




192

14
CH-

1R = Ac 
2R  = H

Ac = C-
1 '

■c h 3
2 '

h 2
Pd/C

CH.

••'illOR

CH-

3R = Ac 
4 R = H

CH-

CH-
CH-

Scheme 5.1



193

Table 5.1 13C NMR assignments for compounds 1, 3-5.a

Carbon atom 1 3 4 5

1 48.4 43.0 42.6 47.9
2 23.4 23.7 23.9 22.9
3 39.8 37.4 38.6 37.2
4 217.6 217.1 219.0 216.4
5 54.4 52.5 52.6 53.7
6 6 8 . 8 66.9 65.0 6 8 . 2

7 45.5 155.8 161.9 46.5
8 79.8 82.9 83.3 82.0
9 31.1 29.5 29.3 31.1

1 0 35.6 36.3 37.7 35.6
1 1 136.1 127.2 124.5 40.8
1 2 169.5 173. l b 174.7 178.6
13 123.0 17.8 17.9 1 2 . 2

14 15.7 10.4 10.4 13.8
15 13.5 8.7 8 . 6 14.8
C-l* 169.5 169.5b — 169.8
C-2* 2 1 . 0 2 1 . 1 — 2 1 . 2

a = Spectra were recorded at 200MHz in CDC13 with Me4Si as internal standard, 
h = intffmhancwflble signals
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!H  NMR and 13C NMR spectra were recorded on a Bruker-AC-200 

spectrometer in CDCI3  using SiMe4  as an internal standard. Mass spectra were 

recorded on a HP5985 spectrometer. Infrared spectra were recorded on a Perkin- 

Elmer 1760x spectrometer in film on NaCl plates.

Chromatographic separations were made on silica gel (60-200M, J. T. Baker 

Chemical Co.).

X-ray intensity data were collected by to-20 scans on an Enraf-Nonius CAD4 

diffractometer equipped with CuK a radiation (k  = 1.54184A) and a graphite 

monochromator. One hemisphere of data was collected within 2° < 0 < 75°. The 

structure was solved using direct methods and refined by full-matrix least squares 

using the Enraf-Nonius SDP. Nonhydrogen atoms were refined anisotropically. 

Hydrogen atoms were located by difference maps; those of the acetate group were 

allowed to ride on the carbon atoms to which they are bonded, with refined 

isotropic thermal parameters, while all other hydrogen atoms were refined 

isotropically.

A sample of confertiflorin (1) had been previously isolated from Ambrosia  

confertiflora. Conferiflorin (1) IR 1761, 1735, 1656cm'1; *H NMR (Fig. 5.1): 

8  6.23 (d ,lH ,C 1 3 -Hb,J=3Hz), 5.58 (d ,lH ,C I 3 -HafJ=3Hz), 5.30 (ddd,lH ,C8-

H,J=9,9,3Hz), 4.57 (d,lH ,C 6 -H,J=9Hz), 3.46 (m ,lH ,C 7 -H), 2.03 (s,3H,OAc),

I.13 (d,3H,C1 4 -CH3,J=7Hz), 1.02 (s,3H,C1 5 -CH3); MS m/z (relative intensity) 

306 (M+) (0.5), 247 (M-59+) (2.8), 246 (M-60+) (10.7), 231 (M-75+) (100).

C a ta ly tic  h y d rogenation  of co n fe rtif lo rin  (1). Confertiflorin (1) 

(190mg) was dissolved in 10ml of methanol and 20mg of 10% Pd-charcoal catalyst 

was added. The solution was catalytically hydrogenated for 3hrs. After this time, 

the solution was filtered to remove the catalyst and the solvent was evaporated. The
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products were separated by silica gel column chromatography eluting with 60/40 

hexane/ethyl acetate and gradually increasing the polarity of the mobile phase. 

Isoconfertiflorin (3) (80mg, 44%) eluted in the early fractions followed by 

dihydroconfertiflorin (5) (62mg, 34%), followed by desacetylisoconfertiflorin (4) 

(20mg, 13%).

