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CHEMICAL STUDIES OF 8 = SUBSTITUTED PTERIDINES.

An account is given of the methods which are at present available
for the synthesis of 8 = substituted pteridines and the closely allied
9 = substituted iscalloxazine derivatives. The theories reported in
the literature relating to the biogynthesis of riboflavin, which may
be considered to be a benzopteridine with a substituent in the 8 -

position of the pteridine moiety, are reviewed.

The chemical feasibility of the biogynthetic routes to riboflavin,
which have been suggested in the literature, is investigated. It is
found that 6,7 - dimethyl = 8 = D = ribityllumazine ("G - compound"),
which is an intermediate in the biogyntheeis of the vitamin, can be
readily converted chemically into Ty8 = dihydro - 2,6 = dihydroxy = 6 =
methyl = 7 = 0x0 = 8 = D = ribitylpteridine ("V = compound"), which is
a known by-product in the biogynthetic process. This conversion is
showmn to0 occur by oxidation or, in an inert atmosphere, by displacement
of the diacetyl residue of the lumagine derivative by pyruvate. The
hydration in alkaline solution of 8 = substituted "quinonoid" pteridines,
such as "G - compound", is described and the significance of this in
relation to the biogynthetic pathway leading to riboflavin and to the
biological conversion of "G -« compound" into "V = compound", is discussed.
A new synthesis of riboflavin from "G - compound" is reported, the
salient feature being its simplicity. Thus, when the lumazine is refluxec
in a buffer solution of pH Te3, in the absence of any enzyme or other

source of carbon, riboflavin is produced in good yields This reaction

2/..



is applied successfully to the gynthesis of other isocalloxazines
and to isoalloxazine 2 = imines and a possible mechanism for the reaction

is suggested.

Attempts to synthesise pteridine 8 - glycosides analogous to the
purine nucleosides are described, the two main approaches to this
problem being (a) direct alkylation of pteridinesand (b) synthesis
from 4y5 = diaminopyrimidine precursors. Model reactions with 5 -
amino = 4 = alkylaminopyrimidinee are reported in which 8 = alkyl =
pteridines are readily formed by the well-known "Isay Reaction". It
is found, however, that when the corresponding 5 = amino - 4 = glucosylaminc
pyrimidine is reacted with dicarbonyl compounds such as diacetyl or glyoxal,
surprisingly only the intermediate Schiff's base, which cannot be gyclised
to the expected pteridine 8 ~ glucoside, is formeds This is in contrast
to the reaction of the pyrimidine glucoside with ethyl pyruvate or with
ethyl glyoxylate hemiacetal which readily gives the appropriate 7 - oxo -
pteridine 8 - glucoside.

Other attempts to synthesise these elusive glycosides are described
in detail.
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OBJECTIVES.

Theoretiocal consideratione relating to the biosynthesis
of riboflavin have been exsmined and the feasibility of the
chemical processes involved has been studied.

Interest in 8 -~ substituted pteridines has been aroused
due to their structural similarity to the biologically important
purine nucleosides. Syntheses of 8 - substituted pteridines
and their chemical behaviour have been described in addition to

attempted preparations of pteridine - 8 ~ glycosides.



SUKHMARY,

An gocount is given of the methods whioch ere at prasent
available for the synthesis of 8 = subsiituted pteridines and
the closely allied 9 = substituted iscalloxazine derivatives. The
theories reported in the literature relating to the blogynthesis of
riboflavin, which may be coneidexed to be s benzopteridine with s

substituent in the 8 = position of the pteridine moiety, are reviewed.

The chemical feasibility of the biosynthetic routes to riboflasvin,
which have boen suggested in the literature, is investigated. It is
found that 6,7 - dimethyl - 8 = D = ribityllumazine ("G - compouna"),
which is an intermediate in the blogynthesias of the vitamin, can be
readily converted chemiocally into 7,8 = dihydro - 2,6 = dihydroxzy = 6 =
methyl = 7 = ox0 = 8 = D ~ ribitylpteridine ("V - compound"), which is
a kmom by - product in the blosynthetic procese. This conversion in
ghown to0 ocour by oxidation or; in an inert atmcephere; by displacement
of the diacetyl residus of the lumazine derlvative ty pyruvats. The
hydration in alkaline solution of 8 = subetltuted "quinoneid" pieridinen,
such as "G - compound”, 1s described and the significance of this in
relation to the blosynthetic pathway leading tc riboflavin snd to the
biclogionl conversion of "G - compound" into "V = compound", is
discussed. A new synthesis of riboflavin from "0 = compound" is
reported; the salient featurs belng its simplicity. Thus; when the
lumazine is refluxed in a buffer sclution of pH 7.3, in the absence of

any enzyme Or other source of carbon, riboflavin is produced in good



vieold: This resction is applied sucgcesesfully %o the synthesie of
other iscalloxazines and to isozllexazine 2 - imines snd a possible

mechaniem for the reaction is suggested.

Attenpts to synthesise pteridine-8-glycosides analogous to the
purine nucleosides asre described, the two main approaches to this
problem being (a) direot alkylation of pteridines and (b) syntheeis
from 4,5 = dlaminopyrimldine precursors. Model reactions with & -
amine - 4 - alkylaminopyrimidines are reported in which 8 - alkyl -
pteridines are readily formed by the well-known "Issy Reaotion". It
is found; however; that when the corresponding 5 = amino = 4 =
glucosylaminopyrimidine is reacted with dicarbonyl compounds such an
diacetyl or glyoxal, surprisingly only the intermedizte Schiff’s baee,
which cannot be cyclised to the expectsed pteridine - 8 - glucoside,
is formed. Thise is in ocontrast to the reaction of the pyrimidine
glucoside with ethyl pyruvate or with ethyl glyoxylate hemiacetal

which readily gives the appropriate 7 - oxo = iateridine = 8 - gluooside.

Other attempts to synthesise these elusive glycosides are desoribed

in detail.
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INTRODUCTION

Interest in S-substituted pteridine derivativee has been
stimulated in recent years by the realisation that pteridine-£-
glycosides might oococur in Hature. The struoctural relationships
existing among the natural pteridines, the purine nuocleosides,
and the flavins, exemplified bty structures (1) to (4), have long

gince been notod;’g

end reiterated in the literature. There ie
a marked similarity in the diaminopyrimidine portion of these

molecules as shown on the left hand side of the dotted lines.

The 8-poeition of the pteridine ring corresponds to the
9<position in the purines and in the iscalloxazines and it would
therefore be expected that the most probable substituent to be
found in natural 8-subtituted pteridines would be a sugar such

as riboge.

Although pteridine glycosides have never been isolated from
natural sources, there is a strong possibility that pteridines
might be carrisd through their metabolic pathways with a sugar
attached. Glycosides in the pyrimidine and purine series are
known and, as these are of considerable biological significance,
it would bs intoresting to know if pteridine glycosides would aoct

ae blological antagonists to thess nuoleosides or to the flavins.
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The conversion of purines into pteridines hse been carried cut
in vitro by Albert® and in vivo by Ziegler-Cunder et al.’  Thus,
an sppropriate transformation of purine nuclecsides intc the
corresponding ptoridine glycoasides would provide a method of

solubilising the extremsly insocluble pteridines.

&=Rib:i.tylpter:l.d:\.xmas’6”7 have been igolasted from cultures of

the Ascomycetes, Ashbya gossypii (now known as Nematospors goseypii,

but the former name will be used throughout this thesis to avoid

confusion), and Eremothecium ashbyii and these pteridines are, at
least in theory, rsduction products of pteridine~8-ribosides.

Riboflevin (vitamin 32) (43 R-Cl!}), which belongs to the watar-

a0luble group of vitamins, may be regarded as a bensopteridine with



the D-ribityl substituent in position 8 of the pteridine moiety

of the molaecule and can, in faot, be simply synthesised from an
8~D-ribityl pteridine (2 n-cnj) as desoribed in Part I of this
thesis. Many organisms are known to gynthesise riboflavin in
emall amounts (e.g. Peltier and Boré:hms list no fewer than

24,0 flavin-producing species) but there are three which synthesise

it and excrete it into the culturs medium in very large amounts.

These are Candida opp.”, E. ashbtyii'®” and A. gosaypii'®, the

last two being the most clossly studied of the flavinogenic

organisms.

The vitamin properties of ribvoflavin are apparently dependent
to some extont on the ridose constituent as the compound obtained
on subatituting arabinose for ribose is much less aotivo.12
Riboflavin takes part in a number of different enzyme vqtem;s in
tissues and forms part of the prosthetic group which oonstitutes the
coenzyme. There are two riboflavin-gontaining coensymes; namely,

a mononuoleotide (F.M.N.) which is a riboflavin-5-phosphete, and

a dinucleotide (P.A.D.) which has the constitution of a riboflavin-
adenine dinucleotide. Riboflavin acts in snsyme ayctems by the
roversible ascceptance and donaticn of two atoms of hydrogen, the
reduction being aocomplighed by the addition of hydrogen to the

l- and 10~ positions to form dihydro- or leuco- riboflavin which is
readily reoxidised by ongen.u



SYHTHESIS OF TSOALLOXAZINES AND 2-IMINO~ISOALLOXAZINES

The gynthesss of isoglloxagines and their derivatives ocan
best be claseified into thres distinot groups sccording to the
starting materials rejuired; namely, o-phenylene dismine

derivatives, 4,5-dieminopyrimidines, and quinoxaline derivatives.

(1) Prom o-Phenylene Dismine Derivatives.

(a) The firet syntheses of icoalloxazines involved the
condensation of o-phenylene diamines with alloxan in acid

solution after the manner of Kubn and Reinemund..®

O
0 A NN
H
(5)
Condensation with unsubstituted c-phenylene diamine yielde
alloxazine 1 (5). When one of the nitrogen atoms in the diamine
is tertiary, simple ocondensation between the unsubstituted smino

group and the S5-keto group in glloxan oocura,16

but when one
nitrogen is secondary, ring closure to an isoalloxazine may occur
as in the condensation of l-amino=l,5-dimothyl=l-D-ribitylaminc-
bengene (73 R=D-ridityl) with alloxan to give riboflavin (8jRe

Derdbityl) LT
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OJ\N O+HN c;{—) b i H
4 ! 3 07NN fz 3
(6) (7) (%)

Kuhn and 'eygnnd17 carried out the reaction in acetioc acid

in the presence of boric acld which increased the yleld considerably.

The main difficulty in the above method lies in the preparation
of the o-phenylene dismine derivatives (7) whioh are oxygen-labile
and are best not isoclated. Their gynthosis has bsen achioved in
diverse ways with varying success, four of the main routee to the

o=phenylene dismine intermediate being briefly desoribsd below.

EHE CHy CHy
k + —_—
HN CH3 N Chs



(1) Condensation of D-ribose (93 R= —(CHOH) 3 CH,OH) with 3,4~

xylidinel®

yields the riboside (11) which on catalytic reduction
and subseguent oocupling with s diasonium ezlt gives the ago dye
(13).  Tho desired diemino (14s R= ~(CHOE)..CH,OR) 19 is rosaily
obtained by chemiocal or catalytic reducticn. The yield (36%) of
ribeflavin is very high in comparison with mogt of the other
available methods of preparation vig the o-phenylene diamine
intermediate and alloxsn.

(11) In this method the second nitrogen function is
introduced into the bengene ring in the form of a nitro group
before ccandensation with the sugar. Catalytic rsduction then
vields the diamine (14) which condenses with alloxan to give

riboflavin in 16% yield.-0?2L

(114) o-Nitro-chlorobengenes (15) are condenssd with amino-
sugare and the reaction product is hydrogenated to t_he diaminezz
(17). This method gives satisfactory yields when the sugar
contains two or threo hydroxyl groupe but poor yields with sugers

containing four or five hydroxyl groups as in the case of riboflavin.

0, NO R.NH, oz"“ H,N ]@
Q " A
R R

(15) (16) (17)



(iv.) D-arabinose, which is less oxpensive than D-ribose,has
been used in a novel procedure by Waygmd23 to synthesise the
dimethyl-D-ribitylaminobengene (21). 3,4~Xylidine is ocondensed
with D-arabinose (18) in the pressnce of a trace of mcid. The
resulting D-arabinoeide (19) is made to undergo sn Amadori
resrrangement by heating to 75°C. snd the ketome (20) is
catalytiocally hydrogenated in alksline sclution whence the
D-ribitylamino compound (21) is obtained in about 13% yield.
Coupling of this produot with s diazonium salt and subsequent

hydrogenation leads to the required diamine as in method (1i).
HOCH,

CH, tH,

. a?""’” + —,
HN " HOCH, HN LH;

HO

OH

(18) (12)

oH

<
|
CH, (CHoH),.CH,0H CH,.C0.(CHOR),. CH,0H

(21) (20)



8
(b)  Hemmerich’® used a variation of the above methods for
gynthesising interesting isoslloxzagines with substituents in the
bensene ring. For example, S-aminc-lumiflavin (23) was obtained

from Femethyl=2,6-dinitro=3,4~xylidine (22).

QIN CH-S @ Kbd.h /u\l\
HN CH @ﬂnoxan OJ\
cHs NH

(z2) (23)
(e) Two other methods in thie group have been developed by
25,26

Tishler and his co-workers who employed barbiturioc aoid or
its derivatives in place of alloxan.

(1) “Ladenburg Synthesis.® 27 Riboflavin is formed in excollent
yields from the o-phenylene diamine derivative (243 R= D-ribityl)
and 5,5 - dichlorobarbituric acid using pyridine as solvent.
However; if the dihalobarbituric acid is replaced hy alloxan,

no riboflavin is formed and the brilliant yellow product; whioh
was originally thought to be the "anil" (25; R= D - ribityl),

could not be oyclised to riboflavin by heating with tertiary amines,
or organic or inorganlic acids including hydrofliuoric acid. Thus,
compounds of this type are not intemediates in the synthesis of
isoslloxagines from o-phenylene diamines and alloxan. On prolonged

alkaline hydrolysis of this"anil", the elements of urea are loet



and oyclisation to a dihydro -~ quinoxaline derivative occurs.
King and Clark - Lewis27 subsequently discarded the anil
structure (25) in favour of the quinozslone - 3 - carboxyureide
formulation (26).

2
Q
HN Cl
07N
H ‘:) C.\-\3 4 ZM’W
R ) K (3)
Aloxan
Pym.d.wu.
(8]
HN
N LH3 /C
4~ b I
O N CH
5 3 :4
(25) (ze)
(11) * Tighler Condensation " . This second method of Tishler
ot 51_926 is particularly suitable for the preparation of riboflavin

from barblituric acid itself and is based on the (::.-.'t.ppa.28 synthesis

of quinoxalines from © -~ gmino = azo compounds and ketones. In
this reaction, barbituric acid (27) is heated in acid solution
with 6 ~ phenylazo = ¥ = D = ribityl - 3,4 - xylidine (285 R=D
- ribityl) to furnish riboflavin in 70% yield. The optimum yields



10
ars obtained with glacial acetic acid or with acetic acid -

dioxan, the presence of mineral acids not only inhibiting the

roaction but aleo rapidly destroying the saz¢ compound.

PhN- O
}1N /ut:EfNj:[::::("a
Hr;l Z ;:1 (H,
R R
(27> (28) (8)

(a) Some of the procedures outlined above have bsen extended
by Hemmerioh et al.2*? %* ® 4o ohtain iscalloxasine - 2 ~ imines

in the following ways.
(1) The condensation of imino - barbituric acid (29) with

6 - (p - carboxyphenylazo) - N - methyl - 3,4 - xylidine (30)
yields 2 ~ lumiflavimine (31)%7.

C Hy,
|
-+— s
" NJ\ H p{ W NA\ Ji tH

(24) (30) (31)
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0
HN b HN H3
Ao Ao e [
HN N (o) H rf CHS N o
H
CHB

(32) (33) (3:)

(14) By a modification of the " Ladenburg Synthesis " 27

2 - lumiflavimine (31) wes aleo produced>* from 5,5 - dibromo-
barbituric acid - 2 - imine (32) and the appropriate diamine (33).
(141) A novel modification of the isoalloxazine synthesis was
achieved by Hemmerich and his collsborators’° when they obtained
8 -~ nor - 8 = amino = 2 - lumiflavimine (36) by catalytio
reduction of 2 =« nitro = 4 « methylamino - toluene to the
corresponding 2 - amino compound (35) followed by condensation

with violuric acid 2 - imine (34).

)\/INOH @ HN /u\ C[
H N Nk, H NJ\ H,

(34) (35) (3@)
(2) From 4,5 - Disminopyrimidines.
(a) The preparation of a dimer of diacetyl (38) by Birch

and loy031 led to rather a unique synthesis of the dimethyl -



12
bengens ring of lumiflavin (40 RnCIl})}z » This was extended

by Cresswell and Wood”> to the synthesis of riboflavin (40;
B= D - ribityl) and the corresponding 9 -(2 - hydroxyethyl)

compound (403 B= CH,CH,OH) via an intermediate of the type (39).

(b) Cresswell and Wcod™ later observed that g trimeric form of
diacetyl (42), which differs from that previously described by
Diels and.Joat,35 geparates from some bottles of diamcetyl which
have been stored for long periods and that an identical compound
can be obtained by keeping diacetyl in contact with an snion -
exchange resin (Amberlite CG - 400, OH form) for 4 to 5 days.
These authoras showed that in asquecus eolution with 4,5 -~diamino -
pyrimidine derivatives, this trimer behaves like a mixture of
diacetyl and the aldol (38). Thus, it condensed readily with

5 - amino = 4 = D = ribitylamino - uracil (373 B= D = ribityl)

at room temperature to give a mixture of 6, 7 - dimethyl - 8 -

D - ribityllumazine (413 R = D = ribityl) and the pteridine

(393 R = D~ ribityl). Treatment of this mixture with O.1N -
sodium hydroxide or with acid of pH 1 to 6 induced cyclisation
of the pteridine (39; R = D~ ribityl) to give riboflavin (403

R = D.ribotyl) which was easily ssparated from the unchanged

lumgzine derivative (413 R = D - ribityl).

The biochemical eignificance of the above reactions is
discussed elsewhere in this thesis.



i3

o
: & c-Me
OJ\N AN T S O
H R Me-CO  OH
(37) (38) . (390

PH -6
pH I3
0
N)‘\/EN\/'[MQ. /‘\': )C[
< M
NZSN R

(q_)) (q-O)

OH

|
e— CHy B s COMe
§ N " N,/

Me.'/ \O___. C ——O/ \MO.

Me

(42)

The 4 - alkylamino = 5 = sminopyrimidines which are required
as starting materials have been synthesised in the following ways.
(1) Langley and 'alp01036 have reported the conversion of
l, = chlorouracil (433 R’ = H) into L4 - alkylaminouracils (4h;

R = alkyl, B = H). This method has been used to form glycityl -
aminopyrimidines (4is R = glyoityl, R' = H) which were converted



il

by nitrosation and reduction into the ocorresponding 5 = amino -

compounds (453 R = Glyoityl).)?"u'

0 0 0
H N ‘R' N R g INHZ
OJ\N % O;\N l*llH OJ\N NH
H H o R Hoog
(43) () (45)
0
K' K'
HN HN
| |
HszN (A HIN’I\N b
R
(40) (47)

(i1) 2 - Amino = 4 - alkylaminopyrimidines (473 R’ = H) have
been prsparedl’u’l“z from similar precursors (463 R’ = H) but
the conditions required are more drastic, temperatures of 120°to
140° being required.

(141) A much more efficient prooedure for the synthesis of the
L35 - diamino derivatives of uracil and of 2 - amino - 6§ = hydroxy-
pyrimidine is to first introduce an electron - withdrawing group
into the 5 - position of the chloropyrimidines (43 and 463 R’ = H)
to activate the chloro group which then readily condenses with
alkylamines under relatively mild conditions. Thus, potential 5 -
amino groups have besn provided by a phenylasgo group"" 5 or by a
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nitro group. 33s41

(¢) The use of 4,5 ~ dimethyl -~ 1,2 - bensoquinone dimer for
the aynthesis of benzo [g] pter:ldimue:a‘"6 made possible another
approach to iscalloxazine derivatives and lumiflavin 2 - imine
(503 B = B' = CHy) 4T was obtained from an appropriate methyl-

aminopyrimidine (473 R = CH.3 R’ = NH ) gnd the dimeric quinone.

9

. 8 1
Later, Crosewell, Neileon snd Wood”®, and Davoll snd Evans®
extended this procedurs to provide a new general method for the
synthesis of riboflavin and other isocalloxazinea.

(3) From Quinoxalins Derivativee.

2 - Imino ~ isoalloxazines (50) have slsc been obtained by
Wood et al.®! from methyl - 4 - alkyl = 3, 4 ~ dibydro - 3 -
oxoquinoxaline - 2 - carboxylates (483 R= D -~ ribityl, R’ = CH.j

3

Ra= CBB’ R’ = H) and guanidine. Intermediate compounds formed

in this reaction have been identified as octashydroglyoxaline - 4 -
spiro - 2°' - quinoxalines (49).

Me0OC /N K' HN’
sl //\
LI »g Ij
R

(3) (4—9)
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O
rqu"u“~.z" A K
> |
HNZSNZ .,/’ K
R
(50)

This new route to isoalloxazine derivatives iz based on a
pteridine synthesis reported by the samo school.”  The
isolation in good yield of the products (50), however, proved
difficult due to their facile degradation in particular by

alkali, the 9 -~ alkyl substituent being readily oleaved.
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BIOSYNTHESIS OF RIBOFLAVIE.

Although it has been known for many years that ribvoflavin
is a nommal constituent of all living organimeso and that it
actes as an electron carrier in mo‘taboli.nm,,l3 it is only in the
laet decade or o that & detailed study has been made of the
biogenesis of the vitamin. Our knowledge concerning the
mechanism of blogynthesis of riboflavin is by no means complete
but the combined resulis obtained from (i) nutritional studies,
(i1) 4isotope experiments, (iii) the imolation and character-
isation of metabolic intermediates, and (iv) chemical studies
in vitro of the reactions involved, have provided a considerable
amount of information about the overall nature of the blosynthetic

Process.

In an attempt to clarify the existing information on the
roles played by the diverse precursor compounds, a brief survey

is given below.

(a) Role of Amino Acids snd Simple Orgsnic Compounds.

Similarity in the labelling pattern in analogous portions
of purine and flavin molecules was demonstirated when cells of

A. gossypii and E. ashbyii were grown with 1"c ~ formate,
1"c -~ gcarbon diox:ldo,n"c - glycine and glyocine - 15N. 51 = 53

Experiments of this iype have also been carried out on pteridines
by Weygand and Waldlohndtsl’ who reported incorporation of radio-
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active formate and glycine into leucopterin by the butterfly

Pieris brassicae, and by others who described the distribution

of labsl in certain ribitylpteridines (see (C) below).

The incorporation of various labelled substances into

riboflavin, purines and pteridines is shown below.

0 O
N0 . K
HN
H,N7 SN -SN S0 0F SN~ N
H H

Lwc,ojatuxim.. Usrie actd.
bCHS e =CO0,
)\ P H QOOH
0 N % N ga i =H,,N£Hz‘:°°”
R\b\‘t’ﬁ
Riboflavin.

Thus, it is observed’> that in the oase of riboflavin, C, ls
derived from formic acid, Ch from ocarbon dioxide, and Cha and (:9‘i
from the methylene and carboxyl ocarbon atoms of glyocine respectively,
the glycine nitrogen atcm being incorporated into position 9 or 10. |
These results find support in the work of Buchanan et a_1.56 on the

incorporation of the same labslled compounds into uric acid. (See
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above). Furthermore, Klungnﬂyr57 demonstrated the
incorporation of labelled formateo into position 2 of riboflavin
and Goodwin showed that sorine stimulated f1&vin030noeis,58’59
being transformed into formate and glycine before its

incorporation.

(v) Role of Purines as Precursors of Ringm B and C.

Strong stimulation of riboflavin formation by the addition
of purines to the growth medium hss besn noted with flavinogenic

59 - 62

organiemns. Among the first investigations on the

biogynthesis of riboflavin were the nutritional studies of

MacLaren. 60

Observing the struotural similarities among the purines,
diaminopyrimidines and riboflavin, he supplemented the culture
medium of E. ashbyil with various purine and pyrimidine bases
in order to study their effects on flavinogenesis. The results
clearly showed that a definite increase in riboflavin production
was obtained; without influencing growth, on the addition of
xanthing,; adenine, guanine and uric acid; pyrimidines such as
uracil, on the other hand, inhibited flavinogenesis. It has also

been r.vtnmx"\md'j]"63 that ll’c - orotic acid is not incorporated into
riboflavin.

Definite evidence for a precursor - product relationship

between purines and flavins was produced by the isotope experimente

62,6l

of McFutt who found that the carbon atoms from uniformly



14c . 1abelled adenine were incorporated into the pyrimidine

moiety of tho iscalloxaszine, but there was little incorporation

from adenine — 8 - 40,  Thie implies that the portion of the
purine ring system exclusive of oarbon 8 is utilised directly for
rings B and C without further dogradation.  Recently Smith ot gl.>?
suggested that the Cg which is'lost from adenine can be re-
incorporated at 02 of riboflavin via the formate pool. lt:llutt66
further demonstrated, by degradation of the riboflavin produced by
E. ashbyii 4in the presence of uniformly 1N - labelled sdenine,
that the nitrogen atoms of the purine wers also transferred intact
to the vitamin. In addition, 8 - azspurines inhibit flavinogenesis

as reported by Brown et a_l.61’67

This ia to be expected from the
above discuseion.

Brown et 2.61 established that the purine precursors of

riboflavin fall into the following order of decreasing effectivenesss
guanine, xanthine, adenine, hypoxanthine and uric acid. The greater
off;ctiveneu of guanine compared with xanthine and the fact that
most of the pteridines isolated from natural sources have a 2 - amino
group, raised the possiblility that 2 - iminoriboflavin may be the
immediate precursor of riboflavin. However, it has beon demonstrated
that 2 - iminoriboflavin neither promotes nor inhibits flavino-

genesis. 68

(¢) Role of 8 - Substituted Pteridines.

