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ABSTRACT 

A series of derivatives of the 2-deoxy analogue of /3-KDO (2,6-anhydro-3- 
deoxy-D-glycero-D-tulo-octonic acid; ammonium salt, 2) has been synthesised as 
potential inhibitors of CMP-KDO synthetase, starting from methyl 2,6-anhydro-3- 
deoxy-4,5:7,8-di-O-isopropylidene-o-glycero-D-talo-octonate and replacing the 
CO,Me group attached to C-2 variously by +CONHz, CONHOH, CH,OH, 
CH,PO(OH)(O-NH,+), COCH,PO(OH)(O-H,N (), CHrCOz-NH,+, CON- 
HCH,CO,-NH,+, CONHBn, CONHHexyl, CO,Bn, and CO,Hexyl. Of these 
derivatives, the hydroxamic acid (CONHOH) was the best inhibitor of CMP-KDO 
synthetase, but was less potent than 2. 

INTRODUCTION 

In a search for novel antibacterial agents with specificity for Gram-negative 
bacteria, a synthesis programme has been started aimed at potential inhibitors of 
enzymes involved in the metabolism of 3-deoxy-D-manno-octulosonic acid112 
(KDO). KDO is a constituent of the lipopolysaccharide (LPS) of Gram-negative 
bacteria, which links the polysaccharide and lipid A, a di-(2-amino-2-deoxy_D- 
glucose) phosphate polymer 3,4. The biosynthesis of KDO and its incorporation into 
LPS is shown in Fig. 1. The choice of KDO metabolism as a target for antibacterial 
action is based on the facts that (a) KDO is found in Gram-negative bacteria5, 
possibly in the protozoan Trypanosoma cruzi6, and some higher plants7, (b) KDO 
is a component of the LPS of almost all Gram-negative bacteria examined5 and is 

*Present address: Research and Development Laboratories, Antibacterial Chemotherapy, Astra Alab 
AB, S-151 85 Gderttilje, Sweden. 
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Fig. 1. Biosynthesis of KI>O and its incorpowtion into 1.1% 

present also in the capsular polysaccharides of some strainsx-15. and (c) mutants 

defective in KDO biosynthesis are not viable. and hence the inhibition of any 

relevant enzyme involved will result in inhibition of cell growthi”J7. 

We have concentrated on the inhibition of CTP: 3-dco~~-r,-r,ra~~~~~~-l)~tulos- 

onate cytidylyltransferase (CMP-KDO synthetase. EC 2.7.7.3X)ls-Z’1, which 

catalyses the formation of CMP-KDO from KDO and cytidine triphosphatc (CTP). 

The activation of KDO before transfer to lipid A (Fig. 1) is !~clic\:cd to hc thca 

rate-limiting step in LPS biosynthesis’“. 

Substrate analogues of KDO havr hecn synthesised as potential inhibitors of 

CMP-KDO synthctasc. 5-Azido-5deoxy-KDO and S,X-diilzido..i.X-LliJeoxy-KDO 

inhibited the enzyme’, whereas X-azido-X-deoxy-KDO and 4-O-mcthaoesulf~~~~yl-i~- 

gluco-KDO were alternative substrates for the CMP-KDO s\:nthetilse-metli;ItcJ 

reaction”. Compound 2. a deoxy analogue of &KDO. is ;I compctitivc inhibitor ot 

CMP-KDO synthetase. with a & of 3.9 pnl (ref. 12), whereas its cpimcr 3 is in- 

active. This observation indicates that @KDO is the substratcz for C‘MP-KDO 

synthetase. which accords with the finding, based on I ‘Vn.m.r. 9lldic4, that tlw _ 

enzyme utilizes the /3-pyranosc form’3. 
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The enzyme-catalysed transfer of KDO to lipid A (Fig. 1) is thought to pro- 
ceed with inversion of the anomeric configuration by analogy with CMP-N-acetyl- 
neuraminic acid (CMP-NANA)2. Thus, KDO in native LPS ought to be a and this 
has been confirmed by n.m.r. experiments24-26. 

We now report on a series of derivatives of 2 with variations of the 2-a sub- 
stituent, and their effects on CMP-KDO synthetase. 

RESULTS AND DISCUSSION 

The syntheses started with methyl 2,6-anhydro-3-deoxy-4,5:7,8-di-O-iso- 
propylidene-D-g~ycero-D-talo-octonate27 (4)) obtained from a derivative of 2-chloro- 
2-deoxy-a-KDO (ref. 28). 

The dicarboxylate 9 was synthesised as follows. Reaction of the lithium 
enolate of 4 with carbon dioxide29 afforded a 1:l mixture of epimeric lithium 
carboxylates 5, which was converted into the diester 6 with iodomethane. The iso- 
propylidene groups were hydrolysed from 6 with Amberlite IR-120 (H+) resin to 
afford 7. Saponification (0.2~ NaOH, 25”) of 7 gave the half-ester 8, and further 
treatment (2M NaOH, 60”) afforded 9, without detectable decarboxylation, and 
which was isolated as the diammonium salt. The amide 10 was easily obtained from 
4 by treatment with saturated methanolic ammonia and deprotection then gave 11. 
The hydroxamic acid 12 was prepared by reaction of 4 with hydroxylamine hydro- 
chloride in methanol in the presence of triethylamine. 

Reduction of 4 with LiAlH, gave the alcohol 14 which, with triphenylphos- 
phine and N-bromosuccinimide, gave the bromide 16. An Arbuzov reaction in tri- 
ethyl phosphite then afforded 17. Treatment of 17 with bromotrimethylsilane in 
chloroform30 effected transesterification to give the bis(trimethylsilyl)phosphonate 
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I 
HOCH 
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I 
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10 R = CONHi 

12 R = CONHOd 

14 R = CH+H 

16 R = CH;B~ 

17 R = CbTPO(OEt!; 

19 R = COCH-,PO(~M~), 

21 R = CH;O:s 

22 R = CHaCN 

25 R = CO,$HE~> 

26 R = CONHCH,CO,Me 

26 R = CONHBn 

30 R = CONHH~X~I 

32 R = CO,Bn 

34 R = CO,~exyl 
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CH .OH 

I 
HOFH 

11 R IX CO,.,+,. 

13 R = CONHOH 

15 R = CH,OH 

la R = CHIpO(O~) io-,~H~+; 

20 I? =: COCH, POiOH)(O-iici~ ( -7, 

23 R = Ch,,CC\ZMe 
1.. __: 

24 R = 
- L 

CHLO, Nrl,;’ 

27 H = CONHCH;CO~!-NHd+ 

29 9 = CONHBn 

31 R = CONrlHrxyl 

33 R = CO,Bn 

35 R = CO,Hexyl 

that was cleaved by water to yield the phosphonic acid, which catalysed acetal 

hydrolysis to give 18, isolated as the ammonium salt. 

The P-kctophosphonate 19 was obtained from 4 and lithium dimethyl methyl- 

phosphonate3’ and deprotccted to give 20 isolated as the cyclohcxylammonium salt. 

The homocarboxylic acid analogue 24 was synthcsiscd AS f<~llows. ‘The 

tosylate 21 of 14 was treated with KCN to give the nitrile 22. Acid-catalysed 

methanolysis of 22 with chlorotrimethylsilanc as a water scavenger afforded the 

methyl ester 23, which was saponified to yield 24. isolated as the ammonium salt. 

The glycine derivative 27 was obtained via 26. which was prepared from a mixed 

anhydride of the carboxylate 25 and glycinr methyl cstcr hydrochloride in the 

presence of triethylamine. Likewise, the bcnzyl- (29) and hexyl-amide (,31) were 

obtained via 28 and 30, rcspcctivcly, which were synthesised from 25. The esters 33 

and 35 were prepared by deprotection of 32 and 34. respectivcl> . which were syn- 

thesised by transesterification of 4 with catalytic amounts of magnesium methoxide 

in benzyl alcohol or l-hexanol, respectively. Magnesium methoxidc was used in- 

stead of sodium methoxidc in order to avoid epimcrisation during the transesteriti- 

cation step. 

N.m.r. dam. -- The structures of the foregoing compounds were assigned on 

the basis of ‘H-, r3(7-, and >!P-n.m.r. data. The r-‘C‘-n.m.r. spectra were proton 

noise-decoupled and the signals of 10 were assigned by using a graphical method 

involving proton off-resonance spin-decoupled spectrSi’. The IV_1-11. rn. r. spectra 
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of l2,26,28, and 30 were interpreted by comparison with data for 10, since varia- 
tions in the 2-substituent had little effect on the 13C resonances. 

The configuration at C-2 in 8 was determined by analogy with a method used 
for determination of the anomeric configurations in CMP-NANA (ref. 34) and 
KDO-glycosides 25,35. The J values for the carbonyl carbons and H-3,3 provided 
evidence for the configuration at C-2. The resonances of the carbonyl carbons were 
assigned on the basis of the respective multiplets in the proton-coupled 13C-n.m.r. 
spectra. The carboxylate signal appeared as a doublet (3Jc.u_3, 3 Hz) and the ester 
carbonyl signal as an unresolved multiplet. Selective 13C-[1H] decoupling centered 
at the chemical shift of the methyl ester protons at 3.74 p.p.m. collapsed the 
multiplet at 174.82 p.p.m. to a doublet of doublets with 3Jc,H.3a 9 Hz, and 3Jc,H_3e 3 
Hz, thereby supporting the structure assigned to 8. 