Isoconfertiflo rin  (3) IR 1752, 1735cm’1; l H NMR (Fig. 5.2): 5 5.97 

(d d ,lH ,C 8 -H,J=6 ,lH z), 4.73 (d ,lH ,C 6 -H,J=2Hz), 2.05 (s,3H,OAc), 1.87 

(d,3H ,C 1 3 -CH 3 ,J=2Hz), 1.01 (d,3H,C 1 4 -CH 3 ,J=7Hz), 0.80 (s,3H,C 1 5 -CH3); 

MS mlz (relative intensity) 306 (M+) (0.1), 246 (M-60+) (2.9). The molecular 

structure of isoconfertiflorin (3) is shown in Figure 5.5. Crystal data for 3: 

^  17^22®5> = 306.4, trigonal space group P 3j, a = 10.4498(5), c =

12.7516(8) A, Z = 3, Dc = 1.266gcm'3, R = 0.026 for 1666 observed data.

D esacetylisoconfertiflorin (4) IR 3475, 1743cm-1; ^  NMR (Fig. 5.3): 5

5.13 (m,lH,Cg-H), 4.96 (d,lH ,C 6 -H,J=2Hz), 1.81 (d,3H,C 1 3 -C H 3 ,J=2Hz), 

1.00 (d,3 H ,Ci4 -CH 3 ,J=7 Hz), 0.75 (s,3 H ,Cj5 -CH3); MS mlz (relative intensity) 

264 (M+) (9.9), 249 (M-15+) (10.5), 246 (M-18+) (36.8), 231 (M-33+) (35.2).

D ihydroconfertiflorin (5) IR 1770, 1735cm-1; ^  NMR (Fig. 5.4): 5 5.23 

(d d d ,lH ,C 8 -H ,J=10,8,4Hz), 4.65 (d ,lH ,C 6 -H,J=9Hz), 3.15 (dd ,lH ,C 7- 

H,J=10Hz), 2.03 (s,3H,OAc), 1.21 (d,3H,C 1 3 -CH 3 ,J=8Hz), 1.21 (d,3H,C14- 

CH3 ,J=8 Hz), 1.09 (s,3H,C1 5 -CH3); MS mlz (relative intensity) 308 (M+) (1.3), 

293 (M-15+) (1.2), 249 (M-59+) (2.9).
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Introduction

Many germacranolides contain oxygen functionalities at C-2, C-3, and C-9 

(Scheme 5.2) indicating biogenetic allylic oxidations with methylene preference 

over methyl groups. Most in vitro biomimetic allylic oxidations of germacrolides 

have been carried out with tert-butyl hydroperoxide (tBuOOH) in the presence of 

selenium dioxide2  (SeC>2 ) and result in specific allylic methyl group oxidation. The 

opposite regioselectivity has not been observed.

Attempts were made to carry out a regiospecific allylic methylene oxidation (at 

C-2 or C-9) of a germacrolide (dihydroparthenolide, Scheme 5.3) using chromium 

trioxide-pyridine complex and tBuOOH in the presence of a chromium carbonyl 

catalyst.

Dauben et al. 2  reported that the chromium trioxide-pyridine oxidation of alkenes 

to a,|3-unsaturated ketones occurs with very little allylic oxidation at methyl 

groups. This selectivity (methylene > methyl) has been rationalized mechanistically 

as resulting from an initial hydrogen atom (or hydride) abstraction from the alkene 

to form an allylic radical (or carbocation) (Scheme 5.4). The resulting species is 

then oxidized at either end of the allylic radical (or carbocation) yielding an cc,|3- 

unsafuraied ketone.

Pearson et al .4  observed similar selectivities when alkenes were treated with 

tBuOOH in the presence of Cr(CO)g or Cr(CO)x(C H 3 C N )y species. The 

mechanism of this reaction has yet to be explored.

Results and Discussion

An attempt was made to carry out the allylic oxidation of dihydroparthenolide



204

Rl = a-OH, R2 = R3 = H Tamaulipin A 
Rl = H, R2 = a-OH, R3 =H Tamaulipin B
R1 = r 2 = H, R3 = P-OH Haageanolide
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(DHP, 6 ) at C-2 or C-9 using the improved procedure for the preparation of the 

chromium trioxide-pyridine complex developed by Ratcliffe and Rodenhorst. 5  In 

this procedure, the brick-red complex, CrC>3 -(pyr) 2  is not isolated but is used as 

prepared in a dichloromethane solution.

After standard work-up procedures , 3 *5  the *H NMR spectrum of the crude 

product mixture showed the presence of unreacted DHP (6,65%) and the diepoxide 

(9, 35%) (Scheme 5.4), 1,10-epoxydihydroparthenolide. Diepoxide 9 was 

separated from DHP (6 ) by silica gel column chromatography and was shown to 

be identical to the meta-chloroperoxybenzoic acid (mCPBA) epoxidation product of 

DHP (6 ). No allylic oxidation products were isolated.

