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Abstract-The total synthesis of the antibiotic malonomicin has ken accomplishal by a convergent synthesis in 
which the crucial step is a very mild coupling of the dipcptidc sidechain to the Iposition of the pyrrolidin-2,4dionc 
ring. 

Some years ago,* malonomicin (1) (formerly known as 
KM) was shown to be a reDresentative of the continu- 
ously growing group of m&Mites which all have in 
common a pyrrolidin-2,4dionc (tetramic acid) nucleus, 
acyliited at the 3-position. 

The first and still most simple member of this series is 
tenuazonic acid, the structure of which was determined 
as 3 - acetyl - 5 - set-butyl - 4 - hydroxy - A3 - pyrrolin - 2 
- one (2) by Stickings* (1959). In historical order, the 
other metabolites which have been shown to belong to 
this group are: streptolydigin (1963): erythroskyrin 
(E&I), cyc1opiazonic acid (E&8),’ tirandamycin (1971), 
ikarugamycin (1972): lipomycin (1973): oleficin (1973): 
magnesidin (1974),” and very recently equisitin (1976).” 

W 

0 
\\ 

CH, A 

2 

The substituents at C-3 and C-5 of the common tetra- 
mic acid nucleus of these antibiotics are structurally very 
divergent and their biosynthetic origins largely un- 
knowni The metabolic source of the set-Bu group of 
tenuazonic acid (2) together with C-4, C-5 and N-l has been 
shown to be L-isoleucin.‘h Likewise, the results of preli- 
minary biosynthetic investigations indicate that the 
aminomethyl group at C-5 of malonomicin has its origin in 
t2,3diaminopropanoic acid.13 A more conspicuous fea- 
ture of the structure of 1 is the presence of the unique 
aminomalonic acid moiety,” incorporated into the acyl 
substituentat C-3; this part of the molecule is of paramount 
importance for the biological activity of malonomicin as all 
activity is lost on dccarboxylation.’ The biosynthetic origin 

of this moiety is still unknown but is the object of active 
investi@ion in this laboratory. 

As far as we know up till now, only the total synthesis 
of tenuazonic acid” and magnesidin,” the more simple 
and stable representatives of this group of antibiotics, 
have been realized. Attempts to synthesize the tryp 
tophane derived cyclopiazonic acid16 are on the way. 
Not only as a keystone of the structure determination 
but also to explore the possibilities of synthesis of struc- 
tural analog&, we undertook the total synthesis of 
malonomicin, expecting the construction of the sensitive 
aminomalonic acid part to constitute the main obstacle 
on the way. 

At the outset, an obvious starting-point for the syn- 
thetic cndeavour seemed to be the readily avaiiable 3 - 
acetyl - 5 - N - bcnzyloxycarbonylaminomethyl - 4 - 
hydroxy - A’ - pyrrolin - 2 - one (Sa) (Scheme 1) which 
had served as an intermediate for the preparation of the 
valuable model compound Sb in the structure elucidation 
of malonomicin.’ Proper functionalization of the acetyl 
group, followed by coupling with the anion of a suitable 
protected mjnomalonic acid derivative, would then fur- 
nish a prtiubt which was expected to be easily trans- 
formed-into a direct precursor of malonomicin. Further- 
more, achievement of this goal would have provided 
considerable flexibility in attaching a variety of sub 
stituents leading to structural variations of malonomicin. 
However, all attempts to accomplish a selective trans- 
formation at the acetyl group of 5a were unsuccessful. E.g. 
bromination with N-bromosuccinimide. brominedioxane 
complex, pyridinium hydrobromide perbromide, pyr 
rolidone hydrotribromide, or elementary bromine, merely 
yielded s&&g material or intrac&ble mixtures of 
products. Only with CuBr, in CHCl#ZtOAc” a single 
product was obtained in moderate yield, tentatively assig- 
ned structure 8 according to ‘H NMR and elemental 
analysis, most probably the result of bromination at C-5 
followed by elimination of HBr. 
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Scheme 1. 

As the idea of a simply functionalized acetyltetramic 
acid derivative as a starting-point for the total synthesis 
was still appealing, we tried to cyclize 7r and 7b, the 
benzyloxy- and t-butoxy-substituted a-N-acetoacetyl 
derivatives of methyl N3 - btnzyloxycarbonyl - 25 - 
diaminopropanoate,” prepared from 3s and benzyloxy- 
or t-butoxyacetoacetic acid, 6a and db, respectively 
(Scheme I). However, neither under the original con- 
ditions of Lacey” nor with other combinations of bases 
and solvents, this deceptively simple looking cyclization 
(analogous to the successful reaction 4a---, 5s) could be 
realized satisfactorily. Presumably, electronic effects of 
the alkoxy group are responsible for this failure; steric 
effects can be excluded, as cychzation of 9, prepared 
from 3a and 7-t-butylacetoacetic acid, was accomplished 
smoothly in the standard way,” yielding 10 in good yield. 

= moiety is present, substituted with independently re- 
movable protecting groups for both the carboxy and 
amino functions. 

