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(loss of CHO). The clear liquid began to darken when left a t  
room temperature for a number of days. 
l-Pentyne-3-hydroxy-4-one Ethylene Ketal ( 5 )  .-Compound 2 

(5 g, 43 mmol) was dissolved in tetrahydrofuran distilled from 
calcium hydride (20 ml) and added to a solution of ethynyl- 
magnesium bromide, prepared from magnesium (2 g, 83 g- 
atoms), ethyl bromide (6 ml, 84 mmol), and acetylene gas, over 
a 30-min period. The reaction was stirred a t  room temprature 
under a positive pressure of nitrogen for an additional 12 hr. 
The brown reaction mixture was then carefully poured onto a 
cooled solution of saturated ammonium chloride. The aqueous 
phase was extracted with three 150-ml portions of ether. The 
combined ether extracts were dried, filtered, and evaporated 
under vacuum. Glc of the yellow oil obtained indicated that 
one product had formed in essentially quantitative yield. The 
oil could be distilled under high vacuum to yield a clear liquid 
boiling at  112-118' (5 Torr). In  actual practice the product 
obtained was pure enough to carry through to  the next reaction. 
The product was stored in the cold, since it readily darkened a t  
room temperature. Spectra data were obtained on a sample 
that was pure by glc analysis: nmr (CCla) 8 1.32 (s, 3 H), 2.29 
(d, J = 2 Hz, 1 H) ,  2.87 (s, 1 H) ,  3.92 (s, 2 H), 3.94 (9, 2 H), 
4.09 (d, J = 2 Hz, 1 H); ir (neat) Xmax 2.8 (broad), 3.05, 4.72, 
9.4 (broad), 9.6 1.1; mass spectrum m/e 142 (parent ion). 

l-Pentyne-3,4-dione 4-Ethylene Ketal (l).-Compound 5 
(20 g, 0.14 mol) was dissolved in acetone (100 ml) in a three- 
neck flask fitted with an overhead stirrer and a 125-ml addition 
funnel. The reaction was cooled to 0" and stirred vigorously. 
The Jones reagent was added dropwise over a period of 1 hr until 
a red color persisted (65 ml). The reaction was filtered and the 
green chromium salts were washed with ether. The aqueous 
phase was extracted with three 150-ml portions of ether. The 
ether extracts were combined and back-washed once with satu- 
rated sodium chloride solution. The ether extracts were then 
dried, filtered, and evaporated under vacuum. Glc of the yellow 
liquid obtained indicated that only one product had formed, 
with the yield being greater than 90%. The yellow liquid could 
be distilled under high vacuum to yield a colorless liquid boiling 
a t  65-71" ( 5  Torr), which darkened if kept out of the freezer for a 
prolonged period of time. Spectral data was obtained on a 
sample pure by glc analysis: nmr (CC14) 6 1.40 (s, 3 H), 3.31 
(s, 1 H), 3.97 (s, 4 H); ir (neat) Xmax 3.08,4.79, 5.92 8.3 (broad), 
9.8 1.1 (broad); mass spectrum parent ion - 15 (loss of CHa), 
parent ion - 53 (loss of CaHO). 
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The Zj4a-ethanophenanthrene ring system has been 
little explored in the chemical literature.' 

This paper describes a novel two-step synthetic 
route to  the 2,4a-ethanophenanthrene ring system 
(Scheme I). 

