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Abstract 
Novel heptacycllc triones 8 and 9 have been syntheslsed. A 

series of probing experiments on the heptacycllc ketones 3, 8 
and 9, rn quest for [71-prlsmane homo- and secologues are 
described. Synthesis of novel polyhedranes 23-25 through 
thermal 2+2-cycloreverslon of 3, 8 and 17, respectively, has 
been achieved. Our results point to the need for devising & 
nova strategy for the creation of higher prlsmanlc frameworks. 

Introduction 
In the preceding two reports, we have outlined our synthetic quest 

for [61-prlsmane 1.1 While these travails have led to considerable 
progress towards 1, the ultimate target molecule remains unconquered. The 
next higher homologue of 1, the [71-prlsmane 2 1s a still more formidable 
proposition, with Its Cl4H14 octacycllc framework of D7h symmetry, consti- 
tuted through the x, x, ~1s union of seven four membered rings. In 
any synthetic pursuit of 2, the problems posed by the considerably higher 
steric energy (215.3 Kcal/mol) 2a compared to 1 (164.4 kcal/mol) and the 
large deviation in the tetrahedral C-C-C angle (128.6' for 2)2b*c from the 
normal range have to be overcome by some very deft manoeuvres. It 1s 
hardly any surprise, therefore, that practically no synthetic efforts, not 
even a strategy, targeted towards 2 has made its presence in the litera- 
ture.3 Herein, we describe some probing experiments, aimed at 'testing 
the waters' in pursuit of 2. 
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During the synthesis of 1,4-bishomo-I61-priemane ("garudane"l,4 we 
developed a short (3 steps) and efficient approach to the heptacyclic 
dlone 3 from the readily available norbornenobenzoqulnone and cyclopenta- 
drene. Interestingly, the dlone 3 has present ln it two face-to-face 
seven membered rings joined together through various bridges and, there- 
fore, ita framework 1s eminently suitable for further evolutron towards 
[71-prrsmane homo- and secologues. For example, either direct C-C bond or 
a one bond carbon brrdge between carbon atoms bearing carbonyl groups 
could eventuate into 1,4-brshomo[71-prlsmane 4 or 1,3,5-trlshomo[71- 
przsmane 5 frameworks, respectively. Addltlonally, if one or both of the 
methano bridges rn 3 could be functlonallsed to set up Favorskri ring 
contraction, homo-seco[71-prrsmane 6, seco-[71-prlsmane 7 or even 2 itself 
could be attalned, Scheme 1. Emanating from these thoughts, our efforts 
lnrtlally focused on the synthesis of bridge functlonallsed derlvatlves of 
3, e-g., 6 and 9 and on manoeuvres to establish a C-C bond between Cl1 and 

Cl48 the site of the carbonyl groups in 3. 
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Scheme 1 6 

Synthesis of heptacyclic triones 6 and 9 
Keeping in view the steps through which dlone 3 was synthesised, a 

convenient route to 8 was devised. Duels-Alder reaction between dlmethyl- 
fulvene and norbornenobenzoquinone 10 furnished a mixture of endo,sE-11 
and -_ endo,antl-12 adducts in - 2 * 1 ratio. While the presence of 11 and 
12 was quite apparent In the lH NMR spectrum of the crude reaction mix- 
ture, attempts to separate them led to substantial decomposltlon through 
retro-Diels-Alder reactlon. However, the presence of 11 and 12 and their 
stereochemistry could be firmly established through the lrradlatron of 
thrs mixture to a readily separable mixture of heptacyclrc drones 13 and 
14, respectively. The ene-dlone moiety In the mixture of adducts 11 and 
12 was reduced with aq.TlC135 as described by us for related compoundslb*4 
to furnish 15 and 16 in good yield. The stereostructure of the minor pro- 
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duct 16 followe from the ehieldlng of the 7-methylene group of the norbor- 
nene moiety by the spatially proximate double bond of the other norbornene 
moiety. The major product of the aq.TlClg reduction had the required 
structure 15 and underwent emooth intramolecular 2+2-cycloaddltlon to 
furnish the heptacyclrc drone 17. The masked carbonyl functlonallty rn 17 
was revealed through the oxldatlve disposal of the lsopropylldene moiety 
ln 17 to furnleh the heptacycllc trlone S in good yield, Scheme 2. The 9 
line 13C NMR spectrum of 8 was fully coneonant with its structure. 
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The tetrahalo-trlone 9 was llkewrse assembled from 5,5-dlmethoxy- 
1,2,3,4-tetrachlorocyclopentadlene and 10 as shown ln Scheme 3. The 
dlastereoaelectlvrty In this cycloaddltlon was reversed and the 
dealred endo,= adduct 18 was obtained as the minor Isomer.6 Both, the 
adducts 18nd 19 underwent aq.TiC13 reduction with complete reglo- and 
atereocontrol to furnish 20 and 21, respectlvely.5 As expected, 20 on 
sensltlsed lrradzatlon furnished the 2+2-cycloaddltlon product 22, In 
which the carbonyl group waa unmasked to furnish the heptacycllc tetra- 
chloro trlone 9, Scheme 3. 
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Reactions of heptacycllc ketones 3, 8 and 9 
One of the first reactions to be attempted was the plnacollc coupling 

