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Abstract: In the presence of cuprous chloride, the representative biohopanoid la was smoothly converted by oxidation 
in pyridine into aldehydes, ketones and carboxylic acids with the same skeletons as those of molecular fossils 
ubiquitously found in the organic matter of sediments. 

With their po lyhydroxy la t ed  C5 s ide-chains  and their all-trans t r i terpenic  skeleton,  

b iohopanoids  such as the representa t ive  aminotr io l  l a  have asser ted themselves  in the past  

twenty years as an important  class of  natural  products  specif ic  to many bacter ia  of  d iverse  

origin, l They have been so far a lmost  exc lus ive ly  isola ted from axenic bacter ial  s trains 

cultivated in the labora tory ,  many of them being representa t ive  of microbia l  popula t ions  in 

sedimentary environments .  Indeed,  b iohopanoids  are obv ious ly  also widespread  in 

microorganisms from natural  si tes,  as witness  their many chemical  foss i l s  called 

geohopanoids ,  encountered in every sediments  and which often posses s  c losely  related 

skeletons but  shor ter  l ess - func t iona l ized  s ide-chains .  2 If  the bio- to geohopanoids  relation is 

in this sense  undeniable ,  the detai led mechanisms that govern the t ransformat ions  of  bacter ial  

t r i terpenoids into geohopano ids  remain largely obscure.  We a l ready have engaged ourselves  

with success  in geomimetic  exper iments  involving heating of a type -b iohopano id  in molten 

sulphur to account for the epimerizat ion at C-17 found in the skele tons  of geohopanoids  from 

older sediments;  3 in this work,  we present  s imple  and smooth autoxidat ion exper iments  

performed on the widespread  b iohopanoid  I a that led to an eff ic ient  degradat ive  s t r ipping of 

its polyfunct ional ized  s ide-chain ,  giving two series of hopanoids  of geochemical  value. 
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We first  s tudied the fate of aminotr iol  l a  under oxic condi t ions  (02,  l a t i n )  using 

pyr idine as a so lvent  and in the presence of  cuprous chlor ide  (Cu2C12), i .e.  under condi t ions  

known for to the oxidat ion  of a pr imary al iphatic amino group.  4 To ensure a minimum of  85% 

convers ion of the star t ing material ,  the reaction mixture was kept  14h at 70°C. 5 After 

fi l tration of  the inorganic  salts  and evaporat ion of the solvents ,  the sol id  res idue  was 
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submitted to a s i l icagel  column chromatography ,  giving after elut ion with CH2C12 in 30% 

yield an apolar  fract ion and, in 60% yield,  after elution with CHC13/CH3OH (4/1, v/v) a 

series of  polar  compounds .  The apolar  fract ion could be di rec t ly  analyzed in gc-ms by 

comparison with reference compounds  avai lable  in our labora tory .  I t  cons is ted  in 

trisnorhopanone 2 as a minor  product  (1% of the fract ion)  and in the four  oxo-der iva t ives  3-6 

as major products  in the fo l lowing  percentages  in the fract ion:  3 (15%),  4 (30%), 5 (34%), 6 

(20%). Conf i rmat ion of the stucture of  these compounds  was obtained by 250MHz 1H-nmr 

after further s i l icagel  tic pur i f icat ion of  the fract ion,  y ie ld ing after two migrat ions  in 

cyclohexane/CHC13 (2/1, v/v) in order  of decreas ing polar i ty  4 (Rf=0,6) ,  a mixture of  5 and 

6 (Rf=0,5) ,  adiantone 3 (Rf=0 ,4)  and f inal ly  trisnorhopanone 2 (Rf=0,25) .  

As far as the polar  compounds  are concerned,  they were separa ted  after CH2N2 

treatment and acetylat ion (Ac20/Py,  1/1, v/v; 12h, 20°C) on s i l icagel  tic not  only into rest  

(15%) of the start ing material  in the form of its te traacetylated der ivat ive  l b  accompanied in 

10% yield by its immediate  oxida t ion  product  isola ted as a tr iacetate 10,  but also in teres t ingly  

into a series of methyl -es ters  7-9  in a 51312 respect ive  ratio and readi ly  ident i f ied  in gc-ms by 

comparison with reference compounds .  The r ibosy lamine  der ivat ive 10 exhibi ted  in lH-nmr6 

an anomeric proton at 6ppm with a coupl ing constant  of  5Hz with its ne ighbour ing  proton on 

the C5 ring character is t ic  of an ct anomer,  in agreement  with the repor ted  format ion of  only 

the cx anomer after acetylat ion of D-r ibosylamine .  7 
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The presence of copper  salts  appeared necessary  to ensure an eff ic ient  degradat ive  

s tr ipping of the acyclic moiety of  aminobac ter iohopanet r io l  l a as demonst ra ted  by an 

independent  exper iment  run under  the same condi t ions  but wi thout  cuprous  salt.  In this case, 

the start ing material ,  i sola ted as its te traacetylated derivat ive,  was recovered in 95% yield.  

