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ABSTRACT: Lesves of Zanthoxylum procersm (Rutaceae) yielded two major
optically imactive alkaloids, culantraramine and culantraraminol, which were
assigned bishordeniny]l terpene structures based upon spectral evidence and
conversions to known alkaloids., Two minor alkaloids, isomeric with
culantraraminol, were aslso found, along with hordenine and N,N-dimethyl-
tryptamine. Although culantraramine could be viewed as & natural self
Diels-Alder adduct of dehydroprenylhordenine, when this dienme was prepared
and rescted, it yielded instesd an alternate adduct. This room temperature
Disls—Alder reaction does, however, represent a model for the biosynthesis
of some other known isolates considered as natural Diels-Alder adducts. A
total synthesis of culantraramine and culastraminol was instead achieved in
high yield from a premylalcobol precursor under mild acid conditions. The
synthetic reaction also yielded the two minor culantraramimol isomers. All
four alkaloids were present in similer amounts in both the synthetic mixture
and the crude leaf extract. The reaction used in the synthesis of
culantraramine and culantrarsminol is suggested to be biomimetic for these
and certain other dimeric alkaloids,

There has been a gradual accumunlation in the literature of reports dealing with the isolation
and characterization of ’natural Diels—Alder adducts’ from higher plants. Rather diverse genera,
particularly from the family Rutacese, have yielded s numbor of isolates which can formally be
considered as arising from the gonoral reactions givon in Schemes I and II. So far, all such
isolates have been fouad to be optically lnnctivo.l Occasionally, the presumed diene precursors
have also boen isolated. Alflabene?:3:4 Q). cyclobinborodionos (2), or thlnnoslno‘ (also 2),
and mexolide’ (3) represent isolatos of regiochemistry A (Scheme I), while the two (llz:lnuelu8 (€))
have regiochemistry B, The panonsidilerlns’ (3) and vopxldl-oruo:lo (6) are pentacyclic
alkaloids which could have arisen from Scheme II operating on dehydroprenylated quinolines,
followed by cyclization of the formed regioisomer C (Scheme I1I)., Our llfilonllnou'lz (2) could
have boen formoed similarly. No isolates from regiochemistry D (Scheme II) have as yet boen
reported, Further examples are discussed in two revlows.n'“

We report here isolation and synthetic experiments of interest in regard to the natural
occorrence of products formally derivable from Schomos I and II, Isolation work was carried out
on Zypthozylum procerum, & Rutacoous tree from the lowor Caribbean slopes of the Costa Rican
ocordillera, and on Z, gplaptrijlo from the central mesa and the deciduouns forest of the west
coast,

Paper 8 in the series ‘Constituents of Zanthoxylum’. Paper 7: J. Grina, M. R, Batcliff, and
F. R, Stezmitz, J, Oxg, Chom,, 47, 2648 (1982).
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RESULTS

Isolstion apnd Charsoterizatiop

Leaves, but not bark or wood, of Z, procerum yielded two optioally inactive major alkaloids,
8 (culantraramine) and 9 (culantraraminol) along with two mipor compounds isomeric with 9, (Since
the compounds were racomio, the structures are not meant to represent an absolute configuration
even though just one enantiomer is depicted.) The exact structures 8 and 9 were determined by a
combination of spectral methods and chemical interconversions.

Mass spectrometry established molecular formulas for § and 9, although 9 only showed a good
molecular ion under NH3CI conditions. A facile loss of 520 for 3 was observed under EI
conditions, Culantraramine showed 16 and culantraraminol 14 spz carbons (13C nmr spectra), with
the former exhibiting two C-CHy, (1.78 and 1.38 ppm) singlets and the latter, three C-CH3 singlots
(1.77, 0.68, and 0.64 ppm) in the 18 amr spectra. The lower field resonances are typical for the
ring vinylic CH; of 7 and oannabinoids, A 73.6 ppm singlet in the 13¢ spoectrum of 9 confirmed the
tortiary alcohol function for culantraraminol, Culantraraminol was converted in 80% yield to
colantraramine by beating with KHSO, in CH,Cl, and oulantraramine was in turn converted to 10 in
70% yield by hoating for ten minutes in 48% HBr, followed by basification and extraction. We had

ptovionslylz

ostablished the structure of 10 by X-ray crystallograpbhy. Treatment of 7 with mild
acid in ethanol had .lvenlz 10. Theso data assure the structures of § and 9, which are also in
agreoment with complete 13C nmr assignments and detailed anmalyses of the 360 NHx 1y nmr spectra
with extensive decoupling experiments, The assignments are givean in the Experimontal Section and
doetails are available in a thelh.“s Alkaloids 8 and 9 were also previously lsolltod“ from
leaves of Z, gplantrillo, but lack of materisl and complete high field nmr data at that time did
not allow proof of structure for 9, The seme situation resulted in postulation of am incorrect
isomeric structure for 8.

The two minor alkaloids gave mass spootra exaotly as did 9: poor 508 molecular ions, but
strong I*-BZO ions in the EI mode and strong 509 (M* +H) ions in the NR4CI mode. The 15 per
spectra of ecach showed three C-Me singlets (two aliphatic and one vinylic) in concordamce with 9.
The other lH amr resonances wore also similar to those of 9, as was the 13¢ nmr spectrum of one,
Lack of material precluded obtaining a 130 nmr spectrum for the second minor component., The
decision that the minor alkaloids represemted stercoisomers (Scheme II, C) rather than
regioisomers (Scheme II, D) of 9 was reached by 18 amr decoupling experiments contered around the
benxrylic C-5 proton which appeared at 4.06 ppm in both oases. These eoxperiments clearly showed

that proton to be botween a mothylene and a methine carbon (regloisomer C) and not between two
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methine carbons (regioisomer D), The total nmr spectral assignments were also consistent with
these formulations.

