ORGANIC
LETTERS

Syntheses of Ficuseptine, Juliprosine, Vol 2%
and Juliprosopine by Biomimetic 2715-2718
Intramolecular Chichibabin Pyridine

Syntheses

Barry B. Snider* and Bobbianna J. Neubert

Department of Chemistry MS 015, Brandeis University,
Waltham, Massachusetts 02454-9110

snider@brandeis.edu

Received April 26, 2005

ABSTRACT

Cl
ficuseptine juliprosine

Cl

Biomimetic intramolecular Chichibabin pyridine syntheses using two molecules of an aldehyde and 4-aminobutanal dimethyl acetal (6) proceed
efficiently in ACOH at 95 °C to give 2,3-dihydro-1 H-indolizinium salts. Reaction occurs at 25  °C if 1-pyrroline (5) is used instead of 6. This
reaction has been used for a one-step synthesis of ficuseptine (1) and the first syntheses of juliprosine (2) and juliprosopine (17t), which is

now assigned as the trans stereoisomer.

The 2,3-dihydro-H-indolizinium alkaloid ficuseptine 1) piperidine alkaloids related to juliprosin@)( have been
with significant antibacterial and antifungal activity was extensively investigatetithe preparation of the 2,3-dihydro-
isolated from the leaves dficus septicd. Juliprosine (2) 1H-indolizinium core has not been addressed.

with an identical core was isolated froRrosopis juliflora

by Hesse and co-workefRelated alkaloids varying in the OMe

stereochemistry of the piperidine moieties or the oxidation HO.

state of the piperidine or indolizinium core are also kné#n. EI\/L
Bracher and Daab recently reported a five-step synthesis of Me™ "N° {CH2o
ficuseptine (1) using Suzuki and Sonogashira couplings and Hoj\/j\ m
a Sandmeyer iodinationAlthough syntheses of monomeric CHEE T 8

Cl

T
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(2) Déatwyler, P.; Ott-Longoni, R.; Schopp, E.; Hesse, W&lv. Chim.
Acta1981,64, 1959—1963.

(3) (a) Ott-Longoni, R.; Viswanathan, N.; Hesse, Nelv. Chim. Acta We thought that the 2,3-dihydro-1H-indolizinium core of
198Q 63, 2119-2129. (b) Ahmad, V. U.; Sultana, A.; Qazi, .Nat. Prod. . . . - . .
1989,52, 497—501. (c) Astudillo, L.; Jiirgens, K., Schmeda-Hirschmann, 1 and2 might be formed in a single biomimetic step by an

G.; Griffith, G. A.; Holt, D. J.; Jenkins, P. Relanta Med.1999,65, 161— intramolecular Chichibabin pyridine synthesis from two
162. (d) Nakano, H.; Nakajima, E.; Hiradate, S.; Fujii, Y.; Yamada, K.; ; _nur.
Shigemori, H.: Hasegawa, Bhytochemistn2004 65, 587—501. molecules of aldehydé and one molecule of either 1-pyr
(4) Michael, J. P. InAlkaloids, Chemistry and Biologyordell, G. A,
Eds.; Academic Press: San Diego, 2001; Vol. 55, pp 288. (5) Bracher, F.; Daab, Eur. J. Org. Chem2002, 2288—2291.

10.1021/0l050931] CCC: $30.25  © 2005 American Chemical Society
Published on Web 05/20/2005



roline (5Y or 4-aminobutanal dimethyl acetd)( which is
readily available and has been widely used in biomimetic
alkaloid syntheses (see Schemé The Chichibabin forma-

Scheme 1. Retrosynthesis of 2,3-Dihydro-1H-indolizinium
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tion of pyridinium salts by the condensation of three

molecules of an aldehyde and a primary amine and oxidation

of the resulting dihydropyridine has been extensively stud-
ied®%and occurs readily in AcOH at or slightly above room
temperaturé® To the best of our knowledge, the intra-
molecular variant, in which the amine and one of the

reactiod? occurred under these conditions to give phenyl-
acetaldehyde (4b) and volatile acetaldehyde. This suggests
that an enal formed by an aldol reaction of two molecules
of an aldehyde might not be an intermediate in the Chichi-
babin reaction. This was confirmed by reaction of the aldol
dimer of 4a, 2-heptyl-2-undecenal, witls in AcOH at

95 °C, which proceeded much more slowly than with 2 equiv
of 4a and gave only a low yield oBa.
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95°C, 2d b?
? ]
Ph /5

