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Abetract: 
The first syntheele of 1,4-bishomohexaprlemane 6, the true, face- 
to-face, heptacyclic dimer of norbornadiene 1~ delineated. In 
the initial phase, the readily available norborneno-p-bentoqui- 
none 13 was transformed into the biahomoeecoI71-priemane drone 11 
in three steps involving stereoselective 4+2 cycloaddition, 
regio- and etereoselective T13+ reduction of the enedione moiety 
and intramolecular 2+2'photocycloaddition. The versatile drone 
11 through Favorakii ring contraction technology and subsequent 
functional group interconvereions delivered the target hydro- 
carbon 6. The new synthetic methodology outlined here opens up 
avenues for the syntheeis of many novel polyhedranes, in parti- 
cular [61-, I71- and [81-prismanes. 

Introduction 
In the accompanying paper,1 we have described a novel approach to 

[61-prismane 1 in which a multiple cyclobutane forming intramolecular 2+2- 
photocycloaddition waa assigned a pivotal role. However, ae this strategy 
began to unfold, we encountered the failure of some key 2+2-photocyclo- 
additions, and this forced us to simultaneously explore alternate avenues 
to 1. Quite obviouely, the new tactic had to rely lese on photochemical 
2+2-cycloaddition step a8 the main cyclobutane generating stratagem. In 
thie context, synthesis of [61-priamane 1 via an aaterane ring contraction 
route appeared to be an attractive and novel proposition as one does not 
have to surmount the enormous strain energy barriers encountered in the 
2*2-photocycloaddition approaches. 

On a conceptual level, a functionalised [61-asterane like 2 could, in 
principle, eventuate in [61-priemane through the intermediacy of [61- 
priemane hexacarboxylic acid 3 obtained through six fold ring contraction 
stratagem, Scheme 1. However, ICI-asterane or ita derivatives are not 
known and their synthesis itself poses substantial difficulties because of 
the eteric interactions among the adjacent methylene groups. Also, the 
intermediate hexacarboxylic acid 3 has too many active sites and conver- 
sion of 3 to the hydrocarbon 1 could be a daunting task, fraught with 
complications. Therefore, from practical considerations tetranor-[61- 
asterane 4 appeared to be a more realletrc precursor to hexapriemane 1. 
TWO fold ring contraction in 4 could deliver the dlacid 5 which could then 
be converted to 1, Scheme 1. However, the ring system present in 4 has 
aleo remained unknown and before undertaking its synthesis, we considered 
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1t important to develop a synthetic route towards its basic carbocycllc 
framework and aimed at the hydrocarbon 1,4-blshomohexaprlsmane 6 as the 
initial target. The first successful attainment of 6 (named "Garudane") 
1s described in this report.2 
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Scheme 1 J 

Apart from being a potential precursor of 1, 1,4-brahomo-[61-prlsmane 
6 18 an architecturally beautiful molecule of interest. It 1s the true 
face-to-face 2+2-darner of norbornadlene and belongs to the D2h point 
group. Ideally, 6 should be accessible through union of two norbornadrene 
moleties and Indeed, several effort8 in this dlrectron have been made over 
the past three decades employing a variety of metal catalysts.3 As many 
as seven novel dlmers have been characterlsed, but the true face-to-face 
dlmer 6 has remained elusive. In fact, the structure 6 has been repea- 
tedly considered for one of the ubzqultous heptacycllc dlmera of norborna- 
dlene,sasbtk but on lnclslve structural scrutiny, ha8 always yielded to 
the alternatrve formulation 7 ("lsogarudane").3f~h~l~k Understandably, 
the coalescence of two norbornadlene moieties to furnish 6 1s dlafavoured 
both on entropic as well as strain energy conslderatlons4 and hence the 
synthesis of this heptacycllc, C14H16 hydrocarbon constitutes an attrac- 
tive and challenging proposltlon. 
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Synthetic Strateqy 
Among the various strategic options available for attaining 6, the 

one conceptuallsed rn 8, Scheme 2, appealed to us the most. This involved 
a formal 2 x C5 (1,3-cyclopentadrene) + C4 (cyclobutadlene) union through 
thermal 4+2- and photochemlcal 2+2-cycloaddltlon processes. Imparting 
practical shape to this theme required deployment of a cyclobutadlene 
equivalent that could twice function as a 2n component in the 4+2-cyclo- 
addltlon, control of stereochemistry to facllltate intramolecular 2+2- 
photocycloaddltlon and lastly, functional group ad]ustments to the hydro- 
carbon level. Synthetic logic and literature precedences5 led to the 
ldentlflcatlon of approach 9, the "2,5-dlbromobenzoqurnone between the two 
cyclopentadlenes" as the stratagem for achieving 1,4-blshomo-[61-prlsmane 
6. The 2,5-dlbromobenzoqulnone was expected to function as the cyclobuta- 
dlene equivalent and we conceptuallsed the synthesis of our target 
molecule 6 by unltlng the C5 and C6 fragments, step-by-step, as depicted 
in 9, Scheme 2. 