The 400-MHz ‘H-n.m.r. spectra indicated the amide 10 to exist in solution 
preponderantly in the distorted boat conformation 36. The Y2 chair conformation 
is ruled out because the coupling constants J2,311 11.6 and J2,3e 5.8 Hz are too large 
to account for an axial-equatorial and equatorial-equatorial relationship, respec- 
tively. In addition, the value J3aA 2.7 Hz does not correspond to a diaxial coupling. 
However, the large value (11.6 Hz) of J2,3a indicated a rrans-diaxial relationship of 
H-2,3a. Thus, H-2 must occupy an axial or pseudo-axial position. The alternative 
*C, chair conformation is unlikely due to a considerable 4,6-diaxial interaction. 

The J values for 10 are compared in Table I with data determined for deriva- 
tives of 1,2:3,4-di-0-isopropylidene-cw-D-galactose 36.37. Variations in the structure 
of the side chain do not affect the J values for the ring protons. When comparing 
experimental and calculated J values, Cone and Hough3” established that the 
galactose derivatives must adopt a conformation intermediate between skew and 
boat forms. The J values for 10 and the other 0-isopropylidene derivatives accord 
with these results (Table I). Recently, Krajewski ef ~1.~~ reported that the pyranose 
ring in 6-C-(2-furyl)-1,2:3,4-di-O-isopropylidene-cu-D-glycero-D-gafuc~o-hexo- 
pyranose adopted a hybrid twist-boat conformation (oT2 + B,,,), thus further 
supporting the conformation proposed for 10. However, the pyranose ring in 
crystalline 3,4,5-tri-O-acetyl-1,2-0-(R)-(l-cyanoethylidene)-a-~-galactopyranose 
adopts a flattened 4C, conformation 39. The values J, 3 7.4 and J3!1.4 3.0 Hz for com- 
pound C (Table I) do not accord with those for the other derivatives in Table I. 
Thus, the conformational restraints imposed on the pyranose ring by the 3,4-O-iso- 

Me 
Me 

36 
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A 

TABLE I 

Ci?nlpourld 
_-. 

Series A 
4 R = CO,Me”’ 

10 R = CONH, 
12 R = CONHOH 
14 R = CH,OH 
19 R = C:OtiH2PO(OMe), 
21 R = CH,OTs 
22 R = CH:CN 
25 R = C02-TEA - 
26 R = CONHCH,CO,Mc 
28 R = CONHBn 
30 R = CONHC,II,, 
32 R = CO,Bn 
34 R == C(&C,>H,, 

J,.,, J,., J,,. I J,, i ._ . . _. . ._..._. _. __. 

11.x 
I I .h 

I I .x 
s. I 

II.4 

I1 .o 
11.x 
Il.0 
11.7 
11.7 
11.7 

Serim B 

R’= H 
R’ = COSBn 
R’ = CHiI 
R’ = CH20H 
R’ = (‘H,OTs 

5.9 2.7 3.2 
5.x 2.7 2.8 
6.0 2.5 2.x 
2.9 2.9 x.3 
5.1 3.7 2.7 

3.(! 3.0 
3.0 3.0 

6.0 3.0 3.2 
s.5 2.5 2.x 
h.0 2.6 3.11 
(1.0 2.5 3.0 
5.9 2.4 3.4 
5.0 2.4 .3.2 

5.0 2.4 
5.1 2.4 
5.0 2.4 
5.0 2.4 
5.0 2.-l 

4.b 7.3 
_ _-. _..__ _. __. __ _ -.. 

! !/Me 
c--c,, 

%, 
C 'CN 

X.0 
x.0 

X.0 
7.x 
7.8 

1,s 
13 

I.5 

.s.tt 2.4 

“For the 4.S:7.8-di-O-isopropylidenc derivatives (A), I .2:3.+di-0isopropylidcnegalnctose deriva- 
tives”.” (B), and 3.4,6-tri-O-acetvl-I.?-O-(R)-( I-cvanocthylidenc)-ru-D-g;llactopyr:ino~e”’ (C) (for con- 
venicnce. all derivatives are numbered in the same way). 

propylidenc ring dominate those of the same ring in the 1,2-positions. 

If. in solution. a rapid interconversion between the skew and boat forms of 

10 occurs, the observed chemical shifts and coupling constants will be weighted 

averages. However, determination of the ‘I-I-n.m.r. spectra at -40’ and -60” did 

not change the chemical shifts and coupling constants. suggesting that 10 exists in 

only one conformation. It is possible that 10 exists in two conformations with a low 

barrier of interconversion. In the deduced conformation of 10, the bulky side-chain 

at C-4 occupies the more stable equatorial position. Studies of molecular models 

reveal that a diaxial relationship of H-6.7 corresponds to the most stable conforma- 
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TABLE II 

RELATIVE INHIBITORY ACTIVITY IN THE CMP-KDO SYNTHETASE ASSAY 

Compound0 Relative activityb-d 

2 +++++ 
8 I 
9 I 

11 ++ 
13 +++ 
15 I 
18 I 
20 + 
24 I 
25 I 
27 + 

“Compounds 29, 31, 32, and 35 were inactive. bEquimolar concentrations of KDO and inhibitor. cKey: 
I, inactive; +, 40% inhibition; ++, 5040%; +++. 8040%; ++++, 90-99%; +++++, 100%. 
“AlI compounds tested were analysed by h.p.1.c. 41 to ensure the absence of contamination by 2. 

tion, due to minimal steric interactions with the ring. However, the small J6., value 
of 4 Hz for 10 suggests a gauche relationship. Approximately the same J6., value 
was found for l2,26, 28, and 30 (Table I). This side-chain conformation might be 
due to the formation of a hydrogen bond between NH and O-7, which is not 
possible in 21, 22, 25, 32, and 34 where J6., is -8 Hz, a value consistent with a 
diaxial coupling. The presumed hydrogen bond between NH and O-7 could not be 
disrupted even in a methanolic solution of 10 at 55”. 

Biological activity. - The compounds described above were tested as in- 
hibitors of CMP-KDO synthetase from Escherichia coli D21 or a mutant of 
Salmonella typhimurium (SL 1102). The CMP-KDO synthetase screening-assay 
was based essentially on that described by Ghalambor and Heathls. The KDO 
liberated from the nucleotide was determined by a modified thiobarbituric acid 
assay40. All of the compounds were less potent than 2 (Table II). The most potent 
was 13, followed by 11. The P-ketophosphonate 20 and the glycine analogue 27 
were weak inhibitors, and the dicarboxylate 9, the phosphonate 18, and the 
homocarboxylate 24 were inactive. The inhibitory activity of the hydroxamic acid 
13, which is a weak acid, is probably due to the location of a negative charge at the 
same relative spatial position as that in 2. However, a negative charge is not 
absolutely essential since the amide 11 was also a rather good inhibitor. Thus, the 
polarity of a correctly positioned amide group appears to be sufficient for activity. 
The importance of an appropriate spatial location of the polar group is shown by 
moving the anionic centre further from the ring, as in compounds 18, 20, 24, and 
27 which were much less potent as inhibitors. Compound 9 was inactive even 
though the negative charge is at the same position as in 2. This effect might be due 
to the equatorial carboxylate group preventing simultaneous binding of 9 and CTP 
to the active site of the enzymez2. 
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The alcohol 15 and the carboxylates 8 and 25, which are intermediates in the 

synthetic pathways, were also inactive. 

In order to investigate whether penetration of the bacterial cell wall might be 

improved, some hydrophobic derivatives of 2 were synthesised, namely. the amides 

29 and 31 and the esters 33 and 35, with the idea that intracellular hydrolysis might 

liberate the potent inhibitor 2. However, these compounds. in addition to 11, 13, 

25, and 27, did not inhibit the growthJ” of Salmonellu typhimwium SL 1102, 

Salmonella typhimurium LT2 MI, and Escherichia coli ATCC’ 11303 at 37” and 

Salmonella typhimurium AG701iSO at 25”. 

EXPERIMENTAL 

Gerzeraf methods. - Melting points were determined in open capillary tubes 

and are uncorrected. Optical rotations were measured at 20” wiih a Perkin-Elmer 

241 or Optical Activity AA100 polarimeter. 1.r. spectra were recorded with a 

Perkin-Elmer 298 spectrometer. N.m.r. spectra were recorded with a JEOL 

FX900, JEOL FX200. or JEOL GX-400 instrument on solutions in CDCI, and 

CD,OD (internal Me,Si). D,O (internal ‘BuOH, 6, 1.23. 8, 32.2), or as indicated 

otherwise. H,PO, (6 0) was used as external standard for “P-n.m.r. spectra. High- 

resolution f.a.b.-mass spectra were recorded with a JEOL DX 303 instrument. 

