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ABSTRACT
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2,3-syn, 3,4-anti Cram-chelate 4 5-syn bromoesters Exocylic 8 possible
2,3-syn, 3,4-syn control effect polypropionates

Reported herein is the synthesis of 8 out of 16 polypropionates derived from our propionate units. A new strategy involving a stereoselective
Mukaiyama aldol reaction followed by a stereoselective free-radical-based hydrogen transfer, both under Lewis acid control, is used. Of
particular interest is the remarkable reactivity of (i-PrO)TiCls in this context to give only the 3,4-anti bromoesters.

Polypropionates are important subunits of numerous biologi- polypropionatesby combining a Mukaiyama aldol reactibn
cally active molecules, and the development of methods for with a diastereoselective free-radical-based hydrogen transfer
their synthesis has driven the discovery of many new reaction as illustrated in Scheme 1. The first step of our
methodologied. We became interested in this field of strategy involves a reaction between an aldehyde and a
research as a result of our discovery thatlkoxy-o-halo- tetrasubstituted enoxysilane bearing a functionality (e.g., |,
or -selenoesters can undergo a kinetically stereocontrolledBr, or SePh) that could subsequently, through homolytic bond
hydrogen transfer reacticn. cleavage, be used as a free radical precursor. Bidentate Lewis
We recently embarked on a systematic study of what we acid mediated activation g-alkoxy-a-methyl aldehydel
hope will be a versatile substrate-controlled approach to should favor the 3,&nti adduct3 via a Cram-chelate
transition state. Using monodentate Lewis acids or preventing
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functionality should lead to 3,4yn product4 through a
Felkin—Anh® pathway. Contrary to other approaches to the carbon-centered radical. We showed that bidentate Lewis
polypropionates based on the use of aldol-like reaction, the acids could generate such a temporary ring by chelating the
E/Z stereochemistry of the enoxysila@edoes not need to
be controlled in our strategy. Indeed, the C-2 stereochemistryOn the other hand, the 28mrelative stereochemistry could

of the Mukaiyama adducts is not important in our approach, pe induced using the hydrogen transfer reaction by taking
this site being transformed into a carbon-centered free radma'advantage of the endocyclic effédn this case, the carbon-

in the next step.

The hydrogen transfer step can give either &/8or -anti
relative stereochemistry. Minimization of 1,3-allylic strain
and intramolecular dipotedipole interactions is at the origin
of theanti selectivity in theser-delocalized radicals (Scheme
2, transition staté\). This anti preference can be enhanced
by taking advantage of the exocyclic effédn this case, a
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ring (permanerft or temporary?) is created adjacent to

C-3 and C-5 hydroxy groups (Scheme 2, transition $Bite

centered free radical, now embedded within a Lewis acid
induced ring (Scheme 2, transition st&g will give syn
products. One should note that a free C-3 hydroxy group
could, through hydrogen bonding with the oxygen of the
carbonyl, follow a similar pathway (Scheme 2, transition state
C, L.A. = H). Thus, as in the first step (the Mukaiyama
reaction), through appropriate Lewis acid selection, one could
choose between the different pathways to control the
stereochemical outcome of the hydrogen transfer process.
The validity of our strategy was first evaluated using primary
p-benzyloxyaldehyd@ as starting material, the four stereo-
triads5—8 (Scheme 1) having been synthesized in high yield
and stereocontr@lWe then turned our attention to secondary
pB-benzyloxyaldehydes to ascertain the importance of ad-
ditional stereocenters and their steric effects in our substrate-
controlled approach. Aldehyde3—12 (Scheme 1) were
selected for this study, to test, as well, the iterative potential
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of our reaction sequence for the synthesis of polypropionate ||| | | |  ERNIINGQGGEGEGEEEEEE

stereopentads. . o Table 1. Mukaiyama Reactions df0 and 122
In the case of the 2,3nti-3,4-anti bis(benzyloxy)aldehyde

9, this approach was successfully demonstrate@entral
to the present study are aldehydésand12.' Indeed, their
relative 2,3syn stereochemistry could pose new problems
in the Cram-chelated Mukaiyama reaction. As illustrated in  ©QBnOBnO | 5 5 OBnOBnOH O OBnOBnOH O

