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recrystallized from %yo ethanol; m.p. 135-136" (lit. 132°)9; 
yield 755& 

Anal. Calcd. for CljHI40: C, 85.68; H, 6.71. Found: C, 
85.94; H, 6.93. 

8-(p-1M(,thozyphenyl)-cc-phenyla~ylic acid, ethyl ester (Id) 
was prepared in the usual way by refluxing the acid with 5y0 
ethanolic hydrogen chloride; recrystallized from ethanol; 
m.p. 48-50"; yield 51%. * 

Anal. (hlcd. for C18H1&: C, 76 57; H, 6 43. Found: C, 
76.79; H, 6.30. 

Y-(p-Mi,thoxyphenyl)-d-plienylpropionic acid, ethyl ester 
(Id dihydro) was prepared by hydrogenation of the acrylate 
(Id), 35 g , ethanol, 120 ml., and nickel-kieselguhr catalyst,5 
5 g. a t  2000 p.s.i. and a t  130' for approximately 1 hr. ;  
recrystallized from 957, ethanol; m p. 57-59'; yield quanti- 
tative. 

Anal. ('alctl. for ClaH2001: C, 76.03; H,  7.00. Found: C, 
76.60; H, 7.29. 

S-(o-Methoxyphenyl)-2-phenylpropionic acid, methyl ester 
(IC dihydro) was prepared in the same manner as the ethyl 
ester (described above); b.p. 147-155'/0.5 mm., n::' 
1.5538; yield quantitative. 

Anal. C'alcd. for C17H1803: C, 71j.53; IT ,  6.71. Found: C, 
76.01; H,  6.86. 

S-(~~,~-MetAylenedioxyphen~l)-b-phenylpropionic acid, 
methyl e s t v  (If dihydro) was prepared as described above; 
b.p. 16%-105"/0.2 mm., n y O  1.5636; yield quantitative. 

(9) AI .  8. K1i:ir:isc-h a t i d  TI. G. Chpp, J .  Org. Chem., 3, 
355-80 (1'138). 

Anal. Calcd. for C1,H1604: C, 71.81; H, 5.67. Found: C, 
71.06: H. 5.94. 

' 3-(3,4-Methylenediosyphenyl)-2-phenylpropionic acid, 
ethyl ester (Ia dihydro) was prepared as described above; 
b.p. 161-190°/0.2 mm., ny ' 1.5552; yield quantitative. 

Anal. Calcd. for C18HlaOr: C, 72.47; H, 6.08. Found: C, 
72.10; H, 6.41. 

2,s-Dipiperonylidenesuccinic acid, dimethyl ester (IV) 
was prepared by refluxing 2,3-dipiperonylidenesaccinic acid,6 
83 g., sulfuric acid, 50 g., and methanol, 1 l., for 6 hr. The 
product was isolated in the usual way; rcwyst:illized from 
rthanol; n1.p. 181-182'; yield quantitittivt:. 

ilnul. Calctl. for (::2111~0~: C, 64.30; IT> 4.42. Found: C ,  
63.83; 11, 4.70. 

N,N-Diethyl-p- (3,4-methylenedioxyphenyl)-a-phenyl- 
acrylamirle (Ig) was prepared in the usual way by reacting 
the acid chloride xvith diethylamine; recrystallized from 
95% ethanol; m.p. 128-129'; crude yield quantitative. 

Anal. Calcd. for C&21N03: N, 4.33. Found: S, 4.07. 
N,h'-Dieth~l-p-(p-methoxyphenyl)-cc-phenylacrylamide (Ih) 

was prepared as described above; recrystallized from etha- 
nol-water (4: 1);  m.p. 68-70'; crude yield quantitative. 

Anal. Calctl. for C?OH~~?JO?: N, 4.53. Found: 4.77. 