T.1.c. was performed on Merck Silica Gel 60 F,,, with detection by U.V. light and 

by charring with sulphuric acid. Column chromatography was performed on Merck 

Silica Gel 60 (0.040-0.063 mm), using the flash technique”‘. All solvents used were 

anhydrous and kept over 3A and 4A molecular sieves. N,N-Dimethylformamide 

was distilled from P,O, and then kept over 4A molecular sieves. Butyl-lithium in 

hexane was titrated prior to use jj. Solutions were concentrated in W~IW at (30’. 

Hydrolysis of di-0-isopropylidene derivatives. -- A solution of the di-O-iso- 

propylidene derivative in methanolic 20% trifluoroacetic acid was stirred at room 

temperature until hydrolysis was complete (t.1.c.) and then co-concentrated several 

times with toluenc, and the residue was recrystallised or purified as indicated. 

Methyl 2,c5-anhydro-3-deo.uy-4,5:7,8-di-O-isoprop~~li~ier~~~-I?-metho.r~ctrrhonyl- 
D-glyccro-u-talo-octonale (6). - 1.6b1 Butyl-lithium in hexane (3.4 ml..? 5.4 mmol) 

was added to a solution of di-isopropylamine (560 mg, S.5 mmol) in dry tetra- 

hydrofuran (20 mL) at -20” under nitrogen. After 20 min, the mixture was cooled 

to -75” and a solution of 4 (1.70 g, 5.4 mmol) in dry tetrahydrofuran (5 mL) was 

added dropwise. Carbon dioxide was bubbled through the solution for IS min, the 

temperature was slowly raised to 0”, and, after the addition of water ( 17 mL). the 

solution was neutralised with Dowex (HA) resin, washed three times with 

chloroform. and concentrated to give 5 (1.80 g, 95%) as LL white powder, K, 0.70 

(chloroform-methanol-water, IO: 10: 1); vmal (CHCI,). 1730 (ester), 1640 and 1400 

cm-’ (carboxylatc). ‘H-N.m.r. data (CDCI,): 6 3.70 and 3.72 (OMej. ‘The n.m.r. 

data indicated this product to be a I : 1 mixture (5) of lithium 2.6-anhydro-3-deoxy- 

4,5:7,8-di-O-isopropylidenc-2-methoxycarbonyl-D-~l~~er~~-~-t~/(~- and -bgalucto- 
octonatc, which was used as such in the next step. 
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Cesium carbonate (1.90 g, 5.8 mmol) and iodomethane (0.82 mL, 13 mmol) 
were added to a solution of 5 (1.80 g, 4.9 mmol) in dry tetrahydrofuran (25 mL). 
After 2 h at room temperature, ethyl acetate (25 mL) was added, and the mixture 
was filtered and concentrated. Column chromatography (ethyl acetate-toluene, 
1:2) of the residue gave 6 (1.43 g, 78%), m.p. 103-104” (from ethyl acetate- 
hexane), [a],, -6” (c 0.3, dichloromethane), R, 0.38 (ethyl acetate-toluene, 1:2); 
V_ (CHCI,) 1735 cm-’ (ester). N.m.r. data (CDCI,): *H, S 1.34, 1.36, 1.42 (3 s, 
12 H, 2 Me&), 2.25 (dd, 1 H, Jjaqje -15.6, J3p,4 2.2 Hz, H-3a), 2.95 (dd, 1 H, J3e,4 
3.9 Hz, H-3e), 3.49 (dd, 1 H, Jh7 8.3, J6,5 1.5 Hz, H-6), 3.78 (s, 6 H, 2 OMe), 
4.054.65 (m, 5 H, H-4,5,7,8,8’);‘13C, 624.86, 25.08, 25.34,27.07 (2 CMe,), 28.92 
(C-3), 52.92, 53.17 (2 OMe), 67.23 (C-8), 69.47, 72.02, 73.48, 74.07 (C-4,5,6,7), 
78.57 (C-2), 109.41, 109.70 (2 C’Me,), 169.20, 169.52. 

Anal. Calc. for C,,H,O,: C, 54.5; H, 7.0. Found: C, 54.55, H, 7.1. 
Methyl 2,6-anhydro-3-deoxy-2-methoxycarbonyl-D-glycero-~-talo-octonate 

(7). - A mixture of 6 (340 mg, 0.91 mmol), Amberlite IR-120 (H+) resin (2 mL, 
prewashed with anhydrous methanol), and anhydrous methanol (12 mL) was 
heated under reflux for 2 h, then filtered, and concentrated. Column chromatog- 
raphy (ethyl acetate-methanol-toluene, 14:2:1) of the residue gave 7 (210 mg, 
77%), m.p. 145-148” (from methanol-ether), [aID +77” (c 0.2, methanol), R, 0.30 
(ethyl acetate-methanol-toluene, 7:2:1); v,,.,,, (CHCl,) 1740 cm-’ (ester). N.m.r. 
data (CD,OD): ‘H, 6 2.08 (dd, 1 H, J3a,3e -12.7, J3.,4 12.7 Hz, H-3a), 2.38 (dd, 1 
H, J3e,4 4.6 Hz, H-3e), 3.35 (d, 1 H, J6,, 8.1 Hz, H-6), 3.59-3.93 (m, 11 H, H- 
4,5,7,8,8’ and OMe at S 3.76 and 3.78); 13C, S 32.84 (C-3), 53.64,53.73 (2 OMe), 
65.17 (C-B), 67.28,67.96 (C-4,5), 70.81,77.42 (C-6,7), 83.17 (C-2), 169.62, 170.20 
(2 C=O). 

Anal. Calc. for C,,H,,O,: C, 44.9; H, 6.2. Found: C, 44.5; H, 6.3. 
Ammonium 2,6-anhydro-3-deoxy-2-methoxycarbonyl-~-glycero-D-galacto- 

octonate (8). - A solution of 7 (240 mg, 0.81 mmol) in 0.2M NaOH (10 mL) was 
stored at room temperature for 45 min, then passed through Dowex 5OW-X8 
(NH:) resin, and concentrated to give 8 (240 mg, lOO%), as a semi-crystalline prod- 
uct after prolonged storage in the refrigerator, m.p. 150” (dec.), [a],, +107” (c 1.5, 
water), R, 0.35 (chloroform-methanol-water, 10: 10: 1); uz:; 1730 (ester), 1600 
cm-l (carboxylate). N.m.r. data (D,O): ‘H, 6 1.84 (dd, 1 H, J30,3e -13.1, J3a,4 13.1 
Hz, H-3a), 2.49 (dd, 1 H, J3e.4 4.8 Hz, H-3e), 3.21 (d, 1 H, J6,, 8.3 Hz, H-6), 
3.6-3.94 (m, 8 H, H-4,5,7,8,8’, OMe at S 3.74); 13C, S 34.10 (C-3), 55.70 (OMe), 
65.94 (C-8), 68.54, 69.42, 71.87, 77.83 (C-4,5,6,7), 86.37 (C-2), 174.82 (ester 
C=O), 176.33 (carboxylate C=O). 

Anal. Calc. for C,,H,,NO, - H,O: C, 38.1; H, 6.7; N, 4.4. Found: C, 37.8; H, 
6.9; N, 4.45. 

Diammonium 2,6-anhydro-3-deoxy-2-carboxy-D-glycero-D-talo-octonute (9). 
- Hydrolysis of 8 (150 mg, 0.5 mmol) in 2M NaOH (2 mL) at 60” for 20 min gave, 
after passage through Dowex 5OW-X8 (NH:) resin and concentration, 9 (150 mg, 
lOO%), which crystallised on storage, m.p. 140” (dec.), [a],, +lOo” (c 2, water); 



v,“!J 1590-1600 cm-.’ (carboxvlatcsj. N.m.r. data (ILO): ‘H, ci 1.70 (dd, 1 tH. J3r,,3r 

- 12.7, .lja.J 12.7 Hz. H-~(I). 2k (dd, 1 F-1 I . . .,(,,I 3.4 t-L. W3c), 3.24 (tl. 1 t-t. .I,,? 7.8 
Hz. H-6), 3.72-3.95 (m. S H. H-4,5,7,8.%‘); “C, 6 35.36 (C-3), 66.5 (C-8). 0X.78. 

70.22. 71.70, 76.93 (C-;1.5.6,7j, x7.W (C-2). 178.64. 179.22 (C=O). 

And. Calc. for C’,tl~,,N,O,~ H_,C). C’. 34.0: F-I. 7.0: N, X.8. Fc~und: (.‘. 31.2; H. 

6.7: N. X.7. 
~,(i-A~~~~y~~(~-.?-~~~~o.\~-d,,i:?,8-rli-()-i.st~pr~~~~~i~~~~~~~~-~)-~~~~~~~~~~-l~-ta~~~-~~1~ft~ll- 

urnida (10). - A solution of’ 4 (400 mg. 1 .-IX mmi~l) in s;11111-;1Ccri mcthanolic :lm- 

mania (10 mL’) was stirred at room tenipcraturc for 2 days. :uicl then conccntratctl. 

