
ALIPHATIC CHEMISTRY OF FLUORENE 

PART I. DERIVATIVES OF 9-BENZOYLFLUORENEl 

ABSTRACT 
Several C-alkylation products of 9-benzoylfli~orene have been prepared. 9-ivethyl-9-ben- 

zoylfluorene has been transformed into 9-methyl-10-phei~ylphenanthrene, 9-phel~yl~hennn- 
threne-10-carboxylic acid, and 1,2:3,4-dibenzfluorenone. 

Phenyl-9-allyl-0-fluorenylnethanol has been cyclized and rearranged in one step to  14- 
methyl-13,14-dihydrodibenz[a,c]phenanthrene. 

Phenyl-9-methyl-9-fl~orenylrneth~l chloride readily deconlposes to  9-methyl-10-phenyl- 
phenanthrene when heated alone or in formic acid, but reacts with silver or mercuric acetates 
to give unrearranged acetate. 

This series of papers will be concerned with reactions of fluorene anions ( I ) ,  particu- 
larly where R is an electron-demanding group, and with systems potentially capable 
of forming cations (11), the products being utilized in the synthesis of complex polycyclic 
systems. 

We have shown that methyl fluorene-9-carboxylate anion (I,  R = C02CH3) reacts 
rapidly with a very wide range of alkyl halides (1, 2). Of particular interest was the 
formation in good yield of the 9-t-butyl derivative (1). Experiments with S-benzoyl- 
fluorene anion (I,  R = COSC6H5) are now reported. 

The keto form of 9-benzoylfluorene crystallizes from acetone as colorless needles which 
are insoluble in aqueous sodium hydroxide. The en01 has been reported only as an oil 
which rapidly passes into the keto form. Solutions of either tautolner in alcoholic sodium 
alkoxide are deep orange, with the color attributed to the anion (I,  R = C0.C6HB) 
(3, 4), also referred to as the ellolate ion. 

Initial attempts to alkylate the anion (I, R = C0.C6H5) with methyl or isopropyl 
iodides gave very low yields of the desired products, even when only 1 equivalent of 
methoxide ion was used to generate (I). The low yields were attributed to facile cleavage 
by strong base of the non-enolizable ketonic products, the cleavage being facilitated 
and its direction controlled by the formation of the mesorneric anion (I,  R = alkyl), 
Fig. 1. These conclusions found support in the isolation of methyl benzoate and 
9-methylfluorene among the products of attempted methylation. 

IManzcscript received Augzist 24, 1959. 
Contribution from the Department of Chemistry, the University, Hzrll, East Yorkshire, England. 
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Weaker bases were next examined. Pyridine, piperidine, and triethylamine generated 
the anioa (I)  from 9-benzoylfluorene as shown by the color of ~nethanolic solutions, but 
apparently formed quaternary salts too rapidly to  permit C-allrylation. Suitable con- 
ditions were eventually found In the  nixed solvent acetone-methanol containing a little 
water, with potassiu~ll carbonate as base. 'The 9-allryl-9-benzoylfluore~~es (111, R = alkyl) 
prepared in this way were methyl, ethyl, isopropyl, allyl, benzyl, and cyclohexyl, all in 
satisfactory yields. The reaction with t-butyl chloride followed a different course and 
will be discussed in a later paper. 

The structures of the products were shown by their lack of color (the en01 ethers 
would be yellow like other 8-fluorenylidene compounds, e.g. see (5)) and by the presence 
of carbonyl stretching absorption bands in their infrared spectra. In particular, the 
$methyl derivative formed an oxirne in pyridine solution, was cleaved by strong base 
to 9-met11ylfluorene, and was reduced to an alcohol by lithium aluminum hydride. 

Compounds of structure (IV) are potential phenanthrene intermediates through the 
cation (11). transformations of 9-methyl-9-benzoylfluorene are summarized for 
clarity in Fig. 2. Reduction to the alcohol (IV, R = methyl; X = OH) followed by 
dehydration-rearra11ge111e11t brought about by phosphorus pentoxide in boiling xylene 
gave 9-methyl-l0-phenylphe~1a1~tl1re1~e, which was oxidized* by aqueous sodiu~n di- 
chromate a t  250" to a mixture of 9-phenylphe11anthre11e-l0-carboxylic acid (5-10%) and 
1,2: 3,4-dibenzfluorenone (70-8070). The acid cyclizes particularly readily, even in cold 
thionyl chloride. Although I,  2:3,4-dibenzfluorenone becomes readily available by this 
route, insufficient of the acid was obtained to allolv synthesis of the phenol (V, R = OH), 
a potential carcinogen. 