Apparently, the oxidation potential of the chromium trioxide-pyridine complex 

is sufficient to effect electron transfer from the olefin (6 ) leading to formation of an 

epoxide (9) analogous to the reaction of chromyl chloride with olefins6  (Scheme 

5.6).

Allylic oxidation of DHP (6 ) was also attempted using tBuOOH in the presence 

of Cr(CO)x(CH 3 CN)y as a catalyst. The major product from this reaction was

1,10-epoxydihydroparthenolide (9). Some unreacted DHP (6 ) was also recovered. 

Again, no allylic oxidation products were isolated.

Experimental Section

Dihydroparthenolide (6 ) was isolated from the aerial parts o f Am brosia  

artemisiifolia? >8

P rep ara tio n  of the  chrom ium  triox ide-pyrid ine  com plex in DCM 

solution . 4  Chromium trioxide (1.2g) was dried in a vacuum dessicator over P2 O5  

for 24hrs. Distilled pyridine (2ml), which was stored over 4A molecular sieves,
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was added to 15ml of DCM in a round-bottom flask equipped with a drying tube. 

The solution was stirred at room temp, and the C1O 3  was then added. The solution 

turned from yellow to deep burgundy in 2  minutes.

A ttem pted allylic oxidation o f D H P (6 ) w ith chrom ium  trioxide- 

py rid ine  com plex. After stirring the DCM solution of the oxidant for an 

additional 15 minutes, a DCM solution of DHP (200mg) was added by syringe. 

The reaction mixture was stirred at room temp, for 24hrs. After this time, the 

solution was filtered and the filtrate was washed with saturated aqueous NaHC0 3 , 

dried over anhydrous Na2 SC>4 , and the solvent was evaporated. The residue was 

subjected to silica gel column chromatography from which unreacted DHP (6 ) and

1.10-epoxydihydroparthenolide (9) were isolated.

A ttem pted  allylic ox idation  of D H P (6 ) w ith tB uO O H  in the  

presence of Cr(CO )x(CH 3 CN)y. To a suspension of DHP (200mg, 0.8mmol) 

and Cr(CO)g (8 8 mg, 0.4mmol) in 10ml of acetonitrile was added 0.22ml of 70% 

tBuOOH. The reaction mixture was gently refluxed for 24hrs., cooled to room 

temp., and filtered. The filtrate was diluted with ether (100ml), washed with water 

(2 x 20ml) and saturated NaHC03  (2 x 15ml) and dried over anhydrous Na2 S0 4 . 

The solvent was evaporated and the residue was subjected to preparative TLC 

(eluting with 75/25 hexane/ethyl acetate) yielding both unreacted DHP (6 ) and

1.10-epoxydihydroparthenolide (9).
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Introduction

7-Hydroxy-a-methylene-y-lactones are molluscicidal compounds which may be 

effective PFK inhibitors. 1 ' 3  11-Hydroxysesquiterpene lactones can be converted to 

7 -hydroxy-a-methylene-y-lactones by dehydration to form the endocyclic double 

bond, followed by epoxidation, and then reductive opening of the epoxide. The 

first step in this synthetic sequence (see Scheme 1.4, Chapter 1), the dehydration of 

1 1 -hydroxysesquiterpene lactones was attempted using thionyl chloride in pyridine 

and with hexamethylphosphoramide (HMPA).

Results and Discussion

Secondary and tertiary alcohols can be dehydrated by treatment with thionyl 

chloride (SOCI2 ) in pyridine .4 -5  An attempt was made to dehydrate an epimeric 

mixture of tertiary alcohol 1 1 -hydroxydihydrocostunolide ( 1 0  and 1 1 ) under these 

conditions. The dehydration of compounds 10 and 11 generated a complex mixture 

of products from which the desired endocyclic elimination product isocostunolide 

(12) was isolated in small amounts by column chromatography. NMR data for 

the column fractions showed no evidence (no doublets at 6.2 and 5.5ppm) for the 

formation of any exocyclic double bond dehydration product costunolide (13).6

M onson7 -8  reported the direct solvent catalyzed dehydration of alcohols in 

hexamethylphosphoramide (HMPA) at reflux with little rearrangement products. 