Entry aldehyde Lewis acid 3, 4-syn:anti’ yield®
(equiv.) products ratio (%)

Figure 1, the Lewis acid chelated intermediates (whether in =" “H 78°C, CH,Cl, : OMe : OMe
Me Me Me Me MeBr Me Me MeBr
10 13: 3,4-syn 14: 3,4-anti
1 10 TiCl, (1.2) 13:14 - =4
Nu: 2 10 (i-PrO),TiCL,(1.2) 13:14 - -c
po LA, - H 3 10 (i-PrO)TiCL(1.2) 13:14 13 67
HW : ,}’%ﬁrﬁ_v A 4 10 (-PrO)TICL(2.0) 13:14 1:10 62
RX Me ge 5 10 (-PrO)TiCL;(2.5) 13:14 120 77
A B 6 10  BF;O0E4(1.2)  13:14 >20:1  89F

OBn OBn O LA 2 OBnOBnOH O  OBnOBnOH O
Figure 1. Possible Lewis acid chelated transition states in boat . A

. X H .
(A) or half-chair 8) conformations. 78°C, CH,Cly OMe OMe

Me Me Me Me MeBr Me Me MeBr
12 15: 3,4-syn 16: 3,4-anti

12 (-PrO)TiCl;(2.5) 15:16 1:>20 87
8 12 BF;OEt, (1.2) 15:16 >20:1 88'

boat or half-chair conformation) may not be thermodynami-
cally favored because of unfavorable steric interactions
. . . a H °

between the 2,3ynsubstituents. This may lead to an erosion . >Aldehyde100r12(0.1 M) in CH.Cl, was precomplexed at78 °C

- . . with the appropriate Lewis acid followed by addition of bromoenoxysilane
of stereocontrol by allowing competing reaction pathways 2 (1.3 equiv).> Ratios were determined B NMR spectroscopy: Yields
involving the less hindered monodentate species. Indeed, outef isolated products Degradation of the aldehyde was obsenve#tarting
first . imed at bina the C helat th material was recoveredAldehyde10or 12 (0.1 M) in CH,Cl, was treated
s experiments aime atprobing the Lram-chelate pathway ¢ —7g °C with BFs*OEt and then with bromoenoxysilar(1.3 equiv).
using the 2,3yn3,4-anti aldehydel10 and the bromo-

enoxysilane2 (4:1 E:Z mixture) with bidentate Lewis acids  jneresting was our observation that this drawback could be
(MgBra-OEg, ELBOTI, SnCl, MeAICI, etc.) were dis- 4 ercome by increasing the Lewis acid:aldehyde stoichiom-
appointing. Even TiGl which proved to b(gbeffectlve inthe ety as indicated by the impressive &t stereoselectivity
Mukaiyama reaction involving aldehyd®'® turned outto  t56ring compound 4 (entries 4 and 5). The 3gynproduct

be ineffective in this case (Table 1, entry 1). Extensive 13\yas observed with excellent diastereomeric ratio using
decomposition of the aldehyde and cleavage of the primary ine monodentate Lewis acid BOEL (entry 6). Similar
benzyl ether were noted. results were achieved with aldehydia The Cram-chelate

Obviously, changing the primary hydroxy-protecting group pathway was favored with 2.5 equiv of-RrO)TiCk,
would have been a solution to circumvent the latter reaction. oy -|usive formation of product6 was observed (entry 7).

Instead, we decided to evaluate other Lewis acids. Since theConversely the Mukaiyama addudwas the only observed
cleavage of a benzyl ether requires activation of the benzylic product wh,en BFOEL was used, indicative of a reaction

oxygen by the Lewis acid, we focused on lowering the under Felkin-Anh control (entry 8). Again, TiGl was
titanium Lewis acidity. This was done by considering jneffective in this case.

