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The synthesis of the new isomorphanthridizinium (pyrido[l,2-b] [ 2 ]  benz[f] azepinium) system has been effected. Four de- 
rivatives of the parent ring system have been prepared, and the structure of one of these demonstrated by oxidation to a 
phthalic acid derivative. 

An earlier paper3 described the first synthesis of 
the morphanthridizinium or pyrido [2,1-b] [3]benz- 
[flazepinium system (I). A logical sequel was aii 
attempt to prepare the hitherto unknown isomeric 
pyrido[l,2-b] [2]benz [flazepinium system (11). The 

I1 1 

success met with in the cyclization of l-benzyl-2- 
acylpyridinium to 11-substituted acridizinium salts 
suggested that the new system might be made from 
the known 2-acetonylpyridine (III)4 or 2-pheiiacyl- 
pyridine (IV)5 by quateriiization with the appro- 
priate benzyl halide, followed by acid-catalyzed 
cyclodehydration. 

R 
I I I . R = C H 3  
IV. R = CsH5 

VI VI1 CH3 

With benzyl bromide Zacetonylpyridine afforded 
a crude quaternary bromide (V. R = H) 
which could be purified as the perchlorate. At- 
tempted cyclization of the crude salt (V. R = 
H) in boiling hydrobromic acid (117 hours) mas 
unsuccessful, the starting material being recovered 

(1) For the oreceding communication of this series, see J .  
Org. Chem., 26, 3273 (1961). 

( 2 )  3Ionsanto Chemical Co. Fellow 1059- 1960. This rc- 
ee:trch was bupported in pttrt by a research grant (SSF- 
126215) of thc  Xation:il Scienre Foundation. 

(3)  I<, 7 3 .  .\loser and C. I<. Bradsher, J .  Am. C h e m  Sac., 
81, 2547 (1959). 

( 4 )  >I. G. J. Beets, IZec. trav. chiin., 6 3 ,  120 (1944). 
( 5 )  hl. J. Weiss and C. R. Hauser, J .  Am. Chem. Sac., 

71,2023 (1949). 

(perchlorate), Cyclization attempts in liquid hydro- 
gen fluoride or polyphosphoric acid a t  100" or 
140" were without success. 

In  order to produce a more reactive system, m- 
methoxybenzyl bromide was used as the quater- 
nizing agent. The crude salt (17. R = OCH,) was 
cyclized by refluxing i t  for twenty-five hours in  
concentrated hydrochloric acid, and the product, 
isolated as the perchlorate, had the composition 
expected for the desired 8-methoxy-1 l-methyl- 
pyrido [ 1,241 [2]beiiz [flazepinium (VI) perchlorate. 
The infrared absorption spectrum showed that 
there remained no significant absorption in the car- 
bonyl region a t  5.75 p and that in the 13.3-14.3 p 
region all but very weak absorption had disap- 
peared. This evidence that cyclization had oc- 
curred was supported by oxidation (with alkaline 
permanganate) of the new compound to  yield 4- 
methoxyphthalic acid. 

As the systematic name for the new cation is 
quite complex, it is proposed that the name iso- 
morphaiithridizinium be used for the parent 
ion (11), showing the close structural relationship 
to morphanthridine and the morphanthridizinium 
ion (I), Table I summarizes the reaction conditions 

TABLE I 
ISOMORPlIANTHRIDIZINIUM PERCHLORaTEs 

R 

R3 

Time, Yirld, 
rr /O R, Rz R3 Hr.  R 

H H H CH, 117 O R  

VI  H OCH, H CH, 24 83b 
VI11 H 0-CHZ-0 CH, 1.5 10C 

IX OCH, OCH, r* CH, 2 1 8 d  
X H  OCH, H CsH5 26 

a Cyclization attempted in boiling 1iydrol)roniic acid. 
No better results in boiling Concentrated hydrochloric 
acid, the medium used in the cyclization of the alkoxy1 
analogs. * In  1.5 hr. the yield was 29% (based on the benzyl 
halide). Yitsld based on the 
benzyl halide used. e At 1.5 hr. the yicld was 4(A, Quaternary 
salts obtained from 2-phenacylpyridine and piperonyl 
bromide or 2,3-dimethoxybenzyl bromide failed to cyclize. 

