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Abstract - Moenomycin A was degraded by enzymatic cleavage of the bond 
between the moenuronic acid moiety and the phosphate group. The phosphoric 
acid monoester 4a could be dephosphorylated further to yield 3a. Compound 
3a was used to confirm the previous configurational assignment at C-2 of 
the glycerate part of moenomycin A and to prepare ent-4a. 4a and ent-4a 
are antibiotically inactive. 

Introduction 

The two successive final reactions in the biosynthesis of cross-linked 

peptidoglycan (a major constituent of the bacterial cell-wall) from the 

membrane precursor N-acetylglucosaminyl-N-acetylmuramyl-(pentapeptide)- 

pyrophosphoryl-undecaprenol are transglycosylation’ which extends the 

glycan chain and transpeptidation which cross-links the glycan chains 

through two peptide units. A number of bifunctional enzymes (Penicillin- 

binding proteins. PBP’s) have been identified that catalyze both tranS- 

glycosylation and transpeptidation. With cell-free systems from E.co7i it 

was demonstrated that moenomycin A (1)’ selective1 y inhibits the trans- 

glycosylation step through its action on the penicillin-binding protein lb 

(PBP lb)2 and thus represents one of the rare examples of a trans- 

glycosylation inhibitor. A complicated stepwise degradation sequence3 has 

demonstrated compound 2 to be the smallest moenomycin degradation product 
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with full (in-vitro) antibiotic activity (the arrows in 2, Scheme 1, indi- 

cate cleavage reactions that lead to less active or inactive derivatives). 

Further progress in the context of structure - activity relations is slow 

because the chemical synthesis of structural analogues is complicated and 

Scheme 1. 

time-consuming . 4 Enzymatic degradation of moenomycin A which might 

constitute a useful alternative has hitherto not been reported. Here, we 

wish to describe as the first expmple of an enzymatic cleavage of 

moenomycin A formation of compound 4a. This degradation reaction is 

expected to be very useful, aiding the structural elucidation of new 

moenomycin antibiotics, as well as making available important building 

blocks for partial syntheses. Both these aspects are substantiated below 

by an example. 

Fnzvtiic d-ion broQycts of moenQnwcin A 

From a contaminated culture broth of a Flavomycinn production fermentation 

a Bacillus strain (Bacillus spec. DSM 4675) was isolated that was found to 

cleave moenomycin A into three degradation products, which were named MA. 

Mm. and MC. Initially, only MI and MC are formed. Then MI is degraded fur- 

ther to give MI. The first step, cleavage of the phosphogl ycosi di c 1 in- 

kage . is catalyzed by a ccl 1 wall associated enzyme which is named moeno- 
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myc inase. This enzyme requires cobalt ions for its maximum activity. The 

dephosphorylation of M5 iS catalyzed by a soluble phosphatase called 

MBase . This Bacillus enzyme can be replaced by commercially available 

phosphatases from sweet potato or bovine intestinal mucosa.5 

HA has structure 3a (Scheme 2) which is closely related to moenocinol (the 

alcohol corresponding to unit I of 1, see Scheme 1). A reference sample of 

moenocinol was prepared by acid degradation of moenomycin. Besides the 

products already reported by Tschesche et al.5 we isolated an isomer of 

moenocinol which has probably the (2El configuration. Some spectral data 

of this compound are provided in the Experimental. Also reported are the 

results of a systematic assignment of the ‘l-l and ‘5C NMR spectra of moeno- 

cinol (see Table 3. Experimental). Comparison of the ‘5C chemical shifts 

of moenocinol with the carbon resonances of 3a (see Table 1) clearly indi- 

cates the presence of the moenocinol unit in 3a. The remaining signals are 

due to the glyceric acid part. Also, the expected down-field shift of the 

C-l ’ and the C-2 signals (B effect) is observed. Methylation of 3a yielded 

the methyl ester 3b. 

M5 has structure 4s. again fully in accord with the ‘5C NMR spectrum 

(Table 1). When la was treated with methanol in the presence of an ion 

exchange resin (Dowex 50, H+ form) an exceedingly unstable compound resul- 

ted which according to its ‘H and l5C NMR spectra was probably methyl 

ester 4b. Based on previous observations7 we assume that a B-elimination 

process is responsible for the instability. 

Hydrogenation of 4s provided decahydro derivative Sa esterification of 

which with diazomethane furnished Sb. On the basis of NMR and MS data (see 

for example MS ions a and b) Sb proved to be identical with a specimen 

obtained previously from chemical degradation of moenomycin A.5 

MC contains probably units A through F of moenomycin A (I) as far as can 

be judged from its I *C NMR spectrum. 5 Further structural work has not been 

performed. 

a b 
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Table 1. 1W NMR spectra of moenocinol., MA (3a)b. and MI (4aJc 

moenoclnol 3a 4a 

1’ 59.0 67.5 68.6 
3: 124.3 139.7 123.5 141.6 142.9 124.5 

4’ 32.2 32.3 34.6 
;I 125.2 31.3 126.7 32.5 128.0 33.9 

;: 140.7 35.5 141.8 35.9 143.8 37.7 
9’ 41.3 40.9 44.0 

10’ 31.3 30.7 33.9 
11’ 150.0 151 .I 151.4 
12’ 34.9 33.4 37.1 
13’ 121.9 122.7 123.4 
14’ 136.4 137.3 138.3 
15’ 39.7 36.4 42.1 
16’ 26.6 27.7 29.4 
17’ 124.3 125.3 126.8 
18’ 131.4 132.2 133.1 
19’ 25.7 25.9 27.9 
20’ 17.7 17.8 19.9 
21’ 15.9 16.1 18.2 
22’ 108.3 109.2 111.1 
23’/24’ 27.3 27.3 29.6 
25’ 23.4 23.8 25.9 

: 175.9 80.6 179.1 81 .8 
3 64.1 68.6 

l ln CDC~~ solutlon, b in CDsOD solution, c in D20 solution. * 
for position numbers, see formula 1. The primed carbon numbers 
correspond to unit I (C21H41). the non-primed to the glyceric 
acid part, see unit H in 1. 

. . . . 
Eleinvestmakion of the alvceric acid confiwcatlon in 1.. 

Many years ago, the configuration at C-2 of the glyceric acid unit present 

in 1 was determined by Huber. 10 After acid cleavage of moenomycin a mix- 

ture of 2- and 3-phosphogl ycerate was isolated. Subsequent dephosDhorYla- 

tion with calf intestinal alkaline phosphatase furnished glyceric acid. On 

the basis of the very small negative optical rotation of the specimen thus 

obtained ([a]0 = -1.8) the (R) configuration was assigned. Our ready 

access to 3a offered the opportunity to verify the earlier assignment. A 

crude specimen of 3a on treatment with tert-butyldiphenylsilyl chloride 

under the conditions reported by Chaudhary and Hernandezll yielded fully 

protected 3~. An attempt to reduce this compound with lithium aluminium 

hydride was unsuccessful since only the diol 6b was formed by ester reduc- 

tion and silyl ether cleavage.lz~ls*l4 However, careful reduction with 

diisobutylaluminium hydride (DIBAH)ls led to the desired 6a. In this Case. 
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coon2 COOR COOR 
luo %YQ .-. R203m ,%“sI 

6 ’ R2 

a Si%uphl H 
b H H 

c Si’BuPh2 p(ocHzcH2cN42 I-- d Si’BuRy P(OXB 
c ShuPh2 p(OXO~2CNI 
f Si’BuPh2 PqHz 

&H PqH2 

1 R 

H 

t 

f 

OR 

!mOc 

au-4 

*Buph2SiO 

H 
8 R 

t 

I Hu 
b Hrq 

‘BuPh2SiO 

H 

(4)-‘-3m6H4.. . 

