
THE PAPILIONACEOUS ALKALOIDS 

XV. THE STRUCTURE AND THE PARTIAL SYNTHESIS OF RHOMBIFOLINE~ 

ABSTRACT 
Rhombifoline is isomeric with thermopsine and anagyrine, and, like both these 

alkaloids, contains a n  a-pyridone ring. I t  can be dealkylated to  cytisine, and, 
on catalytic hydrogenation, yields octahydrodesoxyrhombifoline, which is 
identical with hexahydrodesoxy-N-(n-buty1)-cytisine, the hydrogenation product 
of N-(n-buty1)-cytisine. The  results of the hydrogenation thus indicate that  the 
molecule of rhornbifoline contains a third double bond, which is shown by its 
infrared spectrum to  be located a t  a terminal methylene group. Rhombifoline 
is therefore N-(but-3-eny1)-cytisine, a conclusion which was confirmed by the 
partial synthesis of the alkaloid from cytisine. 

Rhombifoline occurs in Thermopsis rhombifolia (Nutt.) Richards along with 
3-methoxypyridine, cytisine, N-methylcytisine, 1-thermopsine, and anagyrine 
(6). I ts  formula was originally reported as C15H2oO?N2, but reanalysis of its 
derivatives now shows that this should be corrected to  C15HzoONz, making the 
alkaloid isomeric with thermopsine and anagyrine. Like the latter, rhombifoline 
distilled as a thick, almost colorless oil, which failed, however, to give consistent 
results on repeated analysis. The above formula was derived from numerous 
analyses of the hydrochloride, perchlorate, picrate, and chloroplatinate. The 
homogeneity of the base was tested by chromatography, but no separation was 
achieved. I t  is apparently s~~sceptible to air oxidation, however, since a sample 
of the base which has been allowed t o  stand in air several days darkens in color, 
and does not readily form a perchlorate. 

Although there are two nitrogen atoms in the molecule, rhombifoline behaves 
as a monoacidic base towards most salt-forming acids; potentiometric titration 
of the perchlorate with sodium hydroxide solution shows only one inflection 
in the neutralization curve, giving a pK value of 7, and a molecular weight of 
325 for the perchlorate. In addition, the single oxygen atom is neutral, exhib- 
iting neither ketonic nor hydroxylic reactions, which suggests that i t  is com- 
bined with the neutral nitrogen atom in a lactam grouping. This is confirmed 
by the infrared spectrum of a chloroform solution of the base, which shows a 
strong carbonyl peak a t  1651 cm.-l, with smaller peaks a t  1565 and 1552 cm.-1, 
which is typical of a-pyridones (7, 1) and no band in the NH and OH region 
(Fig. 1). The presence of an a-pyridone ring is further confirmed by examin- 
ation of the infrared spectrum of the product obtained by hydrogenation of the 
alkaloid with Adams' catalyst in glacial acetic acid, which shows only a car- 
bony1 peak a t  1611 cm.-l, typical of a-piperidones (7 , l ) .  The fact that rhombi- 
foline gives a red-brown color with aqueous ferric chloride also indicates the 
presence of such a ring. 

Manzfscript received September 28, 1951. 
Contribution from the Division of Chemistry, National Research Coa~ncil, Ottawa. Canada. 
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COCKB lIR!V A N D  BIAKION: PAPILIONACBOUS ALKALOIDS XI' 93 

tl preliminary examination of I-hombifoline by che~nical  neth hods gave little 
information as to the s t r u c t ~ ~ r e  of the remainder of the molecule. With bromine 
in carbon tetrachloride, a solid perbromide was formed, which gradually 
evolved bromine on standing, leaving a red gum whicl~ could not be purified. 
No reaction was obtained with acetic anhyclricle in the presence of either sul- 
p l l~~r ic  acid or pyricline, the allialoid being recovered ~~nclia~iged.  -4 similar 
result was obtained by refluxing xvith allialine ferricya~ide solution. With 
neutral permanganate in acetone, however, after an initial period of sluggish 

Fig. 1. Infrared spectra of chlorofor~l~ solutions of the bases, using a calcium fluoride prism. 
Co~icentration of rho~nbifoline 3 ingm. per rnl. Concentmtio~i of dihydrodesoxyrhombifoiine 
10 rngm. per ml. 

reactio~i, extensive oxidation tooli place, and'no identifiable products were iso- 
lated. Attempts to form a methiodide by heating with methyl iodide in meth- 
anol solution in a sealed tube yielded only the hydriodicle of the base, while 
milder methods gave unchanged starting material. 

