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m- Chlorination of a-santonin derivat~ves with mdo- 
benzene dichloride or dichlorourethane under photo-irradiatmn 

has been investigated. The structures of the chlorldes were 

elucidated by their IH-NMR data including decoupling expermats 

A number of antitumor sesquiterpenoids such as vernolepin, eupaserrin and euparotin have been 

isolated from the plants belonging to ~onipositoe.~ All these compounds contain oxygen functions 

at C-8 positions and a-methylene y-lactone moietles in their molecules vhich have been presumed to 

be essential factors for the appearance of cytotoxicity against tumor cells. In continuatmn of 

our work on the synthesis of antitumor sesquiterpenoids, we have reported the synthesis of 

8-deowvernolepm startmg frm a-~antonin.~ 

In this paper, we describe some results on chlorination of a-santonm derivatives vhlch may be a 

method to find a clue for introduction of the hydroxyl or acyloxy group to the C-8 position. We 

first examined chlorination of tetrahydrosantonin(1). Irradiation of a mixture of land iodoben- 

zene dichlaride(3.0 eq.) in benzene xlth a 200 W tungsten lamp for 75 min in a stream of nltrogen 

gave a mixture of monochlorlde(2) and 1 vhich was separated by silica gel chromatography. The 

monochlorldeC2; 51.% yield)4 was confirmed as 2a-~hlorotetrahydrosantonln(2)~ by cmparlson of 

its IR and IH-NMR spectra with those of an authentic sample. 

Next we examined chlorination of 3fi-acetouyeudesmanallde(3) vhlch was prepared fran 1 by two step 

procedures as follows. Reductlo" of 1 vlth NaBH4 in methanol gave a mxture of alcahols(3fiM1 : 

3aCEl = 7 : 3) which was separated by column chromatography on silica gel and then the major 

alcohol w a s  converted to the acetate [ 3 ; mp 140-142C, IH-NMR~) : 1.00(3H, s ;  H-15), 1.07(3H, d, 

J=6.4 Hz; H-14). 1.21(3H, d, J=6.8 Hz; H-13). 3.8A(lH, t, J=10.5 Hz; H-6). 4.39(1H3 sex; H-311 by 

usual means. Chlorination of 9 under the same reaction conditions as mentioned above gave a 

nlxture of 9 and chlorldes vhich was subjected to silica gel col& chromatography to remove 9, 

and then the chlorides were separated by high performance liquid chromatography (HPLC) to afford 

the chlorides C4)(33.% yield, mp 172-174T, IH-NMR; see Table I ) ,  (5)(32.2% yield, mp 232-235C . 



IH-NMR; see Table 1) and (6)(27.9"4 yield, mp 178-180'C. IH-NMR: see Table I). 

The %NMR spectra of 4 and 6 showed the presence of the signals due to hydrogen atms attached to 

the carbon bearing chlorine atoms at 64.01(t, J=2.7 Hz) and 3.93(t, J=2.9 Hz) respectively (Table 

1). The coupling patterns of these proton signals indicated that the chlorine atoms in 4 and 5 

vere introduced in axial configurations at the C-l or C-9 position. In order to locate the 

chlorine at-, 4 and 5 vere converted to the corresponding olefins [ 7 : 46.9% yield. IH-NMR : 

4.41(1H, m, H-3), 5.42(1H, dd, J=3.0, 9.0 Hz, H-9). 5.57(1H, dd, J=2.0, 9.0 Hz, H-8), B : 70.% 
~ ~~~~ 

yield, IH-Mlf! : 5.00(1H, sex, J=2.0, 3.0, 9.0 Hz. HW), 5.45(lH, dd, J=3.0, 10.0 Hz, H-I), 

5.60(1H, dd, J=2.0, 10.0 Hz, H-211 by the action of DBU in refluxlng xylene, respectively. 

