VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

I- >\ Ha.": 0 B f- 11 : .
LE." BV : . .-'._:II-' H .HNn

ADDITION REACTIONS" OF

, o «<l*Dia ly#"'
/. a- DHYDRO PJERID INES*AND,,JHE. BIOSYNTHESIS

OF XANTHOPTERIN



ProQuest Number: 10662289

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10662289

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, MI 48106- 1346



LERRATA

(i) Page 25 line 8, for 'observer' read 'observed'.

(1ii) Page 43 line 9, for '(CV)' read '2~amino-k,6-dihydroxy-5-—
nitropyrimidine’.

(iii) Page 56 line L4, for '(XCVIII)' read '(XCIII)'.
(iv) ©Page 65 line L, for 'evidence' read 'existence"
(v) Page 85 1line 19, for ‘292 gp' read '275 Tp'.

t{vi) Page 88 lime 6, foxr '(XCIC)' reaa '(xcIX)'.

(&11) Page 126 line 19, Ffor 'Ci3HioN3;O5' wread 'CugH,oNs05 HaO'.
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Current interest in reduced pteridines and their
possible role in pleridine bilcsynihesis has focussed attention
on their chemical behaviour., This thesis describes the
unambiguous synthesis of a simple T,8<dihydropiteridine, and
an investigation of its reaction with & number of simple
reagents.

Theoretical considerations deeling with the
biosynthesis of xanthopterin have been exemined and the

chemicel feasibility of such hypotheses has been studied,



SUMMAR

mommihnas s
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The addition reactions undergone by double bonds
in certain heterocyclic compounds are reviewed.

" The formation of 2,6~dianino~-4~-hydroxypteridine by
reoxidation of 2-amino=4-hydroxy=5,6,7,8=tetrahydropteridine
in the presence of ammonia is discussed with reference to two
possible dihydropteridine intermediates. These intermediates could
be conaidered to be sufficliently reactive to add ammonia followed
by oxidation of the addition product to give 2,6-diamino-4-
hydroxypteridine,

The unambiguous synthesis of one of these dibydro-
ptexridines, 2-amnino=4-hydroxy-7,8-dihydropteridine, is outlined
and its reaction with ammonia has been investigated. This revealed
the ready addition of ammonia to give & tetrahydropteridine
derivative which on oxidation gave 2,6-diamino-4-~hydroxypteridine,
thus confirming the above theory. The structure of this compound
was confirmed by an unambiguous synthesis. This led  to a new
synthesis of 7,8-dihydroxanthopterin which involved an interesting
modification of existing methods.

Spectrel studies of the dihydropteridines and theix
oxidation products, together with comparisons with related
pyrimidinegbgave rise to a relatiomship between the structure of
a dihydropteridine and its wltraviolet spectira.

The addition reactions undergone by 2-amino-4{-hydroxy-



T98~dihydropteridine and & number of simple reagents have been
investigated, and are found to give rise to a variety of 6~
substituted pteridines.

The addition of hydrogen cyanide gave & tetrahydro=-
pteridine derivative which, on oxidation; gave a dihydropteridine
whose ultraviolet spectra indicated the possible existence of a
new chromophore in pteridine chemistry. Oxidation of this
compound gave 2-amino-4-hydroxypteridine-6-carboxylic acid.

The addition of hydrogen sulphite led to the formation
of 2-amino-4-hydroxypteridine-~6-gulphonic acid.

The addition of Michael-type reagents proceeded
smoothly to give tetrahydropteridine derivatives which, on
oxidation, gave 2-amino-~4-hydroxypteridine~6-carboxylic acid.
Thiols were found to add particularly eesily to give tetrahydro-
pteridines.,

Alkali added only with difficulty giving xanthopterin
after oxidation.

Current theorles of the biosynthesis of xanthopterin
have suggested that L-[2',5'=diamino=6‘«hydroxy«4'-pyrimidinyl-
amino |~1-deoxy-D-erythropentulose ie & key intermediate. This
material has been synthesised and ils conversion via' 7,8~-dihydro-
zanthopterin to xanthopterin has been achieved, thus furnishing

chemical support for the above theories,
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ADDITION REACTIONS OF DOUBLE BONDS IN
HETEROCYCLIC SYSTEMS



By far the greasitest number of asdditioms to hetercsyclis
double bonds is %o be found in ﬁha? class of ﬁ@mp@um@-knﬁwn an
hoteroaromatics . This is wmuch the lergest and most varied clasns
of h@t@r@@yclic compounds snd i1t has beon @wbdivié@@% into
I ~eloctron dsficient types (e.g., pyridine) amd ﬁ’w@l@éﬁr@n
excessive {s.g., pyrrole).

The T -electrom deficlent typee are those whieh would
be expected o undergo addition yeactions more readidly because
the ring nitrog@ﬁ atom im such molecules cen atbtract @l@gtronm
from the T =double laysx. Thie has the effect of weakening orxr
destroying the arometic sirucituxe le&%ing the double bonds
relatively moxe reactive. Exemples are more commoy when more
than one xing nitrogen atom is present or whemn the nitrogen atom
hag its @leeironnattracting properties increased eagolby the
presence of & nitro=group,or by aal# formation, Reactivity
can also be induced, especially in the pyrimidines and pteridines,
by the presence of substituents in the ring (e.g., hydroxyl-groups)
which can undergo tantomerisation invelving & xing nitrogen atom,
thus upsetting the arometie system and conferyxing a relative
degree of vesctivity on the double bonds in the rimg;

The reagents which are involved in additions of this

natures are those which add fto ethylenic bonds conjuvgated with
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a ¢axbonyl group and'ta carbonyl groups themselves, l.e. watew,
hydrogen eyamid@9 sodium bisulphite, sanonia, alcohols, thiols
and carbanions derived from Michael-type resageni® @.Zo., di@thylo

malonate, othylacetoacsetate, athylcyanoacetateg acotone and 200tyle

acetong.

Ezemples of this type of &dditism reagtion in varliocus

heterocyclic series are discussed below.

Quinoxalines.

2 :
Bergetrom and Ogg, in their studies of quinoxaline (I)

chemistry, found that this compouné reacicd ss an ﬂammonaéglyaxaie

in that 1% edded %wo molecules of sodium bisulphite in the cold

to give (IXI3 R = SOyNa), while, on heating for two hours at 20°

o
§>[\ M |
=

ap=n
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I i
with hydr§g@n cyanide in a bomb, 1t gave (II; R = ON),
In this department, Cresﬂﬁellg Hill and Wcadﬁ during a

study of dsoslloxasine syntheses, prepared & quinozaline

derivatlive, methylmj9amdihydr0m4mmethylemoxowquinoialinemEm

carboxylate (IIL) which, on tveatment with guanidine or urea in



the presense of sodium methoxide, was found %o yileld o apiro-

quinoxaline (IVy; K =« O, NH). A possible explanetion of this

ﬁ%ﬂ&
e 4 Ms16¢ "
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0Py Z o NN o
Cilg 6Hs

observation ig thet the remstion procesds viam an internediate
(Vs R = 0, NH), Addition of the terminal amino-group im the
glde-chain acvoss the 1l;2-double bond of the guinoxaline ring
would give the spiro-quinozaline (IV). The reactivity of this
double hond would he enhanced by the oyclic amide at positions

% and 4o

Aeridinean.
Additions of bisulphite end oyznide jion %o the acridine

molecule (VI) to give products of the type (VII; R = SOyNa, CN)

4
have been dsacribaed by Albert. It was assumed that addition




takes place acroas the central ring followed by a mild oxidative
Bteﬁo |

More recently, Kr6hnk®@ and Honig have roported s
number of additions to asridine uvsing Michael-type resgents.
Resonance phenomens in ecridime cam lead to an eleetvrophilic
sentre af C; end a nucleophilic centre at Ny, (Via). Reaction
vith aective-methylene compounds thersfoxe involves the initial
formatlion of a carbanion followed by its incorporxation at the
5 position to gilve a 5,10=dihydro-acridine dexrivaiive (VIII).
The addition products from nitromethane (VIIIs R = H, R' = NQ,),
malondinitrile (VIIX3 R = R' = CN) and desafybenzoin (VIIIg
R = CgHgs R! = COCgHy ), were obtained by standing a coacentrated

7 R R R
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soclution of agridine in ethenol with the eppropriate reagent
when the adducts separated in good ylelds. The products from
ancetylacetone (VIII; R = R' = COCHy ), ethylacetoacetais

(VIXI3 R = COOC,Hy s R' = COCHy ), ebhylbensoylascetate (VIII;

R = COOC,Hy, R' = COCgHy), ethyleyancacetats (VIII; R = COOC,Hy,



R' = CN) end diethylmalonate (VIII; R = R? = COOC,Hy), formed
similarly, but were obtained on removing the solvent. The
addition products, with the exzception of the nitrvomethene adduct,
were found to be colourless, unsitable compounds. The nitro-
methane adduct, however, was yellow and reasonably stable and
this was atitributed to chelation between the nitro-group and the
secondary amino-group at the 10 position. Oxidation of these
compouuds6 was carvisd out using lead tebtra-acetate in benzene
to yield the fully aromatic compounds (IX), the identity of

which was established in each case by condensing H-chloro-

acridine (X) with the sodium salt of the appropriate Michael

reagent.
) (& o o
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Pyrimidines

Uracil (2,4-diono-1,2,%,4-tetrahydropyrimidine, XI) in
neutral solution exists predominantly in its cyclic amide form
with the consequent degree of reactivity of the 5,6-double bond
which assumes the character of a polarised double bond. This

reactivity cen be enhanced by the introduction of a nitro-group



and Johnsomvhas described the addition of hypobromouws acld to
jenitro-uracil (XII) to give (XIV). An ldentlical product was
obtained by the addition of mnitric acid to 5-bromo-uragil
(XI11). JIrrediation experiment&899 on uracil caused it to

edd water giving (XV), while a study of the less aromatic
material 1,3-dimethyluracil (XVI) showed that it also underwent

the addition of the elements of water across the 5,6-double

; ;
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i (4 Ciy Cly
Xy pAd RNT R
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bond when irredisted in aqueous solution, giving (XAVII).

Pyridine Quaternary sSalts.

A number of addition resctions of the coenzyne
diphosphopyridine nucleotide (D.P.N.j AVIII) have been studied
? 11942

10 14 748
eog. With alkali, cyanide, bisulphite, dihydrony-

13 . . 14 16 16
acetone, sodium dithionite, hydroxylamine, and thiols.
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The above reagents are nuclesophlilic in cheracter and are
therefore expected to attack elestrophilic centres. In the
case of the additions of eyanide and dithiomite, it has boen
eat&bliah@@g?gﬁé that this talkes place at the pers-position.
The addition of a numbexr of cayvbonyl compounds has also been
mtudi@dﬁsand the results have indicated that the eass of
reection depends on the ability of ﬁh@'c&rbonyl molety to form
& carbenion in the presence of hydroxyl ioms. It was thus
gensrally assumed that reaction took place vis the quinonoid

structure (XIX) which undexwent nucleophilic attack at the

para-position to give the addition preduct (XX).

Heterogyelic Ethers

18
Parhem and his co-workers have Iinitiated & study
of the wveecticns of a numbesr of hetewocyclic vinyl ethers
(XXI - XXIV). In their investigetions of the properiiss of

the first member of %this series peoxathieme(XXI), they found

(wg ﬂ (ﬂij | E,,.ss% g ﬂ/ﬁ‘jﬂ]
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it to undewrgo edditions of unsymmeirical reagents sush es
water and methanol im the presencs of selds. Thus p-oxathiene,
when cooled to 0° and trested with cold methanol containing a

catalytic quantity of dry hydrogen chloride, gave the scetal

8
E@l @@&%
P

This type of addition reactiom has supplied valuable

(Xxv) in 87% yleld.

information regarding the relative ability of oxygem and sulphur
ﬁ@ releage elsctrons in the direction of thely covelent bonds,
and the infersnge that oxygen posscsses a gyeater ability to de

19
go iz in keeping with the conclusioms of eaxrlier workers.

Pieridines

In more recent years, & number of pleridines have
furnished examples of addition veactions, and,;of particuler
interest, has been thelr abllity to hydrate and the subsequent

effects on their physical and spesctral properties.



Pteridine {XXVI), the parent compoumnd of this ssriss; APPELXE
to add watexr covalently. Although it bas no lornisable hydrogen,
it behaves as & weak acld (pKe 12.2) on tiltration with alkald
and Albarﬁggsﬂam attributed this to covalent addition of the
elements of water across the j,4-double bend. The enion formed
on subsequent loss of e protom would then have wtructure (XXVIIL),

and would be stabilised by hydrogen honding of the hydroxyl group

B—0_ M@f}%ﬁ
N - ¢ BN
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and by the rescnancs arising from distridbution o¢f the nsegative

charge betwesn N,

23
Perrin  hes recently made & detalled study of thie

and Egy

hydration phenomenon and has shown by poientlomeitric and rapid-flow
spectrophotometric methods that disgsolution of pteridine in wetewr
leadd %to an equilibrius lnvolving covelent hydration.

From spectral studies, it was found thaet pileridine,
when dissolved in water and left for 10 hours at 20°%, undervent
s reversible sddition of water across the 3,4-double bond to form

the hydrsted speciss §9Awdihydrom4=hydrgxyptaridin@ {XXVITI) with



L0

an eguilibrium retlic of 3.9 %o 1 in favour of the anhydrous
spegies. Cn the other hend, when pisridlme was dissolved in
0. 01M=hydrochloric acid and neutralised within several minutss,
the hydratoc was formed quantitatively. This material, when
oxidiged with hydrogen pevoxide or potassium pormanganais, gave

4-hydroxypieridine (XXIX) in good yleld.

Acidification to pHZ of & neutral scolutlicn of piteridins
lod to the formation of the cation of the hydrate. Feuitralisae
of thils solution gave the hydrated materisl and not pteridins,
Finelly, acidification of pteridine hydrats gave & solution
whose spectrum was the seame as that of the cation,

Similariy, pteridine, disgolved in O.85M~sodium hydroxide,
undervwent spectral changes which wewre attributed %o the formation
of the anion (KXVIIE alreedy referved to by Alb@rﬁ%

The spectrum of & solution of the cation in 0,01 M-~
hydrochlorie scid was fourd to change steadlily during 2-3 hy.,
thersafter remaining atable. Neultralisation gave a materisl

which was slowly trensformed into & mixture of pteridine end

ite hydrate. This material contained an aldehyde grouping since



11

1t gave the characteristic colour reaction with bonzidine, and
thies evidencs, together with ite ready conversion to pteridine,

indicated thet 1% wes the amidine aldehyde (XXX). Im addition,

CHO
4
“g\*\:m R CHBH,,

w::a

ite ultraviolet speetrum closely resombled that of sn suthentic
panple of the oxime of the aldehyde (Xxx).

The fact that hydration ﬁa an intermediste stage im
the ving opening process is a further indication that the

hydrate has séructure (XXVIII).

Methylpteridines.

21
Exzeminstion of 2e-methyl-(IAXY) and T-methylpteridines
(XXXIT) yielded aimilay resulés. In the case of fJ-methyle

pteridine (XXXJII), although reversible ring-fimsion was found

«_:rxa%
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%o ocour, the hydration @quilibrium-w&m'foumﬁ %o lie too faxy omn the
side of the anbhydzrous speciles fox the existenceg of the hydrate %o be

demonstrated.

Hydroxypteridines.

22
Albert @6 al. in 1952 referred to an abnorasl hysteresis
offect observed during titration of 6-hydroxypieridine (XXXIV).

Addition of alkall to an agueous solution of G-hydroxypteridine

A (\ R ORe 3
TR A,

_; "y n:v

gave pH valuew which were much higher than those found om backe
tltrating with acid. Albert attributed this phenomenon to tautomeric
shifts in the molesule and suggested two possibilites, (XXXIVa)

and (XXXIVe). Howevar, only structure (XXXIVD) wae consldered,
ginee 1t ilnvolved prototropy between @xyé@n and carbon which was
gonsidered %o be slow esnough to be detectad by physical methods.
However, the exdistence of an active methylene grouping at position 7
was guesbioned, since O-hydroxypieridine could net bo nitrated,

nitroseted or brominated, nor could 1t bes condensed with aldehydes.

It was reporied however, that the compound obtalned from a



13

sclutivn of 6-hydroxpteridine in agueouy a@id;&nalys@& for o
nonohydrate from which water could not be readily removed, thet
its ultraviolet spestrum was closely similar to that of G-hydroxy-
T,8=-dibydroptoridine (XXXV) and that, on oxidation with hydrogen

peroxide, 1t gave 6,T7-dihydroxypteridine (XXXVI).

I 0 L f 3
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7-Bydroxypteridine (XXXAVII) was slso studied, but wag
found to exhibit no abnormel hysteresis effects.
Brown and M&monis continuing this work, made a study of
the four possible monobydroxypteridines and divided them into two
categorios on the basis of theilr ablility to hydrate.
2-Hydroxypteridine (XAAVIII) and 6-hydroxypteridine
(XXXIV) were found to retain & molecule of wabter even when subjeched
t0 a temperaturs of 110°, It war suggesited thaet this wes water
of constitution and that, in fagt, it had added scross the J,.d-
and 7,8-double bonde respesitively of the two isomers to glive the
ptructures {XXXIX) snd (XL). In contrast to the neutral molecules,

the godium selts of these lmomers were found to be anhydrous, since
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the ultraviclet specitva respmbled the spectra of the neuniral
molecules of She corresponding mom@mamin@pt@ridim@@%QQ ? The
ultraviclet spectre of the neutral molecules howsver, hed an
unusuelly low lomg-wavslength beamd attributable to the loss of e
doubls bond zs a result of hydration., These compounds alse

displeyed stronger basic properties then the 4-hydroxy-(ALI) and

T-bydroxy-(XXXVII) isomers, which is also consistent with the
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hydrated strustures. In addition, 2-hydroxypleridine hydrate,
on troatment with potessium pesrmangsnate at 20°, gave 2y4-dibhydroxy-
pteridine (XLIT) in good yield,while 6-hydroxzyptaridine hydrate
yielded 6,T7-dihydrozypieoridine (XXXVI) under the seme conditions,
thus further confirming the proposed structures. The T,3«-double
bond of G-hydroxypteridinse was found $o be gensrally suscoeptibles
te sttack. Albert ~ found thet with sodiun anslgam, 6-hydroxy-
7,8-dihydroptoridine (XXXV) was formed andwlat@rgﬁ that hydroxyle-
anine added asross this double bomd wiith subsequent oxldetion to
produge Tesmino-6-hydroxypteridine (ALITI).

d-Bydroxypteridine (XLI) end 7-hydroxypieridine {XXXVII)
on the other hend, exhibited stronger acidlc propertiss and
behaved as typical tetra-azsnaphthalenes with an hydroxyl group ¢ or
z;tm a ving nitrogen atom. The neutral molecules posscesed a
thres-banded ultraviolet absorption spectrum with the long-
wavelength band just above 300 mp typleal of other bigyclic
aromatic compounda, On anion formation, bathochromic shiftes of
2% B Were obaerved in contrast to 68 mn for the 2- and 6- 1B0RE TS o
In addition, they were unatitscked by potassiuvm permenganate.

Albart and R@ich?? extonded the study of G-hydroxypteridine
and further confirmed its hydrated structure by synthesising

S-hydroxy-T-methylpteridine (XLIV) and shoving that hydration



of the T,8-double bond was hindersd sterically by the T-methyl-group.
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In this respect,an analogy existed with zanthopterin (2-smino-4,6-
dihydroxypteridineg, Xlw)ﬁim that a comparison of the ulitraviolet
ahsorption spectra of xanthopterin and T-methylxanthopterin {(XLVI)
at pH4,wherse both subsiances were present as neutral molecules,
showed that the long-wavelength pealk of T-methylzanthopterin at
3?6{@& had exaetly twice the helght of the corrvesponding peak of
equilibrated xzanthopterin (38% %ﬂ)o This appearsd %o corroborats
Schom“ggﬁ observation thet zenthopterin is, undex these conditlions,
a minture of eyusl amounts of two related substances, and &lb@rtg?
postulated that the peak at 385 mp in equilibrated xanthopterin was
due %o the anhydrous form (XLV), while the shoulder at 30% mu was
attributed to the T,8-hydrate (XLVIL). From ultraviolet spestral
ptudies of the neutral molecule and the cubion of G-hydroxy«T-

methylpteridine, it was estiwsated that the equilibrated neutzal



N

molecule existed with a hydrate in a 1:1 vatio (this compared
with 13100 for 6mhydroxypt@ridin@2$)9and that the existence of
& Temethyl-grouping affected hydrstion.

From these vesulis, 1% might be expected that the
presence of a Qémethymmgyouping in 2-hydroxypteridine would
exhibit & similay steric effect on hydration ascross the 3,4=
double bond, but there is not experimental evidence avellable as
yeto Albertav slesc reportsd the addition of weak acids other
than water %o the 7,8-double bond of G-hydroxypteridine. Parlier
work?s had shown the susgceptibllity of this double bond to
addlitive attack sand it was now suggested thaet weak aclde such asn
those used in Michael condensations could form carbanions which
would attack the electrophilic cenives of polerised carbon-nitrogen
double bonds., The additions of such veagents have already besen
discussed with reference to the asridine m@l@@mﬂ@ﬁ gnd pyvidine

.3
quaternary salts.
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6-Hydroxypteridine (XXXIV), in cold alkaline soluiion,
was found to react readlly with acetone, diethylmalonate and ethyl-
cyanocacetate, the carbanion adding at C, anrd the mobile hydrogen

at Ny to give compounds of ftype (XLVIII), These adducts had

if)

v

és..m

similar ultraviolet spectra and ionisation constants to b6-hydroxy-
7,8«dihydropteridine (XXXV). On heating with WNesodium hydroxide
solution, hydvolysis of the side-chain at the T-position took
place and, on oxidation, 6,7-dihydroxypteridine (XXXVI) was formed.

