255,4R*)-26, called Calyxolane B, has been recently
We were pleased to find that the major isomBrabtained from isolated from a marine sponge.
dihydrofuran5 reacted cleanly and in a fully stereoselective In conclusion, it has been demonstrated that the sulfinyl group
manner under similar conditions to that describedsfdyut using can be used as a novel and efficient chiral auxiliary in asymmetric
longer reaction times (20 h instead of& h)1* The reaction Heck reactions of dihydrofurans. The best results have been
appears to be general (Table 2), and the resulting 3,5-diaryldihy- obtained usin@-(N,N-dimethylamino)phenyl sulfoxides, in which
drofurans {9—23) were isolated as single isomers in good yields the presumed coordination of the Pd atom with the nitrogen
(70—-84%). This complete asymmetric induction might be determines a high asymmetric induction in the key insertion step.
rationalized assuming a chelated model similar to that proposed
for dihydrofuran5, in which both the steric effects associated to
the substitution at C-2 and the coordination Pd/NMehes-trans
conformation of the unsaturated sulfoxideOB or 12B) would
favor the insertion step from the face of the double bond opposite
to the aryl substituent at C-2.

To apply this methodology to the preparation of optically pure
compounds, enantiopure sulfoxidés5 were required. Com-
pound R)-5 (enantiomeric excess (ee) 96%) was readily
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(12) Taking into account the moderate palladium-coordinating ability of
the sulfinyl group (see for instance ref 4b), a prior complexation of the aryl JA980858C
palladium cation with either the sulfinylic oxygen or the sulfur lone pair of
sulfoxides1l—4, followed bysr-complexation directed by the Pd atom, cannot (15) Compound$-24 was prepared using the DAG methodology: Ferna
be ruled out as a feasible alternative mechanism. dez, |.; Khiar, N.; Llera, J. M.; Alcudia, Jl. Org. Chem1992 57, 6789.
(13) For somewhat related P8 coordinated complexes proposed in the (16) Holton, R. A.; Crouse, D. J.; Williams, A. D.; Kennedy, R. N
Heck reaction of acyclic nitrogen-containing vinyl ethers, see: (a) Larhed, Org. Chem.1987 52, 2317.
M.; Andersson, C.; Hallberg, ATetrahedron1994 50, 285. (b) Andersson, (17) The optical purities were determined By NMR in the presence of
C.; Larsson, J.; Hallberg, Al. Org. Chem199Q 55, 5757. See also: Krafft, Pr(hfc); [Praseodymium tris[3-(heptafluoropropylhydroxymethylene)-(
M. E.; Wilson, A. M.; Fu, Z.; Procter, M. J.; Dasse, O. A. Org. Chem. camphorate].
1998 63, 1748. (18) [o] = +282 (¢ = 0.50, CHC}, 24 °C); [o] lit.?» = +280 € = 1.086,
(14) On the contrary, no reaction was observed after treatmesi aind CHCls, 24 °C, ee= 97%).
10A with iodobenzene (3 equiv), Pd(OAd)10 mol %), dppf (20 mol %), (19) Rodfguez, A. D.; Cdhar, O. M.; Padilla, O. LJ. Nat. Prod.1997,
and AgCO;s (2 equiv) in DMF at 100°C for 20 h. 60, 915.




