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temperature, an orange precipitate formed and was collected and recrys- 

tallized from absolute ethanol to give the iodide salt 2. 
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SYNTHESIS OF 3-METHYL- AND 3-tert-BUTYLPHENANTHRENE 
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3-Methylphenanthrene (5) was needed as an analytical standard and for 

precise thermodynamic studies as a model monomethyl tricyclic fossil-fuel 

constituent.' The Bogert-Cook synthesis shown below is a well-known route 
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to alkyl substituted phenanthrenes but the influence of the spiro hydro- 

carbon 4 as a side product has not been reported.' The purpose of the 

current synthesis made even a minor conversion of 4 to Z-methylphenan- 

threne by ring expansion unacceptable 

purity. 

C H I  

since 5 was required in 99 .9+% 

a 3  

U 6 

& 6 Y  

4 

To test for skeletal rearrangement of 4 ,  the mixture of 4 and 5 was 

first treated with picric acid in methanol to remove 5 as the picrate. 

The filtrate, containing 4 ( 4  does not form a picrate), was concentrated 

and extracted with hexane through basic alumina contained in a Soxhlet 

extractor3 to remove picric acid. Preparative high pressure liquid 

chromatography4 (HPLC, silicafiexane) removed remaining traces of 5 and 

other impurities to give 4 which appeared as a single HPLC (analytical, 

silica/hexane) peak and a single GC peak using a 6' x 1/8" OV-101 packed 

column. Capillary GC on this material separated it into two peaks having 

retention times of 43.21 and 43.63 min.5 This sample of spiro hydrocarbon 

4 ,  with 2- and 3-methylphenanthrenes absent, was resubjected to the same 

treatment with hot Pd/C as was used to convert 3 to 5 .  NMR ('H and I 3 C )  

showed that recovered 4 was unchanged. 

To further test the identity and sterochemistry of structure 4 ,  it 

was oxidized with chromic acid to the liquid ketone mixture 6a. A single 
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carbonyl peak in the 13C NMR spectrum but extra 13C NMR signals indicated 

an isomeric mixture. The capillary GC trace showed two peaks at 72.83 and 

72.92 min. in the ratio 1:1.5.5 The red 2,4-dinitrophenylhydrazone (2,4- 

DNP), 6b, mp. 245-247", was prepared, recrystallized, and hydrolyzed3 with 

aqueous Tic13 to 6a.6 The 13C NMR spectrum of 6a retained the extra peaks 

and thus ketone 6a is a mixture of isomers with fortuitously identical 

carbonyl chemical shifts in their 13C NMR spectra. 

Since spiro hydrocarbon 4 is not altered by the aromatizing condi- 

tions used to produce 5 ,  the reaction sequence may reliably serve to 

synthesize phenanthrenes substituted at C-3. The sequence was used to 

prepare 3-tert-butylphenanthrene as well in 32% yield. 

EXPERIMENTAL SECTION 

4-Methvl-l-~henethvlc~c10hexan-l-ol(2).- 4-Methylcyclohexanone (1) (112 g, 

1 rnol in 200 mL ether), purified via the semicarbazone, was added dropwise 

to phenethylmagnesium bromide in 600 mL anhydrous ether. The Grignard 

reagent was prepared from 212 g (1.15 mol) of phenethyl bromide and 28.5 g 

(1.15 equiv) of magnesium. After 1 hr of reflux, the reaction mixture was 

cooled, poured onto a mixture of ice and hydrochloric acid, extracted with 

ether, dried (MgSOh), filtered, and concentrated to 163 g of yellow oil. 

Distillation gave 111 g (50%) of 2 ,  bp. l10-l15°/0.1 nun, lit.7 bp. 113"/ 

0.1 mm. 

I3C NMR (CDC13): 

30.2, 29.6, 22.3. 

