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Table I. Positional Parameters of Norrufescine Non-H Atoms
(X10%)2

X y z
c(1) 3971 (6) 5938 (12) 2172 (8)
C(2) 3757 (6) 6939 (13) 2578 (9)
E) 3298 (5) 6518 (11) 2669 (8)
C(4) 3037 (5) 5026 (12) 2355 (8)
C(5) 3232 (5) 4021 (10) 1943 (7)
C(6) 3695 (5) 4455 (10) 1843 (7)
c(7) 3805 (5) 3142 (11) 1378 (7)
C(8) 3391 (5) 1965 (10) 1197 (7)
c(9) 3045 (5) 2456 (10) 1528 (6)
C(10) 2500 (5) 90 (12) 949 (7)
c1l) 2854 (6) —407 (12) 633 (8)
C(12) 3323 (5) 507 (11) 761 (7)
C(13) 3727 (6) 225 (11) 494 (7)
C(14) 4151 (6) 1332 (12) 678 (7)
C(15) 4160 (5) 2851 (11) 1083 (7)
C(16) 4535 (8) 4613 (19) 404 (11)
c(17) 5138 (7) 368 (20) 1317 (10)
C(18) 3617 (7) —1404 (12) —839 (8)
N(1) 2598 (4) 1565 (8) 1402 (6)
o(l) 3135 (4) 7558 (8) 3087 (6)
0(2) 3706 (4) —1244 (7) 131 (6)
0(3) 4551 (4) 1016 (8) 453 (5)
0(4) 4610 (4) 3895 (9) 1283 (5)

@ The positional parameters are expressed as fractions of a unit cell
edge. Standard deviations as determined from the variance-covariance
matrix of the final cycle of least-squares refinement are given in pa-
rentheses and refer to the least significant digits of their corresponding
parameters.

Figure 1. An ORTEP drawing illustrating the molecular structure of nor-
rufescine together with the bond distances (A) and bond angles (degrees)
found in the crystal structure. The average standard deviations of these
quantities are 0.01 A and 0.9°, respectively. Hydrogen atoms have been
omitted from the drawing.

verged at a final value of R = 0.109 based on the 1175 observed
unique reflections. The position of the highest peak in the final
difference Fourier map, which had a height of 0.49 /A3, made
no chemical sense.

Table I lists the final positional parameters of the non-H
atoms. The molecular configuration of norrufescine in the
crystal structure is illustrated in Figure 1 together with the
atomic numbering scheme used in this report and the covalent
bond angles and distances involving non-H atoms found in the
structure.
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It can be seen in Figure 1 that the phenolic hydroxyl group
is substituent to atom C(3). The bond lengths and angles in
norrufescine are identical to within experimental error with
the corresponding quantities in fluoranthene.” There are no
unusual bond lengths in the structure. However some angle
strain is apparent, especially in the isoquinoline portion of the
molecule. Similar angle strain in naphthalene groups attached
to five-membered rings has been observed in the crystal
structures of acenaphthalene,? the cis dimer of acenaphth-
alene® and fluoranthene.” Norrufescine, like fluoranthene, is
a highly planar molecule. The root-mean-square deviation of
the 16 ring atoms of norrufescine from their least-squares plane
is0.03 A.

An intermolecular O—H-N hydrogen bond of length 2.71
A is formed between the hydroxyl group and the nitrogen atom
of a molecule related to that tabulated in Table I by a twofold
rotation axis. There are no other intermolecular contacts in the
structure that are less than their minimal van der Waals con-
tact distances.

Acknowledgment. This study was supported, in part, by the
National Science Foundation, MRL program, under Grant
No. DMR76-00678.

