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427. A Synthesis of 1-Ethyl-9 : 10-dihydro-10-methyl-6 : 7 -  
meth y lenediox y phenanthridine. 

By R. B. KELLY, W. I. TAYLOR, and K. WIESNER. 
A synthesis of I-ethyl-9 : 10-dihydro- 10-methyl-6 : 7-methylenedioxy- 

phenanthridine is described, the properties of which are in agreement with 
those reported for dihydrolycorine anhydromethine. The structure of 
lycorine is discussed. 

KONDO and his co-workers have based their structural formula for lycorine (Kondo and 
Katsura, Ber., 1940, 73, 1424; and earlier papers) on the structure which they assigned 
to its Hofmann degradation product, lycorine anhydromethine (I). Neither (I) nor its 
hydrogenation product dihydrolycorine anhydromethine (11) has been synthesized, but 
the formula (I) was deduced from the products of its oxidation (Kondo and Uyeo, Ber., 
1935, 68, 1756) and from the isolation of 1-ethyl-6 : 7-methylenedioxyphenanthridine 
on zinc dust distillation of dihydrolycorine anhydromethine (idem, Ber., 1937, 70, 1087). 
Since rearrangement of the nucleus may have attended the zinc dust distillation it seemed 
to us that a logical approach to a new discussion of the constitution of lycorine shoiild be 
an unambiguous synthesis of either (I) or (TT). 

(I ; R = CHICHJ (111; R == NO,) ( V ;  4 : 13-double bond) (VII) 
(11; R == C2H5) (ZV; R NH,) (VT; 4 : 5- ., I *  ) 

Reduction of o-ethylformanilide with lithium aluminium hydride afforded o-ethyl-A7- 
methylaniline which was condensed with 4 : 5-methylenedioxy-2-nitrobenzoyl chloride 
to yield o'-et hyl-N-met hyl-4 : 5-me thylenedioxy-2-nitrobenzanilide (I I I). Hydrogenation 
of (111) over Raney nickel gave 2-amino-o'-ethyl-N-methyl-4 : 5-methylenedioxybenzanilide 
(IV) which was subjected to the Pschorr reaction; the crude 1-ethyl-1C-methyl-6 : 7- 
methylenedioxyphenanthridone formed was reduced with lithium aluminium hydride to 
1-ethyl-9 : 10-dihydro-10-methyl-6 : 7-methylenedioxyphenanthridine (11). The melting 
points of synthetic (11) and its picrate were identical with those reported for dihydro- 
lvcorine anhydromethine (idem, ibid.). 

Scheme A J H +  

[>CHCH:CH, NMe<] 

Scheme B --CH~=CH-CH,-NM< P+ 

.1 -Hzo 
--CH:F-CH:CH, NMe< 

If in the Hofmann degradation of lycorine methohydroxide to the anhydromethine 
base (I) no rearrangement has occurred, then lycorine must possess the tetracyclic system 
present in the structure (V) which Kondo and Katsura (Zoc. cit .)  have suggested for the 
alkaloid. Emde reduction of lycorine methochloride, like the Hofmann degradation, 
proceeds with the loss of the vicinal hydroxyl groups and affords, not, as might have been 
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expected on the basis of (V) for lycorine, dihydrolycorine anhydromethine (11), but an 
isomer which contains a virtyl groufi. If, however, the double bond is in the 4 : 5-position 
(as VI), then the Emde reduction would proceed initially by the attack of two electrons 
followed by addition of a proton to the mesomeric anion with the resultant allylic shift 
to produce a vinyl group and a tertiary amine (scheme A ) .  

The final Emde product is probably (VII) for which the ultra-violet absorption spectrum 
(Imm. 297 my, log E: 3.86 ; Kondo and Katsura, Zoc. cit.) is in good agreement. The Hofmann 
degradation is pictured as starting by elimination of a proton from the carbon atom 6 to 
the quaternary nitrogen atom (scheme B),  followed by elimination of two molecules of 
water to give lycorine anhydromethine (I). Further work to substantiate the proposed 
formula (VI) for lycorine is in progress. 

Added in Proof.-Through the kindness of Dr. S. Uyeo, Osaka, Japan, we have shown 
that our synthetic 1 -e t hyl-9 : 10-dihydro- 1 O-me t hyl-6 : ?-met h ylenedioxyphenan t hridine 
is identical with authentic dihydrolycorine anhydromethine in melting point, mixed melting 
point , and infra-red spectrum. 

