
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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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). 
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to the diethyl cstrr IIIb by sulfuric acid in ethanol 
rcqpcctivcly. Altcriiativrly, the elegant method of 
Clinton and I,aikon-skiX wai used to esterify the 
dincaid IX, dcriT.cd from thc alkaline hydrolysis of 
11, to the dimcthyl ehtcr I I Ia .  The Dieckmaiiii 

reaction was then used to cyclize these esters with 
sodium-potassium sand in xylene without isolation 
of the intermediate P-keto esters IT'a or ITrb.Ya The 
latter were hydrolyzed and decarboxylated i n  
hydrochloric-acet'ic acid solution in 23% over-all 
yield to the spiro ketone Vgb which was rcduced to  
the spirane VI by t,he modified Wolff-Iiishner 
method.Io The spirane VI has been reported by 
Wieland and I'robstll who prepared the inter- 
mediate spiro [ A3-cyclohexene-1 ,9'-fluorenc] from 
9-methylenefluorene and butadiene in et'her a t  1.20' 
in a sealed tube. They then hydrogrnat,ed this 
compound over platinum oxide in acetic acid to the 
spirane VI, m.p. 80.0-80.5'. This melting point 
coincides with that observed for T'I prepared herein 
and thus confirms the structures assigned t,o T' and 
VI. These workers did not indicate any elemrntal 
analysis for VI or any yield data for either step in 
their synthesis. 

The spiro ketone V \vas also obtained in 487; 
yield by treatment of the diacid IX with acetic 
anhydride followed by pyrolysis of the result'ing an- 
hydride a t  250' under reduced prrssure (Blanc 
reaction). The spiro ketone could also be produced 
in low yield by heating the diacid I X  with barium 
hydroxide under reduced pressure. 

When the direct' cyclization of the dinitrile I1 t o  
the spiroeiiamiiionitrilc T'II was attempted with a 
catalytic quantity of sodium ethoxide in ethanol. 
i.e. according to Thorpe's'? original reaction condi- 
tions, only starting material was recovered. l 3  
Similarly, iioiie of the desired product VI1 rvas pro- 
duced from the renct,ioii of 11 with a catalytic 
quantit'y of sodium-naphthalciie additioii coniples 
in hot dioxane under nitrogen.se The simplicity of 
the original Thorpe reaction is appealing without its 
necessit#y for an inert atmosphere or high-dilution 
apparatus. It was surmised that a stronger base 
would be necessary t'o effect' cylixat'ion of I1 as well 
as a solvent in which both the base and I1 were 
soluble. Accordingly, the variation whcrciii a 
catalytic quantity of sodium t-butoxide in boiling 
t-butyl alcohol was used to  cyclize substituted 
adiponitrilesI4 was applied to the c-yclization of the 
dinitrile I1 to the spiroeiiariiiiioiiitrilc T X .  I'o- 

(9)  ( a )  Stauffer and F:rnrhor (ref. I d )  ot)tairird a !)Of; 
yic,ld of IVn, :3-cnrboinetho~-\.s~,iro [cyclohcs:iiic~-l ,!f '-fluorcm] - 
4-onc, from I I I a  with n 2 :  1 inolc ratio of sodiiini nic.tho\id(L 
in tolurne, n procrdtirtx for the 1)icckinann rvartion simil:lr 
to tha t  eniploycid by \V. Bachmann, \V. C o l ~ ,  unci .A. I,. 
\\?Ids, J .  A?Iz. (,'hi. Soc., 62, 835 (1!)40); ( t i )  T h ( w  \\-orkws 
( r r f .  A d )  ohtairiecl an 83''; yield of spiro kcstone \- froni kcto 
ester IVa by hydrolysis in hydrochloric-acc,tic w id  soliition. 

(10) Huang->[inion, J .  ;1111. C ~ W J I .  Soc., 68, 2-187 (l!)4(j), 
( I  1 ) H. \Vieland and 0.  l'rohst, - I n n . ,  530, 2 i4  (1!):3i), 
(12)  J. F. Thorpe, J .  ( 'hem. Soc., 95, lW< ~ I ! I ~ ! ) ) .  

- _____ 

Q. I!;. T~OIIIIISIJI~, J .  '11)l. ( ' h / t / .  SOC., 80, 
orted that only st:Lrtirig iii:it(>rial IY:IS 01)- 

t:tintd whcn Thorpc's origiiid ~ ~ l o c c d i i r i ~  i v w  i w t l  OII 

adipniiitrilc~ (el', ref. 12). 
(14)  S.  It. Easton, H. I ) .  ItcxilT, (;. Sv:irti;is, :iiicI 13, \-. 

Fish. J .  A m .  PheTii. Soc., 74, 200 (l!W2): T. I t .  1:iistoii :iiitl 

S. .J. Sclson. .l, .1 UL. C h e w .  Soc., 75,  N O  f 1053). 
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tassium was used instead of sodium. The reaction 
proceeded smoothly protected only from atmos- 
pheric moisture to  give a 77% yield of the desired 
product VI1 in a high degree of purity. Use of an 
inert atmosphere did not improve the yield. Stauffer 
and F a n ~ h e r ~ ~  using the method of Homing and 
co-~vorkers'~ prepared VI1 from I1 in 80% yield by 
use of sodium-potassium sand (equivalent quantity) 
in hot toluene under nitrogen. 