8 9 

0 0 

TO give practical expression to the theme 9, a retrosynthetlc pathway 
was delineated as shown in Scheme 3. Its rmplementatlon required conve- 
nlent access to the a, Ei!l~ --adduct 12 of cyclopentadlene and p- 
benzoqulnone, which could then be induced into a 2+2-intramolecular photo- 
cycloaddltlon to the key heptacycllc dlone 11. Conversion of 11 to the 
target compound 6 could then be achieved through a-bromlnatlons to 10 and 
a stepwlse or single shot double Favorskll ring contractlon and functional 
group transformations. 

Synthesis of "Garudane" 6 
As indicated above, the synthesis of compound 12 with the right 

stereochemistry at all the centres was our primary objective towards 
attaining 6. The carbocycllc framework in 12 1s basically a 2:l adduct 
of cyclopentadlene and p-benzoqulnone as envisaged in Scheme 3. However 
In practice, the 2:l addltlon of cyclopentadlene to p-benzoqulnone gives 
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exclusively endo,antl,endo-adduct6*2b which 1s unaervxceable In our 
context. Therefore, we adopted a more clrcultous pathway to secure the 

12. endo,avn-endo-adduct For this purpoae, the readily avallable but 
prevroualy overlooked trlcyclrc qurnone 132 was selected aa the atarting 
point of our syntheare. 

Diela-Alder reaction of the qulnone 13 with cyclopentadlene furnished 
the desired endo,aE-adduct 14 and the undesired endo,antl-adduct 15 In a 
ratio of 65:35 (1~ NMR), respectively, In quantltatlve yield, Scheme 4. 
Formation of both the adducta has been prevloualy obaerved by Cookson, 7b 
but since they were the key compounds in our acheme of thInga, they were 

Sohrme 4 
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fully characteri8ed on the baa18 of 1H and 136 NMR spectra and al80 
through 2+2-photocycloaddition to the correepondrng cage systems 16 and 
17, reapactively, Scheme 4.0 

Convernion of 14 to the intermediate 12 in Scheme 3 required regio- 
and stereo8elective reduction of the enedione moiety in 14 without distur- 
bing the isolated olefinic bonds. In this connection McMurry's procedure 
for the reduction of enediones usrng 30% aq.TiC!lg came very handy.9 In 
the context of 14 it was expected that the enedione moiety in it would be 
stereorelectrvely reduced, in view of the known predilection of the nor- 
bornene systems toward8 M-face reactivity, leading to the formation 
of the required endo,gn,endo-adduct 12. Thus treatment of 14 with 30% 
aq.TiC13 in acetone solvent furniehed 12 in quantitative yield, Scheme 5. 
Absence of UV absorption and shift of carbonyl absorption to 1700 cm-l in 
the IR spectrum indicated the reduction of enedione moiety. Further, the 
1~ NMR spectrum exhibited only four sets of signals at 6 5.94 (-HC=CH-), 
3.4, 3.24 and 1.31 (-W2-1, and the 13C NMR spectrum showed 5 lines at 4 
209.8, 136.9, 54.0, 47.0 and 43.9 consonant with the four fold symmetrical 
structure of 12. 

The reduction of enedione 15 with 30% aq.TiCl3 was also studied in 
order to gain access to the other 2:l adducte of cyclopentadrene and p- 
benzoquinone. The two products 18 and 19 were obtained in a 2:l ratio, 
respectively, Scheme 5. The less polar major product 18 arising from 
&-face reduction was assigned the exo,anti,endo-stereochemistry. The 
1~ and 13C NMR spectra of 18 indicated the presence of only one vertical 
symmetry plane along the methylenes (vrde experimental). The presence of 
a highly ehielded proton appearing at 6 0.55 (J=lOHz) in the lH NMR apec- 
trum can arise only from the exo,antl endo-stereochemistry wherein one of --I-_ 
the methylene protons XEI proximal to the norbornene moiety. The more 
polar endo,antl,endo-adduct 19, arising from the reduction from exo-face, 
was identical to the diadduct of cvclooentadrene and u-benzoauinone 7b and 

12 k!ndo,ryn,endQ) 
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Its 1~ NMR and 5 line 13~ NMR indicated the presence of four fold aymmetry 
in accordance with its structure. Thus, the reduction of 15 takes place 
from both the e- and z-faces. The endo-face reduction rn thus _ case 
takes place because the --face 18 partially hindered by the norbornene 
moiety. Thus, through Txt3 reduction, two hitherto unknown dlastereomerlc 
2:l adducta of cyclopentadlene and p-benzoqulnone 12 and 18 were obtalned. 

