
rlifh had been dissolved in 5 ml of absolute ethanol. The solution 
a allowed to remain at room temperature for 5 hr. The pre- 
@ste which had formed was filtered and recrystallized from 95 % 
&nol, yielding 360 mg (36%) of e&+4-chloro-anri-l-phenyl- 
&ryldibenzobicyclo(3.2.l]octadiene (XI), mp 244-245’. 
The pmr spectrum in deuteriochloroform showed a sharp doublet 

OH) at T 4.51 (J,, = 4.5 cps),*O * series of complex overlapping 
tiplets (3 H) between 5.6 and 6.2, and two distinct sets of 
Kzrtstic protons (2 H and 11 H) at 2.1-2.4 and 2.5-3.1. 

.&a/. C&d for cIIHnC102S: C, 69.37; H, 4.50. Found: 
C69.17; H, 4.49. 

Preparation of 8-Phenylsulfonyldihenzotricyclo[3.2.l.0a~8]-3,6-octa- 
&s (XVIII). The preparation of XVIII was performed in 
Mly the same manner as V was prepared from III, starting either 
wklt XIII or XI. The product XVIII was obtained essentially 
ctitatively and was recrystallized from carbon tetrachloride, 
~17e180°. 
The pmr spectrum of a deuteriochloroform solution showed two 

Iyp singlets (2 H: I H) at 7 6.00 and 5.20, respectively, and two 
E; sets of aromattc protons (2 H and 11 H) at 2.1-2.3 and 

k;li Calcd for %HL~Oo4S: C, 76.71; H, 4.68. Found: C, 
km; H, 4.59. 
; ~drogenolysls of V with Raney Nickel to Give XVIII. About 
j~d.Raney nickel W-2:’ was added to a solution of 1.05 g (2.53 
males) of V in 75 ml of ethyl ether. The mixture was stirred for 
IL rt room temperature. The Raney nickel was removed by 
bation, and the ether was removed by rotary evaporation. A 
llparison of the pmr spectrum of the crude reaction mixture with 
I* lot XVIII showed them to be identical with no observable 
yMt of V left. Crystallization from carbon tetrachloride gave 
Wmg(8O~)ofXVIII,mpandmmp 179-180” 

min. The mixture was poured into 150 ml of water which was 
extracted with 100 ml of ether. The ethereal solution was washed 
with water, dried over anhydrous magnesium sulfate, and de- 
colorized with activated charcoal. The ether was removed by 
rotary evaporation. A pmr spectrum of the crude reaction mixture 
showed XVIII as the only compound present. Recrystallization 
from carbon tetrachloride gave 375 mg (83 %) of XVIII. 

&tempted Elirnlnation from the exe-Chloro Sulfones in Ethanol- 
Lype. To a solution containing 1.30 g (3.41 mmoles) of exo- 
Jbro sulfones X or XII in 25 ml of dry dioxane and 10 ml of 
Jlduteethanol was added 15 ml of absolute ethanol in which 1.20 
Iflmgaloms) of sodium metal had been dissolved. This mixture 
~beld at rellux for 5 days and worked up in the usual manner. 
gplr spectrum of the crude reaction mixture showed only X 
pt. Crystallization from carbon tetrachloride gave 1.20 g 
@m of X, mp and mmp 150-l 51’. 

Preparation of Dibenzotricyclo[3.2.I.0’,‘]-3,6-octadiene~-carbox- 
ylic Acid (XXII). To a solution containing 1.20 g (4.28 mmoles) 
of anfi-8-carbomethoxydibenzobicyclo[3.2.l]octadien-exo-4-olzs in 
30 ml of anhydrous ether was added 2 ml of thionyl chloride. This 
mixture stood for 15 hr at room temperature and was then poured 
into 100 ml of water, after the excess thionyl chloride had been 
carefully destroyed by dropwise addition of water. The mixture 
was extracted with 100 ml of ether; the ethereal solution was 
washed with water and dried over magnesium sulfate and the ether 
removed by rotary evaporation. A pmr spectrum of the resulting 
yellow oil showed that oil to be nearly all exo-4-chloro-utrli-8- 
carbomethoxydibenzobicyclo[3.2.l]octadiene (XXI). A small 
portion of the oil (ca. 100 mg) was crystallized from absolute 
methanol giving colorless needles of XXI, mp 108-109”. (Anal. 
Calcd for C&H,&102: C, 72.36: H, 5.06. Found: C, 72.29; 
H, 5.11.) The remainder of the oil was dried under vacuum and 
used without further purification. The dried oil was dissolved in 
30 ml of dry dimethyl sulfoxide, and 4.0 (36 mmoles) of potassium 
r-butoxide was added. This mixture stood for 10 min at room 
temperature and was then poured into a 5% sodium hydroxide 
solution. The sodium hydroxide solution was washed with 100 ml 
of ether and was then acidified with 5% hydrochloric acid. This 
was extracted with 100 ml of ether. The ether extract was washed 
with water, dried over anhydrous magnesium sulfate, and decolor- 
ized with activated charcoal, and the ether was removed by rotary 
evaporation. The oil was crystallized from carbon tetrachloride, 
yielding 750 mg (70%) of acid XXII, mp 230-231 a (sublimes). 

The pmr spectrum in deuteriochloroform showed two sharp 
singlets (2 H:l H) at 7 6.29 and 5.20, respectively, and aromatic 
protons (8 H) centered at 2.99. 

: phlpation of Hydrogen Chloride from exe-Cbloro Sulfones X 
111 XII in Dimethyl Sulfoxide with Potassium tSutoxide. To a 
&im containing 500 mg (1.31 mmoles) of either of the exo- 
ya0 rulfones X and XII dissolved in 25 ml of dry dimethyl 
Jnidc was added 700 mg (6.25 mmoles) of potassium r-butoxide. 
a mixture was allowed to stand at room temperature for 10 

Anal. Calcd for CnHn0~: C, 82.24; H, 4.87; neut equiv, 
248. Found: C, 82.05; H,4.66; neut equiv, 248. 
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The Total Synthesis of Iboga Alkaloids’ 
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Ah&ad:’ The two alkaloids, ibogamine and ibogaine, have been prepared in the form of their racemates from nico- 
tinamide by a 13-step sequence. 

common usage the term “iboga alkaloids” skeleton, or simple variations of it as catharanthinea 
e to include all of the bases from diverse (3), iboluteind (4), and kisantine* (5). 

ceue6 species having the ibogamine (1) 
of ibogamine was announced previously by G. 
K. Kocsis, P. E. Sonnet, and F. E. Ziegler, J. Am. 
(1965). 

son Fellow, 1961-1962. 
utes of Health Postdoctoral Fellow, 1963-1964. 

Science Foundation Postdoctoral Fellow, 1964-1965. 

(5) M. Hesse, “Indolalkaloide in Tabellen,” Springer-Verlag, Berlin, 
1964. 

(6) M. Gorman, N. Neuss, and N. J. Cone, J. Am. Chem. Sot., 87, 
93 (1965). 

(7) D. F. Dickel, C. L. Holden, R. C. Maxfield, L. E. Paszek, and W. 
I. Taylor, ibid., 80, 123 (1958). 

(8) W. I. Taylor, J. Org. Chem., 30. 309 (1965). 
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1, R-H 3L 

2, R-OCH, 

Ibogaine (2) appears to be the most abundant of the 
naturally occurring members of this class of alkaloids 
and was the first target of serious structural studies. 
The correct gross structure was established in 1957O 
through chemical studies, and an X-ray crystallo- 
graphic investigation’0 provided firm evidence for the 
configuration of the ethyl group.” Until now none of 
the iboga alkaloids have been synthesized although 
progress toward this objective has been achieved in 
other laboratories.*2*13 In the present paper we des- 
cribe the total synthesis of two naturally occurring 
alkaloids in their racemic modifications. 

Some isoquinuclidone was an obvious intermediate 
in the synthesis of ibogamine (1) and our plan was to 
first prepare a polyfunctional isoquinuclidine by 
Diels-Alder condensation of a dihydropyridiner! with 
a dienophile and to subsequently replace one of the 
functionalities in the resulting adduct by. a cyclic 
carbonyl group. Attempts to condense l-benzyl-3- 
cyano-1,6-dihydropyridine (7) with a-acetoxyacrylo- 
nitrile, ethoxyacetylene, and nitroethylene did not 
yield isolable amounts of the anticipated isoquinucli- 
dines, and subsequent efforts were directed toward the 
acquisition of an a&unsaturated primary amide which 
could be transformed to an isoquinuclidone by Hof- 
mann degradation. Thus, reduction of N-benzyl-3- 
cyanopyridinium bromide (6) with sodium borohy- 
dridelh in aqueous solution containing sodium car- 
bonate gave an oily mixture of the yellow 1,2-dihydro- 
pyridine 8 and the colorless 1,6-dihydropyridine 7 
separabhe only by thin layer chromatography. Con- 
densation of the crude mixture of reduced pyridines 

(9) M. F. Bartlett, D. F. Dickel, and W. 1. Taylor, J. Am. Chem. Sot., 
80, 126 (1958). 

(10) G. A. Jeffrey, G. Arai, and J. Coppola, Acra Cr.vsr., 13, 553 
(1960). 

(I I) The absolute configuration of the iboga alkaloids is that shown 
throughout this paper. It is based on chemical correlation with cleav- 
amine and vinblastine whose absolute configurations have been ascer- 
tained by the X-ray method: N. Camerman and J. Trotter, ibid., 17, 
384 (1964); J. W. Moncriefand W. N. Lipscomb,J. Am. Chem. Sot., 87. 
4963 (1965). All substances of synthetic origin are actually racemates. 

(12) S. I. Sallay, Terrahedron Letters, 2443 (1964). 
(13) J. W. Huffman, C. B. S. Rao, and T. Kamiya, J. Am. Chem. Sot., 

87, 2288 (1965). 
(14) 0. Mumm and J. Diedrichsen, Ann., 538, 195 (1939); K. Schen- 

ker and J. Druey, Helo. Chim. Acta, 42, 1960, 1971 (1959); M. Saunders 
and E. H. Gold, 1. Org. C/rem., 27, 1439 (1962); T. Agawa and S. I. 
Miller, J. Am. Chem. SOL, 83, 449 (1961). 

