
Journal of Labelled Compounds and RadiopharrnaceuticaZs - V o L X I V ,  No. 3 397 

SYNTHESIS OF OEUTERATED PENTACENES 

B.H. Kwant 
Department of Physical Chemistry, University of Groningen, 
Groningen, The Netherlands. 
Received February 16, 1977 
Revised March 28, 1977 

SUMMARY 

Pentacene-d14, pentacene-d and pentacene-d4 were obtained from 
6,13-pentacenequinone-d 'grid 6,13-pentacenequinone-d4 by re- 
fluxing with aluminumcyhfohexoxide-d o r  aluminumcyclohexoxide. 
The former quinones were prepared from 1,2-benzenedicarboxalde- 
hyde-d o r  1,2-benzenedicarboxa1dehyde-d2 and 1,4-cyclohexane- 
dione-9 
ozcnizaafon or by reduction of 1,2-benzenedicarboxylic acid di- 
methylester with LiA104. 
in detail. 

33 

The aldehydes were prepared from naphthalene-dg through 

All synthetic methods were described 

Key Words: Pentacene, Deuterium, Pentacenequinone, Aluminumcyclohexoxide, 
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INTRODUCTION 

In spectroscopic research there is a growing interest in perdeuterated com- 

pounds for which there now exist a variety of synthetic methods. This article 

describes the synthesis of the titled compounds from already perdeuterated chemi- 

cals. 

Initialy the needed perdeuteropentacene was tried to prepare by acid-catalysed 

exchange of the H analog with D 0(1) and by the use of an homogeneous catalyst 

and benzene-d6('). Both methods however were without su,cces. The third synthe- 

2 

tic method followed Ried and AnthBfer"), using 1,2-benzenedicarboxa1dehyde-d6 ( 4 )  

(I) and 1,4-cyclohexanedione-d ( 5 ) (  11), to yield 6,13-pentacenequinone-d12 (111) 

6,13-Pentacenequinone 5,7,11,14-d4 (WII) was obtained from I1 and 1,2 benzenedi- 

carboxaldehyde-d2 ( VI). The next step followed the method o f  Bruckner et a1 , 
by treatment of I11 with aluminumcyclohexoxide-d33 to yield the desired penta- 
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cene-d14 (IV). Pentacene 1,2,3,4,5,7,8,9,1D,11,1Z,14-dl~ ( V )  was o b t a i n e d  by 

t rea tmen t  o f  I11 w i t h  aluminumcyclohexoxide. The f i n a l  p roduc t  pentacene 5,7, 

12,14-d4 ( V I I I )  was prepared f rom V I I  and aluminurncyclohexoxide. 

D o m ;  
\ \  / /  

D O D  D D 

I V  

D D H  D D 

V 

EXPERIMENTAL 

The a n a l y t i c a l  r e s u l t s  were o b t a i n e d  w i t h  t h e  f o l l o w i n g  i ns t rumen ts :  m.p., 

M e t t l e r  FP5/51; mass spec t ra ,  AEI-MS 9 and Micromass 12 ;  uv, Cary 14; i r ,  Unicam 

SP 1000, measured i n  a K B r  d i s k ,  Naphthalene-d8, LiA1D4 and cyclohexanol-d12 

were purchaced f rom E. Merck, Darmstadt,  Germany. 

1,2-Benzenedicarboxaldehyde-d(I): 

Naphthalene-dg ( 5  9, 37 mmol.) i n  d r y  methano l  (100 m l . )  was ozon ized i n  2 3  h r s  a t  

-50'. 

b u b b l i n g  oxygen th rough t h e  s o l u t i o n ,  d i m e t h y l s u l f i d e  (10 ml., 1 3 6  mmol) was ad- 

ded 

up, y i e l d i n g  1.9 g of a w h i t e  s o l i d ,  m.p. 54.49 l i t .  53.2'; 56-57' f o r  t h e  H 

analog. Ir, 2130 cm-',CDD; anal ,  ca l cd .  C,68.55; D,8.62; found C,68.24; 0,8.59;  

The s o l u t i o n  became c l e a r  and a f t e r  i t  was made f r e e  o f  ozone, by 

t o  t h e  ozon ide  a t  -50'. A f t e r  s t a n d i n g  o v e r n i g h t  t h e  s o l u t i o n  was worked 
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mass anal,, m/e 140,C8D602; m/e l10,C7D50; m/e 82,C6D5; m/e 54,C4D3. 