The obvious approach to the synthesis of 11 seemed to 
be the coupling of 3a with the #I-ketoacid 17a, which in 
its turn could be easily synthesized as shown in Scheme 
2. Dibenzyl aminomalonate hydrochloride 1210 wm2pro- 
tected by means of trichloroethyl chloroformate in 
sodium bicarbonate solution, and alkylated with t-butyl 
chloroacetate in DMF to afford 14 in 78% overall yield. 
Boilii 14 for 4min with a catalytic amount of p- 
toluenesulfonic acid in glacial acetic acid effected the 
removal of the t-Bu group. Treatment of the resulting 
carboxylic acid 15 with a tenfold excess of thionyl 
chloride in chloroform solution at room temperature 
furnished the acid chloride 14 in excellent yield. 

a C-CHa-C--COOCHap 
I 
NH 

x) 11 

The conversion of 9 to 10 illustrated that in principle As conventional methods for synthesis of @-ketoacids, 
the cyclization of derivatives of 4a carrying bulky sub e.g. via (selective) hydrolysis of the corresponding alkyl 
stituents could be achieved, even, it was hoped, if pro- /3-ketocsters (Experimental, preparation of 6a and Sb) 
vided with the appropriate functionality to elaborate the were expected to be troublesome in this particular case, 
dipeptide side-chain. We therefore envisaged the syn- a very mild and simple new method of general utility was 
thesis of 11, in which, besides the diaminopropanoic and developed, in which practically neutral conditions were 
acetoacetic acid residues, also the aminomalonic acid preserved during the conversion of 16 into 17a. Thus, 16 
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Scheme 2. 

was quenched into a 10% excess of the mono-anion of 
bis(trimethylsily1) malonate, followed by a short treatment 
with Hz0 in which the intermediate triacyl compound 
was both hydrolyzed and decarbxylated to yield 17a in 
almost quantitative yield.= 

In numerous attempts with various coupling reagents, 
the condensation of 3a with 170 gave almost no yield of 
the desired 11, but instead the decarboxylation product 
17h, the structure of which was proven by independent 
synthesis from 13 and bromoacetone. Successful coupling 
was only achieved ok the btnztriazolyl ester, formed in 
sitar from 17a by the action of 1-hydroxybenztriazole 
(HOBT) and dicyclohexylcarbodiimide (DCC).23 

In a second approach, the synthesis of 11 could also be 
accomplished as shown in Scheme 3. Methyl NJ - ben- 
zyloxycarbonyl - 2$ - diaminopropanoate 30 was 6rst 
coupled with t-butyl hydrogen malonate, followed by low 
temperature acylation with acid chloride 16 to give 19. 
Heating with p-toluenesulfonic acid in glacial acetic acid 
r~sukd in removal of the t-Bu group and simultaneous 
decarboxylation, yielding 11 in CCI. 30% overall yield 
from 3a. 

However, cyclizatioa of 11 to 21 could not be effected. 
Neither under the standard conditions of L,acey” (c$ 
conversion of 9 into 10) nor by employing other strong 
bases and solvents, such as potassium t-butoxide in 
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benzene or t-butanol, butyllithium in THE; at low tem- 
perature, sodium hydride in DMF or benzene, or phase 
transfer agents and potassium carbonate in ben- 
zene/water system, any success was met. In most cases, 
not even a trace of starting material 11 could be reco- 
vered, probably due to the higb base-sensitivity of the 
compounds involved. Obviously, base-induced decom- 
position of 11 and analogous compounds could only be 
prevented by application of a we& base; this, in turn, 
would presumably lead to a successful cyclization only if a 
very reactive ester instead of the methyl ester was present 
as the reaction partner. 

Acid 2iIb was considered to be a suitable starting 
material for the preparation of such an active ester. Its 
synthesis was realized by coupling t-butyl N3 - ben- 
zyloxycarbonyl - 2,3 - diaminopropanoate 3c with j!& 
keto-acid 17, followed by acid catalyzed removal of the 
protecting group. After some unsuccessful attempts, e.g. 
with mixed anhydrides (MC), the very reactive benz- 
triazolyl ester 2&I, prepared in situ from 2ob, HOBT 
and DCC in anhydrous THF at o”, was treated with a 
slight excess of triethylamine. Tbe UV spectrum 

the chide reaction mixtures afforded only traces 01 
malonomicin as indicated by TLC. An effective solu 
tion of this unexpected problem might have been 
found in the attachment of a seryl moiety to the 
aminomalonic acid part in an earlier stage of the 
synthesis, for instance by development of a /3-ketoacid 
analogous to 17a, but with a (protected) seryl residue 
instead of the amino-protecting trichloroethoxycarbonyl 
group of 20a. Preliminary efforts in this direction were 
temporized when progress was achieved in a different 
approach to the total synthesis, i.e. the direct acylation 
of the tetramic acid nucleus. 

Acyltetronic acids, the oxygen analogues of acyl- 
tetramic acids, have been made accessible in recent 
years by Bloomer et 41. through acid-catalyzed acylation 
of the appropriate tetronic acids.” In contrast, synthetic 
work in the area of acyltetramic acids and derivatives 
still mostly follows lines described by Lacey as early as 
1954, i.e. base-catalyzed cyclization of N-acetoacetyl- 
aminoester precursors.” Only magnesidin has been pre- 
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of the crude reaction mixture indicated the 
presence of the typical lacyltetramic acid chromo- 
phore (240 and 28Onm; the 240mn band disappears 
on acidilic-ation’“). Working up was facilitated by 
the fact that the acidic cyclization product 21 (pK* is 
expected to be cu. 3.5) was not extracted from ethyl 
acetate into sodium bicarbonate solution, so that most-of 
the byproducts (HOBT, DCU) could be removed easily. 
Preparative TLC afforded 21 in a modest 18% yield, 
which presumably may be raised somewhat by proper 
choice of reaction conditions. Under the same conditions 
(but with 2 equivs of Et,N) 4b, pr$ared by direct 

. condensation of 3b and diketene,‘s”9 afforded Sa in 
41% yield. 

