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GLOSSARY OF ABBREVIATIONS AND INTRODUCTION

Bz

Boc

Bn

Cbz
DMPU
HMPA
KHMDS
LDA
LHMDS
LIPC
MOM
NaHMDS
St
TBDMS
TBDPS
THF
THP
TIPS
TMEDA
TMS

Tr

Ts

benzoyl

tert-butoxycarbonyl

benzyl

benzyloxycarbonyl
1,3-dimethyl-3,4,5,6-tetrahydro-2(1 H)-pyrimidinone
hexamethylphosphoric triamide
potassium hexamethyldisilazane
lithium diisopropylamide
lithium hexamethyldisilazane
lithium isopropylcyclohexylamide
methoxymethyl ether

sodium hexamethyldisilazane
steroid

tert-butyldimethylsilyl
tert-butyldiphenylsilyl
tetrahydrofuran
tetrahydropyranyl
triisopropylsilyl
tetramethylethylenediamine
trimethylsilyl

triphenylmethyl

p-toluenesulfonyl

The references are given on the right-hand side of the equations.

The lactone moiety is present in a wide variety of natural products and their analogs which

exhibit diverse biological activities. Furthermore, simple lactones have been used as intermediates for

the synthesis of biologically active compounds. Alkylation of lactones has become a very useful reac-
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tion and due to the known relationship between the biological activity of a molecule and its absolute
configuration; thus there is a necessity to obtain these lactones in a pure stereochemical form. The
present review reports the alkylation of a variety of B-, y-, 8- and e-lactones and the observed stereo-
chemistry.

We have to note here that there are no references in this review prior to 1980. Indeed,
although studies on the alkylation of lactone enolates were conducted throughout the 1970's, the
majority of these examples'™ give no information about the stereochemistry. Thus, the focus of this

review will be on the more recent results.

I. ALKYLATION OF B-LACTONES (B-Propiolactones)

In general, the alkylation of 3-substituted B-lactones gives the frans-product with good

stereoselectivity.
Ref.
?_J[/o 1. LDA / hexane - THF 0 0 5
p 2. Mel L i (31%)
ol:/(o 1. LDA / hexane - THF 0 0 5
K 2. Etl - (37%)
o] o]
(o] 1. LDA/ THF (o]
BnO 3 Mel BnO 6
Ph Ph  (79%)
stereochemistry not reported
o] O
(o) 0
1. LDA/ THF 7
. + g
=\ 2 Mel =_
16:1 (92%)
0 o o
0 0 0
1. LDA/THF 8
N +
@ 2. Mel ; O
>50 : 1 (99%)

In the case of bicyclic B-lactones issue from ref. 9, propargylation reaction occurs only in
anti position regarding the hindered gem-dimethyl carbon of the adjacent cycle.

0 1.LDA/THF
e e
o 0

2 Br/\

I1. ALKYLATION OF v-LACTONES (y-Butyrolactones)

(34%)

1. Alkylation of 4-Substituted y-lactones
Alkylation of 4-substituted y-lactones led to the trans-product as major isomer. The stereo-

chemistry of the reaction depends of the nature of the substituent at C-4. The relative stereochemistry
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of these compounds can be easily assigned by NMR analysis, as reported by Menges and Coll. (ref.
53). Indeed, the coupling constants (J; 4) between the methylene protons (H-3) and the methine proton
(H-4) are characteristic. For cis-lactones (regarding at C-2 and C-4), the coupling constants between
H-3 and H-4 are higher than those observed for trans-lactones. 13C NMR spectra present also signals
which are characteristic of the cis- or trans-isomer. These NMR features are useful in the assignment
of the relative configuration of the lactone.

R R
b 2 b3 2
H%% R H%

Jan(trans) < Jan(Cis)
a. Methylation of 4-Substituted y-lactones
The alkylation of 4-substituted y-lactones led to the trans 2,4-disubstituted y-lactones as
major isomer with good or moderate stereoselectivity. a-Alkyl y-lactones are in general synthesized
via their enolates generated under hard basic conditions (for example, lithium dialkylamide as base).

In this case, products are purified by chromatography on silica gel.

Rl _O__o

r

+ Mel —

minor

1. LDA/ THF
2. Mel

stereochemistry 10
not reported

(76%)

1.LDA )\/ o__o
o (_f 11
2. Mel
(100%)

)\/\ 0o LDA/THF )\/ 0_o , )\/@?0 12
(_77 2. Mel
6:1 N (70%)

TBDPSO 1. LHmps TBDPSO TBDPSO

. O0__o ITHF \lf o o \lf 0 13
Yg 2. Mel q q

(83%)

1. LHMDS

o0_o 0_o
TsO/XE\fO I THF Tsov . Tso/\(_\( 9
2. Mel N (82%)

o111
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Napht-S0,-0 1. LHMps Napht-S0,-0 Napht-S0,-0
o__p _/THF o _o |, O0_o 9
2. Mel
N >11:1 (81%)

F3C\ 0. o] F3C\

FsC. O__o 1 LDA/hexane -THF (i\fo 14
+
(j 2. Mel (—‘\(

381 N (82%)

Ph. O__o  1.LDA/THF Ph. O_0 s
(__\// 2. Mel q (90%)

Jedlinski and co-workers have reported, in 1987, a novel and direct method to introduce o-
substitution into y-lactones by using a THF solution of potassium, containing K(-) anions and K(+)
cations complexed by 18-crown-6. Deprotonation of the y-lactone ring and formation of the lactone
enolate take place by interaction with K(-) anions. The enolates could react with numerous alkyl
halides to provide good yields of the corresponding o-substituted y-lactones. However, the obtained

stereoselectivities are lower than those obtained via lithium enolates.

