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ABSTRACT
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Substrate-controlled

The substrate-controlled Rh '-catalyzed conjugate addition of aryl- and alkenylboronic acids to o,f-unsaturated esters which bear - and
d-oxygen substituents takes place in a highly ~ anti diastereoselective fashion either when using  y-hydroxyl unprotected starting materials or
when the -oxygen substituent is protected with a nonbulky group. The d-oxygen substituent plays a role in the stereoselectivity of the
reaction, and better results are obtained when this OH-group is protected.

The conjugate addition of organometallic reagents to unsat-and the low toxicity of boron compounds makes this
urated carbonyl compounds is one of the main synthetic procedure very attractive from an environmental standpoint.
methods for CG-C bond formation. Among the different In addition, aryl- and alkenylboronic acids can be con-
procedures reported, the reaction of aryl- and alkenylboronic veniently prepared by a variety of methats.

acids under Rhcatalysis, the HayashiMiyaura reactiort, Control of the stereoselectivity is crucial in the develop-
has become increasingly popufafhe RK-catalyzed con- ment of new synthetic methods. In the 'Riatalyzed
jugate addition reaction of organoboronic acids to electron- conjugate addition reactions of organoboronic acids and their
deficient alkenes can be carried out in water-containing derivatives, this has been achieved by using a variety of chiral
solvents, is widely functional-group tolerant, and is compat- ligands attached to the transition met4lin contrast, the
ible with the presence of unprotected OH and NH groups, substrate-controlled stereoselectivity of this reaction has been
which together with the catalytic use of the transition metal scarcely explore? in particular with regard to conforma-
tionally flexible acyclic substrates.
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We report herein the stereoselective Ratalyzed conju-
gate addition of aryl- and alkenylboronic acids to thg-
unsaturated estefis-5, which bear gy-oxygen substituent
(Figure 1).
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Figure 1. y,0-Oxygen-substituted.,5-enoatesl—5.

These types of compounds have been traditionally con-

Table 1. Addition of RB(OH), to Estersl and 22

product
entry substrate R (de, %; yield, %)b<
1 1 C4Hg 6a (>98; 90)
2 1 p-F-C4Hg 6b (>98; 85)
3 1 (E)-PhCH=CH 6¢ (>98; 90)
4 2 C4Hg 6a (>98; 90)
5 2 p-F-C4Hg 6b (>98; 85)
6 2 (E)-PhCH=CH 6¢ (>98; 85)

a Reactions carried out at room temperature with 0.2 mmol of esters
1-2, 2.0 equiv of RB(OH), and 1.0 equiv of BN with 5 mol % of RH
with respect tol—2 in 0.5 mL of dioxane-H,O (10:1).P Diastereomeric
excesses determined by integration of $HeNMR signals of the reaction
crudes* Yield of the isolated product after column chromatography on silica
gel.

sidered as poor substrates for conjugate addition reactions, |n all cases we observed high conversion of the starting

as oxygen at they-position makes theS-carbon less
electrophilic than ordinarg,5-unsaturated estef#\ddition-
ally, in comparison with ketones, linear,S-unsaturated
esters are known to be less reactive toward thlecatalyzed
conjugate addition reactions of organoboronic aéitlge
have chosen for our study thed-oxygen-substituted.,s-
enoatesl—5, which are easily prepared fromglyceralde-
hyde acetonide. Substrateand2 have been used as starting

materials for the conjugate addition of arylcuprate reagents,

materials and exclusive formation of thati reaction product
6. We also found that compour] which differed from1
in the geometry of the €C bond, afforded similar results
(Table 1, entries 46).

