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Structure of the Antibiotic Griseoviridin!
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Abstract: The three-dimensional structure of griseoviridin methanolate, C2oH»707N3S.CH;0H, was determined by x-ray
crystallography. The substance crystallizes in the monoclinic space group P2, and the unit cell dimensions are a = 10.559
(1), b = 13.066 (3), and ¢ = 9.433 (1) A, 8 = 99.00 (1)°. Intensity data were collected with a diffractometer and the struc-
ture was solved by a combination of Patterson superposition and tangent refinement techniques. Contrary to a previous pro-
posal the structure contains an oxazole ring. The relative contributions of three canonical structures are assessed on the basis
of bond lengths in that ring. It is estimated that the uncharged species contributes 80% to the structure while delocalizations
of oxygen electrons to the ring nitrogen and to a conjugated amide oxygen account for an additional 10% each. The molecu-
lar structure is quite rigid and most atoms lie in one of four major planes. There are several short intramolecular contacts

which give rise to some unusual bond angles and torsion angles.

Griseoviridin is a broad-spectrum antibiotic with inhibi-
tory activity in vitro toward various pathogenic bacteria and
fungi.3 It has also been shown to inhibit bacterial protein
synthesis in cell-free systems and poly-U-directed poly-
(phenylalanine) synthesis in yeast and in human tonsil cell-
free systems.* It was isolated from Streptomyces griseus>
and its chemical structure has been the subject of intensive
investigations by Ames, Bowman, and their colleagues®-8 as
well as by de Mayo, Stoessl, and their collaborators.®~12 On
the basis of degradative and spectroscopic studies the latter
group proposed 1 for the structure of griseoviridin.!! An
x-ray analysis was undertaken in order to establish unam-
biguously the structure and complete stereochemistry. We
report here the results of this work which revealed that the
correct structure is 2. It should be pointed out that the Ca-
nadian workers considered the skeleton of 2 a plausible one
but rejected it in favor of 1.!!

Experimental Section

Colorless crystals of griseoviridin methanolate, C;3H3707N;S.
CH;OH, were sent to us by Drs. A. Stoessl and P. de Mayo. Pre-
cession photographs showed them to be monoclinic and the space
group P2; was indicated by systematic absences of 0kO reflections
for k odd. A crystal with dimensions 0.29 X 0.29 X 0.14 mm was
mounted on a Picker four-circle diffractometer equipped with a
Mo target and a graphite monochromator. The cell parameters
were obtained from a least-squares fit of the diffractometer angles
20, ¢, and x for 42 independent reflections, using Mo Ka; radia-
tion (A 0.70926 A) and assuming a triclinic cell. The crystal data
are as follows: @ = 10.559 (1), b = 13.066 (3), and ¢ = 9.433 (1)
A, 8=99.00(1)°, V = 12854 A% d, = 1316 gem~3 Z = 2;
F(000) = 540; u (Mo Ka) = 1.8 cm™1L.

The moving-crystal-moving-counter technique (§-26 scan) was
used to collect the intensity data. The 26 scan rate was 2° min~!
and the scan width was varied according to the angular dispersion

