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The racemic forms of natural furanoterpenoids, (±)-furodizinin and (±)-furodizin, were 
synthesized by cationic cyclization of the a-  or [5-furylmethyl derivatives of linalool, 
geraniol, and nerol 
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Cat ionic  cycl izat ion of  the suitable l inear precursors 
of  the isoprenoid  series is an efficient strategy for con-  
s tnlct ing the carbon skeleton of  bi- and tricyclic natural 
terpenes (or those conta in ing  a larger number  of cycles) 
(see, ['or example ,  Ret\ 2). We have studied the possibil- 
ity of  using this procedure  ibr the synthesis of  furanoter-  
penoids,  namely,  (± ) - fu rod iz in in  (1) and (:±)-furodizin 
(2). Opt ical ly  active torms of  these compounds  have 
been found among  the metabol i tes  of some species of 
sea sponges. 3 To accompl ish  the purpose in hand, we 
obtained a series of  ~t- and [~-fllr2/Imethyl derivatives of  
(± ) - I ina loo l ,  geraniol ,  and nerol (3 - -6L  Among them,  
s tereoisomers  E-3 and 7.-3 appeared  to be available front 

* A. M Moiseenkov (1936--1992), an outstanding Russian 
organic chemist, would have been sixty on July 6, 1996 He 
contributed significantly to the chemistry of terpenoids. The 
scientific heritage of A M. Moiseenkov is rich and diversified 
This work is devoted to the realization of one of his ideas~ For 
the prelimina~' cornnmnication see Ref 1 
* Deceased 

dehydrol ina lool  7 (see Ref~ 4). Similarly,  [~-substituted 
furan 4 Was synthesized starting from dehydro l ina loo l  7 
and chloride 8 through intermediate: alkyne 9, which 
was reduced with Li in NH 3 (Scheme I)~ 

With the aim of  obtaining the derivatives of  geraniol ,  
E-5 and E-6, and nerol, Z..5 and Z-6,  we used c o n d e m  
sation of citral 10 with furfu~'l magnesium chlor ide  I ! ,  
which afti~rds an E-5/Z-5 mixture with a ratio of  4.5 : I 

The above-meutiot~ed mixture of  a lcohols  was corn 
vetted to a mixtnre of the corresponding acetates with- 
out addit ional  purif icat ion,  and the individual  c o m p o -  
nents E-6 and Z 6  of the mixture obtained were isolated 
by preparative HPLC. The saponif icat ion of  these com-  
pounds afforded the desired allyl alcohols  E-5 and Z-5,  
respectively. Compounds  4, 5, and 6 have uot previously 
been r e p o r t e d  These compounds  appear  to be moder -  
ately labile; their  structures were conf i rmed by the re- 
suits of N M R  (tH and 13C), IR, and mass spectra ,  and 
e lemental  analysis. 

We a t tempted  to find efficient condi t ions  for ca t ionic  
cyclization of isoprenoids 3 - - 6  A solution of  85% H3PO 4 
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(-0.2 mole-equiva len t )  in toluene at 100 "C appeared 
to be op t imum ( ( f  Ref. 5). In this case, mixtures con- 
taining identical  sets of  products  were obtained from_ 
compounds  E-3, E-5, and Z-5 in good total yields. 
( .+)-Furodiz in  1 was the major  componen t  of  these 
mix tu re s  The minor  componen t s  were the s tereoisomer 
of  (_+)-furodizin (12) and the derivatives of  l imonene 
13, which formed,  apparent ly ,  owing to the interruption 
of  cat ionic  cycl izat ion at the point of  the intermediate  
carbonium ion 16 at the first stage of  cycl izat ion of the 
initial substrates (Scheme 2 )  In the case of diolefin 
Z-3, a not iceable  amount  of  bicyclic compound  14 was 
present in the react ion mixture iq addi t ion to the above- 
ment ioned  products .  C o m p o u n d  14 formed, apparent ly,  
as a result of  the kinet ical ly control led  electrophil ic  
at tack at the furan ring in cisoid carboniurn intermediate  
15a, 111 this case, the yield of  (±)- furodiz i r l iu  1 substan- 
tially decreased because of the increase in the propor-  
tion of  its isomer 12 in the mixture. 

In all the cases considered above, traces of furanoter-  
penoid 17, which was reported previously 3 without a 
descr ipt ion of  its par t icular  physicochemical  character-  
istics and which is regioisomeric  to !,  were found m the 
cycl izat ion products  (the IH N M R  data).  Compound  
17 was one of  the major  componen t s  of  the mixture that 
formed under  the above-descr ibed  condi t ions  from ac- 
etate E-6, the comple t e  conversion of which required an 
increase in the dura t ion  of  the reaction. 

The  format ion of  17 is explained by the ac id-ca ta -  
lyzed i somer iza t ion  of  the initially appear ing (.+_)-furo- 
dizinin I. In the model  exper iment ,  the storage of a 
to luene solut ion of  I in the presence of  85% H3PO 4 
( -0 .2  mole -equ iva len t )  at 100 °C for 2 h gave a mix- 
ture o f  isomers 1/17 in a ratio o f ~ l  : 3. 
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The use of  alternative cyclizing reagents (protic and 
Lewis acids) appeared to be less efficient due to the 
formation of  substantial  amounts  of" resinif icat ion prod-  
ucts. For  example ,  when the derivative of  l inalool  E-3 
was t reated with H C O O H  in cyc lohexane ,  the total 
yield of  compounds  1, 12, and 13 was only 35 %. 

