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3-Substituted rifamycins S and SV have been studied by !H NMR in organic solvents and in D,0, and the
conformations in solution have been compared with those obtained in the solid state. Rifamycins exhibit four
different isomers generated by the combination of two rotations, one relative to the amidic plane and the other
relative to the plane containing the double bond C(28)=C(29). However, the conformation of the central part
of the ansa chain and the spatial relationship between the four oxygens 0-1, 0-2, 0-9, and O-10, essential for
the antibacterial activity of these compounds, always remain the same, independent of the oxidation state at
0O-1, the kind of 3-substituent, whether the solid or solution state is involved, and the nature of the solvent.

Rifamycins constitute a well-known class of antibiotics
whose action is explicated through the inhibition of bac-
terial DNA-dependent RNA polymerase. Many attempts
have been made to rationalize the structure—activity re-
lationship involved in this inhibition.2?

Gallo and co-workers studied the molecular structure
of some rifamycins by '!H NMR and conformational
analysis* and also by IR spectroscopy.® They concluded
that the molecular structure in solution (organic solvents)
is identical with the solid-state structure of rifamycin B®
(RIFB).

Other authors studied the !H NMR spectra of various
C-3 derivatives of rifamycins S and SV in different sol-
vents.”® They find that rifamycin SV derivatives are
rather rigid whereas in rifamycin S derivatives the central
part of the ansa chain bends as a function of the distance
C(3)-X (where X is the substituent in position 3); they
claim that these conformational variations might influence
biological activity.

Recently® we studied the crystal structure of 3-(carbo-
methoxy)rifamycin S (RIFCMS) and found that this
structure is somewhat different from those previously
found for rifamycin B® and rifampicin!® (RIFMPSV). We
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also demonstrated® the existence in solution for both 3-
(carbomethoxy)rifamycin S and SV of various conformers
(see Scheme I).

All these considerations prompted us to study the 'H
NMR spectra of various 3-substituted S and SV rifamycins
both in organic solvents and in D,0. The purpose was to
investigate whether and how the conformation changes as
a function of the solvent and the substituent and to com-
pare the results with those obtained in the solid state.
Moreover, since a structure—activity relationship was put
forward based on the solid-state molecular structure al-
one,®! we thought it desiderable to investigate the mo-
lecular conformation of these antibiotics in water solution
in order to support this correlation.

Crystal Data

Several ansamycins have been studied in the solid state
by X-ray diffraction. They are rifamycin B p-iodoanilide®
(RIFB), rifampicin!® (RIFMPSV), 3-(carbomethoxy)rifa-
mycin S° (RIFCMS), tolypomycinone tris(m-bromo-
benzoate)!? (BRTOL), and tolypomycinone!* (TOL).!3

The conformation of the ansa chains, as found in
crystals, is described in Table I, where the torsion angles
along the 17-membered carbon skeleton are reported.
Molecular structures are shown in Figures 1 and 2.

From this data it is possible to sketch the following
observations: the central part of the carbon skeleton (from
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Scheme I
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Figure 1. Molecular structures of (a) RIFB, (b) RIFMP, and
(c) RIFCMS as obtained by X-rays. The same orientation of the
chromophore rings for all molecules is adopted.

C-21 to C-26) always exhibits virtually the same confor-
mation; the mean values of the five torsion angles along
this part of the ansa chain are —173 (7)°, 59 (6)°, 176 (8)°,
167 (12)°, and 175 (14)°, respectively. For RIFB,
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Figure 2. Molecular structure of (a) TOL and (b) BRTOL as
obtained by X-rays (orientation as in Figure 1).

RIFMPSV, and RIFCMS, in particular, the similarity in
the ansa chain conformation extends from C-16 up to C-27.
The following mean values (and estimated standard de-
viations) are found for each of the 11 angles in sequence:
4(2)°, 164 (8)°,-173 (7)°, 20 (10)°, 173 (6)°, 178 (2)°, 57
(5)°, 175 (11)°, 161 (7)°, 169 (14)°, 174 (6)°. However,
RIFCMS differs from RIFB and RIFMPSV in the torsion
angles around the C(2)-N and C(15)-C(16) bonds, which
define the orientation of the trans amidic group N-C-
(15)-0, and in the torsion angles around the honds C-
(27)-C(28) and C(29)-0(5), which define the orientation
of the plane of the double bond C(28)=C(29).

