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1. INTRODUCTION 

The antibiotics everninamlcins, flambamycins, and curamyeins constitute a group 

of o l i g o ~ a ~ ~ h s r l d e s  which have close structural resemblance. The first member of 

this group the structure of which was completely elucidated2 i s  everninomicin D, 

C66H99035NC12. The other members of the group are also diehloroisoeverninic acld 

(A)  esters of hexapyranosides (B-C-D-E-F-G) with variations in the substitutmn 

Dattern. 

These compounds a r e  sometimes included in the orthosomycin3 family of an t i b i a tm  

beenuse of the presence of two orthoester groups whlch, incidentally, can be most 

easily detected from their characteristic chemical shift a t  120 ppm in 13C NMR 

spectra. . . 
This review will consider several aspeets.of. NMR spectra that  simplify the 

structure determmation of these oligosaecharides and their degradation products. 

P r e v i o ~ ~ l y  unpublished 13C NMR spectral data on some members of the everninomi- 

cin family wlli be presented. Structural features of curamycin A will be deduced on 

the basis of 1 3 ~  NMR data. 

R X 

OH 0 Flambamycin 

B 0 Avilamycin A 

h e  , , Everninomycin 2 
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2. NATURE OF 1 3 c  NMR DATA 

The increased avallablity of 13C NMR Instrumentation in recent years has led to  a 

growing application of 13c NMR spectral analysis to structural studies on nntural 

products4 Many research centers now have instruments capable of observing natural 

abundance 13C spectra a t  20-25 MHz (for example, Varian XL-100, CFT-20, FT-80; 

JEOL FX-9OQ). Some laboratories possess second and third generation FT spectro- 

meters with enhaneed capability for conducting various types of spectral measuce- 

ments, (gated decoupling, selective heteronuclear decoupling, automated TI mes- 

surements. etc.). 

When the solution of a structural problem is undertaken by 13C NMR methods, a 

variety of instrumental techniques can be used. One technique that is universally 

employed is eomplete proton decoupling resulting in a single line for each carbon atom 

I" the molecule. Besides producing a simple spectrum, this technique has the advantage 

of increased sensitivity due to NOE enhancement of signals inherent in the decoupling 

process. Most second generation NMR spectrometers are capable of performing gated 

decoupllng experiments which allow coupled I3C NMR spectra to  be recorded without 

loss of NOE but a t  an appreciable cost in Instrument time. 

A widely used technique for obtaining additional structural information is SFORD 

(smgle frequency off-resonance decoupling) which removes all long range 1 3 ~ - 1 ~  

coupllng while retaining one bond couplings. Thus the number of protons attached to 

individual carbon atoms may be readily determined. 

Relaxation phenomena may play an important role in structure determination by l3C 

NMR spectrometry. TI values which are useful in studying organic compaunds may be 

measured readlly on the newer generation NMR spectrometers. However, a full TI 

study of a complex molecule can often be costly in terms of Instrument time, 

especially if the sample size is small. In such cases a PRFT (partially relaxed Fourier 

transform) experiment is often desirable. This technique essentlslly uses a 180-T-90 pulse 

sequence for only one or two appropriate values off and ylelds qualitative information 

about the very slow or very fast  relaxing carbon atoms in the molecule. 

Fmally, there are several new and exotic techniques such as tailored excitation5, J- 

sealing6, and 2-D N M R ~  which hold promise for an exciting growth p e r i d  in 1 3 ~  NMR 

Spectrometry but involvo software and instrumental rnodlflcations that are not 

generally nvailable a t  present in organic and natural ptaduct research centers. 

1 3 c  NMR SPECTRA OF CARBOHYDRATES 

The 1 3 c  NMR chemical shifts of carbohydrates are extremely sensitive to 

substitution, stereochemistry and eonformatlon. For this reason 13c NMR spectra of 

simple sugars have been studied e x t e n s i ~ e l y . ~  Yet a t  this low level of complexity 

there was controversy over the ehemlcal shlft as~ignments .~  Better instrumentstion. 



study of more compounds and special teehnrques (e.g. specific deuterationtO) have 

solved this problem for the most part. 

The 1 3 ~  NMR study of oligosaccharides above the level of complexity of 

disaccharldes has not been well developed, due a t  least in part to the fact that such 

compounds are somewhat rare. The compounds that have been studied are ones such 

a s  raffinose and stachyose which are composed of very simple sugars. 