Supplementary Material Available: Listings for norrufescine of the
anisotropic thermal parameters for non-H atoms and the positional
and thermal parameters for H atoms (2 pages). Ordering information
is given on any current masthead.
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Megalomicins. 6.1 Tertiary Glycosidic Macrolide
Antibiotics. A Structural Revision by Carbon-13
Nuclear Magnetic Resonance and X-Ray
Crystallography

Sir;

Independent studies on the megalomicins!~3 and on the
XK-41 complex* have led to the assignment of structures for
megalomicin A (XK-41-C) (1), megalomicin B (XK-41-B;)
(2), megalomicin C; (XK-41-A;) (3), megalomicin C,
(XK-41-A;) (4), and XK-41-B; (8). The novel amino sugar
present in these antibiotics was thought to be D-rhodosamine, 6
Subsequently the 13C NMR data for megalomicin A (1) were
published’ and several anomalies, namely the chemical shifts
of Cy3 (6. 80.8) and C;~ (6. 90.8),8 as well as Cp (6. 37.6), Cs
(8¢ 67.7), C3» CH3 (8¢ 19.2),% Cy- (8¢ 66.0), and Cs~ (3¢ 59.9)
were apparent to us.
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5, R, =COCH,CH,;R, =R, = D-rhodosamine
R,=H
revised structure

1,R,=R,=R,=R,=H

2. R. = COCH,;R, = R, =

3,R, =R, =COCH,;R, = )
R,=H R, =

4,R, = COCH,CH,;R, = (CHy), N 2"
COCH,;R, =R, =H CH,

5,R, = COCH,CH,; R, = y
R.,=R,=H L-megosamine

10,R, =R, =R, =H;R, =
COC,H,I

A tertiary glycosidic linkage of rhodosamine appeared
reasonable in megalomicin A (1) in view of the shielding of
C 1011 and of the 6-methyl group,”.!2.13 but could not be ac-
commodated at Cq if the original mass spectral data! and hy-
drogen bonding proposals involving the 6-hydroxy and 9-car-
bonyl groups’ were correct. An axial linkage for the glycoside
was also impossible from rotational considerations?3 and was
in disagreement with the J,3_,;, coupling constant (158 Hz)
that we measured for Cy~ of 2.14-16 Jt was also biogenetically
unacceptable for a D sugar.!?

Table I. 13C Chemical Shifts¢
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Spectral data for methyl - (6) and 3-D-rhodosaminide (7),
synthesized by unambiguous routes from 2-deoxy-D-glucose,®
failed to suggest a satisfactory alternative structure for 1.
Direct comparison of the 'H and 13C NMR spectral data for
6 and 7 with sugars 8 and 9 isolated from megalomicin A
showed that they were not identical. An x-ray study was
therefore undertaken on 4”-0-(4-iodobenzoyl)megalomicin
A (10), synthesized from megalomicin A (1) by controlled
acylation.!® Acceptable crystals of a dihydrate of 10 were
obtained from aqueous acetone. A crystal approximately 0.15
X 0.08 X 0.09 mm was mounted in a glass capillary tube with
epoxy resin. The space group was found to be P2,2,2, by a
combination of film and counter methods. The cell constants
were found using 16 reflections on a Syntex P2, four-circle
dlffractometer (CuKa, A =1.54178 A, and Ni filter) to be a

= 12.699 (2), b = 19.501 (6), and ¢ = 25.741 (9) A. The
crystal density was measured by flotation in KI as 1.181 (4)
mg/mL in excellent agreement with a calculated density of
1.179 mg/mL assuming four molecules in the unit cell. In-
tensity data were collected using a scintillation counter with
pulse-height discrimination, a #-26 scan technique, 1°/min
scan rate, and four reflections measured every 100 to monitor
the extent of crystal decomposition and movement. The extent
of decomposition after 8 days of data collection was 35%. Of
3762 reflections gathered, with 8 < 50°, 1812 (with I = 2.5q)
were considered significantly greater than background. All
data were corrected for Lorentz, polarization, decomposition,
and absorption. The structure was solved by the heavy-atom
technique. A Patterson calculation revealed the position of 12
atoms of the remaining molecule. Inclusion of these additional
atoms in a second Fourier calculation led to the position of all

