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PART 1
ANIIVIRAL AGENIS
HISTORICAL

Since the discovery of the virus some fifty years ago,
there has been & steadily increasing interest in these
. organisms, especisally by those eoncerned with pathological
organisms. With the increased incidence of poliomyelitis,
there has been a concerted effort to develop therapeutic
means of curbing the disease-producing viruses. Up to the
present time, the most successful means of attacking viral
diseases has been the utillzatioﬁ of biologieal products
such as small-pox vaccine. Unfortunately, the number of
viral diseases which submit to this type of therapy is rather
1imited. ”

The virualta an organism which is an obligatory intra-
cellulaf parasite, smaller than bacteria and consisting of
nucleoprotein (1). Viruses have a diameter of 10 to 300 mu.
and are usually spherical or elipsoidal in shape. They have
little or no self-sufficient enzyme system, so that they
necessarily compete with the host cell for their develop-
ment (1-2).

Due to their natural characteristics, the isolation
and chemical identification of viruses has been very diffi-

eult, Animal viruses thus far studied differ from the plant



viruses in that they are not erystallizable, possess &

. 11pid fraction and in some cases have a ecarbohydrate .

- fraction which {s not accounted for by the nucleoprotein (3).

The influenza virus is one of those viruses characterized by
an extremely high carbohydrate content (4). As might be ex~

. peeted from their relatively high protein econtent, viruses

sre attacked by specifie proteolytie enzymes; however,there

- has not been found an enzyme which is generally applicable

(2) for the treatment of viral diseases, .. Y
The elemental body of the virus eonsists of about 5.7%

.. desoxyribonucleie acid and 5.6% 1ipid materisl (3). Copper

and a flavin-adenine-dinucleotide have been demonstrated to

- be integral parts of the elemental body, suggesting that an
incomplete respiratory mechanism may be present (3). Biotin

has been shown to be present in purified preparations of the

_vaccinia virus (5),

The synthesis of the virus particle must involve cat-
alysts provided by the virus or host, or both. Studies with
known analytical procedures have thus far failed to indi-
cate the possession by isolated viruses of enzymatic
abilities, or at best revealed very restricted ones (6).

The virus organism mey possess partial enzymatic systems

that must be eomplimented and completed by the host factors,
or the virus may be completed devoid of independent meta~
bolism and the enzymes required for reproduction, and as a
result be completely dependent on the host eells (6).

Luria (7-8) postulated that viruses, upon entering host
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cells, do not reproduce themselves by growth and division,
but that they disintograte into component parts of specifiec
Ichomical conrtgurattonl. !hose configuratlons after being
ropltcated are recombinad in aoma unknown way 1nto eomplete,
1nreotioun virua partielos. In conxrast to this vleu or
'”reproduotlon, thors are many uorkars in tho field who :up-

| 'port the normnl nannar of reproduetion, that ln growth and

division (6) S .
Betmn the main body or bacter!.s una vu-use- 11e tvuo
_rnirly diatlnct groups or organiuna, namnly tho ricknttsiae
“'und the viruaes of the pnittaeoail group (9) Tho generic
::namo rickettalao 1: appllod to a sroup of vory nmall gram=
'nsgativo eoccobaeillarw'organtamu which are the etiologic
agents of the typhus fevers, spottod rever, and rolnted
fevers (3) !ha rickettsise are lntracellular parasites,
| " but they are anthropoid-trensmitted and show antigenic eross
 resctions with proteus baceili (2). The psittacosis with a
| diameter up fo 200 mu, are larger than the smallest bacteria.
The psittacosis viruses are to some nxtonx antigenically
related to each other and seem to have a definite ltfe-eycle
within the cytoplasm of animal cells (2).
B The various viral disease have been classified into
five general classes according to their ganoral effects on
the host (3)1 |
| 1. Dermatropic = variola, vaccinia, trachoma and tho pox
diseases which are characterized by skin leslonaf



2, lourotropic * rables, poliomyelitis, and encephalitis
- which 6auae various nerve lesions.

B ‘Viscarotroplo = those viruses which attack abdominal or -
thoracie vtuora or prodnco llgns 1nd1cat1vo or general-
1zed inrection aueh as yellow fever. -

‘ §, Pnounonotrople = those virunen lodging 1n tho lungn such

: H “ts the inrluenza vlrus._

Ig.ilrantroplc - thoso virunea orreeting a uido vartety of

. tissues, '

" Previous t.o 1937, the ont‘look for satlst&ctory ehomo=

' 11'thornpout1c tharapy of rickettisal and virus infections was

_not very promlning. anuver, with the development of tho :
sulrbnanldol there has been 1ntenzivo investigation and pro=
gress in the devolopment of ehanlcal compoundn useful in the
chemotherapy of viral diseases (6).

Since the virus exists within the coll and is dopendent
Ilupon the cell, the schemotherapeutiec treatment of viral dis-
esses meets with difficulties not encountered in bacterial
disease. Ths virus multiplies within the cell until the
cell becomes degenerate and breaks down, roloaains the virus
to attack ddjacenz cells, This is tha general form which
the virus-caused disease takes, but unfortunately the elini-
cal symptoms of the disease are not shown until the virus
miltiplication has progressed to an advanced stage. With
the metabolism of the host. cell snd virus so closely related,



tha killing of the vtrun uill ordlnarlxy noeessitnto the

ki.lli.ns of the host cell (2). _ | |
The virua may be attacked beroro 1t rcachoa ' sus- “

: ceptiblo celln or while it 1s adherent ic the surface of the

cell (7) When only a small group of eells are concerned

" with the viral infection, these cells can be destroyed uith

~the virus, as is the case in treatment of warts with podo*
. payllin (1), When the virel infection is secondary to a
- bacterial infection, tha use of & bacteriocidal agent to
ki1l the bacteria will set up the virus for destruction by
" the matural protective mechanisms of the body (1), o
. Andrewes (2) developed a set of principles which maf |
- b§ of value in judging possible antiviral agents and ex-
‘plaining thetr mechantsms of action. |

1. By presenting to the host cell chamicsl subutsnces
bearing a resemblance to essential metabolites, there may
- be developed a specific inhibition of essential metabolites
necessary for the propagation of the virus. An example of
. this 1s the p-aminobenzoic acid inhibition by sulfa drugs
in the treatment of psittacosis diseases.

2. The presentation to the host cells of foreign sub-
itancel which are capsble of being built up irreversibly
~into the structure of the virus., Thus if the amino group
of an amldine compound was used for a source of nitrogen in
the synthesis of nucleic acids, the pathogeniec character of
- the virus may be lost.



3.. Bi tho use or chemical agents oapablo of combintng
with netabolitea essential for reproduction or with enzymes

which control tho nynthotio processou, the overall function
of the virus may be disrupted. The combination of the =
arsenlcals wlth thn aulrhydryl groups of certain enzymes

| would illustrate this type or_ranctiou_(B).

© Sulfopsmides , . : |

7 tne uso of tha aulfonamido drugn in ehemothorapw was
.developod msny yaar! ego and 1is today still s fleld of active
 Iresoarch.  Thc sulfonamides as & group have been of little
.valuo in the treatment of rickettsial diseases; however,

they hro orrecttvo against the pcittacosis.group of vtruies
(6). Tais psittacosig 5ronp.or viruses contains such viruses
as the lymphbsrnnuloma venereum, psittacosis and ornithosis
viruses, trachoms, 1n§1usion conjunctivitis_or inclusion

- urethritis, mouse pneumonitis and cat pnauuaniﬁil (2).

o It appears that the sulfa drugs actually stimulate the
Qro&th of rickettsise. p=-Aminobenzoic acid, which is s
sulfonamide inhibitor in other viral and bacterial diseases,
has been shown to be active against rickettsial infections

in mice and eggs (10). Morgen (11, 12) found that p-amino-
benzoic acid eompetively antagonized the chemical action of
sulfadiazine against the 6BC strain of psittacosis virus in
chick embryos at a ratio of cne part p-aminobenzoiec acid to
five hundred parts of sulfadiazine. Reversal of sulfonamides
action was also observed by a fixed dose of pteroylglutamic
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acid by the virus (11, 12). Thus there is quite a contrast-
, ing difrérenco in effect between ricketisiae and psittacosis
. . virus wtth respect to antagnoaiau of p;uminobenzélo acid and
. sulfonamides.  “. O L R ’;
. Hultquist (13) prepared aonalp~hydrqubenzqno sulfona~
. midothiadiazoles which were claimed to exuibit some imhibitory
_ sotion agatnst poliomyelitis and equine encephalitis, In the
work of Steiger (14) the thiadiazole radical was substituted
with an isoxazole radical. In fhtl series of compounds the
isoxazole -radiqal was combined with a mbhthoqﬁlnonolmim
~ structure which included a sulfonic acid group for solubili-

zation, T e e T T—
R © R=-Hor 0, redteal
s Ra R mn=*1,2,3
ol
' N— oo ' “» = H or lower ﬂlkyl
o sosNH—C M "%
| | “¢-~N Ry~ Hor lower alkyl
~ Dervisul (¥-(2+-thiazolyl)=-phenol-k-sulfonamide) was re-
‘ported to protect mice against Columbia SK, virus (15); how-
 ever,several workers have had difficulty substantiating these
results (16"18). o | .
The closely related p-sulfonamidobenzamidine and

 p-sulfonamidobenzemidoxime were shown to possess definite
antiviral sctivity (19). In an effort to modify the struc-




ture or_thé sulfoamidines Andrewes (19) preparéd & series
-~ of dortv#tiwel with substitution on the amidine, sulfona~ .
mide groups, and on the ring. Alikyl substitution on the
amidine and on the sulfonamide nitrogen led to eomplete sup~
;~preaaion'ot sctivity in all cases except that of !-mathyl*I

. sulfonamidobenzamidine, but even in this case the activity
'was significsntly reduced. The introduction of aromatic
rings such as phenyl, p-sulfonsmidophenyl and p=sulfondi-
methylamidophenyl also led to suppressed sctivity, =

. Andrewes (19) suggested the possibility that the rela=-
' tively small molecular size sulra drug may gain entrance to
the parasite organism during reproduction at which time

there is s high degree of protein synthesis., The non-sulfonn'
mide portion of the molecule could then combine in & vital
structure which could no longer function owing to the foreign
nature of the sulfonamide group. This idea is not inconsistent
with the p-aminobenzoic acid reversal of the sulfonamide
drugs 1n speciric viral diseases., In addltian since the
free amlno group appears to be necessary for aulfonnmido ac*"
tivity, 1t 1s difficult to imagine that this group is essen-
tial for mere salt formation (19).

" Propenidine and pentemidine exhibit antiviral sctivity
" against influenzs viruses, mumps, feline pneumonitis, snd
weningopneumonitls in the allantoiec saec of chick ombryoa :
(20-21). m relatad .tubammtm inhibited only mumps
virus.




Ha 2V C
.'““ﬂ“@’" " @W*‘@ -

s 3 Propamidine o . N

*5 Pentemidlee . - Stilbamidmo
mmps virus was mhibitod in ussuo eultures of pentamidino
and atilbamidim in concentrations of 0.5 = 5.0 ¥ /ml. added
" at the seme time as the virus (21). Inhibition of influenza
‘A and B was demonstrated with 5 20 ¥/ml. of pentamidine (21)

| rartial inhibition of the srouth of the PR8 strain of

‘{nfluenzs virus was demonstrated with hexamidine (#-#'-dia-
midinodiphenoxyhexane) in the allantoic sas of chick em~

. bryos (22). With the injection of 0.25 mg. of hexamidine
~ wWithin five hours after the inocculation of the virus the

. mean hemagglutination titer was reduced by 5 = 10 fold (22).

The wide spectrum antibiotics such as sureomycin, terra-
mycin and ehloroamphenicol possess general activity against
the larger viruses, but they are not effective against the
small pathogenic viruses (23-26). Penicillin is inhibitory
to all of the viruses of the psittacosis*lymphogranuloma
group, but it is not clinically useful sgainst lymphogranuloma
. wenereum and trachoma (27, 28). In vitro tests show that
chlorsamphenicol was highly active against rickettsise and
viruses included in the psittacosis-lymphogranuloma group (29).
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_ clinléal results derived from the use of antibiotics in
~ the treatment of influenza are believed to be a result of
their effect on secondary bactéflal infections and not due -
_ to their action on the virus itself (30). Aureomyein and
terramycin given both subcutanecusly and orally failed to
increase the resistsnce of mice and rats to the acute toxi-
 eity of influenza A virus (30), O RRR N,

. Aeridipes . . o ;

| A number of acridines have boén_dsvoloﬁe& in recent )
years which inhibit and delay the growth of rickettsiae and
certain viruses in eggs and mice (6)., The most promising
 member of this group of compounds is nitroakridin 3582
(6-7~dimathoxy-3-n1tro"9'(3'*diethylantnofa'-hydroxypropfl)

- acridine) has been shown to N
+CH3

NH-CHy-CH-CH;~ N ."
| 2 : 2 \CHa

. CHO =N

' CH3© NZ NO

inhibit or delay the growth of influenza A and B in chieck
embryos when injected at the same time as the virus (31, 32).
Nitroakridin 3582 was shown to be ineffective in the treat~*
ment of experimental influenza A in mice, while nitroakirridin
" and ite arsenical salt, rutenol, were quite effective against
rickettsiae and other viruses (33).

Acriflavin and proflavin and the related acridine quin=~
‘acrine have been shown to possess some activity against
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psittacosis in chick embryos and mice; however, their activity
is less than nitroakridin (34-36). - -

L8 e
7 N 2
L e Hee

| . Acriflavin - 2~6~diamino~10-methyl - WETIR
Proflavin = 3-6-diamino '
" Quinscrine * }'chloro-7-mthoxy-9(1'mttv1'¥"diethylamlno
. ... . butylamino |
jtuitrO“Q-aminoacridlno uai found to be aoro activo than :
nitroakridin against R. nooseri in chick embryol but more
tcxie than the above lcrldinol (35) '
i Atabrinn and other chloroscridines elosely related chem-
163113 to the above mentioned nitroacridines except for tho
~ substitution of a chloro group for & nitro had insignificant
sctivity sgainst psittscosis (36). This indicates that a
nitro group at position three or anino groups at three and
six positions of the aoridine ring is osaenxtal ror this type
of sntiviral activity (35). . '
Rasmussen (32) :uggaatod that tho inhibition of viral
growth in embryonic eggs by nitroakridin 3582 was a secondary
effect to its action on.thn umbryonic egg tissue. Since
nitroakridin exhibits very low in vitro activity, virucidal
effects at the concentrations used in the allantoic sac tend
to preclude a direct action on the virus in the allantoie
fluid., It is thought that the virus does not grow on the
nitroakridin treated egg tissue, because the susceptible
tissue cells have already been killed by the inhibiting drug.
This explanation is supported by the observation that the
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chlorioallantole membranes of eggs receiving nitrosiridin .
3582 were atrophlic and weighed about half as much as nor¥
nal (37). e e o
' This action on embryonic membranes is probably not entirely
" one of simple non-gpecific cell toxicity, since only certain
‘compounds are effective while other closely related drugs of
. equal toxieity heve no effect (37), Nitroakridin-like com-
pounds tend to become firmly bound to tissues and this firm-
" ness of combination msy be a factor in determining the effect
 'by producing & local virustatic concentration hlghar than
would be attainable with systemic administration of the
drug (37). S
It is not possible to completely exclude the possibility
that nitroakridin msy poison a specific metabolic system or
systems which are required by the host cells and virus.
Another possible mechanism is the direct interference with
some synthetic mechanism peculiar to the virus (32).

Hitro Compounds S
wWith the observation that certain nitroacridines showed

antiviral sctivity while the corresponding chloro compounds
had little or no antiviral activity, the antiviral activity
of less complicated aromatic nitro compounds was investigated.
Derivatives of nitrobenzoie acid and 5-nitro=2<furaldehyde
‘were shown to possess inhibitory sctivity sgainst the
Chlamydozacese both in chick embryos and mice (38), These
compounds sre related to the antibiotic chlorsamphenicol end
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{n the case of furacin(5-nitro-2-furaldehyde semicarbazone)
possess equal activity against psittacosis virus (38),

Furacin has been shown to inhibit the oxidation of glu-
cose and pyruvate in bacteria (39, 40), while the correspond-
ing non-nitro snalog did not (41). Furacin is eapeble of in-
hibiting a large number of enzymes, especially sulfhydryl-«
enzymes and dehydrogenases in susceptible strains of E.
coltl (41). In susceptible strains of E. coli,Furacin has
been shown to inhibit malic, succinic, lactiec and « ~glycero-
phosphate dehydrogenases while formie dshydrogenase was not
inhibited (42).

Fitzpatrick (43) observed that a D.D.T. analog,
1-1-1-tricloro=2-2-bis~p-nitrophenylethane, was active against
murine typhus. In 1945 this ecompound was tested by Kikuth in
Germany and was reported to be more active than methylene blue
against murine typhus while being less toxis. Toxicity stud-
fes indicate that mice will tolerate 5 g/kg of body weight
‘dose of the nitro D.D.T. analog, whereas 0.4 mg/mouse /day
of D.D.T. is toxie (43). About four times the amount of
nitro D.D.T. analog are required to produce the same effect
as p-aminobenzoic acid on murine typhus; however, the nitro
compounds appears to be a better therapeutie drug (43).

In all the previously discussed nitro eompounds which
exhibit antiviral activity, the only common ehemical eharac-
teristic is that the aromatic ring system is conjugated with
& nitro group. |
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. The nitro compounds are related to p-aminobensoie acid
and may be reduced in the body to corresponding amino ecom*
pound. In an effort to disprove that the p-mitrobenszoie
acid doriv:ttves did not owe their activity to the roduction
" in the body to p-aminobenszoie acid, Hemilton (u) -nouod

' that PAB was inactive against psittacoau virus, On tno

other hand, PAB does inhibit the sctivity of rickettsise (7).

""" Various aromatic aldehyde thiosemicarbazones have been
'anm to be highly sctive against & variety of viruses (45-
47). Eaton (ae) reported that p-nitro and p-acetylamino-

' benzaldehyde thiosemicarbazones as well as 5-nitrofuralde=
hyde semicarbasone auppmued the producti.m of pulmonary
lesions in cotton rats innoculsted intranasally with &
virus of primary atypical pneumonia. Isatin and 5-n1tro~2-
thenaldehyde thiosemicarbazone protected mice against
Willismsport virus, a strain of variola-vaccinis (49),

When glucose or cyclohexans was substituted for the ben~
gene ring in various thiosemicarbazone derivatives, ttm'
activity against vaccinia virus was negligible (47). Sub-
stitution of oxygen for sulfur in the thiosemicarbaside
moiety also caused loss of activity. Thiosemicarbazide it~
self had 111'.1:10 i.f any offoat on the i.nhi.bl.ti.on of vacci.nh
virus (W) | |
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EFFECT OF VACCINIA INFECTION WITH THIOSEMICARBAZONES (50)

P-Hﬁobonuldohydb 0.04% | 6/14|8/11|10/12|1/11|2/12 4/12
0-Methoxybensalde= | 0.06 | 9/12|9/22 o/12]0/12|712
Isonicotionalde~ ' | 0.08 | 6/6 |6/6 | 5/6 |3/6 |1/6 |56

B ~2-thenalde~ | 0.02 | 4/6 | 5/5% 10/5 1/5 :
- 5-Bromo : . 3/6 1/6
3-Methyl-2-thenalde~| 0.08 | 3/6 |3/6 | 5/6 |o/5 |1/6 |1/6
___hyde T.S. |
| 3-Thenaldehyde T.8. | 0,08 | 6/6 |6/28]12/20\k/23 2723 7723 |
|_Acetophenone T.3, 0.08 1075 10/6 | 2/6 1o/5 10/6 10/6 |

7.8, = thiosemicarbazone derivative of the aldehyde

Since the study on these compounds with BCG tuberculosis
testing, there appears to be no simple correlation for BCG in
vitro activity and activity for vaccinia virus in eggs (47).

