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The action of certain organometallic reagents upon benzanthrone (7H-benz[de]anthracene-7-one) has 
been further investigated. Some of the components were identified, and the nature of hitherto unknown 
compounds was deduced. Phenylmagnesium chloride in tetrahydrofuran gave nearly double the yield 
of crystallizable products. The primarily-formed enol, formed by 1,4-addition and related to the principal 
product, 6-phenylbenzanthrone, was isolated and identified. In the presence of cuprous and cobaltous 
chlorides unexpected products were indicated. The formation of 3-phenylbenzanthrone is assumed to be 
the result of a 1,8-addition. Phenyllithium gave all the above and many others. Among them was the 
carbinol, formed by 1,2-addition, and a new hydrocarbon, 7-phenyl-7H-benzanthrene. 

L'action de certains organo-mCtalliques sur la benzanthrone (benz[de]anthraci.ne-7H one-7 a ete 
Ctudite de nouveau. Certains des constituants ont etC identifies et la nature de certains composes jus- 
qu'alors inconnus en a ete deduite. Le chlorure cle phenyl magnesi~~m dans le tetrahydrofuranne a donne 
presque le double du rendement en produits cristallisables. L'enol principalement forme, obtenu par 
addition-1,4 et relie au produit principal, le phenyl-6 benzanthrone, a ete isole et identifie. En presence 
des chlorures cuivreux et cobalteux des produits inesperks furent mis a jour. La formation du phknyl-3 
benzanthrone est semble-t-il, le resultat d'une addition-1,8. Le phenyllithium a donne tous les produits 
mentionnes et plusieurs autres. Parmi ceux-ci se trouvent le carbinol, forme par addition-1,2 et un 
nouveau hydrocarbone, le phenyl-7 benzanthrene-7H. [Traduit par le journal] 

Can. .I. Chem..  51. 382 (1973) 

Earlier investigations (1-3) have shown that the 
product from the action of phenylmagnesium 
bromide on benzanthrone, under forcing con- 
ditions (ether-benzene), is the formation and 
isolation of 6-phenylbenzantl~rone (2) in yields of 
42-75%; this has also been formed by the use of 
phenylsodium (4). It  was assumed that this sub- 
stance resulted from an initial 1,4-addition to the 
double bond system, -(C=O)-CH=CH-. 
Because the yield was so low, it was considered 
worthwhile to reinvestigate the reaction making 
use of newly-available reagents and modern 
instrumental methods. The use of tetrahydro- 
furan as a solvent, and phenylmagnesium 
chloride, resulted in an initial isolation of at least 
an 80% yield of a solid product; this consisted not 
only of the aforesaid 6-phenylbenzanthrone, but 
a second substance which proved to be a primary 
adduct, the en01 3. Furthermore, the latter 
relatively rapidly changed into the ketone 2 (see 
Scheme 1). An en01 has not previously been 
isolated in the benzanthrone series. In practice, 
it was almost impossible to isolate other than the 
major component, the phenyl derivative 2, except 
by a long, tedious, fractional crystallization. In 
order to avoid this, g.c. was applied to the entire 

reaction mixture; the ether was first treated with 
a silating agent to preserve the en01 as its silated 
derivative. interpretation of the results revealed 
not only a rough approximation of the amounts 
of the major constituent, but also the effect of 
changing the excess of Grignard reagent, as well 
as suggesting the presence of hitherto unrecog- 
nized compon(Snts (Tables 1, 2). 

A mixture of five known, expected components, 
including the hydrocarbon, C,,H,,, as an 
internal standard, for locating the va r i o~~s  peaks, 
was prepared (std.). It will be noted that there is 
not much choice between the use of 3 (372) or 
4 (365) equiv of the Grignard reagent. The total 
of silated en01 plus ketone 2 is about 90 area %; 
this is not too far from the amount (80%) actually 
isolated, and indicates that our main purpose, to 
learn what and where the rest of the reaction 
products were, had been realized. The situation 
was similar with 5 (379) equiv of Grignard 
reagent, but there were more unidentifiable im- 
purities. With 2 (386) equiv, however, there was 
much unused starting material. All these results 
as well as 385, indicate that the en01 had been 
formed first. 

