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Et;Ot BF,~® After 1 hr at 0°, the reaction mixture was allowed
to warm to room temperature and stirring was continued for 4
hr. The solvent was evaporated under reduced pressure, and
the residue was taken up in a minimum of MeOH and treated
with 40 ml of 2.5 N Me;NH in MeOH. Colorless crystals pre-
cipitated after 40 min, and after 3 hr the desired product was
filtered: yield 2.17 g, mp 190-196°. One recrystallization from
MeOH afforded 1.31 g of 13, mp 200-202°. A second crop was
obtained: yield 0.15 g, mip 199-201°; total yield 1.46 g (109;).

Method C. N,N-Dimethyl-2-furanacrylamidine Hydrochloride
(49).—A stirred, ice-cooled solution of 2 N Me,NH in MeOH (50
ml) was treated portionwise with 13.0 g (0.05 moles) of crude
3- (2-furanacrylimidoyloxy )propanesulfonic acid,? prepared from
2-furanacrylamide and 1,3-propane sultonre.? The resulting solu-
tion was allowed to warm to room temperature, and to stand for
2 days. The volatiles were evaporated under reduced pressure,
and the residue was taken up in H,O and poured into a rapidly
stirred mixture of 100 ml of 1067 NaOH and 100 ml of Et.0.
The ether phase was dried, filtered, and evaporated to furnish
3.1 g of the ¢rude base. The base was dissolved with 20 ml of 1
N HCL in MeOH, and the resulting solution was treated with
Et.0 to precipitate the desired 49 as an oil. The solveuts were
evaporated and the product crystallized ou standing. One re-
crystallization from MeOH-Me.CO afforded the pure product,

(8) H. Meerwein, Org. Syn., 46, 113 (1966).
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vield 1.93 g (199,), mp 219-221°. Oue more recrystallization
from MeOH-Me:CO gave an analytical sample, mp 219-221°,
Method D. 2-Thiophenepropionamidoxime (14).—A stirred
mixture of 8.3 g (0.12 mole) of HONH,-HCI aud 50 ml of MeOH
was treated with 48 ml (0.12 mole) of 2.5 ¥ NaOMe i MeOH.
Et,0 (100 ml) was added and the insoluble matter was filtered.
The filtrate was concentrated to about 100 ml and 13.7 g (0.1
mole) of 2-thiophenepropionitrile was added. The resulting
solution was heated under reflux for 2 days, and then allowed
to cool. The solvents were evaporated under reduced pressure to
afford a mixture of oil and ecrystals. The mixture was triturated
with Et.0, and filtered. On concentrating the filtrate a yellow
erystalline solid was obtained, yield 15.7 g. The product was
recrystallized from PhH to afford colorless prisms of the desired
amidoxime (14), yield 6.03 g (35%), mp 67-72°. One further
recrystallization afforded analytically pure material, mp 70-72°.
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Some 2-thiazoline and 5,6-dihydro-4H-1,3-thiazine analogs of pyrantel exhibit highly significant activity
against the round worm Nematospiroides dubius. Only a few members of the thiazoline group are active, and
then only at high doses; the dihydrothiazine group, however, has many highly potent members, In the latter,
the structural requirements for activity are less restricted than in the tetrahydropyrimidine (pyrantel) series.
The stricture—activity relationships within the tetrahydropyrimidine and dihydrothiazine series are similar, but
certain relationships found in the former series are inverted or are absent in the latter. One compound, 3,6-
dihydro-2- [2-(2-thienyl)ethyl]-4H- 1,3-thiazine (6), has been shown to be active against not only N, dubius, but
also against Nippustrongylus muris, Syphacia obvelata, Trichinella spiralis, Ascarissuum, Ancylostoma caninum,
and Toxzocara canis. Other highly potent compounds in this series are 5,6-dihydro-2-[2-(3-methyl-2-thienyvl)-
ethyl]-4H-1,3-thiazine (9), 5,6-dihydro-2-phenethyl-4H-1,3-thiazine (10), and 2-[2-(2-furylethyl]-5,6-dihxvdre-

4H-1,3-thiazine (21).

The recent discovery of the broad spectrum anthel-
mintic agent pyrantel has opened new fields of inquiry
for those seeking novel agents to treat worm-caused
diseases.! Other amidines, both cyeclic and acyclic,
closely similar in structure to pyrantel possess anthel-
mintic aetivity with varying degrees of poteney.?3 In
the course of investigating the structure-activity rela-
tionships among these compounds, we became in-
terested in finding alternatives to the amidine moiety.*

Very early in our studies we observed that the thi-
azoline 1, when administered at 250 mg/kg orally to a
mouse, is highly effective against the round worm

(1) W. C. Austin, W. Courtney, .I. C. Danilewicz, D. H. Morgan, L. H.
Conover, H. L. Howes, Jr., J. E. Lynch, J. W, McFarland. R. L. Cornwell,
and V. J. Theodorides, Nature, 212, 1273 (1966).

(2) J. W. McFarland, L. H. Conover, H. L. Howes, Jr., J. E. Lyneh,
1>. R. Chisholm, W, C. Austin, R. L. Cornwell, J. C. Danilewicz, W. Court-
ney, and D. H. Morgan, J. Med. Chem., 12, 1066 (1969).

