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with structure 1. The “C-NMR spectra also confirm 
many of the structural details previously established. 
They will be later discussed in detail (vi& hfia). At 
this point WC shall concentrate on the C-l, C-2 and 
C-3 signals of the “chromophore” unit (A) of 1 which 
were asstgned by comparison with those of model 
compound 6’ (see Tables I and 3). C-4 and C-5 of 6 
give rise to only one signal Similarly, only one signal 
is observed for C-l and C-3 of 6 and the chromophor 
unit (A) of 1. This finding is in accord with the 
‘H-NMR spectra of 2 in which the protons of the two 
ring mcthylene groups show only one averaged signal 
a fact which has been explained by rapid proton 
exchange in associated forms.’ Interestingly. in the 
proton noise decoupled spectrum the C-l/C-3 signal 
of 6 and that of the amide CO are broadened. WC 
believe this to be caused by a slow rotation process 

R’ R2 R3 

i ” H H 

f CH3 H H 

2 CH3 CH3 CH3 

around the amide N-CO bond.e In the spectrum of 
I this broadening of the C-I/C-3 (A) signal was not 
observed. The moenocinol (unit I) signals were as- 
signed by Coates.’ 

Hydrogenation of I in methanolic solution over 
Adam’s catalyst yielded the decahydro-derivativc 2.’ 
From the FAB mass spectrum and the “C-NMR 
spectrum it was obvious that all the double bonds in 
the lipid part had heen saturated. The chromophore 

0 OH 

NHCOCHa 

6 = 

Table I. “C spectral data for 6 (in [Dd DMSO) __ _-_.___ _-- 
h 165.7 171.7 114.8 20.4 -21.7 

____---~- ---- 

as?c:un?cn: c-1, c-3 _ NImm3 c-2 c-4, c-5 NHCcqi) 
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unit (A) is inert under thcsc conditions.’ 2 is much 

more stable to acid treatment than I because it lacks 
the very labile ally1 ether linkage between units I and 
H. 

As well as providing molecular ions of 1 and 2 (Fig. 
I). the FAR spectra show several fragments of I and 
2 which arc entirely consistent with the proposed 
structures. Fragmentation takes plaa as shown in 

f:ig. 2. thus providing structural information about 
the various moieties of the molecules. For example, 
the GHI fragment is IO mass units larger in 2 than 
in I. while the AHCDEFG fragment has the same 
mass in both 1 and 2. thus confirming that the 
reduction has taken place in the lipid sidcchain of the 
antibiotrc (exclusively). 

WC have previously shown that compounds of type 
7 react with ozone to give N,Ndiacyl amina 8. From 
8 the z-kctoacid residue is removed sclcctivcly by 
solvolys~s to given primary amides 9.‘,” Making use 
of this procedure WC transformed 2 into 3. 

In the positive ion FAB spectrum of 3 both intense 
molecular ions (M) and fragments (BCDEF, BCDE. 

.-. . . * *.-. ‘1 ‘- - - I- 

+n)r, &o 1600 

JI Ir! .JI. Mu.- * 

FQ. I. FAR-MS spectrum of 2 after ion-exchange. 
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GHI) confirm that only the desired degradation of 
the chromophore (A) had taken plaa. This was 
corroborated by simple degradation reactions. From 
our previous work it is known that the glycosidic 
bonds of the 2-acylamino2deoxy sugar units (C and 
E) in 1 can be cleaved rather selectively with 
trifluoroaatic acid.” Neighboring group par- 
ticipation of the amide groups operates and intcr- 
mcdiatc oxazolinium ions arc formed. Interestingly. 
and probably for similar masons. these same bonds 
are selectively labile in positive ion FAB fragmcn- 
tations (Fig. 2). 

On the basis of these results WC expected 2 to give 
10 and 12 on trifluoroaatic!water treatment. After 
reduction of the cleavage products with sodium bor- 
ohydridc, Hakomor-i methylation,‘2 and Scphadcx 
LH-20 purification, the gas chromatogram (set Ex- 
pcrimcntal for conditions) showed two main peaks 
corrr5ponding to 14 and IS. Reference samples of 14 
and I5 wcrc prepared from the known mocnomycin 
A degradation products 11” and 13” by sodium 
borohydride reduction and methylation. 

