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By using the linoxvn structure and s~ereochemistry of the alkaloid or~nosanine, C?0H3:S3 (I) ,  
as reference, the structure and stereocheinistry of the isomeric compounds piptanthine (II) ,  
tetrahydro-ormojaniile (SIV) ,  isotetrahydro-ori~~ojanine ( S I I I ) ,  and dasycarpine (XX) have 
been elucidated by isomerization and reduction experiments. Three additional C?0H3:I,V3 bases 
possessing the ormosanine skeleton hLwe been prepared by the reduction of pyrid~ne VII. 
'Thus, of the 15 possible stereoisomerz of ormosanine, 7 are now known. 

?'he study leads to the stereo-formula S I X  for the all<aloid ormojanine, C?01131Ns The 
allialoid orinosinine has beer1 found to be a dimer of panamine. 

Stereochelnical aspects of the catalytic and chemical reductions of the double bonds and 
pyridine rings contained in the described compounds are discussed. A possible biogenetic 
intermediate is proposed which explains the presence of both antipodal series of Omzosia 
all<aloids in nature. 

The isolation of a number of alltaloids ~vi th the empirical forinula C201-13jN3 has been 
reported ; these are ormosanine froin Ormosia jamaicensis (I),  piptanthine from Pzptantljz~s 
~za?bz~s ( 2 ) ,  and dasycarpine from Ormosia dasycarpa (3). Recently, the structure and stereo- 
cheinistry of orinosanine were found by X-ray crystallography to be as represented in I 
(1).Vt appeared to be an interesting challenge to use the ltnown structure and configura- 
tion of ormosanine as a point of departure and to establish the structure and stereo- 
chemistr) of all the isomeric bascs by correlative experiments and co~lfigurationaI 
arguments. Our interest in this problem was enhanced by the fact that  we obtained tn7o 
additional C20Hd,S3 bases, tetrahydro-orinojanine and isotetrahydro-ormojanine, in 
reduction cxperime~lts on ormojanine, C201-131N3, another constituent of 0. jamaicensis. 

Disregarding absolute configuration2 and taking account of the fact that  the two 
asymmetric centers C7 and C9 are configurationally interdependent, one arrives a t  16 
possible compounds containing the ormosaninc slteleton. I t  now remains to establish 
11 hether tctrahydro-ormojanine, isotetrahydro-or~~~ojanine, piptanthine, and dasycarpinc 
all possess thc sallle skeleton as ormosanine and, i f  so, to select for each of these coinpounds 
the correct configuration out of the 15 remaining stereocl~e~llical possibilities. 

Piptanthine 
The solution in the case of the alkaloid piptanthine proved to be remarltably easy. We 

have been able to show (5) that a prolonged treatinent of ormosanine with platinunl in 
acetic acid in a hydrogen atmosphere a t  room temperature converted it into piptanthine.3 
On the basis of this isoinerization, the structure and stereocl~emistry of piptanthine must 
be I1 for the follo~ving reasons. 

I-Iomoxy-or~nosailine (III) ,  the urea derivative of ormosanine (S), was found to undergo 
the same catalytic isomerization to homoxypiptanthiile (IV). Consequently, C6 must be 

IF07 part 111 i n  this series, see ref. 8. 
2The absolute cotz&gz~ration of ortnosanine and related conzpoz~nds i s  z~nknozan, and ?zone i s  itzplied i n  any  

of the foiinz~lae i n  this co~nmz~?zicatio?z. 
"Since ?zatz~ral oir~zosa?tine i s  racernic (6), the catalytically produced piptanthine i s  also racenzic. Piptanthine 

Jrom I-'. nanus i s  levorotatory ([aln -24s') (7). 
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considered the inost likely reaction center, since this process, which probably proceeds 
via dehydrogenation-hydrogenation, can be expected to be sufficiently rapid only in the 
vicinity of the basic nitrogen atom. The configurational assignineilts a t  CG are confirined 
by infrared spectroscopy. A potassiuin broiuide pellet spectrum of homoxy-or~nosanine 
sho\vs bands in the 2 SO0 cin-' region characteristic of the trans-diaxial arrangeincnt of 
the tertiary nitrogen electron pair aild a t  least two a-hydrogen atoins (9), in agrcelnent 
with conforination I11 (4). A spectruin of homoxy-ormosanine in cl~loroform, on the other 
hand, shows no bands in this region and indicates that the compound assuines conforina- 
tion IIIa  or IIIb in solution. In contrast, the infrared spectrum of homox)~piptantl~iile 
sho\vs the diagnostic bands both in solid state and in solution, in agreenlent ~vi th  the 
stable all-chair all-trans conformation IV (5). 

This difference in spectroscopic behavior and the selectivity and efficiency of this 
essentially irreversibIe isoinerizatioil process can only be explained by the configuration I1 
for piptanthine. I t  should be added parenthetically that a direct proof for the platinum- 
catalyzed exchange of hydrogen atoins situated alpha to the tertiary nitrogen atoll1 in 
Ormosia allialoids is also available. During our investigation of the alkaloid orinojanine, 
dihydro-ormojanine (VI) was reduced with deuterium gas and platinum in CI-IBCOOD 
and the product was dehydrogenated wit11 paIladiuin on charcoal to the pyridine VII (8). 
A nuclear inagnetic resollance study of the resulting ppridine sho~ved a conlplete absence 
of deuterium in the aroinatic rings and a t  C17, whereas analysis indicated the presence of 
2.3 deuterium atoins in the inolecule (8). Since the deuteration was done under very inild 
conditions (normal pressure and rooin temperature), i t  appears reasoilable to assume tha t  
the incorporated deuterium atoms must be situated alpha to the tertiary nitro, veil atom 
(Cz, CG, and (or) CIO). 

I t  is also interesting to note that the deep-seated rearrangement taliing place during 
the catalytic dehydrogenation of orinosanine and tetrahydro-orinojanine to 3-pentyl-6,s- 
dipropylquinoline requires the removal of the CG-hydrogen atom as one of the initial steps 
(8). 
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Tetrahydro-ortlzojanine and Isotetralzydro-ormojanilze 
rls reported in the accompangiing communication (S), the gross structure of the alkaloid 

ormojanine, C20H31X3, a constituent of 0. jamaicensis, can be represented l ~ y  for~niila V.4 

The following three colnpou~lds were obtained Ily the reduction of orinojanine. A short 
catalytic reduction yielded dihydro-orinojanine (\:I), whereas a longer hydrogenation 
saturated the double bond and gave pure tetrahydro-ormojanine (8, 10). A reduction of 
dih~~dro-ormojaniile (171) I\-it11 lithiu~n in boiling ethylene dialnine (17) also saturated the 
doilble bond and gave an iso~neric C201-135N3 coinpouild, isotetrahydro-or~nojanine, in a 
good yield. The tu-o isoineric reduction products were found to be distinctly different fro111 
ornlosailine (I) and piptanthine (11) in their physical and chenlical properties. 

