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PYRROLIDINONE; SYNTHESIS OF ENANTIOMERICALLY PURE AZABICYCLES
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Abstract: The alkylation of the dianion of the title compound (2), readily prepared from (S)-
malic acid, with w-iodo-1-trimethylsilyl-2-alkynes (8a-c) occurs with high trans-selectivity
with respect to the hydroxyl function. The prnducts_TW1a-c) cyclize in formic acid to enant-

iomerically pure azabicyclic allenes (12a-c), one of which (12b) might be a suitable precursor
to peduncularine (15).

5-Ethoxy-2-pyrrolidinone 1 is a dipolar synthon with a HQ,
nucleophilic 3-position and an electrophilic 5-position, which EK)/)<;;>§§O Jj?ji)¥§
has been shown to be useful for the synthesis of various aza- k EtO N o
bicyclic moleculesT. From the stereochemical point of view, T 1 /J\\
is less serviceable, since alkylation of its enolate leads to
an approximately 1:1 mixture of stereoisomers, thus making enantiomerically pure 1, if available,
useless as starting material1a. In this letter we wish to report that enantiomerically pure 2
readily available from (S)-malic acid, is in addition to its quality as dipolar synthon, an
excellent chiral starting material.

The synthesis of key molecule 2 is detailed in Scheme I. Treatment of (S)-malic acid with,
successively, acetyl chloride, isopropylamine and again acetyl chloride2 furnished imide 3
as a nicely crystalline solid3. Reduction of this imide with NaBHu2 occurred with virtually
complete regioselectivity to a hydroxy lactam, which on ethanolysis afforded ethoxy lactam 3
as an epimeric mixture at C-5. Removal of the acetyl group proceeded in high yield to give
the desired alcohol 23 as a 85:15 mixture of C-5 epimers.

Our basic strategy for the synthesis of azabicyclic systems from 2 (Scheme II) consists of,
successively, deprotonation to dianion 5, alkylation to é_and cyclization to 7. The deprot-
onation of 2 with 2.1 eq of lithium diisopropylamide (LDA) in THF to dianion 5 was allowed to
oceur at -78°C for 1 h and was then completed at -25°C for 1 h. Alkylation reactions of 5
with iodomethane, acetone and iodides §§:g (See Table) proceeded with high stereoselectivity
to the 3,4-trans-products 2?, 19? and 11@59?, as no trace of 3,U4~-cis-products could be deteotedu.
The trans-stereochemistry was not established at this stage, but after the subsequent cyclizatim
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©8%) 4 (91 %) (99 %)

a.1) 7.2 eq. AcCl, 1.5 hreflux 2) 2.6 eq. iPrNH,, THF, r.t. 3) 7.2 eq. AcCl, 5 h refiux b. 1) 5 eq. NaBH,, EtOH, 15 min.
-15°C 2)2 N H,SO,/EtOH, 15 min. -25°C, 1 h r.t. ¢. NaOEt (cat.), EtOH.
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reaction (vide infra). The alkylation products were again 85:15 mixtures of C-5 epimers, indic~
ating that the asymmetry at C-5 has no influence on the stereochemistry of alkylation. Elimin-
ation of HI which at ~78°C lowered the yield of alkylation with iodide §g, could be suppressed
by carrying out the reaction at -117°C.

HO,

HQ, Li HOQ E —’X\
N
LDA \ E*(lectrophile) acid N-
SCHEME IT 2ieq - > —
EOTN S0 R1e) oSN So BOS Ny SO0 o
THF
2 /J\\ 5 //L\ 6 /J\\ 7

Cyclization experiments (6 - 7, Scheme II) were carried out by dissolving the alkylation
products 1ia-c¢ in formic acid, and stirring the resulting solutions about 4 h at room temperat-
ureg. The products were mainly formate esters, which after evaporation of formic acid, were
deformylated to the corresponding alcohols through treatment with methanolic ammonia. In this

3

manner were obtained the crystalline allenes 12a-c” along with protodesilylation products 13a~-c

and their dimers 14a and 14c. Not surprisingly, 6-membered ring formation appeared to be
the most facile reaction.

The relative stereochemistry of 12b and 12c was proved by using the NOE difference technique
in 1H NMR spectroscopy. Irradiation of the methine proton adjacent to the hydroxyl function
led to a clear intensity enhancement of the signals of at least one of the methylene hydrogens
in both compounds. An X-ray crystallographic analysis proved the structure of 12a (See Figure).
These facts established the trans-stereochemistry of the alkyl substituent with respect to the

hydroxyl function in 1la~c and by analogy in the other alkylation products 9 and 10.

