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Abstract- Toward the assignment of liposidomycin stereochemistry, a
stereocontrolled synthesis of the liposidomycin diazepanone ring system and
two precursors, has been achieved. The NMR coupling constants of a 5-
phenyl model compound closely related to the liposidomycin diazepanone
degradation product.

Liposidomycins, found in the culture filtrate and mycelia of Streptomyces griseosporeus by Isono and
co-workers in 1985 as a family of novel lipid-containing nucleoside antibiotics, strongly inhibit
bacterial peptidoglycan synthesis.1.2 The primary site of action of liposidomycin was determined to be
at phospho-N-acetylmuramyl pentapeptide transferase (Trandocase 1), the first step in the lipid cycle of
peptidoglycan synthesis in the cell wall of E. coli at 0.03 ug/mL, which is three orders of magnitude
greater activity than that of tunicamycins and is extremely specific.2 The structures of liposidomycins,
A, B and C, were ascribed to 1la, 1b and 1c, respectively, based on degradation studies and
spectroscopic evidence.3 Because of the flexibility of the seven-membered ring and the unusual nature
of the ring atoms and substituent, the relative and absolute stereochemistry at three carbons on the
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diazepanone ring (2"’’, 3’ and 6’) and one in the junction between diazepanone and nucleoside
moieties (5') has not been established. With the limited supply of material for further degradation or
crystallographic studies, the synthesis of model compounds and degradation product (2) becomes an
important tool for structural assignment. Several research groups have engaged in the respective
synthesis of a ribosyl-substituted diazepanone,4 a diazepanone nucleoside,® a nucleoside disaccharide,®
and an isoascorbic acid derived diazepanone.” Particularly, Knapp and co-workers recently reported the
synthesis of 1,4-diazepan-3-one compounds8 and the assignment of liposidomycin diazepanone
stereochemistry as 6'(S), 2"’ (S) and 3"’ (S or its enantiomer.9 We report here the synthesis of 4 and 6,
which are possible synthetic precursors of liposdomycin 1,4-diazepan-3-ones (3 and 5). Through the
synthesis of these compounds, the construction and functional group introduction on the 1,4-diazepan-
3-onering system are demonstrated.
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Our retrosynthetic plane of diazepanone compound (3) was outlined in Scheme 1. As carboxylic acid
will be constructed at the final synthetic stage, benzoyl (Bz), methoxymethyl (MOM) and tert-
butyldiphenylsilyl (TBDPS) protection groups were chosen for the C-2° and C-1' hydroxy and C-5
hydroxymethyl groups. Introduction of two N-methyl groups on the diazepanone ring was planned after
diazepanone ring closure. The 1,4-diazepan-3-one ring system (8) was constructed via intramolecul ar
imine formation (9) from a dipeptide fragment (10), which contained an adehyde and an amine moiety.
The dipeptide fragment was prepared by coupling between the amino alcohol fragment (11) and a-
azido acid (12).
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Starting from 2-azido-1,3-diol (14) and 3-azido-1,2-diol (15) obtained from known 4-methoxybenzy|
(MPM) protected 2,3-epoxy alcohol (13)10 by sodium azide (NaN3) treatment,? the 1,3-diol (14) was
converted into 11 by TBDPS protection and following azide reduction by 10 %Pd-C/H, in 80% yield.
On the other hand, the 1,2-diol (15) was converted into carboxylic acid (12) in a4 step-sequence; Bz
and MOM protection, the deprotection of the MPM group with DDQ and PDC oxidation in DMF.
Coupling of two fragments (11) and (12) was achieved with DCC and HOAt in THF to give 19 in 62%
yield. Bz protection of the secondary alcohol and DDQ deprotection of the MPM group gave 21, which
was subjected to Swern oxidation to give aldehyde (10) in 96% yield. On treatment of 10 with 10%
Pd-C under H, atmosphere in the presence of AcOH, imine (9) was isolated in 59% yield.
Hydrogenation of imine with NaBH3CN afforded 1,4-diazepan-3-one derivative (8) in 91% yield.
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Methylation at the N-1 and N-4 positions was examined. On treatment of 8 with HCHO, AcOH and
NaBH3CN in MeCN, the N-1 position was methylated to give 22 in 93% yield. Further methylation at
the N-4 position failed under various conditions. The TBDPS group of 22 was removed with TBAF in
the presence of AcCOH in THF to yield alcohol (23) in 80% yield.1! Oxidation of primary hydroxy
group with such as PDC, Dess-Martin periodinane, and tetra-n-propylammonium perruthenate, was
unsuccessful.