(3) J. W, MecFarland and H. L. Howes, Jr., 1bid., 13, 109 (1970).

(4) One such alternative is the l-substituted pyridine system, e.g., 1-{2-
(2-thienyl)vinyl]pyridinium bromide: see J. W. MecFarland and H. L
Howes, Jr., ibid., 12, 1079 (1969).

Nematospiroides dubius. Later, the dihydrothiazine
homolog 6 was found to be not only effective but also
highly potent: the N. dubius burden in mice is reduced
greater than 909, by a single dose of only 3.1 mg‘kg.

J__®
$

pyrantel

U1 N—
S CH,CH:—</ (CH,),
S/

ln=2
n=3

A large number of compounds were prepared in this
new series of cyclic thiomidates and were tested in our
primary screen. The present report will discuss the
structure-activity relationships which emerged within
the series, and will compare and contrast these with
the corresponding relationships found in the cyelic
amidine series.

Chemistry.—The synthetic methods used to prepare
the thiazolines and dihydrothiszines followed standard
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procedures described in the literature. ‘These arve
summarized briefly below.

Method A.—The reaction of a nitrile with c¢ysteamine
or 3-amino-l-propanethiol to produce, respectively, a
thiazoline or a dihydrothiazine proceeds well under mild
conditions to give excellent yields of produet.” This
reaction is particularly advantageous for compounds
which cannot withstand the more vigorous reaction
conditions of method B. The major disadvantages ave

-:\:HJ N\

RCN + HS(CHy),NH, ——— R— (CH,),
C.H,0H, a g
n=223

(1) 3-umino-1-propanethiol ix prepared by w multistep
synthesis,® and (i) 2-arvlacrylonitriles cannot be em-
ployed owing to the reactivity of the thiol funetion with
the double bond =yvstem.

Method B.-—Carboxylie acids or esters condense with
3-amino-1-propanol to give N-(3-hydroxypropyl)ear-
boxamides. When these amides are heated at approxi-
mately 130° with P8, the corresponding dihydro-

thiazines are obtained i vields up to 509:.%%  Thix
200
RCO.H + HNCH)OH ——r
H,0
bs N
RCONH(CH,;0H —— R_< }
150 S

technique is convenient because of the ready availabil-
ity of starting materials, and because both amide forma-
tion and the subsequent PsS, treatment can be done in
a single reaction vessel.  However, certain delieate
molecules, e.y., furan derivatives, will not survive the
vigorous conditions of this reaction, and (as with
method A) acrvlie acid derivatives cannot be employved.

Method C.—Thioamides will condense with 3-bromo-
l-propylamine to furnish dihydrothiazines.® This

method was used to svnthesize 32.
_</N
)
S

Method D.—The previously deseribed methods e
not suitable for the preparation of 2-(2-arylvinyl)thia-
zolines or 2-(2-arvivinyl)dihydrothiazines. However,
these compounds are readily accessible by the dircet
condensation of aromatic aldehydes with 2-methyl-2-
thiazoline or with 9,6-dihydro-2-methyl-4H-1,3-thia-
zine.”  This reaction was first reported in 1954,* hut

120—170

R—CSNH, + Br(CH.),NH.HBr

AEN -H0 N~
ArCHO + CH.—</ (CHy, —— ArCH=CH—</ (CH.),
s s~

n=23

its utility has not been widely recognized.

Biological Evaluation.—Compounds were tested for
anthelmintic aectivity in worm-infested mice. Each
mouse harbored a natural infection of the pinworm
Syphacia obielata, and experimentally induced infeetions

1) R, Kuhn and . Draweri, Aa«., 690, 55 (1954).

i6) 3. D, Turk, R. P. Louibhan, R. L.. Cobb, and C. R. Bresson, .J. Ory.
Chem., 27, 2846 (1962},

(7) F. M. MHamer and R. J. Rathbone, J. Chem. Soc., 243 (1043).

«8Y G. Bach and M. Zahn, J. Frokt. Chem., 8, 68 (1959).

) C. Djerass) and C. R. 3ebolz, J. Org. Chem., 18, 694 {1950¢
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of the round worm Nemalospiroides dubius and the
tapeworm  Hymenolepis nana. Different  substances
were dissolved or suspended in o 17 carboxymethyi-
cellulose solution at such a coneentration that 0.4 ml
delivered an appropriate dose to a 20-g mouse,  Treated
mice were dosed onece cach day for 1-3 davs.  [nittalhy,
a high dose (62 2000 mg kg depeuding on the com-
pound’s toxieity) wax given to a group of four infeeted
male mice. [f anthelmintic activity was detected. the
compotind was tested at suceesstvely lower doxes until
a minimum  cffeetive dose (MEDt was established.
The MED ix considered to be the lowest dose which
causes at least a 909, reduction in the N, dubius worm
burden as compared to untreated mfected controls.
In general, the better compounds it this series exhibired
activity against S, vbrelate, but no compound deseribed
here was active agatiet H. owane.  In the following
discusston =tructure activity relationships will be de-
veloped from the N, dubius activity alone.

