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Abatract-Reductive alkylation of anthracene, 9, lOdimethylanthracene, 1, 4dunethylanthracene, 
benx(a)anthracene and dibenx(a, h)anthracene via treatment of the dilithio adducts in liquid ammonia 
with alkyl halides proceeds stereo selectively to furnish high yields of the corresponding cir-dialkyldihydro 
derviatives. 

SINGLE-STAGE reduction of a series of representative polycyclic aromatic hydrocarbons 
by lithium dissolved in liquid ammonia was described in part IV.’ The structures of 
the dihydro products accorded, in general, with predictions’ based upon MO calcu- 
lations of the positions of highest electron density in the corresponding anionic 
intermediates. Also, reduction of 9, lOdiethyl- and 9, lOdi-n-butylanthracene 
(Eq. 1) proceeded stereospecitically to provide the corresponding rruns-9, IO-dialkyl-9, 
lfklihydroanthracenes (I). 

In principle, the anionic intermediates formed via interaction of alkali metals with 
hydrocarbons in liquid ammonia should he susceptible to alkylation (Eq. 2) as well 
as protonation (Eq. 1). This transformation, which may be termed reductive alkylurion, 
has been the subject of only limited investigation.*** Dialkyldihydro derivatives of 
anthracene l-9? benz.(a)anthracene,7 and biphenyl’O (of unknown stereochemistry) 
have been &nthesized by analogous reaction in organic solvents. However, formation 
of metal-hydrocarbon adducts in non-polar solvents is a heterogeneous process, 

* Hiickel et al. reported reductive methylation of tluorene’ and methylated naphthalene” in liquid 
ammonia without mention of the stereochemistry. 

t It is reported,g for example, that interaction of methyl iodide with disodioanthracene in dioxan at 20” 
furnished: 9, IOdimethyl-9, 1Odihydroanthracene and 9-methyl-9. lO-dihydroanthracene (27%); 1, 2- 
dimethyl-lJ-dihydroanthracene (7%); 9-methylanthracene, 9, IO-dimethylanthracene, 9-methyl-10- 
ethylanthracene and an unidentified alkylanthracene (11%); anthraquinone (3%); resin (8%); and recovered 
anthracene (44%). 
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requiring prolonged reaction periods (usually 2-5 days), and the products ofalkylation 
are often complex mixtures.* 

We now wish to report the stereospecific reductive alkylation in liquid ammonia 
of a series of polynuclear hydrocarbons. The experimental procedure adopted was 
based upon that developed earlier 2* ’ 1 for the controlled reduction of polycyclic 
hydrocarbons. Product distribution was determined quantitatively by gas chromato- 
graphy and qualitatively by chromatography on thin layers of silica gel impregnated 
with s-trinitrobenzene.l 2 

RESULTS 

Reductive methylation of anthracene via treatment with 2.5 equivts of lithium in 
refluxing ammonia followed by methyl bromide, furnished cis and truns-9, 10-d& 
methyl-g, 1Odihydroanthracene (II and I: R = Me) in yields of 78% and 22x, 
respectively (Eq. 3). The structures of the stereoisomers were previously established 
by stereospecific syntheses from diacids of known configuration;i3* i4 the recently 
demonstrated’ greater resistance of the cis isomer to catalytic dehydrogenation, 
equilibration and alkylation supports the correctness of this assignment. Similar 
reaction conducted at lower temperature (- 78”) depressed the yields of II and I to 
7% and 45x, respectively, and furnished 9-methyl-g, 1Odihydroanthracene as the 
major product. 

While methyl chloride, bromide and iodide all reacted under standard conditions 
(Table I) to furnish II (R = Me) in 70-80% yield, differences were found in other 

TABLE 1. RELNCTIVE ALKYLATION OF ANIHRACBNE (A) 

Halide (mmole) 
Product Composition (“/)b 0 

A AH, AHR &-AR, tram-AR, 

McCI, excess 14 0 1 77 9 
MeBr, excess 0 0 0 78 22 
MeBr, excess’ 0 0 48 45 7 
Mel (25) 0 0 14 72 14 
EtBr (27)“ 0 0 8 80 12 
EtBr (270’ 0 0 0 84 16 
i-PrCl (55) 12 0 0 70 18 
t-BuBr (44) 16 68 14 2 0 

’ Anthracene (10 mmole) and lithium (25 mmole) were employed under the standard conditions de+ 
cribed in the experimental section, unless specitied otherwise. 

b Product composition was determined by gas chromatography on a 6’ lo”/, SE 30 on Chromosorb W 
column at 175’. A = Anthracene; AH, = 9, IO-dihydroanthracene; etc. 