Recrystallisation of the r&due from chloroform-pcnt~trlc paw 10 (?I 7 mp, 71’!41). 
m-p. 129-131”. [crJu -38” (c 1.8. chloroform), R, 0.7h (ether-acctcw. 2: 1). N.m.r. 
data (CDCI,): ‘H (400 MHz), 6 1.3.F. I .39. 1.43. 1.47 (-I s. I-’ H. 3 Me,C’). I .X0 

(ddd, 1 H, &,..l,. -15.5, J .,,,* &Y 11.6. Jjr,._, 2.7 Hz, H-3a). 2.W (d&i. 1 ti. I,. 2 5.8, J;,.,, 

2.8 Hz. H-3). 3.72 (dd. 1 H, J6,74.3..Jh. 1.5 Hz., H-6). 1.W-I.10 im. 2 H. H-8.X’). 
4.23-4.27 (m, 2 H, H-5.7). 4.48 (dd. I Ht H-2). ;t.bl (Jdd, I i-1. .Ii., s.0 Hz. H-l). 

5.8. 6.9 (NH& ‘“C, 624.33.3.5.47 ~ 25.97. X.47 (2 C‘MP~). 26.07 (C-3). 6S.M (C-t;). 

69.24 (C-2), 70.24 (C-4). 71.39 (C-6). 72.28 (C-7). 75.38 ir:-,S,. li)X..<S. lO’).T! (2 

CMe,). 176.42 (C-l). 

R~ul. Calc. for C,,Hz,NO,: C. SS-Q; H. 7.7: N. 3.M. Found: (‘. 56.0: t-1. 7.9; 

N, 4.4. 

2,6-A?rhynru-3-c~~~~.):-n-glycero-I,-taIo-octonrrrrzirlP (11). -..- C‘cmpound 10 
(200 mg, 0.66 mmol) was deprotectcd ziccording to the standard proccdurc. to give 
11 (145 mg, 98%). Recrystailisation from methanol-,2-propanol ga~r mttterial with 

m.p. 191-193”. [a][., ~71’” (c 0.7, methanol--w;lter 2: I). R, 0.M (,chloroTorm- 

methanol-water, 1O:lO: 1). N.m.r. data (D,O): ‘H. 6 2.M) (,ddtl. ! H. J;,,_A,. --I?. 
J ju.4 12. Jxrr.2 6.S Hz. H-k). 7.25 (&id, .I t-I, .lzc,, 5.5, J:,. 2 ? .5 i-47, H-:I’), 3.52 (Lid. 

1 H. J ,,., 8. .I,., 1 HY. H-h). 3.61140 (tn. 5 1.1. H-4.5:7.i.S’,. 45s l:tld. 1 H. H-Z): 

‘T 627.38 (C-3), 64.21 (C-X), 67.31. h7.3Y (C-4.5), 70.15 (C-7j. T&J-l (C’-(~1, 75.4-l 

(C-;), 177.18 (C-l). 

Anal. Calc. for C,H,,NO,: C, 43.4; F-l, 6.X; N, h.3. Found: C’. -U,l: Ii. 6.S; 

N, 6.3. 

2,6-Anhydr~-_l-dt~~~x~-N-hycirox,v--C.S:7,K-di-O-i,suprop~li(~(~~~~~- n-glyccro-I,- 

talo-ocfonamide (12). - Hydroxylamine hydrochloride (-I40 mg, h.31 mmol) W;IS 

added to a solution of 4 (400 mg, 1.26 mmol) and tricthylaminc (,I ..? ml_) in 

methanol (10 mi_,). The mixture was heated under roflux under nitrogen for 2 h. 

then stirred at room temperature overnight, and concct1triitec.l. <‘i)lumn chromatog- 
raphy (ether-acetnne . 3: I) of the residue gave 12 (230 mg. hO”;d j, k~latcd as ii 

colourless syrup, [a] D -31” (c 1. chloroform). K,,O.i’S (ether-itctitclnr. 2: I). N.m.r. 
data (CDCI,): ‘H, li 1.26, 1.34, 1.39, 1.4.5 (4 s. 1: I, Z Mc,C’j. i.7X (&Id. 1 lf,J3,.,. 

-1.5. J30.2 11 .8, J3r,.4 2.5 Hz. H-30), 2.48 (ddd. 1 H. .I+: h. J.;,,4 7.S Hz, I-I-.%), 2.h3 

(s, 1 H, OH), 3.71 (dd, I I-1..Ih~74,J~,,5 l.S Hz. H-6). 3.953.X (m. -I 11. H-5.7.8.8’). 

4.50-4.75 (m, 2 H. H-2,4), 9.40 (s, 1 I-I, NH); IT. 824.52, 2.5.45. 5.M. 2f7.37 (2 

CMe,), 26.93 (C-3). 65.10 (C-8). 6X.93 (C-2). 70.17 (C-4). 71.30 !C’-hi. 72.27 ((‘-7). 

75.29 (C-S), 108.36, IW.39 (2 CYMc,j: lW.O? (C- 1’). 
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Anal. Calc. for C,,H,,NO,.OS H,O: C, 51.5; H, 7.4; N, 4.3. Found: C, 51.9; 
H, 7.2; N, 3.8. 

2,6-Anhydro-3-deoxy-N-hydroxy-D-glycero-D-talo-ocfo~~~~~e (13). - De- 
protection of I.2 (123 mg; 0.4 mmol) by the standard procedure and crystallisation 
of the product from methanol-ether gave 13 (75 mg, 83%), m.p. 148-151”, [(r]n 
+76” (c 1, methanol), R, 0.57 (chloroform-methanol-water, 10: 1O:l). N.m.r. data 
(D,O): ‘H, S 2.00 (ddd, 1 H, Jk,3c -12, J311,4 12, J311.2 6 Hz, H-3& 2.25 (ddd, 1 H, 
JjE,4 6, J3e,2 2 Hz, H-3e), 3.46 (d, 1 H, J6,, 8 Hz, H-6), 3.57-4.05 (m, 5 H, H- 
4,5,7,8,8’), 4.62 (dd, 1 H, H-2); t3C, S 28.80 (C-3), 65.67 (C-8), 68.52 (overlapping 
signals C-4,5), 71.29 (C-7), 74.94 (C-6), 76.86 (C-2), 172.10 (C-l). 

Anal. Calc. for C,H,sNO,: C, 40.5; H, 6.4; N, 5.9. Found: C, 40.6; H, 6.4; 
N, 5.5. 

2,6-Anhydro-3-deoxy-4,5:7,8-di-O-isopropylidene-D-glycero-D-talo-octitoZ 
(14). - A solution of 4 (2.2 g, 6.9 mmol) in dry ether was added dropwise during 
5 min to a suspension of LiAlH, (270 mg, 7.1 mmol) in dry ether (100 mL) under 
nitrogen. The mixture was heated under reflux for 35 min, water (1.6 mL) and 2~ 
NaOH (0.7 mL) were then added, and the ether layer was dried (K&O,), filtered, 
and concentrated to give 14 (2.0 g, 100%). Recrystallisation from ether-light 
petroleum gave material with m.p. 59-63”, [(Y],, +0.7” (c 0.7, dichloromethane), 
RF 0.40 (ethyl acetate). N.m.r. data (CDCl,): ‘H, 6 1.38, 1.42, 1.50 (3 s, 12 H, 2 
CMe,), 1.7-1.9 (m, 2 H, H-3a,3e), 3.4-3.7 (m, 3 H, H-6, CH,), 4.0-4.3 (m, 4 H, 
H-5,7,8,8’), 4.32 (dd, 1 H, J5/, 8.3, J5,6 1.5 Hz, H-5), 4.59 (ddd, 1 H, J4,3a 2.9, JaSJe 
2.9 Hz, H-4): r3C, 6 24.45, 25.27, 26.13, 26.88 (2 CMe,), 26.88 (C-3), 65.56, 66.87 
(C-1,8), 69.16 (C-2), 70.20, 71.52, 72.37, 74.58 (C-4,5,6,7), 108.81, 109.10 (2 

CMe,). 
Anal. Calc. for C,,H,O,: C, 58.3; H, 8.4. Found: C, 58.2; H, 8.2. 
2,6-Anhydro-3-deoxy-D-glycero-D-talo-octitoZ (W). - Compound 14 (300 

mg, 1 mmol) was heated under reflux with Amberlite IR-120 (H+) resin (3 mL, 
prewashed with methanol and dried) in anhydrous methanol (10 mL) for 6 h. The 
mixture was then filtered and concentrated. Column chromatography (ethyl 
acetate-methanol-toluene, 65:25:10) of the residue gave 15 (100 mg, 50%), m.p. 
93-94”, [~]n +51” (c 1, methanol), RF 0.29 (ethyl acetate-methanol-toluene, 
13:5:2). N.m.r. data (CD,OD): ‘H, S 1.60 (dd, 1 H, J3e,3a -13, J3e,2 5 Hz, H-3e), 
2.0 (ddd, 1 H, Jti,* 7, J3a,4 12 Hz, H-3a), 3.34-4.1 (m, 9 H, H-2,4,5,6,7,8,8’, CH,); 
13C, 629.41 (C-3), 61.88 (C-l), 65.17 (C-8), 67.57,68.77,71.25, 72.78 (C-4,5,6,7), 
74.43 (C-2). 

