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(—)-Citreovirdin is a pyrone derivative of fungal 

origin that is a potent inhibitor of mitochondrial 

F],F()-ATPase activity.1 Biological energy transduc

tion has been hypothesized to rely on FhF0-AT- 

Pase (a ubiquitous membrane-bound protein), and 

citreoviridin has been used in the investigation 

of the mechanism of electron transport driven 

phosphorylation. Previously, we reported the total 

synthesis of this molecule from ribonolactone.2 In 

this total synthesis, we studied the structure of 

this molecule, especially the tetra-ene portion, by 

NMR spectroscopy. We used two different field 

strength (360 MHz and 500 MHz) for simulation 

and compared the result with the experimental 

ones. Previously, the crystal structure of this mo

lecule was inaccurately reported with very high 

R index (R] = 0.23).3 Thus, we carried out X-ray 

crystallographic experiment so as to establish the 

clear structure of this compound (R)= 0.0339). The 

authentic compound was obtained by the microbial 

culture using Penicilium pulvillorum, CSIR 1406 

(ATCC26219).4

EXPERIMENTAL

Erlenmeyer flasks (10 of 2L) containing F-14 

medium (dextrose 150 g, bactopeptone 50 g, NaCl 

25 g, yeast extract 25 mL, beef extract 15 g, corn 

steep liquor 50 mL, deionized water 5 L) were 

inoculated with a spore suspension of Penicillium 

pulvillorum, CSIR 1406 (ATCC 26219). The mold 

was grown in stationary culture at 23-24 °C in the 

dark. After 18 days the cultures were filtered 

using filter paper and the mycelium was macera

ted with 1 L of acetone in a Waring blender. The 

acetone solution was evaporated to dryness. The 

filtrate was extracted with 700 mL of chloroform.

Fig. 1. ( —)-Citreoviridin.
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The chloroform phase was concentrated, and com

bined with the residue of the acetone phase. This 

was partitioned between 1 L of n-hexane and 1.5 

L of 90% methanol. The methanol phase was con

centrated and the residue was partitioned between 

1.5 L of chloroform and 500 mL of water. The 

chloroform solution was dried (Na2SO4), filtered, 

and evaporated to dryness. The residue was disso

lved with 1 L of ethyl acetate and filtered with 

silica gel. Recrystallization under red light using

Table 1. Crystal data, data collection, and refinement 

of the structure for C23H3o06*CH3OH

Crystal data

C24H34O7 MoKa radiation

Mr=434.51 X=0.71073 A

Monoclinic Cell parameters from

P2i 25 reflections

a = 12.872(2) A 9=2.33-23.98°

/>=12.369(2) A 卩=0.088 mm-1

c = 7.752⑴ A T=293(2) K

3-105.990(14)° Cube

卩=1186.4(3) A3 0.53X0.53X0.4 mm

Z=2

1.216 MgiM

Yellow

Data collection

Enraf-Nonius CAD-4 emax=24°

diffractometer

(o/9 scans H14,

Absorption correction: /=—8 —8

not applied 3 standard reflections

1987 measured reflections monitored every 300

1845 independent reflections reflections

1674 observed reflections intensity variation:

K>4o(F0)] 

7如= 0.0000

less than 1.2%

Refinement

Refinement on F Apmax=-0.141 eA"3

0.0339 △pmin=-0.199 eA-3

&2 = 0.1004 Extinction correction:

S=0.864 none

1674 reflections Atomic scattering factors

415 parameter from International

All H-atom parameters Tables for X-ray

refined isotropically Crystallography

印= 1/[q2(f)+ o.oooO29F 勺 

(A/o)max=-0.217

(1974, Vol. IV)

methanol was done to generate 1.02 g of (—)-cit- 

reoviridin.5 A yellow single crystal of size 0.53 X 

0.53X0.4 mm was used for the X-ray crystallogra

phic analysis. 1845 independent reflections in an 

asymmetric unit6 were collected and the intensi

ties were corrected for L-p factors with the SDP.7 

The extinction rule 0^0 : k — 2n indicated two pos

sible space groups P2t and P21/m, but the structure 

was successfully elucidated with the space group 

F2i. The structure was solved by direct methods 

using SHELXS868 and refined by full-matrix least

Table 2. Fractional atomic coordinates (X104) and 

equivalent isotopic displacement parameters (A2 X10') 

for C23H3o06 • CH3OH
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squares using SHELX93.9 All H-atoms were found 

from difference Fourier map and refined isotropi

cally. Details of the data collection together with 

structure refinement are summarized in the crys

tallographic data.