Figure
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The enantiomerically pure bicyelic lactams 12a-c may be useful compounds for several purposes.

Hydrolysis of the lactam function could lead to interesting y-amino acidss. Removal of the

. . , . 9
carbonyl group will lead to amino alcohols, which could be applied in chiral base catalysis”.

Our work is currently being directed towards the synthesis of peduncularine (12), an Aristotelia

. L. 10,11
alkaloid of unknown absolute stereochemistry, which has shown antitumour activity ~’ . Aza-

bicyclic allene 12b seems to be a suitable precursor, since we have recently shown that an
R . . 1e,d .
exocyclic allene can be readily transformed into an endocyclic olefin ~'~. Further studies

will be reported in due course.
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TABLE

electrophile alkylation producta pr‘oductsb after cyclization and deformylation
(alkylation (isolated yield) (isolated yield)

conditions)

&
oSN 0
{1 h, -78°C) A 9 (69 %)
el
&
{CHg),CO
E0 NT O
(35 h, -78°C) A 10 (60 %)
l\__EE__\ $\\\\\N/SM% /, “\¢7
Sives = + dimer ©
o
d(Sh,-117°C) 11a (78 %) 12a (53 %) 13a (17%) 14a (6%)
SiMe, HO
SiMe,
d [o} HO N o
8b  (6h,-117°C) 11b (50 %) 12b (87 %) )\ 13b (6 %)

/ s
l/x:——\ \\\\\\/\\/ SiMe, J\ / \\\\\\/v
SiMe, O NS0 +dimer ®

8c%(asn, -78°C) A 11¢ (61%) 12¢ (53%) A 13¢ (21%) 14c (5%)

a) About 85:15 mixture of C~5 epimers.

ation of these conditions the reaction mixtures were allowed to slowly warm up to room
d)

b) c)

For spectral data see ref. 12. After applic-

temperature and then worked up. This iodide was prepared by treating the mesylate

of the corresponding alcohol-6’7 with 3 eq of KI in DMF. The structure of this
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Some selected data are as follows: 12a: mp. 95-8°C; [a]20+306°(c =0.87, CHCl3 IR(CHC13):
3350 (br), 1965, 1675 em™'; 'H NMR(CDCLy, 200 Miz) 6 5.05 (br, OH), .75 (m, CxCH,), 4.17
(s, J=T Hz, CH(CH ) ), 4.04 (m, CHOH & NCH), 2.68 (m, COCH), 2.60 (m, 1H), 2.23 (m, 1H),
1.15 (d, J=7 Hz, CHCH ), 1.03 (4, J=7 Hz, CHCH s 13C NMR(CDC13, 50 MHz) &6 201.7 (s), 174.7
(s), 98.2 (s), 79.4 (d) 77.9 (t), 65.2 (d), 50 9 (d), 42.6 (d), 28.0 (t), 20.9 (q), 20.5
(@). 12b: mp. 147-9°C; [alZ0+258° (c=5.0H, CHCly); IR(CHC13): 3370 (br), 1965, 1680 e
Ty NMR(CDCL,, 200 MHz) 6 4.72 (m, C=CH,), 4.34 (s, J=7 Hz, CH(CHy),), 4.11 (s, NCH), 3.89
(s, CHOH), 3.10 (br, OH), 2.53 (m, COCH), 2.20 (m, 2H), 1.99 (m, 1H), 1.68 (m, 1H), 1.18
(d, J=7 Hz, CHCHy), 1.15 (d, J=7 Hz, CHOHp); e NMR(CDCLy, 50 MHz) 6 202.5 (s), 174.1 (s),
98.5 (s), 77.9 (d), 75.7 (t), 63.6 (d), 49.3 (d), 43.71 (d), 23.8 (&), 22.5 (&), 20.2 (q),
20.0 (q). 12c: mp. 102-5°C; [@]2’+161° (c=0.15, CHC1,); IR(CHCL,): 3370 (br), 1950, 1660
e s TH NMR(CDCL, 250 MHz) 6 4.66 (m, C=CH,), 4.24 (s, NCH), 4.20 (s, J=7 Hz, CH(CH;),),
4.12 (s, CHOH), 3.16 (br, OH), 2.52 (m, COCH), 2.23 (m, 2H), 1.99 (m, 1H), 1.63 (m, 3H),
1.22 (d, J=7 Hz, CHCEa), 1.17 (d, J=7 Hz, CHQﬂa).
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