Brown and Masonﬁsalsq found that the ability of the
monohydzroxypteridines to hydrate was reflected In their Nenethyl
derivatives. Those derived from 2-hydroxypleridine and
6=hydroxypteridine retained a molecule of water tenaciously,
whereas those derived from 4-hydroxypteridine and T<hydrozxypieridins
did not exhibit this propexrty. Thus lemethyl (XLIX) and 3-methyl
(L) derivatives of 2-hydroxypteridine could mot be dehydrated

without Tundamsntval change and 6,7,8-trimethyl-2-pteridone (LI},
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the closest enalogy to an 8-methyl derivative, only beceme anhydrouns

a8t 120° in vecuwe with rshydration in alr at room temperatura.
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Their formal sitructures indicated no acidlie grouplngs ox N=H
linkages, yet they could be dissolved in alkald and reprecipitatad
unghanged by ascid. In ecarbon-tetrachloride or chloroform ﬂ@luﬁi@ﬂé
they showed & band in the infrered dus %o an N-H stretching
yvibration which persisted when the molecule of water was sxchanged
for alecohol by crystellisetion from that solvent. The hydrateo,
but not the alecoholates, also showed & weak band in the O=H
gtretching vibration regilon, On dehydration, this ¥-I stretehing
vibration was much reduced in intensity. Morsover, the unltraviolet
spectyra of the l- znd F-methyl isomers showed & striking similarity
to that of 2-hydroxypteridine hydrate (IXRIX) and, since chemicsl
testes had excluded structures in which ring fission had occurred,
Brown and M&ﬁomés concluded that, on balance, the hydrated He
methyl derxivatives wers best represented by {LII).

For valsncy reasons, &nhydrous 6-hydroxypteridine cen form
only one Nemethyl derivative, the S-methyl (LIIX). The method of
preparation lnvelved condensatlon of d-amino-%emethylaming=

pyrimidine (LIV) with ethylglyoxelats hemlacatal and geve rise %o
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two isomeric pro@uﬁtgg one from condensation in meutral solution, <the
othor by ocerrying out the resction in dilute mineral acid. Both
compounds were aclidie, anslyeed for monohydrates and, on the basis

of chemical t@ﬁtsg the poseibllity of ring-opensd strusturss waé
sxcluded. The compound formed wnder neutral conditicns had sn
ultraviolet spectrum similar te thet of T<hydrozy-$,6-dibydropteridine

{LV) and hence was represented by (LVI). The compound f@fméd wndew

= <%H3 '
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acid conditions had, in 1ts nsutral and cationic forme, an ultrevioled
spectrum almost identical with that of G-hydroxypiteridine hydrate (XL},
and hence wes vepresented by (LVII). Both compounds, on oxidetion
with potassium permaunganate at 20°, gave S-methyl-d,7-0lox0=5,0,7,8~
tetrahydropteridine (EVIII)Qprepar@@ by an independsnt method. Tho
balance of evidencgs thus indicated that in the Hemethyl devivative of
Sehydroxypiteriding, hydration ftook place scross bthe T,8-double bond
as in the par@nﬁ 6-hydroxypteridine.

The hydvrated structures propossd for 2- and S-hydrozyplteridines

and their Nemsthyl derxivetives explain the sbnormal hysterssis affeats
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refarred to by Alberd and Browa and are conslsitent with the

decrsase in socldity uwsuvally ansocisted with the fully avomaitie

atrusturas,
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An explanation for the exlstenes of these hydrates can be
approached in two wayss
either (n) the double bond in question can be shown %o poossss

2 certaln degres of remctivity {(l.s. polarisability)
which may bs due to the medium in which it eximts ox
the influence of nelghbonring substituents,

or {b) the hydrated spscies mey be shown to have a sirveburs
gtabllised by one or more resonance forma,

In the case of 2-hydroxypteridins (XIEVIIL) both these
arguments nay be invoked. Thus th2 slectron denwslty at §, would
be expscied o be reduced (1) by conjugation with the amide
carbonyl group at the Z-posiilon,and (i1 ) by the prowimity of
the slagitron-withdrawlng pyresine ring. An alternstive explanstion

would be thet the hydrated strusture (XXXIX) ie stabilised by & type
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of regonance found in uree and its Qerivatives. Beth these
effects are inoperative in 4-hydroxypteriding.

The hydration of 6e-hydroxypteridine and its derivatives has
been suggested by Albertzvt@ be due to the 4-amincpyridine type

of resonsnce exhibiied by the hydrsted strustuwe (XIL).

This transannular effect mey explain why T-hydroxypteridins
does not hydrate. The anhydrous molecule (XXXVII) might be
expected to possess this type of resonanece witheuwd hydration across

the 5,6-double bhond, Thus hydration would produce = lens
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stabllized sitruecture, slnce it would heve dsatroyed the %,6-double
bond which forms paxrt of the trangennular conjugated sysbom.
The validity of such transsnnular ¢ffscts might be checked

by & study of the hydratlon of dihydroxypleridines with one oxygen
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function in & position fevourable to hydration and the other
hindering it @.g. 4,6-dihydroxypiteridine (LIX), in which the
carbonyl group &t position 4 might be expsctsd to inhibit the

formation of the resonance structures on which the stabllity of
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the O6-hydroxypteridine hydrate is thought to depend. GConsequently,
if transannular conjugation structures are invelved in the stebility
of G-hydroxypteridine hydrate, & carbonyl grouplng at ¢, should
decreans or e@xclude hydration scross the T,8-double bhomd. Alsa
2,7-dihydrozypteridine (LX) might also be sxpsctaed Yo remain
predominantly anhydrous since the double bond sharacter of the bond
betwaen I; and C, is veduced by the transanmuuler conjugation with
the carbonyl grouping at the T-position.

In the light of the above ressoning, cation formation might
be expected to enhance hydration,
(o) since it could favourably influence the polarisation of a

dounble bomd, and

(b) since L%t could Further promote the trensennular conjugation

sffects slready referraed to.
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This is borna out by fact. Brown and M&@@nga postulated
the oxistencs of a hydrated cation of 6-hydroxypteridine and itn
existenco was lateor confirmed by Alberﬁ%V In sddition, Albexrt
found that while o methylegrouping in the Te-positlon was sufficient
%o sterically hindey hydration imn the noulral moleecule, nevertheless,
the catlon of 6-hydroxy-Temethylpteridine wes found to exiast
prodoninantly dn the hydrated form, and a favourable comparison was
mede between ite ultraviolet spectrum and ionisation constants and
those of the eation of G-hydroxypteridine.

Cation formetion was suggested by Albert to involve protong-
tion of Iy im G-hydroxypteridine which would be exzpected %o enhsnce

the formation of the 4-aminopyridine type of resonance siveeturse.
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Quinszolines,

; . . a9
The existence of hydrated cations was exbeonded by Albext

to othexr heterccyclic systems. It was pointed out that while
pyridezine (LXIX) and cinnoline (IXIILI} had comparable besic
strongths and that of pyrazine (LXIV) and gquinexaline (I) wers of

the seme ovdey, neverthelsss, the pHp's of pyrimidine (LAVs 1o3)
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and guinazoline (LXVI; 3.5) were mignificantly different, i.8.

guinazoline appeared to be an anomalously strong base. 4

Substituited quinszolines, however, comparsd favourably with

f-gubatituted pyrimidings.

In eddition, from a study of the

ultraviolet spectra of quinazoline and 4-methyl-guinazoline

(EKVII% it was found that in diluwite agueouws scid solutions,
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guinezoline formed o catlon wadleally different Irvom that Fformad

by demethyl-quinszoline. This phenomenon had bsen obasrver earliew

g0
by Shoxrty, who had suggested that the anomaly conld be sxplained

in terms of ths addition of water to the J,d-double bond of the

normel guinazoline cation (LXVIEI)gﬁa glve the sbnormal specios



(LXIX)gwhi@h would be etrblilised by an smidinium-typs rosonance.
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The abnormality in the ultraviolet spectrun wes shown by
Alb@r’?;q $0 be dus to water by determining the spectra in anbydrous
dichloroancetic acid, In this solvent, guinszoline gave & normal
cation whose spectrum closely resembled that of 4e-methylquinazoline
cation. This theory wes confirmed by Alh@rﬁfﬁ who obperved that
oxidation of quinazoline in 2W-sulphuric ecid (in which 98% is

prosont as the abnormel cation) by hydrogen perozxide or chromic

acid at 20° gave a high yield of 4-hydroxyquinsszolime (LIX).

ﬁ>K}§ gt%¢%
f\ ¢ ) j\ p ‘*rﬁ\ )
1 T E “r«?m o~ "‘ﬁ/ IF\EN
\\ . b ,l o
B%/ N N
LAY léggl TTRETE

Horeover, a situdy of the uliravielst spscitre of a nuwmber
0f f-suhstituted gquinazolines indisated that these gave madnly
noermal cationm, alithough elestron~withdrawing substitusnte would

have beon expected to enhesnce the possibilities of hydrstion.



Henee sterie faotors wors inf@rraa $o prwéomimat@ in resistance
to hydration and support for the theory of hydration at the
3,4-00uble bond was strengthened.

Sh@rtSO raported the existeonce of several 3-methyl-
quinazolindun derivatives containing a very firmly-held aleohol
molecule which was thought to be covalently hound, Alb@r&gg
also reported the swistence of two different hydrochlorides
of guinazoline, one formed from the other by absorption of one
molecule of water. The hydrated specles was the more staeble
compound and withstood dehydration in vaesuo at 60°, Ita infrared
spectrum indieated Hthet it contalned covelently bound waiter since
it showed sxtra bands at 1474 and 1240 @mo;i which Albert attribunted
to CH and O bonding vibrations of the CHOH group in {(IXIX).

By & situdy of gquinasoline in sulphurde ecldewater mixtures,
it was found thet the normsl anhydrous cation (LAVIII) of gquinase-
Line could exdst, but thet the ebnormal cation wes the snergetically-
preferred speciss in dilute agueous solubtlon.

The posltion at which hydration took place was not fully
sstablished, since & cowmparison of the ulitravielet specitza of the
gbunormal cation (LXIX) and 3,4-dihydroguinazoline catilon (LXXX)
showed a Bypesochromic shift of zﬁ‘gu on replacing H by OH ai

position 4 in the guinezoline moleculs,
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In & later pupar, m@wav@rgﬁlb@rthi showed that a shifd of
this magnitude was significant in quinszoline derivatives. A
study of the ultraviclet spectre of f-hydroxy~3-methyles,d-dihydro~
quinagoline (IXRIL; R = CHy, X = OH) im weter and cyclohexane
showed no complicatione spart from & solvent shift of ﬁ.gﬂo A
comparison with Z-mathyl-3,4-dihydroguinagoline (IXXIIy; R = CHy »
X = A) showed o hysochromic shift of 28 mn on replacement of ¥
by OH at pesition 4.

In addition,Albert found, from ultraviolet spesiroscopis
studies using e repid-flow technique, that quinazoline formed
o short—lived neutrml hydrated spscies (IXXII; B = Hpy X = 0H).
Thin species had & half-life of 9 seconds and therefore could not
be isclated, 4 comparison of the uwlitraviolst spectrum of this
short-lived abnormal neutral specles wibth that of 3,4-dihydro-
guinasoline (LXXII3; R = X = H), showed & similer shift of 26 mp,
which otrongly suggested that the compound hed stirucsture (LXXILs
R =Hy X = OH}o

Gn the eother hand, the produwsy from the addition of alkell
to 3-methylgquinazolinium i@&id@%zgg@g&é was Isclated and gave an
snalysis for & hydrated 3-methylguinaszolime (IXXII; R o CHy,
¥ = OH). Phe wing-fission product (LXXIITy R ~ CH, ) waes rnled

out since the infreved spsctrum of the compound showed no carbonyl



poak typical of an g-amincbenzaldehyde derivative. It did,
ol

however, give a band at 3570 cm,. which Albert attributed to

unassociated O=H stretohing which indiested that the compound

did indeed have sitructure (IXXIT; R = CHy, X = OH).
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&rmar@g@gga earlier this yearx, published the results of
& study of the effect on hydration of sinple substituents in
the bengene ring of quinazoline. For purposes of comparison,
the ultraviolet spectrum of the guinazmoline catlion was fteken as
typicel of an almost completely hydrsted cation, while that of
d-methylouinazoling catlon was taken se a typieally anbydrous
eation. Thus, the spectrum of a guinazeline whose cation
contained both anhydrous and hydrated specles, should show
fgaturas of both the typleal spectra. The ratic of hydrated
cations to anhydrous cations was calculated from the extinctlon
coefficlents.

Methyl substituents in any of the four positioms of tthe

bengene ring produced an inhibiting effect on bydration, sines an

ezamination of the spectra of the catioms imdicated mixtuvres of
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anhy@rous and hydrated cations, The four possible chlore-
quinszoline cationswere almest completely hydrated. The methoxy-
and hydéroxy-derivatives gave mixéures of hydrated and eanhydrous
catlons, except in the cases of Temethoxy end T-hydrozyquinazoline
cations which wors anhydrous . The fallure of these derivaitives
50 forr hydrated caltions wes sxplained in terms of the following

mesomeric structures (LXKXIV, IXXV; R = H ox CNy ).
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56
Theps offocts are inopsrative in g-quinonold syestems.

éa‘; ? bt 2 A -
Perxin  has made & siudy of the hysteresis effects alresdy
as . Ry , . s
refarred to by Albert  end Browny and has extended these situdies

o cover several J-hydroxy and G-bydroxypieridine derivatives,

Tn sddition, 2-hydroxyel,3,f-triezanaphtbelone (LIAVI) and 1,4,6-



triszenaphthalens (LAXVII, es cetion) were studled, and were found
te exhiblit similexr hystsreslis curves, thus indicating thab
nydration phenomens may be s feature of heterocyclic systems

other than gquinazoliness and pteridines.
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THE BIGSYRTHESIS OF XANTHOPIERIN
AND LEUCOPTERIN
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The structural similarity of the purins (LXIVIII), dilamince
pyrimidine (LXXXIX) and ptevidinme (LXXX) moleculss has led to the ides
thet & blological xelationship might eoxist between these groups of

Componnads .
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&lb@f%ag suggeated thet purines ox their derived mucleosides
{(LXXVIITs; R = glycosyl) were blosynthetic precursors of pteridinss.
He sugegested that the imlidazole ring of a purine could wdergse
ving-openling with less of €5 as a8 ons-carbon fragment to glve a
dlaminopyrimidine, and subsequent condenzation of ths latter compound
with & two-carbon fragment, to give & pteridine. Albert provided
gvidence 1un support of this theory by demonsiveiing the trensformaticn
in witwe of Z-hydrvoxypurine (LYXAT) o Z2-hydromypteridinme {LEXIIL).
Iz this sxzempla, 0, of the purine is lost as o one-carbon fragmoent
and Gy and G, of the pteridine are formed from condensaltisn with =
two-garbon fragment. It is poesaible however, to visuvslise & ainple

variation of this theery, In which a diaminepyrimidine {LEZIK,
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R = GH%QOX) wight underge sn intramolecular conderaation o form
n T,8=-dihydropteridine dexivative (IXXXIIX) which counld then
oxidise to a fully aromatic pteridine.

Diochemical evidence furnished by Zi@gl@fm@ﬁnﬁﬁﬁ§g and by
W@yg&nﬂéﬁ supported the theory that dlaminopyrimidines were pogsible
intermediates in the bilosynthesie of pleridines.

Zisgler-Glnder injected the larvas of the smphibilan

14 .
fenopus intradermelly with guanine [2- C] (IXXXIVy R = H}.
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Ten doays later, the skins of the sacrifleced laorvae vers ezbtractsd
with Neanmonie solutlion at 20°, and chromatographed ou paper.
This showed a number of blue fluorescent spote, one of which, om

oxidation, was converitsd 4o lebelliad 2-aminc-d-hydroxypteriding-



=f-carboxyile acid (LXXXV).

W@ygamd@@ adminigtered 2,4,5-trianino=6=kydroxypyrimidine
[2-28¢] (LXXXVI) to plerid caterpillers in theixr diet, and later
isolated labelled smanthopterin (XIV) froam the wings of the aduld

butterfliss.
G
I

Information regarding the scurce of Cy and €, in

xanthopterin and lewcopterin (LKKXVII% formed in the wings of {the

H 3

cabbage bustterfly (Pleris brm@ai@m@% wan obtalned by Wsygeand

by imjecting %<4 day old coccoons with glucose [lmﬁﬂﬁ]o It was
found thatd 5§% of the redioactivity reslded in €, and €, of the

resulting leucopterin.
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On repeating  the experiment with glucese [2-240], =

label recovevry of T78% was roporied at positicns € and 7 in the

o
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lougopterin formed. It was thus postulated thet & ribese
frogment with a labelled carbon in position 1 counld possibly
contribute to the radloactivity at C; and C; since it was Kknown
that glucocss-G-phosphaete sasily underwent an oxidatlive
dacarboxylation with the loas of €, as GOy . Thusg, injection of
ribose [1-146¢] produced a isbel rscovery of 64%.

In addition, Wayg&n@ﬁs hes injected, im the early steges
of development of the cebbage butterfly, a number of labelled
compounds, such as glycine, formate olc., kmown to be procursory
of guanine. He then estimated the label recovery snd the activity
of specific atoms of the guanine and lsucopierin formed in the
later stages of development.

On injection with glucose [2-314C] and glyeins [2-24¢}, 1%
was found, in both cases, that the specific sctivities of guaning
and leuccpiterin were falrly similawx, while, on injection with
formate [iﬁﬂjg the sbeolute ectivity of ¢, im both compounds was
almnost fdentical.

These resulits were consldered by Weygend to be lodicatlvs
of guanine and leucopterin heving soms common intormediste as
opposed Go leucoptewin belng formed by an independent do_nove
synpthesis.

This avidence, together with the kaowledge thed, sarly in

the blosynthesdls of purines, condsusation tekem place botwosn a




56

ag
ribvope-5-phosphats and the purine precursor, ensbled Weygand

and w@@dﬂg independently to postulate & general theory for the
hiosynithesis of xanthopterin and leucoptsrin,

It was suggested thaet ving-opening of the imldazole ring
of guanosine cecurred to glive a S-amino=4-wibosyleminepyrimidine
(LXXXVIIT), which then undervent sn Amadori resrranzement (typicsl
of glycosylemines) with the formetion of & ketose (LXXXIX).
Cyelimation of this ketose wesulted in the formation of the

polybydroxyelkylitotrahydroptoridine derivative (Xck'whi@h counld
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Llose its polybydroery side chedin in the form of glyeeraldehyde o
ite 3-phosphete, and subseguently undergo an oxldative smiep Vo
ranthopterin. Louvecopterin was visuallsed s arising from
govalent hydratlion across the T,8-double hond of zmenthopterin

to produce the hydrate (XCI) which would Turther oxidise to
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leusopterin., The gerneral chemicsl feamaibdlity of the hydration stop
in this theory has been dealt with in Pert I of this thesls, and
specific chemical support for it is to bhe foumd in the work of
Sahou?m and the interpretations laid on it by Albmfﬁ%?

To furnish further chemisal support foxr this theowry of the
biogenisis of xenthopterin s, in part, the purpose of this theuls
and our results and thelr implicstions are recordad in the

appropriate sections.
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Some measure of correborstion hes alresdy heen found in
a8 ) .
the worlk of Wewa, who proposed the sizucture (XCII) fov
Beplapterin, & yellow pigment found in the eyss of the frulit-Ifiy

Drosophila melanogaster (sepis mutent). Oxddation in bowax

golution &t 3%°Y in the dark foxr § hours produced 7,8-dikydro-
zanthopterin (XCITI) and lactic scid in & molar matlio of 1l

with the abgorption of Q.5 moles of oxygen. Newsz explained %tha
formation of xanthopierin in terms of the absorption by Seplapierin

of two moles of water %o form (XCIV) which would oxist az a bovebs
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gsomplex {typicel of polyhydroxycompounds ). Absoeption of
0.5 modes of oxygen with the elimination of the side«chain as
lastie acid would thus lead to the formation of T,8-dihydroe

xzanthopterin,
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ADDITION REACTIONS OF 2«AMINO=4=HYDROXY=T7,8-
DIBYDROPTERIDINE
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Our interest in the chemistry of reduced pteridines
and theilr possible role in the bilosynthesis of fully-aromatis
pteridines, was stimulated by Ven Baalen and Foxrest's E@p@rﬁeﬁ
of the formetion of 2,6-diamino-d-hydroxypteridine (XCVy R = HH,)
from a reduced form of 2-amino-4-hydroxypieridine (XCV: B = H).
Theas workers ianvestigated the hydrogenstion of Z2-amnino-4-
hydroxypteridine using platinum and palladiuvm catalyats, when

two mols. of hydrogen were sbsorbed %o give 2-amino-4-hydroxy-

56,7,8-tatrehydropteridine (XCVI). When this product wae
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reoxidised by mangsnese dioxide in the presence of ammonia
without exposure to the aixr, they isolated, by chromatographic
technigues, & yellow solid having & greenish-yellow fluorescence.
From its elementary analysis and 1tm-quanﬁitativ@ converslion o
xanthopterin(2-anine-4,6-dihydroxypieridine, XLV) on treaitment
with nitrous scid, 1% was conslidered %o have the sizructure

(Xc¥y R = NH, ). When the reoxidation step was carried out in

alkali, a small guentity of zanthopterin was detected. In both

cases, 2-amino-4-hydroxypteridine was also recovered. Polic
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acid (XCV; R = Cl, NHGGH, CONECE(CO, H)CH, CH, CQ, B ),
biopterin (XCVy R = (CHOH), .CHy ), and @& number of other pheridines
ware found to produce similar xesults.