- In addition there was no simple correlation between antituber®
culosis activity in mice and antivaccinia activity in eggs.
. Three of the four anti-tuberculosis compounds tested were in-

. aotive against vaccinia virus (47).

Sulfathiazole, 1-1(p-p'~




sulfon;yldi.anulno)di(}-phonyl*l'-j-propanedimlronic aoid), |
tetra sodium salt (Suphetron) and p-amlnosalicylic scid
- were Mtive, while p-p' -diami.nodlphenvl sulfone showed
slight sctivity (47). _ |
|~ The para-substituted benazldetyde thionemicarbuoncs |
- '. produce ltttlo or no protootion agalnat vaccinia infection
p-aootylamino. p-amino and p*dlmthylminobonuldelvdo_ thio~
. .. semicarbazones were disappointing in their action against
~ vaccinis in mice (51). Hoievor,_hton (48) showed that para
" substituted bensaldehyde thiosemicarbazones were sstive
| sgainst experimental pneumonis in eotton rats. =

NITRO COMPOUNDS AND ALDEHYDE DERIVATIVES AGAINST
EXPERIMENTAL PNEUMONIA IN COTTON RATS (48),

DAILY DOSEAGE| NO. OF ANIMALS |
- mg/100 g. WITH PULMONARY -
. BODY AVER,| INFECTION
e e b P
= 0 - % 3 > |
e e e e et
- [ApIT 200 e T oo i 0 ﬁ
 NBII g'g 8 L:’i % é g:? o/l
- [NFIT .0 T3 110 LY /7
o L8, ¢ mi.on scores representing % of pulmonary consoll®
on.

NBI = p-nitrobenzaldehyde semicarbazone,
pmitrobenzaldehyde thiosemicarbazone. |

NBII -~

ABI = p-aminobenzaldehyde thiosemicarbazone.

ABII <~ p-acetylaminobenzaldehyde thiosemicarbazone.

NFI = E"Hitro*E'mraldehyde -2 -B-hydroxyethylsemicarbazone.
NFII = 5-Nitro-2 -furaldohyde'll» (diothvlaminopropyl emi-

. oarbazone.
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- Thompson (51) made some generalizations as to the pre-
“requisites ror optimum acttvltw in tho carbonyl derivative

o aorios.

. ;-1. Thioiemiearbazono radiecal (: N-NH-CS HHQ) seems to be

y gf oaaentlal for groatest activity. ISR '
 ;:§:; Semicarbazones of benzaldehwdo,'a-thenaldehwde.-clnchonln-
- . sldehyde and 1satin are devold of setivity. '

~_f_3.- Presence of aldehyde linkagn to the thlosemioarbazido

e moiety contributes to the acttvlty, but it is not
,j{f# _eaaont1a1. e A |
'vlfi.' Substitution on the aldahydn oarbon atou dimtntsha:
: _: abolishes the activity, | | 8 | |
5. Substitution on the ring porticn of the molecule pro=
| duces the same diminishing effeet on the activity with
- the exception of p-nitro and p-methoxybenszaldehyde and
' 5=shloro, 5-bromo and 3-methyl-2-thenaldehyde thiosemi~
carbazones, - ' : i

mmm G.omnmm (amino acid snslogs, ines, benzi-
midazoles and uracils

!hsro has been considerable interest in the davolopmnnt
of metabolite analogs which would inhibit the metabolic pro-

' ceosses essential to the virus, The sulfonic acid derivatives

of amino acids (52), benzimldazoles (53) and 2-6-diamino=
' purines (50) have been shown to possess antiviral activity.
' Cysteiec acid, dl-ethionine, N-dichlorcacetyl= < =(p=
" mitrophenyl)glycine, < ~amino-B-phenylethane sulfonic acid
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and P -(2-thenyl)alanine were shown to have activity
sgainst the poliomyelitis virus in tissue cultures (52),

- These analogs of either aspartis, methlonins or phenylalenine
' indicate that these amino acids at least may be essential to
" the synthesis of virus. The - ct-amino-P-phenylethans suls

~“fonic scid 1s thought to be & nou-competitive inhibitor of
o '-'pnenvlalmint and probably acts upon some enzyme system which

" 1s not specific for one given amino scid (51), Tais is of

""" interest since those compounds known to interfere with the

synthesis of nucleic ums were found to I.nhlbi.t. vimn
Cpropsastion (52). o o
| ' O(-Aninc"p*notbwphenylmthm sulfonic acid in doses
_ of 8 mg./embryonic egg completely inhibited the growth of
_ the 1.nr1um_ll_ virus. Under these sams conditions the LDs,
. for the aminosulfonic acid was 30 mg/egg (54). Under special
oonditions o -amino-B-phenylethane sulfonic acid afforded
some protection to mice infected with WS strain of i{nfluenza
A virus (54). The aminosulfonic aci.dl have also been shown
to inhibit the propegation of a bacteriophage of B. eoll (55).
Since the ok -aminosulfonic scids are relatively un=
stable eompounds, it was believed that possibly one of the
| degradation pmduats may be mponsiblo for the antiviral
. activity. Aniuldetmlo, uhi.ch would result from the decom*
- position of “amino“p-methoxyphenylmethsne sulfonie acid,
_was tested and found to be Vold of antiviral activity (54).
Ammonium sulfate and sodium bisulfite were also found to be
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morrectlvé against viruses in the concentrations equiva~
lent to those of the aminosulfonic scid used (53)., This in-

| dicated that the activity of the aminosulfonie aclds was not
o _,: _duo to deoompoaition products but duo to some mhemt aotion

. Q!' the ori.gi.nal compounds (5“) o
' Benzimidazole has s derunto mnibition effect on the
3 mltipliontim of vaccinia virul !.n ehtck embryonic tissuo,

" while various trmolylmmidml were inactive (56). In

| -'concnntrattnm of 5 x 10'6, 2-6-d1m1nopur1m decreased

_ viral growth, while z-nmi.nopurino was inactive (56), The

;halogenated purines exhibit some virostatic activlty. which

in tb,e case of 2-6-dz.ahloro-7-nathy1mr1m hu approximtoly
the same activity as 2-6-~disminopurine (56).

- . Since 2-6°d1m1nopur1no is i.ncorporated into the nucla!.c
scid of & rat as guanine (57), 1t is reascnsble to assume
that inhibition of multiplication of vaceinia virus may be
due to the interference with the nucleic acid metabolism, :
The activity of 2-6-diaminopurine mey be due to imhibition |
of the growth of the vaccinia virus either by interference |
~ with the formation of viral nucleoprotein or by injury to

the chick embryonic tissue (58). Since 2-6-diaminopurine

has been shown to injure embryonic tissue snd exerts little

| or no in vivo activity, the direct action of the purine on

the tissue of the substrate appears to be tho preferred

mechanism of astion (56). Here again there are compounds

such as B-azaguanine(5-amino-~7-hydroxy=-1-v-triasolo(d)pyri~

midine) whioh are toxic to the embryonie tissues but do not
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inhibit viral growth (56).

] !‘hl.ouracn and substituted mclls were found to 1nh1b!.‘b
" the growth of psittacosis virus strsin 6BC (58). 'Tompson
3 (59) fouhd that a aerias of substituted Momraell
"dnrlvattves posaessed antiviral actlvity asainst vaooinin
virus in ohick cmbryunic tissues when stvon appru:nnately the
" same time as the virus, The most sctive compound of this '
series was 5(2-h'dicblorophmo:y)-h-hydxw%mmptomm'

- datne (59)
| - Hs
200

. The phenoxyumen sari.es was roum to bo a rather |

specifis chemical structure for activity, since modification

~.of the substituents of the pjrmmmo nucleus led to loss or

considersble diminution of sotivity (59). Some varistion

. in the benzene nucleus, however, was allowed, Electron ,_

. nttraeting groups such as chlorine and bromine in the parn

position of the benzine ring increased the activity, while

electron donor groups such as alkyl and alkoxy in the para

. position decreased activity. ' N |

Wooley (60) found that a series of dichlorophenoxy*

- acetie and propionic acids increased the survival time of

mice infected with Lansing strain of poliomyelitis. |
Anides of S-aminouracil inhibit the multiplication of

vaceinia in tiesue culture (61-62). In correlation with the



| 23
inhibition of Lactobacillus casei, Thompson (58) predicted
- that ehloroaeotamldouracils or amides with pEa's near that of
_ chloroacetic ac1d would be active antiviral compounds. The
I'-'.predictod activi.ty was lower than the actusal oxporimontal
values received, since all chloro and bromo acylamides and
dichlomamldoa including chloroacetamide showed antiviral se-
- tivity (61). The S-chloroscetamidourseil, 5-dichlorcacetamido-
| ‘meil_ and ; °§ -ehloro-p-nit.rmgtannldo are related to
 eohloreamphenicol. It is possible that the virucidsl setivity
~ resides 1n the dichloroscetanide linkage which the shloros
l enides heve in common with chloreamphenicol (62).

Polysaccharides

~ Horsfall and ucCartuy demonstrated that certain poly=

| saccharides ei.thar of bacterial or non-bactorial origin ean
modify the course of infection with pnoumoni.l virus (PVM)
_or mice and inhibit the multiplication of the virus in the
.Iouso (63). A few micrograms of polysaccharide by the
. i{ntranasal route eausod inhibition when given some days before
~ or after the inoculation of the virus (63). By giving 25-50
‘mg. of apple pectin intro-allantoically, Green (64) showed
that the multiplication of influenza virus A(PRA) in the

| sllantolc sac of the ehick embryo was inhibited.
| The capsular polysaccharide derived from type-spesifie
str@lnl of Friedlander bacilli cause a decrease in tho. sus*~
~ ceptibility of the echick embryo to the infection with mumps
virus (65). Inhibition of virus multiplication in the
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. THE INHIBITION OF LANSING POLIOMYELITIS VIRUS (54).

Lyml .

NEGATIVE 10G OF |

TREAT,

UNT,

' AVERAGE CONTROL
MINUS AVERAGE

COMPOUND

N-dichloroacetyl-
«® ~( p-nitrophenyl)
. glycing

" | *-Amino-g-phenyl-
-ethanesulfonle

-8cid

1,1

EREATMENT |

0.5

0.5

2.5

1.6
2.0

0.1

"2‘; EL“

2.2

B-(2-Thenyl)-8 (2.5 | 0.6 | 2.5 19
dentm, o Bnig.ﬂ. 1.0 005 2.2 | 1-7
: BACH .
onzimidazole — l2.5 0.1 2.3 2.2
2 =0 ~Pisminop ng 12.75 0.3 2-:; . . 2_.2

Proflavin 0.07 | 0,3 | 2.5 2.2
nol Monacetin! 5.1 0.3 1| 2.8 2.2
Faascopedln afr 2_.5 Q_._Q 2_.7 L 2,7
2,5 0.9 | 2.0 = 1.1

0.25.

2.3

0.7

4-(Imidazolidone) 2.5

1.5

2.0

0.6

1.7
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sllantoic sac of chick embryos with the appropriate poly-
~saccharide given before or as late as four days after the
innoculation of the virus wes demonstrated when the poly-
saccharide was injected either into the allantoie or yoke
sac of chick embryos (65). In eontrast, multiplication of
influenza A and B as well as Newcastle's disease viruses
was not inhibited by the polysaccharide which was effective
ageinst mumps and PVM viruses (65).

Mumps and PVM in the chick embryo and the mouse multiply
at relatively slow rates in comparison to influenza A and B
and Newcastle's viruses (65). Correlation between the speed
of multiplication does not seem Justified in that the poly-
saccharide is not effective against the rapidly multiplying
virus regardless of the length of time of injection of the
polysaccharide before inoculation with the virus. The inter-
ference of the polysaccharide appears to be associated with
the metabolic activity of the host cells and is not due to
any direct action on the virus (65).

In addition to the compounds previously discussed, there
have been numerous chemical eompounds which have been shown
to possess some antiviral activity. Since it is beyond the
scope of this treatment to discuss these drugs in detail,
they will be listed in a non-specifiec order.
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PAR! II
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The aminoaldetiydes sorresponding to the naturally |
ocourring amino scids have been suggested from time to time
as possible precursors of cerain naturally occurring eom* .
pounds, Neuberg (1) comnected the formation of pyrazine
~ and its homologs during the process of fermentation with
the reduction of amino acids to aminoaldehydes, In 1941
Delbruck (2) postulated a theory for the biogensis of pro=
tein whereby aminoaldehydes formed s Schiff's base type
polymer which in turn could be hydrated and dehydrogenated
to peptide chaina, N L

- Other amino acid analogs nuch as cntete acid, al- |
ethionine, N-dichloroscetyl- *-(p-nitrophenyl)glycine,
 *amino* P -phenylethane sulfonic acid, and £ *(2-thenyl)
alsnine have been shown to have definite antiviral sctivity
against the poliomyelitis virus in tissue cultures (3).

These amino acids analogs appear to derive their activity
by inhibiting the utilization of the naturally occurring
anino acids necessary to the viral synthesis,.

Various aldehyde derivatives such as the semicarbazones

and thiosemicarbazones have been shown to possess definite
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antiviral setivity (4). Although their method of sction is
not known, these ecompounds appear to roqpirn & definite
" chemical specificity for sctivity. This optimal activity
.'*-11 characterized by an aromatic aldehyde molecule eonnected

to the thioseniearbazida aoloty through the aldohgdn dori*
| vative (5). |

Sl The ntillxation ot collnlar material by roprodncing
Vira suggests that anslogs of « -amino scids or simple pep-

" tides might interfere with the normal development of viral

'_-inrbctions. The purpouo-of_thii research is to prepare a

. series of substituted aminosldehyde derivatives which are

o / : ”O " -~
- & N-ch-cH=w - (- w-gH-C= N

similar to simple peptide schains. These compounds will be
pharmacologically svaluated as possible antiviral agents,

DISCUSSION

Many early papers dascribe the preﬁaration of unsubsti-
- tuted aminoaldehydes; however, dus to the reactive charac-
‘ter of the sminoaldehyde molacule the isolation and eharsce
terization of these molecules has been very difficult and
often impossible., _ _

Pischer (6-7) roportod that aminoacetaldehyde was stable
in concentrated hydrochloriec acid, but in dilute acidie or
basie solutions the compound was rapidly destroyed. When
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.ttamptlng'to prepare the phenylhydrazone derivative of
aminoacetaldehyde, Fischer (6) obtained the diphenylhydra<«
sone of glycollic aldehyde instead of the expected product.

| + HaN-NH _— l
"Cw | . H-C= N- NH@

: _'rhus und.or conditz.om or osazone tormtion, the mlnmctald.- - %

_ hyde lost moni.a and was eonnrtod to the comsponding
' hydroxy which was in turn oxidized to the dialdehyde.
A series of secondary and teritary amincaldehydes was |
prepared via the Mannich reaction (8)., The resction involved
'the treatment of en aldehyde containing an alpha hydrogen
" with formaldehyde and an amine to give a beta substituted

"

CHz. Py 5 CHz C-H
C‘H C-H + H-C-H + CHaNHz — X!
cu3 | ‘ CHy  CHy-NH-CHs

aminosldehyde, Thus 2-2-dimethyl-3-methylaminoproplonaldes
~ hyde was prepmd by the reaction of formaldehyde and nethyl :
. amine with isobutyl aldehyde (8). |
Fischer prepared aminoaootaldobwdo in low y!.old by the |
reduction of glyci.ne_ ethyl ester hydroehlormo with sodium
. amalgam (9); & method which was independently described by
'Neuberg (10). Application of this method to dl-alsnine and
dl-phenylalanine resulted in the preparation of 2-aminopro=~
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" : + ”
Hz”‘ CHZ"C "0'C2H5' + ”Q/HS _._H_._,, ”Z .”" CHZ ‘é -H
L Hee e _ _ T HCeR N o
.+ plonaldehyde diethyl acetal and 2-amino-3-phenylpropionalde~
' hyde dlethyl scetal respectively (11). '_ The unsubstituted

o aminoaldehydou were not isolated as such since attempts to

" hydrolyze the acetal led to polymerlzation,

: Aksbor (12) and Bullerwell {13) applied the lodiun
A mlgau reduction reaction to s number of amino scids;

" however, the resulting sminosldehydes were not isolated as
.such but used immediately in the synthesis of imidazole .
derivatives.,

Neuberg (14%) claimed the preparation of sminoacetalde=~
hyde from 3-smino-2-tiydroxypropionic acid under eontrolled
_ eonditions with an electric spark as a eatalyst, The hydroxy
acid eoculd .:ho be converted to minowataldohydo by treat-
ment with hydrogen peroxide aud iron sulfate (15). Earries
obtained tho same minoaoetaldehydo by the ozonolysis of
allyl amine (16). P S o
 In 1901, Wohl (17) cbtalned the cxalate salt of p-amino
propionaldehyde by the treatment of aminopropionacetsl with
oxalic ascid., Attempts to isolale the free aminoaldehyde were
~ not successful. Wohl was able to obtain the N-ethylamino-
propionaldehyde by the treatment of P ~chloropropionaldehyde
diethyl acetal with ethyl amine followed by acid hydrolysis
(18). The N-ethylaminopropionaldehyde was relatively un~




. ing free aldehyde falled (19).

- sminoaldehydes, He modified the known procedures by using

36

stable and on standing rapidly underwent polymerization.
Mennich treated B -chlorobutyraldehyde diacetal with smmuonia
' to form the amino acetal, but tvdrolys.s to the comspond-

.. Ia 1922, Redde (20) made a genaral survey of the various o |
' known procedures and possible routes to the synthesis of ;

""-”ae.ylated smino compounds in an effort to pment polymri' | ;,
I sation and thereby facilitate the isolation of the sldehydes. | 1
- In an effort to prepare Phthalmidopropiml nitrile, ‘
'Radde (20) reacted phthalylglycyl chlorids with hydrocyanie | :‘
. acld in the pmmo of pyridine. The nitrile could be eon* |
- verted to the keto acid which could them be made to lose eé.r-
bon dioxide to give the desired phthalimidoacetaldehyde.,
-~ However, instead of the expected simple nitrils, phthalyl~
glycyl shloride condensed with itself to give & diketonitrile.

' 0
é? o : </ \;, . Cg Hy 0= N- f"-é"- cNV :
N-CHa-C-0@ + HCN —=2» Ceo .
| & 0%. \

o

~ CeHy 0N - CH

A phthalimidonitrile wss obtained by treatment of
phthalylglycyl amide with dehydrating agents such as thionyl
chloride or phoaphorous pentachloride, Attempts to reduce
| the nitrile to the eomspondi.ng aldehyde were nol success-
ful (20). The catalytic reduction of substituted smides such
as phthalimidoacetyl anilide falled to remove the anilido
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group. The phthanmmoacqtyl enilide was dehydrated to
the imino chloride; however, reduction to the comspond-
. ing sldehyde with ginc chloride falled (20). - e
By using sodium lmalgam redustion of the ettvl ester
. of phthalylglyelne according to the procedure of Fischer (9),
... Radde (20) wes able to prepare phthalimidoacetaldfiehyde, but
" the yields were not satisfsctory. By the controlled redus®
tion of phthalimidoacetyl chloride with palladium on barium
sulfate catalyst according to the Rosenmund reductiom pro=
cedure, Radde was sble to obtain phthalimidoacetaldshyde in

. fair yleld. Other than the method of Fischer, this Rosen=

~ mund reduction of the acid ehloride was the only successful

- method found by Radde in his general survey of known aldehyde
' pi'oparativ.. methods or possible routes to the preparation

" of aminoaldehydes. | | | |
| According to the procedure of Radde (20), the puthal=
'_ " imidoacetyl chloride was dissolved in a toluene suspension
 containing pallsdium on barium sulfate catalyst and a sulfur-
© quinoline poison, This resction mixture was then carried

through the usual Rosenmund redustion prosedure.

o .
o : o
'Owcuzcct’+Pd/ —-_-»@Ncuz
c':' BQSOQ
. o BT
After rour to five hours, 80-90% of the theoretical

amount of hydrogen chloride was evolved. The catalyst was
~ then removed, and the phthalimidoacetaldehyde allowed to
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oryﬁt.alm.' The aldehyde was recrystalized from ligroin
and melted at 112-114°%, but no yield was recorded. The
phenylhydrazone, oxime, and semicarbasone derivatives were
prepared in the usual manner. |

Using the same general procedure, Radde (20), prepared
2-phthalimidopropionaldehyde from 2-phthalimidopropionyl
chloride . The semicarbazone derivative of the aldehyde
was prepared, but the phenylhydrazone and oxime derivatives
eould not be obtained as solid derivatives.