I'urther details of these testing methods are given by
Howes and Lynceh.  The results of these tests are
reported 1 the last columus of Tables T-V1,

Structure-Activity Relationships. -Although the
evelie thiotmidates deseribed in this report are strue-
tural analogs of the cyelic wmidines  deseribed by
Mecelravland, of al. it 1= not entirely obvious that thesce
compounds =hould posscss stmilar bilologienl netivities,
The amidines are 10% 10* times stronger bases than (he
cvelie thiotmidates, and for this rensan grossly differcent
biological propertics might be anticipated.  In spite of
this big difference i an important physieal parameter,
anthelmintic activity nevertheless s observed.  Ceortain
structure activity relationships found within one scries
are ulso found within the other: however, other
relation=hips found within one seriex have no parallel
within the other. The details of these observations are
given below.

The Basic Ring System.—One of the most striking
cffects in the evelic thioimidate series is that of ring
size o1 potencey (see Tables VIT and VIIT). Regardless
ol the nature of the connecting stde chain or of the
aromatic rng svetem, a dihydrothiazine is hrvariably
more potent than the corresponding thiazoline.  In
contrast, related compounds in the evelic amidine series
appear to =how no such marked differcitees (sce Table
IX). Actually, 2 closer examination of the anndine
<eriex? reveals that i w=tances where a difference in
activity  between an mmidazolime and o comparable
tetrahyvdropyrinidine exists, the terrahydropyrimidine
s invariably the more patent compound.  The dif-
ference, however, = n=uadly mueh <maller than that
observed m the evehie thiomdate series.

The range of striuctnres assoctted with setivity in
the thinzoline sertes ts alzo much narrower thaun i the
dihvdrothiazine =ertes. Taking thi- and the Jower
poteney af the thinzohnes into aceaunt, we will cni-
phasize the dihyvdrothinzine =eries of compounds i the
following discusston.

The Connecting Chain.—-I1 both the dihyvdrothiazinc
and tetrahydropyrimidine series, anthelmintic activity
1+ dependent ou the length and on the nature of the
chain of atoms coumecting the basie funetion with the
aromatic systent.  In both sertes this aectivity i=
optimal when the chain is 2 (U; shortening the chain or

10 ML T Howes, aro and o, YL Lvne)e, J. Poavgaitol.. 88, 1085 (1907



January 1970 ANTHELMINTICS. V 115

TaBLE I
N
ArCH,CH— ]
S
Prepara-
tive Bp (mm) Recrystn MED,° Days
No. Ar Salt method or mp, °C solvent or n%p Formula? mg/kg given
(Pyrantel) Tartaric 12.5 1
1 2-Thienyl A 118 (0.d) 1.5911 C,H, /NS 250 3
2 2-Th1eny1 TSOH 77-78 .\IeQCO_CGH“ ClengN OaSa >800 3
3 3-Methyl-2-thienyl  HCI A 146-147 MeOH-EtOAc  CoH.CINS, 500 1
4 Ph A 90 (0.1) 1.5735 CuHpsNS >500 3
b3 2-Furyl A 66 (0.1) 1.5435 CsHNOS 250 3

¢ All compounds were analyzed for C, H, N unless otherwise noted. * Not aualyzed; vapor phase chromatography showed this
material to be >979%, pure. ¢ Minimum effective dose against N. dubius.

TasLe 11
N
ArCH,CH—( >
S
Prepara-

tive Bp (mm) Recrystn MEDS Days

No. Ar Salt method or mp, °C solvent or n%p Formula? mg/kg given
(Pyrantel) Tartaric 12.5 1
6 2-Thienyl A 102 (0.2) 1.5910 CioHisN S, 3.1 1
7 2-Thienyl HCl 108-110 Me,CO CoHuiCINS, 6.2 1
] 2-Thieny1 CHaI 121-123 MeOH—i-PrOH Cl IHIGIN Sz 500 3
9 3-Methyl-2-thienyl HCl B 137-138 1-PrOH-¢-Pr.O CuH1CING, 1.3 1
10 Ph B 95 (0.08) 1.5775 C,.Hi: NS 6.2 1
11 Ph Citrice 97-98 AMeOH-Me.CO CisHNO-S 12 1
12 o-MeC,H, HCl B 160-162 MeOH-Me,CO CuHisCINS 15 1
13 m-MeCeH4 HCl A 103-104 .\IegCO C13H13C1NS >250 1
14 p-MeCeH, HCI A 124-125 Me,CO-CsHig CiH,sCINS >200 1
15 3-FC6H4 HPFG A 96-97 EtOAC>CeH|4 CI2H15F7NPSb 62 1
16 4-FCeH, HPF, A 93-94 H.O0 Ci.H:F:NPS >230 1
17 2-C106H4 HCl B 1.'):)—157 i-PI‘OH C12H15C12NS 31 1
18 4-BI‘C6H4 HPFG B 161-163 l-PlOH CmH[;BI‘FeNPS >500 1
19 2-MeOC:H, HCl A 151-152 MeOH-Et0Ac  CyHsCINOS >62 1
20 4-MeOC:H, HPF, A 105-106 i-PrOH CisHisFeNOPS >500 1
21 2-Furyl A 100 (0.06) 1.5512 CioH:NO3 1.5 1
22 2-Furyl 1.5Fumaric 125-126 MeOH CisH1oNO:S 3.1 1

«H: caled, 7.7; found, 8.1. * C: caled, 39.0; found, 39.7. ¢ Minimum effective dose against N. dubius. 7 3eefootnote a, Table L.