The newly developed methcxl for C-acylation is 
expected to be more generally applicable; in particular, it 
will be useful in those cases where, due to the presence 
of sensitive groups in the reactants, the usual acylation 
methods (e.g. those involving acid halides or anhydrides) 
fail (cf. also Scheme 7). 

Removal of the protecting trichloroethoxycarbonyl 
group from 21 was easily accomplished with zinc in 9046 
aketic acidm2’ However, coupling of the resulting amino 
ester with protected serine derivatives under a variety of 
conditions, including agents such as EEIX&= DCC (with 
and without additives)” and DPPA (diphenyl- 
phosphorylazide)m had little success; hydrogenolysis of 

rohdinedione nucleus with a simple straight<haim 
aliphatic acyl component.‘o But as far as we are aware 
no base-indud acylations of pyrrolidinediones have 
ken carried out successfully, very probably due to a 
strong tendency of these compounds to dimerize under 
even mildly basic conditions. This kcame already 
evident in the preparation of 24 (Scheme 5), the 
requisite pyrrolidinedione precursor of malonomicin 
Hydrolysis with simultaneous decarboxylation of 23 
by Ba(OHh according to the method of OhtaB led tc 
self-condensation of the intermediate 24, giving W 
almost exclusively. Careful hydrolysis of 23 by boiling ir 
water for 6 min yielded 24 in moderate yield; prolong4 
heating lowered the yield considerably because of con 
version to 25. Highest yields of 24 (up to 90%) wen 
obtained by heating 23 in nitromethane or acetonitrile 
containing traces of water.3o’1 

As already mentioned, replacement of the 
trichloroetboxycar~nyl group in 21 by serine wa! 
not very successful. Therefore, it seeme 
advisible to perform the acylation of 24 with acid 27 OI 

active derivatives thereof, in which wine is already 
present as an integral part. Acid 27 could be easil) 
prepared (Scheme 6), starting from t-butyl ester 14 
Deprotection of 14 with zinc in 90% acetic acid, fol 
lowed by coupling with N-benzyloxycarbonyl-O-knzyl 
serine” afforded the oily t-butyl ester 26 (homogeneou! 
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in TLC) which was treated with a catalytic amount of 
p-toluenesulfonic acid in boiling glacial acetic acid during 
4min to remove the t-Bu group. The resulting product 
was purifkd by preparative TUI to provide 27 in 45% 
overall yield from 14. As was to be feared, all attempts to 
accomplish an acylation of 24 at C-3 under normal, 
strongly basic conditions failed, mostly kause of for- 
mation of dimer W, but also because solubihty problems 
prevented the use of solvents which were expected to 
stimulate C-acylation. Likewise, acylation under cataly- 
sis of kvis acids such as TiCl, or BF’, was unsuc- 
cessful.‘~ 

At the same time, the cyclization of ulb to give acyl- 
tetramic acid 21 (Scheme 4) had demonstrated that active 
methylenc compounds could be acylated under very mild 
conditions, i.e. in the presence of weak base (Et,N) and 
at moderate temperature (w” or below) if benztrkolyl 
esters were used as the acylating agent. Application of 
this principle to the particular problem of tetramic acid 

acylation seemed promising because under these con- 
ditions dime&&ion of 24 to 25 was expected to be very 
slow. Thus, carboxylic acid 27 was converted in situ into 
the corresponding benztriazolyl ester by treatment with 
HOBT and DCC in acetonitrile. Addition to the active 
methylene compound 24, followed by an equivalent of 
triethyl amine, tiorded a reaction mixture from which 
after 48 hr at room temperature the C-acylated product 
28 could be isolated by means of preparative TIC in cu. 
40% yield (Scheme 7). Althou& the reaction product was 
pure by analytical TLC, the NMR spectrum was very 
difficult to interpret because of extensive line-broaden- 
ing. The UV spectrum, showing the typical absorptions 
of the Iacyltetramic acid chromophore, however, 
proved beyond all doubt that 28 indeed had been 
obtained. 

As all protective groups of 28 are of the same type, i.e. 
benzyl and benzyloxycarbonyl groups, they can be 
removed in one step. After several attempts, this was 
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(400 ml) was added dropwise (within 30 min at IO”) anhyd benzyl 
alcohol (25Oml). followed by a soln of ethyl 4 - bromo - 3 - 
oxobutanoatcM (41.8 g, 0.2 mole) in dry benzyl alcohol (100 ml). 
After stirring ovcmigtlt at room temp. the mixture was ncu- 
tralized with glacial AcOH (60 ml) under ice-cooling. Water was 
added and the mixture extracted with ether. The combined 
organic layers were washed with NaHCO,aq, dried, concen- 
trated in UPCYO and distilkd to yield ethyl Cbenzyloxy - 3 - 0x0 - 
butanoatc (20.-5 g, 43%), b.p. 120-125”/10-* mm; NMR: 8 1.20 (t, 
3H), 3.48 (s, 2H), 4.10 (s, 2H), 4.13 (q, 2H), 4.55 (s, 2H) and 
7.31 ppm (s, 5H). 

