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Abstract:
The use of C-acylnitrilium ions as cyclization initiators in azacycle synthesis has been expanded by the
development of spiroannulations terminated by phenolic silyl ethers.

This method was utilized in the synthesis of the A and D rings contained within the tetracyclic
Lycopodium alkaloid serratine. Utilizing the functionality contained within this spirocycle, the B ring
of serratine was also secured in a Michael addition ring annulation.

Functionalization of the imine contained within this three-ring component, which was hoped to be
utilized in the closure of the final ring within the serratine skeleton, was not successful.
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ABSTRACT

The use of C-acylnitrilium ions as cyclization initiators in azacycle
synthesis has been expanded by the development of spiroannulations
terminated by phenolic silyl ethers. : ‘

This method was utilized in the synthesis of the A and D rings contained
within the tetracyclic Lycopodium alkaloid serratine. Utilizing the functionality - .
contained within this spirocycle, the B ring of serratine was also. secured in a
Michael addition ring annulation. ~ S

Functionalization of the imine contained within this three-ring component,
which was hoped to be utilized in the closure of the final ring within the serratine
skeleton, was not successful. ‘ »
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Previous Syntheses of /_vcopodium'Alkaloids with the Serratinane Skeleton

Many of the Lycopodium alkaloids have béeﬁ synthesized. The most
extensive synthetic studies have been performed on the most abundant alkaloid
of the class, lycopodine. The initial routes to its skeleton were devised
independently by Stork32 and Ayer33 in 1968. However, only two alkaloids of
the serratinane group have been synthesized, (*)-serratinine (7)34 and (+)-8-

‘ depxyserratinine (8).35 Both of these.syntheses were carried out by Inubushi
(Scheme 14 and Scheme 15). _

The synthesis of (¥)-serratinine (7) started with the.benzoquinone 9,
which was heated with butadiene to yield the Diels-Alder product 10 in 39 %
yield. The enedione system was reduced and then acylated to produce 11.
The isolated olefin was dihydroxylated upon treatment with osmium tetroxide,
followed by hydrogenation of the_remairiing double bond. The resu_lting diol
was cleaved with periodic acid to give the dialdehyde 12. fhe use of Mannich
conditions. utilizing pyrrolidine and excess acetic acid in methanol resulted in a
mixture of products, with the deéired regioisomer 13 being favored in an 8 to 1
ratio. The'aldehyde was’then treated with diethyl cyanomethylphosphonate to
yield the cinnamonitrile. The least substituted olefin and the cyano function
were thén reduced sequentially to furnish the amine 14. In the following step, a
nitrene was produced which adds to the double bond to yield the aziridine. The
ester fnoiety was then reduced to yield the corresponding aléohol which was in
turn tosylated, then displaced by nitrogen to produce the aziridinium salt 15.

Treatment of this salt with potassium acetate yielded triacetate 16, containing
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the serratinéne ring skeleton. The synthesis was completed, following
modifications of functional groups contained in this ring system, in an overall
yield of less than 0.1 %.

The synthesis of (£)-8-deoxydetratinine (8) is similar to that of (i)-
seratinine (7) except for the closure of the final two rings of the skeleton. This
was accomplished by the formation of a nine-membered ring in 17, which was
followed by reduction of the amide and ketone. The resulting alcohol was then
| reoxidized and the amine protected with a triflouroacetyl moiety. m-CFBA was
-then employed to epoxidize the olefin. Upon generation of the amine, the
tetracyclic alcohol was produced in quantitative yield. Following oxidation of
the alcohol and selective reduction of the less hindered ketone, the target
molecule 8 was obtained. fhis synthesis was also accomplished in less than

0.1 % overall yield.
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'RES'ULTS AND DISCUSSION
Meth Development

The aim of this research wasto determine the feasabilit)} of using
phenolic silyl ethers as terminators in acyInitrilium ion-arene spiroannulation
reactions (Scheme 11). As seen in Scheme 16, the requisite isbnitriles were

*synthesized by first silylating the phenlols,36 whereupon the Horner-Wadsworth-
Emmons reagent37Was employed to prqdqce the cinnamonitriles 19a-c. This
was followed by hydrogenation of the olefins, reduction of the nitriles, and
formylation of the resulting amines 21a-c. The formamides 22a-¢ were then
dehydrated, giving rise to the respectivetisonitriles 23a-c. Each isonitrile was .
subseqﬁently treated with trimethylacetylchloride (25 °C) in CDCIl3 and the
reaction monitored to complefribn by NMR. This was followed by addition to
AgBF4 in a solution of dichloromethane.and 1,2-dichloroethane (-78 °C to -20
°C), which resulted in the spirocyclic products in the case of 23a and 23b
(Scheme 17). However, in the case of 23c, the 7-membered ring adduct was
formed. This result was in congruence with what was found using the piperonal
derived isonitrilé 23d (Eq. 15), formed by treating piperinal 26 with KOH in -
acetonitrile38 to give the 6orresponding cinnamonitrile 19d (Eq. 16), and then

following the same series. of steps taken for 19a-c.
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?

protected with t-butlydimethyisilyichloride.36 Para functionalization of this
protected phenol was realized through a diethylaluminufn chloride catalyzed
Claisen rearrangement.40 |t should be noted that if the reaction temperature
exceeded -30 °C, considelrable amounts of product with undesired ortho
substitution were obtained. The methoxy derivative was prepéred by treatment
with NaH and iodomethane in THF. Hydroboration of the olefin with bo'rane-
methy! sufide complex, followed by oxidative workup afforded the alcohol in
excellent yield. Preparation of the mesylate was accomplished by treating the B
alcohol with MsCl and Eth in CH2Cl2. Displacement of the mesylate with
sodium azide in DMF y-felded the corresponding azide. Subsequently, the
amine was obtained via hydrogenation of the ‘azide in nearly quantitative yield.
The remaining two steps to the isonitrile were performed as previously
described. . |

As mentioned, the spirocycle 27 was fo be the initial substrate utilized, as -
. it was believed that the dichloroacy! group could ultimately be used to form the
B ring of the system. With this in mind, attempts were made to funct‘io'nalizé the
imine contained within the A ring. The first method employed was to treat the
spirocycle with boron trifluoride diethyl etherate and allyltributyltin, wHich was
hoped to yield the secondary amine. Following the precédent by lshiba'shi,\
utilizing known episulfonium ion methodology,4! it was believed that the C ring
could be securéd (Scheme 20). However, much to our concern, no reaction

was observed (Eq. 17).
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