(IS) H. Diekmann, G. Englert, and K. Wallenfels, Terrohedron, 20, 
281 (1964): P. S. Anderson and R. E. Lyle, Tefrahedron Lefters, 153 
(1964). and much other literature cited. 
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with methyl vinyl ketone yielded the *crystalline h& 
quinuclidine 9 in 16x yield based on the’ pyridiniti 
salt 6. Molecular composition and infrared a$ 

6 7 

C&H jq--& 
0 

9 10 ” 

nuclear magnetic resonance spectra agreed with thao 
anticipated for structure 9. The configuration of tb 
acetyl group follows from subsequent transformation 
but the position of this functionality on the isoquiouck 
dine ring was not proven for this particular compound 
It follows however from analogy with two simila 
Diels-Alder adducts 10 and 12 of established structun 
Condensation of the dihydropyridine 7 %th meth] 
acrylate yielded the adduct 10 while analogou 
combination of l-benzyl-3-carbomethoxy-I ,6-dihl 
dropyridine (11) with acrylonitrile gave the isomerj 
compound 12. On catalytic hydrogenation borh adduo 

11 12 13 

furnished the same isoquinuclidine 13 characterized i 
the form of its crystalline hydrochloride. Since eithl 
substituent in the final product 13 can be derived fro 
a 3-substituted pyridine, the functionality introduced t 
the dienophile and the basic nitrogen atom must I 
located on vicinal carbon atoms. Before leaving th 
discussion of the various Diels-Alder reactions it shou 
be mentioned that isoquinuclidines originating fro 
1,Zdihydropyridines were never observed. This di 
ference in behavior of the two isomeric dihydropyridin 
seems to reflect the greater electron delocalization 
the more extensively conjugated 1,2 isomers (e.g., 1 
Hydrolysis of the nitrile 9 with cold concentratl 
hydrochloric acid afforded the amide 15, identical wi 
the adduct prepared by reduction of 1-benzyl-3-cz 

boxamidopyridinium chloride (14) followed by conde 
sation of the crude mixture of reduced pyridines wi 
methyl vinyl ketone. In larger scale preparations 



Be amide 15 we made the useful observation that the 
field of dihydropyridines and consequently of adducts 
vas increased considerably if the aqueous layer of the 
tiium borohydride reduction was decanted from the 
rater-insoluble reduced pyridines before the reaction 
mixture was extracted with chloroform. A plausible 
uplanation of this finding involves further reduction of 
one or both dihydropyridines to the isolable tetra- 
Lydropyridine 16 by diborane in the chloroform layer. 
Piborane is being produced and transferred to the 
Organic phase as long as excess sodium borohydride is 
present in the aqueous layer. With a three-step con- 
rersion of nicotinamide to the isoquinuclidine 15 in 
band, the next operations were concerned with trans- 
brmation to an isoquinuclidone. Before proceeding 
with the Hofmann degradation, the ketone 15 was 
educed with sodium borohydride to a crystalline 
mixture of epimeric alcohols 17. The major com- 
ponent further characterized by its acetate 18 could 
x separated from the minor epimer by crystallization, 
jut no configurations were determined because the 
symmetry introduced here is destined to be eliminated 
It a later stage. Oxidation of either the alcohol 17 
x its acetate 18 with sodium hypochlorite in methanol 
florded the tricyclic urethan 19. In practice it was 

BZ Bz 
‘Nl ‘Nl 

17,R-H 19 
18,R=COC& 

bund to be advantage&s to perform the Hofmann 
eaction on the mixture of epimeric alcohols 17 because 
rparation of the major isomer was more complete in 
he case of the highly crystalline urethans 19. Urethan 
‘ormation undoubtedly proceeds through an initially 
‘armed vinyl isocyanate and thence to the enamine 20 
II directly to the conjugated imine 21 which is expected 
o be more stable than its nonconjugated tautomer 20. 

Somewhat contrary to expectation, the tricyclic urethan 
19 proved to be exceptionally inert to hydrolytic condi- 
ions and was recovered unchanged after exposure to 
%ld concentrated hydrochloric acid as well as to hot 
ptassium hydroxide. It was, however, convertible in 
sntially quantitative yield to the acetoxy ketone 22 
jy hydrolysis with 6 N sulfuric acid followed by acet- 
fiation. The vigorous reaction conditions necessary 
lid not preclude molecular rearrangements but the 
&red, nuclear magnetic resonance, and mass spectra 
tithe acetoxy ketone 22 were in perfect agreement with 
hose anticipated. The benzyl group was now removed 
a quantitative yield by catalytic reduction of the 
ntiary amine 22 in the presence of excess hydrochloric 
rid. 

27, R-H %,R-‘H 
28,R-COCHs 30, R = COCH, 

less likely, the corresponding planar iminium ion) the 
final cyclization is unexceptional. Evidence in favor of 
such a suggestion is provided by the facile intercon- 
version of 1 8-hydroxy- and 18-methoxyibogaine.” 
Although l%methoxyibogaine is rapidly reduced to 
ibogaine (2) with lithium aluminum hydride, reduction 
of the lactam 26 did not proceed to the desired penta- 
cyclic amino alcohol but only to the hexacyclic amino 
ether 31. 

To avoid the formation of the tetrahydrofuran ring, 
we investigated the cyclization of the acetoxylactam 

(16) 2,2-Dimethylquinuclidone-(6) absorbs at 1733 cm-‘: H. Pracejus, 
Ber.. 92, 988 (1959). 

(17) G. Btichi and R. E. Manning, J. Am. Chem. Sot., ES,2532 (1966). 
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At this stage the remaining carbon atoms had to be 
introduced into the ibogamine (1) molecule and the 
secondary amine 23 permitted this to be done in at 
least two ways. For reasons to be discussed later, the 
tryptyl moiety was initially introduced by acylation 
rather than alkylation. Treatment of the secondary 
amine 23 with /3-indolylacetyl chloride yielded the 
amorphous amide 24, hydrolyzed with alkali to the 
crystalline alcohol 25. When the latter substance was 
subjected to the action of p-toluenesulfonic acid in 
boiling ethylene chloride solution it was converted to 
the hexacyclic lactam 26. This reaction proceeds in 
high yield and it is undoubtedly the rigidity of the 
isoquinuclidine ring which facilitates the formation of 
the seven-membered ring. A second point of interest 
concerns the geometry of the amide bond in the lactam 
26. Although the nitrogen atom is at a bridgehead 
position the.rings involved are large enough to allow 
the essentially planar amide grouping indicated by 
infrared absorption at 1640 cm-l.le It is clear that 
the formation of the hexacyclic compound 26 must 
proceed through several stages and if the hypothetical 
intermediate 27 proceeds to a carbonium ion 29 (or 

24, R = COCH, 
25,R=H 

0 
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24. Treatment with p-toluenesulfonic acid in hot 
acetic acid solution furnished a diol monoacetate to 
which we originally assigned structure 28,’ but it became 
clear that expression 28 does not represent the structure 
of the product but that of an elusive intermediate. 
The first evidence against 28 but in favor of 32 was 

L--J-- 32, k,-H;R,=COCH, 

31 33, R,-&-COCHJ 
34, R,-Rg-H 

provided by the nuclear magnetic resonance spectrum 
measured in &DMSO solution. A one-proton multi- 
plet centered at 4.7 ppm is attributed to the proton 
attached to the side-chain carbon atom carrying the 
acetate grouping, and a one-proton doublet (J = 6 cps) 
at 5.23 ppm to a hydroxyl proton of, a secondary 
alcohol.‘* Again in support of structure 33 the spec- 
trum of the corresponding diacetate has singlets at 
1.93 and 2.15 ppm due to two acetate methyl groups, a 
one-proton multiplet at 4.9 ppm due to the proton 
adjacent to the side-chain acetate function, and a 
doublet at 5.40 ppm caused by the analogously situated 
cyclohexane proton. It is thus clear that the original 
product is a disecondary dial monoacetate. This 
monoacetate 32 could be hydrolyzed to the correspond- 
ing diol 34 by means of alkali. Attempts to dehydrate 
the diol to the hexacyclic ether 26 in the presence of 
acidic catalysts failed and this situation again cannot 
be reconciled with structure 27. It should be recalled 
that a compound with this structure plays the role 
of an intermediate in the conversion of 25 to 26. When 
the lactam 32 was reduced with lithium aluminum 
hydride in tetrahydrofuran it was smoothly transformed 
to the dihydroxyamine 35. A very intense peak at 
m/e 209 in the mass spectrum of the diol 35 and its 
derivatives is attributed to the ion 38. Before des- 
cribing the conversion of this diol to ibogamine (I), 
we wish to discuss an alternate synthesis. 

36,R,-4&-H 38 
~~,RI=H;&=COCH, 
37, RI =I&-COCHs 

H 

OCOCHa 
39 

(18) 0. L. Chapman and R. W. King, J. Am. Chem. Sot.. 86. 1256 
(1964). 
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As already mentioned we were initial1 
any attempts at acid-catalyzed cycli 
amino ketone 39 b 
tively charged nitroge 
tion of the neighbori 
bond formation to the 
the cyclization of the 
followed by a rearrang 
inquire whether the 
and whether the resulting product would be 
quinuclidine or again an azabicyclo[l.2 
kylation of the secondary amine 23 with t 
produced the tertiary amine 39 which 
cation was subjected to the action of p- 
acid in acetic acid solution. The salt of the 
product 36 crystallized from the crude reaction 
and, after conversion to the corresponding 
the mother liquors yielded minor amounts 
previously described ether 31 and the dia 
Reduction of the mo 
hydride to the dio135 completed an alternate syn 
this crucial intermediate. These experiments 
that our fears concerning the cyclization of th 
39 were not justified and that the hypothetical 
alcohol is again unstable in relation to its rearranged 4 
secondary isomer 36. Although analogous Waga& 
Meerwein rearrangements in the bicyclo[2.2.2]oclrat ‘: 
seriesI are well known, the changes observed bcre 
involve 1,2 shifts of amine and amide nitrogen. Suck 
transformations of amines are fairly common whencrcr 
an ethylenimine can function as an intermediate. la 
the present cases, however, such intermediates are very 
severely strained and the unshared electron pair on tbc 
nitrogen atom is not available for displacement of the 
leaving group. The only analogy for a direct 1,2 shiftd 
nitrogen we are aware of is the rearrangement of cinchotn 
halides to hetero ethers in the presence of silver saltsir 
alcoholic so1utions.20~21 Stereomodels of the twe 
monoacetates 28 and 32 leave no doubt that the latta 
represents the less crowded and consequently more 
stable isomer. Interestingly, 18-hydroxyibogaine (40) 
with the side chain in the opposite configuration in 
stable in relation to its isomer 41. Although no 

rigorous evidence is available concerning the configure 
tions of the hydroxy groups in 32 and 36, they are mod 
probably axially oriented. It should be remembered 
that the cyclizations of the ketones 24, and 39 givt 
mainly the, monoacetates 32 and 36 rather than the 
diacetates 33 and 37, although the reactions are p 
formed in acetic acid solution. This seems to result 
from internal return within ion pairs derived from the 

(19) J. A. Berson in “Molecular Rearrangements,” Vol. I, P. dt 
Mayo, Ed., Interscience Publishers, Inc., New York, N. Y.. 1963. p 111. 

(20) R. B. Turner and R. B. Woodward in “The Alkaloids,” Vol. III, 
R. H. F. Manske and H. L. Holmes, Ed., Academic Press Inc., Nev 
York, N. Y., 1953, p 17. 

