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these data i t  is clear that a structural dependence exists 
in the convulsant activity of these lactones and even 
though each compound contains the picrotoxane skele- 
ton1 there is sufficient structural diversity to comment 
on their biochemorphology. Each high activity com- 
pound has a lactone function connecting C-3 and -5 of 
the skeleton. The carbonyl system is cis to the fused 
ring structure and, in combination with the bridgehead 
hydroxyl a t  C-6, appears to comprise the absolute struc- 
tural requirements for activity. I n  almost every case 
where either the hydroxyl is protected, e.g., picrotoxinin 
acetate, or where the lactone system joining C-3 and -5 
is absent, e.g., methyl a-picrotoxinate, there is no ac- 
tivity. There is one exception to this generalization 
and that is a-dihydropicrotoxinin acetate, a compound 
hydrolyzed to a-dihydropicrotoxinin with great ease. 
I n  our view the activity of this compound is due to its 
hydrolysis product. 

From the structures and high activity of picrotoxinin, 
tutin, and coriamyrtin it appears that  oxirane ring lo- 
cation and even perhaps its presence have no role in the 
biological effect. There also appears to be no require- 
ment for the lactone ring connecting C-2 and -13 in 
picrotoxinin since the other naturally occurring com- 
pounds, all possessing equal activity, do not contain 
this group. 

The substitution pattern a t  C-4 appears to have a 
role in determining whether compounds with the req- 
uisite lactone and hydroxyl groups are highly active. 
All the compounds with CD50 values a t  about 1.5 mg/kg 
have an isopropenyl group trans to the lactone and cis 
to the bridgehead hydroxyl. Interaction between the 
K electrons of the double bond and the proton of the 
hydroxyl has been well e s t ab l i~hed .~ !~  I n  a-dihydro- 
picrotoxinin this interaction is precluded and, while that  
compound is highly active, i t  has potency about one- 
fifth that of the parent. Picrotin, containing a hy- 
droxyl group a t  C-12 instead of hydrogen as in dihydro- 
picrotoxinin, has low activity, a greater steric require- 
ment, arid no 8-electron interaction with its bridgehead 

(i) D. Mercer and A. Rohertson, J. Chem. Soc., 288 (1936). 
(8) H. Conroy, J .  Am. Chem. Soc., 74,  491 (1952). 

hydroxyl. The indications are that hydrogen bonding 
of the bridgehead hydroxyl and the 8 electrons of the 
isopropenyl group are involved in determining receptor 
affinity and that C-4 is bulk sensitive to substituents 
which inhibit accesi to the lactori tem. This is seen 
in the inactivity of neopicrotoxinin. This compound 
should be active if the sole activity requirements were 
the lactone arid hydroxjl groups. However, its iso- 
propylidine group is not axial but in the plane of picro- 
toxane carbons 3 ,4 ,  and 5.  This yields a greater steric 
requirement, interrupts the 8-electron-hydroxyl group 
interaction of picrotoxinin, and deshields the hydroxyl. 

Additionally, tutin has a free hydroxyl substituent at  
C-4 of the picrotoxane skeleton. This hydroxyl iq  cis 
to the lactone and in such close proximity that intercon- 
version of the lactone from a five- to a six-membered ring 
is possible. On esterification the free OH is converted 
to the much larger acetoxy group. This could, and 
apparently doeq, partially impede approach of the lac- 
tone to  the concerned receptor since the activity of 
tutin monoacetate is intermediate. 

Although these compounds give an insight into lac- 
tone analeptic biochemorphology, they do not permit 
assessment of bridgehead methyl group importance or 
that of the fused-ring system. To that end appropriate 
lactones of various cyclohexanecarboxylic acids are un- 
der investigation. Preliminary experiments indicate 
that simple compounds containing the lactone and hy- 
droxyl groups in the axial-axial arrangement are active. 
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The synthesis and antiinflammatory activity of 4-quinolylacetamide, i-methgl-l,S-naphthvrid-4-ylacetamide, 
some novel 4( 1H)-quinolylideneacetamides and 1,8-naphthyrid-4( lH)-ylideneacetamides, and alyo three 2,3,4,6- 
tetrahydropprido[3,4-c]quinoline-2,4-diones are reported. The most active compoiind of the series was foiund 
to  be l-ethyl-7-methyl-l&naphthyrid-4( 1H)-ylideneacetamide. 