A closer analysis of the IB nmr spectra for the minor alcohols led to tentative
stereochemical assignments. The spoctrs were compared with those of § and 2, whose
stereochemistries were known from the interconversion experiments. In all of the alcobols, there
was no observed counpling between C-2H and C-3H, indicating am approximate 90° relationship and
assuring that the two minor alcohols had the samo relative stercochemistry at C-3 as did
culantraraminol, Thus, differences would only be at C-4 and C-5, and three possible structures
need be considered, One minor isomer was the only alkaloid of this series, including 7, with
neither of the alkyl C-methyls shielded in the 18 nur spoctrum (1.21 and 1.26 ppr). In all otbers
at least one C-methyl was in the 0.6 ppm range. VWe have shown1:12 that the sbielding is a result
of the n—cloud of a neighborimg aromstic ring and hence, in this isomer, neither hordeminyl side
chain is on the same sido as the C-4 alkanol group. This suggosts 11 for the structure of one
minor isomer, which we have dubbed alloculantrarsminol. Such an sssignment is reinforced by the
11 Hx conpling observed betveen C-3H and C-4H and lack of coupling between C-4H and C-5H, (The
respective dibodral angles are approximately 130° and 90° in a slightly twisted boat conformation,
as demonstrated by Dreiding models,)
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In the second alcohol isomer, an 11,2 Hz coupling is observed between C-4H and C-5H, In this
case, the two protons must be gyn and nearly eclipsed (since the result of the apti relationship
is 9). This can be accounted for by assigning strooture 12 to this isomer which we have dubbed 5-
epiculantraraminol. Again, the proper dihodral angles are achioved in a near boat conformation.
The analysis of the cyclohexene ring stereochemistries thus requires assumption of boat
conformations with these alcobols, while the standard half-chair conformation is adequate to
oxplain the culantraramine (8) 18 ner spectral results. All assignments are provided in the
Experimental Section, with further details available upnntoly.ls

The reported alkaloids were isolated by an extraction process and purification procedure
whick involved relatively long times and the use of acid and baso (sec Exporimental Section).
Since optically inactive alkaloids (in spite of the presence of three ssymmetric centers in each)
and storeochemical mixtures were found, a rapid plant screening procedure was also used, A small

smoont of dried leaf material was extracted with MeoOH for two minutes, the supernatant was spotted



Isolation and synthesis of bishordeninyl terpene alkaloids 4313

directly on S3 gel und a chromatogram developed rapidly in IoOH/EtOAGIHZOIN!40H (14:4:4:1).
Visoalization showed spots of essentially equal intemsity for § and 9, the minor components not
being of sufficient comcestration for visidbility. Dried leaves of I, oplaptgillo (Hondurss) from

16 were also available and the same procedure sgain resunlted in

the provious isolation
ideatification of § and 9. Thus, the products are not likely artifacts of the isolation-
porification process, although their formation during plant drying was still of concern. This
possibility was ruled out for Z, culantzillo since we weore able to perform direct extractions on
fresh leaves in Costa Rica in January 1985, The lesves were placed in EtOH, OH  immediately upon
collection and the mixture triturated together with CHC]S. Direot tlc from the CHCly as well as
later ig amr spoctroscopy of the residue left upon evaporation of the CHCI3 showed the presence of
8 and $. Ve were unfortunately not able to obtain proper leaf samples of £, procezrgm on which to

conduct the same experiment,

Swushesis

The structure of 8 and its lack of optical activity soggested a possible origin as a natural
Diels—Alder adduct (Scheme IXI), The literature surprisingly did not yield informstion on

2,17 to react in the semse of

arylisoprene resctivity, although 1-phenyl-1,3-butadiene wsas known
Scheme I rather than Scheme II, The requisite diene 13 was prepared according to Scheme III.
¥hen 13 was slliowed to stand ten days in xyleme at room temperature it was graduslly, but
completely converted to products, with st least 90% representing s separable 3:2 mixture of 14 and
u.’s These wore clesrly diastereomers of regiochemistry A (Scheme I) rather than B according to
analysis of their 1g per spectrxs (soe Experimental Section). A distinction between 14 and )5
could be made since the C—Ne resonance of 14 was at 1,14 ppm, while that of 15 was shielded at
0.85 ppm and must therofore have the C-Ne gig to the neighboring aryl substituent,

Culantraramine (8) and colantraraminol (2) synthesis was, however aohieved in high yield from
16, prepared as in Schese III, When 16 was treated with 48% HBr in EtOB at 25° for 15 minutes, it
was copverted in 80% yield to 8§, slong with minor alkaloidal productl.l9 Treatment of 16 for 30
min with IN HC1 again gave s high yield of slkaloid prodocts, this time composed of 55% §, 25% 3,
and about 8% each of 11 and )2. Comparison of the 15 amr spectrum of this mixture bofore
separation, with the 1g per spectrum of the crude isolated base fraction from Z, procesrum leaves,
showed them to be remarkably similar, The OMec and C-No signais of the various components are
distinctive sand each could be clearly seen in the reaction mixture and the isolate mixture nmr
spectra., The only real difference was the ratio of 8 to 9, but it seoms clear from the synthetic
experimonts described that this rstio will be highly dependent upon exact reaction comditions.
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Since it seomed plausible that 16 yielded a cation and diene 13, which then reacted
togothor.21 a 50:50 mixture of 13 and 16 was roactod with mild acid catalysis. Both 13 and 16
were completely transformed and the product mixture was the same as obtained above, We found only
what appeared to be acyolic polymers and no 8 or 9 when diene 13 was treated by itself with dilute
acid under a variety of conditions,

DISCUSSION

The two high yield ambient temperature syntheses reported bere ropresent viable ones to
consider as biomimetic for isolates such as ]1-% if it can be proven that these substances occur as
such in the living plant, Before addressing this point, some additional discussion of the results
is necessary.

