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13C-LABELLED BENZO[alPYRENE AND DERIVATIVES. 

Rlchard S. Bodlne, Guldo H. Daub * and David VanderJagt 
Department o f  Chemlstry, U n l v e r s l t y  o f  New Mexlco 

Albuquerque, New Mexlco 87131 

SUMMARY 

AN EFFICIENT PATHWAY OF LABELLING THE 1-, 2-, AND 3-POSITIONS 

A t e n  s tep synthes ls  o f  ben~o [a ]py rene- l -~3C,  -2-l3C, o r  3-13C from 2,3,7, 
llb-tetrahydrobenr[d,e]anthracen-3(1H)-one t s  descrlbed tn  whtch t h e  l n l t l a l  
step Invo lves  t h e  condensatlon o f  t h l s  ketone w l t h  the  l l t h l u m  enolate o f  
e t h y l  acetate.  
bento[a]pyrenes. 

Key word: benzo[a]pyrene, carbon-13. 13C-NMR, enolates, PAH 

Thls  completes our synthes ls  o f  t he  twelve 13C l a b e l l e d  

INTROOUCTION 

Thls  l s  t he  f l n a l  paper I n  t h e  se r les  o f  papers descr lb tng the  syntheses 

o f  a l l  twelve o f  t h e  poss lb le  benzo[a]pyrenes l a b e l l e d  a t  t he  pe r lphe ra l  

carbon atoms (1-3). 

The r e a d l l y  access ib le  1,2,7,llb-tetrahydrobenz[d,e]anthracen-3(lH)-one 

(1) was a s u l t a b l e  s t a r t l n g  m a t e r i a l  (4)  f o r  t he  synthesls o f  t he  1-. 2-. and 

3- label led benzo[a]pyrenes as o u t l i n e d  I n  Scheme 1. 

t he  l l t h lum enolate o f  e t h y l  ace ta te  (un label led,  l a b e l l e d  a t  C2,  or  l a b e l l e d  

a t  C1) i n  THF a t  -78OC a f fo rded  the  expected hydroxy es te r  2 l n  good y l e l d .  

Dehydration o f  t he  crude hydroxy e s t e r  wlth anhydrous formlc a c i d  (5)  fo l lowed 

by hydrogenatlon over Pd/C gave t h e  reduced es te r  3 whlch was d l r e c t l y  reduced 

w l t h  l l t h l u m  alumlnum hyd r lde  t o  t h e  a l coho l  4. Converslon o f  t he  a lcohol  3 

t o  t h e  c h l o r l d e  5 w l t h  t h l o n y l  c h l o r l d e  fo l lowed by treatment w l t h  potasslum 

cyanlde ( l a b e l l e d  o r  un labe l l ed  as needed) i n  a c e t o n l t r l l e  a f fo rded  the 

n l t r l l e  6 whtch was hydrolyzed t o  the  correspondtng ac td  1 by r e f l u x l n g  w l t h  a 

m lx tu re  o f  hyd roch lo r l c  and formtc ac lds.  

anhydrous hydrogen f l u o r l d e  gave t h e  ketone 8 (app rop r ia te l y  l a b e l l e d ) ,  and 

Condensatlon o f  1 w l t h  

C y c l l z a t l o n  o f  the a c l d  1 w l t h  

*Deceased June 4, 1984. 

0362-4803/85/050475-ll$Ol.lO 
@ 1985, by John Wiley & Sons, Ltd. 

Received August 29, 1984 
Revised October 3, 1984 



476 

Scheme 1 
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- 10, C2 (from 8b) 

1 1 ,  C3 (from 8c) 

* 
* 2) Pd/C 0 0 0 

- 
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this was converted to the benzo[a]pyrenes 2. lJ, and jJ by reduction wlth 

lithium aluminum hydride followed by dehydration and dehydrogenation over Pd/C 

at 250°C. 

13 13 The overall yield of BaP-1- C (9 )  and BaP-2- C (lo) from the ketone 
13 

- 1 was 12% for ten steps. 