Despite the apparent separation of peaks on a 
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ALLEN: GRIGNARD REACTION OF BENZANTHRONE 

3 2 

C6HSMgC1 
(THF) I 4 Acetate 

g.c. column, in practice it has proved extremely 
difficult to get rid of the main component, 6- 
phenylbenzanthrone (2) that accompanies at- 
tempted fractionation of crystalline products. 

As it is well-known that the presence of copper 
in a Grignard reaction favors conjugate addition 
to  an u,P-unsaturated ketone (5, 6), its effect was 
examined. Unexpectedly, an additional com- 
ponent, an isomeric ketone, was indicated in the 
g.c. It was assumed to be 3-phenylbenzanthrone 
(5) (old name, Bz- 1 -phenylbenzanthrone), be- 
cause of g . ~ .  and mass spectra (Table 3). In 
practice, it has not yet been possible to separate 
this isomer from the much more abundant 2, 
because of their very similar solubilities. 

In 399 the amount of cuprous chloride was 
doubled, and the mixture heated slightly longer. 
In an unsilated sample (399, footnote a, Table I )  
all the en01 had been converted to ketone 2; the 
larger amounts of the ether masked the pres- 

ence of isomer 5, for it appears in the unsilated 
material (399). 

Since 6-phenylbenzanthrone (2) is a product of 
1,4-addition, the isomer 5 can be regarded as the 
result of conjugate, 1,8-addition. The carbon 
atom in the 3-position is at the end of the longest, 
unhindered conjugated system. 1,8-Addition is 
very rare; a few instances, involving the tropolone 
system, have been reported (8, 9). 

The effect of cobalt (7) was also examined. The 
reaction was slowed down, as indicated by the 
larger amount of starting material recovered, and 
lesser formation of en01 and ketone (385). More- 
over, there was a new component 9; interpretation 
of the mass spectral data (Table 3) indicates that 
the solvent, THF, had entered into its formation. 

In order to ensure formation of the unknown 
carbinol 6, a product of 1,2-addition, phenyl- 
lithium was employed. The situation was more 
complex, because of the multiplicity of products. 
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384 CAN. J .  CHEM. VOL. 51, 1973 

TABLE 1 .  Area % of reactions mixtures 

Amount 
CsHsMgX 

and 
CGH5Li 

Sample catalyst Unknownsd 
no. used Ketone 5 Ketone 2 En01 3' Carbinol6" Hydrocarbon 7 Carbinol gc total BAe 

Std. 
3 79 
365 
3 78 
386f 
386g 
384 
399" 
399 
385 
385R1 
383" 
383 
398".k 
398' 
390' 

- 
5 x 
4 x 
3 x 
2 x 
2 x 
3 x , Cu 
3 x , C u  
3 x , C u  
3 x , C o  
3 x , C 0  
3 x , L i  
3 x , L i  
3 x , L i  
3 x , L i  
3 x , Li, Cu 

aNot silated. 
b3.4 Area "/, of 10-phenylbenzanthrone Included here in standard. 
Silated enol or carblnol. 
*Areas und-r 1% lncluded in unknowns. 
=BA = unused benzanthrone. 
fEntire run. 
gFlrst crop. 
hIncludes 14-14.2% product 9, containing T H F  and possibly a trace of 10-phenyl-BA 
'RMrX added last. 
~ lnc l ides  enol 
hEther only. 
'Weak spectrum; 8504 remains in column. 

TABLE 2. Relative retentions of sev- chromatogram. Mass spectrometric analysis of a 
era1 components of the reaction mix- trapped sample of the silyl derivative gave the 

ture to benzanthrone calculated molecular ion at 380 mle, with 

Elution order r ,  'IBA 

Benzanthrone (BA) (1) 
Silated carbinol (8) 
Hydrocarbon (7) 
Silated en01 
Silated carbinol (8) 
6-Phenyl-BA (2) 
3-Phenyl-BA (5)  
2-Phenyl-BA 
10-Phenyl-BA 

#Based on single chromatogram. 

As before, unused benzanthrone, the 6-phenyl 
derivative 2, and the same en01 3 were among 
products shown by t.l.c., and actually isolated. 
There was, probably, some of the 3-isomer also. 
Two new constituents were found; one was the 
expected carbinol 6, for, after silation, the peak 
disappeared entirely, and a new one correspond- 
ing to its silated derivative 8, and having a 
smaller retention time, appeared in a subsequent 

abundant fragment ions corresponding to the 
losses of silyl and phenyl groups. 

