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GEl;J'ERAL Il.'fTRODUCTION 

Soon after the start of the war with Japan in 1941 it becan1e 

apparent that one of the most pressing medical problems facing the 

United States was the control of malaria. The early conquests by 

Japan in the Dutch East Indies interferred with the use of quinine for 

the control of this disease, since the major world production centers 

of the alkaloid were under enemy control. At the same time it was 

obvious that much of the fighting would take place in highly malarial 

regions, especially in the South Pa:cific Ocean. 

The synthetic drugs which were available for use against malaria 

were relatively new and untried. Atebrin was very promising but there 

were various unpleasant effects attending its use, and it was not certain 

that it could completely replace quinine. Plasmochin, although extremely 

. active, was of little use as a general dru.g, due to its great toxicity. 

Neither of these drugs, nor for that matter quinine itself, acted as a 

causal prophylactic, a property which would have been extremely de­

sirable in a drug. 

In this emergency the Committee on Medical Research of the Office 

of Scientific Research and Development sponsored a large program of 

research on malaria. One branch of this program was concerned with 

testing a large number of drugs for possible antimalarial activity, in 

the hope of finding new classes of active compounds, of discovering more 

active members of classes of known activity, and possibly of finding 

a causal prophylactic. To assist this phase of the program the ~u.rvey 

on Ant:i.ma.larial Drugs was set up to test the available compounds. Most 



of tl1e drugs t es ted were examined for activity against avian malaria, 

although certain compounds which shov.red exceptional promise were tried 

out in human malaria. The two tests used most frequently were for 

activity against P. lo;phurae in duckS, and against r,. gallinaceum in 

chickS. 
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Many of the drugs mich were pasted in this program were compounds 

immediately available, from the shelves of chemical manufacturers, 

pharmaceutical houses, etc. In addition a great deal of work in s ;ynthet ic 

organic chemistry was sponsored to provide new drugs for testing. This 

thesis describes a number of syntheses carried out by the author between 

September 1942 and December 1945, working under a contract between the 

Office of Scientific Research and Development and the California Institute 

of Technology. This project waw under the direction of Dr. Joseph B. Koepfli. 

Being carried out as part of a war research program, this work differs 

in several respects from the ty~e of work usually described in a thesis. 

Since the primary object was to prepare the des±ted compounds as quickly as 

possible in a given quantity, it was not always necessary to examine re­

actions critically for conditions of maximum yield and ease of working. If 

a reaction took place with a low yield, it was often quicker to carry it 

out several timas than to try to find conditions under which the yield 

might be improved. In several cases interesting side reactions were not iced; 

these were ignored unless the by-products formed seemed to have a direct 

bearing on the problem at hand. 

In addition the work often took on a cooperative aspect, with several 

members of the project working simultaneously on the same problem and even, 

on occasion, on the same reaction. In so far as possible I have endeavored 
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to acknowledge assistance with particular problems in the body of 

this report. 

The details of the phru.Ynacological action of the compoUi!ds 

whose preparation is described are not discussed. It is the 

intention of the Survey on Antimalarial Drugs to publish a monograph 

in which the activities of all the compounds tested will be given. 

The number designated by SN given following the compounds in this 

thesis is the number by which these compounds will be designated 

in the report of the Survey. 
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I. THE PREPARATION OF PJ\.J.iJTOTHENIC ACID I1IBI13ITORS AS POTENTIAL 

ANTDIDARIA1S 

INTRODUCTION 

The theory that the action of certain drugs, which are active 

against bacterial infections, is due to interference by the drug 

with some essential metabolic process of the bacteria is one that has 

gained general acceptance in recent years. This theory was discussed 

by Fildes1, and was based in part on the work which had been done on 

the mode of action of sulfanilamide. 

Woods2 had demonstrated that the 1£ vitro activity of sulfanil­

amide can be reversed by adding para..;,miinobenzoic acid to the medium, 

and suggested that para-aminobenzoic acid was the active principle, 

isolated fran bacterial cells by Stamp3 and Green4, and by himself from 

yeast, which was able to reverse the bacteriostatic action of sulfanil­

amide. Fildes and Wood postulated that para~ninobenzoic acid was an 

essential metabolite for the bacteria affected by sulfa drugs. They 

pictured the activity of these compoUJ.~ds as arising from their ability 

to react with some enzyme in the bacterial cell for which para~minobenzoic 

acid was the normal substrate, thus blocking the metabolic process in which 

that enzyme system took part, and so preventing growth. i;fuis ability to 

react with the enzyme was considered to be based on the structural 

similarity between sulfanilamide and para-e,_~inobenzoic acid. Since the 

reaction between the enzyme and the sulfonamide on the one hand, and the 
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enzyme and para-e.~inobenzoic acid on the other, was a competetive 

one, adding more para-aminobenzoic acid reversed the former reaction 

and permitted growth. 

Fildes had suggested that future work might be carried out along 

the line of altering the molecules of other known bacterial metabolites, 

in order to find new examples of this type of action, and possibly 

to develop new drugs. Mcilwain then demonst:r;ated a similar type of 

competition between pyridine-3-sulfonic acid and the bacterial 

metabolite nicotinic acid5, and between a group of ~~inosulfonic 

acids, and the naturally occurring amino acids. 6 

Since pantothenic acid, ~, r -dihydro:xy-f3,p-dimethylbutyryl-f3-

alanine (I),was known to be a growth factor for several bacteria 

various analogu.es of it were tested as bacterial growth in.~ibitors. 

Sne117 prepared pantoyltaurine• (II), the sulfonic acid analogue of 

pantothenic acid, and showed it inhibited the growth of ~ctobacillus 

arabinosis, and that the inhibition could be revers.ed,by adding 

pantothenic acid to the medium. The inhibitor, pantoyltaurine, showed 

the same stereochemical specificity as pantothenic acid itself, since 

the dextro form was much more active than the laevo form. 

9Hz ~ ~ 
H0CHz-y-OH0H-0-4:1H-OHz-CH2-C-OH 

CH3 

CH3 0 0 
I " ~ 

HOCHzi-CHOH-0-4:1H-CH2-0H2-tOH 
UH3 0 

I II 

•The simplified nomenclature suggested by Barnett and Robinson10 is used in 
this thesis. In this a.,¥ -dihydro:xy-f3,f3-dimethylbutyric acid is given the 
trivial name of pantoic acid. 
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Similar result s were obtained by Kuhn, Wieland, and Moller8 

in Germ~Jand by Mcilwain9 in England. Mcilwain tested a number 

of analogues of pantothenic acid, prepared by Barnett and Robinson10, 

and found pantoyltaurine to be t he most active inhibitor. 

Up to this time all the known cases of specific inhibition by 

a metabolite analogue had been demonstrated with bacteria. It had 

not been possible to discover a:ny essential metabolites for protozoan 

parasites. However Trager11 developed a method by which it was 

possible to cultivate the malarial plasmodium 1!! vitro. With a view 

to finding some essential metabolite for these parasites he studied 

the effect of adding various compounds, known to be of importance in 

bacterial metabolism, to his synthetic medium. He found12 that the 

addition of calcium pantothenate to the culture resulted in lengthen­

ing the survival time of the parasites from six days to about fifteen 

days. While the amount added, 0.02 mg./ml., is much greater than that 

which would be found in t he blood stream of ducks or chicks, it was 

indirect evidence that pantothenic acid functions as a plasmodial 

metabolite. 

Based on this result Trager suggested the testing of a number 

of analogues af pantothenic acid for possible activity as antimalarials. 

Accordingly a large number of canpounds related to pantothenic acid 

was prepared by Dr. Koepfli 1s group and submitted for test. These 

could be divided into several classes, the first consisting of pantoyl­

taurine, pantoyltauramide, and N-substituted pantoyltauramides. The 
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preparation of one of the latter com-pounds, pantoyltauryl-2-e.~ino­

pyrimidine, is descriced in the succeeding section of this thesis. 

The second class consisted of corresponding compounds with the pantoyl 

group replaced by the Y ~droxybutyryl rest. '( -Hydro:xybutyryl­

tauryl-2-a.~inopyrimidine is described in the following pages. In 

addition a number of miscellaneous CQ~pounds were prepared, with other 

ty-pes of blocking groups on taurine, other alterations of the ~~lanine 

portion of pantothenic acid besides that to taurine, and combinations 

of both of these. 

The method used for testing these compounds for antimalarial 

activity was later found to have been most unfortunate. !:• lo:phurae 

was the parasite used by Trager in his studies, and seemed to be the 

logical one to try. All the compounds tested were inactive against 

infections of this parasite in ducks. Pantoyltauramide was tested 

against~. gallinace~ in chicks. Since it was not adsorbed unaltered 

after feeding it was given by intravenous injection. It showed 

definite antimalarial activity, leading to complete suppression of 

parasitemia after several days. It was given at high dosage levels, 

as much as 2000 mg./k.g. body weight, but was so completely non-toxic 

that this could be done without difficulty. In later work it was shown 

tbat some other pantothenic acid analogu.es were effective when given 

to chicks by mouth. Investigation of this phenomenon led to the con­

clusion that this was a case of host specificity towards the action of 

the drugs. D-~ck infections seem to be completely unaffected by compounds 

of this type which are active in chicken malaria. That this is a true 
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host specificity and not a species specificity of the parasite is 

shown by the fact that in chicks l• lonhurae is as susceptible to 

these drugs as~. gallinaceum. It is tempting to conjecture that 

this mey be connected with a higher concentration of pantothenic 

acid in ducks than in chicks; there is no direct evidence on this point. 

The therapeutic action of compounds of this class is a true 

case of inhibition. This can be shown since the suppressive effect 

of pantoyltauramide, as well as of the drugs to be mentioned directly, 

can be reversed by feeding the test birds excess amounts of pantothenic 

acid during the experiments. Hence, pantoyltauramide is the first 

co."llpound which has been shown to have a specific inhibitory effect 

upon protozoan metabolism. 

It can be seen from the above remarks that it is unfortunately 

true that most of the compounds which were prepared in this work were 

tested in a manner 'Which would not have shown any activity they might 

have possessed. It seems likely, in view of the activity of pantoyl­

tauramide, that several of its N-substituted derivatives might prove 

to be active if they were retested against!:• gallinaceum in chicks. 

On the basis of the disappointing results ·of the tests against 

~• lophur~e~ research along these lines was dropped, in order to con­

centrate on more promising classes of compounds. At a later time the 

work was revived on the basis of some new evidence. The .American 

Cyanamide Company, which had been interested in this problem at the 

time of our original work, had continued to try to find some pantothenic 

acid analogue which could be readily adsorbed when given by mouth. 
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They tested the N""1)henyl derivative of pantoyltau.ramide, pantoyltauryl­

anilide, and found it to have a strong activity in chick malaria. 

Since a chlorine in the para position in several classes of antimalarials 

increases activity they tried pantoyltauryl-p-chloroanilide and found 

it to be extremely active. 

Since the original work on pantothenic acid inhibition, a number 

of compounds besides pantoyltaurine derivatives had been shown to be 

able to act as inhibitors towards bacteria. Thus Pollack:13 found that 

~-metbylpantothenic acid, which could act as a substitute for panto­

thenic acid to a small extent in the absence of the latter, acted as an 

inhibitor in the presence of pantothenic acid. Barnett14 prepared N­

pantoyl-j3-eminoetbyl thiol, bis-(pantoyl-p-eminoetlzy-1)-sulfide, -disulfide, 

-sulfoxide, and -sulfone and showed that they all acted as inhibitors. 

And Snell and Shive15 showed that the alcohol corresponding to pantothenic 

acid, as well as several structurally similar alcohols acted as inhibitors. 

Then Woolley16 published a review in which he discussed the production of 

symptoms of vitamin deficiencies by feeding analogues of vitamins to 

animals. He mentioned the compaµnd phenyl pantothenone (III~, pantoyl-j3-

aminoetbylphenyl ketone. Dr. K. c. Bl-;mchard noticed this and suggested 

that the c001pound be tested as an antimalarial; it proved to have definite 

activity. Since then a number of compounds related to Woolley1s ketone 

have been prepared elsewhere and tested. Several of them show activity 

against malaria in chicks. 
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Dr. Koepfli suggested preparing the compounds IV-VIII shmm 

below, some of which may be considered to be sulf'Ul' analogues of 

Woolley1 s ketone. Their synthesis is described in the following 

portion of the thesis. After the work was cmnmenced our attention 

was called to the paper of Madinaveitia ~ a117 in which several N­

pantoyli3~inoethylphenylsulfones were prepared by sL~ilar methods; 

none of these duplicated our crnn:pounds. 

R--m!-C!!a-CH;rSOCl 

VII 

9l13 ?. 
R = CH0R-C-1.1"'H0H-C­

I 
C¾ 

The three unsubstituted phenyl compounds IV, V, and VI have been 

tested against f• gallinaceum in chicks, being given by mouth, and 

showed activities from one to two times that of quinine. At the present 

time the test results on the two chlorinated compounds VII and VIII have 

not been received; in view of the great activity of a chlorine in this 

position in other series, it is to be hoped that they may be more 

active yet. 

This work is important as it represents the first extension of the 

theory of in..~ibition of an essential metabolite to protozoa, and also 

because it is an eXa.ril}_)le of the rare phenomenon in chemotherapy of the 
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:prediction of the activit;r of a new cla ss of a.ru.r:s agninst a s:pecific 

cLisease in a.d.v2,nce of phc1.1--i112-cologica l testing. Whether this t;y--pe of 

com:,;Jound will atto.in any pre,ctical importance it is too ea.rly to say. 

It is not lC101vn if man will t end_ to be}1ave as the chick or as the 

cLuck when treated vri th compounds of this type; if the latter animal 

is the prototype , ·chen the drugs will · be useless. There o.re also 

certain chemical drawbacks to these compo1.mds, al though these are 

per~1a1)s of a minor 112:ture. Many of them tend to forEl viscous s irup s 

which a.re hard to cr-Jstallize; on the other hand, some have l)een 

successfully c:c;y-stallized and are easy to handle. While the amino 

portions o~ the molecules are generally fairly easy to ~repare, the 

1-j)antolactone req_uired. for their preparation is extremely ex-_9ensive , 

although it is commercially available. 

EXPER IMEHT J:L 

The Preparation of Tau.ryl-.8-eminopy:d.midine :Hydrate 

This compou..'lld w2.s :prepared b;;r the reactions s'.1own in the eq_1mtions 

oelon. This general method -of pr eparing derivatives of t2.iircimide is 

based on the pre:pG.rntion of taure.rnide ~ia_rochloride b~r Miller , Sp rac;ue , 

Kissinger, and McB-o_rne;y-18 , and h2.s been 1.cs':ld i11 this labo:rnto:!:'""J to 

rire1)are a large number of t au.r2,mi de der:i_vc..tives. The condensation 

between 2--gh thal :h:1.idoetho..nesulf onyl chloride and 2~'1linop~"-'imidine 

occurred on mi::ing t he comp onents at rooT:1 t em:per a tui·e in p:r2.·idine; 
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pyridine ) 

g N-CH ex '- Q ll U: I 
N-CH2-CH2-~-1TH-C • CH 

/ 'ti' I f l 
Q O N=CH 
0 

:w-1ra2 

OC
O N-OH 

'-._ 9, \ II II 
N-CR -CR -~ CH / 2 2--·'tl'-. I I g O U· CH 

higher temperatures caused extensive decomposition of the material. 

This was i n accord with the observation by Roblin et al 19 on the 

necessity of low temperatures during the reaction between 2-amino­

pyrimidine and sulfonyl chlorides. The removal of t he phthalyl rest 

by the Ing-Manske procedure went smoothly and gave a good yield of 

tau.ryl--.2-...-,minopyrimidine bydrochloride. The only difficulty was ex­

perienced when an attempt was made to convert the ~.yd.rochloride to the 
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free base. The usu.al procedure used in carr<Jing out this tYPe of 

reaction wa.s to dissolve the tauramide hydrochloride in question 

in water, make the solution basic with sodium bicarbonate, remove 

the water in ~, and take the hygroscopic free base up in eth2.:nol. 

With this particu.le.r compound neutralization of the amine hydrochlorid.e 

in an aqueous solution caused an immediate precipitate of· crystalline 

solid. This was first assumed to be the free base, but ~he analytical 

resuits and the difficulties in reacting it with the pantoyl lactone 

described in the succeeding section forced the conclusion that it 

was a hydrate. 

2~hthalimid~ethanesulfonyl-.3-amino:pyrimidine. In 50 ml. of 

• anhydrous reagent pyridine was suspended 17.2 g. of 2--eminopyrimidine 

and 46.5 g. of 2""i)hthalimidoethanesulfonylchloride18 was added in 

small portions. The solid slowly dissolved and after an hour a floc­

culent precipitate began to form. The suspension was stirred overnight 

and then poured into l 1. of water. The r esu.l ting mixture was brou.,g...h.t 

to neutrality with sodium bicarbonate and the solid product was filtered 

off. After drying a brown powder weighing 34.3 g., 57%, was obtained, 

_melting at 249~'254c,•. Dr. Mead pre-_pe.rei an analytical sample by re­

cr.rstallization from acetic acid which mel tecl at 249-351 °. 

Found: 

*This was kindly given to u.s by the .American Cyanamide Company. 
**AJ.1 melting points reported in this thesis are corrected for thermometer 
deviations and for exposed stem. 
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Tau.ryl-;2-a..'llino:pyrimidine &drochlo.ride,. - In 200 ml. of refluxing 

955& ethanol was suspended 25. 6 g. of the crude product from above, 

and 15 ml. of 42% hydrazine hydrate was added. The solid dissol11ed and 

in about ten minutes the white 1-zy-drazine addition product began to 

come out of solution. After refluxing one hour the mixture was chilled 

and the precipitated addition product filtered off. The addition of 

20 ml. of concentrated hydrochloric acid now caused an immea.iate pre­

cipitation of phthalhydrazide. The mb:tu.re was cooled and this latter 

compound filtered off. The filtrate was concentrated E!_ vacuo to 75 ml. 

and 1 1. of 95% ethanol was added. This threw down a fine yellow solid 

weighing 9.3 g. and melting at 214-215°. The addition of ethyl ether 

to the mother liquors gave a second crop of 4.6 g., giving a total 

yield of 13.9 g., 75%. A sample of the product recrystallized several 

t:imes from aqueous ethanol was colorless and melted at 217-218°. It 

gave the following analysis. 

llnal. Calcd. for C5H11N40zSCl (238.7): C, 30.19%; H, 4.64%; N, 23.48~. 

Found: C, 30.4B%; H, 4.47%; N, 23.86%. 

Tauryl~-eminopyrimidine b..ydrate. Fourteen grai.us of the hydrochloride 

was dissolved in 60 ml. of water. One normal sodium bicarbonate solution 

was added till the evolution of carbon dioxide ceased. During the addition 

a crystalline precipitate formed which was filtered off and dried in a 

vacuum desiccator. It weighed 9.5 g., 73%, and melted at 151-153° with 

the evolution of gas and decomposition to a brown melt, after sintering 

and softening fr~m about 140°. Several recrystallizations frum aqueous 

alcohol did not change this abnormal behavior • .An analytical sample, which 
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was prepared by Mr. Rapport by recrystallization from water, melted 

with effervescence at 151°. 

Anal. Calcd. for CeH10N4o2s (202.2): c, 35.54%; 

for C6H10N402S•~O (220.3): c, 32.7z{,; 

Found: c, 32.95%; 

The Preparation of ¥~drozybutyryltauryl-

2-eminopyrimidine 

H, A. 98d!.o· • -• f , N, 

H, 5.49~i; N, 

H, 5.1~; u, 

Two general procedures have been described in the literature for 

carrying out condensations of pantolactone with amines to give amides. 

One is the neat condensation of the two reactants at an elevated 

temperature, and was first employed by Williams20 in his initial 

27. n;i. 

25.44%. 

25. 31%. 

synthesis of pantothenic acid. The otber, introduced by Reichstein21, 

employs a solvent r7ith lower temperatures and a lo:nger :period of heating. 

Both methods have been used extensively ~y the various authors mentioned 

in the introduction to this section for the preparation of analogu.es 

of :pa.ntothenic acid. The former method has given good results in the 

majority of cases investigated in this laboratory and was used here. • 

The material from this reaction was not crystallized and some doubt 

may exist as to whether the desired compound was obtained, especially 

in view of the difficulties later encountered in preparing the pantoyl 

compound. The fact that the fusion mixture was completely soluble in 

absolute ethanol seemed to indicate substantial canpletion of the reaction, 

since one of the starting materials, tauryl-2~inopyrimidine hydrate, 

was insoluble in this solvent. The high yield obtained served as 



16 

confirmation, since any unreacted lactone should have been removed by 

the ether extraction giving a smaller amount of oil. 

Y-H.ydroJ-:;ybutyryl tau.ryl....2-a...11inopyr~idine ( SN 3276). - In a test­

tube were placed 5.63 g. of tauryl....2-aminopyrimidine hydrate and 3.87 g. 

of Y¾droxybutyrolactone. The tube was heated in a water bath at 100° 

for six hours, during which time the solid slowly liquified giving a 

thick oil. After cooling the oil was extracted thoroughly with etlzyl 

ether to remove unreacted lactone, and then dissolved in hot absolute 

ethanol. On cooling no solid came out, indicating the absence of any 

unreacted amine hydrate which is extremely insuluble in ethanol. The 

ethanol was removed in vacuo to give a pale yellow oil which was dried 

to constant weight in a vacuuin desiccator. It weighed 7.6 g., 10~, 

and was hygroscopic. For biological testing it was made up in an aq1.1eous 

solution containing 333 mg. of amide/ml. of solution. 

The Preparation of d-lf-{Pantoyltauryl)....2-arninopyrimidine' 

This compound was prepared by the method of direct condensation 

between l-j?antolactone lll• and tauryl....2-€minopyrimidine lzydrate, before 

the latter was shown to be a hydrate. A poor but substantial yield of 

the desired product was obtained • .Attempts to repeat this reaction on 

a larger scale led to total failure, as it was possible to isolate 

from subsequent·runs only hygroscopic, filmy solids, or else the 
j 

byproduct mentioned below. Because of this the synthesis was 

"1ie letters d and 1 are used only to denote the sign of the rotation 
of polarized light by the compounds, and do not LlilplY anything about 
the configuration. 

**This lactone was given to us by Merck and C~npa,n;f. 
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tempora1·ily dropped, in so far as preparing material for test was 

concerned. 

The :problem was subsequently reinvestigated by Mr. Rapport, and 

on the basis of his results it is possible to explain the difficulty 

of repeating the initial synthesis. He showed that condensation could 

only occur between the lactone and the free base after the latter had 

lost its water of hydration. Since de~.ydration of the amine led to 

its partial decomposition it was necessary to carr-:1 out the dehydration 

under strictly controlled conditions. His method of s;ynthesis called 

for deh~rdrating the base at a given temperature for a stated. period 

of time which caused partial dehydration, followed by condensation. of 

the partly decomposed material with pantolactone. In one instance he 

isolated some product from a fusion mixture of amine hydrate and 1-

pantolactone, but the yield was very small. Evidently the production 

of the desired material in such a case depends very critically on the 

cond.i tions of heating. 

In several of the reactions which failed to give the desired 

product there was isolated an interesting bYJ?roduct which meltea. at 

the same point as tauryl~-a:"'!linopyrirnidine hydrate, without the de­

composition characteristic of the latter's melting. T"ne best empirical 

formula from the analytical data was that of tauryl-2-eminopyrimidine, 

but it failed to give the strong ninhydrin reaction which was given by 

all the tauramide derivatives prepared. 
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9 
d-N.,,...(Pantoyltauryl)-2-eminopyrimidine (SN 7293). - Six gTams 

of taur;yl-.2--aminopyrL"lliciine anc1- 4.50 g. of 1-.pantolactone were 

mixed well and heated for one hour at 130-135°. The mass became 

liquid. D1.1.ring this · period the temperc,ture of the bath was raised 

to 145° for several minutes, and a gas was evolved. which caused an-

hydrous copper sulfate to turn blue. For two and one-!'.alf additional 

hours the mass was heated at 100°. 

The melt was taken up in 20 ml. of ethanol, and the solution 

noured into 250 ml. of dry acetone, precipitating a quantity of 

white, GUJl1IllY material. This was removed by filtration, ana. appeared 

to be very hygroscopic and. sensitive to air. The mother liquors on 

treatment with ether yielded a little more of thif! gum. A second 

addition of ether to the mother liquors caused a vrhite crystalline 

solid to come out slowly, which proved to be d~2-(pantoyltau!"Jl)-2-

. aminopyr:i.midine. It weighea. 1. 44 g., a yield of 16'%. A sample after 

several recrystallizations from an ethanol-isopropyl ether mixture 

Anal. Calcd. for C12H20N405S (332.4): c~- 43.35%; H, 6.07;; ; :N, 16.86;&. 

Found: c, 43. 76%; H, 5.89%; H, 10,. .:i.., 4c/. . - /-' • 

[Ct] ~30 = 23.6° (21.9 mg. in 1.99 ml. of water). 

