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Abstract - The oxidative intramolecular cyclieation of germacrone 
with LTA is found to lead predominantely to cis-,wiane c?erivatlves. 
!Che mechanism of the reaotion Is discussed bzfly. 

It has been postulated that aelinane8 and guaionee derive from E,E-l,S-germacra- 
diene precurBort3'. However, the formation of guaianes has 80 far been performed 
only by photolysis2 or electrophile induced cycllsation of the 4,5-monoepoxyge+ 
macrenea 3. In the preeent paper we wish to report a new type of intramolecular 
cyclieation of germacrone, 1 with lead tetra-acetate (LTA) predomlnantely 

guaiane derivatives. To the beet of our knowledge, this is the 
first example of a direct conversion of an E,E-germacradiene into D.U3itUIeE. 

REGIJLTS 
The reaction of germacrone, 1 with equimolar quantity of LTA in benzene at 

room temperature required 18 h for the total consumption of the starting material. 
After chromatographic separation of the resulting complex reaction mixture and 
repeated PTLC purification the products 2 - 1, E and 2 were isolated in the 
ratio of 6:5:25:4:3:3:1:1, accounting for a total yield of 76s. Furthermore, the 
presence of 8 and jl_ WBB detected by 'II INR aignale in mixturee with 1 and J_O, 
respectively. The structure of the reaction products vm~l established on the basis 
of their opectral data, in particular 'H NblR epectra with double resonance expe- 
rimente aiding the assignment. The IR and W absorption (1660 - 1680 cm-'; 250 - 
254 nm) indicate the presence of the enone Gystem in all reaction products. The 
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'H NUR data (Table 1) clearly show the guaiane skeleton of the oompounds 2 -a 
and the ois-ring junotion was deduced from the coupling J, 5= 7.5-8.5 Hz. The 
-orientation of H-l and the C-10 methyl group in the proiuots 4 - 5 wan 
based on the lack of NOE between them. Irradiation of the C-10 methyl group 
affected one of the C-9 protons only. Of note is the difference in the chemical 
shift of the C-9 methylene protons (0.38 - 0.50 ppm) which seems to be characte- 
ristic for the ois-guaiano compounds 1 - 5. The nonequivalency of these protons 
do not appear to be due to the nelghbourlng carbonyl group for in 1 the natural 
products z4 and its lo-epimer5 the same protons give a singlet in the region of 
62.20 - 2.30. The very close 'H NLlR features of 1 and 4 together with mechanis- 
tic reasons allowed the assignment of the trans-fused decalin system in 1, The 
presence of E among the cyclisation products is of interest, as the same tricyc- 
lit system and stereochemistry has been found in the natural products anaetrep- 
tene', trinoranastreptene7 and clavukerin-B8 . The similarity of their 'H h?IR data 
with those of a was a further support for the structure of the latter. Finally, 
the structure of the monocyclic diaoetate 12 was given from the analysis of the 
spectral data. The trans nature of the two endocyolio double bonds followed from 
the couplings J, 2=J5 6'16.4 He. The orientation of the acetoxy groups at C-4 
and C-lo is tentitiveiy assigned on mechanistio grounds only (see Scheme 3). 

Ghen acetic acid was used as a solvent, the reaction of 1 with LTA proceeds 
much more rapidly (2 h) and again afforded a complex mixture. Nine products were 
isolated, 2 - 6 and u - 16, in the ratio of 1:2:6:1:3:1:2:3:2, accounting for a 
total yield of 8%. The 'H NNR data of the new guaiane derivatives u - & 
(Table 1) are very similar to those of 4 - 5 as the two sets of compounds actual- 
ly differ in the location of the acetoxy group only. The shape of the H-l signal 
and the coupling J,,5 =7.8-8.1 Hz showed the presence of the cis-guaiane skeleton 
and LOB experiments revealed the orientation of the C-4 methyl group and 11-l. 

Finally, the cyolisation of 1 eith TTA was carried out in methanol. The reao- 
tion VQS completed within 50 mln ezid provided only four producta, x - 20, in the 
ratio of 2:3:1:2 in total yield of SO& The 'H h%iR spectra (Table 1) clearly show 
that the products u and s belong to the a- guaiane series. In contrast, the 
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compound lJ wae suggested to belong to the trana-fueed gusianee. Although the 
his, IR and UV spectra of E and lJ are almost identical, their 'H NLm data differ 
to a oertain extent. The H-l signal in u does not appear in the typical for the 

cis-produots region (b2.80-3.20) but is concealed in the envelope at 6 1.80 - 
2.001 the geminal coupling constant for the C-9 methylene protons and the differ- 
enoe in their chemioal shift are emaller when compared to 18. Similarly, the13C 
NMR spectra of E and a (Table 2) revealed 8 more aignifiC8nt difference. The 
fin81 support for the trsna-ring junction in 2 and also for the relative atereo- 
chemietry at C-4 8nd C-10 came from the complete COiXm?idenOe of the recorded in 
C6D6 'H NblR speotra of 19 and 21 (Table 31, the stereochemistry of the latter 
being established by X-ray 8nalyaia'. 