Since the search for new antiinflammatory com- I n  connection with this program it recently became 
pounds began in these laboratories, a large number of of interest to prepare a number of substituted acet- 
heterocyclic carboxylic acids and many of their deriva- amides and related compounds. 
tives have been synthesized and screened for biological Chemistry.-Borror and Haeberer2 reported the 
activity. Among these were the substituted anilino- reaction between 2-chloroquinoline and sodium ethyl 
pyridinecarboxylic acids reported by Evans, et aZ.l cyanoacetate to give ethyl cyano-2(1H)-quinolylidene- 

(1) D. Evans, K. S. Hallwood, C. H. Cashin, and H. Jackson, J .  M e d .  
Chem., 10, 428 (1967). (2) A.  L. Borror and -4. F. Haeberer, J .  Org. Chem., SO, 243 (1965). 



1, s = CIT; I t '  = 11: It" = I L  
2, s = C I I ;  1:' = (:o?l':t: I:" = 
3, s = ?j: I:' = r r :  I:" = err; 

I1  

It was found that 4-chloroc~uiiioli1ies arid 4-chloro-i- 
mcthyl-1,S-nnphthyridiiie reacted in :L siiiiilar maiiiicr 
yieldirig the respective 4(1H) analog. Eanniin:itiori nf 
t lie compounds h y  uv arid viiiblc spcctroscol)j 401vcd 
cxteiided coiijug:ttioii, in comparison \I itli siiiii)lc ( p i i i -  

olinc :uid 1 ,S-ii:il)hthyridine dcriv:ttivei (see T:ihle I). 
.I comp:iriwri of the ir spectr;t of tliv -4(lH)-ii:q~Ii- 

thyridylidciic derivative 3 \\-it11 the  4(lH)-qiiiiiol~ li- 
clcric derivative 1, in h t h  thr  solid state (IiBr) niid in 
soluticri (CHCI,), bhoived certttin diff ereIiceh. In I in r  

the sl)ectriL n-ere siniihr, the compound5 4 ion  itig 
cori,jugated C s S  absorption at 2180 :~nd  21iO cni 
:md C=O nbsorption a t  lGSO and 1670 cni-I, reypec- 
tivcbly. In chloroform solutiori, however, n-hcrcn. t he  
+ I ) C C ~ ~ U I ~  of 3 rws virtuttlly identicnl 11 i t l i  t l in t  t : i l \c i i  i i i  

t l i c l  solid statc, 1 h o w c d  two C==O l):iiid\ :11 l( i i .5 
(\trotig) :uid 1750 em- '  (mcdiuin) irit1ic:ttirig t h c  mi-- 
t c ~ t i c v  of  :I niixturc of the tiiutonwric forin. Ai :tiid 13. 

EtOCO \c/CN 
II 

EtOCO CY 'V 
H 

.A R 

The difference may be accounted for hy 1)oitulating 
that in the 4( lH)-quinolylidene 1, iiiolcwdeb are so :ir- 
rxigcd in the crystal lattice that intrnmolecular hydro- 
gen bonding occurs. In solution, tht: rcsoriance energ) 
of the quinoline ring fucilitateq the prototropic rear- 
r:tiigement to form R. The resonance energy of' thr 
Ii:qhthyridine ring appears to be insufficient to  effect 
this re:irrangenient, 

The ir spectra of 2 showed c'=O :ibiorptiori a t  1713 
(3-COOEt) and 1GSO cni-lin the wlid Ytatc, : i d  at l i l t ;  
and 1'7.50 em-' in CHCI, solution. 

1tc:wtion of the cyanoacetute derivatives 1, 2, or 3 
n itli ail alkyl halide and anhydrous I\T2C0, in DAIF 
yielded the corresponding X-dkyI derivatives in fair t o  
good yields. 
confirmed by their uv and visihle spectra (see Table 1) 
:md by their ir bpcctra which showed conjugated nitrile 
nbsorption at 2160-21SO cni--' aiicl C=O absorption at 
1650-lfSO cni-i, iii hoth the solid state and in solutioii. 

The  structure of these derivatives n 

CO. ,CN EtOCO. ,CN 

K' /@ 

I Ii" 

I 
11 

colored nnd showed :hsorjitioIi nxtxima in the region of 
390-410 nip in their UT' and visible spectra. Thc C-0 
:ibsorption in the ir spectrum of 2a (R = H) TWS s o m c  
nhnt obscured in KBr, thcre heiiig strong absor1)tion 
tietn-ecii 1300 and 1700 c11i-I. Compound3 6a ( l i  = 
PH3) :md 7a (11 = C'?H,) shoi~cd penlr c:irbonyI h- 
iorption nt 1660 cni-I. In 1l,\ISO all thrcc c o ~ ~ i p o i i i i d ~  
-lion cd ('==(I :il.)sorption i ~ 1  1660 C I I I - ~ .  
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TABLE I 
SUBSTITUTED ETHYL CY.iS0-4( 1II)-QUINOLYLIDENEACETITES AND ETHYL CY.iN0-1,8-K.IPHrFHYRID-4( 11Ij-YLIDEKE.iCET.iTES 

