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Synopsis 
Dimethylolurea was found to  copolymerize with a number of sulfonamides and sul- 

The preparation and 
Products IId, IIf, 

fones (Ia-h) to  yield oligomeric condensation products (IIa-h). 
characterization studies relevant to these materials are described. 
IIg, and I Ih  were active as antimalarial drugs. 

INTRODUCTION 

In  order to observe the effect of polymerization on the activity of drugs, 
we have undertaken a series of investigations aimed at  copolymerizing 
drugs with various comonomers. 1-5 We have previously reported on 
the synthesis and properties of several sulfonamide-formaldehyde copoly- 
m e r ~ ~ - ~  This report is concerned with the preparation of several novel sul- 
fonamide-dimethylolurea copolymers (IIa-f). Since aminodiphenylsul- 
fones might be considered as sulfonamide vinylogues, the results obtained 
from copolymerization of two sulfones (Ig, h) with dimethylolurea also are 
reported herein. These compounds, to our knowledge, represent new 
classes of copolymers. The only reaction in the literature concerning the 
copolymerization of primary arylamines with dimethylolurea described the 
copolymerization of aniline with dimethylolurea, but no structural evidence 
concerning the reaction product waa presented.'j 

RESULTS AND DISCUSSION 

The copolymerization of certain sulfonamides (Ia-f) and sulfones (Ig, h) 
with dimethylolurea was carried out in a refluxing aqueous acidic medium. 
These reactions are depicted below, and some physical data relevant to these 
materials is shown in the experimental section. 

The calcu- 
lated elemental analyses based on the observed average molecular weights 
were not wholly consistent for a 1: 1 copolymer. Noting this, it was de- 

The data indicate that the reaction products are oligomeric. 
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cided that before any structural conclusions could be drawn, more data were 
needed. 

The infrared spectra as well as the elemental analyses of IIa-h were con- 
sistent with the fact that the products contained moieties which were de- 
rived from both comonomers. 

It seemed to US that hydrolysis of IIa-f should yield copolymers related to 
IIIa. Further, it also seemed possible that IIIb which should be struc- 
turally similar to IIIa could be synthesized independently. Thus, when 
dimethylolurea was condensed with sulfanilic acid, a buff-colored product 
was obtained (IIIb). The average molecular weight of IIIb was 1710, with 
an average degree of polymerization (d.p.) of 5. The elemental analyses, 
within the limits of error inherent in these systems, was consistent with 
these facts, and the infrared spectrum was comparable with that of IIIa ob- 
tained by subsequent hydrolysis of IIa-f. The products (IIIa, b) showed 
strung infrared adsorption bands, typical of sulfonic acids, at 1033 crh-'. 
For example, IIa was refluxed with concentrated hydrochloric acid. 
Ammonia was detected and a light-brown powder (IIIa) was collected 
which had a softening temperature of 265"-270°C and an intrinsic viscosity 
of 0.075 dl/g a t  25°C in dimethylsulfoxide (DMSO). The average molecu- 
lar weight of IIIa was 3400. This corresponds to an average d.p. of 10. 
Before hydrolysis, IIa had an average molecular weight of 3030 and a d.p. 
of 10; thus, total cleavage of the polymer backbone did not occur and the 
hydrolysis was relatively selective in that the chain mer structure remained 
apparently intact. 

When IIc was hydrolyzed, benzoic acid, ammonia, and a buff-colored 
residue (IIIa) having an average molecular weight of 1025 were formed. 
This corresponds to a d.p. of 2 and was consistent with the d.p. of 2 found 
for IIc. 

The hydrolysis study of IIa-f demonstrates that the copolymer backbone 
is to some extent stable to the very stringent hydrolysis conditions and that 
condensation of dimethylolurea with sulfonamides probably involves the 
N4-nitrogen. The latter conjecture is supported by the comparability of 
IIIa, obtained by the hydrolysis of IIa-f, and IIIb, for which no "-hydro- 
gen was present for possible condensation. 

