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UHISED VAATEPUNKTID KEEMIAS,
MATEMAATIKAS JA ARVUTIMOTLEMISES”

Prof. Ivar UGI

Miincheni Tehnikaiilikool

SUUR ARENG KEEMIAS - L. UGI JA TEMA KOLLEEGIDE
KOLM POHIMOTTELISELT UUT PROJEKTI

I. Ugi uurimistoode algus — ldhe kolmele uuele valdkonnale
matemaatikale orienteeritud orgaanilises keemias

1954. a. ilmunud artiklis N-15 isotoobi suhtelise jaotumise kohta
feniilildiasooniumi ja nitritioonide reaktsiooniproduktides [1] niidati, et
vaheiihendiks reaktsioonil ei saa olla feniiiilpentasool 1. I. Ugi tGestas
kohe, et saadud tulemusi oli interpreteeritud védralt — vaheiihendiks oli 1
koos feniiiildiasoasiidiga [2]. Uhend 1 eraldati ning tema tekkimine
reaktsioonil tdestati. I. Ugi piitidis vorrelda 1 iihendiga 2, mis tuli
siinteesida feniiiilisotsiianiidist 4 (R=CgHjs).

Nimetatud uurimist6o pani aluse 1. Ugi osavotule koigist jargnevatest
projektidest keemias ja matemaatikas. Seejuures pani 1. Ugi aluse kolmele
tdiesti uuele suunale keemias.

* Artikkel on varem ilmunud viljaandes: Eesti Keemia Selts 75. Tallinn, 1994, 29-45.
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(I) Uus ajajdark isotsiianiidide keemias, nende rakendamisel
preparatiivses siinteesis ja uurimises

1859. a. siinteesis W. Lieke esmakordselt alliiiilisotsiianiidi,
alkiileerides hobetsiianiidi alliiiiljodiidiga [3]. 1867. a. nditas A. Gautier, et
ka alkiiiilisotstianiidid on siinteesitavad iildiselt samal alkiileerimismeeto-
dil. Samal ajal avastati karbiiiilamiini meetodina tuntud isotsiianiidide
siintees primaarsetest amiinidest kloroformi toimel. Kumbki nendest mee-
toditest ei ole leidnud laialdast kasutamist, kuna nad ei voimalda saada
puhtaid iihendeid ega ole rakendatavad suurte koguste isotsiianiidide toot-
miseks.

Kogu m66dunud sajandi viltel olid isotsiianiidid keemias vihe levinud
uurimisobjekt [3, 4]. Siiski avastati sajandi 16pul moned uued isotsiianii-
dide reaktsioonid ning peale I maailmasdda avastas M. Passerini isotsiia-
niidide reaktsiooni oksoiihenditega kombinatsioonis karboksiiiilhapetega —
nn. Passerini reaktsiooni.

I. Ugi ja tema kaastootajad 16id vOimaluse isotsiianiidide valmista-
miseks ja nende kasutamiseks preparatiivsete reagentidena, tootades vilja
selleks otstarbeks mitmeid meetodeid [3, 5]. Eriti viljakad on isotsiianii-
dide keemia arengu seisukohalt olnud kaks viimast aastakiimmet. Paljud
keemikud on mdistnud, et isotsiianiidide keemia erineb iilejaédnud orgaa-
nilisest keemiast, kuna isotsiianiidid on ainsad iihendid, milles formaalselt
kahevalentne CIi muutub reaktsioonides neljavalentseks CV' aatomiks.
Sellealaste teaduslike uuringute téihtsus leidis 1dpuks moistmist: isotsiianii-
did avavad suuri vdimalusi viga paljudeks erinevateks reaktsioonideks ja
preparatiivseteks meetoditeks orgaanilises keemias.

