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ABSTRACT 

 

SYNTHESIS OF NATURAL PRODUCT NEPETANUDONE THROUGH 

THERMALLY FORBIDDEN [4π+4π] CYCLOADDITION IN THE PRESENCE OF 

LIGHT 

The biosynthesis of different natural products have been proved or proposed to 

involve a number of photochemical reactions like photocyclizations, Norrish type 

reactions, photochemical rearrangements, reactions via dienol intermediates, Paterno-

Buchi reaction, 2π+2π photodimerization, photo-claisen rearrangement, 4π+4π 

photodimerization etc [1]. These reactions have been used to either support the 

biosynthesis of these compounds or they provide an alternate and easy synthetic route.  

The natural product Nepetanudone was first isolated from extracts of the aerial parts of 

Nepeta parnassica. This compound is structurally similar to the natural product 

Nepetaparnone. They differ only in two stereo centers and both have significant 

biological and medicinal properties.  Nepetanudone was proposed to be biosynthesized 

through the [4π+4π] cycloadditon of two Nepetapyrones (5,9-dehydronepetalactone). 

This precursor pyrone was synthesized in the laboratory through six step reaction 

pathways as shown in Scheme 4. Once this compound was developed, it was photolyzed 

at different conditions and the formation of the products was monitored. By developing 

the Nepetanudone in the lab, as proposed, this work provide evidence for the biosynthesis 

of Nepetanudone through the photocycloaddition reaction of two 5,9-

dehydronepetalactones.  
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INTRODUCTION 

 

NATURAL PRODUCTS THROUGH PHOTOCHEMISTRY 

Photochemical reactions contribute in a significant way in the biosynthesis and/or 

the laboratory synthesis of handful of  natural products [1]. Reactions like 

photocyclizations, Norrish reactions, photochemical rearrangements, reactions via dienol 

intermediates, Paterno-Buchi reaction, 2π+2π photodcycloaddition, photo-claisen 

rearrangement, 4π+4π photocycloaddition covers most of the known photochemical 

biosynthetic steps.  

 

Photocyclizations 

 Even though different light induced pericyclic ring closing reactions are possible 

in natural product synthesis, conrotatory 6π cyclization and disrotatory 4π cyclization are 

the two most important of them. Three different substrates can possibly be involved in 6π 

photocyclizations. They are 1,3,5-trienes to generate carbocycles or enamides to afford 

heterocyclic products. The third one is less common and an example of this rare type is 

shown in Scheme 1 in the syntheisis of Aspidofactinine 4  in which the cyclization of 

tertiary enaminone 1 to generate tricyclic trans-hexahydro-4-carbazolone 3 [1].  
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Scheme 1: Synthesis of Aspidofractinine through 6π photocyclization [1] 

 

 An example of a  6π photocyclization of a  trienes is in  synthesis proposed for the 

natural product Tridachiahydropyrone (Scheme 2). It was obtained from γ-pyrone 

through a biomimetic reaction. The conrotatory ring opening bring the relative 

configuration of the two adjacent stereogenic centers in the product. The final product 6 

was synthesized by a Suzuki cross-coupling reaction of a dienylboronate and s 

brominated γ-pyrone [2]. 

 

Scheme 2: Synthesis of Tridachiahydropyrone through 6π photocyclization of triene 

[2] 

 

Photodeoxytridachione and iso-9,10-deoxytridachione were also synthesized by a 

biomimetic photocyclization from an analogous tetraene substituted γ-pyrone. Other 
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compounds formed or synthesized through 6π photocyclization is given in the list below 

(Chart 1) [3] [4] [5] [6]. 
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Chart 1: Natural products synthesized through 6π photocyclization [3] [4] [5] [6] 

 

 On the contrary 4π photocyclizations occur by disrotatory ring closure. Some of 

the natural products formed through 4π photocyclization are given in Chart 2 [3] [7] [8] 

[9].  
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Chart 2: Natural products synthesized through 4π photocyclization [3] [7] [8] [9] 

 Another cyclization involved in some natural product synthesises is Norrish-Yang 

cyclizations. Natural products synthesized through this type are given in Chart 3 [3] [10] 

[11] [12].  
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Chart 3: Natural products synthesized through Norrish-Yang photocyclization [3] 

[10] [11] [12] 
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 Norrish Type I cleavage reactions are famous within the natural products with 

carbonyl groups. In this type of reactions α cleavage of photoexcited carbonyl 

compounds leads to the cleavage of C-C bonds. Compounds synthesized or produced 

through this type of reactions are given in Chart 4 [3] [13] [14].  

 

Chart 4: Natural products synthesized through Norrish type I cleavage reaction [3] 

[13] [14] 

 

Photochemical Rearrangements 

 Just as photocyclization reactions discussed above, some other rearrangements 

also play an important role in some of the natural product synthesis. This type of reaction 

includes 1,3-acyl migration, oxa-di- π-methane rearrangement, photo-Fries rearrangement 

and rearrangements of cross-conjugated cyclohexadienones. Some of the natural products 

formed through these types of rearrangement are given in Chart 5 [3] [15] [16].  
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Chart 5: Natural products synthesized through different types of photochemical 

rearrangement reactions [3] [15] [16] 

 In Chart 5, 28, bicylco [3,3,0] was synthesized through the photochemical 1,3-

acyl migration reaction. Synthesis of Cedrol 29 was done previously through a di- π-

methane rearrangement of a bicyclic precursor. 30 and 31 are another example of the 

natural product synthesized through this type of photochemical rearrangement reaction. 

32 in chart 5 shows an example of reaction involving photo-Fries rearrangement and the 

last compound given is Pachydictyol A which synthesized through the rearrangements of 

its cross-conjugated cyclohexadienone precursor [16].  

Photo Cycloaddition reactions 

 Photo cycloaddition reactions are a major class in the photoreactions involving in 

natural product synthesis. Some of this type of reactions invole Paterno-Buchi reactions, 

[2π+2π] reactions, [3+2] cycloadditions, [6+2] reactions, meta-phtocycloaddition and last 

but not least but [4π+4π] photocycloaddition reactions. Some of the natural products 

formed or synthesized through this type of photoreactions are given in Chart 6 [3] [17] 

[18].  
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Chart 6: Natural products synthesized through photo cycloaddition reactions [3] 

[17] [18] 

 From the natural products shown in the above chart, 34 synthesized through the 

Paterno-Buchi reaction, 35 through [2π+2π] reactions, 36 through [3+2] cycloadditions, 

37 through [6+2] photo cycloaddition and 38 through the meta-photocycloaddition 

reactions. By comparing the number of different photo-cycloaddition reactions involved 

in the natural products synthesized reported, [2π+2π] reactions seems to rule the field 

with a major number of natural products with cyclobutane core synthesized through this 

photo cycloaddition pathway.  Even though [4π+4π] photocycloaddition reactions are 

very rare, some of the natural product are believed to be synthesized through this step. 