There has been, however, an increasing amount of 1 3 ~  NMR analysis of natural 

products whleh are glycosides of varlous unusual sugars.ll Structural studies on 

macrolide antibiotics, for instance, have benefited from I3C NMR analysis.12 

There are same problems associated, however, wlth l 3 ~  NMR studies on aligosac- 

charides because many of the special techniques may prove to be of llmited value 

- especially if the sample size is small. For Instance, SFORD spectre whlch are 

useful for structural studies on alkaloids and terpenes13 are not very helpful for 

oligosnecharides. Thls is $0 because the most difficult t o  assign carbon stoms in 

carbohydrates are the large number of methinoxy groups, H-C-0, in rings, all of 

which appear as doublets in the SFORD spectrum. 

Relaxation studles too are of marginal value because the information obtained from 

such studies is often available by other simpler techniques. Thus, decoupled signals 

for OMe groups may often be recognized on the basis of their characteristic chemical 

shlft rather than the observatron that they are slowly relaxing carbon atoms. 

Oligossccherides ere not easy to purify. Often a natural produet of thls elass rnny 

be ava~lable only in small quantities thereby makmg SFORD and gated decoupling 

experiments very costly in terms of spectrometer time. T i  studles on complex 

molecules are also often impractical because of the large sample size required and 

the investment of extensive instrument tlme. 

Even without recourse to these special techniques, simplification of structure 

determination can be achieved by analyzing just complete proton decoupled 13C 

NMR spectra of oligosaccharldes. Specmlly valuable are such spectra obtained wlth 

s spectrometer w h ~ h  observes 1 3 ~  nuclei a t  60 MHz or higher frequency. Much 

smaller size samples are needed as higher sensitivity is attained and the chance of 

overlap of signals which is common with ring carbons is reduced because of the 

higher frequency used. Such uncrowded sgectra permlt easy measurement of 

~ l 3 c - l ~  of value for determining the stereo- chemistry of anomerlc carbons.14 

The cost of "supercon" NMR spectrometers is still too high for most laboratories. 

But, regional "High Field NMR. Pacilitles" have been established in the United States 

wlth grants from the Natlonal Science Foundatmn. 

An ordinary proton decoupled I ~ C  NMR spectrum may be obtained from one of 

these laboratories with less than 10 mg size samples of oligosaccharides. Obtaining 
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a time-consuming T i  study spectrum, however, may not be partleularly easy. 

4. A RATIONAL NUMBERING SYSTEM FOR 

OLIGOSACCHARIDE ANTIBIOTICS 

13c NMK was apphed very late t o  the structure determination of oligosaecharide 

ant~bmtics .  For example, the structure of evernlnomicin D was first deduced by more 

c l a s s ~ d  methcds and only then was 1 3 c  NMR data  used to  verify structural features. 

A similar situation existed in the case of flambamycm but in this instance the origlnsl 

Structure had to  be revised-in part because of discrepancy with 13c NMR spectral 

data15. The structure determination of avilamycms, however, was very dependent on 

the use of 1 3 c  NMR. In f ac t  the f inal  proof of structure16 relied on a camparlson of 

the 1 3 c  NMR data  for avilamycms with that of flambamycin. 

Very recently a review17 has appeared on the 1 3 c  NMR spectra of flambamycin and 

i ts  various degradatmn products. For convenience in presenting spectral da ta  and 

comparing corresponding structures in various compounds, Ollisl? e t  al. have assigned 

arbitrary numbers for the 61 carbon atoms of flambamycin. They have also used labels 

A to  H for the elght majar residues; A 1s used for the dichloroisoeverninate residue and 

B to  FI for the pyranosides. Corresponding "locants" (numbers) and "residues" (letters) 

a re  used in the formulae for analogs, derivatives and degradation produets of 

flambamycm. The same system was used recently for discussing the structure of 

curamycms.l 

The designatlo" of let ters for the various structural elements simplifies the comparison 

of different  antibiotics but the arb i t ra r~ly  designated numbers ere  not helpful. 

Therefore, a more rational system of numbering* is used in the present communication. 