The American workers suggested that 2,6-dianino=4e
hydrexypteridine and manthopterin were formed viz a reactivs
dihydro derivative of 2-amino-fd-hydroxypteridine which ecounld
add smmonia or hydroxyl dons at the 6-position, snd which would
subsequently oxidlise to the fully aromatic products. Twe such
intermediates were postulated, Z2-amino=4-hydroxy-7,8«dihydro~-
pteridine (XCVII), and 2-amino=4-hydroxy-5,8-dihydropteridine
(XCVIII). pddition of ammonia or waler amoroms the 5,6-double
bond of (JCVII) or the 6,T-double bond of (XCVIII) would give
the tetrahydro derivative (XCIXs R » NH,, OH), which, on
subseguent oxidatlon, would give rise to the required fully

sromatic products (XCVy; R = NH,,OH),
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Van Baalen and Forrest have also reported the isolation

of 2,6-diamino-4-hydroxypteridine (XCVy; R = NH, ) from Drosophile

melenogaster and from the blue-grean dlgae; Anacystls nidulsns

and Noastoc muscorum G, Théy suggest thet this ptexridine may be

an artefect arising from & reactive 2-amino-4-hydroxydihydro-
piteridine occcurzring in thess organisms,

On chemical grounds, we belleve that sddition of nucleo-
philic reagonts to the polarised Cmﬁ grouping of Z2-amino-fd-
hydroxy«T,8-dihydropteridine (XCVIX) is more likely than
similar additions to the C=0 grouping im the isomsric 5,8<
dibydropteridine {XCVIII). Addition of nusleophilic reagentis
to a C=N grouping imn heteroccyclic compounds is well-known, and
hes been discussed earlier in the Invtwroedwctlon.

In this thesis, we report the unambiguouns synthesis
of the parent T,8=dihydrvopteridine, 2-amino=4-hydroxy-7,8-
dihydropteridine (XCVII). We have also investigated the weachion
between this compouwnd and smmonie, hydrogen cyanids, and a nusber
of other simpls resgents.

The synthesis was based on the method developed by
B@onégéfgiﬁg fox the unambiguouns synthesls of 798m@ihydr@§%mridiﬁ®@c
Thia @cnai@t@dlin condeonsing o pyrimidine baving a reactive
chloxo group (C; R = NO,, PhN,) with e suiteble smine (CX)

to give the pyrimidine (CII). Reduction of the nitre or phenylaze
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group gives the unstsble diaminopyrimidine (CIII), which then
undergoes an intramolecular condensation to give a T,8-dihydro-

pteridine (GIV)o
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2=pmino-4,6-dihydroxypyrinidine (CV) gave 2-smino-
64
4,6=dichloropyrimidine (CVI) on refluxing with phosphoryl

82
chloxide, and, on subsequent hydrolysis with salkeldi,

2-amino-4=chloro-6-hydroxypyrimidine (CVII) was formed.
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This compound was nlirated by diesolving in concentrated
sulphuric acid and adding Puning nitrie a@id at £ 45°, The
product, 2-amine-4=-chloro-b-hydroxy-S-nitropyrimidine (CVIII),
was pr@cipifat@a by pouring on %o ice. The nityro gwroup mémva@
the dual function of asstivating the adjacent chiowro group,
and providing N; of the pteridine moleculs. The nltro-echloro-
pyrimidine was very reactive and condenged smoothly with a
numbsr of smines %o give pyrimidines of the type (CIX). On

treatmont with alkali, the product was (CV).

O
i,
ON ~ 7 7 M
g ;&Lb Hy . CH, CE(0C, ¥, ),
wgf'%N” NH,
eX =i

Ap was expeocted, the introduction of a ﬁitro grouping
produced & bathochromic shift of some 16 s in the nltraviolet
spectrum to give s maximum at 300 mja in Oolﬁmhydraehlari@
acid. The quality of the preduct in cach bateh wos gauged
by a&@@rtéimimg the yield from i%s condomsation with bonsylemine
0 give the product (CIX; R = CH,C4Hg).

Gondensation of (CVIII) with aminoacstal (eminoacetal-
dohyde diothylacetal, CX) geve the pyrimidinme [CIX; R =

CE,CH(OC,Hy)p ]- Hydrolysis of the acetal gwoup with
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@onc@nﬁrqﬁeﬂ hydrochlorie acid gave the pyrimidine (CIXg

R = OHéCﬁO), Thic materiml although colourless and @ryatallin?;
could not bo readily recrystelliscd, and discoloursd on hoating
in water. Thie wes atiributed to the ready self-condensation
to dihydropyvresines (CXI), typical of d-sminoketonc derxrivetives.
Oxime formation, however, yislded s steble produet (CXIX),

which was readlly recrystallised from water. The pyrimidine
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aldehyde (CIX; R = GH@C&O) howover, whensubjected to papexr
chromotography and examined in wltreviolst light, showed o
single absorpiion spot and was thus considered purs onough to
bo uood for furthor work
2-Amino=d-hydroxy=7,8-dihydropteridine (XCVII).

An aqueous suspension of the aldehyde (CIXs R = C¥,CHO),

on treatment with modium dithionite gsve the unstable 4,5-

dlaminopyrimidine (CXIIIy R o GB%CHO)g which repldly underwent

intramolecular condensation to form 2-amino-4-hydroxy-~T,8-
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dihydropteridine, isolated as the sulphite salt (CXIV). Thie

separated as. a colourless, non-grystalline powderx.
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It was unstable in bolling water aud wes insoluble in
organic solvente. I¢ Waa‘considmr@& to be ths sulphite malt‘
of a dihydropteridine and not the sulphite adduet (XCIX;

R = 50,H), since it ebsorbed one mol, of hydrogen when
hydrogenated with platinum or palladiuvm catalysts, giving
2mamin@m4ahydroxymﬁgév7g@mtgtr&hydropt@ridinaés This view was
confirmed by spectral comparigson of the sulphite salt end the
compound (XCIX; R = SO;H), which was found to be sutremely
unstable in air, and which was prepered by catalytic hydrogena-
tion of (XCV; R = SO;H). The synthesiw of the latier compounds
will be discussed at greater length later im this theais.
Moreover, when the sulphite salt was treeted with 2N-sodium
hydroxide solution, the sulphite group was easlly removed, and,
on chilling the solution, a cxystalline sodium salt of the

pteridine was obtained. This materiel discoloured repidly in

alr, and wap esnalysed in crude form. Its ulitraviolet spectra,
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howover, Wer@ Ldantlcal with those of the sulphite salt.
Similarly, oﬁ trostment with acid, sulphur dioxide was evolved on
gontle heating, lesving the frese basc.

The presenge of the sulphite anion stabilised the
materiel somewhat to oxldation, end it could be kept for
several days in a desiccator before showling signs of disssolouration
Removal of the sulphite grouping by alkali, hovever, liberated
the free bene which proved Ho be exitwemely umstable, end raplidly
oxidised, dn the presence of air and excess alkall, to the
fully arvometlec 2-amino-4-hydroxypteridine (XCVg R = H). The
same product was obtalined in good yi@lda by treating elkaline
golutions of the sulphite salt with cold potassium permangansts
solution or powdeved mangensse diexlde, and proved to be
identical in all respects with an authentic s&mpl@oﬁﬁ

Catalytic reduction of the pyrimidine aldehyde (CIXs

R = GH,CHO) with Raney Nickel gave the umstable 4,5-diamino
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pyrimidine (CXIII; R = CH%OCHO)G The wltraviolet specira In

0. 1N aclid and elkeli of the reactlion mizture ot this stage wvere
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elosely similar to those obtained foxr the 495nd;aminopyrimidin@
[6XIITI; R » CH,CH(OC,Hy)g], and were assumed to indicaie the
existence of (CXIII; R = CH,.CHO). On concentrating the
reaction mizture in vesuo, however, »ing-closure Hock place

with formation of the dihydropteridine (RCVIIL), which gave
ultraviolet speetra in 0.1N acid end alkeli ldcntioal to those

ef the sulphite and sodium selts. The @yélia@d materiel, howevex,
was unstable and could not be easily purified. Accordingly, it
was sharacterised ss the sulphite sealt, which was obteined by

passage of sulphur dlioxide gas through the reaction minture.

Tetrahydropteridines.

Catalytic hydrogenation of the above dihydropteridine
with platinum and palloadium catelysts gove the istrahydro
derivetive, 2-anino-4-hydroxy-5,6,7,8-tetrahydropteridine
(XCIXs R = ¥)o This matérial WaSs even moro unétmbl@ than bthe
dihydro derivetive, and, in solution on expesure to aiw, 1%
oxidised wepidly to give the fully-svomatlec Z-amino-4-hydrozy-

pteridine (XC¥; R = H). Conseguently, mo asnalyiical figures
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ar@.availablq gnd its presence wes indicated by its ultraviolet
gpectrae in OOIﬁwhydrochloric acid and sodium hydroxide solutions.
These showed maxima in the 250-280 ma region, iyplcal of sompounds
heving the chromophoric system of a 4,5~-diaminopyrimidine ring
not conjugated with any other double bond system. This behaviour

is typical of 5,6,7,8-tetrahydropteridines.

The Structure of Dihydropteridines.

The formation of a dihydroptexridine has beem foumd o
result in the formation of a separate pealk of low intensity at
longer wavelengthe in the ultraviolet gpectrum, in addition to
the characteristic maximum attributed to the pyrinidine rimng.

In gome cages, this new 'peek® appeared as only & shouldex

in the ultraviolet apectrum, On oxidation of a dihydropteridine
to the fully esvromatlc pteridine, the new pegk in spectre in
alkaline solution, was found %0 increase in intensity and
vavelength to give the typlcal doublet spectrum of an aromatic
bicyclic compound. This was reopeated in some acld specixa,
whilet in others, single mexima, usually of increased intensity
and wavelengths wére observed, This exemination of the ultra-
violet spectra of dihydropteridines and the changes in specira
on oxidation to the aromatic pterdidine, together with comparisons
between the spectra of dihydropteridines and those of certain

pyrimidines, have enabled additional information about the
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structure of dihydropteridines to bo obtained, The structure
of the parégt dihydropteridina (XCVII) was deternined by the
'unambignous mathodﬂv"a'ag of synthesis. Nevertheless,

the possibility of tautomeric shifts of the type (XCViIe -

XCVIII) was not entirely exalu&edg and'theraforag gome relaition

had to be establiched betwaen the ultraviolet spectyra of a
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dihydropteridine and 1ts ohromophowrle syeiem. The ultraviolet
spectre of the dihydroptoridine showed a maximum in ecid
soluition of 256 %p with a low intenslty peak or shouldey ab
A12-314 B In alkali, bathochromiec shifts in both peaks

gave maxime at 284 and 330 %po The spectra of the fully-
aronatie 2-amino-d-hydrozypteridine showed, by comparison, a
single pesk in acld at 314 %ﬁ of incressed intensity, while,

in nlkali, the long-wavelength pesk had undergone a bathochromic
phift to 358 mp glso with san increase in intensity. This shift
in the long-wavelength peake in both acid and alksll on oxida-

tion of the dihydroptoridine, indicated thet the poaition and



intdnsity of these pesks were related to the degree of
conjugation in the pyrasinse ring of the pteridine molecule,
The spectra of compounds of the type (CIX) ean bs seen by

reference to the Table to be c¢losely similar. Their specira

""‘@@i’“"@ “““““ “ el Sty

! i i f b ’/ﬂ‘ﬂ‘“ §

i

3 N f ¢ y’ﬂw ey, '

: N NH : ; = u NI §

o g“ ¢{i\ \ il é%l% a
P g PN ¢ PN g 7 S |
R R

(#1514 HENIT

in acid golution show s single maxima in the region 314=-334 %p
with & slight bathochromic shift in alkell to the %40 @m region.
These spectre compare favourably with the long-wovelength peaks
of the epectrs of the dibhydropiteridine and suggest thet themo
gompounds have « coumon chromophoxic system., This could only he
posaible 1f the dihydropteridine in question had the chromwphore
of a T,8-dlhydropteridine, in which case, the commomn chromophorie
system would be that insoribed by the broken limes (CIX) end
(¥c¥1L). Thus, & 7,8-dihydropteridine, having the same nuclear
substituents as the compounds discussed above, would be expected
to heve an nlireviolet spectrum which would have the following
general form: @ peak at 250-280 %p together with & loweintenalty
peak or shoulder at oxr above 300 %p in acid, and a similex or

closely-related spectrum in alkall, with perhaps bathoghromliec



51

shifts of both peaks and an increase imn their intensities,

In acoepting the validity of these th@qretical considerations,
we bhelieve that the dihydropteridine discussed above, having
been symnthesised by Boon's mathoaﬂfvagsﬁg hes undergone no
tautomeric chenges within the molecule.

Thus it wouid appear that Boon's gynthesis Is dndead
an unembiguous ons. The synthesis of two other dihydropteridines
by this method will be éi@@qasad leter in this seection, and an
examination of their specira with refersnce to the general
pattern of spectra 0f Ty8-dihydropteridines was foumnd %o
suppert this view. Te form an absolute relabtiomship, however,
between the chromophoric system of a T,8-dihydropieridine and

ite ultraviolet spectre would involve symthesls of the T,8-

dibydropteridine derivative (CIV)in vileh teutomeric shifts of the
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type discussed earller would be impossible. This is outside
the scope of the present thesis but might prove to be an

interesting problem.
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Before discussing the addition reactions undergone by
2=amino=f-hydroxy-7T,8=dihydropteridine, it might ba relevant
to consider the approach made by Viscontini and WGilenmann,ﬁg
to the probiem of reactive 2-amino-4-hydroxy-dihydropteridines,
since it involves determination of structures of dihydro-
pteridines from consideration of their ultraviolet spectra.
Viscontini prepared 2-amino<4-hydroxy-5,b,7T,8~-tetrahydro.-
ptoridine (XCIXy R = H), isolated as the sulphite salt and
allowed it %o reoxidise im alr. Throe unstable compounds wewe
izelated as oluaten from chromatogrems, and Viscontini suggested
that theso were dlhydropteridines, and were intermediates in
the reoxidetion procoss. Thesdé compounds wexre allobatad
structural formulae (XCVIL, XCVIII, CAVI) on the basis of a
comparison of their ultwaviolet specira with the spectra of three

known compounds. Thus, Viscontini claims that the chromophoric

EN \//Q.L\Nﬁ‘? li r i N f rﬂ\&m
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oystems resomble thome of isoxenthopterim (CAVII), the dihydre

;.u:

86
zanthopiterin of 0'Dell, which, one must suppose, was consildercd
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by Viscomtini to have o 5,8-dihydro sétrusture (CRVIIL), end
zenthopterin (XLV) wvespectively, thus providing a basis for the
above structural assignnents.

The three dihydro intermedintos vere found %o oxidise
to 2-omino-d-hydroxypteridine (XCVs R = H). Howevor, two
other compounds were alpo is@l&%@do‘ On exldation of tho
tetrahydropteridine sulphite salt in aixr on a collulose column,
& yollow @olid was obtained. On thg bagie of its elemontary
analysis, Viacenﬁini and Weilenmann cleimed that this was
2m@minom4mhydroxypt@ridin@méaaulphania aodd (XCVy R = SOgH),
Itg silmilarity in chemicel pfgp@r%i@m t0 2-amino-4-hRydroxy-
pteridine-6-carbozylic acid (XCV; R = GO, H) supported this

vigwo
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On reoxidation of the tetrahydropteridine sulphito sali in
annonia, & dihydroxanthoepterin was obtained., This was different
from that of 0'Dell, and had ultraviolst spectra which wers
almost identical with those of ono of the Z2-amino=4-hydroxy-
dihydropteridines (CXVI). Thus, it was formulated os & 5,6~
dihydroxenthopterin (CXIXy R = OH). Viscontini and Weilenmann
wuggééﬁ@d & renction scheme, which visualinoed the formation of
these compounds by nucleophilis addition to & xreactive dihydro
spocies, obtained from any ox all of the three dihydro intewre
mediates by 2 tautomeric shift, which was thouvght to be acid-
catalysed. For oxemple, the 5,8-dihydro intermediste (XCVIIZa)
was thought to oxist in the foxm (ACVIIIb), which, on protomation
would give the reactive species (XCVIIiic, XCVIII4d) having an
electrophilic contre at the 6-posiftion. Treatment with tho
appropristo nucleophile Rc)wouldvgiV@ rise to the totrahydroe
pteridine (ACIX), vhich, on oxidation, would yield the products
(XCV5 R = SO3H) and (CXIX; R = OH) reforred %o earlier.
The conclusions xeachod by Viscontini, however, are
not entively valid. Forx example, the allocation of structuros
to the dihydre intermediatos (XCVII, XCVIII, CXVI) on the
basls of spectral comparisons with isoxenthopierin, dibydro-

zanthopterin, and xanthoptorin cannot be accepted. In the
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cas® of isoxanthoptorin and xanthoptorim, o realistic comparipon
of speetre in alkaline solutiom would bo imponsible, because

the oxygen substlituente in the pyrazine rings of these pltoridines
would be in the phenolic form, which must affect the uwlira-
violet spectira. Morsover, it would be doubtful if spectral
comparison could be jJustified, even with spectra in acid sclution,

vhere the oxygen functions would be present as amide carbonyl
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groups, which would s%ill be in conjugation with the pyrimidine
double bond system. In addition, the dihydroxzanthopterin of

49
0'Dell has besen aynthesised wnambiguously by Boon  who hes

formulated it as a 7,8-dihydroxanthopterin (ACVIIIL).
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Two modified Boom syntheses reported by we in the BExperi-
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mental spection of this thepis give support to this sitrmncturo,
and the imcorporation of its ultraviolet apectra in the
general pattern for T,8-dihydropteridines outlined sarlior,
further confirms this view, A full discussion of the
syntheses of this dihydropteridine, however, will take plase
later in this section,

Thus, from an examination of the uliraviolet specire
recorded by Viscontini and Weilenmann for the three dlhydryo
intermediates, 1% would appear that the 5,8-dihydroptoridine
(XCVIII) hes spectral characteristics of & T,8-dihydroptoridine,
Its spectra, however, are not idomtical with those of 2-amino-
d=hydroxy~T,8-dihydroptoridine prepared by wva. Its speotrum

in scid showed o peak at about 270 s with & shoulder at 312 s
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while its alkaline spectrum showed little change, excopt for
an incresse in intensity of the low-wavelength pealk.

Tho additiom reaciions undergone by 2-amino-4-hydroxy-
T,8-dihydropteridine discussed in this section are thought to
be nucleophilic additions te & polarised carbone-nitrogen
double bond. It wes our experience, however, that these
additions are not catalysed by acidn, s suggoested by Visecontini,
but that they proceed smoothly to completion in alkelins or
neuitzral solutions. Thiﬁ eoﬁf@rms with préﬁiéu@ @xp@riencmzv
whexe addition of resgents such as hydrogen eyanide, sodium
hydrogen sulphite, 8%c6., %o & polarised double bond 1s initlated
by nucleophilic attack. Finally, we have puweceeeded in adding
annonia t0 2-aming-f-hydroxy-T7,8-dihydropteridine, which malkes
questionable the formation of & dihydroxanthopterin from such
& reachlon,

The general conditions leading to the participation of
pveridine derivatives in addition reactions were outlined in
the Introduction o this thesis, with particuler referense 0
cortain monohydroxypteridines and theilr dexivatives. It wao
suggested that tauwtomerlec shifts leadling to the disruption of
the sromatic system of double bonds in either the pyrazine or

pyrimidine rings of a pieridine, would lead to an incresse in

reactivity (l.e. polarisability) of the remeining double bonds.
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Algo, the capscity of some pteridines for undorgoing addition
reactions was explained in terms of increased stablility of
their adduets, brought about by resonance.

In the case of 2-amino-4-hydrozy~T,8«dihydrepteridine
(XCVII), the pyrasine ring existe in the dihydro form,
conforring o dogroe of reactivity on the 5,6-double bond. Wo
sonzider tho polarigation of this double bond by solveant oy by
the electron-withdrawing properties of the adjecent pyrimldine
ring, to be the dominant factor im tho addition resctions
wadergone by this compound. Thus, polarisation of the 5,6=
donble bond of 2-amine=4=hydroxy-T,8-dihydroptoridine (XCVETa)
takos placo to glve an clectrophilic cemtre at Gy (XCVIIb).

Addition of tho appropriate nucleophile would give the addition
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product (XCIX) which, on oxidation, would give ximo to the

fully-aromatic pteridine (XCV).