LJ 0 * ’ ‘C~“~-OC”J- (4) 

bH 
I 12 



8406 K.-H.METEN~~u~. 

too, under non-optimized conditions the formation of Ob was observed.12 (la 

was then submitted to ozonolysis whereupon a mixture of the diastereomeric 

hemiacetals 7a and 7b was formed. Two signals in the ‘H NMR spectrum at 6 

= 4.80 (dd, J2,~=8.5 Hz, Jz,z’=3.0 Hz) and 8 = 4.95 (W1/2=1.5 Hz) were 

indicative of the hemiacetal structure with the OH group in the equatorial 

and the axial position, respectively. The corresponding 13C NMR signals 

were found at 6 = 92.1 and 89.1; r,especti vel y . The 7a/7b mixture was then 

esterified with (-)-camphanoyl chloride. 10 The resulting diastereomeric 

esters 8a and 8b were, readily separated by silica gel chromatography. In 

the 1H N&a? spectra of 8a and' 8b the three three-spin multiplets overlap 

and could only partly be analyzed. The 2-H signals appeared at low field 

and were characteristic of an axial proton in Ba and an equatorial proton 
in 8b. In 8a also the 3-YAx and 3-Hop signals could be assigned. Because 

of the uncertainties in the analysis of the .,' 1H NMR spectra no definite 

assignment of the ring conformation was possible, and, therefore, the con- 

figuration at C-2 remained e&usive’(a question without relevance in the 

present context). Reference compounds 10a and lob with known configuration 

at C-5 were prepared employing the route to optically active glycerol 

derivatives alkylated in -the P-position that we developed some time 

ago.6.‘7,18 1.3(R):4,6(R)-Bis-0-(4-methoxy-benzylidene)-D-mannitol (12) 

was converted to lla by (i) allylation of the free OH groups, (ii) reduc- 

tive acetal opening, (iii) periodate cleavage of the 3.4 diol grouping, 

followed by sodium borohydride reduction, and (iv) silyl ether formation 

as described previously. 17~1a From lla the p-methoxybenzyl group was remo- 

ved by oxidation with ceric ammonium nitrate in acetonitrile-waterle to 

provide llb. Ozonolytic degradation of llb yielded the two hemiacetals Sa 

and Sb which on subsequent esterificatioh with (-)-camphanoyl chloride 

furnished 10a and lob. again readily separable by chromatography. The ‘H 

and ‘JC NMR spectra of 8a and 10a are practically superimposable. 

Similarly, the ‘H NMR spectra of 8b and lob are practically identical. 

However, on TLC (toluene - tert-butyl methyl ether 15:1, 3 times 

developed) 8a and 10a have distinctly different Rr values, and also those 

of 8b and 10b differ slightly. These results demonstrate unambiguously. 

that 8a and lOa, as well as 8b and lob. have opposite configuration at C- 

5. in agreement with Huber’s configurational assignment.10 

Svnthesis of ent-MB Ient-4a) 

Nothing is known on how the antibiotic activity of moenomycin A (1) is 

related to the configuration of the glyceric acid moiety. As a first step 

directed towards an investigation of this problem, we synthesized ent-4a. 
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Our nnthod for the synthesis of optically active glycerol derivatives men- 

tioned above has already demonstrated its merits in the synthesis of opti- 

cally active glYCerate and 3-phosphoglycerate derivatives, 0-alkylated in 

the 2-position, i.e. simple structural analoguea of moenomycin A.20 In the 

present case, however, this approach appeared to be of 1 ittle value. The 

insufficient supply of the moenocinol-derived reagent needed for the 2- 

and 5-alkylation of 12 forms a serious obstacle. Neither degradation of 

moenomyci n4 nor total synthesis*! make moenocinol available in substantial 

amounts. 

On the other hand, MA (3a) i 8 now readi 1 y obtained from moenomycin A by 

the enzymatic degradations described above. It appeared. therefore, reaso- 

nable to prepare ent-4a from 3a. This approach demanded ( i 1 inversion of 

the absolute configuration by exchanging the oxidation levels at the ter- 

minal glycerol carbons and (ii) phosphorylation. Ba was converted to 6a as 

described above. For the introduction of the phosphate group the phosphite 

methodology was employed. 22n1a A number of usual phosphite and phosphate 

protecting groups such as benzyl, tert-butyl, allyl, or differently sub- 

stituted phenyl groups seemed not compatible with the other functional 

groups present in (la. From suitable protecting groups such as the p-nitro- 

phenylethyl,23 the t3.B.B-trichloroethyl,24 and the B-cyanoethyl group, we 

selected the latter, which can be removed under mildly basic conditions by 

~-elirnination.2~~2~~2’~2~~2# The desired phosphate Of was obtained only 

after much experimentation and optimization. The best yields were achieved 

by coupling of Oa with bis(~-cyanoethyl)-N,N-diisopropylaminophosphorami- 

di tea0 in the presence of lH-tetrazole, oxidation of the intermediate 

phosphite Bc with bis(trimethyl8ilyl)peroxide 2*#4 to give phosphoric acid 

triester Bd, and deblocking with 0.5 mol/l aqueous lithium hydroxide at 

20-C. TLC control showed the fast formation of diester 00 (5 min) whereas 

the second D-cyanoethyl group was split off much more reluctantly (20-40 

min), an observation not unexpected in view of the large difference in the 

PKA Values Of H1p04 (2.12) and H2m4- (7.21j.a’ On treatment of triester 

Od with triethylaminez’b only diester Be was obtained (see Experimental ), 

similar observations were made using ammonia in methanol.24b aqueous ammo- 

nia,zsb DBU or diisopropylamine in pyridine. 28 For the oxidation step (6~ 

--> Bd) both bis(trimethylsilyl)peroxide and tert-butyl hydroperoxide can 

be used. Finally, because of the great difference in the polarity of Id, 

g.9 and 6f the selection of the solvent was found to be critical (see 

Experimental ). 
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Cloavaao of the ailylethor grouping in SC to provide 8g was achieved in 

auantitative yield with Potassium fluoride in 3.4:1 methanol-water (5 d at 

ZO’C). 