Hydrogenation with Adams' catalyst in 2N hydrocl~loric acid, a method 
first used by Galinovsliy for the conversion of a-pyriclone and a-piperidone 
bases to the fully saturated form (3), gave an uptake of five molecules of 
hydrogen. The product was a mobile, pale-yellow oil, b.p. 140-145" a t  14 inin., 
which readily formed a monoperchlorate, m.p. 139-140". Since saturation of 
the pyridone ring o~lly accounts for four molecules of hydroge~~,  the presence of 
a third double bond in the molecule is indicated. This was confirmed by 
analysis of the reduced base and its perchlorate, which indicated the formula 
C15I-IzaNz, corresponding to octahydrodesoxyrhombifoline. When the hydro- 
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04 CANADIAN JOURNAL OF CHEMISTRY. I'OL. 30 

genation was carried out in glacial acetic acici, slightly more than three inole- 
cules of hydrogen were taken up, corresponding to conversion of the pyridone 
to a piperidone ring, and saturation of the third double bond. The product 
could be distilled in two fractions; the first being a mobile oil, b.p. 60-70" a t  
0.2 mm., which was not analyzed, but showed no carbonyl or hydroxyl band 
in its infrared spectrum; while the second was a more viscous oil, b.p. 70-100" 
a t  0.2 mm.. which failed to give a picrate or perchlorate, and appeared from 

eO - RHOMBIFOLINE 

9 1400 1200 1000 800 
t 

80 N - M E T H I L G I T I S I N E  

= n 

Fig. 2. Infrared spectra of carbon disulphide solutions of the bases, containing 10 Ingm. per 
ml., and using a rock salt prism. The broken line in the spectrum of rhombifoline gives the 
absorption of a liquid film of the alkaloid. 

the analytical figures to be a m i ~ t u r e . ~  The latter compound showed a band 
in its infrared spectrum a t  1611 cm.-I, corresponding to  an a-piperidone, but  
it could not be purified further. In a repeat run, however, the products were 
separated by chromatography, the main fraction being obtained as  a yellow 
oil which analyzed for C ~ ~ H Z ~ O N ~ .  On further hydrogenation in 2 N  hydro- 
chloric acid, this oily product took up another two molecules of hydrogen, 
yielding a colorless, mobile oil, which, however, was apparently different from 
octahydrodesoxyrl~o~nbifoline. The  perchlorate melted diffusely a t  175-190°, 
and yielded analytical figures indicating that i t  was not homogeneous. 

Much more valuable information was obtained from the infrared spectrum 
in the "fingerprint" region. As can be seen from Fig. 2, a comparison of the 
spectra of rhombifoline and N-methylcytisine shows that a large proportion 

3Leotzard and Marion report a s in~ i lar  result wi th dehydrolzcpa7~ine ( M A ) ,  which gave a mixture 
of a-isolupanine and a-isosparteine on hydrogenatio?~ with Adams' catalyst i n  glacial acetic acid, 
m i n g  to partiul reduction of the carbolzyl group (5) .  
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Fig. 3. X-ray powder photographs taken on a Philips camera of 113.59 mm. dianleter 
using a Co target with Fe filter. A :  cytisine perchlorate. B: lihornbiloline perchlorate. 
C: K-methylcytisine pcrchlorate. 
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COCKBUI<N AND 2-IARION: PAPILZONACEOUS ALKALOIDS. X V  95 

