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ABSTRACT
This thesis describes the synthesis of a novel deazaaminopterin analogue,
which has the gluiamate-derived NH group replaced by methylene. This inviived
the preparation of an aminobenzoyl glutarate by a troublesome decarboxylation of
an aroylmalonate, which was studied in some detail. Antibacterial screening
revealed activity at 100 pg/mL against Staphylococcus aureus in the case of the
aminopterin analogue, but the aminobenzoylmethylglutarate was inactive against a

variety of organisms.

During synthetic work directed towards the corresponding methotrexate

analogue it was found that N. ion of N-aryl ides causes
enhanced loss of SO, in the mass spectrum, as well as interesting shielding effects

in the proton and carbon magnetic resonance spectra. This was studied through

synthesis and i ination of a series of sul i

having

lect leasing and/or electron
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INTRODUCTION

L1 Folic Acid

1.1A Structure and Isolation
‘The vast knowledge of biochemistry at the molecular level which has been accumulated
over the past century, has had a dramatic effect upon synthetic research aimed at producing

new "biologi active” An expanded of biochemical pathways has

provided the ability to "design” molecules which may celectively and predictably affect a meta-

bolic sequence. This, then, causes a desired alteration in the biochemistry of the organism.
The central components of biochemistry are enzymes, which are macromolecules, that

with the aid of cofactors, are capable of catalysing and controlling chemical reactions. These

enzymes j referred to as and control the chemistry which

Since this ipulation requires the enzyme to associate with both
substrate and cofactor, these molecules provide the simplest means of affecting the enzyme.

An inhibitor is a substrate analogue which, by binding to an enzyme and inhibiting its
catalytic ability, provides control over the enzyme. These substrate analogues therefore
become drugs which can be used to influence or change the metabolism of an organism.

One biologically important substrate which has instigated a tremendous amount of
experimental research s folic acid (Fa). Its isolation in 1946 was quickly followed by structural
determination and synthesis (1, 2, 3).

Folic acid (I) consists of a pteridine ring bound via a p-aminobenzoyl group to an L-

glutamic acid residue and its crystal structure has been determined by X-ray methods (4).
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1.1B Biochemisiry of Folic Acid

Folic acid is a necessary vitamin in nearly all organisms. It primarily occurs in one of two

reduced forms in the cell, either 7.8-dihydrofoli id (FHZ) (1) or 56,78 tetrahydrofolic

acid (FH,) (I11).
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The active form of folic acid is tetrahydrofolate which is a cofactor in the transfer of one
carbon units in ism. I this role tetrahy is present in several forms, including

N-methyl, N'%-methyl, N*-formyt, N'%-formyl, N*-formimino and N°, N'%methylene Fil,

As such it acts as a carrier of methyl, formyl, formimino, and methylene groups respectively

The biosynthetic pathways which utilize FHy and the ones which regenerate it are clocly
related (Scheme 1), and scveral reviews and books have summarized this information in many

forms (5, 6, 7, 8). One of the more important roles of FH 4 is in the thymidylate synthase cycle
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where N°, N'.methylene.FH, provides the methyl group which is inserted into the -

position of the ring of idis hydride transfer
yields thymidine monophosphate and FH,. N'0.Formyl-FH, is used directly in purine syn-
thesis and N'S-mclhyl-FH4 plays a role in serine and methionine metabolism (8). The thymi-
dylate synthase reaction is unique as it is the only reaction which utilizes FH, as both a carbon
donor and a reducing agent, producing FH,, which is reduced back to FH, by DHFR (8). This
is the same enzyme which reduces folic acid to FH, and is the primary source of reduced
folate in the cell.

In most mammals folic acid is obtained through dietary sources, and is supplied to the
cell via active transport systems (9). Several reduced forms of folate including N>-formyl and
N5~melhyl»FH4 are also actively transported into the cell. In contrast, most bacteria are
impermeable to folic acid (9) and therefore have to synthesize it from smaller molecules. One
of the more important of these smaller molecules is p-aminobenzoic acid (PABA) and this is
the reason for prontosil’s antibacterial activity. In the body prontosil is converted to sulfani-
lamide (10, 11) which competes with PABA in the bacterial production of folic acid to pro-
duce a non-active folate analogue. It was this antibacterial activity which first generated
interest in the folate area. However, most mammalian antifolates fail to show antibacterial
activity as they do not penetrate the bacterial membrane.

It was quickly realized that rapidly multiplying cells have very active folate biochemistry
and interference with this metabolic pathway could have a profound effect on cell growth. The
potential use of this methodology against fast growing tumor cells, and the resulting search for
antifolate compounds initiated the biochemical approach to cancer chemotherapy. With the
recognition that dihydrofolate reductase (DHFR) was essential to maintain cellular levels of
FHy, it became apparent that selective inhibition of this enzyme would provide a means of

controlling the biosynthetic pathways which utilize FH .
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Inhibition of DHFR quickly results in a depletion of FI-I4 levels as it is converted to l’-'l-l2
by the thymidylate synthase cycle. This depletion of FH, then affects not only thymidine pro-
duction but also the other cycles which utilize FH, 4 as a cofactor. The resulting halt in nucleo-
tide biosynthesis stops cell replication. The result of this nucleotide shortage on rapidly repli-
cating cells is especially dramatic as this type of cell would normally have a very active nucleo-
tide biosynthesis.

In many forms of malignant growth, cell replication is quite fast, and this provides one
way of achieving some specificity against tumor populations. In early days it was hoped that
the DHFR of malignant cells might differ from the DHFR of normal cells, but this did not
prove to be the case (12,13). As a result, the accelerated rate of growth was chosen as a
means of attaining specificity and patients were treated with large doses of a DHFR inhibitor,
followed after a specified length of time, by a rescue drug, This quickly showed positive
results against certain types of malignant growth and greatly increased interest in obtaining
DHEFR inhibitors.

This same kind of rationale also applies to bacterial growth; the major difference being
that many bacteria manufacture their folic acid from sub-units, and as a result are unaffected
by many DHFR inhibitors, as they fail to penetrate the bacterial membrane. This is
beneficial, however, as small molecules which are analogues of the folic acid building blocks
can be used to inhibit bacterial FA production. This makes selective inhibition of bacterial
DHFR quite easy and has lead to the synthesis of some very successful antibacterial com-

pounds.
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12  Dihydrofolate Reductase

12A Inhibitors

‘The first DHFR inhibitor, a crude x-methyl folic analogue of folic acid (14), was found
to produce "folate deficiency” symptoms when given to animals (14,15). This was quickly fol-
lowed by the synthesis of aminopterin (AMT) (16), a more potent inhibitor of DHFR which
was not reversed by addition of folate. The successful use of this compound to induce remis-
sion against childhood leukemia (17), and the discovery of citrovorum factor(18), which was
found to competitively reverse the effects of aminopterin (19,20), led to a more developed
understanding of folate chemistry as well as generating much interest in anti-folates. Subse-
quent synthesis of methotrexate (MTX), the N-10 methylated version of aminopterin, (IV)

gave what has become one of the most useful of anti-cancer drugs.

av)
Ny R H COOH
B eaiaCanntru
Sy

R=H Aminopterin, R=CH; MTX.

MTX is an inhibitor of DHFR (22) which binds tightly, but reversibly and stoichiometri-
cally at the DHFR active site (23, 24), a feature which has facilitated X-ray diffraction studies
of the MTX:enzyme complex. This has given much information about the binding mechanism
and requirements for successful DHFR inhibitors and has contributed greatly to the current
understanding of this enzyme. MTX has been used successfully against several forms of

cancer, including childhood leukemia and chori i but is toxic at ic levels.

The drug must penetrate the cell before it can successfully inhibit the
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DHFR and it does this by both active transport and passive diffusion where active transport is
carried out by the reduced folate transport systems (25,26,27). The most efficient method of
achieving high cellular MTX levels is short internal high dose treatment, but this results in
high toxicity to normal cells. This toxicity is offset by low doses of a rescue agent first known
as citrevorum factor or leucovorin, which is actually folinic acid or 5-formyl-FH,. The low
doses result in active transport of this folate (28) selectively into normal cells, where it or its
metabolite, 5-methyl-FH,, compete with MTX for the binding site of DHFR (27). This type
of treatment has success against fast growing malignant cells as their thymidylate synthase
cycle is very actively producing thymine nucleotides for DNA synthesis, and blockage of this
production results in selective stoppage of DNA synthesis without RNA stoppage. This leads
to "thymineless death" of the cell, probably as a result of irreversible DNA damage (30) lead-
ing to faulty transcription.

While MTX is still the most widely used anti-tumor drug, it has major limitations in its
clinical usefulness. It suffers from poor transport properties pertaining to solid tumors, and
has a limited ability to penetrate the blood-brain barrier (31). There is also a problem of
acquired and/or natural resistance of some mammalian cell lines to MTX treatment (29).

Intrinsic resistance may arise from (32):

(i)  poor MTX transport,

(ii

&

elevated dihydrofolate reductase levels,

(i

rapid synthesis of DHFR,

(i)

utilization of salvage pathways (thymidine, hypoxanthine) and,

)

high and competitive levels of intracellular folates.

Other factors which may contribute to this intrinsic resistance includes cell kinetics,

insufficient MTX polyglutamylation, and low NADPH levels (29).



Acquired resistance occurs from i ion of a tumor cell ion by

MTX treatment, which selectively leaves those cells which are inherently most suited to MTX
resistance. This acquired resistance appears to be the result of three modes of response to
MTX treatment including (8):

(i) decreased uptake of the drug, resulting from an alteration of the active transport system

responsible for MTX uptake (33-39),

(i) reduced affinity of the DHFR enzyme for MTX (33,40-44) as a result of a missense
mutation of the DHFR gene causing a critical amino acid substitution in the enzyme

(45) and,

(iii) increased levels of DHFR in the cell (33,46-61) with up to several hundred times the
normal amount of enzyme being present.

Indeed, cells which demonstrate resistance to high levels of MTX treatmeat may make
use of a combination of these mechanisms (33,62-64), but thus far always utilize an overpro-
duction of DHFR (8).

As well as this limitation in its usefulness, MTX also has problems with associated toxi-
city. This toxicity takes two forms, the obvious acute toxicity of a non-selective antifolate
which is intrinsically of equal toxicity to all cells which it can enter, and long-term toxicity
associated with prolonged or repeated treatment with the drug.

The initial toxicity, which arises from MTX not being selective to tumor cells, is easily
dealt with by incorporating a rescue agent such as leucovorin or carboxypeptidase G, in the
treatment regiment. Carboxypeptidase G cleaves the amide linkage of MTX (65) giving 2,4-

diamino-N' and thereby inactivating it.

However, folates in the cell are polyglutamylated enzymatically which involves the con-
densing of glutamate residues onto the terminal glutamate carboxyl. This polyglutamylation,

which is catalyzed by folylpolyglutamate synthase (FPGS), occurs in all organisms (66) and
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appears to be vital for cell life (67). While this process is a necessity for maintaining cellular
folate (68), the enzyme also polyglutamylates MTX, giving a substrate with retained affinity

for DHFR (69,70,71,72) and potent inhibitory properties for thymidylate synthase (TS) (73)

and aminoimi i it (74) the latter of which is
involved in de-novo purine synthesis. The reduced transport properties of MTX polygluta-

‘mates can contribute to selectivity in tumor cells, but also contributes to cytotoxicity in normal

cells. The liver is particularly (75-82) to ion of these

contributing to MTX hepatotoxicity.

1.2B Binding Requirements of DHFR

The structure of folic acid can be subdivided into three sections (V) each of which con-

tribute to the overall binding of the substrate to DHFR.

(\)]

These three regions are referred to as:
(i) the pteridine ring,
(ii) the p-aminobenzoyl (bridge region) and
(ii) the glutamic acid residue.
Each of these regions have been varied in attempts to synthesize inhibitors of DHFR
and the resulting inhibition studies have given much information about the binding require-

ments of the enzyme. This has been supplemented by X-ray studies of complexes of MTX
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with DHFR from Escherichia coli (E. coli) (83), MTX plus NADPH with DHFR from Lacto-

bacillus casei (L. casei) (84,858687), 24-diamino-5-(3,4,5-tril imidi

(trimethoprim) with DHFR from E. coli (88,89), trimethoprim plus NADPH with DHFR
from chicken liver (89,90) and DHFR from chicken liver with 2,4-diamino-S,6-dihydro-6,6-

dimethyl-5-(x-phenyl)-S-triazi ith 24-diamino-5-(1-ad:
1-5-(x-phenyl) , and with 2 (

(DAMP) (89,9091), which has given more detailed information about the active site

i i The volume of work done in this area makes it
impossible to relate all the observations here, but some of the main points which are impor-
tant to substrate/inhibitor binding will be covered. An excellent compilation of the literature
work in this area by R. L. Blakely is available in Ref. 8, Chapter 5.

The active site of DHFR is a cavity which is 15A deep cutting across one face of the
enzyme. It is lined with hydrophobic side chins but contains one polar side chain, which is
Asp-27 (E. coli numbering) in bacterial DHFR or Glu-30 in vertebrate DHFR. The impor-
tant hydrophobic interactions between substrate and enzyme are further aided by NADPH, as
it binds with the nicotinamide moiety inserted into the hydrophobic cavity.

The desolvation of the pteridine ring due to NADPH binding is believed to be at least
partially responsible for the cooperative binding of MTX and NADPH with DHFR. The
polar side chain present in the hydrophobic pocket also plays an important role in inhibitor
and, presumably, substrate binding. The carboxylate of this group is adjacent to the N and

2-amino nitrogens of bound 2,4

triazines, quinazolines and pteridines,
which are protonated and carry a delocalized positive charge. The result is an electrostatic
interaction between the carboxylate and the two nitrogens, as well as hydrogen bonding
between the two nitrogens and the carbonyl which is nearly coplanar with the ring system. In
addition to these interactions the L. casei DHFR:MTX complex has a hydrogen bond between

the 2-amino group and a fixed water molecule which is also H-bonded to the
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side chain hydroxyl at Thr-116. Since this Thr-116 is conserved in all DHFR species, this
bridging water molecule is probably a common feature of MTX binding to DHFR. It also has
hydrogen bonding of the 4-amino group to the backbone carbonyls of Leu-4 and Ala-97 and
this is presumed to occur with analogous carbonyls in E. coli and chicken Liver DHFRs as
well.

While the pteridine ring of bound folate is buried in the active site cavity, the p-
aminobenzoylglutamate side chain extends out of the cavity and is draped across the surface
of the enzyme. X-ray data for MTX bound bacterial DHFR show the benzoy] ring of the side
chain to be nearly perpendicular to the pteridine ring with the a-carboxylate of the glutamate
moiety interacting with the invariant Arg-57. The 7-carbonyl, by contrast, has different
interactions depending upon the specific structure of the enzyme. Studies of the binding of

2,4-diamino-5-(3,4,5-trimethoxyt imidine (trimethoprim), a selective inhibitor of bac-

terial DHFRs has given more information about the binding requirements of the enzyme per-
taining to the aromatic side chain portion of folate. While the diaminopyrimidine portion of
this drug is located in a position analogous to bound MTX (88,89), and the trimethoxybenzyl
group makes hydrophobic contact, which are analogous with those made by the aminobenzoyl
portion of bound MTX for bacterial DHF Rs, the binding to chicken liver DHFR shows some
differences. Work on the ternary DHFR,NADPH, trimethoprim complex (90) of chicken liver
DHFR has shown that, while the 2,4-diaminopyrimidine moiety is located in a position analo-
gous to that of trimethoprim bound to bacterial DHFR, the aromatic side chain is positioned

ina different region of the cavity than that occupied in the bacterial complex. Using this

and x-ray cr hic data for the I of chicken liver DHFR with 2,4-
diamino-5,6-dihydro-6,6-dimethyl-5-(x-phenyl)-s-triazines and with  2,4-diamino-5-(1-
adamantyl)-6-methylpyridine(DAMP) Matthews and his colleagues have generalized (89) that

each DHFR has two potential binding sites, an upper and a lower for the
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inhibitor side chains, which are distinct from the region occupied by the 2,4-diamino-
heterocycle which directs the inhibitor to the active site. These upper and lower sites in bac-
terial DHFRs show considerable geometrical differences from those found in vertebrate
DHFRs, and these differences are responsible for the selectivity of some inhibitors to bac-

terial versus vertebrate DHRF.,

1.3 Analogues of Folic Acid

Over theyears a number of have been synthesized as potential
inhibitors of firstly DHFR and later TS. These variations first concentrated on achieving tight
binding to the enzyme active site and the variations in structure, compared to the activity of
the compound, gave clues to the shape and nature of the enzyme active site. Then
modifications were made in hopes of affecting the transport properties of the compounds, as it
was realized that this provided more potential for selective action than differences between
the DHFR of "normal" vs "tumorous” cells. As the modes of metabolism of these drugs
became known, the causes of tozicity became better understood, and compound design began
to reflect alterations which would change the potential for metabolism of the compounds, in
order to alleviate some of the harmful side effects. Today the search for new compounds with
slightly different structures which will fulfill the role of an ideal inhibitor of folate is still very

active. Much of the work on antifolate comp have been i ively in many

excellent reviews, including recent ones by Palmer, Skotnicki and Taylor (92a), Rosousky
(92b) and a large review by Blaney et al. (92c) gives activity data on over 1700 compounds.
For this reason only highlights of recent work will be given here to indicate the direction of

current work.
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While current compounds are stll tested as DHFR inhibitors as well as ‘TS inhibitors,
recent work also includes tests for activity against folylpolyglutamate synthase (FPGS). As

previously mentic ion of folates is necessary for cellular retention of quanti-
ties of folate, and elimination of this polyglutamylation (67) has resulted in a cell line which
requires adenine, thymidine and glycine for cell growth (67). Therefore, inhibition of this
enzyme could produce the same cellular effect as DHFR inhibition without the problem of
retained folate analogues.

Structural analogues of FA fall into three categories:
(i) pteridine modified compounds,
(i) bridge region altered analogues, and
(iii) glutamic acid residue altered compounds.

Presented in Table 1are some ized with i of structural

modification to activity. As can be seen, all regions of the molecule are still receiving atten-
tion, as modifications are made to evaluate the requirements of different areas of folate
biochemistry. There is such a variety of factors involved in inhibition of DHFR, TS and FPGS
that simultancous breakthroughs are being made with widely varying modifications of the
classical folicacid structure.