Hydmlyses were carried out on all the sulfonamide-dimethylolurea co- 
polymers. In each case, IIIa was isolated and found to correspond with 
IIIb. However, some of the basic amino cleavage products were not isol- 
able due to the stringent reaction conditions. Acid sensitive groups such as 
2-aminothiazole and the pyrimidine derived from sulfamethazine appar- 
ently decomposed, and ammonia gas was formed. For example, 2-amino- 
4,6-dimethylpyrimidine could not be isolated from the reaction mixture 
when IIIf was refluxed for 20 hr in concentrated hydrochloric acid. How- 
ever, by decreasing the reaction time to l hr, a 2y0 yield of the pyrimidine 
was obtained. With the short reflux time, incomplete hydrolysis was evi- 
dent when the polymeric product showed only a weak sulfonic acid bapd at 
1033 cm-'. Similarly, 2-aminothiazole could not be isolated from the hy- 
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drolysis of IIe for 20 hr. However, hydrolysis for 1 hr yielded 5% of 
2-aminothiazole and incompletely hydrolyzed IIe. 

Further evidence for the sensitivity of the thiazole and the pyrimidine to 
the acid hydrolysis reaction was obtained by another method. A known 
quantity of each amine was subjected to hydrolysis conditions identical to 
those used for the polymers. After various time intervals, the quantity of 
amine recovered from the reaction was noted. For example, the recovery of 
2-amin0-4~6-dimethylpyrimidine after 1 hr of hydrolysis was 7%. How- 
ever, after 2 hr, the recovery was 0%. This reasonably supports the find- 
ings that 2-amino-4,6-dimethylpyrimidine was not isolable when IIf was 
refluxed for 20 hr in aqueous hydrochloric acid. Recovery of 2-aminothia- 
zole after 1 hr of hydrolysis was 5%) but after 2 hr none was recovered. 

Two sulfones, Ig and Ih, with condensable amino groups, were reacted 
with dimethylolurea under the same acidic conditions previously cited for 
Ia-f. 

When Ig was reacted with dimethylolurea, IIg having an intrinsic vis- 
cosity of 0.034 dl/g at 25°C in dimethylsulfoxide was obtained. The molec- 
ular weight, obtained by light scattering, was 1190. This corresponds to an 
average d.p. of 4. 

IIg showed a strong absorption band, typical of aryl sulfones, at 1150 
cm-l. The copolymer also exhibited a strong carbonyl absorption at 1620 
cm-', arising from the carbonyl group of copolymerized dimethylolurea. 
Thk band was not present in the spectrum of Ig. Generally, the infrared 
spectrum was comparable w-ith the assigned polymer structure. 

Product Ih has two equivalent amine groups available for condensation 
with dimethylolurea. Thus, polycondensation could occur at one or both 
amino groups to give one of two different polymers or a mixture of the two, 
as reported in similar copolymerization processe~.~ A diazotization experi- 
ment previously designed5 to test for an analogous structure ambiguity was 
employed here (see schemes I and 11). At ambient temperature, the dia- 
zonium salt decomposed with subsequent evolution of nitrogen. The vol- 
ume of nitrogen evolved was measured. The presence of one free amine 
group per mer unit subject to error limits of =k6% was indicated. The 
average molecular weight of IIh was 1925. This corresponds to a d.p. of 5. 
The elemental analysis of the copolymer indicated a d.p. of 5, and the in- 
frared spectrum was consistent with the assigned structure (IIh). Thus, 
structure IIh seems more probable than IIj. 

The elemental analyses of IIa-h were found to be generally consistent 
with thecalculated values, basedon the respective degree of polymerization. 
However, it should be noted that the analyses did not agree exactly with the 
calculated values. The calculated values were determined by measuring 
the average molecular weight of each polymer. This method inherently 
yields information for an average-size molecule in the sample, whereas the 
copolymer is usually composed of a distribution of molecules of various mo- 
lecular weights. This fact, along with some uncertainty as to actual poly- 
mer endgroups, might reasonably account for the differences between the 
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Scheme 11 
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observed and calculated analyses. Tentativcly, we have chosen to formu- 
late the copolymer structures as 11. 