The particular regio— and stereochemical rosults observed in the reaction leading to 8§ and 9
can probably best be explained by considering the process to be either a particularly facile
stopwise one as depicted in Scheme IV or & concerted anslog bypassing 17 as an intermediate, In
order to provide 8 and 9 as the major products, the process would have to mainly take place with
configuration retontion of the allylic cation intermediates. Tho mechanism could approach a

22 15

nonsynchronous [4+2] cycloaddition and, indeod, application of FNO theory is also consistent

with the regiochemistry and sterecochomistry observed.
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Schemes I and Il represent nonoverlapping alternatives both in the isolations reported so far
and in our synthetic work, Although there have beon numerous isolations of formal adducts A-C
from widely differing plants, in no case have both Scheme I and Schome II adducts been reported
from the same plant, Similarly, in our syntheses only Scheme I products were found from the 13
diene and only Scheme II, C products resulted from the 16 aloohol. Thus, isolates A and B likely
ariso from a 'true’ Diels-Alder reaction, while isolates such as C arise from a cation-diene

process ve propo.e.23 The failure so far to find regiochemistry D isolates is clear if the
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mochanism of Scheme IV is operative. To get D products would require formation of cation 18,
which is muoch less stable than 17.

Our failure to find cyclization products from treatment of 13 with aoid correlates with
similar problems encountered by Gassman (footmote 17 in Referoence 23). It scoms as if a

carbooation can initiate the process, while s simple proton casmnot.

Although some authors have comoerned themsslves with the possible artifactual nature of the
isolates we are considering here, nome, as far as we are sware, have reported attempts st direoct
isolstions from living plant material. VWe have now accomplished this with Z, culaptrillo and were
able to isolate the dimeric alkaloids from fresh leaves undor conditions where the proposed
intermediate 16 is stablo., Similar experiments should certainly be done for cach of the many
literature cases quoted.z_lo’la':“

It remains to bo considered whother or not 1§ represents a reasopable plant prodmct itself,
The rather puzzling fact that bisbordeninyl terpenes have only been found in leaves suggests a
logical sequence for 16 formation (Scheme V), Prenylation ortho to a phenol is ubiquitous in the
Rutscese and the suggested singlet oxygenm epe reaction with chlorophyll sensitization to form 16
slso has excollent prccodenco.24_26 Scheme V suggests that isolation work on buds or freshly
emorged loaves of Z, procoruym (which puts out new growth in May-June, & time of constant clouds
and rain ip the Costa Rican Caribboean area) should result in finding the proposed prenylated

hordenine precursor. Such experiments are planned.
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EXPERIMENTAL SECTION
Gegoral Procedure

Melting points were obtained with & Nel-Temp melting point apparatos and are uncorrected.
Infrared spoctra were recorded on either a Bockmann 4200 or a Beckmann Acculad spectrophotometer,
60 NHz H NMR spectra were recorded on either a Varian Nodel EN360 or i Varian Model T-60
spoectrometer using Me,Si as an internal standard and are reported in 3. All SC NMR spectra were
recorded on s JEOL JP?I FX-100 Fourier Transform spoctrometer, High field NMR spectra were
recorded on Nicolet NI360 or Bruker-IBN Model WP-270 spectrometors. MNass spectra were recorded on
8 V., G. Micromass 16F spectrometor. Exact mass spoctra were obtained at Nidwest Center for MNass
Spectrosoopy, University of Nebraska, Linocola, NE,

Chromatographic isolations were accomplished by either mediunm-pressure liquid chromatography
(MPLC), using a MNichel-Niller columwn (37 mm x 350 mm) packed with MNerck Silica Gel-60 (230-400
mesh), or by flash and proparative layer chromatography. Products isolated by MPLC were detocted
with an ISCO Model UA-5 absorbance—fluorescence monitor at wavelength 254 am,

Analyses were poerformed by N-H-W Laboratories, Phoenix, AZ,
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Isolation and Purification

Colle {,’10: and idontification data on Z, progorum Donn, Sm. has been reported pnvlously27
This work“’ described isolation and identification of bark and wood components. In addition,
there was preliminary dats on isolation of a crude base fraction from leaves which showed the
presence (by tlc) of the two major and two minor slkaloids which have been characterized in this
study, For the present work, 1128 g of leaves which had been allowed to dry at room temperature
were extracted with hexane (Soxhlet) and then MeOH (Soxhlet), The MeOH was evaporated in yacuo to
loave 240 g of wet, gummy residue. Of this, 60 g was distributed botween 1N H 80, and CHCl3. The
acidio layer was made basic to pH 9 (NE40H). extracted with CHCl; three timos, the extracts
combined, dried over Na,S0, and evaporated to yield 1.5 g of crude alkaloid extract, The crude
base fraction showed _rli.nly the )llf four alkaloids, two major and two minor, whose tlc data was
previously roportod. The 60 MHzx "H NMR spectrum of the crude showed peaks at 0.64, 1.20, 1.25,
1,35, 1.65, 1.80 ppm in the C-Ne region and 3.50, 3.62, 3.68, 3.71, 3.75, and 3.80 ppm in the ONe
region.

In a typical purification, 350 mg of the crude base was subjected to flash chromatography (Si
gel; EtOAc/EtOB/HZOIHCOOI! 12:6:4:1), This provided the alkaloids as their formate salts, with
pore samples of 8 (70 mg) and 9 (50 mg) roesulting., Spectral data was obtained on these salts and
on samples converted to the free base. Two minor components which could be isolated from the
ochromatography in less pure state were 12 (10 mg) and 11 (5 mg). For the spectral data given
below it was necessary to repurify the minor compounds by a fgcond chromatography. Fhull.y2 t'o
additional minor components were identified as hordenine and N,N-dimethyltryptamine
spectral and tlc comparisons with samples previously isolated and characterized.