of the peaks in one can be matched with corresponding peaks in the other, 
differing Inore or less in shape and intensity, but  of approximately the same 
wave lengths. This similarity in spectra, which is even more pronounced than 
was noted for anagyrine and thermopsine (I),  suggests a possible structural 
relationship, the most obvious being that  of N-alkylcytisines. I t  was found 
that  N-methylcytisine can be demethylated to cytisine in 5040% yield by 
heating the hydriodide in the  presence of a n ~ m o n i u n ~  iodide, under the con- 
ditions of the Herzig-Meyer N-methyl determination. Under the same con- 
ditions, rhombifoline gave a 45% yield of cytisine, proving either that  it is an 
N-alkylcytisine, or that  it is a mixture containing a large proi~ortion of N- 
methylcytisine or cytisine itself. The latter possibility is ruled out by a com- 
parison of the X-ray powder photographs of the perchlorates of cytisine, N- 
methylcytisine, and rhornbifoline (Fig. 3). The  three patterns are quite dis- 
tinct, and preclude the possibility of rho~nbifoline containing either of the other 
two in anything but the most minute traces. Anagyrine, which has no free 
alkyl group, was recovered unchanged when submitted to the same treatment. 
Iience rhombifoline consists of cytisine with an N-alkyl group containing four 
carbon atoms and one double bond, and can be written C ~ ~ H I ~ O N ~ . C ~ H ~ .  

In order to ascertain whether the N-alkyl group is a straight or branched 
chain, N-n-butylcytisine was synthesized by refluxing equimolecular amounts 
of cytisine and n-butyl bromide in acetone in the presence of potassium car- 
bonate. The  product was a yellow oil which analyzed as  C15H220N2, and gave 
a perchlorate m.p. 246-8". The  melting point was depressed to 237-9" by ad- 
mixture with rhombifoline perchlorate. Hydrogenation with Adams' catalyst 
in 2 N hydrochloric acid gave hexahydrodesoxy-N-n-butylcytisine, which was 
converted directly to the monoperchlorate, n1.p. 139-140". This melting point 
was not depressed by admixture with octahydrodesoxyrhon~bifoline mono- 
perchlorate, and the two compounds are identical. Rhombifoline is therefore 
an N-n-butenylcytisine, and it only remained to discover the position of the 
double bond.4 

Below is a table, based on various sources (2, 8, 9, 10) of the probable posi- 
tion of the principal infrared absorption bands used to distinguish between 
different types of ethylenic double bond. 

TABLE I 

PROBABLE POSITIONS OF THE PRINCIPAL ABSORPTION EANDS ASSOCIATED WITH 
DIFFEREKT TYPES OF ETAYLENIC BOND 

and 
2900-3000 I 
910 and 990 cm.-I 

1640 
3000-3100 

4The nonreactivity of this  duuble bond towards permangannte and broniine i s  dific.iilt to explain, 
but. m a y  be connected wi th  tlze comparatively large size of the molecztle. 

965 ( trans)  
l G T O  
295CL3050 
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96 C A N A D I A N  JOURN.4L OF CHEMISTRY. i'OL. M 

The  carbon-carbon stretching absorption a t  1640-1670 cm.-l shown by 
ethylenic double bonds is relatively weak, and would be obscurecl b ~ .  the strong 
carbonyl bancl a t  1651 cn~.-', and an attempt was made to remove this group 
by reduction with lithium aluminum hydride. The spectrunl of the product 
showed, in addition to the conjugated double bonds a t  1569 and 1565 c111.-1, a 
double peak a t  1630-1640 ~111.-1, which nlay be due to a terminal nlethrlene 
group (Fig. The analysis of this dil~yclrodesoxyrl~o~nbifoline was unsatis- 
factory, however, and more definite evidence was sought. This was found in a 
comparison of the infrarecl spectra in the "fingerprint" region (650 to 1500 
cm.-') of rhombifoline ancl N-7%-butylcytisine (Fig. 2). I t  can be seen that the 
two are very similar, except for additional bands in rhombifoline a t  759, 011, 
982, 990, and 3060 cnl.-l. The band a t  759 an.-' has often been found to occur 
in the spectra of other lupine alkaloids, and may or maj7 not be present in the 
spectra of different samples of the same compound. I t  is possibly due to  contam- 
ination with extracting solvent, such as chloroform, and may be discounted, 
while that a t  990 cm.-1 is also present in the spectrum of N-methylcytisine, 
and may therefore be due to a skeletal vibration. Hence the significant bands 
are those a t  911, 982, and 3060 cm.-I. Reference to the table above shows that 
these frequencies are normally given by a ter~ninal methylene group. 