1. K - 18-crown-6 (o) (o}
O e NP X_(° 16
2. Met N 3:2 (88%)

Later, the same authors reported the use of potassium naphthalenide in either the presence or
the absence of crown-etherl8-crown-6 to yield the lactone enolates. Nevertheless, the observed selec-

tivities are not increased under these conditions.

\C/V/o 1.K - Naphthalenide X(jfo + Xj(o
o 17

2.Etl
2:1 (86%)
Bn\o Bn\o Bn\o
\/kg 1. LDA/ THF \/\2/\40 . W{o 18
(o]
2. Mel
o671 (91%)
1.LDA/
o0._o HMPA - hexane - THF 0._o 19
S 2. Mel s
SJ sj N (85%)

1. LDA/

.90 HMPA - hexane - THF . o 15
(_77 2. Mel S (_\(
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BDMSO 2o 1.LDATBDMSO °™o0 . TBOMSO °™o
" H / THF " H " H 18
0o —F 0_o. 0o
j 2. Mel
o\ ~ 0\ \\
157:1  (93%)
Bn
Bn. N
(o) 1. LDA/THF o o o 20
NS T °7J'Xf°
o (54%)
TBDMSO
TBOMSO 1. LDA / hexane - THF 0-_9.. o __o 21
PN T D
. M€
| (94%)
TBDPSO TBDPSO
TBDPSO ; :
oo 1.LDA/ THF A _O_o |, /\Y_ofo 2
g 2. Mel \<_\(
501 N (T4%)
TBDMSO TBDMSO
TBDMSO
o 1. LDA / HMPA - THF o_o, o__o 23
2. Mel
11 (75%)
TBDP
TBDPSO 1. LDA/ THF S0 o
o_o 0 24

2. Mel
| (77%)

—~. 0O (o]
TBDPso/‘ﬂ\fo 1.LDA/THF  TBDPSO (_\(/ 25
2. Mel

>98% (71%)

~F

P
i 4. LDA/HMPA - THF 0
0O__o R (o] 26
R/H\ o 2. Mel H
(70%)

1. LDA/HMPA - THF Ph. O

Ph. O . o .
g“ 2. Mel (_\( (_74
15.7 : 1

N (90%)

27

’/WO 1. LDA/THF WO 28
Ph 2. Mel Ph

W TT%)
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t-Bu.

t-Bu. (o)
[0} /&
N/&O 1. LDA / hexane - THF N™ 0
\_O__o 2. Mel 0 __o
N (66%)
TBDMSO © LHMDS I THE TBDMSO o TBDMSO o
N : FsC 0., Fe 0
3 2. Mel
8:1 (90%)

—~. O.__0
TBOPSO™ " &0 1.LDA/THF  TBDPSO (_\(/
2. Mel

>98% (71%)

0 __o
1. LDA/HMPA - THF T
Trovo ro/v
2. Mel N

\

~_O._0 1 LDA/HMPA-THF Wo AN -0
+
T e
N 1 (75%)

9:

(73%)

ONC/V/O 1.LDA/ THF 0 ~-0 O/Xi\fo
+
\0) 2. Mel \o) \0) .
25:1 Y (49%)

v

H H
o Ho_ o 'LDA/THF o o_o ., o o_o
OH 2. Mel OH O'H
8:1 (58%)

b. Allylation of 4-Substituted y-lactones

(o]
0__o 1. LDA/ THF TrO/Xfo
2. _<7
/Lﬁr N s

(o]
O__o 1-LDAITHF TrO/X_fo

N

2. Br
i N\ (65.3%)

TBDMSO TBDMSO

Wo o_o
TBDMSO ~
1.LDA/ THF
NP L N &
2.Br/\/\/\ “« “
15:1 (75%)
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X_o_\fo
O__0 1.LDA/THF ’ 0
~r N

By NN
2.8y P AN «

(75%)

1. LDA / HMPA - THF 00
\Cfo : - \(_f 45

2. /\/ N
Br N\ (60%)
BOC. BOC.
BOC.\ 1. LHMDS NH o NH o
¢ o / hexane - THF o) " o
oO— —— 46
2. Br/\ﬁ . <
N 15.7 :1 A (50%)
o 1. LDA / HMPA - THF o0_o
o
—
2. Br/\/ N 47
N (90%)

