
I. STRUCTURAL STUDIES OF TERMITE DEFENSE SECRETIONS 
11. STRUCTURAL STUDIES OF NATURRL FRODUCTS OF MARINE NUDIBRANCHS 

Barbara Ann Solheim 

M. S. Thesis Submitted to Iowa State University 

Ames Laboratory, DOE 

Iowa State University 

Ames, Iowa 5001 1 

Date Transmitted: December 1 977 

rpoluDlcd bg the United Sum Oorcmm~t. Mtb tho 

Enally,5Jrury of t h c i r a a p l O ~ , a o r ~ ~ f m o l r  
cmtndon. ~ n m e t m ,  or tw eu&ya& anhr 
my-ty,+*orhrpU?dwrumslmyW 
I*WIw s-Qity for t h e l c a t n y , c a @ ~  
f f m w o f m ~  ~ t i o n , a m n f u s . p o d u c t o r  
p a s r d L c l a a d , o r ~ ( t e M t i t r u r w w l d a o t  

PREPARED FOR THE Us Ss DEPARTMENT OF ENERGY 
UNDER CONTRACT NO. W-7405-eng-82 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



I NOTICE 
This report was prepared as an account of work spon- 
sored. by the United .States Government. Neither the 
United States, nor the United States Department of Ener- 
gy, nor any of their employees, nor any of their contrac- 
tors, subcontractors, or their employees, makes any 
warranty, express or implied, 'or- assumes any legal 
l iabi l i ty or responsibility for the accuracy, complete- 
ness, or usefulness of any infor mat ion, apparatus, 
product or process disclosed, or  represents that i ts 
use would not infringe privately owned rights: 

Available from: National Technical Information Service 
U. S. Department of Commerce 
P.O. Box 1553 
Springfield, VA 221 61 

Price: Microfiche $3.00 



iii 

I. Structural studies of termite 

defense secretions 

11. Structural studies of natural 

products of marine nudibranchs 

Barbara Ann Solheim 

A Thesis Submitted to the 

Graduate Faculty in Partial Fulfillment of 

The Requirements for the Degree of 

MASTER OF SCIENCE 

ueparment: Chemistry 
Major: Organic Chemistry 

Approved : 

I 

For t e Gra uat ollege 

Iowa State University 

Ames, Iowa 



TABLE OF CONTENTS 

Page 

DEFENSE SECRETIONS OF THE FAMILY TERMITIDAE 

General Introduction 

Kempene I1 

Background 

Experimental 

Discussion 

Biflora-4,lO-19,15-triene 

Background 

Experimental 

Discussion 

NATURAL PRODUCTS OF MARINE NUDIBRANCHS 

General Introduction 

Tridachione 

Background 

,Experimental 

Discussion 

ACKNOWLEDGMENT 

REFERENCES 



DEFENSE SECRETIONS OF THE FAMILY TERMITIDAE 

General Introduction 

Defense is a primary objective among many vertebrates 

and invertebrates and how a species goes about its defense 

is sometimes a mystifying subject.. It is well-known that 

some insects mimic the environment around them such as the 

walking stick or other inedible insects as the viceroy 

mimics the monarch butterfly, bees have evolved the stinger -. 
1 

and the grasshopper has strong jumping legs. In the order 

Isoptera, certain families of termites have evolved a sticky 

secretion which tends to envelope and immobilize the enemy. 

The most widespread and primitive system of defense 

in termites is the power behind the soldier caste's mandibles. 

When the community is threatened, the soldiers gather and 

mechanically repel the intruder by force. Through evolution, 

this method of defense has been supplemented by chemical 

means in three distinct families, the Mastotermitidae, 

Rhinotermitidae and Termitidae. 

The termites of the family Mastotermitidae are classi- 

fied as primitive among the termite species yet they have 

evolved an extremely odiferous defense secretion apparently 

originating from the buccal cavity. The secretion is 

generally colorless and-fluid initially but begins to set 

and darken after being released until it becomes a dark, 

rubber-like material which seems to serve as an immobilizer 



of the enemy. The chemistry that has been done on this 

family identifies the major component of the secretion as 

E-benzoquinone with traces of toluquinone. The biosynthesis . 

of the E-benzoquinone is not known but a prevailing theory 

suggests . . that it is formed from the glucoside o'f its phenolic 

precursor !I). It is thought that these reactive quinones 

combine with the ,protein components of the termite saliva 

to produce the dark, insoluble sclerotin that forms (2). . . 

In the Rhinotermitidae, soldiers emit from the 

fontanelle a drop 0f.a milky substance which soon dries to 

a colorless, re.s.ilient film. There appears to .be no chemical 

reaction between other compounds in the development of this 

film as the material can be reconstituted to its original 

form merely by adding water to it. Work done on these 

secretions finds t.he.mto be composed af a sms:peri.sion Qf 

lipids of constitution C22 through C27  most of which are 

saturated paraffins,in an aqueous solution .of macopoly- 

saccharide primarily based on glucosamine and .posb.ibly some 

glucose units '(2) . 
Members of the family Termitidae have the highest level 

of sophistication in terms of evolutionary progress in 

means of defense and because of this, elicit a great inter- 

est among researchers. Specifically , the subfamily Nasuti- 

termitinae which is both the largest in the order Isoptera 

and the most specialized has been studied in the greatest 

detail. This unique specialization has centered around 



a gradual reductibn ;of .the soldier mandibles to rioa- 

functional stubs while simultaneously, a development of a 

small projection on the front of the head in the form of a 

long, attenuated snout or nasus at the tip of which is the 

frontal. pore. Contraction of the still present mandibular 

muscles causes the defensive secretions of the frontal gtand 

to be forcibly ejected through the pore on the nasus ( 3 ) .  

In 1964, Moore investigated the subfamily Nasutiter- 

mitinae and said this about their mode of defense (4): 

"Termites of the Nasutitermitinae differ from 
those of other subfamilies in their complete de- 
pendence upon chemical means for defense purposes. 
The defensife secretion is produced exclusively 
by the soldiers in a special gland which occupies 
much of the head cavity and which discharges into 
a beak-like process, the so-called rostrum, 
situated on the frons. When stimulated or attacked, 
the soldiers orientate themselves toward the 
source of the disturbance and eject a fine stream 
of mobile secretion, which rapidly forms a sticky 
resinous thread upon exposure to air. The secre- 
tion is believed to function entirely as a mechani- 
cal immobilizing agent and to possess no toxic 
action but no detailed chemkcal analysis appears 
to have been recorded." 

Moore's investigation of the volatile portion of the secre- 

tion found a-pinene, l., to be the major component with B- 

pinene, 3 ,  and other monoterpenoid hydrocarbons present. in 
significant amounts. He then theorized that the monoter-' 

penes acted largely. as solvent-carriers for resinous constit- 

uents of the secretiions. and possibly 'as. aJarm':pfie.roinones.. . 



There are two possibilities as to the origin of these com- 

pounds; the soldiers concentrate the small amounts in the 

food material fed to them by the worker caste or they are 
. . 

able to synthesize the compounds internally. 

Studies now underway seem to confirm that the defense 

secretions -do elicit alarm response in other members of 

the community and are both mechanically disabling and 

systemically toxic to small.insects. General concensus con- 

siders the alarm behavior to be induced by a-pinene alone or 

by the mixture of monoterpenes in the volatile portion (5,6). 

These monoterpenoid compounds also seem to be responsible for 

the specific scent of each species. 

Recently (5), a total Chemical analysis of the defense 

secretions of both major and minor soldiers of the East . . 

African termite Trinerviter'mes 'gr'atiosus (Isoptera: 

.Termitidae : Termitinae) was. completed. The fluid was found 

to contain three distinct groups of compounds, monoterpene 

hydrocarbons, monoterpene alcohols, and polyfunctional di- 

terpenes possessing.the . , novel trinervitene skeleton 2 ( 7 , 8 ) .  



The monoterpene hydrocarbons were identified as a- 

pinene $, $-pinene & camphene 5 myrcene 5, and limonene 6 
?- m I  

by comparison with known samples. 

The monocyclic terpene alcohols have been isolated but 

complete spectral data has not as yet been finished, there- 

fore, structures have not been formally assigned to them. 

Most of the polyfunctional diterpenes have been charac- 

terized and structures assigned to them from direct spectral 

analysis of pure samples. They are trinervi-96-81,z, - 
trinervi-26,Sa-diol ,g, isotrinervi-2$,3a-diol 9, trinervi- - - - - -V 

2$,3a,9a-tri01-9~O-acetate - - - 10 and trinervi-2B,3af9a-triol- 
N - - -  

2,3-0-diacetate k&. Three other minor components have not 

been thoroughly analyzed yet but it is apparent that they 

also are trinervitene congeners.. 



Eisner has demonstrated that many of the monoterpene 

hydrocarbons found in the secretions seem to have an irritant 

effect and it was theorized that addition of the diterpene 

components would increase that effect. Tests have been run 

with a solution of 26% trinervi-2B,3a,9a-triol-9-0-acetate - - - 
10 Y in freshly purified - a-pinene .% 1 to substantiate this 

theory and the results showed no increase in toxicity over 

the pure - a-pinene ..- 1 tested previously in topical applications 
to formicine ants ('Formica e~~ec'toides). There were observed 

some changes in the physical nature of the - a-pinene upon 

addition of the trinervitene. The viscosity of the solution 

increased greatly which has been suggested to cause the 

liquid to stick better and to produce a decreased rate of 

. evaporation of the volatile monoterpene which would prolong 

the irritating effect of the secretion (5). 

