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ABSTRACT 

THE PREPARATION OF SOME POTENTIALLY POLYMERIZABLE 

DERIVATIVES OF URACIL AND 5-FLUOROURACIL 

Richard M. Morgan 

Master of Science 

Youngstown State University, 1976 

Potentially polymerizable derivatives of uracil and 

5-fluorouracil were prepared using various isocyanates. 

These derivatives may, at some later date, find applications 

as antineoplastic, polymeric drugs with reduced toxic side 

effects. The products prepared in the reactions were: 

1) 5-fluoro-N1 (N-ethylcarbamoyl) uracil; 2) 5-fluoro-N1 (N­

allylcarbamoyl) uracil; 3) 5-fluoro-N1 (N-isopropylidenecar­

ba.~oyl) uracil; 4) 5~fluoro~N1 (N-vinylcarbamoyl} uracil; 

5) N1 (N-ethylcarbamoyl) uracil and 6) N1 (N-vinylcarbamoyl) 

uracil. These compounds were all soluble in boiling chloro-

form. The assigned structures are supported by elemental 

analyses and infrared spectroscopy. They all showed amide 

III bands at 1300 cm-l and double bonds in the 895-945 cm-l 

region as would be expected for these structures. These 

compounds are the first reported 5-fluorouracil monomers. 

ii 

While 5-fluorouracil reacted readily in benzene with 

all of the isocyanates used in this study, uracil reacted 

readily only with vinyl isocyanate. It was also found that 

a catalyst, triethylamine, was necessary for the reaction to 

proceed in all cases. Several factors are believed to be 
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re s pons ible for thi s phenomenon and these include: 1) sol­

vent polarity; 2) pKa (acidity); J) conjugation and 4) steric 

factors. The fact that uracil reacted well only with the 

vinyl isocyanate in the non polar solvent, benzene, while 

it reacted with ethyl isocyanate and other isocya.Jmtes in 

the more polar solvent, dimethylsulfoxide, supports the pres-

ence of solvent effects in this reaction. The fact that 

5- fluorouracil, with the il.ower pKa and hence more acidic 

nature, reacts better with all isocyanates than does uracil 

supports the possibility of pKa effects. Since uracil reacts 

readily with vinyl isocyanate in the non polar solvent, 

benzene, conjugation appears to have an important effect on 

this reaction. The fact that isopropylidene isocyanate, 

which is also conjugated, did not react readily with uracil 

and also produced the lowest yield in reaction with 5-fluoro­

uracil supports the hypothesis that steric factors are impor­

tant in this reaction. The vinylcarbamoyl derivative of 

5-fluorouracil appears to polymerize when treated with 

boiling chloroform. The material becomes insoluble and the 

IR spectrum showed the dissappearance of the peak at 1540 

cm-l which was presumed due to a carbon-carbon double bond. 

Further studies are necessary. 

Isopropylidene isocyanate was prepared for the first 

time and its structure was substantiated by its IR spectrum 

a.nd its chemical reactions. 

Some polymerization reactions have been run on the 

isopropylidene isocyanate derivative of 5-fluorouracil and 



the vinyl derivative of uracil, but no polymer properties 

were studied. 
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CHAPTER I 

GENERAL INTRODUCTION AND HISTORICAL 

Polymers have been increasingly useful to society 

for many years from the viewpoint of cheaper, sturdier and 

safer materials. They have found applications in clothes, 

food wraps, dishes, etc. and the list will continue to grow 

as time goes on. However, the most important applications 

have been in the medical field where lives are at stake. 

Some of these biomedical uses are: 1) plasma expanders; 

2) pseudoenzymes; 3) polyelectrolytes; 4) cardiac valves; 

5) external organ prosthetics; 6) intravenous catheters; 

7) false teethi etc •• 

With todays increasing technology has come new var­

iables which are spawning a great interest and concern in 

1 

the causes and treatments of cancer. Surgery or radiological 

treatment, which have come to be recognized as the classical 

methods of cancer treatment, are localized treatments lim­

ited to the tumor mass and the immediate area. Because of 

this limitation cancer may remain undetected in other parts 

of the body, only to appear at a later time. In view of this 

disadvantage, the onset of chemotherapy came into being which 

affords the physician a much broader spectrum in the palli­

ative treatment of metastatic disease~ Many of these drugs 

are derivatives of the purines (eg. 6-mercaptopurine) or the 



pyrimidines (eg . 5-fluorouracil) which interfere with the 

genetic duplication process. '11his work is concerned prima-

rily with 5- f luorouracil. 

Uracil (fig . 1) has been the subject of much re­

search and s tudy since its initial isolation in 1900 and 

was found to exist in two tautomeric forms with the lactam 

form being predominant at neutral pH. Uracil has been sep-

2 

arated from many materials since that time, all of which 

contain polymeric ribonucleic acid (RNA), by a process of 

controlled hydrolysis. To date, the best synthetic routes to 

·1 1 uraci are: 

1) Principal synthesis 

Formylacetic acid and urea 

in fuming sulfuric acid. 

2) Treatment of 2-thiouracil with 

Lac tam 

chloroacetic acid followed by 

acid hydrolysis. 

OH 

/b' 
~ CH 

I 11 
I C::--.... CH 

"'-' N / 
HO 

Lactim 

Figure 1. Structure of uracil demonstrating lactam-lactim 
tautornerization. 

Being a pyrimidine (or more exactly a pyrirnidinedi­

one), uracil would be expected to undergo the same types of 



reactions as would the parent compound, pyrimidine. Some of 

these reactions are summarized below and examples are shown 

in equations 1-7. 2 

O · 
II 

m'.JJ + Br
2 'l~N 

0 H 

0 
11 

Ho 
cfl N 

+ CHz- N=N 

H 

0 
11 

Hf-N) + 

cf'~ N 
Os ol~ 

H 

l} Substitution Reactions 

a) substitution at C-5 

b) substitution at Nitrogen 

2) Addition Reactions 

a) addition of hydrogen across 
5,6 double bond. 

b) addition of oxygen at 5,6 
double bond. 

c) addition of halogens 

d) addition of amides and carbo­
diimides. 

J) Photoaddition Reactions 

4) Reactions of the .Carbonyl Group 

5) Ring Opening Reactions 

0 yr Dioxane HN 
HNOJ l + HBr 

cY N 
H 

0 
II 

Hf-N~ + N 

0-?-lN 
2 

H 

0 

II H 
H2o Hf-NJ OH 

O~lN . OH 
H H 

(1) 

(2) 

(J) 

3 



0 

~N~ + EO r 
cf'- N) 

H 

0 
II 

HN~ 
o-l_M 

+ H
2
o 

u .v. 

0 0 
II ,, 

HN) NH
2

0H () cf/l_ , r I 
H H 

0 
II 

HN~ 
O'll N ~Br 

H , 

r OBr (4 ) 

J
OH 

HN OH 

o-'ll Br 
H Br 

o=0 H 
- ~ 

O~ ----..__ I 0 

i(;;:;-,.C ( 5 ) 

0 )H HN H 

/,-l H 
O H OH 

~H2 
+ 

J 
CH 
I 2+/\ 
CH -N 0 

2/ \__/ 
CH 

3 

(6 ) 

/'.c 
oY "-N"rl2 

(7) 



Uracil is a base analogue of the regular nucleotide 

thymine which has a methyl group at the 5-carbon (fig. 2). 