The other new substance was the hydrocarbon 
7, 7-phenyl-7H-benzanthrene. The evidence 
favoring this structure is based on spectral data 
(u.v., i.r., mass spectrometry. and n.m.r.1; the 
shape of the u.v. absorption curve is identical 
with that of 7H-benzanthrene (lo), but the molar 
absorption is lower; this could be attributed to 
the "dilution effect" of the phenyl group. The i.r. 
is also similar (1 1);  the bands at  13.4 (748 cmp') 
and 14.3 p (697 cm-') suggest a monosubstituted 
benzene ring; the mass spectrum shows the 
molecular ion at  292 mle, and fragment ions at  
291 (24%) M - H, 289 (1273, 276 (573, and 
215 (100%) M - C,H,. Its n.m.r. shows 15 
aromatic hydrogens to one tertiary hydrogen. The 
formation of 7-phenyl-7H-benzanthrene (7) pre- 
sumably arises by reduction of the carbinol 6. 
It appears to be present in quantity only in the 
organolithium runs in which the carbinol is 
formed. 
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ALLEN: GRIGNARD REACTION OF BENZANTHRONE 385 

TABLE 3. Mass spectra of benzanthrones 
-- - 

Parent M Fragment ions 

No. Substituentb M % M - H % M - OH % M - CO "/: M - HCO % M - H,CO % 
- 

1 None 
2-Phenyl 

8 3-Phenyl 
8 3-Phenylc 
8 3-Phenyld 
2 6-Phenyl 

10-Phenyl 
X-Phenyl 

OThere is an  additional peak at 287, (M - HBO) 2%. 
bD, DuPont 21-1 10B; H, Hitachi. 
cIsolated in trap from g.1.c. of synthetic reference mixture. 
<Separated from a Cu+ catalyzed mixture. 

Experimental (14%) M, and fragment ions at 307 (1%) M - (CH3),Si, 

Owing to  the great similarity in structures, the resem- 303 (100%) M - C6H5,291 (15%), 289 (17%), 287 (5%), 
and 73 (32%) (CH3),Si. 

blances in physical properties the possible The acetate (7-acetoxy-6-phenyl-6-benz[de]anthra- 
benzanthrones are very close. Melting points fall in the cene (4) gives a molecular ion at mle 350 (220A M, and same range. Solubilities do not differ markedly. fragment ions a t  mle 308 (44%) M - CHZCO, 307 (61%) 

M 1 CH,CO, 305 (72%) M - COOH, 291 (100%) 
(I) Instrumental M - OCOCH,, 231 (83%), 202 (28%), and 43 (7%) 

Infvared Spectra CH3C0. 
The spectra are much alike, except that of the 3-phenyl The silyl derivative of the unknown substance, from 

isomer 5, which has a strong band at 7.23 p (very difficult the run in which phenylmagnesium chloride was "acti- 
t o  detect in mixtures). vated" with cobaltous chloride. gives a molecular ion at 

Nuclear Magnetic Resonance Spectra 
These spectra are also much alike, except for the en01 3, 

which has some non-aromatic bands. The n.m.r. spectra 
of the four available, phenyl-substituted benzanthrones 
are much alike, showing only aromatic hydrogen absorp- 
tion, and were not decipherable in terms of individual 
assignments. Therefore, the position of the phenyl sub- 
stitution could not be confirmed by n.m.r. 

The spectrum of the en01 3 in acetone-d6 has a complex 
multiplet from 6 8.0-8.8 (3H, aromatic), a complex 
multiplet from 7.0-7.9 (9H, aromatic). The remaining 
absorption is an AMX spectrum with 6, = 6.67 (lH), 
S,= 6.14 (IH), 6, = 5.52 (lH), J A M =  9, JAx = 1.5, 
JbIx = 5 Hz. These do not allow distinction between the 
two possible allylic systems (12). 

