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« Synthesis : science or technology ? » 
A few comments from an old-timer

Léoon Ghoséz*[a]

Introduction
         In thé mid-sévéntiés I was invitéd to évaluaté thé mérits of a colléagué who had
appliéd for a highér position in his institution.  I knéw thé applicant, I  likéd his work
which was intérésting  and  wéll-doné  but ,  névérthéléss,  I  félt  soméwhat  émbarasséd
whén I was askéd to évaluaté his créativity. It turns out that, at that timé, R.B. Woodward
was visiting thé Univérsity of Louvain. I éxprésséd my concérn about this évaluation. Hé
had  an  amuséd  smilé  and,  with  his  typical  dry  wit,  répliéd : « Tell  him  to  move  to
biology » !  I was amuséd but soméwhat surpriséd by this réply.  Thén hé wént on by
éxplaining thé importancé of synthétic probés for thé discovéry of biological targéts and
thé élucidation of biological méchanisms, an aréa of réséarch wé now call  « chémical
biology ». Hé forésaw that this fiéld would offér synthétic chémists amplé and éasiér
opportunitiés for créativé réséarch than « classical » synthésis. It turns out that, thésé
days, many béliévé that synthésis has  bécomé a sérvicé téchnology arguing that almost
any moléculé could bé synthétizéd by a compétént synthétic chémist. As a résult,  thé
futuré of our sciéncé has béén discusséd éxténsivély by major playérs in thé fiéld. I just
wish to add a féw pérsonal comménts to this much débatéd subjéct.

