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Crystal and molecular structure of 1 lc -methoxypuupehenol diacetate 
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Puupehenone from the sea sponge Dysidea sp. was conver~ed into I IcL-methoxypuupehenol 
diacela|c. The crystal and molecular s~rucmre of the titie compound was established by X-ray 
diffraction ~,nalysis. 
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P u u p e h e n o n e  (I)  was isolated for the first t ime from 
the sea sponge Ckondmsia chuca/la. I Its structure ,*'as 
established I based on the spectral  characterist ics and 
X-ray dif f ract ion study of  the ozonolysis  product.  [ h e  
absolute s tereochemist  U of  c o m p o u d  I and biogeneti-  
cally related metabolites z-'~ was established based on 
the chemica l  transformation o f  I into the known natural 
c o m p o u n d  ( - ) - d r i m e n o l .  5 

C o m p o u n d  I and an i n s i g n i f i c a n t  a m o u n t  o f  
c h l o r o p u u p e h e n o n e  (2) were also isolated ~ from the 
Austral ian sea sponge Dysidea sp. It was demonstra ted 
that c o m p o u n d  1 can undergo a romat iza t ion  in alco- 
holic solut ions .  7 

o ther  substituents. The distortion of  ring B is more  
p ronounced .  The  endocyc l ic  torsion angles at the  
C(5 ) - -C(6 )  and C(8)- -C{q)  bonds are - 6 2  ~ and 42 ~ 
respectively. The C15) and C(8} atoms deviate from the 
C{6)C(7)C(9)C{I0)  plane by -0 .715 and 0.532 A, re-  
spectively. The rings B and C are c/s-fused. The epoxy  
ring adopts a C(8)c~.-envelope conformat ion.  An ana lo -  
gous configuration of  the fused rings was observed in 
ozonolysis product !. I The aromatic ring is planar. The  
deviations of  the atoms from the plane o f  the ring were 
no more than twice the corresponding standard devia-  
tions. The C(9) a tom deviates from the plane o f  the 
aromatic  ring by 0.142(3) A. The planar group consis t ing 
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1: R = H 3 a :  R = O H  
2:  R = CI 3 b :  R = OAc  

Boil ing o f  a solution o f  c o m p o u n d  1 in MeOH 
afforded methoxypuupehenol  3a. With the aim of  estab- 
lishing the spatial structure o f  3a,  its diacetate 3b ,*,as 
studied by X-ray  diffraction analysis.  

The  perspective view of molecule  3b is shown m Fig. I. 
The rings A and B of the i soprenoid  port ion of  molecule 
31) are trans-fused and adopt a cha i r  con |b rmat ion .  The 
c o n f o r m a t i o n s  o f  these rings are dis tor ted due to 
t ,3-diaxia l  interactions be tween  the methyl groups and 
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Fig. i. Spatial structure of molecule 3h 
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of the a t o m s  o f  the  rings C and  D forms an  angle o f  
130.6 ~ wi th  the  m e a n  plane o f  the A and  B rings. 