CH,
— ﬁ
/ \C—CH——NH——C—C—NH
CH, O/ / ” \
\ CH C==0
HC\C/S_CHZ /
| o,

c
o/ \N——CHZ—-(CH=CH)5——(|:H——CH2——(|:H/

OH OH

/CH—O\ i ﬂ /C\

o o/c—c—NH—c—clz 5
/ N c/
o oS CH, \
l P
0/\NH—CHZ——(CH=CH)Z———(::H——CHZ———CH

OH H
2
(2.5-3.0°). Background counts were measured for 30 s on each
side of the scan. Three reference reflections were monitored every
50 measurements; their intensities decreased by 3.3% during the
course of data collection. A net count of 18 was determined as
threshold intensity below which reflections were considered unob-
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Table I.  Final Coordinates and Temperature Parameters®
Nonhydrogen Atoms?
Atom X y z Un Uss Uss 2U5;3 2U3 22U,
S(1) 6171 (1) 5000 (0) 7586 (2) 38 (1) 37(1) 45 (1) -10(2) -8 (1) 1(2)
C(2) 5762 (6) 3851 (5) 6612 (7) 45 (4) 31(3) 46 (4) -5(5) —-14 (6) 30 (6)
C(3) 5496 (6) 2991 (5) 7255(7) 48 (4) 36 (3) 47 (4) —-2(6) —18 (6) 28 (6)
C(4) 5256 (7) 2843 (5) 8755(7) 67 (4) 31(3) 51 (4) 17 (6) —40 (6) 6 (6)
C(5) 3874 (7) 3029 (5) 8870 (7) 71 (5) 35(3) 37(3) 17 (6) —15(6) -7(7)
O(6) 3677 (4) 4146 (3) 8742 (4) 59 (3) 36 (2) 34 (2) 10 (4) 1(4) 9(4)
C(7) 3203 (6) 4568 (5) 7482 (6) 39(3) 46 (4) 30 (3) 7(5) 1(5) 11 (6)
C(8) 3583 (5) 5676 (4) 7491 (6) 41 (3) 33(3) 31(3) —15(5) -1 (5) 16 (5)
C(9) 4827 (6) 5808 (5) 6879 (6) 45 (3) 25(3) 42 (3) 7(5) 10 (5) 7(5)
N(10) 2613 (5) 6316 (4) 6672 (5) 55(3) 34 (3) 21(2) -7 (4) 6 (4) 39 (5)
C(11) 2097 (5) 7121 (4) 7229 (6) 30 (3) 32(3) 30(3) 5(5) 16 (5) 3(5)
C(12) 1406 (5) 7825 (5) 6157 (6) 26 (3) 36 (3) 33(3) -10(5) 10 (4) 9(5)
N(13) 1343 (4) 7660 (4) 4680 (5) 40 (3) 33(3) 30(2) -2(4) 12 (4) 15 (5)
C(14) 768 (5) 8459 (4) 4094 (6) 33(3) 28 (3) 35(3) —11(5) 6 (5) 13 (5)
0O(15) 430 (4) 9141 (3) 5057 (4) 51 (3) 38 (2) 32(2) -5(4) 1(4) 32(4)
C(16) 870 (6) 8724 (5) 6361 (6) 46 (4) 41(4) 32(3) -8 (5) 1(5) 29 (6)
C(17) 455 (6) 8720 (5) 2541 (6) 47 (4) 29 (3) 37 (3) 16 (5) 4(5) 35 (6)
C(18) 739 (5) 7838 (4) 1589 (6) 40 (3) 29 (3) 30 (3) 14 (5) 18 (5) 16 (5)
C(19) -163 (6) 6932 (5) 1604 (6) 32(3) 47 (4) 39(3) =2(6) 19 (5) 1(6)
C(20) 297 (5) 5952 (4) 1013 (6) 44 (3) 31(3) 26 (3) -1 (5) 12 (5) =17 (5)
C(2n 1475 (6) 5544 (4) 1962 (6) 52 (4) 28 (3) 31(3) 19 (5) 17 (5) 10 (6)
C(22) 2609 (6) 5461 (5) 1588 (6) 61 (4) 32.(3) 29 (3) 4(5) 7(5) 3(6)
C(23) 3794 (6) 5135 (5) 2491 (6) 50 (3) 31 (3) 38 (3) 0(6) 5(5) 7 (6)
C(24) 4901 (6) 5072 (5) 2034 (6) 46 (3) 40 (3) 43 (3) -2 (6) 12 (5) 23(7)
C(25) 6172 (6) 4739 (5) 2864 (7) 43 (3) 53 (4) 51 (4) -8 (6) 26 (6) 3(6)
N(26) 6193 (5) 4660 (4) 4412 (5) 35(3) 37 (3) 47 (3) —=7(5) 2 (4) 0(4)
C(27) 5736 (6) 3834 (5) 4995 (7) 29 (3) 34 (3) 54 (4) -20 (6) 7(5) 18 (5)
C(28) 3519 (8) 2719 (6) 10293 (7) 101 (6) 46 (4) 41 (4) 11 (7) -6 (7) -25(9)
0(29) 2618 (4) 4132 (4) 6480 (5) 56 (3) 46 (3) 51(3) 10 (5) =27 (4) -5(5)
0(30) 2197 (5) 7275 (4) 8525 (4) 69 (3) 67 (3) 30(2) -8 (4) 22 (4) 67 (5)
O(31) 613 (5) 8265 (3) 168 (4) 78 (3) 42 (3) 37(2) 19 (4) 41 (4) 47 (5)
0(32) —-767 (4) 5260 (3) 942 (4) 54 (2) 40 (3) 50 (2) -8 (4) 5(4) -6 (4)
0(33) 5285 (5) 3094 (4) 4302 (5) 73 (3) 40 (3) 53(3) —-28 (4) 6(5) —15(5)
C(34) 8115 (9) 7113 (9) 5792 (13) 66 (6) 101 (8) 140 (9) 68 (14) -21(12) =51 (11)
0O(35) 6881 (5) 6809 (5) 5059 (7) 73 (4) 63 (4) 96 (4) 0 (6) 10 (6) -39 (6)
Hydrogen Atoms®
Atom x y z Atom x y z Atom x y z
H(31) 524 240 644 H(171) -42 895 231 H(241) 492 515 98
H(41) 543 217 905 H(172) 78 946 234 H(251) 647 421 236
H(42) 587 321 930 H(181) 167 758 188 H(252) 682 518 279
H(51) 328 268 827 H(191) —45 681 256 H(261) 662 523 496
H(81) 364 597 835 H(192) -118 712 98 H(281) 354 204 1029
H(91) 515 651 696 H(201) 62 612 9 H(282) 275 293 1038
H(92) 448 571 574 H(211) 141 523 281 H(283) 398 296 1104
H(101) 250 624 580 H(221) 271 561 66 H(311) 100 793 -36
H(161) 56 903 728 H(231) 376 500 347 H(321) -43 487 54

