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2-Methyl-l-phenylnaphth~2,3-r/]imidazole-4,9-dione. A.- 
A iriixture o f  30.6 g (0.10 niole) ( i f  2-:iceta*rnid11-3-phetryl-l ,4- 
ri:rphtho(luirii)nel and 500 nil. of ethantrl \vas heated t i i  reflux 
:mil 30 nil. of 2 .\. SaOH w:is added. The mixture was Iieated 
30 n r i ~ r . ~  diluted with 500 nil. c i f  hot water, 50 nil. of 2 A\- HCY 
:ititfed, filtered, and c~ioled. T h e  yellow needles were recovered 
anti dried yielding 23 g. (KO(,;), m.p. 210-241 '. 

Other imidazoles were prepared in  the same tiiaiiner and \v-hrn 
necessary they were recrystallized from dioxane. The data for 
these c~iinip~iunds are recorded in Table 11. 

B.-- -A solution of 24.93 g. (0.10 mole) of 2-acetimido-3- 
i~lilciri~-~,1-rraphthocjuino1ie in 200 1111. of ethanol \viis heated tir 
rclfliix arid :L sirlutiort trf  !).3 g. (0.10 niole) of anilincs in 25 mi. (if 

t a t  l imo1 w:ts :idded. The niixturr \vas refluxed for 6 hr.> diluted 
iv i t l i  100 nil. i i f  \v:iter> a n d  ecicilecl. The yellow previpitate w:is 
i~~rllec*tc~tl anti dried, ni.1). 238-2440'. Ilecrystallization g a v ~  21 g. 
(73'  ( ) c i f  hright yeIlo\v needlt~s of ttit: iinid:m)le, 111.p. 2330--241". 

4,9-Dihydro-1,2-dimethyl-4,9-dioxo-3-( 2-propyl)naphth[2,3-d] 
imidazolium Iodide.--A Lzo l i i t i i rn  of 25.4 g. (0.10 i i i i i l ? )  i i f  2- 
I I I I : . ~  hyl-l-( 2-pri )~)yI)ii:ipli t 11 12.3-tlj i I 1i i t l ; ia ir l t : -4 .1~-c~i1~1i l :~ ,  200 111 I. 
01. l I ( , i  Iryl C ~ ~ i l i ~ ~ i l v r ~ ,  ~ i r i t l  19 g. of iriethyl iodide \\.:is refluseit 
fiir 4 hr . ,  c,irl:)led, :ind :L reddish poivder recovered. Recrystal- 
l i w t  ion frcrrii ~iirtlianiil g:rve 35 g .  (88.5/,':), in.11. 249-251' d r ~ ~ . .  
of the quat.ernary salt (see Table 111). 

The other qu:iterrr:try salts were prepured nntl purified in the 
v : u n t ~  r r tanncr  and :ill t hv dat:t firr t l i t w  cvimpounds :tre inc~litdcti 
i t i  Tiitile 111. 

4,9-Dihydro-4,9-dioxo-l-methyl-l-( 2-propy1)-2-( p-styryl j -  

naphth[2,3-tljimidazolium Iodide.-A mixture of 5 g .  (0.01263 
11101l:~) i i f  4,9-tlihytirci-l,2-di1n~~tlryl-1,I~-~~i1iso-3-(2-~~r1~~~y1)1i;ip1it~i- 

12.3-d] inii t iamilintn iiidide, :3 g. (0.02s iiicilel Of i~enzaldehytic~. 
ti0 1\11. of dioxanr, wid 1 iul. of piperidiue wits refluxed ftir 2 tir .  
' h e  iiiisture was c ~ ~ ~ l e d ,  filtered, and the orange prodiii.t (5.5 g., 
< K l l  ) 'ivits recryst~tllized froni tiietIi:rnol, m.p. 2!1S-21!).3" tlw. 

() ther styryl derivatives were prepared in the siinie niimiier ; i n t i  
a r c  included in 'Table IV.  

2-ChIoro-3-(N-methylacetamido j-1,4-naphthoquinone.--- -1 
iiiistiire ( i f  S g. (0.0362 niole) ( i f  2-iiietlrylamiri~~-l,~-ri:iplittii1- 
cluiniine ( I I I . ~ .  117-1 19"), 5 nil. ( i f  :il: .ctii~ unhytiride, :ind 2 drops 
i i f  HLS( )J $vas stirred :ind ~v:irtnel:l o n  
thick paste wis wvnslied with ether a 
I :illizctt froni ttirthancil. Sine grairis ( ! )4 .7'  of y~l I i r \v- i  
i~yst:iIs KLS oI)t:tined, 1i i .p .  123--l?.i". 