In  connection with this cyclization reaction of 
11, the recent results of Thompson13 merit some 
comment. He found that the homogeneous reaction 
of adiponitrile with a catalytic quantity of po- 
tassium t-butoxide in t-butyl alcohol produced a 
76Yc yield of dimeric enaminonitrile XI1 rather 
than monomeric l-amino-2-cyanocyclopentene. 
Ebullioscopic molecular weight determinations for 
VI1 gave the following values: 278, 268 (in ben- 
zene); 279, 296 (in methyl ethyl ketone). The 
calculated molecular weight for C19H18S2 monomer 
is 272. These molecular weight results indicate that 
1-11 is a monomer rather than a dimer. This con- 
clusion is corroborated by the infrared spectrum for 
VIII6 which shows only one band in the C=N 
stretching region for a conjugated nitrile (2169 
cm.-l) while XI1 shows two bands in this region, 
one for a conjugated (2180 cm.-l) and one for an 
unconjugated (2240 cm.-1) C r y  group.I3 The 
absence of dimer in the present reaction can be 
explained in terms of the insolubility of the mono- 
mer VI1 in I-butyl alcohol. As the cyclization reac- 
tion proceeds, increasingly more product VI1 is 
precipitated from solution so that no further reac- 
tion to produce dimer can occur.17 

The hydrolysis of the enaminonitrile VI1 to the 
ppiro ketone V presented some difficulty. The use 
of sulfuric acid in various dilutions or a sulfuric- 
acetic acid mixture gave only a water-soluble prod- 
uct which yielded a reddish oil (probably a sul- 
fonic acid) upon evaporation of the water.18 Like- 
wise, the use of a hydrochloric-acetic acid mixture 
gave a low-melting solid which showed only a weak 
absorption for the carbonyl group in the infrared 
spectrum. Basic hydrolysis with potassium hy- 
droxide in diethylene glycol afforded none of the 
desired product. 

Othcr workers have reported difficulty in hy- 
drolyzing other cyclic enaminonitriles or ketonitriles 

(15)  E. C. Homing, Xi. G. Homing, and E. J. Platt,  

(16) S. Baldmin, J .  Org. Chem., 26, 3288 (1961). 
(17) One must assume a small bu t  finite solubility of VI1 

in t-butyl alcohol (acha l ly  a saturated solution). However, 
th r  potassium t-butoxide in solution probably converts this 
all to the anionic form and no free VI1 remains in solution. 
Thiis dimer formation is prevented (cf. ref. 13). 

( 1  8) Sulfonation of the aromatic nucleus can readill- occur 
rvith ?old mriwntratcd sulfuric acid or hot dilute sulfuric 
arid.  C:f. ( a )  A. L. Green and D. H. Hey, J .  Chem. SOC., 4306 
(1954); ( h )  C. I<. Bradsher, E. D. Little, and D. J. Beavers, 
J .  Am. ChPm. SOC., 78, 2153 (1056); (e )  C. K. Bradsher 
and D. J. Beavers, J .  Org. Chem., 21, 1067 (1956). 

J .  Am. Chem. SOC , 69, 2929 (1947). 

t o  ketones. Thus Frank and McPhersonsb reported 
the unsuccessful hydrolysis of a cyclic six-membered 
ketonitrile with 10% aqueous sodium hydroxide, or 
37% and 50% sulfuric acid solutions. Hydrolysis 
was accomplished in low yield by means of 10% 
aqueous sulfuric acid. Using various concentrations 
of sulfuric acid, two groups of workerslg failed to 
hydrolyze 6-imino-5-cyano-l,2,3,4-dibenz-1,3-cyclo- 
heptadiene via the intermediate iminocarboxylic 
acid to  the corresponding ketone. One successful 
procedure'gb involved treatment of the enamino- 
nitrile with concentrated sulfuric acid a t  room 
temperature for twenty-four hours followed by 
steam distillation in dilute sulfuric acid. It appears 
that  an aromatic sulfonic acid, probably formed 
during the concentrated sulfuric acid treatment, is 
being hydrolyzed t o  the parent aromatic hydro- 
carbon by steam distillation. Horning and co- 
morkersl5rZ0 hydrolyzed their cyclic enaminonitriles 
cia the indirect route :enaminonitrile + ketonitrile 
+ keto ester (or enol etherdd) + ketone. Likewise 
Stauff er and F a n ~ h e r ~ ~  followed this same sequence 
to hydrolyze the enaminonitrile VI1 to the ketone 
V in about 48% overall yield. The direct conversion 
of the enaminonitrile VI1 to the ketone V has been 
effected in this study by means of an acetic-phos- 
phoric acid mixture in 88% yield (60% yield of 
analytically pure material). Thus, it appears that  
sulfuric acid should be avoided in hydrolysis when- 
ever an extended reflux period is necessary and sul- 
fonation is a possible side reaction.21 An acctic- 
phosphoric acid mixture is therefore the reagent of 
choice in these cases.** The conversion of the 
enaminonitrile VI1 to the ketone V constitutes the 
proof of structure for TI1 in conjunction with the 
aforesaid molecular weight and infrared spectral 
data which established VI1 as a monomer. 

The reaction of the enaminonitrile VI1 with hot 
polyphosphoric acid led to the ketoamide VI11 in 
excellent yield. hlthough other  worker^^^,^^ have 
obtained cyclic ketoamides from cyclic cnamino- 
nitriles as by-products in attempted hydrolysis to 
the ketone, this conversion represents the first 
example of a clean-cut reaction leading to a single 
product in high yield. It appears that  the vinyl- 
amino group is hydrolyzed to the ketone in thc 

(19) (a )  T. Sskan and hl.  Kaltazaki, J .  Znst. Polytcch., 
Osaka City L'niv., 1, No. 2, 23 (1950) [Chem. Abstr., 46, 
5036 (1952)] ; ( b )  C. W. RIuth, W. Sung, and Z. B. Papanas- 
tassiou, J .  Am. Chem. SOC., 77, 3393 (1955). 

(20) E. C. Homing, h l .  G. Homing, and E. J. Platt ,  
J .  Am. Chem. $oc., 70, 2072 (1948); 72, 2731 (1950); E. C. 
Horning and A. F. Finelli, J. Am. Chem. SOC., 73, 3741 
( 195 1 ). 