Tapre IIT

U1
S x-{i}cmn

Preparative Bp, (mm) Recrystn MED.? Days
No. X n Salt method or mp, °C solvent or n¥%p Formula® mg/kg given
23 3 HPFs B 170-175 EtOH CsH ok NPS, >500 3
24 CH, 2 A 90 (0.2) 1.6064 CsH:NS; >500 3
25 CH. 2 HCl B 132-133 Me,CO CeH 2CINS, 500 3
26 (CH,), 3 B 110 (0.04) 1.5807 CLH;NS, 62 2
« See footnote g, Table I. » Minimum effective dose against N. dubius.
TasLr IV
N
OO0
S
Preparative Bp (mm) Recrystn MED,* Days
No. X Salt method or mp, °C solvent or n¥%p Formula4 mg/kg given
27e HPF, B 175-176 -PrOH CioH . FeNPS >500 3
28 CH. B 104 (0.3) 1.5893 CnHisNS 250 3
29 CH,CH(CHa;) HCl B 109-111 MeCN-EtOAc CisHisCINS >250 3
30 CH(CH;)CH, HCl B 122-124 Me,CO Ci3HsCINS >250 1
31 (CHa)s B 126 (0.08) 1.5670 CisHiINS >100 3
32¢ OCH, HCI C 161-164¢ EtOH-CsHs CuH,CINOS >250 3

¢« P, A. S. Smith and J. M. Sullivan [J. Org. Chem., 26, 1132 (1961)] and G. Pinkus [Ber., 26, 1077 (1893)] report the free base.
b Pinkus® reports only the density and N and S analyses. ¢ C. Djerassi and C. R. Scholz [J. Org. Chem., 15, 694 (1930)] report mp 162~
164°. 4 8ee footnote a, Table I. ¢Minimum effective dose against N. dubius.
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v

N
ArCH———CH——</ ]
S
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U'reparative Recrystn MED, 4 Days
N Ar Sahi methiod AMp, °C solvenl Formaola Analyses my/ke siven
w3 2-Thienyl 1 119--120 CCl Col1aNS, [I,N; Cr > 500 3
34 3-Methyl-2-thienyl H(Cl 1) 224225 MeOIlI CioH wCINS, ¢, H, N > 500 1
35¢  Ph D) 100--101+ CCl, Cn NS N >250 8]
360 2-Hydroxyphenyl b 192-1030 Calla CrlTaNOS N >500 i
37 2-Furyl 9] 82-8) CelH,y Col1aNOS ¢, H, N > 500 2
@ Litd 101-102° ® Lit2 191-192°. < C: caled, 50.3; found, 543, ¢ M effective dose ngainst N, dublus.
Tasre VI
N
ArCH=CH—</ }
S
Preparative Rerrystn MED/} Days
Na. Ar Salt method Mp, #C solvent Formula® mg/kg given
(Pyrantel) Tartaric 12.5 i
0N 2-Thienyl 1) 60-61 CeHug Crol T NS, I3 I
30 2-Thienyl [Fumaric 1 169-171 MeOH Cha N O,8, 25 i
40 3-Thienyl HPFq D 149--150 -PrOH CHLFNPs. 250 I
41 3-Methyl-2-thienyl [HCl D 232-254 ILtOH CaHLCINS, 12,5 I
42 4-Methyl-2-thienyl 111 b 197198 -PrOH CpHLCINS, 250 1
44 H-Methyl-2-thienyl [1PFs 1 144146 CHCl, CuH G FeNPs. 250) 3
14 Ph HPF, b 151135 -PrOH CLlT FNPS 125 3
15 o-MeCH, HCl b 210--021 Me.CO CullgCINS 62.5 3
46 m- MeCeH, HPF, D 120-124 CHCL-~Cel g CrldTiFeNPS > 2000 1
17 p-MeCel, 1l b ESO-102 Me.CO Oy CINS 250 B
48 2-FtCgld¢ HCI 1) 208--210 MeCON T CINS 250 1
149 2-FCeH,4 HPF, D 176-178 F(OH CLHBFNPs 250 B
30 3-FCyH, HC(l D) 192175 MeCN CLHCIFNS 250 I
Al 4-FCeH, [l D 208210 ~PrOH-11,0 a1, CIFN S 250 5
ot CeFs HCL 1 1653-165 15t OH-121,0 CLHECINS > 1000 i
533 2-CICql, HCl b 218220 21O CLlCLNS 250 1
4 3-C1Csl, Ticl 1) 161-162 i-PrOl1 aHCLNS 250 3
0 4-CIC¢H, HPF; b 160165 /-PrOT1 Crl T CIFeN PS 500 3
o0 2-Br(gk, HCl b 218220 LtOH CLllpBrCINS 250 3
N 3-Br(H, Il D 1a4- 103 MeCN ChaBreINs >250 3
ON 4-BrCgli, (1 b ENT- 188 MeCN CralLBrCINS 250 1
59 2-MeOCsl 1y HDPFs b IR2-Ix4 MeOI{ ColLisFNOPS > 500 3
G0 3-MeOCH, HPF, b 167170 MeOH CuisFeNODPS > 500 3
61 1-MeOCH, (1 b 214-217 -PrOH CallCINOS 250 3
G2 3,4,5-13Me0);CeH. HCL b 198-200 -PrOH-E¢.0 CilleCINOS >250 B
63 2.0, NCeH, HPFe 1) LO0--192 NMeOH CallpFeNLO, PR 250 3
4 4-0,NCsH, b 178180 Cells L HENOS > 500 2
(SN 4-.\{63NC5H4 D 1H0-15% sl (‘:4[11‘\'1‘3;‘: >200 3
66 2-Furyl [[PFs b 150-131 -1OH CrdTFeNOPS 250 i
(in 2-Pyridyl D TSR0 160 CLHLNGS >220 1
6N 3-Pyridyl [MPFs 1) 100194 MeCN Oy I FeN PSS >250 3
Gl 4-Pyridyl b SO-81 17140 CrHLNGS >250 3
T -Bu HCl D 157158 Me. (79 ol CING >200 3
w Ree foouwte «, Table 1. ¢ Miniinum effective dose agait N dubius.
TasrLe VII Tanre VIIT
lorecer or RinGg Size ox Porusey, Parr 1 LrFrer oF BivG Size oy Porexey,  Panrt 2
N
arcHCH—( | (CHy, ArCH=-CH—<N\(CH2)n
5~ 5
= ATED L g kg, vse VL dublug—ee—— ey AMED e ki LN e
Ar - A
Pbeny! 2-Thieny! 2-Fury! It Pleeny) 2-Thienyl 2. Furyl
2 >500 250 250 2 >2050) > 000 >500
3 & 3 1.6 3 Y 16 140

