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ABSTRACT 

From the c m r spectra of the mdlvldual components of the ammoglycosxde 
antibiotIc butlrcsm A and other pertment, simpler compounds, the spectra of pro- 
gresslvely more complex molecules conslstmg of merent combmations of these 
components were analyzed The effects of protonation and N-tfiuoroacetylation 
were studled The potential usefulness of the c m r techmque for structural eluclda- 
bon and charactenzatlon of ammoglycoslde antibiotics is mdlcated 

NTRODUCTION 

In recent years, Fourier-transformed carbon-13 nuclear magnetic resonance 
(c m r ) spectroscopy has been apphed to various classes of compounds, such as 
steroids’, nucleosld&, ammo acids and peptides3, montols4, and mono-5 and 
ohgo-sacchandes6. However, the apphcation of tis techmque to ammoglycoslde 
antlblotlcs, a therapeutically Important class of compounds, has not been reported 

In connection vnth a program on the structural moticatron of ammoglycoslde 
antibiotics, it became evident that c m r. spectroscopy rmght serve as an m;portant 
and necessary complement to the other physlcal methods for the charactenzation and 
structural elucidation of this class of compounds A typical example of an amino- 
glycoslde antibIotic 1s butirosm A7-lo @a), C,,H,,N,O,,, the SubJeCt of the present 
study. BuQrosms lack defimte meItmg pomts, charactenstrc u v. absorption, and 
defirutlve 1 r spectra Although both p m.r and mass spectrometry prouded cruaal 
mformatxon durmg structural elucidation of butxrosms’*‘, the size of the molecule 
gave rise to the problem of overlappmg peaks, especxally m the p m r. spectrum 
On the other hand, c m r , besldes provldmg a different type of structural mformation, 
1s expected to show a high degree of resolution because carbon resonances occur 
over a range exceedmg 200 p p m ’ ‘. 

RESULTS AND DISCUSSION 

An mitral assumption was that the c m.r. spectrum of a complex aminoglycoslde 
should be essentially a composite of the spectra of its simpler components, with 
adJL&ment for the effect of bonding between the various components. This approach 
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led to the successful c m r.-spectral correlation of a number of molecules studled in 
thus work. From the c m r spectra of the m&vldual structural components of butlro- 
sm, as well as of other pertinent, simpler compounds, the spectra of progressively 
more-complex molecules, conslstmg of dflerent combmations of these components, 
were analyzed. Fmally, the peaksmthe spectrum of butirosm A were asslgned (although 
tentatively for some) with m&vldual assignments for twelve carbon atoms and one 
group asagnment each for two, three, and four carbon atoms. In ad&bon, the effects 
of protonation and N-Mluoroacetylation were bnefly stuled These results should 
provide an lmtlal framework for further apphcatlon of the c m r techmque to other 
ammoglycoslde antibiotics 

The c m r spectrum of deoxystreptamme’ (D) (la) m deutenum oxide (Table I) 
shows four peaks, at 113 9, 115 9, 141.1, and 155.6 p p m upfield from external 
carbon &su&ie, urlth relative peak-he&t ratios of 2 5 1 2 0 4, respectivelyl’. 
These chenucal-shft and peak-he&t values allow stralghtforward peak assignments 

NHR 

OH 
la Deoxystreptamlne, D, R=H 

b D 2HCI, R=H-HCI 
C D *H&O,, R=H*1/2 *H&O, 

2 Paromamine, GlcN-D 

6 CH20H =‘C H20H 

;o+&iJFH3 

OH 

3 Methyl B-maltoslde. Glc-Glc’-OCH3 

4 NearnIne, NC-D 
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FI ?” 
-OC’--- C2- C!H$H, N H; 

t5 
5 Ab 

;;@; ;$-iLCH2CHzNHp 

NH2 
6 Butrrosln-P, Nc-D-Ab 

B a 

7 Xylf-OCH3 

OH 

8a Butirosln A, Nc-l;)--Ab, R’=R”=H 

Xylf 
0 
ii 

b (TFA),butlrosln A, R’=R’= -CCF3 

c ButtrosIn A 2 H,SO, , R’=R”= H l/2 ~~50~ 0 

d (TFA12butlrosm A HzS04,R’=H 1 2 H,SO, , R”= -&F~ 

for la from two conslderatlons Fmst of all, la possesses a plane of symmetry throu& 