(21) This precaution applies to reactive aromatic (ref. 18 
and 19) and olefinic (ref. 5b) systems. 

(22) It has bern noted tha t  K. hlislow and F. A. RIrGinn, 
J .  Am. (:hem. SOC., 80, 6036 (1058), have also used the 
arctic-phosphoric acid mixture to hydrolyze a cyclic scw11- 
membered enaminonitrile to the corresponding kctone. 

(23) M. S. Newman and W. L.  RIosby, J .  Am. Chcnt. 
Soc., 73, 3738 (1951). 



:wid while t'hc nit,rilc group is converted to 
t :mitl(..'5 

'l'lic rciaction of polyphosphoric acid on the diacid 
IS re~ul tcd i n  the interesting diketo spiranc XI 
in fair yield. This Fpirane was previously produced 
bj- the cyclization of the diacid chloride of IX wit,h 
stannic chloride in unspecified yield.26 The sct,ion 
of liquid hydrogen fluoride on the diacid IX or 
diest,cr IIIb result'ed only in unchanged starting 
mntcrial and hydrolysis to diacid IX respect>ively. 

In the first attempt to convert the diacid IX pin 
I hc diacid chloride in the conventional manner?' 
to the diamide X, a compound (m.p. 227-228') 
\v:is obtained which was readily soluble in hot 
c>t  hanol aiid gave the correct elemental analysis for 
tho dcsircd diamide X. The preparation of the 
diamide X directly from t,he dinitrile I1 I<it,h hot' 
polyphosphoric acid2ja resulted in a compound 
(n1.p. 238-2G0°) which was insoluble in hot ethanol 
:is \ v t l l  as in most common organic solvents (hot or 
cold) but also gave the correct elemental analysis for 
thc diamide X. Subsequent at,tempts to produce the 
low-molting form of X by the conventional pro- 
c ~ d u r e ~ ~  resulted only in the high-melting form. 
I~inally, boron trifluoride-diacetic acid complexzk 
 vas used to convert the dinitrile I1 to the diamide 
S t o  dctcrminc whether this procedure would yield 
the low-melting form of X. Again, only the high- 
melting form of X was obt,ained. The identical 
nature of all tmhc high melting forms was confirmed 
I)? iindcprcssed mixture melting points and identical 
irifrared spectra. 

Samples of high-melting X from each of the 
t h r w  different preparations as w l l  as the low- 
mclt ing form gave a positive ferric hydroxamate 
t w t  for primary amides.2g -4 sample of high-melting 
S prepared by the boron trifluoride met'hod was 
Ii>drolyzed to  the acid IX by potassium hydroxide 
in propylene glycol with the evolution of ammonia. 
I:iifortJiuiatcly, only enough low-melting X was 
:i\-nilablc for an element,al analysis, an infrared 
,spectral determination, and an x-ray diffract'ion 
( w ~ v c .  The infrared spectrum of low-melting X 
tliffcred in some respects from that of high-melting 
S ( v c  discussion of spect'ral data below). The x-ray 
tlifl'mction curves for the two compounds contained 

( 2 4 )  R. A .  Brnkcser, R. F. Lambert, P .  W, Ryan, and 
I ) .  ( i .  Stoffcsy, J .  A m .  Chem. SOC., 80, 6573 (1958). 

( 2 3 )  (:i) 11. It. Snyder and C. T. Elston, J .  Am. Chem. 
Sor., 7 6 ,  3O:N (1954);  ( h )  C. R. Haiiser and C. J. Ebg, 
J .  , t m .  Chetn. SOC., 79, 725  (1957). 

( 2 5 )  ( a )  I<. Hoffmann and E. Tagmann, Helv. Chim. Acta, 
32,  1470 (1949); ( b )  CIBA Ltd.,  Swiss Pat. 276,141 [Chem. 
.1 ! d r . ,  47, 7546 (1953)l ; ( c )  CIBh Ltd. ,  British Pat .  666,713 
l( 'hcttL. .lhstr., 47, 75-16 (1953)). 

( 2 7 )  It. 12. Shriner, R. C. Fuson, and D. 1'. Curtin, 
Si/stc.i)iulic ZdentiJcalion of Organic Compounds, 4th ed., 
lyiltsy, Xew York, 1956, p. 200. 

f2Y)  C.  It. Hniiser and D. S. Hoffenberg, J .  Org. Chenz., 
20, 11-15 (195%5). 

(2:)) 1;. Solow:iy and A. Lipschitz, Anal. Chem., 24, 898 
( l!Lj2). 

ninny points of \imilaritv but ~ i c r c  d~~finitrly not  
itlriitical. 011 this h s i i ,  i t  :tppcari that s (*ail cYi5.t 

in dimorphic forms. 
The infrared and ultraviolet spectral datn for the 

enaminonitrile VI1 and related compounds arc 
diseusqed in the following paper.16 The spectral 
data for the ,&keto ester I P a  indicate that it is 
totally enolic and chelated. Thus, its infrared spcc- 
truni (2% chloroform) exhibits bands at lG38 
and 1G18 cm.-I, aqsigned to chelated conjugated 
C=O and conjugated C=C respectively, nhilc no 
bands appear in the normal ester C=O aiid ketone 
C=O regions.30 Other norhers have liken isc rc- 
ported the occurrence of totally enolic p-kct o 
e~tcrs,~",~l~-~ but  only one other c.xamplc iii a 
epirocyclic ring system has been o b c e r v ~ d . ~ ~ ~  

Since IT'a contains the fluorene chromophore and 
the enolic @-keto cqter chromophore, which both 
absorb strongly in the same region of the spectrum, 
it necessary to  subtract thc spectrum of 1'1 from 
that of IVa to obtain the valiie for the enolic @-keto 
ester.32 

The ultraviolet subtraction spectrum (IT'a-VI) 
ABn':: C2Hso- gives : A,,,,," 

286 m p  ( t  12,100), 304 mp ( E  6400) These values 
agree reasonably well with thoce prcviouilv reported 
for totally eiiolic chelated 8-keto In ad- 
dition the substantial hathochromic shift (ca. 31 mp) 
n hirh occur5 in basic solution is typical of cnolizablc 
p-keto estersaLave and cyclic p - d ~ k e t o n e s . ~ ~  A t  present, 
110 reasonable explanation can be offered for the ad- 
ditional band at 304 mp in basic solution. 