.tn 21% overall yield from the chlorlde 5. 

The BaP-3- C labelled hydrocarbon 11. was obtained 

The 13C NHR chemical shifts at C1, C2, and C3 were 125.38, 125.91, and 124.69 

respectively for the labelled compounds. 

with those assigned by Buchanan and Ozubko (6) based on model compounds, selec- 

tive proton decoupllng, emplrlcal torrelatlons, and deuterlum substitution. 

The chemical shift assigned by Buchanan and Ozubko for C3 was shown to be 

The values obtained were compared 
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correct as 124.69; however, the values of 124.61 and 125.78 assigned by 

Buchanan and Ozbuko to C1 and C2, respectlvely, were shown to be incorrect 

by the values reported here. 

o f  benzo[a]pyrene using these labelled compounds and others reported (1-3), 

see Unkefer, et al. (7). 

1 For a complete 13C NMR and H NMR analysis 

EXPERIMENTAL 

Melting polnts were determlned using a Thomas Hoover Capillary Melting 

Elemental analyses were performed by Polnt Apparatus and are uncorrected. 

Mrs. Ruby J u  of the Department of Chemistry, Unlverslty of New Mexico. 
1 Both H and 13C NFlR spectra were determined on a Varian FT-80A spec- 

1 trometer. 

(ppm) downfteld from tetramethylstlane (TMS); and the 13C chemlcal shlfts 

were referenced to the solvent peaks: 

pprn). 

benzo[g]pyrene. 

ing approximately three mg of labelled compound to a solution of the unlabelled 

compound in an appropriate solvent, unless otherwtse noted. Infrared (IR) 

spectra were taken on a Perkin-Elmer 337 Gratlng Infrared spectrophotometer. 

The spectra were referenced with the 1601 and 1030 cm-' bands of polystyrene. 

The H and 13C chemical shifts are reported as parts per million 

CDC13 (76.9 pprn) or DMSO-d6 (39.6 

CDC13 was passed through basic alumina before use with alkenes or 

13C NMR spectra of labelled compounds were obtained by add- 

Ethyl (3-Hydroxy-1.2.7.11b-tetrahydrobenz~delanthracen-3-(lH~-yl~-acetate 

(2). 
mL of anhydrous THF, cooled to -78OC and under a N2 atmosphere, was added 

10.3 mL of 1.6 M butyllithium (16.5 mmol) in hexane. Then 1.32 g (15.0 mnol) 

o f  ethyl acetate In 15 mL o f  anhydrous THF was added dropwlse at a rate which 

malntatned the temperature o f  the reactjon mixture below -75-C. 

was complete, stirring was continued for 15 min after which time 3.51 g (15.0 

mnol) of 1,2,7,llb-tetrahydrobenz[de]anthracen-3(1H)-one (1). mp 130-131°C, 
dlssolved I n  40 mL of anhydrous THF was added at a rate whlch malntalned the 

temperature below -75°C. After the addltlon was complete, stirrlng at -78OC 

To a mixture of 2.33 g (16.5 mnol) o f  N- lsopropylcyclohexylamlne and 10 

After addltion 
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was continued for 2 h, durlng whlch time the solution turned from blue-green 

t o  plnk In color. The complex was hydrolyzed by the dropwise addition of 2 mL 

of concd HC1 in 8 mL o f  THF at a rate whlch maintained the temperature below 

-7OOC. The mlxture was allowed to warm to room temperature, and 50 mL of water 

and 5 0  mL of ether were added. The layers were separated, and the ether layer 

was washed with two portions of 5% HC1. The aqueous layer was extracted wlth 

25 mL of ether, and the comblned ether extracts were drled over MgS04. 

Removal of the ether gave a plnk oil whlch solldifled upon standing. A sample 

crystallized twice from 95% ethanol afforded as pale yellow Irregular 

prisms, mp 103.5-105°C. The crude hydroxyester was used in the next step. 

