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Abstract-The tetracyclic corqiounds (3 and $) corresponding to A-honrograya- 
notoxane system were synthesised by a thennolysis of the benzocyclobutene 
(@, followed by a Wager-Meerwein rearrangement of the kaurane type of 
conpocnds (,Q and &Q). 

Diterpenoids related to the grayanotoxane ring 

system which is consisted of a perhydmazulene 

skeleton fused with a bicyclo(3.2.l]oct:m 

system are the interesting substances hecause 

of their structural characteristics and of 

biological activities.’ Although the synthesis 

of gxayanotoxin II (4) has recently been 

achieved by &tsumoto,2 studies concerning 

with the synthetic approach to asebotoxancs 

are not so rm_~&.~‘~ Major obstacles in syn- 

thesis are the construction of hydroazulene 

and bicyclo[3.2.l]octane parts. We have been 

H 

investigating a developsent of a new conctruction 

of the route for a synthesis of grayanotoxancs 

and reported henzohydroazulenc [,$) corrrsponding to 

AJBIC ring part of grayanotoxanes. 
5 

Now our 

attention has hem focmwd on a synthesis of 

the BUD ring part consisting of a bicyclo[3.2.1]- 

octane system, and here report a new construction 

of the A-honograyanotoxanc system (,$ and 4) by 

a thermolysis of benzocyclobutene and a Wagncr- 

hkerwcin rearrangement of the resulting kaurene 

type of cowounds, whose methods were developed 

in our laboratory. '-' 
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Condensation of.?-(l-cyano-4-irethoxybenzocyclo- 

butcnyl)ethyl iodide (1): a synthon containing 

the A ring and a part of the B and C rings, 

with the pyfrolidine enamine of cyclopentanone, 

a synthon for the D ring, as usual gave the 

_‘-benzocyclobutcnylethy1cyclopentanone [k) 

which h::s all the carbon atom in the grayano- 

toxanc framework. This was converted into the 

key intermediate (j&l [v ox (CHC13) 1695 me1 

and 6 (CK13) 3.18 and 3.3O’(each lH, d, J 

14 Hz, Af122) J by a treatsent with ethyl 

for-mate in the presence of sodium hydride 

and then the resulting hydroxynethinc (7) 

with n-butyl rrcrcaptan and p-toluenesulphonic - 
acid in 64.6 % overall yield from 2. 

Heating the olcfinic benzocyclobutene (@ 

in o-dichlorobcnzene at 180’ for 6 hr 

in a current of nitrogen gave in 70.7 % yield, 

via ~uinodinethanc ($), tic tetracyclic 

com(,ound (,I&,)9 having a kaurane system which 

shohI%! the presence of cyclopentanone system 

at 1750 cm-l in its IR spectrum. Reduction of 

,&Q with sodium borohydride afforded the alcohol 

c.y, 1 ‘Jmax. (alCl3) 3570 cm-‘], which was 

treated with acetic anhydride and pyridinc 

to yield the corresponding acetate tl,2J [ \iiMx 

(cHC13) 1?20 cm‘“]. The IF&JR spectrum of 

;li. revealed the methyl resonance in acetoxyl 

crop? at an abnormally high field (6 1.38) and 

the nethine proton of Cl4 position at 64.70 

as a broad doublet. The former fact shows 

that the relative configuration of the cyan0 

PIWT and the Cl3 -hydrogen is trans as shown 

in &. This stereochemistry is supported by 

the second effect in Woo&ard-Hoffmann rule 10 

kh i ch considers the role of the cyan0 function 

on the o-quinodiwthane system. The latter data - 
in NMR spectrum indicate mthinc. proton at Cl4 

position to be coupled with the proton at Cl2 

position in long-range manner, thus showing the 

cl,-hydroxyl group to be an.,orientation? 
11 

?re~it~~ent of the alcohol (Y&) with Fancy nickel 

in acetone at 60’ for 4 hr, ,‘olloweJ by the catalytic 

hydrogena t ion on 10 % palladium-carbon in ethanol 

wvc the desulphurized product (,&$I, which was 

reduced with DIBAL at room tcnperature into the 

corresponding aldehyde (&$) [ u max. (cHCl3) 1710 cm-l 

and d (CIXZ13) 9.43) in 31.4 % overall yield from 

JJ,. Sodium borohydride reduction of this aldehyde 

afforded in 90 9 yield the alcohol (,&) [6 (CDc13) 

3.511 and 3.63 [each lH, d, J_ 14 Hz, -cH_2OH)]. 