The  ace toxy  groups  are located on  one  side o f  the 
plane o f  the  a r o m a t i c  ring, whereas  the  polycycl ic  sys- 
tem is loca ted  on  the opposi te  side. This  a r r a n g e m e n t  
can be g o v e r n e d  by the molecu la r  pack ing  in the  cp,.,stal 
or  by the  effect  o f  the spatially r e m o t e  por t ion  o f  the 
molecule  o n  the  d i rec t ion  of  the  add i t i on  of  the acetyl 
groups.  In t he  cws ta l ,  the molecu les  are l inked ~o each  
o the r  via the  i n t e rmo lecu l a r  C ( 2 4 ) - - H . . . O I 2 5 } "  hydro-  
sen  b o n d s  8 (C. . .O.  3.33 3,: H.. .O, 2.40 ,\: the  posi t ion 
of  the h y d r o g e n  a tom was revealed from the  d i f ference  
e l ec t ron  dens i ty  synthesis) ;  the  C - - H  bond  length is 
0.97 A. An  a n a l o g o u s  d i rec t ion  of  the  add i t ion  of  the 
acetyl g roups  was obseP,ed in isoavarol  d iace ta te .  9 The  
inc l ina t ion  o f  the  acetoxy groups  to the p lane  o f  tile 
a roma t i c  r ing is de t e rmined  by the pos i t ion ,  which  is 
mos t  s u i t a b l e  to c o n j u g a t i o n  b e t w e e n  the  lone  
e lec t ron  pair  a n d  the orbi ta l  o f  the  a r o m a t i c  ring. 
The  c o r r e s p o n d i n g  C ( 1 3 ) - - C ( 1 4 ) - - O ( 1 4 ) - - C ( 2 3 )  and  
C ( 1 4 ) - - C ( 1 5 } - - O ( 1 5 ) - C ( 2 5 )  d i h e d r a l  a n g l e s  are  
- I 0 8 . 6 1 4 )  ~ a n d  -111 .714)  ~ respectively.  The  o r i en t a -  
t ion o f  the  m e t h o x y  group is c h a r a c t e r i z e d  by the  
C ( 9 } - - C (  I I ) - - ( ) (  I I ) - -C122)  to r s ion  angle  of  96 .0(4V.  

F h e  da ta  of  I H N M R spec t roscopy  of  c o m p o u n d s  3a 
and  31} agree  wi th  t he  results of  X-ray  d i f f rac t ion  ana ly-  
sis o f  d i a c e t a t e  3b. ] ' he  sp in -sp in  coup l ing  c o n s t a n t  is 
virtually a b s e n t  for the H ( I I }  and  HI9)  p ro tons ,  which  
indica tes  t ha t  the  dihedral  angle  be t w een  these  p ro tons  
is close to 90 ~' and .  consequen t ly ,  the  c o n f o r m a t i o n s  of  
rings B and  C in so lu t ions  are s imi la r  to those  observed 
in the crystal  ( th i s  angle is 93~ 

Experimental  

The 1H and 13C NMR spectra were recorded on a Bruker 
WN1-250 spectrometer with Me4Si as the internal standard. 
The mass spectra were obtained on an LKB-9000S mass 
spectrometer with direct intrcxluction o f  the sample into the 
ion source, the ionizing voltage was 70 eV. l h e  optical rota- 
tion was measured on a Perkin--Elmer 14t polarimeter. 

Extraction and chromatography. The sea sponge Qv~idea 
sp. was collected in Australian coastal waters in 198q in the 
course of the ninth trip of the "Academician Oparin" research 
ship. The lyophilized sponge ( 160 g) was extracted with CH/Ct 2. 
The concentrated extract {0.8 g} was chromatogmphed on SiO 2 
using a 10 : 1 CH,CI,--ErOAc mixture and then on Sephadex 
LH-20 using a 3 : I CH?CI,--CHCI 3 mixture as the solvent. 
TLC was carried out on Silulbl plates using a 4 : I hexane-- 
acetone solvent system. The fractions containing compound I 
were concentrated. In attempting to perform cry.'stailization 
from hexane, an mnorphous precipitate was obtained (the yield 
was 0.6 g~. 

Pu,,l~henone ( ! ) ,  a bright-yellow amorphous compound. 
The spectral data are identical to those reported m the litera- 
ture. t [C~[D +318 ~ (c 0.55. CCla) (cf Ref, I: [CZJO +315 ~ 
Ic 1.64, CC14), lit. data:': Io.ID +297~ (c 0.44, CCI4), lit. dataS: 
[cqO +I89 ~ (c 1.08, CCI4)) 

Methoxyp-upeheool (3a}. A solution of compound i 
(43.2 rag, 0.15 mlnol) in MeOH {30 mL) was refluxed for 
24 h. After evaporation of the solvent, compound 3a was ob- 
tained in a yield of 54 mg {100%), m.p. 136--138 ~ (MeOH). 