between the two transannular carbonyl groups in 3 and 8 to gain access to 
the system 4. Both 3 and 8 responded uneventfully to the various recipes 
(e.g., TiCl3,7 Wg-TiCl48) employed for this purpose. Attrrbutlng this 
failure to the unfavourable geometrical dlsposltlon of the carbonyl group- 
in the heptacycllc framework,9 we sought to restructure 3, In a reversible 
manner, to secure better alignment of the carbonyl groups. For this pur- 
pose, 3 was subjected to thermal actlvatlon under flash pyrolysis condl- 
tions (600*/0.ltorr)10 to furnish the 2+2-cycloreverslon product 23 in 
near quantltatlve yield. Pentacyclic dlone 23 reveraed back to 3 on irra- 
diation in the presence of a taensltlser. The thermal 2+2-cycloreverslon 
was found to be a general reactlon of the heptacycllc system and ketones 8 
and 17 furnlshed the lnterestlng polyhedranes 24 and 25, respectively. 
In the case of 8, a decarbonylated and rearrangement product 26 was also 
obtained and its structure waa establlshed through X-ray crystal structure 
determlnatlon.11 Formation of 26, probably proceeds through the intorme- 
dlate dlene 28, Scheme 4. While the novel pentacyclic drones 23-25 became 
readily accessible, they too showed complete realstance towards pinacollc 
coupling which was expected to establish the crucial C-C bond. 
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Scheme 4 
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Next, we attempted to Install the Cll-Cl4 bond in 3 in an interest- 
ing but more clrcultous way. NaBH4 reduction of 3 furnished an endo,endo 
dlol, which was converted to the dlmesylate 29. Reaction of 29 with NaI 
In HMPA furnished the exo,exo-dllodlde 30, which underwent smooth 1,4- 
fragmentation in the presence of Na-K alloy to furnish the dlenc 31 
(Scheme 51, which was thought to be an excellent precursor of the 1,4- 
blshomo-Ill-prlsmane system 4. Irradiation of 31, under different condl- 
tions and sensltlser, proved totally unsuccessful and the 2+2-cycloaddl- 
tlon product 4 was not formed.12 
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Concurrently, an attempt was also made to create the architecturally 
beautiful tr18homo-t71-prirmane framework 5 &g a homo-Norrieh cycliration 
that had proved 80 8ucce88ful in dodecahedrane 8ynthe8i813. Thu8, dione 3 
wae q  ubjected to controlled W1tt1g oleflnatlon to furnish the drolefln 32 
and keto-olefln 33 in 1 : 4 ratio. Catalytic hydrogenation of 33 
furnr8hed 34 wrth an e-methyl group. Irradzatlon of 34 1n benxene- 
t.BuOB in the pre8enoe of Et3N, condition8 employed earlier by Paquette, 
did not lead to the expected homo-Norrl8h product 35, Scheme 6. The 
failure in thie case 18 perhaps due to the unfavourable 8tereo-elcctronlc 
factor8 for the hydrogen abetractlon. 14 The atomic separatlon8 1n 34 were 
also found (MMX calculatlone) to be 3.31 and 3.37 A for the O..,H and 
Cn...C di8tancea, respectively, whzch are somewhat out8lde the normal 
range I- 2.6 A) for rntramolecular hydrogen abetractlon8. 

I sahamas 

At thie stage, attention was turned to the tetrachloro-trlone 9 and 
1t wae directly subjected to the Favorakrl ring contraction. However, 
only intractable, aromatic proton contalnlng product8 were detected. 
Realieing that the two remote carbonyl group8 were perhaps interfering 
with the reaction, we aought to render them lneffectlve. Consequently,ZZ, 
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the precursor of 9,was elaborated to the dlmethyltetrachloroketone 37b in 
three rout Ine steps u the dlolefln 36. On subjecting 37b to the 
Favorskll regiment, no ring contractron product was pncountered but a 
novel dlene ester 39, formed through Haller-Bauer cleavage and cyclobutane 
ring cleavage in 38, was obtained, after dlazomethane esterlflcatlon. 
Formatlon of 39 was lnltlally not considered to be a totally dlsappolntlng 
outcome, as an intramolecular 2+2-cycloaddltlon In Itcould eventuate to the 
desired homo-seco-[71-prlsmane system 40. However, 39 also proved to be 
completely resistant to sensltlsed and direct intramolecular 2+2-cyclo- 
addltlon, Scheme 7. 12 

39 
Scheme7 

In conclusion, we have successfully syntheslsed more functlonallsed 
derlvatlves 8 and 9 of 3 and also prepared some novel polyhedranes 23-25, 
however, further progress towards l71-prlsmane has presented considerable 
dlffiettlties. Clearly, strain build-up and unfavourable stereoelectronlc 
dlsposltion of functlonalltles has thwarted the attempts towards esta- 
blishment of addltlonal C-C connectlvltles In 3. Our experrence therefore 
suggests exploration of alternate de novo strategies towards 2. 
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Experimental 

For a dcecrrptron of general procedures, see Ref.la. 

Reactlon of 2,3-norbornenobenzoqulnone (10) with dimethyl fulvene: To a 
solution of the qulnone 10 (lg, 5.8 mmol) in benzene, excess dlmethyl 
fulvene wee added at O’C and the reaction mixture stirred at - 25'C for 
6h. Removal of solvent under vacuum gave a residual solid, which was 
washed with cold hexane to remove excess dlmethyl fulvene. The crude 
material was a mixture of endo,ss-adduct 11 and endo,antl-adduct 12. As 
purification of this mixture was not possible due to the unstable nature 
of the adducts,lt was directly used for the next step. IR: 2925, 
1645, 1290, 710 cm-l. 

