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Abstract. The synthesis of nine isomeric methyl-substituted acephenanthrylenes is described. 
Three different approaches were used. I-, 2-, And 6-methylacephcnanthrylene ( la ,  l c  and If) were 
prepared by formylation of acephenanthrene (2) and 4,5,7,8,9,lO-hexahydroacephenanthrylene 
(171, followed by Wolff-Kishner reduction and dehydrogenation. 4-, 5-, 7- And 10-methyl- 
acephenanthrylene (Id, le, l g  and lj) were synthesized by treating the corresponding acephenan- 
threnones with methyllithium, followed by dehydration and, in the case of lg and lj, dehydrogena- 
tion. 8- And 9-methylacephenanthrylene ( l h  and li) were prepared by a Haworth synthesis starting 
with the reaction of methylsuccinic anhydride with acenaphthene. The  spectroscopic properties of 
acephenanthrylene and its methyl derivatives were investigated with mass spectrometry, ' H N M R  
and UV-VIS spectroscopy. According to the ' H  NMR spectra, steric hindrance between the 
methyl group and nearby protons decreases in the following order: 1, 10 > 6 > 7 > 3 > 4, 5, 8, 9. 

Introduction 

Polycyclic aromatic hydrocarbons (PAHs) and their 
derivatives are  present in the environment due t o  natural 
and anthropogenic activity '. Many of these compounds 
display carcinogenic activity and in this way can affect the 
health of humans and other  animals. T h e  main problem 
in investigating their biological and medical effects is that 
many o f  these PAHs usually occur as  traces in very 
complex mixtures. Therefore there is a continuous need 
for (substituted) PAHs synthesized in the laboratory. 
Ten ycars ago we started a research program to prepare 
and study various PAHs, especially derivatives containing 
nitro'-3 o r  methyl groups', one or more five-membered 
rings'-', o r  more than one functional group","'. Rational 
syntheses have been developed to prepare these com- 
pounds in very pure form. These materials can be used for 
establishing structure-activity relationships. They are  also 
available a s  reference materials for the study of complex 
matrices. In collaboration with others, we established that 
cyclopcntal[cd]pyrene (CPP) is a potent carcinogen in the 
adenoma bioassay o f  the newborn-mouse lung ' ' .  A report 
on the activity of aceanthrylene and acephenanthrylene, 
cyclopenta-fused derivatives of anthracene and phenan- 
threne, rcspectively, will he published soon. 
T h e  methyl derivatives o f  these PAHs are  of interest as 
well, because they are  present in many complex mixtures 
and i t  is known that methyl-substituted PAHs can be very 
potent carcinogens"-". We have recently published' the 
synthesis o f  some methylated C P P  derivatives. In this 
study we will focus on the preparation of the methyl 
derivatives of acephenanthrylene (AP)  (I) .  We have devel- 
oped strategies to  synthesize nine out  of the ten possible 
novel methyl isomers: I-methyl-AP (la), 3-methyl-AP (lc).  
4-methyl-AP (Id), 5-methyl-AP ( le) ,  6-methyl-AP (If), 
7-methyl-AP (lg), 8-methyl-AP (lh),  Y-methyl-AP ( l i )  and 
10-methyl-AP ( l j i ) .  Spectroscopic data  o n  the  methyla- 
cephenanthrylenes, obtained by means of mass speetrom- 

ctry, ' H  N M K  and UV-VIS spectroscopy will be pre- 
sented and discussed. 

Synthesis 

Acephenanthrylene ( 1 )  and acephcnanthrene (2) arc  not 
commercially available. Synthetic routes to these com- 
pounds which require six or  seven steps have been pub- 
lished15-". We found it profitable to  investigate another 
route, starting from phenanthrene. W e  have modified and 
improved the synthesis of 1 and 2 in the following manner 
(Scheme I ). Phenanthrene was chloromethylated with 
formaldehyde and concentrated HCI according to the 
reaction conditions reported by Ferndndez et  al.IX. Unlike 
their report that only 9-(chloromethyl)phenanthrene (3) 
was formed, we isolated a mixture of 3 and 1-(chlorometh- 
y1)phenanthrene (4) in a ratio of 6 :  I ,  in high yield (95%). 
Both the Y and the 1 position in phenanthrene are  known 
to be  susceptible to  mild electrophilic attack'". 
T h e  isomcrs 3 and 4 could not be  separated by means of 
column chromatography. A mixture of 3 and 4 was con- 
verted into the corresponding homologous acids, by a 
two-step procedure. First they were treated with NaCN 
and triethylbenzylammonium chloride as  a phase-transfer 
catalyst in CH,C1, /H20 under  retlux for 16 hours. A 
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mixture o f  9-phenanthreneacetonitrile (5) a r d  l-phenan- 
threncacetonitrile ( 6 )  (ratio 6 :  I )  was isolated in 91% 
yield. Compounds 5 and 6 were hydrolyzed with KOH in 
refluxing aqueous ethanol to  give. upon acidification, a 
mixture of 9-phenanthreneacetic (7) and l-phenan- 
threneacetic acid (8) in 70% yield. 
Acids 7 and 8 were cyclized to  the corresponding five- 
membered ring ketones. The  mixture of acids (6 :  1 )  was 
treated with oxalyl chloride I” to yield the acid chlorides. 
Cyclization was performed with AlCl under Fricdcl- 
Crafts conditions. After purification a mixture of 4(5H )- 
acephenanthrenone (9) and S(4H )-acephenanthrenone 
(10) (4 :  I )  was obtained in 44% yield. Ketones 9 and 10 
could be separated by means of column chromatography. 
4(S H )-Acephenanthrenone was prepared in 23%) yield 
from phenanthrene and 5 ( 4 H )  acephenanthrcnone in 6% 
yield. 
Acephenanthrylenc (1) and acephenanthrene (2) could 
both be prepared from the ketones 9 and 10 in good 
yields. 1 was prepared in a two-step procedure, by reduc- 
tion o f  the ketones with NaBH, and dehydration of the 
ensuing alcohols with p-toluenesulphonic acid monohy- 
drate  (p-TSA)  in 86% yield. 2 was prepared by means of 
a Wolff-Kishner reduction of the ketones in 87% yield. 
A straightforward manner for the introductiorl of a methyl 
group on the aromatic system has been explored earlier 
by our  group in the preparation of methyl-substituted 
C P P  derivatives”. In this method, the carbonql-containing 
starting material is treated with methyllitk8ium, giving 
monomethylation. T h e  resulting tertiary alcohol can be 
dehydrated, leading to  a double bond substituted with a 
methyl group. Ketone 9 was treated with exwss methyl- 
lithium in dry I’HF to yield the corresponding methyl 
hydroxy compound lld (Scheme 2).  which was then con- 
verted by reaction with a catalytic amount of p-TSA in 
refluxing toluene into 4-methylaccphenanthrylene (Id) 
with an overall yield o f  46%. Analogousl),, 5-methyl- 
accphenanthrylenc (le), was prepared in two steps from 
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ketone 10 (07% yield) via the intcrmcdiate methyl hy- 
droxy compound 12e. 
Another method that can be used for the introduction of 
a methyl group in a polycyclic aromatic system consists o f  
formylation of the parent hydrocarbon, followed by 
Wolff-Kishner reduction o f  the aldehyde to the methyl 
derivative ?( ) -21 ,  An especially mild formylating agent, 
dichloromethyl methyl ether with tin(1V) chloridt: as  cata- 
lyst, has been described23. When acephenanthrene (2) was 
treated with these reagents, substitution occurred solely at 
the meso position h”.24 (Scheme 3). 0-Acephenanthrenc 
carbaldehyde (13) was isolated as the single product in 
6Y% yield after purification. Compound 13 was reduced 
under Wolff-Kishner conditions to h-methylacephenan- 
threne (2f) in good yield (91%)). 2f Was dehydrr)gcnated 
with 2,3-dichlorr~-S,h-dicyano-1,4-benzoquinone (DDQ) 
(toluene, 70°C) to  6-methylacephenanthrylene ( I f )  in 00%’ 
yield. 
Formylation of acephenanthrylene was attempted, but led 
under the reaction conditions only to decomposition, 
without even traces of methyl-substituted product. I t  is 
known that the double bond of the five-membered ring in 
cyclopenta-fused PAHs is very vulnerable to  electrophilic 
attack 25.26 . ‘The high reactivity of the electron-rich C4-CS 
bond in 1 therefore leads to  decomposition. 
For the preparation of  four of the remaining seven 
methyl isomers we have made use of the :synthetic 
route to ncephenanthrylene starting from acenaphthene. 
T h e  preparation o f  5,8,9,1 O-tetrahydro-7(4 H )-acc.phenan- 
thrylen one (14) in three steps from acenaphthene hiis 
been described”. We could improve the first ?,tep, the 
Friedel-Crafts reaction of accnaphthcne with succinic 
anhydride. Normally this reaction is performed in nitro- 
benzene”, which has as disadvantage tha t  work-up is 
quite laborious. We found CH2CI,  to be an cxcellcnt 
solvent for this reaction, making work-up much more 
facile. As an extra advantage, the formation of 3-sub- 
stituted product could be diminished by lowering the 
reaction temperature to  - 10°C. I .2-Dihydro-y-oxo-4- 
acenaphthylenebutanoic acid (15) was isolated in 78% 
yield. Wolff-Kishner reduction of 15 and subsequent ring 
closure” afforded 14 in good overall yield. 
Treatment o f  14 with excess methyllithium in dry TIiF 
yielded thc corresponding methyl hydroxy compound 16g. 
Conversion of 16g by reaction with ;I catalytic aniount of  
p-TSA in refluxing toluene gave 17g (Scheme 4). Coni- 
pound 17g was dehydrogenated with DDQ in toluene at 
00-70°C to yield 7-methylacephcnanthrylene (la) in an 
overall yield of 43% from 14. 