W'nen attE!Ilpts to repeat this synthesis failed the condensation 

was tried using methanol, ethanol, cellosolve, butanol, dioxane, aceto­

nitrile, and P"Jridine as solvents. With each solvent except P"Jridine 

no reac_tion occurred; with :pyridine it was impossible to isolate 

anything from the dark-colored solution obtained. 
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In subsequent attempts at neat condensations the only material 

which could be isolated in a crystalline condition was a white 

solid, m.p. 150-153°, which resembled the desired product in its 

method of isolation and solubility properties. An aqueous solution 

did not rotate the plane of polarized light. An analytical sample .. 
gave C, 36.4%; H, 5.16%; N, 25.53~. Calculated for tau..71-.2-amino-

~yrimidine, C5H10N4o2s (202.2): C, 35.6%; H, 4.99%; N, 27.7%. This 

compound gave no test with ninlzydrin and sodium acetate, while 

tauryl-.2-a.~inopyrimidine hydrate gave a strong purple color. 

The Preparation of d-N--Pantoyl-f3-eminoethylphenylsulfide 

This compound was prepared in the usual fashion by a neat con­

densation between 1--_pantolactone and p-eJninoethylphenylsulfide. The 

hydrochloride of the latter compo1.md has been described in the liter­

ature by Gabriel and CoJ.man22, who prepared it by condensing /3-

bromoethylphthal:i.mide with sodium thiophenolate, · and bydrolising off 

the phthalyl rest. The synthesis described below, which is much 

quicker and. simpler, was suggested by the preparation by Barnett14 

of ~-eminoethylmercaptan by a similar reaction between etbylenimine 
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T.ne product of the condensation was an oil which was impossible 

to crystallize. It was purified by a method sin1ilar to that employed 

by Woolley-23 in his synthesis of ~henyl pantothenone, that is sol­

ution in an organic solvent and extraction with water and dilute 

acid to remove unreacted starting materials. The analysis and rotation 

obtai~£d on the oil subsequent to removal of the solvent indicate 

that it was essentially pure. 

S-.Aminoetbyl-phenylsulfide hydrochloride. - Ethylenimine was 

prepared. as described by Wenker24• To a solution of 77.0 g. of 

thiophenol in :?DO ml: of absolute ethanol was added dropwise 30.0 g. 

of etbylenimine over a five-minute period. The solution was cooled 

in an ice bath as the reaction generated a good deal of heat. Du.ring 

the addition a white solid crystallized out, but this redissolved 

before the reaction was complete. After the addition aIL'l-Jyd.rous hydro-

gen chloride was passed into the solution until it was acid to Congo 

paper. On cooling ~-eroinoetbylphenylsulfide hydrochloride C!'"IJstallized 

out ih white prisms. It melted in an anomalous fashion, half liquify-

ing to a glass from 109-116°, and then remained unchanged till 162-163° 

where it melted to a clear liquid. Gabriel and Colman describe this 

can.pound as sintering from 110-120 ° and melting at 160-161 °. That this 

is not due to solvation is indicated by the analytical data, since a 

purified sartlple showed the e:x:nected value in an ionic halogen determination. 

Anal. Calcd. for CaH1aNSCl (189.5): 01-, 18.69%. 

Found: Cl-, 18.84%. 
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The product weighed 103. 7 g., a yield of 787&. 

S..Jwinoet;hylphen.ylsulfide. - To prepare the free base 30.0 g. 

of the amine hydrochloride was dissolved in 100 ml. of absolute 

methanol. One equivalent of a solution of sodium methoxide in methanol 

was.added, and the precipitated sodiu.,.~ chloride was filtereQ off. The 

solvent was removed in vacuo, the residual oil was taken u:p in isopropyl 

ether and filtered from an additional quantity of salt, the solvent 

was again removed, and the oil was a_istillec. in ~• There was ob­

tained 17.1 g., 71%, of a colorless liquid, b.p. 90-B5°/0.18 mm. It 

could be reconverted to the amine hydrochloride indicating no decompo­

sition had occurred on distillation. 

d4!-Pantoyl::f3-€minoethylphen,ylsulfide (SN 13592). - To the 17.1 g. 

"'' of free base was added 16.0 g., a 1016 excess, of l4?e,ntolactone, and the 

mixture was maintained at 105° in an oil bath for five hours. It im­

mediately formed a clear melt. After cooling the melt was taken up in 

100 ml. of reagent benzene and extracted Yri th two 25--ml. portions of 1% 

hydrochloric acid and then with successive portions of water till the 

aqueous extract gave no opalescence on basification. The benzene layer 

was dried with socUum sulfate and the benzene was removed by distillation 

.ill vacuo under nitrogen. To remove the last traces of solvent, the 

residual oil was kept at 100° a....'ld 0.05 mm. for two hours. This left 27.8 g., 

88%, of a light green oil, very stiff and viscous at room temperature. It 

was completely insoluble in water, soluble with difficulty in isopro:pyl 

ether, and. easily soluble in methanol and ethanol. Tb.e rotation of a 
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sample dissolved in methanol was determined ana. ge,ve [ ex. ] 
230 = 43.1 ° 
D 

(0.752 g. in 25 ml. of methanol solution). Since the rotation of 

the original lactone was negative this confirms the fact that condensa­

tion had taken place. A sample of the oil was analysed and gave the 

fo~lowing results. It lost 1% on drying to constant weight before 

analysis. 

Jl.nal. Calcd. for C14H21N03S (283.4): c, 59.31%; H, 7.47%; N, 4.93%. 

Found: c, 58 6.41... • -=;-, E, 7 .471&; N, 4.80~~-

To check the structure of this ccrnpound a sample was hydrolysed. 

In 10 ml. of o.5 N hydrochloric acid was placea. 3.4 g. of the oil. 

It was insolu.ble, but went into solution in about twenty minutes when 

the suspension was refluxed. After two and one...;balf hours of heating, 

the solution was cooled a.~d extracted thoroughly with ethyl acetate. 

On evaporation the ethyl acetate solution was found to contain 1.67 g. 

of 1-,;>antolactone. The aqueous solution was concentrated to dryness 

in vacuo~ the residual oil was ta.~en up in ethanol a..~d allowed to 

crystallize. There was obtained 1.20 g. of ~--a.ainoethyl:phenylsulfide 

hydrochloride, melting as described previously at 105-110° and 

155-158°. 

The Preparation of d-N-Pantoyl-f3-aminoetbylphenylsulfone 

The base required for this synthesis, ~~minoethylphenylsulfone, 

was :prepared. by Mr. Rapport by oxidation of ~-eminoethylphenylsulfide 

hydrochloride with potassium permanganate. It has been previously 

described by Gabriel and CoL~an22, who prepared it by the reaction of 
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p--0romoethylphthalimide with sodiurn benzenesulfinate, followed by 