. .0__o .0 .o
N 0 1. LDA/ THF
r e 48
2. |/\/ \ 51 _-\\
: (90%)

by decreasing the temperature, the ratio could be displaced to 19 : 1

TBDMSO TBDMSO
TBDMSO 1. LHMDS / THF o o)
F.C 0O 0 - F3C 0 + F3C o 28
3 .
2 g ~F .
N 6701 N\ (100%)
TBDMSO TBDMSO
TBDMSO . oA/ o __o O __o
. THF
X L o
2. I/\/ ]\
X 19:1 X (95%)
[o] (o) o]
PN A J
— = - N HN —1-
HN"SO-tBu o p HNTTO-tBu \ 8 t-Bu 50
O _o - (o]

o _o -+
2. Br/\f
t 15.7 :1

(50%)
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0
|
Bn.
Bn. A N o-rBu
"N~ ~O-t-Bu 1. LHMDS / hexane - THF j

\ 0 _o 52
_\< (75%)

In the case of the lactone described by Briickner and co-workers (53), the alkylation of the

lithium enolate proceeded with high trans selectivity as was predictable. By enolization and side-

selective reprotonation, part of this material was epimerized to lactone cis.

TBDPSO TBDPSO
o_.o 0__o
TBDPSO
0__o 1:LDA/THF . 1. LDA/THF 53
v Br 2. NH,Cl A~
2. = =
Z OTHP OTHP
OTHP  A(77%) 111

0
o 1. LDA/THF .
o
TBDPso/v 0 m 53
2. Brm o O OTBDPS
o (62%)

o OTBDPSTBDPSO
0o 1-LDAITHF TIPSO 0 N -
TlPSO/Xf Stereoselectivity
2. Br/\/ not indicated
X

(87%)

c. Benzylation of 4-Substituted y-lactones

As above, the same remarks could be done for the benzylation of 4-substituted y-lactones.
The starting lactone has a specific conformation. Tamioka and co-workers (ref. 56) have made a
conformational analysis of the starting lactone (R = CH,-OTr at C-4) in CDCI, by using 400-MHz
NMR spectroscopy. NMR studies revealed that coupling constants of 3.4 and 4.4 Hz between the
methine proton (H-4) and methylene protons (H-5) of the trityloxymethyl group could explain the
predominance of a preferred conformation for the molecule. The C-O bond of the bulky trity-
loxymethyl group is positioned anti to the C-(4)-H bond, an unexpected alignment considering the
apparently unfavorable steric interactions present. It is also noteworthy that the coupling constants,
5.8 and 8.1 Hz, between H-4 and H-3 indicate that the trityloxymethyl group is located above the
plane of y-lactone ring. Attack of an electrophile from the B-face would encounter steric hindrance,
didacting o-face entry of the alkylating agent. The rationalisation is based upon the assumption of a
reactant-like transition state in the alkylation. The origin of the high stereoselectivity is attributed to a
unique conformation of the starting molecule.
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1. LDA/ HMPA - THF

TrO/Xj\fo Br

0
Tro/vo

MeO i OMe

0 o OMe (78%)
Me OMeMe
o _o
0 1.LDA/THF
TrO/XjO Tro/Xj
2. PhCH,Br ‘Ph (98%)
1
Bn‘N O-1-Bu 1. LHMDS / hexane - THF
O__p 2 PhCHy
ds = 92% “—Ph (81%)
Bn.-Bn Bn\N,Bn
! o uwosiEo 1 o g
/\go 2. PhCH,Br (_\C
ds = >85% Ph (81%)
TBDMS
TBDMSO TBDMS}O o 3 .
1. 0__o 1LHMDSITHF g o o, pol o
WO o e
g 2. PhCH,Br \
Ph 4:1 “—Ph (95%)
Bn...Bn Bn\N,Bn Bn\N,Bn

N 1. LHMDS / Et,0 )\/

o
/K/k‘go 2. PhCHl

TBDMSO
TBDMSO

2. PhCH,Br

Ph.

L&o 1.LDA/ THF t\ﬂ\(j ) L\go

(0] /k/L O __o

GRS

11.5:1 Ph (73%)

TBDMSO
o)

Ph 4.4 —Ph (g6

! oo 1. LDA/HMPA - THF THF
NP 2 e C/VLC W
~
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o oo
%O 0 .
1. LDA / hexane - THF 1 64

2.
Meo~<;>—\I (60%)

OMe

(l) (o)
0

Bn\ I
Bn\ o—t Bu 1. LHMDS
CS\&Q _/DMPU -THF _
Me <‘;[

Bn\
65
OMe
OMe
d. Alkylation of 4-Substituted v-lactones

The trans lactone is the major isomer obtained by alkylation of 4-substituted y-lactones.

0_o 0_o
(o] R
Tro/vo 1. LDA/HMPA - THF Trov 38
2. Etl . 48
b (83%)

o o

\Cfo 1.LDA / HMPA - THF THF
L\j ‘\4\_\ N
o__o
St/Ri\/éo 1.LDA/THF St/IX_f 67

2. i-Pr-l .
/ (67%)

66

Rare are the examples of intramolecular alkylation described in the literature. Kotsuki and
co-workers have reported one concerning a 4-substituted lactone by treatment with 1.2 equiv of
LHMDS in THF to afford a bicyclic lactone in good yield. The stereochemical outcome of this alkyla-

tion is undoubtedly the cis orientation based on the structural constraints revealed by molecular model.