These changes produce only two well-localized effects
in the proximity of the junctions with the chromophore
rings: (i) a rotation of the amidic group as a whole around
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Table I. Torsion Angles Along the Skeleton of the ansa Chain as Determined by X-rays?
atoms angle, deg
atoms RIFB RIFMP RIFCMS BRTOL TOL
C(1)-C(2)-N-C(15) -32 - 55 -141 -153 =171
N-C(15 180 179 177 175 179
C(15)-C(16) -43 -31 63 76 80
C(16)-C(17) 5 4 2 10 -2
C(17)-C(18) 168 1556 169 179 -152
C(18)-C(19) -175 ~165 -179 122 122
C(19)-C(20) -22 -19 -30 -2 0
C(20)-C(21) 170 169 180 149 170
C(21)-C(22) -179 -176 -178 -162 -170
C(22)-C(23) 53 62 57 53 68
C(23)-C(24) 174 165 -174 -176 173
C(24)-C(25) 155 159 169 168 -175
C(25)-C(26) 174 153 180 -169 178
C(26)-C(27) -170 -171 180 178 67
C(27)-C(28) 117 118 -110 —-138 123
C(28)-C(29) -168 ~175 -176 -161 175
C(29)-0(5) 49 65 -127 -111 42
C(29)-0(5)-C(12)-0(3) -79 -78 -52 -56 -70
¢ The convention of Klyne and Prelog'* has been adopted.
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Figure 3. 400-MHz 'H NMR spectrum of 3-bromorifamycin SV in D,0.

the N—C(16) direction, so that the carbonyl at C-15 is in
cisoid or transoid orientation with respect to the C(2)—
C(3) bond, in the two cases; (ii) a rotation of the plane of
the double bond as a whole, C(28)=C(29), which displays
opposite orientations in the two cases.

These two conformational variations leave almost
unaffected the position of the ansa chain with respect to
the naphthalenic nucleus; thus the spatial relationships
between the four oxygen atoms O-1, 0-2, 0-9, and O-10,
essential for antibacterial activity,>® remain very close.

Among tolypomycins, BRTOL displays a molecular
shape very close to that of the rifamycins, with the amidic
group and the C(28)=C(29) double bond both oriented in
a way similar to that of RIFCMS; in TOL the carbonyl
group is reversed as in BRTOL and RIFCMS, while the
plane of the C(28)=C(29) double bond is oriented as in
RIFB and RIFMPSV.!%

These considerations suggest that in rifamycins, both
in the reduced and oxidized forms and regardless of the
substituent at C-3 or C-4, the central part of the ansa chain

(15) Note that in TOL the two hydroxyls on C-21 and C-23 are in a
very different position from that found in the other ansamycins due to
a rotation of the central part of the ansa chain as a whole. This is
accomplished on one hand through two small cooperative rotations
around bonds C(17)-C(18) and C(20)-C(21) and on the other through a
large variation of the torsion angle around bond C(26)-C(27).
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Flgure 4. 200 MHz 'H NMR spectrum of 3-bromorifamycin S
in DO (water suppressed).
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is rather rigid; only two regions of possibly large confor-
mational flexibility are present, situated near the junctions
with the chromophore rings. All the possibly large con-
formational variations occur through a rotation of 100° of
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Figure 5. 400-MHz 'H NMR spectrum of 8-bromorifamycin SV in CDCl;.

Table II. Chemical Shifts® and Coupling Constants of Rifamycin SV Derivatives in D,O

RIFSV | RIFBRSV | RIFMPSV | RIFCMSV [ RIFNTSV | RIFMOSV RIFSV |RIFBRSV |RIFMPSV|RIFCMSV [RIFNTSV | RIFMOSV
"
Cs0
]
c1-5§0H3 206 | 207 | 205 | 200 | 207 | 202
1}
6.36 655 652 6.45 6.47 651 HC,
10.5 b 15 1 " M i
6.49 723 705 701 692 6.75 HCq
16 16 16 16 16 16 "
619 630 6.25 6.26 63~ 6.4 HC
75 8 75 75 ~8 75 i
2.38 245 2.4 244 25~ 242 HC-CH3 100 | 099 099 | 099 1.01 098
95 " ~ 10 "9 ~10 10 12031
383 392 384 405 42 382 HC-OH
2 2 A2 25| @
192 198 19~ 191 HC-CHs 096 | 098 097 | 101 1.01 092
25 3 2 12232
313 315 314 317 319 314 HC=0H
105 1" 1" 1 1 08| 22
136 0 1.40 0 14 o 147 o 16~ 15 Hc2;3c3H3 0685| 080 | 063 | 07 072 | 058
[}
5.02 ¥ 5.06 ; 509 " 510 ¥ 50 515 y chgozxag 2025| 204 | 207 | 206 | 20 210
[}
1.28 123 1.20 1.23 13 13 HC=CH3 |-017g|-028 |-022 |-023 |-022 [-007
A1 A1 ~1 126 34
348 351 348 355 357 358 HC-OMe 3.05,| 306 293 | 3.06 307 | 310
518 95 S1 87 515 82 517 I 515 85 5.21 ’ HEZ7 7
< 2 DA -2 S < T O < 2 D I - 28
6.38 6.39 6.38 6.3 6.32 6.20 Hc|:29
)
1c3|-43 1.81 1.81 180 | 1.8 1.80 1.81
CH3 210 213 212 2n 212 227
“.27'“29=°