Dehydrogenation experiments showed clearly that or~nosa~l i~ le  and orlnojanine possess 
the sallle slteletoil (8). Dehydrogenation of orinosalline and of tetrahydro-ormojanine a t  
280" with palladiu~ll on clzarcoal yielded 3-n-pent~il-G,S-diprop\~lqui1loli1le (8, lo) ,  ~vhereas 
both ormosanine and dihydro-ormojailiile gave the pyridine VII on dehydrogenation 
wit11 the salne catalyst a t  a 1011-er telnperature (S,11). I t  should be noted that the hydrogel1 
atoll1 a t  CG in pyridine 1/11 is assigned a configuration cis to the C7-C9 bridge, requiring 
an iso~nerizatio~l a t  Cs during the dehydrogenation of or~nosailine ( 5 ) .  This co~lfiguratioil 
follo\vs froin the presence of strong bands in the 3 800 cm-I region of the infrared spectrum 
of pyridine VII both in solid state and in solution, in colnplete analogy to the spectral 
properties of piptanthine (see above), and is proved by the reduction study described 
below. 

The question now arises ~vlzetlzer ormojanine and its reduction products have the 
orinosanine or the piptanthine configuration a t  CG. Several lines of evidence clearly show 
that the CG-hydrogen atom is cis to the C7-4 bridge (analogous to I1 and 1711) in 
orinojailine and all its derivatives. 

(a )  Orinojanine and all its reduction products show infrared bands in the 2 SO0 cin-I 
region analogous to those of piptanthiile (11) and pyridine VII. 

(b) Neither tetrahydro-ormoja~lii~e nor isotetrahydro-ormojanine change under condi- 
tioils used for the ornlosanine-pipta~ltl~i~le iso~nerization. 

(c) Isomerization of dasycarpine to isotetrahydro-ormojanine (see below) proves that 
the CG-hydrogen atom in the latter is cis to  the C7-C!, bridge. 

(d) Catalytic reduction of dihydro-ormojanine gives only one compound, tetrahydro- 
ormojanine. 

(e) The absence ol an iso~nerization a t  CG during the catalytic reductioil of ormojanine 
to dihydro-ormojanine is proved by the following evidence. N,N-Diinetl~yldih~dro- 
orinoja~liile has been prepared from dihydro-orinojalline in three steps (8,lO). The identical 
diinethyl coillpou~ld has also been prepared froin ornzojanine itself in a secliience in \vhich 
no catalytic reduction was involved (8, 10). 

If tetrahydro-ormojanine, isotetrah~dro-ormojanine, and piptanthine (11) have the 
same relative coilfigilration a t  CG, C7, and Cg, they inust obviously differ a t  some or all 
of the asymmetric centers Cll, CIG, and C18. 111 other urords, \\lit11 the structure of piptan- 
thine determined as 11, tetrahydro-ormojanine and isotetrahlidro-ormojailine must be 
two of the seven remaining possible colllpounds represented by formula VIII.  Since the 
pyridine VII possesses the same configuration a t  Cg, C7, and Cg as the three cornpou~lds 
in question, it is clear that  a detailed study of its reduction could provide a complete 
solution to  the problem. 

This opportunity was exploited in the following way. Pyridine \I11 was first reduced 
under mild catalytic conditions, which saturated only the  non no substituted pyridine ring. 
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CANADIAN J0URN:IL O F  CHEMISTRY. VOL. 44, 1966 

Clearly, this reduction could bz expected to give two compounds, I X  and X ,  differing 
only in the configuration a t  111 fact, the reduction product gave only one spot in 
thin-layer chronlatography and was also reported (11) LO appear l~omogeneous in vapor- 
phase chromatography. IVe have found, hon~ever, that  acetylation of the reduction 
product gave t\vo acetyl derivatives which could be separated chrolnatographically. T o  
facilitate a reconversioll into the secolidary amines, the procedure was repeated u~i th  
the corresponding carbobenzyloxy derivatives, nlhich \\rere separated by colun~n chroma- 
tography and individually hydrogenolyzed to pure I S  and pure X.  The two secondary 
anlines have the same XI value in thin-layer chromatography, but sl~o\v distinct differences 
in their infrared and nuclear magnetic resonance spectra. Most significantly, the two 
hydrogen atoms a t  Clo appear as a singlet (Az) a t  8.2 T in the spectruln of one of the isomers 
and as a quadruplet (AB) centered a t  8.11 T (6.&~ = 19 c.p.s., JAB = 10 c.P.s.) in the 
spectrum of the other isomer. 

I t  lnust no117 be established hich of these isonlers is I X  and \vl~icl~ is X.  To  simplify 
the discussion, the results of the subsequent reduction experinlellts are anticipated; 
these demonstrate unanlbiguously that the isomer showing a singlet corresponding to 
the Clo-methylene group is X ,  and that the other isomer (quadruplet corresponding to 
Clo-methylene) is IX. 

Pyridine I X  \vas reduced catalytically with platinum in acetic acid a t  high pressure. 
Since the resulting lnixture of conlpletely saturated bases did not appear to  be sufficiently 
stable for an extended experimentation, it was imlnediately treated with phosgene and 
thus converted into the corresponding cyclic urea derivatives. Purification by cllromatog- 
raphy yielded t ~ v o  crystalline ureas, Al and A> Reduction of pyridine I X  u i th  sodiunl 
and isoamyl alcohol, follo\ved by a treatment with phosgene and chromatography, also 
yielded Al and Xz. 

Similarly, a high-pressure hydrogenatioll of pyridine X ,  follo\ved by a treatment with 
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DESLOXGCI-IAMPS ET .?L.: ORMOSlA ALKALOIDS. IV 2843 

phosgene and chromatograpl~y, yielded t ~ v o  crystalline ureas, B1 and B2, whereas the 
chemical reduction of X ~vith sodiuin and isoainyl alcohol resulted, after treatment with 
phosgene, in tn-o ureas, B1 and Ba 
, . I hese transformations can be summarized by the follo~ving scheme. 