hydrolysis of the :phthalyl rest. The preparation of the free 

base and condensation were carried out much as recorde9- for the 

sulfide, except that the distillation of the free base was omitted 

when it was found that the final product was easy to purify. 

~~~toyl::/3-a.'1li~oetgvl·pl1;e_nylsulfone (.SN 13594). - Nineteen 

and five-tenths grams of the hydrochloride of p-€ninoethylphenyl­

sulfone was dissolved in 80 ml. of anbydrous methanol, and a solution 

of 1.95 g. of sodium in methanol was added. The precipitate of 

sodiurn chloride was removed by filtration, and the methc.-mol stripped 

off .!E:_ vacuo under nitrogen. To the oily free base was added 15.0 g. 

of 1--pantolactone, and the mixture was heated at 110° for five hours. 

(In a prelL~inary experiment the free base was distilled; p-,smino­

etl:"i..ylphenylsulfone came over at 149-152°/ 0.1 mm. with a good deal of 

loss due to decom:posi tion.) 

The melt was allowed to cool anc1 taken up in 60 ml. of absolute 

ethanol. The solution was filtered fran a small amount of sodium 

chloride, heated to boiling, r\nc i'. .J--; :".'o:ql ether added until crystal­

lization appeared imminent. The volu..~e was then about 350 ml. 11he 

first material to come out of solution was brown and gum.my, and the 

mother liquors were decanted from this and cooled further. The product 

came out as gleaming white plates, m.Ji~ 103-104.5° in a yield of 19.9 g., 

7~. For purification this was j1laced in a SoY..hlet e:dractor and extracted 
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with ~DO ml. of isopropyl ether. ~~e product was carried down into 

ths boiler and crystallized out in colorless plates; about one gram 

of salt and brown gum was left in tho thimble. The cr,tstals weighed 

18.5 g., and melted at 105.5-106.5°. 

Found: 

The optical·rotation was determined in methanol. In 25 ml. of methanol 

solution 0.827 g. in 

tion of +2.62°. (a.] 
a 20 cm. polarimeter 

27° = +39.6°. 
D 

tube gave an observed rota-

~ne Preparation of d-N-Pantoyl-j3-a.~inoetbylphenylsulfoxide 

~-A>ninoetbylphenylsulfo.xide hydrochloride which was required for 

this synthesis was prepared by oxidizing the corresponding sulfide 

hydrochloride with hydrogen peroxide, after the manner of Gadzer and 

Sniles25• Mr. Rapport in his first preparation of p--aminoethylphe:nyl­

sulfone hydrochloride, by oxidation of this same sulfide ~rdrochloride 

with potassium permanganate, had used less than one equi~alent of the 

oxidizing agent, had isolated this sulfoxide as a by:product in a 12% 

yield, and h.&d hac. it analysed; the ccrnpound obtained by hydrogen 

peroxide oxidation was identical with his analytical sample. The con­

version of this salt to the free base went smoot~.J..y, but when an attempt 

was made to distill the free base an extensive alteration in the molecule 

occurred. A distillate was obtained which was insoluble in acid and 

analysed for an empirical formula of c16H14os2; this formula corresponds 

to two molecules of free base, less two molecules of ammonia and one 
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of water. Its character was not further investigated. 

Purification of the final compound presented great difficulties. 

It will be noted that the free base contains an unsymmetrical 

sulfoxide grouping and should therefore be capable of resolution. 

In a condensation with an optically active lactone the product should 

be a mixture of two diastereoisomers. For this reason, as well as 

because of the usual difficulties encountered with these c~~pounds, 

the crystallization of the product was not accomplished. Solution 

of the product in an organic solvent and extraction with aqueous base 

and acid was prohibited by the unfavorable value of the distribution 

coefficient of the product between such solvent pairs. T'..ae final 

purification was effected by dissolving the reaction mixture in water, 

maJ.~ing the solution acid, and extracting the solution continuously 

with ethyl ether. As the lactone is quite soluble in ether, it was 

extracted rapidly. The rotation of successive extracts was deter-

mined at frequent intervals and when the value went from negative to 

positive it was assumed that extraction of lactone was essentially 

complete. A new ethyl ether extraction was then continued for twenty­

four hours, rEmoving the product into the ether pot. T'ne product so 

obtained gave a satisfactory analysis and had a strong positve rotation, 
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comparable with that of the sulfide and sulfone. It·' should be noted 

that this procedure might produce some fr2.ctionation of the two 

diastereoisomers, so it is not correct to assume that they occurred 

in equal amounts in the material submitted for testing. 

S-..4minoet~lphe;nylsulfoxide b,.ydrochloride. - In 90 ml. of water 

was dissolved 34.0 g. of ~-aminoetbylphenylsulfide byd.rochloride, and 

22.5 ml. of 30% hydrogen peroxide was added. The solution was warrned 

on a steam bath for four and one~lf hours. The water was stripped 

off E vaCU;~; the residual yellow oil crystallized. The solid was dis­

solved in 250 ml. of boiling absolute ethanol, concentrated to 100 ml., 

and allowed to cool. There crystallized out 26.8 g., 73%, of white prisms, 

• 0 m.p. 156-158 • A mixed melting point of these crystals with an analytical 

sample of ~-en1inoetbylphenylsulfoxid.e bydrochloride ,repared by Mr. Rapport 

gave no depression. 

Found: 

d~-Pantoyl::{3--iU!linoetbylpp.eeylsulfoxide ( SN 13593). - Twenty-six 

grams of the sulfoxide hydrochloride was dissolved in 100 ml. of 

methanol, and to the solution was added a solution of 2.70 g. of .sodium 

in .100 ml. of methanol. The sodivm chloride was removed by filtration 

and the methe.nol was distilled off _m vaau.o under nitrogen. 

In a preliminary experiment the oily free base was distilled. It 

cmne over at 155-160°/0.15--0.25 mm. and crystallized in the receiver. 

The distillate after recrystallization from absolute ethanol melted at 

59--60 °. 
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Fotmd: 

It was insoluble in dilute acid, al though the h;?fu·ochloride of ~-emino­

ethylphenylsuifoxide was quite soluble in water. 

To the viscous residue remaining after removal of the solvent from 

the free base was added 30.0 g. of l~antolactone. The mixture was 

heated for eig..riteen hours at 100-105°. The melt was taken u.p in 200 ml. 

of water, brought to pH 2 with dilute hydrochloric acid, treated with 

N0rite, and placed in a continuous liquid extractor. It was extracted 

with etbyl ether for varying :periods, the extraction being interru:pted 

fron time to time to examine the material in the ether solution. This 

data is tabulated as follows. 

Extract Period of ,Weight Specific Comments 
Mo. Extraction Extracted Rotati-On 

1 1.5 hr. 4.3 g. -.39. 5° Crys ta,11 ine, :pure lactone 

2 2.0 hr. 8.3 g. -1s.2° Mainly lactone 

3 1.5 hr. 4.1 g. -10. 7° Mainly lactone 

4 1.5 hr. 1.8 g. - 3.7° Lactone mostly gone 

5 1.3 hr. 2.9 g. + 3.6° Mainly product 

6 1.5 hr. 1.5 g. + s.s 0 Mainly product 

7 1.5 hr. 1.1 g. +14.5° May be pure product 

8 23 hours 19 .. 3 g. +41.5° Sent in for test 

The product obtained in this ,eighth extraction was a :pale yellow oil 

which was very viscous at room temperature. An analytical sample lost 
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4.25% of its weicht on drying, probablJr representing solvent. It 

gave the following analysis. 

Anal. Calcd. for c14H21N04S (299.4): C, 56.16%; H, 7.07%; N, 4.68fo. 

Found: 

A sample prepared by this method in a , preliminary experiment gave 

C, 55.86'Jb; H, 7.71~; N, 4.44-'fa. This is a yield of 517b based on the 

amine hydrochloride. 

To check the str-1..1.cture of the product a sample of it was hydrolysed. 

In 25 ml. of water was dissolveci 2.84 g. of. the oil and 2 ml. of con­

centrated J.,.ydrochloric acid was added. The solution was refluxed for 

twenty hours, and then extracted with ethyl acetate; from this extract 

was recovered 1.10 g. of 1-rJantolactone. The aqueous solution was 

evaporated to drrness 1£ vacuo, the crystalline resid.ue was dissolved 

in absolute ethe.nol, and on cooling 1.12 g. of ~-aminoetliylphenylsu.lfoxid.e 

hyd.rochloride crystallized out. This mel tea. at 156.5-158° and gave no 

melting J?Oint depression when mixed with a sample of the original sul­

foxide hydrochloride used. 

The Preparation of d-N...Pantoyl-!3-r.;aI!linoetJ.,.yl-p­

chlorophenylsulfide 

The amine hydrochloride required for this synthesis was prepared by 

the series of reactions outlined. below. The first two steps were 

carried out by Mr. Rapport, using the preparation of thiopheno126 as 

a model. 
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The reaction between p-chlorothiophenol and ethylenimine proved to 

be very satisfactory. ~ne amine hydrochloride showed the same ~eculiar 

type of melting point behavior exhibited by the unchlorinated analogue. 

In place of converting the amine hydrochloride to the free base under 

anhydrous conditions as in the previous cases, it was done, as described 

below, in aqueous solution. The condensation of this base with 1-

pantolactone and. the isola,tion of the product were carried out as usu.al. 

The purity of the condoosation product submitted for testing is shown 

by the analytical data on it and by its behavior in crystallizing after 
... 

standing for some time. 

l3-iAminoeth;yl::1)-chlorophenylsulfide hydrochloride., - In 300 ml. of 

absolute ethanol was dissolved 34.7 g. of p-chlorothiophenol. To the 

solution over a ten-minute period was added 11.2 g. of ethylenimine. 

An exothermic reaction occurred. and the solution was cooled • .After 

standing for ten minu~es more, the solution was made acid to Congo 

paper with concentrated hydrochloric acid and placed in the cold room. 

The product crystallized out in thick white platelets and weighed 26.5 g., 
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49~. By concentration of the mother liquors a second crop of 19.3 g., 

36~, was obtained_. This solid melted at a gel at 147-152°, remained 

unchanged on further heating, and finally melted at 231-233° • .An 

analytical sample recr,y-stallized from ethanol softened to a glass at 

151-155° and melted at 230-232°. 
# 

Found: C, 43.08%; H, 5.17%; N, 6.20. 

d-N~antoyl--§-aminoet&l""'P-chlorophenylsulfide ( SN 14799). - A 

sample of amine hydrochloride was recrystallized twice from absolute 

ethanol and used in this preparation. Twelve and four-tenths grams of 

purified hyd.rochloride was dissolved in 100 ml. of water, and 2 solution 

of 3 g. of sodium hydroxide in 20 ml. of water was added. A white oil 

came out of the solution, which was ta.ken up in 100 ml. of ethyl acetate. 

The acetate solution was dried with sodium s11J.fate and the solvent was 

rem~red ~ vacuo in a tared flask. ~.ae oily residue weighed 10.0 g. To 

it was added 10.0 g. of l~pantolactone, the air in the flask was swept 

out with nitrogen, and the flask was stoppered and placed in an oil bath 

at 90° for four hours. 

The resulting oil was taken up in 200 ml. of reagent benzene, and 

the solution was thoroughly extracted with dilute sodium hydroxide, with 

dilute hydrochloric acid, and then with water. ~.ae benzene was removed 

ill vacuo in a tared flask under nitrogen. To rem~,e the last traces of 

solvent the residual oil was heated at 85° at 0.2 mm. for two hours. The 

yellow thick oil left weig_~ed 13.0 g., a yield of 74%. This oil was sent 

in for biological testing. 



31 

A sample of the oil was submitted for analysis. 

Anal. Calcd. for C14H20N03SC1 (317.8): C, 52.90%; H, 6.35%; N, 4.41%. 

Found: 

The optical rotation of a sample in methanol was determined; 0.767 g. 

in 25 ml. of methanol solution in a 10-<:m. polarimeter tuJ)e gave an 

[ ,..]200 --observed rotation of +1.28°. ~ +36.8°. 
D 

.After standing for several weeks this oil crystallizect completely 

to give a light yellow solid, m.p. 56~8°. 

The Preparation of d-11....Pantoyl-p~~inoethyl-p­

chlorophenylsulfone 

An attempt was made to oxidize ~-w"1linoethyl-p-chlorophenylsulfide 

hydrochloride to the sulfone hydrochloride by the method employed by 

Madinaveitia et .e1:,. 17 in oxidizing phthalyl derivatives of such 

amines from sulfides to sulfones, namely oxidation by hydrogen ~eroxide 

in glacial acetic e,cid. The method worked, and the desired product was 

obtained and analysed, but the yield was small, and the product was 

quite impure. Therefore recourse was had to the method of oxidation 

employed by Rapport in the case of the unchlorinated su.lfone, oxidation 

with potassium permanganate. 

Converting the amine hydrochloride to the free base was done in the 

manner used in the previous preparation. When the amine hydrochloride 

dissolved in water was treated with sodium }1..ydroxide at room temperature 

an oil was precipitated which cryst~llized on cooling. These CI"Jstals 

appeared to melt around 30°, but after thoro~h drying the melting 

point was raised to 70°. It seems likely that the base formed a low 
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melting, easily dissociated hydrate. 

The condensation between the lactone and the free base probably 

was as satisfactory as in other cases, but the difficulties in working 

up the product led to a low yield. The material from the condensation 

was dissolved in ethyl acetate and washed with acid and base to remove 

unree,cted materials. .Apparently thefinal compou..."1.d was soluble enough 

in water so that this produced significant losses. The unfortunate 

choice of calcium chloride as a drying agent for the ethyl acetate sol­

ution apparently led to loss of material, and caused the product to be 

contaminated with ash, so that a second purification was necessary, 

further lowering the yield. The product was submitted for testing in 

ethanol solution since attempts to cau~e the oil to crystallize had 

failed. No sooner was the solution in the mail then the analytical 

sample began to crystallize. Using seeds the product obtained in a 

prelL~inary condensation was caused to crJstallize; in any future 

preparation use could be made of this to crystallize the whole product 

and doubtless greatly increase both the yield and the purity of the 

compound. 

S-llminoethyl-p-chlorophe;ny-lsulfone hydrochloride. - In a preliminary 

e2'.1_'.)eriment 2.0 g. of ~-eminoethyl-p-chlorophenylsu.lfide hydrochloride 

was oxidized with hya.rogen peroxide by the method of Madinaveitia tl §1. 17 

There were obtained 0.8 g. of impure crystalline material, m.p. 210~15°. 

An analytical sam.ple after three recrystallization from ethanol melted at 

218-,319°. 
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Twenty grwns of sulfide hydrochloride was dissolved in 160 ml. of 

water and cooled in an ice-salt bath, causing the amine hydrochloride 

to crystallize out and form a slurry. A solution of 18.8 g. of potas­

sium permanganate and 9.7 ml. of concentrated hydrochloric acid in 500 

ml. of water was added dropwise with stirring over a three-hour period, 

during which the temperature of the reaction mixture was maintained below 

o0 • The mixture was ·allowed to warm to room temperature ancl stanct 

overnight. 

The preci:pi ta tea_ manganese dioxide was filtered off, and. then ex­

tracted with 500 ml. of hot water. The filtrate and washings were con­

centrated ,m vacuo leaving a white crystalline residue. One hundred mil­

liliters of ethanol was added, and removed in~- The residue was 

extracted with 500 ml. of hot ethanol and filtered. free of potassium 

chloride. A second extraction was performed, and the combined extracts 

were concentrated to 350 ml. On cooling, 14.9 g. of the sulfone hydro­

chloride crystallized out, which melted at 216-.218°. Concentration of 

the mother liquors gave a second crop weighing 2.6 g. and melting below 

195°. The yield of first crop material was 66%. 

S-.Aminoetbyl--p-chloro1)he:uylsulfone. In a preliminary experiffient 

7.6 g. of sulfone hydrochloride was dissolved in 20 ml. of water, and a 

solution of 3.0 g. of sodh:im hyclroxio.e in 20 ml. of water was added. A 

colorless oil caine out. When the mixture was placed in the cold room the 

oil crystallized to form beautiful white plates. These were filtered off. 
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After air drying the plates appeareo. to melt at about 30°. On 

standing overnight in a desiccator over phosphoric a:nJiydride the 

crJstals changecl into e,n oil w·hich crystallizeci on scratching to 

give a white solid., m.p. 65-66°. On contact with water this solid 

changed to an oil which could be cm.1.sec1 to crystallize again by 

cooling to O 0 • A sample of the 66°--melting material was conver'ted 

to the amine hydrochloride in quantitative yield. with alcoholic li..ydro­

gen chloride, proving it was actually the free base. A sample was 

recrystallized from ethyl acetate; it melted at 79-80.5°. 

d-N-Pantoyl:f.3-eminoet;hyl-p-chlorophen;ylsulfone ( SN 13595),. One 

gram of this crystalline free amine was condensed with 0.65 g. of 1-

pantolactone at 95-100° for four hours. The resulting colorless oil 

was dissolved in ethyl acetate, and the solution was extracted with 

dilute acid.. After re.moving the solvent the residual oil was placed 

in an icebox. Various attempts to cause it to crystallize failed, 

until the crystalline material mentioned below became available. 

The large-scale preparation of the :pantoylsulf one was carried 

out using 17. 4 g. of twice recrystallized sulfone hydrochloride. 

This was a.issolved in 100 ml. of water and 5.0 g. of sodium hydroxide 

in 20 ml. of water was added, both solutions being 2-t 5°. A large 

crop of white platelets came out immea.iately on mixing the two sol­

utions. These were filtered out and dried in a vacu.1un desiccator in 

the cold room. Af.ter the product was thoroughly dry it mel tea. to a 
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glass 2.t 69-72° and 'Ghen changed little on heating further; appar-

ently it contained some inorganic impurity. It weighed 13.0 g., 

87%. 

To this materie,l in a flask-was add.ed 8.5 g. of l~antolactone. 

The mixtu.re was heated four and one-half hours at 95-100°. The re­

sulting oil was dissolved. in 100 ml. of ethyl acetate and extracted 

successively with three 30-ml. portions of cold 5% sodium :hydroxide 

solution, three 20-ml. portions of cold. 576 byd.rochloric acid, and tbree 

30-ml. :portions of cold water. The etbyl acetate solution was finally 

dried over calcium·chloride and ·sodium sulfate, and the ethyl acetate 

was removed .ill vacuo m1der nitrogen. 

The residue was a white foam, which was freed of solvent as far as 

:possible by heating it to 100° at 0.5 mm. for some time. The foam, 

which weighed about 10 g., became hard and easy to hand.le,although it 

was sanewhat :hygroscopic. 1m analytical sample of this was found to 

contain 10% ash; hence it was necessary to purify it further. To do 

this the foam was again taken up in ethyl acetate, and the solution 

was reextractea. with two portions of water. This time the ethyl acetate 

solu~ion was concentrated .ill vacuo without any o.rying. The residue was 

a clear yellow oil, which was freed of solvent by heating at 0.2 mm. and 

100° for several hours. A sample of this was submitted for analysis. 

It lost 1.~& on drying to constant weight: the analytical figu.res on 

an undried sample follow. 

lmal. Calcd. fer c14H20N05SC1 (349.8): C, 4.-B.061b; H, 5.76%; lT, 4.0o%. 

Found: C, 48.677°~; H, 6.1~; N, 3.89%. 
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This residue weighed 6. 5 g. The optical rotation of a sa.·aple 

was determined; 57 .• 7 mg. in 2.0 ml. of methanol solution gave a 

rotation of +l.23° in a 10-cm. polar:L-neter tube. [a,] 230 = +36.3°. 
D 

Six and five=-tenths grams of _this oil was dissolved in redistilled 

et:r...anol, the voltune of the solution being 19. 5 ml. This solution 

was submitted for test. 

On standing for several days the analytical sample of this oil 

crystallized. These crystc,ls were used tb seed the product of the 

:preliminary rLlll mentioned. above, which imrnea_iately completely c~-stal­

lized. This solid could be recrystallized from a large volume of iso­

propyl ether, from which it carne out in rosettes of colorless crystals, 

thin, elonga~ed platelets under the microscope. These melted at 

103-105°. To recrystallize the main portion of this material it was 

:placed in a Soxhlet extractor and treated with ethyl ether; it came 

out as nice crystals in the boiler. 
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II. TEE PREPARATICU OF SOME SUBSTITUTED N1-PHENYLSULF.ANIL.AMIDES 

INTRODUCTION 

At one time considerable attention was directed towards the use 

of drugs of the sulfanilrunide type as antimalarials, stimulated by 

the observation of Coggeshall and Maier1 that rhesus monkeys in­

fected with~- Knowlesi can be completely cured with sulfanilamide, 

and the work of Coggeshall, Maier, and Best2 on the use of drugs of 

this sort in human malaria. Dtu:ing this period a number of J_ 
phenylsulfanilamides were prepared. on Dr. Koepfli 1s project. 3 In 

this thesis the syntheses of N1~3,5--dibromo-4-aminophenyl)-sulfanil­

amide and N1-(.3,5--dibromo-4-methylaminophenyl)-sulfanila~ide are 

reported. 

The procedure employed in both cases was that described specifical­

ly by Long and. Burger4 and followed the general plan which has been 

used in the large nu.'llber of sulfanilamide syntheses which have been 

cari·ied out in recent years. The appropriate amine was condensed with 

acetylsulfanilylchloride and the acetyl group w~s removed by hydrolysis, 

utilizing the much more rapid hydrolysis -of carboxylic acid amides 

compared to sulfonamides. 

In the case of the first compound. mentioned. above the a.mine 

employed. was 3, 5--dibr-amo-4-acetaminoaniline which was prepared by 

Dr. Mead using the reactions shown.. The amino group in the 4-:Position 

was acetylated to prevent it from condensing with the sulfonyl chloride. 



NOz 

+Brr~ 
13~:Br 

NHz 
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.After the condensation vd th acetylsulfanilylchloride, this blocking 

group was quite resistant to hydrolysis. Whereas the acetyl group 

in the N44?osition was removed by one and one--1'..alf hours of refluxing, 

it required about ten hours for the complete removal of the acetyl 

rest on the 41 -aniino group. This was attributed to the presence of 

two bromine atoms ortho to the aceta."Ilino grouping. 

:pyridine 

H+ ) 
1.5 hrs. 
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It was suggested by Mr. John Maynard that this second acetyl 

group probably was not necessary since the steric effects hindering 

hydrolysis would destroy a:ny tendency for the 4~:mino group to 

condense with acetylsulfanilylchloride. To test this hypothesis he 

prepared a sulfonamide by condensing acetylsulfanilylchloride with 

2, 6-dibromo-p-:fJhexiylenediamine and, after hydrolysis, obtained a 

product in a better yield with less trouble which was identical with 

the final product of this synthesis. 

pyridine 
) 

Maynard in his synthesis obtained a monoacetyl derivative of the 

final product in which the acetyl group must have been on the N4-position. 

T"nerefore there can be no doubt that the monoacetyl derivative which was 

isolated as an intermediate during the hydrolysis described here was the 

compou..'l'la. with an acetamino group on the N1-'_Phenyl ring. 

The preparation of N1-(3,5-dibromo--4-metbylaminophe:nyl)-sulfanilamide 
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came about unexpectedly. An attempt was being made to prepare 4-

nitro....3, 6-dibromo-N,N-dimethylaniline to be used for the synthesis 

of N1-( 3, 5-dibromo~imethylaminophenyl)-eulfanilamide. The 

methylation of 4-nitro-2,6-dibramoaniline with methyl sulfate as 

described by Evans and Williams5 for the methylation of p-nitro­

aniline f ailed. The formaldehyde-formic acid method described by 

6 Clark et & for the metbylation of 2,4,6-trisubstituted anilines 

would not work either. T'nerefore attention was direqted to the 

bromination of p~itro~T,N-dimetbylaniline. This aniline was prepared 

by a sealed-tube reaction between p-nitrochlorobenzene and dimetbyl­

amine. It has been prepared previously by the methylation of p~itro­

aniline and by the nitration of dimeteylaniline, but this method 

which was suggested by ]la,ny,.sma1 s 7 synthesis of p-ni tro-N-methyl­

aniline seemed to be simpler. 

It-was found, however, that when p-nitro-N,N-dimetbylaniline was 

brominated a methyl group was split out giving a monomethyl compound. 

This is analogous to the result reported by Fries8 during the bromination 

of dimethylaniline. The . 4-ni tro-.'3, 6-dibromo4J-metbylaniline obtained 

had been described by Blanksma7 who obtained it on brominating p-

ni tro-1:T-metl'>.ylaniline. The preparation of the sulfonanilaiuide from 

this compound thus unexpectedly obtained was undertaken since it would 

• fill in the series of 4-,.':U!lino compounds. In passing it might be of 



) 

Erh!r 

CH:Jllr : y : H2 

N02 

pyridine 
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interest to note that 4-ni tro-2, 6-dibromo-N, lil'-d.imethylaniline was 

finally prepared by Mr. Rapport in a sealed-tube reaction between 

4-ni tro-2, 6-dibromoiodobenzene and dimethylamine. 

None of the compounds prepared and tested in this series showed 

any significant activity as antimalarials. In addition to the regular 

screening.tests these compounds were tested for bacteriostatic action 

by Dr. Schmidt*. Their activity .ill vitro was equal to or greater 

than that of sulfathiazole against pneumococci, and less than that 

of sulfanilamide against Friedlander 1s bacillus. They were not as 

active 1E. Y1YE. against these organisms as sulfanilarnide. 

In view of the general picture of the mechanism of action of 

drugs of the sulfanilamide ty-pe now generally accepted, it was 

interesting to find t:b...at the bacteriostatic action of these compounds 

(as well as of the corresponding compounds with a dimethylamino group 

and a hydrogen in the 4-posi tion) was not reversed by :p-€Illinobenzoic 

_ acid. .A similar observation has recently been made by Kaplan and 

Leubner9• These results indicate that certain sulfonamides have a 

bacteriostatic action of a different sort from that of sulfanilamide. 

EXPERil1IENTAL 

N4""'6cetyl-N1::C3,5-d.ibromo-4-ecetaminophenyl)~ulfanilamide. - Ten 

grams of 3,5-dibromo-4-acetaminoaniline was dissolved in 50 ml. of dry 

*These tests will be described in the forthcoming monograph of the 
Survey on Antimalarial Drugs. 
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pyridine. Eleven and four-tenths grams of acetylsulfanilylchloride* 

was added slowly. The resulting solution stood several hours at 

room temperature and was then heated on a sterun bath for two and 

one..;J::i.alf hours. The pyridine solution was poured onto a mixture 

of ice and :hydrochloric acid and the precipitated solid worked free 

of pyridine. It was filtered, dried, and purified by being dissolved 

in 80 ml. of hot 2 N sod.ium carbonate ai1d reprecipitated with hydro­

chloric acid. This yielded 13.3 g., 81%, of a crnde product slightly 

contaminated with pyridine. A sample crystallized from ethanol and 

water melted at 236-.238°. 

N1:::(3,5--<libromo-4-acetaminophenyl)-sulfanilamide. Thirteen 
I 

and three-tenths grams of the crude diacetyl c~mpound was dissolved 

in a mixture of 100 ml. of 95% ethanol and 30 ml. of concentrated 

hydrochloric acid. The solution was refluxed for one and one-half 

hours, filtered into 100 ml. of water, and neutralized with rurn:nonia. 

On the addition of 300 ml. of water a white precipitate formed. 

The yield of this compound was 9.3 g., 76%. A sample after repeated 

recrystallization fro~ aqueous ethanol melted at 210-.213° and 

analyzed for a monoacetyl derivative of the desired product. 

Calculated for the free diamine c12H11N302SBr2 (421.1): C, 34.2'fa ; 

H, 2.63%. Calcula ted for a monoacetyl derivative c14H13N303SBr2 

(463.2): C, 36.3%; H, 2.83%. Found: C, 36.5%; H, 3.11%. N4~cetyl­

N1--{ 3, 5--<libromo--4-€minophenyl )-sulfanilamide prepared by Maynard 