Irradratlon of the endo,ey_n-adduct (11) and endo,antg-adduct (12) mixture: 
A solution of a mixture of enedlones 11 and 12 (100 mg, 0.36 mmol) rn 
hexane (125 mL) was purged with a slow stream of nitrogen and irradiated 
for 4h, using Pyrex filter. The solvent was removed under vacuum and the 
residue charged on a silica gel (10 g) column, Elution with 3% ethyl 
acetate-hexane furnished the a-heptacyclo[l0.2.1.1 5~8.02~11.04~9.02~6. 
07~lllhexadec-13-ene-5-isopropylidene-3,lO-dione 13 (40 mg, 40%) and was 
recryatalllaed from dlchloromethane-hexane. mp.: 192-194'C; IR. 2965, 
1745, 1720, 735 cm-l; 1H NMR: 6 6.36 (2H, dd, Jl=J2=2Hz, -CH=CH-1, 3.26 
(2H, ml, 2.93 (2H, dd, Jl=J2=2Hz), 2.70 (2H, br a), 2.53 (2H, dd, 
Jl=J2=2Hz), 1.72 (6H, 8, lsopropylldene methyl), 1.75-1.51 (lH, f ABq, 
masked under CH3 singlet), 1.22 (lH, i ABq, J=9Hz, X:1,; 13C NMR: 6 
213.8, 141.7, 136.7, 121.1, 62.5, 54.8, 50.8, 42.7, 41.3, 38.6, 21.1. 
Anal. Calcd, for ClgH1802: C, 81.98; H, 6.52. Found: C, 82.00; H, 6.56. 

Further elutlon with the same eluent furnished the m-heptacyclo- 
[10.2.1.15~8,02~11,04~9.02~6.07~111hexadec-13-ene-5-~sopropy1~dene-3,10- 
dlone 14 (20 mg, 20%) and was recrystalllaed from dlchloromethane-hexane, 
m.p.: 201-202'C; IR: 2965, 1745, 1725, 720 cm-l; 1~ NMR. 6 6.23 (2H, dd, 
Jl=J2=1,5Hz, -CH=CH-1, 3.25 (ZH, ml, 2.82 (2H, br s), 2.73 (ZH, br a), 
2.55 (2H, br 8). 1.74 (6H, a), 1.88-1.64 (lH, f ABq, masked under CH3 
singlet), 1.55 (lH, + ABq, J=9Hz, :C=$; 13C NMR- 6 212.0, 141.4, 135.3, 
121.5, 63.1, 53.6, 45.7, 43.0, 42.0, 38.9, 21.1. Anal. Calcd. for 
Cl9Hl802: C, 81.98; H, 6.52. Found: C, 81.78; H, 6.53. 

Reduction of the enedlonea (11) and (12) wrth aq.TlCl3: To a solution of 
the mixture of enedlones 11 and 12 (600 mg, 2.16 mmol) in acetone (30 mL) 
15% aq.TiClj was added dropwlse at O'C untrl a pale purple colour pereis- 
ted.5 The reaction mixture was poured into brine solution (100 mL) pnd 
extracted with ethyl acetate (3 x 100 mL). The combined organic ‘llxtract 
was washed with 10% NaHC03, water and dried. After removal of- solvent, 
the residue waa,charged on a silica gel (409) column. Elution wrth 10% 
ethyl acetate-hexane furnished the e, anti ,endo-adduct -- la,40,4aa,lOaa,- 
58,8B,8aa,9aa-octahydro-l,4-methano-5,8-~sopropyl~denemethano-anthracene- 
9,10-dlone 16 (120 mg, 20%) and was recrystalllsed from dlchloromethane- 
hexane. m.p.: 208-21O'C (decomp.); IR 3000, 1705, 725 cm-l; 1~ NMR. 6 
6.24 (2H, s with at., -CIj=CH-1, 6.14 (2H, s, -CH=Clj-), 3.74 (2H, br e), 
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3.69 (ZH, br s), 3.40 (2H, br a), 2.63 (ZH, br s), 1.55 (6H, a), 1.26 and 
0.57 (ZH, ABq, J-SHz, -Cg2-); 13C NMR: 6 209.3, 144.4, 137.1(2C), 110.0, 
54.8, 52.1, 47.1, 43.4, 43.0, 19.5. Anal. Calcd. for ClgH2002: C, 81.39; 
A, 7.19. Found: C, 81.38, H, 7.19. 

Further elution with the same solvent gave endo,svn,endo-adduct, 
la,4a,4a8,10a~,5a,8a,8a8,9a8-octahydro-l,4-methano-5,8-~sopropyl~deneme- 
thano-anthracene-9,10-dione 15 (300 mg, 50%) and was recrystallised from 
dichloromethane-hexane. m.p.: 212-215'C(decomp.); IR: 2975, 1700,730 cm-l; 
1H NMR: 6 6.09 (2H, 8 with St., -CH=C!H-1, 5.95 (ZH, 8, -CIj=CH-), 3.68 (2H, 
br a), 3.36 (4H, a), 3.25 (ZH, br a), 1.52 (6H, e), 1.30 (ZH, ABq, 
Jl=J2=8Hz, -CEi2-1; 13C NMR: 6 209.4, 144.3, 137.4, 136.9, 109.8, 53.9, 
53.7, 46.9, 43.8, 43.7, 19.5. Anal. Calcd. for ClgH2802: C, 81.39; H, 
7.19. Found: C, 81.10; H, 7.13. 