’ Reaction was conducted at - 78”. 
’ Ethyl bromide was diluted with 10 ml of THF. 
’ Tenfold scale employed. 

respects. The product from the chloride contained recovered anthracene (14x), while 
that from the iodide invariably included appreciable monomethylated anthracene. 

* See footnote * on previous page. 



Metal-Ammonia Reduction-V 4889 

Employment of an increased proportion of methyl iodide led to formation of dihydro- 
anthracene instead of a diminished quantity of the partially methylated product. 
This effect is apparently a consequence of the relatively high reactivity of the iodide 
with ammonia to provide methyl ammonium iodide;” the latter is an efficient 
protonating reagent. 

Analogous ethylation and isopropylation of the anthracene dianion proceeded 
readily to furnish the corresponding cis-9, lOdialkyl-9, Wdihydroanthracenes 
(II : R = Et, i-I%) in yields of 80% and 70”/,, respectively (Eq. 4, 5). The diethyl com- 
pound, a solid melting at 58-59”, was identified as the cis isomer through comparison 
of its physical properties, particularly its integrated NMR spectrum, with those of 
the authentic substance; the latter was synthesized via treatment of the adduct of 
ethyllithium and anthracene with ethyl bromide. l6 Assignment of the cis structure to 
the diisopropyl product rests upon analogy with the diethyl example and upon the 
NMR spectrum: z 6.18 (d, 2, benzylic, J = 5 Hz); r 9a2 (d, 6, Me, J = 7.5 Hz). Also, 
the same isomer was obtained (55%) through alkylation with isopropyl chloride of 
the addition product of isopropyllithium and anthracene.16 

Reductive ethylation and isopropylation of anthracene provided in addition to II 
(R = Et, i-Pr) a minor product which proved to be not the expected corresponding 
trans diastereomers, but the related 9, 9, lO-trialkyl derivatives of 9, lo-dihydroan- 
thracene (Eq. 4, 5). These compounds were isolated by preparative gas chromato- 
graphy and identified by NMR spectroscopy. The spectrum of the triethyl compound 
exhibited peaks at r 983 (t, 3, Me, .I = 7 Hz), 9.37 (t, 3, Me, J = 7 Hz), 9.23 (t, 3, Me, 
J = 7 Hz), 8.12 (m, 2, CI&CH), 8.05 (q, 2, CH,, .I = 7 Hz), 7.93 (q, 2, CH,, .I = 7 Hz), 
6.00 (t, 1, CH, J = 6 Hz), 2.73 (m, 8, aryl), while that of the triisopropyl homolog 
contained characteristic peaks at 7 9.42 (d, 12, Me, J = 7 Hz), 8.33 (d, 6, Me, .I = 7 Hz), 
6.10 (d, 1, benzylic, J = 3 Hz). Evidence for the origin of the trisubstituted dihydroan- 
thracenes from the aans-dialkyl derivatives is presented in the discussion. 

t-Butylation with t-butyl bromide proved considerably more difficult, furnishing 
only 14% mono-t-butyl- and 2% 9, 10-d&t-butyldihydroanthracene; the major 
product (68%) proved to be 9, 10dihydroanthracene (Eq. 6). Since formation of the 
latter requires a proton source, and since the solvent has been demonstrated not to 
serve in this capacity,” it appears likely that hydrogen abstraction from t-butyl 
bromide takes place with formation of isobutylene and dihydroanthracene. 

Methyl substituents in the meso region did not noticeably affect either the rate of 
reductive methylation or diminish the yield. Thus, a solution of 9, IO-dimethyl- 
anthracene and lithium in THF-ammonia underwent rapid decolorization upon 
treatment with methyl bromide to furnish 9, 9, 10, lO-tetramethyl-9, lOdihydroan- 
thracene (Eq. 7) (79%). The presence of Me substituents or additional fused aromatic 
rings in the cr-positions of anthracene likewise failed to inhibit reductive methylation. 
Thus, 1, 4dimethylanthracene, benz@anthracene and dibenz@, h)anthracene 
underwent facile transformation to provide in each case only a single major product. 
These were identified as cis-1, 4, 9, lO-tetramethyl-9, Wdihydroanthracene (III), d, 
1-cis-7, 12dimethyL7, 12dihydrobenz(a)-anthracene (IV) and cis-7, 14-dimethyL7, 
14dihydrodibenz& h)anthracene (V), respectively. IV was readily distinguished 
from its mans isomer (prepared by lithium-ammonia reduction of 7, 12dimethyl- 
benx(a)anthracene2) by its NMR spectrum and melting point (Experimental). 
cis Configurations were tentatively also assigned to III and V on the basis of their 
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structural similarity to IV. In III and V, steric compression of substituents in the meso 
equatorial positions may be expected to be more severe than in IV. 