Oxidation of OQ to furnish the desired ent-Sr turned out to be the moat 

critical step of the synthesis. We had in mind to oxidize 8g either 

directly to ent-4a with pyridinium dichromate*’ or first with a non-acidic 

Cr(V1) reagent followed by oxidation of the intermediate aldehyde with 

sodium chlorite under mild conditions. 84 These experiments met with no 

success. In all oxidations with the chromium reagents only decomposition 

was observed. We assums that the aldehyde obtained from 5~ is very 1 abi le 

and decomposes readily by a B-elimination Process (vide supra for the 

instability of ester 4b). A method avoiding this complication was needed 

and recourse was made to catalytic oxidation, a method that is known to 

convert primary alcohols to carboxylic acids quite selectively if the 

reaction process is carefully monitored. The PH of the medium has to be 

kept in the range of 7 to 0. 85 In a test experiment MB (48) was shown to 

be stable under the conditions of the catalytic oxidation. Od was then 

oxidized using this method and provided ent-4a in 50% yield. Ent-ha thus 

obtained gave the correct FAB MS spectrum. Especially useful for the iden- 

tification was the 1aC NMR spectrum that was identical in every respect 

with that of la. 

The inhibitory effect of 4a and ent-4m on the transglycosylation reaction 

was tested as described previously. 16 Tests were carried out twice with 1 

and 10 mg/l of both 4a and l nt-4% No inhibition was observed. 5 whereas it 

was verified that moenomycin was effective in this case. Further, the 

inhibition of the polymerization of the peptidoglycan sugar chains was 

studied with a slightly modified version of the assay described by Izaki” 

using UDP-N-acetylmuramyl pentapeptide isolated from Bacillus cereus T and 

ccl 1 membranes of E.col i JE5584. At a concentration of 1 mg/l & and ent- 

4a were inactive. Antibactsrial activity was finally determined by agar 

dilution tests with Mueller-Hinton agar. s8 The results in Table 2 show a 

slight activity only against Streptococcus pyogenes A77. These findings 

are in agreement with prev i ous observations on structure-activity 

relations in the moenomycin area. Great care was taken in these sxperi - 

ments to obtain MI completely free of moenomycin A by reversed-phase chro- 

matography . 
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Table 2. in vitro activity of moenomycin A (1) and 
compounds MA (3a). MB (4a). and ent+l~ tent-4a) 

test organism 

S.aureus SO 511 
S.aureus 285 
S.aureus 503 
Strept.pyog. A 77 
Strept.pyog. 308 

MIC (ma/l) 

1 3a 4a ent-4a 

0.025 100.0 50.0 100.0 
50.0 >lOO.O 
50.0 >lOO.O 

co.002 12.5 3.125 50.0 
50.0 100.0 

EXPERIMENTAL 

For instrumentation and general methods, see ref. 10. 

AcidVofin. 
Moenomycin complex (FlavomycinR, 20 g) was degraded as described by Tsche- 
sche et al.6 Two successive separations (MPLC. silica gel, hexanes-ethyl 
acetate 1O:l) yielded moenocinol (148 ma) and the (PE)-isomer (51 mg). 

f~~.S~.13~~-3.8.8.14.18-P~~tamethvl _ _ 11 methvlene--a-2.6.13.17- . 
clnol I, 

The following NMR spectra were recorded: 1H NMR (400 MHz. CDCls), 13C NMR 
(100.6 MHz, CDCls). 1H. 1H COSY. ‘H. lsC COSY. Co~oC.36 DEPT. The assign- 
ments of C-20/C-21, C-B/C-l6 and the quaternary carbons are based on the 
COLOC experiment (Jc, n = 5 HZ). Assignment of the C-5/C-10 and C-2/C-17 
chemical shifts is based on a lH. 1W COSY spectrum with a digital resolu- 
tion of 0.25 Hz/point. The results are collected in Table 3. 

L2F.6E.l3E)-3.8.8.14.lS-Pentamethvl 11 methvlene-nonadeca-2.6.13.17- - - 

tetraen 1 - _ 01. 
IR (CC14): 3600. 3080. 1665, 1640 cm-l.- 1H NMR (400 MHz. CDClr): 8 = CH2- 
1 (4.12. dd. J=7 and 1 Hz): 2-H (5.38. tcl, Jt=7 Hz. Jq=l Hz): CH2-4 and 
CHz-5 (2.02-2.13); 6-H (2.24, dt, Jd=15 Hz, Jt=6 Hz): 7-H (5.32, d,“= 
Jd=l!i Hz); CHz-9 (1.31-1.37): CH2-10 (1.82-1.90): CH2-12 (2.67, d, Jd=7.5 

Hz): 13-H (5.13, t (lrcd2), Jt=7.5 Hz); CH2-15 (1.96-2.02): CHz-16 (2.02- 
2.13); 17-H (5.05, t (lrc42), Jt=7 Hz); CHa-19 (1.66. 8): CHs-20 (1.58, 
8). CHs-21 (1.58. 5); CHE-22 (4.63, S (lrC42)), CHJ-23/CHs-24 (0.96. s): 
CHs-25 (1.64, s).- ‘3C NMR (100.6 MHz, CDCls, DEPT): S = C-l (59.3, CH2): 
C-2 (123.5. CH): C-3 (139.4. C); C-4 (31.3. CH2): C-5 (31.0, CH2); C-6 
(125.6, CH): C-7 (140.2, CH); C-S (35.5, C): C-9 (41.4. CH2); C-10 (31.3. 
CH2): C-11 (150.1, C); C-12 (34.9, CH2); C-13 (121.9, CH); C-14 (136.4, 
C); C-15 (39,7. CH2); C-16 (26.6, CH2); C-17 (124.2, CH): C-18 (131.3. C): 
C-19 (25.6, CH3); C-20 (17.6, CHs): C-21 (15.9. CH3): C-22 (108.3, CH2); 
C-23/C-24 (27.3, CHs): C-25 (16.2, CHs).- C26H42D (358.6), MS: m/z (%) = 
358 (5). 340 (5), 271 (39). 69 (94). 41 (100). 

tin to Pive MA and Ma,6 
The preparative conversions were carried out in a fermentor Containing 
Flavomycinn (562 g). freeze-dried cells of Bacillus spec. DSM 4675 (658 
g), glycine-NaOH buffer (0.1 mol/l. pH 8.5: 37.3 1). CoC12 (1x10-’ mol/l). 
NaNs (0.02%) for 6-48 h at 37-C and 100 rpm. The progress of the reaction 
was monitored by TLC (CHCls-CHsOH-CHsCOOH 8O:lO:l). The suspension was 
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then centrifuged, the sol id material washed with acetone, and the aqueous 
solution extracted with ethyl acetate. Combining the two organic fractions 
and solvent evaporation gave crude MA (123 g). Repeated extraction of the 
agueous phase with 1 -butanol , combining the extracts and sol vent 
evaporation furnished crude MB (96 g). MA (20 g) was purified by LC 
(silica gel, 2.1 kg). The crude material was dissolved in as little as 
possible 1:l hexanes-acetone and transferred onto the top of the column. 
Elution was first performed with hexanes-acetone 60~40 (10 1) and then 
with methanol (5 1). The methanol eluate (collected in 0.1 1 fractions) 
contained MA (13 g).- MPLC (500 g silica gel, chloroform-ethanol-water 
4:7:1.5) of the MB fraction (3.1 g) furnished pure MI (1.3 g). The anti- 
biotic activitiy was determined using a sample further purified by 
reverse-phase LC (RP 18. methanol - water 3: 2). 500.0 mg yielded 388.2 mg 
of pure +a. 