¢ In parts per million from Me,Si at room temperature.

the N—C(15)=0 trans amidic group around the N—C(16)
direction and through another rotation of 180° of the
C(28)=—=C(29) trans double bond around the C(27)—0(5)
direction.

relative intensity of the two sets of signals is different in
different organic solvents. On addition of a trace of acid,
both the rifamycin S and SV derivatives, which show either
a double set of resonances or broad resonance lines, give
rise to a single set of sharp lines coincident with previously

'H NMR Data reported data.*7®

All spectra in D,O are very sharp and show a single set
of resonance lines for each proton; this holds both for
rifamycin SV derivatives (solubility 10105 mol dm™3)
as well as for rifamycin S derivatives (solubility 1010
mol dm™) (Figures 3 and 4). Several rifamycin SV de-
rivatives in CDCl; or CD,Cl, show broad signals at room
temperature (Figure 5). At temperatures below —70 °C,
these signals split into a double set of resonance lines
generally having different intensity. Some rifamycin S
derivatives in organic solvents (CDCls, CD;COCDy3) show
at room temperature sharp spectra in which a double set
of resonances appears for each proton (Figure 6); the

Taken together these observations indicate that in D,O
only one conformer exists both for the rifamycins S and
SV derivatives, while in organic solvents several rifamycin
S and SV derivatives have more than one conformer. It
cannot be ruled out that in D,O also two conformations
exist but rapidly interconvert.

In addition to the general considerations above, Tables
II-V list chemical shifts, coupling constants, and relative
assignments for some rifamycin S and SV derivatives,
almost always consistent with previously reported data.
It can readily be observed that the variability of chemical
shifts is very low for all functional groups, with the note-
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Table III. Chemical Shifts® and Coupling Constants of Rifamycin SV Derivatives in CDCl, Relative to the Major Isomer
RIFSV |RIFBRSY | RIFMPSY | RIFNTSY RIFSY | RIFBRSY| RIFMPSY |RIFNTSY
78 12. 8.8 HP’
%0
C-CHa 205 | 185 2.07 203
6.2 6.2~ (6.38 65 mu_:'sso
) ‘ T n1s ' 17
63 64657 655 HC,
%S 12 n
5.7% 58 592 5 6.15 4s HC,
R |
2.3 22 237 ° 248 10 HCZB%H:’ 08 (01.) 0.87 095
]
36 376 1 402 ch? OH 344 382
[}
170 1.85 HCSCHy 1.0 10 1.01 105
25 12232
30 im 1 31 HCZBOH 361 375
]
15 1953 1 17 1 HC2;§3H3 0.65 065 059 0.65%
)
49 49 493 49% HC~-0Ac 21| 205 205 208
14 1.35 " 145 " e 01 0.2% 030 0.2
. . 2 . 15 H%—GE‘H;; -0 -0. -0 .
35 347 358 HC-0CHy 305 30 303 307
6.8 6 12737
50 50 {509 512 HC,,
13 13 "
615 6.2~ |6.20 612 HCy
OH,,, - 133
OH,, 1.7 125 132 127
OHeg) 133
%H3 180 180 1.79 180
CH3 21~} 21 2.22 213
1
Fn'“nﬂs
CH=79 (‘2‘H= 8.3
3

% In parts per million relative to Me,Si at room temperature.
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Figure 6. 200-MHz 'H NMR spectrum of rifamycin S in CDCl,.

worthy exception of the signal due to H-18. This proton
gives rise to signals in the 6.4-6.5-ppm range or in the
6.7-7.2-ppm range, and in the case of several rifamycin S
derivatives in CDCl; both signals are present. In fact, if
we compare the chemical shifts of rifamycin S derivatives
in CDCl;, we note that they all lie within 0.2 ppm with the
exception of H-25 (0.50 ppm), H-21 (0.37 ppm), and H-18
(0.83 ppm). In the case of rifamycin SV derivatives in D,0,
all shifts lie within 0.25 ppm, with the exception of H-21
(0.40 ppm) and H-18 (0.74 ppm). Finally, by comparing

Figure 7. Sketch of the conformations of the amide plane with
respect to the chromophore rings showing the anisotropic magnetic
cone of the carbonyl.

all the values for all the signals of rifamycin S and Rifa-
mycin SV derivatives both in CDCl; and D,0, we find that
all shifts lie within 0.5 ppm with the exception of H-18
which has an 0.8-ppm range. Therefore, the H-18 chemical
shift must be sensitive to a conformational variation in-
ducing a strong effect on it and playing a small role on the
chemical shift of all other protons. Moreover, this con-
formational variation cannot be related to bonds connected
directly with C-18, since the coupling constants for H-
(17)-H(18) and H(18)-H(19) do not change appreciably
in all compounds and in all solvents. In addition, when
two sets of signals are present, the H-18 multiplets show
different chemical shifts but the same couplings.