(1) N. P. Shusherina, R. Ya. Levina, and L. V. Kondrat'eva, Zh. Obshch. 
Khzm., 87, 2255 (1957); N. P. Shusherina, N. 0. Dmitrieva, and R. Ya. 
Levina, zbzd., 83, 213 (1962); N. N. Girotra and L. H. Zalkow, Tetrahedron, 
a i ,  io1 (19135). 
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Base-condensation of a-tetralone with ethyl ethoxy- 
methylenecyanoacetate followed by hydrolysis afforded 
ethyl 5,6-dihydro-2 -oxo-2H -naphtho [ 1,241pyran-3- 
carboxylate (1). The pyran 1 was allowed to react 
with ethylene a t  3000 atm to give ethyl 2,3,4,4a19,10- 
hexahydro-2,4a-ethanophenanthrene-2-carboxylat e ( 5 )  , 
The use of ethylene at 1000 atm gave the intermediate 
ethyl 3,4,9,10-tetrahydrophenanthrene-2-carboxylate 

Hydrogenation of 5 yielded ethyl 1,2,3,4,4a,-9,10,10a- 
octahydro-2,4a-ethanophenanthrene-2-carboxylate (9). 
The structure of esters 3, 5, and 9 were characterized 
by conversion to  the corresponding carboxylic acids 
4,7,  and 11. 

Similarly, ethyl 7-methoxy-1,2,3,4,4a,9,10,10a-octa- 
hydro-2,4a-ethanophenanthrene-2-carboxylate (10) was 
prepared from 6-methoxy-a-t et r alone, 

1,2,3,4,4a,9,10,1Oa-Oc tahydro-2,4a-ethanophenan- 
threne-%amine hydrochloride (12) was synthesized from 
the corresponding acid 11. 

(3)' 

Experimental Section 

Melting points were determined on a Thomas-Hoover "Uni- 
melting" apparatus and are uncorrected. Infrared spectra were 
determined on a Perkin-Elmer Model 21 spectrometer in Nujol. 
Nmr spectra were obtained on a Varian A-60 spectrometer with 
(CHa)4Si as the internal standard. Uv spectra were obtained 
on a Cary Model 14PNI spectrometer. 

Ethyl 5,6-Dihydro-2-oxo-2H-naphtho[1,2-b]pyran-3-carboxyl- 
ate (1).-To a solution of 0.55 mol of NaOEt in 500 ml of di- 
methoxyethane, 84.5 g (0.5 mol) of ethyl ethoxymethylene- 
cyanoacetate and then 73 g (0.5 mol) of a-tetralone were added 
dropwise. The reaction mixture was stirred overnight a t  room 
temperature and poured onto 500 ml of 3 AT HCl. Yellow crys- 
tals were collected by filtration and washed with MezCO. A 
mixture of the crystals and 500 ml of HzO was warmed on the 
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steam bath for 3 hr, cooled, and filtered to give 112.4 g (83%) 
of 1, mp 145-147'. Two recrystallizations (EtOH) gave an 
analytical sample: mp 148-149"; ir 1750 cm-' (C=O); nmr 
(DMSO) 6 1.4 (t, 3, CHa), 2.9 (m, 4 H), 4.35 (q, 2, OCHz), 
7.0-8.0 (m, 5 H ) .  

Anal. Calcd for Cl6H1404: C, 71.10; H, 5.23. Found: 
C, 71.16; H,  5.34. 

Ethyl 8-Methoxy-5,6-dihydr0-2-0~0-2H-naphtho [ 1,241 pyran- 
3-carboxylate (2) .-6-Methoxy-ci-tetralone (470 g, 2.67 mol) was 
converted by the procedure described above to 2, mp 141-143'. 
Recrystallization (DMF-HzO) gave 550 g (68.5%) of analytically 
pure 2: mp 150.5-182'; ir 1750 cm-l (C=O); nmr (CF3C02H) 
6 0.9 (t,  3, CH3), 2.2 (s, 4 H),  3.2 (s, 3, OCHa), 4.0 (4, 2, OCHz), 
6.4-7.4 (m, 3 H), 8.0 (s, 1 H). 

