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The potential for utilizing carbon-13 labeled compounds in bio- 

synthesis and metabolism studies is well documented [l]. However, to our 

knowledge specifically carbon-13 labeled derivatives of benzoh]pyrene (BP) 

have not been used to study the oxidative metabolism of this biologically 

important molecule because such labeled materials have not been available. 

To facilitate an evaluation of the usefulness of carbon-13 la- 

beled BP derivatives for such investigations we now report the synthesis 

and carbon-13 nmr spectral data of 7-hydroxyben~o~]pyrene-7-~~C.  The 

synthesis pathway, outlined in Scheme I, uses the known p-l-pyrenyl- 

propionic acid (I) obtained in 56% yield from commercially available 1- 

pyrenecarboxaldehyde [2] by the malonic ester synthesis [S]. Diborane 

reduction [4] of I gave a 77% yield of the corresponding alcohol which in 

turn was converted to the bromide (11) in 68% yield [5]. Reaction of I1 

with potassium cyanide-I3C in DMSO [6] followed by hydrolysis [S], cycli- 
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zat ion [;I], and aromatizat ion [8] afforded i ’ -hydro~ybenzob]pyrene -7 -~~C 

(VI) i n  an o v e r a l l  y i e l d  of 20% (based on 11). 

The n a t u r a l  abundance carbon-13 nmr spectrum of benzoklpyrene,  

0.24 M i n  chloroform-d, has been reported [S]. The resonance a t  6 128.77 

was assigned t o  C-7. We have observed a chemical s h i f t  of 154.95 f o r  C-7 

of V I  using a 0.30 M s o l u t i o n  i n  acetone-d [lo]. 6 

SCHEME I 

VI V 
H 

IV 

a B * H ~ ,  THF, re f lux ;  H 0’; B3P, CBr , Et20/THF. K*cN, DMso, 70’. 
3 4 

HOAc/HC1, ref lux.  HF. MeNaph, ref lux.  

EXPERIMENTAL 

Potassium cyanide-13C w a s  obtained from Pathf inder  Laborator ies ,  

Inc., St. Louis, Missouri, a t  an i s o t o g i c  p u r i t y  of 98%. I R  s p e c t r a  w e r e  

determined with a Beckman Acculab I, using Nujol. UV spec t ra  were recorded 

with. a Cary 118 spectrophotometer. Mass spec t ra  were obtained using an 

At las  CH-4B medium-resolution mass spectrometer equipped with a Varian 

62011 computer. Microanalyses were performed by Galbra i th  Laborator ies ,  
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Inc., Knoxville, Tennessee. A l l  experimental operations were conducted 
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under a nitrogen atmosphere. 

The I3C nuclear magnetic resonance spectra were obtained on a 

Varian XL-100-12 spectrometer with Fourier transform and a 16K 6201L com- 

puter. Samples (0.03 M in acetone-d ) were examined at an ambient tempera- 

ture of 28' in a 5 mm probe with proton noise decoupling. The I3C spectra 

represent an average of 84,000 transients. An internal solvent deuterium 

lock was used, and all chemical shifts are expressed in ppm relative to 

internal TMS. 

6 

3- (1-Pyrenv1)-1-bromopropane (11) 

To a stirred solution of 7.1 g (26 mmol) of I and 50 ml of dry 

THF was slowly added 40 ml of a 1M solution of diborane in THF. After re- 

fluxing the resulting reaction mixture overnight, the excess diborane was 

hydrolyzed by the dropwise addition of 25 ml of 5.5 N HC1 to the cooled 

mixture. An additional 100 ml of water was added and the resulting suspen- 

sion was extracted with 3 x 100 ml of ether. The extracts were combined, 

washed with water and 5% sodium bicarbonate solution, dried (Na SO ), 

filtered and concentrated (in vacuo) to give a yellow-green viscous resi- 

due. Column chromatography of this residue on silica gel (E. Merck), 5 cm 

x 20 cm (packed using cyclohexane), eluting first with 750 ml of benzene 

2 4  

followed by 1,500 ml of benzene:ethyl acetate (5:1), gave a light brown 

solid which upon crystalization from ethanol afforded 5.2 g (73%) of white 

crystalline alcohol suitable for the next step. The IR was consistent with 

expected results, i.e., -ON band at 3,300 cm . -1 

In a well-dried, 250 ml, round-bottom flask equipped with a mag- 

netic stirrer, reflux condenser and drying tube was placed 5.2 g (20 mol) 

of the 3-(l-pyrenyl)-l-propanol, 5.7 g (22 mmol) of triphenylphosphine, 

80 ml of anhydrous ether and 20 ml of dry THF. To this stirred solution 
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was slowly added (dropwise) a solution of 7.3 g (22 mmol) of carbon tetra- 

bromide in 20 ml of THF. An immediate reaction occurred with concomitant 

precipitation of triphenylphosphine oxide. After refluxing the resulting 

reaction mixture for 3 hr the cooled solution was filtered and concen- 

trated (in vacuo) to give a light yellow viscous oil. Column chromatography 

of this residue on silica gel (E. Merck), 5 cm x 20 cm (packed using hex- 

anes), eluting with hexanes, gave a buff solid which upon crystallization 

from ethanol gave 4.9 g (76%) of 11, mp 62-64°C; TLC, Rf 0.68 silica gel/ 

hexanes:acetone (4:l). fi. Calc. for C 19 H 15 Br: C, 70.60; H, 4.68; 

