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requiredfor an opticaldensityof 0.70to 1.00. A l-ml aliquot of
this solution was transferred to a S-ml volumetric flask and diluted
to the mark with previously prepared pyridine-2,6 lutidine solutions.
This enabled us to work at constant porphyrin concentration and
known pyridine concentration. The point in pure 2,6-lutidine was
obtained by evaporating the 1 ml of pyridine-porphyrin stock
solution to dryness with a stream of dry nitrogen and dissolving
the magnesium porphyrin remaining in Z$lutidine.
In the case of the stability constant determinations using 4substituted pyridines as ligands a slightly different method was
used. A solution of magnesium deuteroporphyrin IX dimethyl
ester in 2,6-lutidine was made up to such a concentration that it
was ca. five times that required to obtain an optical density of 1.00
to 1.25. One-milliliter aliquots of this solution were then placed in
5-ml flasks and measured amounts of the 4-substituted pyridine
added. The 5-ml flask was then filled to the mark with 2,&
lutidine.
The two peaks in the Soret (ODE and O&r) are close enough
together so that neither one is completely resolved. The ODrl
peak must be corrected for the residual absorption by ODr. The
spectrum in 2,6-lutidine was taken and the ratio of the peak height
at the A,,,., to the place where the ODrr falls was determined.
This ratio was then used to determine the residual ODt absorption
in OD~I at the different ligand concentrations. This was accomplished by multiplying the observed ODl by the earlier determined
ratio and subtracting the result from the observed ODII.
The Soret region of the solutions was recorded using a Beckman
DK-2 Ratio recording spectrophotometer equipped with a constanttemperature cuvette holder. One-centimeter glass-stoppered
matched quartz cuvettes were used. The temperature was held at
30 32 0.5”. The thermodynamic data were obtained on 12.36 M
pyridine solutions by varying the temperature of the cuvette holder.
All spectra were run twice at 5-min intervals to ensure temperature

equilibration.

The magnesium porphyrin solutions were madeI

freshbeforeeachstabilityconstantdetermination. Thema&
porphyrins are unstable so it is not possible to use the samesol
tion even 24 hr later. All determinations were made in duplia
and the two sets of points were treated together in the statist&
analysis.
The pyridine used was Baker Analyzed reagent grade.
distilled from ootassium hvdroxide at atmosaheric Dressure
a Vigreux coiumn. A cknter cut was takkn (bp llS-1163 I
stored over Linde SA molecular sieve. The presenceof any rrl
in the reagentscausednonlinearity of the plots and nonreproduc3

c,

results.
The 2,6-lutidine was purified from Eastman practical grade
wasfirst storedin a freezerat cu. - 15’. Theu6
rapidly decanted off and discarded. The remain
thaw completely and then recrystallized twice m
liquid phase each time. The remainder from the crystal&
was then distilled at atmosphericpressure from potassium4
droxide and a center cut was taken (bp 143-144”). This wastb
stored over Linde 5A molecular sieve. The nmr spectrumolbai
2,6lutidine prepared in this way showed no spurious peaksti
compared to the literature spectrum.**
The 4-substituted pyridines were obtained from the Rail
Tar and Chemical Co. All were auite brown when first o
Passage over alumina and vacuum distillation from pot&a
hydroxide gave water white material,, The distilled ma1
were stored over Linde 5A molecular sieve. The nmr SDcdl
were in all cases consistent with the structure of the liganb I
showed no spurious peaks.
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I&yi

(28) N. S. Bhacca.L. F. Johnson.and J. N. Shoolerv. “Hiah Re&
tion &MR Spectra‘Catalogue,” Vorian Associates,&lo ATlo,CaU
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Abstract : Ibogaine has been converted to the naturally occurring ester alkaloid voacangine by a four-step sequence,,
Treatment of ibogaine with t-butyl hypochlorite yielded thechloroindolenine which combined with potassium cyanide,
to give 18-cyanoibogaineand an isomericnitrile resultingfrom an amusingrearrangement. Vigorousbasehy- :
drolysis of the former nitrile followed by esterification with diazomethane furnished voacangine. The chloroindo; .:
lenine served also as a convenient intermediate for the preparation of ll-methoxy- and 18-hydroxyibogaine.
,,; .“,

