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ABSTRACT 
12ycocloline (all;aloid L A )  is shown to have the structure and stereochemistry dcpic~ecl i n  

11. 'I'he tmnsformatioll of lycotloli~le into lycopodirle is describecl. 'I'he LISC of infrarctl spectro- 
scopy in ;~ssigning thc co~lfiguration a t  C-13 ancl the nitrogen in thcse and related alkaloids 
is describecl. The effect of thc conligurat~on a t  C-12 011 the optical rotatory dispersion speclra 
ant1 011 the mass spectra of Iycopodinc (I) and 12-epilycopodinc (S) is disc~~sscstl. 

Lycopodiz~vz alltaloid L.8, for ~vhicli \\re have chosen tlie name Iycodoline, \\-as first 
isolated by 3Iaiislce and h4arion in 1943 from L. nnnoti7zz~nz Linn. (I) .  This substance is of  
particular interest since it is one of the iilost widely distributed of tlie minor alltaloids of 
the Lycopodiaceae, having also been isolated froin L. c~7znoti~~z~ns var. ncrr'foliz~nz ( 2 )  (the 
substance as isolatecl from this species was originally desig~iated allcaloid L.30, but it \\;as 
later sho~vn (3) that L.30 is identical \vith L.S), L. selago (4), L. fawcctbii (5), L. Lz~cidz~Lz~m 
(6), L. clauatz~m (7, S), and L. prostratz~ns (0). The lycodoline used in this iilvestigation 
was isolated from L. nnnotinz~rn and was idelltical \\;ith an authentic sample of a1l;aloid 
L.S provided by I<. H. XIanslte. 

Earlier worlters had established that lycodoline has the t~~olecular formula CIGE12j02N 
(1, 2, 4, 5, lo) ,  that the oxygeils are present as a ketonic carbonyl group and a hydroxyl 
group (lo),  and that the nitrogen is tertiary ( 5 ,  10). Our analytical and spectroscopic data 
confirined these co~lclusions and, in addition, revealed the presence of a secondary 
C-methyl group (0.68 inole of volatile acid on Kuhn-Roth oxidatiou, doublet a t  9.14 .r in 

,,the iluclear magnetic resonance (n.n~.r.) spectrum). Lack of olefiilic absorptioil in the n.ii1.r. 
5 Gpectrum, coupled with the fact that Iycodoline is recovered unchanged on attenipted 
catalytic hydrogenation, leads to the conclusion that there are no carbon-carbon double 
bonds and that the inolecule is tetracyclic. 

The environment of the carbonyl group in lycodoline \\.as defined in the folio\\-in= 
manner. The infrared spectrum, measured in CCI.,, she\\-ed absorption a t  1703 c111-~, 
accompanied by a band a t  1410 cm-l, indicative of the grouping -CO-CHZ- (11). 
Neither of these absorption bands was present in dihydrolycodoline (C1J-In70:N), the 
product obtained by lithium aluminun~ hydride reduction of the carbonyl group. De- 
hydration of dihydrolycodoline with thionyl chloride in methylene cliloride a t  room 
temperature yielded anhydrodihydrolycodoline (C161Hn50N), which sho~ved a single 
olefinic protoil a t  4.56 T (mult.) in its n.1n.r. spectrum. Since it \\rill be sho~vn that  the 
hydroxyl group lost in the dehydration is that  one produced in the reduction of the lteto 
group, then, provided that  no rearrangement has occurred during the dehydration, the 
grouping -CH-CO-CE12- iuust be present in lycodoline. 