It is interesting to note that very little work has been done on the amide linkage of the
glutamate residue other than replacement of the carbonyl by a CH, (108) and the recent
manipulation of shifting the CH.ICH2COOH residue from the a~-carbon to the amide nitrogen
(105). The former indicated the necessity of the carbonyl group for good biological activity,
but did little to evaluate the role of the nitrogen. Polyglutamylation plays an important role in
both the inhibitory activity and chronic toxicity of MTX and, since the nitrogen of the amide
must have some role to play in the binding of FPGS, it was decided to synthesize side chain

analogues of MTX, AMT and FA which have the amide itrogen replaced with a CH, group,



giving the following structures:

(VD) Ha
w)’;{mj'c”rﬁ&@—g—cnz— of-‘::urmrcoon

Hy H 00H
om m&—@-@-w&—cm—cocu

0
8 W 0 0oH
(vin) m_m,-n'q—@—e—cu;in—cu,—m,—cooﬁ
il .



-15-

‘Table 1. Structure Activity relationships
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Replace the 2-amino
group with hydmgen
and methyl to give
the 2.desamino and
2-desamino-2-methyl
analogues of AMT.

C-5 and C-7 substi-
tuted analogues of 5-
deaza AMT.

of the

Gives a 1000-fold decrease in
activity against DHFR from
human leukemic lymphoblasts
(W1-L2 cells) relative to MTX,
but  with growth inhibitory
activity against W1-L2 cells only
2 to 6 fold decreased for 2-
desamino AMT  and
desamino-2-methyl AMT
respectively. Both compounds
show good substrate activity for
FPGS.

The S-methyl compound is a
potent inhibitor of growth and
DHFR from L1210 but moving
the methyl to C7 greatly
reduces its activity. All phenyl
substituents reduce activity, but
7-methyl & 5,7-dimethyl analo-
gues exhibit cell growth inhibi-
tion of L1210 while being
extremely weak DHFR inhibi-
tors.

Al other  than

2-amino group of N-

SO propargyl-5,8-

dideazafolic acid
(CB3717) to evaluate
C-2 analogues of this
highly active com-
pound.

C-2 & N-3 analogues
of  N-propargyl-58-
dideazafolate CB3717
to improve the lipo-
philicity of this com-
pound.

show greatly decreased
activify with the methoxy analo-
gue showing slightly reduced
activity against TS but slightly
increased activity against L1210
cells in culture. The latter is
probably due to increased aque-
ous solubility.

While 6 times less active then
CB3717 against TS, the C2
methyl compound was 40 times
more potent against MANCA
human lymphoma cells & 64
times more potent against wild
type hepatoma cells (H35N). It
enters  the cell via the
MTX/reduced folate transport
system and its activity s
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The homofolic analo-

cood gue of 8-deaza folic
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(O deaza folic acid &
N AMT were made
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analogue  of 58
dideaza folic acid was
made.

The bridge reversed
isomers of CB3717
and N-propargyl-58-
deaza AMT  were
prepared.

N-analogues of 2-
desamino-5,8-dideaza
folic acid  were
prepared.

Two bridge modified
versions  of 2
desamino-5,8-dideaza

reversed by thymidine adminis-
tration. The N-H is vital for
activity.

Both show considerably less
activity then their 8-deaza folate
counterparts.

All compounds are poor inhibi-
tors of L1210 cell growth or iso-
lated DHFR. The AMT analo-
gue, which shows the best
activity, is a potent inhibitor of
bacterial DHFR and a moderate
inhibitor of TS.

Showed good activity against
L1210 in mice & went through
phase I & 11 clinical trials. Clini-
cal use was stopped because of
renal toxicity and hepatotoxicity.

The  N-propargyl-58-dideaza
isofolic acid showed greatly
reduced activity against TS &
DHFR compared to CB3717.
The  N-propargyl-24-diamino
compound also showed inferior
activity vs TS compared 1o
CB3717 but showed DHFR
activity only 2 fold less than
MTX.

Of this series the Nepropargy!
derivative shows the best activity
against isolated L1210 TS and
against cell growth. The cytotox-
icity to L1210 cells is 8.5 times
that of CB3717 despite being 8
fold less active against 11210 TS.
Itisalso >340 fold more soluble
than CB3717 at pH 74,

These compounds show higher
activity than their 2-amino coun-
terparts  but inferior  activity
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isofolic acid were
prepared.

The ortho & meta
isomers of aminopte-
rin were prepared.

The CH,CH,COOH

side cham has been
moved from the o
carbon to the amide

D‘-WICW‘ nitrogen.

105 The glutamate sxdc
chain  has
replaced  with an
unsaturated  amino
adipate residue.

_2

9-g-g-%-

§'

106 Né-
helmphxha]oyl deriva-
tive of Ne~(4-amino-
4-deoxypteroyl)-L-
ornithine  (APA-L-
ORN) was syn
thesised along with
other Né-acyl deriva-
tives.

when compared with N-
propargyl-2-desamino-58-
dideaza folic acid.

The positional isomers show
enormously reduced activity
against isolated L1210 DHFR
compared to AMT. They also
failed to show either substrate or
inhibitor activity vs mouse liver
FPGS.

These compounds show weak
inhibition of isolated DHFR as
well a5 a lack of activity as a
FPGS substrate. May be due to
the inability of the amide to act
as a proton donor.

These compounds were found to
be equipotent with MTX &
AMT s inhbitors of isolated
DHEFR but were 10-100 fold less
effective against L1210 cell cul-
tures, probably due to their ina-
bility to be polyglutamylated.
This was confirmed when they
failed to show substrate activity
with FPGS.

This compound showed 2 fold
less activity than MTX against
isolated DHFR but a 6 fold
increase against L1210 cell
growth, Against  human
squamous cell carcinoma lines
with moderate MTX resistance,
this compound was 6-10 times
more potent than MTX against
the parent cell line. Against the
parent cell lines its activity was
10-30 times that of MTX.
Presumably the Né-acyl deriva-
tive is efficienty taken up into
the cell then cleaved to APA-L-
ORN which is a simultaneous
inhibitor of DHFR & FPGS.
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107 A series of AMT &

MTX analogues with

x vacying chain lengths
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The activity of lumnul sulfonic
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DISCUSSION

2.1 Synthesis of the Target Compounds

The first step in outlining a synthetic route for this project was a rctroanalysis of the tar-

get compound Scheme II . There are always considerations to be made when developing a

synthetic plan as these will influence the retrosynthetic analysis. In this case the following

requirements were set:

(i)  If the biological activity of the products warranted their use as drugs, then the synthesis
should be based on inexpensive starting materials,

(i) Due to the current interest in lipophilic MTX analogues, it was felt that some of the
esterified intermediates might be useful to test for biological aclivity: For this reason the
synthetic Scheme should be sufficiently flexible to allow the esters to be removed at
either an ea:ly, or late stage in the synthesis.

The N1 nitrogen was envisaged as arising from a nitro group, as this should allow the

flexibility of having the reduction and alkylation occur at more than one point in the syn-
thesis.
(iv) The overall Scheme should be flexible to allow changes at as many steps as possible in
the sequence
Current work on MTX analogues, makes use of a convergent synthesis involving the
condensation of a pteridine (X) and a compound to provide an appropriate side chain (XI).

2,4-Diamis idis ide (X) has previously been prepared by

Baugh and Shaw (109) and this method, with some modification, was found acceptable to pro-

duce the ring system.
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The synthetic route to the side chain (XT) could be kept flexible if the esters (R) were
such that their removal could be achieved in non-basic media. This is a recessary condition if
their removal was to be accomplished after condensation with the ring system, as the 4-amino
group of the pteridine has been found to be easily converted to hydroxyl in mildly basic condi-
tions, giving the folic acid analogue. Compound (XII) provides a very flexible route to (XI)
via deesterification of the esters (R,) and subsequent decarboxylation. Indeed if Ry=Ry=t-
Bu, acid catalyzed deesterification of (XII) would lead directly to (XI), where R,=H. Also
the condensation of (XII) to the pteridine ring system (X), would give a compound which,
upon treatment with dilute acid, could give the target compound (IX) where R,=H. Indeed,
with the current interest in esterified analogues of MTX, compound (XII) coupled to the
peridine ring system might make a good candidate for biological evaluation.

Compound (XII) can now be subdivided into three distinct sections for synthetic means,
(Scheme IIT) a p-aminobenzoyl group and a glutaric acid derivative, which are coupled to a
malonate moiety. Synthesis of this unit can be approached in several ways utilizing nucleo-
philic attack by the anion of di-r-butyl malonate.

‘The malonate anion could be alkylated with di-t-butyl 2-bromo-1,5-pentanedioate (XVII)
Scheme 111, giving di-t-butyl 2,3-dicarbo-r-butoxy-1,6-hexanedioate (XIV) which after treat-
ment with sodium hydride could be acylated with p-nitrobenzoyl chloride (XV) to give di--
butyl 2:p-nitrobenzoyl-2,3-dicarbo-t-butoxy-1,6-hexanedioate (XII). Reduction of the nitro
group of (XII) would then give (XII), Alternatively the malonate anion could first be
acylated with (XV) (Scheme IV) to give di--butyl 2:p-nitrobenzoylmalonate (XIX), which
could then be alkylate with (XVII) to give (XII). In theory this latter route is less appealing as
the anion of (XIX), being resonance stabilized, would be less nucleophilic than the anion of
(XIV), and alkylation using (XVII) would be more difficult than acylation using (XV). This

three segment approach to (XIX) gives another possible route if the p-nitrobenzoyl chloride is
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replaced with Santi’s (110) N-tosyl-N-methyl-p-ami chloride (XVIIT):

this provides a route to (XII) with R;=CH; directly from (XIV), after the tosyl protecting

group is removed.

Compound (XVIII) can be obtained via Scheme V (110, 111) which utilizes benzocaine

as a starting material, and  this could be obtained in large quantities as it is a product in the

undergraduate laboratories.
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The first compound needed for the synthesis (Scheme VI) was (XVII) and this was
obtained by a modification of Ingold’s route to the diethyl ester(112). Glutaric acid was con-
verted to the acid chloride by treatment with thionyl chloride, selectively a-brominated using

the Hell-Volhard-Zelinsky method (113) and then converted to the di-t-butyl ester using -

butyl alcohol in the presence of dimethylaniline(114). Vacuum distillation gave (XVII, Ry=t-
butyl) as a colourless oil. The yield however was very variable and always low, with a max-
imum overall yield of 24%. This was primarily due to the esterification procedure, as the bro-
moacid chloride could be isolated by vacuum distillation giving a corrected yield of 78%. The
esterification was then tried using 10 molar equivalents of f-butyl alcohol with an equal
volume of anhydrous ethyl ether. The reaction mixture was kept cold during the addition of
the acid chloride and no acid scavenger was used. The yield by this method was consistently
around 65% which was a vast improvement. An analytical sample was obtained by vacuum
distillation giving colourless oil B.P.=108-111°C 1.5 mmHg. The 'H nmr contained two
singlets at §=146 & 6=1.50 for the r-butyl esters, a multiplet at §=2.13-2.55 for the
-CHBrCH,CH ,COOtBu protons and a multiplet at §=4.15-447 for the -CH BrCH,- proton.
Di-t-butyl malonate was then treated with sodium hydride in THF to give the monoanion and

this was alkylated with (XVII) to give the tetraester (XIV, where R, =Ry =t-butyl) as a white
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crystalline solid. While this compound, as isolated, was slightly impure, it proved most
expedient to use the crude product in the next step. When required (XIV) was easily purified
by chromatography to give an analytical sample for spectrographic analysis. The 19 nmr
spectrum of this compound showed singlets for the t-butyl esters with the malonate derived
esters being equivalent and the malonate derived proton gave the expected doublet at §=3.49
(J=10.0Hz). The CH(COOtBu)ZCH (COOlEu)CHZ- proton gave a multiplet at §=2.98 and
the glutarate derived CH,) groups each gave complex multiplets, indicating that the bulkiness
of the ester groups were preventing completely free rotation about the C-C bonds of the car-
bon chain.

Treatment of the tetraester (XIV) with sodium hydride in THF followed by acylation
with (XV) gave the p-nitrobenzoyl tetraester (XIII, R,=R,=t-butyl) as a white solid. Since
this compound could be easily detected on UV fluorescent thin layer chromatography plates,
it was decided to purify at this stage. The 1Y nmr for the purified (XIIE) thus obtained
showed the expected #-butyl ester singlets along with a broad multiplet at §1.75-2.53 for the
glutarate derived CH, groups. There was also a double doublet at §=3.12 (J=2.99Hz
Jgem=10.03Hz) for the -CH (COOtBu)CH,,- proton and two doublets at §=8.06 and 5=825
for the aromatic protons meta and ortho respectively to the NO, group.

Catalytic hydrogenation of (XII) afforded the p-aminotetracster (XIL, R;=H,
R2=R3=r-hutyl). ‘The reduction went smoothly with a linear H, uptake until the theoretical
volume was reached. Workup gave an off-white solid which was pure by TLC. The H amr
showed the expected singlets for the r-butyl esters and a broad multiplet at = 1 80-2.50 for the
glutarate derived CH,) groups, with a double doublet at §=3.08 (J =3.44Hz, Jgem=8.96Hz) for
the -CH (COOtBu)CH,- group and a broad singlet at §=4.09 for the amino protons. There
were also two doublets at §=6.57 and §=7.77 (J=8.80) for the aromatic protons ortho and

meta respectively to the amino group.
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At this point de-t-butoxycarbonylation of the malonate derived #-butoxycarbonyls on the

side chain ¢-mpound(XII), to give the p-aminobenzoyl diester (XI, R;=H, Ry=t-butyl),
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prior to condensation with the pteridine ring system was attempted. Treatmeat of (XII) with
sodium cyanide in wet DMSO (115) with heating to 140 °C. gave evolution of a gas which
decolourized Br,/CCl,, but workup gave a brown oil which showed a decrease in the number
and intensity of the r-butyl peaks in the bl nmr, but also showed loss of the aromatic protons.
Another attempt using DMF instead of DMSO gave an insoluble yellow solid which also gave
a very discouraging NMR. A second set of conditions using trifluoroacetic acid (TFA) in
toluene at 100 °C. was tried with no noticeable reaction occuring. p-Toluene sulfonic acid
(PTSA) was then added to this reaction mixture and a slow evolution of isobutene was noted
at 100 °C.. Workup, after gas evolution had ceased, produced a brown solid which gave a 'H
nmr showing neither starting material nor recognizable product.

At this point deesterification using more classical reagents was tried. Compound (XII)
was dissolved in glacial acetic acid (HOAc) and dilute HCI was added, with the mixture being
warmed to 100°C. This gave upon workup a yellow solid with no t-butyl peaks in the TH nmr,
but there were no signals assignable in the spectra.

Adfter this discouraging halt in progress it was felt that perhaps the unprotected amino
function may have in some way been causing the total decomposition that seemed to occur in

the above attempts at deesterification and decarboxylation. It was decided that utilizing the

y i (XVII) to acylate (XIV) might give a compound
which would be more stable to the conditions neccssary to achieve the deesterification
(Scheme VII). Treatment of the tetraester (XIV) with NaH followed by acylation with
(XVIIT) gave di-t-butyl 2-(N-tosyl-N-methyl-p-aminobenzoyl)-2,3-dicarbo-
r-butoxy-1,6-hexancdioate (XXII) as a white solid. The 'H nmr of a sample purified by
chromatography showed singlets at §1.27, 51.44, §1.46 and 61.52 for the r-butyl esters with a
double doublet at §3.11 (J =2.58, Jgem =10.33) for the -CH(COOLBu)CHz- proton and multi-

plets at §1.84-1.96, 62.20-2.37 and 62.45-2.53 for the glutaric derived protons. There were also
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doublets at §=7.17 and §7.85 (¥=8.87) for the protons oo and meta respectively to the
amine, and doublets at §7.20 and §=7.39 (J=8.18 Hz) for the aromatic protons ortho and meta
respectively to the methyl group, with singlets at 62.40 and 83.18 for the CHy-Ar and CH3-N
protons respectively. Removal of the tosyl group from (XXII) could then be facilitated using
a solution of 30% HBr in HOAc, with phenol present to remove any Br, liberated during the
reaction (110, 116). Obviously these conditions should also remove the r-butyl esters, so it was
felt that this treatment would yield the N-methylamino compound (XI, Ry =CHj, Ry=H).

However upon treatment with 30% HBr in HOAc for a variety of time intervals and at vari-
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ous temperatures, (XXII) gave only a beige solid. This solid seemed quite consistent by 'H
nmr for each set of conditions, and showed loss of the carbon chain beyond the carbonyl.
Since a quantity of the 30% HBr in HOAc had been prepared it was tried as a means of
deesterifying the amino tetraester (XII). Reaction at room temperature for 3 hours gave a

precipitate which was isolated as a light beige solid in good yield. The 'H nmr spectrum of

this compound in pyridine-ds showed it to be 2:p-ami 3-carboxy-1,
acid (XXT), as it contained a multiplet at §= 3.93-4.19 for the CH(COOH)CH(COOH)CHZ-
proton and a doublet at §=4.69 (J=10.26) for the -COCH(COOH)CH(COOH)- proton along
with a multiplet at §=2.63-2.85 for the CH(COOH)CH,CH,COOH protons and a multiplet
at §=2.85-3.19 for the -CH2CHZCOOH group. There were also doublets at §=6.97 & §=8.34
(3=8.72) for the aromatic protons ortho and meta respectively to the amino group. This was
very surprising as this compound is a f-keto-carboxylic acid. Apparently loss of the t-butyl
esters had occurred and subsequently one of the malonate derived carboxylic acid groups had
decarboxylated. However the second malonate carboxyl had remained attached to the carbon
chain. It was felt that warming might be required but subsequent warming of the isolated pro-
duct, while causing co, evolution, resulted in decomposition of the compound into unrecog-
nizable material. Also it was found that warming the initial reaction mixture resulted in a pro-
gressively lower yield of (XXI) until vigorous heating yielded no characterizable product at all.
‘This proved that thermal decarboxylation was not going to work so chemical decarboxylation
was tried. Treatment of (XXI) with 14-diazabicyclo-2,2,2-octane (117) in xylene gave no
encouraging results. 1t was now decided t',at something was destabilizing the carbonyl to a-
carbon bond of the triacid (XXI) causing it to break under conditions necessary to effect
decarboxylation of the second malonate derived carboxyl. There is some literature precedent

for this as described by Fonken and Johnson (118 and references therein), where acylalkyl-

malonates preferentially undergo hydrolysis of the acyl-carbon bond versus d
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but they report that the use of -butyl malonate esters circumvents this problem. Since 30%
HBr in HOAc had shown the best results in deesterifying these compounds, it was tried on
the p-nitrobenzoyl tetraester compound (XHI). This, however, resulted in a p-nitrobenzoyl
triacid compound similar to (XXI), which was less easily isolated. Again warming the reac-

tion resulted in decomposition to a mixture with no recognizable isolatable material.