- _ - _ 6E. 13E)- 3.8.8.14.18-oent~hvl-ll-methvlene- 
nonadeca-2.6.13.17-tetraenvloxv)-propanoic acid. MA (3a). 
13C NMR (log.6 MHz, CDsOD): see Table l.- CzrH4eO4 (446.740a, 446.340b). 
MS: m/z (%) = 446 (1). 377 (1). 340 (2). 271 (20). 69 (100). 

Methyl (RI _ _ 3 hvdroxv 2 (((ethyl 11 _ - _ _ methvlene- 
nonadeca-2.6.13.17-tetraenvloxv)-orooanoate. t3L 
An aqueous solution of 3a was treated with an ion exchange resin (Dowex 
50. H+ form). After filtration the aqueous phase was freeze-dried. The 
free acid form of 3a (18.5 mg, 0.04 mmol), dissolved in methanol (3 ml) 
was treated at O’C with an excess of an ethereal diazomethane solution, 
and the mixture was left 2 h at O’C and 12 h at 20-C. Solvent evaporation 
followed by LC of the residue (silica gel, hexanes-ethyl acetate 2:l) pro- 
vided 3b (3 mg, 16%).- 1H NMR (80 MHz, CDCls): 8 = 0.96 (s. 6H. CHs-23’ 
and CH3-24’): 1.61 (s’, 6H), 1.68 (s, 3H), 1.73 (s, 3H) (CH3 signals): 
1.90-2.12 (allyl. H’s), 2.62 (br d, J=7 Hz, CHz-12’), 3.78 (s, OCHs). 
3.60-4.30 (OCHZ and OCH signals), 4.62 (br 8. CHz-22’), 4.87-5.47 (Olefin. 
H’s) .- CZSH41C4 (460.740.. 460.440”). MS: m/z (%) = 460 (0.03). 271 (lo), 
230 (19). 199 (68), 43 (lOO).- 

- _ 6E.13F)-3.8.8.14.18-Pentg(5ethvl 11 methvlene-nonadeca_ - _ 

2.6.13.17-tetraenvloxvl - _ 3 DhosDhonooxv-oropanoic acid. M r-o& 
[Ulz0436 = +5.3 f 0.8 (c 1.07, water).- l3C NMR (100.6 MHz, DzO): see 
Table l.- CZEH4707P (526.74ca. 526.340b). FAS MS (DMSO-glycerol ) : m/z = 
615 [t+3H+4Na]+, 593 [+2H+3Na]+. 571 [M-H+2Nal+. 492. 267, 231, 185, 165. 
143, 115. 

Methyl CR) 2 ((PZ.6E.13E)-3.8.8.14.18-Dentamethvl 11 methvlene-nonadeca- _ _ - - 
2.6.13.17-tetraenvloxv) _ _ 3 DhosDhonooxv-DroDanoate (4b). 
To a solution of Sa (54.6 mQ, 0.104 mmol) in methanol (15 ml) ion exchange 
resin (Dowex 50 W. H+ form, freshly regenerated and washed with methanol, 
59) was added, and the mixture was stirred for 14 d at 20-C. Filtration, 
solvent evaporation (3O.C). addition of water, and lyophilization gave TLC 
pure 4b (49.8 mg, 88%) which decomposed very quickly. In other experiments 
4b had to be purified by LC (CHCls-CHsOH-Hz0 18:11:2.7).- 1H NMR (400 MHZ, 
CDCla. freshly filtered through Al203. otherwise 4b decomposed rapidly): 6 
= 3.72 (OCHs).- 13C NMR (100.6 MHz. solvent as described of IH NMR): 6 = 
52.8 (OCH3). 

IR) 3 Hvdroxv 2 (3.8.8.11.14.18-hexamethvl no 
ti- -- 

adecvloxv) - n -oropanoic acid 

3a (14.9 mg, 28.3 wmol) and PtOz (4 mg) were stirred in methanol (3ml) and 
acetic acid (50 ~1) under an atmosphere of hydrogen at 20-C for 3 d. Fil- 
tration of the reaction mixture and concentration in vacua Qave 5a (13.5 
mQ. 89%).- CzaH3707P (536.740.. 536.44”b), FAS MS (DMSO-glycerol): m/z = 
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625 [+3H+4Na]+, 603 CM-2H+3Nal+, 581 CM-H+2Nal+, 558 CM-H+Nal+, 514, 500. 
498, 432, 404. 302. 340. 298. 288, 266, 186, 164. 142. 115, 93. 

Table 3. NMR spectral data of moenocinol 

position 6 
number 

‘H NMR 

signal 
structure 

‘H. ‘H COSY 

‘3 C NMR 

COLCC 6 DEPT 

1 
2 
3 
4 

5 

4.08 
5.40 

2.02-2.14 

2.02-2.14 

6 
7 
8 
9 

10 
11 
12 

13 

14 
15 

16 

5.25 
5.34 

1.30-l .38 
1.84-l .90 

2.67 

5.13 

1.95-2.02 m 

2.02-2.14 m 

17 

18 
19 
20 

21 

5.08 t, Jt=7 

1.66 
1.58 

1.58 

22 4.56 
23/24 0.95 
25 1.72 

dd, J=7. J=l 2-H, 25-H 
td, Jt=7, JQ=~ 1-H. 25-H 

m 

m 

5-H 

4-H. 6-H. 
7-H. 17-H 
19-H,20/21-H 
7-H. 5/16-H 
5/16-H, 6-H 

dt. Ja=l5, Jt=6 
d, Jd=15 

m 
m 

d. Jd=7.5 

t, Jt=7.5 
lrca) 

S 

s. 1rc.I 
S 
S 

1 O-H 
9-H, 22-H 

13-H. 15-H. 
20/21-H 
12-H. 15-H 
20/21-H 

12-H. 13-H. 
20/21-H 
6-H. 7-H. 
17-H. 19-H 
20/21-H 
5/16-H. 19-H. 
20/21-H 

5/16-H. 17-H 
5/16-H, 12-H 
13-H. 17-H 
5/16-H. 12-H. 
13-H. 17-H 

10-H. 12-H 

1-H. 2-H 

c-3 59.0 
124.26 
139.7 

C-3, C-2/17 32.2 
C-5/10. C-25 

31.32 

125.2 CH 
C-6 140.7 CH 

35.5 C 
C-8. C-23/24 41.3 CHz 
c-s; c-11. 

c-11, c-14 
c-22 

c-14 

c-14 

31.28 CH; 
150.0 c 

34.9 CHz 

121.9 CH 

136.4 C 
39.7 CHz 

26.7 CH2 

C-18, C-20 
c-13. c-14. 
c-19 
c-13, c-14 
C-15. C-18, 
c-19 
C-5/lO,C-22 
C-9, C-8 
C-3, C-2/17 
c-4 