In this paper Radde stated that the Rosenmund reduction
of phthalimidoscid chlorides was limited to those aldehydes
where the phthalimide grouping was in the alpha position to
the aldehydo function. In this laboratory this requirement
was found not to be necessary in that 3-phthalimidopropion=-
aldehyde was prepared by the reduction of 3-phthalimido+
propionyl ehloride. However, it is possible that as the
chain length between the acid shloride function and the
phthalimido group is increased, the difficulty of the re-
duction reaction may also increase. o
" In a recent paper, Balenovie (21) discussed the prepar-
ation of optically active phthalimidosldehydes eorresponding
to the naturally ocourring amino acids. Optieally active
phthalyl-S-benzylcystine and phthalyl-O-methyltyrosine in
addition to the phthalylglycine and o -alanine were converted
to the corresponding aldehydes by the same procedure utilized
by Radde (20).

After blocking the aldehyde group of the phthalylamino=
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sldehyde as the dlethyl acetal, Balenovie (21) was able to

remove the phthalyl group by hydrazinolysis. Thus he ob-
~ talned optically active aminoaldehydes as their diethyl
acetals, !’m comapondlng thicacetals were prepared in an

k. mlogoun manner from the phthalylaminoaldohydon. With '

" eystine end tyrosine, the resstive mercapto and phenclis
| Wﬂroxy groupa rospooti.vely had to be blockad beforo the
jphthnlyl derivatives could be converted to the aldehyds.
" In an effort to find & more generslly applicable method
of prepar!.ns mtnoaldehydu, a nuanr of possible routes to
the aminoaldehydes were mvutiga‘bed {n this laboratory,
The chief mtbi-ost.m in the development of & preparative
mthod whereby a wide varl.oty of n‘.!.dehydal could be prepared.
~ The eontrolled oxidation of aminoslcohols was first
tried as a possible route to the aminosldehydes., Ethanol
amine was treated with benszoyl chloride and sodium carbonate
" in benzens according to the procedure of Billman (22) to |
give N-benzoylethanol amine in good yleld. The M-benzoyl~ | :
ethanol amine m then treated with a mixture of chromie |
and sulfuric acids in acetic anhydride and glacial scetic |
'acid. By earefully maintaining the temperature between
0-10°%, 1t was hoped that the aleohol would be eonverted to
the aldehyde which would then be rapidly tied up as the di-
acetate before further oxidation to the acid could ocour.
Unfortunately, the alcohol was acetylated before the oxida-
- tion to the desired tldehydo eould oceur, thus O-acetyl-N-
benzoylethanol amine was obtained instead of the desired
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hippuryl aldehyde dliacetate.
N-Benzoylethanol amine was also treated with potassium
dichromate under acidic conditions in an effort to effect

. the eontrolled oxidation to the aldehyde.: Even though numer=-

ous attempts to eontr_ol the temperature and the time of re-

... action were made, the isolated reaction product was either

- the eorresponding N-benszoylated acid, hippuric acid, or the
unreacted starting material., . @1 o ooayon oLony
. . Dehydrogenation of an amino alcohol to the eorresponding
- aldehyde with gopper eould not be used due to the high

" 'bolling points of the N-acetylated aminoalcohols. No method
- of blocking the amino group of the aminoalcohol could be

- found which would permit the use of the dehydrogenation

. pe@ELLOM. L T e B

Another possible route involved the use of the Stephen I
reaction in the reduction of & nitrile to the sorresponding
aldehyde. Potassium phthalimide was heated with ethylene
dibromide to form phthalimidoethylene bromide (23) which was
then to be converted to the nitrile with sodium eyanide in
methyl alcohol. The nitrile was not isolated but was imme-
diately treated with the anhydrous stannous chloride in
absolute ether to form the imino chloride. Hydrolysis of the
imino chloride with dilute hydrochloric ascid falled to give
the expected phthalimidopropionaldehyde.

A shorter but a rather limited route due to the difficulty
in obtaining the starting materials was the reaction between
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potassium phthalimide and chlorodimethyl scetal. Under the

usual conditions of the reaction of potassium phthalimide
with a halide, the chlorodimethyl acetal underwent decom=
position. Milder eonditions and the use of & solvent failed
_to give the desired phthalimidoscetaldehyde dimethyl acetal.
According to the modified procedure of Ing and Menske (24),
phthalimide was heated with & mixture of chlorodimethyl -
acetal and potassium carbonate, but here min the ecxpeotod
_product could mot be isolated. AR
' e Rosenmund reduction of bensoylglycine, hippuric
acld, was mo tried as a possible route to amincaldshydes,
Hippuric acid was treated with phosphorous pentachloride
at room temperature to give hippuryl ehloride in good
yield (25). The hippuryl chloride could then be treated
with palladium catalyst and hydrogen according to the usual
Rosenmund reduction procedure; however, a suitable solvent
' oould not be obtained. The usual hydrocarbon solvents used
in the Rosenmund reaction such as toluemne, xylene, and ben*
gene falled due to their inability to dissolve the hippuryl
chloride, Other inert solvents such as dicxane exhibited
the same lack of solubilizing power, _ _
_ The reduction of hippuryl chloride was omied out in
the polar basie solvent pyridine, A very definite defect in
the use of pyridine was that the progress of the reaction
could not be followed as is normally dono with the Rosenmund
. roductlon, since the basic solvent would madily react with
~ any hydrogen ehloride tormsd during the reaction. Tao_ |
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hippuryl chloride was dissolved in pyridine and heated at

reflux with palladium catalyst and sulfur-quinoline poison
according to the usual Rosenmund procedure., At the end of
four hours, the reaction was stopped and isolation of any
aldehyde formed attempted. Various methods of working up
the reaction mixture failed to produce any of the desired
hippuryl akehyde, so either the basie solvent at reflux
conditions was too severe to permit the isolation of the
aminoaldehyde formed or the reduction actually did not take
place. B

With the failure of other methods to produce the desired
aminoaldehydes, the Rosenmund reduction of the phthalimido
aeid chlorides used by Radde was finally utilized to prepare
a series of phthalimidoaldehydes. These phthalimidoaldehydes
were then used to prepare v;riaua nitrogen aldehyde deriva-
tives,

Instead of discussing the 1ndividug1 preparations of
phthalimidoaldehydes, it would probably be better to describe
in some detail the general method and reagents used in the
conversion of acid chlorides to aldehydes originally developed
by Rosenmund and Zetzsoche (25). A very complete review of
this reaction was written recently bi Mossettig and Mozingo
(27). . L

The Rosenmund reduction doﬁands upon differentiation
between the speed of replacement of halogen by hydrogen and.
that of hydrogenation of the resulting aldehyde. The method
involves the addition of a small amount of poiioning agent
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eontaining sulfur, which does not seriously inhibit the
desired reduction of the acid chloride, but effectively
stops the hydrogenation of the aldehyde. The acid chloride

o R A e .
"R-Cc-c¢ + Pd[BaSOy —> R-C-H + He P

- O

is dissolved in a hydrocarbon solvent such as xylene, toluene,
~or benzene and a8 stream of hydrogen passed through the re-
"action mixture. The exit gas is passed into standard base,
thereby the eourse of the reaction ecan be followed by the
ampunt of hydrogen chloride absorbed.

The success of this method is dependent upon the resis-
tance of the aldehyde to reduction under the eonditions whiech
permit its formation from the seid chloride (27). Stince
aldehydes in the presence of hydrogen aﬁd a8 suitable catalyst
may readily be reduced to the corresponding alecohol or hydro-
 earbon, the presence of sulfur containing poisons are neces-
sary for optimal yields of the aldehydes. It has been re-
ported that the deciding factor in the acid ehloride reduc-
tion is the temperature. The optimal temperature is that
point where the evolution of hydrogen ehloride is effectively
maintained (28).

Just as the presence of an accurate amount of catalyst
is essential for optimum yields of aldehyde, the presence of
an unknown amount of impurities will affect the ultimate out-
come of the reaction. The presence of impurities, especially
those containing sulfur, have a definlte effect on the con-
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version of an acid chloride and as a consequence must be

- earefully arv_oi.ded. The presence of phosphorous and mercury
'sls0 are detrimental to the reduction reastion,

| The preparation of the various phthhlimldoaldehgdes and
their derivatives was ncoompltihod according to the same

~ general procedure as that utilized by Radde (20). Phthalic

 anhydride was heated with the dl-amino seid to form the
 phthalimido acid which was then converted to the eorresponding

° - H?.O lc‘\ " Pa‘

) o . N "
| o + HN-CH-C-=o — N-GH-C-0H  —
| = o] | o

=0

N

o:0n

: o o.. o e "_H_‘__ __ ‘: : ‘?_.
- | OC‘N- CH-C-C8  + Pcl/ﬁﬂs*’-t —_— @c},_ gH-c-H

¢ R . I S R

o ' o '
icid chloride by heating with phoaphorouh pentachloride. The
phthalimidoseld chloride was reduced to the corresponding
aldehyde by heating at reflux in toluene with palladium on

barium sulfate catalyst and a sulfur-quinoline bo!.son. |

| The solvent chosen in the preparation of aminoaldehydes
was the same as that used by Radde in his work (20). Reagent
grade toluene was refluxed over sodium metal for four hours

and then distilled from ground glass equipment. The re-
distilled toluene was then stored in a tightly sealed bottle
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cvai' sodium. In general ten parts toluene were used with
~every part of the acid ehloride used. '

B According to the general Rosenmund reduction procedure,
- one part 58 palladium on barium sulfate eatalyst is used with

. every five to ten parts of the acid chloride (27). When one
__part catalyst was used with five parts of the phthalimido

acld chloride, the reduction seemed to occur at a slow rate,

.- and the purification of the reaction produst was more Aiffi-

cult due to the presence of impurities., ' In general, it was

.. found that one part catalyst to two or three parts of the

. acld chloride gave the best results.. . ... .. . . ..
. tme 5% palladium on barium sulfate catalyst was pre-

. pared according to the procedure of Moszingo (29). Palladium
- chloride was reduced with formsldehyde in basie solution to
give a precipitate of palladium metal on very fine particles

of barium sulfate. e [ERTRET :

The reaction was carried out by dissolving the phthalimido~
acid chloride in toluene at room temperature. To this solution
was added the palladium catalyst and the sulfur-quinoline
polson, and the reaction mixture thoroughly flushed with by~
drogen. The reaction mixture was then heated to reflux, after
which the rapid stirring was started.

The evolution of hydrogen ehloride in the first hour and
a hair was fairly rapid, after which there was a steady de-
¢rease in the rate of evolution. The time of the reaction
varied between three and six hours at which time 80-90% of
the theoretical amount of hydrogen shloride had been evolved.
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Toward the end of the reaction time, the evolution of hydro=
gen chloride was very slow, so that it was often expedient
to stop the roaction beforo tha exlt gas was complotoly free
" of hydrogen chloride. When the roaction was allowed to pro-
" ceed longer than nn nour-, omiderablo decompostion
uemod to ocour.
 The mductioh was carried out in s t.norougmy cleaned
Iand dr!.ed grotmd-ghu oqui.pnsnt. Nhemor rubber atopporl'
“were used, they were thonougmy u&:hed with acetone before
" ustng to remove the -ulrur-emtammg eompoundn on the sur-
| face of the mbbor. A throo-nack grouml-glau round ~bottom
| 'rlask oqui.ppod with a narcury-aeal ltimr was cmrully
" adjusted, so that contamination of the resction mixture with
g mercury was avoided. The stirrer was nickel-chromium alloy
Hershberg type, which was capable of withstanding long
periods of high apeed stirring.
.~ The reflux eondenser used in the rodustion resction was
‘lttaohod to 8 system whereby the exit gas could readily be
titrated with standard base. This was accomplished very
simply by placing the tubo tron the condenser beneath the
surface of about 400 ece. distilled water eontalnod in a 500
cc. Erlenmeyer flask. In this way the evolved hydrogen
chloride dissolved in the water and subsequently could be
‘neutralized by the standard bsss. The titration of the
| evolved hydrogen chloride was accomplished by adding a few
~ ec. of standard 1 ¥ sodium hyt;rox!.do with phenolphthalein
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indicator to the distilled water before the reaction was
started. Then as the base was neutralized, varying amounts
were added depending on the stage of the reaction. R

-~ The isolation of the phthal!.nldoaldervdo was usually
aocompuahod by allowing the toluene reaction solution to
eool overnight in the ice box. FMurther erystallization
eould be obtained by addition of Skelly C to the toluens
mother 1iquid, =In some cases the erystallization of the -
. aldehyde was nich wore difficult, Where the resulting aldo-'
| “hyde weas & nry low melting solid, cmtallintim was -
achieved by u:i.ns varying mixtures of bensene and Bkellj sol-
vents. IR SR DT o : R
In general as the molecular weight increased, the dif*
ficulty of erystallization also increased. The aliphatie '
aldehyde such as 2-phithel imido-3-methylbutyraldehyde and
2=phthalimidoisocaproaldehyde eould not be obtained as
erystalline solids., However, their aldehyde derivatives
were obtained as fine crystalline solids, The phthalimido-
aldehydes did not form sodium bisulfite derivatives and
¢leavage of the other aldehyde derivatives was not a practi-
cal method of obtaining the free aldshyde.
| The semicarbazons of the pathalimidoaldehydes were pre-
pared in the ususl memner. The sldehyde was dissolved in
an nqueous -alcoholic lolution and heated at reflux with semi~-

u 0
@M CH-C~ H + HyN-NH-C- Nu,_-,@ "N~ CH-CH= N-NH-C~NHy
R ] |
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carbazide hydrochloride and sodium acetate for about cne to
two hours, The semicarbazone was then recrystallized from
alcohol and water. The thiosemicarbasones were prepared in

an analogous unmr.': The cldehydo was heated at reflux with
| '.‘.’-.""'o B s W s
@ "N-CH- -C-H 4 HQ_N-NH c Nuz—a-O "N~ CH-CH=N- ~u - E-NHy
%._R._‘ ._ o -
_o-. SR O

a molar qumt!.w or thioumlcarbazido and ons drop of glacial
" acetic 8cid to increase the rate of reaction (30), The thio-
| uomicarbasonot were obt.uined as cmtnllm solids which
: cryuta.lllsed from & mixture of alcohol and water, _
 wWith 2-phthslimido-3-butyreldehyde and 2-pntha11m1ao-
uocaproa]_.aam. the reaction product obtained from the re-
duction was a crude oil, Thls cl) was used as such in the
preparation of the thtmmicﬁbum and semicarbazone deriva-
 tives, ; . ,
The uondenuation ot dlthiobi.urat nlth the phthalimido-
| aldehydes was effected in an analogous manner to that used by
Foye and Hefferren (31) in the preparation of benzaldithlo-
biurets. The dithiobiuret was dissolved in the least amount
of boiling glacial acetic acid. To this was added the
phthalimidoaldehydes, and the mixturo heated at reflux for
about thirteen hours. The sddition of a small amount of
rreshly prepared anhydrous zine chloride to the reaction mix-
ture seemed to favor the condensation reaction.

o O

| O S'
R . C’ o
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- After allowing the reaction to proceed at reflux for
thirteen hours, the reaction mixture was allowed to stand -
at room temperature for a couple of days for erystellization.
The pmipltated product was washed tboroughly with anhy~

. drous ether to remove some of the occluded zine chloride and

- then erystallized from glacial acetic acid, This erystalli-
. zation seemed to take Place best when the emtalll.ntion
mixture was allowed to freeze and then slowly warm up to :

.. room temperature, Artor mmtallmtion tho dithiobiuret

.econdensation product was obtained in nolds_rron 15~25%

.. ..usually es microcrystalline products, m percentage nitro*
_ gen was determined by semimicro Ijehahl method, |

The phenylhydraszone of phthalimidoacetaldehyde was pre*

... .pared in the usual manner and recrystallized from a n_ixturo

. of ethyl alcohol and glaciasl acetic asid. The orange needles
. of the phenylhydrazone melted at 165-166° which agreed with
the value recorded by Radde (20). T
The same phenylhydrazone of phthaiimidoacotaidebyﬂq
was obtained whm; the cleavage of the phthalyl ring was at-

.- tempted according to the procedure of Schumann and Boissnnas

- (32). Pnthalimidoacetaldehyde was heated at reflux with
tributyl amine and three equivalents of phenylhydrazine in
96% ethyl alcohol for two hours. The solution was then eon~
centrated to give a bright orange precipitate melting at -
© 163-165°. A mixed melting point showed no depression with
' phathalimidoacetaldehyde phenylhydrazone, indicating phenyl=
: hydmone' formation but no cleavage, Identical ruulti: were
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obtained when larger quantities of phenylhydrazine and longer
perlods of z-erlux were used. o . .

" Another more generally uncd mthod ror phthalyl oloavage

| I. 13 that of t:ydmz!.nolx'uu. !'ho origmal uork ul dono by
" Ing 1n 1926 (24), but since then there have been mumerous
ariatiom -nxcn m useml u: s vnr‘l.oty or uituations (33-35).

o 6 g i NH R L 3 R NIRRT

B ‘tu“ f-'qu c= @E‘E": + RNHy
| !lu genoral procaduro h to twat tho phthalyl dari.'ntlvc
with hydresine in aleohol at reflux for oouple of hours.
o -!b.o alechal is then rmved. and the mtdno is hoatod ror
& short time with dilute scid.
N According to the general procedure of Ing (24), the _

| pht.halyheotaldohyde phenylhydrazone was heated for two hours
with hyﬂruim hydrate in an aleoholie solution. %The alco-
hol was then removed, and the deep red residue heated with
" '2 ¥ hydrochloric aeid for sbout 15 minutes. During this
period of hsatmg,_ there seemed to be eonsiderable decom*
position. _!‘ho treatment with hydrazine apparently secomp-
1ished the phthalyl cleavage, but the scid decomposition of
the residue seemed to effect the cleavage of the aldehyde
derivative. In order to avoid this cleavage of the alde-

hyde derivative, milder methods of acidification will have
to be developed. There is little doubt, that after a suffi-
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cient number of trials these conditions could be developed,
~4f they are so desired.

- Another posaihi.lity for t.tn difficulty in addition to .