DISCUSSION

Atomic position parameters and equivalent isot

ropic thermal parameters are provided in Table

Table 3. Selected geometric parameters (A, °)
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1.357(4) O(l)-C(5) 1.3기⑷

1.231(4) 。⑶-c⑶ 1.342(4)

1.445(6) O(4)-C(20) 1.429(4)

1.457(5) O(5)-C(18) 1.413(4)

1419(4) O(7)-C(24) 1.355(8)

1.403(5) C(2)-C ⑶ 1.354(5)

1.434(5) C(4)-C⑸ 1.356(5)

1.490(5) C(5)-C(8) 1.453(5)

1.337⑸ C ⑼-C(10) 1.439(5)

1.338(6) C(ll)-C(12) 1.436⑸

1.343⑹ C(13)-C(14) 1.455(5)

1.344(5) C(14)-C(16) 1.505(5)

L516 ⑸ C(17)-C(21) 1.529(6)

1.541(5) C(18)-C(19) 1.529(5)

1.512(5) C(19)-C(20) 1.517(5)

1.501(6)

123.0(3) C(3)-O(3)-C(6) 116.9(3)

110.9(2) 0(2)-C(l)-0  ⑴ 115.1(3)

127.0(3) O(l)-C(l)-C(2) 117.8(3)

119.6(3) O(3)-C(30-C(2) 123.3(3)

114.8(3) C(2)-C(3)-C⑷ 121.9(3)

116.8(3) C(5)-C(4)-C⑺ 123.2(3)

119.9(3) C(4)-C ⑸-O ⑴ 120.8(3)

127.8(3) O(l)-C(5)-C⑻ 111.4(3)

122.9(4) C ⑻-C ⑼-C(10) 125.6(4)

122.1(4) C(10)-C(ll)-C(12) 128.5(4)

122.5(4) C(12)-C(13)-C(14) 128.2(4)

117.5(3) C(15X(14)-C(16) 124.9(4)

117.5(3) C(14)-C(15)-C(17) 130.0(4)

107.8(3) O(4)-C(17)-C(21) 106.6(4)

110.6(3) O(4)-C(17)-C(18) 104.2(3)

113.4(3) C(21)«17)-C(18) 113.6(3)

112.4(3) O(5)-C(18)-C(17) 114.7(3)

102.6(3) 0(6)-C(19)-C(22) 110.9(3)

105.3(3) C(22)-C(19)-C(20) 114.8(3)

109.6(3) C(22)-C(19)-C(18) 114.4(3)

101.1(3) O(4)-C(20)-C(23) 110.1(3)

104.3(3) C(23)-C(20)-C(19) 116.3(3)

1. Table 2 lists interatomic distances and angles. 

Table 3 shows hydrogen-bonding geometry. Fig. 

2 drawn by ORTEP10 illustrates the molecular co

nformation with atomic labelling. 0(4), C(17), C(18) 

and C(20) atoms are coplanar within 0.01 A and 

C(19) atom deviates by 0.6 A out of plane so that 

furanose five-membered ring has an envelope 

form, The pyrone ring including 0(2), 0(3), C(6), 

C(7) and C(8) atoms are in a plane with maximum 

deviation 0.065 A. 0(1), 0(4), C(5), C(8), C(9), C 

(10), C(ll), C(12), C(13), C(14), C(15), C(16), C(17) 

atoms are also coplanar within 0.1 A. All of the 

olefines of the tetra-ene portion have trans struc

ture. As 아town in Table 4, the HO6 hydrogen atom 

participates in a bifurcated hydrogen bonding with 

0(1) and 0(2) atoms in other molecule, and 0(7) 

atom of the solvent methanol is hydrogen bonded

Fig. 2. ORTEPIO drawing of the molecule with atom- 

lab이ling scheme. Hydrogen bonds are indicated by 

thin lines. Displacement ellipsoids are plotted at the 

50% probability level.

Table 4. Hydrogen-bonding geometry (A, °)

D-H- -A D-H H- A D - A D-H-- A

05 —HO5 …07“ 0.90(7) 1.97(7) 2.839(6)

O6-HO6-OV 0.74(6) 2.48 ⑹ 2.940(4)

O6-HO6 …02” 0.74 ⑹ 2.09(6) 2.820(4)

O7-HO7-O2 0.97(6) 1.76(6) 2.726(4)
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Symmetry code: al+x, l+>, ]+z; Al-x, 0.5]—z.
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to 0(2) in a m이ecule and 0(5) of another mole

cule. Therefore all the m이ecules in the crystal 

are held together by a strong hydrogen bonding 

scheme.
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