Returning back to Scheme 3, we now carried out the key 2+2-photo- 
cycloaddltlon. On rrradlatlon through vycor filter and using acetone as 
senaltizer, 12 readily underwent the projected intramolecular 2+2-photo- 
closure to afford the heptacycllc dlone 11, a 1,4-brahomo-11-eeco-[71- 
priamane derivative xn 60% yxeld, Scheme 6. Thus photoclosure gave the 
ultimate proof of the endo,eyn,endo-stereochemistry of its precursor 12 
and thereby of the up,=-adduct 14. The 5 line 13C NMR spectrum of 11, 
which was devoid of oleflnlc carbon8 and exhibited resonances at 6 210.8, 
55.1, 46.8, 43.9 and 39.4, affirmed the structure of heptacycloI7.6.1.- 
02,8,03,7,04,13,06,~2,010~~5]h exadecane-11,14-dlone 11, which was further 
unequivocally established through X-ray crystal structure determlnatlon.lg 
The novel dlone 11 18 a remarkably versatile polycycle, accessible in only 
three steps from the qulnone 13 and 18 potentially serviceable for further 
elaboration to I71- and [Sl-prlsmane analogues. 

Further elaboration of the dlone 11 to 6 required two ring contrac- 
tions of the 1,4-cyclohexane dlone ring u Favorski rearrangement. 
Therefore, conversion of 11 to the dibromo compound 10 a8 indicated in 
Scheme 3, was attempted. Reactlon of 11 with N-bromosuccinimlde in the 
presence of AIBN led to facile bridge-head substltutlon and the a-bromo- 
dzone 20 was obtained In high yield, Scheme 6. The 16 line 13C NMR epec- 
trum with Cl2 at 6 73.8 (-&Brl indicated the loss of symmetry In the 
molecule due to a bromine substltutlon. In order to ensure that no 
skeletal rearrangement had occurred during bromlnatlqn, 20 was sub jetted 
to reductive dehalogenatlon with trl-n-butyltln hydride and the hepta- 
cyclic dlone 11 was obtained, conflrmlng the structure as 20. 
, 

11 

Scheme 6 

To test the feasibility of rang contraction and subsequent functional 
group manipulatxons, 20 was flrat transformed to the ring contracted 
ketone 23 through steps summarlsed ln Scheme 7. 

With the acquxaxtlon of 23, having served AS a dresa rehearsal for 6, 
we now ventured to effect two Favorskil ring contractions. Reaction of a- 
bromodlone 20 wrth excess of NBS for prolonged period furnished a mixture 
of bromides in which the dlbromlde 10 predominated (-50%). The major 
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20 CH&, MeOH 210 R - COOH Li, t-BuOH, THF 22X=Br 

50% from 20 21b R - COOCH3 15% from 210 23X-H 

Scheme 7 

vlecoue compound from chromatographlc eeparatlon was treated with powdered 
NaOH in refluxlng toluenell to effect Favorski ring contraction and the 
resulting material esterlfled wrth drazomethane. To our delight, a aingle- 
shot double Favorskii ring contraction occurred, albert In a rather low 
yield of 20% from 20 and the heptacycllc 1,4-blshomo-[61-prlsmane dlester 
24 was realleed, Scheme 8. The structure of 24 with C2 symmetry rest8 

secured on its dlagnoetlc 1H NMR spectrum with ester protone appearing at 
6 3.68 and 9 line 13C NMR spectrum with resonances at 6 177.6, 52.1, 45.3, 
42.1, 41.8, 39.5, 36.1, 32.9 and 32.4. An X-ray crystal structure 
determlnatlon of 24 unambiguously established lta structural formulatlon.4 

Assured of the attainment of 1,4-blshomohexaprlsmane framework 24, 
conversion to the hydrocarbon 6 was effected routinely. The eater moiety 
in 24 waB hydrolysed and the resulting crude dlacld was subjected to the 

20 10 24 

U. t-BuOH, THF 

35% from 24 
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modlfled Hunsdrecker reaction12 to furniah the dlbromocompound 25 which was 
used directly for the next step. Exposure of 25 to llthlum - t-BuOH In 
THF13 furnlahed the prized target molecule 6# In 35% yield, Scheme 8. 

Garudane 6 1s a highly volatile, waxy solid, which readily sublimes 
at lOOoC, mp. 16OoC (rapid heating in a sealed capillary). The HRMS 
exhibited molecular ion peak at 1S4.12S5S0 The 3 line 1~ NMR spectrum 
with renonances at 6 2.38 (cyclobutyl protonal, 2.0 (bridgehead protons) 
and 1.2 (dd, J=1.3Hz, methylene protons) in a 2:l:l ratio, respectively, 
and 3 line 13C NMR spectrum with resonances at 4 43.0, 36.3 and 33.5 were 
in accordance with its symmetry and structural formulation. 