This ethyl ester (11:8g, 0.05 mole) was stirred with 1N NaOH 
(55 ml) and H20 (85 ml) during 2Ohr. The resulting soln was 
washed with ether (5x), cooled in ice and acidified with 
l’N H$O,. Saturation with NaCI, extraction with ether (5X), 
washing with brine, drying and evaporation (temp. S 25oC) fur- 
nished h (7.9g, 74%) as a low-melting white solid, stable during 
months at -25”; IR (max): 3600-2400 (COOH), i7M and 
1710cm-’ (C=O); NMR: 8 3.49 (s, 2H), 4.11 (s, 2H), 4.52 (s, 2H) 
and 7.28 ppm (s, 5H). 

This compound was prepared analogously to 6a from ethyl 4 - 
bromo - 3 - oxobutanoat? and t-BuOH via ethyl 4 - t - butoxy - 
3 - oxobutanoatc (44% yield; b.p. 72-76’11 mm; NMR: 8 1.21 (s, 
9H), 1.28 (t, 3H), 3.54 (s, 2H), 4.02 (s, 2H) and 4.2Oppm (q, 2H), 
and saponification with NaOH (6b; 84% yield as a yellow oil; 
NMR: B 1.22 (s, 9H), 3.60 (s, 2H), 4.07 (s, 2H) and 11.02 ppm (s, 
1H)). 

3 - Acetyl - 5 - N - benzyloxycarbonylutninomethyiidene - 4 - 
hydmxy - A3 - pynvlin - 2 - one (8) 

Compound 5a (365 mg, 1.2mmole). and CuBr, (530mg, 
2.37 mmole) were suspended in CHCI, (3 ml) and EtOAc (6 ml), 
and boikd for 1 hr.” After cooling to room temp. the ppt was 
removed by suction filtration and the filtrate evaporated to dry- 
ness in mmto. The solid residue was treated with a small volume 
of acetone, kaving 52 mg of yellow crystals. The filter cake was 
extracted also with acetone and the extract evaporated to a small 
volume yielding another 70 mg of crystalline material, identical in 
aI respects with the first crop. Total yield 122 mg of 8 (34%), 
m.p. 203-205”; UV @ax): 281 and 340nm: NMR (D,-DMSO): 
8 2.40 (s,3H), 5.22 (s, 2H), 6.80 (d, lH), 7.39 (s, SH), 9.22 (s, lH), 
9.60 (d, 1H) and 10.56 ppm (s, 1H). (Found: C, 59.31; H, 4.60; N, 
9.11. Calc. for &H,,N,O,: C, 59.60; H, 4.67; N, 9.27%). 

Merhyl N’ - bmzyloxycatbonzyl - N* - (5,5 - dimethyl - 3 - 
oxohexanoyl) - 23 - dhminopropanoate (9) 

To a stirred soln of 53 - dimethyl - 3 - 0x0 - hcxanoic acid 
(395 mg, 2.5 mmolc) in dry DMF (5 ml) was added a soln of 3a 
(723 mg, 2.5 mmok) and Et,N (250 mg, 2.5 mmole) in dry DMF 
(10 ml) under cooling in ice, followed by diphenytphosphoryL 
a.~@’ (6W mg, 2.5 mmole). After stirring overnight the mixture 
was diluted with H20 (150 ml) and extracted by EtOAc. Washing 
with 1 N HCt, H20, NaHCO, aq and brine, drying and concen- 
tration in CJ~CYO yielded 9 (830 mg, 85%) as a thick oil, reasonabfy 
pure by TLC (SiO,; CHCl#her 4: 1) and NMR: 8 0.99(s, 9H), 2.38 
(s, 2H), 3.33 (s, 2H), 3.s3.7 (m, 3H), 3.67 (s, 3H), 4.3-4.8 (m, lH), 
5.08 (s, 2H), 5.75 (t, lH), 7.32 (s, 5H) and 7.65 ppm (d, 1H). 

s - N - benzyloxycut+onyhminomethyl - 3 - (3,3 - di- 
methylbutunoyl) - 4 - hydmxy - A3 - pyrrrr/in - 2 - one (10) 

A solution of 9 (240 mg, 0.61 mmole) in dry benzene (2 ml) was 
added to a stirred aoln of NaH (55% in oil; 30 mg, 0.7 mmofe) in 
dry MeOH (0.4 ml), and rcfluxed for 5 hr. Water was added under 
cooling and the aqueous phase extracted with ether. 
Acidification, extraction with EtOAc, drying and evaporation in 
r~cuo, yielded 10 (174mg, 73%). Recystallization from bcnzenc 
gave white crystals, m.p. 126-130”; UV (max): 242 and 283 nm; 
NMR (De-DMSO): d 0.99 (s, 9H), 2.68 (s, 2H), 3.1-3.5 (m, 2H), 
3.ti.l (m, IH), 5.03 (s, 2H), 7.22 (t, lH), 7.34 (s, 5H) and 
8.5-9.2ppm (m, 2H). (Found: C, 63.42; H, 6.70; N, 7.65. Calc. for 
C&,N20,: C, 63.32; H, 6.71; N, 7.79%). 