3b (26% based on 6, cl®
52% based on 7)

Although the successful formation 8fin 52—66% yield
in a single step was very satisfying, we were somewhat
concerned about the high temperature required for this
reaction, which might not be compatible with a sensitive

aldehydes are connected by a tether, has not been reporteddehyde. Monitoring the reaction of nonanéa with 6 in

We were delighted to find that reaction of 2 equiv of
nonanal (4a) with 4-aminobutanal dimethyl aceté) (n
AcOH at 95°C for 2 d afforded 66% of the desired
2,3-dihydro-1H-indolizinium salt3a (see eq 1). Similar
reactions with phenylacetaldehydébj and 4-methoxyphe-
nylacetaldehyde (4c) providedb (58%) andl (ficuseptine,
52%), respectively? This biomimetic approach provides
facile access to ficusepting)(and other novel 2,3-dihydro-
1H-indolizinium salts in only a single step.

o} OMe R
AcOH e
%H + MeO 95°C, 2d | ™
R H,N R /5
4a, R = n-heptyl 6 — o c®
4b R=Ph 3a, R = n-heptyl (66%)

3b, R = Ph (58%)

4c, R =4-MeOPh 1, R = 4-MeOPh (52%, ficuseptine)

Surprisingly, reaction of 1 equiv of 2-phenyl-2-butengl (
with 6 in AcOH at 95°C also gavedb in 26% yield based

on6 or 52% yield based on the derived aldehyide(see eq
2). The formation of3b from 7 indicates that a retro-aldol

(6) For leading references from 2002 to 2004, see: (a) Singh, R.; Ghosh,
S. K. Tetrahedron Lett2002,43, 7711—7715. (b) Sato, T.; Aoyagi, S.;
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Blechert, S.Tetrahedron Lett2004,45, 1167—1169. (f) Cassidy, M. P;
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(11) The spectral data df are identical to those previously reportet.
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CDsCO,D at lower temperatures indicated that aldol dimer-
ization of4a and dehydration to form 2-heptyl-2-undecenal
occurred readily suggesting that the hydrolysis of the
dimethyl acetal o6 might be the slow step that necessitated
the use of elevated temperatures. Struve and Christophersen
recently reported a procedure to hydroly® cleanly form
1-pyrroline 6) with aqueous hydrochloric acidf hydrolysis

of the acetal of6 is the slow step in the formation &,
reaction of5 and4 should proceed to giv8 under milder
conditions.

As we had hoped, reaction bfwith 4aor 4b in AcOH at
25°C for 1 d gave the 2,3-dihydroHtindolizinium cations
3aand3b in 52% and 68% vyield, respectively (see eq 3).
Thus, the Chichibabin pyridine synthesis ustgroceeds
under very mild conditions that should be compatible with
sensitive aldehydes.

O

R
Hk + i AcOH
H N 25°C, 1d AN
R — | 3)
5 R % o
- Cl

4a, R = n-heptyl i
4b.R=Ph 3a, R = n-heptyl (52%)

3b, R = Ph (68%)

We now turned our attention to the preparation of aldehyde
precursorl5 of juliprosine @). The preparation of all-cis
6-alkyl-2-methyl-3-piperidinols has been extensively devel-
oped because several natural products have this skeleton with
varying oxygen functionality at the terminus of the alkyl
chain® Since our interest was the formation of the
2,3-dihydro-H-indolizinium dimer, we decided to adapt the
very short route of Hasseberg and Gerlach, which provides
facile access tdl5 in quantity’® albeit in racemic form.
Dimerization of racemid.5 will, of course, give juliprosine
(2) as a mixture of racemic diastereomers. However, since

(12) Josephson, D. B.; Lindsay, R. &.Am. Oil Chem. Sod.987,64,
132-138.
(13) Hasseberg, H.-A.; Gerlach, Hebigs Ann. Chen1989 255-261.
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the stereocenters are separated by more than 20 atoms, th

will have no effect on the spectral or chromatographic
properties and will allow us to easily determine whether the
piperidinol is compatible with the intramolecular Chichibabin
pyridine synthesis.