One of the examples is Nepetanudone 40 [19].  In this study, the group focused on the 

synthesis of 40 in the laboratory by applying the idea of its biosynthesis through [4π+4π] 

photocycloaddition from Nepetaparnone [19]. This can be further applied in the future 

studies of Caulerpin (39). Caulerpin has a cyclooctane core, which believed to be 

synthesized from the [4π+4π] photocycloaddition of its precursor pyrone.  
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Chart 7: Natural products possibly synthesized through different types of [4π+ 4π] 

cycloaddition reactions 

 

 Caulerpin 39, one of the marine natural products, believed to be synthesized 

through [4π+4π] photo clycloaddition reactions. Even though, this compound has been 

synthesized in the lab, no studies have been done to prove its biosynthesis. A structurally 

similar natural product, This work provide the route and explanation of how 

Nepetanudone 40, was synthesized in the lab, from its precursor pyrone, Nepetapyrone 1 

hence provided  a great supporting evidence for the theory behind its biological synthesis 

through [4π+4π] cycloaddition [19].  
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RESULTS AND DISCUSSION 

 

Photoinduced 4π+4π cycloaddition  

 The [4π+ 4π] supra-cycloaddition is thermally forbidden but photochemically 

allowed. In this work we studied the prototypical [4 π+ 4π] cycloaddition of 2, 4 di- 

substituted pyrones [20]. This study was done by focusing on its future applications of 

developing a new pathway for the synthesis of biologically relevant natural products. In 

future this work might also help to prove the hypothesis of the photochemical formation 

and existence of some of the natural products [20] [21]. 

 

 Natural products Nepetanudone and Nepetaparnone have been extracted from 

different kinds of Nepeta species of Catmint [22]. Other major constituent catmint plants 

include nepetalactone, citral, citronellal etc. Most of these compounds possess different 

type of biological activities [23]. More than 60% of Catnip oil is reported to be 

Nepetalactone itself [24].  This compound is widely used as mosquito repellant. Different 

diastereomeric forms of these compounds have been isolated and characterized [25]. The 

precursor in this study is Nepetapyrone which can be synthesized by the dehydrogenation 

of Nepetalactone.  
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 Here we proposed a new route for the synthesis of these natural products, 

Nepetanudone and possibly Nepetaparnone , through which we can test the 

photochemical route for the natural synthesis of these compounds. It has been already 

proved that by photolyzing a high concentration of 4,6-dimethyl-2H-pyranone 

(Compound a) in benzene at 300nm for 4-5days leads to the formation of the dimers 

(Dimer 1 and Dimer 2) shown in Scheme 13 (All the experiments have been carried out 

in the lab and all the NMR and crystallographic analysis has been done in the lab). By 

heating these dimers further lead to the elimination of carbon dioxide and an antiaromatic 

(AA 1) compound shown in Scheme 1. 

O O

O

OO

O

O

OO

O

hv Heat

 

Scheme 1: [4π+4π] photodimerization of 4,6-dimethyl-2H-pyranone followed by 

decarboxylation. 

 

Mechanism of  [4π+4π] Photodimerization  

 [4π+4π] photodimerization reactions in Scheme 1 was proposed to proceed 

through a head to head (HH) or head to tail (HT) fashion. The former can proceed 

through two different ways (Path 1 and Path 2) in which the dimerization can occur 
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through two different sides of the ring to get two diasteromers as products (Dimer 1 and 

Dimer 2). And the later will give other two diastereomers.  

 

 The mechanism and the flow of the reaction have been studied using 1H and 2D 

NMR and crystallographic analysis.  Mechanistically, the dimerization can occur through 

different sides of the ring to get two diastereomers. When considering the HT fashion, 

path 1 seems to be more favorable since it is favored by the aromatic pi-stacking of the 

pyrone rings. This argument was supported by the 2D NMR data conducted in the lab.  

And the crystallization supports path 2 which leads to the formation of dimer 2. The other 

two isomers (dimer 3 and dimer 4) possible also are given in Path 2. But unfortunately 

none of the data showed the formation of the dimer 3 and dimer 4.  

 

 

Path 1: Support by the aromatic pi-stacking of the pyrone rings. 
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Path 2: Support by the less steric energy concept 

 

 Other dimers possible through the interaction of two pyrone moieties are shown in 

the picture below. These are formed through the HH cycloaddition of the two starting 

material pyrones. Unfortunately the products identified using NMRs or crystallographic 

analysis couldn’t provide any supporting information to confirm the formation of these 

compounds. 

 

                                              

     Dimer 3                           Dimer 4 

Figure 2: Dimers formed through HH photocycloaddition 

Characterization  

NMR  Studies:  
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To confirm the formation of the dimer product,  1H NMRs  of the starting material 

pyrone and the product has been compared by looking at the changes in alkene proton 

signals. To confirm the major products 2D NMRs and Crystallographic analysis has been 

done. In the 2D NMR studies the 5 bond spacial interaction between the methyl proton 

and the H  has been taken in to account (NOESY).  In the dimer structures given below, 

only one of them will show this interaction and the other one doesn’t.  

                            

 

Figure 3: 1H NMR of the product dimers.                 Figure 4:  COSY analysis of the 

products. 
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 Vs  

                                             

 

Figure 5: Close up NOSEY shows the spacial                    Figure 6: Crystallographic 

analysis 

H-interaction possible only in Dimer 1.                               support the formation of 

Dimer 2. 
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 The NMR data and the crystallographic data confirmed the formation of two of 

the products (dimer 1 and dimer 2) through the HT dimerization of the pyrone starting 

materials. The HH photocycloaddition products dimer 3 and dimer 4 were not formed 

during this photolysis. In both of these compounds two of the methyl groups wind up 

being in the next carbon atoms and make the molecule less stable compare to the HT 

products. This can be explained by the steric hindrance between the two neighboring 

methyl groups and the HT products don’t support the electronic concept of the 

mechanism.   

 

Applying the Idea:By analyzing the above data, this idea has been proposed that, 

in a similar way the natural products mentioned above might be synthesized in nature and 

can be synthesized in the laboratory through photolysis of the precursor given in Scheme 

2.  

 

Scheme 2: Photolysis of the precursor Nepetapyrone at 300nm should provide the 

natural products along with the byproducts possible.  

 

Synthesis of the precursor:  
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Nepetalactone is the active component of catnip oil. Almost 60% of the pure 

catinip oil is found to be Nepetalactone. The extraction of nepetalactone from the catnip 

plant was reported [20][21]. The precursor 5,9-dehydronepetalactone can be synthesized 

through the  dehydrogenation reaction on this compound. The six step synthesis of the 

precursor 5,9-dehydronepetalactone start from either Citral (Scheme 3) or Citronellal 

(Scheme 4) [23] [24]. In either case, almost all the steps are going to be the same except 

the last step. With Citral in the last step it is going to be the Pd catalyzed double bond 

rearrangement but the reactions starting from citronellal lead to the formation of 

Nepetalactone which then can be converted to the precursor by doing a dehydrogenation 

reaction. The dehydrogenation reactions tried so far include DDQ, IBX [25], and 

Bromination with elimination reactions. In all these later reaction gave some positive 

results along with the formation of byproducts [24].  

 

 

Scheme 3: Route proposed for the precursor Pyrone synthesis from Citral  
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Scheme 4: Route followed for the precursor pyrone synthesis from Citronellal 

 

 The second step (Scheme 4)  shown above was successful in synthesizing the 

precursor Nepetapyrone 47 in a limited yield. This low yield can be explained by the 

volatility and easily decomposable nature of Nepeta compounds. Since the stability of the 

lactol (52) formed in step 4 seems to be comparatively better than the others 52 has been 

synthesized and stored in -20OC freezers. The last step of the synthesis, dehydrogenation, 

was done by using different methods (Table 1).  