Cvclization of Alcohol2 to a Mixture of 3-Methyl 1.2.3.4.4a.9.10.10a- 

Octahydrovhenanthrene ( 3 )  and SDiro Hydrocarbon ( 4 ) . -  The alcohol 2 (332 

g, 1.5 mol) was dehydrated with 70 g of Amberlyst-158 (A-15) in 1.5 L of 

refluxing benzene, the water produced by the reaction was removed using a 

Dean Stark trap. When the azeotrope was no longer produced, the reaction 

6 142.9, 128.3, 128.2, 125.5, 70.3, 46.3, 36.8, 32.3, 
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mixture  was f i l t e r e d ,  a f r e s h  b a t c h  o f  A-15 (60 g) w a s  added ,  and r e f l u x  

was con t inued  f o r  7 2  h r s  u n t i l  GC a n a l y s i s  (5% Carbowax 20 M on Chromosorb 

W c o n t a i n e d  i n  a 1/8" x 6 '  s t a i n l e s s  s t e e l  t ube )  showed a mixture  of 3 and 

4 ( 8 8 : 1 2 ) .  Add i t ion  o f  f r e s h  A - 1 5  (10 g )  and h e a t i n g  f o r  2 h r s  d i d  n o t  

change t h i s  r a t i o .  The r e a c t i o n  mixture  was coo led ,  f i l t e r e d ,  concen- 

t r a t e d ,  and d i s t i l l e d  t o  g ive  2 2 1  g (74%) o f  c o l o r l e s s  o i l ,  bp .  80 -90" /0 .2  

nun, l i t . 8  bp .  86" /0 .1  mm. 

Pd /C-ca ta lyzed  Dehydrogenation of a Mixture of 3 and 4 t o  3 - M e t h y l ~ h e n a n -  

t h r e n e  (5) and 4 . -  A mixture  o f  3 and 4 (20 g, 0 . 1  mol) was dehydrogenated 

t o  a mixture  of  5 and unreac ted  s p i r o  hydrocarbon 4 by h e a t i n g  a t  245" f o r  

8 h r s  i n  t h e  p re sence  o f  1 g o f  10% Pd/C. The r e a c t i o n  mixture  s o l i d i f i e d  

on c o o l i n g .  I t  was d i s s o l v e d  i n  benzene ,  f i l t e r e d  through D i c a l i t e ,  and 

c o n c e n t r a t e d  t o  1 9 . 5  g of  da rk  p roduc t ,  t hen  d i s s o l v e d  i n  200 mL methanol 

and added t o  a s o l u t i o n  of  30 g of p i c r i c  a c i d  i n  200 mL of methanol .  The 

r e s u l t i n g  ye l low p i c r a t e  o f  5 was c o l l e c t e d ,  r e c r y s t a l l i z a t i o n  from h o t  

methanol t o  g ive  1 9  g of ye l low n e e d l e s ,  mp. 1 3 6 " ,  l i t . 7  mp. 1 3 8 - 1 3 9 . 5 " ,  

l i t . '  mp. 137-138" .  This  p i c r a t e  was decomposed3 on a column o f  b a s i c  

alumina (1" d iame te r  x 3")  u s i n g  hexane t o  g ive  9 . 0  g ( 5 0 % )  of 5 ,  mp. 6 1 -  

6 2 " ,  l i t .  

IH-NMR (CDCL3): 6 8 . 6 4  ( d ,  lH), 8 . 4 4  ( s ,  lH), 7 .82  ( d ,  lH), 7 . 7 4  ( d ,  lH), 

7 .68-7 .50  ( m ,  4H), 7.36  ( 3 ,  lH), 2.56  ( s ,  1H); I 3 C - N M R  (CDC13): 6 1 3 6 . 3 ,  

132 .3 ,  1 3 0 . 2 ,  1 3 0 . 1 ,  1 2 8 . 6 ,  1 2 8 . 5 ,  128 .4 ,  1 2 6 . 8 ,  126 .5 ,  1 2 6 . 4 ,  1 2 6 . 2 ,  

1 2 6 . 0 ,  1 2 2 . 7 ,  1 2 2 . 5 ,  22 .2 .  

mp. 6 1 . 5 - 6 2 . 5 " ,  l i t .9 mp. 62-63" .  

The f i l t r a t e  from above was concen t r a t ed  and f r e e d  of p i c r i c  a c i d  by 

p a s s i n g  i t s  s o l u t i o n  i n  hexane through a column (1" diameter  x 4 " )  of 

b a s i c  a lumina .  The hexane e x t r a c t  was concen t r a t ed  and Kugelrohr d i s -  

t i l l e d  t o  g ive  4 g of ye l low o i l  r i c h  i n  4 and 5 a s  a minor GC 

component.1° S i m i l a r l y  193 .5  g o f  mixture  o f  3 and 4 was dehydrogenated 
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and processed as described above to yield 93 g of 5 and 35 g of an oil 

rich in 4 .  