In the absence of thymine, uracil is capable of replacing 

thymine in DNA synthesis with no mutagenic effect on DNA 

synthesis, however, uracil normally appears only in RNA and 

thymine occurs only in DNA. In view of this fact then, any 

derivative which would closely resemble uracil could be ca-

pable of replacing thymine in DNA synthesis with no effect 

on DNA synthesis. Two derivatives of uracil which perform 

in this manner when substituted, in vitro, for thymine are 

5-bromouracil and 5-fluorouracil (fig. 2). In this respect, 

5-bromouracil is incorporated much more readily than 5-fluo-

rouracil, apparently because of its size relative to 

thymine.3 The derivative, 5-fluorouracil is an antimetab-

5 

elite defined as "a substance which acts by competing with 

normal metabolites for particular enzymes", and was first 

synthesized in 1957 by Heidelberger et al.4 A representation 

of this synthesis, shown in equation 8, shows that 5-fluoro­

uracil was obtained from pseudourea salts and a.-fluoro-8-keto 

ester enolates by an adaptation of the Wheeler synthesis. 

Pseudothiourea salts may also be used in this synthesis.5 

In 1971 Robbins and Naik synthesized 5-fluorouracil by direct 

fluorination of uracil as shown in equation 9.6 

0 

HN~F 
~lNJ 

H 

HN 

OqlN 
H 

Br 

Figure 2. Structure of a) 5-fluorouracil and b) 5-bromouracil 
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OH 
+ 

r r~1· x 
+ £ NjlH ( G) 

0 
II 

HN,,..) 

'll NJJ 
0 H 

CF OF __ .3 __ --? 

HO 

0 
II 

HN~F 
. 'l~ NJLH 
0 H 

(9 ) 

In 1957 Heidelberger et al described the biochem!cal 

mechanism of action and the f irst clinical trial of 5·-fluoro-

uracil as a tumor inhibitory agent in patient s with advan~-ed 

metastatic diseaseD7 This however ~as not the first use of 

drugs as cancer chemotherapeutic agents.. Cancer chemotherapy 

had i ts birth wi th compounds knmm as nitrogen mustard 

( fig . J). These compounds may b e considered the prototype of' 

t odays al_cylating agents and their action was dependent on 

the electron releasing capacity of the nitrogen atom. 8 

Figure J . Examples of nitrogen mustards. 



In 1947, Farber synthesized a drug h'nown as amino­

pter in (fig. 4) which blocks the reduction of dihydrofolate 

to tetrahydrofolate by a specific reductase. This drug was 

used in trea tment of children exhibiting acute leukemic 

disease af ter it was found that the administration of folic 

acid actually accelerated the disease. process.4 '9 

7 

Figure 4. Structure of antifolate, aminopterin (4-aminopter­
oylglutamic acid)~ 

Likewise it was observed by Rutman in 1954 that more 

uracil was required for nucleic acid synthesis in rat liver 

tumor t han in normal liver tissue.4 Following this discov­

ery , in 19.56, the phenomenon of "thymineless death" in bacte­

ria was observed and reported by Cohen and Barner. They 

noted that when E. coli were placed in a nutrient medium, 

lacking only in thymine, the result was a thymine deficiency 

and a la.ck of ability to multiply, hence, eventual death of 

all the bacteria in the thymine deficient medium. Afterwards 

they suggested the use of such compounds inhibiting synthesis 

of DNA in cancer chemotherapy.4 •10 In 1957, Heidelberger 

et al demonstrated the inhibition of the conversion of c14 

labled .formate into the methyl group of thymine by 5-fluoro-

~ s 3 ~ 6 £"\ 
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uracil i n vitro.4 '7,ll,l2 In comparisons with 5-fluoroor otic 

acid ( f i gQ 5), 5-:fluorocytosine (fig. 5) and 5-bromouracil 

(fig .. 2 ) i t was fou d that the activity of 5-fluorouracil 

was 25 times, 5 tim_s and 500 times the activities of those 

d ~· 1 12 compoun s respect..ive Ye 

0 

J
ll F 

HN 

~l ~ C~OH 
L 

(a) (b) 

Figure ,5. Structure of a) 5-fluor oor otic acid and b) 
5-f luorocytosine 

Fluorine was chosen because of its close similarity 

t o hydrogen in mole cular weight, atomic radi i , e-tc. as op-

posed t o bromine or chlorine as can be seen ·when s ome o±' the 

physical characteristics of the naturally occurring pyrimi-

dines, uracil and thymine are compared to their fluoroa.."'!a­

logues in table 1 •4 •7,ll 

Pyrimidine 

Ura.cil 

5-fluor ouracil 

Thymine 

TABLE 1 

Physical Characteristics of the 
Naturally Occurring Pyrimidines 
and Their Fluoro Analogues 

Mol. wt. Size A pKa 

112 H=l.20 9 .45 

lJO F=l.35 8.15 

126 CHJ=2 . 00 9.82 

Trifluorothymine 180 CF)=2.44 7 .35 

/\H+ (nm) 

259 

265 

264 

257 
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The metabolism of .5-fluorouracil was studied in sus-

pensions of Erlich ascites tumor cells and was found to be 

incorporated into ribosomal and transfer RNA's at non-term­

inal posi tions. 4'7,ll,l3 Some of the biological effects of 

this incorporation are: 1) mutagenisis in RNA viruses: 2) 

changes in acceptor activities of transfer RNA; 3) miscoding 

of protein synthesis; 4) inhibition of protein synthesis; 

5) inhibition of maturation of ribosomal RNA; 6) inhibition 

of enzyme induction.7 These effects and other less document-

ed effects have been postulated to be due to errors in . trans-

cription resulting from fluorouracil base-pairing, however, 

efforts to demonstrate this phenomenon have failed.7• 14 

Since it was known that thymine, an essential build-

ing block of DNA, is made by the attachment of a methyl group 

to the 5-carbon of uracil, it was postulated that a fluorine 

atom at this position would inhibit that reaction. This type 

of inhibition had been suggested by Heidelberger et al in 

1957 when he found that only a very small quantity of thymine 

or thymidine is required to reverse the inhibition of 

5-fluorouracil indicating a non-competitive relationship.12 

The fact that fluorine does indeed inhibit methylation was 

shown by Bosch et al in 1958.7 It was found however, that 

although fluorouracil is effective in inhibiting the methyl­

ation reaction, its' nucleoside derivative, 5-fluoro-2'de-

oxyuridine (FUDR) (fig. 6) was the most active in this re­

spect. 7 
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HO 
0 

OH H 

Figure 6. Structure of 5-fluoro-2'-deoxyuridine (FUDR) 

The substrate for the methylation reaction is deoxy­

uridylate, the coenzyme is methylene tetrahydrofolate, the 

product is thymidylate and the enzyme that catalyzes the con­

version is thymidylate synthetase.4•7,ll Since all of the 

above mentioned compounds are phosphorylated it was ·found 

that it is not actually FUDR which inhibits thymidylate syn­

thetase but rather its 5'-monophosphate (fig. 7).7,l5 Con-

siderable evidence has been demonstrated in works by Heidel­

berger et al in 1960 and Kessel and Hall in 1969 that the in­

hibition of the enzyme, thymidylate synthetase, carries the 

responsibility for the major tumor-inhibitory effect of 5-

fluorouracil and trifluorothymine keeping in mind that the 

incorporation into RNA mentioned earlier also exhibits some 

tumor-inhibitory effect.4 •7,ll,l6 ,l7 Figure 8 demonstrates 

the metabolic pathway of 5-fluorouraci1,4 •5,9,lB 



OH 
I 

HO-P-0 ----. 
II 
0 

0 

HNAyF 
J,N) 