Furthermore, the monocyclio triketone 20 waa isolated in 20% yield when 1 
wae treated with LTA in MeOH. The maas spectrum (with i-butane) exhibited a 
peeudomolecular ion corresponding to the moleoular formula C,5H2203. The IR and 
'H NblR spectra (see Experimental) revealed the presenoe of the two acetyl groups 
beeidea the enone system. Hence, the product 20 possesses an eight-membered ring. 
The Dreiding model showed that at least six of the ten prOtOne of the ring 
should be deehielded and the 'H NER spectrum exhibits two mete of uninterpretable 
multiplets at 5 2.45-2.62 and 2.78-2.96, eaoh integrated to four protona. 

DISCUSSION 

The formation of the products from the oxidative intramolecular cyclieation 
of germacrone, 1 with lead tetra-acetate could be explained in term8 of the 
ionic mechanism shown in Scheme 1. After the initial electrophilio attack at the 

0 

22 u 25 - 

W-Q RQ R-OAc or OMe 

3 3 3 

z_s 27 zs 

I I 

2-6 __ 1_2-24 

Scheme 1 
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endocyclio double bond* and lriarkovnikov cleavage of the resulting fl-oomplex, 
two competitive reactions appear to be poeaible - proton elimination and nucleo- 

philic addition. The former would lead to allylic organolead Intermediates of the 
type a/a, and the latter - to the acetoxy, reepeotively methoxy**, Intermediates 
24/g. Ae the endocyclic double bond in 2 could play the role of an intramolecu- 
lar nucleophile the cyollsrrtion to the selinane-type intermediate 3 may alt3o 
occur. Subsequent deplumbilatlon of the latter could proceed through a oonoerted 
SNi process, thus accounting for the stereochemistry of the acetoxy group in 1 
and E3, or through 1 ,+proton elimination giving the trioyolio oompounds 10 and 
JJ. It ie worth noting that the cyclisation of germacrone with mercury-II-acetate 
has been considered to proceed via a metallic adduot of the type a". 

The second stage of the reaction includes the decomposition of the unstable 
organolead adducts w2'J and 24/g with the participation of the endooyolio double 
bond. Deplumbilation with concomitant C-l/C-5 bond formation resulted in the a- 
guaiane derivatives. Their stereochemietry euggeEted that the reacting oonforma- 
tion of 2J2J and s/z ie with E-oriented methyl groups (Scheme 2, 2&. The 
following equatorial attack at C-4 or C-10, reepectively, fully determines the 
reaction stereospecifity. In contrast, the trans-guaiane compound a should de- 
rived from the conformation with e-oriented methyl groups, ab. The latter hae 
been found to be the reacting conformation in the acid catalyzed oyolisation of 
4S,5R-epoxygermacrone'. 

R-OMe 

Scheme 2 

iinally, r/e believe t:lot the foxation of the monocyclic compounds 12 and z 
could he rationalized as shown in Scheme 3. Deplumbilation of the intermediate 3, 
which could easily arise from 2 or 2 would prooeed in benzene with the elimina- 

*The attack at 4,5- and 1, lo-double bonda in the molecule of germaorone should be 
coneidered a8 equally probable. We have no evidenoe of a preference in the 
attack of L!CA. 
**The laok of any aoetoxy produote when the reaotion is performed in MaOH is most 
likely due to a rapid llgand exohange whioh PbIv undergoes with nuoleophilio 

solvente”. The replacement of aoetoxy by methoxy increases the eleot~philiol- 

ty of the PbN, thue aooounting for the greater rate of the reaction in MeOH. 
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R=OAc 

Scheme 3 

tion of protons from the C-2 and C-6 methylene groups, thus leading to the forma- 
tion of the trane endocyclic double bonds in 2. The decompoeition of the same 
intermediate in NeOH should occur with C-9/C-10 and C-3/C-4 bona cleavage. The 
driving force of the ring contraction could be the formation of the tertiary car- 
bonium ions in x which are additionally stcbilized by the geminal methoxy groups. 
The subsequent nucleophilic attack by the solvent on C-4 and C-10, and aecomposi- 
tion of the resulting diketal would lead to the cyclooctane triketone 20. 