The disadvantages of this method are the high temperature required for dehydration 

and the need to separate dime thy lamine from the products. An attempt was made to 

dehydrate lip-hydroxydihydrocostunolide (11) under these conditions. After 

reflux at 220-240°C for lhr., the solution turned black. TLC analysis of the ether
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extract of this residue showed no evidence of any sesquiterpene lactone products. 

Apparently, the harsh conditions required for solvent catalyzed dehydration lead to 

decomposition.

Experimental Section

*H NMR spectra were recorded on a Bruker-AC200 spectrometer in CDCI3  

using SiMe4  as an internal standard. Chromatographic separations were made on 

silica gel (60-200M, J. T. Baker Chemical Co.).

Dehydration of 11-hydroxydihydrocostunolide with SOClj in 

pyridine. A mixture of 11a- and llfS-hydroxydihydrocostunolide (20mg) was 

dissolved in 5ml of pyridine. Excess SOCI2  (1.5eq., 0.09ml) was added to the 

solution at room temp. The reaction solution was stirred for 3hrs. The solvent was 

evaporated and TLC analysis showed a complex mixture of products. Dry column 

(silica gel) chromatography was used to separate isocostunolide (12) (2-3mg) by 

eluting with mixtures of dichloromethane (DCM) and acetone.

Isocostunolide (12) *H NMR (Fig. 5.6): 8  5.87 (dd,lH ,C 6 -H ,J=4H z), 

5.13 (d ,lH ,C 5 -H ,J= 8 Hz), 4.92 (m ,lH ,C r H), 1.83 (s,3H ,C 1 3 -C H 3), 1.56 

(s,3H,C]5-CH3), 1.15 (s,3H,C14-CK3).

D ehydration  of llp -h y d ro x y d ih y d ro co stu n © Jid e  w ith  H M PA . A 

solution of 16mg of lip-hydroxydihydrocostunolide dissolved in 1 0 ml of 

hexamethylphosphoramide (HMPA) was refluxed at 220-240°C. After lhr., the 

solution changed from an initial yellow color to dark black. The reflux was 

stopped, the solution was cooled and then extracted with diethyl ether. The ether 

was evaporated and the residue was analyzed by TLC and NMR and showed no 

spots or signals indicative of a germacranolide skeleton.
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Introduction

The biosynthesis of germacrolides like compound 15 (Scheme 5.8) is not 

known, however, compounds of this type may be derived from Hoffman-like 

reductive opening of their corresponding epoxides (14). Reductive opening of 

epoxides has been achieved using aluminum isopropoxide (Al(iOPr)3 ) in refluxing 

toluene . 1 ' 3  This methodology has been efficiently used on a eudesmanolide type 

sesquiterpene lactones.4

Base-promoted isomerizations with lithium diethylamide and lithium 

diisopropylamide (LDA) have also been used to convert epoxides to allylic 

alcohols. 5  Bellesia et al. 6  used this methodology to carry out an in vitro synthesis 

of ageratriol (18) from its corresponding diepoxide (17) (Scheme 5.9).

Both of the above methodologies were used to attempt a Hoffman-type 

reductive opening of the 4,5-epoxide of dihydroparthenolide (14) (DHP).

Results and Discussion

An attempt was made to carry out the reductive opening of the 4,5-epoxide of 

DHP (14) with Al(iOPr ) 3  in refluxing toluene. After standard work-up 

procedures, 3  and following column chromatography, the transannular cyclization 

product dihydromichelliolide (19) was isolated (Scheme 5.10). The JH NMR data 

for compound 19 is identical to the major product resulting from the acid-catalyzed 

transannular cyclization of DHP (14) with BF3 -ether . 7  It is not known whether 

this cyclization occurs under the reaction conditions or whether it occurs during 

work-up when the residue is dissolved in a 1:1 mixture of ethyl acetate and 2N 

HC1. Acid is required in the work-up to liberate the allylic alcohol from the



220

CH

14

(i) or (ii)

CH

15

OH
CH

16

(i) Al(iOPr)3/toluene/reflux

(ii) LDA/THF/reflux

Scheme 5.8
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aluminum alkoxide intermediate8 -9  (Scheme 5.11).

An attempt was made to carry out the same conversion with lithium 

diisopropylamide (LDA). After refluxing DHP (14) and LDA in tetrahydrofuran 

(THF) for 1.5hrs, the solution changed to a dark brown color. After standard 

work-up procedures, *H NMR analysis showed no methyl singlets in the region of 

1.3-2.0ppm indicating extensive decomposition of the starting material.