At 0.5 hr. the yicld was 5%. 



uscd and the yields of the isomorphanthridiziiiiuni 
perchlorates n-hich have been synthesized. All 
yields (unless otherwisc stated) are based on the 
amount of starting ketone since the intermediate 
quaternization product (e.g., V) was not usually 
isolated. 

In general the cyclization to form the isomor- 
phanthridizinium system (11) appears to be more 
difficult than that to produce the closely related 
morphanthridizinium (I) system. S o t  only did 1- 
benzyl-2-acetonylpyridiiiium ion (V. It = H) fail 
to cyclize under conditions which afforded a 75% 
yield of cylization product from the isomeric 1- 
acetonyl-2-benzylpyridinium ion (YII), but in the 
activated ions in which cyclization did occur, 
the yields of isomorphanthridiziiiium salts were 
consistently inferior to those observed in the prep- 
aration of the analogous morphanthridiziniuni 
derivatives. 

KO attempt Ivas made to find the optimum con- 
ditions for the formation of isomorphanthridi- 
zinium salts, and the yields could probably be 
improved. In m y  case, the starting materials used 
in the synthesis are so readily available that the 
new heterocyclic system may be regarded as one 
that is easily accessible. 

EXPERIMENTAL 

All an:tlyscas n-ere done by Dr. A. Schoeller, Kronach, 
Germany. IJ1tr:tviolct ahsorption spectra were taken in 95'jb 
oth:mol Lvith 1-cni. matched quartz cells using either the 
\\-:Lrren Hpi'ctr:xorti (IT) or the Cary Spcctrophotomcter (C). 
Mclting points were determined using the hlel-Temp capil- 
I:try apparatus and \yere uncorrectrd. 

l - ~ e n z y l - 2 - a c e t o n y l p ~ r ~ ~ ~ n i ~ k n z  (Ti. R = H )  perchlorate. 
Fom grains of 2-acetonylpyridine (111)4 and 5.3 g. of bcnzyl 
bromide were dissolved in 20 nil. of absolute et,hanol and 
ri,fluxed for 3 hr. The  solvent was removed under vacuum 
and the residue washed with ether. The residual oil was 
dissolved in methanol and precipitated as the perchlorate 
by addition of perchloric acid, affording 3.1 g. (325%) m.p. 
143-145'. The  analytical sample was obtained from metha- 
nol as white rcctangiilar prisms, m.p. 144.5-146". 

Anal. Calcd. for CIIHI&lSOj: C, 55.30; H, 4.84; Pi, 4.30. 
Found: C, 55.40; II, 5.07; Tu', 4.56. 

Attempted cyclization of I-benz?/l-Z-acetonylp!jri(Z~n~~kn~ 
( V .  R = H )  hroniide. Foiir grams of 2-acetonylpyridine (111) 
\v :~s  quntcrnizcd with lienzyl bromide as described above, 
:iiid thc criidc, orange, ether-insoluble bromide salt was 
hcat,ed for 116 hr. with 50 ml. of 48% hydrobromic acid. The 
crridc prodiict, isolated as the perchlorate after evaporation 
of the hydrobromic acid, was largely uncyclized material as 
,iiitlgetl by the strong infrared absorption peak a t  5.75 p. 
Segative results were also obtained when cyclization 
attempts were made in concentrated hydrochloric acid (120 
hr . )  liquid hydrogen fluoride (24 hr.) and hot (140-160") 
polyphosphoric acid. 

