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Diastereoselective allylations and crotylations under
phase-transfer conditions using trifluoroborate salts: an
application to the total synthesis of (-)-tetrahydrolipstatin
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Abstract—A mild protocol for diastereoselective allylations and crotylations of o- and B-silyloxy substituted aldehydes utilizing
potassium allyl/crotyltrifluoroborates is described. The reactions proceed to completion within 30 min at room temperature in
biphasic or aqueous media in the presence of a phase transfer catalyst. The resulting homoallylic alcohols are obtained in high
yields and moderate to excellent diastereoselectivities. The method was applied to the asymmetric total synthesis of the antiobesity

agent tetrahydrolipstatin (orlistat™).
© 2003 Elsevier Ltd. All rights reserved.

The development of new synthetic methods that are
more environmentally benign has been propelled by the
growing importance of green chemistry in organic syn-
thesis.! One important strategy to achieve this goal are
transformations that are carried out in aqueous/bipha-
sic media, since they have the benefit of reduced use of
traditional organic solvents.> Allylations of carbonyl
compounds are among the reactions that have been
successfully carried out in water or aqueous-based sys-
tems.? Barbier-type allylations have been promoted by
a variety of metals including In,* Mg,> Sn® and Zn.’
These protocols do, however, have their limitations
including poor diastereoselectivities obtained for crotyl-
ations of aldehydes.

As part of an ongoing program on the use of organ-
otrifluoroborates in organic synthesis,®° we reported
that potassium allyl- and crotyltrifluoroborates, a new
class of allylboron reagents, undergo efficient additions
to aldehydes, in the first example of Lewis-acid acti-
vated addition reactions of allylboron compounds.31°
More, recently, we established that these reagents also
undergo addition to aldehydes in both biphasic media
and water to provide the corresponding homoallylic
alcohols in high yields, excellent diastereoselectivity and
without the necessity of any subsequent purification.’
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The presence of a phase transfer catalyst (e.g. "Bu,NI)
was found to significantly accelerate the rate of reac-
tion, whereas added fluoride ion retarded the reaction
(Scheme 1). These observations are consistent with a
mechanism involving fluoride dissociation from the
trifluoroborate anion, occurring prior to the addition
step.

The reaction of allyl and crotyl metal reagents with
aldehydes containing adjacent stereocenters is of impor-
tance in the context of acyclic stereoselective synthe-
sis.!! 'We report in this letter the diastereoselective
allylation and crotylation of «- and B-silyloxy substi-
tuted aldehydes utilizing potassium allyl and crotyltrifl-
uoroborates 1 in biphasic media.

We first chose to examine reaction of a-fert-
butyldimethylsiloxy substituted aldehydes 2 with 1
(Table 1). The allylation of 2 with potassium allyltri-
fluoroborate 1a gave only modest diastereoselection,

o R2 BF;K 1
OH
R! (1.10eq.)
Rs)j\H o Rs % =
"BuyNI (10 mol%) R' R2
CHoClo/HoO, 1t, 15 min  yields 94%
d.r. 98:2

Scheme 1.
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Table 1. Allylation and crotylation of a-(tert-butyldimethylsilyloxy) aldehydes by potassium allyl- and crotyltrifluoroborates

1 in biphasic media

(0] 2 Tkt OH OH
R BF; K o S
R3 . \l/'\/ "BuyNI (10 mol%) R AN+ R 3 Lo
H R' (1.10eq.) CH,Clay/H,0 : 1,: , H ; ", ,
OTBS 1a R1 - R2 =H 30 min, r TBSO R R TBSO R R
2 1b R'=Me, R2= H 2,3-syn-3 2,3-anti-3
1cR'=H, R?=Me
Entry R! R? R3 2,3-syn-3:2,3-anti-3 Yield (%)
1 H Me 30:70 95 (3a)
2 H H Ph 35:65 94 (3b)
3 Me H Me 5:952 95 (3¢)
4 H Me Me 75:25 95 (3d)
5 Me H Ph 10:90° 97 (3e)
6 H Me Ph 10:90 99 (3f)