Carbon 1 Carbon 1 6 7 8 9
C 175.5 (s) Cy 104.5 (d)
C, 44.8 (d) Cy 71.2 (d)
C; 85.1 (d) Cy 65.4 (d)
Cq 37.2(d) Cy 28.6 (1)
Cs 82.9 (d) Cs 69.2 (d)
C5 80.4 (S) C5' 21.5 (q)
C, 38.8 (1) 3-N(CH3), 40.2 (q)
Cg 45.8 (d) Cy» 90.4 (d) 98.1 101.6 98.2 99.3
Cy 221.3 (s) Cor 27.9 (1) 28.5 30.7 28.8 28.9
Cio 37.7 (d) Cy» 59.5(d) 59.8 64.3 60.0 56.0
Ci 68.8 (d) Cy» 73.5(d) 66.1 65.8 70.8 67.6
Cia 74.4 (s) Csn 67.3 (d) 65.2 71.5 68.6 72.9
Ci3 76.6 (d) Cer 18.4 (q) 17.1 17.0 18.6 19.7
Cis 21.2 () 3”-N(CH3), 42.5(q) 42.1 42.4 429 42.4
2-CH; 18.8 (q) OCHj; 54.7 56.2 55.2 55.2
4-CH;4 9.5(q) Cym 98.5 (d)
6-CH; 16.5 (q) Com 41.0 (1)
8-CH; 15.1 (q) Cym 69.7 (s)
10-CH3; 12.3(q) Cyrr 77.0 (d)
12-CH; 16.3 (@) Csm 65.5(d)
14-CH; 10.4 (q) Cer 18.6 (q)

3"-CH; 25.7 (q)

@ Parts per million downfield from (CH3)4Siin CDCl;. The symbols in parentheses represent the multiplicities of the signals obtained in the

single-frequency off-resonance decoupled spectrum.
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Figure 1. X-ray crystal structure of 10. The hydrogen atoms are omit-
ted.

but two of the remaining atoms. A difference Fourier revealed
the positions of these two carbon atoms. Block-diagonal
least-squares refinements with first isotropic and unit weights
then anisotropic refinement w = 1/g2? were used. The final
discrepancy factors are R = 0.0949 and R,, = 0.1029 where
R = Z|Fo| = |F¢|/2F, and R, = [(Ew|F,| — |F|)?/
IwF,2]1/2 and where

w= l/a2

The x-ray crystal structure of 10 (Figure 1) indicated that
the absolute stereochemistry at Cs~ was L and not D as origi-
nally deduced. It is therefore proposed that this sugar be re-
named L-megosamine (2,3,6-trideoxy-3-(dimethylamino)-
L-ribo-hexose). The x-ray study also revealed that the L-
megosamine was glycosidically attached to the tertiary 6-
hydroxyl group. With these important data it was possible to
clarify the !3C NMR anomalies and to explain why the original
conclusions had led to the incorrect structure.

The original 'H NMR assignments (60 MHz)5-¢ for 8 and
9 were confirmed by double resonance experiments at 100
MHz. The small J4 5 coupling was consistent with both the
original and the revised structures, The observed coupling
constants and CD data in TACu ((tetraamino)copper sulfate)
solution, clearly supported a #C conformation for 8 and pos-
sibly a somewhat flattened “C; conformation for 9, owing to
steric repulsion between the axial 5-methyl and 1-methoxy
groups in the latter. The chemical shifts (Table I) of C; and
C; in both anomers 8 and 9 indicate that the Cs axial substit-
uents shielding effect is similar to that of an axially oriented
substituent at C; or at Cs. In megalomicin A (1) the anomeric
carbon of L-megosamine is further shielded to é; 90.4 owing
to the glycosidic attachment to the tertiary 6-hydroxyl
group.