Although the generalized average structure for the copolymer as shown in 
scheme I is depicted as 11, it should be pointed out that this structure merely 
represents the best one that can be written on the basis of the data in hand. 
Characterization of copolymers wherein the comonorners have large molecu- 
lar weights can be a difficult task because the endgroups exert a very large 
effect on elemental analyses, particularly where the degree of polymeriza- 
tion is low and the copolymer is polydisperse. In the cases described herein, 
even where the degree of polymerization was the largest (IIa), the carbon, 
hydrogen, nitrogen, and sulfur analyses vary widely, particularly the sulfur 
analyses. If one calculates the copolymer elemental analyses for various 
alternating combinations, it is found that, depending on the nature of the 
endgroups and the assumed degree of polymerization, the calculated per- 
centages of sulfur vary as much as 5% for the same copolymer, nitrogenper- 
centages vary up to 3%) and hydrogen percentages vary up to 0.445% 
In addition, since the calculated elemental percentage values for a given co- 
polymer ought to be based on the observed average molecular weight, and 
the molecular weight determinations have an error of *7%, this too results 
in calculated elemental percentages that vary over a considerable range. 

The suggested general polymer structure, 11, was postulated because the 
observed sulfur analyses were high and the observed nitrogen analyses were 
low in comparison to those calculated employing the observed molecular 
weights or using assumed alternating inclusion of the monomers into the co- 
polymers. This suggested that for the average copolymer molecule, both 
endgroups were derived from the sulfonamide comonomers. These calcu- 
lated values are set forth in the experimental section and no matter what 
other method of calculation was used, these values were closest to those ac- 
tually observed. 

Another problem associated with guessing that the average general struc- 
ture was that of I1 was how to determine the nature of the bonding sites 
linking the sulfonamide and dimethylolurea units which comprise trhe co- 
polymer; and there are several possibilities, as shown in scheme 111: 
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Scheme III [rr # CHf 
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Since structure6 A and B possess primary amino groups characteristic of 
the copolymerization process, if we had at hand a method for the detection 
of primary amino groups, we might be able to get some idea about the na- 
ture of the bonding. We decided to react each copolymer with nitrous acid 
and measure the quantity of nitrogen evolved. If the copolymer structures 
were exactly as indicated in structure 11, then the quantity of nitrogen re- 
leased would be equal only to that liberated from other diazotizable groups 
in the copolymer structure that were not involved in the polymerization 
process. In  each case, the results of the diazotization experiments showed 
that, within the experimental error of 6%) the average polymer molecule 
had one primary amino group in addition to diazotizable groups not related 
to the bonds involved in copolymer formation. Prior to diszotization of 
the copolymers, the sulfonamide monomers were also treated with nitrous 
acid to see how quantitative the reaction was. Within the limits of f 6%, 
each monomeric sltlfonamide yielded the calculated quantity of nitrogen. 
The equation typifying these reactions is exemplified in scheme I by the re- 
action of IIh with nitrous acid. Therefore, it seems reasonable to assume 
that condensation polymerization took place mainly on the N4-nitrogen and 
the aromatic ring to yield a structure more similar to I1 than other possible 
structures related to A or B. But since we can only speak of average struc- 
tures, it is also possible that a few primary amino groups similar to those 
depicted in structures A and B may be present. 

Another factor which also might bear on the low nitrogen and high sulfur 
content is the possibility of hydrolysis of the group on the N4-nitrogen atom 
to yield sulfonic acid groups in the copolymer. However, we have found 
that this is negligible under the mildly acidic polymerization conditions. 
Such hydrolyses only occur readily when strong mineral acids are present, 



SYNTHETIC BIOLOGICALLY ACTIVE POLYMERS 1225 

as shown in scheme I for the hydrolysis reactions. Moreover, none of the 
copolymers I1 show the band typical of sulfonic acids a t  1033 cm-I in their 
infrared spectra. 