I. Ugi ja tema doktorandid R. Meyr ja C. Steinbriicker [5] juurutasid
esimese iildise meetodi isotsiianiidide 4 saamiseks formiiiilamiinidest 3.
Ka koik hilisemad isotsiianiidide saamise meetodid on leitud I. Ugi ja tema
endiste kaastootajate poolt [3—6]. Nelja komponendi kondensatsioon [5]
(tuntud ka Ugi reaktsioonina U-4CC [4]) on "one-pot" mitmekomponentne
reaktsioon (MKR), milles produkt moodustub iile intermediaatse o-adukti
8 isotsiianiidist 4, ammoniaagist v3i tema derivaadist 5, karboniiiiliihendist
6 ja mingist happest, mis on tasakaalus oma aniooniga 7. 1959. a. jaanuari
esimeste niddalate jooksul selgitati vilja koik U-4CC produkti 9
voimalikud pdhitiiiibid, mis on saadud iile 12 erinevat tiiiipi vaheiihendi 8.
Pirast seda pole enam iihtki uut tiiiipi o-adukti 8 leitud. Uldjuhul on
U-4CC-d MKR-d, mis toimuvad pehmetel, fiisioloogilistele ldhedastel
tingimustel ning voimaldavad saada erinevaid produkte hea saagisega.

n —H,0 ® o —NH- 6 \/C/— N/
R \n/H —* R—N=C %2%2 R—N:C\ \ —  product
o X
3 4 : 8 ( a —adduct) 9
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Esimeseks niditeks U-4CC praktilise rakendarmse kohta on senini
levinuima lokaalse anesteetiku Xylocazne 10 [3] siintees. U-4CC-d on
laialdaselt kasutatud o-aminohapete, poliipeptiidide, B-laktaamsete
antibiootikumide [6], alkaloidide ja nende analoogide saamiseks [4].

10 (Me=CH,; Et=C,H,)

Aastail 1964—1967 uuriti U-4CC darmiselt keerukat stereoselektiivset
mehhanismi mudelreaktsiooni baasil [7]. Kuni 1962.a. tootati
stereoselektiivse U-4CC baasil vilja fundamentaalsed meetodid nii
aminohapete ja peptiidide derivaatide kui ka B-laktaamide, sh. penitsilliini
saamiseks [8]. Tunnustuse leidnud M. Bodanszky ja M. A. Ondetti
raamatus "Peptiidide siintees" on U-4CC kohta oeldud [9]: "Ugi siintees
nditab, et inimese leidlikkusel ei ole piire, et peptiidide siinteesimeetodite
areng ei ole veel loppenud ja et palju ettearvamatuid voimalusi saab veel
ldhemal ajal tuntuks ja kasutatavaks."

I. Ugi ja tema kolleegid on mdistnud, et uuringud tsiianiidide keemias
votavad rohkem aega, kui nad varem arvasid, nimelt leidsid nad 1993.
aastal, et peptiidide siintees stereoselektiivse U-4CC kaudu on iildiselt
efektiivsem gliikoosamiini derivaatide kasutamise korral, vorreldes varem
eelistatud a-aminoalkiiiil-ferrotseenderivaatidega [10].

(II) Uute matemaatiliste ja formaalloogiliste teooriate arendamine
keemias koos arenguga keemilises motlemises ja arvutiprogrammide
koostamisel

Enamikul juhtudel toimub matemaatikale orienteeritud areng keemias
fiitisika voi fiilisikalise keemia kaudu, nagu niditeks kvantkeemias voi
TMR-spektroskoopia metodoloogias. Siiski, kahel alal on matemaatiline
ldhenemine probleemile pohjustanud progressi ka otseselt keemias: graa-
fide teooria [11] rakendamine molekulaarstruktuuride uurimisel ja permu-
tatsioonilise algebra [12] rakendamine isomeeride kindlaksméaaramisel.

Alates 1969. aastast kuni oma surmani aastal 1985 tegi James Dugundji
viljakat koost6dd I. Ugiga uue matemaatilise ldhenemisviisi loomiseks
keemias. J. Dugundji oli oma doktorantuurijargsetel aastatel koos Albert
Einsteini, Kurt Godeli ja Marston Morsega Princetonis, tootades seejirel
topoloogia professorina USC-s [13]. Ka pidrast I. Ugi siirdumist
Saksamaale jdtkus nende matemaatikaalane koost6o.

1973. a. esitasid nad uue meetodi kirjeldamaks molekule maatriksite ja
keemilisi reaktsioone nende aditiivsete transformatsioonide abil

B+R=E.

Lihtematerjalid B konserveeritakse produktideks E keemilise reakt-
siooni R kaudu [14]. See algebraline teooria pohineb 18 teoreemil, mida
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on sageli nimetatud DU-teooriaks voi naljatamisi "piibliks", sellega viites,
et seda pole voimalik tdiustada. Hiljuti viis elektron-delokaliseeritud kee-
miliste komplekside kéasitlemine laiendatud DU-teooria abil modifitseeri-
tud XB, XE ja XR teooria tekkimisele. On mérkimisvairne, et samad
teoreemid kehtivad ka laiendatud DU-teooria korral [15].