Protection of bromopyridinoB'* with SEMCI afforded
86% of 912 (see Scheme 2). Kumada coupling ®fwith

Scheme 2. Synthesis of Aldehydé&5

H BrM
Ho &, SEMCI SEMO._~y N
| (FPr,EtN | (CHa)ro
Me N/ Br ’ Me' N Br 10 THPO
8 9 (86%) l Ni(dppp)Cl,
THF, 18 h
(1) 5% Rh/ALO,
50 psi Hy, MeOH  SEMO.
RO (2) TrocCl, pyr, CH,Cl, m
P
Me” N e (3) HoSO,, MeOH, 65 °C Me™ N (CHz)/ﬂn
Rt (“F210 ™ (4) TEMPO, KB, NaOCI 41 (gg05) THPO

H,0, CH,Cl,

12, R = SEM, R = H, R? = CH,OTHP (90%)

13, R = SEM, R? = Troc, R? = CH,OTHP (97%)
14, R=H, R" = Troc, R? = CH,OH (97%)

15, R = H, R" = Troc, R? = CHO (72%, 88% BRSM)

Grignard reagent ('S afforded 62% ofl1. Hydrogenation
of 11 over 5% Rh/A}O; in MeOH as described by Hasseberg
and Gerlach gave 90% df2 with all-cis stereochemistry.
Protection of the piperidine with TrocCl afforded 97% of

Scheme 3. Synthesis of Juliprosine2
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first isolated 25 years ag,had not been established. We
thought that the synthesis df7 might be achieved by

reduction of juliprosine Z) and decided to explore this
reaction initially with model3a.

juliprosopine (17)

(CHz)1o

Reductiod® of 3a with NaBH, in EtOH at 25°C for
30 min and reflux for 30 min afforded 84% of a readily
separable 1:1 mixture of hexahydroindolizih8t and 18c
(see Scheme 4). The regio- and stereochemistry of the two

13, which was hydrolyzed with sulfuric acid in MeOH to || NN NN NG

give 97% of diol 14. Selective oxidation of the primary
alcohol with TEMPO, KBr, and NaO® gave 72%
(88% based on recoverdd) of the required aldehydis 1”
Condensation of 2 equiv df5 with 5in AcOH at 25°C
for 1 d provided 49% of the bis-Troc derivative of juliprosine
(16)'8 (see Scheme 3). Condensationl&fwith acetal6 at
95 °C was much less successful, affording only 1894 6f
This clearly indicates the value of the two-step sequence with
prior hydrolysis of the acetal ob with sensitive and
expensive aldehydes. Deprotection Idf with Zn dust in
MeOH/HCI at reflux gave 72% of juliprosine2),'® with
spectral data identical to those previously repoftétie H
and3C NMR spectral data of the bis hydrochloride salt of
2 are identical to those of an authentic sample kindly
provided by Prof. Hesse.
The relative stereochemistry of the hexahydroindolizine
ring of juliprosopine (17), another member of this family

(14) Meana, A Rodriguez, J. F.; Sanz-Tejedor, M. A.; Garcia-Ruano,
J. L. Synlett2003,11, 1678—1682.

(15) (a) Baldwin, J. E.; Spring, D. R.; Atkinson, C. E.; Lee, V.
Tetrahedron1998,54, 13655—13680. (b) Pomerantz, M.; Liu, L.; Zhang,
X. ARKIVOC2003 Part xii, 119-137; http://www.arkat-usa.org/ark/journal/
2003/112_Shine/HS-830J/HS-830J.pahem. Abstr2004, 141, 55000k.

(16) Anelli, P. L.; Biffi, C.; Montanari, F.; Quici, SJ. Org. Chem1987,

52, 2559—2562.

(17) Hydrolysis of11 with sulfuric acid in MeOH at reflux followed by
hydrogenation over 5% Rh/AD; afforded the natural product{25a,60.)-
5-hydroxy-6-methyl-2-piperidinedodecaril.

(18) Compoundd 6 and 2 are mixtures of two diastereomers because
15 is racemic, although only a single enantiomer is drawn. Similarly,
compoundd.7c, 17t 24¢ and24t are mixtures of four diastereomers. Only
the relative stereochemistry within each of the three ring systems is specified.
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Scheme 4. Reduction of3a
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C,H Z —
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3a ClI

18t (42%) 18¢ (42%)

isomers ofl8 were easily established by careful analysis of
the spectral data since both stereoisomers are available. Both
isomers show an AB pattern for the isolated allylic SH
group indicating that they are stereoisomers, not double-bond
position isomers. Both isomers show Bohlmann b&hds
2850 and 2780 cm, indicating that they exist in conforma-
tions with the nitrogen lone pair anti to the ring fusion
hydrogen as calculated by MM3.The coupling constant
between H and H; is <2 Hz in 18t and 4.3 Hz in18c.
MMX 2 calculated values are 2.7 Hz (J%nd 4.9 Hz (49),