The chloride (IV, R = CH3; X = CI), prepared from the alcohol by the action of 
warm thionyl chloride, proved to be particularly interesting. I t  melted with slow decom- 
position in the range 90-100°, varying with the sample. The decornposition was rapid 
a t  150" and gave 9-methyl-10-phenylphe~la~lthrene in essentially quantitative yield. 
Related toluenesulpho~~ates also melt with decomposition to phenanthrene derivatives 

* T h e  arrtl~or is indebted to Dr. D. Fisl~el of the .State U?ziuersity of South Dakota for details of this oxidatzo?~ 
procedz~re (6) .  
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BAVIX: FLUORENE. 1 

( I ) ,  but a t te~npts  LO prepare the toluene- or methane-sulpho~late of (IV, R = CH3; 
X = OH) were not successful. The formate and acetate have bee11 prepared. The chloride 
was recovered essentially u~lcha~lged after heating with ~uetha~lo l ,  acetic acid, pyridine, 
or quinoline and did not react with sodiunz iodide in acetone. Decornpositio~l to 9-n~ethyl- 
10-phenylpheilanthrelle in hot forlnic acid was complete in 2 hours. I t  reacted rapidly 
with silver or mercuric acetates in dry acetic acid to give the z~nrearrangeci? acetate (IV, 
R = CH3;X = O.CO.CHI),  the structure of which has been confirmed by esterification 
of the alcohol with acetic anhydride and by reduction of the acetate with lithium 
a lumi~lu~n hydride back to the alcohol. Under similar conditions lleope~ltyl chloride 
reacts with silver acetate to give the rearranged t-amyl acetate (7 ) .  The difference in 
behavior is tentatively attributed to stabilizatio~l of the cation (11) by the phe~lyl 
group. Experiments designed to test this postulate are under way. 

When heated with phosphorus pentoxide and xylene, the ally1 derivative (IV, 
R = CI-12CII=CI-12; X = OH) under~vent dehydration-rearrangement and cyclization 
in one step to 14-methyl-13,14-dihydrodibenz[a,c]phena~three (VI, R = CI-Iz), isolated 
as the picrate in almost 90% yield. Like Bradsher and Rapoport (8) and despite rigorous 
purification procedures the hydrocarbon was not obtained crystalline. Dehydrogenation 
gave 14-methyldibenz[a,c]phenanthrene (V, R = CI-I,) of m.p. 115-116'. Through the 
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kindlless of Professor Bradsher it  has been established beyond doubt that this is a 
metastable form, the stable forin showing 1n.p. 150-151' (see Experimental for details). 
The ultraviolet spectru~n showed good agreement with that of dibenz[a,c]phenanthrene 
having the bathochroniic shift of approxi~nately 3 rnp associated with the introduction 
of a methyl group. 

The spiro-alcohol (VII) undergoes dehydration-rearrangement under the action of 
phosphorus pentoxide to give 13,14-dihydrodibenz[a,c]phenanthrene (VI, R = H) (2). 
Consequently the reaction of (IV, R = CI-IZCH=CHZ; X = OH? may follow either of 
the sequences rearrangement-cyclization or cyclization-rearrangement. Cyclization 

+ 
must proceed through the cation R.CHaCHCH3 and it is surprising that the mesomeric 

+ 
ion R.CHCI-12CH3 is not formed, leading to a derivative of 1,2: 3,4-dibellzfluorene. 

Oxidation of (V, R = CH3) with aqueous sodium dichrnmate a t  250' gave the pale 
yellow very sparingly soluble acid, characterized as its methyl ester. 

The transformations of (IV, R = CHzCH=CHZ; X = OH) are summarized in Fig. 3. 
The corresponding chloride (IV, R = CHZCH=CHZ; X = C1) failed to yield decom- 
position products useful for the synthesis of (V, R = OH). 
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BAVIN: FLUORENE. I 2027 

EXPERIMENTAL 

9-~1~etlzyl-9-benzoylJlz~orene 
T o  a boiling solution of 9-benzoylfluorene (20 g) (9) in acetone (200 ml) were added 

successively hot methanol (200 ml), a solution of potassiunz carbonate (15 g, anhydrous) 
in hot water (30 ml), and nlethyl iodide (25 g). The mixture nras boiled gently under 
an efficient reflux condeilser for 1 hour during which time the initial deep orange color 
faded to pale yellow. The mixture was diluted with water (800 1111) and a rapid stream 
of air passed through overnight. Next day the crystalline ketone was collected, washed, 
and crystallized from acetone-methanol, from which it  separated as large colorless 
tablets (17 g, 81%), m.p. 99-101°, raised to 101-102" by two further crystallizations. 
Found: C, 89.48; H, 5.72y0. Calculated for C?IHI~O:  C, 88.70; H, 5.67%. Carbonyl 
stretching frequency: 1665 crn-l. 

