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Synthesis of Spirocyclic Compounds 
 

 

Introduction 
The name “Spirocyclane” was first introduced by Baeyer in 1900.1 Spirocyclic structures are 

found in wide range of natural compounds isolated from various sources.2-8 The complexity of these ring 
structures is represented by the quaternary carbon center and two fused rings. Stereoselective 
methodologies in constructing the spirocenter9 have allowed for the total syntheses of many spirocenter-
containing natural compounds over the years. 

Synthetic Methodologies 
The construction of the spirocyclics can be roughly categorized 

into alkylation, rearrangement, cycloaddition and cleavage of bridged 
systems. The intramolecular alkylation on the quaternary carbon is one 
of the most common methods in constructing spirocenters. The 
alkylation can either take place as a direct substitution or as a 1,4-
addition (Fig. 1). Iwata and co-workers10 have reported the 
stereoselective synthesis of spiro[5.5]undecane systems using Lewis-
acid promoted spiroannulation of bis-acetals. A tandem reaction 
involving yamine was used by Ficini and co-workers11 during the 
synthesis of the acoradiene. Spiroannulation via intramolecular 1,4-
addition has also been shown for the synthesis of the core structure of 
alkaloid Manzamine A.12  

Rearrangement reactions 
have also found wide application in 
the syntheses of spirocenters, due to 
their ability to form multiple 
stereocenters in one step. For 
example a vinylcyclopropanol/ 
vinycyclobutanol rearrangements 
(Fig. 2)13,14 has also been reported 
for the synthesis of spirocycles by 
Trost’s lab. This methodology has 
been successfully applied to the synthesis of spiro systems containing medium to large-size rings with 

controlled stereochemistry. The diastereoselectivity of 
this rearrangement can be explained by an extended 
transition state,15 analogous to the enolates. The 
combination of Prins cyclization followed a Pinacol 
rearrangement, which has been used in the synthesis of 
five-membered rings,16,17 has also been applied to the 

synthesis of spiro[4.5]decan-5-ones by Overman and co-workers (Fig. 3).18  
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Gelsemine 
Gelesmine (Fig. 4) was found to be the major component of the alkaloids in Gelsemium 

sempervirens, and its structure was elucidated independently by X-ray crystallography19 and NMR2 in 
1959. Its unique hexacyclic cage and spiro-oxindole structures attracted many 
synthetic studies. In 1994 Johnson and co-worker20 reported a total synthesis of 
gelsemine in the racemic form. A radical cyclolization21 was used to construct the 
spiro-oxindole center. However, the poor stereoselectivity of the cyclization step 
yielded only 22% of desired epimer during the key step. In the same year, 
Speckamp’s lab22 published another total synthesis of gelsemine with improved 
stereoselectivity during the formation of key spiro-oxindole compound through an 
intramolecular Heck reaction.23 The only synthesis with complete control over the 

formation of spiro-oxindole 
center was achieved by 
Fukuyama’s lab (Fig. 4).24 The 
spirocenter was constructed in 
the early stage of the synthesis 
through a Cope-like divinyl-
propane rearrangement.25 

Spirotryprostatins 
  Spirotryprostatin A and B, are members of the 

diketopiperazine alkaloids isolated from the fermentation 
broth of Aspergillus fumigatus.3,4 The key spiro-oxindole 
center of Spirotryprostatin A was synthesized in 
Danishefsky’s lab via a Pinacole-type rearrangement.26,27 
Williams’ achieved the syntheses of both antipodes of 

spirotryprostatin B by forming the core 
pyrrolidine ring through an asymmetric [1,3]-
dipolar cycloaddition. In another recent 
synthesis of spirotryprostatin B, Overman28 
successfully utilized an asymmetric Heck 
insertion followed by trapping of η3-
allylpalladium intermediate by nitrogen 
nucleophiles. 

 

(-)-Histrionicotoxin 
(-)-Histrionicotoxin is one of the first members of unusual spiropiperidine-containing alkaloids. It 

was isolated from the brightly colored poison-dart frog Dendrobates histrionicus 
found in South America countries.6 (-)-Histrionicotoxin and its analogues have 
attracted considerable pharmacological interest as noncompetitive inhibitors of the 
nicotinic acetylcholine receptor and as probes to study neuromuscular signal 
transmission.29,30 Many effort towards the synthesis of (-)-histrionicotoxin and the 
simpler perhydrohistrionicotoxin have been reported,31 not only due to its novel 
spiropiperidine structure but also due to its ever-diminishing supply from the natural 
sources. Since Kishi’s32 first total synthesis of racemic histrionicotoxins, several new 
routes have been published with the focus on the introduction of the spiropiperidine 
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center. Stork’s approach33 utilized an intramolecular alkylation method. An “allylic expoxide cyclization” 
34 was utilized to form the cyclohexane ring. A recently published total synthesis of (-)-histrionicotoxin by 
Holmes and co-workers35 formed the spiropiperidine core from a [3+2] cycloaddition, followed by 
cleavage of the strained N-O bond. 
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Figure 9. Homles' [3+2] Cycloaddition  

Ginkgolide B 
Ginkgo biloba, termed the “living fossil” by Darwin, has ancestors dating back to 230 million 

years.36,37 Extracts of Ginkgo biloba have been used as herbal medicines for 5000 years in China and Japan 
to treat a variety of conditions, such as coughs, asthma, and circulatory 
disorders, and is currently undergoing clinical evaluation for treatment of 
dementia.38,39 Since the structure of Ginkgolide B (Fig. 10) was first elucidated 
in 1967,7,8,40 many synthetic efforts have been directed toward the total 
synthesis of this complex molecule. 
So far, only two successful total 
syntheses of the racemic form have 
been reported.41,42 The structural 
complexity rises from Ginkgolide 
B’s six rings, eleven stereogenic 

centers, ten oxygenated carbons, and four contiguous fully 
substituted carbons, including a spirocenter. During Corey and 
co-works and total synthesis of Ginkgolide B, the spirocenter was constructed through an intramolecular 
alkylation of acetal. Crimmins and co-workers approach to the formation spirocenter is an intramolecular 
[2+2] photocyclization43 followed by regioselective cleavage of the cyclobutane ring. 

Besides methodology mentioned in this seminar, some other novel ways have also emerged through 
the years, such as ring closing metathesis,44,45 intramolecular condensation,46 ene reaction47 and some other 
metal catalyzed reactions.48-50 With the ongoing discovery of new natural compound containing 
spirocenters, the synthesis of these structures will remain an active area of research. 
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