Concerning the environnlent of the nitrogen and hydroxyl group, it was found that 

'Par t  V I ,  W. A. Ayer,  A .  N. Hogg, and A .  C. Soper. Call. J .  Chem. @, 949 (1964). 
? A  portio?~ of this w o ~ k  was reported iw a preliminary conmzzi?zicatio7z: W. A .  Ayer and G. G. Iverncl~. Tetra- 

hedron Letters, No. 3; 87 (1961). 
3Taken in part from the Ph.D. thesis of G. G. Ineraciz, University of Alberla, 1968; Presented at the XI -Y th  

Internatiowal Congress of Patre and Applied C/ze?izistry, London, J ~ i l y  10-17, 1963. 
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AYER :ZSD IVER.1CK: LYCOPODIUhI ALI<.&LOIDS 3515 

lycodolinc was resistant to both acetylation and mild oxidatio~l (GO3-pyridine, Cr03- 
acetic acid), suggesting that the hydroxyl as \\,ell as the nitrogen was tertiary. The position 
of the -OH stretching vibration in the infrared spectra of lycodoline and its derivations 
was especialiy informative. The infrared spectrunl of lycodoline, measured in dilute 
carbon tetrachloride, sho~ved a concentration-independent band a t  3545 cnl-l. I t  is ltno~vn 
(12) that intranlolecular hydrogen bonding causes a concentration-indepe~lde~lt shift of 
the -0II stretching vibration fro111 the non-bonded 3615-3635 cnl-I region to lower 
frequency. In  this case, we attribute the shift to intramolecular hydrogen bonding between 
the hydroxyl group and the tertiary nitrogen. The alternate possibility, that the associa- 
tion is between the hydroxyl group and the lretonic carbonyl group, was ruled out by the 
observation that dihydrodeox~~lycodoline (in which the carbonyl group has been converted 
to a methylene group by \17011i-ICishner reduction) also s l~o~vs  EI-bonded hydroxyl 
absorption (L3515 cm-l). Dil~ydrolycocloline showed -OH stretching vibrations a t  3625 
cm-l (noll-bonded) and 3550 CIII-~ (EI-bonded), while its dehydration product, anhydro- 
dihydrolycodoline, displayed only the I-I-bonded absorption (3565 cm-l), showing that it 
is the original 11~-droxyl group of lycodoli~le \vhicl~ is retained in the dehydration product. 
These studies indicate that the hydroxyl group and the nitrogen are in close proximity to 
one another. The fact that they are vicinal was shown in the follo~ving manner: reaction of 
lycodoline \\:it11 ethyl bromoacetate gave a salt (A) ~ v l ~ i c l ~  sho~ved absorption in the in- 
frared (Nujol) a t  3240, 1753, and 1717 cm-l, attributable to hydroxyl, ester carbonyl, 
and lietonic carbonyl stretching vibrations, respectively. Hydrolysis of the ester salt (A) 
wit11 aqueous hydrobromic acid gave a lactone salt (B),  ~vhich shou-ed no hydroxyl 
absorption in the infrared, but showed carbonyl bands a t  1756 (lactone) and 1705 (ltetone) 
cm-l. The lactone salt also formed to some extent \\;hen the ester nras recrystallized fro111 
hot methanol. The ease of for~nation of the lactone, coupled ~vith the fact that the lactonic 
carbonyl absorbs a t  essentially the sanle frequency as the ester carbonyl, strongly suggests 
that the lactone is six-membered. An analogous pair of salts was prepared fro111 dihydro- 
deoxylycodoline. In this case the ester absorbed a t  1747 cm-I and the lactone a t  1754 cm-l, 
confirming the assign~nents made above. 

I - Br -B r  

-N: I + 
-N-CH2- C02Et 1 

'\ 
- ~ f - - C H  -i- 'H BrCH2C0,Et -!- aq. HBr 1 7  

I / / or hot M ~ O H -  -7- ,/'I0 

-C-0 -C-0 - C-0 
I I I 

With these structural features established, it seemed possible that lycodoline might be 
vcry si~nply related to lycopodine (I), the most co~n~nonly occurring Lycopodium alltaloid. 
Replace~lle~lt of the C-12 hydrogen in lycopodine by hydroxyl leads to a structure (11) 
11 hich incorporates all of the features of lycodoline defined to this point. Structure 111, 
the C-12 epinler of 11, nrould also fit the evidence presented so far. The optical rotatory 
dispersion curve for lycodoline was positive and very similar to that of lycopodine (13). 
Since, however, the Octant Rule (14) states that substituents a t  C-4 of the carbonyl- 
containing ring have little or no effect on the dispersion curve, it was not possible to 
exclude structure 111 on this basis. 