Apparently the synthetic scheme was running into a problem at this point as all routes were

designed on the premise that the malonate derived carboyls could be decarboxylated. Since
all routes based on this synthetic scheme must pass through this decarboxylation step it was

essential that it work. As the triacid compound (XXI) could be isolated and all attempts at

boxylating it resulted in ition, it was felt that this was the point where the pre-

vious attempts (see page 26) had also ‘The first step in ing this problem
would seem to be identifying the cause of the g-keto acid stability. Several possible explana-

tions for this were considered:

(i

if the initial decarboxylation compound was an enol with the wrong geometrical
configuration and stabilized by intramolecular H-bonding as shown (XXIII), then the
second CO, loss (XXIV) could be impeded. However the H nmr of (XXI) shows no
evidence of enol formation and gives a very clean doublet of doublets for the proton on

the a-carbon.

(i)

formation of a unsaturated -lactone (XXV) would also explain the inability to achieve
decarboxylation but as above the presence of the a-proton precludes this as a possibility.

(i

a third possible explanation would be the formation of an anhydride (XXVI). This struc-
ture could effectively prevent decarboxylation while satisfying the signals found in the 'H
nmr. However one would expect such a structure to give rise to an anhydride band in

the LR. spectrum of the compound, and no such band was found for (XXI).



At this point it seemed that only ional ictions remained as an

for the f-keto acid stability. Perhaps one of the other carboxylic acid groups could

(XXTID)

(XxIV)

(XXV)

(XXVI)

be interacting with the C-3 carbonyl preventing it from achieving the correct spatial orienta-
tion with the k
glutaric acid derived carboxyl groups was causing the interaction, then it might be prevented
by keeping these esterified during the decarboxylation step. This could be done by switching
from t-butyl to ethyl esters on compound (XVII, Ry=Et) in Scheme VIII . This would give a

tetraester compound (XII, Ry=EL,Ry=t-butyl) which would allow the malonate derived
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esters to be removed selectively to give the diethyl ester (XX, Ry=Et).
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‘The glutaric acid derived compound (XVII, R,=Et) was prepared similarly to (XVII,
R,=t-butyl) by using ethanol instead of t-butyl alcohol. The di-+-butyl malonate anion was
then alkylated with (XVII, R,=E) to give rbutyl ethyl 2-carbo-+butoxy-3-carboethory-1,6-
hexanedioate (XIV, R,=EtRy=t-butyl) as a pale yellow oil. This compound was slightly
impure by TLC but could be used as such in the next step. Purification by chromatography
gave a colourless oil which was further purified by distillation. Along with the singlets from
the r-butyl esters and the triplet-quartet patterns from the ethyl esters the 'H nmr of (XIV,
R,=Et,R;=r-butyl) showed a doublet fron the malonate proton at £3.55 with J=10.58Hz and
a doublet of triplets at £3.03 for the -CH(COOBu),CH (COOE{)CH,y- proton along with a
multiplet for each CH2 group of glutarate protons. Clearly the protons of the CH, groups of
the glutarate moiety are non-equivalent, resulting in much complication of the splitting pat-
terns. This indicates that steric interaction is affecting free rotation of the carbon chain.

Compound (XIV, R, =EtRy =r-butyl) was then treated with sodium hydride followed by
p-nitrobenzoyl chloride to give t-butyl ethyl 2:p-ni j1-2-carbo-t-butoxy-3.

1,6-hexanedioate, as a pale yellow oil (XTII, R2=EI,R3=l-bu(yl). Thais compound was slightly
impure but could be purified easily by chromatography. However for synthetic ease it was
best used without purification; careful purification was carried out at the next step. The ]H
nmr of purified (XTI, R, =EL,Ry =¢-butyl), a viscous colourless

001-Bu
(xmn) COOE!
) | Ho
u,u—@—l— —cH—d—cHz-cooer
| &
C00t-8Bu

oil, showed a doublet of doublets at §3.29 for the -CH (COOE1)CH,- proton and a multiplet
at 62.30-245 for the -CH,CH ,COOE! protons, along with the t-butyl ester singlets and the
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ethyl ester triplet-quartets. The -CH(OOOEI)CHZCH2- protons gave two distinct signals, Hb
at §1.95-2.08 ppm and Ha at §2.49-2.62 ppm, (these assignments were made on the basis of
two models compounds which were subsequently prepared) and the aromatic protons gave
two doublets at §8.05 and 68.26 with J=8.77Hz for the protons meta and ortho respectively to
the nitro group.

The malonate derived r-hut.yl esters were then removed selectively by treatment with
30% HBr in HOAC to give the p-nitrobenzoy! diethyl ester compound (XX, R,=Et). It was
found that the isolation of this compound could be simplified by doing the deesterification in
refluxing methylene chloride, while passing a stream of HBr(g) through the solution and mon-

itoring the reaction by TLC. This gave the ified and

(XX,R,=E), diethyl (2-(p-nitrobenzoyl)methyl)-pentane-1,5-dioate as a yellow oil in good
yield. This compound was then purified on a large scale by chromatography using a Chroma-
tatron, to give a pale yellow oil. The purification was done at this point as it was felt that the
remaining steps could be done cleanly and purification after removal of the ethyl esters would

be complicated by reduced solublity. The 'H nmr of (XX, Ry=Et) showed the expected

(. R;=Ey) 0Et

N1 E
Oz ¢ -—-CH;— CH;COOEI
Hy

triplet-quartet for the ethyl esters and two signals for the -COCH,CH(COOE)- protons.
The Ha proton gave 4 peaks at 63.55 (J=10.04Hz and Jgem=18.8Hz) while the Hb signal
from this CH, was buried under the -CHCH(COOH)CH,y-signal as a multiplet at £3.07-3.15.
These assignments were confirmed by a 'H-13C correlation (119) which shows both these
proton signals correlated to one carbon signal. The -CH,CH,COOE!- signal was a slightly

distorted triplet 62.44 (J=7.24Hz), and the -CH(COOH)CH,CH,)- protons gave a multiplet
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5201 with the J =7.24Hz splitting from the terminal CH, visible in the pattern. The aromatic
region contained two doublets one at §8.13 (J=8.72Hz) for the protons meta to the nitro
group and the other at §8.74 (J =8.72Hz) for the protons ortho to the nitro group.

Catalgtic reduction of (XX, Ry=H) afforded the amino ester (XI, R;=HR,=Ef).
Hydrogen up-take was smooth to the theoretical amount and subsequent drying and evapora-
tion of the solvent gave the amino compound as a pale yellow oil. An analytical sample was
obtained by chromatography for spectral data and accurate mass analysis. The H nme
showed the expected triplet-quartet for the ethyl esters and multiplets at §=2.95-3.08 &
£=3.31-3.40 for Hb and Ha respectively. There was also a triplet for the -CH,CH,COOEt
protons at §=2.40 (J =7.44) and multiplets for the other glutarate derived protons, with doub-
lets at §=6.63 & §=1.79 (J=8.70) for the aromatic protons ortho and meta respectively to the

amino group and a broad singlet for the amine protons.

(X1, R =H,R,=Et)

He
O S B B -
Hy

Hydrolysis of the esters at the nitrobenzoyl stage (XX, Ry=Et) could be achieved by
using a solution of ethanol and 1.0 M NaOH with warming to 45° C to give, upon isolation, 2-

(p-ni )-1,5. oic acid (XX, Ry=H) as an offwhite soiid which was
quite pure. An analytical sample was obtained by recrystalization from ethanol to give an off-
white solid. The *H nmr showed a doublet of doublets at §3.63 (3=9.38Hz,Jgem = 18.26Hz)
for Ha, and a doublet of doublets at §=3.33 (J=3.94Hz,Jgem = 18.26Hz) for Hb with a multi-
plet at §=3.13 for the -CHaCHbCH(COOH)CH,- proton. It also conta..cd multiplets at,
§=2.45-257 for the -CH,CH,COOH protons and §=194-2.12 for the -CH(COOH)CH

,CH,,- protons, along with doublets at §=8.37 & §=8.30 (J=8.80Hz) for the aromatic protons
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ortho and meta respectively to the nitro group.
Catalytic reduction of (XX, R,=H) gave 2-(p-ami 15
acid (XI, R, =R,=H) as a

X1, R,=R,=H). He COOH
ek w,n—@—g—{:— H—CHy-CHz-CooH
Hy

beige solid which was pure by TLC. The 'H nmr contained a double doublet at 5334
(J=8.91Hz, Jgem=17.13Hz) for Ha and a muliplet at 52.92-3.05 for Hb along with multiplets
at §1.87-1.97 and §2.36-2.47 for the -CH,CH,COOH and ~CH2(‘H 2000“ protons respec-
tively. It also contained two doublets at §6.63 and §7.75 (J =8.65Hz) for the aromatic protons
ortho and meta to the amino group respectively.

‘The amino acid (XI, R, =R, =H) was then condensed with the pteridine ring system (X)
by stiring them together in dimethylacetamide (DMA) under N, at room temperature while
protected from light for 72 hours. The DMA was removed under reduced pressure and the
beige solid isolated from water by centrifuge. Washing with methylene chloride yiclded (1X,
Ry =R,=H) as a yellow/beige solid. The TH nmr showed the expected multiplets for the glu-
tarate derived methylenes, a multiplet for the -CH (COOH)- proton, double doublets for the
Ha and Hb protons, AA’ BB'doublets for the side chain ring system and a singlet at §=8.81
for the C-7 proton, with a doublet at 64.63 (J=4.72Hz) for the C,-CH,) group split by the N10

amino proton which was a triplet at §7.23 (1 =4.62).
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These latter peaks indicated that the coupling reaction joining the ring system to the side
chain had proceeded to give the expected product and this was confirmed by a FAB mass
spectrum which gave a strong M+1 molecular ion at 440.

22 Alternative Routes to the Side Chain Target Compound

‘The main objective was still the synthesis of the p-aminobenzoyl diacid compound (XT,
R, =Ry=), but without going via the decarboxylation step which was causing so much trou-

ble (see page 21) in the main route. Since the principle objective in

(K1, R =R,=H)

m@ﬁ-g_iﬁii;,.m,_m.

these attempts was to obtain the desired side chain compound (XI,R Ry=H), less
emphasis was placed on cheap reagents, easy to scale-up methods or flexibility of route.

‘The first of these alternative routes was based on a retroanalytical bond disconnection
between the aryl carbonyl and the rest of the side chain, which suggests an approach based on
an "umpolung’ Michael addition of the type described by Steller (120, 121) Scheme IX.
Methyl acrylate was dimerized (122) by refluxing in freshly distilled pyridine in the presence

of a tris-cyclohexylphosphine carbon disulfide complex under argon. Work-up and vacuum

gave dimethyl 2-methyl 1,5 i (XXVIH, R=CH3) as a colourless
oil. A thiazolium salt catalysed Michael addition was then tried in order to condense this
compound to p-nitrobenzaldehyde. The unsaturated ester (XXVILI, R-CHJ) and thiazolium
salt were stirred in cthanol, and a mixture of p-nitrobenzaldehyde plus tricthylamine in

ethanol was added under argon at room temperaure (121). The mixture rapidly turned deep
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purple and remained this colour although a little darkening occurred overnight. Work-up
yielded a discouraging mixture which contained neither the starting matecial nor required pro-
duct, but instead contained ethyl p-nitrobenzoate (XXX). Small scale test tube tests showed
that the aldehyde plus the thiazolium salt and tricthylamine in ethanol would generate the
deep purple colour and this was believed to indicate formation of the anion. However, if these

three reagents were mixed overnight under argon, work-up afforded no aldehyde starting
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material, but rather gave ethyl p-nitrobenzoate (XXX) in 50-60% yield. Since there was no
chance of atmospheric oxidation and only a catalytic quantity of the thiazolium salt was used,
this may have been a Cannizzaro reaction. However isolation of the p-nitrobenzyl alcohol
which should also be present proved impossible, probably due to the work-up needed to
remove the thiazolium salt. This product could also be the result of a reaction involving a

hemiacetal (XXXT) but again it is unclear what was responsible for the oxidation of (XXXI)

0 EtOH qn

OH
@ 2 @ = e
XXX)

in the last step. The reaction of the p-nitrobenzaldehyde was repeated using deuterated
acetonitrile as solvent instead of ethanol, with the mixture being monitored by 1H nmr for 48
hours, but no reaction was noted. Work then switched to Scheme X which involved the same
sort of thiazolium salt catalysed reaction but used 2-methylene-2,6-heptanedione (XXXII) in
place of (XXVIII). Since acetyl is a better electron withdrawing group than ester, this com-
pound should be a better Michael accepter then (XXVIII), and it could be converted to the
diacid by treatment with NaOH/Iz. Compound (XXXII) was prepared from methyl vinyl
ketone (123) using tris cyclohexylphosphine carbon disulfide complex and adipic acid in diox-
ane, in the presence of hydroquinone. This produced (XXXII) as a colourless oil after
vacuum distillation.

The Michael condensation of (XXXII) to p-nitrobenzaldehyde using triethylamine and
the thiazolium salt was then tried in deuteroacctonitrile but gave no evidence of success by
nmr. At this point it was decided that further work utilizing the thiazolium salt was not war-
ranted.

Efforts then switched fo the alternative "umpolung® Michacl addition reaction Scheme

XI which utilized the dithiane anion, by using butyl lithium to generate an anion on the



dithiane protected p-nitrobenzaldehyde.
Scheme X1
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The dithiane of p-nitrobenzaldehyde (XXXIV) was prepared by stiming p-

and 1,3-p dithiol in CHCl; while passing a HCI(g) stream through
the mixture (124 -126). This gave, after work-up, the dithiane as a pale yellow solid. Com-
pound (XXXIV) wis then dissolved in THF under argon and cooled to -78°C in a dry

in then added (124) to give a reddish/orange solu-
tion and this was treated with (XXVIII) and stirred over night with warming to room
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temperature. Work-up produced an orange oil which crystallized on standing. The 'H nmr
spectrum of this solid showed it to be a mixture of the two unreacted starting materials. Since
it was felt that the anion was being formed, this indicated that the o8 unsaturated ester
(XXVIII) was not sufficiently susceptible to nucleophilic attack for this reaction to proceed.
This problem was probably complicated by the stability of the anion of (XXXIV). Since the
nitro group would be electron withdrawing, it would help delocalize the negative charge of the
anion, thereby making it less reactive as a nucleophile. Perhaps the best way around this
problem would be either to make (XXVIII) a better alkylating agent or to make the anion less
stable and therefore more reactive. An approach to the former, Scheme XII, was achieved by
reacting the unsaturated ester (XXVINI) with HI(g) in CHCl3 (127) to give dimethyl 2-
iodomethyl-,5-pentanedioate (XXXVI) as a colourless oil. The anion of (XXXIV) was then
reacted with (XXXVI) at -78°C with warming, to 0°C over 4.5 hours. Work-up gave an orange
oil which proved to contain at least 9 bands by prep. TLC. Separation gave two major frac-
tions which proved to be the unreacted dithiane (XXXIV) and dimethyl 2-methylene-1,5-
pentanedioate (XXVIII), which must have been regenerated from (XXXVI) by elimination of
HI. Catalytic reduction of the nitro group to amino would have presumably generated a more
reactive anion but this was not tried since by this time success had been achieved by the initial
route. As a second approach 1o a more reactive alkylating agent, Scheme XIII, a Michael
addition using the anion of dithiane (XXXIV) and 2-methylene-2,6-heptancdione (XXXIT)
(Scheme XIITI) was also tried for completeness sake, but gave a mixture of unreac=ed starting
materials and decomposition products. At this point further work along this line was ter-
minated and the methodology switched to using dithiane as a Jinking group (128) between a
p-nitrobenzoyl greup and a glutarate moiety Schemes X1V, & XV.

In this scheme 1,3-dithiane would play the same part as the malonate moicty had played

in the initiz! reaction scheme (Scheme III). However, since the dithiane protons would be
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less acidic than the malonate protons, butyl lithium would need to be used instead of sodium
hydride. In Scheme XIV the dithiane was stirred in THF at -78°C under argon and butyl
lithium was added to give a colourless solution. Addition of the p-nitrobenzoyl chloride in
THF gave an orange/red colour within seconds, and the mixture was kept stirring at -78°C for
7 hours. It was then allowed to warm to room temperature over night and following work-up
gave an orange oil. Separation of this oil by preparative TLC gave 5 bands, none of which
showed any characteristics of (XXXVIII) in the 'H nmr. Scheme XV was then tried by treat-

ing the dithiane anion with the bromo di-+-butylester compound (XVII, R, =t-butyl) using the
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same conditions as above. Work-up gave a yellow cil which was mostly unreacted starting
material but contained a small amount of two unidentifiable products, which showed none of
the expected characteristics for (XL). At this point further work on alternative routes to the

target compounds was terminated.

23 Preparation of Models to the Problems in

Schemes VI & VII.