When subjected IO combined gas chromatography: 
mass spcetromctry (GC/‘MS) analysis, 14 and I5 gave 
mass spectra fully consistent with the proposed struc- 
tures. The most diagnostic fragments arc depicted in 
formulae 14 and 15. The mass spectrum of 14 clearly 
shows the expected amide group in the galacturonic 

Fig. 2. FABMS fragmentation In 2. 
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Table 2. “C spectral data for 16 (in [DJ DMSO) 
- 

b 104.3 70.4= 73.4 69.2* 15.2 170.9 56.3 
_..~__ ___ 

asslgn~cnc C-l c-2 C-3 c-4 c-5 C-6 @=3 

= Ass1gmer.t laterchangcable 

~i%--r60- 150 xOi?7liQ n) W 90 80 R 60 50 @ 3 w) 

Fig. 3. The 62.9 MHz “C spectrum of 3 (in [DJ DMW). 
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Table 3. “C spearal data (d-values) for umts A-H of compounds l-5 (in PJ DMSO) 
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Fig. 5. ‘The 62.9 MHz “C ywctrum of 5 (in [DJ DMSO). 

Ppm 170 160 150 140 130 120 110 100 90 00 20 60 50 M 30 K) 

hg. 4. The 62.9 MHz “C spectrum of 4 (in [DJ DMW. 
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aad par1 (Ions nr:: 72 and 436). Fragments m/z 246 
and my.- 219 m the spectra of 14 and 15 and the ions 
resulting from cleavages of the carbon carbon bonds 
in the alditol portions allowed unquivocal deter- 
minatlon of the I +4 and I -+6 linkages in 14 and 15. 
rcspccuvcly.” Ion rn:z 130 in the spectrum of 14 
needs some comment. II is probably formed by 
rcpturc of the C-2 C-3 bond in the alditol part as well 
as from the C-4. C-S and C-6 part of the galacturonic 
acid moiety. A peak at nr;: I30 was also found in the 
mcthylation product of model compound 16. 

CIPOJH2 

? 

A rather difficult task in the structure clucrdation 

From 3 a hcautiful and very informative “C-NMR 
spectrum was obtained (see Fig. 3). For almost all 

of 1 has hccn 10 decide whether the glucosaminc unit 

unus of 3 at least one signal could bc assigned with 
certainty (C-4 (C), C-2 (C). CA(E), C-2 (E), C-6 (D). 

(E) is attached IO the 2- or IO the 4-position of the 

H:N CO 0 (F). C-I (I-). C-2 (fL), C-3 (H). C-2 (J). 
The asslgnmcnts were made on the basis of resonance 

mocnuronic acid moiety(F).” WC have rcmvcstigatcd 

muhipliciucs (where possible) and by comparison 
with model compounds (see Table 3). 

quaternary carbon (and CH,) rcsonancES arc positive 
and mcthinc carbon (and CH,) resonances negative, 
the 6 = 65-80 region in the spectrum of 3 showed 
only one positive signal at 6 = 72.6. This was 
confirmed performing an cxpcrimcnt with a delay 
time of r = l.‘2J. IJndcr thcsc conditions only qua- 

ternary carbon resonances contribute significanl in- 
tensity. In the d = 65 80 region only one (positive) 
signal appeared: at 6 = 72.6. Thcsc rcsuhs clearly 
dcmonstratc that the C-4 (F) signal is at 6 = 72.6, 
hence the glucosaminc unit (E) must be attached IO 
the 2position of the mocnuronic acid part (F) m 1. 

Merh,d esters 4 and 5 

The second mcrhylation product was tricstcr 5. Its 
“C-NMR spectrum (Frg. 5. Table 3 showed 3 
OCfJ,-signals. One of them was split due IO 
“C “Pcouphng. 

After lrcatmcnt of 2 (in mcthanolic solutron) with 
ethereal diaromcthanc TLC showed 4 reaction prod- 
UCIS. Two of them could hc isolated in pure form in 
22 and ZS”, yield. respectively. One of the compounds 
was a monomcthylcstcr as could bc deduced from the 
pos~hvc ion FAR mass spectrum showing strong 
MNa ’ . WK * and MNa? ’ peaks. In the very infor- 
mauve “C-NMR spectrum (see Table 3 and Fig. 4) 
the OCII, signal appeared at 6 = 51.8. The glyccric 
acid moiety (H) is cstcnficd, and the compound has 
structure 4. This is suggested by comparison with 
model compound 18 (&,,, = 52.4)“. and confirmed 
by FAH MS. The fragment GHI containing the 
glyccric acid moiety (H) IS observed at I4 mass units 
higher in 4 than in 3, while the BCDEF fragment has 
the same mass in both dcrivatrvcs 