Molekulaarse stereokeemia kasitlemine loogika ja algebraliste
meetoditega pani aluse kiraalsuse [16a] ja R,S-nomenklatuuri [16b]
taiendatud kontseptsioonile. Samuti leiti uued viisid defineerimaks ja
kirjeldamaks stereokeemilisi reaktsioone ja nendest osavdtvaid molekule
[16-18]. See formaalne ldhenemisviis on olnud aluseks mitmetele
arvutiprogrammidele kirjeldamaks nii molekule, reaktsioone kui ka
stereokeemiat [18]. Programmide IGOR ja RAIN abil on vdimalik
genereerida uusi keemilisi reaktsioone. I. Ugi endised kaastootajad
R. Herges ja D. Forstmeyer on nimetatud programmide abil leidnud ja
eksperimentaalselt teostanud 12 uut reaktsiooni [18, 19]. Uks avastatud
reaktsioonidest on jargmine: 11 + 12 — 13. See reaktsioon pole formaalse
keemilise sarnasuse astme jargi mis tahes aspektist ildsegi analoogne
mone tuntud keemilise reaktsiooniga [19].

CO,Me
0 o 0
?O,Me N
N
X y + —_—
11 12 13

W. T. Wipke jt. [20] kontrollisid selle meetodi rakendatavust uute
reaktsioonide genereerimisel ning leidsid samuti tihe uue reaktsiooni.

Peale IGORI ja RAINi pole tanaseni teisi programme, mille abil oleks
voimalik luua uusi keemilisi reaktsioone. 1963. a. esitas Georg Vleduts
sinteeside planeerimiseks kasutatavate arvutiprogrammide koostamise
pohimdtted, vottes aluseks olemasolevad andmed molekulide ja reakt-
sioonide kohta [21]. Diskussioonidel viitis ta alati, et sellised programmid
voimaldavad ainult permuteerida olemasolevaid andmeid voi genereerida
moningaid analooge. Enamik keemiaalaseid arvutiprogramme ongi koos-
tatud selle kontseptsiooni [18] vdi Stevensi jt. [22] idee baasil, kus reakt-
sioonide genereerimine toimub molekulide tuntud v&i arvutuslike
omaduste, niiteks energeetiliste tasemete alusel. Nende arvutiprogram-
mide abil ei ole véimalik genereerida ja kontrollida thtegi uut keemilist
reaktsiooni.

(111) "One-pot" MKR-d kolme kuni viie erineva molekuliga

Viimasel kolmel aastakiimnel on leitud moned S5-komponentsed
MKR-d. Need on tihedalt seotud U-4CC-ga. Varem kehtinud arusaamade
kohaselt oli MKR-de piiriks "one-pot" MKR seitsme komponendiga 14—
20, andes produkti 21 [23].
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21 (*Bu=(CH,),C)

Selle tulemuse avaldamine kutsus esile sensatsiooni mitmes ajakirjas.
Avalik huvi juhtis I. Ugi jt. [24] saadud tulemuste loogilisele
labitootamisele ja nad joudsid jéreldusele, et saadud produkt esindab
tdiesti uut klassi MKR-e, milles produkti moodustumine toimub ldbi kahe
vOi enama eelistatud suunaga tasakaalulise reaktsiooni kolme voi enama
reagendiga iihe tasakaalu kohta. Nendest tasakaalulistest reaktsioonidest
iihe asendamine pddrdumatu reaktsiooniga suurendab produkti moodus-
tumise efektiivsust. Produkti selline moodustumine on iihend kahest voi
enamast tasakaalulisest reaktsioonist (voi on iiks neist MKR). Mannichi
konversioon (M-3CC) ja Asingeri kondensatsioon (A-3CC vdi A-4CC) on
tasakaalulised reaktsioonid, kus produkti moodustumine on eelistatud,
samas kui Passerini reaktsioon (P-3CC), U-4CC, U-5CC vo6i Bucher—
Bergi reaktsioon (BB-4CC) on tasakaalus olevate reagentide MKR-d,
mille 16pp-produkt moodustub iihe poordumatu reaktsiooni kaudu.
Formaalselt poordumatule 10pp-reaktsioonile vastavad vesiniktsiianiidi
voi isotsiianiidi CT iileminekud C'-ks.