“ Based on per cent of active material present in the various
salt forns.

lengthening it results in a sharp reduction of potency
{see Table X).
An interesting inverse relationship between the two

“ Based on per cend of active material present in the varions

salt forms,

series 1 lustrated by the data in Table XI.
tetrahydropyrimidine series, trans-vinylene compounds
are generally morc potent than the corresponding

In the
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TasLe IX
ErricT oF Ring Size ox PoTENCY.

& e~ (CH,

MED.® mg/kg, vs. N. dubtug——

ParT 3

X
n NCHs
2 250 25
3 3 25

= Based on per cent of active material present in the various
salt forms.

TasLE X
Errect oF CaHaiN LENeTH oN PoreNCY

N

MED®? mg/kg vs, N. dubius—

.

X 0 1 2 3

8 >280 420 3 62
NH >85 >300 85 >420

« Based on per cent of active material present in the various
salt forms.

TasLr X1
Errucr ofF THr NATUR: OF THE CHAIN oN PorreNcy

O

MED.? mg/kg vs. N. dubius

Y
CH=CH CH=CH
X CH:CH: (trans) (cis)
s 3 15 ~15
NCH; 25 5 150

* Based on per cent of active material present in the various
salt forms,
ethylene derivatives. In the dihydrothiazine series the
converse is true,

A still more curious observation concerns the effect
upon activity associated with the transformation
trans = cis. In the tetrahydropyrimidine series a large
reduction in potency occurs, but in the dihydrothiazine
series the efficacy of the cis isomer is indistinguishable
from that of the trans (see Table XI). The cis isomer
of pyrantel is readily prepared by the action of sunlight
on a methanolic solution of its tartrate salt. This
isomer is reasonably stable and can be purified by
fractional ecrystallization to obtain a salt which is
easily characterized by nmr, uv, and ir spectroscopy.
It must be admitted, however, that the cis isomer of the
dihydrothiazine analog (38) has not yet been isolated
in the pure state. This compound has a marked ten-
dency to reisomerize to the more stable {rans compound,
and so far attempts to purify crude preparations have
led to the isolation of only the {rans isomer. Neverthe-
less, experiments have been conducted which indicate
that the c¢is isomer of 38 is equipotent to the {rans (see
Experimental Section).

Similar experiments conducted with 41 gave the
same result, 2.e., the ¢is isomer is just as potent as the
trans. There are at least two explanations for this
phenomenon: (i) the cis isomers are intrinsically just
as potent as the frans, or (i) 7n wvo the cis isomers are
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rapidly and quantitatively isomerized to the corre-
sponding trans compounds. At the present time, it is
difficult to conceive of simple experiments to differen-
tiate these posstbilities.

The Aromatic System.—The structure—activity rela-
tionships in the aromatic portion of pyrantel analogs
depend considerably upon the nature of the basic
function and whether the connecting chain is ethylene
or trans-vinylene (see Tables VII, VIII, XII, and
XIII). In the amidine series and in the 2-(2-arylvinyl)

TasLE XII
ErrFrcT OF VARIOUS AROMATIC SYSTEMS
oN PoteEncy. ParT 1

N
ArCH,CH,~ :>
X

—MED.® mg/kg. vs. N. dublug——

Ar
X Plienyt 2-Thienyl 2-Furyl
S 6 3 1.6
NH >100 85 >85
NCH; >100 25

e Based on per cent of active material present in the various
salt forms.

TasLE XIII
EFFecT oF VARIOUS AROMATIC SYSTEMS
oN PoTEncy. ParT 2

N
ArCH=CH—</ :>
s

—=MED,?® mg/kg, v3. N, dubtus————

Ar
X Phenyl 2.Thienyl 3-Thienyl 2-Furyt
S 70 16 140 140
NCH; 35 5 15 77

¢ Based on per cent of active material present in the various
salt forms.

subgroup of the dihydrothiazines, 2-thienyl is dramatic-
ally superior to other aromatic systems (see Tables
XII and XIII). However, in the 2-(2-arylethyl)
subgroup of the dihydrothiazine series, phenyl is only
slightly inferior to 2-thienyl and in one instance (21)
2-furyl is superior.

