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min ima  on the  t ime axis and  the absolute  values  of 
hea t  flow v a r y  somewhat  from exper iment  to ex- 
pe r imen t  - due to the  amoun t  of inoculum and  also 
to  the  length of the  lag phase  associated wi th  the  ad-  
j u s t m e n t  of the  organism to the  growth  med ium - the  
genera l  character is t ics  of the  curves are well repro-  
ducible.  In  each example ,  the  the rmograms  of two 
independen t  exper iments  wi th  the  same organism are 
shown. In  some cases, the  calor imetr ic  character i -  
za t ion  could be improved  for character iz ing different  
s t ra ins  or m u t a n t s  of the  same organisms.  Two 
examples  are shown in Figures  10 and  11. 

5. Mixed  cultures 

Only  a few calor imetr ic  inves t iga t ions  on the growth  
of mixed  popula t ions  have  been under taken .  F igure  12 
shows the t he rmogram of a soil sample  wi th  different  
sal t  addi t ions ,  and  Figure  13, t he rmograms  of microbi-  
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Fig. 13. Heat production from bacterial activity in cattle manure. 
a) solid manure at 40 ~ b) liquid manure at 45 ~ e) liquid manure 
at 60 ~ 

al g rowth  in ca t t le  manure .  In  bo th  cases i t  is im- 
possible to recognize any  charac ter i s t ic  profiles of the  
growing organism. The smoothing  of the  curves is 
caused b y  the  superposi t ion of the  hea t  profiles of the  
growing species, bu t  also b y  the unknown change in 
me tabo l i sm caused b y  the  m u t u a l  interference of the  
species. 

6. Conclusion 

I t  was shown in chap te r  4 tha t ,  under  exac t ly  de- 
fined exper imenta l  condit ions,  a sufficient identif ic-  
a t ion  of some groups  of bac te r ia  is possible. In  com- 
par ison with  the  usual  microbiological  methods ,  the  
calor imetr ic  me thod  has the  great  advan t age  t h a t  re- 
sults are a l r eady  at  hand  af ter  5 to 10 h. But ,  as wi th  
every  o ther  method,  the  organism under  inves t iga t ion  
has to be isola ted before it can be identif ied.  I t  is there-  
fore not  possible to ca r ry  out  any  thermic  spectro-  
scopy in a mixed  culture.  F o r  clinical appl ica t ion ,  this  
quest ion is of less in teres t ,  because con tamina t ion  in 
blood or urine, for instance,  is usua l ly  caused b y  jus t  
one species. At  present ,  the  growth  profiles ob ta ined  
are most  sensi t ive to differences in exper imenta l  con- 
dit ions,  for example  oxygen potent ia l .  Therefore,  the  
ca lor imetr ic  me thod  is not  ye t  su i tab le  for p rac t ica l  
use in clinical microbiology.  However ,  wi th  technica l  
improvemen t  and deve lopment  of sui table  cul tur ing 
condit ions,  the  microcalor imetr ic  me thod  m a y  be- 
come a useful tool  in the  rout ine  labora tory ,  even if 
it  will never  supersede any  other  convent ional  me thod  17. 

1: Acknowledgment. The kind permission of the cited authors and 
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Summary. The defensive secretions of 4 species of opilionids were analyzed. Leiobunum ventricosum and Hadrobunus 
maculosus produce 4-methylheptan-3-one, while L. calcar produces E-4,6-dimethyl-6-octen-3-one. L. longipes produces 
~2-4,6-dimethyl-6-nonen-3-one, a new natural  product.  

Arachnids of the order Opiliones possess a pair  of dis- 
chargeable defensive glands a, 4 tha t  produce volatile odo- 
rous secretions. Chemical work has so far been done only 
on 2 species of the suborder Laniatores and 3 species of 
the suborder Palpatores. The Laniatores produce methyl-  
ated 1,4-benzoquinones 5-7, while the Palpatores produce 
acyclic ketones, including 4-methylheptan-3-one (I) and 

E-4,6-dimethyl-6-octen-3-one (II)8, 9. We here report  on 
the chemistry of the secretions of 4 addit ional  Palpatores.  
Two of these, Leiobunum venlricosum and Hadrobunus 
maculosus, produce compound I, and a third, L. calcar, 
produces compound II .  The fourth, L. longipes, produces 
E-4,6-dimethyl-6-nonen-3-one (III), a previously nn- 
described natural  product.  
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The animals  (12 L. ventricosum, 12 H. maculosus, 60 
L. calar, 60 L. longipes) were collected in the  environs  of 
I thaca ,  New York, and  on the  t l u y c k  Preserve  in Rens-  
selaerville, New York.  All were 'mi lked '  of the i r  secret ion 
by  the  techniques  previous ly  descr ibed 3. 

Gas ch roma tog raph ic  examina t i on  (2.4 m • 2 ram, 3% 
OV-225, Chromosorb  W, 80-150~ of the  secret ions of 
L. ventricosum and  H. maculosus revealed the  presence  of 
a single volat i le  c o m p o n e n t  in each, wi th  the  same re- 
t en t ion  t ime. The mass  s p e c t r u m  of this  c o m p o n e n t  was 
ident ical  to t h a t  r epor ted  for 4 -me thy lhep tan -3 -one  (I)9 

The secret ion of L. calcar revealed 3 volati le compo-  
nen t s  upon  gas ch roma tog raph ic  analysis.  The mass  
spec t rum  and  re t en t ion  t ime  of the  major  c o m p o n e n t  (ca. 
70% of mixture)  was ident ical  to t h a t  of an au then t i c  
sample  of E-4 ,6-d imethyl -6-oc ten-3-one  (II). Confirma-  
t ion of th is  ident i f ica t ion  was  ob ta ined  by  microozono-  
lysis of the  mix ture ,  which  yielded only one i m p o r t a n t  
volat i le  p roduct ,  whose mass  spec t rum was ident ical  to  
t h a t  r epor ted  for 4 -methy lhep tan-2 ,5 -d ione  (IV)9 