In short, we have accomplished the first synthesis of heptacycllc 
C14H16 hydrocarbon, 1,4-blshomo-[61-pri8mane 6, the face-to-face drmer of 
norbornadlene, through a novel approach from the readily avarlable 
starting material8 like cyclopentadlene and p-benxoqulnone. The flexible 
etrategy delineated here offer8 scope for further amplrflcatlon to func- 
tlonalloed derlvatlves of 6 a8 well a8 [71- and [El-prismane homo- and 
8eCOlogue8, 

Experimental 
Par a deecrlption of general procedures, 8ee Ref.l. 
1,4-Dxhydro-l,4-methanonaphtha1ene-5~B-dlone (2,3-norbornenobensoqulnone) 
(13):7 It was prepared according to literature procedure from cyclopenta- 
dlene and p-benzoqulnone. mp.: 66.C (LIta 66.C); IR: 3250, 3000, 2950, 
2850, 1640, 1580, 1305, 720 cm-11 1H NMR: 6 6.84 (2H, dd, J1=J2= 2H2, 
-flc=cg-,, 6.56 (2H, 8, -C(O)-&2=C!g-C(0)-), 4.08 (2H, m, -I&l, 2.28 (2H, 
m, -CH2-1; 13C NMR: 6 184.1(8), 160.8(s), 142.6(d), 135.8(d), 73.8(t), 
48.4(d); 

Reaction of 2,3-norbornenobenzoquinone 13 wrth cyclopentadlene:74* Exce88 
cyclopentadlene (8 g, 0.12 mol) was added to a eolutlon of the qulnone 13 
(10 g, 0.058 mall in benzene (30 mL) and the reaction mixture stirred at 
- 25'C for 30 min. Removal of eolvent under vacuum gave a residual 8olld, 
which on washrng with cold hexane to remove excess cyclopentadlene, gave a 
mixture (65:35, estrmated by 1H NMR spectrum) of the &, m-adduct 14 
and *, _ adduct 15 , anti- in quantitative yield (llt.7b reporta a So:20 
ratio of 14 and 15, respectively, based on separation by column chromato- 
graphy and fractional crystallisation). A small amount of the product 
mixture (1 gl was chromatographed on a slllca gel (50 g) column. Elution 
with 5% ethyl acetate- hexane gave the endo, ant1 - adduct, la, 4a, lOaa, 
56. 86, 8aa -hexahydro-1,4*5,S-dImethanoanthanoanthracene-9,10 dlone 15 and was 
recrystallised from dlchloromethane - hexane to furnieh bright yellow 
crystals. mp.: 153-155'~ (Llt.7b 153'~); IR: 2975, 1640, 1280, 730, 690 
cm-l; 1H NMR: 6 6.76 (ZH, dd, J1 = J2 = 2Hz, norbornadlenyl -HC=Ci-l, 
6.0 (2H, dd, J1 = J2 = 2Hz, norbornenyl -HC=CH-1, 3.92(28, dd, J1 = J2 = 
2Hz, -HC=CH-bH-CH=CH-), 3.48 (ZH, br s, -C(O)-&-), 3.15 (2H, dd, J1 = J2 
= 2Hz, -&HC=CH-), 2.1 (2H, ABq, J1 = J2 = 7Hz, norbornadlenyl -CH2), 
____________________~~~~~~~~~~~~~~ 

*We chrletened this long-sought hydrocarbon "Garudane" as the 
protruding bridges ('Wings') In 6 are reminiscent of "Garuda" (Sanskrltl, 
the Hindu mythological demo-god, part-man, part-blrd.14 
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1.48 (2H, ABq, J1 = J2 = 9Hz, norbornenyl-CIi2); 13C NMR: 6 195.6, 167.1, 
142.5, 134.9, 73.7, 51.1, 49.4, 40.0,48.4. Further elution of the column 
with the same solvent mixture and recryetallisation from dlchloromethane- 
hexane gave the required &, --adduct, la, 40, lOa6. 50, 80, 8a6-hexa- 
hydra-1,4:5,8-dlmethanoanthracene-9,10-dione 14 ae bright yellow crystals. 
mp.: 155.~ (Lit.7b 152-154.C); IR: 3050, 2975, 1640, 1280, 710 cm-l; 1H 
NMR: 6 6.78 ( 2H, dd, J1 = J2 = ZHz, norbornadienyl-HC=CH-l, 5.79 (2H, 
dd, J1 = J2 = 2H2, norbornenyl-HC = Cl-), 3.98 (2H, dd, J1 = J2 = 2Hx, 
-HC=CH-&Xi=CH-1, 3.46 ( ZH, br 8, -C(O)&&), 3.26 (ZH, m, -&HC=CH-), 
2.18 (2H, m, norbornadlenyl-CH2 1, 1.46 (2H, m, norbornenyl-CIl2); 13C 
NMR: (I 195.6, 166.9, 142.7, 134.5, 72.3, 50.5, 48.7, 48.2 (2C); 

Irradlatron of the &, *-adduct 14: s-qeptacycloIlO.2.1.15,6 .02,11.- 
04~9.02~6.07~11]hexadec-13-ene-3,10-drone (161:7bJ8A solution of the ene- 
drone 14 (50 mg, 0.2 mmol) in 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. Elutron with 10% ethyl acetate - hexane furnished the photolysed 
product 16 (30 mg, 60%) and was recrystallised from dlchloromethane- 
hexane. mp.: 140 - 142'C (r,lt.Tb 125-133.C); IR: 3025, 2950, 1740, 1230, 
730 cm-l; lH NMR: 6 6.36 (ZH, dd, J1 = J2 = 2H2, -HC=CH-l, 3.0-2.76 (4H, 
ml, 2.69 (2H. ml, 2.50 (2H, dd, .I1 = J2= ZHz), 1.94 (ZH, ABq with st. J1 = 
J2 = 12H2, norbornenyl -CH2), 1.67 and 1.4 (2H, ABq with St., J = 9Hz, 
-c!EIz-1; 13c NMR: 6 213.8, 136.8, 62.2, 55.9, 50.9, 44.1, 41.9, 41.2, 39.3. 