It has been seen that desterification and decarboxylation of the malonate derived car-
bonyls of (XTI, R,= Ry =(-Bu) could not be achieved when the glutarate-derived esters were
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simultaneously removed, but this process could be performed on compou.d (XIII,
Ry=Et,Ry=t-Bu) where the glutarate derived ethyl esters remained intact during the
deesterification and decarboxylation. This suggests that the presence of the glutarate car-
boxyls as acids somehow causes some intramolecular steric interaction which prevents loss of
the second malonate-derived carboxyl, or some alteration in the bond strength of the carbonyl
to a~carbon bond which causes hydrolysis of this acylcarbon bond to be the energetically
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preferred process. However, why the presence of a carboxylic acid would have a different
effect on this bond strength than the presence of an esterified carboxyl is not clear. The latter
case is supported by the chemistry of the fketo acid (XXI) which was isolated upon
deesterification of the aminotetraester (XII, R)=H,R,=Ry=r-Bu). As has been seen, all
efforts to decarboxylate this compound resulted in failure and an effort to esterify it, to obtain
a crystallizable compound, resulted in the formation of a mixture whose 'H nmr spectrum
was consistent with the presence of methyl p-aminobenzoate and the trimethyl ester of the
remainder of the side chain, although these compounds were not isolated. This appears to
confirm the hydrolysis of the acyl-carbon bond. In the case of steric interaction, it would have
to be an interaction which prevents the malonate from attaining the correct spatial orentation

with the f-keto carbonyl to facilitate its decarboxylation. It was felt that the first step towards
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understanding this observed anomaly would be to decide which one of the glutarate derived
carboxylic acid groups was causing the interaction, if in fact only one was. Synthesis of two
analogues, Schemes XVI & XVIL, of (XIII, Ry=R;=¢-Bu), each containing only one of the
glutarate derived esters, would be the most straight foward way of getting this information,
Compound (XLIT) was obtained from 2-bromobutyryl bromide by treatment with t-butyl
alcohol in diethyl ether at 0°C. Work-up followed by vacuum distillation gave t-butyl 2.
bromobutanoate (XLII) as a colourless oil. The *H nmr spectrum showed the expected tri-
plets at #4.06 and 61.02 for the -CH BrCH,,- proton and CH yCH,,- protons respectively. The
t-butyl ester protons gave a singlet at §1.48 and the -CHBrCH,CHj protons gave a multiplet
containing 13 lines from §1.88-2.17. Treatment of di-t-butyl malorate with sodium hydride in
THF followed by (XLIT) gave after work-up f-butyl 2,3-dicarbo-t-butoxypentancate (XLIII) as
a pale yellow o, which was sufficiently pure to be used in the next step. An analytical sample
was purified by vacuum distillation to give a colourless oil. The *H nmr showed three singlets
2814477, 51454" and 51.46 for the r-butyl ester protons, a doublet at 3.49 for the malonate
derived proton, and a triplet at §0.94 for the terminal methyl group. It also showed a multiplet
containing 5 lines which was assigned to the -CH(CC)OlBu)CHZC[-X3 protons and a multiplet
containing 8 lines at 62.86 for the -CH (COOlBu)CHT protons. The triethyl ester compound

(XLI) was then treated with sodium hydride in THF followed by acylation with p-

nitrobenzoyl chloride to give crude f-butyl 2-p-nit -2,3-dicarbx

(XLIV), which was purified by chromatography to give a viscous colourless oil. (‘ reported to
3 decimal places to show nonequivalence) The 4 nmr spectrum of (XLIV) gave two separate
multiplets for protons d and e, one at §1.91-2.10 containing 13 lines and one at §1.60-1.74 also

13 lines. These assi were confirmed by a 13C-!H correlation (119). This

matched these two signals to the same carbon signal, which by 3¢ AT, spectrum contained

2 protons. The H spectrum also showed a triplet at 5109 for Hf and a double doublet at
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63.04 (J=240Hz & J=10.48Hz) for Hc, as well s two slightly distorted doublets at §8.25 &

8,04 for the aromatic protons Ha,Ha' and Hb,Hb' respectively.
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Compound (XLVI), Scheme XVII, was obtained from 4-bromobutyryl chloride by treat-
ment with t-butyl alcohol in diethyl ether at 0°C. Work-up followed by vacuum distillation
gave t-butyl 4-bromobutanoate as a colourless oil. The 14 nmr showed the expected singlet
for the r-butyl ester at §1.44, and two triplets at §3.45 & 62.39 for the CH, BrCHz- and
+CH,CH,COOtBu protons respectively. There was also a multiplet containing 5 peaks at
6211 for the -CHZCHQCOO(Bu protons. Di-t-butyl 2-carbo--butoxy-1,6-hexanedioate
(XLVIT) was obtained by treating di-t-butyl malonate with sodium hydride in THF followed by
(XLVI) to give a pale yellow oil. The H nmr gave singlets at §1.46 & §1.44 for the t-butyl
esters, a triplet at §2.24 for the -CH,COOtBu protons, and a triplet at §3.13 for the malonate
derived proton. It also showed complex multiplets at §1.82 & §1.63 which correspond tc the
CH(COOBu),CH,CH,- and -CH,CH ,CH,COOtBu protons respectively. Treatment of
(XLVII) with sodium hydride in THF followed by p-nitrobenzoyl chloride gave upon work-up

ayellow oil. This was purified by to give di-t-butyl 2.p-nit -2-carbo-
t-butoxy-1,6- ioate (XLVIII), a colourless oil which ized upon standing.
(XLvIIm)
COOtBu
s 8 2
a,n—@—C— —CHz~CH-CHz-COO1Bu
b
C001Bu

The 'H nmr spectrum showed two doublets at §8.27 & §8.06 for the aromatic protons Ha,Ha'
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and Hb,Hb’ respectively, singlets at §1.38 & §1.44 for the r-butyl ester peaks, a triplet at §2.28
for the terminal CH,) protons (e) and two complex multiplets at §1.70-1.80 & §220-2.50 for
the CH, protons (d) and (€) respectively.

Treatment of the tri-t-butylester (XLIV) with HBr(g) in refluxing methylene chloride
failed to produce the decarboxylated acid (XLV) but gave a mixture which, when treated with
thionyl chloride followed by methanol, produced a mixture of three compounds, which were
subsequently separated by TLC. The 'H nmr of the major product showed it to be methyl p-
nitrobenzoate, while a second component of the mixture gave an nmr somewhat consistent
with that expected for (L). Treatment of the other triester (XLVIII) with HBr(g) in refluxing
methylene chloride followed by evaporation of the solvent gave a white solid whose 14 nme
was consistent with the structure (XLIX) but contained two unexpected triplets which have a
combined integration of one proton. Also an analysis for C,H and N indicated that there may
be some diacid present along with the monoacid. Clearly hydrolysis of the ncylurl;on bond
does not seem to be a factor in the deesterification of this compound, but more work is neces-
sary to completely evaluate the role played by the presence of the terminal carboxyl as an acid
during the decarboxylation.

24 Effect of N-Methylation on the NMR and Mass Spectra of 4,4"-Disubstituted Ben-

zenesulfonamides.

The synthesis of (XXII) involved the p

T ion of N-tosyl-N-: ine by the
method of Santi (110). Upon N-methylation of the tosylated amine there was noticed a pro-
nounced shift in the aromatic proton resonances in the nmr. Addition of the methyl group
seemed 1o shift the B, B' protons of the tosyl ring to higher field, while the C, C protons of

the benzocaine ring seemed 10 remain the same. This was curious as the protons affected by
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the methyl group are quite far removed from the amino nitrogen. When routine MS was done
mﬂ’nN—msyl-N—mahylbuminedmwuahrgepakﬂlwinglmofsozmme
molecular jon. This further stimulated interest about these shifts, and whether or not they

were related to the loss of SO, in the mass spectrum. It was decided to prepare a series of

with varying p it on both the rings, in an effort to rationalize the
requirements for these observations. For simplicity in the following discussion, the ring

derived from the sulfonyl compound will be known as the "A" ring and

the amine-derived ring as the "B" ring, with the Chemical Abstracts numbering system being
applied to the ring carbons.

All possible compounds having X= NO,, Br, CH,, CH,0, and Y= COOE, COCHJ.
Br, CH3' and CH:’O and R3= H, CH, were prepared, (Table II), allowing comparison of
electron withdrawal and electron donation at each para position.

NMR on this series confirmed the generality of the observed ortio proton shifts, as well
as showing other trends. The 'H data is presented in tabular form in table (X), with the Pe
data in tables (X,XI), located in the experimental section, while the shifts on methylation for
proton and carbon spectra are presented in tables (III) and (IV) respectively in the discus-
sion. In tables (TII & IV) a negative value represents a shift to higher field.
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Beyond confirming the generality of the upfield shift of the C-2 protons, upon N-
‘methylation, table IIT shows that the magnitude of this shift depends upon the nature of the
substituent at C-4'. For Y=COCH, or COOEt the C-2 protons are shifted upfield by 0.30-
0.37 ppm, while for Y=Br the shift is 0.26-0.29ppm with the exception of X=CH,0, and for
Y=CH30 the shift is 0.16-0.19ppm with the exception of X=CH3. For Y=CH3 the shift in
the C-2 protons is more variable. There seems to be no obvious correlation between the mag-
nitude of this shift with the nature of the X substituent.

The effect of N-methylation on the aromatic carbon resonances, table IV, is also quite
pronounced for carbons 1, ', 2’and 4, and is related to the Y substituent. In table V it can be
seen that the magnitude of the shift for carbons 4', 2), and 1" are strictly related to the substi-
tuent at 4', while the magnitude of the shift of carbon 1 is constant for all combinations of X
and Y.

The effects of varying substituents on the loss of SO, in the mass spectrum is not as
straightforward as is the case for the nmr shift values. Since the stability of a fragment, and
the energy of the fragmentation pathway leading to its formation, versus the energy of frag-
mentation leading to other fragments, are the overwhelming criteria for the presence of a
fragment in the mass spectrum, one will not always see analogous compounds fragment in the
same way. Therefore one cannot directly relate substituent effects to the behavior of the com-
pounds’ molecular ion or large fragments without also considering the effect the substituent
might have on the stability of jons formed by alternate fragmentation pathways. The lack of a
predicted fragment ion may be the result of an alternative lower energy pathway, rather than
the breakdown of a trend noted in a group of similar compounds.

Despite this complication several trends were noticed in the mass spectra (data in table

XIII in the experimental section) of this series of with the effect of N i

on loss of SO, being quite consistent. Table VI lists the intensities of the Mt M-S0, and
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M-SO,H ions along with a ratio of M-SOz/M+ for each compound, before and after N-
methylation, as well as a ratio of M-SOZ/M" before versus after N-methylation (last column
of table).

As can be seen from the table, there is a dramatic increase of 5 to 33 times the intensity
of the M-SO, peaks upon N-methylation, for the compounds that show M-SO, ions. The
infinity values arise when a compound that does not show loss of SO, in the N-H form, gives
M-SO2 ions after N-methyiation.

‘The introduction of a NO, group at the C-4 pasition decreases the ease of loss of SO, as
can be seen for compounds 7,15,23,31,and 39. The N-H compounds show no loss of SO2
while their N-methyl counterparts, compounds 8,16,24,32,and 40, do show M-S0, ions, but
have lower values of D/C than other N-methyl analogues.

Occurrence of }#<O at C-4' decreases the loss of SO, relative to other fragmentation
pathways as only one such substituted compound, 27, shows a M-SO, ion; and this is very
weak. The presence of MeO at C-4 increases the loss of SO, as can be seen by the high
values of B/A for the N-H compounds 5,13,21, and 37, and the high values of D/C for com-
pounds 6,14,22,and 38.

Table VII compares the effect on 502 loss of varying the X substituent for a given Y

before and after N-

It is apparent that loss of S0, is enhanced by having a electron donating group for sub-
stituent X and an electron withdrawing group for substituent Y. The highest ratio of M-
802/M+ occurs with the mesityl A ring and Y=COOEt which agrees with this statement as
there are now three methyl groups donating electron density to the A ring. However the mag-
nitude of the increase of B/A for this may be larger then can be rationalized on the bases of
electronic properties alone. There may be a steric factor involved in this case which enhances

loss of SO, but a few more analogues are required to substantiate this theory.
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Loss of SO,H is significant, by comparison with SO, loss, only when Y =Ac,COOEt,and
CHy, and is increased upon N-methylation. However in the N-H compounds SOZH loss
exceeds SOZ loss only when Y=CH,, and X=Br,CH;, and CH;O, with N-methylation of

these compounds enhancing loss of SO,, more so than loss of SO,H.

25 Antibacterial Activity of Synthesised Compounds.

As mentioned in the introduction, the target side chain compound (XI, Ry=R,=H)
could have antibacterial activity if it was absorbed by the {.acteria and then incorporated into
folic acid. Alternately this compound might bind to one or more of the enzymes responsible
for assimilating such FA building blocks as p-aminobenzoic acid, and inhibition could result in
antibacterial activity. For this reason it was decided that preliminary antibacterial screening
on several of the compounds synthesised in this work would be done. The initial screening
involved checking for inhibition zones on agar plates done by the standard method using Pseu-

domonas i faecalis, h aureus, ichia coli, Mycobac-

terium smeginatis, L -~tobacillus casei, Bacillus subtilis, Saccharomyces cerevisiae and Sarcina
lutea.

For each compound 10mgs was dissolved in 1mL of ethanol (95%) and 100uL aliquots
were placed on a 1.3 cm disc. The ethanol was allowed to evaporate and the discs were then
dried in a pistol at 35°C 0.1 mmHg. for 4 hours, then overnight at room temperature. Blank
discs were made by putting on 100uL of ethanol then drying in a pistol at 35°C 0.1 mmHg. for
2 hours. Each disc was placed on the agar surface after the latter had been streaked with the
appropriate organism and each disc was \Ncll;d' with 100uL of sterile water to aid diffusion
through the medium. Penicillin G discs were made by weighing out 10.3 mg of its sodium salt

and dissolving this in SuL of sterile water, then placing 100uL samples of this solution onto the
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disc. The Penicillin G discs then contained 103 ug of Penicillin G, while the compounds under
examination were applied at 1mg per disc.

A second screening was performed using broth cultures as the disk method is only
effective if the compounds in question diffuse away from the disks. In this testing 500ug of
compound was placed in SmL of broth and the culture grown for 18 hours.

From table VIII compounds XI Ry =R,=H, XXI and XX Ry=H appear to show some
activity against L casei but only after 42 hours incubation. All compounds also seem to have
some effect on the growth of Pseudomonas aeraginosa which does not inhibit growth but
rather affects the pigmentation of the growth. Compound XXI showed the greatest activity in
this respect. In the broth cultures, table IX, compound IX R1=R2=H showed definite
growth inhibition against Siaph. aureus, and compounds XXI and XI R;=R,=H showed

some activity against Strept. faecalis.

2.6 Further Work

Further work to be done on the synthetic component of this project would involve cou-
pling the side chain compound (IX R; =R, =H) to an appropriate 2-amino-4-hydroxypteridine
to give the folic acid analogue (VII), and N-10 methylation of the aminopterin analogue (VII)
to give the MTX analogue (VI), as well as synthesis of various deaza analogues. These com-
pounds then need to be screened for anti-tumor activity and also for FPGS activity.

The decarboxylation problem needs further work to understand how the a-carboxylic
acid is preventing the second decarboxylation, and an x-ray structure of the triacid compound
(XXI) may help in this regard. As it has been seen that the presence of an amino group

rather than a nitro group stabilizes the triacid, then perhaps reduction of the model com-

{
:
1
;
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pounds (XLIV) and (XLVIII) prior to deesterification may simplify the task of obtaining
“pure” products from these reactions.

Finally work on the sulfonamides is ongoing and x-ray crystal work could give more
in(mmtimlbmnlhensi:wnwbuliono(mhyhﬁonwsozlos. Synthesis of a 2,2°

might give i on about the structure of the [M-SO,] * ion.
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Table I1. Identity Table for Sulfonamides.

number X Y Z  number X Y z
1 Br Ac H 2 Br Ac CHy
3 CH; Ac H 4 CHS Ac CH;
s CH0 Ac H 6 CH;0 Ac CH,
q NO, Ac H 8 NO, Ac CHy
9 Br COCEt H 10 Br COOEt CH,

1 CH; COOEt H 12 CEL_; COOEt  CH,
3 CH,0 COOEt H 1 CH!O COOEt  CH,
15 No, COCEt H 16 NO2 COOEt  CHy
17 Br Br H 18 Br Br CH,
19 CH, Br H 20 CH; Br CHy
21 CHJO Br H 2 CH;0 Br CH3
23 NO, Br H 24 NO, Br CHy
25 Br CH0 H 26 Br CH:,O CHy
27 CH; CH0 H 2 CHy CH,0  CHy
29 CH,0 Cﬂzo H 30 CH;0 CH,0 CHy
31 Mo, CHO H 32 No, CH,0 CH,
33 Br CH, H 34 Br CH, CH,
35 CH, (.'Hg H 36 CH, CHy CHy
37 CH30 CH, H 38 CH]O CHy CHy
3 No, CHy H 4 No, CH;  CHy
41 mesityl Aring COOEt H 42 mesityl Aring  CH, COOEt
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Table IIL. 'H Shift di which occur after N
compounds C3 C2 c2 c3
1 2 000 036  +004  +005
3 4 +0.01 -034 +0.04 +0.07
3 6 0.00 -0.36 +0.04 +0.05
7 8 000 030  +006  +0.06
9 10 001 037 4003 4005
11 12 4001 034 4005 4008
13 1 000 03 007 +0.08
15 16 002 -030 4005 +0.06
17 18 4002 026 4003 4010
19 20 4006 029 002 +011
2 2 4001 018 4002 4011
3 24 0.00 -0.26 -0.01 +0.09
25 26 +0.07 -0.16 +0.03 +0.08
27 2 008 036 018 008
2 30 4006 -0.9 002 +008
31 2 4005 008 +003 000
3 34 4004 03 000 +0.10
35 36 4010 019 000  +0.17
3 38 4002 028 005 +008
39 40 4003 019 001 4010
4 2 4004 « 4027 4009
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Table IV, 13C Shift differences which occur after N-Methylation

Compounds
1

29
31
33
35
37
39
41

42

4
+035

+027
+022
+0.10
+049
+027
+025
+0.14
+0.48
+041
+0.32
+0.19
+059
+0.52
+0.50
+023
+0.56
+0.58
+0.38
+025

+0.51

3
-0.08

-0.05
-0.08
-0.16
+0.04
-0.20
-0.06
-0.13
-0.03
0.00
-0.02
-0.07
+0.04
+0.03
+0.14
-0.02
0.00
+0.10
-0.02
-0.04

+0.07

+0.55
+0.54
+052
+0.67
+0.66
+0.42
+0.57
+0.68
+0.74
+0.74
+0.76
+0.79
+073
+0.78
+091
+0.76
+0.72
+0.82
+0.78
+0.80

+0.73

B sifis

1
-3.58

-3.47
-3.49
-3.46
-3.57
-3.65
-3.56
-3.59
-3.66
-3.67

-3.69

-343
-3.51
-3.51
-3.61
-3.38
-1.65

r
+293

+284
+2.86
+3.06
+3.09
+2.75
+2.93
+3.09
+3.37
+3.20
+325
+342
+3.65
+348
+3.56
+3.76
+3.61
+3.51
+3.49
+3.74
+3.06

>
+1.23

+7.21
+7.31
+7.27
+7.15
+6.93
+7.19
+7.09
+6.14
+6.35
+6.44
+6.06
+4.09
+4.43
+4.58
+3.96
+5.29
+5.64
+5.65
+5.19

+7.51

3
-0.87

093
092
082
067
094
-081
072
024
024
024
017
025
028
0.16
021
020
015
023
-0.09
-0.73

e
+2.70

+2.69
+2.73
+2.71
+3.17
+2.97
+3.18
+3.08
+3.67
+3.80
+3.85
+3.59
+1.57
+1.71
+1.81
+1.52
+3.15
+3.44
+3.25
+3.17

+3.13
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Ymmnm carbon A &, for X=NO,, Br, CH; and OCH,
C1 cr c2 [==3
Ac -3.46,-3.58 2.84,3.06 721,731 269,273
COOEt -3.56,-3.65 275,305 693,719  297,3.18
Br 3.57,-3.69 320,342 606,644  3.59,385
CH,0 -343,-355 3.48,3.76 3.96,4.58 152,181
CH, 338, -3.61 349,374 519,565  3.15,344
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Table VI Relative intensities of M*, [M-SO%]"' and

[M-50,H] " ions before and after N-methylation.
NH compounds N-methyl compounds
Comp M* MO, MSOH B/A | Comp M* M-S0, M-SOH D/C %/%
A B tel D

T 43 07 04 0017] 2 108 61 17 036 329
3 B3 07 07. 001| 4 366 135 54 037 176
5 348 30 09  008| 6 214 270 38 126 147
7 313 0 0 0 8 254 40 10 016 o
9 481 15 04  003t| 10 14 92 13 081 261
1435 15 0 003 | 12 418 393 97 094 276
13 20.8 27 0 0.130 14 111 309 43 278 214
15 63.1 [ 0 0 16 195 82 0 0.42 oo
17 1.1 0 0 0 18 62 13 [ 0.21 o
19 341 0 0 0 0 29 51 19 017 o
21 256 12 05 0043 2 248 100 0 040 93
23 282 0 0 0 4153 11 0 007 o
35 11 0 0 0 % 45 0 [ ] 0
27 145 01 01 0007 8 65 0 0o 0 0
29 B9 0 0 0 0 1B 0 [ ] 0
3161 0 0 0 2 96 0 [ 0
33 14.0 0.2 0.5 0.014 34 56 08 [ 0.143 102
35 26.7 0.6 3.0 0.022 36 206 28 20 0.136 62
37 313 11 19 0035| 38 01 37 0§ 018 51
9 25 0 0 0 0 124 06 0 008 oo
41 66 28 01  044] £ 28 160 0 571 135

! Normalized intensities are given; in bromi inis values shown are for

species containing the Br isotope.