Bn.
o LHMDS / THF 0_o
g (94%)

0 _o

o
° 1.LDA/ THF .
2 @ (+) TOO §N ;
N\7 (86%)
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_
=
\/ 1.LDA / HMPA - THF !

1 o o
R —~_oO. R H 26
H “THP O-THP
(41%)

2. Alkylation of 3-Substituted y-lactones
a. Alkylation of 3-Substituted y-lactones

Good stereoselectivity is observed for the formation of 2,3-disubstituted y-lactones. There
are not a lot of examples described in the literature concerning the preparation of 2,3-disubstituted y-
lactones. The different authors obtained stereoselectively the trans-product. For example, Burke and
Coll. (ref. 70) observed that lactone enolate alkylation with methyl iodoacetate stereoselectively
proceeded to give the trans-disubstituted lactone with a good yield. This lactone is a precursor of (-)-

pereniposin B which is representative of the drimane sesquiterpenes.

0__0 0_o 0o __o
e — . O
R{ R{ R major R{ ‘R minor
o _o 0 _o
f 1. LDA / THF
' 36
2. Br/\/ \\
74 7 (70%)
0_o o _o

g 0

1.LDA/ THF <
\ \ OMe
| o 70
\ 2~ \
g} I OMe / (82%)
iMes SiMe;
0o o _o
1.LDA/ THF ;_\f . 7
Br ;\% \
24 11 (79%)

b. Benzylation of 3-Substituted y-lactones
Benzyl condensation of enolates derived from the 3-substituted y-lactones is highly stereo-

controlled and leads to the trans-structures.
o) o o_o

72

73
OMe 74

1. LDA/HMPA - THF

c| MeO (84%)
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‘ 1.LDA / HMPA - THF OR
RO
RO o
RO OR i > x RO OR (80%)
L. O _o L. _O_o
- o\,
1.LDA/HMPA - THF \_Go
oMe 2 g@_\m OMe
MeG  ‘OMe 0 MeO  OMe (62%)
0 _.o
(o]
g o OMe
’ 1.LDA / THF
OMe
oM Me—0
e 2. OMe OMe
MeO
OMe Br OMe (73.5%)
Me—O
(o] O
go O  oMe
’ 1. LDA / HMPA - THF ' OMe
Me—-0
OMe OMe OMe
2 MeO
MeO OMe Br MeO OMe (63%)
Me—O
o__o o _o
0 1. LHMDS/ THF 0 : o
Bn B Bn
OMe 2. BnOAQ—\ OMe OMe
Br o
OTBDMS Me—0 OH (92%)
0 __o

P!

2.

1. n-BuLi/ HMPA - THF <:

0 __o
s \
S :
OBu

MeO OMe Bu-0 MeO OMe

3. Alkylation of 3,4-Disubstituted y-lactones
a. Methylation of 3,4-Disubstituted y-lactones
i. Methylation of cis-3,4-Disubstituted y-lactones

R! _O__o R!_O__o
g + RX & ——

R? R? R major

480

R! O __o

minor

75-86

87
88

55
56
89
90
81

91
92
93

94

95
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The stereochemistry of the alkylation is governed by the position of the substituent at C-3.

The major product is the trans-lactone (trans regarding C-2 and C-3).

o}

/\éo 1.LDA/ HMPA - THF
O 2. Mel

. ¢ N o
S~ 2. Mel
1.LDA/ THF

\Cﬁ/\?o 2. Mel

~« 1

0. __o
m (61%)
. ‘(j\(/o

(90%)

>30:1 90% yield

o __o o_o
(((j 1. LDA/ THF 4{_\(
v 2. Mel .
71%
BnO i BnO/ (71%})
' 0.0
1.LDA/THF
§j 2. Mel
H (97%)
1.LDA/THF
2. Mel
o]
(o] only exo-methylation O (68%)
HO HO
0 __o 1. LDA / HMPA - THF .90 sterecchemistry
.. g - - (_\(/ not reported
st e st (89%)
Ph\/NMez Ph\/NMez
(. _O__o 1. LHMDS / THF (. _0__0
Cg 2. Mel C(_(
‘ : (76%)
TBDPSO TBDPSO
o__o 1. LHMDS / THF O __o
2. Mel i
. (90%)
. o__o : o __o
X 1. LDA / HMPA - THF ¥
/\O—f 2 N (88%)
= 2. Mel ==’ (based on unrecovered
\\ \\ starting material)

481

97

98

99

100

101
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103
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.O0
4 (__/V/ 1. LDA / THF
‘ 2. Mel
BnO
O0
‘;_;Fﬁ 1. LDA / hexane - THF
MeO 2. Mel

LN
a2y

BnO (92%)

MeO.

