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The core structure of the complex pentacyclic 5,11-methanomorphanthridine alkaloids is constructed stereospecifically in one step employing
an intramolecular [3 + 2]-cycloaddition of nonstabilized azomethine ylide as the key step. The strategy is demonstrated by accomplishing the
formal total synthesis of ( +)-pancracine.

The 5,11-methanomorphanthridine alkaloids, belonging to loids, considerable attention is directed from synthetic
the subclasgamaryllidaceagewere first isolated by Wildman  chemists toward the total syntheses of these alkaloids.
and co-workers in 1955These natural products, produced

by various plant species suchRancratium Narcissusand

Brungigia, have a unique pentacyclic framework. In general,

alkaloids of this group, (—)-pancracine (1), (—)-montanine

(2), (—)-coccinine (3), and (—)-brunsvigine (4), possess

identical structural features except for the oxygen substitu- R,
tions in the E-ring (methoxy vs hydroxyland stereochem-
istry at C-2 and C-3. Due to unique structural features and
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important biological activitiesassociated with these alka- OMe H OH H 32%2.1”;2‘3
T Division of Organic Chemistry (Synthesis). . . . .
I Center for Material Characterization. Literature scrutiny revealed that methodologies pertaining
12%) ((f:lb)) V[\)/ildnﬂag, Vl\i- Ct Katll\;mgn, TCh J. Am. Cl\?elfzn- §VOC1955,Z§L to the construction of the core pentacyclic 5,11-methano-
. ry, L. J.; Poynton, V. E.; ompson, V. E.; arren, . T . P
Chem.Soc. 1958,4701.(c) Inubushi.Y.; Fales, H. M. Warnhoff, EW.; morphanthridine skeleton (5) have mainly been limited to

Wildman, W. C.J. Org. Chem1960,25, 2153. (d) Wildman, W. C.; Brown, either Pictet-Spengler reaction fror@, intramolecular alkyl-
C. L.J. Am. Chem. S0d.968,90, 6439. : ; ; At

(2) (2) Hoshino, O. IThe Alkaloids: Cordell, G. A., Ed.: Academic ation of 7, or intramolecular radical cyclization frora.
Press: New York, 1998; Vol. 51, pp 323. (b) Lewis, J.Nt. Prop. Rep.
1993,10, 291. (c) Viladomat, F.; Bastida, J.; Codina, C.; Campbell, W. E.; (3) Southon, I. W.; Buckinghham, Dictionary of the Alkaloids
Mathee, SPhytochemistry1995,40, 307. Chapman & Hall; New York, 1989; pp 229, 735.
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Figure 1. Summary of the reported strategies for assembling the 5,11-methanomorphanthridine class of alkaloids.

(Figure 1) However, in all these strategies, synthesis is_

elaborated from a precursor having the proper stereochem-

istry at C-4a and C-11a and a relative disposition of the C-12

methylene group o5 that involved their construction in a
stepwise manner. Hoshino and co-workenave accom-
plished the synthesis o1—4 in racemic form from a
precursor of type7, obtained from the PictetSpengler

reaction of a corresponding cyclohexane derivative. Weinreb

and Jif also utilized similar cyclization strategy from a
compound of typd& in their synthesis of{)-pancracine (1)
and (-)-coccinine §). In another approach, Hoshino and co-
worker$ have used radical cyclization from a precursor of
type 8 to construct skeletob. Overmart, Pearsord, lkeda?
Shal? and Banwell have used a precursor of tyfén their
respective elaborations of these alkaloids.

We viewed the synthesis of these alkaloids differently, as
depicted retrosynthetically in Scheme 1, employing an

Scheme 1. Retrosynthetic Analysis
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intramolecular 1,3-dipolar cycloaddition strategy of a non-
stabilized azomethine ylide (AMY) for the construction of
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Figure 2. Empirical view of transition staté1 (hydrogens have
been omitted for simplicity).

the core 5,11-methanomorphanthridine CD-ring system in
one step. It may be mentioned that this concept originated
from our ongoing research activities in the area of alkaloid
synthese€’¢ involving a nonstabilized azomethine ylide
cycloaddition strategy, generated by sequential double desi-
lylation of a.,a’-bis(trimethylsilylmethyl)alkylaminé$ as the

key step. In this communication, we explore a conceptually
new route for the expedient construction ®@ftoward the
total synthesis of (£)-pancracine (1).