Compound 14 was converted via a Wolff-Kishner reduc- 
tion into 4,5,7,8,9, IO-hexahydroacephenanthrylene (18) in 
55% yield (Scheme 5). Compound 18 can be  regarded as  
an alkylated naphthalene nucleus. Three aromatic posi- 
tions arc  activated: position I ,  a n  a position of the 
naphthalene moiety, and positions 3 and 6, which are  
activated by the alkyl substituents. Indeed, when 18 was 
treated with dichloromethyl methyl e ther  and SnCI,, a 
mixture o f  three isomers was formed with the formyl 
group at  the I - ,  3-, and 6-position (19-21) in a ratio o f  
1.75 : 1 : 1.5 (total yield 98%). N o  trace of the 2-substituted 
isomer was present. We were able to separate the three 
isomers by careful column chromatography and recrystal- 
lization. T h e  compounds were then deoxygenated under 
Wolff-Kishner conditions t o  18a,c,f (yields 84%, 79% and 
77%). Dehydrogenation with 3 equivalents of DDQ 
(toluene, 60°C) yielded the corresponding 1 -methyl-, 3- 
methyl-, and 6-methylacephenanthrylene (la,cf) in yields 
of 42%, 35% and 36%, respectively. For the preparation 
o f  If the  synthetic route from 2 is to be preferred above 
that from 3. 
Treatment o f  partially hydrogenated PAHs with DDQ in 
refluxing acetic acid/water leads to  ketones via oxidation 
at  benzylic positionsZX. Submitting compound 18 to these 
reaction conditions yielded two products: 5,7,8,9-tetrahy- 
dro-  lO(4H )-acephenanthrylen-one (22) and 7,8,9,10- 
tetrahydro-5(4H)-acephenanthrylenonc (23) (Scheme 6 ) .  
These a re  also the products that a r e  expected, when the 
relative stability of the intermediate carbenium ions is 
considered". T h e  total yield of ketones was 31%, and the 
ratio of 22 to 23 was 4 : 5. They could not be separated by 
column chromatography. 
T h e  mixture of 22 and 23 was treated with MeLi to give 
4,5,7,8,9,1 0-hexahydro- 10-me t hyl- 10- and  -5-methyl-5- 
acephenanthrylenol (24j and 25e). Compounds 24j and 
25e could easily be  separated by column chromatography. 
Dehydration of 24j with p-TSA yielded 4,5,7,8-tetrahy- 
dro- 10-met hyl-acephenant hrylcne (26j), dehydrogenation 
with DDQ furnished 10-methylacephenanthrylcne (lj) in 
an overall yield of 28% from 22. Similarly 25e could be 
converted into le. T h e  preparation o f  l e  by this route was 
not optimized because l e  is more easily available starting 
from 10. 
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For the synthesis of 8-methyl- and Y-methylacephenan- 
thrylene the Haworth approach of annulation was used. 
T h e  FriedelLCrafts reaction of acenaphthene with meth- 
ylsuccinic anhydride in CH,Cl, a t  low temperature 
( -  IOOC) gave a 1 : 2 mixture of the two methyl keto acids 
15h and 15i (92%) (Scheme 7). T h e  isomer 15i with the  
methyl group at the P-position with respect to  the car- 
boxyl group is, according to ' H  NMR,  formed in two-fold 
excess over the isomer 15h in which the methyl group is a t  
the a position. T h e  formation of the a isomer 15i in 
considerable amounts is a somewhat unexpected outcome. 
It has been reported that in the reaction of pyrene with 
methylsuccinnic anhydride the p isomer was formed al- 
most exclusively2". However, in this investigation ni- 
trobenzene was used as solvent, which is known to stabi- 
lize the  reactive species t o  a great extent'". A s  a result the  
reaction in nitrobenzene proceeds slowly, with high selec- 
tivity (high a-to$ ratiosl3". In less stabilizing solvents, 
such as CH,CI,, the reaction is much faster and the  
selectivity will be smaller (lower a-to-p ratios). 
The  isomers could not be separated nor could they b e  
purified by means of recrystallization as  with the  unsubsti- 
tuted ketoacid". According to ' H NMR, 3-substituted 
products constituted less than 5% of the reaction mixture. 
Wolff-Kishner reduction of keto acids 15h and 15i gave 
the corresponding acids 27h and 27i in reasonable yield 
(48%). Cyclization with methanesulphonic-acid/P,O, 
gave a mixture of 5,8,9,1O-tetrahydro-X- and -9-methyl- 
7(4H )-acephenanthrylenone (14h and 14i). T h e  cycliza- 
tion of 27h t o  14h proceeded in a higher yield (88%) than 
the cyclization of 27i to 14i (45%). T h e  cause of the 
disappointing yield in the latter case remains unclear. It 
was possible to separate and purify the two methyl ke- 
tones 14h and 14i by column chromatography and recrys- 
tallization. The  methyl ketones were obtained in very pure 
form. The  ketones underwent conversion to 8-methyl- and 
9-methylacephenanthrylene ( l h  and l i )  by successive re- 
duction (NaBH,), dehydration (p-TSA)  and dehydro- 
genation (DDQ) in an overall yield of 33% and SO%, 
respectively. 
2-Methylacephenanthrylene cannot be easily prepared by 
the  methods discussed above. W e  have not yet succeeded 
in devising a suitabie synthesis of this compound. T h e  
methylacephenanthrenes, with their five-membered ring 
reduced, are  biologically interesting compounds as  well. 
6-Methylaccphenanthrene has been prepared. T h e  other  
methylacephenanthrenes may be prepared from the cor- 
responding methylacephenanthrylenes by hydrogenation 
over a Pd/C catalyst o r  by reduction with Raney- 
nickel/hydrazine' in high yield. 

PirriJicatioti of' the methylac~~~hetiunthrylenes 

The nine monomethylacephenanthrylenes were purified 
by column Chromatography (silica; petroleum ether)  fol- 
lowed by recrystallization (methanol). In this way 4- and  
5-mcthylacephenanthrylene were isolated in pure  form. 
The  other methylacephenanthrylenes contained minute 
quantities o f  an orange-coloured contamination. We were 
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able to remove this impurity by column chromatography 
with caffeinc-impregnated silicaJ and elution with 
petroleum ether. In all cases the yellow-coloured methyla- 
cephenanthrylenes eluted first. T h e  isomeric ]purity was at 
least Y8%, as  dctermined with high-resolution ' I4 NMR. 
All compounds gave sharp melting points with ;I melting 
range of  0.5- I .O"C. 

Spectroscopic analysis 

M~is.r spc~'l  rot ti ct q 

T h e  electron-impact (70 eV)  mass spectra o f  the rnethyla- 
cephenanthrylcnes la-j have been recorded at low and at 
high resolution. The  double-focused mass spectral data o f  
the parent peak are, within experimental error, in accor- 
dance with the calculated value for C,,H 21h.OY39 
m / z .  
For the derivatives with a methyl group attached t o  a 
six-membered ring the parent peak is also the base peak. 
In contrast t o  this. for the compounds with the methyl 
group attached to  the five-membered ring (Id and le), the 
( M  - 1) '  peak is the base peak in the spectrum ( the 
parent peak for both compounds has a relative intensity 
of 92% ). Under electron impact conditions methyl-PAHs 
will lose a hydrogen t o  give a carbenium ion, which readily 
rearranges by ring expansion3'. In the case of 4- and 
5-methyl-AP the five-membered ring is expanded to a 
six-membered one, generating a favourable Iicnzophena- 
lene cation ( I ) .  This phenomenon has been observed for 
I-methylacennphthylene '' as well. Due  to  the formation 
of a phenalene cation, I-methylacenaphthylene gives a 
stronger ( M  ~ H)' fragment than the other  isomers. 3-, 4- 
and 5-methylacenaphthylene all give rise to  an identical 
tropylium ion,'. 
T h e  other methylacephenanthrylenes all contain a methyl 
group attached to  a six-membered ring. Under  electron- 
impact conditions this will lead to  a seven-meinbered ring, 
or  tropylium ion. Three structurally different tropylium 
ions, 11, 111 and IV, will be formed, depending on the 
position o f  the methyl group. 1- And 3-methyl-AP will 
generate tropylium ion 11, 6-methyl-AP will lead t o  111 
and the 7-, 8-. Y- and 10-methyl isomers will give rise t o  
tropylium ion IV. Depending on their stability these 
tropylium ions may give different relative intensities o f  
the ( M  -- I ) +  peak. Tropylium ion I I I  is expected to  be 

the most stable of the three. because it is the most heavily 
substituted, followed by tropyliurn ion 11, and IV, which is 
the least substituted. This  difference is reflected in the 
relative intensity of the ( M  - HI' peak: for the I - .  3- and 
6-methyl derivatives this is around 67%', relative to  the 
parent peak, while for the 7-, 8-, 9- and 10-methyl dcriva- 
tives the intensity o f  the (M ~ I ) '  peak is around 44%). 
Less intense peaks due  t o  the loss of  two or  three hydro- 
gens are  observed in all spectra. When more i.han one 
hydrogen is lost, the differences between the isomers 
disappear, however. T h e  loss o f  two hydrogens is for all 
isomers around 796, and the loss o f  three hydrogens varies 
between 13 and 22%. T h c  methy1acephen;inthryilenes iire 
not prone to  undergo further extensive fragmentation. N o  
fragmentation due  to the  loss of a methyl group (M - 
CH,)', 201 m / z ,  is observed. This is in agreement with 
the spectra of othcr  methyl-substituted PAHs". The  small 
peak at  18Y w i / z  which is present in all spectra (2-87; 
relative intensity) stems from loss o f  a C,H, fragment. 

'H-NMR spectroscopy 

T h e  'H-NMR (300 MHz) spectra o f  acephenanthrylene 
(AP,  1) and its methyl derivatives (la-j) were recorded in 
CDCI,. Above a concentration o f  5 mg/ml thc spectra 
were found to be concentration-dependent due t o  associa- 
tion. T h e  spectra were therefore measured in a concentra- 
tion range of 1-2 rng/ml. The  spectra a rc  in agreement 
with the expected structures. From the analysis o f  the 
aromatic proton signals, the locations o f  the methyl sub- 
stituent could be established. The  spectra indicate that 
the isomeric purity of all compounds is high ( > 08% ). 
W e  first analysed the ' H - N M R  spectrum of ace- 
phenanthrylene in detail. Unequivocal assignments of the 
ten non-equivalent protons could be made by means o f  
homonuclear decoupling ( H D )  and nuclear Overhauser 
effect (NOE) experiments. PANIC simulations were per- 
formed to check the assignments made and to obtain the 
correct chemical shifts and coupling constants. The  chem- 
ical-shift values of A P  are  given in Table I ,  the coupling 
constants larger than 0.3 HZ are given in Table 11. 
T h e  spectra of the methylacephenanthrylenes (la-jt were 
analysed and assigned in the same manner. Beswdes nine 
aromatic protons, a methyl signal is observed in the region 
between 2.45 and 3.17 ppm. By means of H D  and N O E  
experiments the position o f  the methyl group was deter- 
mined in each of these compounds and all aromatic 
protons were assigned. When higher-order effects were 
observed in the spectra, simulations were performed with 
the PANIC programme t o  determine the correct chemical 
shifts and coupling constants. The chemical shifts are 
summarized in Table I .  The coupling constants were 
found t o  be almost unchanged with respect to  the values 
of acephenanthrcne and are therefore not reproduced 
here. 
From Table 1 the substituent effect of the methyl group in 
relation to its position in the acephenanthrylene system 
can be studied. T h e  electron-donating effect of the methyl 
group causes nearby protons t o  shift upfield with respect 
to AP. This effect is mostly strongly felt by ortho protons, 
but meta and paru protons are  also affected. T h e  ortho 
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AP 
I-methyl-AP 
3-methyl-AP 
4-methyl-AP 
5-methyl-AP 
6-methyl-AP 
7-methyl-AP 
8-methyl-AP 
9-methyl-AP 

10-methyl-AP 

Tahk  I 
nietliyl dvnc ui i iw ". 

' I !  N M R  (300 MHz.  C'DCI of ucephenunthtylene and its 

AP IHI  H2 H3 H4 H5 H6 H7 H8 H9 HlOCH,I 

8.39 7.68 7.69 7.20 7.10 7.99 8.00 7.60 7.69 8.64 
7.45 7.56 7.16 7.03 8.00 8.04 7.61 7.69 8.88 3.17 