The more work that is done with these secretions, the 

more questions that are raised and for the most part remain 



unanswered. The chemical composition of the defense secre- 

tion differs from family to family and more surprisingly, 

from species to species within a family. This fact in it- 

self wil.1 take years of research before even a small percen- 

tage of the known species will have been examined, the corn- , ' 

position of their secretions analyzed and their biosynthetic 

origins known. The specific functions of these chemicals 

are now just behg . . guessed at. It is. clear that they are 

defensive in nature but the range of their effectiveness is 

not known. It is thought . . that the secretions may protect 

the colony from such intruders as predators, molds, diseases, 

parasites and other competitors. The inducement of alarm 

behavior, the odor of the species and even the control of 

the caste ratios within the population appears' to have some 

connection with these fluids. 

It is the object of the first part of this work to 

examine the s.tructu.ra1 characCeristics of two diterpenoid 

hydrocarbons found in the frontal gland secretions of 

~a&ititemes kempae and Cubiterrtiesumbratus soldiers - 
(Isoptera: Termitidae: Termitinae) . 

Kempene I1 

Background 

In an attempt to determine the chemical composition of 

the defense secretions of' Nas'uli:temes' kempae soldiers, 5000 



heads  were crushed under  and e x t r a c t e d  w i t h  hexane. The 

s o l v e n t  w a s  t hen  removed i n  vacuo and t h e  r e s u l t i n g  100 mg. - 
of crude s e c r e t i o n  was chromatographed on a F l o r i s i l  (100- 

200 mesh) column wi th  i n c r e a s i n g  pe rcen tages  o f  e t h y l  acetate 

i n  benzene a s  e l u e n t .  T h i s  procedure  provided two uv-act ive  

materials, kempene I and kempene 11. 

The p h y s i c a l ' c o n s t a n t s  o f  kempene I1 were found t o  be 

as fo l lows:  mp.  120.5-122.S0; MS. m/e 342 M+ ( C 2 2 H 3 0 ) ,  282 

(M+ - A c O H ) ,  267 (M+ - AcOH - M e ) ;  UV ( M e O H ) ,  244 nm ( € 

6,330) ; CD (MeOH) , 2 4 1  ( A  s + 0.025, d i ene )  and 289 nm ( A  E 

+ 1.46, k e t o n e ) ,  I R  ( C C 1 4 ) ,  1737 (OAc)  and 1702 cm-' 

(ke tone)  . The n a t u r e  of a l l  twenty-two carbons  was d e t e r -  

mined by t h e  techniques  o f  PND, - s e l e c t i v e  decoupl ing ,  par-  

t i a l l y  r e l a x e d  F o u r i e r  t r ans fo rm (PRFT) and combined PWT/ 

s e l e c t i v e  decoupl ing (9) . 
C l a r i f i c a t i o n  of t h e  s t r u c t u r e  e x c e p t  f o r  t h e  l i n k a g e s  

between C (1) /C (15) , C (12) /C (13) and t h o s e  ex tending  from 

C ( 1 1 )  w e r e  accomplished by d e t a i l e d  a n a l y s i s  of 'H-NMR 

spectrum a t  bo th  100 and 220 MHz. I t  w a s  p o s s i b l e  t o  a t  

l e a s t  p a r t i a l l y  s e p a r a t e  most of  t h e  pro ton  s i g n a l s  w i t h  

t h e  use  o f  Eu( fod)  and t o  use  decoupl ing  t echn iques  i n  t h e  

c o r r e l a t i o n  of  p ro ton  s i g n a l s  t o  carbon s i g n a l s ' b y  selective 

h e t e r o n u c l e a r  decoupl ing.  

A t  t h i s  t i m e ,  it w a s  dec ided  t o  u s e  x-ray s t r u c t u r a l  

a n a l y s i s  t o  determine t h e  e n t i r e  s t r u c t u r e  of  kempene P I .  



Experimental 

The crystals of kempene I1 which were used for single- 

crystal x-ray diffraction analysis were crystallized from 

olefin-free pentane under an argon atmosphere. Fifteen 

high angle reflections in least-squares fitting indicated 

that the compound crystallized in the orthorhombic crystal 

class with cell constants a = 10.370(3), b = 9.671(2) and 
0 

c = 19.817(7) A. Exainination of the data collected turned 

up systematic extinctions which when combined with the 

chirality of the molecule indicated the space group P212121 

with one molecule per asymmetric unit and a calculated 

densiky of 1.14 g/cm3. A 1 1  nniqne data with 201114° were 

collected on a computer-controlled four-circle diffractometer 
0 

using graphite monochromated CuKa (1.54178 A) x-rays. A 

total of 1596 reflections were measured with 1258 (78%) 

2 considered observed (Fo - >30 (FO2) ) after correction for 
Lorentz, polarization and background ,effects (10) . 

Utilization of a multiple solution tangent formula 

approach gave a reasonable twenty-two atom molecule with 

the remainder of the molecule being revealed after employing 

a tangent formula recycling procedure (11). Coordinates of 

hydrogen atoms were determined and final full-matrix least- 

squares refinements using anisotropic temperature factors 

for the nonhydrogen atoms and isotropic temperature factors 



f o r  t h e  hydrogen atoms produced an unweighted c r y s t a l l o -  

graphic  r e s i d u a l  of 0.040 .  Figure  1 c o n t a i n s  a computer 

genera ted  p e r s p e c t i v e  drawing of kempene I1 and Tables  1, 

2 ,  3 and 4  con ta in  t h e  f r a c t i o n a l  coord ina te s ,  bond d i s -  

t ances ,  bond ang les  and observed and c a l c u l a t e d  s t r u c t u r e  

f a c t o r s .  

B i's'c'u s's'i'on 

Kempene I1 L2 can be desc r ibed  a s  a dome-shaped t e t r a -  

c y c l i c  a r r a y  of  5-, 6- and 7 - m b e r e d  r i n g s  which appear  t o  

be s t r u c t u r a l l y  r e l a t e d  t o  t h e  t r i n e r v i t e n e s  (TG-3 12) ( 7 , 8 ) .  

A s  i n  t h e  t r i n e r v i t e n e  TG-3 12, most of t h e  s u b s t i t u e n t s  

a r e  on t h e  convex s u r f a c e  w i t h  t h e  except ions  of t h e  hydro- 

gens a t  C ( 1 )  and C ( 1 1 )  and t h e  methyl group a t  C(12) .  

The a b s o l u t e  c o n f i g u r a t i o n  of kempene I1 was n o t  d e t e r -  
I 

mined by x-ray a n a l y s i s  b u t  s i n c e  it i s  s t r u c t u r a l l y  r e l a t e d  

t o  TG-3 13,  w e  assumed it t o  have t h e  a b s o l u t e  c o n f i g u r a t i o n  
-d 
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Figure 1. A computer generated perspective 
drawing from the crystal structure 
of kempene I1 with hydrogens = 

omitted for clarity. 





Table 1. Final fractional coordinates for kempene I1 with 
the estimated standard deviation of the least 
significant figure given in parentheses. Hydro- 
gens are assigned the same numbers as the heavy 
atoms to which they are bonded. The numbering 
scheme refers to Figure 1. 



Tab 1.e. .1. . (.C.onti.nue.d) 



Table  2 .  Bond d i s t a n c e s  i n  angstroms f o r '  kempene I1 w i t h  
t h e  e s t ima ted  s t a n d a r d  d e v i a t i o n  of t h e  least  
s i g n i f i c a n t  f i g u r e  g iven  i n  pa ren theses .  The 
numbering scheme refers t o  F i g u r e  1. 



Table  3 .  Bond a n g l e s  i n  deg rees  o f  kempene 11. Est imated  
s t a n d a r d  d e v i a t i o n  o f  t h e  least s i g n i f i c a n t  
f i g u r e s  are given i n  pa ren theses .  The numbering 
scheme r e f e r s  t o  F i g u r e  1. 



Table 3 (Cont inued)  



Table  4. The observed and c a l c u l a t e d  s t r u c t u r e  f a c t o r s  f o r  
.kempene 11. 