It has been realised in recent years that certain 8 -

substituted pteridines play an important part in the production
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of riboflavin in microorgsnisms.

(i) Isolation and Synthesis.

A significant advance was made by Masuda and his collaborators
when they isolated a now metabolic intemodiate,sg =T which they
referred to as " G - compound," due tc its green fluorescence,
from the mycelium of E. ashbyii. It was ultimately 1dont1fiod71
as 6,7 - dimethyl = 8 = D -~ ribityllumazine (523 R = D « ribityl)

on the basis of spectrophotomeiric analysie and chemical degradation.

Y X

(525

Lo\“

oJ\\ ‘icqqy

(8]
5') HN)‘\/l[N\ CH3
OJ\N NIO
H

|
R
(53)
The same compound was subsequently isolated from cultures of
A. goseypii by Maley and Plaut38 who noted further that during
growth of the organism in the presence of 1"0 - labelled glycine,

the specific radiosctivity of the lumazine derivative was higher
than that of the vitamin in the early stages of incubation. Thiws
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suggosted the possibility of a procursor relationship.

Besldes riboflagvin and " G - compound,” HMasuda isoclated

congiderable smounts of F.A. D.72

and gnother compound which
exhibited a violet fluorescence { " V - compound "; q.v. (iii)
below). This compound was subseauently chowm to be another 8 -
D = ribitylpteridine, namely, 7 = hydroxy — 6 — methyl = 8 ~ D =

ribityllumazine. (533 R = D ~ ribityl).

Consideration of the results of the experiments with labelled
purines (described in (b) earlier), leads to the conclusion theat
the pyrazine ring (Ring B) of riboflavin is formed by eliminaticn
of the carbon atom in position 8 of the purine, yielding a diamino-
pyrimidine derivative. The lumazine dorivatives (52 and 53; R =
D - ribityl) could feasibly be formed by condensation of the
disminopyrimidine (513 R = D -~ ribityl) with a 1,2 - dicarbonyl
compound, such as diacetyl or scetoin, and pyruvic acid respectively,

the latter compounds being formed from ascetate.

Such reactions wers first postulated by Hasu §9 The
pteridines (52 and 533 R = D ~ ribityl) have been synthesised in
this way in vitro bty several 1nvoutigatora3‘”39 obds T15 750 T but
there ie not yet any direct experimental evidence for the formation
of the hypotheticsl diaminopyrimidine (513 R = D ~ ribityl) in the

cultureas of microorgenicms.

Promn et al.®! tosted the offect of 4,5 ~ dieminouracil

(513 R = H) on flavin production using B. ashbyii but they failed




Yo find stimulation of riboflavin formation.  Howover,

Geodwin and Trable > reoported that the addition of glyoxal

to growing cultures of E. ashbyii led to formation of lumaszine,
indicating the presence of 4,5 = dieminouracil (513 R = H) in
the medium. It should perheps be emphasised at this stage that
inagctivity of diaminopyrimidines does not exclude the possibility
that substituted aminopyrimidines are the actual intermediates.
It may well be that the ribitylamino derivative (513 R= D -

ribityl) is the intermediate involved.

Masuda's thecry 1s supported bty Kishi et a_l.."6 and by

Katagiri et al. >’ |! who showed that the formation of " G -
Compound " (525 R = D = ribityl) from the pyrimidine (513 R = D -
ribityl) and acetoin required the presencs of an extract from
certain microorgsniems. The enzyme preoparation appears to effect
the oxidation of acetoin to diacety1.78 The latter condencses
readily with the diaminopyrimidine deorivative and this reaction

is non~-engzymic.

It is perhaps not surprieing that the required intermediate
(513 R = D = ribityl) has not been demonstrated in organiems se i%
readily calf—oondensoa33 to give the pyrimidopteridine (543 R = D-
ribityl). However, the anewer is more complex than this would
suggest as thig self-condensation product has not besn isolated
from cultures of the orgariismn in question and Coodwin and Troblo75
recovered lumagine and not 8 - D - ribityllumasine upon addition

of glyoxal to tho medium of E. ashbtyii.
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(11) Metabolic Studies of 6,7 = Dimethyl = 8 — D ~ ribityl -

lumezine. ( " G - compound ").

That "G - compcund" is probably a precursor of riboflavin
is suggested by the followirg factorss (a) its eimilarity in

chemical oconfiguration to the vitamin, (b) A. goseypii

incorporates radicactivity from 1“C - formate into analogous
positions (02) in both compomda,”’ss (¢) ohemical condensation
of the lumazine with diacetyl is claimed by llasuda69 to give

riboflavin, (d) Plaut78

showed that riboflavin is produoced in
incubation mixtures containing only " G = compound,"” a buffer and
an engyme. Additional evidence is given in the Theoretical Section

of Paxrt I.

Furthermore, the molar specific radiocactivity of 6,7 -
dimethyl - 8 = D = ribityllumazine is alwaye greater than that of
the vitamin in the early periods of i.m.ml;m;:lon,38 »39 indiocating
that the lumazine derivative is an intermediate in riboflavin

biogynthesie and not likely to arise by degradation of the latter.

11,79 - 82

Many experiment using a number of microorganiems have
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confimed this oconclusion, increased formation of riboflavin
having besn found on addition of " @ - compound." Maley and
Plaut®® have also shown that on incubation of extracts of

A. goesypii with 6,7 - dimethyl - 8 - D - ribityllumaszine -

2 - ¢, the molar specific radicsctivity of riboflavin formed
ig of the same magnitude as that of the added lumagzine derivative
which must therefors be utilissd for the produotion of the vitamin

and not mersly facilitate the catalytic conversion of some other

constituent in the extract to the flavin.

Lactobaocillus casel, which requires riboflavin for growth,

cannot convert " G - compound " into riboflavin, 0?2283 nile
microorganisme which can grow in media without added riboflavin
do possess this conversion activity. This is consistent with the
view that "G - compound " is an intermediate in the biomynthesis
of the vitemin. On the other hand, Katagiri et al.0? observed
that beef liver extracts are also capable of effscting this
transformation and this observation has found a measure of

support from the work of Kuwada et 3_1.8" who found conversion
activity with extracts of bovine liver but not when the same
tochnique wac applied to the liver of rats or rabbite.

Korte and his oollaboratora63’82 questioned the validity
of the route to the flavin via " G - compound ". They reported

that the labelled lumagine isolated from a batch of E., ashbyii

which had been inoculated with guanine - 5 = *¥¢ oould not be

converted into riboflavin when inoculated into yet another batch
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of E. ashbyii. However, there are doudts as to what

conciusione can ba drawn from these results as many casss sre
known in which sn added compound hae 1ot been utilised by an
intaot cell but has nevertheless bsen proved o bs an intermediate

of ‘& metabolio pathway witiidn ths os2l. D

(i11) 7,8 - Dihydro - 2,6 - dihydvoxy ~ § - methyl — 7 ~ oxo -

8 ~ D ~ ribitylpteridine. ( " V — compound " ),

This interosting compound was isolated from culturss of

E. ashbyii,5?86
and was given the trivial nagms " V -~ ocompound " by l!auud36 due to

Ao 8 15.7”87 and Cloatridium aoatohxtglioumaa o

its violet fluorescence in solution. After some uncertainty

thors is now general asgresment om its structure. (53 R = D-
ribityl), 104089

" V - compound " has been shown »87,90 %o be related

motabolically to " G ~ compound " and rTiboflavin by using cultures

of E. ashbyii and A. gossypii. Extensivo transfor of radio-
activity was observed from 1"c - labellod adening and guanine
into the pyrimidine portiocn of the molecules and Tronm u’c = Formate

into carbon 2.

Masuda nuggestedeg that " V - compound " was formed by
roeaction of pyruvato with 5 - amino - L - D = yibitylaminouraocil
as in ite chemical mynthesis »87 and to support this mechaniem

91

reported that the addition of large quantities of pyruvate to

cultures of E. ashbyii enhanced the formation of " V - compound "



and reduced the quentity of ribefiavin produced. Hasuda
interpreted this as a competition of pyruvate mnd acetoin for
aveilable 5 ~ amino - 4 - D = pibitylamincuracil, inersased
ancunta Of pyruvate leading %0 tho pxoduction of more of the

T = oxopteridine gnd less " G - compound ", and hencs less
rivoflagvin. However; an alternative explanation ig that " V -
compound. " (535 R = D~ ridityl) is forhed by displacement of

the diacety)l residus of " G - compound * (523 R = D = »ibityl)

by pyruvato.
0 o
HN Z L HN/\\ N CHy
1 >
07 N h‘l CHy 07NN N =0
H |
R R

(52) (53)

There is also strong ovidgn¢,939$ 63,82

%0 euggest that thig
tranasformation may be an oxldative ome snd thie is disgoucsed in
greator detail in the Theorsiicel Section of Part I.

86;90,91 thot ¥ V - cowmpound " is

it is generally agread7’
an end=product of metaboliem snd is not an inteormediate in

Llavinogenesis.
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(iv) The Formation of the o - Xylene Ring of Riboflevin.

The o -~ xylene ring (Ring A) of riboflavin presents rather

a novel problem of aromatio bicsynthesis.

Goodwin and Pandlington59 ghowed that flavin production
was stimulated by thrsonine im E. ashbyii and they explained
thie by postulating that the 0 - xylene meiety of ribdoflavian was
formed by ocondensation of 2 molecules of threonine. This
hypothesis was later shown by the same m:lmol92 %0 be untsnable
a5 the label from uniforaly '¥C - labelled threonime was fixed
only into positions 4a and 9a of riboflavin, i.e. into the carben
atoms lknown to be centributed by glyoino.ss In this case; glyocine
is probably formed from threonine by way of the engyme threonine
aldolaees

cnscuon. cn(naz). COOH ——> cnscno - caz(nz). COOE.

Birch and Moye’> suggest that the dimethylbengene ring is
formed by head to head and head to tail linkages of four molecules
of acetic acid; probably as diacetyl or acetoin derived from four

moleculse of pyruvic acid.

CHyn, 10 iy, o0 “Hane2”
-----E---- : CHBCHO P—— i‘\ . ‘CHOH
0% “oH Aceraldehyde (TR & CHB/

Pya.u\ric acd }»iace\rg\ Feetrorwm



This suggestion has been supported by the isotope
experiments of l’lap,ut.93 Furthermore, radicectivity from
acetoin = 1 = *%C when added to E. ashbyii was incorporated
exclueively into Ring A of riboflavin, * one half of the
radiocactivity being in the methyl groups, nono in csrbons 6
and 7, and the remainder presumably in carbons 5 and 8 by
analogy with previous experimonts9 3 with acetate -~ “‘c and

Yo,

glucoss -~ The labelled acetoin was incorporated mors

officiontly9 b into Ring A than acetate - 2 = 1‘*c.

The origin of the atoms forming the 0 - xylens portion
of riboflavin thus seems to be established but there has been
scme controversy over the manner in which these precursors of
Ring A present themeelves to the diaminopyrimidine (55; R = D -

ribityl).

An interesting hypothesis came from Birch and Iloyc»31 » 32 who
suggested that Ring A could arise from two molecules of diacetyl
by aldol condensation. In faot they were able to synthesise an
aldol-type dimer of dimcetyl (56) which they ocondensed with the
diaminopyrimidine (553 R = Me) to give lumiflavin (58; R = Me).
Later, Cresswell and wm':c!.33 oondensed the dimerio diacetyl of

Birch and Moye and also a new trimeric form of diacetyl (60) with
the base (555 B = D = ribityl) yielding riboflavin (58 R = D -

ribityl) in each case via the intermediate (573 R = D = ribityl).
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llnauda69 postulated evidence that ¥ G - compound “ could be

chomioglly converted into riboflavin injresencs of acetoin oy

diacetyl and he suggested that this reactiom occurs biolegically.

Masuda oconcluded from his results that diacetyl molescules add
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sucoessively to the base (555 R = D -~ ribityl) to give
rivoflavin (58; R = D = ribityl), vie the intermediate
" G- compound * (595 R = D ~ ribityl), However, Birch and
Mt'.ms32 could detect no lumiflavin (58; R = Me) when 6,7,8 -
trimethyllumazine (593 R = Me) was treated with diacetyl.
Furthermore, diacetyl does not appear to fulfil the biological

role proposed by lla.auda59

since Ketaglri et “—1.80 found that
the transformation of the ribityllumazine into ridoflavin wae

not stimulated by dlacetyl using Closiridium acetobutylioum

and Escherichia ooli neapolitanue.

Perhaps the most important step towards elucidating the
origin of the o-xylene ring of riboflavin wae provided uy
Flaut’® who reported that incubation mixtures containing only
6,7 - dimethyl - 8 = D ~ ribityllumagzine (593 R = D = ridbityl),
a suitable buffer and an engyme were required to obtain formation
of riboflavin. Stimulation of activity wae not observed on the
addition of various substances including socetoin, diacetyl,
pyruvate and acetate, and radiosotivity from acetate - 1"0 or
glucose -~ 1“0 was not incorporated intoc the vitamin. The
implication of these results can only be that " G - compound *
supplies not only the ribitylpteridine portion of riboflavin but
aleo the remaining four carbon atome to complete the o - xylene
ring. Thie is supported hy the chemical studies detailed in Part I

of this thesis.
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If the ribityllumaszine (593 R = D = ribityl) condenses with
four carbon atoms from an extraneous source, ons moloculs of the
lumazine derivative would be consumed for each moleoule of flavin
formed in the reactiony om the other hand, if the lumazine acts
as both acceptor and donor of the four carbon atoms, then two
molecules of the pteridine (595 R = D — ribityl) are required
t0 be enzymically converted into ore molecule of riboflavin
(585 R = D = ribityl) and the isotope experiments of Plaut78

indicate that the latter is the cass.

O o
N ° ®
HN z LH A ~N CH .
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Thusy 6,7 « dimethyl - 1‘*c - 8 = D~ ribityllumgzine was
enzymically oconverted into riboflavin and chemical degradation
of the latter bty chromic acid oxidation to acetic acid resulted
in a ratio of relative moler speocific radicactivities for
* G - compound ", riboflavin and acetic sold of 1:12.2:0.33

which is in good agreement with the expected values shown above.

Further proof of this mechanism would come with the
igolation and identification of a produot resulting from the



removal of a 4 - ocarbon unit from the lumagzine derivative
(593 R = D = ribityl) tut such a compound has not yet been

detaoted in the reaction mixturse.

The acocumulgted evidence indicates that ribofilavin
biogynthesis starts from the pyrimidine, rather tham the
benzenoid, end of the molecule. The only reasonable altermative
route to ribdoflavin, that from 2 - amino = 4,5 -~ dimethyl = 1 =« D =
riditylamino — benzens (613 R = D -~ ribityl),is ruled out owing
to the non—=stimulatory offeot of this oompound59 and a pi-oouroors
product relationship could not be shown using other compounds
related to the aromatic ring portion of riboflavin in the medium

51,59,96.

of ascomycetes. In addition, it has been demonstrated

that label from glycine - 15!1 is recoverad in the pyrasine and not
the pyrimidine ring of the flavin97 with cultures of A.goseypii,
151! from uniformly labelled purine is transferred as a unit to the
vitamin by cells of E. ashbyii, and " G - compound " is probably

an intermediate.

HzN ¢ H3

CHy

(1)



(d) Mechaniem of Formation of the Ribityl Side Chain.

Thue fa¥, nothing has been said of the origin of the

ribityl group at poelition 9 of the riboflavin molecule.

Plgut and Brober? 8 showed th&t. carbon atoma 1,2 and 6 of
glucoge ere all incorporated into the ribityl eide chkaln but the
labelling pattern is such as to preclude any simple explanation
of mechaniem.

McRutt and Forreat9°

using unifornly labelled guanosine
observed that purine ribosides are not superior to the free

bases, the diaminopyrimidine molety, but not the riboasyl group,
being inocorporated into ribqflavin in the mould E. ashbyii.
However, Weygand's Mpothcai; ? for the transformation of purineas
into pteridines suggeste that the pyrimidine glycoside (62; R =
NH, ), derived from a purine nucleoside, could undergo an Amadori
rearrangement to the ketose (63; R = lmz). Stersospecific
reduction of the carbonyl group of the latter could give a

D - ribityl side chain as found in riboflavin.

Neilson and Woodt™® in fact synthesised 1 - (2°,6° =

dihydroxy = 5° = nitro - 4°' - pyrimidinylamino) - 1 - deoxy - D -
erythropentulose (633 R = KO3 X =Y = OH) by condensing 4 - chloro
- 5 = nitrouracil (64) with 1 - amino - 1 - deoxy - D - erythro-

pentulose (65).
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Stereospecific reduction of the carbonyl group of ths
pyrimidine (633 R = 302; X = ¥ = OH) followaed by reduction of the
nitro group and condensation with the dimer of 3,4 - dimethyl =
0 - bengoquinons gave riboflavin. Thie mechaniem for the formation
of the ribityl group seeme a feasible one especially since Weygand's
route”” to pteridines from purinee via an Amadori rearrangement
is generally soceopted.

The fact that "G - compound” containe a ribityl eide chain on
the Na atom shows that the introduction of the ribityl group into
the ribofiavin molecule occurs before the aynthesis of the o -

| xylene ring and poseibly prior to the synthesis of the pyrasine
ring. Thus, "G - ocompound" could be formed from the pyrimidine (63;
R=NE3 X=Y =0H) by stereospecific reduction of ths oarbonyl
group, followed by condensstion with diacetyl.
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SYNTHESIS OF 8 — SUBSTITUTED PTERIDINES.

The mothods which have been employed for the synthesss
of 8 = substituted pteridines belong to one of the following
categories: (i) synthesis from disminopyrimidines, (ii)
synthesis from pyrazine derivatives, or (iii) direct

alkylation of pteridines.

p 1P From Diaminopyrimidines.

By far the most common of the three procedures is the
reaction of disminopyrimidines with dicarbonyl compounds,
condensstion taking place readily in the majority of cases.

A few typical reactione have been chosen to illustrates
their use in the synthesis of 8 - substituted pteridines and
the liet given here is by no mesns exhaustive.

Some simple 8 - alkyl pteridines have been prepared by
methods involving the condensation of a suitable 4 = substituted -
amino - 5 = aminopyrimidine with a 1,2 - dikotone, For example,

Fidler and Ihod"”

synthesissd the pteridine (673 R = R’ = Hes

X = OH; Z = NH) by reaction of the pyrimidine (665 R = Mes X = OH;
Y= Nﬂz) with discetyl. Mention has been made, in a previous
seotion, of the synthesis of 8 - D = ribitylpteridines by a
similar procedure from the pyrimidine (663 X = Y = OHy R = D =
ribityl).

An interesting side reaction was reported by Wood et 3_1."9’ 102
whereby attempted syntheses of =ome 8 ~ mothylpteridines of the
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type (673 R = Moj R' = H), involving the roaction of the
spproprigte pyrimidines with glyoxal, led %o the formation of
bisdihydropurinyls (70), which were produced prosumsbly by

reaction of 1 molecule of glyoxal with 2 molecules of the

pyrimidine.
2 A I
i iy =.
1n i YL\N N 70 1 W et
R R R
(L6) (68) (69)
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7 - ox0 ~ 8 = gubstituted pteridines have bsen prepared by
condensation of the disminopyrimidine derivative (66) with

oxalic ao:ldl, ethyl oxalate,l ethyl pyruva.te,w3 othyl

101, 104 103

glyoxylate hemiacetal, oxr ethyl oxomalonato."’z’

The last mentioned reagent giveas, of course, 8 - subdbstituted
pteridine - 6 ~ carboxylic scids (68; R' = CCOH) which ocan be
decarboxylated by heating st 200 - 250°, 422105 oo o trestment

2

with sodium amalgam. However, whon thess pteriding « 6 -
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carboxylic acids are treated with scdium borohydride, & 5,8 =
dihydropteridine (69) results, U0 hydrogen bonding tsking place
between the 7 = hydroxyl group and the carbonyl oxygen atom of
4the 6 = carboxyl group.

It is notable that the 6,7 - dioxopteridines (71),
obtained by reacting pyrimidines of the type (66) with ethyl
oxalate and sodium ethoxide, can be converted intc the
corresponding 7,8 ~ dihydropteridines (72) by reduction with
@odium analeamz and hence is egquivalent to the reduction of
an amide group. This type of reaction must depend on the
depletion of electrons from the caerbonyl group undergoing the
reaction (1.e. at poeition T), due to the proximity of the 6 -
carbonyl group, since oxygen is not removed by sodium amalgam
from 7 = hydmmteridinew6 nor from 7 = oxo~ pteridine - 6 -

carboxylic ac:io.u.,2

S X H
> H
‘1J§N r:] @) Y’KN ':j H
R R

(71) (72)

An alternative method of obtaining 7 - oxo - pteridine - 6 -
carboxylic soide (68; R° = COOH) has been discovered by Taylor
and Loux*® who condensed the disminopyrimidine (73;R = slkyl)
with alloxan in alksline solution. An interesting feature of

this reaction is that it appears to fellow different routes
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depending on the order of the additicn of the alloxen and

alkali, but the final product (75; R = alkyl) is always the
same. Thus, if the alkali ie added in sufficient quantity to
make the solution of the diaminopyrimidine approximately 0.5 N
with respect to scdium hydroxide, and then treated with alloxan,
the product (753 R = alkyl) ies formed via a spiro intermediate
(T4 R = alkyl). However, if the alloxan is added directly to
the reduction mixture containing the diaminopyrimidine, a deep
violet colour due to the anil (76; R = alkyl) appears which
then fades on addition of alksli. Therefore, in the latter case
the product ( 755 R = alkyl) is obtained by alkaline degradaticn
of a 9 -~ substituted pyrimidopteridine ( 773 R = alkyl ). Methods
for the reduction of the lactam grouping in the 7 = oxo = pteridine
~ 6 = carboxylioc acide ( 753 R = alkyl) wers investigated by
Taylor and Loux“‘ and this was finally achieved undor Clammengen
conditions, reduction by lithium aluminium hydride being
ingpplicable due to solubility difficultiqa.

It is perhape pertinent at this point to mention that Kuhn

"
and Strobelo1°7

obtained iesoslloxazine - 9 = glyocosides by
treating the o - xylidine glycoside acotate (79) with alloxan
followed by deacetylation to give the flavin glyocoside (80) which
was remarkably labile; being hydrolysed even hy cold dilute
acetic acid or 0.1 N sodium hydroxide and it was very much more

sensitive to light than riboflavin.
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N\* HN)\/( NH __)HN/“INr\NH
HNJ\ ) NH HNSN N \N/‘Lo
R
(73) (76) / (77)
o . 0
n e ”I“i‘""
HL XN N0 NNL Hﬂ’l\

R
(74) (75) (78)
O — 2L
HN eH
L > ocH;
on one  (79) oH OH e

5 = Amino = 4 = substituted asminopyrimidines have also been
condensed with o{ -~ hydroxykeiones, such as m’dn'ﬁ,101,108
to form 8 - substituted pteridines and with hslo compounds, for
example chloroacetyl ohlcu-icie.:l vielding 6 - 0x0 = 8 =

substituted pteridines.
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2. From Ijlgrazine Derivatives.

Another approach to the syntheais of 8 -~ substituted
pteridines was provided by Dick, Fidler and Wood® whose
starting material was a pyrazine derivative rather than a
diaminopyrimidine. The synthesis was achieved by fusion of
1,2 = dihydyo - 3 -« methoxy - ocarbonyl - 1 = methyl = 2 = 0x0 =
596 —= diphenylpyrasine (81) with guanidine carbonate to give the
8 -~ methylpteridine (82) in 93% yield.

MeOOCKN]Ph I
O\~ Ph \-\NJ\
]

Me e,

(81) (32)

3. Direct Alkylation of Pteridines.

Simple amino - and hydroxy - pteridines are usually

alkylated on a nuclear ni#rogen atom of the r:l.ng which bears

109 109

the substituents. Thus, h amino -, l. methylamino -,

4 = amino - 2 = hydroxy - 110 2 -~ hydroxy 1" and 4 - lvclroxyﬁ'li

- pteridines are all methylated only on Kl with exception of the

last example which algo gives an O - and N_ - methyl derivative.

3
Mh,mrﬂp 6 = lwdron -o T = hyd.rov - 9 2,‘0 -~ dih’drov =g

and 6,7 = dihydroxy - pteridines give respectively 5 - methyl -,
8 - mothyl = , 1,3 - dimethyl - , and 5,8 ~ dimethyl derivatives. '

On the other hand, this rule is somewhat disrupted in the case of
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2 « gmino = 4 - hydroxypteridine (833 R = H) which is the

fundamental nucleus of moet known natural pteridines. In
contrast to the examples quoted above, this pteridine undergoes
transanmmular methylation yielding exclusively 2 ~ amino = 48 -
dihydro — 8 - methyl - 4 - oxopteridine (843 R = Mes R' = H).''0
The structure of the latter was elucidated by (a) preparing
unambiguously all of the five possible monomethylated pteridines,
methylation on HS being precluded by valency considerations; and
(b) comparing their phyeical properties with the produoct

obtained from the methylation reaction.

)
HN/IN jk
HINJ\\N N Z HNJ\

(83) (3¢) R

(®)
N Ny CoH Me-N COM
Y )I )
HNNN NN 2
e
(85) (R¢)
Me-nN )‘I jCo H

Me.
(37)
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192 : y
examined the direct

Recently, Angier and Curran
methylation of 2 = gmino -~ 4 - hydroxypteridine = 6 =
carboxylic acid (833 R » COOH) which gave a variety of
product® depending on the conditions employed. Hethylation
of this pteridine in acotic acid - dimsthylformmmide solution
yielded the 8 ~ methylpteridine - 6 - carboxylic acid (843 R =
Moy R’ = cooa) supporting Brown & Jecobsen's trensannular
alkylation. However, when (83; R = COOR) was mothylated in
alkaline solution, a mixture of the 1 - methyl =, 3 — mothyl =,
and 3,8 -~ dimethyl -~ derivatives ( 85 to 87) was obtained.