The observed effects can be produced through a rotation
of the plane containing the amide group around the bonds
C(2)-N and C(15)-C(16) as shown in Figure 7. In fact,
the rotation of the carbonyl group can induce large shifts
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Table IV. Chemical Shifts® Coupling Constants of Rifamycin S Derivatives in D,0

RIFS RIF BRS | RIFMPS|RIF CMS RIFS | RIF BRS | RIFMPS| RIFCMS
HN
!
Cg0
C-CHsy 2.05 2.06 2.1 2.01
u's 30
6.2-64|652 6.52 6.4 ~ | HC
1 1 N
62-64|6.78 6.73 65 v | HC
16 16 n'®
59-60(6.27 6.20 HC,
7 7 e
249 HC-CHj 0.85 091 090 092
1 10 120 31
396 390 HC -~ OH
25 25 21
200 HC;CHa 0.95% 099 10 098
25 25 192 32
320 320 HC;0H
10.5 1" i
160 Hc2- CHj 0.7 0.78 0.7 073
1 15 124 33
5.22 5.22 " 512~ | H ng g)sAc 20 210 215 208
t
140 2 > H(Ezg §4H3 03 0.18 01 01
357 357 HC > 0CH, 315 310 3.10 310
6.5 65 8 12737
5.10 515 525~ | HC
13 13 13 nes
6.2-63|6.28 6.26 63~ | HC,g
)
0
1(‘Z‘H3 23 212 220 219
CHa 175 1.74 175 1.75
13
J”zr”zszo

9 In parts per million from Me,Si at room temperature.

Table V. Chemical Shifts?® and Coupling Constants of Rifamycin S Derivatives in CDCI,

RIFS |RIFBRS | RIFCMS | RIFNTS | RIFAMS | RIF MAS | RIFMOS RIFS |RIFBRS | RIFCMS | RIFNTS | RIFAMS | RIFMAS | RIFMOS
8.5 81 8.4 84 75 75 75 HN
(20
%3&?3 202 210 204 210 207 210 210
625 637, 1633|640 (634 |63 636  |HC,
6.31 1 668 " 653 1% 642 15 695 6 695 s 714 % Hﬁw
593 6.06 6.18 610 613 6.15 6.16 HC
75 75 72 6 6.5 6.5 6.5 i
2.27 10 225 0 235 10 2.3 10 236 05 2.35 10 235 10 HCIZ-OCSP?:; 082 0.85 0.89 087 085 085 [oR:1}
355 0 372 . 373 1 362 ) 339’\11 390 0 392 0 H(|:2-10H 370 343 368 375 361 360 350
178 2 18 2 182 2 1.80 182 2 17% 2 183 2 H‘;-Z_ZUP 100 1.00 101 100 102 102 103
298 12 304 5 3.01 12 298 10 3'0310.8 3.0510.e 3'0310,8 H‘l:z-a H 365 398 378 375 396 395 395
196 25 18 17 15 188 3 182 " 175 1 183 1 H(llz;(‘aga 0.65 070 | 070 068 067 065 070
4.60 1 5.03 48 105 470 5.04 1 5.05 95 510 95 HC.Z'S%ASC 202 210 206 213 205 205 207
15 3 16 165 25 159 15 165 163 3 168 3 Hszggia 020 020 | 020 0.25 0.0s 012 018
337 ° 343 343 8 340 6 3.46 5 345 345 52 H(I.'.Z-70-§;43 310 30 310 312 308 310 309
5.06 125 5.03 1 5,07’2.5 5.0212.5 509 1 501 13 507 3 HE:?E
6.20 5.96 6.13 6.15 6.06 6.05 605 Hszg
gH3 2.33 230 | 232 233 227 2.28 226
gH3 172 175 176 17 173 170 173
boporgg | 15 | 15 | 18 15 | 15 [ 15 | 1s
gy - ooy 0 o 0 0 0 0 0
g~ Otz 5 | ~a 5 |~a 5 5 5