Reagents Results 

DDQ/ Benzene, Dioxane,  or 

THF as solvents 

Starting material, Traces of product 

IBX/ Solvent*, Temp* Multiple products (lots of alkene peaks, couldn’t 

separate. 
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NBS/Peroxide/Base Little bit product , SM and biproducts. 

NBS/Sunlamp/Base Multiple products 

1. Br2/CCl4 

2. DIPEA   

Product isolated in 20% yield (47), a byproduct 

aldehyde was observed (57), further investigation 

of this reaction lead to the following reactions 

Solvents* = DMF, Benzene, DMSO. Temp*= 55oC, 65oC, 80oC 

Table 1: Dehydrogenation reactions tried at different conditions 

 

Each reaction was explained in detail at the experiment section. Different types of 

dehydrogenation reactions were tried. Pyrone 47 can be purified through column 

chromatography on neutral alumina with 25% diethyl ether and petroleum ether as 

solvents. The reaction with liquid bromine and base gave the desired product along with 

the formation of some side products. One of the byproduct was giving rise to an aldehyde 

peak in the 1H NMR spectra. Making further investigations on this compound lead to the 

details shown in Scheme 5 and 6. The lactone ring opening in the presence of acids or 

bases can lead to the formation of new products. For the product formation, the expected 

mechanism in the Bromine and base reaction is given in Scheme 5 [30].  
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Scheme 5: Mechanism which take to 47 
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Scheme 6: Alternate reaction pathway if water is present 

 

 A slight amount of water present in the reaction might change the course of the 

reaction. This alternative route with its proposed mechanism is given in Scheme 6 [31]. 

The intermediate formed during this pathway can be converted to the product 47 by 

treating with an acid. This knowledge can be applied for the future synthesis of the 

pyrone precursor with less byproduct or it might produce good evidences for the 

mechanism or the route of the reaction. This intermediate can be synthesized in the lab 
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either through bromination in the presence of water or with the help of m-CPBA. This 

intermediate aldehyde possible can be prove by the conversion of the Nepetalactone to 

this aldehyde through the epoxide and compare it with the aldehyde byproducts during 

the bromination reaction. By doing this, it can give a strong support for the mechanism 

and the reaction can be done in a more controllable fashion with less byproducts.  

 

O
O

H

H

1.Br2, CCl4

2. THF:H2O
9: 1

85% yield

O

O

CHO

H

H

53 57  

Scheme 7: Synthesis of Nepetaldehyde 57 

 

Scheme 8: Synthesis of Nepetaldehyde 55 through the epoxide 54 
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Scheme 9: Synthesis of precursor 47 from aldehydes 57 and 55 
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Scheme 10: Nepetaldehyde 57with Base 

 

 

Scheme 11: Nepetanudone from 47 

 Once the precursor 47 has been synthesized photolysis of this compound in high 

concentrations can be conducted inside a photo reactor. Other than the formation of the 

natural product dimer the possible byproducts and side reactions also can be studied in 

different conditions. Most of the conditions tried produced multiple products and this can 

be explained in terms of different side reactions possible. The most possible ones are 

photochemically favorable [2+2] and thermally favorable [4+2] reactions. To control the 

possible formation of a [4+2] byproduct the photolyst was conducted at low temperature 



22 

 

(0oC) which visibly reduced the number of peaks appeared in the 1H-NMR spectrum of 

the reaction crude.   

Table 2: Data for the photolysis of 1 

Solvent used 

Temperature Lam

p 

used 

Tim

e 
Product formation 

% yield 

Solid phase 25oC 360n

m 

12-

40 

hour

s 

No reaction NA 

Benzene(10M) 25oC 360n

m 

12-

40 

hour

s 

No reaction NA 

Solid phase 25oC 300n

m 

12 

hour

s-4 

days 

Nepetanudone with 

byproducts. No formation 

of Nepetaparnone. 

Polymerization/decompo

sition by increasing the 

duration of the 

Only 

12%yield 
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photolysis. 

Benzene(conc

entrated) 

25oC 300n

m 

12 

hour

s- 4 

days 

Nepetanudone with 

byproducts. No formation 

of Nepetaparnone. 

Polymerization/decompo

sition by increasing the 

duration of the 

photolysis. 

After 

4days: 

Only 

8%yield 

Distilled 

Hexane 

10M 

       0oC- 25oC 300n

m 

12hr

s-

8day

s 

Nepetanudone, 50% 

conversion of the starting 

materials by nmr. Only 

Nepetandudone is the 

product.  

After 8 

days: 

Only 

35%yield 

Diethyl ether 

10M 

      0oC- 25oC 300n

m 

4day

s 

Nepetanudone was the 

only product 

After 4 

days:  

50% yield 
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 The intensity of the light used was decided after monitoring the reaction at 300nm 

and checking the λmax which was around 280nm. The formations of the products were 

monitoring by using GCMS and the 1H NMR analysis. The compound formed 

(Nepetanudone) was purified using column chromatography and it was eluted at 10% 

Ethyl acetate and Cyclohexane solvent combination. A pure 1H NMR was taken in 

CDCl3. Further analysis became impossible after the compound decomposed in less than 

24 hours under vacuum. A small amount of this compound was kept it in the oven, to 

check the decarboxylation or polymerization rate under high temperature. It was proved 

by 1H NMR that the compound undergo a fast polymerization or decomposition under 

these circumstances.  

 

Figure 7: Examples of possible products during 4+4 photocloaddition of 

Nepetapyrone 
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Decarboxylation experiment was performed on Nepetanudone, by keeping it in the oven 

for 1hour. The resulting crude mixture was analyzed by using 1HNMR.  

 

Scheme 12: Decarboxylation possible? 

 

Conclusion 

 Natural product Nepetanudone was formed during the [4π+4π] 

photocycloaddition of Nepetapyrone. Nepetapyrone precursor was synthesized in 7 step 

and photolysized in different condition to get Nepetanudone different yields as the 

product. Different conditions used involve the light intensity, concentration of the 

sample, temperature and different solvent systems. For the purification of Nepetanudone 

a method was developed successfully and analysis of the compound was done using 

1HNMR, 13CNMR, Crystallographic and HRMS methods.  This work also imply that 

natural products Nepetanudone and possibly Nepetaparnone are biosynthesized through 

the [4π+4π] photocycloaddition of Nepetapyrone. 
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EXPERIMENTAL 

 

General 

 All reagents and solvents were purchased from commercial sources or prepared as 

described in the following pages. Melting points were determined with the Mel-Temp II 

instrument and are reported uncorrected. Thin layer chromatography was performed on 

silica gel or neutral alumina (250µm thick aluminum or plastic-backed plates doped with 

fluorescein). The chromatograms were visualized with UV light (254 nm or 365 nm). 