Anal. Calc. for CsH,,O,: C, 46.15; H, 7.75. Found: C, 45.75; H, 7.5. 
Monoammonium 2,6-unhydro-l,3-dideoxy-~-glycero-~-talo-octitol-I-ylphos- 

phonute (18). -A mixture of Wbromosuccinimide (258 mg, 1.45 mmol), triphenyl- 
phosphine (380 mg, 1.45 mmol), 14 (380 mg, 1.32 mmol), and chloroform (10 mL) 
was heated under reflux for 1 h. More triphenylphosphine (380 mg) and N-bromo- 
succinimide (258 mg) were then added, and the solution was heated overnight, 
cooled, diluted with light petroleum, filtered, and concentrated. Column 
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chromatography (ether-light petroleum, 2: 3) of the residue gave 2.6~anhydro- I- 

bromo-l13-dideoxy-4,5:7,8-di-O-isopropylidenc-D-g(vcero-l,-ra(-~~ctit~~l (16: 230 

mg, SO%), R, 0.67 (ethyl acetate). IV-N.m.r. data (CDCI,J: 6 24.47, 25.27. 26. IS, 

26.98 (2 CMe,). 29.06 (C-l), 37.29 (C-3). 67.71. 67.36. ?O.lS, 72.15. 72.61. 7-1.14 

(C-2,4.5,6.7,8), 109.27, 109.98 (2 C’Me,). 

Compound 16 (230 mg. 0.65 mmol) was heated under rcflux with freshly 

distilled triethyl phosphite (10 mL) under nitrogen for 30 h and the solution was 

then cohcentrated at 80”/0.5 mmHg. Column chromatography [ethyl acetate- 

hexane, 1:4 (1 L); ethyl acetarc-hexanc. I : I (750 mL); and ethyl acetate (750 mL)] 

gave diethyl 2,6-anhydro-1.3-didcoxy-4,s: 7,8-di-O-isopropylidcn~-t)-~~~~~~~~-l~- 

tuboctitol-1-ylphosphonate (17; 160 mg, 60%/o), R,; 0. I4 (ethyl acetate). N.m.r. 

data (CDCI,): ‘H. 6 1.2-1.6 (m. 18 H. including ?. CMe, at 1.32. !.35. 1.41 and 

1.49, and 2 ethyl Me). 1.8-2.2 (m. 4 H. H-la,lh.3n13c). 3.42 (d. 1 H. J,,.: 8 I-k. 
H-6). 4.0-4.6 (m. 10 H, H-2,4.5.7,X.8’. OCH$H,); W. 6 16.4.5 (CH,. .‘Jc.,, 6 Hz). 

24.64. 25.27, 26.27. 27.07 (2 CMe,), 31.64 (C-3. JIJc,r 7 Hz). 33.24 (C-1. ‘Jc.,, 120 

Hz). 61.55, 61.69 (2 CH,. “.I,,, 6 Hz), 64.84, 67.13. 70.29. 71.32. 72.29. 74.28 (C- 

2,4.5.6.7,8), 108.90, 109.24 (2 CMe,): J’P. 6 27.63. 

To a solution of 17 (160 mg. 0.39 mmol) in deutcriochloroform (2.5 mL with 

1% of Mc,Si) was added bromotrimethylsilane (150 ~1,. I I mmol). and the trans- 

esterification was followed by ‘H-n.m.r. spectroscopy. After 1 II. the solution was 

concentrated, the residue was dissolved in acctonitrilc (2 mL) containing 5% of 

water. which, after IS min. was concentrated. The residue was dissolved in water. 

the pH was adjusted to 8 with 0.2M ammonium hydroxide. and lhc solution was 

concentrated with methanol to dryness, to give 18 (SO mg. 44%). N.m.r. data 

(DzO): ‘H, S 1.6-2.3 (m, 4 H, H-1,1’.3aJe). 3.54.1 (m. h H. H-Z,S.h.7.8,8’), 

4.3-4.5 (m. I H, H-4); Y, 8 32.43 (C-i. ‘.I,.,,, I31 Hz). 33.32 (C-3. -‘.I,._,, 10 Hz). 

65.14 (C-8), 67.81, 69.27, 71.92, 72.31, 72.92 (C-2.4,S.h.7): ‘.“P. 6 21.18 (an 

additional peak at 21.30). A correct elemental analysis was not obtained. Mass 

spectrum (f.a.b.): Calc. for C,HI,OxP (M - NH,)- : .rnl: 771.0583. Found: nzlz 

271.0587. 

Dimethyl (2,6-unhydro-3-deoxy-4,S : 7,S-di-C)-i,sol?roi~vlidene-n-glyccro-v- 

taboctonyl)methy/phosphonare (19). - Dimcthyl methylphbsphonate (580 mg. 

4.7 mmol) was added to I .32~ butyl-lithium (4.5 mmol) in tctrahydrofuran (30 

mL) at -70. After 8 min, a solution of 4 (640 mg. 2.0 mmol) in tetrahydrofuran 

(3 mL) was added, and the mixture was allowed to reach room temperature slowly. 

After neutralisation with ammonium sulphate (2 g) and the addition of water (0.5 

mL), followed by stirring for 1 min. the solution was dried (NaHCO,; and Na,SO,). 
filtered, and concentrated. Column chromatography (acetone--ethyl acetate. 1: 1) 

of the residue gave 19 (536 mg. 64%). [a],, -- IO” (c 1.4, dichloromcthane). R, 0.47 

(acetone-ethyl acctatc. 1: I ). N.m.r. data (CDCl,): :H, ij I .37. I .X. I .48 (3 s, 12 

H. 2 CMe,), 1.96 (ddd, I H,J,,.je -15.0, J3u.L 11.4. J3U.l 2.7 Hz. H-k). 2.18 (ddd, 

1 H. J3,.,2 S.1. J.qe4 2.7 Hz. H-3e). 3.1 l-3.61 (ABX. 2 H. CHIP), 3.t~9 (dd. 1 H. J1..? 
6.8, Jh,5 1.7 Hz,‘H-h), 3.77 (d. 3 H. zJ!JMC.p 3.2 Hz, OMe). 3.,Y:J (d. 3 H. ZJh,c.p 3.2 
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Hz, OMe), 4.11-4.30 (m, 3 H, H-7,8,8’), 4.33 (dd, 1 H, J5,4 8.1 Hz, H-5), 4.47 (dd, 
1 H, H-2), 4.59 (ddd, 1 H, H-4); 13C, 6 24.46, 25.29, 26.13, 26.56, 26.78 (2 CMe, 
and C-3), 36.22 (CH,, lJc,, 130 Hz), 52.87,53.15 (2 OMe, 2JcqP 6 Hz), 66.43 (C-B), 
69.70, 71.99, 72.21, 74.29, 74.49 (C-2,4,5,6,7), 108.90 (overlapping signals, 2 
CMe,), 204.60 (C-l, 2Jc,P 7 Hz); 31P, 6 22.58. A correct elemental analysis was not 
obtained. Mass spectrum (f.a.b.): Calc. for C,,H,sO,P (M - H)-: m/z 407.1471. 
Found: m/z 407.1471. 

Monocyclohexylammonium (2,6-anhydro-.%deoxy-D-glycero-D-talo-octonyl)- 
methylphosphonate (20). - Bromotrimethylsilane (0.26 mL, 2.0 mmol) was stirred 
with a solution of 19 (400 mg, 0.98 mmol) in dichloromethane (3 mL) at room 
temperature for 20 min. Water (1 mL) was added and, after 1 h, the clear solution 
was concentrated. The phosphonic acid was converted into the monocyclohexyl- 
ammonium salt by dissolution in water and addition of cyclohexylamine (110 mg, 
1.1 mmol), to give 20 (160 mg, 41%), m.p. 133-134” (from water-ethanol). N.m.r. 
data (H,O): 13C, 6 26.16,26.68,32.87,52.% (cyclohexyl), 31.79 (C-3), 44.64 (CH,, 
lJc,P 108 Hz), 65.49 (C-B), 68.76, 71.59, 79.71, 82.19 (C-2,4,5,6,7), 209.85 (C-l, 
2JC,P 6 Hz); 31P, 6 5.40 (small additional peaks at 5.61, 5.64, and 5.67). A correct 
elemental analysis was not obtained. Mass spectrum (f.a.b.): Calc. for qH,,O,P 
(M - C,,H,,N)-: mlz 299.0532. Found: mlz 299.0530. 