(i-PrO)TiCk'# and (-PrO}TIiClz,* which have been found The necessity of having to use 2.5 equiv BP(O)TiCk

to be useful in aldol reactioris.As seen in entry 2, N0 ¢4 achieve high stereocontrol may suggest the existence of
reaction (Mukaiyama aldol nor benzyl ether cleavage) was rgactive complexes different from the simple chelates il-
not_ed When |(PrO)2'_F|CI2 Was_used. I_n_tereStlngW, the use | strated in Figure 1. Our preliminary NMR studies are
of (i-PrO)TiCk provided our first positive result, the aldol  ,nsistent with the presence of ate complex in solutiorts

productsl3andl14being obtained (Table 1, entry 3) in good g rher investigations will be required to fully characterize
yield albeit with modest Cram-chelate selectivity. Even more ha structure of the reacting complix.

) _ ) The first step of our planned consecutive process havin
(20) In this case, one should have expected 1,2- and 1,3-inductions to P P P 9

oppose each other, thus potentially eroding stereocontrol in the Cram-chelateP€€N completed, we then turned our attention to the free-
Mukaiyama reaction. However, we and Evans et al. showed 1,2-induction
to be dominant when using hindered enoxysilanes: (a) Evans, D. A.; Dart,  (15) Evans et al. noticed a similar preference for the Cram-chelate
M. J.; Duffy, J. L.; Yang, M. CJ. Am. Chem. S0d.996 118 4322. (b) controlled aldol reaction as a result of an increase of the Lewis acig-(Me

Mochirian, P.; Cardinal-David, B.; Gui@, B.; Prevost, M.; Guindon, Y. AICI) stoichiometry. Anate complex was invoked; see ref le.

Tetrahedron Lett2002 43, 7067. (16) Suggestions on the structure of the complexes could be derived from
(11) For preparation of aldehyd&6 and12, see Supporting Information. the work of Gau, who suggested the prevalence of six-coordinate complexes
(12) Solsona, J. G.; Romea, P. D.; Urpy; Vilarrasa, JOrg. Lett.2003 in which the relative bonding ability of various ligands can be established

5, 519. asi-PrO- > CI~ > THF > EO > PhCHO. (a) Lee, C.-H.; Kuo, C.-C.;
(13) Mikami, K.; Terada, M.; Nakai, TJ. Am. Chem. S0d.99Q 112 Shao, M.-Y.; Gau, H.-MInorg. Chim. Actal999 285 254. (b) Wu, Y.-

3949. T.; Ho, Y.-C.; Lin, C.-C.; Gau, H.-MlInorg. Chem 1996 35, 5948. (c)

(14) Selected examples: (a) Ishimura, K.; Monda, K.; Yamamoto, Y.; Gau, H.-M.; Lee, C.-S.; Lin, C.-C.; Jiang, M.-K.; Ho, Y.-C.; Kuo, C.-N.

Akiba, K. Tetrahedron1998 54, 727. (b) See ref 12. Am. Chem. Sod996 118 2936.
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radical-mediated hydrogen transfer reaction. The reductionsassistance of the exocyclic effect. We were anxious to verify

are normally performed, after the precomplexation of the
o-bromoy-hydroxy ester with the appropriate Lewis acid,
by adding BySnH in the presence of & as an initiator.

if good diastereoselectivity could be achieved in the present
series. Indeed, it is very unlikely, particularly in the case of
the bromoester45, that such bidentate complex (Scheme

The use of bidendate aluminum-derived Lewis acids was first 2, transition statd3, R, = alkyl chain) be formed because
considered. As seen in Table 2, excellent yields and ratiosof steric effects. Fortunately, impressive results were ob-

Table 2. Free-Radical-Mediated Hydrogen Transfer

Entry substrate  Lewis acid 2,3-(syn:anti)’  yield®
(equiv.) products ratio (%)
OBnOBnOH O OBnOBnOH O  OBnOBnOH O
Z Z L.A., BuzSnH = B :
: OMe7goc, CHyCl, Y 5 Y OMe : OMe
Me Me MeBr Me Me Me Me Me Me
13 17: 2,3-syn, 3,4-syn  18: 2,3-anti, 3,4-syn
1 13 AlMe, (3.0) 17:18 >20:1 81
2 13  BuBOTf(1.2) 17:18 120 90°
OBnOBnOH O
OBn ?Bn OH O LA, BusSnH n C n OBn CE)Bn OH O
Y e Y OMe Y Y~ "OMe
Me Me MeBr ~78°C.CHCL yio fe Me Me Me Me