Column chromatography was carried out with silica gel (60 A) or neutral alumina (150 

mesh, Brockmann I, 58A). 1H and 13C- NMR spectra were performed on a Bruker 

Advance 300 MHz or 500MHz NMR spectrometer (as indicated). Photochemical 

reactions were conducted with either in a Rayonet reactor with 300W Hg vapor lamps or 

360W Hg lamps. UV- Vis spectra was obtained on a HP 8453 scanning spectrometer. IR 

spectra were obtained using s Mattson Genesis II FTIR spectrometer. HRMS analysis 

was performed at Old Dominion University, Norfolk, VA.  The samples were dissolved 

in 1:1:1 THF: MeOH: MeCN with NaCl and were analyzed by positive ion electrospray 

on a broker 12T Apex-Qe FTICR-MS with tan Apollo II source. X-Ray crystallographic 

analysis was performed in-house (see Appendix A). 
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Synthesis of Nepetalactone tried starting from Citral 

 

 

 

A mixture of geranial and neral (“citral”) (41) (8.88 g, purity 95%, 55.5 mmol) 

and SeO2 (6.17 g, 55.5 mmol) was stirred in dichloromethane (500 mL). The reaction 

mixture was filtered and concentrate after 3 days at room temperature.  (2E,6E)-42 was 

observed as a major isomer with 14% overall yield after column Chromatography. 1H 

NMR (400 MHz, CDCl3) δ 9.94 (d, J = 7.8 Hz, 1H), 9.33 (bs, 1H), 6.37 (m, 1H), 5.89 

(bd, J = 7.7 Hz, 1H), 2.50−2.57 (m, 2H), 2.37 (bt, J = 7.6 Hz, 2H), 1.70 (bs, 3H), 1.15 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 194.95, 191.13, 161.60, 151.74, 140.32, 127.79, 

38.80, 26.41, 17.68, 9.43 [24].   

 

 

Compound 42 (494 mg, 3.0 mmol) was dissolved in MeOH (3 mL) and then 

added toN-methylaniline (317 mg, 3.0 mmol) in hexane (5 mL). After the mixture was 

stirred for 48 h at 20 °C, the hexane layer was concentrated under reduced pressure. The 
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crude compound was subjected to medium-pressure column chromatography and the 

yield was purified by using silica gel column chromatography and 20% yield was 

observed. 1H NMR (400 MHz, CDCl3) δ 7.24 (dd, J = 8.7, 7.3 Hz, 2H), 6.92 (bd, J = 8.7 

Hz, 2H), 6.84 (bt, J = 7.3 Hz, 1H), 6.25 (bs, 1H), 5.52 (bs, 1H), 4.80 (d, J = 9.9 Hz, 1H), 

3.00(s), 2.81 (10.0, 8.3 Hz, 1H), 2.75  (ddd, 8.6 Hz, 1H), 2.62 (m, 1H), 2.11(m, 1H), 1.75 

(bs, 3H), 1.63 (bs, 3H); 13C NMR (100 MHz, CDCl3) δ 150.25, 140.83, 137.36, 128.97, 

126.84, 119.28, 116.02, 113.14, 87.92, 46.78, 42.04, 38.08, 32.58, 16.71, 16.43 [24]. 

 

Synthesis of Nepetalactone starting from Citronellal 

 

 

To a solution of SeO2 (0.104 g, 0.92 mmol) and salicylic acid (0.429 g, 3.6 mmol) 

in CH2Cl2 (10 ml) was added t-butyl hydroperoxide slowly (70% in H2O, 14.4 mL, 124 

mmol). The resulting mixture was stirred for 15 min and citronellal (8) (4.7 g, 30.5 

mmol) was added. The resulting heterogeneous reaction mixture was stirred for 35 h. 

Benzene (25 ml) was added a 

nd CH2Cl2 was removed by rotary evaporation. The residue was diluted with ether (100 

ml) 
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and washed with 10% NaOH (4 ×35 ml) and brine (1×30 ml). The organic phase was 

collected and dried over MgSO4 (anhy), filtered and concentrated by rotary evaporation. 

The light yellow 

oil was purified by vaccum distillation at 1.5 torr to yield 9(1.96 g, 37%) and 7(0.9 g, 

17%) as colorless oils. 6: 1H NMR (CDCl3, 300 MHz, ppm): δ 0.96 (d, J = 6.7 Hz, 3 H), 

1.40-1.20 (m, 3 H), 1.64 (s, 3 H), 1.98-2.12 (m, 3H), 2.18-2.28 (m, 1H), 2.34-2.44 (m, 

1H), 3.97 (s, 2H), 5.36 (m, 1H), 9.73 (t, J = 2.3 Hz, 1H). 13C NMR (CDCl3, 75 MHz, 

ppm): δ 13.6, 19.8, 24.9, 27.8, 36.5, 50.9, 68.9, 125.6, 135.1, 202.8. 7: 1H NMR (CDCl3, 

300 MHz, ppm): δ 0.94 (d, J = 6.7 Hz, 3 H), 1.32-1.41 (m, 1 H), 1.43-1.54 (m, 1 H), 1.67 

(s, 3 H), 2.00-2.10 (m, 1 H), 2.20-2.42 (m, 4 H), 6.40 (td, J = 7.3, 1.1 Hz, 1 H), 9.32 (s, 1 

H), 9.69 (t, J = 2.0, 1 H). 13C NMR (CDCl3, 75 MHz, ppm): δ 9.0, 19.5, 26.3, 27.7, 35.2, 

50.7, 139.5, 153.5, 194.8, 201.7 [24]. 

 

 

 

In a mortar a mixture of PCC (0.26g, 1.2 mmol) and equivalent weight of silica 

gel was grinded to a paste. This light orange mixture then added to a 3 neck 50 ml RB. 

3ml of dry CH2Cl2 was added and stir it under Argon for couple of minutes. 9 (0.10 g, 0.6 

mmol) in 2ml of CH2Cl2 was added drop wise. After the addition, mixture was stirred at 

room temperature for 2 hours.  The resulting dark suspension was diluted with diethyl 

ether (20ml), filtered through Celite (1cm) and silica get (4cm). The resulting extract was 

concentrated under vacuum and purified using column chromatography (30% yield) [24]. 



30 

 

 

 

In a 25ml 1-neck RB flask with argon inlet dissolved Oxalyl Chloride (0.185 g, 

14.3 mmol) in 4 ml of CH2Cl2. The reaction mixture was cooled to -78oC and DMSO 

(2.2g, 28.5 mmol) was added. The resulting mixture was stirred for 10 minutes. A 

solution of 9 (1.2 g, 7.1 mmol) in CH2Cl2 (4 ml) was added and stirred for 15 minutes. 

Then was added 4 ml of Et3N. After 15minutes the reactions was warmed to 0oC. Ten 

minutes later TLC showed the completion of reaction. The reaction mixture was purified 

using column chromatography using 20% EtOAc-Hexane as Eluent. The product was a 

pale yellow oil (1.65g, 92% yield) [23]. 

Characterization for 10 is given above.  

 

42 (494 mg, 3.0 mmol) was dissolved in Diethyl Ether (3 mL) and then added to 

N-methylaniline (317 mg, 3.0 mmol) in hexane (5 mL). After the mixture was stirred for 

48 h at 20 °C, the hexane layer wasconcentrated under reduced pressure. The crude 

compound was subjected to medium-pressure column chromatography and the yield was 

purified by using silica gel column chromatography and 20% yield was observed.1H 

NMR (CDCl3, 300 MHz, ppm): δ 1.00 (d, J = 6.7 Hz, 3 H), 1.03-1.08 (m, 1 H), 1.17-1.21 
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(m, 1 H), 1.54 (t, J = 1.2 Hz, 3 H), 1.72-1.88 (m, 2 H), 1.96-2.10 (m, 2 H), 2.27-2.39 (m, 

1 H), 2.89 (s, 3 H), 4.62 (d, J = 10.3 Hz, 1 H), 6.14 (t, J =1.3 Hz, 1 H), 6.72-6.80 (m, 1 

H), 6.85-6.90 (m, 2 H), 7.13-7.20 (m, 2 H)  

13C NMR (CDCl3, 75 MHz, ppm): δ 17.0, 21.5, 32.7, 33.2, 33.7, 36.5, 42.2, 45.5, 88.4, 

113.1, 115.9 (2C), 119.2, 129.0 (2C), 137.6, 150.7 [23]. 