The infrared and ultraviolet spectra for the spiro- 
lieioamide VI11 indicate that it too is entirely in 
the enolized state. Thus for VI11 (mineral oil mull) 

255.5 nip ( t  8400); q 5 V  C21ToOH 

II/O I \  IICl 2,j5 mp 8800); A ' 3 P c  c2IIsoII/O 1v KO11 
m a x  

(30) N. J. Leonard, H. S. Gutowsky, W. J. lIitidl(~ton, 
and E. M. Peterson, J .  Am Chem. Soc., 74, 4070 ( l$ l52) .  

(31) ( a )  J. B. Brown. H. 13. Hentiest, and E. 11. 11. JOIIOR, 
J .  Chem. Soc., 3634 (1950); ( h )  E. l17c~nLrrt anti 1'. 
E. Stevens, J .  Ani.  Chem. SOC., 78, 5627 (1!15!i); ( c )  S. 
P. Findlay, J .  Ory. Chew., 22, 1:155 (1057); 23, :!,<)I 
(1958); (ti) 0. L. Ch:ipm:in and ,J. 11c~iiiwld, $1. Or! / .  
Chem.,  23, 162 (1958); (e )  F. 11. I)e:in, T. Francis, :lilt1 

K. >Ianiin:tpirhu, J .  f'hetn. SOC.. 1551 (1958); ( f )  (;. n. 
Kline, J .  .Am. Cherta. Soc., 81, 2251*(1$)5!)); ( g )  In rcf. :31c, 
an alternativo formiihtion, whrw II  the hy(1rogc.n :itom 
migrates to the rster c:irhnyl groiip r:ithrr t l i : i r i  the 1;c.to 
group, has kwn  proposed for conjiigcitcd c~1iol:itc~tl est,,rs 
siich as IVa. For :I dis~~iission as to thr  pl;iiisiliilit\r of s1ic.h 
a structure cf. E. \\'enkcrt and B. G. Jackson, J .  -111~. ~ ' / K I I L ,  

Soc., 81, 5501 (195!3), footnote 1:3. 
( 3 2 )  It \vas assumed a p r i o r i  that  thrrc is little or no 

interaction betwem tht:sc two chromophores sincc thc 
separated by a t  least one insiilating methylene group. Thc 
spectrum of the hydrocarhon VI, however, differs sonieivh:it 
from that of fluorene itsvlf lioth in X,,,, nntl einnl v:iliic,s ( s w  
E.;perimental). Thtis, the spiroc?clohc,saric. ring  doc^ cJuc'rt 
some steric effect on the fluorcme chromophore. Tliweforc., 
the spectrum of VI rather t h a n  that of fluorc,nc i twl f  wis 
used to obtain the subtraction spectrum bccause VI more 
nearlv simulates thc conformation of IVa. 

( 3 8 )  E. R. Blout, V. W. Eager, and D. C. Silverman, 
J .  Atn.  Chem. Soc., 68, 566 (1046). 



no band appears in the normal ketone C=O re- 
gion, whilr bands appear a t  3423 and 3183 c m - '  
(SI€ strctvhiiig), 1 664 cm. -l  (chelated conjugated 
C=O or :imide I band), I637 cm.-' (SH, deforma- 
tion or amide I1 band), and 1582 cm.-' (C=C 
stretching). l'or the analogous p-ketoamides N , N ' -  
p - pht.nyleiiebisacetoacetaniide,3~a N,N'  - p - bis- 
phen3-leiiebisacctoacetamide,3"b and N,N'-bisaceto- 
acetyltolueiie - 2,6 - diamii1e,34~ there are bands at 
1721-1715 em.-' (presumably due to the normal 
ketone C=O stretching). 1664-1645 cm.-l (amide 
I band), and 1367-1336 cm.-' (amide I1 band). 
I t  ,seems therefore that there is little or no louering 
of thc amide C-0 frequency through coiijugation 
or rhclation. This contrasts with the abnormal 
lowering of the e;ster C-O hand in chelated con- 
jugated esters described above. 

While the infrared spectrum for VI11 indicate that 
it is totally enolic, it remains for the ultraviolet 
difference spectrum (JrII1-VI) to show that it is 
coiiiugated chelated as well. Thus the ultraviolet 
difference spwtruni (VIII-TrI) parallels that of the 
difference spectrum for the P-keto ester (ITb-TI): 

2,?4 nip ( e  8900). In  addition, a dilute solution of 
1'111 i n  95% ethanol produced a bluish-purple color 
with cthanolic ferric (ahloride indicative of an enol. 
This appcars to be the first reported example of a 
totally enolic p-ketoamide. 