EtOCO, C/CN 

I 

No. x 
1 CH 
2 CH 
3 Y  
4 CII 
5 CH 
6 CH 
7 CIf 
S N  
9 N  

10 N 
11 2; 
12 N 
13 N 

R’ 
H 
COZEt 
H 
H 
H 
CO*Et 
COZEt 
H 
H 
H 
H 
H 
H 

R” 

H 
H 
CH3 
H 
€1 
H 
H 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 

Re 
crystn 

sol- 
venta 

CF 
AG 
E 
E 
CF 
DE 
E 
E 
E 
E 
E 
E 
D 

R 

Yield, 
% 

52 
62.5 
81 
42 
42.5 
72 
i o  
52 
79 
73 
76 
76 
78 

hlp, oc 
190-192 
119-121 
214,216 
154-156 
159-160 
206-208 
179-182 
191-193 
182-1 83 
187-190 
145-1 47 
138-1 39 
275-276 

x E $ H ,  

m r  
420 
422 
429 
428 
428 
426 
426 
437 
437 
438 
438 
43s 
. . .  

Log 

4.504 
3.978 
4.369 
4.564 
4.542 
4.215 
4.215 
4.456 
4.474 
4.467 
4.468 
4.474 

€ 

Antiinflam act.* 
Carra- 
geeninc Uvd 

39.6 12.6 
Nil - 
Nil - 
Nil - 
Nil - 
Si1 - 
Xi1 - 
Nil - 
Si1 - 
- - 
- - 
- - 
- - 

a .4, Me2CO; B, C B H ~ ;  C, AcOH; D, DhIF; E, EtOH; F, HZO; G, hexane; J, MeOH; K, EtOAc. * Figures represent the 
c Doses of 100 mg/kg 

d A single dose of 100 mg/kg wns given orally 0.5 hr before euposiire to 
per cent inhibition in groups of animals treated with the test compound compared to control. - = not tested. 
were given orally a t  0.5 hr and 3 hr prior to the carrageenin. 
iiv light. e All compounds showed a correct analysis for C, H, N. 

TABLE I1 
SUBSTITUTED ACETAMIDES 
CHQCONH, I CHCONH2 II 

R 
Antiinflam 8ct.b Re- 

crystn Yield, xE~ ,  Log Carra- u v  
NO. X R R” solventG 70 MP, OC Formulah mp e geeninC erythemad 

l a  CH . . .  II EF 72 5 212-2146 CliHieNzO . . . . . . 59.5 Nil 
3a N . . .  CH3 F 29 190-192 CI IHI~N~O 315 3.863 Nil - 
4a CH CZH; H E 28 >155’ CI~HMNZO 410 4.173 Nil - 
.5a CH i-C4H9 H FJ 72 >170’ C15H18N20 410 4.301 Nil - 
Sa N CH3 CH3 J 52 >175’ CizHiaX30 427 4.283 14.8 - 
9a N C2H5 CHI E 54 >180’ C13Hi~N30 429 4.310 65.3 55 6 

10a N n-CSHT CH3 E 40 >150’ Ci4HiTN30 427 4.297 13.6 - 

l l a  N n-C4Hg CHI EK 45 >170’ CijHlgN30 428 4.330 13.8 - 
12a N 2’-C4H9 CH3 E 41 >190’ CisHIgI’i30 427 4.310 35.6 18 2 
13a N 4-02NC8H4CH2 CH3 A 31 192-1948 Cl8H1&403 423 4.336 47.1 Nil 

a-d See corresponding footnotes in Table I. e Reference 5 .  The compound decomposes above the indicated temperatiire. 0 Melts 
and decomposes. h All compoimds showed a correct analysis for C, H, N. 

TABLE I11 
2,3,4, (~)-TETRAHYDROPYRIDO [3,4-C] QUINOLINE-2,4-DIONES 

R 
Antiinflam act.” 

Recrystn Yield, e:;OH, Carra- 
No. R solventa % MP, ‘ C  Formulaf m r  Log c geeninC Uv erythemad 
2a H D 22 >300 CIZH~NZOZ 394 4.230 Nil - 
6a CHI D 27 >300 CiaHloNz02 404 4.358 Nil - 
7a CZH5 D 51 294-29ie C14HizNzOz 402 4.377 34.8 11.2 

a-d See corresponding footnotes in Table I. The compound decomposes above this temperature range. J All compounds showed a 
correct analysis for C, H, N. 