*A generous supply of this mat erial was given to us by Merck and 
Company. 
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I 
N1 ::< 3, 5-dibromo-4-eminonhen.yl)-su.lfanilamid.e ( SN 3864). -

Eighteen and. seven-tenths grams of this monoacetyl derivative was 

hydrolysed by the same procedure, eight hours of refluxing being 

employed. This produced. 10.0 g., 60%, of a compound. melting at 

176-177° which was identical with the diamine obtained. by Maynard.. 

Found: 

p-Nitro-N,N-d:i.meth.ylaniline. Forty-four and eight-tenths grams 

of p-nitrochlorobenzene, 40 ml. of dimethylamine, and 200 ml. of 95% 

ethanol were mixed and sealed in four Carius tubes. ~tle tubes were 

heated slowly over a five...Jiour period to 160° and held there for three 

hours. On cooling, the yellow product C!"'Jstallized out. It was recrystal­

lized from 1.5 1. of ethanol yielding 41.6 g., 88%, of p-nitro-N,N,­

dimethylaniline melting at 163-169°. 

2,6-Dibromo-4-nitro-N--methylaniline. - Eight and nine-tenths grams 
( 

of p-nitro-N,N-dimethylaniline was suspended in 100 ml. of glacial acetic 

acid and a solution of 20 g. of bromine in 20 ml.,of glacial acetic acid 

was added slowly while stirring vigorously. The mixture was stirred one­

half hour at room temperature and one hour on a steam bath. A stream 

of air was passed through the suspension to remove excess bromine and 

the whole mixture was poured into 300 ml. of water. The precipitate was 

filtered and dried. It weighed 12.l g. On crystallizing from ethanol, 

5.0 g. of a product melting at 113-115° was obte,ined. lnanksma9 gives 
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113° for the melting point of this compound • .An analytical sample 

melting at 113.5-114.5° was prepared by crystallization from ethanol. 

Anal Cl d ~ CHON~~ (310 o' C ?7 1&. H 1 95d . :S 51 ,..,(1 • a c. r or 7 6 2 era • ,: , ~ . p ; , • p , r, •~• 

Found: 

On addi £ion of water to the mother liquors, a second product was 

obtained, weighing 5.8 g. and melting at 59-61°. Its nature was not 

investigated. The yield of t he desired product was thus 30~;. 

N1~ethyl-2,6-dibromo-p-phenylenediamine. - One gram of Raney 

nickel catalyst was ~.ydrogenated for ten minutes at 45 lbs. hydrogen 

pressure. · A solution of 10.3 g. of the nitre compound in 150 ml. of 

hot ethanol was added and the solution was hydrogenated for twenty 

minutes when the theoretical amount of hydrogen had been taken u,.~. 

The catalyst was filtered off, the alcohol solution concentrated, and 

water added to opalescence, whereupon t he amine crystallized out; 5.3 g., 

54%, of crude a~ine being obtained. A sample recrystallized from a 

benzene-petroleum ether solution melted at 103-104°. 

Anal. Calcd. for 07HgN~r2 (280.0): C, 30.0%; H, 2.8 67" ; N, 10.0%. 

Found: C, 29.9%; H, 2.91%; N, 10.0%. 

N4---e.cetyl-N1-(3,5-dibromo-4-meth.ylaminonhe&yl)~ulfanilamide. 

Eight and six-tenths grams of the amine was dissolved in 20 ml. of dry 

pyridine, and 8.3 g. of acetylsulfanilylchloride was added sl~vly • .After 

one hour of warming on a steam bath the resulting solution was added to 

crushed ice. On working out pyridine a brown solid resulted. This was 

f iltered, dried, and purified by dissolving in 30 ml. of 2 N sodium 

carbonate and reprecipitating with hydrochloric acid. This yielded 

14. 2 g., 92%, of a product melting a t 217-220°. A sample r ecrystallized 
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from aqueous ethanol melted at 220-e21.5°. 

Anal. Calcd. for c15H15N303SBr2 (477.2): C, 37.8%; H, 3.19%; N, 8.9%. 

Found: c, 38.4%; H, 3.15%; N, s.3%. 
N4-;( 3, 5-dibromo-4-metpylaminophem;l)-€ulf anilamide ( SN 3865). -

Thirteen and eight-tenths grams of the ace~yl compound was dissolved 

in a mixture of mo ml. of et~ol and 60 ml. of conc~ntrated hydro­

chloric acid. The solution was refluxed for one hour and poured into 

five volumes of ,'later. The resulting solution was neutralized with 

am.rnonia, precipitat'ing a brown solid. It was purified by solution in 

chloroform and precipitation with petroleum ether. The product 

weighed 10.0 g., 807t , and melted at 147-148.5° after recrystallization 

from a chloroform-ligroin mL~tu.re. 

Anal. Cal ed. for c13H13M302SBr2 ( 435.2) : C, 35. 9%; H, 3.01~~ ; N, 9. 7%. 

Found: 
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Table of Formulas for Section III 

Og 
N=C-R1 

l l II -

R ~NH-g yH 
0 N-C-~ 

R RJ. ¾ R R1 R2 
I H2N- :Br- H- XVIII 02N- :Br- H3C-

II H2N- :Br- H3C- XXI 02N::. C2H50... H3C-

III H~- Br- :Br- XXII 02N- HO- H3C-

VII AcNH- C2H5~ H3C... XXIII 02N- Br- H3C--

VIII H2N- HO- H3C-- XXIV H2N- C2H50- H3C-

IX AcNH- HO- H3C... XXIX 02N- H3C- H-

X .A.cNH- :Br- . H3C- XXX 02N- H3C- H3C-

XIV Ac11H- CH30... CH30... XXXI H- C~50... H-

x:v H2N- HO... HO- XXXII H- HO- H-

:t;=q-R1 
Q 09 H2N-Q 9,H V CH3-C-NH tCl 

N-C-R2 

R1 R2 o~Qtci VI ' C2H50... CH3- XVII 

XI HO- HO-

. XII Cl- Cl- 0V!-NH2 

XIII CH30... CH30... 
NH-C=O 

I I 

XVI Br- H3C- XXVI 0=0 CH 
I II 

XIX :Br- :Br-
NH-C-CH3 

xx 0~50- Il3C-. 
XXVII and XX.VIII: Structure unknown. 
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III.: S'i'UDIES ON SULFONkMIDOPYRIMIDINES 

INTRODUCTION 

As mentioned in the preceding section of this thesis, at one 

time drugs of the sulfonamide type were thoroughly explored for 

antimalarial activity. Sulfadiazine, 2-(p-aminobenzenesulfonamido)­

pyrimidine, was one of the most active and interesting members of 

this class. Therefore, a number of its derivatives were required 

for testing. To Dr. Koepfli I s group was assigned the problem of 

preparing the brominated analogues of sulfadiazire I. II, III, and 

IV. At the same time Dr. Nathan L. Drake and his collaborators at 

the University of Maryland undertook the synthesis of the analogous 

compounds in which chlorine replaced bromine. 

( I) 

R-w-t:r 
~=6-cH3 

( II) 

N-QBr 
R-~ ~H 

N=o:sr 

(III) 

R = Of I 

NH NH-
' 0 

!-~OH3 
R- Br 

= CH3 

(IV) 

Compound IV had been described in tha patent literature and was 

prepared again by l'vlr . J. T. Maynard, both by the condensation of 2-

amino-4,6-dimethyl-5-bromopyrimidine with acetylsulfanilylchloride, 
. 

followed by hydrolysis of the acetyl group and by bromination of 2-

(p-aminobenzenesulfonamido)-4,6-dimethylpyrimidine. The syntheses of 
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compounds I, II, and III were never carried out, although a great 

deal of time and effort was expended in the attempt. Dr. Drake 

and his group found it impossible to synthesize the analogous 

chloro compounds, so that until recently no compound with a p-a.mino­

benzenesulfonamido group in the 2-posi tion and a halogen in the ~ 

or 6-position ·of the pyrimidine ring had been prepared. In the last 

year Rose and Swain1 have described the preparation of 2-(p-amino­

benzenesulfonamido)-~:nethyl-6-chloropyrimidine; a discussion of 

their paper and its relation to the work -described here follows 

the experimental section. 

This thesis describes the general problems encountered in at­

tempting to prepare these compounds, and a portion of the experimental 

work done. In addition,a great deal of the pertinent experimental 

work was carried out by Mr. Rapport, Mr. Maynard, and Mr. Goldi!\g. 

The first attempt to synthesize one of these compounds was made 

by Mr . Rapport. He prepared 2-(p-a.minobenzenesulfonamido)-~methyl-

6-hydroxypyrimidine (VIII) and its acetylated derivative (IX) by the 

reactions shown, according to the directions of Sprague et al 2, and 

attempted to replace with bromine the 6-hyd.roxy group in either VIII 

or IX, using a variety of brominating agents and experimental 

conditions. He was unable to isolate either X or II in any of his 

reactions. iltogether he investigated about thirty different sets 

of condi ti. ons. 



(VII) 

(VIII) 

CH3-lNHQlNH-~-cBr 
8 N=tCH3 

(IX) (X) 

At this time Drake3 reported that he was having no success in 

replacing these and similar hydroxyl groups with chlorine. It 

appeared that the sulfonamido group in the 2-position deactivated 

these hydroxyl groups too completely for this reaction to take place, 

and therefore this line of attack was abandoned. In the meantime, 

the preparation of 2-(p-acetaminobenzenesu.lfonamido)-4,6-dimethoxypyrimidine 

(XIV) had been carried out by the reactions shown; in view of Mr. Rapport's 

and Dr. Drake I s results the hydrolysis of XIV and the bromina tion of X!l was 

not attempt ed. 



(XI) 

H2N-w-~0CH3 

i=roCH3 

(XIII) 
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(XII) 

CH3-lNHQi Cl + H~-w-t
00

H
3 

8 *=rOCH3 

pyridine) ClH3-~NHoiNH-~- ,OCH3 

. · 8 N=C-OCH3 

(V) (XIII) (XIV) 

(XV) ( III) 

The next method wnich was investigated was the coupling of acetyl­

sulfanilylchloride (V) with 2-amino-4-methyl-6-bromqpyrimidine (XVI). 

This latter compound was pre:pared by Mr. D. R. V. Golding by treating 

2-amino-4-methyl-6-hydroxypyrimidine with phosphorus oxybromide. Mr. 

Golding found it impossible to cause V and XVI to react to give X. 
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pyridin~ CH3-&.NHo~-NH-!-tBr 
8 N=C-CH3 

{V) (X.VI) {X.) 

Dr. Drake3 had failed to couple similar chloroaminopyrimidines 

with acetylsulfanilylchloride. Apparently, a halogBn atom meta to 

the amino group deactivates the latter so strongly that it will not 

react with this sulfonyl cbloride. :Price il al4 have also reported 

the failure of halogBnated 2-atninopyrimidines· to react with sulfonyl 

chlorides. 

When this approach failed an attempt was made to employ the 

more reactive p-nitvobenzenesulfonylchloride (XVII). Several attempts 

to react this compound with 2-amino-4-halog-enopyrimidines a.re d.escribed 

in the experimental section. Although in one instance a product was 

obtained in a reaction between X.VI and XVII it did not have the 

properties expected for XVIII; it was probably a salt of p-nitrobenzene­

sulfonic acid and 2-amino-4-methyl-6-bromopyrimidine. 

a N-C-Br 
0~ :-Cl+ H2N-8 cm 

~ 0 N=C-CHl7. - . . 0 

(XVII) (XVI) 

pyridine 
► 

Tb is approach was abandoned whe11 it became a11parent tl,at using XVII 

instead of V did not lead to the des ired product. During this phase 
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of the work the synthesis of 2-amino-4, 6-dibromopyrimidine (XIX) 

was carried out by treating XI with phosphorus oxybromide. 

:NH-C=O 
H~-R ¢H2 

N-C=O 

(XI) (XIX) 

It was decided to try to brominate 2-(p-ni trobenzenesulfonamido)-

4-roethyl-6-hydroxypyrimid.ine ( XXII), even though the corresponding 

p-acetamino compound IX and the p-amino compound VIII had resisted 

bromination. XXII was chosen since 2-a.mino-4-methyl-6-etb.oxypyrimid.ine 

(XX) was the most readily available intermediate. The bromination 

of XXII was investigated using solvents in mich phosphorus oxybromide 

was soluble. When it was shown t rat reaction took place readily in 

refluxing toluene, these specific conditions were tried on IX, but as 

before no reaction occurred. 

0 ~ l=q..oc2~ 
02 t-Cl + H2N-~ gH 

O . N-C-CH3 

pyridine O R f=y-0C2H5 
02N ~'}!H-,Q {;H . 

O N-C-CH3 

(XVII) (XX) ··(xxr) 

toluene 
02N S-NH-0 CH 0

~ N=C-:Sr . 

h U II 

O N- C-CH3 

(XXIII) 

At this stage of the investigation, it seemed as though the 

major . difficu.1 ty had been overcome since it was not anticipated 

that there muld be too mu.~h trouble in reducing XXIII to-1 u. 

However, "l\!len the reduction was attempted, this optimism proved to 



be unjustified. ilthough a large number of experiments were carried 

out, and a variety of methods of reduction were employed, in no case 

was it possible to isolate a product which could be ident~fied as II. 

Among the methods of reduction investigated were reduction with iron 

powder and hydrochloric acid in ethanol, iron powder in acetic acid, 

zinc dust in pyridine, sodium hydrosulfite, ferrous sulfate an:l ammonia 

(hot), stannous chloride in hydrochloric acid, and catal~ic reduction 

using either Raney nickel or platinum oxide (Adams') as catalysts. 

The products which we~e obtained varied from reaction to reaction. 

They were all, however, white amorphous powders, which decomposed to 

black, charred material at high temperatures with out melting. They 

were soluble in dilute base and in some cases were partly soluble in 

dilute acid. They could not be crystallized from any solvents 

and could be purified for analysis only by reprecipitation from sol­

ution in base. When analyses were carried out on such reprecipitated 

samples, the data obtained was meaningless. Several typical reductions 

are described in the experimental section; other similar cases could 

be given but muld add nothing to the pie ture. A. possible ex:planati on 

0£ these results is advanced in the discussion following the experimental 

section, based in part on the nature of the chlaro analogu.e of II prepared 

by Rose and Swain1• 

At this point it was decided tl:Rt enough time had been spent trying 

to synthesize these compounds. In any case the emphasis in the anti­

malarial program had shifted from the sulfonamides to other classes of drugs. 
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Accordingly, the investigation was dropped. For that reason the 

work which is described in this section of the thesis is somewhat 

incomplete, and there are a number of unexplained experimental 

observations. 

During the course of the investigation of the reduction of 

XXIII, several experiments were carried out to determine if XXIII 

wa.s actuslly 2-(p-ni trobenzenesulfonamido)-4-methyl-6-bromopyrimidine. 

First, the structures of XXI and XXII were checked by converting them 

to the corresponding amino and aceta.mino compounds of Sprague et al 2 

(see equations below). Samples of these compounds were ava ilable 

from Mr. Rapport f9r mixed melting points. As a final check, XXII 

was hydrolysed to give p-nitrobenzenesulfonamide (XXV) and 4-metbyl­

uracil (XXVI) proving the structure conclusively. 

0 0 N=C-OC-'R'5 It I • (:.., 

0-~ S-NH-C CH 
c· O N-C-CH3 0 9 N=9-0C2H5 

H~ §-NH~ HH 
0 N-C-CH3 

(XXI) (XXIV) 

CH3-~NH S-MH-g 9,H 
0 . o~ ,=9-00~5 

8 N-C-CH3 

(VII) 

02N ~NH-9. 9.1! 0
0 NH-C=O 

O N-C-CH3 

(XXII) 

CH3-0- . S-NH-r! CH 
0 w()O NH-0:0 

.. a1. fl 

_ 0 N-C-OH3 

(IX) 
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0 ~-y=O H+ a 
02· 11H-9 ~ __ _,>,. 02N o" NH2 

N-C-CH3 
+ 

NH-C=0 
0=0 CH 

I II 

NH-C-CH3 

(XXII) (XXV) (XXVI) 

An attempt was made to prove the structure of XXIII directly. 

That the compound contained bromi:ae in organic combination was 

proved by dissolving it in dilute base and reprecipitating it 

unchanged with carbon dioxide, treatment vhich would decompose a 

hydrobromide. XXIII was refluxed wl th sodium ethoxide in the 

hope that it would be converted to XXI; apparently some deep-seated de-

02N ~NH-C 9tH 0 0 ¥=y-0C2H5 

8 N-l.CH3 

(XXI) 

composition occurred and no crystalline product could be isolated. 

When XXIII wa,s hydrolysed using acid, a large yield of p-nitrobenzene­

sulfonamide (XXV) was obtained, confirming the sulfonamide structure 

of XXIII, but no identifiable fraction from the py-rimidine· ring 

could be isolated. Therefore the evidence for the structure of this 

bromo compound is all indirect. 

While working on the structures of these compounds, an interesting 

reaction was discovered. XXII decomposed at about 215° with formation 

of a new crystalline compound; this was first noted in a melting point 

tube. Therefore, an analytical sample of XXII was heated .until this 

reaction had been completed and was then analyzed. The analytical data 



ind.icated that the decomposition involved the spli t ·ting of sulfur 

dioxide from the molecule, yielding a new compound XXVII. This 

behavior seemed to warrant further investigation in connection 

with the difficulties encountered in reducing XXIII. Accordingly, 

some hydrolytic experiments were carried out on XXVII. As 

indicated by the equation XXVII gave two products, p-nitroaniline, 

and a compound XXVIII, formed from XXVII by replacing a nitrogen 

and a hydrogen with oxygen. XXVIII could also be obtained from 

o2N ~ira-c gH - ..... ►~ so2 + c11 H10N403 0 9 NH-C:O A I 

8 l-c-cH3 
(llII) (XXVII) 

02QNH2 and C11H.jN304 

(XXVIII) 

XXVII by treatment w1. th nit rou.s acid. A number of other su.lf onamides • 

were tested to see if they would undergo similar transformations; of 

those tested only XXI and 2-(p-nitrobenzenesulfonamido)-4-hydroxy­

pyrimidi ne would do so. 

Several other new sulfonamides were prepared in the course of this 

work. 2-(p-Nitrobenzenesulfonamido)-4-methylpyrirnidine (XXIX) was 

prepared because the product of the iron-hydrochloric acid .reduction 

of XXIII gave analytical data mich would fit its empirical formula, 

although the properties of the reduction product were not compatible 



with such a structure. It seemed that the difficulties in the 

reduction of XXIII might have been due to the presence of an 

active methyl group in the molecule; to test this 2-(p-nitro­

benzenesulfonamido)-4, 6-dimethylpyrimidine (XXX) was preP3,red, . , 

and its reduction to 2-(p-aminobenzenesulfonamido)-4,6-dimethyl­

pyrimidine ( sulf ametazine) was carried out. 2-::Benzenesulfonamido-4-

ethoxypyrimidi ne ( XXXI) and 2-benzenesulf onamido-4-hydroxypyrimidine 

(XXXII) were prepared to see mether they could be made to lose 

sulfur dioxide and furnish analogues of XXII. J..s noted above they 

did not do so. 

EXPERIMENTAL 

2-J.mino-4,6-dihydro::x;ypyrimidine. (XI). - This compound was 

prepared according to the directions of Michael5, except tba.t the 

quantity of sodium employed wa.s doubled. In 300 ml. of e thanol was 

dissolved 16 g. of sodium, and the resulting solution was added to a 

solution of 31.8 g. of guanidine hydrochloride in 100 ml. of warm 

ethanol. J..fter cooling, sodium chloride was filtered off, and 53.9 g. 

of diethyl malonate was added to the filtrate. In about ten minutes 

a white crystalline precipitate began to form. 

After standing overnight the crystals were separated, wa,shed 

with ether, and air-dried.. They were dissolved in 450 ml. of water, 

and XI was precipitated by bringing the solution to neutrality with 

hydrochloric acid. The precipitate weighed 38.3 g., 91%, and was 

pure enough for the next step. 



2-Amino-4, 6-dichlorop:yrimidine (XII),;. - This was prepared by 

treating crude XI with phosphorus oxychloride as described by 

Buttner6. The product was purified by crystallization from ethanol 

instead of by vacuum sttblimation. 

2-.Amino-4, 6-d.imetho:,cy:pyrimidine (XIII). - This compound. was 

readily prepared by- reacting XII with sodium me th oxide as described 

by Fisher and Johnson7. 

2-(p-Acetaminobenzenesulfonamido)-4,6-dimetho:x:ypyrimidine (XIV). -

Two grams of 2-amino-4, 6-d.imethoxypyrimidi ne was dissolved in 6 ml. 

of reagent pyridine and 3. 65 g. of acetylsulfanilylchloride was added 

in small portions. The resulting solution was allowed to stand 

overnight. When it was poured into 75 ml. of water, an oil precipitated 

which solid.ifed when the pyridine was worked out. It weighed 3.9 g. 

after drying over phosphoric anhydride in vacuo~ An analytical sample 

crystallized from absolute ethanol consisted of thin, colorless bars, 

m.p. 244-245°. 

Anal. Calcd. for C14H16N405S (352.4): C, 47.71%; H, 4.58%; N, 15.90%. 

Found: C, 47 .95%; H, 4.7z%; N, 15. 74%. 

2-.Amino-4,6-d.ibromopyrimidine (XIX). - In a test tu.be were placed 

1.27 g. of 2-amino-4,6-d.ihydroxypyrimidine (XI) and 5.00 g. of 

phosphorus oxybromide*. On heating the tube to 135°, a vigorous 

reaction was initiated, involving the evolution of hydrogen bromide. 

*Prepared by Mr. D. R. V. GolcUng. 
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When the reaction subsided, the mass solidified. Cracked ice was 

added, the solid was triturated and filtered. A s ample was 

purified by crystallization from ethanol, sublimation in vac-u.o, 

and recrystallization from ethanol. It consisted of bundles of 

flat rectangular plates and melted at 189.5-192.5°. 

Anal. Calcd. for °4H3N3Br2 (252.9): C, 19.00%; H, 1.19%. 

Found; C, 19.11%; H, 1.42%. 

In a second reaction a 3216 yield of ~rtially .purified material was 

obtained upon crystallizing t..rie crude reaction product from ethanol. 

This is the highest yield which was been obtained in this type of 

reaction and makes this compound the most readily available of the 

2-amino-4-bromopyrimid.ines. 

p-Ni trobenzenesulfonylchloride (XVII) 8 .• - This acid chloride 

was prepared by the method given in the references cited. Rose and 

Swain1 have recently described a simpler preparation. 

p-Nitrobenzenesulfonylchloride (XVII) and 2-amino-4-halogenated 

pyrimidines. - An attempt was made to carry out the condensation of 

XVII with 2-amino-4-methyl-6-chloropyrimidine by heating the reactants 

in pyridine. Upon pouring the solution onto ice, the solid which pre­

cipitated contained no sulfonamide as indicated by the absence of any 

base-soluble fracti .on in it. .A. similar result was obtained when 2-amino-

4-methyl-6-bromopyridine* was used. When the reaction of XVII with two 

mols of 2-amino-4-bromopyrimidine** in benzene was investigated, the amine 

*Prepared by Mr. D.R. V. Golding. 
**Prepared by Mr. J. T. Maynard using Golding's method. 



was recover~d unchanged. A similar result was found vm.en toluene was 

substituted for benzene as the solvent. 

In one such reaction, a product was obtained which at first was 

thought to be the desired sulfonamide. In a mixture of 5 ml. of 

acetone and 5 ml. of water was placed 463 mg. of sodium bicarbonate 

and 860 mg. ~f 2-amino-4-methyl-6-bromopyrimidine. To the sus-

pension was added in small portions 1220 mg. of p-nitrobenzenesulfonyl­

chloride. The sulfonyl chloride dissolved slowly with the evolution 

of carbon dioxide. This solution was added to 20 ml. of water, and 

the acetone was allowed to evaporate. A white crystalline solid came 

out consisting of rectangular plates weighing 920 mg. These melted at 

168-170°. The product was insoluble in dilute sodium hydroxide sol­

ution and in dilute hydrochloric acid, but was soluble in concentrated 

hydrochloric acid. An analytical sample melted at 171-172.5°. 

Anal. Ca.led. for 011H9NljS:Br (3_73.2): C, 35.t~; H, 2.~-3%; N, 15.02%; 

J3r,21.14%. 

Found: 

for C11H~4SBr•H20 (391.2): C, 33.78%; H, 2.83%; N, . 14.33%; 

C, 34.21%; H, 2.837b ; N,13.435&; Br, 20.27<;/,. 
(34.95%) ( 2. 77c/o) 

The first empirical formula is that of 2-(p;..nitrobenzenesulfonamido)-4-

methyl-6-bromopyrimidine. Although the analytical results fit the second 

formula more closely, the data is not reliable enough to permit a decision 

on this basis. This product might have been a salt of p-nitrobenzene­

sulfonic acid and 2-amino-4-methyl-6-bromopyrimidine. That it was not 
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XVIII is apparent from its insolubility in dilute base and the fact 

that it was entirely different from the compound which was obtained 

in the brominati on of XXII, to which the structure XVIII was assigned. 

When this solid was shaken with dilute base, filtered., and dried, 

the melting behavior of the residue suggested that it was partly 

2-amino-4-methyl-6-bromopyrimidine; this is what one would expect from 

a salt. 

2-Jsmino-4-me th.yl-6-ethoxypyrimidine (XX). - This compound was pre­

pared following the directions of Sprague et al2• 

2-(p-Ni trobenzenesulf onamido)-4-methyl-6-ethoxypyrimidine (m) .• -

In 90 ml. of pyridine ms placed 29.Q g. of XX, and 51.8 g. of XVII 

was added over a five-minute period. After one-half an hour at room 

temperatnre the solution was heated one hour on a steam bath and then 

poured into 600 ml. of water. The solution was made acid, the product 

was filtered off, and reprecipitated from sodium hydroxide solution. The 

solid weighed 57.2 g., 90%, and decomposed at 211° after sintering from 

195°. It could be crystallized from ethanol, giving light grey or yellow 

crystals, decomposing at 209-211° • .kn analytical sample after several 

crystallizations consisted of colorless, flat, elongated platelets 

which decomposed at 207.5-208.5° after darkening for several degrees. 

Found: 



2-(p-}Ti trobenzenesulf onamido)-~me thyl-6-hydroxypyrimidi,ne, (XX:II). -

Fifteen grams of crude XXI was suspended in 75 ml. of concentrated 

hydrochloric acid and 25) mL, of e tbanol. On refluxing the solid 

dissolved, but a crystalline precipitate soon appeared. After boiling 

two hours the mixture was cooled_, and the product removed by filtration. 

It weighed 11.2 g., 81%, and showed a most peculiar behavior on melting. 

0 
It decomposed with evolution of some gas at 218-221, forming a gel 

or glass, which crystallized and finally melted at 285-2s7°. 

After recrystallization from acetic acid the product weighed 10.0 g., 

73%, 

Found; 

On subsequent runs it was f .ound that the temperature of the first decomposition 

tended to va:ry within the range 210-230°, although. the reaction was always 

complete within a two- or three-degree range. 

::>-(p-N; trobenzenesulf onamido)-4-methyl-6-bromopyrimidine (XXIII). -

The bromination of XKII was carried out by suspending it in a refluxing 

toluene solution of phosphorus o:x:ybromide. This was a mu.ch cleaner method 

than the neat reaction. employed in the preparation of the aminobromopyrimidines. 

Using benzene as a solvent gave no reaction. Xylene appeared to be satis­

factory, al though some darkening of the suspended nass occurred; this re-

action mixture was never worked up due to the ru.ccess of the reaction in 

toluene. Acetic acid was tried as a solvent, since it dissolved both 

reactants, but no reaction took place. When an attempt wa s made to use 

acetic anhydride as a solvent it was found that it reacted with phosphorils 

o:x:ybromi de al one. 



68 

Fifteen grams of phosphorus oxybromide was dissolved in 60 ml. of 

dry toluene, and 6.5 g. of XXII was added. The suspension was refluxed 

for seven hours. After cooling, ice was added, themixture was shaken 

to decompose unreacted phosphorus oxybromide, and the product was re-
o . 

covered by filtration. It melted at 190-198 (dee.) and weighed 7.5 g. 

It was crystallized from a mixture of 250 ml. of ethanol an::l 200 ml. of 

water to give 6.1 g., 78%, of naterial melting at 210.5-212.5° (dee.). 

An analytical sample consisted of thin white bars. 

Anal. Calcd. for Ci1~N404SBr (373.2): C, 35.40%; H, 2.43%; N, 15.02%1 

Br, 21.425&. 

Found; C, 35.11%; H, 2.39%; N, 15.l~; 

Br,24.3 %• 

Attempted reduction of 2-(p-nitrobenzenesulfonaroido)-l.i-methyl-

6-bromopyrimidine(XXIII). - In a flask fitted with a reflux condenser 

and a stirrer were placed 3.73 g. of XXIII, 10 g. of iron powder, 30 

ml. of ethanol, and 0.2 ml. of concentrated hydrochloric acid. The 

mixture was heated and stirred for seven hours. The cooled solution was 

neutralized with sodium hydroxide, and filtered at the boiling point. 

The residue was washeq with hot ethanol. To the filtrate was added 

400 ml. of water, causi?¥?; a white powd.er to come out. This weighed 380 mg., 

and was soluble in dilute base, but not in dilute acid. On heating to 

300° in a melting-point tube, it turned into a black clinker, but did not 

melt. By concentrating the filtrate 450 mg. of addition material was 

obtained. A portion of the product was dissolved in hot eth.enol and pre­

cipitated with water. J.fter a sodium fusion the material gave a strong 

positive test for sulfur and a negative test for halogen. 



Anal. Calcd. for C11H10N404S (292•3): c. 44.9()%; H, 3.43%; N, 19.05%. 

for c11H12N4o
3
s (280.3): C, 47.12%; H, 4. 32?h; N, 19.98%. 

Found; C, 46.51%; H, 4.3516; N, 19.51%. 

The former of these formulas fits 2-(p-nitrobenzenesulfonamido)-lt-methyl-

pyrimidine (XXIX), but as shown below this product in no wey resembled 

XXIX. 

A similar reduction was carried out using iron di.1st in glacial acetic 

acid as the reducing agent.. The product obtained from this reaction 

was very similar in properties to tbe.t just described. (Found: C, 48.33%; 

H, 4.55%; N, 7.03%.) It is difficult to explain the low nitrogen found 

for this compound. 

it. number of other chemical methods of reduction were investigated; 

they gave compounds mich were like those described above. Due to dif­

ficulties in obtaining the products from the reaction mixtures they were 

