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DIMETALATED TERTIARY SUCCINAMIDES. SYNTHESIS OF SEVERAL CLASSES
OF LIGNANS INCLUDING THE MAMMALIAN URINARY LIGNANS ENTEROLACTONE AND ENTERODIOL
K K Mahalanabis, M Mumtaz and V Snieckus*

Guelph-Waterloo Centre for Graduate Work in Chemistry
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Summary. Reaction of dimetalated succinamides with benzyl halides and aromatic
aldehydes provides short routes to diverse ligran natural products 2 %, and éﬁ,
including the human urinary metabolites (?g) and (%@)

Within the scope of the synthetic methodology developed for 2,3~disub-

stituted succinamides %1 1s the stereoselective introduction of aromatic alde-

hyde and benzyl units 1in i1dentical [1, E1 = Ez = ArCH(OH) or ArCH2] or mixed
4"

[%, E1 = ArCHz, E2 = ArCH(OH)] fashion. Some of the resulting 1,4-diarylbutane
systems are, 1n principle, convertible by simple transformations into 1,4-
diarylbutane (%), dibenzylbutyrolactone (g) and 3,7-droxabicyclo[3 3 OJoctane
(%) lignans 2,3 In this Letter, we report the realization of these conversions
which, 1n practice, constitute short, efficient, and general syntheses of
several classes of plant-derived lignans (%, %, %%)2 as well as the first ex-
amples of the mammalian lignans, (#)-enterolactone (QQ) and (*)-enterodiol

(%s) 4,5 The recent discovery of the last two biogenetically 1nterest1ng6 sub-
stances coupled with their potential physiological implications has added a new

dimension to the well-established position of lignans as natural products with

a rich spectrum of biological activity 2,32,7
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2,3-Dibenzylated derivatives % were obtained according to the standard

procedure:1 threo:erythro(% yield): 5%: 20:1 (50); gb: 15:1 (71); 5¢: 8:1
M 4Y Ny

8,9 Reduction with LiEt.BH'C (4.7 equiv./THF/{[/5 h) provided the amide

3
9,11 gg (71%), Q% (83%), and ££ (66%) which were smoothly converted

(80).
alcohols
(TsOH/PhH/4L/4 h) into the butyrolactones8 %% (84%), 3b, (98%) and 3¢ (80%).
%@ and %Q were shown to be identical with dimethylmatairesinol and hinokinin

respectively.12

Reduction (LiA1H4/THF/RTj1 h/90%) of compounds %% and %Q gave

secoisolariciresinol dimethyl ether (za)13 and dihydrocubebin (2b).13 Mesy-
L4*aY Y

lation (MsCl/py/0°C) of %R followed by reduction (LiA1H4/THF/1L/1 h) (94%

overall) afforded australobailignan-5 (%%).12

The conversion of 2a into 2d
U o
has been reported.z This short sequence thus constitutes a general synthesis
of structural types % and g from é in 27-50% overall yields. Demethylation
° 12 . .
(BBrB/CHZCIZ/O C) of 2% gave enterolactone (gg) in 32% overall yield from

N,N-dimethylsuccinamide. Reduction with LiAlH4 as before gave enterodiol (%g)
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u Figure: An ORTEP plot of the

molecular crystal structure of 3

compound ’?fi- Ar

3,4-(0Me) 2C683

The reaction of dimetalated N,N-diethylsuccinamide (2.2 equiv LDA/TMEDA/
THF/—780C) with benzaldehyde (2.2 equiv/—7800 +~ rt/12 h) furnished a mixture of
: . i . ; . - o
diasteriomers, g%.Z% (2:1) in 85% yield. The major isomer (Q%), mp 184°C
showed a simple NMR spectrum [CDClB-DZO, § 0.53 and 1.04 (12 H, 2 x t, J =7 Hz),

2.8-3.5 (8 H, br m), 3.71 (2 H, s), 4.60 (2 H, s), 7.27 (10 H, s)] suggesting
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a highly symmetrical structure The syn-anti-syn stereochemlstry14

15,16

of Q% was
revealed by x-ray crystallographic analysis (Figure) Similarly, conden-
sation with veratraldehyde led 1in 72% yield to a mixture of QE ZE (3 1) 8 The
syn-stereoselectivity at C1,2 and Cl',2' follows the accepted features of the
aldol condensatlon17 under thermodynamic control (minimal non-bonded inter-
action with Ar 1in pseudo-axial orlentatlon),18 while the EEEL.Cg,zv configura-
tion may be rationalized by a least hindered approach of the second PhCHO to
the 1 1 adduct monoenolate

Refluxing of the major diasteriomer g% in HOAc (2 h) and MeOH/HC1 (40 min)
gave the trans-2,6- and cis-2,6-diphenyl bislactone %% (85%)13 and %e (65%)12

respectively Under extended reflux in HOAc (18 h), the tetramethoxy adduct QR

was converted into a mixture of 4b (35%)13 and the dehydro monolactone 8 P
sy Y

(65%) 8 In the transformations 6a + 4b-c¢, epimerization at C, (C,,) 1s a mini-
V" VATV 2 2

mal requirement, the diaryl stereochemistry 1in 32, 35 may be a consequence of
thermodynamic stability The expected enhanced formation of carbonium 1ions 1in
QE may be responsible for the product distraibution disfavoring %E. These
mechanistic implications are under further study Bislactones of this type
have been converted into naturally-occurring lignans, e g 32 > %% (eudesmln).3d
Dimetalated succinamides provide an efficient synthetic alternative to

existing methodology3b_d’19

20

for the construction of diverse lignan natural pro-

ducts
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