Irradlatlon of the endo,antl-adduct 15: e-8eptacyc1o[10.2.1.15~9.02~11.- 
04~9.07~113hexadec-13-ene-3,10-d~one (17) :748 A eolutlon of the enedlone 
15 (50 mg, 0.2 mmol) in hexane (125 mL) was purged with a slow stream of 
nitrogen and irradiated for 3h, using Pyrex filter. The solvent was remo- 
ved under vacuum and the residue was chromatographed on a silica gel 
(10 g) column. Elution with 5% ethyl acetate-hexane furnished the hepta- 
cyclic compound 17 (30 mg, 60%) and was recrystallised from dlchlorome- 
thane-hexane. mp.: 153.~ (Llt.7b 153'~); IR: 3075, 2975, 1730, 720 cm-l; 
1~ NMR: 6 6.2 (2H, dd, J1 = J2 = %Hz, -HC=CH-1, 3.0 - 2.6 (6H, ml, 2.52 
(2H, br al, 1.97 (2H, m, norbornenyl -Clip), 1.8 (lH, + ABq, J = 9Hz, 

x!/H ) 1.55 (lH, i ABq with at., J = 9Hz,yA 
1&7,'62.3, 53.8, 44.2, 43.0, 40.4, 39.9, 38.;: 

1; l3C NMR: 6 217.6, 

Reduction of the enedione 14 with aq.TiCl3: In a 25 mL two necked RB 
flask equipped with a nitrogen inlet and addition funnel was placed the 
enedione 14 (100 mg, 0.42 mmoll and acetone (5 mL). To this vigorously 
stirred solution, 30% aq.TiCl3 was added dropwlse until a pale purple 
colour persisted.9 The reaction mixture was poured into water (20 mL), 
saturated with NaCl and extracted with ethyl acetate (3 x 20 mL). The 
combined organic extract was washed with 10% NaHC03, water and dried. 
Removal of solvent and filtration through a silica gel (5 g) column using 
30% ethyl acetate-hexane as the eluent furnished the &, *, &- 
adduct , la,4a,4a~,lOa8,5a,8a,8a6,9a~-octahydro-l,4:5,8- dimethanoanthra- 
cene-9,10-dione, 12 (100 mg), in quantitative yield and was recrystallised 
from dichloromethane-hexane. mp.: 184.C (decomp.); IR. 3050, 3000, 2925, 
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1700, 1250, 720 cm-l; 1H NMR: 8 5.94 (48, dd, Jl = J2 = 2Hs. -I$Z=CIj-), 3.4 
(4H, 8, -c(o)-cy-1, 3.24 (QH, 8 with at., -HC=CH&-), 1.39 and 1.23 (4H, 
ABq with St., J = lOHz, -CH2-1; 13C NMR: 6 209.8, 136.9, 54.0, 47.0, 43.9. 
Anal. Calcd. for Cl6Hl602: C, 79.97; H, 6.71. Found: C. 79.90; H, 6.67. 
For large saale preparations the reaction was done on the stereoisomeric 
mixture of enedione 14 and 15 and the products were separated on silica 
gel column. 

Reduction of enedlone 15 with aq.TiCl3: In a 25 mL two necked RB flask 
equipped with a nitrogen inlet and addition funnel was placed the enedlone 
15 (50 mg, 0.21 mmol) and acetone (5 mL). To this vigorously stirred 
solution, 30% aq.TiCl3 was added dropwise until a pale purple colour 
persisted.9 The reaction mixture was poured into water (15 mL), saturated 
with NaCl and extracted with ethyl acetate (3 x 15 mt). The combined 
organic extract was washed with 10% NaHC03, water and dried. Removal of 
solvent gave a crude material which on tic examination (30% ethyl acetate- 
hexane) indicated the presence of two products. The material was charged 
on a silica gel (10 g) column. Elution with 15% ethyl acetate-hexane 
furnished the e, antl, endo - adduct, la,4a,4aa,lOaa,58,88,8aa,9aa-octa- 
hydro-1,4:5,8-dlmethano-anthracene-9,10-dione 18 (34 mg, 67%) which was 