not as useful. J.mong the reagents tried were sodium hydrosulfite, stannous 

chloride in hydrochloric acid, zinc in pyridine, and ferrous sulfate and 

ammonia. This type of reduction was abandoned, since the producti on of 

halogen-free products was not desired. 

In the Burgess-Parr apparatus 1.50 g. of XXIII dissolved in ethanol 

was reduced catalytically, using Raney nickel. When the absorption of 

hydrogen had ceased, the catalyst was filtered Off and the solvent was 

removed in vacuo. The residual white powder was triturated with water 

and filtered. The filtrate was acidic and gave a precipitate with silver 

nitrate. The residue was a solid which di o_ not melt bel ow 230°, 2..t Yi't1i ch 

temperature it was charred and black. After solution i n ethanol and 

precipitation w.i.th water, the material gave strong positi ve tests for 

sulfur and halogen. 
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.t..nal. Calcd. for Ci,1H11N402SBr (343.2): C, 38.48~; H, 3.23%; N, 16.33%; 

Br,23.28%• 

Found; C, 45.90';6; H, 4.64%; N, 16.84%; 

:Br, 9.82%. 

The low bromine excludes the possibility of this product bei?ltt II. 

A number of similar reductions using both platinum oxide and Rainey 

nickel were carried out. The properties of the products varied in a 

confusing fashion. They were usually at least partially soluble in 

dilute hydrochloric acid, although in one instance this was not so. This 

solubility in dilute hydrochloric acid could be destroyed easily. In 

several cases solution of tbe product in · dilute base and precipitation 

with dilute acid destroyed it. In one case an acid-soluble praiuct was 

extracted with refluxing ethanol for one hour; at the end of this period 

it has lost its acid solubility and contained no halogen. J.:n. analysis 

was obtained on this naterial. (Found: C, 46.4~; H, 4.75%; N, 12.85%.) 

An attempt was made to hydrolyse one of these reduction products. 

The acid-soluble material from a catalytic hydrogenation was dissolved 

in 25% hydrochloric acid. · On warming the solution, a white precipitate 

came out. ia.fter three hours it was removed by filtration and analysed. 

after reprecipitation from base. (Found: C, 46.69%; H, 4.55%; N, 7.61%.) 

Halogen was absent from the molecu.le. -

Although a good deal of effort was directed towards finding some wey 

of purifying these materials, the only thing which could be done was to 

reprecipitate them from solution in base. This would not be expected to . 

provide any fractionation of the materials. They were not soluble in any 

of the common organic solvents except ethanol; from ethanol they came out 

as amorphous powders only on adding water. When no method of reduction 



71 

could be found which would give a product having the analytical data 

or the expected properties of II, the synthesis was regretfully 

abandoned. 

Reduction of 2-(p-nitrobenzenesulfonamido)-4-methyl-6-ethoxy­

nyrimidine (XXI). - At 45-lb. hydrogen pressure 3.4 g. of rn ·was 

shaken with 0.5 g. of Baney nickel catalyst. When no reduction took 

place, the catalyst was filtered off, the solution was heated to 

boiling, fresh catalyst was added, and the reduction resumed. W'nen 

the absorption of hydrogen ceased, the catalyst was filtered off, the 

solvent concentrated in vacuo, and the residue precipitated from base. 

This solid melted to a thick red gel at 105-113° with evolution of a 

gas. The gel finally liqu.ified at 149-152°. ~ccording to Sprague et a12 

2-(p-a.minobenzenesulfonamido)-4-methyl-6-ethoxypyrimidine (XXIV) melts 

at 151-152° and forms a hydrate from dilute ethanol melting at 104-105°. 

Since it was difficult to obtain this material anhydrous, a sample of 

it was converted to the N-acetyl derivative, VII, using acetic anhyd~ide 

and sulfuric acid. This melted at 242-246° and gave no depression of 

melting point when mixed with a sample of VII prepared by Mr. Rapport. 

Recluction of 2-.( p-ni trobenzensulfonamido)-4-methyl-6-hydroxy­

pyrimidine (XXII) • . :- . . This compound was reduced catalytically in the 

same fashion. The product after reprecipitation from acid melted at 

252. 5-254°. .t sample of · 2-(p-aminobenzenesulfol" .. amido)-4-methyl-6-

o 
hydro.xypyrimidine (VIII), prepared by Mr. Rapport, melted at 252-254 ; 

a mixed melting point of the two gave no depression. As a final check 
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the N-acetyl drivative, IX, was prepared.. It melted a t 270-272°, 

checking the value reportea_ for IX by Sprague et al2• 

Hydrolysis of 2-( p-ni trobenzenesulfonamido)-4-met..1i.yl-6-hydroXY.:-

pyrimidine (XXII). - In 10 ml. of concentrated hyarochloric acid 

was placed 2.5 g. of XXII and 13 ml. of water. Upon refluxing the 

solid slowly dissolved. After twenty-four hours the solution was 

cooled. A white crystalline precipitate formed which melted at 

170-175° and weighed 1.80 g. On heating with ethanol a portion of 

the solid would not dissolve; this was filtered off and saved. On 

cooling the ethanol, yellow crystals came out, which were shown to 

be p-nitrobenzenesulfonamide (XXV) by comparison with a sample of 

X:X:V prepared from p-nitrobenzenesulfonylchloride and ammonia. The 

alcohol insoluble material melted at 315-319°. It was soluble in 

water and acetic acid, and insoluble in ethanol. The material ( 200 mg.) 

recrystallized from ethanol-water consisted of bundles of white bars, 

0 
m.p. 316-138 (dee.). 

Anal. Calcd. for c
5
H6N2o2 (126.1): C, 47.63%; H, 4.80%; N, 22.2~. 

Found: 

Thi s is the empirical formula for 4-methylu.racil (XXVI). Accord­

ing to Beilstein9 the melting point of 4-methyluracil is 320° (dee.). 

In a second run of this hydrolysis the same two-products were obtained, 

XXV in 84% yield and XXVI in 62% yield. 

Hydrolysis of 2-( n-ni trobenzenesulfonamido)-4-methyl-6-bromo­

pyrimidine (XXIII). - Two grams of XXIII was refluxed with 20 ml. 

of 25% hydrochloric acid for forty hours. On cooiing the resultmng 

solution, some brown crystals appeared, which weigped 600 mg., and 

melted at 179-181°. These were recrystallized several times from 
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ethanol and then melted at 182-183°. (Found: C, 35.63%; H, 3.03%; 

N, 13.92%.) This fits the calculated values for p-nitrobenzene-

The identity of this product with XXV with confirmed by its failure 

to lower the melting point of an au:thentic sample of ,XXV. This was 

a yield of 55% of the crude sulfonamide. 

Decomposition of 2- (p-nitrobenzenesulfonamido)-4-methyl-6~ 

hydroxypyrimidine (XXII). - The analytical sample of XXII was 

heated to 225° in an oil bath until the evolution of gas had . 
ceased, when it had a decomposition point of 284-287°. It was then 

submitted for analysis. 

Anal. Calcd. for C11H10N403 (246.2): C, 53.65%; H, 4.09%; N, 

Found: C, 53.65%; H, 4.05%; N, 

In a large-scale experiment 7.3 g. of XXII was heated in a flask in 

an oil bath at 230°. The escaping gas was identified as sulfur 

22.75%. 

22.32%. 

dioxide both by its odor and by its reducing action on a solution of 

sodium dichromate. After the evolution of gas was complete the residue 

was taken up in dilute hydrochloric acid, filtered from a small amount 

of unreacted material, and reprecipitated with sodium bicarbonate. 

The product (XXVII) weighed 4.3 g. , 74%, and melted at 271-275° (dee.). 

A mare elegant method of carrying out this decomposition was 

heating with strong base. Ten grams of XXII was dissolved in 50 ml. 

of hot 6 M. sodium hydroxide. Upon heating the solution with steam 

a precipitate began to form; after several minutes the reaction was 

complete and the product wa,s f,il tered off. It weighed B. l g., a 

100% yield. 



It was of interest to note that apparently this reaction could 

be brought about under acidic conditions. In studying the hydrolysis 

of XXI one reaction was carried out using concentrated hydrochloric 

acid instead of the alcoholic hydrochloric acid generally employed. 

The main product obtained was p-nitrobenzenesulfonamide, in a yield 

of 47%- In addition XXII was isolated in a 10;6 yield and XXVII 

in a 5% yield; presumably the latter arose from XXII under the in­

fluence of the acid. 

Hydrolysis of XXVII. - In a mixture ·of 10 ml. of hydrochloric 

acid and 13 ml. of water was placed 2. 5 g .• of XXVII. This gave a 

clear solution. Mter fifteen hours of refl u.xing some solid had come 

out. This was removed by filtration and weighed 750 mg. The filtrate 

and washings were neutralized with dilute ammonia which precipitated a 

fine white solid, wei ghing 1.0 g. and melting from 143-147°. This 

latter product was dissolved in .ethanol, some insoluble material was 

filtered off, and, after concentrating the solution, the material 

was precipitated by adding water. The yellow needles obtained melted 

at 147-149.5°. This agrees with the literature value for the melting 

point of p-nitroaniline. As a check the N-acetyl derivative bf the 

product was prepared and compared with N-acetyl-p-nitroaniline prepared 

from commercial p-nitroaniline. 

The solid which had crystallized out of the hydrolysis mixture 

' 0 
was next investigated. It melted at 265-285 and was soluble in base 

but not in aci. d. This is just the reverse of the solubilities of XXVII. 

It wa,s recrystallized from acetic acid, giving vhite ccystals melting 
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Found: 

This is the empirical formula of a degradation product of XXVII in which 

an -tIB group has been replaced by an -0. It should be noted that this 

means that this material (XXVIII) is not formed along with p-ni troaniline; 

it must either be formed by a separate line of hydrolysis, or else it 

must be an intermediate in the formation of p-ni troaniline. No pyrimidine· 

fraction corresp orrling to the p-ni troaniline produced was found. The 

yield of cm.de p-nitroaniline obtained was 71%; that of XXVIII 30%• 

A hydrolY,sis of XXVII was carried out, in vttich 1.5 g. of the 

material was refluxed with 50 ml. of water and 2 ml. of sulfuric acid 

for twenty-four hours. There was obtained a 74% yield of crude XXVIII 

and a 25% yield of p-nitroa.niline. 

Action of nitrous acid on XXVII. - In a solution of 60 ml. of 

water and 10 ml. of acetic acid heated to 60° was placed 1.5 g. of 

XXVII. Then 1.66 g. of sodium nitrite was added in snall portion~. 

After a few minutes a solid began to form. After one hour at 60° 

the mixture was cooled and the solid filtered off. This solid was 

suspended in water, the water was made basic, and the undissolved solid 

was filtered off. On acidification the filtrate precipitated a second 

product. In this way the product was separated into tffl'.> fractions, 400 

mg. of base soluble material melting at 305-310° (dee.) and 610 mg. of 

material insoluble in ~base. The base soluble fraction after purification 

proved to be XXVIII. The base insoluble material was a light yellow 

solid, which '!urned a vivid red and evolved a gas at about 145°, ieaving 

a semi-solid mass. This may have been a nitroso compound; when it could 

not be crystallized, no further work was done with it. 



2-(P::Nitrobenzenesulfonamido)-4-methylpyrimidine (XXIX). -

2-Amino-4-methylpyrimidine was prepared by t·he red.ucti on of 2-amino-

4-methyl-6-chloropyrimidine with hydrogen in the presence of palladium 

catalyst, as descri-bed in the li teratu.re10• In 3 ml. of pyridine 

930 mg. of this amine was reacted with 2240 mg. of p-nitrobenzene­

sulfonylchloride. After standing at room temperature for twelve hours, 

the product w~s isolated in the usual fashion. The product was only 

partially soluble in 40 ml. of 3% sodium hydroxide solution; the in­

soluble portion was filtered off, and the desired compound was pre­

cipitated with dilute acid. After crystallization from acetic acid 
0 

it melted at 253-256 (dee.) and. consisted of bundles of thin bars. 

Found: 

This bore no resemblance to the product of the reduction of the bromo 

compound with iron powder. 

2-( P-Ni trobenzenesulfonamio_o)-4, 6-d.imethylpyrimidine (XXX). -

Two grams of 2-amino-4,6-dimethylpyrimidine* and 3.75 g. of p-nitro­

benzenesulfonylchloride were dissolved in 6 ml. of reagent pyridine. 

The solution stood 15 minutes at 4o0 and 15 mi~utes at 70°. It was 

poured into water, acidified, and the product filtered off. J..fter re­

precipitation from base and recrystallization from ethanol, the product 

was obtainea_ as a mat of colorless needles, m. p. 215. 5-216°. 

Anal. Calcd. for c1~ 1~404s (308.3): c, 46.74%; H, 3.92%; N, 18.17%-

Found: C, 46.82%; H, 4.10%; N, 17.849&. 

*Prepared by Mr. J. T. Mayuard. 
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This material was reduced catalyticaJ.ly, using the conditions 

described previously for the reduction of such nitro groups. The 

product was a solvate, losing solvent at 127° and melting at 181-183°. 

Rose and Swain1 describe 2-(p-aminobenzenesulfonamido)-4,6-dimethyl-
• 

pyrimidine as melting at 178-180° after initial melting and resolid­

ification at 127-130°. (Calculated for C1ciH14N402s (278.3): C, 51.79%; 

H, 5.07%. ·Found after drying to constant weight: C, 51.58%; H, 4.98%.) 

2-Eenzenesulfonamido-4-ethoxy-oyrimidine (XX.XI). - Ten grams of 2-

amino-4-ethoxypyrimidine* and 14.1 g. of benzenesulfonylchloride were 

coupled in 20 ml. of Merck pyridine. The solution was heated forty­

five minutes on the steam bath; the product wa.s then isolated as usual. 

After recrystallization from acetic acid it weighed 11.5 g., 57%, and 

melted at 233-238°. An analytical sample from acetic acid consisted 
0 

of hexagonal platelets and melted at 236-238. 

Found: 

2-Benzenesul.Jonamido-4-hydroxyp;yt:imidine (.xmI)~ - This was prepared 

by hydrolysing XXXI under the conditions used to convert XXI to XXII. 

After two and one-half hours of refl~-dng 3.0 g. of XXXI gave 2.2 g. 

of crude XXXII, melting at 189-191.5°. A thrice-recrystallized sample 

melted at 200-201 ° and consisted of beautiful needles. 

*Prepared by Mr. J. T. Maynard. 



Found: 

These values indicate that the product contains some unhydrolysed 

material. 

Attempted decompositions of sulfonamidopyrimidines. - In view of 

the production of tre decomposition product XXVII when XXII was melted 

or warmed in strong base, it was of interest to see if similar de­

composition products could be isolated from any other su.lfonamido­

pyrimidines. Accordingly, several of these were tested both by heating 

and by warming with base. Only two compounds wefe found m.ich underwent 

similar reactions. As might be expected, 2-(p-nitrobenzenesulfonamido)-

4-hydroxypyrimidine gave a product analogous to XXVII; this was done by 

Mr. J. T. Maynard. The other compound which was found to lose sulfur 

dioxide was 2-(p-nitrobenzenesulfonamido)-4-methyl-6-etho:xypyrimidine 

(XXI). In this case the reaction was not qµ.antitative. The reaction 

had to be carried out b.r heating a basic solution of the sulfonamide; 

when XXI wa.s melted it decomposed with the evolution of sulfur dioxide 

(detected by odor), but the decomposition was quite extensive, and the 

product was black. 

Three grams of XXI was dissolved in o.4 li sodium hydroxide. 

Attempts to use s~ronger basic solutions resulted in the precipitation 

of the sodium salt of XXI. This solution was refluxed for two hours. 

It turned red and precipitated a solid which, men it was filtered off 

. 0 
and dried, weighed 820 mg. and melted at 110-120. The filtrate was 

acidified. A strong odor of sulfur dioxide was noted, and a large 



precipitate of unchanged XXI came down. 

was crystallized from aqueous etti_anol. 

and consisted of yellow needles. 
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The alteration product 

It melted at 146-147° 

Anal. Calcd. for c13H14N403 (274.2): C, 56.9qt; H, 5.14%; N, 20.46~. 

C, 56.63%; H, 5.48%; N, 20.02%. Found: 

J.mong the compounds which failed to show this reaction were those 

lacking the p-nitro group, including VII, VIII, IX, XXXI, and xmr. 

The two p-nitro compounds, XXIX end XX:X, which did not have an oxygen 

substi tuent on the pyrimidine ring also failed to react. 

DISCUSSION 

Some light may be thrown on the difficulties 1'hich were encountered 

in reducing 2-(p-nitrobenzenesulfonamido)-4-methyl-6-bromopyrimidine by 

referring ·to the paper by Rose and Swainl already noted. These workers 

prepared 2-(p-ni trobenzenesulfonami do) -l+-me thyl-6-h;ydroxy-pyrimidine 

(XXII) from 2-p-nitrobenzenesulfonamidoguanid.ine and ethyl acetoacetate. 

Tb.is was converted to the corresponding chloro compound by refluxing the 

sulfonamide with phosphorus oxychloride, giving a pra1.J).ct melting at 

203-205°. By heating this nth ammonia in phenol at 140° they prepared 

2-(p-nitrobenzenesulfona~ido)-4-methyl-6-aminopyrimidine, which was 

then reduced to a diamine using iron and a little hydrochloric ~cid. 

When this method of reduction was applied to the chloro compound it 

failed; using ferrous sulfate and ammonia at room temperature, however, 

the -reduction succeeded. The chloro analogu.e of II thus obtained could 

be purified by crystallization from ethenol, but men it was dissolved 
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in dilute hydrochloric acid and heated for a short time it threw 

out a white solid, presumably due to intermolecular condensation. 

On the basis of this work and of the results described in 

the expe rimental section, it would appear that upon reduction of 

XXIII the desired product, II, may bave been formed, but that it 

was unstable and polymerized to form high molecular weight products. 

Presurnably when the reduction was carried out using vigQrous con­

ditions, such as those described using iron and_ hydrochloric acid, 

this polymerization took place during the reaction, end the product 

which was isolated was a polymer, insoluble in acid. When the 

milder catalytic conditions were employed, it seems likely that at 

lee,st :i;::e,rt of the material obtained was the desired product, but that 

it was destroyed in attempting to isolate and purify it. 

The fact that the product from the iron and hydrochloric acid 

reduction is free from halogen, while the acid soluble product from 

the catalytic hydrogenation contained halogen, suggests that this 

polymerization is concerned with the elimination of halogen; this 

. in turn might explain why the product of catalytic hydrogenation was 

so unstable. Rose's compound apparently was stable in boiling ethanol, 

since it was crystallized from this solvent, whereas the reduction 

products described above were profoundly altered by heating wi. th ethanol. 

If the polymerization reaction postulated was concerned with the alkylating 

action of the bromopyrimidine, this could be accounted for in terms of 

the greater activity of bromine compared to chlorine in such reactions. 

The,t the halogen atom is concerned in this behavior is confirmed by the 
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ease with which the other nitro sulfonamides were reduced as described 

in the experimental section, although this does not prove that it was 

the halogen acting as an alkylating agent which was responsible for 

the anomalous behavior. 

The loss in solubility in dilute acid which accompanies this change 

suggests strongly that the amino group is concerned. It is tempting 

to conjecture that the polymerization might involve the addition of the 

bromopyrimidine to the amino group, g iving the type of structure pictured. 

Unfortunately there is not enough evidence to decide such a ~aestion. 

It would be desirable to attempt to convert XXIII to 2-(p-nitrobenzene­

sulfonamido)~4-methyl-6-aminopyrimidine, using the procedure of Rose and 

S . 1 wain, as a check on the structure of XXIII. It would also be of interest 

to see if XXIII could be reduced to II using the mild chemical reducing 

method employed by Rose and Swain. 
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IV• THE SYNTHESIS OF SOMEl QUINOLINEMETEANOLS RELATED TO (~UININE 

INTRODUCTION 

In 1938 Ainley and King1 reported the preparation of two quinoline­

methanols vJhioh had certain structural similarities to quinine without 

possessing the c·omplexity which had up to that time prevented the synthesis 

of the natural alkaloid. They gave directions for the synthesis of c(,­

(2-piperidyl)-4-quinolinemethanol (I) and its 6-methoxy derivative (II). 

These compounds and the general scheme of synthesis are shown in Figures 

I and II. In 1921 Ruzicka.2 had made an atteYr4?t to prepare the former of 

these but had been forced to abandon it due to the low yields encountered 

in the initial Claisen condensation between ethyl cinchoninate and ethyl 

'4,)-benzamidocaproate, the instability of the intermediate ketones, and 

the difficulties of the final reduction. The increase in yield resulting 

from replacing sodium ethoxide with sodamide as a cond.ens ing agent enabled 

Ainley and King to overcome the first difficulty, the other two were al­

leviated by altering the experimental methods. 

These two compounds together with several of their N-alkylated 

derivatives were tested for quinine-like activity against avian malaria. 

The 6-metho:x:y compound gave positive results and the authors claimed that 

this constituted the first instance of activity.in a synthetic compound 

patterned after quinine. In spite of this promising conclusion nothing 

more appears to have been done by these workers on compounds of this type. 

In the course of the present program it was desired to retest these 



No. R1 Rz ¾ R4 

I H- H- H- H- o.os 

II H- 0%0- H- H-

III ¢- H- H- H- 3 

IV H- H- Cl- H- o.3 

V ¢- H- Cl- H- 10 

VI C5H11- H- H- H- 0.15 

VII ¢- Cl- Cl- Cl-

VIII C1C6H5- Cl- H- Cl- 40 

Figure I. T'~e Structures and Activities of Ainley-King 
Type Compounds. 
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or some substituted quinoline-4-radical. 

Figu:re II. The Synthesis of Ainley-King Type Compounds 
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compounds using the screening methods developed by the Survey on .Anti­

malarial Drugs. There.fore the Ainley-King synthesis was thoroughly re­

investigated by Sargent 3• He introduoed a number of improvements in 

technique which simplified the manipulations involved and increa.sed the 

yield. The ma.in difference was the demonstration that it was possible to 

carry out the synthesis without isolating several intermediates, thus saving 

the losses incident to their isolation, a.swell as losses due to the in­

stability of the intermediates. 

vVhen the original Ainley-King compound::.was retested it showed definite 

promise as an antimalarial. Because of this a large number of such 

compounds have been prepared, both by Dr. Koepfli's and Dr. Buchman's 

groups here at ~he California Institute of Technology, and by groups work­

ing at Stanford University, Oregon State College, the University of 

4 Southern California, and the University of California at Los Angeles • 

This thesis reports the S;lllthesis of four S'Uch compounds. 

One modification in the original Ainley-King pattern was introduced 

as a result of the study by Koepfli and Mead.5 of the structure of an _m 

.!.!!.Q. degradation product of quinine isolated from rabbit liver by Kelsey, 

6 Geiling, Oldham, and Dearborn • This was shown to be 2'-hydro:x:y-6'-metho.xy-

3-vinyl-ruban-9~O1, a carbostyryl derivative obtained from quinine by oxid­

ation at the 2-position of the quinoline nucleus. Dr. Koepfli suggested that 

blocking of this position by some oxidation-resisting group in a quinine-

type drug might interfere with detoxication and slow down the elimination 

of the drug from the body. Mr. Rapport therefore prepared a compound with a 

phenyl group in this position, 2-phenyl-c(.-(2-p:t:peridyl)-4-quinolinemetha.nol 

(III). The phenyl group produce a forty-fold increase in activity and was 

included in most of the compounds prepared subsequently. 



In this thesis the preparation of four carbinols is described 

{IV, V, VI, VII). Their formulas are given in the accompanying table 

together with their activities against R• lophurae infections in ducks8• 

The values given are the activities, Q, of the compounds relative to an 

equal weight of quinine, both calculated as free bases. For comparison 

there are included the activities of several other members of the series 

{I, Ill, VIII). 
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A comparison of the activity of IV with that of V again indicates the 

significance of the 2-phenyl group. The most active compound prepared in 

the whole series to date is 6,8-dichloro-2-(p-chlorophenyl)-oC.-(2-piperidyl)-

4-quinolinemathanol prepared by Mr. Meyers9 under Dr. Buchman's direction. 

Since it is a general phenomenon in this series that the activity increases 

when more chlorine molecules are introduced, the 6,7,8-trichloro-2-pbenyl 

compound was prepared to find out if shifting a chlorine in VIII from the 

para position of the phenyl group to the 7-position in the ring would affect 

the activity. The 2-oyclohexyl compound, VI, was prepared as a part of an 

investigation into the effects of replacing the 2-phenyl group with aliphatic 

rests. 

In the four compounds whose preparation is described here the Sargent 

modification of the Ainley-King method was employed, although each case 

demanded slightly different conditions. The ethyl W-benzamidocaproate 

used was furnished in part by Dr. Elderfield of Columbia University and in 

part by Dr. Price of the University of Illinois. Three of the cincboninic 

esters required were prepared by the Pfitzinger methodlO and the fourth by 

the Doebner synthesisll. 



EXPERIMENT.AL 

The Preparation of Ethyl 2-Cyolohexyloinchoninate 

The preparation of 2-cyolohexylcinchoninic acid has been described 

twice previously, but the melting points of the products obtained by the 

investigators ware very different. John and Pietsch12 obtained an acid 

melting at 189° by means of the Pfitzinger reaction between isatin and 

methyl cyclohexyl ketone. 

C=O 
I + 

)l=O 
NH 

KOH> 

Skita and Wlllff13 prepared this acid by the Doebner reaction of aniline, 

p~uvic acid, and hexahydroben~aldehyde. 
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Their product was described as melting at 137°. Because of this confusion 

an investigation of the product of John and Pietsch was carried out. 

Methyl cyclohexyl ketone was convenientJy prepared by the method of 

Nenitzeacu and Cioranescu14• 
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AlCl~ ► 2 O§_CH+300. 

This was then reaoted with isatin as described by John and Pietsch. The 

melting point of the product showed larg,a variations in different preparations , 

and depended on the solvent used for crystallization. 

The picrates of the methyl and ethyl esters of this acid gave the same 

melting points described by John and Pietsch. In addition the aoid was de­

oarboxylated by Dr. Mead. 

CX) 

The picrate of the 2-cyolohexylquinoline obtained bad the melting point 

reported by John and Pietsch. The free base had a boiling point of 200°/25 mm., 

while Skita and Wulff gave 180-183°/20 mm. as the boiling point of the cor­

responding derivative of their acid. Catalytic reduction using platinum oxide 

as a oatalyst caused the base to take up five mols of hydrogen. The nitroso • 



• 0 
derivative of the reduction product had a melting point of 185-187. 

Skita and Wu.lff reported 179° as the melting point of a similar nitroso 

compound from their acid. 
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A sample of pure acid was prepared by hydrolysing a distilled portion 

of the ethyl ester. The acid as obtained on preoipitatio~ from aqueous 

solution melted t ,o a gel at 103-108° alld became a clear liquid by 168°. 

After drying _m vacuo at 56° for several hours it sintered from 108-160° 

and melted from 160-172°. A sample reorystalliaed from toluene melted at 

161-177°, one from absolute ethanol melted at 180-184°, while a sample from 

50% ethanol melted at 134-141° after sintering for five degrees. 

On the basis of this behavior it appears that the acid may be obtained 

either in an anhydrous form with a meltin~ potnt as described by John and 

Pietsch, or in the form of a hydrate melting mu.ob lower. The compound 