The mixtures of  the products  of  the ca t ionic  cycl iza-  
tion of  compounds  3 - -6  were ch roma tog raphed  on SiO 2 
impregnated with 10 % AgNO3, As a result, (± ) - fu rod iz -  
inin 1 and its isomer 12 were obtained as individual  
compounds .  We isolated also a mixtnre of  ep imer ic  
der ivat ives  of  l imonene  13 (cis/trans ~3 : l ,  from 
IH N M R  data) ,  which was imposs ib le  to separa te  
chromatographica l ly ,  and samples  of  c o m p o u n d s  14 and 
17 as fractions enriched with these compounds .  

The structures of all compounds  ob ta ined  by this 
procedure  were conf i rmed by spectral studies and el- 
ementa l  analysis. In part icular ,  the spectral  character is -  
tics (IH and 13C NMR)  of  (~±)-furodizinin I virtually 
coincide with those reported previously. 3,6 The value of 
the sp in-sp in  in teract ion cons tant  J<, sa = IO4 Hz 
(e l  J4~-ga =: 3 6  Hz R~r l)  m the IH N M R  spec t rum 
of furanoterpenoid  12 tmambiguously  indicates  that the 
s ix -membered  cycles in the molecule  of  12 are trans- 
fused, The mass spectrum of  12 conta ins  an intense peak 
at m/z  122, which c o r r e s p o n d s  to r e t r o d i e n e  de-  
compos i t ion  of  the molecular  ion typical  of  these struc- 
tures ( ( f  Reg.  3 and 7 )  The derivative of  l imonene ,  
trans-13, which has not been reported previously,  was 
reliably identif ied based on the analysis of  the t i t  N M R  
spect rum of  the above-men t ioned  mixture of  this deriva- 
tive with the known cis-13 't.61~ and on the cons idera t ion  
of the tH N M R  spectrum of  the sample  o f  bicyclic 
c o m p o u n d  14, which conta ined trans-13 as a minor  
componen t .  It is interesting to note that the chemica l  
shifts of  the exomethylene  protons measured for cis-13 
differ by A8 = 0.17, whereas in the case oftrans-13,  this 
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difference is no more than 0.05 p . p m .  This effect is, 
apparent ly ,  typical  of  compounds  of  this type (see be- 
low). It was also found that when a mixture of  epimers 
of 13 was~.treated with a solut ion o f  85% H3PO 4 
( -0 .2  mo le - equ iva l en t )  in to luene  at 100 °C, both 
epimers gave a mixture of  products  I, 12, and 17 in 
good total yields. This mixture is analogous to that 
formed upon cycl izat ion of  compounds  3, 5, and 6. The 
regioisomer of  (±) - furod iz in in  I, furanoterpenoid 17, 
was character ized based on the data of  NMR.  In par- 
t icular ,  the sp in-sp in  in teract ion constant  J4a-5a = 
11.5 H z o b s e r v e d  in the IH N M R  spect rum o f 1 7  indi-  
cates that 17 occurs  preferential ly in steroid conforma-  
tion in a CDCI  3 solution.  The nuclear  Overhauser  ef- 
fects observed in the 2 D - N O E S Y  exper imen t  (see 
Scheme 2), which addi t ional ly  conf i rm the structure of  
this compound ,  are also consistent  with this conclusion.  

The condi t ions  of  cycl izat ion of  c,-substituted furans 
3, 5, and 6, which we found, appeared to be efficient 
also in the case of  l~,-derivative 4, In this case, the 

mixture formed contained (_+)-furodizin 2 as a major 
component ,  its isomer 18, which was previously un- 
known, and derivatives of  l imonene cis-/trans-19 (ap-  
pearing, apparent ly ,  analogously to compound  13) in a 
ratio of -6  : 2 : I, respectively. This ratio was deter-  
mined based on measurements  of  the relative integral 
intensities of  diagnost ic  signals of  compounds  2, 18, and 
19 in the IH N M R s p e c t r u m o f t h e  mixture and on the 
results of the preparative separat ion of  these compo-  
nents on SiO2/AgNO > 

The structure of (±)-furodizin 2 obtained by this 
procedure was confirmed by a comparison of  its spectral 
characteristics with those reported previously. 3,6 The con- 
clusions about the structure of  its isomer 18 wcre made 
based on the data of the mass spectra and I H and 
13C N M R  spectra. The obtained mixture of  the known 6b 
cis-19 and trans-19, which has not been reported p r e v i  
ously, was characterized taking into account  criteria 
analogous to those used f~r the identification of the 
stereoisome~ of 13 As in the case of stereoisomem 13, 
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Reagents and conditions: L 85% H3PO4 (aq,)/PhMe, 100 °C. 
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the  tH N M R  spectra o f  c o m p o u n d s  19 show different 
degrees  o f  nonequ iva l ence  o f  the exome thy l ene  protons o f  
the  isopropenyl  f ragment  depend ing  on its locat ion with 
respect  to the  furfurylmethyl  f ragment  o f  the molecule .  

T h e r e f o r e ,  ca t ion ic  cyc l iza t ion  o f  p reny l - subs t i tu ted  
furans provides  ra ther  s imple  access  to (_+)-furodizinin I 
and ( + ) - f u r o d i z i n  2. These  c o m p o u n d s  are known to be 
o f  cer ta in  prac t ica l  in teres t  (see Ref. 8). 