carbon atoms D3* and D5, with the result that carbon atom Dl IS eqmvalent to D3, 
aua D4 equivalent to D6 Secondly, previous studies have shown that substltutlon 

of a carbon atom by hydroxy, ammo, or alkyl substltuents all p,oduce downfield 

*The symbohsm used denotes the posltlon number of the carbon atoms on the mdlcated fragment, 
as shown III the formula charts 
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shrfts, in decreasmg order of magnitude (for example, the shaft parameters for an cc 
carbon atom havmg-OH, -IQ&, and -CHa as substrtuent groups are reported 3b to be 
-48 5, -29, and -9 1 -t_O 1 p p m , respectrvely) Accordmgly, m the spectrum 
cf la, of the two peaks at the lowest field, the more Intense one (relative peak-height, 
Z 5) at 113 9 p p m can be assrgned to carbon atoms D4 and D6, and the less-Intense 
one (relative herght, 1) at 115 9 to carbon atom D5, each of these atoms bemg one 
that tames one hydroxyi and two alkyd substrtuents The strong peak (relattve herght, 
2) at Intermediate field (141 1 p p m ) can be asstgned to Dl and D3, each of these 
carbon atoms bemg one that carrres one ammo and two alkyl substttuents The 
remammg weak peak (relative hetght, 0 4) at highest field (155 6 p p m ) can be 
asstgned to D2, a carbon atom carrymg two alkyl substttuents 

The spectrum of deoxystreptamme drhydrochlonde (D 2HCl) (lb) shows the 
mff uence of protonatlon of the ammo groups The peak for D4 and D6, each p to an 
ammo group, now appears at 119 1 p p m (shtft of + 5 2 p p m from the base la) 
The peak for D5, y to two ammo groups, appears at 1 I6 7 p p m (shaft of +O 8) 
The peak for DI and D3, each z to one ammo and y to one ammo group, IS observed 
at 141 1 p p m (no shrft) The peak for D2, /3 to two ammo groups, appears at 
163 2 p p m (shift of t7 6) Thus, the mfiuence of protonatron IS greatest on the /3 
carbon atom (Cp), and, except for the lack of shaft on the x carbon atom (Ca), IS m 
general agreement with the results reported3” b for the protonatron of ammes (upfield 
shift of 2 5 to 3 5 p p m for CCX, 3 9 p p m for CD) The mfluence IS addltlve to an 
extent, although not entirely, as the shift for D2 (fl to two ammo groups) is about 

1 5 trmes the shift for Dl or D3 (/I to one ammo group) 
It IS also necessary to study the effect of protonanon by a weak acrd, because 

madvertent formatlon of the carbonate sometimes occurs durmg the preparatron of 
the free-base form of an ammoglycoslde ar&bIotlc The c m r spectrum of deoxy- 
streptamme carbonate (lc) m deutenum oxrde saturated wnh carbon droxrde shows 
peaks at 116 0 p p m for carbon atom D5 (shaft of +0 I p p m from the free base 
la), 117 5 for D4 and D6 (shtft of -1-3 6), 141 3 for D1 and D3 (shift of -t-O 2), and 
161 4 p p m for D2 (shaft of +-5 8) Thus, the shifts caused by formatron of the 
carbonate are appreciable for the carbon atoms p to the ammo groups, although the 
magmtude of the shrfts are less than that caused by protonatron wrth hydrogen 
chloride, a strong acid 