recrystalllsed from dichloromethane-hexane. mp.: 184-185'C; IR: 3050, 
2975, 1700, 1245, 900, 700 cm -1; 1H NMR: 6 6.14 (2H, dd, Jl = J2 = 2Hz), 
6.09 (2H, dd, Jl = J2 = 2Hz), 3.56 (2&I, 8 with at.-C(O)-CH-), 3.38 (ZH, 
dd, Jl = J2 = 2H2, -HC=CH-CH-1, 3.24 (2H, dd, Jl = J2= 2Hz,-HC=CH-CH-1, 
2.66 (2~, s with at.,-C(O)-CH-1, 1.56 - 1.08 (3H, ml, 0.55 (lH, + ABq. J = 
loHz,:c~~ ); 13C NMR: 6 209.7, 137.1, 136.6, 55.1, 52.3, 47.2 (ZC), 43.5, 
42.9. Anal. Calcd. for Cl6Hl602: C, 79.97; H, 6.71. Found: C, 79.86; H, 
6.82. Further elution of the column gave the d, &, --adduct, 
1a,4a,4a~,10aa,58,8~,8aa,9a6-octahydro-1,4:5,8-d~methanoanthracene-9,10- 
drone 19 (16 mg, 32%) and was recrystalllsed from dichloromethane-hexane. 
mp.: 155-156'c (Lit. 6a 155'~); IR: 3050, 2975, 2950, 1695, 1240, 1195, 
700 cm-l; 1~ NMR: 6 6.17 (4H, dd, Jl = J2 = 2H2, -HC=CH-), 3.34 (4H, br 8, 
-HC=CH-C&j, 2.87 (4H, br a, -C(O)-bH-1, 1.46 (2H, + ABq with st. J = 9Hz, 
Xc=! ), 1.28 (PH, ) ABq, J = 9Hx,:C,; ) ; 13C NMR: 6 212.8, 136.5, 53.1, 
49.6, 48.2. 

Repta~y~1o[7.6.1.02~8.03~7.04~13.06~12.010~151hexadecane-11,14-d~one (11): 
A solution of the &, e, & - adduct 12 (1.2 g, 5 mmol) in 20% 
acetone-benzene (125 mL) was purged with a slow stream of nitrogen and 
irradiated for 4h usxng vycor filter. The solvent was evaporated off and 
residue charged on a silica gel (25 g) column. Elution with 40% ethyl 
acetate-hexane furnlshed the heptacycllc dione 11 (725 mg, 68%) which was 

recrystallised from dlchloromethane-hexane. mp.: 247-248'C; IR: 2950, 
1680, 1240, 920 cm-l; 1~ NMR: 6 3.08 (4H, br a), 2.84 (4H, br a), 2.68 
(4H, br s), 1.55 (4H, ABq with at., Jl = J2 = lOHz, -CH2-); 13C NMR: 6 
210.8(s), 55.1(d), 46.8(d), 43.9(t), 39.4(d). Anal. Calcd. for C6Hl602: C, 
79.97; H, 6.71. Found: C, 80.06; H, 6.76. 

12-Bro~heptacyc1o~7.6.1.02~8.03~7.04~13.06~12.010~I51hexadecane-11,14- 
dione (20): A mixture of dlone 11 (900 mg, 3.75 mmol), N-bromosuccinl- 
mlde (1 9, 5.6 mmol), AIBN (15 mg) in carbontetrachlorlde (30 mL) was 
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refluxed for 5h. The reaction mixture was cooled and succlnrmlde filtered 
off and washed with carbontetrachlorlde (25 mL). The combined organic 
layer was washed wrth water and dried. Removal of solvent gave a crude 
material which was chromatographed on a silica gel (50 g) column. Elutron 
with 30% ethyl acetate-hexane furnished the bromo-compound 20 (730 mg, 
100% based on starting material recovery) and waa recrystalllsed from 
dlchloromethane-hexane. mp.: 184-185'C; IR: 2950, 1690, 1250, 720 cm-l; 
1~ NMR: 6 3.78 (lIi, br a), 3.4-2.24 (lot-I, series of m), 1.76-1.32 (4H, m, 
-CH2-1; 13c NMR: 6 207.5, 202.7, 73.8, 69.1, 56.6, 54.8, 52.6, 47.3, 47.0, 
46.5, 43.6, 43.3, 39.6, 39.4, 39.2, 37.8. Anal. Calcd. for C16H1502Br: C, 
60.21; H, 4.74. Found: C, 60.28; H, 4.69. Further elution of the column 
afforded the unreacted starting dlone 11 (350 mg). 

Reductive debromlnatxon of 20: To a solution of the bromo compound 20 
(12 mg, 0.037 rnmol) in toluene (5 mL) wae added trl-n-butyltln hydride 
(12 mg, 0.041 mmol) and a catalytic amount of AIBN. The reaction mixture 
was refluxed for 3h, cooled and diluted with ether (15 mL). The organrc 
layer was waehed with saturated solution of KF, water and dried. Removal 
of solvent and filtration through a silica gel (2 g) column, uelng 50% 
ethyl acetate-hexane as the eluent furnished the heptacycllc dlone 11 
(8 mg, 89%) which was retry 

4 
talllsed from dlchloromethane-hexane. mp.: 

246.c; 1~ NMR was found lden lcal to that of heptacycllc dlone 11. 