Cuvpling prodvcr (11) 
(a) By corrpling of h with 17r. Compound 3r (941 mg, 

3.74 mmok; free amino-ester prepared from the hydrochloride by 
treatment with cold NaHCO+q and extraction with EtOAc, 
drying and evaporation), HOBT (764mg, 5.66mmole) and 178 
(2.l6g, 3.74mmok) were dissolved in dry THF (II ml) at 0”. 
Then DCC (854mg, 4.14mmok) in dry THF (3 ml) was added 
with stirring. ZJ After 1 hr at 0” and 4hr at room telnp., the 
precipitated dicyclohexylurea was filtered off and the f&ate 
concentrated in DPCYO. The residue was dissolved in EtOAc and 
washed with NaHCO+q, 2N citric acid, NaHCO,aq again, and 
brine. Drying and evaporation in DUCYO gave 3.07g of an oily 
product which was purified by preparative TLC (SiO,; 
CHCl,/ethcr 3 : 1) yielding ll(l.72 g, 56%) and 17b (399 mg, 2096). 
both fully identical with the independently synthesized products. 
(b) By hydrolysis/deca&oxy!ution of t-butyl ester 19. Compound 
19 (145 mg, 0.16 mmole) and p-tolucmsulfonic acid (5 mg) in 
glacial AcOH (1 ml) were boikd for 4 min. Concentration in 
DOCYO, redissolving in EtOAc, washing with NaHCO,aq, 
0.5 N HCl and brine, drying and evaporation in uocuo yielded 11 
(117 mg, 9046) as a viscous oil, identical in all respects with the 
product obtained under (a); NMR: 8 3.32 (s, 2H), 3.4-3.65 (m, 
2H), 3.70 (s, 3H), 3.80 (s, 2H), 4.45-4.85 (m, lH), 4.61 (s, 2H), 
5.G5.2 (m, 3 x 2H), 5.40 (t, lH), 6.70 (s, lH), and 7.1-7.5 ppm (m, 
3xSH+ 1H). 

LWmzyl N - trichlormtlroxycurbonylami~~~o~~e (13) 
To 12” (2.68 g, 8 mmok) in sat. NaHCOJaq (22 ml) there was 

added dropwisc in about 2U min trichloroethyl chloroformate”’ 
(1.91 g, 9 mmole) with vigorous stirring. After 3 hr the white ppt 
was collected, washed with water and dried in DUCUO over P20j 
to yield 13 (3.71 g, 98%), m.p. 91-93” (from EtOH); NMR: 6 4.68 
(s, 2H), 5.13 (d, IH), 5.13 (s, 2 x 2H), 6.28 (d, 1H) and 7.28ppm (s, 
2 x 5H). (Found: C, 50.43; H, 3.94; Cl, 22.42; N, 2.82. Calc. for 
CjI&ljN06: C, 50.60; H, 3.82; Cl, 22.40; N, 2.95%). 

0’ - Benzyl - 0’ - 1 - butyl 2 - benzyloxycarbonyl - N - 
trichloroethoxycarbonylaspartate (14) 

Compound 13 (2.37 g, 5 mmolc) dissolved in dry DMF (15 ml), 
was added to a stirred suspension of NaH (120 mg, 5 mmole) in 
dry DMF (25 ml). After 1.5 hr t-butyl chloroacetate (2.5 ml) was 
added and stirring continued for 18hr. The mixture was then 
poured into dil. NaHCO, aq (200 ml) and the white ppt collected 
and dried over PzO, in WCYO, yielding 14 (2.31 g, 79%), m.p. 
123-124’ (after recrystallization from EtOH); NMR: 6 1.66 (s, 
9H), 3.43 (s, 2H), 3.64 (s, 2H), 5.14 (s, 2 x 2H), 6.61 (s, 1H) and 
727ppm (s, 2 x 5 H). (Found: C, 52.95; H. 4.92; Cl, 18.13; N, 
2.27. Calc. for C,H&I,NO,: C, 53.03; H, 4.79; Cl, 18.06; N, 
2.38%). 

0’ - Benzyl - 0’ - hydrogm 2 - benzyloxycarbonyl - N - 
trichloroefhoxycarbonylaspartofc (15) 

Compound 14 (1.175g, 2mmok) in glacial AcOH (12mf) was 
t&d for 4min with p-toluencsulfonic acid (60mg). Concen- 
tration in oucuo and recrystallization from EtOH furnished 15 
PMmg, 85%), m.p. 142-W”; NMR: 8 3.58 (s, 2H), 4.62 (s, 2H), 
5.13 (s, 2 X 2H), 6.60 (s, IH), 7.27 (s,2 x 5H) and 8.73 ppm (s, 1H). 
(Found: C, 49.69; H, 3.91; Cl, 20.10; N, 2.51. Calc. for 
CpH,C1,NOI: C, 49.59; H, 3.78; Cl, 19.96; N, 2.63%). 

