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AbrlrwcGamrnme1- rrawdarcyclisationby0~DMyieldissthcfmnrdecaliu 
daivatim 3.4 ad 5. 

~oftkc- 
tsimMyyields3.4mdSand,asamioorpmduct,thckctoac8. 

Theste?eacbemistryaadtitc 6rOkf&CycliSOtiOllMdiSUWSCd. 

The geaadity and utility of the oxymerclmhl-demer- 
curatioa (Oh&DM) sequeace for the Markovaikov 
hydratioa of oleliaes has been receatly emphasised by 
Bnxvad1’Tberea&aprocerhviacahic acorn- 
plex whi& reacts with the auckqhilic agent. If the 
system coataias a secoad suitably oriented double bond, 
then it caa act as a oucleophilic ageat resulting ia aa 
olehic cyclisatioa. The few reports 00 tbe carbocy- 
clisatioo of cyckuleca-l$dieae systems by OM-DM 
demonstrate the high regio- aad stereosekctivity of the 
reacth2 Further iavestigatioa on this subject should 
extend the application of electrophilic metal salts for 
olefiaic cyclisatioas aad could give further iaformatioa 
00 the stereochemistry aad the mtchaaism of tbe metal- 
latioa reactions. 

We report some results of tbe cyclisatioa of gcr- 
macroaelaadisogamacroae 2 by oxymetalhtioo with 
mercury-II-f&ate. 

OM-DM of 1 accord& to Brown’s geaeral pnxc- 
dme”aflordedaalixtmeoftbeketol3(7o%)aadtbe 
isomeric ketones 4 aad 5 (a total of 15%). Tbe struture 
and stereochemistry of 3 follow from the qxztral data 
aad chealical traasfonlultioas. Tile mess spectru shows 
the chnical coalpositioa c,sH&2 (M+ 236) aad the 

presence of aa OH group (-hI+-18). The stroag UV ab 
sorptioa at 257nm aad t& IR baads at 1670 and 
161Ocm-’ reveal the coajugatioa of tbe CO group with 
thcisopropyEdeaedoubkboad.ThcNMRsigaslsare 
consistent with 3: 0.92 (s, 3H, Hu), 1.23 (s, 3H, H,s), 
1.83 ((I, 3 H, H,r). 2.02 (s, 3 H, H,2), 2.20 (s, 2 H, HP), 3.01 
(&J, J= 15.8, J=4.0. 1 H, &), 2.11 (dd, J= 15.8, J= 
10.3, 1 H, Hg,,). Reduction of 3 with IAH followed by 
acetylatioo aad hydrosewlysis of the allylic ester group 
of6byIiialiquidunmoaia gave the alcohol 7 whose 
~p.aadspectraldatacoiaci&dwithhseofjoaiper 
uuupbor? since tbae was a dhagreemeot’ over tbe 
stereocbealistly of the lath?& the c4x@mhoa at c, ia 7 
was resolved by using the solveat-iaduced NMR shift 
correlationofDeaurco~&TheNMRspe&umof7ia 
PMaesbowedtbec*cMesigImlato.9Od,when?ssin 
CDCI~itappeanAat0.!4&Siacetbereisaodeshi&hg 
ehct, a l,Maxial iatuactioa between C,-DH group 
aad G&e does sot exist, i.e. the OH group is equa- 
to&L Moreover, dehydration of 3 with !Soc& ia pyridine 
yieldedamixtureof4aadSinaratioof4:1,which 
COUldbetak~psSupportipg~equatorialgrwp.6 

Theisoahcketoaes4andSwereideatilIedas5~H- 
sehn-4(15),7(1 l)-dhe+oae’ aad 5aH-s&a-3,7( 1 I)- 
(licodom?‘oo the basis of their spectnd properties. 

OM of 2 pnnxded more slowly-the yellow suspea- 
sioaformedatthestartoftbereactioatookabout2hrto 
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disappear. In spite of the prolonged time of the OM 
stage, unchanged 2 (ca 16%) was isolated from the 
reaction mixture after DM, alongside with the cyclic 
products 3, 4 and 5 (65% total). Another ketone, for 
which the structure 8 was proposed, was also isolated as 
amitmrproduct(4%).TheIKandNMKspectraof8are 
very similar to those of isoacolamone (SaH-selin&ene- 
7@isopropyl6-one), tecently isolated from Acmu 
Culamus L9 The only di!Tereace is in the presence of the 
isopropybdene group conjugated with tbe CO group 
which caused the UV 

absorp tionat248nmandtheIK 
bands at 1690 and 162Ocm- . The lack of absorption at 
142Ocm-‘, and the absence of the NMK signal in the 
region of 2.20 3, characteristic for the two Gprotons in 
3,4 and 5, ttx the position of the CO group at C&, The 
NMK data are consistent with II: 1.0 (s, 3 H, H,,), 1.67 (s, 
3 H, Hd, I.77 (s, 3 H, H,z), 1.93 (s, 3 H, H,s), 262 (s, 
1 H, Hs), 5.55 (m, 1 H, H,). 