Niiiidseks on kindlaks tehtud, et on voimalik teostada mitmeid erinevat
tiilipi seitsme komponendiga MKR-e, ning uuritakse moningaid kaheksa,
iheksa ja kaheteistkiimne komponendiga MKR-e.

I. UGI PANUS MUUDESSE KEEMIA VALDKONDADESSE JA
MEETODITESSE

Fiitisik-teoreetik E. Ruch ja I. Ugi esitasid "stereokeemilise analoogia
mudeli”, mis vdimaldas paremini mdista stereoisomeersete produktide
teket kiraalsest siisteemist [25].

1961. a. méddrasid I. Ugi ja E Beck ddrmiselt kiirete happekloriidide ja
imidokloriidide hiidroliitisi ja aminoliiiisi reaktsioonide kiirusi, ldhtudes
oma t60s uutest pShimotetest elektritakistuse modtmisel ja leiutades uut
tiitipi kiiretoimelise elektritakistuse modtmise aparaadi. Edaspidi leidis see
seade laialdast kasutamist fiitisikalises keemias [26].
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Konkureerivate produktiivsete ja destruktiivsete reaktsioonide selek-
tiivsusefektid voeti kasutusele 1977. a. Stereoisomeersete peptiidide deri-
vaate on voimalik puhastada viga selektiivselt [27]. Viimastel aastatel on
seda lahenemist rakendatud ka Sharpless reaktsioonide korral [28].

Ferrotseeni derivaatide siinteesi ja reagentidena kasutamise seisukohalt
tuleb tihtsaks lugeda kiraalsete oi-aminoalkiiiilferrotseenderivaatide [16]
kasutamist U-4CC-s kiraalsete o.-aminohapete saamiseks alates 1968. a.

X Y 3y
R
e T T N
PN < s T e
24 26 26 27

"One-pot" siinteesid 24 — 25, lihtudes aldehiiiididest [29], konfigurat-
siooni sdilitavad Sy1 asendusreaktsioonid 25 — 26 (X,Y : anioon) [30] ja
stereoselektiivne metalliseerimine (Y=NH,) Bu-Li-ga ja jdrgnev 27

alkiileerimine (Z=Li) toimuvad koik histi [31].
0
TcB—0_ _0
TCB R ~p? Moo—@— @—oue
\o)]\x/ Tc8—0~ “0—R -

28 (a:X=0; b:X=NH) 29 - 30

2

CY

Peptiidide derivaatide, samuti ka DNA ja RNA siinteesil laialt
kasutatavaid hiidroksii- [32] ja aminoderivaate [33] vGib piisavalt kaitsta
TCBOC (trikloro-tributiiiil-oksiikarboniiiil) riihmaga 28 [34]. Mdlemad on
kaitstavad vaga selektiivselt ning viimane ka deblokeeritav Col-
ftalotsiianiin-aniooni abil. Nukleotiidide siinteesil on kaitseriihmana laialt
rakendatavad bis-TCB-fosfaadid 29, DATE riihm 30 on aga spetsiifiline
kaitserithm RNA derivaatide puhul [35].

0 R
0
M
TCB—0__ HLN/ 8 \,2°
Sp—a / £
Pr,N S— r —c R? N\
I SO Me

31
32

Fosforiiihendite TR (Turnstile Rotation [36,37])/BPR (Berry's
Pseudorotation [38]) stereokeemia formaalne késitlemine viis terve rea uut
tillipi reagentide 31-33 saamiseni, mida kasutati reaktsioonides c-AMP-ga
(31) [39] ning AMP ja DNA derivaatidega (32 ja 33) [40, 41].
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Erinevalt enamikust teistest teadusharudest ei vaja keemia mitte ainult
kontseptsioone, mudeleid ja teooriaid kui abstraktsioone, vaid ka
formaalseid keeli keemilise informatsiooni edastamiseks ja mdistmiseks;
keeli, millel on oma semantika ja siintaks. Vanim ja tdhtsaim keemia keel
on keemiliste valemite keel. Selle semantiline aspekt puudutab
molekulaarsete struktuuride tdlkimist keemilistesse valemitesse ja tema
siintaks on antud reeglitena keemiliste siisteemide vaheliste seoste kohta,
eriti reeglitena nende vastastikustest muundumistest keemilistes
reaktsioonides [42].