8.30 7.46 7.30 7.08 7.99 8.00 7.57 7.67 8.61 2.69 
8.36 7.65 7.61 6.75 7.80 7.94 7.57 7.64 8.59 2.45 
8.27 7.59 7.51 6.83 7.92 8.01 7.59 7.67 8.62 2.48 
8.36 7.61 7.67 7.18 7.27 8.19 7.65 7.69 8.67 2.91 
8.40 7.65 7.68 7.20 7.12 8.24 7.46 7.58 8.54 2.82 
8.35 7.63 7.65 7.19 7.09 7.92 7.79 7.51 8.52 2.58 
8.37 7.64 7.68 7.18 7.09 7.95 7.89 7.43 8.43 2.63 
8.71 7.67 7.71 7.23 7.09 8.03 7.92 7.52 7.52 3.17 
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Chemical shifts ( 6 )  in ppm. 
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protons of the derivatives with the methyl group attached 
t o  a six-mcmbered ring can roughly be divided into two 
groups. The first group, consisting of H2 of 1- and of 
3-methyl-AP, H7 of g-methyl-AP, and H10 of ')-methyl- 
AP, displays upfield shifts of 0.21-0.23 ppm. The second 
group, consisting of H8- of 7- and of 9-methyl-AP, and H9 
of 8- and of 10-methyl-AP displays smaller upfield shifts 
varying between 0.14 and 0.18 ppm. When the methyl 
group is attached to the five-membered ring, the upfield 
shift of the ortho proton is much larger: H5 of 4-methyl-AP 
and H4 of 5-methyl-AP are shielded by 0.35 ppm. 
In the spectra of methylpyrenes the upfield shift of ortho 
protons was found to be typically 0.13-0.15 ppm4. In our 
series of methylacephenanthrylenes, the upfield shifts of 
the protons H8 and H9 are in this range, but those of H2, 
H7 and HI0 are somewhat larger, in the order of 0.21-0.23 
ppm. This difference has also been observed for 1- and 
2-methylt1aphthalene'~: HI in 2-methylnaphthalene is 
shielded by 0.20 ppni, while H3 is shielded by only 0.14 
ppm. H2 in I-methylnaphthalene is shielded by 0.21 ppm. 
4- And 5-methyl-AP, with their methyl group attached at 
the C4-CS bond of the five-membered ring, show a very 
strong shielding effect of the ortho proton (0.35 ppm). 
This is in good agreement with the upfield shift of 0.33 
ppm found for cyclopenta[ cdlpyrene (CPP) methylated at 
the five-membered ring" and with the shielding of 0.39 
pprn for the analogous methylaceanthrylenes". 
The protons situated mcta and peri towards the methyl 
group are shifted upfield as well. No  discrimination can 
be made between the different positions; all protons are 
shielded between 0.08 and 0.13 ppm. Besides steric effects 
the influence of a methyl group, when attached to a 
six-membered ring, is relatively small on the protons of 
one of the other rings (0.07 ppm or less). For 4- and 
5-methyl-AP this is otherwise: H6 in 4-methyl-AP is 
shielded by 0.19 ppm, and H3 in 5-methyl-AP by 0.18 
ppm. In the latter compound H1 and H2 are also shifted 
upfield substantially. Similar effects are observed for the 
analogous methyl-substituted CPPs9 and aceanthrylenes". 
In several cases, substantial downfield shifts are observed 
in the spectra. The methyl group in 1- and 10-methyl-AP 
has a drastic effect on the opposite bay proton: H10 in 
1-methyl-AP and HI in 10-methyl-AP are deshielded by 
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Figure 3. Electronic Uh.Y~lrpti(Jn specrriim of ucephenunth~ 
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0.22 and 0.24 ppm, respectively. Similar shifts are found 
for H7 in 6-methyl-AP (+0.19 ppm) and for H6 of 7- 
methyl-AP (+0.25 ppm). Introduction of a methyl group 
at position 3 or 6 has a similar effect on the protons of the 
five-membered ring ( + 0.10 ppm for H4 in 3-methyl- AP, 
+0.17 ppm for H5 in 6-methyl-AP), but the opposite is 
not observed: H3 of 4-methyl-AP and H6 of 5-methyl-AP 
are shielded by 0.08 and 0.07 ppm, respectively. 
When the methyl group is situated in the bay region of 
the molecule, or next to a peri proton, downfield shifts, 
caused by a steric effect, of both proton and methyl group 
are observed3'. This downfield shift is related to the 
degree of steric hindrance4. We conclude that, in our 
series, the two bay-region methyl-substituted AP's are the 
most strongly hindered. The bay protons of 1- and 10- 
methyl-AP are deshielded by about 0.23 ppm, while the 
methyl groups resonate at 3.17 ppm, 0.59 ppm downfield 
compared to the methyl group of 8-methyl-AP. The some- 
what smaller, but significant downfield shifts observed for 
6- and 7-methyl-AP indicate that the methyl groups in 
these compounds are experiencing some steric hindrance 
as well. In 6-methyl-AP the methyl group is found 0.33 
ppm downfield with respect to 8-methyl-AP, while in 
7-methyl-AP this figure is 0.24 ppm. In the spectra of 4- 
and 5-methyl-AP, protons 3 and 6, respectively, are not 
deshielded. Apparently the methyl groups in these com- 
pounds are not severely hindered. 
Inspection of the three-bond coupling constants shows 
that the influence of the methyl group is rather small. The 
difference in "J(H,H) is never more than 0.2 Hz compared 
with the unsubstituted compound. For AP and its methyl 
derivatives a characteristic ' J  of 5.3 Hz is observed for the 
five-membered ring  proton^^^"'.'^. The other 3J of 1 and 
la-j can be related to the corresponding couplings in 
phenanthrene". The coupling constants between H I  and 
H2 (8.0-8.3 Hz); H7 and H8 (7.8-8.1 Hz); H9 and H10 
(8.0-8.3 Hz) are larger than between H2 and H3 (6.9-7.1 
Hz); and between H8 and H9 (7.0-7.2 Hz), similar to 
those of phenanthrene". With respect to the 4J meta 
coupling constants it is noteworthy that the coupling be- 

Tuhle ll  Coupling constants ["J(H. H)] of ucephenunthrylene in Hz '. 

r 

0.6 o.7 I 
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I -met hyl- AI’ 
3-methyl-AP 
4-methyl-AP 
5-methyl- AI' 
6-met hyl-AP 
7-nlet hyl-AP 
X-methyl- AI’ 
Y-methyl-AP 

10-melhyl-AP 
- 

300 
373 
300 
36.5 
367 
376 
368 
3hY 
30X 

I I  
3 
4 
3 

tween H I  and H3 (0.7 Hz) is significantly s m d e r  than the 
coupling bctwecn H 7  and HY (1.6 Hz) and between HX 
and H 10 ( I  .4 Hz). This  must he due t o  the presence of the 
five-membercd ring. Between HI and H5 a n  interesting “J 
o f  0.5 Hz can be seen. A favourable W configuration of 
the intermediate sigma bonds lies at the  Ihasis o f  this 
long-range coupling. 

The electronic absorption spectrum of  1 is shown in 
Figure 3. Main absorptions are  found at  233 ( E  27000), 

330 ( E  6750). 347 ( E  6800) and 365 ( E  7YOO) nm. These 
values are  in agreement with the literature’r’~”.3s. 
I’luriirner. has related the absorptions at  330 and 305 nm 
to the L,i and L,, transitions, while the absorptionl; iit 317 
and 347 nm c;in be attributed to higher vibrational levels 
o f  these absorptions. 
We have investigated the hathochromic shift behaviour o f  
the 365 nm absorption band upon methyl substitution 
(Table 111). From this ‘I’ablc we can see that for most 
isomers the hathochromic shifts are modest o r  absent (4 
nm o r  less). Exceptions arc 3-methyl-AP ( 8  nm) and 
7-methyl-A0 ( 1  1 nm) for which larger hathochromic shifts 
are  found. The  cause of this behaviour remains unknown. 

264 (~28800).  288 ( E  92001, 300 ( E  10400), ?817 ( E  h200). 

Conclusions 

We have devised practical synthetic routes for the prepa- 
ration o f  0 of the I 0  possible monometh~lacephenan-  
thrylenes. Starting from phenanthrene the synthotic 
scheme also allowed the efficient preparation of the par- 
ent system acephenanthrylene and its 4,s-dihydro dcriva- 
tive acephenanthrene. I - ,  3, And h-methblacephenan- 
thrylene were prepared starting with formy1;ition o f  two 
partially hydrogenated acephenanthrylene precursors. 4-, 
5- ,  7- And 10-methylacephenanthrylene were synthesized 
by reaction of methyllithium with the corresponding 
acephenanthrylcnones. 8- And 9-methylacephenanthry- 
lene were prepared by a Haworth synthesis starting with 
the reaction of methylsuccinic anhydride with acenaph- 
thene. The  methylacephenanthrylenes have been pre- 
pared with purities of a t  least 98% on a scale of 15-80 
mg. W e  expect that scaling up  these syntheses by a factor 
of ten will pose no serious problems. 
We have investigated and characterized acephenanthry- 
lene and its methyl derivatives by ‘ H  N M R  and UV-VIS 
spectroscopy and mass spectrometry. Based on  their H- 
NMR behaviour we conclude that the methyl groups of 
the 1-  and 10-methyl derivatives arc  the most strongly 
hindered ones on the series, d u e  to  interactions with the 
opposi te  angular  bay proton.  6- A n d  7-methyl- 
acephenanthrylene are  hindered due t o  interactions with 

prri protons. In the remaining derivatives thc methyl 
groups appear t o  be unhindcrcd. 
The  availability of these compounds makes it possible to 
obtain proof of their occurrence in environmental samples 
and t o  investigate their genotoxic properties. Moreover, 
thc nearly complete set of methyl derivatives of 
acephenanthrylene can be used in a study aimed at find- 
ing relationships between the position o f  the substituent 
and the biological activity o f  the isomer. 

Experimental 

(;c,trc,r.irl 

All reagents were commercially ; ~ v ; ~ ~ l a b l e  ;und were ust:d without 
furthcr purification except for ;iccniiphlhenc ( F I u k x .  97% ). which 
W:IS column-ctironiatogr~tphed hcforc use. Solvents w e ~ c  distilled 
hclorc use and dried if necessary. Petroleum etlicr with ;I boiling 
range o f  6(1-XO0C‘ was used. Silica gel (230-400 mesh) was supplied 
by Merck. Melting points wcrc dcterminctl oii ;I Pleuger-l3iichi 
melting point apparatus and arc uncorrected. 3OO-MlL! I 11-NMR 
spectra were recorded on ii I3ruker WM-300 spectrometer with 
CDCI its solvent, unlesk stated otherwise. TMS (8 0) was used a s  ;in 

internal standard. (‘hcmical shifts ( 6 )  arc given i n  ppni and coupling 
c o n s t a n t s  ( J )  in 111. The spectra o f  the methvl;iccpheii;tnthiylcnc\ 
were recorded at ii concentration o f  1-2 mg/nil. IR sp~.  cctr;i ‘ were 
recorded o n  ;I Pye-Unicam SI’3-200 and IJV-VIS spectra on :I 

Varian DMS 200 ~pectrophotometer. Mass spectra were deterniincd 
on ii  Varian MAT 71 I mass spcctromcter (70 eV. \ourc(: 1enipcr;i- 
tiire 150°C. inlet temperature ;IS reported) o r  on ;I Finnigan MAT 
TSO-70 LC-MS hpcctronieter with ;I particle-heam interlace. The 
solvent used was S0/50. methanol/watcr with ii l l o w  o l  0.5 ml/min. 
The inlet and  source temperature were 250°C‘ a t  70 eV. ‘The double- 
focused mass spectra were recorded o n  ;I Varian MAT 71 I .Warning! 
Many polycyclic aromatic hydrocarbons (PA1 Is) (11-c potential muta- 
genic and carcinogenic compound\. 

Y - ~ ~ ~ l l l o ~ ~ l t 7 l ~ ~ i l l y / ~ / ~ l l ~ ~ ~ i ~ l t i r l l l ~ ~ t l c ~  ( 3 )  r r t r r l  i - ~ c ~ l l l o r . ~ l t t l c ~ ~ l l ~ i ~ / ~ l ~ ~ ~ t l f l t l i l l i r , ~ t l l ~  
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Phcnanthrene was chloromethyl;ited xcording t o  the procedure o f  
E.rritititlcz et  al . ’x  After work-up the crude product was purified Iy 
flash chromatography over i t  short column o l  silic:~. This procedure 
was sufficient t o  remove slow-running degradation components a n d  
to ohtain the reaction products sufficiently pure lor the next i-c;iction 
step. ‘ H  N M R  revealed. in addition to O-(chloi-ometliyl)- 
phenanthrene ( 3 ) .  some I-(chloromethyl)pheii~inttireiie (4 )  i n  thc 
reaction mixture (ratio o f  3 a n d  4: 0 :  I ). The total  yield o f  3 ;ind 4 
was Y5‘ i .  
3 .  ‘I1 NMR: 6 5.11 1s. 211. Cl12C’l]: 7.58-7.75 [ni. 411. I1(2.3.0.7)]: 
7.82 1s. lNlO)]; 7.XH [m. H(X)]; X.22 Im. € I (  I )I; 8.0h-X.7X lni. 211% 
ll(4.5)]. The spectrum contained cm;ill signals which were due to the 
I -(chloromethyl) derivative 4. 

~-l’/ir~rrcrtithretic~uc.c~totritrrl~~ (5)  u t i r l  I - n h ~ ~ t ~ i ~ t ~ ~ l ~ n ~ t i ~ ~ ~ i ~ ~ ~ ~ t o t i I i r ~ I ~ ~  ( 6 )  

A mixture of 3 and 4 (21.7 g. 95 mmol). NaCN (7.5 g, 145 mmol) and 
triethylbenzyl;ininioniuni chloride (3.2 g, 14.5 mniol) was :iuspcndcd 
in a mixture o f  Ct1 >C12 ( 3 0  mi) itnd H :O (6 ml) under stirring. The 
suspension was relluxed for I 0  h and then allowed to cool to  room 
temperature. A 5‘; NaOH solution was added and  thr: reaction 
mixture was extracted with CIl2Cl2. The organic layer w.is washed 
twice with water and dried over MgSO,. An equal a m o u n t  of 
petroleum ether was added and  the solution was filtered over 11 short 
column of silica and hyflo, t o  remove slow-running dt:grad;ition 
products. Evaporation of the solvent yielded ii mixture of 5 ;tnd 6 
(ratio h :  1 )  (18.7 g, YI‘);) as a light-brown oil. 
5. ‘ 1 1  NMR: 6 4.20 Is. 2H. C11,CN); 7.61-7.77 [ni. 511. H(2.3.0.7.Y)I; 
7.X9-7.93 [m. 2H. H(I,8)]; 8.67-X.7Y [m, 2H. Il(4,5)]. In  the NMR 
spectrum the I-isomer ( 6 )  is discernible by a singlet of the C‘IIL<‘N 
group at  4.27 ppm. 