Evidence that lycodoline does indeed have the carbon-nitrogen skeleton shown in I1 
and 111 was obtained in the follonring manner. Dihydrodeoxylycodoline, the product of 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

N
O

R
T

H
 T

E
X

A
S 

L
IB

R
A

R
Y

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



2516 CANADIAN JOURNAL O F  CHEMISTRY. VOL. 42. 1964 
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I. I I .  111. 

Wolff-Kishner reduction of lycodoline, was dehydrated with phosphorus pentoxide in 
refluxing toluene. The product, anhydrodihydrodeoxylycodoline (IV), could not be 
obtained in crystalline form, but was conveniently isolated and characterized in the forin 
of its hydrochloride. The free base showed no hydroxyl absorption in the infrared and a 
single olefinic proton a t  4.64 T (poorly resolved triplet) in its n.m.r. spectrum. Oppenauer 
oxidation of acrifoline (V) (15) gave the diketone VI, which was assigned the stereo- 
chemistry shown, since the transformation of C-5 from tetrahedral to trigonal should 
remove the non-bonded interaction which forces ring D into a boat conforlnation (16) 
and since the equilibrating conditions of the reaction should then favor the equatorial 
conformation for the methyl group. Wolff-Kishner reduction of the diketone VI yielded 
anhydrodihydrodeoxylycodoline (IV), confirming the proposed slieleton. Since the 
Wolff-Kishner reduction does not necessarily lead to the most stable of two possible 
epimers (17), this result does not establish the configuration a t  C-15. 

IV. R = R ' = H  V  

IX. R = R ' =  0 
VI. 

Catalytic hydrogenation of the olefin IV gave a mixture of the saturated ainiiles VII 
(major product) and VIII,  which was separable by chromatography. Con~pound VIII,  in 
the form of its methiodide, was identical with dihydrodeoxylycopodine (13), the product 
of Wolff-Kishner reduction of lycopodine, thus rigorously establishing the carbon- 
nitrogen skeleton as well as the configuration a t  C-15. Compound VII, the inajor product 
of the reduction formed by addition of hydrogen from the less hindered side of the olefin 
IV, was also prepared from dihydroacrifoline (15,lG) by Oppenauer oxidation, folloxved by 
Wolff-Kishner reduction of the previously reported (16, IS) diketone. 

The ainines VII and VIII showed significant differences in their infrared spectra in the 
C-H stretching region. Bohlmann has pointed out (19, 20) that a series of absorption 
bands between 2700 and 2850 cm-I are prominent in the infrared spectra of quinolizidine 
derivatives, in which a t  least two hydrogens alpha to the nitrogen are oriented trans 
diaxial to the electron pair on the nitrogen. In agreement with this generalization, ainine 
VII shows well-developed bands in this region (Fig. 1) while the anline VIII does not. 
This observation provides us with a method for distinguishing between con~pounds which 
are epirneric a t  C-12 (and hence a t  the nitrogen), and thus between structures I1 and I11 
for lycodoline. As shown in Fig. 2, lycodoline does not display these proininent bands and 
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AYER AND IVERACH: LYCOPODIUM ALKALOIDS 

H =  , U = U  'IIA 

thus must possess structure 11. Compounds with a double bond in the 11,12-position are 
free to take up either conforlnation about the nitrogen. Acrifoline (V) (Fig. 2), the olefin 
IV, and the diketone VI show proininent bands in the 2700-2850 cm-l region, and hence 
must exist largely in the conformation shown. The formation of the epimers VII and VIII 
in the hydrogenation of anhydrodihydrodeoxylycodoline (IV) provides further evidence 
for the location of the double bond in IV, and thus the hydroxyl group in lycodoline. 

FIG. 1. Infrared spectrum of ( a )  the amine VIII ,  (b) the amine VII. 
FIG. 2. Infrared spectrum of ( a )  lycodoline, (b )  acrifoline. 
FIG. 3. Infrared spectrum of ( a )  lycopodine, (b )  12-epilycopodine. 