0 

0 

OH H 

Figure 7. Structure of 5-fluoro-2'-deoxyuridine-5'-mono­
phosphate 

a-fluoro-8-alanine + urea + co2 

i 
a-fluoro-8-ureidopropionic acid 

+ 

a-fluoro-8-guanidopropionic acid 

t 
dihydrofluorouracil 

t 
5-fluorouracil 

1~ 

11 

~ 5-f'luorouridine ~ 

5-f'luorouridine- / ~-f'luoro-2'-deoxyuri-
5 '-monophosphate dine-5'-monophosphate 

i 
5-fluorouridine-
5' -triphosphate 

~ 
F-RNA deoxyuridylic 

acid 

t 
uridylic acid 

~~~----+--- thymidylic 
acid 

\ 
DNA 

Figure 8. Metabolic pathway of 5-fluorouracil. 
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Each of the reactions in figure 8 requires a specific 

enzyme, therefore the response of tumors is dependent upon 

the relative activities of the various enzymes required to 

accomplish the synthesis. It has been clearly shown however, 

that the fluorinated pyrimidines act by the inhibition of the 

de D.QYQ pathway of DNA thymine synthesis.4•7,ll 

Chaudhuri et al had shovm, in 1958, that the liver is 

the principal site of the ' catabolism of 5-fluorouracil and it 

was further shovm that the degradative products of 5-fluoro-

uracil are ineffective against malignant tumors and are non­

toxic to normal tissues.19 •20 ' 21 5-Fluorouracil it9elf how-

ever has been shown to cause many side effects among which 

are: 1) stomatitis (first sign of toxicity); 2) alopecia; 

J) diarrhea; 4) megaloblastic anemia; etc •• 4 ' 22 •23 These 

side effects derive from the fact that 5-fluorouracil inter­

feres with the metabolism of the normal rapidly proliferating 

cells.4 •24 There has also been work done to determine the 

genetic effects of 5-fluorouracil and the findings were com­

piled. Some of these effects are: 1) chromosome fragmenta­

tion and deletion; 2) chromatid breaks; J) translocation; 

4) segmental interchanges; 5) ring chromosomes. 4 

Studies have shown that 5-fluorouracil when applied 

topically to intact skin very closely simulates an intraven­

ous infusion of the compound and the toxicity is lowered.4 

Miller and Sullivan have shovm that the lowered toxicity is 

apparently due to 5-fluorouracil following the catabolic 

Pathway when infused at a very slow rate. 25 This is not the 
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case however when 5-fluorouracil is applied topically to ex-

cised skin in which a high penetration was shown by two dif-

f'erent analytical methods of determination, thereby eliciting 

toxic effects. 26 

Avoidance of toxic side effects is a main concern of 

the medical profession and much work has been done in this 

field. Although topical applications to intact skin seems 

promising, there are cases in which this means of drug admin-

istration is not practical since, like intravenous infusion, 

it can be readily removed. This method would also require 

restriction of the patient, in order to administer the drug 

adequately. 

It has long been desired by the medical profession 

to devise an automatic method of administering a therapeutic 

drug over a period of days or weelcs without restricting the 

patient. One of the ways in which this has been attempted 

is a biodegradeable, drug impregnated polymer which would be 

implanted under the skin thereby allowing the drug to dif-

fuse out over a period of time. Problems have been encoun-

tered with this method however, in the rate of release of 

the drug . This rate of release, by the classical diffusion 

theory, V·Till decrease with time making this method useful 

only in cases where a decrease in drug dosage over a period 

of time is desireable. A second way in which this has been 

attempted is the use of non-biodegradeable polymeric drugs. 

In 1974 Croswell and Becker had found that polystyrene beads 

when expanded and allowed to absorb the analgesic acetamin-
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ophen demonstrated t ime release pr operties. r In 1973 Korn-

blum and Stoopak had determined that polyvinylpyrrolidone 

(normally a plasma subst · tute) (fig. 9), when crosslinced, 

possesses very a cceptable properties as a table t disinte ­

grating agent as compared with starch9 28 Also in 1973 

Stupak and Ba tes had f ound that polyvinylpyrrolidone , when 

coprecipitated with digitoxin, enhances the r ate of absorp...: 

t ion of digitoxin by eleven times. 29 There are several 

other uses o f non-biodegradeable polymeric drugs which have 

been cit d in the literature. J0,3l,J2 ,JJ,J4 ,35 The major 

concern with this t ype of polymeric drug is the s till unre -

s olved problem of excretion. Since these polymers tend t o 

a ccumulate in tissues t hroughout the body, they appear to be 

useful only in short term applications or extre Bly bad dis­

eases • .J6 

H21-ct12 
O==C CH? 

'- N / -

-+-tH-Ct2* 
Figure 9 . Structure of polyvi nylpyrrolidone 

Although the use of polymers as drugs is relativ.__ly 

new to the medical field, polymers s.re by no me ar1~ a recent 

addition t o medicine in general .. Some of the uses to which 

Polymers have been applied in the medical f ield t hroughout 

the years are shown in table 2. It is beyond the s cope of 

this thesis to delve deepl y into the subjec t of biomedical 

Polymers in general, however, for an excellent review of bio-



medical polymers of the past and pre sent the reader is re­

ferred to r eference 37. There are also ma..~y more uses of 

pharmacologically active polymers which have been noted in 

the litera ture.54,55,56,57,58,59 

Polymer 

Polyethylene 

Polymethylmeth­
acryla te 

4,4'-Diaminodi­
phenylsulphone 
dimethylolurea 
copolymer 

Poly(vinylpyri­
dine-N-oxide)s 

IOPLEX 101 

Polypropylene 

Polystyrene 

Polyvinylpyr­
ro lid one 

TABLE 2 

Biomedical Polymers and Uses 

bandage backing 

bile duct prosthesis 

arterial prosthesis 

blood filters 

antimalarial drug 

active against silicosis 

blood vessel with anti­
thrombogenic activity 

catheters 

heart valve prosthesis 

dialysis membrane 

plasma substitute 

drug use 

Ref. 

37, 38 

37, 39 

37, 40 

37, 41 

42 

43 

44, 45 

37, 46 

37, 47 

37, 48 

37, 50 

28, 29 

15 

Silicone rubber heart valve prosthesis 

middle ear implants 

37, 51, 53 

37, 52 

It was inevitable that polymers would soon find their 

way into cancer chemotherapy. In 1974 Batz et al had prepared 
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cyclophosphamide and hormone containing monomers. (fig. 10) 

These monomers were then copolymerized with the following 

comonomers: 1) 2-methacryloyloxyethyltrimethylammonium 

chloride; 2) 2~methylsulfinylethyl _ acrylate; J) 2-methyl­

sulfinylethyl methacrylate; 4) 2-methylsulfinylethyl acryl­

amide; 5) N-vinyl-2-pyrrolidone. Water soluble polymers 

were obtained in all cases. The structures of the comonomers 

are shown in figure 11. ~his work was done with the belief 

that the copolymers would demonstrate carcinostatic proper­

ties, however, only one copolymer (fig. 12) had been tested 

prior to the publication of that work ~d it had demonstrated 

slight activity against Yoshida ascites tumor in mice. 60 

Also in 1974 Bartulin et al did a study on the preparation of 

potentially polymerizable boron derivatives (fig. lJ) which 

they felt, based on studies by Kruger in 1940 and Soloway 

et a.l in 1964, would become localized in the cancerous tis­

sue. 56 



(b) 

Figure 10~ a) Cyclophosphamide monomer and h) 3-oJ o­
androst-4-en-17 -yl acrylate (hormone containing monomer~ " 

H2C-C-CHJ 
I + 
~-0-CH2-CH2-N{CH3 ) 3c1 
0 

(a) (b) 

H2C=y-CHJ 

C-0-CH -CH -SOCH 
11 2 2 3 
0 

(c) (d) 