Table VII. Comparison of [M-50,]* and [M-SO,H]* Intensity” Variations, versus X for a Given Y Substituent.

NH NMe
Y M;?‘ M-SOH M:f)’ M-SO,H %;%
Ac MeO>Me>Br>N02 ++ exc,NO2 MeO>Br>Me>NO, ++ large, Br largest
COOE: exc. mesityl MeO>Me>Br>NO,  +++@cNO, MeO>Me>Br>NO, ++ excNO) large, CHj largest
Br only MeO loses SO, only MeO MeO>Br>Me>NO, only Me 9.3 for CH;0
MeO only CH3 loses SO2 - no SOZ lost - 0
Me MeO>Me>Br>NO, ++excNO,  MeO>Br>Me>NO,  onlyMe & MeO _ medium, Br largest
* oo values ignored here.

++ is relatively large ratio.
+++ is very large ratio.
exc. means excluding.

3
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Table VIII. Diameters of Inhibition Zones

zone diameters in mm after 42 hours

C_ oganism PenG XIR=R,=H XXI XX XXR,=H blank
3PC L Casei 4037 175 20 . 0
3PC  Smept. Faecalis 0248 - = owoaw
IPC Preud. 118~ 18 I’ .2 16
aenuginosa 2445 24 Q2 453 27
IFC E. coli 1818 -
IPC Staph. aureus 50,52 -

3FC  Mycobact. Smegmatis - -
25°C B Subrilis - - - -
2°C Sacch. cerevisiae wow

25°C  Sarcina lutea - - - .

* z0ne became apparent only after 42 hours incubation.

ttwo coloured zones were observed, the inside one was green, lhe outer one blue. eg. for
Pen G 18 & 24 mm diam. respectively. Looking at the plate surface however, suggested that
the organism had grown but the pigmentation was affected by the disk/compound.
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Table IX. Antibacterial Activity in Broth Cultures

Organism blank IXR;=R,=H XX XIR;=R,=H
E. coli + + + +
Staph. + a + +
aureus

Strept. + + b b
faecalis

' a  broth was yellow due to the compound, but quite clear with no signs of growth.
: b broth was turbid indicating growth, but the turbidity was noticeably less than in the
blank.
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EXPERIMENTAL

3.1 Preamble

Melting points were determined on a Thomas Hoover Capillary melting point apparatus
and are uncorrected. Evaporation under reduced pressure was carried out on a Biichi rotary
evaporator. Chemicals were reagent grade; solvents were reagent grade and distiled prior to
use. Thin layer separations (TLC) were carried out on a Chromatotron Model 7924T
(Harrison Research, Palo Alto, CA) and Merck silica gel 60 PF containing gypsum. Baker
silica gel for flash chromatography (40-um) was used in column chromatographic separations.
Mass spectra were determined on a VG T070HS mass spectrometer equipped with a VG2035
data system. Electron impact spectra were obtained at 70 eV with a source temperature of
200°C; samples were introduced via a direct probe inlet. 4 and 13C NMR (proton-
decoupled) spectra were determined on a General Electric GN30ONB 300-MHz NMR spec-
trometer or a Bruker WP80 80-MHz NMR spectrometer. Chemical shifts are expressed in
ppm (§) downfield from internal tetramethylsilane. 13¢C Chemical shift assignments were
aided by APT and C.JH shift correlation experiments (119). In asynmetrically p-
disubstituted benzene derivatives, the AB approximation method of Sohar is used to estimate
the ortho coupling constant and proton chemical shif ts for the aromatic protons (129). Com-
pounds were analyzed for C, H, N, Brand S by Guelph Chemical Laboratories, Ontario,

Canada.



3.2 Target Compound Synthesls

Di-t-butyl 2-Bromopentanedioate (XVII,R2=r-Bu)

2-Bromopentanol dichloride (10 g0.040 mol) in anhydrous ethyl ether (20 mL) was
added slowly with stirring to a solution of -butyl alcohol (37.7 mL) in dry ether (20 mL) at
0°C. This mixture was allowed to warm to room temperature over 2 hours and, after an addi-
tional 2.5 hours stirring, was diluted with ethyl ether (400 mL). It was washed with 1x125 mL.
10% sodium carbonate, then 150 mL H,O, dried over MgSO4 and evaporated under
reduced pressure to give a clear oil 824 g. (65% crude yield). This crude product was
sufficiently pure to use in the next step. A sample was purified by distillation under reduced
pressure; B.P. 108-111°C. 1.5 mm Hg. Spectral data: 'H nmr (CDCly) 145 & 148 (s, 9H, t-
butl esters) 2.10245 (m, 4H, -CHBrCH,CH,COOBu) 414-432 (m, IH,
CHBr(COOBu)CH,y"). Analysis calculated for Cy3Hy3BrOy: C48.31, H7.17, Br24.72; found:
CA47.97, H7.32, Br24.33

Di-t-hutyl 2, 3dicarbo-t-hutoxy-1,6-hexanedioate (XIV,R,=Ry=t-Bu)

A solution of di-+butyl malonate (5.09 g, 0.024 mol.) in dry THF (15 mL) was added
with stirring to sodium hydride 50% disp. in paraffin (1.13 g 0.024 mol) in dry tetrahydro-
furan (THF) (15 mL). After 15 minutes the di-¢-butyl 2-bromoglutarate (7.5 g, 0.024 mol.) in
dry THF (20 mL) was added with stirring. The mixture was warmed to 60°C for 5 hours then
left at room temperature for 18 hours. The THF was then removed under reduced pressure
to give a white solid, 7.13 g.(67%), which was used in the nextstep. A sample was purified by
sublimation at 85°C. 0.5 mm Hg. to give hard clear crystals: MP. 96.5-97.5°C. Spectral data:
14 nmr (CDCly) 1.4 (5, 18H, thutyl esters of malonate) 146 (s, 9H, tbutyl esters of glu-

tarate) 147 (s, O9H, tbutyl esters of glutarate) 168-2.03 (m, 8 lines, 2H,
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CH(CW0tBu),CH,,CH,COOrBu) 2.15-2.40 (m, 9 lies, 2H, -CH, CH,COOrBu)2.75-3.05 (m,
8 lines, 1H, -CH(COOB),CH(COOBUCH,) 349 (4 J=100 Hz, 1H, -CH(COOr-
Bu),CH(CO0Bu)-). Analysis calculated for CyqH,

: C62.86, H9.23; found: C6265,

9.3,

Di-tbuyl 2-(p-i 2,3 dicarbo-t-butoxy-1, oate (XTILR, = Ry=-Bu)
Di--butyl 2,3-dicarbo-t-butoxy-1,6-hexanedioate (2.5 g, 0.00546 mol.) in THF (10 mL)
was added with stirring to sodium hydiride 50% disp. (0.26 g, 0.00546 mol) in THF (10 mL)
and warmed to reflux for 20 minutes. p-Nitrobenzoyl chloride (1.01 g 0.00546 mol) in THF
(10 mL) was then added dropwise with stirring. The mixture was stirred at 60°C. for 1.5 hours,
then at room temperature for 2 hours. It was then poured into 109 NH,Cl(aq) (25 mL) and
extracted with 230 mL ethyl acetate (EtOAc). The organic layer was washed with 1x20 mL
10% NaHCO4(aq) and x5 mL H,O, dried over MgSO, and evaporated under reduced pres-
sure to give a pale yellow oil, which crystallized upon standing to give a white solid, 1.83 g
(60%). This compound was then purified by chromatography on silica gel to give a white
solid which was one-spot by TLG; M.P. = 100-102C Spectral data: 'H nmr (CDCL3) 126 (s,
9H, rbutyl esters) 1.44 (s, 9H, r-butyl esters) 1.47 (s, 9H, r-butyl esters) 1.52 (s, 9H, r-butyl
esters) 1.75-253 (m containing at least 21 lines, 4H, -CH(COOrBu)CH,CH ,COOrBu) 3.12
(dd, 1=2.99, Jgem= 1003, 1H, -CH(COOIBu)CH,?) 8.06 (d, J=9.24, 2H, aromatic protons
meta to NO,) 825 (d, J=0.24, 2H, aromatic protons ortho to NO,). Analysis calculated for

C34H,sNO, : C61.27, H7.46, N2.31; found: C61.52, H7.70, N2.02.

Di-t-buyl 2-(paminobenzoyl)-2,3-dicarbo-thutoxy-1,6-hexanedioate (XII, Ry =H, Ry=Ry=t-
Bu)

Di-butyl 2p-ni 23-dicarbot-butoxy-1,6-hexancdioate (1.06 g, 000175 mol)

in EtOAc (50 mL) containing 9% Pd on charcoal (0.20 g} was stirred under a hydrogen atmo-
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sphere, at room temperature. Hydrogen up-take was plotted vs time and after up-take
slowed, excess Hy(g) was removed under reduced pressure, and the resulting mixture dried
over MgSO,. Filtration and removal of the solvent under reduced pressure, gave a white solid
0.803 g (80%) which was one spot by TLC. An analytical sample was prepared by preparative
TLC; M.P.= 135-137°C. Spectral data: 'H nmr (CDC) 129 (s, 9H, s-buy ester) 143 (s,
18H, t-butyl esters) 1.50 (s, 9H, r-butyl ester) 180-2.50 (m containing at least 17 peaks, 4H,
CH(COOBU)CH,,CH ,COOIBy) 3.08 (&4, J =34, Jgem=8.96, -CH(COOMBY)CH,) 409 (s
broad, 2H, NH,) 6.57 (d, J =880, 2H, aromatic protons oho to NH,) 7.77(d, J=880, 2H,
aromatic protons meta to NHQ). Accurate mass calculated for C31H47N09: 577.3250; found:
5713196.

2:p-Ami 3-carboxy-1, joic acid (XXT).

Di-t-butyl 2-(p-aminobenzol)-2,3-dicarbo-t-butoxy-1,6 dioate (070 g, 1.18m mol)
was dissolved in a solution of 30% HBr in glacial acetic acid, and the mixture stirred at room
temperature, A precipitate began to form after 10 minutes and the mixture gradually dark-
enedto a dark grey colour. After 3 hours the HBr/HOAc was removed under reduced pres-
sure at 40°C to give a beige solid which was dried over CaCl, and silica gel. The solid was
washed with 4X4 mL methylene chloride filtered to give a light beige solid 0.51 g which was
the HBr sal. Spectral data: 'H nmr (pyridine-ds) 2.55:320 (m containing more than 13
peaks, 4H, CH(COOH)CH,CH ZCOOH) 3.93-425 (m, 1H, -CH(COOH)CH(COOH)CHZ-)
4.69 (d, J=1026, 1H, -COCH (COOH)CH(COOH)) 697 (d, J =872, 2H, aromatic protons
ortho to N'H.l) 8.34 (d, J=8.72 2H, aromatic protons meta to NH,); B¢ nmr 2596 -
CH,CH,,COOH) 32.11 (-CH,C H,COOH) 443 (-CH(COOH)CH(COOH)CH,,-) 5561 (-
COCH(COOH)CH(COOH)-) 113.28 (aromatic carbon ortho to NH,) 119.27 (aromatic car-
bon para to NH'Z) 13183 (aromatic carbon meta to NH‘Z) 153.27 (aromatic carbon attached to

NH,) *168.83, 171.73, 174.98, and 17626 (acid carbonys plus CgH,CO-) Analysis calculated
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for C14H15NO7,0A93HER2JH20: C3981, H480, N332, Br17.60; found: C39.55, H4.18,
N2.82, Br17.14.
Di-t-butyl 2-(N-tosyl-N-methyl-p-aminobenzoyl)-2,3-dicarbo--butoxy-1,6-hexanedioate (XXII).
Di-t-butyl 2,3-dicarbo-r-butoxy- 1,6-hexanedioate (7.1, 0.0155 mol) in THF (35 mL) was
added with stirring to sodium hydride 60% disp. (0.75 g, 00155 mol) in THF (15 mL) and the
‘mixture was stirred at room temperature for 30 minutes. N-Tosyl-N-methyl-p-aminobenzoyl
chloride (5.0 g, 0.0155 mol) in THF (25 mL) was added, and the mixture stirred for 4.5 hours.
It was then poured into 10% NH,4Cl(aq) (150 mL) and extracted with 2200 mL EtOAc,
washed with 1150 mL 10% NaHCOa(aq) and 1x100 mL H,O, then dried over MgSO, and
evaporated under reduced pressure to give a viscous, pale yellow oil which crystallized when
stirred with petroleum ether bp 30-60 °C. This yielded 10.24g (88%) of a white solid (88%).
An analytical sample was cbtained by chromatographic purification. Spectral data: 'H nmr
(CDCl3) 127(s, 9H, butyl ester) 1.44 (s, 9H, t-butyl ester) 1.46 (s, 9H, r-butyl ester) 1.52 (s,
OH, tbutyl ester) 184196 (m, 1H, -CH(COOr-Bu)CHaHb-) 2.20:2.37 (m, 2H, CH,COOr-
Bu) 240 (5, 3H, CHyAr) 2452.53 (m, 1H, CH(COOr-Bu)CHaHb-) 311 (dd, J=2.58,
Jgem=10.33, 1H, -CH(COO#-Bu-) 3.18 (s, 3H, CHy-N-) 7.17 (d, J=8.87, 2H, aromatic pro-
tons ortho to amine) 720 (d, J=8.18, 2H, aromatic protons ortho to methyl group) 7.39 (d,
J =818, 2H, aromatic protons meta to methyl group) 7.85 (d, J=887, 2H, aromatic protons
metato amine) 13Camr 21.53 (CHAr) 25.16 (-CH(COOr-Bu)CHy) 27.41,27.76, 2804 and
28,08 (+-butyl methyls) 34.55 (-CH,COO-Bu) 37.60 (CHyN) 49.62 (-CH(COO#-Bu)-) 72.01
(COC(COO-Bu).,-) 80,09, BL16, 83.29 and 8369 (O-C(CHy),) 124.75 (aromatic carbons
ortho to amine) 127.61 (aromatic carbon meta to methyl group) 12944 (aromatic carbon rmeta
to amine) 129.88 (aromatic carbon orfho to methyl group) 133.19 (aromatic carbon para to
methyl group) 134.89 (aromatic carbon para to amine) 143.87 (aromatic carbon attached to

methyl group) 145.09 (aromatic carbon attached to amine) 165.25, 166.20, 171.48 and 171.79
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(ester carbonyls) 191.41 (CgH,CO-). Analysis caleulated for CygHgoNO, S: C£2.80, H1.43,
N'1.88, §4.30; found: 6235, H7.54,N1.91, $4.53.

t-Butyl ethyl 2-carbo-t-butoxy-3-carboethaxy-1, ioate (XIV,Ry=EtR =t-Bu)

Di-+-butyl malonate (30 g, 0.139 mol) in dry THF (100 mL) was added with stirring to
sodium hydride 60% disp. (6.0 g, 0.15 mol) in THF (50 mL) and the mixture warmed to 45°C
for one hour. Ethyl 2-bromoglutarate (39.67 g, 0.15 mol) in THF (100 mL) was added and
the mixture stirred over night at 35°C. The THF was then removed under reduced pressure
and the residue poured in ethyl ether (1000 mL). This was washed with 1X200 mL 10%
NH,Cl(aq), and 3X200 mL H,0, dried over MgSO, and evaporated to give a yellow oil 46.55
g (77%). A sample was purified by distillation to give a viscous colourless oil, B.P. 153-156°'C
0.5 mm Hg. Spectral data: *H nmr (CDCly) 1.25 (t, J=6.933H, CHyof ethyl ester) 127 (,
=697, 3H, CHy of ethyl esters) 144 & 148 (s, 9H, t-butyl esters) 190 (m containing 19
lines, 2H, -CH(COOEI)CHZCHf) 237 (m containing 14 lines, 2H, %mszt) 3.03(d
of s IH  CH(COOMBW,CH(COOEfCH) 355 (4 J=1058 IH
CH(COOBu),CH(COOEY)-). *C nmr 13.96 & 14.01 (CH, of ethyl ester) 2478 (-
CH(COOEN)CH,CH) 27.62 (tbutyl ester methyl) 3108 (-CH,CH,COOEt) 4142
(CH(COOtBu),C H(COOEt)CH,) 5550 (CH(COOrBu),CH(COOEY)) 6022 and 6065
(CH, of ethyl ester) 81.77 & 81.87 (COCMej) 16683 & 166.88 (r-butyl ester carbonyls)
17222 & 1728 (ethyl ester carbonyls). Analysis calculated for CpqHy Og: CS968,
H8.52;found: C59.37, H8.76.