2,6-Anhydro-3-deoxy-4,5:7,8-di-O-isopropylidene-l-O-toluene-p-sulphonyl- 
D-glycero-D-talo-octitol (21). - Toluene-p-sulphonyl chloride (470 mg, 2.5 mmol) 
was added to a solution of 14 (264 mg, 0.92 mmol) in dry dichloromethane (20 mL) 
and pyridine (4.5 mL), which was then heated under reflux overnight. Conventional 
work-up and column chromatography (ethyl acetate-hexane, 1: 1) of the product 
gave 21(370 mg, 76%). Recrystallisation from ether-light petroleum gave material 
with m.p. 82-83”, [LY]~ +4” (c 0.5, dichloromethane), R, 0.50 (ethyl acetate- 
hexane, 1: 1). N.m.r. data (CDCI,): ‘H, S 1.34, 1.35, 1.38, 1.45 (4 s, 12 H, 2 CMe,), 
1.80-1.86 (m, 2 H, H-3a,3e), 2.45 (s, 3 H, Ts Me), 3.40 (dd, 1 H, J6,, 8.2, J,,, 1.5 
Hz, H-6), 3.79-4.20 (m, 6 H, H_la,lb,2,7,8,8’), 4.33 (dd, 1 H, J5,4 8.2 Hz, H-5), 
4.56 (ddd, 1 H, J4,30 3.0, J4.3e 3.0 Hz, H-4), 7.36 (d, 2 H, aromatic), 7.80 (d, 2 H, 
aromatic); 13C, 6 21.60 (CH,), 24.42, 25.30, 26.08, 26.93 (2 CMe,), 26.61 (C-3), 
67.09 (C-B), 72.07 (C-l), 66.21, 69.76, 72.07, 72.24, 73.97 (C-2,4,5,6,7), 108.85, 
109.22 (2 CMe,), 127.92, 129.92, 132.96, 144.93 (aromatic). 

Anal. Calc. for C,,H,,O,S: C, 57.0; H, 6.8; S, 7.2. Found: C, 56.9; H, 6.9; S, 
7.1. 

3,7-Anhydro-2,4-dideoxy-5,6:8,9-di-O-isopropylidene-~-glycero-D-talo-no- 
nonitrile (22). - A mixture of 21 (270 mg, 0.61 mmol), potassium cyanide (200 
mg, 3.1 mmol), and N,N-dimethylformamide (20 mL) was heated at 100” for 1.5 h 
and then concentrated. Column chromatography (ethyl acetate-hexane, 1:2) of the 
residue gave 22 (160 mg, 88%), m.p. 89-90”, [a$, +3” (c 1.7, dichloromethane), 
R, 0.67 (ethyl acetate). N.m.r. data (CDCI,): ‘H, S 1.37, 1.38, 1.41, 1.50 (4 s, 12 
H, 2 CMe,), 1.8-2.1 ( m, 2 H, H-4a&), 2.4-2.7 (ABX, 2 H, CH,), 3.56 (dd, 1 H, 
J,,* 8.1, J7,6 1.5 Hz, H-7), 4.0-4.3 (m, 4 H, H-6,8,9,9’), 4.40 (dd, 1 H, Js,5 8.2 Hz, 
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H-6). 4.60 (ddd, 1 H, Js.jo 2.7. Js.&, 2.7 Hz, H-S); ‘%! S 24.28. 25.30, 26.08. 26.88 

(2 CMe?), 24.81 (C-2). 30.09 (C-4), 64.29 (C-3), 67.09 (C-9). 69.67, 71.81. 72.10, 

73.97 (C-5.6,7,8), 108.90, 109.29 (2 CMe,). 117.35 (C-l). 

And. Calc. for C,,H,?NO,: C, 60.6; H, 7.8: N. 4.7. Found: C, 60.35; H. 7.8; 

N, 4.S. 

Methyl _3,7-anhyh-o-2,4-dideox~-~-glycero-~-talo-nononarr (23). - To a 

solution of 22 (520 mg, 1.75 mmol) in anhydrous methanol (15 mI..) was added 

chlorotrimethylsilane (0.91 mL, 7.2 mmol) at -lo”, and dry HCI was bubbled 

through the solution for 10 min. The mixture was then stirred for 2.5 h at -3O”, the 

temperature was raised stowly to o”, and water (1 mL) was added dropwise. The 

pH was adjusted to 5.5 with M sodium hydroxide and the solution was then con- 

centrated with methanol to dryness. A solution of the residue in methanol was 

neutral&d with Amherlite IR-15 (CO;-) resin and then passed over Dowex SOW- 

X8 (H--) resin with methanol as clucnt. Concentration of the cluatc gave 23 (270 

mg, 63%), which, after rccrystallisation from methanokther. had m.p. 113-l 17”. 

[a],, +124” (c 0.7, methanol), R,, 0.25 (ethyl acetate-methanol-tolucnc. 7:2: 1): 

vKFr 1730 cm-’ (esterj. N.m.r. data (CD,OD): ‘)-I, 6 1 .S7 ((id, 1 H. J,r-,Jrr -1-3, J,,,,, “ldY 
4.5 Hz, H-4e). 2.09 (ddd, i H, Jk,.> 13. Jj,,,J h Hz. H-k), 2.45-3.93 (ABX. 2 H, 

H-2a,2h), 3.42.-3.95 (m. 9 H. H-5,6,7,8,9,9’. OMe)? 4.45 (ddd. 1 H.JJ,,, 10. J\,,:, 5 
Hz, H-3); ‘%I, fi 32.13 (C-3). 37.61 ((‘-2) , 52.3 (OMc). 65.21 (C-9). 67.09. 6X.64. 

71.27, 73.24 (C-3,5.6.7,8). 173.56 (C-l). 

Anal. Calc. fr>rC,,,HIx0,.0.2S H,O: C, 47.15; H, 7.3. Found: C. 47.0; H, 7.0. 

Ammonium .g, 7-rrnhvclro-2.~-~licfe~x~-n-glycero-o-talo-nononmt~ (24). .- A 
solution of 23 (173 mg, 0.69 mmol) in M sodium hydroxide (3 mL) was stored for 

30 min, and then cluted from Dowex SOW-X8 (NH:‘) resin with water. Conccn- 

tration of the cluate gave 24 (125 mg, 70%), [(Y],, +67” (c 1, water), R, 0.22 

(chloroform-methanol-water, 10: 10: 1). N.m.r. data (D,O): ‘I-I. I? I .64 (dd. I H. 

J le.40 -13.5, JJc.s 2.5 Hz, H-4e). 2.02 (ddd, 1 H. .IJja,s 13, JjU,.l 6 Hz. H-4(7). 2.33-2.91 

(ABX, 2 H, H-2a,2b). 3.45-4.11 (m, h H, H-5,6,7.8.9.9’), 4.47 (ddd. 1 H. JJ,,,, 10. 

J3,>. 5 Hz. H-3); 13C, fi 32.42 (C-4), 40.13 (C-2). 62.10 (C-9), 64.14. 65.14, 67.56. 

68.86, 69.08 (C-3,5.6.7.8), 164.77 (C-l). Mass spectrum (f.a.b.): Calc. for C,H,jO, 

(M - NH,) -: m/z 235.0818. Found: ntlz 235.0811. 

Methyl N-acet~l-2,6-anlzy~iro-_3-cico.~~-~,5: 7,8-di-0-isoprop??liclene-I,-glyccro- 
D-talo-octonnmide (26). - Compound 4 (SO0 mg. 7 .S8 mmol) was stirred with 2kq 

NaOH (5 mL) for 2 h at room temperature. and the solution was passed through 

Dowex 5OW-X8 (Et,l(TH) resin and concentrated to afford 25 (497 mg. 78%). m.p. 

lOO-IOY, [a]” -42” (I’ 1. chloroform). R, 0.38 (ether). N.m.r. data (CDCl?): ‘H, 

61.26(t.Mc).1.36,1.37.1.40.1.49(4s, 12H_2CMc,). 1.89(ddd, I H.Jj,,,j,, -1s. 

J .l,,,z 11, J3s,A 3 Hz? H-k). 2.33 (ddd, 1 H, J3r,2 6. Jk,.J 3.2 Hz. H-3e). 3.09 (4. CH,). 

3.56 (dd, 1 H. Jh.? 8. Jh.5 1.5 Hz, H-6), 4.06-4.36 (m. 4 H, H-5.7.8.8“). 4.43 (dd. 1 

H, H-2). 4.58 (ddd. 1 H. J,., 8 Hz, H-4). 9.17 (bs, NH); ‘Y. fi 8.46 (CH,), 25. II. 

26.37. 27.08 (2 CMe,), 27.52 (C-3), 44.91 (CH,), 67.30 (C-8). 69% (C-2), 70.42 
(C-4). 72.30. 72.45 (C-S&). 74.06 (C-7’). 108.99. 109.14 (2 (‘Me?), 177.71 (C-l). 

