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Demand for the development of synthetic routes to opticaily active B-lactones (2-oxetanones) continues to

grow due to the increase and reappraisal of their utility in synthetic methodology and natural product synthesis.

1
L

This is not surprising because B-lactones can be viewed as "activated aldol products” since they possess the
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structural features of aidol products yet they also have the inherent reactivity due to strain reminiscent of epoxides
(B-lactones, 22.8 kcal/mole; epoxides, 27.2 kcal/mole)? (Figure 1).
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Aldol Product Epoxide p-Lactone

Figure 1. Comparison of Structure and Reactivity of
p-Lactones to Aldols and Epoxides.
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Asymmetric routes to aldols have been studicd cxtensively as this is a common motif in many natural
products. However, B-lactones have added utility in comparison to simple aldol products since they can undergo
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stereospecific transformations making them versatile intermediates for organic synthesis (Scheme 1). Despite
these facts, general methods for the direct synthesis of -lactones in opticaily active form lag far behind those

developed for epoxides and aldols.

(R = (CH)sC(O)CHg; n = 1-2)

Several general reviews about B-lactones have appeared describing the racemic synthesis of B-lactones,
their reactivity, and their transformations.1.3.4.5 The synthesis of optically active B-lactones has not been
reviewed to date and is thus the topic of this Tetrahedron Report. Optically active B-lactones are categorized

of chirality (chiral synthon, diastereoselective,



their construction (e.g. lactonization, [2+2] cycloaddition, tandem aldol-lactonization, etc.). Most optically
active P-lactones prepared in the course of a total synthesis are not included herein since these have been recently
reviewed® although mention is made, in some cases, when the described methods have also been directly applied
to natural product synthesis. In addition, it should be noted that this review is not intended to be exhaustive but
rather to serve as a point of departure for chemists to find the most general and practical methods for the
synthesis of optically active B-lactones reported up to 1998.

2. Chiral Synthon Approaches
Ac nne ctrateay for the cynthacie nf enantinmarically mnuire comnninde tha chiral cynthan ammenacrh hag
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been widely applied in synthetic chemistry./ In general, the optically pure starting materials are readily obtained
by resolution, asymmetric synthesis, or from nature. The preparation of optically active B-lactones using chiral
synthons has been well developed. Most of the preparative methods for racemic -lactone syntheses have been
applied in chiral synthon strategies. Uselul chiral templates for B-lactone synthesis include aspartic acid,
asparagine, malic acid, serine, other B-hydroxy carboxylic acids, B-halocarboxylic acid salts, and 4-oxo0-1,3-
dioxanes. In most of these cases, the reaction conditions for the lactonization step are crucial for achieving high
optical purities and yields. The preparation of B-lactones using B-hydroxy acids as starting materials is carried
out via carboxyl group activation (retention of B-carbon stereochemistry) or hydroxyl group activation (inversion

of B-carhon stereochemicstrv)
Of p-carbon Sereoche .

2.1. Lactonization of p-Hydroxy Acids via Hydroxyl Group Activation

2.1.1. Serine

Vederas and co-workers developed N-protected—a—amino B-lactones 2 as versatile intermediates for the

synthesis of B-substituted-a-amino acids via ring opening reactions by various nucleophiles.8 They achieved
efficient formation of B-lactones 2 without racemization using modified Mitsunobu conditions (Scheme 2).
Scheme 2
Nuc
H OoH PhzP/DMAD CO,H
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cyclization with the preformed adduct of triphenyiphosphine and dimethyi azodicarboxylate (DMAD) at -78 °C in
good yields (Table 1).82 Mechanistic studies by Vederas using 2H and 180 labeled B-hydroxy acids have
indicated that these reactions proceed via hydroxyl group activation.80 The utility of the derived N-protected-f-
lactones has been demonstrated in the synthesis of many unnatural amino acids,® of B-lactone containing natural

products,® and of several natural product syntheses including theonellamide, trapoxin B, and tantazole B.10



6406 H W Yﬂnﬂ D‘ ann / n'rn"tﬂrlrnri 55 71390
omo / lelraheqror {1775

Table 1. Optically Pure p-Lactones Prepared from Serine
. ., config.
entry B-lactone (2) % yicld (C3) ref.
1 O Cbz 76 S 8c
O
2 L:ﬁ Boc 72 S 8a
NHR
3 C(O)Bn 77 S 8¢
R
P Cbz 81 R &
U
Lj Boc 84 R 11
‘NHR
1 2
o’ R R?
6 L{-g2  NBn<Cbz H 71 § &
7 R H NBn+Cbz 71 R 8¢

2.1.2. Maiic Acid

One route to fB-lactones to be used as monomers for the synthesis of biodegradable polymers begins with
(§)-malic acid (3). Guérin and co-workers reported a novel synthesis of optically active 4-benzyloxy- and 4-
alkyloxycarbonyl B-lactones 6 with very high optical purity (>98% ¢e) via Mitsunobu cyclization of malate

monoesters 5 (Scheme 3).12

Scheme 3
OH H OH — o—-f’
1 oy TFAA OC(O)CFs ROH RO C/'\/COQH DIAD/PPhs T |
ACOH — 2 H=%
HORC” 07”0 TTHE COsR
(9-3 4 5 (R)-6

Their synthesis began with (§)-malic acid (3) as a chiral synthon. In the presence of trifluoroacetic
anhydride (TFAA), optically pure (S)-malic acid was converted to the corresponding malic acid anhydride 4.
Treatment of this intermediate with anhydrous alcohols provided the optically pure monoesters 5 with high
regioselectivity. Finally, the monoesters 5 were lactonized using diisopropyl azodicarboxylale (DIAD) and
riphenylphosphine to afford (R)-alkyl malolactonates 6 in good yicld and in high optical purity (98% ee).

The observed (4R)-configuration in the product B-lactones 6 was attributed to inversion of the B-
stereocenter in the monoesters 5 via hydroxyl group activation. This method generally provided excellent optical
purity (>98% ee) for all cases reported (Table 2) The low isolated yields were attributed to thermal
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by vacuum distillation.
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Table 2. Optically Active f-Lactones Prepared from Malic Acid
entry fB-lactone %ee % yieldd config.(C4) ref.
R
| O—/O Bn >98 59(11) R 12
2 I Me 598 56(24) R 12
RO,C"
3 Et >08 NR R 13
4 n-Pr >58 NR R 13
g H cl) ‘(O Q (2(200) 12
J \/:'\/O \rr“‘\L__j >78 i\ S J FAY i
6

aYijeld is after column chromatography. Yield in parenthesis is after column
chromatography followed by distillation. NR = not reported.