Experimental 

The melting points (which were not corrected) were deter- 
mined on a Kofler stage. The IR spectra (v/cm -I) of solutions 
in CHCI 3 (unless otherwise noted) were recorded on a Specord 
M-80 instrument. The IH and 13C NMR spectra (8, J /Hz)  of 
solutions in CDCI 3 were measured on Bruker AC-200, Bruker 
WM-250,  and Bruker AMX-400  spectrometers ;  the 
DQF-COSY 9, NOESY, 10 and z -HMQC II spectra were ob- 
tained on a Bruker AMX-400 instn, ment The mass spectra 
(El, 70 eV) were recorded on Varian MAT CH-6 and Varian 
MAT 311A instruments. The values of R r are given for a fixed 
Silufol SiO 2 layer (3 : 2 hexane--ether, unless otherwise noted)  
HPLC was carried out on a cohmm packed with Silasorb 600 
(10 m, 250×24 ram); a heptane--ethyl acetate m!xture (9 : l 
by volume, 7 mL rain -I)  was used as the eluent; the detector 
was refractometric 

4,8-Dimethyl-1-(3 ' -furyl)nona-7-en-2-in-4-ol  (9). A solu- 
tion of  n-BuLi (15.5 mL, 1~35 M) in hexane (21 mmot) was- 
added to a solution of  compound 7 (152 g, 10 mmol) in T H F  
(15 mL) with intense stirring at - 2 0  °C (At) over a period of  
10 min. After 10 rain, Cul (03  g, 1.58 retool) was added to 
the mixture as one portion, and after 20 rain, a solution of  
chloride 812 (1.16 g, 10 retool) in T H F  (3 mL) was added 
portionwise for 5 mira Then the reaction mixture was heated 
to 20 °C, kept at this temperature for 20 h, and then diluted 
with ether and decomposed with a saturated NH4CI solut ion 
The organic layer was separated, washed with water, dried with 
Na~SO4, and distilled m vacuo. The residue (2.55 g) was 
chromatographed on SiO 2 (50 g )  Elution with a cooled 
( - 5  °C) hexane--ether  (4 : I) mixture afforded a material 
(I.65 g) from which unreacted 7 (05 g) was distilled off, b .p  
37--40 °C (0.03 Tort); the distillation residue (-I  g) was 
chromatographed on SiO 2 (100 gL Elution under the above- 
mentioned conditions gave compound 9 (0.81 g, 53 %) as a 
pale yellow oil, Rf 0.45~ IR: 600, 725, 870, 935, 980, 1025, 
1115, 1210, 1380, 1450, 1500, 2860--3000, and3600.1H NMR: 
1.50 is, 3 H, MeC(4)); 1062 and 170 (brs, 6 H, MeC(8)); 
1.56 (m, 2 H, HC(5)); Z2 (m, 2 H, HC(6)); 3.38 (br.s, 2 H, 
HC(I)) ;  515 (br.t, J = 7, I H, HC(7)); 6.32 (m, I H, 
HC(4 ' ) ) ;  7.33 and 7.36 (both m, 2 H, HC(2"), HC(5")). 
Mass spectrum, m/z :232 [MI  + Found (%):C,  7721; H, 8 7 5  
CIsH2002. Calculated (%): C, 77.55; H, 8.68. 

4,8-Dimethyl-l-(3"-furyl)nona-2E,7-dien-4-ol (4). A solu- 
tion of  9 (0.69 g, 3 mmol) in T H F  (15 mL) was added to a 
solution of Li (0.21 g, 30 rag-at) in NH 3 (90 mL) with 
intense stirring at - 7 0  °C (Ar) over a period of  10 min. The 
reaction mixture was kept at - 7 0  °C for 1 h and then decom- 
posed with an excess of  NH4CI. NH 3 was evaporated, and the 
residue was treated with ether and watero The aqueous layer 
was separated and extracted with ether. A standard treatment 
of  the combined organic layer gave a product (0,7 g), which 
was chromatographed on SiO 2 (30 g). Elution under the 
conditions described above gave compound 4 (0.49 g, 70 %) 

as a colorless oil, Rf 0.46. IR: 600, 740, 880, 980, 1070, I110, 
1205, 1380, 1450, 1500, 2860--3000, and 3600 IH NMR: 
128 (s, 3 H, MeC(4)); 1.60 and 1.68 (both br.s, 6 H, MeC(8)); 
1.56 (m, 2 H, HC(5)); 2.2 (m, 2 H, HC(6)); 3.18 (br.d, 2 H, 
HC(I) ,  J = 6); 5.12 (br.t, I H, HC(7), J = 7~1); 5.58 (d.t, 
1 H, HC(3), J = 155 and I.I); 5.76 (dr ,  I H, HC(2), 
J = 15.5 and 59);  6.25 (m, I H, HC(4")); 7.20 and 7.35 
(both m, 2 H, HC(2"), HC(5")). Mass spectrum, re~z: 234 
[MI ÷, Found (%): C, 7670; H, 941. CI5H2202. Calculated 
(%): C, 7688; H, 9 4 6  