An analysis of the steric repulsion presentAnand B
indicated thaendoattack (A) would be preferred over the
more encumberedxo alternative (B) (Figure 2). Such
cycloaddition was also envisaged to provide core 5,11-
methanomorphanthridine skeletb@with the stereochemical
dispositions required for assembling a suitably equipped
E-ring for further elaboration by intramolecular cycloalkyl-
ation reaction.
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Our synthetic journey began with the preparation of lation using s-BuLi/TMEDA in THF at —78 °C and
principal precursofL.2in 70% yield by following the simple  quenching with TMSCI, gav&7in 92% yieldl’” Deprotection
steps as shown in Scheme 2. of bothN,O-acetal as well abl-Boc moieties usig 1 N HCI

in refluxing dioxane produced corresponding free aniie

I 0 87% yield, which upon alkylation with (iodomethyl)-

Scheme 2. Synthesis ofl2 trimethylsilane in the presence of anhydrou€K; in CHs-
1) K,CO3, CHLON, CN gave15_|n _80% yield. N _
15— j@ The crucial intramolecular cycloaddition reaction of the
2) BzCl, Et;N, DCM

azomethine ylide generated fralR, to our delight, gav&0

(81%) as a single diastereoisomer in 56% yield. The cycloaddition

PA(OAC),, PPh, reaction was performed by slow addition (1 equiv) to
TR,COp MVK, @ a stirring heterogeneous mixture of the flame-dried Ag(l)F

(2.5 equiv) in dry CHCN. The cycloadducfiO was fully
characterized b¥H NMR, 3C NMR, and mass spectral data.
The stereochemical assignments, as shown in Scheme 4, are

(60%)

Refluxing a mixture ofl4 (1 equiv) andl5 (1.25 equiv)
in CH3;CN in the presence of anhydrous®0O; gave the
corresponding coupled alcohol, which upon benzoylation
gavel3in 81% yield. Our initial attempt of Heck coupliffy
betweenl3 and methyl vinyl ketone (MVK) by following
usual reported procedures such as R@H;CN), in THF2
or Pd(OAcYn-BuyNCl in DMF at room temperatur€? how- 4 DOUIE.
ever, failed to providd 2 in satisfactory yield. Finally, with . iy
. . . S . (56%)
little experimentation and optimization, we succeeded in ob-
taining 12 in 60% yield using Pd(OAg)as the catalyst and LIOH. MeOH | LiOH, MeOH
with an increased amount of MVK (8 equiv). One of the l 0°C(60%) 1t (98%) l [~ NOESY cross peaks |
coupling componentdld) used in this reaction was prepared
very easily from the commercially available piperonyl al-
cohol in 70% yield in two steps using known proced ¥es.
The synthesis of another componett) is shown in Scheme
3.

Scheme 4. Cycloaddition of11

Scheme 3. Synthesis ofl5 _“, cul
1) (Boc),0, EtzN O s-BuLi, TMEDA, e i &
HNT > o ——— B e @ g
2) CHaCH(OEt),, N -78 °C, TMSCI ~ ]
3-amino propanol  PPTS Boc B
(00%) 18 (86%) f
WL o e
1N HCI ICH,TMS, ORTEP diagram
)\ dioxane )\AOH K,CO3, CHACN @ °
18 2’ 3 3
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based on extensive COSY and NOESY NMR spectral
studies.

TheN-Boc cyclic aminel6, synthesized easily in two steps To proceed further fronl0, we subjected it to the usual
from commercially available 3-amino propanol, upon meta- debenzoylation reaction (LIOH/MeOH, rt), which, however,
provided unexpected epimerized alcol2dl in 98% yield

(11) Banwell, M. G.; Edwards, A. J.; Jolliffe, K. A.; Kemmler, M. ; _ ; _
Chem. Soc.. Perkin Trans.2DOL. 1345, _(conflrmed by X-ray crystalIographﬁ.Although_u_neplmer

(12) (a) Pandey, G.; Laha, J. K.; Lakshmaiah T6trahedror2002,58, ized alcohol19 could be obtained fromO by stirring with
3525. (b) Pandey, G.; Sahoo, A. K.; Bagul, T.Oxg. Lett.2000,2, 2299. LiOH/MeOH at 0°C (Scheme 4), we decided to continue

(c) Pandey, G.; Laha, J. K.; Mohankrishnan, A.Tetrahedron Lett1999, . . . .
40, 6065. (d) Pandey, G.; Sahoo, A. K.; Gadre, S. R.; Bagul, T. D.; Phalgune, further with 20 itself, as the Clla stereochemistry at this

U. D.J. Org. Chhem1999,64, 499% (e) Zandey, Gk Bhagul, I D.; Sr?ho?(' stage was irrelevant for final natural product synthesis.
A. K. J. Org. Chem1998,63, 760. (f) Pandey, G.; Lakshmaiah, G.; Ghatak, ; ; _
A Tetrahedron Lett1993 34, 7301. Intramolecular cycloalkylatiof of the corresponding me

(13) (a) Pandey, G.; Lakshmaiah, G.; Kumaraswamy].&hem. Soc.,
Chem. Commurl992, 1313. (b) Pandey, G.; Lakshmaiah,T&trahedron (15) (a) Ziegler, F. E.; Chakraborty, U. R.; Weisenfeld, RTBtrahedron
Lett. 1993,34, 4861. 1981,37, 4035 (b) Jeffery, TTetrahedron Lett1985,26, 2667.