68% 

DISCUSSION 

V 

22% 

(5) 
1’3% 

The relatively high specificity of reductive alkylation in liquid ammonia contrasts 
with tbe reported complexity of product distribution from similar reactions conducted 
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in organic solvents* (dioxan, tetrahydrofuran). In the latter case, prolonged reaction 
periods were necessary and the dialkylated products were contaminated with major 
quantities of both unreacted hydrocarbons and substances arising from competing 
side reactions. This solvent effect must be largely a consequence of the efficiency of 
anthracene 9,10dianion formation in the polar solvent2* 4 relative to the slow single 
electron transfer from alkali metal to hydrocarbon in ethereal solvents.” Also, the 
rate of alkylation in ammonia may be expected to exceed that in organic solvents 
since dissociation of ionic intermediates is probable in the former medium, while 
aggregation is likely in the latter (e.g. n-butyllithium is hexameric in benzene solu- 
tion’s* 19 

). 

The remarkable stereoselectivity of reductive alkylation (cis) in liquid ammonia, 
although opposite to that of reduction of 9, 10-dialkylanthracene2 (truns), is explicable 
in similar terms (Chart 1). 9, IO-Dihydroanthracene and its trans-9, lSdialky1 

CHART 1 

Xl& Xlb 

derivatives undergo rapid ring inversion in solution at ambient temperature.2 The 
corresponding 9, Wdianions (VIII and IX) may, however, be sufficiently stabilized 
by orbital overlap to favor a conformation with substituents (H or alkyl) in the 
equatorial orientation. This would favor preferential initial alkylation (or protonation) 
at C-9 from the axial direction ; greater accessibility from above the ring system may 
also aid axial attack. However, the steric preference of initial alkylation is unlikely to 
be a major factor in the determination of product structure. This follows since the 
monoanion formed upon alkylation (or protonation) is free to invert and assume a 
configuration offering minimum steric interaction. Alkyl groups in the equatorial 
orientation appear from molecular modelst to be subject to considerably greater 
non-bonded interaction than their axial counterparta This effect, primarily a con- 

* Sa footnoteDon p. 4887 

+ SpaaAilling molecular models (e.g. Courtauld models) arc more twcaling in this regard than arc other 
types. 

19K 
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sequence of steric interference with the pen’ hydrogens of the adjacent aromatic rings, 
may be expected to increase with the steric demands of substituents in either position. 
On this basis, the alkyl group introduced in the initial alkylation stage may be ex- 
pected to favor an axial orientation in the 9-alkyl, lO-monoanion* (X). Conversely, 
and for the same reasons, the inverted monoanion (XIb) should be favored during 
reduction. Finally, alkylation of X from the axial direction leads to the experimentally 
observed cis isomer (II) ; analogously, protonation of XIb provides the rruns isomer (I). 

Extrapolating to molecules wherein steric interaction should be considerably 
greater (i.e. the product of reductive isopropylation of anthracene and the products of 
reductive methylation of 1, 44methylanthracene, benz(a)anthracene and dibenz- 
(a, h)anthracene), the probability of predominant cis geometry becomes all the more 
reasonable. 

Formation of the triethyl and triisopropyl compounds, though unexpected, is 
readily explicable in terms of established facts. Reaction of excess lithium (O-5 g atoms) 
with excess alkyl halide may be expected to form the corresponding alkyllithium 
reagent. Also, the rrans-diethyl isomer was previously demonstrated’ to undergo 
virtually quantitative ethylation upon treatment with n-butyllithium in ammonia 
followed by ethyl bromide ; the corresponding cis isomer reacted to only minor extent. 
If as these considerations imply, the trialkyl compounds arise through aansdialkyl 
intermediates, there remains the question of why the rransdimethyl compound fails 
to undergo analogous transformation. That this may be due to the relatively low 
efficiency of methyllithium for proton abstraction is evidenced by the diminished 
yield of triethyldihydroanthracene obtained upon substitution of methyllithium for 
n-butyllithium in the ethylation of diethyldihydroanthracene in liquid ammonia. 

