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The antibiotic lincomycin, produced by Streptomyces lincolnensis, is known to be

effective against gram-positive bacteria (2).Chemica1 modification of the lincomycin

molecule has produced a series of analogs with significantly different potency than
(3).A possible explanation for these differences, based on steric and elec-

tronic effects, has been proposed by B,V. Cheney et al. (4).In their analysis the

lincomycin

lowest-energy conformations were approximated by quantum mechanical calculations.Pro-
ton N.M.R. spectra of lincomycin and some related compounds have been analyzed and

(5)

reported previously

In this study we have examined the 13C N.M.R. spectra of lincomycin @HCl1 8 and a
few related compounds as well as some simple components of the antibiotic.Furthermore,
we have measured carbon-13 spin-lattice relaxation times for lincomycin e HC1 g and
clindamycine HC1 11 in the hope of obtaining information about the solution behaviour
of these biologically important materials.

13 (6)

Noise decoupled C N.M.R. spectra were recorded for compounds from 2 to lé

and the chemical shifts are given in the Table.The signal assignments are based on
spectral comparison of the structurally related compounds studied, on chemical shift
(7)

rules s+ on specific proton decoupling and single frequency off-resonance decoupling

experiments and on spin-spin coupling with the phosphorus atom of 9 and 12.

~
?1 3 R =CHjyR,=COCH, ;R =HYR, ~OH R"__‘ L..-l:R,
4 R, =CHj3R,=COCH ;R =OH;R, =H
JeHC1 R =CH,iR,=H $Ry=C1jR, =H RNH——
6 R =CH 4R -H sR;=CLyR, =H
B-o|..| I R =CH,CH,OH{R,=H{R «H{R, ~OCH,

1 Rl =H j§ Ra = H .
2eHCL Ry = CHy; R, = C,H.-n H
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13 TABLE
C chemical shifts
2z 3 & s & 7z &8 99 1 u 12 1w
Cc-1 - - 89.0 88.2 87.5 87.3 mqoou 89.2 87.5 88.3 88.8 87.0 QQ.oD mm.ub
c=-2 - - 68.7 68.8 66.6 674 70.7 68.8 72.7 68.8 68.4 72.5 70.0 70.3
c=3 - - 713 71.3 69.9 71.4 ﬂw.ma 71.4 70.7 Qw.#n 71.3 70.5 qw.uu ﬂn.uw
C-4 - - 69.3 69.4 67.5 6746 mm.ub 69.5 69.4 69.5 69.2 69.1 ﬂo.on mo.cs
c-5 - - 70.6 69.5 69.3 70 .4 67.8 70.0 70.0 69.0 68.9 68.9 69.3 69.3
c-6 - - 53.9 53,8 544 Sh.h 51,4 54,9 54,9 54,5 54,0  53.9 50.6 50.8
c=7 - - 67.6 65.7 573 60.6 76.5 67.4 67.4 65.6 59.0 58.7 76.8 76.7
c-8 - - 16.9 20.6 22.3 22,4 12.7 17.2 17.3 20.8 23.0 22,4 14,7 14.7
MIOIU R - - HP'O HWQW FN.P HN.U - u.PoN HPQH HU.W HU-@ H.UOP - -
c-2'  62.1 65.8 - - - - - 69.5 69.4 69.3" 69.8 69.7 68.5 68.5%
C=31 29.8 34.4 - - - - - 36.4 36.3 36.6 36..4 36.4 30.7 30.8
C=b! 24.6 35.1 - - - - - 374 374 3745 375 373 2349 23.9
C-5' 47.5 60.5 - - - - - 62.4 62.4 62,3 62,1 62.0 57.6 57.7
Q:o:m - 33.4 - - - - - 3540 35.0 35.0 34,5 Bhol - -
aomm - 20,5 - - - - - 21.5 21.5 21,5 21.5 21,2 - -
_@.omu - 13.8 - - - - - 14,3 143 1l4es  14.3 1440 - -
|0=u - 39.6 - - - - - 41.8 41,7 41,8 42,1 41.5 41.9 41.9
>o.omu - - 23.1 23.0 - - - - - - - - - -
muozm - - - - - - 32.6 - - - - - 33.8 30.2
O|O=m - - - - - - 61.0 - - - - - 61.8 6545
OIOEW - - - - - - WW..N - - - - - Wﬂ.u. W@o@
e signal assignments within a vertical column may be reversed. be chemical shifts accor-
ding to L.F. Johnson Dma t.m. Jankowski, "Carbon-13 NMR spectra" , John Wiley and Sons ,
New-York , N.Y. 1972. ~° sp” carbons for celesticetin ¢ HC1 WW t (a) 169.9 ; (c) 160.8 j
(e) 13646 3 (g) 131.1 3 (f) or (d) 120.4 j (d) or (f) 117.9 and (b) 112.8 g
d. spin coupling of less than 10 Hz is observed with the phosphorus b a
atom for carbons-1l , -2 and -3, e COO0~
d  COH
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8 s HC1 1~CH3;R =H;R 31'!7 n; 4=H;R5=0H
9 HC1 l—cu3gn =PO H R5n65H7-n;R4=H;R5=0H
10 ¢ EC1 1-CH3 _H;R3_63H7-n;R4=OH;R5=H
11 ¢ HC1 1=CH5;R .J-l;l?.3 -n;th=CI;R5=H
12 e HC1 1—033;R =P0 H ;R3 3 7-n;R4=Cl;R5=H
13 e HC1 1=CHZCH OH;R _H;R_,-H;RQ—H;R5=OCH3
14 o HC1 1=CH CH OCOC6H4031R =H;R3=H;R[*_H;R5=OCH3
Carbon-13 spin-lattice relaxation times (8) for lincomycineHC1l 8 and clindamycine