he molecular structures of a number of Iboga
T
alkaloids’ contain a carbomethoxy group and in
the course of structural studies it was found that the
carboxylic acids derived from the esters suffer ready
decarboxylation to the parent Iboga bases.2*8 This
evidence strongly suggested that the carbomethoxy
groups were located at Cl* in the ester alkaloids. We
have recently completed total syntheses of racemic
ibogamine and ibogaine and planned from the outset
to use the two bases as relays for the synthesis of the
corresponding ester alkaloids.’
The starting material chosen for such transformations
was ibogaine (5)s*8 which is readily available from
(1) M. Hesse, “Indolalkaloide

in Tabellen,” Springer-Verlag, Berlin,

1964.

(2) M. M. Janot and R. Goutarel, Com~l. Rend., 241, 986 (1955).
(3) U. Renner, D. A. Prim. and W. G. Stall. He/o. Chim. Acfa. 42,
1sii (1959).
(4) G. BUchi, D. L. CotTen, K. Kocsis, P. E. Sonnet, and F. E. Ziegler,
J. Am. Chem. Sot., 87.2073 (1965).
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natural sources. It was suspectedthat the hvoothd
imine (7) would be highly-electrophilic an2 coml
with cyanide ion to yield the nitrile (8) which in tdk
could be transformed to voacangine (9) by stti
operations. The method chosen for the genesisof
unstable imine (7) was suggestedby the acid-catalyrdg
conversion of 11-hydroxytetrahydrocarbazolenine(1):‘:
to the dimer (4) which probably proceedsthroughlb@!?
7
imine (2) and further intermediates, e.g., 3.’ Initial
of imine formation clearly requires a suitable lea1
group and in practice we employed chloroindolen
which are easily prepared from indoles and f-b
hypochlorite.8*B Treatment of ibogaine (5)“’ ,i
(5) M. F. Bartlett, D. F. Dickel, and W. I. Taylor, Ibld.,
(1958).

(6) G. A. Jeffrey,G. Arai, and J. Coppola,Acra Cry& 13,551
17~ J. B. Patrick and B. Witkoa. .I. Am. Chem. Sac.. 12.633 fl
i8j W.-o. Godfredsen and S,v&gedal, Acta Chcm. S&td.~i&
(1956).
(9) N. Finch and W. I. Taylor, J. Am. Chem. Sot., 84, 3871(I-

’ “!

>
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fication with diazomethanefurnished voacangine(9)

OH

identical in melting point, mixture melting point,
chromatographic behavior, and infrared spectrum with

naturalmaterial.
The second substance formed in the reaction of the
chloroindolenine (6) with potassium cyanide was not
isolated in pure form. Spectral analysis of the crude
reaction mixture suggested the presence of a second
nitrile and exposure to hot methanolic hydrogen

I

chloride followed by basehydrolysis yielded a readily

thisreagent gave the crystalline chloroindolenine with
theanticipated spectral properties.” Reduction with
titbium aluminum hydride regenerated ibogaine (5)
whereas
exposureto a hot solution of potassium cyanide
in methanol yielded two products in approximately
equalamounts. Their separation was made easier
rhenit was found that at.room temperature the reaction,
fiunishedmostly one substanceshown to be the desired
IS-cyanoibogaine(8). When the latter was heated for
3daysin methanolic hydrochloric acid it was recovered
maehanged
and we were unable to find conditions allowisg the one-step conversion of this highly hindered
nitriteto voacangine (9). Hydrolysis with potassium

separable mixture containing unchanged 1Gcyanoibogaine (8) and a carboxylic acid fully characterized
in the form of its methyl ester. This ester had typical
indole absorption in its ultraviolet spectrum and the
infrared spectrum indicated the absence of an indole
N-H grouping. The second compound formed in the
reaction of the chloroindolenine (6) with cyanide consequently is an unhindered nitrile containing an
N-substituted indole ring, and the formation of a

product (13) meetingtheserequirementscan be rationalized by the sequence10 (arrows) + 11 --t 12 + 13.

bydroxidein diethyiene glycol at 140” followed by
carefulacidification at low temperatures and esterio*:&
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%R-COOCH,