Reptacyc~o~7.5.1.02~R.03~7.O~~13.O6,12,010~1~~ pentadecan-11-one-13-carbo- 
xyllc acid methyl eater (Zlb): A suspension of powdered NaOH 1160 mg, 4 
mm011 in toluene (10 mL) was refluxed for 30 mln and traces of water in 
NaOH azeotroplcally removed using a Dean Stark apparatus. The RB flask was 
cooled to - 25.C and the bromo compound 20 (40 mg, 0.125 nunol) in toluene 
(5 mL) was added and the mixture refluxed for lOh.11 The flask was 
cooled, diluted with water (10 mL) and acldlfled to _ pH 5 with dll.HCl. 
The organic layer was separated and the aqueous layer extracted with ethyl 
acetate (3 x 15 mL). The combined organic layer was washed with water and 
dried. Removal of solvent furnished the crude acid 2la (20 mg) which was 
dlaeolved in methanol (4 mL) and esterlfled at O'C with an ethereal solu- 
tion of dlazomethane. The solvent was evaporated off and the residue 
chromatographed on a silica gel (5 g) column. Elution with 20% ethyl 
acetate-hexane furnished the ring contracted eater 2lb (17 mg, 50%) and 
was recryetalllsed from dlchloromethane-hexane. mp.: 95-C; IR: 2923, 
1715, 1225, 1040, 720 cm -1; lH NMR: 6 3.68 (3H, 8, -C(O)-OCH3), 3.08 (lH, 
ml, 3.0-2.2 (lOH, serie8 of m), 1.8-1.28 (4H, m, -W2-); 13C NMR: 6 
216.6, 178.0, 66.2, 61.9, 52.5, 51.9, 45.5, 44.8, 43.3, 43.2, 42.6, 40.1, 
38.8, 38.6, 38.4, 34.0, 33.9. Anal. Calcd. for C17H1803: C, 75.53; H, 
6.71. Found. C, 75.32, H, 6.77. For the subsequent steps the reaction was 
repeated on 350 mg scale and the crude acid 2la was directly used wlthout 
purification. 

Repta~yc~o[~.5.1.02~~.03~~.0~~13.0~~12.010~1~~~ntadecan-11-one~23~ : The 
crude acid 2la obtalned above (170 mg, 0.62 mmol) was dissolved in 
dlbromomethane (5 mL) and red mercuric oxide (250 mg, 0.15 mmol) was added 
and the mixture refluxed for lh. Then 5 drops of bromine was added and 
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the reaction mixture refluxed further for 2hl2. It was then diluted with 
dlchloromethane (20 mL) and washed successively with water and dried. 
Removal of solvent gave the crude bromo compound 22 (185 mgl which was 
filtered through a silica gel column and used directly for the next step. 
IR: 2925, 1720, 1450, 1220, 790 cm-l. 

In a 25 mL three necked RB flask equapped with a nitrogen inlet and 
condenser was placed the above obtained bromo compound 22 (180 mg), THF 
(8 mL) and t-BuOH (0.1 mL). Lithium metal (15 mg, 0.002 g atom) was added 
to it as small pieces and the reactlon mixture refluxed for 3h.13 The 
unreacted lithium was filtered off and THF removed under reduced pressure. 
The residue was diluted with water (10 mL), acldlfled with dll.HCl and 
extracted with ether (3 x 15 mL). The ethereal extract was washed with 
water and dried. Removal of solvent gave a crude vlElcous material 
(120 mg). IR: 3400 (br), 2900, 1700, 720 cm-l; To a suepenalon of pyrldl- 
nium chlorochromate (150 mg, 0.69 mm011 and molecular sieves (4 Ao, 
150 mg) in dlchloromethane (5mL) was added the above obtalned crude 
mixture (120 mgl at O'C. The reaction mixture was stlrred further for 2h 
at - 25'C, diluted with ether and filtered through a short column of 
florlsil. Removal of solvent gave a crude material (80 mg) which was 
charged on a slllca gel (5 g) column. Elution with 5% ethyl acetate-hexane 
furnished the pure heptacycllc ketone 23 (35 mg, 15% from 2laB and was 
recrystalllsed from hexane. mp.: 123-5.C; IR: 2900, 1710, 720, cm-l; 1~ 
NMR: 6 2.8-2.0 (12H, ml, 1.45 (4H, ABq with at., Jl = J2 = ~Hz, -CIi2-); 
1% NMR: 6 219.9, 62.1, 45.6, 43.4, 38.9, 38.1, 35.1, 34.4. Anal. Calcd. 
for Cl5Hl60 : C, 84.87; H, 7.60. Found: C, 84.72; H, 7.53. 

Brominatron of 20: A mixture of the bromo dlone 20 (600 mg, 1.88 mmol), 
excess N-bromosucclnlmlde (600 mg, 3.3 mmoll, AIBN (10 mg) andcarbontetra- 
chloride (30 mL) was refluxed for 8h. The reaction mixture was cooled and 
succlnrmlde filtered off and washed with carbontetrachlorlde (20 mL). 
The combined organic layer was washed with water and dried. Removal of 
solvent gave a viscous material which on tic examination (25% ethyl 
acetate-hexane) indicated a complex mixture in which the spot slightly 
less polar than the starting material was predominant apart from unreacted 
starting material. The material was charged on a silica gel (30 g) 
column. Elution with 20% ethyl acetate-hexane gave the minor products 
first and further elutlon gave the major dlbromo product 10 (240 mg) aa a 
viscous llquld. This was used directly for the next step. IR: 2925, 1690, 
728 cm-l; Continued elutlon of the column gave the starting bromodlone 20 
(340 mg). 