As in the amidine series, substitution of the “ortho”
position (i.e., the position adjacent to where the connect-
ing chain is attached to the aromatic ring) by a group
with approximately the same degree of lipophilicity as
methyl is usually not harmful to aectivity and fre-
quently results in enhanced potency. In the amidine
series, substitution at other aromatic positions almost
always results in the loss of activity. However, such is
not the case with dihydrothiazines. As is particularly
evident from the data in Table VI, “mela’ and “para”
substitution may result in reduced potency, but activity
is only oceasionally abolished.

Spectra of Activities.—Among the compcounds which
have been discussed, pyrantel is the one most widely
tested against other helminth species and in hosts other
than the mouse. Among the dihydrothiazines, 6 in
various salt forms has received the most attention.
Both pyrantel and 6 are representative of their own
classes, and a comparison of their activities against
various parasites would be indicative of the similarity
or differences of the spectra of activity between the two
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TaBLe: XIV

PoruNey oF PYRaNTEL v8. COMPOIND 6 3GaoNsT Varions Parasires

o1 Parasite Siage
Motre Nematospiroides dibius Adukt
Nippostrongylus meis Adult
Syphacia obvelata Adult
Tnnnature
Trichinella spiralis Tinteral
Aacaris sunm Larval
Hymenolepis nana Aduk
Dog neylostoma caninum Aduli
LPorocaca canis Adnlt
Lrichuris vidpis Adnht
Dipylidinm caniniom Adnlt
Tucnia pisoformis Adult

« Based on per cent of active material in the varions =alt forms.

series,  For this purpose, see Table XIV. In general,
ach eompound 18 aetive against the same organisms,
but there ix no parallel between the MEDs.  Against
sonie organisms 6 18 more poteut than pyrantel, but
more often than not the reverse ix true. In faet, the
poteney of a eompound is also sometimes dependent on
the method of administration. By direet dose 6 1s more
potent than pyrantel against Syphacia obrelaia, but in
the feed pyrantel 1s the more potent compound.

In coneclusion, tt appears that the speetrum of com-
pounds which show aetivity i the N, dubius test 1=
broader for the dibhvdrothiazine series than for the
tetrahvdropyrimidine  series. Although  there e
quantitative differenees in poteney. each series has 2
similar spectrunt of =ensitive hehminths,

Experimental Section

Boiling poiuts ave nncorrected ; melting points were determined
ob o Mel-Tenip melting poiut apparatns {Laboratory Devices,
Cambridge, Mas<.) aud nre corrected.  NManv of the nitriles used
as intermediates ave been deseribed elsewhere.? Where analy=es
are indieated ouly by =vmbols of the elements, aualytical results
obtained for those clements were with =044, of the theoretical
valnes,

Method A.  Reaction of a Nitrile with Cysteamine or 3-Amino-
1-propanethiol. The procedure of Kulm and Drawerts was
followed.

Method B. Reaction of an N-(3-Hydroxypropyl)amide with
P.S.. 5,6-Dihydro-2-[2-(3-methyl-2-thienyl)ethyl]-4H-1,3-thi-
azine Hydrochloride (9).-A stirred mixture of 23.5 g (0.138
nole) of B-methyl-2-thiophenepropionie acid, aud 10.4 g (0.138
mole) of S-winino-1-propanol was heated slowly to 200°. Toward
the end of the lheating period, @ =low stream ol dry Ng was
blown over the melt 1o remove traces of HiO. The mixture wax
allowed 1o cool 1o 1507, aud 6.7 g of Pu3: was added portionwise.
The flask was fitted with vacuun distillation equipment.  The
more volatile componendts were removed at 15-20 mm, and 5,6-
dihydro-2-12-(3-niethyl-2-thienyl)ethyl]-4H-1,3-thiazine was then
distilled:  yield 154 ¢ (49¢0), bp 150-160° (0.1 min), n¥n
10829, A solutivu of the free hase =0 obtained and 100 ml of 5
AN dry HCL in MeOH was evaporated under reduced pressure.
The residue was recrys=tallized to furuish analytically pure 9.

3-Methyl-2-thiophenepropionic acid (71) was prepared from
S-methvli-2-thiopheneacrylic acid by a modification of the method
of Sam and Thompsou,'t vield 91, mp 64-66° (from H.0).
Anal. 1CHEOS) C, H) 8.

Method C. Reaction of a Thioamide with 3-Bromo-1-propyl-
amine. 5,6-Dihydro-2-phenoxymethyl-4H-1,3-thiazine (32).—
‘The procedure of Djerassi and Scholz? was followed.

Method D. Condensation of 2-Methyl-5,6-dihydro-4H-1,3-
thiazine and an Aldehyde. 5,6-Dihydro-2-[2-(2-thienyl)vinyl}-
4H-1,3-thiazine Hydrogen Fumarate (39).—A solution of 11.5
(0.1 mole) of 5H,6-dihydro-2-methyl-4H-1,3-thiaziue,” 11.2

J= 9%

(1y) J. Sain and A, C. Thompson, J. I*harm. Sed., 82, 898 (19631.