A c1cn.owladgment. ,111 niicroanulyses were per- 
formed i)v T<atliryii Ckrdeman, of t he Chemistry 
I)cpn,rtnient, [-ti i vrrrity of Zlarylniitl. 
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The  prcLparation of racemic 2-cstrbomethoxy-N-methylgranatonine is desrrihed, and certain of it? physiral and chemical 
propertie6 are compared with those of racemic 2-carbomethosytropinone. 

Succindialdehyde combines with methylamine 
and the half methyl ester (11) of /3-ketoglutaric an- 
hydride (I), the principal product being racemic 2- 
carbomethoxytropinone (VI and its mirror image). 
The readiness with which this variation of Robin- 
son's biological s y i i t h e s i ~ ~ , ~  occurs made it seem 
probable that an analogous condensation in which 
glutaraldehyde, now obtainable c~nimercially,~ 
was used in the place of succindialdehyde would 
give racemic 2-carbomethoxy-N-methylgranatonine 
(3 - keto - 2 - carbomethoxy - 9 - methyl - 9 - aza- 
bicyclo [3.3.1 lnonane) (111) with comparable ease; 
and it was thought that this compound, which has 

* Present address: 206 Branch Avenue, Red Bank, N.  J. 
(1) S. 1'. Findlay, J .  Org. Chem., 22, 1385 (1957). 
( 2 )  R. Robinson, J. Chem. SOC., 111, 76% (1917). 
(3) R. Willstatter, H. Wolfes, and R. Mader, ilnn., 434, 

(4) IC. Alder and H. A. Ilortmnnn, Chem. Ber., 86, 1544 
111 (19231. 

(1953). 

not been reported before. would permit some in- 
structive comparisons with racemic 2-carbometh- 
oxytropinone and that it might constitute a valu- 
able intermediate in the synthesis either of an- 
algesics like cocaine and psicaine5 or of certain de- 
rivatives of cyclooctane or of both. 

By this procedure 2-carbomethoxy-X-niethyl- 
granatonine (111) was indeed obtained, but the 
yield realized (ca. 25%) was disappointing, being 
no greater than half that of 2-carbomethoxytro- 
pinone.' The large quantities of colored by-products 
likewise isolated, are, because of their solubility in 
aqueous alkali, very probably P-keto esters also. 
It is pertinent here to note that, although trans 
fusion of the rings in the reaction leading to 2- 
cwboinethoxytropinone (VI) is almost certainly 

(5) 7'hr dlrrck Indcx, Sixth F:ditiori, Alcsrrk & C'o., Inr., 
R:th\vay, N. ,J., 1932, p. 80:1. 
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impossible, some trans combination of the piperi- 
dine rings formed in this reaction is a t  least con- 

I I1 

* 
I11 

1 C H J  
2 nq K2C0, Q 

VI1 
VI 

ceivable and that in instances in which ring strain 
is non-existent, as in the synthesis of the analogous 
1,2,6-trimethyl-4-piperidone1 both the cis and trans 
isomers are obtained.6 However, in this reaction 
no evidence of the formation of trans isomer 
was found. It is worth noting also that the phenom- 
ena observed in connection with the preparation 
of each of these two compounds resemble those 
recorded by McElvain and Adams of the amino p- 
keto ester, ethyl isogranatonine carboxylate (VII).' 

Certain of the physical properties of racemic 2- 
carbomethoxy-N-methylgranatonine indicate it to  
be a mixture: in the anhydrous form, obtained by 
sublimation, it melts over a considerable range 
(97.3-101.8'), and in chloroform solution this 
modification has absorption maxima characteristic 
of both keto and enol structures. I ts  solubility in 
both polar and non-polar solvents is considerable, 
and it readily forms a hydrate when its solution in 
acetone is diluted with water. In  all these respects it 
resembles 2-carbomethoxytropinone closely. On 
the other hand, its picrate, prepared in methanol, 

(6) C. Mannioh, Arch. Pharm., 272, 323 (1934). 
(7) S. M. McElvain and R. Adams, J .  Am. Chem. Soc., 

45, 2738 (1923); see also, R. H. F. Manske and H. L. 
Holmes, The Alkaloids, Vol. I, Academic Press, Inc., New 
York, 1950, p. 188. 

was not converted to another mndification by 
recrystallization from acetone. 