The deslgnatmns for oligosaccharide carbons used here take advantage of the 

standarized numbering of pyranosldes so familiar to  carbohydrate chemists. Thus, the 

anomeric carbon bears the number 1 ,  and the absolute configuration a t  any ring carbon 

for D-sugars is mdicated by the widely used stereodesignations alpha and beta. The 

581118 system is used here except that  the relative position in the flambamycm structure 

(i.e. the locant) is also inherent in the number glven to  a particular carbon atom: thus. 

the pyranoside bearlng the isoevernimc acid residue (A) 1s designated as B in the system 

of 0111s e t  al.; in the present system all carbons in residue B have locants 11-19; 

locants 21-29 refer to  residue C ,  l o a n t s  31-39 refer to residue D, and so an. Thus, 

one two digit number is adequate far  indicatmg both the residue (the first digit) 

'Thls numbering system was devised b y  one of u s  1 A . K . B . I  t o  s imp l i f y  recognitmn 

of v a r m u s  cartons i n  terms of the  carhhydra t e s  on which they are l oca t ed .  



Curamycin A 
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as the easlly recognized position (the second digit) of the particular carbon atom in the 

pyranoside rlng system. In case the absolute configuration of the pyranoslde 1s known, 

alpha, beta deslgnstions could be employed for further characterization of substituents 

a t  a specific carbon atom. This numbering system which has been used in thls review 

is illustrated in the stereoformula for curamycin A. 

5. 13c NMR Spectra of Oligosaccharide Antibiotlcs 

The reglons of interest in the 1 3 c  NMR spectrum of oligosscehsride antibiotics can be 

conveniently dlvlded into seven parts. This arbitrary divlsion is shown in Table I. 

Certain areas of this chart are amenable to easier initial interpretation than others. 

For example, the carbinol region of the spectrum 1s often very difficult t o  interpret 

and assign unequivocally for compounds above the level of complexity of e 

disaccharide. The carbanyl region on the other hand is often easy to interpret. 

Csrbonyl Region 

Slnce carbonyls are non-proton bearing, the NOE for small molecules is often small. In 

addition carbonyls generally have long relaxation time further deereasing their 

NMR sensitivity. In mast cases, for these reasons, carbonyls will appear as small waks 

compared to others in the spectrum. The hlghest field csrbonyl signal in the spectrum 

of the oligosaceharides appears a t  166 ppm and 1s common to  all of the oligosaecharlde 

antibiotics. This shift is characteristic of a benzoate csrbonyl ( 165.9 ppm for the C=O 

of methyl benzoate). Therefore this slgnal can be assigned to C-7 common to all of 

these antibiotics. 

The most downf~eld carbonyl slgnal a t  205 ppm is displayed by flambamyem, curamycin 

A ,  and avilsmycm A. This area of the carbonyl region is characteristic of saturated 

aldehydes and ketones (e.g. acetone C=O a t  205.1 ppm). This signal is readily ssslgned 

to the methyl ketone a t  C-8 for these compounds. Conversely, the absence of this 

Signal in the spectra of the other compounds (e.g. curamycin B) mdleates the absence 

of this function. 

The,s~gnsl at 175 ppm In flambamycin, avilamyclns A and C, and curamycin B 1s in the 

reglon af  the spectrum assigned to carboxyl carbons. This pertlcular shift, on the basis 

of emprrlcal rule, may be assigned to an aliphatic ester, the acyl portlon of which bears 

several carbon atoms (e.g. methyl lsobutyrate C=O a t  175.7 pprn). Therefore this signal 

is assigned to  the carbonyl of the isobutyrate residue. 

A n  additional signel appears in the spectra of curamycins A and C alone a t  169 ppm. 

Thls signal also is indicative of an ester carbonyl, but the shift to higher field from 



the lsobutyrate position indicates possibly en acetate. A shift of 170 ppm is 

charaeteristlc of acetate carbonyls regardless of the alkoxy substltuent of the 

compound. 

TABLE I 

Regions of Interest in the 1 3 c  NMR Spectra of Ollgoseccharides 

Cerbonyl 

Aromatic (Olefinic) 

Orthoester 

Anomerie 

Carbmol 

Methoxyl 

Methylene 

Methyl 

a ppm from TMS 

Aromatic Hegion 

The aromatle or olefinlc region of the mtact  antlbmtics contains elght signals. Two 

of these slgnels are assigned to  the unusual orthoester carbons. Perhaps more than any 

other single piece of information the recognition of these orthaester functions 1s 

uniquely simple using 13C NMR. 

The orthaester carbons will generally appear a s  tall, narrow peaks in a very small area 

of the speetrum between 118-122 ppm. Aromatic carbons which often fal l  in this area 

as well appear a s  short, broader peeks. The explanation for this difference in 

appearance lies in relaxation phenomena for these carbons. 