2.1.3. Other B-Hydroxy Acids

Lenz and co-workers prepared (§)-butyrolactone 10 in >97% cc from (R)-B-O-mesylbutyric acid (9)
under basic aqueous conditions (Scheme 4).14 In their synthesis, the starting material, methyl (R)-B-
hydroxybutyrate (8) was prepared by methanolysis of poly[(R)-B-hydroxybutyrate] (7), a bacterial product.13

Scheme 4
0
‘|{\ /\)Ok]] MeOH  OH i 4 steps MS)O\/CL)L aq. NaHCO;, (T:J/
| 07> Ha8Cs 7" "0OMe ~""OH  EtpO-CHxClz
n
7 8 9 10

In their studies of a B-lactone route to carnitine and derivatives, Giannessi and co-workers utilized (S)- and
(R)-carnitine mesylates 11 for the formation of the corresponding B-lactones 12 by lactonization through an
inversion process.16 These B-lactones were subsequently converted to a variety of carniline derivatives via O-
acyl fission (Scheme 5).

Scheme 5
A~ I~ - . - AL _E 1 A A _ R4 A~ e /R
MesN*™ Y~ “COpH aq NaHCOs — Mes /\i —_ MeN"" X
X OMs X 0 o OH O
(R) or (S)-11 (A) or (§)-12 R= O ,OMe, NHj,
(>99% ee) NH(CH2)2OH,
NHC(NH)NH,

2.2. Lactonization of B-Hydroxy Acids via Carboxyl Group Activation
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discovery of new peptide coupling reagents made this route more popular for the preparaiion o
general, these reactions lead to net reteniion of stereochemisiry since they proceed by carboxyi group activation.
Optically active B-lactones prepared by this method are shown in Table 3. Employing the coupling reagent,
bis(2-ox0-3-oxazolidinyl) phosphinic chloride (BOPC), this strategy has been applied to the total synthesis of a

proteasome inhibitor, lactacystin, and analogs.1%

Tahlae 3 Onticallv Active B.1 actones Prenared hv Carhoyvl Gronn Activatin
ranie 2, Uplcally Achive p-Lactones rrepared by Larboxyl Lroup 4 ‘Vu-uuvf:.
conlg,
entry B-lactone reagents? % yicld (C3,C%1) ref
H
1 AN, CICO,Et 35 3R4S 17
H Me Me ""fo
2 DIC i5 38 i8a
3 ?—(O DIC,DMAP 26 3§ 18b
'--\
4 NHTr DCC 10 35 18¢c
5 BOPCL EN 95 3§ 1sd
H
I K,COsb ’
o//r < 2 3

4apIC = N,N-diisopropylcarbodiimide. DMAP = N ,N-dimethylaminopyridine. DCC = N,N-
dicyclohexylcarbodiimide. BOPCI = bis(2-0x0-3-0xazolidinyl)phosphinic chloride. bThe
cyclization precursor was a benzylhydroxamate, rather than the carboxylic acid, derived

fenmm A LA _nitranhanvienlfanu_/_thronnina
10 VA O-HIGUPNCnYISuULLhY ) me-aneuiine.,

cnhotitiinemts (DL LTI\ 0 ;mannogarsr fre affinian
IEOUDSULUCHIL \UIN] +»~ 11) 1d llbbbbbal)‘ ut o

of the requirement of the Thorpe-Ingold (gem-dialkyl) effect for efficient lactonizations. The stereochemistry of
the B-carbon center was retained as expected for carboxyl group activation. Adam’s procedure has become one
of the most widely used preparative methods for optically active -lactones and racemic B-lactones (Table 4).
Many total syntheses of naturally occurring B-lactones have been accomplished employing this method for

construction of the -lactone ring.6: 22

Scheme 6
A 0
oH « CsH4S0xCI j:f
R}\)LOH Pyridine, <5 °C  g*% *“gt

R‘

13 14
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Roelens and co-workers developed a general method for the synthesis of optically pure B-iactones
employing modified Masamune conditions with thioesters (Scheme 7).23 Optically pure hydroxy acids 16 were
obtained by asymmetric hydrogenation of B-ketoesters 15, available in two steps from acid chlorides, using
Noyori’s BINAP-Ru(II) catalyst. After conversion to the corresponding thiopyridyl esters 17, application of
modified Masamune conditions provided enantiomerically pure B-lactones 18 (Table 4). While this method
allows access to a number of 4-substituted -lactones, the number of steps involved and the use of Hg(II) salts
detracts from the practicality of this methodology.

Scheme 7

(@]
(]

' '] 0O
& QO 1) Hy, (A)-BINAP-Ru(ll) 3

2) aq. KOH-EtOH

15 (88-94% for 2 steps) 16
PyS)a PhoP 5 1 1 Ha(SOCHy) ot
(PyS)2, PhsP g 9(SO3CHg)2
CHCly CH3CN, 50 °C
17 (74-80% for 2 steps) 18
Table 4. Optically Pure B-Lactones Prepared by Adam's or Roelens' Procedures
entry B-lactone % yield (C3,CEZ{) methodd  ref.
0
0
1 L:/( 72 3545 A 24
Pr OBn

4 o L .
2 |_k 70 35,48 A 25

TBSO(CH2)3CH3™ n-CeHiz

]
'S

R R
2 0
> jf Me H 54 354R A 26
Y R=Ngusopn H O Me S5 3545 A 26
5 R B H 39 354k A 26
) 2
o:/[ R R’
6 A, .. M H 56 3S4R A 27
R'Z2  TNHSAr
! H M 45 3545 A 27
Ar = 2-NO,Ph
R
8 o PhCH, 78 4R B 23
0
o  J| 4-McO-PhCH, 80 4R B 23
R
10 3,4-(MeO),-PhCH, 74 4R B 23
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One useful route to a-amino protected B-lactones was reported by Miyoshi and co-workers. This method

involved the synthesis of /-a-N-tosylamino-B-propiolactones 21 from /-N-tosylamino-asparagines 19 (Scheme
3)_2821

Scheme 8
O
HzN\n/\I/COEH Hofmann rearr. Hz‘\i/\T’COZH NaNG, O—/[/
O NHR NHR citric acid “NHR
HO
19 20 21

This transformation consists of a Hofmann rearrangement and a diazotization followed by an in situ
cyclization. This methodology was utilized for the synthesis of B-lactones (Table 5) that were subsequently
employed as starting materials for the synthesis of (5)-seryl peptides by ring opening with various amino or
peptide esters.28b

Table 5. Optically Active B-Lactones 21 Prepared from Asparagine

entry R % vield config.(C3)@  ref.
1 p-MePhSOp 56 S 28a
2 p-MeOPhSO; 62 S 28b
3 PhSO» 28 S 28b
4 p-CIPhSO» 52 S 28h

a0ptical purities were not reported.