~epta~y~~o[9.3.0.02~5.~3~13.04~~.0~~10.09~12~tetradecane-2,4-d~car~xy1~c 
acid dlmethyl ester (24): A suspension of powdered NaOH (2 g, 0.05 mol) 
In toluene (20 mL1 was refluxed for 45 mln and tracea of water in NaOH 
azeotroplcally removed using a Dean Stark apparatus. The RB flask was 
cooled to - 25.C and the dlbromodlone mixture 10 (240 mg, 0.6 mm011 in 
toluene (5 mL) was added and the mixture refluxed for 8h. The reaction 
mixture was cooled, diluted with water (15 mL) and acidified to -pH 5. 
The organic layer was separated and the aqueoua layer extracted with ethyl 
acetate (3 x 15 mL). The combined organic layer was washed with water and 
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dried. Removal of solvent gave 220 mg of a crude material which was dls- 
solved in methanol (5 mL) and eaterified with an ethereal solution of 
diazomethane at O*C. Removal of aolvent and tic examination (15% ethyl 
acetate-hexane) of the residue indicated the presence of at least four 
products. The residue was charged on a silica gel (20 g) Column. Elution 
with 10% ethyl acetate-hexane furnished first the required ring contracted 
diester 24 (38 mg, 20% from 20). mp.: 93-96'C; IR: 2925, 171?, 1225 cm-l; 
1H NMR: 6 3.66 (6H, s, -C(O)-OCH3 1, 2.96 (ZH, d, J = 8H2, ;HC-C(O)-OCH31, 
2.46 (4H, br s with at., cyclobutyl -CR), 2.26 (4H, br , -CH-1, 1.57 and 
1.24 (4H, ABq with at., J = lOHz, -CIi2-,; 13C NMR: 6 177.6, 52.1, 45.3, 
42.1, 41.8, 39.5, 36.1, 32.9, 32.4. HRMS: M+ Calcd. for Cl8H2004: 
300.1362. Found: 300.1367. Further elutron of the column gave some intrac- 
table products. 

2,4-Dibromoheptacyclo[9.3.0.0 2~5.03~13.04~8.06~10.09~121tetradecane (25): 
The heptacyclic diester 24 (33 mg, 0.11 mmol) was dissolved in methanol 
(5 mL1 and KOH (20 mg, 0.35 mm011 In water (1 mL) was added and the 
mixture refluxed for 2h. Methanol was removed under vacuum and the 
residue diluted with water (5 mL) and acidified with drl.HCl. The aqueous 
layer was extracted with ethyl acetate (2 x 10 mL) and the combined 
organic extract washed with water and dried. Removal of solvent gave 
30 mg of the crude diacid which was directly used for the next step. 

To the above obtained crude diacid (30 mg) in dibromomethane (5 mL), 
red mercuric oxide (80 mg, 0.36 mm011 was added and the mixture refluxed 
for lh. Then, bromine (2 drops) was added and refluxed further for 2h.12 
The reaction mixture was diluted with dichloromethane (15 mL1 and washed 
with water and dried. Removal of solvent and filtration through a small 
alumina (4 g) pad gave the dibromide 25 (23 mg) as a viscous material and 
was used for the next step without further purification. IR: 2925, 1440, 
1230, 1010, 820, 730 cm-l; lH NMR: 6 3.37 (2H, d, J = 6Hz1, 2.6-2.2 (8H, 
ml, 1.89 and 1.29 (4H, ABq, J = lOHz, -CH2- 1. 

Eepta~y~1o~9.3.0.02~5.03~13.04~8.06~10.09~121tetrade~ane(~Garudane~) (61: 
In a 25 mL three necked RB flask fitted with a nitrogen inlet and 
condenser was placed the dibromo compound 25 (23 mg, 0.067 mmol), THF 
(5 mL) and t-BuOH (0.05 mL). Lithium metal (10 mg, 0.0014 g atom) was 
added to it as small pieces and the reaction mixture refluxed for 3h.13 
Unreacted lithium was filtered and THF removed under vacuum. The residue 
was diluted with water (8 mL) and extracted with pentane (3 x 8 mL). 
Removal of solvent gave the crude hydrocarbon which was charged on a 
silica gel (5 g) column. Elution with pentane furnished the target mole- 
cule 'Garudane' 6 (7 mg, 35% from 24) and was sublimed at - lOO*C. mp.: 
180'~ (sealed tube, rapid heating); IR: 2900 cm-l; 1~ NMR* 6 2.38 (8H, br 
a with at., cyclobutyl-CH), 2.00 (4H, br s, -&- 1, 1.2 ( 4H, dd, J1 = 
J2 = 1.3H2, -W2-); 13C NMR: 6 43.0, 36.3, 33.5. HRMS: M+ Calcd. for 
C16H16Z 184.12528. Found: 184.12558. 
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