Irradiation of the endo,evn,endo-adduct (15): Heptacyclo[7.6.1.02*8.03~7.- 
04~13.06~12.010~151hexadeca-5-~sopropy1~dene-11,14-d~one (17): A solution 
of the endo,sy,n,endo-adduct 15 (400 mg, 1.43 mmol) in 10% acetone-benzene 
(125 mL) was purged with a slow stream of nitrogen and irradiated for lh 
using vycor filter. The solvent was evaporated off and the residue 
charged on a silica gel (log) column. Elution with 30% ethyl acetate- 
hexane furnished the heptacyclic dione 17 (320 mg, 80%) and was recrysta- 
llised from dlchloromethane-hexane. m.p.:187-189'C; IR: 2935, 1705, 1695, 
1280, 1225 cm-l; 1~ NMR: 6 3.10 (4H, br 81, 3.01 (2H, br s), 2.84 (4H, br 
81, 2.65 (2H, br s), 1.60 (6H, 81, 1.88-1.36 (2H, ABq, masked under CH3 
singlet); 13c NMR: 6 210.2, 140.4, 117.5, 55.2, 54.0, 46.4, 45.0, 43.4, 
41.0, 37.5, 20.5. Anal. Calcd. for ClgH2002: C, 81.39; H, 7.19. Found: C, 
81.04; H, 7.22. 

Ozonolysrs of heptacyclic dione (17): HeptacycloI7.6.1.02~8.03*7.04*13.- 
06~12.010~151hexadeca-5,11,14-trione (8): To a solution of heptacyclic 
dione 17 (140 mg, 0.5 mm011 in methanol (25 mL), a slow stream of ozone 
was bubbled at -78.C until a blue colour persisted. Then, the reaction 
mixture was quenched with dlmethyl sulphlde at -78'C and stirred for 3h at 
-25'C, methanol was removed under reduced pressure and the residue die- 
solved in ethyl acetate (50 mL). The organic layer was washed with water 
and dried. The crude product obtained after removal of solvent was 
charged on silica gel (log) column. Elution with 50% ethyl acetate-hexane 
furnished the triketone 8 (115 mg, 90%) and was recrystalllsed from 
dichloromethane-hexane. m.p.: 227-229-C; IR: 2920, 1760, 1680 cm-l; 1~ 
NMR: 6 3.42 (2H, s with St), 3.38-2.89 (6H, m), 2.77 (ZH, br s), 2.38 (2H, 
dd, Jl=J2=2Hz), 1.67 (2H. ABq, J=9Hz, -'X2-); 13C NMR: 6 206.0, 204.1, 
55.6, 47.8, 46.1, 45.8, 44.4, 42.1, 31.1. Anal. Calcd. for Cl6Hl403: C, 
75.57; Ii, 5.55. Found: C, 75.70; Ii, 5.60. 

Preparation of adducts 18 and 19 : The adducts 18 and 19 were prepared 
according to the procedure reported by us 6 from the norbornenobenzoqulnone 
10 and drmethoxytetrachlorocyclopentadiene. 



Reduction of the enedlone (18) with aq.TiClj: 5u,6,7,8a-Tetrachloro- 
la,4a,4a~,10ab,8aL,9ab-hexahydro-l,4-methano-5,8-d~methoxywthanoanthra- 
cene-9,10-dione (20): To a stirred solution of the m-enedlone 18 
(300 mg, 0.68 mmol) in acetone (8 mL) 30% aq.TlClJ was added dropwlse 
until a pale purple colour persisted.5 The reaction mixture was poured 
into water (20 mL) and extracted with ether (3 x 20 mL). The combined 
ethereal extract was washed with 10% NaHC03, water and dried. Removal of 
solvent gave the crude reduced adduct which was filtered through a silica 
gel (10 g) column. Elutlon wrth 25% ethyl acetate-hexane furnished the 
pure endo,svn,endo- adduct 20 (270 mg, 90%) and was recrystalllsed from 
dlchloromethane-hexane. mp.: 175'C; IR: 3050, 2925, 1710, 1600, 1195, 720 
cm-l; 1H NMR: 6 6.01 (ZIi, dd, Jl=J2=2Hz, -HC=CIj-), 4.04 (ZH, a,-Cl&krj-1, 
3.58 (3H, s, -0CIi31, 3.54 (2H, br s), 3.52 (3H, s, -0(X3), 3.2 (2H, br s), 
1.33 (28, ABq, -Ckl2-); 13C NMR: 6 202.8, 136.5, 130.9, 113.9, 74.2, 59.0, 
54.1, 53.1, 52.1, 46.5, 43.6. Anal. Calcd. for Cl8Hl6ClqOq: C, 49.34; H, 
3.68. Found: C, 49.60; H, 3.67. 

Reduction of enedlone 19 with aq.TiC13: 56,6,7,8S-Tetrachloro-la,4a,4aa,- 
10aa,8aa,9aa-hexahydro-1,4-~thano-5,8-di~thoxy~thanoanthracene-9,10- 
d&one (21): To a stirred solution of m-enedlone 19 (200 mg, 0.458 
mm011 in acetone (5 mL) 30% aq.TrCl3 was added dropwlse until a pale 
purple colour persisted.5 The reaction mixture was poured rnto water 
(15 mL) and extracted with ether (3 x 20 mL). The combined ethereal 
extract was washed with 10% NaHC03, water and dried. Removal of eolvent 
and filtration of the residue through a silica gel (log) column furnlahed 
a single reduced product 21 (195 mg) in near quantitative yield which was 
recrystalllsed from dlchloromethane-hexane. mp.: 164'C; IR: 3050, 2950, 
1720, 1600, 700 cm-l; 1~ NMR: 6 6.12 (ZH, dd, Jl = J2 = 2Hz, -iC=Cg-1, 
4.22 (2H, s, -ClC-CIj-,, 3.6 (3H, s, -0Cg31, 3.54 (3H, 8, -OCH3), 3.34 
(2H, dd, Jl = 52 = 2Hz), 2.86 (2H, br e), 1.34 (lH, 4 ABq with St., J = 
8~2, %:ff 1, 0.66 (lH, t ABq, J = 8Hz,:C<fl 1; 13C NMR: 6 203.5, 136.9, 
131.0, 113.2, 74.0, 60.5, 53.1, 52.7, 52.2. 46.8, 42.1. Anal. Calcd. for 
Cl6Hl6C1404: C, 49.34; H, 3.68. Found: C, 49.25; H, 3.66. 