@ Esd’s in parentheses. ® The coordinates were multiplied by 10* and the thermal parameters by 10°. The thermal parameters are expressed as
exp[=272(U\ | h2a*? + Uxnk2b*2 + Ussl2c*? + 2Uzskib*c* + 2U 3hla*c* + 2U 2kka*b*)]. © The coordinates were multiplied by 103,

served. There were 2371 unique reflections with 28 < 50° and
2011 (85%) of them had intensities above the threshold. The inten-
sities were corrected for Lorentz and polarization factors. Absorp-
tion effects were considered insignificant and corrections were not
applied.

In our initial attempts to solve the structure we used the direct
methods programs of the X-RAY System.!? Several starting sets,
each consisting of six reflections, were used to initiate a series of it-
erative tangent procedures. £ maps calculated from tangent re-
finements where the phase estimates converged and Rg values
were relatively low showed one high peak whose x and z coordi-
nates agreed with those obtained from the highest peak in the (£2
— 1) Patterson map. These coordinates (with y = 0.5) were as-
sumed to correspond to the sulfur atom site. Other peaks in the £
maps appeared to have molecular significance, but their identifica-
tion as atom sites was seriously hampered by several factors. First-
ly, all major peaks were mirrored across the y = 0.5 plane contain-
ing the sulfur atom, indicating that the enantiomorph definition
was inadequate. Secondly, as it later became apparent, 14 of the
35 atoms had y coordinates in the range 0.4-0.6, close to the pseu-
domirror plane. Finally, the proposed structure (1) did not contain
a rigid small ring which could be readily identified.

The structure was finally solved by a combination of Patterson
techniques and direct methods. Two (£2 — 1) Patterson maps were
manually superimposed with the sulfur atom site of one map on the
origin of the other. Significant peaks which coincided were as-
sumed to be due to S-O, S-N, or S-C vectors. A molecular frag-
ment consisting of seven contiguous atoms [subsequently labeled
C(12), N(13), C(14), O(15), C(17), C(18), and O(31)] was se-
lected on the basis of reasonable bond lengths and angles. These
seven atoms and the sulfur atom were used to calculate structure
factors and to initialize a partial-structure tangent calculation.!4
An E map revealed 26 of the 35 nonhydrogen atoms; the remain-
ing nine atoms were then found in a difference Fourier map.