2.4. Pyrolysis of 4-Oxo-1,3-dioxanes

Blume reported a new route to B-lactones via ring contraction of 4-oxo-1,3-dioxanes.?? Later, Seebach
and Griesbeck employed this method for the synthesis of (§)-4-methyloxetan-2-one (24) (Scheme 9).30 The
1,3-dioxan-4-one 23 was prepared from (R)-3-hydroxybutanoic acid (22) and pyrolyzed to the B-lactone 24.
This B-lactone was utilized for the preparation of enantiomerically pure (5)-3-hydroxybutanoic acid (ent-22)
through basic hydrolysis of B-lactone 24 indicating that pyrolysis proceeds by inversion at C3.

Scheme 9
Me, OFt
o b S O
T om0 u o
-0 Me” "0 7
22 23 24

preparative method for B-lactone synthesis. Einhorn reported the first example of this reaction in 1883 as a route
to 4-(2-nitrophenyl)oxetan-2-one from the corresponding B-bromocarboxylic acid salt precursor.3! Several

optically active B-lactones have been prepared from chiral B-halocarboxylic acids in this manner (Table 6).
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Table 6. Optically Active B-Lactones Prepared from p-Halocarboxylic Acids
™
. )g( 9 base Q—‘/J
" 0H .
R? R 1
X = Cl, Br R
. ) config
en -lactone % ec Yvicld ~ .7 ref.
try p y C4)
1 O—(O 83(90)a 72 R 32a
2 p= 73 NR? R 32b
o R R
3 Ri ul'l_' Vil Et NRb 1 --b R 33
4 R? Et Me NR& 56 § 33
? _f b
5 MesN* _— NR? 65¢ S 16a

cr

4% ee in parentheses refers to optical purity of the starting P-bromobutyric acid.
Enantiomeric excess was determined after conversion of the B-lactone to citronellic acid.

1 Acactian A il
2.1, ASparuc Adia

[\

S

Chiral B-substituted B-lactones are considered useful monomers for the synthesis of biodegradable
polymers via ring opening polymerization or copolymerization. The chirality of the polymer is known to play an
important role in biodegradability and tacticity. However, B-substituted B-lactones could not be prepared by the
well-known route based on optically active B-bromosuccinic acids due to racemization during the ring closure
step.34 In 1985, Guérin and co-workers reported a new, improved route to the desired B-lactones from readily
available [-aspartic acid (Scheme 10).34.35 [-Aspartic acid (25) was converted to I-bromosuccinic acid (26) by a
diazotization/bromination sequence with retention of configuration. The bromosuccinic anhydride 27 was then
obtained by treatment with trifluoroacetic anhydride. Alcoholysis provided monoalkyl esters 28 and 29 and

subsequent base induced lactonization gave optically enriched B-lactones 30 via inversion at C3 (Table 7).

Scheme 10
N ?Og"’ NaNop ?O_SH (CFsCO)RO N\ ROH
2 r e e —
coon Nebr COOH O’l\o%o
(5)-25 (5)-26 (5)-27
COOH COLR £ R=-CHPh
B H .\ Br—%H aq. NaOH ?:/( -(S)-secbutyl
CO.R COOH CeHs RO,C” -(5)-2-methyl-1-butyl

(5)-28 (5)-29 (R)-30
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little or no loss of optical purity but generally in low overall yield. However, the optical purity was highiy
dependent on the reaction temperature of the lactonization step (entries 1 and 2, Table 7).35

Table 7. Optically Active B-Lactones Prepared from Aspartic Acid

P . L o config. )
entry B-lactone (30) selectivity % yieldd (C3,C4) ref.
1 —~ /}D n s FEN NN ch AD oA
1 (_IJ—:‘]’ UYo €€ QU ™M) Y 41 9
2 BnO,C™ 95% ee (35 °C) NR 4R 35
o’
3 L >99% ce 39¢ 35,4R 36
BnOoC"
)
(l)_{ 20% d 4 37
4 . NR R
/'\/O\ﬁo" o
I o
5 Qf 20% d NR 1S 3
/\i/o \!)__I e 45 37
Q‘f o i
6 \/=\/O\..‘~=‘L”J 84% de NR 4R 13

ANR = not reported. bOverall yield (see Scheme 10). ¢Yield is for the lactonization step only.
3. Diastereoseiective Routes
Diastereoselective routes for the asymmetric synthesis of -lactones reported to date can be categorized into
three strategies: (1) aldol-lactonizations (2) Lewis acid-mediated approaches including tandem Mukaiyama
aldol-lactonizations and [2+2] cycloadditions and (3) chiral auxiliary strategies employing transition metal

complexes. Both substrate and reagent controlled strategies have been employed.

1

3.1.1. Tandem Aldol-Lactonizations

Recently, Cossio and co-workers applied Danheiser’s aldol-lactonization methodology for B-lactone
synthesis38 to optically pure aldechydes 32 bearing o-stereogenic centers using the lithium enolate of thiopyridyl
isobutyrate 31 (Scheme 11).39 In most cases, they obtained B-lactones resulting from non-chelation controlled
addition as major products (>98:2) except in the case of the r-butyldimethylsilyl protected, mandelic acid derived

se of enolates derived from thiopyridyl isobut y.rat.e 31



reactions.*¢ Only o,a-dimethyi-substituted f-lactones have been synthesized to date using this methodology
(Table 8). Another aldol-lactonization process involving a chiral oxazaphophorinane was reported by Evans and
Gordon. However, the only B-lactone reported, (5)-3-methyl-4-phenyl-2-oxetanone, was not isolated but rather
directly hydrolyzed.38b

Scheme 11
1, newon o 17 o
~ sy 1.1 equiv LDA R H,
| y THF Y\
-78 °C to 25°C
31 KK

ﬁﬂfﬂ) R_Iartana (11\ Antilovn O, xriald ranfio AN
llLl.y H AW WA \JJ, CerEbEiV yit A AV AN VU‘ILIE.\\_;‘T}
O
o—¢
1 P'\(l_k\ 12:88 41 S
RO
100wV
_ -
ot
2 : OBn >98:2 39-61 R
g NBn, >98:2 614 R
i
4 (o} 0 >08:2 38-55 S
X
aYield as determined by 'H NMR.
3.1.2. Tandem Mukaiyama Aldol-Lactonizations
Re-cently Romo and Yang applied the tandem Mukaivama aldol-lactonization (TMAL) reactio 4lt0a
variety optically active dldchyd (Scheme 12).42 High internal (trans/cis) and relative (syn/anti)
ster“oseiecu'vlty for the propionaic keiene acetal 34 (R" = Me) was obtained (Table 9). In mosi cases, less than

2% racemization of a-epimerizabie aidehydes was observed despite the fact that these reaciions are conducted at
259 C in the presence of a potential base (thiopyridyl group) and a Lewis acid. This methodology was exploited
in a concise synthesis of the potent pancreatic lipase inhibitor, (-)-panclicin D.41b<

Scheme 12
0 TESO  # % ZnCly o’
R*)LH ' RK/\S/RNJ CH,Cl, 25°C RV[_J""Fp
R'=H, Me
32 34 35

Interestingly, in contrast to Cossio’s results, the stereochemistry of the major diastereomer obtained with
a-benzyloxy aldehydes (Table 9, entries 3-5) is consistent with a chelation-controlled aldol reaction.