3,4,6,7-Tetrach1oro-5,5-drmethoxyheptacyc1o~7.6.1.02~8.03~7.04~13. 06#12.- 
010,15]hexadeca-ll,lI-dlone (22): A solution of the a, S!Y!if - endo- 
adduct 20 (300 mg, 0.68 mm011 in 15%acetone-benzene (125 mL) was purged 
with a slow stream of nitrogen and irradiated for 3h, using vycor filter. 
The solvent was evaporated off and the residue charged on a silica gel (20 
g) column. Elution with 40% ethyl acetate-hexane furnished the heptacy- 
cllc dlone 22 (135 mg, 45%) and was recrystalllsed from dlchloromethane- 
hexane. mp.: >25O'C; IR: 2950, 1710, 1200, 790 cm'l.lH NMR: 6 3.8-3.68 
(2H, ml, 3.66 (3H, a, -OCEi3), 3.64 (3H, s, -OCi3), 3.52 (2H, dd, J1 = J2 = 
2Hz), 3.2 (2H, br s), 2.96 (ZH, br s), 1.69 ( 2H, ABq with st., J1 = J2 = 
lOHz, -cI3-,; 13c NMR: 6 202.7, 107.0, 78.7, 74.8, 56.2, 55.9, 54.6, 52.2, 
51.5, 45.6, 43.4; Anal. Calcd. for C18H16C1404: C, 49.34; H. 3.68. Found: 
C, 49.29; H, 3.60. 
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Eydrolyeie of 22: 3,4,6,7-Tetrachloroheptacyclo~7.6.1.02~8.03~7.04~13.- 
06~12,010~15,1hexadeca-5,11,14-trione (9): The heptacyclic dlone 22 (25 
mg, 0.057 mmol) in dlchloromethane (0.5 mL1 was cooled to O*C in an ice 
bath and 90% H2ROq (1.5 mL, v/v) was added dropwise. The reaction mixture 
was etirred further for 5 h at - 25.C and poured over crushed ice. The 
aqueous layer wae neutralieed with NaHC03 and extracted with dichloro- 
methane (3 x 10 mL1. The combined organic extract was washed with water 
and dried. Removal of eolvent and recryatalllaation from dlchloromethane 
gave the highly ineoluble heptacycllc trione 9 ( 11 mg, 50%). mp. >25O'C; 
IR: 2925, 1815, 1710 cm-l; 1~ NMR: 3.78 (2H, ml, 3.68 (2H, m), 3.44 (2H, 
br 81, 3.12 (2H, ml, 1.82 (2H, ABq, Jl=J2=10Hz, -CH2-1. 

Flash vacuum pyrolysis (F'VP) of heptacyc1o[7.6.1.02~8.03~7.04~13.06~12.- 
010~151hexadeca-ll,lI-dlone (3): The heptacycllc dlone 3 (240 mg, 1 mm011 
was slowly sublimed (2OO'C/O.l torrl through quartz tube equilibrated to 
6OO'c(t lO'c1. The condensate was carefully chromatographed over a 
neutral alumina (3091 column. Elutron with 20% ethyl acetate-hexane 
furnished the olefinic dione 23 (168 mg, 90% based on starting material 
recovered1 and was recryetalllaed from dlchloromethane-hexane. m.p.: 251'C 
(decomp.1; IR: 2925, 1695, 765 cm-l; 1H NMR: 6 5.35 ( 4H, d, J=2.5Hz, 
-CH=Cfl-1, 3.44 (4H, m), 3.13 (4H, ml, 2.08-1.56 (4H, m, -CIi2-); 13C NMR: 6 
208.3, 130.6, 56.9, 44.2, 35.7. Anal. Calcd. for Cl6HI602: C, 79.97; H, 
6.71. Found: C, 79.82; 8, 6.74. 

FVP of heptacyc1o[7.6.1.02~8.03~7.04~13.06~12.010~151hexadeca-5,11,14,- 
trione (8): The heptacycllc dlone 8 (254 mg, 1 mm011 was slowly sublimed 
(200'C/0.2 torr) through quartz tube equilibrated to 550-C (2 lO'C1. The 
condensate was carefully chromatographed over a silica gel (1591 column. 
Elutron with 30% ethyl acetate -hexane furnished the rearranged product 26 
(63mg, 28%) and was recrystallised from dlchloromethane-hexane. m.p.: 
220'C; IR: 2940, 1710, 1130, 705 cm-l; 1~ NMR: 6 6.62 (lH, t, J=8Hz), 6.23 
(lH, t, J=8Hzl, 6.07 (lH, t, J=BHz), 5.92 (lH, t, J=8Hz), 3.56-2.68 (6H, 
aeriea of ml, 2.56 (2H, t, J=7Hz), 1.86 (2H, dd, Jl=J2=2Hz, -CH2-); 13c 
NMR: 6 210.6, 203.7, 141.1, 139.8, 132.0, 123.0, 61.3, 56.5, 53.4, 53.1, 
50.7, 41.2(2Cl, 39.3(261. Anal. Calcd. for CI5HI402: C, 79.62; H, 6.24. 
Found: C, 79.74; H, 6.25. 