1. I-I?/Pt 1. Na/alcohol 
A1, .I? t----- I S  A1, A? 

2. COCI, 2. COCI? 

1. I-I?/I't 1. Na/alcohol 
B1, B2 t- S BI,  B3 

2. COCI? 2. COClz 

The five l1omox~7 derivatives (ureas) obtained in this way are all pure, stable compounds 
with the expected molecular ion in their Inass spectra ( m / e  343) and showing distinct 
differences in thin-layer chromatography and infrared and nuclear magnetic resonance 
spectroscopy. Furthermore, their spectra sho~v the coinplete absence of olefinic or aromatic 
hydrogen atoms. They in~lst  therefore be the homoxy derivatives of five of the eight pos- 
sible C201-13jN3 isonlers depicted by the general formula VIII.  

Coinparison with known compounds has shown that Al is identical \\lit11 homoxy- 
piptanthine (IV) and that I33 is identical with homoxytetrahydro-ori~lojanine. Since the 
coinplete stereochemistry of piptanthine is 1<11011~n, it is clear that  these findings rigoro~~sly 
differentiate between the two inonopyridines I X  and X. Furthermore, ormojanine and its 
reduction products must clearly have a configuration a t  Cl8 opposite to that of pipta~lthine. 

Just as significantly, however, the hoinoxy derivatives of orinosanine, dasycarpine, and 
isotetrahydro-ornlojanine were fo~und not to be identical with a1137 one of the remaining 
reduction products, AS, B1, and B2. The absence of homoxy-ormosanine (111) was to be 
expected and confirins our assignment of a configuratioil a t  CG ill pyridine VII opposite 
to that of ornlosanine (I) (5). EIoi~~oxy-das)7carpine cannot be expected to be present 
arnong the hydrogenation products on the basis of experiments described below. 

The absence of the urea of isotetrahydro-ormojanine among the reduction products of S 
was, ho~vever, uilexpected. I t  must be reinembered that isotetrahydro-ormojanine is 
produced by the chemical reduction of dihydro-orn~ojallille (VI), whereas tetrahydro- 
orinojanine results froin a catalytic reduction of VI. Since we now kno~v that ormojanine 
possesses the inore stable configuration a t  C6 and since, furthermore, there is no evidence 
in our \vorl; of ally isornerizations under the conditions of a chemical reduction, it must 
be assumed that  the two tetrahydro isomers differ only in the configuration a t  the reduced 
center C1G.5 I t  follows, therefore, that isotetrahydro-orrnojanine must correspond to the 
missing fourth possible reduction product of S (B,,). 

This postulate gives rise to a paradoxical situation. Since isotetrahydro-ormlojanine is 
forinecl in a high yield in the chemical reduction of VI, it should be more stable than 
tetrahydro-orinojanine. HOW is it  possible, then, that the less-stable compound, tetra- 
hydro-orn~ojanine, is forined in the chemical reduction of pyridine X and that the inore 
stable compound, isotetrahydro-ormojanine, is not obtained froin X a t  all? 

Actually, there is one, and only one, satisfactory solutioil to this dilemma. First of all, 
as stated above, the results of the hydrogenation of pyridines I X  and X clearly sho~v 
that the orlnojailine series has a configuration a t  CI8 opposite to that of orinosanille (I) 
and piptanthine (11). Dihydro-ormojanine (VI) can therefore definitely be represented 
by one of two complete stereo-formulae, XI  and XI I ,  differing in the configuration a t  C11. 

T h a t  isotetrahydro-or~rtoja?tine has a coltjigztration at CG identical with tltat of X also follows c l e a ~ l y f i . o ~ ~ z  oztr 
work 012 dasycai.pine (see below). 
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Scheme 1 1101~ sho~vs the tetrahydro compounds to be expected froill the tv  o possibilities. 
Clearly, XI  ~vould, on reduction, give rise to XI11 and XIV, \\-hereas XI1 ~vould be re- 
duced to XV and XVI. 

Should X1 be the correct representation of dihydro-orinojanine, then XI11 inust be tlic 
forlllula for isotetrah) dro-ormojaniile and XI\,. for tetrahydro-ormojaninc for the follo~ving 
reasons. Clearljr, a catalytic reduction of the ClG-C17 double bond in XI should proceed 
froill the less-llindered side. In this case, the t u o  rings contairling the tertiary nitrogen 

atoll1 completely screen the upper side of the molecule, mnd the catalytic addition of 
hydrogen, which is found to  be coillpletely stereospecific, must tl~ereforc talie place from 
the bottom. Thus, tetrahydro-ormojanine \\;auld be XIV. On the other hand, the chemical 
reduction of the C16-Cl7 double bond in XI  would be expected to give the more stable 
compound, and an inspection of lnodels sl~o\vs that XI11 could well be nlore stable than 
XIV. This leads to forillula XI11 for isotetrahydro-ornlojanine. 

Sinlilar considerations apply if XI1 were the structure of dihydro-onnojanine. Again, 
the catalytic reduction ~vould be expected to proceed from the side opposite to the two 
rings contaillillg the tertiary nitrogen ; tetrahydro-ormojanine u~ould therefore l ~ e  S V I .  
Furthermore, XI1 is clearly inore stable than S V I  ; isotetrahydro-orlnojalline would thus 
have structure XIi. 

The decision l~et \ \~een these t ~ v o  possil~~ilities is 1101~ cluite simple. I t  can be seen that  the 

Xlll XIV 
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configuration a t  the important centers CG,  C11, and C16 ill for~nula XV is identical ~v i th  
that of piptanthine (II).G Since piptailtllille is produced both by a catalytic and a chelllical 
reduction of pyridine I X  (see above), it call be expected that colnpound XiT ~ ~ o u l d  be 
fornled by both reductions, or a t  the very least one of the reductions, of pj-ridine X. 
Since B3 is identical with l~omoxytetral~ydro-ori~~ojanine, structure XV must therefore 
clefillitely correspond to one of the two remaining reduction products of pyridiue S ,  131 
or B?. IIo~vever, neither 131 nor B? are identical \\it11 l~omoxyisotetrahydro-ormojanine 
(see above) ; isotetralzydro-ornzojanilze vzz~st tlzerefore 11ave structure X I I I ,  tetrahydro- 
ormojan~ne  str~ictzlre X I V ,  and dil~ydro-ormojanilze strz~ctzlre XI. '  .\Iechanistic considera- 
tions (see belo\\-), furthermore, clearly indicate that  formula Xiy must correspolld t o  
reduction product B1 and ionnula XVI to  reduction product B?. 