(Y
(-u
&
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Table 9. Optically Active $-Lactones Preparcd by the TMAL Reaction
trans/  syn/ . config.
cis aui  %yield (C3c3)

entry B-lactone %o ee

852 >19:1 1:9.1 62 3R, 4R

98 >19:1 1:4.8 46 35,45

¢]
3 X J_:/IP 96  >19:1 20:1 69  3RAS

-
A

BnO
o)
0
4 - 98  >19:1 221 63 35,4R
PH YY" “Me
BnO
o0’
5 o L 69 >19:1 >191 S0 3S4R
N “Me
BnO
ot
6 af 99 361 <1:19 8  3RA4S
4’@
8o o
7 1 L 99  »19:1 1:1.9 29  3RA4R
Y M
Me
ot
8b ] ND¢ - 116 64 45d
7
BnO
Bn0 O //O
9b ‘Kl)j ND¢ - Ll4 55 4Rd
Me

AThe starting aldehyde had an optical purity of 85% ee. PAcetate ketene acetal 34 (R!

_— . . P L. < e . o0 1o
= H) was used. “ND = nol gelermined. “Loniigurauon 1S 1or major agnii-p-iactone.
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3.1.3. [2+2] Cycioadditions of Keienes and Aidehydes

Although the [2+2] cycloaddition of carbonyl compounds and ketenes has been known since 1911,43 it has
only recently been utilized to prepare B-lactones in optically active form. Both thermal, catalyzed and purely
thermal versions of this cycloaddition are known. A large body of recent theoretical work points to the
concerted, asynchronous nature of Lewis acid catalyzed versions of these cycloadditions which likely involve a
nucleophilic ketene adding to a Lewis acid-activated aldehyde.44 Cossio and co-workers recently performed
computational and experimental studies of both the thermal and the presumed Li(1)-catalyzed [2+2] cycloaddition
0).45 These workers concluded based on their

mechanism as has been commonly proposed for these apparent symmetry forbidden cycloaddmons n most
cases, a single stereoisomer was obtained in the thermal or 5 M lithium perchiorate in diethylether (3M LPDE)
promoted cycloadditions and is consistent with non-Felkin or the Cram chelate model, respectively, leading to

the same sense of stereocontrol. This methodology was applied to a total synthesis of (+)-angelica lactone 45

Table 10. ()pllcally Active B-Lactones Prepared by Thermal or 5M LPDE-
Promoted [2+2] Cycloadditions
(o] (o] Ei3N, CHQCIZ O
or M LPDE, EtsN Q
R\/U\CI + \HLH - = ~ ,liR
R OBn 25°C or 0-5°C T R
OBn
R =H, Me, Cl
entry B-lactone? % yicld  Config. C(4)
0O
1 't 55b s
OBn
O
o )
2 \H_k 33 \)
OBn
o
3 cl 70 R
Cl
OBn

GThe stereoisomers shown were reported to be the only ones
detectable by 300MHz !H NMR analysis of the crude reaction

mixtures. 2Yield includes a subsequent dyotropic rearrangment
with Moqu to the correspo 1:1g y-lactone.

Kocienski and Pons reported the first diastercoselective [2+2] cycloaddition of ketenes and aldehydes and
this reaction has been employed in the total synthesis of several B-lactone containing natural and unnatural

n
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products including (-)-tetrahydrolipsiaiin,*9a (-)-lipstatin,*5% and panclicins A-E.#5¢ In the case of (-)-
tetrahydrolipstatin, these workers employed EtAICl; for the cycloaddition of n-hexyl trimethylsilylketene (37)
and 3-(R)-(¢-butyldimethylsiloxy)tetradecanal (36) (Scheme 13). The desired B-lactone 38 was obtained after
desilylation and separation from the other three diastercomers produced. The stereochemical outcome is
consistent with a chelation-controlled addition but this mechanism is not likely with the "monocoordinate" Lewis
acid EtAICL.47 Kocienski and Pons ascribed the stereochemical outcome of this cycloaddition to an electrostatic

interaction model46a.¢ but it should be noted that this outcome is also consistent with recent models for 1,3-
asymmetric induction proposed by Evans and coworkers for monocoordinate Lewis acids which minimize non-
handad intarantinne and honafit feam nannallatinm ~F dinnlag /Cahamaa 12) 48
UUIIULUU LITC1aVuiuile aliu UCIICELIL 1L VLI valiveilauull vl U pUlCﬁ \Q\all 11C l.)}.
Scheme 13
1) EtAICh —
Et,0-PhMe A
0 2 o . Ho / H
TBSO O t 40-0C Ho @ EICL A5 H
2) 40% aqg. HF : 2
CHa(CH2)1d H Me, CeH1a CH3CN CHa(CH2)10 (CHz2)sCH3 A
3) TBAF+3H0 H"™GTES
ag a7 f omao, asmmall silm il aa SALL N
i e {~71% overaili yieid) {CHahoCHs
(90% de)

Romo and Zemribo reported the asymmetric synthesis of B-lactones via a chelation-controlled [2+2]

mnlan AN nn ctratagy amnlaving frimatholoilolratama FTRMQ Latama) amd amtinaglly, moioen a1 dabo 1y e 14Y 49
CYCIVAUUIUVILI SUAICEY CHIDIVYLIE ULTNICULYISHYIATICIC 1 IVID-KCICHT ) diil Up auny pul Uty CS \DLllblllL 1<)
This methodology, in cmju“m‘i on with a tandem transacylation-debenzylation of B-lactones, was applied to a
synthesis of (-)- grandmohde Y
Scheme 14
Ph
0 1) TMS-ketene, MgBrp*OEt 0 HH
-ketene, r
X o 3 S _ﬁk
* CH,Cly, -42 °C e
R H R* v! i
2) KF+2H,0, CH3;CN *
32 39

B-Lactones 39 were obtained after desilylation of the intermediate o-silyl B-lactones. Among the Lewis

1A 71 L'IA 11\ ot Po-rain

acids studied, MgBr,*OEl(, provided the best diastereoselectivities and yields (Table 11). The diastereoselectivity
was explained by invoking the chelation-control model (Scheme 14) which Keck proposed for titanium and
magnesium Lewis acids based on NMR studies.’] Subsequently, Mead and coworkers improved the
diastereoselectivities for both o and B-chelation control in this cycloaddition (>98% de) by performing the

reaction at -600C.52
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Cycloaddition of TMS-Ketene and Chiral Aldehvdes
entry B-lactone % de % yiclda config.(C4)

1 \)._J 86b 86 S

2 \/_I 96(88)¢ 86 R
Mo

W

~70 84 R

BnO o
/\)_,

aYield is for the two steps of [2+2] cycloaddition followed by desilylation. 2Optical

nurity wac not rionoroucly determined  CEnantiomeric excecs is given in narenthesic ag
l.lul.lu] VY (o VL llévl\}uﬂll AW AN LSRR LIS, A ARRLIVAVAMIVA LY wAVVYII A 61 Y \wii Adx y“‘\f‘lul\lk’lﬂ “o

determined by Mosher ester analysis of the alcohol derived from debenzylation.