 

 

 

 

To a solution of 51(330 mg, 1.28 mmol, 1 eq) in THF:H2O (9:1 v:v, 10 ml ) was 

added  

p-toluenesulfonic acid monohydrate (226 mg, 1.28 mmol, 1 eq). After 5 h, the reaction 

mixture  

was diluted with diethyl ether (25 ml), washed with 5% NaHCO3(3×20 ml) and brine (1 

×25 ml). The organic phase was dried over MgSO4 (anhydrous), was filtered, and 

concentrated by rotary evaporation. The pale brown residue was purified by silica gel 

column chromatotography (gradient, 8*15% EtOAc in hexanes) to yield nepetalactol as a 

clear oil (181 mg, 84%), 1H NMR (CDCl3, 300 MHz, ppm): δ 1.05 (d, J = 6.8 Hz, 3 H), 

1.09-1.14 (m, 1 H), 1.26-1.38 (m, 1 H), 1.52 (t, J = 1.1 Hz, 3 H), 1.59-1.66 (m, 1 H), 
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1.77-1.99 (m, 3 H,), 2.34-2.47 (m, 1 H), 3.19 (s, 1 H), 4.81 (m, 1 H), 5.97 (t, J = 1.2 Hz, 1 

H). 13C NMR (CDCl3, 75 MHz, ppm): δ 16.3, 20.6, 30.8, 33.3, 35.9, 38.7, 50.5, 94.4, 

113.6, 134.2 [23]. 

 

 

 

To a solution of 52 (100 mg, 0.60 mmol) in benzene (8.5 mL) under Ar was 

added Ag2CO3/Celite (50% by weight, 4.92 g, 9.0 mmol). The reaction mixture was 

heated to reflux for 1.25 h and filtered through Celite, freed of solvent by rotary 

evaporation, and purified by silica gel column chromatography (10% EtOAc in hexanes) 

to yield nepetalactone (14) as a pale yellow oil (71 mg, 70%).1H NMR (CDCl3, 300 

MHz, ppm): 1.17 (d, J = 6.3 Hz, 3H), 1.14-1.26 (m, 1H), 1.46-1.57 (m, 1H), 1.59-1.61 

(m, 3H), 1.82-1.93 (m, 1H), 1.95-2.08 (m, 1H), 2.27-2.46 (m, 2H), 2.68-2.78 (q, 7.6 Hz, 

1H), 6.15 (t, J = 1.3 Hz, 1H).13C NMR (CDCl3, 75 MHz, ppm): 15.7, 20.5, 31.2, 33.3, 

40.0, 41.0, 49.6, 115.6, 133.9, 171.1 [23]. 
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In a 3 neck RB flask 53 (0.1 g, 0.6mmol) was dissolved in 3ml of the solvent*. 

Freshly recrystallized DDQ (0.2g, 0.9mmol) was added to the solution and refluxed 

under argon for 16-48 hours. The reaction mixture was then diluted with diethyl ether 

(200ml) and washed with  10% Na2S2O3 (3 X 200ml), Brine (200ml) and Water (200ml). 

The organic layer was separated, dried over anhydrous MgSO4 and concentrated under 

vacuum. 1HNMR showed very slow reaction in any of the three solvents chose or 

independent of the duration of the experiments. Traces of products with some byproducts. 

Starting material was recovered [16]. Solvent*= Dioxane, Benzene or THF. 

 

 

 

O

O

O
O

 

53 (0.770g, 4.6mmol) was dissolved in 15ml of the solvent* in a three neck RB 

flask. Freshly prepared IBX (1.3g, 4.6mmol) was added to the solution and heat it at 

different temperatures for 2hours. Mixture was diluted with water (100ml) and extracted 

with diethyl ether (6×100ml). The organic layer was washed with brine (5×100ml) 

separated it dried over anhydrous MgSO4. Concentrated under Vacuum and took the 

crude 1HNMR. Result was multiple alkene products [25].  

Solvent* =DMSO or Benzene. Temp*= 45oC, 60oC or 80oC. 
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O

O

O
O

 

53 (0.08g, 0.5mmol) was dissolved in 10ml of CCl4 in a three neck RB flask. 

Freshly recrystallized NBS  (0.086g, 0.5mmol) was added along with Benzoyl Peroxide 

(0.024g, 0.1mmol) to the solution. Bubble Argon through the solution for 20minutes and 

then heated to reflux for 1hour. The reaction was cooled the reaction to 0oC in an ice bath 

and filtered off the precipitate. Filtrate was concentrated under rotatory evaporator and 

recorded the 1H-NMR of the crude. The crude was then dissolved in 0.131ml of CH2Cl2 

and added di-isopropylethyl amine (DIPEA) (0.097g, 0.75mmol). Heated to reflux for 

1hour.  Reaction was quenched with diluted HCl (100ml) and extracted with diethyl ether 

(6×100ml). The organic layer was washed with brine (5×100ml) separated it dried over 

anhydrous MgSO4. Concentrated under Vacuum and took the crude 1HNMR [26].  

 

O

O

O
O

 

53 (0.08g, 0.5mmol) was dissolved in 2ml of CCl4 in a three neck RB flask. 

Freshly recrystallized NBS(0.086g, 0.5mmol) was heated to reflux for 15minutes under a 

General Electric Lamp. After cooling the mixture was filtered diluted with 5mils of CCl4, 
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treated with (0.100g, 0.5mmol) of 1,5-diazabicyclo[4,3,0] non-5-ene, and heated to reflux 

for 30miutes. The mixture was cooled, washed with 1MH2SO4 and the organic layer was 

dried over anhydrous MgSO4. The filtrate was concentrated under Vacuum and took 

1HNMR [27]. 

O

O

O
O

 

53 (0.100g, 0.6mmol) was dissolved in 6ml of CCl4 in a three neck RB flask 

attached with an addition funnel at one neck and a reflux condenser on the other. Cool the 

solution in an ice bath and stir it under argon for 10minutes. Add bromine (0.386g, 

2.41mmol) drop wise, while stirring, until the brown color persists. Stir it under argon for 

10minutes. Warm it to room temperature and stir it for 30minutes. Excess bromine was 

washed off with 10%Na2S2O4 (100ml) and organic layer was concentrated, dissolved in 

3ml of CCl4, and Base* (3equivalent to 53) and heated it to reflux for 2hours. Reaction 

was cool to room temperature and quenched with 1M HCl (100ml). Organic layer was 

extracted with CH2Cl2 (100ml). The organic layer was washed with brine (3×100ml) 

separated it dried over anhydrous MgSO4. Concentrated under Vacuum and crude 

mixture was purified using Column Chromatography (Neutral Alumina, 20% diethyl 

ether/Petroleum ether). Product isolated in 20% yield as a light yellow oil. 1HNMR 

(CDCl3, 300MHz, ppm) 7.19(1,s),3.26(1,br q,J=7.1Hz), 2.69(2,m), 2.32(2,m), 

1.93(3,d,J=1.2Hz), 1.27(3,d,J=7.1Hz); 13CNMR: (CDCl3, 75 MHz, ppm): 12.9, 18.9, 
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31.2, 38.2, 114.2, 130.3, 146.7, 159.4, 162.3. IR(neat) 1715,1690,1555,1115, and 940cm-