In order that we n ight  more firlllly establish the position of the carbonyl group in 
lycodoline, I\-e now sought to transform lycodoline (11) directly into lycopodine (I). 
Dehydration of lycodoline with phenylphosphoric dichloride-pyridine gave anhydro- 
lycodoline (IX) in 90% yield. Anhydrolycodoline was an unstable oil that was character- 
ized by means of its mass spectruin (Fig. 4a). The n.m.r. spectrum showed a single olefinic 
proton a t  4.44 T (triplet, J = 3.5 c.p.s.) and the infrared spectrum (CC14) sho\.ved carbonyl 
absorption a t  1698 ~ 1 2 1 - l  and C=C absorption a t  1650 cm-l. Catalytic hydrogenation of 
the perchlorate of IX,  followed by liberation of the bases and chromatography over 
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alumina, gave a mixture of lycopodine (isolated in 10% ) ield) and 12-epil~~copocline 
(isolated in 63% yield). 12-Epilycopodine (X) displayed \yell-clevelopecl bands in the 
2700-2830 cm-I region (see Fig. 3) as expected for the trc~ns-q~~inolizidine s! stem. The 
infrared spectrunl of lycopodine is shon.n ill Fig. 3 for comparison. 

Unexpectedly, the optical rotatory dispersion curve for coinpound X shon ed a negative 
Cotton effect (extrema a t  30G and 263 mp, amplitude -3100°). Since the absolute con- 
figuration of lycopodine has been ascertained (6, 21), the cause of this anomoly is not 
readily apparent, but the fact that l\.codoline she\\-s a positive curve similar to that of 
lycopodine, n-hereas the C-12.3 epimer X shon-s a negative Cotton curve, serves further 
to exclude structure 111 as a possibility for lycodoline. 

FIG. 4. Mass spectrum of (a)  anhydrolycodoline, (b) 12-epilycopodine, (c) lycopodine. 

The illass spectrunl of 12-epilycopodine (X) (Fig. 4b) is worthy of comment. 3IacLean 
has suggested (22) that loss of ring D in lycopodine and related alkaloids, upon electron 
impact, may occur as sho~vn in the follo~ving manner. 

The base peak in the inass spectrunl of 12-epilycopodine (Fig. 4b), like that of lj,copodine 
(Fig. 4c), occurs a t  m/e 100. EIo\vever, in the case of the epi conlpound X, the 190 peal< 
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accounts for only 21y0 of Coj (SUII~ of the relative intensities of all peaks fro111 mass 25 to 
the molecular \\-eight (23)), \\;hereas in lycopodine it accounts for 36%. This indicates 
that if a cyclic mechanism, such as that sho~vn above, is operative, a cis arrangement of 
the C-12 hydrogen and the bridged ring facilitates, but is not necessary for, loss of the 
bridge. The mass spectrum of anhydrolycodoline (IX, Fig. 4a) again emphasizes the 
necessitjr of a hydrogen a t  C-12 for easy loss of the bridge (22), since in this case the parent 
peal; is no~v the most intense pealc in the spectrum, and the ISS pealc (corresponding to 
loss of the bridge plus a hydrogen) is only 4% of C25 In lycodoline (11), the inass spectrum 
of \vhich has already been discussed (22), the parent peal; is again the most intense pealc 
in the spectrum. 

EXPERIMENTAL 

Ultraviolet spectra were measr~red in 95% ethanol and, unless other\visc speciliecl, infrared spectra in 
tetrachloride. For hydrogen-bonding studies, spectra mere determined on 0.1, 0.05, and 0.01 116 solu- 