Addition Reactions

of 2-Amino-d-hydroxy-7,8-4ihydropteridine.
1. Addition of Ammonias

2einino=4-hydroxy-7,8-dihydropteridine sulphite was
diszolvod im the minimum of concentrated ammonis galution and
loft in a ﬁigh%lym@topp@r@@ flank for 2-3 days. This predusocd
o exop of yellow meedles, whoso olomentary mnély@@@ indicatod
that they were a mixture of 2,6-dlamine=4-hydroxy-5,6,7,0<
tetrahydropteridine (XCIXs R = Ni; ), and & dihydro devivasive.
Oxidation of this material by eold alkaline potessium permangensde
or by powdered mangauneoo 6iszido, gove a ysllow-green-fluorescing
@aluti@ng which, on neutralisation, yielded a bright orangs,
non-grystalline solid. Thie material had ultraviolet epsotre,
in ecid and alkalime solutiom, ldomiical with those roporsed
by Van Baalon and F@rreaﬁae fox tho compound (XCVy R = NH; ),
obtained by ozxidation of 2-amino-4d-hydroxy-%5,6,7,8-tatrahydre-

ptoridine (XCIXy; R = H) in ammonis. ITn an attenpt to offoct o

H
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direect comparison of ﬁhéée @ompdmn&mg'é mjnthemiﬁ of the
material was attompted, employing the general conditions laid
down by Van Bealon and Forrestﬁﬁo Thus, weoxidation of tho
tetrahydropteridine (XCIXs; R = H) by menganeso dioxide, in the
presonoe of ammonis, under niitrogen, gave & yellow polid which
proved $0 bhe & mizture on exemination by peper shromabography.
Isolotion of the grosn-fluorescing component of this mixture
by formation of itp exystalline sodium salt gave s material,
which, on chromatography, was identical in Ry values, end in
ultraviolot speetra, with the compound formsd by oxidation of
Ath@ adaition product, The structurse (KCVj; R = Hﬁé) formmlatod
by Van Bealen snd Forrest for this compound has bsen confirmed
by us by snelyszis snd by the following unembiguous asynthesis.
Condensation of 2-amnino-4-chlero-6-hydroxy=5-nitro-
pyrimidine (CVIIXI) with eminoascetonitrile (CXX) gave the

pyrimidine (CIXs; R = CH,CH). R@du@tion of théa ritxro group

O NH %ﬁ“
HNCHEN /L /“f
M, ssm N N&s ma SNty
&IGC

with sodium dithi@nit@ gave mh@ mmst&bl@ ﬁgﬁmﬁimminwpyximidine
(CXTILZ; R = CH,CN), which underwent ring-closuve to give

2,6=-dinmino-4-hydroxy-7,8-dibydropteridine (CXXI; R = NH, ),
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The ultraviolet spectrum of the compound iv scid was typical
of a Ty,8-dihydropteridine. It gave & peak at 274 %ﬁ, with
another of low intensity at 319 %ﬁo Tn elkaline 8alutiong
howeveyr, this long-wavelength peak dieappeared, with the mein
poak uwndexrgoing a beathochromic shift to 280 %pa

Oxidation of this compound with cold alkeline
potassium permenganate or powdered manganese dioxide gave
2,6-diamino-4-hydroxypteridine (XCVy; R = NH, ), identical in
Ry valuos, ultravioclet and infrared spectra with the solid
obtained from oxidation ¢f the sddition product. Aas hes
already beon mentioned, puws 2,6-diamino-4-hydroxy=5,6,7,8-
tetrahydropteoridine (XCIX; R = Nﬁé) sould not he obtained by
addition of smmonia to the T,8-dihydropteridine (XGVII), 4due
t0 the instability of the ndduct, especially in basic medila.
The wltreviclet spectrum in acid of the freshly-prepared
addition product, showed a peak at 274 gﬁ with 2 shouldexr a$
306 mjRy and a sample left for 6 hr., in alkali gave, on

acldiflcation, an nlitreviolet spectrum in which the shouldsw
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at 306 mp had doveloped into o low-intonsity peak ab 320 e
This spectium was identical with that obtained foxr 2,6-
dianino=4-hydroxy-7,0-dibhydropteridine (CKXIy R = NHy ), ond
indicateod that oxidation Lfrom tho tetrahydro spoeciles to the
fully-aromatic pteoridimne proceeded vis the T,8-dihydro intor-
mediate.

Hydrogonation expeviments with platinue and pallediuvm
catalysts indicatod thet the additlion produet contailned about
40=50% of the dihydro product. The produst of hydrogenation,

2, 6-01amino=-4-hydroxy=5,6,7,B=tetrahydropteridiné (XCIXs R = NH, ),
was colourleeps in solution under hydrogeon. On euposure to ailr,
the solution rapidly turned pale yelleow, indlcative of oxidatlon.
The extremo inetebility of the produst preecluded the poswibiliisy
of obtaining anslyticel data. Howevewn, nliraviolet speetra im
acid and alkall were quickly cerried out on the reagtion mixture
These showed & maximum st 270 %P in acid, with disappearance of
the shoulder at 306 gyg present in the meborial before hydro=
genation, The alkeli spectrum, havﬁgg & noximem ab 280 %%9
showed no significent chenge. These spegtre are characteorvistis
of & totrehydropteridine.

Viscontind and Pirauxi?in & poaper published in Morsh
1962 jquestioned the structure (XCVy R = WH, ), proposod by

4@
van Baslen and Forrest for the compound obteined from the
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reoxidation of 2-anino-4-bydroxy=5,6,7,8-tetrahydropteridine
(XCIXy R = H) in ammonie.

H
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In an earlier pmblicationiﬁ Viscontind snd Weilcnmann
had zvoported the isolation of a compound from this reaction,
which was formulated as a 5,6-dihydvoxanthopterin (CXIX; R = OH),
and this has already been discussed, but he now suggested thab
it wos best represented by a $,8-dihydro structure (CXXITj

R = OH). It wap further suggestod thet the aonelytical data

tf

) §iq 1 S—
publishod by Van Baslen and Forreah did not indicate a fully-

aromatic pievidine, as had boen suwggested. Noreover, comparison
of analytical figures obtained from o semple of the material
which had beon isolated from smmonia solution, then recrystalle
ised from water, led Viscontini and Piraux to suggest the
existonce of two closely-welated compounds (GIAII; R = Eﬁé) and

(CXXIIy R = OH). On the besis of their analytical figures,
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they suggested that the compounds were 5,8-dihydro derivatives
and that Van Baalen and Forrest had iaolﬁted one (CXXIIp R =
NH, ), whilst they had isolated the other (CXXII; R = OH).
Recrystallisation from the appropriate solvent was sufficient
to bring about the transformation. Catalytic hydrogenation
over platinum for 10 min., resulted in the absorption of 1 mol,
of hydrogen, to give a produet which was formulated as o
tetrahydropteridine (XCIN; R = HHy ).

This general thesis, however, does not beaxy critical
oxanination. The ultraviolet spectra of the material obtained
by Van Baalen and Forrest cannot be explained by either
& 5,6- or 95,8-dihydro structure. (5,8-Dihydropteridines and
the gonersl conditions which we believe to be involved in
their formation, will be discussed later in this section).

Moreover, 2-amino~4,6-3ihydroxy-5,8-dihydropteridine (CXVIIIa)

X
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would not be expected to be stable imn this tautomeric form,
and would revert to 7,8-dihydroxanthopterin (XCIII), which

hes the stable aminoacetamide (CXXIIIa) chromophore. 'The
evidence of & 5,8edihydro derivative of this typs, would imfer
that aminoacetamide would exist as (CXXIIIb).

The anslytical date submitted by Forrest do not indicate
that the compound is & dihydro derivative, although some
discropancy exists in the calculated and experimenisl figures
for the nibtrogen content,

In addition, we have found that catelytic hydrogenation
of the compounrd in questlion over s platinum cotelyst, resulted
in the absorption of twe mols. of hydrogen. The acid and
alkall spectra of the product were chaveciteristic of tetra-
hydropteridines, and were identical with those of 2,6-diaminc-
4=hydroxy~5,6,7,8-tetrahydropteridine (XCIXs R = NE@Q whono
preparation wasz discussed earlier., Finslly, the hydrogenation
product obteined by Viscomtini after the absoxrption of 1 mol,
of hydrogen, although formulated as a tetrahydropteridine,
hed, in fact, ultraviolet apectra similar to the T,8-dihydro-
xanthopterin (XCIIL) of 0'Dell " and were identical with the
spectra of 2,6~diamino-d-hydroxy-7,8-dihydropteridine (CXXIs

R = NH, ) whose synthesis wans described above.
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We think that this constitutes suificient evidence
that the compound originally'abtained by Van Baalen and
Forrest has the fully-arvomatic strucsture (XCV: R = Nﬂa)o Thia
boing the case, hydrolysis of the 0-cmino group, vwhich is suggente
ed by Viscontini's snalytical figures, seems unlikely. Wo
found that the purification process of the material involvod
procipitation several times from squeous sclutlons, and tha
presence of zanthopterin could not be detected on paper
CchromatogIans

Berlier attempts to synthesise 2,6~-diamino-4-hydroxzy-
To0=dihydroptoridine (CXXI3 R = NH,), produced an interceting
nodification of the Boen synthesis. 2-Anino=4-chloro-6-
hydroxy-5-nitropyrinidine (CVIII) wos condonsed with amino-
acotamnide (CXXIIZa) (prepared by condonsation of chloro

acobamido with emmonia), to give the pyrimidime (CIXy R = CH,CONH, )

0

9N N s N I
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Reduction ¢f the nitro group. in this pyrimidine with sodium
dithionite gave the unstable diaminopyrimidine (CXIII; R =
CH,CORH, ).

It was thought that this compound would them eycliso
vith elimination of the elemenis of water to give the xequired
2, 6-dinnino-4=-hydroxy7,8-dihydroptoridine (CXXI; R = Wi, ).
Howover, cyclisation took place with elimination of tho eloments
of ammonle, to give T,8-dihydrozanthopterin (XCIII) in good
Yield. This ayntheslis was supporited by the preparstion of an
avthentic asample of T,8~dihydroxanthopterin as follews,
2-Anino=4-chloro=6-hydroxy-S-nitropyrimidine (CVIII) was
condensed with glycine ethyl ester (CXXIV) to give the
pyrimidine (CIXy R = CH,CO,CpHy),

OOV

Sodiuvm dithionito reduction of the nitro group geve
the disminopyrimidine (CXIIL; R = GHQCO%Cﬂﬂs)g which immedictely
cyclised to give 7,8-dihydroxanthoptorin. This metorisl vas
identical in ulizeviolet specitrxe with thaet obitalned by
0“1’:@311M and lator by Bommﬁg It was also identical in

ultraviclet and infraved spectra with the above sample.
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Treatuent with cold alkaline potassium permanganste or
powdered manganese dioxide gave xanthopterin good yields.

Its ultraviolet spectra in acid and alkali closely resembled
those obtained for 2,6~dlamino~4-hydroxy=7,8-~dihydropteridine
(CXXI; R = NH,) (See Fige. 1, 2), and its spectrum in acid
correnponded to that of a typical T,8-dihydropteridine.

The syntheeis of 2,6-lamino-4-hydroxy=7,8-dibydro=
pteridine (CXXI; R = Nﬂé) by reduction and cyclisation of the
pyrimidine (CIXy R = CH,CN) has already been described., The
conversion of this 6-amino series of T,8-dihydropteridines to the
6-hydroxy series of 7,8-dihydropteridines, wes established by
hydrolysis of the pyrimidine (CIX; R = CH, .CN) to give the

pyrimidine (CIX3; R = CH,CONH, ).

2, Addition of Hydrogen Cyanide.

Forrest and Viscontini have reported, in a joint
publicationgﬁthe isolation of a yellow msolid from the reoxidation
of 2-amino=4-hydroxy=5,6,7,8-tetrahydropteridine (XCIXs R = H)
in the presence of potassium cyanide., This compound gave
strongly green-fluorescing solutions in eslkslli, and its
ultraviolet spectrum at pHl3 showed a long wavelength maximum
at almost 400 Mo Analysis indicated an empirical formule
corresponding to 2-amino-4-hydroxydihydropteridine-6-carbozanide,
Oxidation with platinum oxide in alkeline solution gave

2.amino-4-hydroxypteridine-6-carboxamide (XCVs R = CONH, ).
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Catalytic hydrogenation with & platinum catalyst resulted in the
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sbgorption of 1 mol, of hydrogen, to give e tetrahydropteridine

(XCIXy R = CONH,) which quickly rooxidised in air to give the
original compound.

Torrest and Viscontini suggested that the compound
was 2-amino-4-hydroxy-5,8-dihydropteridine~6-carboxamide
(CXXIIy R = CONHQ), and c¢laimed that this structure was
supported by the following evidence:-

(1) the ultraeviolet spectrum was %typical of certaln parg-
dihydrOpyrazin@?o (CXXV) and dihydropyridine derivatives -

(CXXVI, CXXVII);

Y # %) N o
ROO0E I N IG@D@ f T,«'CONM& ROOC hcg@g
ROOC M GOOR N ML S N
H R 3 4 ?
(31) on oxidation to the fully-aromaetic pteridine (XCGVj

R = CONH, ), the spectra in mcid and alkell showed hypsochromic

shifte which are unusual in passing from & dihydro derivative
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to the fully-aromatic compound. In our studies of addition
reactions of 7,8-dihydropteridines, hydrogen cyanide was found
to add across the double bhond particularly easily. Addition
of s cold saturated solution of potassium cyanide to 2-~amino=-
4=hydroxy-T,8-dihydropteridine sulphlite, followed by refrigera.
tion for about an hour, gave tho adduct, 2-anino-4-hydroxy-6-
oyano-5,6,7,8-tetrahydropteridine (XCIXs R = CN), as its
golourless, crystalline, potasgsium sald. However, this material
was so unatable that no analytical or satisfactory spectral
dete could be obtained for it. When treated with roughly the
amount of elkaline potassiuvm permangansate required to remove
two hydrogen atoms, it gave a yellow microcrystalline soldd,

having a strong grecn fluorescence in alkaline solutions. This

/L N,

m

material was identical in ultraviolet spectra with the compound
obtained by Forrxest end Viscontini, and its elementary analysis
indicated an equwivalent empirical formula to that reported by
the mbove workers., C(atalytic hydrogenation with a platinum
catalyst established that the material was s dihydropteridine,

since only one mol, of hydrogen was absorbed. The prédu@tg
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which was non-fluorescent in solution, quickly reoxidised to
the dihydro compound on exposure to the air, Oxidation of
the yellow solid with an exceas of alkaline potassium permengan-
ate, gave 2-amino-4-hydroxypteridine-6-~carboxylic acid (XCV;
R = CO,H) in good yield. This was accompanied by a hypso-
chromic shift in the ultraviolet spectra. From a comparison
of the alkaline gpectra of 2-amino-4-hydroxypteridine-6-
carboxylic acid (XCVy R = GG@H), and that of our dihydropteri-
dine, it can be seon thait the hypsochromic shift on oxidation
amounts to sbout 30 gpo

On the other hand, the results of spectral studies on
Ts8=dihydropteridines and their oxidation products were dis-
cussed earlier, when it waes shown that oxidation to the fullye
aromatic atructure involved & bathochromic shift. In addition,
the long wavelength absorption of the dihydropteridine at
present under discussion, was unusuelly high compared with that
of the 7,8~dihydropteridines which have been studied hy us,
and its acid and alkali spectra dld not conform to the goneral
pattern which we have found to exist for T,8«dihydropteridines,
Accordingly, on the hamis of the shove evidence, 1t was decidod
that this dihydropteridine did not have the chromophore of a

Ts8=dlhydropteridine. Furthermore, the data submitted by
Torreast and Viscontini, drewing attention to the similerity of
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the ultraviolet spectra of certain para-dihydropyrazine
derivativeagg (CXXV) and Rggg«dihydropyridineasi (CxxvI,
éXXVII)-%o those of the dibydropteridine muet be considered
as evidence for its having a 5,8=dihydre structure.

The 5,8-dihydro structurs (CXXIIy R = OH) broPOSQd for
& dihydroxanthopterin by Viscontini and Pir&ux?aw&a discusased
earlier in thig section, and was conaidersed Lo be improbable,
partly because of its expected instability. We suggeataed
that this compound would eagily reveri to Ty,8-dihydroxanthoptorin
{XCII1), having a stable amino-acetamide type structure (CXXIIIa).
In the cese of the above dihydropteridine, however,; we consider
8 5y8=dihydxo strusture to be a distinct possibility. In this
Deparimenty, chemical mtudi@saﬁ of compounds of the type (CXXVIIIa)

accepted the possibility of an enamine tautomer (CXXVIIID) as

C;?H
SOy
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suggested by the work of Glickman and Cope. Subsequent
condensations of this compound with dicerbonyl compounds 40
produce pyrazines, and with one carbon fragmente lc producs

pyrimidines, supported this theory. Thus, it may be argued



that the emamine chromophors exists, and that its incorporation
into a ring system to preduce a 5,8-dihydropteridine might be
sufficient %o make it the mors stable siructure. In addition,
we comglder the existeonss of & carboxyl or carbonyl group to be
necoessary %o stabilise the enamine tautomer, and we believe

that only dihydropteridines meeting this requirement by having
a carboxyl or carbonyl subsitituent in the 6-position, would hawe
a stable 5,8-dihydro siructure.

Finally, evidence submitted by PElelderer and T@ylorDGQ
has further confirmed this theoxry. They condensed 2,4-big-
ethylamino-5-aminopyrimidine (CXXIXs; R = H) with mesoxalic acid,
to give the pteridin@ (GKKKg R = H). R@ducfion of this compound

R
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with sodium borohydride gave & bright, yellow material, and

was accompanied by @ bathochromic shift of 48 . in the ultra-
violet spectrum to 404 gpo This compound was formulated as o
5,8=dihydropteridine derivative (CXXXI). The spegstral charact-

eristics of this compound were shown o be due to the presence

of the 6-carboxyl group, since decarboxylation was accompanied
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by & marked hypsochromic shift. The 5,8=dihydro struciture wes
thoﬁghﬁ to arise by reduction of the 5,6-double bond, followed
by enolisation to the ihtramolﬁculariy hydrogen-bonded 5,8
dihydro structure (CAXXI). This theory was confirmed by
condensing 2-ethylamino-4,5-diaminopyrimidine (CXXXIIL) with
mesoxalic acid to give (CXXXIIIL), formulated 88 & hydrogen<bonded
structure by analogy with T-hydroxypteridine-6-carboxylic acid,
which is known?ﬁ to exist in the enclised lactim form (CXXXIV)

bocause of the stabllising effect of intramolecular hydrogen

CREXT
bonding. Sodium borohydwide veduction of (CXXXIII) was
accompanied by a hypsochromic shift, typical of reduction to g
dihydropteridine, Ho give (CXXXV). This compound was alrveady

stabilised by intremoleculayr hydrogen banding and therefore

oM
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aid not umndergo further tautomeric chango.
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Although these resulis indicate that hydrogen bonding
is a stabilising factor in the formation of 5,8-dihydro-
pteridines, nevertheless,; they do not explain the abnormal
ultraviolet absorption of 2-amin0w4whydroxym5,a;dihydropteridinee -
6-carboxamide, where intramolecular hydrogen bonding of the
type discussed above is impossible,

Additional evidence foxr the SgBmdihydro gstructure,
however, was obtained by noting thet the absorption spectra of
5p8=dihydropteridines were identical, irrespective of the naturs
of the 2-substituent, Since resonance of type (CXXAa) was

known to exist in the fully-aromatic compounds and would depend
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on the ability of the 2-gubstituent to take part, it was
inferred by Pfleiderexr and Taylor that, in the dihydro
structure, conjugation of the carboxyl group with the pyrimidine
was excluded,

Strong evidencs for thé.598mdihydro gtructure was
also obtained by consideration of a report dy Baltrop,

68
Richaxrds and Russell; who catalytically reducod 2-acetyl=3-
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mothylguinozaline (CXXXVI) and proved conclusively that the
product was (CXKXVII)« This material had a maximum in ethanol
at 489,5 mpe Similarly, King and Cla?kmLewisev reported the
abnormal lomgwaevelength abgsorption of the compound (CXXXVIII),

heving & chromophore identical to that of a 5,8=dihydropteridine.
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Pinally, & zeport by Viscontini and Piraux, dealt

with the addition of hydrogen cyanide %to santhopterin (XLV)
and hig éihydf@ﬂ&nthﬂpﬁ@fiﬂ?a (CXXIX3 R = OH). The wdditions
weres carvied out in the presence of ammonia and the compouvnds
obtained (CXXXIN; R = NH,, OH, R' = CONH,, GN) after oxidetion
RN analogeus to those already descyibed by Pfleiderer and

Taylor. These compounds were shown 0 be dibydro derivatives
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by catalytic hydrogenaition, and their ultraviolet absoxrption ab

pid

pHL3 ranged from 430 to 450 mu. In addition, they had a nmeasure
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of stability which, in the light of the resulte of Pfleiderer

and Taylor, may be attributed to intramolecular hydrogen bonding.

3. The addition of Hydrogen Sulphitu.‘
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The oxidation of 2-amino=4-hydroxy«T,8-0ihydropteridine

sulphite (GXIV), in slkeline media, to give 2-smino~4-hydroxy-
pteridine (XCV3; R = H) has been discussed earlier in this thesic.
However, on exidation with potassium permanganate in neutral
solutions, and subjecting the reaction mixture to papsr chroma-
tography, it was noted that 2-amino-4-hydroxypteridine was
presont only in & small amount. The main product had a lower

Re in the propenocl-ammonis solvent system than 2-amnino-4-
hydroxypteridine, and was much more strongly acid than this
gomponund . The product was purificd by making uee of the fact thatb
1t formed a grystalline sodivm salv in solutions of 2N-godium
hydroxdde, while 2-amino-4-hydroxypteridine did noi., Itn general
chemical behaviour was similar bo that of 2-amino-4-hydroxy-
ptoridine-6-carboxylic acid (XCV; R = CO,H) which is discussed

later, and this similarity wes reflegted in its ulitraviolet aspeciyra.
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In acid, this showed a single maximum at 325 39, while in alkali
the familiar aoublet characteristic of fully-aromatic pteridines
was observed at 264 and 369 o

These results are in excellent agreement with those
published by Viscontinl and W@ilenmannéﬁ for the 2~amino=4-
hydroxypteridine=6-sulphonic acid (XCVy R = SO3H), discussed
earlier in this thesis. The conditions reported by Viacontini
for formation of this compound involved.merial oxidation of 2«
anino=4-hydroxy=5,6,7,8-tetrahydropteridine sulphite on a cellulose
column, and, as such, do not differ significanitly from those described
by us.

2-Amino-4-hydroxypteridine-G-sulphonic acid is thought o
arise by oxidation of 2-amino=-4-hydroxy-5%5,6,7,;8-tetrahydropteriding.
6-sulphonic acid (XCIXy R = SO;H) whioch, in turn, is formed by
addition of the hydrogsen sulphite group of the sulphite salt across

the 5,6-double bond of the dihydropteridine (XCVII). This type of
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addition is well-known in heterocyclic chemistry and specific

exanples of 1t, with reference $o0 quinoxalines and acridincs, heve
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been described in the Introduction of this thesis.

C;taijfic hydrogenation of 2-.amino-~4«hydroxypteridine
«6egulphonic acid with a platinum catalysf resulted in the
sbsorption of two mols. of hydrogen to give (XCIXs R = SO,H),
which is isomeric with 2-amino-4-hydroxy-7,8-dihydropteridine
sulphite (CXIV). However, the reduction product possessed the
instability typical of tetrahydropteridines and could not bhe
analysed. On exposure to air it oxidised rapidly in alkali
with recurrence of the feint dblus fluorescence typical of
the fully srometic compound (XCVg R = SO3H). The ultraviolet
spectrum of the reduced product in acid showed & high-intensity
peak at 265 %ﬂ with & much weaker one at 514 3m° In alksali,
it geve @ peak at 250 o while the long-wavelength peak
suffered a bathochromic shift to 355 %Pn Thess specirs are
characteristic of a 7,8-dihydropteridine,possibly (CXXIj
R = SO&H) formed by serial oxidation of the tetrahydropteridind
(¥CIXy R = S0;H) and contrast with the high absorption of
S-ocarhoxy-dihydropteridines discussed earlier which is thought

to be indicative of a 5,8-dihydre atructure.