Atomic parameters were refined by block-diagonal least
squares.!> All scattering factors were taken from the “Internation-
al Tables for X-Ray Crystallography” 16 and the sulfur and oxy-
gen curves were corrected for anomalous dispersion. All hydrogen
atoms, except those on the solvent methanol, were located on dif-
ference Fourier maps. Their contributions were included in struc-
ture factor calculations (with B = 3.5 A2) but their parameters
were not refined. Throughout the refinement the function Zw(| F
— | Fd)? was minimized and a factor of 0.8 was applied to all shifts.
The following weighting scheme was used during the final stages:
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Figure 1. Molecular geometry. Top: torsion angles in degrees (their
esd’s are 0.4-0.7°). Middle: bond lengths in Angstrdms (unless other-
wise indicated their esd’s are 0.007-0.009 A). The C-O bond length in
the solvent methanol is 1.431 (12) A. Bottom: bond angles in degrees
[except at S(1) esd’s are 0.4-0.6°].

w = wiwy, where wy = |F{ /18 for|FJ < 18, w, = 18/| F for|F
> 18; and w; = sin? §/0.04 for sin2 § < 0.04, wy = | for sin2 § >
0.04. The 100 reflection appeared to suffer from extinction effects
and it was given zero weight. After the final cycle the average pa-
rameter shift equalled 0.09 ¢ and the largest one 0.57 4. The index
R (Z|AF/Z|FJ) is 0.063 and the weighted index R’ (SwAF?/
IwFg?) is 0.059 for 2089 reflections, including unobserved reflec-
tions for which |Fd < |F{. A final difference Fourier map was
featureless except for unresolved positive regions in the vicinity of
the methano! hydrogen atoms.

Results and Discussion

The final coordinates and temperature parameters, as
well as their estimated standard deviations, are listed in
Table I. The precise molecular geometry can be seen in Fig-
ure | which gives torsion angles, bond lengths, and bond an-
gles. A stereoscopic view of griseoviridin (Figure 2) shows
the conformation of the molecule, while Table II gives de-
tails of several mean planes.

This x-ray analysis revealed that griseoviridin is one of
the extremely rare natural products containing an oxazole
ring.!” Apart from several small alkaloids the most complex
naturally occurring substance known so far has been ostreo-
grycin A. This antibiotic had been isolated from Strepto-
myces ostreogriseus and its structure (but not stereochem-
istry) was elucidated by Todd and his colleagues.!81° The
stereochemistry was recently revealed by an x-ray analysis
of virginiamycin M,?° which is known to be identical with
ostreogrycin A.* The structure (3) is strikingly similar to

0

OH o

that of griseoviridin and it is interesting to note that the
stereochemistry at the two common asymmetric centers
[C(5) and C(20)] is the same. This shows that the tentative
inclusion of griseoviridin in group A of the streptogramin
family of antibiotics (which was done in spite of its suppos-
edly very different structure)* is indeed justified.

Molecular Geometry. One of the most striking conforma-
tional features is the fact that 28 of the 33 atoms lie in pla-
nar regions. There are four such regions associated, respec-
tively, with an «,(-unsaturated amide, a lactone, an amide
conjugated with an oxazole ring, and a conjugated diene.
The maximum deviations from these planes range from
0.02 to 0.20 A. The molecule is quite rigid, with few degrees
of freedom, and one might assume that its conformation in
solution is probably rather similar to the one found in the
solid state. This is of relevance to the geometry of the
“chloramphenicol area” in bacterial ribosomes to which
griseoviridin is known to bind.2! There are only three ring
atoms, C(5), C(9), and C(19), which do not lie in any of
these four planes and can therefore act as “‘hinges’. It is
noteworthy that the endocyclic bond angles at these atoms
are somewhat abnormal, the first one being smaller and the
other two larger than usual. The bond angle at O(6) is also
larger than normal. In senkirkine, where there are two lac-
tone groups in a 12-membered ring, the corresponding an-
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Figure 2, Stereoscopic view of griseoviridin; the thermal ellipsoids correspond to 50% probability.