4 Trace amounts of 3d-syn also present in isolated adducts.
® Trace amounts of 3f-syn also present in isolated adducts.

although with excellent overall yields (Table 1, entries
1, 2). The desired products were cleanly obtained and
chromatography was only required if separation of the
two diastereomers was desired. The crotylation of 2
with potassium crotyltrifluoroborate 1b/c, however, dis-
played greater levels of diastereoselectivity (Table 1,
entries 3-6). Potassium (Z)-crotyltrifluoroborate 1b dis-
plays very good 2,3-anti selectivity while the corre-
sponding (E)-crotyl reagent 1c shows more modest
2,3-syn selectivity in the reaction with 2-(zert-
butyldimethylsilyloxy)propanal (Table 1, entries 3 and
4). These results have been rationalized by invoking
Conforth-like transition states.!? Transition states 4 and
5 have been identified by Roush and Hoffmann as the
least sterically hindered ones accessible in reactions
with (Z)- and (E)-crotylboron reagents, respectively
(Fig. 1).!'"13 Transition state 4, that has a Conforth-like
conformation of the aldehyde, lacks any significant
nonbonded interactions involving the methyl group of
the (Z)-crotyltrifluoroborate 1b and is presumably the
lowest energy transition state structure available, lead-
ing to 1,2-syn-2,3-anti-3 as the major product.'? Transi-
tion state 5 experiences the fewest non-bonded (gauche
pentane) interactions for the reaction of potassium
(E)-crotyltrifluoroborate 1c.'"!* Transition state 6, on
the other hand, is expected to benefit from favorable
stereoelectronic activation.!" The subtle differences
between 5 and 6 perhaps may rationalize the only
modest 2,3-syn diastereoselectivity obtained for the
reaction of potassium (E)-crotyltrifluoroborate 1c¢ with
a-silyloxyaldehyde 2 (R*=CHj;). The reactions of both
1b/c  with 2-(tert-butyldimethylsilyloxy)-2-phenylac-
etaldehyde (Table 1, entries 5 and 6) displayed good
2,3-anti selectivity. At the present time the origin of the
switch in the diastereoselectivity observed in the reac-
tion of 1c¢ with this aldehyde relative to that observed
with 2-(tert-butyldimethylsilyloxy)propanal is not clear
(cf. Table 1, entries 4 and 6).

The reaction of PB-(zert-butyldimethylsilyloxy) substi-
tuted aldehydes 7 with potassium allyl- and (F)- and
(Z)-crotyltrifluoroborates la—c results in modest

diastereoselectivity in favor of the 2,4-anti diastereoiso-
mer 8 (Table 2). The lower overall diastereoselection
observed with B-substituted aldehydes 7 is presumably
due to the more remote nature of the stereocenter.

In comparison with our earlier reported Lewis-acid
catalyzed protocol,” the current methodology affords
the resulting homoallylic alcohols in uniformly higher
yields and under very mild conditions. The diastereose-
lectivities obtained under both protocols were identical
suggesting the involvement of similar closed Zimmer-
man-Traxler like transition states.

The biphasic allylation methodology was applied to a
short total synthesis of (—)-tetrahydrolipstatin 9
(Scheme 2). Tetrahydrolipstatin (orlistat™), the satu-
rated form of lipstatin, was isolated in 1987 from
Spreptomyces toxytricin'* and functions as a triglyce-
ride mimic. It is a potent and irreversible inhibitor of
pancreatic lipase,'*® a consequence of an irreversible

| H ||3 1* OH
—~—, 3
H\/—\ g S — R\:'Jz\i/\
TBSO—_ L R? . TBSO  Me
'V'eH 1,2-syn-2,3-anti-3
_ . 11
HE'/g |B C')H
T 0"/ - . REo AU ™
Me\%\/ \_/2\|/\
1 H
TBSO | 5 TBSO Me
_ 1,2-anti-2,3-syn-3
H é 1* OH
~ON0 3
Me /-~ o'/ —_— R\{M
H~ OTBS 6 TBSO Me
i H s i 1,2-anti-2,3-anti-3
Figure 1.
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Table 2. Allylation and crotylation of B-(tert-butyldimethylsilyloxy) aldehydes by potassium allyl- and crotyltrifluoroborates