17 

Figure 1 1 Structures of comonom ro; a) 2-m thacryloyloxy­
ethyltrimethyl a.i"n.ITloniurn chloride; b) 2-methylsulfinylethyl 
acrylate; c) 2-methylsul :finylethyl methacrylate; d ) 2-methyl­
sulfinylethyl acrylamide; e) N-vinyl-2-pyrrolidone. 
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Figure 12. Copolymer obtained by Batz et al which elicited 
sligh·t carcinostatic activity. 

Figure 13. Potentially polymerizable boron derivatives 
prepared by Bartulin et al. 

There has been a great deal of work done on the 

preparation and polymerization of the vinyl derivatives of 
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the nucleic acid bases such as uracil and adenine.61 •62
r
6J,64, 

65,66,67 The monomers, 1-vinyluracil and 9-vinyladenine 

(fig. 14) were first prepared by Pitha and Ts'o in 1967 

and then again by Ueda et al in 1968.61 •67 However, in 1969, 

Kaye had achieved a more practical synthesis of 1-vinylura­

cil in which the yield was not high . but recovered uracil 
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ould be r cycl_d (eq~ 10 ) e63 

0 

HN)!) 
I ( 1 o) 

O~'-... N 
I 

CH=CH 
2 

Kaye had also prepa ed 9-vinyladenine by a convenient 

method which afforded good yi l ds (eq, 11) a.nd demonstrated 

t he first polymerization of both monomers -63 

0 
II 

HN-C-p CH2 CHOAc 

N Hg (OAc ) 2 \\ - -
I + N t:. , H 

H 

J 
I CH=CH2 

0 
IJ 

HN-C-j 

f\ '?" 

~N I 

( 11) 

In 1971 Kaye had demons t rated, with supporting N.MR , 

IR a.."'!d UV data, that the free r adical initiation of 1-vinyl­

uracil caused a back-biting cyclopolymerization reaction to 

occur via the proposed mechanism shown i.n equations 12-14·. 65 
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(12) 

n • (13) 

N-{ 
"o 

• //0 

NH (14) 

N-( 
0 

In 1973, Parthasarthy et al had demonstrated the 

preparation of N1-(N-methylcarbamoyl) uracil (fig. 14) using 

methyl isocyanate with uraci1. 68 In 1976 Glowacky demonstra­

ted the preparation of 6-methylthio-N,N-allylpurine-9-car­

boxamide by reacting allyl isocyanate and 6-mercaptopurine 

however no successful polymerizations have been noted.69 In 

reactions of this type with 5-fluorouracil it may be expected 

that the product would be substituted at the 1-nitrogen since 

it has been noted that unsaturated compounds react at N-1 and 

saturated compounds react at N-3. 11 In order to retain car­

cinostatic properties it has been noted that N-3 must remain 

unsubstituted and with a proton of the correct pKa. It has 
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a l s o been noted that ~~ -1 of 5-fluorouracil apparently dis-

plays no chemotherapeutic value and therefore the preparation 

of potential antineopl as tic monomer derivative s of 5-fluoro­

uracil mu s t be substi t uted at N- 1 rather than N-J. 7 

0 

HN~ 
~l N J 

0 I 
c=o 
I 
NH 
I 
CHJ 

Fi gure 14. Structure of N1 (N-methylcarbamoyl) uracil. 
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CHAPTER II 

STATEMENT OF THE PROBLEM 

There has been much work in the preparation and 

polymerization of the vinyl derivatives of the nucleic acid 

bases, uracil and adenine.61 •62 •63, 64 •65• 66 •67 However, it 

is surprising that in light of the current interest in poly­

meric drugs, both biodegradeable and non-biodegradeable, 

there has been no work cited in the literature concerning the 

preparation and polymerization of the antineoplastic deriva-

tives of these compounds. This is especially surprising 

since the currently known toxic side effects of these deriva­

tives (eg. 5-fluorouracil) are quite numerous and it has been 

shown that slow introduction of these compounds reduces, 

quite considerably, these effects.4• 22 • 23, 25 There has been 

a recent study in which allyl isocyanate was reacted with 6-

mercaptopurine yielding the product 6-methylthio-N,N-allyl­

purine-9-carboxamide, however, polymerization attempts with 

this product had failed. 69 

Recently the compound N1-(N-methylcarbamoyl) uracil 

(fig. 13) had been prepared by reacting methyl isocyanate 

with uracil using dimethylsulfoxide (DMSO) as the solvent. 68 

After a careful search of the literature, no other carbamoyl 

derivatives of uracil or uracil derivatives could be found 

therefore it was assumed that these reactions are currently 

Unknown. 



23 

This study will be concerned with the preparation of 

four different carbamoyl derivatives of both uracil and 5-

fluorouracil, three of which will be potentially polymer-

izable. Benzene will be used as the solvent for purposes of 

minimizing temperature requirements upon evaporation. Min-

imum temperatures are desireable in order to prevent poly­

merization reactions from occurring uncontrollably. The iso­

cyanates used in the reactions will be: 1) ethyl isocyanate: 

2) allyl isocyanate; 3) isopropylidene isocyanate; 4) vinyl 

isocyanate the structures of which are shown in figure 15. 

Triethylamine will be used as the catalyst to facilitate the 

raaction. 

O=C=N-CH2-CHJ 

(a) 

O=C=N-y=CH2 
CHJ 

(c) 

O=C=N-CH -CH=CH 2 2 

(b) 

(d) 

Figure 15. Structure of a) ethyl isocyanate; b) allyl iso­
cyanate; c) isopropylidene isocyanate; d) vinyl isocyanate 

The preparation of these potentially polymerizable, 

carbamoyl derivatives of uracil and 5-fluorouracil may lead 

to further investigations concerning the possible antineo­

plastic properties of the polymeric compounds. 
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CHAPTER III 

EXPERIMENTAL 

Reagents 

All of the chemicals used in this study were of 

practical grade or better and were used without further pur­

ification. Table 4 gives the chemicals used, the grade of 

the reagent and the manufacturer. Isopropylidene and vinyl 

isocyanates were prepared immediately prior to use via the 

Curtius reaction. 

Since isocyanates react readily with water, all rea­

gents used in the preparation of the carb~~oyl derivatives 

were dried thoroughly. The solvent, benzene, was stirred for 

24 hours over calcium hydride and was then stored over cal­

cium hydride. Toluene, used in the preparation of isopro­

pylidene isocyanate was stirred for 24 hours over calcium 

hydride and was then stored over calcium hydride. Uracil and 

5-fluorouracil were stored in a vacuum oven at 97°c and 14 

torr pressure. 

Equipment 

Unless otherwise stated, all of the apparatus used in 

this study was made from glass with standard taper joints. 

Since anhydrous conditions are necessary, all glassware was 

washed with soap, rinsed thoroughly with distilled water and 
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dried overnight in an oven at ll0°C. 

A Buchler flash evaporator was used in evaporating 

the benzene and a Mettler P 1000 balance was used in deter­

mining weights of reactants and products. The Perkin-Elmer 

Infra-cord spectrometer was u s ed to obtain infra-red spectral 

data. 



'I'A BLE 3 

Reagents Us ed 

Material Formula Grade of Reagent Manufacturer 

Allyl i s ocyanate H2C:CHCH2NCO Analytica l Aldrich 

Methacrylyl chloride H2C:C(CH
3

)COC1 II Polyscience 

Acryloyl chloride H2C:CHCOC1 " II 

Triethyla.rnine N(C2H5 )3 
II Mathes on, Coleman 

and Bell 

Hydroquinone C6H602 Purified Fi sher 
-

Sodium azide NaN) Practical Matheson, Coleman 
and Bell 

Uracil C4H4N202 Practical Aldrich 

Calcium chloride CaC12 A.C.S. Baker 

Benzene C6H6 A.c.s. Baker 

Calcium sulfate Caso4 Prac·tical Hammond 

Chloroform CHClJ A.C.S. Baker 

Ethyl isocya.~ate CH
3

CH2NCO Analytical Ott 

Toluene C7H8 A.C.S. Baker 

5-Fluorouracil c4H