Angler and (:ur:wx‘i 12

conoluded that the neutral moleoculs (83;

R = COOH) undergoes preferential M - methylation in the

pyrazine ring at position 8, while in a bamic solution the
resulting negative charge is located primarily in ¢the pyrimidine
ring =0 that methylation ocours prefersentially at the 1 - and 3 <
H atoms. Troatment of the ) ~ methyl derlvative with methyl
sulphate in din'otbylfommide contalning =z amall smount of
sulphuric acid resulted in a slow and incomplete rsaction to
form tho 3,8 ~ dimethyl compound (87), indicating that methylation
is inhibited Ly acid and that it is actuslly thg neutral molecule
which is readily methylatod in the 8 - position.
Btoxidine - 8 - glycosides.

All of the methods outlined in (1) to (3) above could
theorotically bo used as model reaotiong for the synthesis of
ptoridine = 8 « glycosides; indeed, many of them were carried out
with asuch an sim in view. The 6,7 - diozo - pteridine =~
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glucopide ( 88; G = D = glucosyl) of Todd et a;l.l and the

7 = oxo ~ pteridine - glucosides of the type (893 X = 03 or

X o ¥H; G = D~ glucosyl) of Forrest snd Lohrmann''> were
synthesised from the appropriate disminopyrimidines bty the Isay
roaotion. However, no pteridine - 8 - glycoside strictly :
anslogous to0 the purine 'nuoleoniden has yet besn synthesiseds
none with a struocture similar to ( 843 R = glycoayls R' = H),
for example, which is the ptoridin; snalogue of guanosine.

Mkﬁ\ )i T

3
(33) ( 89)

R= H;Me  OH ) COOH.
Pfleiderer and Lohrmamn' '* reported the diraat
alkylation of T - oxopteridines with halosugars in presence of
silver carbonate, but instead of the expected ¥ ~ glycosides
they obtained pteridine = 7 = 0 - glycosides.

A new method of synthesising F ~ glyocosides of uria aocid
has recently been achieved by Birkofer et g.ns utilising
triethylsilyl derivatives of the purine, which on tht with
a halosugar in presence of eilver perchlorate yielded the uric
acid 3 - glycosides. This techniqus may prove to e applioable

to pteridines but is not discussed further in this thesis.



PART I

CHEMICAL ASPECTS OF THE BIOSYNTHESIS OF RIBOFLAVIN.
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THEORETICAL

The chemical studies of Cresewell and Wm:a.33 prompted a
closer examination of the chemical reactions involved in the
biogynthotic route to riboflavin (963 R = D = ribityl) from
5 - amino - 4 = D = ribitylaminouracil (923 R = D - ribityl)
which is thought to be a precursor of the vitamin. As
mentioned earlier, these authors postulated the formation of
rivoflavin vis a pteridine intermediate (943 R = D = ribityl)
which thoy synthesised without isolation. Subsequent treatment
of the intermediato at PH 1 = 6 or at pH 13 gave riboflavin.

In order %o study further the feasibility of this suggested
biogynthetic route to riboflavin, attempte were made to isolate
the above intermediate so that its effect on flavinogenesis
could be examined. The initial problem of the imsolation of
the very labilo pteridineg intermediate was only partially solved.
This pteridine was gynthesised according to the method of
Cresswoll and \‘lood33 by reaction of the dimer of diacetyl with
the diaminopyrimidine (913 R = D - ribityl). This reaction
gives in addition small amounts of another pteridine to whioch
the aforsmenticned authors assigned structure (95; R = D - ribityl).
The deeired pteridine (943 R = D = ribityl) was separated by
large scale paper chromatography ite isolation being possible
only on paper chromatogram strips.
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A strain of the microorganiem Nemstospora gossypii ( or

Ashbya gossypii,) which was iimn,v supplied by Prof. E.O. Morrie
(R.C.S.T., Glasgow) proved to be oo weakly flavinogenic for our
Purposes. Ths paper chromatogrsm strips of the pteridine
intermediate were thersfore sent to Dr. G.W.E. Plaut (University
of Utah) for microbiological investigation but due to its
extremo instability the pteridine did not survive the Jjourney.

Recently, bowever, Asai and Ku'a.dags

confirmed the formation
of riboflavin from the pteridine (943 R = D -~ ribityl) Yy the
aotion of acid but reported that thie pteridine did not give
riboflavin in vitro by the aotion of the enzyme from the
mycelium of E. ashbyii, while 6,7 -~ dimethyl -« 8 = D = ribityl
- lumazine (923 R = D -~ ribityl) when treated with the engyme

under the same conditions did, in faot, produce riboflavin.

Attention was next fooussed on the two 8 = D ~ ribityl -
Pteridine derivatives isolated by luudas"m from ocultures of
E. ashbyii, namely, 6,7 - dimethyl ~ 8 -~ D - ribityllumasine

( "G - compound” ) (92; R = D ~ ribityl) and 7,8 - dihydro -
254 - dihydroxy -« 6 - methyl = T = 0x0 = 8 = D = ribityl-
pteridine ( "V - compound” ) (93; R ., D - ribityl), with a
view to examining their role in the bilogynthetic pathway to

riboflavin from a chemical etandpoint.

The biological conversion of "G - compound"” into "V - compound"
has been previously mentioned in the Historiocal Section. A

chemiocal study of this conversion which was thought to be
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desirable is now described.

"G « compound” and "V - compound" were synthesised from
5 « gmino = 4 ~ D~ ribitylaminouracil (913 R = D - ribityl)

by condensation with diacetyl and pyruvic acid respectively.

| O o 0
VS S
R H R R

(50) (1) (92)

| o N

HN)ININe HN)‘\ENIMe c'.o--ma

0PN NN -S0 oJ\N? N~ en§ T Me
H % !R OH
(93) (94)

O (9]
HN N Me ¢o-Me HN _N Me.
X e ey
el ke N getin 0P N7 N Me
R R

(95) (96)
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It was thought that if the "quinonoid" pteridine (923
R = D= ribityl) could be reduced to the corresponding
596,78 = tetrahydropteridine or the 7,8 - dihydro derivative
thesse might then underge a displacement resaction with pyruvie
acid to form the 6 — methyl - 7 - oxopteridine (933 R = D -
ribityl). It was decided that a model reaction using the
less expensive 8 - (2' « hydroxyethyl) - pteridine (92; R =
05201!20}1) would prove valuable. The 5 - aminopyrimidine
(913 R = CH,CH,OH), obtained by hydrogenation of the 5 = nitro
compound (903 R = CH,CH,OH), was isolated as the hydrochloride.
(The isolation of dieminopyrimidines of this type as hydro -
chlorides gave pteridine producte of higher yield and purity).
Subsequent condensation of the smine hydrochloride with diacetyl
in methanol gave the lumazine derivative (92; R = CH,CE,OH).
The 6 ~ methyl - T — oxopteridine (93: R = CH,CH,0H) was
furnished by a similar condensation of the amine hydrochloride
with pyruvic acid.

Two mols. of hydrogsn were consumed by the quinonoid
pteridine (92; R = CH,CH,OH) when hydrogenated over pre~reduced
platinum oxide, indicating the formation of a tetrahydropteridine.
Removal of the catalyst and concentration of the solution in
Vacuo, however, ylelded a product, the ultraviolet spectra
of which suggested that it was a 7,8 - dihydropteridine which
had presumably been formed by oxidation of the tetrahydro -

pteridine during the isolation procedure.
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Structure (973 R = CH,CH,O0B; R' = H) wae assigned to
the product on the basis of (a) ite ultraviolet spectra in
acid and alkali which were similar to those of a known
7,8 ~ dihydropteridine (ses Fig. 1)s (b) hydrogenation when
1 mol. of hydrogen was consumed; (¢) rapid aerisl oxidation
on heating in acid or alkaline solution %o give the original
lumazine derivative (923 R = cnzcazon); and (@) elementary
anglysis.

0 O—ri
NxCH N H

O
" oW’
OJ\N N ;.Ha OJ\N/ N OH

Hoo '

R R

(97) (58)

Treatment of the 7,8 - dihydropteridine (975 R = CH,CH,OH;
R' = H) with pyruvic acid in water or in acid solution yielded
the lumasine (92; R = CH,CH,OH) in eddition to a mixture of
decomposition products. None of the 6 - methyl -~ 7 - oxopteridine
(95; Rm cnzcnzon) ocould be dotected. When the reaction was
carried Iout in alksline solution there was again a complex
mizture of products but one of these was identified by Rf (6
solvent eystems) and ultra violet speotra as the § - mothyl -
7 - oxopteridine- (93; R= cnzcnzon). It will subsequently be
shown that thie is probably formed via the quincnoid pteridine
(923 R = cazcazon) which srises by oxidation of the 7,8 -
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dihydro compound (sse above). The alternative routes

from this quinonoid lumagzine to the 6 - methyl « 7 - oxo =
pteridine are (a) oxidation of the 7 - methyl group, which at
firet sight seemed unlikely, and/or (b) displacement of the
carbon atoms st positione 6 and 7 and their methyl groups by

a pyruvate residue.

Hydration of 8 « Substituted Pteridines.

It is convenient here to digrees slightly to consider the
hydration of 8 - substituted pteridines as this led to a better
understanding of the steps involved in the above problem.

A% this time l!a:lnox-:lah/“6 was investigating the ultre~
violet spectra of 8 - substituted pteridines of the type (92)
and suggested that the anomalous strong hypsochromio shift from

Amax 408 mu  at pH 5.8 to )\m“ 316 ma at pH 13 was due to
the formation of the anion of the "hydrated" form (973 R’ = OH)
in the strongly alkgline medium. He also showed that the
hydration wae promoted by metal ions glving colourless chelates
such as (98).

Lo on the other hand, was of the opinion that the

Albert,
hydrated form was represented by the peak at ca. 4L10 m M and the
anhydrous form by the peak at os. 510 M . His conoclusions are
based on the following observations: (a) 4 = hydroxypteridine on
reduction to ite 7,8 - dihydro derivative exhibits a bathochromic
and not a hypsochromic shift, which phenomenon is also found in the

conversion of quinoline to dihydroquinoline, and (b) 8 « methyl -
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lumazine (995 R = Mc), unlike the 8 — D — ribityl derivative,

retains the 410 mA peak in sddition to the now pesk at 310 ma.
on increasing the pH from 1 to 13. Albert suggests that the
cation and neutral speocies of 8 - methyllumazine are thereofore
fully hydrated but the anion is a hydrated - anhydrous
equilibrium mixture. Thus; he arguss; & mathy} group at
poeition 8 cannot prevent a certain amount of hydration
(represented by the 410 m M  band) but bulkier groups make it

sterically impossible for the water molecule to remain there.

It was decided to examine mors closely this question of
hydration of 8 = substituted pteridine derivatives. 8 - (27 -
Hydroxyethyl) - lumasine (995 R = CH,CH,OH) was synthesised by
oondeneation of glyoxal with 5 - amino - 4 = (2° - hydroxy -
ethylamino ) - uracil hydroohloride (91; R = CH, CH,OH) in
methanol and its ultraviolet spectra recorded. On changing the
pH from 1 to 13, the 410 mu peak completely disappeared and a new
peak at 310 mp. was observed. It was found moreover that the
oxidation of 8 = (2' - hydroxyethyl) - lumssine (993 R =
CH,CH,0H) to the 7 - oxo derivative (1005 R = CH,CH,OH) takes
Place much more readily under alkaline than under neutrsl or
acid conditione. This confirms that nucleophilic attack by the
hydroxyl ion has taken place at position 7 and arguees in favour
of the anion being the hydrated epecies ( i.e. represented by the
310 m . band) in agreement with Hemmerioh's theory. Furthermore,
when simple alkyl groups are present in the 7 or 8 positions then

there is a certain sterio hindrance to the Bydration proocess,
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exemplified by the presence of the 410 mm peak in 8 -

methyllumagine.
O o] 0
HN lNHz HN)TN] AN N x
o’J\N NH o’J\N Z N OJ\N N 10
H R . L)
() (99) (100)

The greoater case of hydration when a hydroxyethyl - or
similar group, such as D -~ ridbityl, is preeent im position 8 ocan
be explained by the increased poessibility of hydration due to
intramolecular sddition as in the following scheme:

(0) (0]
T — O
~ = CH
OPNNZN N~ CHy OANNINN-]G
| H | |

From the ultraviolet spectrum at pH 13 of 8 - (2' - hydroxy -
othyl) ~ lumasine (993 R = CH,CH,OH), Apqx. 231,262,311 mAL and
that of the corresponding 6,7 - dimethyl derivative,),..y2315283,
316 ma o the methyl group in position 7 is apparently exerting
a little influence on the hydration in alkaline soluticn, which
is thought to be an intrsmolecular resaction.

Perhaps the best evidence for the anion of 8 = substituted
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Pteridines being in the hydrated form is to be found in the
comparison of the ultraviolet spscira at pH 13 of the lumazine
(925 R = CH,CH,OR), Apmax 2319283, 316 mun with that of the
corresponding 7,8 - dihydropteridine (973 R = CH,CH,
Amax. 2315283,317 m av , which are virtually identical (see Fig.2).

OH; R° = H)

Reacidification of the alkaline molution of the 7,8 - dihydro -
pteridine gave the absorption maxima of the neutral mclecule of
the 7,8 - dihydropteridine showing that the latter had not merely

been oxidised to the 6,7 ~ dimethyllumazine (92t R = cnzcazoa).

Diesplacement Resotions.

Having reasonebly established that 8 -~ substituted pteridines
of the type (92) exist in the hydrated form (97; B° = OH) imn
alkaline solution, it seemed poseible that the compound (978 Re=
D - ribityly R’ = OH), which is & ocarbinolamine, is an intermediate
in the biological conversion of Masuda’s "G - compound” (92; R =

D- rib:l.tyl) into "V - compound" (9% R = D - ribityl).

e I )i T

(92_) 0 (93)
HN N\ Me
LG T
0" >N N
H :

R
(97)
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118 ¢hat this transformiation can be

It hae now been foumd
brought about in vitro by refluxing the lumasine (92; R =
CH,CH,0Hy op R = D = ribityl) with pyruvate for 8 hr. at pH 13
to give ths 6 = metlyl - T ~ ozopteridine (93: R = CH,CE,OH; or
R = D- 7ibityl) identified by ultraviclet and infrared speciral
comparison enud bty paper chromatognp_hy with authentic samplee.
This, however, did not rule ocut the possibility of oxidative
removal of the 7 - methyl group as an alternative route to the
7 - ozopteridine.

An agueous solution of 6,7 -~ dimethyl = 8 -~ D - ridbityl -
lumagzine (923 R = D - ribityl) when left oxposed to the air
suffeored no change after 7 deys but on standing for ssveral weeks
a 1ittle of the 6 - methyl = 7 -~ oxopteridine (953 R = D - ribityl)
was detected by paper chromatography. Similarly, an alksline
solution of the lumasine derivative through which oxygen pacsed
was slowly converted to the 6 - methyl - 7 ~ oxopteridine,
refluxing for 15 hr, being required for complete conversion. Thue,
oxidation is also chemically Peasible for the conversicn of ($2)
into (93).

When the reaction of the lumszine (92) with pyruveto at pH 13
was carried out under oxygen = £res nitrogen, the 6 ~ methyl = T «
ozopteridine (93) wee obtained as before. The converzion of (92)
into (93) was aleo observed when the former wes kept inm the

prosence of pyruvate at }7° and pH 13 for 2 deys but tho product
wes conteminated by other dsccmposition producte. The pH was
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varied end the conversion was found to take place at pH values

down to T.3 but the lower the pPH employed, the longer the reaoction
time rsquired.

One final faotor in these displacement reactions still
remagined doubtful. The oonversion took place in the absence of
oxygen but was 1t possible for the pyxuvic aoid to be acting as
an oxidising agent and the conversion theroby still following an
oxidative mechanien? This hypothesie was readily tested and
proved not to be the case. The lumasine (92 R = CH,CH,OH) wes
refluxed under nitrogen in alkaline solution as befors but oL -
oxobutyric acid was substituted for pyruvic acid. The product
isolated was the 6 - ethyl - 7 - oxopteridine (1013 R = %CRZOH),
no trace of the 6 - methyl - 7 = oxopteridine being detected.

(8)
L
O7NN N -0

H :

R
(to1)

Thus, in the biological conversion of the 6,7 - dimethyl -
lumazine (92) into the 6 - methyl - 7 - ozopteridine (93) both (a)
oxidative removal of the 7 - methyl group, and (b) mucleophilic
attack at position 7 of the lumasine followed by weaction with
pyruvate, seem to be chemically feasible pathways.

Howover, recent biochemical work indicates that route (a)



56
may have preference over route (b). Thus, Aeai et al. 19 treated

657 = dimethyl = 8 = D = ribityllumazine ("G - compound”) (92

R = D= ribityl) with the enzyme from E. ashbyii and detected the

pressnce of "V - compound” (933 R = D - ribityl) in the reaction
mixture in addition to formaldehydse, formic acid and riboflavin,

which they state is explained by the following reactions -

o)
HN)‘?EN:,( pH>E HN)‘?[ :[CHa ]: ICHs HCHO
OX.
OJ\N’ N th, pH<H oJ\ CH, o H.COOH
¢
(92) (102) (93}

When pyruvic acid and 5 ~ amino = 4§ = D -« ribitylaminouracil
were treated with the same enzyme under the same conditions, these

authors did not detect "V ~ compound". This seems surprising.

The postulated intermediate (102) is also unlikely to be the
Primary intermediate as it has already been shown that the lumazine
(92) in alkaline solution ie hydrated at position 7 and its ultra-
violet spectrum is that of a 7,8 - dihydropteridine whereas a
structure such as (102) which has an increased chromophoric system
would be similar to that of (93). This is not the camse. Plaut'e
recent isotope experimentamo are more signifiocsnt and confirm
that the biological conversion of "G - compound" into "V = compound"
follows an oxidative mechanism. Thus "V = compound" produced

engymically from "G - compound" labelled specifically in the 6,7 -
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dimethyl groups, contained half the molar specific radioactivity

of the radiocactive lumagine, indicating removal of only ons of the

methyl groups during the conversion.

Synthesis of Riboflavin and Related Compounde.

Whilet investigating the above pyruvate displacement reaotions,
it was observed that when a solution of 8 -« (2° -« hydroxyethyl) -
6,7 - dimethyllumasine (923 R = CH,CH,0H) in a phosphate buffer of
PH 7.3 was refluxed under nitrogen in the dark for 15 hours, the
main product was the isoalloxazine derivative (963 R = cazcnaon).
This transformation ocourred in the absence of engymes or any other
source of carbon. A similar reaction with 6,7 - dimethyl - 8 =
D - ribityllumazine (92§ R = D - ribityl) furnished riboflavin (96;

R = D= ribityl) in good yleld. 2

O O
o’l\N’ Sl OJ\N’ N CHy
R

R
(92) (9¢)

This confirmed Plaut’s observation78 that all the carbon atoms

of the 0 = xylene moiety of riboflavin are derived from the same
lumazine (923 R = D = ribityl). In other words, 2 molecules of

thie lumazine ("G = compound") react under certain conditions to
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€ive 1 molecule of riboflavin, It was decided to ascertain theo

limite of these conditions and attempt to define a mechaniem for
the transformation. For this purpose, the lumasgine derivative
(925 R = CH,CH,OF) was used as a model compound, being more resdily
available than the ribityl snalogue.

In order to ensure that the phosphate lons had no role to
Play in the transformation, th§ reaction was repeated using
formate and borate buffers of the same pH value. This yielded
similar results. The pH va1u§ was varied but it was found that
the original pH of 7.3 (biological pH) was the optimum for igo -
alloxazine formation, the yields being almost halved by raising
or lowering the pH of the reaction mizture by 1 unit.

The conversion of the lumazine (92) into the iscalloxazine
(96) also ocourred in strongly acid medium but with reduced yield
and purity. The isocalloxazine was detected by paper chromatography
after refluxing the lumagine in LN - sgulphuric acid but much
decomposition also occurred. 2N - Hydrochloric acid produced some-
what better resulte than the stronger acid particularly when the
lumagine solution was maintained at room temperature in the dark
for 6 weeks 1:3 a tightly stoppered flask.

Effect of Additives.

The effect of various additiinu on the reaction was next

examined. Plaut12° reported that reducing agents increased the

rate of ribvoflavin production in his engymic conversions of
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"G - compound”. However; in the in vitro experimente desoribed
here, the addition of 2 ~ mercapto - ethanol had no effeot on the
"prate” or yield of the reaction. (The term "rate" refers to the
approximate time taken for disappearance of the lumazine starting
material as deteoted by psper chromatographic examination at
frequent intervals). The addition of 1 equivalent of diacetyl
to the reaction mixture had likewiee no apparent effect on either
the yield or "rate" of the rsaction. On the other hand, the
addition of nickel ions was found to acoelerate the conversion

and to furnish a slight inorease in yield.

Possible Mechanism for Conversion of (92) into (96).

It is suggestied that the mechanism of the transformation of
the lumazine (92) into the isoalloxazine (96), and presumably of
the corresponding engyme reaction, involves the following steps.
(a) Ring-opening of the pyrasine ring in the quinonoid pteridine
(92) takee place, being initiated by nucleophilic attack at
position 7 ( 92— 103—104). (The displacement experiments
proviously desoribed clearly indicate that the pyrasine ring -
closure in the quinonoid pteridines such as (92) is reversidble).
(b) Aldol condensation involving two molecules of (104) occurs
to give the large molecules (105) which is in effect a derivative

of dimeric diacetyl, as suggested by B:I.mh.122

An altermative to
the mechanism via the rather cumbersome molecule (105) is that a

diacetyl molety is cleaved from one molecule of (104) and reacts
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with the second molecule of (104) to form the "intermediate"

(94) of Cresswell and Wood”? which then oyolises %o the ieo -
alloxazine (96). However, if this were so, the addition of one
equivalent of diacetyl to the reaction mixture should have

doubled the yield of iscalloxasine which was not the case.

(o)
CHy W Nax o CHy
I T,
CH3 0 N NH \eH
R 3
92) (104)
CH3
(lo3)
Ame)&m’hm
O cu3 ' (0
HN N\C s\,_/N i
cH
oJ\N MM °“' ”! ' HN N/Lo
H ¢ “ o & H
(tos)

X Ii“

(96)



61

Me co-Me
CH’C’ s
ou
(94)

(c) Cyoclisation of the intermediate (105) with loss of the
diaminopyrimidine portion,cn the right hand ¢ide of the dotted
line, gives the imoalloxasine (96). This is similer to the
oyolisation of (94) reported by Cresswell and Wood?-

It was surprising to find that the conversion of the lumagine
(923 R = D~ ribityl) into riboflavin occurred also in a strongly
acid medium albeit in much reduced yield. The faot that it ococurs
at all in acid solution seems to deny the first step of the
mechanism, that of hydration which appears to occur only in
alkaline solution.

A tentative mechanism for riboflavin production in acid
solution is suggested in the scheme below.

0
cH3 -H@ “OJ*N N D
K R
(92) (1006)




62

® + H,0 CHy
@ _ H@ > ICH3
(103)

The carbonium ion (106) undergoes addition of water
followed by elimination of a proton to give the hydrated
lumasine (103), the remaining stages to the isoalloxasine
taking place as befors. Although aldol condensations are
normally base - catalysed, it is known that they can also take
place in an acid medium (e.g. the formation of phorone from
acetone’ 25). No evidence, however, has yet been found for the

presence of the hydrated species (103) in strongly acid medium.

Isolation of Intermediates formed in the Converaion of Sg}
into §2 ).

Attempts were made in vain to isolate intermediates formed
in the production of the ieoalloxasine (96) from the lumazine (92).
The addition of hydroxylamine or 2,4 - dinitrophenylhydrazine to
the resotion mixture produced s mixture of no lozs than eight
componenis as detected by peper chromatography and attempts at
isolation ended in failure.

Aocording to the proposed mechaniam; a L - substituted -
anino - 5 - aminopyrimidine moiety is cleaved from the intermediate
(105); as shown on the right hand eide of the dotted line.
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Evidence for the presence of the diaminopyrimidine (91) has

been found. In the model reactions using the lumasgine (92 R =
cnzcazon), a emall amount of the pyrimidopteridine (1073 R =
05203203) wae isolated. Cc:-uuon, Neileon and Wood ¥ have
shown that such pyrimidopteridines can be readily formed from
diaminopyrimidines such ae (91)). Furthermors, the addition of
glyoxal to the reaction mixture from the lumagine (923 R =

CH,CH,OH) at pH 7.3, yielded a 1littlo of the pteridine (99; R =
CH,CH on)

0
HN NHr. /.\/[ f\
. "
W k
(91) 107)
)
N 2N
L)
Ja.
R
(99)

This is, however, not the complete answer as Plaut's
isotope studies 20 point to the presence of a pyrimidine ("X"),
in biologiocal amystems in which riboflavin has been produced

engymically from "C - compound". This pyrimidine ("X") is mot
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the dieminopyrimidine (913 R = D - ribityl). His general

mechaniem as represented bty the oqfution below agreas, however,
on the whole with the mechanism proposed above.

2 x "G -~ compound" ———> Riboflavin <+ "X".

The composition of "X" has not yet been elucidated by
Plaut but he has shown that radioactivity from 6,7 - dimethyl -
8 ~ D= ribityllumagine (2 -*%C) is incorporated in "X" and the
latter on alkaline degradation yields radiosctive ures.
Therefore 02 of the lumazine remains assoclated with the two
nitrogen atoms in "X". On the other bhand, when the label was
placed in the 6 and 7 methyl groups of the lumagzine, the isolated
compound "X" was inactive and the latter yielded inactive urea on
degradation. Radiosotivity from the lumssine (4,8a ~ 1%C) was
rocovered in "X". Thus, the carbon atoms 2,4 and 8a of the
original lumasine were retained in "X". Thus, "X" would appear
to be a pyrimidine derivative but its precise struoture is, as
yeot, unknown.

2 = Amino = 4 - hydroxy = 8 - substituted Pteridines.