(21) E. W. Warnhoff in “Molecular Rearrangements.” Vol. CL 
P. de Mayo, Ed., Interscience Publishers, Inc., New York, N. Y., 1963, 
p 877. 
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hypothetical cation 30 and the corresponding desoxo 
i roatog demanding that leaving and entering hydroxyl 
foups be located on the same face of the molecule. 
Under more vigorous conditions the cation 30 does com- 
bine with external anions and when the cyclization of the 
wtoxy ketone 24 was performed in boiling chloro- 
benzene in the presence of 1 molar equiv of p-toluene- 
Illllonic acid, the acetoxytosylate (32 R, = S02C,H,) 
ns obtained. Solvolysis in refluxing acetic acid gave 
thcdiacetate 33 presumably with retention of configura- 
tion. A second argument in favor of an axially 
aieoted hydroxyl group in 32 was provided by the 
nwpling constant for the two vicinal hydrogen atoms 
ltlached to C-4 and C-5 in the diacetate 33. The 
observed value of 4 cps agrees with an axial-equatorial 
+ationship. 
: Returning to the-$&thesis of ibogamine (1) the 
ii01 35 was oxidized with dimethyl sulfoxide and 
GcyclohexylcaTbodiimide 22**8 to the hydroxy ketone 
42 whose mass spectrum again shows an intense frag 
ltnt peak at m/c 209 (38). In association with this 
change the methyl group in the hydroxy ketone now 
lppcars as a singlet at 2.05 ppm in the nmr spectrum 
&DMSO) and a one-proton doublet at 5.20 ppm 
u = 6 cps) which disappears on exchange with deu- 
k&m oxide again demands the presence of a secondary 
rkohol. Exposure of the @hydroxy ketone 42 to 
basic catalysts caused dehydration to the c&unsatu- 
nrcd ketone 43, Y::?’ 1670, 1640 cm-l, and one vinyl 
poton in the nmr spectrum (singlet at 7.20 ppm). As 
rPticipated the a&unsaturated ketone groupink had a 
urked effect on the ultraviolet light absorption prop- 
erties also and caused a raise of the extinction at 226 
m&l to 48,500. 

42 43 
: To complete the synthesis of ibogamine (1) three 
Lnher changes are necessary. The oxidation stage of 
6e &cyclic moiety has to be adjusted, the azabicyclo- 

J33Joctane has to be reconverted to an isoquinucli- 
::&te, and the acetyl side chain needs transformation 
;lourethyl group. The first two objectives were achieved 
% a single operation when it was found that reduc- 
,&II of the a&unsaturated ketone 43 with zinc in 
,; a& acid yielded a mixture of the two epimeric ketones 
:a and 45. Neither one of the two was identical with 

;> \ 06 
ngl " ,,i?“ . 44 45 

: bc cpimeric ketones 46 produced by catalytic reduction 
(I the unsaturated ketone 43 and they consequently 
,wrt have different skeletons. The mechanism of 
&faction of the unsaturated ketone by zinc undoubtedly ‘7% 
;j’Qn K. FL Pfitzner and J. G. Moffat, J. Am. Chem. Sot., 85, 3027 
'pm); tiki,87,?661, 5670(1965). 
$ @j 1. D. Albrtght and L. Goldman, J. Org. C/tern., 30, 1107 (1965). 

46 47 

involves cleavage of the carbon nitrogen bond (48, 
arrows) to yield the tetracyclic compound 49 and sub- 
sequent internal Michael addition (49, arrows) to an 
enol and thence to the epimeric ketones 44 and 45. 

48 49 

The two methyl ketones 44 and 45 were partly separable 
by chromatography on Florisil but it was not possible 
to convert the mixture of ketones to a single isomer by 
either acid or base catalysis, suggesting that they differ 
little in thermodynamic stability. Wolff-Kishner re- 
duction of this mixture yielded ibogamine (1) and epi- 
ibogamine (47) readily separable by chromatography. 
Comparison of infrared and mass spectra and of Rf 
values on thin layer chromatograms established the 
identity of racemic ibogamine with a sample of natural 
origin. Identical criteria were used to ascertain the 
identity of racemic epiibogamine (47) with material 
prepared by degradation of catharanthine (3).En24 

Analogous procedures were used to synthesize 
ibogaine (2). Condensation of 3-(5-methoxyindolyl)- 
acetyl chloride26 with the secondary amine 23 furnished 
the amorphous amide 50. Cyclization to the lactam 
51 was again effected in acetic acid solution containing 

p-toluenesulfonic acid. Reduction with lithium alu- 
minum hydride afforded the diol 52 which was sub- 
sequently oxidized to the hydroxy ketone and dehy 
drated to the cu,&unsaturated ketone 53. Reduction 
with zinc in acetic acid followed by Wolff-Kishner 
reduction yielded a readily se’parable mixture of ibo- 
gaine (2) and its CI epimer (54). Infrared and mass 

(24) We wish to thank Dr. N. Neuss. Eli Lilly and Co.. Indianapolis, 
Ind., for an authentic sample of epiibogamine. 

(25) E. Shaw and D. W, Wolley, J. Blol. Chem., 203, 979 (1953). 
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cH3* 
53 

spectra of racemic ibogaine were identical with those of 
the natural material. The mass spectra of epiibo- 
gamine (47) and epiibogaine (54) were identical in the 
lower mass region, but peaks due to fragments con- 
taining the indole ring appeared 30 mass units higher 
in the case of epiibogaine.26 

Unfortunately the two total syntheses just described 
do not corroborate the configuration of the ethyl group 
in iboga alkaloids but both crystallographic10 and 
chemical27 evidence is already available on this point. 
We have previously developed a method for the intro- 
duction of a carbomethoxy group at Cl8 in iboga 
alkaloids and used it for the conversion of ibogaine to 
voacangine.” 

Experimental Section 
Microanalyses were performed by Dr. S. M. Nagy and associates 

of the Massachusetts Institute of Technology microchemical 
laboratories, and by Midwest Microlabs, Inc., Indianapolis, Ind. 
Melting points were determined on a hot-stage microscope and are 
uncorrected. Infrared spectra were recorded on Perkii-Elmer 
Models 137 and 237 Jnfracords; in general only bands character- 
istic of the functional groups present are listed. Ultraviolet 
spectra were recorded on a Cary, Model 14, recording spectro- 
photometer. The nmr spectra were obtained with a Varian A-60 
instrument and are given in ppm from an internal tetramethyl- 
silane standard; coupling constants (J) are given in cps. Complete 
spectra are quoted when deemed appropriate and when adequately 
resolved; otherwise the pertinent and salient features only are 
given. The abbreviations s, d, t, q, and m refer to singlet, doublet, 
triplet, quartet, and multiplet, respectively. Mass spectra were 
determined on a CEC 103 instrument using a direct inlet system; 
-the strongest peaks only are listed. Thin layer chromatograms 
(tic) were made with Woelm Silica Gel G and developed with 7 
or 25% methanol in benzene. Merck acid-washed alumina was 
used in preparing column chromatograms unless otherwise in- 
dicated. Anhydrous sodium sulfate was used as drying agent in 
working up reactions. 

N-Benzyl3-cyanopyridiuium Bromide (6). A solution of 3-cyano- 
pyridine (260 g, 2.5 moles) and benzyl bromide (462 g, 2.7 moles) in 
ethyl acetate (750 ml) was allowed to reflux for 1 hr. The salt was 
obtained in four separate crops, 594 g (86%), mp 146-151”. An 
analvtical samole was recrvstallized from methanol-ethvl acetate 
as colorless needles, mp 1531155”. 

(26) K. Biemann, “Mass Spectrometry,” McGraw-Hill Book Co.. 
Inc., New York, N. Y., 1962, p 310. 

(27) K. Biemann and M. Friedmann-Spiteller, J. Am. Chem. Sot., 
83, 4805 (1961); U. Renner and D. A. Prius, Experienffo, 15, 456 (1959). 

Anal. Calcd for C,,H,,ErN.: C. Th.7At I-I Am! .-- . . . -, - - . . . , - -, N’ 
Found: C, 56.96; H, 4.15; 1 N. 10.10. . “‘:I ‘:“:’ 

Addud 9 from N-Benzyl-3cyano-l,6-dLydropyridiac aml l& 
Vinyl Ketone. A solution of N-benzvl-3-cvanonw 
mide (200 g. 0.73 
bath and treated 
carbonate (17 g) 
water (350 ml). The mixtur 
three times with chloroform. 
the extract which was dried a 
red oil, Y:!? 2200, 1680, 1650, 1620, 1590, and 
mixture of dihydropyridines was dissolved in c 
and treated with methyl vinyl ketone (120 g, 1.7 moles) 
quinone (1 g). This solution was heated under reflux in an 
phere of nitrogen for 70 hr and then evaporated to a 
This oil in hot methanol (200 ml) was treated with picric 
g, 0.79 mole) in hot methanol (700 ml), and the resultin 
was stored in thecold for 2 days. The methanol was d 
the picrate which had separated as a dark, viscous oil 
was then dissolved in methylene chloride (300 ml) and d 
by shaking with 1 N sodium hydroxide solution (1.5 I.).:-@ 
aqueous phase was extracted twice with methylene &I*‘&\ 
the extracts were combined with the organic phase, driai, 41 
evaporated. The residue in benzene solution was filtered w! 
Florisil (1 kg) and the yellow oil recovered from the &ate mllii 
taken up in ether (150 ml) and stored on Dry Ice. The predpLii 
was filtered and washed with very cold ether giving 32.6 g (16.8m 
colorless needles, mp 105-108”. en analytical sample raz@ 
lized from ether had mp 109-110”; vEyo* 2210, 1705, 1610,rl 
1495 cm-l; nmr (CDCl,) 1.6-2.2 (m, 3 H), 2.09 (s, 3 H), Lbq 
(m, 3 H), 3.55 (AB quartet, J = 13 cps), 3.94 (unsymmetricJ$’ 
1 H), and 7.35 (s, 6 H) ppm. The vinyl proton signal is putis 
obscured by the five aromatic protons. In the cyanamide Otrcry 
by von Braun degradation of the benzylamine (not described w 
the vinyl proton appears as a doublet of doublets, J - 7 and 2 cp~ :’ 

Arm/. Calcd for CnHuNtO: C, 76.66; H, 6.81; N, Iv 
Found: C,76.68; H,6.73; N, 10.48. 