67.76: H ,  5.43. 
Anal. Calcd for C17H1605: C, 67.99; H,  5.37. Found: C, 

2,3,4,4a,9,10-Hexahydro-2,4a-ethanophenanthrene-2-carbox- 
ylic Acid (7).-The pyran 1 (50 g, 0.185 mol) was allowed to  react 
with ethylene at  3000 atm at  200' for 14 hr to give 47.3 g (91%) 
of 5, mp 50-51', ir 1730 cm-1 (C=O). A mixture of 7 g (24.8 
mmol) of 5 an 125 ml of 2 AT NaOH was heated at  reflux for 12 
hr, cooled, washed twice with EtzO, and acidified with concen- 
trated hydrochloric acid to give 5.77 g (92%) of 7, mp 217-225'. 
One recrystallization (EtOH) gave an analytical sample: mp 
227-228'; ir 1700 cm-l (C=O); nmr (DMSO) 6 1.3 (m, 4 H), 
2.0 (m, 4 H), 2.5 (m, 4 H) ,  6.2 (s, 1 H), 7.3 (m, 4 H).  

Anal. Calcd for C17H1802: C,  80.28; H,  7.12. Found: C, 
80.06; H,  6.86. 

Ethyl 8-Methoxy-2,3,4,4a,9,lO-hexahydro-2,4a-ethanophen- 
anthrene-2-carboxylate (6).-Similarly, 82.5 g (0.275 mol) of 
the pyran 2 gave with ethylene 73 g (85%) of colorless crystals 
(EtOH) of 6, mp 92-92.5', ir 1725 cm-' (C=O). 

Anal. Calcd for C Z O H Z ~ O ~ :  C, 76.89; H,  7.74. Found: 
C,77.17; H,  7.81. 
3,4,9,10-Tetrahydrophenantrene-2-carboxylic Acid (4).-The 

pyran 1 (10 g, 37 mmol) was allowed to react with ethylene at  
1000 atm at  200" for 14 hr to give 9 g (96%) of a reddish oil 3, 
ir 1700 cm-1 (C=O). The oil was hydrolyzed with 2 N NaOH 
to give 6.55 g (74%) of 4, mp 184-186'. One recrystallization 
(EtOH) gave an analytical sample: mp 188-189'; ir 1775 cm-l 
(C=O); uv (EtOH) 353 nm (E 19,600); nmr (DMSO) S 2.5 (m, 
8 H),  7.0 (6, 1 H), 7.2 (m, 4 H).  

Anal. Calcd for C15H1402: C, 79.62; H,  6.24. Found: 
C, 79.99; H,  6.25. 
7-Methoxy-2,3,4,4a,9,lO-hexahydro-2,4a-ethanophenanthrene- 

2-carboxylic Acid @).-A mixture of 460 g (1.47 mol) of 6, 80 g 
(2 mol) of NaOH, and 1000 ml of diethylene glycol was heated 
at  160" for 2 hr. The mixture was cooled, diluted with HzO, 
and acidified with concentrated hydrochloric acid to give 410 g 
(99%) of 8. One recrystallization (CH,CrU) gave an analytical 
sample, mp 213-216', ir 1700 cm-' (C=O). 

'Anal. Calcd for C18Hz00z: C, 76.03; H, 7.09. Found: C, 
76.24; H,  7.07. 

1,2,3,4,4a,9,10,10a-Octahydro-2,4a-ethanophenanthrene-2- 
carboxylic Acid (ll).-The ester 5 (25 g, 88.7 mmol) was hydro- 
genated in EtOH with 5% Pt-C a t  3 atm at  room temperature. 
Filtration and concentration of the filtrate gave 24.15 g (96%) 
of 9, mp 74-79', ir 1730 cm-1 (C-0). Hydrolysis of 9 with 
2 N NaOH gave 19.8 g (91%) of 11, mp 205-207'. One re- 
crystallization (EtOH) gave an analytical sample: mp 209- 
210.5'; X 1700 cm-1; nmr (Di'vfSO) 6 1.8 (m, 13 H),  2.75 (t, 
2 H),  7.15 (m, 4 H ) .  