(10) The molecular slruclures used in this paper indicate the absolute
utuiguration of the Iboga alkaloids. Assignments presented in earlier
mrtt-tr
were based on erroneous interpretation of a two-dimensional
npesentation of cleavamine in an article by J. P. Kutney, J. Trotler, T.
!&a, A. Kerigan, and N. Camerman, Chcm. Ind. (London), 648
m).
Dr. J. P. Kutney, University of British Columbia, has mdepdently reached the same conclusion: J. P. Kutney, R. T. Brown, and
g Pias, Can. J. C/tern., in press.
{(II) 0. Btichi, R. E. Manning, and S. A. Monti, J. Am. Chem. Sot.,
n&,4631(1964).
.I,.
(12) N. Neuss, M. German, W. Hargrove, N. I. Cone, K. Biemann,
Q Ilkhi, and R. B. Manning, fbld., 86, 1440 (1964); P. Bommer, W.
khfurray, and K. Biemann, Ibid., 86. 1439(1964).
(13) J. P. Kutney. R. T. Brown, and E. Piers, Can. J. Chem., 43, 1545
c1965).
t
(14) R. Goutarel. M. M. Janot, P. Mathys, and V. Prelog, Helo.
C&n. Acta, 39,142 (1956).

13,
14
15;

12

R- C=N
R-CCCCH,

R-

COO&H,

An nmr spectrum of the methyl ester (14) is seen to
be in good agreement with the structure proposed.
A low-field eight-line ABX pattern centered at 7 ppm
is assigned to the three aromatic protons. A broad,
two-proton “singlet” at 4.88 ppm is attributed to the
aminoacetal protons, the three proton singlet at 3.90
ppm to, the aromatic methoxy group, and the fiveprotonsinglet at 3.70 ppm to the superposed signals
due to the carbomethoxy group and the methylene
group attached to it. The methyl function of the ethyl
side chain appears as an unsymmetrical triplet at
0.95 ppm. This interpretation is substantiated by the
spectrum of the corresponding ethyl ester (15) which
exhibits a two-hydrogen singlet at 3.66 ppm for the

methylenegroup bearingthe carboethoxyfunction.
We have also investigatedthe possibility of introducing a hydroxyl group on the carbon atom adjacent
to the LYposition of indole alkaloids. Such compounds
are key intermediates in the partial synthesesof bisindole

alkaloids and in analogy to the synthesis of voacaminer1*16
it should be possible to effect a partial
(15) G. BUchi, Pure Appl. Chem., 9, 21 (1964). and other references
cited.
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synthesisof vinblastine (18)1**18from the unknown

hydroxyindole (16) and vindoline (17)1e017 in the
presenceof acidic reagents.

19, R-OCHa
dOOCH,

20, R--OH
21, R-D
17

16

L

23

A method for introducing the hydroxy group at the
desired position has now been tested successfullyin the
pentacyclic series. When the chloroindolenine (6)
was warmed in methanol solution containing some
hydrochloric acid 18-methoxyibogaine(19) was formed.
An nmr spectrum contains two three-proton singlets at
3.77 and 3.09 ppm attributable to the aromatic and
aliphatic methoxy groups, respectively. The absenceof
any signal in the region from 6 3.9 to 6.5 excludes the
alternate structure (22). The structural assignmentwas
confirmed further by reduction to ibogaine (5) with
lithium aluminum hydride. When performed with
lithium aluminum deuteride, a monodeuterioibogaine
was produced whose nmr spectrum differs markedly
from that of ibogaine (5) in the 2-3.5-ppm region but
which is identical with that of 18-deuterioibogaine
(21) obtained by decarbomethoxylation of voacangine
(9) in a deuterated medium.1B The methoxy group in
18-methoxyibogaine (19) could easily be replaced by
other functionalities and on exposure to aqueous
mineral acid it is transformed to 18-hydroxyibogaine
(20). When the latter in turn was heated in methanol
in the presenceof acidic agentsit was reconverted to the
methoxy derivative (19). These exchange reactions
as well as the reduction of 1Smethoxyibogaine (19)
with lithium aluminum hydride seem to involve the
ubiquitous imine (7) or its conjugate acid. A Dreiding
stereomodel of this molecule however reveals much
angle strain and yet all reactions seemingly proceeding
through this intermediate proceed with exceptional ease.
It is tempting to suggest that the reactive intermediate
has actually the geometry of the less strained nonclassicalcarbonium ion (23).
116) J. W. Moncrief and W. N. Lipscomb, J. Am. Gem. Sot., 87,
49i53i1965).
(17) M. Gorman, N. Neuss, and K. Biemann, Ibid., 84, 1058 (1962).
(18) 18-Deuterioibogaine was prepared previously by a different
method: K. Biemann and M. Friedmann-Spiteller, ibid., 83, 4805
(1961).
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Finally it should be noted that by no meansdo all
3-chloroindolenines follow the reaction path just outlinal
when allowed to react with methanol. The diastero=?
merit chloroindolenines derived from yohimbine, for
example,on treatment with methanol in the presenced
acid” or base20are converted to imido ethers. Thb
transformation can only proceed in the senseindicatal
(24 --t 25 -+ 26) when the chlorine atom to be displaced
and the migrating carbon-carbon are properly oriented
in space to allow inversion. This demands cis dL