I t  still renlains to be explained, however, why the chemical reduction of pyridine S 
gives no isotetrahydro-or~nojalli~le (XIII) .  I t  can be seen immediately that this and all 
other reported facts find a ready explanation \vhen the reasonable assumption is lllade 
that the reductioil of the pyridine ring ui th sodi~un and alcohol is a multistage process 
in uhich the tetrahyclro-pyridines XVII and XVIII  (or the corresponding dihydro- 
pyridines 11 ith an additional double bond a t  CIS-CId) are intermediates.8 The reduction 
of 23-11 can give S I I I  and XV, but if XV is the nlore stable colnpouild of the two, only 
XV and no isotetrah~ldro-ormojanine (XIII)  will be produced. Similarly, the reduction 
of XVIII can give X I i T  and XVI ;  only tetrahydro-or~nojanille (XIV) \\-ill be produced 
if it is inore stable than compound XVI. 

The apparent paradox is thus seen to arise because, in the chenlical reduction of dihydro- 
ormojanine, the stability of isotetrahydro-orinojanine is conzpared \\,it11 that of tetrahydro- 
ormojanine, 11 hereas in the chenlical reduction of pyridine X, it is colnpared 1~4th that of 
isomer X iy .  In the lirst case, isotetrahjrdro-orlllojanine is the Illore stable compound ; in 
the second case, it is the less-stable one. 

?l'lle above anal) sis thus explains all the lino\vn experilnental facts satisfactoril>- and 
provides a unique so l~~t ion  of the stereochenlistry of the ornlojalline reductioll products. 
Based 071 the ~ r e v i o ~ ~ s l y  dedz~ced gross strzictu~e V ,  ormoja~zi~ze itselj" can then be represented 
by the co~~zplcte fornz~lla X I X .  'The opposite configuration a t  C P ~  in this structure is 
sterically impossible. 

I t  is interesting to note that,  on the basis of the 11) drogenation study described above, 
the s)mthesis of pyridine VII \\ill represent the total synthesis of one natural product, 
piptanthine, and four al1;aloid reduction products, including tetrahydro-or~nojanine. 
Stereochemically, the synthesis thus sinlplifies to  the preparation of two possible diastereo- 
isomers (irII and its epinler a t  CG),  which are furthermore collnected by the described 
isomerization a t  Cg. 

Dasycarpine 
ilfter the stereochemical relationships in the ornlojanine series had been clarifecl, the 

structure ancl stereochemistry of dasycarpine, C2oI-Ia:,N3, a11 allialoid of Ornzosia dasycarpa 
(3),  \\-ere solved in the follou-ing sinlple way. A salnple of dasycarpine was subjected to  a 

G T l ~ e  two coatpozl?zds only differ i?t their confgziration at C I S ,  and this d,~zerence wozlld not be ~ ~ P e c t ~ d  to affect 
si,o~lifica?ztly tlzc following arg?l7lze?zts. 

7il?zotlzer argzlrttent, indepe~zdent of tlze fipta?ztl~i?te series, leads to the same C O ? I C L Z I S L ' O ~ L .  Tlze assigit?itent of 
forntz~la X V to isotetrahydro-or~i~ojawi?ze and of X V I  to tetralzydro-or?ttoja?zi?ze cannot be correct, since i t  requires 
that co7tzpoz~nd X V I  ?tot be for~ized i n  the catalytic redzictioz of pyridine X, altl~oz~glt a n  addition of tPuo a-hydrogen 
aton7.7 dzirinz this kydrogcnatio?~ zrrozild be erpected to be particzilarly faoorable. 

$I t  i s  kno~utz that the red~lction of pyridines with sodi~itiz a?zd alcolzol proceeds via 1,4-dil~ydrop~lridilles (12), 
a ~ t d  i t  can be expected that an enamine-i~~tine isonterieatio?t will precede fzirtlzer redzictiolt. 
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X X  X X I  

prolonged treatment ~vi th platinum in acetic acicl in a hydrogen atmosphere a t  rooin 
temperature under collditions identical with those necessary for the orinosanine- 
piptailthine isomerization. 'Khe rcsultillg \\.as found to be isotetrahydro-ornzo- 
janine. Dasyca~f i ine  ,is therefore epinzeric w . ~ : ~ J L  i ~ o t e t ~ a h ~ d r o - o ~ ~ ~ z o j a ~ z i ~ z e  at Cc and can be 
.represe~zterl by the stereo-jornz,~~la X X .  

oil>? allcaloicl isolated from 0. ja7~laicensbs has beell found to give clasycarpiile in a 
mild 113-drogenation. This coillpound is probably identical ~vi th ormosajine, c.01-133x3, 
n;hich has been isolated and hydrogenated to dasycarpine by I-Iassall and MTilson (13, 14). 
Since the presence of an 3-C-N linkage in this allcaloid is indicatecl by spectroscopy, 
it can be assigned the structure ancl stereoc11cnlistr)r X S I .  

Pannnzi7z.e and Or.i?rosi7zi?r e 
These two allcaloids of Or7nosia panmjzc7zsis have been studiecl ~inder the assumption 

that they both have the conlpositioil C201-I133N3 (6, 15). 
011 the basis of the fact that panamine is coilverted into ormosanine by a reduction 

with sodiu~n borohg.dride (6), and to orillosa~lirle (6) and piptanthine ( 5 )  by catalytic 
hydrogenation, structure XXI I  \\-as proposed for pananline (15). A recent X-ray analysis 
(16) coilfir~llecl the correctness of this proposal. T ~ ~ L I s ,  pananline is a simple oxidative 
derivative of ormosanine. 