The ketone was first obtained by alkylating 9-benzoylfluorene (2.7 g) in cold rnetlianol 
containing sodium methoxide (from sodium, 0.23 g, 1 equivalent) with methyl iodide 
(3 g). The product crystallized from chloroform-hexane as colorless prisnls (0.4 g), 1n.p. 
and mixed m.p. 99-101'. Methyl benzoate and 9-methylfluorene (see below) were 
obtained by distilling the inother liquors. 

The oxime, prepared in pyridine, crystallized from chlorofornl-hexane as colorless 
needles, more rarely as prisms, m.p. 206-207'. Found: C, 84.66; H,  5.66%. Calculated 
for C21H17NO: C, 84.25; H,  5.73%. 

After the ketone (2 g) was warmed for a few minutes with potassium hydroxide (2 g) 
in 95yo alcohol (10 ml), isolation and distillation of the neutral product gave 9-methyl- 
fluorene as a rapidly crystallizing oil, which formed bipyrainidal prisms from methanol, 
m.p. 45-17". (Lit. n1.p. 45-47" (lo).) 

Plzenyl-9-methyl-9-JEuorenylnzethanol 
Reduction of the ketone with ethereal lithium aluminum hydride gave an almost 

cluailtitative yield of the alcolzol, which crystallized froin hexane as  colorless needles, 
m.p. 100-101'. Found: C, 87.60; H ,  5.90y0. Calculated for C21H180: C,  88.08; FI, 6.33%. 
IHydroxyl stretching frequency: 3350 cm-'. 

Plzelzyl-9-methyl-9$~~orenylmetlzyl Chloride 
The alcohol was warrned for a few minutes with four times its weight of thionyl 

chloride. After excess reagent was destroyed with water, a solution of the product in 
hexane was passed through a column of activated alumina. The chloride crystallized 
from the eluant as massive colorless pris~ns (70-85%), melting point with decomposition 
in the range 91-99", varying with the sample. Found, for two preparations: C, 83.03, 
82.60; H, 5.70, 5.36y0. Calculated for C?IHljCI: C, 82.74; H,  5.62y0. 

The chloride was recovered essentially unchanged after the solution was boiled with 
moist methanol, acetic acid, pyridine, or quinoline, or with a solution of sodium iodide 
in acetone. i\/Iore f r~~ i t fu l  experiments are recorded below. 

9-i\Jetlzyl-lO-pl~enylphenanthrelze 
(2) The alcohol (10 g) and phosphorus pentoxide (10 g) were boiled under reflux for 

3 hours with xylene (100 1111). The Izydrocarbon, isolated in the usual way, crystallized 
from acetone-inethanol as colorless blades (8.7 g), lll.p. 98-99', depressed to 84-90' by 
adclition of the alcohol. Found: C,  93.73; I-I, 6.0170. Calculated for C2iH16: C, 93.99; 
H, 6.01%. 

The 1,3,5-trinitrobenzene complex crj~stallized from methanol as bright yellow silky 
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needles, 111.p. 126-1318". Found: C,  67.62; 1-1, 4.15%. Calculated for C ,  
67.35; H, 3.98y0. 

(%i) The chloride (1 g) was cai-efully pyrolyzed over a microburner until evolution 
of hydrogen chloride ceased. Crystallizatioil of the residue from acetone-methanol gave 
blades (0.7 g), m.p. and inixed 1n.p. 97-99'. 

(iii) The chloride (0.2 g) was boiled under reflux for 2 hours with 98y0 formic acid 
(100 1111). The  product crystallized froin hexane as blades (0.15 g), 111.p. and inixed 
111.p. 96-98'. 

