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Abetract - o,O-epoxy-artemiala ketone, 1 underqoes intra- 
molecular cyclieation by On-On yieldin the tetrahydro- 
furan derivativea 1 - 6, while on treatment with BP3- 
etherate 1 cycliaer to the cyclopentanones S and 2. The 
structure of all products ha6 been elucidated by l pectral 
methods. The mechanism of the cyclisatron reaction IS 
discussed briefly. 

Artemisia ketone, 1 18 a lonq-known 

representative of the small qroup of mo- 

noterpenes whose carbon rkeleton II not 

formed by simple head-to-tail linkinq 

of two ieoptene units’. In this respect 

its biosynthesis has beer. the rub)ect of 
2 

much interest and speculation . The ayn- 

therls of artemisia ketone hae also oeen 

performed). However, little is known’ 

about its chemical behavior. Some preli- 

minary studies of ours 
5 

showed that, in 

spite of the Presence of the carbonyl 

function and the 1,5-diene rystem, arte- 

misia ketone is quite unreactive. For 

that reason we directed our interest to 

the correspondin o,o-•poxide 1 which 

was prepared by l poxidation of natural 

artemrsra ketone, isolated from the 

essential oil of Artemisra annua L. 
6 
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We now report l cme rewlts of the Intra- 

molecular cyclisation of 1 by oxymercu- 

ration-demercuratlon (On-DHI with mercu- 

ry-II-acetate, and by treatment uith 

BF3-etherate. 

Cyclisation of 2 by Ot4-DkI 

Otl-On of 1 accordin to Brown’s 

general procedure’ afforded the compoun- 

ds 1, 1. 2 and 5 in the ratio of 22:s: 

1:l. The ntructure of the main product 

2 follows from the spectral data uhich 

shoved a molecular formula of CIOH,S03 
(m/r 187, M**lI, the prerence of a CO 

9rouI~ in a S-membered rinq and a OH 

qroup (1743, 3460 cm-‘). The lack of 

other functional qroups and the ‘H NW 

eiqnals (Table 1) for two protons on an 

0-bearrnq C-atom (3.87 and 4.14 ppmI 

showed that the remainin 0-atocl ia 

part of a tetrahydrofuran ring. Further, 

the 
1 

H NWR signal at 1.23 ppm for two 

me qroups toc]ether with the base peak 

at m/t I28 due to an ion obtained by 

McLafferty rearranqement clearly rhowed 

that the OH qroup ia located at C-6. 



H-2 

n-4 

4.14 q 

(J=S.S) 

H-5 3.87 s 3.92s 

H- 7 
1.23 s 

H-8 

H-9 

H-10 

n-11 

OH/OAC 

1.27 d 

(J96.5) 

1.00 a 

0.98 s 

2.70 ebt 

. 
Assignment may be interchanged 

1.31 (I* 

I.27 s* 

2.11 d 

(J=8) 

1.05 8 

1.01 (I 

1.60 II 

2.55 sbr 

Reduction of 1 wkth LAX yielded two di- 

01s which proved to be rdenticsl with 

the cyclisation producta 2 and 5 lopec- 

trsl data in Erpcrimental). The conside- 

rable difference in their Rf-values and 

the presence of &ntramolccular hydrogen 

bonding only rn 2 indicated that the tuo 

dials ace eptmers at C-4. Thre was sub- 

stantiated by the couplrng pattern Of 

the H-4 signal In 2 and f - J4 5m3.5 

and 7 Hz, rcspectrvely (Table ; 1. 

The stetexhem18try at C-2 and C-s 

in the tyclisatron pcoducts was estab- 

lished on the baste of NOE difference 

SpWtrOWZOpy. The NOE bctveen the tle 

group at 1.08 ppm and H-2, and the me 

tin CDC13, s=ppm from TMS, J in Hz) 

1 

4.00 q 

(J-6.5) 

3.04 dd 

(J=3.5,3! 