Anomeric Region 

The anomerie reglon of the 1 3 c  NMR spectrum is probably the single most informative 

region in the spectrum of carbohydrates. Examinatmn of this reglon enables one to 

assess immediately the number of sugar units in a compound. The exact  ehemlcal shift 

may also permit the assignment of stereochemistry far  the snameric linkages. 
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There are six signals in the anomeric region of the spectra of flambamycin, avilamycins 

and curamycins but seven in the case of everninomlcins. However, there a r e  only six 

sugars in everninomicins and five sugars each in the others. 

The extra signal is for the unusual methylene dmxy function s t  C-79. This signal can 

be seen a s  a triplet in the SFORD spectrum of olgose while anomeric carbon signals 

appear a s  doublets. 

The assignment of all signals for the mtaet  ollgosaccharides, a t  least a t  fields of 25 

MHz, would be nearly impossible. There are approximately 25 carbon atoms in this 

region of the spectrum for these antibiotics. Many signals are superlmpased and 

alternative interpretations are possible. 

Methoxyl Regron 

Thls region of the spectrum 1s readily assignable due to  the rather characteristic sharp, 

tall appearance of the signals and relatively constant chemical shlft of the carbons 

regardless of the number of sugars in t h e  compound studled. 

The highest field signal a t  62.3 ppm 1s assigned to the aromatic OMe s t  C-7. The 
constancy of the chemical shift (+0.02 ppm) 1s testimony to the strength of this 

asslgnment. 

Although not a great  deal af  stereochemical or confarmational information is available 

from thls methoxyl region, satisfying overall structural similarities among the various 

compounds are  verrfied easily. 

Methylene Region 

In the case of carbohydrates this region is not among the most densely populated. 

However, i t  i s  precisely for this reason that  thls region can be of great  structural 

s~gnificance. 

The two signals in the range of 30-40 ppm can be assigned to  C-12 and C-22. 

The highest field signal in the region a t  43.8 ppm is a stnking point of dissimilarity 

among the various antibiotics. Thls signal appears in EVD, curamycins, and avilamycins 

but is mmmg in EVE and flambamycin. Accordingly this signal is assigned to  C-2 af 

the 2-deoxy sugar D-evermicase, (C-32), which is common t o  some of these antibiotics. 

Finally there 1s the signal a t  34.0 ppm whlch appears in flambamycin, avilamycins and 

curamyein 8. This chemical shift is assigned to  the methine carbon of the lsobutyrste 

e i t e f .  a shlft which agrees elosely with published values for such an ester  (33.5 ppm 

for methyl ~ s o b u t y r a t e ) ~ ~ .  



Methyl Reglon 

The methyl region is the largest of the important functional group regions in terms of 

total mumber of carbons and is one of the most difficult to  assign unequivocally. 

Yet next to  the anomeric region i t  is perhaps the most important to  asslgn because of 

the wealth of structural detail which i t  contains. It is thls region of the spectrum 

where untenable assignments were made in the flambamyein and avllamycin series of 

compounds17. 

The furthest downfield signal in this region w h ~ h  appears a t  about 25 ppm is assigned 

to  the methyl ketone a t  C-78 (Cp.28.8 ppm for  2-butanone). This ketone which is also 

contelned in flambamycin and avllamycin A is further confirmed by the keta earbonyl 

a t  205 ppm. 

The highest field signal in the curamyelns is a t  about 13.5 ppm This slgnal is assigned 

to  the methyl group (C-76) m the side cham. 

There is satisfy,% correlation for these signals In all of the structurally similar 

compounds curamyems A, B, and C, avilamyctns A and C, and flambamycin. 

The signal a t  16.1-16.4 ppm can be assigned to  C-46 since it is the only signal that  

occurs in this area and is common to  all compounds. 

The assignment of the other methyl groups is less straightforward. 

6. 1 3 ~  NMR SPECTRAL ASSIGNMENT FOR OLGOSE 

Olgose (1) is a degradation product of evernmomccin D, that  figured prominently in 

the structure determinetion of everninomicms.2 Analogous degradation products a re  

found in flambamycln, evilamycins, and curamycins. The most significant structural 

wrlatlon among these various antibmtlcs occur in the olgose type sugars as well. 

Thus the complete assignment of the I 3 c  NMR spectral data is of slgnlflcance in 
soioving structures of oligosaccharlde antibiotics. 