~ - P l i c ~ t i ~ ~ t i t l i r r ~ l r ~ c e r i ~ ~  rrc,itl (71 utid 1 - ~ ~ 1 1 ~ ~ t 1 o ~ i t / 1 n ~ t 1 r ~ ~ c c ~ c ~ r i c ~  trc.itl (81 

A mixture of 5 and 6 (1X.O g. 83 mmol) was dissolved in a mixture o f  
ethanol (125 nil) and water (20 ml) under stirring. KO11 (23.5 g) was 
added and the re;tction mixture was retluxed for 24 h. The solution 
was nllowed to cool t o  room temperature and water was added. The 

.MC layer was extrncted twice with diethyl ether in order to remove h. .’. 



unreacted products and ;I small amount of residual phenanthrene. 
The  basic layer was acidified with concentrated 11C1 and extracted 
twice with diethyl ether. The  combined organic layers were dried 
over MgSO, xnd the solvent was evaporated. Compounds 7 and 8 
(ratio 6 :  I )  were isolated as ii white powder (14.7 g. 769) .  They were 
not separated. but used directly in the next step. 
7. ' I 1  NMR: 6 4.17 [d, J 1.5, 211. tKa.a')]; 7.57-7.71 [m, 4H, 
H(2.3,6,7)]; 7.72 [s. H(10)]; 737  and 8.03 [2m, H(I and X)]; 8.67 and 
8.75 [2m. H(4 and 511. MS (125°C) m /I (%I: 236 (72). 222 (47). 205 
( 1 1 ) .  I91 (100). I89 (28). 177 (16). 176 (13). I65 (18). In the NMR 
spectrum the I-isomer (8) is discernible by a singlet o f  the CHzCOOH 
group at  3.92 ppm. 

A mixture of crude 7 and 8 ( I  2.5 g, 53 mmol) was cyclized according 
t o  the procedure o f  Aniirr et a ~ ' . ~ .  After work-up and column 
chromatography (silica: Cli,CI, /petroleum ether 3 :  1 )  5.0 g (44%) 
o f  :I yellow-orange mass was obtained. consisting of 9 and 10 in a 
ratio o f  4 :  I .  A smaller amount ( S O 0  mg) was column-chromato- 
graphed (silica; CH,CI, /petroleum ether, 1: 1 )  i n  order to separate 
the two isomers. yielding a first fraction o f  pure 10 (65 mg). giving a 
blue fluorescence on TLC. a second fraction containing both com- 
pounds (125 mg) and a third fraction containing pure 9 (250 mg), 
giving a green fluorescence on  TLC. Recrystallization (CH2CI, / 
petroleum ether) yielded 9 a s  light-yellow needles, m.p. 155-157°C 
[Lit.'" I58-l6O0C]. and LO a s  light-yellow needles, m.p. 150-151"C 

9. 'H NMR: 15 3.72 [s, 2t1, H(5,S')I; 7.56 [s, I1(6)]; 7.63 [m, 2H, 
H(X.Y)]; 7.77 [dd. J 8.0. 7.3, H(2)]; 7.X7 [m, H(7)I; 7.98 [d, J 7.3, 
H(3)I; X.53 [m. t1(10)]; 8.63 [d, J 8.0, Il(l)] .  UV (cyclohexane). A",,, 
nm (relative t): 236 (1.00). 267 (0.77). 277 (1).69), 305 (0.20).  318 

(0.098). 371 (O.l26).lR (KBr): 1705 (C = O), 

752 cm I. MS (2S0°C) r t r / z  (5%): 21X (lo()) .  I90 (44), 189 (Y7), 188 
(11). 1x7 (12). 163 (10). 
10. '11 NMR: S 3.85 [s. 2I1, H(4,4')]: 7.56 [d, J 7.1, H(3)I; 7.67 [m, 
H(9); 7.72 [dd, J 8.4, 7.1. H(2)l; 7.79 [m, HW]; 8.09 [d, J 8.0, H(7)I; 
8.21 [s. H(6)I; 8.42 [d. J X.4. H(l)]; X.65 [d, J 8.3 H(IO)]. UV 
(cyclohexane). A",,,, nm (relative €1: 235 (1.00). 254 (0.90). 263 (0.98). 
272 (0.73). 285 (0.49). 313sh (0.21), 322 ( 0 . 3 3 ) .  338 (0.33), 355 (0.100). 
370 (0,060). IR (KBr): 1712 (C  = 0). 1615, 1467. I 1  17, 1065, X8X. 750 
crn I .  MS (250°C) m / z  (76): 218 (100). 190 (45). 189 (76). I88 (lo), 
1x7 (9). I63 (9) .  

ISO-IS IT). 

14x2. 13x1, 1250. I 139. 106s. 1038, 1000, 940, 920. 879, 852, 822. 771, 

A mixture o f  9 and 10 (270 mg. 1.2 mmol) was dissolved i n  a mixture 
of Cfl,CI, ( 2 5  ml) and CH,OH (25 ml). T o  the stirred solution 
NaBI1, (230 mg, 6 mmol) was added. Stirring was continued for 30 
min. Water was added and the mixture was extracted with CH2CI,. 
The organic layer was dried over MgSO, and evaporated to dryness. 
T h e  crude mixture o f  alcohols was dissolved in dry toluene (SO ml) 
and ii catalytic amount o f  p-toluenesulphonic acid monohydrate 
(p-TSA) (15 mg) was added. The  solution was refluxed for 30 min 
and allowed to cool to room temperature. It was washed with a 
saturated NaHCO, solution and with water and dried over MgSO,. 

evaporated under reduced pressure. Column chro- 
a; CH,C12 /petroleum-ether, 1 : 9 )  and recrystalliza- 

tion (methanol) gave acephenanthrylene (1) (215 mg, 86%) as yellow 
plates, m.p. 140-141°C (li t ."  140-141°C; lit." 141-142°C). ' H  NMR: 
6 7.10 [d. J 5.3 11(5)]; 7.20 [d, J 5.3. I1(4)]; 7.60 [m. H(8)I; 7.63-7.72 
[m, 311, H(2.3.9)]; 7.99 [s. H(6)]; 8.00 [d, J 7.9, H(7)]; 8.39 [dd, J 7.6, 
1.8, H(I)]; 8.64 [d. J 8.1, H(10)I. UV (cyclohexane), A,,, nm ( C  I. 
m o l ~  I .  em - I ) :  233 (27600). 264 (28800). 288 (9200), 300 (10400), 317 
(6200). 330(67SO), 347 (6800). 365 (7900), IR (KBr): 3070, 144X, 1390. 
1222. 1173, 1093, 1035, 952, 921, 903, X29, 755, 720 c m - ' .  Exact mass 
calculated f o r  CI, ,HII, :  202.0782 n i / z ,  found 202.0781 m / z .  MS 
(25°C) m / z .  MS (25°C) m / z  (96): 202 (loo), 201 (13). 200 (17), 101 
(19). 

A mixture o f  9 and 10 (5.0 g, 22.9 mmol) was suspended in diethy- 
lene glycol (I50 ml) under an argon atmosphere. Hydrazine monohy- 
drate (IS ml. I90 mmol) was added and under slight heating the 
reactants dissolved. After 1 h, excess water and hydrazine were 
distilled off until the temperature of the reaction mixture reached 
160°C. T h e  solution was allowed to cool to 80°C and KOH (15 g) was 
added in portions. The solution was refluxed for 3 h and finally 
cooled t o  room temperature. Water (300 ml) was added and the 

reaction mixture was extracted twice with diethyl ether. The com- 
bined organic layers were washed twice with water. and dried over 
MgSO,. Evaporation of the solvent gave the crude acephenanthrene 
(2), which was purified by column chromatography (silica; 
CH,CI /petroleum-ether. I : Y). Recrystallization (methanol) yielded 
2 (4.05 g 87'/i) a s  white plates, rn.p. IO6-106.5"C (lit.'" 106°C). ' I 1  
NMR: S 3.45 [s, 411, t1(4,4'.5.5')1; 7.46 [d, J 7.0, Il(3)I; 7.52 [s, H(6)I: 
7.57 [rn, 2H, H(8,9)]; 7.62 [dd, J X.1, 74,  11(2)]; 7.85 [m. H(7)]; X.31 
[d. J 8.1, H(1)I: X.59 [m, H(10)I. UV (cyclohexane). A",,, nm ( C  1. 
mol- I .  cm I ) :  252sh (60500). 258 (71400). 26Ysh (24400). 280 (12900). 
292 (12200). 304 (16000). 321 (820), 331sh (630). 336 (1600). 347 
(640). 353 (2000). Exact mass calculated for CI,,H 204.0939 m / z ,  
found 204.0943 m / z .  IR (KBr): 2920, 162X. 1599, 1446, 1385. 1032, 
950, 899, 8x3. 8%. 766. 749 cm I. MS (25°C) m / z  (%): 204 (100). 
203 (54). 202 (41 ). 201 (15). 200 (9). 1 0 1  (26). 

4(5H )-Acephen;inthrylenone (9) ( 150 mg, 0.69 mmol)  was djssolved 
in dry T H F  (50 rnl) under an argon atmosphere. The  solution was 
cooled with a dry-ice/alcohol bath to  -hO"C and MeLi (5.0 ml. 1.4 
M as complex with LiBr in E t 2 0 )  was added with a syringe. The  
solution turned orange and was stirred for 30 min at  -60°C. T h e  
solution was allowed t o  warm up to room temperature and stirring 
was continued for I h. A saturated NH,CI solution was slowly added 
and the reaction mixture was extracted twice with diethyl ether. The  
combined organic layers were washed with water and dried over 
MgSO,. Evaporation of the solvent yielded l l d  as a yellow oil. 
Column chromatography (silica; CH,CI,) yielded a rapidly eluting 
fraction containing starting material (40 mg) and a slowly eluting 
fraction containing pure l l d  (116 mg. 72%) as a yellow viscous oi l .  
'H  NMR: S 1.75 [s, 3H. CH 2.25 [br.s, OH]; 3.44 [d, J 17.6. H(5 or 
S')]; 3.53 [d, J 17.6, H(5 or S')]; 7.49 [s. H(6)]; 7.56-7.63 [m, 311, 
H(3,8,9)1; 7.70 [dd. J 8.1, 7.2. l1(2)]; 7.86 [m, H(7)]; X.42 [d, J 8.1, 
H(I)]; 8.59 [m. H(IO)]. MS (250°C) m / r  (76): no M i  peak WIIS 

observed. 216 (52) .  215 (1001. 214 (71. 213 (201. 

Compound l l d  ( 1  14 mg, 0.49 mmol) was dehydrated with a catalytic 
amount of  p-TSA ;is described for  the preparation of 1. 4-Methyl- 
acephenanthrylene ( Id)  (67 mg, 64%) was purified by means of 
column chromatography (silica; petroleum ether). Recrystallization 
(methanol) yielded Id as yellow plates, m.p. 112- 113°C. 'H NMR: 6 
2.45 Id, 3H, J 1.6, Cli,]; 6.75 [q. J 1.6, H(5)]; 7.57 [m. IKX)]; 
7.60-7.69 [m, 3H, H(2,3,9)1; 7.XO [s, H(6)I: 7.94 [d, J 7.8, H(7)I; 8.36 
[dd, J 7.3, 1.5, H(l)]; X.59 [d. J KO, H(10)I. UV (cyclohexane), An,ctx 
nm (relative E ) :  235 (1.00). 262 (0.85). 291 (0.26), 301 (0.37), 317 
(0.17), 331 (0.18), 348 (0.24). 366 ( 0 . 3 0 ) .  1R (KBr): 1468, 1443. 1380. 
1217, 1157, 947. 902, X60, 837, 760, 750 cm I. Exact mass calculated 
for C,,H,,: 216.0930 m / z .  found 216.0Y24 m / z .  MS (25°C) m / z  
(%): 216 (93), 215 (100). 214 (5 ) .  213 (21). 189 (3 ) .  I08 (12). 