¢ In parts per million from Me,Si at room temperature,

on H-18 (both upfield and downfield) according to the It is possible to define the appropriate conformation on
orientation of its magnetic cone, whereas it does not induce considering that in the spectrum of rifampicin in CDCl;
large effects on the other protons of the molecule, since the position of the amide carbonyl is determined unam-

all of them are quite far from the C=O0 dipole. biguously. In fact an H bond clearly exists between the
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Table VI. Isomers Found in Solution and in the Solid State
AB AB' AB AB'
Solid  state RIFB (SV) ToL (s) RIFCMS (S)
RIFMP (SV) BRTOL (S)
RIFSV (SV) RIFMP (SV)
RIFCMS(s) RIFBR (SV)
RIFNT (SV)
D0  solution RIFCMSV  (SV)
RIFMO (sv)
RIFMP (s)
RIFBR (s)
RIFMP (SV) RIFMO (S)
RIFNT (SV) RIFMA (S)
. RIFNT (S) RIFCMS (S )<
| solution
cocls RIFBR (S) RIFS (S)<
RIFCMS (S)> RIFAM (S)
RIFS (S)>
0
.
o H
1 N\ N
2 H [ N s
3 2 ﬁ15
® -0
H H
Ne” N
|27 H\ / 27
o c
Ha 726N W2
128 O,CZ;‘H
0 5
N \
S = quinonic form SV = hydroquinonic form
> major isomer < minor isomer

amidic proton and the substituent in position 3, as evi-
denced by the chemical shift value of the NH proton (~12
ppm) and by the formation of a pseudoaromatic ring, é-
(H-1’) ~ 8 ppm and as also independently found by IR
in the same solvent.’

In this case the carbonyl group will be coplanar with the
chromophore and in a trans position with respect to the
C(2)-C(3) bond. The contribution of the carbonyl to the
chemical shift of H-18 in this case will be negligible, and
this ?;ttglation corresponds to a chemical shift of 6.5

m, 161

It follows that this is the value of the chemical shift for
H-18 when the carbonyl group is in a transoid conforma-
tion with respect to the C(2)-C(3) bond as shown in Figure
7A. As a consequence, the 6.7-7.2-ppm range must be
associated with an “RIFCMS”-like conformation (Figure
1c), as shown in Figure 7A’, in which the carbonyl group,

(16) Calculation of the screening contribution of the carbonyl on H-17,
H-18, H-19, and CHj-30 were performed by allowing the carbonyl group
and the C(16)=C(17)—C(18)=C(19) fragment to rotate around the C-
(15)—C(16) bond, according to literature susceptibility values.!”® Both
approximations do not differ appreciably.

(17) J. W, ApSimon and H. Beierbeck, Can J. Chem, 49, 1328 (1971).

(18) R. M. Lynden-Bell and R. K. Harris in “NMR Spectroscopy”, T.
Nelson and Sons Ltd., London, 1971.

( (19)) A. L. Segre, L. Zetta, and A. Di Corato, J. Mol. Spectrosc. 32, 296
1969).

cisoid with respect to the C(2)-C(3) bond, exerts a down-
field shift® on H-18.

The existence of at least two conformers in solution
differing in the rotation of the amidic plane is consistent
with the findings of X-ray analysis (see Table I).

Other conclusions can be drawn regarding the variations
of the dihedral angle H(27)-C(27)-C(28)-H(28) by ana-
lyzing the resonances due to H-27, H-28, and H-29.

In the literature™ a large variation of Jyg7_155 (in CDCly)
is reported, since this coupling can have values between
4.3 and 8 Hz, a variation much larger than any variation
observed for all other couplings. However, no attempt to
correlate this large variation with substituent properties
was successful.

We noted not only that there is a large variation in
JHo7-H9s but also that an even larger effect is present. In
fact, the long-range coupling Jyo7_yo9 18 zero in all rifa-
mycins dissolved in D,0, whereas, this allylic coupling is
always present with Jys7_pge = 1.5 Hz in all spectra run
in CDC].3, CDZCIZ’ CDC13 + DCI, or CD3COCD3 (See Figure
8). As a consequence, the dihedral angle H( 27)-C(27)-
C(28)-H(28) not only lies in the range 130-160° as pre-
viously noted® but also can assume values in the range

(20) W. Brugel in “Handbook of NMR Spectral Parameters”, Vol. 1,
Heyden & Son Ltd., London, 1979.



J. Org. Chem., Vol. 47, No. 13, 1982 2659

(91)0-(0)0-N~(3)0 203 pros1) , (97)0~(0)0-N-(3)O 10 prosues], , ('L HA ‘WW g) 1yynq ojeydsoyq , 'SWOIE UOGIED (dS Jof X)) PuE SHUBTINSqNS 201Y) BY} JO 1A ULDLIEq
ay} dundsuuod UCHRAIP oY) UL ') woIy feme y g0 T pue ‘Stwoje uoqaeds ds Jo ased oy ur sdue puoq I+intn-T-iny o sunoesiq sueid ® ut ‘woje ¥) jusred atp woi ¥ §0°'T

e pajenoed suioge usdoip Ay ayp jo suorisod [edUjow0dd oY) WOIJ PauTeIqo Usaq aARY 3)B)S PIJOS ayf) Ul sajdue H-H rexpoyi(y q 0 = SSH-¥CHp opey uonnjos i ul saanye ALIOD