NBenzyl3carhoxamidopyridiaium Chloride (14). A salti 
of benzyl chloride (100 g, 0.79 mole) and nicotinamide (953 b 
0.78 mole) in methanol (250 ml) was heated under reflux overt& 
The resulting suspension was cooled and filtered and the c& 
were washed with acetone. Both filtrate and washings were m) 
orated and the residue was taken up in acetone giving an addilbJ 
crop of product. The salt was obtained as a colorless powder: 
258”,inquantitativeyield; Y:::’ 

p 
32W,l705,1660,16W,and lJZOoclr\ 

Adduct 15 from N-Benzyl-3-crrboxamldo-l.6dihydro~rrl& 
and Methyl Vinyl Ketone. A-solution of N-benzyL3-&bo&& 
Dvridinium chloride (100 R. 0.40 mole) in water (600 ml) I 
cooled to 0” in an ice-methanol bath and treated with vib 
stirring, first with a saturated aqueous sodium carbonate soI& 
(60 ml) and then dropwise with a solution of sodium borohyhib 
(12.0 g, 0.316 mole) in dilute, aqueous sodium carbonate (100~ 
The mixture was allowed to stand without stirring for 5 min; ti 
the aqueous phase was decanted off. The red oil was wa$d 
three times with water then taken up in chloroform (200 ml) J 
washed again with water and then dried. The solution sholrJ 
three spots on tic, Y:: 1530-1700 cm-r (unresolved). * F 

The solution was treated with hydroquinone (0.5 g) and d 
vinyl ketone (40 g, 0.57 mole) and was then allowed to reflux I& 
nitrogen for 18 hr. Evaporation left a dark red oil which m 
taken up in ethyl acetate (300 ml) and extracted with hydruchlak 
acid (50 ml in SW ml of water). The organic phase was wmhd 
with water and discarded. The combined aqueous parts r~l 
washed with ether, neutralized with sodium carbonate, and extrxtd 
with methylene chloride giving 79 g of an oil. This was chrm 
graphed on a column of alumina (800 g) packed in pentane. Ro 
tions eluted with ethyl acetate and 5 % methanol-ethyl acetate van 
solid or solidified on seeding. Recrystallization from chlorofm 
ethyl acetate afforded 15.2 g (13.4%) of colorless crystals: g 
173-175”; Y::!’ 35W,3250,1710,1675, 1635, 1610, 1500, aad fll 
cm-r, nmr (&DMSO) 1.3-2.0 (m, 2 H), 2.06 (s, 3 H), 2.3-3.9 (4 
6 H),3.46@,2H),4.36(broad s, 1 H),7.2(m, 1 H),and7.30&5q 
pm. 

And. Calcd for CtP*oNIOr: C, 71.80; H, 7.08; N, 9.0 
Found: C,71.91; H,7.18; N,9.50. 

In some experiments small quantities of N-benzyl-J-car& 
amido-1,2,5,6tetrahydropyridine (16) were obtained from lrld 
fractions of the chromatogram. This substance crystallized fma 
benzene in colorless crystals, mp 118-120”; ~2:’ 3500, 31op 
1670,16W, 1500,750, and 700 cm-*. 
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Hydrolysis of Adduct 9 to Adduct 15. A solution of nitrile 9 
(10 g) in concentrated hydrochloric acid (15 ml) was allowed to 
ttsnd at room temperature for 18 hr. The solution was diluted 
rith water, neutralized with sodium carbonate, and extracted with 
chlwoform. The resulting extracts were dried and evaporated to 
YI oil which crystallized from isopropyl alcohol giving 1.55 g 
(75% of colorless nlates. mp 167-170”. A mixture melting ooint 
&thadduct 15 showed no depression and the infrared spectra of the 
twosamples were identical. 

Adduct 10 from N-Benzyl-kyano-1,64hydropyridine and 
bktbyl Acrylate. A solution of 50 g of N-benzyl-Scyanopyri- 
&urn chloride in 250 ml of water was cooled.in,an ice-salt bath 
rrd treated slowly while stirring with a solution of 5 g of NaEO, 
sad 10 g of NaBH, in 100 ml of water. The mixture was stirred 
br 10 min and then extracted three times with CHCL. The dried 
atracts were evaporated to give 36.5 g of light red oil. This 
cixture of dihydropyridines was taken up in 100 ml of dimethyl- 
lonnsmide, treated with 50 ml of methyl acrylate and 0.50 g of 
Lydroquinone, and then allowed to reflux under Np for 3 days. The 
dution was cooled and evaaorated to a red oil under reduced 
mure. This oil was shaken with 75 ml of concentrated HCI in 
!@J ml of HI0 and 90 ml of CH&ia in 250 ml of ether. The organic 
phase was washed twice with water and discarded. The combined 
digs and the acid phase were washed with ether and slowly 
ccutralized with NarCOr. The slightly basic mixture was extracted 
hice with CHICIZ givini, when diied and evaporated, a dark oil. 
This oil in benzene solution was filtered through Florisil giving a 
@low oil which crystallized from 50 ml of ether on Dry Ice. The 
cryrtals were filtered and washed with Dry Ice-cold ether giving 
UZ g (13.8x) of yellowish white prisms, mp 107-110”. Re- 
ayrtallization from CHICil-e.ther on Dry Ice gave white needles: 
rrp lll-l13°; Y,., 2210 (m), 1730 (s), 1600 (w), and 1595 cm-1 
b). The nmr spectrum is consistent with structure 10 and as 
o&rved with other adducts in the N-benzyi series, the benzylic 
potons appear as a quartet (3.48 ppm) and the vinyl proton as a 
doublet (7.12 onm): X?‘?‘ 258,264 mu (c 700). 

And. ‘Cal$ fbr C;;i&N,iX C; j2.32;. H, 6.43; N, 9.92. 
Found: C,72.35; H, 6.42; N, 10.39. 

When treated with oxalic acid in ethanol the amine formed a 
crynalline oxalate. An analytical sample recrystallized from 
s&u101 had mp 188-189”. 
, Aml. Calcd for CXeHlaNnOe: C, 61.28; H, 5.41; N, 7.52. 

’ Fad: C,61.09; H, 5.08; N,7.39. 
Tramformation of the Unsaturated Amine 10 to the Saturated 

A&se Hydrochloride 13. A solution of the amine 10 (1.0 g) in 
-noI was hydrogenated over prereduced 10% Pd-C catalyst 
(al g). The solution absorbed 92 ml of hydrogen in 86 min. 
m catalyst was removed by filtration, the filtrate was evaporated 
to&yncss, and the residued was issolved in tetrahydrofuran. Upon 
bidition of hydrogen chloride gas a precipitate formed which on 
mallization from ethanol gave small colorless crystals (0.41 
d:, rnp 177-183’; VT 2270 (w), 1740 (s), and 1600 cm-1 
(rL 
‘b’ ‘Ad. Calcd for C,,HnOINICi: C, 63.64; H, 6.60; N, 8.74. 
,,Jod: C, 63.41; H, 6.72; N, 8.48. 
‘!%. N-Benzyl-3carbomethoxypyridinlum Bromide. A solution of 
Mbyl nicotinate (32 g) and benzyl bromide (40 g) in acetone (250 

.!awas allowed to reflux for 4 hr. The solution was then cooled; 
,“Iprecipitate formed was collected on a filter and washed with 
#hl acetone, The salt (50.6 g) was obtained as colorless crystals, 
;rpI439 ,.. 
; 5 Adduct 12 from N-Benzyl3carbomethoxy-1,6dihydropyridine 
,jti Acrylonitrile. ‘This adduct was prepared from N-benzyl-Z 
,,&omethoxypyridinium bromide and acrylonitrile by the method 
fibaibed for the preparation of the adducts 9 and 10. It was 
j&&cd as a colorless oil which could not be induced to crystallize 
$ b 11% yield based on pyridinium salt used. The material appeared 
i~eous on thin layer chromatograms and had Y%: 2260 

~4Ml7lO(s),and 1630(m)cm-1. 
j $ Wlytic Reduction of the Unsaturated Amine 12 to the Saturated 
$ b Hydrochloride 13. The adduct 12 (1 g) in methanol solution 
,m hydrogenated over a Pd-C catalyst (0.1 g). After hydrogen 
i lprkc was complete (80 ml) the catalyst was removed by filtration 
‘d gaseous hydrogen chloride was then added to the filtrate until 
dution was acidic. Evaporation of the solvent gave a foam which 

1, CUIU be I crystallized from tetrahydrofuran. Recrystallization 
)an ethanol gave the hydrochloride 13 (0.12 g), mp 177-181”. 

j A mixture melting point with the compound obtained from adduct 
W showed no depression. The infrared spectra of samples frbm 
&two sources were superimposable. 
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Reduction of the Ketoamide 15 to the Hydroxyamide 17. A 
solution of ketoamide 15 (5.0 g, 0.0176 mole) and sodium boro- 
hydride (2.0 g, 0.0525 mole) in methanol (50 ml) was maintained 
at 0’. After 1 hr, a clear solution had formed which was then 
diluted with water (50 ml) and chloroform (100 ml). After shaking, 
the organic phase was separated and the aqueous phase was ex- 
tracted twice with chloroform. The combined chloroform parts 
were dried and evaporated. The oily residue crystallized from ether 
giving 4.02 g (80 %) of colorless crystals, mp 135-l 50”. 

A sample of this alcohol obtained by base hydrolysis of the 
acetoxyamide (18) had mp 157-162”; ~2:’ 3400, 3200, 1675, 
1650, 1600, 1500, 740, and 695 cm-‘. The infrared spectra of 
samples obtained by the two roytes were essentially identical but 
not superimposable. 

Acetylation of the Hydroxyamide 17 to the Acetoxyamide 18. 
A crude mixture of epimeric alcohols from reduction of the keto- 
amide (15,5 g) was taken up in acetic anhydride (15 ml) and pyridine 
(15 ml) and left overnight at room temperature. The solution was 
diluted with water, neutralized with aqueous sodium carbonate, 
and extracted with methylene chloride. The partially crystalline 
residue from the dried extract was triturated with ether. filtered, 
and washed with more ether giving 2.83 g (49 ye) of .coiorless 
crystals, mp 172-179’. Recrystallization from chloroform-ether 
yielded.neehles: mp 178-180”; u::r’ 3500, 3250, 1730, 1680, 
1635,1610,1500,1260,730, and 7OOcm-*. 

Anal. Calcd for CIDH1,NYOI: C, 69.49; H, 7.36; N, 8.53. 
Found: C,69.12; H,7.40; N,8.37. 

Hofmann Rearrangement of the Hydroxyamide 17 to the Tricyclic 
Urethan 19. The crystalline mixture of hydroxyamide 17 and 
its epimer (2.30 g, 8.05 mmoles) in methanol (65 ml) solution was 
treated with potassium hydroxide (0.85 g, 15.2 mmoles) in aqueous 
sodium hypochlorite (15.7 ml of 5.25% solution, 11.0 mmoles). 
The resulting solution turned yellow and warmed spontaneously to 
about 50”. After 1 hr it was poured into saturated aqueous sodium 
chloride (300 ml) and the resulting mixture was extracted tive times 
with chloroform. The dried extracts were evaporated to an oil 
which crystallized from ether in colorless needles, 1.51 g (53%), 
mp 140-147”. An analytical sample recrys$$ized from methylene 
chloride-ether had mp 147.5-149”; V& 3300, 1750, 1545, 
1500, 1255, 1060, 925, 735, and 700 cm-*; nmr (CDCI,) 1.18 (d, 
J = 7 cps, 3 H) 1.4-3.6 (m, 10 H), 3.64 (s, 3 H), 3.78 (s, 2 H), 5.3 
(broad s, 1 H, exchanged by NazCO1-D*O), and 7.28 (s, 5H) ppm; 
mass spectrum m/e 316 (M+), 301,284,269, 225,200, 198,158, and 
91. 