3.72 d 

(J-3.5) 

1.36 s* 

I.32 6’ 

l.14 d 

(J-6.57 

1.03 8 

0.86 II 

2.62 8 

4.61 d 

(J-3) 

a 
3.64 q 

(596.51 

3.88 d 

(517) 

3.42 d 

15-7) 

1.25 ** 

1.22 8. 

t.13 d 

(J*6.51 

0.96 s 

o.ee s 

1.60 8 

r.97 sbr 

1 

4.22 q 

(J=t) 

3.96 i@ 

t.60 5 

1.45 d 

fJ=f) 

1.08 II 

0.98 5 

1.97 8 

group at 0.98 ppm and H-S In 2 t’H NM 

in Table 1) revealed the trans-rclstion- 

ahap of H-2 and H-S. Furthermore, NOE 

was obeervtd between the He group at 

0.86 ppm H-4 and H-S in 1, and the He 

group at 0.96 ppm H-2 and H-4 in 5. 

Henct, the cyclisatkon of 2 via On-@4 

leads to the tram-2,5-dieubetrtuted tet- 

rahydrofuran derrvatlve 1. The formation 

of only one diastereomeric product show 

that the reaction proceeds etereoaelectf- 

veiy, most probably due to steric reasons. 

As can be seen in Scheme I the Markovni- 

kov lntranucleophilic attack at C-2 

should be preferred from the opposite 

side of the mercury t-complex, Similar 

stereocontrol haa been observed in the 

Schemt t 
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cycllsatron of linalool by On-DM*. 

Since it lo well known9 that the 

orqanomercurial acetate and hydroxide 

are reduced by NaBH, rapidly and smooth- 

ly. the rsolation of 4 (spectral data in 

Experlmental, 
1 

H NMR in ‘Table 1) is qui- 

te unusual. In view of eliminatlnq the 

eventual rnsuffic~ency of the metal hyd- 

ride, the demercuratlon was carried out 

with 2 moles NaRH 
4’ 

llovever , an increase 

of the amount of 5 and 6 (121 each) at 

the expense of 3 (52t) was observed In 

this case, and i was isolated aqaln in 

131 yield. 

Cycllsation of 2 with BF3-etherate 

Treatment of 2 with BF3.Et20 (1 mo- 

le l quiv) afforded two compounds In the 

ratio of 1:l. On the basis of the mass 

spectra rhoulnq equal molecular formu- 

lae - C10H,602 (m/z 168, M*) and the ve- 

ry similar WV and IR spectra (Experimen- 

tal) which reveal the presence of a con- 

jugated CO qroup and a OH qroup, the 

structures g and 2 were assrqned to the 

cycllsation products. The ‘H NMR spectra 

of S and 9 (Table 2) are also very srmi- 

Table 2. ‘H NMR of S, 2, lo. “, 11 and 2 

Protons 

H- 1 

II- 3 

H-l’ 

H-4 

H-5 3.82 s 

H-7 1.83 sbr 1.85 8 

H-8 2.26 sbr 2.24 sbr 

H-9 0.82 8. 1.03 s* 

H-10 1.24 6. 1.05 8. 

8 

2.40 dbr 

(J=lO 

2.29 dbr 

(J=lO 

0 

2.91 ddbr 

1J=l6,61 

2.40 ddbr 

(J-16,7) 

3.96 dd 

(J=6.71 

10 

4.58 dbr 

(J=5) 

2.33 dbr 

(J-16) 

1.93 d 

(J=l6) 

3.56 d 

(J=5) 

1.65 s 

1.85 sbr 

0.97 0. 

1.04 s* 

a 9 

lar, In fact they differ mainly in the 

shape of the sI9nals due to the protons 

qeminal to the OH qroup and the C-3 me- 

thylene protons. The structures 0 and 2 

were further conflrmed by reduction with 

LAH. Khile g afforded the CIS- and trans- - 

1,2-dials 10 and 11 in the ratlo of l:l, - - 

2 yielded the cis- and trans-1,3-dials 

1n the ratlo of 1:l. The conslderable 

stereorelectlvity in the reduction of 8 

10 lo-OH 12 lo-OH - - 

11 la-OH 13 lo-OH - 

(in CDC13, 

11 - 

4.42 d 

(J-7) 

2.17 sbr 

3.60 d 

(J-7) 

1.64 s 

1.81 8 

0.86 s* 

1.08 8. 