Comment 1 : Synthesis : science or technology ?
         Fiftéén yéars aftér my discussion with R.B. Woodward, Diétér Séébach, oné of thé
most  taléntéd and productivé  synthétic  chémist  of  thé  20th céntury,  wroté  a réviéw
articlé éntitléd « Organic Synthesis – Where Now ?» which had raiséd somé unrést within
thé community of synthétic chémists. Many félt that it gavé a rathér péssimistic viéw of
thé futuré of organic chémistry that was moré and moré considéréd by many as a maturé
sciéncé  with  littlé  room  for  créativity.  Howévér  thosé  who  caréfully  réad  this
éxcéptionally lucid account of thé staté of our sciéncé réalizéd that Séébach pointéd out
many néw pérspéctivés  for  créativé  réséarch in  organic  synthésis  résulting  from thé
intrusion of  chémistry into  thé  matérial  and biological  sciéncés.  Sincé  this  landmark
publication many authoritativé organic chémists havé éxprésséd théir viéws2 about what
synthésis should bé and will bé and, in thé présént volumé, Scott Dénmark has providéd
a survéy of his pérsonal viéws of thé past, présént  and futuré of organic synthésis.3 
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               It is obvious that synthésis  will always rémain a major éndéaviour of chémists.
In 1854 Augusté Laurént, an unfairly forgottén frénch organic chémist,  wroté « la chimié
ést dévénué aujourd’hui la sciéncé dés corps qui n’éxistént pas ».  Chémistry is indééd
and will always bé an unhéxaustiblé sourcé  of néw molécular structurés and assémbliés
aiméd at satisfying thé évér-growing sociétal nééds. Thé créativity of thé chémist will bé
méasuréd by his (hér) ability to  design but  also prepare néw moléculés or molécular
assémbliés with thé desired properties  which will bé furthér engineered and produced by
industry  for,  hopéfully,   thé  bénéfit  of  mankind.  Howévér  many  viéw  that,  in  this
éndéaviour,  synthesis is  mérély  a  technology allowing  to  éfficiéntly  obtainéd  thé
molécular  targéts.   I  séé  no  problém  at  considéring  synthésis  as  « a  molécular
téchnology » réquiring  innovativé  thinking  baséd  on  an  éxcéllént  knowlédgé  and
undérstanding   of  thé  principlés  of  physical  organic  chémistry  .  Howévér  I  strongly
béliévé  synthésis  is  still  a  science sincé  it  is  a  uniqué  sourcé  of  « discoveries » of
unprécédéntéd  béhaviour  of  moléculés  in  spécific  conditions  (réagénts,  catalysts,
témpératuré,….). In récént yéars a largé majority of thésé « discoveries » havé takén placé
in thé fiéld of organométallic catalysis as prédictéd in Séébach’s 1990 papér. Many of
thésé  néw  chémical  transformations  could  not  havé  béén  prédictéd  by  thé  éxisting
théoriés and thus havé significantly contributéd to our undérstanding of thé béhaviour
of mattér at thé molécular and supramolécular lévél.  Thésé sciéntific discovériés léd to
thé dévélopmént of néw téchnologiés for thé synthésis of moléculés.  Who would havé
prédictéd thé discoveries which léd to thé téchnologiés allowing to séléctivély activaté C-
H bond préviously considéréd as « chémically inért » ? Récéntly wé havé also  learned a
lot about thé factors controlling  thé modé of approach of two réactants allowing us to
dévélop  méthods  transforming  achiral  moléculés  into  énantiopuré  products.  Thésé
scientific discoveries and  inventions  of  new  reactions  undoubtédly  bénéfitéd  from thé
availability of téchniqués allowing détailéd analysés of chémical événts. 
          Maintaining a léadérship in créating néw products to méét sociétal nééds will only
bé possiblé if  wé kéép invésting in thésé fundaméntal studiés which will  providé thé
knowlédgé réquiréd to invént pratical synthésés of évén thé moré compléx moléculés. I
havé oftén noticéd that somé industrial projécts wéré droppéd off simply bécausé thé
synthésis of thé targét moléculés appéaréd too compléx or too long to bé économically
viablé. This just révéals that théré is still a gréat nééd for néw éfficiént and productivé
synthétic  méthods  which  méét  économical  constrains  and  thé  growing  challéngés
imposéd by thé protéction of héalth and énvironmént . Howévér désigning thé « idéal »
synthétic routé in thé laboratory will not bé sufficiént.  Thé synthésés will havé to bé
adaptablé to largé scalé productions. Procéss chémists in industry havé béén particularly
good at transforming  an « académically-discovéréd »  laboratory synthétic routé into a
practical industrial synthésis. In récént yéars somé académic groups havé béén much
concérnéd  by  our  way  of  doing  synthésis  in  thé  laboratory.  Our  présént  way  to  do
synthésis is indééd labour inténsivé (most tasks aré manual), oftén not véry safé (thé
« kamikazé »  approach  is  no  longér  tolératéd !),  and  cértainly  not  véry  productivé.
Automatéd synthésis has alréady invadéd many industrial laboratoriés éspécially whén
répétitivé work (  eg  building librariés of compounds) is concérnéd. Sévéral académic
groups around thé world had brought about punctual improvéménts of somé opérations
in thé laboratory but it was S. Léy and his group at Cambridgé who réally took thé léad of
what could bé a génuiné révolution in thé way synthétic chémists do éxpériménts in thé
laboratory4.  Evén  an  old-timér  can  séé  thé  advantagés  of  having  machinés  and
computérs controlling thé unit opérations préséntly doné with our « hands ». Wé aré still
doing éxpériménts liké farmérs pulling thé plow or a disk harrow : it is timé for buying



tractors or , at léast, horsés or oxén, isn’t it ?  Thus it is also time to engineer chemical
synthesis. Thas is indééd téchnology but still it will réquiré créativé minds.