Further elution with the same eluent gave the metathetlc dione 24 
(46 mg, 18%) and was recrystalllsed from dlchloromethane-hexane. m.p. 
235.C (decomp.); IR: 2940, 1735, 1700, 775 cm-l; 1~ NMR: 6 5.59 (4H, dq, 
Jl=15Hz, J2=4Hz, -CH=C&l, 3.74 (4H, dd with st, Jl=J2=4Hzl, 3.25 (4H, ml, 
2.28-1.72 (2H, m, -CH2-); 13C NMR: 6 210.1, 205.2, 134.0, 127.7, 57.8, 
51.3, 50.3, 45.1, 34.2. Anal. Calcd. for Cl6H1403: C, 75.57; H, 5.55. 
Found: C, 75.72; H, 5.51. 

FVP of heptacyclo[7.6.1.0 2~8.03~7.04~13.06~12.016~151hexadeca-5-isopropy- 
lidene-11,14-dione (17): The heptacyclic d&one 17 (28 mg, 0.1 mm011 was 
slowly sublimed (19O'C/O.2 torrl through quartz tube equilibrated to 45O'C 
(2 10'Cl. The condensate was carefully chromatographed over a silica gel 
(5gl column. Elution with 30% ethyl acetate-hexane furnished oleflnlc 
dlone 25 (20 mg, 70%) and was recryetallleed from dlchloromethane-hexane, 
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m.p.: 238-24O.C; IR: 2930, 1695, 770 cm-l; 1~ NMR: 4 5.36 (4H, t, J = 4Hz, 
-CE=CH-1, 3.71 (ZH, ml, 3.55. (4H, m), 3.16 (2H, m), 1.80 (6H, a), 1.94- 
1.64 (2H, m, -(X2-); 13C NMR: 6 208.0, 132.3, 129.1, 128.3, 125.8, 57.1, 
55.4, 45.4, 44.1, 36.4, 20.8. Anal. Calcd. for ClgH2002: C, 81.39; H, 
7.19. Found: C, 81.25; H, 7.18. 

~eptacyclot7.6.1.02~6.03~7.04~~3.06~12.010~~51h exadeca-11,14-dlweylate 
(29): A solution of compound 3 (200 mg, 0.83 mmol) in methanol (5 mL) was 
cooled in an ice-bath and sodium borohydrlde (25 mg, 0.65 mmol) was added 
and the reaction mixture stlrred for 15 min. Methanol was removed at 
- 25.C under reduced pressure and the residue diluted with water (10 mL). 
The aqueous layer was extracted with ethyl acetate (3 x 10 mL)) and the 
combined organic layer washed wrth water and dried. Removal of solvent 
gave a crude drol (200 mg) which was directly used for the next step. IR: 
3350(br), 2925, 1030 cm-l. 

To the above obtained dlol (200 mg) in pyrldlne (5 mL) cooled in an 
ice-bath was added dropwlse methanesulphonyl chloride (500 mg, 4.3 mmol). 
The reaction mixture was stirred further for 4h at - 25'C and then poured 
into water (20 mL). The aqueous layer was extracted with ethyl acetate (3 
x 20 mL) and the combined organic extract was successrvely washed with 
10% HCl (5 x 15 mL), 10% NaHC03, water and dried. The residue obtained 
after removal of solvent was filtered through a silica gel (5 g) column. 
Elution with 30% ethyl acetate-hexane furnished the pure dlmesylate 29 
(268 mg, 81%) and was recrystallrsed from dlchloromethane-hexane. mp.: 
166'C (decomp.); IR: 2925, 1340, 1160, 1000, 970 cm-l; 1~ NMR: 6 5.26 (2H, 
br s, -I$!-OSO2CH3), 3.02 (4H, s), 2.72 (4H, br s), 2.66 (lOH, br s), 1.32 
(4H, ABq, J1 = J2 = 8H2, -CH2-); Anal. Calcd. for C18H24S208: C, 53.98; H, 
6.04. Found: C, 53.97; H, 6.04. 

~1,14-~~~odoheptacyc1o[7.6.1.02~6.03~7.04~13.06~12.010~15~hexadecane (30): 
A mixture of the dlmesylate 29 (150 mg, 0.37 mmol), excess sodium iodide 
(1.1 g) and HMPA (10 mL) was stirred at 1OO'C for 7h under a nitrogen 
atmosphere. The reaction mixture was cooled and poured into water (30 mL). 
The aqueous layer was extracted with ether (3 x 25 mL)) and the combined 
ethereal extract washed with water and dried. Removal of solvent gave a 
crude material which was charged on a silica gel (10 g) column. Elution 
with hexane furnished the pure dllodo compound 30 (IlOmg, 63%), which was 
recrystalllsed from hexane. mp.: 170-171.C; IR: 2925, 1110, 935, 700 cm-l; 
1~ NMR: 6 5.02 (2H, br s, -?&I), 3.01 (4H, br s, cyclobutyl-CH), 2.7 (BH, 
br s), 1.26 (4H, ABq with St., J1 = J2 = lOHz, -W2-); 13C NMR: 6 51.8(d), 
49.2(d), 41.5(t), 38.9(d), 37.1(d). Anal. Calcd. for Cl6Hl8Q: C, 41.40; 
H, 3.91. Found: C, 41.51; H, 4.01. 

