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XA 3)AWE o]43le] Cantharidin(Hexahydro-3a,7a-dimethyl-4,7-epoxyisobenzofuran-1,3-
dione, C,0H,,0)2 AATEE FH3kch. o] A AAA L ApHEA ol T2 Pra2,
olt}. B E A a=11.0731(9) A, b=6.7344(4) A, c=12.500009) A, a=B=7=90" V=
932.13(12) A®, T=296K, Z=4, D.=1.398 Mgm™e|c}. 3Aubd5e] A|7]= Enraf-Nonius
CAD-4 Diffractometer® <1%1.2 MoKaAl(A = 0.71073 Ay AHE-slgich. A7+ 2A4H
22 Egow, F>40F) 75908 53 A dolelo] dsle] HaAFHLE 1407H9]
HeZE A slsie] #HE AR 3 R=442%F 99

Abstract

The structure of Cantharidin (Hexahydro-3a,7a-dimethyl-4,7-epoxyisobenzofuran-1,3-dione, C,,H,0,)
has been determined by X-ray diffraction methods. The crystal system is orthorhombic, space group
Pna2,, unit cell constants, a = 11.0731(9) A, b = 6.7344(4) A, ¢ = 12.500009) A, o =B=y=90°, V=
932.13(12) A®, T=296 K, Z=4, D, = 1.398 Mgm™. The intensity data were collected on an Enraf-
Nonius CAD-4 Diffractometer with graphite monochromated MoKa. radiation (A = 0.71073 A). The
molecular structure was solved by direct methods and refined by full-matrix least squares to a final
R =4.42% for 759 unique observed F, > 40(F,) reflections and 140 parameters.
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Table 1. Experimental data C,H,,0,

Crystal data

[CioH,,0,] Mo Ko radiation

M, = 196.202 A=0.71073 A

Orthorhombic Cell parameters from 25

Pna2, reflections

a=11.07319) A 0=491~1191°

b=6.7344(4) A w=0.11 mm"

c=12.500009) A T=296K

V=932.13(12) A’ Block

Z=4 0.3%0.3%0.35 mm

D,=1.398 Mgm™ colorless

Data collection

Enraf-Nonius CAD-4 0. = 25°
diffractometer

/20 scans h=0->13

Absorption correction : none” k=-8 — 0
990 measured reflections =0 - 14
860 independent reflections 3 standard reflections
monitored every 200
reflections intensity
decay : none

Refinement

Refinement on F*

R =0.0442 (A/G),y = 0.000
§=1382 AP = 0333 A
wR =0.1707 APpin = —0.183 A

Extinction cofficient :
none

Atomic scattering factors
from International

759 reflections [F, > 40(F,)]

140 parameters
All H-atoms parameters

refined Tables for X-ray
w = 1[c*(F}) + (0.1157xP)’]  Crystallography
where (1992, vol. C, tables

P = [Max(FZ, 0) + 2xF|/3 42.6.8 and 6.1.1.4
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Np&t Tt el (N9 ¥lE Ny/Np=5.40]| 32, F Table 4. Bond lengths (A) and angles (°) for non-hy-
2 AYE AR F,>46(Fy) 2 759712) =3 3 drogen atoms of C,H;,0,. The e.s.d’s are in parentheses

