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Syntheses and Reactions of Spirocyclopropaneanthrones. Part 2.1 
Rearrangements and Cyclopropyl Ring-opening Reactions of Phenyl- 
s ubstituted Spirocyclopropaneanthrones and Related Compounds 

By Kiyoichi Hirakawa and Toshikazu Nosaka, Department of Chemistry, Faculty of Textile Science and 
Technology, Shinshu University, Ueda, Nagano 386, Japan 

Diphenylspirocyclopropaneanthrones [(l c) and (1 d) J thermally rearranged with ring expansion to 1,l  Ob-dihydro- 
2H-aceanthrones (2), whereas the phenyl analogue (1 b) did not rearrange under comparable conditions. Phenyl- 
spirocyclopropeneanthrone (3a), prepared by the carbenic reaction of 1 O-diazoanthrone (6) with phenylacetylene, 
thermally rearranged to 10bH-aceanthrone (1 1 ). By contrast, the diphenyl analogue (3b), from the reaction 
with diphenylacetylene, was thermally stable. The diazoketone (6) reacted with 9-methylenefluorene to give 
directly the rearrangement product (2g), instead of the dispirocyclopropaneanthrone (1 9). Spirocyclopropane- 
and spirocyclopropene-anthrones [( 1 ) and (3)] reacted under acidic conditions to yield cyclopropyl or cyclo- 
propenyl ring-opened products. In these reactions, the ring was shown to open from the more substituted side. 
These reactions are discussed in mechanistic terms. 

I N  tlic contest of our invcstig:ritions on tlic reactions of 
s ~ ~ i r o - c o ~ ~ i ~ ~ o u i i ~ l s  lia\ring a quiiione nioit:ty, w e  Iia\.c 
furtlier examined related conipounds. We liavt: ])re- 
\.iously sliown tliat dispiroranthrone-10,l '-cycloprol,~~iie- 
S', l0"-anthrone] ( 1  a) tlierrnallv rearranged witli ring 
expansion to 1 , I  Ol)-diliydrospiroj2H-aceant~irone-~, 10'- 
anthrone] (%).I l'his work has now been extenrled to 
the react ions of  spiro- and dispiro-cyclopropaneantlironcs 
[(2b)-(2g)] and spirocyclopropene analogues (3) to 
investigate their reactivity in this rearrangement. 

These spirocyclopropane- and spirocycloproperie-~Ln- 
throne systems were also expected to be highly reac'tivc, 
not only because of the high degree o f  strain in the cyclo- 
propane or cyclopropene ring, but also because o f  the 
possibility that aroriiatizatioii of the cluinone portion of 
the niolecule might supply a strong driving force to 
reaction. In addition, these systems are intriguing in 
tliat protonation of the carlmnyl oxygen may lead to EZ 
Iivdroxy-carbocatioii wliicli could conceivably he 
briclgctl, ;is sliown in (4) or (r)).4 We also studied tlie 
rcrictioiis of the c;~rl)ocations ( t )  aiid ( 5 ) .  

I<I:SUI,'TS Ah 1) DISCUSSION 
,. llie I)lien/l-substitutecl s ~ ~ i r o c . ~ ~ c ~ l o ~ ~ r o ~ ~ ; i ~ i ~ ; ~ ~ i t l ~ r o i i e s  

I (ll))-(ld)] were prepared by irradiation o f  10-diazo- 
-dnthrone (6) in 1,enzene containing the corresponding 
ethylcnes according to a known metl~ocl.~ The clispiro- 
cyc1oI)roaneantlirones [ (le) and (If); were obtained from 
similar pliotoreactions of tlie tliazoketone (6) with 
iiret1iyleirecj~cloall;anes. Tlie structures of ( lc )  and (If) 
were confiriiied by tlicir spectral data and tlie following 
o1)servations. Their oxitlatioii wit11 clironiium trioxidc 
;ifforcletl only anthraquiizonc, and tlicir zinc-dust rcctur- 
t ion in acetic anhydride led to 10-~icetoxy-9-cyuloalkvl- 
riietliylanthracenes I (7e) ant1 (7f) 1 .  The phenyl-su1)- 
stituted sI)irocyclopropeiieairtlirone j (3a) and (3b)l were 

also obtainc~tl 1)y similar trcatiiicnt of tlic di:tzokctonc (5) 
witli ~~11cii~lacct_vlcnes. Tlic structure5 o f  (3a) and (:+I)) 
were identified on the basis of their spectral data ;i1ic1 

cheniical l~eliaviour (see their acid-intluccd ring-o~,ciiing 
reactions and reductive acctylatioii shown bclou.) . 
However, the tliernial reactions of tlic diazoketonc (6) 
witli ~-nietliyleriefluorenc and of tliazofluorene wit li  I 0- 
metliylenearithrone gave the rearrangenlent product, 
spir~-(2H-aceantlirolle-2,9'-Auorene j (8g) in 6 aiitl 4 1 ':I 
yields, respectively, instead of tlie (lesirecl dis1)irocyclt )- 
propaneanthrone (lg).  In tlw case of the pliotoreactioiis, 
neither (8g) nor (lg) was obtained. Tlic: structural 
assignment of tlie 2H-accanthroiie (8g) rests on its 
spectral data arid clieiriical heliaviour, i.c. its rcx1uc:tive 
acetylation leading to G-acetoxyspirol aceantlirone-2 ,9'- 
fluorene I (Yg). 

