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EtaO+ BF,-.8 After 1 hr at  O " ,  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 RIeOH and treated 
with 40 ml of 2.5 Me&H 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 
RIeOH afforded 1.31 g of 13, mp 200-202". A second crop was 
obtained: yield 0.15 g, nip 199-201'; total yield 1.46 g (10%). 

Method C. N,N-Dimethyl-2-furanacrylamidine Hydrochloride 
(49).-A stirred, ice-cooled solution of 2 Ar hIe&H in hIeOH (50 
nil) was treated portionwise with 13.0 g (0.05 moles) of crude 
3-(2-furanacrylimidoyloxy)propanesulfonic acid,* prepared from 
2-furanacrylaniide and lJ3-propane ~ u l t o n e . ~  The resulting solu- 
tion was allovied to warm to room temperature, and to stand for 
2 da j  3. The volatiles were evaporated under reduced pressure, 
and the reaidue was taken up in H20 and poured into a rapidly 
stirred mixture of 100 ml of loc: KaOH and 100 ml of Et2O. 
The ether pha>e was dried, filtered, and evaporated to furnibh 
3.1 g of the crude base. The base was dissolved with 20 ml of 1 
A- HC1 in NeOH, and the resiilting solution n-as treated with 
Et?O to precipitate the desired 49 as an oil. The solvents were 
evaporated and the product crystallized on standing. One re- 
crj stallization from ?IIeOH-AIe2C0 afforded the pure product, 

(8 )  H. Rleerwein, Org. Sun., 46, 113 (1966). 

yield 1.93 g (19%)) mp 219-221". One more recrystallization 
from RIeOH-Xe2C0 gave an analytical sample, mp 219-221". 

Method D. 2-Thiophenepropionamidoxime (14).--4 stirred 
mixture of 8.3 g (0.12 mole) of HOSH?.HCI and 50 ml of NeOH 
was treated with 48 ml (0.12 mole) of 2.5 9 XaOMe in nIeOH. 
E t 2 0  (100 ml) was added and the insoluble matter wa5 filtered. 
The filtrate was concentrated to about 100 ml and 13.7 g (0.1 
mole) of 2-thiophenepropionitrile was added. The resultiiig 
soliition 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 crystals. The mixture was triturated 
with EtgO, and filtered. On Concentrating the filtrate a yellow 
crystalline 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". 

Acknowledgments.-Thanks are due to Nr .  R.  B. 
James for valuable assistance in preparing the com- 
pounds mentioned in this article, to 11r. G. F. Smith for 
his help in evaluating their anthelmintic activity, and to 
Drs. L. H. Conover and J. E. Lynch for their encourage- 
ment and advice during the course of this investigation. 

Novel Anthelmintic Agents. V. Thiazoline and 
Dihydrothiazine Analogs of Pyrantel 

J. W. J I C F A R L A N D ,  H. L. HOWES, JR., L. H. CONOVER, J. E. LYNCH, 
Pfizer Sferlical Research Laboratories, Gr d o n ,  Connecticut 06340 

\I7. C. AUSTIN, ASD D. H. ~ I O R G S S  
Pjzar L t d .  Research Laboratories, Sandwich,  K e n t ,  Cni ted K ingdom 