A do|Eo] el R=00442, wR=0.1707 °|c}. This work Zelnde?  Wagg?
BE AARS Pentium PCE AMHE3t o™, data &
. o iy = ] o o(1)-C(2) 1.188(9) 1.176 1.246
reduction @ A4HE WinGX” & A3 ¥ 50)()) 13648) 1389 1.344
of g HukAQl AF8-S Table 19 AL, 0(2)-C(2) 1.381(8) 1.389 1.424
S . . . ) 0(3)-C(1) 1.184(9) 1.176 1.158
| FaUATe site eq“zalem lsitmp‘c tem O(4)-C(8) 1426(7) 1447 1472
perature factor= Table 21| , +AU2E2] HEE 0(4)-C(5) 1.461(7) 1447 1422
Table 30| Vehfiglon, £ Ao} Aol of g(;)gg }fs‘?g(g; }§§§ }-Zig
A A o] R AR ¥ EE Table 4 CE3;:C(4) 1:52529) 1525 1560
o, torsoin angle®] B]R-E- Table 5o el ict. C(3)-C(5) 1.546(8) 1.558 1.547
C(3)-C(9) 1.554(3) 1.560 1.555
C(5)-C(6) 1.557(10)  1.548 1.506
Table 2. Fractional atomic coordinate§ and equivalent C(6)-C(7) 1.538(5) 1.527 1.561
isotropic displacement parameters (A’) for non-hy- C(7)-C(8) 1.479(11) 1.548 1.564
drogen atoms of C,,H,,0,. The e.s.d.’s are in parentheses C(8)-C(9) 1.563(8) 1.558 1.533
1 .. C(9)-C(10) 1.517(8) 1.525 1.532
Uo = 32,2 Ustia,a: @ C(2)-0(2)-C(1) 1102(2) 11029  109.45
C(8)-0(4)-C(5) 96.5(2) 98.17  96.55
Atom * y z Uey 0(3)-C(1)-0(2) 118.5(6) 11850  121.25

Oo(l) 0.8355(9)  0.0695(10) 0.5663(5) 0.084(2) 0(3)-C(1)-C® 129.7(7) 130.32 12749
0(2) 0.8347(2)  0.0298(3)  0.3908(5) 0.048(1) 0(2)-C(1)-C(9) 111.8(5) 111.14  110.89
0@3) 0.8345(9)  0.0707(11) 0.2156(4) 0.090(2) O(1)-C(2)-0(2) 119.8(6) 11850 116.65
04) 0.6079(2) 0.2928(2)  0.3904(4) 0.043(1) O(1)-C(2)-C(3) 128.9(6) 13032 130.53
C() 0.8243(7)  0.1469(10) 0.3005(5) 0.047(2) 0(2)-C(2)-C(3) 111.2(5) 111.14  112.32
C(2) 0.8252(6)  0.1438(10) 0.4806(4) 0.048(2) C(2)-C(3)-C(4) 111.2(6) 109.56  110.28
C3) 0.8000(5) 0.3589(9)  0.4526(4) 0.036(1) C(2)-C(3)-C(5) 106.8(5) 106.70  109.96
C4) 0.8868(6)  0.4981(11) 0.5104(7) 0.060(2) C(4)-C(3)-C(5) 113.7(5) 115.62 114.82
C(5) 0.6656(6) 0.3974(8) 0.4791(4) 0.041(1) C(2)-C(3)-C(9) 103.4(6) 103.67  104.40
C(6) 0.6326(7) 0.6158(10) 0.4506(6) 0.056(2) C(4)-C(3)-C(9) 117.7(7) 118.44  117.07
C(7) 0.6324(7)  0.6117(11) 0.3276(6) 0.054(2) C(5)-C(3)-C® 103.0(6) 101.61 99.40
C(8) 0.6649(6)  0.4022(10) 0.3068(5) 0.044(2) O@)-C(5)-C(3) 100.2(4) 101.18  102.01
C(9) 0.8016(4)  0.3597(10) 0.3283(4) 0.040(1) O(4)-C(5)-C(6) 100.3(5) 101.18 105.69
C(10) 0.8918(5) 0.4879(9) 0.2684(6) 0.055(2) C(3)-C(5)-C(6) 109.6(5) 109.97  112.82
C(5)-C(6)-C(7) 102.2(7) 102.30 99.24
C(8)-C(7)-C(6) 101.1(6) 10230  103.20
Table 3. Fractional atomic coordinates for hydrogen O(4)-C(8)-C(7) 104.8(5) 101.18  99.58