Palomo and co-workers reported diastereoselective [2+2] cycloadditions involving dichloroketene an

532 Thav geanara fahlaemnlbatana i gitin hy froatieant o
10CY y;;ul;xau;u dichloroketene in situ oy ucauneint O

[N
!

nnnnnnnnnnn idac (Qalanaa 18)
UA)’ auu U auuuumucuyuca \oLUCINTC 10,

‘ 1 1

[I‘lCﬂlO!‘OaCEIyI chloride with Zn/Cu couple in every case, omy a smgle diastereomer was obtained (

\./

Dechlorination was achieved by hydrogenolysis either directly on the crude cycloaddition products or after
further manipulation of the o,0-dichloro-B-lactones. Subsequently, the Palomo group elegantly showed the
utility of the derived o,0-dichloro-f-lactones as acylating agents for o-amino acid esters as a route to y-amino -
hydroxy and B, B-dihydroxy acids.53b
Scheme 15
o ﬁ ClaCC(O)Cl, Zn/Cu

i 0 o
\(\H Ether, 0 o~ )_L (o]]

S 4 cuiei |9 v M
R B
40 oo
Table 12. B-Lactones Prepared by [2+2] Cycloaddition of Dichloroketene and Chiral Aldehydes
entry B-lactone % yield config.(C4)
R_
1 o _(0 Me 85 R
2 R \/l+Cl i-Pr 65 R
Cl -

3 +-BuSiPh,0 i-Bu 55 R
4 Ph NR4 R

Jo R
5 ?_{/ PhCH, 44 R
- R ﬁCI <
6 cl i-Pr 35b R

BocHN
ANR = not reported. bQverall yield for [2+2] cycloaddition followed by transacylation to a y-lactam.

AN
~J
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3.i.4. Carbon-Hydrogen Insertion of Diazoacetates

In the course of exploration of catalysts for intramolecular carbon-hydrogen insertion reactions of chiral
diazoacetates 42, Doyle and co-workers observed that B-lactones 43 were, in some cases, the major products
obtained from several possible C-H insertion products (Scheme 16).54

Scheme 16
O 0O
i o [
Aonn Rho(4R-MEOX), o—+ ANSH
2 7]
F!..:.»,? CH.Clp Ry X/ N / 4
7 H R' 27
R !
42 43 Rhz(4R-MEOX),4
However, the synthesis of f-lactones by this method is not yet synthetically useful because of very low
yields due to formation of other C-H insertion products. In general, higher yields were obtained for acyclic

Table 13. Optically Pure B-Lactones Prepared by C-H Insertion of Chiral Diazoacelates

entry B-lactone % yield % eed, b config.(C4)
.R1' Rl R'Z
NE-R? - R
ol es—o H Me 26 >99 R
NN : NI
2 o Me H 18 ND R
Q1 1 R2
B 2 — e
3 R y - g o
3 O g Me H o S
4 H Me 7 ND s
Me
. 18 ND S
5 L_J\ O>=O
Pr
R F° R R R R
6 Oy o, H Me Pt H 1 ND R
N o Z I VA H i 2 ND R
R® R4
0O i 2
o’ R R
8 m..‘--}——l Me n-Hexyl 49 NR R
9 R? n-Hexyl Me 45 NR s
aND = not determined due to instability of B-lactone product. ®NR = not reported



3.2. Chiral Auxiliary Strategies

In connection with earlier work involving highly stereoselective addition of enolates derived from a chiral
iron acyl complex to aldehydes,>5 Davies and co-workers reported a novel transformation of B-hydroxy acyl
iron complexes to optically pure B-lactones via oxidative decomplexation (Scheme 17).56

Scheme 17
B
RAEN_pr i) BuLi, -78°C /. IX__ Ph o
7 2 i) Buli, - 2
= E: CO_ i) EtoAICI, -40°C t'B“\; = E GO Br, o~
€ 2 s Y ,
n»‘ \//); . P r\b—' \//7./. ~U L N .
o V ) +BuCHO, -100 vinoouv Wiz tBu” R
AA arc AR
44 45 10
AAdd nm ~ftha Aaiholalismainmi anmalats dariognd Frmrm thio mmamis i amrenllcy mitem tenm anaiol Amensdae AA &~
AUUILLLIUIL UL LUK u1c;mylamuuuu Il CHIUIdLC UUHIVOU 11011 UIC ClldIiOIct u,duy WIC ITOn LCL)’I CO Iplcx 44 {0

pivalaldehyde stereoselectively provided B-hydroxy acyl complexes 45 as single diastereomers (>100:1 by 1H
NMR). The aldol product was then converted to cnantiomerically pure B-lactones 46 by oxidative
decomplexation with bromine (Table 14). Interestingly, trans- or cis-3,4-disubstituted B-lactones 46 (R = Me)
could be obtained in a highly stereoselective manner by simply changing from an aluminum to a copper enolate
(entries 2 and 3, Table 14). This methodology was successfully applied to the synthesis of (-)-
tetrahydrolipstatin.56b

Table 14, Optically Pure B-Lactones Prepared via Chiral Acyl Iron Complexes

entry B-lactone % yielda % eeb Config. (C3, C4)
o |
1 58 >98 45
t-B
ot
2 ] 59 >98 3R, 4S
t-BU” Yo
o]
3 Q 44 ~08 3
- “u‘l LA Ll 4 ALy TTVAR
t-Bu”

@Yield is for the two steps of aldol reaction and oxidative decomplexation. b% ee is
assumed to be >99% cc based on diastereomeric purity of the precursor.