1 in biphasic media

TBSO O R BET K* TBSO OH TBSO  OH
8 "BuyNI (10 mol%) 4 2 4 2%
3 + —_— 3 U + R3 N
R H 1 (110 R “ R 3
R' (1.10eq.) CH,Cly/H,0 {2 )
7 1aR'=R2=H 30 min, rt R R.
1b R1 = Me, R2 =H 2,4-syn—8 2,4-anti-8
1cR'=H, R?2=Me
Entry R! R? R3 2,4-syn-8:2,4-anti-8 Yield (%)
1 H H Pr 35:65 97 (8a)
2 H H Ph 35:65 94 (8b)
3 Me H Ph 25:75 96 (8c)
4 H Me Ph 25:75 96 (8d)
Q (i) TI(OPr)s, (S)-BINOL OH (i) TBSCI, imidazole
Hz3C11~ 'H (ii) allyltributyltin, =20 °C, 48 h (i) O3, -78 °C
10 (iii) recrystallize 1 (iii) DMS, =78 °C to rt
80%, 99%ee 92%
— + .
H1306\/\/BF3 K (I) 03, -78 °C
TBSO O 13 TBSO ?H (i) DMS, =78 °C to rt
1
HasCi11 H "Bu NI (10 mol%) HooCri™ 4 72 (iif) NaClOp, NaH,PO,4-H,0
12 CHZCl/H;0, 30 min Coflia  2-methyl-2-butene
(crude d.r. = 75:25) 1,2-anti-2,4-anti-14 (68%) 90%
H O
H_ _N O
TBSO OH O (i) PhSOLCI, 4 °C, 48 h; 89% \[]/ ¥ 90 o
~ L IBU* 0Ny
H23Cr1 OH (i) 5% HF/CH4CN; 98% HasC1y™ CeH1s
15 CeHis (iii) N-formyl-L-leucine, PPhg, DIAD; 90% 9: (-)-Tetrahydrolipstatin
Scheme 2.

reaction of the B-lactone moiety present in 9 with an
active site serine residue in the enzyme.'> Significant
synthetic studies have been directed at this target result-
ing in several total syntheses.'®

A drawback to the methodology described in this letter
is the inability to carry out enantioselective allylation/
crotylations. There are, however, several complemen-
tary methodologies that can accomplish this task. We
chose the allylation protocol developed by Keck et al.
to construct the first stereocenter of tetrahydro-
lipstatin.!” Thus, the reaction of dodecanal 10 with
allyltri-n-butylstannane using a titanium (S)-BINOL
derived catalyst afforded homoallyl alcohol 11 in 80%
isolated yield and 99% ee after recrystallization (Scheme
2). Protection of the free hydroxyl group of 11 as the
corresponding TBS ether (quant.) and ozonolysis with
reductive workup resulted in B-substituted aldehyde 12
(92%), which is poised for the pivotal diastereoselective
allylation step. Reaction of 12 with potassium (2F)-
nonenyltrifluoroborate 13 in the presence of 10 mol%
"BuNI in a biphasic medium (CH,Cl,/H,0) provided a
3:1 mixture of 1,2-anti-2,4-anti and 1,2-anti-2,4-syn
diastereomers of 14. Both stereoisomers of 14 had a
1,2-anti stereochemical relationship, consistent with
reaction through a closed Zimmerman-Traxler like

transition state. As anticipated from the model studies
described above, the major diastereomer has a 2,4-anti
stereochemical relationship. The major diastereomer
1,2-anti-2,4-anti-14 was readily separated and isolated
in 68% yield. A prior synthesis by Hannessian utilizing
a Lewis acid catalyzed allylsilane addition for an
analogous transformation, led to mixtures of 1,2-syn
and 1,2-anti products.'® Compound 14 was then sub-
jected to ozonolysis and the intermediate aldehyde oxi-
dized in situ to the corresponding carboxylic acid 15
(90%).'°" Adam’s protocol was used to construct the
important B-lactone moiety (89%) and the silyl ether
deprotected in near quantitative yield.'*»!® Finally,
installation of the N-formyl-L-leucine residue occurred
under standard Mitsonobu conditions (90%).!6% (-)-
Tetrahydrolipstatin 9 was thus obtained in nine steps
and 35% overall yield (based on dodecanal). The key
reagent 13 employed in the synthesis was derived by
hydroboration of (E)-octyne with HBBr,, and esterifi-
cation to yield the ethylene glycol derived boronate 16
(Scheme 3). Matteson homologation®® of 16 and subse-
quent treatment with KHF, led to trifluoroborate salt
13 (Scheme 3).

In conclusion, we have demonstrated that the
diastereoselective biphasic allylation and crotylation of
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(i) HBBr,-SMe, H
Hi13Ce—= ” > 1306\/\B(O"')z
(i) NaOH
94%
N\ .
LiCH,CI
HO OH, H13C6\/\B,O —>IC 20
! -78 °C
92% 16 O
% KHF .
H13Ce~ o~ B~g” —————> HisCe ~_BF:K
86% (2 steps) 13
Scheme 3.

o- and B-substituted aldehydes utilizing potassium allyl
and crotyltrifluoroborates yields the corresponding
homoallylic alcohols in high yields and under very mild
conditions. The utility of this methodology was demon-
strated in a total synthesis of (—)-tetrahydrolipstatin,
which was accomplished in nine steps from dodecanal
with an overall yield of 35%. Further applications on
the use of trifluoroborate salts in organic synthesis are
currently underway in our laboratories and will be
reported in due course.
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