Tlzcvmzl I~cavva~igc,iil.ciit. -- Several sl~ii-t)c.yclo~)r"l';t'lc'- 
;ind sT'irocycloprol,clle-antiiitlir(~iies 1i:iving plieriyl g r o u p  
on tlic~ir cyclopropane or cyclopropene ring, aiirl dis1)iro- 
cyclo~~ropaneantliroir~s, rcarraiiged tlieriiially to tlic 
intt:ndetl products. Hcating of the si)iroc3'cl"l"(~l)~iii~~- 
mtlironc (1 c) in refluxing acetic anhyclride g:i\'c G- 
ric-etoxy-3,2-dipl ieii~~lac-em t 1 irme (9c) (65 'yo) ; t r c b r r t  iiw1i t 
in drefliixing xylenc led to 2,2-tlil)lieri4;1-'2~-~ic~~~tiitl iron(& 
(Sc) (41 (:&), which ga\7e tlic aceantlircne (Rc:) 87:/,) by 
rcductive acetylation with ziiic- dust in  arctic ~i~il~yclridv. 
The spectral data of (Rc) is consistent with the propo\cvt 
structurc. Similarly, the si'irocyc.loproi,ane;tntiitliroii~! 
( l t l )  in refluxing acetic ;inliytlride gave (i-,zct.tos~-tvnizs- 
1 ,~-diplienyl;~ceantlirerlc (Dtl)  (53(xj), wliose structurv was 
substantiated by n.ni.r. spectra, showing two doublets 
for 14-1 and -2 a t  8 5.15 and 4.75 (%/l .2  3.5 Hi.,), rtq,cct- 
ivelji. Tlicrniolysis of ( Id)  witliout sol\-cw t affordcd 
1, t~)l~-cliliytlro-t~~~z,s- 1 ,~-rli~'lienyl-2H-ac.t:anti~~ir(~n~~ (2d) 
aiitl l,3-cli~~11~1ryl-2H-;t~ea1itlirone (8cl) i n  32 ancl 18"/:, 
vieltls, respectively. Acetylation of (2~1) led to (9tl) ; 
ieductive acetylation of (8d) gave 6-acetoxy-cis-] ,2- 
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dii’hcnylaceantlirerle (go%), the structure o f  which 
followed from n.m.r. spectral data [two doublets for I€-1 
and -2 at 8 5.60 and 5.35 (J l . z  8.2 Hz),  respc.cti\relyl. 
Tlie 1 ,lOh-dihydro-2H-aceantl-lrones (2) could not he 
isolated previously owing to their reactivitjr, and even 
under a nitrogen atmosphere attempts to isolate tlwrn led 
to the 2H-aceantlirone (S).l In the case of (Id),  the 
product (2d) was isolated as the keto-tautomer rather 

of the spirocyclopropeneanthrone (3a) in acetic anhy- 
dride and in inert solvent gave 2-phenyl-10bH-ace- 
anthrone (1 la) (%yo) and 6-acetoxy-2-phenylaceanthryl- 
ene (l2a) (83o/d), respectively; however, (3b) was 
thernially stable and similar treatment gave no reaction. 
The structural assignments for (1 la)  and (12a) are based 
on their spectral data. 

Mechanistically, this tlierinal rearrangement with ring 
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t l i a t l  as tllc ~1101  t;iutoiiier. ’I’rci~tt~lellt of tlle spiro- 
c ~ \ ~ c l o ~ ~ r c ~ ~ ~ a i i ~ ~ r i t l i r o i i c  (1 1 ) )  i 1 1  refluxing acetic :inhj-dritl(~- 
pvridine rcsulted in formation o f  the riiig-opened pro- 
duct, lO-;tc.ctoxy-n-trr?zs-st3.rylatithrac~ene (lob) (51 (Yo), 
w1ierc.a.; treatment in only acetic anhydride gave no 
r c x  t ion. ‘rl iermolysis o f  (1 ispirocyclr )propanean thrones 
1 (Ic) and ( I f ) - l  in a11 inert solvent, and  without solvent, 
gavel spiro-i2f3-ac-caiithronc-Z, 1’-cyclohexane j (se) and 
tlic cyclopentane analogue (8f) in 29 and :37(x> yields, 
r~~spc~ctivrly ; a complex product mixture resulted from 
tlie reaction in refluxing acetic anhydride. Treatment 

cxpansiori is fornially analogous to that of the spirocyclo- 
prop me flu or me^ to cyclopen ta rjk-lfluorcne and of 
s~)iroarithroneinda~~~les to heiizl n Jaceantlirylene~.~ In  
aditlitioii, such re;crr,zngernerits do riot occur by acid 
mtal ysts (see section on acid-induced ring-opening 
reactions), and do not proceed by a sigmatropic pathway 
since a thermal 1 ,3-antarafacial shift with retention is 
sterically inipossible. Therefore, the rearrangement of 
the spirocyclopropaneantlirones ( 1 )  probably involves 
the following biradical pathway : cyclopropyl ring 
cleavage at  the C-10-C-2’ bond, i .e.  froin the more sub- 
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stituted side to generate the more stable hiradical (13), 
the cyclization to the intermediate (14), and isomcriz- 
ation to (2). In  this rearrangement reaction, the bi- 
radical (13) would be expected to abstract hydrogen from 

OAc 

0 0 

(11)  

a; R' = Ph, R Z =  H 
b; R' = R 2 =  Ph 

0 \\\..\ OH 

I I  
R ' t Z  

(18) 

OAc 

R'C: 
II 

R' COAc 

(21)  

solvent or internietliatc species to give conipouiid ( 1  5) 
or its acetate (in acetic. ardiydridc), wliicli wits i i o t  

detected in  any o f  tlic. tlierrnal rcaction products. 
I'urtlier, e.s.r. spectroscopy failed to tietect thc prcserice 
of  the hiradical. Howcvor, it is reasonable that tlic: 
Intramolecular cyclization o f  (13) to (14) is niuch more 
favourable than the interniolecular reaction, so that (15) 
is not protluccd, ;tiid also that tlie cyclization prouxds 
too fast to detect the. biradical e.s.r. signal under tlierrnal 
rvaction (-oiiditioiis. Retention of stereoclicmiisti-y upon 
rearrangemelit o f  (lc) to (2c) or (9c) [the two phcnyl 
groups of ( lc),  (Bc), and (Yc) are trans] ,  supports tlie idea 
that the intramolecular cyclization of the biradical (13) 

i-; fast. Siinilarly, the rearrangement of cyclopropcnc 
analogue f3) is accounted for by the hiradical patlt- 
way. 