13 - 
_ ~. .- 

this problem using a new “C-NMR technique. The 
C-4 signal of dcgradauon product 17 appears at 
6 = 74.1 (D?O solution).“ This signal should bc 
slightly upficld shifted (5 I ppm by a small 6-cfTcct) 
in the spectrum of a compound having unit E al- 
[ached IO the ?-posrtion whereas substitution in the 
4position would cause a large downfield shift 
(H-IO ppm) by the j?tfTcc~ of the 4-O-substitucnt.‘6 In 
principle. the C-4 signal of unit F can bc 
diffcrentiatcd from all other near-by srgnals by an 
off-rcsonancc proton decoupling experiment since it 
IS the only one in this part of the spectrum IO yield 
a smglct. Unfortunately. this region in the spectrum 
of 3 contains so many resonances that coupling 
informatron could not bc retrieved from it. Recently. 
an Improved method was introduced allowing recog- 
nition of one-bond C H coupling multiplicities by a 
srmplc cxcuation scqucncc (J-modulated spin- 
cchos).” Applying this techniques to the analysis of 
the spectrum of 3. the C-4 (F) signal could easily be 
rccogrnrcd. After a delay umc of r = I/J, when 

Anrihioric activiry of 2. 3. 4. and 5 
2, 3. 4 and 5 were assayed for antibiotic actrvity 

using TLC followed by broautography with Xaureus 
and Ecoli. AC~IVC compounds were submitted IO a 
rrccmng with 24 gram-positive and gram-negative 
test organisms. I and 2 were similar in their activity 
whereas 3 showed somewhat diminished actrvity. 
Interestingly. methyl derivatives 4 and 5 did not show 
any antibiotic activity under thcsc experimental con- 
ditions. 

EXPBRI%IEMAl. 

The inslrumcnlauon used was ‘H-NMR: WP-80 (Bruker), 
WH-250 (Brukcr). “C-NMR. WH-250 (Brukcr). 
<i<‘ZI-MS: glass capillary column (OV 17) coupled drrcctly 
IO a Vanan MAT CH-5 mass spectrometer. FAA mass 
spectra wac run in the posmvc ion mode on a Kra~os MS-SO 
insrrumcnr equ~ppcd with a high mass magnet (mass range 
ca 3500 dahons at 8 kV). Samples were dissolved In glycerol 
on a copper probe tip and bombarded with 46 keV xenon 
atoms from a Kratos FAB source Typical opcraung Source 



pressure was lo- ’ ton. and spcclra were scanned a1 
30 300so:dccade. 

Calion-cxchrngc of purified I and 2 was accomplished by 
dissolving a small sample m IOmM ammonium formare 
buffer @H 3.1) and passing the solurion through a small 
column of SP-Scphadex C-25 (NH,. form) in the same 
buffer This rrcatmcnt resulted in improved FAB mass spcc 
tra. 

Medium pressure LC was pedO~Cd usmg 
3l.Ocm Y 2.5 cm glass tubes. stltca gel 60 (Merck), Duramat 
pump (CfG). UV dtiecror Chromarochord Ill (Scrva). GC 
was pcrformcd on a Pyc 104 (PhIlIps). 

M~nom~c-in A (I) 
Mavomycin* (58g) was dlssolvcd In waler (500 ml) and 

adsorbed on wlica gel (2oOg. Merck. 0 06 0.2 mm) by evap 
oralion of rhe solvcnl. The dry powder was placed on iop of 
a column which was packed from a slurry of silica gel (2 kg) 
in 2-propanol-warcr (U:?). ‘The column was clukd wirh 
2-propanol 2M NH, (9:2. 51). 2.propanol-2M NH, (8:2. 
61). and 2-propanol 2M NH, (8.3. IS I ). Fracrmns contain- 
ing I (TLC solvcnl system: cone Nil,-2-propanol (65:35) 
were collccrcd. AfIn evaporabon and lyophylizarion almost 
pure I (I Sg) was obraincd 3g of this matcnal wcrc dlssolvcd 
tn waler (I 5 ml) and scpararcd by prep HPLC (Walers prep 
LC 300 wirh luo Cl8 prep pack canridges; mobile phase: 
methanol acetonilriltwarer (4: I : 5). flow rate. IO0 ml:min. 

dctecror: UV (275 nm)). Only rhe central fractions of rhc 
eluting peak were colla~cd 10 give abler evaporation and 
lyophiliraarion pure I (54Omg). “C-NMR. set Table 3; 
FABMS. I681 (MNaK;). 1659 (strong. MK;). 1643 
(slrong. MNaK ‘). 1621 (MK -). 1563. 1229 (slrong. 
ABCDEFG K>’ ). 1183, IO95 (ABCDEF-K ’ ). 902, 864 
(FGHI-K,‘). 642 (DEF-NaK’), 604 (DEF-Na*); abler 
ionlxchangc: 1627 (MNa,‘), 1605 (MNa’). 1078 (slrong, 
ABCDEF-Na * ). U46 (strong. ABCDE. Na * ). 549 
(GHI. Na l ). 