Dried leaves of Z, gulantrillo from a previous colloction16 woero submitted to a rapid two
minute extraction with methanol, work up and tlc as indicated for Z, procerum at the end of the
Rosults section., As was the case with Z, procerum, ossentially a 1:1 ratio of 8 to 9 was found by
this procedure, In January 1985, fresh leaves of Z, ¢glantrillo were obtained from two looations
in Costa Rica: (1) near the Jicaral turnoff in Santa Rosa National Park, Guanaoaste Provinoe with
the assistance of D. R. Janzen and (2) from the Fauvbio Baudrit Experiment Station west of Alajuela
with the assistance of L, Poveda. Small portions of fresh leaves (1 g) were triturated well with
10:1 MeOH/5% aq. N2,C0; and 20 nls of CHCl; was added. The layers were separated, and the organic
layer ovaporated to drynoss. This was taken up in a little MeOH, spotted on neutral Si gel tlc
plates and developed in 8:1 EtOH/6M Nll‘OlI Spots for § and 9 were visualized with iodoplatinate
at Ry 0,30 and 0,20, identical with R values of the standards, For a large isolation, 83 g of
fresh, new leaves from Favbio Baudrit were stirred for 5 min in 150 mls of MeOH, 5 mls of 3%
Na,CO3; was added and the nixture allowed to stand overnight, MNost of the MoOH was removed jgn
Ya¢yo and 100 mls of CHCl; added. The CHCl1, layer was soparated and evaporated to dryness to
leave 1 g of residue. Tlc showed 8 and e 270 MHz “H nmr spectrum of the crude showed mainly
poaks due to the two previously isolated lignans oudesmin and epioudesmin, but the C-Ne, Nloz,
and OMe peaks due to 8 and 9 were clearly visible at 0.64, 0.68, 1.8, 2,28-2,32, and 3.68-3.78.

Spootzal Dats

w (8). Semisolid or oil as formate salt or free blio. but both pure by tlc and 360
MHz “H nlx poctru-. MS data (including HRNS) given previously. ically active, contrary
to results? on a very small and apparently less pure sample. For the “H and C NNR dats which
follow, the individual resonances for the two hordeninyl moieties cannot be assigned specifiocally
to one or the other, “H NNR (CDC1l3, 360 MHz, formate salt), (1) hordeninyl moiety resonance at
7.08(d, J=2.2Hz, 1H), 7.01(dd, J=2,2 and 8,6Hz, 1H), 6.,93(dd, J=1,8 and 8.3Hz, 1H), 6.89(4,
J=1,88z, 1H), 6.72(d, ]=8.6Hz, 1H), 6,70(d, J~8.,3Hz, 1H), 3.,75(s, 3H, OMe), 3.68(s, 3H, OMe),
2,95(m, 88, CH,CH, twice), 2. 79(s, 6H, NMe,), 2.70 ppm (s, 6H, NMe,) and (2) tezpene resonances at
5.45(d, J=4.0Hz, 1H), 126(m. 1H), 4.25(m, 2H), 2.45(m, 1H), ?S(dd. 1H), 2.15(m, 1H), 1,.83(s,
3H), 1.38 ppm (s, 3H). H NMR (CDCl,, 360 MBz, froe base), (1) hordeninyl moiety resonances at
7.13(d, I=2Hz, 1H), 6.98(dd, J=2 and 8Hz, 1H), 6.90(m, 2H), 6.68(m, 2H), 3.75(s, 3R, OMe), 3.68(s,
3H, ONe), 2.70 and 2.50(m, 4H each, cnzcnz). 2.32(s, 68, Nloz), 2.26 ppm (s, 6H, NI-Z). The
terpene ring resonancos could be completoly assigned by double resonance experiments:

Proton Myltiplicity Shift (ppm} Coupligg

c-2H 4 5.45 4Hz to C-3H

C-3H dad 4.25 4Hz to C-2H, 7Hz to C-4H

C-48 dad 2,95 7Hz to C-3H, 13Hz to C-5H

C-5H » 3.60 13Hx to C-4H, 10Hz to C-6B, 5Hz to C-6a
C-6p dd 2,35 10Hz to C-5H, 17.6Hx to C-6a