TLC: 

IR (KBr): 3470 (OH). 2940, 1700 (C=O), 1335, 1195, 1085, 1055, 1025, 790, 

740 cm- . 
Anal. Calcd. for CZ1Hz2O3: C, 78.23; H, 6.88. Found: C, 78.16; H, 

6.86. 

Rf = 0.56 (2:l benzene/ethyl acetate). 

1 

Ethyl (3-Hydrox~-1.2.7.11b-tetrah~drobenz~delanthracen-3-(lH)-~l)acetate-2- 

13g (a). In like manner to that descrlbed for the synthesis of 2c. 5.86 g 

(25.0 mnol) of 1, mp 130-131°C. was allowed to react wlth the llthloenolate 

prepared from 2.22 g (25.0 mnol) of ethyl acetate-2- C, 90 mol X 13C. 

Workup provlded & a s  an orange oil whlch was used dlrectly In the next step. 

Ethyl (3-H~drox~-1.2.7.11b-tetrah~drobenz~delanthracen-3-~lH~-~l~acetate- 

In llke manner to that descrlbed for the synthesls of 2c. 7.03 g 

13 

13 - 1- g (2a). 
(30.0 n o l )  of 1 mp 13O-13l0C, was allowed t o  react wlth llthloenolate prepared 
from 2.67 g (30.0 mnol) of ethyl acetate-1- C, 90 mol X 13C. 

provlded as an orange all whlch was used dlrectly in the next step. 

13 Workup 

Ethyl ~1.2.7.llb-Tetrah~drobenz~delanthracen-3-~lH~-~l~acetate (C). The 

crude hydroxyester (2c) dlssolved in 10 mL of 97-100% formlc acld was warmed on 

a steam-bath for 10 mln. The formlc acld was removed under reduced pressure, 

the resldue dlssolved In benzene and washed three tlmes wlth water and once 

wlth saturated salt. After drylng over MgS04, removal of the benzene afforded 
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t h e  dehydrated e s t e r  as a ye l l ow  091 whlch was d l sso l ved  i n  100 mL o f  absolute 

ethanol and reduced I n  the  presence o f  0.75 g 5% Pd/C a t  60.0 p s i .  A f t e r  15 h, 

a t  room temperature, when t h e  t h e o r e t i c a l  amount o f  hydrogen had been taken up, 

t he  s o l u t l o n  was f l l t e r e d  and t h e  ethanol removed under reduced pressure. The 

l a s t  t races  o f  e thanol  were removed by d r y l n g  a t  5OoC and 25 t o r r  f o r  18 h, 

a f f o r d l n g  3.70 g (81% o v e r a l l  y i e l d  from 1) o f  & a s  a h l g h l y  vlscous pa le  

ye l l ow  011 c o n s l s t l n g  o f  a m lx tu re  o f  Isomers whlch could n o t  be c r y s t a l l l z e d .  

Rf  = 0.35 (benzene); Rf = 0.65 (2: l  bentene/ethyl acetate) .  TLC: 

IR (nea t ) :  2935, 1735 ( L O ) ,  1278 (CO-0). 1170, 1033, 778, 740 cm-’, 

E thy l  ~1.2.7.llb-Tetrahvdrobenz~delanthracen-3-~lH~-~l~acetate-2- C 13 

I n  l l k e  manner t o  t h a t  descrlbed f o r  t he  synthes ls  o f  3c, t h e  crude (a). 
hydroxyester &was converted t o  the unsaturated es te r  whlch was d isso lved I n  

125 mL of absolute ethanol and reduced I n  the  presence o f  1.25 g o f  5% Pd/C a t  

70.0 p s l .  Workup a f fo rded  6.06 g (79% o v e r a l l  y l e l d  f rom 1) o f  a as a h l g h l y  

vlscous p a l e  ye l l ow  011. 

E thy l  ( 1.2.7.1 lb-Tetrah~drobenzrdelanthracen-3-( 1H)-Y 1 )acetate-l-13C (a). 
I n  l l k e  manner t o  t h a t  descrlbed f o r  t h e  synthesls o f  3c. t he  crude hydroxyester 

(a) was converted t o  the  unsaturated es te r  whlch was d i sso l ved  I n  150 mL o f  

absolute ethanol  and reduced I n  the  presence o f  1.50 g o f  5% Pd/C a t  70.0 p s l .  