described by Ski.ta and Wulff is probably this hydrate, although their analytical 

results indicate that the water was removed by drying before analysis. It is 

not excluded that these are two entirely distinct compounds • .As the Pfit-

zinger synthesis is more straightforward than that of Doebner, and as the 

method used by Ski ta and Wulff to prepare the he:x:abydroben2:aldehyde was very 

devious, in the event of a discrepancy it seems certain that the compound as 

prepared is the true 2-oyclohexyloinchoninic acid. 

:Methyl cyclohexyl ketone. - In a three neck flask inmersed in an isopropyl 

.ether bath maintained at -20° with dry ice were placed 202 g. of cyclohe:x:ene, 

192 g. of acetyl chloride, and 500 ml. of cyolohexane. The solution was stir­

red vigorously while 654 g. of reagent aluminum chloride was added at such a 

rate that no evolution of hydrogen chloride took place. This required one 

hour. Towards the end the mixture became so thick that stirring was no longer 
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possible • .After the addition was complete the mixture stood at -20° for 

one hour, and was then allowed to warm to room temperature. Rapid evolution 

of hydrogen chloride occurred. The resulting red oil was warmed for several 

hours on a steam bath, cooled, and poured over ice. A vigorous reaction 

ensued. 

The organic phase was S!3parated, and the aqueous phase was extracted 

twice with ethyl ether. The combined organic solutions ware distilled at 

atmosphe~ic pressure. The fraction boiling from 100-230° was collected and 

fractionated at reduced pressure using a 10-cm. column packed with glass rings. 

A fraction boiling at 73-75°/38 mm. was collected. It weighed 131 g., a 

yield of 42% of material pure enough for the next reaotibn. 

2-Cyglohexylcinchoninic acid. - A mixture of 129.6 g. of methyl oyclo­

hexyl ketone, 162 g. of isatin, and 220 g. of potassium hydroxide in 400 ml. 

of water was heated on a water bath for twenty-four hours. At this time 25 g. 

of isatin was added, and the heating continued for two days more. The solution 

was diluted to 3 1. with water, and extracted with ethyl ether to remove un­

reacted ketone. The aqueous solution was warmed and brought to pH 3 with 

glacial acetic aeid. The precipitated acid was filtered, washed with water, and 

dissolved in 2 1. of hot toluene. The product re£used to crystallize from 

toluene, so it was extracted with 5% sodium hydroxide solution and reprecipitated 

with hydrochloric acid. On recrystallization from absolute ethanol 140 g. of 
• 0 

brown po'Wd.er, m.p. 173-177 was obtained. This is a yield of 53%. From the 

mother liquors on the addition of water 36 g. of material melting to a gel 

at 103-108° was obtained, an additional 13% calculated as a hydrate. 

Methyl 2-cyclohexylcinchoninate picrate. - A small amount of 2-oyclo-

hexylcinchoninic acid was esterified with methanol containing a few milli­

liters of sulfuric acid. The red oily ester was dissolved in ethanol and an 
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ethanolic solution of picric acid added. The yellow crystalline precipitate 

melted at 133-134° after recrystallization from ethanol. John and Fietsch 

report 135° as the melting point of their picrate. 

Ethyl 2-cycloh~ylcinchoninate. - One hundred forty grams of anhydrous 

2-cyclohexylcinchoninic acid was suspended in 1 1. of absolute ethanol and 

100 ml. of concentrated sulfuric acid was added. After refluxing the 

resulting solution for sixteen hours the ethanol was removed at tbe water 

pump, ice and water were added, the mixture was made basic with arrnnonia, 

and the red oil tbus liberated taken up in ethyl ether. After drying the 

ethereal solution with calcium chloride the ether was stripped off, and the 

ester distilled. One hundred twenty and three-tenths g., 77% of a light red 

liquid boiling at 165-168°/225,r was collected. 

Ethyl 2-cyclobexylcinchoninate picrate. - This was prepared in the same 

way as the methyl ester picrate. It melted at 155.5-157°. John and Pietsch 

report 157° for the melting point of this compound. 

Hil9:rolysis of ethyl 2-cyclobexylcinchoninate. - Into a solution of 4 ml. of 

sulfuric acid in 8 ml. of water was introduced 2.06 g. of ethyl 2-cyclohexyl­

cinchoninate. On warming the ester dissolved. After refluxing for one hour 

the solution was diluted to 50 ml. with water. The resulting suspension Wa$ 

made basic with amnonia, and then brought to pH 3 with glacial acetic acid. 

The solid precipitate Wa$ filtered and dried on a porous plate . It consisted 

of 1.8 g. of a fluffy wh ite powder which sintered from 98-103°, melted to a 

gla$s from 103-108°, and became clear at 168°. 

A sample dried two hours over ~2o5 in a vacumn at 56° sintered from 

110-160° and melted from 160-172°. Crystallization from toluene, after 

boiling to remove any water, gave a rrelting point of 161-177°, while from 

absolute ethanol the material melted at 180-184°. From 50% ethanol it sintered 

from 127-134° and melted at 134-141°. 



The Preparation of 2-Cyclohexyl- ct -(2-piperidyl)-4-qu.inoline­

methanol Dihydrochloride 
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This compound was prepared from ethyl 2-cyclohexylcinchoninate and 

ethyl w-benzamidocaproate following the usual modified Ainley-King 

method. The overall yield was 47% on the basis of the ester consumed. 

Some difficulty was experienced in obtaining reproducible analytical data 

for the hydrochloride of the final carbinol, but the evidence shows that it 

was a hydrate, and the analytical figures on the best sample prepared 

indicate that it existed as a monohydrate. 

f-Bromo-€-(2-cyclohexylcinchonyl)-n-amylamine dibydrobromide. - In a 

500 ml. round bottom flask sodamide was prepared from 11.5 g. of sodium as 

described for compound IV. The flask was equipped with a reflux condenser 

and a Hershberg stirrer. To the sodamide was added a solution of 89.5 g. of 

ethyl 2-cyclohe:x:ylcinchoninate and S6.5 g. of ethyl c.J -benzamidocaproate in 

140 ml. of dry benzene. The viscous mass was warmed in an oil bath to 100°. 

Following the initial evolution of amnonia the mixture set to a solid in 

about an hour. After several hours it became possible to start the stirrer 

again and the brown oil was heated at 100° so that the total time of heating 

was twenty hours. 

The oil was transferred to a 1 1. flask and 450 ml. of 6,! hydrochloric 

acid was added. The two phase mixture resulting was distilled until benzene 

ceased coming over, the loss in volume being made up by adding hydrochloric 

acid. Then the mixture was refluxed for sixty-seven hours at which ,.time2a 

homogeneous solution existed. 

The solution was cooled in an ice-salt bath and after the addition of 

300 ml. of chloroform and 300 ml. of water it was made basic with 50% sodium 
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hydroxide solution, the temperature being maintained below 25°. The 

chloroform layer was removed, the aqueous layer re-extracted with chloroform, 

and the combined chloroform solutions added to 330 g. of 40% hydrobromic 

acid. 

After thorough mixing the hydrobromic acid layer was separated and heated 

to drive out dissolved chloroform. It had increased in weight by 47 g. The 

weight of bromine equivalent to 47 g. of a free aminoketone, i.e., 23.5 g., 

was dissolved in about 35 ml. of 48% hydrobromic acid. The solution of the 

ketone was then heated to so0 and the bromine added dropwise with shaking 

during a ten minute period. The solution was heated for ten additional 

minutes and allowed to cool. 

To isolate the bromketone the hydrobromic acid was removed by distil­

lation .!!!, vacuo over steam. The residual thick black oil was taken up in 

300 ml. of is0pr0panol and again evaporated to dryness .!B, vacuo. It was then 

redissolved in 300 ml. of isopropanol, treated with Norite, and placed in the 

001a·room. On standing overnight white crystals appeared. 

The product was filtered and washed with isopr0panol till the washings 

were colorless, and then rinsed with acetone. Upon air drying 56.2 g. of 

material melting at 145-150° was obtained. 

An analytical sample recrystallized from is0propanol melted with 

effervescence at about 145° in a fashion suggesting it was a solvate. 

Anal. Ce.led. for t 2iJ!2gN20Br-3 CifosO (625.3t: c, 46.09%; H, 5.96%. 

By acidification of the aqueous solution after the chloroform 

extraction, and subsequent separation of 2-cyclohexylcinchoninic acid from 

precipitated benzoic acid by washing with ether and recrystallization from 
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ethanol, there were recovered 40.7 g. of 2-cyclohexylcincboninic acid. On the 

basis of ester consumed the yield of bromk:etone salt was 57%, or 28% on the 

basis of ester originally taken. 

2-Cyclohexyl- ce.-(2-piperidyl)-4-guinolinemethanol (SN 10749). - Fifty-

five and two-tenths grams of the bromketone dihydrobromide was suspended in 

600 ml. of absolute ethanol in a 2 l. flask. Two hundred and fifty ml. of 

saturated sodium carbonate solution was added and the mixture shaken for one 

hour, after the air in the flask had been replaced with nitrogen. Then one 

gram of Adams platinum oxide catalyst suspended in 100\.'ml• of absolute ethanol 

was added. The solution was then shaken under hydrogen until absorption of 

hydrogen ceased. This required one hour. 

The suspended inorganic salts and the catalyst were removed by filtration 

and the residue washed thoroughly with ethanol. The filtrate and washing-s 

were stripped of ethanol l!!, vacuo, leaving a tan gum and as aqueous solution. 

The gum was dissolved in 250 ml. of chloroform and washed with water. The 

chlorofonn 'layer was evaporated to dryness in vacuo and the residue dissolved 

in 75 ml. of warm absolute alcohol. To the solution 70 ml. of saturated 

ethanolic hydrogen chloride was added. The product crystallized out on 

standing. 

The crystals were filtered and washed with a little absolute ethanol, and 

with two small portions of acetone. They were dried in air and in vacuo over 

sodium hydroxide. This gave a grey powder melting at 176-181° and we ighing 

30.0 g., a yield of 82%. 

For purification the product was recrystallized from 375 ml. of absolute 

ethanol. 0 This gave 17.5 g. of microcrystalline solid, m. p. 177-180. By 
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concentrating the mother liquors and adding isopropyl ether an additional 7.1 g • 

. were obtained. 

The f ree carbinol was prepared by dissolving a sample of the dihydrochloride 

in methanol and basifying with aqueous sodium hydroxide. The methanol was 

evaporated off and the oily residue washed with water. The residue was taken 

up in ethanol and evaporated dov,,n several times to dry it and then taken up 

in ligroin with a trace of methanol. On standing overnight it crystallized out 

in ros ettes of white prisms. Recrystallized from acetonitrile it gave 

beautiful long needles, m. p. 157-159°. 

Anal. Calcd. for c2lll28N20 

Found: 

(324.5): C, 77.71%; H, 8.70%; N, 8.64%. 

C, 77.53%; H, 8.67%; N, 8.49%. 

An analytical sample of the hydrochloride was prepared from the free base 

by precipi tation from ethanolic solution with ethanolic hydrogen chloride. 

It melted at 178-181° and gave the following results. 

.Anal. 

Found: 

C, 60.71%; H, 7.77% • 

C, 61.00%; H, 7 .87'/o. 

The Preparation and Characterization of 4-

ahloroisatin and 6-Ghloroisatin 

Attention was directed tov,ards the development of suitable laboratory 

syntheses of these two compounds, since they could be made to underg-o the 

Ffitzinger reaction giving substituted cinchoninic acids which were desired 

fo r use in preparing chlor inated Ainley-King cor.rrpounds. Sandmeyer 15 had 

previously described the preparation of these compounds by the reaction shown, 
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but his method led to a mixture of the two isomers which he did not attempt 

to separate. 

This Sandneyer synthesis has been carried out on a large scale a 

number of times and shown to be very $at is factory. The conditions used were , 

similar to those described by Marvel and Hiers16 for the synthesis of isatin. 

A method for the separation of the two isomers by fractional precipitation 

from a basic solution was worked out and it was discovered that they occur 

Cl 

Oc C=O 
I 

.,...C=O 
NH . Oc c=o + I 

c1 ,c=o NaOH> 

NH 

Cl 

+ O: c=o a98 H I ~~00 ___ ......_-;~... + 
(pH=3) NH'C:0 Cl NH2 

. • (Precipitate) (Soluble) 

in approximately eq'll8.l amounts in the mixture. 

(:pH=l) 
Cl O=q=o 

C=O ,,, 

The decision as to whicll of the products isolated was· the 4-chloroisatin 

and which the 6-chloro isomer was rendered making use of the method of Sumpter 
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d J 17 f . d. . . . an ones o oxi 1zing 1sat1ns to the corresponding anthra:nilic acids. The 

OOOOH 

Cl: NH2 

chloro anthranilic acids thus obtained checked as to melting points with 

those described by Cohn18 and by Hunn19 • 

m-Chloro-isonitrosoacetanilide. - Four hundred and ninety gram.'3 of chloral 

hydrate was dissolved in 8 1. of water in a 22-1. flask, and 3110 g. of 

anhydrous sodium sulfate was added and caused to dissolve by gentle warming 

and stirring. A solution of 342 g. of m-chloroaniline in 1600 ml. of water 

and 235 ml. of concentrated hydrochloric acid was added. A white curdy 

precipitate formed. Then a solution of 590 g. of bydroxylamine hydrochloride 

in l 1. of water was added. 

The suspension was heated to boiling during the course of forty-five 

minutes. The original precipitate slowly dissolved, and at abou~ 70° the 

product began to come out as a flocculent solid. By the time the boiling 

point was reached the suspension was so thick that even with vigorous stirring 

it was very difficult to prevent frothing. The mixture was boiled for 

several minutes and allowed to cool. 

When the mixture had cooled to room temperature 4 1. of ethyl ether was 

added, dissolving the solid. This ether solution was separated from the 

aqueous solution, firtered, and the ether was allowed to evaporate in an 

open pan. There was left 493 g. of a light tan solid. This was a yield of 93%. 

A sample purified by reprecipitation from sodium hydroxide solution and 
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recrystallization from benzene melted at 144-146° (dee). The material as 

isolated, however, was pure enough for the next step without further work. 

4-C'.bloroisatin and 6-ohloroisatin. - The material from the pr evious 

reaction was ground in a mortar and then added in port ions to 2.5 1. of 

concentrated c. P. sulfuric acid, which was stirred vigorously and maintained 

at 80-85° with a cold water bath. The addition required about twenty minutes 

due to the large heat of reaction. Then the resulting deep red solution was 

heated for fifteen minutes at 90-95° and poured over a large quantity of 

cracked ice. 

The red solid which precipitated was filtered off, and used directly for 

the separation of the isomers. This mixture on drying showed a melting range 

of about 203-210°. 

Separation of 4-chloroisatin and 6-chloroisatin. - The moist filter cake 

was placed in a 12-1. flask together with 5 1. of water. Upon the addition 

of a solution of 120 g. of sodium hydroxide in 1 l. of water the isatin 

dissolved giving a deep red color. The solution was filtered through a layer 

of Celite to remove a small amount of muck. The clear red filtrate was 

cautiously brought to neutrality with concentrated hydrochloric acid while 

stirring rapidly. At the point where solid just began to precipitate (about 

pH 8) a solution of 106 ml. of concentrated hydrochloric acid in 500 ml. of 

water was added. An orange preeipitate of 4-chloroisatin (see below) formed 

at once and was filtered off after five minutes. To the filtrate was added 

500 ml. of concentrated hydrochloric acid causing 6-chloroisat in to come out 

in the form of small orange plates. This also was removed by filtration. 

Tbe first precipitate weighed 224 g., 46%, on the basis of m-:chloroa.niline, 
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and melted at 238-248° after sintering for ten degrees. It still contained a 

axna.11 amount of the other isomer, and for careful work required recrystallization 

before use. Glacial acetic acid was a very suitable solvent. An analytical 

sample recrystallized from acetie acid consisted of red needles, m. P• 256.5-

258° • 

.Anal. 

Found: 

The second precipitate weighed 145 g., a yield of 30% based on m-cbloro­

aniline. It melted at 253-257° after sintering for four degrees, and was 

quite pure although it could be recrystallized from acetic acid if desired. 

An analytical sample from glacial acetic acid melted at 258-259° and gave the 

following results. 

Anal. Calcd. for CaH4N02Cl {181.6): c, 52.89%; H, 2.22%; N, 7.71%. 

Found: c, 53.04%; H, 2.23%; N, 7 .97%. 

Structure proof for 6-ohloroisatin. - Five grams of a recrystallized 

sample of the second precipitate above was mixed with 150 ml. of 10% hydroxide 

solution. The solid partly dissolved to give a red solution which turned 

green as the isatin ring opened. Then 150 ml. of 3% hydrog'en peroxide solution 
. 

was aqded. The remaining solid dissolved. After standing one half hour the 

solution was made acid with hydrochloric acid, precipitating a white solid. 

This weighed 3.6 g., a yield of 76%. A sample twice recrystallized from 

ethanol melt ed at 237-238° and analyzed for a chloroanthranilic acid. Cohn18 

gives .235-236° as the melting point of 4-chloroanthranilic acid, while Hunn19 

gives 240° {corr.). 

.Anal. Calcd. for c7H0N02Cl {171.6): 

Found: 
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As a check the acetyl derivative was prepared by dissolving a sample of 

• the acid in acetic acid, adding acetic anhydride and a trace of sulfuric acid, 

and isolating the product by pouring the resulting mass into water. The 

product recrystallized from aqueous ethanol melted at 212-215°. Cohn gives 

214° as the melting point of 4-chloroacetanthranilic acid. 

Structure proof for 4-ch:Loroisat in. - Five grams of a recrystallized 

sample of the first precipitate was treated in a similar fashion. On acidifi­

cation 750 mg. of red solid cazne out which proved to be unchanged 4-chloro­

isat in. The solution was treated with Norite and extracted with ethyl ether. 

On removing the ether 1.7 g. of a brovm solid was left, m. P• 141-143°. On 

recrystallization from aqueous ethanol it caiil:l out in long thick brown plates, 

m. P• 140-141° (dee). Cobn18 gives 146-147° for the melting point of 6-

chloroanthranilic acid. 

The Preparation of Ethyl 7-Cblorocinchoninate 

The preparation of 7-chloroquinoline-2,4-dicarboxylic acid from 6-chloro­

isatin and pyruvic acid by the Pfitzing-er reaction10 presented no difficulties. 

The dee~~:boxylation of' this acid to give 7-chlorocinchoninic acid was also 

COOH 
NaOH> ~ 

· 01 ·~ ~ COOH 
N 

+ 

satisfactory provided care \11/'aS taken to ensure that the dicarboxylic acid was 

completely freed from sodium ions on precipitation. On neutralizing basic 
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solutions of quinoline-2,4-dicarboxylic acids t here is some tendency for the 

precipitation of a mono-sodium salt which will not undergo decarboxylation. 

To avoid this digestion of the precipitated acid with hydr ochloric , acid was 

introduced. 

7-Chlorogu inoline-2 1 4-dicarbo:xylic acid. - Sixty-three and four-tenths 

grams of finely gr ound 6-chloroisatin was suspended in a solution of 455 g. 

of sodium hydroxide in 1100 ml. of water. The suspension was warmed to 100° 

until the original purple color due to the sodium salt of the isat in had 

disappeared, leaving an olive suspension. After cooling to roon temperature 

127 g. of 50% pyruvic acid in water was added. After having been stirred for 

an hour the mixture was heated in a boiling-water bath for five hours. 

The solid cake which had formed was dissolved in 4 1. of water and the 

solution was made acid to Congo paper with h~rochloric acid. The solid which 

precipitated was filtered, washed, digested over steam for six hours with 

500 ml. of 6N hydrochloric acid, refiltered, washed acid-free, and dried. 

This yielded 83.1 g., 95%, of a grey solid which melted at 282-284°. An 

analytical sample crystallized from acetic acid consisted of colorless thin 

rectangular platelets which melted at 285-290° (dee) after showing a change 

in structure at 238°. 

Anal. 

Found: 

The dimethyl ester was prepared by dissolving the aci_d in methanol 

saturated with hydrogen chloride. It crystallized from ethanol in poorly 

formed plates, m. p. 130-131°. 

Anal. 

Found: 
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The diethyl ester was prepared by Mr. Mislow20 • It melted at 95-96°. 

Anal. Calod. for c1~14N04Cl (307.7): c, 58.65%; H, 4.59%; N, 4.55%. 

Found: 

,-Chlorocinchoninic acid. - Eighty-three and one-tenth grams of 7-chloro­

quinoline-2,4-dicarboxylic acid was suspended in 300 ml. of dry nitrobenzene 

and refluxed for one hour, during which period the solid dissolved. After 

cooling the crystalline solid which came put was filtered, washed free of 

nitrobenzene with ethyl ether, and dried. The yield was 67.5 g., 8~~. of a 

coal black solid melting at 285-289° {dee.) • .An analytical sample was 

prepared by recrystallization from acetic acid and consisted of colorless 

long platelets melting at 290-291° (,dee.). 

Anal. Calod. for c10H6N02Cl (207.6): C, 57.84%; H, 2.91%; N, 6.75%. 

Found: 

Ethyl 7-ohlorocinchoninate,, - In 11. of absolute ethanol was suspended 

55.4 g. of crude 7-chlorocinchoninic acid, and dry hydrog-en chloride was 

bubbled in to saturation. After refluxing for three hours the solvent was 

stripped off 1n, vacuo leaving a residue of the ester hydrochloride. To this 

200 ml. of ice water was added, and the mixture made basic with ammonia. The 

liberated ester was then dissolved in 300 ml. of 60-70° petroleum ether. The 

black solution obta ine.d wa$ treated with Norite and the clear yellow filtrate 

was concentrated to 100 ml. After standing several days in the ice chest, the 

ester crystallized from this solution in larg-e prisms, m. l?• 33-35°. The 

yield was 48.2 g., 77%, It was possible to distill this ester if desired, with * 

the b. P• 145°/o.7 mm. An analytical sample after both distillation and 

crystallization trelted at 35-36°. 

Anal. Calcd. for c1~ 10N02Cl (235.7): C, 61.16%; H, 4.28%; N, 5.94%. 

Found: C, 60.92%; H, 4.37%; N, 5.55%. 
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The picrate of this ester was prepared by precipitation from an ethereal 

solution with alcoholic picric acid. On recrystallization from ethanol it 

gave yellow needles, m. P• 17:>-174° • 

.Anal. 

Found: 

A sample of the ester hydrochloride recrystallized from ethanol consisted 

of colorless long needles, m. P• 165.5-168°. 

The Preparation of 7-Chloro- cC.-{2-piperidyl)-4-

quinolinazrethanol Dihydroohloride 

f. -Bromo- [ -( 7-chloroc inchonyl }-n-amylamine Dih~robromide. - Sodamide 

was prepared by dissolving 16.5 g. of sodium in liquid ammonia and adding ferric 

chloride as a catalyst. When the blue sodium color had disappeared the excess 

amioonia was driven off and the grey sodamide was crushed. 

The two liter flask used for this was equipped with a Hershberg stirrer 

driven by a powerful motor and with a reflux condenser. At room temperature 

was added a solution of 155 g. of ethyl w>-benzamidocaproate and 138 g. of 

ethyl 7-chlorocinchoninate* in 325 ml. of benzene. On 'heating slowly a grey 

paste first formed which set to a hard mass when the bath temperature 

approached ao 0 • The temperature was held constant at 100° and after an hour 

the mass began to turn oily. After two hours i t was possible to start the 

stirrer . 

*The ester used in this run was prepared by Mr. Kurt Mislow. 
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After seventeen hours of heating the mixture had separated into two 

phases, a clear benzene phase and a viscous oil. At this time a solution of 

435 ml. of concentrated hydrochloric acid and 325 ml. of water was added and 

the benzene was distilled out. Tbe oily suspension was refluxed for thirty­

seven hours, with the temperature of the refluxing vapors at 107°. During 

this time the red oil slowly went into solution in the acid phase so that at 

the end of twenty-four hours a clear solution had been obtained. 

This was now cooled in an ice-salt bath and cautiously made basic with 

50% sodium hydroxide solution, the tenq,erature being held below 20°. The 

basic solution was now extracted three times with chloroform. The combined 

chloroform solutions were placed in a flask containing 490 g. of 48%hydro­

bromic acid and 435 g. of water. Tbe weight of the flask and the hydrobromic 

acid were known accurately. 

When extraction of basic material from the chloroform layer was complete 

the chloroform was siphoned off and discarded; then the acid solution was 

heated to drive out dissolved chloroform, a stream of nitrogen passing through 

the flask being used to help this process. 

The increase in weight of the hydrobromic acid solution was 104 g., the 

equivalent of 0.376 mols of ket one . A solution of 53.2 go, 0.335 mols, of 

bromine in 50 ml. of 48% hydrobromic acid was prepared and added s lowly to 

the acid so l ution of the product at a temperature of about so0 • This required 

ten minutes. A yellow oil formed momentarily and the~ went into solution. 

After addition was completed the solution remained turbid due to undissolved 

oil, but after heating for twenty minutes further most of this bad disappeared. 

The solv.tion was filtered through glass wool to remove traces of oil, and was 

then allowed to cool. The product crystallized out in a mass of fine needles. 

It was filtered, washed with acetone and ether, and air dried, giving 86 g. 
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of yellow, crystalline material which melted with decomposition at 190-193°. 

On further standing an additional 18 g. of product crystallized out, while a 

second crop was obtained by concentrating the hydrobromic acid mother liquors 

and adding an equal volume of acetone. It weighed 37 g. and appeared to be 

as pure as the first crop. The total yield was thus 141 g. of bromk.etone, or 

47%. By acidification of the basic solution from tb.e condensation and work­

ing up of the precipitated acids 37 g. of 7-chlorocinchoninic acid was re­

covered accounting for an additional 30% of the starting material • 

.An analytical sample of this compound was prepared by crystallization 

from dilute hydrobromic acid. It decomposed at 184-186°. 

Anal. Ca.led. for C15H10N20ClBr3 {517.5): c, 34083%; H, 3.51%; N, 5.41%. 

Found: C, 35.17%; H, 3.67J;; N, 5.07%. 

7-Chloro- dl:..-(2-piperidyl)-4-guinolinemethanol dihydrochloride (SN 8153}. -

Eighty-six grams of the first crop of bromketone dihydrobromide was placed in 

a flask with 840 ml. of redistilled methanol and 385 ml. of saturated sodium 

carbonate solution (d 1.15) was added. Air was swept out of the flask with 

a stream of nitrogen and the flask was stop1)ered and shalcen for one hour. Then 

3.5 g. of Adams platinum oxide catalyst was added and the mixture was shaken 

under hydrogen until the absorption of gas ceased. This required about six hours. 

The catalyst and inorganic salts were filtered from the solution and wash-

ed thoroughly with methanol. The filtrate and washings were concentrated J1!. vacuo 

to remove the methanol, leaving a red oil and an aqueous :phase. The oil was 

taken up in chloroform and s~parated from the aqueous phase, the chloroform 

solution filtered, and the solvent removed. The resridual red oil was dissolved 

in 150 ml. of absolute ethanol and dry hydrogen chloride was passed into the 

solution until it was saturated. A pink crystalline precipitate formed which 

was filtered, washed with ethanol and ether, air dried. It was a reddish 



107 

powder weighing 19.9 g., 34 %, which melted with decomposition at 191-193° 

after darkening from 1ao0 • 

For purification the crude carbinol dihydrochloride was recrystallized 