Received A u g u s t  1 ,  1969 

Some 2-thiazoline and .jj6-dihydro-4H-1,3-thiazine analogi of pyrantel exhibit highly significant activity 
against the round worm .Yematospiroides dubizis. Only a few members of the thiazoline group are active, and 
then oiily at  high doses; the dihydrothiazine group, however, has many highly potent members. In  the latter, 
the striictural requirements for activity are less restricted than in the tetrahydropyrimidine (pyrantel) series. 
The structure-activity relationships within the tetrahydropyrimidine and dihydrothiazine serieb are similar, but 
certain relationbhips found in the former series are inverted or are absent in the latter. One compound, 5,6- 
dihydro-2-[2-(2-thienyl)ethyl]-4H-l,3-thiazine (6), has been shown to be active against not only dubius,  but 
also agaiiist, Sippustrongylus  mur i s ,  Syphacia obvclata, Trichinella spiralis, Ascaris  s u u m ,  Ancylostoma can inum,  
and Toxocara canis. Other highly potent compounds in this seriei are 5,6-dihydro-2-[2-(3-methyl-2-thienyl)- 
ethyl]-4H-lj3-thiaziiie (9 ) ,  6,6-dihydro-2-pheiiethyl-4H-1,3-thiazine (IO), and 2-[2-(2-furyl)ethy1]-5,6-dihydro- 
4H-1,3-thiaziiie (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 cyclic and acyclic, 
closely similar in structure to pyrantel possess anthel- 
mintic activity with varying degrees of p o t e n ~ y . ~ , ~  I n  
t'he course of investigating the structure-activity rela- 
tionships among these compounds, we became in- 
terested in finding alternatives to  the amidine m ~ i e t y . ~  

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

(11 W. C. Austin, W. Courtney, .I.  C. Danilewicz, D. H. Morgan, L. € I .  
Conover, H. L. Howes, Jr.. J. E. Lynch, J. VV. McFarland. R. L. Cornmelt. 
and V. .I. Theodorides, N u t w e ,  212, 1273 (1966). 

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

(3) .J. I\'. McFarland and H. L. Honres, J r . ,  ibid., 13, 109 (1970). 
(4) One such alternative is the 1-substituted pyridine system, e.g., 1-(2- 

(~- th ienyl )v inyl lp~r id in ium bromide: see J .  W. McFarland and H. L 
Howes. J r . ,  ibad.. 12, 1079 (1969). 

Nernatospiroicles dubius .  Later, the dihydrot hiazine 
homolog 6 was found to be not only effective but also 
highly potent : the N .  dub ius  burden in mice is reduced 
greater than 90% by a single dose of only 3.1 mg 'kg. 

pyrantel 

A large number of compounds were prepared in thih 
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 cyclic 
amidine series. 

Chemistry.-The synthetic methods used to prepare 
the thiazoliries and dihydrothirzirie. followed standard 



procedures described in the literature. These are 
summarized briefly belo\\ . 

Method A.-The reaction of a nitrile 11 ith cysteamiiic 
~~-:~tnino-l-propatiethiol to produce. respectivelj . :I 

t hiazoline or a dihydrothiazine proceeds well under mild 
conditions to give excellent yields of product.' Thi- 
rcwtion ih p:irticuI:u.lj. :tdvantageous for compowid, 
which cannot n-it hstulid the more vigoroii. reactioii 
conditions of method R. The major dis;:idwnt:iges six> 

n = 2  3 

( I )  :i-atiiiiio-l-yropaiii~tliiol i h  prepared by :i niultistel) 
synt hesis,'j :itid ( i i )  I'-:ir!-lacryloriitriles canriot be em- 
ployed owing to the reactivity of the thiol futiction with 
the double hond 

Method B.-Carboxylic acids or esters condense I\ ith 
3-:tmiiio-l-propatliol to give S-(3-hydroxyprop~l)cnr- 
hoxamides. When these amides are heated a t  approxi- 
matc.l> 130" I\ i th  P2d5 the corresponding dihj-dro- 
thiazine? arc ohtaiiicd in  yield? up to .50pi.i Th. 

LOO 
RC9-H -t H-h(CHJ,OH - 

n o 

RCONH(CH,) ,OH 
150 

techtiique I> coiiveiiierit liec:tu+e of the read) awailabil- 
ity of starting materinl~,  atid because both amide formii- 
tiori and the -ub-ecluent P2S5 treatment can be done in 
:L hinglt. re:iction vewA. However, certain delicate 
nioIecuIe~, e (1. ~ furan derivative>, will riot survive th(, 
vigorou. condition- of thi- reaction, :+lid (a+ \I itEi 
method A) acr) hc :icid derivatives canriot be emploj rd 

Method C.--Thioamides \\ill condense R ith H-bromo- 
1 -propj h i  i t le to furrii5h dihydrot hiazine-. 7'11 i, 
method w:i- l i d  to -j titheyize 32. 