Workup a f fo rded  7.42 g (81% o v e r a l l  y i e l d  from 1) o f  a as a h l g h l y  vlscous 

p a l e  ye l l ow  011. 

2-~1 .2 .7 .11b-Tet rahydrobenz lde lanthracen-3 -~ lH~-~ l~e thanol  ( C ) .  To a 

s t l r r e d  s l u r r y  o f  3.80 g (100 mnol) o f  l l t h l u m  alumlnum hyd r lde  I n  90 mL o f  

anhydrous ether  was added over 2 h a s o l u t l o n  o f  10.95 g (35.7 m o l )  o f  & I n  

200 mL o f  anhydrous ether .  A f t e r  2.5 h o f  r e f l u x ,  TLC i n d l c a t e d  completlon o f  

t h e  reac t i on ,  and 20 mL o f  e t h y l  acetate was added s low ly  t o  the r e a c t i o n  

m lx tu re  fo l l owed  by 20 mL o f  water t o  hydro lyze t h e  excess LAH; 5% HC1 was 

added t o  d l s s o l v e  t h e  l no rgan lc  s a l t s .  The laye rs  were separated and the ether  

s o l u t l o n  was washed tw lce  w l t h  5% HC1, and once each w l t h  water and saturated 

s a l t .  d r i e d  over MgS04, f l l t e r e d  and t h e  e the r  removed under reduced 
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pressure. 

of & as a hlghly vlscous pale yellow fluorescent 011 as a mlxture of Isomers. 

Drying at 5OoC and 25 torr for 15 h afforded 9.45 g (quant. yield) 

TLC: 

IR (neat): 

The 3,5-dlnltrobenzoate ester of a sample of the alcohol was prepared ln 

Rf = 0.31 (2:l benzene/ethyl acetate). 
1 3350 (broad, OH), 2935, 1450, 1047 (C-0). 780, 752 Cm- . 

anhydrous pyrldlne wlth 3,5-dlnltrobenzoyl chlorlde. 

from benzene/cyclohexane ylelded orange powdery crystals, mp 166-174OC (evac). 

Crystalllzatlon tWlCe 

Anal. Calcd. for C26H22N206: C, 68.11; H. 4.84. Found: C. 68.31; 

H ,  4.94. 

2-~1.2.7.11b-Tetrahvdrobenz~delanthracen-3-(lH)-yl)ethanol-2- C (a). 13 

In like manner to that descrlbed for the synthesls of 4c. 6.06 g (19.7 n o l )  of 

- 3a was reduced to a. Workup provlded 5.23 g (quant. yield) of as a hlghly 

viscous pale yellow oil. 
13 2-~1.2.7.11b-Tetrah~drobenz~delanthracen-3-~lH~-vl~ethanol-l- C (4b). In 

like manner to that descrlbed for the synthesls of 4c, 7.42 g (24.1 n o l )  of 3 
was reduced to 4b. Workup provlded 6.41 g (quant. yield) of 4b as a hlghly 
vlscous pale yellow 011. 

2-~1.2.7.11b-Tetrah~drobenz~delanthracen-3-~lH)-yl~chloroethane (z). To a 

stlrred solutlon of 9.45 g (35.7 mnol) of C In 30 mL of anhydrous chloroform 

and contalnlng 0.26 g (3.6 n o l )  of DMF was added, over 15 mln, a solution of 

2.7 mL (37.5 mmol) of thlonyl chlorlde In 10 mL of anhydrous chloroform. After 

45 mln o f  reflux, TLC lndlcated completion of the reactlon. The reactlon mix- 

ture was cooled in an Ice-bath and 5% NaHC03 was added slowly to neutrallze 

any actdtc materlal. 

dtluted wlth ether and washed wlth 5% NaHC03, water and saturated salt. dried 

over K2C03, flltered, and the solvents removed under reduced pressure. 

brown oil was chromatographed on neutral alumtna, elutlng wlth benzene. Removal 

of the benzene under reduced pressure and drylng at 5OoC and 25 torr for 15 h 

afforded 7.17 g (71% yleld) of SC as a hlghly vlscous red 011 as a mlxture of 

lsomers. 

