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Abstract ] The crystal structure of licarin-B, a component of Myristicae Semen was
determined by single crystal X-ray diffraction analysis. Crystal of the compound, which

was recrystallized from the

ixture of hexane and ether, is monoclinic with a=12.740

1), b=7219(1), ¢=9284(1) A, B=9475(1)°, D,=126, D,=127 g/em’, space group P2,
and Z=2. The structure was solved by direct method and refined by least-squares proce-
dure to the final R value of 0040 for 1532 independent reflections {F23o(F)}. The com-
pound is a dimeric phenylpropanoid, and belongs to the neolignan analogues. The mole-
cules are arranged along with the screw axis. The intermolecular contacts appear to be

the normal van der Waals' forces.
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Myristicae Semen is the dried sced of Myristica
fragrans. The drug is used in abdominal disorders
in Korea, but sometimes it causes hallucination or
psychosis at higher doses. The psychological effects
are suspected due to the essential oils of the drug".

Recently, in the series of investigation, it was
found that the methanol extracts from Myristicae
Semen significantly modified the activities of the
hepatic drug-metabolizing enzymes, or more specifi-
cally, the mixed function oxidase system>’. The
extract was fractionated, and some compounds
were isolated as active principles. They were identi-
fied by various spectral analysis, and reported previ-
ously*,

In the present study, we analysed the three dimen-
sional structure of licarin-B (Fig. 1), one of the
active principles, by single crystal X-ray diffraction
technique. We were motivated to investigate the cry-
stal structure of the title compound to provide use-
ful informations concerning the structure-activity re-
lationships of their enzyme inhibiting activities and
SO on.

EXPERIMENTAL

The isolation procedure of the compound was
reported previously?. The compound was recrystal-

Fig. 1. Licarin-B.

lized by the slow evaporation method as colorless
transparent prisms from a mixture of n-hexane and
ether at room temperature. The density was mea-
sured by the flotation method in KI solution.
Then a 02X02X04 mm dimensioned crystal was
mounted on an automatic four-circle diffractometer
(Rigaku Denki Co., Ltd) with graphite-monochro-
mated Cuk, radiations (40kV, 160 mA). The lattice
constants were determined from the least-squares
refinements of the angular values for 20 diffracto-
meter-recorded reflections. Intensity data with range
of —14<H<14, 0<K<8, 0<L<10 were collected by
©-20 scan technique (scan speed 4°/min). Three stan-
dard reflections, (0 2 0), 4 0 2), and (0 0 4) were
monitored after every 100 reflections and showed
no noticeable changes. Of all 1579 independent re-
flections, 47 reflections which had F<3o(F) were
treated as unobserved. The reflections were correct-
ed for usual Lorentz and polarization effects, but



no absorption corrections were made. The space
group was determined from systematic absences.
The crystallographic data are listed in Table 1

The structure was solved. by the multisolution tan-
gent refinement method with MULTAN 849 and
SHELX 76" program, E values larger than 1.2 were
used for phase generation, and the solution: was
obtained from the set having the highest combined
figure of merit. The 18 non-hydrogen atoms were
appeared on the first £ map, and the subsequent
successive Fourier syntheses revealed ail the remai-
ning non-hydrogen atoms. The initial R value was
0232,

The structure was refined by full-matrix least-
squares procedure with isotropic temperature factors
to the R value of 0.132, Further refinements with
anisotropic temperature factors reduced R value to
0.078. The difference Fourier syntheses calculated
at this stage revealed all the hydrogen atoms of
the compound molecule. Refincments by block-dia-
gonal leasi-squares procedure including hydrogen

Y.B Kim LY. Park and KH. Shin

atoms for 1532 reflections {F23a(F)} produced the
final R value of 0.040 and wR of 0,063 (where wR=
[Zw( ]| F, | — | F.| Y/ZwF,”)"?. The function mini-
mized in the refinements was w({ F,{ — | F. 1 )%
where w=k/{c¥(F)+gF?}, k and g were refined to
1.000 and 0.137. In the final cycle the average and
maximum shift/esd. for the parameters are 0.066
and 0352 for now-hydrogen atoms, afid 0.144 and

Table 1. Crystal data

CxH0s Mw, 324
2-(3A-methylenedioxypheny!)-2,3-dihydro-7-methoxy-3-
methyl-5-(1(E)-propenyl)benzofuran

Colorless transparent prism  Monoclinic
a:12.740(1)°/§ B=7219(1) A
¢=9284(1) A B=94.75(1)°

Vol. of the unit cell: 851.6(1) A?

D,=126 g/em®

D,=127 g/lem® by flotation in KI soln.

Space group: P2, Z=2

F(000)=344 pCukKy)=628cm™!