A cid-ii~diiccd Riiig-ofw$ittg Reuctionzs. - 7 ' 1 ~  react ions 
of the spirocyclopropanearitliroiies [ ( l l ) )  -- ( 1  d) ] and tlie 
spirocyclopropene analogue (3) witlr acidic reagent (Hz)  
were cxpcv+xl to give tlie ring-opened protlucts ( 1  6) a d  
(lT), and (18),' rcslwctively. Tliese rctwtions arc 
analogous to those of spirocyclopropanecyc1~)lie~~I- 
dicnoncs under acidic conditions.* However, tlie ring- 
opened products of the types j(l6) - (IS)] were too 
unstable to be isolated, aiid were oxidized by atino- 
splicric oxygen to form anthraquinone during work-up. 
It w;ts pos4l)le to  stabilize the products by acetylation 
with aretic anhydride. Therefore, the acid-induced 
rcw-tions of (1) and (3) were carried out in acetic anhy- 
tlriclc containing ;I siriall amount of sulpliuric acid. The 
;icid-intluc*ctl rcactiori of the spirocyclopropaneanthrone 
( I a) at  rootn teniperature gave tlie diacetoxyphenyl- 
c.tliylanthrac.etie (19b) (26'j/ ,) ,  hut at 95 "C led to the 
~~cetoxystyrylanthraceiie (10b) (71 (:;), wliicli was also 
preparcd independently by reductive acetylation of the 
sI)iroc.ycloy,ropeneanthrone (3a) in 83 :L yield. Tlie acid- 
in(1uc.cc-l rt:act ion of the spirocycloyropaneantlrrone (lc) 
a t  room temperature gave the acetoxydiphenylvinyil- 
ant h raw no (1 Oc) (63 (:&) arid I 0- (2,2-c2iphenylviiz?rlidenc) - 
antlironc (2Oc) (1.0%',). Tlic cumulene ( 2 0 ~ )  was also 
obtained in 58O{, yield by the reaction of (Ic) in acetic 
wit1 containing sulpliuric acid. The structure of (2Oc) 
was confirmed by direct comparison with an autlientic 
srunple p r e p r d  independently by clehydrat ion of 1 0- 
(2,Z-d i plxn yl vinyl) - 1 0-hydroxyan t h r ~ n e . ~  The similar 
reactions o f  (Id) and (3b) afforded the anthracene (10d) 
(75?,6), wliicli was prepared by reductive acetylation of 
(3b), ;~nd  tlic mthracene (21b) (32%). The spectral data 
o f  tliese aritliracenes are consistent with the proposed 
structurcs. On tlie otlw hand, a complex product 
iiiixture resulted froin the acid-induccd reactions of (le),  
( I  f ) ,  ancl (3a). 'l'lius, several sI'irocyclopropane- and 
s~~iroc.)~c.lo~~rc,~'eiir-antiitlirones under acidic conditions 
undc~go tlic. cycloprtq1y1 and cyclopropenyl ring-opening, 
rt.sl)cc~tively, a t  the Inore substituted side. This direc- 
tion o f  ring-opening is consistent with our expections that 
tllc clcat-agc would be controlled by the stability of the 
(:,it ionic re11 trc. The acid-induced reactions may be 
rationalized by postulating protonation on the oxygen 
atom of the carbonyl group to form the hytfroxy-carbo- 
cxtions (4) and (6),4 wliicli then react with an available 
nucleophile, or undergo eliniination of liydrogen on tlie 
less substitutetl cyclopropyl cartion, followctl by acetyl- 
ation o f  t IN! 10-liytiro>iy-group with acetic anliydride. 
I n  t 1 ic' aci(l-inducet1 react ion of the sI'irocyclopropanes 
( l ) ,  thc competition between the reaction with a nucleo- 
llliile and eliniination of a proton in (4) is compatible witti 
the general rt3sults expected between Sy1 and El reac- 
t ions ; i .c. elimination becomes favoured over reactions 
wit11 a nucleophile when reaction temperatures are 
elevated or when cyclopropyl carbons are more phenyl- 
substituted. 



J.C.S. Perkin I 

I X PE R1 M E N  T A I, 

M.p.s were deterniined on a Yanagiiiioto hot-st;ig:c 
apparatus. 1.r. spectra were recorded Lvith ;L J ASCO I liX-1 
spectrophotometer (KHr disc), n 1n.r. spectra with JE( )1, 
JXH-3H-60 (60 MHz) and JNH-FX100 (100 MHz) spcctro- 
meters for solutions in deuteriocliloroforiu ( te t rameth~~l -  
silane as internal standard), and mass spectra with a J H > l ,  
JMS-OlSG-2 spectrometer (at 75 eV). Elemental analyses 
were performed on a Coleman model 33 carbon-liydrogen 
analyser. T.1.c. and column chrornatography were carrictl 
out on Wakogel R-5 and C-200 (Wako I'ure Chemical 
Industries), respectively. Irradiations were carried out 
with an Ushio UM102 100-W high-pressure mercury lamp 
through a Pyrex filter. 

The following compounds were prepared according to 
reported methods : 2'-phenyl-, 2',2'-diphenyl-, antl tvans-  
2',3',diphenyl-spiro[anthrone- 10,l '-cyclopropanc] I ( I t ) ) ,  ( lc)  , 
and (1d)l.S 

Tkpiro[nnthrone- 1 0,1 ' - c ~ ~ c l o p r o ~ a i ~ c - 2 ' ,  1 "-c~tcZo//exmn~] 
(le).-A solution of 10-tliazoanthrone (6) lo (1.10 g, 5 mmol) 
and methylenecyclohexane l1 (0.48 g, 5 nimol) i n  benzene 
(100 ml) was irradiated a t  room temperature under  nitrogen 
for 3 h,  during which time the approximately theoretical 
amount of nitrogen was evolved. The rcsultiiig solution 
was concentrated, and the residue was clironiatographed on 
silica (benzene as eluant). The first eluate gave the rfispiro- 
cyclopropnneaizthrone (le) as colourless plates ( 0 . 3 3  g ,  B O A , ) ,  

m.p. 185-186 "C (deconip.) (1;ound: c', 87.3; IT, 7 . 1 .  
C,,H,,O requires C, 87.5; H, 7 . 0 % ) ;  v j , l ~ , y ~  1 660 cni (CO); 
S 0.60-1.55 (10 H, ni, C,H,,), 1.01 (2  H ,  s, CH,), 7.05-7.75 
(6  H. m, Ar-H), and 7.95-8.30 (2  FI, in, H-1 and -8); i i i /c 
288 ( M + ,  91%), 206 ( loo) ,  194 (ti5), 178 (98),  and 165 (29).  
The second and third fractions contained anthraquinone 
(10%) and 10, lO'-bianthrone (27"/,), respectively, identical 
with authentic specirnens.I3 

Dispiro[anthrone- 10,l '-cyclopropane-2'. 1 " - c ~ c Z ~ p ~ ~ i t t ~ i ~ J  
(If)  .-A solution of tlie diazoltetone (6) (1.10 g,  5 mmol) antl 
methylenecyclopentane l3 (0.42 g ,  5 nimol) in benzene 
(100 ~ n l )  was irradiated under nitrogen until gas evolution 
tvas complete. The mixture was chromatograpliecl to give 
the dispirocycZopvoPaneantlirone ( I f )  as colourles~ plates 
(0.18 g,  13yo), 1n.p. 155-157 "C (decomp.) (1;ound: C, 
87.5; H ,  6.55. C,,H,,O requires C ,  87.6; H, 6.67;) ; vllld,,. 
1638 c n - l  (CO); 8 0.70-1.80 (8 H, m, C,H,), 2.22 ( 2  H, s, 
CH,), 6.95-7.50 (6 H, ni, Ar-H), a n d  7.85-8.10 (2  H ,  in, 
11-1 and -8 ) ;  ln /e  274 (&I+, 511b), 206 (77) ,  104 (loo),  178 
(48),  and 165 (37). 