H =  0 3 1 45 46 5 1 8  4 3 0 4 34 34 
K L F O  = C  3 2 26 25 6 0 25 26 0 5  4 4 
0 2 18 19  3 3 29 29 6 1 7 7 0 6 11 12 
0 4 25 25 3 4 12 13 6 2  7 8 0 7 32 32 
0 6 83 81 3 5 40 38 6 5 15 14 0 8  8 8 
0 8 38 38  3 6 51 49 6 6 12 12 0 9 28 28 
0 1 0  9 9 3 7 73 69 6 7 14 14 0 10 22 23 
0 12 26 26 3 8 18 18 6 8 1 0  9 0 1 2  11 10 
0 14 10 10 3 9 15 14 6 9 12 12 0 14 13 13 
0 16 3 2 3 1 0 '  3 2 6 10 11 11 0 1 6  6 6 
1 0  1 0  3 13 15 15 6 1 1  14 14 1 0 39 40 
1 1 93 96 3 14 10 11 6 12 11 10 1 1 26 28 
1 2 20 20 3 15 14 13 6 1 3  6 6 1 2 41 43 
1 3  14 14 3 16 12 12 6 1 ' 5  9 8 1 3 12 13 
1 4 37 36 3 1 7  3 2 7 1 5 5 1 4  6 3  66  
1 5  39 37 3 18  9 10 7 2 11 11 1 5 26 27 
1 6 31 28 3 1 9  5 6 7 3  5 4 ,  1  6 30 30 
1 7 41 40 4 0 42 46 7 4  6 5 1 7 19 18 
1 8  6 6 4 1 26 26 7 5 10 16 1 8  6 5 
1 9 12 13 4 2 50 49 7 6 18 18 1 9 23 22 
1 10  52 5 2  4 3 22 21 7 7 18 17 1 1 0  4 5 
1 1 1  5 4 4 4 18 18 7 9 10 9 1 11 '15 15 
1 12 14 15 4 6 14 13 7 10 6 6 1 1 2  3 2 
1 1 3  6 6 4 7 16 16 7 12 14 14 1 1 3  6 6 
1 1 4  9 10 4 8  7 7 7 14 5 5 1 14 11 11 
1 1 5  8 8 4 9  6 6 7 1 6  5 5 '1 15 12 .ll 
1 1 6  7 6 4 10 2 2 8 0 13 14 1 1 6  7 7 
1 1 13 13  4 1 1  5 4 8 2  3 1 1 1 7  , 9  8 
1 18  12 13  4 1 2  4 4 8 3 10 11 1 1 8  4 4 
1 2 1  4 3 4 13 10 9 8 4  6 . 6  1 1 9  4 3 
2 0 124 133 4 14 10 10 8 5  5 6 1 2 0  3 3 
2 1 2 6  25 4 1 5  7 6 8 6 15 15 2 0 39 41 
2 2 38 38 4 1 8  7 6 8 8  3 2 2 1 25 24 
2 3 68 68 4 1 9  7 6 8 12 3 3 2 2 24 26 
2 4 .87 87 5 1 20 21 8 13 5 4 2 3 49 49 
2 5 13 12 5 2 31 28 9 1 10 11 2 4 40 39 
2 6 41 39 5 3 10 8 9 2  7 8 2 5 18  19 
,2 7 32 32 5 4 13 12 9 5 1 0  9 2 6 3 9  39 
2 8  7 6 5 6  3 4 9 7  4 3 2 7 23 23 
2 9 18 1 8  5 7 16 16 9 9  3 3 2 8 12  12 
2 11 9 8 5 8  7 . 7  1 0 0  4 5 2 9 18 18 
2 1 2  3 1 5 9  3 3 1 0 6  4 3 2 1 0  9 9 
2 13 10 10  5 1 0  8 9 2 11 22 22 
2 14 4 4 5 11 11 11 H =  1 ' 2 1 2  9 9 
2 1 5  18 1 8  5 12 14 14 K L F O  F C  2 13 18  18 
2 1 6  17 1 7  5 13 9 10 0 0  3 0 2 14 14 14 
2 17 7 7 5 1 4  5 6 0 1 34 34 2 15 10 10 
2 2 0  6. .6 5, 1.6 .1 .O 1  .O. .a 2. 1.4.4,,1.56 .2 .1.6 1.0 9 



I 

4 (Continued) 
6 6 5 9 25 24 9 0 3 3 1 15 1 5  16 
6 7 5 10 13 13 - 9 1 3 3 1 1 6  7 7 
3 3 5 11 4 4 9 5  5 7 1 17 12 12 

32 31 5 1 2  3 2 9 6  5 6 1 1 8  5 6 
30 3 2  5 1 3  8 8 9 7  5 5 1 1 9  4 4 
21 21 5 14 9 9 9 8  3 3 1 2 1  3 3 
19 19 5 1 5  3 2 9 9  2 3 2 0 32 34 
28 25 5 16 3 3 9 1 0  6 6 2 1 87 92 

8 8 5 1 9  4 4 1 0  7 7 2 2 51 54 
37 3 7  6 0  2 3 1 0 2  4 4 2 3 22 23 
44 46 6 1  4 4 1 0 3  3 3 2 4 40 41 
36 35 6 2  8 8 1 0 4  4 4 2 5 21 21 
36 3 6  6 3  7 7  1 0 6  3 3 2 6 13 13 
12 1 2  6 4  5 5 2 7  7 7 
17 17 6 5  9 9 H =  2 2 8 28 26 

9 8 6 6 12 11 K L F O  F C  2 9 20 20 
7 6 6 7  9 9 0 0 206 224 2 1 0  8 8 
9 9 6 9 14 14 0 1 1 2 1  128 2 11 4 3 
8 7 6 10 7 6 0 2 14 11 2 13 19 20 
4 4 6 11 11 11 0 4 59 61 2 14 11  12 
5 5 6 12 12 12 0 5 29 30 2 1 5  4 4 

26 24 6 13 12 12 0 6 38  39 2 16  19  19 
21 21 6 1 4  7 7 0 7 10 10 2 17 8 8 
24 24 6 1 5  5 4 0 8 21 21 2 1 8  4 3 
56 54 7 0  7 7 0 9  9 1 0  2 1 9  5 5 
43 41 7 1  5 5 0 1 0  4 5  2 2 0  3 2 
13 12 7 2 10 10 0 12 7 6 3 0  2 1 
23 24 7 3 16 16 0 13 4 4 3 1 22 23 

6 6 7 4 26 26 0 14 6 7 3 2 19 19 
23 22 7 5  8 8 0 16  3 3 3 3 16  17 
13 1 3  7 6 11 12 0 17 6 5 3 4 11 11 
9 9 7 7  8 8 0 18 12 11 3 5  6 6 

12 12 7 8 16 16 0 1 9  8 8 3 6  9 9 
5 6 7 9  8 7 1 0 21 23 3 7 43 43 
3 3 7 10 11 11 1 1 81 87 3 8 19 18 
9 8 7 12 13 13 1 2  37 37 3 9  8 7 
9 8 7 1 3  5 5 1 3 25 25 3 1 0  3 3 
3 3 7 1 4  6 5 1 4 19 17 3 11 10 10 
4 4 8 0  7 7 1 5 24 25 3 12 4 4 
3 3 8 1 11 11 1 6 28 28 3 13 1 1  12 

23 24 8 2 11 12 1 7 48 48 3 15 13 13 
17 17 R 3 12 12 1 8 29 29 3 1 6  7 7 
11 12 8 4 15 15 1 9 11 10 3 1 7  5 6 
48 4 8  8 5  9 9 1 10  14 13 3 1 8  8 8 
1 8  19 8 7  6 6 1 1 22 22 3 1 9  8 8 

7 7  8 11 5 4 1 1 2  4 4 4 0 36 38 
7 6 8 12 4 4 1 1 3  8 9 4 1 24 23 

12 12 8 13 3 3 1 14 12 12 4 2 30 29 



Table 
4  3 
4  4  
4  5  
4  6 
4  7 
4  8 
4  9 
4  10 
4 11  
4  12 
4  14 
4  17  
4  18 
4 1 9  
5 0 
5  1 
5 2 
5  3  
5 4  
5 5 

' 5  6 
5  7 
5 a 
5 9 
5 10  
5  1 1  
5  12 
5 13 
5  1 4  
5  1 5  
5  17  
6 0 

6 ,1 
6 2 
6 3 
6 4  
6 5 
6 6 
6 7 
6 9 
6 10 
6 1 1  
6 12  
6 1 3  
6 14  
6 15  
7 0 
7 1 

4 (Continued) 
33 33 7 2 
17  17  7 3 
10 9 7 4  
7 7 7 5 

13 1 3  7 6 
10 9  7 7 

4  5  7 8 
10 10 7 9 

4  5  7 10 
7 7 7 11 

14 1 4  7 12 
4  3 7 13 
S 5 7 14 
5 5 8 0 

14 1 4  8 1 
1s 16 8 3 
21 22 8 4  
20 1 9  8 5  

2 2 8 6 
11 10  8 7 
7 6 8 8 

13 1 4  8 10 
13 1 3  R 13 
16 16 9 1 
10 10 9 3  
10 1 6  9  4 
6 6 9  6 

12 12  9  7 
5 4  9 8 
9 8 9 9 
3 4 1 0 0  
5 5  1 0 1  
4  4  1 0 2  
7 6  1 0 3  

11 11  10 4 
18 18  
13 13  H = 
17  1 7  K L 
10 1 0  0 1 
11 11  0 3 
9 9  0 4  

14 1 4  0 5 
4  4  0 6 
6 7 0 7 
5 4  0 8 
7 7 0 9 

13 12 0 11  
5 5 0 13 



Table 4 (Con'tinued) 
6 0  9 9 1 0 0  3 3 2  5 21 21 5 1  3 1  



Table' '4' . (Cbnti'nued) 
9 0  8 8 2 6 
9 2  5 6 2 7 
9 3  5 5 2 8 
9 4  6 7 2 9 
9 5  3 3 2 10 
9 6  8 7 2 11 
9 7  3 3 2 12 
9 8  5 5 2 13 