During their total synthesis of (-)-valilactone, Ley and coworkers reported the formation of the B-lactone
intermediate 48 via oxidation of chiral w-aliytricarbonyiiron lactone compiex 47. The utility of these compiexes
was previously demonstrated for the preparation of racemic B- or 8-lactones from vinyloxiranes by the Ley group
(Scheme 18).57
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Scheme 18
C4H —— “\\‘\/CSH‘I 1
TR CAN HQ Q
(CO)sFe O  OH C o A A
elon, i o .H,~ N ~N
Cﬂ) (26%) 5Hyq CaHg

a7 48
4. Enantioselective Routes
In contrast to the synthesis of other versatile functional groups, direct enantioselective routes to B-lactones
have not been well developed. To date, only a few approaches have been reported including chiral Lewis acid
promoted [2+2] cycloadditions, chiral nucleophile catalyzed net [2+2] cycloadditions, and asymmetric

ation of R-]{ptnpc ters.

tion of A L e TE o

U D & D,

4.1. [2+42] Cycioadditions of Keienes and Carbonyli Compounds

The [2+2] cycloadditions of ketene or silylketenes with carbonyl compounds reported to date can be
divided into two categories according to the types of catalysts employed: (1) Nucleophile-promoted net [2+2]
cycloadditions and (2) Lewis acid catalyzed [2+2] cycloadditions.

4.1.1. Nucleophlhc Catalysis by Alkaloid Bases

y
Wynberg and Staring for the synthesis of optically aciive p-laciones. They reporied the formation of B-lacione
51 in excellent yield and optical purity by the net [2+2] cycloaddition of ketene 50 with chloral 49 promoted by
1-2 mol% of quinidine via nucleophilic catalysis (Scheme 19).58 This transformation is thought to involve an
ammonium enolate intermediate and proceed by way of an aldol-lactonization process.>¥d This methodology

was employed to access optically pure natural and unnatural malic acid.
Scheme 19

ﬁ quinidine n-—/)

~i
iz r 'OU \.l lUIUEIIG LI -
H™H (89% yield) CCly

(98% ee) (R)-(-)-51

At rrniemer cxvvimadiza e d Aiiieliaa an +hon
LLIUEL UdLIE ullliliic S‘HIU quuuuc ad uIe

chiral catalysts.58% Moderate to exceilent enantioseiectivities (45-98% ee) and poor io excellent yields {(1-95%)
were observed for various carbonyl compounds (Table 15). Wynberg and coworkers determined that only
activated aldehydes or ketones participate in this aldol-lactonization severely limiting the scope of this
methodology. However, this methodology has been used extensively. The preparation of 4-carbomethoxy-2-
oxetanones was achieved in 36-72% by [2+2] cycloaddition of methyl glyoxylate with ketene using quinine and
quinidine (entry 14, Table 15).59 Recenily, Song and co-workers reported the use of polymer bound cinchona
alkaloids as catalysts for the preparation of the (S) and (R)-B-lactones 51.80 These trichloro B-lactones have

mitines (entry 2 and 3, Table 15). 61

heen ntilized ag intermediates in
been utihized as intermediates i
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Table 15. Optically Active $-Lactones Prepared by Net [2+2] Cycloadditions Promoted by Alkaloid Bases

entry B-lactone % cca % yielda config. (C4)  methodab  ref.
R
1 Cl 98(76) 89(NR¢) R(S) A(B) 58a
2 a 59(25) 73(71) R(S) C(D) 60
3 ~ ,;O Cl 27(22) 66(60) R(S) E(F) 60
4 Y H 45 67 R A 58b
s RORLCT Me 91(76) 95 R(S) AB)  58b
6 Et 89(70) 87(NRC) R(S) AB)  58b
7 n-Pr 92 100 R A 58¢
8 n-Hex 92 100 R A 58¢
9 Ph 90(68) 89(NRC) R(S) A(B)  58b
N
10 o Me 94(85) 72 R(S) A(B)  58b
11 o~ Et NRC 1- NR AB)  58b
ST p-CIPh  90(65) 68 R(S) A(B)  5%b
13 p-NOPh  89(65) 95 R(S) AB)  58b
o A
14 T 72(36) 32(35) R(S) A(B) 59
MeO,C~

aValues of % ee and yield in addition to absolute configuration and method employed for the enantiomeric B-
lactone are given in parentheses. bMethod is classified by type of alkaloid base used: method A: quinidine,
method B: quinine; method C: poly(qmmdlm. co-acrylonitrile); method D: poly(quinine-co-acrylonitrile);

e T nmleafninal~ o T~ A D Taf 1 i —
method E: poly{cinchonine-co-acrylonitrile); method F. poly(cinchonidine-co-acrylonitrile). ¢NR = not
reported.

Calter reported an interesting catalytic, asymmetric dimerization of methylketene catalyzed by cinchona
alkaloids (Scheme 20).622 The optically active B-methylene-B-lactone 52 was not isolated but directly reduced to
the alcohol 53 due to its volatility and instability. Either enantiomer of 55 was prepared by judicious choice of

the chiral amine nucleophile with high enantioselectivity. More recently, the Calter group has expanded the

G

utility of the ﬁ-‘.acmne 52 by trapping it with various amines and performing substrate-controlled reductions of B-
tda E2Vaading tn all Frie nace END mare nf tha d : 1 &8 62b
ketoamide 53 leading to all four possible isomers of the dipropionate synthon 53.9<0

pt



(@)}

Sy
N
(]
-
~
s\
]

°)
-}

2
'l 1 moi%

auinidine [-Me\____/o\ ~ ‘]

9 - R _
S\B"K\Br T ‘_MQ/[LH o 58

- = )

_ 52
RaNH / | LiAIH,
/ '

P O WL el

v Me Me Me
55 54 53
(91-99% ee) (98% ee)
(42-55% yield) (20% overall yield)
4.1.2. Catalysis by Lewis Acids
In 1994, Miyano and co-workers reported the first asymmetric {2+2] cycloaddition of ketene with

aldehydes mediated by stoichiometric amounts of chiral aluminum-binaphthol complexes.632 They obtained poor
to moderate enantioselectivities (17-56% ee) and low to excellent yields (33-91% GC yields). Subsequently, this
group also reported the first catalytic, asymmetric [2+2] cycloaddition promoted by 10 mol% of aluminum-
bissulfonamide complexes.630 A variety of B-lactones were obtained in good yields but with varying degrees of
enantioselectivity (14-74% ee) (Table 16).

The {2+2] cycloaddition of silylketenes with aldehydes catalyzed by Lewis acids has also been studied as a
route to optically active B-lactones. The intrinsic stability of silylketenes makes them more easily handled relative

to the parent ketene.64 Studies by the Kocien

bissulfonamide-based catalysts previously used by Miyano for [2+2] cycloadditions with ketene.85 Low to good

enantioselectivity was achieved (36-83% ee) for the cis silylated P-lactones 58 and moderate to excellent

1 " 1 Pt L s L ) /I\'f\1 . D 1y orm 11 b K AY Le i B4 1 1 1 - 1' 1 3 ~

diastereoselectivities (cis/trans = 0Y:51 10 ¥¥:1) (1able 1/7). 1n1Ss metnodology nas been rec enuy appuea 1o an
66

asymmetric synthesis of the HMG-CoA synthase inhibitor, 1233A.