The layers were separated and the organlc phase was 

The 
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TLC: 

IR (neat): 2930, 1445, 1208, 875, 750 (broad, C-Cl) cm-’. 

2-( 1.2.7.llb-Tetrahydrobenz~delanthracen-3-( lH)-~l)chloroethane-Z-~~~ 

Rf = 0.73 (2:l benzene/ethyl acetate). 

(a). 
m o l )  of Q was converted to a. 
highly viscous red oil. 

In like manner to that descrtbed for the synthesis of x, 5.23 g (19.7 
Workup afforded 4.12 g (74% yleld) of a as a 

13 2-~1.2.7.11b-Tetrah~drobenz~delanthracen-3-~lH~-~l~chloroethane-l- C 

(9). In like manner to that described for the synthesis of x. 6.41 g (24.2 

m o l )  of &was converted to a. Workup afforded 5.46 g (80% yield) of ,b as 
a highly vlscaus red-orange oil. 

13 3-~1.2.7.11b-Tetrah~drobenzlde1anthracen-3-~1H~-~1~~ro~anenitr~1e-1- C 

( 6 ~ ) .  

0.70 g (10.5 mmol) of K13CN (99.3% KCN. 90.79 mol % 13C) 8 mL o f  aceto- 

nitrlle and 4 mL of benzene was refluxed for 48 h. The dark brown solution 

was dlluted wlth benzene and filtered to remove insoluble components. 

solvents were removed under reduced pressure and the dark residue was dissolved 

in benzene and chromatographed on neutral alumina. The nitrile was eluted 

with 1: l  benzene/ethyl acetate. After removal of solvents, the restdue was 

dried 18 h at 50’C and 25 torr provldlng 2.08 g (72% yleld) of f& as a hlghly 

viscous yellow fluorescent oil as a mixture of isomers which could not be 

crystal 1 1  zed. 

TLC: Rf = 0.24 (benzene); Rf = 0.64 (2:l benzene/ethyl acetate). 

IR (neat): 2935, 2240 (CN), 1455, 1035, 878, 737, 680 cm-’. 

3-(1.2.7.11b-Tetrah~drobenz~delanthracen-3-(1H~-yl~~ro~anenitrile-3- C 
In llke manner to that prevlously described for the synthesis of &, 

A mlxture of 2.98 g (10.5 mnol) of x. 0.55 g (2.1 mnol) of 18-Crown-6, 

The 

13 

( 6 a ) .  

4.12 g (14.5 m o l )  of 2 was allowed to react wlth 1.89 g (29.0 ml) of KCN. 

Workup afforded 2.89 g (73% yleld) of @. 
13 3-(1.2.7.11b-Tetrah~drobenzTdelanthracen-3-~1H~-~1~~ro~anenitr~1e-2- C 

In llke manner to that prevlously described for the synthesis o f  &. (a). 
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5.46 g (19.3 mmol) of j& was allowed to react with 2.51 g (38.5 mmol) of KCN. 

Workup afforded 3.60 g (68% yield) of a. 
13 3-(1.2.7.llb-Tetrahvdrobenzldelanthracen-3-~1H~-v1~~ro~ano1c-1- C Acid 

(&). A mixture of 2.08 g (7.6 mmol) of &, 20 mL of concd HCl, and 40 mL of 

97-100% formic acid was refluxed for 6 days. After the first 4 days, 5 mL of 

addltlonal concd HCl was added. The acid was precipitated by pouring the 

yellow solutlon into ice water. 