For the reasons cited above, we have chosen to exemplify the structures 
of the copolymers as 11. But even in the light of the evidence presented, it 
is unlikely that this structure is an exact representation, for it must again 
be emphasized that we are speaking only of average structures. Never- 
theless, in spite of the fact that a structure for I1 cannot really be assigned 
with absolute certainty, the product compositions are constant and repro- 
ducible, as are the associated physical and chemical properties. 

Antimalarial screening data obtained using mice showed that copolymers 
IId, IIf, IIg, and IIh had curative properties of about the same magnitude 
as the monomeric sulfonamides at the same dose levels. Monomer Ih 
showed toxicity at the higher dose levels, but polymer IIh did not. Copoly- 
mers IIa, IIb, TIC, and IIe were inactive as antimalarials. 

EXPERIMENTAL 

All calculated analyses values below are based on observed copolymer 
molecular weights. Elemental analyses were carried out by Galbraith 
Laboratories, Inc., Knoxville, Tenn. Nomenclature for interpretation of 
infrared data: s = strong absorbance, m = medium absorbance, and w = 
weak absorbance. All infrared spectra were run with potassium bromide 
pellets. Viscosity measurements were obtained with an Ostwald No. 50 
viscometer (reproducibility *3%) at  25" f 0.05" using DMSO as solvent. 
Intrinsic viscosities were determined in the usual manner. All molecular 
weight determinations were performed with a Brice Phoenix Model 2000 
light-scattering photometer. 
Sulfanilamide-Dimethylolurea Copolymer (IIa). Water (150 ml), 5.16 g 

(0.03 mole) sulfanilamide, and 0.90 g (0.01 mole) oxalic acid were stirred 
and heated to reflux. To the hot solution was added 3.60 g (0.03 mole) 
dimethylolurea. Within 1 hr, a gummy white-colored resin formed on the 
walls of the flask. After refluxing for 8 hr, the solution was allowed to cool 
and the supernatant decanted. The resin was collected, dried, powdered, 
washed in boiling water three times, and continuously extracted with meth- 
anol for 24 hr. The copolymer had a softening tem- 
perature of 185"-190"C. 

Found: C,42.50%; H,4.82%; N, 19.28%; S, 14.70%- 

1600s, 2950s, 3200s. 

DMSO was used as the polymer solvent. 

The yield was 3.90 g. 

ANAL. 

INFRARED DATA (em-'). 

VISCOSITY. 
MOLECULAR WEIGHT. M ,  = 3030 f 7%. 

Hydrolysis of IIa. Two grams of the sulfanilamide-dimethylolurea co- 
polymer (ITa) was dissolved in10 ml concentrated hydrochloric acid, and the 
solution was refluxed for 20 hr. The solution was made basic with 25% 

Calcd for C10iH1~9N4~O&312: C, 42.25%; H, 4.65%; N, 21.05%; S, 12.85%. 

750w, 810m, 9OOm, 1070m, 1130s, 1 2 7 5 ~ ~  1450m, 1560s, 

[q] = 0.053 dl/g at 25'C in DMSO as solvent. 
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aqueous sodium hydroxide, and a strong odor of ammonia was noted. The 
solution was acidified and evaporated to dryness. The light-buff-colored 
residue was thoroughly washed with water to remove salts. The product 
(0.65 g) had a softening temperature of 265-270°C and did not decompose 
up to 300°C. The material gave an infrared spectrum comparable to that 
of the copolymer of sulfanilic acid-dimethylolurea (IIIb). 

1610m, 2800m, 3200s. 
INFRARED DATA (cm-l). 

MOLECULBH WEIGHT. aW = 3400 f 7%. 