Anal. Calcd for ClaHuN,O,: C, 68.32; H, 7.64; N, 8.86. 
Found: C,68.48; H, 7.93; N, 8.82. 

Hydrolysis of the Urethan 19 and Acetylation to the Isoquinu- 
clidone 22. A solution of the urethan 19 (4.0 g, 12.7 mmoles) in 6 
N sulfuric acid (40 ml) was heated on a steam bath overnight. The 
solution was then cooled, neutralized with saturated aqueous 
sodium carbonate, and then extracted five times with methylene 
chloride. The extracts were dried and evaporated giving 3.71 g of 
hydroxy ketone as a colorless oil, ~2: 3500, 1715, 1500, 1405, and 
700 cm-*. A solution of this oil in acetic anhydride (15 ml) and 
pyridine (5 ml) was allowed to stand at room temperature for 44 hr. 
It was then diluted by adding ice. When the product began to 
crystallize, aqueous sodium carbonate and ice were added in small 
portions until the mixture was neutral. The product was filtered, 
washed with water, and then dried under vacuum giving 3.54 g 
(93%) of colorless plates, mp 108-112”. A sample recrystallized 
from ether-hexane had mp 111.5-112.5”; ~2:’ 1740, 1720, 1500. 
1400, 1250, 750, 740, and 700 cm-‘; nrnr-<CDCl$ l.O-i.5 (m; 
1 H), 1.24 (d, J = 7 CDS. 3 H), 2.02 (s, 3 H). 2.27 (broad s. 4 HL 
2.3-i.7 (m,‘2-H), 2.9-j.i(m, 2 H), 3:76 (AB’q, J = 14 cpsj, 4.?4 
(quintet, J = 7 cps, 1 H), and 7.54 (s, 5 H) ppm; mass spectrum 
m/e 301 (M+), 273,258,242,230,214,158, and 91. 

Anal. CalcdforClaH~rNOI: C,71.73; H,7.69; N,4.66. Found: 
C, 71.63; H, 7.65; N,4.71. 

Debenzylation of Tertiary Amine 22 to the Secondary Amine 
Hydrochloride 23. Concentrated hydrochloric acid was added 
dropwise to a solution of the isoquinuclidone 22 (2.00 g, 6.64 
mmoles) in methanol (60 ml) until the solution was acidic. This 
solution was added to a slurry of 10% palladium on charcoal (100 
mg) in methanol (5 ml) and the mixture was stirred under hydrogen 
until absorption ceased (uptake 150 ml, 1 equiv). The catalyst 
was removed by filtration and the filtrate was evaporated to a small 
volume. Addition of tetrahydrofuran induced crystallization. 
The solvent was then evaporated completely leaving 1.65 g (100%) of 
colorless needles, mp 207-212”. An analytical sample recrystallized 
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from methanol-tetrahydrofuran had the same melting point; 
~,f~~‘2700,2500,1750,1595,1440,1250, and llOOcm-1. 

Ad Calcd for CIIHISCINO1: C, 53.33; H, 7.32; Cl, 14.32; 
N, 5.66. Found: C, 53.24; H,7.54; Cl, 14.17; N, 5.47. 

Acylation of the Secondary Amfne 23 to the Amide 24. The 
secondary amine hydrochloride 23 (1.65 g, 6.66 mmoles) was 
dissolved in a mixture of methylene chloride (25 ml) and triethyl- 
amine (2 ml) and treated, with stirring and cooling in ice, with a 
solution of indole-3-acetyl chloride”ss (2.00 g, 10.3 mmoles) in 
methylene chloride (10 ml). Additional triethylamine (2 ml) was 
added and the solution was left at room temperature for 1 hr. It 
was then diluted with methylene chloride (100 ml), washed with 
dilute hydrochloric acid and then with dilute aqueous sodium 
carbonate, dried, and evaporated leaving 2.5 g (100%) of a pale 
brown foam. Chromatography on alumina afforded a pure 
(tic), colorless sample which could not be crystallized; YE: 3400, 
1745,1640,1250, and 750 cm-‘. 

Hydrolysis of the Acetoxyketoamide 24 to the Hydroxyketoamide 
25. A solution of the amide 24 (368 mg, 1 mmole) in methanolic 
potassium hydroxide (4 pellets in 5 ml) was left at room temperature 
for 1.5 hr. It was then diluted with water and extracted with 
methylene chloride. The extract was washed with dilute hydro- 
chloric acid, dried, and evaporated to give 150 mg of a foam. 
Crystallization from chloroform-benzene afforded 94 mg (29 %) of 
small colorless crystals: mp 167-173”; Y”,:? 3400, 1740, 1600, 
745, and 688 cm-*. 

Anol. Calcd for C&HZ~N~O~: C, 69.92; H, 6.79; N, 8.58. 
Found: C,70.30; H,6.63; N,7.63. 

Cyclization of Amide 25 to the Hexacyclic Ether 26. A solution 
of the hydroxyketoamide 25 (65 mg, 0.20 mmole) and ptoluene- 
sulfonic acid dihydrate (15 mg, 0.072 mmole) in ethylene chloride 
(2 ml) was allowed to reflux under nitrogen gas for 18 hr. The 
solution was cooled, washed with dilute aqueous sodium bicar- 
bonate. dried, and evaporated. Thecolorlessresiduewaschromato- 
graphed on slurnina and the fraction eluted with ether-benzene 
(2: 1) crvstallized from ethanol to Rive 53 mR (86Z) of colorless. 
heedles:- mp 257-260”; y::y 3300,i640,14%, ii60,ii40,1015; 
994,900, 810,745,740,717, and 703 cm-l; AZ:” 222 mp(c 36,600) 
275 (7400), 282 (7750), and 290 (6600); nnu (CDCI,) 1.22 (d, J = 
7 cps, 3 H) 1.5-2.7 (m, 6 H), 3.0 (d, J = 13 cps, 1 H), 3.5-4.3 (m, 
4 H), 4.45 (d, 1 H) 6.9-7.6 (m, 4 H), and 8.8 (broad s, 1 H) ppm; 
mass spectrum m/e 308 (M +), 279,265, 237,223,210, 154, 129, and 
108. 

Cyclization of Amide 24 to the Lactam 32. A solution of crude 
acetoxvketoamide 24 (2.45 g. 6.66 mmoles) and ptoluenesulfonic 
acid dihydrate (0.30 g; l&nmoles) in glacial aietic acid (25 ml) 
was allowed to reflux under nitrogen for 1.5 hr. Zinc dust (5 g) 
was added to the dark solution, and the mixture was stirred and 
heated for 1 additional hr leaving a light yellow solution. The 
mixture was cooled, diluted with water (100 ml), and decanted from 
the zinc which was then washed several times with chloroform. 
The washings were used to extract the aqueous phase. Three 
chloroform extracts were combined, washed with dilute aqueous 
sodium carbonate until neutral, dried, and concentrated under 
reduced pressure until the product commenced to crystallize. After 
being stored in the cold, the product was filtered and washed with a 
small amount of cold chloroform giving 1.59 g (65 %) of yellowish 
white crystals, mp 268-275”. An analytical sample recrystallized 
from ethanol in colorlessneedles: mp 280-283’; YE:” 3550,1720, 
1640, 1415, 1260, 1140, and 1050 cm-‘; XFzp 222 mp (a 36,400) 
281 (7180), and 288 mp (5820); nmr (&-DMSO) 1.11 (d,J i 7 cps, 
3 H), 1.4-1.7 (m, 3 H), 1.84 (s, 3 H), 2.3-2.7 (m, 2 H), 3.2-3.7 (m, 
6H),4.5-4.9(m,l H),5.23 (d,J= 6cps,lH),6.8-7.5(m,4H),and 
10.91 (broad s, 1 H) ppm; mass spectrum m/e 368 (M+), 325, 309, 
281,279,253,236,223,195,129,115,and97. 

Anal. Calcd for GIHIdN204: C, 68.46; H, 6.57; N, 7.60. 
Found: C, 68.07; H, 6.72; N, 7.77. 

The mother liquors were evaporated and the residue hydrolyzed 
with methanolic potassium hydroxide (1 g in 20 ml) at room tem- 
perature. After 1 hr the solution was diluted with water and 
extracted with methylene chloride. The dried extract was evap- 
orated and the residue taken up in hot ethyl acetate. On cooling, 
tan crystals of the dihydroxylactam 34 separated, 0.61 g (28X, 
total yield of cyclized products 93z), mp 265-275’; YE:’ 3400 
1640,1140,1070,1010, and 740 cm-‘. 

Diacetoxylactam 33. Treatment of acetoxyhydroxylactam 
32 (30 mg) with pyridine (0.5 ml) and acetic anhydride (1 ml) for 

(28) The acid was prepared by the method of H. E. Johnson and D. G. 
Crosby, J. Org. Chem., 28. 1246 (1963). 
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16 hr gave, on adding ice, 29 mg (87%) of crystalline diaw.ta& 
mp 298-302 ‘; v::!’ 3400, 1750, 1635, 1240, 1210, 1060, d 
755 cm-*; nmr (CDCI,) 1.20 (d, J = 6 cps. 3 H), 1.93 (s, 3 H),Zl$ 
(s, 3 H), 4.9 (m, i H), 5.4 (d, J = 4 cps, i H), 7.2-7.7 (m, 4 H),rl 
9.15 (s, 1 H) ppm. Similar treatment of the dihydroxylactam 1 
gave the same product. 

Cyclization bf Amide 24 to the Acetoxytosylate. A soludaa d 
ac&oxyketoamide 24 (I.00 g. 2.72 mmoles) and ~~oluenesulfodr 
acid dihydrate (1 g) in chlo&benzene (10 &I) was retluxed uods 
nitrogen for 1 hr. The solution was cooled, diluted with chlorofm 
(50 ml), and washed with dilute aqueous sodium carbonate. TL 
dried solution was concentrated to a small volume under reducd 
pressure and chilled, causing the product to crystallize. The M 
crop was filtered and washed with ether giving 220 mg of lk 
tosylate, yellowish white crystals: mp 270-274”; Y!$? 3X0, 
1755, 1620, 1230, 1195, 1185, 1030, 910, 890, 820, 810, 790,7* 
and 670 cm --? The second crop (225 mg) was a mixture, mp 2W 
207”, containing two acetate carbonyl bands in the infrared spr@ 
trum. Recrystallization from ethanol gave in one crop, an ad& 
tional 120 mg of the tosylate, and 15 mg of large, thick necdk~ 
which were separated mechanically from the smaller crystals of ti 
tosylate. This second product, mp 265-280”. was identified by & 
infrared spectrum as the acetoxyhydroxylactam 32. 