00 1.LHMDS/THF O 0 .
+
&g 2.Mel &q &

| 00 1.LDA/THF
o}
>( 2. Mel
(o)

72 __0__o
Ho " g 1. LDA/ HMPA - THF
(o] | ‘
N

2. Mel

MeO

MeO

ate
;\( 1. LHMDS / THF

b 2. Mel
0
Ph
TBDPSO o
0 1. LDA/ HMPA - THF
2. Mel
Ph
o
0\ 0 __o 1. LHMDS / THF
’ 2. Mel
(o]
OMe
_Cfo 1. LDA / HMPA - THF
\L, 2. Mel
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TBDPSO

0

(87%)

(87%)

(90%)

o

(95%)
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109
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N AN
QQ(_/& 1. LDA/ HMPA - THF (_\(
. . 118

2. Mel
(60%)
O __o O __o 0. __o
h 1. LDA/ THF ) )
tr SR Aty
2. Mel .
11:1 (97%)

o

TBDPSO =0  1.LDA/HMPA- THF TBDPSO, (o]
2. Mel \
C o (86%)

OO0
Kj 1.LDA/ HMPA - THF

J/ 121
/ 2. Mel
Tipso—/ N
Cbz
1.LDA/ THF
122
2. Mel
OMe
. O 0
(;f 1.LDA/THF
o ‘ 2. Mel 123
(o
ii. Methylation of trans-3,4-Disubstituted lactones
R _O__o R\_O__o R{_O fo)
U . el e q . W
R? R? Me major R? \Me minor

Here too, the trans-product regarding C-2 and C-3 is obtained preferentially. The stereo-
chemistry of isomers is corroborated by means of tandem 2D COSY and NOE measurements or by
X-ray analysis. In some cases, addition of HMPA in the reaction medium do not affect the stereo-

chemical outcome though some acceleration of reaction rate is observed.

OTMS OTMS OTMS
1.LDA/ HMPA - THF 124

0o . 00+\
m 2 el m m 125

(79%)

0 _o
j 1.LDA/HMPA - THF 8( &g e
é ; 2. Mel
(82%)
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0 0
,djjo 1. LDA/ HMPA - THF ’dﬁo
R ——————— R
) 2. Met ) .

R2 R2 (94%)
TBDPSO TBDPSO
g(ifo 1. LHMDS / THF 0 _o
MeS, | 2. Mel MeS, .
MeS  SMe MeS SMe (91%)
Norn ¢ OO 1L LDAITHE N o o
jj 2. Mel
8n0 BnO
3:1:1 (92%)
TMSO TMSO

(o)
/\(\—;3740 1. LHMDS / THF /\(\-;_/V/o
o o 2. Mel % o \,
(o] 0 0
)\E_/V/O 1. LDA / hexane - THF )\ijo . )‘qo

\ “ el §\ ) 1331\ (71%)

. o __o
o__o 1. (MeS)3CLi / HMPA - THE W
W MeS
— 2. Mel >\’

MeS  SMe (78%)

O __o o_o
m_f 1. LDA / hexane - THF (\(_(
N— 2. Mel N—

o= oA (59%)

o_.o
TIPSO~ TLDA/THF  mipsO-"~
2mel N
\ (67%)

127

105

128

129

130

131

132

133

Contrary to the examples described before, Suzuki and Coll. (ref. 134) obtained, by treat-

ment of their lactone with lithium isopropylcyclohexylamide followed by alkylation with methyl

iodide, the formation of one isomer which is cis regarding at C-2 and C-3 (exo attack). The stere-
ostructure of the lactone has been confirmed by NOE experiments. NOE between C(4)-H and the

methyl group is observed.

1. N-cyclohexylisopropylamine - n-Buli
O.__0 /hexane - THF 0_o

2. Mel

(40%)
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b. Alkylation of 3,4-Disubstituted y-lactones
i. Alkylation of cis-3,4-Disubstituted v-lactones
In the case of cis lactones, the different authors always observed the formation of only one
product which is trans regarding at C-2 and C-3. Interesting to note that it is not the case when the

stereochemistry of the starting lactone is frans.

o __o

o -
x}(\‘((_fo 1. LDA/ HMPA - THF Meozc)(/
. | 135
Me0:C" \ I TBDMSO p
TBDMSO 2 \_\:< (81%)

.90
__O_o 1.LDA/ hexane - THF Q 136
Qg i ’ 137

, B _
\_\_< (84%)
.. 9.0 .90

g 1.LDA / THF (—(_\ 138

‘ 2 me N ‘

f\ Br \ N\ (79%)

O._0 1-LDA/HMPA - THF E O_0  stereachemistry 139
not indicated
>j_/V/ 2 PhCHCl

BnO B“° Ph  (56%)

o_o

o) 1. LDA / hexane - THF
0 o 140
2. Br/\/ '

P (L
‘ 1. LDA/ THF .
O Lo 141
b (o] 2. MeOCH,Br o o]
A2 A2 A
0 O (57%)
Ph)\ Ph)\
Q (o}
0\ oo 1. LHMDS / THF 0\ o _o 16
- 5 2. CH3(CHy)s| N 5
(s
MeO MeO / (59%)
0 _o