4. The Addition of Michael-type Reagents.

Addition of compounds (CXL%pcontaining active methylens

gromp&te 2-amino«4-hydroxy-7,8-dihydropteridine (XCVrI) was found

to take place smoothly in alkaline solution at room temperaturs.
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The additions are thought to take place by formstion of the
carbanion {CXILa) followed by a nucleophilic attack at the
b-position as deseribed earlier in general terme. The products
of this reaction were tetrahydropteridines of gemeral fornulae
(CXLI). They were extremely unstable in solution but, as

solide, could be kept For 10-12 hr, In a desliccabor. They
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were soluble in wabter, aceitone and etbancl, budt oxidised so
rapidly in molution that recwystallisation from these solvents
wan impessible. The cgompounds wore characterised by their
ultraviclet spectra, elementary analysis (wvhewre this was
possible), their failure te take up hydrogen om catalytie
hydrogenation, and their oxidation to Z~aming<d-hydroxy-
pheridine-6-carboxylic aeld(XCV; R = CO,H). They were extremely

unstable in alkaline solution which mvesmoved the sids-chain at
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the 6-position and facilitated their oxidation. In acid
media, they were rather more stable, although, es an examination
of thedr ultraviolet spectra will indicate, oxidation to a
dihydropteridine took place fairly quickly in most cases.
Moreover, the side-chain at the 6-position appeared to be more
stable in scid media, and ithis factor was used when stuvdying
the oxidation of these compounds, Oxidation with cold acid
potassium permangenate solution was found to be smufficient to
oxidise the tetrahydropteridine (CXLI) to a fully-aromatic form
(Xcv), the side-chain remaining essentially intact. Oxzidation
of this material with alkaline potassium permangenate gave
2-anino-4-hydroxypteridine-6-carboxylic acid (XCVs R = CC@H)O
The first compound studied in this series wes (CXLI;
R = R?'= C0,C,Hy ), obtained by adding diethylmalonate (CXILj
R? = R¥ = C0,C,H;) to a solution of the sodium salt of 2-amino-
4=hydroxy-T,8-dihydropteridine (XCVII) in alkaline solution,
Reaction is virtually ingtantaneous, and the sdduet separated
ag & pale yellow powder. Anelysis indicated that this was a
tetrahydropteridine and a freshly-prepared samplg could not be
hydrogenated with a platinum catalyst in neutral solution.
In ecid or alkeline solution, however, oxidation took place
and its ultraviolet speetrum in acid showed a peak at 264 mp
with a low-intensity one at 300 %y indicative of a T,8=dihydro-

pteridine. Its alkaline spectrum showed no significant change
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except for & bathochromic shift of these peaks to 286 and

364 mp respectively. Oxidation with cold acid permanganate,
and examination of the ultraviolet spectra of the reaction
mixture at this stage, showed a shoulder at 246 %P with a
high-intensity long-wavelength peak at 320 gp in acid, while
the alkaline spectrum had mexime at 256 and 356 e These are
" in excellent agreement with the specira of 2-amino-4-hydroxy-
ptoridine-6-acetic acid (XCVs R = CH,CQ,H) published by Mowat

8¢
8t al. PFurther oxidation with alkaline permanganate solution
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gave 2-smino-4-hydroxypteridine-6-carboxylic acid (XCV;
R = CO,H).
The addition of ethylacetoacetate (CXLs R* = COCHj,
RY = 0Q,CuH;) gave the adduct (CXLIs R! = COCHy, R" = CO,C,Hy)
a3 & bright yellow solid. It could not be hydvrogensted by
2 platinum catalyst in neutenl ﬂglutiona Its ultravielot specire,
however, showed a peak at 2068 mp2 with a shoulder at 300 L
A very low-intensity broad maximum was dotected at 386 mpi
The elkaline spectim gave a high-intonsity maximun o% 276 mr with

o shoulder at 330 %yo Again, these gpectwa indicato that
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oxidetion of the tetrahydropteridine had taken place in
solution with the possible formation of a 7,8«~dihydropteridine.
Oxidation with acid permangenate gave rise to a fully-aromatic
pteridine possibly with structure (XCVs R = CH,COCH; ).
Comple tion of the oxidation with a%lkalina permanganate gave
2~amino-4-hydroxypteridine-6~carboxylic acid (XCVy R = CO,H).
The addition of acotylacetone (CXLs R® = R? = COCHy )
t0 2-amino«d-hydroxy-7,8-dihydropteridine gave the adduct
(CXLI3 R' = R" = COCHy) ae 2 biight yellow solid, which, when
freshly-prepared, could not be hydrogenated by & platinum
catalyst in neutral solution, Its ultraviolet specire showed
& maximum iﬁ acid of 260 gy with a very low intensity peak
at 386 Wi o In alkali the spectrum showed a single maximum
ab 292 Do Ag before, this indicated the formation of o
T:8=dihydropteridine, although this adduct would appear to
have & greater measure of stability in alkall, since in this
medium ite spectrum corresponded to that of a tetrahydropteridine.
Oxidatlion of the adduct with acid potassium permanganate, govo
the intermediate [XCVs R = CH(COGH@)Q} which on treatmsnt with
alkaline permanganate, gave 2eanino-4-hydroxypiteridino-06-
cazboxylic scid (XCVs R = COH).
Treatment of the dihydropiteridine (XCVII) with ethyl

oyencacetate (CXLy R! = CN, R « GO@GQHE) gave the adduet
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(CXLis R* = CN, R" & CQ,C,Hy) ap @ oream solid which could
not be hydrogenated. Its ultraviolet speotra did not conform
to any recognisable pattern. In acid, its spectrum had a
shoulder at 270 ep with a maximum at 300 %y, while the alkaline
spectrum gave maxima at 248, 290 and 364 ?pu The imtensity of
this long wavelength peak at 364 %po dudicated tho formation
of a more conjugated species by oxidation and suggested that
the adduct was unstable in this media.

As before oxidation with potassium permanganate gave
eventually 2-amino-4-~hydroxypteridine-6-carboxylic acid (XCVy

R = CO,H).

5. The. Addition of Thiols.

Thiols (CXLII), which are known to be excellent
reagents for adding across polarised double bonds, were found

to react smoothly with the sodium salt of 2-amino-4-hydroxy-

7,8-dihydropteridine (XCVII) to give adductes of gensral formula

M ﬁ’\
RSl L N NH
H e«s E &;,:L
' H Ny BTSN SN,
H

CXLIL XENIL CRENL

(CXLIII). Like the additions of active methylene compounds
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described above, the thiol additions were found to take place
most effectively inmsic media. The adducts studied in this
series were oolourless, crystalline unstable compounds, which,
when pure, could not be hydrogemated.

The addition of mercaptoethanol (CXLII; R = CH,CH,OH)
to the dihydropteridine gave the adduct (CXLIII; R = OB@CH%OH)O
This material had an ultraviolet gpecetrum in acid having e
meximum at 256 9@ with & low-intensity peak at 370 Epo In alkeli,
however, its spectrum was almogt identical to that of 2-amineo-
d=hydroxy-T,8-dihydropteridine, having maxima at 282 and 330 gﬂ
which indicated that oxidation to a T,8~dihydropteridine had
taken place in this medium,

The addition of thioglycollic acid (CXLII3 R = CH,CO,H)

occurred almost instantaneously, with the separation of the

adduct (CXLIIIp; R = CH@GO&H) as & colourless c¢rystalline
solid., Its ultraviolet spectra were characteristic of a
tetrahydropteridine. Its acid spectrum showed & single high
intensity pesk at 202 0y while the alkaline spectrum had a
single meximum at 292 mjo The increase in atabillty of this
compound indicated by ltes ulitraviolet spectra can be explained
inhﬁerms of akéondensation between the hydrogen atom at Nj

and the functional carboxyl group of the side~chain at the
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6-position. This would give rise to a tetrahydropteridine

(CXLIV) in which oxidation to & 7,8-dihydropteridine derivative

is impossible. H B
H
o
H 0
N
“7:: a NH
ih //”L
&) N ,
b M N%a
CXLfi

6. The Addition of Waterm

2-Amino=4-hydroxy-T,8-dihydropteridine (as the sulphite
or sodium salt) was dissolved in sodium hydroxide solution énd
set aside for a few days. The solution was then oxidised and
the reaction mixture subjected to paper chromatography. Examina-
tion of the chromatogram in ultraviolet light showed the presence
of three discernible products. The main product was 2=-amino-
4=hydroxypteridine, vhich wes isolated and identified as
described in the Experimental section, A second product,
present only in trace quantities, had Rf values identicsl with
those of xanthopterin (XLV), and was thought to arise by
addition of the elements of water aeross the H,6-double bond
of the dibydropteridine (XCVII) to give tetrahydroxanthopterin

(XCIXy R = OH), which, om oxidation, would gilve rise to



xanthopterin., The third product, also present in very small

/3\ “NH
flm W) fk/LN,, | S
Y XEIR piATS

quanﬁitiealhad 2 green {luorescence. This compound was thought
to be a dimeric pteridine fdrméd by the addition of é carbanion
(XGVIIo), derived from the dihydropteridine in alkeli, to

the electrophilic centre at the 6mposition of the dihydropterldine

(XCVIIz)to give the telbrahydropteridine (cxnv))whicy)on oxidation,

fa)
NY ©
| NH
N ’)\Nﬂﬁ E /L
M/, e,
E@ﬁua

would form the highly-conjugated dimer (CXLVi, The formation

26
of dimeric pteridines has alveady been reporied by Albert

The formation of xenthopterin and the possible dimer

from these veactions, however, was nol investigated further.
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”?“z 3

Oxidation of Tetrahydropteridines.

All the tetrahydropteridines considered in this
thesis,with one exception,wers found to give 2-amino-4-hydroxy-
pteridine (XCV; R = H), on oxidaetion in alkaline solution,
in addition to the expected addition products. For example,

the tetrahydropteridines (XCIC; R = NH,, SC%HZ,whan set aside
. P
S
i
. % W %
N M%L 2? N W,

CXEIN
in alkeline solution foxr 2 ox 3 days and then subjected to

peper chromabogvaphy, showed two spois. Opne corresponded to
the pteridine (XCVs R = NH,, SO;H) the other had R, values

identical with those of 2-amino=4-hydroxypteridine (XCVs R = H).
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The Michael-type adducte (CxLI) were more unstable
in alkali and oxidised in this media to give 2~amino-4-hydroxy-
pteridine which, from an examination by chromatography, appeared
to be the main product.

The thiol adducts (CXLIII) were similarly oxidised

“in alkaline solutiom to give 2-amino-4=hydroxypteridine.

The tetrahydropteridine (XCIXs R = CN) did not give
2-amino-4-hydroxypteridine on oxidation., 8Some significance may
be attached to the fact that this compound gave & 5,8-dihydro
derivative, whilst the others appeared to oxidise wvia 7,8<
dihydropteridines, Thus, it would appear that 2-amino-4-
hydroxypteridine would arise via its 7,8-dihydro derivative,
This theory was confirmed in the case of the Michael and thiol
adductes by sllowing them to reoxidise in the presence of ammonia.
Examination of the reaction mixtures by chromatography showed
the presence of 2,6-diamino-4-hydroxypteridine (XCVs R = NH,)
which is thought to arise by addition of ammonia to the
intermediate 2-amino-4=hydroxy=7,8~dihydropteridine (XCVII)

formed in these reactions.

0 ')
Ef%&iil[jék\wﬁ f2§If?RJ::IIin\¥qH
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PART II

RErmmismnTos

THE BIOSYNTHESIS OF XANTHOPTERIN
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As explained at the beginning of Part I of this
section, our interest in dihydropteridines lay in the possible
role played by these substances in pteridine bicgynthesis.

Iﬁ particular, the biosynthesis of xanthopterin (2-amino-4,6-
dihydroxypteridine, XLV) held our attention, since the evidence
furnished by Weygand and dealt with in the Introduction to this
thesis, suggested to us the possibility of a 7,8~dihydropteridine
intermediate being involved.

Weygandts h;rpo’chesifsm for the biosynthesis of xentho-
pterin in the cabbage butterfly (Pieris brassicse) involved
ring-opening of the imidazole ring of guanosine (LXXXIVy

R = ribosyl) to give the 4,5-diaminopyrimidine derivative

© Is) (o}
<:‘ | N N | wi N | g
g N "ﬂL’NM ] M N "’fﬁl\mgz 345'\5 N "AN&;&
| 0 | CHalM Ch,CoHoCHON.

TXRRETA

(ILXXXVIII). He suggested that this pyrimidiuecould then
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undergoe an Amadori vearrangement, which is typical of glycosyl-
amine derivatives, to give the pyrimidine (LXXXIX). This ketose
could then ring-close to give the tetrahydropteridine derivative

(xc) whzch he auggeatad might lose its polyhydroxy gside-chain

Hoak@ﬂofgf \(u‘ 0 NIJ’\NH
2 /I\Nﬁg T;'N | N’;LNHA

Py REY
possibly as glyceraldehyde or its 3-phosphate and subseqguently

oxidise to xzamthopterin (XILV).

In this Department, Neilson and Woodﬁ? during their
studies of the blosynthesis of riboflavim, prepared the
pyrimidine (CXLVII). Raney mickel reduction of the nitro group

in this pyrimidine gave a compound which was believed to be

C?
N~ Ny ““‘2.@“"’)31 t N#
HN ﬁﬁ //l%@

aHM&C@(,cm@ac#wﬁ
CXLNIT YT CRETR

entress

(CXIVIII) and which was isolated as its sodium salt. On aserial
oxidation in alkaline solution, this compound gave 2,4,6-tri-

hydroxypteridine (CXLIX).
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Thie suggested to us that the T,8-dihydropteridine
(CXLVIII) was undergoing addition reactions similar to those
described in Part I of this section, Addition of water would
give rise to the tetrahydropteridine (CL) which could lose its
polyhydroxy side-chain and oxidise to ég496utrihydroxypteridin®

in the manner outlined by Weygand.

O

HoCt @ma} K
L ( \“‘]/&N&% Y | NH HaMCiLCo(c mb‘%‘: i,0H
N /7Lwrfa3

Ew‘/}N\N W@ HN
6 CofCiatCiol
Al CET [N}

It was decided to test the chemical feasibility of
Weygand“s'hypotheais by synthesising the pyrimidine (ILXXXIX)
and investigating the products obtained after ring-closure.
Initially, however, the model pyrimidine (CLI) was prepared
to ascertain the possibilites of susch a transformation.

l-pmino-l-dooxy-D=fructose {(isoglucosamine, CLII) wes

a0 70
prepared by & modification of the literature method.

Doglucose, on treatment with phenylhydrazine in an acetate bulfer

atb 903 geve glucosazone as a yellow cxyafallin@ solid. Thia
material wvas hydrogenated at e pressure of 4 atmospheres in

the presence of acetic acid using a palladium oxide-barium
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‘?3-
sulphate catalyst. In the acid medium, the produet (CLII)
was isolated as its acetate. This material, on condensation with

(CVIII) gave the pyrimidine (CLIII)o This compound was hygroscopic

o)
UIIOULY,

ol 1T
A N b, B N “N a! e o,

CH@.C@CCW@ et “’@ff@-ﬁi)%p’a
< <o Y —

and was characterised as its crystalline oxime. Raney nickel

reduction of the nitro group geve the ungtable 4,5-diamino-
pyrimidine derivative (CLIV). The resction mixture fyrom the
reduction was “hoen made alkaline and was set aside for three
days. On neutralisation of the solution, 7,8~dihydroxantho=
pterin (XCIII) separated, identical in all respects with an
suthentic sample. Our attention was now directed to the
synthesis of (LXXXIX).

‘The synthesis of 1eamiho=ladeoxywﬁwgggﬁgggpantulos@
(CLVy R = H) was achieved as follows. D-arabinose and benzyl-
emine were condensed in ethanol 1o give Nebenzyl-D=arabinosyl-
amine, By employing a modific&tion§Q of échditiong reporiod
by Michael and'Hagemannzg this was rearranged in dry dioxen:

with & molar quanitity of anhydrous oxalic acid,to give
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1«bengylamin0wlwdeoxywnmggmﬁgggpémtulos@ (CLV3 R = CH,Ph) as

ite oxalate. Catelytic debenzylation was effected using &
palladium-chercoal catalyst to give l-amino«l-deoxy-De
erythropentulose oxalate. The oxalate residue was removed by
treatment with sodium ethoxide and the free base immediately
condensed with (CVIII) %o give (CIVI), which was very hygro-
Boopic and was characterised as its oxime. Raney nickel
redgeﬁion of the nitro group geve the unsgtable diaminopyrimidine
dorivative (LIXXAIX). Treatment of the reaction mixbture with
alkeli esnd neutralisution after three dasys produced no solid.
Chfom&ﬁ@graphic evidence Hthat 7,8-dihydroxanthopterin was the
major produet of the voaction, was obtained by examinetion of
the reaction mizxture in s number of solvenits. Potaseium
pormangenate oxldation and chromatography revealed the presence
of xanthopterin (XIV) together with o number of blus-fluorescilng

gpota, which were not ldentified.
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The detmsiled mechanism of this reaction has not been
fully elucidated. Two theories are, however, worthy of
consideration:

(i) thaet the product (LXXXIX) of the reduction ring-closes to
give the tetrahydropteridine (Xcz,which then undergoes the
transformations already described to give xanthoptering and
(ii) that dehydration of (XC) ocours after Raney nickel

reduction to give a 7,8-dihydropteridine (CLVII) which, on

HM&@HM%VN wa I r N R\[ I’
(PN /LNH H /L‘NM /Lé%

g:z[[ Cervn Y

B i

addition of alkali,gives (XC), which then oxidises with loss of
its side-chain to give xanthopterin via 7,8-dibydroxanthopterin.
The ultraviolet spectra of the reaction mixture after
Raney nickel reduction showed maxima at 258 and 360 mp in acid
and 282, 328 mp in alkall, These do not correspond to the
spectra of a dieminopyrimidine derivative since Raney nickel
reduction of the oxime of (CLVI) showed maxima at 266 mp in acid
and 286 mp in alkali, a result characteristic of a 4,5-Giamino-

pyrimidine., On the otherx hand, they compare favourably with
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the specira of 2-amino-4-hydroxy-6-methyl-T,8-dihydropieridine
{(CLVIIT) reported by Booth gﬁgg&ii which shov maxime at 252
and 365 s in acid and 282 and 325 Uz in alkali.

Thus, it would appear that a T,8-dihydropteridine
specles exists which undergoes hydratiomn in slkaline solution
to give the tetrahydropteridine derivetive (XC). The oxidation
of tetrahydropteridines in alkaline solution has beon deal$ with
sarlier, and it ie suggested that (XC) behaves in an analogous
fashion and gives rise %o zanthopterin viag its T,8-dihydro
derivative.

I% has been found, however, that addition of anmonia
in place of alkall failed %o produse a aspot of 2,6-diamino-d-
hydroxypteridine (XCVj R = Nﬁé) on examination by chromatography.
One would have expeetad thlis product had en additive process
beon involved. We have no explenation as yed for thip

apparant anomaly.






Paper Chromatography

Chromatograms were developed by the asocending
technique, the solvents being (a) butan~l-ol-5N-acetic acid
(7:3), (b) 3% aqueous ammonium chloride (¢) propan-l-ol-water-
conc.ammonia (S.Go, 0.88) (40:20:1), (d) butan-l-ol-ethanol-
water (50:15335) and (e) methanol-buten-l-ol-water-benzene

(2:1:1:1),

Abgsoxrption Spectire

Infrared spectra were determined with Grubb-Parsons
and Perkin-Elmer infrared apectrcphotometeis on nujoel mulls and
KC1 discs.

Ultraviolet specira wers determined with Unicam
SP600 and Optike Spectrophotometers on aqueous solutiond of

standaxd pi.

Hydrogenations

Values of hydrogen uptake were reduced to N.T.P., in

all cases,
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zmAminom4némdihydwoxypxximidinago (cv).

Sodium (100 g.) was disselved im ethanol (1500 ml,), dxy
powderasd guanidine hydrochloride (200 g.) and diethyl malonate
(320 g.) werc added, and the mixture was vefluxed for 2 hy. ot
110°,  After &im$illing off the ethanol (ga.600 ml.) in vaouo,
water (2000 ml.) wap added, and the solution was ncidificd with
glaclial acetic acid. The precipitate was filterod off and dried

in ailx at 110° to give the pyrimidine (150 go, 56.5%), mopo = 360°%,

a4
2=Amino=4,6-dichloropyrinidine {(C¥I).

2-Amino-4,6-dihydrozypyrinidine (50 g.) vas refluxed
at 100° for 3 hr. with redistilled phospheoryl chloride (200 ml.)
and redisvilled N,N-dilothylaniline (50 ml.). ﬁxce@s phéﬁphoryl
@hlowi&@ and N,Nwdiethylnniline wer® distilled off gg_lgggg
and tha vamaianing dark viséou@'m&ss was poured om %o cruphed
jce (600 go)o After stirzing $ill 2ll oily material hed
dissolved, the browm s30lid was collected, washed with aquoouns
2N-godinm hydroxide solution to remove unchangod phenolie
mat@iiaig and éﬁi@d. R@@ryé%&lliw@ticn f£rom ethenol (chawrcoal)
yiclded the dichloropyrimidine as colourless needles (20 g.,

640 5%)9 mopo 2210(,

2m&mino=4mchl@r@aémhydroxxpyrimidingg (ﬁVII)o

2-Amino-4,6<dichloropyrinidine (30 g.) was rofluxed

for 6 hr. with Nosodium hydroxide solution (360 ml.). The
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ﬂ@luti@n.waa“filteredg cooled, and acidified with.glacial acetie
acid. The preoipitate was collected and dried in air a® 110°,
Crystallisation from aqueous ethanol yielded the pyrimidine

a5 needles (20 g., 86%), m.po 261°.