4,8-Dimethyl-1-(2"-furyl)nona-3E,7-dien-2-ol acetate 
(E-6) and 4,8-dimethyl- i-(2"-furyl)nona-3Z,7-dien-2-ol acetate 
(Z-6),  Furfuryl chloride 13 (232 g, 20 mmol) was added to a 
Mg chip (I.38 g, 60 nag-at) in ether (20 mL) with stirring at 
- 1 0  °C (Ar) over a period of 2 h. The mixture was kept for 
30 rain, and 10 (trans/cis ~3 : 2, 3~04 g, 20 mmol) was added 
as one portion to the obtained Grignard reagent 11 at - 1 0  ° C  
The reaction mixture was heated to 20 °C, kept for 12 h, and 
decomposed with a saturated NH4CI solutiom The aqueous 
layer was separated and extracted with ether. The combined 
organic layer was washed with water, dried over  Na2SO 4, and 
evaporated in vacuo. Pyridine (I.98 g, 25 retool), Ac20 (2.55 g, 
25 mmol) ,  and 4 -N ,N-d ime thy l aminopy r id ine  ( D M A P )  
(0~15 g, 123 retool) were added to the residue (-5 g )  The 
reaction mixture was kept for 30 rain and treated in the usual 
fashion. The product was obtained in a yield of 53  g and 
chromatographed on SiO 2 (100 g). Elution with a hexane- 
ether (4 : I) mixture gave a mixture of acetates E-6/Z-6 
(I.65 g, 30 %) in the ratio of  ~4.5 : 1 as a colorless oil, 
Rf 0A5. Individual components of this mixture were separated 
by HPLC. Compounds Z-6 (0.3 g) and E-6 (I.25 g) were 
obtained in the order of elution. 

Acetate Z-6, colorless viscous liquid, bp .  76--77 °C 
(0.02 Tort), nD 2° 1.4886. IR-: 605, 740, 840, 890, 940, 1020, 
1150, 1240, 1380, 1450, 1510, 1600, 1670, 1745, and 2860-- 
2980 (f i lm). lH NMR:I .61 ,  1.68, and 1.72(br.s, 9 H ,  MeC(4), 
MeC(8)); 20  (s, 3 H, MeCO); 1.9--2.3 (m, 4 H, HC(5), 
HC(6)); 2.84 (d.d, 1 H, HC(I) ,  J = 15.0, 60) ;  2.96 (d.d, 
I H, HC(I) ,  J = 15.0, 7.9); 5.09 (m, I H, HC(7)); 5.18 (br. 
d, I H, HC(3), J = 9.4); 576 (d.d.d, I H, HC(2), J = 9.4, 
6.9, 61);  6.05 (d.d, I H, HC(3"), J = 3.2, 0.7); 6.27 (d.d, 
1 H, H C ( 4 " ) , J  = 3.2, 1.9); 7.31 (d.d, I H, H C ( 5 " ) , J  = 19, 
0.7) 13C NMR: 17.57, 21.18, 25.64 (MeC(8), MeCO);  2332 
(MeC(4)); 26.40, 3382 (C-I ,  C-6); 32.36 (C-5); 69.32 (C-2); 
106.92, 110.17 (C-3", C-4 ' ) ;  123.09, 12376 (C-3, C-7); 
13192, 141.54 (C-4, C-8); 14134 (C-5"); 15141 (C-2 ' ) ;  
16996 (C=O). Mass spectnim, m/z: 276 [M]*. Found (%): 
C, 7396; H, 8.72. CI7H2403, Calculated ( % )  C, 73.88; 
H, 8,75 

~setate E-~6, colorless viscous liquid, b p .  87--88 ~'C 
(002 Torr), nD 2° 14874. IR: 605, 740, 810, 890, 1025, 1085, 
1150, 1245, 1380, 1440, 1510, 1600, 1670, 1745, and 2860-- 
2980(fihn) IH N M R  1.58, 161, and 1.66(brs, 9 H ,  MeC(4), 
MeC(8)); 1.98 (s, 3 H, MeCO); 1 9 - - 2 1  (m, 4 H, HC(5L 
HC(6)); 281 (dd,  1 H~ HC(I) ,  J = 148, 66) ;  295 (d.d, 
I H, HC(I) ,  J = 148, 6.6); 5.02 (m, I | | ,  HC(7)); 5oll 
(brd, I H, HC(3), J = 91);5.71 (d.d.d, I H, HC(2), J = 9.1, 
6~7, 67);  5.99 (d.d, I H, HC(3"), J = 31 ,  0.7); 623  (dd ,  
I H, H C ( 4 " ) , J  = 31,  1.9); 726(d .d ,  I H, H C ( 5 " ) , J  = 1.9, 
0.8) ~3C NMR: 1664(MEC(4));  17.74, 21.06, 2532(MEC(8) .  
MeCO); 2628, 33.73 (C-I ,  C-6); 39~54 (C-5); 69.55 (C-2); 
106.90, 11020 (C-3", C-4");  122.75, 12394 (C-3, C-7); 
13134, 14091 (C-4~ C-8); 14123 (C-5 ' ) ;  151AI (C-2 ' ) ;  
169.36 (C=OL Mass spectnlm, m/z: 276 IMI +. Found (%): 
C, 73.61; H, 8 .73 CI7H2403. Calculated (%): C, 73.88; 
H, 8~75. 
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4,8-Dimethyl-1-(2"-furyl)nona-3Z,7-dien-2-ol (Z-5). An 
emulsion of  Z-6 (0.29 g, 1,05 retool) in a 10% aqueous 
solution of  KOH (03  mL) and MeOH (4 mL) were stirred at 
20 °C for 2 h; then the mixture was neutralized with a 
saturated N ~ I  solution and extracted with ether. The stan- 
dard treatment of the extract gave a product (0.28 g), which 
was chromatographed with ether on SiO 2 (15 g). Elution with a 
cooled ( - 5  °C) hexane--ether  (3 : 2) mixture gave alcohol 
Z-5 (022 g, 92 %) as a colorless oil, R r 0.48 IR: 605, 730, 
840, 890, 930, 1020, 1150, 1380, 1450, 1510, 1600, 1670, 
2860--2980, and 3360 (film). ~H NMR: 1.61, 1.69, and 173 
(br.s, 9 H, MeC(4), MeC(8)); 2.0 (m, 4 H, HC(5), HC(6)); 
2.77(d.d, I H, H C ( I ) , J  = 14.8, 5.6); 2.86 (d.d, 1 H, HC(I) ,  
J = 148, 70);  4.64 (d.d.d, I H, HC(2), J = 8~8, 7.0, 5.8); 
5.13 (m, 1 H, HC(7)) ;5 .25(br .d ,  I H, H C ( 3 ) , J  = 89);  611 
(d, I H, H C ( 3 ' ) , J  = 3 .1) ;6~30(dd ,  1 H, HC(4"), J = 30,  
1.9); 7.33 (m, 1 H, HC(5")). 13C NMR: 1746 (MeC(8)); 
23.13 (MeC(4)); 25.49 (MeC(8));  26.25, 36.22 (C-I ,  C-6)'~ 
32.12 (C-5); 66,64 (C-2); 106.76, 11008 (C-3 ' ,  C-4"); 12371, 
127,29 (C-3, C-7); 132.14, 139.19 (C-4, C-8); 141.22 (C-5 ~) 
152.41 (C-2"L Mass spectrum, re~z: 234 [MI+~ Calculated for 
CI5H2302.: tool. weighl 234.3. 