Sulfacetamide-Dimethylolurea Copolymer (IIb). Sulfacetamide (4.28 g, 
0.02 mole) in 150 ml water and acidified with oxalic acid (0 45 g, 0 005 
mole) was stirred and heated to reflux. To this solution, 2.40 g (0.02 mole) 
dimethylolurea was added. After the first hour of reflux, the solution was 
a clear-yellow color. The mixture was refluxed for an additional 4 hr and 
allowed to cool. A bright-yellow resin soon deposited on the walls of the 
flask. The supernatant was decanted and the gum was collected and dried 
a t  110°C. The brittle polymer was powdered, washed three times with hot 
water, and extracted for 24 hr with methanol. The yield was 2.15 g. The 
copolymer had a softening temperature of 165-170°C. 

Found: C,44.40%; H,4.79%; N, 14.90%; S, 14.5.5%. 

1460m, 1550.5, 1675.5, 2700m, 3200s. 

765w, 830w, %Ow, 945m, 1033m, 11509, 132.5~~ 1450m, 

ANAL. Calcd for C~IH$NI~OI&: C ,  44.40%; H, 4.68%; N, 17.70% S,  11.55%. 

INFRARED DATA (cm-l). 830m, 935w, 985w, 1075s, 1125.5, 1200w, 1300m, 1410m, 

VISCOSITY. 
MOLECULAR WEIGHT. 

Hydrolysis of IIb. Two grams of the sulfacetamide-dimethylolurea co- 
polymer was dissolved in 10 ml concentrated hydrochloric acid, and the 
solution was refluxed for 20 hr. The solution was made basic with 25% 
aqueous sodium hydroxide, and a very strong odor of ammonia was de- 
tected. The solution was acidified with hydrochloric acid and evaporated 
to dryness. During the evaporation process, the odor of acetic acid was 
noted. A light-brown powder (0.20 g) which did not soften or melt below 
300°C remained. This product showed a strong absorption band, typical of 
sulfonic acids a t  1033 cm-l, and the spectrum was comparable with that of 
IIIb. 

[s] 0.041 d1Lg at 25OC in DMSO as solvent. 
M, = 1190 f 7%. 

INFRARED DATA (cm-l). 

MOLECULAR WEIGHT. 

Sulfabenzamide-Dimethylolurea Copolymer (IIc). Five and five tenths 
grams (0.02 mole) sulfabenzamide was added to  150 ml water. The mixture 
was acidified with oxalic acid (0.45 g, 0.005 mole), heated to  reflux, and 2.40 
g (0.02 mole) dimethylolurea was added. After the first hour of reflux, a 
light-yellow resin formed on the walls of the flask. The reaction mixture 
was refluxed for an additional 5 hr. The warm supernatant was then de- 
canted and the polymer was collected, dried, powdered, and washed several 

820w, MOW, 1033s, 1370m, 1450m, 1.550m, 1600m, 2800m, 
32001x1. 

Gw = 1050 f 7%. 



SYNTHETIC BIOLOGICALLY ACTIVE POLYMERS 1227 

times in boiling water. 
hr, the polymer yield was 3.00 g. 
ture of 165-170°C. 

ANAL. Calcd for C61H~'JN1401~s~: C, 53.89%; H, 4.43%; N, 14.45%; S, 9.44%. 
Found: C, 53.25%; H,4.70%; N, 13.10%; S, 9.88%. 

INFRARED DATA (cm-I). 710m, 8309, 890m, 11509, 1240s, 1350s, 1420m, 1460m, 
1500m, 1600s, 1625s, 32009. 

VISCOSITY. 
MOLECULAR WEIGHT. M ,  = 1400 f 7%. 

Hydrolysis of IIc. Two grams of the sulfabeneamide-dimethylolurea 
copolymer was dissolved in 10 ml concentrated hydrochloric acid and the 
solution was refluxed for 20 hr. The solution was allowed to  cool and made 
basic with %yo aqueous sodium hydroxide. A strong odor of ammonia was 
detected. A white crystalline deposit (0.46 g, 67y0) in the condenser was 
collected and identified as beneoic acid (mp 123°C; literature mp 122°C) 
by infrared comparison with an authentic sample. The solution was reacid- 
ified with hydrochloric acid and evaporated to dryness. The brown residue 
was thoroughly washed with water to remove salts. The product (1.00 g), 
which was heat stable up to  300", gave an infrared spectrum comparable to  
IIIb. 