Paromamme’ 7 (GlcN-D) (2) consists of 2-ammo-2-deoxy-D-glucose (GlcN) 
glycosldlcally hnked to the hydroxyl group at carbon atom D4 of deoxystreptamme 
(D) (la) The effect of glycosylatron on the c m r absorptrons of the D carbon atoms 
should parallel those estabhshed for the methylatron of hydroxyl groups m mosltols 
(namely, the effect on an CL carbon atom, a shaft of -7to -1Oppm ;onaj?carbon 
atom bearing an axral hydroxyl group, +4 5 p p m for each O-methyl group, on a /3 
carbon atom havmg an equatonal hydroxyl group, ca - 0 5 p p m ; and on y and 6 
carbon atoms, less than +O 3 p p m)4 Thus, as compared with la, carbon atom 
D4 of 2 should show a downfield shaft and IS assrgned to the peak at 103 8 p p m , a 
shift of - 10 p p m The other D carbons of 2 should show mmunal shrfts, and thus 
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the peak at 114 1 1s assigned to D6, 115 7 to D5, 1412 and 142 2 to D3 and Dl as a 

group, and 155 7 p p m (weak) to D2 
The remarmng peaks m the spectrum of 2 are assrgned to the GlcN morety of 5 

It may be noted that the GlcN morety IS qmte analogous to a correspondmg morety 

Glc m methyl &maltosrde6” (Glc-Glc’-OMe) (3), except for the presence of an ammo 
group at GlcN2 Instead of a hydroxyl group at Glc2 Among the carbon atoms of the 

GIcN morety of 2, GIcNl IS expected to resonate at the lowest field, by analogy wrth 
the methylatlon shifts already mentroned, and IS thus assrgned to the peak at 90 6 
p p m Carbon atom GlcN2, carrymg an ammo group, IS expected to resonate at the 
highest field, and IS thus assrgned to the peak at 136 2 p p m Carbon atom GlcN6 
should resonate at a htgher field than the more highly substrtuted GlcN3, GlcN5, 
and GlcN4 atoms, and IS thus assrgned to the peak at 130 8 p p m (cf6” Glc6 of 3 at 
131 S6n) The two peaks at 117 8 and 118 7 p p m are tentatively asslgned collectively 
to GlcN3 and GlcNS, and that at 121 7 IS tentatively assigned to GlcN4, based on the 
tentative hterature asslgnmentsn for Glc3 and Glc5 (119 9, 120 8 p p m , group 
assignment) and Glc4 (123 0 p p m ) m 3 

Neamme’ (NC-D, neomycm A) (4) consists of 2,6-dlammo-2,6-dldeoxy-D- 
glucose (neosamme C, NC) hnked glycosldlcally to D4 of deoxystreptamme (la) (D) 

It ddfers from paromamme (2) (GlcN-D) m havm g an ammo group at Nc6 instead 
of the hydroxyl group at GlcN6 of 2 The peak for Nc6 of 4 IS observed at 150 4 p p m , 

as compared with 130 8 p p m for GlcN6 of 2 The peak posrtrons for the rest of the 
carbon atoms m 4 are almost the same es those of the correspondmg carbon atoms 
m 2, and are therefore readdy assigned accordmgly 

Butlrosm possesses a structural component umque among ammoglycoslde 
antlblotlcs obtamed by fermentation, namely (S)-( -)-4-ammo-2-hydroxybutync 

acid7 (Ab) (5) The spectrum of ths acid m deutermm oxide, undoubtedly In the 
zwlttenomc form, shows four peaks, as follows Abl, 11 53, Ab2, 121 3; Ab4, 154 6, 
and Ab3, 160 3 p p m 

Butlrosm-P’ 3 (Nc-D-Ab) (6) consists of the acid 5 (Ab) attached to the ammo 
group at Dl of neamme (4) (NC-D) through an amide hnkage Peak assignments for 
butrrosm-P were accomplished by comparison with the spectra of 4 and 5 The peak at 

121 7 p p m IS asslgned to Ab2 m butlrosm-P on the basis of peak position (121 3 
p p m m free acid 5) and intensny, charactenstrcally much higher than the other 
peaks at 115 5 to 120 1 p p m , asslgned as a group to D6, D5, Nc3, Nc5, and Nc4 
The peak at 154 7 p p m IS slmdarly asslgned to Ab4 on the basis of peak posltlon and 

mtenslty A peak at 156 6 p p m IS asslgned to Ab3, which would represent a down- 
field shift of 3 9 p p m from the free, zwltterromc acid 5, an extent reasonable for a 
carbon atom B to an ammo group3b The assignment of a peak at 157 6 or 158 1 
p p m (weak peaks) to D2 IS tentative, because of the presence of extraneous, weak 
signals 