tiorls in CC1, using a Perliin-Elmer Model 221 or 441 spectrophotometer. Nuclear magnetic resonance 
spectra \\'ere measured on ca. 5510% w/v solutions in chloroform or deuterochlorofor~~~ using a Varian 
Associates Model A-60 spectrometer. Internal tetramethylsilane was used as standard. Some of the optical 
rotatory dispersion curves \\.ere obtained by Dr. M. M. Marsh, Eli I,illy, Indianapolis; the others \\.ere 
determined by Mr. R.  N. S\vincIleh~irst of these laboratories usin$ a Rudolph rlutomatic Recording Spectro- 
polarimeter. The mass spectra werc determined on an i\EI MS2-H n ~ a s s  spectrometer. Snmplcs \\.ere intro- 
tluced through a heated inlet system maintained a t  200'. Melting points were determined on a hot stage 
and are ~lncorrected. The alumina used for col~umn chromatography, ~~r l less  other\\,ise specified, was basic 
alumina of activity 111-IV. Thin-layer chromatograms were carried out on 0.25 mtn layers of Alumina G 
(Research Specialties Co., Richmond, California) and \\rere cle\~elopecl \vith Dragenclorlf's reagent (24). 
Sl;ellysol\re B refers to Skelly Oil Company light petroleun~, b.p. 62-70'. Microanalyses are by Pascher 
&Iil;roanalytisches Laboratori~rln, Bonn, West Germany, and C. Daessle, Montreal, Quebec. 

Isolat io?~ of Lycodoline 
Lycopod iu? i~  n?~notinllriz L. \\-as extracted as previously described (1) and most of the anr~otinine re~noved 

by crystallization (I) .  The res~ilting "an~~otinine-free" all<aloids were chromatographed over alumina. 
LycocIoline \\'as clutecl with ether and \\.it11 ether- ~nethylene chloride. Lycodoline has a characteristic sharp 
band a t  960 cm-1 in the infrared which facilitates its detection. Suitable combination of fractions and crystal- 
lizatioll from acetone gave lycodoline, m.p. 180-1Sl0, identical with an  authentic sample of al1;aloid L.8 
1;indly f ~ ~ r n i s h e d  by R. H. hIanske. 

Infrared spectruin: v,,;,, 3545, 1703 cnl-'. Rotatory dispersion in methanol ( c ,  0.15): [o/]sos +2660° (peal;), 
-6950" (trough). 

L i t l u i z ~ n ~  A l l ~ t i t i ~ l z ~ ? i t  PIydride Redz~ct ion of Lycodoli.rte 
Lycodoline (148 ~ n g )  in ether (100 1111) was added to a slurry of LiAlF14 (IS0 nlg) in ether (75 1111) and the 

~nixture  reflused for 18 11. Excess hydride was destroyed with wet ether and the solution extracted \\lit11 
dilute hydrochloric acid. The aqueous layer was made basic with aclueous ammonia and extracted with 
cl~loroform. Evaporation of the solvent and crystallization fro111 acetone yielded dihydr~l~~codol ine  (0.10 g), 
m.p. 186-187". 

Calcd. for C I G H ? ~ O ? S :  C, 72.41; H, 10.26. Found: C,  72.16; I-I, 10.14. 
Infrared spectrunl: v,,,,, 3625, 3550 cm-I (concentration illdependent). 

A r ~ l ~ ~ d i . o d i l ~ y d r o l y c o d o l i l ~ e  
;\ solution of clil~~drolycodoline (91 ing), methylene chloride (20 ml), and thionyl chloride (1.5 1111) \\-as 

kept a t  room temperature for 24 h. Then the solvents were removed a t  the p~1111p. The oily residue was 
dissolved in dilute hydrochloric acid, washed with ether, and made basic with aqueous ammonia. Extraction 
with chloroform yielded a pale yello\v oil (68 mg) which was chromatographed over alumina (2 g). Ether 
elution gave a colorless oil (62 mg) which was transfor~ned to the hydrobronlide in acetone solution. Re- 
crystallization fro111 acetone gave the analytical sample, n1.p. 203-295". 

Calcd. for C I G H ~ ~ O N . H B ~ :  C,  58.55; H,  7.99. Found: C, 58.62; H ,  8.11. 
X sample of the free base \\.as recovered from the hydrobromide and distilled a t  130' a t  0.5 mm. Infrared 

spectrum: v , , ; , ~  3565 (concentration independent), 1650 cnl-I (very weak). Nuclear magnetic resonance 
spectrum: 4.56 T ( lH,  mult.), 9.08 T (3I-I, poorly de f i~~ed  doublet). 