Conversion of the Acetoxytosylate to the Diacetate 33. Exposuft 
of the tosylate (110 mg) to hot glacial acetic acid (2 ml) for I I# 
caused conversion to the diacetate 33 (100 mg). After crystall& 
tion from ethanol the sample had mp 297-302”. An infrlml 
spectrum measured in a Nujol mull was identical with that ds 
sample obtained by acetylation of the monoacetate 32 or the did 
34. 

Reduction of the Hexacyclic La&am 26 to the Hexacyclic Ethera 
The lactam 26 (5 mg) was allowed to reflux in tetrahydrofurr 
solution in the presence of excess LiAlH4 for 4 hr. The pro& 
isolated in the conventional manner had mp 226-234” after ~b 
crystallization from ethanol. Its infrared spectrum was sups 
imposable on that of a sample prepared by cyclization of the a& 
alcohol corresponding to the amino ketone 39 and the sampla ~(ll 
indistinguishable by thin layer chromatography. 

Reduction of the Hydroxyacetoxylactam 32 to the Dihydroxyati 
35. A solution of the hydroxyacetoxylactam 32 (2.00 g, 5.U 
mmoles) in tetrahydrofuran (40 ml) was cooled in ice water Ild 
treated with lithium aluminum hydride (1.00 g, 26.3 mmolcs) in 
small portions with stirring. Thd mixture was-stirred for 1 h g 
30”. Excess lithium aluminum hydride was destroyed by dropti 
addition of saturated aqueous sodium sulfate and the mixture w 
then diluted with chloroform, and the organic layer was dritd 
filtered, and evaporated. The residue after evaporation w 
filtered through Florisil(20 g, in hexane), eluting with ethyl acetstc 
Evaporation of the eluate left 1.42 g (83%) of crude product k 
yellowish white crystals, mo 125-147” (tartly solvated, one ~PO 
bn tic). An anaiyticai sample recrystalliied from -methyl& 
chloride was obtained in long, colorless needle-s, mp 124-140’ 
After drying at 80” (0.02 mm) for 18 hr it had mp 189-191’ 
PO 3500, 3200, 1100, 1045, 995, 955, 735, and 695 cm-‘; c Ill., 
225 mu (c 38.000). 282 (7800). and 289 (7230); nmr (&DMSO 
1.09 (ci, j = 6 cps; 3 H),‘1.2-j:8 (m, 14 ti), 4% (m, 1 &4.7J(d 
J = 5 cps, 1 H), 6.8-7.5 (m, 4 H), and 10.16 (broad s, 1 I$); IIIU 
spectrum m/e 312 (M+) and 209. 

Anal. Calcd for CIPHIIN*OI: C, 73.04; H, 7.74; N, .8.91 
Found: C,71.66; H,7.68; N, 8.61. 

Acetylation of the Dihydroxyamine 35 to the Diacetate 37. Tb 
dihydroxyamine 35 (290 mg, 0.93 mmole) in pyridine (2 ml) ws 
treated with acetic anhydride (3 ml) and the solution was left I 
room temperature for 11 hr. The solution was diluted with b 
water, neutralized with aqueous sodium carbonate, and extrscta 
with chloroform. The extract was dried and evaporated leaving I 
dark oil which crystallized from methylene chloridwther to givl 
145 mg (40 %) of tan crystals, mp 224-230”. An analytical sampI 
recrystallized from methanol in the form of colorless prisms bn 
mp 237-240”; v::’ 3500, 1750, 1725, 1280, 1260, 745, 730, sm 
715 cm-*; nmr (&DMSO) 1.06 (d, J = 6 cps, 3 H), 1.70 (s, 3 H) 
1.97 (s, 3 H), and 6.7-7.4 (m, 4 H) ppm. 

And. Calcd for C&HZ,N~O,: C, 69.67; H, 7.12; N, 7.01 
Found: C,69.13; H,6.75; N,7.15. 

Alkylation of the Secondary Amine 23 and Cycllzation of b 
Tertiarv Amine 39. A mixture of trvotvl bromide” (mo 96-100’ 
0.85 g,- 3.8 mmoles), secondary an&d hydrochloride (6.80 g, 3: 

(29) T. Hoshino and K. Shimodaira, Ann., 520. 19 (1935). 
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amnoles), and sodium carbonate (1.5 g) in dimethylformamide 
(30 ml) was stirred at room temperature for 24 hr. It was then 
&ted with water and extracted with ether twice. The combined 
aba layers were extracted with dilute HCl and the combined acid 
atracts were neutralized by adding sodium bicarbonate. Ex- 
nftion with methylene chloride gave 0.478 g of an oil whose 
ifrared spectrum showed the presence of some dimethylformamide. 

Without further purification this material was allowed to reflux 
rith toluenesulfonic acid (0.50 g. 2.6 mmoles) in glacial acetic acid 
(J ml) for 1.5 hr under nit&en.-- The solution was then cooled and 
&ted with water (50 ml). The toluenesulfonate of the amine 36 
rpsratd jn brownish white crystals. These were filtered, washed 
tiweter, and dried giving0.194g (11%) of material: mp 276280’ 
&c; v”,‘f’ 3400, 2700, 1745, 1240, 1170, 1125, 1080, 1055, 1040, 
lOlO,955,815,758, and 685 cm-l. 

lba frw base 36 was obtained by shaking the toluenesulfonate 
($I mg) with chloroform and dilute aqueous sodium carbonate. 
Tbc amine, recovered from the chloroform phase, crystallized from 
alma01 as a solvate (42 mg): mp 83-90”; ~2:’ 3400, 1720, 1260, 
IIJO, 1045,1000,750, and 730cm-I. 

la another preparation of 36, the mother liquor from the basic 
b&-up of the cyclization reaction was chromatographed on 
Fk&il. Eluting with ethyl acetate gave first a small amount 
(a. J .mg) of the diacetate 37 which crystallized from ethanol, 
w ZZ8-232o, identified by comparison of its infrared spectrum with 
ILI of an authentic sample. Further elution with ethyl acetate 
do&d a small amount (cu. 10 mg) of the ether 31 which also 
aystallized from ethanol: mp 226-234”; ~22 1135, 1015, and 
w) cm- 1; AZ:‘* 227 mp (O 34,000), 284 (7000), and 290 (6800). 
Ss substance was identical with that obtained by reducing the 
ktsm ether 26 with excess LiAlH,. 

&are&on of the Diol Monoacetate 36 to the Diol35. The toluene- 
mUonate of the amine 36 (223 mg) was shaken with chloroform and 
@ate aqueous sodium carbonate, The chloroform phase was 
W and evaporated and the residue was reduced with excess 
l.iAlH, in tetrahydrofuran solution for 1 hr. Under vigorous 
ziring an aqueous solution of sodium sulfate was added and the 
Bullion was subsequently extracted with chloroform. The 
apaic phase was dried and evaporated furnishing, after crystal- 
&&on from methylene chloride, a product (128 mg, 97 %), mp 
US-19l’after drying at 80” under high vacuum. A mixture melting 
@at with a sample of the diol 35 obtained from the lactam 32 
Joared no depression and the infrared spectra were superimposable. 

orldrtioa of the Diol 35 to the Hydroxy Ketone 42. A solution J 
(Ithe diol 35 (1.32 g, 4.23 mmoles) and trifluoroacetic acid (0.725 
~6.35 mmoles) in dry dimethyl sulfoxide (25 ml) was treated with 
&iohexylcarbodiimide (5.20 g, 25.2 mmoles) and left at room 
mature. After 18 hr the mixture was diluted with ethyl 
ausle (I50 ml) and water (100 ml), shaken, and made slightly 
Ia& with aqueous sodium carbonate. The aqueous phase was 
Lpnled and the ethyl acetate phase was extracted twice with 
Qlt hydrochloric acid. During the first extraction, a precipitate 

~Jdfyclohexylurea was filtered off and washed with water, the 
jrdiags beiig added to the ach extract. The combined aqueous 
:,llr, were then neutralized with sodium bicarbonate and ex- 
;#bd with chloroform. The chloroform extract was dried and 
t*parted leaving 1.14 g of a red solid. This was recrystallized 
;,ticther to give, in three crops, 0.865 g (66z) of brownish-white 
@tds, mp 169-174’. An analytical sample was recrystallized 
[h mettlene chloride-ether to give colorless needles: mp 175- 
ii% ‘ml 34X$1710,755, and 748 cm-“; X2:” 224 ml.c (6 38,200), 
I~@3CNlI, and 290 (7130): mass spectrum m/e 310 (M+I and 209: 
[,ujCLl&) 2.26 (i 3 ii 4.05 (6, J = 3 cps, 1 H‘), 714-8.1 (m; 
‘Ii& and 9.3 (s, 1 H, disappears after shaking with DzO) ppm; 
!r (&DMSO) 2.05 (s, 3 H), 
Em(d,1 I 6cps, lH), 6.8-7.5 

3.7 (unresolved multiplet, 1 H), 
(m, 4 H), and 10.4 (s, 1 H) ppm. 

“Q adding D& to the solution, the signals at 5.20 (set-OH) and 
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needles, mp 118-125” dec; vE:’ 3500, 3400, 1750, 1710, 1260, 
1240,1130,750, and 735 cm-l. 

Dehydration of the Hydroxy Ketone 42 to the Unsaturated Ketone 
43. A solution of the hydroxy ketone 42 (0.888 g, 2.84 mmoles) 
and sodium methoxide (0.100 g, 1.85 mmoles) in methanol (25 
ml) was allowed to reflux for 1 hr. It was then evaporated to a 
small volume, diluted with water, and extracted with chloroform 
twice. The combined extracts were dried and evaporated leaving 
a brown gum which was filtered through a column of Florisil (10 
g), eluting with ethyl acetate. The residue from the eluate crystal- 
lized from benzene to give 0.778 g (93%) of colorless crystals. 
An analytical sample recrystallized from methylene chloride-ether 
had mp 90420” before drying. When dried at 80” (0.02 mm) for 

N”io’ 3500 3350 1670 1640 1330 
:~8~7~5h:~d~~51~~~~~5’~E’oYd”i26 rnp \e 48 ;OO) 2!2 (995& 286 
(9&, anh 288 (7400); (x’i$?67 rnr (e 9700): 283 ~86OO), and 288 
(5600); nmr (&-DMSO) 2.18 (s, 3 H), 6.77 (s, 1 H), 6.9-7.5 (m, 
4 H), and 11.0 (s, 1 H) ppm; nmr (CD(&) 2.40 (s, 3 H), 7.20 (s, 
1 H), 7.4-8.0 (m, 4 H), and 8.9 (s, 1 H) ppm; mass spectrum m/e 
292 (M+) and 209. 

Anal. Calcd for Cl~HZ~NZO: C, 78.05; H, 6.90; N, 9.58. 
Found: C,77.42; H, 6.54; N,9.06. 