+-Butyl  ethyl  2-((p-nit Iymethyl)-2-carbo-t-butoxy-3 1,
(X'lll,R2=E(,R3=l-Bu)

Diethyl di#-butyl tetraester (XIV,Ry=Et,Ry =t-Bu) (40 g, 0.0995 mol) in THF (100 L)

was added with sirring to sodium hydride 609% dlisp. (4.2 g, 0105 mol) in THF (100 mL) and
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warmed to reflux for 30 minutes. p-Nitrobenzoyl chloride (18.5 g, 0.0995 mol) in THF (100
mL) was added and the mixture stirred for 18 hours at 30°C. The THF was then removed
under reduced pressure and the residue poured into ethyl ether (1000 mL). It was washed
with 1X200 mL NH,Cl(aq), 1X200 mL NaHOOs(aq), and 2X200 mL H,0, dried over
MgSO, and evaporated to give a light brown oil 42.45 (77%) which was used in the next
step. An analytical sample was obtained by chromatography giving a colourless oil. Spectral
data: "Hnmr (CDCly) 1.26 (1, J=7.15, 3H, CH, of ethylester) 128 (s, 9H, +butyl ester) 1.33
(t, J=714, 3H, C!*I3 of ethyl ester) 1.48 (s, 9H, t-butyl ester) 195-2.08 (m, 1H,
'CH(COOEt)CHaCHbCHZ-) 230245 (m, 2H, -CH,CH,COCEY) 249-2.62 (m, 1H,
'CH(COOEK)GiaCHbCl-L[) 3.29 (dd, T =30, Jgem=10.80, 1H, CH(COOEt)CH,") 4.14
(q, 3=70, 2H, CH, of ethyl ester) 425 (q, J=1.15, 2H, CH,, of ethyl ester) 8.05 (d, J=8.77,
2H, aromatic protons meta to NO,) 826 (d, J=8.77, 2H, aromatic protons ortho to NOZ) 13¢
nmr 1415 & 1421 (CHy’s of ethyl esters) 2452 (CH(COOEt)CH,CH,y) 27.40 & 2174 (s-
butyl methyls) 3286 (CH,CH,COOE!) 49.00 (C H(COOEX)CH,y) 60.40 & 61.07 (CH,s of
ethyl esters) 72.44 (COC(COOan)z-) 84.31 &84.66 (C (Cl-]3)3 of t-butyl esters) 123.09
(aromatic carbon orffio to NO,) 12999 (aromatic carbon meta to Noz) 142.10 (aromatic car-
bon para to NO,) 149.59 (aromatic carbon altached 10 NO,) 164.99 & 16577 (t-buyl ester
. carbonyls) 172.28 & 172.33 (ethyl ester carbonyls) 191.95 (CGHACOC(COOvBu)f) ('sce dis-
cussion page 32) Analysis calculated for C.,,Hy;NO : C58.79, H6.76, N254; found,; C58.56,
H7.14 N2.54,

Dietiyl 2{(p-nitrobenzoylymethyl)-1,5 pentanedioate (XXR,=Et)

Diethyl di-thutyl ester(XITLR,=Et,Ry=+Bu) (4245 g 0077 mol) was dissolved in
CH,Cl, (900 mL) and HBr(g) was bubbled through intermittently with stirring at reflux for
50 hours until TLC showed the reaction to be complete. The mixture was washed with 2X125

mL 10% NaHCO;(aq) and 1X125 mL H,,0, dried over MgSO, and evaporated to give a
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deep yellow oil. This was purified by chromatography to give a pale yellow oil 13.71g (51%).
Spectral data: 'H nmr (CDCly) 127 ¢, 3=722, 3H, CHj of ethyl ester) 128 (1, J=727, 3H,
CHL ofethyl ester) .01 (m, J=7.24 from adjacent CH, i visile, 2H,CH(COOEX)CH,CH,)
244 (, 1=7.24, 2H, CH,CH,COOEY) 307-3.15 (m containing at least 12 lines, 2H,
CH,CHCOOE)CH,) 307315 (m containing a least 12 lines, 2H,
*COCHaHbCH(COOE!)) 3.55 (m, J=1004, Jgem=188, 1H, 'COCHaHbCH(COOEL)-)
415 (g 7=7.23, 2H, CH, of ethyl ester) 4.17 (q, J=733, 2H, CH, of eyl ester) 8.13 (d,
J=8.70, 2H, aromatic protons meta to NO,) 832 (d, 1=8.74, 2H, aromatic protons ortho to
NO,). P*c nmr 1421 (CHy of eyl esters) 2695 (-CH(COOECH,CH) 3179 (-
CHL,CH,COOE) 39.66 (-CH,C H(COOE(CH,-) 4088 (COCH,CH(COOEY)") 60.60 &
60.95 (CH, of ethyl esters) 123,88 (aromat: carbon artho to NO,) 129,11 (aromatic carbon
meta to NO,) 140.94 (aromatic carbon para to NO,) 150.40 (aromatic carbon attached to
NO,) 172,65 & 17443 (ethyl ester carbonyls) 196.48 (CgH,,CO). ("see discussion page 33)

Analysis calculated for C17H21NO7: C58.11, H6.02, N3.99; found: C58.31, H6.17 N4.10.

Diethyl 2-((p-amir )15, ioate (XLR, ~H,Ry~Et)

Diethyl - 2-((p-ni )-1,5- ioate (XX,R,=Et) (102mg, 0.291m
mol) in EtOAC (10 mL) containing 9% Pd on charcoal (15mg) was stirred at room tempera-
ture under a hydrogen atmosphere. Hydrogen up-take was plotted vs time and after up-take
ceased excess hydrogen was removed under reduced pressure and the mixture dried over
MgSO,. Evaporation of the solvent, from the filtered solution, under reduced pressure gave a
yellow ol 68mg (73%). A sample was purified by preparative TLC using 40%
EOAc/hexane. Spectral data: 'H nmr (CDCly) 1.25 (1, =712, 6H, CHy of ethyl esters)
188-2.06 (m containing at least 10 lines, 2H, -CH(COOEt)CH,CH,) 240 (t, J=744, 2H,
-CH,CH ,COOE) 2.95-3.08 (m containing at least 10 lines, 1H, -CH,CH(COOE{CH,")
295-3.08 (m containing at least 10 lines, 1H, '-COCHSCHI:CH(COOE()-) 3.31:340 (m
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containing at least 8 lines, 1H, "COCHaHbCH(COOE)-) 4.13 (g, J=7.12, 2H, CH, of ethyl
ester) 4.15 (q, J=7.16, 2H, CH, of ethyl ester) 4.19 (broad s, 2H, NH,)) 663 (d, J=870, 2H,
aromatic protons orio to NH,) 7.79 (d, J=8.70, 2H, aromatic protons meta to NH,) B
mr 1415 (CHy of ethyl esters) 27.09 (CH(COOE!CH,CH,COOE!) 31.94 (CH,C
H,COOE) 39.74 (COCH,CH(COOEY)-) 3936 (CH,C H(COOE)CH,) 60.44 (CH,, of
cthyl ester) 60.58 (CH, of ethyl ester) 11364 (aromatic carbon ortho to NH,) 126.98
(aromatic carbon meta to NH,) 130.43 (aromatic carbon para to NH,) 151.24 (aromatic car-
bon attached to NH,) 17283 & 175.04 (ethyl ester carbonyls) 195.65 (CgH,COCH,y). ('see
discussion page 35) Accurate mass calculated for C, ,H,;NO: 321.1575; found: 321.1569.

2((p-nit )-1,5- ioic acid (XX,R2=H)
2-((p-Nitrobenzoyl)methyl)-1,5-pentanedioate (XX,R,=EX) (20 g, 0.0057 mol) was dis-
solved in ethanol (EtOH) (30 mL) and then 1M NaOH (20 mL) was added with stirring. The
mixture was heated to 40-45°C for 4 hours and cooled to room temperature. 6M HCI (5 mL)
was added and the mixture extracted with CH,CL, (150 mL), the organic layer dried over
MgSO, and evaporated under reduced pressure to give a beige solid 1.5 g (89%). A sample
was recrystalized 3 times from EtOH to give an off white solid which was dried at 35°C under
vacuum (0.5 mm Hg). MP.=1555-156.5°C Spectral data: *H nmr (CD;COCD) 194-2.12
(m containing at least 17 lines, 2H, -CH(COOH)CH,CH,-) 2.25-258 (m containing 13 lines,
2H, -CH,CH,COOH) 3.13 (m containing 9 lines, TH, -CHCHbCH(COOH)CH,,-) 333 (dd,
J=3.94, Jgem=1826, 1H, -COCHaCHbCH(COOH)-) 363 (dd, J=9.38, Jgem =1826, 1H,
COCH2CHbCH(COOH)-) 8.29 (. J=8.80, 2H, aromatic protons meta to NO,) 837 (d,
1=8.80, 2H, aromalic protons oo to NO,). 3C nmr 27.56 (CH,CH,COOH) 31.67 (-
CH,C H,COOH) 4003 (-CH,CH(COOH)CH,") 4122 (-COC H,CH(COOH),) 12451
(aromatic carbon ortho to NO,) 130.05 (aromatic carbon meta to NO,) 142.00 (aromatic car-
bon para to NO,) 151.20 (aromatic carbon attached to NO,) 17433 & 176.15 (acid carbonyls)
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2645 (-CH,C0). ( see discussion page 36) Analysis calculated for C,;H ;NO,: C52.89,
Hd.44, Na74; found: C52.89, H4.19, Nég2.

20
{(p

@

oic acid (XI,R =Ry ~H)
To %(p-ni )15 foic: acid (XR,=H) (125 g, 0.0042 mol)
dissolved in freshly ditilled absolute EOH. (200 mL) was added 9% Pd on charcoal (20mg).

‘This mixture was then placed under a hydrogen atmosphere with stirring at room tempera-
ture. The hydrogen up-take was plotted vs time until up-take slowed. Excess hydrogen was
removed under reduced pressure, the catalyst was filtered off, and the EtOH was removed
under reduced pressure to give a viscous yellow oil. This oil was then crystallized using
EtOAc (10 mL) and then hexane (10 mL) and the solid obtained by filtration. This gave an
off white solid 0.95 g (85%), which was one spot by TLC. An analylical sample was prepared
by recrystallization from MeOH, M.P.= 156-15TC. Spectral data: H nme (CD3OD\ 1.87-
197 (m containing more than 5 lines, 2H, -CH,CH,COOH) 2.36-247 (m containing 2 dis-
torted triplets, 2H, -CH,,CH,COOH) 2.92-3.05 (m containing more than 9 Lues, 1H,
'(]-hCHbCH(COOH)(}lz-) 292-3.05 (m containing more than 9 lines with an apparent
doublet having a J value of 17.13 Hz, 1H, CHaCHbCH(COOH)-) 334 (dd, 1=8.91,
Jgem=17.13, 1H, 'CHaCHbCH(COOH)-) 6.63 (d, J=865, 2H, aromatic protons ortho to
NH,) 7.75 (4, =865, 2H, aromatic protons 77eta o NH) B¢ nmr28.28 (CH,CH,COOH)
3261 (CH,C H,,CO0H) 4065 (COCH,CH(COOH)-) 41.37 (COCH(COOH)CH,,") 114.21
(aromatic carbon ortho to NH,) 126.48 (aromatic carbon parma to NHz) 131.69 (aromatic car-
bon meza to NHy) 155.17 (aromatic carbon attached to NH,) 178.82 & 17893 (acid car-
bonyls) 19842 (-CgH,CO-). Analysis calculated for C;;H,sNOg: C58.86, HS.70, N5.28;
found: C58.91, H5.97 N5.68.



2{[p-{[(24-diamino-6-pteridiny i ioic  acid  (IX
Ry=Ry=HP)

‘The amino acid compound (XI, Ry=R,=H) (560mg, 2.1mmol) and the pteridine ring
system (X) (533mg, 2.1mmol) were stirred together at room temperature in DMA (25 mL)
undei a nitrogen atmosphere and protected from light. After 0.5 hours all material had dis-
solved and the mixture was stirred for a further 72 hours. The DMA was removed under
reduced pressure at 50-55°C and H,O (10 mL) was then added. The resulting solid was iso-
lated by centrifuge, washed with 2X10 mL H,0, isolated by centrifuge again and dried over
silica gel in vacuo, The solid was then ground to a yellow/beige powder and washed with 3X4
mL CHC13, filtered and dried in a drying pistol at 30°C. 0.5mm Hg. to give a yellow solid
0313 g (52%). Spectral data: 'H nmr (d6-DMSO) 1.67-1.86 (m containing 10 lines, 3H,
“CH,CH,COOH) 2.24-2.35 (m containing at least 6 peaks, 2H, -CH,CH ,COOH) 2.74-2.84
(m, 1H, CHaCHbCH(COOH)CHy) 296 (dd, J=392, Jgem=1755, 1H, %
CHaCHbCH(COOH)-) 3.24 (dd, J=931, Jgem=17.55, 1H, "-CHaCHbCH(COOH)-) 4.63
(d, J=4.72, 2H, C-9 protons) 6.78 (d, J=8.59, 2H, aromatic protons ort/o to amino group)
7.23 (t, J approx 4.5, 1H, N-10 amino proton) 7.80 (d, §=8.59, 2H, aromatic protons meta to
amino group) 8.81 (s, 2H, C-7 proton coincident with broad singlet of pteridine ring NH,
group); 881 & 8.90 (5, approx. 1H, C-2 & C-4 NH, groups) 12.13 (s broad, approx. 2H, acid
protons). 3¢ nmr 2683 (-CH,CH,COOH) 3141 (-CH,CH,COOH) 4547 (-CH,NH-)
111.55 (aromatic carbon ortho to amino group) 125.25 (aromatic carbon para to amino group)
130.21 (aromatic carbon meta to amino group) 152.12 (aromatic carbon attached to amino
group) 16236 (C-2) 158.07 (C-4) 14939 (C-6) 148.35 & 148.61 (C-7 & carbon between N-1
and N-8) 121.89 (carbon between C-4 and N-5) with the -COCH,C H(COOH)CH,- carbons

hid.'en under the DMSO carbon signal.
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33 Model Compounds

t-Butyl 2-bromobutanoate (XLII)

The 2-bromobutanoyl bromide (S0 g 0.20 mol) dissolved in anhydrous ethyl ether (100
mL) was added slowly with stirring to a solution of ¢-butyl alcohol (250 mL) in anhydrous
ethyl ether (750 mL) at 0°C. The mixture was allowed to warm to room temperature over-
night and was stirred for 48 hours. The mixture was then diluted further with ethyl ether (500
mL) and washed with 2X250 mL 10% NaHCO4(aq) followed by 1X250 mL H,0, dried over
MgSO, and evaporated to give a clear yellow oil. This was distilled under reduced pressure
t0 give a colourless oil 42.6 g (89%). B.P.=48.5-49.0°C. 4.0mm Hg. Spectral data: 'H nmr
(CDCly) 1.02 (t, =732, 3H, -CH,CH;) 1.48 (5, 9H, -butyl ester) 1.83-2.17 (m containing 13
lines, 2H, CHBICH ,CH,) 4.6 (t, J=7.24, COOtBuCHBICH,) B¢ nme 1162 (-CH,C
H;) 2749 (-butyl ester methyl) 28.19 (CHBrCH,CHy) 4.15 (COOMBuC HBICH,,-) 8181
(OC(CHy)3) 168.44 (ester carbonyl). Analysis calculated for CgHsBrO,: C4307, H6.T8,
Br35.81; found: C43.15, H6.77, Br35.90.

t-Butvl 2,3-dicarbo-t-butoxyventanoate (XLIII)

A solution of di-t-butyl malonate (10.0 g, 0.046 mot) in dry THF (50 mL) was added over
10 minutes to sodium hydride 60% disp. (2.02 g, 0.051 mol) in dry THF (100 mL) with stir-
ring and warming to 45°C. The mixture was then stirred at 45°C for 1 hour. The r-butyl 2-
bromobutanoate (10.28 g, 0.046 mol) in THF (50 mL) was added and the mixture stirred at
35°C over night. It was then prred into ethyl ether (400 mL) and washed with 1X200 mL
10% NH,Cl(aq) and 3X50 mL H,0, then dried over MgSO,. Evaporation under reduced
pressure gave a pale yellow oil. This sample was purified by vacuum distillation to give a

colourless oil 134 ; (81%), B.P.= 120-121°C. 0.5mm Hg. Spectral data: 'H nmr (CDCI,) 0.94
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(t. 3=747, 3H, -CH,CH,) *1.447 (s, SH,t-butyl ester), 1454 (s, OH, t-butyl ester), 1464 (s,
9H, r-butyl ester) 1.65 (m, 2H, CH(COOfBu)CH 2CHy) 2.8 (m containing 8 lines, 1H,
CH(COOrBu),CH(COOBu)CH,-) 349 (, J=11.18, 1H, CH(COOrBu),CH(COOBY)-);
B¢ nmr 1036 (CH,C Hy) 2288 (-CHCHy) 2757, 2769 (bl methyls) 46.05
(CH(COOrBu),CH(COOMBU)CH,) 5531 (CH(COOMBuU),CH(COOrBY)-) 8030, 8115
81.29 (OC (CH;) of s-buyl esters) 167.14, 17239 (ester carbonyls). “Shifts recorded to 3
decimal places to show non-equivalence, otherwise numbers rounded to 2 decimal places.