The ultraviolet absorption spectra indicate that 
in absolute alcoholic solution the proportion of 2- 
carbomethoxy-N-methylgranatonine existing as the 
enol tautomer is considerably greater than that of 2- 
carbomethbxytropinone (Table I). It is note- 
worthy that the location of the absorption maxi- 
mum and the molar extinction coefficient, both of 
which are different for the two compounds in ab- 
solute alcohol, have both become the same or nearly 
so in 50% aqueous acetic acid. Presumably in this 
solvent the two esters are enolized entirely. 

TABLE I 

Racemic 
Racemic 2-Carbo- 
2-Carbo- niethoxy- 
methoxy- .V-methyl- 
tropinone granatonine 

Melting points 
iZnhydrous form 102-104°' 1~7,3-101.6"a 

Picrate salt 168" and 176" 20705 

Absolute alcohol 255 mp ( E  = 253 mp (e = 

50% Aq. acetic 248 mp (e = 

Hydrated form 93-96 O 98-100. j o a  

A4bsorption spectra 

6190)' X930)a 
248 mp ( E  = 

acid 9727)' !)420)a 

' This investigation. 

Methyl iodide combines with racemic 2-carbo- 
methoxy-N-methylgranatonine in acetone solu- 
tion to give a derivative having the composition 
of the methiodide, C12H201N03. This substance is 
soluble in cold aqueous potassium carbonate, but 
the resulting solution does not yield 2-carbometh- 
oxy-2,7-cyclooctadienone (IT) or 2,7-cyclooctadien- 
one (V) either a t  room temperature or on heating. 
The apparent pronounced stabilization of an essen- 
tially labile compound through combination with 
methyl iodide arises probably from the formation 
of an inner salt like that present in phenolbetaines 
which makes the Hofmann Degradation of phe- 
nolic alkaloids difficult also8 and, together with its 
tendency to lose hydrogen iodide (see Experimen- 
tal section), suggests that this substance has struc- 
ture IX rather than structure VI11 or VIIIa. The 
methiodide has absorption maxima a t  221 mp 
( E  = 15,600) and a t  247 m p  (e = 8,600) in absolute 
alcohol, and at  228 mp (e = 15,930) and approxi- 
mately a t  250 mp in aqueous solution. These are due 
presumably to the iodide ion9 and t o  the a,P- 
unsaturated ester linkage. 

(8) Cf., L. F. Small and R. E. Lutz, The Chemistru of the 
Opium Alkaloids, United States Government Printing 
Office, Washington, D. C., 1932, pp. 147 and 268. 

(9) For iodide in aqueous solution Xmsx = ca. 226.5 mp 
( E  = 18,200) [A. D. Awtrey and R. E. Connick, J .  Am. 
Chem. SOC., 73, 1842 (1951)]. 
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1x 

By recrystallizing the L-bitartrate of the race- 
mic base from water a small yield of one antipode 
of 2-carbomethoxy-N-methylgranatonine as the 
L-bitartrate salt, C16H23N09-2H20, mas obtained 
pure or nearly pure: [a]: $43.4' in water. In  
analogy with (+)-(2-carbomethoxytropinone) (VI), 
the L-bitartrate of which is less soluble in water 
than that of the (-)-antipode,' the basic moiety of 
this L-bitartrate should have the absolute configura- 
tion or three-dimensional structures of formulas, X- 
XII, representing the enol form and the two pos- 
sible keto forms of the base. 