C-6a dd 2,15 5Hz to C-6H, 17.5Bx to C-68

13¢ Nug (CDC1,, 235MHz, formate salt): (1) hordeninyl moiety resonances at: 156.9s, 155.5s,
134.43, 134.2s, 130.54, 128.0d, 127.8s, 126.9s, 126.7d, 126.1d4, 110.4d, 109.94, 58.8t (CH,N),
58.7t (CH,N), 55.2q (OMe), 54.7q (OMe), 42.5q (4 NMNe,), 30.1t ppm (2 CH CH,N) and (2) terpene
rononnnool at 144,6s (C-1), 131,1s, (CH,C=CH,), 123. }d (C-2), 110.4t (C=CH,), 48,54 (C-3), 39.1t
(C-6), 36.7d4 (C-4), 32,14 (C-5), 23.3q (C-MNe), 23 1q (C-Ne).
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Culsptrsreminol (9). Tsolated as an oil or semi-solid as the formate salt and the free baso, but
both pure by tlc and 360 NHz 14 aur spootrum, Optically inmactive, HREINS m/zx 490.3494 (Calc. for
C H4GN 0,: 490.3558; wtem 0); CINS ut+1 s09 (BRMS not available); EIMS 508, 490, 451, 450, 449,
21%. 24}, 344. 243, 201, 58(100). For the NMR data which follow, the individual issonnnou for
the two hordeninyl moieties cannot be assigned specifically to one or the other, C NMR (CDC1,,
25 MHz, formate salt): (1) hordeninyl moiety resonances at 159.9s, 155.0s, 133.1s, 132.2s, 131.44,
129.5d, 128.7s, 127.9s, 127.2d4 (2), 110,84, 110.6d4, 58,5t (2 Qﬂleoz), 55.4q (OMe), 55.0q (OMe),
42.6q (2 NNe,), 42.5q (2 NNe,), 30.2t (2 ArCH,), and (2) terpene resonances at 134.5s (Cl1), 124.5d
(C2), 73.6s {Ne,COH), 50.5d (C3), 36.7t (C6), 33.9d4 (C5), 30.4q (CMe,), 26.1q (C1-No), 23.0d ppm
(C4). 1g NuR (CDC1,, 360 MHz, formate salt): (1) hordeninyl moiety resonances at 7.21-6.74(m,
6H, aromatic H), 3.81(s, 3H, OMe), 3.74(s, 3B, OMo), 3,2-2.83(m, 8H, 2 ArCHZCHzN), 2.73(s, 681,
NNe;), 2.70 ppm (s, 6B, NNe,), and terpene resonancos at 5.56(br s, 1H, C-2H), 4.10(br s, }H, C-
3H), 1.82(s, 3H, C=CMe), 0.72 ppm (s, 3H, 2 CMe), with nontabulated resonances obscured., “H NMR
(CDCls, 360 MHz, free base): (1) hordeninyl moiety resonances at 7.30-6.76(m, 6H, aromatic H),
3.80(s, 3H, OMe), 3.79(s, 3H, ONe), 2.4-2.8(m, 8B, ArCH,CH,N), 2.32(s, 6H, NNe,), 2,28 ppm (s, 3H,
NMe,), and (2) terpene molety resonances at 5.53(br d, 18, C-2H), 4,20(br s, 1H, C-3H), 1,77(s,
3H, C=CMe), 0.68(s, 3H, CMe), 0.64(s, 3B, CMe) with nontabulated resonances obscured.
ﬂﬂﬂl&l&!ﬂﬂhﬂ (12). Semisolid or oil as formate salt and froe base, but pure by tlc
and 360 MHz "H amr spectrum. EINS m/z 508(.2), 507(.5), 506(.9), 463(1.9), 368(2.1), 236(4.4),
58(100) and NH,CIMS :/z 509(19), 491(17), 300(13), 248(17), 247(15), 246(77), 208(13), 58(100).
IMS: Calc, for N -520, Cnﬂ“N 0,: 490,3559; Found: 490.3559, Optical activity not measured.
1 C NNR (CDC1,, 25 MHz, formate sa t%: (1) hordeninyl moiety resonances at 155.5, 154.5, 133.5,
131.6, 129.4(3), 128.4, 127.6, 127.0, 126.4, 110.2, 110.0, 59.6, 59.4, 55.6, 55.0, 43.3(2),
43,1(2), 31.2, 30.9 ppe and (2) texpene resonances at 134.5, 124.,3, 70.2, 52.4, 49.2, 35,8, 34.7,
29.7, 23.6, and 22.8 ppm, Insufficiont material was available so that a useful off-resonance
spectrum could bo obtained and henco many of the signals are ambiguous as to exact assignment.
There are, however, oxactly the right numbor and genoral chemical shifts expected for an isomer of
9. 1g NuR (CDC1,, 360 MHz, formate salt): (1) aromatic hordeninyl moiety proton resonances at
7.08(d, J=2RHx, li). 6.99(d, J=2Hz, 1H), 6.90(dd, J=2Hz and J=9Hz, 1H), 6.87(dd, J=2 and 9Hz, 1H),
6.58(d, J=9Hz, 1H), 6.55 ppm (d, J=9Hz, 1H), (2) other hordeninyl resonances at 3.68(s, 3H, ONe),
3.59(s, 3H, OMe), 3.19-3.00(m, 8H, 2 ArCH,CH,N), 2.81(s, 6H, NMe,), 2.75 ppm (s, 6H, NMo,), and
(3) terpene moiety resonances at 5.00(s, ll?. ~2H), 4.83(d, J=4Hz, 1H, C-3H), 3.84(br dd with fine
splitting, J=1, 2,5, and 11,2Hx, 1H, C-5H), 2,25(dd, J=4,0 and 11,28z, 1H, C-4H), 2.13(dd, J=2.5
and 17.3Hz, 1H, C-6H), 1.63(s, 3H, C=CMe), 1.47(br 4, J=17,3Hz, C-6H), 1.18(s, 3H, CMNe) and 0.81
ppm (s, 3H, CMNe). lll NMR ((DC13. 360 MHz, free base): (1) aromatic hordeninyl moiety resonances
at 7.03(d, J=2,1Bz, 2H overlsapping), 6.94(dd, J=2,1 and 8,3Hz, 1H), 6.89(dd, J=2,1Hz and 8.3Hz,
1H), 6.68(d, J=8,38z, 1H), 6.53(d, J=8,3Hz, 1H), (2) other hordeninyl resomances at 3.78(s, 3H,
OMe), 3.52(s, 3H, OMe), 2.70(m, 4H, CHE)N), 2.50(m, 4H, ArCRH,), 2.33(s, 6H, NMo,), 2.29 ppm (s, 6H,
Nie,), snd (3) terpene rosonances at 5.15 (s, 1H, C-2H), 4.75(d, J=2,9Hz, 1H, C-3H), 4.06(br 4,
J=2 and 11.2Hz, 1H, C-5H), 2.23(dd, J=2.9 and 11,2Hx, 1H, C-4H), 2,12(br d, J=2 and 17.2Hz, 1H, C-
6H), 1.65(s, 3H, C=CMe), 1.41(br dd, J=1 and 17,2Hz), 1.20(s, 3H, CNe) and 0.61 ppm (s, 3H, CNe).