2 14 
H =  5 2 15 

K L F O  F C  2 18 
0 1  3 4 3 0 
0 2 28 2 7  3 1 
0 3  5 6 3 2 
0 5  6 6 3 3  
0 6 25 24 3 4 
0 7 1 7  1 8  3 5 
0 8 28 2 7  3 6 
0 1 0  5 5 3 7 .  
0 1 1  15 1 5  3 9 
0 13  3 3 3 10 
0 14 13 13 3 12 
0 1 7 . 5  5 3 13 
0 ' 1 8  3 2 3 14 
0 1 9  4 4 3 15 
0 22 22 3 16 
1 1 3  3  4 1 
1 2 21 21 4 2 
1 3 14 1 4 .  4 3 
1 4  19 1 7  4 4 
1 5  17 1 6  4 5 
1 6 10 1 0  4 6 
1 7  13 13  4 8 
1 8  8 6 4 9 
1 9 12 1 3  4 10 
1 10 20 20. 4 11 
1 . 1  9 ' 9 4 12 
1 1 2  7 6 4 13 
1 14 10 9 4 14 
1 1 s  4  4 ,  4 15 
1 1.6 3 ' 3 4 16 
1 1 8  2 2 5 0 
2 0 24 25 5 1 
2 1  7 7 5 2 
2 2 3s 34 5 3 
2 3 10 10  5 4 
2 4 21 20 5 5 
2 5 18  1 8  5 6 



Tabl'e 4' . (Co'n ti'riue'd) 

3 4 16 1 6  7 1 
3 5 14 13 7 2 
3 6  9 9 7 3 
3 9  4 4 7 4 
3 10 7 6 7 5 
3 1 1  6 5 7 6 
3 1 2  11 12  7 7 
3 13 8 8 7 8 
3  14 8 7 7 9 
3 17 3 2 7 10 
4 0  4 5 7 11 
4 1 10 1(! 8 1 
4 2 14 13  8 3 
4 3  8 7 8 5 
4 5 10 10 8 6 
4 6  6 6 8 7 
4 7  7 7 
4 9  6 4 H = 
4 10 6 7 K L 
4 1 1  17 1 7  0 1 
4 13 3 3 0 2 
4 1 4  9 9 0 3 
4 IS 3 2 0 4 
5 1  8 7 0 5 
5 2  3 3 0 6 
5 4  4 4 0 7 
5 5  6 7 0 8 
5 6 1 11  0 9 
5 7  5 5 0 10 
5 8 13 14 0 11 
5 9 12 1 2  0 12 
5 . 1 0  5 5 0 13 
5 11 5 6 0 14 
5 1 3  4 4 0 15 
5 14 3 3 0 -16 
6 0 10 10 1 0  
6 1 8 8 1 1  
6 2  9 9 1 2  
6 3 11 11  1 3  
6 5 14 13 1 4  
6 6  8 8 1 5  
6 7  5 4 1 6  
6 8 10 11 1 7  
6 9  3 3 1 8  
6 10 4 3 1 9  
6 11 3 3 1 10 
6 12 7 6 1 11 
6 13  3 2 1 12 



Tab l'e 4 (C'dn'ti'n'ue'd ) 

1  5  11 1 1  5  11 3 4 4 5 1 0  9  
1 8  5 5 6  1  9  9  4 9  5 4  
1 9  4  4  6 2  7  6 4 1 0  4  3  
1 1  4  5  6 3  8  8  5  0  14 14  
1 1 2 . 5  6 6 .  4  3  3 5 4  5  5  
1 1 3  7 8 6 5  7 7 5 6  7  8  
1 1 5  3  3  6 8  5  4 6 0  7 7 
2 0  7 7  7 0  4  4  6 1  9 9  
2 2 1 3  1 3  7 1  4 4  6 2 ' 5  5  
2  3  1 8  1 8  7 2  , 5  5  6 3  3 3 
2 4  5 e 7 4  s 4  6 4  4  3 
2 5 16 1 6  
2 7  7 7 H =  9 H = 10 
2 9  6 6 K L FO F C  K L F O  F C  
2 1 0  6  5  0  8  8  0 0  7  6  
2  1 1  3 2 0 3  7  7  0 3  3 4  
2 1 3  3,  3 0 4  4  3  0 8  7  6 
2 1 4  2 3 0 5  8 8  1  6 7 
3 0  3 3  0 9  6 6 1 2  7  7 
3 2  7 7 0  10 10 9  1 3  7 8 
3 3  5 : 5  0 1 2  3  4  1 4  8  8 
3 4  4 4 1 1  7 7 1 5  4 3 

3  5 10 10 1 2 14 1 5  t s  4  3  
3 6  7  7  1 3  5  5  2 0  8  8 
3 7 1 0 .  9 1 4  4  4  2 2  6 6  
3 8  3 2  1 . 5  6  6 2 3  6  6 
3 9  4  4  1  6  1 2  1 1  2 4  9 9  
3 1 1  5 5  1 8  4 5  2 7  3 2  
3 1 2  4  5  1 9  6  5  3 0  3 3  
3  1 3  5  5 1 1 0  3  3  3 2  3 3  
4 0  5 4  2 0  5  4  3 3  4  4  
4  1 1 2  1  ' 2  1 1 4  14 3 4  3  3  
4 4  6 6  2 3  8  7  3 6  3  3  
4  5  11 1 1  2 4  5 6  3 7  4  4  
4 6  3 3  2 5  13 1 2  4  1 3 4  
4 7  4  4  2 6  ,7  7 4 4  5 5  
4 8  6  6 2 7  9 8 
4 1 0  6 5 2 8  3 2  H = 11 
4  1 1  8 8 2 1 0  3  3  K L F O  F C  
4  1 2  3  3 2 1 2  3  3 0  1  4 4  
5 0  7  6 3 0  5  5  0 2  3  2  
5 1  3 3 3 2 . 8  8 1  0  10 10 
5 2  9 9  3 3  4 4  1 2  6  6 
5 3  4  4  3 5  3 2  1 3  3  3 
5 6  7 7 3 7  5  6 2  1  4  4  
5 7  6 6 3 8 . 3  4  2 2  3 2  
5 9  9  9 4 2  5 4  
5 . 1 0  4 4  4 3  5  5 



shown 1 2 .  Y Thi s  a b s o l u t e  c o n f i g u r a t i o n  i s  v e r i f i e d  by t h e  

p o s i t i v e  Cot ton  e f f e c t s  due t o  t h e  p o s i t i v e l y  t w i s t e d  d i e n e  

system. The d i e n e  system is  t w i s t e d  19.61' o u t  o f  p l a n a r i t y .  

A l l  bond d i s t a n c e s  and a n g l e s  ag ree  w e l l  w i t h  g e n e r a l l y  

accep ted  v a l u e s  and show no pronounced s t r a i n  e f f e c t s  on t h e  

s t r u c t u r e  (12 ) .  

The s t r u c t u r e  of  kempene I 12 was consequent ly  so lved  

by s p e c t r a l  d a t a  and comparison t o  t h e  completed x-ray 

s o l u t i o n  o f  kempene 11. 

The m a s s  s p e c t r a  p a r e n t  peak (m/e 386 M+) cor responds  

t o  a molecular  formula of  C24H3404# an  i n c r e a s e  of two car- 

bons, one oxygen and f o u r  hydrogen atoms ove r  t h e  formula 

of  kempene 11. The resonances  f o r  C (2 )  and C ( 4 )  

of kempene I (28.75 and 44.96 ppm) w e r e  downfie ld  of  t h e  

r e s p e c t i v e  resonances  i n  kempene I1 (36.06 and 53.89 ppm) 

and an a d d i t i o n a l  c a r b i n y l  acetate p ro ton  a t  C(3)  appea r s  

a t  5.08 ppm as a broad d o u b l e t  w i t h  a couBling o f  9 Hz, 
4 



therefore, the ketone at C(3) of kempene I1 is now replaced 

by an acetate unit in kempene I. 

Biflora-4,lO-19,15-triene 

Background 

Investigation of the frontal gland secretions of other 

members of the subfamily Termitinae turned up some sur- 

prising data in 'Cubi'termes urnbratus soldiers. Examination 

of the secretions indicated that the major components .were 

four isomeric diterpene hydrocarbons but they were sur- 

prisingly not of closely related skeletal structures. 

C : 'umbr'a'tus soldier heads were extracted with hexane - 
and then chromatographed over a Florisil column as described 

previously .(13). Biflora-4,lO-19,15-triene was isolated as 

an oil. High resolution mass spectrum data was consistent 

with a molecular formula of C20H32 with M+ found at 272.2499 

and calculated as 272.2502. The proton NMR spectrum suggested 

the presence of a secondary methyl group, a 1,l-disubsti- 

.tuted double bond, a trisubstituted double bond with an 

adjacent CH2 and a second trisubstituted double bond with no 
., . 

significant coupling to - a-protons ( 1.4) . 
catalytic hydrogenation, microozonolysis and a "C NMR 

spectrum pointed to the 1,l-disubstituted double bond being 

exocyclic and an eight or nine carbon chain attached to one 



of two rings. A partial structure 15 was presented for 
/v 

biflora-4,lO-19,15-triene. 

Because of the small amount of sample available, it 

.was decided to prepare a suitable crystal for x-ray analysis. 