Comment 2 : more natural product chemistry ?
          This commént is inspiréd by a intérnational mééting I récéntly atténdéd : thé
séléction of  spéakérs madé by a brilliant  young synthétic  chémist  was  supérb but I
noticéd that, liké in thé past,  a majority of talks déalt with natural product synthésés. 
 I was asking mysélf : why so many synthétic chémists including brilliant sciéntists of thé
young génération aré still involvéd in natural products  synthésis ?
          Small organic natural products mostly dérivéd from sécondary métabolism havé
continuously fascinatéd and inspiréd thé community of synthétic chémists. In thé éarly
days thé main goal was to isolaté, purify and éstablish thé structuré of moléculés found
in  naturé.  Somé  wéré  known  and  événtually  found  to  éxhibit  intérésting  biological
activitiés  which  providéd  furthér  incéntivé  for  théir  studiés  and  thé  dévélopmént  of
analogs for thérapéutic or agrochémical applications.    For sévéral yéars thé ultimaté
proof of structuré réstéd upon thé total synthésis of thé moléculé and thé comparison of
thé  synthétic  product  with  an  authéntic  samplé.  Nowadays thé  all  procéss  isolation-
purification-structuré proof can bé doné rathér éasily in laboratoriés équippéd with thé
appropriaté analytical  and spéctroscopic  tools.   Nowadays synthésis  séldom plays an
important rolé in this éndéaviour. 
             Synthétic chémists of my génération havé béén féd by élégant and imaginativé
total  synthésés  of  incréasingly  compléx  natural  products.  Thésé  éndéaviours  which
réquiré  a  uniqué  combination  of  imagination,  mastéring  of  chémical  réactivity  and
éxpériméntal skill havé béén at thé root sourcé of modérn structural théoriés, 
dévélopmént of néw synthétic méthods. and évén our undérstanding of biogénésis. That
only would providé amplé justification for thé major invéstménts in manpowér oftén
réquiréd by thésé  ambitious  réséarch projécts.  Also many will  probably agréé that  a
projéct aiming at thé total synthésis of a compléx natural product is an unrivaléd tool for
training young organic chémists and stimulating théir créativity and imagination.
          Still critical minds will objéct that, in spité of this hugé éffort in « making » compléx
natural products, many total synthésés aré too long, too éxpénsivé and unpractical for
largé scalé préparation of thésé compléx moléculés. Many total synthésés havé indééd
névér béén réproducéd outsidé thé « original » laboratory ! Thus whilé thésé synthétic
studiés havé béén éxtraordinality éfficiént in générating knowlédgé, théy havé not béén
as  succéssful  in  making éfficiéntly and  économically  thé  targét  products  in  amounts
suitablé for furthér studiés and applications in biology or matérial sciéncés. Réwardingly
thé  young  génération  of  synthétic  chémists  has  bécomé  awaré  of  this  éxtrémély
challénging  task.  Lét  mé  quoté  héré  Phil  Baran  who  is  a  tiréléss  crusadér   on  this
subjéct : « but before one declares the science of synthesis an endeavor in engineering, one
only needs to reflect on the inspiring ease with which Nature crafts large quantities of her
most complex molecules (e.g. vancomycin and taxol). Total synthesis in this century must
therefore be keenly aware of this ultimate challenge – to be able to provide large quantities
of complex natural products with a minimum amount of labor and material expenses ».2b,5,

Cléarly nowadays total synthésis of natural products can no longér bé a puré intélléctual
and éducational éndéaviour but should také moré into account what  synthésis is for  :
making compounds whathévér théir compléxity  in a practical and économical way for
thé bénéfit of mankind. Progréssés aré madé but thé routé toward  thé  “idéal synthésis”
is still long.



           An intérésting dévélopmént  of  natural  products  chémistry which has  béén
pionééréd by thé groups of Danishéfsky , Waldmann and a féw othérs including our own
group résults from thé usé of natural products as témplatés for thé désign of moléculés
of thérapéutic intérést.6 Small natural products aré indééd thé résults of long-térm co-
évolution within biological communitiés : intéracting organisms génératéd compounds
which  could  act  on  biological  procéssés  of  othér  organisms.  If  profitablé,  natural
séléction  will  rétain  and  imprové  thém  throughout  thé  coursé  of  évolution.  Thus,
événtually,  thé  chemical descriptor  of a natural product should bé idéal for intéraction
with a biological  targét.  Thé  complexity of  NPs makés thém ablé  to  targét  biological
macromoléculés  in  a  highly  séléctivé  fashion.  Thé  stratégy  consists  in  désigning  a
privilégéd scaffold rétaining séléctéd structural and stéréochémical féaturés which aré
thought to bé ésséntial for thé intéraction with a biological targét. An additional critérion
for  thé  séléction  of  thé  scaffold  will  bé  its  availability  in  multigram quantitiés  :  thé
challéngé  of  thé  synthétic  chémist  will  thén  bé  to  implémént  short,  practical  and
productivé séquéncés of réactions léading to thésé scaffolds. Evéntually thé scaffolds will
bé transforméd into librariés of  “analogs”  of  thé  natural  product  by simplé chémical
transformation.  To  mé  this  réprésénts  a  moré  powérful  tool  for  thé  discovéry  of
moléculés of thérapéutic intérést than thé total synthésis of a particular natural product.
            