In 1 the 6-methyl group is shielded to & 16.5. This upfield
shift (Ad; — 10.3), relative to erythromycin A, is greater than
would be expected simply from glycosylation of the tertiary
6-hydroxyl group. The x-ray study indicates that the 6-O-
glycoside assumes a more quasi-equatorial orientation thus
forcing the 6-methyl group to assume a quasi-axial orientation
which would help to account for the additional upfield shift of
this methyl group. Owing to the presence of the glycoside, C¢
occurs at dc 80.4 in 1 relative to 8c 74.9 in erythromycin A. The
unusual downfield shift of the 9-ketone carbon in erythromycin
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A (8; 221.3) has been attributed specifically to hydrogen
bonding between the 6-hydroxyl group and the ketone.” In 1
where the 6-hydroxyl group is glycosylated the 9-ketone carbon
still appears at &; 221.3, clearly indicating that the 9-ketone
is still hydrogen bonded. The x-ray data revealed that this
hydrogen bond was formed from the 11-hydroxyl group.
The failure of the secondary 11-hydroxyl group to undergo
acylation under forcing conditions was originally viewed as
evidence for the location of the L-megosamine at that posi-
tion.%3 It is now apparent from models of the revised structure
that the 11-hydroxyl group is extremely hindered and would
not be readily acylated. The only significant mass spectral
fragment affected by the revised structure is hh. However, by

N(CHp, 7

CH, CH; HO
HO

OHO O 0 CH,
CH3 CH3

0

CH;

hh

invoking an initial loss of L-megosamine accompanied by
cleavage of C4~Cs and the lactone group, a reasonable alter-
native structure may be written for the ion hh which has the
correct composition, !

The absolute stereochemistry at Cs of megosamine was
originally deduced as D from the sign of the CD extremum of
a 4-ketopyranoside degradation product.>® This was obviously
incorrect based on the x-ray study and consequently a series
of model 4-ketopyrans and 4-ketopyranosides were synthesized
by unambiguous routes and their CD spectra were recorded.!®
The data indicated that these 4-ketones do not obey the octant
rule, presumably owing to the presence of the pyran oxygen,
but instead constitute further examples of a small group of
ketones that exhibit anti-octant behavior.!® Chemical proof
of the structure of L-megosamine was obtained by synthesis
of both anomers.!® Full details of this work will be de-
scribed.!8
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Molecular Structure of
Diaquo-«,8,7,0-tetraphenylporphinatoiron(III)
Perchlorate and Perchlorato-a,83,y,5-tetraphenyl-
porphinatoiron(III). Two New Structural Types
for Iron(IIT) Porphyrins

Sir:

The stereochemistry of heme centers is justly deemed sig-
nificant in understanding the function and mechanism of heme
proteins.! We wish to report the molecular structures of two
new iron(III) porphyrins with weak-field axial ligands which
demonstrate that iron(I1I) prophyrins display greater struc-
tural diversity than has generally been recognized and point
out that there are potential difficulties in assigning stereo-
chemistry from magnetic properties. The two iron(III) por-
phyrins are a five-coordinate derivative, perchlorato-
a,B,v,0-tetraphenylporphinatoiron(Iif), FeTPP(OClO;), and
a six-coordinate derivative, diaquo-«,83,v,6-tetraphenylpor-
phinatoiron(III) perchlorate, [FeTPP(OH,),]*ClO4".

FeTPP(OCIO;) is conveniently prepared by the reaction of
FeTPPCl with AgClO, in dry THF.2? [FeTPP(OH;),]™* was
obtained by recrystallization of FeTPP(OCIO3) from THF
in the presence of aqueous perchloric acid.

FeTPP(OCIO3) has an unusual effective magnetic moment
of 5,0 up at room temperature, decreasing linearly with tem-
perature (to 4.1 up at 40 K). Its Curie-Weiss behavior to 4.2
K (Weiss constant = —5 K), together with the Mdssbauer
observation* of a single compound over the range of 4.2-298
K, rules out the existence of a spin state equilibrium. The
similarity of the Mossbauer spectrum* to its reported OEP
analogue’® suggests that FeTPP(OCIO3) has either an S =
3% ground state with a large orbital contribution to its magnetic
moment’ or a quantum mechanically mixed spin state arising
from S = % and S = % spin states.® [FeTPP(OH,),]* has a
magnetic susceptibility of 5.5 up which is independent of
temperature over the range of 77-297 K.10 Although the
magnetic moment is apparently too low for a high-spin com-
plex, electron spin resonance measurements (powder sample
from crushed single crystals, 77 K) show an axial spectrum
with a strong feature at g = 6, which is typical of high-spin
iron(IIT) porphyrins. Remaining ambiguities in the spin state
assignment of these complexes are expected to be resolved by
detailed Mossbauer, ESR, and magnetic susceptibility mea-
surements in progress.