The infrared spectrum of the high-melting di- 
amide X (mineral oil mull) showed bands a t  3448, 
3226,  :3106 cm.-' ( S H  stretching), 1672 cm.-' 
(amide I hand), and 1631 cm- '  (amide I1 band). 
The lon-melting form of the diamide X (mineral 
oil mull) had the following bands: 3460, 3300, 
31.i.i cni.-' (SH stretching), 1672 cm.-' (amide I 
band), and 1626 cm.-I (amide I1 band). In addition, 
the low-melting form had sharp but relatively Jveak 
bands a t  1704 and 1610 em.-' The remainder of 
the two spectra was essentially the same. It has 
been noted that the infrared spectrum of that poly- 
morphic form which has a lesser degree of crystalline 
order and lower stability usually exhibits a greater 
number of absorption bands.35 On this basis the 
observed lower melting point, increased solubility, 
and greater number of absorption bands in the 
infrared spectrum all indicate a lesser degree of 
crystallinity for the low-melting polymorph of X 
and are consistent n ith its apparent iiistability rel- 
ative to the high-melting pol3 morph. 

It is impossible to construct a model of the diketo 
spirane XI with Stuart-Briegleh scale models be- 
cause of the failure to close completely the carbonyl- 
containing rings. The spirocyclic ring system tends 
toward perpendicularity while the fluorene portion 

95% C * H s O I I / O  I S  HCI 2.l> m p  ( e  8000); X,,, C,€ISOlI 

( 3 5 )  Sadtlrr Infrared Spectra Collection ( a )  90. 7165; 
( b )  S o .  7166; ( r )  S o .  i l 6 i .  -411 these spectra were deter- 
mined as potassium bromide pellets. 

( 3 5 )  11. E. Taylor and T. I,. Flptrher, J .  dm. Chem. 
Soc., 80, 224lti (1!)58). 

is planar. The resulting strain within theqe rings 
might be expected to force the rardmnyl group5 out 
of the plane of the fluoreiie rilig. That thiq i i  not 
the case is indicated by the iiifrarcd spcctriini of 
XI (mineral oil mull) which s h o ~ ~  s a strong Imnd at  
1675 em.-' characteristic of a ronjugatcxd or aro- 
matic C=O. For example, the C=O frequency in 
1-tetralone is 1681 cm.-' (pure Thus the  
carbonyl groups and the fluorene ring in X I  must 
be coplanar to accommodate the resonance bet~vecn 
them while the carbonyl-containing rings are only 
a t  about a 30" angle to each other. 

The ultraviolet spectrum of XI resembles that of 
3 - keto - 1,2,3,10b - tetrahdyrofluoraiithene - 1- 
carboxylic acid (XIII),37a the 9-bromo analog of 
XI11 (XIV),38 and l - te t ra l~ne.~ 'b  The data arc 
summarized in Table I. The ultraviolet spectrum 
of X1r,37C the non-ketonic analog of XIII, rcicmblcs 
that of fluorene3id rather than that of XIII. Therc- 
fore, if the carbonyl groups were not conjugatd 
with t,he fluorene ring in XI, then it5 spectrum 
should also resemble that  of XV and fluorene rather 
than that  of XIIT, XIV, and I-tetraloiic. These 
ultraviolet data support the view that the carbonyl 
groups in XI are coplanar with the fluorene ring. 

XII I .  Z = 0, Y = H 
SIT'. Z = 0, Y = Br 
XF'. Z 132, Y H 

EXPERIMESTAL3' 

9,0-Fluorenedipropionitrile (11). This compoiind W:IS prr-  
pared by the  published procedure3"7 in c~s~ciitinlly the s:ini(> 
yield (72yc), n1.p. 120-121', after two rerr?stalliz:Ltiorls froin 
ethanol (reported m.p. 1 2 1 ° ) . 3 b , 7  pmnX: 2 2 4 i  mi.-' ( i i n m i -  

jugated nitrile) .40 
During the  course of this investigation, it R-as found tha t  

the  versatile cyanoethylation catalyst, a 40% aqueous solu- 
tion of benzyltrirnethylanImonium hydroxide, is no longc'r 
generally available either from the Rohni and Hnaz Coni- 
pany, Philadelphia, Pa., under the trade name of Triton 13, 

136) n'. 11. Schubert and W. A. Sweeney, J .  9 m  ('hem. 
SOC., 7 7 ,  4152 (1955). 

1371 R. A. Friedel and 31. Orchin, TTltravzolet Sprctrn of 
droinatzc Compounds, Wilev, S e n  Tork, 1051 ( a )  YO 327 
( b )  KO. 59; ( c )  90. 317, ( d )  S o .  311. 

(38) A. Weizmann, J .  Orq Chem., 16, 185 ( 1 0 , 5 1 ) .  
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B. From the dinitrile II .450ne gram of the dinitrile I1 and 
40 g. Gf polyphosphoric acid46 contained in an  Erlenmeyer 
flask was heated for 5 inin. with stirring in a Wood's metal 
bath preset a t  150'. The yellow solution was poured onto 
cracked ice, the resulting white solid collected by suction 
filtration and air-dried to  give 1.16 g. of matcrial, m.p. 237- 
257". This material was insoluble in acet,one, 957, ethanol, 
benzene, chloroform, ether, ethyl acetate, tetrahydrofuran, 
n-hexane, nitromethane, 57, aqueous sodium bicarbonate, 
and 10% aqueous sodium hydroxide. It was soluble in hot 
glacial acetic acid, hot concentrated hydrochloric arid47 
and dimethylformamide. Crystallization from the following 
solvents gave the corresponding m.p. : dimethylformamide- 
water (small needles) 257-259"; acetic acid-xater (sniall 
nwdles ) 256-258'; concentrated hydrochloric acid-wntc:r 
(sniall needles) 256.5-260'. The last material was submitted 
for analysis. X-ray data:39 8.19-0.9, 7.i8-0.9, 6.42-0.6, 

Anal. Cakd. for CI9H2~O2N2: C, 74.00; H ,  6.54; S, 9.09; 
0, 10.38. Found: C, 74.13; H, 6.70; ?J, 9.11; 0, 10.18. 