i (11). Isolated as an oil as either the formate salt or free baso.
NH,CIMS m/x 509(11), 493(8), 491(14), 399(4), 300(24), 246(100), 208(24), 58(97) and EINS m/z
50;(0.4). 490(0.5), 464(1.3), 446(0.8), 301(1), 81(7), 69(13), and 58(100); HREIMS: Calo. for N'-
0,0, C32H46N202: 490.3559; Found: 490,3559. Optical activity not measured. 1g NuR (CDC1,, 360
MHz, free base): (1) aromatic hordeninyl resonances at 6.,66(m, 3H), 6.49(d, J=1.4Hz, 1H), 3.47((1,
J=8,38z, 1H), 6.38 ppm (d, J=1.,4HBz, 1H), (2) other hordeninyl resonances at 3,.88(s, 3H, OMNe),
3.71(s, 3H, OMe), 2.3-2.4(m, 8H, 2 CH,CH,), 2.27(s, 6H, NMeo,), 2.23 ppm (s, 6H, NNe,) and (3)
torpeno resonances st 5.,34(d, J=11.,2H:, 1H, C-3H), 5.01(s, 1H, C-2H), 4.06(br 4, IH, C-3H),
3.12(d, J=11,2Hz, 1H, C-4H); 2.21(dd, J=7 and 15Hz, 1H, C-6H), 1.67(dd, J=2 and 15Hz, 1H, C-6H),
1.64(s, 3H, C=CMe), 1.26(s, 3H, CNe), and 1.20 ppm (s, 3H, CNe).

In on [}

Debvdration of Culeptraraminol (9) so Culsntrarzmine (8), A solution containing 25 mg (0.049
nwol) of 9 and 20 mg KESO‘ in 10 =] of dry C52C12 was hoated st roflux for 5 hours, at which time

no starting material remained (tlc). The organio layer was washed threo times with nzo and the
CH Cl, evaporated nnd!r roduced pressure to yield 19 mg (0,039 mmol, 80%) of 8 as virtually the
onfy product (360 MH: “H nmr, tlc).

Conversion of Culantrazsmine (8) to Iscslfilersmine (10), A solutionm containing 25 mg (0.051
muol) § in 12.5 m1 EtOH and 2.5 ml 48% HBr was heated under reflux for 10 minutes, at which time
no starting material remained (tlc). The reaction mixtnre was basified, extracted with CBCIS, and
the organic layer evaporated under reduced pressure to yiold an oily residune. The residuc was
purified by prep tlc on Si gel (15:15:4:3 BtOAc/Etzoll!tOHINligﬂ) to yield 16 mg (0.035 mmol, 70%
purified) of 10, identiosl with previously prepared material,
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from 16. A solution containing 75 mg (0.36 mmol) of 16 in 0.5
ml of 1N HCl was allowed to stand at room temperature for 30 minutes, at which timo no starting
material romained (tlc). The reaction mixture was made basio with 1IN NaOH solution and oxtracted
with CBCls. A 270 NH:z 1g NMR spoctrum of the CICls extract showed total comversion to a mixture
of oycloadducts with CNe poaks at 0,61, 0.65, 1.19, 1.24, 1.36, 1.65, 1.71, 1.79 ppm and OMe peaks
st 3.50, 3.62, 3.69, 3.75, 3.70, 3.75, and 3.84, This compared closely to the crude isolated
mizture fros Z, procorum (see above). The analysis indicated the presence of about 3535%
culantraramine (8), 25% oculantraraminol (9), 8% each of both S-opiculantrareminol (12) and
allooulantraraminol (l]l) and several trace substances, The residue was purified by flash
chromatogzraphy on Si gol (6:6:4:1 EtOAc/EtOH/H 0/HCO,H) and by prep tlc (10:2:1 EtOAc/EtOB/NH40I)
to yield 31 mg (.063 mmol, 35% purified) of §, 14 mg (,027 mmol, 15% purified) of 9, 4 mg (.007
nmol, 4%, still slightly impure) of J2, and 3 mg (.005 mmol, 3%, still slightly impure) of 11.
Comparisons were made with natural isolates by tlc and 15 NNR at 360 MHz,

A solution containing 60 mg (0.29 mmol) of 16 and 27 mg (0.35 mmol, 1.2 eq) of acetyl
chloride in 2 ml CDCl, was sllowed to stand at room temperature for ome hour in an nmr tube. At
the end of this time, the 270 NHzx “H NMR spectrum of the reaction mixture showed total conversion
to the HC1l salt of culantraramine (peaks compared to a standard), a2long with several minor
products. The analysis indicated about 80% culantraramine and 2-5% each of the minor products.
The solution was made basic with NaOH, extracted with CHC13;, and the combined CBCla layers
ovaporated to yield am oily residue. This was purified by prep tlc on 8Si gel (20:4:1
BtOAc/BtOI/Nl!‘OH) to yield 44 mg (0.09 mmol, 62% purified) of culantraramine (8).