The purity of 5 was independently verified by capillary GC/MS 

studies ,I1 which showed that 1- and 2-methylphenanthrene were both absent 

in the final sample of 5 (99.99% purity). 

Purification of Suiro Hydrocarbon ( 4 1 .  - Preparative HPLC' gave 17.5 g of 4 

as a colorless oil, bp. 85-9Oo/0.l mm. 

I3C NMR (CDC13): 6 152.1, 151.7, 143.3, 142.7, 126.1, 126.0, 125.9, 

125.6, 124.3, 124.2, 123.4, 121.9, 47.7, 47.4, 39.2, 39.1, 34.9, 34.1, 

32.4, 32.2, 30.1, 29.9, 29.8, 29.4, 22.7, 19.9. 

Anal. Calcd for C15H20: C, 89.94; H, 10.06 

Found: C, 89.87; H, 10.15 

Chromic Acid Oxidation of 4 to SrJiro Ketone 6a.- An 8 g (0.04 mol) sample 

of 4 was oxidized as described13 to give 8.2 g of green oil. Kugelrohr 

distillation at 105-110"/0.4 mm gave 6.8 g (80%) of 6a as a pale yellow 

oil. 

I3C NMR (CDC13): 6 204.9, 163.6, 163.2, 135.6, 135.5, 134.5, 134.3, 

127.3, 124.5, 123.7, 123.1, 123.0, 49.3, 48.0, 42.5, 42.4, 38.2, 33.6, 

32.4, 31.7, 29.4, 27.0, 22.3, 18.1. 

Ketone 6a (4.0 g) was converted to its 2,4-DNP which after three 

crystallizations from boiling nitroethane gave 1.8 g of 6b as red needles, 

mp. 245-247". Thin layer chromatography of this 2,4-DNP on silica 

(toluene) showed a single spot. To 1.77 g of the 2,4-DNP in 200 rnL of 

dimethoxyethane was added 45 mL of a 20% aqueous solution of TiC13.6 The 

reaction mixture was heated to reflux for 45 min under nitrogen, cooled, 

diluted with water, and extracted with ether. The ethereal extract was 

washed with water, dried (MgSOb), and filtered. Concentration gave 1 g of 

dark yellow oil which was passed through a column (1" diameter x 6") of 

silica with a 1:l mixture of  ether:hexane. Distillation (Kugelrohr) gave 
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0.5 g of 6a as a pale yellow viscous liquid. Capillary gas chromatography 

showed two peaks at 72.83 and 72.92 min in the ratio 1:1.15.5 The 13C NMR 

spectrum of 6a was unchanged after hydrolysis of its 2,4-DNP. 

u. Calcd for C15H180: C, 84.07; H, 8.47 

Found: C, 83.94; H, 8.52 

Synthesis of 3-tert-Butv1~henanthrene.- Using the procedure described for 

the synthesis of 5, with substitution of 4-~-butylcyclohexanone for 1, 

gave 3-=-butylphenanthrene, mp. 49-50", lit.12 mp. 45-55"; picrate mp. 

140-141", lit.12 mp. 142-143", in 32% overall yield. 

I3C NMR (CDC13): 6 149.2, 132.1, 130.4, 129.9, 129.8, 128.5, 128.1, 

126.4, 126.2, 124.8, 122.4, 118.1, 35.1, 31.5. 

Acknowledgement.- The Oklahoma State University authors are grateful for 
financial support from the National Institute for Petroleum and Energy 
Research, Bartlesville, OK 74005. 
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* * * * *  

SYNTHESIS OF 2-[4-WETHOXY-2-[2-(METHYLSULFINYL)ETHOXY]PHENYL]- 

1~-IHIDAZ0[4,5-~)PYRIDINE, A POTENT NONGLYCOSIDE 

INHIBITOR OF Na+, K+-ATPASE 

Submitted by David W. Robertson* and Joseph H. Krushinski 
( 0 5 / 0 6 / 8 7 )  

Lilly Research Laboratories 
Eli Lilly and Company 
Indianapolis, IN 46285 

AR-L 100 (compound 1, 2-[4-methoxy-2-[2-(methylsulfinyl)ethoxy]- 

phenyl]-lIj-imidazo[4,5-b]pyridine) is one of the few potent, nonglycoside 

inhibitors of Na+, K+-ATPase. 'I2 We now describe our synthesis of this 

important pharmacological tool as shown below. Since acid-catalyzed 
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