The  melting point of a 1 : 1 mixture of this material with 
high-melting diamide prepared in Method A above \vas not 
depressed. 

C. From the dinitrile 11. The  method of Hauser and 
HoffenbergZa was followed with boron trifluoride-diacetic 
acid complex.4* Thus, 3.00 g. (0.011 mole) of I1 was dis- 
solved in a mixture of 24 ml. BF, .2CH3C00H and 4 ml. 
(0.22 mole ) of water. The  resulting bluish-green solution be- 
came warm and was heated in an oil bath a t  120' for 10 min. 
After the dark green solution was allowed t,o stand overnight, 
i t  was then neutralized with 100 ml. of aqueous GIY sodium 
hydroxide. The solid which separated \vas collected by suc- 
tion filtration, washed well with water, and air-dried, m.p. 
255-257', yield practically quantitative. The m.p. of a 1 : 1 
mixt.ure of this material with high-melting X prepared in 
hlcthods A and B was not depressed. Likewise, all their in- 
frwed spectra were identical. The x-ray data showed th:tt, the 
interplanar spacings for this material were identical to  those 
for the material prepared in Jlethod B. All these high-melting 
diamides gave a positive ferric hydroxamate test for pri- 
mary amides by the procedure of Soloway and I,ipschitz.*g 
T o  characterize X further, 0.3 g. (1 mmole) of X, 8 ml. of 
1.V potassium hydroxide in propylene glycol, and 0.1 ml. 
nxter was refluxed for 24 hr. During this time, there was a 
slow but steady evolution of ammonia (identified by odor 
and bluc color reaction to  moistened pink litmus paper). 
The  solution was poured onto a mixture of cracked ice and 
concentrated hydrochloric acid. The resultant white solid 
was collected by suction filtration, washed well with water 
and air-dried, m.p. 269-273'. The m.p. of a 1 : 1 misture of 
this compound with authentic I X  prepared above was not 
dqiressed. 

Spiro[cycloherane-l ,9 ' -~~~oren]-4-one (V) .  A .  I n  a system 
protected from moisture a fine sand was prepared from 1.2 
g. (0.05 g.-atom) of clean sodium and 0.2 g. (0.0005 g.-atom) 
of clean pot,assium in 100 ml. of purified xylene (distilled 
from sodium). With the xylene boiling vigoroudy, 18.3 g. 
(0.05 mole) of I I Ib  dissolved in 200 ml. of purified xylene 
was added over 12 hr. The color changed from light yellow to  
dark yellow to  reddish brown over this period. After the 
misture cooled to room temperature, 10 ml. of absolute 
rthanol was added dropwise with stirring, then 50 g. of 
crushed ice, and finally 20 nil. of 3N hydrochloric acid. The  
mixture was filtered from an amorphous poivdery material 

(4G) We are indebted to  the Victor Chemical Company 
:ind the Virginia-Carolina Chemical Companl- for generous 
s:tmples of polyphosphoric arid. 

(47) See E. E. Magat, J .  A m .  Chem. SOC., 73, 1367 
( 1!)51), who reported tha t  in general amides are soluble in 
roncmtrated hydrochloric acid. 

(18) We are indebted to  the General Chemical Division, 
A l l i d  Chemical and Dye Corporation, for a sample of this 
nixt  fxri:;l. 

4.73-1 .O, 4.27-0.7, 4.23-0.8. 

Likewise their infrared spectra were identical. 

appearing at the interface of the two layers. This substance, 
probably polymeric in nature, was discardcd. The aqiwous 
layer was extracted with three 50-ml. portions of 
the extracts combined with the original xylene 1: 
drops of the xylene solution in ethanol gave a charactcristic 
purple color with ethanolic ferric chloride. The xylene was 
evaporated in a current of air on a steam bath leaving a dark- 
yellow gummy residue. The  latter was boiled for 5 hr. in 100 
ml. of acetic acid, 50 ml. of hydrochloric acid, and 10 rnl. of 
water. After the mixture cooled to room temperature, it was 
neutralized with 20% sodium hydroxide and extracted with 
three 100-ml. portions of ether. The  combined extracts were 
washed with three 100-ml. portions of water, 100 ml. of 5% 
acetic acid, 100 ml. of 5% sodium carbonate, and with 
water. After the solution was dried over magnesium sulfate 
m d  the ethor was evaporated, 2.9 g. (23%) of yellowish- 
white solid spparated, m.p. 205-200'. For analysis, a s:imple 
was sublimrd a t  130" (0.1 mm.), m.p. 208-2CI)". vmr,: 1700 
cm-1  (C=O in a six-membered ring).49 A:: C*H60'' 221.5 
(infl.) (14,000); 228.5 (6020); 268 (17,000); 290 (5620); 301 
( 8040). 

Anal .  Calcd. for CIBHIsO: C, 87.06; H ,  6.50. Found: C, 
87.34; H, 6.26. 

By the method outlined above, from 16.0 g. (0.05 mole) of 
I I I a  was obtained 2.3 g. (1870) of V, m.p. 202-207". The 
substance was recrystallized five times from ethanol, m.p. 
208-209". A 1 : 1 mixture of this compound with authentic V 
melted a t  208-209'. 

An attempted cyclization of I I I a  with sodium hydride in 
benzene50 result'ed in recovery of starting material and scme 
hydrolysis to  the diacid IX ,  m.p. 274-275", which showed no 
depression on a mixture n1.p. determination with authentic 
IX. 

The orime was prepared by refluxing 1.0 p. of V, and 1.0 g. 
of hydroxylamine hydrochloride in 5 ml. of ethanol, and 5 ml. 
of pyridine for 2 hr. The solvents were evaporated in a stream 
of air, t,he last traces being removed under reduced pressure. 
The solid was triturated and digested in hot water, filtrrcd 
with suction, washed well with water, and air-dried. The 
crude product crystallized from ethyl acetate in ncsedles, 
m.p. 221-222'. 