'SJ 

Method D.--The previousl> described method. ai  1' 

tiot suitable for the preparation of '2-(2-arylvinj.l)tlii:i- 
zoliries (11' '2-(2-~1q 1vinj.l)dihydrothiaziIies. Hou ex cr. 
t hehc eompounds are readily accessible by the direct 
coiiden-:ltion aromttic aldehydes with '2-methj 1-2- 
t hiazoline 01' \vith .i,(i-dihydro-2-methyl-.2H-l,3-thin- 

Thi- ieactioii TI :i- firht reported in 19.54,' h i t  

n = 2 3 

it, utility ha. iiot bccii 11 idely recognized. 
Biological Evaluation.- Compounds were tested for 

:mthelmintic activity in I\ orm-infested mice. Each 
m o u ~ e  harbored a riatural infection of the pinu orm 
Syphat la o h  e/&, alid experimeritally induced infection. 
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TABLE I 

Prepara- 
t i r e  BP (mm) Recrystn hIED,c Days 

KO. h r  Salt method or mp, ' C  solvent or n 2 5 ~  Formula" mg/kg given 

(Pyrantel) Tartaric 12.5 1 
1 2-Thienyl A 118 (0.5) 1.5911 CsHiiSSih 250 3 
2 2-Thienyl TsOH 77-78 LIe&O-C& CisHlsKc'OaS3 > 800 3 
3 3-Methyl-2-thienyl HC1 A 146-147 IIeOH-EtOAc CIOHMC~XSL 500 1 
4 Ph  A 90 (0.1) 1 .  S i 5 5  CiiHi3NS >500 3 
.i 2-Fury1 A 66 (0.1) 1.5433 CsHiin'OS 250 3 

a All compounds were analyzed for C, H, N unless otherwise noted. Not analyzed; vapor phase chromatography showed this 
material to be >97y0 pure. c Minimum effective dose against S. dubius. 

KO. 

6 
7 
8 
9 

10 
11 
12 
13 
14 
1 .i 
16 
17 
18 
1 9 
20 
21 
2" 

DH 

So. 

23 
24 
2 5 
26 

Br 

(Pyrantel) 
2-Thienyl 
2-Thienyl 
2-Thienyl 
3-Methyl-2-thienyl 
Ph  
Ph 
o-MeCsH4 
m-MeCsH4 
p-hTeCsH4 
3-FCsH4 
4-FCsH4 
2-CICsH4 
4-BrCsH4 
2-&TeOC& 
4-hIeOC6H4 
2-Fury1 
2-Fwyl 

calcd, T.7; found, 8.1 

TABLE I1 

ArcH,cH,-+:) 

Prepara- 
ti> e BP (mm) Recrj  s tn  

Salt method or mp, " C  solLent or nsD 

Tal taric 

HC1 108-110 Xe&O 
CHiI 121-123 hIeOH-GPrOH 
HCl B 137-138 2-PrOH-z-PrpO 

CltllC 97-98 l\leOH-Me&O 
HC1 B 160-162 31eOH-MezC0 
HC1 A 103- 104 31e2C0 

A 10% (0 2 )  1 5910 

B 95 (0 08) 1 5775 

HC1 A 124-123 IIe,CO-C& 
HPFs -4 96-97 E ~ O A C - C ~ H ~ ~  
HPF6 A 93-94 H20 
HCI B 1 33- 1 37 2-PrOH 

HCI A 1,j 1-1 32 JleOH-EtOAc 
HPF6 B 161-163 2-PIOH 

HPFs d 103-106 2-PIOH 
A 100 (0 06) 1 3.512 

1.5 Fuma L ic 125-126 MeOH 

m d k g  
12.5 
3 . 1  
6 . 2  

1 .3  
6 . 2  

,500 

12 
13 

>250 
>200 

62 
>250 

31 
>500 

>62 
>.io0 

1 . 5  
3 . 1  

Days 
given 

1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

* C .  calrd, 39.0; found, 39.7. Minimum effective dose against S. chbms .  ddeefootnotea, Table I. 