Attempts to hydrogenate this olefin were not s~~ccessful. 

Di l~~drodeosy l ycodo l ine  
r\nhydrous hydrazinc was added to  a so l~~ t ion  of sodiu111 (0.5 g) ill diethylene glycol (25 n ~ l )  until the  solu- 

tion refluxecl a t  190°. The solution \\-as then cooled to 50° and lycodoline (200 mg) added, then the resulting 
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solution refluxed for 17; h. The cooled reaction mixture was diluted with water, acidified with hydrochloric 
acid, co~~t inuo~ls ly  extracted with ether for 18 h (to remove diethylene glycol), made basic with aqueous 
ammonia, and extracted six times with chlorofornl. Evaporation of the chlorofornl left a solid which was 
recrystallized from acetone to give dihydrodeoxylycodoline (175 mg), m.p. 322.5-123.5". 

Calcd. for C16Hz10N: C, 77.05; H, 10.91; 0 ,  6.42; N, 5.62. Found: C, 76.51, 76.84; H ,  10.65, 10.74; 0 ,  
6.82; N, 5.57. 

Infrared spectrum: v,,, 3545 (concentration independent). 
The  perchlorate, recrystallized from acetone- ethyl acetate, melted a t  273-275". 
Calcd. for Cl~H270N.HC104: C, 54.95; H ,  8.07; N,  4.01. Found: C, 54.95; H,  8.07; N, 4.14. 

Ester Salt ( A )  front Lycodoline 
A solution of lpcodoline (45 mg), ethyl brornoacetate (1.5 ml), and benzene (4 1111) was refluxed for 2 h. 

Filtration of the cooled reaction mixt~ure gave the quaternary bromide (40 mg), 1n.p. above 340°, which 
was recrystallized from methanol-ether. 

Calcd. for C?oH3?04NBr: C,  55.81; I-I, 7.50. Found: C, 55.51; H ,  7.46. 
Infrared spectrum: vz,$' 3240 (hydroxyl), 1753 (ester), 1717 ctn-1 (ketone). 

Ester Sal t  ( A )  front Dil~ydrodeosylycodoline 
The salt, prepared a s  above, melted a t  212-213'. 
Calcd. for C?oHp,,OpNBr: C,  57.69; H ,  8.23; Br, 19.78. Fo~und: C, 58.74; H,  8.53; Br, 19.78. 
Infrared spectrum: vE:,j'" 3248 (hydroxpl), 1748 cm-1 (ester). 

Lactone Sal t  ( B )  from Lycodoline 
The  ester salt from lycodoline (140 mg) was refluxed with 4 N HBr (10 ml) for 24 h. Then the solvent was 

evaporated and the residue recrystallized from methanol to give the lactol~e salt, m.p. above 340". 
Calcd. for ClsH3e03NBr: C, 56.26; H,  6.82; Br, 20.80. Found: C, 55.85; H ,  6.64; Br, 21.50. 
Infrared spectrum: vzg' 1757 (lactone), 1710 cm-I (ketone). 

Lactone Salt ( B )  from Dihydrodeoxylycodoline 
The lactone salt was prepared as  described above for lycodoline and, after recrystallization from methanol- 

ether, melted a t  325326". 
Calcd. for ClaH?sO?NBr: C,  58.38; H,  7.62. Found: C, 57.85; H,  7.35. 
Infrared spectr~irn: vz:1g1 1754 cm-' (lactone). 

Anl~ydrodil~ydrodeoxylycodoline ( I V )  
( A )  F r o ~ ~ t  Dil~ydrodeoxylycodoline 
A mixture of dihydrodeoxylycodoline (143 mg), phosphorus pentoxide (1 g), and toluene (100 ml) was 

heated under reflux for 3 h. Then the excess phosphorus pentoxide was decomposed with ice. The resulting 
two phase system was separated and the organic layer washed thoroughly with dilute hydrochloric acid. 
The  combined acid solutions were washed with ether, made basic with aqueous ammonia, and extracted 
with chloroform. Evaporation of the chloroform left an oily residue (139 mg) which showed no hydroxyl 
absorption in its infrared spectrum. This product was dissolved in dilute hydrochloric acid and the hydro- 
chloride extracted into cl~loroform. The hydrochloride hemihydrate obtained was recrystallized from 
acetone-ether, m.p. 232-233.5'. 