8- .~Ic thoxy- l l -n ie th~~l i sonlorphai~thr~d~z in i i~~~~ (VI) perchlo- 
m [ c .  .I niixturc. rontainiiig 4.8 g. of 2-acctonylpyridino (111), 
8.0 p. of ~~~- r r i c thosy l~ i~nzy l  broinide,6 and a few drops of 
cliinc!thyIforiiininidc NYIS allowcd to  stand for 7 5  hr. at room 
tc~inpor:itrirr. T h e  r(xsii1ting g u m  was w:ished with ~ t h y l  are- 
1:ilim : i r i i l  vthcr and t l i i s n  dissolved in 80 ml. of c o i i d .  hy- 

(6) E. Kpath, Monutsh ,  34,1908 (1913). 

drochloric mid. After the mixture had been refluxed for 25 
hr. the arid \vas removed under vacuum. The fluorescvnt 
brown residue was dissolved in methanol and precipitated 
as an  oil by addition of dilute perchloric arid. The oil was 
cooled and triturated with ethyl acetate yielding a solid 
which once recrystallized from methanol afforded 4.0 g. 
(337,)  of a bright yellow-green solid, m.p. 228-231". The 
analytical sample was prepared as irregular yellow-green 
prisms from methanol, m.p. 234.5-236"; (a) A,,, (log 
e )  231(4.21), 278(4.05), 363 inp (3.96); Amin  258(3.93), 313 
mp (3.43). 

Found: C, 56.85; H, 4.90; N, 4.44. 
A similar experiment in which gyclization in hydrochloric 

acid was permitted to  continue for only 1.5 hr. afforded a 
297, yield of the desired product. 

Oxidation of 8-n~ethoxy-ll-ineth~jli.somorphanthritlizinium 
perchlorate to 4-niethoxyphthalic acid. To a solution containing 
1.30 g. of 8-methoxy-11-methylisoniorphanthridizinium 
(VI) perchlorate and 0.48 g. of sodium hydroxide in 100 
ml. of water, heated on a steam bath, small portions of po- 
tassium permanganate w x e  added until the characteristic 
permanganate color persisted for 1 hr. The resulting solu- 
tion was acidified and the manganese dioxide removed by 
filtration. The  combined filtrate and wash solutions were 
saturated with sodium sulfate and extracted with ether. 
The ethereal solution Tvas dri:.d and coicentrated and thc 
residue crystallized from ethanol-benzene as colorless 
crystals, m.p. 160-162". A mixed melting point with a sample 
of 4-methoxyphthalic acid (lit.,' m.p. 160') obtained by 
permanganate oxidation of 2-methyl-4-niethoxybenzoic 
acid8 gave no depression. 

8-Vethoxy-1l-phenylison~orphanthridizinii~m (S) perchlo- 
rate. A mixture of 4.1 g. of 2-phenacylpyridinej and 4.6 g. 
of m-methoxybenzyl bromide plus a few drops of dimethyl- 
formamide was warmed on the  steam bath until solution 
occurred. The crude salt, isolated in the usual way, was 
cyclized in hydrochloric acid. The product (as the pcnrchlo- 
rate) crystallized from methanol, affording 0.8 g. (8');) of 
product, m.p. 277-279". An analyticd sample, rrystallizcd 
from methanol as tiny yellow needles, m.p. 286-286.5', 
(c) A,,, (log e ) ,  244(4.07), 288 nip(4.01); A,,,,, 231(4.01), 
266(3.87), 328 nip (3.463. 

Anal. Calcd. for C2,HIsCISOj; C, 63.08; H, 4.54; X, 3.50. 
Found: C, 63.00; H ,  4.52; K, 3.63. 

In a similar run in which refluxing in hydrochloric acid 
was limited to 1.5 hr. only 47, yield of cyclized product was 
obtained. 