Based on the above results, in the synthesis of 5, a carboxylic acid equivalent (Ph) and the N-4 methyl
group were introduced before the 1,4-diazepan-3-one ring construction. The 1,4-diazepan-3-one ring
system was also constructed via imine (26) from the dipeptide fragment (27), which was prepared from
the coupling of 12 and N-methylamine. The starting amine fragment (28) was obtained from
phenylglycidyl trifluoroacetimidate (29).
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Trifluoroacetonitrile and (2S,39)-3-phenylglycidol (30) was condensed under our reported method13 to
yield 29 in 87% yield. On treatment of 29 with 0.5 eq. of Et,AICI in CH,Cl, at 0°C, cyclization took
place selectively at the benzylic position to give 94% vyield of dihydrooxazolines (31), which was
hydrolyzed to 1,2-diol (32) in 80% yield.14 Protection of the 1,2-diol as an acetonide and methylation
of trifluoroacetamide afforded 33. The trifluoroacetamide group of 33 was easily removable under
akaline conditions (K,CO3, MeOH, H,O 100°C) to afford 28 in 93% yield. Although epoxy
trichloroacetamide is known as a useful intermediate for synthetic organic chemistry,1® unfortunately,
cleavage of the corresponding trichloroacetamide group of 33 did not proceed and no amount of 28 was
obtained. Coupling of acid chloride of 12 with 28 in CH,Cl, afforded 34 in 61% yield.16 Acid
hydrolysis of the acetonide group readily gave 1,2-diol (35) in 85% yield. Sequential protection of the
primary hydroxy group with the TBDMS group and the secondary hydroxy group with the Ac group
afforded 37 in 93% yield. Careful acid treatment of 37 gave primary acohol (38) and the following
Swern oxidation gave adehyde (27) in 86% yield. TBDMS deprotection by TBAF and/or strong acidic
conditions caused Ac migration to give secondary acohol (39). Diazepanone ring closure was achieved
by 10% Pd-C under H, atmosphere conditions and 1,4-diazepan-3-one (25) was directly obtained from
27 in 94% yield. Finally, N-1 methylation of 25 by HCHO, AcOH and NaBH3CN in MeCN afforded
617in 87% yield.

IH and 13C NMR spectral data reported for the liposidomycin degradation product (2) and synthetic
compounds (4) and (6) are shown in Table 1. The signals for 6 match closely those of 2. In particular,
the respective signals of H-6 for 4 aredt, J = 9.5, 2.2 Hz and for 6 are dt, J = 4.6, 2.2Hz, compared
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Scheme 5
with dt, J=4.8, 2.7 Hz for H-3""" of 2. Also, the respective signals of H-7 for 4 aredd, J = 2.2, 13.4 Hz,
dd, J=9.5, 13.4 Hz and for 6 are a couple of dd, J = 2.2, 15.6 Hz, compared with a couple of dd, J =
2.7,15.3Hzfor H-4"" of 2.

Table 1. 1H-NMR spectral data of 1,4-diazepan-3-one compounds

position 2 (in D20) 4 (in CDCl3) 6 (in CDCl3)
6 (2 3.68,d,J=10Hz 3.45,d,J=3.1Hz 3.43,d,J=9.2Hz
2 (5) 4.22,d,J=48Hz 4,60, dddd, J=2.2,5.0,8.1,9.8Hz | 4.90,d,J=4.6 Hz
3" (6) 4.46, dt, J =4.8, 2.7 Hz 5.72,dt, J=9.5, 2.2 Hz 5.70, dt, J= 4.6, 2.2 Hz
4 (7) 3.16,brdd, J=2.7,153Hz | 2.70,dd, J=2.2,13.4 Hz 3.27,dd, J=2.2, 156 Hz
4 (7) 3.21,dd, J=2.7,15.3 Hz 3.29,dd, J=9.5, 134 Hz 3.42,dd, J=22,15.6 Hz

In conclusion, two liposidomycin diazepanone derivatives (4 and 6), precursors of penta-substituted
5(R) and 5(S) liposidomycin diazepanone derivatives (3 and 5), have been synthesized. The reductive
amination approach to diazepanone ring is rather smple and easy to perform in high yield. Although
conformational analysis of the presented compounds by molecular modeling (MM) calculations is still
required, the stereochemistry for the liposidomycin degradation product (2) is suggested to be 5'(S),
6(9, 2" (9 and 3'(9 or its enantiomer. The synthess of 2"''R- and 2"’ Sliposidomycin
diazepanone (3 and 5) and their conformational analyses by MM calculations are an on-going project,

and will be reported in due course.
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