Hydrogenation of the Unsaturated Ketone 43 to the Saturated 
Ketone 46. Catalytic reduction of the unsaturated ketone 43 in 
methanol solution over a 10% Pd-C catalyst afforded an oily 
saturated ketone: vzz 1710 cm-‘; nmr (CDCIa) 2.15 (s, 3 H), 3.7 
(m, 1 H), 7.0-7.7 (m, 4 H), and 8.9 (s, 1 H) ppm. On tic this ketone 
was cleanly separable from ketones 44 and 45. 

Reduction of the Unsaturated Ketone 43 to a Mixture of the Two 
Saturated Ketones 44 and 45. A solution of the unsaturated ketone 
43 (0.600 g, 2.05 mmoles) in glacial acetic acid (15 ml) was treated 
with zinc dust (2 g, 30 mg-atoms) and stirred at reflux for 1 hr. The 
mixture was evaporated to 5 ml, diluted with water (50 ml), and 
decanted from the unreacted zinc. The zinc was washed with water 
and chloroform and the washings were added to the dilute acetic 
acid solution. This mixture was neutralized with aqueous sodium 
carbonate and extracted three times with chloroform giving, when 
dried and evaporated, 0.527 g of a pale yellow gum. Chroma- 
tography of this material on Florisil(15 g) yielded a total of 0.357 g 
(59%) df a mixture of the two ketones<&) in the chloroform and 
ethyl acetate eluates. A sample richer in the more polar ketone was 
changed to a mixture of equal amounts of each (tic) by sodium 
methoxide in methanol. Methanolic hydrochloric acid had no 
further effect on this mixture. An analytical sample of the mixture 
crystallized from methanol in large, colorless prisms: mp 201-207”; 
v”,::’ 3450, 1710, 1360, 1180, 768, and 758cm-*; AZ’?’ 228 rnp (a 
34,500), 283 (76OO), and 291(7200). 

Anal. Calcd for CIOH12N20: C, 77.52; H, 7.53; N, 9.52. 
Found: C,77.78; H,7.65; N,9.30. 

Wolff-Kisbner Reduction of the Ketones 44 and 45 to (f)-Ibo- 
gamine and (k)-Epiibogamine. The mixture of epimeric ketones 
44 and 45 (229 mg) in ethylene glycol(l0 ml) was treated with 95 % 
hydrazine (0.50 ml) and left overnight at room temperature. 
Potassium hydroxide (2 g) was added and the solution was allowed 
to reflux for 3 hr. The cooled mixture was diluted with water 
(50 ml) and the crystalline precipitate of crude alkaloids was 
filtered, washed with water, and dried giving 184 mg (84%) of a 
pale yellow solid showing two spots on tic. This material was 
chromatographed on Florisil(l0 g) in a column packed in hexane. 
Benzene-ether (3:l) eluted 58 mg (26%) of (A)-ibogamine which 
crystallized from methanol in colorlk& cryst&, &p 129-132”. 
Ethyl acetate eluted 72 mp. (33%) of t&t)-epiibogamine which also 
crystallized from methanoi& c&&lesscr&&, rni 193-197”. 

:)I(ppn<NH)vanish. . - . 
!‘fNhl. Cakd for C,,HrrNnOl: C, 73.52; H, 7.14; N, 9.03. 
+I: C,73.26; H, 7.07; N, 9.23. 

The infrared spectra in chloroform solution and the mass spectra 
of the products were superimposable on those of natural ibogamine 
(mp 162-163”) and of epiibogamine (mp 175-179”) derived from 
catharanthine (3), respectively. The Rr values of the synthetic 
products on tic were identical with those of the materials of natural 
origin, using the solvent systems methanol-benzene (1:4) and cyclo- 
hexane-chloroform-diethylamine (5:4: 1). 

Preoaration of the Amide 50. To a solution of 5.3 p. (0.05 mole) 
of a&ydrous sodium carbonate in 40 ml of water at @‘was added 
2.71 R (0.011 mole1 of the isoauinuclidone hydrochloride 23 and 

~(~‘Aalylation of the Hydroxy Ketone 42 to the Corresponding 
&a& A solution of the hydroxy ketone 42 (50 mg) in acetic 

‘w(2 ml) and pyridine (1 ml) was kept at room temperature 
h 4 hr.. It was then diluted by adding ice, neutralized with 
m sodium carbonate, and extracted with chloroform. The 
.IJduc from the extract contained three products (tic). One 

I?” 
crystallized from methylene chloride was shown by tic and 
spectrnm to be the pentacyclic unsaturated ketone.43. 

ti mocbcr liquor was evaporated and the residue taken up in 
i- from which the acetoxy ketone crystalhzed as colorless 
,, : 

Biichi, Coffen, Kocsis, Sonnet, Ziegler 1 Total Synthesis of Iboga Alkaloids 

60 ml-or methylene’chloride. fo this vigorously stirred two-phase 
system was added 2.7 g (0.012 mole) of 3-(5-methoxyindolyl)cetyl 
chloride in small portions over a period of 3 to 4 min. After the 
addition had been completed, the mixture was stirred for an addi- 
tional 15 min. The layers were separated, the aqueous phase 
was extracted thoroughly with methylene chloride, and the organic 
fractions were combined. The organic extracts were washed in 
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turn with 10% sodium carbonate, water, 10% hydrochloric acid, 
and water. The solution was dried over anhydrous magnesium 
sulfate, filtered, and concentrated affording 3.8 g of an oil in 86.4% 
yield, ~;a. 1730and 1630cm-1. 

Cyclization of Amide 50 to Ladam 51. To 3.8 g (0.0095 mole) of 
oily amide 50 was added 40 ml of acetic acid and 800 mg (4.21 
mmoles) of ptoluenesulfonic acid and the mixture was then allowed 
to reflux under nitrogen for 1 hr. To the refluxing solution was 
added 6.5 g (0.1 g-atom) of zinc dust and stirring was continued for 
10 min followed by cooling to room temperature. The reaction 
mixture was poured into an excess of water, extracted thoroughly 
with chloroform, and filtered to remove any zinc. The organic 
phase was washed with 10 % sodium carbonate to remove residual 
acetic acid, dried over anhydrous magnesium sulfate, filtered, and 
concentrated affording 2.87 g (65.5%, based on isoquinuclidone 
hydrochloride) of 51 upon trituration with methylene chloride. 
A sample prepared for analysis by chromatography on Florisil 
followed by crystallization from 95% ethanol (dried for 3 ht at 
100’) had mp 157-160”; v~S’ 1625 and 1730 cm-t; Xl::” 223 mp 
(c 28,900), 275 (8480), and 295 (6560); nmr (&DMSO) 1.15 (d, 
J = 7 cps, 3 H), 1.90 (s, 3 H), 3.88 (s, 3 H), 4.90 (m, 1 H), 5.45 (d, 
J = 7 cps, lH), 6.95 (q, J = 9 and 3 cps, 1 H), 7.2 (d, .I = 3 cps, 1 
H), 7.55 (d, J = 9 cps, 1 H), and 11.25 (s, 1 H) ppm. On adding 
D,O, the signals at 5.45 and 11.25 ppm vanished, showing them 
to arise from a secondary OH and the indolic NH, respectively. 

Anal. Calcd for C&HlsN20s: C, 66.31; H, 6.58; N, 7.03. 
Found: C, 66.70; H, 6.76; N,6.72. 

Reduction of the Lactam 51 to the Diol 52. To a solution of 1 g 
(0.026 mole) of lithium aluminum hydride in 50 ml of tetrahydro- 
furan was added 2.87 g (0.0072 mole) of lactam 51. After boiling 
at reflux for 1 hr the reaction mixture was cooled to room tempera- 
ture and decomposed with saturated sodium sulfate. The mixture 
was filtered hr U(ICUCJ and the filtrate was diluted with chloroform, 
dried over anhydrous magnesium sulfate, filtered, and concentrated. 
Trituration of the residue with ether-methylene chloride afforded 
1.24 g of crystalline dial, while the mother liquors afforded an 
additional 310 mg (63% over-all) after filtration in ether solution 
through a column of Florisil. A sample crystallized from methyl- 
ene chloride had mp 204-207”; Y::? 3450, 1220, 1100, and 1040 
cm-*; xFA:‘l” 227 rnp (C 28,600), 280 (9240), and 294 (8070). 

Anal. Calcd for G H N 0 0 26 * a: C, 70.15; H, 7.65; N, 8.18. 
Found: C,69.92; H,7.31; N,8.12.- 

Oxidation of the biol 52 to the Ketone. To a solution of I.50 R 
(0.0044 mole) of the diol 52 in 60 ml of dry dimethyl sulfoxide was 
added 5.43 g (0.0264 mole) of dicyclohexylcarbodiimide and 750 
mg (6.57 mmoles) of trifluoroacetic acid. The mixture was stirred 
for 18 hr under a nitrogen atmosphere, at which time ice and 15 ml 
of 10% hydrochloric acid were added and stirring was continued 
for 15 min. The mixture was filtered in uucuo and washed with 
water. The filtrate was diluted with water and extracted seven 
times with chloroform. Ice was added to the aqueous layer which 
was neutralized with solid sodium carbonate, followed by thorough 
extraction with methylene chloride, backwashing with water, 
drying over anhydrous magnesium sulfate, filtering, and concen- 
trating. Trituration of the residue with ether afforded 1.03 g (70%) 
of crystalline hydroxy ketone. A sample recrystallized from 
methylene chloride-ether had mp 164-166”; x”,:ip’ 3450 and 1715 
cm-‘; X2: 227 mp (c 27,100), 270 (9040), and 286 (7950). 

And. Calcd for GoHIINIOI: C, 70.56; H, 7.11; N, 8.23. 
Found: C, 70.89; H,7.21; N, 7.95. 

Preparation of the Unsaturated Ketone 53 from the Hydroxy 
Ketone. To a solution of 106 mg (4.35 mg-atoms) of sodium dis- 
solved in 30 ml of methanol under nitrogen was added 1.03 g 
(0.003 mole) of hydroxy ketone. The mixture was heated under 
retlux for 1 hr, cooled, poured into water, extracted thoroughly with 
chloroform, dried over anhydrous magnesium sulfate, filtered, and 
concentrated. The residue afforded two crops of white crystals, 
400 and 300 mg (73 %), respectively. A sample, crystallized from 
ether-methylene chloride, had mp 109-111’ after drying 6 hr at 
80” and 0.05 mm; Y!$” 1670 and 1635 cm-i; $~~CN 3600, 
3400, 1670, 1630, and 1610 cm-l; Xzza 229 mp (e 39,606) 281 
(11.950). and 295 (8180): nmr (&DMSO) 2.24 (s, 3 H), 3.78 (s, 
3 H), 6.75 (q, J = ‘9 ani 2 cps, 1 H); 6.8 .(a singlet superimposed 
on a auartet. 1 H): 6.95 (d. J = 2 CDS. 1 H). 7.25 (d. J = 9. 1 H), 
and16.8(s,iH)pim. . ’ - . .’ -- 

Anal. Calcd for G H NO * C, 74.51; H, 6.88; N, 8.69. 0 22 * 1. 
Found: C,73.65; H, 7.18; N, 8.80. 