D~cahydromoenomycin A (2) 
Pure I (516.6mg. 0.33 mmol) and RO, (104mg) were 

srirred in methanol (52 ml) for I IO h a1 22- under hydrogen 
(atmospheric pressure). The mixlure was then fihercd and 
the caralysr washed four times with methanol. The com- 
bined filtrates were evaporalcd and the crude white product 
was a( 35 ’ dissolved in a methanol-aceromtrilcvater mix- 
ture and loaded on a small prccolumn (1% silylatcd silica 
gel. Merck. 0.063XJ.200mm). Medium pressure LC (RP-8 
silica gel. Merck, 4&63rm). methanol-accrom~nlewa~cr 
6:3.I) gave 2 (381 mg. 743;). “C-NMR: see Table 3; 
FAB-MS: 1697 (strong. MNa,K’), 1681 (MNa,‘). 1659 

(strong. MNa,‘). 1426 (slrong). 1388, 1267. (strong. 
ABCDEFG-K,‘). 902. 874 (FGHI K; ); after Ion- 
exchange 1654 iMNa,‘). 1637 (srrong.’ tiNa,‘) 1615 
(strong. MNa ‘). I IS5 (DEFGlil-K * ). II39 (slrong. 
DEFGHI-Na’. 1078 (slrong. ABCDEF Na’). 862 
(ABCDF-K . ). 846 (ABCDE -Na . ). 

2 - 0 - {2 - Actrylamino - 4 - 0 - 12 - acecrylummo - 4 - 0 
- ((5s) - 5 - carhomoyl - /J - L - aeabinopyranosyl) - 2.6 . 
di&oxy - B - D - gluopyranosyl] - 2 - deoxy - 6 - 0 - /I D 
- &~~pyrano~yl- /I - D - glucopyranosyl) . 3 - 0 - carbamayl 
-I-O- (~(S)-2-carhox~-2-(3.8.8.11.14.18-k.ramrrh~l 
- nonadecyloxy) - erhoxy] - hydroxyphospkwyl) - 4 - C’ - 
methyl - I - D - glucopyranwon~c acrd (3) 

2 (I 051 g. 0.66 mmol) was dissolved m dry mclhanol 
(200 ml) and al - 78 ’ owmzcd (IOI:h = 0. I mmol O;mm). 
When 2 could no longer be detected by TLC. rhe mixlure 
was allowed 10 warm up 10 room kmp. and was rhen flushed 
wlrh 0: 10 rcmovc all 0,. Dlmerhylsulfide (0.65ml. 
I3 mmol) was added and allowed (0 rcacf aI room temp 
ovcrnighl. After evaporarlon of merhanol. addlbon of wa- 
ter, lyophlhzallon. and medium pressure LC (chloroform 
methanol waler 18: I I .2.7) 3 (647 mg, 6op/,) was oblainai. 
IR (Nujol): 3350 (broad, OH). 1700 l6oocm ’ (CO); 

“C-NMR: see Table 3 and Fig 3: FAB-MS: 1573 (srrong, 
MK,‘), 1557 (stronn. MNaK’). 15441 (YNa,‘). I535 
(s&g. MK l ), ISl9<strong. MGa * ). 998‘(BCcEF-K +). 
982 (BCDEF-Na’ ). 873. 857, 835. 766 (BCDE-K ‘), 750 
(BCDE Na’). 613 (GHI K;). 597 (GHI-NaK’). 575 
(GHI K ’ ). 559 (srrong. GHI-h’a’), 547. 