Gas ch roma tograph ic  analysis  of tile defensive se- 
cre t ion  of L. longipes revealed the  presence of one major  
(ca. 90%) and one minor  volat i le  componen t .  The mass  
spec t rum of tile maj or c o m p o n e n t  con ta ined  the  following 
p r o m i n e n t  peaks  a t  70 eV: role 168 (4), 139 (10), 111 (15), 
86 (48), 83 (39), 69 (100), 57 (87), 55 (65), 41 (53). The 
spec t rum  is cons i s ten t  wi th  expec ta t ions  for an unsa tu r a t -  
ed ke tone  of molecular  formula  CuH200. The rear range-  
m e n t  peak  a t  m/e = 86, along wi th  peaks a t  M-29, M-57, 
and  57, indicate  t h a t  this  c o m p o n e n t  is closely re la ted  to  
4 -me thy lhep tan -3 -one  (I)9. W i t h  th is  assumpt ion ,  par -  
t ia l  s t ruc tu re  a seems a t t rac t ive .  Spect ra l  da t a  alone, 
however ,  do no t  pe rmi t  the  ass ignment  of an unambigu-  
ous s t ruc tu re  to t he  C6H n residue compris ing the  dis ta l  
po r t ion  of the  molecule.  
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The 60 MHz N M R - s p e c t r u m  (CDCla) showed the  following 
absorp t ions :  d 5.08 (1, t, j = 7 Hz, H C = C ) ,  2.64 (1, m, 
CHCO), 2,42 (2, q, J = 8 Hz, CHACO), 1.9 (4, m, CH2-C 
=C),  1.58 (3, s, C H a - C = C ) ,  1.07 (3, t, J = 8 Hz, 
CHaCH2CO), 1.02 (3, d, J = 7 Hz, CHaCHCO), 0.91 
(3, t, J = 8.5 Hz, CHaCH2C=C ). E-4 ,6-Dimethyl -6-  
nonen-3-one  (III) was indis t inguishable  f rom the  ma jo r  
c o m p o n e n t  of the  L. longipes secret ion on the  basis of gas 
ch roma tog raph ic /mass  spec t romet r ic  comparison.  
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A small  por t ion  ( ~ 5 % )  of the  p roduc t  mix ture  ob- 
t a ined  f rom the  Claisen r e a r r a n g e m e n t  12 of V I I I  was the  
Z isomer (shorter  r e ten t ion  t ime on OV-225 compared  to  
the  major  component ) .  T h a t  the  2 p roduc t s  were geo- 
metr ica l  isomers was shown by  the i r  hav ing  ident ical  
mass  spectra .  The a s s ignment  of the  more  stable E ste- 
r eochemis t ry  to the  major  isomer is made  by  analogy to 
the  known  t h e r m o d y n a m i c  course of the  Claisen rearrange-  
m e n t  la. 

F u r t h e r  in fo rmat ion  was ob ta ined  by  microozonolysis .  
E t h e r  was added  to  the  na tu ra l  mixture ,  and ozone was 
passed  t h rough  the  solut ion at  -78  ~ for 5 min. The mix-  
ture  was purged  wi th  ni t rogen,  allowed to  warm to room 
t empera tu re ,  and  t r ea t ed  w i t h  t r ipheny lphosph ine .  Anal-  
ysis by  gas c h r o m a t o g r a p h y / m a s s  s p e c t r o m e t r y  re- 
vealed the  presence  of one ma jo r  c o m p o n e n t  wi th  a mass  
spec t rum ident ical  to  t h a t  r epo r t ed  for 4 -methy lhep tan-2 ,  
5-dione (IV) 9. In  a second, similar exper iment ,  using 
amyl  ace ta te  as a solvent ,  analysis  by  gas chromatog-  
r a p h y / m a s s  s p e c t r o m e t r y  revealed the  presence  of pro-  
p iona ldehyde .  On this  basis, the  second c o m p o n e n t  can  
be fo rmula ted  as 4 ,6-dimethyl-6-nonen-3-one.  E-4,6-di-  
me thy l -6 -nonen-3-one  (III) was p repared  in a m a n n e r  
analogous to t he  previous ly  descr ibed p repa ra t ion  of 
E-4 ,6-d imethyl -6-oc ten-3-one  (II) 9. Reduc t ion  of 2- 
m e t h y l - l - p e n t e n - 3 - o n e  (V)11 wi th  l i th ium a luminum hy-  
dr ide af forded 2 -me thy l - l -pen ten -3 -o l  (VI) in 71% yield. 
The addi t ion  of VI  to  m e t h y l k e t e n e  d imer  (VII) gave 2- 
m e t h y l - l - p e n t e n - 3 - y l  2 -me thy l -3 -oxopen tanoa te  (VIII)  
in 85% yield. Com pound  V I I I  was hea ted  at  205~ for 
15 h in the  presence  of a l uminum isopropoxide  while gas 
evolut ion  was moni tored .  The react ion was carr ied to 
a p p r o x i m a t e l y  90% convers ion  as shown by  gas ch roma-  
tog raphy ,  and  the  p roduc t ,  I I I ,  was purif ied by  p repara -  
t ive  gas c h r o m a t o g r a p h y  (3.7 m • 1.0 cm, 10% SE-30 on 
Chromosorb  W, 135~ The I R - s p e c t r u m  (neat) of I I I  
showed the  expec ted  ca rbony l  absorp t ion  at  1710 cm -1. 
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