3

N2o2F Practical P.C.R. 

Dimethylsulfoxide (cH
3

) 2so Analytical Mallinckrodt 
I\) 

°' 



Procedures 

Preparation of Vinyl Isocvanate 

The general procedure for this reaction was the 

method of Butler and Monroe.7° 
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Into a 500-ml, three-neck flask, equipped with a 

water jacket condenser fitted with a calcium sulfate drying 

tube, trubore stirrer and addition funnel were placed 35~3 g 

(0.50 moles) of sodium azide, 100 ml of water and 0.3 g of 

hydroquinone. The reaction vessel was then immersed in an 

ice-water bath and cooled at 10-15°C. A mixture of 33 g 

(0.4 moles) acryloyl chloride and 100 ml of benzene was then 

added at such a rate that the reaction temperature remained 

at l0-15°C. After completion of this addition the mixture 

was cooled to 0°C and stirred for 6 hours. The organic or 

azide layer was then removed and dried over calcium chloride 

for 24 hours. The anhydrous azide solution, 0.3 g of hydro­

quinone and JOO ml of anhydrous benzene were placed in a one­

li ter, three-neck flask equipped with a magnetic stirring 

bar, thermometer and dry ice/acetone reflux condenser guarded 

by a calcium sulfate drying tube. The reaction vessel was 

then immersed in a water bath and heated, with stirring, at 

70-80°C until the evolution of nitrogen ceased. The mixture 

·was then transferred to a one-liter, single-neck, round­

bottom flask equipped with a 40.6 cm Vigereux column. The 

Vigereux column was fitted with a 40.6 cm cold water condens­

er backed by a dry ice/acetone trap, the latter being guarded 

.l 
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by a calc i um sulfate drying tube. The reac t ion vessel w s 

then inmersed in a hot wat r bat h and distilled into a 150-ml 

re ceivi n 0 f lask which had been i mmersed in a dry ic~/aceton~ 

ba t h until a vapor temperature f 80° C was reached. 'rhe dis­

tillates i n t he rece iving f lask and the dry ice/acetone trap 

were then combined and O.J g of hydroquinone was added to the 

mixture. The mixture was the redistilled through a 12 inch, 

1elix packed column into a 150-ml receiving flask which had 

been immers ed in a dry ice/acetone bath. The product was 

17 g of vinyl isocyanate the boiling point of which was f ound 

t o be 39°c . The IR spectrum of the product was compared with 

that of the literature and was found to be in agreement as 

shown in table 4. 

TABLE 4 

Literature IR Spec trum o f Vinyl I so ­
cyanate vs Product IR Spectrum 

Group 

C-H 

NCO 

C=C 

C H deformation~ 

=ctt-

C:H -' 2 

Literature 1 frequency( cm - ) 

3100 

2270 

1630 

1460 

1380 

1310 

835 

957 

895 

Product 1 frequency(cm- ) 

3100 

2270 

1630 

1465 

1380 

1310 

835 

957 

895 
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The product is a severe lachrymator therefore the 

reaction should be performed in an exhaust hood and with 

pr oper ventilation. Als o since a great deal is not known 

concerning the biological effects of vinyl isocyanate, pro­

per care should be exercised in avoiding skin contact while 

handling. 

Preparation of Isopropylidene Isocyanate · 

No report of the previous preparation of isopropyli­

dene isocyanate could be found in the literature. The tech­

nique used initially in this preparation was the same as t ha t 

used in the preparation of vinyl isocyanate using methacrylyl 

chloride in place of acryloyl chloride. This technique how­

ever, proved impractical since it was found that the product 

had a boiling point close to that of benzene (80°C) thereby 

limiting separation to a very narrow temperature range. The 

procedure ·was then modified by substituting toluene in place 

of benzene. The distillation was then perforrned until a 

vapor temperature of 110 C was reached. The product was then 

redistilled in the same manner as was the vinyl product. The 

product was 12.6 g of isopropylidene isocyanate the boiling 

point of which was found to be 66°C. The IR data is shown 

in table 5. This isocyanate, like vinyl isocyanate, is a 

severe lachrymator and therefore the same safety precautions 

should be followed on handling. 



30 

TABLE 5 

IR Data. of Isopropylidene Isocyanate 

Group Frequency(cm-1 ) 

NCO 2260 

CH 2 890 

-C(CHJ) 922 

CH) 2962 

2872 

Preparation of 5-Fluoro-N1 (N-Ethylcarbamoyl) Uracil 

To a 125-ml Ehrlenmeyer flask equipped with a mag..; 

netic stirring bar was added 2 g (0.015 moles) of 5-fluoro­

uracil, 20 ml of anhydrous benzene, 6 ml (0.03 moles) of 

ethyl isocyanate and 2 drops of triethylamine. The flask wa.s 

tightly stoppered and the top of the flask was wrapped tight­

ly with parafilm. The mixture was then allowed to stir at 

room temperature for 24 hours. At the end of the reaction 

period the benzene was filtered into a 150-ml round bottom 

flask and evaporated in vacuo using a Buchler flash evapora­

tor. A slight residue was observed upon completion of evap­

oration and upon inspection of the IR spectrum it was noted 

that peaks were present which may indicate the presence of 

desired product in contaminated form. Since the quantity of 

the residue was negligible, an elemental analysis of the 

Product was impossible. The dry filtrate was then placed in 
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a 130-ml beaker and was extracted 5 times with 50-ml portions 

of bo i ling chloroform filtering the chloroform through a 

Buchner funnel into a 500-ml filter flask between each ex­

traction. At the completion of the extractions the chloro­

form extract was concentrated to 25 ml and cooled. The prod-

uct was then collected in a Buchner funnel and was recrystal-

lized from boiling chloroform. The product was white needles 

with a melting point of 280-285°C. The yield was 1.200 g 

(39.8% of the theoretical). The elemental analysis of the 

product is shown in table 6 and the IR spectrum is shown in 

figure 16. New peaks were observed in the IR at 3445, 3200, 

1580 and 1300 cm-l which all seem to indicate the formation 

of a secondary amide. The undissolved portion of the fil-

trate was found, upon examination of the IR spectrum, to be 

unreacted 5-fluorouracil (m.p. 284-286°Cdec). 

Element 

c 
H 

N 

F 

0 

TABLE 6 

Elemental Analysis of 5-Fluoro­
Nl (N-Ethylcarbamoyl) Uracil vs 
Elemental Analysis Calculated 
for c7tt8NJOJF 

Calculated(%) 

41.79 

J.98 

20.89 

9.45 

23.88 

Found(%) 

41.98 

4.01 

21.05 

9.73 

23.23 
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As can be s een in table 6, the observed results of 

the elemental analysis corresponded well with the theoretical 

values and, in conjunction with the IR spectral data, further 

substantia ted the synthesis of the desired product. 

Preparation of N1 (N-Ethylcarbamoyl) Uracil 

The above reaction was run concomitantly with uracil 

and a slight residue was observed upon evaporation of the 

benzene portion. The quantity of the residue was negligible. 

However, upon inspection of the IR spectrum it was noted that 

peaks were present which may indicate the presence of desired 

product in contaminated form. Since the quantity of the 

residue was negligible, an elemental analysis of the product 

was impossible. Examination of the IR spectrum of the fil­

trate showed unreacted uracil (m.p. 335°Cdec). 

Preparation of 5-Fluoro-N1 (N-Allylcarbamoyl) Uracil 

The procedure used in this reaction was the same as 

the previous reaction using allyl isocyanate (0.026 moles) 

rather than ethyl isocyanate. Negligible residue was ob­