Crystal data and refinement results are as follows:
Fe(N4Ca4H28) (ClO4)-}4CsH 0: monoclinic, a = 14.705 (2),
b =15.487 (3),c = 17.470 (3) A; 8 =95.17 (1)°; space group
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Figure 1. A perspective view of the FeTPP(OCI1O3) molecule, The indi-
vidual values of the bond distances in the coordination group are dis-
played.

P2y/n, Z = 4; peatcd = 1.37, pobsd = 1.37 g/cm3; Ry = 0.074,
R, =0.077;!! 5124 unique observed data (F, > 30(F,), 20 <
55°). Fe(N4C44H25)(OH;),Cl04:2C4HO: orthorhombic, a
=16.772 (2), b = 12.823 (2), and ¢ = 21.301 (2) A; space
group Pbcn; Z = 4; peaied = 1.38, pobsd = 1.39 g/cm3; Ry =
0.063, Ry = 0.062; 3730 unique observed data (F, > 30(F,),
26 < 63.7°). Intensity data were collected on a Syntex P1
diffractometer with graphite-monochromated Mo K« radia-
tion using §-26 scanning.

The molecular stereochemistry and bond parameters of the
coordination group of FeTPP(OCIO3) are displayed in Figure
1. Although the complex is clearly five coordinate, the pa-
rameters of the coordination group do not conform to those
expected!?!3 for high-spin five-coordinate iron(III) porphyrins.
Thus the average Fe-N bond distance (1.997 (5) A) is con-
siderably shorter than the 2.065-A value typical of high-spin
derivatives, such as chlorohemin!4 and the methoxyiron(III)
derivative of mesoporphyrin IX dimethyl ester.!> Rather, the
Fe-N bond distance is only slightly longer than the 1.990-A
value typical of low-spin six-coordinate iron(III) porphyrins.!6
A second important distinction is found in the displacement
of the iron(III) atom. In FeTPP(OCIO3), the iron(III) atom
is displaced by only 0.27 A out of the plane defined by the four
porphinato nitrogen atoms and 0.30 A out of the mean plane
of the 24-atom core. The usual displacement is ~0.5 A in the
five-coordinate high-spin iron(III) derivatives.!2:13 Since the
large displacement of the iron(III) atom and the long Fe-N
bonds in the high-spin iron(IIT) porphyrins are generally as-
sociated with the occupancy of the 3dy2_2 orbital, the struc-
tural parameters of FeTPP(OCIO3) are consistent with an
iron(IIl) atom in which the 3d,2_,2 orbital is either unoccupied
or partially occupied; namely an intermediate spin (S = 3)
or a quantum mechanically mixed (S = 3, %) spin state. In-
deed, the similarity of the porphinato coordination parameters
with those of five-coordinate high-spin d* manganese(IIIl)
porphyrins,!” in which the 3d,2,2 orbital is safely presumed
to be unoccupied, 8 is noteworthy. The short Fe-N bond dis-
tances in FeTPP(OCIO;) are achieved by a quasi-D,, ruffling
of the porphinato core. The axial Fe-O distance of 2.025 (4)
A is the shortest known metal to perchlorate oxygen distance,!®
but short axial bond distances appear to be a usual feature of
five-coordinate iron(IIT) porphyrins.!2:13

An overall view of the [FeTPP(OH,),]ClO4-2THF mole-
cule is given in Figure 2. The iron(III) atom is located at a
crystallographic  inversion center_ and thus the
[FeTPP(OH>);]* ion has required C;~1 symmetry with the
iron(III) atom precisely centered in the plane of the porphinato
ligand. An in-plane position of the iron(III) atom in porphinato
complexes has been demonstrated previously only for low-spin
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