Table II. Major Planes in the Molecule?
Plane 1% Plane 2¢ Plane 3% Plane 4°

Atom A A Atom A A Atom A A Atom A A
S(1) 0.007 O(6) 0.002 N(10) -0.024 C(20) -0.028
C(2) -0.053 C(7) -0.017 Cc(1n 0.005 c@2n 0.017
C(3) -0.156 C(8) 0.004 C(12) 0.063 C(22) 0.033
C(4) 0.001 0(29) 0.004 N(13) 0.049 C(23) -0.009
C(25)* -0.043 C(14) 0.000 C(24) 0.008
N(26) -0.116 0O(15) -0.007 C(25) -0.020
C(27) -0.015 C(16) 0.008 N(26)* -0.347
0(33) 0.131 C(17) -0.065
O(35)* 0.088 C(18)* 0.122

0O(30) -0.031

O(31)* -0.205

Dihedral angles (deg) between planes: 1,2 29.3; 1,3 48.5; 1,4 84.3;2,347.3;2,479.4; 3,4 53.4

9 Atoms marked with an asterisk were not included in the calculation of the plane. ® Plane 1: 0.9344X — 0.3175Y + 0.1613Z — 4.1158 = 0.
Plane 2: 0.9115X — 0.2348Y - 0.3377Z + 1.6622 = 0. Plane 3: 0.8727X + 0.4881Y + 0.0095Z - 5.6108 = 0. Plane 4: 0.1567X + 0.9357Y +

0.3162Z — 7.5723 = 0.

gles are 115.5 and 116.1°.22 There are abnormalities within
the planar regions as well. In the cis-ethylene system
S(1)-C(2)=C(3)-C(4) the interaction between the sulfur
atom and one of the hydrogen atoms attached to C(4) is re-
lieved in two ways: there is a very appreciable twist about
the double bond (+11.9°) and the bond angle at C(3) is in-
creased to 128.6°. The resulting S--H distance is 2.89 A.
There is also a transannular interaction between S(1) and
C(7) with a distance of 3.171 A, resulting in a slight dis-
placement of the latter atom from the lactone plane. These
nonbonded interactions in the nine-membered ring, caused
by the fact that two groups of atoms are forced into near co-
planarity, further increase the high strain which is known to
exist in medium-ring compounds.

The conjugated amide system is not quite planar either,
as evidenced by the C(3)=C(2)-C(27)=0(33) torsion
angle of +11.4°. This might be attributed to an interaction
between O(33) and the hydrogen atom attached to C(3);
the distance between those atoms (2.22 A) is rather short.
The twist also relieves the interaction between the sulfur
atom and N(26) and the hydrogen atom attached to it (S.-
N 3.031 A, S-«H 2.61 A). A similar situation can be ob-
served near the other peptide bond. The C(8)-N(10)-
C(11)=0(30) torsion angle is —~14.8° and the distance be-
tween O(30) and the hydrogen atom attached to C(8) is
2.31 A. Another manifestation of this distortion is the value
of +164.2° for the endocyclic torsion angle C(8)~N(10)-
C(11)-C(12). It should be noted that both peptide bonds
are in the more stable trans conformation.

The geometry of the oxazole ring is of interest because of
the paucity of x-ray data on such systems. Apart from the
structure of virginiamycin M2° we are aware of only two re-
ports which give geometrical details of structures incorpo-
rating an oxazole ring, the results of Albano et al.23 being
much less precise than those of Ambats and Marsh.24 The

bond lengths observed in the present structure allow us to
estimate the relative contributions of various resonance
forms. In addition to the uncharged partial structure a, the
canonical structures b and ¢ may also be expected to con-

) :
u i

0
|
C C C
/\N(;z /\N(:g /\_I\(_\/g
a b c

tribute. On the other hand, the three other canonical struc-
tures in which the negative charge resides on one of the ring
carbon atoms are not likely to be as significant. In our esti-
mation the relative contribution of the three structures
shown above is approximately 80:10:10 and this is based on
the following arguments. (a) The C(11)-C(12) bond length
(1.473 A) corresponds to a bond number of 1.10.252 (b) The
two C-O bonds in the ring are, as expected, of equal length.
(c) These bond lengths (1.359 A) are very similar to those
found in furan (1.37 A) where the total contribution of
structures with a positively charged oxygen atom was calcu-
lated to be 23%.25® (d) The C(12)-C(16) bond length
(1.331 A) is not likely to correspond to less than 90% dou-
ble bond character. (¢) The C(12)-N{(13) bond length of
1.401 A agrees very well with the length of 1.404 A found
for a single C(sp?)-N(sp?) bond in N,N,V',V'-tetramethyl-
benzidine.? (f) The N(13)-C(14) bond length of 1.287 A
corresponds to a bond order of 1.9.27