It was declided to apply the displacement studies and the
formation of isoalloxagine derivatives to the 2 ~ amino « 4 -
hydroxypteridine series, the latter being the moet common
naturally occurring pteridine nucleus.

Synthesis of the 8 ~ Substituted Pteridines.

2 = Amino - 4 - chloro = § - hydroxypyrimidine was
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nitrated under carefully controlled conditions yielding the

5 - nitro compound (108). This nitro -~ chloropyrimidine was
condensed with a suitable primary smine to give the
corresponding L -~ substituted ~ aminopyrimidine (109) which on
hydrogenation afforded the key disminopyrimidine (110),isoleted
as the hydrochloride. Subsequent treatment of (110) with
diacetyl or pyruvate ylelded the pteridines (111) ama (112)

respeotively.

Conversion of the 6,7 ~ Dimethylpteridine (111) to the 6 - Mothyl -

1 - oxopteridine ‘112).

The same pattern as found in the 2 - oxopteridine ceries

was followed. In the abssnce of oxygen, displacement by
pyruvate oocurred to give the 6 - methyl - 7 - oxopteridine (112)
at pH 13. Oxidation of the pteridine (111) to (112) almo
oocurred even more readily than with the corresponding 2 -~ oxo
oompound tut a longer refluxing time was etill required for the
complete conversion vis oxidation than via displacement ty
pyruvate in the absence of oxygen. Again, the optimum oonditions
for the conversion, whether by oxidaticn or displacement was at
PH 13 although the reaction also took place much more slowly at
PH T.3. The hydrated pteridine (113) would thus appear to be an
intermediate in both remctions.

thesis of Isoalloxagine 2 - Imines. (115).

2,10 - Dihydre = 4 - hydroxy - 10 = (2° = hydroxyethyl) -
2 = imino = 7,8 -~ dimethylbanso [g]pteridino (1155 R = CH,CH,OB)
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was synthesised in three difforent waeys.

(i) A eynthesis similar to that of Cresswell and Wood”» for
riboflavin was carried out by reacting the dimer of dimcetyl with
the disminopyrimidine (110; R = cnzcnzox) %o give the iso -
allozasing = 2 - imine (115; R = CH,CH,08) presunably via

the intermediate (1143 R = CH,CH,OH) by snalogy with Cresswell
and Wood's reaction.

(1i) 7The ribityl side-chain of 2 = imino - ribvoflavin (115§ R =
D ~ ribityl) (s eample of whioh was kindly supplied by Dr. P.
Hemmerich, University of Basle) was cleaved with periodate to
give the aldehyde (116) which on reduction with sodium boxo -
hydride furnished the iscalloxaszine — 2 - imine (115; R =
ca,zcazon).

(1i1) The 6,7 - dimethylpteridine (1113 R = CH,CH,0H) was
refluxed under nitrogen in a phosphate btuffer of pH 7.3 for

24 hours. During this time eny so0lid product which formed was
removed by filtration at intervals of 6 hours 0 keep
decomposition to a minimum, The product had idemntical Ef values
in 6 solvent aystems and ultraviolet speotras with those obtained
in (1) and (ii) but in this case the product could not ba
obtained complotely free from impurities.




EXPERIMENTAL .

Infrared specira were detormined for nujol mulls and potassiun
chloride discs. Ultraviolet specira woro determined on Unicam

SP600 and Perkin -« Elmer 137U.V. spectrophotomsters.

Paper chromatograms were doveloped by the ascending technique,
the solvent systome being, (A) n - butanol - 5 W. acetic acid (7:3);
(B) 3% squeous ammonium chloride; (C) n - propanol - smmonium
hydroxids (S.G. 0.880) - water ( 40: 1s 20); (D) 3% saueoue
emnonium formates (E) n - butanol -~ ethanol = water ( 50 s15: 35);
(F) n - butanol = benzene - water — mothanol (1 i: 13 2), and they

were viewed in ultraviolet light of wavelengtha 25 and 365 mam .

Yields of substances which have no definito m.p. refer to

the stago when they appéarod homogensous on paper chromatogramse.

Barbituric Acid. 125

Ethyl malonate (320g.) and dry urea (120g.) were dissolved
in ebeclute ethanol (i000cc.) and added to a eodium ethoxide
solution (46g. sodium in 1000cc. absolute eothsnol). The mixture
was refluxed for T hr. in en oil bath at 100 - 110° end hot water
(2000cc. at 50°) was added, followed by comcentrated hydrochlorio
aoid (188cc.). After stirring, the so1{mon wae filtered and loft

to stand overnight at 0°. The cryetalline product was collecied.
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washed with cold water (20000.) and oven-dried at 100 = 110° for

2 hr. to give white crystals (192g.; 75%), m.p. 238 - 240° (dec.)
(1it.,%%% m.p. 240°).

2;4,6 - Tnchlor_ggyrimidino.ms

Barbituric acid (638.) was added portionwise over 10 min.
to a mixturs of diethylaniline (i21cc.) and phosphoryl chloride
(1980c.) and the whole was heated under reflux for 15 - 20 min.,
cooled and poured on to 100.(10003.). The mixture was extracted
with ether (l. x 250co.) and the comdined ether extracts were dried
over anhydrous sodium sulphate. The ecther was removed under vacuum
and the oily residuc was fracfionally digtilled at reduced pressure,
the fraction of b.p. 103"/ 35 mm. Hg. being colleoted to give the
trichloropyrimidine (70g.; 76%) as a clear viscous oil. (Care was
exercised in handling this product dus to its highly vesiocant

properties).

ly = Chlorouraoil.”

2,456 - Trichloropyrimidine (74g.) waes heated under reflux for
16 hr. in a solution of sodium hydroxide (64.5g.) in water (650cec.).
On cocling, the sodium salt of 4 - chlorouracil geperated and this
was converted to the free pyrimidine by the addition of concentrated
hydrochloric acid (80cc.). The product was collected, rscrystallised
from the minimum amount of water end drisd over silica gel to give

} - chlorouracil as fine white needles (53g.; 90%), m.p. 11° (dec.).




l = Chloro — 5 — nitrouracil,?”

Dry - 4 ~ chlorouracil (5g.) was partially diseclved in
36 ¥ - sulphuric acid (6cc.) at < 40° and nitric acid (d,1.5;
5.300.) was added slowly at 0° , etirring until the eolid had
complotely dimeoclved. The solution was kopt at room temmperature
for I min. by which time the product hed ssparated, and was then
poured on to ice (20g.). The white product was rapidly collected,
washed with cold water ( 2 x 2000.) and ether (%50cc.) and dried
in vacuo oOver phosphoruag pentoxide. Yield 2.5g., Mepe 220 = 221.°
(11t.,27 220 - 222°).

D « Riboge 0:1:!@.21

Sodium ethoxide solution (3.5g. sodium in_T5cc. absolute
ethancl) was added to a solution of dry hydroxylaemine hydrochloride
(10.8g.) in absolute ethanol (2250c.) and the mixture was allowed
to stand overnight. After filtration of the sodium chloride,; the
f£iltrate was heated to 70° and the hot solution was treated portion-
wige with D - riboss (15g.). The mixture wao kept at room tempersture
overnight, then the produbt wags collected and washed with ethanol
and ether to give D - riboge oxime (14.21g.; 86%), m.p. 139 - 140°

(1it.,2* 140°).

2,6 = Dihydroxy - 5 = nitro = 4 ~ D - ribitylaminopyrimidine.J-

D - Ribose oxims (6.6z.) was dissolved in water (200cc.) and
hydrogenated over platinum ozide catalyst (2g.) which had previously

been pre-reducsd. When the uptake of hydrogen wae complete the
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catalyst was removed and the resulting D = ribitylemine

solution was treated with a esolution of 4 - chloxo = § - nitro -
uracil (3.98.) in ethanol (200cc.) at room temperature. After

24 hr. the solid (1g.) which had formed was collected and shown

to be identical in its physiosl properties t0 an suthentic sample
of I ~ amino = 2,6 - dihydroxy -~ 5 ~ nitropyrimidine. The filtrate
was shown, by paper chromatography, to contain two other
pyrimidines which were separated by ion -~ exchange chromatography.
The solution was treated with ammonis and formio acid until
buffered at pH 10.7, added to a column of the resin (Amberlite
CGL400; formats form), and the column thorocughly washed with
ammonium formate buffer (pH 10.7). Ko product was eluted at

this stage. The pH of the buffer solution was changed to T.4 and
a bright yellow pyrimidine of unknown constitution was eluted.
(Amax. 322 mu at PH 13A,, 05 334 muat pH 13.). On ohanging to

a buffer of pHL, the second pyrimidine was eluted and the solution
was concentrated to ca. 10cc. in vacuo at < 40°. - Ethanol
(5000c.) was added and the resulting white precipitate was
collected, freed from ammonium formate by boiling in ethanol (150cc.)

and filtered. (2.68.)s; m.p. 202 = 204° (1it.,”> 203 - 204°).
Discetyl Dimer. -

F = Potassium hydroxide molution (35000.) was added dropwiase
over a poriod of 1 hr. to a stirred solution of discetyl (100g.)
in water (300cc.) while the reaction mixture was maintained at g

The pale yellow solution, after acidification with 10% sulphuric
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acid, was extracted with ether ( 4 x 250cc.). The ethereal

extract was dried over anhydrous sodium sulphate and the solvent
wae evaporated in vacuo giving a yellow viscoue liquid (5lg.)
which was fracticnally distillsd at 0.3 mm., the fractiocn, b.p.
85° being collected. Redistillation at 0.15 mme. (b.p. T9°)
yielded a pale yellow gum which crystallised on aotanding et
room temperature for several days. The yellow sclid was
reorystallised from ether - light petroleum (60 - 80°) and so
gave white crystals, m.p. 55 = 57° (1it.,> 51 < 5,°). The I.R.

spectrum of the product agroed with that of Birch and Moye o .

Reaotion of Diacetyl Dimer with 5 = Amino - 2,6 - dihydroxy -

4 = D - ribityleminopyrimidine.’”

2,6 = Dihydroxy ~ 5 = nitro - 4 = D = ribitylaminopyrimidine
(0.25g.) was dissolved_in water (20cc.) and hydrogenated using pre-
reduced Adam’s catalyst (0.1g.). When the hydrogen uptake was
complete the flask was removed from the apparatus under nitrogen
and the remainder of the procedure carried out in a cabinet in an
atmosphere of nitrogea. The catalyet was filtered and the filtrate
was treated with a solution of diacetyl dimer (0.15g.) in water
(10ce.). The light orange mixturs was heated at 90° on a water
bath for 15 min. during which time the solution darkened in colour.
Paper chromatography showed the presence of two compounds, one
exhibliting orange fluorescence and the other, yellow fluorescesnce
when viewed in ultraviolet light. The solution was concentrated

to gs. 5co. and chromatographed on eeveral Whatman No. 17 filter



73
papers using solvent aystem (A). The yellow fluorescing band

was eluted with water and the eluate was frooge - dried to give
a gum which could not be orystallised. All attempts to isolate
this compound were hindered hy its extreme instability, being
converted to its dehydrated form ( the orange -~ fluorescing
component), to riboflavin and to degradative products. The
yellow - fluorescing component had, however, a °lifetime’ of

a few daya when stored as & dry paper chromatogram band in a
sealed polythene bag.

6,7 = Dimethyl — 8 = D = ribityllumazine. (Masuda's "C -

compound") .

2,6 = Dihydroxy < 5 = nitro = L - D = ribitylamino -
py-imidine (2g.) was dissolved in water (200co.) and
hydrogenated over palladised charcoal (10% Pd.; 1g.).
Attempts to isolate the resulting diaminopyrimidine as the
hydrochloride uesing the procedurs desoribed subsequently for
the hydroxyethylamino compound, were unsuocessful and the
following ateps were carried out in an atmosphere of nitrogen.
The catalyet was removed, the filtrate was adjusted to pH 2
by dropwise addition of 2 N = hydrochloric acid and diacetyl
(500.) was sdded. The reaction mizture was heated in a water
bath et 80° in the dark for 30 min. Trestment with s little
animal charcoal followed and after filtration the solution was

oonoentrated in vacuo to ca. 1O0cc. Hot ethsnol was added until
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the product began to separate, refrigeration cocmpleting the

orystallisation to give yellow needles (1.21g.),m.p. 268° (dec.).
Recrystallisation from a littls water by the techniques of
Pfleiderer and Nubel * yislded yollow needles, m.p. 271° (dec.)
Clit.,,n’ 270 - 271° (dooo)] . The ultraviolet spectra and Rf
valuea of the product wors identical to those described in the

literature. 33

128 = Dihydro = 2,6 = dihydroxy - 6 = methyl - 7 = ox0 - 8 =

D - ribitylpteridine. (Masuda'e "V — compound").

2,6 = Dihydroxy = 5 = nitro - 4 = D = ribitylamino -
pyrimidine (500 mg.) waas hydrogenated over palladised charcoal
(10% Pd.; 200 mg.). The resulting 5 — aminopyrimidine was
condensed with pyruvic acid (100% ; O.4 oc.) by heating at pH 1
in a water bath at 90° for 1 hr. in the dark in an atmospherc of
nitrogen. The solution was concentrated to ca. 50c., treated with
a little charcoal and the charcoal was extracted with 5% aquecus
pyridine after washing with water. The charcoal treatment and
elution procedure were repeated with the filtrate, and the
combined gqueous pyridine extracte concentrated in vacuc to ca.
loc. Ethanol (50cc.) was added and the mixture was refrigerated
to complete the precipitation of a pale yellow solid. The
product was dissolved in water (Sco.) and finally purified by
large socale psper chromatography using Whatman No.l7 papers.

The viclet bands (mean Rf 0.30 in solvent aystem{C)) were cut out,

eluted with water and the combined aqueous extracts were
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evaporated t0 dryness undsr vaocuum %0 give a white solid
(103 mg.) which was crystallised from 80% agueous ethanol,
m.p. 260° (dac.) [11%.,91 263° (dec. )] . The Rf values and
ultraviolet spectra were identical to those reported in the

literature. s

2,6 - Dihydroxy = L = (2' -~ hydroxyethylaming) - 5 - nitro =

pyrimidine. >
4 = Chloro - 5 = nitrouracil (16.7g.) in ethanol (200 cc.)

was treated with ethanolamine (12cc.) end heated,with astirring,
on a steam bath under reflux for 15 min. On cooling, the
hydroxyethylamino pyrimidine sspasrated as fine pale yellow
needles. Reorystallisation from aqueocus ethanol yielded
whito needles (16.5g.), m.p. 218 - 219° (1it.,”0 217 - 219°).

5 = Amino - 2,6 = dihydroxy - L - (2' - hydroxyethylamino) =
pyrimidine Hydrochloridse.

4 - (2° = Hydroxyethylamino) = 5 - nitrouracil (6.6g.)
was suspended in water (250cc.) and 2W - sodium hydroxide
solution was added dropwise until the solid juet dissolved.
The nitro group wae reduced by hydrogenation over Raney nickel
and the catalyst filtered off, tho filtrate being colleoted in
a solution of concentrated hydrochloric acid ( })oc.) in water
(30co.). This acidic solution was concentrated to ca. 20ce.
in vacuo without delay. (Otherwise formation of 2,10 -

dihydro = 9 - (2° - hydroxyethyl) = 4,6,8 = trihydroxy - 2 -
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oxopyrimido [5,2. - 3] pteridine ococurs due to oxidative self -

condensation of the diaminopyrimidine). Refrigeration of the
solution yielded a white orystalline solid, which on rapid
recrystallisation from 98% asqueous methancl gmve the hydro -
chloride as white feathexry orystals (L.1g.), m.P. 252 ~ 254°
(dece). (Found & C,32.T; H, L.S3 W, 25.8; Cl, 15.6.
065113100301 requires C;32.35; H, 4.93 NH,25.23 Cl, 15.95%).

The product may be stored under vaouum over phosphorus pentoxide

for e fow days but storage for longer periods results in
decomposition.

8-(23_- droxyethyl) = 1 @

(a) 4 - (2° ~ Hydroxyethylamino) = 5 - nitrouracil (500 mg.)
was dissolved in 0.1N - sodium hydroxide (10co.) and sodium
dithionito was added until the yellow colour disappeared. The
PH was adjusted to 1 = 2 with 2§ « hydrochloric acid and a solution
of glyoxal monohydrate (0.2g.) in water (10cc.) was added. The
solution was heated on a steam bath for 20 min., filtered hot
after treating with charcoal, and refrigsrated to give yellow
orystals (0.28g.). Repeated recrystallisation from aquecus
mothanol /ether yielded yollow orystale (0.15g.), m.p. 280 - 285°
(dec.).

(b) A much gupsrior method of aynthesising this lumasine
derivative was ae follows: 5 « emino = 4 ~ (2 = hydroxyethyl-
amino) - uracil hydrochloride (0.9g.) was suspended in methanol
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(20cc.) and a solution of polyglyoxal (0.4g.) in maethanol
(30cc.) wae added. The mixture was refluxed with stirring for
30 min., the colour changing through deep red to brown. After
filtering hot the filtrate was allowed to cool in the
refrigerator yielding brown prieme. Reorystallisation from
aqueous is0 - propanol, with charcoaling, gave the lumagine as
orangs orystals (650 mg.), m.p. 286 - 288° (dec.). (Found 3
Cykb.33 Hy3.55 Ny26.7. CSHBNAO} requirss C, 46.15; H,3.85;
Ny, 26.9%).

8 - (2 = Hydroxyethyl) = 6,7 — dimethyllumazine.

5 = Amino = 4 = (2' - hydroxyethylamine) - uracil hydro -
chloride (3.4g.) was suspended in methanol (200cec.) and diacetyl
(3.500.) in methanol (500c.) immediately added. The mixturs was
hoated with stirring on a steam bath under reflux for 30 min.,
filtered hot and the filtrate was cooled in the refrigerator.

The lumagine derivative separated as bright yellow needles (1.81g.),
mepe 270 = 273° (dec.) (111;.,53 270° (deo.)] . The ultraviolet
absorption spectra and Rf values of the product were in good

agreement with those reported in the literature.->-

728 = Dihydro — 2,4 — dihydroxy = 8 - (2 -~ hydroxyethyl) = 6 -
methyl -~ 7 - oxopteridine.

5 = Amino = 4 - (2° - hydroxyethylamino) - uracil hydro -
chloride (1g.) wae suspended in methanol (T75cc.) and pyruvic

acid (100" 0.8g.) was added at oncs. The mixture was refluxed
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with stirring for 1 hr., filtered hot and the filtrate was
cooled in the refrigerator whsreupon the product deposited.
Roorystallieantion from water gave the ] ~ oxopteridine as long
white nosdles (0.92g.), meps > 350°. (Found : G,45.25 Bk.5;

H, 23.8. cgnwuuo requires C,L5.L3 Hy 4.25 H, 23.5%).

1,8 = Dihydre = 2,) - dihydroxy - 8 - (2° - hydroxyeihyl) -
6,7 dimethylpteridine.
8 - (2° = Hydrozyethyl) - 6,7 - dimethyliumasine (0.6g.)

was digsolved in water (100cc.) and hydrogenated at atmospheric
pressure and temperaturs, using pre~reduced platinum oxide
(0.2g.) as catalyst, until the uptake of hydrogen was complete
(ca- 1 br.) 2 Mols, of hydrogen were concumsd. The catalyet
was removed by filtration, the volume of the filtrate was
reduced to ga. 2000. in vaouo at < 40° and the eolution was
refrigerated. Pale yellow crystals- (0.25g.), m.p. 260° (dec.),
of the 7,8 ~ dihydropteridine separated, being further
supplemented by 0.2g. from the mother 1iquor on concentraticn.
A portion of the product was rapidly reorystallised from water
for anslyeis. (Bound s C, 50.T; H,6.0; M,23.3- cmnmn“o3
requires C,50.43 H, 5.9 H, 23.5 %).

Oxidation and Reduction of 7,8 - Dihydro - 2,l - dihydrory -

8 - (2¢ - hyaroxyethyl) — 6,7 = dimsthylpteridine.
(a) A solution of the 7,8 - dihydropteridine (20 mg.) in

0.1 - sodivm hydroxide solution (100c.) was hocted on a astesm
bath for 30 min: Paper chromatography mnd ultraviolet
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spoeotroscopy showed that it had been re-converted inte
8 - (2° - hydroxyethyl) = 6,7 - dimethyllumazine.
(b) The 7,8 - dihydropteridine (200 mg.) in water (50cc.)
was hydrogenated over pre-reduced platinum oxide (50 mg.). The
volume of hydrogen consumed was 19c¢c. at N.T.P., i.e. 1 mol. of

hydrogen per mol. of dihydropteridine.

Reaction of 7,8 - Dihydro - 2,4 ~ dihydroxy — 8 - (2° - hydroxy -

othyl) = 6,7 = dimethylpteridine with Pyruvic Acid.
(a) The dihydropteridine (50 mg.) was diesolved in water

(500.) and pyruvic acid (99% 0O.2cc.) wse added. The solution was
heated on a stesm bath for 30 min. yielding a mixture of products,
one of which was identified as 8 - (2° ~ hydroxyethyl) - 6,7 -
dimethyllumazine, which was formed by oxidation of the starting
material.

(b) The dihydropteridine (50 mg.) was diseolved in O,1N -
hydrochloric acid (5cc.) and pyruvic acid (99%; O.2cc.) was
added. On heating the solution aes in (a) above, the same
mixture of producte was obtained.

(o) The dihydropteridine (100 mg.) was dissolved in O,1N -
sodium hydroxide (10cc.) and pyruvic acid (99%; O.4co.) was
added. The solution was heated on the steam bath for 5 hr. The
reaction mixture was again a complex mixture of producte but in
addition to the oxidation product 8 - (2' - hydroxyethyl) = 6,7 =

dimethyllumagine, a compound, which wae identical in Rf values
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in golvent mystems(A)to(E)and in ultraviclet absorption

speotrum with 7,8 - dihydro - 2,4 - dihydroxy -« 8 - (2¢ =

hydroxyethyl) — 6 - methyl -~ 7 - cxzopteridine, was detected.

Reaction of 8 - (2° - Hydroxyethyl) - 6,7 - dimethyllumagine
with Pyruvic Aecid.

(s) 8 ~ (2' - Bydroxyethyl) - 6,7 - dimethyllumssine
(100 mg.) wae diszsolved in 0.1¥ - sodium hydroxids solution
(2000.) and pyruvioc acid (100%; 0.08c0.) wae added. The pH
of the solution was adjusted to 13 by the dropwise additiom
of N = sodium hydroxide and the reaction mizture was refluxed
in the dark for 8 hr. Adjustment to pH 4 and refrigeration
of the solution overnight ylelded pale yellow orystals.
Reorystallisation from water (10cc.) produced off-white needles,
which on further reorystallisation (charcoal) gave long fine
white needles (40 mg.), m.p. > 300°. The product wae
identiocal in Rf values (5 different solvent systems), in
ultraviolet and in infrared spsotra with an authentic sample
of 7,8 - dihydro - 2,4 - dihydroxy - 8 - (2' - hydroxyethyl) -
6 - methyl = T = oxopteridine.

(b) The ebove procedure was repeated except that the
roaction was carried out under oxygen - free nitrogen when
10 hr. refluxing was required to complote the reaction but the

Jield of product was similar and its purity elightly higher.
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(c) The reaction (a) was repeated in the absence of

pyruvio aclid and exposad to the atmospheore. This resuilted in
the formation of the same product but with reduced yield. The
rofluxing time had to be increased from 8 hr. %o 15 hw. for the
reaction to go to completion.

(@) The dimethyllumeszine derivative (10 mg.) was dlssolved
in 0.1N - godium hydroxide solution and pyruvic acid (100%; 1 drop)
was added. The PH was adjusted to 13 and the reesotion mixture was
heated at 37° in the dark. Examination at various intervals of
time by paper chromatography showed that the starting material
had completely resoted after 9 days forming the 6 -~ methyl - 7 =
oxopteridine (major product) in addition to other decomposition
produots.

(e) The procedure described in (a) was repeated at PH values
11.5, 10.5 and 9.5 with similar results but the refluxing time
had to be increased from 8 hr. to 15 = 19 hr. for complete reactiom.
(Light from a 60 - watt tungsten lamp placed 6 in. from tho
reaction mixture had no apparent effoct on any of the above

reaotions ).

Reaction of 6,7 - Dimethyl - 8 - D = pibityllumasine with

Pyruvic Acld.
(a) The ribityllumazine derivative (300 mg.) was dimsolved

in 0.1¥ - godium hydroxide solution (15cc.) and pyruvic acid
(100%; 0.16cn) was sdded. N - Sodivm hydroxide solution was
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added dropwise to readjust the pH to 13 and the soclution was

refluxed in the dark under oxygen—~free nitrogen for 10 hr. The
reaction mixture was ocncsntrated to ca. 5cc., the PH adjusted
to 1 and hot ethanol (50cc.) was added. On refrigeration, a
brown precipitats resulted which was dissclved in the minimum
amount of water and chromatographed in bulk on several Whatman
No.17 papere [ solvent aystem (F)] . The bsnd, mean Rf 0.%0,
fluorescing blue in ultrsvioclet light, was cut out and oluted
with water. After concentration to ga. 2cc. the eluate was
chromatographed on Whatman No.17 papers [solvent aysten (C)] 5
The blue-fluoresoing band, mean Rf 0,30, was eluted with water
and on concentration a white solid (92 mg.) separated. Thisg
product was identical with an authentic specimen of Masuda's
"V - compound" in Rf values [aolventa () to (F)] and in
ultraviolet and infrared speoctra.

(v) The ribityllumazine derivative (10 mg.) was dissolved
in a phosphate buffer eolution (20cc.), pH 7.3 and pyruvio acid
(1 drop) was added. The pH was readjusted to 7.3 and the solution
was refluxed under nitrogen in the dark. Paper chromatography
showed the reaotion to be complete after 18 hr. refluxing. The
product was identiocal in Rf | solvent smystems (A) to (F)] and in

ultraviolet spectra with Masuda’s "V = compound".