Chart 2 

5 6 7 X=OH 

8 X=SBu” 

9 10 i,l, X=CN, Y-SBu", R-H 

l,? X=CN, Y=SB"", R-AC 

li;; X=CN, V=R=H 

l,+, X=CHO, Y=R=H 

15 X=CH20H, Y=R=H 
.I " 

j or 4 

!F, X=CH<E, Y=R=H 
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‘The alcohol (,j,!jj thus obtain4 MS treat4 

with p-tolucnesulphonyl chloriJc in pyrirllnc 

3t room tcmpcraturc for S hr to glvc in 59 ‘1 

yield the expcctccl rcnrranged conq’olmd ($1 

In addition to its tosylntc (i;<) in 29.S \ 

yield, and the both was cwi ly separated by 

511 icn pel colwmn chromatogrrnphy. ‘ihr forwr 

lwoduct [ Vmax (CllCl 
3 

) 3570 cm 
-1 

and m/c 270 

(:I+)] exhibited 3n olcfinic proton at 5.91 

as ;I distorted kuhlct nnJ hen:!1 ic wth>,lcnc 

proton5 at 3.30 .I<\ 3.43 RS R Jouhlct haviny 

.J 11 llz. _ 'hc to5;).liitc (&?I, khich x15 also 

obtain4 by treatment of 3, \iith I’-tolumczul- _ 

phony1 chlorik and I’yriJine 371; IL~U~I , .shoaetl 

:I mcthine proton on Cl3 at 4.30 ;I< a clothlct in 

addit ion to an olcfinlc Ilrflton nt 5.35 2s a 

Jir;tortcJ Jouhlct :lnJ t0sb.I resonance. ‘These 

:GlR spectral Jot;1 indicntetl the nrot!uctq to 

!MVC the structttre 3, nnJ lx,, :~n~l rule;1 out 

other possihlr rearrnngcd St rllcturcs. 

BY having the resul t inhand thnt the aromat 1c 

ring ispreferredtomigratr, a :yntksis of 

the C 
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silica gel (140 g) using n-hexane-AcOEt (v/v 

10 : v/v) to give the tetracyclic compound (Q,) 

(3.25 g, 70.7 %) as color&s needles, mp 74 2. 

76’ (ether-n-hexanc) (Found: C, 71.W: H, 7.39; 

h’, 3.64. C22H27NO2S requires C, 71.50; H, 

7.37; N, 3.79 %); IR vmax 

1750 cm- ’ 

(cHc13) 2215 (CN) and 

(CO); MR (ClKl;) 6 3.43 (2H, br s, 

ArCH2) and 3.77 (3H, s, KH3); KS m/e 369 (E’). 

7-n-Butylthio-9B-cyano-6,7,8,9,11,12,13a,146- 

octahydro-14a-hydroxy-3-methoxy-86,130- 

ethanophcnanthrene (l&. -To a soln of E 

(3 gJ in MM (100 ml) was added in samll portions 

SaMI (0.5 g) with stirring at room temp. and 

then the mixture was stirred for 1 hr at the 

same temp. After evaporation of MeOH, the 

residue was decomposed with water and 

extracted with ether. The extract was washed 

with water, dried (Na2S04) and evaporated 

to give the alcohol (Q) (2.67 g, 89 %) as 

colorless needles, mp 157~160~ (n-hexane) 

(Found: C, 71.05; H, 8.00; ti, 3.60. C22H29N02S 

requires C, 71.12; II, 7.87; N, 3.77 So): IRvmax 

(CHCl-.) 3520 (011) and 2215 cm-1 (CN); MS m/c ’ 
3?1 (>I+). - 
‘lhc acetate (x) (6 mg, colorless oil) was pre- 

pared from ,Q (10 mg) hy treatment with acetic 

anhydridc (11.1 ml) and pyridinc (0.2 ml) for 

4X hr at room tcmp; IR vmax (CIIC13) 2205 (C?I) 

and 1720 cm -1 (CO); NXR (Ci13) 61.38 (311, s, 

-KOClI,) and 4.70 (lH, br cl, J = 5 Hz, 

-Cll-OCKHj); PLY m/c 418 (>I+) (Found: ?l+ 413.2019. _ - - 
C24HjlW3S rcquircs r.1 413.2024). - 
93.Cvano-6,7, -_ 8,9,11,12,13a.l4E-octahydro-14a- 

hvdroxv-3-nrthoxv-8L!,13B-ethanophenanthrene IL - 
CL:). -- ~1 mixture of J,d> (210 mg), Raney ‘iill 