(14) For recent reviews of Heck reaction, see: (a) Brédse, S.; de Meijere, (16) (a) Abelman, M. M.; Overman, L. E.; Tran, V. b. Am. Chem.
A. In Metal-Catalysed Cross-Coupling ReactipBbsederich, F., Stang, P. S0c.1990,112, 6959. (b) Wilson, C. V.; Janseen, D.@ganic Synthesis;
J., Eds.; Wiley: New York, 1998; Chapter 3. (b) Beletskaya, I. P.; Wiley: New York, 1963; Collect. Vol. IV, pp 547.

Cheprakov, A. V.Chem. Re»2000,100, 3009. (17) Beak, P.; Yum, E. KJ. Org Chem1993,58, 823.
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sylate derivative 020 using LDATHF at-78°C very [
surprisingly produced24 in 65% yield, indicating the Scheme 5. Formal Total Synthesis of)-Pancracinel
involvement of a thermodynamic enola2? in this rear-

rangement (Scheme 5). Successful transformatioP0db 12; 'LA;;;'TEQBFN

23 (epi-9) was finally achieved in 58% yield involving kinetic -78°C
enolaté® 21, generated fron20in the presence of KHMDS/ . (65%) <
THF at —78 °C. Involvement of an azetidinium salt-type ©
intermediate fron20in the formation of23 and24, neither (58%) | 1) MsCl EtsN

can be supported nor ruled out at this stage. 2) KHNDS, THE,

To demonstrate the significance of our strategy, we
decided to complete the formal total synthesis ef)-(
pancracindl. The pivotalA**'2double bond fron23leading
to the formation of25 (71% yield) was created by the
reductive elimination of the corresponding enol triflate using
Pd(PPh)J/Et:SiH in THF 2% The required enol triflate from

23was generated by the reaction of the corresponding lithium 21 1) LDA. THE,

enolate 0f23 with the Comins reagerit. All spectral data (71|  COmIns reagent, 78 °C
of 25 matched very well with the values reported by 2) Pd(PPhy),, EtSiH,
Overman et al’,who have also elaboraté®b in a couple of LiCI, THF

steps to (&)-pancracing. .0 . C
In conclusion, we have developed a short and conceptually L < O
e} N H
25

new route for the stereospecific construction of the core
structure of 5,11-methanomorphanthridine alkaloids in one
step. The success of this strategy is demonstrated by
accomplishing the formal total synthesis df)¢pancracine

1. The asymmetric version of this approach, along with an

(18) X-ray analysis 020: CigH:NOs, M, = 289.32, crystal dimensions alternative strqtegy for constru.cting thg E-ring gnpl synthesis
0.40 x 0.38 x 0.13,Bruker SMART APEXCCD diffractometer, Mo of some other important alkaloids of this class, is in progress
radiation, multiscan data acquisitioa,= 5.7666(5),b = 9.7162(8),c = ; ;

13.4268(11) Aot = 98.029(1)3 = 100.091(1)y — 97.602(1}. V = 723.- and will be revealed in a full paper shortly.
(1) A3, Z= 2, D = 1.327 mg m3, triclinic, space groufP-1, u (Mo Ka)

= 0.095 mnt1, of 7005 reflections measured, 2539 unigue-[20(1)], R
value 0.0441, R, = 0.1167. All data were corrected for Lorentzian, Acknowledgment. We are thankful to the Department

polarization, and absorption effects. SHELX-97 was used for structure Of Science and Technology, New Delhi, for financial support.
solution and full matrix least squares refinementfén Hydrogen atoms P B, and R.K. thank CSIR, New Delhi, for the award of
were included in the refinement as per the riding model. Crystallographic .

data (excluding structure factors) for the structure reported in this paper R€Search Fellowships.

have been deposited with the Cambridge Crystallographic Data Centre as

supplementary publication no. CCDC-271169.

(19) (a) Petrovic, G.; Cekovic, Drg. Lett. 2000,2, 3769. (b) House, Supporting Information Available: Experimental pro-
%C()D.; Phillips, W. V.; Sayer, T. S. B.; Yau, C. G. Org. Chem1978,43, cedures and characterization data for all new compounds.

(20) Howard, M. H.; Sardina, F. J.: Rapoport, 4.0rg. Chem1990, This material is available free of charge via the Internet at
55, 2829. http://pubs.acs.org.

(21) Scott, W. J.; Stille, J. KJ. Am. Chem. S0d 986,108, 3033.

(22) Comins, D. L.; Dehghani, ATetrahedron Lett1992,33, 6299. 0OL0513210

3716 Org. Lett, Vol. 7, No. 17, 2005