MUTUAL PERSPECTIVES IN CHEMISTRY,
MATHEMATICS AND COMPUTATIONAL
REASONING”®

Prof. Ivar UGI

Technical University of Munich

MAJOR PROGRESS IN CHEMISTRY - THREE BASICALLY
NEW PROJECTS BY IVAR UGI AND HIS COLLEAGUES

The start of I. Ugi's various research projects that led to three new
areas of mathematically oriented organic chemistry

In 1954 an article had been published on the distribution of the relative
amount of the nitrogen isotope N-15 in its products from phenyldiazonium
and nitrite ions [1], indicating that it cannot undergo the intermediacy of
phenylpentazole 1. I. Ugi realized immediately, that this result was
misinterpreted; in reality its intermediate was 1, together with
phenyldiazoazide [2]. The formation of 1 by such reactions was proven,
and 1 was isolated. 1. Ugi tried to compare it with 2, which had to be
prepared from phenylisocyanide 4 (R=C¢Hs)

=
&
\ /
zZ—Z
Z/Z\OI
N/
Z—2Z

This research project started all of I. Ugi's later participation in
chemical and mathematical projects. I. Ugi has initiated three times with
an approach of a completely new field of chemistry.

* Originally published in Estonian Chemical Society 75. Tallinn, 1994, 29-45.
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(I) The new era of isocyanide chemistry in the development of their
preparative reactions and their observations

In 1859 W. Lieke discovered the first preparation of allyl isocyanide [3]
through an alkylation reaction, and in 1867 A. Gautier realized that alkyl
isocyanides can thus be formed generally. At the same time the
carbylamine method of preparing isocyanides from primary amines in the
presence of chloroform was discovered.

Neither one of these procedures of preparing isocyanides has been
widely usable, and their product could not be prepared as pure compounds,
nor in large amounts.

In the last century a few chemists found some new reactions of
isocyanides, and in the decade after the World War I M. Passerini
discovered his famous reaction. Overall, for a whole century isocyanide
chemistry has been investigated very little [3, 4].

I. Ugi and his co-workers had realized the widely usable possibilities to
prepare and to use isocyanides as preparative reagents; they developed
various methods in this field [3, 5]. In the last two decades, this field has
become extremely active. Many chemists have recognized that the
isocyanide chemistry is different from the rest of organic chemistry. The}'
are the only compounds, that contain a formally dlvalent carbon atom CII,
undergoing transitions into tetravalent atoms Viphe 1mportance of thls
kind of research was finally recognized, since it comprises the greatest
variety of reactions and preparative methods in organic chemistry.

I. Ugi and his doctoral candidates R. Meyr and C. Steinbriickner [5]
have introduced the first general method to prepare isocyanides 4 from
formylamides 3. All later general methods to produce isocyanides have
also been found by I. Ugi and his former co-workers [3-6].

The Four Component Condensation [5] (also called the Ugi Reaction or
the U-4CC [4]) is a One-Pot multicomponent reaction (MCR). During the
first three weeks of January 1959 all basic types of products 9 via their 12
different types of intermediates 8 could be generated. No further types of
immediates o-adducts 8 have been formed since then. From the
isocyanides 4, ammonia or their derivatives 5, carbonyl compounds 6 and
many different acids 7, that equilibrate with their anions, products 9 are
obtained. Generally the U-4CCs are MCRs that take place under mild,
almost physiological conditions, and excellent yields of a variety of
products 9 are available.

NH- & \C-—N/
—H;0 ® © —co- /
R/n\n/“ ——— R—N=C —Ecx—%i R—N=C\ \ —  product
o X
3 4 - 8 ( a —adduct) 9

The ﬁrst practical example was the still most popular local anesthetic
Xylocaine® 10 [3]. The U-4CCs are also widely used in the preparations of
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o-amino acids, polypeptides, B-lactam antibiotics [6], alkaloids and their
analogous derivatives [4].

Me

10 (Me=CHy; Et=C,Hj)

During the period 196467 the investigation of the extremely complex
stereoselective mechanism of a U-4CC model reaction has been
performed, as well as the first computer program for the synthesis of
peptides and proteins [7].

Till 1962 the fundamental methods of stereoselective U-4CC of amino
acids and peptide derivatives as well as the synthesis of some model
compounds of B-lactams, including penicillin [8], have been carried out.