4,8-Dimethyl-l-(2"-furyl)nona-3E,7-dien-2-ol (E-5). Al- 
cohol E-5 was obtained as described above from E-6 (0.76 g, 
2.75 retool) in a yield of  0.61 g (92 %) as a colorless oil, 
Rf 0.48. IR: 605, 730, 805, 890, 930, 1020, 1080, 1150, 1380, 
1445, 1510, 1600, 1675, 2860--2980, and 3360 (film). 
IH NMR: 1.60, 1.62 and 1.68 (br.s, 9 H, MeC(4), MeC(8)); 
2.0 (m, 4 H, HC(5), HC(6)); 2.76 (d.d, 1 H, HC(I) ,  J = 14.8, 
5.8); 2.87 (d.d, I H, H C ( I ) , J  = 14.8, 7.0); 4.65 (d,d.d, 1 H, 
HC(2), J = 8.4, 7.0, 5.8); 5.07 (m, ~ H, HC(7)) ; -5 .23-  
(br.d, 1 H, HC(3), J = 8.5); 6.08 (d, I H, HC(3"), d = 3.1); 
6.29 (d.d, I H, HC(4 ' ) ,  J = 3.l ,  1.9); 7.33 (m, I H, 
HC(5")). 13C NMR: 16.36(MEC(4)); 17.59, 25.58(MEC(8)); 
26.21, 36.32 (C-I ,  C-6); 39.39 (C-5); 67.21 (C-2); 106.89, 
110.18 (C-3",  C-4");  123~79, 126.42 (C-3, C-7); 13146, 
138.91 (C-4), (C-8); 141.28 (C-5"); 152.42 (C-2 ' ) .  Mass 
spectrum, m/z:  234 [M] +, Calculated for CI5H2202.: mol~ 
weight 234.3. 

Cationic cyclization of alcohols 3, 4, and 5, acetate E-6, 
and derivatives of limonene 13 (the general procedure). A 
solution of  E-3 (936 mg, 4 mmol) in PhMe (I mL) was 
added as one portion with intense stirring to an emulsion of 
85% (aq.) H3PO 4 (92 nag, 0~8 mmol) in PhMe (6 mL) at 
100 °C (Ar). The mixture was kept at 100 °C for 20 rain, then 
rapidly (in 3 rain) ~:ooled to 20 °C and treated with e ther  The 
ether extract was washed with a 5% NaHCO 3 solution and 
then with water, dried over Na2SO4, and evaporated in vacuo. 
The residue (0.9 g) was chromatographed on SiO 2 (50 g) 
Elution with hexane gave a mixture (588 rag, 68 %) of 
1 : 12. : c i s -13  : t r a n s - 1 3  : 17 ~ 6 5 : 2 0 : 9 : 3 : 3  (the 
IH NMR data) as a colorless oil, Rf 0.38 (hexaneL The 
mixture was chromatographed on SiO 2 (100 g) impregnated 
with l0 % AgNO 3. Elution in a hexane--benzene (85 : 15) 
mixture gave (in order of  elution) I (0.36 g, 42 %), 12 
(115 rag, 13 %), and a mixture cis-13 : t rans-13 ~3 : I 
(60 nag, 7 % )  

+~-Furo ( t i z in~  1, colorless needles, rap. 47--51 °C (hex- 
ane) IH NMR:  1.20 and 1.24 (s, 6 H, HC( I I ) ,  HC(12)); 
1~30 (m, I I-I. HC(5)); 1.53 (m, I H, HtC(4a)); 1.64 (brs, 
3 H, HC(13)); 165 (m, I H, HC(5)); 193 (m, 2 H, HC(6)): 
2.43 (rid, I H. HC(I ) ,  J = 15.3, 102); 263 (m, I I-t, 
HC(8a)); 2.79 (d.d, 1 HH, HC(I ) ,  J = 15.3, 5.6); 556 (brd,  
I H, HC(8), J = 5.6); 6.22 (d, 1 H, HC(10), J = 1.9); 7.21 
(br.s, I I-I, HC(9)). 13C NMR: 19.3 (C-5); 23.2 (C-13); 262 
(C-12); 27.6 (C-I ) ;  31,2 (C-8a); 31~7 (C-6); 32.8 (C- I I ) ;  33.1 