atoms of C,,H,,0, 04)-C(8)-C(9) 102.0(4) 101.18  100.42
C(7)-C(8)-C(9) 112.3(5) 109.97  109.24
Atom X y z C(1)-C(9)-C(10) 108.7(6) 109.56  108.13
HI(C4) 0.9682 0.4680 0.4895 C(1)-C(9)-C(3) 103.3(6) 103.67  102.81
H2(C4) 0.8786 0.4807 0.5863 C(10)-C(9)-C(3) 120.2(7) 118.44  120.58
H3(C4) 0.8684 0.6330 0.4919 C(1)-C(9)-C(®) 107.4(5) 106.70  104.97
H(C5) 0.6402 0.3541 0.5505 C(10)-C(9)-C(8) 116.6(5) 115.62 11541
H1(C6) 0.5538 0.6516 0.4786 C(3)-C(9)-C(8) 99.3(6) 101.61  103.26
H2(C6) 0.6925 0.7080 0.4779
H1(C7) 0.5534 0.6438 0.2989
H2(CT) 0.6919 0.7022 0.2981 3. ez 9l D
H(C8) 0.6393 0.3579 0.2356
H1(C10) 0.8788 0.6249 0.2863
H2(C10) 0.8813 0.4698 0.1928 2 AgeA 243 ¢, H,,0,9 AA A= orth-

H3(C10) 09723 0.4501 0.2883 othombic o] T, EZFE-E Pna2,, ¥R Z =40]
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Table 5. Torsion angles (°) for non-hydrogen atoms
of C,,H,0,. The e.s.d’s are in parentheses

CEE - AU - olBg

This work M. Z.

Zehnder”  Wang®
C2-02-C1-03 177.6(7) 178.8 171.2
C2-02-C1-C9 =2.1(7) -3.2 ~2.3
C1-02-C2-01 -177.8(7) —178.8 176.6
C1-02-C2-C3 3.0(7) 32 3.8
C8-04-C5-C3 -58.1(5) -57.2 -59.9
C8-04-C5-C6 54.2(5) 56.0 58.3
C5-04-C8-C7 -57.5(5) -56.0 -54.9
C5-04-C8-C9 59.8(5) 57.2 56.9
02-C1-C9-C3 0.4(7) 1.9 0.1
02-C1-C9-C8 —104.0(6) -104.9 -107.6
02-C1-C9-C10 129.0(6) 129.2 128.7
03-C1-C9-C3 ~179.4(8) 179.6 -172.8
03-C1-C9-C8 76.3(10) 72.8 79.4
03-C1-C9-C10  —50.7(10) -53.1 ~44.3
01-C2-C3-C4 51.1(10) 53.1 58.4
01-C2-C3-C5 -73.509) -72.8 ~69.2
01-C2-C3-C9 178.3(8) -179.6 -175.0
02-C2-C3-C4 -129.8(6) -129.2 -130.1
02-C2-C3-C5 105.6(6) 104.9 102.3
02-C2-C3-C9 =2.7(7) -1.9 -3.6
C2-C3-C5-04 =74.2(5) -74.1 -70.9
C2-C3-C5-C6 -179.2(5) 179.6 176.2
C4-C3-C5-04 162.8(5) 163.8 164.1
C4-C3-C5-C6 57.9(7) 57.4 51.2
C9-C3-C5-04 34.3(5) 342 38.3
C9-C3-C5-C6 -70.6(6) -72.2 -74.6
C2-C3-C9-Cl1 1.3(6) 180.0 2.0
C2-C3-C9-C8 111.8(5) 110.6 111.0
C2-C3-C9-C10  —-119.9(6) -121.6 -118.3
C4-C3-C9-C1 124.3(6) 121.6 124.2
C4-C3-C9-C8 —125.3(6) -127.8 -126.8
C4-C3-C9-C10 3.1(8) 0.0 3.9
C5-C3-C9-C1 —109.8(5) -110.6 -111.5
C5-C3-C9-C8 0.7(6) 0.0 -2.5
C5-C3-C9-C10 129.1(6) 127.8 128.1
04-C5-C6-C7 —33.0(6) —33.7 -35.1
C3-C5-C6-C7 71.8(6) 72.6 75.5
C5-C6-C7-C8 -0.5(7) 0.0 -0.7
C6-C7-C8-04 35.5(6) 33.7 34.0
C6-C7-C8-C9 =74.5(7) —72.6 =70.7
04-C8-C9-C1 70.4(6) 74.1 75.1
04-C8-C9-C3 —36.8(5) -34.2 -32.3
04-C8-C9-C10  —167.4(5) -163.8 -166.0
C7-C8-C9-C1 —177.8(6) -179.6 179.2
C7-C8-C9-C3 75.0(6) 72.2 71.8
C7-C8-C9-C10 =55.7(7) -57.4 -61.9