Experimental 

Sample size was a determining factor in deciding on 

suitable reaction conditkons to change the biflora-4,lO-19,15- 

triene oil to a crystalline derivative. It was desirable 

to employ a reagent which would selectively react with one 

of the three double bonds present. Aftercareful considera- 

tion of possible reagent$, a 5 mg sample of biflora-4,lO- 

19.15-triene was subjected to hydroboration with 9-bora- 

bicyclononane (9-BBN). A 2:l mixture of diastereomeric 

alcohols in an estimated 85% yield was obtained after 

oxidative work-up. The major isomer was isolated by a com- 

bination of chromatographic methods but failed to crystallize. 

A 500 US sample of the major isomer was esterified with p 

bromobenzoyl chloride and purified by HPLC on u-Porasil. 
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A single crystal was obtained by slow evaporation of a 

pentane solution at -17O. 

A pnation of that crystal was received at this lab and 

x-ray diffraction data was subsequently taken using a fully- 

automated Syntex pZ1 diffractometer. It was found to belong 

to the monoclinic system with a = 7.880 (8) , = ,5.740 (4) , - 
c = 28.19 (1) and 6 = 94.61(6) O. Systematic extinctions - - 
indicated the mono.ckhi.c. space - group P.2' wi$h E? a dd&sSekmt 

: 1 

possibility. A Patterson map was generated and the 

bromine atom located; its position indicated the space 

group P21 as the proper choice. 

All unique data was taken with 2.8<114O using a 1-0/ - 
0 

minute (,)-scan and graphite monochromated CuKa (1.54178 A) - 
.x-rays. A total of 2060 reflections were measured with 

1666 (81%) considered observed (FO2>3o - (F:) ) after correc- 

tion for Lorentz, polarization and background effects ('101, 

Utilization of a multiple solution tangent formula 

approach ('11) as well as suinmittel of the bromine position 

into least squares refinement gave two possible fragments 

each bonded to the bromine as a result of the pseudosymmetry 

of the space group. .Careful and methodical selection of 

bonded atoms provided the final structure as in Figure 2. 

which is a computer generated perspective drawing of biflora- 

4 ,lo-19,154riene. ) Coordinates of the hydrogen atoms were 

determined and final' full-matrix least-squares refinements 



using anisotropic temperature factors for all nonhydrogen 

atoms except C(14), C(15), C(16), C(17) and C(18) which 

were varied isotropically at a fixed temperature factor 

gave an unweighted crystallographic residual of 0.114. 

Tables 5, 6, 7 and 8 contain the fractional coordinates, 

bond distances, bond angles and observed and calculated 

structure factors. 

Discussion 

Due to the imperfection of the crystal and the thermal 

movement in the sidechain, the crystallographic residual of 

the existing data could not be satisfactorily reduced below 

0.114. 

Biflora-4,lO-19,15-triene is a member of the decalin 

system with a double bond between C(4) and C ( 5 ) ,  a double 

bond connecting C(19) to C(10), a methyl group off C ( 4 )  and 

an unsaturated eight carbon chain off C(7). 



The atoms C (3) , C (4) , C (5) and C (6) are essentially planar 
0 

with C(1) and C(2) . , being -0.462 and 0.335 A out of the 

plane respectively. Atoms C(1), C(6), C(71, C(81, C ( 9 )  and 

C(10) form the other half of the decalin system and are in 

a chair conformation. It is not possible at this time to 

determine the absolute configuration of the molecule. 

Examination of the molecule allows one to divide it 

into isoprenoid units. From this observation, it is logical 

to suggest that its biological basis is also 'isoprene units. 



, ' .,.: THI'S:,PAGiE: ,,', 
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WAS ;:I:N,TENTrONALLY 
LEFT BLANK 



Figure 2. A computer generated perspective drawing 
fromthe crystal structure of biflora-4,. 
10-19,15-triene with hydrogens omitted 
for clar.ity . 





Table 5. Final fractional coordinates for biflora-4,lO-19,15- 
triene with the estimated standard deviation of the 
least significant figure given in parentheses. 
Hydrogens are assigned the same numbers as the heavy 
atoms to which they are bonded. The numbering 
scheme refers to Figure 2. 



Table 5 (Continued) 



Table 6. Bond distances in angstroms for biflora-4,lO-19,15- 
triene with the estimated standard deviation of the 
least significant figure given in parentheses. The 
numbering scheme r.efers to Figure 2. 



Table 7. Bond angles in degrees of biflora-4,lO-19,15- 
triene. Estimated standard deviation of the least 
significant figures are given in parentheses. The 
numb.e.r.in.g. .s.c,herne. .r.e.f.er.s. .to. F.i.gur.e .2 . 



~ a b l e . 8 .  The observed and c a l c u l a t e d  s t r u c t u r e  f a c t o r s  f o r  
b i f  lora-'4 ;lo-'19 ;15-'tri'en'e. 

H =  0 1 32 12 16 3 15 Z 3  ZO 3 3 L O  & 



Table 

7 6 
7 8 
7 9 
7 10 
7 1 1  
7 12 
7 14 
7 15 
7 16 
7 17 
7 18 
7 20 
7 21 
7 22 
7 23 
7 24 
8 0 
8 1 
8 2 
8 3 
8 4 
8 5 
8 6 
8 7 
8 8 
8 9 
8 10 
8 1 1  
8 12 
8 13 
8 14 
8 15 
8 16 
8 I? 
8 18 
8 19 
9 1 
9 2 
9 4 
9 5 
9 6 
9 7 
9 8 
9 9 
9 10 
9 1 1  
9 14 

8 (Continued) 

106 112 t i =  1 1 16 30 32 2 31 23 24 
16 15 K L FO FC 1 1 7  23 26 2 3 2  7 8 
13 14 0 1 41 43 1 18 27 33 2 33 15 14 
53 51 0 2 45 50 1 1 9  32 36 3 0 89 78 
8 7 0 3 106 124 1 20 28 32 3 1 3 8  36 
26 25 0 4 97 116 1 21 16 16 3 2 31 23 
28 28 0 5 20 23 1 22 30 36 3 3 32 25 
12 13 0 6 75 87 1 23 14 13 3 4 84 78 
17 14 0 7 17 20 1 24 10 10 3 5 19 22 
5 5 0 8 14 16 1 25 16 18 3 6 64 63 
18 18 0 9 45 56 1 26 31 35 3 7 87 82 
17 13 0 10 30 36 1 27 14 17 3 8 48 45 
13 12 0 1 1  7 5 1 28 8 10 3 9 45 42 
13 14 0 12 24 25 1 29 14 13 3 10 14 10 
7 6 0 1 3  7 8 1 3 0  5 6 3 11 10 14 
7 5 0 14 25 25 131 16 14 3 12 42 40 
27 28 0 15 16 19 1 33 10 12 3 13 12 1 1  
30 33 0 16 16 23 2 0 901 87 3 14 26 25 
25 25 0 17 14 20 2 1 65 59 3 15 33 32 
9 8 0 18 10 1 1  2 2 67 65 3 16 23 24 
9 1 1  o 19 15 20 2 3 53 47 3 17 12 11 
29 31 0 2 0  5 6 2 4 94 87 3 18 17 16 
46 49 0 21 19 23 2 5 77 70 3 19 19 20 
8 9 0 2 2  5 6 2 6 26 24 3 2 0  15 14 
19 16 0 2 3  5 8 2 7 61 56 3 22 23 20 
26 2 6 ,  0 2 4  17 18 2 8 60 61 3 23 25 26 
14 14 0 2 5  5 7 2 9 39 41 3 24 15 14 
5 6 0 28 19 23 2 10 42 42 3 25 20 19 

22 23 0 2 9  6 8 2 1 1  73 73 3 26 13 11 
21 21 0 3 0  9 1 1  2 12 29 24 3 2 8  10 9 
6 5 0 3 2  5 8 2 13 40 40 3 29 10 1 1  
5 4 0 3 3  7 7 2 14 56 62 3 30 1 1  13 
12 9 1 0 31 26 2 15 29 32 3 3 1  5 6 
24 24 1 1 60 59 2 1 6  49 51 3 3 2  16 9 
1 1  1 1  1 2 1 1 1  108 2 17 7 8 4 0 30 28 
5 3 1 3 70 68 2 18 47 50 4 1 55 46 
34 37 1 4 1 04 103 2 19 29 28 4 2 60 54 
4 8 1 5  4 6 2 20 36 36 4 3 38 28 
7 9 1 6 75 75 2 21 8 7 4 4 55 49 
9 10 1 7 56 63 2 22 28 33 4 5 17 16 
8 9 1 8 22 25 2 23 26 27 4 6 47 41 

11  10 1 9 67 71 2 24 14 13 4 7 20 19 
14 14 1 10 38 40 2 25 29 29 4 8 35 33 
9 7 1 1 1  32 34 2 26 40 41 4 9 10 1 1  
10 9 1 12 22 23 2 27 14 17 4 10 43 40 
39 38 1 13 29 34 2 2 8  6 6 4 11 30 27 
7 4 1 14 43 42 2 29 15 IS 4 12 28 28 

1 15 42 42 2 30 23 23 4 13 28 27 



Table 8 (Continued) 

15 15 6 3 48 46 
36 35 6 4 14 14 
23 24 6 5 1 8  14 

8 5 6 6 35 29 
5 7 6 7 11 11 
6 4 6 8 58 57 

12 12  6 9 18 19 
14 13 6 10 40 42 
16 16 6 11 26 27 
13 13  6 12 40 40 
14 1 3  6 13 23 19 
13 13  6 14 21 20 