Anal. Calcd. for CigHl,ON: C, 82.10; H ,  6.51; 8, 5.32. 
Found: C, 82.32; H, 6.2'3; S,  5.03. 

The yellow 2,4-dinitrophenylhydraz~ne was produced by 
the method of Johnson.5' I t  was insoluble in hot benzene, 
ethanol, and acetic acid. For the analytical sample, it  was 
triturated and digested in boiling benzene, filtered with 
suction, and washed well with hot benzenr., m.p.  273-275". 

A n a l .  Calcd. for C24Hro047V4: C, 67.28; 11, 4.71; N, 13.08. 
Found: C, 67.27, H ,  4.74; K, 13.00. 

The semicarbazone was prepared by refluxing for 5 hr. 
0.25 g. of V, and 0.25 g. of seniicarImzidcJ hydrorhloridc in 3 
ml. of ethanol to  n-hich 0.3 ml. of pyridine had been added. 
The  mixture was poured into 25 nil. of water and digested 
on the steam bath for 1 hr. The product was filtered with 
suction, washed well with water, and air-dried. The crude 
product crl-stillized from acetic acid in glistening plates, .. - 
n1.p. 227-228'. 

And.  Calcd. for ClsH19011',: C, 74.73; 11, 6.27; S,  13.76. 
Found: C, 74.83; H, 6.41; K, 11.08. 
B.45 The published procedure62 was modified as follon s: 

T o  3.1 g. (0.01 mole) of dlacid I X  wis  added 18.0 g. of a c ~ t i c  
anhydride and the niiuture was heated t t  100" for 24 hr. 
The solution \vas evaporated nt 100" tinder redrirrd pressurr 
and another 18.6 g. of acetic anhydride n a s  a d d d  to  th(, 
remaining gelatinous mass. The previous procc,durr of 
heating and evaporating n 3s rrpented. The remaining gray- 

(49) L. J. Bellaml-, The Infra-red Spectra of Cornpler 
Molecules, 2nd Ed., Methuen & Co., Ltd., London, 1058, 
p. 147. 

(50) J. F .  Tinker, J .  Org. Chem., 16, 1417 (1951). 
(51) G. I). Johnson, J .  A m .  C h e m  SOC., 73, 5888 (1051). 
( 5 2 )  A. Horcws ,  Conipt. rend., 228, 2059 (1949). 
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ish-white gclatinous mass was pyrolyzed at 250' (0.3 mm.) 
f o r  I Iir. Thc solid ivhich hut1 sublitned was scraped from the 
tlistillirig h t l* td  nnd both the reaction flask and head were 
ririac.cl eth:ino1. The sublimed material and ethanol 
wni;hinXs \vcr(! combined, the entire mixture heated t o  dis- 
solve as much ns possible, and the resulting solution filtered 
froin the insoliible material. The volume was reduced t o  250 
nil. and the solution was chilled to give 1.25 g. of a white 
solid, m.p. 195-210". This solid gave a positive 2,4-dinitro- 
phenylhydrazine test. The volume was further reduced to  
30 nil. to  give 0.28 g. of crystals, m.p. 189-203'. The first 
crop was sublimed a t  170' (0.15 mm.) to  give 1.19 g. (4870) 
of solid, n1.p. 205-207'. The m.p. of a 1 : l  mixture of this 
compound with authentic spiro ketone prepared in Method 
A \vas 205-200'. 

C.45 In a 100-ml. round bottom flask equipped with an  air 
condenser were placed 5 g. (0.0161 mole) of diacid IX and 
1 g. (0.00317 mole) of powdered barium hydroxide octa- 
hydrate. The mixture was heated at 295-300' for 24 hr. 
After ahout 2 hr. needles had sublimed on the side of the 
flask. There was a black residue remaining a t  the bottom of 
the flask and some of the sublimed needles appeared t o  have 
decomposed. The needles were recrystallized from absolute 
ethanol to give 0.1 g. (2.57') of spiro ketone V, m.p. 207- 
208". The m.p. of a mixture of this compound with authentic 
V prepared in Method A was 206-207". 

3-Carbomethoxyspiro [ cyclohexane-1 ,Y-$uoren] +one ( IVa). 
The procedure of Stauffer and Fancher4d was followed. A few 
drops of the washed toluene solution of ester IVa in 95% 
ethnnol gave a deep purple color with one drop of aqueous 
107' ferric chloride indicative of the presence of enol. 
Then 3 g. of crude IVa was crystallized from 10 ml. of 
methanol and 5 ml. of acetone, m.p. 122.5-123' (reported4d 
m.p. 122-123'). This material was used in the infrared and 
ultraviolet spect,ral studies. AEz CzHKoH 228 (8500); 263 
(23,000); 280.5 (6600); 301.5 (8600); 221 (infl.) (17,500). 

228 (8600); 263 (23,100); 289.5 (5700); 
3cy.5 (8000); 221 (infl.)( 17,200). Agz CZHLoH/o.lx K0H228 (7700); 
208 (21,600); 290 (17,600); 301.5 (15,000). 

Sprio[cyclohexane-l,9'-$~~orene] (VI) .  The modified Wolff- 
Kishner methodlo was employed. Thus  from 2.35 g. (0.00948 
mole) of V, 1.33 g. (0.02 mole) of 857' potassium hydroxide, 
and 1 ml. (0.0175 mole) of 857' hydrazine hydrate in 25 ml. 
of diethylene glycol was obtained 2.00 g. (907') of the spirane 
VI, m.p. 78-79', recrystallized once from methanol. For 
analysis, a sample was sublimed at 80' (0.1 mm.), m.p. 79.5- 
80' (rpportcdll m.p. 80.0-80.5'). X:2 C2H50H 228 (5400); 
264 (14,600); 267.5 (14,800); 290 (5620); 301 (8880). For 
fluorene itself: A::: C*H50H 220 (15,800); 261.5 (19,300); 
288.5 (6300); 300 (9600). 