Table II. Fractional non-hydrogen atomic coordinates (X 10%) and thermal parameters (X 10%) with their e.s.d’s in paren-
theses. The anisotropic temperature factors are in the form of

exp([ = 2m3(Una** 1’ + Upb* %+ Usic* P+ 2U o0 * b* bk + 2U sa*c*hl - 2Upb*c* k)]

Atom x/a /b z/c Uy U, Uss Uz Uy Up
) 899802)  2961(d)  1701Q) 31 s« 41]) =4 3(1) 20
C2) 8666(2) 2062(4) 3102(3) 39(1) 49(1) 56(1) 4(1) o) 3
) 7497(2)  2446(3)  29572)  36(1)  43(1)  S0() 1(1) 6(1) 1(1)
C4) 6649(2) 1741(4) 3654(2) 43(1) 43(1) 54(1) 5(1) 12(1) o)
cs) 56502)  2516(3)  33722) 4Ny 4x1)  47(D) ol 6(1) -1)
C(6) 5530(2) 4063(4) 2445(2) 33(1) S S3(1) (1) 8(1) ~1{1)
co) 6365Q2)  4779@)  17482)  411)  60(1)  SI() 19(1) (1) —1()
c®) 73322) 39014 19962) 3L 5S(1) 44D 5(1) 2 0(1)
Co) 10089(1)  37493)  1707Q)  33(1)  49(1)  47Q1) 1(1) 6(1) 5(1)
C(10) 10333(2) 5416(3) 2423(2) 39(1) 55D 53(1) ~9(1) oD 71
cal 11330¢2) 6088(4) 2302(2) 40(1) 49(1) 56(13 —5(1) ~1(1) 1(1)
C(12) 12060(1) S172(4) 1554(2) 33(hH) 61(1) 53(1) o(1) 41y 2D
C(13) 11857(2) 3533(4) 882(3) 39 66(1) 64(1) ~10(1) 13(1) 1y
C(14) 10834) 282748 9532)  46(1y  SA)  SI)  —10() 13(1) 10
C(15) 127542) 7885(5) 2287(4) 50(1) 71(2) 94(2) —12(2) 1) —16(1)
C(16) 4739(2) 1759(4) 4076(3) 43(1) 49(1) 58(13 L) 14()) —2(1)
ca7) 3I73Q) V8@ 3972(3) 410 Sl 65(D) 12(1) 10(1) o(l)
c(s) 2853 15974 4676(3) SIS 830 501) 0(1) ~5(1)
C(19) 95001(2) 41(5) 3276(5) 45(1) 592)  106(2) 13(2) 14(1) 12(1)
C(20) 5530(3) 7592(6) 1060(5) 59(2) 312y 1143 53(2) 15(2) 13(2)
o) 8231(1) 4446(3) 1376(2) 341 68(1) 59(1) 17(1) 10(1) 2(1)
o) 17551y 7692(3)  2907Q)  SI(L) 691  1lo()  ~30(1) 161 —17()
03) 12983(1) 6184(3) 1613(2) 34(H 76(1) 96(1) ~2(1) 1314} —6(1)
o) 6328(1)  6280(4)  868Q2)  44(1)  98)  92() 54(1) 18(1) 13()
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Table III. Fractional hydrogen atomic coordinates and thermal parameters (X10%) with their e.s.d’s in parentheses,
The isotropic temperature factors are in the form of

exp(— 8mUsin®6/A?)

Atom bonded to x/a y/b z/c U
H(D) cm 89203) 218(6) 04(4) 70(9)
HQ) Q) 893(2) 279(4) 384(3) 36(6)
H@) C4) 673(2) 78(3) 4302) 20(4)
H(6) C(6) 479(3) 475(5) 232(4) 68(9)
H(10) C(10) 980(2) 620(4) 277(2) 40(5)
H(13) C(13) 123102) 293(5) 27(3) 81(9)
H(14) C(14) 1063(2) 178(3) 4402) 33(5)
H(15-1) C(15) 1324(3) 808(5) 299(3) 7709)
H(152) C(15) 1250(4) 883(13) 144(8) 186(16)
H(16) C(16) 490(3) 70(6) 471(4) 71(10)
H(17) ca7) 365(2) 332(5) 363(3) 45(7)
H(18-1) C(18) 297(4) 30(10) 505(6) 111(18)
H(18-2) C(18) 278(5) 193(10) 612(7) 139(18)
H(18-3) C(8) 223(4) 205(10) 457(6) 124017
H(19-1) (19 868(4) ~50(8) 249(6) 105(16)
H(19-2) C(19) 963(3) ~29(4) 314(3) 53(7)
H(19:3) C(19) 876(3) —62(6) 422(4) 70(9)
H(Q0-1) CQ0) 567(4) 887(8) 34(5) 103(13)
H(20-2) C(0) 477(5) 704(9) 28(6) 135(17)
H(20-3) C(20) 523(5) 775(9) 199(6) 121(17)

0656 for hydrogen atoms. The final difference

Fourier calculation showed maximum electron density
of 0.16 e/A’.