I t  \\-as furthermore proposed that the allcaloid ornlosinine can be represented by 
formula S S I I I  (15). The conversioll of ornzosinine into soine derivatives of pananline ( G ) ,  
which requires an epiinerization a t  C11 on the basis of this struct~iral assignment, \Iras 
explained by rather involved isomerization ~zlechanislns (15). 
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Our own interest in or~nosiililie was based on the follonring considerations. Shoulcl 
1x111 be the correct represe~ltatioll of this allialoid, then one of its hydrogenation prod- 
ucts n-o~~lcl clearly be a Cis-epimer of dasycarpille and should, after iso~llerizatioli a t  CG, 
fit into our pyridine recluction series A. We have, however, fouild that vigorous hydro- 
genation of ormosiili~lc produces, in addition to orlllosanine and piptanthine, t ~ v o  reductio~i 
products, neither of nrhich gives rZ2 on conversion illto the correspollding urea derivatives. 

All published data and the above hgrdrogenation can readily be explained by the fact 
that orrnosi~ri~zc is not all. isonzer Bz~t a diiner of pana?ni?ze. This follon~s from the following 
new findings. (a )  Sublilllation of orillosi~liile ill a high vacuunl gave pure panamine. 
(b) -4 molecular \veight detern~ination with a YIechrolal~ oslllo~lieter gave a value of 640 
for ormosini~le. 

The ideiltity of the nlass spectra of pa~lailline and ormosinine (6) and the conversion of 
orniosinine into panallline derivatives (6) can thus be explained in a very simple way. 

XXIV 6 "'H 

HQ 

H ; W  

XXV 

7 .  I he only remaining question is the exact nature of the dimcr. There are several n-ays 
in 11 hich tn-o ~nolccules of pa~lainine (in the open iilliilc forili) call dimerize, and the 
available evidencc docs not lead to a uiliquc solution. The structural possibilities are given 
in Scheme 2.9 On the basis of steric considerations and a study of urea formation (see 
Experilneiltal), n-c consiclcr f o r m ~ ~ l a  XXIV as the ~llost probablc structure of ormosinine. 

Biogerjesis 
One of the unusual aspects of Orwzosia allialoid stereocheillistry is the fact that the 

natural allcaloid ormosanine is race~nic (6). Furthermore, our work has shown (3) tha t  
piptanthiilc from Piptanfhz~s ?zanus ancl paila~lii~le froill Or~nosia pa?janzensis belong to  
antipodal scries.1° 

":lddilio?lal s l r ~ ~ c t ~ r r c s  ~ ~ i t l i  (111 opposilc cot~f izarc~l ion ctl Crr aud ( o r )  C.2, ill X S I  V (we nlso ste~,ica!lg possible. 
'uI'iplcaratlaitle fort11 1'. ?tntzri.s i s  1c;~oi.otatoi.y (;), .iirhereca.s piplutlllal?ae foi.~~aed b y  the i.ctli~ction elad , i sor~~c; izal ior~ 

ou' p i f t ~ a l l ~ i ? ~ e  i s  d~.\.ti.0i.o1(1101y (5, ti). 
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C;INADI.AW JOURNAL OF CLIISMISTL<Y. VOL. -14, l90ti 

I t  is i~lteresti~lg to note tha t  the existence of both antipodal series in this class of 
al1;aloids can be explained in a particularly simple manner 11y the postulate of a biogenetic 
intermediate of the type XXVII ,  formed by the condensation oi four lysine units (10, 15). 
The  en01 of aldehyde XXi ' I I  has a plane of symmetry, and the t ~ \ ~ o  corresponding 
enantiomeric aldehydes can condense with the appropriate C*-atom (arron-s a or Z, in 
formula XX1711) to  give the t\vo antipodal pentacyclic derivatives. 

Suclear magnetic resonance spectra were recorded in CDCI3 011 a \;arian IHK-DO spectrometer, and chemical 
shifts are reported in parts per million relative to an inter~ial tetramethylsil;11ie reference. Infrared spectra 
were obtail~ed with l'erlcin-El~ner model 21 arid 137R Infracord i~istruments, and ultraviolet spectra \\,ere 
recorded on a Beclcman Dl<-2 ilistruinent and massspectra on a IHitachi I3erl;in-Elmer RhIIJ-6D instrument. 
All melting points are uncorrected. 

Isoitlerisntiotz of Or~iiosa?Li?ze 
Or~~iosal i i~ie  (35 mg) was stirred in a hydrogen atmosphere in acetic acid (10 ml) in the presence of platin~im 

oxide (100 mg) a t  room teniperature and nor~ilal pressure for 1 day. The catalyst was removed by f i l t ra t io~~ 
and the solution evaporated. Distribution betwee11 ether and 1 iV hydrochloric acid, followed by basificatio~i 
of the aqueous layer with amuionia and its extraction with ether gave 29 ri~g of a basic material. 'To convert 
it into the corresponding urea, the residue was clissolved in dry  benzene, o ~ i e  drop of triethylamine was 
added, ;und phosgene gas was bubbled through the solution for 1 min. l'he sol~ition was then extracted 
with 1 iV hydrochloric acid, and the aqueous layer was basihed \vith animonia and extracted with ether. 
The r e s ~ ~ l t i ~ i g  mixture of t\vo homoxy-derivatives (thin-layer cliro~natography (t.1.c.)) was p~~ri l ied  by 
preparative t.l.c., ~ising al~~iinina and ether-benzene (1:4). 

'The faster moving fraction (11 111g) crystallized from petroleu~~n ether and \\;as found to Ile idelltical with 
homosypipta~ithil~e (I\?) (2)11 in t.1.c. and infrared and nuclear magnetic resonance spectra. 

The slo\ver moving fraction (8 mg) \vns lnornoxy-ormosaninc (111) ( 8 )  on tlne basis of meltilng point, t.l.c., 
and i~lfrarecl spectrum. 

The salne catalytic isomerizatiori was perforuned, starting with honios)~-ormosaninc (52 mg). I'repnmtive 
t.1.c. again gave pure homoxypiptantlii~nc (7 111g) and Inomoxy-ormosa~iine (27 111g). 