Final confirmation of the structure assigned was obtained by a partial syn- 
thesis of the molecule. But-3-en01 was prepared by the action of ally1 mag- 
nesium bromide on trioxymethylene, and converted to but-3-enyl bromide 
with phosphorus tribromide in the presence of pyridine (4). The  bromide was 
then refluxed in acetonewith an equin~olecular amount of cytisine in the presence 
of anhydrous potassium carbonate for 65 hr. The product was freed froin 
uncl~anged cytisine by acetylation, and distilled as a thick yellow oil, which, 
on account of the behavior of natural rhombifoline, was converted directly to 
the picrate, perchlorate, and hydrochloride. These salts were found to have 
almost the same decomposition melting points as those of the corresponding 
salts of the natural alkaloid, and admixture caused no depression. Final proof 
of identity was obtained by co~nparison of the infrared spectra of the free bases, 
and X-ray powder photographs of the perchlorates, which were in both cases 
identical. Rhombifoline is thus N-(but-3-eny1)-cytisine, and is represented b57 
the forn~ula below 

The close relationship of this alkaloid to thermopsine and anagyrine is ob- 
vious, and suggests that all three may stem from a common precursor. 

6The snlall band at 1680 cnz.-' was foz~nd to increase at the expense of the 1569-1665 cnr.-1 band 
after the cotnpoz~nd hud been exposed lo air for several hours, and nray be due lo a n  olcidalion product. 
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COCKBii,YN riNU IIfAIIION: PAPILIONACEOUS A L K A L O I U S  XI '  97 

EXPERIMENTAL 

All melting points are corrected, unless otherwise stated. I n  every case, 
the capillary tube was inserted in the bath or block about 15" below the melting 
point, with a heating rate of 3-5" per minute. 

All spectra were taken on a Perkin-Elmer R'Iodel 12c Spectrometer, with a 
1 mnl. cell. 

Rhonzbifoline 
The alltaloid was obtained from Tlzermopsis rlzombifolia by hot methanol 

extraction, and fractional vacuum distillation of the purified bases, and purified 
by reel-ystallization of the perchlorate from water ~ ~ n t i l  the melting point was 
constant a t  243-245" (6). The free base distilled as a thick yellowish oil b.p. 
120" a t  0.2 mm. (air-bath temper-ature), [a]%-232.4" (c, 2.130 in ethanol), which 
could be reconverted to the same perchlorate. The analysis results were incon- 
sistent, however, and varied between the values calculated for ClSH200N2 and 
C15H2202N2. That  this was due to partial hydration is supported by the fact 
that the infrared spectrum of a liquid film of the base showed a pronounced 
band a t  3410 cm.-I, possibly corresponding to a bonded OH (Fig. 2). This 
band is in the NH region also, however, and may indicate slight dealkylation 
on distillation, which would also account for the poor analysis figures. Con- 
sistent results were obtained with the following salts: 

Hydrochloride.-A methanolic solution of the alkaloid was made just acid to 
Congo red by the addition of concentrated hydrochloric acid, evaporated to 
dryness in vacuum, and the residue recrystallized from methanol-acetone. I t  
was obtained as nacreous white platelets, n1.p. 256-258" (dec.). Calcd. for 
C15H200N2.HCI: C, 64.15; H. 7.54; N,  9.98. Found: C, 64.44, 64.32; H ,  7.37, 
7.53; N, 9.69y0. This salt could be subli~lled unchanged a t  120" a t  10-4~nm. 
Found: C,  64.30, 64.48; H, 7.50, 7.69%. 

Perchlorate.-This was obtained by the standard procedure as colorless flat 
spears from water, n1.p. 243-245" (dec.). Calcd. for C15H200N2.HC104: C, 52.24; 
H ,  6.14; N, 8.13. Found: C, 52.51, 52.48, 52.49; H. 5.72, 5.99, 5.84; N ,  8.03, 
8.22V0. 

Picrate.-Formed by mixing equinioleci~lar amounts of I-llombifoline and 
picric acid in methanol, and recrystallization from acetone-methanol. Obtained 
as flat, efflorescent needles, m.p. 226" (dec.) which were dried a t  60" in high 
vacuum for analysis. Calcd. for C15H200N2.CGH307N3: C,  53.27; H, 4.89; N ,  
14.79. Found: C, 53.04, 53.22; H, 4.80, 4.71; N, 14.89%. 