Compound3, with an unprotecteg-hydroxyl group, did
also react (Scheme 2) with aryl- and alkenylboronic acids
to afford, in this case, theanslactoness (Table 2, entries
1-5).

and the products of these reactions are valuable intermediate_

in the synthesis of natural and pharmaceutical products.
Compounds3 and 4, with free OH groups, constitute

interesting substrates for the evaluation of the stereoselective

bias of the Rhcatalyzed conjugate addition of organoboronic
acids, as OH-free compounds are often not compatible with
traditional methods for conjugate addition reactions, such
as organocuprate chemisfry.

At first (Scheme 1) we examined the reaction of compound
1 with several organoboronic acids using [(cod)RhGI$

Scheme 1. Addition of RB(OH), to Estersl and2

.l

RB(OH), (2.0 equiv)

o
R [(cod)RNCI], (2.5.mol %)O OMe
Et;N (1.0 equiv) Y

H O Dioxane - H,O (10:1) R O
1, (E)-CH=CH 6
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catalyst in dioxaneH,O (10:1) as solvent and in the
presence of a base, conditions which are known to be
efficient for transmetalation from boron to rhodium and
subsequent conjugate addition reactionoi@-unsaturated
esters (Table 1, entries—B).

(5) (a) Ramnauth, J.; Poulin, O.; Bratovanov, S. S.; Rakhit, S.; Madd-
aford, S. POrg. Lett.2001 3, 2571. (b) Chen, Q.; Kuriyama, M.; Soeta,
T.; Hao, X.; Yamada, K.; Tomioka, KOrg. Lett.2005 7, 4439.

(6) For conjugate additions of R-Rieagents tg’-OH-substituted cyclic
enones, see: de la HémeG.; Mba, M.; Murcia, M. C.; Plumet, J.; Clea,

A. G. Org. Lett.2005 7, 1669.

(7) Leonard, J.; Mohialdin, S.; Reed, D.; Ryan, G.; Swain, P. A.

Tetrahedron1995 51, 12843.
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Scheme 2. Addition of RB(OH), to Esters3—5
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We observed that yields with ¢ were inferior to those
obtained in the corresponding reactions of compounaisd
2. However, the use of Ba(Okafforded high yields of
lactones?, resulting from the in situ cyclization of the
correspondinganti open-chain adducts, which were not
isolated.

In a similar fashion, compound, with both - and
o-hydroxyl groups unprotected (Scheme 2), afforded the

(8) See for example: (a) Hanessian, S.; Ma, J.; WangT&ttahedron
Lett. 1999 40, 4627. (b) Reichard, G. A.; Ball, Z. T.; Aslanian, R.; Anthes,
J. C.; Shiha, N.-Y.; Piwinskia, J. Bioorg. Med. Chem. Let200Q 10,
2329. (c) Han, G.; Hruby, V. Jletrahedron Lett2001, 42, 4281. (d)
Manpadi, M.; Kornienko, ATetrahedron Lett2005 46, 4433. (e) Kireev,

A. S.; Nadein, O. N.; Agustin, V. J.; Bush, N. E.; Evidente, A.; Manpadi,
M.; Ogasawara, M. A.; Rastogi, S. K.; Rogelj, S.; Shors, S. T.; Kornienko,
A. J. Org. Chem2006 71, 5694.

(9) For other OH-free directed conjugate additions of RMgX and RLi
reagents to open-chain systems, see: (a) Fleming, F. F.; Wang, Q.; Steward,
O. W.J. Org. Chem2003 68, 4235. (b) Fleming, F. F.; Wang, @hem.
Rev. 2003 103 2035. (c) Fleming, F. F.; Zhang, Z.; Wang, Q.; Steward,
O. W.Angew. ChemlInt. Ed.2004 43, 1126. (d) Reyes, E.; Vicario, J. L.;
Carrillo, L.; Badg, D.; Uria, U.; Iza, AJ. Org. Chem2006 71, 7763.
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s additions of RLi and RMgX reagents or lithium diallyl-
Table 2. Addition of RB(OH), to Esters3—52 cuprates produce theynadducts with high selectivity. On
the other hand, the additions of alkyl-, alkenyl-, and