served in the benzene portion and IR spectrum of the residue 

indicated the presence of desired product in a contaminated 

form. Once again no elemental analysis could be performed 

due to negligible yield. There was however, product obtained 

from the chloroform extract. The recrystallized product was 

white needles with a melting point of 110-115°C. The yield 

was 0.850 g (26.5% of the theoretical). The elemental anal­

ysis of the product is shown in table 7 and the IR spectrum 
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i s shown in figure 17. New peaks were observed in the IR at 

31+00, 3260, 1560, 1300, 945 and 89 5 cm-l which all seem to 

indicate the formation of a secondary amide and the presence 

of a vinylic double bond. 

the 

Element 

c 

H 

N 

F 

0 

TABLE 7 

Elemental Analysis of 5-Fluoro­
Nl (N-Allylcarbamoyl) Uracil vs 
Elemental Analysis Calculated 
for C8H8N3o3F 

Calculated(%) 

45.08 

3.78 

19.71 

8.91 

22.52 

As can be seen in table 7, the observed 

Found(%) 

44.87 

4.17 

19.63 

9.00 

22.33 

results of 

elemental analysis corresponded well with the theoretical 

values and, in conjunction with the IR spectral data, further 

substantiated the synthesis of the desired product. 

Preparation of N1 (N-Allylcarbamoyl) Uracil 

As in the reaction with ethyl isocyanate, very little 

residue was left upon evaporation of the benzene portion of 

the reaction between uracil and allyl isocyanate. IR spec­

trum of the residue indicated peaks which may be due to the 

presence of desired product in contaminated form, however, 
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the yield made an elemental analysis impossible. No product 

was obtained f rom the chloroform extract and inspection of IR 

spectrum of the filtrate indicated unreacted uracil. 

1 o-N N-Iso-
Uracil 

The same general procedure followed in the previous 

reactions was followed in this reaction with the exception of 

4.5 ml (0.08 moles) of isopropylidene isocyanate added in 

place of other isocyanates. Once again, very little residue 

was observed in the benzene portion a'Yl.d examination of the IR 

spectrum indicated the presence of desired product in a con-

taminated form. Product, however, was once again recovered 

from the chloroform extract. The recrystallized product was 

white needles which did not demonstrate a sharp melting point 

but did demonstrate a decomposition range of 220-250°c. The 

yield was 0.250 g (7.82% of the theoretical). The elemental 

analysis of the product is shown in table 8 and the IR spec­

trum is shown in figure 18. New peaks were observed in the 

IR at 3255, 3150, 1590, 1300, 945 and 910 cm-l which all seem 

to indicate the formation of a secondary amide and the pres­

ence of a vinylic double bond. 
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TABLE 8 

Elemental Analysis of 5-Fluoro-N1 (N-Iso­
propylidenecarbarnoyl) Uracil vs Elemen­
tal Analys is Calculated for c8H8N

3
o

3
F 

Element Calculated(%) Found(%) 

,., 45.07 44.81 v 

H 3.78 3.68 

N 19.71 19.63 

F 8.91 8.76 

0 22.52 23.12 

As can be seen in table 8, the observed results of 
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the elemental analysis corresponded well with the theoretical 

values and, in conjunction with the IR spectral data, further 

substantiated the synthesis of the desired product. 

Preparation of N1 (N-Isopropylidenecarbamoyl) Uracil 

Again, as with the previous reactions between uracil 

and the isocyanates, very little residue was observed upon 

evaporation of the benzene portion. Examination of the IR 

spectrum of this residue showed peaks which indicated the 

presence of the desired product in contaminated form, how­

ever, the quantity recovered made the performance of elemen~ 

tal analysis impossible. No product was recovered from the 

chloroform extract and inspection of the IR spectrum of the 

filtrate indicated unreacted uracil. 
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Prepar a tion of 5-Fluoro-N1 ( N-Vinvlcarbarnovl) Uracil 

The same procedure followed in the previous reactions 

was again followed f or thi s reac tion with the exception of 

the addition of 6.5 ml (0.12 moles) of vinyl isocyanate in 

pl a ce of other _isocyanates. Negligible residue was observed 

upon evaporation of the benzene portion and upon examination 

of the IR spectrum of the residue peaks vrere observed which 

may possibly have indicated the presence of desired product 

in contaminated form. Due to the very small quantity of 

r es idue recovered, no elemental analysis ·was performed. 

Product Vias recovered from the chloroform extract and upon 

recrystallization was found to be white needles with a de­

composition range of 230-270°c. The yield was 0.290 (9.24% 

of the theoretical). The elemental analysis of the product 

is shown in table 9 and the IR sp~ctrum is shown in figure 

19. New peaks were observed in the IR spectrum at 3300, 

3150, 1540, 1300, and 910 cm-l which all seem to indicate 

the formation of a secondary amide and the presence of a 

vinylic double bond. 

-
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~~-----------------............ . 
TABLE 9 

Elemental Analysis of 5-Fluoro-N1 (N-Vinyl­
carbamoyl) Uracil vs Elemental Analysis 
Calculated for c

7
H6N

3
o
3

F 

41 

Element Calculated(%) Found(%) 

c 42.21 40.66 

H 3.04 2.94 

N 21.11 21.02 

F 9.55 10.15 

0 24.10 25.23 

As can be seen in table 9, the observed results did 

not correspond well with the theoretical values. It was as-

sumed on the basis of these results that the s_ample used for 

elemental analysis was not purified adequately. The most 

likely impurities inthe sample were water and/or 5-fluoro­

uracil, therefore, calculations were made to detenmine the 

% purity of the desired derivative assuming only the two 

aforementioned contaminants. The new theoretical values 

based on those calculations are shown in table 10. 



~~---------------........... ..-
TABLE 10 

Observed Elemental Analysis of Product vs Elemental 
Analysis Calculated for 85.0% 5-Fluoro-Nl(N-Vinyl­
carbamoyl) Uracil, 13.5% Fluorouracil and 1.5% H2o 

Element Calculated(%) Found(%) 

c 40.87 40.66 

H 3.07 2.94 

N 20.84 21.02 

F 10.08 10.15 

0 25.14 25.23 

Preparation of N1 (N-Vinylcarba"'Tlovl) Uracil 

This reaction was run concomitantly with the 

5-fluorouracil and vinyl isocyanate reaction and 1.7 g 

(0.015 moles) of uracil was used. Negligible residue was 

42 

recovered upon evaporation of the benzene portion and ex­

amination of the IR spectrum of the residue indicated peaks 

which could possibly have been due to desired product in 

contaminated fonn. No elemental analysis was performed on 

the residue due to the very small amount recovered. Product 

was obtained from the chloroform extract and upon recrystal­

lization was found to be white needles with a decomposition 

range of 260-295°c. The yield was 0.395 g (14.52% of the 

theoretical). The elemental analysis of the product is shown 

in table 11 and the IR spectrum is shown in figure 20. New 

Peaks were observed in the IR spectrum at 3395, 3200, 1560, 
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1300, 900, and 865 cm-l which all seem to indicate the forrna-

tion of a secondary amide and the presence of a vinylic dou-

ble bond. 

not 

Element 

c 

H 

N 

0 

TABLE 11 

Elemental Analysis of N1 (N-Vinylcar­
bamoyl) Uracil vs Elemental Analysis 
Calculated for c

7
H

7
N
3
o

3 

Calculated(%) 

46.41 

3.87 

23.20 

26.52 