Vol 13
- MED M e kg e —ALECH M Y  Teed-

Pyrianyet 6 Pyrante) 6

30 gt 0. 006 0.007
12 16.1) (. 006

A4 0 X5 0. 006 0.012
16 0 17 4 0O, 0006 >0, 012
2500 ON 1) 0. 120

0.5 350 0006 >0,054
Tnactive Lisetive Tiaetive Inactive

2.0 N0

5.1 N0

Iuaetive
Inactive
Inactive

Lunetive
Tetetive
Thacuve

Mininun effective concentration.

(0.1 mole) of 2-thiophenccarboxaldehyde, and 40 ml of xylene
was heated under reflux in an apparatus which included 1 Dean-
Stark moisture trap.  After 12 hr, 1.1 ml of H,O had ecollected in
the trap, and leating was stopped. The xylene was evaporuted
at approximately 1 mnn (bath temperature 40-60°) i a rotary
flm apparatus, and the residue wax taken up i 40 ml of Me.CO),
A =olution of 5.1 g (0.044 1nole) of fumaric acid in 100 ml of NMeOTI
wis added portionwise to the Me.C'O =olntion.  Yelow crystals
of 39 formed. The product wax recry=tallized (o furni=h analyt-
eally pure 39, vield 3.9 g (12¢0).

3-Methylhydrocinnamonitrile (72) was prepaved by the liyvdre
genation? of Hanethvleinnmumonirrile:  yield 7007, bp 64—068°
O ey, v LOISS, Lleal (C NS C, N, T ealed, 7.6:
found, 10.0.

3-Fluorohydrocinnamonitrile (73) wa= prepared hy the aetion
of CiILR0.CL on 3-fluorohydrociineununnde i pyridine:* vield
N5C 0 bp FO-144° 020 mmy. el (CJHGFENG C) ML, N

4-Fluorohydrocinnamonitrile (74} wux prepared in o manner
mdogons (o that of the 3 i=omer: vield 834, bp T3 -76° (0.00
i, o L4980, Asal. i Cul PN C, T, N

4-Fluorohydrocinnamamide (75).The acid chloride was pre-
pared by the aetionof SOCL ou 4-fAncaohydroctnnmde aeid i
Callee With vigorous =tiring and iee batl cooling, the aeid
chitortde was poured into N1LOIT (o furnish the wide, vield
564, mp 100-102% stvom HLO-NMeOH L ool (CAOLENO
¢, LN,

Anthelmintic Activity of ¢/s-5,6-Dihydro-2-|2-(2-thienyljvinyl|-
4H-1,3-thiazine.- -\ =olution of 125 mg of teans-H,6-dihvdro-2-
-2 thienyDviuyli-411-1,3-thinzine  hydrocldovide hydrate 176:
mp INE-IS67 < MeOIl Me.COs el (Cll, NS3eTICEHLO
COIL N aud 100.0 ml of 10 was divided nto two equal portiones,
exch stored in a Pyrex gluss volumetrie flazk. One portion was
placed in a box which effectively excluded light from the sample.
The box aud the gther portion of the solition were (hen placed
ore 1 <helf which was Hglited by a window (nortltern exposure,
(e no diveet =unlight fell on the =ample) and by fluorescent
lighting. The conccutration of 76 wias such that 0.5 ml delivered
w dose of 25 g kg to 1 20-g mons=e, and such that when diluted
20001 a reasonable ny specirnm could be obtined.  Sinee 25
mg. kg ix thie MED of 76 the loss of anthelmintic activity can be
readily detected in this system. At varlons intervals, uv =peetr
from: both the light-exposed and nnexposed solutions were
menstived (see Table XV, After 3 davs a very dramatic change
tic the v =pectum of the ght-exposed =olution wus obhserved, and
after 10 and 17 days further exposure ouly smaller, less siguificunt
changes ocemrred. The control sample stored in the dark ex-
hibited no significant change i its nv spectrum during the entire
course of the experiment (31 day=1. Iu a parallel experiment, 125
g of pyrantel citrate in 100.0 ml of HyO was treated in a nmuner
analogous to that described above.

At days L 5, and 17 mice nfested with V. dubins were given
0.5 nl ot the various liglt-exposed and dark (contrvol) solutions,
Eunch treatment group conststed of four male mice; 5 davs after
treatinent e mice were sacrificed widd the worm burdens
counted. ‘The burdens were theu compared to thoze of ufected
untrented controls, Table NVI <munmuarizes the vesults obtained.
As iz apparent from Table NXVI1, the aqueans =olution of 76,
afrer prolonged exposure to light, has not lost siguificant authel-
mimic activity, even thongh 76 lus obviously undergone a
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TaBLE XVe
Exposure Day esss? e290° €305/ €200
Light 1 20, 600 8250 2.5
Light 3 10,200 7700 1.3
Light 10 10,300 7480 1.4
Light 17 8,250 7100 1.2
Dark 24 10,100 7050 1.4
Dark 31 13,000 7090 1.8

@ Changes in the uv spectrum of Hans-76 on exposure to (i)
diffuse daylight, fluorescent lighting for 17 days, and (ii) after
expostire to light and storage in the dark for 14 days. ? Caleu-
lated e value at 355 my, a maximum in spectrum of 76. ¢ Calcu-
lated e value at 290 mgu, another maximum in the spectrum.