Reduction of the Unsaturated Ketone 48 to a Mixture of Epimeric 
Saturated Ketones and Transformation to a Mixture of Ibogaine 2 
and Epiibogaine 54. Method A. To a solution of 570 mg (1.78 
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mmoles) of unsaturated ketone 43 in 30 ml of acetic acid was dQ1 
3 g (0.044 g-atom) of zinc dust. The resulting suspension mm 
boiled at reflux for 1 hr. The cooled reaction mixture was parl 
into water, neutralized with sodium carbonate, extracted thoraplt. 
with chloroform, dried over anhvdrous mannesium sulfate. RHsrl 
and concentrated affording 550 mg of an oil. The ether ehrate ofi ! 
chromatogram on Rorisil gave a mixture of crystalline at& 1 
ketones showing infared absorption at 1710 cm-t. A thin ~QW f 
chromatogram (25x methanol-benzene) showed the early CQlr ; 
eluates to be. rich in the amino ketone having the larger Rt v&. 5 
The later fractions containing the material having the smalk & f 
value were combined and allowed to stand overnight in 20 nJ d i; 
methanol containing 1 pellet of KOH. Upon dilution with rrq 4 
extraction with chloroform, drying over anhydrous magnai- \ 
sulfate, filtration, and concentration, a mixture of amino kdaa $; 
richer in the material with larger R, was obtained, The combhJ 8 
fractions containing saturated ketones weighed 310 mg (54.4n ? 
The mixture of amino ketones was dissolved in 30 ml of ethw! 
glycol, treated with excess 95% hydrazine, and allowed to MJ g 
overnight at room temperature. To this mixture was added 8 g d c 
potassium hydroxide and the solution was then allowed to r&s. f 
for 4 hr under nitrogen. The cooled reaction mixture was dild $ 
with water, extracted with chloroform, dried over anhydrous m) 
nesium sulfate, filtered, and concentrated, The benzene 
eluates from a chromatogram of the residue (225 mg) on Flti 3 
gave an oil having the same RI value as ibogaine and gave & 1, 
same color reaction with ceric sulfate-phosphoric acid tpcs~l 
The ether eluates yielded 40 mg of a crystalline material, g 1 
178-180”, after crystallization from methanol. The substance WM ,i 
identified as epiibogaine 54; Y:$’ 1220, 1140, and 1040 era-$ 
A 2:” 288 mp (c 8750), 295 (8950), and 307 (6280). 

Ad Calcd for GoHrsNZO: C, 77.38; H, 8.44; N, 9M 
Found: C,77.30; H,8.63; N,8.41. 

Method B. To a boiling solution of 675 mg (2.11 mmola) $ 
unsaturated ketone 48 in 20 ml of acetic acid was added 2.4 ( 
(0.037 g-atom) of zinc dust. After 1 hr the mixture was coakd, 
poured into water, neutralized with sodium carbonate, extraad 
with chloroform, dried over anhydrous magnesium sulfate, filtered, 
and concentrated affording 660 mg of semicrystalline malerid 
(1710cm-1, film). This residue was taken up in 10 ml of metha@: 
treated with excess 95% hydrazine, and allowed to stand ovu* 
night. The solution was subsequently concentrated; the & 
due was dissolved in 20 ml of ethylene glycol containing 5 g d 
potassium hydroxide and allowed to reflux for 4 hr under nitrog% 
After cooling the mixture was poured into water and the precipits@ 
was filtered irr uacuo and washed with water, yielding 370 mg(S77J 
of a solid mixture which had RI values identical with those d 
ibogaine 2 and epiibogaine 54 and which gave the same color r* 
tions with ceric sulfate-phosphoric acid spray. This crude prodad 
was then chromatographed on Florisil (10 g) packed in benrmt 
The fractions eluted with benzene-ether (3 : 1) contained (*Fib 
gaine (tic), which however could not be induced to crystalk& 
The oil was taken up in a little acetone and when treated with I 
few drops of concentrated HCI crystalline (f)-ibogaine hydra 
chloride (76 g, 18% of the crude) precipitated. The salt RI 
recrystallized from methanol giving 58 mg of colorless prisms, m 
267-274” dec; infrared spectrum (Nujol) similar to that of natun( 
ibogaine hydrochloride; mp 287-299’ dec (lit. mp 299”). A 36-a@ 
sample of the hydrochloride was shaken with dilute aqueous sodium, 
bicarbonate and methylene chloride. The organic phase r* 
combined with a methylene chloride washing of the aqueoO 
phase, dried, and evaporated. The residual oil was taken up in a 
few drops of ethanol and the mixture was cooled. After beit@ 
stored overnight in the cold, the crystals were washed with ethttad 
and dried leaving crystalline (f>ibogaine, mp 112-114”. Infrand 
(CHCI,) and mass spectra were identical with those of natun) 
ibogaine (mp 152’). Synthetic and natural materials were indhtb 
guishable on tic in two solvent systems, benzene-methanol (4:l) 
and cyclohexane-chloroform-diethylamine (5 : 4: 1). 

Elution of the chromatogram with benzene-ether (1:i) gaW 
(f)-epiibogaine 54 which crystallized on removal of solvent. Thb 
product (151 mg, 41z of the crude) recrystallized from ethll 
acetate in colorless prisms, mp 180-182’; one spot on tic, mom 
polar than ibogaine; vgXe“ 3450,1620,1560,1475,1450,1425,135~ 
1290, 1275, 1170, 1140, 1105, 1030, and 830 cm-t; nmr (CDCU 
1.05 (t, J = 7 cps, 3 H), 4.05 (s, 3 H), 7.0-7.7 (m, 3 H), and 8.4 
(s, 1 H) ppm. A mass spectrum was the same as that of epiiho 
gamine with peaks from fragments containing aromatic moietY 
raised by 30 mass units. 
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The Structures of Two Alkaloids from Patchouli Oil 

G. Biichi, I. I& Goldman, and Dana W. Mayo’ 

Contribution from the Department of Chemistry, Massachusetts Institute of 
Technology, Cambridge, Massachusetts. Received March 18, 1966 

Abstract: Two new alkaloids, for which the names patchoulipyridine and epiguaipyridine are suggested, have 
been isolated from the essential oil of Pogostemon putchouli Pellet. Spectral evidence was used to derive structures 
which were confirmed by total synthesis of patchoulipyridine and by conversion of guaiol to dihydroepiguaipyri- 
dine. 

T he voluminous literature on essential oil components 
refers to an enormous number of lower terpenes but 

te essentially no mono- and sesquiterpene alkaloids. 
By contrast alkaloids derived from diterpenes and 
steroids are widespread in plants. Furthermore, most 
recent investigations have shown the varied group of 
hdole alkaloids to be biogenetically derived from mono- 
krpenes.+-’ This situation then raises the question 
of whether low molecular weight alkaloids derived 
from mono- and sesquiterpenes are indeed rare in 
uhne or not sufficiently volatile to show up in es- 
sential oils or simply escaped detection. 

In the course of structural studies on patchouli 
skohol we had an opportunity to examine the oil of 
fogvsternon patchouli Pellet for alkaloidal constituents. 
ttraction of the essential oil with aqueous hydrochloric 
tid removed the basic constituents and chromatog- 

,,nphy of the regenerated bases yielded two pure sub- 
$nces which, for reasons to become clear in the sequel, 
IC have named patchoulipyridine and epiguaipyridine. 
-ti former was obtained ‘as colorless crystals and is 
@tally active. Combustion analysis revealed a 
Wlccular composition of GbHZIN and this was rein- 

1 lorctd by a mass spectrum. Patchoulipyridine exhibits 
\~#raviolet light absorption typical of alkyl-substituted 
l’pyridines’ and the substitution pattern became clear 
from the proton magnetic resonance spectrum. A low- 
&Id AB pattern (J = 8 cps) with chemical shifts of 
9J8 and 6.88 ppm is attributed to the 7 and p protons 
‘a the pyridine ring and a three-proton singlet at 2.48 
~pm is assigned to a methyl group attached to the cx 
p&ion of this ring.6 The two remaining locations on 
Ibe pyridine nucleus are occupied by alkyl groups 
#her than methyl. Two protons situated on carbon 
Wns adjacent to the aromatic ring give rise to two 

broad absorptions centered at 3.12 and 2.9 ppm, re- 
spectively. Singlets at 0.80, 1.03, and 1.26 ppm are 
assigned to three methyl groups and the remaining five 
protons appear as a very broad multiplet in the region 
of 1.7 ppm. Vinylic hydrogen atoms are clearly absent 
and the compound was indeed found to be resistant to 
catalytic reduction. The empirical formula dictates 
the presence of three rings and considering the co- 
existence of the alkaloid with patchouli alcohol (l),? 
a-patchoulene (2)8 and @patchoulene (3)* in the es- 
sential oil structure (4) for patchoulipyridine seemed 
most reasonable on biogenetic grounds. In agreement 
with this assignment ozonization yielded, inter alia, a 

@@@@ 

1 2 3 

dicarboxylic acid which chromatographically was in- 
distinguishable from homocamphoric acid (5) but 
positive identification was thwarted by lack of material. 

:,(I) National Instituter of Health Postdoctoral Fellow, 1960-1962. 
[9 P..M&pra. T. Money, A. I. Scott, and I. 0. Wright, Chem. 

thnun., 537 (1965). 
: (II H. Ooesset and D. Arisoni, I&d., 53s (1965). 

(0 A. R. Battersby, R. T. Brown, R. S. Kapil, A. 0. Plunkett, and 
8 1. Taylor, Ibfd., 46 (1966). 

(5) H. B Podall, Anal. Chcm., 29, 1423 (1957). 
“’ (0 A detailed discussion of the nmr spectra of pyridines was presented 
b P. A. L Auct, Can. J. Chrm., 36, PO2 (1958). 

More convincing evidence in favor of structure 4 
was provided by synthesis. The acid-stable /i-patchou- 
lene (3) was selected as starting material and for nitro- 
gen insertion we chose treatment with hydrazoic acid, 
a reaction which served previously in the synthesis of 
musc0pyridine.Q Exposure ot /3-patchoulene (3) to 
the action of hydrazoic acid in the presence of sulfuric 
acid furnished an unstable mixture of unsaturated 
amines which, after rapid distillation, was dehydro- 
genated in hot 1-methylnaphthalene over a carbon-sup- 
ported palladium catalyst. Thin layer chromatographic 
analysis of the resulting basic products revealed the pres- 
ence of two major, and at least one minor, components 
which were separated on a preparative scale by chro- 
matography on silica gel. Both major constituents 

(7) M. Dobler, I. D. Dunitz, B. Gubler, H. P. Weber, G. Biichi, and 
I. Padilla, Proc. Chem. Sot., 383 (1963). 

(8) G. Biichi, R. E. Erickson, and N. Wakabayashi, J. Am. Chem. 
Sot., 83. 927 (1961). 

(9) K. Biemann, G. Bilchi, and B. H. Walker, ibfd., 79, 5558 (1957). 
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