Preparative Bp. (mm) Recrystn 
Salt method or mp, OC solrent or f l 2 5 ~  Formulaa 

HPFs B 170-173 EtOH CsHioF6NPS3 
A 90 (0.2)  1 ,6064 CsHsNSi 

B 110 (0.04) 1.5807 CiiHi:YS? 
HC1 B 132-133 JIe2C0 CsHi,CIK& 

a See footnote a, Table I. & h i m u m  effective dose against >V. dubius. 

TABLE IV 

Preparative Bp (mm) RecrJstn 
KO. X Salt method or mp, O C  solvent or n% Formulad 

27a HPFG B 175-176 i-PrOH CioHi$6xPf? 
28' CHz B 104 (0.3)* 1 . ,5893 CnHiaKS 
29 CHzCH (CH,) HC1 B 109-1 1 1 MeCN-EtOAc C ~ ~ H ~ B C I N S  
30 CH(CH3)CHz HC1 B 122-124 l\le2C0 Ci3HisClSS 

MED,* 
m d k g  

> 500 
> 300 

500 
62 

LIED." 
m g / k  
> 500 

250 
>250 
>250 

31 (CHsh B 126 (0.08) 1.5670 CiaHi7KS > 100 
32' OCHz HC1 C 161-164' EtOH-CeH, CiiHi4ClNOS >250 

Days 
given 

3 
3 
3 
2 

Days 
given 

3 
3 
3 
1 
3 
3 

5 P. A. S. Smith and J. M. Sullivan [J. Org. Chem., 26, 1132 (196l)l and G. Pinkus [Ber., 26, 1077 (1893)] report the free base. 
C. Djerassi and C. R .  Scholz [J. Org. Chem., 15, 694 (1950)l report mp 162- Pinkusa reports only the density and N and S analyses. 

164'. d See footnote a, Table I. e Minimum effective dose against S. dubitis. 



TABLE \'I 

lengt heiiing it results iii a sharp reduction of potency 
( ~ e e  Table X). 

.In interc.ting inver5c reliatioiihhip between the t \ i o  

.crie- i4 illu-trntcci ti! the data in Table XI. In  the 
tetrahydropj rimidiiie -erieq, tram-vinylene compounds 
are generdlj mor(. i)otcnt than the corresponding 
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TABLE I S  
EFFECT OF RING SIZE os  POTESCY. PART 3 

Y M E D , ”  mg/kg, us.  N .  dubiu- 

n 

2 
3 

S 
“0 

3 

.- 
SCHa 

25 
25 

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

TABLE X 
EFFECT OF CHAIN LEKGTH O N  POTEKCY 

--hIEDa mg, kg VS. S. dubius-- 

s 0 1 2 3 

s >280 420 3 62 
S H  >83 >so0 85 >420 

Based on per cent of active material present in the various 
4 t  forms. 

/ \  oYaN] X 

7-,11ED,a mg/kg us. S. dubzus----- 
I--- T 

CH=CH CH=CH 
s CHzCHz ( trans)  ( a s )  

S 3 15 -15 
SCH3 23 0 150 

i Babed on per cent of active mateiial present in the various 
d t  formq. 

ethylene derivatives. I n  the dihydrothiazine series the 
converse is true. 
-4 still more curious observation concerns the effect 

upon activity associated with the transformation 
f lai ls  + 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 czs isomer 
of pyrantel is readily prepared by the action of sunlight 
on a methariolic solution of its tartrate salt. This 
iqomer is reasonably stable and can be purified by 
fractional crystallization to  obtain a salt which is 
easily characterized by nmr, uv, and ir spectroscopy. 
I t  must be admitted, however, that  the cis isomer of the 
dihydrothiazine analog (38) has not yet been isolated 
i n  the pure state. This compound has a marked ten- 
dency to reisomerize to the more stable trans compound, 
and so far attempts to purify crude preparations have 
led to the isolation of only the trans isomer. Keverthe- 
less, experiments have been conducted which indicate 
that the c i s  isomer of 38 is equipotent to the trans (see 
Experimental Section). 