position of the chlorine atom and the methoxy group in
the intermediate indoline (25). Of the two theoretically
possible diastereomers the isomer with the two sub
stituents above the plane of the benzenering is exccssively crowded in the Iboga series and this adverse
factor might prohibit the formation of such an intermediate and the transformation takes a dimerent
course, Consequently we tentatively propose that the
chlorine atom in the chloroindolenine (6) is 0 oriented.
Experimental Section*’
Oxidation of Ibogaine (5) with I-Butyl Hypochlorite.

f-Bul)i

hypochlorite (1.40 g, 13 mmoles) in carbon tetrachloride (80 ml) wu
a&led dropwise over 20 min to a stirred solution of ibogaine(3.72g
12 mmoles) in methylene chloride (160 ml) containing trieth)C
amine (1.2i g, 12 mm&)
cooled in ai ice-salt mixture. After tht
addition was completed, stirring was continued for 40 min. Tbc
(19) J. Shavel, Jr., and H. Zinnes, ibid., 84, 1320 (1962).
(20) N. Finch.and W. I. Taylor, ibid., 84, 3871 (1962); 84, 1111

(1962).

(21) Melting points were observed on a KoRer micro hot stageandcorrected. Ultraviolet spectra were measured on a Cary recordiy
spectrophotometer, Model 14, and infrared spectra were recorded0118
Perkin-Elmer Model 237 grating infrared spectrophotometer. Oplid
rotations were. determined on a Zeiss photoelectric polarimetn rr(
[U]D was calculated from the observed U&Omp and em mC by mean1d
the first approximation of Drude’s formula for normal rotationa! bi
aersion. The nmr suectra were taken in deuteriochloroform O(II
tarian Associates Mbdel A-60 nmr spectrometer and the chonid
shifts are reported in ppm (15)downfield from an internnl letrnmcth$
silane reference. Woelm alumina was used as a chromatographic &
sorbent. Microanalyses were performed by the Midwest Miaolrb.
Inc., Indianapolis, Ind.
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t&on mixturewaswashedwith ice water,dried (sodiumsulfate),
md evaporatedunder vacuum to yield the crude chloro derivative
~g light brown, viscousoil. A solutionof a portion of the makrisl in benzeneand hexane was filtered through alumina (activity
III) and crystallized from hexane containing a little benzene to
gk the pure product: mp 90-92O; A:*“* 230 rnp (e 16,100),
.2111
1WlO). and 310 12480): u”!*?” 2950. 2850. 1600. 1550. 1475.
“j-h-ii&,
1315, 1275, 1180, ii>,, llob, lOgO, 1030, 985, 900;
i l6.5840 and 825cm-t,
tf ina!. Calcd for ‘%H,,N~OCl: C, 69.65; H, 7.31; N, 8.12.
@w-I~: C,69.16; H,7.38; N,8.64.
, Wthtm Aluminum Hydride Reduction of Chloroindolenine (6)
Repsredfrom Ibogaine. A solution of lithium aluminum hydride
b etherwas added to an ether solution of pure chloro compound
:(I00mg). After 5 min, ethyl acetateand waterwereaddedand the
lion mixture was filtered, Evaporation of the filtrate gave 90
of crude crystals, which gave only one spot with the same Rr
a as ibogaine when analyzed by thin layer chromatography.
Oystallization from methanol gave a pure product, identical by
mchingpoint, mixture melting point, and infrared spectrum with
&tic
ihottaine.
Methoxyibogaine (19). A solution of crude chloroindolenine