from 560 ml. of methanol with the aid of Norite. On cooling a first crop of 

9.0 g. of colorless, wedge-like crystals came out melting at 206-209° (dee). 

On concentrating the mother liquors a second crop of 6.4 g. of equally pure 

material was obtained. This is a 26% yield of recrystallized material. 

The 55 g. of second crop bromketone salt from the above preparation was 

reacted in the ·same way. It gave 10.2 g. of crude dihydrochloride and 7.8 g. 

of recrystallized product. 

The overall yield on this experiment of 23.2 g. of reorystallh:ed product 

is 11.3% on the basis of the cinchoninic ester used, or 16.3% on the basis of 

the ester consumed. 

An 3llalytical somaple of the carbinol dihydrochloride was recrystallized 

several times from methanol. It melted with decomposition at 207-208° after 

darkening for fifteen degrees proviously. 

Anal. 

Found: 

The free base was prepared for analysis by suspending the carbinol 

dihydrochloride in water and adding excess sodium hydroxide solution. The 

precipitated base was centrifuged down, washed with water, and recrystallized 

several times from 95% ethanol. It showed a change in structure around 130° 

and melted at 173-174°. 

Anal. 

Found: 
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The preparation of 7-chloro-2-phenylcinchoninic acid has been described 

by Borsche2 ; using the Doebner reaction of m-chloroaniline, benzaldehyde, and 

pyruvic acid. T.his was carried out on a larg-e scale and proved to be very 

' 010 + 
0 00 11 . ti 

CH3-C-COOH + H-C ► 

COCH 

Cl 

satisfactory. Since the possibility exists that this reaction might lead to 

5-cbloro-2-phenylcinchoninic acid instead of the 7-isomer the acid was also 

synthesized by the Pfitzing-er reaction from 6-chloroisatin and acetophenone, 

eliminating any doubt as to the position of the chlorine. The acids obtained 

6:o (c C.;Q 

Cl / 

in these two syntheses were identical, a conclusion which was confirmed by a 

comparison of the esters prepared from them. 

The esterification of the acid was simple and straightforward. Since 

the completion of this work Tarbell and his co-workers22 have described the 
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preparation of this ester. The melting point they gave is. the same as that 

reported here. 

7-Chloro-2-phenylcinchoninic acid. - Three liters of u. s. P. glacial 

acetic acid was placed in a five-liter flask equipped with a stirrer. While 

stirring 220 g. of redistilled benzaldebyde, 360 g. of 50% aqueous pyruvic 

acid, and 250 g. of m-chloroaniline were added. The resulting red solution 

· was heated on a water bath for one and one-half hours. After thirty minutes 

yellow needles began to form, and on cooling the amount of these increased. 

They were filtered, washed with acetic acid and ether, and dried. There 

was obtained 175 g., 35%, of rectangular :pr.isms, m. P• 249-254° after sintering 

from 190°. Borsche21 gives 244-246° for this melting :point. 

Ethyl 7-chloro-2-phenylcinchoninate. - The 175 g. of acid were placed 

in a flask with 1.5 1. of absolute ethanol and 100 ml. of sulfuric acid. On 

heating the solid dissolved. The solution was refluxed for nineteen hours and 

the ethanol was then distilled off in vacuo. On adding ice some solid ca.me 

out, and when the mass was made basic with ammonia a solid .cake formed. This 

was dissolved· in ethyl ether and the solution was extracted thoroughly with 

ether. The solid all dissolved except for a small amount of debris which was 

removed by filtration. 

After separating the phases the ether was removed leaving a yellow cake . 

This was dissolved in one liter of boiling 96% ethanol. On cooling a heavy 

crop of yellow needles formed which were filtered off and air dried. The 
. . . ~ 

yield was 154 g. of material melting at 89-91°, 73% of theory. Tarbell 

gives 89-89.5° as the melt ing point of this ester. An analytical sample 

after several recrystallizations from ethanol melted at 89-90° and gave the 
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following results. 

Anal. 

Found: 

7-Chloro-2-phenylcinchoninic acid by the Pfitzinger method. - From 

9.3 g. of 6-chlorois~tin was prepared 6.6 g., 45%, of an acid, m. P• 246-

248° after sintering from 238°, by using the Pfitzinger reaction in the 

manner described for the preparation of 5-cbloro-2-pbeny~cinchoninic acid. 

A mixture of ~his product and the acid from Borsche's swz:ithesis showed no 

melting point depression. The ester prepared from this acid melted at 88-

89° and gave no melting point depression when mixed with the ester prepared 

from Borsche's acid. 

The Preparation of 7-Chloro-2-phenyl- c:(.-(2-piperidyl)-

4-quinolinemethanol Dihyi:lrochloride 

f -(7-Chloro-2-phenylcinchonyl)- n -amylamine dibydrobromide. - Sodamide 

was prepared from 12.5 g. of sodium in a three neck two-liter flask as 

described previously. The sodamide was ground up and the flask was fitted 

with a Hershberg stirrer and a reflux condenser. To the flask was added a 

solution of 134 g. of ethyl 7-chloro-2-phenylcinchoninate• and 118 g. of 

ethyl w-benzamidocaproate in 250 ml . of dry benzene. The mixture was 

stirred and warmed in an oil bath. At about 60° the evolution of ammonia 

commenced and the mass became a grey paste. The temperature was held constant 

at 100° for eighteen hours during which period the mixture went to a brovm 

oil. Two hundred and forty-five milleliters of concentrated sulfuric acid 

*The ester used in t his large scale reaction was furnished by Dr. Elderfield 
of Columbia University. 
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and 330 ml. of wat er were added cautiously, tbe benzene was distilled out, 

and the water which came over with the benzene was replaced. The resulting 

murky solution was refluxed for forty-eight hours to remove the benzoyl 

group. 

Tbe solution was co.oled and cautiously made basic with 33% potassium 

hydroxide solution, the temperature being held below 25°. To prevent the 

precipitation of potassium sulfate an additional 500 ml. of water was added. 

At a pH of 4 the mixture became oily. The addition of base was continued 

until the s@lution was alkaline and then 100 ml. excess was added. Five 

hundred milleli ters of chloroform was added and the aqueous solution was 

decanted from the lower layer of oil, chloroform, and insoluble salts. The 

aqueous solution was thoroughly extracted with chloroform and the chloroform 

added to the lower layer above. This mixture was now extracted with water 

until all the material present was in solution in water or chloroform. 

The chloroform solution was filtered and added to 600 mi ·. of 20% hydro­

bromic acid. A yellow solid crystallized out of the two phase mixture, and 

after standing for two hours was filtered and washed with acetone. After 

drying in air and 1!t vacuo this was 99.4 g., 45%, of yellow crystals which 

nelted at 264-269° and analyzed for the desired compound, after several 

recrystallizations from methanol. 

Anal . 

Found: 

The aqueous solution from the chloroform extraction was acidified, 

precipitating a mixture of acids. These. were filtered off, washed, dried~ 

and thorougnly extracted with ethyl ether leaving as a residue 64 g. of 7-
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chloro-2-phenylcinchoninic acid, m. P• 246-248°. This represented 52% of 

the ester taken, ma.king the yield of ketone dibydrobromide 93% on the basis 

of ester consv.ned. 

C-Bromo- £ -(7-chloro-2-phenylcinchonyl)- n -amylamine dihydrobromide. -

N,inety-si:x: and six-tenths g. of the ab.ova ketone dihydrobromide was suspend.ad in 

1 1. of 48% hydrobromic acid. The suspension was immersed in a boiling water 

bath and a solution of 30 g. of bromine in 100 ml. bf 48 % hydrobromic acid 

was added over a ten minute period, while stirring rapidly. The suspension 

was heated for twenty minutes more and cooled. 

The yellow solid which came out was filtered, washed with acetone, and 

dried in air and .ill vacuo over sodium hydroxide. This gave 101.0 g., 91%, 

of crystalline mat erial melting with decomposition at 264-267°. It analyzed 

correctly for the desired product • 

.Anal. 

Found: 

7-Chloro-2-phenyl- Cll(.-(2-piperidyl)-4-guinolinemethanol (SN 10 1286). -

Ninety-seven and two-tenths grams of this bromlcetone salt was placed : in a 4 l. 

bottle and l 1. of ethanol and 420 ml. of saturated sodium carbonate solution 

(d 1.15) were added. A heavy precipitate of sodium bromide formed at once 

' and caked on the walls of the flask. This was broken up, the air was swept 

from the bottle with a stream of nitrogen, and . the suspension was shaken for 

one hour. Then 2.3 g. of Adams platinum oxide catalyst was added and the 

mixture shaken with hydrogen until absorption ceased. After standing over­

night the mixture of catalyst and inorganic salts was filtered from the 

solution and t horoughly washed with ethanol. 
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The wash ings and filtrate were concentrated _!B, vacuo till all the 

ethanol had been removed, leaving a clear aqueous solution and a red 

.oil. The oil was taken up in chloroform, filtered, and the chloroform 

removed. The oil was now taken up in 100 ml. of abwolute ethanol and 

200 ml. of 5.9 N alcoholic hydrogen chloride solution was added. A 

pink crystalline solid precipitated. After twenty minutes this was 

filtered and washed with ethanol and acetone. After drying this was 27,7 g., 

40%, of a light _pink powder vmich melted with decomposition at 221-222°. 

For purification it was taken up in 500 ml. of boiling methanol and 

precipitated by the addition of 900 ml. of is0propyl ether. This threw 

out 24.7 g. of a very slightly c,olored crystalline solid melting with 

decomposition at 225-226°. This is a yield of purified material of 36%, 

and an overall yield of 15% from the starting ester or 31% from the ester 

consumed. 

Anal. Calcd. for c21H23N2oc13 {425.8): C, 59.237&; R, 5.44%; N, 6.58fs. 

Found: C, 59.2856; H, 5.707~; N, 6.35%. 

A sample of this salt from a preliminary run was converted to the 

free base by treating an alcoholic suspension with sod_ium hydroxide 

solution. The resulting solid was· recrystallized from ethanol several 

tinas. It behaved like a solvate on melting; liquefying with gas evolution 

around 100°, resolidifying, and finally melting at 151-152°. It analyzed 

for an ethanolate of the free base. 

Anal. 

Found: 

A sample of the salt from this experiment treated in the sarne 

fashion gave a white crystalline solid which me lted at 190-191° and 
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analyzed for the solvent-free base. 

Anal. 

Found: 

Since it wa.s felt that the production of two types of free bases 

in different runs might indicate the formation of two stereoisomeric 

mixtures in the two experiments these compounds were investigated. It 

was found that in one case a sample of the etbanolate had spontaneously 

changed to tbe bigher melting form during a period of several week.S, 

while anotber sample of the solvate after drying 1£. vacuo at 78° for 

four hours also melted at tbe higber temperature and gave no depression 

of the r:oolting point when mixed with the product of the reaction de­

scribed above. It wa.s not, however, possible to convert the non-solvated 

form to the solvated form by crystallization from ethanol. 

The Attempted ?reparation of 5-Chloro- c(.-(2-piperidyl)-

4-quinolinemethanol and 5-Ch loro-2-phenyl- 4:. -

(2-piperidyl)-4-quinolinemethanol 

The attempted preparation of these compounds by the Ainley-King 

procedure failed, since in each case the reaction between the appr0piate 

cinchoninic ester and ethyl w-benzamidocaproate could not be made to 

take place. This is probably a steric effect due to the presence of a 

chlorine atom in the 5 position next to the ester group. In this con­

nection it is interesting to note that the two cinchoninic acids in 

question could not be esterified in the usual fashion with ethanol and 

acid . A similar interference with t his reaction by a substituent in the 

5 position has been noted by Buchman and his co-workers9 in the case of 

ethyl 2-phenyl-5,6-benzocinchoninate whi ch would not condense with ethyl 
I 
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~-benzamidocaproate although ethyl 2-phenyl-7,8-benzocinchoninate 

reacted readily. 

The low yield in the Pfitzinger reaction bet-ween 4-chloroisatin 

and pyruvic acid is probably due to the difficulty of isolating the 

product from the mass of pyruvic acid pol;ymers and not to any 

deficiency of the reaction itself. After the decarboxylation an attempt 

to esterify the 5-chlorocincboninic acid obtained by refluxing over­

night with ethanolic sulfuric acid resulted in a quantitative recovery 

of unchanged acid. To overcome this the use of tbionyl chloride with 

intermediate formation of the acid chloride was introduced. 

The preparation of 5-chloro-2-phenylcinchoninic acid by the 

Ffitzinger reaction went nicely. It was necessary to recrystallize 

the product before esterification since isolation of the ester ob­

tained from a crude sample of acid proved to be very difficult. 

Again it was impossible to esterify the acid in the usual fashion and 

thionyl chloride had to be employed. 

When these esters were heated with sodamide and ethyl w-benzamido­

caproate in the usual fashion no change could be noted in the time 

usually sufficient for complete conversion of the initial grey sodium 

salt of the caproic ester to a brovm oily product. When the heating 

was continued for several days, or when higher t~mperatures were 

employed, the mixture gradually changed to a pitch black oil. 

Attempts uo isolate a ~ -keto ester from this mess failed, nor could 

any ketone hydrobromide be isolated after hydrolysis. When the reaction 

was carried on to the bromination stage the solution which should have 

contained the ketone reacted with only a negligable amount of bromine. 
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In view of these results, and of the evidence discussed above, the 

attempt to prepare these carbinels was dropped. 

5-Chloroguinoline-2 14-dicarboxylic acid. - Two hundred and seven 

grams of 4-chloroisatin was suspended in 1225 ml. of 96% ethanol and 

410 g. of 50% pyruvic acid was added. While shaking a solution of 360 

g. of potas-s ium hydroxide in 390 ml. of water was added. Th is gave a 

deep red solution which WB/3 heated under reflux for twenty-eight hours. 

On cooling the solution 174 g. of brown crystals crune out. These 

were dissolved in 400 ml. of water, the solution was extracted with 

ether, and made acid to Congo :paper with hydrochloric acid. Eighty-two 

and five-tenths g. of yellow flocculent solid precipitated. It was 

infusible and left an BJ3h on ignition •. This WB/3 assumed to be the 

mono-potassium salt of the desired dicarboxylic acid. To convert it to 

the free acid it was dissolved in 2200 ml. of boiling water and 90 ml. 

of concentrated hydx>ochloric acid was added. The free acid crystallized 

out almost at once and was filtered, washed with water, and dried. It 

weighed 70.8 g. and melted with gas evolution at 216-218°. If the 82.5 g. 

represented the mono-potassium salt this is a recovery of 99%. It was 

assumed that the 175 g. of material originally obtained consisted of a 

mixture of the di-potassium salt of the acid and potassium pyruvate. 

The reaction solution after the crystalline product had been re­

moved was also acidified, precipitating a large mB/3S of red muck. Thjs 

was worked over by extraction with sodium bicarbonate and precipitation 

with hydrochloric acid • .A:1J. additional 15.0 g. of acid were obtained, 

making a total of 86 g., 30% of theory. An analytical sample was re­

crystallized from acetic acid and from ethanol. It melted with. 
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evolution of gas at 218-219° and gave the following results. 

Anal. 

Found: 

5-Chlorocinchoninic acid. - Fifty-eight grams of 5-chloroquinoline-

2,4-dicarboxylic acid was heated in a flask containing 120 ml. of nitro­

benzene. At 180° the evolution of carbon dioxide began, and at 210° the 

reaction proceeded very rapidly and the suspended solid dissolved. After 

twenty minutes at this temperature the solution was cooled whereupon the 

product crystallized out. It was filtered off, washed free of nitrobenzene 

with ether, and air dried. This gave 36.2 g., 76%, of a grey crystalline 

solid, m. P• 253-254° • .An analytical sample after several recrystallizations 

from ethanol consisted of aolorless plates, m. P• 254-255°. 

Anal. 

Found: 

Ethyl 5-chlorocinchoninate. - Thirty-four and three-tenths gi:a.ms of 5-

chloroclnchoninic acid was refluxed for two and one-half hours with 220 ml. 

of purified thionyl chloride. The thionyl chloride was then stripped off 

in vacuo on a steam bath and 250 ml. of absolute ethanol was added to the 

crystalline residue. On warming the solid dissolved and the solution was 

refluxed for four hours. 

The ethanol was removed in vacuo, ice and water were added, the solution 

was made basic with ammonia, and the ester was taken up in ethyl ether. The 

ether solution was treated with Norite, and the ether removed. The residue 

was a red oil which crystallized on cooling. It weighed 35.6 g., 91%. For 

purification the ester was distilled, coming over at 136-139°/170-200,r • 

The distilled product weighed 29.2 g., 75%, and melted at 64-65°. An analytical 

sample recrystallized from ligroin melted at 65-65.5°. 
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.Anal. 

Found: 

5-Chloro-2-$enylcincboninic acid. - One hundred and eighty-three 

grams of crude 4-chloroisatin was placed in a 5 1. flask, and 1225 ml. 

of 95% ethanol and .220 g. of acetophenone were added. Then a hot 

solution of 220 g. of potassium hydroxide in 300 ml. of water was added. 

The suspended isatin dissolved to give a deep purple solution. This was 

refluxed for forty hours and then the ethanol was driven off on a steam 

bath·. Enough water was added to dissolve the residual solid, and excess 

acetophenone was extracted with ether. Upon acidifaction of the aqueous 

layer with hydrochloric acid a brown oil came out which solidified on 

cooling. This solid was crushed and suspended in 2 l. of water . Upon 

addition of 100 g. of sodium bicarbonate it dissolved, and a small 

amount of muck was rero:>ved by filtration. Acidification now precipitated 

206 g., 72%, of a creamy solid. This was recrystallized from 3 1. of 

methanol, a second crop being precipitated by addition of water to the 

mother liquors. The total yield of recrystallized material was 163 g., 

57%, of crystals nalting at 229-232° with the evolution of gas. An 

analytical sample consisted of colorless rectangular prisms, m. P• 234-

235° (dee). 

Anal. 

Found: 

Ethyl 2-phenyl-5-.ohlorocinchoninate. - One hundred and sixty-three 

grams of recrystallized acid was refluxed for two and one-half hours 

with 700 ml. of purified thionyl chloride. The acid dissolved almost 

immediately. At the end of this period the excess thionyl chloride was 
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removed 1!! vacuo leaving a thick red oily residue. To this was added 

700 ml. of absolute ethanol causing a white solid to crystallize out, 

probably the acid chloride hydrochloride. On refluxing for three hours 

this dissolved. 'J!he ethanol was removed leaving a red oil. Five 

hundred milleliters of ethyl ether was added, then some ice water, and 

the water was made basic with ammonia setting the ester free so tbat it 

went into the ether phase. The ether phase was washed with water, dried 

over sodium sulfate, and the ether was distilled off. The dark colored 

oily residue crystallized readily. It was impossible to recover any un­

reacted acid from the aqueous phase by acidification. 

For purifioat ion the product was distilled in a high vacuum. Th is 

gave 122 g., 68%, of a white crystalline solid melting at 57-59°. It 

boiled at 194°/14?- and 174°/7~ • An analytical sample crystallized 

from methanol came out in large white prisms, m. P• 59.5-60.5°. 

Anal. 

Found: 

The Preparation of Ethyl 6,7,8-Trichloro-

2-phenylcinchoninate 

In the search for a satisfa.ctory synthesis of this ester two 

reactions were employed which had previously been used by workers in 

this laboratory. Rapport 7 had worked out the preparation of 5,6-di­

chloroisatin and shovm it was readily formed by the chlorination of 6-

chloroisatin in glacial acetic acid. The reaction of 5-chloroisatin with 

chlorine in the presence of iodine monochloride to give 1,5-dichloro­

isatin and the rear1•angement of this latter compound to give 5,7-di-
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chloroisatin under the influence of sulfuric acid had been described 

in a German patent23 and had been explored extensively by Buchma;n and 

his co-workers9 during the preparation of 6 ,8-dichloro-2-:phenylcinchoninic 

acid. By a combination of these two methods it proved to be possible 

to prepare the required 5,6,7-trichloroisatin. 

O: C=O 
}=o 

Clo:C=O . )=o 
Cl NH 

Cl 

At first the reactions were run successively, i.e., 6-chloro­

isatin was chlorinated by the Rapport method, 5,6-dichloroisatin was 

isolated, and then chlorinated further using the German method. It 

seemed that both reactions might be carried out in one operation and 

this proved to be so. 

The intermediate N-chloroisatin proved to be impossible to isolate. 

The solid from the chlorination had a much lower melting point than any 

of the three chloroisatins involved, but attempts to isolate a pure I~ 

chloro compound apparently led to rearrangement. Hence the crude material 

was use.d for the next step. 

It proved to be very difficult to free the final 5,6,7-trichloro­

isatin from various by-products which were formed during the chlorination. 

While a sufficient amount of pure material was obtained by fractional 
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crystallization to permit characteri2:ation of the compound, during 

large scale reactions the crude isatin was submitted to the Pfitzinger 

reaction. One of the principle by-products was a golden compound, 

nitrogen free and very rich in chlorine, whose structure is unknown. 

The trichloroisatin was converted to the 2-phenylcinchoninic acid 

by the Pfitzinger reaction with acetophenone. Again the product ob­

tained proved to be difficult to purify since it was insoluble even in 

hot, dilute sodium bicarbonate and could only be recrystallized from 

cellosolve which gave little purification. Therefore, the crude acid 

was employed for the next step. 

Clo-?:O 
Cl ,,0-0 

NH 
Cl 

Cl 
~ 

Cl 

The esterification proceedea readily. It was difficult to work up 

the final product and the yield was not too large. However, it will be 

noted that the impurities accumulated in all the previous steps added to 

the difficulty of isolation and to the low yield. Mr. Mis1ow2° has 

recently observed that in place of the isolation procedure described here 

the ester may be crystallized out by cooling the esterification mixture. 

The yield is not improved _and the ester must be recrystallized, but the 

ease of handling is much greater. 
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To prove the structure of the trichloroisatin it was converted to 

known 3,4,5-trichloroanthranilic acid by the method of Sumpter and Jones 17 • 

This was not conclusive, however, as 4,5,6-trichloroanthranilic acid which 

would be formed from the other possible trichloroisatin, the 4,5,6-isomer, 

has not been described. Therefore the anthranilic acid was deaminated to 

give 3,4,5-trichlorobenzoic acid which was identified by its melting point 

and by the melting point of its ester, thus furnishing conclusive proof 

of the structure of the trichloroisatin. 

Na01:I ,. 

01-AcooH 

c1V 
Cl 

Cl~ COOH 

Cl~NH2 
Cl 

HNO 
EtOH 

2
"'" 

Clo-COOC2H5 
Cl 

01 

Since the material employed for the Pfitzinger reaction was an impure 

mixture one small run was carried out using a purified sample of 5,6,7-

trichloroisatin. This demonstrated that the component of the mixture which 

gave 3,4,5-trichlorobenzoic acid was the same as that which gave the com­

pounds described below. 

51617-Tricbloroisatin. - One hundred and fifteen grams of crude 6-

chloroisatin was suspended in 2.5 1. of WE!ter and 25 ~g. of potassium iodide 

was added. A rapid stream of chlorine was led into the sti~red suspension 

until the reduction of the iodide ion to iodine monochloride was complete 

as evidenced by the disappearance of the initial dark purple color. When 

the water was saturated with chlorine the rate of gas flow was cut down 
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and t be s uspe:ns ion v1as st i r :ced fo r sevent y-tv,o l:01.:rs. Ti,e s olid was 

t hen filtered, washed with water, a.nd air dried. This gave 140 g. of brick 

red solid, m. P• about 140-210°. 

The dried solid was added to 600 ml. of c. P. sulfuric acid and held 

below 50° by cooling with running water. After standing overnight the solution 

was poured onto cracked ice giving 140 g. of red solid, m. p. 180-195°. 

61718-Trichloro-2-phenyloincboninic acid. - The 140 g. of crude trichloro­

isatin was added to 1100 ml,. of 95% ethanol, 67 g. of acetophenone, and 315 ml. 

of 33% potassium hydroxide and refluxed for sixteen hours. Two liters of 

water was added, and then 350 ml. of hydrochloric acid making the solution 

acid to Congo paper. After cooling a solid was filtered off and dried. It 

was brick red, weighed 143 g., melted at 269-285° (dee.), and was ident.ical 

when purified with the analytical sample described below. 

Ethyl 61718-trichloro-2-phenylcinchoninate. - The crude acid was refluxed 

overnight with 1500 ml. of absolute ethanol and 100 ml. of sulfuric acid. 

Then the ethanol was removed J:n. vacuo, ice was added to the oily residue, and 

the mixture was made alkaline with concentrated amnonia. The ester was taken 

up in chloroform and the chloroform was washed with dilute ammonia. The 

solvent was driven off and .the oily residue was digested with 500 ml. of' 

ethanol, thus causing it to crystallize. After cooling the crude ester was 

filtered off and dried. The ethanol filtrate contained large amounts of red 

tarry materials from which no ester could be isolated. The solid ester 

weighed 85 g. and melted at 150-200°. 

The solid was distilled in an all glass apparatus packed \Vith glass wool. 

The ester came over at about 270°/1ocr • A great deal Of decomposition 

occurred during the distillation. This may ~ave represented free acid 
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being decarboxylated to give trichloroquinoline. The distillate was a red 

oil which crystallized at once. The solid was fused and poured into one 

liter of boiling ethyl acetate. On cooling the ester crystallized out in 

stout needles or bars colored light pink or yellow. The yield of purified 

product was 50 g., 21% from 6-chloroisatin, of material melting at 165-167°. 

An analytical sample from ethyl acetate melted at 162-165°. 

Anal. Calcd. for C1sH1zN02Cl3 (380.7): C, 56.80%; H, 3.18%; N, 3.68fo . 

Found: 

Character~zation of 5,6,7-trichloroisatin. - The crude isatin from one run 

was crystallized from glacial acetic aqid, giving a mixture of golden plates 

and red prisms. Some of tbe plates were separated by hand and recrystallized 

for analysis. Found: C, 28.78% (29.10%); H, 0.971b (0.47%); N, 0.00%; 

Cl, 54.23%. 

Some of the red prisms were obtained pure by swirling the flask con­

taining the crystals to suspend the lighter plates and decanting these off 

and dissolving the residue in hot acetic acid. On cooling some of the 

prisms came out before the remaining plates crystallized. An anal~~ical 

sample melted at 248-253°. 

Anal. Calcd. for CeH2N02c13 {250.5): C, 38.35%; H, 0.81%. 

Found: 

Two grams of tbis :purified trichloroisatin was converted to the cincboninic 

acid and ester. From the acid an analytical sample melting at 293-294° was 

prepared .• 

Anal. 

Found: 

The ester prepared from this acid was identical with the product described 

above., 
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Two grams of pure tricbloroisatin wa.s dissolved in 60 ml. of 10% 