.1ntrl. Chlcti. forCl:,Hl,,CISO: : S,  5.;11. I'iiund: S ,  5.(j!).13 
2-(N-Methylacetamido)-3-( 2-propylamino)-1,4-naphtho- 

quinone. (VI).--.$ niixture ( i f  2.fi g. (0.01 niole) of 2-1:411i~r0-3- 
~,S-riic~thylaci~t:iirrido)-1,4-ri:tpl1th1~c~ii11i1~iit~, 2 g. i i f  isopriq)>-I- 
:iitlintJ, :inti 50 nil. of eth:~nol \V:IS iv:irnicd on :i ste:iiu ix i th  for 2 Iir .  

tllizatir~n of the irr:inge crystals froni  t i i i > t l i -  

j of protiiil:,t ~ n1.p  1U8-.199.5' tlel::. 
. 1~ t1L .  C;ilcd. for CIGHI8S2O3: S .  !).X Found: S ,  $).fix. 
Hydrolysis of 4,9-dihydro-1,2-dimethyl-4,9-dioxo-3-( 2-propyl ) -  

naphth[2,3-djimidazolium Iodide ( V ) . -  -.4 iriixtiirr ~ i f  I g. of V 
and 100 r i d .  ( i f  cthnnol w:is s t i r r d  l v i t h  10 nil. i i f  2 .V sodiiiiii 

hydrcixide for  10 min. Thc ~ir:rnge solid \v:ts removed :ind n>- 
l:aryst,allized fr i i t i i  i iiethmi~il, ni.1i. 195-199'. 'l'hcl irifrarcd S ~ C C -  

t run i  of this p r o d u d  \v:m identiwl \\it11 2-( N-i~ict~hyl:ic~rtniiii;ltr)- 
3-(2-pri)pyI )-1,3-ii:iplithoi:~iiirroii~~ i I V 1 
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TABLE I 
SYMMETRICAL S,S'-DIPYRIDYLUREAS (111) 

-\I.p., Yield, R Carbun '/c Hydrugen '2 Nitruren 
Ureti O C .  7% Furniula Calcd. Found Calcd. Found Calcd. Found 

Y,X'-Ili( 3-methyl-2-pyridyl)-a 133 8 C13Hi4IY40 64.4 64.7 5 . 8  5 9  23.1 23.3 
N,X '-Di( 4-methyl-2-pyridyl)-* 228 5-10 CiSHiaN40 64 .4  64.5 5 . 8  5 . 8  23.1 2 2 . 8  
N,N '-Di( 5-methyl-2-pyridyl)-c 215 6 CiSHi4N40 64.4 64.3 5 . 8  5 . 8  23.1 22.9 
N,N '-Di( 6-methyl-2-pyridyl)-d 186 2 Ci3Hi4X40 . . .  . . .  . . .  . . .  . . .  . . .  
X,X '-Di( 4,6-din1ethyl-2-pyridyl)-~ 240 2 ClaHl&40 66.7 66.8 6 . 7  6 . 4  20.7 20.8 
N, N '-Di( 5-nitr0-2-pyridyl)-~ 303 0 . 5 C,lHsNGOs 43.4 43.8 2 . 7  2 . 7  27.6 27.2 

Anal. Calcd.: 0, 6.6. Found: 0, 6.7; crystallized from heptane. Anal. Calcd.: 0, 6.6 Found: 0, 6.9; crystallized from 
acetone; lit.* m.p. 222-22-1". c Crystallized from acetone. Cystallized from acetone: H. Antaki and I-. Petrow, J .  Chem. Soc., 551 
(1951), report m.p. 190'. e Anal. Calcd.: 0, [5.9. Found: 0, 6.1; crystallized from cyrlohexane-benzene. f Pale yellow prisms; 
crystallized from pentanol. 

especially for tranquilliziiig activity, we have prepared 
a number of urethanes (I) derived from 2-aminopyri- 
dines, for pharmacological evaluation. The most 
convenient method was to react these amines with 
ethyl chloroformate in pyridine medium2; we found 
that in almost every instance, the reaction product 
was a mixture of small amounts of the symmetrical 
dipyridylurea with the urethane as main product, the 
exception being 2-amino-5-chloropyridine, where no 
symmetrical urea was obtained. In  the case of 2- 

R2 

I11 

amino-3-methylpyridineI whose amino group is sterical- 
ly hindered, the yield of the urethane was much lower 
than with the other isomers, and considerable amouiits 
of the starting material were recovered. Separation 
of the urea from the urethane was readily achieved by 
using the zone-melting procedure,3 save in the case of 
3-nitro-2-pyridylurethaiieI which was decomposed by 
prolonged heating. 

This urethane synthesis was successfully extended 
to 2-amiiiopyrimidine, which gave a 33y0 yield of 2- 
pyrimidylurethaiie (11) ; no S,N'-di@-pyrimidyl)- 
urea could be isolated. 