Phe~zyl-9-nzethyl-9-$~~ore~zylnzethyl ,-lcetafe 
(2) The  chloride (I  g) was boiled for 5 minutes with silver or mercuric acetate (2 g) 

in anhydro~is acetic acid (100 1111). Tlle acetate slowly crystallized froin hexane as color- 
less prisms, m.p. 80-81' after three crystallizatioi~s. Found: C ,  84.06; H, 5.08%. Calcu- 
lated for C?3HL002: C, 84.12; EI, 6.14y0. NO trace of the easily crystallized 9-methyl- 
10-phei1)rlphenanthrene could be found. 

Cii) The  alcohol (0.2 g) was lvarmed for 12 hours with acetic anhydride (4 rnl) con- 
taining 1 drop of concentrated sulphuric acid. The colorless prisms obtained by ci-)atal- 
lization from hexane had 111.p. and mixed m.p. 78-80'. 

Reduction of the acetate with ethereal lithium aluminum hydride gave the original 
alcohol, identified by melting point and nlixed melting point. 

Phe?zyl-9-nzetlzyl-9$z~ore~zylmethyl Formate 
Attempts to esterify the alcohol with 9-toluenesulphonyl or methanesulphonyl chloride 

in pyridiile under a range of conditions were unsuccessf~il. Boiling the crude products 
with 98y0 formic acid usually gave only unchanged alcohol bu t  occasionally the fornzate 
was obtained, which slowly crystallized from cyclohexane as massive colorless pi-isms, 
lll.p. 126-128'. Found: C ,  84.24; I-I, 5.837,. Calculated for C&I1BO.': C ,  84.05; I-I, 5.77%. 

9-Phenylfihenantlzrene-10-carboxylic .lcid and 1,2:3,4-Dibenz~z~oreno~ze 
In a typical experiment, 9-i~1ethyl-l0-phenyIphei~ai~threne (13.4 g) was heated a t  

250-260" for 8 hours with tecllilical sodiuin dichrornate (25 g) and water (250 1111) in a 
500-1111, rotating autoclave. After the container was cooled and opened, the co,~tents  
were heated to boiling with the addition of 1230 1111 water. Chromiuin sesquioxide was 
removed by filtration, acidification of the filtrate wit11 dilute sulphuric acid precipitating 
the phenanthroic acid (510%) .  I t  formed colorless prisms fro111 benzene-hexcune, 111.p. 
102-193" after two crystallizatiolls. Found: C,  84.65; H,  4.85%. Calculated for C21H1102: 
c, 84.54; H, 4.7370. 

The  acid dissolved in cold thionyl chloride to give an orange solution, dilution of 
which with water precipitated 1,2: 3,4-dibenzfluorenol1e, orange needles froin heptaite, 
1n.p. 185-187' (Lit. 111.p. 185-186' ( l l ) . )  

The  chroinium sesquioxide formed in the oxidation was contaminated with an orange 
gum, reinoved by percolation with inethylene chloride. The extracted inaterial formed 
orange rods from benzene-hexane (10.1 g), 1n.p. and mixed 111.p. 181-186'. 

The  following Itetones were prepared as  described for the methyl analogue: 
9-Ethyl-9-benzoyljfziorene, white needles from hexane, 1n.p. 129-130'. Found: C,  88.34; 

13, 5.01%. Calculated for C22MlsO: C, 88.56; H, 6.08y0. Carboilyl stretching frequency: 
1663 cm-I. 

9-Isopropyl-9-benzoyljfziorene, small colorless prisins from acetone-methanol, 111.p. 
226-227". Found: C,  88.17; H, 6.40y0. Calculated for C?JIaoO: C,  88.12; I-I, 6.45%. 
Carbonyl stretching frequency: 1630 cm-'. 
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B A V I S :  FLUORENE. I 2029 

9-Benzyl-9-benzoy(f l~~orene,  white prisms from acetone-methanol, 1ii.p. 134-135". Found: 
C, 89.81; I-I, 5.78y0. Calculated for C27H2,O: C, 89.97; H, 5.59y0. Carbo~lyl stretching 
frequency: 16G5 cm-I. 

9-Cyclohe.~yl-9-ben~oylJ~~orc?ze, colorless prisms fro111 methanol, m.p. 121-122°. Found: 
C,  88.33; H, G.78Gj0. Calculated for CTcHT10: C, 88.00; I-I, 6.86y0. Carbonyl stretching 
frequency : 1675 cni-I. 

9-~1llyl-9-be7zzoy~1~ore~e, long colol-less needles from acetone-methanol, 1n.p. 91-92". 
Found: C, 89.11; 1-1, 6.00%. Calculated for C?nFIlsO: C, 89.00; 11, 5.84y0. Carbonyl 
stretching frequency: 1670 cm-'. 