2'-P'henyZspiro[nn~/~~(~ne-l0,1 '-cvcfopYOp?cj (:)a) .- -1 soln- 
tion of the diazoketone (6) (0.65 g ,  2.5 mmol) antl  phenyl- 
acetylene (3.83 g, 37.5 niniol) in bcnzcnc (100 nil) was 
irradiated under nitrogen until t.1.c. showed tlisqqicarancc 
of the diazoketone (6) (1 11). Tlie solvent was removed 
from the filtrate under reduced pressure a t  20-30 "C', ant1 
the residne was then chromatograplied on silica (benzenc a s  
cluan t) . The first eluate contained unchanged phenyl- 
acetylene. The second fraction was recrystallized from 
hesane-benzene to give the s~iroc~vcZopropcizea?z f l /v~~e  (3;)) 
as yellow microcrystals (0.35 g, 18()/,), ni.p. 118-124 "C 
(decomp.) (Found: C, 89.6; H ,  4.8. C2,Hl4O requires C, 
89.8; H, 4.80/,); v,,,',~. I 6 4 0  cm-l (CO); 6 7.06 ( I  M, s,  
H-3'), 7.15--7.55 (11 H, m, Ar-H), antl 8.35-8.70 (3  H ,  in, 
H-1 and -8); m / e  294 (Mt,  8 9 O / , ) ,  265 (loo), 263 ( 5 3 ) ,  239 
(24), 189 (27), 187 (17), and 163 (16). 

2',3'-l)iphel.zyZspiro[anthn~ne- lO,~'-cyc~ot)ropen(~] (3b) .-A 

v)lution o I  tlie tliazolictolie (6) (0.55 g,  2.5 Inniol) and (11- 
phcnylacetylcne (6.68 g,  37.5 mmol) in benzene (I00 nil) 
nxs irrac1iatt.d under nitrogen until t.1.c. showed dis- 
appearance of (6) ( 2  h ) ,  and tlie rcsulting mixture was 
chromatograpliecl 0x1 silica (benzene as eluant). The first 
fraction consisted of unchanged diphenylacetylene. The 
sccontl fraction contained the s~ivoc~lclopvopenennthrolle (3b) 
(0.19 g ,  21 yi,) as colourless microcrystals, m.p. 255-277 "C 
(1;ountl: C, ! ) 0 . 5 ;  H, 5.0. C2,Hl,0 requires C ,  90.8; H, 
4.0:h) ; vlllcIy. 1 645 cn- l  (CO) ; S 7 20-7.70 (16 H, ni, Ar-H) 
and 8.45- 8.75 ( 2  11, i n ,  H-1 and -8) :  m / e  370 ( M ' ,  100yo), 
341 (24) ,  3 3 9  ( 3 3 ) ,  393 (62), 265 (35), 263 (X), and lti3 

Spivo-1 ~ l - T - c ~ c c a ~ f / ~ r o ~ ~ c - 2 , ~ ' - f l i t o v e n e ]  (8g) .-A solution of 
I~)-meth~~lcneanttirone l 4  (2.60 g, 10 niniol) and !+diazo- 
fluorene 1.1 (1.9% g,  1 0  mniol) in  sylene (50 ml) was refluxed 
until t.1.c. shoived the absence of the diazofluorene (3 h),  and 
the products were then chroniatograplietl on silica. The 
first and second eliiates (benzene-hexane, 1 : 1) contained 
!I,!V-bifluorenylitlenc (0.31 g, 19%) antl fluorenone azine 
(0.01 g, 0.6?{)), respectively, identical with authentic 
specimens.16 The third (benzene) afforded the spiroace- 
nntlirone (8g) as yellow microcrystals (1.49 g, 41 yo), n1.p. 
2253-224 "C (170untl: C, !11.2; H, 4.5.  C,,H,,O requires 
(:, !11.3; kl, 4.47(,): v,,,,,, 1 638 c1n-l (CO); 6 6.68-8.50 
(16 €-I, m, Ar-II and H-1); m/e 368 (Mi, 100%), 33!) (48), 
and 337 (18). 

A similar recwtion of 1 0-methyleneanthrone with 9- 
tliazofluorene using refluxing benzene as solver1 t gave the 
spiroaceanthrone (8g) (ci()/b), 9,0'-bifluorenylidene (46'x,), 
antl fluorenone azine ( 1 (;{)). The spiroaceanthrone (8g) was 
prepared in a !lodl yield by the thermal reaction of 10- 
tliazoanthronc (0) with 9-t1iethylenefluorene,~~ freshly pre- 
pared, in refluxing toluene. Xeitlier the spiroaceanthrone 
(8g)  nor the clispirocyclopropaneanthrone ( lg) was obtained 
on photoreaction, either of 9-diazoflnorene with 10-methyl- 
enennt Iirone or of 10-tliazoanthrone (6) with O-methylene- 
fluorene. 

ion of the SPirocycZop~opanenntkvones ( 1 e) 
e of ( lc )  (0.43 g,  1.5 mmol) and zinc dust 

( 5  g )  in acetic anliydride (30 nil) was kept at room tempera- 
ture for 50 11. 'Tlie rcsulting niisture was filtered, antl the 
filtrate \vas pourctl into water; the precipitate was chroma- 
tographed on silica. The first eluate (benzene) contained 
1 O-~rce f r ,~ . - y - ! ) - ( cycZ(~ / / e~yZ?r~e~ / /~~ l )un t /~ra~e~e  (7e) (0.2 1 g, 42%) 
;is light yellow neecllc~s, m.p.  14!)---150 "C (Found: C,  83.05; 
H,  7.4. C2,113,4(J, requires C, 83.1;  H, 7.3%) ; v,~~, , ,~  I 752 
c ~ i i - ~  (CO) ; 6 0 85-2.05 (1 1 H, ni,  C,Hl1), 2.63 (3 H, s, Me), 
3.50 ( 2  H, tl .  CH,), and 7.10-8.28 (8 M, m, Ar-H); in/e 33% 
(N' , 18'%,), 2! )0  (69) ,  207 (100). 1!)4 (60),  and 140 (73). The 
second fraction (cliloi-oft mi) consisted of 9,IO-diacetosy- 
antliracenc (25"(,), identical with an authentic specimen. 