In a similar manner, the conversion was accomplished by letting a solution of 20 mg (0,076
mmol) of 16 in 1.5 ml of EtOH and 0.5 ml 48% HBr stand at room temperature for 15 minutes. The
results wero ossentially the same as those described sbove,

Synthesis

Methoxyhozdenine. To a round-bottomed flask containing 25 g (165 mmol) of p-mothoxyphenethylamine
was added 29.5 g (364 mmol, 2.2 oq) of 37% formaldohyde, which initiated an immediate reaction,
To this mixture was added 43.3 g (830 mmol, 5 eq) of 88% formic acid, whioh caused evolution of
COz. The flask was allowed to stand overnight and then hoated at reflux for 3 hours. One eq of
conc HC1 was added and the volatiles romoved by evaporation under reduced pressure. The amine
salt residue was converted to the free base with NaOH and the aqueous layer extracted with CHCl,,
The CHCl, layers wore combined and the CBC13 removed under reduced pressure to yield 27.6 g (154
nmol, 93%) of methoxyhordenine as an oil. Mp of HC1 salt: 167-168.5°,

2-Formylmethoxyhordenine. To a solution of 36.5 g (204 mmol) of metboxyhordenine in 400 ml of dry
Etzo at room temperature under argon was added 107 ml (224 mmol, 1.1 oq) of 2.1 N BulLi dropwise
with stirring., After stirring 30 hrs, 16.4 g (224 mmol, 1,1 eq) of dimethylformamide was added
dropwise and the solution was allowved to stir an additional 5 hrs., The reaction mixture was
quenched with two eq of 1M HCI, extracted twice with Btzo (discarded), then basified with NaOH and
extracted three times with CHCl;, The CBCl; was removed under reduced pressure and the residue
purified by bulb—to—bnl? vacuum distillation to yield 29.1 g (141 mmol, 69%) of 2-
formylmethoxyhordenine, H NMR (CDCI3, 360 MHz): 10.45(s, 1H), 7.66(d, J=2.2Hz, 1H), 7.40(d4,
J=2,2Hy, J=8,3Hz, 1H), 6.92(d, J=8.3Hz, 1H), 3,91(s, 3H), 2.74(t, 2H), 2.51(t, 2H), 2.28 ppm (s,
6H); 13¢ Nug (CDC1,) 189,284, 159.96s, 135.85d, 132.29s, 127.68d4, 124.23s, 111.351d4, 61.06t,
$5.46q, 45.30q(2), 32,98t. Mp of HC1 salt: 188-192°. Anal. Calcd. for C12818N02C1‘1/2E20: C,
57.02; H, 7.57; N, 5.54. Found: C, 56,78; H, 7.16; N, 5.55.

4-(2'-Mothoxyhordeoninyl)-(B)-bpt-3-ep-2-one. To a solution of 1.0 g (4.8 mmol) of 2-
formylmethoxyhordenine in 100 m1 of acetone was added 17 ml of 520 and 5 m1 of 1X NaOH, This

mixture was allowed to stir overnight under argon at room temperature, After neutralization to pH
7 with 1M HC1, the acetone was evaporated under reduced pressure and the remaining aqueous
solution extracted with CHCl,., The combined C!C13 layors were evaporated and the residue purified
by flash chromatography on Si gel (10:10:1 EtOAc/EtzolNB‘OH) to yield 0.96 g (3.9 mmol, 81%) of
the butenone as a viscous oil. The oil was converted to the bydrochloride (mp 172-173°) for
charactorization. Anal, Calcd. for C;4H, NO C1°1/2 H,0: , 61,53; H, 7,92; N, 4,78, Found: C,
61.52; H, 7.92; N, 4.66. H NNR (CDC{3, 236 %ﬂh): 7.232(11, J=16.6Hz, 1H), 7.44(4, J=1,8Hz, 1H),
7.28(dd, Y=1,8Hz, J=8.3Hz, 1H), 6.88(d, J=8.3Hz, 1H), 6.76(d, J~16.6Hx, 1H), 3.88(s, 3H), 3.22(m,
4H), 2.88(s, 6H), 2.38 ppm (s, 3H).

1-(2'-Methozyhoxdeninvl)-3-methyl-1,3-bptadiene (13), To a cooled (0°) suspension of 1.71 g (4.2
mmol) of methyltriphenylphosphonium iodide in 60 ml of THF under argon was added 2.0 ml (4.2 mmol)
of 2.1 M Buli dropwise with stirriang., This solution was stirred for 1/2 hr, cooled to ~78%, and a
solution of 1,04 g (4.2 mmol) of the above butemenone in 20 ml THF was added slowly with stirring.
After 30 min, the mixture was diluted with CHC13. extracted three times with 320 and evaporated to
dryness under reduced pressure., The residue was purified by flash chromstograpby omn Si gel (11'1
BtOAc/Et,0) to afford 0.69 g (2.73 mmol, 65%) of diene 13 as an oil, %uro by tlc and 360 MHz “H
amr, nﬁls (m/z) Calod, for C, H 3NO: 245.1774. Foumd: 245,1770. H NMR: (CDCl,, 360 MHz):
7.35(d, Y=1.8Hz, 1H), 7.07(dd, 56-}.8!:. J=9,1Hz, 1H), 6.90(d, J=16.2Rz, 1H), 6.84(3, J=16.28z,
1H), 6.80(d, J=9,1Hz, 1H), 5.13&5. 1H), 5.01(s, 1H), 3.83(s, 3H), 2,91(t, 2H), 2.80 (t, 2H),
2.52(s, 6H), 1.98 ppms (s, 3H); C NMR (CDCl,): 155.17s, 142.27s, 132,004, 130.01s, 128.384,
126.16s, 126,164, 122,724, 116.88t, 110.864, 60.65t, 55.51q, 44.48q(2), 32.10¢, 18,61q.