arylcuprates are mainlgnti-selective. This has been inter-
preted by nonchelation-controlled models, due to the lower

entry  substrate R base product
(de %, yield %)"*

1 3 [eh: Et:N 7a, (>98, 60) chelation ability of organocopper in comparison with RLi
2 3 C,Hs Ba(OH),  7a,(>98, 85) or RMgX reagents. Most of these models explain the
3 3 p-F-CiHs  Ba(OH),  7b, (>98, 80) diastereoselection on the basis of the steric and electronic
4 3 p-MeO- CiHs  Ba(OH),  7e, (>98, 80) mterac_tlons WhICh develop upon m_g%adlefm n—complex_
5 3 o Ba(OH),  7d, (>98, 90) formation or simple nucleophilic addition of the RM species.

< Ij/ It has also been noted that these types of additions are less
6 4 ° C4Hg Ba(OH), 8a, (75, 80) diastereoselective withzZf-esters than withK)-esters, and
7 4 C.H, LiOH 8a, (75, 80) models have been develpped to acpgunt for thls observation.
8 4 C.H, K.PO, 8a, (60, 80) The' Rh-gatalyzed conjugate addition reaction of organo-
of 4 s Ba(OH); 8, (50, 60) boronic acids to the_z acetal_-protec_ted e_:stEt)s]( a_nd -2

P was found to be highhanti-selective, irrespective of the

10° 4 CsHs Ba(OH),  8a, (50, 60) double bond geometry. The reaction with {h©H-6-OTBS
11 4 p-F-CiHs  Ba(OH) 8b, (75, 60) protected esteB was also highlyanti-selective, while the
12 4 p-MeO- C;Hs  Ba(OH), 8¢, (80, 60) addition to the y-OH-6-OH ester 4 was slightly less
13 4 ) Ba(OH),  8d, (80, 60) stereoselective, although tlati isomer was also predomi-

<OI>/ nant. On the other hand, no diastereoselectivity was observed
14 4 (E)- Ba(OH), 8e, (75, 60) with the y-OTBS-0-OTBS estel.
15 pheh Therefore, the predominance of theti-products in these

5 C4Hs Ba(OH), 9a, (0, 75) '

reactions may be understood assuming that diastereoselection
takes place upon formation of the oxsallyl-Rh' intermedi-
aReactions carried out at room temperature with 0.2 mmol of esters ; _limiti ;
3-5. 2.0 equiv of RB(OH), and 1.0 equiv of base with 5 mol % of Rh ate, which may be the rate _I|m|t|ng step of the catalytic cycle
with respect to3—5 in 0.5 mL of dioxane-H,O (10:1).b Diastereomeric (Scheme 3%,and that there is no chelation between the metal
excesses determined by integration of tHeNMR signals of the reaction moiety and the ORgroup in this casél1?

crudes-© Yield of the isolated product after column chromatography on silica
gel. 9 Reaction carried out in dioxardd,O (10:0.5).¢ Reaction carried out

h dosane 10 52 I —

Scheme 3. Proposed Stereochemical Course

translactones8 as the major reaction products (Table 2, o R'O ome B RO R'O MR orte
entries 6-14). However, the fre®-hydroxyl group influ- Vk/ﬁ( = V‘“/\y(

enced the stereochemical outcome of the'-&dtalyzed
conjugate addition reaction, as the stereoselectivity was lower
than when using compounds-3 as starting materials. As R
evidenced for the reaction with PhB(OHBa(OH) (entry RO
6) afforded good yield and diastereoselective excess. Similar

results were observed when using LIOH (entry 7), but the
use of KPQO, resulted in lower stereoselectivity (entry 8).
We also observed an influence of the water content of the

reaction medium in the stereoselectivity when using BagOH) . . - .
(entries 9 and 10). Both transition state models minimize steric interactions