A similar reductive ;tt.etylation of (If) gave IO-areto,vy-9- 
(~y;ycZo~ent~~Zrnetli~~Z)~~ztl~rnceize (7C) (47%) a s  light yellokv 
needles, t i 1 . p .  168-183 "C' (1;ound: C, 83.0;  H, 7.1. C,,- 
Ii,,O, requircs C ,  83.0; H, 7.0") ; vlllnX. 1 700 cni-l (CO) ; S 
1.10---1.80 (9 H, in, C,H,), 2.05 ( 3  H, s, Me), 3.57 (2 H, d,  
CH,), and 7.25--8.45 ( 8  H ,  m, Ar-13): nz/e 318 ( & I f ,  2ln/,,), 
37G (78), 207 ( I O O ) ,  178 (24),  and 43 (17): ant1 then 9,lO- 
tli~cctosyantliraccnc ( I 2 O 4 , ) .  

Redztctiiv A cetvlntion of fhe  .Spiroacearithvone (8g1) .-- A 
mistlire of (8g) (0.37 g,  I mniol) and zinc dust (5 g) in acetic 
anliydritlc (:W nil )  M R S  stirred and lieatetl under reflux for 
3 11. After the usua l  work-up, the product was chrornato- 
graphed on silica (benzene as eluant) to give, besides 

( 1 7 ) .  
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identified niiiior products, 6-acsfoxysfiiro[aceanthrene-2,9'- 
fluorene] (98) (0.18 g ,  44%) as yellow niicrocrystals, m.p. 
230--231 "C (Found: C,  87.35; H ,  4.95. C,,H,002 requires 
C ,  87.35; H, 4.9?:,); vrllax. 1 754 mi-' (CO); 6 2.63 (3  H, s, 
Me), 4.26 (2  H, s. C H 2 ) ,  and 6.36-43.15 (15 H,  m ,  Ar-H); 

and 43 (36). 
Thevinal Renctions of /lie Sfiivocyclopropane- and Ski vo- 

r ~ ~ c l o ~ r o p e n e - a n t l ~ ~ n e s  ( 1) and (3) .  General Pvocedures. - 
(a) I n  acetic anlzydiide. A solution of a spiroanthronc 
(1-5 mmol) in acetic anhydride (30 nil) was heated untlcr 
reflux until t.1.c. showed disappearance of the starting spiro- 
anthrone (2-10 11). After cooling, the resulting niixturc 
was poiired into water. The crystals which had formed 
were collected and worked up by an appropriate method. 

(b) I n  acetic ~ n ~ i . y d r i d e - ~ y r i d i n e .  Procedure (b) W;LS 

identical with (a) except that  pyridine (2 nil) was added to a 
solution of a spiroanthrone in acetic anhyclride. 

A solution of a spiroantliroiie 
( I  minol) in benzene or sylene (30 nil) was reflused until 
t.1.c. showed disappearance of tlie spiroanthrone (1-4 11). 
The solvent was distilled off, and the residue was ~ o r l ~ d  up 
by an appropriate method. 

(d) Witkoint solvent. A spiroantlirone (1 mmol) u-as 
heated without solvent a t  its nielting point. After 1 min, 
tlie product was worked up by an appropriate nietliotl. 

( i )  2'-P~~en31ls~ivoCanf/i~one-l0,1 '-cycEopopnne] ( 1 b) . ' lhe 
product from (lb) (1.48 g, 5 mmol) by procedure (b) was 
recrystallized from benzene-hexane to give 1 O-ncefosy- 
!)-styvylant/iracene ( 1  Ob) as yellow niicrocrystals (0.86 g, 
51%), n1.p. 209 "C (Found: C, 85.4; H, 5.47. C24H1RC12 
requires C, 85.2; H, 5 . 4 O 4 ) ) ;  vIllilX, 1 i73  cni-' (CO); 6 2.55 
( 3  H, s, Me), 6.79 ( 1  H, (1, J 18.5 Hz, vinyl H),  7.75 (1 H, d, 
J 16.5 Hz, vinyl H),  and 7.15-8.50 (13 H, ni, Ar-H); tw/e 
338 ( M t ,  18yo), 296 (50),  295 (47), 265 (21) ,  217 (lii),  189 
(14), and 43 (100). 

Treatment of ( lb) by procedure (a)  gave no reaction. 
Thermolysis of (lb) by procedures (c) or (d) afforded a 
complex mixture. 

(ii) 2',2'-Diphe~zylspiro[ant/~ro~e-10, I ' -cyclopvopun~J (1c). 
The product from (lc) (0.37 g, 1 iiiniol) by proccdure (a) was 
recrystallized from benzene-hexane to give 6-acetoxy-2,2- 
~ i p h e n y l n c e a n t h r e l e  (9c) as yellow plates (0.27 g, 650/,) ,  
r1i.p. 219-220 "C (17ound: C ,  8 6 . 8 ;  H, 5.4. C,,H,,O, 
requires C,  86.!); H ,  5.35%) ; v , , ~ ~ , ~ .  1 762 c n - l  (CO) ; 8 2.58 
( 3  H,  s, Me), 4.52 (2  H ,  s, CH,), antl 7.05-8.25 (17 H,  ni, 
Ar-H); nz/e 414 ( f ig ' ,  91(xl), 372 (loo), 371 (47), 295 (M), 
2114 (iii), 293 (4fi), 265 (62),  263 (33),  and 43 (19). The 
thermal reaction of (lc) by procedure (b) was similar to that 
described above. 