Calcd. for C ~ C H ? ~ N . H C ~ . ~ H ~ O :  C, 69.40; H ,  9.83; C1, 32.80. Found: C, 69.21, 69.60; H ,  9.52, 9.65; C1, 
12.93. 

The  n.m.r. spectr~un of the free base liberated from the purified hydrochloride showed signals a t  4.64 T 

( lH,  poorly resolved triplet, J = 3 c.p.s.), and a t  9.16 T (3H, doublet, J = 5.5 c.p.s.). 
( B )  From Delzydroacrifoline ( V I )  
Dehydroacrifoline hydrobromide (210 mg, see below) was added to a solution of sodium, diethylene 

glycol, and hydrazine, made up as  described for the preparation of dihpdrodeoxylycodoline. The  solution 
was refluxed for 14 h a t  190°, then allowed to  distil until the reflux temperature reached 215-230". T h e  solu- 
tion was kept a t  this temperature for 11 h. Then the cooled solution was diluted with dilute hydrochloride 
acid and continuously extracted with ether for 1 day. The aqueous solution was made basic and extracted 
with chlorofor~n to give a yellow oil, which was dissolved in dilute hydrochloric acid and the hydrochloride 
extracted into chloroform. Evaporation of the chloroform left a crystalline residue, which was recrystallized 
from acetone-ether to give anhydrodihydrodeoxylycodoline (IV) hydrochloride hemihydrate identical in 
melting point, mixed melting point, infrared spectrum (CHClp), and optical rotation ( [ a ] ~ ~ ~ "  -28" ( c ,  1.9, 
ethanol)) with that prepared fro111 lycodoline. 

Hydrogenation of Anl~ydrodiltydrodeosylycodoline ( I  V )  
The  hydrochloride of IV (0.60 g) was shaken in methanol (300 ml) in the presence of platinum (from 

300 mg of Adams' catalyst) and hydrogen (3 atm) for 3 h. Evaporation of the filtered reaction mixture left a 
crystalline residue (0.59 g) which was chromatographed on alumina (10 g). Elution with benzene (250 ml) 
removed the major component (0.50 g) (as evidenced by thin-layer chromatography of the fractions), and 
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AYER .4ND IVERACH: LYCOPODIUM ALKALOIDS 2521 

elution with ether (200 ml) yielded the minor component (80 mg). The major component was dissolved in 
acetone and neutralized with 70% aqueous perchloric acid. Dilution of this solution with ethyl acetate yielded 
the crystalline perchlorate of the anline VII,  which melted, after several recrystallizations from acetone-ethyl 
acetate, a t  240-241'. 

Calcd. for ClcH27N.HClOd: C, 57.55; H ,  8.45; N,  4.20. Found: C, 57.18; H ,  8.51; N,  4.41. 
The  infrared spectrum of the free base showed prominent bands in the 2700-2850 cm-1 region (Fig. 1). 
The minor component was shown to be dihydrodeoxylycopodine (VIII) in the following way. A portion 

(32 mg) of the material eluted with ether was dissolved in acetone (5 ml) and methyl iodide (1 ml) added. 
After 12 h a t  room temperature, the solvents were removed and the residue was recrystallized several times 
from acetone to give dihydrodeoxylycopodine methiodide, m.p. 290-291°, identical (mixed melting point, 
infrared spectrum) with an  authentic sample (13). 

Dehydroacrifoline ( V I )  
Acrifoline (V, 0.73 g) was dissolved in a solution of aluminum isopropoxide (0.8 g) in toluene (40 ml) and 

cyclohexanone (6 n11) added. The  solution was refluxed for 3 h,  diluted with benzene, and extracted with 1 N 
hydrochloric acid. The  extract was washed with ether, made basic with aqueous ammonia, and extracted 
with chloroform to give a pale yellow oil (0.68 g) which was chromatographed over alumina (12 g). Elution 
with benzene (500 inl) gave an oily material (0.37 g) which was transformed to  the hydrobromide in ethanol. 
Further elution with ether and chloroform gave unreacted acrifoline. 