The widely accepted Peptide Synthesis book of M. Bodanszky and
M. A. Ondetti contains the statement [9] about the U-4CC: The Ugi
synthesis shows that the human ingenuity knows no limits, that the
development of peptide synthesis is not yet finished, and that many
unexpected methods become known and available in short time. Ugi et al.
realized that this research took much longer time than it was expected
then, namely till 1993 when it was recognized that stereoselective U-4CCs
peptide synthesis using glucosamine derivatives are overall more efficient
than the previously preferred oi-aminoalkyl ferrocene derivatives [10].

(II) The development of new mathematical and formal logical theories
in chemistry, together with the progress in chemical reasoning and the
development of computer programs.

In most cases the mathematically oriented progress in chemistry
proceeds via physics or physicochemistry like quantum physics or NMR
methodology. However, in two fields mathematical approaches have
produced progress in chemistry: the application of Graph Theory [11] to
molecular structures and the enumeration of isomers by Permutational
Algebra [12].

From 1969 on till his death in 1985 James Dugundp co-operated with
I. Ugi intensely on new mathematical approaches to chemistry.
J. Dugundji had spent his post-doctoral years at Princeton with Albert
Einstein, Kurt Godel and Marston Morse, and subsequently he became
professor of topology at the USC [13]. After I. Ugi had left L. A., they still
visited each other and stayed together each year for several months, in
order to continue their mathematical co-operation.

In 1973 they introduced a new way to represent molecules by matrices
and chemical reactions by their additive transformations

~B+R=E.
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The initial starting materials B are converted into the products E
through the chemical reactions R [14]. This algebraic theory is based on
18 theorems. It is often called the DU-Theory, or The Bible, as a joke,
referring to the statement, that it cannot be improved in any meaningful
way. Recently the extended DU-Theory of electron delocalized chemical
complexes with delocalized electrons led to a modified algebraic theory of
the so-called XB, XE and XR matrices. It is very remarkable that the same
theorems are still valid [15].

The logical and algebraic treatment of molecular stereochemistry led to
an improved concept of chirality [16a] and its R,S-Nomenclature [16b].
Also new ways were found to define and represent the stereochemical
behaviour of molecules and their reactions [16—18].

This formal representation has been used as a theoretical basis of a
great variety of computer programs of chemistry, e.g. documentation of
chemical molecules and their reactions as well as stereochemistry [18].
When the computer program IGOR or RAIN is combined with chemical
reasoning, it can generate completely new chemical reactions; I. Ugi's
former collaborators R. Herges and D. Forstmeyer have produced 12 new
experimentally confirmed reactions [18, 19]. One of the discovered
reactions was 11 + 12 — 13. It is not at all analogous to any aspect of a
known chemical reaction according to a formal degree of chemical
similarity [19].

CO,Me
0 | 0
fOxMe N
N
5 y 2 e
11 12 13

W. T. Wipke et al. [20] have tested the ability of this method in order to
generate chemical reactions, and they also found one.

Up to now, no other computer program beside IGOR or RAIN has been
able to create new chemical reactions.

In 1963 Georg Vleduts proposed the design of a computer program for
the planning of syntheses on the basis of collected data of molecules and
their chemical reactions [21]. In discussions he also stated, that such
computer programs can only permute the collected data or generate some
analogous proposals. After that, all chemical programs were generated due
to this proposal [18], or the idea of Stevens et al. [22] to generate reactions
on the basis of the known or estimated properties of molecules, e.g. their
measured or estimated energy levels. No new chemical reaction could be
generated and tested by any one of these computer programs.

(IIl) One-Pot MCRs of MCRs per three to five different molecules

In the last three decades some MCRs of five components had been
observed. These are closely related to the U-4CCs.
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Due to the then known MCR reasoning its upper limit was the one-pot
MCR between seven different components 14-20 that yields 21 [23].