Similar experimenti conducted with 41 gave the 
3ame result, L e . ,  the cis isomer is just as potent as the 
t t m s .  There are at  1ea.t two explanations for this 
phenomenon: (i) the cis isomers are intrinsically just 
a, potent a5 the f t m s ,  or (ii) in vivo the cis isomers are 

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 possibilities. 

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) 

TABLE XI1 

os  POTENCY. PART 1 
EFFECT OF VARIOUS AROMATIC SYSTEMS 

A- 
---llED,’ mg/kg, t ~ .  S. dubiu- ... 

s Phenj 1 2-Thienyl 2-Fury1 

S 6 3 1 . 6  
S H  > 100 85 >85 
NCH, > 100 25 

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

TABLE XI11 

OK POTENCY. PART 2 
EFFECT O F  V.4RIOUS -4ROMATIC SYSTEMS 

Ar cH=cH*r) 

---lIED,‘ mg/kg, US. .Y. dubzus---- 
Ar 

s Phenl l  2-Thienyl 3-Thienyl 2 - F u r ~  I 
16 140 140 
a 15 77 

s 70 
SCH,  35 

a 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 
XI1 and XII I ) .  However, in the 2-(?-ar~.lethyl) 
subgroup of the dihydrothiazine series, phenyl is only 
slightly inferior to 2-thienyl and in one instance (21) 
?-fury1 is superior. 

As in the amidine series, substitution of the “ortho” 
position @.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 activity and fre- 
quently reqults in enhanced potency. I n  the amidine 
series, substitution a t  other aromatic positions almost 
always re.bults in the loss of activity. However, such is 
not the case with dihydrothiazines. As is particularly 
evident from the data in Table T’I, “mefa” and “ p i a ”  

substitution may result in reduced potency, but activity 
is only occasionally aboliqhed. 

Spectra of Activities.-Among the compcunds I\ hich 
have been discussed, pyrantel is the one most nidely 
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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T.mm X V a  
Exposure Day 0 6 6 b  f20OC f 3 M / f 2 0 0  

Light 1 20,600 8250 2 . 5  

Light 17 8,250 7100 1 . 2  

Dark 31 13,000 7090 1 . 8  
a Changes in the uv spectrum of trans-76 on exposure to (i) 

diffuse daylight, fluorescent, lighting for 17 days, and (ii) after 
exposure to light and storage in the dark for 14 days. Calcu- 
lat,ed e value at  355 mp, a maximum in spectrum of 76. Calcu- 
lated e value at  290 mp, another maximum in t'he spectrum. 

Light 3 10,200 7700 1 . 3  
Light 10 10,300 7480 1 . 4  

Dark 24 10,100 7050 1.4 

TABLE XVIa 
% redn of S. duhzus 

--burden a t  25 mg/ky-- 
Sample Exposure Day 1 Day 3 Day 17 

76 Ilark 99 93 82 

Pyrantel Dark 99 99 96 
Light 99 90 89 

Light 99 78 15 
a Table is explained in the text. 

dramatic change in chemical structure. I n  the parallel experi- 
ment, the pyiantel -elution lost activity upon exposure to light. 
From previow experience* it is known that pyrantel is readily 

converted to its cis isomer by the action of light, and that the 
cis isomer is only about 0.03 times as potent as the trans isomer. 