EXPERIMENTAL 

Physiccrl data. Mg pts were taken on a Leitx Kofler hot-stage microscope and are conected. Proton 
NMR spectra were obtained on a Varian A-60 spectrophotometer ; chemical shifts are reported relative to 
TMS in CDCI,. Gas chromatographic analyses were performed on a F & M, Model 540 chromatograph; 
larger scale separations (lW500 mg) were achieved on a Hewlett-Packard, Model 755, preparative 
chromatograph. 

Mot.&& und methods. ‘Ibe polycyclic aromatic hydrocarbons were obtained from commercial sources, 
recrystallixed from absolute alcohol, and dried in UOWJ. If chromatography on trinitrobenxene-silica gel” 
revealed impurities after crystahixation, the hydrocarbons were further purified by passage through a 
column of activated silica gel. This procedure is essential for hydrocarbons known to form transannular 
peroxides (e.g. 7, 12-dimethylbenx(o)anthracene). Silica gel for column chromatography (Davison, Grade 
950, mesh 60-2W) was activated by heating overnight at 100”. THF was distilled from LAH, and stored 
over CaH, under N,. Li wire (Lithium Corp. of America) was wiped free of oil and washed with hexane 
immediately before use. Commerical EtBr was distilled before use; MeCl and MeBr were passed through a 
column of activated silica gel into the reaction vesseL 

All reductive alkylations were carried out employing essentially the standard conditions” described 
below for reductive methylation of anthracene. unless indicated otbetwise. Precautions for the exclusion 

l It was concludedzO that the Et group of X (R = Et) was equatorial through analysis of the NMR 
spbctra of X and the corresponding hydrocarbon. However, this assignment was based on extension of the 
rule that axial protons of cyclohexane absorb at higher field than their equatorial counterparts. The 
validity of such extension is open to question, and exceptions (e.g. in the 7, 12dihydropleiadene series) are 
known. Variable temperature nmr studies currently in progress in this laboratory will, it is hoped, provide 
more defmitive evidence. 
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of moisture and atmospheric 0, were scrupulously followed; ammonia was distilled into the reaction 
vessel through a column of BaO (W-20 mesh); ail reactions were carried out under He for reasons stated 
earlier. ’ ’ 

Reductiw methyl&on ojanthracene. To a stirred solution of lithium (1.74 g, 25 mmole) dissolved in liquid 
ammonia (250 ml) was added a solution of anthracene (1.78 g, 10 mmole) in 75 ml of THF. The resulting 
deep reddish-brown solution was maintained at reflux for 1 hr, then methyl bromide gas was passed into 
the solution for 5 min; docolorixation required 2 min. Evaporation of the ammonia, followed by partition 
of the residue between ether and water led to recovery of a white solid. Gas chromatographic analysis 
revealed the cis (78 “/ and tram (22 “/,) isomers of 9, lft-dimethyl-9, l@dihydroanthracene as tk sole pro- 
duct. NMR spectra of samples trapped off the glc column matched those of the authentic compounds.’ 

Reductive ethyl&on ofmthracene. Analogous reaction employing a solution of EtBr (27 mmole) in 
10 ml of THE instead of gaseous MeBr furnished an oily solid of the composition indicated in Table 1. 
Trituration with Et0I-I. followed by recrystallization from the same solvent, provided II (R = Et) melting 
at 58-59”. identified by comparison of its NMR spectrum with that of the authentic cis-isomer.’ 

The second product, 9, 9. IWriethyl-9, 1Odihydroanthracene. was separated from residual cisdiethyl 
compound by preparative GLC and similarly identified by NMR spectroscopy in comparison with a 
previously prepared sample.2 

Reductive isopropylution ofonthracene. Similar reaction took place with i-P&l (5 ml), except that color 
persisted 1 hr after addition of the halide. The oily product, which consisted of three components (Table 1). 
solidified upon standing. Trituration with MeOH, followed by recrystallization from alcohol, provided 
II (R = i-Pr) melting at 72-74”; NMR r 6.18 (d, 2, benxylic, J = 5 Hz); I 9-02 (d, 12 Me, J = 7.5 Hz); as 
well as the appropriate numbers of protons in the aryl and methine regions. 9, KXDiisopropyl-9, IOdihydro- 
anthracene of uncertain stereochemistry, but closely similar m.p., has been reported by several authors.‘* 9. ‘i 
Found : C, 9090; H, 908. Calc. for C&H,, : C, W85; H, 9.15 “/,). 