After subsequent extraction with methanol for 24 
The copolymer had a softening tempera- 

[v ]  = O.O4O_dl/g at 25' in DMSO as solvent. 

INFRARED DATA (cm-1). 

MOLECULAR WEIGHT. am = 1025 f 7%. 

Sulfapyridine-Dimethylolurea Copolymer (IId). A solution of 4.92 g 
(0.02 mole) sulfapyridine and 0.45 g (0.005 mole) oxalic acid in 150 ml water 
was heated to reflux, and 2.40 g (0.02 mole) dimethylolurea was added. 
Within l / Z  hr, a light-yellow resin deposited on the walls of the flask. The 
reaction was refluxed for an additional 5 hr. The warm supernatant was 
decanted and the polymer was collected, dried, powdered, washed three 
times in hot water, and extracted with methanol for 24 hr. The polymer 
yield was 3.00 g. The material had a softening temperature of 153-155°C. 

ANAL. Calcd for CslH81N28017S6: C, .50.75; H, 4.45%; N, 20.50%; S, 10.10%. 
Found: C, 51.60%; H, 4.59%; N, 16.85%; S, 11.12%. 

INFRARED DATA (cm-'). 760m, 820w, 940111, 1000m, 1075s, 11409, 1230m, 13.50s, 
14609, 1575s, 1610s, 2650111, 3200m. 

VISCOSITY. 
MOLECULAR WEIGHT. M, = 1175 f 7%. 

Hydrolysis of IId. Two grams of the sulfapyridine-dimethylolurea co- 
polymer was dissolved in 10 ml of concentrated hydrochloric acid, and the 
solution was refluxed for 20 hr. The solution was then made basic with 
25% aqueous sodium hydroxide. The solution was extracted with four 
25-ml portions of ether. The combined extracts were dried (MgSO1), and 
the solvent was removed to leave a residue of 0.47 g (73%) 2-aminopyri- 
dine which was identical in all respects with an authentic sample. The 
basic aqueous phase was acidified and evaporated to  dryness. The resi- 

830w, 930w, 1033s, 1110m, 128Os, 1310m, 1450m, 15.5Om, 
1600m, 2800m, 3000s. 

[v] = O.O35Al/g at 25' in DMSO as solvent. 
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due was thoroughly washed with water to remove salts. A brown powder 
(1.00 g) which did not soften or melt below 300°C remained. This ma- 
terial gave an infrared spectrunl nearly identical to that of the copolymer 
of sulfanilic acid-dimethylolurea (TIIb). 

1450m, 1550m, 161Om, 2800m, 3200s. 
INFRARED DATA (cm-I). 

MOLECULAR WEIGHT. M, = 1010 f 7%. 

Sulfathiazole-Dimethylolurea Copolymer (IIe). Water (150 ml) , 4.86 
g (0.02 mole) sulfathiazole, and 0.45 g (0.005 mole) oxalic acid were heated 
to reflux. To the hot solution Was added 2.40 g (0.02 mole) dimethylolurea. 
Reflux was sustained for 5 hr after which time the precipitated white poly- 
mer was recovered by filtration. The product was washed three times in 
hot water and extracted for 24 hr with methanol. The yield was 5.40 g. 
Upon heating, the polymer changed from white to a brown color at 270"C, 
but did not soften or melt below 300°C. 

ANAL. Calcd for C ~ ~ H ~ B O I & :  C, 42.60%; H, 3.80%; N, 20.10%; S, 13.95%. 
Found: C,42.09%; H, 4.32%; N, 17.40%; S, 10.22%. 

INFRARED DATA (cm-I). 6909, 800m, 830m, 915s, 1075s, llOOs, 11709, 1250s, 1300m, 
1360w, 1450s, 15509, 2800m, 3200m. 