Mass Spectra 
These spectra were determined by the use of two 

instruments, both at 7.0eV, a DuPont-llOB, and a 
Hitachi RMS-4. Four known phenylbenzanthrones and 
the parent I itself, as reference samples, were examined. 
Although the pure substances gave similar fragmentation 
patterns (Table 3) the relative intensities were not suffi- 
ciently diffzrent to permit their identification when they 
were components of a reaction mixture. All the phenyl- 
benzanthrones are alike, except the 6-phenyl derivative 2, 
which shows a fragment ion (100% at M - 1); this can be 
attributed to a linking with the adjacent carbonyl oxygen. 
A fragment at M - 28 is present in all; in this respect 
these ketones resemble 1-phenyl-9,lO-anthraquinones 
(13). The fragmentation pattern of benzanthrone below 
202 is entirely different from that of pure fluoranthene 
( C I ~ H I Z ) .  

The silated carbinol 8 gives a molecular ion at mle 380 

mle 374 (80%) M, and fragment ions at 359 (40%) 
M - CH,, 284 (100%) M - 90 (i.e., M - HOSi(CH3)3), 
256 (80%) M - 188 (loss of CO here), 215 (3.573, and 
73 (40%) (CH,),Si. This is a reasonable fragmentation 
process for a silated derivative of a substance having the 
structure 9. A partial interpretation of these observations 
suggests that the solvent, THF, has entered into one of the 
reaction products (14). 

Gas Chromatography 
A Barber-Colman 5000 instrument equipped with a 

flame ionization detector, and either an 8 ft x 1-8 in., 
10%OV-1, or 4 ft, 5% Apiezon L on Chromosorb 
W-AWDMCS treated support, at 300 ISO, were used for 
all analyses. Relative retentions on either column were 
similar. Quantitative calculations (Tables 1,2) were based 
on percentages of the volatiles, and response factors were 
assumed constant. 

Although the reaction products were highly colored, 
sticky gums or hard waxes, from which, in most instances 
only a single crystalline component could be isolated, 
application of g.c. gave useful chromatograms, from 
which it was possible to calculate the area % of the 
components. 

The four main fractions found in the Grignard runs 
were 3-phenyl- and 6-phenyl-benzanthrones, the en01 of 
the latter, and unreacted benzanthrone. However, the 
lithium and cobalt runs (383, 385, 398) contained car- 
binols, which were estimated as their silated derivatives. 
Their structures were deduced by interpreting the i.r. 
and mass spectra. The new component 9 involving the 
solvent, THF, and present to the extent of about 14%, 
also trapped as a silated derivative, appears in the column 
of unknowns (cf. 385). 
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386 CAN. J. CHEM. VOL. 51, 1973 

Thin-layer Chromatogvaphy Anal. Calcd. for C2,H190: C, 89.6; H, 5.8. Found: 
T.1.c. was of limited use. Most of the ketones were C, 89.8; H, 5.7. 

indistinguishable (had similar Rf values) on silica or alu- The en01 3 is very readily converted to the ketone 2 (a) 
mina; the spots moved only half as fast on the latter. The on simple standing at room temperature, and (b) fairly 
solvent was benzene-chloroform, 3:l. The spot for rapidly in most warmed solvents. 
6-phenyl-benzanthrone (2), when illuminated by u.v. light To show that the area percents from g.c. are reasonably 
(15) was brown, and masked most of the others. similar to practical results the comparison (379) was 

made. The hard, colored residue (total weight, 3.35 g) 
(11) Preparation of Materials was warmed with 6 ml of boiling acetone, the solution 

Ten grams of benzanthrone (Aldrich, B260), or decanted, and the solid residue rinsed with two 4-ml 
Eastman's 7H-benz[delanthracene-7-0ne, were recrys- portions of this solvent, followed by 6 ml of hot methanol. 
stallized from a mixture of 70 ml of o-dichlorobenzene The residual solid (1.58 g) had a Inelring point of 184- 
and 3.2 g of Norite, by gently for min and 185". The acetone solution left a sticky pitch, which, after 
filtering through a folded filter. ~lternatively, by the use a hot ether extraction, left an additional 0.1 g of the same 
of a large Soxhlet apparatus, an intimate mixture of 3 g ketone, m,p, 183-184O, (total, 1.6 g 50%). This is in 
of benzanthrone and 2 g of Norite, plus some scraps of justifiable agreement with the g.c. estimation of 54.2%. 
filter paper, in the cup, was refluxed for 2 h;  caking ~t indicates that the use of results from the g.c. area 