(3.5 E:) and Me2sO (30 ml) was heated at 60’ for 

6 hr with stirring. !\ftcr filtration of 

R?ncy Yi , 1 9 the solvg,nt was distilled off to give 

96-c~nno-8,P,11,12,13tx,l4B-hcxahydro-14~- 

h+lrox);-3-nrthoxy-Bfi,l3~~ethanophenanthrene 

(160 mg, 50.3 %) as coln~~lcss crvstals. mp 

98~101° (cthcr -n-hcxanc) (Found: C. 74.00; 

II. 6.81; s, 4.5s. C18111gW2’0.5 H20 requires 

C, 74.44; H, 6.94; ‘i, 4.R2 9) ; lRvmax (CHC13) 

3S?O (Otl) , 2210 (CS) and 1625 cm-’ (C =‘O) ; 
MUI (C’Xl3) 6 5.73 (111, d, .J = 10 Hz, -CtI = CH-); ._ 
VS n/r 281 (\I+). _ 
A I,IlX:tU‘C’ 0’ the olcf n (80 ma) and 10 % Pd-C 

(80 mx) in EtOll (10 ml) was shaken in a 

current of H2 at room temp for 4 hr. After 

filtration of WC, EtOH was removed in vacua 

to !:lvc 42 (76 mg, 94.5 \) as colorless necLl!cs, 

mp 170~U1710 (ether-n-hexane) (Found: C, 76.00; 

H. 7.70: N. 4.73. C18H21N02 requires C. 76.29; 

H, 7.47: N. 4.94 %): IRvnax (CHC13) 3550 (OH) 

and 2210 cm-1 (0); KS m/e 283 (z’). - 
9B-Formyl-6,7,8,9,11,12,13a,lUli-octahydro-,&$:~- 

hydroxy-3-methoxy-Z?B,l?e-ethanophenanthrene Q,4). 

To a soln of the nitrile (a) (30 mg) in dry 

benzene (3 ml) was added DIBAL (0.5 ml; 25 \*‘t 9, 

solution in toluene) in one portion at room 

temp with stirring and the mixture was stirred 

for 14 hr at room temp. After addition of an 

excess of 10 + D NH4C1 soln, the reaction mixture 

was further stirred for 2 hr and then extracted 

with CH2C12. The extract k’as washed with water, 

dried (Na2S04), and evaporated to leave a gum, 

which was subjected to silica gel (2 g) column 

chromatography using n-hexanc-AcOEt (v/v 9 : 1) 

as an eluant to give the aldchyde (w (20 mg, 

66 %) as a colorless oil [Found: C, 75.30; II, 7.80 

ClRH2203 requires C, Y’5.49; II, 7.74 %): IRvmax 

(‘.X3) 3560 (?)and 1710 cm-’ (CO); MR (CDCl,j 

6 9.43 (lli, 5, -00); VS m/e 257 (U’-0). - 
6,7,8,9,11,12,13a,14!?-Octahydro-lSu-hydroxy-9B- 

hydro~thy1-3-methoxy-8B,l36-ethanophenanthrene 

(a. - NaBH4 (10 rrg) was added to a soln of 

the aldehydr Q,?) (20 IQ) in WC+1 (5 ml) and the 

mixture was st irrcd at room temp for 1 hr. After 

evaporation of FlcOH, the residue was decomposed 

with water and extracted vith Q12C12. The extract 

was washed with water and dried (Na2S04). 

Evaporation of the solvent left a colorless gum, 

which was chromatographed on silica gel (1 g) 

using CH2CI 2 as an eluant to give the alcohol 

(g) (18 mg, 89.5 %) as a colorless oil (Found: 

M’ 288.1699. C18H2403 requires !i 288.1724) ; IR 

” max (CllCl,) 3560 cm-’ (OH) ; Ni (CK13) 6 3.30 
and 3.63 (each I H, d, J = 14 Hz, -(X20H). 