Acid chloride 14 
A soln of 1S (532.5 mg, 1 mmole) and SoCl, (720 4, IO mmolc) 

in dry CHCi3 (3 ml) was kept at room temp. for 4 days. Evaporn- 
tion in uucuo left a colourless oil (550 mg, 10046) which solidified 
on standing, m.p. 78-86”. A sample for analysis was recrystah 
lized from benzene/n-hexane, m.p. 86-w; IR: 1797cm-’ 
(COCI); NMR: 6 4.15 (s, 2 H), 4.62 (s, 2H), 5.12 (s, 2 x 2H), 6.67 
(s, 1H) and 7.28 ppm (s, 2 x SH). 

fi-Keto-acid 17r 
A dn of bis@rimcthylsiiyl) malonate= (447 mg, 1.8 mmole) in 

dry ether (4 ml) at -60” was treated with n-BuLi (0.9m1, 2N in 
hexam). After warming to 0”. 16 (497 mg, 0.9 mmole) in dry ether 
(2 ml) was added in one lot. After stirring for IO min at 0” the 
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mixture was shaken with water and extracted with ether, Drying 
and evaporation yielded a yellow oil, which was taken up in a 
smalf volume of CHCl, and diluted with hexane to give 17 
(48Om& 92%) as white crystals, m.p. 10~115” (dec). An analy- 
tical sampk was prepared by repeated crystaRi&ion from 
CHClJhexane, m.p. llC11P; NMR: d 3.43 (s,2H), 3.87 (s, 2H), 
4.62 (s, 2H), 5.15 (s, 2x 2H),’ 6.68 (s, lH), and 7.3Oppm (s, 
2 X 5H). (Founds C, 49.82; H, 4.09; Cl, 19.05; N, 2.30. Cak. for 
&,H,Cl,NO~: C, 50.15; H, 3.86; Cl, 18.51; N, 2.44%). 

Acctonpl compound 17b 
A soln of 13 (1.19 g, 2.5 mmok) in dry DMF (10 ml) was added 

to a stirred suspension of NaH (62mg, 2.6mrnole) in dry DMF 
(5 ml). When the Hz evolution had ceased (cu. 1 hr) bromo- 

‘acetone (514 q g, 50% excess) was added and stirriag continued 
overnight. The clear mixture was diluted with NaHCOlaq 
(100 ml) and extracted with ether. Washing with brine, dry& and 
evaporation in vacua gave 1.28 g of a yellow oil which s0liditkd 
on standing. Rccryswn from EtOH yielded 17h (1.08 g, 
8O96), m.p. 75-78”; NMR: 6 1.59 (s, 3H), 3.70 (s, W), 4.63 (s, 2H), 
5.11 (s, 2 X 2H), 6.74 (s, 1H) and 7.25 ppm (s, 2 x 5H). (Found: C, 
51.87; H, 4.16: Cl, 28.18; N, 250. Calc. for CnH,C1,NO,: C, 
52.05; H, 4.18; Cl, 20.04; N, 2.64%). 

Methyl N3 - bmzyloxycurbonyl - N2 - (03 - I - butyl malonyl) - 
23 - diuminopropunoute (1%) 

t-Butyl hydrogen donate (544 r.1~,3.4 mmole) was added to a 
stirred soln of 3a (free aminoester; 852mg, 3.4mmole) and 
EEDQr’ (900 mg, 3.6 mmok) in dry THF (25 ml). After 20 hr at 
rmrn temp. the mixture was concentrated in uucuo and the 
residue dissolved in ether, washed with icecokl 2N citric acid, 
H,O, NaHCO,aq and brine, respectively. Dryin and evapora- 
tion in vucyo gave 18 (1.12 g, 84%) as a thick oil, homogeneous in 
TLC; NMR: 6 1.43 (s, 9H), 3.20 (s, 2H), 3.4-3.7 (m, W), 3.65 (s, 
3H), 4.4-4.85 (m, lH), 5.97 (s, 2H), 5.85 (t, lH), 7.32 (s, 5Hl and 
7.77 ppm (d, 1H). 

Acylution prvduct 19 
To a stirred soln of 18 (3% mg, 1 mmok) in dry ether (2 ml) at 

- 6@‘, BuLi (0.5 ml of a 2N soln in hcxanc) was added. After 
15 min, 14 (552 mg, 1 mmok) in dry ether (1 ml) was quickly 
added at 0” and stirring continued for 1 hr at 0” and 1 hr at r0om 
temp. Acid&at&m with 1N HOAc (4 ml), extraction with ether, 
washing with NaHCOr aq and brine, dryin and evaporation in 
OOCYO yielded a glassy product (849mg) which was puritkd by 
TLC (SiO,; CHCII) to furnish 19 (362 mg, 4046) as a colourless 
glass; NMR: b 1.50 (s, 9H), 3.4-3.65 (m, W), 3.72 (s, 3H), 4.15 
(s, 2H), 4.45-4.85 (m, lH), 4.63 (s, 2H), 5.b5.2 (m, 3 x 2H), 5.25 
(t, lH), 6.63 (s, lH), 7.15-7.5 (m, 3 X 5H t 1H) and 9.75 ppm (m, 
co. 1H). 