Dimorizatiop of 13 to 14 and 13. A solutios of 30 mg (0.12 mmol) of diene 13 in 2 ®1 xylene was
allowed to stand at room tomperature for 10 days, at vhich time no starting materisl ro!alnod
(tlc). The xylene was evaporated at roduced pressure to give a residoe whose 360 MHzx “H NMR
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spectrum showed it to be a 3:2 mixture of 14 and 15. The mixtwre was separated by prep tlc
(10:2:1 EtOAc/EtOH/NH,OH) to yield (top band) 7 mg (0.014 mmol, 24% purified) of 135. HREINS (m/1x)
Calod. for Cy,H (N 62: 490,3557, Found: 490.3567. 1H NMR (CDC1,, 360 MHi): 6.90(m, 4H,
aromatics), 6.420(I, 5!, aromatics), 6.54(d, J=16Hx, 1H, styryl olefin), 6.34(d, JY=16Hz, 1B, styryl
olefin), 5.30(s, 1H, vinyl), 4.05(s, 1H, C-3H), 3.78(s, 3H, OMe), 3.71(s, 3H, OMe), 2.75(m, 4B,
AzCHZCHzN). 2.60(m, 4H, ArCH CﬂzN). 2.38(s, 12H, ZNloz). 2.12(m, 1H), 1.88(m, 1H), 1,78(s, 3H,
C=CNe), 0.85 ppm (s, 3H, C-MNe).

A lower band yielded 10 mg (0.021 mmol, 36% purified) of 14. HREINS (m/z) Calcd. for
C3 H N20 :  490,3557. Found: 490.3514, lﬂ NNR ((DCIS, 360 MNHz): 7.05-6.70(m, 6H, aromatics),
6.?4?3. =15Hz, 1H, styryl olefin), 6.16(d, J=15Hz, 1H, styryl olefin), 5.32(s, 1H, vinyl),
4.02(s, 18, C-3H), 3.73(s, 3H, OMe), 3.71(s, 3H, ONMe), 2.31(s, 6H, NMe,), 2.19(s, 6H, NMe,),
1,80(s, 3H, C=CMe), 1,20(s, 3H, C-Neo).

2-Jodomethozvyhordopine. To a solution of 3,8 g (21.1 mmol) of methoxyhordonine in 35 ml of dry
Et,0 was added 11.1 ml (23.3 mmol, 1.1 eq) of 2,1M BuLi dropwise with stirring. After stirring 30
hrs, 5.38 g (21,2 mmol) of I, in 40 =1 Et,0 was added dropwise. The iodine color was discharged
immoediately upon contact with the solution, Addition was continued until the ifodine color
persisted, The mixture was poured into H,0, the Btzo removed at reducoed pressure and the H,O
extracted with CHC13. The organic layer was washed with saturated Na,80, solution and the CHC
evaporated under reduced pressure. The residue was purified by flas Aro-aio;nphy on Si ;oi
(1:1 cnm,/e:om to yield 5.24 g (17.2 wmol, 81%) of 2-iodomothoxyhordenine, “H NMR (CDC1,4, 360
MHz): 7.61(d, J=2.2Hz, 1H), 7.14(dd4, J=2,2Hx, J=8,3Hz, 1H), 6.74(d, J=8.3Hz, 1H), 3.85(s, 3H),
2.68(t, 2H), 2.49(t, 2H), 2,28 ppm (s, G6H). BRINS (m/z, %): 305(0.3), 303(1.5), 288(1.5),
261(0.9), 260(1.3), 247(1.2), 134(2.2), 58(100). Characterized as the MCl salt (mp 226°). Anal.
Caled. for C;,H,,NOC1: C, 38.67; H, 5.02; N, 4.10. Found: C, 38,82; H, 4.92; N, 3.96.

=(2'-Methozvhordoninyl)—(E)-2-mothylbut-3-on-2-0] (16). To a test tube fitted with a vacuum
apparatos was added 2.25 g (7.39 mmol) of 2-jodomethoxyhordenine, 0.86 g (10 mmol) of 2-methyl-3-
buten-2-ol (Aldrioh Chemical Company), 8.6 mg (0.025 mmol) of palladium(II) acotate and 2.2 ml of
dry ascetonitrile., The tube was svacnated, filled with argon and then heated at 100° in an oil
bath for 4 hrs with stirring. The resction mixture was mado basio with 1N NaOH solution and
extracted with CHCl,. The orgamic layer was evaporated under reduced pressare and the residue
purified by bulb-~to-bulb vacuum distillation to yield 1.42 g (4.65 mmol, 63%) of 16 as s clesr
oil. CIMS m/z: 264(M* +1; 12), 246(N* +1-B,0; 100). HRMS not obtainable. ~H NNR (CDCl,, 360
MHz): 7.26(d, J=2.2Hz, 1H, C-3H), 7.04(dd, J=2.2Hz, J=8.6Hz, 1H, C-5H), 6.88(d, J=16.2Hz, 1H, C-
1'H styryl), 6.78(d, ¥=8.6Hz, 1H, C-6H), 6.36(d, J=16,2Hz, 1H, C-2'H styryl), 3.81(s, 3H, OMNe),
2.74(m, 2H, ArCH,), 2.56(m, 2H, CH,N), 2.33(s, 6H, NMe,), 1.43 ppm (s, 6H, 2C-Ne); C NNR
(CDC1,): 155.17s(C-1), 138.324(C-3), 132.23s(C-2), 128.164(C-C~-1')*, 126,744(C-5)*, 126.025(C-4),
120.97d(C-2'), 111.104(C-6), 70.55s(C-3"), 61.36t(CH,N), 55.43q(0OMe), 45.02q(NMe,), 33.02t(ArCH,),
29.80q(2C-No). The starred nuign,nt: .f! be interchanged. Combustion analyses were outside
acoeptable limits, bat both the "H and C nmr spectra showed ossentially no organic impurities.
The alcohol was stable to distillation at reduced pressure (see above) and to troatment with base.
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