- 

bmppm from TMS, J In Hz) 

12 - 

4.05 sbr 

13 - 

4.14 8 

2.66 ddbr 2.74 ddbr 

(J=l7,7) (Jml7,7) 

2.43 dd 2.11 dd 

(J=l7,3.5) (J=l7,71 

3.75 dd 4.10 t 

(J=7,1.5) (J=7) 

1.67 s 1.78 5 

1.83 sbr 1.86 sbr 

0.19 8. 0.81 8. 

1.15 8. 1.08 8. 

l Asslqnment may be interchanqed. 
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is due to the presence o 

located in o-position to 

The OH qroup coordinates 

atom to form a chelate r 

mf the OH group leads to product g. Path b lncludea a re- _ 

the CO group. arranqement leadinq to the intermediate 

with the metal 8. Subsequent cycllsation to C, rinq con- 

in9 and, as a re- traction and proton loss result In pro- 

suit, the attack of the metal hydride 

ion from the less hindered side is favo- 

ured. The MS, IR (Experimental) and ‘H 

NI(R data (Table 2) are consistent with 

the structure and stereochemistry of the 

dials 10 - 13. - - 

The formation of the cyclisatron 

products S and 2 can be rationalized as 

shown in Scheme 2. After the initial at- 

tack of the Levis acid at the oxrrane, 

the reaction proceeds alonq two differ- 

ent pathways. Path d_ includes a Yarkov- 

nikov scission of the oxirane and cycli- 

sation incorporating the double bond. 

The resulting cyclohexane intermediate A 

underqoes rinq contraction due to acyl 

miqratlon and following proton loss 

2 

I 
9 

Schcre 2 

duct 2. The fact that 8 and 9 are obtaln- 

ed in a rat10 of 1:l shows thdt both 

pathways are equally favoured. The acld- 

induced rearranqemenc of or)-epoxy-keto- 

nes, estera and thloeeters lo which the 

electrone9dtrve qroup mlqrates to a po- 

sitive center (I.e. the formation of 8 
10 

in Scheme 2) is well-known . The acyl 

miqration occurrinq An the intermediates 

A and C can be regarded as a particular 

cdse of this rearranqement. The driving 

force in this cdse is probably the for- 

mation of the more stable tertiary car- 

bocatlon intermediates. 

The results of this study demonrtra- 

te that OH-DW made available in redsonab- 

le yield trans-1,2-dlsubstltuted tetra- 

hydrofuran derivatives, while BF3-ethe- 

rate formed cyclopentanone compounde. 

Since the startin a,)-epoxy-artemlsla 

ketone 2 hdS been recently found In na- 
11 - 

ture , it is probable that many of thla 

cycllsatlon product8 may, in time, be 

discovered JS natural products. 

EXPEHIflENTAL 

H.ps dre uncorrected. UV: in EtOH: 

IW: in CHCl]; 10~ reSOlUtlOn MS: EI dt 

70 l V, CI with r-butane dt 200°: ‘Ii NYR: 

in CDC13 at 250 !iHL, ChemlCdl ehlft in 

6 downfield from TMS, J values in Hz, all 

data dre summarized in Tables 1 and 2; 

NOE difference l xperiments:the samples 

were prepared by blouinq Ar throuqh the 

CDCl, soln for 15 min. All Ue qroupe 

were Irradldted (5 s) under homogated 

conditions (~S=600). One control experi- 

ment (offset 3000 Hz) was done as well. 

Sub?raction of the FID’s with and with- 

out lrrddlatlon followed by Fourier 

transformation of the difference gave 

spectra consistin only of the signals 

due to the NOE. ‘Work-up in the usual 

w.Iy:’ laplIes dilution with H20, extrac- 

taon with ether, wdShln9, dryin (Na2S0,1 

and remcval of the solvent under reduced 

pressure. Preparative TLC IPTLC) : on 
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Kieselqel 60 PF25, (Merck). 

Epoxldation of artemisla ketone 1. 

