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Abstract:
The total synthesis of (dl)-dendrobine is described.

Dendrobine, the major alkaloid Isolated from the Chinese drug "Chin-Chai-Shi-Hu", could be
synthesized in eight linear steps from 2-methylcyclopent-2-enone 26 and acylchloride 8. Acylchloride
8 was prepared from 2-isopropylfumaric acid 15 by regioselective esterification. The key step of the
synthesis was acylnitrilium ion cyclization of isonitrile 7, which generated acylpyrroline 6 as a single
stereo isomer.

Acylpyrroline 6 was converted into the N-methylpyrrolidine 5 by stereoselective reduction of
N-methyltriflate 34. Sml2-mediated cyclization of N-methylpyrrolidine 5B-S produced tricyclic
B-hydroxyester 52, which was transformed into (dl)-dendrobine(1) in four steps.
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ABSTRACT

The total synthesis of (dl)-deﬁdrobine is described.

Dendrobine, the major alkaloid isolated from the chinese drug
"Chin-Chai-Shi-Hu", could be synthesized in eight linear steps from
2-methylcyclopent-2-enone 26 and acyichloride 8. ‘ Acyichloride 8
was prepared from 2-isopropylfumaric écid 15 by regioselective esteri-
fication. The key step of the synthesis ’was acyinitrilium ion cyclization
-of isonitrile 7, which generated acylpyrroline 6 as a single stereo isomer.

Acylpyrroline 6 was converted into the quethylpyrrolidine 5 by
stereoselective reduction of N-methyltriflate 34. Smi,-mediated cycli-
zation of N-methylpyrrolidine 5B-S prodﬁced tricyclic p-hydroxyester 52,

which was transformed into (dl)-dendrobine(1) in four steps.
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The biosynthesis of dendrobine m}ost probably proceeds by the
path outlined in Figure 2. Trans, trans farnesyl pyrophosphate(16),
a known biosynthetic precursor of _1, cyclizes to the germacradiene
cation 17, which undergoes a 1,3-hydride shift to cation 18. This .
cation must equilibrate between its two geometrical isomers so that the
isomer 19 can cyclize to the copaborneol’® (21) via the cation 20.
Subsequent oxidative fission of Cy-C45 bond of 21 gives the picrotoxane
(22) which is a likely precursor of dendrobine'’.

In addition to the antipyretic activity of "Chin-Chai-Shi-Hu," these
compounds exhibit weak analeptic and analgesic activities. In small
dosages, 1 lowers blood pressure, retards cardiac activity, supresses
respiration and produces moderate hyperglycemia. The aIkanid can
be used as an antidote for barbituate overd_oses, but this treatment is
not prescribed since dendrobine produces convulsions and death in
large doses. The scope of the biological activities of 1 is similar

to that of picrotoxinin (15), but they are generally five to seven times

weaker in action'®.
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Previous Total Syntheses_ of Dendrobine

Interest in the synthesis of Orchidaceae alkaloids stems from the
biological activity, its central positién in a moderately large class of
natural products and its challenging structure whiéh incorporates a
total of seven stereogenic centers distributed among 17 skeletal atoms
arranged in four rings. Given its intricate architecture, it is thus not
surprising that dendrobine has been selected as atarget by a number
of investigators, aﬁd these efforts have culminated in 5 total synt'heses
of dendrobine'®. Interestingly, dendramine (2) and dendroxine (6)
have never been synthesized since their isolation.

In the first dendrobine synthesis by Inubushi and coworkers"g"’°,
which is outlined in Figure 3, " the cis-perhydroindane nhucleus was
established by a selective catalytic hydrogenation of ketonitrile 6.

This intermediate was prepared from the ketol 3. The stereocenter

at C, in intermediates 5, 6

and 7 was opposite to that required for
pyrrolidone formation, but this was rectified by an acid catalyzed
epimerization reaction during the hydrolysis of 7_ under conditions
whereby the unsaturated acid 8 underwent an intramolecular Michael

reaction, leading to 9. Compound @ was heated with aqueous CH3NH,
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10

Yamada has synthesized dendrobine in 24 sieps from dihydro-
naphthalenone 16 via an intramolecular Michael reaction'®° (Figure 4).
Compound 16 was Vconverted into the enol acetate 17. Ozonolysis of
17 followed by hydrolysis of the anhydride afforded the acid 18. The
Wittig reaction of 18 followed by treafment with aqueous oxalic acid
gave the keto aciq 19, which was transformed to Fhe diketo acid 21 in
several steps. The cis-perhydroindane 22 was generated by the sarhe
Michael reaction as in the case of 21. An interesting aspect of this
cyclization is that the stereocenter at C; of 22 was controlled by the
intramolecular aldol condensation of an intermediate diketone. Aldol
24 was converted into enol acetate 25, which was ozonized to give keto
acid 26. Heating of 26 and N,N'-carbonyldiimidazole followed by
treatment with methylamine afforded the lactam 28, which was then
converted into the bromo derivative 29. Treatment of 29 with NaH
followed by acidification yielded the pyrrolidone 30, which was trans-
formed into .a mixture of 31 and 32. 'Compound 31 was treated with
n-butyl mercaptan and 10-camphorsulfonic acid'giving 33, which on
treatment with lithium dimethylcuprate gave 34. Isomerization of 34