Anal. Calcd. for Cl8Hl8: C, 92.26; H, 7.74. Found: C, 
92.51; H,  7.62. 

Spiro [ A3-cyclohexene-l ,9'-$uorene] -3-carbonitrile, &amino- 
(VII ) .  I n  a 300-ml. flask fitted with a reflux condenser cap- 
ped by R drying tube, there was placed 13.6 g. (0.05 mdes)  
of I1 in 150 ml. of t-butyl alcohol (distilled from calcium 
hydride). Clean potassium (0.1 g.) was added and the 
mistnre \v%s heated under reflux for 12 hr. to give 10.5 g. 
(7 iyG)  of VII, m.p. 264-265'. The substance is essentially 
insoluble in common organic soivents, hot or cold, but  is 
soluble in hot acetic acid or hot 2-ethoxyethanol (Cello- 
solve). It was analyzed after four recrystallizations from 2- 
ethosyethanol with a final methanol washing, m.p. 265-266" 
(rcported4d m.p. 264-265'). A:: CzH50H 221.5 (infl.) (17,800): 
229 (9670); 267.5 (27,300); 288 (8000); 301 (8330). 

Anal .  Calcd. for ClgH16N2: C, 83.79; H, 5.92; N, 10.29. 
Found: C, 83.52; H, 5.88; N, 10.26. 

Attempted cyclizations with sodium ethoxidelz or sodium 
in dioxanese resulted only in recovery of starting material. 

ysjq, CzH5OH/O.l.V HCI 

Hydrolysis of VI1 to V. Under a nitrogen atmosphere 1.0 
g. (0.00367 mole) of VI1 was dissolved by hwting in 'a  solu- 
tion of 25 ml. of glacial acetic acid and 1.5 nil. of distilled 
water contained in a 50-ml. three necked round bottom 
flask equipped with a glass-encased magnetic stirring bar. 
The solid dissolved after about 30 min. of gentle refluxing and 
heating was continued for another 15 min. Then 10 ml. of 
85% phosphoric acid was dropwise via a pressure-equalized 
dropping funnel. The solution was then refluxed and stirred 
magnetically for 16 hr. Upon cooling to room temperature, t,he 
light yellow solution was poured onto about 50 g. of crushed 
ice whereupon a white solid separated. After being filtered 
with suction, washed with water, and air-dried, the material 
(0.91 g., 1007,) melted a t  195-200". This material was crys- 
tallized from 30 ml. of 9570 ethanol to  give 0.80 g. (887,) 0: 
ketone, m.p. 205212".  This substance was sublimed at 170 
(0.1 mm.) to  give 0.55 g. (60Cj0) of very pure material, 
m.p. 211-212". The melting point of a 1 : l  mixture of this 
compound with authentic V was not depressed while the 
infrared spectra of the two compounds were identied. 

3-Carboxamidospiro [cyclohexane-1 ,Q'-$uoren] -4-one 
(VIII).45 The enaminonitrile VI1 ( 1  g.) and polyphosphoric 
acid (20 9.) were heated for 30 min. in an  oil bath preset 
at 100" with occasional manual stirring (glass rod). The 
yellow-brown solution was poured onto cracked ice. The 
resulting solid was filtered with suction, washed with watw, 
and air-dried, to  give 1.09 g. of yellow-tinged material, 
m.p. 218-222". A small sample was sublimed a t  220" (0.05 
mm.), m.p. 226-229". The material was insoluble in benzene, 
chloroform, methanol, acetone, nitromethane, acetic acid, 
hot concentrated hydrochloric acid, and hot aqueous 10% 
potassium hydroxide. The analytical sample was prepared 
by trituration in nitromethane, filtration, and recrystalliza- 
tion from dimethylformamide-nitromethane, m.p. 227- 
229'. XF: CzH50H 221 (infl.) (18,000); 228 (9600); 263 (22,400); 
289 (5600); 301.5 (8000). 

Anal. Calcd. for C 1 ~ H l ~ O ~ V :  C, 78.33; H, 5.88; N, 4.81. 
Found: C, 78.34; H, 6.17; X, 4.72. 

1,l'- [4,4 '-Diketo-l,2,3,4,1 ',2',3',4'-octahydro-8,8'-binaph- 
thyl]spirane (XI).I5 The diacid I X  (5 g.) and 150 g. of 
polyphosphoric acid were heated and stirred mechanically 
for 25 min. in a Wood's metal bath preset a t  130". The color 
of the solution became progressively darker throughout the 
reaction. The dark brown solution was poured onto 300 g. of 
cracked ice, the resulting greenish precipitate was filtered 
with suction, washed well with water, and dissolved in 100 
ml. chloroform. This solution was washed with 100 ml. of 5yG 
sodium bicarbonate solution, 100 ml. of water, and 100 ml. 
of saturated sodium chloride solution. The organic phase 
was dried over anhydrous magnesium sulfate, filtered, and 
the solvent evaporated in a stream of nitrogen. Tho yellow- 
brown residue was crystallized from ethyl acetate to  give 
2.06 g. (47%) of X I ,  m.p. 211-215'. The analytical sample 
was prepared by sublimation a t  185-190' (0.1 mm.)  and 
recrystallization from ethyl acetate, m.p. 214-215" (reported 
190-194°z~b~c, 20i-208°26"). 

Anal .  Calcd. for Cl9HI402: C, 83.20; H, 5.15; 0, 11.65. 
Found: C, 83.23; H, 5.06; 0, 11.47. 
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