A number of report~‘~‘~ on electrophii- and radical- 
induced cyclisation of cyckukxa-1Jdiene derivatives 
reveal the high regio and stereoselectivity of the reac- 
tion. A preferential attack at l,lO-bond occurs in all 
cases. In order to explain this fact, !Wrerland*‘o pos- 
tulated that tbe transannuhlr C-C bond formation was 
synchrotmus with tbe C-X formation (X being ti 
nucleophilic reagent). On the basis of the accumulated 
results, it is concluded that the stereochemistry of the 
cyclisation products depends on the conformation of the 
starting cyclodecadienes. The tindii that EE-1Jdienes 
agord transdecalin derivatives wbmas z&l, 
dieneP*13 yield cfsdecalin products demonstrates that 
the prefered conformation is the one with crossed double 
bonds giving the lower energy chair-like transition state. 
Very recently Kodama d uI.‘” have repo&d that the 
Zz-isomer of bsdycaryol yields cirdecalin products via 
the parallel conformation. The authors suggest that tbe 
compound reacts slowly through the parallel confor- 
mation as, in the crossed form, the p+rbitals of the 
Z&bonds are kept distant from each other and are not 
suited for tbe +a interaction. 

Tbeconformatiorlfoundforgermacmne1asitssilver 
nitrate complex12 is the crown 9 with crossed Redouble 
bonds. The stmcture and stereochemistry of the bicyclic 
products are to be expected and in accordance with the 
mechanism proposed by Sutherland. It may be argued 
that the keto13 could have been formed by OM of the 
isomeric ketones 4 and 5. However OM-DM of 4 and S 
resulted in tbe unchanged initial compounds. 

There are no data about the conformation and steteo- 
chemistry of isogermacrone 2. A careful study of tbe 
NMK spectrum of 2 revealed a couplii between the 
methyls and vinylic protons (J= 1.2) which is an in- 
dication for the trrw-co&uration of both endocychc 
bonds. On the other hand, the Dreii model of 2 
showed a quite flexible molecule. Most probably, in a 
sohttion at room temperature, there is an equiliium 
between various conformations as indicated by the width 
and absence of a spin splitting pattern of some of the 

NMKsigMls.wlthintbeconstraintaofthemedium-rinp, 
two distinct conformations-10 with parallel and 11 with 
crossed bonds are possible for the E&l,* unite. 
Clearly, these different conformations would give 
different ring-jun&on stereochemistry. Since the main 
resultingbicyclicproducts3,4andSarewithatmns- 
decalin skeleton, evidently tbey arise from 10 by attack 
of tbe mercury acetate at 9,10 bond. An attack at 4J- 
bond accounts for the formation of the minor product 8. 
ThekBpec&mofthecourtauMmodelof2ckarly 
showed that the rr-8 interaction between the e&cyclic 
bonds in 11 was much smaller than in 10 which could 
detent& 10 as the reacting conformation. On the other 
hami, IO would give the tower energy chair-like transition 
State. 

The results of tbe OM-DM of 2 have shown that the 
olefinic cyclisation of this cyclodeca-l$diene system 
proceeds also highly tegit+ and stereoselectively, most 
probably accordii to the conserted mechanism with a 
synchronous fommtiim of CarbobmtalandC-Cbonds 
suggested for 1Jdieaes. A sign&ant fact which sup 
ports such a mechanism is that epoxidation of 2 gave the 
isogermacrone-4J-epoxide 12 only, i.e. an electrophilic 
reagent not leading to cyclisation attacks the 4,5-bond 
preferentially. 

Thus the OM-DM of 2 should proceed via metahatkm 
at the 9,lO-bond with a Markovnikov intranucleophilic 
attack at GO resulting in a carbon-metal bond at G 
(Scheme 1). The following equatorial nucleophihc attack 
at C, fully &term& the reaction stereospechlty. The 
reductive DM of the intermediate 13 yields the main 
cyclisation product 3. 

2ooMHz, ~k&i hift in 8 dotdud from TMs,’ i in C/S. 
“Work4tp in the usual way” implies dilution with watcx, extmc- 
tioa with eibcr. wfdillg. dlyiog (Nagso,) aad removal of the 
solveat under N!duc4?d pesslue. 

GmMcnmcl. holatedfmmtkBul&mZdmvctzoil.m.p. 
56-57YEtOH), NMR (2UOMHz): 1.U (d, J= 1.2, 3H, HIS), 1.63 
(4 J - t.2,3 If, I&r). 1.73 (s. 3 H, H,3). 1.78 (s, 3 H, HI,). 2.93 (d. 
J - 10.5, 1 H, H,), 3.42 (d, J = 10.3. 1 H. H,), 4.72 (d&i, J - 10.7, 
4.4, 12, 1 H. H,). 4.99 (br d, J = 11.2, 1 H, H,). 

