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Pyrolytic aromatization reactions involving the 
elimination of a bridgehead methyl group are seldom 
of synthetic utility. Thus, the pyrolysis of steroidal 
10-methyl ring A dienones to 19-norphenolic steroids 
are characterized by reaction temperatures between 
300 and 700" and yields of less than 30%.2 Similarly, 
pyrolytic aromatizations of bi~-A~~*(~)-steroidal dienes 
to  the corresponding ring B aromatic steroids are usually 
effected in low yield~.~-"J  

We wish to  report a high-yield pyrolytic aromatiza- 
tion involving the elimination of a bridgehead methyl 
group under exceptionally mild conditions. Pre- 
viously unreported dimethyl 3,5,6,7,8,8a-hexahydro- 
5,5,8a-trimethyl-l,2-naphthalenedicarboxylate (1)) pre- 
pared in 69% yield by the Diels-Alder reaction of 1- 
vinyl-2,6,6-trimethylcyclohexene with dimethyl acetyl- 
enedicarboxylate, is quantitatively aromatized to  di- 
methyl 5,6,7,8-tetrahydr0-5,5-dimethyl-l, 2-napht hal- 
enedicarboxylate (2) by heating in triethylene glycol 
dimethyl ether at 200" for 14 hr. At m/e greater than 
178 (11. of solvent) the mass spectra of the reaction 
mixture and an analytical sample of 2 were identical. 
The nmr spectrum of the isolated product exhibited 
peaks due to  a trace of residual solvent but was other- 
wise identical with the spectrum of the analytical sam- 
ple. To the extent that  the results of pyrolytic aroma- 
tization studies of various methyl-substituted 1,4- 
cyc l~hexad ienes~~- '~  apply to  the aromatization of 1, 
the  reaction probably goes through a nonchain radical 
process. 
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Whereas 1 is a useful intermediate for the synthesis 

of many sesquiterpenes, 2 should prove to  be useful 
for t'he synthesis of compounds such as the tanshinones'j 
or 4,4-dimethyl ring B aromatic steroids. 

(1) P. 0. Box 33221, Central Research Laboratories, 3M Company, St .  

(2) C. Djerassi, "Steroid Reactions-An Outline for Organic Chemists," 

(3) A. Windaus and P. Borgeaud, Justus Liebigs  Ann. Chem.,  460, 235 

(4) A. Windaus and 0. Linsert, i b i d . ,  466, 148 (1928). 
( 5 )  A. Windaus and R.  Langer, i b i d . ,  608, 105 (1933). 
(6) F. Schenck, K. Buchhole, and 0. Wiese, C h e m .  Ber.,  69, 2696 (1926). 
(7)  A .  Windaus and C. Roosen-Runge, ibid. ,  75, 321 (1940). 
(8) R. P. Jacobsen and C. 2. Nawrocki, J .  A m e r .  C h e m .  Soc.,  62, 2612 

Paul, Minn. 55133. 

Holden-Day, San Francisco, Calif., 1963, pp 382-383. 

(1928). 

(1940). 
(9) R. P. Jacobsen, ibid. ,  66, 1789 (1943). . 
(10) E. Mosettig and I .  Scheer, J .  Org. Chem.,  1'7, 764 (1952). 
(11) R. J. Ellis and H. M. Frey, J .  C h e m .  Soc. A ,  553 (1966). 
(12) H. M. Frey and D. H. Lister, i b i d . ,  509 (1967). 
(13) H. M. Frey and D. €1. Lister, ibid. ,  1800 (1967). 
(14) H. M. Frey, A. Krantz, and I. D. R.  Stevens, i b i d . ,  1734 (1969). 
(15) A. C. Baillie and R. H. Thomson, J .  C h e m .  Soc. C, 48 (1968). 

Experimental Section 

Dimethyl 3,5,6,7,8,8a-Hexahydro-5,5,8a-trimethyl- 1 ,2-naph- 
thalenedicarboxylate (1).-A mixture of 12.92 g (0.086 mol) of 1- 
vinyl-2,6,6-trimethylcyclohexene and 25 ml of dimethyl acetyl- 
enedicarboxylate was mechanically stirred and heated on a steam 
bath under nitrogen for 71 hr. Prolonged heating at  higher 
temperatures causes the dimethyl acetylenedicarboxylate to 
tetramerize.16 Vacuum distillation gave 17.35 g (69%) of 1 
contaminated with a small amount of 2 :  bp 135' (0.13 mm); 
uv max (MeOH) end absorption; ir (neat) 1725 (C=O), 1670, 
1630 (C=C), 1250 cm-' (CO); nmr (CCL) 6 5.92-5.49 (dd, 1, 
J = 3.0, 2.6, 3.0 Hz,  =CH), 3.70 (s, 6, OCHB), 3.00 (d, 1, J = 
5.6 Hz, =CHCHz), 2.8 (d, 1, J 3.0 Hz, =CHCHz), 1.70-1.27 
[m, 6, (CISZ)~], 1.37 (s, 3, bridgehead CH,), 1.17 (s, 3, geminal 
CH,), 1.13 (s, 3, geminal CH3); mass spectrum (70 eV) m/e (re1 
intensity), 292 (21, 277 (131, 260 (26), 245 (loo), 233 (371, 213 
(98), 163 (37). 

C. 70.03: H ,  8.51. 
A n a l .  Calcd for C~,HZ.IO~: C, 69.84; H ,  8.27. Found: 

Dimethyl 5,6,7,8-Tetrahydro-5,5-dimethyl- 1,2-naphthaIene- 
dicarboxytate (2).-A solution of 1 (0.5 g) in 5 ml of triethylene 
glycol dimethyl ether was heated a t  200' for 14 hr. The reaction 
mixture way diluted with chloroform and extracted with water. 
Concentration of the dried (sodium sulfate) chloroform solution 
gave a quantitative yield of 2, as a pale yellow oil: uv max 
(pentane) 241 nm (e 9400), 281 (1500), 289 (1450); ir (neat) 
1725, 1735 (C=O), 1590 (aromatic CH), 1275, 1290 cm-l (CO); 
nmr (cc14) 6 7.38 and 7.75 (ABq, 2, J = 9 Ha, aromatic H), 
3.85 (s, 6, OCH,), 2.86-2.54 (m, 2, benzyl CHZ), 2.13-1.50 [m, 
4, (CHZ)~],  1.33 [s, 6, (CH3)2]; mass spectrum (70 eV) m/e 
(re1 intensity) 276 (4), 261 (9), 245 (37), 244 (loo), 229 (49), 
213 (4), 201 (8), 186 (21), 142 (8). 

A n a l .  Calcd for Cl6HzoOa: C, 69.55; H ,  7.30. Found: C, 
70.00; H ,  7.47. 
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The recent observation of Alt and Gallegos' that  
enamines react with cyanoacetic acid to  produce alliyli- 
denecyanoacetic acids has led us to  examinc the 
limitations of 1-morpholino-1-cyclohexene as an inter- 
mediate for the prrparation of cyclohexylidcne deriva- 
tives (Knoevenagel products). 

llalonic acid derivatives which contain a t  lcast onc 
cyano group (cyanoacetic acid derivatives) react with 
the enamine in an exothermic reaction within 30 min, 
producing the expected product in a t  lcast 59% yield. 
On the other hand, sevcral other compounds having 
active methylene groups (phenylacetonitrile, ethyl 
malonate, acctylacetone, chloroacetic acid, and chloro- 
acetonitrile) failed to givc a condcnsation product even 
with extensive boiling. Thc limitation is essentially 
the same as documented so carefully by Hein, Astle, and 
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