sodium hydroxide and treated with hydrogen peroxide. On neutralization 

with hydrochloric acid a white solid came out. It weighed 1.92 g. and 

melted at 226-229°. .An analytical sample from aqueous ethanol meited at 

0 229-230.5 • 

.Anal. 

Found: 

The value given in the literature24 for the melting point of 3,4,5-trichloro­

anthranilic acid is 226-227°. 

One and two-tenths grams of the anthranilic acid was dissolved in 5 ml. 

of 5% sodium hydroxide. The solution was diluted to 35 ml. and 0.34 g. of 

sodium nitrite was added. A mixture of ice and 3 ml. of concentrated hydrochloric 

acid was prepared and the solution was added to it. Then the mixture which 

contained so~~ pink solid was added to 500 ml. of absolute ethanol containing 

a little finely ground cuprous chloride. After refluxing for one-half hour 

the solvent was stripped off and the residue was reprecipitated with acid 

from solution in ammonia. This gave 0.84 g. of solid melting at 194-207°. 

An analytical sa.-rnple melted at 207-210°. The literature25 gives 203° fo~ 

the melting point of 3,4,5-trichlorobenzoic acid and 186-187° for 2,3,4-

trichlorobenzoic acid • 

.Anal. 

Found: 

.A:3 a final check the ethyl ester was prepared. It melted at 85-87° while 

the value of 86° is given in the literature. 

The Preparation of 6,7,8-Trichloro-2-phenyl-CJC.,.. 

(2-piperidyl)-4-quinolinemethanol Hydrochloride 

Although no major alterations .of the standard conditions were employed 
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in the synthesis of tbis carbi:nol, tbe tecbnique of carrying out the 

reactions required a good deal of e:Kperimental investigation before 

satisfactory results were obtained. The difficulties arose chiefly from 

the great insolubility of the various intermediates and by-products. They 

were similar to those encountered by Mr. Rapport in his preparation of the 

analagous 6,7-dichloro carbino17 and his experience with such problems was 

of great help. 

At the time when the preparation of the intermediate bromoketone had 

been worked out, and one preliminary ring-closure and reduction had been 

completed, the synthesis was turned over to Dr. A. A. Benson. He completed 

the preparation of the material for testing; a short summary of his work 

is appended for the sake of completeness. 

The condensation of 6,7,8-trichloro-2-pbenylcinchoninic ester and w­

benzamidocaproic ester was carried out as usual. During the hydrolysis with 

sulfuric acid a large amount of insoluble material precipitated. Following 

Rapport's method in his dichloro synthesis, this was filtered from the hot 

sulfuric acid solution and discarded, since extraction of this residue with 

hot sulfuric acid gave no further product. If this by-product was not 

removed at this point it interferred with the extraction of the ketone free 

base. 

The working up of the ketone proceeded as usual, except that there was 

a good deal of material which was insoluble either in sodium hydroxide 

solution or in chloroform. This was also discarded. On the basis of pre­

liminary experiments it seems likely that this material, and the solid 
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discarded previously, contained a good deal of 6,7,8-trichloro-2-phenyl­

cinchoninic acid; no attempt was made to recover it. 

Bec~use of the poor results recorded below on the ring-closure and 

reduction l\'!r. Rapport investigated the use of a lower temperature during the 

ring closure. He obt~ined about twice as great a yield of final carbinol, 

and prepared an analytical sample from it. In the hands of Dr. Benson this 

improvement eventually led to a very satisfactory yield in the l ast step. 

£ -(6 1 718-Trichloro-2-phenylcinchonyl)-n-amylamine hydrobromide. - A 

solution of 72 .7 g. of ethyl 6,7,8-tricbloro-2-pbenylcinchoninate and 57.8 g . 

of ethyl w-benzamidocaproate in 190 ml. of boiling benzene was added to 

sodamide prepared from 5.4 g. of sodium in the usual way. A vigorous 

evolution of ammonia commenced at once. The mixture was placed in an oil 

bath at 100°. After six hours of stirring the initial grey suspension began 

to turn brown and oily, and after twenty-two hours the whole mass was a 

brown oil. ~o this was added 500 ml. of a solution of 300 ml. of concentrated 

sulfuric acid in 400 ml. of water. The benze ne was distilled out of the two 

phase system, and the residue was refluxed for seventy-two hours • 

. At this time the bot sulfuric acid solution was filtered free from a 

substantial quantity of cr ystalline solid which had formed during the hydrolysis. 

The filtrate was diluted to 3 l. with ice and water, and brought to neutrality 

by the addition of solid sodium carbon;;\.te, It '."Tas then made strongly basic 

by the addition of 50 ml. of 50~ sodium hydro:xide solution. After diluting the 

resulting su8-nensior, to 6 1. with water it W9S carefully extracted with 

cil lo!'o!°ol'."!!!. n-... c t -o t be l ~rge amount of insoluble, amorphous material wh ich 

accumulated at the interface t his presented some 6. ift"ieulty. A total of l .5 1. 

of chloroform was employed in sever8l port ions for t be extrac·tions. ~he solid 

and a~ueous residues webe discarded. 



128 

The combined chloroform extracts were egaporated l:!1 vacuo leaving a brown 

tar. To this was added 200 ml. of isopropanol, partially. dissolving the tar, 

and hydrobromic acid (48%) was added until the solution was acid. This 

caused the conversion of the tar to a brown, crystalline solid, weighing 

25.3 g. Recrystallization from 250 ml. of methanol freed the product from 

a small amount of 6,7,8-trichloro-2-pbenylcinchoninic acid (which was insoluble 

in the hot methanol), and gave a product consisting of light grey platelets, 

m. p. 196-198° (dee.). The yield of recrystallized product was 19.7 g., 

21% • .An analytical sample recrystallized from methanol consisted of 

rosettes of golden-brown Qars, m. P• 193-195° (dee.) • 

.Anal. 

Found: 

£ -Bromo- f. -( 6, 7 18-trich loro-2-phenylc inchonyl l -n-amylamine .hydro­

bromide. - To 4.2 g. of ketone hydrobromide dissolved in 50 ml. of 48% 

hydrobromic acid at 90-95° \vas added dropwise 1.29 g. of bromine dissolved in 

5 ml. of 48 % hydrobromic acid. After the addition the solution was kept 

at this temperature for ten minutes. To the hot solution was added 50 ml . 

of ethanol, causing a yellow, crystalline solid to precipitate. After 

cooling this was filtered off, giving 4. 2 g. of br omoketone h~,drobromide, 

m. P• 198-199° (dee.), a yield of 86% • .An~ analytical sample crystallized 

from acetic acid consisted of thick, columnar crystals, m. P• 191-192° (dee.) • 

.Anal. 

Found: 

6, 7,8-Trichloro-2-phenyl- ~ -(2-:piperidyl )-4-guinolinemethanol (§Nl3150). 

A preliminary ring-closure and reduction was carried out using the 4.2 g. of 

bromoketone hydrobromide obtained in the last experirnent. Since another method 
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was eventually evolved for carrying out t his react ion it will not be 

described. Th ere was obtained 200 mg. of crude carbinol hydrochloride , 

m. P• 250-252° ( dee.). An analytical sample was prepared by precipitating 

the salt from 12 N hydrochloric acid with ethanol. 

Anal. 

Found: 

( Corrected for O .4;'0 of ash in the sample.) 

By carrying out the r .ing-cloa-ure for a longer period of time at o0 

Mr. Rapport increased the yield. He prepared an analytical sample of the 

free carbinol, m. P• 225-226°. 

Anal. 

Found: 

In a large scale run Dr. Benson brominated 26.4 . g. of pure ketone 

hydrobromide, and converted the bromolrntone thus obtained to the carbinol 

following Rapport's method of ring-closure. He thus obtained 10.7 g. of 

carbinol hydrobromide, which gave 6.32 g. of free base, identical with 

:Mr. Rapport's analytical sarrr_ple. 'l'bis is a yield of 29 jb of crude carbinol 

from the lcetone hydro bromide. Th is carb inol was comb i ned with t he products 

of several preliminary preparations , purified , and s ubmitted for testing 

as the hydro c}1 l oride. 
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V. INVESTIGATION OF THE EFFECT OF GLOBULIN DEPLETION 

ON ANTIBODY PRODUCTION IN RABBITS 

A. INTRODUCTION 

It is now generally accepted that antibodies are associated wi·bh 

a specific protein fraction of the blood serum known as Y-globulin. 

Numerous explanations have been advanced to explain the appearance 

of these antibodies soon after the injection into the animal of the 

corresponding antigen. 

According to the theory advanced by Pauling (1) the presence of 

an antigen at the site or sites of 0-globulin synthesis causes the 

long polypeptide chains to fold in such a manner that they assume con­

figurations complementary to the antigen, thus acquiring the ability to 

combine with it. If the production of '1-gl0bulin is a normal activity 

of the qody, and not a specific response to the presence of antigen. 

the theory suggests that, in the presence of a certain a.mount of antigen, 

an increased rate of 1-globulin production should lead to a higher 

proportion of antibody molecules in the serum. This follows from ·t:;he 

assumption that only a fraction of the circulating 1-globulin of the 

serwn will be replaced during the effective presence of the antigen in 

the body, so that only a fraction of the globulin will be specific for 

that antigen. 

The method we proposed to apply to stimulate an increased rate of 

¥-globulin formation was a severe depletion of the circulating globulins 

brought about by bleeding the animals at frequent intervals and 



reinjecting their erythrocytes suspended in an amount of isotonic 

homologous ser um ~l bumin sufficient to replace the volume of serum 

lost. A som~#hat s:imil ar experiment has been report ed by Cannon and 

his co-workers (2) who brought about the desired depletion by pro­

longed feeding of the experimental animals with a protein-free diet. 

In his experiments no positive conclusions could be drawn concerning 

the effect of this treatment on the production of antibodies; irn­

munization was attempted either during the starvation period or follow­

ing it when the animal was being fed a diet rich in proteins. and 

hence wa.s presumably synthesizing proteins rapidly. 

The experiments described here are of a prel~~inary nature and 

failed to demonstrate whether it would e.otually be possible to ob-

serve the postulated effect. Several unexpec·bed diffioul ties were en­

countered during the investigation and it novt appears that a much more 

refined technique will be required to find the answer. The experimental 

section which follows describes what has been done. while some sugges­

tions for further work are embodied in the discussio:a following. 
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B. EX:PERIMENTAL 

A. Firs·!:; Experiment 

Depletio_£ Technique.- Thirteen yowg rabbits, r anging in weight 

from 2.1 to 2.8 kg., were separated arbitrarily into a group of six 

controls and a group of seven tes·b animals. Approxirnatel y 30 ml. of 

blood was taken from each test animal every 48 hours. The first two 

bleedings were from the marginal ear vein :tnto paraffined 50 ml. 

centrifuge tubes, while the remainder were by heart puncture with a 

No. 20 gauge needle; in every case 2 ml. of 10% sodium citrate was 

present in the centrifuge tube or syr:tnge to prevent clotting. 

The cells fr0m each rabbit were centrifuged down and washed three 

times with s·berile 0.9% saline solution. The cells ware then resus­

pended in sufficient 3% rabbit albumin solution, containing 0.9% sodium 

ch10ride, to bring the vol um.e of the suspension up to that of the whole 

blood originally taken from the animal. The suspension was filtered 

through sterile gauze and reinjected by marginal ear vein into the 

same rabbit fran which the cells came originally. The entire process 

of bleeding, washing, and reinjecting required 2 to 3 hours • 

.Analyses ~ Serum .!':J. burnin ~ Globulin.- To 1 ml• of citrated 

plasma was added 0.35 ml. of 2% calcium chloride solution; the serum 

was then diluted to 5 ml. with 0.9% sodium chloride solution and allowed 

to clot at 37°. The 1 iquid was expressed from the clot and the fibrin 

was then removed and discarded. 4.6 ml. of saturated ammonium sulfate 



wa s then added and the solution was kept at room temperature for 

twenty to thirty minutes before centrifuging down the globulin. 
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The globulin precipitate was dissolved in saline and sui-babl e 

aliquots of it and the albumin supernatant were taken for analysis 

by a modified Folin microcolor:i.lnetrio method (3). Since no cali­

bration factor for albumin was available, both albumin and globulin 

values are reported as rabbit serum globulin. 

Immunological Techniques.- At the end of the depletion period 

(5 to 8 bleedings per rabbit) each rabbit was injected intra­

per:t-t;onea.lly with 100 mg. of oval bumin in 5 ml. of isotonic sa.l ine. 

The immunizing injection was repeated after seven days. Ten days 

after the first inject ion preliminary ring tests wi·bh 1% oval bumin 

and undiluted serum showed positive results in all but one of the 

four surviving rabbits and all but one of the six controls. Accordingly, 

three days later 15 ml. ef blood was taken from the ear of each rabbit 

and the undiluted sera titrated, with the results in Table II. After 

eight days the rabbits were again bled and their sera titrated; the 

results are given in Table III. 

B. Second Experiment 

Preparation~ 3% Albumin Solution.- Rabbit serum was diluted with 

an equal volume of saturated ammonium sulfate and the preoipHate 

filtered off. The supernatant was dialyzed against running t ap water 

for 2 to 3 days and then oonoentrated to the original volume of the 

serum. by evaporation in the dialyzing membranes, which were suspended 



Rabbit 
No. 

Weight in kg• 

Bleeding 

Table I 
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Albumin R t. in S * 
Gl bul 

. a 10 erum 
0 in 

Bleeding 
1st 8th 1st 2nd 3rd 4th 5th 6th 7th 8th 

200 2.2 2.0 419 387 220 342 209 302 244 
183 154 165 rn 122 m 168 

202 2.6 2.3 494 512 419 454 334 485 358 
ffi rn 166 96 57 103 84 

203 2.7 2.6 399** 430 478 272 485 202 
ra m Toa 70 122 129 

205 2.4 2.1 47,6 426 403 354 147 298 195 
132 94 139 ffi' 96 130 151 

207 2.8 2.6 ** 446 379 383 399 
56 64 m 36 

* Numerator is µg. of albumin per ml. of serum, expressed as serum 
globulin. Denominator is _pg• of globulin per ml. ef serum. 

** First bleeding for this rabbit. 

247 
218 

407 
193 

411 
84 

258 m 

391 
71 
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Table II 

Titration of .A.ntiovalbumin Sera 

Rabbit Ovalbumin Dilution Saline 
No. 1:5000 1:7500 1:11,250 1:16,875 _l:25,313 !:39,970 control 

202 + + + + ++ -
rd 

203 ++ + + + Q) + + +> 
Q) 

r-1 
205 

. . -·-
gi - - - .... -
A 

207 + + + + + + + 

204 - - -• 

206 + + + + + + + 

213 - -- -
r-1 - - .... - -0 
~ 

+> 
~ 
0 

215 + + + + + ++ + 
0 

216 + + + + + ++ + 

217 + + + + + ++ + 

Test was read visually after 20 to 30 minutes at 37°. 
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Table III 

Titration of Antiovalbumin Sera* 

Iw.bbit Antigen Dilution Saline 
No. 1:20,000 1 :30,000 1:45,000 1:67,500 l :101'. ,250 l :151,875 l :227,813 Control 

max, 
202 400 460 650 870 - (1000) 133 

"g 203 
.p 212 216 220 246 280 315 (max?) 186 

Q) 

~ 205 
Q) 190 204 178 183 180 165 254 

A max. 
207 246 310 270 325 365 356 435 

max. 
206 202 165 169 244 --- 1E5 236 690 

213 248 345 270 315 400 475 115 
..... max. G 
J.. 215 152 152 160 128 148 166 
~ max? max? 0 
0 216 94 240 320 400 550 600 ---

max. 
217 165 280 520 570 --- 900 1300 445 

-* The figures are color:i.metrio readings representing relative amounts of precipitate. 
The ind ioated me.xi,n,..a were est:unated visually ~me-half hour after mixing. 
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in a current of warm air. The solution was sterilized by passing 

through a Seitz filter and stored at 5°. 

When an attempt was made to inorease the severity of the depletion 

conditions by increasing the a.mount of eaoh bleeding from 30 ml. to 

50 ml. and by decreasing the interval between bleedings from 48 hours 

to 24 hours, seven of the ten test animals died within 24 hours. The 

difficulty was traced to the albumin solution, which was found to be 

toxic when 30 ml. of the 3% solution was injected into each of three 

rabbits. 

c. Third Experime}!! 

More albumin was prepared as before, but the solution, instead of 

being stored after sterilization, was lyop~ilized. A sterile 3% sol­

ution was prepared in isotonio saline. 

The test animals were bled 50 ml. ea.oh from the heart for four 

consecutive days. At the first bleeding 40 to 50 ml. of 3% albumin 

was injected into each rabbit immediately after bleeding. Af'ter the 

second bleeding 50 ml. of a suspension of erythr0oytes, ma.de up of twe 

volumes of pooled, washed oells in three volu.mes of albumin solution, 

was injected, and after the third bleeding 40 ml. of alburr1in solution 

was administered. The hematocrit fell _ rapidly during the depletion 

experiJJl.ents and was approximately 20% at the fourth day. It was intended 

to bleed 0nly four times and inject the first immunizing dose of oval­

burnin on the fifth day; however, only one rabbit survived the fourth 

bleeding and it died three days after the first ovalbumin injection. 
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C. DISCUSSION 

In the first experiment we had hoped to be able to drep the 

globulin content of the blood of the rabbits employed to a low 

level during the course of a short series of bleedings, while re­

injecting, in so far as possible, the other components of the blood 

in order to keep disturbing physiological complications to a minimum. 

Al though the majority of the animals survived, Table I shows that no 

significant increase in the ratio of albumin to globulin can be noted 

in the bled animals during the course of the experiment, nor can any 

significant trend be noted in the absolute amounts of globulin in 

the serum. 

Al though no decrease in the amourrb of globulin in oiroulatfon 

had been shovm. by analysis af the fractionated sera it was felt that, 

sinoe a large quantity of glabul.in had been removed in the course of 

two weeks, it was probable that the rabbits would be synthesizing 

globulins at an increased rate. Therefore we deoided to proceed with 

the irronunization in the hope of observing S0me significant difference 

betwee...~ the response of the bled animals and the controls. Tables II 

and III show the results of experiments on the immune sera so obtained. 

On the basis of this evidence no conclusions concerning differences in 

the antibody ti'bers of the two sets of rabbits oan be drawn. 

Due to this f ailure an attempt was made to use a. much stronger 

program of depletion. It proved to be too strenuous f'or the animals 

to survive, so no tests could be run on immunization. In all probability 
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it was the lack of a sufficient supply of red cells, combined with 

the general severe treatment which caused the death of the rabbits. 

At this point the experiments were dropped. In suggesting future 

paths which this research should take it appears to the authors that 

the whole problem of the depletion technique should be investigated 

more thoroughly and carefully. It will be impossible to draw any 

conclusions from the results of immunization until there is at hand a 

group of rabbits which has been depleted so thoroughly that a definite 

and easily demonstrable drop in the globulin content of the serum is 

obtained. This will probably require a very strenuous progrs.m of 

bleeding and reinjeotion, with special emphasis on the maintainanoe 

of the hematoorH at a point sufficient to sustain life. 
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SUMM.ARY 

I. ,.\ brief discussion is given of tl1e reason for expecting 

antimalarial activity in analogues of pantothenic acid, based on 

the Fildes-Wood theory of the mode of action of sulfonamides. As 

part of a program for testing this hypothesis, the ss,ntheses of seven 

such analogues were carried out. These were 1'-hydroxybutyryltauryl-

2-aminopyrimidine, pantoyltauryl-2-aminopyrimidine, pantoyl- f -amino­

ethylphenylsulfide, pantoyl- ~ -aminoethylphenylsulfoxide, pantoyl- f' -
aminoethylphenylsulfone, pantoyl-{J -aminoethyl-p-chlorophenylsulfide, 

and pantoyl-f -aminoethyl-p-chlorosulfone. 

II. The preparations are described of two derivatives of 

sulfonanilamide, N1-(3,5-dibromo-4-aminophenyl)-sulfanilamide and N1-

{3,5-dibromo-4-methylaminophenyl)-sulfanilamide • .Although they are 

devoid of antimalarial activit~·, they are of pharmacological interest, 

since their bacteriostatic action is not antagonized by p-aminobenzoic 

acid, in contrast to most drugs of the sulfanilamide class. 

III. A number of attempts to prepare derivatives of sulfadiazine 

brominated in the four ron six positions of the pyrimidine ring are 

reported. Attempts to prepare these compounds by the reaction of 

brorninated 2-aminopyrimidines with sulfonylchlorides failed due to the 

low basicity of the 2-amino group in such co~pounds, while attempts to 

brominate hydroxysulfadiazines were unsuccessful. Although'it was 

possible to prepare p-nitrobenzenesulfonamido-2-amino-4-bromo-6-methyl­

pyrimidine all attempts to reduce the nitro group to an amine group 



failed. The synthesis was eventually abandoned. 

In t~e course of this research an interesting decon-q;iosition reaction 

of :p-nitrobenzenesulfonamidopyrimidines was discovered in which the so2 

group was split out. Preliminary e:xperiments on the nature of this 

reaction are described. 

IV. There are described the preparations of four compounds of the 

ti.Ainley-King" type, 2-cyclohexyl- 0:.-{2-piperidyl}-4-quinolinemethanol, 

7-chloro- ~ -{2-piperidyl}-4-quinolinemetbanol, 7-cb loro-2-phenyl- cl:- -

( 2-:piperidyl }-4-quinolinemethanol, and 6, 7 ,8-t richloro-2-phenyl- c,;. -

( 2-pipel:'.idyl }-4-quinolinerne t banol. In ad.di t ion t l1e failure to s ~mtb es ize 

5-cbloro- <S:.-{ 2-piperidyl )-4-quinolinemethanol and 5-chloro-2-phenyl- c:C -

(2-piperig.yl )-4-quinolinemethanol is reported. These compounds were 

prepared using the Sargent modification of the procedure originally 

devised by Ainley and King. In ·the course of the worlc the preparation 

of several new derivatives of isatin and cinchoninic acid were worked out. 

v. An atten!l)t was made to investigate the rate of antibody 

production in rabbits, after they had been severly depleted of serum 

globulin. In the preliminary experiments ·recorded, it was not possible 

to find a method of protein depletion which would permit the gathering 

of significant data. In the first experiment it was impossible to 

demonstrate any significant decrease in the amount of globulin in the 

:plasma during the experiment, in latter exper:iments with heavier bleedings 

the rabbits failed to survive. 
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1. It is proposed that the decomposition of 2• (p ... nitrobenzene .. 
sulfonamido )-4,..methyl•6-hydro.xypyrimidine upon heating or treatment 
with base occurs according to the following scheme; --0-

-0 
lfil .,... 0 = 0 OgN · H • 0 = 0 

OaN SOa~lH•6
1 

¢H 
6 

• ➔ -HaN"" d 6H + S02 

y - ~ ... CH3 ~ • ~-CH3 

This Thesis: Pg 73 

2. Two decompositions similar to that discussed in 1 have l;>een reported 
in the 11 terature. It seems probable that upon close examination they may 
also be found to involve a shift of a nitrophenyl group. 

a. The eondusion of English and his co-workers that the de• 
e,mposition of 2-(0•nitrobenzenesulfonamidorpyrimidine led to 
2-(0•nitroanilinorpyrimidine is not proved. The reaction of O•nitro­
chlorobenzene and 2-aminopyrimidine might well lead to l•(O•nitropheeyl)-
2•iminopyrimidine: 

NO; N = bH NO; N ~ CH 

Ol + HaN "I' C H ____ _..,,, NH--0 CH or 0- I ~ fl H 

11 fl • I I 
11 - CH N = CH 

b, In the ease of the reaction reported by Barber, it should 
prove easy to 4etermine the natu;re Qf the reaction using N16 and tracer 
technique, ~ven though ordinary chemical methods will not resolve this 
problem: 

English et al, J, A. C. s. 9§., 1039 (1946 ). 

Barber, J.c.s, 101 (1943). 

3. ~e use of ethylenimine as a reagent in organic chemistry should be 
extended. 

a. The µeparation of ~-aminoethylsulfides from ethylenimine and 
mercaptans appears to be a gener~l reaetion1 The a.mine hydrochlorides 
obtained in suitable oases may serve as derivatives for characterization: 



OH2 CH2 
RSH + \J.--~~ RSOHaCiizlTI-I2 

This Thesis: Pg. 19 

O.A. P32638 (1943) 

b. The extension of this reaction to the direct preparation of 
~-aminoethylphenylsulfones, by the interaction of ethylenimine and 
benzenesulfinic acids is proposed: 

Gabriel, Ber. 21, 2667 (1888) 

Goldberg, J.c.s. 826 (1945). 

4. It is proposed that the fractional precipitation of isatin 
derivatives substituted in the 4- and 6-positions may be understood by con­
sidering the stabilizing effect of hydrogen bonding in isatinic acids, 
and the interference of 4-substituents uith this stabilization. 

Thesis: Pg. 99 

Ton Braun et al: .i\.nn. 451 26 (1926 ) 

Pauling: 11 The lil'ature of the Chemical Bond", Section 41 

5. The synthesis of alkaloids of the furnanoquinoline type, such as 
dictamnine, has not been carried out. A ~ethod of attack on this problem, 
via the intermediates s~own, is proposed: 

---► 0;1r;-R-ou3 --+ (l:;1!.-;n 
2 or 3 4 stops 

steps steps 

Henry: 11 The Plant .Alkaloids"• Pg. 390 

Haq, Kapur, and Ray, J,C.S, 1087 (1933) 

Bergstrom, Chem. Rev. J2, 77(1944) 

6. The assumption by \·talker that the compound obtained when ethyl•a,­
methylacetoacetate phenylhydrazone undergoes the Fisher indole reaction can 
only be the ethyl ester of a•methylindole-2~acetic acid is in error. Not 
only is an indolenine structure possible, but on the basis of the accepted 
mechanism of this reaction it would seem to be more likely. 
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CH3-C ... CH-C.,OOEt 
# 
OH3 

>-

\Talker, .Am. Chem. J. 16 • 4 30 (1884) 

CH 
I 3 
CH-COOEt 

Robinson and Robinson, J. c. s. 125, 827 (1924). 

7 • a. It has been sum;ested tha.t pantothenic acid is of enhanced im~ 
portance in the metabolism of bacteria t1hich have developed 11:fastness 11 

to sulfanilamide. This indicates that drugs of the pantoyltaurine type may 
be of value in the treatment of sulfanilamide resistant eases. The develop• 
ment of an alternation technique in the chemotherapy of bacterial infections 
should prove of value. 

Sevag and Green, J. Bact. ~. 631 (1944). 

b. Recent publications have disclosed a number of drugs structurally 
related to sulfanilamide, whic::h differ from the latter in their mode of 
action. The study of the interaction of such drugs with sulfanilamide-fast 
bacteria should provide important information concerning the nature of the 
action, and the nature of sulfanilamide fastness. 

English et&, J.A.c.s. §i, 453, 939 (1946 ). 

Lawrence and Goetchius, J. Bact. 49, 575 (1945), 

Marshal, Litchfield, and ~-thite, J. Pharm. 86, 273 (1946 ). -
Senear, liead, Rapport, liaynard, and Koepfli• J. o. c., ·to be published. 

8. a. It is proposed that the reduction of the ketone of the 6,8M 
dichloro-2- (p-chlorophenyl )-Ainley King compound be carried out using Al 
(i-FrO )3 , in an attempt to elucidate the nature of the persistent impurity 

which makes pyrification of this compounds~ difficult. 

Ref. Unpublished informatien, obtained by Dr. A. A. Benson during the 
preparation of this compound. 

b. I propose that the carbobenzoxy g~oup may offer advantages over 
the benzoyl group, for the usual Ainley-King synthesis. 

9. The ability to describe crystals correctly is important to organic 
chemists; yet to many of them such descriptions r~rely offer epportunities to 
wax lyrical. I therefore propose 

a, That some chemist, preferably one familiar uith the limitations 
of organic chemists, correlate the available information on types of 
crystals, and devise a suitable nomenclature for their rapid description, 

b. That the assimilation of this information, and training in its 
use, be part o:f' the undergraduate training of chemists. 