(C-4); 44.5 (C-4a); 1081 (C-10); 124.6 (C-3); 126.1 (C-8); 
1336 (C-7); 140.4 (C-9)~ 147.4 (C-2). High-resolution mass 
spectrum, m / z  216 [MI + Found: tool. weight 216~15178; cal- 
culated for CI5H200: mol. weight 216.15131~ 

4 , 4 , 7 - T r i m e t h v l -  1 .4 .4ac t .5 .6 .8aB-  h e x a h y d r o n a p h -  
~012 .3-b] furan  (12), colorless prisms, m.p. 33--37 °C 
(hexane). IR: 600, 690, 840, 900, 1050, 1140, 1270, 1330, 
1380, 1445, 1470, 1510, 1640, and 2820--3005 tH NMR: 
102 (s, 3 H, HC(II ) ) ;  123 (s, 3 H, HC(12)); 1~30(m, I H, 
HC(4a)); 1~37 (m, I FI, HC(5)); 1.71 (br~s, 3 H, HC(13)); 
190 (m, 1 |-I, HC(5)); 206 (m, 2 H, HC(6)); 2.22 (dd ,  I H, 
HC(I) ,  J = 15~6, 11~7); 2.42 (m, I H, HC(Sa)); 2.71 (d.d, 
I H, HC(I) ,  J = 156, 5~3); 5.30 (m, I H, HC(8)); 630 
(brs, I H, HC(10));7.25 (br.s, I H, HC(9)) 13C NMR:22 .9  
( C - 5 ) ; 2 3 3 ( C - 1 3 ) ; 2 4 4 ( C - l l ) ; 2 7 7 ( C - 1 2 ) ; 3 0 6 ( C - I ) ; 3 1 . 4  
(C-6); 33.3 (C-4); 34.2 (C-8a); 46.8 (C-4a); 108.2 (C-10); 
1254 (C-8); 127~5 (C-3); 1342 (C-7); 140.4 (C-9); 1484 
(C-2).  High-resolut ion mass spectrum, m / z  216 [MI +. 
Found: tool. weight 216~15231; calculated for CI5Ht200: tool. 
weight 21615131. 

A ~ x t u r e  (=_3_ ~ !) of o ~ - i s o p r ~ ~ & L [ ' w l - 3 - ~ ' -  
ftlr3'J_~rl_ethy!c¥c {.~.r-J~. a.nd tran$:4-~_Qp_C_Q~% 

less oil, Rf0.38 (hexaneL For cis-13, IH NMR: 1.5--2~2 (m. 
8 H, HC, H2C); 1.68 and 1.80(br.s, 6 H, Me); 473 and 4.90 
(br.s, 2 H, H2C=); 537 (m, I H, HC=);  60 ,  6.3, 7.3 (m, 
3 H, HC(3"), I-IC(4'), HC(5*)). For trans-13,  tl-I NMR: 
1.50 and 1.72 (brs,  6 H, Me); 1.5--2~1 (m, 5 H, HC(4), 
HC(5), HC(6)); 2.22 (d.d, 1 H, HC(I1) ,  J = 14.2, 10.0); 
2.40 (m, I H, HC(3)); 2.82 (brA,d, I H, HC( I I ) ,  J = 14,2, 
3:4); 4.80 (m, 2 H, H2C=); 5.26 (m, 1 H, HC=);  5.96 (br.d, 
1 H, HC(3"), J = 3.l); 6.25 (d,d, 1 H, HC(4 ' ) ,  J = 3.1, 
1~9); 7.28 (br.d, I H, HC(5"), J = 1.9). High-resolution mass 
spectrum, m / z  216 [M] +, Found: tool  weight 21615215; cal- 
culated for CI5H200: rap/. weight 21615131. 

As described above for E-3, a product (046 g) was ob- 
tained from Z-3 (468 rag, 2 retool) and 85% H3PO 4 (aq)  
(46 rag, 0.4 retool) in PhMe (3 mL) after 40 rain, and then 
chromatographed on SiO~ (20 gL Elution with hexane gave a 
mixture (285 rag, 66 %) of  ! : 12 : c i s - 1 3  : t rans-  
13 : 14 :. 17 ~ 30 : 35 : 3 : 7 : 20 : 5 (the IH N M R  data) 
as a colorless oil, Rf 0 3 8  The mixture was chromatographed 
under the conditions of the previous experiment on SiO 2 (30 
g) impregnated with 10 % AgNO 3 to isolate tile samples of 
compounds I and 12; the IH N M R  spectra of these com- 
pounds are virtually identical to those reporled above~ A 
mixture (20 ntg) of bicyclic product 14 and the derivative of 
limonene trans-13 was obtained in a ratio of~2 : I (IH N M R  
data) as a colorless oil, Rf 0.38 (hexane). The high-resolution 
mass spectrum, m / z  216 [M] +, Found: tool. weight 21615203; 
calculated for CI5Ht200: mol. weight 216.15131. 