HC1 11 are shown on Figure l.Examination of the T1 values for the molecules under in-

(9),

vestigation yields the following conclusions

ae the similarity of the T, values for the pyranose ring carbons indicates iso-

1
tropical tumbling of this moiety without preferred axis of rotation.

be the motion of C-6 and C-7 is isotropic with the sugar ring as evidenced by

the essentially identical T1 values with those of the pyranose methine carbons (no

(4)4(5)

free rotation around the C-6/C-7 axis).This rigidity was noted earlier
Ce the pyrrolidine ring is characterized by an increased mobility with respect
to the sugar moiety;NT1 values are almost twice higher for the five-membered ring than

for the six-membered ring (N is the number of the directly bonded hydrogens).The N'l‘1

value for C-2' is markedly lower than the average NT. value for the pyrrolidine ring

suggesting that C-2' is on a preferred axis of rotat;on (9).

de considerable free rotation is experienced by the methyl groups (9 {C-methyl
N-methyl and S-methyl) and the C-4' side chain carbons.NT (CH5 or C-4' side chain
carbons) i?'NTl (pyranose ring carbons, pyrrolidine ring carbons. C-6 and C~7).

The only major difference between the solution mobility of lincomycineHC1l 8 and

clindamycineHC1 11 is shown by the shorter T, values measured for the chlorine con-
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taining compound.This difference may be associated with the presence of the heavy chlo-

rine atom.

As the relaxation behaviour of the two compounds examined is similar in all other
respects, this is evidence for the previously proposed %) conformational similarity
of lincomycin and clindamycin.The chemical shift data of the Table indicates also the

conformational identity of lincomycineHC1 8 and clindamycineHC1 11.

@20 1.8
¢ LHl T
o N Ml aaeien cines (see) for 1ine
.20 wam H mycineHC1 8 and in brackets
0.99(0.78 HN—JA!'M— for clindawycineHC1 11l.

1-7(1.8

H,
2-4(3.0) ot
(0-37)

Figure 1.
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