8 6 6 15 12 15 
14 1 1  6 16 33 29 
1'7 1 6 6 17 26 24 

9 7 6 1 8  8 9 
7 6 6 19 42 39 
8 9 6 20 23 20 

41 39 6 21 18 1 8  
34 '37 6 2 2  8 8 
37 35  6 23 21 1 8  
11 8 6 2 4  8 6 
18 1 9  6 25 18 16 
45 47  6 26 22 20 
12 10 7 0 5s 59 
38 36 7 1 20 20 
17 15 7 -2 15 17  
51 47  7 3 33 32 

4 4 7 4 34 35 
36 34 7 S 29 30 
29 26 7 6 16 1 4  
50 4 8  7 7  8 7 

6 7 7 8 23 24 
1 9 7 9 28 29 
43 42 7 10 35 38 
10 12 7 11 22 21 
26 2 9  7 12 19 18 
32 30 7 13 9 10 
24 1 9  7 14 13 11 

7 5 7 15 33 33 
14 1 1  7 16 16 14 
18 15 7 17 14 13 
21 19  7 1 8  8 9 
19 1 9  7 19 31 28 
20 1 6  7 20 16 15 
22 1 9  7 2 1  4 3 
42 38 7 22 23 21 
37 35  7 2 3  16 13  



Table' '8' ( C o n ' t i h ~ ' ~ d  ) 

2 3 63 55  3 22 30 29 
2 4 26 23 3 23 28 26 
2 5 28 24 3 24 37 34 
2 6  6 8 3 2 5  9 11 
2 7 14 1 3  3 26 12 12 
2 8 36 29  3 2 7  8 7 
2 9 15 14 3 28 17 16 
2 10 15 . 16  3 2 9  9 8 
2 1 1  25 26 3 30 13 12 
2 1 2  18 1 7  4 0 35 34 
2 13 17 1 9  4 1 1 4  14 
2 1 4  31 3 5 .  4 2 4 7  41 
2 1 5  , 6  8 4 3 53 47 
2 16 21 22 4 4 72 64 
2 18 10 10 4 5 38 34 
2 19 13 1 2  4 6 19 20 
2 ' 20  18 20 4 7 38 32 
2 21 15 1 6  4 8 61 56 
2 2 2  8 12  4 9 31 27 
2 2 3  . 6  8 4 10 48 48 
2 2 4  18 1 8  4 1 1  7 9 
2 25 19 20 4 12 59 54 
2 26 17 15 4 13 50 46 
2 27 16 16  4 14 37 35 
2 28 1 12 4 15 30 27 
2 2 9  5 5 4 16 41 37 
3 0 14 12 4 17 26 25 
3 1 76 70 4 18 42 38 
3 2 55 55 4 19 28 24 
3 3 43 4 1  4 20 19 19 
3 4 65 5 8  4 2 1  ' 9  7 
3 5 22 17  4 2 2  7 6 
3 , 0 56 50 4 2 3  6 8 
3 7 41 36  4 2 4  10 7 
3 8 61 55' 4 25 12 11 
3 9 37 33 4 26 23 22 
3 10 12 12 4 2 7  13 9 
3 11. 18 16  4 28 17 14 
3 12 10 10 4 29 23 20 
3 1 3 .  12 16 5 0 19 17 
3 14 38 39 5 1 2 0  21 
3 15 40 36 5 2  7 8 
3 16  7 3 5 3 41 39 
3 17  7 3 5 4 37 33 
3 18 28 29  5 5 13 12 
3 19 28 27 5 6 13 13 
3 20 22 21 5 7 49  45 
3 2 1  'IS 15  5 8 25 24 



Table 8 (Cont inued)  

4 5 1 23 16 17 
13 14  1 24 16 15 
5 5 1 2 5  9 9 

21 19 1 2 6  6 9 
35 36  1 27 12 12 
13 17 1 28 13 14 
30 30 1 29 17 20 

8 7 1 30 14 15 
12 14 2 0 43 38 

9 9 2 1 28 25 
20 22 2 2 53 48 
28 27 2 3 47 40 
22 24 2 4 67 61 
22 2 2  2 5 13 13 

7 9 2 6 45 39 
7 7  2 7 45 39 

18 21 2 8 11 9 
14 15  2 9 42 38 
7 6 2 10 41 41 
5 6 2 11 18 20 

10 12 2 12 12 13 
4 5 2 13 22 22 
5 5 2 14 18 18 
7 9 2 15 24 23 
7 9 2 16 31 29 

63 54 2 17 16 18 
45 39 2 18 31 30 
47 37 2 19 18 17 
11 8 2 20 32 32 
69 6 7  2 21 14 13 
66 59 2 22 40 38 
34 29  2 2 3  11 9 
31 31 2 24 21 20 
25 24 2 25 13 13 
34 33 2 26 23 22 
9 5 2 2 7  5 4 

33 33 2 28 13 11 
22 21 2 29 20 18 
17 15 3 0 38 . 3 4  
24 23 3 1 33 31 
16 19  3 2 12 10 
15 1 5  3 3 22 20 
19 1 8  3 4 42 40 
24 25 3 5 39 31 
9 8 3 6 32  29 

21 23 3 7 16 15 
9 1 1  3 8 32  28 

22 22 3 9 11 13 



Table 8 (Cont inued)  

7 3  8 8 0 18 25 27 2 13 23 20 4 13 30 30 
7 4 1 1  10 0 1 9  5 6 2 14 27 27 4 1 4  36 33 
7 5 12 1 1  0 20 27 28 2 15 34 32 4 15 22 20 
7 6 11  15 0 21 29 29 2 1 6  5 7 4 1 7  9 8 
7 7 18 18 0 22 17 18 2 17 12 12 4 18 21 19 
7 8 25 26 0 2 3  7 8 2 18 5 5 4 1 9  1 1  9 
7 9  4 5 0 24 26 26 2 19 14 13 4 2 1  18 17 
7 10 12 12 0 2 5  6 3 2 20 15 14 4 22 17 15 
7 1 1  28 28 0 27 19 21 2 2 2  9 8 4 2 3  9 8 
7 12 21 20 1 0 73 64 2 2 3  4 3 5 0 13 15 
7 13 15 15 1 1 1 0  7 2 24 23 21 5 1  8 9 
7 14 12 1 1  1 2 1 0  6 2 2 5  9 7 5 2 18 19 
7 15 1 1  12 1 3  20 16 2 2 6  6 5 5 3 36 41 
7 16 6 8 1 4 31 27 3 0  7 7 5 5 14 16 
7 18 1 1  10 1 5 20 19 3 1 24 23 5 6 19 24 
8 0 20 22 1 6 21 19 3 2 41 38 5 7 18 19 
8 1 10 12 1 7 23 23 3 3 42 38 5 8  7 6 
8 2 23 25 1 8 13 12 3 4 18 16 5 9 21 19 
8 3  9 8 1 9 30 32 3 5  7 5 5 10 19 18 
8 4 20 22 1 10 19 19 3 6  5 8 5 1 1  24 23 
8 5 17 18 1 1 18 18 3 7 33 32 5 1 2  8 8 
8 6  7 8 1 12 35 32 3 8 45 42 5 1 3  5 7 
8 7  8 9 1 1 3  4 3 3 9 26 27 5 14 22 23 
8 8 16 18 1 14 10 9 3 10 22 23 5 1 5  6 9 
8 9  4 2 1 15 13 10 3 11 15 13 5 1 6  4 2 
8 10 19 20 1 16 33 32 3 12 25 25 5 1 7  9 9 
8 1 1  7 9 1 1 7  5 6 3 1 3  9 7 5 18 16 14 
8 12 14 15 1 1 8  1 1  10 3 1 4  6 5 5 19 34 32 

1 1 9  8 8 3 15 22 22 5 2 0  8 7 
H =  4 1 20 26 24 3 16 11 12 6 0  6 6 

K L FO FC 1 22 13 14 3 14 20 19 6 1  8 1 0  
0 0 64 61 1 2 3  8 9 3 18 21 20 6 2  9 1 1  
0 1  4 4 1 2 4  4 5 3 19 28 23 6 4  6 8 
0 2 22 21 1 2 5  9 8 3 2 2  5 5 6 5  9 1 2  
0 3 7 10 1 26 36 35 3 23 20 17 6 6 16 20 
0 4 21 20 2 0 15 13 3 24 21 18 6 7 13 15 
0 5 14 15 2 1 21 20 4 1 16 17 6 8 19 20 
0 6 24 24 2 2 12 1 1  4 2 22 23 6 9  4 3 
0 7 32 31 2 3 37 35 4 3 30 30 6 10 10 13 
0 8 25 24 2 4 28 27 4 4 27 24 6 1 2  8 9 
0 9 24 26 2 5 41 38 4 5 19 20 6 1 3  7 7 
0 10 6 4 2 6 26 25 4 6 26 25 6 14 10 10 
0 1 1  41 43 2 7  6 8 4 7 18 20 6 15 9 1 1  
0 12 9 1 1  2 8 28 28 4 8 47 46 6 16 13 11 
0 13 9 9 2 9 1 1  9 4 9 26 26 7 1  9 1 3  
0 14 13 13 2 10 12 13 4 1 0  6 6 7 2  4 4 
0 1 5  50 51 2 11  15 12 4 11  25 23 7 4 17 22 
0 16 24 25 2 12 19 17 4 12 28 27 7 5 13 18 