The reaction of 10 (I09 mg, 0.50 mmol) with MeLi (3.5 ml, 1.4 M as 
LiBr complex in diethyl e ther)  was performed analogously to that of 
9. Column chromatography (silica; CH 2Clz) yielded some unreacted 
starting material (15 mg) together with 12e (86 mg, 74%)) as a yellow 
viscous oil. 'H  NMR: 8 1.75 [s, 3H. CH31: 2.30 1br.s. (OH)]; 3.46 [d, J 
17.4, H(4 or 4')]; 3.54 [d, J 17.4. H(4 or 4'11; 7.43 [d, J 7.1 k1(3)]; 
7.57-7.69 [m, 4H. 11(2,6,8,9)]; 7.93 [m, 11(7)]; 8.34 [d. J 8.2, H(I)]; 
8.61 [m, H(10). MS (250°C) m / z  (96): no M i  peak was observed, 
216 ( S S ) ,  215 (IOO), 214 (9), 213 (14). 

S-Merhylucc,phenuntlirylene ( Ie )  

The dehydration of 12e (84 mg, 0.36 mmol) with p-TSA was per- 
formed as described for 1. Column chromatography (silica; petroleum 
ether) and recrystallization (methanol) furnished S-methylacephe- 
nanthrylene (le) (67 mg, 89%) as yellow crystals, m.p. 117-118°C. ' H  
NMR: 6 2.48 [d, 3H. J 1.6, CH,]; 6.83 [q. J 1.6, H(4)I; 7.51 [d, J 6.9, 
H(3)]; 7.59 [dd. J 8.0, 6.9, H(2)I; 7.59 [m% H(8)]; 7.67 [m, H(9)I; 7.92 
[s. H(h)]; 8.01 [d, J 7.X, H(7)l; X.27 [d. J 8.0, H(1)I; 8.62 [d. J 8.0, 
H(10)I. UV (cyclohexane), An,tsx nm (relative 6 ) :  234 (1.00). 262 
(0.80). 290 (0.22), 302 (0.31), 31X (0.19), 331 (0.21), 347 (0.21). 365 
(0.25. IR (KBr): 1600, 1445, 1384, 1230, 1031. 895, 832, 765. 752 
cm-I .  Exact mass calculated for C , ,H, , :  216.0939 m / z ,  found 
216.0935 m / z .  MS (25°C) m / z  (%): 216(92), 215 (100). 214 (4), 213 
(17), 189 ( 2 ) ,  108 (10). 
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4,.S-L~i/iptlr~~-0-rr~~~~~~/~i~nii~i//rtyl~~n~~ curholtldr.v~l~~ (13) 

Acephenanthrene (2) (24 mg. 1.0 mmol)  wiis dissolvec in <'H,CI, (40 
ml) under ii nitrogen atmosphere. The wlut ion wa? cooled t o  0°C 
and tin(1V) chloride (600 P I )  and dichloromethyl mt,thyl ether ( I40  
mg, 1.2 mniol) were added. The  xolution immediately turned red and 
stirring was continued f o r  2 h .  Water was carefully added and the 
resulting yellow reaction mixture wits extracted with CH ?C12. The 
organic layer was washed with NaHCO, solution .tnd dried over 
MgSO,. Ev:ipor;ttion of the solvent. followed by column chromatog- 
raphy (silica; C'll,CI,/petroleum ether 1 :  1 )  furnished 13 (158 mg, 
69%) as white ciystals. m.p. 160.5-161.5"(' ( l i t , 2 '  I6l.i"C). ' H  NMR: 
6 3.52 [t. 211, J 6.0. H(4,4')]: 3.X2 [ t ,  2H. J 6.0, H(5.5')]: 7.54 [d. J 
7.1. H(3)]; 7.67 [m. 2H. ll(X.O)]: 7.79 [dd. J X.2. 7.1. 11(2)]: X.32 [d. J 
X.2. H(l)]: X.61 [m. ll(IO)]: 9.20 [m. 11(7)]: 10.X4 [s. CHO]. UV 
(cyclohexanc), A,,,,,, nm (relative E ): 2 3 h h  (0.57). 217sh (0.87. 254 
(1.00). 268 (O.X7), 292 (0.33), 319sh (0.25).  331 (0.29). 351 (0.16). 370 
(ll.17). IR (Kl3r): 2920 (CIIO), 2740 (CIIO). 1670 (C = 0). 1600. 
1442, 1379. 123X. 1153. 1002. 770 cm I .  Exact miis5 calculated for 
C l , H l 2 O :  232.OXXX t ? 7 / : ,  found 232.OKXh n r / z .  MS (5OT)  m/: 
( $ 5 ) :  232 (100). 231 (21). 203 (82), 202 (30). 201 (9), 200 ( 1 1 ) .  

~. .S-Dih~drt1-0-nic . / / i~l i i~i~~1/i~~~r~it i / / irylerir  (2f )  

C'ompound 13 (140 mg. 0.60 mmol) was reduced rvith hydrazine 
hydrate (0.3 nil, 6 mmol) in diethylene glycol (20 ml) i s  described for 
the preparation o f  2. 6-Methylacephenanthrene (2f) (121 my, 91%) 
was purified by column chromatography (silica; CH ?(.'I /petroleum 
ether 1 : 9 )  ;ind by recrystallization (methitnol). 2f Was isolated as fine 
white needle>. m.p. 127-12XT (lit ."  125°C.). ' H  NMR.: 6 2.62 [s. 3H. 

35-3.46 [m. 41I. 11(4,4',S,S')]: 7.42 [d. J 7.1. IH3)I; 7.55 [dd. 
J X.1, 7.1. II(2)]; 7.60 [m. 211. H(8,Y)I; 8.05 [m. tI(7)l. X.2X [d. J 8.1 
INl)]; 8.62 [m3 H(lO)]. UV (cyclohexane). A , , , ~ , ,  nm (relative c): 254sh 
(OM), 250 (1.00). 271 (0.3X). 281 (0.21), 202 (0.19). 304 (0 .25) ,  324 
(0,OIS). 340 (0.030), 350 (0.018), 357 (0.04I ), IR (KE'r): 7910. 1619. 
1425. 1370. 131X. 1028. 760 cm I. Exact mash calculated for C , H 1 4 :  
21X.1095 m / z ,  found 2IX.1093 m / z .  MS (25°C) m / z  ( 
( I O O ) .  217 (12). 216 ( 5 ) .  215 (14). 203 (50 ) .  202 (32). 

Cornpound 2P ( 1  14 mg. 0.52 mmol) wxs dehydrogenated with DDQ 
(144 mg, 0.63 mmol) in dry toluene ( 4 0  ml) under ;in argon atmo- 
sphere. The  reaction mixture was stirred at 70°C for 2 h. I t  was then 
washed twice with a saturated N a 2 S 0 ,  wlu t ion .  The solvent was 
dried over MgSO, and removed under reduced pressure. A two-step 
column-chromatographic purification was performed. First column: 
silica; CH 2C'12 /petroleum-ether I : 9,  Second columi: caffeine-im- 
pregnated silica ( 5 %  by weight); petroleum ether. I f  (6X mg, 60%) 
Was isolated after recrystallization (methitnol) as ligh!-yellow plates, 
m.p. 110.0--110.5"C. ' H  NMR: 6 2.91 [s. 311% CH,]; 7.IX [d. J 5.3. 
H(4)I: 7.27 [d, J 5.3, H(5)]: 7.61 [dd. J 7.9. 7.0, H(2)l 7.62-7.72 [m. 
311. H(3,X.O)l; X.19 [m. H(7)]; 8.36 [d. .I 7.9, H(I)]; X 67 [m, H(10)I. 
UV (cyclohexnne). A,.,, n m  (relative E ) :  230 (1.00), 25Ysh (0.77). 265 
(0.92), 277sh (0.41), 292 ( 0 . 2 2 ) ,  303 (0.28). 320 (0.20). 332 (0.23). 349 
(0.26). 367 (0.31). 1R (KHr): 1610. 1442, 1371. 1337, 1314, 1218. IlhO, 
1030, 900, 819. 746. 713 cm I. Exact m i i s  calculated for C,,H,, :  
216.0930 i n / : .  found 236,0936 m / z .  MS (25°C) r ; ? / z  ([k): 216 
( I O O ) ,  215 (70). 214 (7). 213 ( IX) ,  1x9 ( 5 ) .  I08 (9) .  

1.2-Dihvdro- 7-o~xt~-4-uceni i~~/ i I~/ i~r iehu/~rnor i~  ticld (1.5) 

A solution o f  ncenaphthene (7.7 g, SO m m o l )  in CH,CI, (300  ml) was 
cooled with an ice-salt bath to ~ I(YC a n d  AICll (16.5 g. 125 mmol) 
was added. Succinic anhydride (5.5 g, 55 mmol) 'was added in  
portions over a 30-min period. Stirring at - 10°C was continued for 2 
h. in which period the colour o f  the w l u t i o n  changcd from dark- 
hrown t o  orange and crystals precipitate. The reaction mixture was 
poured out o n  ice. When the ice had melted, the rex t ion  mixture 
was acidified with 3N 21CI. The white-grey precipitate w;ts collected 
by filtering over :I Biichner funnel. Further purification was per- 
formed according to the procedure o f  Ficwr". 15 ( 1 0 . 4  g. 7X%) Was 
collected as ii white powder. m.p. (l i t ."  204-206"C). 

4,5. 7,8,9,10-tkxuhydro- 7 - r t i ~ ~ r l i ~ I - 7 - a c c ~ p l i c ~ ~ i r i 1 1 r l i ~ l ~ ~ n ~ ~ l  (.f6g) 

S.X.9,10-Tetrnhydro-7(4II )-acephenanthrylenone (14) (prepared from 
15 according t o  a literature") ( 2 0 0  mg. 0.90 mmol) was treated with 
MeLi (7.0 nil, 1.4 M as complex with liBr in Et ,O) in the same way 
a s  described for 9. Column chromatography (silica: C212CI,) fur- 
nished 16g (192 my, 90%') as ;I light-yellow viscous oil. ' H  NMR: 6 

1.63 [s, 3H. CH,]; I , X I  [h rs ,  Olt];  1.90-2.1 I [m. 411. H(X,X'.O,Y')]; 
3.05 [m. 211. H(10,lO')I; 3.73 [s, 421, tl(4.4',55')]; 7.2X Id. 63. 11(3)]; 
7.46 [dd, X.3. 6.8. H(2)I; 7.57 [s, H(O)]: 7.64 [d. 8.3. I l( l)] .  MS (250Y') 

I67 (41). 165 GI) ,  152 (21). 
m / z  (%) :  238 (28). 223 (100). 221 ( 2 0 ) .  220 (49). 205 (X3). 203 (19). 

$5, qj 1 0 -  Tctruhydro- 7 - ~ ? ~ c ~ l / i y / u c . i ~ p / r ~ ~ 1 r u ~ i / / i t y / ~ ~ 1 i ~ ~  ( 1  7g) 

Compound 16g (190 mg) was dehydrated with p-TSA as described 
for  the preparation o f  I .  Column chromatography (sllica; petroleum 
ether) and recrystallization (methanol) afforded 17g ( 174 mg, 97%) 
as colourless plates, m.p. 94-95°C'. '11 NMR: f i  2.16 (m appearing as 
q, 3H. J 1.6. CHI]:  2.34 [m. 2 1 .  11(9.9')]; 3.09 I t .  2H. J X.4. 
H~lO, lO '~] :  3.38 [a, 4H. H(4,4'.5.5')]; 5.94 [m. tl(X)]: 7.21 [d. J 0.X.  
H(3)I; 7.32 [s. H(h)]: 7.44 [dd, J X.4. 6.X. H(Z)]; 7.69 [d. J 8.4. l l l l ) ] .  
UV (cyclohexane). A,,;,, nm (relative c ): 236 (0.79), 253sh (O.YO), 200 
(1.00). 2x4 (0.24), 297 (0.26), 308 (0.24). 324sh (0.07X). 337 (O.OK?), 
349sh (0.042), 357 (0.03XI. Exact mass calculated f o r  C'17H 220.1252 
mi/:. found 220.125X r n / z .  MS (25°C') n 7 / z  ('):): 220 (IOO). 219 
(17). 2IX (15). 205 ( h l ) ,  204 (13). 203 (23 ) .  202 (IY), I X O  ( 7 ) .  