occurred in the the cup, and percents are logical figures, and can be usefully employed. 
product separated in the flask. The benzanthrone was The en01 acetate 4 was prepared from 1 of the mixture 
lighter colored, and, after drying in an oven, melted at (3861, by stirring it with 5 ml of acetyl chloride, decanting 
175-17603 but the amount per run was limited that from insoluble material and allowing to cool. The crude 
stated. The product from dichlorobenzene was darker ester was recrystallized twice, by boiling with propyl 
colored, m.P. 173-174". Either way, the air-dried product alcohol; it separated very rapidly on cooling, ~h~ pearly, 
was heated for 1 h in an oven at 93-95" before use. Other yellow acetate melts at 168-1690, with very 
solvents (chlorobenzene, p-cymene, acetic or trifluoro- decomposition at 172-1730. 
acetic acids, dimethylformamide, and THF) were less ~ ~ ~ l .  calcd, for c , , H , ~ ~ , :  C, 85.7; H, 5.1, ~ ~ ~ ~ d :  
satisfactory. 2-, 3-, and 10-Phenylbenzanthrones were C, g5.7; H, 5.4, 
prepared as given in the literature (23, 3, 24). Phenyl- ~h~ insoluble portion, as well as residues from two 
magnesiilm chloride was Fisher's (Certified reagent in recrystallizations were mixtures of the ketone 2, and a 
THF$ lot 765 225). THF was dried Over sodium; air and trace of unchanged benzanthrone, identified by n~ixt~~i-e 
nitrogen was bubbled through concentrated sulfuric acid. melting points and t,l,c, 
Melting points were determined on a Fisher-Johns block. 

(ZV) Effects of Copper and Cobalt Salts 
(111) The Grignard Reaction These were employed for their possible catalytic 

The star~dardized procedure, adopted after several property, e.g., CuCl(5, 16) in 384 and 399, and CoCI, (17) 
exploratory runs, using the usual type of apparatus, and in 385 and 385R. With 0.02 g of CoCI, (the hydrated 
swept with nitrogen follows: to a mixture of 25 ml of reagent was to stand for 10 min with 10 m] of 
T H F  and 12 ml (3 equiv) of the pheny]magnesium acetyl chloride and the liquid was decanted) the residual, 
chloride, was added 2.3 g (0.01 moll of benzanthrone, blue solid was rinsed into the reaction flask with 25 ml 
rinsing in any adhering solid with 5 ml of THF. The of THF, in portions. In a repeat (385R) of this run, with 
solution turned a deep brown, but very little heat was double the amount of CoCI,, the phenylmagnesium 
evolved; the color was nearly black after 0.5 h. After the chloride was inadvertently admitted last; this markedly 
mixture had been refluxed for 1.5 h, the flask was cooled. affected the respective yields. There was no reaction with 
A mixture of 6 ml of acetic acid and 16 ml of water, added the copper and cobalt solutions by themselves, showing 
cautiously at first, gave two layers. The organic solution that the Grignard reagent was needed; this indicated that 
was separated and the solvent removed. The sticky some sort of an intermediate was involved (17). 
residue was taken up in chloroform and distilled with 
steam as long as any biphenyl (-2 g) came over. (V) PhenyNitlziun7 

The insoluble portion was taken up in a little chloro- This was prepared by the standard procedure (18), 
form. For g.c. estimation, an  aliquot was dried over using 1.2 g of lithium, 90 ml of dry ether, and 12.4 g of 
anhydrous calcium chloride, filtered, and the solvent bromobenzene (dried by distillation), to obtain 3 equiv of 
evaporated; the residue was used directly or silated. To the reagent. To this with stirring was added, in two 
obtain the 6-phenylbenzanthrone (2)  for further use, the portions, 4.6 g of benzanthrone (0.02 mcl); the second 
insoluble residue after steam distillation was allowed to portion caused the brownish solution to boil. This was 
stand with a little acetone. Much of the product 2 soon followed by 30 ml of THF, whereupon the solution 
crystallized; a second or even third crop might be ob- became purple; all the solid dissolved without external 
tained; this was followed by the en01 3, although the heating, and a purple scum was formed. The ether was 
separation was not sharp. Ether and methanol were help- boiled off (10 min) on the steam bath, and the clear, dark 
ful for removing the enol. Ether, ethyl acetate, acetone, brown solution was refluxed for 2 h without stirring. 
benzene, and acetic acid were employed for recrystalliza- After cooling, a mixture of 5.5 ml of acetic acid and 13 ml 
tion of 2; the acid was preferred for large amounts, and of water was carefully added; the reaction was vigorous. 
acetone for small. The upper, ether layer was separated and distilled with 