1

i! @cm3.7 g of ibogaine)in 1% hydrochloric acid in methanol
solution(100 ml) was heated under reflux for 1 hr. The brown
t&on mixture was treated with sodtum carbonate solution and
mhylene chloride. The organic layer was washed with water,
Ifate). and evaoorated. A solution of the residue
i L~anzene was filtered through alumina (activity III) and the
l r&al obtained by evaporation was crystallized from methanol.
:: kavstallization from methanol afforded the oroduct: 2.7 g;
225 rnr
ap iO7-108”; [a]~ +51” (c 3.91, chloroform); X2

(4Ur,OCQ,
284(9850),and 298 (8080); PEG 3450,3300,2995,

1920,2850, 1620, 1580, 1480, 1450, 1375, 1280, 1230, 1185, 1175,
~11!9, 1120, 1080, 1060, 1030, 1000, 980, 960, 945, 865, and 835
>01-t; molwt 340(massspectrum).
i Ana/. Calcd for GIH~NzOl: C, 74.08; H, 8.29; ‘N, 8.23.
:i Rnatd: C74.12; H, 8.33; N,8.25.
?; IgHydroxyibogaine (20) from 1%Methoxyibogaine (19). 184 Mcthoxyibogaine(3 g) was heated at 70’ for 1 hr in 1.5% hydro$drbric acid (120 ml). The cooled solution was treated with
” tiurn carbonate solution and methylene chloride. The organic
“pbre was washed with water, dried (sodium sulfate), and evapo; ated. A solution of residue in benzene was filtered through
&mii (activity III) and the material obtained by evaporation was
ay&allized from methanol-water to give a pure product: mp
l17-119°; [alo +4” (c 2.14, chloroform); Xzt” 228 rnp (c 24,600)
md 294 rnfl (e 9050); Y~!Y” 3550, 3450, 3000, 2920, 2850, 1625,
1560,1480, 1450, 1435, 1375, 1360, 1310, 1290, 1230, 1175, 1150,
I 1l~$30~,~~5~~
;:35
cm-‘.
: C, 73.59; H, 8.03; N, 8.58.
Found; C73.58; H,842;; i,18.60.
.’ . Uthium Aluminum Hydride Reduction of 18-Methoxyibogaine

Qt). I&Methoxyibogaine(159mg) dissolvedin etherwasadded
,$lo a solution of lithium alummum hydride in ether and heated
:qsW reflux overnight. The reaction mixture was treated suc@vely with ethyl acetateand water, and subsequentlyfiltered.
Evaporationof the filtrate gave 150 mg of crude crystals. Analysis

* b thinlayerchromatographyindicatedonly one product with the
m Rt value as ibogaine. Crystallizationof the crudematerial

;hvn methanol afforded ibogaine, mp 152-154”. pure and mixed
)rib authentic ibogaine, mp 152-154”. The infrared spectrum of
~lcproduct was identical with that of authentic ibogaine.
+,:’ I.lthhtmAluminum Deuteride Reduction by 18-Methoxyibogaine
‘(I9b Using the procedure described above 18-methoxyibogaine
.’
w) ma)
was reduced with lithium aluminum deuteride to Rive. after
‘- “.

IV!
~lltzation of the crude product from methanol,60 mg of 18#&ttterioibogaine,
mp 153-154“. The nmr spectrum of this material
‘ns identicalwith that of the Il-deuterioibogaine described below.
.i : Reparation of 18-Deuterioibogaine (21). Voacangine (180 mg)
#added to a solution of sodium (0.8 g) in methanol-O-d (11 ml)
r-a J__..^_
:..- -..?A- m 0 -1, --A .L- _^^..1.--1 -:..r .._^ ..__L__._>

under reflux for 12 hr. After cooling, the reactionmixture was
diluted with deuterium oxide (5 ml) and adjusted to pH 2 by the