Table 11 contains 13C NMR data  for olgose and i ts  various degradation products along 

with 1 3 ~  NMR data  for severs1 model compounds. 

The complete I ~ c  NMR chemlcal shift  assignment for algose is made by studying and 

assigning the 13c NMR data  far  the di, t r l ,  and tetrasaccharide moieties of algose. 

This was done by reference to  appropriate monosaccharide model compounds, chemical 

shift rules, and SFORD techniques. 

The disaccharide eveminose (2) 1s the starting point for this discussion. Everninase is 

composed of 2,6,di-0-methyl-D-mannose and 2-0-methyl-L-lyxose, whlch are  connected 





Carbon A 

6 1 
62 
63 
64 
65 

62-0-Me 

5 1 
52 
53 
54 
55 
56 

52-0-Me 
56-0-He 

41 
42 
43 
44 
45 
46 

44-0-Me 

3 1 
32 
33 
34 
35 
36 

33-=-Me 

7 1 
72 
73 
74 
75 
76 
77 
78 
79 

78-0-Me 

TABLE I I 

I 3 c  NMR Assignments f o r  Evern inomic in  O l  i gosacchar ides"  

Compounds 

"chemical  s h i f t s  a re  expressed i n  ppm from TMS. A i l  s p e c t r a  were de te rm ined  fo r  
DMSO-d6 s o l u t i o n s  u n l e s s  o t h e r w i s e  no ted .  

a-h~ssignments i n  t h e  same v e r t i c a l  column may be reversed.  

' o a t =  taken  from P e r l i n  e t  01. 
8 

'Data taken  from Oorrnan and Rober ts .  
20 

3 ~ a t a  taken  from Lukacs e t  01. 12 
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through their anomerlc centers. Suitable model compounds for these two sugars are 

alpha-methyl-D mannose and beta-D-lyxose. 

The three furthest upfield signals are easily assignable to the 0-methyl groups since 

they appear as quartets  in the SFORD spectrum. 

The signals whlch appear as triplets in the SFORD a t  63.6 ppm and 71.9 ppm are 

assigned by reference to  the model compounds to  C-65 and C-56 respectively. 

The remainder of the signals in the 60-80 ppm region are not as easlly ssslgned since 

they all appear as doublets in the SFORD. 

The slgnals a t  66.6 ppm and 67.1 ppm are ssslgned to  C-64 and C-54 respectively by 

comparison to the models and by observatmn that  in evertrlose a signal a t  67 ppm is 

absent because C-54 is glycosylated in the triose. 

The signals a t  70.5, 73.2 and 76.2 ppm are assigned to  C-63, C-53, and C-55 

respectively by comparmn to  the model compounds. 

The remalnlng two slgnals a t  80.0 and 80.9 ppm are  assigned to  C-62 and C-52, 

respectlvely, but dlstinctmn between the two 3s difficult. 

The snameric carbons, C-61 and C-51, are assigned to  signals a t  94.6 and 95.9 ppm; 

respectively. 

Having assigned the spectrum of eveminose, the assignment of 13c N M R  data  for 

evertriose (3) 1s simplified but still difficult. l 3 ~  N M R  spectral da ta  for beta-methyl- 

D-curacose (41, the next sugar in the growing chain of olgose, is of great  utility in 

assigning the spectrum of evertriose. 

The Lone methyl carbon of evertriose is C-46 and i ts  signal appears s t  16.1 ppm. The 

extra 0-methyl group a t  C-44 of the D-curacose residue is assigned a t  61.4 ppm since 

this signal should not shift much from its  positlon in the monosaccharide. 

C-64 and C-65 llkewise would not be expected to  shift very much from everninase to  

evertriose and are assigned a t  63.7 ppm and 66.8 ppm. respectively. 

There are four signals in the region of 70.2 70.6 ppm and although indiwdual 

assignments a r e  dlfflcult, C-42, C-45, C-63, and C-56 are  included in this group. 

The signal a t  71.7 ppm is assigned to  C-53 which has been shielded slightly (-1.5 ppm) 

from its  position in evernlnose by glycosylation. 

The slgnal a t  73.8 ppm 1s asslgned to  C-43 of the new D-curscose residue by 

comparison to  the model compound. 



The signal a t  14.4 ppm is asslgned to  C-55 which also has been shifted upfield (-1.8 

ppm) by glycosylatlan a t  C-54. C-54 has been sh~ f ted  downfield considerably to 77.5 

ppm by glycosylation. 