Ch1oroplatinate.-Crystallized in red needles fro111 acidified aqueous meth- 
anol, 1n.p. 268". Calcd. for CI5Hz0ON~.H2PtCl6: C,  27.53; H, 3.39; Pt.  29.84. 
Found: C,  26.16; 13, 3.52; P t ,  29.33%. 

The hydriodide and hydrobromide had unsharp melting- points, and ap- 
peared from the analysis figures to be variable in constitution between the 
mono- and di-salts. 

Potentiometric Titration 
An aqueous solution of 50 mgm. rhombifoline perchlorate was titrated a t  20". 
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96 CANADIAN JOURNAL OF CHEMISTRY.  VOL. 30 

against 0.100 N socliu~n hydroxide solution, using a Beckman11 pH meter. 
The single end point gave a value of pI< 7 for the base, and a ~nolecula~  weight 
of 325 for the perchlorate. 

Chromatography of Rhombifoline 
A freshly distillecl sample of the alkaloid was chromatographed on alumina 

of activity I ,  but came through in a homogeneous band with a solvent con- 
taining equal parts by weight of chloroforn~ ancl ether. This band was quan- 
titatively collvertecl to pure rhombifoline picrate, n1.p. 226". 

Hydrogenation 
(1) Octahydrodesoxyrhombifoline 

Rhombifoline hydrochloride (278.8 mgm.) was shaken under hydrogen 
with 150 mgm. Adams' catalyst in 10 ml. 2 N hydrochloric acid. Absorption 
of hydrogen was slow, 10 hr. being required for completion of the reaction. 
The uptake corresponded to  113 ml. of hydrogen a t  N.T.P., while the theo- 
retical amount for five moles is 112 ml. The solution was filtered froin catalyst, 

, 

alkalized with sodium hydroxide, and the free base extracted with methylene 
chloride. The extract was dried with potassium carbonate, the solveilt removed 
on the steam bath, and the residue distilled in vacuum, being obtained as a 
mobile, light yellow oil, b.p. 140-145" a t  14 mnl. Calcd. for C15H28N2: C, 
76.20; H ,  11.93. Found: C, 76.85; H ,  11.99%. The base was converted to the 
perchlorate, which crystallized from methanol-ether in small colorless prisms, 
which melted a t  139-140" without decomposition, and recrystallized on cooling. 
Calcd. for C15H28N2.HC104: C,  53.48; H ,  8.68; N, 8.32. Found: C, 53.91, 
53.74; H,  8.67, 8.65; N ,  8.15%. 

(2) Hekahydrorhombifoline 
Freshly distilled rhombifoline (105 n~gm.)  was dissolved in 20 ml. of 

glacial acetic acid, 100 mgm. Adams' catalyst added, and the nlixture shaken 
under hydrogen. The solution rapidly took up 32 ml. of hydroge~l (at N.T.P.) 
then continued to absorb gas a t  a much slower rate, possibly indicating slow 
reduction of the carbonyl group. The theoretical amount of hydrogen for three 
moles is 29 ml. a t  N.T.P. The product was freed from acetic acid in vacilum, 
and distilled in two fractions. The first fraction, b.p. 60-70" a t  0.2 mln., Lvas a 
mobile oil, which was not analyzed, but which showed no indication of CO or 
OH in the infrared spectrum. The second, b.p. 70-100" a t  0.2 mm., was a thicker 
oil, the analysis of which was intermediate between the values for C15HlliN2 
and Cl5HZGON2. The infrared spectrum was talcen in chloroform solution, using 
a calcium fluoride prism, and exhibited a strong band a t  1611 cm.-I corres- 
ponding to an a-piperidone. This compound failed to give a picrate or per- 
chlorate. 