Last, we carried out the Ricatalyzed conjugate addition of the metal moiety with t_’Oth the Gl_and CﬂORZ group_sl_.?'
reaction of PhB(OH) to compounds, with both y- and Modell, Igadlng tq thanti adducts, is sterlcal.ly destabilized
S-hydroxyl groups protected as bulky TBS-derivatives PY a@n At¥interaction of thea-H with OR/* while modelll ,

(Scheme 2). However, a 1:1 mixture of diastereon@as leading to thesynadducts, is sterically destabilized by an
was obtained in this cr;lse (Table 2, entry 15). AlZinteraction of theo-H with CH,OR 2 However, model

| is energetically more favorable théin as the nucleophile

OR’ H

| (anti)
M = L,Rh', L = ligands

The stereochemical outcome of conjugate addition reac-

tions of organometallic reagents;itealkoxy-o.,3-enoates has D) This s o b S with the addit vinyllbesies ¢
. - is is to be compared wi e additions of vinyl!Rpecies to
been addressed by several groups. The d'aStereoseIeCUV'W-OH-substituted cyclic enones, which may take place under chelation or

has been found to be dependent on both the substrate andonchelation control, and similar additions of ArlRipecies, which take

PN place under nonchelation control. See ref 6.
reagent structures. In a broad setfsepelation-controlled (12) For OH-directed stereoselectivity in Rh-catalyzed hydrogenation
reactions, see: Hoveyda, A. H.; Evans, D. A.; Fu, GCBem. Re. 1993

(10) See: (a) Roush, W. R.; Michaelides, M. R.; Tai, D. F.; Lesur, B. 93, 1307 and references cited therein.

M.; Chong, W. K. M.; Harris, D. JJ. Am. Chem. S0d989 111, 2984. (b) (13) Similar models have been used to interpret the addition reactions
Yamamoto, Y.; Chounan, Y.; Nishii, S.; Ibuka, T.; Kitahara, H.Am. of other nucleophiles tp-hydroxy-substituted:,5-unsaturated esters. See:
Chem. Soc1992 114, 7652. (c) Mengel, A.; Reiser, @hem. Re. 1999 Kireev, A. S.; Manpadi, M.; Kornienko, Al. Org. Chem200§ 71, 2630

99, 1191. and references cited therein.
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enters antiperiplanar to the lowest-lying orbital of the
y-C—X groups (X=H, OR! CH,0OR?), which is they-C—
OR! bond, as compared with, where the nucleophile enters
antiperiplanar to the’-C—CH,OR? bond.

Thus, the highanti selectivity observed for estetsand3

In conclusion, the Rkcatalyzed conjugate addition reac-
tion of organoboronic acids to acyclicd-oxygen-substituted
o,f-unsaturated esters takes place in a highly diastereo-
selective fashion to afford thenti reaction products, either
when usingy-hydroxyl unprotected starting materials or

is the consequence of the combination of a relatively small when they-oxygen substituent is protected with a nonbulky

R! group @, R* CHy-O-acetal; 3, R' = H), which
minimizes the steric interaction present jiwith a relatively
bulky R? group (L, R? = CH,-O-acetal3, R = TBS), which
increases the steric interaction presenit irStereoselectivity
is eroded in este4, as the size of Ris smaller 8, R? = H),
and completely vanishes B as the size of Ris larger 6,
R! = TBS).

With regard to theZ-ester2, the highanti selectivity may
be understood on the basis of pribt E isomerization, which
may take place upon complexation of the metal with the
double bond. A competition experiment with an equimo-
lecular mixture ofl, 2, and PhB(OHy showed the exclusive
formation of6a (50% vyield) together with unreacteldand
2in 20:80 ratio. This shows that th&){ester2 reacts slower
than the E)-esterl, in agreement with thé—E isomerization
hypothesis?

3670

group. Thed-oxygen substituent plays a role in the stereo-
selectivity of the reaction, and better results are obtained
when this OH-group is protected.
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