Rexacyclo[7.6.1.02~6.03~~.04~13.06~121h exadeca-10,14-drene (31): Into a 
25 mL three necked RB flask equipped with a dry N2 inlet, condenser and 
mercury seal was placed sodium (75 mg, 0.003 g atom), potassium (35 mg, 
0.0001 g atom) and toluene (5 mL). The mixture was refluxed with vigorous 
stirring until a fine dispersion of the Na-K alloy was formed. The flask 
was cooled and toluene syrlnged out carefully after which THF (10 mL) was 
Introduced. Then the d lodo compound 30 (50 mg, 0.11 mmol) in THF (2 mL) 
was introduced and the contents of the flask stirred for 15 mln at - 25'C. 
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The reaction mixture was diluted with ether (10 mL) and cautiously filte- 
red through a celite pad under a nitrogen atmosphere into a flask contai- 
ning t-butanol. The residue was washed with dry ether (2 x 10 mL)) and 
was immediately destroyed with t-butanol. The filtrate was washed with 
water and dried. The crude hydrocarbon obtained after removal of solvent 
was charged on a silica gel (5 g) column. Elution with pentane furnished 
the pure hexacycllc diene 31 (16 mg, 70%) and was recrystallieed from 
methanol. mp.: 200-202'C; IR: 3000, 2500, 750 cm-l; 1~ NMR: 6 5.84-5.7 
(III, m, -HC=CH- 1, 5.32-5.0 ( 2H, m, -HC=CH-), 2.86 (6X, m), 2.66 (PH, br 
e), 2.52 (ZR, br a), 1.44 and 1.04 (4H, ABq, J = BHx, -CHZ-1; 13C NMR: 6 
136.4, 128.6, 46.3, 45.4, 44.2, 43.3 (2C1, 40.7, 38.6; Anal. Calcd. for 
C16Hla: C, 91.37; A, 8.63. Found: C, 91.22; A, 8.65. 

11-Methyleneheptacyclo[7.6.1.0 2~B.03~7.04~13.06~12.010~151hexadecan-ll-one 
(331: In a 25 mL two necked RB flask equipped with a dry nitrogen inlet 
was placed methyltriphenylphosphonlum bromide (223 mg, 0.624 mmol). The 
solid was suspended in toluene (3 mL) and freshly sublimed t-amyl oxide 
(50 mg, 0.454 mmol) in toluene (1 mL) was introduced and the mixture 
stirred for 5 min at - 25'C. To the canary yellow yllde that formed 
immediately, the diketone 3 (100 mg, 0.416 mmol) in toluene (2 mL) was 
added. The reaction mixture was stirred further for 15 min and quenched 
with water (5 mL 1. The toluene layer was separated and the aqueous layer 
extracted with benzene (2 x 10 mL ). The combined organic layer was 
washed with water and dried. Removal of solvent and tic examination of 
the residue (5% ethyl acetate-hexane) indicated the presence of two pro- 
ducts. The residue was charged on silica gel (15 g) column. Elution with 
hexane inltlally furnished the di-Wittig product 32 (15 mg, 19%) and was 
recryatallised from hexane. mp.: 105'C; IR: 3050, 2925, 990 cm-l; lH NMR: 

6 4.98 (4H, a, )=C1i2), 2.98 (4H, br s), 2.64 (48, br 8). 2.4 (4H, br 
s), 1.4 (4H, ABq, Jl = J2 = 5H2, -CIi2-1; 13C NMR: 8 150.0, 112.0, 50.8, 
48.5, 43.8, 39.3; Anal. Calcd. for Cl5H20: C, 91.47; H, 8.53. Found: C, 
89.96; H,a.32. 

Continued elution of the column with 2% ethyl acetate-hexane furnished 
the mono-Wittig product 33 (65 mg, 80% based on recovered starting mate- 
rial) and was recrystallised from hexane. mp.: 166.C; IR: 3050, 2950, 

1680, 910, 760 cm-l; 1~ NMR: 6 4.84 (2H, s, FcCli2)# 3.1 (4H, ddd, Jl = 
J2 = 12H2, J3 = 2Hz), 2.72 (4H, e), 2.52 (4H, br 81, 1.48 (4H, ABq, Jl = 
J2 = 10Hz); 13C NMR: 6 214.7, 146.4. 113.1, 54.2, 50.8, 50.0, 46.5, 43.9, 
39.6, 39.2; Anal. Calcd. for Cl7Hl60: C, 95.67; H, 7.61. Found: C, 85.50; 
H, 7.60. 

Further elution of the column with 30% ethyl acetate-hexane gave the 
unreacted starting material (20 mg). 

11-MethylheptacycloC7.6.1.0 2.5.03.7.04~13.06~12.010~151hexadecan-14-one 
(34): A solution of compound 33 (50 mg, 0.21 mmol) in ethyl acetate (3 mL) 
was hydrogenated at atmospheric pressure over 10% Pd/C (2 mg) for a period 
of 2h. Pd/C was filtered off and the residue obtained after removal of 
solvent was filtered through a silica gel (3 g) column. Elution with 5% 
ethyl acetate-hexane furnished the methyl ketone 34 (45 mg, 90%) and was 
recryatallised from dichloromethane-hexane. mp.: 2Ol'C;IR: 2925,168O cm-l; 
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1H NMR: 4 3.0-2.0 (13H, ml, 1.4 (4H, ABq, Jl = J2 = 1082, -(X2-1, 1.12 
(3A, d, J = 7H2, -CR3); Anal. Calcd. for C1782OO: C, 84.95; H, 8.39. 
Found: C, 84.64; H, 8.30. 