6 = Bthyl ~ 7,8 ~ dihydro ~ 2,4 ~ dihydroxy - 8 - (2' - hydroxy -
ethyl) - 7 - oxopteridine.

A suspension of 2,6 - dihydroxy = 4 = (2° - hydroxyethyl -
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amino) = 5 - nitropyrimidine (1g.) in water (20cc.) wae made

strongly alksline by addition of N = godium hydroxide eclution
(100c.) whereby a yellow solution resulted. The solution wae
heated on a steam bath and sodium dithionite was added until the
yellow colour dissppeared. The pH was adjusted toc 5 by dropwiso
addition of concentrated hydrochlorioc acid and without delay a
solution of of = ox0 ~ butyric acid (1g.) in water (10cc.) was
added. After heating for 1 hr. at 90° the solution was allowed
to cool to room temperature and then refrigerated. White orystals
sesparated which on recrystalliegation from water yislded the

6 ~ othyl ~ 7 — oxopteridine as white nesdles (820 mg.; T0%),
m.p. 329 = 331° (dec.). (Pound s Cy47.T § H, 4e5 3 H, 22.0.

Cy0 By n“ ou requires C, 47.6 3 B, L.8 3 N, 22.2 % ).

Reaction of 8 — (2° - Hydroxyethyl) - 6,7 - dimethyllumegine with

ol o~ Oxo - butyric Acid.

The 6,7 - dimethyllumazine derivative (500 mg.) was dissolved
in 0.1N - godium hydroxide solution (40cc.) sndol ~ oxo - butyric
acid (500 mg.) in O.1¥ - sodium hydroxide (5cc.) was added. The
PH was adjusted to 12 and the solution was refluxed in the dark
in an atmosphere of oxygen - free nitrogen for 15 hr. Glacial
acetic acid was added to give pH 4 and the solution was concentrated
to cac 10co. On refrigeration a pale yollow solid deposited.
Recrystallication from water (charcosl) produced white orystals

(210 mg.)s mop. 327 = 3%° (dec.). The product was identical in
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R? (6 solvent aystems) and in ultraviolet and infrared spoctra

with sn authentic sample of 6 = ethyl —= 7,8 - dihydro - 2,4 =

dihydroxy -~ 8 = (2' = hydroxyethyl) = 7 - oxopteridine.

Oxidation of 6,7 = Dimethyl = 8 « D ~ ribityllumasine.

(a) 6,7 = Dimethyl = 8 = D -~ ribityllumaszine (1.5 mg.) was
dissolved in water (lco.) and left exposed to the air. The
solution was examined at various time intervals by paper
chromatography [solvont systens (B) and (c)] . After T doys
no change was observed but on standing several weeks a blue
fluorescent spot was detected on the chromatogram when viswed
in ultraviolet light. This compound has the same Rf (6 solvent
eystems) and ultraviolet spectra as Masuda’s "V — compound”.

(b) 6,7 = Dimethyl - 8 - D = ribityllumusine (5 mg.) was
diseolved in O.1N - godium hydroxide smolution (5cc.) and oxygen
was passed through the solution in the dark. There was still an
appreciable amount of starting material prescnt after 1l days at
room temperature slthough a small amount of Masuda’s "V - oompound"
was also deteoted by paper chromatography and ultraviolet spectra
of the sluted blue -~ fluorssocent spots. When the reaction mixture
was refluxed, the starting materiel was completely converted into
the 6 = methyl = T -~ oxopteridine derivative in 15 hr.

9 = (2° ~ Hydroxyethyl) = 6,7 — dimethyl - igoalloxsgzine from
Biboﬂavin.

Riboflavin (150 mg.) was treated with a solution of sodium
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motapericdate (260 mg.) in water (100cc.) end left in the dark

at room temperature overnight with stirring. The resulting
yollow s0lid waes wached with water, a little methanol and then
with ether. The solid (60 mg.) was added to a solutiocn of
sodiwm borohydride (20 mg.) in water (100cc.) and stirred for

0 min. On standing overnight at room temporature a yellow
precipitate separated (40 mg.), m.p. 299 - 3D1° (11%.,127 0 -
301°).  The product wae identicel in Rf (6 solvent ayetoms) and
in ultraviolet spectra with an authentic sample of 9 ~ (2° -
hydroxyethyl) - 6,7 - dimethyl - isoelloxasine.

Conversion of 8 = (2° - Hydro 1) = 6,7 = dimethyllumagine

into 9 ~ (2° -« Hydyoxyethyl) —~ 6,7 -~ dimethyl - igoalloxaszine.
(1) In_Phosphate Buffer, pH T.3.

8 - (2° - Eydroxyethyl) - 6,7 - dimethyllumezine (ig.)
was dissolved in phosphate tuffer solution (50cc.), pH 7.3, and
the solution was refluxed in an atmosphere of oxygen - fres
nitrogen in the dark for 15 hr. Pale brown crystals ssparated
and were colleoted, (250 mg. 3 41%). These were recrystallised
from water ( ca. 300cc. ) to give orange priems (185 mg.; 30%),
meDe 299 = 300° (11te, o1
in Rf (6 solvent systems), in ultraviolet and infrared spectre

0 = 3310)- The product was identical

with an suthentic sample of the izoalloxzagine dorivative.” The
mother liquor showed the prescnce of a few other compounds in
relatively emall amounts. Half of the mother liquor was subjected
to large scale paper chromatography afier concentration to emall



bulk, Whatman No.lT papers being used. The band which
fluoresced pale blue in ultraviolet light was cut out and
extracted with water. Concentration in vacue yielded 2,10 -
dihydro = 46,8 = trihydrozy - 10 = (2° - hydroxyethyl) - 2 -
0x0 « pyrimido [5,1. - g] ptoridine as a yollow powder (20 mg.)
which was identified by Rf and ultraviclet spectra. The
remainder of the mother liquor on treatment with glyoxal (0.5g.)
and heating on a steam bath for 30 min. gave an additicnal
yellow ~ green fluorescing spot on the paper chromatogram.

This compound had the same Rf values (4 solvents) end ultraviolet
spectra as 8 -~ (2° ~ hydrozyethyl) - lumasing.

(i1) In PFormate Buffer, pH T.3.

The dimethyllumazine derivative (100 mg.) was refluxed in
the dark under oxygen -~ free nitrogen for 20 hr. in a formate
buffer (150c.)y PH 7.3. The product was identical with that
obtained in (i), the yield of pure izoalloxazine being 17 mg.
(28%).

(1i1) In Borate Buffer, pH 7.3.

The dimethyllumazine derivative (1g.) was dissolved in a
borate buffer solution (50cc.), PH 7.3 and refluzed in the dark
for 15 hr. under oxygen - free nitrogen yielding brown crystals
(260 mg.) which on reorystallisation from water gave orange
crystals (190 mg.3 31%), m.p. 298 - 300°,

(iv) In Phosphate Buffer, pH 6.3.

The resction (i) was carried out as before but using a
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phosphate buffer, pH 6.3. Refluxing for 27 hr. was required

for completo disappearance of starting materisl from the
paper chromatogram. Yield of the isoslloxazine was only 18%.
(v) In Borate Buffer, pH 8.6.

Tho reaction (i) was again repoated but with a borate
buffer, pH 8.6 and refluxing for 3 hr. Paper chromatography
indicated that some starting material still remained. The
isoalloxasine derivative was isolated in 15% yield.

(vi) In Strongly Acid Medium,

(a) The dimethyllumagzine derivative (100 mg.) was dissolved
in LN - sulphuric acid (15cc.) snd refluxed in the dazk under
nitrogen for 17 hr. The reaction mixture was carefully
neutralised with a concentrated solution of godium hydroxide.
Paper chromatography showed the presence of the hydroxyethyl -
dimethyl - isoalloxasine in addition to several decomposition
producte. The isoalloxasgine, however, defied any attempte at
imsolation.

(v) 8 - (2" = Hydroxyethyl) - 6,7 -~ dimethyllumagine (100mg.)
was dissolved in 2N - hydrochloric acid (Sco.) and kept at room
temperature in the dark for 6 weeke in a tightly stoppered flack.
During this time brown orystals separated. Recrystallisation
from water produced orange orystals (11 mg.; 18%) which were
identical to the products obtained in (i) to (v).

(e) A solution of the lumaszine derivative (500 mg.) in 2§ -
hydrochloric acid (2000.) was refluxed under nitrogen in the dark



for 18 hr. Yy which time no sterting material remsined., The

resulting black 20lid was roorystallised twice from water
(charcoal) to give orange crystele (L2 mg.s3 14%), identical
with the products obtained above in (i) to (v).

(vii) Bffect of Addition of Diacetyl.

Reaction (i) was repeated but with addition of discetyl
(0e4 coo3 ca. 1 equive) befors refluzing. The reaction still
required 1% hr. %0 go to completion and tho yield of purs iso -
alloxzasine derivetive (165 mg.; 26%) was cimilar to thet
obtained in (i).

(viii) Effect of Addition of 2 - Mercapto - ethanol.
The addition of 2 -~ mercapto -~ othanol (lcc.; ca. 3 caquiv.)

neither altersd the reaction time nor the yield of igosmllozasine
derivative (29%) obtained when carricd ocut as described in (i).
(ix) Effect of Addition of a Mickol Salt.

A solution of 8 = (2° = hydrozyethyl) - 6,7 = dimethyl -
lumagine (1g.3 4.2 m. mol.) in phosphate buffer solution (I ce.),
pH 7.3 was treated with a solution of mickel sulphate (325 mg.:
2.1 m. mol.) in phosphate buffer solution (30cc.), pH T.3. The
rmixture vas refluxed undexr nitrogen in the dark for 12 hr. by
which time the starting materiel had completely repcted. On
cooling, a brown eolid (617 mg.) soperated. Recrystallimstion
(twice) from water yieclded the orange orystals (210 mg.; 35%) of
9 « (2 = hydroxyethyl) = 6,7 - dimethyl - imoallozazine, m.P.
299 - 31°,
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(z) Attempts to Isolate Intermediste/s formed in the Remotion.

(2) The dimethyllumazine derivative (500 mg.) was
dissolved in phosphato buffor solution (2500.), PH 7.3,
containing hydroxylamine hydrochloride (300 mg.). The pH
having been roadjusted to 7.3, ’_fche solution was refluxed under
nitrogen in the dark for 9 hr. On refrigeration the orude iso -
alloxazine derivative separated (120 mg. ). The mothefx; liquor was
conoentrated to ca. 1000, and chromatographed in bulk on soveral
Whatman Fo.17 papers [aolvant gystem (F)] - No fewer than 8
compenents were detected under ultraviolet light. The absorption
band which was located almost at the solvent front wae cut out
and eluted with methanol but insufficient material was isclated
for characterisation. The pale blue band was eluted vith water
and on concentration yielded a yellow e0lid (8 mg.) whose ultra -
violet and infrared spectra and Bf (6 solventa) were identical
with those of 2,10 - dihydro = 46,8 = trihydroxy - 10 - (2° -
hydroxyethyl) = 2 - oxo - pyrimido [5,1. = g] pteridine. Wo
further components could be isolated.

(b) The above reaction was repeated but with the additiom
of 2,4 = dinitro - phenylhydrasine (425 mg.) instead of the
hydroxylamine hydrochloride. Again the iscalloxazine deposited
in similar yield but the mother liquors contained a complex
mixture of at least 12 components, one of which fluoresced pale
blue in ultraviolet light and had the same Rf values as the

pyrimidopteridine isolated in (a).
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Conversion of 6,7 ~ Dimethyl = 8 « D = pibityllumagine into

Riboflavin.

6,7 - Dimothyl — 8 - D - ribityllumezine (1lg.) was dissolved
in a phosphate buffer solutica (50cc.), PH T.3. Refluxing for
15 hr. in the dark in an atmosphere of oxygen ~ free nitrogen
produced the crude product as brown orystals (318 mg.; 55%)
which were collected and recrystallised from water (twice) to
give orange orystals (220 mg.; 3B8%), mep. 290° (1it.,>' 292°).
The product was identical with an suthentio smample of riboflavin
(commercial) in infrared and ultraviclet spectra and in Rf (6

solvent systems).

2 ~ Amino ~ 4,6 - d;gdmmrmnne.iza

Sodium (100 g.) wae dissolved in ethanol (1500 cc.), dry
powdered guasnidine hydrochloride (200 g.) was added, followed by
diethyl malonate (320 g.) and the mixture was refluxed for 2 hr.
at 110°0  Ethanol (ga. 600 oc.) was removed by distillstion in
vacuo, water (2000 oc.) was added, and the solution was scidified
with glacial acetic acid. The preoipitate was filtered and dried
at 110° to give the pyrimidine (145g.3 54.5%), m.p. > 360°.

2 - Amino - 4,6 ~ dichloropyrimidine.
2 = Amino = 4,6 - dihydroxypyrimidine (50g.) was refluxed

at 100° for 3 hr. with redistilled phosphoryl chloride (200 co.)
and redistilled N,N - diethylaniline (50 oc.). Excess phosphoryl
chloride and F,N -~ disthylaniline were ramoved by distillation
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in vecuo and the residual dark vigcous mass was poured en to

orushed ice (600 g.). The mixture was stirred until all oily
material had digsolved. The bdrown solid wae then collected,
washed with 2§ - sodium hydroxide solution to remove unchanged
Phenolic material, and dried. BReorystallisation fyom ethanol
{charooal) yielded the dichloropyrimidine ac colourless noedles
(21 g5 65%), m.p. 220 - 221° (1it., > 221° ).

2= Amino = k - ohlors - 6 — hydroxypyrimidine.>

2 = Amino = 4,6 - dichloropyrimidine (15g.) was heated
under reflux for 6 hr. in N -~ godium hydrozide solutioa (150 cc.).
The solution was filtersd hot, cooled amnd acidified with glacial
acetio acid. The precipitate was collected and dried in gir at
110°.  Crystallisation from agueous ethenol yielded tho
pyrimidine as white needles (10.3 g.; 89%), m.p. 260 = 262°
(1it.,* 261°.).

2 = Amino - L ~ chloro = 6 - hydyoxy - 5 - nitropyrimidine. '

2-Amino - i = chloro « 6 = hydrozypyrimidine (5g.) was
diseolved in concentrated sulphuric acid (6cc.) at £ 45° and
fuming nitric acid (4, 1.5 5.3 cc.) was cautiously added with
stirring and cooling in an ice bath. After 30 min. the mixturs
was pourad on to ice (ca. 20g.) with rapid menual stirring. The
precipitated product was oollected, wached quickly with ice-cold
water ( 2 x 20cc.), with othanol (20cc.) and finslly with ether.

The reculting yellow powder, 2 — amino - 4 - chloro - 6 -
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hydroxy - 5 - nitropyrimidine (L.5g.), m.p. > 360°, was

stored under vacuum over phosphorus pentoxide. (Found :
C,23.25 Hy2.3) ,26.5. Calo. for C,H.N 0.Cl. H,0 G,23.05
Hy, 2.4 N,26.85%).

2 = Amino - 6 - hydroxy = 4 = (2° — hydroxyethylsmino) — 5 ~

nitropyrimidine.

2 = Anino = 4 - ohloro = 6 - hydroxy - 5 ~ nitropyrimidine
(9.25g.) wae suspended in ethanol (400 cc.) and redistilled
ethanolamine (600.) in ethanol (100cc.) wee added. The mizture
was refluxed with etirring for 20 min. On cooling, the crude
product was filtered and washed with ethanol and ether.
Crystallieation from water (2000 oc.) (with charcosl) yielded
white lustrous plates of 2 — amino — 6 - hydroxy - 4 = (27 -
hydroxyethylamino) - 5 - nitropyrimidine (8.4 g.; 80%), m.p.
296 ~ 297°. (Found s C,33.25 H,4.03 N,32.3. CgHoW.0, requires
Cy33:53 Holko?s N,32.6%).

235 = Diamino - 6 - hydroxy - 4 - (2° = hydroxyethylamino) -
pyrimidine.liydrochloride.

2 -~ Anino = 6 - hydroxy -~ 4 - (2° - hydroxyethylamino) -
5 = nitropyrimidine (7.67g.) wae suspended in water (100 cc.)
and 2N - spodium hydroxide was added dropwise until the solid
dissolved. The solution was hydrogenated over Raney nickel
until the uptake of hydrogen was complete and the mixture was

then filtered into a solution of oconcentrated hydrochloric acid




(30 co.) in water (30 co.). The filtrate was immedistely
concentrated under vecuum to ca. 20co. whon white orxystals
separated. Heorystallisation by rapid dissolution inm methanol
and refrigeration yielded white corystals of the disminopyrimidine
hydrochloride (7g.3 89%), m.p. 217 - 220°, This product should
be used soon after its preparation as it tumme pink (probably
due to oxidative self-condensation) on standing. It may be
stored over phosphorus pentoxide in vacuo for a few days.

(FPound s ©,32.65; H,5.73 ¥, 31.25 Cl, 16.5. 068113502.1101
requires C,32.53 H,5.43 H,31.63C1,16.0%).

2,8 = Dihydro - 4 - hydroxy - 8 — (2° - hydroxyethyl) - 2 =
imino -~ 6,7.~ dimethylpteridine Eydrochloride.

2,5 = Diamino = 6 -~ hydroxy = 4 - (2' - hydroxyethylamino) -«
pyrimidine hydrochloride (2.6g.) was esuspended in methanol (100cc.)
and a solution of diacetyl (2.6 cc.) in methanol (20 co.) was
added. The mixture was refluxed for 30 min. and after cooling
was filtered to give yellow orystals of the pteridine hydrochloride
which were reorystallised from 2N - hydrochloric acld. (Yield,
2.48.5 T58), mep. 285 - 288° (dec.). (Found s CohlyeTs H,S5.4s
Hy26.23 C1,13.0. 01051311502.361 requires C,L4.25 H,5.2§ H,25.8;
C1,13.0%).

2 =~ Aming - 7,8 ~ dihydro = 4 - hydrozy - 8 - (2' -~ hydroxyethyl) -
§ = mathyl -~ 7T - ozopteridine.

(e) 2,5~ Diamino - 6 = hydrvoxy - 4 = (2' ~ hydroxyethylamino)-
pyrimidine hydrochlorids (2.2g.) wae dissolved in water (40cc.) and
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pyruvic acid (100%; lco.) was mdded. The solution was refluzsd

for 30 min., oococled and filtered giving lustrous yellow crystalsz.
Recryetallisation from water (oa. 400 co./g.) with a little
charcoal yielded the pteridine as pale ysllow ncedles (1.5g.),
m.p. 335 = 30° (doc.). (Pound s Cp45.95 Hy4.95 ¥,30.0.
°9K11”5°3 requires Cp45.85 HyL.65; ¥,29.5%).

(b) 2,5 = Diamino = 6 ~ hydvoxy = 4 - (27 ~ hydroxyethylamino)-
pyrimidine hydroobloride (k.kg.) was dissolved in water (3co.) and
ethyl pyruvate (3cc.) in methancl (10cc.) was added. The solution
wae heated with stirring under reflux for 2 hr. Refrigerstion
yielded lustrous yellow orystale (3.7g.) which wore identical

with those obtained frem (a).

2 = Amino - 6 = hydroxy - 4 - meothylamino - 5 - nitropyrimidine.

2 = Amino = 4 - chloro = 6 « hydroxy -~ 5 - nitropyriwidine
(3.818.) wae suspended in ethanol (150cc.) and treated with an
alooholic sclution of methylamine (33% w/vs Sec.). The mixture
wag refluxed for 15 min., cooled and {'iltered,; the residus being
then washed with efhanol and ether to give a ysllow powder. This
crude product was purified hy suspension in hot water, dropwise
addition of LN -~ godium hydroxide until complete solution was
obtained and acidification of the hot solution with glacial acetic

acid. On cooling, the nitropyrimidine separcied as white needles

(3.28.) which werse dried with ethanol and ether. M.p. > 360°,
(Found s C,32.75 Hyhols ¥;37.95. 05573505 requives C,32.43 H,3.8
W, 37.8%) 0
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2,5 = Digmino - 6 - hydroxy = 4 - methylaminopyrimidine
Hydrochloride.

2 = Anino - 6 = hydroxy = 4 - methylemino - 5 —~ nitropyrimidine
(4-38g.) was cuspended in water (250cc.) snd 2¥ - sodium hydroxide
vas added dropwise until the s0lid juet diesolved. The solution
was hydrogenated over Raney nickel and, when the uptaks of hydrogen
was complote, it was filtered into a solution of concentrated
hydrochloric acid (25cc.) in water (25cc.). This acidic solution
was lmmediately concentrated in vacuo until the product began to
soparate, complete precipitation being accomplished by addition of
methanol (20c¢c.) and ether (10cc.). The orude product was
recrystellised from aqueous methanol (98%) to give the hydrochloride
as white crystals (4g.)sm.p. 236° (dec.), [ 11t., 0 237 - 2580((100.)].,
(Found ¢ C,31.55; H,5.053 N, 36.23 Cl, 18.8. Calc. for 0539350.301
Cy3lo33 Hy5.25 N,36.65C1,18.5%).

2,8 = Dihydro = k4 = hydroxy - 2 - imino - 6,7,8 - trimethylpteridine
Hydrochloride. ' '

295 = Diamino = 6 = hydroxy - )4 ~ methylaminopyrimidine hydro -

chloride (4.3g.) was suspended in methenol (100cc.) end a eolution of
diascetyl (2.5cc.) in methanol (25cc.) was added. The mixture was heated
under reflux on a steam bath with stirring for 40 min., filtered hot

and the filtrate was allowed to cool. On refrigeration of the

solution yellow needles separated. Reoryestallisation from 2N -
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bhydrochloric aocid ylelded yellow needles (J.5g.) which docomposed
10 255 - 260° (doo. )J .

The produoct was identiocal in ultraviolet spectium with that of
110

without melting at 260 - 2650 [:L:i.t.,1

Brown and Jaccbaen.

Rezction of 2,8 - Dihydro ~ 4 - hydrvoxy - 8 = (2° - hydrozyothyl) -
2 - imino - 6,7 - dimethylptoridine with Pyruvate.

(a) The hydrochloride of the 2 ~ imino -~ 6,7 ~ dimethyl -

pteridine (100mg.) was trested with O.1N - godium hydroxide soluticn
(20cc.) and sodium pyruvate (100mg.). The pH was adjusted to 12
and the mixture was refluxed in the dark under nitrogen for 7 hr.
Brown orystals depoeited on refrigeration of the reaction mixture.
Roorystallisation from water (with a little charcoal) gave pale
yellow needlee (32mg.) of 2 -~ emino ~ 7,8 - dihydro - 4 - hydroxy -
8 = (2° = hydrozyethyl) — 6 - methyl - 7 ~ oxoptoridine. The
product was identical in its physical propertics with an authentic
sample which was prepared as described previously.

(b) The sbove reaction alec took place in tho absence of
pyruvate but in this case the pressence of oxygen end a longer
refluxing period were necessary.

(6) The renction described in (a) was repeated but at pH T.3
using a phosphate buffer in place of the sodium hydroxide soclution.
A refluxing period of 18 hr. was reguired snd the yield (22mg.) of
the 6 - mothyl = 7 - oxopteridine derivative was somowhat roduced.

Papexr chromatogrephy of the mother liquor indicated the formation
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of some 2,10 - dikydro - 4 - hydroxy - 10 = (2° - hydroxyethyl) =

2 = imino - 7,8 = dimethylbanzo [ g_] ptoeridine identified by its

Rf valuee (6 eolvent systems).

2,10 = Dihydro = 4 = hydroxy = 10 = (2' - hydroxyethyl) = 2 « imino -

1,8 = dimetylbenzo[g] pteridine.
L |
(a) 2« Amino - 6§ = hydroxy - i = (27 = hydroxyethylamino) =

5 = nitropyrimidine (500mg.) was diesolved in a mixture of water
(1000.) snd 2F - sodium hydroxide solution (3cc.). The nitro -
pyrimidine was reduced by sodium dithionite in the usual way,

taken to pH 4 by addition of 2N - hydrochloric acid and treasted

with digcetyl dimer (500mg.) in water (Sco.). Heating at 90° for
15 min. gave an orange solution, the pH of which was adjusted to 1
with concentrated hydrochloric acid and the solution was refluxed

in the dark for 30 min. Solid sodium bicarbonate was ocarefully
added to give pH T and the mixture was cooled in the refrigerator.

A yellow-brown solid (145 mg.) resulted which was shown by paper
chromagtography t0 be a mixturs containing 2 components. These were
separated by large scale paper chromatography | sclvent system (A)]
on Whatman No.17 papers. The yellow fluorescing band was eluted
with O.1F = hydrochloric acid and nsutralised with sodium bicardbonate
giving the 2 - imino - 7,8 - _gmethxlbmmlélgtarimo derivative
(25mg. ), m.po > 320°, identified by its ultraviolet spectrum.
(Found s C,58.65 Hy50L3 N, 24.9. °1z.“15"5°2 requires C,58.95; H,S5.3s
N, 24.6%) .
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(b} 2~ Imino - riboflavin (100mg.) was trested with a
golution of sodium motaperiodate (180mg.) in water (3cc.) and
stirred in the dark overnight. The resulting rsddish brown =0lid
was colleoted and washed with water, with g little methancl and
with other. The solid (70mg.) was treated with a solution of
gcdium borohydride (Pmg.) in water (3co.) and stirred for 30 min.
The mixture, on standing overnighi at room temperature, deposited
a reddish brown solid whioh was diesolved in O.1N - hydroohlorioc
acid (1000.),treated with charcoal and filtered hot. The filtrato
was carefully sdjuested to pH 7 by addition of solid sodium
bicarbonate and refrigerated to give yellow-brown orystals (56 mg.;
83%). The produot was identical with that obtained in (a) in &ll
respects.

(o) A solution of 2,8 - dihydro - 4 - hydrexy - 8 - (2¢ -
hydroxyethyl) — 2 = imino - 6,7 - dimethylpteridine hydrochleride
(1g.) in phospbate buffer (25cc.), PH T.3, waes refluxed in the
dark in an atmosphere of oxygen - freo nitrogen for 2L hr.