CHz 
CH 
C 
CHz 

CHz 

124.33 CH 

131.4 c 
25.7 CHs 
17.7 CH3 

15.9 CHs 

108.3 CH2 
27.3 CHs 
23.4 CH3 

al long range coupling 
The assignment of the carbon resonances are in full agreement with a pre- 
v ious assignment based on comparison with model compounds4 1 and completes 
and modifies in two positions the assignments reported by Coates and John- 
son.21* 
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An aqueous solution of 5a was treated with ion exchange resin (Dowex 50, 
H+ form) to generate the free acid form of 5a. After filtration and lyo- 
philization 8.5 mg (15.9 rmol) of the sample were dissolved in methanol (2 
ml ). and an excess of an ethereal diazomethane solution was added at 0-C. 
The reaction mixture was kept at O’C for 2 h and at 20-C for 12 h. Solvent 
evaporation and LC (silica gel, hexanes-ethyl acetate 1:l) furnished 5b 
(4.0 mg, 44%).- lH NMR (SO MHz, CDCls): 8 = 3.75 (6, OCHs and 2d. 3Jn,p=lO 
and 12 Hz. P(OCHa)2). 3.20 - 4.40 (OCH2 and OCH multiplets).- Cs1Hss07P 
(578.840A. 578.44Ob). MS: m/z (xl = 563 (0.1, M-CHs), 519 (1. M-CCOCHs). 
452 (1, M-(CHs0)2P(O)OH), 381 (3, M-C14H2nr bond fission between C-8’ and 
C-9’). 229 (8. a), 212 (6, b), 127 (20). 57 (100). 

tert-Butvldigbgnvlsilanvl (R) 3 (tert-butvldio&Dvlsilanvloxv) 2 _ _ - _ 
U7Z.6F.13F)-3.8.8.14.18-Dentamethv1 _ _ 11 methvlene-nonadeca-2.0.13.17- 

vloxv)-oropuate (3c), 
To a solution of crude MA (1.76 g, dried by repeated codistillation with 
10 ml portions of dry toluene) in CHoC12 (25.0 ml), triethylamine (1.5 ml, 
10.60 mmol), 4-dimethylaminopyridine (79.2 mg, 0.62 mmol) dissolved in 
CH2C12 (2.0 ml), and tert-butyldiphenylsilyl chloride (4.0 ml, 15.36 mmol) 
were added. After stirring for 21 h at 20’C the reaction mixture was dilu- 
ted with CHzCl2 (200 ml ) and then washed once with water (50 ml ) . The or- 
ganic phase was briefly dried over NazS04. filtered and concentrated in 
vacua to yield crude 3c (5.57 g). For characterization a small scale reac- 
tion (52.6 mg of crude MA) was carried out. After work-up and LC (hexanes- 
ethyl acetate 20:1) the NMR spectrum of the very sensitive product 3c 
(28.4 mg, 0.030 mmol) was immediately taken.- ‘H NMR (60 MHz. CDC13): 8 = 
0.79-2.1s (48H. lPx’CHs, 6xCH2), 2.57-2.77 (m, 2H, CHz-12’). 3.65-4.20 (5H. 
2-H. CH2-3. CH2-1’). 4.65 (2H. CH2-22’). 4.90-5.50 (5H. 2’-H. 6.-H. 7’-H, 
13’-H. 17’-H), 7.20-7.80 (20H. Ar-H’s). 

_ _ t-Butvldighgnylsilanvloxvl - _ 7 (f22.6F.l3Fl-3.8.8.14.18- 
- - vl~ca-2.6.l3.l7-te~loxv)-Dropaapl ((Ial, 

To a solution of crude 3c (2.765 g) in CH2C12 (50 ml) a DIBAH solution 
(1.2 mol/l in toluene, 5.0 ml, 6.0 mmol) was added at O’C within 30 min. 
After stirring at O’C for 1 h and at 20-C for 1 h an additional amount of 
the DIBAH solution (1 .O ml, 1.2 mmol) was added dropwise to the reaction 
mixture at 20-C. Stirring was continued for 1 h. The reaction was stopped 
by adding first 7:3 toluene-methanol (5 ml) and then 5:3 methanol-water (5 
ml) at 0-C. After dilution with CHzCl2 (60 ml), the organic layer was 
washed with a 10% aqueous NaHCOr solution (50 ml ) and with water (50 ml 1. 
Drying of the organic phase over NanSO4. filtration. solvent evaporation 
and LC (hexanes-ethyl acetate 17:l) provided 6a (432.1 mg).- CalD = -18.8 
(C 0.99, CHClr).- 1H NMR (400 MHz, CDCls): 8 = 0.93 (8. BH, CHs-23’ and 
CHs-24’). 1.03 (8. 9H, C(CHr)s). 1.33-1.41 (m, 2H, CHz-9’), 1.60 (S, 6H, 
2XCHr). 1.67 (s.42 3H, CHs), 1.71 (~‘2)~ 3H. CHs), 1.84-1.91 (m, 2H). 
1.99-2.12 (SH). 2.68 (br d, J=7.1 Hz. 2H. CHz-12’). 3.48-3.55 (m. 1H). 
3.61-3.80 (m, 4H). 3.98 (dd.2). Jtsr,lvb=i2.0 Hz. Jl*a.2*=7.0 Hz. 1H. l’a- 
H). 4.08 (dd (lrc42), l’b-H. Ji,.,l*b=12.0 Hz. Jl’b,2’=6.5 Hz. lH), 4.68 
(s (lrc”), 2H, CH2-22’. W1/2=6.l Hz). 5.06-5.37 (5H, 2’-H. 6’-H. 7’-H, 
13’-H. 17’-H). 7.30-7.75 (lOH, Ar-H’s).- 1JC NMR (100.6 MHz. CDCla. DEPT): 
Cq signals 150.3 (C-11’). 140.5 (C-3’). 136.6. 135.0. 133.5, 133.4. 131.6. 
35.8 (C-S’), 19.4; CH signals 140.8 (C-7’). 135.8, 130.0, 128.0, 125.5. 
124.6. 122.2! 122.2, 79.5 (C-2): CH2 signals 108.6 (C-22'). 66.7, 63.8. 
63.1, 41.7. 40.0, 35.2. 32.8, 31.7, 27.0; CHa signals 27.6, 27.1, 26.0. 
23.8, 17.9, 16.2.- IR (CHClr) 3685 cm-l (OH).- MS: m/z (%I = 670 (0.2. 
M*l. 433 (1.2). 69 (loo).- Anal. Calcd for C44HsrOsSi (671.1ro~, 670.5’Ob: 
C. 78.75; H, 9.91. Found: C. 78.64; H. 9.83. 
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_ _ _ - butvlp 1 01 -- rlw 
(S)-2-Allyloxy-3-(4-methoxy-benzyloxy)-propan-l-ol~~ (200.0 ma, 0.79 mmol) 
was converted to (R)-2-allyloxy-3-tert-butyldiphenylsilanyloxy-3-~4-meth- 
oxy-benzyloxy)-propane (lla) as described in ref.18). The sample of lla 
thus obtained (250.0 mg) was not completely pure (containing silanol impu- 
rities) and was used without further Purification. To a solution of this 
material in 9:l acetonitrile-water (10.85 ml) pyridine (166 ~1. 2.04 mmol) 
and cerium(IV) ammonium nitrate (1398.0 ma, 2.55 mmol) were added. The 
mixture was stirred at 20-C for 4 h. Usual work-up (CHtC12, one washing 
with.sat. NasSOs and with sat. NaHCOs solution) followed by LC (CH2C12 - 
ethyl acetate 6O:l) provided llb (103.4 mg, 62 X based on (S)-2-allyloxy- 
3-(4-methoxy-benzyloxy)-propan-l-ol).- 1H NMR (80 MHz. CDCls): 6 = 1.05 
(s. 9H, tert-butyl); 3.40-3.85 (5H. CH2-1, CH2-3. 2-H): 3.90-4.10 (m. 2H, 
C!j2CH=CH2); 5.00-5.35 (2H, =CH2); 5.60-6.10 (lH, CH~CH=CHI); 7.25-7.75 
(10H. Ar-H’s).- C2rHsoOsSi (370.640*, 370.24ob). MS: m/z (X) = 340 (0.5). 
313.1261 (5, Calc for ClaH2iOrSi 313.1260, [M-tert-butyll+), 255 (5). 235 
(50). 225 (30), 197 (55), 195 (58), 179 (90), 165 (85), 117 (100). 