Coupling product #Ir 
This product was prepared from 3c and 17r analogous to the 

synthesis bf 11 (reaction time 2Ohr at ro0m temp.), yield (after 
preparative TLC) 64%; NMR: S 1.43 (s, 9H), 3.34 (s, 2H), 3.4-3.8 
(m, ZH), 3.85 (s, 2H), 4.3-4.8 (m, lH), 4.63 (s, W), 5.13 (m, 
3x2H), 5.70 (t, lH), 6.79 (s, 1H) and 7.1-7.5ppm (m, 3X5H + 
1H). 

Acid ub 
This product was prepared from m analogous t0 the synthesis 

of 11 (metid b), yield 8346, homogeneous in TLC (Si02; 
EtOAclEtOH 4: 1); IR: 370e2700cm-’ (OH); NMR: no t-Bu 
group. 

Cyclization pmduct 21 
A stirred soln of 2& (769 mg, 0.96 mmok) in dry THF (4 ml) 

was treated at 0” with HOBT (185 mg, 1.42 mob) and DCC 
(22Omg, 1.1 mmole). After 1 hr at 0” and 2hr at room temp., 
Et,N (100 mg, 1 mmole) was added and the mixture was stirred 
during 2 days. After fItration and dilution with EtOAc, the 
mixture was washed with NaHCOlaq, H,O, 1N citric acid and 
brine, respectively. Dryin and concentration in ~QCYO gave 
730mg of a viscous oil which was puri6ed by TLC (SiO,; 

CHCl&et0ne 1: l), yielding 21 (131 mg, 18.4%) as an amor- 
phous powder (dec. at 130-135”); positive FeCl,-spot test; UV 
@lax): 248 (e !&cm) Md 280 nm (11.250). 

Why1 N’ - b~loxycurbo~yl - N’ - (d - ethyl mcrlonyl) - 23 - 
diaminbpropawtie (22) 

To 3r (2.21 g, 7.7 mmok) and Et,N (774m8, 7.7 mmok) in 
CH&& (15 ml) was added at 0” a soln of ethyl hywn malonate 
(l.Ol)g, 7.6 rnmok) in CH2C12 (6 ml) and then EEDQ (2.02g, 
8.1 mmok). After stirring for 6 hr the mixture was washed with 
IN HCl, NaHCO, aq and H,O. Upon concentration in uucuo, 22 
(2.49g, 89%) was obtained as an oil, almost pure according to 
TLC and NMR: 8 1.23 (t, 3H), 3.28 (s, 2H), 3.68 (s, 3H), 3.45-3.75 
(m, W), 4.15 (q, 2H), 4.45-4.85 (m, lH), 5.87 (s, W), 5.68 (t, Hi), 
7.30 (s, 5H) and 7.73 ppm (d, 1H). 

5 - N - Benzyloxycurbonyiumiomethyl - 4 - hydroxy - 3 - 
mctlioxycurbonyl - A’ - pydin - 2 - one (23) 

A s0ln of 22 (8.82 g, 0.024 mok) and NaH (1.22g of a 57% 
suspension in oil, 0.03 mole) in dry MeOH (16 ml) and dry ben- 
zene (4Oml) was stirred and b&d for 3hr. After coolins, Hz0 
(5Oml) was added and the organic layer separated. The aqueous 
layer was acidified to pH1 and the ppt collected and recrystal- 
l&d from MeOH to yield 23 (4.36g. 57%), m.p. 145-1480; 
positive FeCl,-spot test; NMR (D,-DMSO): 8 2.9-3.85 (m, W), 
3.67 (a, 3H), 3.85-4.28 (m, lH), 5.66 (s, W), 7.22 (t, lH), 7.33 (s, 
5H) and lO.OSppm (s, 1H). (Found: C, 56.15; H, 5.28; N, 8.91. 
Cak. for (&H,,N,O,: C, 56.24; H, 5.03; N, 8.75%). 

5 - N - Benzyloxycu&onyluminomethylpyrrolidin - 2,4 - dionc 
(W 

A soln of 23 (1.63g. 5.1 nunok) in nitromethane (32ml) con- 
tain@ H20 (180 pl, 10 mmolc) was hiled for 30 min. The nsi- 
due obtained after evaporation of the solvent in vtacw was 
recrystallized from CHClp, yieldin 24 (l.l7g, 88%), m.p. 13S- 
135’; NMR (CD&N): d 2.88 (2 x s, 2H), 3.&35 (m, 2H), 3.8- 
4.25 (m, lH), 5.97 (s, 2H), 5.83 (t, lH), 6.90 (d, 1H) and 7.33 ppm 
(s, SH). (Found: C, 59.39; H, 5.49: N, 10.63. Calc. for 
CI&N20,: C, 59.54; H, 5.38; N, 10.68%). 