7,8-D~nzethox~j-ll-meth~jlisonzorphanthridizinii~m pwchlo- 
rate. The crude quaternary salt, obtained by reaction of 3.1 
g. of 2-acetonylpyridine and 4.6 g. of 2,:Gdimethoxybenzyl 
b r ~ m i d e , ~  was isolated by vacuum cvaporation and  cyclized 
in boiling hydrochloric acid. The product isolated after 2 hr. 
(as the perchlorate) and recryst:tllizcd from mc.thnno1 guvc 
1.34 g. (18yo) of yollow product, m.p. 204-208'. The ana- 
lytical sample was obtained as yellow needlr-like rlusters, 
m.p. 224-226', (C)  A,,, (log e ) ,  249(3.06), 278(3.94), 365 
mp(3.91); A,,, 242(3.96), 258(3.01) and 319 mp(3.44). 

Anal. Calcd. for C17H18Cl;\r'06: C, 55.51; H, 4.03; K, 
3.81. Found: C, 55.36:  H, 5.03; K, 3.85. 

8,9-Jlefhylenedioxy- l  l-)neth?ilisomorphanthridiziniuni 
(VIII) perchlorate. Starting with piperon>-1 broniidc and 2- 
acetonyl pyridine4 and following the procedure used in the 
preparation of the 8-methoxy analog (VI), the crude per- 
chlorate salt (1'111) 277-285" was prepared in l9yO yield. 

Anal. Calcd. for Ci6HlsClKos: C, 56.80; H, 4.78; N, 4.15. 

( 7 )  0. Jacobscn, H e , . ,  16, 1962 (1883). 
(8)  JVc are inck~hted to Ilr .  n'illinm Q. Beard for the 

(9) R. I). Hamorth and W. H. Pcrkin, Jr.,  J .  C h e m  Soc.,  
sainplc of 2 - i n e t h ~ l - ~ - i i i r t h o ~ ~ l ~ c n z o i c .  arid used. 

105,1456 (1914). 



Thc analytical sample crystallized from methanol as long 
yellotv-grren plates, m.p. 288-290", ( C )  A,,, (log e) j  247- 
(3.93), 283 mp(3.69); A,,, 233(3.74), 271(3.61), 327 mp- 
(3.16). DL-RHAM, 1. C. 

Anal. Calcd. for C l ~ H 1 4 C l K O ~ :  C ,  51.83; 11, 4.01; S. 3.!18. 
Found: C, 54.67; H, 4.17; N, 3.96. 
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The Synthesis of Spiro[cyclohexane-l,9'-fluorene] and Related Compounds1 
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Thc synthesis of th r  title compound (VI)  is described (Chart  I). A more direct route to the key intermediate spiro [cyclo- 
hexane-1 ,!)'-fluoren] -4-one (V) is provided by the cyclization of 9,9-fluorenedipropionitrile (11) to 3-cyano-4-aminospiro- 

clohexene-l!9'-fluorenr~ (F'II) by a catalytic quantity of potassiuni t-butoxide in t-butyl alcohol folloivetl by hy- 
s to the spiro ltrt>one V in an  acetic-phosphoric acid mixture. Infrared and ultraviolet spcct,ral evidence is priwntetl 

for the entirely enolic structures O F  hxrbomethoxyspiro [cyclohexane-1,9'-fluoren]-1-one ( IVa) a ~ i d  3-carhoxamidospiro- 
[cyclohexanr-l,9'-fluoren]-1-one (VII I ) ,  respectively. The structure and spectra of the interesting diketo spirane, 11,12- 
dihydro-lH!lOH-brnzo [h,i] fluoranthene-3,10-(2H)-dione (XI) ,  are also discussed. 

Because spiranes are rigid molecules they may 
show unusual transport properties in t,he liquid 
statc. I t  was therefore decided to investigate this 
class of compounds, initially restricted to five- or 
six-membered carbocyclic rings, as part of a genera1 
program to  correlate physical properties with 
certain st'ructural features. 