Clzeniical Rcdltctio?~ of Dihydro-or~~~~?ju?zi?te 
Dihptlro-ormojanine (700 mg) (8) a ~ ~ d  ethylene dia~ninc (40 1111) \\ere heated to 00 OC in a purified ~iitrogen 

atmosphere in a dried apparat~is  protected with n mercury seal. 12itlii~im wire ('2.5 g) mas then added i n  snnall 
portiol~s to tlne stirred solution over a period of 45 min, the ternperat~lr-e being maintained a t  90-100' (17). 
Thc mixt~ire \\as then refl~ixed for I. In and allo\\:ed to starld a t  room temperature for 15 h. --lfter n careful 
addition of water ~ ~ n d e r  ice coolirig, the mixture was acidified with concentrated hydrochloric acid and 
extracted with ether. 'The aclueous laycr was basiliecl \vith sodium hydroxide and extracted with ether to 
give 110 mg of a basic material. Crystallization from acetone gave pure isotetrnhydro-or~inoj;~~ii~ie, 1n.p. 
135-136'. 'The mass spectrunl sho\vs the expected niolecular ion peal; a t  ,iil/e 317. Infrared maximum (CC14) 
a t  3 300 c111-I (xI-I, sharp). 

Treat~nent  of isotetmlnydro-or1r1ojanine with phosgene in the L I S L I ~ I  manner gave the hon~oxy derivative, 
showing a molecular ion peal; a t  nt/e  343 ill its mass s p e c t r ~ ~ m  alid an  a111idc ~naximurn a t  1 610 cm-I in its 
infrared spectrum (CI-ICIB). 

Isotetralnydro-or~llojanine was found to bc distinctly diiferelit from tetmhydro-ormojani~le (S), ormosa~iine 
( I ) ,  and piptanthine (2) in melting point alicl infrared and nnclear magnetic resonance spectra. 

Catalytic Rcdz~ctio?~ of Pyridi?~e V I I  
Pyridinc 1711 (1.08 g),  prepared by tlne clehydrogelintion of dihydro-ormojanine (S), \\.as h>.drogenated 

in the presence of platinum oxide (100 g) in acetic acid (70 ml) for 20 h a t  room temperature and normal 
pressure. The solutioli mas filtered and evaporated, and the r c s i d ~ ~ e  was distril~uted between aqueolis ;~mmonia 
and ether. 'The dried ether extract (1.10 g) sho\ved olily one spot in t.1.c. Maxima in the l~~ ic l ea r  magnetic 

"TT7e tllu?zk tlre Czecl~ workers for a sanzl~le of pipta?ztlii?re froti1 1'. ?ia?zlrs. 
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IlIiSi-OSGCII.\biPS IST .4L.: ORBIOSIA .\LIC.ILOIDS. IV 2549 

resonance spectrum (CCI.,) a t  1.83 (1 13, multiplet) and 2.80-3.40 T (2 I-I's, multiplet) together with the 
~~l t raviole t  spectrum (inllection 263, A,,, 26s (6 3 400), inflection 275 ~ n p )  clearly show that only one 
(a$-substituted) pyridine ring is present in the product. Purification and characterization of this product 
as n ~nixture of pyridines I S  mnd S is described below. 

N-:lcetyl Deriaatives of Pyridi?res I X  and X 
'l'he above mixture (68 mg) was acetylated with acetic anhydride (5 ml) in pyridine (5 1111) for 15 h a t  

room temperature. The usual \vorl;-up gave 65 mg of a basic material which showed two spots in t.1.c. on 
alun~ina with benzene-ether ( I :  1) as eluent. Preparative t.1.c. gave one con~pound (Rr 0.6) as  an  oil (26 mg). 

rlnnl. Calcd. for C?~I-131N~O: C, 74.74; I-I, 8.88; 0, 4.53; X, 11.85. Found: C, 74.12; I-I, 8.73; 0 ,  4.42; 
Z, lO.S!). 

r ~ ~ c l c n r  magnetic resonance maxima a t  1.73 (I .  I-I, inultiplet), 2.70-3.20 (2 H's, inultiplet), and 7.80 T 
(LV-acetyl, sirlglet). 

l'hc seco~ld acetyl derivative (Ri 0.4) weighed 31 mg and, after crystallization from ether, lnelted a t  
195-197'. 

Anal. 1;ound: C, 74.26; I-I, 8.60 ; 0,  4.S9; N, 10.09. 
Suclear magnetic resorlance masinla a t  1.70 (1 I-I, multiplet), 2.70-3.20 (2 I-I's, nlultiplet), and 7.65 and 

7.70 T (AT-acetyl, two singlets). 

~\~-C~~rbobertzyluxy Derioatieles of Py~idixcs  I X  and X 
The above mixture of pyridines I S  and S (1.10 g) was dissolved in methylene chloride (175 ml), and the 

solution was mixed with water (50 1111) and magnesium oxide (380 rng). BenzyI chloroforinate (3.6 g) in 
methyle~le chloride (75 ml) was added to  the stirred mixture over a period of 90 1lli11 a t  ice-bath temperature. 
'I'he stirring was continued for an  additional hour, the mixture was acidified with dilute hydrochloric acid, 
and the organic layer nras extracted exhaustively with 2 N hydrochloric acid. The combined aqueous layers 
were basihed with amiuonia and extracted with ether to give 1.54 g of a basic inaterial. Thin-layer chrolua- 
tography on aluniirla with ether iildicated two compounds different from the starting material. 

These were separated by column chrornatograpl~y on neutral alumina (ivoelin, activity 2, SO g),  taking 
100 in1 fractions and ailalyzing them by t.1.c. Elution with benzene - petroleum ether (1:2 (2.5 1) and 1 : l  
(500 ml)) gave pure i\7-carboberlzyloxy I S  (630 mg), elution with benzene - petroleum ether (3:1, 800 ml) 
gave a ~ l l i x t ~ ~ r e  of the two isomers (120 mg), and elution with ether (500 ml) gave pure IV-carbobenzyloxy X 
(790 mg). The two compounds, which could not be induced to crystallize, were found to  be homogeneous by 
t.1.c. and showed the expected ultraviolet (A,,,, '268 imp), infrared (maxima a t  1 680 and 1580  cm-I), and 
iiuclear magi~etic resonance spectra (a ml~ltiplet a t  1.7 T for 1 13, a mi~ltiplet a t  2.8-3.:; T for 7 I-I's, and :I 
broad singlet a t  5.0 T for the benzylic CI-I.?). 