Reductive t-bury/&on ofrcnthracene. The red color faded completely 15 mitt after the addition of t-BuBr 
(5 ml). GLC on a 6 ft SE-30 column at 170” indicated the presence of the components in Table 1; retention 
times matched those of the authentic compounds. Recrystallization from MeOH provided 9, l@dihydro- 
anthracene (48%); NMR 7 6-12 (4, s, CH,). The NMR spectrum of 9-t-butyl-9. Ddihydroanthracene iso- 
lated from the GLC column corresponded in detailed with that reported by Carruthers and HaRz2 

Reductiw methylation of 9, lO-dimethylunthracen. GIG analysis of the product of reductive methylation 
of 9, 10dimethylanthraceneZ with Li and MeBr indicated the presence of 9, 9, 10, IO-tetramethyl-9, lO- 
dihydroanthracene (81%) and 9, 9, IO-trimethyl-9. ltl-dihydroanthracene (19%). Recrystallization from 
EtOH provided the tetramethyl compound (65 %l as white flakes, m.p. 167-168.5” (lit.23 17Gl71.5”); NMR 
78.32 (s, 12 Me; 72.75 (m, 4, Baryl); 7250 (m, 4, a-aryl). (Found: C, 91.49; II, 860. Calc for CisH,,: 
C, 91.47; H, 8.53%). 

Reductive methylotion of 1, 4dimethylanthracene. 1, 4dimethylanthracene was synthesized by the 
method of Mosbyz4 from y-valerolactone and tetralin. Reductive methylation with Li and MeBr provided 
an oil containing four components according to GLC analysis. No attempt was made to characterize the 
three minor substances (3”/ 10% and 7%); presumably those are 1, 4-dimethyl-9, IOdihydroanthracene 
and its 9-monomethyl and 9,9,10_trimethyl derivatives. The major product (80”/,), obtained by preparative 
GLC, was identified as 1,4,9, IO-tetramethyl-9, IO-dihydroanthracene: m.p. 97-98”; NMR 7 852 (d, 6, 
CHCI-I,, J = 7 Hz); 760 (s. 6, CH,); 5.79 (q, 2, CH, J = 7 Hz); 3a2 (s, 2, aryl); 2.77 (s, 4, aryl). (Found: C, 
91.22; H, 8.71. Calc. for C,,H,,: C, 91.45; II, 8.74%). 

Reductive methylorion of bem(a)anthcene. Trituration of the crude product with EtOH provided 
cis-7, 12dimethyl-7. 12dihydrobenx(a)anthracene (m.p. 10>104~5”; 1.20 g from 2.28 g of benx(a)anthra- 
cene). Recrystallization from EtOH provided the analytical sample, m.p. 106107”; (NMR c 8.37 (d, 3, 
Me, J = 7 Hz); 840 (d, 3, Me, J = 7 Hz); 5.77 (q, 1, CH, J = 7 Hz); 5.17 (q, 1, CH, J = 7 I-Ix). Mikhailov 
reportedz5 synthesis of two isomeric 7, 12dimethyl-7, 12dihydrobenz(a)anthracenes, m.p. 915-92.5 and 
109-l lo”, respectively. A dimethyldihydrobenx(a)anthracene corresponding to the lower melting isomer 
was recently obtained through lithium-ammonia reduction of 7, 12-dimethylbenx(a~anthracene;1 the 
trans structure was assigned on the basis of the demonstrated rrans specificity of this reaction under the 
conditions employed.’ Accordingly. the cis structure may be assigned to the higher melting isomer. (Found : 
C, 9304; H, 7.24. Calc. for &,,H,, : C, 9298; H, 702%). 

Reductive methylation ofdibenz(a, h)anthracene. The crude product was dissolved in a minimum volume 
of hot EtOAc, treated with charcoal and concentrated to 25 ml. EtOH (25 ml) was gradually added after 
crystallization to increase the quantity of ppt. The product (m.p. 215-216.5”; 1.38 g from 2.6 g of dibenx- 
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(a, h)anthracene) was identified as VI: NMR r 8.32 (d, 6, Me., J = 75 HZ); S-08 (q. 2 CH, J = 75 Hz). 
(Found : c, 9346; H, 651. Calc. for C&H,, : C, 92.91; H, 7w/,). 
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