followed by reducti‘en and acidification gave (dl)-oxodendrobine (15).
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13

yielded the Diels-Alder adduct 37. Its methyl ester 38 was selectively
hydroxylated at the isolated double bond and then treated with periodic
acid followed by an aldél condensation to give aldehyde 40. Reductive
amination of 40 afforded keto pyrrolidine 41. In this step, the stereo-
chemistry at C; was genefated by kinetic prqtonation of an intermediate
enamine. Michael reaction on 42 gave ketone 43, which was elaborated
into ketoester 44 by oxidation and epimerization“. Sodium borohydride
reduced 44 to the corre#ponding alcoho!l which spontaneously cyclized

to yield dendrobine.

Roush has contributed greatly to the chemistry of this field through

his synthesis of dendrobine'®®

(Figure 6). The perhydroindenone 48
was prepared from 4-pentynoyi chloride 45 via the Wittig and the intra-
molecular Diels-Alder reactions. Compound 48 was transformed into
nitrile 49 and 50. Hydrolysis of 49 by treatment with H,O, afforded

amide, which was oxidized with NBS to give bromo lactone 5_1_

Sequential reduction processes provided primary alcohol 52 , which was

converted into the mixture of epoxides 53. The minor epoxide 53a was

transformed into dendrobine (1) via methyl ketodendrobinate (44).
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RESULTS AND DISCUSSION

Synthetic _Strategy

k4

Orchidaceae alkaloids have been a challenging synthetic target
owing to their potent biological activity and unique polycyclic struc--
tures. Figure 9 contains an outline of our ahaly'sis of the syn.thet'ic
strategy. [t was anticipated that the «, 8- unsatufated ester 3 could
be formed by the dehydration of ﬁ; hydroxy ester 4.  Compound 4, a
key intermediate to the synthesis of dendrobine (1) would be prepared
by a reductive cyclization of pyrrolidinone 5. Generation of a cis-
fused perhydroindane ring system was anticipated on the basis of the
‘steric‘: effect of cis-fused bicycﬁ'c reactant 5 .

Bicyclic pyrrolidine 5_ pould be prepared from the corresponding
2-acylpyrroline 6 through N-methylation followed by stereoselective
redluction of iminium intermediéte 34. As indicated in the intro-

duction, an efficient entry into the 2-acylpyrroline ring system has

been developed by Livihnghouse and Westling20 (Figure 8).
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2-Acyipyrroline 6 could be constructed from the isonitrile 7 'via
the acylnitrilium ion initiated cyclization.

We have completed a total synthesis of dendrobine according to
above synthetic strategy; This thesis provides a full accbunt of this

work.

Synthesis of Acylchlorides

in an effort to gauge the feasibility of the proposed synthetic
strategy, a model study was initially pursued which used (E)-2-methyl-
3-carbomethoxypropenoyl chloride(12) instead of the isopropyl analog
8 required for the natural products. This acylchloride was readily
prepared in multigram quantities by a modification of Drugman's
synthesis23 of 2-methyl-3-carbomethoxypropenoic acid (Figure 10).

Sequential treatment of mesaconic acid (9) with thionyl chloride
followed by anhydrous methano! afforded methyl (3-carbomethoxy-2-
methyl)propenoate (10) in 94.2% yield. The ester 10 was selectively
saponified with KOH (MeOH, 0 °C) to provide (E)-3-carbomethoxy-2-

methylpropenoic acid (11) in 92% yield. The acid was then converted
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With diacid 15 in hand, we attempted to prepare acylchloride
17, by using the same procedure which had been used for the methyl
analog 12. But hydrolysis of diester 17 with 1 equiv. of KO‘H gave
“the undesired half acid 1_§, which was then converted to the correspond-
ing acylchloride 19 by treatment of 18 with lithium hydride and oxalyl
chloride in 78.1% purified~ yield.

This result indicates that the steric hindrance of the isopropyl
group inhibits the hydrolysis of adjacent ester and favors hydrolysis of
the alternative ester which V\.las unincumbered by the isopropyl group.
We applied this propensity to examine the regioselective es.terificati.on
of diacylchloride 16 with 1-5 equiv. of methanol. Thus, treatment of
isopropyl fumaric acid (15) with 3 equiv. of SOCI, in the presence of
catalytic amounts of DMF (CH,Cl,, reflux) gave diacylchloride 16 in
quantitative yield. Regioselective esterification of unpurified 16 was
conveniently achieved by its exposure to 4 equiv. of methanol (CH,Cl,,
0' ‘c-rt.). After distillation , the desired acylchloride 8 wés
obtained as a colorless liquid in 79.5% vyield (Figure 11). 300 MHz
NMR spectrum of 8 was identical with the authentic sample of _8 which

was prepared from half acid g._ as shown in Figure 12.
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Now the stage was set for the acylnitrilium ion initiated cycliza-
tion of 7. This method was to rely on the.use of siiylenol ether of 7
as nucleophilic addend in an intramolecular cyclization. Thé required
cation 30 was expected to be accessible via the silver cation mediated
ionization of o- ketoimidoyl chloride 29. This intermediate, in turn, was
to be prepared by the reaction of 7 with an acylchloride.