Table 8 (C~n~i 'nu 'ed ' )  

7 6 1 1  14 2 1  4 
7 7  6 9 2 2 14 
7 8 9 10 2 3  7 
7  9 15 17 2 4 25 
7  10 16 18 2 5 24 
7 1 1  3 4 2. 6 13 

2 7 28 
H =  S 2 8 11 

K L FO F C  2 9 27 
0 1 1 6  17 2 I0 17 
0 2  9 8 2 11 41 
0 3 1 0  9 2 12 16 

. O  5 9 9 2 13 16 
0  6 27 29 2 14 25 
0 7  9 8 2 15 5 
0 8 13 14 2 16 6 
0 9 21 22 2 17 16 
0 10 8 8 2 18 17 
0 1 1  19 20 2 19 21 
0 12 1 1  12 2 20 8 
0 14 23 24 3 0 24 
0 15 27 28 3 1 18 
0 16 9 10 3 2 13 
0 1 7  18 I ?  3 3  8 
0 1 9  13 14 3 4 21 
0 2 0  6 7 3 5  4 
0 2 1  6 7 3 6 13 
1 0 39 40 3 7 26 
1 2 37 40 3  8 14 
1 3  17 17 3 9  4 
1 4 20, 20 3 11 21 
1 5  10 1 0 .  3 1 4  7 
1 6 21 22 3 15 5 
1 7 8 . 6  3 16 14 
1 8 11 10 . 3 17 12 
1 9 1 1  12 3 18 4 
1 1 0  14 12 4 . O  17 
1 1 2  9 9 4 1  7 
1 13 12 1 1  4 2 12 
1 1 4  6 5 4 3  5 
1 1 5  8 9 4 4 15 
1 16 16 18 4 5  9 
1 1 7  8 8 4 6 10 
1 18 28 29 4 7  9 
1 1 9  9 7 4 8 12 
1 20 15 16 4 9  5 
1 2 1  3 2 4 10 10 
2 0 . 2 0 . . 2 1  4 1 1  10 



NATURAL PRODUCTS OF MARINE NUDIBRANCHS 

General Introduction 

The definition of a symbiont as proposed by Cheng in 

1964 states that "any animal or plant that spends a portion 

or all of its life cycle intimately assooiated with a 

different and larger species of animal or plant, during 

which there is a physiological exchange is considered a 

symbiont" (15). The phenomenon of movement of soluble 

photosynthetic products from autotrophic endosymbionts to 

heterotrophic hosts is now well-established. In fact, the 

synthesis and secretion of photosynthetically derived 

materials by animals with autotrophic endosymbionts is wide- 

spread and is now being viewed as an important aspect of the 

recycling of organic matter in coral-reef ecosystems. 

Examples of syrnbionic associations with whole algae (Zooxan- 

thellae or Zoochlorellae) can be found in Tridacna, in the 

sea anemone' Zoanthus danae, sociatus 

and Convoluta rosco'ff e'nsis (16) . Marine sea slugs (Bpistho- 

branchia: Sacoglossa) which feed on green algae possess 

endosymbiotic chloroplasts which contribute photosynthetically 
. . 

fixed carbon to its host. 

Sacoglossans are known to characteristically feed on 

siphonaceous algae by puncturing single cells and sucking 

out the fluid contents. Functioning chloroplasts are con- 

tained in the cellular contents and are carried intact to 



the absorbing tubules of. the digestive diverticula (Figure 3). 

Evidence currently available suggests that the chloroplasts . . 

esophagus 

stomach 

absorbing region of the 
tubules' of the digestive 
diverticula 

Figure 3. Diagram of the digestive system of a sacoglossan 
mollusc. 

are then engulfed by' the phagocytic epithelial cells of the 

diverticula. ~ngulf'ed chloroplasts appear to be free of 

plant cytoplasm and associated organelles by both morpho- 

logical and biocha~~ical cr i leria (17) . 
~ n ~ u l f  ed chloroplasts continue :to .uiide.rgo::carb.on 

fixation by photosynthesis. This brings into question 

whether the chloroplasts are still functioning.normal1y . . 

as they would if they were still in the parent plant cells. 

Trench has proposed the five: criteria that he feels 

defines the.norma1 function of chloroplasts as found in 

plants: '('18) 
' I 



i) carbon fixation (photosynthesis) 

ii) release of organic compounds 

iii) synthesis of photosynthetic pigments 

iv) synthesis of protein 

V synthesis of RNA and DNA 

As will be discussed, the chloroplasts located within the 

sacoglossans satisfy conditions i and ii but not the others 

and that they are biochemically stable entities that neither 

grow nor divide within the animals' cells. 

Isolated sea slugs have been kept from their algae 

source and monitored to determine the period of time that 

their chloroplasts would continue to function. Surprisingly, 

these periods have been known to extend up to three months. 

During this time, chlorophylls and glycolipids are not 

synthesized but small molecular weight metabolites such as 

sugars and amino acids are readily produced (19). 

When sacoglossans are incubated in sea water containing 

14c..labeled NaHC03, '*c fixation by the chloroplasts and its 

utilization by the slug can be conveniently followed. After 

a short period of incubation, labeled sugar moieties are 

found in the gut, If left for longer periods of incubation, 

14c labeled materials. primarily, glucose and galactose, can 

be found in chloroplast-free tissues (20,21). 



One of the predominant ways in which the slug utilizes 

chloroplast-derived products is in the synthesis of muco- 

polysaccharide by the pedal gland. The pedal gland's 

secretion forms the mucous path over which the slug crawls. 

Chemical analysis of the secretion shows that it is acidic, 

6 su$phated, of large molecular weight (in excess of 2 x 10 ) 

and is composed of glucose, gluconic acid, glucosamine, 

galactosamine and traces of galactose. The protein moiety 

contains leucine, glutamic acid, aspartic acid, glycine, 

serine, valine, proline and alanine. Examination of '*c 

incubated slugs produces labeled sugar moieties. These same 

sugars can be isolated from unlabeled animals. Using these 

results as evidence, it has been suggested that photosyn- 

thetic products produced by the chloroplasts are used as pre- 

cursors in the synthesis of mucus by the animal cells (16). 

Tridachione 

Backqround 

In an attempt to learn more about these unusual molluscs, 

chemical isolation procedures have been carried out on 

Tridac'hi'el'la 'd'i'ome.dea, commonly called the Mexican Dancer. 

It is one of the sacoglossans which form the symbionic 

relationships with the chloroplasts of the green algae it 

feeds on. 



Tridachione  w a s  i s o l a t e d  i n  t h e  pure  s ta te  as  an  o i l  

w i th  a molecular  formula of C22H3004 and a W maximum a t  

257 m u .  The o i l  proved u n c r y s t a l l i z a b l e ,  t h e r e f o r e  o t h e r  

methods were a t tempted  t o  f i n d  a s u i t a b l e  c r y s t a l l i z i n g  

analog.  The BF3 e t h e r a t e  r ea r r anged  p roduc t  proved t o  be  

formed i n  h igh  y i e l d  and s u i t a b l e  c r y s t a l s  w e r e  s u p p l i e d  

by t h e  Faulkner  group. 

A clear c r y s t a l  of  t h e  BF3 e t h e r a t e  r ea r r anged  p roduc t  

of  t r i d a c h i o n e  w a s  analyzed by s i n g l e  c r y s t a l  x-ray d i f f r a c -  

t i o n  and found t o  belong t o  t h e  orthorho.mbic system. 

Sys temat ic  e x t i n c t i o n s  (hOO, h = 2N+1; OkO, k = 2N+1; 

001, 1 = 2N+1) p l aced  it unambiguously i n  t h e  space  group 
0 

P212121 w i t h  - a = 7.821(2) , - b = 12.880 (3 )  and - c = 20.359 (5)  A. 

A t o t a l  of  1637 u n i q u e , r e f l e c t i o n s  w i t h  29<114O - were measured 

on a f u l l y  automated f o u r - c i r c l e  d i f f r a c t o m e t e r  u s ing  mono- 

chromated CuKa (1.54178 ;) r a d i a t i o n  w i t h  an w-scan rate 

of 1°/minute. A f t e r  Loren tz ,  p o l a r i z a t i o n  and background 

c o r r e c t i o n s  w e r e  made, 1342 ( 8 2 % )  r e f l e c t i o n s  w e r e  judged 

observed (FO2>3o - ( F ~ ~ )  ) (10 )  . 
U t i l i z a t i o n  of  a m u l t i p l e  s o l u t i o n  t a n g e n t  formula 

approach (11) gave t h e  complete s t r u c t u r e  p l u s  a few e x t r a  

atoms. I n s e r t i o n  of t h e  two s i x  r i n g s  i n t o  f u l l - m a t r i x  



least-squares refinement cleared up all ambiguities and 

clearly revealed the entire structure. Assignment of the 

oxygen atoms was made after a thorough examination of bond 

distances and isotropic temperature ,factors. Coordinates 

of the' hydrogen atoms were determined and final full-matrix 

least-squares refinements using anisotropic temperature 

factors for the nonhydrogen atoms and isotropic temperature 

factors for the hydrogen atoms produced an unweighted 

crystallographic residua3 of 0.049. Eigure 4 contains a 

computer generated perspective drawing of tridachione 

and Tables 9, 10, 11 and 12 contain the fractional coordinates, 

bond distances, bond angles, and observed and calculated 

structure factors. 