MRC-7CC

Me
: Me,, S7/<
- Me
Me N + HO + B
/W )/0\ 23
Bu 0, 0 e

21 (*Bu=(CH,)5C)

When this result was published, it was received by many journals as
some kind of a sensation. This public interest led I. Ugi et al. [24] to some
more thorough logical reasoning, and they came to the conclusion that the
formation of this product is just a representative of a completely new class
of MCRs through two or more favored equilibria of three or more
reactants per equilibrium; the replacement of one of these equilibria by an
irreversible reaction is even more efficient. Such a formation of a product
is the union of two or more equilibria (or including one MCR). The
Mannich Conversion (M-3CC) and the Asinger Condensation (A-3CC or
A-4CC) are equilibria with the favored formation of a product, while the
Passerini Reaction (P-3CC), the U-4CC, the U-5CC and the Bucher—Bergs
Reaction (BB-4CC) are MCRs of equilibria of the reactants that undergo
one irreversible reaction to a final product [24]. The formally irreversible
final reaction correspond all to formal transitions of Gl into, €IV (66
hydrogen cyanide or an isocyanide.

It was now really found that many different types of MCR-7CCs could
be carried out, and some MCR-8CCs and MCR-9CCs and one MCR-
12CC will be studied now.

I. UGI'S INTRODUCTION OF SPECIAL FIELDS AND METHODS
OF CHEMISTRY

About the same time theoretical physicist E. Ruch and I. Ugi have
represented together the Stereochemical Analogy Model, that helped to
understand the selective formation stereoisomeric products from a chiral
reference system [25].

In 1961 I. Ugi and F. Beck investigated the rate data of extremely fast
hydrolyses and aminolyses of acid chlorides and imidochlorides with a
new approach of electric resistance measurements, including the invention
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of a new kind of extremely fast electric resistance instrument, that was
later widely used in physicochemistry [26].

The selectivity effects of competing productive and destructive
chemical reactions were introduced in 1977. The products of
stereoisomeric peptide derivatives could be purified very selectively [27].
In recent years this approach has also been applied to the Sharpless
Reaction [28].

The development to prepare ferrocene derivatives as well as their use as
chemical reagents began then to play an important role. Since the use of
chiral [16] a-aminoalkyl ferrocene derivatives participate in U-4CCs to
produce chiral o-aminoacid compounds.

X Y Y
o
R R
T T TV
P < TR
24 26 26 27

The one-pot syntheses 24 — 25 from aldehydes [29], the retentive Sy1
exchange reactions 25 — 26 (X,Y:anion) [30] derivatives, and the
stereoselective metallation of 26 (Y=NMe,) by Bu-Li and the following
alkylation of 27 (Z=Li) [31] proceed all well.

i &
TC8—0 0
TCB._ J]\ _R Np# MeO (3 OMe
o) X 1c8—0~ 0—R I
cely
28 (a:X=0; b:X=NH) 29 : 30

In syntheses of peptide derivatives, as well as DNA and RNA, widely
usable hydroxy [32] and amino derivatives [33] can be sufficiently
protected by the TCBOC (trichloro-tributyl-oxycarbonyl) group 28 [34].
They are very selectively protectable and the latter also deprotectable by
the Col -phthalocyanine anion. In oligonucleotide syntheses the bis-TCB-
phosphates 29 are widely acceptable, and the DATE group 30 is a specific
protective groups in RNA derivatives [35].
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0
o
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The formal treatment of the TR (Turnstile Rotation [36, 37])/BPR
(Berry's Pseudorotation [38]) stereochemistry of phosphorus compounds
has led to new types of a variety of new reagents of reactions of c-AMP by
31 [39] AMP and DNA derivatives by 32 and 33 [40, 41].

In contract to most other sciences, chemistry does not only need
concepts, models and theories as abstract devices, it needs also formal
languages for chemical reasoning and communication of chemical
information, languages that are endowed with semantics and a syntax. The
oldest and most important language of chemistry is the language of
chemical formulas. Its semantic aspect concerns the translation of
molecular structures into chemical formulas, and its syntax is given by the
rules about relations between chemical systems, in particular their
interconversions by chemical reactions [42].
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TOYKH COINIPUKOCHOBEHMUA
XUMHH, MATEMATHKH U KOMIIBIOTEPHOI'O
MbLIILUIEHUA

Hsap YTU

IMonBepensr wurorm Hayuynsix TpyaoB H. Yru B obnactu opueH-
THPOBAHHOM Ha MaTeMaTHKy OpraHHYeCKOH XHMMHH, B YaCTHOCTH
XMMHHM H30LMaHHIOB, U Ppa3BUTHUS (HOPMaIbHO-IOTHYECKON0 MaTeMa-
THYECKOINO $3bIKa XUMMHU JUIS OCYLIECTBIIEHHUS MYJIbTHKOMITOHEHTHbIX
peaxkuuii.
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