7-Mr~/hylcic~c~~~lr~n~iti1tiryl~~1ii~ (Ig) 

Compound 17g (170 mg. 0.77 mmol)  was dehydrogenated with DIIU 
(420 mg, 1.8s mmol)  i n  a similar manner as for Zf ( 1  h.. fdK').  
Two-step column chromatography and recrystallization I:meth;inol) 
yielded Ig ( X I  mg, 49%') as yellow plates. m.p. 120--121"C. ' 11  NMK: 
6 2 3 2  [s, 3€1, CH ,I; 7.12 [d, J 5.3, tt(S)]; 7.20 [d. J 5.3. H(4)I; 7.40 [d. 
J 7.1, H(X)]: 7.5X [dd. J 8.0. 7.1, H(Y)]: 7.66 [m. 211. li(2,.3)]; X.24 [s. 

xane). A,,,,,, nm (relative c):  235 (0.94). 2SYsh (0.90). 263 ( l . O O ) ,  291 
(0.21 ), 303 (0.27), 326 (0.22), 340 (0.24). 357 (0.25). 376 (0.31 ), 1R 
(KBr): 1590, 1528, 1449, 1375, 117(1, XXS. 780. 75X. 710 cm ' _  Exact 
mass calculated for C1,HI2: 2l6.0030 m/:. found 2I6.CWl t t i / : .  
MS (25°C') m / i  (%k 210 (100). 215 (43). 214 (X). 213 (13). I X Y  ( 3 ) .  
108 ( 3 ) .  

H(6)I; X.40 [dd. J 7.1. 1.7, H(l)]; X.54 [d, J X.0, ll(lO)]. UV (cyclohe- 

Compound 14 (1.66 g. 7.5 mmol) was reduced under Wolff-Kishner 
condition\ in a similar way to that described for the prepatation of 2 .  
Column chromatography (silica; petroleum ether) and recrystalliza- 
tion (methanol) yielded 18 (X50 mg. 5S%' )  as while plates, m.p. 
87-XX"C (l i t .41  89-90"C). 'H NMR: 6 I .X .7 - I .YX [m.  4i1. H(X.X'.O.O')]; 
2-91 [t. 2H, J 6.0. H(7.7')]; 3.03 [t, 2H. J 6.3. H ( I O . l O ' ) ] ;  3.20-3.30 
[m. 4H. H(4,4'.5,5')]: 7.02 [s, H(6)]; 7.23 [d. J 6.X. 11(3)]; 7.43 [dd. J 
8.4. h.X, 11(2)]; 7.60 [d, J 8.4 2l(l)], UV (cyclohexane). A ,,,,,, nm 
(relative c):  236 (1.00). 260 (0.060). 2x7 (0.107). 290 (0.1 1.5). 315sh 
(0.051), 329 (0.036). 1R (KBr): 2940, 1658, 1440, 133X, 124(1, 1180, 
1140. XX5, XhO, 781. 763 c m - ' .  Exact mass calculated for Ci,,I1,,,: 
208.1252 m / z ,  found 208.1255 m / z .  MS (25°C') n i / z  ('7): 2OX 
(100). 207 (17). 1x0 (X), 179 (9). I65 (12). 

Compound 18 (475 mg. 2.3 mmol)  was treated with dichloronicthyl 
methyl ether (350 mg, 3.0 mmol)  and tin(lV) chloride ( I  ml) in :I 
similar way to  that describd for 2. Work-up yielded a mixture o f  
three isomeric products: 19-21 in a ratio of 41 : 23: I0 (total yield 534 
mg. Y X % )  as a yellow crystalline mass. The  isomers were separated 
and purified by means of two subsequent ctrlumn chromatographic 
step\ (silica: CH,CI, /petroleum ether I : I and I : 2  respectively). 
The order of elution was 21, 19 and 20. Recrystallization (cyclohe- 
xane) furnished 19 as off-white crystals, m.p. 9S-Yf)Y' (13X rng). 20 a s  
white-yellow needles. n1.p. X3-X4"C (09 my) and 21 as whitc needles. 
m.p. 150°C' (X6 mg). 
19. ' H  NMR: 6 1.83-1.96 [m. 4t1, fI(83',9.9')]: 3.02 [ t ,  211, J h.2. 
H(7.7')I; 3.14 [t, 2H, J 5.X. H( lO.ll)')]; 3.37 [s, 411, 21(4.4',5.5')]; 7.13 
[s, H(b)]; 7.30 [d, J 7.3, H(3fl; 8.06 [d, J 7.3, H(2)I; 10.80 is, <710]. 
UV (cyclohexane), A,,,,,, iim (relative 6 ): 235 (0.76). 259sh (0.9X). 262 
(1.00). 342hr (0.35). IR (KBr): 2920 (ClIO), I666 ((' = 0). 1610. 1575. 
1416. 1331. 1305. 1270. 123Y. 1140. X90. X36. 7x3 cm I. Exact mass 
calculated for C,,H,,,O: 236.1201 r n / z .  found ZRfx1203 m / : .  MS 
(50"C)ni/z  (96): 236 (loo), 235 (6). 208 (16). 207 (19). 1x0 (7), 179 

20. ' H  NMR: 6 I.X.5-2.00 [m. 4H, H(X,X'.9,0')]; 2.95 [t. 2:H, J 0.0, 
H(7.7')); 3.05 [t. 2H. J 6.3, H(lO.lO')]: 3.38 [I. 211, J 5.9. H(5.5')I: 
3.71 [t. 211. J 5.9, H(4.4')I; 7.13 [s. H(6)I; 7.70 [d. J 8.6. II(l~1: 734 [d. 
J 8.6. 11(2)]; 10.29 [s, CHO]. UV (cyclohexane). nm (relative c ) :  
256 (O.hS), 264 (1.00). 294 (0.090), 302 (0.100), 314sh (0.074). 321sh 

(7), 165 (12). 



(0.058). 334 (0.(144). 350 (0.074). 307 (0.102). IR (KBr): 2920 (CHO), 
2720 (CHO), I671 (C = 0). 1612. 1583. 1418, 1351, 1240. 11.52, 1000, 
865. XO3. 760. 750 cm-  ‘. Exact mass calculated for C,,H,,O: 
236.1201 m / z  found 236.1205 t n / z ,  MS (50°C) i n / -  (5%): 236 

21. ‘H  NMR: ii 1.89-1.98 [m. 4H. H(8,8’,9.9‘)]; 3.07 [m, 2H. 
H(I0,10‘)]: 3.33 [m, 2H, H(7.7’)l; 3.42 [t. 2H, J 5.7. li(4,4’)]; 3.70 [t. 
214, J 5.7. 11(5,5’)]; 7.35 Id, J 6.3. H(3)I; 7.61 [dd, J 8.3, 6.3, H(2)I; 
7.65 [d, J 8.3, H(l)];l0.65 [s, CHO]. UV (cyclohexane), A,,, nm 
(relative c): 257 (0.76), 265 (1.00), 2x9 (0.13), 298 (0.14), 310 (0.091), 
345sh (0.056). 361 (0.093). 379 (0.093). IR (KBr): 2930 (CHO), 2735 
(CHO). 1676 (C = 0). 1603, 1584, 1440, 1337. 1262, 1220, 1163, 992, 
X45. 782. 750 cm ’. Exact mass calculated for C I 7 H l h O :  236.1201 
m / z .  found 236.1197 m / z .  MS (50°C) m / z  (%): 236 ( I O O ) .  235 (7), 
208 ( lo) ,  207 ( 2 2 ) .  179 (7). I65 (12). 

( ion).  235 (x). ?ox (14). 207 (17). 179 ( 1 1 ) .  16s ( 1 1 ) .  

Compound 19 (135 mg. 0.5X mmol) was deoxygenated under Wolff- 
Kishner reduction conditions as described for 2. Column chromato- 
graphy (silica: CH,CIZ/petroleum ether, 1 : 9 )  gave 18a (108 mg. 
84%) as a white solid. Recrystallization (methanol) furnished 18a as 
white crystals, m.p. 115-116”C. ‘ H  NMR: 8 1.76-1.01 [m, 4H, 
11(8,X’,Y,Y’)]; 2.86 [s, 311, CH,]; 2,92 [t. 2H, J 5.9, H(7,7’)1; 3.27 [s. 
4H, H(4.4’,5,5’)]; 3.40 [t, 2H, J 5.8, 11(IO.l0’)]; 6.98 [s. H(6)I; 7.06 [d. 
J 7.1. H(3)I; 7.16 [d. J 7.1, H(2)]. UV (cyclohexane). A,,, nm 
(relative 6): 237 (1.00). 289 (0.1 16). 298 (0.127). 320 (O.Ohl), 334 
(0.059). Exact mass calculated for C,,H,,: 222.140X m / z ,  found 
222.1409 t ? i / : .  MS (25°C) ~ I I / Z  (56): 222 ( IOO) ,  221 ( 1 1 ) .  207 (14), 
194 (21). I79 (13). I65 (9). 

Compound 1Ha (I05 mg. 0.47 mmol) was dehydrogenated with DDQ 
(320 mg, 1.40 mmol) in dry toluene in a similar manner to that 
described for 2f. The reaction mixture was stirred for 1 h at  room 
temperature and 30 min at 60°C. Two-step column chromatography 
and recrystal1iz;ition (methanol) gave la  (43 mg, 42%) as yellow 
crystals. m.p. 72-73°C. ‘ H  NMR: 6 3.17 [s, 3H, CH,]: 7.03 [d, J 5.3, 
H(5)]; 7.16 [d. J S.3. H(4)I; 7.45 [d. J 7.1, H(2)]; 7.56 [d, J 7.1, H(3)I; 
7.61 [m. 11(8)]; 7.69 [m, H(9)l; X . 0 0  [s. H(6)I; 8.04 [d. J 7.X. H(7)I; 8.8X 
[d. J 8.5. H(lO)]. UV (cyclohexane), A,,,, nm (relative 6): 236 (0.73). 
245 (0.71). 257 (0.XX). 263 (1.00). 272 (0.51). 293 (0.17). 304 (0.24), 319 
(0.23). 331 (0,24), 34X (0.21), 366 (0.22). IR (KBr): 1444. 1359, 1302, 
I 109. 892, X29. 765, 750, 710. 661, 626 cm-‘ .  Exact mass calculated 
for C I , H  2l6.0939 rn / z .  found 216.0935 m / z .  MS (25°C) in / z  
(e’c): 216 ( IOO) ,  215 (67). 214 (0). 213 (22). 1x9 ( 5 ) .  10% 110). 

Compound 20 (67 mg. 0.29 mmol) was reduced under Wolff-Kishner 
conditions as described for the preparation of 2. Compound 18c (51 
mg. 79%) was isolated after column chromatography (silica; 
CH,CI, /petroleum ether, 1 : Y )  and recrystallization (methanol) as 
white crystals. m.p. X9-90”C. ‘ H  NMR: 6 132-1.97 [m, 4H, 
H(8,8’9.9‘)]: 2.3X Is, 3H, CH 3)]; 2.89 [t, 2H, J 6.2, H(7,7’)1; 3.02 [t. 
2H, J 6.3, H(IO.lO‘)]: 3.22-3.33 [m. 4H. H(4,4’,5,5’)]; 6.98 [s, H(6)I; 
7.27 [d, J 8.3. H(2)]; 7.53 [d, J 8.3, H(I)]. UV (cyclohexane), A,,, nm 
(relative e ) :  237 (1.00). 28X (0.094). 298 (O.086), 31N (0.040), 333 
(0.04X). Exact mass calculated for C,,H,,: 222.140X t n / z ,  found 
222.1410 n i / z .  M S 1 2 5 ” C ) m / ~  (‘’r): 222(100),221 (10). 20719). 194 
(24). 179 (9). I65 ( 5 ) .  

The dehydrogenation of 18c (47 mg. 0.21 mmol) with DDQ (140 mg. 
0.61 mmol) in toluene ( 1  h room temperature; 30 min, 6WC) was 
performed in the same manner as that of 2f. l c  (16 my. 35%) was 
purified by two-step column chromatography and recrystallization 
(methanol). Ic was isolated as yellow crystals, m.p. 83-84°C. ‘ H  
NMR: 8 2.69 [s. 3H, CH,]; 7.08 [d, J 5.3. H(5)I; 7.30 [d. J 5.3, H(4)l; 
7.46 [d. J X.2. H(2)]; 7.57 [m, H(X)I; 7.67 [m, H(Y)]; 7.99 [s, H(6)I; 8.00 
[d. J 7.9, tH7)]; X.30 [d, J X.2. H(l)]; 8.61 [d, J X.1, H(l0)l. UV 
(cyclohexane). Am,$% nm (relative c): 235 (1.00). 261 (0.93)* 290 (0.19). 
302 (0.24). 320 (0.2t). 336 (0.22). 354 (0.21), 373 (0.24). IR (KBr): 
Ih(X?, 1446. 1370. 1212, 1173, 11.5O,Y47.Y11,895. 823.750. 714cm-  ’. 
Exact mass ciilculated for C,,H,, :  216.0939 in / z .  found 216.0937 
m / z .  MS (2S’C) m / z  (96): 216 (100). 215 (64), 214 (7), 213 (17). 1x9 
(3) .  lox ( 1  I ). 