To d soln of 1 (1.0 q) in MeOH (8 ml) 

was. added by scirrinq and COOllnq CO Iso 

successively 304 H202 (1 ml) and 4t eq 

NaOH (0.75 ml). The stirring was contl- 

nued for 1 hr and the temp was raised t0 

22O. Work-up in the usual way gave 1 

(0.95 9): b.p. 75-76O/lO Torr; IR:1715, 

1640, 1250, 995, 910, 810 cm-‘: flS and 

‘H NMR: identical to those described 

in Ref.11. 

ON-D!4 of 2. A soln of 1 040 mq, 

2 mu) in THF (3 ml) was Jdded droprise 

to a stirred yellow suspension of 

HqlOhcI 2 (640 mq. 2 mfl) in 508 THF-HI0 

(15 311. The yellow colour disappeared 

within 20 min. The mixture was stirred 

further 2 hr. Then NaOH soln (3M. 6 ml) 

and NaBII, soln (80 mq rn 8 ml 3M NaOHl 

were added dropwise and the black SUS- 

pension was stirred for 30 min. The mix- 

ture was worked-up in the usual way and 

the crude product (320 mql was separated 

by PTLC to qive 1, (208 mgl: 011, EI-MS, 

m/z : 171 (2, M’-Mel, 12tl (IOOI, II3 (SO 

IR: 3460, 1743 cm-‘: i I48 mq): 011. EI- 

MS, n/z : 402 (2, M*I, I85 (1001, I67(30) 

IR: 3500, 1740 cm 
-1 : 1 (10 mq): m.p.lI)- 

llSO(hexane-ether lO:l)*; CI-MS, m/z: 

189 (5, M’*I,, 171 IlOO), 153 01: IR 

(IO 
-3 

fl soln): 3570, 3460 cm -l. and 5 (IO 

mq): m.p. 83-84 
0 : CI-MS: identical to 

that of 2: IR (10 
-3 -1 

M soln): 3590 cm . 

Reduction of 3. Reduction of 1 (20 

mq) with LAII (50 m9 in M ml ether) and 

subsequent separation of the crude pro- 

duct (140 mgl on PTLC yave 2 (65 mqI 

and 5 (62 mq). 

hcetylation of 3. To a solo of 2 

(20 mg) in hc20 (0.6 ml) was added ZnC12 

(cat amount 1. The mixture was stirred 

for 10 min. worked-up in the usual way 

and purified on PTLC to give 1 (IS mql: 

m.p. 48-50°: EI-MS, m/s: 168 (100. H*- 

LO), 
-1 

153 (201: IR: 1750, 1742, 1250 cm . 

Cyclisatron of 2 ulth BF3.Et,O. To 

a soln of 2 (200 mq) in dry ether (5 ml) 

was added freshly destrllcd BF3.Et20 

. 
all crystalline compounds .rrc recrys- 

tallized in this solvent mixture. 

(0.6 ml) at O” and the mixture vaa kept 

at this temp for 2 hr. Work-up in the 

usual way and separation on PTLC qave S 

(76 mq): m.p. 5)-55O; EI-MS, m/t: 168 

(80, r4.1, 150 051, 135 f1001: w: 253 

nm; IR: 3450, 1706, 1625 cm-’ and 9 (70 

m91: VISCOUS oil. EI-MS, m/r: 168 (100, 

M.1, 150 (20). 135 (15): UV: 254 nm; IR: 

3420, 1704, 1628 cm-l. 

Reduction of 8. Reduction of S (50 

mq) with LAH (20 mq in 5 ml ether) and 

subsequent separation on PTLC gave IO - 

(25 mg): m.p. 48-50°: CI-MS, m/z: 171 

(100, .M**l), 136 (10): IR (IO 
-3 

M soln): 

3630, 3575 cm-l and fi (8 mg): m.p.llE- 

1200; CI-MS: identical CO that of lo: 

IR clO-‘M solnl: 3620 cm-l. 

Reduction of 9. Reduction of 2 (50 

mq) with LAH (20 mq in 5 ml ether) and 

subsequent separation on PTLC gave 12 

(18 mq): 0~1, CI-!iS, m/z: 171 rIOO,Y** 

II, 153 (20): IR (IO 
-3 

M soln): 3400 cm 
-1 

and 13 (15 mg): oil, CI-MS: identical Co - 

that of I-2: IR (10 
-3 -1 

H soln): 3630 cm . 
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