Anal. Calcd for C17H2002: C, 79.65; H,  7.86. Found: C, 
79.62; H, 7.90. 

Ethyl 7-Methoxy-l,2,3,4 ,4a19, 10,10a-octahydro-2,4a-ethano- 
phenanthrene-2-carboxylate (lo).-A mixture of 69.6 g (0.2 mol) 
of 6,200 ml of EtOAc, and 0.2 g of 10% Pd/C was hydrogenated 
a t  50 psi and room temperature to give 70 g (100%) of 10. One 
recrystallization (i-PrOH-HzO) gave an analytical sample, mp 
65.5-67.5', ir 1730 cm-l (C=O). 

Anal. Calcd for CzoHzs03: C, 76.40; H,  8.34. Found: c ,  
76.69; $1, 8.40. 

1,2,3,4,4a,9,10,10a-Octahydro-2,4a-ethanophenanthrene-2- 
amine Hydrochloride (12).--A solution of 6.0 g (23.4 mmol) of 
the acid 11 and 2.6 g (25.7 mmol) of Et3N in 80 ml of MezCO was 
cooled to 0'. Maintaining this temperature, 2.8 g (25.8 mmol) 
of ClCOzEt was added, the reaction was stirred for 30 min, and 
then a solution of 3.1 g (47.7 mmol) of NaNa in 8 ml of HzO was 
added. After the reaction mixture was stirred for an additional 
30 min, it was poured onto ice and extracted with 4 X 50 ml of 

toluene. The combined extracts, after drying over MgSOr, 
were gently heated until NZ evolution ceased. Concentration 
under vacuum gave 5.75 g of the isocyanate, X 2300 cm-1 (NCO). 
A solution of this isocyanate in 15 ml of methanol was stirred 
overnight and the solvent was removed under vacuum to yield 
the methyl carbamate, X 1750 cm-I (C=O). A solution of the 
carbamate in 100 ml of BuOH containing 11.2 g (0.2 mol) of 
KOH was heated at  reflux overnight, then cooled and acidified 
with 4 N aqueous HC1. The acidic solution was concentrated 
under vacuum and the residue was twice recrystallized (HzO) 
to give 1.8 g (29qF) of 12, X 3300 cm-' (NHI), nmr (DzO) 6 1.8 
(m, 13 H), 2.78 (t, 2 H), 7.2 (m, 4 H).  

Anal. Calcd for ClBH11N"Cl*1/~H20: C, 70.18; H, 8.46; 
N ,  5.12; C1, 12.95. Found: C, 70.44; H,  8.46; N,  5.07; 
C1,12.94. 

Registry No.-1, 23716-45-2; 2, 32497-39-5; 4, 
39253-61-7; 5 ,  23716-46-3; 6 ,  32497-41-9; 7, 23718- 
15-2; 8, 32497-43-1; 9, 23716-47-4; 10, 32497-42-0; 
11,23716-48-5; 12,23716-49-6; ethyl ethoxymethylene- 
cyanoacetate, 94-05-3; a-tetralone, 529-34-0 ; 6-me- 
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A number of methods for the practical chemical 
synthesis of a-amino acids exist12 among which the 
amination of carboxylic acids figures prominentIy. 
For example, amination of a-halogen acids3 and un- 
saturated esters4 and reductive amination of a-keto 
acids6 is frequently employed. Recently, Inouye, 
et al., reported the amination of sodiomalonate by 
chloraminea and Yamada, et al., have described a 
similar amination of a-lithiated carboxylic acid salts 
by various aminating  reagent^.^ However, the car- 
boxylation of the a-carbon atom of amines has not 
been reported previously. 

Within the framework of our studies on the syn- 
thesis of amino acids, we have studied the reaction 
of isocyano compounds with various electrophiles.s-10 
In the present paper, we wish to report a new syn- 
thesis of a-amino acids by a-carboxylation of isocyano 
compounds, which are easily prepared from the cor- 
responding amines.'l 
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