As can be seen in table 11, the observed 

correspond well with the theoretical values. 

Found( 7~ ) 

44.42 

3.71 

22.88 

28.99 

results did 

It was as-

sumed on the basis of these results that the sample used for 

elemental analysis was not purified adequately. The most 

likely impurities in the sample were water and/or uracil, 

therefore, calculations were made to determine the % purity 

of the desired derivative assuming only the two aforemen­

tioned contaminants. The new theoretical values based on 

those calculations are shown in table 12. 



~~-----------------............. . 
TABLE 12 

Observed Elemental Analysis of Product vs Elemental 
Analysis Calculated for 80.6% Nl(N-Vinylcarbamoyl) 
Uracil , 16.6% Uracil and 2.8% H2o 

Element 

c 

H 

N 

0 

Calculated(%) 

44.56 

4.01 

22.89 

28.52 

Found(%) 

44.42 

J.71 

22.88 

28.99 

Preparation of 5-Fluoro-N1 (N-Ethylcarbarnoyl) Uracil 

In order to determine solvent effects uracil and 

5-fluorouracil were reacted with ethyl isocyanate using di­

methylsulfoxide (DMSO) as the solvent and triethylamine as 

the catalyst. The following procedures were followed. 

4-5 

To a 125-ml flask equipped with a magnetic stirring 

bar was added 2 g (.015 moles) of 5-fluorouracil, 20 ml of 

anhydrous DMSO, 6 ml (.03 moles) of ethyl isocyanate and 2 

drops of triethylamine. The flask was tightly stoppered and 

the top of the flask was wrapped tightly with parafilm. The 

mixture was then allowed to stir at room temperature for 24 

hours. At the end of the reaction period, since all traces 

of solid had dissolved, the DMSO was placed in a 125-ml round 

bottom flask and evaporated to dryness in vacuo using a Buch­

ler flash evaporator. The off white filtrate was then washed 

with 50 ml of cold chloroform five times to remove any excess 

DMSO. The filtrate was then extracted five times with 50-ml 
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portions of boiling chlorof orm, filtering the chloroform 

through a buchner funnel into a 500 ml filter flask between 

each extraction. At the completion of the extractions the 

chloroform extract was concentrated to 25 ml and cooled. The 

product was then collected i n a buchner funnel and was re­

crys talli zed two times from boiling chloroform. The product 

was white needles with a melting point of 281-285°0. The 

yield was 1.17 g (38.7% of the theoretical). Since the IR 

spectrum and melting point of the product were identical to 

that given by the product in benzene, no elemental analysis 

was performed. 

Preparation of N1 (N-Ethvlcarbamoyl) Uracil 

The same procedure had been followed for this reac­

tion as with the previous reaction of 5-fluorouracil and 

ethyl isocyanate in DMSO with the exception o:f the addition 

of 1.7 g (0.015 moles) of uracil. The recrystallized product 

was found to be white needles with a melting point of 

335-339°0. The yield was 1.475 g (53.6% of the theoretical). 

The elemental analysis of the product is shown in table 12 

and the IR spectrum is shown in figure 21. New peaks were 

observed in the IR spectrum at 3395, 3200, 1590, and 1300 

cm-l which all seem to indicate the formation of a secondary 

amide. 
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Element 

c 

H 

N 

0 

TABLE 13 

Elemental Analysis of N1 (N-Ethylcar­
bamoyl) Uracil vs Elemental Analysis 
Calculated for c

7
H

9
tt

3
o

3 

Calculated(%) 

45.90 

4.92 

22.95 

26.23 

48 

Found(%) 

4J.42 

4~4 

22.47 

29.37 

As can be seen in table 13, the observed results did 

not correspond well with the theoretical values. It was as­

sumed on the basis of these results that the sample used for 

elemental analysis was not purified adequately. The most 

likely impurities in the sample were water and/or uracil, 

therefore, calculations were made to determine the % purity 

of the desired derivative assuming only the two aforemen­

tioned contaminants. The new theoretical values based on 

those calculations are shown in table 14. 

I I 

l 
I 



TABLE 14 

Obs erved Elemental Analysis of Product vs Elemental 
Analysis Calculated for 79.8% Nl(N-Ethylcarbarnoyl) 
Ura cil, 16.3% Uracil and 3.9% H2o 

Element Calculated(%) Found(%) 

c 43.59 43.42 

H 4.94 4.74 

N 22.37 22.47 

0 29.07 29.37 

All of the above reactions were performed two times 

to insure reproducability and it was found upon inspection 

of IR data that the reaction does indeed repeat itself. For 

purposes of comparison, the IR spectra of uracil and 5-fluo­

rouracil are submitted as figures 22 and 23 respectively. 

All of the above reactions were also run one time in the 

absence of the catalyst, trie t hylarnine, and no reaction was 

observed with either the 5-fluorouracil or uracil in 24 

hours. 



75 
..... 
\.'. -
IJ! 
u 
7. 

~ 50 
~· ..... 
~ 
:r. 
-< 
Ill: 
f< 

25 

4000 

\~ ( 

)200 2'•00 

H H 

o=QH 
H .... 

\. t\W ~ ~ 

1800 
FR~QUENCY (cm-1) 

1400 1000 

Figure 22. Infra-red spectrum of uracil. 

6CO 

V'\ 
0 



'· ·. 
Ill 
t.> 

75 

~ 50 
~ .... 
Fil 
z 
< 
~ 

25 

4000 )200 2400 

F H 

O~NH 
N-{ 

. H 

--------

1800 
FREQUENCY (cm-1) 

Figure 23. Infra-red spectrum of 5-fluorouracil. 

~ 

1400 100: 600 

\,J\ 
f-' 



52 

CHAPTER IV 

RESULTS AND DISCUSSION 

It was the purpose of this work to prepare poten­

tially polymerizable derivatives of uracil and 5-fluorouracil 

using four different isocyanates which mayt at some later 

date, find applications as antineoplastic polymeric drugs 

with little or no toxic side effects. The isocyanates used 

in this study were: 1) ethyl isocyanate; 2) allyl isocya~ 

nate; J) isopropylidene isocyanate and 4) vinyl isocyanate. 

The structures of these isocyanates are shovm in figure 15. 

This work also includes what seems to be the first prepara­

tion of isopropylidene isocyanate (b.p. 66°C) in which anhy­

drous toluene was used as the solvent. The IR spectrum of 

isopropylidene isocyanate seems to substantiate the proposed 

structure as can be seen in table 6. The structure is also 

supported by its chemical reactions. 

The product in each of the reactions of 5-fluoro­

uracil and uracil with the different isocyanates was isolated 

by extraction from the filtrate with boiling chloroform and 

these products have been assigned the structures based upon 

the previous synthesis of N1 (N-Methylcarbamoyl) uraci168 and 

the IR spectrum obtained of the products (fig. 24). 

The IR spectrum in the case of each product showed 

strong absorption peaks which seem to indicate that the de-



sired pr oduc ts have been obta i ned . These peaks along with 

the possible ass i grunen t s are sho\m in tabl e 15 for each of 

the aforement ioned products and the IR s pec t rum are shovm 
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i n figur es 16- 21. The polymer i zable derivatives of 5-f luor o-

uracil appear to be t he firs t examples of monomers based on 

t h is antineoplas tic compound. The uracil derivatives were 

a l s o prepared fo r t he first time but some polymerizable 

uracil deriva tives had been previously prepared. 61- 65 

0 0 0 
11 II " Jf ;()F H~F HN 

1-~ N o::-l. N I 
0 I 0 I I 

c=o c=o C=O 
I I I 

l\:1-{ NH NH 
I I 

6-CH 9H2 ?H2 8 3 CH CH H2 3 II 
CH2 

( a ) (b) ( c) 

R 0 0 ,, II HN::UF HNJH H~H ~~ N I o--lN I H -'l~N I H 
0 I I 0 I c=o c=o C=O 

I I I NH NH NH 
I I I 
CH CH yH2 II II CH2 CH2 CHJ 
( d ) (e) (f) 

Fi gure 24. Structures assigned to products: a) 5-fluoro­
Nl( N-ethylcarbamoyl) uracil; b) 5-fluoro-Nl( N-allylcarbamoyl) 
uracil; c) 5-fluoro-Nl( N-isopropylidenecarbamoyl) uracil; 