1,4-Cyclohexanedione-d, (11): 
u 

1,4-Cyclohexanedione ( 5  g,45 mmol.) was dissolved in an already reacted mixture 

of D20 (30 ml., 1.7 mol.) and PC15 (0.5 g, 2.4 mmol.). 

24 hrs at 50'. After cooling, the solid was filtered off and was washed with a 

small amount D 0 and the same exchange procedure was repeated twice. The degree 

of exchange was followed by NMR measurements, After the third exchange, the solid 

was dried and sublimed two times, yielding 4.0 g white solid, m.p. 79.6', lit. 

78-80°. 

0,13.40; found C,60.01; D,13.24, mass anal, m/e 120,C6D802; m/e 60,C4D6. 

The solution was stirred 

2 

I r ,  2125 cm-',CD2; 2940 cm-',CH2 was not found, Anal, calcd. C,29.97; 

6,13-Pentacenequinone-d12 (111): 

I (0.9 g, 6.4 rnmol.) and I1 (0.36 g, 3 m m o l . )  were dissolved in abs. ethanol 

(100 ml.) and heated to 50°, thereafter 10% KOH in D20 (1.5 r n l . )  was added to 

the solution, The mixture was stirred during hr at 50°, cooled, whereafter 

the solid was filtered off and washed with a small amount of ethanol and re- 

crystallized from N,N dimethylformamide (DMF), yielding 0.71 g yellow needles. 

Ir, 2290 cm-',CD; 1675 cm-l,CO; 2940 and 1680 cm" for CH and C@ in the H analog, 

both were not found. Anal. calcd. C,82.49; 0,752; found C,82.16; D,7.68. 

Mass anal. m/e 320,C22D1202; m/e 292; 264; m/e 160,CllD60; m/e 134; 130, 

absorbtion max. in benzene, 303 and 402 nm; lit. H analog 300 and 403 nm. 

Uv,  

Pentacene-d14 (IV): 

Aluminum foil (0.05 g, 1.7 mmol . ) ,  cyclohexanol-d 

tetrachloride (2.5 mg) and HgCl 

until the aluminum foil was dissolved. After cooling the mixture, I11 (0.05 g, 

0.16 mmol . )  was added under stirring, another 4 hrs refluxed, cooled and there- 

after D D (5 ml.) and 37% DCl in D20 (3 ml.) were added, 

tered o f f ,  was washed with D 0 and dried. Under high vacuum was sublimed, 

yielding 10 mg deep blue powder. 

Uv,  absorbtion max. in pyridine, 495, 534 and 580 nm; lit. 495, 534 and 580 nm 

for the H analog. 

(5 ml., 43 mmol . ) ,  carbon- 12 

(2.5 mg) were heated under reflux and dry N2 
2 

The pentacene was fil- 
2 

2 

IVlass anal, m/e 292, C22D14; m/e 146,CllD7, 
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1- Pentacene 1,2,3,4,5,7.8,9,10,11,12,14-d 

Aluminum foil (0.116 g, 4.3 mmol.), cyclohexanol (5 ml., 48 mmol.), carbontetra- 

chloride (0.05 9) and HgCl (3 rng) were heated under reflux and dry N 2  until the 

aluminum foil was dissolved. After cooling the mixture, III (0.116 9, 0.36 

mmol . )  was added and then for 16 hrs heated at Z O O o .  The mixture was then cooled 

water (5 ml.) and 37% HC1 (3 ml.) were added, further diluted with water (95 ml.) 

and the b l u e  mixture filtered off, washed with water and ethanol and dried, 

The powder was sublimed under high vacuum, yielding 40 mg deep blue product. 

Ir, 3060 cm-l,CH; 2280 cm-l,CD. Mass anal. m/e 290,CZ2Ol2H2; m/e 145,CllD6H. 

Uv, absorbtion max. in pyridine, gave the same spectrum as IV. 

2 

1,2-Benzenedicarboxaldehyde-d2 (VI): 

IX (4.0 g, 27.8 mmol . )  and Se02 (3.2 9, 28.8 mmol.) were slowly heated to 150' 

and the water was distilled off, The dry residue was heated in a bulb-to-bulb 

distillation apparatus above 200°, the distilled product was taken up in di- 

ethyl ether and was dried. The solvent was removed and the residue was sublimed, 

yielding 1.4 g light-yellow crystals. M.p. 55.0'; lit. 53.2'; 56-57' f o r  the 

H analog. 

106 C H DO; m/e 78 C H 0' m/e 51,C4H3; a small amount of m/e 148,C8H403 

also found. 