I'henyl-9-allyl-9-~~~orcnylmetl~aizol crystallized as irregular prisms from benzene-hexane, 
m.p. 122-134". Fo~lnd:  C, 88.46; I-I, 6.33%. Calculated for C?zH?OO: C, 88.43; I-I, 6.45y0. 

Phenyl-9-allyl-9zflr~orenylinethyl cl~loride  formed lustrous plates from niethanol, 1n.p. 
81-83,". Found: C, 83.49; 1-1, 5.78%. Calculated for CzI-IleC1: C ,  83.50; EI, 5.79y0. De- 
composition of the cliloricle by pj'rolj.sis or by boiling with formic acid gave only gums, 
from which nothing ~ ~ s e f u l  was obtained by oxidation. 

1~~-~lIethyl-13,1.~-ctikydrodibe?zz[a,clphenanthrene 
The ally1 alcohol (20 g) and phosphorus pentoxide (30 g) were boiled under reflux for 

1 hour with xyle~ie (100 ml). The product was a pale yellow viscous oil which formed a 
l , : j , 5 - t r~ i z~ t robenee~ze  comples ,  crystallizi~lg as vermiliorl rods from methanol, m.p. 194- 
19.5". F O L I I I ~ :  C ,  G8.48; FI, 4.2:3y0. Calculated for C?81-121N306: C ,  68.G.3; I-I, 4.17%. This 
conlplex was ~ ~ o t  decomposed by passing a hexane solutio~l through a column of activated 
alumina. 

The picrate crystallized fro111 ethanol as lnarooll needles, m.p. 174-175". (Lit. 1n.p. 
170.5-l71.O0, corr. (8).) Decompositio~l of the picrate by passing a benzene solutio~l 
through a column of alumina and evaporation of the eluant gave a colorless oil which 
has defied prolonged attempts to induce crystallization (cf. (8)). 

l~-lldethyldibenz[u,c]phe~~anthre~ze, (9-il4ethyl-1,2:5,4-dibenzpl~enanfhrene) 
Prepared i r i  alnzost quantitative yield by dehydrogenating the preceding hydrocarbo11 

a t  280-300" over 10yo palladi~~m-on-charcoal, 14-methyldibenz[a,c]phenanthrene slowly 
crystallized from benzene-methanol as large colorless prisms, lll.p. 115-116', not raised 
by further crystallizations. Subseque~~tly,  recrystallization with seeding by Bradsher's 
preparation gave small prisms, m.p. 150-151". (Lit. 1n.p. 150.5-151 .So, corr. (8) .) 

The ultraviolet spectrum showed excellent agree~ilent with that of dibenz[a,c]phenan- 
threne (12, 13); with peals a t :  

Dibe i izphena~~t l~re~~e 276.5 286 308 32 1 334 3 52 371 mp 
Methyl derivative 278 288 311 323 337 354" 373 mp 

The picrate cr)~stallized from ethanol as bright red needles, m.p. 212-213". (Lit. 1n.p. 
207.5-208.5", col-r. (8) .) 

The 1,3,5-trinitrobezzetze conzple.~ formed slender orange needles from niethanol, 1n.p. 
234-235.5". Fou~ld:  C!  08.91; 13, 3.81%. Calculated for C391-119N306: C, 68.91; 13, 3.79%. 

An impure sa~iiple of Professor Bradslier's original preparation was coilverted to the 
picrate (1n.p. and  nixed m.p. 212-213") from which the hydrocal-bon was regenerated 
011 alumina. Crystallization from benzene-~uethanol gave s~llall prisms, 1n.p. 149-150°, 
not depressed by either the low or high melting forms described above. 
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Methyl Dibenz[a,c]phenanthrene-14-carboxylate 
14-Methyldibenz[a,c]phenantl~rene (5 g) was oxidized with sodium dichro~nate (20 g) 

as described for the methglphenylphenanthrene. The pale yellow acid (4.6 g) was very 
sparingly soluble but was esterified by boiling with nlethanol (1500 ~ n l )  for 4 hours 
while dry hydrogen chloride was bubbled in. A solution of the crude product in benzene- 
liexane (5:l) was passed through a short column of alumina to remove traces of tar. 
Crystallization of the eluted lilaterial from acetone-methanol gave pale orange elongated 
prisms, m.p. 155-156". Found: C,  85.75; 13, 5.04Yo. Calculated for C?4H1G02: C, 85.69; 
H ,  4.80%. 
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