Analysis calculated for C;gHy,05: C63.66, H9.56; found: C63.73, H9.82.

t-Butyl 2-(p-nit )-2,3-dicarbc (XLIV)

t-Butyl 2,3-dicarbo-t-butoxypentanoate (20.0 g, 0.056 mol) in dry THF (50 mL) was
added with stirring to sodium hydride 60% disp. (2.5 g, 0.062 mol) in THF (100 mL) and the
mixture warmed to reflux for 30 minutes. p-Nitrobenzoyl chloride (10344 g, 0.056 mol) in
THF (50 mL) was then added and the mixture kept at 45°C for 4 hours. It was then allowed
to cool to room temperature and was stirred over night. The mixture was poured into 10%
NH,Cl(aq) (250 mL) and diluted with ethyl ether (500 mL), separated, and the organic layer
washed with 2X250 mL 10% NaHCOs(aq) and 1X250 mL H,0. It was then dried over
MgSO, and evaporated under reduced pressure to give a crude oil which contained some
unreacted starting material. Purification using a Chromatotron gave a viscous oil 4.53 g
(16%). Spectral data: H nmr (CDCly) 1.09 (, J=7.43, 3H, -CH,CH,) 124 (s, 9H, -butyl
ester) 1.47 (s, 9H, t-butyl ester) 1.52 (s, 9H, t-butyl ester) 1.60-1.74 (m containing 13 lines, 1H,
'CH(COOBU)CHaCHbCH;) 191210  (m  containing 13 lines,  1H,
‘CH(COOIBU)CHACHUCH;) 3.04 (dd, J=1047, 1H, -CH(COOtBu)CHZ-) 8.04 (4, J=8.88,
2H, aromatic protons meta to NOZ) 8.25 (d, J =8.88, 2H, aromatic protons ortho to NOZ); Be
nmr 1337 (-CH,CHy) 2326 (-CH,CHy) 2744, 2179, 2801 (-OC(CHy)y) 5243 (-
CH(COOrBu)CH,-) 81.05, 83.71, 83.94 (-C(CHy),) 122.97 (aromatic carbons ortho to NO,)
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129.90 (aromatic carbons meta to NO,) 142.57 (aromatic carbon pam to NO,) 149.33
(aromatic carbon attached to NO,) 165.17, 166.09, 171.94 (ester carbonyls) 192.07
(CgH,CO). (See discussion on page 49) Analysis calculated for CogHyNOg: C51.52,
H7.35, N2.76; found: C61.65, H7.23 N2.83.

t-Butyl 4-bromobutanoate (XLVI)

The 4-bromobutanoy! chloride (50 g, 0.20 mol) dissolved in anhydrous ethyl ether (100
mL) was added slowly with stirring to a solution of #-butyl alcohol (250 mL) in anhydrous
ethyl ether (750 mL) at 0.0°C. The mixture was allowed to warm to room temperature over-
night and was stirred for 48 hours. The mixture was then diluted with a further 750 mL of
ether and washed with 2X250 mL H,0, dried over MgSO, and evaporated to give a pale yel-
low oil. This was distilled under reduced pressure to give a colourless oil, 42.8¢ (90%), B.P.=
64.5-65.0°C. 4.0mm Hg.. S, ectral data: 14 nme (CDCL") 1.44 (s, 9H, t-butyl ester) 2.11 (m
containing 5 peaks, 2H, -CH,CH,CH,-) 239 (t, J=7.14, 2H, -CH,CH ,COOrBu) 345 (t,
=652, 2H, CH,BrCH,); B¢ nmr 27.69 (C(CH3);) 32.40 (CH,BrC H,CH,COOrBu)
3340 (C H,Br) 7993 (OC(CH);) 17121 (ester carbonyl). Analysis calculated for
CBHISBKOZ: C43.07, H6.78, Br35.81; found: C43.13, H6.77, Br35.64.

Di-t-butyl 2-carbo-t-butoxy-1,6-hexanedioate (XLVII)

A solution of di-#-butyl malonate (10.0g, 0.046mol) in dry THF (50 mL) was added over
10 minutes to sodium hydride 60% disp. (2.0 g, 0.050 mol) in dry THF (100 mL) with stirring
and warming to 35°C. The mixture was then stirred at this temperature for 30 minutes. The
t-butyl 4-bromobutanoate (10.26g, 0.046mol) in dry THF (50 mL) was added and the stirred
mixture warmed to 45°C for 5 hours. It was then stirred overnight at room temperature. The
mixture was poured into ethyl ether (500 mL) and washed with 1X250 mL 10% NH,CI fol-

lowed by 2X250 mL H,0, dried over MgSO, and evaporated under reduced pressure to give
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a yellow oil 147 g (89%), which was used in the next step. A sample was purified by distilla-
tion under reduced pressure, B.P. 126-129°C 0.5mm Hg,, to give a colourless oil. Spectral
data: 'H nmr (CDCI3) 144 (s, 9H, r-buyl ester) 146 (s, 18H, r-butyl ester from malonate)
1.63 (m containing 7 lines, 2H, -CH,CH,CH,COO/Bu) 182 (m containing 6 lines, 2H,
CH(COOrBu),CH,CHy) 224 (t, J=741, 2H, -CHyCH ,COOBu) 3.15 (&4, J=776,
Jgem=1570, 1H, CH(COOBu),CHy) 'C nmr 2267 (-CH(COOBu),C
H,CH,CH,CO0rBu) 21.79 (C(CHy); from malonate) 27.96 ((C(CHy)s) 3503 (-CH,C
}!2000!&.1) 5351 (CH(COOtBu)z-) 80.00 (OC(CHJ)J) 81.20 (OC (CHJ)3 from malonate)
168.55 & 17233 (ester carbonyls). Analysis calculated for C1gH3404: €63.66, HI.66; found:
C63.76, H9.58.

Di-t-butyl 2-((p-nit Ymethyl)-2-carbo-t-butoxy-1,6 -h dic (XLvir)

Di-t-butyl 2-carbo-+-butoxy-1,6-hexanedioate (13 g, 0.036 mol) in THF (50 mL) was
added with stirring to sodium hydride 60% disp. (1.60 g, 0.040 mol) in THF (100 mL) and the
mixture warmed to 65°C for 3 hours. p-Nitrobenzoyl chloride (6.66 g, 0.036 mol) in THF (50
mL) was then added and the mixture kept at 45°C for 4 hours. It was then stirred at room
temperature for 18 hours. The mixture was poured into ethyl ether (500 mL) and washed
with 1X250 mL 10% NH,Cl(aq), 2X250 mL 10% NaHCO5(aq) and 2X250 mL H,0. It was
then dried over MgSO,, and evaporated under reduced pressure to give a crude yellow oil.
This was purified by chromatography to give a colourless oil 15.2 g (83%), which crystallized
on standing. Spectral data: 1H nmr (CDC.IJ) 138 (s, 18H, t-butyl esters irom malonate) 1.44
(s, 9H, t-butyl ester) 1.70-1.85 (m containing at least 11 peaks, 2H, -CH2CH2CI-12-) 220225
(m containing at least 5 peaks, 2H, -C(COOIBu),CH,CH,y") 228 (t, J=7.27, 2H, -CH,CH
,COOBu) 8.06 (d, J=895, aromatic protons meta to NO,) 8.27 (d, 2H, aromatic protons
ortho to NO,) B¢ nmr 2059 (-CH,CH,CH,y") 27.65, 27.90, 28.06 (C(C Hy), from esters)
33.89 (C(COOKBu),CH,CH,y") 35.68 (-CH,C H,CO0rBu) 69.52 (-COC(COOrBu),) 80.23,
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8375 (C(CH3)3) 123.20 (aromatic carbon ortho to Noz) 129.79 (aromatic carbon meta to
NO,) 141.59 (aromatic carbon para to NO,) 149.69 (aromatic carbon attached to NO,)
16634, 172.14 (ester carbonyls) 191.80 (-CgH,CO-). Analysis calculated for CcHyNOg:
C60.95, H7.35, N2.76; found: C61.23, H7.49, N2.94.

3.4  General Preparations for Sulfonamides

General procedure for the preparation of sulfonamides.

To an ice-cooled, solution of the sulfonyl chloride (0.04 mol) in dry pyridine (15 mL) was
added the amine (0.04 mol) and the solution refluxed for 0.5 hours. After cooling, the reac-
tion mixture was added to water (150 mL) and extracted with EtOAc (100 mL). The EtOAc
layer was washed with 3X30ml (3M) hydrochloric acid, 1X30 mL water, dried over MgSO,,

filtered and d. The ide was r ized from EtOAc.

General procedure for N-methylation of the sulfonamides.

To the sulfonamide (0.02 mol) in dry dimethylformamide (DMF) (25 mL) was added,
with ice cooling and stirring, sodium hydride 50% dispersion (0.02 mol). After hydrogen evo-
lution ceased, dry iodomethane (2.0 mL, 0.032 mol) and the ice bath removed. After stirring
at room temperature for 2 hours, the reaction mixture was poured into EtOAc (250 mL),
washed with 1X150 mL (0.5 M) NaOH, 1X100 mL water, dried over MgSO,, filtered and

evaporated. The product was recrystalized from hexane /EtOAc.



Table X. 'H Chemical Shifts for Ring Protons with 'H and 13C Chemical Shifts for Substituents.

COMP  x y z 3 2 2 3 'w®o

1 Br  Ac H 78 78 729 790 CH;251(2640) C=0 (1938)

2 CHy 782 746 733 795 CH,258(2671)C=0 (19%98)
NCH,;321(37.49)

3 CH3 Ac H 737 777 721 7186 CH32A48(26A36)C-0(196.40)
CH,Ar 232(2094)

4 Cl-'l3 738 743 731 793 CH37_57(25.67)C-0(196.96)
CH,Ar 2.38(21.00) CH;N 3.18(37.30)

5 CHO Ac H 710 784 728 788 CH,249(2636) C=0 (19642)
CH,0381(55.62) .

6 CHy 710 748 732 793 CH,257(2668) C=0 (19696) 5
CH,0 3.84(55.70) CHN 3.17(37.26)

7 NO, Ac H 841 811 728 789 CHy250(2643)C=0 (1947)

8 CH, 841 781 734 795 CH,2.56(26.72) C=0 (197.01) N326(37.75)

9 Br  COOEt H 78 782 730 78 CH,130(14.12) CH,428(60.50)
€=0(165.06)

10 CH3 7.81 745 733 794 CH;lJﬂN.Zl)CHziBZ(GO.%)
C=0 (165.12) CH;N 3:20(37.54)

1 CH3 COOEt H 137 175 726 784 CHSIJB(MQZ)
CH, 426(60.58) C=0 (16524) CH;Ar 233(21.02)

12 CHy 738 741 731 792 CHy132(1407) CH,431(60.74)

C=0 (165.00) CH,Ar 238(20.95) CH;N 3.17(37.20)



13 CH;0 COOEt H 709 779 725 784 CHy127(1416)

CH,, 425(60.47) C=0 (165.15) CHy0 3.80(55.63)
14 CHy 709 746 732 7% Cil,132(14.13) CH,431(60.80)

C=0 (165.08) CH;N 3.16(37.21) CH;0 3.83(55.69)

15 NO, COOEt H 84 810 729 788 CH,;129(14.14) CH,427(60.58)

16 CH; 840 780 734 794 CH;132(14.11) CH,432(6091)
CH,N3.25(37.71)

” Br Br H 780 770 708 746

18 CHy 78 744 T11 756 CHyN3.13(3769)

19 CH;  Br H 734 760 710 743 CH,Ar232(2093)

20 CH; 740 740 708 754 CHyAr239(21.02)

21 CH;0 Br H 707 772 708 743 CH;0380(5561)

2 CHy; 708 744 710 754 CHyO384(5569) CHyN 3.09(37.48)

3 NO,  Br H 842 806 713 748 .

2 CHy; 84 780 712 757 CHyN3.19(37.95)

2 Br CH;0 H 775 760 699 682 CH0367(55.13)

2% CHy 782 744 702 690 CH0375(5529) CHyN3.12(38.26)

27 CH, CH0 H 747 775 716 6% CH;0381(5510)

CH,Ar 247(20.94)
739 739 698 688 CH,03.74(55.25) CHyAr 239(21.01)
CH;N3.08(38.15)

8
Q
N
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30
31
32
33

35

37

39

4

42

a1,

CH;O

CH,0

£ £

<y

COOEt

:Eug :I:ﬁ m ua

A

o

g 2

7.10
8.13
8.18
776
7.80
721
173
707

709

838

841
702

7.06

7.63

7.69
755
7.66
743
759

7.40

ALY

7.44

7.9
7.80

7.00

698

677

6.80

699

699

6.96

6.96

702

6.97

702

7.01
709

736

6.80

6.88

6.59

6.59

7.05

715

6.96

713

705

713

7.07

717
782

791

CH,O at C-4 3.78(55.53)

CH,O at C4' 3.66(55.07)

CH,O at C4 3.84(55.73)

CH,0 at C4' 3.74(55.33) CH,N 3.06(36.17)
CH,03.43(55.14)

CH40 3.52(55.30) CHyN 2.93(38.50)
CH,Ar 2.19(2030)

CHyAr 229(20.55) CHyN 3.12(38.04)
CHyat C4226(20.92)

CHy at C4' 2.12(2028)

CHy at C4238(21.06)

CHj at C4' 2.27(20.56) CH3N 3.09(37.97)
CHyAr 221 (2029)

CH,0 3.81(55.57)

CH,Ar 2.28(20.52) CH;0 3.83(55.65)
CH,N 3.07(37.84)

CH,Ar 220(2031)

CH,Ar 2.30(20.59) CH,N(38.34)

CHay at C4221(2041)

CHyb at G2, C-6 2.62(2243) CHyt 126(14.21)
CH,q423(6049) C=O (165.19)

CH,y at C-4 2.26(20.42) CHyb

at G2, C-6239(2242) CHyt 131(14.13)
CH,q 4.29(60.78) C=O (165.04) CHyN 321(36.51)




Table XI. '3C Chemical Shits for Ring Carbons

YRS

Ac

Ac

COOEt

COOEt

COOEt

COOEt

Br

z
H
CHy
H
CH.
H

3

4
127.24
127.59
143.69
143.96
162.70
162.92
150.03
150.13
127.20
127.69
143.78
143.91
162.67
162.92
150.01
150.15
127.03
127.51
14343
143.84
162.52
162.84
149.90
150.09

3
132.56
13248
129.84
129.79
11455
114.47
124.84
124.68
13251
13255
12990
129.70
114.52
114.46
124.80
124.67
13246
13243
129.73
129.73
114.44
11442
124.71
124.64

2
128.70
129.25
126.77
127.31
129.02
129.54
12831
128.98
128.68
12934
126.85
12727
129.00
129.57
12832
129.01
12863
12937
126.70
127.44
12890
129.66
12829
129.08

1
138.50
13492
136.43
132.96
130.84
12735
144.55
124.09
138.42
134.85
136.39
132.74
130.72
127.16
14447
140.88
13835
134.69
13632
132.65
130.72
127.03
144.50
140.93

1
14191
144.84
142.39
14523
142.51
14537
14142
144.48
141.93
145.02
14249
145.24
14251
145.44
141.50
144.59
136.76
140.13
137.28
140.48
13736
140.61
13635
139.77

11823
12546
117.83
125.04
117.76
125.07
118.56
125.83
11847
125.62
118.15
125.08
117.99
125.18
118.82
12591
122.16
12830
121.67
128.02
121.63
128.07
12248
128.54

129.87
129.00
129.84
12891
129.82
12890
129.92
129.10
130.63
129.96
130.64
129.70
130.56
129.75
130.70
129.98
132.14
131.90
132.00
13176
13200
13174
13223
132.06

13222
1349

131.88
134.57
131.82
134.55
13254
13525
125.02
128.19
124.68
127.65
1244

127.67
12539
12847
116.61
12028
116.07
119.87
11598
119.83
117.05
120.64



26

28888

32
33

34
35
6
37
38
39
40

41
2

Br

CHy0

NOz

Cl-l3

CH0
CH,0
CHy0
CcH

CH;

CH.

COOEt

126.59
127.18
142,96
143.48
16223
162.73
149.71
149.94
126.67
127.23
143.05
143.63

162.68
14975
150.00
142.43
142.94

13223
13227
129.54
129.57
114.19
11433
12451
124.49
13228
13228
129.55
129.65
11428
11426
12457
124.53
131.96
132,03

12871
129.42
12673
127.51
12885
129.76
12831
129.07
12867
129.39
126.71
12753
128.87
129.65
12828
129.08
138.80
139.53

138.66
135.16
136.65

13112
127.58
144.90
14147
138.71
13520
136.70
133.19
131.16
12755
144.91
141.53
133.42
13L77

129.69
13334
13027
13375

13.77
127.86
12327
127.70
12323
127.81
124.11
12807
12091
12620
12045
126.09
12041

12126
12645
117.00
12451

11435
114.10
11425
113.97
114.19
114.03
11445
11424
129.65
129.45
129.55
129.40
129.53
12930
i29.76
129.67
130.66
129.93

156.74
15831

158.15
156.38
158.19
156.99
158.51
13375
136.90
13322
136.66
13326
136.51
134.19
13736
124.02
127.15

Bold assignments can be interchanged.
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Table XII. Physical Data for Sulfcnamidg

Compound Reference, Melting Point and Accurate Mass Data.