Table 16. Optically Active p-Laciones 56 Prepared by Sioichiomeiric and Sub-
stoichiometric Amounts of Chiral Binaphthol 57a or Bis-sulfonamide §7b
o 9 s 1O 7O
I+ | _Sraodh. 9 NNl s T AR
R  p~~y  PhCH, -78°C  ge— Ao AMe T
w 57a SOLAr
50 56 SiPhg Ar = 3,5-(CF3)>-Ph

catry R %ee  %yield® config.(C4) method? ref.

1 23 78 § A 63a

2 Me 30 55 N B 63b

3 Et 56 67 S A 63a

4 Et 33 77 N B 63b

5 n-Pr 45 69 S A 63a

6 n-Bu 17 &0 S A 63a

7 n-Bu 41 82 S B 63b

8 i-Pr 28 59 R A 63a

9 i-Pr 56 76 R B 63b

10 t-Bu 65 77 R B 63b

11 Ph 21 76 S A 63a

12 Ph 14 11 R B 63b

13 Cyclohexyl 74 75 R B 63b

aGC yields. ®Method A: stoichiometric amount of Al-binaphthol-based Lewis acid 57a was

used. Method B: 20 mol% of Al-bissulfonamide based Lewis acid 57b was used.
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Table 17. Opm,al]y Active a—Tnmethylsﬂyl p-Lactones S8 Prepared by [2+2]

N W )

Cycloaddition of TMS-ketene with Various Aldehydes Employing the Al-bissulfonamide-
based Lewis Acid 59

=0

H” “SiMe, 8010 -30°C n

30 mol% 59 jf nJ'\ AlMe
RCHO + —s— N
PhMe o —_— U
pel 9
58

Ar =2 4 6-tri-a Ikyl

substituted n envl

entry R lelstgﬂm (c;;%e& % yield (f,:%“gg}
1 PhCH, 75:25 82 72 35,4R
2 p-MeOPhCH, 99:1 83 77 35,4R
3 ¢-CgHy 69:31 67 43 35,4R
4 PhCH,CH, 94:6 36 82 35,4R
CyiHas 94:6 47 67 35,4R

Romo and coworkers have also studied the [2+2] cycloaddition of trimethylsilyl ketene and various
aldehydes. They found that titanium672 and aluminum 67 based chiral Lewis acids gave the best reactivity and
selectivity of the Lewis acids studied. The cycloaddition led to exclusive formation of the cis silylated B-lactones

hiral Lewis acids we

58 in most cases as has previously been observed when bulky

le]
¥
-
l¢°]
(¢

d
were obtamcd after desilylation (Table 18). The highest enantioselectivity observed to date for a-unsubstituted,
aliphatic aldehydes (Table 13, entry 2) was obtained using the novel Lewis acid 62. The structure of this Lewis
acid was not rigorously determined and the representation shown by structure 62 is only meant to show the
presumed Lewis acid stoichiometry. However, preliminary work by these authors based on 27Al NMR indicates
that this catalyst may exist as two species, one of which is a dimer.67® Some of the optically active B-lactones

described in this report were used to probe the active site of HMG-CoA synthase.67b



H. W. Yang, D. Romo / Tetrahedron 55 (1999) 64036434 6425

T able 18. Opticaily Active B-Lactones Prepared by [2+2] Cycloaddmon of TMS-ketene with Aldehydes
Fmnlaving 'I\_TAT\T\('\T nnd AT TYAl Nhieal T A Anide £1 a1 L
uluplu)xus i1 AU Al Aa-us101 Uiltar LOWiIS ACIGS v ana UA
5 20mo 610162 O  KF2HOor o
RCHO + Jl )_I —_— i_‘f
A toluene, -20°C s TBAF .
H SiMes a Slivieg R
58 €0
Ph_ Ph
Ma O-N)‘(ﬂ Tie ,- o .Ph ]
Mey dn, 0% | onfO~T |
~ PK “Ph L Ph 1a
61 62
entry R cis/trans (58) % ee (60)@ % yield (60)0 config.(C4) methodd  ref.
1 n-Bu 34:1 41 49 ND A 67a
2 n-Bu >99:1 85¢ 86 R B 67b
3 Ph >99:1 28¢ 82 ND B 67b
p-NO,Ph >19:1 21 71 ND A 67a
4 PhCH, 9:1 9 58 R A 67a
5 PhCH, >19:1 75 45 R B 670
6 PhCH,CH, >19:1 41f 78 S A 67a
7 PhCH,CH, >19:1 36 60 S B 67b
K c-C.H., =191 R0 a6 < A ATa
Y6011 v et = a via
9 c-CgHyy >99:1 84¢ 83 S B 67b
10 BnO(CHj)4 19:1 45f 76 ND A 67a
11 TBSO(CH3)e >19:1 46 55 ND B 67h
i2 CH,=CH(CH,)7 >19:1 22 71 ND B 670
13 (CH3CHz)2CH >19:1 56 46 ND B 67b

% ee was measured after desilylation of o-trimethylsilyl-B-lactones 58 to give B-lactones 60. bYield is for 2 steps.
¢ND = not determined. 9Ti-TADDOL-based Lewis acid 61 was employed in method A. Al-based Lewis acid 62

was employea in method B. €% ee is for ;j iactone 58. ”/0 ce was measured for the p iactone 60 derived itom
chﬂvhhnn of pure ¢ is-silviated-B-lactones S8,

vvvvvvvvvvvvv DEES R T-LASE S M Sl Tt i R e

4.2. Asymmetric Hydrogenation

Both enantiomers of 4-methyloxctan-2-one (64) have been synthesized in up to 92% ee by the asymmetric
hydrogenation of diketene 63 employing a catalytic amount (0.1-0.2 mol%) of binap-Ru(Il) complexes in the
presence of triethylamine (Scheme 21).69 B-Lactonc 64 has been utilized as a starting material for an important

biodegradable nnlvmm noly[(R)-3-hydroxybutyrate], via ring (memng nolvmen?anon 70

““““““““““““ il G ® & o
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Scheme 21
— {RuCI[(;?b(ilz]?t;gzene)}m oO—¢
/j NEts, THF, 50 °C, 44h ):’r
63 97% vyield, 92% ee 64
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catalyst has not been established. Triethylamine was found to be a critical additive (0.5 to 0.9 equiv. relative to
Ru(ID)) in this reaction to prevent polymerization of diketene and to control competitive hydrogenolysis leading to
butyric acid.”®

The procedure of Roelens23 described above (Section 2.2; see Scheme 7 and Table 4) which employs an
asymmetric Noyori hydrogenation of B-ketoesters as the stereochemical setting step also falls into the category of
enantioselective routes. This is one of the most general routes reported to date and is thus mentioned here again.
5. Miscellaneous

Other approaches for the synthesis of optically active B-lactones which do not fall into the categories
described above are described below. These can be classified into kinetic resolution, topological resolution, and
asymmetric desymmetrization.