AS upAwrerir oy} ey} 1no jutod oM ‘19AIMOY  “Je[y A15A dae suoljenbs ad £)-snidrey] ay) 06 Ieou S0UIS ‘S10M1 £q pajoajge A[BUor)s sxe a[qe) sty ul pajiodal sanea .06 934l »

LT~ TASS 691- “H-"H
8v— 08T LLT CH-UH
9g ¥9 ) H-"H
8L1- LST VLI *H-"H
99~ VL 18— PH-TH
SLI~ 0L 8LI "H-H
69 ¥9 9¢g SH-H
LG LS 8¢ H-'H
8LI~ eLT vLT TH-H
MMH MMH mwﬁ e
H-“'H
(prros) (prjos) (prjos)
SWOJITY p ASINATYH p ASEATY
mlewNm
81— ¥3- L3~ €e- gz— gg- e¥l1 8¢l “H-“H
69 69 69 69 8¢ €9 “H-"H
qLT qLT gLI GLT QLT SLT gLT *H-""H
08— 08- 08~ 08- 08- 89— 89~ “H-""H
SLI SLI- SLI- SLI- SLI- 08T SLT- H-"H
8V 12 . 89 49 8% “H-"H
LS LS LG £g 99 “H-"H
691 qLT- SLT P91 aLT SLY ¥91 gL “H-"H
43 ¥e 43 ze 0g 43 54 LY "H-"H
091~ 991 08T g1 991 991 081 “H-"'H
(o*a) (o' (o'a) (o*a) (o' (o'a) Croan) ‘oan)
pASATH »ASHIAIT 2 ASdINATH 2 ASINDJTH » ASLNJTY 2 ASOWATYH p ASINATY pASLNJTY
mnmlwnm
qgl ger ger 8€T 8¢1 0S1-08T 0ST gy Sy Gp—~ “H~*H
09 0g 0g LY €9 0g ¥9 ¥9 “H-H
¥S1 P91 SLY 891 g91 SLT gL “H-*H
89— 89— 89— 0g— £9- G- 89— %9~ H-""H
08T 08T 08T 891 qLI- 891 qLT- GLT 08T SLT-~ "H-“H
29 3¢ zs 44 44 {4 zg 8g 99 0S~ “H-""H
08 08 oL~ 99 99 99 08 LS LS 0g~ “H-"H
SLT SLT 08T SLT SLT SLT SLY §LT- SLT SLI-~ "H-"H
LS LE Lg ¥ £e 43 43 9g 9€ “H-*'H
991 991 G99t 091 LST 091 091 q9T 99T "H-'"H
(‘1paon) (‘1oan) ‘1oao) Cnad) Foan) (‘roadn) (‘1oao) (,19330q) (,19330q) (o‘'a)
2SONAIH  >SVINAIY  L,SWVJIY  pSINJIH  pSWOJIIH pSYAIIY pSdIY LSUFAId  L,SdNATYH pSINDJTH

Conformations of Rifamycins
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0.1 ppm =40 Hz
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Figure 8. 400-MHz 'H NMR spectra (resolution enhanced) of
(a) rifampicin in CDClg and of (b) 3-bromorifamycin SV in D,0;
only the portion of spectrum relative to H-29 is shown.

20-50°. The two sets of values are related neither to the
oxidation state at O-1 (S or SV form) nor to the substituent
in position 3 but only to the solvent.

This means that in D,O one conformation is strongly
preferred (€ = 20-50°), while in organic solvents the other
position ($ = 130-160°) is favored. In the 20-50° con-
formation the hydrophobic methyl group in position 34 is
slightly less exposed to the solvent, as shown in Figure 1c
for the structure of RIFCMS.

Dihedral angles have been obtained by utilizing the
Altona equation.?! This equation gives rise to four solu-
tions, which are generally not distinguishable; however, for
the fragment H(27)-H(28)-H(29) in the cis-trans form
(Figure 1c), the long-range coupling H(27)-H(29) must be
near zero,? while in the trans-trans form H-27 and H-29
are generally coupled?? (Figure 1a,b).

Thus, the choice of angles near 30° in D,0 or near 150°
in CDCl; for the H(27)-C(27)-C(28)-H(28) fragment is
unambiguously determined by the presence of an observ-
able long-range coupling. Therefore, it is necessary to
invoke a rotation of the plane containing the C(28)=C(29)
double bond as a function of the solvent alone. This ro-
tation is in agreement with the findings from X-ray
analysis (see Table I).

Four isomers of rifamycins, three of which were found
also in the solid state, can thus exist in solution. These
are characterized by two average positions both of the
plane H(28)-C(28)-C(29)-H(29) and of the amide plane,
according to which the carbonyl group can be in a cisoid
or transoid position with respect to the C(2)-C(3) bond,
as illustrated in Table VI,

The ansa chain behaves rather like the stiff handle of
a handbag having two snap fasteners. The first fastener,
i.e., the orientation of the plane H(28)-C(28)-C(29)-H(29),
is dominated by intermolecular interactions with the
solvent. The second fastener, i.e., the orientation of the
amide plane, is also dependent on the solvent; however,
the influence of the nearby substituent is also observable.
In fact, all rifamycin SV derivatives studied in D,O are in
the transoid form except for rifamycin SV which is in cisoid
form.