1. HRMS: (C10H12O2)Na+ : 187.073004u [26][27], . 

Base* = DBU, TEA, DABCO, DIPEA 

 

 

To a solution of 53 (0.42g, 2.5mmol) in CCl4 (1.3ml) cooled to 0 °C was added a 

solution of bromine (4.4g, 25mmol) in CCl4 (0.69ml) over a period of 30minutes. The 

resulting mixture was washed with 10% aqueous sodium thiosulfate solution and the 

organic layer was concentrated and dried. This residue was then dissolved in 1:1 

THF/H2O (10ml) and stirred overnight at room temperature. The mixture was then 

concentrated, organic layer was extracted with ether (50ml), and dried over anhydrous 

MgSO4 to yield 57 as light yellow oil.      1H NMR (300 MHz, CDCl3, ppm) 9.36 (s, 1H,), 

2.92 (m, 2H) 2.34 (m, 1H) 1.96 (m, 2H), 1.78 (s, 3H), 1.54 (m, 2H), 1.05 (d, J= 6.5 Hz, 

3H). 13C NMR (300 MHz, CDCl3, ppm) 192.2, 181.0, 74.5, 51.4, 48.5, 38.3, 33.8, 28.9, 

23.0, 16.0. 2D NMRs. HRMS (C10H14O3)Na+ : 205.083674u. 
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To a stirred solution of 53 (0.50, 3.0mmol) in CH2Cl2 (15.0 mL) under argon 

atmosphere at 0 °C was added m-CPBA (70%, 0.624 g, 3.6mmol). After 4.5 h of stirring 

4 at r.t., the solution was cooled again at 0 °C and quenched with an aqueous KOH 

solution (10wt%, 19.0 mL). The aqueous phase was extracted twice with CH2Cl2. The 

combined organic phases were dried over MgSO4 and concentrated under reduced 

pressure after filtration. The residue was purified by column chromatography (SiO2, 

Hexane/AcOEt 10:1 to 5:1) to afford 15 (50%) as colorless oil.1H NMR (300 MHz, 

CDCl3, ppm) 4.98 (d, J= 1.5 Hz, 1H), 2.82 (m, 1H), 2.64 (sextet d, J= 7.0, 3.5 Hz, 1H), 

2.46 (dd, J= 9.0, 3.5 Hz, 1H), 2.02 (m, 1H), 1.97 (m, 1H), 1.41 (m, 1H), 1.37 (s, 3H), 

1.27 (m, 1H), 1.09 (d, J= 7.0 Hz, 3H). 13C NMR (300 MHz, CDCl3, ppm) 170.5, 83.2, 

59.2, 49.5, 42.0, 36.9, 33.4, 29.4, 21.7, 18.4. 

 

 

 

 

A solution of 54 (0.546 g, 3.0 mmol) in MeONa (0.1 N in MeOH, 50 mL, 3.0 

mmol) under argon atmosphere was stirred at 0°C for 45 min. The solution was 

neutralized to pH=6 by adding AcOH and concentrated under reduced pressure. The 
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residue was purified by column chromatography (SiO2, Hexane/AcOEt 5:1 to 2:1) to 

afford 55 (73%) as colorless oil. 

1H NMR (300 MHz, CDCl3, ppm) 9.75 (s, 1H,), 2.80 (m, 2H) 2.40 (m, 1H) 1.88 (m, 2H), 

1.47 (s, 3H), 1.44 (m, 1H), 1.25 (m, 1H), 1.17 (d, J= 6.5 Hz, 3H). 13C NMR (300 MHz, 

CDCl3, ppm) 201.2, 179.0, 87.9, 52.6, 49.7, 38.3, 35.5, 27.8, 23.3, 21.1 [23]. 

 

 

A mixture of 57 or 55 (0.25g, 1.4mmol), CH3SO3H (1.0g, 10.4mmol), and 

Phosphorous Pentoxide (0.04g, 0.14mmol) was stirred at 60oC for 2h. The reaction 

mixture was cooled to room temperature, diluted with diethyl ether (50ml), washed with 

saturated aqueous NaHCO3 (2×100ml) and brine (100ml). The organic layer was dried 

over anhydrous MgSO4 and the solvent was concentrated under vacuum. The crude 

mixture was then purified by using column chromatography (Neutral Alumina, 20% 

Et2O/Petroleum ether) [24]. 
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To a solution of 57 (0.025g, 0.14mmol) in 2ml of CCl4,  Di-Isopropyl Ethyl 

Amine (DIPEA, 0.35g, 1.4mmol) was added and was refluxed for 2h. The reaction 

mixture was cooled to room temperature, diluted with diethyl ether (50ml), washed with 

10% HCl (2×100ml) and brine (100ml). The organic layer was dried over anhydrous 

MgSO4 and the solvent was concentrated under vacuum. The crude mixture was then 

analyzed by using 1HNMR and GCMS. The percent composition of the product and the 

byproduct was calculated using 1HNMR studies.  

 

 

Photolysis general procedure: All reactions were done under argon. Reactions 

were conducted in Pyrex glassware and different conditions applied were shown in Table 

2. A 10 -200mg of Nepetapyrone was dissolved in certain amount of solvent to attain the 

concentration proposed and then photolyzed for different duration. Reaction was checked 

at different intervals by using GC-MS, 1H and 13C NMRs. The product was then purified 

using column and preparative TLC. 1H NMR (CDCl3, 300 MHz, ppm)  4.43 (1H, s),  

4.09 (1H, s), 2.36 (1H, m), 2.34 (1H, m), 2.30 (2H, m), 2.29 (1H, m), 2.12 (1H, m), 1.88 
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(1H, m), 1.86 (1H, m), 1.78 (6H, s), 1.57 (1H, m), 1.39 (1H, m), 1.30 (3H, d, J= 6.7 Hz), 

1.04 (3H, d,  J=6.9 Hz); 13C NMR (CDCl3, 300MHz, ppm) 174.2 171.9, 142.5, 140.8, 

132.2, 87.7), 79.1, 67.3, 65.0, 43.5, 41.3, 31.4, 30.6, 26.7, 25.6, 16.8, 16.6, 16.0, 14.0. 

Crystal structure is given at the end of the chapter. HRMS: (C20H24O4)Na+ : 

351.156743u.  MP: Decomposed/Charred after 100oC. 

 

 

In a closed vial 10mg of Nepetanudone was taken and kept it in an oven at 100oC 

for 30 minutes. The reaction mixture was then dissolved in CDCl3 and product formation 

was observed using 1HNMR and GCMS. No Product was observed and an increasing 

level of polymerization and decomposition of the starting material was observed.  
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APPENDIX A 

 

X-ray crystallographic data 
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Figure 2: shows side view of a perspective drawing of the structure of C14H16O4.   The oxygen 

atoms are represented by medium-sized shaded spheres and carbon and hydrogen 

atoms are represented by medium and small open spheres, respectively. The 

molecule occupies an inversion center at (½, ½, ½) in the unit cell; non-hydrogen 

atoms in the asymmetric unit are labeled. 