Experimental 

Reaction of Ethyl Chloroformate with Aminopyridines.- 
After a study of the influence of various factors (temperature, 
solvents, treatment of reaction product), the following technique 
was adopted. To a Tvell-stirred solution of 10 g. of a 2-amino- 
niethylpyridine (or the equivalent of the appropriate amine) in 
15 nil. of anhydrous pyridine, 17 nil. of ethyl chloroforniate !vas 
:idded tircqnvise during 40 inin., the tenlperature tieing maintained 
Iwtuwri 2' :ind 10' hy external refrigeratioii: the  iiiixt,ure was 
then stirred for 45 min., and treated with 500 nil. of water. dfter 
1 hr., the precipitate which formed was collected, aashed thor- 
oughly with water, and dried in vacuo. Separation of the ure- 
thane from the symmetrical urea was achieved either by frac- 
tional crystallization from hexane or heptane, u-hich left an in- 

(1) F. hI. Beryer, J .  Pharmacol. Ezptl. Therap., 112, 413 (1954). 
(2) .I. R. Katri tzky, J .  Chem. S o c . .  2063 (1956). 
( 3 )  E. F. G .  Herington, "Zone Melting of Organic Conipounds," John 

%ley and  dons, Inc. ,  New York, 5. Y.. 1963. 

soluble residue of the urea, or by means of a zone-melting ap- 
paratus (10 to 30 runs a t  3 cm./hr.). -411 the urethanes were 
shiny colorless needles. In  the case of 2-amino-3-methyl- 
pyridine, the urethane tended to remain oily and was therefore 
taken up in methylene chloride, the organic layer washed several 
times with water, and dried over sodium sulfate, and the solvent 
distilled; the residue was vacuum fractionated, and the portion, 
b.p. 170-175" (21 mni.) was recrystallized from hexane. 

The 4-met ,h~l- ,~ 5-methy1-,4 B-rnethyl-,s 4,6-dirnethyl-,' and 5- 
nitro-2-pyridylurethaness are known compounds. The follow- 
ing new urethanes were prepared : 3-methyl-2-pyridylurethane, 
20% yield, m.p. 78". 

Anal. Calcd. for C9Hi2N202: C, 60.0; H, 6.7; S, 15.5. 
Found: C, 59.8; H, 6.8; S, 15.7; 

5-Chloro-2-pyridylurethane, 55% yield, m.p. 180". 
Anal. Calcd. for CTHgN304: C, 47.9; H, 4.5; N, 14.0. 

Found: C, 48.0; H, 4.5; S, 13.8; 
2-Pyrimidylurethane, prepared in 25Cj, yield from 2-amino- 

pyrimidine; crystallized from heptane as shiny colorless needles, 
1ii.p. 114'. 

Anal. Calcd. for CiHgS30r:  C, 50.3; H, 5.4; S, 25.1. 
Found: C, 50.4; H, 5.4; N, 25.3. 

Pharmacological Investigations.-4-, 5-, and 6-niethyl-2- 
pyridylurethane were selected for an extensive evaluation of 
their pot,ential activity on the central nervous system, by nieans 
of various tests. As 5-chloro- and 5-nitropyridylurethanes 
proved toxic, they were not submitted to pharmacological 
testing. The ureas were tested for other types of activity (anti- 
niitot,ic and bacteriostatic) and results will be reported later. 

(1 ) Acute Toxicities.-These were determined in mice, by oral 
administration. The LD,, \\-as 6-7 g./kg. for 4-methy1-2- 
pyridylurethane, and 3-4 g./kg. for 6-1riethyl-2-pyridyl~ir~thane; 
5-methyl-2-pyridylurethane showed a very low degree of tosirity, 
a dose of 4 g.,/kg. producing only a 205; mortality rate. The 
acute symptoms observed were prostration, lethargy, and, with 
6-methyl-2-pyridylurethane, paresia of the hind quarters, loss 
of balance, and deep sleep. 

(2) Determination of Analgesic Activity.-This was effected 
by the Haffner method,i using a technique of Buchel and Tanguys 
based on induction of pain in the mouse tail by a mechanical 
stimulus. Aminopyrine (administered orally to the controls 
in a dose of 250 mg./kg., which produced analgesia during 2 hr. 
following administration) was used as the reference. 4-Methyl- 
2-pyridylurethane showed a 71-eak analgesic activity, lasting 30 
niin. after oral administration of a dose of 1 g./kg.; t,he other 
two rompounds showed no activity a t  the same dosage. 
(3) Synergism Tests with Thiopental.-These were performed 

in mice xeighing 18 to 22 g., which were given, by intraperitoneal 
injection, a dose of 40 mg./kg. of thiopental (sodium derivative). 
The animals were divided into two groups, one group serving its 
ront,rols and the other receiving, orally, the urethane t,o be tested. 
Results are expressed in the percentage of :inini:ils IT hich fell 
asleep :inti the average tluration o f  the sleep. They show t.h:tt 
all three riri.th:tnt~s potentiair t h o  :ii*tion of ihiiipent:d: with 
4-methy1-2-pyridylurethane, a dose of 100 mg./kg. produced a 

increase in the number of mice falling asleep arid doubled 
the duration of the sleep ; with 5-methyl-2-pyridylurethnnej a 

(4)  .I. R. Katri tnky, ./. C h r m .  S o c . ,  .4385 (19.57). 
15) C;. R. Clemo, R.  \I-. l'uu, and R.  Raper, ihid.. 2693 (19541. 
(6) H. 11. Curry and .J. 1'. Masun. J. Am. Chem. So(c .  73, 5043 (Irj51) 
17) F. Haffner. Deut. . l ied. W o c h s c h r . ,  66, 731 (1929). 
18) L. Buchel and 0.  Tanguy, dnestir6sie I f ia lgds ie ,  13, 879 (1Y56). 