If the enol, which at first was isolated fortuitously, is steam; the residual black mass hardened. The solid from 
desired, it is preferable to use a 2:l  ratio (386). It accumu- an acetone solution dispersed over silica gel (21, 22) was 
lated in the last fractions and was recrystallized from introduced into the top of a stainless steel column, and 
methanol; m.p., 146-147". eluted with ligroine (b.p. 63-75"). The colored layer moved 
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ALLEN: GRIGNARD REACTION O F  BENZANTHRONE 387 

about two-thirds of the way down the column and 1. G. CHARMER and E. GHIGI. Gazz. Chim. Ital. 62,928 
stopped; the colorless eluate contained 1.8 g of crude tan (1932); Chem. Abstr. 27, 1344 (1933). 
hydrocarbon, m.p. 142-145". Upon recrystallization from 2. C. F .  H .  ALLEN and S.  C. OVERBAUGH. J. Am. Chem. 
absolute alcohol, 0.6 g (m.p. 147-148") was recovered. I t  SOC. 57, 740 (1935). 
was then purified by several thin layer purifications, 3. C. F.  H. ALLEN and S. C. OVERBAUGH. J.  Am. Chem. 
scraping off the bluish-green (finally, blue) areas (follow- SOC. 57, 1322 (1935). 
ing by u.v. light), and extracting each time with hexane 4. W. BRADLEY andF. K. SUTCLIFFE. J. Chem. Soc. 708 
until the m.p. was 155.5-156"; the analytical sample (1954). 
melted at  156.5". 5. M. S. K H ~ S C J  and P. 0 .  TAWNEY. f. Am. Chem. 

Anal. Calcd. for CZ3Hl6: C, 94.5; H,  5.5. Found: SOC. 63, 2308 (1941). 
C, 94.6; H, 5.8. 6. H. 0. HOUSE, W. L.  RESPESS, and G. M. WHITESIDES. 

Both solid and solutions in hexane, benzene, and J .  Org. Chem. 31, 3128 (1966). 
absolute alcohol showed a blue fluorescence. In t.1.c. it 7. M. S. KHARASCH and 0. REINMUTH. Grignard reac- 
gives a bright blue band on SiO, that moves with the tions of non-metallic substances. Prentice-Hall, Inc., 
solvent front (visible in U.V. light only). It did not form New York. 1954. pp. 196-238. 
a picrate. 8. R. D. HAWORTH and P. B. TINKER. J. Chem. Soc. 91 1 

With the hope of isolating additional hydrocarbon, 1.5 g (1955). 
of accumulated residues from previous runs (C,H,Li, Cu+ 9. 0 .  L. CHAPMAN and D. J. PASTO. Chem. and Ind. 54 
(19, 20)) were chromatographed, using A1203. By em- (1961). 
ploying hexane as the eluent, a faintly colored band, lo. CLAR and FR. FURNARI. Ber. 65B, 1420 (1932). 
which was easily visualized by the u.v. light, slowly moved 11. H. DANNENBERG and H .  J. KESSLER. Ann. 606, 184 
down the column. In this way, the hydrocarbon was free (1957). 
from the otherwise persistent 6-phenylbenzanthrone (2). 12. U. E. MATTER, C. PASCUAL, E. PRETSCH, A. PROSS, 
The yield was 5 mg, m.p. 155-156". W. SIMON, and S. STERNHELL. Tetrahedron, 25,691 

An orange band was now eluted, employing a 3 : l  (1969). 
benzene-chloroform mixture. The fractions were concen- 13. D. R. BUCHL and C. S. WAIGHT. Org. Mass. Spectr. 
trated, in which a few orange needles separated. After 1, 273 (1968). 
warming with ethyl forrnate, additional solid crystallized, 14. H. GILMAiv. Adv. Org. Chem. 7.  8 (1968). 
m.p. 203-204", yield 2 mg. The substance appears to be an 15. S~ectroline,  Model SL-3660. Spectronics COT., 
isomeric x-phenylbenzanthrone, (x probably = 4). Westbury. L.I. 
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