Dewar and Turchi have recently carried out MINDO/3
calculations on various oxazole derivatives. One of them, 5-
methoxyoxazole-4-carboxamide (4a),28 is quite similar to
the oxazole system present in griseoviridin. A comparison of
the geometry calculated by them and the one found by us
shows some significant differences, notably in the ring C-C
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Table IIL.  Distances and Angles for Hydrogen Bonds
Distances, A Angles, deg
DA Heed D-He A H-DA
N(26)-H(261)0(35)(x,.2) 2.941 2.08 146 23
O(31)-H(311)0(30) (x,y,— 1 + 2) 2.772 1.96 170 7
O(32)-H(321)-:0(31)(x%,— 1 + y,%) 2.823 2.20 140 30
N griseoviridin. de Mayo and Stoessl® found that basic hydrol-
' T T N ysis of perhydrodethiogriseoviridin diacetate yielded (+)-
s ', ToevstEmNE N /'/ SERINE \\ d-caprolactone (5). The R configuration of this lactone was
) | \
‘ H CH
CH—y——o \
- AN ' [ / H CH;
E i c——c——NH;——c———c 5 \
5 GHe N / po l / o)
'z ' 0 / ,_
e I\ - /
¢} N 4 \ N === C N O
2 HC\C/S—CHZ . . / \ .
i i
c. - - == , .
/ N / subsequently deduced from a comparison with the (~)-8-ca-
oo NH—CHz—(CH==CH) ~CH——CH;—CH prolactone to which Kuhn and Kum3! and later Kuo et al.3?
\ / : ‘ / assigned the S configuration and with the (+)-6-caprolac-
- _ 7 " w-AMINO-DECANOIC  OH OH /

- N ACID p
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Figure 3. Biogenetic precursors of griseoviridin.

bond (calculated 1.399 A) and the adjacent C-N bond (cal-
culated 1.427 A). On the basis of the calculated geometry
and the distribution of formal charge it appears that, in
contrast to the situation in griseoviridin, there is some con-
tribution from structure 4b.

CONH, CONH,
N N—
(2 {
0~ TOCH, 07 T OCH,
4a 4b

The conjugated diene system is planar but the C(21)~
C(22) bond and the C(23)-C(24) bond are both signifi-
cantly shorter than the C=C bond lengths found in butadi-
ene (1.341 A)2% while the C(21)-C(22)-C(23) bond angle
is appreciably larger than the expected value of 123.3°. In
view of this it is surprising that the central bond C(22)-
C(23) has exactly the same length as that in butadiene. No
obvious explanation of these observations comes to our
minds. The C(23)-C(24) double bond almost eclipses the
C(25)-N(26) bond. Consequently, the bond angles at
C(24) and C(25) are each several degrees larger than nor-
mal, thus increasing the C(23)--N(26) distance to 2.941 A.

It is interesting to note that in spite of all the interactions
mentioned above no bond is stretched beyond its normal
length. This shows again that distortions of bond angles and
torsion angles are energetically more favorable than bond
stretchings. On the other hand, where angular distortions
are more difficult to achieve, as in a cyclobutane ring, a
g\ 3% bond may be stretched to the extreme length of 1.628

In view of the fact that many macrocyclic antibiotics
form complexes with various metal ions it should be pointed
out that there is a large (~4.3 X 7.5 A) cavity in the center
of the griseoviridin molecule. There are several oxygen and
nitrogen atoms to which a metal ion could conceivably be
coordinated. However, we are not aware of any metal-bind-
ing studies involving griseoviridin.

Absolute Configuration. Chemical degradations have es-
tablished unambiguously the absolute configuration of

tone from colletodiol for which the positive Cotton effect
predicted the R configuration.33 This establishes the SR
configuration of griseoviridin. An additional and indepen-
dent proof rests on an isolation from griseoviridin of D-cys-
teine” from which the configuration at C(8) may be de-
duced. There is, therefore, no doubt that the absolute con-
figuration used in the structure refinement and shown in the
figures is correct.