" the 1ab111ty to scld is the interchenge of aldetyde deriva-

" tives. Thus the phonwltwﬂrumo would be formed rmt and
 then s partial exchange might ooeur to give the phthalimidos
'aldemn h;ydruim derlvativo. e e o
' Phthalylmethionine wes prepared and treated with pam-
" :phomm pentachloride in the usual mauner. The rumly ground
ni.xturo of phthalylmthlonino and phonphorous pentachloride
- ‘was vigorously ahakm at room tonporaturo, ‘whereby there was
' a repid evolution of hydrogen chloride. When this initial

' evolution of hydrogen chloride had slowed, the reaction mix-

~ ture was heated on & steas bath for forty-five minutes. Dur-
" ing this period of heating, there was sn apparent decomposi<
tion occurring as ovidenced by the reaction mixture mmi.ng
deep red. Attemptl to crystalllu the acid chloride n-on
this deep red viscous masSS were nnsuoeessml.
" Phosphorous pentachloride was used under milder condi-
tions, but here again there appeared to be some decomposi<
tion. In en effort to obtain a more easily isolatable pro-
duct, the erude acid chloride was reduced according to the
 usual Rosenmund procedure. However, on completion of the
" reduction reaction only s very small amount of hydrogen
Ichlorme was evolved. The reduction mixture gave & negative
aldehyde test with 2, M-dinitrophehylhydrazine aldehyde
reagon’c, indicating that 111'.1'.10 or no reduction to the alde-




hyde had ocourred
_ - The use of thiocnyl chloride in the formation of the .
| ccid ehloride was tried, but the reaulta were similar to '
"_thoao obtained with phoaphorous pontaohloridex L.e., the -
" ac1d chloride resction mixture gradually turned deep red
‘as heat was applied or tho nixturo was ‘allowed to stand at
li'roou teuperntur- L _
Ji e A mild proceduro for tho preparation of acid chlortdas
._._.:.devoloped by Adams (36) tnvolves the trestment of the
' soflum salt of the scid with cxalyl ehloride, This general
" peaction was applied to the steroid field by Wilds (37),
who was able to form the actd ohlorido of . labila scid
under very mild conditiona. .
oo Ehauntially the method conaistl er nsking thn uodiuu
 salt by dissolving the acid in 0.1 N sodium hydroxide end
lyopholizing the solution of the sodium salt, The sodium
salt is then dried at 100° and 2 mm, of mereury pressure
for ten hours, The sodium salt is suspended in dry benzene
with a few drops of dry pyridine, and the suspension ecoled
to iero dagriea. Redistilled oxalyl ehloride is then added
with the {nmediate evolution of carbon monoxide indicating

o
o " 0
C - < :)
R-g-ONa + 1 et  ——— R-C”-CP + Co + Na¥
.c\-cp @

_.tho start of the reaction. The reaction is allowed to pro-
_'_ceed at reduced temperatures until the evolution of the car-
bon monoxide gas ceases, The solvents are then removed
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under reduced pressure, and the acid chloride obtained in

‘good y!.olda._ The reaction is very ui.ld: honwer, it is very

pendont on complotely mnydroum condttiom. N

- This reaction was repeated uni.ng phthnlylmothion!ne as
tho mld. The aodi.ul salt was propared in the usu.al manner

end freeze dried. The sodium salt was then allowed to react

with oxalyl Ghlortdo under the conditions described by E

 wilas (37), After removal of the solvents, the acid

iy .__chlcrido was obtained as a very li.ght yellou ou uhi.eh was
. used as nuch for conversion to the aldehydo

| The ocrude acid chlorido, obtained rrou tho mlyl
| '_ chlortdo reaction, was diuolvod in toluene and roduced
. with palladium in the usual mr.' lfhen tho roacticn sys*
- tem was set up, lm!rogonm paued through whilo the N
solution was refluxing !‘roely The evolution of hydrogen
-chlorl.do was very slow. With the possibility that tho sul~
~ fur atom eontainad in the phthalylmethionine molecule was
. present in too large a quantity, a rerun was made where the
amount or the palladium catalyst was increased t-o one part
catalyst to every one and s half parts acid echloride. In
addition no sulfur~quinocline poison was sdded to the reac*
| tion system. In spite of the fact that t-ho reaction was
. allowed to proceed for as lons as twelve hour:, the cvolu-
 tion of hydrogen chloride was approximately 305 of the
theoretical value, It was also impossible to obtain a
positive aldehyde test from the toluene reaction mixture,
- indlcating that any sldehyde which may have been formed dur=-

teitbiane, 55>




. aatalynt by adding a small amount of sulfur poinon or regu*~

.. mcld enloride to the comapondlng amonmo there is present

- - e = - c, = =
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ing the reaction was not present at the time the reaction

was ltoppod. | _
~+ As has boon diseuned pmiouzly, t-ho Ronenmmd redue" .
| ,t.im of ucid ehloridu to aldehrydes i.s aecompltahod by con*
tronins tho activity of & palladiun on barfum sulfate

| htor. - The reduction of a lulmr‘eontnining compounad may
| ~ be accomplilhed. but 1- very difficult even under ideal .
~ eircumstences (27) In the conversion of phthalylmethionine

. & sulrur-cantalnins uoloculo in udditton to & very mactivo
h ~ aecid chloride which may readily undargo en internal reaction.
© fhis internsl reaction was indicated by the relative lability
 of the acid chloride to heating in the presence of resgents |
such as phosphorous pentachloride snd thionyl ehloride. In -
view of these things, it is probable that the phthalyl~
'methionine acid ehloride was destroyed before eccuversion to
 the corresponding aldehyde could bo. aocdmplnhod
Billman (}5) prepared phthalylvaline by heating equal
molar amounts of phthaliec anhydride with dl-valine for fif-
teen minutes at 180° « After recrystallization rrom s mix-
ture of ethyl alcohol and water, the phthalylvaline was ob-
| tained in 5% yield and melted st 101.5-102°,
| Finely ground phthalic anhydride tnd dl~valine were
heated for forty-five minutes at 130’150 » followed by fif-
teen additionsl minutes at 180° to eomplete the resction.
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The reaction was well stirred to prevent local overheating,

and all the sublimed phthalie anhydride collecting on the

sides of the flask was scraped back down into the reaction

' mixture. 'mo reaction nixtl.irc wn sllowed to ecol, and re-~

emtallmuon from water, aloohol, mixtures of the -

 two attonptod without success., . . .. . .

" Since the pntnalylulm pmipitated from vary!.ng
hmixturoa of utor and alcohol as an oll. 1t appeu-od that
‘some {mpurity was preventing cmtalnntton. Thus the pro=

" 6uet obtained from heating phthalie mmarmo end dl-valine was

) sublimed under reduced pressure and then extracted wi’ch water

to remove the unreacted phthalic anhydride snd dl-valine re-

 spectively. Attempts to erystallize this purified product
were equally unnuccoum as thc prevlou- case 1n obtaining

s erystalline product.,

King and X1ad (33) developed a » method of preparing

- pathalylglutamie acid which was claimed to 3170 & purer

- condensation product than that obtained by just heating to

phthalis anhydride and dl-glutamic acid sccording to the

procedure of Billmen (38). This method consisted in heating
the phthalic anhydride and dl-glutamic acid in dry pyridine
at reflux for two hours. The pyridine was then removed :
under reduced pressure, and the naldizo heated with acetic an-
hydride for a few minutes. After remoinl of the acetic anhy*
dride under reduced pressure, the phthnlylglutamio anhydride
was obtained in T4% yield. The phthalylglutamie anhydride wes
then readily converted to the free acid by warming with




water, . . o T | .
- Thus sccording to an analogous procedure, phthalie -
~ enhydride was refluxed with dl-valine in pyridine for two
' hours. The pyridine was removed under reduced pressure, -
and the residue heated with acetis snhydride for s few min-
utes, Removal of the mcetic anhydride gave & white semi~
solid product very meh similar to that obtained rrom the
- Billman procedure, Attompts to cmulllze the produet

" were not successful,

 In an effort to find a i-oemmlizatzon solvent for
| .phthalylvalmé, it was found that the compound was resdily -
‘soluble in anhydrous ether. This presented itself ss a
satisfactory means of purification, since both phthalls
enhydride and dl-valine exhibit only limited ether solubile
tty, PR .
 hus the phthalylvaline wasl proparéd according to. the
ordinary procedure used for the other phthalyl amino acids.
 fhe finely ground mixture of the phthalis anhydride and dl-
valine were heated for forty-five minutes at 130-150°, fole
lowed by fifteen minutes at 180°, The residue was allowed
to eool, and the phthalylvaline extracted from the unreacted
starting msterials with anhydrous ether. Attempts to further
purify the phthalylvaline by recrystallization were not
 successful. The phthalylvaline prepared via the ether ex~
traction method was obtained in 85% yleld and melted at 100~
102° which sgreed with the valus reported by Billman (28).
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EXPERIMENTAL

‘I, Catalyst and Regulator.
A, 5% Palladium on Barium Sulfate (29).

A solution of 8.2 g. (0.046 mole) of palladium ehloride
was dissolved in 20 ec. of concentrated hydrochlorie acid
and 50 cc. of distilled water by heating on a steam bath
for about two hours. To a rapidly stirred solution of
126.2 g. (0.4 mole) of reagent grade barium hydroxide
octahydrate in 1.2 liters of water heated to 80° was added
all at once 120 ec. (0.36 mole) of 6 N. sulfuric ascid.

More 6 N. sulfuric acid was added to meke the suspension
Just acid to litmus,

To this hot suspension of barium sulfate was added the
hot solution of palladium chloride and 8 eec. of 37% aqueous
formaldehyde solution. The suspension was made slightly
alkaline to litmus with 30% sodium hydroxide solution,

Just causing the reduction of the palladium ehloride to

- metallic palladium which precipitated on the finely divided
particles of barium sulfate. The black suspension was

_ stirred for an sdditionsl five minutes after the addition

of the base and then allowed to settle. The clear super-

natant liquid was decanted and replaced with distilled water,

and the catalyst resuspended. The catalyst was washed by

decantation in this manner ten times. After the final de-
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ecantation, the cﬁulyst was collected on a 90 mm, sinter

glass funnel and washed with 250 ec. of distilled water in
five pomtions. m- mnnol. and cake or catalyst were then
plmod in an oven at 80° for thomugh drying. Artor powdor-
| 1ng 95 8. of the 5 paliediun on barius sulfate  ostalyat
was obqud

s mmmmmm(w).
‘In 8 round bottom flask, 6 g. of finely ground. sulfur

.. was 'nﬂ.u:od with 6 g. of freshly distilled quinoline. After

‘eooling the mixture was diluted with purified xylens to 70 cc.
This solution sontained 0.1 g. of regulator per ec. and

- gould be used as such or diluted to appropriate concentra~
tim. IR

II. mmmnmmma m mmmmu.

In & beaker, 14.8 g. (0.01 mole) of phthalie anhydride
_ and 6.1 g. (0.1 mole) of dl-glycine were finely ground and
{ntimately mixed. The mixture was then slowly heated with
stirring until the tempersture gradually rose to 130-150°,
" where it was held constant for about thirty minutes, During

. this time of heating, there was a vigorous evolution of

steam and sublimination of phthalie¢ anhydride. The sublimined
phthalic anhydride collecting on the sides of the beaker was
scraped down into the reaction mixture. RS .

After hoﬁti.ng at 130”150‘? for thirty minutes, the tem-
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perature was raised to abproxlmtoly 180° for fifteen min-

utes., The reaction mixture was then allowed to‘ harden slow=

1y, after which it was recrystallized from hot water. After

recrystallization 16.6 g. (83%) of phthalylglycine was ob*

" ‘tained as needles which melted at 19%4-196°, tThe melting

¥ pomt agreod with the recorded value (40). '

n.' mmmmm Chloride.

. InaClsisen flask, 7.4 g. (0.037 mole) of Phthalyl-

_glyctne and T.7 g. (. 037 mole) of phosphorous pentschloride

were vigorously shaknn ror about riftoan ni.nntu nt roon |

tmporaturo, curi.ng whtch tm thoro was a upi.d evolutim of

tvdmgon chlorido. After the uolution of h.ydroson chloride

ceased, the mtiw mixture was heated on & steam bath for | [

forty-five minutes. With hesting, the mixture turned to & |

light yellow liquid. The phosphorous oxychlorides were re~ |

moved under reduced pressure with slight heating. The resi- |

due was mmtauued from Slmlly E to give 7.2 g. (92%) 1
|
!

. of the phthalylaeetyl ehloride in form of needles. The

. WPy 82-83 ngrood with tho reportod uluo (hl)

C.  Ehthallmidoaceisldehyde. '~ "'
In the carefully dried apperatus previously described,
23.5 8. (0.11 mole) of phthalimldoacetyl chloride was dis-
 s0lved in about 100 co. of purified toluene, To this was -
| aaded 12.2 g, of palladium catalyst and 1.2 ce. of sulfur-
.. quinoline poison. !ho reaction system was thoroughly flushed
‘with hyﬂrogen, and then heltod to reﬂu: tomparaturc ~ After
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the lolvotit was ﬂgomly refluxing, the stirring was -

o ltartod Tho evolved gasses were paued through diatillod
‘ water aoutninins s mown esount of standard base. L

© In the first bour snd @ hnlf, the reaction progressed -

mpmly and then procoeded at & slonly decreasing rate. At

~ the end of four hours, B5% of the theoretical amount of

o h;ydrogen chloride was evolved. At this point, Norite was

added to tho rmtlon m.xmr- m order to facilitate the
removal or the npont utalylt. The mct.ion mixture was )

 filtered and placed in the ice box overnight for erystal-
‘1ization. ' The nddltton of a little Skelly B aided the rtu'*

© ther: procipitati.on of tho product from the mother liquid. |

o mo phthalmidoacotaldelwdo was reomtalluod from & wmix-

turo of benzens and Skelly solvents. After recrystalliza-

tion, 15.7 g. (76%) of phthalimidoscetaldetyde was obtained.

~ The -.p., 112-114° agreed with th. recorded value (20).

D. mnmmmmmm nhmlhxdmm

 In a 125 co. Erlenmeyer flask, 2.5 g. (0.018 mole) of
phenylhydrazine hydrochloride was dissolved in 30 cc. of
 water with 3.75 g. of sodlum scetate. The mixture was de~
~ solorized wi'th chareosl, and 3.% g. (0.018 pola) of
phthalimidoacetaldehyde in 35 oc. of an aquecus-alcoholis
solution was added. The resuiting yellow suspension was
vigorously shaken and heated for half an hour, after which
it was set aside for orystallization. After recrystalliza-
" tion from ethyl alcohol-glacisl acetic acid mixture, 3.3 g.
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(60%) of phthalimidoacetaldehyde phenylhydrazone was obtained
as needles melting at 163-165° which agreed with the reported

n, R |
xnalzsec. Erlenmeyer flask, 3.4 g. (0.018 nola)of

phthalinidmotaldelwda was disaolvod in appro:imtoly 30 co.
. of ethyl alcohol, and then water was added until there re=

sulted a lllght cloudmeas. To this solution was added 2.1 g.

. {0,019 mole) of semicarbazide hwdrochlorldo and 3.2 g. of. i

sodium acetate, The ‘mixture was heated on & steam-bath ror
om hour, dur!.ng uhich time & voluminous precipitate rormd
After recrystallization from a mixture of ethyl alcohol and
 water, 3.8 g. (85%) of the semicarbazone was obtained as
needles which melted at 224-226 « The reported value is
'233-244"(20) PR

mmmmmmlm m:.pnnmmamzm |
" In & 125 ce. Erlenmeyer flask, 3.2 g. (0.017 Iolo) of

. phthalylimidoacetaldehyds was dissolved in about 70 ce. of

' an aqueous-alecholic mixture. To this was added 1.6 g.
(0.018 mole) of thicsemicarbazide, and the resulting mixture
" heated on & steam-bath for one hour. After about fifteen
‘minutes of heating, a voluminous white precipitate appeared.
The reaction mixture was cooled overnight, and the white
precipitate removed by suction filtration., After recrystal-
| ~ lization from an aqueous-slcoholie mixture, 3.5 g. (81%) of
tha phthalinidmetaldohsﬂo thiosemicarbasone was obt_;ainod
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melting at 215-216°, g et e
"0 Anal, * Caled. for cnnlouozsa X, 21.35
Dk Found: 1.2192

G. Phthallmidoethyliding dithichiuret. ... _
In & 250 ee. round-bottom flask, 3.4 g. (0.025 nolp). _bf

dithicbiuret was dissolved in the minimum amount of boiling .

‘glacisl acetic scid. To this was added 5.6 g. (0.03 mole)
of phthalimidoscetaldehyde snd approximately 0.5 g. of =
freshly prepared anhydrous zine ehloride, and the resulting
mixture was heated at reflux for thirteen hours.. With heat~
ing, the reaction mixture gmaunuy took on @ dark red .
appearance. ' Sl R ey e | S
After mtmg at reflux for thirteen hours, the reaction

mixture was reduced to two-thirds its original volume by
heat!.ng and directing a current of air over the solution.
The red solution was allowed to stand at room temperature
for two or more days in order to achieve complete preecipi-
t;t!.on. The yellow precipitate ual_thcn removed by suction
filtration, washed with anhydrous ether, and recrystallized
from glaeial acetle acid. After recrystallization, 0.6 g.
(155!) of the phthalimidoethylidine dithiobiuret was obtained
as 8 miemrylhllm product melting at 250-251 R

Anal. = Caled, for CpoH, Ny0,8,t N 18,37

| Founds '_l | 18.10, 18.48 Aver. 18.29
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I1I. a-zmummmmmm and mzmm;
A, dl-X -Phthalylalanine. £

' In & 125-cc. beaker, 32.6 g. (0.22' ilole) of finely
~ ground phthalie anhydride was thoroughly mixed with 19.6 g.
(0.22 mole) of dAl~ K -glanine. The mixture was gradually

"haated'on'i.hot platé ﬁo 130;150° for thirty minutes. Dur-
’ '1ng this time there waz a rapid evolution of steam snd some
sublimination of phthal!.c enhydride on the ualll of the

' pesker, The reaction mixture was stirred and the phthalie

. snhydride scraped from the walls of the beaker into the
" resction mixture., After this initisl heating period, the
 temperature was increased to approximately 180° for fifteen
minutes. The residue was allowed to cool and then was re-

.. erystallized from hot water. After recrystallizatiom, 2.6 g.
(94%) of the phthalylalanine was obtained as needles pelting
. at 162-163°, which agreed with the recorded value (42).

~ B. 2-Phthalimidopropionyl shloride. | =
In & 50-ce. Claisen flask, 5.0 g. (0.023 mole) of
 2-phthalimidopropionic scid was vigorously shaken with 4.8 g.
(0,023 mole) of phosphorous pentachloride. After the initial
rapid evolution of hydrogen chloride ceased, the mixture was
 heated on a steam bath for about forty-five minutes to com=*
. plete the reaction. The phosphorous oxychlorides were then

. removed under reduced pressure with slight heating. The
| residue was recrystsllized from Skelly E, ylelding ;.6 g.
(85%) of 2-pathalimidopropionyl ehloride melting at T1-T3 ,
~ which agreed with the recorded value (43).
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' C. 2-Phthalimidopropiopaldenyde. |
The reduction of a-phthalmidopropiongl chloride to the
comsponding aldehyde was carried out in an malogous manner

""" to that used in the preparation of phthalmidoacotaldohydo

" The general spparatus and procedure was oasontially {denti~-
" In & 250-ce. three-neck round-bottom flask cqxuppodf '
with 4 mercury-seal stirrer, hydrogen tap, and reflux eon"

" ‘denser with attached tubi.ng for titration of the evolved -

" gases, 4.6 g. (0.02 wole) of 2'phthalm1dopropiony1 ehloride
“was dissolved in 40 ec. e:l!' purified toluom. To thu was

" added 2.3 g. of palladium catalyst and 0.23 ce. of sulfur-

quinoline polscn., The system was flushed with hydrogen and
heated to reflux. After the solvent was refluxing vigorously,
_the stirrer was started. R '

" The evolution of hydrogen chloride during the first hour
" was rapid, but rollond by a gradusl decrease in the rate.
Arter four hours of heating and stirring at reflux, there

" was only s minimal smount of hydrogen ehloride being evolved.
Norite was added to the reaction mixture, and the solution
was filtered. Skelly E was added to the toluene solution
which wes put in the ice box overnight for erystallization.
After recrystallization from & mixture of benzene and Skelly
E, 1.6 g. (60%) of 2-phthalimidoproplonaldehyds was obtained.
The aldebydo mlted at 109-111 uhloh agmed with the re-
corded valuo (20)
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D. 2-Rhibalimidopropionaldeliyde semicarbazons.