(19) (a) Lyle, R. E.; Anderson, R. S. |IAdvances in Heterocyclic
Chemistry; Katritzky, A. R., Boulton, A. J., Eds.; Academic Press: New
York, 1966; Vol. 6, pp 45—93. (b) Ferles, M.; Pliml, J. Advances in
Heterocyclic Chemistry; Katritzky, A. R., Boulton, A. J., Eds.; Academic
Press: New York, 1970; Vol. 12, pp 4301. (c) Ciufolini, M. A,;
Roschangar, FJ. Am. Chem. S0d.996,118, 12082—12089.

(20) (a) Rader, C. P.; Young, R. L., Jr.; Aaron, H.X5.0rg. Chem.
1965,30, 1536—1539. (b) Aaron, H. S.; Ferguson, CTEtrahedron Lett.
1968, 6191—-6194. (c) Ringdahl, B.; Pinder, A. R.; Pereira, W. E., Jr;
Oppenheimer, N. J.; Craig, J. @.Chem. Soc., Perkin Trans1984, 1-4.

(d) Fleurant, A.; Saliou, C.; Qgrier, J. P.; Platzer, N.; Moc, T. V.; Lhommet,
G. J. Heterocycl. Chenil 995,32, 255—258.
(21) PCMODEL version 8.0 from Serena Software was used.
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respectively. Most significantly, thEC NMR shifts of G, separable 1:1 mixture d¥4t (39%) and24c (39%)® (see
Csa Cg, and GCH, are shifted upfield from 33.2, 65.5, 42.7, Scheme 6). Reductive deprotection 24 with Zn was
and 26.6 inl8tto 27.9, 63.6, 36.9, and 25.2 18cby gauche
interactions in the cis isomét.As expected® Hg, absorbs

betweend 1-2 in both isomers ofl8 so that coupling Scheme 6. Synthesis of Juliprosopind 7t)
constants to this proton cannot be determined. Howewugr, H HO.
in the hydrochloride salt 018t absorbs at 3.08 (ddd, 1, Il
J=11.0, 11.0, 7.3 Hz) in CEDD. The 11.0 Hz coupling Me™ N (CHaqo
constant betweengd-ind Hs, indicates that these hydrogens HO H X
are close to anti-periplanar, confirming the assignment of Ij\ |
trans stereochemistry. The spectral datd ®f correspond Me™ "N™ (CHao
closely with those of the core of juliprosopin&7) so the m gg§g4£05r§|ﬂx 24t, R = Troc (39%) ’
natural product can now be assigned as the trans isbitier 16 ————— = 17t, R = H (94%, juliprosopine)
The origin of the stereochemistry in the reduction3af (2) KOH, H,0, i-PrOH HO.
. i " . 100°C, 2 d
is not clear. The reduction could occur by addition of hydride Il
to the ring fusion to give dihydropyriding9 (see Scheme Me™ "N” (CHaho
5). Protonation, possibly reversible, would give a mixture Hon\ Al
|
Me” “N” NCH,)o
24c¢, R = Troc (39%)
Scheme 5 17¢, R = H (94%)
R RH,
H H*
3a NaBH, Z ! _NaBrL problematic; considerable amounts of dichloroethyl carb-
RN amates were formett.Cleavage of the Troc groups @#t
by Overman'’s procedufewith KOH in aqueous 2-propanol
NaBH, NaBH in a sealed tube at 10T for 2 d afforded juliprosopine
_N (2718 in 94% vyield with spectral data identical to those
@, reportec?® The analogous deprotection 24ct® afforded17c
R NaB“4 in 94% yield.
| A _H In conclusion, we have developed a very efficient intra-
R N R @ molecular variant of the Chichibabin pyridine synthesis
H H 22 H H o5 starting with 1-pyrroline (5) or amino acetéland 2 equiv

of an aldehyde that leads to 2,3-dihydrd-indolizinium
alkaloid ficuseptine (1) in one step. We have used this
of cations20 and21, which will be reduced td8t and18c, reaction as the key step in the first syntheses of juliprosine
respectively. The reduction could also occur to give dihydro- (2) and juliprosopineX7t), whose stereochemistry has now
pyridine 22. Protonation would give catio®3, which would ~ been assigned as trans.
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