All the calculations were carried out on a VAX-
11/780 computer system at Seoul National Univer-
sity. The atomic scattering factors were taken from
“International Tables for X-ray Crystallography”®.

RESULTS AND DISCUSSION

The final atomic parameters are listed in Table
Il and Table III, together with their estimated stan-
dard deviations. The observed and calculated struc-
ture factors are available upon request. -

The atomic numbering scheme, bond lengths and

angles are shown in Fig. 2. All the molecular dimen-
sions are in the chemically reasonable range”. How-
ever the differences of bond lengths in the penta-
gon moiety caused the interatomic angles around
C(2) to be deviated from the ideal value of 1094°
(sp*carbon), suggesting some strains in the moiety.

The equations of the least-squares planes of the
planar regions of the molecule and the deviations
of individual atoms from these planes are collected
in Table IV. Fig. 3 shows torsion angles around

three single bonds which can be rotated with con-
formational changes. The molecule has a dihydro-
benzofuran group and a methylenedioxvphenyl
group. The phenyl ring (plane B) of the methylene-
dioxyphenyl seems to be more planar (ZA*=0.00039
/0\2) than that (Elane A) of the dihydrobenzofuran
(EA=0.00185 A?. Also, the deviations from the
planes of the remaining atoms are larger in the
latter group. When an alkoxy group is substituted
to a phenyl ring (as the oxygens of the title com-
pound) there is some tendency of the effective over-
lap of unbonded electron lobes of oxygen with the
7 cloud of the ring as reported previously'®. The
distance from the oxygen to the phenyl group is
shorter than that to the other side alkyl, and the
two bonds of the oxygen tend to be coplanar to the
ring plane'™®, The sp’-carbon atom lacks such un-
bonded lobe, and there is no tendency of overlapp-
ing. So the geometry of dihydrobenzofuran is more
distorted than that of methylenedioxyphenyl. The
two group has the dihedral angle of 69.1°. The con-
jugated n electron system of the ring exctends to
the double bond of the propenyl group (plane C),
and this plane is nearly coplanar to the ring as
expected (dihedral angle, 2.42°).
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Fig. 2. Bond lengths (13) and angles (°) of licarin-B with their e.s.d’s in parentheses.

E)
2
O

12,7(2)

Table IV. The equations of the least-squares planes of the planar regions of the compound, and the deviations of
individual atoms from these planes(A).
*: Atoms used for the calculation of the eguation

h Y

Equations: Plane A (phenyl group of the dihydrobenzofuran moiety)
0.1522X+0.6297Y +0.7618Z = 4.6082

Plane B (phenyl group of the methylenedioxyphenyl moiety)

0.2492X —0.4977Y +0.8308Z =3.1467

Plane C (propenyl group)

0.1522X+0.5966Y +0.7880Z=4.6072

Deviations from:

Atom Plane A Plane B Plane C Atom Plane A Plane B Plane C
c() 0.334 0.074 0.363 C(13) 0.090 -0.012* 0.152
CQ) ~0.166 -1.198 ~0.193 C(14) 0.559 0.006* 0.603
C(3) —-0.013* —0.580 ~0.027 C(15) —3.039 0.209 —2507
C4) —0.012* —1.088 —0.602 C(16) 0.056 -0.793 -0.002*
C(5) 0.024* —~0.281 0.002* can 0.039 -0.190 - 0.002*
C(6) —-0011* 1.011 0.026 C(18) 0078 —~0.704 0.002*
C( —0.014% 1.528 0.057 C(19) 0.566 —-2.161 0487
C(8) 0.025* 0.718 0,069 - CRO) —~0.652 3321 —0.497

- C9) -0239 0.006* —0.194 o 0.034 1.096 0.106
C(10) —~1.541 —0011* —1472 oQ) —~3,189 —0.009 -3.076
C(1h) ~1.957 0.005* —1.868 o3 —~1.842 0.033 ~1.734
C(12) —~1.162 0.007* —1.077 O4) -~{.077 2741 0051

Fig. 4 shows the stercoscopic molecular packing
in the crystal. The molecules are arranged along
with the screw axis. The intermolecular contacts ap-
pear to be the normal ven der Waals' interactions.

The compound is a dimeric phenylpropanoid.

The stereoscopic ORTEP'Y drawing of the molecule
is presented in Fig 5. It seems that the allyl moiety
of one phenylpropanoid was coupled to the phe-
noxy group of the other phenylpropanoid. Though
the coupling is thought to occur via free radical
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Fig. 3. Newman projections around the single bonds of

licarin-B.

Fig. 4. The stereoscopic packing diagram for licarin-B.

reaction'¢'”, the aromaticity of the phenyl rings was
conserved after dimerization. The compound be-
longs to a neolignan analogue'”. In-this work, we
didn't determined the absolute configuration of the
compound. The configuration around the C(1) and
C(2) atoms were temporally assigned as (RR), but
the compound may have its enantiomeric configu-
ration (S,S).
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