0’ - Be@ 0’ - t - butyl N - (ti - bmzyl - N - 6enryloxycur- 
htylretyl) - 2 - benzyloxycu~onylusputtute (u) 

To a stirred soln of 14 (1.2 g, 2.04 q mole) in 9096 AcOH (60 mt) 
there were added over a period of 15 min three portions of 1.5 g 
each of Zn powder at 0”. After stirring for 1 hr at U’ and for 1.5 hr 
at room temp., the mixture was tiered, the filtrate concentrated 
in OUCYO and the residue dissolved in EtOAc and H20. The 
0rganic hyer was washed with 1N NH,OH and evaporated in 
UPCYO to dryness, yieldin the deprotected product O’-l~nzyl 
0’ - t - butyl 2 - bcruykxycarbonylaspartate (843 mg, 10096); 
(NMR: S 1.38 (8, 9H), 2.55 (s, 2H), 3.09 (s, 2H), 5.18 (s, 2 x 2H) 
and 7.34ppm (s, 2~5H)). Thii compound (843mg. 2.04rnmole) 
and N-benzyloxycarbonyl - 0 - benxylserinen (671 mg, 
2.04 bole) were dissolved in dry THF (9 ml) and a s0ln of DCC 
(430 mg, 2.09 mmok) in dry THF (1 ml) was added at about - lo”. 
After stirring for 1 hr at -lr”, the mixture was kept for 2 days at 
(P.” Filtration and concentration in oucuo gave an oil which was 
redissolved in EtOAc and washed with cold 1N HCl and 
sat. NaHC&aq. I&G8 and evaporation in OPCW yielded Y 
(1.51 g, 10096) as a viscous oil, almost pure by TLC (SiO,; 
CHCl,/CCl, 5:2); NMR: 8 1.32 (s, 9H), 3.48 (s, 2H), 3.4-3.9 (m, 
W), 4.45 (s, 2H), 4.14.6 (m, lH), 5.10 (m, 3xZH), 5.64 (d, lH), 
7.1-7.4 (m, 4X 5H) and 8.17 ppm (s, 1Hj. 

0’ - Bemy/ 0’ - hydrugen N - (@ - be@ - N - benzyloxycur- 
bonylsetyl) - 2 - bcnryloxycu~nylaspo~~e (2?I 

This compound was synthesized from 26 anaio8oUS to the 
preparation of 11 (method b), yield 9396, purification (with sub 
stantial loss) by preparative TLC (SiO,; CHClJacetom 4: 1); 
NMR: S 3.2-3.9 (m, 4H), 4.15-4.6 (m, lH), 4.37 (s, 2H), 5.08 (m, 
3 x 2H), 5.87 (d, lH), 7.1-7.4 (m, 4x SH), 8.18 (s, lH) and 
9.82 ppm (s, 1H). 
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3 - [O’ - Benzyf N - (d - benzyl - N - benzyloxyca~onylseryl) - 2 - 
benzyloxycohonyl - 4 - ospatiyl] - 5 - N - benzyloxycot6onyL 
aminomethyl - 4 - hydmxy - A’ - pyrrolin - 2 - one (28) 

To 27 (898 mg, 1.33 mmole) and HOBT (1% mg, 1.45 mmole) in 
dry acetonitrile (30ml) was added at 0” DCC (299 mg, 
1 .I5 mmole) in dry acetonitrile (15 ml). After stirring for 45 min at 
0” and for 1 hr at room temp., the mixture was added to a soln of 
24 (349 mg, 1.33 mmole) and Et,N (145 mg, 1.45 mmole) in dry 
acetonitrile (225 ml). After 3 days at room temp., the mixture was 
filtered and the filtrate concentrated in uacuo to dryness. The 
residue was dissolved in EtOAc, washed with NaHCO,aq, 2N 
citric acid and H20, sequentially, dried and concentrated in 
uacuo yielding 1.07 g of a viscous oil. Further purification by 
preparative TLC (SiO,; CHCI,/EtOH/acetone/25% NH,OH 
9: 1: 1 :O.l) gave 28 (486 mg, 40%); UV (max)(CH,OH): 243 and 
284 nm; positive FeCl,-spot test. 

5 - Aminomethyl - 3 - (2 - carboxy - N - seryl - 4 - aspartyl) - 4 - 
hydmxy - A3 - pyrrolin - 2 - one (molonomicin) (1) 

A soln of purified 28 (138 mg, 0.15 mmole) in MeOH (3.5 ml) 
containing a few drops of 6N HCI was vigorously stirred for 
18 hr at 0” with 10% Pd-C (25 mg) in a H2 atmosphere. After 
filtration and concentration in UQCUO, the residue was dissolved in 
IO mM NH,OAc-soln (100 ml) and adsorbed on DEAE-Scphadex 
A-25 (column of 35 x 1.5 cm; adsorbens swollen in 
0.5 M NH,OAc and equilibrated with 10 mM NH,OAc-soln). 
After washing with Hz0 (pH 7), the product was eluted with a 
linear gradient H,O/lN HOAc (total of 600 ml; flow rate 30 ml/hr. 
The fractions containing the product were collected and 
evaporated in UDCUO at 25”, yielding racemic 1 (48 mg, 86%) 
(contaminated with a very small amount of its decartmxylation 
product), fully identical with the natural product’ by TLC (SiO,; 
EtOHllN NH,OH 3: 2) UV, IR and 13C-NMR (D20 + NaOD, pD 
8.5): 6 49.4, 44.5, 55.6, 56.6, 62.3, 67.6, 102.9, 169.2, 175.3, 178.5, 
193.5 and 194.4ppm. 

Ac~owlcdgrmmt-We thauk Gist-Brocades N.V., Delft, for 
generous gifts of the antibiotic, and for measurement and com- 
parison of the biological activities of synthetic and natural 
malonomicin. 
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