(5s) 5 Itert-Butvldt -_ _ _. -_ 
At -78-C ozone (1.66 mm01 03 Per h) was passed through a solution of 6a 
(77.6 mg. 0.12 mmol) and methanol (40.0 mg, 1 .25 mmol) in CH2C12 (10 ml) 
for 10 min. Excess 03 was removed by passing 02 through the solution. At 
-78-C a solution of NaBHI (23.0 ma, 0.61 mmol) in methanol (5 ml) was 
added. The mixture was stirred and allowed to warm to 2O’C within 2 h. 
Excess NaBHI was destroyed by addition of dilute acetic acid. Dowex 50 (H+ 
form) was added to remove Na+ ions. Filtration and repeated addition of 
methanol and solvent evaporation to remove trimethyl borate, followed by 
LC ( hexanes - ethyl acetate 3:l) furnished a roughly 1:l mixture of 7a/7b 
(25.4 mg, 59 %).- 1H NMR (400 MHz, CDCls): 8 = 1.05 (8, tert-butyl): 3.20- 
4.05 (CH2-3, CHz-6, CHZ-OSi, 5-H): 4.80 (dd. J2.3~8.5 HZ, J2,3~=3.0 HZ, 2- 
H of 7a); 4.95 (m. Wi/2=1.5 Hz, 2-H of 7b); 7.35-7.65 (Ar-H’s).- 13C NMR 
(100.6 MHz, CDC13): 8 = 19.5, 27.0, 61.5, 63.6, 64.0, 67.8, 69.5, 70.2, 
74.4, 75.7, 89.1 (C-2 of 7b), 92.1 (C-2 of 7a). 128.0, 130.1, 133.4, 
135.8. 

uvlation of laf7b with ( 1 _ _ camhanovl ch&ride. 
To a solution of the 7a/7b mixture (23.5 mg, 0.06 mmol) in pyridine (500 
cl1 1 at O’C a solution of (-)-camphanoyl chloride (31.3 mg, 0.15 mmol) in 
pyridine (500 ~1) was added. The reaction mixture was stirred at 20-C for 
2 h. Usual work-up (CH2C12) and LC (CH2C12 - ethyl acetate 40 : 1) gave 8a 
(18.4 mg) and 8b (16.3 ma). The combined yield was 100%. 

15s) 5 I tert-Butoxv-methvl) 1.4 - _ _ _ dioW - _ 
mats -[ a4 3 
lH NMR (400 MHz. CDCls) and 13C NMR spectra (100.6 MHz, CDCls) were indi- 
stinguishable from those of lOa.- CsiH4oO7Si j552.740a. 552.34bb). MS: m/z 
= 495.1850 (10, Calc for C27HalO7Si: 495.1839, CM-tert-butyll+), 297 
(loo), 255 (60), 225 (40), 183 (55), 163 (75). 

155) 5 (tert-ButvUhenvlsiWloxv-methvl) 1.4 diowax ~1 -- _ - - _ (lS)- 
B’S 
‘H NMR (400 MHz, CDCls) was indistinguishable from that of lOb.- 
Cs rH4oO7Si (552.7’0.. 552.3”Jb). MS: m/z q 495.1630 (6, Calc for 
C27HoiO7Si: 495.1839. [M-tert-butyl]+), 297 (loo), 255 (15), 225 (15). 183 
(25). 163 (35). 

_ _ t-Butvmloxv-methvl) 1.4--2 - _. z_ 01 /Sa/9b). 
Ozonolytic degradation of lib was performed as described for 6a. Yield: 
44.4 x. Rr value (hexanes - ethyl acetate 1 : 1) and 1H NMR spectrum (80 
MHz) were identical with those of 7a/7b. 
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of gal!& with ( 1 _ _ Wvl chloriae. 
Acylation of the 9a/sb mixture with (-)-camphanoyl chloride and separation 
of 1Oa and lob was performed as described for 8a and 8b. Combined yield: 
100%. 

~:,':=';f;~::"~ 
loxv-methyl) - _' 1.4 u 2ea ~1 _ _ llS)- 

1H NMR (400 MHz, CDCls, H.H COSY. NOE): 5 = 0.95 (s. CHp); 1.05 (8. tet-t- 
butyl ) : 1.08 (8, CHp): 1.10 (8, CHs): 1.65-1.75 (ddd, IJs,s,J=14 Hz, 
Js,s=9.5 Hz, J5.5#=4.5 Hz. 5-Hcp.pp): 1.85-1.95 (ddd, Js,s~=lB.O Hz, 
J6,5.‘=11 Hz, 6-Heamph; 2.00-2.10 (ddd, 5’-H c.mph); 2.35-2.45 (ddd, 6'-H 
camph): 3.48 (lH, dd. 
A;;];‘;;” Hz, 3J=3.0 Hz, 

‘,‘-“iQ;;.” Hz, 3J=7.0 Hz. 3-H.x): 3.83 (dd, 1H. 
: 3.65-3.80 (4H) und 4.05-4.15 (1H) (CH2-6, 

- _ 5-H) ; 5.85 (dd. J2,s=7.5 Hz, Jp.p’F3.0 Hz. 2-H): 7.35-7.65 (Ar- 
H’s) .- l;C NMR (100.6 MHz. CDClp, DEPT): Cq signals 19.2 ((CH~)JC;), 54.5. 
54.9. 90.7 (c-lcamph), 134.8 (Ar-C). 166.1. 177.9: CH Signals 73.5 (C-5), 
90.4 (c-2), 127.7, 129.8, 135.5 (Ar-C’s); CH2 signals 28.9, 30.5, 62.5, 
65.9, 66.3;'CHo signals 9.7, 16.7, 26.7 ((GHJ)JC).- C31H4o07Si (552.7’Op. 
552.3tpp), MS: m/z = 496.1830 (12. Calc for C27Hp107Si: 495.1839, [M-tert- 
butyl]+), 297 (1001, 255 (751, 225 (451, 163 (65). 