Compound 21 (XO mg, 0.34 mmol) was reduced under Wolff-Kishner 
conditions, as described for 2. Column chromatography (silica; 
CH2CI, /petroleum ether 1 : Y )  and  recrystallization (methanol) 
yielded 18f (58  mg. 77%) as white crystals. m.p. XX-80°C. ‘ H  NMR: 6 
l.X9-1.93 [m, 4H. H(8,8’9,9’)]; 2.2X [s, 3H. CH,]; 2.70 [m, 2H. 
H(7,7‘)1; 3.07 [m, 2H H(I0,10’)]; 3.28-3.41 [m, 411, 11(4.4‘,5,5’)]; 7.21 
[d, 6.8, H(3)I; 7.38 [dd, 8.3, 6 3 ,  11(2)]; 7.59 [d, X.3, H(l)]. U V  
(cyclohexane), An,2lx nm (relative t): 237 ( I . O O ) ,  2XX (0.085), 297 
(0.094). 31 Ish (O.OhO), 327 (0.017). Exact mass calculated for 
C,,H,,O: 222.1408 m / z ,  found 222.1408 m / z .  MS (25°C) m / z  

222 (ioo), 221 (8). 207 (25 ) .  194 (21), 179 ( 1 1 ) .  16s (7). 

T h e  dehydrogenation of 18f (50 mg, 0.25 mmol) with DDQ (175 rng, 
0.77 mmol) in  dry toluene ( 1  hour, 60°C) was performed in a similar 
event to that ot Zf. Two-step column chromatography gave l f  (20 nig. 
36% ). 

Oxidation of I8 wirli DDQ in acetic acid / wuter 

Compound 18 (416 mg, 2.0 mmol) was dissolved in acetic acid (80 ml) 
and water (15 ml) was added under stirring, followed by DDQ (900 
mg, 4.0 mmol). The solution was retluxed for 1 h and then allowed t o  
cool to room temperature. Water was added and the reaction mix- 
ture was extracted twice with CHzCIz .  The combined organic layers 
were subsequently washed with N a 2 C 0 ,  solution, Na,SO, solution. 
and water. Drying over MgSO, and evaporation o f  the solvent 
yielded a brown solid. Purification by means of column chrornatogra- 
phy (silica; CH,CI, /petroleum ether 3: 1) yielded a mixture o f  
5.7,8,9-tetrahydro-I0(4H )-acephenanthrylenone (22) and 7,8,9,1O-te- 
trahydro-S(4H )-acephenanthrylenone (23) (ratio 4 : 5 )  as a light- 
brown solid ( 137 mg. 31 % ). 
22. ‘ H  NMR: ii 2.13-2.21 [m, 2H. H(8,8’)]; 2.76 [ t ,  2H. J 6.3, 
H(9,9’)1; 3.11 [t, 2f1, J 6.1, H(7,7’)]; 3.31-3.41 [m, 411, H(4,4’,5,5’)]; 
7.13 [s, H(6)]; 7.32 [d, j 7.0, H(3)I: 7.60 [dd, J 8.5, 7.0, 1I(2)]; 9.05 [d, 
J 8.5, H(I)]. MS (250°C) m / z  (%): 222 (X7). 194 (100). 179 (20). I66 
(64), 165 (76). 152 (13). 
23. ‘ H  NMR: ii LX7-2.03 [m. 41L €4(8,8‘,9,9’)]; 3.03 [t. 2H, J 6.0, 
H(7,7’)]; 3.21 [t, 2H, J 6.2, H(lO,lO‘)]; 3.78 [s, 2H. H(4,4’)], 7.39 [d. J 
6.8, H(3)]; 7.57 [dd. J 8.6, 6.X, H(2)]; 7.70 [s, H(6)]; 783 [d, J X.6, 
H(I)]. MS (250°C) n i / z  (96): 22 (X4), 194 (IOO), 179 (581, 166 (251, 
165 (61), 152 (1x1. 

A mixture of 22 and 23 (160 mg. 0.72 mmol, ratio 4:s) was treated 
with MeLi in thc same way as described for 9. Purification and 
separation were achieved by means o f  column chromatography (silica; 
CH,CI,). 24j Eluted first and was collected as a yellow oil (50 mg, 
66% based o n  22). 3,5,7.~,9.10-~lexa-hydro-5-methyl-acephenanth- 
rylenol (25e) eluted as the second fraction and was collected as a 
yellow oil (2X mg. 29% based o n  23). 
24j. ‘ H  NMR: 8 1.80 [s, 3H. CIH,]: 1.83-2.10 [m. 4H. H(X,X’,Y,Y’)I; 
2.82-3.04 [m. 211, 1-1(7,7’)1; 3.26-3.38 [m, 4H. 11(4.4’,5,5‘)]; 6.98 [s, 
H(6)]; 7.23 [d, J 63 ,  H(3)I; 7.42 [dd, j 8.6, 6.8, H(2)]; X.44 (d, J 8.6. 
H(I)]. MS (250°C). 
25e. ‘H NMR: 6 1.74 [s, 3H. Cl1,]; 1.85-2.00 [m. 4H. H(X,X’,9,9’)1; 
2.97 [t, 2H. J 6.0. H(7.7’)I; 3.09 [t. 2H. J 7.2, H(lO.lO’)]; 3.46 [d, J 
16.5, H(4 o r  4’)l: 3.54 [d, J 16.5. IN4 or 4‘)]; 7.20 is. H(6)I; 7.25 Id. j 
6.9, H(3)]; 7.50 [dd. J 8.4, 6.9, M 2 ) ;  7.68 [d, J 8.4, H(I)]. MS (250°C) 
m / z  (5%): 23X (27). 223 (100). 205 ( I X ) ,  195 (12). I81 (17). I65 (17. 
152 (10). 

Compound 24j (48 mg. 0.20 mmol)  was dehydrated with p-TSA as 
described for  the preparation of 1 .  Column chromatography (silica; 
CH,CI,/petroleum ether ( I : ( ) ) )  furnished 26j (3X mg. 83%) as a 
light yellow oi l .  IH NMR: 6 2.05 [m, 2H, H(8,8’)]; 2.46 [m appearing 
as q, 3H, J 1.6, CH,]; 2.80 [dd, 2H, J 7.9, 5.9, H(7,7’)1; 3.30-3.40 [m, 
4H, H(4,4’,.5,5’)]; 6.03 [m, H(9)l; 7.17 [s, H(6)]; 7.21 [d. J 6.X, H(3)I; 
7.39 [dd, J 8.6. 6%. H(2)I; 8.01 [d. J 8.6, H(I)]. UV (cyclohexane), 
A“,,, nm (relative e ) :  244 (I.()()), 321sh (0.20). 32X (0.21). 344 (0.18). 
Exact mass c;ilculated for C 1 7 H l h :  220.12S2 m / z ,  found 220.12.52 
m / z .  MS (25 C) m / z  (9%): 220 (100). 219 (23), 21X (7S), 217 (11) .  
205 (52), 204 (12). 203 (41), 202 (37), 193 (20). I91 ( 1 1 ) .  I90 (10). 1x9 
(Ih),  1x3 (19). I05 (10). 
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Dchydrogeniition of 26j (36 mg. 0.16 mmol) with DDt) (X7 mg. 0.3X 
niniol) in toluene ( I  h. 70°C) was carried out in a similar way t o  that 
o f  2f. Two-step chromatography m d  recrystallization (methanol) 
yielded lj ( I X  nig. 51%) a s  yellow plates, m.p. 13X-13'PC. '11 NMR: 
f i  3.17 [s, 311. CI1 ,I; 7.09 [d, J 5.3, H(S)]; 7.23 [d, J 5.3, H(4)I; 7.52 [m, 
211. ll(X,Y)]; 7.07 [dd. J X.O. 7.0. 11(2): 7.71 [d. .I 7.K f1(3)]: 7.Y2 [m, 
11(7)]; X.03 [.;. IKh)]: 8.71 [d.  J X.O. €Nl ) ] .  UV (cyclohexane). An,~s, nm 
(relative c):  243 (0.65).  259 ( l . O O ) ,  273sh (0.33). 791 (0.15), 302 (O. lY) ,  
323 (0.20). 334 (0.21). 350 ( O . l Y ) ,  36X (0.23).  IR (KB-): 1590. 1433, 
13x0. 1073, 005, X X I .  X24, 740. 712 cm I. Exact mass calculated for 
C'l,H12: 21(1.0934 i i i / z ,  found 216.0441 ??I / : ,  MS (25°C) m / z  (%): 
? I f )  (100). 215 (4X). 214 (X). 213 (17). 1x9 (X). IOX (X).  

Under a nitrogen atmosphere. AlCl, (15.0. I 12.5 mmol)  was added 
to :I cooled ( - 10°C) and stirred solution o f  accnaphtlitme (7.5 g. 4X.6 
mmol)  in d p  ( ' 1 1 2 ( 1 2  (300 ml). Methylsuccinic anhydr de (6.0 g, 52.6 
niniol) was added in portions at such a rate that the temperature o f  
the re;tction mixture remained constant. Stirring was continued for I 
h whereupon the cooling bath was removed. After additional stirring 
at room temperature for 3 h, the reaction mixture was poured out on 
crushed ice. 3N IICI was added and the mixture was extracted twice 
with CH,CI,. The solvent was evaporated and the Ixown residue 
wiis taken up i n  ii  NaHC'O, solution. Insoluhle susstanccs were 
removed by filtration over ;I Buchner tunnel. The solution was 
iicidified with concentrated HCI and the mixture of acids w;is filtered 
over :I Buchner tunnel. Drying under vacuum yielded ii mixture of 
15h and ISi (12.0 g. 0 2 % )  ;IS a heige solid. 'The ratio was I : 2 ,  as 
dctcrmined by ' 1 1  NMR. 
15h. I 1  NMR: ii 1.33 [d. 311. J 7.0. CH,]; 3.12-3.23 [m. 2H. l l(cr.p)I: 
3.40 [s. 4H. l l(l.l '.2,2')]: 3.34 [ni. ll(p')]; 7 . 3  Id. J 7.3. H(3)]; 7.35 
[d. J 7.0. H(X)I; 7.57 [dd, J 8.5, 7.0. H(7)]; X.07 [d, .I 7.3, 11(4)]: X.66 
[ii, J X.5, Wh)]. 
15i. '14 NMR: r5 1.24 [d. 311. J 7.2, CH,]; 2.52 [dd. J 1'7.0. 5.0, I l ( t ~ ) ] ;  
3.03 [dd. J 17.0. X.3. IKcu')] :  3.40 [s. 4H. l I (  l.l '.22')]; 1.00 [m. J X.3. 
7.2, 5.6. lI(p)]: 7.30 [d. J 7.3. 1I(3)]: 7.35 [d. J 7.0, H(!%)]: 7.56 [dd. J 
8.5. 7.0, H(7)]; X . 0 6  [d. J 7.3. 1l(4)]; X.4X [d. J X.5, H(6)]. 
MS (125°C) o f  mixture of isonwrs: n l / z  ( %  1: 268 (26), 250 (4), 236 
(4). 1x2 ( I X ) ,  1x1 (loo), 153 (32 ) ,  152 (49). 