Butrrosm A (NC-D-Ab) @a) differs from butlrosm-P (6) (NC-D-Ab) m havmg a 

AYV 
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pentose, o-xylose (Xylfl, attached as a /3-furanosyl resrdue’ to the D5 hydroxyl 
group of butrrosm-P Companson of the spectrum of Sa wrth that of 6 reveaIs a 
large number of peaks common to both spectra, assrgnments for these peaks are 
therefore readily made One new peak at 81 5 p p m IS assrgned to Xylfl Four new 
pe2ks, at 109 6 to 111 0 p p m are assrgned as a group to Xylf2, Xylf3, Xylf4, and 
D5, mlrcatmg that D5 shows a downfield shaft through glycosylatron of 4 5 to 5 9 
p p m (frcm 115 5 p p m m butrrosm-P) A new peak at 131-O p p m IS assigned to 
XYlf5 

For zonfirmatron of these assrgnments to the Xylf carbon atoms m butrrosm 
@a), the spectrum of a mrxture of methyl a(and /I)-xylofuranosrde (Xylf-OCH,) 
(7) was used for comparison The Xylfl peak at 83 0 p p m of the anomenc mrxture 7, 
being qtute close to the j3-anomencg Xylf 1 peak at 81 5 p p m m Sa, IS assrgned to 
the /3 anomer, whereas the Xylf 1 peak further downfield (at 89 9 p p m ) was assrgned 
to the cx anomer As mdrcated by the relatrve peak herghts of Xylfl (1 4 l), the B 
anomer preponderates m the mrxture Thus peak-herght drfference was further utrhzed 
to daerentrate the Xylf5 and OCH, peaks of the two anomers Being more hrghly 
substrtuted by alkyl groups, the Xylf5 peaks should appear at lower field than the 
OCH, peaks ,4ccordmgly, the double peaks at 130 4 and 131 1 p p m were assrgned 
to Xylf5 (p and LY anomers, respechvely), whereas the double peaks at 135 9 and 
136 4 p p m were assrgned to the OCH, carbon atoms of the CI and B anomers, 
respectrvely The value of 130 4 p p m for Xyl.5 (B anomer) agrees well wrth 131 0 
p p m , assrgned to Xylf5 of Sa, as mdrcated m the prevrous paragraph 

The c m r spectra of several denvatrves of butuosm A were studred to observe 
the effect of N-acylatron14 and protonatron 

The spectrum of N,N’,N,“N”‘-tetrakrs(trrfluoroacetyl)butuosm A” (Sb) was 
obtamed m deuterated methanol (CDsOD) Thus, comparrson wrth the spectrum of 
butuosm A @a) recorded m deutenum oxrde may not be entirely vahd Nevertheless, 
the observed changes are mnuma1, and m no Instance exceed 2 p p m Carbon atoms 
Nc2, Nc6 and Ab4 show uplield shifts of 1 I, 1 4, and 1 4 p p m , respectrvely Srgnals 
of carbon atoms Dl and D3 could not be observed as they were masked by the solvent 
peaks 

In the spectrum of butrrosm A drsulfate (SC), the carbon atoms p to the pnmary 
ammo group (CD) are expected to show the largest upfield shafts as compared wrth 
b~tlro~m A base (8a), whereas carbon atoms o! to the pnmary ammo groups (CU) 
should show smaller upfleld shrftsfa b [compare protonation of deoxystreptamme (1) 
already drscussed]_ Based on these premises, the shifts (with reference to Sa) assrgned 
to CP are, approxrmately 5 p p m for Nc3 and Nc5, 4 p p m for Ncl and D4, 
3 p p m for Ab3, and 2 p p m for D2 The shtfts assrgned to Ccc are 1 8 p p m for 
Nc2; ccz 1 p p m for Nc6 and D3,O p p m for Ab4 If these assrgnments are correct, 
then one of the Xylf2, Xylf3, and Xylf4 carbon atoms must display a downfield 
shrft of about 4 to 5 p p m , whereas the other two would show upfield shafts of 4 7 to 
8ppm 

The spectrum of N2,N3-brs(tr;fluoroacetyl)butrrosin A sulfate’ 5 (Sd) IS essentrally 
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