At intervalms of 6 hr. any solid product which had formed was
removed bty filtration in a hood under nitrogen. The resulting
brown orystale wero combined and recrystallised by dissolving in
0.5¥ -~ hydrochloric aoid (15co.), treating with ocharcoal, and
adding sodium biocarbonate to the hot filtrate until the pH was
inoreased to 7. The product (260mg.; 49%) could not bs obtained

in a completely purs state,; samples always ocontaining some
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decomposition products. The purificaticn was further hampered by
the instability of the product which was identicel in Rf (6 sclvent

systems) with the samples obtained in (a) and (b) above.



PAR? II.

PTERIDINE = 8§ - GLYCOSIDES.




100
THEORETICAL.

Most of the naturally occurring pteridines so far isolated have
the 2 = amino -~ i - hydroxypteridine nucleus and with this in mind,
mothods were sought whereby 2 - amino - 4 - hydroxypteridine = 8 =
glycosides might be synthesised. These pteridine - 8 - glycosides
are analogous to the nucleosides in the purine series and might

therefore play an important role in biological mechanisms.

The synthetic difficulties encountered in this part of the work
have proved to be formidable but nevertheless interesting. The two
main avenues of approach which were considered to be worthy of
investigation wers (i) direct alkylation of the pteridine nucleus, and

(11) synthesis from 4,5 - diaminopyrimidine precursors.

l. Direct Alkylation,

The methods which are available for the synthesis of 8 = alkyl =
pteridines by direct alkylation of the pteridine have besen reviewed
in the Historicsl Section. The successful transannular methylaticen of
2 - amino = 4 = hydroxypteridine by Brown and J acobaen1 L indicated
that pteridine = 8 < glycosides could perhaps be formed by condensatiocn
of a pteridine of the type (117) with a halosugar such ae (118 § Bz =
coc635). This reaction, however, was found to be hindered by the
ineolubility of the pteridine (1917 ; R = Me or R = H ) in organioc
solvents.

A suspension of the pteridine (117 ; R = Me or R = H) in N,N =

dimethylformamide or in toluene was treated with the halosugar (118 3
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Bz = COCH, ) at various temperstures under neutral conditions and
also in the presence of scdium dbicarbonate or acotic acid. In all of
these cases the pieridine derivative was recovered unchanged. Strong
bases in which the pteridine is soluble could not be used as solvent
as halcsugars are converted into 1,2 = glyocoseens 151 under these
conditions. Furthermore, ’1 - and N

3
to take place in alkaline solution. 112

- substitution are more likely
O
8200“; OR N
S SN TG &
HZN \N N/ R Q \"\JVKN N’
08z 0Bz

(17) (118) (119)

2 = Amino - 4 = hydroxypteridine (117 3§ R = B ) was treated with
D = ribose in the presence of polyphosphoric sster after the manner of
Sohremn et al..>> who isolsted adenosine from resction of adenine with
D = ribose and polyphosphoric ester; but once more insolubility of the
starting material was a hindrance. In order to overcome this solubility
problem, 2 ~ amino - 4 ~ hydroxypteridine (117 § R = H ) was acetylatod,
the 2 - acetylaminopteridine was dissolved in N,N - dimethylformemide
and the halosugar (118 3 Bs = 000635) was sdded. The reaction was
oarried out at 37° and also at higher temperstures but the pteridine
derivative was recovered unchanged and prolonged refluxing led only to
the decomposition of the ribose derivative.

The bengyloxypteridine (119 § R = cazcens) of Pfleiderer and



102
Loh.rmann,”} which is soluble in hot xylens was synthesieed snd
oondensation with the halosugar (118 § Bz = cocsn,).) was attempted, but
this also ended in failure.

2. Synthetlo Approach.

The obvious method of synthesising 8 - subatituted pteridines is
to condense & 5 ~ amino - 4 ~ substituted - aminopyrimidine (e.g.110)
with a 1,2 -« dicarbonyl compound such as diacetyl or glyoxal and some

gtudies using model compounds were therefore ou"ried out.

The compounde (110 § R = Me or R = CBZCKQOB) wero isolated as
thelr hydrochlorides, as described in Part I, and reaoted with glyoxal
and with diacetyl to give the appropriate pteridines (120 ; R = Mo or
R = CHCH,0H 3 B' = Hor R' = Mo). Thowe reactions took place resdily

in methsnolic solution at reflux temperaturs.

0 (»)] 0
HN NO HN b, N N R
0 M0 X
HASN -0 HN 7 <M NS 2N\ -8
R R
(108) (1o) (120)
N7 \NO, CH(OEt) N < NoJL c.no NZ Nx
XJ\\ N"c"'I N/CH:. XJ§ | 1"
N N7 SN

R
(121) (lzz) (123)
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Albert and Matsuura * synthesissd 2 ~ hydroxy = T,8 ~ dihydro -
Pteridine(123; X = OHj Y = R = H) by hydrolyeing the acetal (121 s
X=0Hj3 Y=R=H) to the aldehyde (122 § X = OH 3 Y = R= H). On
catalytic hydrogenation cyclisation to the 7,8 -~ dihydropteridine
readily took place. Thies offered an altermative route to the modsel
pteridines of type (120). The acetal (121 § X = RH, 3 Y=OHj R = o)
was easlly synthesised by reascting the diethyl acetal of methylamino -
acetaldehyde with the 4 ~ chloro - 5 - nitropyrimidine (108) but acid
hydrolysis to the corresponding aldehyde (122 § X = FH, 3 T = OH g
R = Me) proved troublesome. A mixture of two unknown pyrimidines,
neither of which anslysed for the aldehyde, was QObtained. This
diffioulty wae overcome by first reducing the nitro group with an
aqueoua solution of sodium borohydride containing a trace of
palladised = charcoal acoording to the method of Neilson, Wood and
Wy110.135 Heating at 80° for 2 hr. in dilute mineral acid then
hydrolysed the acetal and yielded the pteridine (120 § R = Mo § R’ = H)
which was formed due to the facile oxidation of the 7,8 - dihydro -
pteridine (123 5 X = NH, 3 Y = OH § R = Me).

Pteridines of the type (120 § R = glkyl 3 R’ = H) underwent rapid
oxidation in alkaline solution to the corresponding 7 - oxopteridine
(124). This oxidation took place much more readily than that of the
6,7 = dimethylpteridines (120 § R = alkyl 3§ R’ = Me) which is described
in Part I. Having no methyl group in position 7, the pteridines (120
R = alkyl § B’ = H) are more readily hydrated to give the intermediate
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(125 3 R = alkyl) which is then easily dehydrogenated to the 7 = oxo -

pteridine (124 3 R = allyl).

o) 0
H
HZNJ\\N |:j 0 H,_NJ%N l;{ OH
R R

(1213) (125)

Having investigated the synthesis and reactions of these model
8 - substituted pteridines, the way appesared olear for the synthesis
of pteridine -~ 8 - glycosides by similar procedures. The initial
problem lay in the gynthesis of a sultable diaminopyrimidine glyocoside
(e.gs 110 ; R = glycoayl).

When 2,3,4;6 = tetraacetylglucosylamine (126), which is a weaker
base than the model alkylaminee used above, was refluxed in dry ethanocl
with the nitro - chloropyrimidine (108), the expected oondonutiou; did
not take place and the main sugar ~ containing product isolated was
Nyl -o{ = d1 = (D ~ glucosyl ) - amine octaacetate. This was pro:lunably
formed by condensstlon of two molecules of the glucosylamine derivative
with elimination of mmmonia.

0 ReOCH, o)
HN No, Q NH, HN NH,
H N’I\\ | QO T J% |
MNTSN Aed H,NSN ~RH
ORe R

(108) (126) (110)
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O (9] (9]
" HN)j HN)\/I[N=N-H»
H,_NL\N NH Mk\N NH, H;NJ\N K
H H‘O '

R
(127) (128) (129)
OH OH

Rombold' % reported the ayathesis of the riboside (127) which he
obtained from the direct condensation of 2,4 = diamino = 6§ - hydroxy -
pyrimidine (128) with D -~ ribose in presence of smmonium chloride. Hig
attempts to nitrosate this riboside (127) were unsuccessful due to
hydrolyeis of the glycosidic link. It seemed likely that Rembold's
riboside (127) could be converted to the diamimopyrimidine riboside
(190 3 R = D~ ribosyl) by coupling with a suitable dlszonium salt
under neutral conditions, thereby protecting the glycosidic link,

followed ty reduction of the resulting azo compound (129).

The riboside (127) was synthesised and ite properties were
investigated. Mild acid hydrolysis by 0.1F -~ hydrochloric acid ylelded
2,4 - diamino = 6 - hydroxypyrimidine (128) end D - ribose which were
detected Ly paper chromatography. The riboside gave a positive Dieche
and Schwars test for pentoses and in addition, paper chromatography
showed, in ultraviolet light, a eingle absorption spot which gave a
positive reaction for sugar using the periodate - Schiff‘s reagent
technique of Baddiley et sl.'>! The elementary anslysis was in
agreement with struoture (127) assigned by Rembold. 3 However, on
coupling with p - nitrobenzene diazonium chloride or with 2,4 - dichloro -
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bengene diagonium chloride, the riboside link was cleavsd and the

2,4 - disminopyrimidine (129 3 R = H) was obtained in each case. Thase
reactions were carried out under both neutral and alkaline conditions,
the diazonium solution being neutraliged just before addition of the
riboslde. Coupling with p = carboxybenzene diaszonium chloride in
glacial acetic acid, as suggested by Hemmerich,''® guffered a similar
fate. The reason for this facile hydrolysis which is more typical of
an 0 = glycoeide than an K - glycoside, is inexplicable. The only
alternative posaibilities are that the sugar is attached to a ring
nitrogen atom or to the carbon atom at position 5. Such glycosides,

however, would only be hydrolysed with diffioulty.'>®

The ultraviolet absorption speotra of Rembold’s riboside were
compared (Fig. 3) with those of the 4 - (2' - hydroxyethylamino) -
pyrimidine (130 § R = CH,CH,OH) and the 6 - alkoxypyrimidine (131 3
R=Moor R= °Hz°5“5)°

OH OR
g !
H,N J\N P'JH HN ’K N NH,

R

(130) (131)

The epectra of the riboside (A 266,276 and 26Bmu at PH 1,7.4

and 13 respectively) are similar to those of the hydroxyethylamino =
pyrimidine (130 3 R = CH,CH,0H), (X, 267, 268 and 265mu at PH 1, Tok
and 13 respectively) except for the discrepancy of 8mas. at pH T.k.

On the other hand, the ultraviolet sectra of the alkoxypyrimidine (131 j
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B = Yo or R = CH,CeHg) (45276 and 266 mp ot pH 1 and pH T.4

recpectively) are aleo similar to those of the riboside at pH T.4 and
PH 13 respectively. Ths riboside is eacily hydrolysed by O.1H - hydro -
chloric acid even at room temperature eand it iz possible that it is the
spectrum of the cation of the dieminopyrimidine (130§ R = E) which is
being vecorded at pH 1 ( represented by the 266 mm. peak), and not that
of the riboside. The othexr twe pesks quoted above for the riboside
(i.0. at 276 and 268 mp-) could be aesigned to thecation and neutral
molecule respectively, thereby agreeing with structure (131).
Determination of pKa values was complicated by the fasile hydrolyeis

of the riboside.

Tho "basic" pK (4.71) of the riboeide (seo Appendix, Table I)
was found %o lie between those of ths 6 ~ hydvoxypyrimidines (130 3
R = H) (5% , 3.33) and (120 3 R = CH,CH,0H) (pK ,2.96) cn the ane
hand and those of the alkoxypyrimidines (1315 R = Me) (PK  5.25) end
(131 3 R = cuzcsaﬁ) (pKa,S.Z‘l) on the other.

The "acidio" pK (10.73) of ths riboside was similar to thoee of
the 6 - hydroxypyrimidines (10 § R=Hor R = cnzcnzon) while the
alkoxypyrimidines (131 § R = le oxr R = cﬂzcsﬂs) have, of course, no
Yacidic" pxa. The riboside is not hydrolysed at room temperature by
0.1 § -~ sodium hydroxide indicating that the "acidio" PK‘ value of 10,73
is in fact that of the riboside and not that of the diaminopyrimidine
(130 3 R « H).

The infrared evidence is embiguoug. Thue, in the 3000 cm.” >

region the overlapping of the frsquency ranges of the OH and FH
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absorptions introduces difficulties; whilet in the 1600 cm.”]' region
abeorption can arise from NH deformations, carbonyl vibrations and
vidbrations of ring double bonds.

The sbove evidence 1s inconclusive but seems to favour an H =
glyocoeide, which is very easily hydrolysed in acid but not so readily
in alkali. The failure to isolate the coupled ribomide in neutral or
alkaline conditions may be due to the facile hydrolysis of the coupled
riboside under these conditicms.

Attempts to condense D - ribose with other pyrimidines (131 3

R = cnacsns) and (132) wers unsuccessful 3§ in the latter case this

was presumably due to the deactivation of the ring hy the 5 = nitro

group.
OR O
M\/lL NN
H;NL\N NH, HZN’&N NH,
(131) (132)

A fresh approach t0 the problem was then made. It was obmerved
that several workers '> ~ '“* nad reported the cleavege of N ~ ¥
bonde by heating with an excess of Raney nickel. It was docided to
investigate the poseibility of N - ¥ bond cleavage of asapurine

glycosides by thie method to provide the required 4,5 - diaminopyrimidine
glycoside.
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0 0
KN | AW HN l""z HN)INjK
H,_NJ§N ﬂ/ H,_N’KN NH, H,,N‘kN NZR

(133) (134) (17)
(0] (0] (0] q
HN N,  HN Ny N 2N~ C0H
O T O
HNSNANH SN ASN HNTS N 2NN~ CH,
R R R
(109) (135) (111)

Initially, ae a model reaction, 8 - azaguanine (133) was refluxed
for 9 hr. in aqueous ammonls in presence of an excess of Raney nickel
and, after removal of the nickel, treatment with discetyl yielded 2 -
amino = 4 = hydroxy = 6,7 - dimethylpteridine (117 3 R = Me) in slmost
20% yield. This seemed encouraging. 8 - Azs ~ 9 ~ (2' = hydroxyethyl) -
guenine (135 § R = cazcazon) wae eynthesised by catalytic reduction of
the 5 - nitropyrimidine (109 3} R = cnzcnzou) end subsequent treatment
with nitrous acid. However, this 9 - substituted azepurine (135 3 R =
cn?_cnzoa) end also the corresponding 9 = D = ribityl oompound (135 3 R =
D = ribityl), which was kindly supplied by Dr. Davoll, Parke Davis and
Company, yielded negligible quentities of the expected pteridines (111 g
R = 03268203 or R = D~ ribityl) when treated as above. The substituent
in the 9 - position must hinder oleavage of the N -« K bond in some way
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as the 9 - substituted szapurines were recovered unchanged.

NH, NH NHR
A S N
|
M25J§N NH NQSJ\N ZNN 7 Me WSJ\N | N ;[Me,
R R
(130) (137) (138)

Yot snother attempt at pteridine - 8 -~ glycoside synthesis was
made starting from the 5 - nitrosopyrimidine (136 § R = D - mannosyl) *J
which was hydrogenated over palladised~charcoal and treated with diacetyl.
Instead of ylelding the expected 8 = mammosylpteridine (137 3 R = D -
mannosyl), the alternative route for cyclisatioa took place to give
the pteridine (138 ; R = D -~ mamnomyl). This cyclisation route is not
the one which is usually preferred.’

11
Recently, Forrest and Lohrmann 3

prepared the nitropyrimidine
glycoside (109 § R = tetraascetylglucoayl) by a method eimilar to the
unsuccessful attempt described previously but using more drastio
conditions.  They treated the nitrochloropyrimidine (i08) in a
mixturs of dry dioxan and ethanol at 100° in a stoppered flask with

2's 3' 4° 6° = tetraacetylglucosylamine.

() 0 0o N
HN | NO, HN/lj[Noz HN | NH,
H,_N’KN Q H{(k N r;)u H,N /KN l;!H
R R

(108) (109) (110)
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Thie reaction was repeated and the desirsd pyrimidine glycoeide

(109 3 B = tetraacetylglucosyl) was obtained, a by - product sgain
being H,N =of = di = (D - glucosyl) - amine cotaacetate. '*S

Forrest and Lol::mwm”3 proparsd a series of T —~ oxopteridine -
8 -~ glucosides of the type (139 3 R = D -~ glucoayl) by reduction of the
nitropyrimidine (109 5 R = tetzraacetylglucogyl) and condensation of the
resulting diaminopyrimidine with ethyl pyruvate, ethyl glyoxylate
hemincetal, or diethyl mesoxalate, followed by deacetylation of the
glycoside tetraacetate.

o ' 0
SNNNTO H,LNJ\
) ' g
R R
(139) (14-0)

0 0 o
N /N R HN N NH
L Lo '

HN SN ZSN-R HN"S N NH 07NN

| ‘R H

(120) (y1)
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It was decided %0 apply this reaction to the synthesic of 8 -

glycosylpteridinas of the type (120) by reaction of the 45 - diaminc =
pyrimidine glucoside (110 § R - tetraacetylglucosyl) with diacetyl or
glyoxal. Surprisingly, these reactions did not proceed bsyond the stage
of the Schiff’s bases (140 § R » tetraacetylglucosyl § R? = R* = He

or R’ = R" = H) which wers identified by paper ohromatography, which
showed an absorption spot in ultraviolset light in each ocase, and by
oomparison of their ultraviolet spectra (Fig. 4) with the spectrum of

the Schiff's bass (140 § R = cazcn OH § R* = H g R" = OBt).

2

Dsacetylation of the nitropyrimidine glucoside tetrascetate (109 3
R = tetrasostylglucoayl) with sodium methoxlde furnished the water -
soluble pyrimidine glucoside (109 3§ R = D = glucosyl). Reductiocn of
this gluooside and condensation with diacetyl or glyoxal again stopped
at the Schiff's base stage.

Condeneation of the disminopyrimidine (109 3§ R = tetrsacetyl -

glucosyl) with alloxan geave a bright yelleow product which analysed for
the Schiff's base (141 3 R » tetraacetylglucoayl).

[
i

g
H
HzNJ%N N~ “H

|
R

(14:2)
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As a final effort; it was decided to attempt to reduce the
7 - oxopteridine (139 3 R = D - glucosyl 3 B’ = H) %o the reduced
pteridine (142 § R = D - glucosyl § R’ = H) which would then
possibly be readily dehydrogenated te the desired pteridine (120 j
R =D~ glucosyl 3 R’ = H). Lithium aluminium hydride reducticn
and aleo the technigue of Brown and Subba Rao'®! for the conversion
of disubstituted amides to amines using a mixture of sodium boro -
hydride and aluminium chloride, were ineffeotive due to the
insolubility of the T - oxopteridine glucoside in solvents suitable
for these reactions. Attempts to isolate the 7 - oxopteridine
glycoside tetrascetate before demcetylation were unsucceessful as the
alkaline conditions required for the gyclisation of the Schiff's
base aleo deacetylated the sugar. The froe T —~ oxopteridine gluooside
could not be reacetylated due t0 solubility difficultiesm.

Time did not permit further investigation into this intriguing

synthetic problem, the solution to which has, as yet, been =0 evasive.
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EXPERIHERTAL .

2 = Amino = 4 < bydromteridine."‘a

2,4,5 - Triamino - 6 - hydroxypyrimidine sulphate monohydrate
(10g.) in water (200cc.) was treated with a solution of polyglyoxal
(3g.) in water (15cc.) and the mixture was heated on a steam bath
for 15 min. with etirring. The red precipitate which formed was
dipsolved by sddition of 4N = sodium hydroxide soluticn, the
solution was filtered hot and the filtrate was treated with 5§ -
sulphuric acid until the pH was deoreased to 3. After ocooling, the
crude product was oolle.oted and washed with water, ethanol and ether.
The solid was dimsolved in the minimum emount of 2F -~ modium hydroxide
solution, treated with charcoal and filtered hot. To the filtrate was
added an equal volume of 10H -~ sodium hydroxide giving a pale brown
precipitate which was colleoted and washed with 4N -~ godium hydroxide,
ethanol and ether. This sodium salt was dissolved in water and
adjusted to pH 3 with SN - sulphuric acid. On cooling, the pale
yellow 2 -~ amino - 4 - hydroxypteridine (5.2g. 3 82%) separated.

M.p. > 360°,

2 - pmino - 4 = hydroxy - 6,7 ~ dimethylpteridine. ' >

254495 = Triamino - 6 = hydroxypyrimidine sulphate monohydrate

(10g.) wae suspended in water (700co.) at 80°. A solution of diacetyl
(5¢cc.) in water (100cc.) was added to the hot mixture and the heating
was oontinued for 2 hr, with stirring. On cooling, a yellow
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procipitate formed. The solid was collected, dried and diesolved in

ON — gmnonium hydroxide solution (1000cec.). Concentration in wvacuo
until solid just appeared and scidification to pH 4 yielded the purified

pteridine as a pale yellow powder (3.9g. ; 53%), WePe 3)00.

1 - 0 - Acetyl = 2,35 = tri = O = bensoyl =8~ D - ribofuranoside.'>'

D - Ribose (25g.) was dissolved in dry methanol (535ce.) with

stirring and a solution of dry hydrogen chloride (2.2g.) in dry
methanol (24cc.) was slowly added until Fehling‘'s test for the
reducing group became negative. The hydrogen chloride was neutralised
by addition of dry pyridine (50cc.) and the solvent was distilled off
under reduced pressure. Pyridine (50cc.) was added end the
distillation was ocontinmued until a viscous yellow 0il remaingd which
was diesolved in a mixture of chloroform (135cc.) and dry pywidine
(295cc.). The solution was cooled in an ice-salt bath and slowly,
with stirring, treated with benzoyl chloride (97cc.). The hatero -
geneocus mixture was kept in the refrigerator overnight and poured into
iced water (1000cc.) with stirring. The organic phase was sgparated
and the aqueous layer extracted with chloroform ( 3 x TOcc.j. The
oxtracts were combined with the original organic phase, wasbsd with
water (2 x 100cc.) and dried over anhydrous scdium sulphate. After
removal of the solvent at reduced pressure, ‘there remained a red viscous
0il which was dissolved in a mixture of glacial acetioc acid (40co.) and
acetic anhydride (930c.). The eolution wae cooled in an ice bath and
concentrated sulphuric acid (13cc.) was slowly added with stirring.

The reaotion mixture was left overnight in the refrigerator énd then
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with stirring, poured into iced water (1000cs.) giving a tacky solid.
The agqueous phase was thrice decanted and replacad with fresh water.
Crystellisation from 10 parts isopropancl yielded white feather-liks
crystals which were dried cver phosphorus pentoxide. Yield 35g., m.p.
130 = 131% (1it., 2! 131 = 132°).

Attempted Condensation ofe{= Chloro = 2,3,5 ~ tri = 0 -« bengoyl - D -

ribofuranoside with 2 - Amino - L - hydroxy - 6,7 = dimethylpteridine.

(a) To enhydroue ether (100cc.) saturated with hydrogen chloride
at 0° was added acetyl chloride (3.600.) and 1 = O = acetyl = 2,3,5 =
tri ~ O - benzoyl - 8 < D = ribofurancse (3.6g.). Hydrogen chloride
was passed through the solution at 0° until the solid completely
dissolved. After L days at 3 in a stoppered flask, the solution was
evaporasted to dryness in vacuo. The evaporation was rspeated twice
with portions (20cc.) of dry bensene giving a clear colourless gum
which wes dissolved in redistilled N,N -~ dimethylfommamide (10cc.).

A suspension of finely powdered 2 = amino = 4L -~ hydroxy - 6,7 = dimethyl =
pteridine (1.7g.) in N,N - dimethylformemide (250cc.) at 37° was

treated with the solution of the chlorosugar and the mixture was kept

at 37° for 12 days. At the end of this time, unchanged 2 = amino = 4 =
hydroxy - 6,7 = dimethylpteridine (1.5g.) was recovered and no other
pteridine was detected bty paper chromatography.

(b) The procedure described in (a) was repeated but with the
addition of sodium bicarbonate (10g.) to the dimethylformemide solution
oontaining the pteridine and chlorosugar. Again no condensation ococcurred.

(o) The of = chlorosugar was prepared as in (a) from the 1 = 0 =
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acetyl derivative and dissolved in dry tolueme (10ce.). This solution
was added to a sugpension of 2 -~ amino - 4 - hydroxy - 6,7 = dimethyl -
pteridine (1.3g.) in dry tolueme (250cc.) containing sodium biocarbonate
(15g.). The mixture was thoroughly stirred and heasted under reflur for
32 hr. Again the pteridine starting materiel was recovered unchanged
while the sugar had decomposed.

(d) The experiments (b) and (o) were repeated replacing the
eodium bicarbonate with acetic acid and also variationsz in temperature

woere tried without effect.

Attempted Condensation of D - Ribose with 2 - Amino - k4 - hydroxy -
pteridine in presence of Polyphosphoric Ester.

2 = Amino = I ~ hydroxypteridine (1;23.), suspended in dry re~

distilled N,N - dimethylformamide (100cc.), was treated with conc.
hydrochloric acid (0.5cc.) followed by the addition of polyphosphoric
oster = (3 - 4g.), the reaction mixture being thoroughly stirred. A
solution of D - ribose (200 mg.) in N,N ~ dimethylformamide (50cc.)

was dropped in slowly to the stirred reaction mixture. After stirring
for 22 hr. in a glycerine bath at 50° the mixture was ocooled and filtered.
Cruds unchanged 2 ~ amino - 4 - hydroxypteridine (0.8g.) only was
reocovered and no other pteridine was observed on paper chromatography

of the reaction mixture.

2 - Acetylamino - 4 = hydroxypteridine.'2

2 = Amino - 4 - hydroxypteridine (2g.), suspended in acetic
anhydride (140cc.), was boiled under reflux for 7 hr. and the hot
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eolution was filtered. On cooling, croam needles weparated which were
collected and dried by suction. Reorystallisation from hot water (130cc.)
(oharcoal) yielded fine white noedles (1.1g.), decomp. 283° (111'..,152
285°).