Ir, 2130 cm-l,CDO; 1675 cm-l,CO. Mass anal, m/e 136,C8H4D202; m/e 

was ' 7 4  ' 6 4 '  

VI (1 9, 7.4 mmol.) and I1 (0.4 g, 3.3 mmol.) were dissolved in abs. ethanol 

(125 ml.) and heated to 50-60' and thereafter 10% KOH in water (1.5 ml.) was ad- 

ded to t h e  solution. The mixture was stirred 1 hr at 60°, cooled and the solid 

was filtered off, washed with ethanol and recrystallized from hot DMF. The fine 

yellow needles so obtained were washed with diethyl ether and dried, yielding 

0.83 9. Ir, 3070 cm-l,CH; the CD peak was not visible; 1675 cm-',CO. 

sorbtion max. in benzene, 302.5 and 402 nm, see also the uw spectra of compound 

111. Mass anal. m/e 312,C22D4H802; m/e 284; 256; m/e 156,CI1D2H40; m/e 128 and 

m/e 127. 

Uw, ab- 

Pentacene 5.7.12.14-d4 (VIII): 

Aluminum foil (0.09 g, 3.3 mmol.), cyclohexanol (1.8 ml., 17.3 mmol.), bromine 

(0.01 9) were hgated at 200' under dry N2. The reaction was very slow and after 
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24 h r s  t h e r e  was s t i l l  aluminum f o i l  l e f t .  Then t h e r e  was added HgC12 (0.01 g), 

whereaf te r  t h e  r e a c t i o n  s t a r t e d .  A f t e r  a l l  t h e  aluminum f o i l  had d i sso l ved ,  t h e  

m i x t u r e  was coo led  and VII (0.09 9, 0.3 mmol.) was added. The b l u e  m i x t u r e  was 

heated  d u r i n g  48 h r s  a t  200°, cooled, t h e  p roduc t  was f i l t e r e d  o f f ,  washed w i t h  

water and benzene and d r ied .  The b l u e  p roduc t  was sub l imed under h i g h  vacuum, 

y i e l d i n g  25 m g  deep b l u e  powder. 

was miss ing ,  Uv, a b s o r b t i o n  max. i n  p y r i d i n e ,  as p roduc t  IV. 

282,Cz2D4HlO; m/e 281,CZ2D3Hll; m/e 28O,Cz2D2Hl2; m/e 279,CZ2DHl3; m/e 278,CZ2y2 

a l l  f i v e  d e r i v a t i v e s  i n  r o u g h l y  20% concen t ra t i on ;  m/e 141,CllD2H5; m/e 140, 

C11DH6; m/e 139,CllH7, a l l  t h r e e  d e r i v a t i v e s  i n  r o u g h l y  33% concen t ra t i on .  

Ir, 3060 cm-l,CH; 2280 cm-',CD; 1675 cm-l,CO 

Mass anal .  m/e 

1.2-8is(hydroxymethyl-d ) benzene ( I X ) :  
J 

1,2-Benzenedicarboxyl ic a c i d  d i m e t h y l e s t e r  (10 g, 52 mmol.) i n  d i e t h y l  e t h e r  

(250 ml.) and t e t r a h y d r o f u r a n  (50 m l . )  ( a l l  t h r e e  chemica ls  d r i e d  b e f o r e  usage) 

was reduced w i t h  L i A l D  (2.65 9, 63 mmol.), r e f l u x e d  1 hr and l e f t  o v e r n i g h t  a t  

roomtemperature. 

NaOH i n  020 (2.6 ml.) and D 0 (7.5 ml.) were added i n  t h i s  order .  (By t h i s  

method(8)  a d r y  g r a n u l a r  p r e c i p i t a t e  was obtained.) 

o f f ,  washed w i t h  d i e t h y l  e ther ,  t h e  upper l a y e r  was separated, d r i ed ,  f i l t e r e d  

and t h e  s o l v e n t  removed. 

4.3 g w h i t e  s o l i d  

Ir, 1735 cm-l,CO was miss ing .  

t h e  p r e p a r a t i o n  o f  1,2-benzenedicarboxaldehyde-d (VI). 

4 

The m i x t u r e  was coo led  a t  O o ,  wherea f te r  D20 (2.6 m l . ) ,  15% 

2 
The p r e c i p i t a t e  was f i l t e r e d  

A f t e r  d i s t i l l a t i o n  o f  t h e  res idue ,  b.p. 120°/0.D1 mm, 

was ob ta ined,  m. p. 63.2', l i t .  64.2-64.8' for t h e  H analog. 

Wi thout  f u r t h e r  p u r i f i c a t i o n  t h i s  was used f o r  

2 
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