Neither C-52 or C-62 would be expected to  be affected very much from eveminose to  

evertriose and thus are assigned to  the signals a t  79.8 and 80.0 ppm. 

This leaves the signal s t  81.5 ppm for C-44 of the D-curacose residue i n  very close 

agreement w i th  i t s  positlon a t  81.8 ppm i n  methyl curscoslde. 

The esslgnment o f  the onomeric region is straightforward wi th  C-61 and C-51 in nearly 

the same pasitmn as i n  everninose a t  94.7 and 95.1 ppm. The anomeric carbon C-41 

appearing far downfield a t  103-6 ppm. 

The assignment o f  1 3 c -  NMR data for evertetrose (5) is n more d i f f i cu l t  problem due 

to  the mcreased complexity o f  the moleeule and the absence o f  data for an exactly 

analogous model compound for the new sugar residue D-evermlcose. The model 

compound which is used, beta-methyl-L mycnroaido, however, is important in f lxing 

some assignments in  evertetrose. 

The use o f  this model compound 1s cr l t i ca l  i n  assigning the methyl region o f  evertelrase. 

The mast upfleld signal s t  16.0 ppm is assigned to  C-46 by comparison to  i t s  position 

i n  evertriose. 

The signal s t  18.1 ppm 1s assigned to C-36. Tllis assignment is made because the 

chemical shift o f  this carbon slrould not change very much from i t s  position in the 

mycaroslde a t  18.1 ppm to  the evermicoside. 

This leaves the signsl s t  20.5 ppm for the alpha-methyl cnrbon s t  C-33. I n  the model 

compound, L-mycsrose, this carbon appears a t  2 1 . 3 ~ ~  ppm. However, the orientation 

of this methyl shlfts from equatorla1 in  the mycaroside to  axial in  the evermieaslde 

accounting for the increased shielding o f  this carbon that is observed. 

The only methylenc carbon i n  evertetrose a t  C-32 appears a t  45.7 ppm in  the 

NMH spectrum. The assignment o f  the methoxyl region in  evertetrose follows direct ly 

from the assignment for evertriose. 

The assignment of signals a t  63.7 and 66 .8  ppm also are straightforward for C-65 and 

C-64 by reference to  evertrtose. 

The signal a t  69.4 ppm is assigned to  C-42 is esslgned ta C-42 of  the D-curacose 

residue. This particular carbon which appeared i n  the area o f  70.2-70.6 ppm i n  

evertrlose would be expected to shift upfieid about 1.0 ppm by the glycosylntion a t  C- 

43 in  evertetrose. 



The s l p a l  a t  70.0 ppm is assigned to  C-33 of  the D-evermicose residue. The 

asslgnment for this carbon is made on i t s  appearance in the 1 3 c -  NRlR spectrum. I t  

appears as a t a l l  peak i n  the spectrum whlch is a consequence of the fact  that as s 

qus te rn~ ry  Carbon atom it has relstlvely long relaxation t lme compared to  protonated 

r ing carbons. 

Three slgnols whlch are l e f t  individually unassigned appear from 70.6 - 70.8 pprn; these 

signals correspond to  C-53, C-35 and C-63. 

The signals a t  71.8, 74.5  and 77.8 ppm are assigned to  C-56, C-55, and C-54, 

respectively, slnce their position would not be expected to  change very much from the 

triose to  the tetrose. 

A new signal whlch appears a t  78.9 ppm is assigned to  C-34 by comparison to  the L- 

mycaroside model. 

Thc slgnals at 79.8, 80.0 and 81.1 ppm are assigned to  C-52, C-62, and C-44 by 

c om par is on t o  the triase. The signal a t  82.0 pprn is assigned to  C-43 which has been 

shifted downfield considerably from i t s  position i n  the t r m e  by i t s  glycosylatmn. 

The new signal i n  the anomerie region is assigned to C-31 o f  the D-evermiease resldue. 

There remains now the assignment for olgose itself. This problem is di f f i cu l t  for the 

same reasons that assignment o f  evertetrose was di f f icul t ,  except that i n  olgose there 

was no suitable example for  the side chain a t  all. 

The assignment o f  the methyl region, however, is easy w i th  the furthest upfield signal 

a t  13.6 pprn assigned to  C-78 of the side chain. 

The highest f leld slgnsl i n  the methonyl reglon is assigned to the 0-methyl  a t  C-77. 