For 4 - m e t h y l - 4 - ( 4 ' - m e t h y l p e n ~ _ n -  1 '-yl)z4~.7-dihydro- 
~ _ e ~ t ! r a n  (14), IH NMR: 124 (s, 3 HH, MeC(4)); 150 and 
160 (br~s, 6 H, Me); 1~5--2.1 (m, 4 H, CH2); 3.23 (d~d, 
2 H, HC(7), J = 3.4, 2.2); 5.0 (m, I 1`1, HC(3 ' ) ) ;  5.49 (dr ,  
I l,l, H C ( 5 ) , J  = 100, L2);5.79(d~t,  1 H, H C ( 6 ) , J  = 100, 
L 4 ) ; 6 2 2  (d, I H~ H C ( 3 ) , J  = 19); 7,28 (br.s, 1 H, HC(2)L 

Similarly, a I : 12. : cis-13 : trans-13 : 17 mixture was 
obtained from E-5 (702 rag, 3 retool) and 85% (aq.) H3PO,I 
(69 rag, 0 2retool) in PhMe (45 mL) after 30 rain in a yield 
of 356 mg (55 %); the ratio of  components in the mixture was 
virtually identical to that obtained in the case of  cationic 
cyclization of E-3 (1H N M R data)  

Similarly, a I : 12. : c/s-13 : trans-13 : 17 mixture was 
obtained from Z-5 (234 rag, 1 retool) and 85% (aq.) H3PO 4 
(23 rag, 0.6 mmol) in PhMe (I.5 mL) after 20 min in a yield 
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of 166 mg (77 %) in a ratio virtually identical to that obtained 
in the case of cationic cyclization of E-3 (IH NMR dataL 

Similarly, a I : 12 : cis-13 : trans-13 : 17 mixture was 
obtained from E-6 (414 rag, 1.5 retool) and 85% (aq.) H3PO 4 
(35 rag, 0.3 retool) in PhMe (2 mL) after 1.5 h in a yield of 
107 mg (33 %) in the r a t i o -  3 3 : I : 3 (114 NMR data). 

As described above for E-3, the reaction of a ~3 : i ci.~- 
13 : trans-13 mixture (110 mg, 0.51 mmol) and 85% (aq)  
H3PO 4(12 mg, 0.1 mmol) in P h M e ( O 7  mL) a f t e r l . 5  hgave  
a product (0.1 g), which was chromatographed on SiO 2 (2 g )  
Elution with hexane gave a I 12 cis-13 : trans-13 : 17 mix- 
tnre in a yield of 75 mg (68 %) in the ratio -7 3: I : 2 : 7  
(IH NMR data) as a colorless oil, Rf 038  (hexaneL 

As described above for E-3, the reaction of 4 (468 mg, 
2 mmol) and 85% (aq )  H~POa (46 mg, 0 4  mmol) in PhMe 
(3 mL) after 20 min gave a product in a yield of 0.46 g This 
material was chromatographed on SiO 2 (20 g )  Elution with 
hexane gave a 2 : 18 : (cis-i9+trans-19) mixture in a yield of 
259 rag(60  %) in the ratio:~ 66 22 12(IH N M R d a t a )  as 
a colorless oil, Rf 038  (hexane)  Tire mixture was chromatogra- 
phed on SiO 2 (50 g) impregnated with I0 % AgNO 3, Ehltion 
ira a hexane- -benzene  ( 8 5  15) system gave (ira order ~f 
elution) 2 (168 rag, 39 %), 18 (54 nag, 12 %), and the cis- 
19 : trans-19 mixture (~3 I ) ( 2 8  rag, 6 %). 

~ Q ~ r ]  2, colorless crystals, m .p  58--61 °C (hex- 
ane). IH NMR: 126(s ,  3 I-I, HC(I I ) ) ;  1.28(s, 3 H, HC(12)); 
1.38 (m, 1 H, HC(8)); 1~59 (m, I H, HC(Sa)); 167 (brs ,  
3 H, HC(13));  1,74 (m, I H, HC(8));  2 0 - - 2 1  (m, 2 t1, 
HC(7));  220  (dd ,  I H, HC(4), J = 17.4, 12.5); Z56 (dd ,  
I H, H C ( 4 ) , J  = 17 4, 5.7); 2.60 (m, 1 H, H C ( 4 a ) ) ; 5 6 1 ( m ,  
I H, HC(5));  611 (d, 1 H, HC(10), J = 1.8); 7 24 (d, I H,- 
HC(9),  J = 1,8). t3C NMR: 19,5 (C-8);  23.2 (C-13); 23.8 
(C-12); 273  (C-4);  307  ( C - I I ) ;  31.6 (C-4a); 31,8 (C-7); 34.6 
(C-I ) ;  4 5 6  (C-Sa); 109.8 (C-5); 112.9 (C-3); 1264 (C-10L 
1331 (C-2); 1404 (C-9);  1568 (C-6). 