MPRRIMRiTAL 

N.ps are uncorrected; WI in EtOH; IR: film or KSr pellets; 'II HMR: in CDC13 
(unless indicated otherwise) at 250 MHz, chemical shifts in 6 from TMS, J values 
in Hz; 13C RMR: in CDC13 at 62.9 Hz; MS: EI at 70 eV, CI with i-butane; flash 
cbromatography12: on Kieoelgel 60 (Nerck, Ro 9385); PTLC: on Kieselgel 60 PF254 
(hlerck); TLC: on Alufolien 60 PF254 (Merck); "work-up in the usual way" implies 
dilution with H20, extraction with ether, washing, drying (Ka2S04) and removal of 
the solvent under reduced pressure. 

Reaction of 1 with LTA in benzene. To a well stirred suspension of LTA (520 
mg, 1 mmol) in dry benzene (8 ml) wa8 added at room temperature a soln of 1 (216 
mg, 1 mmol) in dry benzene (2 ml) and the Etirring was continued for 18 h. \.or!:- 
up in the usual way gave the crude pro&?ct (200 me;) which wa6 separated by flash 
chromatography (Si02, 90 g, ether/petrol ether 6/l mixture as eluent) to give 5 
main fractione. Subsequent separation of each of them by P!tZC yielded: 

2 (18 mg), oil, W:252 nm; IRrl660, 1640 om-'; PS-EI (m/e,%):216 (N+,50), 
201 (60), 188 (85). 

2 (15 md, oil, W:250 run; IRrl675, 1650, 900 cm-'8 LIS-EI (m/e,%): 216 (!J+, 
40), 201 (45), 188 (90). 

4 (75 mg), m.p* 78-80'(hexane); Wr250 nm; IR:l730, 1680, 1620, 1235 cm-'; 
NS-CI: 277 (N'+l); MS-E1 (m/e,%):216 (M+-60, 25), 201 (30). 

2 (12 mg), oil, Wr250 nm; IRrl730, 1675, 1648, 1230, 900 cm-'; MS-CI:277 
(M++l); IS-E1 (m/e,%): 216(80), 201 (20), 173 (60). 

5 (9 mg), oil, W:250 nm; IR:l725, 1660, 1608, 1235 cm"; MS-CI: 277 (M++l); 
MS-E1 (m/e,%): 216 (loo), 201 (20), 173 (50). 
'H NNR of 2 - 61 in Table 1. 
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1 (9 mg), oil, W:254 nm; IRrl730, 16’70, 1230 cm-‘; MS-E1 (m/e,%):276 (M+, 

301, 216 (201, 201 (30); ‘H NMRr 0.92 (3H, 8) H-141, 1.71 (3H, 8, H-151, 

1.85 (3H, 13, R-13), 2.05 (3H. 8, H-12). 2.09 (Ur, 8, OAc) , 2.20 (2% bra, 
H-9). 2.83 (III, dd, J=15, 6 Hz, R-6). 4.82 (IH, dd, Jp10.5, 6 Bz, H-l), 

5.38 (lH, brs, H-3). 

2 (3 mg), oil, Wt254 nm; IR:l660, 1100 cm"; IS-EI (m/e,% t216 (M’, 251, 175 

(151; ‘H NMR: 0.86 (3R, 8, R-141, 1.23 (IH, d, Jp7.5 He, H-l), 1.72 (3H, q 
5x2 HI;, H-15). 1.83 (3H, 6, H-131, 2.00 (IH, brd, J=l7 Hz, H-21, 2.10 (3H, 

bra, H-12), 2.40 (IH, ddq, J=l7!, 7.5, 2 Hz, H-2'), 2.60 (lH, d, J=l5 Hz, 
H-Y), 2,71 (lH, d, Jnl5 Hz, H-9’), 2.85 (IH, d, J-16 Hz, H-61, 3.03 (IH, d 
J=l6 Eiz, H-6'), 5.17 (III, brs, H-3). 

12 (3 mg), oil, W:247 run; IR:1730, 1725, 1235, 1228 cm-'; MS-CI: 335 &+l); 
KS-RI (m/e,$) :275 (81, 215 (801, 151 (42); ‘11 NKR: 1.62 (3RH, 89 B-14), 

1.67 (3H, a, H-151, 1.83 (3H, 8, H-131, 1.93 (P-I, 8, R-121, 2.02 (Pr, 8, 

OAc) , 2.09 (31, s, OAc), 2.20 (IH, dd, J=12, 8 Hz, H-31, 2.58 (IH, d, J- 
13 Hz, H-9). 2.65 (la, dd, Jwl2, 5 Hz, H-3'), 3.17 (lH, d, 5013 Hz, H-9'), 
5.26 (IH, ddd, Jpl6.4, 8, 5 Hz, H-21, 5.29 (18, brd, J=l6.4 Hz, R-1). 5.46 
(IH, 6, 5~16.4 Hz, H-61, 5.66 (IH, d, Jpl6.4 Hz, H-5). 