" In a 125-cc. Erlenmeyer flask 2.6 g. (0.013 mole) of
*2-phthalimidopropionaldehyde was dissolved in an aqueous* -
aleohol solutton. To this was sdded 1. 6 g. (0.01# mole) -

of aam!.earbazide hydroohloride and 2,4 8. of sodium acetate,
" and the rosult-lng mixturs was heated on a steam-bath for an |

. ‘hour and & half, After rocmtalliution from an ethyl
'I:_,“'_‘1°°h°1"“t°1' mixture, 2 2.9 g. (85%) of the semlcarbasone’
 was obtalned melting at 224-225°, which agreed with the
‘reccrded nm (20). ' -

 E. 2-Rhthalimidopropionaldehyde iblosemicarbazone.

In & 200-0c. round-bottom flask, 3.2 g. (0.016 mole) of
é-phthallnidopropiomldarwdo ias dissolved in about 50 ee.
of ethyl alcohol, and water was added until a slight cloudi-
ness appeared. To this solution was added 1.5 g. (0.016
' mole) of thiosemicarbazide and one drop of glaclal acetie
- acid. The resulting solution was heated at reflux for one
hour, during which time a white precipitate began forming.

 After allowing the reaction mixture to stand in the ice box

overnight, the white precipitate was removed by suction
filtration and recrystallized from & mixture of aleohol and
water. After recrystallization, 2.6 g. (60%) of the
2~-phthalimidopropionaldehyde thiosemicarbazone was cbtained
as needles melting at 206-208°, =
Ansl. * Caled. for °12512“4°25' N 20.28
Found: N 19.99
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P, 2-Phthalimidopropylidine Althichiuret. o
In a 200-cc. round-bottom flask, 4.3 g. (0.032 wmole) of
~ dithicbiuret was dissolved in about 70 ec. of bolling glacial
acetic acid, To this solution was added 8.2 g. (0.04 mole)
of 2-phthalimidoproplonaldehyde and approximately 0.5 g. of

: fffreshly prepared anhydrous zine chloride, The reaction mix~

!':tnro was then allowed to reasct at reflux for thirteen hours.
i*j'w1th heating the solution graduslly took on a red ooldr. Y
After heating at reflux, the reaction mixture was allowed

to stand at room temperature for at leest two days in order

" to complete precipitation of the eondensation product, The
" yellow precipitate was removed from the solution by suction
“'filtration snd washed with enhydrous ether, After recrys-

tallization from glacial acetic acid, 2.0 g. (20%) of the

" 2-phthalimidopropylidine dithiobiuret was obtained ss &

" "microcrystalline product, melting at 251-253°,

" Anal, = Calcd, for CyzH), Nj0,8,: N 17.49
-  Poundt N 17.29 17.16

IV.. 3-Bhthalimidopropionaldehyde and Derivatives.
A. a1~ 58 -Puthelylalanine. = |
In & 125-ce. besker, 22.2 g. (0.15 mole) of finely

ground phthalie anhydride snd 13.% g. (0.15 mole) of a1~ £ =
 alanine were thoroughly mixed and gradually heated to about
1150°, At this temperature there was a rapid evolution of
 steam, and some sublimination of phthalie antydride. The

| lublimed_phihallo anhydride was scrapod_fron the walls of the

beaker back into the reaction mixture, which was eontinually
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stirred. Arter about forty-five minutes of heating at 150° »
the tonpemturo was momasod to about 180° in order to eom*
 plete the reaction. The 1iquid was allowed to solidify, and
~ the solid 'iesiduo erystallized from hot water, After re~
 erystallization, 29.7 g. (91%) of the phthalylalanine was

| .obtained {n the form of needles melting at 150-151°, - The
" melting point agreed with the recorded value (42).

B. 3-Phthalimidopropionyl shloride. |

| In a 50-ce. Claisen flask, 6.6 g. (0.03 mole) of .

- 3=phthalimidopropionic acid was vigorously shaken with
6.25 g. (0.03 mole) of phosphorous pentachloride until the
initial rapid evolution of hydrogen chloride ceased., The '
semi~solid mixture was then heated on s steam bath for sbout
forty-five minutes in order to complete the reaction. The
" yolatile phosphorous oxychlorides were removed under reduced

. pressure with slight heating, The residual materisl was then

recrystallized from Skelly E to give 21 g. (91%) of the
J=phthalimidopropionyl ehloride. The observed meltiing point
of 107-108° agreed with the observed value (44),

C. Z-Phthalimldopropionaldehyde. .

In & 250~ce. three-neck ground-glass round-bottom flask,
equipped with a mercury-seal stirrer, hydrogen tap, and a
reflux econdenser with attached tubing to permit the titration
of the evolved gases, 6.6 g. (0.028 mole) of 3-phthalimidopro-
plonyl chloride was dissolved in about 60 ece. of purified
toluens, To this was added 3.5 g. of palladium ecatalyst and

e L
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0.3 ce, of lulrur-munolmo poison. The system was flushed
- with hyﬂrogen and baoated to mﬂux tm'npomturo a.t which
point stirring was started.
~ The evolution of hydrogen chloride in the first hour
.\'” relatively rapid after which it gradually decrea.aed. o
" After four hours 90% of the theoretical amount of hydrogen
 chloride evolved., Norite was then added to the resction
mixture in order ta facilitate the recovery of the catalyst,
 anA the solution filtered. The toluene solution was diluted
_ with Skelly E and placed {u the ice bax for erystallization.

" After recrystallization from a benzene-Skelly E mixture,

" 4,0 g, (70%) of the B*phthaltnldopropinmldshydo was obtai.nod
The aldehyde melted at 115-117°, -
' ~ Ansl, - Caled. for 011391103: C 65.01 H k.46

: Found: € 65,21 H &.79 "

D. 3-Phihalimidopropionaldehyde semicarbazone.

L In & 125-cc. Erlenmeyer flask, 3.% g. (0.017 mole) of
J-phthalimidopropionaldehyde was dissclved in 70 cc. of an
aquecus~alecoholic solution. To this was added 1.9 g. (0.01T

mole) of semicarbszide hydrochloride and 2.8 g. of sodium
acetate, and the resulting solution hested on & steam bath
for one hour. There was an almost immediate reaction with
" the formation of a fine white precipitate, After recrystal-
lization from & mixture of ethyl alcchol and water, 2.9 g.
 (66%) of the 3-phthalimidopropionaldehyde semicarbazone was
" obtalned as needles melting at 219-220°, .
o Anal,-Caled, for C).H Nj031 N 21.53
‘Founds N 21.30 ' '
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E. 2-Bhthalimidopropicnaldebyds ihlogemicarbazone.

In a 125-co. Erlenmeyer flask, 3.6 g. (0.018 mole) of
3=-phthalimidopropionaldehyde was dissolved in 70 ¢c. of an
aqueous-alcoholic solution. To this was added 1.64 g.
(0.018 mole) of thiosemicarbazone and one drop of glacial
acetic acid, and the resulting solution heated on a steam
bath for two hours. There was an immediate reaction with
the formation of a white precipitate., - After recrystalliza-
tion from s mixture of ethyl alcohol and water 3.5 g. (70%)
of the thiosemicarbazone was obtained, melting st 211-212°,

Ansl. = Caled. for C,,H, N)0,8,1 N 20,28
Found: N 19.67

F. 3-Phiballimidopropylidine dithiobiuret.

In & 200 ec. round-bottom flask, 4.8 g, of dithiobiuret
was dissolved in the minimum amount of bolling glacial acetic
aeid. To this hot solution was added 10.0 g. (0.05 mole)
of 3-phthalimidopropionaldehyde and about 0.3 g. of freshly
prepared anhydrous gine chloride., The resction mixture was
heated at reflux for thirteen hours, and then the volume re~
duced to two-thirds its original size. The red solution was
then allowed to stand a few days at room temperature in order
to eomplete erystalliszation. The yellow precipitate was
removed by suction filtration, thoroughly washed with anhy~
drous ether, and recrystallized from glacisl acetis scid.
After recrystallization, 2.2 g. (20%) of the very light
yellow 3-phthalimidopropylidine dithiobiuret was obtained as
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s niérocrystallmo eompound melting at 243-244°,
Anal, = Caled, for CysH) Nj0,8,: N 17.%9
-, Founds N 17.26, 16.94, 16.98 .
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V. 2-Bhthalimido-3-phenyloropionaldehyde sod Derivatives.
A, Ql-phthalylohenylalandn®. . . o .
;. In @ 50 ec. beaker, 2.9 g. (0.02 mole) of finely ground
:: phthalie enhydride and 3.3 g. (0.02 wole) of dl-phenyl-
. -slanine were thoroughly mixed and graduslly heated to 130-150°.

.o -With heating the mixture liquified and rapidly gave off steam,

. The sublimed phthalic anhydride was seraped from the walls of

" the beaker back into the reaction mixture. After heating for

" about 30 minutes at 130-150°, the tempersture of the mixture

.. was ralsed to approximately 180-° for fifteen minutes, %The

.. reaction mixture was then allowed to solidify. After re-
erystallization from s mixture of ethyl aleohol and water,
5.3 g. (90%) of phthnlylphonylulanmo was obtained as needles,
mltlng at 175-177 uhi.ch agrood ui.th thn mm-dod value (345).

B. a—znmmmn 1 nhnnﬂmm mmm -

- . In a 125-ce. Claisen flask, 28.0 g. (0.095 nolo) of
2-phthalimido~3-phenylpropionic acid and 19.8 g. (0.095 mole)
. of phosphorous pentachloride were vigorously shaken at room
temperature until the initial evolution of hydrogen ehloride
... ceased, The semisolid mixture was then heated on a steam
| bath for approximately thirty minutes during which time the

" . reaction mixture became & clear yellow liquid. The volatile

- phosphorous oxychlorides were then removed under reduced
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pressure with slight heating leaving the acid chloride as
a solid residue, After recrystallisation from a mixture

of benzene and Skelly K, 24.0 g, (83%) of the 2-phthalimido=
J-phenylpropionyl chloride was obtained as needles, mslting

. at 132-134°, which agreed with the recorded value (45).

~ C. 2-Puttalimido-3-phenvloroolonaldenyde.
. ma 250ce. three-neck ground-glass round .-bclatt-on flask
oquipped with & nrcurr-ual ntu-ror, b;ydmgen tap, and L
" reflux condenser with attached tub!.ng permitting the tttr.-
tion of the evolved gases, 13. 3 g. (0.042 mole) of 2-phthal=
- imido=3-phenylpropicayl chloride was dissolved in 100 sc, of
purified toluens. To this solution was added 6.7 g. of
palladium catalyst and 0.6 ¢c. of sulfur-quinoline poison.
The system was thoroughly flushed with hydrogen and then
~ heated to reflux temperature. When the solvent was freely
refluxing, stirring was started, and the evolved gases
titrated with standard base. e

The hydrogen chloride formed in the reaction was svolved

rapidly in the first hour, after which it gradually decreased.

At the end of four and a half hours, 85% of the theoretical
amount of hydrogen chloride had been evolved. Norite was
then added, and the hot solution filtered. The solution was
diluted with Skelly E and placed in the ice box for crystal-
lization. The 2-phthalimido=-3-phenylpropionaldehyde was

: mmmimm.uxmmorbmmmskellsltostw
. T.2 g. (60%) of the aldehyde, Melting at 219-221°,

Anal, - Caled., for: 0173131403: ¢ 73.11 R 4.69
Foundt C 73.44 B 49
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D, 2-Phthalimido-3-phenyloroplonaldebyde sexmicarbazone.
In 8 125-cc. Erlenmeyer flask, 3.6 g. (0.013 mole) of

2~phthalimido-3-phenylpropionaldehyde was dissolved in %0 ce.

of alcohol, and water added until a slight cloudiness appeared.
%o this solution was added 1.5 g. (0.013 mole) of semi™

. earbazide hydrochloride and 2.2 g. of sodium acetats, and

. the mixture hsated on & steam bath for one hour. During

. this period of heating, a voluminous white precipitate

. quickly formed, After allowing the reaction mixture to cool
... in the ice box overnight, the white precipitate was removed
., . by suction filtration and recrystallized from a mixture of
. aleohol and water. After erystallization, 3.8 g. (88%) of
the semicarbazcne was obtained as needles, melting at 215~
L BY6% i i e s e IR
Anal, » Caled. fors claalﬁxho}s - X 16.66

~ Found: N 16,52 | ‘-

E, a-mim'l*mmmm' minnmuamnm

In a 125-ce. Erlenmeyer flask, 2.8 g. (0.0l mole) of

© 2-phthalimido-3-phenylpropionaldehyds was dissolved in sbout

30 cc. of alechol and water added until there was a slight
‘eloudiness, To this solution was added 0.9 g. (0.01 mole)

" of thiosemicarbazide and one drop of glacial scetic acid,

and the mixture heated at reflux for two hours. Unlike the

previous aldehyde derivatives, there was little or no preci-~
pitate formed during the heating period; however, a volumin~

 ous white precipitate was obtained on cooling. After re-
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erystallization from an aquecus-slcoholls soluticn, 2.9 g

(85%) of the thiosemicarbazone was obtained as Deedles, |

o nelttns at 204-205 | SRR

‘40 Anale = Celed. for clanlﬁn,‘oes: X 15.90 -
000 Founds 15,13 |

7 v 2Pubslinie-3-phenloronslidice dutichiuret,

_ In a 200-ce. round-bottom flask, .0 g. (0.03 nolo) of
ﬁithtobi.urot was di.uolved m s minioum smount of boill.ng
gla.c!.al mtio neid. !o this hot solution mn added 10.1 g.
(o 036 mlo) of 2-pntm11nmo-3 phmlproptommaume and’
about. 0.3 g. c!' rremly prepared anhydrous sins chloride, =
i'ho reaction was then allmd to moodo for thu*toen hours
. at reflux temperature, during which time the solution
gradually turned red, After hesting at reflux overnight,
© the reaction mixture was reduced to two<thirds its original
wolume and allowed to stand at room temperature for at least

" two days. The yellow precipitate was removed by suction

filtration, washed thoroughly with anhydrous ether, and

" recrystallized from glacial acetic acld. After recrystal"

" 1ization, 2.3 g. (20%4) of the dithiobluret sondensation ° _
product was obtained as & microerystalline sompound, melting
at 256-258°, ! |
| ~ Ansl, = Caled. Por CygH,(N,0,8,¢ N 14,13

Found: W 13.63

" In a 250-cc. beaker, 34,0 g. (0.23 laolo) of finely " F
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~ ground phthalic enhydride and 30.0 g. (0.23 wole) of dl- -
leucine were gradually heated on & hot plate to 130-150°, -

for thirty minutes. At this temperature, there was s repid .
evolution of steam, and some sublimination of unreacted - - -
phthalic snhydride, The phthalic anhydride eollecting on

.+ the walls of the beaker was screped back into the reaction

+ ‘mixture. After this period of heating at 130°, the temper~

', ature was increased to 180°-fbr fifteen minutes in order to

" complete the reasction. : The liquid reaction mixture was then

“allowed to solidify and recrystallized from s mixture of |

alcohol and water, After recrystallization 53,1 g. (88%)
'of the phthalyllesucine was obtained as needles, melting at
-~ 142~144° which agreed with the recorded value (46). -

B, 2-Buthalimidolsocaproyl ghloride. |

~ In a 125-cc. Claisen flask, 10.0 g. (0;038 ndie) of
phthalylleucine was vigorously shaken at room temperature

. with 7.9 g. (0.038 mole) of phosphorous pentachloride. After

. the initial evolution of hydrogen chloride lessened, the
‘resction mixture was heated on & steam bath for about fbrty-

five minutes. The volatile phosphorous oxychlorides were

~ then removed uﬁdor reduced pressuri leaving & viscous yellow

wass, Attempts to recrystallize the ecrude 2-phthalimido~

isocaproyl chlortdo_failed. 80 the acid chloride was used as

such for the conversion to the aldshyde.

C. 2-Phthalimdolsocaproaldehyde. -
In & 250~ce. three-neck ground-glass round-bottom flask

. N




" of the evolved gases, the cmdo acid chloride obtained from

rroely, tho at!.mr was started,

. 2-phthalimidoisocaproaldehyde was dissolved 4n 30 co. of ethyl

- half, After cooling the reactlion mixture in the ice box

7
equipped with a mercury-seal stirrer, hydrogen tap, and re=
flux condenser with attnohad tubing permi.tting the titration

- 0.038 mole of phthalylleucine was dlasolvad in about 80 ec.
. of purified toluens. To this solution was added 4.0 g. of
+ palladium catalyst had 0, k co. of nulrur-quinolino poison,

- system was thoroughly flushed lli.th hyﬂrogen and then hoatod
1 to reflux tamperaturo Artcr the lolvmt was rsrluxms - B

. After four hours, appmimtely Bos‘ of tho theovetical
- mount of hydrogen ehlori.da was evolved, - !orito was then ¥
| sdded, end the solution filtered. Attempts to crystallize
. the 2-phthalimidoisocaproaldehyde uro' not successful, lot J
.the ecrude nldohyda was used in the prapamtion of dertva- ,
tives. |

a-mmumummmmm Bemicarbazone. |

In & 125~cc, Erlenmeyer flask, 2.6 g. (0.0107 nols) of

" alcohol, and water added until & slight cloudiness appeared.
To this solution was added 1.18 g. (0.0107 mole) of semi«
‘carbazide hydrochloride and 1.8 g. of sodium acetate, and =
the mixture heated on & steam bath for abcut one hour and a

- overnight, @& voluminous white precipitate of the semicarba=
zone was formed. Recrystallization from an aqueous=-slcoholie
solution gave 2.9 g. (90%) of 2-phthalimidoisocaproaldehyds
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semicarbazone melting at 200-201°,
. m‘ - calcdo for 0153185#031 | 1-8¢53

Found: XN 18.28

E. 2-ththalimidoisocaproaldehyds thiosemicarbazona.
In & 125-cc. Erlenmeyer flask, 2.5 g. (0.01 mole) of
2-phthalimidolsocaproaldehyde was dissolved in 25 eec. of
aleohol, and water added until & slight cloudiness appeared.
To this hot solution was added 1.0 g. (0.0l mole) of thio=
semicarbazide and one drop of glacial acetic acid, and the
mixture heated at reflux for two hours. At the end of this
period of heating, there was little or no precipitate
formed. Cooling in the ice box overnight resulted in a
voluminous precipitate which was removed by suction filtra-
tion and recrystallized from a mixture of alcohol and water, I
After recrystallization 2.1 g. (65%) of the 2~phthalimido- |
isoceproaldehyde thiosemicarbazone was obtained as needles, f
melting at 190-191°, | . |
Aual, - Ccled. for CygHygNy0,8: N 17.60 l
Found: N 17.27 '

F. g-Bhthalimidoisocaproylidina dithicbiuret.

In a 150-ce. beaker, 3.1 g. (0.03 mole) of dithicbiuret
was dissolved in about 50 ec. of boiling glacial acetie acid.
This solution was then heated at reflux in & 200 es. round-
bottom flask with 8.0 g. (0.033 mole) of 2-phthalimido-
isocaproaldehyde and about 0.4 g, of freshly prepared anhy-
drous zing chloride. With heating the solution took on a ;
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characteristic red color. After heating about thirteen hours,
the solution was reduced to approxmtaly bno-thirds its

ori.ginal size and allouod to ltand ror [ ] oouplo of dayl at

roon tonportturo ror omtalliutl.on. | m yollou dithio*
o bi.urot emdomation product was romovod by suction ﬂ.ltra'
o tion and thoz-ougnly washed uth mtmlmul ether, After re-
emtnlluati.m rron glaclal mt!.c nc!.d, 2 0 g. (18%) of

the 2-phthaltmidoisocaproylid1nt dithiobiuret was obtained

. 88 8 very light yollun nlmmullm umnd melting at
258"260 . " N

" Anal, = Caled, for 0153161:40232: X 15.54
Found: 15.07, 15.36, 14.86 .