L 1.6 -T_r_t m ¢ t h ~i -~,  4,4 a B.a, 7,8,8 a~IL:_h__c_L~II_Y d ron aph 
thol2..Lz~furan (18), colorless cD, stals, m p  32--35 °C (hex- 
aneL IR: 610, 700, 840, 940, 1020, 1080, 1120, 1150, 1180, 
1280, 1370, 1380, 1450, 1500, 1570, 1630, 1680, and 2740-- 
3020. Ill  N M R  1,10(s, 3 H ,  HC(I I ) ) ;  1~30(s, 3 H, HC(12)); 
1.39 (m, 2 H, HC(8),  HC(8a));  1,70 (brs ,  3 H, HC(13)); 
1 .86(m,  I H, HC(8));  2 ,04(m,  2 H, H C ( 7 ) ) ; 2 0 5  ( d d ,  I It, 
HC(4), J = 15~3, 116); 230  (m, I H, HC(4a)); 250  (dod. 
I H, HC(4), J = 153, 5); 530  (m, I H, HC(5)); 615  (br.s, 
I tt ,  HC(10));  7~25 (br.s, I H, H C ( 9 ) )  13C NMR:  221 
( C - I I ) ;  2 2 6 ( C - 8 )  2 3 2 ( C - 1 3 ) ;  2 5 2 ( C - 1 2 )  29~7 (C-4); 31 I 
(C-7): 34~6 (C-4a); 35.0 (C- l ) ;  47.3 (C-8a); 1098 (C-10): 
114.4 (C-3);  1256 (C-5); 1336 (C-6);  140.2 (C-9); 1580 
(C-2) .  H igh - re so lu t ion  mass spec t rum,  m/z 216 [M]* 
Found: mol weight 216.15223; calculated for Cid4200:  mol 
weight 216.15131 

L z ~ ~ f u ~ ! I m e t ~ l ~ [ ~ ~ r a ~ : : . O )  was ob- 
tained as a colorless oil, R i 0 3 8 ( h e x a n e )  Forc is -19,1H N M R  
1.5--Z2 (m, 8 H, I |C ,  H2C); 1.65 and 180 (both b r s ,  6 H, 
Me); 4 7 3  and 4.90 (both b r s ,  2 H, H2C=); 5 4  (m, I H, 
HC=);6 .25 ,7~15,7~35(a l l  m, 3 H, HC(4 ' ) ,  H C ( 2 " ) , H C ( 5 ' ) )  
For trans-19, IH NMR: 1.5--2.2 (m, 8 H, HC, H2C); 1.55 
and 1~75 (both b r s ,  6 H, Me); 4.78 and 4082 (both b r s ,  
2 H, H2C=);  5 4  (m, I FI HC=) ;  625 ,  7.15, 7~35 (all m. 
3 H, H C ( 4 ' ) ,  HC(2 ' ) ,  H C ( 5 ' ) L  High-resolution mass spec- 
trum, m/z 216 [MI + Found: tool. weight 21615185; calcu- 
lated for CIsH200:  mol~ weight 2 1 6 1 5 1 3 1  

Isomerization of (-l-)-furodizinin 1, A solution of  1 (100 mg, 
0 4 6  mmol) in PhMe ( 0 2  mL) was added as one portion with 

s t imng to an emulsion of 85% (aq.) H3PO 4 (10 rag, 0.1 retool) 
in PhMe (0.7 mL) at 100 °C (Ar)  The mixture was kept at 
100 °C for 2 h, then rapidly cooled to 20 °C and diluted with 
ether, The usual treatment of  the ether extract gave a 1/17 
mixture (98 mg) in the ratio ~1 : 3 (IH N M R  data)~ The 
mixture was chromatographed on SiO 2 (20 g) impregnated with 
AgNO 3 (10 % )  Elution in the hexane--benzene (85 : 15) sys- 
tem gave a fraction (20 rag) enriched with compound 17 
(>80 %) as a colorless oil, R r 038  (hexaneL 

For 4 ,4 ,7 - t r ime thy l - l , 4 ,4a¢1 ,5 ,8 ,8ac~-hexahydronaph-  
thol2,3-blfuran 17, IH NMR: 1 14(s,  3 H, H C ( I I ) ) ;  123 (s, 
3 H, HC(12));  1~65 ( d d A ,  I H, HC(4a),  J = II 5, 5.2. 2,1); 
168 (br.s, 3 tt, HC(13)); 1,76 (m, I H, HC(5)); 183 (br,d, 
I H, HC(8), J = 178); 196 (m, I H, HC(5));  238  (m, 
I H, HC(8));  2 4 - - 2 6  (m, 3 H, HC(I ) ,  HC(8a)):  537  (m, 
I H, HC(6));  624  (d, I H, HC(10), J = 19);  722  (brd ,  
HC(9)). 13C N M R  234 (C-13); 236  (C-5);  24.8 (C-I ) ;  258 
(C-I I); 294  (C-8a); 314  (C-12); 33.9 (C-4);  367  (c -g ) ;  4 2 9  
(C-4a); 108.4 (C-10); 1207 (C-6);  1238 (C-3);  1309 (C-7); 
/ 4 0 4 ( C - 9 )  148.6 ( C - 2 )  High-resolution mass spectrum, m/z 
216 [MI + F o u n d  rnol~ weight 21615082~ calculated for 
C[ H200 tool. weight 216 15131. 

Cyclization of alcohol E-3 under the action of HCOztlt. 
t tCO~H (2~32 g, 504  mmol) was added as one portion with 
intense stirring to a solution of E-3 (468 rag, 2 mmol) in 
cyclohexane (8 mL) at 20 '~C (Ar)  The mixture was kept for 
5 rain and treated with a 5% N a H C O  3 solution. The organic 
layer was separated, washed with water, dried over Na2SO 4, 
and evaporated in vacuo The residue (005 g) was chro- 
matographed on SiO 2 (30 g )  Elution with hexane gave a 
I : 12 : cis-13 : trans-13 mixture (151 rag, 35 %) in the ra- 
tio o f ~  70 : 20 : 7 : 3 (IH N M R  d a t a ) a s  a colorless oil, Rf 
0.38 (hexane), 
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