Catalytic hydrogenation' of this antipode in 
aqueous acetic acid should result in the two opti- 
cally active 2-carbomethoxy-N-methylgranatolines 
(XI11 and its Cz epimer) having an axial C3- 
hydroxyl group (tropine or a! configuration), 10-12 

whilst hydrogenation with sodium amalgam3 should 
afford the two optically active 2-carbomethoxy-A'- 
methylgranatolines having an equatorial C3-hy- 
droxyl group (pseudotropine or p configura- 
tion). ~ ~ 9 ~ 3  Benzoylation of these esters should 
furnish analogues of the ~ o c a i n e s ~ J ~ ~ ' ~  and hydrol- 
ysis hydroxyamino acids closely related to the 
ecgonines. 3, - 1 4  

ncrj, "4, 
C0,CH 4 11 

I 

H _- -L i L 'C02CH3 

NCHj 'SCH, 

\ 
XII OH 

This investigation will not be continued. 

(10) D. 13. R. Barton, J .  Chem. SOC., 1027 (1953). 
(11) G. Fodor and K. Nador, J. Chem. SOC., 721 (1953). 
(12) S. P. Findlay, J .  Org. Chem., 21, 711 (1956). 
(13) S. P. Findlay, J. Am. Chcm. SOC., 76,  2855 (1954). 
(14) A. Einhorn and A. Marquardt, Ber., 23, 468 (1890). 

EXPERIMENTAL l5 

Materials. Glutaraldehyde, supplied and used as a 25% 
solution in water, was a gift of the Carbide and Carbon 
Chemicals Company. Fisher C.P. methylamine hydrochloride 
and Mallinckrodt A.R. L-tartaric acid (the common or 
naturally occurring antipode) were employed. 

Racemic 8-carbomethoxy-N-methylgranatonine (S-keto-2- 
carbomethoxy-9-methyZ-9-azabicycZo [S.S.1 ]nonane) (111). @- 
Ketoglutaric anhydridelJ6 (13.5 g., 0.105 mole) was dis- 
solved in Fisher absolute methanol (100 ml.) a t  0". This 
mixture was kept one hour a t  room temperature and poured 
into another consisting of methylamine hydrochloride (10.0 
g., 0.148 mole), 4N aqueous sodium hydroxide (25 ml.), 
and water (850 ml.). To the resulting solution glutaralde- 
hyde (40 g. of a 25y0 aqueous solution, 0.100 mole) was 
immediately added. The evolution of carbon dioxide soon 
became noticeable, and after 2 to 3 hr. the initially rather 
pale yellow solution had acquired an orange hue. 

After 24 hr. a t  room temperature the orange reaction 
mixture was filtered from some flocculent matter and the 
filtrate brought to pH ca. 4 with GN sulfuric acid, an ob- 
servable evolution of carbon dioxide being thus brought 
about. A little potassium bicarbonate, anhydrous sodium 
sulfate (50 g.), and more potassium bicarbonate (15 g. 
altogether) were successively dissolved in this mixture, 
which was then extracted with chloroform (6 X 100 ml.). 
The dried (sodium sulfate) extracts were concentrated on 
the steam bath and then in vacuo to  a thick, orange brown 
oil (18.5 g.) having a greenish fluorescence. Seeded with 
material from a previous preparation, long, delicate filaments 
grew gradually from the upper walls of the flask to  the 
surface of the red liquid which during the course of several 
weeks was slowly converted thereby to a semi-circle of 
mounds consisting of slender prisms mixed with reddish- 
brown liquid impurities. 

By leaching with boiling ligroin (b.p. 60-71") ( 2  X 100 
and 50 ml.) from the reddish-brown by-products and remov- 
ing the solvent from the yellow leachings in vacuo, an oil 
(8.0 g.) was isolated which, when mixed with absolute 
methanol (5 ml.) and seeded with anhydrous 2-carbo- 
methoxy-N-methylgranatonine, slowly solidified. This mate- 
rial was purified by distillation about 90°/1 mm.: 5.1 g. 
(24%) of pale yellow solid melting a t  98.7-101.6". 

Another preparation conducted essentially as the fore- 
going except that the temperature was maintained about 
0" for 24 hr. gave ca. 5.5 g. of the 8-keto ester. 