In a second run, employing 380 mgm. of free base, and the same conditions 
as above, the main product was pui-ified by cl~romatograph~~,  being obtained 
as a thick yellow oil, b.p. 110-120" a t  0.05 mm. Calcd. for Cl5H?60b!~: C, 71.94; 
H ,  10.47. Found: C, 71.70; H ,  10.47%. This conlpound was further hydro- 
genated in 2 N hydrochloric acid with Adams' catalyst, when it  was found to  
take up a further two molecules of hydrogen. The product was a niobile oil, 
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resembling octahydrodesoxyrhor~~bifoline in general appearance, and odor. 
When converted to  the perchlorate, however, it was not seeded b>- the mono- 
perchlorate of the latter, and when finally obtained crystalline from methanol- 
ethylacetate, melted diffusely a t  175-190". I t  was not homogeneous as shown 
by the analytical figures which were intermediate between those required by 
a inonoperchlorate and those of a diperchlorate of a base Cl6HZ8N2. Found; 
C, 44.46, 44.78; H ,  7.69, 7.19%. The reason for this discrepancy is not kno\vn. 
Dealkylation 

An aqueous solution containing 206 mgm. of rhombifoline perchlorate was 
made alkaline with sodium hydroxide, and the free base extracted with methy- 
lene chloride. The extract was dried with potassium carbonate, and the solvent 
removed in vacuum. The base (145 mgm.) was placed in a 25 ml. round- 
bottomed flask along with 350 mgm. phenol as solvent, and heated on the 
steam bath to give a homogeneous melt. After cooling, 3 in]. of freshly distilled 
constant-boiling hydriodic acid was added, followed by 750 mgm. of ammonium 
iodide and five drops of 5% gold chloride solution. A strong stream of nitrogen 
was passed through the flask, and the temperatlire slowly raised to 150" and 
held there for 30 min. to  drive off excess hydriodic acid and phenol. The 
temperature was then raised to  225", and held there for five minutes, to de- 
compose the hydriodide. After cooling, the solid residue was thoroughly tri- 
turated with hot dilute hydrochloric acid, and the acid solution filtered. The 
cooled solution was extracted with ether, alkalized with sodium hydroxide, 
and extracted again with methylene chloride. This second extract was dried 
with potassiuin carbonate, the solvent removed on the steam bath, and the 
residual oil distilled a t  130-140" a t  0.1 mm. The distillate consisted of 51 mgin. 
of colorless needles, m.p. 150-154". (45% of the theoretical yield of cytisine). 
This was treated with an equimolec~~lar amount of picric acid in methanol, and 
the picrate recrystallized from water in feathery aggregates, m.p. 286-7". Ad- 
m i x t ~ ~ r e  with an authentic sample of cytisine picrate caused no depression in 
melting point. Calcd. for CllH140N2.C6H307N3: C,  48.70; H ,  4.08. Found: 
C, 48.75,48.93 ; H ,  4.22, 4.36y0. The free base was liberated and sublinled, m.p. 
154-6". Admixt~lre with authentic cytisine caused no depression. Calcd. for 
CllH140Na: C, 69.44; H ,  7.42; N, 14.73. Found: C, 69.40, 69.69; H ,  7.36, 
7.18; N, 15.00%. 

The dealkylation of N-methylcytisine and the attempted dealkylation of 
anagyrine were carried out ~ ~ n d e r  identical conditions. N-~nethylcytisine 
yielded up to 60y0 of cytisine, while anagyrine was recovered almost quanti- 
tatively. 
N-n-bz~tylcytisine 

A solution containing 1.130 gm. of cytisine in 25 ml. acetone was stirred with 
1.5 gm. of potassi~im carbonate under nitrogen, and 0.627 ml. (0.815 gm.) of 
n-butyl bromide added from a burette in 0.1 ml. poi-tions every 15 min. After 
addition was completed, the mixture was refluxed for 20 hr. The solution was 
filtered, concentrated to an oil under vacuum, and 1 1n1. of acetic anhydride 
added, followed by a few drops of pyridine. The solution was heated on the 
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stcan1 bath for 15 min. to acetylate any ~lnchanged cytisine, the 11listure poured 
into dilute l~yclrocliloric acicl ancl extractecl thoro~~ghly with ether. The aclueous 
solution was the11 allcalized wit11 socli~~m l~yclroxide, and extracted with me- 
thylene chloride. The extract was driecl with potassium carbonate, the solvent 
removed in vacuu~n and the residue distilled a t  140-150" a t  0.2 mm. as a thick, 
pale yellow oil. Calcd. for C15H2?ON?: C,  73.13; H ,  9.00. Found, C, 74.33, 
74.13; H ,  9.26, 9.46y0. The perchlorate was formed in the normal w a j ,  and 
crystallized from methanol, 1n.p. 246-8". Calccl. for ClsH??ON..HC104: C, 
51.93; H ,  6.69; N,  8.08. Found: C,  51.98, 52.19; H ,  6.50, 6.36; N,  '7.9Ty0. 