JaYme 
thy11 _ _' 1.4 dm - - 

‘H NMR (400 MHz. CDClr): 6 = 0.95-1.10 (4 CHa signals): 1.65-1.75 (ddd, 
Js.5, 

I I 
=13.5 Hz. Jp,p=9.5 Hz, J5,5~=4.5 Hz, 5-i4c.mc.h); 1.85-1.95 (ddd, 

Jp,p* =15.0 Hz. J6.5 #=10.5 Hz, 6-Hoppph: 2.00-2.10 (ddd, +ii’c..ph): 
2.35-2.45 (ddd, H-6’o.pph); 3.63 (lH, dd, 12J(=10.5 Hz, 3J=5.5 Hz) and 
3.70-3.90 (6H) (CHz-3, CH2-6, CHp-OSi, 5-H); 6.00 (m, W112=1.5 Hz. 2-H); 
7.35-7.65 (Ar-H’s).- 1pC NMR (100.6 MHz, CDCla, DBPT): Cq Signals 19.5 
((CHa),C), 54.4, 55.0, 91.2 (C-lc.mph), 133.2 (Ar-C). 166.7, 178.2: CR 
signals 75.1 (c-5), 90.6 (C-2), 128.0, 130.1. 135.8 (Ar-C’s): CH2 Signals 
29.2, 30.8, 63.7, 64.1, 67.7; CHp signals 10.0, 17.1, 27.0 ((CH3)aC).- 
CslH4007Si (552.7’pp. 552.3’pp). MS: m/z = 495.1875 (6. Cal c for 
C27H3107Si: 495.1839,.CM-tert-butyll*), 297 (1001, 255 (15),.2i5 (15). 183 
(20). 163 (30). 

2-Cvanoethvl (R) 3 (tert-butvldiohenvlsilanvloxv) 2 ((27.6E.l3F)- _ _ - _ 
3.8.&14.18-oent8methvl 11 methv _ _ lene-nonadeca-2,6.13.17-tetraenvloxv)- 
DrODvl DhosDhate (be), 
Bis(S-cyanoethyl)-N.N-diisoorooylaminoohosohoramidite 

-dissolved- in CHsCN (1.5 ml). 
(35.4 mg. 0.130 

mm01 1, was added to a solution of 6a (21 .6 
0.032 mmol) and lH-tetrazole (15.8 mg 0.226 mmol) 

yh9; reaction mixture was stirred for 45’ min at 20-C. 
in CHsCN (1 .5 ml). 

The i ntermedi ate 
phosphite triester 6c was oxidized with tert-butyl hydrooeroxide (80%. 38 
VT, 0.304 mmol) within 2 h at 20-C. After addition of triethylamine (0.3 
ml ), stirring for further 5.25 h. concentration of the reaction mixture in 
vacua, and LC ( CHCl s-methanol 5:1) 6e was obtained (25.7 mg. 100%) .- 
1H NMR (400 MHz. pyridine-ds): 8 = 1.03 (s. 6H, CHp-23’ and CHp-24’), 1.14 
(s, 9H, C(CHp)p). 1.49-1.56 (m. 2H). 1.58 (s. 3H). 1.66 (s. 3H. CHs). 1.67 
(s. 3H. CHs), 1.75 (s’~, 3H, CHp), 2.03-2.22 (lOH), 2.83 (br d. J=7.2 Hz. 
234, CH2-12’). 2.85-2.91 (br t. JF6.0 Hz, 2H, OCH~CHZCN), 3.93-4.10 and 
4.26-4.48 (9H. CH2-1. 2-H. CHp-3. CH2-1’. OCH2CHpCN). 4.88-4.93 (br d,42 
JF7.5 Hz. -2H. CH2-22’). 5.20-(m; lH), 5.333.51- (m; 3H). 5.55-5.62 (m. 
lH), 7.43-7.95 (10H. Ar-H’s).- 1JC NMR (100.6 MHz, Pyridine-ds. DEPT) Cg 
signals 144.2, 138.4, 136.3, 133.7. 133.7, 118.8 (OCH2CH2CN). 35.4 (C-8'), 
19.1; CH signals 140.3 (C-7’). 135.7, 129.9, 128.0. 125.7. 124.5. 123.4- 
122.9 (one CH signal hidden by the oyridine signals). 122.2. 79.2 (d, 
C-2): CH2 signals 108.7 (C-22’), 66.7, 65.2, 64.2. 60.6, 41.5, 39.7. 35-O. 
32.5, 31.4. 26.7, 19.8 (d, OCH&HpCN. Jc,p=7.0 Hz): CHs signals 27.2, 
26.7, 25.6, 23.3, 18.8. 17.4. 15.8.- 3’P NMR (62 MHZ, oyridine-da1 85 Per 
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cent HsPO4 as external standard): 8 = -6.5 - -5.3 (broad signal).- 
C47H7oOnSiPN (804.140A. 803.540b). no FAB MS spectrum could be obtained 
from this compound. 

_ _ t-ButvldiDhenvlsilQnvloxv) 2 ((22.6E.l3F)-3.8.8.14.18- - - 

pentamethvl 11 methY~ene-nonadeca-2.6.l3.l7-tetraen~lox~)-DroD~l DhOsDhatQ 
o& -- 
Bis(R-cyanoethyl)-N,N-diisopropylaminophosphoramidite (54.7 0.202 
mmol), dissolved in CHsCN (2.0 ml), was added to a solution omfa’tila (23.5 
mg, 0.035 mmol) and lH-tetrazole (13.6 mg, 0.195 mmol) in CHsCN (2.0 ml) 
at 20-C. Bis(trimethylsilyl)peroxide (ca. 90 per cent as judged from the 
lH NMR spectrum, 8 = 0.15, impurity signal at 8 = 0.03) was added after 1 
h, 3 h, and 23 h (three portions of 10 rl. 0.047 mmol). 1 h after the last 
addition the reaction mixture was diluted with pyridine (2.0 ml). 
Deblocking of the phosporic acid triester Bd was accomplished with 0.5 
mol/l aqueous lithium hydroxide (2.0 ml) at 20’C. After stirring for 30 
min chromatographic separation of the reaction mixture on (HP-20, elution 
with water (1 1). then methanol (0.5 1) furnished (from the methanolic 
fraction) crude (If (37.3 ms). LC (CHCls-methanol 3:l) then yielded Dure 6f 
(21.5 mg-, 82X).- After larger-scale experiments the- reaction mixture was 
neutralized with gaseous COz. and the solvents were removed by lyophi 1 iza- 
tion. The HP-20 and SiOz chromatographic separations were then performed 
as described above.- [alo = -2.02 (c 1.10, methanol).- ‘H NMR (400 MHz, 
pyridine-ds): 8 = 1.03-1.27 (15H, CHs-23’ and CHs-24’. C(CHs)s), 1.47-1.73 
(l4H). 1.74-1.80 (2H). 1.98-2.30 (8H). 2.80-2.93 (m, 2H, CH2-12’). 3.40- 
4.53 (7H, CH2-1, 2-H, CHz-3, CH2-1’). 4.85-5.02 (m, 2H. CHz-22’. W1/2=21 
Hz), 5.18-5.29 (m, lH), 5.30-5.70 (4H). 7.45-8.05 (lOH, Ar-H’s).- 13C NMR 
(100.6 MHz, pyridine-ds, DEPT) Cq signals 136.6, 134.9, 134.2, 131.3, 35.8 
(C-8’), 19.5; CH signals 140.5 (C-7’). 136.1, 130.1, 128.2, 126.1, 124.9, 
124.0. 
signai, 