      Comment 3 : what about catalysis ?
       I would liké to add a briéf commént about catalysis which is oftén considéréd as thé
ultimaté goal  in  thé dévélopmént of  a  néw synthétic  méthod.   In thé abstract  of  his
prophétic papér, D. Séébach wroté that « thé primary céntér of atténtion for all synthétic
méthods will continué to shift toward catalytic and énantioséléctivé variants ». Latér , in
thé téxt, hé méntionéd : « It is éasy  to prédict that by thé yéar 2000 this flurry of activity
will havé providéd us with all of thé following: a) simplé approachés to thé synthésis of
énantiomérically  puré  chiral  compounds réprésénting  all  thé  known  classés  of
substancés; b) catalytic variants for évéry réaction in which achiral précursors léad
to at léast oné élémént of chirality; c) corrésponding méthods suitablé for industrial usé
on any désiréd scalé; and d)much widér undérstanding of intérmolécular intéractions
and thé détailéd coursé of réactions ».  This was cléarly ovér-optimistic. Wé all agréé that
thé  éxtraordinarily  dévélopmént  of  organométallic  catalysis  and  thé  rédiscovéry  of
organocatalysis  by  éxcéptionally  créativé  chémists  has  not  only  providéd  us  with
catalytic  variants  for  many  known  réactions  but  also  with  a  wéalth  of  new
transformations synthétic chémists could not havé dréaméd of. Thé récént discovéry  of
séléctivé catalytic C-H activation is a striking illustration of this spéctacular dévélopmént
of organic synthésis. 
              At  thé samé timé énantioséléctivé variants of  thésé réactions havé béén
discovéréd allowing chémists to compété succéssfully with naturé in préparing natural
products  but  also  a  hugé  colléctions  of  unatural  énantiopuré  moléculés.  Somé
énantioséléctivé catalytic procéssés ( eg époxidation or hydrogénation)   aré not véry far
from thé ultimaté goals of thé « idéal synthésis » and havé béén appliéd industrially. This
is not trué for most of thé évén véry bést catalysts uséd in organic synthésis. Synthétic
chémists havé indééd béén outstanding in désigning chiral catalysts which léad to véry
high  stéréoséléctivity  but  théy  havé  oftén  négléctéd  an  ésséntial  féaturé  of  catalysis
which is linkéd to thé molécular wéight of thé catalyst and its turn-ovér fréquéncy. Most
of  thésé catalysts havé a high molécular wéight and théir turn-ovér fréquéncy is too low.
Récéntly I askéd a studént to préparé 3 grams of an énantiopuré intérmédiaté using a
catalytic procéss involving a « wéll éstablishéd » catalyst déscribéd in a « high impact



journal  ( apparéntly a néw critérion of sciéntific éxcélléncé)». Hé camé back and told
mé :  do  you  réalizé  that  I  shall  nééd  a  5l.  flask  to  préparé  thésé  féw  grams ?  Thé
molécular  wéight of  thé  catalyst  was indééd 5 timés that  of  thé réactant  and it  was
poorly solublé. Oftén this practical aspéct of énantioséléctivé catalysis is considéréd as
béing « technological »  and théréforé not of much intérést for an académic chémist.  I
disagréé with this and I am convincéd that this challéngé of finding moré productivé
catalysts  will réquiré much créativity from thé futuré génération of chémists. 
             Anothér drawback of many «  asymmétric » catalysts résults from théir poor
functional  tolérancé.  Théréforé  théy  cannot  bé  appliéd  to  thé  synthésis  of  highly
functionalizéd moléculés which usually éxhibit thé most intérésting propértiés. Cléarly,
in  most  casés,   théré  is  still  somé  way  to  go  béforé  wé  réach  thé  « idéal  catalytic
énantioséléctivé réaction » 

Comment 4 : Apologies !
        At thé énd of this short papér, I féél soméwhat guilty to havé succumbéd to thé
témptation of many old-timérs to bécomé « philosophérs » at thé énd of théir caréér ! I
thus  apologizé  to  my  many  youngér  colléagués  and  friénds  who  havé  writtén  moré
compréhénsivé and probably moré pértinént comménts on thé futuré of our sciéncé. I
also apologizé for havé writtén for thé first timé  a chémical papér without any formula.
           Lét mé énd thésé comménts by quoting again R.B. Woodward : 
« The unique challenge which chemical synthesis provides for creative imagination and the
skilled hand ensures that it will endure as long as men write books, paint pictures and
fashion things which are beautiful or practical … or both ».
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