The slgnal a t  69.2 ppm is assigned to  C-75 on chemlcal shift grounds. 

Signals i n  the region 70.2 - 74.8 ppm are assigned by precedent to the esrl ler 

degradation products. The slgnnl a t  70.9 ppm is assigned wl th  some certainly to the 

quaternary carbon C-33 due to  i t s  characteristic sppearance. 

One o f  the peaks s t  75.2 ppm is asslgned as quaternary carbon C-74 due to  i t s  

characteristic appearance. The second slgnal at 75.2 ppm is assigned to  C-64 shifted 

downfield 8.4 ppm by inclusion in  the orthoester linkage. 

The slgnflls flt 77.7 and 77 .8  pprn are asslgned to C-54 and C-34 respectively by 

comparison to  evertetrose. 

Signals a t  73.0, 76.8 and 79.4 ppm are assigned to  C-77, C-72, and C-73, respectively, 

but are not certain due to  lack o f  a suitable model compound. 



Ass~gnment of the anomeric region is unremarkable except far the slgnal for the 

methylene dioxy carbon, C-79, a t  96.0 ppm. 

Finally perhaps the most significant aspect of the 1 3 ~ -  NMR spectrum of algose is the 

slgnal a t  120.0 ppm. Thls slgnsl is assigned to the orthoester carbon, C-71. Thls 13C- 

NMR signal was the mast conclusive plece of ewdence for the existence of thls unusual 

functionality in the oligosaccharlde entlbiotics before the x-ray analysls of a ~ ~ o s e . ~ ~  

This completes the asslgnment of the 1 3 c  spectral data for olgose. There are 

remarkably few ambiguities in thls flnal assignment end the solution of thls problem 

will mdlcste directly where the differences and similarltles may lie in similar 

degradation produets of the other ollgosaccharide sntibmtics. An example of this wlll 

be given in the next section with a discussmn of the l 3 ~ -  NMR speetrum of pseudo 

olgose A ,  a degradation product of curamycin A. 

7. 13c NMR STRUCTURAL STUDIES ON pseudo-OLGOSE A 

pseudo-Olgose A(6) is a degradation product of curamycin Al. The structure of the 

pseudo olgose A was a crltical plece of information in solving the structure of 

curamycins. Slnce a limlted amount of pseudo-olgose A was available, the structural 

proof had to  rely heavily on spectral analysls. 

The complete proton noise decoupled 13C NMR spectrum of pseudo-olgose A was 

determined in CDC13 and compared to that of olgose (1) whtch had been determined 

in DMs0-d~ .  Using the esslgnments derived for the 1 3 c  NMR data of olgose and 

cognizant of solvent effects on the chemleal shift, a structure of pseudo- olgase A was 

deduced from its 1 3 c  NMR data. 

Table 111 contains s I3C NMR chemical shift map for olgose and olgose A ,  where the 

regions are dlvided aecordmg to the various sugar residues. 

pseudo-Olgose A exhibited a 13c NMR spectrum in CDC13 in which 36 resolved slgnals 

were observed two of which accounted for two carbons each due to overlap. In 

interpreting the structure of pseudo-olgose A by comparison to olgose, perhaps the 

most convenient area to consider flrst is the anomerlc reglon. 

Examining the chemical shifts of the various snameric carbons, C-31, C-41, C-51 and 

C-61, a close correspondence between olgose and pseudo olgose A is observed. Thus 

the informatlo" indicates in a very preliminary fashlon that the same order end 

stereochemistry of sugar resldues exlst in olgose and pseudo- olgose A. The presence 

of the unusual methylene-dioxy carbon, C-77, is suggested by the signal a t  96.3 ppm. 

The signal a t  119.1 ppm in the spectrum of pseudo-olgose A mdlcates the presence of 

the orthoester carbon. C-71. Thus the overall sequence of flve sugar resldues with 

one orthoester linkage is the same in pseudo-algose. 
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TABLE 111 

13C NMK Spectral Correlation for Olgose 

and pseudo-Olgose A *  

Carbon. # Olgose - - 

*Olgose  spec t rum w a s  de t e rmined  i n  DMSO-d6 

and p s e u d o a l g o s e  A spec t rum w a s  de t e rmined  i n  

CDC13. d l 1  chemica l  s h ~ f t  d a t a  a r e  p r e s e n t e d  i n  

ppm from TMS. 

a - e A s s q n m e n t s  i n  v e r t i c a l  column may be 

~ e v e r s e d ,  a l though  t h o s e  g i v e n  are p r e f e r r e d  



The mast strlklng mitial difference between the 13C NMR spectra of olgose and 

pseudoolgose A is in the carbonyl region. There are two carbonyls in pseudo- olgose 

A but none in olgose. 