While the coupling pattern of H-3 in 1 dld not show any change in comparison with that of 4, the 

couplings between H-3 and olefinic protons vere observed in 8. Frm these chemical transforma- 

tions and lH-NMR data, the structures of 4 and 6 should be represented as show in Chart 1. In 

the IH-NMR spectrum of the chloride (6). the H-6 signal was appeared as a doublet and no signal 

due to the hydrogen on the chlorinated carbon atm vas observed. On treatment with DBU-rylene, 8 

gave an olefin[ 9 : 70.3 yleld. IH-NMR : 1.17(3H, s ,  H-13), 1.27(3H, d.J=7.0 Hz, H-13). 4.46(1H, 

m, H-3)1 vhlch did not show any alefinic proton signals in its IH-WE spectrum. Furthermore, the 
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H-3 slgnal resonated at 0.52 ppn down fleld as compared nth that of 3, the fact suggesting the 

steric proximity (1,3-dlaxial relation) between the H-3 and the chlorine atom. These spectral 

data lndlcated that the chlorine atom in 6 should be u-oriented at C-5 

0e.o oeo 

0 .... 
" H *  
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i) hv . iodobenzene dichloride or diehloraurethsns, 11) NaBH, , iii) AkO-pyridine. 
iv) DBU-xylene 

Chart 1 

Finally, we investigated the chlorination of dilactone a) which was an intermediate in our 

synthesis of deoxyvernolepin. Irradiation of a mixture of U and dlchlorourethane (5.0 eq.) ~n 

benzene wlth two 2OOW tungsten lamps far 2 h afforded a mixture of chlorides CU, 12, 13, L4) and 

U!, which was submitted to slllca gel column chrmatwraphy to separate the starting material and 

then the chlorldes was separated by HPK (Column : S X X  Pack 8 x 300 mm, Nucleosil 50-5, 

Solvent : hexane :AcOEt = 4 : 1) to glve 1 1 1  25.4% yield, oil, MS : m/z 420(Mi)l , 121 5.0% yield, 

oil, MS : m/z 420(Mi)] . 131 7.% yield. oil. MS : m/z 420(Mt)l , and 14[ 12.0% yield, mp 62-65 , 

E"S : m/z 420 (M+)j . 

The structures of chlorldes were determined by thelr IH-NMR data and decoupling- experiments as 

follous. In the 1H-NMR spectrum of V, the multlpliclty of signals due to hydrogen on the 

chlorinated carbon indicated that a chlorine atm must be introduced at C-8 position. and this was 

further confirmed by the fact that the H-8 proton signal was clearly decoupled and appeared as a 

sharp doublet (J7,8=3.4 Hz) on irradmtion of H-9 methylene protons. Thus, the structure of the 



chloride (11) vas proved to be 11 in Chart 1.  In the IH-NMR spectrum of the chloride W ) ,  the 

proton signal attributable to the hydrogen on the chlormated carbon was observed as a double 

doublet at 64.33(5=6.0, 11.0 Hz). Thls signal collapsed to a doublet by Irradiation of H-8fl or 

H-80 proton. From these results, the conflguratlon of the chlorine atom in 12 w a s  assigned to 

0kquatorlal orientation at C-9 as shown in Chart 1. In the 1~-NMR spectrum of 2, the H-13 

signal was observed at 1.58 ppm as a singlet and the H-6 signal (6 4 35) resonated at 0.36 ppm 

dovnfleld as compared with that of 101 63.97(t. J=10.5 Hz), H-61 . Thus, the structure of 13 can 

be represented as depicted in Chart 1 

The IH-NEW spectrum of 14 showed no signal attributable to hydrogen on the chlorinated carbon. In 

additlo", the H-11 and the H-6 signals were appeared as a quartet I 63.13(q, 5.7.0 Hz. H-I1 )I and 

a doublet [ 64.64(d, 5.2.0 Hz, H-6)1 , respectively, thls fact suggesting that the chlorine atom 

w a s  introduced at C-7. Whereas the trans-y-lactone compounds (4-13) showed large coupling 

constants (J5,6=10.3-10.7 Hz) between H-5 and H-6 in thelr I H - N ~  spectra (L  H5-H6=180' ), a small 

couplmg constant (J5,6=Z.0) was observed in 14. From the consideration based on Dreidlng 

models, the small coupllng constant between H-6 and H-5 may be expected in a cis-lactone (LH5-H6= 

z 86 ). Furthermore, the H-6 and H-I1 signals were appeared at 0.5 ppm and 0.70 ppm dovnfleld 

respectively as compared with those of 12, these dovnfield shifts suggesting the 0-oriented 

conf~guration of the H-6, chlorine and the H-11. Thus, the structure of the chloride U4) was 

confirmed as deplcted in Chart 1. 

It is surmizable that the compound a) w a s  formed by the formation of an u.0-unsat. lactone by 

hydrogen abstraction at C-7 by chlorme radical followed by the Michael addition of hydrogen 

chlorlde to the resultmg double bond Studles on transformation of the chlorides to the 

mrrespondlng acetoxy or hydroxy compound are now in progress. 
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