14 19: 2,3-syn, 3,4-anti 20: 2,3-anti, 3,4-anti

3 14 AlMe, (3.0) 19:20 >20:1 83
4 14 Bu,BOTIf (1.2) 19:20 1:>20 89°
OBnOBnOH O OBnOBnOH O OBnOBnOH O
L.A., BuzSnH
MOMGJB °C?CSZCIMOMeMOMe
Me Me MeBr Me Me Me Me Me Me
15 21: 2,3-syn, 3,4-syn  22: 2,3-anti, 3,4-syn
5 15 AlMe, (3.0) 21:22  >20:1 83
6 15 Bu,BOTIf (1.2) 21:22 120 81°
OBn OBn OH o LA, Bu3SnHOBn OBn OH O OBn OBn OH o
OMe-78 °C, CH,Cl, T OMe OMe
Me Me MeBr Me Me Me Me Me Me
16 23: 2,3-syn, 3,4-anti 24: 2,3-anti, 3,4-anti
7 16 AlMe, (3.0) 23:24 >20:1 82
8 16 Bu,BOTI (1.2) 23:24 120 84°

aSubstrates (0.1 M) were pretreated with the appropriate Lewis acid
followed by BuSnH (1.5 or 1.8 equiv) in CyCl, at —78°C. Addition of
air and E4B (0.2 equiv) every 30 min was done until the reaction was
complete by TLCP Determined by'H NMR spectroscopy of crude reaction
isolates. Isolated yieldsdiPrLNEt (1.5 equiv) was added to the reaction
mixture prior to the addition of Lewis acid.

in favor of the 2,3synproducts were obtained when AlNe

tained. As illustrated in entries 2, 4, 6, and 8, very high 2,3-
anti selectivity (>20:1) was observed, answering our con-
cerns associated with highly substituted esters and suggesting
that the acyclic stereocontrol (Scheme 2, transition gate
was sufficient in those cases. The;BOTf probably reacted

with the C-3 hydroxy group to create a borinate, thus
preventing a competingynreduction under the control of
the endocyclic effect induced by a hydrogen bond between
this hydroxy and the ester (Scheme 2, transition SateA.

= H).

In conclusion, we showed that, through judicious selection
between Bg-OEt, and {-PrO)TiCk in the Mukaiyama aldol
step and then between EROTf and AlMe; in the hydrogen
transfer step, one can generate polypropionate motifs with
high stereocontrdl’ By the choice of aldehydes tested in
this study, we have also shown the potential of our sequence
for iterative processé$.Indeed, this study suggests that our
substrate-controlled approach could be useful in the synthesis
of complex polypropionates. Further studies are planned to
better define the nature of the “chelated” intermediates,
particularly as it relates to the stoichiometry of the Lewis
acid in the case ofi{PrO)TiCl.
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(17) The polypropionates stereopentads 24 were transformed to their
corresponding six-membered lactones by hydrogenolysis of the benzyl
ethers. NMR analysis confirmed the indicated relative stereochemistry. See
Supporting Information.

(18) An interesting complement to our approach has been reported by

was used (entries 1, 3, 5, and 7). Regardless of the substrat&iyooka whereby an aldehyde lacking substituant at C-2 is reacted in an
relative stereochemistry, the reduction under the endocyclic enantioselective aldolisation. However, this methodology is limited by the

effect (Scheme 2, transition sta® was highly efficient.

use of a stoichiometric amount of chiral oxazaborolidinone to gireo.-
bromo#-hydroxy-a-methylpropionate esters. Also, the iterative aldol

Boron-based Lewis acids were then evaluated. Previoussequence under chelation control (Ti@ediated reaction) has only been

studies indicated that borin&telerivatives of 3,5-dihydroxy-

realized with aldehydes bearing a methyl protecting group on the secondary
alcohol. See: Kiyooka, S.-Tetrahedron: Asymmet3003 14, 2897 and

esters give rise to excellent diastereocontrol through the reference therein.
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