This compound was used in the next step without further charactcris~ltion. 
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Triethylamine (0.15 mL, 1.1 mmol) and ethyl chloroformate (50 pL, 0.54 
mmol) were added to a suspension of 25 (180 mg, 0.45 mmol) in N,N-dimethyl- 
formamide (5 mL) at -10”. After 5 min, a solution of glycine methyl ester hydro- 
chloride (85 mg, 0.68 mmol) and triethylamine (0.15 mL) in N,N-dimethylform- 
amide (2 mL) was added dropwise, and stirring was continued for 1 h. The mixture 
was then filtered and concentrated. Column chromatography (ethyl acetate- 
chloroform, 1: 1) of the residue afforded a pale-yellow syrup which was filtered 
through silica gel with ether to give 26, isolated as a colourless glass (140 mg, 82%), 
[(~]n -26” (c 1.6, chloroform), R, 0.58 (ethyl acetate-chloroform, 1:l). N.m.r. 
data (CDCI,): ‘H, 6 1.28,1.32, 1.37, 1.40 (4 s, 12 H, 2 CMe,), 1.71 (ddd, 1 H, JSa,se 

-15.5, Jk,* 11.8, Jj11,4 2.5 Hz, H-3a), 2.42 (ddd, 1 H, & 5.5, JJeq4 2.8 Hz, H-3& 
3.63 (dd, 1 H, J6,, 4.8, J6.5 1.5 Hz, H-6), 3.69 (s, 3 H, OMe), 3.95-4.26 (m, 6 H, 
H-5,7,8,8’, CH,), 4.3-4.65 (dd, 1 H, H-2; ddd, 1 H, H-4), 7.30 (t, 1 H, NH); 13C, 
6 24.53, 25.42, 25.97, 26.52 (2 CMe,), 27.22 (C-3), 40.73 (CH,), 52.29 (OMe), 
65.70 (C-8), 69.34 (C-2), 70.14 (C-4), 71.64 (C-6), 72.23 (C-7), 75.18 (C-5), 108.57, 
109.17 (2 CMe,), 169.94, 173.23 (C-l, methyl ester C=O). 

Anal. Calc. for C,,H,,NO,*0.75 H,O: C, 52.8; H, 7.4; N, 3.6. Found: C, 
52.8; H, 7.0; N, 3.4. 

Ammonium N-acefyl-2,6-anhydro-3-deoxy-D-glycero-D-talo-ocionamide (27). 
- Compound 26 (100 mg, 0.27 mmol) was deprotected according to the standard 
procedure. After concentration, the residue was triturated with ether and pentane, 
to afford the ester as a white semi-crystalline residue (60 mg, 77%), R, 0.52 (ethyl 
acetate-methanol-water, 7:2: 1). N.m.r. data (CD,OD): ‘H, S 2.04 (ddd, 1 H, J3aJe 
-12, J3.,4 12, J3a,Z 6 Hz, H-3a), 2.32 (ddd, 1 H, Js,4 5. J3e,Z 1.5 Hz, H-3e), 2.92 (d, 
2 H, CH,). 3.50-4.05 (m, 9 H, H-4,5,6,7,8,8’, including OMe at 6 3.72), 4.48 (dd, 
1 H, H-2); 13C, 628.23 (C-3), 41.69 (CH,), 52.69 (OCH,), 64.86 (C-8), 67.94 (over- 
lapping signals, C-4, C-5), 70.42 (C-7), 74.86 (C-6), 75.85 (C-2), 171.65, 174.37 
(amide, ester). 

The ester (60 mg, 0.20 mmol) was treated with 0.5~ NaOH (5 mL) for 1 h 
and the residue was passed over Dowex 5OW-X8 (NH;) resin, and then concen- 
trated to give 27 (60 mg, 100%) as a semi-crystalline residue, [a]n +51.5” (c 1.2, 
methanol), R, 0.19 (chloroform-methanol-water, 10: 1O:l). N.m.r. data (D,O): 
‘H, 6 2.00 (ddd, 1 H, J3Uq3e -12, J3a,4 12, Jja,? 6 Hz, H-3a), 2.30 (ddd, 1 H, J3e,4 5, 
J 3e,Z -1 Hz, H-3e), 3.58-3.96 (m, 8 H, H-4,5,6,7,8,8’, CH,), 4.61 (dd, 1 H, H-2); 
13C, 6 28.91 (C-3), 45.61 (CH,), 65.45 (C-8), 68.69, 68.54 (C-4,5), 71.43 (C-7), 
75.92, 76.57 (C-2,6), 175.22, 178.96 (C-l, carboxylate). Mass spectrum (f.a.b.): 
Calc. for C,,H,,NO, (M - NH,)-: m/z 278.0876. Found: m/z 278.0869. 

2,6-Anhydro-N-benzyl-J-deoxy-4,5:7,8-di-O-isopropylidene-o-glycero-D- 

tale-octonumide (28). - The amidation of 25 (280 mg, 0.69 mmol) in acetonitrile 
(5 mL) with triethylamine (140 I,LL), ethyl chloroformate (67 I.LL, 0.7 mmol), and 
benzylamine (110 pL, 1 mmol) was performed as described for 26. Column 
chromatography (ether) of the product gave 28 (250 mg, 92%), m.p. 93-94”, [(Y],, 
-61” (c 1.1, chloroform), R, 0.60 (ether). N.m.r. data (CDCl,): ‘H, S 1.12, 1.28, 
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1.34, 1.45 (4 s, 12 H, 2 CMe,), 1.78 (ddd, 1 H. &+ - 15.5. Jjn.: 11.6. .I.lu,l 2.6 Hz, 
H-3a), 2.57 (ddd, 1 H. Jje.? 6. J3E,4 3 Hz, H-3e), 3.70 (dd, 1 H, Jh.? 3.S. J,.j 1.S Hz, 
H-6), 3.94-4.30 ( m, 4 H, H-5,7,8,8’), 4.46-4.70 (m, 4 H. H-2,4. CH:). 7.3 (s. 5 H. 
Ph); ‘jC, 6 24.53, 25.32, 25.92 (2 CMe,), 26.92 (C-3), 43.17 (CH,). 64.96 (C-X). 
69.44 (C-2), 70.39 (C-4). 71.24 (C-6), 72.33 (C-7), 75.47 (C-S). lOS.03, 109.27 (,2 
CMe,), 127.52, 127.97, 128.62, 137.79 (aromatic), 172.64 (C-l). 

Anal. Calc. for CJ,H,,NO,-0.25 H,O: C. 63.7; H. 7.5; N. 3.S. Found: C. 
63.5; H, 7.4; N, 3.5. 

2,6-Anhydro-N-benz_yl-3-deoxy-u-glycero-~-talo-octo~zu~zide (29). -- De- 
protection of 2.8 (21)O mg, 0.51 mmol) by the general procedure and crystallisation 
of the product from methanol-ether gave 29 (110 mg. 69%). m.p. ISS-156”. /alI, 
+49” (c 0.4, methanol), R, 0.60 (ethyl acetate-methanol-toluenc. 7:2: 1). N.m.r. 
data (CD,OD): IH, 6 2.04 (ddd. 1 H, J3,1.i,, -12. J3U.-1 12, .& h Hz. H-3~). 2.35 
(ddd, J3r.J 6, J.1y.2 2 Hz, H-3~). 3.44-3.90 (m, 6 H, H-4.5.6,7,8.8’). 4.33-4.57 (m. 3 
H, H-2, CH,), 7.28 (s. 5 H, Ph); ‘T. 6 28.22 (C-3). 44.02 (CH& 64.71 (C-8). 
67.85. 68.10 (C-4.5). 70.29 (C-7), 75.08 (C-6). 75.92 (C-2): 128.23. 128.67. 129.S1, 
139.38 (aromatic), 178.28 (C-l). 

Anal. Calc. for C,,H2,N0,: C. S7.9; H. 6.8; N. 4.5. Found: C. 58.1: H. 6.7: 
N, 4.3. 

2,6-Anhydro-3-deoxy-N-hexyl-4,5:7,8-di-O-isopropylidet~e-~-gl~ccr~~-~-talo- 
octonamide (30). - Compound 30 was prepared from 25 (250 mg. 0.62 mmol) in 
tetrahydrofuran (5 mL) by reaction with triethylamine (0.2 mL), ethyl chloro- 
formate (66 ,uL, 0.68 mmol), and hexylamine (0.12 mL. 0.62 mmol) as described 
for 26. Column chromatography (ethyl acetate+hloroform. I : 1) of the product 
gave 30 (170 mg, 71%). which crystallised after prolonged storage and had m.p. 

33-35”, [ crJD -38” (c. 1 .OI chloroform), R, 0.6: (ethyl acetate+Ailoroform. 1: 1). 
N.m.r. data (CDCI,): ‘H, 6 0.82 (t, 3 H1 H-6’.6’.6’), 1.19-1.39 (m. 20 H, 2 CMe, 
and H-2’.2’,3’,3’.4’,4’.5’.5’!, 1.65 (ddd. I I-I, J3u.3r -1S.5, Jj,,.: 11.7. ./3o,l 2.3 Hz, 
H-3u), 2.45 (ddd, 1 H, .I,+? 6../,,.,, 3 Hz. H-3~). 3.19 (q. 2 H, H-1.1). 3.01 (dd. 1 i-I, 

J6,, 4, Jhvs 1.5 Hz, H-6), 3.94-4.20 (m, 4 H. H-5.7.8.8). 4.39 (dd, 1 H, H-2). 4.57 
(ddd, 1 H, J4.5 8 Hz, H-4), 6.9 (t, 1 H. NH); ‘T, fi 14.01 (C-6’), 22.53 (C-S’). 24.53, 
25.42, 25.92, 26.47 (2 CMe2). 26.57, 27.02, 29.56 (CT-_3,3’.4’), 31.16 (C-2’). 38.93 
(C-l’), 65.16 (C-S), 69.34 (C-2), 70.34 (C-4), 71.24 (C-6), 72.38 (C-7). 75.52 (C-S). 
108.13, 109.22 (2 CMe,). 172.58 (C-l). 