NH40H, extracted wlth ether and reprecipltated wlth concd HC1, collected and 

dried at reduced pressure, affording 1.72 g (78% yield) of as pale yellow 

crystals, mp 148.5-159°C (reported (9). 150-160OC; lsomerlc mixture). 

The solid collected was dissolved in 5% 

IR (KBr): 3200-2700 (broad, COO-H), 2960 (sharp), 1710 (C=O), 1290, 1270, 

1220, 1187, 910 (broad, COO-H), 790, 755, 730, 700, 635 cm- . 
3-~1.2.7.11b-Tetrah~dro-3H-benz~delanthracen-3-~lH~-~l~~ro~anoic-3- C 

- Acid (B) .  A mlxture of 2.89 g (10.5 mmol) of 6a. 30 mL of concd HC1, and 75 

mL of 97-100% formic acid was refluxed 6 days. After the first two days, 5 mL 

of concd HC1 was added; after two more days, 5 mL of concd HC1 and 10 mL of 

formic acid were added. Workup as previously described for afforded 2.05 g 

(66% yield) of as yellow granular crystals, mp 133-160°C (isomeric mixture). 

3 4  1.2.7-1 1 b-Tetrah~dro-3H-benzrdelanthracen-3-( 1H) -Y 1 )  ~ro~anoic-2-' 3C 

1 

13 

- Acid ( 7 b ) .  

- 7c. the hydrolysls of 3.60 g (13.1 mrnol) of 

- 7b as yellow granular crystals, mp 133.5-158OC (isomeric mlxture). 

In like manner to that previously descrlbed for the synthesis of 

afforded 2.31 g (60% yleld) of 

13 1.6.10b.11.12.12a-Hexah~drobenzo~al~~ren-3~2H~-one-3- C (&). A solu- 

tion of 1.71 g (5.8 mmol) of 7 c .  mp 155-165°C. in 30 mL of anhydrous HF, was 

stirred for 5 mln and then allowed to stand for 6 h. The viscous resldue was 

dissolved in benzene and extracted with 5% NaHC03, 5% NH40H. water and 

saturated salt, dried over HgS04, filtered and the dark yellow benzene solu- 

tion was concentrated and chromatographed on neutral alumina. The ketone was 

eluted with 1:l benzene/ethyl acetate. Removal of solvents under reduced 

pressure and drying 4.5 h at 50°C and 25 torr afforded 1.80 g (83% yield) of 

- 8c as pale yellow crystals, mp 127-138°C (reported (9). 135-165"C; mixture of 
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Isomers). 

TLC: 

I R  (KBr): 2945, 1670 (CmO),  1279, 1205, 827, 764. 743. 717, 659 cm-'. 

1.6.10b.11.12.12a-Hexah~drobenzolal~~ren-3~2H~-one-l- C ( 8 a ) .  I n  l i k e  

Rf = 0.58 ( 2 : l  benzene/ethyl acetate) .  

13 

manner t o  t h a t  descrlbed f o r  t he  synthes is  o f  8c, 2.05 g (7.0 mnol) o f  7 a ,  mp 

133-16OoC. was c y c l l z e d  t o  a. Workup prov ided 1.57 g (82% y i e l d )  o f  & a s  

ye l l ow  granular  c r y s t a l s ,  mp 172-178.5OC ( isomer ic  mix ture) .  

13 1.6.10b.11.12.12a-Hexah~drobenzo~a~~~ren-3~2H~-one-2- C ( E b ) .  I n  l i k e  

manner t o  t h a t  descrlbed f o r  t he  synthes is  o f  8c, 2.31 g (7.9 ml) o f  B, mp 

133.5-158OC. was c y c l l z e d  t o  &. Workup prov lded 1.80 g (83% y l e l d )  o f  a as 

ye l l ow  granular  c r y s t a l s ,  mp 134.5-165OC ( isomer lc  m ix tu re ) .  