The above-mentioned brown, ligroin-insoluble by-prod- 
ucts (10.5 g.) were soft a t  GO" but solid a t  room tempera- 
ture. This mixture was dissolved in a solution of potassium 
hydroxide (2.2 g.) in methanol (25 ml.) and precipitated a t  
0' therefrom with carbon dioxide. The recovered, brick-red 
solid could not be sublimed in ~ ( C C U O ,  and attempted re- 
crystallization from aqueous acetone gave only a small yield 
of yellow solid. The ligroin-insoluble fraction was not further 
investigated. 

Physical properties of racemic 2-earbomethosy-N-methyl- 
granatonine. A small amount (ca. 0.1 g.) of the filaments 
(m.p. 102-104") described above were sublimed about 
'30°/1 mm. The nearly colorless sublimate adhered tena- 
ciously to the cold finger, readily acquired an electric charge, 
:md melted over a considerable range, 97.3-101.8'. 

i inal.  Calcd. for CIII1l&Os: C, 62.53; 11, 8.11. Found: 
C, 62.28; H, 8.06. 

The sublimed base (1.0 g.) was dissolved in hot acetone 
(5.0 ml.); and, aftcr cooling the solution somewhat, water 
(1.0 ml.) was added. The crystals which soon began to 
precipitate were collected after a day and washed with 
acetone: rosettes of colorless, minute, broken prisms, m.p. 
98-100.5'. 

(15) The melting points lierein recorded are corrected 

(16) R. Kaushall, J .  Indian  Chem. Soc., 17, 138 (1940). 
and were observed in Pyrex capillaries. 
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Anal .  Calcd. for CltH1~NO3.1'/2HzO: C, 55.44; H, 8.46. 
Found: C, 55.33; H, 8.44. 

In  chloroform solution the anhydrous base did not absorb 
near 3.0 p but did so a t  5.76 p ,  5.87 p, and 6.03 p,  band lot* 
tions characteristic of unconjugated ester, unconjugated 
ketone, and conjugated ester groupings, respectively. The 
band intensities in the 5.5-6.5 p region were measured about 
10 min. after making up the chloroform solution and again 
about 2 hr. later. No change of intensities was noticed. 
In  Nujol it did not absorb appreciably near 3.0 p, or 5.75 p, 
or 5.85 p ;  but it did have a strong band at  6.04 p. The 
sesquihydrate absorbed strongly in the 3-p region and a t  
6.0 p in Nujol; but, like the anhydrous modification, i t  had 
no bands near 5.75 p and 5.85 p. 

In  absolute alcohol the p-keto ester had an absorption 
maximum a,t 253 mp ( E  = 8930) and in aqueous acetic acid 
(50% by wight )  a t  248 mp ( E  = 9420). I n  the latter solvent 
:t sample of anhydrous racemic 2-carbomethoxytropinone' 
absorbed a t  248 mp ( E  = 9727). 

The anhydrous base dissolved readily in alcohols, acetone, 
and chloroform, and also in water. It was less soluble in 
ether and in ligroin. 

Racemic 2-carbomethoxy-N-methylgranatonine hydropicrate. 
Sublimed racemic 2-carbomethoxy-N-granatonine (0.42 g.), 
dissolved in warm methanol (6 ml.), was added to a hot 
solution of picric acid (0.46 9.) and methanol (5 ml.). Yel- 
lowish orange grains of the picrate melting at 204.5-205' 
precipitated a t  once. Recrystallized from methanol, it was 
obtained as stout prisms, m.p. 207" (bubbling), the salt 
discoloring several degrees below the fusion point. From 
acetone it separated as minute cubes which melted also a t  
207" but did not, discolor below this temperature. The sample 
from acetone was dried 18 hr. a t  room temperature in 

iuni hydroxide for analysis. 
Anal .  Calctl. for Cl&S&l": C, 46.36; H, 4.58. Found: 

C, 46.60; €1, 4.51. 
Racemic 2-carbomcthoxy-N-nlethylgranatonine methiodide. 