Reaction of 2 - Acetylamino - L - hydroxypteridine and ®{ - Chlore -

25335 = tri ~ O - benzoyl = D -~ ribofuranoside.

The of - chlorosugar was prepared as before from 1 - 0 = acetyl -
2,3,5 = trd ~ O ~ benzoyl =4 - D = ribofuranose (7.2g.). The clear
colourless gum was diseolved in dry W,§ - dimethylformamide (7oc.) end
a solution of the pteridine (0.9g.) in dry N,N - dimethylformamide (4Occ.)
was added. Heating under reflux for 10 hr. yielded mainly unchanged 2 -
acetylamino = 4 - hydroxypteridine. Paper chromatography showed
soveral weak blue spots in ultraviolet light but the concentratione of
these compounde were too small for identification purpoeses and were not
increased by further refluxing of the reaction mixture which only led to

decomposition of the sugar component.
2 - Amino - L4 - bonglogﬂeridino.u}

A solution of 2,4,5 - triamino - 6 - benzyloxypyrimidine 5> (0.7g.)
in methanol (200c.) was added to a warm solution of polyglyoxal (0.2g:)
in methanol (20cc.) and boiled under reflux for 2 hr. The methancl wee
distilled off under vacuum and the brown residue waes extracted with
several portions (20cc.) of not too hot xylene. On cooling,a ysllow -
brown precipitate separated which was further purified by recrystallie ~

ation from water (oharcoal) giving the pteridine ae yellow needles (100mg.),
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m.p. 220 -~ 223° (11,790 220 - 223°).

Attempted Condensation of 2 - Amino - 4 - benaylozypteridine withof -

2535 = benzoyl - D -~ ribofuranoside.

(a) The chlorosugar was prepared as described previously from
l-=0<«acetyl = 2,35 ~ ¢ri - 0 = bangoyl - ,6 ~ D = ribofuranose
(200mg.). The clear colourless gum wae dissolved in dry xyleme (Sco,)
and added to a solution of 2 - amino - 4 = bengyloxypteridine (100mg.)
in dry xylene (60cc.). Refluxing for 40 hr. had no effeot on the
bengyloxypteridine which was recovered unchanged and the sugar
eventually decomposed.

(v) The sbove experiment was repeated in the presence of acetic
acid (0.500.) and then again in presence of socdium bicarbonate but the
end result was similar.

2 — Amino - 4,8 - dihydro = 8 ~ (2° ~ hydroxysthyl) - 4 - oxopteridine
Hydrochloride.

2,5 = Damino -~ 6 = hydroxy -~ 4 -~ (2° = hydvoxyethylamino) -
pyrimidine hydrochloride (8.3g. 3 o.o;a;uol.) was suspended in methanol
(200 oc.) and a solution of polyglyoxal (2.3g.) in methanol (100cc.)
was added. The mixture was boiled under reflux for 30 min., the colour
of thc solution changing to deep red and finally brown. The product
was filtered and augmented by concentration of the filtrate in vacuo.
The resuliing brown crystals were dissolved in 2N - hydrochloric acid
(3000c.), heated on a steam bath and trested with charcoal. After a
fow minutes the mixture was filtered hot, washing the charcosl with hot
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2l = hydrochloric acid. The filtrate was concentrated under vacuum
until solid separated, complete precipitation being achieved by the
addition of a 1little methanol and refrigeration giving the pteridine

hydrochloride as yellow orystals (3.5g. 3 39%), .p.> 300°. A
portion was recrystallised from 2N - hydrochleric gcid for analysis.

(Founds C, 39.8 3 H, 4.3 3 W, 28.6 3 Cl, 1h.3. 08510350201 requires
Cy 394 3 Hy 41 3 N, 28,75 3 C1, 14.5%).

2 = Amino = 7,8 - dihydro - 4 ~ hydroxy - 8 - (2° - hydroxyethyl) -
1.~ oxopteridine.

(s) Ethyl glyoxylate hemiacetal 2> (4.58.) was added to a solution
of 2,5 = diamino = § - hydroxy - 4 ~ (2' = hydrozyethylamino) -
pyrimidine hydrochloride (4.43g.) in water (100cc.). After stending
at room temperaturs for 3 min. the precipitate was filtered giving the
intermediate Schiff’s base which was dissolved in N - sodium bicarbonate
solution (70cc.) and boiled under reflux for 15 min. Glacial acetic
acid (Tcc.) and water (1400cc.) were added and the mixture was boiled
with a little charcoal and filtered. On cooling pale brown orystals
separated which were purified dy dissolving in 2N - ammonium hydroxide
solution, treating with charcoal, and filtering hot. To the hot filtrate
was added glacial acetic acid dropwiee until a slight turbidity formed
and pale yellow orystals separated on cooling. The 7 - oxopteridine
(3.2g.) was washed with water, ethanol and ether, m.p. > 360°. (Found &
Colks3e25 3 Hy 4o2 3 N, 3l.4. Calc. for CgBgNe0; Cy 43.05 3 Hy 4O 3
Ny 3l.4%).
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(b) 2 - mnino = U8 ~ dihydro ~ 8 -« (2' = hydroxyethyl) -

Iy - oxopteridine hydrochloride (200mg.) was dissolved in water (10cc.)
and § ~ sodium hydroxide was added dropwise until pH 10. The soluticn
was heated on a steam bath for 4 hr. and filtered. Charoosl was added
to the filtrate whioh was further heated for 20 mins. and filtersed hot.
The charcoal treatment was repeated and the hot filtrate was acidified
with glacial acetic acid. On refrigeration brown coryetels separatsd.
Purification was achieved as in (s) by dissolution in dilute emmonium
hydroxide solution, treatment with charcoal and acidification to give
pale yellow crystals (65mg.) which were identicsl in Rf (6 solvent

systems), in ultraviolet and infrared speotra with the product from (a).

2 = Amino = 6 — hydroxy - 4 ~ (W, - methyl - 2¢, 2' - diethoxyethyl -
amino) - 5 - nitropyrimidine.

2 = Amino = 4 = chloro - 6 = hydroxy = 5 - nitropyrimidine (7.65g.s
0,04 mol.) was suspended in ethanol (60cc.) and methylaminoacetaldehyde
diethyl acetal (14.0cc. 3 O.1 mol.) was added. The solution was
refluxed for 15 min., cooled snd filtered. The product was recrystal -
lised from isopropancl giving the pyrimidine as yellow hexagonal plates
(6-5g. 3 60%), m.p. 183 - 184°. (Founds C, 43.8 5 H, 5.95 § N, 23.5.
cun193505 requires C, 43.85 3 H, 6.3 3 N, 23.3%).

2 = Amino = 4,8 - dihydro - 8 - methyl - I ~ oxopteridine Hydrochloride.

(a) 2,5 = Diamino = 6 -~ hydroxy - l - methylaminopyrimidine
hydrochloride (2.8g.) was refluxed with stirring for 1 hr. with poly -
glyoxal (0.9g.) in methanol (100cc.). The solution was concentrated

to oca. 20cc. when a brown precipitate formed. This precipitate was
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oryetallised fyom 2 ¥ -~ hydrochloric scid (charcosl) yielding the
110
hydrochloride as yellow priems (2.2g.), decomp. 280 - 2850 [lit.,

oa. 285° (deo.ﬂ :

(v) Palledieed chsrcoal (10% Pd. 3 90 mg.) wae suspended in
water (10cc.) and a solution of sodium borobydride (1.67g. § kim. mol.)
in water (50cc.) wae added with stirring. This was immediately
followed by the dropwise addition of a solution of 2 - amino = 6 =
hydroxy = 4 = (H,¥ = methyl - 2°,2' - diethoxyethylamino) = 5 - nitro -
pyrimidine (3.98. 3 14.5 m. mol.) in O.5§ — godium hydroxide solution
(50cc.), the stirring being continued until the disappearance of the
yellow colour and then for a further 10 min. The catalyst wae removed
by filtering through celite into 2.5 N = hydrochlorio acid solution
(50cc.) and the filtrate was immediately concentrated to ca. 20cc.
Methanol (30cc.) was added and the precipitated inorganic salts were
removed by flltration. The filtrate was heated on a steam bath for
2 hr. and refrigerated to give a pale brown precipitate. Repeated.
recrystallisation from 2 ¥ - hydrochloric acid (charcoal) yielded the
pteridine hydrochloride as priems (1l.1g. 3 39%), decomp. 280 - 2830.

The product was identioal with that from (a).

2 = Amino - 7,8 - dihydro - L — hydroxy - 8 - methyl - 7 - oxopteridinme.

(a) To a solution of 2,5 = diamino = 6 - hydroxy - 4 - methyl -
aminopyrimidine hydrochloride (8g.) in water (100cc.) was added
glyoxylic acid hydrate (Lg.) in water (70cc.) and ths mixture was

thoroughly stirred. After 3 min. at room temperature the cream
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orystals of the intermediate Schiff's base (6.7g.) wore collescted and

washed with water; ethanol and ether. This Schiff’s base was diassolved
in N - godium bicarbonate solution (140cc.) and boiled under reflux for
15 min. Glacial acetic acid (3cc.) was added to the hot solution
followed by water (300cc.) and the mixture was boiled for 5 min. On
cooling, a dark brown precipitate separated. The orude product was
colleoted, dissolved in hot 2 N = ammonium hydroxide solution, treated
with charcoal and filtered. The hot filtrate was aclidified with glacial
acetic acid, the precipitation of the product being completed Yty
refrigeration. Pale cream orystala of the 7 - oxopteridine were
obtained in the form of needles (3.5g.), m.p. 350°. A portion wase
recrystallised from a large quantity of water for analysis. (Found s

Cy 43.8 3 Hy, 3.3 3 K, 36.5. Calec. for 073111502 Cy 43.53 H, 3.6 ¢

N, 36.3%).

(b) 2 < Amino = 4,8 « dihydro -_8 - methyl -~ 4 ~ oxopteridine
hydrochloride (600mg.) was dissolved in water (3cc.) and ¥ - godium
hydroxide solution was added dropwise to give pH 10. After heating for
3 hr. at 80° the mixture was filtered hot, the filtrate was treated
with charcoal and was further heated for 10 min. The charcoal was
removed by filtration and the hot filtrate was acidified with glacial
acetic acid ylelding brown crystals on refrigeration. The crude product
was purified as in (s) giving a product (210mg.) which was identioal in
all respects with that obtained by the procedure described in (a).



124
Condensation of 2,4 = Diamino - 6 - hydrozypyrimidine with D - R:I.bt.me.,‘:'6

D - Ribose (7,8g. § 0.05 mol.) and ammonium chloride (0.5g.) were
dissolved in a solution of ethanol (150cc.) and water (50cc.). 2,k =
Diamino = 6 - hydroxypyrimidino'sl" (10.3g. 3 0.08 mol.) was added and
the misture was heated on a steam bath with stirring for 3% hr. The
solution was filtered end the filtrate was treated with acetone (%0cc.)-
The acetone wae carefully decanted from the resulting gum which was
diesolved in water (50cc.). To this squecus solution methanol (250co,)
was added giving a pale yellow precipitete which was rapidly filtered
and ground with methanol and then with ether; the precipitate being
pressed dry. The product was hygrosccpia and was dried in vacuc in a
desicoator over phosphorus pentoxide. The orude product was dissolved
in 1 : 1 dry N,N - dimethylformamide - anhydrous methamol (50cc./g.),
filtered hot and the filtrate was cooled in ice to give the glycoside
as a pale yellow solid (7.1g.) which was stored inm vecuo over
phosphorus pentoxide. The product ("Rembold’s riboside") gave a
positive Dische and Sochwarz test for pentoses. Paper chromatography
in solvent aystems (B) and (P) showed s single absorption spot, when
viewed under ultraviclet light, which gave a positive reaction for
sugar using the teohnique of Baddiley et _Q_.137 (Found & C, 41.5 3

H, 507 $ U, 22.2. Caloc. for 09311‘]‘.'05 C, l}lo9 5 H, 5.‘} 3 N’Zl.?%).

Acid Hydrolysis of "Rembold's Riboside".

The riboside (0.2g.) was kept overnight at room temperature in
0.1 ¥ - hydrochloric acid (200c.) yielding 2,4 - diamino - 6 - hydroxy -
pyrimidine and ribose in addition to some unchanged riboside, which
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were detected in the reaction mixture by paper chromatography

( 4 eolvent eystems). Complete hydrolysis was achieved by refluxing
in 0.1N - hydrochloric aoid for 2 hr.

Alkaline Hydrolyeis of "Rembold's Riboside".

The riboside (0.2g.) was not affected on standing overnight in
0.1¥ ~ sodium hydroxide solution (200c.). Only slight hydrolyeis of
the riboside occurred after refluxing the riboside (0.2g.) in 2§ -
sodium hydroxide solution (20cc.) for I hr.

Coupling Reactions of 2,4 — Diamino - 6 - hydroxypyrimidine Riboeide.

(a) p = FNitroaniline (0.26g.) was dissolved im a mixture of
water (10cc.) and concentrated hydrochloric acid (1.5cc.) and was
diazotised at O° by the portionwise addition of sodium mitxite (0.14g.)
in water (10cc.) with stirring. The diazonium solution was added
rapidly to a cold freshly prepared solution of the riboside (0.52g.) in
water (20cc.). The resulting solution was immediately poured into e
solution of sodium bicarbonate (1.6g.) in water (100cc.) at 0° end the
mixture was left in ico for 2 hr. The red precipitate was filtered and
ehown to be identical with 2,4 ~ diamino - 6 - hydroxy = § = p - nitro -
benzeneasopyrimidine by comparison with an suthentic sample prspared by
coupling 2,4 ~ diamino = 6 - hydroxypyrimidine with the same reagent.
Hydrolysis was also indicated by the paper chromatogram techniqus of
Baddiley et al. o'

Variations in the above technique were carried ocut in an asttempt to
prevent hydrolysis occurring.
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(1) The diaszonium solution was neutralised with sodium bicarbonate

solution just before addition of the riboside eclution.
(1) A strongly elkaline (sodium hydroxide) m=olution of the ribosids
was added t0 the neutralised (sodium bioarbom;te) golution of the
diagonium ealt.

However; the product obtained in all o;eea waa the same.

(b) 2,4 - Dichloroaniline (0.27g.) was diasolved in water (15cc.)
containing conc. hydrochloric acid (0.65cc.) end diazotimed Wy adding
a solution of sodium nitrite (0.12g.) in water (i0cc.) portionwise at 0°.
The solution wae neutralised by pouring into an aquecus solution of
sodium bicarbonate (1.3g. in 20cc.). A solution of the riboside (0.5g.)
in water (10cc.) was immediately added to the neutralised diszonium
gsolution producing a bright orange precipitate. After 2 hr. the
precipitate was collected, washed well with water and dried in a
vacuun desioccator over calocium chloride. This produoct was identical
with that obtained by treating diazotised 2,4 ~ dichloroaniline with
2,4 ~ dlamino - 6 - hydroxypyrimidine ot 0°. Furthemmore, coupling

in strongly alkaline solution gave the same product.

(c) A soluticn of p - amino - bensoio acid (2g.) in o mixture of
water (10cc.) and cone. hydrochloric acid was ocoled to 0°. A solution
of sodium nitrite (1.2g.) in water (5cc.) was added and the mixture was
cooled to ~5° in an ico-salt bath. White fluffy needles of p - carboxy =
bengene diagonium c):llo:.-i.de"6 sepaerated which were washed with tetra -
hydrofuran and sucked dry. The pyrimidine riboside (0.5g.) was

dissolved in glacial acotic acid (20cc.) and cocled to room temperature.
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The above diazonium salt was added t0 the acetic acid solution of the
riboside whereby a brown precipitate was obtained. Filtration of the
mixture after 2 hr. at room temperature yielded a pale brown solid
(0.31g.)s m.pe > 320% which wao identical with that obtained from the
reaction of the diagonium selt with 2,) - diamino - 6 - hydroxypyrimidine.

2 -~ Amino - 6 - hydvoxy - 4 - (2° - hydroxyethylamino) - dine
gdmohlorido-u

2 = Amino - 4 - chloro = 6 - hydroxypyrimidine (2g.) and ethanol -
amine (2cc.) were heated in an oil bath at 140° for 30 min. On cooling,
the mixture was diluted with absolute ethanol (80cec.) and 18% ethanolic
hydrogen chloride (4oc.). After standing in ice for 1 hr. the mixture
was filtered and the product was washed with ethanol (40cc.) and ether
(20cc.). The pyrimidine hydrochloride (1.72g.) was dried at room
temperature, m.p. 200 = 203° (1“"& 203°).

2,4 = Diamino - 6 - mthcgnniuno.ms

2,4 = Diamino ~ 6 - chloropyrimidine (2g.) was heated under reflux
for 1 hr. with a solution of sodium methoxide (1g. sodium in 50cc.
methanol). The precipitated sodium chloride was removed by filtration
and the filtrate was evaporated to dryness under vaomln. The white
solid was reorystallised from ethanol to give white orystals (1.7g.),
mepo 160 = 162° (1it., 7% w0 - 145°% 11t.,193 162 - 163°).

254 = Digmino ~ 6 ~ chloropyrimidine.
A suepension of 2 -~ amino - 4,6 - dichloropyrimidine (%0g.) in

10% (w/v) equeous smonia (600cc.) was heated at 120° for 2 hr. in a
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litre bomb fitted with a mechanical stirrer. After cooling to room

temperature the mixture was filtered and the product was recrystallised
from water (10co./g.) (charcoal) to give the pyrimidine as white crystals
(3585 79%)s mop. 199 - 200° (1it., '
Hy 3.3 3 N, 38.95 3 C1, 25.0. Calc. for CHFCL  C5 3323 By 3.53
N, 38.8 3 Cl, 24.6%).

2,4 = Dismino < 6 - bonglmrimidino.‘”

197 - 200°). (Found s C, 33.3 j

Sodium (6g.) was diesolved in benzyl alcohol (160cc.) and dry 2,4 -
digmino - 6 - chloropyrimidine (35g.) was added. The mixture was hested
with stirring at 150 - 160° for 3 hr. in an oil bath, excluding moisture,
and then the excess benzyl alcohol was completely removed by distillation
under vacuum. The residual gum was diseolved in bensene (500cc.),
charcoal was added and the mixture was heated on a steam bath for 15 min.
The charcoal was removed by filtration and the filtrate on cooling yielded
white prisme, m.p. 105 = 107°. Reorystallisation from bengene gave the
pyrimidine as lustrous white crystals (35g.5 67%), m.p. 107 - 109° (1it.)>”
108 - 109°).

Attempted Condensation of 2,4 ~ Diamino - 6 - benayloxypyrimidine with

(a) D- Ribose (1.5g.3 0.0l mol.), smmonium chloride (0.2g.) and
2,4 = dismino - 6 - benzyloxypyrimidine ( 4.32g.3 0.02 mol.) were added
to anhydrous ethanol (60cc.) and refluxed for 8 hr. On concentration of
the reaction mixture the diamino - bengyloxypyrimidine was recovered
unchenged.
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() D~ Ridose (0.95g.) was heated under reflux with the

diamino - bengyloxypyrimidine (2.16g.) and ammonium chloride (0.1g.)
in bengene (150cc.). The flask was attached to a Desn and Stark
apparatus for removal of any water which may have formed during the
reaction. After refluxing for 6 hr. the reaction mixture was
concentrated yielding mainly the diamino - benzyloxypyrimidine mixed
with gmaonium chloride. The ribose had largely decomposzed.

2y4 = Dismino -~ 6 - hydroxy - 5 — nitropyrimidine.

2 = Amino = 4 - chloro = 6 = hydrxoxy - 5 - nitropyrimidine (1g.)

was diseolved in ethanol (100cc.) and srmonium hydroxide solution (8.C.
0.880) wae added until the solution was alkaline to litmus. The
solution was refluxed for 30 min., concentrated in vacuo wuntil g
Precipitate began to separate and adjusted %o pH 5 by addition of

5 ¥ = sulphuric acid. The product (0.6g.) wae colleoted, washed with
water and dried, m.p.» 30°. The product was identical with en
authentic ssmple 2! of 2,4 - diamino - 6 - hydroxy - 5 = nitropyrimidine.

Attempted Condensation of 2,4 ~ Diamino - 6 - hydroxy - § - nitro -
pyrimidine with D ~ Ribose.

D - Bibose (0.5g.) and ammonium chloride (0.05g.) were dissolved
in a mixture of ethanol (20cc.) and water (50c.). 2,4 = Diamino = 6 =
hydroxy = 5 = nitropyrimidine (0.6g.) was added and the mixture was
heated with stirring on a steam bath for 20 hr. On concentration the
pyrimidine starting material (0.58g.) was recovered unchanged.
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2 = Amino - 4 - hydroxy - 6,7 - dimethylpteridine from 8 - Azagusnine.

8 - Azaguanine (0.5g.) was dissolved in 5 ¥ - ammonium hydroxide
(40cc.), Raney nickel ( oa. 6g.) was added and the mixture was refluxed
for 9 hr. The nickel was filtered from the hot solution, washed with
hot 5 N -~ ammonium hydroxide solution and the combined filtrate and
washings were treated with discetyl (O.5cc.). The solution was boiled
gently for 2 hr. by whioh time much of the excess ammonia had been
removed and the product began to separate. The pH of the solution was
adjustod to 4 by dropwise addition of 5 N - pulphuric acid and the
mixture wae cooled t0 room temperature. The yellow eolid (120 mg. 3
19%) which formed was identical in its Rf ( 6 solvent gystems) and
ultraviolet spectra with an authentic sample of 2 = amino - )4 - hydroxy -
6,7 = dimethylptoridine, prepared as desoribed previously. A shorter or
longer refluxing time with Raney nickel led to decreased yields of the
pteridine.

8 -~ Aza = 9 = (2' ~ hydvoxyethyl) - gusnine.

2 = Amino = 6 = hydroxy - 4 - (2° - hydroxyethylamino) - 5 -
nitropyrimidine (1.29g. 3§ 6 m. mol.) was suspended in water (100co.)
and 4 N - godium hydroxide solution was added dropwise until the solid

just dissolved. The solution was hydrogenated over Raney nickel at
room temperature; the catalyst was filtered and washed with a small
amount of hot water. The filtrate was quickly cooled to 5° in an ice
bath and sodium nitrite (0.69g. 3 10 m. mol.) was added. The pH of the
solution was adjusted to 4 by dropwies addition of glacial acetic aoid
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and the temperature was kept below 5° for 30 min. The pale brown

80lid was oollected and washed with cold water, ethanol and ether. The
solid (1.02g.) was suspended in water (300cc.) and 9 N — ammonium
hydroxide solution was added dropwise until complete dissolution had
oocurred. The solution was treated with charcoal and boiled. After
filtration of the charcoal the filtrate was allowed to cool yielding
white needles which were recrystallised from water to give the pure
agapurine (785 mg. 3 T0%). (Found ¢ C, 36.55 3 Hy, 4.3 3 N, 42.8.
C¢HgN,O, requires Cy 36.7 3 Hy Lol 3 N, 42.85%).

Action of Excess Raney Nickel on 8 - Asa -~ 9 = (2° - hydroxyethyl) -
guanine.

8 - Aza - 9 - (2' - hydroxyethyl) - guanine (0.69g.) was dissolved
in 9 N - ammonium hydroxide solution (30cc.) and Raney nickel (7g.) was
added. The mixture was refluxed for 9 hr., the nickel was removed hy
filtration and the filtrate was treated with diacetyl (0.5cc.). The pH
of the solution was adjusted to 4 by dropwise addition of glaocial acetic
acld and after 2 hr. heating on the asteam bath the solution was
refrigerated. The brown eolid (360mg.) obtained was shown to be
unchanged starting material by comparison of Rf values (6 solvent

systems) and ultraviolet spectra.

Action of Excess Raney Nickel on 8 - Aza - 9 = D = ribitylguanine.

8 - Aza = 9 = D = ribitylguenine (0.5g.) was dissolved in water
(40c0.) with the aid of heat. Raney nickel (7g.) was added and the
mixture was refluxed for 8 hr. Filtration of the catalyst was
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followed by the addition to the filtrate of a solution of dlacetyl

(0.5cc.) in water (70cc.). Dropwise sddition of glacial acetic acid
reduced the pH of the solution to 4 and the solution was hoated on a
steam bath for 2 hr. The original 9 - substituted = 8 - azapurine

(0.32g.) separated on refrigeration.

6 - Amino = 4 - D - mannoaylsmino = 2 = methylmercapto = § - nitrose -
pyrimidine. 2

A suspension of 6 = emino = 4 = D ~ mannosylamino = 2 = methyl =

mercaptopyrimidine (4.5g.) in water (250cc.) was treated at 0° with a
solution of sodium nitrite (3g.) in water (50cc.) and glacial acetic
acid (90c.) was added with stirring. The solution was kept at 0° for

1 hr. and for an additional 1 hr. at room temperature. The blue
precipitate was collected, washed with ice-00ld water and recrystalliged
from water ( oa. 2000cc.) to give the nitrosopyrimidine as fine purple
needles (3g.); m.Dp. 231 ~ 233° (dec.) [ut.,"'5 2% - 231° (a.c.)].

L = D - Mannogylemino — 2 - methylmercapto — 6,7 = dimethylpteridine.

A suspension of 6 = amino = 4 = D - manosylamino - 2 - methyl -

mercapto - 5 - nitrosopyrimidine (0.5g.) in water (100cc.) was
hydrogenated over palladised-charcoal (10% Pds; 200mg.). The catalyst
was removed by filtration and the flltrate was treated with diacetyl
(0.300.). After heating the molution at 80° for 20 min. the volume was
reduced in vacuo %o ga. 20cc. and refrigerated. The resulting oryetals
were reorystallised from water (charcoal) yielding the pteridine as
"off-white" needles (0.18.)s; mePo 250 = 252° (dec.). The product gave
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a positive Molisch’s test and the papor chromatogram indicated the

presence of a sugar by the technique of Baddiley et al. 2! The
ultraviolet speotrum was similar to that of 4 = amino -~ 6,7 - dimethyl
- 2 = methylmercaptopteridine. In addition, on a paper chromatogram
it showed one blue fluorescent spot under ultraviolet light. (Found:

Cy bh9 3 Hy 5.5 3 N, 17.6. 01532’H5058.820 requires Cp 44.9 3 H, S.43
Ky 17.45%).