- VII. 2-RPhthalimido-3-methylbutyraldehyde and Derivatives.

" In & 100~ce. beaker, 14.8 g. (0.10 mole) of finely
ground phthalic anhydride and 11.7 g. (0.10 mole) of d1-
valine were intimately mixed and gradually heated on a hot
plate to between 130-150° for forty-five minutes, During
this period of heating the reaction was kept well stirred,
. and the sublimed phthalic anhydride collecting along the

" sides of the beaksr was scraped back down into the reaction

. mixture. After heating at 130-150° the temperature of the
 reaction mixture was elevated to spproximately 1480o for
twenty minutes. On eooling the mixture solidified into a
clear plastic-like mass from which the phthalylvaline was
extracted with anhydrous ether. On removal of the ether,

e e . S S i Bl e O A e S e . b F i 2

b



o 8
20,9 8. (85%) of the phthalylvaline was obtained as a white

N aoli.d mass, melting at 99*101 uhich agrood uﬂ:h tho re-
corded vnluo (38)

_ " B. -a-mmmﬂ-immm
. In & 50-cc. Claisen flask, %.9 g. (0.02 molo) of 2=~

" phthalimido*3-methylbutyric acid was finely ground and vig*

orously shaken with 4.2 g. (0,02 mole) of phosphorous penta*
chloride. There was sn immediate and rapid evolution of

" hydrogen ehlorids, ' After this initlal evolution of gas, the

' semisolid mixture was heated on a steam bath for forty-five

. minutes which gave a clear light yellow liquid. The volatile

- oxychlorides were removed from the acid chloride by distilla~
tion under reduced pressure with very slight heating. At~
tempts to isolate the 2-phthalimido-3-methylbutyryl echloride
' as 8 erystalline solid were not successful, so the acid
chloride was used as such for the reduetion reaction. About
15 cc. of thiophene“free dry benzene was added twice and
removed by vacuum distilled to insure a more eomplete removal
of the volatile phosphorous oxychloride impurities.

The use of thionyl chloride as a ‘reagent in the form=~
ation of the ecld chloride was found to be equally advanta=
- geous, A three molar excess of thionyl shloride was used.
Paricular care had to be exercised in removing all of the

- excess thionyl ehloride.

TR,

i %d bt
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- B¢ 2-Rhtbalimido-3-methylbutyraldebydae. -
- In & 250ce. round-bottom three-neck ground-glass flask
éqxiﬁpod with mercury-seal stirrer, hydrogen tap, and reflux
_eondenser with attached tubing permitting the titration of
 the evolved gasses, the crude 2-phthalimido-3-methylbutyryl
- ehloride obtained from 0.02 mole of the acid wes dissolved
", in 35 ce. of purified toluene. To this solution was sdded
2.6 g. of palladium catalyst and 0.2 cc. of sulfur-quinoline
" poison. The resction mixture was thoroughly flushed with
hydrogen and then hested to reflux temperature, When the
solvent was freely refluxing, the stirrer was started.
' The evolution cf hydroger chloride in the first hour
. and a half was very rapid, after which the rate of evolution
slowly decreased. At the end of four hours, the evolution
of hydrogen ehloride was proceeding at a very slow but eon-
stant rate. In order to avert excessive decomposition of
. the sldehyde slready formed, the reaction was stopped.
- Norite was added to the toluene solution, and the palladium
" eatalyst together with the occluded charcoal was removed
by filtration. The 2-phthalimido-3-methylbutyraldehyde gave
" no signs to erystallizing from solvents used, so the aldehyde
"as 8 light yellow viscous oil was used as such for the
. preparation of derivatives. Lot |

'n.'g-ﬁ 5 .
~ In a 125-ce, Erlenmeyer flask, 4.3 g. (0.019 mole) of
2~phthalimido=3-methylbutyraldehyde was dissolved in about
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%0 ec. of hot alcohol, and water was added to the solution
until a slight eloudiness appeared.: To this solution was

. sdded 2.1 g. (0.019 mole) of semicarbazide hydrochloride

-~ and 3.1 g. of sodium acetate, and the mixture heated on a
. gteam bath for ninety nimtou. After cooling in the 1ece-box
overnight, the voltmlnm- prcolpitato was removed by suction
© filtration and recrystallized from a mixture of aleohol and
| water, Aftor mmmnzaum 3.2 g. (60%) of the 2«
o phttmlmtdo-a-mummtymMem. semicarbazone was obtamod
» i.n tb.o rorn or needlen, ulting at 228*229 e
Anal, © Caled. for T ] 9.0

. Pound:t N 18B.67 .

E. 2-Phthalimido-3-methylbutyraldebyde ibiosemicarbazone.
" In & 125-ce. Erlenmeyer flask, %.1 g. (0.018 mole) of

. 2~phthalimido~3*methylbutyraldehyds was dissolved in 60 oc.
‘of an aqueous alcoholic solution. ¥To this solution was

- added 1.6 g. (0.018 mols) of thiosemicarbaside, and the mix~
ture heated at reflux for two hours. O(ne drop of glacial
acetic acld was added as a catalyst., After allowing the
reaction to stand in the ice box overnight, the thiosemi«

- earbagone was removed by suction filtration and mmtulltsad_

- from & mixture of aloohol and water, After recrystallization
3.4 g. (64%) of the 2-phthalimido-3-methylbutyraldehyde thio®

' semicarbazone was obtained as gleamins white cmtal-. melt-

ing at 214-215%, N .
Founds N 17.21 -




_ 3 mlt.mg at 237-239

UE &
P, 2-Phthallmido-3-methylbutyrylidine dithiobiuret.
- In & 150-ce. beaker, 2.% g. (0.018 mole) of dithiobiuret
m dissolved in about 40 e¢c. of bolling glacial acetic acid.
" o this hot solution was sdded 4.4 g. (0.022 mole) of 2~ -
""" phthalimido=3-methylbutyraldehyde and sbout 0.3 B of i
" freshly prepared snhydrous sine chlorids. The mixture was
"' heated in & 200-ce. round-bottom flask for thirteen hours,

" after which time the volume was reduced to two-thirds its'
'orrigi.nal -m. on standing for a few days, a light yellow
‘precipitate appesred. After recrystallisation from glacial

" acetic acld, 0.8 g. (14%) of 2-puthalimido~3-methylbutyryli=

' aine dithicbiuret wes obtai.nod in the form of fine needlcn,

ST : Found‘ ' 15 75 TRRRY B o , o I
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PART III
AMIDES OF 5-NITRO~2-THENOIC ACID

INTRODUCTION

The diaeovéry of the broad spectra antibiotie chloro-
amphenicol (I) and the subsequent identification of its
~ ‘structure has initiated many efforts to develop suitable
chemotherapeutic agents (1, 2). The relatively simple

CH — CH - CH0H !
OINQ OH  NH-C- C\fff’? | o
o 8 «
cheﬁical structure of this naturally occurring antibiotie,
which is characterized by a p-nitrophenyl and dichloroaceta~
mide moeities, has been an extraordinary model for possible
chemotherapeutic agents.

Cutler and eoworkers (3) prepared a series of sulfur
analogs of chlorsamphenicol in which the para nitro group
was replaced by alkylmercapto and sulfonyl groupings, In
the work of Phillips and his eoworkers (4), the dihydroxy-
aminopropyl side chain of chlorsamphenicol was replaced
with an ethylamino chain, and the benzene ring was substi-
tuted with alkyl, alkoxy, and nitro groups (II).
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0
R, ‘. ce

Rl. “ H, alkyl, or alkoxy
Ry - nitro or alkoxy

.' In bho compariaon of the tharapeutie erfect of a
aorioa of ruran derivatives, Dodd and Stillman (5) round

= that tho prosoneo or & nitro group in the 5-position of

t,ho furan ring conferred considerable bacteriostatie
sctivity as compared with the non'nitro derivative. The
specificity of this nitro group in sctivating these simple
furan compounds was indicated very vividly by a comparison
of the nitrofurans (III) with their non-nitrated analogs
(IV). The nitro analogs in all cases investigated were
considerably more active.

%ND;R ' S

(111) o (1v)

In a study of aromatic nitro coﬁpoundn, Jommson (6)
found that 5-nitro-2-thiophenscarboxylic acid and the corres-
ponding unsubstituted amide were highly astive therapeutie
agents against Jtreptococcus hemolyticus. In this activity
they eompared favorably with the sulfonamides. On the other
hand, the analogous 5-amino-2-thiophenecarboxyamide was in-
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active, Carrara (7) in a study of nitrothiophene derivatives

. showed that 1(5"‘“1'0'2"‘3130“31)"““!1“11” baﬂroohlorido (v)
_ was active sgeinst Snigolla dvaenieriss.

7; lCa E:;jﬂ 9g-~u; Quceq‘. . :, __   ';(7)
_ - CHz L e, '
annlighé;;ninh (8) postulated that ﬁieroorganisﬁn eould
“be ib&clfic#llyﬁlrféated by & nitro compound, if there ex-
isted in the organism a minimal eoncont&atiun of a monof
uoleqular reduction product between the nitro and the amino
stage, probably a HONH eoﬁpound, present over a sufficient
period of time. Thus according to this theory, the activity
of a nitro compound would depend upon the nature of the car-
.bon stom which carries the nitro group. Siho. the nitro
group at an unsaturated carbon atom 1s reducible at a
. relatively negative potential, and aromatic reduction pro-
ducts would be stabilized by roaonanno, aromatic nitro com~
pounds should exhibit therspeutic sctivity. This was demon-
strated by the fact that nitromethane, nitroethane, and
tetranitromsthane do not specifically arrest the growth of
microorganisms, whereas nitrothiophene and nitrofuran
derivatives exhibit definite sctivity.
: The purpose of this research project is to prepare
a series of 5-nitro=-2-thiophenecarboxylic acid substituted
amides for pharmacological evaluation in en effort to find
more active antiviral agents.

e o S i i




. DISCUSSION X "

In 1932, Rinkes reported the preparation of 5-nitro-2-
" thiophensecarboxylic acid by the direct nitratiom of 2= .
thiophenecarboxylic acid in acetic anhydride with eoncen~*
trated nitrio acid (9). No ylelds were recorded; however,

" the isolation of the A=nitro-2-thiophensearboxylic scid as
well as the 5-isomer was described in the paper. This iso-
lation and separation of the two nitrothiophenecarboxylic |
scids was accomplished by the selective precipitation of -
thelir barium salts, It might be expected from this, that
the reaction iould'bo of questionable use as a preparative

- method for Smttm-é-thlophemarboxync acid.

Somewhat later Dann (10) deseribed the ltépui.se prepar=
. ation of 5-nitro-2-thiophenecarboxylic acid starting from

" 2-iodothiophene. Tue fodothiophens was nitrated with concen=
 trated nitric acid to give 5wnitro-2-thiophens which was then
sonverted to the corresponding nitrile by trestment with

- ecuprous cyanide. The 5'nitro-2-cyano-thiopherne was hydro-

" lyzed with concentrated hydrochlorie acid to gﬁe tho

desired 5-nitro-2-thiophenecarboxylic scid in an overall
yield of 33% based on the 2-iodothiophene. This method was

" used in our laborstory for the preparation of the nitroacid.
~ 2-Iodothiophens was prepared by the iodination of

thiophene according to the procedure of Mimnis (11). The

thiophene was dissolved in anhydrous benzens and vigorously
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shaken at room temperature with yellou wercurie oxide and

I 'Hs.o s U

" fodine. The erux ‘of the fodination reaction rested on the

'vigorouj shaking, for it was this shaking which allowed the

thlophono to come into intimate contact with the suspended

' 1norganie nlts After neparation of the 2, S-duodothlopheno

" by vacuum distillation, the 2-lodothtophano was obtained in

ﬂ.olds between 50-60%. ' T

| 5-H1tro*2-1odoth1opheno was propared hy the nitration of
'1odothlopheno with concentrated nitrte acid in the c¢old

‘according to the procedure of Denn (10). The eoncentrated

nitric acid was added to aootic nnbydrido at 0° to form tne

I‘[ ] + HN03 + (CH;; ) 0 —» IJ INoz

aeotylnitro complex. The 2-iodothiophene uai nitrated in
this mixture at =10°, After recrystallization from absolute
methanol, the 5-nitro-2-iodothiophens was obtained as light
yellow needles in yields between 60-65%,

- The conversion of the 5-nitro-2-iodothiophene to the
eorresponding nitrile was accomplished by treatment of the

1£ 1”02 + CGuCN A o,‘,_N[ < 1c~

nit:éo!.odothiopheno with euprous cyanide in pyridine. After

bt bbb e bl

e -l 5
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removal of the inorganic salts, the 5-nitro-2-cyanothiophene
was obtained _by vacuum distillation. The cyano derivative
was immediately refluxed with concentrated hydrochloric
acid for two hours, After recrystallization from hot water,
the 5-nitro=-2-thiophenecarboxylic scid was cbtained as light
yellow needles in yields vary!.ng between #0-53%, based on the

S'nitro-e*iodothiopbeno

‘ ozNJ:I SlcN o I-IC?___'_ oz"‘[ :I-c OH k
| _ me Smitm-z-thlophemcarbmlic acid was eonvortod in
quanti.tative yield to the Smitm-a-thioptlmcarboxylla acid

chloride according to the procedure of Damn (10). The 5+
nitro-2-«thiophenecarboxylic acid was heated at reflux for

OZN[ S]‘C-OH + SOC??_ '—'—T on s c-A

“one hour with a five molar excess of thionyl chloride. The
light yellow reactlon mixtdro was poured into a large evapora-
ting dish, and a steady stream of dry air blown over the
| solution, thul removing the excess thionyl chloride., The
nitroscid chloride was rai.rly susceptible to moisture, so
that the acid chloride was immediately talcan up in dry ben*
zene after removal of the thionyl chloride.

In his preparation of the 5-—nitro-2-thiophenecarboxylie
acid chloride, Dann (10) wes able to isolate the nitroacid
chloride in 99% yield. This nearly quantitative eonversion
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to the acid chloride from 5-nitro-2-thiophenecarboxylic acid

. was found to be osaent!.nlly tme, 80 that in the preparation
_or amide derivatives of the acid, the lcid chlorido was not
,. 1solated as such but was raacted malataly with the corres-
pondingmi.nocompound Tluaminocompoundwau used in an
. equivalent molar quantity based on the original 5-itro-2-
thiophenecarboxylic acid. Whe susceptibility of the s-mtro-
. Z*thiophenocarboxylic acid ohloride to moisture was anottmr |
 factor Justifying the immediate use of the acid ehloride ..
© without isolation and purification, In the preparation of
. 8ll the m;dé derivatives of 5~n1tm~2*thiophsmcarboxylie
Iaoid, the acid chloride was prepared in the same manner,
The method of preparation of the amides on 5-nitro~2-
thiophenecarboxylic acid in this series may be divided into
four general types. The first group includes the amide
formation utilizing the very resctive smino compounds such
es allyl amine, A -diethyleminoethylamine, piperidine,
morpholine, N-sthylpiperazine, pyrollidine, and bensyl amine.
When these amines were added to a& benzene solution of - J
5*nitro~2~thiophenecarboxylic acid chloride, there was an |
imnediate reaction with the evolution of heat and the form=
ation of & voluminous precipitate of the amine hydrochloride.
In all cases except those of A ~diethylaminoethylamine and
N-ethylpiperazine a second uolar quantity of the amine was
- added to pick up the hydrogen chloride formed in the reaction.
The pmipitatj of the amine hydrochloride was not removed




. l |I o | . ° _
OZ.NI S é-C? + 2 RN“Z_—-} %Nl S | C-NH-R -+ RNH;‘H“

by filtration, but was dissolved by the addition of ehloro-
" form to the original benzene solution. The hydroehloride
_ was then removed by extraction with water, just avolding
any loss of nitrothiophene amide which may be oecluded on
the precipitate. In addition this water extraction method
; presented a convenlent method of removing any unreacted

- starting material which may have been present.

| In the preparation of P -diethylaminoethylamine and
H*ethylpipérazineamides, a second mole of the amine was not
:addod to the reaction mixture to pick up the hydrogen
chloride formed in the reaction. 8inee these amino compounds

I I l? ’R | I :? R
or.”‘[s j‘ C-cf + HN- (‘-‘”z)“‘ﬁ(ﬂ —> N\ g A C-NH-(c ”z)n"hfn ‘He

contain two amino fuﬁctions, 8 primary and teritary, the
addition of & second mole of the amine to the reaction mix-
ture was not necessary. In the two above eases, the 5-nitro-
2-thiophenecarboxylic amide was isolated as the amine hydro-
echloride, since the teritary amino function took up the mole
of hydrogen chloride formed in the reaction.

The reaction of an amino acid with S-nitro-a-thiophena-
carboxylie acid chloride presented another type of problem.

il bt o
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In the reaction of the amino acid ester hydrochloride of

__ OINU.E@ + uzMQcH,-éﬁocﬂ.{-g—» qyug-w- cuzQéga Culs
 glyocine, the problem was in finding - the conditions which
: favored amide formation over that diketopiperazine romti.on.
'_'_'Iuhich 1.3 chnractorutio of amino acid esters, | | |
i 'l‘h. best conditions for carrying out the resction were
 found to be the sddition at room temperature of glycine
~ ethyl ester hydrochloride to a bensene solution of the nitro
| acid chloride oontai._ning two equivalents of pyridine. One
equivalent of base was used to release the amino acid ester
hydroohlorido. and one was used to pick up the hydrogen
chloride formed in the reaction. After the addition of the
amino acid ester hydrochloride at room temperature, the
~ reaction mixture was gradually hosted to 50° where it was
 held for thirty minutes, During this period of heating, the
ra@ction mixture took on & purple cast, which apparently
i{ndicated that somes diketopiperazine formation was taking
" place. | e
| After allanins the roaotion nbtture to slowly returm to
room temperature, the benzene solution was diluted to trice
1ts volume with Skelly B causing the precipitation of the
glycylamide, Recrystallization from a mixture of slcohol and
water gave the 5-nitro-2-thiophenecarboxyglycylamide in 42%
yield.

The general type of amide formation was that of the
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nitroacid chloride with slightly basic amines such as

Ia'-m!.nothl.azolo, a'ammopyridino. w-bromoaniline, m-nitro=
 eniline, and p-nitroaniline. The addition of & molar quantity
. of pyridine snd varying periods of heating at reflux in ben=
Zene were required. Dus to the relative m«alubuity of
' these amino eompounds in benzene, the resstion had to be
I\._'.,'carried out as 8 suspension. -

- The mlatively msolublé amino compound was addad to
B a benzene solution of the 5~n1tro-2 ~thiophenecarboxy acid

_ehloride, and the well stirred mixture hested at reflux. As
the roaction prooeeded, thn vory insoluble 5-n1tro*2 ~thiophene*
_urboxylio aci.d amide was formed and pmipitated from the
_ solution together with the pyridine hydroshloride formed in
the reaction. '.lh_in pnqipttato was thoroughly uashed succes™

QNDca + H1N-R -——-* o,_NE—j-" vH-R T O He
" sively with water, dilute acid, and again with water to
remove the pyridine hydrochloride and any starting material
- which might be present,
In the reaction with 2-aminopyridine, it was found that

‘the addition of & molar quantity of pyridine or triethyl
anine geve & mixture of hydrochlorides including that of
- N=(2'pyridino) -5nitro-2-thiophenecarboxyamide hydrochloride,
By extending the time of reaction, it was found that the
reaction proceeded fairly well without the addition of a
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‘second amine specifically to pick up the hydrogen formed in
the reaction. However, it was found that even without the
‘addition of I- second amine & mixture of the amide hydro* =
_ chloride and the free amlde, so the hydrochloride salt
- present had to be neutralized with base. Recrystallization
_ from ethyl alcohol gave the desired N-(2'-Pyridino)-5-nitro-
~ 2-thiophenecarboxyamide in good yleld. - -
. The third type of the preparation was charscterized by
‘the formation of 5-nitro-2-thiophenecarboxyureides, This was
accomplished by heating & well stirred suspension of the urea
compound with the nitro acid chloride in benzsne with one =
drop of concentrated sulfuric acid. Since the amino groups
of urea type molecule are only slightly basic, the addition
of acid end prolonged periods of heating were necessary for
amide formation.