o, olel Hg EArze e ¥Y-2 Fig 19
b 3L, F9E 9] packing S Fig. 201 v1e}
W=

B4R )

Fig. 1. Perspective view of the title compound with
the atomic numbering. Ellipsoids for non-H atoms
correspond to 50% probability.
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Fig. 2. A stereoscopic view of the packing for the
title compound. The c-axis is vertical and b-axis
horizontal.

Anhydride ©l| 33 F 719 <]FAH] 0(1)=C(2)
o} 03)=C(1)S] FF ZAFA-olE 1.194, 2749
T2 002)-C(1) % 0()-C2) ¢l HT A o]
¥ 137422 Yehgr}. of A= International
Table(” ol ekl CoF 09 o534 Zo|
1.23(1) A, C2} 09} U A3} o] 1.43(1) Aell ¥
s ZA vebg e}, o) anhydride @) 729 &
APV AY7+e 4 glem, o] A= AAT
9l M. Zehnder” 7} X118 ZHE3 & X3k g)
o & & el 2A3R C-C Ale] DAY 2
o= i 1.53 A 22 dubHel C-C Alo] B A
3 Aol 2 d X3}
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CR) & C9)& FAL=2 3= 2709 tetrahedral
T2 ApEA S o] F e T A7t
7 109.3° & o] Far glv}. o] tetrahedral 4% F
C(5)-C(3)-C(9); 103.0(6)°, C(3)-C(9)-C(8); 99.3(6)°,
C(2)-C(3)-C(9); 103.4(6)°, C(1)-C(9)-C(3); 103.3(6)°,
C(D)-C(9)-C(8); 107.4(5)° & AHAA 7t =109° ¥}
2 Jelsdel. o= B AlRe 724 574 alE
£ YAsP] dEe R BAw | APdred M.
Zehnder” 2} Z. Wang”7} B33 715491 [101.6°
101.6°, 103.7°, 103.7°, 106.7°]3} [99.4°, 103.3°,
104.4°, 102.8°, 105.0°1 NN = 218k 58S 723
U=t

C(2)-C(3)-C(5)-C(6) 2} C(7)-C(8)-C(9)-C(1) ®] °]
F-= torsion angle-> —179.2(5)°[-180.4°(M. Zehnder?),
~183.8°(Z. Wang”)] ¢} —177.8(6)°[-179.6°(M. Zehn-
der?), —180.8°(Z. Wang”)}-& ] %32 Qlo}.

47 9=} C1), C2), C3), CY)Eo] Tt=x=
[plane A], C(3), C(5), C(8), C()°] =X
[plane B), C(5)C(6)C(NC®) °] BF=¥ o [plane
Cl 52 77+0.002 A, 0.008 A, 0.004 A WellA
= & o] 73 9)v}. Plane A 9} plane B, plane
B ¢} plane C+ 7+ 69.3(3)°, 65.6(3)° 9] olH7+&
o] 1L gt}
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Cantharidin(C,,H,,0,)2} Z2A 73 95

B2}71e] 714 747FE- intermolecular contact =
0B3) &+ C(5)7F (—xx1 172, y — 1/2, z— 1/2) symmetry
2 3.1798) A& HA7} packing van der
Waals 23S sl 9l
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