That the apparent, isomerization of 76 is reversible is indicated 
by t,he continuat,ion of the experiment. The light-exposed 
solution was placed in the dark box, and was allowed to stand 
there a t  room temperature for 2 weeks. The IIV spectrum was de- 
termined after 7 and 14 days in the dark. Although little change 
was observed after 1 week, it was apparent that by 2 weeks the 
original spectrum of the trans isomer was beginning to emerge 
(see Table XV). However, the uncatalyzed rate of conversion 
back to the trans isomer is too slow to account for the observed 
activity of the presumed cis isomer. In one effort to isolate the 
cis isomer of the free base 38, an oil was obtained; an attempt t o  
crystallize this material resulted only in the isolation of unchanged 
trans isomer.'* Thus, it. appears that whatever change 76 
undergoes on exposure to light, i t  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 trans-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 cis isomer. 
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Six (KS)-cu-(dialkylaminomethyl)-2-quinoxalinemethanols were prepared from 2-tetrahydroxybutylquiii- 
IL'either intermediateb no1 target compounds (diethylamino through di-n- oxaline cia, an eight-step sequence. 

heptylamino derivatives) possessed antimalarial activity against Plasmodium berghei i n  mice. 

Certain quinolinemethanols,* long used as antimalar- 
ial agent's, frequently have less activity toward newer 
st'rains of malaria organisms. Because of the similarity 
of quinoline and quinoxaline, as well as the presence of 
t'he quinoxaline moiety in some broad spectrum (but 
toxic)  antibiotic^,^ it was hoped that quinoxaline 
analogs of quinoline antimalarials would exhibit anti- 
malarial act'ivity. The purpose of t,his paper is to 
report the syndhesis of a series of (RS)-a-(dialkylamino- 
methyl)-2-quinoxalinemethanolsJ incorporating di- 
ethylamino through di-n-heptylamino groups, for testing 
as ant'imalarials. 

Chemistry.-The desired synt'hetic objective was at'- 
tained cia the sequence D-arabino-2-tetrahydroxybutyl- 
quinoxaline (1),4 2-quinoxalinecarboxylic acid (2) , 4  

2-quinoxaloyl choride (3),4 2-diazoacetylquinoxaline (4) , 
2-chloroacetylquinoxaline ( 5 ) ,  (RS)-a-(chloromethy1)- 

(1) (a) Paper SIX' of this series: S. Gerchakov and H. P. Schultz, J .  .bled. 
Chem., 12, 141 (1969). (b) Contrihution No. 691 from the Army Research 
Program on Malaria, supported by  the U. S. Army Medical Research and 
Development Command cia Contract DADA li-6T-C-7064. 

(2) G. R .  Coatner,  W. C. Cooper. N.  B. Eddy,  and J. Greenberg, Survey of 
Antimalarial Agents, Public Health Monograph No. 9,  G. S .  Government 
Printing Office, \f-ashington, D.  C., 1953. 

( 3 )  H. Otsuka and J. Shoji, Tetrahedron,  23, 1535 (196i),  and references 
therein. 

(4) S. Gerchakov, P. J. Khi tman,  and H. P. Schultz, J .  M e d .  Chem.,  9, 266 
(1966). 2-Quinoxaloyl chloride i s  nom commercially 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 a i  its S a  salt. 
Treatment of 3 with CHJ2 gave 4 (not isolated), which 
was transformed by standard methods into 5. A 
variety of reaction coiiditions failed to  transform secon- 
dary amines and 5 into the corresponding amino 
ketones; only red, irresolvable tars were obtained. 

The reduction of 5 with XaBHA gave 6,  unstable, 
flaring within 1-10 hr of drying to black ash. from which 
small flake. of 2-acetylquinoxaline were i.;olated manu- 
ally. Konetheless, freshly isolated 6 was treated 
immediately with EtJH in an attempt to form a target 
compound 8, either aia a substitution reaction on 6, or 
via transformation i n  situ of 6 into 7, which in turn 
could react with EtzXH to yield 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 supm) ,  or promoted 
by basic X atoms of the quinoxaline nucleus. 

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