VISCOSITY. 
MOLECULIR WEIGHT. M, = 1870 f 7%. 

Hydrolysis of IIe. Two grams of the sulfathiazole-dimethylolurea co- 
polymer was dissolved in 10 ml concentrated hydrochloric acid, and the 
solution was refluxed for 20 hr. When the solution was made basic with 
25% aqueous sodium hydroxide, a strong odor of ammonia was detected. 
The solution was extracted with four 25ml portions of ether. The com- 
bined extracts were dried (MgSO*), and the solvent was evaporated. None 
of the expected 2-aminothiazole was recovered. The basic aqueous phase 
was acidified and evaporated to dryness. The residue was thoroughly 
washed with water to remove salts. The product (1.00 g) which was heat 
stable up to 300"C, gave an'infrared spectrum nearly identical to that of the 
copolymer of sulfanilic acid-dimethylolurea (IIIb). 

INFRARED DATA (cm-I). 690w, 750m, 820m, 890m, 1033s, 11509, 126Om, 137Om, 
1400w, 155Om, 16109, 2800m, 320Om. 

Sulfamethahe-Dimethylolurea Copolymer (IIf). A solution containing 
5.56 g (0.02 mole) sulfamethazine and 0.45 g (0.005 mole) oxalic acid in 150 
ml water was heated to reflux. To the hot solution was added 2.40 g (0.02 
mole) dimethylolurea. After 1 Pr of reaction, a yellow resin formed on the 
sides of the flask. The poly- 
mer was recovered by decanting the hot supernatant. The resin was dried, 
powdered, washed several times with hat water, and extracted for 24 hr with 
methanol. The yield was 5.50 g. The copolymer had a softening tem- 
perature of 190-195°C. 

ANAL. Calcd for C87Hl~rN~Ol&: C, 50.00%; H, 4.97%; N, 22.70%; S,  9.20%. 
Found: C, 50.54%; H, 4.54%; N, 19.60%; S, 9.75%. 

680w, 820m, BOW, 1033s' llOOw, 11509, 1210m, 1350w, 

1.11 = 0.046-dl/g at 25" in DMSO as solvent. 

Reflux was continued for 5 additional hours. 
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INFRARED DATA (cm-l). 785w, 850m, 965 w, 10758, 114&, 12XOw, 1320w, 1360s, 

VISCOSITY. 
MOLECULAR WEIGHT. M ,  = 2250 f 7y0. 

Hydrolysis of IIf. Two grams of the sulfamethazine-dimethylolurea 
copolymer was dissolved in 10 ml concentrated hydrochIoric acid, and the 
solution was refluxed for 20 hr. When the solution was made basic with 
25% aqueous sodium hydroxide, a strong odor of ammonia was detected. 
The solution was extracted with four 25-ml portions of ether. The com- 
bined extracts were dried (MgSOI), and the solvent was evaporated. None 
of the expect.ed 2-amino-4,6-dimethylpyrimidine was recovered. The basic 
aqueous phase was acidified and evaporated to dryness. The residue was 
thoroughly washed with water to remove salts. The product (0.95 g) gave 
an infrared spectrum comparable to that of IIIb. 

1310m, 1370m, 1450m, 1550w, 1620s, 2800m, 2200m. 

l500m, 156&, 3100s. 
[ v ]  = 0.049-dl/g at 2.7" in DMSO as solvent. 

INFRARED DATA (cm-I). 690m, 770w, 830w, 870w, 95Om, 1033s, llOOs, 1160s, 

4-Amino-4'-Nitrodiphenylsulfone-Dimethylolurea Copolymer (IIg) 
A mixture of 4-amino-4'-nitrodiphenylsulfone (5.56 g, 0.02 mole) and oxalic 
acid (0.45 g, 0.005 mole) in 150 ml water was heated to reflux. Dimethyl- 
olurea (2.40 g, 0.02 mole) was then added to the hot reaction mixture. 
Within The polymer was 
collected by filtration and washed three times in hot water and continu- 
ously extracted with methanol for 24 hours. The yield was 3.50 g. The 
copolymer had a softening temperature of 143-145'. 