TasLe XVIe
% redn of N, dubius
~—-burden at 25 mg/kg-—

Sample Exposure Day 1 Day 3 Day 17
76 Dark 99 93 82
Light 99 90 89
Pyrantel Dark 99 99 96
Light 99 78 15

@ Table is explained in the text.

dramatic change in chemical structure. In the parallel experi-
ment, the pyrantel =olution lost activity upon exposure to light.
From previous experieuce? it is known that pyrantel is readily
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converted to its cis isomer by the action of light, and that the
¢is isomer is only about 0.03 times as potent as the trans isomer.
That the apparent isomerization of 76 is reversible is indicated
by the continuation of the experiment. The light-exposed
solution was placed in the dark box, and was allowed to stand
there at room temperature for 2 weeks. The uv spectrum was de-
termined after 7 and 14 days in thedark. Although little change
was observed after 1 week, it was apparent that by 2 weeks the
original spectrum of the {rans isomer was beginning to emerge
(see Table XV). However, the uucatalyzed rate of conversion
back to the trans isomer is too slow to account for the observed
activity of the presumed cis isomer. Iu one effort to isolate the
cis isomer of the free base 38, an oil was obtained; an attempt to
crystallize this material resulted only in the isolation of unchanged
trans isomer.'? Thus, it appears that whatever change 76
undergoes on exposure to light, it is readily reversible and is
therefore unlikely to involve an oxidative cyclization or a similar
irreversible change of structure. The common experience that
light induces the isomerization of {rans-olefins to the cis isomers
and the analogy to pyrantel’s reaction to light strongly suggest
that the light-induced change in 76 is also to the ¢is isomer.
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Potential Antimalarials.
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Six  (RS)-a-(dialkylaminomethyl»2-quinoxalinemethanols were prepared from 2-tetrahydroxybutylquin-

oxaline via an eight-step sequence.

Neither intermediates nor target compounds (diethylamino through di-n-

heptylamino derivatives) possessed antimalarial activity against Plasmodium berghei in mice.

Certain quinolinemethanols,? long used as antimalar-
ial agents, frequently have less activity toward newer
strains of malaria organisms. Because of the similarity
of quinoline and quinoxaline, as well as the presence of
the quinoxaline moiety in some broad spectrum (but
toxie) antibioties,® it was hoped that quinoxaline
analogs of quinoline antimalarials would exhibit anti-
malarial activity. The purpose of this paper is to
report the synthesis of a series of (RS)-a-(dialkylamino-
methyl)-2-quinoxalinemethanols, incorporating  di-
ethylamino through di-n-heptylamino groups, for testing
as antimalarials.

Chemistry.—The desired synthetic objective was at-
tained via the sequence p-arabino-2-tetrahydroxybutyl-
quinoxaline (1), 2-quinoxalinecarboxylic acid (2),*
2-quinoxaloyl choride (3),* 2-diazoacetylquinoxaline (4),
2-chloroacetylquinoxaline (5), (RS)-a-(chloromethyl)-

(1) (a) Paper X1V of this series: S. Gerchakov and H. P. Schultz, J. Med.
Chem., 12, 141 (1969). (b) Contribution No. 691 from the Army Research
Program on Malaria, supported by the U. S. Army Medical Research and
Development Command ria Contract DADA 17-67-C-7064.

(2) G.R.Coatney, W. C. Cooper, N. B. Eddy, and J. Greenberg, Survey of
Antimalarial Agents, Public Health Monograph No. 9, U. 8. Government
Printing Office, Washington, D. C., 1953.

(3) H. Otsuka and J. Shoji, Tetrahedron, 28, 1535 (1967). and references
therein.

(4) 8. Gerchakov, P. J. Whitman, and H. P. Schultz, J. Med. Chem., 9, 266
(1966). 2-Quinoxaloy! chloride is now commereially available.

2-quinoxalinemethanol (not analyzed) (6), (RS)-2-
quinoxalinepoxyethane (7), and (RS)-a-(dialkylamino-
methyl)-2-quinoxalinemethanols (8).

2-Quinoxalinecarboxylic acid was prepared from 1
by a considerable improvement of existing procedures,
the material being isolated and purified as its Na salt.
Treatment of 3 with CH.N; gave 4 (not isolated), which
was transformed by standard methods into 5. A
variety of reaction conditions failed to transform secon-
dary amines and 5 into the coresponding amino
ketones; only red, irresolvable tars were obtained.

The reduction of 5 with NaBH, gave 6, unstable,
flaring within 1-10 hr of drying to black ash, from which
small flakes of 2-acetylquinoxaline were izolated manu-
ally. Nonetheless, freshly isolated 6 was treated
immediately with EtaNH in an attempt to form a target
compound 8, either «ia a substitution reaction on 6, or
vta transformation in sitw of 6 into 7, which in turn
could react with Eto;NH to vield 8. However, only 2-
acetylquinoxaline was obtained, possibly by a reaction
mechanistically related to the hydramine fission
(Scheme I). Alternatively, elimination of HCI from
6 may have been spontaneous (vide supra), or promoted
by basie N atoms of the quinoxaline nucleus.

The amino ketone or chlorohydrin (6) derivatives of
quinoxaline were thus eliminated as direct intermediates