A search of the literature at' the inception of this 
ivork rewaled no generally applicable metshod for 
t h t  syiithcsis of spirocyclohexane compounds.* 
i t  occurred to  11s that an attractive syiit'hetic route 
t o  thcse compounds is offered i i a  the dicyanoet,hyla- 
tion3a of the x t i w  methylene group contained in 
the ring of a cyclic. compound, folloived by cycliza- 
tion of the resulting y,y-disubstituted dinitrile or 
diacid or diester derived t,herefrom. 4 Ot'her workers 

Prrsented heforr thc Ilivision of Organic Chrmistry at 
the. l:37th mertiiig of th r  American Chemical Society, 
Clt~vc~lnnti, Ohio. ;2pril, 1060, Ahstr. p. 2!)-0. 

( 2 )  Reccntly mrthods differing from those reported hcrtin 
for tlir syiithc,sis of spirocyclohrxanc-t!.pe compounds have 
hcrn piklishcd. CY. (a )  11. lIoiisscron, R. Jacqiiier, and 
II .  Christol, Cornpt.  rpntl., 239, 1805 (1954); H d l .  SOC. chiin. 
France ,  :34(5 (1957): SI. llousseron. H. Christol, and  F. 
Plenat, Conipt.  r e n d . ,  245, 1281 11057); ( h )  K. Heyns and 
A,  Hviiis. .-1ng~w. Cheiri., 68, 111 (1956): .Inn., 604, 1:33 
i l!)s?): ( e )  S .  \Vinstc.iri a n d  R. Baird, J .  : i r i i .  ( 'hem.  Sor., 79, 
i o t i  ( I ! I ~ ; ) ;  It. Riird and S ,  TTinstrin. J .  . t i t i .  Cheni. Soc.. 
79, 4238 (l!l,57); ( (1)  \T. It .  H:rtch:irtl, J .  .tin. rhein. Soc., 
80,  :3rM (1!)58). 

( 3 )  ( a )  H .  S.  Bruson, Org.  fteucliom, V ,  7!j (191!J); ( h )  112 
( l!).l!l). 
(1) \I'hrii this work  was started in ,July 1!)51> there iwr ( '  

I K I  rwordrd rcbfcwnces to  the use of this mcthod for spirane 
synthcsis. Sritiscqiicntly, ho\vc~vcr, othrr norkers have used 
this s : ~ m o  appro:ich in thr  synthcsis of various spirocyelo- 
hcxanr ronipoiinds. Tht. incthod of ring closurc is indicated 
in p:irt~iithrsi~s. ( ; I )  R .  Y:i. I,win:i, N .  P. Shushrriria. and  
T. A.  I<:rminsk:iy:i. Ihkiatlil . lkntl .  .YrcTtk, S.S.S.fI., 86, T!l 
(1,!13.'1, r, f .  ('hcni. . I  h s f r . .  47,  481!1 ( I W 3 )  (pjmlj.sis of di:icitl 
\vi t  h lxiriiiiii hj~rirnxi(k3). I t r f t~ r i~ i i c r  to  spir:tnr syrithtlsis 
:rpl)(xrs as  :i footiinte only in th(i origiii:il a r t i rk  withoiit 
c~spi~rimrnt:il tlct:iils or ph?.sic:il constants; ( h )  It. P. b1:irirlla 