In the preparation of 5=itro-2-thiophenecarboxythioureide,

it was anticipated that the prolonged heating of the sulfur~
containing compound under acidic conditions would effect the
loss of sulfur, so milder conditions were first utilized.
The nitroacid ehloride was refluxed with thiourea in benzene
with one drop of sulfuric acid for two hours; however, under
these conditions only s small amount of the nitrothiophene=~
thioureide could be isolated. Under conditions used with
some of the less basis amino compounds such as the substituted
anilines; {.e., refluxing i.n'benzens with a molar equivalent of

~ pyridine, falled to effect the desired amide formation.




't

95

'~ With the failure of these two milder procedures, the
method analogous to the preparation of the normsl ureide was
utilized. The thiocurea was heated at reflux with the 5 nitro~
- 2-thiophenecarboxylic acid chloride 1n bensene containing one
- drop of eoncentrﬁtod sulfuric acid.. The reaction mixture was

"fIO‘NU_ LA qu-f-w.,_ __ﬁgi‘;‘{,_ %NU-é?-NH-g-NHz
. refluxed for ‘eight hourn and then alloued to aﬂ.r at room
t.empera.turo wamight. The Smitro'a‘thiophemcarboxy
~thioureide was mmtallizod from an aqueous<alcoholiec
- solution in 60% yield,
- The mpmtion or 5~n1tm~2-thiopn9mcarbomrethan
was attempted by the treatment of 5-n1tro-2 -thiophemcarboxync
. acid ehloride with urethan under a variety of conditions. In
+ 1951, Ben-Ishal and Katchalski (12) prepared N-acylatedurethans
by reacting acetyl chloride with a variety of substituted
. and unsubstituted urethans. The method consisted of just

o - o ' . o o
CH3-C-CP + HyN-C-0CoHs ——~ CHsCWH-C-0cohs

heating for a few houra the nrathan thl'iv#tivo with acetyl
- chloride as & reactant and solvent. Under the same conditions,
~ acetyl bromide reacted with N,N-disubstituted, N-substituted,
and substituted urethans to give s bromids, acetamide deriva=
tive, and carbon dioxide. R
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” -
CHa- C-8r + HN-C-OCayHs —T CHy~C~NH, + CaHg-8r + CO,

In the use of 5-nitro-2-thiophenecarboxylic acid
chloride as an acylating agent, unlike acetyl chloride, the
nitroacid chloride is a solid compound of relatively high
welting point, Thus the simple heating of the two reactants
is not feasible, and the utilization of an appropriate
aolvent is necessary, In addition it is necessary to con-
tend with the fact that urethan spontaneously undergoes de=
composition when heated above its melting point of approxi-
mately 50°.

With these facts in mind, ether was first tried as a
solvent. The reaction was first run at room temperature
with equimolar amounts of the urethan, nitroacid chloride,
and pyridine dissolved in anhydrous ether at room temperature.
Although the reaction mixture was allowed to stand at room
bemperature for as long as s week, there was no apparent re-
action. Refluxing the ether solution with an excess of
urethan was also tried with similar results. Benzene was
tried as a solvent with an excess of the urethan to allow for
that destroyed during the period of heating. In spite of re-
fluxing the benszene solution for as long as ten hours, none
of the N-acylated product eould be isolated. Here is a
reaction which may proceed as expected, if the: appropriate
reaction conditionas are developed,

FYIY

e
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- In another phase of this work under nitrothiophene

derivatives analogous to simple peptides, 5-nitro=-2-thiophene=-
aldehyde was the basic ecompound from which a variety of'
I:dorivattvas were to be made, 81nco at thln time the syn~
‘thesis of this aldehyde was not reported in the literature,
tha developmunt of a method of proparation was undertaken,

~ The first possible method involved the lntroductidn
of a chloromethyl group in the free alphs position of 2= .
" nitrothiophene. 2-Nitrothiophene was prepared by the
 mitration of thiophens with funing nitric soid in a wixture
 of acetic anhydride and glacial acetie scld according to the
" procedure of Babasinian (14), In threewmneck flask equipped

. . HOAc - ' e
with a mechanical stirrer and eooled in an ice bath, fuming
nitric acid was added to glacial acetiec acid at a eontrolled
tomperaturn of sbout zero degroon; To this mixture was
added thiophene in acetic anhydride. After the addition of
- the thiophene was completed, the reaction was allowed to stir

for an additional two hours, whereupon the reaction mixture

‘was poured on.enipped ice. After recrystallization the 2-
nttrothiopheno was obtailned in 60% yield. |

The chloromethylation of 2-nitrothiophens was rirat
tried according to a uathod used in the preparation of ehloro~
' methylthiophene (14). The 2-nitrothiophens was placed in a
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system of formaldehyde and eoncentrated hydroshloric acid
sooled to about zerc degrees. A steady stream of dry

| hydrogon chloride was then pasaed through the solution for
various periods of time from two to ten hours. After works

| i.ng up tho roact:.on mixturo. a noarly quantitative yiold
of the unroaoted 2-n1trothiophem was alnm obtainod.
A more ‘vigorous mthod of ehloromottqlation involved
. the treatment of Qmitrothi.ophem with parnfomldaha‘de in
& mixture or glacial acetic acid and 85% phosphorie acid at
l | olovatod temporaturoa. The method si.mply involved dissolving
‘the 2-nitrothiophene in the ecid mixture and passlng a steady
~ stream of bydrogen ohlorlda t-hrough th.e system. The ten-
_ perature of the resction was varied from 50-100%, and the
| time of reaction extended for as '.lons as ci.ghteen hours.
Here again isoclation of the reaction product showed that
little or none of the 2-nitrothiophens starting material had
~ been chlommothylated in the desired manner, Similar re*
. ;ultl were obt.uinod using methylal and dry h:rﬂrogen ehlorme
aceording to the procedure of Birehler (15).

~ The mnbility of a'nltrothiophono to permit the subatl-
tution or a chloromotuyl group in the free alpha position
must be caused by the introduction of a nitro group, because
the unsubstituted thlophene molecule readily undergoes chloro~
metnylatmn at reduced temperatures. King and Nord (16)

_ noted that their procedure of formylation with N-methyle

formsnilide and phosphorous oxychloride failed with 2-nitroe




-;.readily convertibla group in the free alpha positton of

. chipped ice. A light orange viscous oil immediately appeared,
. which seemed to undergo decomposition on standing. Since

. o - ,
. " poce
e Fe QNH_C-H £ R R
=_thiophaﬁo,:wharoas the same procedure was extremely useful
.. in the preparation of a wide variety of subatituted thio-
.. phene aldehydes. Thus here is further evidence of the diffi-
' culty encountered in the substitution of an aldehydo or

. 2-n1trothiophene. | .
.___ Attention was now turned to thoao thiophono dortvatives
possessing substituontu which eould readily be couverted to
~: an aldehyde and possessed the abllity of undergoing nitration.
- 2=Chlorcomethylthiophene, prepared by the method of Blicke
~ and Leonard (1%), was nitrated with fuming nitric acid in
 mthur§ of glacial acetic acid and acetic anhydride at re~
duced temperatures, After allowing the nitration to proceed
for an appropriate time, the reaction mixture was poured on

attempts to vacuum distill or crystallize this product were
not successful, the oll was used as such in the Somelet
resction, | | |

| The oll obtained from the nitration of 2-chloromethyl-
thiophens was refluxed with hexamethylenetetramine in chloro-
 form according to the general Somelet Reaction. Subsequent
hydrolysis of the hexamethylenstetramine salt failed to give
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the desired 5-nitro+2-thiophenealdehyde. Similar attempts
' to sonvert 5-nitro=-2-bromomethylthiophens, obtained from the

o treatment of 5-nitro-2-methylthiophens with N-bromosuccinimde,

" 'to the nitrothiophenealdehyde vis the Somelet reaction were

*" unsuccessful an). R R Pt

. Another method of approach ims ths pz?opai'ation'of' -
" fodothiophens which could then be converted to the desired
" §enitro=-2-thiophenealdehyde via & Grignard sldehyde prepar-
" ation. 2-Iodothiophene was nitrated with econcentrated nitrie
" acid in acetic anhydride in 65% yleld according to the pro=~
cedure of Denn (10), see p. 87. The 5-nitro-2-iodothiophene
' was then treated with magnesium metal according to the usual
. Grignard method; however, the formation of the magnesium

' metal complex was not accomplished. Various means of acti-

| vation such as iodine and the entrainment procedure with
ethyl todide failed to initiste the reaction.

The nitration of 2-thiophenealdetiyde derivatives was
" tried as another possible route to the nitroaldehyde.
2-Thiophenealdehyde was prepared by treatment of 2+chloro-
methylthiophens with hexamethylenetetramine according to the
gensral Somelet procedure (18). |

]

l I (o]

~ The 2~chloromethylthiophene was heated at reflux for about
two hours with hexamethylenetetramine in chloroform. The
white salt was then thoroughly washed with ether to remove
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trao.es of impurities and destroyed by steam distillation.
The distillate was acidified, and the 2-thiophenealdehyde
extracted with ether, After removal of the ether, the 2~
thiophensaldehyde was obtained by vacuum distillation in
about 45% yield. | |

~ The 2-thiophenealdehyde was heated with semicarbazide
bsﬂroehlér!.da and sodium acetate in an aqueous=-alecoholie
solution to give the corresponding 2-thiophenealdehyde
semicarbazone in sbout 80% yield (19). The semicarbazone was
" then nitrated in a mixture of nitrie and sulfurie acids at 0°,

Il*'? 0. IlHo
L N Qéw"“'é’-ﬂﬂz
The 1solation and identification of the reaction product was
accomplished, but elemental analysis failed to agree with the
 desired 5-nitro-2-thiophenealdehyde semicarbazone, |

The nitration of 2-thiophenealdehyde dlacetate appeared
to be another promising route to the desired aldehyde.
2-Thiophenesaldehyde was protected as the diacetate by treat-
wment of the aldehyde with acetic anhydride and one drop of

eoncentrated -ulfurio. acid as catalyst. The 2-thiophenealde~
. hyde discetate was then nitrated with fuming nitric acid in
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acetic anhydride in the cold. The nitration product was
Ipourod on chipped ice to give the erystalline 5-nitro-2<
' thiophenealdeuyde diacetate. " Wnile a variety of methods
" were being tried for the subsequent hydrolysis of the disce-
tate protecting group, Patrick & Emerson (20) reported the
preparation of the same aldehyde by this same general method.
They accomplished the hydrolysis of the 5-nitro-2-thiophene-
aldehyde diacetate by steam distillation in 1 N. hydrochloric
| acid. The nltroaldohyde was tben mavamd from t.ho distil~
: :ht-o in T6% yleld. | |
R conboa (21) preparod 5-nu-.m-2-tmoptmmomo by
--tne same proeoduro molving the nlt.ration of 2-thiophem'

o . 9
i !o—c-cug CORREE R | |I -'-‘,o-c-c#:a.
: ‘I ]—c—u _+ _HN°3 ,,“'"'-_"OLN-[ S‘]—C—H
‘ " e : - ' ) "
o 0

aldehyde diacetate; however, he accomplished the hydrolysis
to the free aldehyde by treatment of the diacetate with 20%
sulfurie acid., Combes did not report the yield of the nitro
" aldehyde in his preparation. Dullagahan (17) obtained the
5-nitro-2-thiophenealdehyde by the selenium dioxide oxidation

o | o
o-locus gt A
o u“ ILC"-H 4+ H,o ——> ON [l ]—I C-H
NN~ S | ¢ a S
0-C-CHs . - by

"
o

| or 5-nitro~2-thenyl bromi.dex howovor, he was not able to ob~
tain the nitro aldohyrlo m 2 cmtallim fom.
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Another method of preparing 5-nitro-2-thiophenealdehyde
wag also bei.ng developed at thia same time in our laboratory.
It 1nre1ved the direct nitratldn af Q'thiophunoaldohydz with
mixed mcids, The 2-thliophenealdehyde was added to previously
cooled econcentrated sulfuric acid. To this well stirred
mixture eoncentrated nitric acid was added dropwise, By .
dropping solid pleces of dry ice into the reaction mixture,
- the desired cooling was accomplished, and an inert atmosphere
' was obtained, After allowing the resction to proceed for

Ol IR BN G L _
-Dg“”-- + HNO3Jy S0y —> 01”@‘59*”- .
" about two hours at 0-5°, the nitration mixture was poured
{nto a chipped ice-water mixture. The nitrated product was
extracted with ether, and the ethereal extract dried over
sodium sulfate., After removal of the ether, the residue was
vacuum distilled to give the desired 5-nitro-2-thiophene~
" aldehyde in about 50% yleld together with some of the unrescted
' 2-thiophenealdehyde. FEREE
Since the preparation of the basie s-nitro-2~thlophano-
“aldehydo was reported simultanecus to the completion of this
work, the proposed project of preparing derivatives of the
nitroaldehyde was abandoned. | - -
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1. Syntbesis of 5-Nitre-2-thiophenecarboxylic Acid.
A. 2-Iodothiophepm. = ¢ o
| The 2-iodothiophene was prepered in 50-60&‘ yield by the
| todindation of t.hlophmo in hemm ﬂlth wercuric oxide and

| odtne Mcord!.n.g to tae mt.noa of Minnis (11); b.p, 46-52°

B, 5-Nitro-2-iodofhlophens. SRR .

. The 5-nitro-2-iodothiophene was prepared in 60-65%
yield by the nitration of 2-fodothiophens with eoncentrated
.. nitrie scid in scetic anhydride according to the procedure

. of Dann (10); m.p. 73-74°% o

o ' 511 tro-2-thiophenecarboxylia acid. |

" he 5-nitro-2-lodothiophens was ecnverted to the
5-nitro~2-cyanothiophene by treatment with cuprous cyanide and
pyridine sccording to the method of Denn (10). The nitrile
was not isolated but immedistely hydrolyzed with concentrated
hydroshloric scid to 5-nitro-2-thiophenecarboxylic scid in
40-535‘ yield based on the S-nttro-i'-iodothioptmm, m.p. 155~

156.

II. Synthesis of mnmm S'W'a'mwmm-
A, N-Allyl-S-nitro-2-thiophepecarboxamide.
~ In & 50-ce. ground-glass round-bottom flask, 8.6 g.
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(0.05 mole) of 5-nitro-2-thiophenecarboxylic acid was re=

. fluxed on & steam bath for one hour with 30.0 g. (0.25 mole)

- of thlonwl ehlortdo. _ l'ba reaction mixturo was pourod into
& large cvaporatmg diatx, a.nd thn oxcou thionyl ehloride

“pemoved by blowing air over the yellow solution. The yellow

- 5*nitro+2-thiophenecarboxylicacid ehloride was then taken up

~ 1n about 50 e, of dry benzens, end the solution cooled in
an ice baf.h 'for'l few minutes, To this slightly cooled
: solution oontalmd in a 250*00. Erlemuyor flask was ndded
~ dropwise and with shaking 5.7 g. (0.10 mole) of allyl amtne
~ 1in sbout 10 co. of dry bensens. !bomuuaniumadiato re-
| ctton uith considerable wolution or heat and the t'omati.on
of a voluminous white proclpi.t.ato. The mtim was allowed
to proceed at room temperature for three hours with occasional
' After being allowed to stand at room temperature for
‘three hours, the reaction mixture was diluted with about 50
| ec., of chloroform which caused the precipitate to dissolve.
The benzene-chloroform was thoroughly extracted with water to
remove the allyl amine hydrochloride and unreacted allyl
~ amins which may be present., The bensene-chloroform extract
N was then dried overnight over anhydrous sodium sulfate.

After removal of the solvents, the white residus was recrys-
Iltalnzod from a mixture of alcohol and water., After re-
erystallization,9.6 g. (85%) the N-allyl-5-nitro=-2-thiophene=~
carboxamide was obtained as fine needles which melted at
113-114°, -
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Ansl. * Osled. for CgligOsN,81 © 45.27  H 3.90
- Foundt 04558 3402

n, e o | )
- - &mlde Hydrochloride. =
i In the same manner u pmiously diaeunsod, 6. 0 g.
_ '_':_”(o 035 molo) of 5-mtro~2~tmopmneouboxync acid was heated
‘,at reflux with 21.4 g, (0 18 uole) of thiomrl chlorido. ‘The
. acid chlorida_ obtained aftor removal of__tbe excess thionyl
'chlor!.d.o was dissolved in about 30 cq; | or dry bmeﬁe. To
" this benzens solution of the acid ehloride eontained in a
' 250-00, round-bottom flask equipped with a mechanicsl stirrer

| # 1 g. (0 0}5 lnolo) of p'diotwmmoetmlmim in 20 cc, of

_ drybanzmm addoduth ntirrmg ~ There was an!.modiate
| 'ructi.nn with the evolution of heat and fomtlon of a white
I_prooipit-ato._ The reaction was allowed to proceed at room
‘\'t,mporabui-o for about three hours with occasional shaking.
The solution was then filtered, and the white precipitate
washed thoroughly with anhydrous ether. _A_rtor recrystalliza~
‘tion from absolute ethanol, 6.1 g. (60%) of the N-(B-diethyl=
aminoethyl)-5-nitro-2-thiophenecarboxamide hydrochloride was
obtained as short monoclinle erystals melting at 200-202°,
| Aual,-Caled. for C)3H)gH058 Cl: © h2.92 K 5.89
Found: € 42.10 H5.83

" In the msnner previously described, #.2 g. (0.025 mole)
. of 5-nitro~2-thiophenecarboxylic acid was heated at reflux for
one hour with 1%.9 g. (0.13 mole) of thionyl ehloride. After
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removal of the excess thionyl ehloride, the residual nitro -
., acid chloride was dissolved in 100 ce. of dry benzene econ*
" .tained in & 500-ce. three-neck round-bottom flask equipped

vu.th a mereury-‘aoal stirrer :and reflux econdenser. To this

" ‘benzens solution was sdded 3.5 g. (0.025 mole) of glycins '
sthyl ester hydrochloride and 3.5 g. (0.05 mole)of redis=.

~ t1lled pyridine (dried over pomsmu hydroxide). The mix-

ture was sllowed to react at room temperaturo for about thirty

mmut.oo and then heated to abont 50 for thlrt.y m!.nut.os. e

mrmg this perlod or heating the reaction mixture took on a

" aeep red color. After heating at 50°, the won-stuma

 mixture was sllowed to Tesct at room tompera‘buro for ahout
Itwo hourl |
o  The deep Ted benzens -oluuon was diluted to twice its -
‘ iolum with Skolly B. !h. procipl.tnto obtaimd on eooling
"~ the Skelly-benzene solution was crystallized from an aqueous*
 sleoholie solution. After recrystallization,2.7 g. (42%)
 of the otayl-5itro-2-thiophensglycylanide was obtained which
 melted at 122-124°, |
| Anal, * Caled. for c9310n20531 0885 H3.90
“Foundt € %2.11  H3.81

| III. Synthesis of 5-Nitro-2-thiophenecarboxvureides.
A. N e ' .