The product mixture from (Ic) (0.37 g ,  1 inniol) in sylene 
bv procedure ( c )  was clirotri~xtograplicd 011 silica (benzene as 
eluant) t o  give 2,2-di~/~e~zyl-2H-nceQnthrollP (8c) as yellow 
inic*r(~crystals (0.17 g,  41 yo), ti1.p. 224-- 225 "C (i7ound : C, 
!)0.8; H,  5.0. C,,H,,O requires C, ! W . 8 :  11, 4.!)",4); v,,,..~. 
1 658 cn-1 ( C O ) ;  6 5.05-8.65 (18 I I ,  m, Ar-€4 ancl H-1); 
)rile 370 (,IZ', looo&), 341 (21), 339 (24),  2!13 (56),  265 (2!4), 
263 (50 ) .  a n d  43 (19). 

A mixture of the aceanthrone ( 8 ~ )  (0.47 g ,  1 mniol) ant1 
zinc dust (6  g)  in acetic anhydride (30 nil) was stirrctl x n t I  
reflused for 2 11. After the usual work-np, chromatography 
!twnzene-hexane ( 3  : 1) as eluant] of the product gave the 
aceantlirene (9c) (0.36 g, 87%), identical with an authentic 
specimen from thcrnial reaction of (lc) in acetic anhyd- 
ride. 

W I / C  412 (hf', 18';0), 370 (lOU), 339 (36),  207 (la),  14!t (14) ,  

( c )  I n  an inert solvent. 

(111) i.lcills-2', 3'- I ~ z p l l c ~ ? y l s p z v o [  rcntkvofle- 1 0, l  '-fyGIOpf~/?nrlc' ] 
( Id) .  l'lic product f rom ( ld)  (0.37 g, 1 mniol) by procedure 
(a )  u x s  rccr~~stalljzetl from benzene-hesane to give 6- 
acetoxy- trans- 1 ,3-dipl~ei~yZaceantlivene (Rtl) as light yellow 
microcrystals (0 .22  g, 53",:,), m.p. 200-202 'C (I;ouncl : c', 
86 7 ;  H, 5.35. C30H2,0, requires C,  86.9; H ,  5.:35('{,); 
v,,, , ,~, 1 7 7 0  cm-I (CO) ; 6 2.63  ( 3  H, s, Me), 4.76 ( 1  H, (1, J 
3.5 H z .  €1-2), 5.15 ( 1  H, d ,  J 3.5  Hz, H-I ) ,  antl (i 85-8.25 
(17 H, m, Ar-H);  w / e  414 (M+, 2170), 373 (83),  371 ( P I ) ,  
294 (54), 293 (80),  265 (76), 263 (W),  and 43 (100). 

The product froin (Id) (0.37 g, 1 mmol) by procedure (d) 
w a s  chromatographed on siIica (benzene as eluant). 'I'he 
first cluate contained l1l0b-dilzydro-l,2-diphel.2yl-'LH-nee- 
nnthrone (2d) (0.12 g ,  32%) as yellow microcrystals (from 
benzene-hesane), m.p.  177--178 "C (Found: C,  90.3; H, 
5.4. C,,H,,,O requires C,  90.3; H ,  5.4y0); vnl:lu. 1 662 cni-1 
(CO); 6 3 . 6 6  ( I  H ,  t ,  J 10.8 Hz, H- l ) ,  4.56 (1 H ,  (1, .J 10.8 
Hz, CH), 4.55 (1  H ,  d ,  J 10.8 Hz, CH),  6.80--7.50 (15 H, in, 

Ar-H), and 7.90- 8.95 (2 H, m, H-5 and - 7 ) ;  t x / e  372 (M+, 
47(y0), 370 (43), 294 (IOO), 293 (51), 265 (83),  263 (60),  25% 
(23), 78 ( 5 6 ) ,  arid 77 (62).  The second fraction consisted of 
l,a-cliphenyl-~tl-aceantlirone (8d) (67 mg, 18Y0), m.p. 
195-198 'C (Found: C, 90.8; H ,  4.9. C,,Hl,O requires 
C, !N).6; H, 5.0%): vlllrlX. 1 640 cm-* (CO); 6 5.12 ( 1  H, s, 
H-2), 6.75-7.80 ( 1  5 H,  m, Ar-H), and 7.90-8.65 (2  H, 111, 
H-5 antl - 7 ) ;  wile 370 ( M ' ,  1000/,), 293 (45), 265 (30 ) ,  263 
(45), and 77 (25).  

'Hie tliliytlroacearitI-irotie (%I) (0.19 g. 0.51 mniol) on 
warming with acetic anhydride ( 2 0  nil) m t l  sodium acetate 
(1 g )  on ;t steani-hat11 (411) followed by tlie usual work-ul) 
gave the acetosyaceanthrene (9d) (0.19 g, goyo), identical 
with an authentic specimen from tliermal reaction of  ( Id)  in 
acetic anhydride. 
,2 mixture of the aceanthrone (8d) (0.19 g, 0.52 nimol) a n d  

zinc dnst (2  g) in acetic anhydride (20  nil) was stirred and  
reflused for 4 11. ,4fter the usual work-up, tlie product was 
chroniatographed on silica (benzene as eluant) to give 6- 
ncetoxy-cis- 1,2-ni~/~enylaeea~ztlarene as light yellow micro- 
crystals ( 0 . 1 0  g, 479a), m.p. 245-247 "C (Found: C ,  86.85; 
H,  5.3. (.,oH220, requires C ,  86.9; H, 5.357/ , ) ;  v ~ , ~ ; ~ ~ ,  1 785 
~ 1 1 1 - l  (C'O); 8 2.63 ( 3  ti, s, Me), 5.35 ( I  H,  c l ,  J 8.2 HZ, l-I-2), 
5.M) ( 1  H, (1, J 8.2 Hz, H-l ) ,  aiitl 6.40--8 25 (17 H, in, At-- i i )  ; 
iri /e 414 ( M k ,  7"4), 372 (37),  371 (17), 2!)4 (2!1), 293 (49), 265 
(4ti), 263 (441, and 43 (100). 