Br, 24-72, Found: C, 70.72; H, 4.74; Br, 24.69; mass spectrum (70eV) 

m/e (rel. intensity) 324(17), 323(4), 322(18), 242(44), 241(22), 239(20),. 

227(12), 226(13), 216(28), 215(100), 213041, 120(12), 119(12), and 94(12). 

3- (I-Pyrenyl )-l-cyanopropane- (cvano-13c) (1112 

To a well-stirred mixture of 500 mg (7.56 m o l )  of potassium 

cyanide-13C and 120 ml of dimethylsulfoxide at 70" was added 2.45 g (7.56 

mmol) of I1 over a 10-min period. The resulting reaction mixture was heated 

at 70" for an additional 40 min, cooled, diluted with water (about 200 ml) 

and extracted with ether. The ether solution was dried (Na SO ), filtered 

and concentrated (in vacuo) yielding a yellow solid which upon recrystal- 

lization from ethanol gave 1.41 g (70%) of I11 as a light yellow crystalline 

2 4  

solid, mp 93-95'; TLC, R 0.35 silica gel/hexanes:acetone (4:l). The IR f 

showed a characteristic nitrile band at 2,260 cm -1 . 
y- 1- Pvreny lbutvric acid- ( carboxyl- I3C) < IV) 

To a stirred mixture of 1.31 g (4.86 m o l )  of IV and 20 ml of 

glacial acetic acid was added 10 ml of concentrated hydrochloric acid. 

After refluxing this solution overnight, water was added (100 ml) to pre- 

cipitate the product. The resulting solid was filtered, washed with water, 

dried (in vacuo) at 30-40' and crystallized from ethyl acetate to yield 
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1.1 g (77%) of I V  a s  mica-like c rys t a l s ,  mp 184-187", lit. 187-188'[11]; 

TLC, R 0.24 s i l i c a  gel/cyclohexane:dioxane (3:2). f 

9,10-Dihydrobenzok]pyrene-7 (8H)-one-7-13C (V) 

To 1.01 g (3.52 m o l )  of I V  i n  a 100 m l  polyethylene beaker was 

added 40 m l  of anhydrous HF. The mixture was covered and s t i r r e d  f o r  1.5 

hr. The HF was evaporated under a slow stream of ni t rogen and the  r e su l t i ng  

so l id s  taken up i n  benzene. The benzene so lu t ion  was f i l t e r e d ,  washed with 

water, dr ied (Na SO 1, f i l t e r e d  and concentrated ( i n  vacuo) y ie ld ing  a 

yellow-brown residue. Crys ta l l iza t ion  from benzene followed by recrys ta l -  

l i z a t i o n  from xylene afforded 701 mg (74%) of V a s  yellow p la tes ,  mp 173- 

174", lit. 174-174.5" [7,8]; TLC, R 

2 4  

0.57 s i l i c a  gel/cyclohexane: dioxane f 

( 3 ~ 2 ) .  

7-Hydroxyben~oMpyrene-7-~~C (VI) 

Amixture  of 701 mg (2.60 m o l )  of V, 150 mg of 10% Pd/C and 10 

m l  of methylnaphthalene was heated a t  r e f lux  f o r  18 hr. The r e su l t i ng  re- 

ac t ion  mixture was cooled, d i lu t ed  with 15 m l  of bo i l ing  xylene, f i l t e r e d  

t o  remove the  ca t a lys t ,  and the  f i l t e r  cake was washed with an addi t ional  

15 m l  of hot xylene. The xylene solut ions were combined, concentrated 

- vacuo) t o  near dryness and t h e  r e su l t i ng  s o l i d  was r ec rys t a l l i zed  from 

xylene t o  y i e ld  350 mg (50%) of V I  a s  f i n e  yellow needles, mp 216-218" 

(decomp.), lit. 218-219" [8]; TLC, R 

(19:l); mass spectrum (70eV) m/e  ( re l .  i n t ens i ty )  270(24), 269(100), 268(7), 

240(15), 239(70), 238(8), 237(13). 

0.42 s i l i c a  gel/benzene: ethanol 
f 
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