1. LTMP / HMPA - THF >
\L&f ;Q, 142
I |
TIPSO \_\:< TIPSO (64%)
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ii. Alkylation of trans-3,4-Disubstituted y-lactones

In the case of trans-34-disubstituted y-lactones, the cis-product is the major isomer (trans:
regarding C-2 and C-3). The relative configuration of the lactone can be determined by the spectral
data. As reported by Radunz and Coll. (ref. 143), the configuration of the alkylation product is firmly
established by the coupling constants J , . 5. Only traces of the trans-isomer can be detected and,
generally, no amount of dialkylated material is formed. The high cis-stereoselectivity (regarding C-2
and C-4) of their lactone is explained by the transition state in which the front-side (re-side) of the
lactone enolate is shielded by the methyl group, so that only backside (si-side) attack of the alkylation

reagent occurs.

)LOt-Bu »\OtBu

1. tHMDS / THF

o_o 143
2. PhCH,Br
p s (24%)
1. LHMDS

(72%)

MOMO MOMQ MOMO

1. LDA /DMPU - THF
/- / ;f 145
2. Br
A 251 N\ (30%)

4. Alkylation of 2,3,4-Trisubstituted y-lactones
a. Methylation of 2,3,4-Trisubstituted ylactones

Yields and stereoselectivities are in most cases very good.

1.LDA/ THF 146
OH (\OH
o 2. Mel o
(o]
(o]
o]

g (82%)
1. LDA/ THF 0
A g 147
2. Mel
(100%)
TBDMSO TBDMSO
1.KH/ THF
148
2. Mel
‘N 0o
1. LDA / hexane - THF
149

2% I
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For the example described below, reported by Iwasaki and Coll., the potassium enolate was
treated with Mel to furnish the corresponding lactone in a ratio of >99 : 1. The stereoselectivity
observed in this reaction presumably originates from the conformational rigidity of the metal enolate

induced by 1,3-allylic strain.

MeO MeO\Q~ oo
Med jj 1. KHMDS / THF MeO o}z 150
/ 2. Mel ?J Q 151

0_0 >09 : 1 0.0 (87%)

i. Methylation of B-Keto-3,4-Disubstituted y-lactones

In some publications, the authors have done an activation of the o-position of the lactone by
acetylation or methoxycarbonylation, affording the corresponding B-ketoester. So, "hard" conditions
for the methylation are not necessary, NaH in THF or K,CO, in acetone (ref. i) afforded the enolates.

The stereoselectivity of the reaction respects the stereoelectronic principles. It is well known
that y-butyrolactone exists in two envelope forms which rapidly interconvert at room temperature.
Adding substituents to the ring will shift the equilibrium depending on the energy differences between
pseudo-axial and pseudo-equatorial positions. Enolates of the -ketoesters derived from y-butyrolac-
tones also have two possible envelope forms in Newman projections. Both conformers can react by
their o or [ faces as reported by Lavallée and Coll. (ref. 158). The sterics requirements imposed by

the electrophile determine the stereochemical outcome of the reaction.

0_o
(j 1. NaH / THF T i 153
, Co,M 2 Mel COgMe CO,Me

(93%)

OO0 4 NaH/THE ~XOK°
( q 2. Mel @‘\A 154
No H 0 (88%)

CO,Et
o 1. NaH / THF e 155
o 2wmel (o]
CO,Et (72%)
/o 0 o0_o
BnO Bnom
. 1.NaH/ THF S
o 4<:0 156
2. Mel
(87%)
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O _o o__o
BnO BnO \ ‘
/o\/0~\’ o 1. NaH / DMF /0\/0~\14<:0 157
o G 2. Mel 0y
SN ﬁQ\;to

(91%)

.0 ._0o
r o 1. K,CO3 / acetone ‘/ o
/S_t 158

o 2. Mel . 0
>97: 3 /7 )

(o] (o)
Wo 1. K,CO3 / acetone 0
— :—\i +

=0 2. Mel T o »
b. Alkylation of 2,3,4-Trisubstituted y-lactones

Rl_O o Rl_O__o Rl _O__o

s i

R§_\(;3 ” R? R R R? R i

major minor

162

(92%)

It is interesting to note and as we can predict, more is substituted the lactone and higher is
the stereoselectivity. For trisubstituted and tetrasubstituted y-lactones, the alkylation product obtained
with an excellent selectivity, is often an intermediate in the synthesis of natural products such as
pheromones, ionophores, lignans...