I'yridi?rc.s IS and .Y 
i\7-Carbobe1izyloxy IS (200 111g) was hydrogenolyzed ill acetic acid (95Yo, 10 ml) with palladium on char- 

coal (1071, 40 nlg) in a hydrogen atmosphere for 12 h. 'I'he nsual worlc-up gave 140 mg of pure oily pyridine 
I S ,  homogeneous in t.1.c. Infrared maxima (CClr) a t  3 300 (XI-I) and 1 560 cm-1 (broad); nuclear magnetic 
resonance maxima (CCI.,) a t  1.81 (1 I-I, multiplet), 2.5-3.3 (2 I-I's, multiplet), and 8.11 T (Clo-methylene, 
quaclruplct). 

iT-Carl~obenzyloxy S (156 mg) was hydrogenolyzed in the same manlier t o  give 108 illg of pure oily 
pyridine 1. Infrared lnaxima (CC1.J a t  3 300 (.\'I-I) and 1560  cm-1 (broad); nuclear magnetic resonance 
maximc~ a t  1.83 (1 H,  n~ultiplet) ,  2.8-3.3 (2 I-I's, in~~l t ip le t ) ,  and 8.20 T (Clo-inethylene, singlet). 

The pyridines I S  and S show identical Rr values i l l  all t.1.c. systems tried; thcir separation was therefore 
fou~lcl to be possible only through the above derivatives. 

Culalytic Rcdrrctiort of I S  
P y r i d i ~ ~ e  l X  (75 mg) was hydrogenated iii acetic acid (10 ml) \\,it11 p l a t inu~r~  oxide (110 mg) a t  100' and  

2 200 p.s.i. for 12 11. 'The usual work-lip gave 58 mg of a basic ~naterial. Since a preli~ni~lary stiidy indicated 
that thc procluct slowly decomposed on chromatography, it was iminediately treated with phosgene and 
t r i e thy la i~~ i~ le  in benzene (sce above). The product (50 n ~ g )  was shown to be a mixture of two homoxy 
derivatives by t.1.c. 

Separation was achieved by preparative t.l.c., usilig aluminn and benzene-ether (1:l) .  The faster moving 
fraction was further purilied by a second preparative t.1.c. under the saine conditions, and the resulting 
crystallii~e product, :11 (12 mg), n1.p. 153-155", was found to  be identical in ii~frared spectru~n and t.1.c. 
with homoxypipta~ithine (2). 

'I'he sccond coinpound, 8: (8 ~ n g ) ,  crystallized froin petroleum ether and inelted a t  164-165". Its mass 
spectrum (inolecular ion peak a t  111/e 343) confirms its coii~position. Its infrared spectrum contains the urea 
maximum a t  1 620 tin' (CI-IC13) ; the fingerprint region, furthermore, shows that Ap is not identical with 
the hon~oxy derivative of any of the lc~iown C?olJsN3 Orl~zosia isomers. 

CAe~rlicuZ Rcdt~ction of I X  
T o  a solution of pyridine I S  (200 mg) ill boiling isoamyl alcohol (30 1111) was added sodiuin (2.0 g) in 

small pieces during 00 mi~i .  The cooled solution was extracted with 1 N hydrochloric acid, and the aqueous 
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layer was washed \\lit11 ether, basified, and extracted \vitIi ether. The residue was treated ivith phosgc~le ill 
the usual \vay to give 1% mg of two homosy derivatives (t.1.c.). 

The faster ~noving fraction was obtained in a pure state (39 mg) by column chromatography with benzene 
on neutral alumina (LVoel~n, grade 2, 7.5 g) and identibed as  homosypiptanthine, :II. 

The second compound could not be obtained in a pure state by colu~nn chromato~raphy. The preparaLive 
t.1.c. inethod gave the pure product (10 mg), identical in all respects with A? (see above). 

Catalylic R e d ~ ~ c l i o n  of S 
Pyridine X (76 mg) nras hydrogenated in acetic acid (10 ml) with platirlum oside (20 mg) a t  115' and 

2 500 p.s.i. for 3 days. 'The usual worlc-up gave 40 mg of a basic material, which was immediately treated 
with phosgene a s  above. The product (40 ing), containing two compounds (t.l.c.j, was subjected to prepara- 
tive t.1.c. on alurnina, with benzene-ether (1:1 ) as  eluent. 

'She faster moving fraction, U p  (15 lng), crystallized from petroleum ether and melted a t  224-225". I t s  
mass spectrurn shows the expected molecular ion peal; a t  m / e  343; the infrared spectrum (CI-ICI3) shows 
the urea peal; a t  1 610 cm-I. 

'The second fraction, B1 (11 mg), crystallized from petroleum ether and melted a t  158-159'. Its mass 
spectrum shows the cspected molecular ion peal; a t  m / e  343, and its infrared spectr~un (CI-ICla) contains 
the urea peal; a t  1 G10 cm-I. 

The physical properties of B l  and B2 (melting point and infrared, nuclear magnetic resonance, and mass 
spectra) clearly sho~v the non-identity of these compounds with the hon~oxy derivatives of ormosaniile, 
piptrunthine, tetrahydro-ormojanine, and isotetrahydro-or~nojanir~e. 

Cl~e112icnl Redz~c l ion  of .Y 
Sodiurn (1.2 g) was added in s~nal l  pieces during 90 min t o  a boiling solution of pyridine S (108 n ~ g )  in 

isoa~nyl alcohol (15 ml). The usual work-up (see above) gave 100 mg of a basic material, \vliich was subjected 
to an additional reduction with sodium (1.2 g) in isoarnyl alcohol (15 ml). 'The resulting basic mciterial 
(70 ~ n g )  ~ v a s  subjected to  preparative t.1.c. 011 silica, using 4% dimethylamine in petroleu~n ether a s  eluent. 

The faster moviilg fraction (10 mg) was treated with phosgene as  described above, and the resulting 
hoiiioxy derivative was purified by preparative t.1.c. on alurnina with benzene-ether (1:l). The pure product 
(7 mg) melted :it 158-159" and was found to be identical with BI ,  produced by the  catalytic reduction of 
pyridine S. 

The second fraction (7 mg) was also treated with phosgene and the product purified by preparative t.1.c. 
on alumina with benzene-ether (1:l) .  The ~.es~rlting pure c o m p o u ~ ~ d  (4 ~ n g )  crystallized from petroleum 
ether and melted a t  203--205°. This compound, B3, was found to  be identical in all respects (~llelting point, 
t.l.c., and infrared and mass spectra) with ho~noxytetrahydro-ormojanine (8). 