~ 

( 1  

-_  

hare  employed similar sryucnces with acyclic 
active methylene rompounds to obtain 4-substi- 
tuted cyc l~hexanonei~"-~~ and piper id one^.^^-' Wc> 
report here the application of this method to the 
synthesis of spiro [cyc.lohexa,ne-l,S'-fluore~le J (1'1) 
and related compounds as outlined in Chart I .6  
Thr  dinitrile I1 obtained by cyanoethylation of 
fluoreiie3b,7 was converted directly to the dimethyl 
ester I I Ia  by hydrogen chloride in methanol and 

arid 11. J. Clutter, X1)~tracts of Pupcsrs. 128th l lwtii ig,  
American Chrinical Societ>-, 5!l-O ( l051), sf'. It.  1'. lIaric~ll>~, 
It. Cluttcr, and H. G ,  Ehnrr ,  J .  O r g .  ( 'hem, ,  20, l i 0 2  
(1955) (pyrolysis of diacid Jvith 1e:td oxide); ( c )  11. H. 
Burnell and W. I. Taylor, .I. Cheni. SOC., 318ii (1!)51) 
(Dieckmann condensation); i d )  I) .  A. Stauffcir and 0.  Is. 
Fancher, U. S. Pat .  2,647,896 (1!)5X), q f ,  ( 'hem. ithsfr., 48, 
9405 (1951) and J .  Org. C h n ~ . ,  25, !I35 (l!Hj0) (1)ieckm:tnri 
condensation), (sodium-potassiiim sand on diriitrilc~--i.e., 
Thorpe reaction); ( e )  G .  TI. Johnson, IT. 13. I,indscy, :ind 
B. R. Jonrs, J .  .Am. ('hem. Soc.,  78, 461 (11156) (1)ieckinniin 
condensation); ( f )  K. Shcng arid H. Chi-Yi, . Ida Chiiii. 
Sinicn, 22, 138 (l!lX) (Ilieckinann conticris:ttion). Thv 
1attc.r journal is not abstracted 113. ChCiiiical .Uxtrni,ts 
Service. A reproduction of this article \vas obtninrd from 
the library of the Chemical Socirty, I,ondon, England; 
(g)  F. hI. Dean and K. Manunapichu, J.'Chenz. Soc., 3112 
(1957). The following cyclization attcmipts w r e  iinsii 
ful ;  (lithium ethylanilide on diiiitril(b--i.c., Zivglrr-T 
reaction), (Ilieckmann conderis:ition on dicstrr). (:icrtii- 
anhydridr on diacid); ( h )  P. l I c C l o s k c ~ ~ ~ ,  J .  C'/ ic. i / t .  So?., 
1732 (1%8) (1)irckmann c~ond(~lisatioll . 

(5) ( a )  51. Ituhin and H. IVishinsk 
68, 838 (1946); ( b )  R. I,. Frank and J. 13. lIcPhrrson, Jr . .  
J .  Am. C'hem. Soc., 71 ,  138 i  (1!)4!1); ( e )  F. F. Blickv : i i l t l  

E. Tsao, J .  .4m. Chem. Soc., 75, 3W9 (1<)5:3); ( d )  E. C. Horn- 
ing, 11. G. Homing, S. J. Fish, and 11. IV. IIutenh(~rg. 
J .  dm. Cheni. Soc., 74, S i 3  (1952); ( ( a )  (;. B. B:tehm:iii :III(I  
R .  S.  Barker, J .  AAm. Cheni. Soc., 69,  1535 (1047) ;  ( f )  11. ('. 
Fiison, IT, E. Pnrhani, mid 1,. J .  Ilcrtl, . I .  .titi. ( ' h r i i ! .  Soc.. 
68,  12:3!1 (1946): ( 9 )  S. 11, ~ 1 r ~ ~ l v a i n  :ind ( i ,  Stork. .I.  . \ ! t i .  

C h o n .  Sor., 68, 1049 (1!)1(i)  :inti c~:irlit~r rczTc'rc'lli.c'h c * i t c - c l  
tlicrt~iii: ( h )  A. A .  Cook mid I<. ,J. I ~ ( Y Y ~ ,  .1. ( ' h c i i i .  Soc.., :3!l!l 
i l+I5) :  ( i )  S.  11. SIcElvaiii ant1 It. E. A l c 1 l i i h o I l ,  J .  . l / i f .  
( ' h e i t ? .  Soc., 71, 001 (l!H!I). 