Discus'si'on 

Tridachione 12 is a substituted y-pyrone molecule which 

appears to be biosynthetically derived entirely from pro- 

pionate units. 

The pyrone ring minus the cyclohexenone substituent is 

approximately planar with the methyl group of the methoxy 
0 

substituent being 0.125 A out of the plane. The cyclohexenone 

substituent is attached to the y-pyrone ring from C(6) on 

the substituent to C(5) on the pyrone ring. As would be 

expected, C(6) is also in the plane of the pyrone ring with 

the bond formed between C(11) and C(6) being perpindicular 



t o  t h e  p lane  of t h e  pyrone r i n g  wi th  d i h e d r a l  ang les  of 

86.25O f o r  O ( 2 4 )  -C (5)  -C (6)-C (11) and -93.84O f o r  C(4)-C(5)- 

Atoms C ( 7 ) ,  C ( 8 ) ,  C(9)  and C(10) of t h e  cyclohexenone 

r i n g  are e s s e n t i a l l y  p lana r ,  t h e  d i h e d r a l  angle  being 2.07O. 
0 

Atom C (6)  l ies  0.2781 A above t h e  p lane  and atom C (11) lies 

' 0.7840 above t h e  plane.  

Tridachione i s  found t o  e x h i b i t  a n t i b a c t e r i a l  a c t i o n  

on a marine bacteria. Other s t r u c t u r a l l y  r e l a t e d  y-pyrones 

can be found i n  n a t u r e  which a l s o  e x h i b i t  a n t i b a c t e r i a l  

a c t i v i t y .  such a s  ' s p e c t i n a b i l i n  l-7 from Streptomyc'e.~ 
. . . . . - -- -. - 

' ~p~c tab ' i ' l ' i s  and aureothen 18 from both S. thi .oluteus and 
N - 
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Figure 4 .  A computer generated pe r spec t ive  drawing 
from t h e  c r y s t a l  s t r u c t u r e  of t r idachione  
with hydrogens o n i t t e d  f o r  c l a r i t y .  
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The proposed b iosyn the t i c  pathway of t h e s e  compounds i s  

a l s o  a propionate-ace ta te  sequence such a s  shown i n  Figure 5 

Figure 5. Proposed propionate-ace ta te  b i o s y n t h e t i c  sequence 
f o r  aureoth in .  



Table 9. Final fractional coordinates for tridachione with 
the estimated standard deviation of the least 
significant figure given in parentheses. Hydro- 
gens are assigned the same numbers as the heavy 
atoms to which they are bonded. The numbering 
scheme refers to Figure 4. 





Table 10. Bond distances in angstroms for tridachione with 
the estimated standard.deviation of the least 
significant figure given in parentheses. The 
numbering scheme refers to Figure 4. 



Table  11. Bond a n g l e s  i n  deg rees  of t r i d a c h i o n e .  Est imated 
s t anda rd  d e v i a t i o n  of  t h e  l e a s t  s i g n i f i c a n t  
f i g u r e s  a r e  g iven  i n  pa ren theses .  The numbering 
scheme r e f e r s  t o  F iqu re  4 .  



Table 1 2 .  The observed and c a l c u l a t e d  s t r u c t u r e  f a c t o r s  f o r  





Ta'bl'e' .1'2. . ('C' . ' on t i'n'u'e'd ) 

10 0  1 2  1 2  0 2 
10 1  4  2 0  3  
10 2 21 20 0  4 
1,0 3 14 1 4  0  5 
10 4 1 9  1 9  0 6  
10 5  4  3  0  7 
10 7  6 7  0  8 
1 0 8 4  5 0  9  
1 0 1 0  9 . 1 0  0  10 
1 0 1 1  5 5  0  11 
10 1 2  4 4 0  12 
1 0 1 3  9 9 0 13  
10 1 4  5 5 0 14 
10 1 5  3  3 0  1.7 
11 0  4  4 0 1 8  
11 1  8  8 0 20 
11 2  1 8  18  0  21 
11 3 2 4  24  1 0  
1  4  1 3  1 3  1 1  
11  5 1 0  10  1 2  
11 6 5 5 1 3  
11  7  00 1 0  1 4  
11 8  5 6 1 5  
I 1  9 5 5  1 6  
11 1 0  3 4  1 7  
1 1 1 1  4  3  1 8  
11 1 2  2 2  1 9  
11 1 3  5 5 1  10  
12  0 5 3 1  11 
12  1  6 6 1  12  
1 2 2  6 6 1  13 
12  3 10 1 1  1 14 
12 5 4  5 1 1 5  
1 2 6 3  3 1 16 
1 2 8 3  5 1  18  
12  9  4  4 2 0 
1 2 1 0  2  4 2  1  
12  1 1  3 3 2  2 
13 1  2 2  2 3 
13  2 4  3  2  4  
13  3 2 4 2 5 
1 3  6 4  4  2 6 
1 3  7 5  5 2 7 

2  8  
. H =  2  2  9 

K L FO F C  2  10 
0 0 1 4 6 1 7 9  2 11 
0  1 4 5  4 8  2 12  



Table  12 (Continued) 
7 9 1 0 1 0  1 0 8  3 3 . 0 1 6  5 5 3 4 32 32 



Table  12 (Cont inued)  
10 1 0  8 7  

9 8 8 9 
6 7 8 11 

11 11  8 12 
6 6 8  13 

2 6  24 8 14 
13 13  H 15 
30 2 9  9 0 
15  16 9 1  
16 16  9 2  
21 21 9  3 
11 12 9 4  
17 1 7  9 5 
16 15  9 6 
14 14 9  7 

6 6 9 8  
8  9  9 9 

11  11  9 10 
9  9 9  11  
8 t3 9  12 
7 7 9 14  
3 3 10 0 
3 4 10 1  
7  6  1 0 2  
2 3  1 0 3  

1 3 1 3  1 0 4  
4 4  1'0 5 

11 12  10 6  
19 1 8  10 7 

7 7 10 8 
12 12  10 9 

6 5 1 0 1 1  
12 ' 1 1  10 12 

8 7 10 13 
9 9  1 1 0  

12 1 2  11 2  
3 4  1 1 3  
5 6 1 4  
8 9 1 6  
5 6  1 1 7  
2 2  1 1 8  
8 8  1 1 9  

15 14 1 1 1 0  
11 11 12 0 

2 ' 1  12 1  
11 11  12 2 

8 7  1 2 3  
7 7 1 2 4  



Table 
5 3 
S 4 
5 5 
5 6  
5 7 
5 8 
5 9 
5 1 0  
5 1 1  
5 1 2  
5 1 3  
5 1 4  
5 1 5  
5 1 6  
6 0  
6 1  
6 2 
6 3 
6 4  
6 5 
6 6  
6 7 
6 8 
6 9 
6 1 0  
6 1 1  
5 1 2  
6 1 3  
6 1 4  
6 1 6  
6 1 7  

7 . 0  
7  1  
7  2 
7  3  
7  4  
7  5 
7 6  
7 7 
7 8 
7  1 0  
7  11  
7 1 2  
7  1 3  
7 1 4  
7 1 5  
7  1 6  
8 0  

12 (Cont inued)  
10  1 0  8 1  



Table 
6 11  
6 1 2  
6 14  
6 1 5  
7 0 
7 1 
7 2 
7 3 
7 5 
7 6 
7 7 
7 8 
7 9 
7 10 
7 1 1  
8 0 
8 1 
H 2 
8 3 
8 4 
8 5 
8 6 
8 7 
H 8 
8 9 
8 10  
8 91 
8 1 2  
9 0 
9 1 
9 2 
9 3 
9 5 
9 7 
9 10  

10 0 
10 1 
10 2 
10 3 
10 4 
10 5 
10 7 
11 2 
11 3 
11 4 

12 (Continued) 
3 3 H =  6 
4 5 K L F O  
3 4 0 0  6 
5 6  0 1  7 
7 7 0 2  7 
3 4 0 3  9 
5 5 0 4  8 
4 4 0 5 16 
4 5 0 6  5 
8 8 0 7 15 

10 11 0 9 18  
3 3 0 11 13 
5 6 0 12 7 
4 4 0 13  3 
8 9 0 14 6 
2 2 0 1 ' 5  . 2  
5 5 1 0 16 
4 4 1 1 15 
4 4 1 . 2  5 
3 3 1 3 14 
2 3 1 4  9 
B 3 1 5  8 
6 7 1 6  7 
4 4 1 7  5 
4 4 1 . 8  8 
2 1 1 9  4 
3 2 1 11 5 
4 4 1 13 2 
8 7 1 14 4 
9 9  1 15 3 
5 6 2 0  7 
7 7 2  1 . 2  

. 5  5 2 2 14  
4 4 2 3  6 
3 4 2 4  5 
9 9 2 5 8 
4 4 2 6  7 
5 5 2 7 14 
6 6 2  8 12  
4 4 2 9  9 
3 3 2 10 2 

' 4  5 2  11 3 
6 6 2 12 4 
2 3 2 13 3 
5 5 . 2 1 5  2 

3 0  2 
3 1  5 
3 2  7 



Tab le  1 2  (Cont inued)  
6 5  6 6 
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