Indeed, as already repor ted occas iona l ly  in the l i terature,  a the copper  sal ts  a s s i s t  the c leavage 

of the vicinal  hyd roxy  funct ions in 1 a, giving access to the C32 a ldehyde  6. The intermediate  

key-pos i t ion  of this latter a ldehyde  in the degradat ion of  aminotr io l  l a could be checked 

further by submit t ing it to our typical  oxidiz ing procedure.  It was conver ted  almost  total ly 

(>98%) into the same ser ies  of  compounds  as in the case of  l a ,  i.e. for  two third into the 

shorter  der ivat ives  2 -5  and for  the rest  into carboxyl ic  acids ident i f ied  as the methyl -es ters  
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derivat ives 7-9  in the respect ive  2/1/1 ratio. For  the degradat ion  of  a ldehyde  6,  the r01e of  

the cuprous  sal t  did not  p rove  to be essent ia l  as the same degradat ion  pattern was observed  in 

an autoxidat ion exper iment  run wi thout  it. Its oxidat ion  appeared to fo l low pa thways  a l ready 

reported for  al iphatic enol izab le  a ldehydes ,  an init ial  attack of  oxygen  on the a ldehyde  group 

leading to carboxyl ic  acids with the same number of  carbon atoms whereas  an attack next  to 

this group generated a carbonyle  der ivat ive  with one carbon atom less .9  The lack of  format ion 

of the a ldehyde in C2S resul ts  p robab ly  from the tendency of  the C29 oxo-der iva t ive  3 to react 

with oxygen under  its most  s table  te t rasubst i tu ted  enol form. 

By cur ios i ty  we extended our autoxidat ion condi t ions  to hopanoid  l e  of  easy access by 

treatment of the free aminotr io l  with excess of i sop ropy ld ime thy lch lo ros i l ane  in pyr id ine  

fol lowed by a SiO2 tic pur i f icat ion as a l ready detai led,  l0 We were p leased  to d i scover  that the 

starting compound was conver ted  in 55% yield into the two immediate  shor te r  homologues  1 1 

and 12 in a 3:2 ratio. 6 The i sop ropy ld ime thy l s i l y l  protect ion proved to offer  here a moderate  

resistance to the oxid iz ing  condi t ions ,  making it par t icular ly  sui table  to track a ldehydo-  

derivat ives with C33 and C34-biohopanoid  f rameworks .  
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The oxidiz ing condi t ions  we chose proved very eff ic ient  to conver t  within a few hours 

and at a moderate  temperature  the type-b iohopano id  l a  into an array of  degraded hopanoids  

which are all unknown present ly  in l iving organisms ,  except  the norhopanone  3 that has been 

found so far essent ia l ly  in a few ferns from the genus Adiantus. I t  Indeed,  the three methyl-  

esters 7 -9  are der ivat ives  from carboxyl ic  acids widespread  in sediments  of  var ious  age and 

origin as they are not  only  present  in very immature ones l ike lacust r ine  depos i t s  or soi ls ,  12 

but are also found in ancient  sediments  with a wel l  p reserved  s t ructura l  in tegr i ty ,  with the 

exception of their conf igura t ion  at C-17 which tends to epimer ize  to the more 

thermodynamical ly  s table  17a (H)  one when exper iencing diagenet ic  maturat ion.  13 The 

carbonyl -der iva t ives  2 -6 ,  al though of  except ional  occurence in sediments ,  2b,13 represent  the 

reduced counterpar t  of  the former ca rboxyl ic  acids (for a ldehydes  4 - 6 )  or oxidized 

counterpart  of  ser ies  of  saturated geohopanoid  hydrocarbons  which are once again near ly  

ubiquitous in sediments .  2a,12,13 The absence of any C28 hopanoid  in our oxidat ion  

experiments  accounts  for the absence  of  C28 geohopanoids .  

Apart  from the fact that copper  sal ts  are usual ly  only present  in very low amounts in 

sediments,  14 the geomimet ic  character  of our exper iments  is on the whole  at this s tage open to 
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crit icism as they were,  in the f irst  place, run in pyr id ine ,  a so lvent  which never theless  

guarantees the complete  so lubi l iza t ion  of  1 a reknown for its reluctance to so lubi l ize  in nearly 

every solvent  including water.  Despite of that, our s tudy mili tates for  the essent ia l  and early 

degradat ive action of oxygen  on b iohopanoids  once in the presence of copper  sal ts ,  as well  as 

for the importance of the C32 a ldehyde  6 as an intermediate  in this degradat ive  process .  From 

an environmental  view point,  it enl ightens the s t rong compet i t ion of  abiotic  versus  biologica l  

processes offered by oxic or even probab ly  suboxic  condi t ions  on the degrada t ive  s t r ipping of 

the s ide-chains  of b iohopanoids .  Cont rary  to sulphur ,  3 oxygen  did not  appear  to affect at all 

the b iohopanoid  type all-trans skele ton,  as even t r i snorhopanone  2, of high epimer izabi l i ty  at 

C-17, was found as a pure 17~(H) epimer by nmr after SiO2 tic isolat ion.  

We are now conduct ing further autoxidat ion exper iments  on 1 a under  more geomimetic 

condi t ions,  swi tching cuprous  chlor ide  to iron salts ,  which are more commonly  encountered 

in sediments ,  and el ic i t ing water  in the presence of phospho l ip ids  as a medium. 
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