Acetobromoglucose. 158

A mixture of D - glucose monohydrate (99g.) and acetic anhydride
(4200c.) was treated cautiously with conc. sulphuric acid (4 drops),
cooling momentarily in oold water to prevent the reaction becoming tco
vigorous. Within about 10 min. the glucose had almost completely
dissolved and the temperature of the reaction mixture was approximately
100°.  The flaek was loosely stoppered and heated on a steam bath for
2 hr. Distillation under reduced pressure removed a2 mixture of acetic
acid and acetic anhydride ( ca. 300cc. ). Acetic anhydride (90cc.) was
added to the resulting warm viscous syrup, the mixture warmed slightly
on the steam bath until the solution becsame homogeneous and a solution
of hydrogen bromide (45% in acetio acids 540cc.) wae added. The flask

was then sealed with a rubber stopper and allowed to stand st 5° over -
night. The excess hydrogen bromide, acetic acid and acetic anhydride

were removed by distillation at not more than 60° under reduced pressurs.
A corystalline solid separated, was treated with dry isopropyl ether
(45000.) and dissolved by warming carefully. The solution was cooled
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rapidly to 1.50, allowed %0 cecol slcwly to room temporature and was

finally refrigerated at 5° for 2 hr. The acetobromoglucose was
collected and washed with dry isopropyl ether (79cc.) giving white
crystale (180g.), m.p. 87 - 88° (11%,158 87 - 88°). The product

was stored over sodium hydroxide in vacuo.

2,3,14,6 = Tetra = O = acetylglucosylazide. >

Freshly preparad acetobromoglucose (34g.) was stirced in aceto =
nitrile (50cc.) with finely powdered sodium azide (17g.) end heated
under reflux on a steam bath for 4 hr., moisture being exocluded. The
sodium bromide and excess sodium azide were filtered from the hot
solution. The filter cake was well washed -with chloroform and the
combined filtrate and washings wer® ooncentrated under vacuum to give
a viscous ayrup which was dissolved in & litile ether. The sthereal
solution was kept at - 10° for 30 min. when the fine orystalline
material was collected. Recrystallisation from methanol (150cc.)
afforded white crystals (17.18.3 55%), mep. 126 - 129° (1it., 22 129°).

22301106 = Totrg = 0 = gggtglglggog!lamino.1§°

The above glucoeylazide tetraacetate (20g.) was hydrogenated in
ethyl acetate (250cc.) using platinum oxide (1g.) as catalyst, the
apparatus being frequently evacuated and fresh hydrogen introduced. (The
completion of the reaction was indicated by the disappearance of the
azide peak in the infrared spectrum). The reaction mixture was filtered
and the filtrate was evaporated to dryness in vacuo giving a white so0lid
which wae recrystallised from ethanol. The product (16g.), m.p. 126°

60

(li.t.,1 126°) was stored over phosphorus pentoxide in vacuo.
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b = (2,3,4°,6° = Tetrancetylglucosylaming) - 2 — amino = 6 -

hydroxy — 5 — nitropyrimidine,’ 'J

2y 394y6 ~ Totra = 0 = acetylglucosylamine (3lg.) was diesolved in a
mixture of dry dioxan (80cc.) and dry ethanol (55cc.). 2 = Amino = 4 =
chloro = 6 - bhydroxy - 5 ~ nitropyrimidine (8g.) waes added portionwise
to the glucosylamine soluticn and the mixture was heated under reflux
with stirring for 3 hr. After ccoling, the mixture was filtered and the
filtrate was poured into water (400cc.). Extraction with chloroform
( 8 x 1000c.) containing 5% v/v F,N = dimethylformamide followed and the
combined extracte were dried over anhydrous sodium sulphate. The sodium
sulphate was removed by flltration and the filtrate was evaporated to
drynees under vacuum t0 give a pale yellow gum. Fractional crystallisatiocn
from methanol ylelded initially N,N =o{- di = (D = glucoeyl) = amine
octaacetate (12.5g.), m.p. 216 = 218°,[a(])==89° (chloroform) [111;.,“’6
m.p. 213 = 216°, [d]D-S'Io (chlorofom)] y followed by the separation of
the desired pyrimidine glucoside. Reorystallisation of the glucoside
from NyN - dimethylformamide/water gave white needles (11.2g.; 53%),
m.p. 296 - 300° (dec.) [Zli.t.,,”3 295 300o (doc.)].

Deacetylation of 4 — (27,3',4°,6' - Tetrascetylglucosylamino) = 2 = amino -

6 ~ hydroxy - 5 = nitropyrimidine.

The glucoeide tetraacetate (1.5g8.) was suspended in warm absolute
ethanol (75cc.) and sodium ethexide solution (300.) (58 eodium in 100ca.
dry ethenol) was added dropwise over a period of 30 min. The mixture was

refluxed on a steam bath for an additional 1 hr., with stirring, care
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being teken to have the soluticn kept alkaline by addition of more
ethoxide when necessary. The mixture was cooled, filtered and the rasidus
was washed quickly with dry ethanol and acetone. Recrystallisation from
the minimum amount of aqueous ethanol gave the glucoside aa a pale
yellow solid (0.98g.: 98%), which was hygroscopic and decomposed without
melting at om. 200 - 210°, (Founds C, 34.13 H, 4.T; H, 19.6.

Cyolly sN50g+H 0 Toquires C, 34.25 K, 4.8; §, 19.95%).

2 = Amino = 8 = D - glucoayl - T,! = dihydro = 4 ~ hydroxy - 6 - methyl ~

1 - oxopteridine. 13

(a) 4 - (2°,3",4°,6° - Tetraacetylglucosylamino) = 2 - amino -
6 = hydroxy = 5 - nitropyrimidine (4g.) was suspended in methanol (70cc.)
and hydrogenated over Raney nickel. FEthyl pyruvate (4cc.) was added to
the hydrogenatlon mixture which was then refluxed for 2 hr. under nitrogen.
The mixture was filtered hot and the red filtrate was evaporated carefully
to dryness in vacuo. The syrupy residue was repeatedly diesolved in
chloroform (25cc.) and the solvent was removed each time under vacuum.
After addition of snhydrous ether a yellow solid (3.5g.) formed. Thie
g80lid was reorystallised from ethanol to give yellow needlss which were
diesolved in warm ethanol (80cc.) and a conc. soluticn of sodium ethoxide
was added dropwiece until a dense precipitate appeared. Heating on the
steam bath for 30 min., keeping the solution alkaline, ylolded a yellow
precipitate (2.2g.) which was recrystallised several times from water/
acetone (charcoal). Decomp. > 250°,

(b) 2~ Amino = 4 = D = glucosylamino = 6§ = hydroxy = 5 = nitro -

pyrimidine (500mg.) wae dissolved in water (20cc.) and reduced with
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sodium dithionite. Ethyl pyruvate (0.50c.) was added and heated on

\
a steam bath for 2 hr. On cooling, yellow oryatsls (60mg.) separated
which were identical with those obtained in (a).

2-Amino-8-D-=glucosgn'Z,Bcdigydro@k-gydmgo’{coxo-o

pteridine. 59

L - (2°,3°,4°,6° = Tetraacetylglucosylamino) = 2 - amino = 6 -
hydroxy -~ 5 - nitropyrimidine (l.1g.) was reduced in methanol ( 25cc. )
as in the above procedure and the mixture was filtered into a solution
of ethyl glyoxylate hemiacetal (lcc.) in methanol (5cc.). After
refluxing under nitrogen for 50 min., the solution was concentrated
carefully under vacuum to ca. 10cc. Water (20cc.) was added giving
yellow crystals of the Schiff's base (Am“?‘j}, 288, 356 mpmat pH 13).
These oryetals were dissolved in methanol (30cc.) and dilute sodium
methoxide solution was added dropwise to give pH 7 - 8. The solution
was refluxed for 3 hr. and allowed to cool whereupon a yellow solid
(0.9g.) deposited. The 7 = oxopteridine was dried over phosphorus

pentoxide in wvacuo.

Reaction of 4 = (27,3°,4°,6° ~ Tetraacetylglucoaylamino) = 2 - amino -

6 = hydroxy - 5 - nitropyrimidine with 1,2 -~ Dicarbonyl Compounds.

(a) The pyrimidine glucoside tetraacetste (1.5g.) was suspended in
methanol (25cc.) and hydrogenated over Raney nickel. The catalyet was
removed by filtration and the filtrate was collected into a solution of
diacetyl (0.6cc.) in methanol (10oc.). This solution was immediately
refluxed under nitrogen for 10 hr. The yellow solid was filtered. Its

ultraviolet absorption spectrum and its appearance on paper chromatography
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suggested that it was the intermediate Sochiff‘s base whioch had not
oyolised to the expected 8 - glucosylpteridine. The Schiff's base
could not be induced to form the pteridine by heating under various
conditione of pH and temperature.

(b) The above reaction was repeated under snhydrous conditions in
Presence of dehydrating agents, e.g8. zino chloride in dry methanol or
phosphorus pentoxide in dry bengene, but oyclisation to the 8 -~ glucogyl -
pteridine was not effected.

(c) Reaction (a) was repeated with glyoxal in place of diacetyl but
again the reaoction stopped at tho-ééhiff“u base stage.

(d) The pyrimidine glucoside tetraacetate (1g.) was suspended in
ethyl acetate (40cc.) and triethylamine (2cc.) was added. The mixture
was hydrogenated over pre-roduced platinum oxide (100mg.) and filtered.
The filtrate was collebted into a solution of alloxan (0.35g.) end boric
acid (0.4g.) in acetic acid (50cc.). The solution was heated at 37° under
anhydrous conditions for 16 hr. The resulting brown crystals. (250mg.) were
recrystallised from water to give yellow crystals (200mg.) of the Schiff's
bage, m.p. > 300°. (Founds C, 42.15; H, L4.8; W, 16.05. CpoBipclla0y 5 138,0
requires C, 42.43 H, 4.5 N, 15.é$).

(e) The tetraacetylglucoside was deacetylated as desoribed previously
and reactions (a) and (c) were carried out with the free glucoside in
aqueous medium. In each case, the reactions did not procsed beyond the
formation of the Schiff’s base, 1dentified by ultraviolet spectroscopy

and comparison with the deacetylated products of reactions (a) and (o).
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& % "
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pH 1
pH Toly
PH 13

PH 1
PR T.&
PH 13

PH 1
PH Tl
PH 13

PH 1
PH T4

pH 1
PH Tol

PH 1

TABLE I. ULTRAVIOLET ABSORPTION SPECTRA OF PYRIMIDINES.
Compound. (+) = cation, (o) = neutral mol., ( = ) = enion.
X 8 = ghoulder.
N 7
‘{/‘\\N qu
R pKa Amax(mp) . & values
in parenthosis.
X = OH; Y = NI{,,;' R = H ( + ; 3033: 261.&19,000‘;
: = ( 0 )10.78 266(15,900
(=) =— 261.(10,680)
R = CH,CH,0H ( + ) 2.96 + 0,07 267(20,85
2% 5 o ;10.29 T 0.1 268§16:2oo;
(=) = 265(15,900)
Rembold's Riboside * ; 4eTL + 0,05 266?6,150
© )10.73 % 0.1 276(14,600
- ) — 268(11,8%0
X = Qej Y =FH,3 RwH 2 + ; 5025 + 0,04 2}288’338;
o Spee ?
X = ocnzcsasg Y =Nij R =K é ; ; 5:31 + 0,06 gggg,ggg;
9
X~Cl; Y=NEj; R=H 300( 9,200
| e 2ol 1000}

®Brown, “The Pyrimidines", 1962, p.473, Interscience.

5 = Fitropyrimidines.
X

N Z \¢NO

YJ*N 'R

Amax. (mp) o & values in parenthosis.

X=Y=0H R=Cl

280( 8,200), 310%(7,800)

pH 13

PH 1
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TABLE I (Contd.) Amax. (mu).6 values in parenthesis.

'X = Y = OH; B = NiMe 22,(18,750), 321(11,200) pH 1
218(15,200), 334(13,900) PH 13
R = NHCH,CH,OH 228(23,150), 324(1 3,510 pH 1
"2 ST T00), e 17 a0) PE 13
R = NHCH,(CHOR) 3crxzou 228(23, 700), 323(13,600) pH 1
220(17,000), 339(17, 300) PH 13
X = OB Y =FE3 R = Cl 300( 8,600) pH 1
R= 231(15,100), 332(13,200) pH 1
e 233§ 9130031545(11:300) DH 13
R = NHMe 217(22,100), 335(13,820) pH 1
222(10,000), 348( 10, 200) PH 13
R = NHCH,CH,OH 219(15,500), 3}6211,500; pH 1
217(12,400), 348(12,600 pH 13
R = NE-D-glucoayl 238(12,3003,334 11, 100) PH 1
233( 8,57), 346(12,600) PH 13
R = NE-Tetraacetyl- 238(12, 100;,335211,000 pH 1
D - glucoayl. 233( 8,420), 344(12,350 PH 13
R = N(Me)CH,CH(OEt), 220(23,200), 364(18,400) PH 13.

5 = Nitrosopyrimidings.
OCH, G Hs

N“ | NO 271(10,200), 314( 5,000) pH 1
Hzﬂ’k\N NHz 2703(29900)932‘0( 9, 100) PH 13




TARLE I (Contd.)

425 = Diamineo rimidinea.

HNQ

X=0H R=H
R = Mg
R-CHchzOH

X-OCHZC65;R-'H

Migscollaneous Pyrimidines.

L

Amax,(m/u) Lvalues

_in parenthesis.

R =D« glucosyl; R’ « = N===CHCHO

R = D= glucoeyl; R'= = N==C(Me)Cle

R = Tetraacetyl - glucosyl; R’

R = Tetraacetyl - glucogyly R'=

= ~N=C(Mo)COMo

=N==CHCOOE%

R = CH,CH,OH; R' = ~N=CHCOOEt.

ha%e

!
R

R =D~ glucoeyl

26}(15,800;
279( 7,9%

265(15,790)
273(12,500)

272517;800;
281(13,200

280(13,200)
288(11, 500)

>‘max. ("'}")

250, 359
252, 360
252, 361
253,288, 356

251,276°, 362

234 LLO
232, 280,456

PH 1
PH 13

pH 1
PH 13

PH 1
PH 13

PH 1
PH 13

PH 13
pH 13
PH 13
PH 13

PH 13

pH 1
PH 13
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TABLE II ULTRAVIOLET ABSORPTION SPECTRA OF PTERIDINES.

Pteridine.

R
N%IN\IR
Y’k\n N R

X = OH; Y =NH 3 R=H

R = He
X = OCH,CgBgy Y = NHy3 R = H

X=NE-D-mannogyl; Y = SMejR-de

X = NH,3 Y = Slo; R = Mo

Pteridine.

X
X
‘{J\N/ N '3

]
R

X=Y =0 R= CHZCHZOH;Ro = H

- ' =
R CBZCHZOH;R Me

R= D~ ribitylsR’ = Me

X =03 YT =NRH} R= Moy R" = H

Amax(m ). & values in parenthesis.

312$ 6,980) PH 1
250 199800)’358( 705)0) PH 13

25‘0( br?oo)ojzh-( Ts 100) PH 1
254(19,510),359( 7,700) pH 13

214(23, 100), 333(10,000) pH 1
231(20, 350),260%(8,920), 360( 7,50) pH 13

238(15165)) 257 17,000),294(10,700)
6(16,900),357(15,500) [ PH 1

2‘09(18’ 6&)’269(201»8&) » 355(“%9%) PH 13

233(16.100).265?8.800;.29229.1.00 ; 1
340(14,650) , 354(13,50) [ PE

268(18,600),352( 9,800) pH 13

259 19,000),276°§ 1,000),407(10, po; pH 1
231(23, 700),282 (15,200),311( 9,820) pH 13

256(14,500), 276’% 9,900),406(11,150) pH 1
231(18,500),283 (10,900), 316( 8.150) pH 13

255(12,800),276°%( 8,750),405(10,000) pH 1
229(13, 700),280 (11, 000) 314( 7,900) pH 13

262?3,5003,280'% 9, 710),388210 210; PH 1
238(18,050),282 ( 7,620),316( 8,100) pH 13
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)\Mgggzo 5 values in parenthesis.

r

X =03 Y = HH B~ CH,CH,OH;R'<H 263 13,900),279“210,800),395( 9,930; PE 1
24,2(17,950),28; (6,900), 316( 7,600) pH 13

R=R' = Mo 255(12, 0),285 (13,500),396(13,600) pH 1

230(22,900) ®(17,30),307(17,500)] .
30 2303 300) ;3”( 8:8303 pH 13

R = CH,CH,OH; R’ =Xo 256(15,000),287 (13,600),400(13_,600) pH 1

230(22, 30),286°( 9,750),310(23, 7500} . .,
312( 3,500){ % *2

Pteridine.

HN ZN ' Me (".D.Me.
YJ\N/ N CHy .-Me
‘R OH
Y = O3 R = D~ ribityl 258, 276%, 512 pH 1

Y = §H; R = CH,CH,OH 250, 288,  304°, 1,26 pH 1

Pteridine.

X
T
VSN ANy -0

'
R

X=X = OBR =~ CH,CH,0H;R'e Mo 281(10,500), 326(10,800) pH 1

222(12,200),2 . »290( 6,000
)»258( 7,300) 350(11’2003 oH 13

R = D~ ribitylsRi=ie 280(11,900),326(11,50) pE 1

222(13,000),290(11,000), 3,8(12,800) pH 8

220(13, 100, 258( 7.ooo).286§ 7.200; .
350(12,820) [ PH 13
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}}g\&x , (mae) & values in _Perenthesic.
'

X = Y = OHjE=CH,CH,OH; R'= Et 28%(10,200),329(10, 00) pH 1
220(18,900),262(7,350),292( B,600)%
35k(12,600) | P2 13

X = OH Y = NH,sR = MosR'= H  264( 9,000),294(11,200), 345(13,800) pH 1
265(15,950) , 280%(5,900) , 369(16,700) pE 13

R~CH,CH,OH3R* =H 262( 9,100), 292(13,700), 346(1L, 100)pH 1
262(16,200), 286( 6,400),362(19,600)p% 13

R=D - glucoeyljR'=H 261(5,100), 292(9,500),349(12,000) pi 1
262(10, 150) ,280°( 3,900) , 366(12,600) pH 13

R=CH,,CH,, O3 R* =Mo 296(10, 350) , 304,12, 400) pH 1
260(1.3,000) 5285 ( %,800), 357 (14, 4C0)PH 13
R=D-glucosyls R’ =Me 295(11, 100), 34.2( 9,950)pH 1

259( 9,100),279% (4, 300) , 360(10,810) pH 13

75,8 = Dihydropteridines.

(@
HN Ny Me
Lo M ke
R=R'=H & 223(119200)::257(159@)9350% lsy 500 ) PH 1
226(23,000),276(13,000), 318( 6,500) PR 13

R = CH,CH,OH; B' - Me 239(13, 300),272(20,000), 346( 5,500)  pH L
231(26, 300),283(15, 300),317( 8,300)  pH 13
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ULTRAVIOLET ABSORPTIOR SPECTRA OF YSOALLOXAZINE DERIVATIVES.

Compound.
X
LI
YJ\N = N Me  Dmax. (t?p)., & values in perenthesic.
]
R
X =Y =0 R~ CH)CH,OH 268%28'300)9577(103200),hh3(119ﬂOO; i 1
272(33,600), 356(12,000) ,450(12, 300 PH 13

R =D~ ribityl 268(35,440) , 376(10,810) 5 4145(11,600) pH 1
271(31,800), 356(10,650),447(10,600)  pH 13

X =03 Y = NH; R = CH,CH,OH 267(25,050),385(11,200), 4,42(14,000) pH 1

TABLE IV. ULTRAVIOLET ABSORPTION SPECTRA OF AZAPURINES.

Compound.
O
HN | N,
H NKN N/ )mu;.(m&.fo values in parenthesis.
2 : 7
R

R~H 251( 5,100),264°%(4,850) PE 1
282(10,910) pH 13

R = CH,CH,O0H 252( 9,150),270°(6,600) pPE 1
278 (9,850) pH 13

R = D- ribityl 254 (11, 600) ,272°(8, 300) pH

b= et
(o

280(10,250) pH




PARLE V. Rf VALUES OF FYRIMIDINES. 7

Compound.
p 3
N ﬁ
Solvent stema.
\{KN l NH s

R () (8 (¢ (» (&) (¥
X = OH ¥Y=NH; R=H 0,21 0.32 0,37 0,29 == 0,28
Rembold'e Riboeide 0.09 0.57 0,16 0.5 == 0,12
Compound.
X
N ﬁk’
N
X=Y =08 Rs= nod; R = KiMs 0.26 0,60 == 0.56 == -
R-NHCHE,CH,0B  0.25 0.65 - 0,62 —
R=NE-D-14bityl 0.10 0,61 = 0,59 == -
X = OHjY = NH sR'= HO,j R = NE, = wmm 0,18 - - 0,2l
R = NEMe 0.32 0,49 0,36 0.45 = 0.55
ReNHCE,CH,0H 0.2 0,53 0.32 0,50 == 0,50
R=NE-D-glucogyl 0.05 0,70 0,18 0.66 == 0.2
R=NE-Tetraacetyl=] 0,70 O.42 0.68 0,38 — 0.87
D=glucogyl
RmH(lla)CBzCH(OEt)Q o= 0,70 0,79 0.66 == 0,78

X = OCH,CGF$Y = NHsRNH$R'-FO  0.73 0o2% 0.8, 0:21 — 0,75
R'-NH, 0,60 0,32 0,73 0,28 =~ 0.65

X = NHyY = SiojR=NH -nDnmannouyé;} 0,25 0.7 0.52 O.hly <= 0,56
RN
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Solvent Systems.

TAHLE Vi. Rf VALUES OF PTERIDINES.
Compound.
X
YJ\N N R
(a) (®)
X =0H Y = NHé; R=H 0.31 0.48
R = Me 043 =
X = 00320685; Y = Hﬂé; R=H 0,83 0.38
X = NE-D-mannosyly Y = Sliej ReMg 0.5 0.65
C pound.
X
hll)li:]jipd:jljk'
> i
N N R
R
X=Y=0 R= C5263208; R'= H 0,10 0.76
R = cnacnzong R'= Mg 0,18 0.71
R= D= ribityl; R'= Me 0.10 O.T4
X= 03 YT =NH; R=Meg R' = H = 0,78
R= CHchQOH; R mH =— 0,78
R=R" = Mg == 0,75
Re cnchZOH; R'=Me 0,10 0.79
COmggund.
Q_ CO Me
0,18 0.65
CH, ”

cuz(cHoH) CH OH

(c)

0. 30
0. 34

0. T0
0070

0. 36
0.72
0. 31

0. 35

0.14

(p) (E)

(VAN
.35
0.62

0.73
0.65
0.71

0.75
0. Tty
0,72
0,76

0,62

0.51

(F)

0. 39
00‘;}‘6

0.89
0.78

0.

&

0. 34

0. 34
0. 38
0.43
0.52
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Compound.
X
NaoR'
N %I \I Solvent Systems.
YKN N0 (a) (® ((© (0 (8 (®
R
X =Y~ OH R=CHCHOH B « Mo O0.17 0.60 Ookly 0056 == 0.51

R = 0320320& R' = Bt 0,26 0,67 0.5 0.6 — 0,65
R = D-ribityljR’ = Me 0.05 0.65 0.3 0.61 0.26 0.50

X = OHL Y = Nna’ Re uﬂ, RO = H 002’+ 0.149 0.36 09‘}5 S oo 37

Ra= CHZCHZOH' Rl = H 002‘} 0058 0059 Oo&} - 00’48
R = D=glucosyljR’= H 0.04 O0.T4 0.23 0,72 == 0.20
R=R = Mo - Ol w= Ol = e

R = CHCH,OHy B! = Mo 0,25 0,59 =— 0,55 =— 0.5
R = D-glucosyljR’'=Me — 076 = 0.2 = -

TABLE VII. Rf VALUES OF ISOALLOXAZINE _DERIVATIVES.
Compound.
0
N
HN /uji Me Solvent Systems.
Y’l\N’ " Mo W ® © O ® ®
R
Y = Oj R = CH,CH,OH 040 0.32 0.45 0.28 = 0,52
R = D~ ribityl 0,22 0.37 0.55 0.39 0,39 0,34
R = CH,CHO o Bl = GRS =~ -
Y = NH;R = CH CH,OH 0022 0.21 0.40 0.22 = 0.45
R = D~ ribityl 0.15 0.42 0.28 0.40 == 0,28

R = CH,CHO = 040 = 0,38 =




TABLE VIII. Rf VALUES OF AZAPURINES. 150

Compound. |

HN | N\\N Solvent _Systems.

KN N/
:z (1) (B () (» (B (P
R=~H 0:38 O0ok0 0,27 0,37 == 0,27
R = CH,CH,0H 0,26 0,63 0.37 0,60 == 0,51
R= D~ pibityl 0,08 0.70 0,23 0.68 == 0.3

Solvent Systems.

(a)
()
(c)
(D)
(8)
(F)

n - Butanol/5H - acetic acid (aqueous) (7:3).

3% Aqueous ammonium chloride.

n = Propanol/ammonium hydroxide (S.G. 0.880)/water (4031:20).

3% Aqueous ammonium formate.

n = Butanol/ethanol /water (50315:35).

n = Butanol /bengene/water/methanol (1:1:1:2).



1.

2.

ko
5e
6o
1.
8.
9.
10.

11.
12.

13.
T
15.
16.
1, 2
18.

19.
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