d) 5-fluoro-Nl( N-vinllcarbamoyl) uracil; e) Nl(N-vinylcar­
bamoyl) uracil; f) N (N-ethylcarbamoyl) uracil. 



TAB:L,_B l5 

IR Peaks Indicating the Des ired Products 

Product 

5-Fluoro-N1 (N- ethylcarba.moyl) 
uracil 

5-F'luoro-N1 (N-allylcarbamoyl) 
uracil 

Peak fre quency (cm- 1 ) 

341~. 5 

3200 

1580 

1695 

1060 

1300 

3400 

3260 

1560 

1705 

1300 

1105 

895 and 945 

., 

Assignment 

asyrumet:cic N- H 

symmetric N-H 

C:.:.:C ring s tre tch or 
- C=O 

amide I 

C-F stre tch 

amide III 

asymmetric N- H 

s ymmetric N-H 

C=C conjugated , C:.:.:C 
ring stretch or -C=O 

amide I 

amide II I 

=C- F stretch 

=c-H out of plane bend 

\.1' 
.{:::" 



roduct 

5- Fluoro - N1 (N-isopropylidene­
carbamoyl) uraci l 

5-Fluoro - N1 (N-vinylcarbamoyl) 
urac i l 

N1 (N-ethylcar bamoyl) uracil 

' ., ( .• ·l..\ ak 1r eq_1.1ency cm. , 
~-

3255 

3150 

1590 

1300 

1100 

910 and 945 

3300 

3150 

1540 

1300 

1100 

910 

339.5 

3200 

1590 

lJO O 

., 

----

asymmetric N- H 

symmetric N- H 

C:...:.:.C ring stretch , c=c 
con j ugated or - C=O 

amide III 

= C- F' stre t ch 

= C-H out of plane bend 

asymmetr i c N- H 

symmetric N-H 

C:.:_:C ring s tre tch= C=· -
conjugated or -C=O 

amide III 

=C-F stretch 

=c-H out of plane bend 

asymmetric N-H 

symmetric N- H 

c- -:c ring stretch pr ... c=o 

amide III 

\.J\ 
\.)"\ 



1-'roduct ( - · .L ) aJ;: 1'rsqueP.cy cr.1 
-

N1 (N-vinylcarbamoyl) uracil 3350 

3200 

1560 

1680 

1300 

900 and 865 

Ar;s i r:r:ment 

as ~TJnmetric N- H 

s ymmetric N-H 

c:..:..:c r i ng stretch , c=c 
conjugat i on or -c=o 

amide I 

amide III 

=c-H out of plane bend 

'-n. 
°" 



I t has been found in thi s study that 5-fluorouracil 

reac ts readi ly with each of t he isocyanates whereas uracil 

r eac ts well with only vinyl isocyanate. It has also been 

f ound that neither 5-fluorouracil nor uracil react with any 
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of the isoc yanates in the absenc e of the catalys t. triethyl­

amine. This s eems to indicate that the reaction proceeds via 

the format.ion of a quaternary ammonium ion formed by the ex­

traction of a hydrogen from the N-1 position of urac11 or 

5-fluorouracil. This process is shown in equations 15 and 

16. Thi s reasoning however is complicated by the fact that 

uracil does not react readily with any of the isocyanates used 

except f or vinyl isocyanate. This seems to suggest that more 

f actors are involved than the formation of a quaternary a~mo­

nium ion. One factor which seems to take a leading role is the 

solvent polarity. 5-Fluorouracil has a lower pKa value, hence 

a more acidic nature, and would more readily los e its proton 

to form the quaternary ammonium ion. When uracil was reacted 

with ethyl isocyanate using the more polar solvent, dimethyl­

sulfoxide, as the reaction medium, it was found that uracil 

did react more readily in DMSO than in benzene and this obser­

vation supports the hypothesis that solvent polarity does have 

an important bearing on the rate of reaction. The fact that 

vinyl isocyanate reacts readily with uracil, in benzene, 

suggests that conjugation effects may also play a role in 

ease of reaction since the non-conjugated isocyanates did not 

r eact. However, isopropylidene isocyanate, which is also 

conjugated, does not react readily with uracil. In fact, 
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i s opropylidene isocyanate gives the lowest yield in the reac­

tion with 5-fluorouracil. Therefore, the question arises , 

why doe s one react and not the other? The answer appears to 

lie in the three-dimensional structure of isopropylidene iso­

cyanate \'Ther e it can be seen that steric effects and the size 

of the methyl group become important. 

One very important observation which had been made in 

the course of recrystallization of products is the fact that 

the vinylcarbamoyl derivative of 5-fluorouracil appears to be 

thermally unstable. This was noted when the filtrate was ex­

tracted with boiling chloroform • . The product was initially 

soluble in boiling chloroform and the product collected had 

the IR spectrum shown in figure 19. However upon second re­

crystallization it was found that the product was no longer 

soluble in boiling chloroform. The product was then recol­

lected and the IR spectrum was rerun. The IR spectrum of the 

insoluble product is shown in figure 25. It can be seen that 

the symmetric N-H peak at 3150 cm -1 and the peak at 1540 cm ~l 

are no longer present. If the peak at 1540 cm -1 is a -C=C-

then it would seem that the product is spontaneously poly­

merizing. No studies have been performed on this polymer, 

however. In future work, care should be taken to avoid pre­

mature polymerization of this monomer. 

Some preliminary polymerization experiments were made 

in this study but much more systematic work is needed on the 

homopolymerization and copolymerization of these new mono-

mers. 
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CHAPTER V 

S UM.lVIJ-\ RY 

'l'he r eactions of : 1) ethyl isocyanate; 2) allyl iso­

cyanate; J) i s opropyl idene i s ocyanate and 4 ) vinyl isocyanate 

with ura'""'i l and 5-fluorouracil \vere studied using benzene- as 

the solvent. IR spectra ·were taken on each produc t and new 

peaks indicating the desired products were observed . The 

peak frequencies are s hown together wi th t heir po s ible a"' ­

s i gr1me:nts in table 15. The desired products were: 1) 

.5-fluoro - N1 (N-e t hylcarbamoyl) ura cil; 2) 5-f luoro-N1 (N-allyl­

carbamoyl) uraci l; J) 5- f luoro-N1 (N- isopropyl i denecarbamoyl ) 

uracil; 4) 5- f luoro --N1 (N-vinylcarbamoyl) uracil; 5) N1 (N­

vinylcarbamoyl) u~~c il ; 6 ) N1 (N·-ethylcarbamoyl) uracil. 

These are all new c ompounds. 

It was found that a lthough 5-fluor our acil reacts 

readily with all of the isocyanates used in this s tudy , 

uracil reac ts readily with only vinyl i socyanate in benzene . 

It is s1..i.gges ted that this is due primari ly to t he lower pT a , 

hence , mo1~e acidic nature of 5-fluorouracil . However, sol~ 

v ent effects were i nvesti gated and it was f ound t hat uracil 

did react readily with ethyl isocyanate t o f orm the desir _d 

produc t in the more polar s olven~ dimethylsulfoxide and the 

product was obtained in good yield. Conjugation effects and 

steric effects we re also shovm to i ncrease or de crease reac-
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tion yie l ds re spectively when vinyl isocyanate was compared 

vrith isopropylidene i s ocyanate . 

The vinylcarbamoyl deriva tive of 5-fluorouracil was 

also shown to be thermally unstable and appears to polymerize 

when re cr ys tallized from boiling chloroform. 

All of the products prepared were initially soluble 

in boi l i ng chloroform and vd th the exception of the ethyl 

carbamoyl derivatives of 5-f luorouracil and uracil, all were 

potentia lly polymerizable. All these derivatives are new 

compounds and the derivatives of 5-fluorouracil are the first 

polymerizable derivatives for this antineoplastic compound. 

This study also demonstrated what appears to be the 

first preparation of isopropylidene isocyanate (b.p. 66°C) 

having the structure shown in figure 15. The IR spectrum was 

taken and the major peaks were recorded in table 5. This 

spectrum and the resulting chemical reactions appear to sub­

stantiate the structure ascribed to this product. 
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