(iv) 1)ispivoj antlzvoFie- 10,l '-~yclopropa,ie-2', 1 "-cycloliexnne] 
( le ) .  The product niisture from ( l e )  (0.29 g ,  1 nini0l) by 
procedure (cl) was c1irotii~ttographerl)graplie~l on silica (benzene as  
eluant) to give anthraquinone (63 nig, 30()/,) mt l  spivo- 
/2 I~-acenl l t l l vo?ze-~ ,  1 '-cyclohexane] (8e)  as vellow plates (83 
ing, 2'30/,,), n1.p. 169-170 "C (Found: C ,  88.1; H,  6.3(;.;',. 
C,,Hl,O requires C, 88. I ; H, 6.30/;,); v,,,,,~, 1 630 crti-1 

( C O ) ;  6 1.8 (10 11, m ,  C,FI,,) antl 7.10L8.20 (8 M. m, Ar-H 
and H-I) ;  in/P 286 ( M ' ,  1000,/,), 257 (30) ,  244 (!$:I), 243 ( 3 0 ) .  
231 (%I) ,  230 (20), and 202 (18). N.m r. and g.1.c. analyses 
o f  t lie crude product mixture showed the presence of methyl- 
enecycloliexane (1304) The product froni ( 1 ~ )  in xylene by 
procedure ( c )  \v;xs conipnrable to t h a t  clesc*ribetl above. A 
conip1e.i mixture resulted from the treatment o f  (1e)  b y  
procedures (a) or (13). 

(v) /)is~irciTnntlivone- I 0 , l  '-~.yclr,pvr,pnne-2;", 1"-cvcIopenf- 
m e ]  ( 1  C). l'lie prot1uc.t frotii ( 1  i') (0.27 K .  1 r i i n i o l )  b!? pro- 
cetlure (tl) was c.1iroiiiatographetl (benzene as  eluant) to give 
anthraquinone (6  mg, 4Od) )  ancl spiro-i2H-aceant/zroize-2,1'- 
cyclopenfnne] (8f) as light yellow plates (0.10 g. 3774), 
m.p. 126--128 *C (Found: C, 88.1; H, 5.9. CaoH1,O 
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requires C, 88.2;  H, 5.9%); v , , ~ ~ ~ .  1 642 c ~ i i - ~  (CO);  8 2.06 
(8 14, ni, C H ) and 7.20-43.65 (8 H, m, Ar-H and H-1); 
m/e 272 (Adt, iOOo,o),  244 (97) ,  243 (50 ) ,  231 (35), 230 (M) ,  
215 (53 ) ,  213 (21),  202 (Mi), and 189 (23). 

The 
product from (3a) (0.29 g,  1 mniol) by procedure ( a )  was 
recryst;tllized from chloroform-hesane to give 6-acetoxv-2- 
phc?zylacea.lztlzvyleelze (Ida) as yellmv needles (0.28 g, 8370),  

requires C,  85 7; H, 4.80/,); v , , , ~ ~ ~ .  1 762 cni (CO); 8 2.5!) 
( 3  EI. s, Me) and 7.15-8.40 ( I 3  H, in ,  Ar-H and H-I) ;  nt /e  
336 ( , V I t ,  3('{)), 2!M (31),  2iU (31) ,  266 (23) ,  26:3 (:35), S t i l  
( 1  2 ) ,  239 (12),  237 (9), ant1 43 ( l o f r ) .  

The product from (3a.) (0.4!) g,  1 ~ 1 i 1 1 i 0 1 )  i i i  benzene by pro- 
wtlure (.) was recrystallized froni heiizene -1icxantb to give 
%fi/ /enyl-  1 ObI-I-ncetiiztl~roIze ( 1 1 a) ;ts yellow microcrystals 
( 0 . 2  fi, 86%). 1 i i . p .  147 -l4!) oC* (Fountl: C, 8!).6; H. 4.!1. 
Cs2H,,0 requires C ,  8!4.8; 14, 4.s0A,); vlllrtY. 1 A44 c i ~ i - ~  
( C C ) ) ;  8 4.98 ( I  H, d, H-lob) antl ti.96-8.BO (13 H, 111, Ar-El 
aiitl  H-I) ;  m/e 294 ( M b ,  100°b), 2ti5 (72) ,  263 (45).  239 (41), 
237 (19),  217 ( 3 0 ) ,  18!) ($I(;) ,  187 (74), ant1 163 ( 3 0 ) .  

The aceanthrone ( l la )  (0.15 g,  0.51 nimol) on warming 
wi th  acetic anhyclritle (20 nil) containing sodium acetate ( 1  g) 
on a stemi-bath ( 1  11) followed by the usual work-up gave the 
;Lcertnthrylene (l2a) ( 0 .  I5 g ,  88%), identical with an 
;Illthentic specimen from t1ierni;tl reaction of  (:la) in ;tretic 
a,nhyelr itlcl. 

(vii) 2', 3' - / I  iphe  q d s p i r o  [mi f l i  voile- 10, I '-cycZoproprncj (3b) . 
1'rt~;ttriient of (3b) by procedures ( a . - - - ( c )  gave no reaction. 
'I'lic~molysis of (3b) by procedure ((1) aftortietl ;t complex 
p i ~ d i i c  t mix ture. 

,4 cict-induced Ring-obminp React ions in -4 cetic A nlivilvide. 
Gc.vevaZ PIwcedure.--L\ soliltion oE a spiroanthrone ( 1 -2 
mmol) in acetic anliydritle (30 nil) containing sulphuric acid 
(0 .5  nil) \ v a s  allowed to stand a t  rooin temperature or at 
95 "C. After t.1.c. sllowed disappearance of the starting 
spiroanthrone, tlic reaction mixture was poured into water. 
'l'he precipitate was collectect mid ~ w r k c d  up by itri appro- 
priate niet hod. 

( i )  .Sfi iroc~yclo~ro~~anenllthvone ( 1 b) . The yroduc*t froiii 
1 1 ~  reaction (at room tenipei-ature for 24 1 1 )  of ( I  t i )  (f).5!) g. 
2 rtimol) v-as clirc~inntogr~tplic~tl on silica (benzene as eluant) 
to give 1 f ) - u c t o x y - % (  2-nce toxy-~-~hen~~le t~-y l )nnl / lvace lze  ( I !4b) 
as yellow rnicrocrystals ( 0 . 2  1 g ,  26';&), 1ii.p. 128 - - I  fl!) "C 
(t1ec~)inp.) (Found: (:, 78 6 ;  H ,  5 .7 .  C',,H,,04 requires C, 
7 8 . 4 ;  H, 5.60,il); vI,,>,,. 1 7 7 3  a n t 1  1 73.5 c ~ i i - ~  (('0); 8 1.83 

fi 2 lHz, F14 ol ( '€iIxCH~Hj~),  4 I!) ( I  13, tld, sl,ili 14.2, .Itiu 

IIz ,  t l x  of ~ € ~ ~ ~ * € I ~ l 1 4 1 ~ ) ,  a c l  7.0.5 -8.45 ( I 3  EJ, m ,  Ar-H); 