II_ 2. Germacnmc 1 (1Jog) tvas dissolved ill 
EtONa(0.2gNainSmlEKIH)sadwaspllowedtostandplroom 
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temp. for 12 hr.U clysuution from EtGH yieMed 2 (0.95 g). 
q .p. SZSC. NMR (ZooMHz): 1.52 (d, J = 1.2,3 H. II&. 1.68 (d, 
J=22.6H,H~~andH,~).1.82(~J=lJ3H,HJ2%(m,2H. 
H& 5.16 (td, J=7.9,8.7, 1.2, 1 H, H,). 6.01 (d, J= 1.2, 1 H, b). 

OAf-DMof 1. A sOIn of l(1.09~ 5mM) in 1OmlTHF was 
adde4JdmpwisetoastinedydIow suspnsioa of H8@Ach 
(MOg, 5 mhf) in squaw THF (25 ml of each solvent). The 
Ycuowcolour~~3omin.The5lixtulewesti 

wasstirndfor1hrandmrLedupintbeususlwaytogivcpno8 
(0.85g) which was chmm&q,@cd over m (80s). EMoIl 
with 2:l bexaoc-&u gave f+ioa A (O.lJg). IQtion with 
EtGAcgavcthek&f3(0.650),m.p. 1I2-111D(1:2llcxawet&r), 
fofuV,IRMdNMR(1auHz)da&rcetbcIuitielal?&x 
ChrormtoqrpbyoffmdionAoverSiG&gNO,(2Op)amIe~ 
withpeoIatmetba&(5:1md3:1)~titlleLdav4 
ClO*,o&A,Wnm,P, 16%. 16(0,1620,8%ali’, NMR 
(~~):080(3.3H,H13,1~(~3H,Hu).2W(s.3H.H1~,2#) 
(s, 2 H, H,). 4.65 nod 4.86 (a a, each 1 H, HIS), pod the &ORC S 
(5Omg). oil, A, Warn. o-: 1675, 1615,8U& 751 cm-‘, NMR 
(60MHt):0~(~3H,H11),1.71(s.3H,H1~),1.84(s.3H.H1~).209 
(s. 3 H, HI& 2.22 (s. 2 H, B), 5.43 (br s. 1 H, Ii;). 

Alcohd 7. The monoa&ate 6(24Omg)obt&edbyreduction 
of3(W)me)withLAHandfdlowingPcdylation(AcPIPy)was 
dissolvat in fresh distI dry THF (6 ml) and added dropwise to a 
stimxt soIa of Ii (02g) in liqNHt (7Oml). The mixtum was 
stirmIfluthcrforlbrMdaolidNH&lwslsadduIlmtiIit 
completely decoloumd the &I. After evaporation of the am- 
monia, usual work-up and pm&at&n of the cnmk product on 
pqarative tic yield&l 7 (i7omg), m-p. 16616T(tiH), ve,: 

3420. 1385. 1105.910cm-‘. NMR (6OMHz): 0.94 Is. 3H. H,.1. 
1.15 is, 3Ii. H,sj, 1.68 (s. BH, HI2 6ad H,,j, in pyr&: d.90$; 
Hu). 1.17 (se Hu). 1.65 (s. Hn and Hu). 

Lkhydmtion of 3. TIE ketol 3 (1oOmg) was dehydrated with 
StX& (05 ml) iu pyridi~~ (5 ml) at p. Wak-up in the usual way 
gave an oil @me) which was chnwatagrspbed over 
~/~~(15g).EMionwithpetrdelrmether-etha(5:1end 
3:1)yi&cd4(60mg)alld5(15mg). 

OM-DMof 2. A soln of 2 (l.O9g, 5mM) in 1OmITHF was 
treated with Hg(OAch (1.60 g, 5 mM) as above. The yeUow 
coburdisappcaEdwithin2hr.Aftcrfurthcrstiniagfor2hfand 
DM (NaBHJNaOH) the mixture was worked up in the usual 
way. Chromatography of tbc cm& product over m and 
SQlAeN4 horded 3 (360 me). 4 (65 ms). 8 (40 mg). 2 (140 me) 
aadO(Unrs),oil,forW,IRNMR(60MHz)data,sectheinitial 
section. 

Jsogmnocnmc4&ui& 12. To a soIn of 2 (300 mg) in CHCll 

(1Oml) wes added a soIn of mCCpabeazoic sid (21011@ iu 
CH~,(5ml),~(r.Themixtllrewoslreptovanightot5opad 
w&aIupitheusunIway.Prepa&vetkafthecmdcpm&t 
(2g5m8) aenkd lmchqted 2 (19Omg) lad 12 @On&. m.p. 
78-&? (EtGH). NMR (100 MHz): 1.08 (s, 3 H, HI,), 1.60 (s, 3 H, 
Hn), 1.75 (s, 3 H, HIZ), 1.91 (s. 3 H, HI*), 2.53 (m, I H. Hs). 2.80 
(m, 2 H, H& 5.43 (s, 1 H. W. 
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