[(*]D --41" (c 0.55. MeOtt). Found 1%): C, 73.20; H, 9t}0. 
C22H3204 . Calculated {'?g): C, 73.30, H. 8.95. UV (MeOHS. 
kmax/nm t~:'1:215 (9076). 227 sh (5538), 300 14707). IH NMR 
!MeOH-da), 6: 6,68 {s, I H, HII3}); 6.18 Is, I H. Hil6)): 4.10 
is, I H, HIlI));  3.41 !s, 3 H, OCH3}: 1.55 (s. I H. H(9)): I t9 
Is, 3 H. Cil8)143): 0.92 Is, 3 H. C(21}H3); 0.33 is. 3 H, 
C12011-t~): 0.65 is, 3 t t  C(19}H-.5: 1.00--1.20, 1.40--1.70, and 
2.00 {m. 11 H, HI5}. Hll) ,  HI2). }It3L HI6), and H(7/}. ~3C 
NMR (MeOH-d4L 3:148.0 (s): 147.5 (s;: 140.1 is); 117.1 {d); 
115.3 Is): 104.6 (d): 75 g (s); 75.1 id); 56.2 (q;: 56.3 (d): 54.9 
(d); 43.0 ft); 42.0 it); 4t .I  it): 381 is}; 34.2 Is); 34.2 (q): 27.9 
(q); 22.5 (q): 19.5 It): f9.5 it): 15.0 {q). MS, m/z: 360 [M] +. 

1 l-Methoxypuupehenol diacetate (3b). A I : I Ac20---Py 
mb:ture (I mL) was added to compound 3a (36 mg. 0.1 mol). 
The reaction mixture was kept at -20 'C fi}r 3 h. After 
evapon:tion and cwstatlization from MeOH, compound 3b 
was ~btained m a yield of 44 mg {99%). m.p, 145--147 ~C, 
['~}D --52~ {c 0.99, MeOH). Found (%): C, 70.1o; H: 8.20. 
C26H3~O{,. Calculated {%): C, 70.24: H. 8.I0. UV iMeOHI, 
;,.,n:,,/rlm I~:): 220 (10606), 287 sh (40001. IH NMR (CDCI3), 
6 :6 .79  (s. I H, H{13i), 0.32 (s. I H, Hile)}: 4.0q {s, I H, 
H(II}):  3.47 (s, 3 H, OMe): 2. t8 is, 6 14, 2 0 A c ) :  1.67 (s, 
I H, lt{P)); 0.90-1.20, 1.40--1.70, and 1.90--2.15 {m, II H. 
H(S). HIlL HI2). HI3}, HI6). Ht7)): 1.21 Is. 3 H, C(ISIH.;): 
0.92 Is, 3 H, C(21)H:): 0.83 Is. 3 H, C(20}H3): 0.66 Is, 3 H, 
C(19)1t3). ~3C NMR tCDCI3). 8:168.4 is): 167,7 is): 151.9 
(s): 142.2 Is); 135.3 I~); 124.2 (d}: 121.8 Is); II 1.7 (d): 75.8 (s); 

Table I. Atomic coordinates (x 10 a} and equivalent isotropic 
thermal parameters ix 10) 