_C\fo 1. NaH / THF _ﬁ\i\o
Q«\/‘ 2. BrCH,CO,Me g\/ 154
H cone (65%)
, 1.LDA/ THF , Ph
( 147
o 2. PhCHyBr 0
o o (100%)
0 (e}
{ 00 { I o0
0 1. LDA/ HMPA - THF o .
- 139
BnO 2 BrCH,CO,-+Bu BnO °>*Ot Bu
(77%)
0
1.LDA/ THF
(o] — 159
2. Br/\/
(52%)
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1. LDA / HMPA - THF
C/ 2. |/\/\/CI

161
(82%)
5. Alkylation of 2,3,3,4-Tetrasubstituted y-Lactones
O __o
\G‘jfo 1. LDA/HMPA - THF \G__f 6
[ i ReE
. N 2. Br !
/\/\omp LOTHP (83%)
o _o
\O_f 1. LDA/ THE LDA/ THF —- 163
/\/ 0/ \§
L0 (aaw)

6. Alkylation of 2,3,4,4-Tetrasubstituted v-lactones

0 0
A{_fo 1.LDA/THF o
1. LOA/ THE s 164

2. Mel
U™~ (92%)

o _o
H 1.LDA/THF 165
] j (77%)
Ai é o _.o
A{i 1. NaH / DME 166
2. Mel \_ o

NH

(59%) N-Me (12%)

V. ALKYLATION OF 3-LACTONES (8- Valerolactones)

The absolute configurations of the products obtained by alkylation of d-lactones are, when it
is possible, determined by correlation with optically pure substances. In the other cases, gas-liquid
chromatography, HPLC, NMR spectra or X-ray analysis are used to determine the ratio of cis/trans
and the stereochemistry of the alkylated lactones.

1. Methylation of 5-Substituted d-lactones
The methylation of 5-substituted 8-lactones leads to the cis-lactone as major isomer with

low stereoselectivity.

0 0 o)

o S o] o]

major minor
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0

o}
<0-:/§ 1. LDA/ THF 6 97
/ 2. Mel //' (62%)
1 LDA / THF 167
=/ 2mel =/ _/

(55%)

0 o} o)
o 1. LDA /HMPA - THF 0 . o 168
o 2. Mel o h o
1.56:1 (92%)

0

0 1.LDA/THF
169
MeO 2. Mel MeO
OBn 1511

(80%)

d 1. LDA/HMPA - THF . <)_J§ <_J§_ 170
2. Mel - - 171
f e St/“
1

(69%)

(o]
o 1. LDA/ HMPA - THF 172
2. Mel
Ph

(67%)

major minor

0

Taomso—\<3§ 1. LDA/ HMPA - THF TBDMSO—Xj TBDMSO—X_‘/§_
,(—/’ 2. Mel 173
)

7
(64%)

2. Methylation of 3,4-Disubstituted d-lactones
There are not many examples reported in the literature concerning the methylation of 3,4-
disubstituted d-lactones.

(o] o] (o]
[o] o] [o]
+ Mel — -Me + Me
R' R? R' R? major R'" R minor
o] (o]
0 1. LDA/ HMPA - THF 0
174
\ 2. Mel .
(17.5%)

o)

o
1. LDA/HMPA - THF /\
g 175
2. Mel ..
(o]
o (70%)
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o)

(o] (o]
Cj 1. LDA/ hexane - THF €j§_ <);/§_, 176
— 2. Mel - ' - 177
A - 9.1 =N (68%) 178

3. Alkylation of 3,5-Disubstituted d-lactones
Stereoselectivities observed and yields are in general very good. When we look at the
different examples described in the literature, the product obtained is the trans-isomer regarding at C-
2, C-3. For example, treatment of the bicyclic lactone of Clive and co-workers (ref. 185) with 2 equiv
of LDA followed by addition of alkyl iodide and HMPA gives the coupled product in good yield. The
product is a single isomer with the stereochemistry at C-2 assigned on the basis of the proton coupling
constant J, , (3.0 Hz2).

o] o] (o]
[o] o} o]
R + RX —= R ‘R + A R
R2 R2 major R2  minor
(o] o
o] 1. LDA/THF o]
! 2. = ' [
S~ Br/\/ o exo-isomer, (86%)
2 o 180
<o_i§ 1.LDA / hexane - THF <)j§_ 181
] 2. Mel ]
’ ~° exo-isomer, (74%) 182
(o] o}
0 1. LDA / THF o
o 183
St 2. Mel St
_ single isomer, (82%)

o)

0

C 0 1. LIPC/ THF A o

HO N HO. 184
St 2. Mel St
stereochemistry not indicated, (63%)
o] o
[0} o]

1. LDA/ HMPA - THF

N\ 185
| oy/- :
2. o] (77%)

TBDPSO
o) 0
0 o)
1. LDA / HMPA - THF --
186
2. Mel
OMEM OMEM  (94%)
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(o)

o 1. LDA / THF
k 2. PhCH,0CHS|

o

(52%)
4. Methylation of 4,5-disubstituted d-lactones
a. Methylation of cis-4,5-disubstituted &-lactones
0 o} 0

[o] 0 o]
R'-- + Mel —— R-- Me + R'- -Me

R2 R2 major R2 minor

187

In contrast with 3,5-disubstituted &-lactones, after methylation, two diastereoisomers are

isolated, in general with an equimolar ratio. For the other cases, the major one is the trans-product

regarding at C-2, C-4. Interesting to note that yields of this reaction are always good. Paquette and co-

workers (190) observed only the formation of one stereoisomer, methylation of the enolate anion

occurs only from the convex face of the molecule with good yield.