Found: C, 52.08%; H, 3.61%; N, 9.67%; S, 11.45a/,. 

1175m, 1270m, 1325s, 1360m, 1500s, 1550s, 1600m, 2XOOw, 3100s. 

hr, a light brown resin formed in the flask. 

ANAL. Calcd for Cll7Hlo8N3~O3&: C, 50.00%; H, 3.%3%; N, 15.00%; 8, 9.14%. 

INFRARED DATA (cm-I). 685m, 735s, 745m, %Om, 8Xm, 1000w, 1060w, 107.7s, 114Q, 

VISCOSITY: 
MOLECULAR WEIGHT. M ,  = 1190 f 7%. 

4,4'-Diaminodiphenylsulfone-Dimethylolurea Copolymer (IIh). Water 
(150 ml), 4.96 g (0.02 mole) 4,4'-diaminodiphenylsulfone, and 0.45 g (0.005 
mole) oxalic acid were stirred and heated to reflux. To this solution was 
added 2.40 g (0.02 mole) dimethylolurea. Reflux was continued for 5 hr 
after which time the white polymer was collected by filtration. The prod- 
uct was washed several times in hot water and continuously extracted with 
methanol for 24 hr. The yield was 5.00 g. The copolymer had a softening 
temperature of 257-260°C. 

ANAL. Calcd for Cs7H92N~Ol7S6: C, %.70%; H, 4.83%; N, 10.lO~o; S, 10.1370. 
Found: 

INFRARED DATA (cm-l). 685m, 710m, 815m, 1075s, 1125s, 1160m, 1250s, 145Os, 
155Os, 160Os, 3100s. 

VISCOSITY. 
MOLECULAR WEIGHT: M, = 1925 f 7%. 

Diazotization Reactions. The procedure employed was identical to that 

[v]  = O.O34_dl/g at  25°C in DMSO as solvent. 

C, 59.02%; H, 4.94%; N, 12.790/,; S, 11.79%. 

[ v ]  = O.O49_dl/g at 25" in DMSO as solvent. 

previously r e p ~ r t e d . ~  
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Sulfanilic Acid-Dimethylolurea Copolymer (IIIb). Sulfanilic acid (3.46 
g, 0.02 mole) was stirred and heated to reflux in 150 ml water. To  the hot 
solution was added 2.40 g (0.02 mole) dimethylolurea. The clear solution 
changed to a bright strawberry-red color within 15 min, followed by a grad- 
ual transition to a bright-yellow color which persisted during the 5 hr re- 
flux. The solution was allowed to cool, and enough dioxane was added to 
precipitate the resin. The product was washed several times with ethanol 
and dried at 110°C. The yield of light-yellow polymer was 3.80 g. The 
product was heat stable up to 300°C. 

Found: 

136Ow, 1450m, 155Om, 1600s, 1660s, 2800m, 3200s. 

ANAL. Calcd for C8~H~zNlaOz&: C, 42.00%; H, 4.20%; N, 15.52%; S, 13.00%. 

INFRARED DATA (cm-l). 680w, 760w, 830w, %Ow, 1033s, 111Om, 1175s, 1310w, 

VISCOSITY. 
MOLECULAR WEIGHT. 

We are indebted to the Public Health Service for the support of this work by grant No 
5B0106662MCHA, and to Drs. Josip Kratohvil and Milton Kerker for the use of their 
light scattering equipment. 

Antimalarial testing was cariied out by Dr. Leo Itane at  the University of Miami Med- 
ical School using ICR/Ha Swiss mice infected with Plasmodium berghei. 

This paper was taken in part from the thesis submitted by J. It. Dombroski in partial 
fulfillment of the requirements for the M.S. degree. 

C,39.40%; H, 5.07%; N, 14.75%; S, 12.06%. 

[v] = O.O88_dl/g at  25' in DMSO as solvent. 
M ,  = 1710 f 7%. 
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