2-Anino-4=chloro=6=h YA Xoxy

-S-nitropyrimidine. (EVIIIL),

2é&mﬂm@uéwchlar@wémhydroxypyrimidiﬁé (5.0 go) was
dissolved im concentrated suiphmri@ scid (60 ml,) at < 45°%
Funing niteiec acid (85.G., 1.5, 5.% ml.) was cautlously added
at <€ 45° with irving. After 30 mim., the mizture was poured
on %o lce and the solid which preclpitated was collected,

washed with water (2 = 20 ml.), ethanol (20 ml.), and ether

(20 wl.) %o give the 4mch1@r@=5anitrggyrimid£na (5.0 gop 9%.5%),
maPo > 360°, Anzlysis was cerried out on & grude sample dried
in vaguo over potassium bydroxide pellets without heat. (Found:
0523.25 Hp2.2p N926.4o @dﬁgﬁéqsclonao requires G,2%,0y Hy2.43

Ny26.8%).

2=Amino=-4-benzylanino-6-hydroxy-S-nitropyrimidine.(CIX,R=CH,CyH; ).

2-Amino=4-chloro-6-hydrony-5-nitropyrimidine (0,50 go,
1 eq.) We.s di@molveé in ethanol (100 ml.) and bonzylamine
(0.6 g0 2 ©q.) in ethanol (10 ml.) was added to the solntion.
The mixture was heated on the steam-bath for 20 min. and, on

cooling, @ colourless microcrystalline solid separated. Thie

was collected, and washed with water, othanol, and ether and
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dried. Recrystallisation from bolling dimethylformamide

and ethanol gave 2-amino-4-benzylamino-6-hydrox

y=henitropyrimidine

as a colourless microerystalline solid (0.6 go, 86%), mopo
334-335° (dee.). (Pounds Cy50.6p Hodo3p Np26.60 €, ,H, B0
ﬂ;@qui@'@ﬁ 6950063 Hob4.2% H926oa%)o

2-Amino=4=(2°,2'-diethoxyethylanino )-6-hydrozy-5=-nitropyrinidine.

Kﬁ’-m% R e CHQGH(OQQEB )E;ED
2-Amino-4-chloro-6-hydroxy-S-nitropyrimidine (0.50 z.,

1 eq.) was diesolved in ethanol (100 ml.) and aminvacatal
(aminoncotaldshyde di@tnyla@@t&19.007 ml., 2 ©9.) in ethanol .
(10 ml,) was added %o the solution, Thae mixtur@ was heatad
on the steam-bath for 20 min. and, on cooling, & palo yellow
solid separated. This was collected and washed with wateyr,
ethanoié and ether. Recrystallisation from ethanol gave the

diethylacetal (0.5 go, 67%) as microcrystalline needles (Founds

6941075 Hp5‘08% N924040 010H1?N506 raquireﬂ' 0941‘381} ,H9600§
Ny2404%).

Renoy Nickel Reduction of 2-Amino-4-(21,2¢-diethoxyothylanine)-

6-nydrozy-S-nitropyrimidine. [VIX, R = CH,CH(UC, ¥, ).
2-Amino-4-(29,2"-diethoxyethylaning })=6=hydrozy-5-nitro-
pyrimidine (0.2 .g.) in water (30 ml.) and Remey Nickel (1 spatule

measure) was added. Tho sucpension wes hydrogenated overnight



1040

at room temperature and pressure when 1 mol. of hydrogen was
absorbed (43 mlo; theéreti@al, 4T mlo)o The produet self-
condensed falrly rapidly and attempis %o iéolate pure samples
were unsucoessiul,

Its ultraviolet spectra, howover, wore characteriaﬁi@

of a 4,5~-dianinopyrimidine (see tmbl@)

zwAmingndwforgylm@thylamin@aémhydre%gmﬁpniﬁrdpyfimidin@
(CIX3 R = CH,CHO).

ReAmino=4-(2,2 1 -diethoxysthy lamino )-6-hydroxy=H-nitro=
?yrimi@im@ (0,55 g.), was heated on the stoam~-bath with coneend-
" rated hydvochloric acid (5.0 ml.) foxr 20 min. On eooling,
the aldehyde separated as colourless crystalline neeodles
(0.35 go, 86%) which could not reaﬂily bo recrystallised. The
aolid wé@ therofors washed with watexr, ethanol, and etheyr, and
dried. This material was characterised as 1its oxime, which
waz prepared as followsie |

& solution of sodium (0.043 go, 2 eq.) in ethanel (4.3
ml.) was added to hydroxylamine hydrochloride (0.13 g., 2 ©qo)
in water (10 ml.), and after a fow minutes, this waso addod
t0 & suspenslon of Qaamino=4uf0rmylmethylamin@=6why&roxyw5w
nitropyrimidine (0.2 g., 1 eg.) in water (10 ml.) and the

mixture wap heated on the steam-bath foxr 20 nmin. On cooling,

& colourless, microorystalline solid separaitod, and this was
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washed with water, ethanol, and ether. Resrystallisation from
water gave the oxime (0,19 g., 89%), m.po » 300" (Founds C,31.33
594005 H’5607o CQH@N‘QQ ?Oquireﬂ 0931063 393053 No§6aﬁ%)o

2-Anino-4-hydroxy-7,8-4ihydropteridina (XCVII).
(2) Ag_the sulphite salt.

| amﬁmin@wamf@rmylm@thylamin@uéahyﬂroxyaﬁwni%ropyximiﬁﬂm@
(0,25 g.) in water (30 ml.) wac heated gontly om the steam=bath.
Solid godium dithionite weo added until the pyrimidine dissolvod
and the solutien beocamo @olourlemsoi On further heating, o white

solid soparatod. ATter cooling, this was collegtod and washed

with weter, othanel, and other to give 2-auimno-4-hydroxy-T,8-

dibydroptoridine sulphite (0.22 g., T5%). The produet was

unptable and could not be recrystallised fyrom water. It wan
insoluble im organic solvents. Analysis was carriod out om the
uncrystallised material, and samples were dried inwvacuo over
potassium hydroxide pellets for 2 hr. without heat. (Foundi
Co28.35 Hy3.85 Ny27ols 9,12.8. CgHyN;0.Hy80,.0.58, 0 requires
C,28.25 H,3.95 N,27.3p §,22.5%).

(b) As_the modium galb.

2-Amino=4-hydroxy=7,8-dihydroptoridine sulphite (1.29 g.)

was dispolved withous heat im 2H-sodium hydvroxido solution (30 mlo ).



102

10N-Sodium hydroxide solution (1 drop) was addoed, and the
solution was left at 0° for 1% min. Fine, solourless |
erystalline necdles were obtained which were eollestqd and
waghed with aqueous ethanol, ethanol,and ether to give the

sodium 8alt (0,78 g., 83%). The compound was extromely unstable

and rapidly discoloured on exposure to &iv. Analysis woen
carrisd out on freshly-propercd, undried material. (Founds

Co29o15 Hp5olo CgHylONao3.5H, O zequires C,28.8y H,5.2%).

(¢) Az the free acid.

2-Anino-4-formylne thy lanino-6-hydroxy-5-nitropyrinidine
(0,60 g.) was suspended in wator (40 ml, ) and Raney Nickel
(2 spatule measures) was added. The suspengion was hydrogen=
ated overnight at room temperature and pressure whemn 3 mols.
of hydrogen wewe sbsorbed (183 ml., theoretical, 190 ml,).
The catalyst wag removed by filtrationm and the filtrate
congentrated invyouo to yield a golourless, non-crystalling
powder (0,30 g., 65%4). This matorial was extremely umstable
in solution. The powder was diésolved in water (30 ml.), and
& streem of sulphur dloxide ges was bubbled through tho
golution for 2 min, 4 eolourless, miocrocrystallino solid
(0,15 go, 21%) seperated almost immédi&t@lyo This meterial

wvas identical in ultr&violét and infrared spectrve with the

sulphite salté obtailmed from method (a).
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9

2mﬁmin@admhgdrggyptaridin@?a(Xﬂ?g'R = H)

(&) gggg:2949Botri@@iu@aémhg@roxgnxrimidine?é(cxlixp R = ),
204, 5=Trianino-6-hydroxypyrinidine sulphato mon@h?draﬁ@
(2.0 go) in water (60 ml.)was heated on tho steam=bath and
glyoxal (0.6 g.) in water (3 ml.) wes added. A dark, rsd
preciplitete formed immeﬂi&tgiyg the colour faded, and, aftor
30 miin., the precipitate (0.8 .) vee collectod. The solid
was dissolved in dilute emmonie and bolled with chavrcoal for
15 min., The solution was filtered,and the ammonia removed
by eveporation to precipitate a yellow solid. This vas
collected and washed with wator, ethanol, and ethor, to give
2-gnino=4-hydroxypteridine (0.7 8., 55%).

(b) From 2-smino-4-hydroxy-7,8-dibydropteridine sulphitae.

(1) Aoriel Oxidation

2-Anino-4=hydroxy-7,8-dihydropteridine sulphite (1.0 g.)
was diboolved in Nesodium hydroxide solution (30 ml.) and sotl |
aside for 2-3 days at room teomperaturs. The solution wes thon
adjusted to pH7 with Zﬁmhydraohl@ri@ acld to precipitete an
orange aoiido This wan dissolved in N-sodium hydroxide solution
(20 ml.), treated with charcoal, and adjustod to pHT with 2
hydsrochlorie acid %0 give 2-amino-4-hydrozypteridine as & yellow
5014d (0.47 -, T4%). This matorial was dissolved with werming
in 10f-godium hydroxié@ golution (10 ml.), filtered and cooled
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to give the sodium salt as colourless needles (0.2 g., 38%).
It wap identieal in Rg Walueg'ultr&violat'and infrared spectra

- with the sodium salt of the maeterial obtained fwom method (&),

(ii) Menganese Dioxide Oxidation

zmAmindaﬁmhyﬁ?oxye?;aadihy&r@pt@ri@i@@ sulphite (0.2 go)
was dissolved in H-podium hydroxide solutiomn (10 ml.) and
menganess dioxide (1 epatuls measure) was added. The mizture
vas stirred mechanilcally for 4 hr. and them filitered. The
filtrate wes hr@ugh& %o pHT with 2F-hydroshlorie acid wheon an
orange solid precipitated. This was treabted with charcoal imn
f-sodium hydroxide solutlon to give a yellow solid (0.83 8o,
- 65%) whose sodium salt sgreed in Rf value, ulitraviolet end
infrared spectra with the sedium salt of the material obtained

from method (a).

{144) Potassium Permanganste Oxidation

ZmAmin0w4mhydroxya7gémﬁihydropteri@in@ sulphite (0.30 g.)
wes dissolved in Hesodium hydroxiﬂe solution (10 ml,) and
0. 02K-potrasivm permerigensdtesoluiion was added until a parménen%
green colonration was obtained. This was destroysd by tho
addition of a little sodium dithionite,and the preoipituate of
monganese dioxide was filtered off. The filﬁr@t@ wag brought
to pH7 with 2N-hydvochloric acid,when & whitish-yellow solid

precipitated. This wes collected and washed with weter, ethanol,



and ether to give & pale yellow solid (0.1l g., 58%). Tho
godium salt of this materisl weas identical in Rf valuo,
vitraviolet and infrared spectra with the sodium salt of

2-gmino-4-hydroxypteridins obtained from method (a).

(¢) From 2-~Aming-i-hydroxy-7,8-dihydropteridine sodium galft,

2-Amino-4-hydroxy-7,8-dihydropteridine sodiva salt
(Oo75 go) was oxidised with alkaline poteassium permanganste 28
described immediastely above. The product (0.45 g., 69%) gave
g sodiwm salt which wms identical imn Rg value, wltravicoled
and infrered spestre with the sodium salét of Z?aminam4mhydrqum

pteriding obtained from methed (a).

Catalyble Hydrogenation of 2-Amino-4-hydroxy-7,8-dihydroptoridine

Sulphites
(a) Using Adam's catalyst

Adem's catelyst (0.20 g.) in water (30 ml.) was pre-
redueced until uptake of hydrog@n had coased (46 ml.). 2-Amino-
4eohydroxy-T,8-dihydropteridine sulphite (0.20 g.) wes added,and
the suspension hydrogenated overnight at room temperaturs and
pressure. One mol, of hydrogon was absorbed (16 ml., ﬁh@@%@ti@&lg
17.% mlo)s The product was extremely umetable and oxidised
readlily. Ite ultravielet speetwva in decinormal scld and alkaldl

indicated ¢that the material was 2-amino-4-hydroxy=5,;6,7,8=



106

88 .
tetrahydropteridine. Attemptes to isolate pure semples of
this material wore unsuccessful.

(b) Using pelladium on chercoal.

2-Anino-4<-hydroxy-7,8-dihyéropteridine sulphite (0.20 go)
was hydrogenated overnight at normal pressure with preoviously-
reduced palladium on charcoal (L0%y 0.20 g.) in water (30 ml.).
one mol., of hydrogem was absorbed (15 ml., theorotical, 17.5 ml.)
to give o produet which was extromely wnotable and whieh had
ultraviolet spectre in acld and alkell characterietic of
2;amim@w4mhydroxym5gég7gﬁmt@twahydwgﬁt@riﬁi@@o Abtompte to

isolate pure samples of this metewrial wore uasuceessful .

Catalytic Hydrogengilon of 2-Amine-d-hydyoxy-7,8-dihydropteoridine

Sodium Salt.

Simileyr weduetions of the sodium salt of 2-anino-4-
hydroxy-T,8-0ihydropteridine resulted in the uptake of one

mol, of hydrogen in each case.

Addition of Ammonia to zwﬂminowthgdfo;JPTQamaihgdfopteﬁidin@
(XGvIL),

2-Amino=-d-hydroxy-7,8-dihydropteridine sulphite (0,50 g.) was
dissolved in comcemtrobed smmonia solution (20 ml.) and left
for 2=% deys at room temperature in & btightly-stoppered flesk.

Pale yellow cxysials of eruds 2,0-dimmino-4-hydroxy=5,6,T,8-
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tetrahydropteridine appeared (0.18 g., 49.5%),and these were
collected and washed with water, ethanol, and.ethero This
meterial was extromely unstable and in alkaline solution weas
found to undergo rapid asrial oxidation., Recrystallisation
proved impossible and analyses wéra carried out on crude
material. (Founds C,39.45 Hy4.8. CgH, o NgO requires C,39.63
Ea5o§%)o A second sample analysed for a dihydro derivative
(Founds €;39.9p H,y4055 Nydbo3. CgHy Nz 0 requines C,40.0s

Hodo5; Np46.7%). Spectroscopic studies (see discussion) and the
hydrogenation experiments reported below confirm that this solid

material wes 2 mixture of dihydro.and tetwahydropteridines.

Catalytic Hydrogenation of Orude 2,6-Dimmino-4-hydroxy-

526, Ts8-tebrahydropteridine {(XCIX; R = N ).

(1) Using Adam's catalyst. -

Adem's catalyst (0.30 g.) in water (15 ml.) was
hydrogenated at room temperature until uptake of hydrogen ceased
(55 ml.), and the sbove addition product (0,30 g.) in H-sodium
hydroxide solution (15 ml.) waz added. The solution wes
hydrogenated overnight at room temperature aend pressurs when
the uptake of hydrogen was (18 ml., ' theoretical for dihydwo
pteridine, 57 ml., for tetra-hydvopteridine, O ml.)., This

indicated the pressnce of almost 50% of dilhydropteridine in
the crude addition product.
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(11) Using Palladium on Chargoal

Palladivm on charcoal (10%; 0.10 g.) in water (20 ml.)
was hydrogenated until the uptake of hydrogen ceased (7 ml.).
The erude addition product (0.10 g.) in FNesodium hydroxide
solution (10 ml.) was added, snd the solution was hydrogemsted
overnight at room temperaturs and pressure when the uptake
of hydrogen was (5 ml., theoretical for dihydropteridime, 12.4
@1og for tetrahydropteridine, 0 ml.) This indicated that aboud
40% of the crude additlon product was & dihydrepteridine,

The uwliraviolet spectral charasterisiics of the produst
of hy@rogénati@n were typical of a tetrahydropteridine and sre
ingluded in the table,

Alkaline solutioms of this tetrahydrvopteridine when
left to oxldise in ailr developed the green~fluorescing seclutiona
characterintic of the orthedox oxidation product 2,6-diaming=4-
hydroxypteridine (ses below). However, paper chromatography
of the r@g@tion nixture indicated the presonce of itreces of
2-amino-d-hydroxypteridine as well as a third pieridine (both
blue-fluoreseing) which was not identifiled.

Aminoacetonitrile 5

Qlycollomitrila {5.0 g.) wes added slowly %o a cocolod

flask @&ét&ining concentrated smmonia (S.G. 0,88, 120 ml.),

The flask was gently shaken, stoppered snd left overnighi,
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The excess ammonia was evaporated off with ethanol)and the
resldual pale yellow liquid was made up 40 100 ml., with water.
Yield > 95%.

2=Aminoa4m@y@nomethglmminom6muydrqum5mnitrepyrimidine

(CIxy R = CH,CN),

Aminoacetonitrile solution (20% w/w prepared as abovesy
6 ml., 2 eq.) in ethanol (10 ml,), was added mlowly, wiih
mﬁirring,‘ﬁo & solution of 2aaminom4wchlor0mﬁmhydroxymSmnitrac
pyrimidine (0.50 go) in eshanol (20 ml.), and the mixturo was
heated on the steam=bath foxr 20 ﬁino On cooling, a crean-
coloured, microcrysialline solid sep&f&téda Recerystellisation
from diluto ammonia gave the nitrile (0,42 go, 76%) (Founds
Co340d3 Hp3o0p Np39.7To CgHgNy 05 weguires Cy34.33 H,2.95

W,40.0%),

2,6-Diamino=4d-hydroxy-7,8=-dihydroptoriding (CRXI; R = W, )

' 2-dmino ~d=cyanone thy lanino-6-hydroxy «5-nitropyrinidine
(6.0 g.) was suspended in water (150 ml,) and heated on tha
pbeam-bath, while'aolid sodivm dithionite wes added in portlomns
wntil the pyrimidine had entively dissolved. The excess sodium
dithionite was destroyed by the addition of 2N-hydrochloriec
acid (1o mlo)9 when a pinkish solid separated. After cooling,

this scelid was collected, and washed with waiter, ethanol, and ethewn
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Recrystallisation fxom Oolﬁ»hydroahlorio acid gave the

diaminodihydropteridine (4.7 g., 91%). (Found: C;36.35 Hy5.03

Ny42.3. CgHyNgO.H, 0 requires C,36.43 Hp5013 Np4204%).

2,6-Diamino-4-hydroxypteridine (XCVy R = NH,).

(a) From_crude 2,6-diamino-4-hydroxy=5,6,7,8=tetrahydropteridine
(XCIXs R = NH, ).

(1) Potassium Permangenate Oxidation.

The crude ammonia-addition produet (0,50 g.) (see abovs)
was dissolved in N-sodium hydroxide solution (25 ml.) and
Ogo2m~potaasium permanganate solution (20 ml.) was added dropwise
with stirring. The solution was left at room temperature for
30 min., and excess permanganate was then destroyed by addition
of a little solid sodium dithionite, The coagulated precipitate
of manganege dioxide was filtered off, and the precipitate was
washed with hot water (10 ml.). The combined filtrate and
washings were cooled, and broughtito pHT7 with 2ﬁ—hydrochlori@
acid. An orange solid (0.24 g.) precipitated and this was
collected and washed with water, ethanol, and ethev, Paper
chromatograms of.this material in a number of solvents indicated
the presence of a little 2-amino=4-hydroxypteridine. The
2,6-diamnino=-4-hydroxypteridine was therefore purified by

formation of 1ts sodium sali:-
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crude solid (0.24 g.) in 2N-sodium hydroxide solution
(12 ml,) was heated until dissolution took place. The solution
was filtered hot and cooled at 0°. The sodium salt separated
a8 yellow-orange needles (0,165 g., 30% overall). This
material was identical in Rf values, ultraviolet and infrared
spectra with an suthentic sample of the sodium salt of 2,6«
diamino-4-hydroxypteridine obtained by method (¢) below.

(11) Manganese Dioxide Oxidation.

The crude addition product (0.20 g.) was dissolved
in FWesodium hydroxide solution (10 ml.), menganese dioxide
(1 spatuls measure) was added, and the mixture wes stirred
mechanically for 4 hr, The manganese dioxide was filtered off,
and washed with hot water (5 ml.). The combined Ffiltrate and
washings were cooled, and brought to pH7 with 2Nehydrochloric

acid, An orange solid (0.09 g.) precipitated, and this was
collected, and washed with water; ethanol, and ether,

Paper chromatograme of this material in a number of
solvents indicated the presence of 2-amino-4-hydroxypteridine,
and the material was therefore purified by formation of its
gsodium salt (prepared as in (i), 0.06 g., 26% overall).