(64). 
' 1 ' 1 1 ~  product froni  t l i v  reac,tion 01 (11,) (0,5!) g ,  2 niniol) a t  

!I5 for 2 11 was rrt-rystallized to give the acetoxystyryl- 
:tiitIir:i~:c*~it~ (lob) (0  48 g ,  7 'Hie atitliracene ( I  O h )  I\ ;IS 

it150 prepared inrlcpvndently from tlit: following expc.riiiicmt. 
.I millure of t l ic  s~~irocpcloprope~ie;~iiitlirone (h) (0.29 g ,  
1 mrriol)  a t i t 1  zinc dust ( 2  g)  i t i  acetic aiiliydride ( 2 0  nil) U;LS 

\lirretl and rcflii\e(l for 3) niiii After tlie usu;tl \+ork-up. 
t lw prodiivt \i A\ recrystallized to givc the anthracene ( lob)  
( 0  2s fi, 83",,) 

' 1 1 1 ~ ~  pro(luc t i i o m  tlic3 
r-caction (at rooni terilperalure for 2 11) of (Ic) ( 0 . 3 7  g .  I mmol) 
M ' ~ S  chroniatographed (benzene a s  eluant). Fractional re- 
crystr~llization of  the first eluate afforded 10-acetoxy-9-(2,2- 

(vi) 2'-P~ien_vZspiro[anlhrone- 10, l  '-cyclopropene] (k) . 

It1 p. 176-178 "C (Fou~irl: C ,  8 5 . 5 ;  €4, 4.85. C2,H1,O2 

( 3  H, S, R l c ) ,  2.58 ( 3  H .  S .  M e ) ,  3.8!) ( 1  H, ( l t l ,  14.2, ,JA\x 

8.1 E ~ z ,  EJj! o f  CHxCII \HI : ) ,  6.13 ( I  €3, dtl, ./AX ti.2, JHx 8.1 

I / / / ?  3!)8 (,I/ , i 2 ( ' ( j ) ,  351; ( I  ri), 2!)(i (13 ) ,  '207 ( loo ) ,  a n t l  43 

( i i )  S~il.oc;yclo~vo~trl?rrcl2(/lrr,r?e ( I ( , )  

~iplzeny2~~inyl)unthvacene ( 10c) as yellow tnicrocrystals (0.26 
g, 63y0),  m.p. 235 "C. (Found: C, 86.9;  H. 5.4. C,,H,,O, 
requires C, 86.9; H ,  5.476); v,,,,. 1 770 cm-l (CO); 6 2.52 
( 3  H, s, Me) and 7.70-8 45 (19 H, m, vinyl and Ar-H); m/e 

( 3 2 ) ,  2!U (42). 265 (47), 263 ( 1 7 ) .  and 43  (38):  and 10-(2,2- 
dipJieii.yluin3,li~ene)antliraceel~e (20c) as colourless needles 
(37  mg, lo::), ni.p. 227-228 "C (lit.,9 220 "C), identical with 
;tii authentic specimen prepared by dehydration of lo-( 2,2- 
tliphenylvitiyl) - 1 C)-hydrosyanthrone . g  

The cumulene ( 2 0 ~ )  was prepared independently by the 
folloivin;: experiment. A solution o f  the spirocyclopropane- 
nntlirone (Lc) (0.74 g, 2 mmol) in acetic acid (30 nil) contain- 
ing sulpliuric acid (1 1111) was stirred a t  room temperature 
for 1 clay. The resulting mixture was poured in water, and 
then the precipitate was chrounato~raphed on silica (benzene 
a s  eluant) to give the cuniulene (2Oc) (0.43 g ,  587; ) ) .  

'I'he product from 
the reaction (at room temperature fur 4 11) of (Id) ( 0 . 3 7  g ,  
1 iiimol) was recrystdllized from beiizeiie-liexane to give 
1 O-acefoxy-!b( 1, 2-dipkenykin~il)alztlirn~e??e ( LOd) as light 
yellow microcrystals (0.31 g, 757/,), n1.p. 202 'C (Found: C, 
86.8;  H ,  5 . 3 5 .  C3UH2202 requires C, 80.8;  13, 5.40/,); vllldX. 
1 775 c1n-l (CO) ; 8 2.57 ( 3  H, s, Me) and 63.45-8.20 (19 H, 
ni, vinyl arid Ar-H);  in/e 414 ( L W ~ ,  lO(x), 372 (53), 371 (33) ,  

43 (100). 'l'he anthracene (10tl) was obtained by reductive 
acetylation o f  the spirocyclopropeneanthrune ( 3 1 ) )  (320j,,). 
'J'he procedure employed was similar to that for reductivc 
acetylation of the spirocyc.lopropeneatitlirone (3a). 

(iv) S~irocyclo~ro~eneantlzrone (3b).  The product fronl 
the reaction (at  room temperature for 1 h)  of (3b) ( 0 . 3 7  g, 
1 mmol) was clironiatographed on silica (benzene as eluant) 
to give 1 O-acetoxy-!)-( 2-acetoxy- 1.2-~i~hen~lvinyl)ant lzvn~ene 
(2 lh )  ;IS yellow microcrystals (0.15 g, 32%), m.p. 208-210 
"C, (Found: C ,  81.2; H, 5 . 2 .  O3,H,,O, requires C, 81.3; H ,  
5.1*/,); vmax. 1 770 cm (CO); 6 2.18 (3 H, s, Ale), 2.62 (3  H, 
s, Me), and 6.80-8.65 (18 H, m,  '4r-H) ; m/e 472 (M+,  797(,), 
430 (W),  388 ( I O O ) ,  387 (53),  370 (91),  283 (55), 381 (32),  252 
( 3 2 ) ,  105 (fi7), 78 (38),  77 (42), and 43 (31).  

lieaction of  the dispirocyc1opropane;Inthrolies ( 1 e )  aiitl 
( 1 f )  , arid the spiroc?iclopropetiean throne (h), under acidic 
coiitlitioiis itftorcled a coniplex mixture ndiicli led to anthra- 
quiiiorie during work-up. 

414 (il!!', 69'/,), 372 (100), 371 ( 5 8 ) ,  339 ( I l ) ,  295 (33),  294 

(iii) Spivoc3)clo~ro~ccneuntIrvovie ( I d ) .  

339 (M), 295 (30),  294 ( 3 2 ) ,  293 ( 9 3 ) ,  265 (73),  263 (47), ancl 
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