Reaction of 1 with L!CA in AcOH. A soln of 1 (218 II& in AcOH (lOO%, 0.5 ml> 

was added at room temperature to a stirred aoln of LTA (520 me> in AcOH (2 ml). 
The mixture was stirred further for 2 h, worked-up in *he usual way and chromate- 
graphic separation of the crude produot (197 mg> under the same conditions as 
above gave beaides 2 (8 mg), 2 (16 mg), 4 (50 mg), 2 (8 md and 6 (25 mg) the 
following products: 

a (8 mg), oil, Wt250 nm; IR:l730, 1640, 1600, 1230 cm”i MS-OI:277 (@+I). 

14 (16 mg), oil, W:250 nm; IR:l730, 1680, 1230 *mm-‘; f&3-OI:277 (%++I); MS- 

EI (m/e,% I 216 (651, 201 (70). 

l-2 (25 mg), oil, W:252 nm; IR:1735, 1660, 1230 cm-'; XS-CI:277 (M++l); MS- 
EI (m/e,%): 216 (551, 201 (501, 

16 (16 mg), oil, Wr252 nm; IRrl730, 1725, 1680, 1230 am-'i MS-CI:337 (M++l) 
US-E1 (m/e,$)t 216 (201, 201 (25). 
lHINRof~-~:inTable 1. 

Reaction of 1 with LTA in &OH_. .Y- Zhen the reaction of l_ (218 mg) with IITA 
(520 mg) was carried out in dry I:aOH (3 ml in total) the starting germacrone was 
consumed after 50 min stirring at room temperature. c'ork-up in the usual way 
gave the crude product (205 mg) which after chromatographic separation aa above 
afforded: 

z (40 mg), oil, Wt253 nm; IR:1685, 1626, 910 om"; B-CI: 249 (@‘+l); @S- 

EI (m/e,%: 248 (!;I+, IO), 216 (251, 136 (75). 
E (60 mg), oil, W:252 nm; IR:l680, 1630, 1100, 1090 cm"; MS-RI (m/e,%: 

280 (Ii;+, IO), 248 (100). 216 (50). 
B (20 mg), oil, W:252 nm; I&1680, 1620, 1100 cm”; PS-EI (m/e,%1t 280 

(M+, 51, 248 (401, 216 (55). 
'H I%IR of a - 2: in Table I; 13C IiMR of a and ,?4: in Table 2. 

0 (40 mg>, oil, ~$252 nm; IR:l720, 1680, 1620 cm"; MS-CI: 251 (LI++l); 
MS-RI (m/e,%): 250 (M+,20), 207 (501, 164 (351, 43 (100) 1 'H M&R: 1.86 
(3H, s, H-131, 1.96 (3KH, 8, H-121, 2.19 and 2.21 (each 3& 8, H-14 and 
H-151, 2.45-2.62 (4R, m), 2.78-2.96 (4.H. ml. 
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Table 2. '3, BMR of u and a 
Carbone 10 1p 
-CH3 (9) 18.70 

22.10 

22.75 

25.46 

48.02 

I 49.10 
--dH2 (t> 24.84 

27.23 

-AH 
I 

-c- 
I 

34.71 

48.23 

(d) 47.42 

49.10 

(8) 77.33 

86.70 

134.27 

142.34 

203.23 

17.06 

19.09 
22.92 
28.86 

48.02 

49.02 
22.18 

22.34 

33.84 

53.77 

50.48 

53.05 

76.73 

84.18 

134.27 

142.70 

203.23 

E. TSANKOVA and V. ENW 

Table 3. 
Protone 

'H NMR of u and 3' in C6D6 
x! - 21 

H-l 1.99 add 1.89 ddd 
(J=l2,9,9) (J-12,9,9) 

H-6 1.72 dd 1.66 da 
(J=l4.5,12) (J=15.5,12) 

H-6 ’ 2.74 d 2.70 d 

(Ja14.5) (Jpl5.5) 
H-9 2.65 d 2.61 d 

(J=l2) (J=l2) 
H-9' 2.76 d 2.73 d 

(J=12) (J=l2) 
H-12 1.58 a 1.58 a 
H-13 2.03 e 2.03 a 
H-14 1.11 8 1.11 t3 

H-15 0.94 13 0.91 B 

OLe 2.93 e 2.92 B 

3.03 8 
-^--I--- 

_,-ll__l_ -_ . . . _-.-_- 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
a. 

9. 

10. 

11. 

12. 
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