122.6. 79.6 (br. C-2): CH2 signals 109.1 (C-22’). 66.9, 64.6 (broad 
which corresponds presumably to two carbons),. 41.8 -(C-9’).- 40.1 

(C-15’). 35.3 (C-12’). 32.5, 31.8, 27.0 (C-16’); CHs signals 27.5, 27.1, 
25.9, 23.6, 17.8 (C-20’). 16.1 (C-21’).- JlP-NMR (162 MHz. pyridine-ds, 85 
per cent HsPOI as external standard): 8 = -0.34.- C44Hs70eSiP (751.140a. 
750.440b). FAB MS did not give a M+ peak. 

_ - 6E.l3F)-3.8.8.14.18-PentamethYl _ _ 11 methvlene-nonadeca- 
2.6.13.17-tetrae YlOXv)-DrODYl DhosDhate (6&)_ 
A solution of 6: (54.1 mg 0.072 mmol) and KF (161.6 mg, 2.781 mmol) in 
3.4:l methanol-water (12.3’ml) was stirred at 2O’C for 6 d. After addition 
of water (5 ml ) methanol was evaporated in vacua. Chromatographic separa- 
tion of the aqueous solution (HP-20, elution with water (1 l), methanol (1 
1). evaporation of the methanolic fraction and subsequent LC (silica gel, 
CHCls-methanol-water 15:lO:l) gave 6g (36.8 mg, loo%).- In other experi- 
ments after methanol evaporation water was removed by lyophilization. 
After HP-20 separation as described above pure 6g was obtained by RP-18 LC 
(methanol-water 4:1).- [alo = +2.28 (c 1.00, pyridine).- 1H NMR (400 MHz, 
pyridine-ds): 8 = 1.08 (s, 6H. PxCHs), 1.50-1.60 (m, 2H), 1.63 (s, 3H, 
CHs), 1.70 (s, 6H. 2xCHs). 1.75-1.88 (3H). 2.00-2.28 (10 H), 2.82-2.97 (br 
d42, J=7 Hz. 2H. CH2-12’). 3.80 (br s, W1/2=25 Hz. 1H). 4.16 (br s, 
WI/z=29 Hz, 2H). 4.28 (br 6, W1/2=21 Hz, 2H). 4.54 (brs, W;,2=41 Hz’ 2H). 
4.85-4.99 (br d. J=8 Hz, 2H. CH2-22’). 5.17-5.28 (m, 1H). 5.33-5.58 (4H).- 
13C NMR (100.6 MHz. pyridine-ds): 8 = 149.3 (c-11’). 140.7 (c-7’). 136.7 
(C-3’). 134.9 (C-14’), 131.4 (C-18’). 126.2 (C-6’). 124.9 (C-17’). 123.0 
(C-2’). 122.6 (C-13’). 109.l (C-22’). 79.3 (br, C-2). 71.3, 66.5, 64.0 
(br), 61.0 (br), 41.9 (C-9’). 40.2 (C-15’). 35.9 (C-8’). 35.4 (C-12’), 
32.8, 31.9, 27.6 (C-23’ and C-24’). 27.1 (C-16’). 25.9 (C-19’). 23.5 (C- 
25’). 17.8 (C-20’). 16.2 (C-21’).- C22,+4BO@P (512.74“., 512.3’00). FA8 MS 
(glycerol): m/z (xl = 535 (4.0, IM+Nal+), 557 (14.5, CM+2xNa-HI+). 
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_ - 6F.13E)-3.8.8.14.18-P~~eca- - - 
2.6.13.17-tetrgenvloxv) _ - 3 ohQsphonooxv-prooanoic acid [ent-4aI, 
A mixture of Og (48.6 mg, 0.094 mmol), Adams’ catalyst (207 mg. freshly 
prepared), NaHCOa (57.2 mg, 0.681 mmol), and water (2.5 ml, bidistilled) 
was stirred vigorously at 45-C while oxygen was bubbled through the reac- 
tion mixture. After 43 h a further specimen of Adams’ catalyst (100 mg) 
was added. After 73 h the catalyst was removed by centrifugation. The ca- 
talyst had to be washed and centrifugated several times since the product 
was strong1 y adsorbed. Lyophi 1 i zation, and LC (RP-18. methanol-water 3:2) 
gave ent-la (24.5 mg, 50%).- ta12s4ss = -7.5 f 0.8 (c 1.07, water).- 
1H NMR (400 MHz, D20): 8 = 0.80 (8, 6H. 2xCHs). 1.03-1.22 (m. 2H), 1.37 
(8, 6H, PxCHs), 1.47 (8, 3H, CHs), 1.58 (8, 3H. CHa), 1.65-1.75 (m, 2H). 
1.76-2.05 (SH). 2.46 (br d, J=5.8 Hz, 2H. CH2-12’). 3.69-4.07 (5H), 4.48 
(br 842, 2H), 4.83-5.37 (5H).- laC NMR (100.6 MHz, 020): 8 = 179.7 (C-l), 
151.9 (C-11’), 144.2. 143.2, 138.7, 133.5, 128.3, 127.1. 124.8, 123.6, 
111.4 (C-22’). 82.2 (C-2). 68.9, 68.6, 44.3 (C-9’). 42.4 (C-15’). 38.0 (C- 
8’). 37.4 (C-12’). 34.8, 34.2, 29.8 (C-23’, C-24’), 29.3 (C-16’). 28.2 (C- 
19’). 26.1 (C-25’). 20.2 (C-20’). 18.4 (C-21’).- C2sH4707P (526.7’0.. 
526.3’0”). FAB-MS (glycerol): m/z (%) = 615 (6.5. [M+4xNa-3Hl+) , 593 
(16.5, [M+3xNa-2H]+), 671 (10.4, CM+2xNa-HI+), 289 (17.0). 187 (21.7). 165 
(41.7). 143 (55.6). 125 (25.2). 115 (60). 
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