Although the exact identlty and location of the carbonyls cannot be deduced based on 

their chemical shift alone, some informatmn may be inferred. The slgnal at 205.9 ppm 

1s in an area where generally aliphatic ketones occur. The slgnal a t  169.3 ppm is 

cheracterlstlc of an ester carbonyl. 

The methoxyl region of the 13C NMR spectrum also illustrates significant differences 

between olgose and pseudo olgose A. Olgose exhibits five methoxyl carbons and 

pseudo-olgose A only three. Furthermore, it would appear based on the comparative 

chemlcsl shifts that i t  is the two highest field methoxyls, C-62-methyl and C-78-0 

methyl, in olgose that are absent in pseudo-olgose A.  

There is a slngle peak in the methylene region of the 1 3 c  NMR spectra of olgose end 

pseudo-olgose A a t  45 ppm. This lndlcates that both earnpounds contain the D- 

evermrcose residue if conflrmata;y ewdence is available in the methyl region. 

The assignment of the 1 3 c  NMR methyl region is critical to  the solutlon of the 

structure of pseudo-olgose A. Cornpanson of the data for olgose and pseudo- olgose 

A a t  first would indicate that four of the methyl groups are identical due to thew 

similar chemical shlfts and that pseudo-olgose A has two extra methyl groups which 

must be ass~gned. 

The chemical shift of the two extra methyl carbons, 24.2 ppm and 20.6 ppm glues a 

clue to  their identlty. Since both are somewhat downfield for aliphstlc methyl groups 

and there are two carbonyl functionahties yet to be accounted for in pseudo olgose A ,  

the signal 25.2 ppm is asslgned to a methyl ketone and the signal 20.6 ppm is assigned 

to the acetate. 

The location of the functianalitles is more difficult to determme until reference is 

made to some other oligosnccharide antibiotics. Ollls and Keller-Schierleln have 

deduced the structure of avilamycln A and C relying heavlly on the comparison of 13c- 

NRlR data between avilamycins (7) and flambamycm (8).16 

In the structure of these compounds the olgose slde cham is modlfied to  include n 

methyl ketone comprising C-78 and C-79 and an additlonsl methyl group a t  the 6 

position of th15 residue L.e., C-76. Recently Kellet-Schierlem e t  al. have uenfied ths 

structural functionality as well as determined some und~closed features of stereo- 

chemistry by X-ray analysis of a degradation product of avilamycin A . Z ~  

The chemical shift of the methyl group attached to  the ketone in avilamyein A is 25.4 

ppm16 in close agreement with that of pseudo olgose A. The chemical shift of the C- 

76 methyl in avilamycin A is 13.5 ppm also in close agreement wlth that of pseudo- 

olgose A. 



The remaming three methyl carbons of pseudo olgose A are assigned to  C-45, C-36, and 

C-33- alphe methyl and the signal a t  18.5 ppm is asslgned to  C-36. Thls assignment 

was reversed by OIlis e t  a l l 6  but based on the 1 3 ~ - ~ ~ ~  data for olgose and L- 

mycaraside model compound12 this new assignment seems more suitable. 

At this point the structures of olgose and olgose A seem identical to  the f m t  sugar 

residue (D-E-F). Differences occur in the L-lyxose moiety (substltutian of an 0-methyl 

by an acetate)  and olgose side cham (ring H).  

Enaiminatmn of the methinaxy regmn of the 1 3 c  NMR for the two compounds conflrms 

this. There is close correspondence between olgose and pseudodlgose A for the 

carbons C-31 th~ough  C-56. In the area of C-61 through C-79 there are signlflcant 

differences, a s  to  be expected. 

The structure of pseudo-olgoee A as (6) is supported strongly by the 1 3 c  NMR data. 

Although this spectral correlatlon 1s by no means a complete proof of the structure of 

pseudo-olgose A ,  n correlatlon of this klnd represents a significant step in the 

structural elucidation process and taken together wlth other readlly available methods 

of spectral analysis can lead to  a convenient means of structure determination for 

members of thls complex family of antlbmties. 
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