Anal. Calc. for C,,,H,,NO,: C. 62.3: H. 9.15; N. 3.6. Found: C. 62.3; H, 9.3: 
N, 3.4. 

2,6-Anhydro-3-deoxy-N-hexyI-D-glycero-D-talo-ottonumidt~ (31). - Com- 
pound 30 (170 mg. 0.44 mmol) was deprotected according to the standard proce- 
dure. Crystallisation of the product from methanol-ether afforded 31 (120 mg. 
92%), m.p. 128-129”, [a],, +59” (c 1, methanol), R, 0.(,X (ethyl acetatc-methanol- 
toluene, 7:2:1). N.m.r. data (CD,OD): IH. 6 0.90 (t, 3 H, H-6’,6’.h’). 1.23-1.70 

(m, 8 H, H-2’,2’.3’.3’.4’,4’.S’,S’). 2.00 (ddd, 1 H. J3a.j,, - 17. JDc;,l 12. & 6 Hz, 
H-3u), 2.30 (ddd, 1 H. 13<,,_, 5, J>,,> Z Hz. FMe), 3.1(k4.00 (III, S H. H- 
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1’,1’,4,5,6,7,8,8), 4.39 (dd, 1 H, H-2); 13C, 6 14.41 (C-6’), 23.68 (C-S), 27.82, 
28.12, 30.31 (C-3,3’,4’), 32.65 (C-2’), 40.43 (C-l’), 64.66 (C-8), 67.10, 67.85 (C- 
4,5), 70.24 (C-7), 75.03 (C-6), 75.72 (C-2), 173.03 (C-l). 

Anal. Calc. for C,,H,,NO,-0.25 H,O: C, 54.3; H, 8.9; N, 4.5. Found: C, 
54.2; H, 8.8; N, 4.6. 

Benzyl 2,6-anhydro-3-deoxy-4,5:7,8-di-O-isopropyiidene-D-glycero-D-talo- 
octonate (32). - Compound 4 (600 tug, 1.9 mmol) was heated at 120” with benzyl 
alcohol (20 mL) and a catalytic amount of magnesium methoxide for 7 h under 
nitrogen. The solution was neutralised with Amberlite IR-120 (H+) resin (pre- 
washed with methanol and dried), filtered, and concentrated. Column chromatog- 
raphy (ethyl acetate-toluene, 1:9) of the product gave 32 (600 mg, 81%), isolated 
as a colourless syrup, [ol]n -26” (c 1.2, dichloromethane), R, 0.57 (ethyl acetate- 
toluene, 1:2). N.m.r. data (CDCI,): rH, S 1.30,1.37,1.40, 1.48 (4 s, 12 H, 2 CMe,), 
1.85 (ddd, 1 H, JJa,se -15, J3aqz 11.7, J%,‘, 2.4 Hz, H-3a), 2.31 (ddd, 1 H, J3e,2 5.9, 
J3e,4 3.4 Hz, H-3e), 3.51 (dd, 1 H, Js,7 8.3, J6,5 1.5 Hz, H-6), 4.03-4.26 (m, 3 H, 
H-7,8,8’), 4.33 (dd, J5.4 7.8 Hz, H-5), 4.55-4.63 (m, 2 H, H-2,4), 5.18 (s, 2 H, 
CH,), 7.35 (s, 5 H, Ph); 13C, S 24.96, 25.20, 26.22, 26.85 (2 CMe,), 27.00 (C-3), 
66.60 (CH,), 67.23 (C-8), 68.52 (C-2), 69.76 (C-4), 72.32 (C-5), 72.90 (C-6), 73.78 
(C-7), 109.29 (overlapping signals, 2 CMe,), 128.24,128.29,128.61,135.61 (aroma- 
tic), 172.58 (C-l). 

Anal. Calc. for C,,H,O,: C, 64.3; H, 7.2. Found: C, 64.6; H, 6.8. 
BenzyZ2,6-anhydro-_?-deoxy-D-glycero-D-talo-octon&e (33). - Compound 32 

(580 mg, 1.48 mmol) was deprotected according to the standard procedure. Column 
chromatography (ethyl acetate-methanol-toluene, 7:2: 1) of the product gave 33 
(210 mg, 45%). Recrystallisation from methanol gave material with m.p. 131-132“, 
[a],, +60° (c 1.15, methanol), R, 0.35 (ethyl acetate-methanol-toluene, 7:2:1). 
N.m.r. data (CD,OD): ‘H, 6 2.12-2.19 (m, 2 H, H-3a,3e), 3.46-3.60 (m, 3 H), 
3.73-3.80 (m, 2 H), 3.92 (d, 1 H), 4.60 (dd, 1 H), 5.20 (AB, 2 H, CH,), 7.38 (s, 5 
H, Ph); 13C, 6 29.70 (C-3), 65.68 (C-8), 68.01, 68.11, 71.25, 73.95, 76.53 (C- 
2,4,5,6,7), 129.51, 129.70, 137.24 (aromatic), 173.29 (C-l). 

Anal. Calc. for C,,H,O,.0.5 CH,OH: C, 56.7; H, 6.75. Found: C, 56.8; H, 
6.4. 

Hexyl 2,6-anhydro-3-deoxy-4,5:7,&-di-O-isopropylidene-D-glycero-D-talo-oc- 
fonate (34). - Transesterification of 4 (430 mg, 1.36 mmol) in 1-hexanol (17 mL) 
with magnesium methoxide was carried out as for 32. Column chromatography 
(ethyl acetate-toluene, 1:6) of the product gave pure 34 (470 mg, 90%) as a colour- 
less syrup, [cz],, -33” (c 1.55, chloroform), R, 0.58 (ethyl acetate-toluene, 1:2). 
N.m.r. data (CDCl,): ‘H, S 0.89 (t, 3 H, H-6’,6’,6’), 1.2-1.7 (m, 20 H, 2 CMe, and 
H-2’,2’,3’,3’,4’,4’,5’,5’), 1.85 (ddd, 1 H, J3a,3e -15, J3,,* 11.7, J3a,4 2.4 Hz, H-3a), 
2.31 (ddd, 1 H, Jk,> 5.9, J3e,4 3.2 Hz, H-3e), 3.51 (d, 1 H, J6,, 8.0 Hz, H-6), 4.1s 
4.25 (m, 5 H, H-1’,1’,7,8,8), 4.35 (dd, 1 H, Js,a 1.5, J5,4 7.8 Hz, H-5), 4.5-4.6 (m, 
2H, H-2,4): 13C, 6 13.99 (C-6’),22.55 (C-5’),25.61,26.30,28.68 (C-3,3’,4’), 25.03, 
25.25, 26.98, 27.10 (2 CMe,), 31.45 (C-2’), 65.14 (C-l’), 67.33 (C-8), 68.57 (C-2), 
69.91 (C-4), 72.42 (C-5), 72.95 (C-6), 73.88 (C-7), 109.34, 109.41 (2 CMeJ, 172.98 
(C-l). 



Anal. Calc. for C,,,H&,: C, 62.15; H, 8.9. Found: C. 61.9; H. 9.0. 

ffexyl 2,ti-urthydrn-_~-deoxy-r,-glycero-u-talo-ocrc~rraf~~ (35j. -.-- Compound 34 

was deprotccted according to the standard procedure. Column chrr~mato~graphy 

(ethyl acctat~-toluenc-rI!cthanol. 7: 1 : I) of the product gave 35 (,270 mg, 73’?‘0). 

Recrystallisation from ethanol-cthcr gave material with n1.p. i l&-l If?. [alI, +fcJo 

(c 0.1, methanol), K,. 0.36 (ethyl acetate-methanol-tclucnc. 7.7: i 1, N.nr.r. data 

(CD,OD): ‘H, 60.92(t, 3 H. H-6’,6’.6’). I.25-l.%(rn. X F-I. H-2~._)‘..~‘..;‘.-t’.J’.s’.S’). 

2.1-2.2 (m, 2 H, H-3&e). 2.50 (d. 1 H. H-6). 3.4%-3.83 (m. 1 H, IH-1.7.X,X). 3.96 

(d. I H. H-S). 4.16 (m. 2 H. OCH,). 4.55 (dd, 1 H. H-3): “C‘. 6 l4.X (C-h’). 23.S.T 
(c-s’), 26.68. 29.65 (C-.3.3’.4’). 32x (c-2’). 65.65 ((‘-I’). 66.18 (C-s). 6X.04. 

71.08. 73.83, 76.38 (C-2,4,5,6,7), 173.51 (C-l!. 

Anul. Calc. for C,~,H,,O,: (3, 54.0: H. X.6. Pound: C. 5-t.K: II. 8.3. 
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