Iso7rzeri~cltio?s of Dnsycc~rp i r~e  
( a )  Dasycarpinc (34 mg) (3)11 \\;as stirred in :l hydrogen atmosphere in acetic acid (10 ml) in the presence 

of platinuln osidc (100 mg) a t  roorn temperature and normal pressure for 3 \veel<s. The usual worlc-LIP gave 
34 mg of a basic ninterial, \vhich was treated with phosgene as  described above. Thin-layer chrolnatograpliic 
analysis of the product o n  alumina \vith ether - petroleum ether (1:l)  as eluent showed the presence of two 
compoullds with lii values of 0.4 and 0.5, respectively. 

I'reparative t.1.c. or1 alun~ina mith ether - petroleum ether (T:3) as  eluent achieved a colnplete separation. 
'The faster m o v i ~ ~ g  compound \\.as found to  be identical in  all respects wit11 homoxyisotetrahydro-or1i10ja11i11e 
(see above). The slo\\.er moving compound was homoxydasycarpine (3). ?'he two compounds were isolated 
i l l  approxim;ltely equal cluantities. 

r\ltIio~gh Iiomos~~isotetrahydro-ormoja~ii~~e sho\vs a strong band a t  2 750 cm-I in the infmred spectrum 
(CI-IC1:I), this band is completely absent from the spectru~n of homosydasycarpinc. This is a~~a logous  to  the 
piptanthi~le-ormosnni~lc pair. 

(b) Mother liquors from the crystallization of ormosanine and ormojanine from 0. jait7aicc7~sis (8) were 
subjected to a nine-funnel counterci~rrent distribution, using ether and McIlvaine's buffer (pi1 7.:3), \vith 
the buffer as ;I moving phase. 1;mction 7 (1.95 g from 13.5 g of the original mixture) contained a foxm which 
\vas homogeneous in t.1.c. and shoived all Rr value of 0.4 on alumina with 4% methanol in benzene. Sublima- 
tion in a high vacuum gave a colorless oil; nuclear magnetic resonance ~naximum a t  (3.50 7 (1 I~I, broad 
singlet). This compound is probably identical with the allcaloicl ormosajine (13, 14). 

The oily sublimed al1;aloid (215 mg) was hydrogenated for 16 h in 2% aqueous hydrochloric acid (40 ml) 
in the presence of platinum oside (-100 mg) a t  room tclnperature and normal pressure. The ~ ~ s u a l  worl;-up 
gave 200 mg of a basic material which, on the basis of t.1.c. analysis (3% diethylamine in petroleum ether 
on silica), coiisistccl of approsimately equal a~noun t s  of two products with Rr values of 0.4 and 0.3, 
respectively. 

I'rcparntive t.1.c. \vith the above system achieved a coniplete sep~rat ion.  The component, Ri 0.3, was 
foulid to be identical w ~ t h  d<tsycarpir~e (3), and the s e c o ~ ~ d  component, Rr 0.4, was isotetrahydro-ormojatiine. 

I?TVe l l~alzk  D i s .  Clarke a17d Grulzdn?~ for Illis sa~,zple. 
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O r ~ l ~ o s i ~ z i n e  
'I'he alkaloids ormosinine, m.p. 219-22O0, and pananline \\ere isolated from 0. Im?ta?llensis by the procedure 

reported by Lloyd and I-Iorning (18). Or~nosinine shows a strong sharp NH maxirnum a t  3 300 cm-I in the 
infrared spcctruln (CC14) and a broad singlet a t  6.56 .T characteristic of the N-CI-I-N grouping in the 
nuclear ~nagnetic resonance spectrum. 
i\ molec~~lar  weight determination with Mechrolab osmomcter model 301 in carbon tetrachloride (four 

independent measurements) gave a value of 640 F 30 for ormosinine. 
Sublimation of ormosinine a t  250° and 0.4 mm gave a quantitative yield of pananline (sublimate), 

identified by infrared and nuclear n~agnetic resonance spectra. 
Thin-layer chro~natographic analysis of crystalline ormosinine on silica with 7% diethyla~nine in petroleum 

ether (double elution) revealed the presence of two components, Rr 0.5 and 0.45, respectively. I t  is not yet 
certain whether crystalline ormosinine consists of two different dilners or whether a partial conversion takes 
place during chron~atography. 

Vigorous hydrogenation of ormosinine in acetic acid with platinum oside a t  40" and 1 850 p.s.i. for 20 h 
gave, in addition to starting material, four reduction products. After the conversion of the mixture into the 
corresponding homosy derivatives, homoxy-ormosanine and hornoxypiptanthine were isolated from the 
mixture by col~umll chromatography on alumina. The  two remaining compounds were separated by  
preparative t.1.c. on alumina, with ether as  eluent. One of them crystallized from petroleum ether and melted 
a t  245", and the second one remailled oily. Both cornpou~lds are almost certainly dimeric, since their mass 
spectra show fragments with m / e  above 400. 

I lo~~zoxy-orn~osinine 
Ormosini~le (130 mg) mas treated in the usual way with phosgelle irl dry benzene (15 ml) and triethylamine 

(0.5 1111). The usual extraction gave a quantitative yield of a basic material. 'I'he infrared spectrum of the 
product in chloroforn~ showed a carbonyl absorption a t  1 720 and a double maximum a t  1 630 cin-I. Although 
it has so far not been possible to  achieve a separation, it appears possible that  the maxima a t  1 630 cm-1 
indicate the presence of ureas formed after a partial opening of the dimer, and the masim~lm a t  1 720 cm-1 
corresponds to the homoxy derivative of XXIIJ ,  in which the geometry of the relevant orbitals \vould not 
allow the usual ainide resonance. 

Hydrogenation of Pa?za~t~ine 
Panamine (18) (1.4 g) was hydrogenated in 4'3, hydrochloric acid (50 ml) in the presence of platinu~n 

oxide (550 ~ n g )  a t  room temperature and normal pressure for 16 h. The resulting basic material, obtained 
in a quantitative yield, was converted into the homoxy derivative on treatment x i th  phosgene and triethyl- 
amine ill benzene (see above). Separation of a portion of this product by t.1.c. 011 alulnina with ether - 
petroleuln ether (1:l) gave pure holnoxy-ormosanine and pure hornosypiptanthine. 

The original hydrogenation ~n i s tu re  could, without conversion into ureas, be separated by prepar,ltive 
t.1.c. on silica with 55; diethylamine in petrole~um ether. The two components were identified as  ormosanine 
and piptauthilie. 
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