' R ":k 2 Atom v/a y/b Z/c ~q~, 

C i l )  -3858i4~ 0 -1291i3)  62(I) 
C(2) --3401i5} 642(7) -289(3)  9 I ( I )  
Ci3) -333115~ -880(7)  382(3) 96il)  
C{4) -250015) ---2367(7) 211(3) 8511) 
C15~ -2890131 -2939(6) -837{2) 5311) 
C{6} -219614) --4482(6} -112013) 63tl)  
C~7) -2904i4) -5286{5) -201813) 571[} 
C(8) --325713} -3995{5} -2840{2) 42/1} 
C49} -376t(3} --2232(5! -2554(2) 4011) 
C(IO) -3068(3) -1435/5~ -159112) 43(I) 
C ( I I )  -3944(35 -91015) -3368(2) 4111) 
C(12) -3024f3) -1086(5) .-397212) 3811) 
C(13) -300513) 117(5) -4683(2) 43tl)  
C(14) -2t56(3)  --4215) -522012) 44111 
C(15) -1328i3} -138815) -5055(2~ 43{I) 
C(16) -1307t31 -259215} --4358(2) 4511) 
C(17) -2160(3) -2447i5)  -3802(2) 4211) 
C(I8)  -411114) -4880(61 -3657(3) 64(1} 
C(19) -1866(4) -603(6)  -168412} 58tl} 
C(20) -2672(6) -3960(10) 833~3) 112(2} 
C(21) -1152(6) -1890(10) 503{3} 123(2} 
C(22) -5988(41 111(8) -3800(3) 8(}11} 
C(23) --2455{4} 89016) -6807(2) 62(1) 
C~24} -2075{5) 22b()(7) -7398(3) 86(I) 
C(25) -505(3) -2780(6} -6224(3) 53il} 
C126) 450(4) -257I (7 )  -6753(3) 67(1/ 
O(85 -209912) -366313} -310912) 4711) 
O(11) -5125{2) -106814) -3980(25 58{I) 
O(I4)  -2071(2) 1281(4) -5887(2) 58(I} 
O115) -45112) -1444(4) -559412) 54(I) 
0(23)  -298714} -435(5)  -7072(2) 109{I} 
0(255 - t l 9 1 ( 3 )  -3978(5)  -6256(2)  100(I) 
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73 0 id): 564  {q): 55.1 ld): 54.0 td): 41.9 ~t~: 40.7 H). 39.0 it): 
37.0 (s): 33.7 (q): 33.3 (s): 27.3 lq): 219 iq): 20.6 (2 q); IS3  
( t )  18.4 It): 14.6 (q). MS. m/z: 444 I:"vll*. 

Cryslallagraphic data for compound 3b: C2~,H3~,0~,, 
.,",1 = 444.57: a = 11.330(3), b = 7.555',2). c = 14.643(2} ,,k: 
p, = 103.2412,~~ rnoIsoclinic system, space group P21, P = 

-,.3~ = = ~._. ,\3: Z = ,.~ d~.:,lc 1.21 .~,, cm-~: Fd.ll)0) 240: ~t,vl,, = 
0.8 cm -! . 

The co, stals were gro,.~n from a soitlliml in EIOH. The 
X-Pay data were collected on an automated Enmf-Non ius  C AD-  
4 diffractometer I.g.raphite mom~chromator.  IMo-K~t radiation. 
~,. = 0.71073 A) at -23 "C using the 0>0 ,,canning technique to 
0 - -  28 ~ A total o f f  149 independent reflections were measured 
of  which 1841 reflec~ionswith / '> 3m'/) were used in the refi- 
nement.  Corrections ~br the Lorentz aud polarization thctors 
were applied. The SlvUcture was solved b.v the direct me thod  and 
refined anisotropically by the full-malrix least-squares method  to 
R = 0.046 (the hydrogen atoms were introduced in geometrically 
calculated positions,k All calculations were carried out  using the 
S D P- PLU S program package, l0 

The coordinates of the nonhydrogen atoms and their equiva- 
lent isotropic thermal parameters are given in Table I- Tl'~e 
bond lengths and bond angles in molecule 3b are close to the 
corresponding s tandard values except for the short C (2 ) - -C (3 )  
and C ( 6 ) - C { 7 )  bonds (1.503(51 and 1.5i)3i4) A, respectively} 
and the angles, whici~ are increased due to 1,3-diaxial interac- 
l ions between the methyl groups and other  a toms .  The 
maxin lunl  inc rease  ~n the bond  angle is o b s e r v e d  for 
Ct4} - C ( 5 ) - - C (  I!D {to 117.I92)~). 
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