Figure 3: show projections of the unit cell when viewed down the a , b  and c   axes in 

crystalline C14H16O4 with atoms represented as in Figure 1.  Hydrogen atoms 

have been omitted from these views for purposes of clarity. 
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Identification code  a76q 

Empirical formula  C14 H16 O4 

Formula weight  248.27 

Temperature  193(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  Pbca -  D15
2h  (No. 61) 

Unit cell dimensions a = 11.115(2) Å 

 b = 7.864(1) Å 

 c = 13.436(2) Å 

Volume 1174.3(3) Å3 

Z 4 

Density (calculated) 1.404 g/cm3 

Absorption coefficient 0.103 mm-1 

F(000) 528 

Crystal size 0.23 x 0.19 x 0.10 mm3 

Theta range for data collection 4.39 to 30.00° 

Index ranges -15≤h≤15, -11≤k≤11, -18≤l≤18 

Reflections collected 11685 

Independent reflections 1701 [R(int) = 0.0448] 

Completeness to theta = 30.00° 99.6 %  

Absorption correction SADABS 
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Max. and min. transmission 0.9898 and 0.9768 

Refinement method Full-matrix least-squares on F2 

Data / parameters 1701 / 114 

Goodness-of-fit on F2 1.085 

Final R indices [1518  I>2σ(I) data] R1 = 0.0459, wR2 = 0.1165 

R indices (all data) R1 = 0.0507, wR2 = 0.1210 

Largest diff. peak and hole 0.445 and -0.225 e-/Å3 

------------------------------------------------------------------------------------------------------------

------------ 

R1 =  ||Fo| - |Fc|| /  |Fo|  

wR2 = {  [w(Fo
2
 - Fc

2
)
2
] /  [w(Fo

2
)

2
] }

1/2
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 Table 2.  Atomic coordinates a,b  ( x 104) and equivalent  isotropic displacement 

parameters  

(Å2x 103) for C14H16O4 

 

________________________________________________________________________

_____  

 x y z U(eq) c 

________________________________________________________________________

_____   

O(1) 3852(1) 2781(1) 3389(1) 30(1) 

O(2) 5335(1) 7380(1) 5121(1) 21(1) 

C(1) 4499(1) 3419(1) 4004(1) 20(1) 

C(2) 5181(1) 5073(1) 3852(1) 19(1) 

C(3) 4516(1) 6603(1) 4400(1) 20(1) 

C(4) 3404(1) 6005(1) 4941(1) 21(1) 

C(5) 3536(1) 5185(1) 5800(1) 20(1) 

C(6) 4247(1) 8013(2) 3664(1) 28(1) 

C(7) 2538(1) 4529(2) 6436(1) 26(1) 

________________________________________________________________________

______  

a  The numbers in parentheses are the estimated standard deviations in the last 
significant digit. 

b  Atoms are labeled in agreement with Figures 1 -3. 

c      U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
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 Table 3.   Bond lengths [Å] and angles [°] for C14H16O4 
a,b,c   

________________________________________________________________________

_____  

O(1)-C(1)  1.2051(13) 

O(2)-C(1)#1  1.3452(13) O(2)-C(3)  1.4632(13) 

C(4)-C(5)  1.3299(15) 

C(1)-C(2)  1.5189(14) 

C(2)-C(5)#1  1.5139(15) 

C(3)-C(4)  1.5084(15) 

C(2)-C(3)  1.5930(14) 

C(3)-C(6)  1.5157(15) 

C(5)-C(7)  1.4927(15) 

C(2)-H(2)  0.97(2) 

C(4)-H(4)  0.94(2) 

C(6)-H(6A)  0.98(2) 

C(6)-H(6B)  0.99(2) 

C(6)-H(6C)  0.99(2) 

C(7)-H(7A)  0.95(2) 

C(7)-H(7B)  0.98(2) 

C(7)-H(7C)  0.97(2) 

C(1)#1-O(2)-C(3) 117.90(8) 

O(1)-C(1)-O(2)#1 119.08(10) 

O(1)-C(1)-C(2) 124.22(10) 

O(2)#1-C(1)-C(2) 116.68(9) 

C(5)-C(4)-C(3) 118.56(9) 

C(5)-C(4)-H(4) 124.1(9) 

C(3)-C(4)-H(4) 117.3(9) 

C(4)-C(5)-C(7) 125.59(10) 

C(4)-C(5)-C(2)#1 115.91(9) 

C(7)-C(5)-C(2)#1 118.50(10) 

C(5)#1-C(2)-C(1) 108.30(8) 

C(5)#1-C(2)-C(3) 113.32(8) 

C(1)-C(2)-C(3) 110.65(8) 

C(5)#1-C(2)-H(2) 110.9(8) 

C(1)-C(2)-H(2) 107.1(9) 

C(3)-C(2)-H(2) 106.4(8) 

O(2)-C(3)-C(4) 108.77(8) 

O(2)-C(3)-C(6) 104.42(9) 
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C(4)-C(3)-C(6) 112.37(9) 

O(2)-C(3)-C(2) 109.40(8) 

C(4)-C(3)-C(2) 111.57(8) 

C(6)-C(3)-C(2) 110.03(9) 

C(3)-C(6)-H(6A) 113.3(11) 

C(3)-C(6)-H(6B) 110.1(11) 

H(6A)-C(6)-H(6B) 106.9(15) 

C(3)-C(6)-H(6C) 108.4(10) 

H(6A)-C(6)-H(6C) 107.7(14) 

H(6B)-C(6)-H(6C) 110.3(14) 

C(5)-C(7)-H(7A) 110.5(11) 

C(5)-C(7)-H(7B) 110.1(11) 

H(7A)-C(7)-H(7B) 109.7(15) 

C(5)-C(7)-H(7C) 109.5(12) 

H(7A)-C(7)-H(7C) 110.2(15) 

H(7B)‐C(7)‐H(7C)         106.7(16) 

 

____________________________________

___ 
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 Table 4.   Anisotropic displacement parameters (Å2x 103) for C14H16O4 
a,b,c 

________________________________________________________________________

______  

 U11 U22  U33 U23 U13 U12 

________________________________________________________________________

______  

O(1) 30(1)  35(1) 24(1)  -5(1) -4(1)  -9(1) 

O(2) 23(1)  20(1) 21(1)  -1(1) 0(1)  -2(1) 

C(1) 20(1)  22(1) 19(1)  -2(1) 2(1)  0(1) 

C(2) 20(1)  22(1) 16(1)  0(1) 1(1)  -1(1) 

C(3) 20(1)  21(1) 18(1)  1(1) -1(1)  0(1) 

C(4) 17(1)  22(1) 23(1)  -1(1) 1(1)  2(1) 

C(5) 18(1)  20(1) 22(1)  -3(1) 3(1)  0(1) 

C(6) 30(1)  26(1) 27(1)  8(1) 0(1)  4(1) 

C(7) 24(1)  27(1) 28(1)  -1(1) 7(1)  -4(1) 

________________________________________________________________________

______  

a The numbers in parentheses are the estimated standard deviations in the last significant 
digit. 

b The form of the anisotropic thermal parameter is:  exp[-22 (U11h
2a*2 + U22k

2b*2 + 
U33l

2c*2 + 2U12hka*b* + 2U13hla*c* + 2U23klb*c*)]. 

c Atoms are labeled in agreement with Figures 1 and 2.
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 
3) 

for C14H16O4
a,b 

________________________________________________________________________

______  

 x  y  z  U(eq) 