Experimental Section

R ed u c tiv e  open ing  of epoxide w ith  A l(iO P r) 3 . A solution of 

dihydroparthenolide (14) (200mg,0.8mmol), and Al(iOPr) 3  (327mg,1.6mmol) in 

50ml of anhydrous toluene was refluxed for lOhrs. An additional 327mg of 

Al(iOPr) 3  was added and the solution was refluxed for another lOhrs. The solvent 

was evaporated and the residue was taken up in a 1 : 1  mixture of ethyl acetate 

(EtOAc) and 2N HCi. The organic layer was separated and the aqueous layer was 

extracted with EtOAc. The organic layers were combined and washed with sat. 

NaHCC>3 and water, and then concentrated. Dry column silica gel chromatography 

eluting with DCM/acetone (10:1) was used to separate compound 19. 

D ih y d ro m ich e llio lid e  (19) *H NMR (Fig. 5.7): 8  3.80 (dd ,lH ,C 6-

H,J=10Hz), 2.60 (d ,br,lli,C 5 -H), 1.67 (s,3H,C1 4 -CH3), 1.29 (s,3H,C1 5 -CH3),

I.22 (d,3H,C1 3 -CH 3 ,J=7Hz).

R eductive opening of epoxide w ith LDA. A solution of DHP (14, 

200mg, 0.8mmol) and LDA (1.6ml, 2.4mmol) in THF was refluxed. After 

1.5hrs., the color of the solution changed from an initial orange to a dark brown. 

The reflux was stopped, the solution was cooled, water was added, and the 

solution was neutralized with 0.5N HCI. The solution was extracted with diethyl
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ether (10 x 10ml). The ether extract was dried over anhydrous Na2 SC>4 , filtered, 

and the solvent was evaporated. TLC and NMR analysis of the residue showed 

signs of decomposition.



^ io ?

'CH-

CHj-14

H-6

H-5

7. 0 6 . 5 6 . 0 5 . 5 5. 0 4. 5 3. 0 3. 5 2 . 0 1. 54 . 0 3 . 5 1 . 0
D P W
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Introduction

A whole series of ll-hydroxy-6,7-cis-sesquiterpene lactones were isolated 

from the roots of Laser trilobum by Smitalova et al. 1 11-Hydroxy-sesquiterpene 

lactones may be molluscicidal compounds and may be potent inhibitors of the 

enzyme phosphofructokinase .2  Conversion of 6 -epi-desacetyl-laurenobiolide (20), 

a naturally occurring sesquiterpene lactone isolated from Montanoa grandiflora3, to 

laserolide (2 2 ) would provide a convenient route to this series of conpounds 

(Scheme 5.12).

Results and Discussion

Basic hydrolysis of 6 -epi-desacetyl-laurenobiolide (20) followed by acidic 

relactonization could result in either C-6(3,7-cis lactonization or reformation of the 

original C-7,8a-trans lactone (20). Yoshioka et al.4  reported the hydrolysis and 

relactonization of C-6a,7-trans lactones to C-7,8oc-trans lactones indicating the C- 

7,8a-lactones to be more themodynamically stable. It is not known what effect a 

beta-orientation of the hydroxy group at C- 6  (compound 20, Scheme 5.12) will 

have on the relactonization.

6 -Epi-desacetyl-laurenobiolide (20) was hydrolyzed under aqueous basic 

conditions. When the aqueous solution was acidified, the C-7,8a-lactone (20) was 

isolated. Apparently, steric effects from methyl groups 14 and 15 or medium ring 

strain prevent lactonization to a C-6a,7-cis-lactone (21) and favor relactonization 

to 6 -epi-desacetyl-laureobiolide (2 0 ) .
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Experimental Section

6 -Epi-desacetyl-laurenobiolide (20) (70mg) was dissolved in 10ml of aqueous 

10% potassium hydroxide. This solution was stirred at room temp, for 1.5hrs. 

(complete dissolution). The solution was acidified to a pH of 5-6 by slow addition 

of 0.5N hydrochloric acid. The aqueous solution was extracted with 

dichloromethane (DCM) (4 x 10ml). The DCM solution was dried over anhydrous 

Na2 SC>4 , filtered, and the solvent was evaporated. The *H NMR data for the 

residue is identical to that for lactone 20 (see Chapter 4, Part D, Experimental 

Section).
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