EXPERIMENTAL 
o-Ethylfovmanilide.-o-Ethylaniline (35 g.) and formic acid (13-2 g.) were heated on a water- 

bath for 30 min., after which the temperature was raised slowly to 240" to allow water and 
excess of formic acid to distill off. After cooling, ether (50 c.c.) was added to the mixture and 
pure o-ethylformunilide (28 g.), m. p. 70", crystallized. For analysis i t  was recrystallized from 
ether and dried in uamo at room temperature for 48 hr. (Found : C, 7 2 . 4 ;  H, 7.4; N, 9.0. 
CgHl,ON requires C, 72 .5 ;  H, 7 . 4 ;  N, 9.4%). 

o-Ethyl-N-methyZuniline.-+-Ethylformanilide (25 g . )  in ether (500 c.c.) was added dropvise 
to ether ( 1  1.) containing lithium aluminium hydride (10 g.) and then heated for 15 hr. under 
reflux. Water was carefully added and after the vigorous reaction had subsided the ethereal 
solution was separated and the aqueous residue extracted three times with ether. The com- 
bined ethereal extracts were dried (Na,SO,) and concentrated to dryness, to yield the crude 
base which after distillation afforded pure o-ethyl-N-methylaniline (21-8 g.), b. p. 95--95"/11 mm. 
It gave a fiicrate, m. p. 13&138", from methanol (Found, in a sample dried in vaczto at 45" for 
48 hr. : C, 49-6 ;  H, 4 - 4 ;  N ,  15.3. 

o'-Ethyl-N-methyl-4 : 5-methylenedioxy-2-nituobenzanilide (111) .-4 : 5-Methylenedioxy-2- 
nitrobenzoyl chloride (from 10 g. of acid) was added slowly to a stirred solution of o-ethyl-N- 
methylaniline (7 g.) and pyridine (15 c.c.) in ether (500 c.c.). After 48 hr. the mixture was 
washed with 5% potassium carbonate solution (500 c.c.), then twice with water. The aqueous 
washings were extracted with ether, and the combined dried ethereal extracts were concentrated 
to dryness in vacuo to give a viscous brown oil (14.4 g.) which was taken up in chloroform and 
filtered through activated alumina 500 g.) . Concentration of the chloroform eluate afforded the 
crude crystalline o-ethyl-N-methyl-4 : 5-methylenedioxy-2-nitvobenzunilide (14 g . )  , m. p. 106" 
constant after one crystallization from ether (Found, in a sample dried in vacuo a t  65" for 
48 hr.: C, 62-1 ;  H, 5.0;  N ,  8.5. C,,H,,O,N, requires C, 62.2;  H, 4 .9 ;  N ,  8.5%). 

2-Amino-o'-ethyl-N-methyl-4 : 5-methylenedioxybenzanilide (IV) .-An ethanolic solution of 
the preceding anilide (10 g.) took up the theoretical volume of hydrogen in 1 hr. in the presence 
of Raney nickel. The solution was filtered, concentrated to dryness, to yield after one crystal- 
lization from ether pure 2-amino-o'-ethyl-N-methyl-4 : 5-methylenedioxybenzunilide (8.5 g.), 
m. p. 121' (Found, in a sample dried in vcscuo at 60" for 48 hr.: C, 68.5;  €3, 6-1 ; N ,  9.5. 
C1,H,,03N, requires C, 68-4; H, 6 - 1 ;  N, 9.4%). 

l-Ethyl-9 : 10-&hydro- 10-methyl-6 : 7-methylenedioxyfihennlzth~idine (11) .-Sodium nitrite (0-8 
g. in 5 C.C. of water) was added to an ice-cold solution of 2-amino-o'-ethyl-N-methyl-4 : 5- 
methylenedioxybenzanilide (2-8 g. )  in 5% sulphuric acid (100 c.c.). After 1 hr. the pale yellow 
solution was heated slowly to 75" and kept thereat for 2 hr. during the slow nitrogen evolution 
and finally a t  100" for 30 min. The mixture was extracted five times with chloroform which 
was then washed with 10% aqueous sodium hydroxide and water. Evaporation of the dried 
(Na,S04) chloroform extract gave a dark brown tar (840 mg.) which was chromatographed 
in ether over activated alumina (2-5 g.) .  The ether eluate (1300 c.c.) yielded on concentration 
a pale yellow wax which after sublimation (130-150"/0-1 mm.) yielded crude l-ethyl-lO-nzethyZ- 
6 : 7-methylenedioxyphenanth~zdone (255 mg., 10%). The whole of the crude phenanthridone 
was refluxed for 15 hr. in ether with lithium aluminium hydride ( 1  g.) . Addition of water and 
extraction with ether afforded a yellow oil (205 mg.) which was converted into a crystalline 

C,,H,,O,N, requires C, 49-5 ;  H, 4 . 4 ;  N, 15.4%). 
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picrate (142 mg.), m. p. 175" (decomp.) (from methanol). For analysis the 1-ethyl-9: 10- 
dahydyo-10-methyl-6 : 7-methylenedioxyphenanlhridine picvale was dried in vacuo at  SO" for 48 hr. 
(Found : C, 55-5 ;  H, 4.2; N, 11.1. C,,H,,O,N, requires C, 55.6; H, 4.1; N, 11.1%). 

A chloroform solution of the picrate was filtered through a short column of activated alumina, 
then concentrated to dryness, to give the base (22 mg.), m. p. 87" constant after one crystalliz- 
ation from ether-light petroleum (b. p. 30-60') (Found, in a sublimed sample : C, 76.1 ; 
H, 6.2. C,,HI7O,N requires C, 76.4; H, 6.4%). 

We are indebted to the National Research Council, Canada, for a grant and a N.R.C. fellow- 
ship to one of us (R. B. K.), and to the Monsanto Chemicals Limited, St. Louis, for a gift of 
o-ethylnitrobenzene which was used for the preparation of o-ethylaniline. 
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