5.1. Kinetic Resolution

In 1995, Yamamoto and coworkers reported the preparation of optically active 4-alkyloxetan-2-ones by
AAAAAA 71 PRSI B PR o :__ |_ S Lsmresl mlambal aeid smmnnlsa
upase prommea transesterification.’ *28 Racemic p-lactone 63 in the presence 0f bEnzyl diconol and porcing

pancreas lipase provided opticaily active B-lactones 66 and benzyi-3-hydroxy butyrates 67 (Scheme 22, Table
19). This methodology was also applied to the resolution of a-methylene B-lactones (Table 19, entries 4 and
5)71b and more recently to the synthesis of chlorodifluoromethyl substituted B-lactones.’1¢

Scheme 22
?;/[/ PhCH,OH, lipase ?L___/T/O oH O
R™ acetone, 35 °C R” N R™" “OCH,Ph
(+/-)-65 (R)-(+)-68 (8)-(+)-67

Table 19. Optically Active B-Lactones Prepared by Kinetic Resolution with Porcine Pancreas Lipase

entry B-lactone % ece % yield  config. (C4) ref.
R
1 O Me 96 36 R 71a
~~ Q_( [ ¥4 AN rel 11 ..
2 R)——J n-rr s} 4. K /1a
3 i-Pr 95 41 N 71a
o‘(o R R

4 Rl Me H NR R 710
< 2 B
o v H i-Pr >99 NR S 71b

4NR = Not reported.
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5.2 Lopcuogica: Resolution

A chiral discrimination reaction that differentiates enantiotopic faces during product formation has been
applicd to the resolution of racemic B-lactones. Winterfeldt, Adam, and coworkers succeeded in obtaining
optically pure B-lactones via a Diels-Alder / retro-Diels- Alder sequence using chiral cyclopentadiene 69 (Scheme
23).72 The exo and endo Diels-Alder products 70 and 72 were separated by column chromatography and then
submitted to flash vacuum pyrolysis to afford cnantiomeric p-lactones 73 and 74. The diene 69 could also be
recovered along with approximately 5% of the olefin 71 derived from carbon dioxide elimination from the B-

lactones.
Scheme 23
2 Ph
Jﬁ . /\]/.(
\ A T [ \>
/K T
(+/-)-68 | 69
i (1:1 mixture, 98% yield) |
AN i\ ., H
4 i H
A =  H A = 2
—an 0
H : / - g
) $< ) DI
V V7 @]
exo-70 (B)-71 endo-72
- 69 I A A l -69
| !
I
e H..,
o] O
H N I
hi (99% oe) (99%ee) ©
(71% yield) (74% vield)
(S-73 (R)-74
5.3. Asymmetric Desymmetrization

In the course of the preparation of chiral HMGA (3-hydroxy-3-methylglutaric acid) esters and amides, (R)-
and (5)-pB-carboxymethyl-B-methyl-B-lactones were utilized as efficient acylating agents. They were prepared
from racemic HMGA anhydride 75 via asymmetric desymmetrization with hydroquinine or hydroquinidine
(Scheme 24).73 This process involves an enantioselective transacylation proceeding by way of a presumed

acylammonium intermediate.
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While several routes for the asymmetric synthesis of B-lactones have been developed, many of them lack
generality and practicality. The majority of procedures that have been developed involve chiral synthons or
diastereoselective reactions which by the nature of these strategies lack generality. However, the chiral synthon
methods developed by Vederas8? involving the conversion of various amino acids to B-lactones has great
synthetic potential and has been applied widely.10 In this regard, lactonizations of chiral B-hydroxy acids have
often been used to form B-lactones employing Adam's procedure,2! various coupling agents (e.g. BOPCI) or the
Mitsunobu procedure. This method is limited by the availability of the requisite chiral B-hydroxy acid and the
appropriate degree of o- and B-substitution (gem-dialkyl effect) to ensure efficient lactonization. In the area of

diastercoselective reactions, the most general procedures are those which do not require a high degree of
wh bt Foae affininnt lontanmioatinm (1 a ammasant o~ ©a sormodiallol L 0f N and thacn jmaliids 2571
substitution 1or etticient lactonization (1.e a.pp 1 a geimn-aidiKyl €licCl) and inese include {2+2]

cycloadditions of ketenes and aldehydes#6.49. and tandem Mukaiyama aldoi-iactonizations with
thiopyridylketene acetals and aldchydt:s.‘“a42 Thus, if one is interested in introducing a B-lactone into a given
substrate using substrate control, a directing group, typically an adjacent alkoxy group, can be used to obtain
good stereochemical induction based on the Felkin, Evans, or Cram-chelate models employing these methods.
Further behind in development are general and practical, catalytic, asymmetric routes to B-lactones. This
deficiency along with the the utility of P-lactones as versatile inetermediates, the discovery of new
transformations of B-lactones, the isolation of novel B-lactone-containing natural products, and the need for

biodegradable polymers with s

date which will likely see further development in
the future include Lewis acid catalyzed {2+2} cycloaddmons,@‘ﬁ" nucleophile catalyzed-net [2+2] cycloadditions
fYYTr LR KD T
LS A ¥ F 5

buiiding on the work of Wynberg, and Lewis acid promoted tandem Mukaiyama aldoi-lactonizations. The
[2+2] cycloaddition route developed by Wynberg provides a high yielding and highly enantioselective route to
various B-lactones but suffers from the requirement of electron poor aldehydes and is thus quite limited in scope.
A more general approach, which suffers from a lengthy procedure and the use of mercury salts for the
lactonization step, is the method developed by Roelens and coworkers employing a Noyori hydrogenation of a -
ketoester as the key stereochemical setting step. Therefore, at the present writing, these methods represent the

best enantioselective routes to B-lactones.

Thus, great opportunities exist for the development icise and general catalytic, asymmetri t
B-lactones. Having achieved this goal, it should be expected that in the future, B-lactones may become as often
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amnloved in natural and unnatural nraduct cunthecic ae aldnl nrodncte ar ennvidoee  In thic wa thaca ctrninad
VARPIV YW A UATULAL QY WIAIW AL PIVUULE O Y HIUIVOLS Ad aiuUl PIUUuLVLS UL DPUAIULS 111 UlS way, LICoL sudllicu
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