(21) C. A. G. Haasnoot, F. A. A. M. De Leeuw, and C. Altona, Tetra-
hedron, 36, 2783 (1980).

(22) A. A. Bothner-By in “Advances in Magnetic Resonance” Vol. 1,
Waugh, J. S., Ed., Academic Press, New York, 1965.

Cellai et al.
Table VIII. Range of Variability of H-H Dihedral Angles

H' NMR X-rays

{ cisoid { cisoid

11
C(Z)_N-C-COS)‘ transoid |(transoid

Hig=Hyg 34, 47° | 34°; 52
Hyg=Hyy 164° ;-175°( 173" ;-178°
Ha1=Hoz 53°; 80° | 57°; 58°

Hoa=Haa 45°; 55° | 56°; 64°
Hpy—Hyy 168°; 175°[170° ; -175°
Hpq =Has -50°,-80° {-66°,-81°
Has= Hag 154°; 175°/157° ,-178°
Hag—Hyo 47°, 69°| 56°; 73°
-18°;-45°|- 48°
H27_H23 o o

133°; 150°1177°; 180

Some flexibility around the two snap fasteners is pres-
ent, as demonstrated by the high variability of Jye;_ 05 and
by the spread of chemical shifts of H-18.

Let us now consider the situation of the whole ansa
chain in solution. As mentioned before (and previously
reported in the literature*’®), the variations of coupling
constants are rather small and generally accompanied by
small chemical shift variations. For different parts of the
ansa chain the appropriate optimized Karplus-type
equation!®?? was employed to obtain dihedral angles.
Since these equations give four possible solutions for each
dihedral angle, the one nearest to the findings of X-ray
structure analysis was assumed (see Table VII). This is
by no means arbitrary, because all other solutions except
one are incompatible with ring closure or steric hindrance,*
and the other possible solution* can be ruled out due to
the impossibility on the part of OH-23 to form a hydrogen
bond with carbonyl 35 (as, instead, previously found by
IR methods?).

In particular, no data were previously available on the
presence of a coupling constant between OH-21 and OH-23
and their geminal proton even when chemical shifts for
both OHs were reported. For both rifamycin S and SV
derivatives, we measured the vicinal coupling constants
of the hydroxyls in positions 21 and 23. A cos? § equation®*
is applicable, with four possible solutions (Jgy was as-
sumed to be 6.5 Hz). Three out of these four possible
solutions are in disagreement with IR data in the same
solvent.5 The fourth solution does involve those hydrogen
bonds previously found by IR spectroscopy,® and this so-
lution was therefore accepted. Thus a hydrogen bond
between the two hydroxyls is present in all organic solu-
tions stabilizing a rigid conformation of the central part
of the ansa chain. This observation agrees with solid-state

(23) H. Booth in “Progress in NMR Spectroscopy”, Vol. 5, Pergamon
Press, Oxford, 1969.

(24) C. Arnaud, N. Guyen Cong Danh, and J. Huet, Bull. Soc. Chim.
Fr., 1603 (1972).

(25) Most of the compounds were kindly given by Alfa Farmaceutici
SpA, Bologna, Italy. Crude samples were highly purified by column
chromatography.

(26) The 200-MHz spectra have been run at the “NMR Service” of the
CNR Research Area of Rome. The 270-MHz spectra have been run at
Euratom, Ispra, thanks to the courtesy of Dr. H. Spiesecke. The 400-
MH2z spectra have been run at Bruker A. G. Karlsruhe, thanks to the
courtesy of Dr. W. Hull. The technical assistance of Mr. A. Amorese, the
graphic support of Mr. L. Indrizzi, and the secretarial help of Mrs. M.
Colasuonno are aknowledged.
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structures, in which the central part of the ansa chain is
always in the same conformation; moreover, the same
H-bond pattern was also observed in RIFCMS and TOL
where the H atoms were localized.

Combining all the dihedral angles shown in Table VII,
it is possible to obtain the range of variability for each
angle and compare the data obtained in solution with those
obtained in the solid state. The very good agreement
between the two sets of data is shown in Table VIII, a
possible exception being the angle H(21)-H(22) where a
higher variability was found in solution.

Conclusions

The present study, in which many structures have been
examined both in solution and in the solid state, leads to
the conclusion that rifamycins give rise to only four kinds
of isomers in spite of the apparent flexibility. These iso-
mers are generated by the combination of two rotations,
one relative to the amidic plane and the other relative to
the plane containing the C(28)=C(29) double bond.