The  ethanolsolution of the hydrobromide was diluted with ethylacetate. The  resultant crystalline material 
was filtered off and recrystallized from ethanol -ethyl acetate to  give dehydroacrifoline hydrobromide, 
m.p. 309-310' (sealed tube). 

Calcd. for C16H?10?N.HBr: C,  56.56; H ,  6.52; N,  4.12. Found: C, 56.21; H ,  6.67; N,  3.76. 
The  infrared spectrum of the hydrobromide showed carbonyl absorption a t  1728 and 1714 cm-1, while 

the free base absorbed a t  1712 and 1708 cm-I. 

Anhydrolycodoli~ze ( I X )  
Lycodoline (11, 215 mg) was dissolved in a solution of phenylphosphonic dichloride (10 ml) and pyridine 

(10 ml) and the reaction mixture kept a t  60-70' for 13 h. The  excess phenylphosphonic dichloride was care- 
fully decomposed with water. The  resulting aqueous solution was made basic with 5% sodium hydroxide 
and extracted with chloroform to  give, after evaporation of the chloroform, a deep red oil (0.20 g) which 
was chrornatographed over alumina (6 g). Elution with benzene afforded a colorIess oil (0.18 g) which showed 
a single spot 011 thin-layer chronlatography but which rapidly colorized on standing. A portion was distilled 
(120' a t  0.5 mm) and its mass spectrum recorded (see Fig. 4a). The  infrared spectrum showed prominent 
bands in the 2700-2850 cm-I region, no hydroxyl absorption, carbonyl absorption a t  1698 cm-l, and a 
weak band a t  1655 cm-I (C=C). Nuclear magnetic resonance spectrum: 4.44 T ( IH,  triplet, J = 3.5 c.p.s.), 
9.17 T (3H, doublet, J = 5.5 c.p.s.). Rotatory dispersion in methanol (c, 0.08): [a]aos +1140° (peak), [a1264 
-3900" (trough). 

Hydrogenation of Anhydrolycodoline ( I X )  
A solution of anhydrolycodoline (170 mg) in methanol was acidified with perchloric acid and shaken with 

platinum (from 200 mg of Adams' catalyst) under hydrogen (3 atm).  The  catalyst was removed by filtration 
and the filtrate evaporated to  a crystalline residue, which was dissolved in water, made basic with aqueous 
ammonia, and extracted with chloroform. The colorless oil (0.17 g), obtained when the chloroform was 
evaporated, showed two spots on thin-layer chromatography and was chromatographed over alumina (6 g), 
using pentaneether,  (400:l to 9 : l )  as  the eluant. Forty fractions (each 20 ml) were collected and each 
fraction was examined by thin-layer chromatography. Fractions 30-32 (17 mg) were homogeneous and 
showed an R, identical with that of lycopodine. Crystallization from pentaneether gave lycopodine, identical 
in melting point, mixed melting point, infrared spectrum, and optical rotation with a n  authentic sample. 

Fractions 33-39 (0.15 g) were combined and rechromatographed over alumina (5 g). Elution with pentane 
(200 n11) removed only traces of material, while elution with benzene (50 ml) gave a crystalline fraction 
(0.11 g), which was recrystallized from pentane to  give 12-epilycopodine (X), m.p. 89-90'. 

Calcd. for CI6H?:Ol\T: C,  77.67, H ,  10.19; N,  5.66; molecular weight, 247. Found: C, 77.78; H ,  9.99; N, 
5.41 ; molecular weight, 247 (by inass spectrometry, see Fig. 4b). 

Infrared spectrum: v , , ~  2700-2850 cm-' (see Fig. 3),  1698 cm-l. Rotatory dispersion in methanol (c, 0.09) : 
[a]zos -930' (trough), [a]zas +1130° (peak). 
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