G &
() From 2maminoquhydroxgpteridinacf (XCV3 R = H)

Adam's catalyst (0,20 g.) in 2N-ammonia solution

(300 ml.) was hydrogenated until uptalke of hydrogen ceased
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(45 ml.). 2-Amino-4-hydroxypteridine (0.44 g.) was added and

the mixture was hydrogenated overnight, when 2 mols. of hydrogen
were ehsorbed (iio ml., theoretical,12l ml.). The catalyst

was removed by filtration, and manganese dioxide (¢a.0.50 go)

wvas added. The mixture was sitirred meehanically while oxygen-
free nitrogen was bubbled through the reacétion mixture for 6 hwr,
2f=Sodium hydroxide solution (15 ml.) was then added,and the
mixzture wes heated gontly on the steam-bath. The manganese
dioxide was removed by filtration, washed with hot water (10 ml.),
and the combined washings and filtrate were cooled. On adjusting
the solution to pH7 with SﬁLhydroehloric acid, a yellow solid
(0,20 g.) was precipitated. This was collected and washed with
water; ethanol, and ether, Paper chromatograms of this meterial
in & number of solvents indicated the presence of 2-amino=4-
hydroxyptaridine,together with a green~fluorescing material

whose Rf values agreed with that of authentic 2,6-dismino-4-
hydroxﬁﬁteridine (see below)., The crude material was dissolved
in 2N-sodium hydroxide solution (12 ml.) by heating on the
gteam-~bath. A little chaxcoal was added, and the solution

wes heated for a further 15 min. The solution was filtered

hot and cooled at 0°, The sodium salt of 2,0-diamino-4-

hydroxypteridine separaied as yellow needles (0.13 go, 24%
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overall), which were codlected and washed with agueous ethanol,
ethanol;, and ether. This matorial was identical in Rf values,
ultraviolet end infrared spectra with the sodium salt prepared
above,

(e) From 2,6-diamino-4-hydroxy-7,8-dihydropteridine (CXXIp

R = NH,)

(i) potassium Permanganete Oxidation.

2,6-Diamino-4-hydroxy-7,8-dihydropteridine (0,40 g.)
(sce above) was dissolved in N-sodium hydroxide solution (6.0 ml.)
and 0,02M~potassium permanganate (10 ml.) was added., The
addition of solid sodium dithionite destroyed the ewess
>permanganateg and the coagulated precipitate of manganese
dioxdide was filtered off. The precipltate was washed furthex
with hot water (10 ml.) snd combined with the filtrate. After
cooling, the filtrate was brought to pH7 with 2N-hydrochloric
acid to precipitate the pteridine as an orange non-crystalline
solld (0.29., 73%).

This material was then dissolved in 2N-sodium hydroxide
(15 ml.) with gentle heating on the stean-bath. Boiling with
chaxcoael for 15 mihov followed by filtratiom and cooling of
the filtrate, gave the sodium salt of 2,6-diamino-4-hydroxy-

pteridine as yellow-orange needles (0.20 g., 45% overall).

Anelynep semples were dried ipn vacuo over potassium hydroxide



without heat (Founaii 092607& Hg496§ Npﬁaoam GQHE;N@ON&O‘EH%O
requires G,26.53 HodoBy Ny3009%).

(ii) Mengonese Dioxide Oxidetion.

2 ,6=-Diamino-4-hydroxy-T7,8-dibhydropteridine (0.50 g.)
wes dissolved in N-sodium hydroxide solution (10 mlo)‘and
mengenese dioxide (2 epétulm meesuren ) was added. The mixiture
ves s8tirred mechanically for 4 hy., the mengenese dioxide
ves wemoved by filitretion, and washed with hot water (6.0 mlo).
The filtrate and washings were combined and brought to pHT withi
zﬁehydrochleric acid o precipitate the pteridine (0.35 g., Ti%) .
The sodivm selt of this meterial (yellow-orange needles),

(0.20 go, 36% overall) was identieal o that obtained by
method () (i). |

Gatelytic bydvomenation of 2,6-(ismino-d-hydrerynieri-
dine (XCVy R = NH, ).

4dem's catalyat (0.10 g.) in O.5N-sodium hydroxide
golution (30 ml.) was hydrogenated until upteks of hydrogen
ceased (24 mlg).296mniamin@m4ahyéroxyﬁt@riﬂin@ (0.05 g.) wos
added and the mixtuxe wes hydrogenated overnight at room

temperature and pressure when 2 mols., of hydrogen wers absorbed

(11.5 ml., theoretisal, 12,6 ml.) and the green fluorescence

had disappeared. The ultraviolet spectre of the produet were
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typleal of & tetrahydropiteridine and wews ldentieal with that
of the tetrahydropteridine obtained by hydrogenation of the

crude ammonie product (see above). The product was extremely

vnstable and could not be isolated.

Gatalytic hydrogonstion of the podinm sald of 2,6

diamino-4-hydroxypteridine (¥CVy R = NH, ).

Adam's catalyst (0,10 go in waber 20 ml,) was hydrogenated
until uptake of hydrogen ceased (23 ml.). The sodium salt
(0,05 g.) was added and the mixture was hydrogenated overnight
&% room temperature and pressure. Two mols, of hydrogen were
absorbed (12.5 ml., theoretical, 11,2 ml,) with disappearsnce
of the green fluorescence. The product, which was extremaly
unstable, had ultraviolet spectra identical with those obtained
from the hydrogenation of 2,0-dlamino-4-hydroxypiteridine
(see above).

?8
Glycinamide Hydrochloride (Aminoacetamide hyarochlorida,

CXXXTIa),

Ammonia (§.G.0.88, 500 ml,) was saturated with asmmonis
goe withetirring a$ 0°.  Chloroacetamids {(46.8 go) vas added
and the mixture was keopt av 0“.for 3 deys vhen & clear solutlon
was obtained. This was concentrated in vagwe to a damp solild

residue which was allowed to dxy in air. This neterisl wae
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dissolved in the minimum of hot wateor and crysiallisation was
initleted by addition of ethanol., On cooling overnlight,
glyocinaemide hydrochloride was obiained as solourless crystals
(29,6 gop 80%), mopo 203-205° [1.5.*‘:0‘37,,65 205=205°].

2=Anino=4-carbomoylimethylanino-6-hydroxy=-5-nitropyriniding

(CIXg R = CH,CONH, ).

(a) Prom glycinamide hydrochloride.

Glycinamide hydrochloride (2.20 go., 2 €g.) was
dissolved in water (25 ml.) with sodium bicarbonate (1.68 g.,
2 eq.), and stivred wntil efforvescence ceased. This solution
wes added slowly withstirring to 2 soluiion of 2-amino-4-chloro-
6-hydroxy-5-nitropyrimidine (1.90 g., 1 eq.) in ethanol (100
ml,) and the mixture was heated on the steam-bath for 20 min,
On coaling, a cream-coloured solid separated, which was
collected, washed with water, ethanol, and ether., This material
was purified by dissolving in dllute ammonia, filtering, and
reprocipltating with 2N-hydrochloric acid to give the pyrimidine
as needles (1.90 go, 83%). (Founds C,3L.Ts Hy3.8;5 N;36.6.
CqHgN; 0, roquires Cy31l.65 Hy3.65 Ny356.9%).

(v) From 2-smino-d-cyenome thylemine-b-hydroxy-f-nitropyrinidine

(CIX3 R = CH,CN).
2-Amino-4-cyenomethylanino-6-hydroxy-S-nitropyrinidine

(0,20 g.) (see above) wes suspendsd in veter (10 ml.) and
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and hydrogen peroxide solution (30 vol., 5 drops) was added.
The mixture was heated on the sheam<bath foxr 30 min., Effer~
vescence took place with dlssolution of the pyrimidine, AL
the same time, & cream=coloured solid separated. After cooling,
this material (0,15 g.) was collected, end washed with water,
ethanol, and ethex, The ammonium salt was prepared by dissolve
ing in warm concentrated ammonie, and allowing to cool overnight,
when colourless plates (0.08 g., %0%) were obiained.

This material was identical in Rf values, ulitraviclet
and infrared spectre with the ammonium salt of the meterial
obtained by method (a).

2=pmino=4-ethoxycarbonylimnethylanino-6=hydroxy-S=nitropyrinidine

(CIXs R = CHy00,CuHg )

Glycine ethyl ester hydrochloride (1.50 g., 2 eq.) was
dissolved in water (20 ml.) with sodium bicarbonate (0,09 go,
2 8g0,) and stirred until effervescence ceased. This solution
was added slowly, with stirring, to a solution of 2-amino-4-
chloro=b-hydroxy-S-nitropyrimidine (1.0 go, 1 eg.) in ethanol
(50 ml,), and the mixture was heated on the steam-bath for
20 min, On cooling, & colourless, crystalline solld separated,
which wes collected, and weshed with water, ethanol, and ethex.

Recrystallisation from water gave the ester (1.2 go., 89%),
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m.po 360-370° (dec.). (Pounds C,37055 Hodo3p Ny2706.

CgH, W5 05 Tequires C,37.4y H,4.3s N,27.2%).

1:8=-pihydroxanthopterin (2-s8mino=4,6-dihydroxy-7,8-dihydropteri-
dine ){(XCIIX).

() From 2-anino=4-carbamoylmethylamino-6-hydroxy-5-nitropyrimi-

dine (CIX; R = CH,COWNH, ).
2-Amino=-4-carbamoylmethylanino-6=hydroxy-5-nitro-
pyrimidine (0.50 g.) wes suspended in water (20 ml.) and heated
on the steam-bath while solid sodium dithionlte was added in
portions. The pyrimidine dlssolved to give an almost colourless
solution and, on further addition of dithionite, & cream-coloured
solid began %o separate. On cooling, this solid quickly
erystallised as needles which weve collected, and washed with
water, ethanol, and ether, Reumysﬁalliaétion from 0,1K-
hydyochloric acid gave T,8~dihydroxanthopterin (0.35 g., 89%)9
MoPo » 320° (Founds (436053 Hodo 55 N93%.7s Calculated for
CgHyN; 0, oH, 0 C53602y HodoBy No35.2%).
2-Amino=4,6-dihydroxy-T,8-dihydropteridine (0.50 g.)
was dissolved in the minimum of 2FW-sodium hydroxide solution
with gentle heating on the stean~-baith. The solution was quickly
filtered and cooled immedistely when the sodium salt of T,8-
dihydroxanthopterin separated as fine white needles (0.%4 go,

96%) (Pound: €,32.95 Hp3.55 Np32.2. CgHg Ny O, Wa I, O requires
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Cp32.69 Hy3.69 Np31.T%)
This material was unstable and rapidly oxidieéd in

air to0 xanthopterin.

(v) From Zuamin0a4methoxlparbonglmethxlamino»Gmhydroxxmﬁmnitroa

pyrimidine. (CIXy R = CH,CO0,CuHy)o

2-Amino-4-0thoxycasrbonylme thylanino-6<-hydroxy-5-nitro-
pyrimidine (0.85 g.) was suspended in water (40 ml.) and treated
with portions of solid sodium dithionite while heating gontly
on the steam-bath. The pyrimidine slowly dissolved to give @
golourless solution and, on further addition of dithionite, a
eream-coloured cxystalline solld separated.

The solution was cooled and the solid collected, and
weshed with weter, ethanol, snd ether, Recrystallisation
from O,lN=hydrochloric acid gave T,8~dihydroxanthopterin
(050 gop 83.5%), Mopoo> 320°  This material was identical
in Ry values, ultraviolet and infrared spectra with the
material obtained by method (a).

7%
Xanthopterin  (2-Amino-4,6-dihydroxypteridine, XLV)

(2) Frem 2,4,5-txianino-6-hydroxypyrimidine (CXIIX; R = H).

2,45 5=-Trianino=6-hydroxypyrimidine sulpheie mono-
hydrate (2.4 g.) vas dissolved in 80% sulphuric acid (50 ml.).
78
Bthylglyoxalate hemiacetal  (1lo5 gos d,1.1) was added and the

mixture was heated for 20 min. on the steam-bath, The solution
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wag then cosled, poured on to ice, and the solution adjusted
to pH7 with ammonia. The brown solid (1.3 g.) which precipitated
was collected, and washed with water, ethanol, and ether. This
naterial was purified by formation of the barium Baltveas
follows: =

crude xanthopterin (1.3 g.) was dissolved in 2N-
ammonlum hydroxide (400 ml.) and 0.2FN barium hydroxide (200 ml.)
was added. The solutlon was kept at 0° for 3 days when the
erystalline barium salt (2.4 g.) separated. This was collected,
and washed with water, ethanol, and ether. This material was
dissolved in 5N-sulphuric acid (200 ml.) and the barium sulphate
which precipitated was allowed to settle, The barium sulphate
was then filtered off, washed with water, and the filtrate
brought %o pH7 with Sﬁ;sodium hydroxide solution when xanthopterin
(0,08 go, 48%) separated as a bright yellow solid which was
collected, washed with water, ethanol, and ether and dried.

(b) From 7,8-dihyroxanthopterin (XCIII).

(1) Potassium Permanganste Oxidation.

7,8-Dihydroxanthopterin (0.20 g.) was dissolved in He
sodium hydroxide solution (20 ml.) and 0.02M~potassium permangan-
ate solution (5.0 ml,) was added dropwise with ssirring. The

solution was left at room temperature for 30 min. with occasional
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shaking, then excess pormangensie was destroyed by addition of
& little polid sodium dithionite. The preoipitate of manganeso
dioxide was filtered and washed with hot water (6.0 ml.). The
combined washings and filtrate were brought to pHT with 2N-
hydrochloric acid, The crude xanthopterin (0.13 g., 66%) which
separated was purified by formation of the barium salt as sbove
The purified matorial was identiocal in Re values, ultraviolet
and infrared spectra with zanthopiterin obtained by method (a).

(11) Mangenese Dioxide Oxidation.

7,8=Dihydroxanthopterin (0.20 g.) was dissolved in N-
podium hydroxide solution (20 ml.) and mangsnese dioxide (1 spatuls
measure) was added, The mixture was stirred mechanically fox
4 hr. at room temperature. Mangenese dloxide was removed by

filtration, and the filtwate was brought to pHT with 2§mhydrow
chloric acid, when a yellow solid was precipitated. This was

purified via the barium salt to give xanthopterin (quBB oo
43%) .

Phis was identical in Rf valuwes, ulitraviolet and
Infraved spectrs with xanthopterin obiained by method (a).

2-Anino=4-hydroxy=6=0yano=5,6,7.6
2 Amino-A4-hydroxy-7,8-dihydropteridine sulphite (0,60 g.)

~tetrahydropteridine (XCIX; R = CW).

gas digssolved without hoeating in a saturated wqueous golution of
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potassium oyanide (10 ml.) and the rvaction was left in o
tightly-stoppered flesk for 30 min. at room btemperature., On
cooling at 0° for a further 30 min.y, the tetrahydropteridine
separated as colourless needles of its potassium salt (0.50 go,
95%)° This material wes collected, and washed with aqueous
ethanol, ethanol, and ether. The tstrahydropteridine wes very
unstable and discoloured repidly on exposure to the air.

Anslysis proved impossible, and no satisfectory uwlitreviolat
specitra weve obisined.

Zm&min0m4mhgdr03ym59ﬁmdihydropt@ridin@aémcarbcxamid@ (CXXITg

R = GONH,)

The above addition product (0,50 g.) wes dissolved in
Ve-sodivm hydroxide solution (20 ml.), and 0.025M-potassium
p@xménganat@ golution (5.5 ml.,) wes added dropwise, with
gtirying. The reaction was left at room temperature Lfow
30 min,, and the precipitate of manganese dioxide was wxremoved
by filtretion. This was washed with hot water (6.0 ml,), end
the combined washings and filirate were thenm brought to pH6
with ZEehydrochloric egold, vhen a yellow, non-grystalline solid
separated slowly. After leaving overnight at 0°, the product
was collected, and washed with water, ethanol, and ether,

Recrystallisation from water gave the 6-carboxamide (0.22 go,




49%). Anelytical samples werse dried in vacuo over potassium
hydroxide pellets without heat (Founds C,37.235 Hpdods Wy3T.0o0
CpHgNg Oy oH, O Toquires €,37.25 Ho4o45 Hy3702%).

Catalytic Hydrogenabion of 2-4minc-4-hydroxy<5,8-4ihydro=6-

carbogamide (CXXIIs R = CONH, ).

Adem's oatalyst (0.10 g.) in water (30 ml.) was
hydrogenated unitil uptake of hydvogen ceased (23 ml.). 2=
Amino=4-hydroxy=5,8-dihydropteridine-6=-carboxanide (0,10 g.)
and N-sodiuvm hydrozide solution (4.0 ml.) were sdded, and the
mixture was hydrogenated overnighit at room vemperature and
pressure. One mol. of hydrogen was absorbed (11.5 ml., theoreb-
ical, llml.) and the green fluorescence of the dihydropteridine
disappeared. The product oxidised rapidly in aix with the
recurrence of the green fluorescence and no satisfactory
ultraviolet spectra could be obtalned. On leaving for longer
periods in alkali, the green fluovescence disappeared to give
e solution which gave a blue fluorescence when examined in
nltraviolet light, and which was found %o be similar in Ry
values end ulbtraviolet spectra to 2-amino~4-hydroxypteridine
~6-carboxylic acid (see below).

2-Amino=4-hydroxyphteridine-6-sulphonic acid (XCVy R = SO H).

2-A0ino-4-hydroxy-7,8-dihydropteridine sulphiie

(0,50 g.) was suspended in wabter (50 ml.) and & solution of
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0. 5M-potassiva permanganate (10 ml.) was added dropwise with

stirring until a permanent pink colouration persisted, The
solution was made alkaline by the addition of 2N-sodium hydroxide
solution (3 ml.) and excess potassium permangante was destroyed
by addition of a little solid sodium dithionite., The precipitate
of menganese dioxide was filtered off, and the filirate brought
to pHZ with zﬁuhydrochleric acid. A white non=crystalline solild
(0.45 g., 95%) was precipitated, and this was collected and
washed with water, ethanol, and ether, Paper chromatography of
this material in s number of solvents indicated the presence of
g trace of Eéamincwémhydroxyptaridin@e The sulphonic acid wes
purified by the formation of the sodium salis-

the c¢rude product (3.5 g.) was dissolved in 2N-sodium
hydroxide solution (100 ml.) by heating gently on the steam-bath.
The soluﬁiPR waa‘boilg@ with ch&rcoalAfpr_a fuzrther lS'minog
filtered, and cooled at 0%

The sodium salt separeted as pale yellow needles (4.0
8oy 93% overall).  Theme were collected and washed with aqueous
ethanol, ethanol and evher. A specinen Tor analysis was
prepared by dissolving the sodium salt in water and adjusting
the solutiom to pHA with 2N hydrochloric acid when 2-amino-d-
hydroxypteridine-6-sulphonic acid separated. This procedure was

repeated until the materisl obtained showed only one flucrescing
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spot when subjected to chromatography and examined in ulirsa-
violet light. (FPound: C,25.63 H,2.65 S,12,2., Calculated for
CoHygls 0g802H, 0. ©;25.8p Hy302p ;1156 Founds C€,23.95 Hy2.1e
Cg Hy g 04 SNa, oH, 0 Tequires €,23.65 H,1.6%).

Catalytic Hydrogenation of Z2-Amino-4-hydroxy; ohonie

agid (XCVs R = 803H).

Aem®s catalyst (0,20 g.) in water (30 ml.) was hydro-
genated until uptake of hydregen ceased (46 ml.). 2-Amnino-f-
hydroxypteridine-6-sulphonic acid (0,10 g.) and li-sodium hydroxide
solution (2 ml,) were added and the solution hydrogenated over-
night at room temperature end pressure. Two mols. of hydrogen
were absorbed (16.5 ml., theoretical, 18 ml.).

The product 2-amino-4-hyiroxy-<5,6,7,8<-tetrahydropteri-
dine-6-pulphonic acid was extrvemely unstable and could not be
isolated. Its ulitraviolel specire was characteristic of a

T,8-dihydropteridine formed by oxidation of the tetrahydro-

pteridine. Aevrial oxidation of this compound in alkaline
solution and examination of the products by chromatography
showed the presence of 2-amino-4-hydroxypteridine in additionm %o

2-amino-4-hydroxypteridine-6-sulphonic acid.
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2-Anino-4-hydroxy-6-dicthoxycarbony lme thyl=5,6,7,8-betrahyiro-

ptoridine (CALI3 R® = R" = CQ,CaH;)o
2-Anino-4-hydroxy-7,8~-dihydropteridine sodium salt
(0,20 go) was dissolved in water (25 ml,) without heat. Diethyl-
malonste (2 ml.) was added and 2N-sodium hydroxide solution
dropwise until a clear solution was obiained.
The solution was shaken briefly, then left for 1 hw.,
at woom temperature in & tightly-stoppered flask. The $etra-

hydropteridine was obiained as & yellow, non-crystelline solid

(0.17 8., 49%), which was collected and washed with water,
ethanol, and ethew. This material was exitromely unstable in
solution and, in ellkali, it underwent hydrolysls and oxidation o
yield 2-amino-d-hydroxypteridine es the main producth. A £roshly.
prepared sample could not be hydrogenated with a platinum
catelyst in aqueous solution. Reexrystellisation from waten

and othanol did not give pure product, and analyses were carried
out on the uncrystallised mateyial which was dried inwacuo over
potassium hydroxide pellets for 2 hx., with no heat, (Founds
Cp45055 Hoboly NpR0650 CygH,oNz0p wequires €,45,5 H,6.23

Wy 2004%)
2-Aming-4ehydroxy=6=(g-aeebyi-u-othoxycerbonylne thyl)=5,6,7,8-

tetrahydropteridine (CXLIs R' o COCHy , R™ = GO,C,Hy)o




2=Amino=4-hydroxy=-T,8-dihydropteridine sodiuwn sals
(0,40 g.) wes dissolved without heat in watew (Boimlo) and
ethylacetoscetate (2 ml.) was sdded. 2N-Sodium hydrowide
solution vas added dropwise until o clear soluitlon waes obtalined,
the solution was sheken briefly and left for 1 hr. at Toom
temperature in a tightly-stoppered flask. On cooling overnight

et 0° the toteshydropteridine was deposlited as & non-=crystelline

yellow solid (0,28 go, 44.5%). This was collected, snd washed
with water, ethanol, and ethewr. This mpterial was extremely
vngbable and underwent hydrolysisand oxidetion in alkeline
golution to give 2-emino-4-hydvoxypteridine ae the main produst,
A frashlyfprepar@ﬁ sauple couwld not be hydrogenated. Reocrysitalls
isation from water and ethanol did not give pure product, and
&n@ly@@a'war@ caxried out on the uwncrystellised mat@riallwhi@h
wae dried in veocuo over potagsivm hydroxide pallets miﬁhpmﬁ

heat, (Founds C,44.69 Hebolo Cyalyo¥;0,03.5H,0 requirves Cr44.7s
Hp6.2%) 0

2-Anino=4-nrdroxy -6-acetylacetonyl-5,6,7,8-tetrahydropteridine

(CXLTy R? = R® = GOCHg ).
R=Anino-d-hydroxy-T,8=dibydropteridine sodium salt

(0,04 g0,) was dlsgolved im water (10 mi.) and ssetylacsions

(2 ml.) was sdded. Bﬁmﬁodimm bydroxide solution was added



dropwise until a cleax msolutlon was obtaimed. The reaoction
uixture was worked up as described above to give the
tetrahydropteridine (0.21 go, 37%). (Founds C,46.2p He6.2.
Cy 4 ¥, g Ng Oy o Hy O requizes C546.Ty Hy6.0%).