3,4,6,7-Tetrachloro-5,5-d~aethoxy-ll,l4-d~~thyleneheptacyclo~7.6.l.O2~S.- 
03~7.04~~3.06~~2.0~0~~51hexadecane (36): In a 50 mL two necked RB flask 
fitted with a dry nitrogen inlet was placed methyltriphenylphoephonlum 
bromide (540 mg, 1.5 mmol). The solid was suspended in toluene (3 mL) and 
freshly sublimed t-amyl oxide (110 mg, 1.0 mm011 in toluene (2 mL) was 
introduced and the mixture stirred for 10 min. A canary yellow ylide 
formed almost immediately and to this the diketone 22 (110 mg, 0.25 mm011 
in toluene (2 mL) was added. The reaction mixture was atlrred further for 
30 mln and quenched with water (5 mL ). The toluene layer was separated 
and the aqueous layer extracted with ethyl acetate (2 x 10 mL1. The com- 
bined organic layer was washed with water and dried. Removal of solvent 
gave a crude material which was charged on a silica gel (10 g) column. 
Elution with 5% ethyl acetate-hexane furnished the pure dimethylene pro- 
duot 36 (100 mg, 90%) and was recryatalliaed from dichloromethane-hexane. 
mp.: 241-242'C; IR: 3050, 2925, 1180, 900 cm-l; 1~ NMR: d 5.16-5.0 (4H, m, 
>C'Clf2), 3.68 (3H, a, -0CH31, 3.64 (5A, a), 3.30 (2H, br a), 3.02 (2H, br 
81, 2.66 (2H, br a), 1.68 and 1.21 (ZH, ABq, J = lOHz, -CH2-1; 13C NMR: 6 
139.9, 119.2, 111.1, 79.2, 79.0, 56.1, 51.8, 51.4, 51.3, 48.9, 46.9, 43.0; 
Anal. Calcd. for C2OH2OClqO2: C, 55.32; H, 4.64. Found: C, 55.02; 8, 4.55. 

3,4,6,7-Tetrachloro-5,5-d~methoxy-ll,l4-di~thylheptacyclo~7.6.l.O2~~.- 
03~7.04~13.06~12.010~151hexadecane (37a): A solution of the dlolefin 36 
(60 mg, 0.14 mmol) in ethyl acetate (5 mL) was hydrogenated at atmo- 
spheric pressure, over 10% Pd/C (3 mg) for a period of 6h. Pd/C was fil- 
tered off and the residue obtained after removal of solvent was charged 
on a silica gel (5 gl column. Elution with 5% ethyl acetate-hexane furnia- 
hed the dimethyl compound 37a. as the major product (40 mg, 66%) and was 
recrystalliaed from dlchloromethane-hexane. mp.: 232-233'C; IR: 2950, 
1445, 1180 cm-l; 1H NMR: 6 3.65 (3H, a, -OCH3,, 3.6 (3H, a, -0CH31, 3.28 
(2H, m), 3.14 (ZH, m), 2.76 (2H, m), 2.4-2.04 (4H, m), 1.32 (6H, d, J = 
8H2, -CH3)r 1.48-1.08 (2H, hidden under methyl doublet); 13C NMR: 6 106.5, 
79.6, 79.3, 56.2, 51.8, 51.2, 45.9, 43.7, 42.8, 30.0, 19.3; HRMS: M+ 
Calcd. for C2OH24C1402: 436.0533 . Found: 436.0531. 

Hydrolysis of dlmethylacetal xn 37a: To a solution of compound 37a (40 mg, 
0.09 mm011 in dichloromethane 0.5 mL) cooled in an ice-bath, was added 
90% H2SOq (1 mL, v/v). The reaction mixture was stirred further for 5h at 
- 25'C and then quefiched by pouring over crushed ice (5 g). The aqueous 
layer was extracted with dichloromethane (3 x 8 mL). The combined organic 
extract was washed with 10% NaHC03, water and dried. Removal of solvent 
gave the keto compound 37b(32 mg) which was directly used for the next 
step. IR: 1600 cm-l. 
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11,14,15-Tr~ch1oro-2,8-drmethy1pentacyc1o~7.6.0.03~7.~~~3.06~121~nta- 
deca-10,14-dlene-lo-carboxyllc acid methyl ester (391: A suspension of 
powdered NaOH (150 mg, 3.75 mmol) in toluene (5 mL) was refluxed for 30 
mln and traces of water in NaOH were azeotropically removed using a Dean- 
Stark apparatus. The RB flask was cooled to - 25.C and the crude hepta- 
cyclic ketone 37b (32 mg, 0.81 mmol) in toluene (3 mL) was added and the 
contents of the flask refluxed for 3h. The reactlon mixture was diluted 
with water (5 mL) and acldlfled with dll.HCl. The toluene layer was sepa- 
rated and the aqueous layer was extracted with ethyl acetate (3 x 15 mL). 
The combined organic layer was washed with water and dried. Removal of 
solvent gave 20 mg of a crude material which was dissolved in methanol 
(2 mL) and esterlfled with ethereal solution of dlazomethane at O'C. TIC 
examination of the material showed a single UV absorbing product. The 
solvent was evaporated and the residue charged on a silica gel (5 g) 
column. Elution with 5% ethyl acetate - hexane furnished the pure dlene 
ester 39 (12 mg, 35% from 37a) and was recrystalllsed from dlchloro- 
methane-hexane. mp.: 167-168'C; IR: 2950, 1715, 1250, 1240, 830 cm-l; 1~ 
NMR: 6 3.76 (3H, s, -C(O)-OCH3), 3.28-2.9 (4H, m), 2.7 (2H, br s), 2.2 
(4H, br s), 1.44 (2H, s), 1.18 (3H, d, J=4Hz, -CH3), 1.1 (3H, d, J=4Hz, 
-Cfi3); 13C NMR: 6 169.5, 136.1, 134.5 (2C), 129.5, 54.6, 52.1, 51.9, 49.8, 
42.3, 41.6, 41.4, 40.6, 40.2, 40.1, 28.8 (2c), 17.6, 17.1; HRMS: M+ 
Calcd. for ClgH21C1302: 386.0609. Found: 386.0607. 
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