additionof a portion of a solutionpreparedby reactingphosphorus
oxychloride (2 ml) with deuterium oxide (15 ml). After heating
for 5 min, sodium carbonate solution and methylene chloride were
added. The organic phase was dried (sodium sulfate) and evaporated to give a crude residue (160 mg). A benzenesolution of this
material was filtered through alumina (activity III) and the residue
obtainedby evaporationwas crystallizedfrom methanolto give
18-deuterioibogaine (70 mg), mp 153-154’, pure and mixed with
authentic ibogaine: mp 153-154”; mol wt 311 (mass spectrum).
18-Cyanoibogaine (8). A solution of crude chloroindolenine
(from 3.7 g ibogaine) and potassium cyanide (7 g) in methanol (90
ml), water (10 ml), and ether (20 ml) was stirred at room temperature for 2 days. The reaction mixture was treated with sodium
carbonate solution and methylene chloride and the organic phase
was successively washed with water, dried (sodium sulfate), and
evaporated. A solution of the residue in benzene was filtered
through alumina (activity III) and the material obtained by evaporation was recrystallized from methanol to give 1.2 g of pure
18cyanoibogaine: mp 171-173”; [a]~ +28”(c 2.39, chloroform);
~2:~ 213 rnp (e 34,500), 282 (9620), and 295 (7820); .z:” 3450,
3000, 2930,2855, 2220, 1620, 1590, 1480, 1450, 1370, 1320, 1290,
1210, 1170, 1150, 1130, 1110, 1090, 1030, 990, 955, 925, and 830
cm-‘; mol wt 335 (mass spectrum).
Anal. Calcd for GLHZSNPO: C, 75.19; H, 7.51; N, 12.53.
‘Found: C75.20; H,7.45; N, 12.44.
Methyl Ester 14 Derived from the Isomeric Nitrile 13. The
mother liquors from the preparation of 18-cyanoibogaine were
heated under reflux overnight in methanol saturated with hydrogen
chloride. The reaction mixture was treated with excess sodium
carbonate solution and methylene chloride and the organic phase
was dried (sodium sulfate) and evaporated. A solution of the
residue in 12z potassium hydroxide in methanol solution was
heated under reflux overnight, diluted with an equal amount of
water, extracted with ether, acidified with hydrogen chloride in
methanol, and heated under reflux for 1 hr. After treatment with
excesssodium carbonate solution, the mixture was extracted with
methylene chloride and the organic phase was washed with water,
dried (sodium sulfate), and evaporated. A solution of the residue
in benzene was filtered through alumina (activity III) and the
material obtained by evaporation was crystallized from methanol to
give a pure product: mp 78-80”; AZ’?’ 226 ml.c(C24,900),282 (8150),
and 295 (6800); Y~F 3000,2950,2930,2860,1730,1650,1590,1490,
1460, 1445, 1335, 1325, 1275, 1230, 1170, 1150, 1120, 1105, 1060,
1030,985, 890, and 825 cm-t; mol wt 368 (mass spectrum).
ANal. -Cal&l for G 2H 28
N-0
2 3.f C, 71.71; H,-7.66; N, 7.60.
Found: C71.95; H,7.78; N,7.97.
Conversion of -18~Cyanoibogaine (8) to Voacangine (9). A
solution of 18cyanoibogaine (150 mg) in 2Oz potassium hydroxide
in diethylene glycol solution (1.5 ml) was heated at 150” under
nitrogen for 11 hr. The reaction mixture was diluted with methanol,
cooled to 0”, neutralized with methanolic hydrogen chloride, and
treated with excess diazomethane in ether solution. After 15
min, sufficient methanol-hydrogen chloride was added to destroy
the excess diazomethane and the resultant solution was again
treated with excessethereal diazomethane. The reaction mixture
was subsequently partially evaporated, basified with sodium car-

bonatesolution,and extractedwith ether. The ethersolutionwas
dried (sodium sulfate) and evaporated to give 165 mg of crude
material which was dissolved in benzene and filtered through
alumina (activity III) to give 80 mg of crude voacangine. Crystallization from methanol gave pure voacangine, mp 137-138”; pure
and mixed with authentic voacangine, mp 137-138”. The infrared
spectrum of this material was identical with that of authentic
voacangine.
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