Degradorron o/ 3 and r&nr&ar~on of I4 and IS 
3 (20 mg) was treated wirh trifluoroaccric acid for 5 h aI 

60 The trifluoroaccllc aad was then removal by evapo 
rarion under a sIrcam of argon. The residue was dissolved 
In waler (2ml) and reduced wirh sodium borohydtidc 
(60 mg) ovcmighl al room lcmperaturc. Excxls borohydride 
was decomposed by addition of acetic acid. The solution 
was passed through a small !&phadex G-2S column and the 
column washed wirh waler After solvcn~ evaporarion under 
a stream of argon. rhc borarc Ions were removed as merhyl 
borate by rcpcalcd addihon and cvaporarion of methanol. 
The residue was pcrmethylalrd by the llakomori pro- 
ccdurc.‘? The permerhylated malenal was passed through a 
Scphadex I.ii-20 column usmg crhanol as solvenr. Afler 
evaporation of the solvcnr. Ihe rcTlduc was analytbd by <i< 
and combmcd GC.MS Reference samples of I4 and IS 
were prepared from I I and 13, respectively. by reac(lon with 
sodium borohydnde and subs&cnl tjakomori mcrhyl- 
anon.” GC condlclons: 5 m x 0.25 mm 1.d. OV-I7 glass 
capillary column Column: 210 . injector. 230 ; FID: 280 
0 9 bar hydrogen carrier. 

Merhyl-4-I~-~alacropyranocr~ro~t& (16) 
I6 was prcparcd from IIS 2.3.Crn-O-acctyl derivative” by 

ma&on with merhanolic Nil,. M.p. 194. I% (from acz- 
lone). ‘H-NMR (80 MHz_ [DJ DMSO): 6 = 3.45 (s. OCH,). 
4.S8 (d. J, : L 5 2 H7_ I-H); “C-SMR: see Table 2. 

Reacrton o/ 3 rirh dra:omerhane 
‘Ihe acid form of 3 was obramcd by passing an aqueous 

solution through an Ion exchanger column (Dowex SO. 
H ’ -form) and lyophylization of the effluent. 4% mg of this 
marenal were dlssolvcd m mcrhanol (42 ml) and al room 
lempcrarurc Ireaced with ethereal diazomethane unlil a 
yellow colour pcrsisrcd. EXOX diazomerhanc was destroyed 
by addlrlon of aaric acid Fvaporation of rhe solvent. 
addirion of waler. lyophlhzarlon, and medium pressure LC 
(chloroform methanol. waler 16:9.1.5) gave 4 (109 mg. 
22”:) and 5 (I 24 mg. 25”6). Traces of silica gel were rcmovcd 
by passmg merhanohc solurrons of 4 and 5 rhrough short 
DIalon HP-20 Mn (Mitsubishi) columns. 

2 - 0 - (2 - .kel~lammo - 4 - 0 - 12 - act*rylamino - 4 - 0((N) 
- 5 - rarhamc>yl j L arahtnopyranosyl) - 2.6 - dr&o.xy 
- /I - D - glucopyranosyl] - 2 - &o.yv - 6 - 0 - fi - D - 
~hco/?mno.r)~ - p - D -~hCOp~rMOS~/} - 3 - 0 - cwbmoyl 

- I - 0 - (j(S) - 2 - nwrhoxycarbonyl - 2 - (3.8.8.11.14.18 - 
hexamerhpl - nonaderylasy ) - erhoxy] - hydraxyphosphoryl) 
- 4 - C - methyl - t - D - Rlucopyranwontr acid (4) 

“C-NMR. see Table 3 and Fig. 4; FABS-MS: I555 
(slronn. Mha,’ ). 1549 (strong. MK * ). 1533 (slronn. 
MNa ‘). 982 (IkIXF h’a ’ ). $4!2.833,750 (BCDE-Na -1. 
72X (RCDE II ’ ). 681. S89 (strong, <ill1 K ’ ). 573 (strong. 
GIlI Na’ ). 551 (strong, Gill iI ’ ). 363. 

Merhyl 2 - 0 . 12 acerylamtno 4 - 0 - 12 - aretylamino - 
4 0 (( SS) - 5 - carbamayl - fi - L - arahmopyranasyl) - 
2.6 - Lkoxy - p D - ,qluc-opyranos~l] - 2 - &ox_v - 6 - 0 
- p - D slurapyranoryl - /I - D - glucopyranosyl} - 3 - 0 - 
rarhamoyl - I - 0 - (I(S) - 2 - merhoxyrartmnyl - 2 - 
(3.X.X.I I .l4. IX - rerramerhyl - nanadwylo.ry)erhoxymerh- 
oxyphosphoryl] - 4 - C merh!l I D . ~lucopyranuronare 

(5) 
‘Y-NMR. see Table 3 and Fig 5. 
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