The 5-nitro-2-thiophene acid chloride was prepared in
" the same msnner used previously. In a small round-bottom
flask, %.5 g. (0.026 mole) of 5-nitro-2-thiophenecarboxylie




acid was heeitad at reflux with 15.3 g. (0.13 mole) of

~ thionyl chloride. After removal or the excess thionyl

..chlorids, the n!.tro acid chloride ua dlssolvod in about |

; m cc., of dry benzens, and the aolut&on placed in & 250-ec.

round-bottom threo-neek flask oqus.pped with & mercury-seal

_ stirrer and reflux condsnuer._ To this tolutl.on was added -

1,6 g. (0.026 mole) of urea and ons drop of concentrated -

sulfuric acid suspended in tbout 100 ce. of dry benzense.

" The reaction mixture was heatod at reflux and stirred

~ for six hours, and then allowed to stir at room temperature

_ overnight, During this period of heating, sn ever-increasing

. amount of light grey precipitate sccumulated, This preci.pi"

tate was mmod by suct!.on ﬂltratim and thorwghly uuhed

. with Skelly B. After recrystallization f_x'ou glaclal acetic

: acid, 3.8 g. (Gﬁ) of the 5'n.i.tro"2'th1.opbenoearboxymida

| was obtained, w.p. 216-218°, | :

; Anal. * Calcd. for csnsnjonss ¢ 3. 1;9 B 234
. Found: € 32.85 K 2.39

B, - ot ™A A
In the manner previously discussed, 2.0 g. (0.011 mole)
of 5-nitro~2~thiophenecarboxylic ascid was refluxed with 7.2 g.
- (0.055 mole) of thionyl chloride. .After removal of the ex~
"'cess thionyl chloride, the nitro acid ehloride was dissolved
'4n sbout 40 ce. of benzene, and the solution added to a 250-cc.

" three-neck round-bottom flask equipped with a mercury-seal

stirrer and reflux condenser. To this solution was added
0.9 8.(0.011 mole) of thiourea and one drop of eoncentrated
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‘sulfuric acid in about 100 ¢e. of dry benzene, and the re-
action mixture heated at reflux with atirrtng for eight
hours.

wtth haating, a brown preclpitato gradually aeparated
fﬁom the orungn-eolorod reaction mlxturn This prooipttato
was removed by luction filtration and thoroughly washed with
Skelly B._ Arter recrystallization rrou ethyl alcohol and
Norite, 1. 8 s. (64%) the 5-nitro=-2 'thlophemcnrboxythioureide
was obtainnd; n.p. 205-&06° |

| Anal. - Caled. for 06H53303821 c 31 16 H 2.18

- Pound: € 31.35 H 2.17
. Smthesa of 5-Nitro-2-thiophenecarboxylis heterccyclic ;
A. = 2= .

In the manner as previously discussed, 2.6 g, (0.015
mole) of 5-nitro-2-thiophenscarboxylic acid and 8.9 g. (0.075
mole) of thionyl ehloride were refluxed for one hour, After
removal of the execess thiodyl ehloride, the nitro acid ehloride i
was dissolved in 30 ee. of dry benzene. To this well stirred |
benzene solution was added dropwise 2.5 g. (0.03 mole) of
piperidine in sbout 15 cc. of dry benzens. There was an
{mmediate reaction with the evolution of heat and the forma-
tion of a floecculant precipitate. |

The reaction was allowed to proceed at room temperature
for about three hours with occasional shaking. The reaction

mixture was then diluted with about 100 ee. of shloroform,
and the resulting solution thoroughly extracted with water
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to remove the piperidine hydrochloride and any unreacted

‘ ‘piperidine present. The benzens-chloroform solution was

- and ehloroform, the yellow residue was recrystallized from

“then dried over sodium sulfate. After removal of the benzene
" an aqueous-alcoholic solution. After reecrystallization,
2,9 g. (T5%) of the 5-nitro=2-thiophenecarboxypiperidide was
: obtained as 1light yellow flakes which melted at 94'950.
Bt ~ Anal, = Caled. for 610312!20351 ¢ 49, 98 - 25.03
round: 65016 3507

B, 5- he jut
| | In the manner previously daacribed. 2,25 g, (0,013 molo)
.. of 5-n1tro-2~thiophemcarboxy11c acid was hoatod at reflux
: for one hour lith 7.7 g (0 065 mole) of thlonyl ehloride,
After removal of the excess thi.onyl chlorido, the nitro acid
ehloride was dissolved in 50 ec, of dry bunzm. ~ To this
‘well stirred solution was added dropwise 2.3 g. (0.026 mole)
of morpholine., There was an immediate reaction with the
evolution of heat and the formation of & voluminous white
‘ precipitate, DT

The reaction was allowed to react at room temperature
for about three hours with occasional stirring, after which
~ the suspension was diluted with about 100 ee. of chloroform.
The resulting benzene-chloroform solution was then thoroughly
extracted with water to remove the morpholine hydrochloride and
any unreacted morpholine present, The benzene-chloroform
solution was dried over sodium sulfate. . Af'ter removal of the
solvents, the residue was recrystallized from a mixture of
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alcohol and water, The 5-nitro-2-thiophenecarboxymorpholide
was obtained as light yellow needles which turned a light
pink in the presence of light. After recrystalliszation,2.8 g.
(80%) of the morpholide was obtained; m.p. 89-90°,

Anal, © Caled. fors CgH, N,0;St € 44.62 H .16
Found:s € 44.95 X 4,36

" In the manner described previously, 4.5 g. (0.026 mole)
of 5-nitro-2-thiophenscarboxylic acid was heated at reflux
for one hour with 15.5 g. (0.13 mole) of thionyl ehloride
to give 5=nitro-2-thiophenecarboxylic acid echloride, After
removal of the excess thionyl echloride, the nitro acid
chloride was dissolved in 50 e¢o. of dry benzenes, and the ben~
zene solution added to a 500-cc. three-neck round-bottom
flask oqﬁippod with a mercury-seal stirrer and a reflux con"
denser. To this solution was sdded 2.6 g. (0.026 mole) of
2-aminothiazole and 2.1 g. (0.026 mole) of redistilled
pyridine in about & 150 ee. of dry benzene. The yellow
ecolored suspension was heated at reflux for about three hours
and then allowed to stir at room temperature for sbout an
additional three hours.

With heating & yellow flocculsnt precipitate gredually
formed. This precipitate was iomoved by suction filtration
and thoroughly washed with distilled water to remove the
pyridine hydrochloride formed in the reaction. The yellow
precipitate was finally washed successively with dilute
hydrochloric acid and distilled water to remove the pyridine
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hydrochloride and sny unreacted 2-aminothiazole, and them
thn miduo was recrystallized from a large quantity of
glacial acetic acid. After recrystallization, 5.3 g. (80%)
. of the N-(2'-thiazoyl)-5-nitro-2-thiophenecarboxamide was

~ obtained as s microcrystalline product which melted above
' . Anal, = Caled. for CgHsN,053,8 © 37.6% K 1.97

Pound: € 38.52  H 2,17 - .. .

.-._D.\"‘ § -- . ._..-

. N-Carbethoxypiperazine was prepared in T3% yield by

. treating piperazine hexahydrate with ethylchlorocarbonate

* under carefully sontrolled eonditions of pH according to the
method of Moore (23); b.p. 116-118° (3 mm).

. 2" S e * .

~ The N-carbethoxypiperaszine was ethylated with ethyl=~p-
. toluenesulfonate in 46% yield according to the method of

.- Moore (23); b.p. 85-90° (2 mm.).

: - The N-carbethoxy group was cleaved from the piperazine
ring by heating with concentrated hydrochlorie acid according
to the procedure of Moore (23). The N-ethylpiperazine
dihydrochloride was then converted to the free N-ethylpiper=
" azine by atmospheric distillation with dry caleium hydroxide
sccording to the method of Moore (20).' The N-ethylpiperazine
" was obtained in 76% overall yield and boiled at 152-155°,
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*o'.'.— by Q e

~ In tha same menner used pmloualy, 1.8 g. (o 0105 mole)
or 5-n1tro-2-thiophenocarboxylic acid was heated at reflux
" with 5.95 g. (0.052 mole) of thionyl ehloride to obtain
~ S-nitro-2-thiophenecarboxylie acid chloride. After removal
:i, or.tho excess thionyl chloride, the nitro acid ehloride was
- dissolved in sbout 20 ce¢. of dry benzene, To this solution
in & 125 cc. Erlenmeyer flask, 1.2 g. (0.0105 mole) of
N-ethylpiperazine in about 10 ce. of dry benzene was added
slowly with shaking. ' . e
There was an mdiaté react!.dn with the evolution of
heat and the formation of & voluminous white precipitate.
The reaction mixture was allowed to stand at room temperature
for about three hours with oscasional stirring. The benszene
solution was then cocled, and the white preecipitate of the
hydrochloride salt removed by suction filtration. The
precipitate was washed with anhydrous ether and recrystallized
from a mixture of absolute methyl alcohol and anhydrous ether.
After recrystallization, 1.8 g. (56%) the N!-etuyl-N(5-nitro-
2-thiophenecarboxy)piperazine hydrochloride was obtained as
needles which melted at 262-264° (D),
Anal, - Caled. for CqyH,N504C181 C 43,20 H 5.28
Found: C 43.46 XK 5.39

B. - o ."
‘In the manner previously discussed, 3.8 g. (0.022 mole)
of 5'nitro~2~thiophenecarboxylic acid was heated at reflux
with 12.0 g. (0.11 mole) of thionyl chloride to obtain 5-nitro-
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2=thiophenecarboxylie acid ehlorido. After removal of the
excess thionyl ehloride, tha nitro acid chloride was dis~
solved in 50 ee. of dry benzene., To this loluticn eontainsd
in & 250-¢cc, three“neck round-bottau flask equipped with a
mechanical stirrer was added dropwise with stirring 3.13 g.
(0.044 mole) of pyrrolidine in sbout 15 ce. of dry benzens.
- There was an immediate reaction with the evolution of heat and
the formation of & Yoluminous preeipitate. o
e The mixture was allowed to stir for three hourt at room

: tﬁﬁperaturo and then diluted with about 100 ec. of chlorofbru.
The benzene-chlorcform solution wae thoroughly extracted with
water and dried over anhydrous sodium sulfate. After removal
of the benzene and chloroform, the residue was recrystalliszed

from a mixture of ethyl alcohol and water, After recrystalli-
gation, 3.7 g. (75%) of the 5-nitro-2-thiophenecarboxypyrrolide
was obtained; m.p. 179-1800.' ' .
| " Ansl, * Caled. for CoHy o .05 81 © 47, 77 B s, 56
Founds © 8. 0 n lt.'rti%

In the manner discussed previously, 4.3 g. (0 025 mole)

. of 5*nitro-2-thiophenecarboxylic acid was heated at reflux

for one hour with 13.0 g. (0.115 mole) of thionyl chloride
to form the 5-nitro-2-thiophenecarboxylic acid chloride.
After removal of the excess thicnyl chloride, the nitro acid
- gchloride was dissolved in about 50 ¢c., of dry benzene. The
benzens solution of the acid chloride was placed in a 500-cec.




. green precipitate, Thia precipitate was removed by suction
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three-neck round-bottom flask equipped with a mercury-sesl
stirrer and reflux condenser with attached calcium chloride
~ tube., ' To this solution was sdded 6.7 g. (0.025 mole) of
© 2=sminopyridine and 2.0 g. (0.025 mole) of redistilled . = -

. pyridine, and the mixture heated at reflux for about twelve
"hour-;~~' | ! Statiean s S .
_ With heating there was s gradusl formation of & dirty

filtration and washed with 5% sodium earbonate and water,

- The residue was recrystsllized from ethyl aleohol in the

form of gleaming needles. After recrystsllization, 4.0 g,

(65%) of the l-(a'-pyrms.no)-smnro-a-thtopmocarboxmme

" was obtained; m.p. 198-200°,

| Aual. = Calod. for ‘31037‘3025‘ c¥8.19 = [ 2.83
Found:t € 48.19 H 2,65

V. Sythesis of 5-Nitro-2-thicohenecarboxyoarbocyolic amides.
A k- o ] R

~ In the manner described previously, 3.8 g. (04022 mole)
.  of 5-n1tro~2-thiophonooarbouylto acid was heated at reflux
for one hour with 13.1 g. (0.11 mole) of thionyl chloride
“to give 5=itro-2-thiophenecarboxylic sscid chloride. After

" pemoval of the excess thionyl ehloride, the mitro acid ehloride
‘was dissolved in about 50 ce. of dry benzene. To this benzene
. solution in a 500-cc. three-neck round-bottom flask equipped
~ with a uarcﬁry-sonl stirrer and reflux eondenser with attached
. drying tube was added 3.7 s.' (0.022 mole) of m-bromoaniline
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and 1.7 g« (0.022 mole) of redistilled pyridine in about
100 so. of dry benzeno. The benzene nolution was heated at

reflux for about two hours, during uhich tlms thero uus a &
light yellow prootp:.t.ate formed. & |
. %The yollan procipitato was romovod by tuction ﬁ.ltrah
" tion and thoroughly washed with water to remove the pyridine
hydroohloride cccluded cn the precipitate. The residue was
" then erystallized from ethyl alechol and obtained in the form
" of 1ight Yellow needles. After recrystallization,6.h g. (89%)
of the 5-nltro-a‘thiophenooarbcxy-n~bronoanllido was obtainnd;
"u.p. 222340, | i
Al - Calod. for CyRH,088rs © %0.50 H2.16
| Fbunﬁ: C 40 93 BKa, 10 '
B. 5-Nitro-2- : _ _— .
In the mammer described previously, 3.4 g. (0.02 mole)
of 5mitro-2-thiophenecarboxylic acid was heated at reflux
. with 11.9 g. (0.10 mols) of thionyl shloride to give the
5=itro-2-thiophenecarboxylic acid ehloride. After removal
of the excess thionyl chloride, the nitro acid chloride was
' dissolved 1in about 50 c¢ec. of dry benzens. This benzene solu-
' tion was placed in a 500-cc. three-neck round-bottom flask
equipped with a mercury-seal stirrer and reflux condenser,
and 2.76 g. (0.02 mole) of m*nitroaniline together with
1.58 g. (0.02 mole) of redistilled pyridine in about 150 oe.
- of dry benzene was added. The suspension was heated at re-
flux for ten hours during which time there was a deep yollow
precipitate formed, different from the original precipitate
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of m-nitrosniline. |

The yellow precipitate Qsa removed by suction filtration
 and washed with water, dilute hydrochloric scld, and finally
 again with water. The residue was recrystallized from
glacisl acetic acid in the form of yellow needlees, After -
recrystallization,t.5 g. (80%) of the 5-nitro=2-thiophene-
. earboxy-m—nitroanilide was obtained; 204-205°, |
Anal, = Calecd. for 01137!30583_ C 45.05 H 2.41

Found: C 345.07 H 2.85 ‘

-G, A= "t - .

| In the manner previously described, 3.46 g. (0.02 mole)
of 5-nitro-2~thiophens carboxylic acid v_uis heated at reflux
" for one hour with 11.9 g. (0.10 mole) of thionyl ehloride to
give the eorresponding 5-nitro-2-thiophene earboxylic acid
ehloride. After removal of the excess thionyl echloride, the
nitro acid chloride was dissolved in about 50 ecec. of dry
benzene placed in a 500-cc. three-neck round~bottom flask
equipped with & mercury-seal stirrer and reflux condenser
with ettached ocalcium ehloride drying tube. To this solution
was added 2.76 g. (0.02 mole) of p-nitrosniline snd 1.58 g.
(0.02 mole) of redistilled pyridine in sbout 200 ec. of d4ry
benzene.

The resulting suspension was heated at reflux for about
ten hours during which time there was & new yellow precipi~
tete formed. This yellow precipitate was removed by suction
. £1{1tration and washed with water, dilute hydrochloric seid,
‘and again with water, The yellow residue was recrystallized
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from a large quantity of glacisl acetic acid in the form of
‘needles, After recrystallization, 5.0 g. (90%) of the
5=nitro-2-thiophenecarboxy~p-nitroanilide was obtained;

m.p. 2Th=275°,
- Aunsl, - Caled. for C,;H:N;0:8: € 45.05 K 2.4
Found: C 45.35 R 2.65

D, 5= e .

In the same manner as previously described, 3.5 g.
(0.02 mole) of 5-nitro=2-thiophenecarboxylic acid was heated
at reflux with 11.9 g. (0.02 mole) of thionyl chloride to give
the corresponding 5-nitro-2-thiopheneacid chloride, After
removal of the excess thionyl chloride, the nitro acid ehloride
was dissolved in about %0 cec. of dry benzens. T¥o this ben-
gene solution in an Erlenmeyer flask at room temperature was
added 4.28 g. (0.04 mole) of benzyl amine in about 15 ec. of
dry benszene.

There was an immediate reaction with the evolution of
heat and formation of a voluminous white precipitate. The
mixture was allowed to stand at room temperature for about
three hours with occasional stirring. The solution was then
diluted with about 100 ec. of chloroform, and the benzens-
chloroform solution was thoroughly washed with water and
dried over anhydrous sodium sulfate. After removal of the
solvents, the residue was recrystallized from an aqueous=
slcoholie mixture. After recrystallization,3.9 g. (95%) of
the 5-nitro=2-thiophenecarboxybenszylamide was obtained as
needles which melted at 117-118°,
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Anal, - Calcd, for G HyN.0,81 C 54,95 K 3.8%
Found: € 55.63 K k.02 i
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SUMMARY

1. A number of phthalyl- X -aminoaldehydes and the
sorresponding semicarbazone, thiosemicarbazone, and dithio-
biuret derivatives have been prepared for pharmacological
evaluation as antiviral agents.

2. A number of 5-nitro-2-thiophenecarboxylie acid
amide derivatives have been prepared for pharmacological

evaluation as antiviral agents.
| J. The following new compounds have been prepared:

Phthallmidoacefnldahyda thiosemicarbazone
Phthalimidoethylidine dithiobiuret = -
2-Phthalimidopropionaldehyde thiosemicarbazone
2-Phthalimidopropylidine dithiobiuret
3-Phthalimidopropionaldehyde
3-Phthalimidopropionaldehyde semicarbazone
3=Phthalimidopropionaldehyde thiosemicarbazone
3-Phthalimidopropylidine dithiobiuret
2-Phthalimido~3-phenylpropionaldenyde
2‘Phthallmido*}'phenylpropionaldghydb semicarbazone
2-Phthalimido=-3-phenylpropionsaldehyde thiosemicarbazone
2-Phthalimido=>-phenylpropylidine dithiobiuret
2-Phthalimidoisocaproaldehyde
2-Phthalimidoisocaproaldehyde semicarbazone
2-Phthalimidoisocaproaldehyde thiosemicarbazone
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2-Phthalimidoisocsprylidine dithiobiuret
2-Phthalimido=3-methylbutyraldehyde
2-Phthalimido=-3-methylbutyraldehyde semicarbazone
2-Phthalimido~3-methylbutyraldebyde thiosemicarbssone -
2-Phthalimido=3-methylbutylidine dithiobiuret
N-Allyl-5-=nitro-2-thiophenscarboxamide

N-(B -metmlammoottm)smtm-a-miopnomcarmamme
hwdrochlortde

Ethyl-5-nitro-2 -tniapuemcarbmgmymmo
5-Nitro-2-thiophenecarboxyureide
5-N1tro-2-thiophenscarboxythioureide
5-!1tro-2-tmopnmcarboxypipqrmmo
5=N1tro-2-thiophenecarboxymorpholide |
N-(2'~thiazoyl)-5-nitro 'e'thiophanocarboxamids |
N -Ethyl-N-(5-nitro~2 -thtophenocarbomy)plpemim l'xydrochlor!.do
5-Nitro-2+~thiophenecarboxypyrrolide
N-(2'-pyridino) ~5-nitro-2-thiophenecarboxamide
§-N{ tro-2-thiophenecarboxy -m-bromoanilide
5-N1tro=2=thiophenecarboxy m-nitroanilide
5-N1tro=2~thiophsnecarboxy-p-nitroanilide
5+-Nitro=2-thiophenecarboxybenzyl amide
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