Wagner-bleenicin Rearrangement of 15.- To a soln 

of the alcohol (M) (20 mg) in pyy?dinc (0.3 ml) 

was added p-tolucncsulphonyl chloride (20 mg) 

and the mixture was allowed to stand for 5 hr at 

room temp. lhe resultinK mixture Was poured into 

k’ater and extracted with CI’12C12. The extract was 

washed in 5 % IlCl and water. After drying (Na2m4 

the solvent was removed by distillation to give an 

oil, which was subjected to silica gel (3 g) 

column chromatoo.ranhv. lhe first n-hexane-AcOEt 

(v/v 1 : 1) eulant gave the A-homojirayanotoxane 

13) (7 mR, 59 %) as colorless needles, mp 110 - 11 

(?leOll) (Found: C, 78.10; II, 8.26. C18H2202’0.25 H. 

requires C, 78.eO; H, 8.20 %), IRvmax (CHC13) 

3570 cm 
-1 (OH); MB< (CDCI~) I .? .I![! and i.43 (each 
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lH, d, J = 11 Hz, ArCl-l2C=) and 5.5U (1H. 

distorted t, J = 3 Hz, >C=CH-); !,s m/e 270 - 

&I+) (Found: y* 270.1645. C18H2202 requires 

M 270.1620). - 
The second n-hexane-AcOEt (v/v 3 : 7) eluant 

afforded the tosylated product (u<) (6 mg, 

29.5 %) as colorless crystais,mp 125%127’ 

(!leOH) (Found: C, 69.91; H, 6.87. C25H2804S’ 

0.25 H20 requires C, 69.98; H, 6.69 %); XMR 

(CDC13) d 2.45 (3H, s, CW3Ar), 4.36 (lH, d, 

J i 5 Hz, XIII-OTs), 5.35 (lH, distorted t, 

J = 3 Hz, X=CH-) and 7.30 and 7.75 

(each 2H, d, J = 8’ Hz, ArH) ; F1s m/e ,124 (y’) . - 
(Found: M+ 424.1711. 

424.1708). 

C25H2804S requires y 

Tosylation of &+ A mixture of 2 (3 mg), 

p-toluenesulphonyl chloride (3 mg) and pyridine 

(0.1 ml) was allowed to stand at room temp 

for 1 hr, and worked up as the above rearrange- 

ment to give the tosylated product u* (6 me, 

91 %), which was identical with u, oreparec 

directly from ,& in spectral and chromato- 

graphical comparison. 

6,7,8,?,11,12,13a,146-Cctahydro-141-hydroxy-96- 

(2-hydroxvethyl) 3-methoxy-86,136-ethanophenan- 

threne (&$I) ,- A soln of aldchyde (&Q (‘0 mg) 

in dry ether (10 ml) was added dropwise to 

:.iz!lgI [prepared from !Ig (7 mg) and Me1 (50 mg) 

in dry ether (10 ml)] with stirring at room temp, 

and the mixture was stirred for 0.5 hr at room 

temp. The reaction mixture was decomposed with 

an excess of 10 0 NH4CI soln and filtered, The 

organic layer was separated and the aqueous 

layer was extracted with ether. The organic 

layer and the extract were combined, washed with 

water, and dried (Sa2SD4). Evaporation of the 

solvent gave an oil, which was purified with 

silica gel thick layer chromatography using n- 

hexane-A&Et (v/v 1 : 1 ; Rf 0.43) to afford 

R (14 mg, r~h.3 %) as a colorless oil (Found: 

C, 74.58; H,_8.30. ClgH2603’0. 24 H20 requires 

C, 74.35; H, 8.62 %); IRvmx (CHC13) 3565 

(OH) cm 
-1 ; N?dR (cDc13) 60.83 and 0.95 (ratio 

1 : 1; 3H, d, J = 7 Hz, a-r,-CH), and 4.0 -. 
(lH, broad, CH3-cH_-OH). The separtion of stereo- 

is-r could not be achieved. 

Wagner-lkexwein Rearrangement of I&-- A mixture 

of the alcohol (.&I (11 mg), e-toluenesulphonyl 

chloride (17 mg) and pyridine (0.3 ml) was heated 

at 70’ for 17 hr, and worked up a: ,I!)ovc re - 

arrangement to give the crude oil, which was 

subjected to silica gel thick layer chromato- 

graphy using n-hcxane-AcOEt (v/v 1 : 1; Rf 0.61) 

to afford 4 (8 mg, 

(Found: ?1’%43*.1835 

50.2 %) as a colorless oil 

C26ti3n04S requires y 

438.1863); MU? (ClK13)5 1.30 and 1.42 (ratio 

1 : 2, 3 H, d, .J = 7 Hz, R,CH), 2.43 (3H, s, 

ArfH3), 3.68 (3H, s, @ZH3), 3.93 ‘, 4.38 (lfi, 

CH-OTs), 5.2: (lH, broad, >C=CH), and 7.33 - 
and 7.80 (each 21!, d, J = 8 Hz, ArH). 
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