(o} (o]
0 1.LDA/THF 0
2. Mel N
TBDMSO TBDMSO (81%)
(o] o] 0
o] o] o}
1. LDA/HMPA - THF -
+
2. Mel
BnO BnO 15:1 BnO (80%)

(o]
. [o] 1. LDA/ hexane - THF 0
L 2. Mel L
(o]
0 1. LHMDS / HMPA - THF
/- 2. Mel /
(o] (o]
@ 1.LDA / HMPA - THF {’j_
MeOQ ) 2. Mel Me0~} |

MeO - MeO

(86%)

(87%)

1. LDA

0
0 / HMPA - THF
ﬁ 2. Mel I> I>
{)j 1. LDA / THF 0
- . ..
Bno \ 2. Mel BnO/
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(95%)

one isomer, (79%)
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b. Methylation of trans-4,5-disubstituted &-lactones

0

ORI oS o

RZ major minor

In all cases, a mixture of two diastereoisomers is obtained, and stereoselectivities are, in
general, weak. Those lactones are often precursors of natural compounds, but, of course, there is only
one of the two isomers which possess the required configuration. As reported by Mori and co-workers
(ref. 201) methylation of their starting lactone afforded a mixture of the desired molecule (trans
regarding C-2, C-4) and its isomer. This mixture is separable by preparative HPLC. The pure product
is a precursor of pheromone. For the other examples, the separation of the two isomers has been done

0 o)
v 0 . O
1. LDA/ THF --
195

in the same manner.

gel

TBDPSO > 2. Mel TBDPSO > TBDPSO >
BnO BnO 1:1 BnO (93%)
1. LDA / HMPA - THF 196
2. Mel 197
1.13:1 (61%)
1. LDA / HMPA - THF 185
2. Mel
TBDMSO TBDMSO 15:1 TBDMSO (80%)
o] o
o} 1. LDA/ HMPA - THF o] 198
N — - +
Bno—: 2 Mel BnO—:
1:

1.LDA MeO,

»MTBDPSO 199
2. Mel
BnO
TBDMSO 21:1 TBDMSO (69%)
o] o] o]
. [o] 1. LDA/ HMPA - THF D (o] . [o]
- 1 - . - B 200
—/ 2. Mel _—/ ___/
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o] (o] o}
o] 1. LDA / HMPA - THF o] o]
B S o 201
2. Mel
25:1 (60%)
o] 0 o]
[o] 1. LDA/HMPA - THF [o] R [o]
/° N e 197
2:1 (58%)

5. Methylation of 3,4,5-Trisubstituted d-lactones
Only two examples are reported in the literature and in the two cases the authors observed the forma-

tion of a single isomer which is trans regarding at C-2, C-5.

0
1. LiPC / THF
202
2. Mel ,
BnO—
(31.5%)
O 0
@_{’j 1. LDA/ HMPA - THF @{’j_
Y 2.Mel — 203
- - (91%)

6. Methylation of 3,4,4,5-Tetrasubstituted d-lactones
The sole example described in the literature is reported by Caruso and Coll. As indicated, they stere-

oselectively obtained one isomer with 66% yield in the synthesis of quasinoid analogs.

[0}
1.LDA / THF ) .
2. Mel 9 204

TBDMSO TBDMSO OH (66%)

7. Methylation of 3,3,4,5,5-Pentasubstituted 5-lactones

OH OH
\\/ \/
= 1.LDA/THF =
(@n oWy 205
2. Mel
o

o (96%)
BnO~ QMoM 1.LDA/THF BnO oMo
. nQ~
0 -H LAl () -H 206
2. Mel
0 (o} (88%)

VL. ALKYLATION OF e-LACTONES (¢-Caprolactones)

Only a few examples about the alkylation of &-lactones are reported in the literature. In all
cases, treatment of the starting lactone with a base and then with an alkyl halide led to one isomer
with good to excellent yields.
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This reaction constitutes a key step for asymmetric total synthesis of azasugars described by
Vogel et al. (ref. 207, 208).

o] o]
1. LHMDS / THF 207
A/o Lo , Aro \o
(o} 2. Mel o) 208
O  (98%)
0.0 4 |DA/HMPA-THE 0.0

2. Br/\/ ~
% (89%)

209

N

N—. 0.0 .00
TBDMSO U 1.LDA/DMPU - THF TBDMSO g 210
Mezs‘i\©\ 2 Mel Mez§i©\
(92%

)
0._0
o o 1. LDA/TMEDA - THF BzO o
Bz0 - B2 ; - \\ 211
2 j/ \‘ Br
Br

(79%)

V. CONCLUSION

In summary, we have shown in this review that the stereochemistry of the product obtained
by alkylation depends essentially on the nature, the size and the substituents already present on the
starting lactone. The alkylated compounds can be useful building blocks for further synthetic applica-

tions. In some cases, this reaction is the key step for the synthesis of a natural product.
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