The Wolff-Kishner reduction o f  ii mixture of 15h and 15i (7.6 g, 28.3 
niniol) was performed in the same way as described f o r  the prepara- 
tion of 2. At'ter the reaction mixture had cooled to r o o n  temperature 
i t  was dilutcd with water and acidified with 3N HCI. Extraction was 
performed twice with diethyl ether. The combined organic layers 
were washed with water and dried over MgS04. Evaporation ot the 
solvent yielded ;I mixture of 27h and 27i a s  ii brown sticky oil (5.X g, 
X I  '% ). Purification hy means (11 column chromatography (silica; di- 
ethyl ether/petroleurn ether 3 :  I )  gave 27h ; i n d  27i (3.4 g, 4X'X ) as a 
heige solid. The iwmeric ratio was the same as that of 15h and 1 5 .  
27h. ' H  NMR: 6 1.27 [d. 311. 7.0. CH,]: I.X4 [ni. HCp)]: 2.16 [m. 
11(/3')]: 2.50 [ni. Il(cu)]: 3.02 [ni ,  H(y) ] :  3.31-3.40 [m. SH, 
ll(l,l'.2,2'.y')]; 7.19 [d. J 7.0. H(3)]; 7.23 [ ( I ,  J 7.0, Hl4)]; 7.27 [d, J 
6.8. H t X f l ;  7.46 [tlrl. J X.4, 6.X. Ii(7)l; 7.70 [d. .I X.4. 11(6)1. 
27i. '11 NMR: IS 1 . 0 1  [d, 311, J 0.6. CH,]; 2.27 [dd. J 16.8. lJ.6. l l (u ) ] ;  
2.43 [dd. J 1h.X. 5.X. H(a')]:  2.40 [m. H(p)]:  2 .M [dd. J 13.6. 7.4. 
l l ( y ) ] ;  3.06 [dr l .  J 13.6. 6.5. l l (y')]:  3.31-3.40 [m. 4H. H(l.l'.2.2')]; 
7.lY [d. J 7.0. 11(3)]: 7.23 [d, J 7.0. 11(4)]; 7.28 [d, J 6 8 .  11(X)]; 7.46 
[dd, J 8.4, 6.X. 11(7)]; 7.72 [d. 
MS (125°C) of the mixture of isomers: m / z  ( (  
1x0 (17). 1OX (21). lh7 (100). I65 (3X). 153 (57). 152 (69). 

X.4. H(6)]. 

A mixture of acids 27h a n d  27i ( 1 . 1  g, 4.3 niniol)  was cyclizcd with 
P 2 0 ,  in methancsulphonic acid according to ii 1iter;iturt procedure''. 
The crude reaction product was purified by means o f  column chro- 
matography (silica; CHLCI, /petrolcum-ether 3 :  I ). The first fraction 
contained mainly the 8-methyl isomer 14h ( 2 2 0  mg) (relative yield 
from 27h XX%) a n d  the second fraction mainly the 9-methyl isomer 
14i (250 mg) (relative yield from 27i 45%). I3oth 14h and 14i were 
column-chromatographed again (silica; Cl1 2C12 /petroleum-ether 
3 :  2 )  and recryst;illimi (Cll 2C12 /cyclohexane). ('ompound 14h ( 160 

mg) gave beige needles, m.p. 110- 1 I I"<' and 14i ( 170 mg) gave hcigc 
needles, m.p. 146.0- 146.S"C. 
14h. 11 NMR: 6 1.32 [d. 3H. J 6.X. Cll,]; I . Y Y  [m. J 13.3. 1l.Y. I0.X. 
4.5. kI(Y)];  2.36 [m. J 13.3. 5 . 0 .  4.7. 4.5. H(Y')]: 2.70 [m. J I 1.9. 6.X. 
4.5. I W ] ;  3.21 [ddd, J 17.3, I 0 . K  5.0, H(IO)]: 3.36-3.42 [m. 411. 
H(4.4'.5,5')1; 3.4X [ddd appearing a s  dt, J 17.3. 4.7, l l ( lO ' ) ] ;  7.42 [d. J 
6.Y, 11(3)]; 7.54 [dd, J X.3, 6.9, 11(2)]; 7.79 [d. J 8.3. I l ( l ) l ;  7.92 [s, 
I l(h)]. UV (cyclohexnnr), A mi,x (relative 6 ): 250 (0.76). 2% i l.OO), 2x4 
(0.IOY). 294 (0.131), 305 (0.101). 32641 (0.025).  341 (0.059). 358 
(0.065).  IR (KBr): 2920. 1647 (C = 0). 1447. 13YX. 1370. 1230. 117h. 
X7X. 772. 763 cm I. Exact mass calculated for Cl , l l , l ,O:  23h.1201 
m / z .  found 236.1213 t i i , / z .  MS (50°C) i n / z  ('%): 236 ( I O O ) .  221 (fl) ,  
207 (13), 104 (37), I66 (42), 165 (31). 
14i. ' H  NMR: 6 1.26 [d, 3H, J 6.2, CH,]; 2.37-2.50 [m. 211, 1l(X.Y)]: 
2.7h-Z.X7 [m. 211. ll(8'.lO)]; 3.35-3.45 [m. 41L ll(4.4'.5,5')]; 3.52 [m. 
l l ( l O ' ) ] :  7.43 [d. J 6.Y, 11(3)]: 7.54 [dd. J X.3. 6.Y. 11(2)]: 7.XI [<I. J X.3. 
t1(1)]; 7.92 [s. IHh)]. UV (cyclohexane). An,~,x nm (relative c ) :  750 
(0.7f)). 258 (1.00). 2x4 (O.IUX), 294 (0,131). 306 (O.lOl), 329 (0.031). 
342 (0.061 ), 35Y (0.071 ). IR (KBr): 2925, 1667 (( '  = O),  1152, 1400, 
1375. 1308. 1235. 1204. 11.50. 93X. X99, X X I .  XhS, 770. 760 cni I. Exact 
mass calculated for C17HlhO:  23h.1201 m / z .  found 236.1700 m / z .  
MS (50°C) m / z  (':): 236 ( I O O ) ,  221 ( 5 ) .  1Y4 ( I X ) .  I66 (33) .  16.5 (3). 

4, S. 0,10- Tc.rruhyilro-X-~~rc~~hyluc~~~~li~~iiu~~il~nlr~~i~ ( I  7hl 

Compound 14h (I60 mg. O.6X rnmol) was reduced with NaBlI, ( I00  
5 mmol) and the ensuing alcohol was dehydrated with 1)-TSA 

;is described for the preparation of 1.  17h Was collected after 
column chromatography (silica: CH,cl, /petroleunl-ether 1 : Y )  a s  ;I 

light-yellow solid ( I20  mg, X6% ). Recrystallization (methanol) g w c  
17h its light-yellow needles, m.p. Y7.0-97.5"C. ' 1 1  NMR: 6 1.Y5 [d. 
311. J 1.6, CH,]: 2.35 [t. 2H. J X.X. H(Y.Y')]: 3.13 It .  211, J X.X. 
ll(lO.lO')]; 3.29-3.37 Is ,  4H, 11(4,4'.5,5')]: 6.32 [q. J 1.6, 11(7)]: 7.00 
[s. H(6)]: 7.1X [d. J 6.X. H(3)]: 7.43 [dd, J X.4. 6 3 ,  II(?)]; 7.64 [d, J 
X.4. € l ( l ) : ,  UV (cyclohexane). A,,,;,, nm (relative c) :  24Hsh (0 .65) .  2f)l 
(1.00). 269 (1.00). 312 (0.15). 324 (0.16). 341sh (0.10). Exact mass 
ciilculiited for ('17Hll,: 22U.1252 m / z ,  found: 220.1255 m / z .  MS 
(25°C): 220 ( I O O ) ,  219 (22). 218 (18). 205 (67). 204 ( I X ) ,  203 (30). 202 
( 3 0 ) .  191 (13), 1x0 (1')) 178 (Y), 165 (9) .  

S - M ~ ' ~ l f ~ / ~ i ~ . ~ / J l f ~ ' ~ f ~ i ~ f I l l r - \ . k ~ ' l l ~ '  (Ihl 

Compound 17h (60 mg, 0.27 mmol)  was dehydrogenated with DI>Q 
( I 5 0  mg. 0.67 mmol)  i n  dry toluene (40"C, 3 h )  in  the same way a s  2f. 
Two-jtep column chromatography and recryst;illization (meth;inol) 
g:rve lh  (21 mg. 35??) as yellow crystals. m.p. I 1 1 - 1  ITC. ' € 1  NMR: r5 
2% [s,  3H. ClI,]; 7.09 [d, J 5.3. 11(5)]; 7.19 [d. J 5.3, 11(4)]; 7.51 [dd. 
J X.2. 1.9, H(Y)l; 7.03 [m. 2H, H(2.3)1; 7.79 [br.s, tI(7)l; 7.92 [s. Il(h)]: 
X.35 [dd, J 6.4, 2.4, H(1)l; X.52 [d, J X.2, H(10)I. IJV (cyclohcxane). 
A,,,,,, nm (relative E ) :  235 (1.00). 2h0 ( O . Y I ) ,  266 (0.941, 2XY (0.23). 300 
(027), 320sh (0.22). 333 (0.24). 350 ( 0 . 2 2 ) .  36X (0.23). IR (KBr): 2YO5. 
2840. 1721. 1600. 145Y. 1380. 1270. 1157, 1119. 1070. 016. 901. X O I .  
752. 712 c m - ' .  ~ x a c t  mass ca~cuIated for c ~ , I { ~ ~ :  216.0<139 i n / : .  

found 216.UY3Y m / z .  MS (25°C) V I / :  (5): 216 (100). 215 (42). 214 
(10). 713 (17), 1x0 ( 6 ) .  108 (Y). 

The reduction of I4i ( IS0  mg. 0.64 mmol)  with N;iBH, and siihw- 
quent dehydration of the alcohol with p-TSA gave, after column 
ct1roni;itography (silica; CH ?ClZ /petroleum-ether I :Y), 17i ( 133 mg, 
95% ) a s  a light-yellow solid. Recrystallization furnished 17i 21s light- 
yellow needles. m.p. 92.5-Y3'C. ' l l  NMR: 6 1.17 [d.  311, J 6.X. ( ' I {  ,]: 
2.67 [m. H(9)I; 2.7X [dd. J 15.3. 10.2. H(lO)]: 3.24 [dd. J 15.3, 0.X. 
l l ( I 0 ' ) l :  3.30-3.3') Is. 4H. H (4.4'. 5.S')I: 5.96 [dd] 9.5. 3.4 H(X)]; 0.53 
[dd J Y.5. 2.0. 11(7)]; 7.06 [s. l l (h)];  7.22 [d. J 6.X. 11(3)]; 7.45 [cld. .I 
X.4. 6.8, H(2)]; 7.69 [d. .I 8.4. H( I ) ] .  UV (cyclohexane), A,,,;,, nni  
(relative t): 243sh (0.64). 259 (l.OO), 207 (0.9Y). 31 1 (().IS), 323 ( i ) . l O ) ,  
335 (0.1 I ), 352 (0.04X). Exact mms cnlculated tor ( ' , , I I , , :  220.1252 
I I I / : .  tound 220.125Y i n / z  MS (25°C) ?PI/: ( V ) :  220 (78). 21') ( I  I). 
205 ( 100). 204 ( 16). 203 ( 3  I ). 202 ( 3  I ). I91 ( I  I ). IYO ( I 1 ), 1x9 ( IX).  17X 
(12). I05 (10). 

('ompound 17i (85 mg. 0.39 mmol)  was dehydrogenated with DI>Q 
(220 mg. 0.97 mniol) in dry toluene (40°C. 3 1 1 )  similarly ;IS Zf. 
Two-step column chromatography and recrystnlli~ation (nieth;inol) 
yielded l i  (44 mg. 52%) a s  yellow crystals, m.p. Y 1-02°C. ' H NMR: 6 
2.63 1s. 3H. CH,]; 7.09 Id. J 5.3. H(5)I; 7.IX [d. J 5.3, 11(4)1; 7.43 [dd, 
J X.1. 1.9, W(8)l; 7.66 [m, 211, 11(2.3)]; 7.X9 [d. J X . I .  11(7)1; 7.05 Is. 
I I(6)):  X.37 [dd. J 7.3, 1.5. H( I )]: X.43 [hr.s, l l (  10)). UV (cyclohexane). 
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nm (relative E ) :  234 ( l . O O ) ,  266 (ON) ,  293 (0.24), 304 (0 .30) ,  322 
(0.20), 333 (0.26). 350 (0.28). 369 (0.32). 1R (KBr): 1600, 1438, 1380, 
1163. 1082. 955. 914, 897, 8x1. 811, 752, 710 cm. Exact mass calcu- 
lated for C,,H,,: 216.0939 m / z ,  found 216.0928 m / z .  MS (25°C) 
m / z  ( V ) :  216 ( I O O ) ,  215 (40). 214 (7). 213 (17). 189 (6), 108 (8). 
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