________________________________________________________________________

______  

H(2) 5156(13) 5328(18) 3143(11) 23(3) 

H(4) 2655(14) 6220(20) 4636(11) 27(4) 

H(6A) 3905(15) 9030(30) 3973(13) 42(5) 

H(6B) 3660(16) 7620(20) 3162(14) 37(4) 

H(6C) 5010(16) 8350(20) 3337(12) 36(4) 

H(7A) 2521(15) 5110(20) 7056(14) 41(5) 

H(7B) 2637(18) 3310(30) 6548(13) 49(5) 

H(7C) 1780(19) 4670(20) 6093(14) 51(5) 

________________________________________________________________________

______  

a All hydrogen atoms were located from a difference Fourier map and refined as 
independent isotropic atoms. 

b Hydrogen atoms are labeled with the same numerical subscript(s) as their respective 
carbon  atoms with an additional literal subscript (a, b or c) to distinguish between 
hydrogens bonded to the same carbon atom.   
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Table 6.  Torsion angles [°] for C14H16O4 

________________________________________________________________  

O(1)-C(1)-C(2)-C(5)#1 -133.61(11) 

O(2)#1-C(1)-C(2)-C(5)#1 44.78(12) 

O(1)-C(1)-C(2)-C(3) 101.62(12) 

O(2)#1-C(1)-C(2)-C(3) -79.99(11) 

C(1)#1-O(2)-C(3)-C(4) 43.75(12) 

C(1)#1-O(2)-C(3)-C(6) 163.91(9) 

C(1)#1-O(2)-C(3)-C(2) -78.34(10) 

C(5)#1-C(2)-C(3)-O(2) -0.27(11) 

C(1)-C(2)-C(3)-O(2) 121.59(9) 

C(5)#1-C(2)-C(3)-C(4) -120.67(9) 

C(1)-C(2)-C(3)-C(4) 1.20(12) 

C(5)#1-C(2)-C(3)-C(6) 113.89(10) 

C(1)-C(2)-C(3)-C(6) -124.24(10) 

O(2)-C(3)-C(4)-C(5) -44.40(13) 

C(6)-C(3)-C(4)-C(5) -159.50(10) 

C(2)-C(3)-C(4)-C(5) 76.37(12) 

C(3)-C(4)-C(5)-C(7) 179.18(10) 

C(3)-C(4)-C(5)-C(2)#1 -0.28(14) 

________________________________________________________________________

______  

Symmetry transformations used to generate equivalent atoms: #1 1-x, 1-y, 1-z
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Table 1. Crystal, data collection, and refinement data for  nepetanudone (1) 

Formula  C20H24O4

Formula weight  328.41  

Color            Colorless   

Habit  Prismatic   

Dimensions (mm)  0.30 X 0.25 x  0.30  

Crystal system  Orthorhombic   

Space group  P21212   

a(A)  10.245(3)   

b(A)  17.103(3)   

c(A)  9.879(3)   

V(A3)  1730.9(7)   
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Z  4   

Dcaled(g cm-3)  1.260   

U(cm-1)  6.63   

Transmission factors  0.952-0.998   

2Tmax(°) Total reflections  158.3 4164   

Unique reflections  2169   

hkl range  -21,21;0, 13; -12, 12  

Observed reflections (I > 2T(I)  1690  

R;Rw  0.045; 0.064  

Parameters  314  

(A/(T)max  0.03  

Pmin; Pmax  -0.11; 0.14  

 

 

Table 2. Atomic coordinates and Beq values  

Atom  x  y 
 z  Beq    

01  0.2938(2) 
 0.874(1) 
 0.9412(2) 
 4.75(5)    

02  0.0804(2) 
 0.6208(1) 
 0.5734(2) 
 5.24(5)    

O3  0.1694(2) 
 0.76975(8
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)  0.9426(1) 
 3.29(3)    

O4  0.2149(2) 
 0.72125(9
)  0.5696(1) 
 3.18(3)    

C1  0.2011(2) 
 0.8356(1) 
 0.7262(2) 
 2.80(4)    

C2  0.2921(2) 
 0.7753(1) 
 0.6482(2) 
 2.89(4)    

C3  0.3825(3) 
 0.7317(1) 
 0.7419(2) 
 3.30(5)    

C4  0.3281(3) 
 0.6734(11
)  0.8090(2) 
 3.28(5)    

C5  0.3818(4) 
 0.6194(2) 
 0.9167(3) 
 4.86(7)    

C6  0.2600(4) 
 0.5784(2) 
 0.9713(3) 
 5.13(8)    

C7  0.1695(4) 
 0.5719(2) 
 0.8482(3) 
 4.54(7)    
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C8  0.1856(3) 
 0.6549(1) 
 0.7862(2) 
 3.23(5)    

C9  0.0932(2) 
 0.7153(1) 
 0.8625(2) 
 3.19(5)    

C10  0.0027(3) 
 0.7593(1) 
 0.7681(2) 
 3.32(5)    

C11  0.0581(2) 
 0.8177(1) 
 0.7023(2) 
 2.98(5)    

C12  0.0031(3) 
 0.8729(2) 
 0.5972(3) 
 4.23(6)    

C13  0.1233(3) 
 0.9171(2) 
 0.5480(3) 
 4.05(6)    

C14  0.2135(3) 
 0.9206(1) 
 0.6719(2) 
 3.66(5)    

C15  0.2285(2) 
 0.8296(1) 
 0.8768(2) 
 3.19(5)    

C16  0.1535(3) 
 0.6624(1) 
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 0.6357(2) 
 3.51(5)    

C17  0.5202(3) 
 0.7592(2) 
 0.7524(3) 
 4.91(8)    

C18  0.2127(5) 
 0.5055(2) 
 0.7557(4) 
 6.5(1)    

C19  -
0.1353(3)  0.7321(2) 
 0.7524(3) 
 4.85(7)    

C20  0.3482(4) 
 0.9535(2) 
 0.6478(4) 
 5.21(8)    

 

Table 3. Interatomic distances (A) for nepetanudone (1)a  

C(1I)-C(2)  1.589(3) 
 C(8)-C(9) 
 1.592(3)    

C(2)-C(3)  1.507(3) 
 C(9)-
C(10)  1.515(3)    

C(2)-0(4)  1.443(3) 
 C(9)-0(3) 
 1.450(3)    

C(3)-C(4)  1.320(4) 
 C(10)-
C(11)  1.321(3)    
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C(3)-C(17)  1.491(4) 
 C(10)-
C(19)  1.496(4)    

C(4)-C(5)  1.513(3) 
 C(11)-
C(12)  1.513(3)    

C(4)-C(8)  1.510(4) 
 C(1)-
C(11)  1.515(3)    

C(5)-C(6)  1.530(5) 
 C(12)-
C((13  1.524(4)    

C(6)-C(7)  1.533(4) 
 C(13)-
C(14)  1.534(4)    

C(7)-C(8)  1.554(3) 
 C(1)-
C(14)  1.554(3)    

C(7)-C(18)  1.524(4) 
 C(14)-
C(20)  1.509(4)    

C(8)-C(16)  1.529(3) 
 C(1)-
C(15)  1.517(3)    

O(2)-C(16)  1202(3) 
 0(1)-
C(15)  1.196(3)    

O(4)-C(16)  1355(3) 
 0(3)-
C(15)  1.356(3)    
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APPENDIX B 

 

 

 

1H, 13C and 2DNMR spectra 
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