Sublimed racemic 2-carboniethoxy-N-methylgranatonine 
(2.0 g.), dissolved in acetone (25 ml.), was mixed with methyl 
iodide (2.0 nil.); and the resulting solution was left 1 hr. a t  
room temperature. The crystals which began to precipitate 
almost imniediately were then collected, washed with ace- 
tone, and dried overnight, in vacuo over potassium hydroxide: 
3.05 g. (9lI;;j of yelloivish white methiodide melting above 
:100", which is  OW in iodine, presumably through loss 
of hydrogen ioditlr,, :is in the case of pseudoccgoninc rneth- 
ioditlC.'3 

Anal. C a l ( ~ 1 .  Tor CI2€&J?;O~: C, 40.80; H, 5.71; I, 35.93. 
P'ound: C, 41.00; €1, 5.54; I, 35.35. Kept overnight the 
mother liquors doposited an additional small amount of 
met'hiodide. 

In absolute alcoliol the methiodide had absorption 
maxima at  221 nip ( E  = 15,600) and a t  247 mp ( E  = 8600) 
and the indication of a weak maximum a t  335 mp. The 
proximity of the first ti\-o maxima makes the molar extinc- 
t,ion coefficients, especially the second, probably not very 
accurate. In  water it absorbed strongly at  228 mp (e  = 
15,930), and a shoulder on the longer wave length side of 
this maximum indicated another, hidden maximum about 
250 mp. 

The methiodide (0.73 9.) was suspended in water (10 ml.) 
in which it did not completely dissolve, and saturated 
aqueous potassium carbonate (10 ml.) was added. The result- 
ing clear solution was shaken 70 min. with ether (75 ml.). 
From the dried (sodium sulfate) ethereal phase a negligible 
residue was obtained. The aqueous phase was heated at  
100" 1.5 hr. during which interval a moderate turbidity 
developed. Kept overnight a t  0", the mixtuie deposited no 
crystalline material. It was made mildly acidic Yith 6N 
aqueous sulfuric acid and extracted with ether (4 X 25 
nil.). Evaporation of the dried (sodium sulfate) extracts 
again resulted in the recovery of a negligible residue. 
Throughout these operations the color of the aqueous phase 
changed very little or not a t  all. 

Resolution of racemic 2-carbomethoxy-~V-methylyranatonine. 
Sublimed racemic 2-carbomethoxy-N-methylgranatonine 
(4.84 9.) and L-tartaric acid (3.31 g.) m-erc dissolved in water 
(12 ml,). Exposed to air the solution became more viscous, 
but no crystals formed. After a day the evaporated water 
was replaced, and the solution was left once more exposed to 
air. During the next day or so crystals slowly separated. 
These were recrystallized from water (2.0 ml.): 0.95 g., 
[a]y +42.1" (e, 2, water).'? Recrystallized again from 
water the L-bitartrate dihydrate as colorless needles was 
obtained: 0.2 g., [a];' +43.4" (e, 2, water).17 

Anal. Calcd. for C15H23N09.2H20: C, 45.33; HI 0.85. 
Found: C, 45.07; H, 6.92. 

Dried to constant weight a t  57" in uacuo alto the salt 
underwent a weight loss of 9.53% (theoretical loss for two 
moles of water: 'J.07yO), and the residue appeared to be 
anhydrous. 

Anal .  Calcd. for CJI23NO9: C, 49.30; H, 6.42. Found: 
C, 49.71; H, 6.60. 

The bitartrate is evtremely soluble in TT atcr and appears 
to crystallize much more slowly from solution after seeding 
than the 2-carboniethoxytropinone bitartrates. ' From the 
mother liquors the base slightly enriched in one antipode 
was recovered by adding excess potassium bicarbonate and 
extracting with chloroform. 

Spectral measurem~nts .  The infrared measurements were 
made with a Perkin-Elmer (Model 21) double beam spectro- 
photometer having sodium chloride optics. The ultraviolet 
absorption spectra were determined by a C'nry Recording 
Spectrophotomcter (Model 11). 
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