EIexahydrodesoxy-N-72-butylcytisitze 
Freshly distilled N-n-butylcytisine (149 1ng111.) was hydrogenatecl in 2 N  

l~ydrocl~loric acid with Adams' catalyst. The hydrogen ~iptalce was 55.0 1111. 
a t  N.T.P., while the theoretical volume for four molecules is 53.7 ml. a t  N.T.P. 
The  solution was filtered, alkalized, and extracted with methylene chlo&Ie, 
and the extract dried with potassi~lm carbonate and concentrated to an oil in 
vacuum. The oil was dissolvecl in n~ethanol, and the solution brought to pH 7 
with concentrated perchloric acid diluted with three times its own volume of 
methanol; the solution was concentrated on the hot plate, and seeded with 
octal~ydrodesoxyrl~ombifoline perchlorate. Slow crystallizatio~~ ensued, and 
the product could be recrystallized from methanol in small prisms, n1.p. 139- 
140". No depression in melting point occui-red on admixture with octahydro- 
desoxyrhoinbifoline perchlorate. Calcd. for C15Hz*Nz.HC1O4: C, 53.48; H, 
8.68; N,  8.32. Found: C, 53.46, 53.60; H ,  8.40, 8.64; N, 8.37y0. The picrate, 
methiodicle, and dinitrodiphenate could not be crystallized. 
Dilzydrodeso.2ryrhombifoline 

Rhombifoline perchlorate (692 nlgm.) was deco~nposed with sodium hy- 
droxide, the free base (488 nlgm.) extracted with ~llethylene chloride and the 
extract concentrated to an oil, but not distilled. The oil was dissolved in 
anhydrous ether, and excess lithium aluminum hydride in ether added. The 
solution was refluxed under nitrogen for 20 hr., and the excess reagent cleconl- 
posed by the cautious addition of metl~anol and water. The solution was filtered 
from aluininum hydroxide, extracted with ether, and the extract dried with 
sodium sulphate and concentrated to an oil in vacuum. The oil was distilled 
as rapidly as possible a t  100" a t  0.2 mm., being obtained as a yellow oil which 
darkened in air. Calcd. for C15H??N2: C, 78.21; H ,  9.63. Found: C, 79.74; 
79.60; H ,  9.71, 9.68%. Addition of two n~olecules of picric acid in ether gave 
a flocculent orange picratc, which rapidly turned into a reddish tarry oil. 

Synthetic Rhombifoline 
This reaction was carried out as describecl for N-n-butylcytisine, ~lsing but- 

3-enyl bromide, prepared according to the nlethod described by Juvala (4). 
From 1.196 gm. of cytisine, was obtained 0.950 gin. of an aln~ost colorless oil, 
b.11. 120" a t  0.2 nun. This was directly converted into the following salts. 

Perchlorate: Colorless flat needles, m.p. 243" (dec.). i\/Iixture with rhombi- 
foline perchlorate melted a t  243". Calcd. for Cl5H2,ON?.HC104: C, 52.24; H, 
6.14; N, 8.13. Found: C, 52.85, 52.73; H ,  6.26, 6.00; N,7.93%. 
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Picrate: Efflorescent flat needles, m.11. 227". Mixture with rhombifoline 
picrate melted a t  226O. Calcd. for C ~ ~ H Z ~ O N ~ . C ~ H ~ O ~ N ~ :  C, 53.27; H, 4.89; N, 
14.79. Found: C, 53.38, 53.10; H, 5.00, 5.01; N, 13.67%. 

Hydrochloride: Nacreous plates, n1.p. 258O. Mixture with rhombifoline 
hydrochloride melted a t  258". Calcd. for C15HzoONz.HCl: C, 64.15; H. 7.54; 
N, 9.98. Found: C, 63.60, 63.43;H, 8.26,8.16;N, 10.39y0. 

The free base was liberated and redistilled, and the optical rotation mea- 
sured. [a];' -235.8" (c, 6.70 in ethanol). 
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