Hydrogen Bonding. There are four intermolecular hydro-
gen bonds in the crystal structure. One of the two amide ni-
trogen atoms and all three hydroxyl groups (i.e., including
that in the solvent methanol) donate their protons. The ge-
ometry of three of these bonds is given in Table III. The last
one appears to have a somewhat unfavorable geometry.
However, a hydrogen bond with very similar H-.4, D-H-~
A, and H-D-+A values was recently encountered in the
much more precisely determined structure of 3’-O-meth-
ylarabinosyleytosine.>* The fourth bond is formed by a
donation of the proton attached to O(35) to O(33) in the
molecule at (1 = x,'%5 + y,1 ~ z). Although we were unable
to locate the proton involved in this hydrogen bond the evi-
dence for the existence of such a bond is fairly convincing:
the O(35)--0(33) distance is 2.974 A, the C(34)-0(35)-
O(33) angle is 114.6°, and the O(35)-+0(33)=C(27) angle
is 125.9°. The bond is not very strong which probably ac-
counts for the strong thermal vibration of the proton.

Biosynthesis. On the basis of the structure revealed by
this analysis we can identify the fragments which are the
biogenetic precursors of griseoviridin, viz. D-cysteine, ser-
ine, an unsaturated w-aminodecanoic acid, and a é-hydroxy-
hexanoic acid. The configuration of the serine cannot be as-
certained, the asymmetric nature of the o-carbon having
been destroyed. The four fragments are indicated in Figure
3.
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Internal Rotations of Side Chains and Backbone in
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Abstract; We have analyzed the 13C spin-lattice relaxation times obtained for LH-RH in aqueous solution in terms of contri-
butions from both overall and internal motions of backbone and side chains, The method of analysis is based on a model of
stochastic rotational diffusion about bonds. It assumes that these rotations about individual bonds are independent of and
uncorrelated with rotations about all other bonds. We have calculated minimum and maximum dimensions for the LH-RH
monomer and computed the corresponding T values for overall molecular tumbling. For this 7 range, corresponding to 2
X 10710 < 71 £ 2 X 10~9, the internal motions of the backbone must be assumed slower than the overall molecular motion
in order to simulate the observed near equality in N7 values for the a-carbons in positions 3-8 of LH-RH. For the side
chains, the observed NT values are good qualitative monitors of internal rotations about bonds whose relaxing carbons are

more than one bond removed from C,,.

The purpose of this study is to gain qualitative insight
into the types and rates of motion which can occur in linear
peptides of intermediate molecular weight (=~1000) and
which can produce the spin-lattice relaxation times (7))
observed by carbon-13 nuclear magnetic resonance spec-
troscopy. T, values have been measured and can be ana-
lyzed in terms of both overall molecular and internal motion
in both cyclic and linear molecules.?-!!

The carbon-13 (!3C) spin-lattice relaxation times of lu-
teinizing hormone-releasing hormone (LH-RH) (Figure 1)
have been measured in aqueous solution and effective corre-
lation times have been reported.'> We now analyze the T
data in terms of rates of both overall and internal molecular
motions. The latter comprise rotation about single bonds,
both in the backbone and in side chains.

The method of analysis is essentially that of Levine and
co-workers.>!0!! Because LH-RH is a linear and therefore
potentially flexible peptide, it was necessary to explore the

effect of both isotropic and anisotropic overall molecular
motion on the calculated 7' values of the backbone and side
chains. We have used various methods to estimate the max-
imum and minimum dimensions plausible in LH-RH for
fully extended and compact conformations and examined
the effect of varying these size parameters on the calculated
rates of internal motion for the side chains of the various
residues.

Methods. Levine et al.3'%!! have presented a method
which extends previous treatments!3-16 and permits the cal-
culation of dipolar relaxation times when nuclei are re-
orienting in a magnetic field as a result of multiple internal
motions in a molecule. The treatment applies to all values of
rotational correlation times (7). The relaxation times of nu-
clei in chains attached to bodies undergoing overall isotrop-
ic'% and anisotropic3 motion have been considered. The for-
mulation assumes that the motions about each individual
bond are independent and uncorrelated with the motions
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