Compound
1
2

3

MP°C
186.5-187.5
133.5-135
203.5-204.5

101.5-102
178-1785
81-82
184-185
171.5-172
189.5-190.5
102.5-104.5
205-207
84.5-85.5
165-165.5
114-115
194-194.5
136-136.5
140.5-141
9759

148-148.5

Ref

Lm,n,0,p

9P

Literature MP/°C and/or Accurate Mass Data
MP.= 143;M* = 352.9735; C; }H, BrNO,S requires 352
M* = 366.9873 C;H, JBiNO,S requires 366.9878
M.P.= 203(b), 204-205(c)

MP.= 1031035

M* = 305.0704; C H, NO,S requires 305.0722
M* = 319.0890; C H|JNO,S requires 319.0878
M.P.= 192-194

M* = 334.0611; C; gH, N 08 requires 334.0623
M* = 362.9838; C, gH, ;BrNO,S requires 382.9827
M* = 396.9964; C, gH, (BrNO,S requires 396.9983
M.P.= 206-207(e), 175-177(f)

MP.= 8890

MP.= 170 M* = 335.0861; C;(H | NOS requires 335.08
M* =349.1015; C 7H NOSS requires 349.0984
M.P.= 187-189

M* = 364.0753; C gH, N,O,S requires 364.0729
M.P. = 141(i), 145()

M = 402.8%9; C,3H, BrNO,S requires 402.8877
M.P.= 147.5(1), 148(m), 143-146(n), 146(0,p)
M.P.= 87-83(q), 87(p)



24

26

31
32

33

35
36
37
38
39
40

41

99.5-101
114.5-1155
206.5-207
1245-1265
143-1435
95-96
112.5-1135
63-64
93-94
72.5-73.5
184-184.5
138.5-140.5
93-94
118.5-120.5
118-118.5
57-58
96-96.5
81-825
179-180
130-130.5
205.5-206

9798

if
k
aa,bb,cc,dd

cc

ddee0

=

M.P.= 100(r), 99-102(s)
M* = 354.9904; C, H BrNO,S requires 3549878

M.P.= 209

MP.= 142(,t)
M* = 3549901; C, 4H, ;BrNO,S requires 354.9878
MP.= 114(u), 113-114(v)
M.P.= 68-69(v), 89-90(w)
M.P.= 100-101(x), 98-100(s), 92-93(y)
M.P.= 71(y)
M.P.=182-183(z), 187(0)

4 < :
MY = 3220600, H,,,N, 058 requires 322.0623
M.P.= 99(i), 98()
M* = 3389898; C|H, ,BrNO,S requires 338.9928
M.P.= 118(aa), 116-117(bb,cc), 117.5-119.5(dd)
MP.= 60
M* = 2710775 Cy4H5NOS requircs 277.0773
M* = 291.0951; C;gH,;,NOS requires 291.0929
M.P.= 179-180(ee), 180.5-183(dd) 178(c)

+ . i
M* = 306.0655; C;4H, N0, requires 306.0674
M* = 347.1190; CgH, NOS requires 347.1191

M* = 3611359 0236; C;gH3NO,S requires 361.1348
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Sulfonamide fragmentation pathways

Ot O O

a X=Br 219/221 b 203,205 ¢ 155,157

X=CHy 155 139 9l
X=CHP 171 155 107
XNO, 186 170 122

—zne
o ENC @-v

2:CHy

d YeBr 170,172 184,186 o 143,45
Y-CH, 106 120 79
Y-0CH; 122 136 o5
Y-COCH, 134 148 107

Y«COOE: 164 178 137
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‘Table XIII. Mass Spectrum Data for Sulfonamides

Compound

Mass spectrum; m/z (assignment, normalized intensity)

1

assM*, $Br, 466), 353M*, ™Br, 413), H0(M-CH,, 100), 339(14),
33(M-CHy, 96), 291(M-SO,, 04), 290(M-SO,H, 04), 289(M-5O,, 0.7),
288(M-50,, 0.4), 221(a, 16) 219(a, 15), 205(b, 4), 203(, 4), 167(6), 157(c, 39),
155(c, 41), 134(d, 15), 120(9), 119(¢-CH, 48), 106(49), 92(8), 91(C;H, *, 27),
79(23), TI(16), 76(21), 75(20), 64(18), 63(13), 51(6), S0(16), 43(32).

3soM*, 8B, 115), 367M ¥, Br, 108), 354(M-CH,, 7), 352M-CH,, 7).
305(M-S0,, 5.7), 304(M-SO,H, 24), 303(M-SO, 6.1), 30AM-SO,H, 1.7),
290(M-S0,-CHy, 2), 288(M-S0,-CHy, 2), 262(3), 221(s, 3), 219(a, 2), 182(4),
157(c, 7), 155(c, 8), 149(11), 148(d, 100), 133(d-CHy, 10), 132(¢-CHy, 17),
106(e-H, 21), 105(24), 104(7), 91(7), %0(5), 78(5), 77(14), 76(11), 75(8), 63(5),
43(40).

289(M*, 333), 275(7), 274(M-CHy, 42), 225(M-SO,, 0.7), 224(M-SO,H,
0.7), 182(2), 155(a, 27), 139(b, 4), 120(4), 119(d-CH,, 7), 106(d, 11), 92(10),
91(c, 100), 79(7), 77(6), 65(21), 64(6), 63(7), 43(10).

303(M*, 36.6), 288(M-CHy, 15), 239(M-S0,, 13.5), 238(M-SO,H, 54),
24(M-S0,:CHy, 6), 196(M-S0,-CH,CO, 12), 155(a, 23), 149(11), 148(c,
100), 133(d-CHy, 8), 132(d-CH,, 20), 106(e-H, 16), 105(20), 104(6), 92(7),
91(c, 74), 90(5), 77(11), 65(14), 63(6), 43(22).

305(M*, 34.8), 290(M-CHy, 12), 241(M-S0,, 3.0), 240(M-SO,H, 09),
173(5), 172(9), 171(a, 100), 155(b, 5), 123(25), 108(6), 107(c, 76), 106(8),
92(26), 91(8), 79(10), 78(5), T7(45), 65(6), 64(19), 63(11).

319(M*, 21.4), 304(M-CHy, 5), 256(5), 255(M-SO,, 27.0), 254(M-SO,H,
38), 40(M-SO,CHy, 4), 212(M-S0,-CH;CO, 7), 173(5), 172(8), 171(a,
100), 155(b, 4), 149(5), 148(d, 42), 132(d-CH,, 12), 123(19), 108(5), 107(c, e,
55), 105(14), 104(5), 92(12), 91(5), 78(S), 77(28), 64(7), 63(6), 43(20).

320(M*, 31.3), 306(16), 305(M-CHj, 100), 259(11), 156(4), 134(d, 5), 122(c,
4), 120(6), 119(d-CHy, 39), 106(25), 92(9), 91(19), 19(15), TI(30), 76(9),
75(5), 65(7), 64(11), 63(7), 50(8), 43(19).
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3U(M*, 25.4), 319M-CHy, 26), 270(M-SO,, 4.), 269(M-SOH, 10),
254(3), 149(10), 148(d, 100), 134(4), 133(d-CHL3)132(d-CH,, 16), 106(19),
105(23), 104(7), 91(6), 78(5), T7(11), 76(6), SO(5), 43(33).

ags(v*, Blpr, 504), 383(M*, "B, 48.1), 357M-C;H, 4, 355(M-CyH,,
35), 341(5), 340(M-OEt, 28), 339(5), 338(M-OEt, 26), 321(M-SO,, 15),
320(M-S0,H), 319(M-SO,, 15), 318(M-SO,H, 0.4), 293(M-SO,C,H,, 5),
292(MSOH-CH,, 3), DIMSO,CyH, 5), 290(M-SOHCH,, 2),
222(2), 22i(a, 29), 220(2), 219(a, 28), 205(b, 4), 203(b, 4), 167(11), 16(4),
165(12), 164(d, 100), 157(c, 44), 155(c, 44), 136(12), 120(12), 119(d-OEt, 49),
109(5), 108(70), 92(37), 91(39), 0(14), 81(10), TI(S), T6(26), 75(24), 65(20),
64(27), 63(19), 51(6), 50(16).

oM, B1r, 118), 399M*, Br, 114), 354(M-OFE, 6), 352(M-50,, 92),
3U(M-SO,H, 3.1), 333(M-S0,, 92), 332(M-SO,H, 1), 307(M-S0,-C,H,,
13), 306(M-SO,HC,H,, 13), 30(M-SO,-C,H,, 13), 304(M-SO,-C;H,,
13), 204(2), 292(2), 262(2), 260(2), 225(3), 221(a, 3), 219(a, 3), 183(3),
181(12), 179(9), 176(d, 74), 157(c, 10), 155(c, 10), 151(9), 150(c-C,H,, 100),
134(2), 133(d-OF, 11), 132(¢-EtOH, 24), 106(5), 105(14), 104(12), 90(10),
79(7), 78(9), T7(19), 76(13), 75(11), 65(11), 63(7), 51(6), 50(8).

319(M”, 435), 275(3), 274(14), 255(M-5O,, 15), 221(M-50,CH,, 2),
226(M-SO,H-C,H,, 2), 182(M-SO,:COOEL, 5), 165(2), 164(d, 11), 157(2),
156(4), 155(a, 47), 139(b, 4), 136(2), 120(5), 119(d-OET, 16), 108(13), 92(14),
91(100), 65(16), 64(5), 63(5).

333(M*, 418), 289(3), 288(M-OE, 18), 270(7), 269(M-50,, 39.3), 268(M-
SOH, 97), 254(3), 241(M-SO,-C,H,, 6.1), 240(M-SOH-C,H,, 117),
25(5), 197(7), 196(M-SO,-COOEY, 40), 179(10), 178(d, 72), 155(a, 27),
151(11), 150(d-C,H,, 100), 139(b, 3), 134(7), 133(d-OEY, 20), 132(d-EtOH,
33), 106(7), 105(18), 104(14), 92(8.4), 91(83), 90(9), 79(9), 78(10), T7(20),
65(27), 63(8), 51(6).

335(M*, 20.8), 290(M-OE, 8), 271(M-50,,, 2.7), 173(5), 172(8), 171(a, 100),
164(d, 2), 155(b, 4), 123(20), 119(8), 108(13), 107(c, 60), 92(20), 91(7), 77(27),
65(5), 64(13), 63(7).
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349(M*, 11.1), 304(M-OEt, 9), 286(6), 285(M-SO,, 309), 284(M-SO,H, 43),
270(2), 256(6), 244(2), 212(M-S0,-COOEY, 11), 178(d, 22), 173(5). 172(8).
171(a, 100), 155(b, S), 151(4), 150(G-CyH,, 48), 134(2), 133(d-OEt, M),
132(d-EtOH, 19), 123(22), 108(6), 107(c, 65), 10S(d-COOEY, 10), 104(3),
92(15), 79(6), 78(8), 77(38), 65(9), 64(10), 63(7).

350(M*, 63.1), 323(4), 322(M-C,H,, 21), 307(5), 306(15), 305(m-OE, 1),
289(6), 270(5), 259(12), 186(a, 3), 170(b, 2), 165(12), 164(d, 100), 163(5),
136(d-CyH,, 26), 122(c, 13), 120(13), 119(d-OE, 53), 109(6), 108(82), 92(45),
91(45), 90(15), 81(12), 76(21), 75(13), 65(23), 64(30), 63(19), 51(5), S0(15).

364(M*, 195), 319(M-OEt, 10), 300(M-S0,, 82), 284(6), 227(M-SO,-
COOE, 4), 181(5), 179(13), 178(d, 65), 156(5), 151(11), 150(d-C,H,, 106),
134(12), 133(d-OEY, 11), 132(22), 106(7), 105(d-COOEY, 13), 104(12), 92(5),
90(8), 79(8), 78(9), 77(19), 76(8), 75(5), 65(13), 63(6), 51(5), SO(6).

ao3m*, B1Be8lr, 116), 301M*, B1BcBr, 21.5), 389(M*, BB,
11.1), 221(a, 8), 219(a, 7), 205(b, 1), 203(b, 1), 173(8), 172(d, 100), 171(10),
170(d, 96), 167(6), 157(15), 155(17), 145(e, 9), 143(e, 9), 92(5), 91(49), 90(10),
76(18), 75(17), 64(15), 63(18), 50(14).

407m*, B1B:8Y8;, 6.2), 40sM*, 8188y, 1.3), 403M*, "B Br, 62),
U3(MSO,, 13), MAM-SOH, 04), 341(M-SO,, 3.1), (M-S0, 13),
2(a, 1), 219(a, 1), 187(8), 186(d, 90), 185(10), 184(d, 100), 157(c, 19), 155(c,
19), 105(d-Br, 47), 104(d-BrH, 22), 90(9), T8(8), 77(14), T6(21), 75(20),
63(12), 50(14).

32M*, BBy, 345), 325(M*, TBr, 34.1), 182(4), 181(2), 180(2), 173(5),
172(d, 40), 170(d, 44), 156(4), 155(a, 47), 145(e, S), 143(e, 5), 139(b, 3),
92(10), 91(c, 100), 90(7), 65(21), 64(8), 63(12).

31M*, 81B316), 339M*, PBr, 299), 27(M-50,, 5.1), 276(M-SOH,
19), 275(M-50,, 58), 274(M-SO,H, 0.7), 196(6), 187(8), 186(d, 92), 185/12),
184(d, 100), 183(4), 182(S), 18i(3), 155(a, 12), 139(b, 2), 105(c-Br, 37),
104(-BrH, 13), 91(c, 28), 90(6), T(7), 65(9), 63(6).

3am*, 8By, 25.0), 341M*, B, 256), 279(M-50,, 1.1), 278(M-SO,H,
08), 277(M-50,, 12), 276(M-SO,H, 0.5), 198(M-SO,-Br, 3), 173(7), 172(d,
12), 171(a, 100), 170(d, 10), 155(b, 11), 145(e, 2), 143(e, 2), 123(23), 107(3),
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92(13), 91(12), 77(23), 64(11), 63(13).

3s7m+, 81y, 26.0), 355(M™, 7Br, 248), 293(M-SO,,, 10.5), 292(M-SO.
21), 291(MSO,, 100), 212(M:SO,Br, 74), 187(7), 186(d, 75), 185(11),
184(d, 81), 183(5), 182(5), 173(5), 172(8), 171(a, 100), 157(11), 155(b, 11),
145(e, 0.8), 143(e, 0.8), 123(16), 108(S), 107(c, 50), 105(38), 104(21), 92(19),
90(7), 78(10), 77(40), 76(9), 75(7), 64(16), 63(15), 51(7), 50(6).

3ssM™*, 81Br, 24.9), 356(M*, PBr, 232), 342(M-0, 0.8), 340(M-o, 0.8),
186(a, 0.3), 173(8), 172(d, 100), 171(9), 170(d, 100), 145(e, 10), 122(c, 2),
92(6), 91(48), 90(9), 76(9), 75(6), 64(13), 63(14), 50(10).

s, BBy, 16.0), 370M*, ™Br, 153), 342M-NO), 340(M-NO), (M-
$0,, 1.0), 306(M-SO,, 1.1), 227(M-SO,Br)187(9), 186(d, 89), 185(11), 184(d,
100), 157(11), 155(11), 145(e, 1), 105(d-Br, 49), 104(d-BrH, 23), 92(6), 0(8),
78(8), TI(15), 76(16), 75(11), 64(6), 63(12), 1(6), S0(12).

3a3mt, 8lpr, 7.3), 301M*, 7Br, 7.1), 21(a, 04), 219(a, 0.4), 205(b, 0.5),
203(b, 0.5), 157(c, 5), 155(c, 5), 123(20), 122(d, 100), 95(e, 21), 80(S), 79(8).
76(8), 75(8), 65(5), 53(7), 52(13), S1(5), S0(8)-

3sam*, 81Br, 4.7), 355(M*, TBr, 4.5), 221(a, 05), 219(a, 05), 157(c, 5),
155(c, 5), 137(19), 136(d, 100), 122(10), 121(19), 120(3), 108(17), 93(9), 92(7).
78(5), 77(9), 76(8), 75(8), 67(8), 66(7), 65(5), S0(6)-

27I(M*, 145), 213(M-SO,, 0.1), 212(M-SO,H, 0.1), 155(a, 0.7), 139(b, 09),
124(4), 123(14), 122(100), 108(4), 95(e, 11), 91(c, 13), 65(8), 52(5).

291(M*, 65), 137(9), 136(d, 100), 121(8), 120(3), 108(7), 91(c, 3).

293(M*, 139), 171(a, 1), 155(b, 0.5), 123(9), 122(d, 100), 107(c, 3), 95(e, 7).
92(4), 77(5).

307(M*, 13.0), 171(a, 1), 155(b, 0.4), 137(16), 136(d, 100), 121(d-CHy, 14),
120(5), 108(13), 93(5), 92(7), T7(9).
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308(M*, 6.1), 123(8), 122(d, 100), 95(e, 10), 52(5).

32(M*, 96), 306(M-O, 0.7), 186(a, 0.4), 137(23), 136(d. 100). 122(12),
121(¢-CHy, 26), 120(10), 105(5), 108(22), 93(10), 92(10), 78(6), T7(12), 76(6),
67(9), 66(7), 65(6), 64(5), SK(6).

327, 88y, 14.0), 25(M*, PBr, 140), 263MSO,, 0.1), 262(M-SO M,
04), 261(M-SO,, 0.2), 260(M-SO,H, 0.5), 221(a, 0.7), 219(a, 0.7), 205(h, 0.7,
203(b, 0.7), 157(c, 5). 155(c, 5). 107(16), 106(d, 100), 79(e, 37), T8(9), TI(28),
76(8), 75(8), 51(6), S0(7).

341(M*, 8Br, 58), 339M*, ’Br, 56), 277(M-50,, 05), 275(M-5O,, 08),
196(M-SO,Br, L1), 157(c, 3), 155(c, 3), 121(10), 122(d, 100), 11K(S), 106(5),
93(5), 92(7), 91(25), TI(10), 76(6), 75(5), 65(10), S(5).

261(M*, 26.7), 197(M-S0,, 0.6), M-SO, 11, 3.0, 155(a. 3), 107(10), 106(d,
100), 91(18), 79(e, 20), 78(3), TI(15), 65(8).

275M*, 206), 211(M-SO,. 28), 21(M-SO,H, 20). 196(3), 155(a. 1).
121(10), 120(d, 100), 11R(6), 93(5), 92(10), 91(46), T7(12), 6S(25). 6X(S),
51(6).

27I(M", 313), 213(M-S0,. 1.1), 212(M:SO,H, 19), 198(M-SO,-Clly, 3),
171(a, 30), 155(b, 2), 123(6.3), 107(26), 106(d, 100), 92(8), T9(e, 22), TK(6),
TI(27), 64(6).

291(M*, 21.1), 227(M-50,, 3.7), 26(M:SO,H, 0.0), 212(M-50,-CH 1y, 17),
171(a, 6), 121(12), 120(d, 100), 107(c, 6), 92(K), 91(21), TI(13), 65(7).

29AM*, 32.5), 276(M-O, 1), 264(M-NO, 05), 24(M-NO, 0.6}, 18, 0.5).
122(c, 2), 107(21), 106(d, 100), BXS), T9(e, 61), T8(13), T{46), 111), 73(7),
53(7), 52(7), 51(9), 5K(11).

306(M ", 124), 290(M-0, 0.5), 242(M-50,, 0.6, 121(13), 120D, 100), 118(3).
93(5), 92(9), 91(28), T7(9), 65(9),
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UM, 66), 302(M-OEr, 3), 283(M-SO,, 28), 282(M-SO,H, 0.1), 268(M-
SOyCHy, 1), 255(M-SO,-CyH,, 03), 254(M-SOH-C;H,, 0.8), 236(M-
S0,-OEi, 6), 210(4), 133((CH3)3C6H2502*. 5), 165(5), 120(11),
119(CgH,, *, 100), 91(12), 77(5).

361(M", 28), 316(M-OEL, 5), 297(M-SO,, 16.0), 282(M-SO,-CH,, 10),
252(M-SO,-OEt, 4), 224(M-S0,-COOEY, 6), 183((CH;);C,H S0, ", 3),
179(32), 178(d, 19), 151(5), 150(28), 134(8), 133(8), 132(13), i20(11),
U9(CgHy, ¥, 100), 117(5), 105(9), 104(8), 103(5), 91(16), 79(6), 78(5).
7I(14), 65(7).
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