Notes

Apart from these rotations, the remaining part of the
ansa chain between C-17 and C-27 displays only small
variations. As a consequence, the spatial relationships
between the four oxygens O-1, 0-2, 0-9, and O-10 remain
the same whatever the oxidation state at O-1, the kind of
C-3 substituent, or the nature of the solvent or whether
the molecules are present in the solid state or in solution.

This observation is particularly important in view of the
fact that the four hydroxyls (one of which, O-1, may be
in the quinonic form) are responsible for the binding that
leads to inhibition of bacterial DNA-dependent RNA po-
lymerase.

Therefore, the previously proposed correlation between
structure and activity derived on the basis of solid-state
studies also holds in solution.

Registry No. RIFB, 13232-69-4; RIFMPSV, 13292-46-1;
RIFCMS, 72393-97-6; BRTOL, 26294-93-9; TOL, 22356-23-6;
RIFMPS, 13983-13-6; RIFBRS, 57375-25-4; RIFS, 13553-79-2;
RIFNTS, 72788-67-1; RIFAMS, 51756-80-0; RIFMAS, 17554-98-2;
RIFMOS, 19306-05-9; RIFNTSV, 72788-68-2; RIFMOSV, 16286-09-
2; RIFCMSV, 81584-03-4; RIFBRSV, 59858-23-0; RIFSV, 6998-60-3.

Synthesis of
4(5)-Nitroimidazole-5(4)-carboxaldehyde by
Oxidative Elimination of a Nitrate Ester!?
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4(5)-Nitroimidazole-5(4)-carboxaldehyde (1) can serve
as a precursor to a number of heterocycles of potential
biological interest. It was anticipated that 1 could be
prepared by controlled oxidation of 4(5)-(hydroxy-
methyl)-5(4)-nitroimidazole (3). An examination of the
literature showed that 3 was unknown but had been pro-
posed? as a possible intermediate in the oxidative nitration
of 4(5)-(hydroxymethyl)imidazole (2) to the corresponding
nitro carboxylic acid (5). We modified the reported pro-
cedure by lowering the reaction temperature and effected
ring nitration of 2 without oxidation of the hydroxymethyl
side chain. That nitration occurred was confirmed by the
H NMR spectrum of the crystalline reaction product
which exhibited only one imidazole proton at 6 7.9. Evi-
dence for the site of nitration as C-5(4) rather than C-2
was provided by the 3C NMR spectrum of this product.
The one-bond *C-'H coupling constant for the unsub-
stituted carbon was 220 Hz. This value is in agreement
with other published values for related C-2-unsubstituted
imidazoles.*® The observance of the methylene protons

(1) Presented in part at the 8th International Congress of Heterocyclic
Chemistry, Graz, Austria, Aug 1981; p 61.

(2) (a) Taken in part from the Ph.D. Dissertation of D.C.J.W. Univ-
ersity of Rhode Island. (b) Recipient of a University of Rhode Island
Graduate Fellowship, 1981-1982. .

(3) Kulev, L. P.; Gireva, R. N. J. Appl. Chem. USSR (Engl. Transl.)
1957, 30, 858.

4

R g RN
W, L
R' 0 4 g
1l: R = CHO; R' = NO, 6: R = CH,0NO,
2: R=CH,0H; R' = H 2: R=CHO
3: R = CH,0H; R' = NO, 8: R = CH-C/H)NO,
4t R = CH,0NO,; R' = NO, OR
5: R = CO,H; R' = NO, 9: R = CH-C,N
COCH,

at 4 6.0 of this crystalline product in the 'H NMR spectrum
indicated that oxidation had not occurred; however, the
large deshielding effect experienced by these protons
strongly suggested that a nitrate ester had been formed
and that the product was (5(4)-nitroimidazol-4(5)-yl)-
methyl nitrate (4). This was confirmed by elemental
analysis of 4 and subsequent hydrolysis to the corre-
sponding alcohol 3 whose 'H NMR spectrum exhibited the
expected upfield shift of the methylene protons to § 5.0.

The literature on nitrate esters revealed that, in addition
to base hydrolysis to the parent alcohol, an Eo2 reaction®’
can occur to furnish the aldehyde. The aldehyde is gen-

(4) Dickens, J. P.; Dyer, R. L.; Hamill, B. J.; Harrow, T. A.; Bible, R.
H., Jr.; Finnegan, P. M.; Hendrick, K.; Owston, P. G. J. Org. Chem. 1981,
46, 1781.

(5) Thorpe, M. C.; Coburn, W. C,, Jr. J. Magn. Reson. 1978, 12, 225.

(6) Baker, J. W.; Heggs, T. G. J, Chem. Soc. 1955, 616.

(7) Buncel, E.; Bourns, A. N. Can. J. Chem. 1960, 38, 2457,
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