B e n z o r a l ~ ~ r e n e - 3 - ~ ~ g  (11). To a s t i r r e d  s l u r r y  o f  0.48 g (1.3 mnol) o f  

l i t h i u m  aluminum hyd r ide  i n  15 mL o f  anhydrous THF was added over 20 mln a 

s o l u t i o n  o f  1.30 g (4.7 nmol) o f  8c, mp 127-138"C. i n  45 mL o f  anhydrous THF. 

A f t e r  5.5 h o f  r e f l u x ,  TLC i n d i c a t e d  completion o f  t he  react lon.  and 10 mL o f  

e t h y l  acetate was added s lowly  t o  t h e  r e a c t l o n  m ix tu re  fo l l owed  by 10 mL o f  

water t o  hydro lyze t h e  excess LAH. To d l s s o l v e  the  i no rgan lc  s a l t s ,  5% HCl 

was added and the  organtc m a t e r t a l  was ex t rac ted  i n t o  ether .  

separated and the  ether  s o l u t i o n  was washed w i t h  5% HC1, water and saturated 

s a l t ,  d r i e d  over MgS04, f i l t e r e d  and the  ether  removed under reduced pres- 

sure. The ye l low o i l y  restdue was placed i n  a dehydrogenation tube f i t t e d  

w i t h  a ground-glass co ld - f l nge r  condenser and gas i n l e t  and o u t l e t  tubes and 

con ta ln lng  0.13 g o f  10% Pd/C, 2.53 g (14.0 mnol) o f  1, l-dlphenylethene and 10 

mL o f  1-methylnaphthalene. The r e a c t i o n  m lx tu re  was placed i n  a preheated 

Woods metal ba th  and the temperature maintained a t  250-260OC f o r  8 h w h i l e  

steam was passed through t h e  condenser and wi th rnalntenance o f  a slow f l o w  o f  

N2. 

t he  c a t a l y s t  which was washed w l t h  benzene. 

The laye rs  were 

The cooled r e a c t l o n  m lx tu re  was d i l u t e d  w i t h  benzene and f i l t e r e d  from 

A f t e r  removal o f  t he  benzene on a 

r o t a r y  evaporator, the 1-methylnaphthalene, 1.1-diphenylethane and unreacted 

1.1-diphenylethene were removed under reduced pressure (0.025 t o r r .  5O-bOOC) 
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on a Kirgelrohr apparatus. 

neutral alumina, eluting with benzene. 

trated and added to a benzene solution of 1.25 g (5.5 mnol) of plcric acld. 

The plcrate thus prepared afforded 1.43 g of purple-brown needles, m p  197-198°C 

(reported (lo), 197-198°C). An addltlonal 0.18 g of picrate, m p  194-196"C. 

was obtalned from the mother liquor. The picrate was decomposed on a neutral 

alumina column, eluting with benzene. 

methanol was added to afford 0.55 g (46% yleld) of 11 as lemon yellow shiny 
platelets, mp 175-176OC (reported (11). 176-177OC). 

The resultant brown solid was chromatographed on 

The yellow benzene eluate was concen- 

The benzene eluate was concentrated and 

13C NMR (CDC13): 8 124.69 (C3). 

B e n z o T a l ~ y r e n e - l - ~ ~ C  ( 9 ) .  In like manner to that descrlbed for the 

synthesis of ll, 1.57 g (5.7 mnol) of 8a. mp 172-178.5"C. was converted to 
13 benzo[a]pyrene-1- C ( 9 ) .  Workup afforded 0.65 g of 9 as lemon yellow 

flbrous needles, mp 175.5-177OC. An addltlonal 0.07 g (50% overall yield) of 

product, mp 169-172.5"C, was obtalned from the mother llquor. 

13C NMR (CDC13): 6 125.38 (Cl). 

Benzoral~yrene-2- C (lo). 13 In like manner to that described for the 

synthesis of 11. 1.52 g (5.5 n o l )  of 8b. mp 134.5-165OC, was converted to 
13 benzo[a]pyrene-2- C (lo). Workup afforded 0.72 

lemon yellow shlny platelets, m p  175-176°C. 

13C NMR (CDC13): 8 125.91 (C2). 

g (51% yield) of lo as 
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