Organic isonitriles have been known to react with electrophilic
species for many years?®.  However, despitev the apparent nuceophili-
city of the isonitrile moiety, the utilization of this functional group in
carbon-carbon bond forming‘ operations has remained quite limited.

In 1961, Ugi démo‘nstrated that acylchlorides would insert into
isonitriles in refluxing benzene to afford - ketoimidoyl chlorides in fair
yield?. But, these conditions were far more vigorous than necessary.
Recently, Livinghouse and Westling®® reported the faciie conversion of
the isonitriles into the o- ketoimidoyl chlorides at room tempgrature.

Treatment of isonitrile 7 with acylchloride 12 in CH,Cl, at room
temperature afforded the anticipated o— ketoimidoyl chloride 28 in

quantitative yield (Figure 14 ). It was notewofthy that there was no
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observable isomerization of the thermodynamically favored tetra sub-

stituted silylenol ether. The crude imidoyl chloride 28 was theﬁ

treated directly with 1.10 equiv. of AgBF,; (CH,Cl,- CICH,CH,CI, -78 °C)
to afford the desired 2jabylpyrroline 6A. . Owi’ng to the acid sensitivity,
the crude product was filtered through Florisil to give the product 6A

in 99.8% yield from 7. This product was used in the following reaction
without further purification.

The formation of 2-acylpyrr§line M under the ionizing set of
reaction conditions involving AgBF, can be rationalized by invoking
acylnitrilium cation 30 as shown in Figure 14.

Having established that an acylnitriliurﬁ ion initiated cyclization
could be exploited for construt;tion of bicyclic pyrroline subunit of 1,
We directed our studies to the more sterically hindered isopropyl analog
of acylchloride 8. Reaction of 8 with 7 was very sluggish at room
temperature and required warming to 40-43 °C. Optimization .of
the insertion reaction for isopropyl analog 8 was accom}plfished by moni-
toring the reaction via NMR. Acylation of a 2.3 n;olar solution of 7 _in
CH,Cl, was accomplished with acylchloride 8 (1.2 equiv., reflyx ) in the

presence of powdered 4A9-'molecular sieves.
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The failure of the Wi‘ttig-type cyclization prompted ué to explore
the reductive 6oupling reactions. In recent years a number of groups
have examined radical cyclizations to make 5-membered ring systems.
While a variety of methods are available to generate ketyls that are sub-
sequently trapped by olefins®®, we envisioned that new methods such as
O-stannyl and O-samarium ketyls might. suit our pﬁrposes.

O-stannyl ketyls®2, produced by the reaction of a carbonyl func-
tional group with a trialkyltin radical, can ‘provide' a carbon-centered
radical for these cyclization reactions. Enholm®® has published that
aldehydes or ketones connected by a tether to ar; olefin cyclize in a
free radical reaction mediated by tributyltin hydride (Figure 16). The
reaction was probably mediated by a homolytic chain mechanism andh
proceeded by the addition of a tributyltin radical to the ketone carbonyl
in 36 to produce O-stannyl ketyl intermediate®® 37. A subsequent
free radical (;yclization by addition to the olefin produced "che‘ carbon-
centered free radical intermediates 38 and 39. The two diastereomeric.
products arose fromv the syn- and anti-dispositions of the alcohol and
substituted appendage and reflected the formation of two new sp3

centers from the two sp2 centers of the ketone and olefin.
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orbital (LUMO) of the olefin.

In addition to regiochemical control, Enhol.m and Trivellas®” have
also demonstrated a reversal in t:he diastereoselectivity in the products
depending on whether the olefin geometry of the reactant is cis or trans.
When 47-trans was treated with samarium iodigje; two products were
observed in a 1 : 4 ratio (syn : anti). In contrast, when 47-cis was
treated under identical conditions, syn isomer of 48 was obtained as
an almost exclusive product (Figure 18).

Wé poétulated that we could take ad-vantage of the inherent
stereochemical control exhibited in intramolecular coupling reactions
and extend stereochemical control to a third center through chelation
utilizing tri-n-butyl tinhydride or samarium iodide as the reducing
agents. |

The butyl tinhydride-mediated cyclization was unsuccessful. But,
when the N;methylpyrrolidine 5B-S was treateq with 3 equiv. of Sml,
and 4 equiv. of t-butanol as a proton source (THF, -78 °c ~r t, 1 h),

the major observed product was the tetracyclic lactone 51 (Figure 19).
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