2-Amino-4-hydroxy-6-(e-cyano-e-ethoxycarbonyime thyl)=5,6,7,8-

tetrahydroptoridine (EXLIg R' = CN, RY = CQ,CuHg).

2=Amino-4-hydroxy-"T,8=-dihydropteridine sodium salt
(0,40 g.) ves dissolved in water (30 ml.) without heat and
ethyleyanoecetate (® ml.) was sdded., The reaction mixture wes
worked up es before and the tetrehydropteridine (0.24 go, 40%)
ves isolated as above (Found: Cy44.6p Hy5.T0 €y B 4Ng05.H; 0
requires Cp44.6p5 H,50.5%).

Aerial oxidation in alkali of the four fetrahydropteri-
dines described above gave 2-amino-d-hydroxypteridine as the main
product on examination by chromatography. Asrlal oxidation in
anmonia gave 2,6-diamino-4-hydroxypteridine as one of the
products identified by Ry and ultraviclet specire in acid end
alkali,

2-Amino-A-hydroxypteridine -6=carboxylic acid (XCV; R = CQ,H).

(a) From zwamin@prhgdromyaﬁgBndihgdropt@ridinewéw@arboxmmid@
(CAXII3 R = GONHy )

2=Anino-4-hydroxy-5,8~-dihydropterid ine-6~carboxamnidse
(0.30 g.) was dissolved in N-sodivm bydroxide solution (10 ml.)
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0, 025M-potassiun permengante solution was added dropwise, with
suirning,; until a permanent green colouration persisted. This
was destroyed by the addition of a litile solid sodiuwm dithionite
and the precipitate of manganese dioxide was rvemoved by filtrae
tion, The precipltate was washed with hot water (4 ml.), the
combined washings and filitrete cooled, and adjusted to pH2 with
aﬁ?hydrochlori@ acid. A cream-coloured non-grystalline solid
(0,24 g., 80%) was precipitated, and this was collected and
washed with water, ethanol, and ether. This material wewu
purified by formation of the sodium salts-

crude product (0.24 g.) wes dissolved in the
mindmum of 2N sodium hydroxide with gentle hesting on the
steam=bath,

Charcoal was added and the mixture was heated for
a8 furéher 15 min. The hot solution was filtered and cooled
at 0°%. _?he“sodium salt crystallised as fine cqlpurlesg needles
“(0.29 goo T8%). These wevre collected and waghed with agueous
ethanol, gth&nplgfand ether. An analysis apeeimen‘was,pf@par@ﬁ
by @im&olvigg the sodium salt in weter and sdjusting the
solution to pH2 with aﬁkhyaro@hleric asid to precipitate the
free acid, This procedure was repeated until the matexrial

obtained showed a single spot on paper chrometography. (rounds
C,40.8p Hy2.65 N;33.9. Calonlated for CyHgNy0y C,40.6p Ho2.4s

Wo3309%)0
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(v) Exom 2-amino-4-hydroxy=6-disthoxycarbonylmethyl=5,0,7:8=
tetrabydropteridine (CXLI; R'= R" & CO0,C,Hyz)o

2=Amino=4-hydroxy-6-diethoxycarbonylmethyl=5,6,7,8=
tetrabydropteridine (0,50 g.) was dissolved in dilute sulphuric
acid (20 ml.) without heat and 0.%5H-potassium permangenate
solution was added dropwise withetlrzying until & permenent pink
colouration prevailed. ‘Paper chromatography at this at&g& and
examninatlion of the chromatogram in ulitraviolet light showed the
presence of & blue<fluorescing meterial as the meln produch
together with 2-amino-4-hydroxypteridine as & bye-product of
the veactlon. The solntion wes now made alkaline with 10W-
gsodium hydroxide solution (5 ml.) and the mixture was heaited
on the sieam-bath, Dropwise addition of O,5M-potassivm
pérmanganat@ was @onﬁinued,with;mtirringg wntil a permanent
green colouration wes obtained.. This was destroyed by addition
of a little solid godium dithionite., The precipitete of
menganese dioxlde was then filtered end washed with hot water
(15 mlo)o ‘The filtrate_wag cooled.and adjusted to pH2 with
Bﬁ;hydrochlorig acld when crude Zwaminoﬁ4mhyﬁr0$ypﬁe?idin@méw
cerboxylic acid was pregipiteted as a cream—coloursd solid
(0,07 g-). This was collected and washed with water, ethenol,

end ether. Paper chromatography indicated the presence of
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some 2-anino-d-hydroxypteridine, and the carboxylic acid was
therefore purified by formation of its sodium salt prepared

as described in method (a). The purified materisl was identical
in Rf values, ultraviolet and infrared spectra with the

carboxylic acid obtained by method (a).

(¢) Prom 2-Amino=4-hydroxy-6-(a-agetyl-s~ethoxycarbonylmethyl)-

52631 p8=-tetrabydropteridine (CXLI; R* = COCHz, R" = CO,C,H,).

2cAnino-4-hydroxy-6-(e-ace tyl-t-ethoxycarbonylmethyl )~
5,6, Ty,8=tetrehydropteridine (0.25 g.) was oxidised with potassium
permanganate as described immediately above, and the product
purified viag the sodlum salt to give 2~amino-4~hydroxypteridine-
6-carboxylic acid (0.03 g., 17%) identified with authentic
material. The erude product contained 2-amino~4-hydroxypteridine.

(d) From 2-Amino-d-hydroxy=-6-sceiylacetonyl=5,6,7,8=tetrahydro~

pteridine (CXLI3; R® = R" = COCHg).

2-Anino-4-hydroxy-6-acetylacetonyl«5,6,7,8-tetrahydro=
pteridine (0.24 go) was oxidised as describedsbove to give
2-anino=4-hydroxypteridine-6-carboxylic acid (0,07 g, 37.4%)
with small amounts of 2-amino-~4-hydroxypteridine,

(e) From 2-amino=4=hydroxy-6-(@-oyano-g-ethox

506, T:8=tetrahydropteridine (CXLI; R' = CH, R" = GQ,C,Hy).
2=Amino=-4-hydroxy -6-(a-cyano-a-athoxycarbonylmethyl )=

56,7 ,8=tetrahydropteridine (0,22 g.), on oxidation with
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potassiun permangenabte gave the pterldine-6-carboxylic acid
(0:04 goy 2404%), together with 2-amino-d-hydroxypteridine.

2-Anino=4-hydroxy-5,6,7,8=-tetrahydroptoridine-6-thioglycollic

acid (CGXLIIIy R = GH,00,H).
2=Anino=4<-hydrony-=T,8-dilhydroptoridine sodivm salt
(0,15 g.) vas dissolved in water (20 ml.)., 2¥-Sodium hydroxide
solution (2 dvops) was added, then thioglycollisc aeid (L ml.).
The solutiom was sheken briefly then set aside in a stoppered

flask for 1 hr, a2t room hemperatunid. The tetrahydropbteriding

seperateod as a whibe aolid'(oold goo 68%) which was collectad
and washed with water, dhanol, and ether. The matwriai wans
reasonebly stable (see discussion). However, in alkaline
polution it uvnderwemnt hydrolysis and oxidation to give 2-amino-
d=hydroxypteridine. Analysis samples were taken from the
vaerystellised material and were dried in vacuo over potassium
hydroxlde pellets for 2 hr., without heat. (FPounds 6936033
Hy$.03 5,112, CyH, ,N;0385.0.5H, 0 requires Co36.1s HydoByp
5,12.0%)0
2=Anino=4-Rydroxy=5,6,7,8-tetrohydroptexidine-6-nercaptoathanol

(CXLIIIs R = GH,CH,0H).
2-ARino=4-hydroxy-T,8=01ihydropteridine sodivm salt (0,10 g.)
wag dissolved im water (10 ml.). =2i-Sodinm hydroxide solutiom

(2 drops) was added followed by mercaptoethanol (1 ml,.).
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The soluiion was shaken end left for 1 hy, at room temperature

in @ stoppered flask. On cooling overnight the tetrahydro

pteridine seperated as colourleess plates (0,08 gop 61.5%).
This was collected and washed with water, ethanol, and other.
This material had the luptebllity characteristic of tetra-
hydropteridines end in alkeline solutlon oxidised to give
2-amino-d-hydroxypteoridine as the main product. Analysis
samples from the crude product were treated as described sbove.
(Founds ©p36.55 Hy6o35 We2T02s Cgllyglg0,8.5,0 requires G,36.8;
Hy5o8p Ny26,8%).

Hoither of these tetrahydropteridines counld be
hydrogenated and when oxidised in sumonia gave 2,6-diamino-de
hydroxypteridine in addition to other produsts which were

not identified.
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80
G3lucosazona .

D-Glucose (20 g.), sodivm acetate trihydrate (60 g.),
end a ssbturated solution (50 ml.) of sodina meta~bisulphite
ware added to a solutlon of phenylhydrazine hydroshloride
(40 g.) 1o water (400 ml.). The solution was £ilteraed Ho
remove tarry matorial and heated on & gtesm-bath until
precipitation of the yellow oinzone wan complote. The solid
was collected, washed with warm ethanol, wntll the washings
were colourless and then with ether and dyried %o give
glucosazone (30 go, ?5%) MoPo QIOQQMHh?QEIOQ)O

89
Isoglucosanine Acebdtate.

Glucosazone (20 g.) was made into a paste with a
mixture of glacial acetic acid (100 ml,), sthanol (50 mlo)
and weter (20 ml.). A palladiuvm oxide-barium aulphat@wg
catalyst (5.0 g.) vas edded %o the mixture which was sheken
overnight under hydrogen at3-%H% atm. The catalyst was removed
and the filirate wes concentrated in vacwo to an orange 0il.
Ethanol (100 ml.) was added and the mizture was left overnight
at 0% A white sollid ceparated, and this ves removed and
washed with ethanol (2 = 20 ml.). Crystellisation from
90% ethenol gave lsoglucosemine acetets as colourless noedles

(8 Foyp 60%)530?0 157@’ Elﬁst‘m 9@51 15?9ﬂo



1=[2! =gnine=6° -hydroxy -5 =nitro=4 ' -pyrimidinylanine j-l-deosy-

=Defructose (GLIII).

M ethanolic polution of sodium (0.2 g., 2 Gam.) im
athanol (20 ml.) wes added t0 a solution of imoglucosamine
acetate (2,0 g., 2 008.) in the minimum of water and the mizture
vas left for 30 min., at room tomperatuxre. A suspenslion of
2eamino-4=ohloro-6-hydrosy-S-nitropyrinidine (0,80 gop, 1 9qo)
in ethenel (200 ml%) was added, end the mixture was heated gently
on the sieam-bath for 20 min. The pyrimidine dissolved and, on
eeéling at 0°, & pale yellow non-crysialline solid (0.80 goy 57%)
separated. This material vas collscted and washed with ethanel,
and ebther. The material was hygroscoplec and wes characterised
ag ite oximes-

bydroxylamine hydrochloride (00085 EBop 2 0Qo) WO

digsolved in the minimum of water, sodium (0.028 go, 2 Gg.) in
athenol(2,8 ml,) wes added, end the selution wae left for 30 min.
ot room temperature. A solution of le[2'-amino-6°-hydroxy-5'e
nitro-49-pyrinidiny lenino J-l-deoxy=D-fructose (0.20 g., 1 @g.)

in water (7 ml.) was added to the solubtion and the mixbure was
hoated on the stesm-bath for 1 hvr. On cooling, & white mlerec
exystelline solid sepavatod (0.20 g.). Recrystallisetion from

water gave the oxime (0.18 g., 86%). (Founds Cy33.55 HyS50dp
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Eggzoze Ginxiagmﬁogoﬁgo Tf’@@“iﬁﬁﬂ 6935075 HQ@"Q% N925°0%)°

1:8=Dibydsozxenthoptorin (2-amino-4,6-aihydroxy-T,8-dihydro~
pieridine ) (XCILI). |
1] 21 Amin0e=6" =hydroxy -5 -nitro=4 ' =pyrinidinyloning |-l

dooxy-B-fructose (0.70 g.) wep dissolved in water (40 ml,) and
Reney nickel (2 spatule measures) wan added. The mizture wes
hydrogonated overnight ot normal pressurc whem 3 mold, of
hydrogen wore ebsorbed (130 ml., thoowetical 141 ml.).

The catalyst was removed by filtration and the solution
was made alkaline by addition of 2if sodium bydwonide golution
(1 ml.). The solution was set aside for 72 h¥. and, on nentrale
ization of the solution and weducing the volums im vacud, @
brown non-orystalline solid (0.20 g.) soparated. Recrystallis-
ation from 0.5NW-hydrochloric acld gave 7,8-dihydrozentheptorin
a8 a ereom coloured 503id (0.14 oy 5?%)0 Thie material wes
oxidised quantitatively to xanthoptorin, end agreed in Ry veluwes
ultraviolet and infraved spectrs with anthentie meterial.

69
N-Bonzyl-D-Arebingeylening (CL¥y R = CHpCaHy ).

DeArebinoso (5 g.) and bonsylamine (4 g.) were veflured
togothor in ethanol (50 ml.) for 15 min, The mixzturs wno lefb
ab 0° for 2 deys when @ vhite solid (5 g., 60°) separaied. This

vas filtered at tho pump end washod with wetow, ethanol,and ethew.
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Recrystallisation from ethanol gave the glycosylamine as fine

89
colourless needles, m.p. 118° [Lit., m.p. 117-118°(dec)].

cf .09

y-D-orythropentulose Oxalate
NeBensyl-D-arabinosylamine (5 g.) wes dissolved in dzry

dioxan (70 ml.) and cooled, and a cold solution of amhydrous
oxalic scid (1.88 g.) in dry dioxen (50 ml.) wes added. A
colourless oil formed which was probably the glycosylamine
hemioxelate, The flesk was stoppered and the oil dissolved
by gentle heating In a weber bath with vigoxous shaking. The
temperature wag kép% baelow 50°¢ at which temperature the Anadori
rearrangement took place and the solution thickened %o a pals
yellow jelly. The Jelly was set aslde for 30 min. and then
dissolved by the addition of water (6 ml.). Benzylamine
hemioxalate ssparated as & colourless c¢xystalline solid and
wae removed by filtration. The filtrate wes refrigerated
overnight to deposit l-benzylemino-l-deoxy-D-grylhropentulose
oxplate as colourless needles (6 g., 80%) m.p. 145° [Liﬁi?
145-146°(dec. ) J.

1=[ 29 =pming=4° ~hydroxy-5!-nitro-4 -pyrinidinylamino | ~1-deoxy=

D-srythropentulose (CIVI).
l=Benzylanino-l-deogy-D-grythropentulosse (3 g.) in
methenol (20 ml.) was hydrogenated overnight with o provicusly

roduced svepension of palladium on charcoal catalyet (10%; 1 go)
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in methanol (20 ml.). Ome mol, of hydrogen wae cbsorbed (200
ml., theoretical, 204 ml.), and the resulting solution of
l-aminc-l-deoxy-D-grythropsntulose oxalats was used without
igolating solid meterinl. The catalyst was removed by
filtration apd a solution of sodium (0.4 Z., 2 6gs.) in ethanol
(40 ml.) weo addod. The sodium oxalate was romoved by
filtretion and the Liltrate vas sdded %o o molution of 2-
2aiN0~4-chloro-b-nydrory-S-nitropyrinidine (0.82% go, 1 ©g.)
in ethenol (100 ml.). The mizture wes. hoated for 20 min. on
the steam-bath and filtered hot. On cooling ot 0° overnight
a eream colouxed nolid (0.75 g., 58/separated. Thic matorial was
hygroscople and was characterised as its oxipe:-

bhydroxylamine hydrochloride (0.12 g., 2 oqs.) was
dissolved in wator (4 ml.) and sodium (0.04 g., 2 eqs.) im
ethanol (4 ;lo) was added. The mizture was set aside for
30 min., then added $0 & solution of 1l-[2'-amino-4!-hydroxy-5'-
nltro=4°-pyrinidinylamine |-l-deoxy-D-exythropontulose (0,26 g,
1 8g.) in water (15 ml.) snd the mixture wes heatod om the
steem-hath for 1 hw. On cooling @ whito misroeryotalline
solid (0.2 g.) separated. Recrystallisation from wabtor gave
the oximo (0.15 gop 57%). (Founds (533,09 Hodo3p Wp25030
CoHy 4 M, 000050, 0 roquires G,33005 Hodobs Hy25.7%).
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7,8<Dihydroxanthopterin (XCIII)

1-[2'=Anino=4? -hyd roxy=5'-nitro-4 ' =pyrimidinylamino |-
l=deoxy-D-grythro-pentulose (0.20 g.) in water (30 ml.) and
Reney nickel (2 spatula measures) was added. The mixture was
hydrogenated overnight at room temperature and pressure when
3 mols. of hydrogen were absorbed (46 ml., theoxetical, 45 mlo )o
The catalyst was removed by flliration, the solution mede
alkaline by addition of 2W=sodium hydwroxide solution (1 ml.),
and set aside for T2 hr., Neutralisation of this solution
did not precipitate & solid, The solution, when
subjected to ehromatographx,was shown t0 be a mizture of
sevaral compounds. The presence of T,8-dihydromanthoptexrin was
epstablished by R comparison with an authentis sanple, and,
on oxidation with cold potassium permangaggte,the presence of
santhopterin ﬁaa observed by comparison of Rf values and
ultraviolet spectra. The remalining compounds were notd

identified,



ULTRAVIOIRT ABSORPTTION SPECTRA

A axo(n:y.) € values in parenthesis.
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ZmAminca4uchlorow6;hydroxya5anitropyrimidine (cviix),

-

S-Nitropyrimidines (CIX).

R=CH, Cg Hy

R=NHCH, CH(0C, Hy )g
R=NHCH, CHO
R=NHCH, GH( s NOH)
R=WNHCH, CONH,
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R=NHCH, C0(CHOH ); CH, OH

R=NHCH, C( s WOH ) (CHOH ), CH, OH
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330(16,300).
345(19,800).

332.
342.

334(16,600).
346(12,200).

300. pHd.

pHL.

pH13.
pHIL.

pHLS.
pHL.

pHL3.
pHL.
pH13.
pHL .
pHL3,
pRL .
pH13,
pHL.
pH13,
pHI.

pH13.
pHL.

pHL3,



R=NHCH, CO(CHOH ), CH, OH 3%4(12,200).

340(15,700).
R=NHCH, C(2sNOH)(CHOH),CH, 0OH  335.

342,
4,5-Disminopyrimidine Derivatives (CXIIT),
R=H 262(14,300).

280(4,100).
R=NHCH, CH(0C, Hy ), 270.

282,

R=NHCH, CHO 266 .

280.

R=NHCH, C(sNOH) (CHOH),CH,OH  266.
286,

7,8-Dihydropteridines (CXXI),

ReH 256(12,900), 314(%5,600).
284(9,500), 330(7,300).
ReNH, 274(13,600), 319(6,100).

280(10,800), 310(6,800).
2-Amino=4,6-dihydroxy-7,8=dihydropteridine (XCIII) .

278(14,000), 306(10,700).

278(12,300), 310(9,000).

pHI,
pHL3,
pH1.

pH13.

pH1.
pi33,
pHL.
pH13,
pHI1.
pHL3.
pEL.

PH1S,

pH1,
pHL3.
pHI,
pH13,

pH1.
pH13.



5,8-Dihydropteridines (CXXII),

R=CONE,

Pteridines (XCV).

ReH

R mNHa

ReS Oy H

R=C O, H

280(5,300), 380(4,500).
260(19,000), 396(11,300),

314(6,000)
252(20,600), 358(7,300).
271(21,700), 377(7,000).
260(16,000), 392(5,200),
325(9,900).
264(19,000), 369(6,900).

263(6,600), 310-20(5,800).

266(18,800), 366(7,900).

2-Amino-4,6-dihydroxypteridine (X1v).

Tetrahydropteridines (XCIX).

Re=H

Re=NH,

ReS 0y H

260(9,800), 355(4,900).
254(17,000), %90(6,500),

265,314,
250,355,

pHL.

pHL3,

pHL.
pH13,
pHL,
pH1%,
pHL.
pH13,
pHL.
pH1L3.

pHI.

pH13.

pH1 .
pH13.
pHL.
pH13%.
pHL .

pH13.



Petrahydropteridines(CXLI).

R¥=R ' =00, C, Hy 264(10,900), 300(7,000). PHL.
288(5,800), 364(2,300). pH13,
R'=COCHg ,R® wC0,C,Hy;  268(9,900), 300(4,100), 386(2,600). pHL.

276(22,400), 330(4,900), pH13.

 RU'sR" =COCH, 260(10,300). pH1.
292(24,400), pHL3-

RP=CN, R%=00,C,H, 300(8,000), 270(6,800). pHL.

248(14,200), 290(9,700), 364(6,700). pHL3.
Tetrahydropteridines (CXLIII),

R=CH, CH, OH 256(17,700), 370(3,700), pH1.
282(6,300), 3%30(4,700). pH13.

R=CH,CO, H 282(18,000). pHL.
275(13,100). pH13,

Shoulders are underlined.
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